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EFFECTS OF PRESSURE ON ZEOLITES: STRUTURAL DEFORMATION, PHASE 

TRANSITIONS AND CRYSTAL-FLUID INTERACTION 

 

Gatta G.D. 
 

University of Milan (Italy), Earth Sciences Department; diego.gatta@unimi.it 

 

The compressional behaviour of zeolites in a fluid is governed by the potential crystal-fluid 

interaction, involving the penetration of new molecular species (or solvated ions) through the 

structural cavities (in the form of channels or cages) in response to the applied pressure. 

Experiments and modelling, performed in the last decades, show that, when no crystal-fluid 

interaction takes place, the effects of pressure on the structure are mainly accommodated by 

the tilting of the (Si,Al,P)O4 tetrahedra, around the bridging oxygen atoms acting as hinges 

[1]. Tetrahedra behave as quasi-incompressible units, at low or mid pressure regime. Tilting 

of tetrahedra is, therefore, the dominant deformation mechanism at low-mid pressure, 

followed by their distortion and compression that become dominant at the mid-high P-regime 

[2]. The continuous increase of channels ellipticity with increasing pressure is one of the most 

common deformation mechanisms, and the inversion of ellipticity is observed only if a phase 

transition occurs, usually with a drastic structure reconfiguration. The compressibility of the 

cavities is governed by the extraframework population, and this leads to different bulk 

compressibility in isotypic structures [3]. Surprisingly, the compressibility of zeolites appears 

not to be directly related to the microporosity: most of the natural zeolites are less 

compressible than many common rock-forming minerals [1,3]. A high compressibility is 

expected for open-framework structures in response to the tetrahedral tilting; however, the 

bonding between the host framework and the stuffed guest species affects the bulk 

compression, making zeolites unexpectedly less compressible than other (non-porous) 

silicates. 

When compressed in nominally penetrating fluids, some zeolites experience a P-induced 

intrusion of monoatomic species or molecules from the fluids themselves. Zeolites having 

well-stuffed cavities at room P-T conditions (e.g., natural zeolites) tend to hinder the 

penetration of new species. A comparative and comprehensive analysis of the findings 

reported in the last years allows us to provide an overview of the pressure-mediated intrusion 

phenomena, which are diverse for monoatomic species (e.g., He, Ar, Kr, Xe), small (e.g., 

H2O, CO2) or more complex molecules, along with the observed P-induced polymerization 

phenomena (e.g., C2H2, C2H4, C2H6O, C2H6O2, BNH6, electrolytic MgCl2Ț21H2O solution), 

with potential geological and technological implications [4,5]. A series of variables govern 

the sorption phenomena mediated by pressure: the ñfree diametersò of the framework cavities, 

the bonding configuration of the extra-framework population, the kinetic diameter of the 

potentially penetrating species, the partial pressure of the penetrating molecule in the fluid 

(when mixed with other non-penetrating molecules), the rate of P-increase, the temperature at 

which the experiment is conducted and the surface/volume ratio of the crystallites. 

 

[1] Gatta G.D., Z. Kristallogr., 2008, 223:160ï170. 

[2] Gatta G.D., Microp. Mesopor. Mat., 2010, 128:78ï84. 

[3] Gatta G.D., Lee Y., Mineral. Mag., 2014, 78:267-291. 

[4] Gatta G.D., Lotti P., Tabacchi G., Phys. Chem. Miner., 2018, 45:115ï138. 

[5] Comboni D., Pagliaro F., Lotti P., Gatta G.D., et al., Catal. Today, 2020, 345:88-96. 
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Ion radii are derived from the characteristic (grand mean) bond-lengths reported by 

[1,2,3,4,5,6] for ordered crystal structures. The radius of a cation may be derived from the 

corresponding observed bond length by subtracting the radius of the constituent anion. To do 

this, it is necessary to know the radius of the constituent anion, and this is an issue that is still 

unresolved after 100 years of argument. Atom radii may also be derived by quantum 

mechanical calculation. The electron density in a crystal can be calculated by imposing 

periodicity on its wave functions (as Bloch functions) in a quantum-mechanical calculation. 

The calculated electron-density is a quantum-mechanical observable and examination of such 

electron-density distributions shows a series of stationary points at which the electron density 

is at a minimum with respect to some directions and at a maximum with respect to other 

directions, i.e. they are saddle points. Saddle points normally occur on or near lines joining 

the nuclei of pairs of atoms that are (thought to be) bonded to each other. Any line of steepest 

descent that terminates at a saddle point is defined as a gradient path. The two gradient paths 

which originate at the same saddle point and end at each of two nuclei define a bond path; the 

included saddle point is called a bond critical point and defines the radii of the two atoms 

participating in the bond. Extensive quantum mechanical calculations indicate that the bonded 

radii of both cations and anions vary widely depending on the individual bond-pair 

considered. There is a dichotomy between the experimental approach for deriving radii, which 

assumes a constant (or near-constant) radius for each individual anion, and the quantum 

mechanical approach, which calculates large variations in individual anion (and cation) radii, 

depending on the identity of the constituent bonded cation. This problem may be resolved by 

considering the two categories of use for ion radii: (1) those methods which use the relative 

sizes of cation and anion radii to predict local atomic arrangements; (2) those methods which 

compare the radii of different cations (or the radii of different anions) to predict local atomic 

arrangements. There is much uncertainty with regard to the relative sizes of cations and 

anions, giving rise to the common failure of type (1) methods, e.g. Pauling's first rule which 

purports to relate the coordination adopted by cations to the radius ratio of the constituent 

cation and anion. Conversely, type (2) methods which involve comparing the sizes of 

different cations with each other (or different anions with each other) can give very accurate 

predictions of site occupancies, physical properties etc. Methods belonging to type (2) use ion 

radius as a proxy variable for characteristic (grand mean) bond-length and the value of the 

radius of the anion used to calculate the radii is irrelevant to these applications; one can 

equally well use the characteristic bond lengths themselves (from which the radii are derived) 

to develop type (2) relations. The dichotomy between the experimentally derived ion radii and 

the quantum-mechanical calculations of electron density in crystals is removed by the 

recognition that ion radii do not work for type (1) relations and that ion radii are proxy 

variables for characteristic bond-lengths for type (2) relations. 

Acknowledgements: FCH is supported by a Discovery Grant from the Natural Sciences and 

Engineering Council of Canada. 
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Hydroxyapatite (HAp, Ca10(PO4)6(OH)2, a bioceramic is the main constituent of the bones 

and teeth of vertebrates as well as almost all hard tissues of humans. Hydroxyapatite has a 

high affinity for natural tissue in situ and can be molded to fill spaces created by physical 

damage of bones and or teeth. Synthesis of nano-HAp by various innovative techniques such 

as microwave, hydrothermal, ultrasonication and sol-gel [1-4] will be discussed. Scaffolds for 

tissue engineering applications were biomimeticaly synthesized. Hydroxyapatite composites 

with various polymers such as collagen, gelatin, PVA and PMMA were prepared [5,6].  It was 

seen that the method of preparation of the samples influenced the bioactivity, antibacterial 

efficacy, adsorption and drug delivering properties in a significant way.  The surface 

roughness and wettability properties of the HAP incorporated composites were enhanced 

when compared to the pristine samples. Moreover, the physical modification of 

hydroxyapatite lead to the drastic enhancement of both cation (Cd
2+

) and anion (F
ī
) 

adsorption and recycling efficiency, making it an ideal adsorbent for the removal of toxic ions 

from aqueous solutions.  

 

[1]. Elayaraja K, P. Abinaya S. Arul K. T, et.al S., Agarose encapsulated mesoporous 

carbonated hydroxyapatite nanocomposites powder for drug delivery, Journal of 

Photochemistry and Photobiology B: Biology, 2017, 166, 220-231. 

[2]. Baskar S. Elayaraja K, Nivethaa E A K, et.al, Vacancy-Induced Visible Light-Driven 

Fluorescence in Toxic Ion-Free Resorbable Magnetic Calcium Phosphates for Cell Imaging 

Applications, ACS Appl. Bio Mater. 2021, 4(4), 3256ï3263 

[3]. Baskar S. Elayaraja K, Nivethaa E A K, et.al, Enhanced in vitro inhibition of MCF-7 and 

magnetic properties of cobalt incorporated calcium phosphate (HAp and ɓ-TCP) nanoparticles, 

Ceramics International, 2023, 49, 855-861. 

[4]. Sandeep E. P, Saranya S, Elayaraja K, et.al, Physical modification of hydroxyapatite: the 

drastic enhancement of both cation (Cd
2+

) and anion (F
ī
) adsorption and recycling efficiency, 

Environmental Science: Nano, 2023, 10, 2701-2719 

[5]. Elayaraja K, Kathirvel G, Matthias E, et.al, Synthesis of nanosized hydroxyapatite/agarose 

powders for bone filler and drug delivery application, Materials Today Communications, 

2016, 8, 31ï40. 

[6]. Sakthivel N, Habib B, C®line P.B, et.al, Design of Boron Nitride/Gelatin Electrospun 

Nano fibers for Bone Tissue Engineering, ACS Appl. Mater. Interfaces, 2017, 9, 33695ï

33706. 
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ʃʠʪʠʡ-ʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ, ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʧʦʨʪʘʪʠʚʥʳʭ 

ʧʝʨʝʥʦʩʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʫʞʝ ʩʝʡʯʘʩ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ, ʚ ʵʣʝʢʪʨʦʤʦʙʠʣʷʭ ʠ ʜʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʪʨʠʡ ʠ ʢʘʣʠʡ-ʠʦʥʥʳʭ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ c ʣʠʪʠʡ-

ʠʦʥʥʳʤʠ. ʋʜʝʣʴʥʳʝ ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʚ 

ʦʩʥʦʚʥʦʤ, ʦʧʨʝʜʝʣʷʪʁʩʷ ʩʚʦʡʩʪʚʘʤʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ, ʦʩʦʙʝʥʥʦ, ʥʦʚʳʭ ʧʨʠʤʝʥʝʥʠʡ, 

ʵʣʝʢʪʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʝʪʘʣʣ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʥʫʞʜʘʶʪʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʫʣʫʯʰʝʥʠʠ ʠʭ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ.  

ɸʥʘʣʦʛʠʯʥʦ ʵʣʝʢʪʨʦʜʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 

ʩʤʝʰʘʥʥʳʝ ʦʢʩʠʜʳ ʠ ʧʦʣʠʘʥʠʦʥʥrʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʠʥʪʝʥʩʠʚʥʦ 

ʠʩʩʣʝʜʫʶʪʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʘʪʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʫʜʝʣʴʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʣʦʠʩʪʳʝ ʦʢʩʠʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʙʦʣʴʰʫʶ ʫʜʝʣʴʥʫʶ ɻ ʥʝʨʛʠ,ʁ ʜʣʷ ʧʦʣʠʘʥʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʪʝʨʤʠʯʝʩʢʘ ̫ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʮʠʢʣʠʨʫʝʤʦʩʪʴ, ʚʩʣʝʜʩʪʚʠʝ ʢʦʚʘʣʝʥʪʥʦ 

ʩʚʷʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʨʢʘʩʦʚ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚ ʤʠʨʝ ʠ ʚ ʈʦʩʩʠʠ, ʧʝʨʩʧʝʢʪʠʚʳ ʥʘʪʨʠʡ-

ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʦʚʳʭ ʵʣʝʢʪʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʩ ʦʩʦʙʳʤ ʘʢʮʝʥʪʦʤ ʥʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ, ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ. 
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ʉʣʦʠʩʪʳʝ ʘʣʶʤʠʥʘʪʳ ʢʘʣʴʮʠʷ ʟʘʥʠʤʘʶʪ ʦʪʜʝʣʴʥʫʶ ʥʠʰʫ ʩʨʝʜʠ ʩʣʦʠʩʪʳʭ 

ʜʚʦʡʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ, ʙʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʝʨʝʦʭʠʤʠʠ Ca
2+

 ʠ ʙʦʣʴʰʦʤʫ 

ʨʘʟʣʠʯʠʶ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ Ca
2+

 ʠ Al
3+
. ʄʥʦʛʦʯʠʩʣʝʥʥʦʩʪʴ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʩʝʛʜʘ ʨʝʟʢʦ ʢʦʥʪʨʘʩʪʠʨʦʚʘʣʘ ʩʦ ʩʢʫʜʥʦʩʪʴʶ ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ: ʜʦ 

ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʛʨʫʧʧʘ ʚʢʣʶʯʘʣʘ ʚʩʝʛʦ ʜʚʘ ʤʠʥʝʨʘʣʘ, ʛʠʜʨʦʢʘʣʶʤʠʪ 

[Ca4Al2(OH)12]Cl2Ŀ4H2O ʠ ʢʫʮʝʣʠʪ [Ca4Al 2(OH)12][SO4]Ŀ6H2O [1]. ʅʘʰʠ ʨʘʙʦʪʳ 

ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʩʰʠʨʠʣʠ ʥʦʤʝʥʢʣʘʪʫʨʫ ʛʨʫʧʧʳ ʛʠʜʨʦʢʘʣʶʤʠʪʘ, 

ʜʦʙʘʚʠʚ ʢ ʥʝʡ 5 ʥʦʚʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ: 

 

ʄʠʥʝʨʘʣ    ʌʦʨʤʫʣʘ     ʉʩʳʣʢʘ 

ʄʘʨʠʘʢʨʠʪ Mariakrite  [Ca4Al2(OH)12][Fe2S4]Ŀ4H2O   [2] 

ʂʘʨʙʦʢʘʣʶʤʠʪ Carbocalumite [Ca4Al2(OH)12][CO3]Ŀ6H2O   [3] 

ʄʘʤʧʩʠʩʠʪ Mampsisite  [Ca4Al2(OH)12][CO3]Ŀ5H2O   [4] 

ʇʸʣʣʴʤʘʥʥʠʪ Poellmannite  [Ca6Al3(OH)18][Na(H2O)6(SO4)2]Ŀ6H2O [5] 

ɸʤʦʨʘʠʪ Amoraite   [Ca12Al6(OH)36][(CO3)2(SO3)]Ŀ15H2O [6] 

 

ʂʘʞʜʳʡ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʨʘʥʝʝ ʥʝ ʚʩʪʨʝʯʘʚʰʠʤʠʩʷ ʩʨʝʜʠ ʩʣʦʠʩʪʳʭ ʜʚʦʡʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ, ʘ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ï ʠ ʩʨʝʜʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦʦʙʱʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʚ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʝʨʝ ʠʟʤʝʥʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʵʪʦʡ 

ʚʘʞʥʦʡ ʛʨʫʧʧʳ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʦʙʲʷʩʥʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ 

ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ʉʇʙɻʋ 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè ʠ çɻʝʦʤʦʜʝʣʴè. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʜʝʨʞʘʥʳ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ (ˉ 24-17-00228). 

 

[1] Mills  S.J et al. Mineral. Mag., 2012, 76, 1289-1336 

[2] Murashko M.N. et al. Eur. J. Mineral., 2022, 34, CNMNC Newsletter 65.  

[3] Britvin S.N. et al. Mineral. Mag., 2022, 86, CNMNC Newsletter 66. 

[4] Britvin S.N. et al. Mineral. Mag., 2024, 88, CNMNC Newsletter 77. 

[5] Britvin S.N. et al. Eur. J. Mineral., 2022, 34, CNMNC Newsletter 66. 

[6] Britvin S.N. et al. Mineral. Mag., 2024, 88, CNMNC Newsletter 76.  
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ɺ ʤʘʨʛʘʥʮʝʚʳʭ ʟʘʣʝʞʘʭ ʦʩʘʜʦʯʥʦʛʦ ʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʛʝʥʝʟʠʩʘ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʣʦʠʩʪʳʝ ʩʠʣʠʢʘʪʳ ʤʘʨʛʘʥʮʘ. ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʦʥʠ ʜʝʣʷʪʩʷ ʥʘ ʯʝʪʳʨʝ ʪʠʧʘ: 1) ʤʠʥʝʨʘʣʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ 1:1 

ʪʠʧʘ ʩʝʨʧʝʥʪʠʥʠʪʘ (ʢʘʨʠʦʧʠʣʠʪ, ʬʨʠʜʝʣʠʪ, ʙʝʤʝʥʪʠʪ, ʢʝʣʣʠʠʪ), 2) ʤʠʥʝʨʘʣʳ ʩʦ 

ʩʪʨʫʢʪʫʨʘʤʠ 2:1 ʪʠʧʘ ʩʣʶʜʳ (ʰʠʨʦʮʫʣʠʪ), 3) ʤʠʥʝʨʘʣʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ 2:1 ʪʠʧʘ 

ʩʪʠʣʴʧʥʦʤʝʣʘʥʘ (ʩʪʠʣʴʧʥʦʤʝʣʘʥ, ʧʘʨʩʝʪʪʝʥʩʠʪ, ʙʘʥʥʠʩʪʝʨʠʪ, ʢʘʶʧʦʚʘʠʪ, ʢʫʤʙʩʠʪ), 4) 

ʤʠʥʝʨʘʣʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ 2:1:1 ʪʠʧʘ ʭʣʦʨʠʪʘ (ʧʝʥʥʘʥʪʠʪ, ʤʘʨʛʘʥʮʝʚʳʝ ʢʣʠʥʦʭʣʦʨ ʠ 

ʰʘʤʦʟʠʪ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʠʭ ʞʝ ʧʦʨʦʜʘʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʦʪʦʢʠʪ ï 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʡ ʩʠʣʠʢʘʪ ʤʘʨʛʘʥʮʘ, ʩʦʜʝʨʞʘʱʠʡ ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʙʣʦʢʠ 

ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ (ʩʠʣʠʢʘʪʥʦ-ʤʘʨʛʘʥʮʝʚʦʝ ʩʪʝʢʣʦ). ʀʟʫʯʝʥʠʝ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ 

ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʝʝ: 

ʉʣʦʠʩʪʳʝ ʩʠʣʠʢʘʪʳ ʤʘʨʛʘʥʮʘ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʣʠʪʦʛʝʥʝʟʘ 

ʟʘ ʩʯʝʪ MnïSiïH2O ʧʨʦʪʦʣʠʪʘ (ʛʝʣʷ, ʩʤʝʢʪʠʪʦʚ ʠ ʪ.ʧ.). ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʠʣʠʢʘʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ ʤʘʨʛʘʥʮʘ ʫʩʪʦʡʯʠʚʳ ʧʨʠ 

ʥʠʟʢʠʭ ʈʊïʧʘʨʘʤʝʪʨʘʭ, ʥʝ ʧʨʝʚʳʰʘʶʪ ʚʝʨʭʥʠʭ ʛʨʘʥʠʮ ʧʨʝʥʠʪ-ʧʫʤʧʝʣʣʠʠʪʦʚʦʡ ʬʘʮʠʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ (T < 300 ÁC, P < 3 ʢʙʘʨ). ʅʝʢʦʪʦʨʳʝ ʩʠʣʠʢʘʪʳ (ʢʝʣʣʠʠʪ, 

ʤʘʨʛʘʥʮʝʚʳʡ ʢʣʠʥʦʭʣʦʨ ʠ ʙʘʥʥʠʩʪʝʨʠʪ) ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʚ ʧʦʨʦʜʘʭ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʚ 

ʫʩʣʦʚʠʷʭ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. ʄʘʩʩʦʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʦʠʩʪʳʭ 

ʩʠʣʠʢʘʪʦʚ ʤʘʨʛʘʥʮʘ ʚ ʫʩʣʦʚʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʳʩʦʢʦ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ.   

ʇʨʠ ʨʘʚʥʳʭ ʈʊïʧʘʨʘʤʝʪʨʘʭ ʦʙʨʘʟʦʚʘʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ 

ʘʩʩʦʮʠʘʮʠʡ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʣʦʢʘʣʴʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʩʦʜʝʨʞʘʥʠʡ ʚ ʧʦʨʦʜʝ Si, Al , 

Mn, Fe ʠ Mg, ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚ ʧʦʨʦʚʦʤ ʨʘʩʪʚʦʨʝ Ca, K, Na, Cl, ʉʆ2. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʤʠʥʝʨʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʠ 

ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ, ʪʦʧʦʣʦʛʠʝʡ ʠʩʭʦʜʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʟʘʪʨʘʚʢʠ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ñʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤò ʟʘʚʠʩʝʣʘ ʦʪ ʣʦʢʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʩʠʩʪʝʤʳ ʧʦʨʦʜʘïʨʘʩʪʚʦʨ. 

  

mailto:a.brusnitsin@spbu.ru
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ʉʋɹ- ʀ ʉʋʇɽʈɸɼɼʀʊʀɺʅʆʉʊʔ ʌʀɿʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʊɺɽʈɼʓʍ 

ʈɸʉʊɺʆʈʆɺ ɿɸʄɽʑɽʅʀʗ 

 

ɽʨʝʤʠʥ ʅ.ʅ.
1,2

 
 

1 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬ-ʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; neremin@mail.ru 

2
 ʀɻɽʄ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

 

ɿʘ ʜʚʘ ʩʪʦʣʝʪʠʷ, ʧʨʦʰʝʜʰʠʭ ʩʦ ʚʨʝʤʝʥʠ ʦʪʢʨʳʪʠʷ ʠʟʦʤʦʨʬʠʟʤʘ ʕ. ʄʠʪʯʝʨʣʠʭʦʤ 

(1819 ʛ.), ʙʳʣʦ ʥʘʢʦʧʣʝʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʤʧʠʨʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʦʙ ʠʟʦʤʦʨʬʥʳʭ 

ʩʤʝʩʷʭ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʚʳʚʝʜʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʤ 

ʧʦʜʯʠʥʷʝʪʩʷ ʵʪʦ ʚʘʞʥʝʡʰʝʝ ʷʚʣʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʦ 

ɺʝʛʘʨʜʘ (ʧʨʘʚʠʣʦ ʘʜʜʠʪʠʚʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʩʪʘʚʦʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʚʝʜʝʥʠʠ ʧʨʠʤʝʩʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʟʘʤʝʱʝʥʠʷ.  

ʊʘʢ, ʵʥʪʘʣʴʧʠʷ ʩʤʝʰʝʥʠʷ DHʩʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ, ʪ.ʝ. ʩʫʤʤʘʨʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʝʡ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʤʝʥʴʰʝ 

ʵʥʝʨʛʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʄʥʦʛʠʝ ʩʪʨʫʢʪʫʨʥʳʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʪʘʢʞʝ ʠʩʧʳʪʳʚʘʶʪ ʪʝ ʠʣʠ ʠʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʘʜʜʠʪʠʚʥʦʩʪʠ, ʧʨʠʯʝʤ ʟʥʘʢ ʠ ʚʝʣʠʯʠʥʫ ʪʘʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʠʥʦʛʜʘ ʫʜʘʝʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʪʴ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʩʪʨʦʛʠʭ ʦʩʥʦʚʘʥʠʷʭ [1-2]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʷʜ 

ʦʪʢʣʦʥʝʥʠʡ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʜʜʘʶʪʩʷ ʩʪʨʦʛʦʤʫ ʦʙʲʷʩʥʝʥʠʶ. ʉʨʝʜʠ ʥʠʭ ï ʠʟʚʝʩʪʥʳʡ 

ʵʬʬʝʢʪ ʂʫʨʥʘʢʦʚʘ-ɾʝʤʯʫʞʥʦʛʦ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʙʦʣʝʝ 100 ʣʝʪ ʥʘʟʘʜ [3], ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʜʣʷ ʨʷʜʘ ʙʠʥʘʨʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ NaCl ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʠ ʢʨʠʚʘʷ ʩʦʩʪʘʚ ï ʪʚʝʨʜʦʩʪʴ ʠʤʝʝʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʫʙ- ʠ ʩʫʧʝʨʘʜʜʠʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʧʨʘʚʠʣʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʘʜʜʠʪʠʚʥʦʩʪʠ ʤʦʜʫʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ ʂ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [4]. ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʦ ʨʘʩʩʯʠʪʘʥʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ 

ʤʦʜʫʣʝʡ ʩʞʘʪʠʷ ʦʪ ʘʜʜʠʪʠʚʥʦʩʪʠ ʚ ʩʨʝʜʥʠʭ ʩʦʩʪʘʚʘʭ ʥʝʢʦʪʦʨʳʭ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ 

ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ dK ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ ʠ 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʣʘʢʩʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʘʪʦʤʥʳʝ ʩʤʝʱʝʥʠʷ ʠʟ 

ʨʝʛʫʣʷʨʥʳʭ ʧʦʟʠʮʠʡ ʠ ʥʘʨʫʰʝʥʠʝ ʩʪʨʦʛʦʡ ʪʨʝʭʤʝʨʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʨʝʰʝʪʢʠ 

ʩʪʘʥʦʚʷʪʩʷ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʣʠʯʘʶʪʩʷ ʨʘʟʤʝʨʳ ʟʘʤʝʱʘʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ 

ʘʪʦʤʦʚ DR. ʋʢʦʨʦʯʝʥʠʝ ʜʣʠʥ ʩʚʷʟʠ ʚʦʢʨʫʛ ʢʨʫʧʥʳʭ ʘʪʦʤʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʵʥʝʨʛʠʠ ʠ 

ʚʦʟʨʘʩʪʘʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ ʚʦʢʨʫʛ ʤʝʣʢʠʭ ʘʪʦʤʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʵʥʝʨʛʠʠ ʥʝ 

ʢʦʤʧʝʥʩʠʨʫʶʪ ʧʦʣʥʦʩʪʴʶ ʜʨʫʛ ʜʨʫʛʘ, ʧʦʩʢʦʣʴʢʫ ʚʪʦʨʳʝ ʦʙʳʯʥʦ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʠ ʠʭ 

ʫʜʣʠʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʘ.   

 

[1] Urusov V.S. Journal of Solid State Chemistry, 1992, 98(2), 223-236. 

[2] Urusov V.S. EMU Notes in Mineralogy, 2001, 3, 121ï153. 

[3] ɾʝʤʯʫʞʥʳʡ ʉ.ʌ., ʈʦʤʙʘʭ ʌ. ʀʟʚʝʩʪʠʷ ʉʇɹ ʇʀ, 1909, 12, 349 

[4] Urusov V.S., Eremin N.N. Dokl. Phys., 2013, 58, 442ï446. 
  



18 
 

ʂʈʀʉʊɸʃʃʆʍʀʄʀʗ ʅɽʆʈɻɸʅʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ ɺ ʊɺɽʈɼʆʄ ʀ 

ɾʀɼʂʆʄ ʉʆʉʊʆʗʅʀʗʍ. ʅɽʈɽʐɽʅʅʓɽ ɿɸɼɸʏʀ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 

 

ʂʫʟʴʤʠʯʝʚʘ ɻ.ʄ., ɼʦʤʦʨʦʱʠʥʘ ɽ.ʅ., ʂʘʫʨʦʚʘ ʀ.ɸ. 
 

ʄʀʈʕɸ-ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʮʝʥʪʨ 

çʄʥʦʛʦʤʘʩʰʪʘʙʥʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚè; galina_kuzmicheva@list.ru  

 

CRYSTAL CHEMISTRY OF INORGANIC COMPOUNDS IN SOLID AND LIQUID 

STATES. UNSOLVED CHALLENGES AND PROSPECTS 

 

Kuzômicheva G.M., Domoroshchina E.N., Kaurova I.A. 

MIREA-Russian Technological University. Scientific and Educational Center çMulti-scale 

Design of Materialsè; galina_kuzmicheva@list.ru  

 

ɿʥʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʚʩʝʭ ʫʨʦʚʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʚʝʨʜʦʬʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʘʢ ʥʦʤʠʥʘʣʴʥʦ 

ʯʠʩʪʳʭ, ʪʘʢ ʠ ʜʦʧʠʨʦʚʘʥʥʳʭ ʤʘʣʳʤʠ ʠ ʩʚʝʨʭʤʘʣʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʨʠʤʝʩʝʡ, ʠ ʚ 

ʚʠʜʝ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʦʪ ʩʠʣʴʥʦ ʨʘʟʙʘʚʣʝʥʥʳʭ ʜʦ 

ʥʘʩʳʱʝʥʥʳʭ) ʠʤʝʝʪ ʦʛʨʦʤʥʫʶ ʥʘʫʯʥʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʙʠʦʣʦʛʠʠ ʠ 

ʤʝʜʠʮʠʥʳ, ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʟʥʦʤ 

ʘʛʨʝʛʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʤʝʪʦʜʳ/ʤʝʪʦʜʠʢʠ (ʜʠʬʨʘʢʮʠʦʥʥʳʝ, 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʧʨ.), ʥʦ ʚ ʨʘʟʥʦʤ ʠʩʧʦʣʥʝʥʠʠ, ʚʩʣʝʜʩʪʚʠʠ ʨʘʟʥʦʛʦ ʚʠʜʘ, ʩʪʝʧʝʥʠ 

ʠ ʘʨʝʘʣʘ ʫʧʦʨʷʜʦʯʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʯʘʩʪʠʮ (ʘʪʦʤʦʚ ʠ ʘʪʦʤʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʘʣʦʯʠʩʣʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʜʣʷ ʦʜʠʥʘʢʦʚʦʡ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʣʦʢʘʣʴʥʦʝ 

ʦʢʨʫʞʝʥʠʝ (ʥʝʩʢʦʣʴʢʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨ) ʜʦʧʘʥʪʦʚ (ʧʨʠʤʝʩʠ) ʧʦ ʜʘʥʥʳʤ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʢʘʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʠʮʳ ʬʦʨʤʘʣʴʥʳʭ ʟʘʨʷʜʦʚ, 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ, ʨʘʟʤʝʨʦʚ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʟʘʤʝʱʘʝʤʦʛʦ ʠ 

ʟʘʤʝʱʘʶʱʝʛʦ ʢʘʪʠʦʥʘ, ʪʘʢ ʠ ʦʪ ʚʠʜʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʚʦʜʠʤʦʛʦ ʚ ʩʠʩʪʝʤʫ ʜʦʧʘʥʪʘ, ʪ.ʝ. 

ʦʪ ʝʛʦ ʧʨʝʜʳʩʪʦʨʠʠ. ʂʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʨʘʩʪʚʦʨʘʭ, ʪʦ ʩʠʪʫʘʮʠʷ ʦʩʣʦʞʥʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʩʦʩʪʘʚʘ ʥʝʩʢʦʣʴʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨ, 

ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʢʦʤʧʣʝʢʩʦʤ ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʪʦʜʦʚ ʠ ʜʘʣʝʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʪʨʦʝʥʠʝ ʨʘʩʪʚʦʨʘ. ʉʣʦʞʥʦʩʪʴ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ, 

ʪʨʫʜʥʦʩʪʠ ʩʨʘʚʥʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʟ-ʟʘ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʝʪʦʜʦʚ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠʯʝʤ ʧʨʦʙʣʝʤʳ ʥʘʯʠʥʘʶʪʩʷ ʩ 

ʦʙʨʘʟʮʘʤʠ, ʚʳʙʨʘʥʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʜʝʢʣʘʨʠʨʫʝʤʳʤ ʠʩʭʦʜʥʳʤ ʩʦʩʪʘʚʘʤ. 

ʈʘʮʠʦʥʘʣʴʥʳʡ ʜʠʟʘʡʥ ʩʪʨʦʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʧʨʠʤʝʨʝ ʩʦʣʝʡ ʠ 

ʨʘʩʪʚʦʨʦʚ RE(NO3)3 ÖxH2O (RE=La-Lu,Y,Sc) ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʥʦʤʠʥʘʣʴʥʦ ʯʠʩʪʳʭ ʠ 

ʜʦʧʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ a-NiSO4Ö6H2O:Ti
4+

/Y
3+

/Co
2+
, ʚʳʨʘʱʝʥʥʳʭ ʠʟ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ c ʜʦʙʘʚʣʝʥʠʝʤ ʩʚʝʨʭʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʜʦʧʘʥʪʦʚ, ʠ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ  a-NiSO4Ö6H2O. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʧʨʦʝʢʪʳ ˉ 

FSFZ-2024-0026 ʠ ˉFSFZ-2024-0003). 



19 
 

ɿɸʂʆʅʆʄɽʈʅʓɽ ʉɺʗɿʀ ʉʆʉʊɸɺɸ, ɸʊʆʄʅʆʁ, ʈɽɸʃʔʅʆʁ ʉʊʈʋʂʊʋʈʓ 

ʀ ʉɺʆʁʉʊɺ ʂʈʀʉʊɸʃʃʆɺ-ʉʋʇɽʈʇʈʆʊʆʅʀʂʆɺ 

 

ʄʘʢʘʨʦʚʘ ʀ.ʇ.
1
, ʉʝʣʝʟʥʝʚʘ ɽ.ɺ.

1
, ʊʦʣʩʪʠʭʠʥʘ ɸ.ʃ.

1
, ɻʘʡʥʫʪʜʠʥʦʚ ʈ.ɺ.

1
, 

ʀʩʘʢʦʚʘ ʅ.ʅ.
1
, ʂʘʣʶʢʘʥʦʚ ɸ.ʀ.

1
, ʂʦʤʦʨʥʠʢʦʚ ɺ.ɸ.

1
, ɺʘʩʠʣʴʝʚ ɸ.ʃ.

1
 ʠ 

ʄʘʣʳʰʢʠʥʘ ʀ.ɸ.
2
 

 
1
 ʀʥʩʪʠʪʫʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ ʂʂʂʠʌ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; makarova@crys.ras.ru 
2
 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

RELATIONSHIPS OF COMPOSITION, ATOMIC, REAL STRUCTURES AND 

PROPERTIES OF SUPERPROTONIC CRYSTALS 

 

Makarova I.P.
1
, Selezneva E.V.

1
, Tolstikhina A.L.

1
, Gainutdinov R.V.

1
, Isakova N.N.

1
, 

Kalyukanov A.I.
1
, Komornikov V.A.

1
, Vasilôev A.L.

1
, Malyshkina I.A.

2
 

 
1
 Shubnikov Institute of Crystallography, NRC "Kurchatov Institute", Moscow, Russia; 

makarova@crys.ras.ru 
2
 Lomonosov Moscow State University, Moscow, Russia 

 

ɿʥʘʥʠʷ ʦ ʟʘʢʦʥʦʤʝʨʥʳʭ ʩʚʷʟʷʭ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʘʪʦʤʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʨʝʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ 

ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ, ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʝʤʝʡʩʪʚʦ ʩʫʧʝʨʧʨʦʪʦʥʠʢʦʚ ʚʢʣʶʯʘʝʪ ʢʨʠʩʪʘʣʣʳ MHAO4, M3H(AO4)2, 

M4H2(AO4)3, M5H3(AO4)4ĀyH2O, M9H7(AO4)8ĀH2O (ʄ = K, Rb, Cs, NH4; AO4 = SO4, SeO4, 

HPO4, HAsO4), ʘ ʪʘʢʞʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʠ ʢʦʤʧʦʟʠʪʳ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʕʪʠ ʢʨʠʩʪʘʣʣʳ 

ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʰʠʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʠʨʦʜʝ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʠ ʠʭ ʚʣʠʷʥʠʠ ʥʘ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʨʘʟʨʘʙʦʪʦʢ ʚ 

ʦʙʣʘʩʪʠ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. 

ʇʨʦʚʦʜʠʤʦʩʪʴ ʩʫʧʝʨʧʨʦʪʦʥʠʢʦʚ å 10
-1

 ʆʤ
-1
ʩʤ

-1
, ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 

500 ʂ, ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʦʡ - ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤʠ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʟʠʮʠʠ ʠ ʧʝʨʝʤʝʱʝʥʠʝ 

ʧʨʦʪʦʥʦʚ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʦʢʘʟʳʚʘʝʪ ʨʝʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ çʠʜʝʘʣʴʥʦʛʦè 

ʩʪʨʦʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʶʱʝʛʦ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ, ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʡ ʠ ʥʝʡʪʨʦʥʦʚ, ʦʧʪʠʯʝʩʢʫʶ, 

ʘʪʦʤʥʦ-ʩʠʣʦʚʫʶ ʠ ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʥʘʜʝʞʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʟʘʢʦʥʦʤʝʨʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʢʨʠʩʪʘʣʣʦʚ [1-3]. 

[1] Makarova I., Selezneva E., Canadillas-Delgado L., Mossou E., Vasilôev A., 

Komornikov V., Devishvili A. Acta Cryst. B, 2021, 77, 266-274. 

[2] Gainutdinov R.V., Selezneva E.V., Makarova I.P., Vasilôev A.L., Tolstikhina A.L. 

Surfaces and Interfaces. 2021, 23, 100952-1-9. 

[3] Selezneva E., Makarova I., Gainutdinov R., Tolstikhina A., Malyshkina I., Somov 

N., Chuprunov E. Acta Cryst. B, 2023, 79, 46-54. 
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ɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʥʦ-ʧʨʠʤʝʩʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 

ʠʥʜʠʢʘʪʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʘ ʠ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʚ ʤʦʜʝʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʥʪʠʡʥʳʤ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʤ ʩʨʝʜʘʤ, ʧʦʟʚʦʣʠʣʠ 

ʦʧʨʝʜʝʣʠʪʴ ʨʷʜ ʠʥʜʠʢʘʪʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʘ. ɼʣʷ ʘʣʤʘʟʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ 

ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜʥʳʭ ʨʘʩʧʣʘʚʘʭ, ʭʘʨʘʢʪʝʨʥʳ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ (100-200 ppm), 

ʧʨʠʤʝʩʴ Ni, ʚʢʣʶʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʚʦʜʦʨʦʜʘ. ɼʦʙʘʚʣʝʥʠʝ ʚ ʩʨʝʜʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʛʝʪʪʝʨʦʚ (Ti, Al , Zr), ʩʝʨʳ ʠʣʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ, ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʟʘʟʦʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʀʥʜʠʢʘʪʦʨʘʤʠ 

ʫʣʴʪʨʘʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʙʝʟʘʟʦʪʥʳʭ ʩʨʝʜ (äʆ2ÒIW) ʷʚʣʷʶʪʩʷ ʢʨʝʤʥʠʡ-ʚʘʢʘʥʩʠʦʥʥʳʝ 

ʮʝʥʪʨʳ. ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ (Ó 1000 ppm) ʠ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʮʝʥʪʨʳ (3107 

ʩʤ
-1
) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʘʣʤʘʟʦʚ ʠʟ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʨʝʜ. ɼʣʷ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ (1065 ʩʤ
-1
) ʜʝʬʝʢʪʥʦ-ʧʨʠʤʝʩʥʳʝ ʮʝʥʪʨʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ ʠ ʈ-ʊ ʧʘʨʘʤʝʪʨʦʚ. ɺ 

ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʚʳʨʘʱʝʥʳ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʘʣʤʘʟʳ, ʢʦʪʦʨʳʝ ʨʝʘʣʴʥʦ 

ʧʨʠʤʝʥʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʠ ʀʂ-ʦʧʪʠʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʘʣʤʘʟʥʳʭ ʥʘʢʦʚʘʣʝʥ. ɺ ʩʠʩʪʝʤʝ ʈ-ʉ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʦʚ ʩ 

n-ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʬʦʩʬʦʨ-ʘʟʦʪʥʳʤ ʜʝʬʝʢʪʘʤ. ʅʦʚʳʡ 

ʤʝʜʴʩʦʜʝʨʞʘʱʠʡ ʦʧʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʫʩʪʘʥʦʚʣʝʥ ʚ ʘʣʤʘʟʘʭ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ 

Cu-C. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ Mg ʜʣʷ ʩʠʥʪʝʟʘ 

ʘʣʤʘʟʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʥʪʨʦʚ SiV, GeV ʠ SnV, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʢʚʘʥʪʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ɺʧʝʨʚʳʝ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʠʥʪʝʟʘ ʘʣʤʘʟʘ 

ʦʙʦʩʥʦʚʘʥʳ ʨʘʩʧʣʘʚʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʣʝʛʠʨʦʚʘʪʴ ʘʣʤʘʟ 

ʧʨʠʤʝʩʷʤʠ Si, Ge ʠ Sn. ʇʦʠʩʢʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ Eu-ʩʦʜʝʨʞʘʱʠʭ ʨʘʩʧʣʘʚʘʭ 

ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʥʦʚʳʡ ʦʧʪʠʯʝʩʢʠʡ ʮʝʥʪʨ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʠʤʝʩʴʶ 

Eu. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ ʠ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʥʦʚʳʝ ʠʥʜʠʢʘʪʦʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʤʘʟʘ ʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʜʣʷ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʀɻʄ ʉʆ ʈɸʅ ˉ 122041400159-3 
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ɼɺʋʍ ʋʅʀɺɽʈʉʀʊɽʊʆɺ, XXI  ɺɽʂ 

 

ʇʝʢʦʚ ʀ.ɺ., ʇʦʪʝʭʠʥʘ ʅ.ɺ., ɺʠʛʘʩʠʥʘ ʄ.ʌ., ʊʫʨʯʢʦʚʘ ɸ.ɻ. ʠ ɹʫʣʘʭ ʄ.ʆ. 
 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ; igorpekov@mail.ru 
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Pekov I.V., Potekhina N.V., Vigasina M.F., Turchkova A.G. and Bulakh M.O. 

 

Faculty of Geology, Lomonosov Moscow State University; igorpekov@mail.ru 

 

ɺ ʢʦʥʮʝ 1990-ʭ ʛʦʜʦʚ ʥʘ ʢʘʬʝʜʨʝ ʤʠʥʝʨʘʣʦʛʠʠ ʄɻʋ ʚʦʟʥʠʢʣʘ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɽʝ 

ʨʘʙʦʪʳ ʥʘʯʘʣʠʩʴ ʩ ʠʟʫʯʝʥʠʷ ʚʳʩʦʢʦʱʝʣʦʯʥʳʭ ʧʦʨʦʜ, ʧʦʟʞʝ ʩʧʝʢʪʨ ʛʝʦʣʦʛʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʰʠʨʠʣʩʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʟʘʜʘʯ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʠʥʝʨʘʣʘʭ, ʠ ʥʘʰʠ ʨʘʙʦʪʳ 

ʠʜʫʪ ʚ ʪʝʩʥʝʡʰʝʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢʦʣʣʝʛʘʤʠ ʩ ʢʘʬʝʜʨʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʄɻʋ ʠ ʢʘʬʝʜʨʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʉʇʙɻʋ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʯʘʩʪʚʫʶʪ ʚʤʝʩʪʝ. ɿʘ ʯʝʪʚʝʨʪʴ ʚʝʢʘ ʥʘʫʯʥʦʛʦ ʩʦʜʨʫʞʝʩʪʚʘ ʤʳ ʚ 

ʩʦʘʚʪʦʨʩʪʚʝ ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʘʤʠ ʉʇʙɻʋ ʦʧʫʙʣʠʢʦʚʘʣʠ 214 ʩʪʘʪʝʡ ʠ ʤʦʥʦʛʨʘʬʠʶ, 

ʩʜʝʣʘʣʠ ʙʦʣʝʝ 30 ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ 165 ʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʂʦʦʧʝʨʘʮʠʷ ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʘʤʠ ʉʇʙɻʋ ʥʘʯʘʣʘʩʴ ʩ ʠʟʫʯʝʥʠʷ Ti- ʠ Nb-ʩʠʣʠʢʘʪʦʚ 

ʛʨʫʧʧʳ ʣʘʙʫʥʮʦʚʠʪʘ ï ʠʤ ʧʦʩʚʷʱʝʥʳ ʥʘʰʠ ʧʝʨʚʳʝ ʩʦʚʤʝʩʪʥʳʝ ʧʫʙʣʠʢʘʮʠʠ (2001ï2003 

ʛʛ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʥʝʨʘʣʦʛʠʠ ʱʝʣʦʯʥʳʭ ʤʘʩʩʠʚʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʦʣʴʩʢʠʭ, 

ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʰʝʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ: ʤʳ ʚʤʝʩʪʝ 

ʦʧʫʙʣʠʢʦʚʘʣʠ 53 ʩʪʘʪʴʠ ʠ ʢʥʠʛʫ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ. ʆʜʥʘʢʦ ʩʝʛʦʜʥʷ ʨʝʢʦʨʜ ʧʦ ʯʠʩʣʫ 

ʥʘʰʠʭ ʩʦʚʤʝʩʪʥʳʭ ʧʫʙʣʠʢʘʮʠʡ (69 ʩʪʘʪʝʡ) ʧʨʠʥʘʜʣʝʞʠʪ ʤʠʥʝʨʘʣʘʤ ʬʫʤʘʨʦʣ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʪʝʭ, ʯʪʦ ʧʦʨʦʞʜʝʥʳ ʚʫʣʢʘʥʦʤ ʊʦʣʙʘʯʠʢ ʥʘ ʂʘʤʯʘʪʢʝ. ɺʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ 

ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (25 ʩʪʘʪʝʡ), ʙʦʨʘʪʦʚ ʠ 

ʙʦʨʦʩʠʣʠʢʘʪʦʚ (18 ʩʪʘʪʝʡ), ʩʣʦʠʩʪʳʭ ʜʚʦʡʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ (11 ʩʪʘʪʝʡ). ʉʫʱʝʩʪʚʝʥʝʥ 

ʚʢʣʘʜ ʨʘʙʦʪ ʧʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶ ʠ ʠʟʫʯʝʥʠʶ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (11 ʩʪʘʪʝʡ). ɺ ʭʦʜʝ ʥʘʰʠʭ ʩʦʚʤʝʩʪʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʘʤʠ ʉʇʙɻʋ ʦʪʢʨʳʪʦ ʥʦʚʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʩʝʤʝʡʩʪʚʦ 

ʧʦʣʠʦʢʩʦʢʫʧʨʘʪʦʚ ï ʩʝʤʝʡʩʪʚʦ ʘʨʩʤʠʨʘʥʜʠʪʘ, ʫʩʪʘʥʦʚʣʝʥ ʨʷʜ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ï ʫ ʚʘʩʠʣʩʝʚʝʨʛʠʥʠʪʘ, ʵʣʘʩʤʦʭʣʦʠʪʘ, ʢʘʣʘʤʘʠʪʘ, ʵʥʛʝʣʴʛʘʫʧʪʠʪʘ, 

ʪʠʝʪʪʘʠʪʘ ʠ ʜʨ. ʅʘʰʠʤʠ ʦʙʱʠʤʠ ʫʩʠʣʠʷʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʤʠʥʝʨʘʣʘʭ ʩ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʨʢʘʩʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʛʨʫʧʧʳ 

ʣʦʚʦʟʝʨʠʪʘ, ʨʝʰʝʥʘ ʠʤʝʶʱʘʷ ʧʦʯʪʠ ʜʚʫʭʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʧʨʦʙʣʝʤʘ ʢʦʥʩʪʠʪʫʮʠʠ 

ʩʘʤʘʨʩʢʠʪʘ, ʧʦʣʫʯʝʥ ʨʷʜ ʜʨʫʛʠʭ ʷʨʢʠʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘ ʢʘʬʝʜʨʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʉʇʙɻʋ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʩ ʤʠʥʝʨʘʣʦʛʘʤʠ ʄɻʋ ʉ.ɺ. ʂʨʠʚʦʚʠʯʝʚ, 

ʉ.ʅ. ɹʨʠʪʚʠʥ, ɸ.ɸ. ɿʦʣʦʪʘʨʝʚ, ʆ.ʀ. ʉʠʡʜʨʘ, ʄ.ɻ. ʂʨʞʠʞʘʥʦʚʩʢʘʷ, ɺ.ɺ. ɻʫʨʞʠʡ, ʃ.ɸ. 

ɻʦʨʝʣʦʚʘ. ʅʝʤʘʣʦ ʘʩʧʠʨʘʥʪʦʚ ʵʪʦʡ ʢʘʬʝʜʨʳ ʚ ʩʚʦʝ ʚʨʝʤʷ ʚʢʣʶʯʠʣʦʩʴ ʚ ʩʦʚʤʝʩʪʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʩʝʡʯʘʩ ʦʥʠ ʩʦʪʨʫʜʥʠʯʘʶʪ ʩ ʥʘʤʠ ʫʞʝ ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʠʥʳʭ ʥʘʫʯʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ: ɽ.ʉ. ɾʠʪʦʚʘ, ʊ.ʃ. ʇʘʥʠʢʦʨʦʚʩʢʠʡ, ʆ.ʉ. ɺʝʨʝʱʘʛʠʥ ʠ ʜʨʫʛʠʝ. ʅʝʪ 

ʩʦʤʥʝʥʠʷ, ʯʪʦ ʥʘʰʝ ʧʣʦʜʦʪʚʦʨʥʦʝ ʥʘʫʯʥʦʝ ʩʦʜʨʫʞʝʩʪʚʦ ʙʫʜʝʪ ʪʦʣʴʢʦ ʨʘʟʚʠʚʘʪʴʩʷ. 
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ɺ ʉʊʈʋʂʊʋʈɸʍ ʂʈʀʉʊɸʃʃʆɺ 

 

ʇʫʰʢʠʥ ɼ.ɺ., ʂʘʨʘʩʝʚ ʄ.ʆ., ʂʠʨʠʣʣʦʚ ɺ.ʉ. 
 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ; pushkin.dv@ssau.ru 
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ɺ ʨʘʤʢʘʭ ʩʪʝʨʝʦʘʪʦʤʥʦʡ ʤʦʜʝʣʠ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʠʵʜʨʦʚ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ (ɺɼ) ʠ ʤʝʪʦʜʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʩʬʝʨ ʦʩʫʱʝʩʪʚʣʝʥ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʛʨʫʧʧʠʨʦʚʢʠ 

AXn
Zï

 (A = Ga, In, Tl, Ge, Sn, Pb, As, Sb, Bi, S, Se, Te, Cl, Br ʠʣʠ I; X ï ʛʘʣʦʛʝʥ, ʭʘʣʴʢʦʛʝʥ, 

ʘʟʦʪ ʠʣʠ ʫʛʣʝʨʦʜ). ɺʝʣʠʯʠʥʫ ʩʪʝʨʝʦʵʬʬʝʢʪʘ ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ (ɽ-ʧʘʨʳ) 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ DA, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʚʝʣʠʯʠʥʫ 

ʩʤʝʱʝʥʠʷ ʷʜʨʘ ʘʪʦʤʘ A ʠʟ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʝʛʦ ʧʦʣʠʵʜʨʘ ɺɼ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ, ʘʪʦʤʳ A
N
 (N ï ʥʦʤʝʨ ʛʨʫʧʧʳ) ʚ ʩʪʨʫʢʪʫʨʝ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝʣʠʯʠʥʦʡ DA, ʨʘʚʥʦʡ ʥʫʣʶ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ 

ʘʪʦʤ A
Nï2
, ʦʙʣʘʜʘʶʱʠʝ ɽ-ʧʘʨʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʘʨʘʤʝʪʨʦʤ DA>>0. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʘʪʦʤʦʚ A ʠ X ʥʘ ʩʪʝʨʝʦʵʬʬʝʢʪ ɽ-ʧʘʨʳ ʠ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʫʩʠʣʝʥʠʝ ʩʪʝʨʝʦʵʬʬʝʢʪʘ ɽ-ʧʘʨʳ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʨʦʩʪʝ ʘʩʠʤʤʝʪʨʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ, ʪ.ʝ. ʚ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʡ DA, ʧʨʠʚʦʜʠʪ 

ʢ ʦʪʢʣʦʥʝʥʠʶ ʬʦʨʤʳ ʧʦʣʠʵʜʨʘ ɺɼ ʦʪ ʩʬʝʨʠʯʝʩʢʦʡ, ʠʣʠ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ ʠ ʨʦʩʪʫ ʚʝʣʠʯʠʥʳ ʙʝʟʨʘʟʤʝʨʥʦʛʦ 

ʚʪʦʨʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʧʦʣʠʵʜʨʘ ɺɼ G3. 

ʋʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ DA, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʠ ʟʥʘʯʝʥʠʷʤʠ 

ʢʦʥʩʪʘʥʪ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʩʚʷʟʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʠʟ ʩʧʝʢʪʨʦʚ ʷʜʝʨʥʦʛʦ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨ DA ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʛʨʘʜʠʝʥʪʫ 

ʣʦʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʚ ʦʙʣʘʩʪʠ ʘʪʦʤʘ ɸ ʚʩʝʤʠ ʘʪʦʤʘʤʠ ʍ, 

ʦʢʨʫʞʘʶʱʠʤʠ ʝʛʦ ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʘ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ Aʉ3
Zï

 (A = Ga, In, Tl, Ge, Sn, Pb, 

As, Sb, ʠʣʠ Bi) ʚʳʭʦʜ ʘʪʦʤʘ ʠʟ ʧʣʦʩʢʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʪʨʝʤʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ 

ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʚʝʣʠʯʠʥʝ DA. 

ʇʦʜʪʚʝʨʞʜʝʥʘ ʛʠʧʦʪʝʟʘ ɺ.ʉ. ʋʨʫʩʦʚʘ [1] ʦ ʩʭʦʞʝʩʪʠ ʪʝʣʝʩʥʳʭ ʫʛʣʦʚ ʛʨʘʥʝʡ 

ʧʦʣʠʵʜʨʦʚ ɺɼ ʠ ʚʘʣʝʥʪʥʳʭ ʫʩʠʣʠʡ ʩʚʷʟʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ ʛʨʘʥʷʤ. 

 

[1] ʋʨʫʩʦʚ ɺ.C.  ɼʦʢʣʘʜʳ ʈɸʅ, 2001, 380, 359. 

 

 

 



23 
 

ʆʇʊʀʏɽʉʂʀ ɼɽʊɽʂʊʀʈʋɽʄʓʁ ʄɸɻʅʀʊʅʓʁ ʈɽɿʆʅɸʅʉ NV
-
 ʎɽʅʊʈʆɺ ɺ 

ʇʈʀʈʆɼʅʓʍ ʂʈʀʉʊɸʃʃɸʍ ʀ ʉʂʈʓʊʆʂʈʀʉʊɸʃʃʀʏɽʉʂʀʍ ɸɻʈɽɻɸʊɸʍ 

ɸʃʄɸɿɸ 

 

ʊʠʪʢʦʚ ʉ.ɺ.
1
, ʗʢʦʚʣʝʚʘ ɺ.ɺ.

2
, ʃʠʭʘʯʸʚ ʂ.ɺ.

2
, ɹʘʨʘʥʦʚ ʇ.ɻ.

2
 

 

1 
ʀɻɽʄ ʈɸʅ, ʈɻɻʈʋ ʠʤ. ʉ. ʆʨʜʞʦʥʠʢʠʜʟʝ; titkov@igem.ru 

2 
ʌʊʀ ʠʤ. ɸ.ʌ.ʀʦʬʬʝ ʈɸʅ; valya_yakovleva_1999@mail.ru 

 

OPTICALLY DETECTED MAGNETIC RESONANCE OF NV
-
 CENTERS IN NATURAL 

CRYSTALS AND CRYPTOCRYSTALLINE AGGREGATES OF DIAMOND 

 

Titkov S.V.
1
, Yakovleva V.V.

2
, Likhachev K.V.

2
, Baranov P.G.

2
 

 
1
 IGEM RAN, Ordjonikidze RSMU; titkov@igem.ru 

2 
Ioffe Institute; valya_yakovleva_1999@mail.ru 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʨʦʜʥʳʝ ʘʣʤʘʟʳ ʚʧʝʨʚʳʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʧʪʠʯʝʩʢʠ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʆɼʄʈ). 

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ NV
-
 ʮʝʥʪʨʳ ʚ ʦʨʘʥʞʝʚʦ-ʞʸʣʪʳʭ ʢʨʠʩʪʘʣʣʘʭ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʠ 

ʚ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʘʭ (ʢʘʨʙʦʥʘʜʦ) ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ NV
-
 ʮʝʥʪʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʚʘʥʪʦʚʦʡ 

ʵʣʝʢʪʨʦʥʠʢʝ [ʩʤ. 1]. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʭ ʧʦʣʫʯʘʶʪ ʠʩʢʫʩʩʪʚʝʥʥʦ ʧʫʪʸʤ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʠ ʦʪʞʠʛʘ ʘʣʤʘʟʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʚ ʌʊʀ 

ʠʤ. ɸ.ʌ.ʀʦʬʬʝ ʆɼʄʈ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʆɼʄʈ ʠ ʌʃ 

ʩʠʛʥʘʣʳ ʚ ʩʢʘʥʠʨʫʶʱʝʤ ʨʝʞʠʤʝ. ʌʃ ʚʦʟʙʫʞʜʘʣʘʩʴ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ. 

ɺ ʩʧʝʢʪʨʘʭ ʆɼʄʈ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʘʟʦʪʥʦ-ʚʘʢʘʥʩʠʦʥʥʳʝ NV
-
 ʮʝʥʪʨʳ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʦʜʠʥʦʯʥʦʡ ʣʠʥʠʠ ʚ ʦʙʣʘʩʪʠ 2870 ʄɻʮ, ʨʘʩʱʝʧʣʸʥʥʦʡ ʥʘ ʜʚʝ 

ʢʦʤʧʦʥʝʥʪʳ. ɺʝʣʠʯʠʥʘ ʨʘʩʱʝʧʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʧʝʢʪʨʘʭ ʧʨʦʷʚʣʷʶʪʩʷ ʩʘʪʝʣʣʠʪʥʳʝ ʣʠʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ NV
-
 ʮʝʥʪʨʘʤʠ ʠ ʈ1 ʮʝʥʪʨʘʤʠ (ʦʜʠʥʦʯʥʳʝ ʘʪʦʤʳ ʘʟʦʪʘ). 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʆɼʄʈ ʠ ʌʃ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʧʨʠʨʦʜʥʳʭ ʢʫʙʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʘʭ NV
-
 ʮʝʥʪʨʳ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ. 

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ [1].   

ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʘʭ ʘʣʤʘʟʘ NV
-
 ʮʝʥʪʨʳ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ ʧʨʝʜʝʣʘʭ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʛʘʣʦ ʜʠʘʤʝʪʨʦʤ ʜʦ 20 

ʤʢʤ. ʆʯʝʚʠʜʥʦ, ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʠʟʣʫʯʝʥʠʡ ʦʪ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʠ ʦʪʞʠʛʘ. ʈʘʥʝʝ ʚ ʵʪʠʭ ʦʙʨʘʟʮʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ɸʇʕʄ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʢʩʝʥʦʪʠʤʘ ʠ ʮʠʨʢʦʥʘ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ [2]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʝʤʝ FMMN-2024-0017 ʛʦʩʟʘʜʘʥʠʷ ʀɻɽʄ ʈɸʅ  

 

ʃʠʪʝʨʘʪʫʨʘ: 

[1] Titkov S.V. et al. Diam. Relat. Mater., 2023, 136, 109938. 

[2] ʊʠʪʢʦʚ ʉ.ɺ. ʠ ʜʨ. ɻʝʦʭʠʤʠʷ, 2001, 3, 261-270. 
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ʂʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʤʥʦʛʠʝ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʧʨʠʤʝʨʳ ð ʧʦʜʦʙʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʙʦʨʘʪʦʚ, 

ʢʘʨʙʦʥʘʪʦʚ ʠ ʥʠʪʨʘʪʦʚ ʩ. ʪ. ʢʘʣʴʮʠʪʘ ʠ ʘʨʘʛʦʥʠʪʘ [1], ʩʠʣʠʢʘʪʦʚ ʠ ʚʘʥʘʜʘʪʦʚ 

ʧʠʨʦʢʩʝʥʦʚʦʛʦ ʩʪʨʦʝʥʠʷ [2] ʠ ʜʨʫʛʠʭ). ʅʦʚʳʝ ʧʨʠʤʝʨʳ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʦʢʣʘʜʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʜʦʙʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚʝʣʠʯʠʥʘ ʦʙʲʝʤʥʦʛʦ ʠ 

ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʢʣʘʩʩʘʭ ʨʘʟʣʠʯʘʝʪʩʷ ʚ 5ï10 ʨʘʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʘʨʷʜʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʚ ʪʨʝʫʛʦʣʴʥʳʭ ʠʣʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʨʘʜʠʢʘʣʘʭ. 

ɽʩʣʠ ʤʳ ʭʦʪʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʠ ʩʦʧʦʩʪʘʚʣʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

(ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʠ ʜʨ.) ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʚʝʱʝʩʪʚ, 

ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʩʪʘʪʦʯʥʳʡ ʟʘʨʷʜ ʘʥʠʦʥʘ [3]. ʅʘʠʤʝʥʝʝ ʧʨʦʯʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʩʚʷʟʠ ʚʥʝ ʘʥʠʦʥʦʚ ʠ ʤʝʨʦʡ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʚʝʣʠʯʠʥʘ ʦʩʪʘʪʦʯʥʦʛʦ ʟʘʨʷʜʘ ʧʦʣʠʘʥʠʦʥʘ (ʟʘʨʷʜ Z ʦʜʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ / 

ʪʝʪʨʘʵʜʨʘ). ʄʳ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ: ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʥʝʨʛʠʝʡ ʝʛʦ ʥʘʠʤʝʥʝʝ ʧʨʦʯʥʳʭ ʩʚʷʟʝʡ: ʚʝʣʠʯʠʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʙʫʜʫʪ ʚʦʟʨʘʩʪʘʪʴ ʧʦ ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʟʘʨʷʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʡ ʩʠʤʤʝʪʨʠʠ ʟʝʤʥʳʭ ʦʙʦʣʦʯʝʢ ů [4] ð

ʠʥʜʝʢʩʘ ɼʦʣʠʚʦ-ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ ð ʜʣʷ ʨʘʟʥʳʭ ʟʦʥ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʤʘʥʪʠʠ ʛʦʚʦʨʷʪ ʦ 

ʟʘʢʦʥʦʤʝʨʥʦʤ ʧʦʚʳʰʝʥʠʠ ʩʠʤʤʝʪʨʠʠ ʚʝʱʝʩʪʚʘ ɿʝʤʣʠ ʩ ʛʣʫʙʠʥʦʡ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ɼʦʣʠʚʦ-ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ, ʨʘʚʥʦʛʦ 6 ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʝʛʦ ʤʘʢʩʠʤʫʤʘ (48) ʚ ʥʠʞʥʝʡ ʤʘʥʪʠʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʇʨʠʤʝʨʳ ʪʝʨʤʦʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʭ ʩʲʝʤʦʢ ʙʦʨʘʪʦʚ, 

ʩʫʣʴʬʘʪʦʚ ʠ ʜʨ., ʦʙʩʫʞʜʘʝʤʳʝ ʚ ʜʦʢʣʘʜʝ, ʚʳʧʦʣʥʝʥʳ ʚ ʈʝʩʫʨʩʥʦʤ ʎʝʥʪʨʝ 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè ʅʘʫʯʥʦʛʦ ʇʘʨʢʘ ʉʇʙɻʋ. ʈʘʙʦʪʘ 

ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ ˉ 22-13-00317. 

 

[1] Bubnova R.S., Filatov S.K. Struct. Chem., 2016, 27, 1647ï1662. 

[2] ɹʫʙʥʦʚʘ ʈ.ʉ., ʌʠʣʘʪʦʚ ʉ.ʂ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʷ ʙʦʨʘʪʦʚ. ʉʇʙ.: 

ʅʘʫʢʘ, 2008. 760 ʩ. 

[3] ʌʠʣʘʪʦʚ ʉ.ʂ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʷ. ʃ.: ʅʝʜʨʘ, 1990.  

[4] ɼʦʣʠʚʦ-ɼʦʙʨʦʚʦʣʴʩʢʠʡ ɺ.ɺ. ɿʘʧ. ɺʩʝʩʦʶʟ. ʤʠʥʝʨʘʣ. ʦ-ʚʘ. 1984, 113, 586ï590. 
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1
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3
, Rzheutski M.V., 

Emelianov Yu.L., Senchylo E.M. 
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2
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ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʢʦʤʧʘʢʪʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

POWDIX 600, ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʝʛʦ ʩʚʦʡʩʪʚʘ ʠ ʧʦʜʩʠʩʪʝʤʳ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʦʙʨʠʩʦʚʘʥʳ ʪʝʢʫʱʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʙʣʠʞʘʡʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ.  

ʇʨʠʙʦʨ ʨʘʙʦʪʘʝʪ ʚ ʛʝʦʤʝʪʨʠʠ ɗ-ɗ ʧʦ ʬʦʢʫʩʠʨʦʚʢʝ ɹʨʝʛʛʘ-ɹʨʝʥʪʘʥʦ, ʩʥʘʙʞʝʥ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʜʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ, ʦʙʣʘʜʘʝʪ ʧʨʝʮʠʟʠʦʥʥʳʤ ʛʦʥʠʦʤʝʪʨʦʤ ʩ 

ʪʦʯʥʦʩʪʴʶ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝ ʭʫʞʝ 0.01Á (ʧʦ 2ɗ). ɼʠʬʨʘʢʪʦʤʝʪʨ ʨʘʙʦʪʘʝʪ ʩ ʰʠʨʦʢʠʤ 

ʥʘʙʦʨʦʤ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʘʢʩʝʩʩʫʘʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʛʠʙʢʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴ 

ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʠ ʫʩʧʝʰʥʦ ʨʝʰʘʪʴ ʙʘʟʦʚʳʝ ʟʘʜʘʯʠ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. 

ʇʨʝʮʠʟʠʦʥʥʘʷ ʤʝʭʘʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʙʳʩʪʨʫʶ ʠ ʪʦʯʥʫʶ ʧʝʨʝʫʩʪʘʥʦʚʢʫ 

ʦʧʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ. ʇʨʠʙʦʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʵʤʠʩʩʠʦʥʥʳʭ ʣʠʥʠʷʭ Cu (ʙʘʟʦʚʘʷ 

ʢʦʤʧʣʝʢʪʘʮʠʷ), Cr, Fe, Co, Mo, ʩ ʤʦʱʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʘ ʜʦ 600 ɺʪ. ɼʠʬʨʘʢʪʦʤʝʪʨ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʩ ʣʠʥʝʡʥʳʤ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʜʝʪʝʢʪʦʨʦʤ, ʪʘʢ ʠ ʩ 

ʜʚʫʤʝʨʥʳʤ ʜʝʪʝʢʪʦʨʦʤ.  

ɼʣʷ ʨʘʙʦʪʳ ʩ ʦʙʨʘʟʮʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʜʝʨʞʘʪʝʣʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʪʫ ʢʘʢ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʤʝʥʦʡ ʦʙʨʘʟʮʦʚ, ʪʘʢ ʠ ʨʘʙʦʪʫ ʩ 

ʤʘʩʩʠʚʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʨʘʱʝʥʠʝ ʦʙʨʘʟʮʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʞ-ʢʦʣʣʠʤʘʪʦʨ ʧʨʠ ʩʲʝʤʢʝ ʥʘ ʤʘʣʳʭ ʫʛʣʘʭ. 

ʋʧʨʘʚʣʷʶʱʝʝ ʇʆ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʥʘʩʪʨʦʡʢʘʤ, 

ʫʧʨʘʚʣʝʥʠʶ ʠ ʨʝʞʠʤʘʤ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʘʢʝʪʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʢʘʢ ʚ ʥʝʧʨʝʨʳʚʥʦʤ, ʪʘʢ ʠ ʚ ʧʦʰʘʛʦʚʳʭ ʨʝʞʠʤʘʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢʞʝ ʩʦʙʩʪʚʝʥʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʇʆ çɸʣʤʘʟè, ʧʦʟʚʦʣʷʶʱʝʝ 

ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʬʘʟʦʚʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʦʩʦʙʥʦʝ ʨʘʙʦʪʘʪʴ ʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ COD ʠ PDF-2 (ICDD). 

ʇʨʦʝʢʪ ʜʠʬʨʘʢʪʦʤʝʪʨʘ POWDIX 600 ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʠʙʦʨʘ ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʠʟʤʝʨʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ 

(XRR) ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʩʢʦʣʴʟʷʱʝʤ ʧʘʜʝʥʠʠ (GIXRD).  
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ɸʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʧʣʦʪʥʳʭ 

ʫʧʘʢʦʚʢʘʭ ʤʦʣʝʢʫʣ [1], ʧʨʝʜʝʣʴʥʳʤ ʩʣʫʯʘʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʧʣʦʪʥʝʡʰʠʭ 

ʫʧʘʢʦʚʦʢ ʰʘʨʦʚ. ɸʢʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ 

ʧʣʦʪʥʝʡʰʠʭ ʫʧʘʢʦʚʦʢ ʢ ʦʧʠʩʘʥʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [2] ʠ ʧʨʦʠʣʣʶʩʪʨʘʮʠʷ  ʠʭ  

ʩʪʘʪʠʩʪʠʢʦʡ ʩʪʨʫʢʪʫʨ ʠʟ ʂʝʤʙʨʠʜʞʩʢʦʛʦ  ɹʘʥʢʘ ʉʪʨʫʢʪʫʨʥʳʭ ɼʘʥʥʳʭ (ʂɹʉɼ) ʠ 
ʉrystallography Open Database (COD).  

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʛʨʫʧʧʘʤʠ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦʜʛʨʫʧʧʘʤʠ ʛʨʫʧʧʳ ʧʣʦʪʥʝʡʰʝʡ ʫʧʘʢʦʚʢʠ P63/mmc. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʵʪʠʭ ʧʦʜʛʨʫʧʧʘʭ ʧʨʘʚʠʣʴʥʳʭ ʩʠʩʪʝʤ 

ʪʦʯʝʢ (ʇʉʊ), ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʰʘʨʦʚ ʚ ʪʨʝʭ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʩʣʦʷʭ. 

ʊʘʢʠʭ ʛʨʫʧʧ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ 14, ʠ ʚ ʥʠʭ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ 68% 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʉOD.  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʣʦʪʥʳʝ (ʥʝ ʧʣʦʪʥʝʡʰʠʝ) ʫʧʘʢʦʚʢʠ ʰʘʨʦʚ, 

ʥʝ ʢʘʩʘʶʱʠʭʩʷ ʜʨʫʛ ʜʨʫʛʘ ʚ ʦʜʥʦʤ ʩʣʦʝ. ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʘʢʦʚʢʠ 

ʦʪ ʨʘʜʠʫʩʘ ʰʘʨʦʚ ʥʝʤʦʥʦʪʦʥʥʘ, ʠ ʜʣʷ ʫʧʘʢʦʚʦʢ ʣʶʙʦʡ ʩʣʦʡʥʦʩʪʠ ʧʨʠʥʠʤʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ  Ὧ
Ѝ
 πȢχτ ʧʨʠ ʨʘʜʠʫʩʝ ʰʘʨʘ, ʨʘʚʥʳʤ ʧʦʣʦʚʠʥʝ ʧʘʨʘʤʝʪʨʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a ʠ ʧʨʠ ʟʥʘʯʝʥʠʠ r=0,303a. ʂʘʞʜʦʤʫ ʨʘʜʠʫʩʫ ʰʘʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʚʦʝ ʦʪʥʦʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ c/a, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʫʧʘʢʦʚʢʠ (ʤʠʥʠʤʫʤʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ). 

ʂʘʞʜʦʤʫ ʪʠʧʫ ʧʣʦʪʥʝʡʰʝʡ ʫʧʘʢʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʷ ʢʘʨʪʠʥʘ ʧʩʝʚʜʦʩʠʤʤʝʪʨʠʠ, 

ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʙʘʟʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʣʦʪʥʳʭ ʫʧʘʢʦʚʦʢ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʠʘʛʨʘʤʤʘʤʠ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʂɹʉɼ ʠ ʉOD.  

 

[1] ʂʠʪʘʡʛʦʨʦʜʩʢʠʡ ɸ.ʀ. ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʄ.: çʅʘʫʢʘè, 1971. 424 ʩ. 

[2] Pakuleva A.A., Somov N.V., Chuprunov E.V, Crystallography Reports, 2023, Vol. 68, 

No. 7, pp. 12ï18.  

 

 

 

 



27 
 

ʉʆʉʊɸɺ ʀ ʋʉʃʆɺʀʗ ɻɽʅɽʈɸʎʀʀ ʈɸʉʇʃɸɺʆɺ ɺ ʆʉʅʆɺɸʅʀʀ 

ʉʋɹʂʆʅʊʀʅɽʅʊɸʃʔʅʆʁ ʃʀʊʆʉʌɽʈʅʆʁ ʄɸʅʊʀʀ 
 

ʐʘʮʢʠʡ ɸ.ʌ. 
 

ɻɽʆʍʀ ʈɸʅ 

 

ʊʝʤʧʝʨʘʪʫʨʳ ʩʦʣʠʜʫʩʦʚ ʛʣʘʚʥʳʭ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ, ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʵʢʣʦʛʠʪʦʚ, ʙʳʩʪʨʦ 

ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ. ʅʘʯʠʥʘʷ ʩ ʛʣʫʙʠʥʳ 70 ʢʤ ʧʣʘʚʣʝʥʠʝ ʩʠʣʠʢʘʪʥʦʡ 

ʤʘʥʪʠʠ ɿʝʤʣʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʀʥʪʝʨʚʘʣ 

ʛʝʥʝʨʘʮʠʠ ʤʘʥʪʠʡʥʳʭ ʤʘʛʤ ʦʭʚʘʪʳʚʘʝʪ ʛʣʫʙʠʥʳ ʜʦ 230 ʢʤ. ʅʘ ʵʪʠʭ ʛʣʫʙʠʥʘʭ 

ʦʩʥʦʚʥʳʤʠ ʣʝʪʫʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ CO2 ʠ H2O. ʇʦʵʪʦʤʫ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʬʘʟʦʚʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ ʚ ʩʠʩʪʝʤʘʭ ʩʠʣʠʢʘʪ-CO2-H2O ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʝʥʝʟʠʩʘ ʤʘʥʪʠʡʥʳʭ ʨʘʩʧʣʘʚʦʚ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʣʝʜʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʬʘʟʦʚʳʭ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʠʜʦʪʠʪ-CO2ÑH2O, ʵʢʣʦʛʠʪ-CO2ÑH2O ʠ ʧʝʣʠʪ-

CO2ÑH2O ʧʨʠ ʜʘʚʣʝʥʠʷʭ 3-6.5 ɻʇʘ, ʦʪʚʝʯʘʶʱʠʭ ʛʣʫʙʠʥʘʤ 100-200 ʢʤ.  
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ʃʦʥʩʜʝʡʣʠʪʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʟʳʚʘʶʪ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ 

ʘʣʤʘʟʘ. ɻʝʢʩʘʛʦʥʘʣʴʥʳʡ ʘʣʤʘʟ ʙʳʣ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ ʚ ʤʝʪʝʦʨʠʪʘʭ ʂʘʥʴʦʥ ɼʴʷʚʦʣʘ ʠ 

ɻʦʣʧʘʨʘ ʚ 1966 ʛʦʜʫ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ 

ʜʘʚʣʝʥʠʠ ʠ ʫʜʘʨʥʦʤ ʩʞʘʪʠʠ [1, 2]. ʇʨʠʨʦʜʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʨʘʟʫ ʞʝ ʧʦʣʫʯʠʣʘ ʩʪʘʪʫʩ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʥʘʟʚʘʥʥʦʛʦ ʣʦʥʩʜʝʡʣʠʪʦʤ ʚ ʯʝʩʪʴ ʠʟʚʝʩʪʥʦʛʦ ʙʨʠʪʘʥʩʢʦʛʦ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʘ ʂ. ʃʦʥʩʜʝʡʣ [3]. ʇʨʦʰʣʦ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʩ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ, ʥʦ 

ʜʠʩʢʫʩʩʠʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʣʦʥʩʜʝʡʣʠʪʘ, ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʬʘʟʳ, ʠʜʫʪ 

ʠ ʧʦ ʩʝʡ ʜʝʥʴ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʝʛʠʪʠʤʥʦʩʪʴ ʤʠʥʝʨʘʣʘ ʪʦʞʝ ʦʩʪʘʝʪʩʷ ʧʦʜ ʚʦʧʨʦʩʦʤ.  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʣʠʪʠʧʦʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ 

ʘʣʤʘʟʘ ï 2H, 4H, 8H, 12H, 20H [2, 3], ɺ ʧʨʠʨʦʜʝ ʪʦʣʱʠʥʘ ʘʪʦʤʘʨʥʳʭ ʧʘʢʝʪʦʚ ʩ 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʤ ʤʦʪʠʚʦʤ ʩʪʨʫʢʪʫʨʳ ʜʦʩʪʠʛʘʝʪ ʣʠʰʴ ʧʝʨʚʳʭ ʥʘʥʦʤʝʪʨʦʚ, ʩʦʙʩʪʚʝʥʥʳʭ 

ʦʙʦʩʦʙʣʝʥʠʡ ʣʦʥʩʜʝʡʣʠʪ ʚ ʧʨʦʜʫʢʪʘʭ ʫʜʘʨʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʥʝ ʦʙʨʘʟʫʝʪ. ɹʦʣʝʝ ʪʦʛʦ, 

ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʫʧʘʢʦʚʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʝʡʰʝʤ ʢʦʛʝʨʝʥʪʥʦʤ ʩʨʘʩʪʘʥʠʠ ʩ ʢʫʙʠʯʝʩʢʦʡ 

ʬʘʟʦʡ. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ ʫʣʴʪʨʘʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 
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ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʣʦʥʩʜʝʡʣʠʪ ʥʝ ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦʡ ʬʘʟʦʡ, ʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʥʦʢʦʤʧʦʟʠʪ ʠʟ ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʝʩʥʳʭ ʩʨʘʩʪʘʥʠʡ 

ʢʫʙʠʯʝʩʢʦʛʦ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʦʚ ʘʣʤʘʟʘ ʠ ʜʠʘʬʠʪʘ [4]. ʆʪʩʫʪʩʪʚʠʝ 

ʦʙʦʩʦʙʣʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ ʣʦʥʩʜʝʡʣʠʪʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʠʟʥʘʥʠʶ ʝʛʦ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʬʘʟʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʦʥʩʜʝʡʣʠʪ ʥʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʤʠʥʝʨʘʣʦʤ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʘʣʤʘʟʘ ʠʟ ʛʨʘʬʠʪʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 56-71 ɻʇʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 1200 ʉ̄, ʘ ʪʘʢʞʝ ʝʛʦ ʫʩʪʦʡʯʠʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ [5]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫʯʠʪʳʚʘʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʫʞʝ 

ʩʣʦʞʠʚʰʝʝʩʷ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʥʘ çʣʦʥʩʜʝʡʣʠʪè, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʷʝʤʦʝ ʢ ʧʨʠʨʦʜʥʳʤ ʦʙʲʝʢʪʘʤ ʠʤʧʘʢʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʩʣʫʯʘʝ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʦʙʦʩʦʙʣʝʥʠʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʘʣʤʘʟʘ ʣʶʙʦʛʦ ʛʝʥʝʟʠʩʘ ʚ 

ʧʨʠʨʦʜʝ ʝʤʫ ʩʣʝʜʫʝʪ ʧʨʠʩʚʦʠʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʥʘʟʚʘʥʠʝ. ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, çʣʦʥʩʜʝʡʣʠʪè ʩʣʝʜʫʝʪ 

ʠʩʢʣʶʯʠʪʴ ʠʟ ʩʧʠʩʢʘ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ. 

[1] Bundy F. P., Kasper J. S.  J. Chem. Phys., 1967, 46, 1144ï1149.  

[2] Hanneman R.E., Strong H.M., Bundy F.P. Science, 1967, 155, 995ï997.  
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Many complex bismuth-oxide and lead-fluoride halides or chalcogenides can be 

characterized by the microporous positively-charged frameworks related to zeolite-like 

structure, formed by anion-centered [OBin]
p+

 or [OPb4]
q+

 polyhedra [1]. These frameworks 

are characterized by the presence of wide channels and/or large cavities filled by negatively-

charged guest anions. Such inversion between the charges of host structure and the guest is 

well-known for the compounds belong to the co-called ñantizeoliteò family [19,20]. 

Among bismuth compounds such frameworks are present in the crystal structures of 

Bi4O3(BO3)2, Bi5O7I, Bi14O20(SO4), Bi12O15Cl6, Bi6O7FCl3, and Bi48O59Cl30(M5Cl) (M = Cu
+
, 

Ag
+
) [26], while for lead compounds the most complex framework is reported for the crystal 

structure of [Pb12F16][Ta9O20F13]. Reduction of dimensionality of the anion-centered host 

structure with the preservation of the system of parallel channels forming 2D zeolite-related 

compounds has been previously found in PbBi17O22Cl9 and Na2Bi12O15Cl8 wherein wide 

layers are structurally related to those in Bi6O7FCl3 and Bi48O59Cl30(M5Cl) (M = Cu
+
, Ag

+
), 

respectively. 

Most of the tunnel bismuth/lead oxychlorides are characterized by the presence of the 

rather similar channels with the trigonal cross-section which topologies can be described by 

the general formula [4
3n

6
3
(3n+6)

2/2
] where n = 3 [2D-zeolite-related compounds 

Bi18O22Cl8.5(BO3)0.5, Bi18O22Cl8Se, and PbBi17O22Cl9; ñanti-zeolitesò Bi6O7FCl3, 

Bi48O59Cl30(M5Cl) (M = Cu, Ag) and M2Pb11F18X6, (M = Na, K; X = Cl, Br)], n = 5 

(NaBi6O7.5Cl4), and n = 7 [Bi48O59Cl30(M5Cl) (M = Cu, Ag)]. Such relation indicates a 

polysomatic and modular aspect [2] of the crystal structures of bismuth/lead oxychlorides 

similar to that in the crystal structures of tunnel manganese oxides of tunnelite group [3]. 

Depending on the effective channel width they could be filled either by Cl
ï
 anions or more 

complex anions with ñsalt-inclusionò structure. 

 

The topological analysis was financially supported by the Russian Science Foundation 

through Grant 20ï77ï10065-ʇ. 
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ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʝ ʦʨʪʦʬʦʩʬʘʪʳ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

LnPO4 ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʧʦʢʨʳʪʠʷ ʝʤʢʦʩʪʝʡ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʷʜʝʨʥʳʭ ʦʪʭʦʜʦʚ, ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʧʨʦʪʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ, ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʣʶʤʠʥʦʬʦʨʳ. LnPO4 ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʜʚʫʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʘʭ: ʤʦʥʘʮʠʪ 

(ʧʨ. ʛʨ. P21/n) (Ln = La, é, Gd), ʠ ʢʩʝʥʦʪʠʤ  (Ln = Dy, é, Lu). ʇʦʨʦʰʢʠ ʤʦʥʘʮʠʪʦʚʦʛʦ 

ʪʠʧʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩʦʦʩʘʞʜʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʤʝʜʣʝʥʥʦʤ 

ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʠʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʦʠʜʘ ʚ ʨʝʘʢʪʠʚ, ʩʦʜʝʨʞʘʱʠʡ ʨʘʩʪʚʦʨ 

ʬʦʩʬʘʪʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ  ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʨʦʰʢʦʚ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʩ ʙʦʣʴʰʦʡ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʠʥʪʝʟ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʦʩʪʘʚʦʚ LnPO4 ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʬʦʩʬʘʪʘʤʠ. 

ʉʠʥʪʝʟ ʠʥʜʠʚʠʥʜʫʘʣʴʥʳʭ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʦʩʪʘʚʦʚ LnPO4 (Ln=Ce, Nd, Pr, 

Eu, Gd, Sm, La, Dy) ʦʩʫʱʝʩʪʚʣʸʥ ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ pH 

(1..4)ʨʘʩʪʚʦʨʘ ʠʟ ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʦʠʜʘ ʠ ʨʘʩʪʚʦʨʘ NH4H2PO4, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʪʫʧʝʥʯʘʪʳʤ ʦʪʞʠʛʦʤ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 230-1100ÁC, ʩ ʠ ʙʝʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʦʩʘʜʢʘ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʦʥʪʨʦʣʣʣʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʈʌɸ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚʩʝ ʦʙʨʘʟʮʳ, ʢʨʦʤʝ DyPO4 ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʥʘʮʠʪʘ, ʥʘʠʙʦʣʝʝ 

ʯʠʩʪʳʡ ʧʨʦʜʫʢʪ ʧʦʣʫʯʝʥ ʧʨʠ pH=2, ʙʝʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʦʩʪʘʚʳ ʪʠʧʘ Ln10.2Ln20.2Ln30.2Ln40.2Ln50.2PO4 ʪʘʢʞʝ ʠʤʝʶʪ 

ʩʪʨʫʢʪʫʨʫ ʤʦʥʘʮʠʪʘ. ʈʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʧʨʦʚʝʜʝʥ 

ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʠ ʘʥʘʣʠʟ. ʉʥʠʤʢʠ ʉʕʄ ʧʦʢʘʟʘʣʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʦʙʨʘʟʮʫ. ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʝ ʚʳʷʚʠʣʘ 

ʠʩʢʘʞʝʥʠʡ ʨʝʰʸʪʢʠ ʚ ʭʦʜʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ʊɻ-ʊɻɸ ʧʦʢʘʟʘʣ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʩʪʘʚʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 30-1000 Áʉ. ɸʪʪʝʩʪʦʚʘʥʳ ʬʦʪʦʣʶʤʠʥʠʩʮʝʥʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʦʢʘʟʘʥ ʨʦʩʪ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʦʩʪʘʚʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʬʦʩʬʘʪʦʚ LnPO4.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ʀɻɻ ʋʨʆ ʈɸʅ, ʪʝʤʘ ˉ 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʳʡ ʩʠʥʪʝʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʣʝʢʘʝʪ 

ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʠʟ-ʟʘ ʨʦʩʪʘ ʩʧʨʦʩʘ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʢʨʠʩʪʘʣʣ ʘʥʘʣʠʟʘʪʦʨʳ. ʊʘʢ 

ʧʝʥʪʘʵʨʠʪʨʠʪ C5H12O4 ʠʣʠ ʈɽʊ (002) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʩʪʘʣʣʘ 

ʘʥʘʣʠʟʘʪʦʨʘ ʚ ʨʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ WDXRF-ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʉʇɽʂʊʈʆʉʂɸʅ 

ʄɸʂʉ-GVM. ʆʥ ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʚ ʩʝʤʝʡʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʥʦ ʝʛʦ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʦʩʪ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʨʫʜʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʝʡ ʠ 

ʜʝʛʨʘʜʘʮʠʝʡ ʈɽʊ ʩʦ ʚʨʝʤʝʥʝʤ [1]. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʈɽʊ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʟʤʝʨʦʚ (ʜʦ 70ʤʤ, ʚʝʩ 550ʛ) (ʨʠʩ.1ʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʷʪʥʠʢʦʚʦʛʦ ʤʝʪʦʜʘ ʨʦʩʪʘ ʠ ʫʪʦʯʥʝʥʥʦʡ ʢʨʠʚʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʝʥʪʘʵʨʠʪʨʠʪʘ 

(ʨʠʩ.1ʙ). 

 

 
ʈʠʩʫʥʦʢ 1. ʄʦʥʦʢʨʠʩʪʘʣʣ ʧʝʥʪʘʵʪʨʠʪʘ (ʘ); ʪʝʦʨʝʪʠʯʝʩʢʘʷ (ʩʠʥʷʷ) [2] ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʢʨʘʩʥʘʷ) ʢʨʠʚʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʝʥʪʘʵʨʠʪʨʠʪʘ (ʙ). 

Figure 1. Synthesized pentaerythritol single crystal (a); theoretical (blue) [2] and 

experimental (red) pentaerythritol solubility line (b). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʷʪʥʠʢʦʚʦʛʦ ʤʝʪʦʜʘ ʨʦʩʪʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʘʷ ʦʯʠʩʪʢʘ ʦʪ ʧʨʠʤʝʩʝʡ ʜʘʣʠ ʙʣʠʟʢʠʡ ʢ 

ʠʜʝʘʣʫ ʛʘʙʠʪʫʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʦʛʨʘʥʝʥʠʝ (101) ʠ (100)). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʜʪʚʝʨʜʠʣʠ ʚʣʠʷʥʠʝ ʦʯʠʩʪʢʠ ʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʢʠʥʝʪʠʢʫ ʨʦʩʪʘ ʠ 

ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʨʦʩʪʘ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʈɽʊ ʤʘʷʪʥʠʢʦʚʳʤ ʤʝʪʦʜʦʤ. ʆʮʝʥʢʘ 

ʢʘʯʝʩʪʚʘ ʙʘʟʠʨʦʚʘʣʘʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠʷʭ: ʙʣʠʟʢʘʷ ʢ ʠʜʝʘʣʫ ʤʦʨʬʦʣʦʛʠʷ, 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʦʪʩʫʪʩʪʚʠʝ ʚʠʜʠʤʳʭ ʧʨʠʤʝʩʝʡ ʠ ʜʝʬʝʢʪʦʚ. 

 

[1] ɹʦʡʢʦ ʄ.ɽ., ʐʘʨʢʦʚ ʄ.ɼ. ɾʫʨʥ. ʪʝʭʥʠʯ. ʬʠʟ., 2015, ʪʦʤ 85, ʚʳʧ. 11, 1ï29. 

[1] ʂʥʫʥʷʥʮʘ ʀ.ʃ. ɹʈʕ, 1992, ʍʠʤʠʯʝʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ, ʪ.3, 462. 
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ʀ ʊɺɽʈɼʓʍ ʈɸʉʊɺʆʈʆɺ ʅɸ ʆʉʅʆɺɽ Ln2WO6 (Ln = Nd, Sm, Yb) 
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ʀʩʩʣʝʜʦʚʘʥʦ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʚʦʣʴʬʨʘʤʘʪʦʚ ʥʝʦʜʠʤʘ, ʩʘʤʘʨʠʷ ʠ ʠʪʪʝʨʙʠʷ 

ʩʦʩʪʘʚʘ Ln2WO6 (Ln = Nd, Sm, Yb) ʠʟ ʤʝʭʘʥʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʦʚ ʚ ʰʠʨʦʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 25ï1600 Áʉ. ɼʣʷ Nd2WO6 ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ: ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʦʤʙʠʯʝʩʢʠʭ (ɓ-Nd2WO6 ʠ 

ŭ-Nd2WO6 (P212121 (ˉ 19)) ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʥʦʢʣʠʥʥʦʡ Nd2WO6 (ʧʨ. ʛʨ. C12/c1 

(ˉ 15)). ʍʦʪʷ ʚʧʝʨʚʳʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʚ ʢʝʨʘʤʠʢʝ ɓ-Nd2WO6 ʠ ŭ-Nd2WO6 ʦʪʥʦʩʷʪʩʷ ʢ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ (P212121 (ˉ 19)), ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʨʘʟʣʠʯʥʳ. ʉʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ŭ-Nd2WO6 ʚ ʯʠʩʪʦʤ ʚʠʜʝ 

ʫʜʘʣʦʩʴ, ʠʩʧʦʣʴʟʫʷ ʜʣʠʪʝʣʴʥʳʡ ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʦʪʞʠʛ ʧʨʠ 900 Áʉ ʜʦ 100 ʯ. ʂʨʦʤʝ ʪʦʛʦ, 

ʙʣʘʛʦʜʘʨʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʦʢʩʠʜʦʚ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʵʪʦʪ ʞʝ ʧʦʣʠʤʦʨʬ ʚ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʨʘʪʢʠʤ ʦʪʞʠʛʦʤ ʧʨʠ 1600 Áʉ, 1ʯ. ʇʦʣʠʤʦʨʬʠʟʤ ʧʦʜʪʚʝʨʞʜʝʥ 

ʠʟʤʝʨʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʪʠʦʥʦʚ Nd/W ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ 

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ. ʉʦʦʪʥʦʰʝʥʠʝ ʢʘʪʠʦʥʦʚ ʦʢʘʟʘʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤ ʠ 

ʩʦʩʪʘʚʠʣʦ Nd/W = 2.17:1 ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʚ ʠʥʪʝʨʚʘʣʝ 900ï1400 Áʉ ʠ 2.18:1 ʧʦʩʣʝ ʩʠʥʪʝʟʘ 

ʧʨʠ 1600 Áʉ, 1 ʯ. ʀʟʫʯʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʜʣʷ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ Nd2WO6, 

ʢʦʪʦʨʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʘʟʣʠʯʠʝ ŭ-Nd2WO6 ʠ ʤʦʥʦʢʣʠʥʥʦʛʦ Nd2WO6 ʚ ʙʣʠʞʥʝʡ ʀʂ 

ʦʙʣʘʩʪʠ. ʋ ʦʙʝʠʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʚʦʣʴʬʨʘʤʘʪʘ ʥʝʦʜʠʤʘ ŭ-Nd2WO6 ʠ 

ʤʦʥʦʢʣʠʥʥʦʛʦ Nd2WO6 ʦʙʥʘʨʫʞʝʥʘ ʧʨʦʪʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʝʡ 1.05 ʠ 

1.06 ʵɺ.  ʆʜʥʘʢʦ, ʜʣʷ ʢʘʣʴʮʠʡʩʦʜʝʨʞʘʱʝʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (Nd1-xCax)2WO6-ŭ (x = 0.01), ʫ 

ʢʦʪʦʨʦʛʦ ʦʙʱʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʜʦʧʠʨʦʚʘʥʥʳʤ ʤʦʥʦʢʣʠʥʥʳʤ 

Nd2WO6, ʧʨʝʦʙʣʘʜʘʝʪ ʜʳʨʦʯʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʥʘ ʚʦʟʜʫʭʝ.  

ɼʣʷ Sm2WO6 ʧʦʣʫʯʠʪʴ ʯʠʩʪʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ŭ-Sm2WO6 ʥʝ ʫʜʘʣʦʩʴ. ɼʣʠʪʝʣʴʥʳʡ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʦʪʞʠʛ ʧʨʠ 900 Áʉ ʜʦ 200 ʯ ʧʨʠʚʝʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ɓ-Sm2WO6 ʠ ŭ-

Sm2WO6 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʤʦʥʦʢʣʠʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ Sm2WO6 

(ʧʨ. ʛʨ. C12/c1 (ˉ 15)) ʩʫʱʝʩʪʚʫʝʪ ʚ ʠʥʪʝʨʚʘʣʝ 1200ï1600 Áʉ, ʪʘʢʞʝ, ʢʘʢ ʠ ʫ Yb2WO6. 

ʉʠʥʪʝʟ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (Yb1-xCax)2WO6-ŭ (x = 0.05, 0.1) ʧʨʠ 1450-1600 Áʉ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

Yb2WO6, ʧʨʠʚʝʣ ʢ ʩʤʝʱʝʥʠʶ ʩʦʩʪʘʚʘ ʠʟ-ʟʘ ʣʝʪʫʯʝʩʪʠ WO3 ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʤʥʦʛʦʬʘʟʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Yb14W4O33. ʄʦʥʦʢʣʠʥʥʳʝ Ln2WO6 (Ln = Sm, Yb) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 500-900 Áʉ ʚ 

ʩʫʭʦʤ ʚʦʟʜʫʭʝ ʩ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ 1.72 ʠ 1.51 ʵɺ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʩʫʙʩʠʜʠʝʡ ʄʠʥʦʙʨʥʘʫʢʠ, ʚʳʜʝʣʝʥʥʦʡ ʌʀʎ 

ʍʌ ʈɸʅ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ ñʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠò 

(ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ˉ122040500071-0). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ (ʥʦʤʝʨ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ˉ124013000692-4). 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʦʥʦʚ ʚ ʨʦʩʪʦʚʦʡ ʨʘʩʪʚʦʨ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ KDP [1]. ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ KDP ʠ ʨʷʜ ʝʛʦ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 

ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (EDTA) ʚ ʨʘʩʪʚʦʨ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʚ ʨʘʩʪʚʦʨʝ: 

0, 0.001, 0.005, 0.015, 0.02, 0.025 ʠ 0.035 ʤʦʣ. %, ʤʘʣʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ EDTA ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʛʨʘʥʝʡ KDP ʦʪ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ 

ʨʘʩʪʚʦʨʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ EDTA ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʰʠʨʠʥʳ çʤʝʨʪʚʦʡ 

ʟʦʥʳè ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷʭ ʠ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʨʘʥʝʡ ʧʨʠʟʤʳ ʠ 

ʙʠʧʠʨʘʤʠʜʳ. ʇʦʚʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʝʨʝʟ 2 ʠ 4 ʤʝʩʷʮʘ ʧʦʢʘʟʘʣʠ ʩʦʭʨʘʥʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʰʠʨʠʥʳ çʤʝʨʪʚʦʡ ʟʦʥʳè ʠ ʦʙʱʝʛʦ ʧʦʚʝʜʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ. 

ʀʟʫʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʛʨʘʥʝʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ ʠ ʙʠʧʠʨʘʤʠʜʳ ʦʪ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ EDTA ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ C = 0.03 ʠ 

0.035 ʤʦʣ.% ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʛʨʘʥʝʡ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 0.8-1.2. ɼʘʥʥʳʡ 

ʠʥʪʝʨʚʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ: ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ 

ʚʳʨʦʞʜʝʥʠʷ ʛʨʘʥʠ ʧʨʠʟʤʳ ʧʨʠ ʩʢʦʨʦʩʪʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʛʦ ʟʘʜʘʥʥʳʤ ʦʙʨʘʟʦʤ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʨʦʩʪʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʙʫʣʴ ʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʧʝʨʚʦʛʦ ʪʠʧʘ. 

ɹʳʣʠ ʚʳʨʘʱʝʥʳ ʢʨʠʩʪʘʣʣʳ KDP ʩ ʜʦʙʘʚʣʝʥʠʝʤ EDTA 0.005, 0.025 ʠ 

0.035 ʤʦʣ.%. ʈʘʟʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʠʣʠ 80ʭ80ʭ56 ʤʤ
3
. ɼʣʷ ʢʨʠʩʪʘʣʣʘ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ EDTA = 0.005 ʤʦʣ.% ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʚʝʣʠʯʠʥʘ ʧʦʨʦʛʘ ʧʨʦʧʫʩʢʘʥʠʷ ï 

ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 200-1000 ʥʤ ʦʥʘ ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 5 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʠʯʠʥʦʡ 

ʧʦʨʦʛʦʚʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʘ KDP, ʚʳʨʘʱʝʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ ʙʝʟ EDTA. ɹʳʣʘ 

ʠʟʤʝʨʝʥʘ ʚʝʣʠʯʠʥʘ ʧʦʨʦʛʘ ʣʘʟʝʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ï ʦʥʘ ʩʦʩʪʘʚʠʣʘ 25 ɼʞ/ʩʤ
2
 ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 1064 ʥʤ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ EDTA ʥʝ ʚʭʦʜʠʪ ʚ ʩʪʨʫʢʪʫʨʫ 

ʢʨʠʩʪʘʣʣʘ KDP. 

[1] A. M. Dholariya and K. G. Raval Effect on Doping of EDTA on Structural, Optical 

and Mechanical Properties of KDP Crystal, 2021, Journal of Physics: Conference Series 

1921 (2021) 012115  



35 
 

ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʂʀʉʃʆʈʆɼ-
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ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ Ln5Mo3O16+ŭ (Ln = La-Gd) (ŭ = 0-0.5) [1] ʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʬʣʶʦʨʠʪʘ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ (ʜʦ 10
-2

 ʉʤ/ʩʤ ʧʨʠ 

700Áʉ) ʩʤʝʰʘʥʥʦʡ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ [2], ʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʈʝʟʫʣʴʪʘʪʦʤ ʟʘʤʝʥʳ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʢʘʪʠʦʥʘ ʥʘ ʱʝʣʦʯʥʦʡ ʵʣʝʤʝʥʪ, ʣʠʪʠʡ ʠʣʠ ʥʘʪʨʠʡ, ʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʬʪʦʨ 

ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʦʛʣʦʱʝʥʠʶ ʚʣʘʛʠ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʠ 

ʧʨʦʪʦʥʥʳʡ ʧʝʨʝʥʦʩ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

ʧʦʩʚʷʱʝʥʘ ʢʘʣʠʡ- ʠ ʬʪʦʨʩʦʜʝʨʞʘʱʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʩʝʤʝʡʩʪʚʘ Ln5Mo3O16+ŭ, 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ, ʧʦʣʠʤʦʨʬʠʟʤʘ, ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦ-ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ (GT) 

ʘʥʘʣʠʟ, ʨʘʩʯʝʪ ʵʥʝʨʛʠʠ ʚʘʣʝʥʪʥʳʭ ʫʩʠʣʠʡ ʩʚʷʟʠ (BVSE) ʠ ʤʝʪʦʜ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ (DFT). 

ʌʪʦʨʩʦʜʝʨʞʘʱʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʦʣʠʙʜʘʪʳ ʥʦʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ KxLn5-

xMo3O16-yFy (Ln = La, Pr, Nd) ʫʩʧʝʰʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ 

ʥʘ ʚʦʟʜʫʭʝ. ʇʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʤ 

ʢʫʙʠʯʝʩʢʠʤ (ʧʨ. ʛʨ. Pn-3n) ʤʦʣʠʙʜʘʪʘʤ Ln5Mo3O16, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʩʝʤʝʡʩʪʚʦ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ 

ʢʘʣʦʨʠʤʝʪʨʠʠ ʚʳʷʚʠʣʠ ʚ ʥʠʭ ʪʝʨʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 719ï784 Áʉ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʦʙʨʘʪʠʤʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʧʝʨʚʦʛʦ ʨʦʜʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʘʣʠʡ- ʠ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʬʘʟ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʥʝʨʛʠʷ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,7 ʵɺ, ʘ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʦʮʝʥʠʣʠ ʵʥʝʨʛʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʥʝ ʙʦʣʝʝ 1,5 

ʵɺ. ɼʘʥʥʳʝ BVSE ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʧʨʦʪʦʥʦʚ. ɿʥʘʯʝʥʠʷ ʦʙʱʝʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʝ ʤʝʪʦʜʦʤ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʩʫʭʦʤ ʚʦʟʜʫʭʝ, 

ʩʦʩʪʘʚʠʣʠ ~10
-3

 - 10
-2

 ʉʤ/ʩʤ
-1

 800 Áʉ. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʦ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʙʦʣʴʰʦʡ ʚʢʣʘʜ 

ʧʨʦʪʦʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʦʙʱʠʡ ʪʨʘʥʩʧʦʨʪ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʢʠʩʣʦʨʦʜʘ ʧʦʜʪʚʝʨʜʠʣʠ ʩʤʝʰʘʥʥʫʶ ʠʦʥʥʦ-

ʢʠʩʣʦʨʦʜʥʫʶ ʠ ʵʣʝʢʪʨʦʥʥʫʶ ʧʨʠʨʦʜʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʘʣʠʡ- ʠ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʬʘʟ ʩ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʠʦʥʥʳʤ ʚʢʣʘʜʦʤ ʚ ʪʨʘʥʩʧʦʨʪ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ.  

 

[1] Hubert P.H. Bull. Soc. Chim. Fr., 1975, 3-4, 475-477. 

[2] Tsai M., Greenblatt M., McCarroll W. H. Chem. Mater., 1989, 1, 253ï259. 
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ʄʀʅɽʈɸʃʓ-ʅʆʉʀʊɽʃʀ ʊʗɾɽʃʓʍ ʄɽʊɸʃʃʆɺ ɺ ʉʆɺʈɽʄɽʅʅʓʍ 

ʇʆɺɽʈʍʅʆʉʊʅʓʍ ɼɽʇʆʅʀʈʆɺɸʅʅʓʍ ʆʊʃʆɾɽʅʀʗʍ ɻʆʈʆɼɸ (ʅɸ ʇʈʀʄɽʈɽ 

ɻ. ʊʖʄɽʅʔ, ɽʂɸʊɽʈʀʅɹʋʈɻ ʀ ʈʆʉʊʆɺ-ʅɸ-ɼʆʅʋ) 
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ɻʦʨʦʜʩʢʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʜʝʧʦʥʠʨʦʚʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʉʇɼʆ) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʴ ʯʘʩʪʠʮ ʧʳʣʝʚʦʡ ʠ ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʉʇɼʆ ʧʨʝʜʩʪʘʚʣʝʥ ʤʠʥʝʨʘʣʘʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʪʝʨʨʠʪʦʨʠʠ. ʗʚʣʷʷʩʴ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ (ɻʉ), ʉʇɼʆ ʥʘʢʘʧʣʠʚʘʶʪ 

ʚ ʩʝʙʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʊʄ). ɺʳʩʦʢʘʷ ʤʦʙʠʣʴʥʦʩʪʴ ʜʠʩʧʝʨʩʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ʉʇɼʆ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʘʛʝʥʪʘʤʠ ʧʝʨʝʥʦʩʘ, ʘ ʠʤʝʥʥʦ ʩʠʣʴʥʳʤ ʚʝʪʨʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʛʨʦʟʫ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʊʄ [1]. ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʚʳʷʚʣʝʥʠʠ ʤʠʥʝʨʘʣʦʚ-ʥʦʩʠʪʝʣʝʡ (ʄʅ)ʊʄ ʉʇɼʆ ʚ ɻʉ. ɹʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: ʦʧʨʝʜʝʣʠʪʴ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʨʦʙ ʉʇɼʆ; ʧʦʩʪʨʦʠʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ 

(ʂʄ) ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʠ ʤʠʥʝʨʘʣʘʤʠ ʧʨʦʙ; ʚʳʷʚʠʪʴ ʤʠʥʝʨʘʣʳ, ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʊʄ ʉʇɼʆ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʙʳ ʉʇɼʆ ʬʨʘʢʮʠʠ 

ʦʪ 2 ʜʦ 10 ʤʢʤʛʦʨʦʜʦʚ ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʊʶʤʝʥʴ ʠ ɽʢʘʪʝʨʠʥʙʫʨʛ,ʦʪʦʙʨʘʥʥʳʝʚ ʞʠʣʳʭ ʟʦʥʘʭ 

ʛʦʨʦʜʦʚ ʚ ʪʝʧʣʳʡ ʩʝʟʦʥ ʛʦʜʘ ʠ ʧʨʦʰʝʜʰʠʝ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ [1]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (IʉP-

MS),ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡʘʥʘʣʠʟ (ʈʌɸ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚʧʨʦʙ ʙʳʣ 

ʦʧʨʝʜʝʣʝʥ ʤʝʪʦʜʦʤ ʈʌɸ. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʨʦʙ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʤʝʪʦʜʦʤ IʉP-MS. 

ʇʦʩʪʨʦʝʥʠʝ ʂʄ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʠ ʤʠʥʝʨʘʣʘʤʠ ʧʨʦʙ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 3 ʛʦʨʦʜʦʚ, ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʛʠʜʨʦʩʣʶʜ ʠ ʭʣʦʨʠʪʦʚ ʠʤʝʶʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʠʤʳʭ ʩʚʷʟʝʡ 

(p<0,05; R>0,5) c ʊʄ. ɺ ʧʨʦʙʘʭ ʉʇɼʆ ʭʣʦʨʠʪʳ ʠ ʛʠʜʨʦʩʣʶʜʳ  ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʪʘʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʢʘʢV, Co, Ni, Mo, Cd, Sn, Sb, Cu, Zn, Pb. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ 

ʭʣʦʨʠʪʦʚ ʠ ʛʠʜʨʦʩʣʶʜ ʷʚʣʷʶʪʩʷ ʄʅ ʊʄ ʚ ʉʇɼʆ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʪʚʝʨʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʦʚʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ (ʉʕʄ-ʕɼʉ). 

 

[1] Seleznev ɸ.ɸ., Yarmoshenko I.V. Malinovsky G.P. Urban geochemical changes and 

pollution with potentially harmful elements in seven Russian cities. Sci Rep 10. 1668 (2020). 
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ɺʧʝʨʚʳʝ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʠ ʧʨʦʚʝʜʝʥʦ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʜʠʧʠʥʘʪʦʫʨʘʥʠʣʘʪʘ ʢʘʣʴʮʠʷ 

ʩʦʩʪʘʚʘ Ca[(UO2)2(C6H8O4)3]Ŀ2ʅ2ʆ. 

ʉʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʦʝʜʠʥʝʥʠʝ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨ. ʛʨ. Pρ, Z = 1, R = 0.0642.  

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʧʦʣʠʵʜʨʦʤ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʨʪʘ 

ʘʪʦʤʦʚ ʫʨʘʥʘ ʷʚʣʷʝʪʩʷ ʧʝʥʪʘʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ ʩʦʩʪʘʚʘ UO7, ʘʢʩʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ 

ʢʦʪʦʨʦʡ ʟʘʥʷʪʳ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʢʘʪʠʦʥʘ ʫʨʘʥʠʣʘ. ʕʢʚʘʪʦʨʠʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ 

ʙʠʧʠʨʘʤʠʜʳ ʦʙʨʘʟʦʚʘʥʘ ʧʷʪʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤʝ ʯʝʪʳʨʴʤʷ 

ʘʜʠʧʠʥʘʪ-ʘʥʠʦʥʘʤʠ. ɸʜʠʧʠʥʘʪ-ʘʥʠʦʥ ʧʨʦʷʚʣʷʝʪ ʪʠʧ ʢʦʦʨʜʠʥʘʮʠʠ Q
21

 ʠ B
2
. ɿʜʝʩʴ ʠ 

ʜʘʣʝʝ ʦʙʦʟʥʘʯʝʥʠʝ ʪʠʧʦʚ ʢʦʦʨʜʠʥʘʮʠʠ ʜʘʥʦ ʩ [1]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʧʦʣʠʵʜʨʦʤ ʘʪʦʤʦʚ 

ʢʘʣʴʮʠʷ ʷʚʣʷʶʪʩʷ ʦʢʪʘʵʜʨ ʩʦʩʪʘʚʘ ʉʘʆ6. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʧʦʤʠʤʦ ʯʝʪʳʨʝʭ ʘʜʠʧʠʥʘʪ-ʘʥʠʦʥʦʚ ʫʯʘʩʪʚʫʶʪ ʜʚʝ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ. ʋʨʘʥʩʦʜʝʨʞʘʥʠʝ ʛʨʫʧʧʠʨʦʚʢʠ ʚ ʩʪʨʫʢʪʫʨʝ Ca[(UO2)2(C6H8O4)3]Ŀ2ʅ2ʆ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʩʣʦʠ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ ɸ2(Q
21

)2B
2
, ʛʜʝ ɸ = UO2

2+
, Q

21
 ʠ B

2
 = C6H8O4

2ï
. ʇʦʣʠʵʜʨʳ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ 

ʘʪʦʤʦʚ ʫʨʘʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʥʪʘʛʦʥʘʣʴʥʳʝ ʧʨʠʟʤʳ ʦʙʲʝʤʦʤ 9.2 ¡
3
, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʝʤ 9.2(2) ¡
3
, ʨʘʩʩʯʠʪʘʥʥʳʤ ʜʣʷ ʘʪʦʤʦʚ U(VI) ʚ ʩʦʩʪʘʚʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ UOn [2].  

ʇʨʦʚʝʜʝʥʦ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ 

ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʛʨʫʧʧʘʤ (UO2
2+

), (COOï), (

CH2 ), (H2O). ʀʩʧʦʣʴʟʫʷ ʙʵʜʞʝʨʦʧʦʜʦʙʥʦʝ ʫʨʘʚʥʝʥʠʝ [3] ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʘʩʪʦʪ 

ʢʦʣʝʙʘʥʠʡ ɜ3 ʫʨʘʥʠʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

d(U=O), ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ c ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

(1.761¡ ʠ 1.766¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 

[1] Serezhkin V.N., Vologzhanina A.V., Serezhkina L.B. et al. Acta Crystallogr., 2009, 

ɺ65(1), 45ï53. 

[2] Serezhkin V.N., Savchenkov A.V., Pushkin D.V., Serezhkina L.B. App. Sol. St. Chem., 

2018, 2, 2ï16. 

[3] ʉʝʨʝʞʢʠʥ ɺ.ʅ., ʉʝʨʝʞʢʠʥʘ ʃ.ɹ. ɾʫʨʥ. ʥʝʦʨʛʘʥ. ʭʠʤʠʠ, 1984, 29(6), 1529ï1532. 
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 ʄʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʟʦʥʜʦʚʦʛʦ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ- ʠ 

ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʦʚʳʡ ʤʠʥʝʨʘʣ ʠʟ ʇʝʣʘʛʦʥʠʡʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʈʝʩʧʫʙʣʠʢʠ ʉʝʚʝʨʥʘʷ ʄʘʢʝʜʦʥʠʷ. ʄʠʥʝʨʘʣ ʥʘʡʜʝʥ ʚ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ 

ʧʦʨʦʜʘʭ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʩʤʝʰʘʥʥʦʡ ʩʝʨʠʠè (Mixed Series) ʙʣʠʟ ʅʝʞʠʣʦʚʘ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʦʛ ʨʠʥʤʘʥʠʪʘ Zn2Sb2Mg2Fe4O14(OH)2 [1], 

ʦʙʦʛʘʱʝʥʥʳʡ Zn ʠ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Mg.  

 ɼʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʠʟ 29666 ʦʪʨʘʞʝʥʠʡ ʧʦʣʫʯʝʥ ʦʪ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 0.2 

ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ  Xcalibur EOS S2, (MoKa- radiation) ʧʨʠ 293 ʂ. 

ʇʘʨʘʤʝʪʨʳ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ  ʷʯʝʡʢʠ:  a =  5.9720(1), c = 9.3578(1) ¡, V = 289.031(8) ¡
3
, Z 

= 1, ʧʨ. ʛʨ. P63mc. ʉʪʨʫʢʪʫʨʘ ʫʪʦʯʥʝʥʘ ʤʝʪʦʜʦʤ ʧʦʣʥʦʤʘʪʨʠʯʥʦʛʦ ʄʅʂ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠ ʨʠʥʤʘʥʠʪʘ [1] ʜʦ R=1.96%, 1443 I>3s(I)  (Rʫʩʨ = 3.96%) ʚ ʛʘʨʤʦʥʠʯʝʩʢʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚ ʧʨʦʛʨʘʤʤʝ [2]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠ. ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʦʪʨʘʞʝʥʳ ʚ ʝʛʦ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ (Z = 1), 

ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʤʧʠʨʠʯʝʩʢʦʡ: 
M3

Zn2 
M2 

[Sb1.94Ti0.06]
 

M1
[(Fe4.5Al0.36) (Zn0.63Mg0.33Mn0.06) Ti0.12] O14.77 (OH)1.23, ʛʜʝ ʢʚʘʜʨʘʪʥʳʤʠ ʩʢʦʙʢʘʤʠ 

ʚʳʜʝʣʝʥ ʩʦʩʪʘʚ M1 ï M3 ʤʦʜʫʣʝʡ. ʋʩʪʘʥʦʚʣʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʪʠʦʥʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʣʦʢʘʣʴʥʳʤ ʙʘʣʘʥʩʦʤ ʟʘʨʷʜʦʚ, ʘ ʚʘʣʝʥʪʥʦʩʪʴ ʞʝʣʝʟʘ +3 ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʩʧʝʢʪʨʦʤ. ʋʧʨʦʱʝʥʥʘʷ ʬʦʨʤʫʣʘ ʤʠʥʝʨʘʣʘ ʠʤʝʝʪ ʚʠʜ (Z = 1): 

Zn2Sb2(Fe
3+

5Zn) O15(OH). ʀʟʫʯʝʥʥʳʡ ʤʠʥʝʨʘʣ ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʨʠʥʤʘʥʠʪʫ ʠ ʥʦʣʘʥʠʪʫ 

 (V
3+

,Fe
3+

,Fe
2+

,Ti)10O14 (OH)2 [3]. ʉʪʨʫʢʪʫʨʘ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʦʙʨʘʟʦʚʘʥʘ ʩʣʦʷʤʠ ʜʚʫʭ 

ʪʠʧʦʚ (ʨʠʩ.).   ʐʧʠʥʝʣʝʚʳʝ M1-ʩʣʦʠ ʩʦʩʪʦʷʪ ʠʟ 

ʨʝʙʝʨʥʦʩʚʷʟʘʥʥʳʭ ʦʢʪʘʵʜʨʦʚ Fe
3+

,  Al  ʠ ʨʷʜʘ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʠ ʩʣʦʠ ʯʝʨʝʜʫʶʪʩʷ ʩ 

ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʠʤʠ ʥʦʣʘʥʠʪʦʚʳʤʠ ʩʣʦʷʤʠ ʠʟ 

ʪʝʪʨʘʵʜʨʦʚ Zn, ʦʙʲʝʜʠʥʷʶʱʠʭ ʩʚʦʠʤʠ ʚʝʨʰʠʥʘʤʠ Sb-

ʦʢʪʘʵʜʨʳ.  ʈʘʩʩʪʦʷʥʠʷ M1ïʆ=1.953(2)-2.102(1) ¡, M2ï

ʆ=1.968(1)-1.980(1) ¡, M3ïʆ=1.977(4)-1.980(1) ¡. 

ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʠʟʫʯʝʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʦʪ ʨʠʥʤʘʥʠʪʘ ʚ 

ʪʦʤ, ʯʪʦ ʘʪʦʤʳ Zn ʟʘʧʦʣʥʷʶʪ ʥʝ ʪʦʣʴʢʦ ʪʝʪʨʘʵʜʨʳ, ʥʦ ʠ 

ʚʭʦʜʷʪ ʚ M1-ʦʢʪʘʵʜʨ ʚʤʝʩʪʦ Mg. ʋʥʠʢʘʣʴʥʳʡ ʩʦʩʪʘʚ 

Zn ʘʥʘʣʦʛʘ ʨʠʥʤʘʥʠʪʘ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ ʝʛʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʦʚʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʚʠʜʦʤ. 

ʈʠʩ. ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ Zn ʘʥʘʣʦʛʘ ʨʠʥʤʘʥʠʪʘ 

ʃʠʪʝʨʘʪʫʨʘ 

[1] Holtstam D., Gatedal K., Sºderberg K., Norrestam R. // Can. Mineral. 2001. 39. 1675-

1683. [2] PetŚiļek, V, Duġek, M, Palatinus, L Institute of Physics, Praha, Czech Republic. 

2006. [3] Gatehouse, B.M., Gray, I.E., Nickel, E.H. // American Mineralogist, 1983. 68. 833ï

839. 
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ʂʦʥʮʝʧʮʠʷ ʧʨʠʨʦʜʦʧʦʜʦʙʠʷ [1] ʘʢʪʠʚʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʦʪʨʘʩʣʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʦʩʦʙʝʥʥʦ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʦʭʦʜʠʪ ʚ ʩʨʝʜʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ, ʪʦ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢ ʥʠʢʦʛʜʘ ʚʘʞʥʳ ʚ ʦʪʨʘʩʣʠ LED. 

ʋʣʫʯʰʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʧʝʢʪʨʘ LED-ʫʩʪʨʦʡʩʪʚ, ʧʨʠʙʣʠʞʝʥʠʝ ʠʭ ʩʚʝʪʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʘʣʦʥʥʳʤ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠ ʥʝʦʪʣʦʞʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʠ 

ʩʪʘʚʷʪ ʟʘʜʘʯʠ ʧʦ ʧʨʦʜʦʣʞʝʥʠʶ ʧʦʠʩʢʘ ʥʦʚʳʭ ʣʶʤʠʥʦʬʦʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʣʶʤʠʥʦʬʦʨʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʩʪʨʦʥʮʠʦʚʠʪʣʦʢʠʪʘ Sr9Mg(PO4)6(HPO4) [1] ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ Sr8M1ïxMnxLa(PO4)7 ʛʜʝ 

ʄ = Mg
2+

, Zn
2+
. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ Mn
2+
. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ, ʦʙʨʘʟʫʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʘʷ ʩʝʨʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Sr8Zn1ïxMnxLa(PO4)7. ʌʦʩʬʘʪʳ  

Sr8Zn1ïxMnxLa(PO4)7 ʦʪʥʦʩʷʪʩʷ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ ʩʪʨʦʥʮʠʦʚʠʪʣʦʢʠʪʘ, ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʘʷ. ʋʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ 

ʈʠʪʚʝʣʴʜʘ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʝ ʩʪʘʨʪʦʚʦʡ ʤʦʜʝʣʠ Sr9Fe(PO4)7 ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʦʡ R-3m. ʀʦʥʳ Zn
2+

 ʠ Mn
2+

 ʧʦʣʥʦʩʪʴʶ ʟʘʩʝʣʷʶʪ ʥʘʠʤʝʥʴʰʫʶ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ 

ʧʦʟʠʮʠʶ ʄ5, ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ ʦʩʠ ʩ. ʂʨʫʧʥʳʝ ʢʘʪʠʦʥʳ Sr
2+

 (rVIII  = 1.26 ¡) ʠ La
3+

 (rVIII  = 

1.18 ¡) ʩʦʚʤʝʩʪʥʦ ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʠ ʄ1 ʠ ʄ2 ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʂʦʤʧʝʥʩʘʮʠʷ ʟʘʨʷʜʘ ʧʨʠ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʤ ʟʘʤʝʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʘʢʘʥʩʠʠ ʚ ʧʦʟʠʮʠʠ ʄ4 ʥʘ ʦʩʠ ʩ, ʥʝʧʦʣʥʘʷ ʟʘʩʝʣʝʥʥʦʩʪʴ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʧʦʟʠʮʠʡ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʣʶʤʠʥʦʬʦʨʘʭ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʘʪʦʚ.  

ʀʟʫʯʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʠ ʧʦʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʩʠʥʪʝʟʝ, ʪʘʢ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʦʩ ʠʟʣʫʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʦʥʘʤ Mn
4+

 ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ. ʆʙʨʘʟʮʳ ʦʙʣʘʜʘʶʪ ʩʪʘʙʠʣʴʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʚ 

ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʦʡ ʦʙʣʘʩʪʠ. ʅʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʦʙʣʘʜʘʝʪ ʦʙʨʘʟʝʮ ʩ ʭ = 0.5. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ 23-73-10007. 

[1] ʂʦʚʘʣʴʯʫʢ ʄ.ɺ. ʠ ʜʨ. ɺʝʩʪʥʠʢ ʈɸʅ, 2019, 89, 455 

[2] Britvin, S.N. et al. The Canadian Mineralogist, 1991, 29, 87. 
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ʄʠʥʝʨʘʣʳ ʥʘʜʛʨʫʧʧʳ ʛʠʜʨʦʪʘʣʴʢʠʪʘ ï ʧʨʠʨʦʜʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ 

ʩʣʦʠʩʪʳʭ ʜʚʦʡʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ (ʉɼɻ). ʕʪʦ ʥʘʟʚʘʥʠʝ ʦʪʨʘʞʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ 

ʢʘʪʠʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʟʘʨʷʜʘ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʚʫʭ- ʠ ʪʨʸʭʚʘʣʝʥʪʥʳʭ, ʚ 

ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʦʜʥʦ- ʠ ʪʨʸʭʚʘʣʝʥʪʥʳʭ), ʩʣʦʠʩʪʳʡ ʪʠʧ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʘʥʠʦʥʥʦʛʦ ʨʘʜʠʢʘʣʘ. ɼʦ 2019 ʛʦʜʘ 

ʥʘʜʛʨʫʧʧʘ ʛʠʜʨʦʪʘʣʴʢʠʪʘ ʚʢʣʶʯʘʣʘ ʪʦʣʴʢʦ ʤʠʥʝʨʘʣʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʣʝʞʘʪ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʠʝ (ʠʣʠ ʙʨʫʩʠʪʦʧʦʜʦʙʥʳʝ) ʩʣʦʠ. ʉʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ ʩ 

ʦʧʠʩʘʥʠʝʤ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʚʫʭ ʥʦʚʳʭ Li-Al  ʤʠʥʝʨʘʣʦʚ: ʜʨʠʮʠʪʘ 

Li 2Al 4(OH)12Cl2Ŀ3H2O (ʧʨ. ʛʨ. P63/mcm) ʩ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʇʝʨʤʩʢʠʡ 

ʢʨʘʡ) [1] ʠ ʘʢʦʧʦʚʘʠʪʘ Li 2Al 4(OH)12(CO3)(H2O)3 (ʧʨ. ʛʨ. ʉ2/m) ʠʟ ʣʠʪʠʝʥʦʩʥʳʭ 

ʧʝʛʤʘʪʠʪʦʚ ʊʫʨʢʝʩʪʘʥʩʢʦʛʦ ʭʨʝʙʪʘ, ʂʳʨʛʳʟʩʪʘʥ [2]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʜʨʠʮʠʪʘ ʠ ʘʢʦʧʦʚʘʠʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʭ ʘʣʶʤʦʛʠʜʨʦʢʩʠʜʥʳʝ ʩʣʦʠ 

ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʠʝ, (ʪ.ʝ. ʛʠʙʙʩʠʪʦʧʦʜʥʳʝ), ʧʨʠ ʵʪʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʫʩʪʦʪʳ, ʢʦʪʦʨʳʝ 

ʚʘʢʘʥʪʥʳ ʚ ʛʠʙʙʩʠʪʝ, ʫ ʜʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʟʘʥʷʪʳ ʢʘʪʠʦʥʘʤʠ Li
+
. ʆʪʢʨʳʪʠʝ ʜʨʠʮʠʪʘ ʠ 

ʘʢʦʧʦʚʘʠʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʨʦʜʥʳʭ ʉɼɻ, 

ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚʘʢʘʥʩʠʡ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʩʣʦʷʭ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʠʭ ʩʪʨʫʢʪʫʨʥʫʶ ʦʙʱʥʦʩʪʴ ʩ ʤʠʥʝʨʘʣʘʤʠ ʛʨʫʧʧʳ ʭʘʣʴʢʦʘʣʶʤʠʪʘ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ Li-Al ʉɼɻ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʉɼɻ 

ʤʠʥʝʨʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʧʦʣʠʪʠʧʠʠ ʠ ʥʦʤʝʥʢʣʘʪʫʨʳ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-77-10036 ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʅʘʫʯʥʦʛʦ ʇʘʨʢʘ ʉʇʙɻʋ (ʈʎ çʈɼʄʀè ʠ çɻʝʦʤʦʜʝʣʴè). 

[1] Zhitova E.S., Pekov I.V., Chaikovskiy I.I., Chirkova E.P., Yapaskurt V.O., Bychkova 

Ya.V., Belakovskiy D.I., Chukanov N.V., Zubkova N.V., Krivovichev S.V., Bocharov V.N. 

Minerals, 2019, 9, 492. 

[2] Karpenko V.Yu., Zhitova E.S., Pautov L.A., Agakhanov A.A., Siidra O.I., 

Krzhizhanovskaya M.G., Rassulov V.A., Bocharov V.N. Mineralogical Magazine, 2020, 84, 

301-311. 
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ʇʣʘʪʦʥʦʚʘ ʅ.ɺ., ɺʣʘʩʝʥʢʦ ʅ.ʉ. 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 

a.zaitsev@spbu.ru 

 

ɺ ʦʙʣʘʩʪʠ ʃʘʝʪʦʣʠ, ʨʘʩʧʦʣʘʛʘʶʱʝʡʩʷ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʨʘʪʝʨʥʦʛʦ ʥʘʛʦʨʴʷ 

(ʊʘʥʟʘʥʠʷ), ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ (4.4-2.0 ʤʣʥ ʣʝʪ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʟʦʚʘʥʠʷ ʪʫʬʘʤʠ ʠ ʦʪʜʝʣʴʥʳʤʠ ʣʘʚʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʙʘʟʘʣʴʪʦʚ, ʢʦʪʦʨʳʝ 

ʟʘʣʝʛʘʶʪ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʊʘʥʟʘʥʠʡʩʢʦʛʦ ʢʨʘʪʦʥʘ.  

ʉʨʝʜʠ ʪʫʬʦʚ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʵʦʣʦʚʳʝ ʪʫʬʳ, ʢʦʪʦʨʳʝ 

ʩʣʘʛʘʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʦʪʣʦʞʝʥʠʡ ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʥʠʞʥʠʝ ʠ ʚʝʨʭʥʠʝ ʪʫʬʳ ʃʘʝʪʦʣʠʣ, ʠ 

ʥʠʞʥʠʝ ʠ ʚʝʨʭʥʠʝ ʪʫʬʳ ʅʜʦʣʘʥʴʷ. ʆʩʥʦʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʵʦʣʦʚʳʭ ʪʫʬʦʚ ʷʚʣʷʶʪʩʷ 

ʘʫʪʠʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ (ʢʘʣʴʮʠʪ, ʩʤʝʢʪʠʢʪ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ), 

ʚʦʟʤʦʞʥʦ ʢʘʦʣʠʥ ʠ ʮʝʦʣʠʪʳ), ʩʫʤʤʘʨʥʦ, ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʠʛʘʝʪ 80%. ʆʩʪʘʣʴʥʦʡ 

ʦʙʲʝʤ ʪʫʬʦʚ ʩʣʦʞʝʥ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʩʠʣʠʢʘʪʘʤʠ (ʧʠʨʦʢʩʝʥ, ʛʨʘʥʘʪ, ʪʠʪʘʥʠʪ ʠ ʜʨ.) ʠ 

ʦʢʩʠʜʘʤʠ (ʤʘʛʥʝʪʠʪ, ʧʝʨʦʚʩʢʠʪ, ʠʣʴʤʝʥʠʪ). 

ɺ ʨʘʙʦʪʝ ʈ. ʍʝʡʷ [1] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʵʦʣʦʚʳʭ ʪʫʬʦʚ ʚʝʨʭʥʠʭ 

ʦʪʣʦʞʝʥʠʡ ʃʘʝʪʦʣʠʣ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʤʠʥʝʨʘʣʳ ʠʟ ʚʳʚʝʪʨʝʣʳʭ ʧʦʨʦʜ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘ, ʦʜʥʘʢʦ ʙʝʟ ʫʢʘʟʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʇʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ, ~ 2.7 ʤʣʨʜ ʣʝʪ, ʦʙʥʘʞʘʶʪʩʷ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ 

ʃʘʝʪʦʣʠ [2]. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ, ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ 

ʠʟʫʯʝʥʠʝ ʧʦʣʠʨʦʚʘʥʥʳʭ ʰʣʠʬʦʚ ʠ ʧʦʨʦʰʢʦʚʳʭ ʧʨʦʙ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʥʠʪʘʤʠ, ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘʤʠ, ʟʝʣʝʥʳʤʠ ʩʣʘʥʮʘʤʠ ʠ ʘʤʬʠʙʦʣʠʪʘʤʠ. 

ʆʩʥʦʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʵʪʠʭ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ ʢʚʘʨʮ, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, 

ʧʣʘʛʠʦʢʣʘʟ (ʘʣʴʙʠʪ ï ʦʣʠʛʦʢʣʘʟ ï ʘʥʜʝʟʠʥ ï ʣʘʙʨʘʜʦʨ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ), ʙʠʦʪʠʪ ʠ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ (ʨʷʜ ʬʝʨʨʦʛʦʨʥʙʣʝʥʜʠʪ-

ʤʘʛʥʝʟʠʦʛʦʨʥʙʣʝʥʜʠʪ). ɺ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʣʴʤʘʥʜʠʥ (ʚ 

ʘʤʬʠʙʦʣʠʪʘʭ ʠ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘʭ), ʵʧʠʜʦʪ, ʮʦʠʟʠʪ, ʭʣʦʨʠʪ, ʪʠʪʘʥʠʪ, ʠʣʴʤʝʥʠʪ ʠ ʮʠʨʢʦʥ 

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ).  

ʅʝʩʦʤʥʝʥʥʦ, ʯʘʩʪʴ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʙʫʜʝʪ ʫʩʪʦʡʯʠʚʘ ʧʨʠ 

ʚʳʚʝʪʨʠʚʘʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʠʭ ʧʝʨʝʥʦʩʝ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ (ʜʦ 

15 ʢʤ), ʠ ʤʳ ʤʦʞʝʤ ʦʞʠʜʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʢʩʝʥʦʛʝʥʥʦʛʦ ʢʚʘʨʮʘ, ʧʣʘʛʠʦʢʣʘʟʘ, ʪʠʪʘʥʠʪʘ ʠ 

ʮʠʨʢʦʥʘ ʚ ʵʦʣʦʚʳʭ ʪʫʬʘʭ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 24-27-00035. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ʅʘʫʯʥʦʛʦ 

ʧʘʨʢʘ ʉʇʙɻʋ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè ʠ çɻʝʦʤʦʜʝʣʴè.  

 

[1] Hay, R.L., 1978. Melilitite-carbonatite tuffs in the Laetoli beds of Tanzania. Contrib. 

Mineral. Petrol. 67, 357ï367. 

[2] Pickering, R., 1964. Endulen. Tanzania Geological Survey Quarter Degree Sheet 52. 
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ɻʦʨʝʣʳʝ ʦʪʚʘʣʳ ʏʝʣʷʙʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ (ʏʋɹ) ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ 

ʦʙʲʝʢʪʦʤ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʪʘʤ ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʳʭ ʬʘʟ ʠ ʫʥʠʢʘʣʴʥʦʩʪʠ ʫʩʣʦʚʠʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʫʤʤʘʨʥʦ ʙʳʣʦ ʦʧʠʩʘʥʦ ʙʦʣʝʝ 240 ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʟ, ʦʢʦʣʦ 50 ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʣʠʩʴ ʫʥʠʢʘʣʴʥʳʤʠ ʥʘ ʤʦʤʝʥʪ ʦʧʠʩʘʥʠʷ [1]. ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʩʜʝʣʘʥ ʦʙʟʦʨ 

ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʝʣʳʭ ʦʪʚʘʣʦʚ ʏʋɹ. 

ɺ ʪʦʤ ʯʠʩʣʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʦʡ ʬʘʟʳ 

"ʦʚʯʠʥʥʠʢʦʚʠʪʘ", Ca4Fe
2+

3Fe
3+

2O6S4 - ʫʥʠʢʘʣʴʥʦʛʦ ʦʢʩʠʩʫʣʴʬʠʜʘ ʢʘʣʴʮʠʷ ʠ ʞʝʣʝʟʘ [2]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʢʩʠʩʫʣʴʬʠʜʥʳʝ ʤʠʥʝʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʘʥʠʦʥʳ O
2-

 ʠ S
2-
, ʢʨʘʡʥʝ ʨʝʜʢʠ ʠʟ-ʟʘ ʦʯʝʥʴ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʪ.ʢ. ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʨʝʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʣʴʬʘʪʦʚ, ʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ - ʩʫʣʴʬʠʜʦʚ. ɺ ʜʦʢʣʘʜʝ ʪʘʢʞʝ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ "ʦʚʯʠʥʥʠʢʦʚʠʪʘ" ʩ ʠʟʚʝʩʪʥʳʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ 

ʦʢʩʠʩʫʣʴʬʠʜʘʤʠ Fe ʠ Ca.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 23-27-

00147, https://rscf.ru/project/23-27-00147/. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʈʎ çʈɼʄʀè ʠ çɻʝʦʤʦʜʝʣʴè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ. 

 

[1] ʏʝʩʥʦʢʦʚ ɹ.ɺ., ʑʝʨʙʘʢʦʚʘ ɽ.ʇ., ʅʠʰʘʥʙʘʝʚ ʊ.ʇ. ʄʠʥʝʨʘʣʳ ʛʦʨʝʣʳʭ ʦʪʚʘʣʦʚ 

ʏʝʣʷʙʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʋʨʆ ʈɸʅ: ʄʠʘʩʩ, 2008, 139. 

[2] ʏʝʩʥʦʢʦʚ ɹ.ɺ., ɹʘʞʝʥʦʚʘ ʃ.ʌ., ɹʫʰʤʘʢʠʥ ɸ.ʌ., ɺʠʣʠʩʦʚ ɺ.ɸ., ʂʨʝʮʝʨ ʖ.ʃ., 

ʅʠʰʘʥʙʘʝʚ ʊ.ʇ. ʋʨʘʣʴʩʢʠʡ ʤʠʥ. ʩʙʦʨʥʠʢ. 1993, 1, 3-25.  
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Two new minerals axelite Na14Cu7(AsO4)8F2Cl2 and polyarsite Na7CaMgCu2(AsO4)4F2Cl 

were found in the Arsenatnaya fumarole, Tolbachik volcano, Kamchatka, Russia. Both 

minerals represent novel structure types. Axelite [P4bm, a 14.5957(2), c 8.34370(18) ¡, V 

1777.51(6) ¡
3
] contains heteropolyhedral chains built by clusters of CuO4Cl square pyramids 

connected with AsO4 tetrahedra; adjacent chains are connected via O vertices of AsO4 

tetrahedra with CuO4Cl pyramids to form a pseudo-framework with F anions and Na cations 

located in the channels (Figs. a,b). Axelite is remotely related to lavendulan-like compounds. 

The structure of polyarsite [I2/m, a 8.4323(4), b  10.0974(4), c 10.7099(6) ¡, ɓ 90.822(4),̄ V 

911.79(8) ¡
3
] is based on the heteropolyhedral layers formed by CuO4Cl tetragonal pyramids, 

AsO4 tetrahedra and MgO4F2 octahedra; adjacent Cu-Mg-As-O-F-Cl layers are linked via 

CaO8 cubes to form a pseudo-framework hosting Na cations in cavities (Figs. c,d). 

a 

 
b 

 

 

 

 

 

 

Figure. The crystal 

structures of axelite (a) 

and polyarsite (c) and 

heteropolyhedral units in 

them (b,d).  

 

 

ʈʠʩʫʥʦʢ. ʉʪʨʫʢʪʫʨʳ 

ʘʢʩʝʣʠʪʘ (a) ʠ 

ʧʦʣʠʘʨʩʠʪʘ (c) ʠ 

ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʠʝ 

ʤʦʪʠʚʳ ʚ ʥʠʭ (b,d). 

 c  d 
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ɺʘʥʘʜʠʥʠʪ, ʯʣʝʥ ʛʨʫʧʧʳ ʘʧʘʪʠʪʘ ʩ ʬʦʨʤʫʣʦʡ Pb5[VO4]3Cl ï ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚ ʧʨʠʨʦʜʝ ʚʘʥʘʜʘʪ, ʦʪʢʨʳʪʳʡ ʝʱʸ ʚ 1801 ʛ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝ ʪʘʢ ʤʥʦʛʦ ʝʛʦ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ, ʠ ʜʘʥʥʳʭ ʦ 

ʪʦʤ, ʚ ʢʘʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʚʘʥʘʜʠʥʠʪ ʚʭʦʜʷʪ P, As, Ca, F, (OH) ʠ (CO3) ʢʘʢ ʠʟʦʤʦʨʬʥʳʝ 

ʧʨʠʤʝʩʠ, ʥʝʜʦʩʪʘʪʦʯʥʦ. ʇʦʩʣʝʜʥʶʶ ʦʙʦʙʱʘʶʱʫʶ ʨʘʙʦʪʫ ʧʦ ʚʘʥʘʜʠʥʠʪʫ ʦʧʫʙʣʠʢʦʚʘʣʘ 

ʤʠʥʝʨʘʣʦʛ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɽ.ʌ. ʏʠʨʚʘ ʚ 1936 ʛ [1]. 

ʅʘʤʠ ʠʟʫʯʝʥʘ ʢʦʣʣʝʢʮʠʷ ʠʟ ʩʪʘ ʦʙʨʘʟʮʦʚ ʚʘʥʘʜʠʥʠʪʘ ʠʟ 17 ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚʝʩʴ ʜʦʩʪʫʧʥʳʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʝʛʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʨʸʭ ʩʦʪʝʥ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ 380 ʥʘʰʠʭ ʘʥʘʣʠʟʦʚ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ 

ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ ʚʘʥʘʜʠʥʠʪʘ ʠʤʝʝʪ 

ʩʦʩʪʘʚ, ʙʣʠʟʢʠʡ ʢ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʫʣʝ Pb5[VO4]3Cl. ɹʦʛʘʪʳʝ ʬʦʩʬʦʨʦʤ ʠ/ʠʣʠ 

ʤʳʰʴʷʢʦʤ (ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʝʝ 0.5 ʘʪʦʤʘ P ʠʣʠ As ʥʘ ʧʨʠʚʝʜʸʥʥʫʶ ʚʳʰʝ ʬʦʨʤʫʣʫ) 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʚʘʥʘʜʠʥʠʪʘ ʚ ʧʨʠʨʦʜʝ ʨʝʜʢʠ. ɺʘʥʘʜʠʥʠʪ ʦʙʨʘʟʫʝʪ ʠʟʦʤʦʨʬʥʳʝ ʨʷʜʳ ʩ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʧʠʨʦʤʦʨʬʠʪʦʤ (ʦʪ V3.00P0.00 ʜʦ P1.50V1.50) ʠ ʤʠʤʝʪʠʟʠʪʦʤ (ʦʪ V3.00As0.00 

ʜʦ As2.15V0.85). ʅʝʧʦʣʥʳʡ (ʧʦ ʜʘʥʥʳʤ ʥʘ ʩʝʛʦʜʥʷ) ʠʟʦʤʦʨʬʠʟʤ ʤʝʞʜʫ V, As ʠ P ʦʪʣʠʯʘʝʪ 

ʵʪʫ ʧʨʠʨʦʜʥʫʶ ʩʠʩʪʝʤʫ ʦʪ ʩʠʥʪʝʪʠʯʝʩʢʦʡ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʣʥʘʷ ʩʤʝʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʩʦʝʜʠʥʝʥʠʷʤʠ Pb5[T
5+

O4]3Cl (T
5+

 = P, As, V) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 25 ʜʦ 1000ÁC [2]. 

ʅʘʰʠ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ çʵʥʜʣʠʭʠʪè, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ 

ʙʘʟʠʨʦʚʘʣʠʩʴ ʣʠʰʴ ʥʘ ʜʚʫʭ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘʭ XIX  ʚʝʢʘ [3] ï ʵʪʦ ʨʝʘʣʴʥʦ 

ʩʫʱʝʩʪʚʫʶʱʘʷ, ʥʦ ʦʯʝʥʴ ʨʝʜʢʘʷ ʚ ʧʨʠʨʦʜʝ ʭʠʤʠʯʝʩʢʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʚʘʥʘʜʠʥʠʪʘ ʠʣʠ 

ʤʠʤʝʪʠʟʠʪʘ, ʧʦ ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʶʱʘʷ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʠʟʦʤʦʨʬʥʦʛʦ ʨʷʜʘ ʤʝʞʜʫ ʥʠʤʠ. 

ʅʘʤʠ çʵʥʜʣʠʭʠʪè ʦʙʥʘʨʫʞʝʥ ʚ ʦʙʨʘʟʮʘʭ ʠʟ Pure Potential mine (ɸʨʠʟʦʥʘ, ʉʐɸ) ʠ 

M`Fouati (ʈʝʩʧʫʙʣʠʢʘ ʂʦʥʛʦ). 

ʇʨʠʤʝʩʴ ʢʘʣʴʮʠʷ ʚ ʚʘʥʘʜʠʥʠʪʝ ʦʙʳʯʥʦ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ. ɺ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ 

ʦʙʨʘʟʮʘʭ ʦʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.2 ʘ.ʬ. Ca. ʉʦʜʝʨʞʘʥʠʝ ʧʨʦʯʠʭ (ʢʨʦʤʝ Pb, Ca, V, P, As, O ʠ 

Cl) ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʘʪʦʤʥʳʤ ʥʦʤʝʨʦʤ ʚʳʰʝ 8, ʚ ʪ.ʯ. ʬʪʦʨʘ, ʚ ʥʘʰʠʭ ʦʙʨʘʟʮʘʭ 

ʥʠʞʝ ʧʦʨʦʛʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʤ ʘʥʘʣʠʟʝ. ʇʦ ʜʘʥʥʳʤ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʚʘʥʘʜʠʥʠʪʘ ʥʝ ʩʦʜʝʨʞʘʪ ʘʥʠʦʥʦʚ (OH)
-
, (CO3)

2-
 ʠʣʠ 

ʤʦʣʝʢʫʣ H2O. 

 

[1] ʏʠʨʚʘ ɽ.ʌ. ɺʘʥʘʜʠʥʠʪ. ʄ.ï ʃ.: ɸʅ ʉʉʉʈ. 1936. 36 ʩ. 

[2] Solecka U., Bajda T., Topolska J., Zelek-Pogudz S., Manecki M. Spectrochim. Acta A, 

2018, 190, 96ï103. 

[3] Genth F.A., vom Rath G. Proc. Am. Philos. Soc., 1885, 22(120), 363-375. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʢʨʫʧʥʳʭ ʘʩʪʨʦʙʣʝʤʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʩʪʠʤʧʘʢʪʥʘʷ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʤʦʙʠʣʠʟʘʮʠʶ, ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʜʣʷ ʜʝʪʘʣʠʟʘʮʠʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʢʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ 

ʧʦʩʪʠʤʧʘʢʪʥʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʫʯʘʩʪʠʝʤ ʚʝʱʝʩʪʚʘ ʘʩʪʝʨʦʠʜʘ ʥʘʤʠ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʤʠʰʝʥʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʀʉʇ-ʄʉ ʠ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ ʤʝʪʦʜʘʤʠ 

ʤʥʦʛʦʤʝʨʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ï ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ, ʬʘʢʪʦʨʥʳʤ ʠ ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʢʣʘʩʪʝʨʥʳʤ 

ʘʥʘʣʠʟʘʤʠ. 

ɺ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜʘʭ ʦʢʨʫʞʝʥʠʷ ʂʘʨʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ ʫʩʪʘʥʦʚʣʝʥʘ 

ʩʠʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ Cu, Zn, Sr, Y, HREE ʠ U, ʢʦʪʦʨʘʷ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʨʫʜʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ. Ni, Co, Zn ʠ Cr 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʠʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʘʭ. ʕʣʝʤʝʥʪʳ Mo, Tl ʠ V ʠʤʝʶʪ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʘʢʚʘʛʝʥʥʳʤ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. ɼʘʥʥʳʝ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʚʥʦʩʝ 

ʨʝʜʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (Cs, Rb, Th, Nb, Ta, Sn, Be, Sc ʠ Pb) ʚ ʩʚʷʟʠ ʩ ʧʦʩʪʠʤʧʘʢʪʥʦʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʟʶʚʠʪʦʚ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Ni ʠ Co 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʨʦʜʘʤ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʙʦʨʪʘ ʘʩʪʨʦʙʣʝʤʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʚʣʝʥʘ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʬʠʢʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʮʝʣʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʘʷ ʦ ʧʨʠʚʥʦʩʝ ʚ ʧʦʨʦʜʳ ʤʠʰʝʥʠ ʨʫʜʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʩʪʠʤʧʘʢʪʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩ ʚʦʟʤʦʞʥʦʡ 

ʤʦʙʠʣʠʟʘʮʠʝʡ, ʧʝʨʝʦʪʣʦʞʝʥʠʝʤ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʚʝʱʝʩʪʚʘ. ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʡ 

Ni, Co ʠ Cr ʫʢʘʟʳʚʘʝʪ ʥʘ ʯʘʩʪʠʯʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʧʦʨʦʜ ʤʠʰʝʥʠ 

ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʢʨʘʪʝʨʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʫʜʘʨʥʦʛʦ 

ʜʨʦʙʣʝʥʠʷ, ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

 

[1] ʀʤʧʘʢʪʥʳʝ ʢʨʘʪʝʨʳ ʥʘ ʨʫʙʝʞʝ ʤʝʟʦʟʦʷ ʠ ʢʘʡʥʦʟʦʷ (ʆʪʚ. ʨʝʜʘʢʪʦʨ ɺ. ʃ. ʄʘʩʘʡʪʠʩ). 

ʃ.: ʅʘʫʢʘ, 1990. 185 ʩ. 

[2] ʂʦʚʘʣʴʯʫʢ ʅ. ʉ., ʐʫʤʠʣʦʚʘ ʊ. ɻ., ʉʚʝʪʦʚ ʉ. ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʧʦʨʦʜ ʦʢʨʫʞʝʥʠʷ ʂʘʨʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ: ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 
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ɺʦʧʨʦʩ ʦʙ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʦʟʥʠʢ ʝʱʝ ʥʘ 

ʩʘʤʦʡ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʪʘʪʴʷ ʃʘʡʥʫʩʘ ʇʦʣʠʥʛʘ ʦ ʧʨʠʥʮʠʧʘʭ ʩʪʨʦʝʥʠʷ ʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [1]. 

ʊʘʢ ʧʷʪʦʝ ʧʨʘʚʠʣʦ ʇʦʣʠʥʛʘ (ʠʣʠ ʧʨʘʚʠʣʦ ʧʘʨʩʠʤʦʥʠʠ) ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʯʠʩʣʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʩʪʨʝʤʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʧʨʘʚʠʣʦ ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʇʦʣʠʥʛʘ ʢʘʩʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ (ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʘ ʚ ʢʨʠʩʪʘʣʣʝ). ʆʜʥʘʢʦ, 

ʥʘʧʨʠʤʝʨ, ʚ ʧʦʣʠʪʠʧʘʭ ʣʦʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʚʩʝʭ ʘʪʦʤʦʚ ʦʜʠʥʘʢʦʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʨʘʟʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʣʴʢʦ ʜʘʣʴʥʠʤ ʧʦʨʷʜʢʦʤ. ʇʦ ʩʫʪʠ ʜʝʣʘ ʧʨʘʚʠʣʦ 

ʧʘʨʩʠʤʦʥʠʠ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʘʟʨʝʟʝ ʣʦʢʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩʪʨʝʤʠʪʩʷ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʧʨʦʱʝ, ʠʤʝʷ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʫʶ ʩʪʝʧʝʥʴ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʚʦʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʥʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʤʝʨʳ ʩʣʦʞʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ [2] ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʪʴ ʧʨʦʩʪʦʪʫ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʨʠʯʝʤ ʩʠʤʤʝʪʨʠʷ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʦʜʥʦ 

ʠʟ ʩʨʝʜʩʪʚ ʧʨʠʨʦʜʳ ʚ ʵʢʦʥʦʤʠʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɸʥʘʣʠʟ ʤʦʜʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʠʥʝʨʘʣʦʚ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ [3], ʘ ʪʘʢʞʝ ʪʨʝʭʤʝʨʥʳʭ ʩʝʪʦʢ ʚ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʘʭ ʠ ʜʨʫʛʠʭ 

ʩʦʝʜʠʥʝʥʠʷʭ [4] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʦʧʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ, ʯʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʤʠʥʝʨʘʣʳ ʩ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠ, ʪʦʛʜʘ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ 

ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʩʪʨʫʢʪʫʨʥʦ ʧʨʦʩʪʳʭ.  

 

[1] Pauling L. The principles determining the structure of complex ionic crystals. J. Amer. 

Chem. Soc., 1929, 51, 1010-1026. 

[2] Krivovichev S.V. Topological complexity of crystal structures: quantitative approach. 

Acta Crystallogr., 2012, A68, 393ï398. 

[3] Krivovichev S.V. The Principle of Maximal Simplicity for Modular Inorganic Crystal 

Structures. Crystals, 2021, 11, 1472.  

[4] Krivovichev S.V. Which nets are the most common? Reticular chemistry and information 

entropy. CrystEngComm, 2024, 26, 1245ï1251. 
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ɸʣʫʥʦʛʝʥ Al2(SO4)3Ŀ17H2O ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ ʚʳʮʚʝʪʦʚ ʚ ʦʙʩʪʘʥʦʚʢʘʭ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʫʤʘʨʦʣʴʥʳʭ ʠʣʠ 

ʧʩʝʚʜʦʬʫʤʘʨʦʣʴʥʳʭ ʥʘʟʝʤʥʳʭ ʩʠʩʪʝʤʘʭ. ʆʥ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʂʘʤʯʘʪʢʝ, ʛʜʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʘʛʥʝʟʠʦʢʦʧʠʘʧʠʪʦʤ, ʬʝʨʨʠʢʦʧʠʘʧʠʪʦʤ, ʢʦʢʠʤʙʠʪʦʤ, 

ʛʘʣʦʪʨʠʭʠʪʦʤ ʠ ʛʠʧʩʦʤ. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʫʥʦʛʝʥʘ ʠʟ 

ʧʦʩʪʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ. ɸʣʫʥʦʛʝʥ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

P-1, a = 7.4194(3), b = 26.9763(9), c = 6.0549(2) ¡, Ŭ = 90.043(3), ɓ = 97.703(3), ɔ = 

91.673(3)
Ǔ
, V = 1200.41(7) ¡

3
, Z = 2 [1]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʪʝʪʨʘʵʜʨʦʚ SO4, ʦʢʪʘʵʜʨʦʚ Al(H2O)6 ʠ ʤʦʣʝʢʫʣ H2O, ʩʦʝʜʠʥʝʥʥʳʭ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʘʣʫʥʦʛʝʥʘ ʩ ɺʝʨʭʥʝ-ʂʦʰʝʣʝʚʩʢʦʛʦ 

ʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ ʚʢʣʶʯʘʝʪ ʤʝʥʴʰʝ ʤʦʣʝʢʫʣ ʚʦʜʳ çʮʝʦʣʠʪʦʚʦʛʦ ʪʠʧʘè 

Al 2(SO4)3Ŀ15.8H2O ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʜʝʘʣʴʥʦʡ ʬʦʨʤʫʣʦʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʘʣʫʥʦʛʝʥʘ ʧʦʢʘʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Fe ʚ ʘʥʘʣʠʟʘʭ ʘʣʫʥʦʛʝʥʘ, ʥʦ 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʥʘʨʫʞʝʥ ʚ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʩʫʣʴʬʘʪʘʤʠ ʞʝʣʝʟʘ, ʪʦ ʚʦʧʨʦʩ ʦ 

ʚʭʦʞʜʝʥʠʠ ʞʝʣʝʟʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ ʜʠʩʢʫʩʩʠʦʥʥʳʡ. ʇʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʠʟʦʤʦʨʬʥʳʭ ʟʘʤʝʱʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʘʣʫʥʦʛʝʥʘ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʧʦʟʠʮʠʠ Al), ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʛʘʪʫʶ ʞʝʣʝʟʦʤ ʩʨʝʜʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʘ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ çʯʠʩʪʦʡè ʧʦʟʠʮʠʝʡ (ʙʝʟ ʧʨʠʤʝʩʝʡ) ʘʣʶʤʠʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʙʦʣʝʝ ʨʘʥʥʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʫʪʦʯʥʝʥʠʷʭ ʘʣʫʥʦʛʝʥʘ ʠʟ ʜʨʫʛʠʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʨʝʜʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʳʮʚʝʪʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ 

ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʘʣʫʥʦʛʝʥ, ʧʨʠ ʵʪʦʤ ʤʝʪʘ-ʘʣʫʥʦʛʝʥ Al2(SO4)3Ŀ12H2O ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʥʝ ʙʳʣ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʘʣʫʥʦʛʝʥʘ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪ ʂʘʤʯʘʪʢʠ ʠ ʝʛʦ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-77-10036 ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʉʇʙɻʋ ʈʎ çʈɼʄʀè ʠ çɻʝʦʤʦʜʝʣʴè, ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʛʦʩ. ʟʘʜʘʥʠʡ, ʰʠʬʨʳ ʧʨʦʝʢʪʦʚ AAAA-A19-

119091190094 ʠ  103752493, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

[1] Zhitova E.S., Sheveleva R.M., Zolotarev A.A., Nuzhdaev A.A. Crystals, 2023, 13, 

963. 
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ʅʦʚʳʡ ʦʢʩʦʡʦʜʠʜ ʩʚʠʥʮʘ ʠ ʩʫʨʴʤʳ Pb4Sb6O11I4 ʙʳʣ ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ. Pb4Sb6O11I4 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ: 

I2/m, a = 11.4366(4), b =5.7090(2), c = 17.7087(7) ¡, ɓ = 107.624(4)Ü, V = 1101.96(7) ¡
3
, R1 

= 0.020. ɺ ʩʪʨʫʢʪʫʨʝ ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʥʦʚʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ, 

ʪʨʠʛʦʥʘʣʴʥʳʝ ʧʠʨʘʤʠʜʳ SbO3 ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʣʝʥʪʳ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʦʣʠʵʜʨʳ PbO3 ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʮʝʧʦʯʢʠ, ʥʦ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʜʚʦʡʥʳʭ ʮʝʧʦʯʝʢ [Pb3O2]
2+
  

ʚ ʩʪʨʫʢʪʫʨʝ ʤʠʥʝʨʘʣʘ ʤʝʥʜʠʧʠʪʘ Pb3O2Cl2. ʉʭʦʞʝʝ ʩʪʨʦʝʥʠʝ ʠʤʝʶʪ ʪʘʢʞʝ ʮʝʧʦʯʢʠ ʚ 

ʩʪʨʫʢʪʫʨʝ ʘʨʩʝʥʠʪʘ ʭʣʦʨʠʜʘ ʩʚʠʥʮʘ Pb2(AsO2OH)Cl2. ɸʥʠʦʥʳ ʡʦʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʦʙʲʝʜʠʥʝʥʠʝ ʩʣʦʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Pb4Sb6O11]
4+

 ʚ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ Pb4Sb6O11I4. 

 
ʈʠʩ. 1. ʆʙʱʘʷ ʧʨʦʝʢʮʠʷ ʣʝʥʪʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʫʨʴʤʳ ʚ ʩʪʨʫʢʪʫʨʝ Pb4Sb6O11I4 

Fig 1. Antimony oxide chains in the structure of Pb4Sb6O11I4 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʨʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ ʉʇʙɻʋ 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè. 
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ɸʅɸʃʀʊʀʏɽʉʂʆɽ ʀɿʋʏɽʅʀɽ ɺʗɾʋʑʀʍ ʀ ʂʃɸɼʆʏʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɺ 

ɸʃɹɸʅʉʂʀʍ (ʂɸɺʂɸɿʂʆʁ) ʎɽʈʂɺʗʍ ʂɸʈɸɹɸʍɸ (ɸɿɽʈɹɸʁɼɾɸʅ) 

 

ʄʦʙʠʣʠ ʈ.ɹ. 

 

ɹʘʢʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ; argomobili@rambler.ru 

 

ʆʩʥʦʚʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʤʠʥʝʨʘʣʴʥʳʭ ʠʟʜʝʣʠʡ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʦʣʠ ʤʠʥʝʨʘʣʦʚ ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʤʝʥʥʳʭ ʦʨʫʜʠʡ, ʨʝʮʝʧʪʫʨʘ ʚʷʞʫʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʨʘʙʦʪʢʠ ʢʘʤʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʠʩʪʦʯʥʠʢʠ ʩʳʨʴʷ ʠ ʪ.ʜ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʨʭʝʦʣʦʛʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʠ 

ʧʦʣʝʟʥʳ ʪʘʢʞʝ ʠʟʫʯʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ɸʣʙʘʥʠʠ (ʂʘʚʢʘʟʩʢʦʡ) ʂʘʨʘʙʘʭʘ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʩ ʚʩʝʩʪʦʨʦʥʥʠʤ ʠʟʫʯʝʥʠʝʤ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʷʞʫʱʠʭ ʨʘʩʪʚʦʨʦʚ.  ɺʷʞʫʱʠʝ ʠ 

ʩʪʨʦʠʪʝʣʴʥʳʝ (ʢʣʘʜʦʯʥʳʝ) ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʨʘʩʪʘ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ. ʅʘʠʙʦʣʝʝ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʷʜ 

ɸʣʙʘʥʩʢʠʭ ʮʝʨʢʚʝʡ (ɸʛʦʛʣʘʥ, ʍʫʜʘʚʝʥʛ, ɻʘʥʟʘʩʘʨ, ʊʫʛ, ʏʠʥʘʨʣʳ, ʊʘʣʳʰ, ʠ ʜʨ.) ʥʘ 

ʦʩʚʦʙʦʞʜʝʥʥʳʭ ʟʝʤʣʷʭ   ʂʘʨʘʙʘʭʘ. ɼʨʝʚʥʠʝ   ʤʘʩʪʝʨʘ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ   

ʢʣʘʜʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʠʟʚʝʩʪʥʷʢʠ, ʪʨʘʚʝʨʪʠʥʳ, ʧʝʩʯʘʥʠʢʠ, ʘ ʪʘʢʞʝ ʙʫʣʳʞʥʠʢʠ ʠʟ 

ʙʣʠʟʣʝʞʘʱʠʭ ʨʝʯʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺʦʧʨʦʩ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷ ʥʝʚʦʟʤʦʞʥʦ ʧʦʚʪʦʨʠʪʴ 

ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʨʝʮʝʧʪʫʨʫ ʤʘʪʝʨʠʥʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʨʝʩʪʘʚʨʘʮʠʦʥʥʳʭ ʨʘʙʦʪ, 

ʢʘʢ ʧʦ ʚʦʟʨʘʩʪʫ, ʪʘʢ ʠ ʧʦ ʚʨʝʤʝʥʠ [1,15]. ʇʝʪʨʦʛʣʠʬʳ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʚ ʵʪʠʭ 

ʧʘʤʷʪʥʠʢʘʭ, ʛʜʝ ʪʝʤʥʳʡ ʩʣʦʡ ʩʣʝʛʢʘ ʥʘʨʫʰʘʣʩʷ ʧʫʪʝʤ ʨʘʙʦʪʳ ʩ ʤʦʣʦʪʢʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʩʪʫʧʘʶʪ ʙʦʣʝʝ ʷʨʢʠʝ ʠ ʩʚʝʞʠʝ ʫʯʘʩʪʢʠ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ, 

ʯʪʦ ʜʘʝʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚʦʟʨʘʩʪʘ ʨʠʩʫʥʦʢ (ʥʘʜʧʠʩʠ) ʠ ʝʝ ʧʦʜʜʝʣʢʠ 

(ʬʘʣʴʩʠʬʠʢʘʮʠʠ).  

ɸʥʘʣʠʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʣʘʜʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʘʣʙʘʥʩʢʠʭ ʮʝʨʢʚʝʡ, ʤʦʥʘʩʪʳʨʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʯʘʩʦʚʝʥ ʠʩʧʦʣʴʟʦʚʘʥ ʢʣʘʜʦʯʥʳʡ 

ʨʘʩʪʚʦʨ ʠʟʚʝʩʪʢʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ.  ʉʪʨʦʠʪʝʣʴʥʳʝ ʨʘʩʪʚʦʨʳ  ʧʦʜʦʙʥʦʛʦ ʠʟʚʝʩʪʢʦʚʦʛʦ 

ʩʦʩʪʘʚʘ  ʙʳʣʠ  ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʩʪʝʨʘʤʠ ʪʦʛʦ ʧʝʨʠʦʜʘ ʚ  ʤʦʱʥʳʭ ʧʣʘʩʪʘʭ  

ʭʨʠʩʪʠʘʥʩʢʦʛʦ  ʥʘʩʣʝʜʠʷ ɸʣʙʘʥʩʢʦʡ  ʘʧʦʩʪʦʣʴʩʢʦʡ ʮʝʨʢʚʠ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʪʘʢʠʭ 

ʢʣʘʜʦʯʥʳʭ   ʨʘʩʪʚʦʨʦʚ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʢʘʣʴʮʠʪʘ, ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʢʚʘʨʮʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʚ   ʢʘʯʝʩʪʚʝ 

ʟʘʧʦʣʥʠʪʝʣʷ  [2,101].     
ʂʣʘʜʦʯʥʳʝ (ʩʪʨʦʠʪʝʣʴʥʳʝ) ʨʘʩʪʚʦʨʳ, ʪʦ ʝʩʪʴ ʚʷʞʫʱʠʝ ʤʘʪʝʨʠʘʣʳ 

ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠʟ ʠʟʚʝʩʪʥʷʢʘ ʠʣʠ ʞʝ ʠʟ ʪʨʘʚʝʨʪʠʥʘ, ʛʜʝ ʚ ʥʘʯʘʣʝ ʦʙʞʠʛʘ ʠʟʚʝʩʪʥʷʢ 

ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ï ʉʆ2 ʠ ʥʝʛʘʰʝʥʫʶ ʠʟʚʝʩʪʴ ï ʉʘʆ. ʇʦʩʣʝʜʥʷʷ ʟʘʪʝʤ 

ʛʘʩʠʪʴʩʷ ʚʦʜʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉʘ(ʆʅ)2. ʇʨʠ ʚʳʩʳʭʘʥʠʠ ʪʝʩʪʦʦʙʨʘʟʥʘʷ ʛʘʰʝʥʥʘʷ 

ʠʟʚʝʩʪʴ ʨʝʘʛʠʨʫʝʪ ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʉʆ2, ʦʙʨʘʟʫʷ ʉʘʉʆ3 ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʕʪʘ 

ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʜʣʷ 
14
ʉ - ʤʝʪʦʜʘ ʜʘʪʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʩʪʨʦʠʪʝʣʴʥʳʡ ʨʘʩʪʚʦʨ ʧʨʠ ʵʪʦʤ ʧʦʧʘʜʘʝʪ ʩʦʚʨʝʤʝʥʥʳʡ ʝʤʫ ʫʛʣʝʨʦʜ. ɺ ʩʪʨʦʠʪʝʣʴʥʦʤ 

ʨʘʩʪʚʦʨʝ, ʧʨʦʠʟʚʝʜʝʥʥʦʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʩʴ ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʩʦʩʪʦʠʪ ʠʟ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʉʆ2. ʇʦʩʣʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʥʠʢʘʢʦʛʦ ʦʙʤʝʥʘ ʩ ʫʛʣʝʨʦʜʦʤ 

ʘʪʤʦʩʬʝʨʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʚʨʝʤʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʘʢʦʛʦ ʟʜʘʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ 

ʩʪʝʧʝʥʠ ʫʤʝʥʴʰʝʥʠʷ ʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ  ʢʦʣʠʯʝʩʪʚʘ 
14
ʉ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʨʘʩʪʚʦʨʝ 

(ʧʦʛʨʝʰʥʦʩʪʴ 30-40 ʣʝʪ). ɼʠʬʬʫʟʠʷ ʢʘʣʴʮʠʷ ʠʟ ʚʷʞʫʱʝʛʦ ʨʘʩʪʚʦʨʘ ʚ ʢʠʨʧʠʯ ʠʣʠ ʞʝ ʚ 

ʜʨʫʛʦʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʚʠʜʝ ʩʚʦʝʦʙʨʘʟʥʦʛʦ ʬʨʦʥʪʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʜʭʦʜʷʱʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʢʘʤʝʥʥʦʡ ʠʣʠ 

ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ. ɼʣʷ ʜʘʪʠʨʦʚʘʥʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʉʘʉʆ3, ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ 

ʨʘʩʪʚʦʨʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʭʦʪʷ ʜʦ ʩʠʭ ʧʦʨ ʵʪʦ ʥʝ ʧʨʠʤʝʥʷʣʦʩʴ, ʤʝʪʦʜʳ ʊʃ 

(ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʮʠʷ) ʠ ʕʉʈ (ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʠʥʦʚʳʡ ʨʝʟʦʥʘʥʩ). ɺ ʮʝʣʦʤ ʵʪʠ ʤʝʪʦʜʳ 

ʠ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʧʦʣʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʝʩʣʠ ʠʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʙʞʠʛʘ ʥʘʛʨʝʚʘʣʠʩʴ ʚ ʜʨʝʚʥʠʝ ʚʨʝʤʝʥʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʦʣʝʝ 300
0
ʉ [2,103]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʤʝʪʦʜʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʫ ʠʩʪʦʨʠʢʦʚ, 

ʘʨʭʝʦʣʦʛʦʚ ʠ ʨʝʩʪʘʚʨʘʪʦʨʦʚ ʚ ʜʘʪʠʨʦʚʢʝ ʩʘʢʨʘʣʴʥʳʭ ʧʘʤʷʪʥʠʢʦʚ. ʉʫʱʝʩʪʚʝʥʥʳʡ 

ʧʨʦʛʨʝʩʩ ʚ ʨʘʟʚʠʪʠʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʪʠʨʦʚʢʠ ʠ ʘʥʘʣʠʟʘ ʢʣʘʜʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ɸʣʙʘʥʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ ʂʘʨʘʙʘʭʘ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʠ ʥʝ ʧʦʟʚʦʣʠʪ ʜʝʣʘʪʴ ʩʢʦʨʦʩʧʝʣʳʭ 

ʚʳʚʦʜʦʚ, ʯʪʦ ʨʝʟʢʦ ʫʤʝʥʴʰʠʪ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʏʪʦʙʳ ʧʦʥʷʪʴ, ʥʘʩʪʦʣʴʢʦ 

ʰʠʨʦʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʚ ʜʘʪʠʨʦʚʢʝ ʚʦʟʨʘʩʪʘ ɸʣʙʘʥʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ, 

ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʠʩʢʘʞʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʩʣʝʜʠʡ ʂʘʨʘʙʘʭʘ ʚʦ ʚʨʝʤʷ   ʦʢʢʫʧʘʮʠʠ, 

ʯʪʦ ʚʥʝʩʝʪ ʚ ʷʩʥʦʩʪʴ ʚ ʵʣʝʤʝʥʪʘʭ ʬʘʣʴʩʠʬʠʢʘʮʠʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 
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ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʚʝʱʘʥʠʷ ʧʦ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ, ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʤʠʥʝʨʘʣʦʚ,13-15.X. 2014, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʀʟʜ-ʚʦ ɽɻʋ. 2014 , ʩ.100-103. 
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ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɹʣʶ ʃʠʟʘʨʜ (Blue Lizard), ʰʪʘʪ ʖʪʘ, ʉʐɸ ʠʟʚʝʩʪʥʦ ʦʯʝʥʴ 

ʙʦʛʘʪʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚʪʦʨʠʯʥʦʡ ʫʨʘʥʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ [1]. ɹʦʣʝʝ 20 ʥʦʚʳʭ 

ʫʨʘʥʠʣ-ʩʫʣʴʬʘʪʦʚ ʙʳʣʦ ʦʪʢʨʳʪʦ ʟʜʝʩʴ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ. ɼʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʥʝ ʠʟʚʝʩʪʥʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ. 

ɼʣʷ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʨʘʥʠʣ ʩʫʣʴʬʘʪʦʚ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʧʝʩʯʘʥʠʢʦʚ ʉʘʙʣʠʥʩʢʦʡ ʩʚʠʪʳ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʨ. ʊʦʩʥʦ. 

ʆʙʨʘʟʮʳ ʢʚʘʨʮʝʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʦʪʣʠʯʘʶʪʩʷ ʟʝʨʥʠʩʪʦʩʪʴʶ, ʧʦʨʠʩʪʦʩʪʴʶ, ʩʦʩʪʘʚʦʤ 

ʮʝʤʝʥʪʘ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʆʙʨʘʟʮʳ ʧʝʩʯʘʥʠʢʦʚ ʙʳʣʠ ʛʝʨʤʝʪʠʯʥʦ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʩʪʝʢʣʷʥʥʳʝ ʸʤʢʦʩʪʠ. ʋʨʘʥʠʣ-ʩʫʣʴʬʘʪʥʳʝ ʨʘʩʪʚʦʨʳ ʩ pH = 1 ʤʝʜʣʝʥʥʦ 

ʧʨʦʩʘʯʠʚʘʣʠʩʴ ʯʝʨʝʟ ʦʙʨʘʟʮʳ ʧʝʩʯʘʥʠʢʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 28 ʤʝʩʷʮʝʚ. ʇʝʩʯʘʥʠʢʠ ʧʦʩʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʈʌɸ. ɺ 

ʧʦʨʘʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʨʠʩʪʘʣʣʳ ʫʨʘʥʠʣ-

ʩʫʣʴʬʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʦʢʘʟʘʣʠʩʴ ʘʥʘʣʦʛʘʤʠ ʤʠʥʝʨʘʣʦʚ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʨʘʩʪʚʦʨʳ, ʧʨʦʩʦʯʠʚʰʠʝʩʷ ʯʝʨʝʟ ʧʝʩʯʘʥʠʢʠ, ʙʳʣʠ ʨʘʟʣʠʪʳ ʚ ʯʘʩʦʚʳʝ ʩʪʝʢʣʘ ʜʣʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟ ʤʝʪʦʜʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ. 

ʄʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ ʫʪʦʯʥʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʩʣʝʜʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ: (Na4Ǐ2)[(UO2)2(SO4)3(H2O)]2Ŀ7H2O - ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʦʛʘ 

ʣʠʙʙʠʠʪʘ; Na5(UO2)(SO4)3(SO3OH)(H2O) ï ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʦʛʘ ʤʝʡʩʩʝʨʠʪʘ; 

(H3O,Na)(H3O,Na)Na4[(UO2)2(SO4)5]ẗ4H2O ï ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʦʛʘ ʧʩʝʚʜʦʤʝʡʩʩʝʨʠʪʘ; 

Na2[(UO2)(SO4)2](H2O)3 ï ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʥʦʚʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʪʠʧʫ; Na3(H3O)(UO2)2(SO4)4(H2O)8 ï ʪʘʢʞʝ ʥʦʚʦʤʫ ʩʦʝʜʠʥʝʥʠʶ; 

(Mg,Fe)[(UO2)(SO4)2(H2O)](H2O)8 ï ʩʪʨʫʢʪʫʨʥʦʤʫ ʘʥʘʣʦʛʫ ʨʠʪʚʝʣʴʜʠʪʘ; 

[(UO2)(SO4)(H2O)2]2ĿH2O ï ʩʪʨʫʢʪʫʨʥʦʤʫ ʘʥʘʣʦʛʫ ʰʫʤʚʘʠʪʘ.  

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʨʘʥʠʣ-ʩʫʣʴʬʘʪʥʳʭ 

ʬʘʟ ʚ ʚʳʧʦʣʥʝʥʥʳʭ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ.  

 

ɹʣʘʛʦʜʘʨʠʤ ʨʝʩʫʨʩʥʳʝ ʮʝʥʪʨʳ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʠʢʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʘʥʘʣʠʟʘè ʠ çɻʝʦʤʦʜʝʣʴè ʟʘ ʧʦʤʦʱʴ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

[1] Kampf A.R., Olds T.A., Pl§ġil J., Nash B.P., Marty J. Min. Mag. 2023, 87, 767-772. 
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ʇʨʦʚʝʜʸʥ ʩʠʥʪʝʟ ʩʦʜʘʣʠʪʦ- ʠ ʢʘʥʢʨʠʥʠʪʦʧʦʜʦʙʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʣʝʡ KI, KBr, CaCl2, NaCl, Na2SĿ8H2O, Na2S2O3 ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʥʠʦʥʦʚ ʠ 

ʢʘʪʠʦʥʦʚ ʠ ʤʝʪʘʢʘʦʣʠʥʘ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ (170-230 Áʉ) ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʷʚʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʚʥʝʢʘʨʢʘʩʥʦʛʦ ʘʥʠʦʥʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ               

(Cl
-
, I

-
 ʠ Br

-
) ʧʨʠ ʩʤʝʰʘʥʥʦʤ ʢʘʪʠʦʥʥʦʤ ʩʦʩʪʘʚʝ (K, Na, Ca), ʦʙʨʘʟʫʶʪʩʷ 

ʘʣʶʤʦʩʠʣʠʢʘʪʳ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ ʩʦʜʘʣʠʪʘ, (ʧʨ. ʛʨ. P-43n). ɼʦʙʘʚʣʝʥʠʝ Na2S2O3 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʥʢʨʠʥʠʪʦʧʦʜʦʙʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (P63) ʠʣʠ ʩʤʝʩʠ 

ʢʘʥʢʨʠʥʠʪʦ- ʠ ʩʦʜʘʣʠʪʦʧʦʜʦʙʥʦʛʦ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ ʘʥʠʦʥʘ [S2O3]
2ï

 ʩ ʦʩʦʙʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ. ɼʣʷ ʩʦʜʘʣʠʪʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʛʘʣʦʛʝʥ-ʘʥʠʦʥʘʤʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1083 K ʭʘʨʘʢʪʝʨʥʦ ʯʘʩʪʠʯʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʝʬʝʣʠʥʦʚʦʡ ʬʘʟʳ, ʧʨʠʯʝʤ Ca-ʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʘʛʘʶʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʵʥʝʨʛʠʷʤʠ ʥʠʞʝ 6 ʵɺ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʆʭʣʘʞʜʝʥʠʝ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 200 ʂ ʜʦ 90 ʂ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʨʘʩʪʘʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʦʙʣʫʯʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ 

ʧʨʠʚʦʜʠʪ ʢ ʦʢʨʘʰʠʚʘʥʠʶ ʦʙʨʘʟʮʦʚ ʚ ʛʦʣʫʙʦʚʘʪʳʡ ʮʚʝʪ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʩʚʷʟʘʥʘ ʩ 

ʵʢʩʠʪʦʥʦʧʦʜʦʙʥʳʤʠ ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʚʙʣʠʟʠ ʘʥʠʦʥʘ ʛʘʣʦʛʝʥʘ, ʘ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʧʦʣʦʩʫ ʚ ʩʧʝʢʪʨʝ ʩʚʝʯʝʥʠʷ ʤʦʞʥʦ ʩʦʦʪʥʝʩʪʠ ʩ ʵʢʩʠʤʝʨʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ (Hal)- 

ʮʝʥʪʨʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 22-17-00006, https: //rscf. 

ru/project/22-17-00006. 
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ɼʣʷ ʩʘʧʦʞʥʠʢʦʚʠʪʘ Na8(Al 6Si6O24)(HS)2, ʤʠʥʝʨʘʣʘ ʛʨʫʧʧʳ ʩʦʜʘʣʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʫʥʠʢʘʣʴʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ HS
ï
 ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ in-situ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 300ï1273 K. ɼʝʪʘʣʴʥʳʡ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʨʘʩʯʸʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʩʚʦʡʩʪʚʝʥʥʳ: ʦʙʨʘʪʠʤʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ Pτ3n 1  

Pmσn ʧʨʠ 1223 K, ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʧʨʠ 1173 K, ʥʝʫʧʨʫʛʦʝ ʧʦʚʝʜʝʥʠʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʢʘʨʢʘʩʘ ʧʨʠ ʩʥʷʪʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʘʛʨʫʟʢʠ. ɼʘʥʥʳʝ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʘʧʦʞʥʠʢʦʚʠʪʘ ʚ ʜʠʘʧʘʟʦʥʝ 300ï

1273 K ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʤʠʥʝʨʘʣʘ ʭʘʨʘʢʪʝʨʥʦ ʯʘʩʪʠʯʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚʥʝʢʘʨʢʘʩʥʦʛʦ 

ʘʥʠʦʥʘ HS
ï
, ʧʨʦʪʝʢʘʶʱʝʝ ʧʦ ʨʝʘʢʮʠʷʤ: 6HS

ï
 " S3

¶ï
 + 3H2S (ʛʘʟ) ʠ 2HS

ï
 ï 2e " S2

2ï
 + 

2H
+
. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʘʥʠʦʥ HS

ï
ʩʥʦʚʘ ʚʦʟʥʠʢʘʝʪ ʚ ʩʦʜʘʣʠʪʦʚʦʡ ʧʦʣʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʩʘʧʦʞʥʠʢʦʚʠʪʘ, ʝʛʦ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʥʘʣʦʛ, ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʚ ʭʦʜʝ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʤʝʩʠ ʤʝʪʘʢʘʦʣʠʥʘ ʠ ʩʦʣʠ Na2SĿ8H2O ʚ ʨʘʩʪʚʦʨʝ NaOH, ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʝʦʙʨʘʪʠʤʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʘʥʠʦʥʘ HS
ï
 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦ ʨʝʘʢʮʠʷʤ: 2HS

ï 
+ 2.5O2 

(ʛʘʟ) " SO4
2ï

 + 0.25S4 + H2O (ʛʘʟ) ʠ 2HS
ï 

+ 3.5O2 (ʛʘʟ) " SO4
2ï

 + SO2 (ʛʘʟ) + H2O (ʛʘʟ). 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙ·ʣʴʰʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ (ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ) ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʩʘʧʦʞʥʠʢʦʚʠʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʝʨʘʣʦʤ. ɺ ʭʦʜʝ ʥʘʛʨʝʚʘ ʦʨʘʥʞʝʚʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩʘʧʦʞʥʠʢʦʚʠʪʘ, 

ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʣʫʯʘʭ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʋʌ ʠʟʣʫʯʝʥʠʷ (l = 245 ʥʤ), ʩʪʘʙʠʣʴʥʘ 

ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1073 K.ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 22-17-

00006, https: //rscf. ru/project/22-17-00006. 

  

mailto:estel58@yandex.ru
mailto:estel58@yandex.ru


54 
 

ɺʓʗɺʃɽʅʀɽ ʇʃʆʊʅʓʍ ɸʊʆʄʅʓʍ ʉɽʊʆʂ ɺ ʂʈʀʉʊɸʃʃʀʏɽʉʂʀʍ 

ʉʊʈʋʂʊʋʈɸʍ ʄɽʊʆɼʆʄ ʂʃɸʉʊɽʈʅʆɻʆ ɸʅɸʃʀɿɸ 

 

ʈʘʱʝʥʢʦ ʉ.ɺ.
 

 

ʀɻʄ ʉʆ ʈɸʅ; rashchenko@igm.nsc.ru 

 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʚʠʜʝ ʧʣʦʪʥʳʭ ʘʪʦʤʥʳʭ ʩʝʪʦʢ, 

ʩʣʦʞʝʥʥʳʭ ʘʪʦʤʘʤʠ/ʠʦʥʘʤʠ ʦʜʥʦʛʦ ʪʠʧʘ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʤʝʞʩʝʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʘʪʦʤʘʤʠ/ʠʦʥʘʤʠ ʜʨʫʛʦʛʦ ʪʠʧʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʩʪʨʫʢʪʫʨ, 

ʧʣʦʪʥʳʝ ʘʪʦʤʥʳʝ ʩʝʪʢʠ ʚ ʢʦʪʦʨʳʭ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʛʝʦʤʝʪʨʠʶ ʧʣʦʪʥʝʡʰʠʭ ʫʧʘʢʦʚʦʢ. 

ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʝʪʦʢ ʧʨʦʩʪʝʡʰʝʡ 3
6
 ʠ ʧʝʨʝʡʪʠ ʢ 

ʨʝʛʫʣʷʨʥʳʤ, ʧʦʣʫʨʝʛʫʣʷʨʥʳʤ ʠ ʧʨʦʠʟʚʦʜʥʳʤ ʩʝʪʢʘʤ [1], ʫʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʠʤʝʥʠʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʝʩʴʤʘ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʪʨʫʢʪʫʨ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʥʝ ʠʤʝʶʪ 

ʫʜʦʙʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʬʦʨʤʘʣʠʟʤʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ [2]. 

ʈʘʥʝʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ (ʠʣʠ ʚ ʝʸ 

ʢʘʪʠʦʥʥʦʡ/ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʸʪʢʝ) ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʘʪʦʤʥʳʭ ʩʝʪʦʢ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ [3], ʚ ʧʨʦʩʪʝʡʰʝʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʧʦʠʩʢ ʫʟʣʦʚ ʦʙʨʘʪʥʦʡ ʨʝʰʸʪʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ɹʫʜʫʯʠ ʚ ʮʝʣʦʤ ʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʚʩʸ ʞʝ ʠʤʝʝʪ 

ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʥʝʜʦʩʪʘʪʢʘ: 

1. ɺ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʛʜʝ ʚ ʧʝʨʠʦʜ dhkl ʧʦʧʘʜʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʣʦʪʥʳʭ ʘʪʦʤʥʳʭ 

ʩʝʪʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʝʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʥʠʞʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ Fhkl (ʘ ʪʘʢʞʝ ʢʨʘʪʥʳʭ ʝʤʫ), ʠʟ-ʟʘ ʯʝʛʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʝʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʧʫʱʝʥʳ ʧʨʠ ʧʦʠʩʢʝ 

2. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝ ʚʩʝ ʧʦʟʠʮʠʠ ʩʪʨʫʢʪʫʨʳ/ʧʦʜʨʝʰʸʪʢʠ ʣʦʞʘʪʩʷ ʚ ʦʜʥʫ 

ʧʣʦʪʥʫʶ ʩʝʪʢʫ, ʦʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʜʘʸʪ ʠʥʬʦʨʤʘʮʠʠ ʦ çʚʳʧʘʜʘʶʱʠʭè ʧʦʟʠʮʠʷʭ 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʧʣʦʪʥʳʭ ʘʪʦʤʥʳʭ ʩʝʪʦʢ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʧʦʟʠʮʠʡ ʚ 

ʩʪʨʫʢʪʫʨʝ/ʧʦʜʨʝʰʸʪʢʝ ʤʝʪʦʜʦʤ ʦʜʠʥʦʯʥʦʡ ʩʚʷʟʠ (çʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘè) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʘʨʦʡ ʧʦʟʠʮʠʡ (ʚʢʣʶʯʘʷ ʩʠʤʤʝʪʨʠʯʝʩʢʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ) ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʭ ʧʨʦʝʢʮʠʷʤʠ ʥʘ ʚʝʢʪʦʨ dhkl. 

ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʣʘʩʪʝʨʳ-ʩʝʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʩʨʘʚʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʨʠʢʠ çʵʬʬʝʢʪʠʚʥʦʡ ʨʝʪʠʢʫʣʷʨʥʦʡ ʧʣʦʪʥʦʩʪʠè ůeff = (1 ī wĿN / [dĀ(M ī 1)])ĿMĿd / V, 

ʛʜʝ N ʠ M ð ʢʦʣʠʯʝʩʪʚʦ ʧʦʟʠʮʠʡ (ʚʢʣʶʯʘʷ ʩʠʤʤʝʪʨʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ) ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʠ ʢʣʘʩʪʝʨʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; w ð çʪʦʣʱʠʥʘè ʢʣʘʩʪʝʨʘ (ʩʫʤʤʘ 

M ī 1 ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʥʸʤ), ʘ d ʠ V ð ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʦʙʲʸʤ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʧʠʩʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ Python ʚ ʘʚʪʦʨʩʢʦʡ 

ʙʠʙʣʠʦʪʝʢʝ crystchemlib, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʧʮʠʷʭ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ ʩ ʤʘʩʩʠʚʘʤʠ cif-ʬʘʡʣʦʚ ʠʟ ʙʘʟ ʜʘʥʥʳʭ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 23-77-

10047. 

[1] OôKeeffe M., Hyde B.G. Philos. Trans. R. Soc. A, 1980, 295(1417), 553ï618. 

[2] OôKeeffe M., Hyde B.G. Structure & Bonding, 1985, 61, 77ï144. 

[3] ɻʨʦʤʠʣʦʚ ʉ.ɸ., ɹʳʢʦʚʘ ɽ.ɸ., ɹʦʨʠʩʦʚ ʉ.ɺ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, 2011, 56(6), 1013ï

1018. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʦʛʘ ʤʠʥʝʨʘʣʘ ʰʘʤʚʝʡʠʪʘ, [(UO2)(SO4)(H2O)2]2ĀH2O ʩ ʧʦʤʦʱʴʶ ʧʦʨʦʰʢʦʚʦʡ (PXRD) 

ʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (SCXRD), ʠ ʜʘʣʴʥʝʡʰʝʝ ʩʨʘʚʥʝʥʠʝ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. ʅʘ ʈʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʠʛʫʨ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʨʫʢʪʫʨʳ. ʆʪʯʸʪʣʠʚʦ 

ʚʠʜʥʦ, ʯʪʦ ʪʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʠʤʝʥʴʰʝʝ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ [100], ʘ ʥʘʠʙʦʣʴʰʝʝ ï ʧʦ [010], ʯʪʦ ʩʚʷʟʥʦ ʩ ʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʩʚʷʟʝʡ 

ʚʜʦʣʴ ʫʨʘʥʠʣ ʩʫʣʴʬʘʪʥʳʭ ʮʝʧʝʡ, ʯʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ.  

ʊʘʢʞʝ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʦʚ PXRD ʠ SCXRD, ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʭʦʨʦʰʘʷ 

ʩʭʦʜʠʤʦʩʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ    ʥʘ 

ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ (SCXRD). 

 
ʈʠʩʫʥʦʢ 1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʰʘʤʚʝʡʠʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʬʠʛʫʨ ʪʝʥʟʦʨʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ SCXRD (ʚʳʰʝ) ʠ SCXRD (ʥʠʞʝ) 

Figure 1. ʉrystal structure of shumwayite and the respective arrangement of the figures of 

thermal expansion coefficients for SCXRD (above) and SCXRD (below) 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 23-17-00080). 

 

[1] Kampf, A. R., Pl§ġil, J., Kasatkin, A. V., Marty, J., Ļejka, J., & Lapļ§k, L. Shumwayite, 

[(UO2)(SO4)(H2O)2]2ĿH2O, a new uranyl sulfate mineral from Red Canyon, San Juan County, 

Utah, USA. Mineralogical Magazine, 2017, 81(2), 273ï285.  
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1
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1
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1
 and Sokolov P.B.

2
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1
Saint-Petersburg State University, Universitetskaya nab. 7/9, St. Petersburg 199034, Russia; 

t.semenova@spbu.ru  (S.T.F.); a.lemeshko@spbu.ru (L.A.A,); a.zolotarev@spbu.ru (Z.A.A.); 
2
SOKOLOV Co., Ltd., Gatchinskaya Str., 11/A, 7N, 197136 St. Petersburg, Russia; 

pavel.sokolov@gemstone.ru (S.P.B.) 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʶʤʦʣʠʪʠʝʚʳʭ ʩʣʶʜ ʠʟ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʛʨʘʥʠʪʥʳʭ 

ʧʝʛʤʘʪʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Petsch ʚ ʨʘʡʦʥʝ ʛʦʨʦʜʘ Aracui City, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʰʪʘʪʘ Minos Gerais, Brazil. ʀʟʫʯʝʥʥʳʝ ʩʣʶʜʳ ʜʘʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʩʦʩʪʘʚʦʚ ʦʪ 

ʤʫʩʢʦʚʠʪʘ ʜʦ ʧʦʯʪʠ ʧʨʝʜʝʣʴʥʦʛʦ ʣʝʧʠʜʦʣʠʪʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʨʷʜʫ ʧʦʣʠʣʠʪʠʦʥʠʪ ï 

ʪʨʠʣʠʪʠʦʥʠʪ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʩʣʶʜʘʭ ʠʟ ʚʥʝʰʥʝʡ 

ʟʦʥʳ ʩʣʶʜʷʥʦʛʦ ʘʛʨʝʛʘʪʘ: 

(K0,82Na0,05Rb0,03)0,90(Al 1,29Li 1,47Fe0,16Mn0,02)2,94[(Si3,39Al 0,61) O10](F1,53OH0,47) 

(K0,84Na0,06Cs0,01)0,91(Al 1,17Li 1,79Fe0,11Mn0,01)3,08[(Si3,56Al 0,44) O10](F1,85OH0,15) 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʩʣʶʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʠʪʠʧʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 2ʄ1, 

ʩʤʝʩʠ 2ʄ1 + 1ʄ (ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʣʠʪʠʧʦʚ 4:1 ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ) ʠʣʠ 

ʧʦʣʠʪʠʧʫ 3ʊ. ɺʳʷʚʣʝʥ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʪʠʧʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʦʩʪʘʚʘ.  

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʘ ʨʘʩʰʠʬʨʦʚʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʣʝʧʠʜʦʣʠʪʦʚ 2ʄ1 ʠ 

3ʊ, ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʦʜʥʦʤ ʦʙʨʘʟʮʝ ʠ ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʣʝʧʠʜʦʣʠʪʘ 2ʄ1 ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

C2/c: a = 5,200(2), b = 9,009(4), c = 19,967(9) ¡, ɓ = 95,54(1)Á, R1=6.6%, ʘ ʣʝʧʠʜʦʣʠʪʘ 3ʊ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P3212: a = 5,2079(1), c = 29,8084(9) ¡, R1=3.3%. ɺ ʦʙʦʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʘʪʠʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦ, ʪʝʪʨʘʵʜʨʳ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʳʡ ʩʦʩʪʘʚ, ʥʦ ʨʘʟʣʠʯʥʳʡ ʪʠʧ ʛʦʬʨʠʨʦʚʢʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʩʝʪʢʠ. 

ʂʦʦʨʜʠʥʘʮʠʷ ʤʝʞʩʣʦʝʚʦʛʦ ʢʘʪʠʦʥʘ ʦʜʠʥʘʢʦʚʘ ʚ ʦʙʦʠʭ ʧʦʣʠʪʠʧʘʭ. ʆʢʪʘʵʜʨʠʯʝʩʢʘʷ 

ʩʝʪʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʪʠʦʥʦʚ, ʥʦ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʭʝʤʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʪʨʘʥʩï ʠ ʮʠʩïʦʢʪʘʵʜʨʘʤ ʚ ʣʝʧʠʜʦʣʠʪʘʭ 3ʊ ʠ 2ʄ1. ɺ ʩʪʨʫʢʪʫʨʝ 

ʣʝʧʠʜʦʣʠʪʘ 3ʊ ʥʘʙʣʶʜʘʝʪʩʷ ʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤʠ ʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʩʣʦʷʤʠ ʠ ʤʝʥʴʰʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʢʘʞʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ 

ʨʘʟʣʠʯʥʘʷ ʩʞʠʤʘʝʤʦʩʪʴ ʜʣʷ M2 ʠ M3 ʦʢʪʘʵʜʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʛʠʙʢʦʩʪʴ ʧʨʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʪʠʧʘ 3ʊ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʡ P (ʠ T). ʕʪʦ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʠʪʠʧʘ 3T. 
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ʊʦʧʦʪʘʢʪʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [1,2], ʥʦ ʠ ʜʣʷ ʮʝʦʣʠʪʦʚ [3]. ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʘʢʠʝ 

ʧʝʨʝʭʦʜʳ ʪʘʢʞʝ ʚ ʤʠʥʝʨʘʣʘʭ ʞʝʣʝʟʘ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ [4]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʠʥʝʨʘʣʦʚ ʵʪʦʪ ʬʝʥʦʤʝʥ ʦʩʪʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʥʘʙʣʶʜʝʥʠʡ ʩ ʜʝʪʘʣʴʥʳʤʠ 

ʦʧʠʩʘʥʠʷʤʠ ʪʦʧʦʪʘʢʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʤʠʥʝʨʘʣʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʤʦʨʬʦʣʦʛʠʠ ʠ ʚʥʝʰʥʝʛʦ ʦʙʣʠʢʘ. ʇʦcʣʝʜʥʝʝ ʩʚʷʟʘʥʦ ʩ ʧʨʦʛʨʝʩʩʦʤ ʠ ʨʘʟʚʠʪʠʝʤ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ, ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʨʠʩʪʘʚʦʢ, ʘ ʪʘʢʞʝ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʊʨʘʥʩʬʦʨʤʘʮʠʠ ʪʘʢʦʛʦ 

ʨʦʜʘ ʥʝʜʘʚʥʦ ʦʧʠʩʘʥʳ ʥʘʤʠ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʘʣʝʫʪʠʪʘ, Cu5O2(VO4)2(KCl)0.5 ʩ 

ʧʝʨʝʭʦʜʦʤ ʚ ʩʪʦʡʙʝʨʠʪ, Cu5O2(VO4)2; ʧʝʨʝʭʦʜʘ ʬʝʨʨʠʢʦʧʠʘʧʠʪ,  

(Fe,Al )0.67Fe
3+

4(SO4)6(OH)2Ŀ20H2O Ÿ çʧʦʩʪʢʦʧʠʘʧʠʪè (Fe,Al )0.67Fe
3+

4(SO4)6(OH)2Ŀ12H2O;   

ʚʝʨʛʘʩʦʚʘʠʪ, Cu3O((S,Mo)O4)(MoO4) Ÿ ʢʫʧʨʦʤʦʣʠʙʜʠʪ Cu3O(MoO4)2. ɺ ʜʦʢʣʘʜʝ ʪʘʢʞʝ 

ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʣʘʩʩʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʤʠʥʝʨʘʣʦʚ ʜʣʷ ʧʦʠʩʢʘ ʠ ʚʳʷʚʣʝʥʠʷ ʪʦʧʦʪʘʢʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ.  

 

[1] Chaudhary A., Mohammad A., Mobin S.M. Crystal Growth & Design, 2017, 17, 2893-

2910. 

[2] Renier O., Bousrez G., Baryshnikov G. et al. Journal of the American Chemical Society, 

2021, 143, 20202-20206.  

[3] Huang, Z., Seo, S., Shin, J. et al. Nature Communications, 2020, 11, 3762. 

[4] Mentre O., Blazquez-Alcover I., Garc²a-Mart²n S. et al. Inorganic Chemistry, 2018, 

15093ï15104. 
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ʇʨʠʨʦʜʥʳʝ ʩʠʣʠʢʘʪʳ ʫʨʘʥʠʣʘ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʟʦʥ 

ʦʢʠʩʣʝʥʠʷ ʫʨʘʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʫʨʘʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʦ 17 ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʠʜʦʚ ʠ ʧʦʣʫʯʝʥʦ ʧʦʨʷʜʢʘ 60 ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʤʘʣʦʯʠʩʣʝʥʥʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʠʣʠʢʘʪʦʚ ʫʨʘʥʠʣʘ ʦʪʣʠʯʘʶʪʩʷ ʚʝʩʴʤʘ 

ʰʠʨʦʢʠʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʭ ʪʝʪʨʘʵʜʨʦʚ ʢ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʪʩʚʘ 

ʩʦʝʜʠʥʝʥʠʡ ʫʨʘʥʠʣʘ, ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʠʣʠʢʘʪʦʚ ʫʨʘʥʠʣʘ ʦʙʲʝʜʠʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʭ ʪʝʪʨʘʵʜʨʦʚ ʠ ʧʦʣʠʵʜʨʦʚ ʫʨʘʥʘ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʢʘʨʢʘʩʦʚ. ʀʥʪʝʨʝʩʥʳʤ ʩʚʦʡʩʪʚʦʤ ʩʠʣʠʢʘʪʦʚ ʫʨʘʥʠʣʘ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʦʤ ʠ ʩʨʝʜʦʡ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʘʷ 

ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʤʠʥʝʨʘʣʦʚ ʙʦʣʪʚʫʜʠʪʘ ʠ ʢʫʧʨʦʩʢʣʦʜʦʚʩʢʠʪʘ [1]. ɺʘʞʥʝʡʰʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʘʥʥʳʭ cʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʠ ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʠ ʧʦʨʦʰʢʦʚʦʡ 

ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʠʟʫʯʝʥʦ ʪʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʫʠʢʩʠʪʘ, ʩʦʜʜʠʠʪʘ ʠ ʠʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʘʛʦʚ, in situ ʫʩʪʘʥʦʚʣʝʥʳ ʵʪʘʧʳ ʜʝʛʠʜʨʘʪʘʮʠʠ ʤʠʥʝʨʘʣʦʚ, 

ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʘʧʨʦʢʩʠʤʘʮʠʠ ʘʥʠʟʘʪʨʦʧʠʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʊʘʢʞʝ ʧʨʦʚʝʜʝʥ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠʟʚʝʩʪʥʳʭ 

ʩʠʣʠʢʘʪʦʚ ʫʨʘʥʠʣʘ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʧʠʩʘʥʳ ʪʨʠ 

ʥʦʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ˉ 23-27-00153). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ. 

 

[1] Burns P.C. J. Nucl. Mater. 1999, 265, 218-223 
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ʊʝʨʤʦʧʘʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʚ ʩʨʝʜʝ ʚʦʜʥʦʛʦ ʬʣʶʠʜʘ ʧʨʠ 350Áʉ ʩʤʝʩʠ ʦʢʩʠʜʦʚ 

ʢʘʣʴʮʠʷ ʠ ʦʣʦʚʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʧʣʘʩʪʠʥʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ CaSn2O4(OH)2 ï ʦʧʨʝʜʝʣʝʥ ʧʫʪʸʤ ʨʘʩʰʠʬʨʦʚʢʠ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ. 

ʊʘʢʦʡ ʞʝ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʧʨʠ ʪʝʨʤʦʧʘʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ 

ʤʠʥʝʨʘʣʘ ʙʫʨʪʠʪʘ ï CaSn(OH)6 ï ʚ ʩʨʝʜʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ (350Áʉ). ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʟʫʝʪʩʷ ʤʝʪʘʩʪʘʥʥʘʪ ʢʘʣʴʮʠʷ CaSnO3, ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʤʠʥʝʨʘʣʘ 

ʤʝʛʘʚʘʡʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʙʫʨʪʠʪʘ, 

ʤʝʛʘʚʘʡʪʘ ʠ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ CaSn2O4(OH)2 ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʦʚ 

ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (DFT). ɺ ʢʘʯʝʩʪʚʝ 

ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʚʩʝʭ ʘʪʦʤʦʚ (Ca, Sn, O, and H) ʤʦʜʝʣʝʡ ʙʳʣʠ ʧʨʠʥʷʪʳ 

ʧʦʪʝʥʮʠʘʣʳ GTH [1]. ʄʝʪʦʜ ʦʙʦʙʱʸʥʥʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ (GGA) [2] 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ (Exc). ʈʘʩʩʯʠʪʘʥʳ 

ʨʘʜʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ, 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ. ʇʦʣʫʯʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʤʦʣʷʨʥʘʷ 

ʪʝʧʣʦʝʤʢʦʩʪʴ, ʵʥʪʨʦʧʠʷ ʠ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʢʨʠʩʪʘʣʣʦʚ) ʜʣʷ ʰʠʨʦʢʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʪʝʤʧʝʨʘʪʫʨ (0-1500 ʂ).  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʨʘʚʥʝʥʳ ʩ ʠʟʚʝʩʪʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʠ 

ʧʦʢʘʟʘʥʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʚʳʯʠʩʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ. 

ɸʥʘʣʠʟ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ (ʚʳʯʠʩʣʝʥʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ) ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʛʠʜʨʦʢʩʠʣʘʤʠ, ʚ ʧʣʘʩʪʠʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʝ CaSn2O4(OH)2 

ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ CaSn(Oʅ)6.  

 

[1] S. Gºedecker, M. Teter, J. H¿tter, Phys. Rev. B, 1995, 54, 1703ï1710.  

[2] J.P. Perdew, K. Burke, M. Ernzerhof, Phys. Rev. Lett., 1996, 77, 3865ï3868. 
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ʉʦʣʠ ʊʫʪʪʦʥʘ ï ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ A
+

M
2+

(TO ) Ŀ6H O, (A
+
 = NH4, K, 

Rb, Cs, M
2+

 = Mg, Fe, Co, Ni, Cu ʠ ʪ. ʜ., T = S, Se) [1]. ʆʧʠʩʘʥʦ ʩʝʤʴ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ, 

ʨʦʜʩʪʚʝʥʥʳʭ ʵʪʦʤʫ ʢʣʘʩʩʫ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʧʠʢʨʦʤʝʨʠʪ K2Mg(SO4)2Ŀ6H2O. ʕʪʠ 

ʤʠʥʝʨʘʣʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʥʘ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʬʫʤʘʨʦʣʘʭ ʜʝʡʩʪʚʫʶʱʠʭ ʚʫʣʢʘʥʦʚ [1]. ʉʦʝʜʠʥʝʥʠʷ ʵʪʦʡ ʛʨʫʧʧʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʥʪʝʨʝʩʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʦʥʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ [2].  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʥʘʣʦʛ 

ʮʠʘʥʦʭʨʦʠʪʘ K2Cu(SO4)2 6H2O. ʎʠʘʥʦʭʨʦʠʪ ʫʩʪʘʥʦʚʣʝʥ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʦʥʘʭ 

ʬʫʤʘʨʦʣ ʩ ʙʦʛʘʪʦʡ ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʥʘ ɺʪʦʨʦʤ ʰʣʘʢʦʚʦʤ ʢʦʥʫʩʝ ɹʦʣʴʰʦʛʦ 

ʊʨʝʱʠʥʥʦʛʦ ʊʦʣʙʘʯʠʥʩʢʦʛʦ ʀʟʚʝʨʞʝʥʠʷ, ʚʫʣʢʘʥ ʊʦʣʙʘʯʠʢ, ʂʘʤʯʘʪʢʘ. ʊʝʤʧʝʨʘʪʫʨʳ ʚ 

ʜʘʥʥʳʭ ʟʦʥʘʭ ʠʟʤʝʥʯʠʚʳ, ʧʦʵʪʦʤʫ ʧʨʦʜʫʢʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʮʠʘʥʦʭʨʦʠʪʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʥʜʠʢʘʪʦʨʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʥʘ 

ʬʫʤʘʨʦʣʘʭ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʫ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ A
+
 =  (K, Rb), Rb ʠ Cs ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ 

ʢʘʪʠʦʥʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʙʳʣʦ 

ʚʳʜʝʣʝʥʦ ʦʪ 7 ʜʦ 9 ʵʪʘʧʦʚ ʵʚʦʣʶʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ ī180  ʜʦ 600 

. ʅʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʪʘʧʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʮʠʘʥʦʭʨʦʠʪʦʤ 

ʫʩʪʘʥʦʚʣʝʥʳ ʬʘʟʘ, ʧʦʜʦʙʥʘʷ ʬʝʜʦʪʦʚʠʪʫ K2Cu3(SO4)3O ʠ ʢʘʣʠʝʚʳʡ ʘʥʘʣʦʛ ʩʘʨʘʥʯʠʥʘʠʪʘ 

Na2Cu(SO4)2. ʊʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʘʥʠʟʦʪʨʦʧʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ī180   ʜʦ ʧʨʝʜʝʣʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʪʦʨʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 40-60 . ʊʘʢʞʝ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʦʢʘʣʠʚʘʥʠʶ ʠʟʫʯʘʝʤʳʭ ʚʝʱʝʩʪʚ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʦʧʠʩʘʥʳ ʪʝʨʤʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ. 

 

[1] Bosi F. Am. Mineral. 2009, 94, 74-82.  

[2] Peets D. C. ACS Omega. 2022, 7(6), 5139-5145 
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ʐʠʤʠʥ ʅ.ɸ.  
 

ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘè, ʉʘʤʘʨʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ; 

shimin.na@ssau.ru 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʫʯʝʥʦ ʩʪʨʦʝʥʠʝ ʰʝʩʪʠ ʘʜʜʫʢʪʦʚ (ʪʘʙʣ. 1) ʤʝʪʘʢʨʠʣʘʪʘ 

ʫʨʘʥʠʣʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʤʠʜʘʤʠ, ʯʝʪʳʨʝ ʠʟ ʢʦʪʦʨʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʵʪʦʡ ʨʘʙʦʪʝ.  

 

ʊʘʙʣʠʮʘ 1. ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʜʜʫʢʪʦʚ ʤʝʪʘʢʨʠʣʘʪʘ ʫʨʘʥʠʣʘ ʩ ʘʤʠʜʘʤʠ 

 ̄ ʉʦʝʜʠʥʝʥʠʝ ʂʍʌ
*
 ʉʪʨʦʝʥʠʝ Nf ʂʊʊ 

I [UO2(mac)2ẗ1.5Dmur] AB
01

M
1
3 + AB

01
3 Q

+
Q
ð

 14 + 16 (-)4
4
5

4
6

6
 

(+)3
4
4

2
5

4
6

2
8

4
 

II  [UO2(mac)2ẗTmur] AB
2
B

01
M

1
 ɼʠʤʝʨʳ 16 3

4
4

2
5

4
6

2
8

4
 

III  [UO2(mac)2ẗDeaa] AB
2
B

01
M

1
 ɼʠʤʝʨʳ 16 3

2
4

6
5

2
6

1
7

2
8

3
 

IV  [UO2(mac)2ẗDmfa] AB
2
B

01
M

1
 ɼʠʤʝʨʳ 14 4

6
6

8
 

V [UO2(mac)2ẗ1.5Meur] [1] AB
01

M
1
3 + AB

01
3 Q

+
Q
ð

 16 + 16 (-)3
4
4

1
5

4
6

3
7

2
8

2
 

(+)3
4
4

1
5

4
6

3
7

2
8

2
 

VI  [UO2(mac)2ẗ1.5Urea] [1] AB
01

M
1
3 + AB

01
3 Q

+
Q
ð

 14 + 15 (-)3
2
4

3
5

3
6

4
7

1
8

1
 

(+)3
2
4

5
5

1
6

5
7

1
8

1
 

*
ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʫʢʘʟʘʥʳ ʧʦ ʩʠʩʪʝʤʘʪʠʢʝ ʉʝʨʝʞʢʠʥʘ [2]. Nf - ʯʠʩʣʦ 

ʛʨʘʥʝʡ ʧʦʣʠʵʜʨʘ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ (ʦʙʱʝʝ ʯʠʩʣʦ ʚʘʣʝʥʪʥʳʭ ʠ ʥʝʚʘʣʝʥʪʥʳʭ 

ʢʦʥʪʘʢʪʦʚ), KTT - ʢʦʤʙʠʥʘʪʦʨʥʦ-ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʪʠʧ ʇɺɼ. 

ɹʝʟ ʫʯʝʪʘ ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʤ ʩʦʩʪʘʚʦʤ: [UO2(mac)2ẗ1.5L], ʛʜʝ L ï ʢʘʨʙʘʤʠʜ, 

ʤʝʪʠʣʢʘʨʙʘʤʠʜ ʠʣʠ ʜʠʤʝʪʠʣʢʘʨʙʘʤʠʜ (ʛʨʫʧʧʘ H). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʜʜʫʢʪʦʚ ʛʨʫʧʧʳ 

H ʭʘʨʘʢʪʝʨʥʦ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦ ʩʭʝʤʝ:  

2UO2(mac)2ẗnL Ą [UO2(mac)ẗ3L]
+
 + [UO2(mac)3]

ð
 + (2n ï 3)L.   

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʦʚ ʦʜʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʨʘʟʥʳʤ ʂʏ ʘʪʦʤʦʚ U(VI) (7 ʠ 8). ɺ ʩʪʨʫʢʪʫʨʘʭ ʘʜʜʫʢʪʦʚ ʛʨʫʧʧʳ H ʩʦʜʝʨʞʘʪʩʷ ʜʚʘ 

ʦʜʥʦʷʜʝʨʥʳʭ ʫʨʘʥʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʘ (ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1), ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ï 

[UO2(mac)(L)3]
+
 (Q

+
) ï ʢʘʪʠʦʥʥʳʡ, ʘ ʚʪʦʨʦʡ ï [UO2(mac)3]

ï 
(Q
ï
) ï ʘʥʠʦʥʥʳʡ.       

ɻʨʫʧʧʫ ʉ ʦʙʨʘʟʫʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [UO2(mac)2ẗL], ʛʜʝ L ï 

ʪʝʪʨʘʤʝʪʠʣʢʘʨʙʘʤʠʜ, ʜʠʵʪʠʣʘʮʝʪʘʤʠʜ ʠʣʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ. ʉʪʨʫʢʪʫʨʳ ʘʜʜʫʢʪʦʚ 

ʛʨʫʧʧʳ C ʦʙʨʘʟʦʚʘʥʳ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʤʠ ʜʠʤʝʨʘʤʠ [UO2(mac)2ẗL] 2 ʠ ʂʏ ʘʪʦʤʦʚ 

ʫʨʘʥʘ ʪʦʣʴʢʦ 7. 

ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʜʜʫʢʪʦʚ ʚʣʠʷʝʪ 

ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ NïHẗẗẗO ʚ ʩʪʨʫʢʪʫʨʘʭ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 20-73-

10250, https://rscf.ru/project/20-73-10250/. 

[1] Klepov V.V., Serezhkina L.B., Grigorôev M.S., Ignatenko E.O., Serezhkin V.N. Russ. J. 

Inorg. Chem., 2018, 63. 1019-1025. 

[2] Serezhkin V.N., Vologzhanina A.V, Serezhkina L.B. et al. Acta Crystallogr., Sect. B., 

2009, 65. 45-53. 

https://vk.com/away.php?to=https%3A%2F%2Frscf.ru%2Fproject%2F20-73-10250%2F&cc_key=


62 
 

ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ɹʆʈɸʊʆɺ ʑɽʃʆʏʅʓʍ ʄɽʊɸʃʃʆɺ ʉ ʇʆʃʀɼɽʅʊɸʊʅʓʄʀ 

ʆʂʉʆʃʀɻɸʅɼɸʄʀ 

 

ʖʭʥʦ ɺ.ɸ.
1
, ɺʦʣʢʦʚ ʉ.ʅ.,

2
 ʏʘʨʢʠʥ ɼ.ʆ.

2,3
, ɼʤʠʪʨʠʝʚ ɼ.ʅ.

1,3
, ʂʨʞʠʞʘʥʦʚʩʢʘʷ 

ʄ.ɻ.,
1,4
 ɸʢʩʝʥʦʚ ʉ.ʄ.,

2
 ɹʫʙʥʦʚʘ ʈ.ʉ.

1 

 
1 
ʀʥʩʪʠʪʫʪ ʍʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʈɸʅ, 199034, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʥʘʙ. ʄʘʢʘʨʦʚʘ, 2; 

yukhno.valentina@gmail.com 
2
 ʂʦʣʴʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, 184209 ʄʫʨʤʘʥʩʢʘʷ ʦʙʣ., ʛ. ɸʧʘʪʠʪʳ, ʫʣ. ʌʝʨʩʤʘʥʘ, 14 
3
 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 119991, ʄʦʩʢʚʘ, 

ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, 1, ʩʪʨ. 3 
4
 ʀʥʩʪʠʪʫʪ ʥʘʫʢ ʦ ɿʝʤʣʝ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 199034, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʙ., 7ï9 

 

INTERACTION OF ALKALI BORATES WITH POLYDENTATE OXOLIGANDS  

 

Yukhno V.A.,
1
 Volkov S.N.,

2
 Charkin D.O.,

2,3
 Dmitriev D.N.

1,3
, Krzhizhanovskaya M.G.,
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ʇʦʣʠʜʝʥʪʘʪʥʳʝ ʦʢʩʦʣʠʛʘʥʜʳ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ 1-2 ʠ 14 

ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʪʝʤʧʣʘʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʘʨʢʘʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʨʘʪʥʳʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʥʪʘʙʦʨʘʪʦʚ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʢʨʘʫʥ-ʵʬʠʨʘʤʠ ʠ ʠʭ ʥʝʮʠʢʣʠʯʝʩʢʠʤʠ 

ʘʥʘʣʦʛʘʤʠ ï ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷʤʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʥʪʘʙʦʨʘʪʘ ʢʘʣʠʷ, ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʢʨʘʫʥ-ʵʬʠʨʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʪʨʝʤ ʥʦʚʳʤ ʩʦʝʜʠʥʝʥʠʷʤ: ʜʚʫʤ ʧʦʣʠʤʦʨʬʘʤ [K(C12H24O6)B5O6(OH)4] (H2O) (1a, 1b) ʠ 

K[B5O6(OH)4][B(OH)3]2(H2O)(C10H20O5)2 (2). 1a ʠ 1b ʦʙʣʘʜʘʝʪ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ: ʢʘʪʠʦʥ K
+
 ʨʘʩʧʦʣʦʞʝʥ ʥʘʜ ʧʣʦʩʢʦʩʪʴʶ ʤʦʣʝʢʫʣʳ 18-ʢʨʘʫʥ-6, ʘ 

ʧʝʥʪʘʙʦʨʘʪʥʳʡ ʘʥʠʦʥ ʜʦʧʦʣʥʷʝʪ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ. 

ʉʪʨʫʢʪʫʨʘ 2 ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ ʢʨʫʧʥʳʡ ʢʘʪʠʦʥ [K(C10H20O5)2]
+
, ʚ ʢʦʪʦʨʦʤ ʢʦʦʨʜʠʥʘʮʠʷ 

ʢʘʣʠʷ ʥʘʩʳʱʝʥʘ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ 15-ʢʨʘʫʥ-5. ɹʦʨʘʪʥʳʡ ʢʘʨʢʘʩ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʝʥʪʘʙʦʨʘʥʪʳʤʠ ʘʥʠʦʥʘʤʠ ʠ ʩʚʦʙʦʜʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʩʚʷʟʘʥʥʳʭ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ.  

ʇʝʥʪʘʙʦʨʘʪʳ ʨʫʙʠʜʠʷ ʠ ʮʝʟʠʷ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʝ ʩ ʢʨʘʫʥ-ʵʬʠʨʘʤʠ, 

ʨʘʚʥʦ ʢʘʢ ʧʝʥʪʘʙʦʨʘʪ ʢʘʣʠʷ ʥʝ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷʤʠ. ɺʝʨʦʷʪʥʦ, 

ʠʤʝʝʪ ʤʝʩʪʦ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʧʝʥʪʘʙʦʨʘʪʘ ʚ ʚʦʜʝ, ʢʦʪʦʨʘʷ ʥʝʚʳʩʦʢʘ 

ʫ ʩʦʝʜʠʥʝʥʠʷ ʨʫʙʠʜʠʷ ʠ ʮʝʟʠʷ, ʠ ʧʨʦʯʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʣʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ. 

ʆʪʩʫʪʩʪʚʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ: 

ʢʦʤʧʣʝʢʩʳ ʩ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʯʥʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʭ ʣʠʥʝʡʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 22-73-

00026).
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APPEARANCE OF INCOMMENSURATE MODULATION IN K -CYMRITE AT HIGH 
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Compressibility and structural evolution of K-cymrite, hexagonal high-pressure 

polymorph of KAlSi3O8ĿH2O with dmisteinbergite topology, has been studied up to 20 GPa 

using synchrotron single crystal X-ray diffraction. At pressure of ~7 GPa satellite reflections 

appeared around main reflections of initially hexagonal (P6/mmm) phase (see Figure 1). This 

phenomenon is associated with incommensurate modulation, similar to that described for 

cymrite (BaAl2Si2O8ĿH2O) at ambient conditions [1]. With an increase in pressure from 7.3 

GPa to 8.5 GPa, the modulation vector increases significantly from 0.09a* to 0.15a*, than 

increases to 0.16a* up to a pressure of 16.2 GPa and decreases back to 0.15a* up to 20.2 GPa 

(see Figure 1c). After pressure release, K-cymrite reverts to initial single-crystalline state with 

P6/mmm space group.  

 

 
Figure 1. Planes (hk0) of the K-cymrite inverse lattice at 5.0 and 8.5 GPa (a, b); 

evolution of the modulation vector with pressure (c) 

ʈʠʩʫʥʦʢ 1. ʇʣʦʩʢʦʩʪʴ (hk0) ʦʙʨʘʪʥʦʡ ʨʝʰʝʪʢʠ K-ʢʠʤʨʠʪʘ ʧʨʠ 5.0 ʠ 8.5 ɻʇʘ (a, 

b), ʠʟʤʝʥʝʥʠʝ ʚʝʢʪʦʨʘ ʤʦʜʫʣʷʮʠʠ ʩ ʜʘʚʣʝʥʠʝʤ (c) 
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ɸʥʪʠʧʝʨʦʚʩʢʠʪʳ ʠʣʠ çʦʙʨʘʪʥʳʝ ʧʝʨʦʚʩʢʠʪʳè ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʰʠʨʥʫʶ 

ʛʨʫʧʧʫ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ 

ʣʝʞʘʪ ʘʥʠʦʥ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʦʢʪʘʵʜʨʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʢʘʢ ʢʘʨʢʘʩ ʚ çʢʣʘʩʩʠʯʝʩʢʦʤè 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʪʘʢ ʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʣʦʠ ʠʣʠ ʮʝʧʦʯʢʠ.   

ʄʥʦʛʠʝ ʠʟ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʘʥʪʠʧʝʨʦʚʩʢʠʪʦʚ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʷʜʦʤ ʠʥʪʝʨʝʩʥʳʭ ʬʠʟʠʯʝʩʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʦʥʠ 

ʩʧʦʩʦʙʥʳ ʧʨʦʷʚʣʷʪʴ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, ʛʠʛʘʥʪʩʢʘʷ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʠ ʪ.ʧ. [1-3] 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʥʝʬʝʜʦʚʠʪʘ Na5Ca4(PO4)4F, ʥʘʢʘʬʠʪʘ, Na2CaPO4F ʠ ʝʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʧʦʣʠʤʦʨʬʘ, ʘʨʢʪʠʪʘ, (Na5Ca)Ca6Ba(PO4)6F3 ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʤʦʨʘʩʢʦʠʪʘ 

Na2MgPO4F ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʧʨʝʜʝʣʘʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ, ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʳ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʠ ʩʦʦʪʥʝʩʝʥʳ ʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʥʟʦʨʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ 

ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥ 

ʩʚʷʟʝʡ ʚ ʧʨʦʮʝʩʩʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʫʤʤʠʨʦʚʘʥʳ ʠ 

ʚʳʚʝʜʝʥʳ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʚʝʜʝʥʠʠ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʈʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ 

çʈɼʄʀè ʠ çɻʝʦʤʦʜʝʣʴè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 22-77-00042). 
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ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʦʩʚʷʱʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʳʭ ʬʘʟ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʛʦʨʝʣʳʭ ʦʪʚʘʣʦʚ ʏʝʣʷʙʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ ʤʝʪʦʜʘʤʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʨʠ ʩʠʣʠʢʘʪʥʳʝ ʬʘʟʳ: çʨʠʪʤʠʪè, 

çʘʣʴʙʦʚʠʪè ʠ çʢʫʪʶʭʠʥʠʪè [1]. çʈʠʪʤʠʪè, Ca29(SiO4)8Cl26, Pnma, a = 17.0749(6) ¡, b = 

15.1029(5) ¡, c = 13.2907(4) ¡, V = 3427.42(18) ¡
3
 (R1 = 0.049). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ çʨʠʪʤʠʪè ʫʩʪʦʡʯʠʚ ʧʨʠʤʝʨʥʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 630 Áʉ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ çʨʠʪʤʠʪʘè ʨʘʩʰʠʨʷʝʪʩʷ ʘʥʠʟʦʪʨʦʧʥʦ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [010]. çɸʣʴʙʦʚʠʪè, Ca3SiO4Cl2, P21/ʩ, a = 9.8367(6) ¡, b 

= 6.7159(4) ¡, c = 10.8738(7) ¡, ɓ = 105.735(6) Á, V = 691.43(8) ¡
3
 (R1 = 0.037). ɹʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʪʨʫʢʪʫʨʘ çʘʣʴʙʦʚʠʪʘè ʩʪʘʙʠʣʴʥʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 660 

ÁC. ɸʥʠʟʦʪʨʦʧʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʰʠʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥ ʩʜʚʠʛʦʚʳʤʠ 

ʜʝʬʦʨʤʘʮʠʷʤʠ. çʂʫʪʶʭʠʥʠʪè, Ca5[SiO4]2F2, P21/a, a = 11.4953(5) ¡, b = 5.0567(2) ¡, c = 

8.8075(4) ¡, ɓ = 108.954(5) Á, V = 484.21(4) ¡
3
 (R1 = 0.035). ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ çʢʫʪʶʭʠʥʠʪʘè ʨʘʩʰʠʨʷʝʪʩʷ ʘʥʠʟʦʪʨʦʧʥʦ ʠ ʫʩʪʦʡʯʠʚʘ ʧʦ 

ʢʨʘʡʥʝ ʤʝʨʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 800 Áʉ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ çʢʫʪʶʭʠʥʠʪè ʷʚʣʷʝʪʩʷ 

ʪʝʭʥʦʛʝʥʥʳʤ ʘʥʘʣʦʛʦʤ ʤʠʥʝʨʘʣʘ ʢʫʤʪʶʙʝʠʪʘ [2].   

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 23-27-

00147 ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʈʎ çʈɼʄʀè ʠ çɻʝʦʤʦʜʝʣʴè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ 

ʉʇʙɻʋ. 

[1] ʏʝʩʥʦʢʦʚ ɹ.ɺ., ʑʝʨʙʘʢʦʚʘ ɽ.ʇ., ʅʠʰʘʥʙʘʝʚ ʊ.ʇ. ʀʄʠʥ ʋʨʆ ʈɸʅ, 2008, 139ʩ. 

[2] Galuskina I.O., Lazic B., Armbruster T., Galuskin E.V., Gazeev E.M., Zadov A.E., 

Pertsev N.N., JeŨak L., Wrzalik R., and Gurbanov A.G. American Mineralogist, 2009, 94, 

1361ï1370.  
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ʆʉʆɹɽʅʅʆʉʊʀ ʂʈʀʉʊɸʃʃʀʏɽʉʂʆʁ ʉʊʈʋʂʊʋʈʓ ʉʌɽʅʀʉʎʀɼʀʊɸ 

(NH4)Fe
3+

2(PO4)2(OH)Ŀ2H2O ʀɿ ʂɽʈʏɽʅʉʂʆɻʆ ɾɽʃɽɿʆʈʋɼʅʆɻʆ ɹɸʉʉɽʁʅɸ 

 

ɺʘʡʪʠʝʚʘ ʖ.ɸ.
1
, ʏʫʢʘʥʦʚ ʅ.ɺ.

2
, ʂʦʤʧʘʥʯʝʥʢʦ ɸ.ɸ.

3
, ɸʢʩʝʥʦʚ ʉ.ʄ.

1,3
 

 

1 
ʃʘʙʦʨʘʪʦʨʠʷ ʘʨʢʪʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʌʀʎ ʂʅʎ ʈɸʅ, 

ɸʧʘʪʠʪʳ; aks.crys@gmail.com 
2 
ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ 

ʭʠʤʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ; nikchukanov@yandex.ru 
3 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʅʎ ʈɸʅ, ɸʧʘʪʠʪʳ; a.kompanchenko@ksc.ru 

 

ʉʬʝʥʠʩʮʠʜʠʪ ï ʧʨʠʨʦʜʥʳʡ ʬʦʩʬʘʪ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʩ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʫʣʦʡ (NH4)Fe
3+

2(PO4)2(OH)Ŀ2H2O, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʣʝʡʢʦʬʦʩʬʠʪʘ ʠ 

ʷʚʣʷʝʪʩʷ NH4-ʜʦʤʠʥʘʥʪʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʩʬʝʥʠʩʮʠʜʠʪ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʚ ʨʘʡʦʥʝ ʛʥʝʟʜʦʚʘʥʠʷ ʧʠʥʛʚʠʥʦʚ ʥʘ ʦʩʪʨʦʚʝ ʕʣʝʬʘʥʪ 

(ʦʩʪʨʦʚ ʄʦʨʜʚʠʥʦʚʘ), ɹʨʠʪʘʥʩʢʘʷ ʘʥʪʘʨʢʪʠʯʝʩʢʘʷ ʪʝʨʨʠʪʦʨʠʷ [1]. ʄʠʥʝʨʘʣ ʦʙʨʘʟʦʚʘʣʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʦʚ ʬʦʩʬʘʪʘ ʘʤʤʦʥʠʷ ʠʟ ʛʫʘʥʦ ʧʠʥʛʚʠʥʦʚ ʩʦ 

ʩʣʶʜʠʩʪʳʤʠ ʠ ʭʣʦʨʠʪʦʚʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ ʧʦʯʚʝ, ʘ ʥʘʟʚʘʥʠʝ ʤʠʥʝʨʘʣʘ ʩʚʷʟʘʥʦ ʩ 

ʣʘʪʠʥʩʢʠʤ ʥʘʟʚʘʥʠʝʤ ʧʠʥʛʚʠʥʦʚ ï Sphenisciformes. 

ʀʟʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʩʬʝʥʠʩʮʠʜʠʪʘ ʥʘʡʜʝʥ ʚ ʂʝʨʯʝʥʩʢʦʤ ʞʝʣʝʟʦʨʫʜʥʦʤ ʙʘʩʩʝʡʥʝ 

ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ ʠ ʘʣʶʤʠʥʠʷ. ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʧʦ 

ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ: (NH4)0.55K0.41Ca0.02Mg0.03Fe1.20Al0.80P2O8.05(OH)ĿH2O. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Rigaku XtaLAB Synergy-S (HyPix 

ʜʝʪʝʢʪʦʨ). ʇʘʨʘʤʝʪʨʳ ʤʦʥʦʢʣʠʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a = 9.8334(5) ¡, b = 9.6878(5) 

¡, c = 9.7761(5) ¡, ɓ = 102.702(4)Á; ʧʨ. ʛʨ. P21/n. ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʫʪʦʯʥʝʥʘ ʜʦ 

ʠʪʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ R1 = 4.59%, wR2 = 10.89%, GoF = 1.11% ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 742I > 

3ů(I). 

ʋʪʦʯʥʝʥʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʩʬʝʥʠʩʮʠʜʠʪʘ ʠʤʝʝʪ ʚʠʜ (Z = 4): 

[(NH4)0.73K0.27]{( Fe1.2Al 0.8)(PO4)2(OH)(H2O)}ĿH2O, ʛʜʝ ʬʠʛʫʨʥʳʝ ʩʢʦʙʢʠ ʦʙʦʟʥʘʯʘʶʪ 

ʩʦʩʪʘʚ ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʦʛʦ ʢʚʘʟʠʢʘʨʢʘʩʘ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʬʝʥʠʩʮʠʜʠʪʘ 

ʠʟ ʂʝʨʯʝʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʮʝʣʦʤ ʘʥʘʣʦʛʠʯʥʘ ʧʨʠʨʦʜʥʳʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʘʥʘʣʦʛʘʤ 

ʛʨʫʧʧʳ ʣʝʡʢʦʬʦʩʬʠʪʘ [2,3], ʘ ʝʝ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʯʝʪʳʨʝʭʷʜʝʨʥʳʝ 

[M4ű20]-ʢʣʘʩʪʝʨʳ (M = Fe
3+

; ű = O
2-

, OH
-
, H2O

0
). ɼʚʘ Fe2ű6-ʦʢʪʘʵʜʨʘ (<Fe2ïű> = 2.020 

¡) ʠʤʝʶʪ ʦʙʱʝʝ ʨʝʙʨʦ OHïOH ʠ ʦʙʨʘʟʫʶʪ ʮʝʥʪʨʘʣʴʥʳʡ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʜʠʤʝʨ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ Fe1ű6-ʦʢʪʘʵʜʨʳ (<Fe1ïű> = 2.008 ¡) ʩʚʷʟʘʥʳ ʩ ʜʠʤʝʨʦʤ 

ʯʝʨʝʟ ʦʙʱʫʶ OH-ʚʝʨʰʠʥʫ. ʉʦʩʝʜʥʠʝ [M4ű20]-ʢʣʘʩʪʝʨʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ PO4-

ʪʝʪʨʘʵʜʨʦʚ (<PïO> = 1.529 ¡ ʠ 1.533 ¡) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʧʦʨʠʩʪʦʛʦ ʢʚʘʟʠʢʘʨʢʘʩʘ. ʂʨʫʧʥʳʝ ʧʦʣʦʩʪʠ ʠ ʰʠʨʦʢʠʝ ʢʘʥʘʣʳ ʟʘʧʦʣʥʝʥʳ 

ʚʥʝʢʘʨʢʘʩʥʳʤʠ ʦʜʥʦʚʘʣʝʥʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, NH4
+
-ʛʨʫʧʧʦʡ, ʢʦʪʦʨʘʷ 

ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʝʪʩʷ ʢʘʪʠʦʥʦʤ K
+
, ʠ, ʚʝʨʦʷʪʥʦ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ H3O

+
, ʘ 

ʪʘʢʞʝ ʚʥʝʢʘʨʢʘʩʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 20-77-10065-ʇ. 

 

[1] Wilson M.J., Bain D.C. Mineral Mag., 1986, 50, 291ï293. 

[2] Cavellec M., Riou D., Ferey G. Acta Crystallogr. C., 1994, 50, 1379ï1381. 

[3] Choudhury A., Natarajan S. Proc. Ind. Acad. Sci., 1999, 111, 627ï637.  
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ʄʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʠʭ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʘʢʮʠʡ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ 

Cd7Cu2(SeO3)8Br2 ʠ ʨʘʩʰʠʬʨʦʚʘʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʫʨʢʪʫʨʘ. Cd7Cu2(SeO3)8Br2 

ʦʪʥʦʩʠʪʩʷ ʢ ʥʦʚʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ ʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ὖρ, 
a = 5.3280(5) ¡, b = 10.6190(12) ¡, c = 11.4380(13) ¡, Ŭ = 100.856(4) ̄, ɓ = 93.321(4)̄, ɔ = 

91.021(4) ̄ , V = 634.22(12) ¡
3
, R1 = 0.027. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʦʚʦʛʦ ʩʝʣʝʥʠʪ-

ʙʨʦʤʠʜʘ ʤʦʞʝʪ ʦʧʠʩʘʥʘ, ʢʘʢ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʧʦ ʧʨʠʥʮʠʧʫ çʛʦʩʪʴ-ʭʦʟʷʠʥè, ʠ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʤʦʥʦʢʣʠʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʝʣʝʥʠʪʘ ʢʘʜʤʠʷ ɓ-CdSeO3 (ʈʠʩ. 1).  

 
ʈʠʩʫʥʦʢ 1. ʆʙʱʘʷ ʧʨʦʝʢʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Cd7Cu2(SeO3)8Br2 ʚʜʦʣʴ ʦʩʠ a 

(ʩʣʝʚʘ) ʠ ʧʨʝʜʧʦʣʛʘʝʤʘʷ ʩʭʝʤʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʢʣʠʥʥʦʛʦ ɓ-CdSeO3 ʚ 

Cd7Cu2(SeO3)8Br2 (ʩʧʨʘʚʘ). (1) ɺʥʝʜʨʝʥʠʝ ʘʥʠʦʥʦʚ ʛʘʣʦʛʝʥʦʚ ʚ ʧʦʣʦʩʪʠ; (2) ɿʘʤʝʱʝʥʠʝ 

ʯʘʩʪʠ ʘʪʦʤʦʚ ʢʘʜʤʠʷ ʘʪʦʤʘʤʠ ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʤʝʜʠ; (3) ʇʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʩ 

ʤʦʥʦʢʣʠʥʥʦʡ ʜʦ ʪʨʠʢʣʠʥʥʦʡ. 

Figure 1. General projection of the crystal structure of Cd7Cu2(SeO3)8Br2 along the a axis 

(left) and imaginary scheme of the transformation of the monoclinic ɓ-CdSeO3 into 

Cd7Cu2(SeO3)8Br2 (right). (1) Incorporation of Br atoms into the cavities in the ɓ-CdSeO3 

framewok; (2) Replacement of the part of Cd
2+

 cations in the ɓ-CdSeO3 framework by Cu
2+

 

cations; (3) Lowering of the symmetry to triclinic. 

 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʝʩʫʨʩʥʦʤ ʮʝʥʪʨʝ ʉʇʙɻʋ 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè.  
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25 ʃɽʊ ʉʊʈʋʂʊʋʈʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʉʆɽɼʀʅɽʅʀʁ ʋʈɸʅɸ ʅɸ ʂɸʌɽɼʈɽ 

ʂʈʀʉʊɸʃʃʆɻʈɸʌʀʀ ʉɸʅʂʊ-ʇɽʊɽʈɹʋʈɻʉʂʆɻʆ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ 

ʋʅʀɺɽʈʉʀʊɽʊɸ 

 

ɻʫʨʞʠʡ ɺ.ɺ. ʠ ʅʘʟʘʨʯʫʢ ɽ.ɺ. 
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ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʢʘʬʝʜʨʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʉʇʙɻʋ ʚʦʪ ʫʞʝ ʯʝʪʚʝʨʪʴ ʚʝʢʘ, ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʤʝʥʪ ˉ92 ï ʫʨʘʥ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʙʦʣʝʝ ʜʝʩʷʪʠ ʩʦʩʪʦʷʚʰʠʭʩʷ ʫʩʧʝʰʥʳʭ ʟʘʱʠʪ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ 

ʫʯʸʥʳʭ ʩʪʝʧʝʥʝʡ ʢʘʥʜʠʜʘʪʦʚ ʠ ʜʦʢʪʦʨʦʚ ʥʘʫʢ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʫʨʩʦʚʳʭ ʠ ʚʳʧʫʩʢʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ 

ʟʘ ʵʪʠ ʛʦʜʳ ʩʪʫʜʝʥʪʘʤʠ ʢʘʬʝʜʨʳ, ʙʦʣʝʝ ʜʚʫʭ ʜʝʩʷʪʢʦʚ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ, 

ʧʦʜʜʝʨʞʘʥʥʳʭ ʛʨʘʥʪʘʤʠ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ, ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ, ʂʦʤʠʪʝʪʘ ʧʦ 

ʥʘʫʢʝ ʠ ʚʳʩʰʝʡ ʰʢʦʣʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʜʨ., ʠ ʢʦʥʝʯʥʦ ʞʝ, ʙʦʣʝʝ 

ʜʚʫʭʩʦʪ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʤʥʦʛʨʘʬʠʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʚʝʜʫʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʠʟʜʘʪʝʣʴʩʪʚʘʭ. ʄʦʞʥʦ ʩʤʝʣʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʘʥ-ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʚʝʜʸʥʥʳʝ ʧʨʠ ʫʯʘʩʪʠʠ ʩʦʪʨʫʜʥʠʢʦʚ 

ʢʘʬʝʜʨʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ, ʚʥʦʩʷʪ ʚʝʩʦʤʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʚʣʠʷʶʱʠʭ ʥʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʫʨʘʥʘ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʷʨʢʠʝ ʠ ʟʥʘʯʠʤʳʝ, ʥʘ ʚʟʛʣʷʜ ʘʚʪʦʨʦʚ, 

ʦʪʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʟʘ 25 ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ (ʧʨʦʝʢʪ ˉ 23-

17-00080). 
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ʅʆɺʓɽ ʃʖʄʀʅʆʌʆʈʓ ʅɸ ʆʉʅʆɺɽ ɹʆʈɸʊʆɺ BaBi2B2O7, ɸʂʊʀɺʀʈʆɺɸʅʅʓɽ 

ʀ ʉʆ-ɸʂʊʀɺʀʈʆɺɸʅʅʓɽ ɸʊʆʄɸʄʀ REE
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NEW PHOSPHORS BASED ON BORATES BaBi2B2O7, ACTIVATED AND CO-

ACTIVATED WITH REE
3+

 ATOMS 

 

Demina S.V.
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2
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1
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ʅʘ ʦʩʥʦʚʝ ʙʦʨʘʪʥʦʡ ʤʘʪʨʠʮʳ BaBi2B2O7 [1] ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ 

BaBi2īxEuxB2O7 [2], BaBi2īxSmxB2O7, BaBi2īxTbxB2O7, BaBi2īxEuxSm0.05B2O7, 

BaBi2ī0.15īyEu0.15SmyB2O7, BaBi2īxīy-zEuxTbyTmzB2O7. ʋʪʦʯʥʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʙʦʨʘʪʦʚ BaBi1.9Eu0.1B2O7, BaBi1.8Eu0.2B2O7, BaBi1.6Eu0.4B2O7, 

BaBi1.95Sm0.05B2O7, BaBi1.7Sm0.3B2O7, BaBi1.9Tb0.1B2O7, BaBi1.7Tb0.3B2O7, 

BaBi1.6Tb0.4B2O7. ɺ ʙʦʨʘʪʘʭ BaBi2īxSmxB2O7 ʘʪʦʤʳ Sm
3+

 ʟʘʩʝʣʷʶʪ ʧʦʟʠʮʠʶ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʧʦʣʠʵʜʨʘ ï ʄ2, ʚ ʙʦʨʘʪʘʭ BaBi2īxTbxB2O7 ʘʪʦʤʳ Tb
3+

 ʟʘʩʝʣʷʶʪ 

ʧʦʟʠʮʠʶ ʩ ʥʘʠʤʝʥʴʰʠʤ ʦʙʲʝʤʦʤ ʧʦʣʠʵʜʨʘ ï ʄ3, ʚ BaBi2īxEuxB2O7 ʘʪʦʤʳ Eu
3+

 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʟʘʩʝʣʷʶʪ ʧʦʟʠʮʠʶ ʄ1. ʀʟʫʯʝʥʦ ʪʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʙʦʨʘʪʘ 

BaBi1.7Sm0.3B2O7 ʤʝʪʦʜʘʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʜʦʣʴ ʦʩʠ 

ʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʘʢʪʠʚʘʮʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ BaBi2B2O7 ʘʪʦʤʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʆʧʪʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ Eu
3+

 ʚ ʣʶʤʠʥʦʬʦʨʘʭ BaBi2B2O7:Eu
3+
, ʩʦʩʪʘʚʣʷʝʪ x = 0.4, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʝ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʆʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʠʦʥʦʚ Sm
3+

 ʠ Tb
3+ 
ʚ ʣʶʤʠʥʦʬʦʨʘʭ BaBi2B2O7:Sm

3+
 ʠ BaBi2B2O7:Tb

3+
, ʩʦʩʪʘʚʣʷʝʪ x = 

0.05 ʠ x = 0.3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʜʦʧʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʧʦ ʬʦʨʤʫʣʝ 

BaBi2ī0.15īyEu0.15SmyB2O7 ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʘ-

ʘʢʪʠʚʘʪʦʨʘ ʦʪ 0.05 ʜʦ 0.1. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 22-13-00317) ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ñʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷò ʠ ñʆʧʪʠʯʝʩʢʠʝ ʠ ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘò ʅʘʫʯʥʦʛʦ 

ʧʘʨʢʘ ʉʇʙɻʋ. 

 

[1] ɹʫʙʥʦʚʘ ʈ.ʉ., ʐʘʙʣʠʥʩʢʠʡ ɸ.ʇ., ɺʦʣʢʦʚ ʉ.ʅ., ʌʠʣʘʪʦʚ ʉ.ʂ. ʌʠʟʠʢʘ ʠ ʭʠʤʠʷ ʩʪʝʢʣʘ, 

2016, 42(4), 469ï482. 

[2] Shablinskii, A.P., Povolotskiy, A.V., Kolesnikov, I.E., Biryukov, Y.P., Bubnova, R.S., 

Avdontceva, M.S., Demina, S.V., Filatov, S.K. Journal of Solid State Chemistry, 2022, 307. 
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ʄʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɓ-Rb2(SO4) ʠ Rb2Ca2(SO4)3. 

ʇʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ɼʉʂ+ʊɻ) ʜʣʷ ʘʥʘʣʠʟʘ ʵʥʜʦ- ʠ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ in situ ʚ ʩʫʣʴʬʘʪʘʭ Rb2(SO4) ʠ Rb2Ca2(SO4)3. 

ʉʫʣʴʬʘʪ Rb2Ca2(SO4)3 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʩ. ʪ. ʣʘʥʛʙʝʡʥʠʪʘ P213, a = 10.553(3) ¡ 

[1]. ʆʩʥʦʚʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ Rb2Ca2(SO4)3 ʷʚʣʷʝʪʩʷ ʢʘʨʢʘʩ Ca2(SO4)3, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʚʷʟʘʥʥʳʭ ʧʦ ʚʝʨʰʠʥʘʤ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ Ca(SO4)6. ʆʢʪʘʵʜʨ CaO6 

ʩʚʷʟʳʚʘʝʪʩʷ c ʪʝʪʨʘʵʜʨʘʤʠ SO4 ʧʦ ʚʝʨʰʠʥʘʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ Rb2Ca2(SO4)3 ʧʦʢʘʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ 25ð900 
ʦ
ʉ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʦʪ Ŭʘ = 

10.4(2) ʧʨʠ 25 
ʦ
ʉ ʜʦ Ŭʘ = 14.2(2) ʧʨʠ 900 

ʦ
ʉ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ɼʉʂ ʠ ʊɻ ʧʣʘʚʣʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1049 
ʦ
ʉ. 

‍-Rb2(SO4) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨ. ʛʨ. Pmcn (a = 5.9834(1), b = 10.4492(2), c = 

7.8292(2) ¡). ʆʩʥʦʚʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ‍-Rb2(SO4) [2] ʷʚʣʷʝʪʩʷ ʢʘʨʢʘʩ 

Rb2(SO4), ʩʦʩʪʦʷʱʠʡ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ Rb(SO4)6, ʩʚʷʟʘʥʥʳʭ 

ʧʦ ʚʝʨʰʠʥʘʤ. ʀʟʫʯʝʥʦ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʦʣʠʤʦʨʬʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ -170ð1000 
ʦ
ʉ. ʉʫʣʴʬʘʪ ‍-Rb2(SO4) ʠʩʧʳʪʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʦʪ ï170 ʜʦ ï130 
ʦ
ʉ (Ŭʘ = ï10.3(3), Ŭb = ï8.6(2), Ŭʩ = ï9.7(2) ʧʨʠ 

-170 
ʦ
ʉ). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 675 

ʦ
ʉ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ‍-Rb2(SO4) 

ʧʝʨʝʭʦʜʠʪ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ Ŭ-Rb2(SO4, ʢʦʪʦʨʳʡ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨ. ʛʨ. 

P63/mmc (a = 6.129(2), c = 8.460(5) ¡). ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ‍-

Rb2(SO4) ʜʦ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩʦʩʪʘʚʣʷʶʪ Ŭʘ = 36.9(6), Ŭb = 21.23(7), Ŭʩ = 144.4(8) 

ʧʨʠ 650 
ʦ
ʉ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ Ŭ-Rb2(SO4) ʧʦʩʣʝ ʧʦʣʠʤʦʨʬʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʩʦʩʪʘʚʣʷʶʪ Ŭʘ = 32.4(1), Ŭʩ = 92.1(9) ʧʨʠ 675 
ʦ
ʉ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

Ŭ-Rb2(SO4) ʪʘʢʞʝ ʩʣʘʛʘʝʪ ʢʘʨʢʘʩ Rb2(SO4), ʩʚʷʟʘʥʥʳʡ ʧʦ ʨʝʙʨʘʤ, ʘ ʩʪʨʫʢʪʫʨʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ Rb(SO4)6 ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʷ: ʘʪʦʤʳ 

ʢʠʩʣʦʨʦʜʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʩ ʟʘʩʝʣʝʥʥʦʩʪʴʶ 1/4 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ˉ23-77-10066) ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʉʇʙɻʋ ʈʎ ʈɼʄʀ 

 

[1] Boujelben M., Toumi M., Mhiri T. Acta Cryst., 2007, 63, 157. 

[2] ɺʦʨʦʥʢʦʚ ɸ.ɸ., ʀʣʶʭʠʥ ɺ.ɺ., ɹʝʣʦʚ ʅ.ɺ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, 1975, 20, 556ï566. 
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ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʦʤʦʱʠ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʰʘ ʢʦʤʘʥʜʘ 

ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʵʪʠʭ ʤʝʪʦʜʦʚ ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

1) ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʡ ʩʝʪʝʡ ʧʨʠ ʧʨʦʮʝʜʫʨʝ ʠʥʜʠʮʠʨʦʚʘʥʠʷ 

[1] ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʢʣʘʩʩʦʚ ʠ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ, ʠ ʦʮʝʥʢʠ ʦʙʲʸʤʘ 

ʷʯʝʡʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ. 

2) ɸʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʘʪʦʤʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ (ʕɸ), ʚ ʯʘʩʪʥʦʩʪʠ, ʤʫʣʴʪʠʧʦʧʫʣʷʮʠʦʥʥʳʡ 

ʜʚʫʭʢʨʠʪʝʨʠʘʣʴʥʳʡ ʕɸ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʭʦʜʠʪʴ 

ʨʝʰʝʥʠʝ ʩʪʨʫʢʪʫʨ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ 100+ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ (ʪ.ʝ. ʙʦʣʝʝ 

33 ʘʪʦʤʦʚ ʩ ʪʨʝʤʷ ʚʘʨʴʠʨʫʝʤʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ) [2].  

3) ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʘʚʘ ʩʣʦʞʥʳʭ 

ʤʥʦʛʦʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʚʘʨʠʘʪʠʚʥʳʤ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʚ (ʥʘʧʨʠʤʝʨ, ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʩ 

15+ ʬʘʟʘʤʠ) [3]. ɺʢʣʶʯʘʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʬʘʟʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʈʌɸ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʂʈʌɸ ʧʦ ʜʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

4) ʉʠʩʪʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʝʨʠʡ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʘʝʤʳʭ 

ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʩʪʨʦ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in situ [4]. ʆʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʙʥʳʡ ʚʳʙʦʨ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʩʝʨʠʠ ʜʣʷ ʘʥʘʣʠʟʘ, ʚʳʧʦʣʥʝʥʠʝ ʠʭ ʬʘʟʦʚʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʂʈʌɸ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʆʂʈ ʧʦ ʤʝʪʦʜʫ ʐʝʨʨʝʨʘ. 

 

[1] Zaloga A.N., Stanovov V.V., Bezrukova O.E., Dubinin P.S., Yakimov I.S. Materials 

Today Communications, 2020, 25, 1ï6. 

[2] Zaloga A.N., Burakov S.V., Yakimov I.S., Gusev K.A., Dubinin P.S. IOP Conf. Ser.: 

Mater. Sci. Eng., 2020, 734, 1ï9. 

[3] ʗʢʠʤʦʚ ʀ.ʉ., ɿʘʣʦʛʘ ɸ.ʅ., ɼʫʙʠʥʠʥ ʇ.ʉ., ʂʠʨʠʢ ʉ.ɼ. ʠ ʜʨ. XVI   ʤʝʞʜ. ʢʦʥʬ. 

çʄʝʪʘʣʣʫʨʛʠʷ ʮʚʝʪʥʳʭ, ʨʝʜʢʠʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚè ʂʨʘʩʥʦʷʨʩʢ, 2023, 250ï257. 

[4] ɿʘʣʦʛʘ ɸ.ʅ., ɼʫʙʠʥʠʥ ʇ.ʉ., ʗʢʠʤʦʚ ʀ.ʉ. ʠ ʜʨ. ʇʦʚʝʨʭʥʦʩʪʴ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ, 

ʩʠʥʭʨʦʪʨʦʥʥʳʝ ʠ ʥʝʡʪʨʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 2024, ʚ ʧʝʯʘʪʠ. 
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4
 ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ 

 

ɻʨʫʧʧʘ ʯʝʚʢʠʥʠʪʘ ʦʙʲʝʜʠʥʷʝʪ ʧʨʠʨʦʜʥʳʝ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʦʥʦʢʣʠʥʥʳʝ 

ʜʠʦʨʪʦʩʠʣʠʢʘʪʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ A4BC2D2(Si2O7)2O8 [1], ʛʜʝ A ï REE
3+

, Sr, Ca; B, C ʠ 

D ï Ti, Fe
2+

, Fe
3+

, Zr, Cr
3+

, Mg, Nb, Mn
2+

, Al. ʆʩʥʦʚʦʡ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʧʦʨʠʩʪʳʡ ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʠʡ ʢʚʘʟʠʢʘʨʢʘʩ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʜʚʫʤʷ 

ʪʠʧʘʤʠ ʩʣʦʝʚ ï ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʩʣʦʝʤ ʨʫʪʠʣʦʚʦʛʦ ʪʠʧʘ [C2D2O8] ʠʟ M2-4O6 ʦʢʪʘʵʜʨʦʚ ʠ 

ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʠʤ ʩʣʦʝʤ [B(Si2O7)] ʠʟ ʦʢʪʘʵʜʨʦʚ M1O6 ʠ Si2O7 ʜʠʦʨʪʦʛʨʫʧʧ. 

ɺʥʝʢʘʨʢʘʩʥʳʝ ɸ-ʢʘʪʠʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʢʨʫʧʥʳʭ ʢʘʥʘʣʘʭ. ɻʨʫʧʧʘ ʯʝʚʢʠʥʠʪʘ 

ʦʙʲʝʜʠʥʷʝʪ 12 ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʜʚʫʤ ʧʦʜʛʨʫʧʧʘʤ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʲʝʜʠʥʝʥʠʷ ʩʣʦʝʚ) ï ʯʝʚʢʠʥʠʪʘ ʠ ʧʝʨʨʴʝʨʠʪʘ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʦʬʰʝʬʝʨʠʪʘ-(Ce) (ʧʦʜʛʨʫʧʧʘ ʯʝʚʢʠʥʠʪʘ) [2] 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨ. ʛʨ. P21/m, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ ʣʦʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʦʚ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ, ʥʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʤʠʥʝʨʘʣʦʚ 

ʛʨʫʧʧʳ ʯʝʚʢʠʥʠʪʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʫʪʦʯʥʝʥʠʝ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʢʘʢ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʚʳʩʦʢʦʡ ʩʠʤʤʝʪʨʠʠ, ʪʘʢ ʠ ʚ ʥʠʟʢʦʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘʤʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʧʦʚʪʦʨʥʦʝ ʫʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʦʬʰʝʬʝʨʠʪʘ-(Ce) ʚ ʨʘʤʢʘʭ 

ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨ. ʛʨ. P21/a ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʥʝʝ ʤʘʩʩʠʚʘ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʨʘʤʢʘʭ P21/m, ʦʩʥʦʚʥʦʡ ʤʦʪʠʚ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʘʪʠʦʥʦʚ ʧʦʟʠʮʠʷʤ ʩʦʭʨʘʥʷʝʪʩʷ, ʭʦʪʷ ʠʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʟʠʮʠʡ ʦʥʦ 

ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʫʧʦʨʷʜʦʯʝʥʥʳʤ [3]. ʋʪʦʯʥʝʥʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ (Z = 

2): 
A1

(REE1.67Ca0.33) 
A2

(REE1.74Ca0.26) 
M1

(Mn0.76Fe0.24) 
M2

(Ti1.43Fe0.57) 
M3

(Ti0.65Fe0.35) 
M4

(Ti0.85Nb0.09Fe0.06) (Si2O7)2O8. 

ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʯʝʚʢʠʥʠʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʦʜʫʣʷʨʥʳʤ ʩʪʨʦʝʥʠʝʤ [4,5], ʘ 

ʪʘʢʞʝ ʧʨʠʥʘʜʣʝʞʘʪ ʧʦʣʠʩʦʤʘʪʠʯʝʩʢʦʡ ʩʝʨʠʠ c ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ {A4B(T2O7)2}{ C2D2O8} m 

(m = 1, 2) ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʘʪ ʤʦʜʫʣʠ ʨʫʪʠʣʦʚʦʛʦ ʪʠʧʘ [6]. ɺʳʧʦʣʥʝʥʥʳʡ ʥʘʤʠ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʛʨʫʧʧʳ ʯʝʚʢʠʥʠʪʘ ʚ ʨʘʤʢʘʭ ʬʦʨʤʘʣʠʟʤʘ OD-ʪʝʦʨʠʠ [7] ʧʦʟʚʦʣʠʣ ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʚ 

ʝʜʠʥʦʝ OD-ʩʝʤʝʡʩʪʚʦ, ʩʠʤʤʝʪʨʠʷ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʝʜʠʥʳʤ OD-ʛʨʫʧʧʦʠʜʦʤ [3]. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ20-77-10065-ʇ. 

 

[1] Macdonald et al. Amer. Mineral., 2019, 104(3), 348ï369. 

[2] Chukanov N.V. et al. New Data on Minerals, 2012, 47, 33ï42. 

[3] ɸʢʩʝʥʦʚ ʉ.ʄ. ʠ ʜʨ. ʃʠʪʦʩʬʝʨʘ, 2024. (ʚ ʧʝʯʘʪʠ) 

[4] Ferraris G., Makovicky E.,Merlino S. Crystallography of Modular Materials. OUP, 2008. 

[5] Malcherek et al. Phys. Chem. Miner. 2021, 2021, 48(2), 10. 

[6] Wang S., Hwu S.-J. JACS, 1992, 114, 6920ï6922. 

[7] ɸʢʩʝʥʦʚ ʉ.ʄ. ʠ ʜʨ. ɾʫʨʥʘʣ ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠ, 2023, 64(10), 117102. 
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ʈʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʧʦʣʠʵʜʨ ʧʝʥʪʘʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘ ʢʨʝʤʥʠʷ ʚ  

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ sp
3
dz

2
 ïʛʠʙʨʠʜʥʳʭ 

ʦʨʙʠʪʘʣʝʡ ʵʪʦʛʦ ʘʪʦʤʘ. ʀʟʚʝʩʪʝʥ ʧʦʜʭʦʜ ʢ ʵʪʦʤʫ ʷʚʣʝʥʠʶ ʌ. ʃʠʙʘʫ [1]. ʋʛʣʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʦʤʘ ʢʨʝʤʥʠʷ ʚ ʤʦʣʝʢʫʣʘʭ ʦʪ ʠʜʝʘʣʴʥʦʡ  sp
3
-
 
 ʜʦ ʠʜʝʘʣʴʥʦʡ sp

3
dz

2 
ï 

ʢʦʦʨʜʠʥʘʮʠʠ  ʟʘʚʠʩʠʷʪ ʦʪ ʤʝʞʘʪʦʤʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ SiŶO. ʅʘʡʜʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʦʨʛʘʥʠʣ(ʪʨʠʬʪʦʨʩʠʣʘʥʦʚ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʧʨʝʨʳʚʥʳʡ  ʧʝʨʝʭʦʜ 

ʚʘʣʝʥʪʥʳʭ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʠ 

ʘʢʩʠʘʣʴʥʳʭ ʫʛʣʦʚ ʘʪʦʤʘ ʢʨʝʤʥʠʷ 

(ʨʠʩ.).  

        ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ï ʢʘʢ ʦʙʲʷʩʥʠʪʴ 

çʧʷʪʝʨʥʫʶè ʢʦʦʨʜʠʥʘʮʠʶ ʘʪʦʤʘ 

ʢʨʝʤʥʠʷ ʚ ʠʟʫʯʝʥʥʳʭ  

ʦʨʛʘʥʠʣ(ʪʨʠʬʪʦʨʩʠʣʘʥʘʭ), ʥʘʟʚʘʥʥʳʭ 

ʥʘʤʠ  çʜʨʘʢʦʥʦʠʜʘʤʠè? ʅʘʠʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʵʪʦ ʦʧʠʩʘʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʦʨʠʠ ʪʨʝʭʮʝʥʪʨʦʚʳʭ  ʩʚʷʟʝʡ,  

ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʢʨʝʤʥʠʷ ʠʩʧʦʣʴʟʫʝʪ 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ ʩ ʣʠʛʘʥʜʘʤʠ ns 

ï ʠ np- ʦʨʙʠʪʘʣʠ, ʚʢʣʘʜ ʞʝ nd ï 

ʦʨʙʠʪʘʣʝʡ ʥʘʩʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʝʥ, ʯʪʦ ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ [2,3].  ʊʝʦʨʠʷ 

ʪʨʝʭʮʝʥʪʨʦʚʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʜʝʩʴ ʙʦʣʝʝ ʩʪʨʦʛʦʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ  ʪʝʦʨʠʝʡ ʧʦʣʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ 

ʢʨʝʤʥʠʷ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʪʝʦʨʠʠ, ʚ ʤʦʣʝʢʫʣʘʭ (O-Si)(ʘʨʦʠʣʦʢʩʠʤʝʪʠʣ)ʪʨʠʬʪʦʨʩʠʣʘʥʦʚ ʠ 

ʠʭ ʘʥʘʣʦʛʦʚ ʘʢʩʠʘʣʴʥʳʝ ʘʪʦʤʳ ʬʪʦʨʘ ʠ ʢʠʩʣʦʨʦʜʘ ʦʙʨʘʟʫʶʪ ʩ ʘʪʦʤʦʤ ʢʨʝʤʥʠʷ 

ʛʠʧʝʨʚʘʣʝʥʪʥʫʶ  ʯʝʪʳʨʝʭʵʣʝʢʪʨʦʥʥʫʶ ʪʨʝʭʮʝʥʪʨʦʚʫʶ  ʩʚʷʟʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʦʣʝʢʫʣʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʜʦʧʫʱʝʥʠʡ, ʤʦʜʝʣʴ ʛʠʧʝʨʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ 
ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʦ ʦʧʠʩʳʚʘʝʪ ʠʭ ʵʣʝʢʪʨʦʥʥʫʶ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʉ ʙʣʘʛʦʜʘʨʥʦʩʪʴʶ ʤʦʠʤ ʫʯʠʪʝʣʷʤ ʘʢʘʜʝʤʠʢʫ ʈɸʅ ʄ.ɻ.ɺʦʨʦʥʢʦʚʫ ʠ ʜʦʢʪʦʨʫ ʛ-

ʤ.ʥ.  ɸ.ɸ.ʂʘʰʘʝʚʫ. 
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ɺ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʠʘʪʨʝʤʘʭ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤ ʤʠʨʘ ʩʨʝʜʠ ʚʪʦʨʠʯʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʩʫʣʴʬʠʜʳ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʩʫʣʴʬʠʜʦʚ ʦʙʨʘʟʫʶʪ ʜʨʫʟʳ ʠʣʠ  ʢʨʠʩʪʘʣʣʳ ʚ ʨʘʟʜʫʚʘʭ ʢʘʨʙʦʥʘʪʥʳʭ 

ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ. ʇʠʨʠʪ ʦʙʨʘʟʫʝʪ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʠʘʪʨʝʤʘʭ  ʢʘʢ ʩʧʣʦʰʥʳʝ ʤʘʩʩʳ ʠ 

ʘʛʨʝʛʘʪʳ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ ʠʭ ʜʨʫʟʳ. ɺʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʮʠʡ 

ʧʠʨʠʪʘ: 1 ʛʝʥʝʨʘʮʠʷ ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʩ ʤʦʟʘʠʯʥʦ-ʙʣʦʢʦʚʳʤ ʩʪʨʦʝʥʠʝʤ 

ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʪʨʝʱʠʥʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʜʨʫʟʘʤʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʢʘʣʴʮʠʪʘ. ʇʠʨʠʪ 

ʇ ʛʝʥʝʨʘʮʠʠ ï ʙʦʣʝʝ ʤʝʣʢʠʡ, ʥʘʨʘʩʪʘʶʱʠʡ ʥʘ ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ, ʛʜʝ ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʦʪʨʘʞʝʥʠʷ, ʨʘʚʥʳʝ 0,238; 0,1914 ʠ 0,103 ʥʤ. ʄʘʨʢʘʟʠʪ 

ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʦʨʦʜ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʧʨʦʞʠʣʢʦʚ ʠ ʢʘʡʤ ʚʦʢʨʫʛ 

ʚʢʨʘʧʣʝʥʥʦʛʦ ʩʝʨʧʝʥʪʠʥʘ ʠ ʜʨʫʛʠʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʤʠʥʝʨʘʣ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʢʫʙʠʯʝʩʢʠʭ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʢʨʦʤʝ ʛʨʘʥʝʡ 

ʧʠʥʘʢʦʠʜʘ ʦʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʜʠʧʠʨʘʤʠʜʳ, ʧʨʠʜʘʶʱʠʝ ʜʨʫʟʘʤ ʪʘʢʠʭ 

ʚʳʜʝʣʝʥʠʡ ʛʨʝʙʝʥʯʘʪʳʡ ʦʙʣʠʢ. ʉʬʘʣʝʨʠʪ ʫʩʪʘʥʦʚʣʝʥ ʥʘʤʠ ʚ ʥʝʢʦʪʦʨʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʩʫʣʴʬʠʜʘʤʠ. ʅʘ 

ʩʪʝʥʢʘʭ ʪʨʝʱʠʥ ʤʠʥʝʨʘʣ ʦʙʨʘʟʫʝʪ ʠʜʠʦʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ 

ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʦ ʩʝʨʠʠ ʦʪʨʘʞʝʥʠʡ ʩ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ, ʨʘʚʥʳʤʠ 

0,312; 0,2714; 0,1910 ʠ 0,1636 ʥʤ. ʇʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʬʘʣʝʨʠʪʘ (ʘʦ = 

0,8411 ʥʤ) ʧʦʜʯʝʨʢʠʚʘʝʪ ʝʛʦ ʯʠʩʪʦʪʫ ʚ ʦʪʜʝʣʴʥʳʭ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʚʳʜʝʣʝʥʠʷʭ. 

ɻʘʣʝʥʠʪ ʚʩʪʨʝʯʝʥ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʥʝʢʦʪʦʨʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʠʘʪʨʝʤ ʩ ʛʘʙʠʪʫʩʘʤʠ: ʘ) ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʩ ʧʦʜʯʠʥʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʢʫʙʘ ʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘ; ʙ) ʢʫʙʠʯʝʩʢʠʡ, ʛʜʝ ʧʦʜʯʠʥʝʥʳ ʛʨʘʥʠ ʦʢʪʘʵʜʨʘ ʠ 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘ; ʚ) ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʠʡ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ 

ʤʠʥʝʨʘʣʫ ʧʨʠʥʘʜʣʝʞʘʪ ʨʝʬʣʝʢʩʳ ʩ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ 0,296 ʠ 0,211ʥʤ; ʘʦ 

= 0,592 ʥʤ. ʄʠʣʣʝʨʠʪ ʦʪʤʝʯʝʥ ʚʦ ʤʥʦʛʠʭ ʜʠʘʪʨʝʤʘʭ ʚ ʚʠʜʝ ʧʨʠʤʝʩʠ ʚ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ ʩʫʣʴʬʠʜʦʚ. ɺʩʪʨʝʯʘʝʪʩʷ ʤʠʥʝʨʘʣ ʠ ʚ ʩʝʨʧʝʥʪʠʥ-ʢʘʣʴʮʠʪʦʚʳʭ 

ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ ʧʦ ʦʣʠʚʠʥʫ, ʚ ʧʫʩʪʦʪʘʭ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʚʢʣʶʯʝʥʠʡ 

ʚ ʧʨʦʞʠʣʢʘʭ ʢʘʣʴʮʠʪʘ. ʇʠʨʨʦʪʠʥ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʧʦ ʤʝʣʢʠʤ ʪʨʝʱʠʥʘʤ. 

ʏʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʦʥ ʚ ʚʠʜʝ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʤʝʣʢʠʭ ʘʛʨʝʛʘʪʦʚ ʚ ʢʘʣʴʮʠʪʦʚʳʭ 

ʧʨʦʞʠʣʢʘʭ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʬʣʝʢʩʳ ʩ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤʠ 

ʨʘʩʩʪʦʷʥʠʷʤʠ, ʨʘʚʥʳʤʠ 0,298; 0,264 ʠ 0,207 ʥʤ. ʊʦʯʠʣʠʥʠʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʚʦ ʤʥʦʛʠʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʠʘʪʨʝʤʘʭ, ʛʜʝ ʝʛʦ ʘʛʨʝʛʘʪʳ ʠʤʝʶʪ ʯʝʨʥʳʡ ʮʚʝʪ ʩ ʙʨʦʥʟʦʚʳʤ ʦʪʪʝʥʢʦʤ. 

ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʤʠʥʝʨʘʣ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʦ ʨʝʬʣʝʢʩʘʤ ʩ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤʠ 

ʨʘʩʩʪʦʷʥʠʷʤʠ 1,065 ʠ 0,537 ʥʤ. ʍʘʣʴʢʦʧʠʨʠʪ ʫʩʪʘʥʦʚʣʝʥ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʦʪʜʝʣʴʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʠʘʪʨʝʤ, ʛʜʝ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʦ ʩʝʨʠʠ 

ʦʪʨʘʞʝʥʠʡ 0,303; 0,258; 0,186 ʠ 0,158 ʥʤ. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʠʥʝʨʘʣʘ: ʘʦ 

= 0,527 ʥʤ; ʩʦ = 1,039 ʥʤ.  ʆʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʠʜʦʚ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʫʣʴʬʠʜʦʚ 

ʞʝʣʝʟʘ) ʧʨʦʠʩʭʦʜʠʪ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʦʩʢʦʣʴʢʫ ʟʘʨʘʞʝʥʠʝ ʪʨʝʱʠʥʥʳʭ ʚʦʜ 
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ʩʝʨʦʚʦʜʦʨʦʜʦʤ ʚ ʥʝʢʦʪʦʨʳʭ ʜʠʘʪʨʝʤʘʭ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ. ʉʫʣʴʬʠʜʳ ʚʳʜʝʣʷʣʠʩʴ ʠ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʩʪʘʜʠʶ ʧʨʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ 

ʚʢʣʶʯʝʥʠʷ ʧʠʨʠʪʘ ʚ ʘʤʝʪʠʩʪʝ. ɻʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʝʨʳ ʜʣʷ ʩʫʣʴʬʠʜʦʚ ʙʳʣʠ 

ʚʤʝɦʘʶʱʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʜʠʘʪʨʝʤʳ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʠ ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʦʩʘʜʦʯʥʳʝ 

ʪʦʣʱʠ, ʪʨʝʱʠʥʥʳʝ ʚʦʜʳ ʢʦʪʦʨʳʭ (ʢʘʢ ʠ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ) 

ʙʳʣʠ ʦʙʦʛʘʱʝʥʳ ʩʝʨʦʚʦʜʦʨʦʜʦʤ. 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʍʀʄʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸ ʀ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʂɸʊʀʆʅʆɺ ɺ 

ʂʈʀʉʊɸʃʃʀʏɽʉʂʆʁ ʉʊʈʋʂʊʋʈɽ ʃʆɹɸʅʆɺʀʊɸ ʉ ɻʆʈʓ ʂʆɸʐɺɸ ɺ 

ʍʀɹʀʅʉʂʆʄ ʄɸʉʉʀɺɽ (ʂʆʃʔʉʂʀʁ ʇʆʃʋʆʉʊʈʆɺ) 
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DnWA2 [1,2] h ʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʘʛʧʘʠʪʦʚʳʭ ʧʦʨʦʜʘʭ 

ʍʠʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʅʘʤʠ ʙʳʣ ʠʟʫʯʝʥ ʣʦʙʘʥʦʚʠʪ (çʤʘʛʥʝʟʠʦʘʩʪʨʦʬʠʣʣʠʪè) ʠʟ 

ʧʝʛʤʘʪʠʪʘ, ʚʩʢʨʳʪʦʛʦ ʂʦʘʰʚʠʥʩʢʠʤ ʢʘʨʴʝʨʦʤ ɺʦʩʪʦʯʥʦʛʦ ʨʫʜʥʠʢʘ ɸʆ çɸʧʘʪʠʪè ʥʘ 

ʛʦʨʝ ʂʦʘʰʚʘ (ʍʠʙʠʥʩʢʠʡ ʱʝʣʦʯʥʦʡ ʤʘʩʩʠʚ) [3]. ʃʦʙʘʥʦʚʠʪ ʦʙʨʘʟʫʝʪ ʦʢʨʫʛʣʳʝ ʪʸʤʥʦ-

ʢʦʨʠʯʥʝʚʳʝ ʘʛʨʝʛʘʪʳ ʚʝʣʠʯʠʥʦʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʪʜʝʣʴʥʳʭ 

ʭʦʨʦʰʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʣʠʥʥʦʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʦʤ ʜʦ 1 ʤʤ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Tescan Vega-II  XMU (ʨʝʞʠʤ EDS, 

20 ʢɺ, 400 ʧɸ). ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʣʦʙʘʥʦʚʠʪʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ 8 ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ, 

ʠʤʝʝʪ ʚʠʜ (Z = 2): (Na1.90K1.86Ca0.18Ba0.02) (Fe3.04Mg1.89Mn0.89Al 0.05Cr0.01) (Ti1.77Nb0.05)Si8O24 

(OH,O)6+x. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʦʙʘʥʦʚʠʪʘ ʚʳʧʦʣʥʝʥʳ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Rigaku XtaLAB Synergy-S (MoKŬ-

ʠʟʣʫʯʝʥʠʝ). ʇʘʨʘʤʝʪʨʳ ʤʦʥʦʢʣʠʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a = 5.3329(1), b = 

23.1500(5), c = 10.3844(2) ¡, ɓ = 99.640(2)Á, V = 1263.92(4) ¡
3
; ʧʨ. ʛʨ. C2/m (Rint = 2.1%). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʪʠʦʥʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʪʦʷʥʠʡ ʢʘʪʠʦʥ-ʘʥʠʦʥ, ʘ ʪʘʢʞʝ ʩ 

ʫʯʝʪʦʤ ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ. ʉʪʨʫʢʪʫʨʘ ʫʪʦʯʥʝʥʘ ʜʦ ʠʪʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ R = 2.8% ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʘʪʦʤʥʳʭ ʩʤʝʱʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

1918 ʦʪʨʘʞʝʥʠʡ ʩ I > 3ů(I) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ JANA2006 [4]. 

ʋʪʦʯʥʝʥʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʚʠʜ (Z = 2): 
A
(K0.93Ba0.01Ǐ0.06)2 

B
(Na0.95Ca0.05) [

M1
Na 

M2
(Mn0.445Fe

2+
0.375Na0.115Ca0.065)2 

M3
(Fe

2+
0.625Mg0.375)2 

M4
(Mg0.57Fe

2+
0.43)2 

(OH)4] [
D
(Ti0.885Fe

3+
0.09Nb0.025)O(Si4O12)]ʆʅ0.1]2, ʛʜʝ ʢʚʘʜʨʘʪʥʳʤʠ ʩʢʦʙʢʘʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʣʶʯʝʚʳʝ ʬʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ï ʮʝʥʪʨʘʣʴʥʳʡ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ O-ʩʣʦʡ ʠ ʚʥʝʰʥʠʝ ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʠʝ H-ʩʝʪʢʠ. ɺ ʮʝʣʦʤ, ʠʟʫʯʝʥʥʳʡ 

ʦʙʨʘʟʝʮ ʣʦʙʘʥʦʚʠʪʘ ʙʣʠʟʦʢ ʢ ʦʧʠʩʘʥʥʳʤ ʨʘʥʝʝ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʦʚ ʧʦ ʧʦʟʠʮʠʷʤ. ʊʘʢ, ʚ D-ʧʦʟʠʮʠʠ, ʥʘʨʷʜʫ ʩ ʪʠʪʘʥʦʤ, ʚʧʝʨʚʳʝ 

ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʤʝʩʴ ʞʝʣʝʟʘ ʠ ʥʠʦʙʠʷ, ʘ ʚ ʤʝʞʧʘʢʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʳʷʚʣʝʥʦ 

ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʦʚ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ ʥʘ ʙʘʨʠʡ ʠ ʢʘʣʴʮʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ 

ʥʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧʨʝʜʳʜʫʱʠʭ ʧʫʙʣʠʢʘʮʠʷʭ. 

mailto:aks.crys@gmail.com
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[1] Sokolova E. et al. Mineralogical Magazine, 2017. 81. 143ï153. 

[2] ʗʤʥʦʚʘ ʅ.ɸ., ɸʢʩʝʥʦʚ ʉ.ʄ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, 2022. 67. 153ï169. 
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ʆʢʩʦʛʘʣʦʛʝʥʠʜʳ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʢʘʢ ʦʢʩʠʜʦʚ, ʪʘʢ ʠ ʛʘʣʦʛʝʥʠʜʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢ ʥʠʤ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʠʭ 

ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʥʘʧʨʠʤʝʨ, ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʝ 

ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ ʚ ʀʂ ʦʙʣʘʩʪʠ, ʥʝʦʙʭʦʜʠʤ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʀʂ-ʧʨʦʧʫʩʢʘʥʠʷ, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʦʢʩʦʛʘʣʦʛʝʥʠʜʘʭ ʩʚʠʥʮʘ 

ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ Pb-O ʦʙʳʯʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʨʝʜʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ c ʧʠʢʦʤ ʧʨʠ 722 ʩʤ
-1

 

(Ḑ14 ʤʢʤ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʚʦʣʴʥʦ 
ʙʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ.  

ʄʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʥʝʜʘʚʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ TlPb8O4Br9 [1] ʠ RbPb8O4Cl9 [2], ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʠʣʴʥʳʤ 

ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʝʤ. ɼʣʷ ʧʦʠʩʢʘ ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʥʘʤʠ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʩʠʥʪʝʟʦʚ ʧʫʪʝʤ ʧʝʨʝʙʦʨʘ ʩʦʯʝʪʘʥʠʡ ʱʝʣʦʯʥʳʭ ʢʘʪʠʦʥʦʚ ʠ 

ʛʘʣʦʛʝʥʠʜʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ MPb8O4X9 (M = K, Rb, Cs; X = Cl, Br). ɺʩʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʠʟ ʩʝʙʷ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʚʝʱʝʩʪʚʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʤʝʩʥʳʭ ʬʘʟ.  

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʧʦʤʦʱʴʶ ʧʦʨʦʰʢʦʚʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Rigaku Miniflex  II  (CuKα-ʠʟʣʫʯʝʥʠʝ). 



78 
 

ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʜʠʫʩʘ ʢʘʢ 

ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ, ʪʘʢ ʠ ʫʚʝʣʠʯʝʥʠʶ ʨʘʜʠʫʩʘ ʛʘʣʦʛʝʥʠʜʘ. ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʘ = 11.927(1) ¡ ʠ ʩ = 7.953(1) ¡ ʜʦ ʘ = 12.434(2) ¡  ʠ ʩ = 8.238(2) ¡. 

 ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ RbPb8O4Br9 ʠʟʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Bruker APEX II DUO (MoKα-ʠʟʣʫʯʝʥʠʝ). ʇʘʨʘʤʝʪʨʳ 
ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a = 12.3817(4) ¡, c = 8.2215(3) ¡; V = 1260.4(1) 

¡
3
; ʧʨ. ʛʨ. P4/n. ʉʪʨʫʢʪʫʨʘ ʫʪʦʯʥʝʥʘ ʜʦ ʠʪʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ R = 3.34% c 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1224 ʦʪʨʘʞʝʥʠʡ Fo > 4sig(Fo). 

 

[1] Keller H.-L. Z. Anorg. Allg. Chem. 1982 491, 191-198  

[2] Fan Z., Bai C., Shi H., Zhang M., Zhang B., Zhang J., Li J. Dalton Trans., 2021, 50, 

14038 
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ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

K3Mn4Si10O24.33(H2O,OH)3/V,B (I) ʠ K2Mn3O(OH)[VO4][V2O7] (II) [1,2], ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʙʘʟʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨ ī ʟʫʙʯʘʪʳʝ ʮʝʧʦʯʢʠ ʠʟ ʦʢʪʘʵʜʨʦʚ ʤʘʨʛʘʥʮʘ. 

ʊʘʢ, ʚ ʩʪʨʫʢʪʫʨʝ (I) ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʢʣʘʩʪʝʨʦʚ ʤʘʨʛʘʥʮʝʚʳʭ ʦʢʪʘʵʜʨʦʚ ʩ 

ʪʦʧʦʣʦʛʠʝʡ, ʦʧʠʩʘʥʥʦʡ ʚ ʤʠʥʝʨʘʣʘʭ ʩʠʤʘʥʠʪʝ ʠ ʣʠʧʩʢʦʤʙʠʪʝ. ʄʘʨʛʘʥʮʝʚʳʝ ʮʝʧʦʯʢʠ 

ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʢʘʥʘʣʳ ʩʠʣʠʢʘʪʥʦʛʦ ʢʘʨʢʘʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʜʝʬʝʢʪʥʦʩʪʠ ʠʟ-ʟʘ ʚʘʢʘʥʩʠʡ ʠ ʧʨʠʤʝʩʝʡ. ʀʟʦʩʪʨʫʢʪʫʨʥʘʷ ʩʠʣʠʢʘʪʫ ʮʦʠʟʠʪʫ, ʬʘʟʘ (II) 

ʦʙʨʘʟʦʚʘʥʘ ʮʝʧʦʯʢʘʤʠ ʠʟ ʧʦʣʠʵʜʨʦʚ ʜʚʫʭ- ʠ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʤʘʨʛʘʥʮʘ, ʦʙʲʝʜʠʥʝʥʥʳʭ 

ʩʣʦʞʥʳʤ ʚʘʥʘʜʘʪʥʳʤ ʘʥʠʦʥʦʤ, ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʦʛʦ ʧʘʨʘʢʘʨʢʘʩʘ, 

ʧʫʩʪʦʪʳ ʢʦʪʦʨʦʛʦ ʟʘʩʝʣʝʥʳ ʘʪʦʤʘʤʠ ʢʘʣʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʝʱʝ ʣʠʰʴ ʦʜʥʦ 

ʩʦʝʜʠʥʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʨʪʦ- ʠ ʜʠʦʨʪʦʚʘʥʘʜʘʪʥʳʝ ʛʨʫʧʧʳ ï ʤʠʥʝʨʘʣ 

ʢʘʡʥʦʪʨʦʧʠʪ ʠʟ ʬʫʤʘʨʦʣ ʗʜʦʚʠʪʘʷ ʚʫʣʢʘʥʘ ʊʦʣʙʘʯʠʢ, ʂʘʤʯʘʪʢʘ [3].  

mailto:yakubovich.olga320@gmail.com
mailto:lshvanskaya@mail.ru
mailto:g-biralo@yandex.ru
mailto:yakubovich.olga320@gmail.com
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʫʙʯʘʪʳʝ ʮʝʧʦʯʢʠ ʠʟ ʤʘʨʛʘʥʮʝʚʳʭ ʦʢʪʘʵʜʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʥʦʚʳʭ ʬʘʟ, ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʠʟʢʦʨʘʟʤʝʨʥʳʤ ʤʘʛʥʝʪʠʟʤʦʤ ʠ ʬʨʫʩʪʨʘʮʠʝʡ. ʊʘʢ, ʢʨʠʩʪʘʣʣʳ 

K3Mn4Si10O24.33(H2O,OH)3/V,B ʥʝ ʧʨʦʷʚʣʷʶʪ ʧʨʠʟʥʘʢʦʚ ʜʘʣʴʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʚʧʣʦʪʴ ʜʦ 2 ʂ. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ K2Mn3O(OH)[VO4][V2O7] ʧʝʨʝʭʦʜ ʚ 

ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʷʭ 

ʪʝʧʣʦʝʤʢʦʩʪʠ, ʥʦ ʥʝ ʥʘ ʢʨʠʚʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʈʘʩʯʝʪʳ ʩʧʠʥʦʚʳʭ 

ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʢʣʘʜ ʚ ʤʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʦʪ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʘʩʢʠʨʫʝʪ ʥʘʙʣʶʜʘʝʤʦʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʦʩʥʦʚʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. 

 

[1] Yakubovich O., Shvanskaya L., Kiriukhina G. et al. CrystEngComm, 2022, 24, 6964ï

6973.  

[2] Yakubovich O., Shvanskaya L., Kiriukhina G. et al. Inorg. Chem., 2023, 62, 14180ï

14190. 

[3] Pekov I., Zubkova N., Yapaskurt V. et al. Canad. Mineral., 2020, 58, 155ï165.  
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ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʠ ʣʘʥʪʘʥʦʠʜʘʤʠ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʫʢʣʝʘʟ ʠ ʢʦʥʪʨʘʩʪʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʛʣʠʮʠʥʦʤ, ʘʣʘʥʠʥʦʤ ʠ ʧʨʦʣʠʥʦʤ. ʇʨʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʦʧʠʩʘʥʳ ʩʭʝʤʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ. 
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ʈʠʩʫʥʦʢ. ʉʪʨʫʢʪʫʨʘ [Dy2 (Gly)6Ŀ7H2O](ClO4)6 (ʮʠʩ) ʠ [Eu2(Gly)6Ŀ9H2O](ClO4)6 (ʪʨʘʥʩ) 

(i) - ʜʚʦʡʥʦʡ ʙʠʜʝʥʪʘʪʥʳʡ ʤʦʩʪʠʢ, (ɛ2-ɖ
1
ɖ

1
)2,  

(ii ) - ʯʝʪʳʨʝʭʢʨʘʪʥʳʡ ʭʝʣʘʪʥʳʡ ʤʦʩʪʠʢ   (ɛ2-ɖ
2
ɖ

1
)1 + (ɛ2-ɖ

1
ɖ

1
)3  

Figure. Structure of [Dy2 (Gly)6Ŀ7H2O](ClO4)6 (cis) ʠ [Eu2(Gly)6Ŀ9H2O](ClO4)6 (trans) 

(i) - double bidentate bridge, (ɛ2-ɖ
1
ɖ

1
)2,  

(ii) - quadruple chelate bridge  (ɛ2-ɖ
2
ɖ

1
)1 + (ɛ2-ɖ

1
ɖ

1
)3  

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʙʘʟʦʚʘʷ ʯʘʩʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʧʨʦʝʢʪ ˉ FSWR-

2023-0025). 

 

[1] Knyazev A.V., Alahmad A.K., Somov N.V., Knyazeva S.S., Markin A.V. Journal of 

Chemical Crystallography, 2021, 51, 491ï496. 

[2] Knyazev A.V., Somov N.V., Shipilova A.S., Gusarova E.V., Knyazeva S.S., Stepanova 

O.V., Chuprunov E.V. Journal of Molecular Structure, 2017, 1141, 164-169. 
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ɻʠʜʨʦʢʩʠʣʘʧʘʪʠʪ (ɻɸʧ, Ca5(PO4)3OH), ʦʩʥʦʚʥʦʡ ʤʠʥʝʨʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʢʦʩʪʝʡ 

ʠ ʟʫʙʦʚ ʯʝʣʦʚʝʢʘ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʠʦʤʝʜʠʮʠʥʝ. ɼʚʫʭʚʘʣʝʥʪʥʳʝ ʧʝʨʝʭʦʜʥʳʝ 

ʤʝʪʘʣʣʳ (Me
2+

 = Mn, Fe, Co, Ni, Zn) ʩʧʦʩʦʙʥʳ ʟʘʤʝʱʘʪʴ ʢʘʣʴʮʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ɻɸʧ, ʥʘʜʝʣʷʷ ʝʛʦ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʎʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʷʚʠʪʴ 

ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʭʦʞʜʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ɻɸʧ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʤʘʛʥʠʪʥʳʝ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ɻɸʧ. 

ʇʨʦʚʝʜʝʥʳ ʩʠʥʪʝʟʳ ɻɸʧ ʠʟ ʨʘʩʪʚʦʨʦʚ (T = 90, 150, 200ÁC) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠʤʝʩʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʘʥʠʦʥʦʚ F
-
 ʠ Cl

-
. 
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ʇʦʣʫʯʝʥʥʳʝ ʧʦʨʦʰʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ, 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʠ EDX ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʤʘʛʥʠʪʦʤʝʪʨʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ 

ʜʠʬʬʫʟʠʠ ʜʠʩʢʘ ʥʘ ʙʘʢʪʝʨʠʷʭ Escherichia coli ʠ Staphylococcus aureus. 

ɺʭʦʞʜʝʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʇʕʗ (ʩ>a) ɻɸʧ. 

ʇʨʝʜʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Me
2+

 ʟʘʚʠʩʷʪ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪ ʙʣʠʟʦʩʪʠ RMe2+ ʢ RCa2+ ʠ 

ʨʘʥʞʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: Ni < Zn < Fe < Co < Mn. ʇʦ ʜʘʥʥʳʤ ʫʪʦʯʥʝʥʠʷ 

ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ, Me
2+

 ʚʭʦʜʷʪ ʚ ʧʦʟʠʮʠʶ Ca1. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʨʝʜʝʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʘʤʦʨʬʠʟʘʮʠʷ ɻɸʧ (Mn, Co, Fe) ʣʠʙʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʨʫʛʠʭ 

ʬʦʩʬʘʪʦʚ (Ni, Zn). ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʠ ʜʦʙʘʚʢʠ ʬʪʦʨʘ ʠ ʭʣʦʨʘ 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʆʂʈ ʘʧʘʪʠʪʘ. Mn-, Fe-, Co- ʠ Ni-ʩʦʜʝʨʞʘʱʠʝ ɻɸʧ 

ʦʙʣʘʜʘʶʪ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʝʩʧʨʠʤʝʩʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ. 

ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ɻɸʧ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦʜʝʨʞʘʥʠʶ 

ʧʨʠʤʝʩʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ. ʂʦʙʘʣʴʪʩʦʜʝʨʞʘʱʠʝ ɻɸʧ ʧʨʦʷʚʣʷʶʪ 

ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʝʤ ʙʝʩʧʨʠʤʝʩʥʳʡ ɻɸʧ, ʦʙʨʘʟʫʷ ʟʦʥʳ 

ʧʦʜʘʚʣʝʥʠʷ ʨʦʩʪʘ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʈʎ ʉʇʙɻʋ: ʈɼʄʀ, ɻʝʦʤʦʜʝʣʴ, ʈʎʄʄ, ɼʌʄ, ʀʊʂʅ, ʆʃʄʀɺ ʠ ʥʘ 

ʢʘʬʝʜʨʝ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ɺʄɸ. 
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ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʫʯʝʪʘ ʧʦʛʣʦʱʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʣʠʥʝʡʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʧʦʩʪʦʷʥʝʥ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʆʜʥʘʢʦ ʦʥ 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʢʨʠʩʪʘʣʣʘ, ʥʘʧʨʠʤʝʨ, ʚʩʣʝʜʩʪʚʠʝ ʜʝʬʝʢʪʦʚ, 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʚʭʦʞʜʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʠ ʜʦʧʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʦʛʣʦʱʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʦʙʨʘʟʮʦʤ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʝʡ 

ʢʦʦʨʜʠʥʘʪ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʫʯʝʪʘ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

mailto:m.v.kudryashov@phys.unn.ru
mailto:somov@phys.unn.ru
mailto:m.v.kudryashov@phys.unn.ru
mailto:somov@phys.unn.ru
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ʦʙʨʘʟʮʦʚ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʲʝʤʝ [1]. ʈʘʩʯʝʪ ʧʦʧʨʘʚʢʠ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʨʝʬʣʝʢʩʘ ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʳʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ 

ʩʝʪʢʝ ʚ ʦʙʲʝʤʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ. ʇʦʠʩʢ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʥʝʣʠʥʝʡʥʳʤ ʄʅʂ. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʬʣʝʢʩʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ 

ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ. 
ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʫʯʝʪʘ ʧʦʛʣʦʱʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʧʦʛʣʦʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʦʙʲʝʤʝ ʥʘ ʦʩʥʦʚʝ ʭʣʦʨʠʜʘ ʢʘʣʠʷ KCl, ʙʨʦʤʠʜʘ ʢʘʣʠʷ KBr 

ʠ ʠʭ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʟʘʤʝʱʝʥʠʷ KClxBr(1īx). 
 

ʈʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʚ 

ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ˉ FSWR-2023-0035 
 

[1] ʂʫʜʨʷʰʦʚ ʄ.ɺ., ʉʦʤʦʚ ʅ.ɺ. ɿʘʚʦʜʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ: ɼʠʘʛʥʦʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ, 2022, 

88 (11), 41-45 
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ʂʝʨʘʤʠʯʝʩʢʠʝ ʠʤʧʣʘʥʪʘʪʳ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʬʦʩʬʘʪʘ 

ʢʘʣʴʮʠʷ ɓ-Ca3(PO4)2 ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʥʦʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʙʣʘʛʦʜʘʨʷ ʝʸ ʭʠʤʠʯʝʩʢʦʤʫ ʧʦʜʦʙʠʶ ʤʠʥʝʨʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʩʪʦʷʱʝʡ ʢʦʩʪʠ ʯʝʣʦʚʝʢʘ [1]. ʈʠʩʢ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠʥʬʝʢʮʠʠ ʚ 

ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʠʙʠʦʪʠʢʦʚ, ʯʪʦ ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʠʟ-ʟʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʙʘʢʪʝʨʠʡ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʧʣʝʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʤʧʣʘʥʪʘʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʦʙʣʘʜʘʶʪ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʠ 

ʧʨʦʷʚʣʷʶʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 
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ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʟʘʤʝʱʝʥʠʡ ʠʦʥʦʚ Ca
2+

 

ʥʘ ʢʘʪʠʦʥʳ Ni
2+

 ʠ Co
2+
, ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʪʘʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ɓ-

Ca3(PO4)2, ʘ ʪʘʢʞʝ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝʜʥʠʭ. 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Ca10.5xNix(PO4)7 (x=0, 0.33, 0.5, 0.67, 1, 1.33, 1.58) ʠ Ca10.5

xCox(PO4)7 (x=0, 0.33, 0.5, 0.67, 1) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɓ-Ca3(PO4)2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʠʥʪʝʟʦʤ. ʌʘʟʦʚʳʡ ʘʥʘʣʠʟ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʝʣ ʚʤʝʩʪʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ɓ-Ca3(PO4)2 ʢʘʪʠʦʥʦʚ 

ʥʠʢʝʣʷ ʠʣʠ ʢʦʙʘʣʴʪʘ ʩʦʩʪʘʚʠʣʘ 9.5 ʤʦʣʴ/%. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ, ʢʘʪʠʦʥʳ 

Ni
2+

 ʠ Co
2+

 ʬʦʨʤʠʨʫʶʪ ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ 

ʧʦʟʠʮʠʠ M5. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʢʘʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʷʚʣʷʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʩʦʚʤʝʩʪʠʤʳʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʘʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: E.coli, S.aureus, E.faecalis, P.aeruginosa ʠ C.albicans.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʪʦʩʦʚʤʝʩʪʠʤʳʝ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʡ 

ʩʝʨʠʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Ca10.5xNix(PO4)7 ʠ Ca10.5xCox(PO4)7, ʜʝʣʘʶʪ ʜʘʥʥʳʝ ʬʦʩʬʘʪʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʥʪʠʠʥʬʝʢʮʠʦʥʥʳʭ ʢʦʩʪʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 23-73-10007). 

 

[1] Walsh, W.R., Vizesi, F., Michael, D., Auld, J., Langdown, A., Oliver, R., Yu, Y., Irie, H., 

Bruce, W. ɓ-TCP bone graft substitutes 570 in a bilateral rabbit tibial defect model. // 

Biomaterials. 2008. 29. P. 266ï271. 
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ɸʨʭʝʦʣʦʛʠʯʝʩʢʠʡ ʧʘʤʷʪʥʠʢ ʂʦʤʩʦʤʦʣʴʩʢʦʝ 3, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʪʘʪʢʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʦʩʝʣʝʥʠʷ, ʩʦʜʝʨʞʠʪ ʤʘʪʝʨʠʘʣʳ ʧʦʟʜʥʝʛʦ ʤʝʟʦʣʠʪʘ ï ʨʘʥʥʝʛʦ 

ʞʝʣʝʟʥʦʛʦ ʚʝʢʘ. ʂʦʣʣʝʢʮʠʷ ʠʟ 23 ʦʙʨʘʟʮʦʚ ʧʷʪʠ ʢʫʣʴʪʫʨʥʦ-ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ 

ʢʝʨʘʤʠʢʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ (ʈʌɸ), ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ ʠ ʧʦʨʦʤʝʪʨʠʠ. ʅʘ ʧʦʩʝʣʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʳ ʢʝʨʘʤʠʢʠ: 1 ʪʠʧ ï 

ʨʘʥʥʷʷ ʛʨʝʙʝʥʯʘʪʘʷ (ʩʧʝʨʨʠʥʛʩ) ï ʨʘʥʥʠʡ ʥʝʦʣʠʪ (ʚʪ. ʧʦʣ. VIï ʥʘʯ. IV ʪʳʩ. ʜʦ ʥ.ʵ.); 2 

ʪʠʧ ï ʪʠʧʠʯʥʘʷ ʛʨʝʙʝʥʯʘʪʦ-ʷʤʦʯʥʘʷ ï ʩʨʝʜʥʠʡ ʥʝʦʣʠʪ (ʧʝʨʚʘʷ ʧʦʣʦʚʠʥʘ IV ʪʳʩ. ʜʦ ʥ.ʵ.); 

3 ʪʠʧ ï ʧʦʟʜʥʷʷ ʛʨʝʙʝʥʯʘʪʘʷ ï ʧʦʟʜʥʠʡ ʥʝʦʣʠʪ (ʚʪ. ʧʦʣ. IV ʪʳʩ. ʜʦ ʥ.ʵ.) 4 ʪʠʧ ï ʧʸʣʴʷ ï 

ʧʦʟʜʥʠʡ ʥʝʦʣʠʪ (ʢʦʥʝʮ IV ï ʥʘʯ. III ʪʳʩ. ʜʦ ʥ.ʵ); 5 ʪʠʧ ï ʩʝʪʯʘʪʘʷ ï ʵʧʦʭʘ ʙʨʦʥʟʳ-

ʨʘʥʥʝʛʦ ʤʝʪʘʣʣʘ (ʢʦʥʝʮ III ï I ʪʳʩ. ʜʦ ʥ.ʵ). ʈʝʟʫʣʴʪʘʪʳ ʈʌɸ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʮʳ ʚʩʝʭ 

ʪʠʧʦʚ ʩʦʜʝʨʞʘʪ ʢʚʘʨʮ (ʧʨʝʦʙʣʘʜʘʝʪ), ʚʳʩʦʢʠʡ ʘʣʴʙʠʪ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʠʢʨʦʢʣʠʥ ʚ 

ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʤʫʩʢʦʚʠʪ, ʘʤʬʠʙʦʣ (ʨʷʜʘ ʪʨʝʤʦʣʠʪ-ʬʝʨʨʦʘʢʪʠʥʦʣʠʪ) ʠ 

ʛʣʠʥʳ ʩʤʝʢʪʠʪ-ʭʣʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʝʨʘʤʠʢʠ (ʪʠʧʘ 1,2) 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʢ ʛʣʠʥʝ ʜʨʦʙʣʝʥʥʦʛʦ ʛʨʘʥʠʪʘ, ʧʦʨʠʩʪʦʩʪʴ ʦʙʨʘʟʮʦʚ ï 18-20% 

(ʧʦʨʦʤʝʪʨʠʷ). ɹʦʣʝʝ ʤʦʣʦʜʘʷ ʢʝʨʘʤʠʢʘ ʪʠʧʘ 3 ʩʦʜʝʨʞʠʪ ʤʥʦʛʦ ʢʚʘʨʮʘ, ʵʪʦ ʧʦʨʠʩʪʘʷ 

ʢʝʨʘʤʠʢʘ (28-30%) ʩ ʦʨʛʘʥʠʢʦʡ ʠ ʢʚʘʨʮʝʚʳʤ ʧʝʩʢʦʤ. ɽʩʪʴ ʩʦʩʫʜʳ ʩ ʧʨʠʤʝʩʴʶ 

ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, ʙʝʟ ʦʨʛʘʥʠʢʠ, ʧʦʨʠʩʪʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʙʦʣʝʝ ʜʨʝʚʥʝʡ. ɺ 

ʦʜʥʦʤ ʠʟ ʩʦʩʫʜʦʚ ʢʝʨʘʤʠʢʠ ʪʠʧʘ 4 (ʧʦʨʠʩʪʦʩʪʴ 28-30%) ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʣʴʢ ʠ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʤʬʠʙʦʣʘ. ʅʘʠʙʦʣʝʝ ʤʦʣʦʜʘʷ ʢʝʨʘʤʠʢʘ ʪʠʧʘ 5 ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʠ 

ʧʦʨʠʩʪʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʝʡ ʢʝʨʘʤʠʢʝ (ʪʠʧʳ 1,2), ʥʦ ʬʘʟʳ ʣʫʯʰʝ 

ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʠʟʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

mailto:a.malyarova@mail.ru
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ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʫʨʘʥʘ ʚ ʟʦʥʘʭ ʦʢʠʩʣʝʥʠʷ ʫʨʘʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʭʥʦʛʝʥʝʟʘ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠʤʝʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʠ ʧʨʠʢʣʘʜʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʇʦʥʠʤʘʥʠʝ ʧʫʪʝʡ ʠ ʬʦʨʤ ʤʠʛʨʘʮʠʠ ʫʨʘʥʘ, ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ 

ʦʙʨʘʟʫʝʤʳʭ ʠʤʠ ʬʘʟ. ʐʝʩʪʠʚʘʣʝʥʪʥʳʡ ʫʨʘʥ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ï ʫʨʘʥʠʣ ʠʦʥʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʯʝʪʳʨʴʤʷ, ʧʷʪʴʶ ʠʣʠ ʰʝʩʪʴʶ ʣʠʛʘʥʜʘʤʠ. ɺ ʩʣʝʜʩʪʚʠʠ 

ʘʥʠʟʦʪʨʦʧʠʠ ʜʣʠʥ ʩʚʷʟʝʡ ʧʦʣʠʵʜʨʳ ʫʨʘʥʠʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʲʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʠʣʠ ʩ ʧʦʣʠʵʜʨʘʤʠ ʜʨʫʛʠʭ ʢʘʪʠʦʥʦʚ ʧʦ ʚʝʨʰʠʥʘʤ ʠʣʠ ʨʝʙʨʘʤ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʫʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʣʦʠʩʪʳʭ ʪʦʧʦʣʦʛʠʡ. ʉʨʝʜʠ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ 

ʫʨʘʥʠʣʘ ʥʘʠʙʦʣʴʰʠʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʪʣʠʯʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʩ 

ʢʦʤʧʣʝʢʩʘʤʠ TO4 (T = S, Cr, Si, Ge, Se, Mo) ʪʝʪʨʘʵʜʨʦʚ. ʇʦʣʠʤʝʨʠʟʘʮʠʷ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝʤ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ T2O7 ʠ 

ʨʝʙʨʘʤʠ ʫʨʘʥʦʚʳʭ ʧʦʣʠʵʜʨʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʘʨʢʘʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʛʨʘʝʪ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ. ʀʟʫʯʝʥʠʝ ʪʦʧʦʣʦʛʠʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʝ ʬʘʟʳ ʯʘʩʪʦ ʥʘʩʣʝʜʫʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʪʘʢʠʝ ʧʨʠʤʝʨʳ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠʥʝʥʠʡ ʫʨʘʥʠʣʘ.  

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʜʦʢʣʘʜʘ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ 

ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʭʨʦʤʘʪʦʚ, ʩʫʣʴʬʘʪʦʚ, ʤʦʣʠʙʜʘʪʦʚ, ʘ ʪʘʢʞʝ ʩʠʣʠʢʘʪʦʚ ʫʨʘʥʠʣʘ. 

ʇʨʦʚʝʜʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʧʦʩʦʙʘʤʠ ʧʦʣʫʯʝʥʠʷ, ʩʚʦʡʩʪʚʘʤʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 23-27-00153, 

https://rscf.ru/project/23-27-00153/. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʈʎ ʉʇʙɻʋ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷè. 
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ʅʝʚʦʣʠʥ ʖ.ʄ.
1,2

, ʂʨʦʪ ɸ.ɼ.
1
, ɻʝʨʙʝʨ ɽ.ɸ.

1 

 

1 
ʀʌʍʕ ʈɸʅ, ʈʦʩʩʠʷ 117342, ʛ. ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨ-ʪ 31ʢ.4, somonka1@gmail.com  

2 
ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʈʦʩʩʠʷ 119991, ʛ. ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ 1ʩ.3 

 

ʇʦʣʠʫʨʘʥʘʪʳ ʘʤʤʦʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʥʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʥʠ ʩʪʨʫʢʪʫʨʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʦʜʥʦʟʥʘʯʥʦ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʚ ʚʠʜʝ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʨʘʟʚʠʪʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʚʝʱʝʩʪʚ ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʨʘʥʘʪʘʭ 

ʘʤʤʦʥʠʷ, ʯʪʦ ʠ ʦʙʫʩʣʦʚʠʣʦ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ ʪʝʤʝ [1].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʢ ʪʚʝʨʜʦʤʫ UO3 ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ UO3/NH3. ʉʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 28 ʠ 166 ʜʥʝʡ. ʆʩʘʜʢʠ ʧʨʦʤʳʣʠ ʠ 

ʠʩʩʣʝʜʦʚʘʣʠ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʷ ʧʦʨʦʰʢʦʚʫʶ 

ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʜʠʬʨʘʢʮʠʶ, ʧʨʦʩʚʝʯʠʚʘʶʱʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ (ʇʕʄ), 

ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʠʥʬʨʘʢʨʘʩʥʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ, ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ, ʘ ʪʘʢʞʝ EXAFS-ʩʧʝʢʪʨʦʩʢʦʧʠʶ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

UO3/NH3, ʪʘʢ ʠ ʦʪ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ. ɹʳʣ ʫʩʪʘʥʦʚʣʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʚʫʭ 

ʤʦʥʦʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ: 3UO3ĿNH3Ŀ5H2O ʠ 2UO3ĿNH3Ŀ3H2O. ɺʩʝ ʦʙʨʘʟʮʳ ʦʙʣʘʜʘʶʪ 

ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘʥʘʣʦʛʠʯʥʦʡ ʩʢʫʧʠʪʫ ï ʦʢʩʦʛʠʜʨʦʢʩʠʜʫ U(VI), ʚ ʢʦʪʦʨʦʡ 

ʤʝʞʩʣʦʝʚʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʝʥʳ ʢʘʪʠʦʥʦʤ ʘʤʤʦʥʠʷ NH4
+
. ɼʘʥʥʳʝ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, 

ʧʨʠ ʵʪʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʊʘʙʣ. 1). 

  

ʊʘʙʣ. 1. ʈʝʟʫʣʴʪʘʪʳ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʫʨʘʥʘʪʦʚ ʘʤʤʦʥʠʷ 

 3UO3ĿNH3Ŀ5H2O 2UO3ĿNH3Ŀ3H2O 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Pnnn I212121 

a, ¡ 12.229(1) 12.175(1) 

b, ¡ 15.012(1) 14.421(1) 

c, ¡ 7.1327(8) 7.0691(7) 

Rp 0.0280 0.0441 

Rwp 0.0366 0.0498 

 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʟʘ 

ʩʯʸʪ ʛʨʘʥʪʘ ˉ 21-73-00138 

 

 [1] Leinders G., Acevedo B., Jutier F., Colak G., Verwerft M. // Inorg. Chem. 2023. 62. 9807-

9817. 
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ʄʆʃʀɹɼɸʊʆɺ Sm2MoO6 

 

ʆʨʣʦʚʘ ɽ.ʀ.
1,2
, ʍʘʨʠʪʦʥʦʚʘ ɽ.ʇ.

1,2
, ʉʦʨʦʢʠʥʘ ʅ.ʀ.

1
, ɸʣʝʢʩʝʝʚʘ ʆ.ɸ.

1
 ʠ ɺʦʨʦʥʢʦʚʘ 

ɺ.ʀ.
2
 

 

1
 ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; agapova@polly.phys.msu.ru 

2
 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ; voronk@polly.phys.msu.ru  

 

ʌʣʶʦʨʠʪʦʧʦʜʦʙʥʳʝ ʤʦʣʠʙʜʘʪʳ ʩʦʩʪʘʚʘ Ln2MoO6 [1] ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʚ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤʘʭ Ln2O3 ï MoO3 ʩ ʣʶʙʳʤ ʣʘʥʪʘʥʦʠʜʦʤ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ, ʥʘʟʳʚʘʝʤʳʝ 

ʪʘʢʞʝ ʦʢʩʠʤʦʣʠʙʜʘʪʳ, ʠʟʚʝʩʪʥʳ ʙʣʘʛʦʜʘʨʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʘ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʠʩʩʣʝʜʫʶʪʩʷ ʢʘʢ ʩʤʝʰʘʥʥʳʝ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ. 

ʅʝʜʘʚʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ [2] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ, 

ʧʦʣʠʤʦʨʬʠʟʤ ʠ ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʦʢʩʠʤʦʣʠʙʜʘʪʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʨʘʟʤʝʨʫ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ (ʈɿʕ) ʢʘʪʠʦʥʘ, ʘ ʪʘʢʞʝ ʢ ʨʘʟʣʠʯʥʳʤ ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʤ ʟʘʤʝʱʝʥʠʷʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʟʘʤʝʱʝʥʠʝ ʢʨʫʧʥʳʭ ʈɿʕ, ʪʘʢʠʭ ʢʘʢ ʣʘʥʪʘʥ ʠʣʠ ʥʝʦʜʠʤ ʥʘ ʩʚʠʥʝʮ ʧʨʠʚʦʜʠʣʦ 

ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʩʦʧʨʦʚʦʞʜʘʚʰʝʛʦʩʷ ʨʝʟʢʠʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʚʦʜʠʤʦʩʪʠ [3]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʣʘʥʠʨʫʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʦʢʩʠʤʦʣʠʙʜʘʪʳ ʩʘʤʘʨʠʷ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʚʠʥʮʦʤ, ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʚʠʥʮʘ ʥʘ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʠʭ ʩʪʨʫʢʪʫʨʫ. 

ʉʦʝʜʠʥʝʥʠʷ Sm2MoO6, ʙʝʩʧʨʠʤʝʩʥʳʝ ʠ ʜʦʧʠʨʦʚʘʥʥʳʝ ʩʚʠʥʮʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʠʥʪʝʟʦʤ ʥʘ ʚʦʟʜʫʭʝ ʚ ʚʠʜʝ ʢʝʨʘʤʠʢʠ ʠ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ), ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ), ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ 

ʩʫʭʦʡ ʠ ʚʣʘʞʥʦʡ ʩʨʝʜʘʭ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʉʚʠʥʝʮ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʩʦʩʪʘʚʦʚ (PbO)x(Sm2MoO6)(1-

x)/2 (x = 0.03, 0.05, 0.1, 0.15) ʨʘʟʨʝʟʘ Sm2MoO6 - PbO ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ Sm2O3 - MoO3 - 

PbO ʠʟʦʩʪʨʫʢʪʫʨʥʳ (ʧʨ. ʛʨ. I2/c) ʙʝʩʧʨʠʤʝʩʥʦʤʫ ʤʦʥʦʢʣʠʥʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ Sm2MoO6. 

ʋʩʪʘʥʦʚʣʝʥʦ ʣʠʥʝʡʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʦʙʨʘʟʮʦʚ ʫʢʘʟʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ 25-600 Áʉ, ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʢʝʨʘʤʠʢ. 

ʄʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 1050-1100Áʉ Pb-

ʩʦʜʝʨʞʘʱʠʝ ʦʢʩʠʤʦʣʠʙʜʘʪʳ ʪʝʨʷʶʪ ʚʝʩ ʠʟ-ʟʘ ʩʫʙʣʠʤʘʮʠʠ ʩʚʠʥʮʘ. ʇʨʦʚʦʜʠʤʦʩʪʴ 

ʜʦʧʠʨʦʚʘʥʥʳʭ ʩʚʠʥʮʦʤ ʢʝʨʘʤʠʢ Sm2MoO6 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʩʧʨʠʤʝʩʥʳʤ ʦʙʨʘʟʮʦʤ ʠ ʜʦʩʪʠʛʘʝʪ 10
-3

 ʉʤ/ʩʤ ʧʨʠ 900 Áʉ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ: ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʅʌ 23-12-

00221. 

 

[1] Brixner L.H., Sleight A.W., Licis M.S. J. Solid State Chem., 1972, 5, 186-190. 

[2] Morkhova Y.A., Orlova E.I., Kabanov A.A. et al. Solid State Ionics, 2023, 400, 116337. 

[3] Voronkova V., Orlova E., Kazakov S. et al. Eur. J. Inorg. Chem., 2016, 2016, 1022-1029. 
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ʄʠʥʝʨʘʣ ʚʦʣʴʬʨʘʤʠʪ FexMn1-xWO4 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ 

ʠʟʦʤʦʨʬʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʬʝʨʙʝʨʠʪʘ (FeWO4) ʠ ʛʶʙʥʝʨʠʪʘ (MnWO4) [1]. ʉʚʝʜʝʥʠʡ ʦ 

ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʩʰʠʨʝʥʠʠ ʧʨʠʨʦʜʥʦʛʦ ʚʦʣʴʬʨʘʤʠʪʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʉʦʛʣʘʩʥʦ [2], ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʂʊʈ ʜʣʷ ʢʨʘʡʥʠʭ ʯʣʝʥʦʚ ʠʟʦʤʦʨʬʥʦʛʦ ʨʷʜʘ 

ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 5,6 ʠ 5,7Ā10
-6

 K
-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ FeWO4 ʠ 

MnWO4. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʦʙʨʘʟʮʦʚ ʚʦʣʴʬʨʘʤʠʪʘ ʤʦʥʦʢʣʠʥʥʦʡ ʠ ʪʨʠʢʣʠʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʡ.  

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 ADVANCE, 

ʦʩʥʘʱʝʥʥʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʘʤʝʨʦʡ HTK2000 (Anton Paar), ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʛʝʣʠʠ 

ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 25 ʜʦ 900 Áʉ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʩʪʨʫʢʪʫʨʘ ʚʦʣʴʬʨʘʤʠʪʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ - ʤʦʥʦʢʣʠʥʥʘʷ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ P2/c. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʠʟʦʪʨʦʧʥʦʝ ʩʞʘʪʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʠʢʣʠʥʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P1) [2].  

 

 

 

  
ʈʠʩʫʥʦʢ. ʌʠʛʫʨʘ ʂʊʈ ʠ ʝʝ ʛʣʘʚʥʳʝ ʩʝʯʝʥʠʷ ʜʣʷ ʚʦʣʴʬʨʘʤʠʪʘ (P2/c) ʧʨʠ 30Áʉ. 

Shape of thermal expansion coefficients with projections for wolframite (P2/c) at 30Áʉ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʀʄɽʊ ʋʨʆ ʈɸʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʋʨʘʣ ï ʄè. 

 

[1] Ivanov I.I., Petrov P.P. Zap. Ross. Mineral. Obshch., 2017, 146(3), 35ï45. 

[2] Li H., Zhou S., Zhang S. J. Solid State Chem, 2007, 180, 589-595. 
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 ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ ʥʦʚʳʡ ʩʫʣʴʬʘʪ ʠ ʩʝʣʝʥʘʪ 

ʤʝʜʠ ʩ ʙʝʪʘ ʘʣʘʥʠʥʦʤ. (ɓ-Ala)Cu(SO4)(H2O)3  ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ: 

P-1, a = 6.2479(2), b = 12.0019(4), c = 14.0344(4) ¡, Ŭ = 73.590(3), ɓ = 81.582(3), ɔ = 

75.953(3)Ü, V = 975.90(6) ¡
3
, R1 = 0.024. (ɓ-Ala)Cu(SeO4)(H2O)2 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ: Pna21, a = 13.825(2), b = 7.310(2), c = 9.259(2) ¡, V = 935.58(1) 

¡
3
, R1 = 0.042. ɼʣʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʩʥʷʪʳ ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ, ʚʳʧʦʣʥʝʥ ʈʌɸ ʠ 

ʕɼʉ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʟʚʝʩʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʫʣʴʬʘʪʦʚ ʠ ʩʝʣʝʥʘʪʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʩ ʙʝʪʘ ʘʣʘʥʠʥʦʤ. 

 
ʈʠʩʫʥʦʢ 1. ʎʝʧʦʯʢʘ ʚ ʩʪʨʫʢʪʫʨʝ (ɓ-Ala)Cu(SO4)(H2O)3. 

Figure 1. Chain in the structure of (ɓ-Ala)Cu(SO4)(H2O)3. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ʉʇʙɻʋ çɻʝʦʤʦʜʝʣʴè, 

çʄʠʢʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʘʥʘʣʠʟʘè ʠ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè. 
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ʆʜʥʠʤʠ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʠʛʤʝʥʪʦʚ ʚ ʘʨʭʝʦʣʦʛʠʠ 

ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʢʨʘʩʥʦʡ ʦʭʨʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʛʝʤʘʪʠʪʘ ʠʣʠ ʛʝʪʠʪʘ. ʅʘ ʉʨʝʜʥʝʤ ʠ ʖʞʥʦʤ ʋʨʘʣʝ ʥʘʭʦʜʠʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ ʠ ʧʦʛʨʝʙʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʥʘʭʦʜʢʠ ʧʠʛʤʝʥʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʝʪʦʜʦʤ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 7 

ʧʨʠʨʦʜʥʳʭ ʧʠʛʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʦʢʨʘʩʘ ʩ ʮʝʣʴʶ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʦʙʞʠʛʘ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Shimadzu 

XRD-7000 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʣʫʯʝʥʠʷ CuKŬ ʠ ʪʝʨʤʦʧʨʠʩʪʘʚʢʠ Anton Paar NTK1200. 

ɼʠʘʧʘʟʦʥ ʟʘʧʠʩʠ ʫʛʣʦʚ 2ɗ ʩʦʩʪʘʚʣʷʣ ʦʪ 20 ʜʦ 70Á, ʩʢʦʨʦʩʪʴ ʩʲʝʤʢʠ 1Á/ʤʠʥ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʝʚʘ ʦʪ 25 ʜʦ 1100 Áʉ.  

ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʙʨʘʟʮʳ ʛʝʤʘʪʠʪʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʨʦʢʘʣʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨ ʷʯʝʡʢʠ ʘ ʠ ʦʙʲʝʤ ʷʯʝʡʢʠ. 

ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʛʝʪʠʪ-ʛʝʤʘʪʠʪ ʚ ʦʙʨʘʟʮʘʭ ʛʝʪʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 200-300 Áʉ. ʇʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʛʝʪʠʪʘ, ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ 

ʬʘʟʘ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (çʧʨʦʪʦʛʝʤʘʪʠʪè). ʇʘʨʘʤʝʪʨ ʷʯʝʡʢʠ b ʛʝʪʠʪʘ ʨʝʟʢʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʭʦʜʝ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ a ʠ c ʧʨʦʜʦʣʞʘʶʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʩʪʘʪʴʠ [1] ʧʨʦʪʦʛʝʤʘʪʠʪ ʠʤʝʝʪ ʜʝʬʠʮʠʪ ʞʝʣʝʟʘ ʠ ʩʦʭʨʘʥʷʝʪ 

ʦʩʪʘʪʦʯʥʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʜʣʷ ʙʘʣʘʥʩʘ ʟʘʨʷʜʘ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʪʦʛʝʤʘʪʠʪ ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʝʤʘʪʠʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʢʨʫʛ ʢʣʘʩʪʝʨʦʚ 

ʛʝʤʘʪʠʪʘ ʦʙʨʘʟʫʝʪʩʷ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʧʦʨʳ).  

ʇʦʣʫʯʝʥʥʳʡ ʜʘʥʥʳʝ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ 

ʛʝʤʘʪʠʪʘ ʠ ʛʝʪʠʪʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʞʠʛʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ 

ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ ʜʣʷ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ  ̄22-18-00593. 

 

[1] Alessandro F. Gualtieri and Paolo Venturelli. In situ study of the goethite-hematite phase 

transformation by real time synchrotron powder diffraction// American Mineralogist, Volume 

84, pages 895ï904, 1999. 
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ʂʫʣʘʨʠʪ ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʬʦʩʬʘʪ, ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʦʛ ʤʦʥʦʮʠʪʘ [1] ï 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥ ʦʙʨʘʟʝʮ ʢʫʣʘʨʠʪʘ ʠʟ ʨʦʩʩʳʧʠ ʨ. ʋʨʘʩʘʣʘʭ (ʙʘʩʩʝʡʥ ʨ. ʆʤʦʣʦʡ, 

ʭʨ. ʂʫʣʘʨ, ɺʦʩʪʦʯʥʘʷ ʗʢʫʪʠʷ, ʉʝʚʝʨʦ-ɺʦʩʪʦʢ ʈʦʩʩʠʠ). ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ: Ce ï 19.02, La ï 3.46, Pr ï 4.38, Nd ï 24.41, Sm ï 6.75, Gd ï 2.04, P 

ï 13.45, O ï 27.31 %.  

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ 

ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Venture 

(MoKŬ-ʠʟʣʫʯʝʥʠʝ, ʤʠʢʨʦʬʦʢʫʩʥʘʷ ʪʨʫʙʢʘ Incoatec ImS 

3.0, ʪʨʝʭʢʨʫʞʥʳʡ ʛʦʥʠʦʤʝʪʨ, ʜʝʪʝʢʪʦʨ PHOTON III, 

ʨʘʟʨʝʰʝʥʠʝ 768³1024, ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ 135³135 ʤʢʤ
2
) ʚ 

ʩʭʝʤʝ ɼʝʙʘʷ-ʐʝʨʨʝʨʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉʪɸ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ (ʟʝʨʥʦ ʩ 

ʭʘʨʘʢʪʝʨʥʦʡ ʰʘʛʨʝʥʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʤʝʨʦʤ 0.2 

ʤʤ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʥʦʢʨʠʩʪʘʣʣ. ʇʦ ʜʘʥʥʳʤ 

ʈʉʪɸ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝcʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʨ. ʛʨ. 

P21/n, a = 6.4765(2), b = 7.0207(2), c = 6.7975(2) ¡, ɓ = 

103.581(1)Á. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ 

ʧʨʠʤʝʩʠ ʢʚʘʨʮʘ. ʉʪʨʫʢʪʫʨʘ ʢʫʣʘʨʠʪʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 

1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʩ ʪʷʞʝʣʦʛʦ ʘʪʦʤʘ ʭʦʨʦʰʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʈʉʪɸ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʦ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ [2]. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʡ ʀɻɸɹʄ ʉʆ ʈɸʅ, ʀʅʍ 

ʉʆ ʈɸʅ, ʠ ʧʨʦʛʨʘʤʤʳ ʇʨʠʦʨʠʪʝʪ-2030. 

[1] ʅʝʢʨʘʩʦʚʘ ʈ.ɸ., ʅʝʢʨʘʩʦʚ ʀ.ʗ. ɼʦʢʣʘʜʳ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ, 1983, 268(3), 688-693. 

[2] Serebrennikova P.S., Lobanov S.I., Sukhikh A.S., Isaenko L.I., Gromilov S.A. 

CrystEngComm., 2024, https://doi.org/10.1039/D3CE01186K. 

Рис. 1. Структура куларита 

Fig. 1. Kularite structure 
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ʄʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʧʦʣʫʯʝʥ ʨʷʜ ʦʢʩʦʙʦʨʘʪʦʚ Ln2CaO(BO3)2 (Ln = Nd, Sm, 

Eu, Gd) ʠ ʠʩʩʣʝʜʦʚʘʥʦ ʠʭ ʪʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚ 30-1200Áʉ. ɼʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩ 

Ln = Nd ʠ Sm ʨʘʩʰʠʬʨʦʚʘʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʧʦʨʦʰʢʦʚ ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʚʳʧʦʣʥʝʥʘ Rigaku Miniflex II (ʉuKŬ, 30 

ʢɺ/15ʤɸ, q/2q) ʠ Rigaku XtaLAB Synergy-S (MoKŬ, 50 ʢɺ/1 ʤɸ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠʟʫʯʝʥʦ ʥʘ ʚʦʟʜʫʭʝ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ 

(Rigaku Ultima IV, ʉuKŬ, 40 ʢɺ/30 ʤɸ, q/q). ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ 

PDXL2, Topas5, CrysAlis Pro, Olex2, RietToTensor. 

ʉʪʨʫʢʪʫʨʘ Eu2CaO(BO3)2 ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [1].  ʆʢʩʦʙʦʨʘʪʳ Ln2CaO(BO3)2 (Ln = 

Nd, Sm, Gd) ʠʟʦʩʪʨʫʢʪʫʨʥʳ Eu2CaO(BO3)2, ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R-3ʩ. ʇʘʨʘʤʝʪʨʳ ʠ ʦʙʲʝʤ ʷʯʝʡʢʠ ʤʝʥʷʶʪʩʷ ʣʠʥʝʡʥʦ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʨʘʜʠʫʩʘ ʢʘʪʠʦʥʘ ʦʪ Nd (V=2587 ¡
3
) ʢ Gd (V=2485 ¡

3
). ʉʪʨʫʢʪʫʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʩʝʚʜʦʩʣʦʷʤʠ ʠʟ (Ln,Ca)O9 ʠ ʪʨʸʭʯʣʝʥʥʳʤʠ ʢʦʣʴʮʘʤʠ ʠʟ LnO8 ʚ 

ʧʣʦʩʢʦʩʪʠ ab, ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [001]. ʊʨʝʫʛʦʣʴʥʠʢʠ BO3 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ ab ʚ ʢʘʥʘʣʘʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʩʠ ʩ. ʇʦ ʜʘʥʥʳʤ 

ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʚʩʝ ʦʙʨʘʟʮʳ ʩʪʘʙʠʣʴʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 30-1100Áʉ, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʜʦʣʴ ʦʩʠ c ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʠ 

ʢʘʪʠʦʥʥʳʭ ʩʣʦʝʚ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ ʚʩʝʭ ʯʣʝʥʦʚ 

ʨʷʜʘ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ; ʩʨʝʜʥʠʝ ʂʊʈ: Ŭ11=Ŭ22=7.7, Ŭ33=24, ŬV= 39.4³10
-6

 ÁC 
-1
. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʤʝʯʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʩʚʷʟʠ (Ln,Ca)-O, Ln-O  ʚ ʢʘʪʠʦʥʥʳʭ ʧʦʣʠʵʜʨʘʭ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʜʠʫʩʘ 

ʢʘʪʠʦʥʘ ʦʪ 2.577 ¡ (Nd) ʜʦ 2.533 ¡ (Sm) ʠ ʦʪ 2.467 ¡ (Nd) ʜʦ 2.439 ¡ (Sm) ʜʣʷ 

ʧʦʣʠʵʜʨʦʚ (Ln,Ca)O9 ʠ LnO8, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʅʘʫʯʥʳʤ ʌʦʥʜʦʤ (ʧʨʦʝʢʪ ˉ 22-23-01133). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʨʝʩʫʨʩʥʦʤ ʮʝʥʪʨʝ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷè ʉʇʙɻʋ. 

 

[1] ʀʣʶʭʠʥ ɸ.ɹ., ɼʞʫʨʠʥʩʢʠʡ ɹ.ʌ. ɾ. ʥʝʦʨʛ. ʭʠʤ., 1993, 38 (6), 917-921. 
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ʂʈʀʉʊɸʃʃʀʏɽʉʂʆɻʆ ʌʋʅɼɸʄɽʅʊɸ ʖɾʅʆ-ʊɸʊɸʈʉʂʆɻʆ ʉɺʆɼɸ 

(ʇʆ ʄɸʊɽʈʀɸʃɸʄ ɻʃʋɹʆʂʀʍ ʀ ʉɺɽʈʍɻʃʋɹʆʂʀʍ ʉʂɺɸɾʀʅ) 

 

ʉʠʪʜʠʢʦʚʘ ʃ.ʄ. 

 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ, 

sitdikova8432@mail.ru 

 

ʇʦ ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʛʣʫʙʦʢʠʭ ʠ ʩʚʝʨʭʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʨʝʛʠʦʥʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʛʣʠʥʦʟʝʤʠʩʪʦʡ-ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʡ ʠ ʤʘʬʠʪ - ʢʨʝʤʥʝʢʠʩʣʦʡ ʬʦʨʤʘʮʠʡ ʧʦʜʚʝʨʛʥʫʪʳ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ - ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ. ʋʩʪʘʥʦʚʣʝʥʦ 

ʨʘʟʚʠʪʠʝ ʜʚʫʭ ʪʠʧʦʚ ʟʦʥ ʨʘʟʫʧʣʦʪʥʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ ʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʝʛʦ ʧʣʘʩʪʠʥʯʘʪʦ-ʯʝʰʫʡʯʘʪʦʝ ʩʪʨʦʝʥʠʝ.  ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ ʚʝʱʝʩʪʚʦ 

ʪʘʢʠʭ ʟʦʥ ʩʦʜʝʨʞʠʪ ʢʦʤʧʣʝʢʩ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʛʣʫʙʠʥ ʙʦʣʝʝ 3,5 - 5,0 ʢʤ. ɺʩʣʝʜʩʪʚʠʝ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʩʪʠ 

ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʦʟʥʠʢʘʝʪ ʠʟʙʠʨʘʪʝʣʴʥʘʷ 

ʜʝʬʝʢʪʥʦʩʪʴ ʚ ʩʪʨʦʝʥʠʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʚʝʱʝʩʪʚʘ ʟʦʥ ʨʘʟʫʧʣʦʪʥʝʥʠʡ. ʅʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʝ ʵʣʝʤʝʥʪʳ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ - ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʝ ʪʝʪʨʘʵʜʨʳ, ʘ ʙʦʣʝʝ 

ʧʦʜʚʝʨʞʝʥʳ ʜʝʬʦʨʤʘʮʠʷʤ ʠʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ ʠ ʤʝʞʩʣʦʝʚʳʝ ʧʘʢʝʪʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʨʦʜʘʭ ʧʨʦʠʩʭʦʜʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʜʝʬʦʨʤʘʮʠʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʝʪʦʢ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʩ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʯʝʨʝʜʦʚʘʥʠʷ ʩʣʦʝʚ.  

ɺʳʜʝʣʝʥʳ ʜʚʘ ʢʦʤʧʣʝʢʩʘ: ʧʝʨʚʳʡ ʩʚʷʟʘʥ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʦʜʥʦʩʪʦʨʦʥʥʠʤ 

ʜʘʚʣʝʥʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥ ʛʣʠʥʠʩʪʳʤʠ ʠ ʩʪʨʝʩʩ-ʤʠʥʝʨʘʣʘʤʠ, ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ 

ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʶ ʩʦʭʨʘʥʷʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʩʦʢʦʝʤʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʕʪʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʭʣʦʨʠʪʳ ʩ ʠʦʥʘʤʠ Fe
3+,

 Al
3+

 ʚ ʦʢʪʘʵʜʨʘʭ, ʩ Fe
2+

 ʚ ʙʨʫʩʠʪʦʚʦʤ ʩʣʦʝ, 

ʩʤʝʰʘʥʦʩʣʦʡʥʳʝ ʬʘʟʳ ʠʣʣʠʪ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚ (ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʣʦʝʚ 70:30), 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʭʣʦʨʠʪ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʳ (ʢʦʨʨʝʥʩʠʪʳ) ʠ ʩʪʨʝʩʩ-ʤʠʥʝʨʘʣʳ.  ɺʪʦʨʦʡ 

ʢʦʤʧʣʝʢʩ ʩʣʦʞʝʥ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤʠ ʩʣʶʜʘʤʠ ʧʦʣʠʪʠʧʘ 1ʄ, 1ʄd, 

ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʭʣʦʨʠʪʘʤʠ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Fe
3+

 ʠ Al
3+

 ʚ ʦʢʪʘʵʜʨʘʭ, 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʭʣʦʨʠʪ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘʤʠ, ʙʠʦʪʠʪ-ʚʝʨʤʠʢʫʣʠʪʘʤʠ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʪʨʘʞʘʶʪʩʷ ʠ ʥʘ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʘʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʫʧʘʢʦʚʢʠ ʧʣʘʩʪʠʥ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ 

(ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ). ɼʣʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ, ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʬʝʢʪʘʤʠ ʠ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʠʥʜʠʢʘʪʦʨʦʤ 

ʤʝʥʷʶʱʠʭʩʷ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʟʦʥʘʭ ʨʘʟʫʧʣʦʪʥʝʥʠʡ, ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʟʦʥ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ. 

 

[1] ʉʠʪʜʠʢʦʚʘ ʃ.ʄ., ʀʟʦʪʦʚ ɺ.ɻ. ɻʝʦʨʝʩʫʨʩʳ, 2003, 4, 17-22. 

[2] Sitdikova L.M. Abstr. Volum. VII Internat. Conf. IFP. Geofluids. 2012. P.307-318. 
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 ʀʥʩʪʠʪʫʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ ʌʅʀʎ ñʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ 

ʬʦʪʦʥʠʢʘò ʈɸʅ  
3
 ʉʢʦʣʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ 

4
 ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʈɸʅ 

 

Cs4Tm2[Si4O12](OH)2 ʀ Cs4(Tm,Tb)2[Si4O12](OH)2 ï TWINS OF MEROHERDRIA  

 

Topnikova A.P.
1
, Bolotina N.B.

2
, Belokoneva E.L.

1
, Dimitrova O.V.

1
, Volkov A.S.

3
 and 

Zorina L.V.
4
 

 
1
 Lomonosov Moscow State University; nastya_zorina@rambler.ru 

2
 Shubnikov Institute of Crystallography of FSRC "Crystallography and Photonics" RAS  

3
 Skolkovo Institute of Science and Technology 

4
 Institute of Solid State Physics RAS 

ʂʨʠʩʪʘʣʣʳ ʥʦʚʳʭ ʩʠʣʠʢʘʪʦʚ Cs4Tm2[Si4O12](OH)2 ʠ Cs4(Tm,Tb)2[Si4O12](OH)2 

(ʧʨ.ʛʨ. Pbam) ʧʦʣʫʯʝʥʳ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 280Áʉ ʠ 

ʜʘʚʣʝʥʠʠ ~100 ʘʪʤ. ɸʥʠʦʥʥʳʡ ʨʘʜʠʢʘʣ ʩʪʨʫʢʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ 

ʯʝʪʳʨʝʭʯʣʝʥʥʳʤʠ ʢʦʣʴʮʘʤʠ ʠʟ SiO4-ʪʝʪʨʘʵʜʨʦʚ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʧʣʦʩʢʦʩʪʠ ab ʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʧʦ ʧʣʦʩʢʦʩʪʷʤ ac ʠ bc. ʆʢʪʘʵʜʨʳ TmO4(OH)2 ʠ (Tm,Tb)O4(OH)2 

ʩʦʝʜʠʥʷʶʪʩʷ ʧʦ ʚʝʨʰʠʥʘʤ ʚ ʢʦʣʦʥʢʠ, ʚʳʪʷʥʫʪʳʝ ʚʜʦʣʴ ʦʩʠ ʩ. ʆʙʲʝʜʠʥʷʷʩʴ ʩ ʢʦʣʴʮʘʤʠ 

[Si4O12] ʦʥʠ ʦʙʨʘʟʫʶʪ ʩʤʝʰʘʥʥʳʡ ʤʠʢʨʦʧʦʨʠʩʪʳʡ ʢʘʨʢʘʩ, ʚ ʧʫʩʪʦʪʘʭ ʢʦʪʦʨʦʛʦ 

ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ ʮʝʟʠʷ. ɺʳʷʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʘʥʘʣʦʛʠʷ ʤʝʞʜʫ ʥʠʤʠ ʠ ʨʘʥʝʝ 

ʠʟʫʯʝʥʥʳʤʠ ʩʠʣʠʢʘʪʘʤʠ K4Sc2(OH)2(Si4O12) [1] ʠ K2Sc[Si2O6]F [2], ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʩ ʨʦʜʩʪʚʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʬʨʝʩʥʦʠʪʘ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʤʝʣʠʣʠʪʘ. 

ʇʦʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʥʦʚʳʭ ʩʠʣʠʢʘʪʦʚ ʦʪ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʜʦ ʨʦʤʙʠʯʝʩʢʦʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʚʦʡʥʠʢʦʚʘʥʠʝʤ ʧʦ ʫʪʨʘʯʝʥʥʦʤʫ ʵʣʝʤʝʥʪʫ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ. 

ʆʪʢʣʦʥʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʦʪ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʤʝʱʝʥʠʷʭ ʘʪʦʤʦʚ ʠʟ 

ʧʣʦʩʢʦʩʪʝʡ ʩʠʤʤʝʪʨʠʠ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʛʨʫʧʧʳ ʈ42/mnm ʚ ñʤʘʣʦʡò ʷʯʝʡʢʝ, ʨʘʟʚʦʨʦʪʘʭ 

SiO4-ʪʝʪʨʘʵʜʨʦʚ ʚ ʢʦʣʴʮʘʭ ʠ RɽE-ʦʢʪʘʵʜʨʦʚ ʚ ʢʦʣʦʥʢʘʭ. 

  

ʈʠʩ. 1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ Cs4Tm2[Si4O12](OH)2 ʚ 

ʜʚʫʭ ʧʨʦʝʢʮʠʷʭ. 

Fig. 1. Crystal structure of 

Cs4Tm2[Si4O12](OH)2 in two 

projections. 

 

 

[1] ʇʷʪʝʥʢʦ ʖ.ɸ., ɺʦʨʦʥʢʦʚ ɸ.ɸ., ɾʜʘʥʦʚʘ ʊ.ɸ. ɼʦʢʣ. ɸʅ ʉʉʉʈ, 1979, 248, 868.  

[2] Hejny C., Kahlenberg V., Eberhard T., Kr¿ger H. Acta Cryst. B, 2016, 72, 209.  
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ʋʛʘʧʴʝʚʘ ʉ.ʉ.,
1
 ɻʨʦʤʠʣʦʚ ʉ.ɸ.,

2
 ɸʬʘʥʘʩʴʝʚ ɺ.ʇ.

3
 

1
 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ; sargylana-

ugapeva@yandex.ru 
2
 ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ; grom@niic.nsc.ru 

3
 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤʝʥʠ ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ; avp-

diamond@mail.ru 

 

X-RAY OF POLYCRYSTALLINE AGGREGATES OF DIAMOND - YAKUTITES 

Ugapeva S.S.
1
, Gromilov S.A.

2
 and Afanasiev V.P.

3 

1
 Diamond and Precious Metal Geology Institute SB RAS; sargylana-ugapeva@yandex.ru 

2
 Nikolaev Institute of Inorganic Chemistry, SB RAS; grom@niic.nsc.ru 

3
 V.S. Sobolev Institute of Geology and Mineralogy, SB RAS; avp-diamond@mail.ru 

 

ʗʢʫʪʠʪʳ ʚʳʜʝʣʝʥʳ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʖ.ʃ.ʆʨʣʦʚʘ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʘʣʤʘʟʦʚ (XI), ʢʦʪʦʨʘʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ çʢʘʨʙʦʥʘʜʦ ʩ ʣʦʥʩʜʝʡʣʠʪʦʤè 

[1]. ʆʥʠ ʥʘʡʜʝʥʳ ʥʘ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʢ 

ʚʦʩʪʦʢʫ ʠ ʶʛʫ ʦʪ ʇʦʧʠʛʘʡʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ. ʅʘʠʙʦʣʝʝ ʫʜʘʣʸʥʥʳʝ ʠʭ ʥʘʭʦʜʢʠ ï ʚ 

ʙʘʩʩʝʡʥʝ ʨ. ʂʝʣʠʤʷʨ ʧʦ ʩʝʚʝʨʥʦʤʫ ʦʙʨʘʤʣʝʥʠʶ ʆʣʝʥʸʢʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

~550 ʢʤ ʦʪ ʢʨʘʪʝʨʘ. ʉʦʜʝʨʞʘʥʠʝ ʷʢʫʪʠʪʦʚ ʚ ʨʦʩʩʳʧʷʭ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 1 ʢʘʨ/ʤ
3
. 

ɸʣʤʘʟʳ ʜʘʥʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, 

ʠʥʦʛʜʘ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʦʯʝʨʪʘʥʠʡ, ʥʘʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫ ʢʨʠʩʪʘʣʣʦʚ ʛʨʘʬʠʪʘ [2]. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʧʦ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ ʘʣʤʘʟʘ - ʷʢʫʪʠʪʦʚ ʠʟ ʨʦʩʩʳʧʝʡ ʨ. ʕʙʝʣʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker ApexDuo (CuKŬïʠʟʣʫʯʝʥʠʝ, 

ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, CCD-ʜʝʪʝʢʪʦʨ). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʢʘʨʪʠʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʷʢʫʪʠʪʳ ʚ ʦʩʥʦʚʥʦʤ ʷʚʣʷʶʪʩʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ. ʆʜʥʘʢʦ, ʩʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ 

ʘʣʤʘʟʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʝ ʥʘ ʩʧʣʦʰʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʫʛʘʭ 

ʦʪʜʝʣʴʥʳʭ ʷʨʢʠʭ ʪʦʯʝʯʥʳʭ ʨʝʬʣʝʢʩʦʚ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʩʠʣʴʥʦ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʢʨʠʩʪʘʣʣʠʪʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʷʢʫʪʠʪʦʚ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʬʣʝʢʩʦʚ ʘʣʤʘʟʘ (111)D ʠ ʣʦʥʩʜʝʡʣʠʪʘ (100)L. ɺ ʮʝʣʦʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʥʝ ʧʨʝʚʳʰʘʣʘ 12 %. ʅʠ ʚ ʦʜʥʦʤ ʠʟ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʛʨʘʬʠʪ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ. ʆʪʩʫʪʩʪʚʠʝ (ʠʣʠ ʢʨʘʡʥʝ ʤʘʣʦʝ ʩʦʜʝʨʞʘʥʠʝ) ʛʨʘʬʠʪʘ ʚ 

ʷʢʫʪʠʪʘʭ, ʦʯʝʚʠʜʥʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʵʧʠʮʝʥʪʨʝ ʚʟʨʳʚʘ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʛʨʘʬʠʪ 

ʧʝʨʝʰʸʣ ʚ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʝ ʬʘʟʳ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʙʨʦʩʘ ʧʨʦʰʣʘ ʟʘʢʘʣʢʘ ʵʪʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʡ ʀɻɸɹʄ ʉʆ ʈɸʅ 

(FUFG-2024-0007), ʀɻʄ ʉʆ ʈɸʅ (ˉ122041400157-9) ʠ ʧʨʦʝʢʪʘ ˉ121031700313-8 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

[1] ʆʨʣʦʚ ʖ.ʃ. ʄʠʥʝʨʘʣʦʛʠʷ ʘʣʤʘʟʘ. ï ʄ.: ʅʘʫʢʘ, 1984. 

[2] ɸʬʘʥʘʩʴʝʚ ɺ.ʇ., ʋʛʘʧʴʝʚʘ ʉ.ʉ., ɽʣʠʩʝʝʚ ɸ.ʇ., ɻʨʦʤʠʣʦʚ ʉ.ɸ., ʇʘʚʣʫʰʠʥ ɸ.ɼ. 

ʈʫʜʳ ʠ ʤʝʪʘʣʣʳ, 2019, ˉ2. 30ï37. 
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PHASE FORMATION IN ANHYDRITE AT HIGH TEMPERATURES 

 

Uporova N.S., Leonova L.V. and Gulyaeva T.Ya 

 

Institute of Geology and Geochemistry UB RAS; nuporova84@gmail.com 

 

ɻʠʧʩ - ʦʜʥʦ ʠʟ ʩʪʘʨʝʡʰʠʭ ʠʟʚʝʩʪʥʳʭ ʩʚʷʟʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʜʦ 

ʩʠʭ ʧʦʨ ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʠʥʞʝʥʝʨʠʠ. ɼʠʛʠʜʨʘʪ 

ʩʫʣʴʬʘʪʘ ʢʘʣʴʮʠʷ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʛʦʨʶʯʠʡ ʤʘʪʝʨʠʘʣ [1]. ʉʦʛʣʘʩʥʦ [1, 2], ʯʠʩʪʳʡ ʛʠʧʩ ʠʥʝʨʪʝʥ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 1200ÁC, ʜʘʣʝʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʜʠʩʩʦʮʠʘʮʠʷ CaSO4 ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. ɸ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʝʛʨʘʜʘʮʠʠ ʘʥʛʠʜʨʠʪʘ ʚʣʠʷʝʪ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ. ʆʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ð ʵʪʦ 

ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ ʚ ʤʘʪʝʨʠʘʣʝ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ ʧʨʠʤʝʩʝʡ ʥʘ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʵʢʦʣʦʛʠʯʥʳʭ ʦʛʥʝʩʪʦʡʢʠʭ ʧʨʠʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʧʨʠʨʦʜʥʦʛʦ ʛʠʧʩʘ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʨʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʛʝʥʝʟʠʩʘ, ʘ 

ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʣʷʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʢʘʣʠʚʘʥʠʷ ʠ ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ ʛʠʧʩʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ (ʊɻ) ʜʘʝʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʣʠʷʥʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʪʝʨʤʠʯʝʩʢʠ 

ʥʝʩʪʘʙʠʣʴʥʳʝ ʤʠʥʝʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʛʠʧʩʘʭ. ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʠʧʩʘ, ʙʘʩʩʘʥʠʪʘ ʠ ʘʥʛʠʜʨʠʪʘ, ʘ ʪʘʢʞʝ 

ʥʦʚʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʘʟ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʜʘʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʝʩʣʠ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʳ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʠ 

ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʤʘʨʢʝʨʦʤ ʥʘʣʠʯʠʷ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʚ ʛʠʧʩʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʰʠʨʷʶʪ ʟʥʘʥʠʷ ʦʙ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʚ 

ʧʨʠʨʦʜʥʦʤ ʙʝʟʚʦʜʥʦʤ ʛʠʧʩʝ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʘʙʣʶʜʘʝʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʘʥʛʠʜʨʠʪʝ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ɻʦʩʟʘʜʘʥʠʷ ʀɻɻ ʋʨʆ ʈɸʅ ˉ ɸɸɸɸ-
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[1] Revuelta M. B. Gypsum Products. Construction Materials Part of the Springer 

Textbooks in Earth Sciences, Geography and Environment book series (STEGE), 2021, 195ï

215. 
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ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʰʝʜʰʠʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʨʠ 1000-

3000Áʉ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʬʠʣʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ 002 ʦʙʨʘʟʮʦʚ ʫʛʣʝʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʦʰʝʜʰʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʥʝ ʩʠʤʤʝʪʨʠʯʥʳʝ[1, 2]. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʬʘʟ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʟʥʘʯʝʥʠʝʤ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ d
1
002 = 0,336, d

2
002 = 0,337, 

d
3
002 = 0,340, d

4
002 = 0,3425, d

5
002 = 0,3440 ʠ d

6
002 = 0,355/0,368 ʥʤ.ɸʥʘʣʠʟ ʧʨʦʬʠʣʝʡ 

ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ 002 ʦʙʨʘʟʮʦʚ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Origin.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʘʪʝʨʠʘʣʝ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʧʨʦʰʝʜʰʠʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ 

ʧʨʠ2300-3000Áʉ,ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷ (ʩʫʤʤʘʨʥʳʡ ʤʘʢʩʠʤʫʤ 

ʢʦʤʧʦʥʝʥʪ ʨʘʟʣʦʞʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʨʦʬʠʣʝʤ). ɿʥʘʯʝʥʠʷ 

ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʪʘʢʠʭ ʬʘʟʠ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʘʤʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɺ ʭʦʨʦʰʦ ʛʨʘʬʠʪʠʨʫʶʱʠʭʩʷ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ(ʥʝʬʪʷʥʦʡ ʠ ʧʝʢʦʚʳʡ 

ʢʦʢʩʳ) ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1100-2400Áʉ ʪʘʢʞʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʝ ʙʦʣʝʝ ʪʨʝʭ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʨʘʟʤʝʨʘʤʠʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ɺ ʤʘʪʝʨʠʘʣʝ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʷʥʦʛʦ 

ʚʳʩʦʢʦʩʝʨʥʠʩʪʦʛʦ ʢʦʢʩʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʠʥʪʝʨʚʘʣʝ 1400 - 1600Áʉ ʥʘʨʷʜʫ ʩ ʬʘʟʘʤʠ, 

ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ d
5
002 = 0,3440 ʠ d

6
002 = 0,355/0,368 ʥʤ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʬʘʟʘ ʛʨʘʬʠʪ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ʧʝʢʦʚʦʛʦ ʢʦʢʩʘ ʦʙʥʘʨʫʞʝʥʘ ʘʥʦʤʘʣʴʥʦ ʘʢʪʠʚʥʘʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʙʨʘʙʦʪʢʠ 1900Áʉ, ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩ d
4
002 = 3,425¡. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʨʦʬʠʣʝʡ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʫʛʣʝʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʝʛʦ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʝ. ɺ ʧʨʦʮʝʩʩʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʟʚʠʚʘʝʪʩʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ. 

 

[1]   ʊʶʤʝʥʮʝʚ ɺ.ɸ., ʌʘʟʣʠʪʜʠʥʦʚʘ ɸ.ɻ. ɾʊʌ, 2016, 86 (3), 62-69; 

[2] ʊʶʤʝʥʮʝʚ ɺ.ɸ., ʌʘʟʣʠʪʜʠʥʦʚʘ ɸ.ɻ.ʀʟʚ. ʚʫʟʦʚ. ʉʝʨʠʷ çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠè, 2022, 65 (3),6-13. 
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ʉʊʈʋʂʊʋʈɸ ʀ ʇʆʃʀʄʆʈʌʀɿʄ ʌʃʖʆʈʀʊʆʇʆɼʆɹʅʓʍ ʆʂʉʀʌʊʆʈʀɼʆɺ 

MeLa4Mo3O15F (Me = Li , Na) 

 

ʍʘʨʠʪʦʥʦʚʘ ɽ.ʇ.
1,2
, ʆʨʣʦʚʘ ɽ.ʀ.

1,2
, ʅʦʚʠʢʦʚʘ ʅ.ɽ.

1
, ɸʥʪʠʧʠʥ ɸ.ʄ.

1
, ʉʦʨʦʢʠʥʘ 

ʅ.ʀ.
1
, ɸʣʝʢʩʝʝʚʘ ʆ.ɸ.

1
, ɺʦʨʦʥʢʦʚʘ ɺ.ʀ.

2
 

 

1
 ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ;  

2
 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ; harit@polly.phys.msu.ru  

 

ʌʣʶʦʨʠʪʦʧʦʜʦʙʥʳʝ ʢʫʙʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʝʤʝʡʩʪʚʘ Ln5Mo3O16 (Ln = La ï Gd, 

ʧʨ. ʛʨ. Pn-3n) ʠʥʪʝʨʝʩʥʳ ʢʘʢ ʩʤʝʰʘʥʥʳʝ ʢʠʩʣʦʨʦʜ-ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ. 

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʫʢʪʫʨʳ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʢʘʪʠʦʥʘ ʠ ʤʦʣʠʙʜʝʥʘ [1], ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʚ ʤʝʞʫʟʝʣʴʥʳʭ ʧʦʣʦʩʪʷʭ ʩʪʨʫʢʪʫʨʳ [2]. ʇʦʩʣʝʜʥʝʝ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʚʳʩʦʢʦʡ ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʥʪʝʨʩʪʠʮʠʦʥʥʦʛʦ ʪʠʧʘ. ʊʘʢʞʝ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʡ ʢ ʚʚʝʜʝʥʠʶ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʤʝʱʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʦʚʤʝʩʪʥʦʝ ʜʦʧʠʨʦʚʘʥʠʝ ʣʘʥʪʘʥʘ ʱʝʣʦʯʥʳʤʠ ʢʘʪʠʦʥʘʤʠ Me = Li , Na, K ʠ ʢʠʩʣʦʨʦʜʘ 

ʬʪʦʨʦʤ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ La5-

xMexMo3O16-xFx (0 ¢ x ¢ 1). ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʦʢʩʠʬʪʦʨʠʜʦʚ La5-xMexMo3O16-xFx (Me = Li , Na) ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ. 

ʉʦʝʜʠʥʝʥʠʷ La5-xMexMo3O16-xFx ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʧʦʚʝʨʜʠʣ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʘʷ, ʠʟʦʩʪʨʫʢʪʫʨʥʘʷ ʢʫʙʠʯʝʩʢʠʤ 

ʩʦʝʜʠʥʝʥʠʷʤ ʩʝʤʝʡʩʪʚʘ Ln5Mo3O16. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʢʩʠʬʪʦʨʠʜʳ La5-xMexMo3O16-xFx ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 30 ï 750 ʉ̄. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ 

ʠʩʧʘʨʝʥʠʝ ʬʪʦʨʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ La5-xMexMo3O16-xFx 

ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʨʘʩʪʚʦʨʠʪʝʣʠ (ʬʣʶʩʳ) ʚ ʩʠʩʪʝʤʘʭ Me2MoO4 ï MeF (Me = Li , Na). 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ (650 ʉ̄), ʚʳʩʦʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʬʣʶʩʝ ʠʩʭʦʜʥʦʛʦ ʦʢʩʠʬʪʦʨʠʜʘ La5-

xMexMo3O16-xFx ʠ ʭʦʨʦʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʘʤʦʛʦ ʬʣʶʩʘ ʚ ʚʦʜʝ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʤʝʪʦʜʦʤ, ʠʤʝʣʠ ʪʝʤʥʦ-ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ ʠ ʢʫʙʠʯʝʩʢʠʡ ʛʘʙʠʪʫʩ ʩ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʤʠ ʛʨʘʥʷʤʠ {100}. ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʠʣʠ ʧʦʨʷʜʢʘ 0.1 ï 0.2 ʤʤ. 

ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 

ʩʦʝʜʠʥʝʥʠʡ La5-xMexMo3O16-xFx ʢʫʙʠʯʝʩʢʘʷ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʘʷ ʠ ʙʣʠʟʢʘ ʢ Nd5Mo3O16. 

ʂʘʪʠʦʥʳ Me = Li , Na ʟʘʥʠʤʘʶʪ ʦʜʥʫ ʠʟ ʧʦʟʠʮʠʡ La. ɸʥʠʦʥʳ ʬʪʦʨʘ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ 

ʤʝʞʫʟʝʣʴʥʦʡ ʧʦʟʠʮʠʠ, ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ ʩʪʨʫʢʪʫʨʳ. ɿʘʤʝʱʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʬʪʦʨʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʦʙʨʘʟʮʘʭ La5-xMexMo3O16-xFx (Me = Li , Na) ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ: ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʅʌ 23-12-

00221. 

 

[1] Voronkova V.I., Leonidov I.A., Kharitonova E.P., et al. Journal of Alloys and 

Compounds. 2014, 615, 395ï400. 

[2] Antipin A.M., Sorokina N.I., Alekseeva O.A. et al. Acta Crystallographica B, 2015, 71. 

186ï193. 
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ʀɼɽʅʊʀʌʀʂɸʎʀʗ ɻʀɼʈɸʊʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʇʈʆʊʆʅɸ ɺ 

ʄʀʂʈʆʇʆʈʀʉʊʓʍ ʉʀʃʀʂɸʊɸʍ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʈɸʄɸʅʆɺʉʂʆʁ 

ʉʇɽʂʊʈʆʉʂʆʇʀʀ ʀ ʈɽʅʊɻɽʅʆʉʊʈʋʂʊʋʈʅʆɻʆ ɸʅɸʃʀɿɸ 

 

ʏʫʢʘʥʦʚ ʅ.ɺ.
1
, ʈʘʩʮʚʝʪʘʝʚʘ ʈ.ʂ.

2
, ɺʠʛʘʩʠʥʘ ʄ.ʌ.

3
, ɸʢʩʝʥʦʚ ʉ.ʄ.

4
, ɿʫʙʢʦʚʘ ʅ.ɺ.

3
, 

ʇʝʢʦʚ ʀ.ɺ.
3 

 
1
 ʌʀʎ ʇʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ 

2
 ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3
 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

4
 ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʌʀʎ ʂʦʣʴʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ;  

*e-mail: aks.crys@gmail.com 

 

ʄʠʢʨʦʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʩʠʣʘʥʦʣʴʥʳʝ ʛʨʫʧʧʳ 

SiïOH ʠʣʠ ʛʠʜʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʪʦʥʘ H2n+1On
+
, ʚʢʣʶʯʘʷ H

+
 (n = 0),ʦʢʩʦʥʠʡ (n = 1), 

ʢʘʪʠʦʥʳ ʎʫʥʜʝʣʷ (n = 2) ʠ ɸʡʛʝʥʘ (n = 4), ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʚʘʞʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʠʦʥʦʦʙʤʝʥʥʠʢʦʚ ʠ ʠʦʥʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʢʦʧʠʷ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʯʨʝʟʚʳʯʘʡʥʦ ʩʠʣʴʥʳʭ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ OĿĿĿO 2.37ï

2.68 ¡, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʘʩʪʦʪʘʤ 

OïH-ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ 

ʜʠʘʧʘʟʦʥʝ 1300 ï 3000 ʩʤ
ï1
. ʅʠʞʥʷʷ 

ʛʨʘʥʠʮʘ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʪʦʥʫ H
+
, ʥʝ 

ʦʙʨʘʟʫʶʱʝʤʫ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʩ 

ʢʠʩʣʦʨʦʜʦʤ. ʇʨʠʩʫʪʩʪʚʠʝ ʪʘʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʤʠʢʨʦʧʦʨʠʩʪʳʭ 

ʩʠʣʠʢʘʪʘʭ ʩʣʫʞʠʪ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʠʥʜʠʢʘʪʦʨʦʤ ʪʦʛʦ, ʯʪʦ ʧʦʨʦʜʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʈʘʥʝʝ ʤʳ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʨʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʨʷʜʝ ʤʠʥʝʨʘʣʦʚ 

ʛʨʫʧʧʳ ʵʚʜʠʘʣʠʪʘ [1]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ [2] ʤʳ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʠʣʠ ʵʪʦʪ ʤʝʪʦʜ ʢ 

ʯʣʝʥʘʤ ʛʨʫʧʧ ʵʚʜʠʘʣʠʪʘ, ʣʘʙʫʥʮʦʚʠʪʘ (ʨʠʩ. 1), ʣʦʚʦʟʝʨʠʪʘ ʠ ʩʦʜʘʣʠʪʘ, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʴ 

ʥʘʪʨʠʷ ʟʘʤʝʱʝʥʘ ʢʦʤʧʣʝʢʩʘʤʠ ʧʨʦʪʦʥʘ. 

  

ɼʘʥʥʳʝ ʜʣʷ ʥʦʟʝʘʥʘ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 22-17-00006). 

 

[1] Chukanov N.V., Vigasina M.F., Rastsvetaeva R.K., Aksenov S.M., Mikhailova J.A., 

Pekov I.V. J. Raman Spectrosc. 2022. 53. P. 1188ï1203.  

[2] Chukanov N.V., Rastsvetaeva R.K., Zubkova N.V., Vigasina M.F., Pekov I.V., Zolotarev 

A.A., Mikhailova J.A., Aksenov S.M. // J. Raman Spectrosc, 2024, P.  1ï17. 

Рис. 1. Рамановские спектры измененных в 

гидротермальных условиях минералов группы 

лабунцовита: цепинита-Na (А), цепинита-Са (В) и 

цепинита-K (С). 

mailto:aks.crys@gmail.com
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ʄʝʪʦʜʦʤ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʡ ʨʝʘʢʮʠʠ ʚ ʩʠʩʪʝʤʝ Na-Bi-Cu-S-O ʧʦʣʫʯʝʥʳ 

ʧʣʘʩʪʠʥʯʘʪʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ c ʩʦʩʪʘʚʦʤ Na3Cu6BiO4(SO4)5.  ʄʝʪʦʜʘʤʠ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʦʣʫʯʝʥʥʦʤ ʦʙʨʘʟʮʝ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʝ ʬʘʟʳ, ʙʣʠʟʢʠʝ 

ʧʦ ʮʚʝʪʫ ʠ ʤʦʨʬʦʣʦʛʠʠ ʢʨʠʩʪʘʣʣʦʚ, ʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʌʘʟʘ (I) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʘ = 

10.2068(2), b = 9.9885(2), c = 20.9214(4) ¡, ɓ = 101.945(2), V = 2086.76 ¡
3
), ʙʣʠʟʢʠʤʠ ʢ 

ʤʝʪʨʠʢʘʤ ʜʣʷ ʤʠʥʝʨʘʣʘ ʵʣʘʩʤʦʭʣʦʠʪ ʬʫʤʘʨʦʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/n [1]. ʌʘʟʘ (II), ʧʦ ʜʘʥʥʳʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʘ = 

10.0083(4), b = 21.1025(8), c = 10.2376(3) ¡, ɓ = 90.679(4)Ü, V = 2162.03. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʥʘʙʦʨ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ ʧʦʣʫʯʝʥ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ XtaLAB Synergy-DW ʩ ʜʝʪʝʢʪʦʨʦʤ HYPIX-Arc 150 (ʠʟʣʫʯʝʥʠʝ MoKa, 

ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ) ʧʨʠ 297 ʂ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ (II) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/n ʫʪʦʯʥʝʥʘ ʜʦ R1-ʬʘʢʪʦʨʘ ʨʘʩʭʦʜʠʤʦʩʪʠ 

0.11. ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʤʠʥʝʨʘʣʴʥʦʡ ʬʘʟʳ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʫʪʦʯʥʝʥʘ ʜʦ R1~21%, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩʦ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʜʚʦʡʥʠʢʦʚʘʥʠʶ ʠ ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ.  

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ (II) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʯʝʨʝʜʫʶʱʠʭʩʷ ʚʜʦʣʴ ʦʩʠ 

b ʩʣʦʝʚʳʭ ʬʨʘʛʤʝʥʪʘ: (1) ʤʝʜʥʦ-ʚʠʩʤʫʪʦʚʦʛʦ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ [BiO4O2] ʧʦʣʠʵʜʨʦʚ, 

[CuO5] ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʧʠʨʘʤʠʜ ʠ [CuO4] ʢʚʘʜʨʘʪʦʚ ʠ (2) ʥʘʪʨʠʝʚʦʛʦ ʩʣʦʷ ʠʟ [NaO5] ʠ 

[Naʆ6] ʧʦʣʠʵʜʨʦʚ. ʄʝʞʜʫ ʩʣʦʷʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʫʣʴʬʘʪʥʳʝ ʪʝʪʨʘʵʜʨʳ. ʆʪʣʠʯʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʬʘʟʳ (II) ʠ ʧʨʠʨʦʜʥʦʛʦ ʵʣʘʩʤʦʭʣʦʠʪʘ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʥʘʪʨʠʝʚʦʛʦ ʩʣʦʷ ʠ ʠʩʢʘʞʝʥʠʝʤ ʠ ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʧʩʝʚʜʦʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʤʝʜʥʦ-ʚʠʩʤʫʪʦʚʳʭ ʩʣʦʝʚ. ɺ ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʘʥʘʣʦʛʝ ʩʣʦʝʚʳʝ 

ʬʨʘʛʤʝʥʪʳ ʩʚʷʟʘʥʳ ʚʠʥʪʦʚʦʡ ʦʩʴʶ 21 (ʦʩʴʶ ʤʦʥʦʢʣʠʥʥʦʩʪʠ), ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʣʦʷ. ɺ ʩʪʨʫʢʪʫʨʝ ʵʣʘʩʤʦʭʣʦʠʪʘ ʦʩʴ ʤʦʥʦʢʣʠʥʥʦʩʪʠ 

ʧʘʨʘʣʣʝʣʴʥʘ ʩʣʦʷʤ. ɺʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʧʦʣʠʤʦʨʬʥʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʵʣʘʩʤʦʭʣʦʠʪʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʝʛʦ ʩʣʦʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ.             

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʙʶʜʞʝʪʥʦʡ ʪʝʤʳ ɸɸɸɸ-ɸ16-116033010121-7. 

 

 [1] Pekov I.V., Britvin S.N., Agakharov A.A., Vigasina M.F., Sidorov E.G. Eur. J. 

Mineral., 2019, 31, 1025ï1032.  
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ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (ʌʀ) ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʨʫʜ ʠ ʧʨʦʜʫʢʪʦʚ ʠʟ ʧʨʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ 

ʦʙʨʘʟʮʘ ʠ ʵʪʘʣʦʥʘʤʠ ʠʟ ʙʘʟ ʧʨʦʬʠʣʴʥʳʭ ʜʘʥʥʳʭ (PDF ICDD ʠ ʜʨ.) ʠʟ-ʟʘ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʠ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʪʘʣʦʥʥʳʭ ʬʘʟ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʤʝʩʪʦ ʦʜʥʦʟʥʘʯʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʪʙʦʨ ʠʟ ʩʧʠʩʢʦʚ ʩʧʝʢʪʨʘʣʴʥʦ ʙʣʠʟʢʠʭ ʬʘʟ-ʧʨʝʪʝʥʜʝʥʪʦʚ, ʘ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʚʳʙʦʨ 

ʠʩʪʠʥʥʳʭ ʬʘʟ ʠʟ ʩʧʠʩʢʦʚ ʩʪʘʥʦʚʠʪʩʷ ʩʣʠʰʢʦʤ ʪʨʫʜʦʝʤʢʠʤ ʠ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʦʚʝʨʥʳʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʡ ʢʣʘʩʪʝʨʥʦʡ ʌʀ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʦʠʩʢʦʚʘʷ ʩʠʩʪʝʤʘ ʈʌɸ [1]. ʀʇʉ ʈʌɸ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʟʫ PDF2 

ICDD ʠʣʠ ʩʚʦʙʦʜʥʫʶ ʙʘʟʫ COD. 

ʀʇʉ ʈʌɸ ʦʩʥʦʚʘʥʘ ʥʘ ʷʟʳʢʝ ʧʦʠʩʢʦʚʳʭ ʟʘʧʨʦʩʦʚ, ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʠʩʯʠʩʣʝʥʠʷ ʧʨʝʜʠʢʘʪʦʚ. ʂʘʞʜʳʡ ʟʘʧʨʦʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʠʩʢʦʚʫʶ ʧʨʦʛʨʘʤʤʫ ʌʀ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʘʥʠʧʫʣʷʮʠʡ ʤʳʰʴʶ ʥʘ ʦʢʥʘʭ ʩ ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ, ʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʟʥʘʯʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʦʪʙʦʨʘ ʬʘʟ, ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʠʢʠ ʠ ʪ.ʧ. 

ʄʝʪʦʜ ʢʣʘʩʪʝʨʥʦʡ ʌʀ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʧʦ ʟʘʧʨʦʩʫ ʧʦ ʦʪʤʝʯʝʥʥʦʤʫ ʧʠʢʫ ʚ ʢʣʘʩʪʝʨ 

ʩʦ ʩʧʠʩʢʦʤ ʬʘʟ-ʧʨʝʪʝʥʜʝʥʪʦʚ ʤʦʞʝʪ ʧʦʧʘʜʘʪʴ ʪʦʣʴʢʦ ʦʜʥʘ ʠʩʪʠʥʥʘʷ ʬʘʟʘ. ʇʦʩʣʝ ʘʚʪʦ- 

ʩʦʨʪʠʨʦʚʢʠ ʩʧʠʩʢʘ ʧʦ ʦʙʦʙʱʝʥʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʢʨʠʪʝʨʠʶ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʦʡ ʦʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʧʦʟʠʮʠʡ ʚ ʢʣʘʩʪʝʨʝ ʠ ʣʝʛʢʦ 

ʚʠʟʫʘʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ [1]. ʄʝʪʦʜ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʳʰʘʝʪ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʌʀ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʥʠ ʦʜʥʘ ʠʩʪʠʥʥʘʷ ʬʘʟʘ ʥʝ 

ʙʳʣʘ ʧʨʦʧʫʱʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʄʘʩʰʪʘʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʬʘʟ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʂʈʌɸ ʧʦ ʤʫʣʴʪʠʨʝʬʣʝʢʩʥʦʤʫ 

ʤʝʪʦʜʫ ʢʦʨʫʥʜʦʚʳʭ ʯʠʩʝʣ [2]. ʄʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ ʂʈʌɸ, ʯʝʤ 

ʪʨʘʜʠʮʠʦʥʥʳʡ, ʪ.ʢ. ʤʘʩʰʪʘʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʷʤ 

ʧʠʢʦʚ ʬʘʟ, ʘ ʣʫʯʰʠʝ ʵʪʘʣʦʥʥʳʝ ʩʧʝʢʪʨʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʨʠ ʧʦʠʩʢʝ ʚʚʝʨʭʫ ʩʧʠʩʢʘ 

ʢʘʥʜʠʜʘʪʦʚ (ʢʣʘʩʪʝʨʘ), ʦʙʳʯʥʦ ʠʤʝʶʪ ʠ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʨʫʥʜʦʚʳʭ ʯʠʩʝʣ. 

ʀʟ ʜʘʥʥʳʭ ʂʈʌɸ ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ ʧʦ ʜʘʥʥʳʤ ʭʠʤ. ʘʥʘʣʠʟʘ. ʂʘʯʝʩʪʚʦ ʌʀ ʠ ʂʈʌɸ 
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ʩʣʦʞʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ 

ʦʙʦʛʘʱʝʥʠʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚ [3]. 

[1] ʗʢʠʤʦʚ ʀ.ʉ., ɼʫʙʠʥʠʥ ʇ.ʉ., ɿʘʣʦʛʘ ɸ.ʅ., ʇʠʢʩʠʥʘ ʆ.ɽ. ɾʫʨʥ. ʩʪʨʫʢʪʫʨ. ʭʠʤʠʠ, 

2011, 52(2), 319ï325. 

[2] Yakimov I.S., Dubinin P.S., Piksina I.S. Inorg. Materials, 2011, 47(15), 1681ï1686. 

[3] ʗʢʠʤʦʚ ʀ.ʉ., ʂʠʨʠʢ ʉ.ɼ., ɼʫʙʠʥʠʥ ʇ.ʉ. ʠ ʜʨ. ʉʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ, 2015, 1, 3–15. 
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JEWELRY GARNET OF THE KITEL DEPOSIT (KARELIA): 

COMPOSITION AND SPECTROSCOPIC PROPERTIES 
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There are many different rocks with garnet in the eastern part of the Baltic Shield, but 

only one deposit of jewelry garnet is known ï the Kitel deposit, located in the Northern 

Ladoga region. The garnets of this deposit have bright red-crimson color, the size of the 

jewelry part does not exceed 1 cm. We have studied the chemical composition, impurity 

elements, mineral inclusions, spectroscopic properties (FTIR, Mºssbauer and optical 

spectroscopy) of garnet jewelry crystals [1]. The data obtained can be used in work on the 

identification of the place of origin of archaeological finds, but it may help to explain the 

reasons for the appearance of garnet jewelry differences. The garnet crystals have a pyrope-

almandine composition (Alm75-80Pir15-14Sps7-4Grs3-2) with a weakly pronounced zonal 

composition: towards the edges of the grains, the content of Ca and Mn decreases towards the 

edges of the grains, and the content of Fe and Mg increases. This zonality is characteristic of 

the processes of progressive metamorphism of the rocks in which garnets were formed. 

Optical absorption spectra of garnet plates in the visible region of light indicate that Fe
2+

 

ions in dodecahedral positions, to a lesser extent dodecahedral Mn
2+

 and octahedral Fe
3+

 ions, 

are responsible for the bright red-crimson color of pyrope-almandine from the Kitel deposit. 

 
Optical absorption of the Kitel garnet (d = 0.41 mm). The inset shows the range of 330-830 

nm after removing the background; d-d(f) and d-d(a) are bands of forbidden and spinïallowed 

electronic d-d transitions of ions Fe
2+

, Mn
2+

, Fe
3+

. 

 

Thus, a "portrait" of the typomorphic features of the jewelry garnet from the deposit 

was obtained. This portrait will help to recognize historical finds of faceted or cabochonized 

almandine in jewelry and church utensils not only in Russia, but also in Europe, to which this 

jewelry material was exported for the whole XVII century. 

The research was carried out within the framework of the research topics of the state 

task of IG FRC Komi SC UB RAS, IGEM RAS and GIN RAS. 

[1] Lyutoev V.P., Makeyev A.B., Terekhov E.N. Lithosphere (Russia), 2023, 23(2), 247-269, 

https://doi.org/10.24930/1681-9004-2023-23-2-247-269. 
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DEFECTS IN CO2-DIAMONDS: EPR, CATHODOLUMINESCENCE AND ABSORPTION 
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Infra-red (IR) spectra of some natural diamond single crystals show strong features 

due to CO2 absorption [1,2]. Detailed studies using Infra-red microscopy [3] and 

Transmission Electron microscopy [4] reveal that the ñCO2-diamondsò contain numerous 

nanosized precipitates of CO2-I phase (CO2 ice), most likely formed during exsolution of 

oxygen impurity from diamond lattice. Spectroscopic properties of such diamonds are still 

insufficiently understood and, in particular, possibility of spectroscopic detection of oxygen 

lattice impurity remains elusive. We present results of investigation of a collection of CO2-

diamonds using several spectroscopic methods: Electron paramagnetic resonance (EPR), 

cathodoluminescence, IR-vis absorption. 

EPR spectroscopy shows that all studied samples contain paramagnetic defects, 

presumably comprising oxygen and nitrogen atoms: OK1 (C-N-C-O-C) and N3 (C-N-O-C) 

(EPR notation) [5,6]. In contrast to common natural diamonds, in the studied crystals these 

defects are more abundant than single substitutional nitrogens (the P1 defect): concentration 

of the O-related defects reach 3-4 at. ppm, whereas P1 is present at level of 0.1 ppm and less. 

The OK1 and N3 defects are also present in a CO2-diamond showing lonsdaleite feature in IR 

spectra. Broad correlation of concentration of the OK1 and N3 paramagnetic defects with 

oxygen concentration measured in the same samples using Secondary Ions mass-spectrometry 

[7] give additional support to models of these centers involving oxygen. Presumably, the main 

fraction of oxygen in diamond lattice is non-paramagnetic and only coupling with N makes it 

detectable using EPR. 

Some studied diamonds show broad absorption band at ~490 nm, possibly related to 

structural oxygen. However, the correlation of its strength with the EPR signal is weak. 

A natural nanocrystalline diamonds of impact origin (so-called yakutite) shows very 

strong CO2 IR absorption and its one-phonon region is characterized by presence of 

lonsdaleite-related features. This sample is characterized by weak purple 

cathodoluminescence and a peculiar EPR line, likely comprising two components related to 

point defects and dislocations. 

 

[1] Chinn I., A Study of Unusual Diamonds from the George Creek K1 Kimberlite Dyke, 

PhD Thesis, University of Cape Town, 1995 . 

[2] Hainschwang T. et al., Diam. Relat. Mater. 2008, 17(3), 340ï351. 

[3] Barannik E.P., Shiryaev A.A., Hainschwang T., Diam. Relat. Mater. 2021, 113 108280. 

[4] Shiryaev A.A. et al., Carbon Trends 2023, 11, 100270. 

[5] Newton M.E., Baker J.M. J. Phys.: Condens. Matter., 1989, 1, 10549ï10561. 

[6] Van Wyk J.A. et al. J. Phys.: Condens. Matter., 1992, 4, 2651-2662. 

[7] Shiryaev A.A. et al., J. Phys.: Condens. Matter., 2010, 22, 045801-045806 
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ʄɽʊʆɼʀʏɽʉʂʀɽ ɺʆʇʈʆʉʓ ʄʀʂʈʆɿʆʅɼʆɺʆɻʆ ʅɽʀɿʆʊʆʇʅʆɻʆ U-TH-PBTOT-

ɼɸʊʀʈʆɺɸʅʀʗ ʄʆʅɸʎʀʊɸ 
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1
 ʀɻɻ ʋʨʆ ʈɸʅ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ; vladislavtalica@gmail.com 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʠʢ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʥʝʠʟʦʪʦʧʥʦʛʦ U-Th-Pbtot-ʜʘʪʠʨʦʚʘʥʠʷ ʤʦʥʘʮʠʪʘ ʤʠʢʨʦʥʥʦʛʦ 

ʨʘʟʤʝʨʘ, ʚʢʣʶʯʘʶʱʠʝ (1) ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʪʝʢʩʪʫʨʳ ʟʝʨʝʥ ʥʘ ʦʩʥʦʚʝ ʠʭ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ ɜ1(PO4) ʚ ʩʧʝʢʪʨʝ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ; (2) ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʤʠʥʝʨʘʣʘ, ʝʛʦ 

ʘʚʪʦʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʫʪʨʝʥʥʝʡ ʪʝʢʩʪʫʨʳ ʟʝʨʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Casino v2.51 [1] ʜʣʷ ʦʮʝʥʢʠ ʦʙʣʘʩʪʝʡ 

ʛʝʥʝʨʘʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʠʢʨʦʟʦʥʜʘ ʠ 

ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ; (3) ʜʠʩʢʨʠʤʠʥʘʮʠʶ ʟʦʥ ʠ ʠʭ ʜʘʪʠʨʦʚʘʥʠʝ, ʦʮʝʥʢʫ 

ʜʦʟ ʘʚʪʦʦʙʣʫʯʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʦʚ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʝʨʥʘ ʤʦʥʘʮʠʪʘ ʚ ʩʠʣʠʢʘʪʥʦʡ ʤʘʪʨʠʮʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 2 ʠ 2.5 ʤʢʤ ʧʨʠ ʜʠʘʤʝʪʨʝ ʟʦʥʜʘ 10 ʠ 1000 ʥʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʧʨʦʙʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʚʳʧʦʣʥʝʥʘ ʥʘ ʧʨʠʤʝʨʝ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʤʦʥʘʮʠʪʘ Trebilcock [2], ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʦʚ 

ʤʦʥʘʮʠʪʘ ʠʟ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʇʝʱʝʨʥʠʥʩʢʦʛʦ ʰʪʦʢʘ ʠ ʐʘʨʪʘʰʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʉʨʝʜʥʠʡ 

ʋʨʘʣ) [3-4]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʥʘʮʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʉʝ-ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʦ ʩʤʝʰʘʥʥʳʤ 

ʯʝʨʘʣʠʪ-ʭʘʪʪʦʥʠʪʦʚʳʤ ʪʠʧʦʤ ʠʟʦʤʦʨʬʠʟʤʘ; ʚʳʧʦʣʥʝʥʦ ʢʘʨʪʠʨʦʚʘʥʠʝ ʟʝʨʝʥ ʧʦ ʣʠʥʠʷʤ 

CeLŬ, YLŬ, ThMŬ, UMɓ, PbMŬ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʤʦʜʳ ɜ1(PO4) ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʫʧʝʨʧʦʟʠʮʠʦʥʥʳʤ ʚʣʠʷʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ 

ʤʠʥʝʨʘʣʘ; ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʘʨʪʳ ʟʝʨʝʥ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʤʦʜʳ. ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʜʘʪʠʨʦʚʢʠ ʟʝʨʝʥ; ʜʣʷ ʤʦʥʘʮʠʪʘ Trebilcock ʜʘʥʥʳʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ; ʜʘʪʠʨʦʚʢʠ ʫʨʘʣʴʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʤʦʥʘʮʠʪʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʟʦʪʦʧʥʳʤʠ U-Pb-ʜʘʪʠʨʦʚʢʘʤʠ ʩʦʩʫʱʝʩʪʚʫʶʱʝʛʦ ʮʠʨʢʦʥʘ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʠʩʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʤʝʪʦʜʠʢ ʜʣʷ U-Th-

Pbtot-ʜʘʪʠʨʦʚʘʥʠʷ ʤʦʥʘʮʠʪʘ ʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʫʨʘʥʦʚʳʭ ʠ ʚʳʩʦʢʦʪʦʨʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ-

ʛʝʦʭʨʦʥʦʤʝʪʨʦʚ.. 

 
ʈʠʩ. ʊʨʘʝʢʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʛʣʫʙʠʥʝ ʥʘ ʛʨʘʥʠʮʝ ʤʦʥʘʮʠʪ-

ʚʦʣʣʘʩʪʦʥʠʪ (ʩʠʥʠʝ ï ʵʣʝʢʪʨʦʥʳ, ʨʘʩʩʝʷʥʥʳʝ ʚ ʤʠʥʝʨʘʣʝ; ʢʨʘʩʥʳʝ - BSE) (ʘ); 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ PbMŬ (1-2 ï ʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʠ ʚʳʰʝʜʰʝʝ ʠʟ 

ʤʦʥʘʮʠʪʘ; U=15 ʢʵɺ) (ʙ); ʤʦʜʝʣʴʥʳʡ ʧʨʦʬʠʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ Pb MŬ ʠ Si KŬ ʥʘ 

ʛʨʘʥʠʮʝ ʤʦʥʘʮʠʪ-ʚʦʣʣʘʩʪʦʥʠʪ (ʚ); ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Th MŬ ʚ ʟʝʨʥʝ ʤʦʥʘʮʠʪʘ ʠʟ 

ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʇʝʱʝʨʥʠʥʩʢʦʛʦ ʰʪʦʢʘ (ʛ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʠʘʛʨʘʤʤʘ ThO2
*
 vs. PbO 

(ʜ).  
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Fig. Trajectories of electron distribution along the depth at the monazite-wollastonite 

boundary (blue ï electrons scattered in the mineral; red - BSE) (a); distribution of Xïray Pb 

MŬ (1-2 - generated and emitted from monazite; U=15 keV) (b); model intensity profile of Pb 

MŬ and Si KŬ lines at the boundary monazite-wollastonite (c); a map of the distribution of Th 

MŬ in monazite grains from the leucogranites of the Cave stock (d) and the corresponding 

diagram ThO2
*
 vs. PbO (e). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɻ ʋʨʆ ʈɸʅ 

(ˉ124020300057-6 ʠ ˉ123011800012-9) ʚ ʎʂʇ çɻʝʦʘʥʘʣʠʪʠʢè ʀɻɻ ʋʨʆ ʈɸʅ. 

[1] Joy D.C. Monte Carlo Modeling for Electron Microscopy and Microanalysis / New York: 

Oxford University Press, 1995. 216 p. 

[2] Tomascak, P.B., Krogstad, E.J., Walker, R.J., 1996. U-Pb Monazite Geochronology of 

Granitic Rocks from Maine: Implications for Late Paleozoic Tectonics in the Northern 

Appalachians. J. Geol. 104 (2), 185ï195. 

[3] ʂʦʨʦʚʠʥ ɼ.ɼ., ʉʤʠʨʥʦʚ ɺ.ʅ. ʇʝʨʚʘʷ U-Pb (SHRIMP-II) ʜʘʪʠʨʦʚʢʘ ʛʨʘʥʠʪʦʚ 

ʈʝʬʪʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ɺʦʩʪʦʯʥʘʷ ʟʦʥʘ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ) // ʀʟʚʝʩʪʠʷ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ, 

2023, ˉ 2 (60). ʉ. 14ï23. 

[4] ɺʦʪʷʢʦʚ ʉ.ʃ., ʇʨʠʙʘʚʢʠʥ ʉ.ɺ., ɿʘʤʷʪʠʥ ɼ.ɸ. ʍʠʤʠʯʝʩʢʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʘ ʠʟ 

ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʐʘʨʪʘʰʩʢʦʛʦ ʄʘʩʩʠʚʘ (ʉʨʝʜʥʠʡ ʋʨʘʣ) // ɼʦʢʣʘʜʳ ʈɸʅ. 2016. ʊ. 

470. ʉ. 83ï86.  
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ɹɽɿɺʆɼʅʓɽ ʌʆʉʌɸʊʓ ɾɽʃɽɿɸ ʀ ʅɸʊʈʀʗ ɺ ʉɸʄʆʈʆɼʅʆʄ ɾɽʃɽɿɽ 

ɺʋʃʂɸʅʀʏɽʉʂʀʍ ʇʆʈʆɼ ʆ. ɼʀʉʂʆ, ɻʈɽʅʃɸʅɼʀʗ 
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ɹʝʟʚʦʜʥʳʝ Na-Fe ʬʦʩʬʘʪʳ ʪʠʧʠʯʥʳ ʜʣʷ ʙʦʛʘʪʳʭ ʞʝʣʝʟʦʤ ʩʠʩʪʝʤ: ʠʟ 18 

ʠʟʚʝʩʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʪʦʣʴʢʦ 3 (ʬʝʨʨʦʘʣʣʶʦʜʠʪ, ʛʨʘʪʪʘʨʦʣʘʠʪ ʠ ʨʦʜʦʣʠʢʦʠʪ) 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʦʨʦʜʘʭ ʙʝʟ ʩʘʤʦʨʦʜʥʦʛʦ ʞʝʣʝʟʘ. ɻʨʘʬʪʦʥʠʪ, ʩʘʨʢʦʧʩʠʜ, ʢʘʨʝʥʚʝʙʙʝʨʠʪ 

ʠ ʤʘʨʠʯʠʪ ʦʙʥʘʨʫʞʝʥʳ ʢʘʢ ʚ ʟʝʤʥʳʭ ʧʦʨʦʜʘʭ ʙʝʟ ʩʘʤʦʨʦʜʥʦʛʦ ʞʝʣʝʟʘ, ʪʘʢ ʠ ʚ 

ʦʙʦʛʘʱʝʥʥʳʭ ʤʝʪʘʣʣʦʤ ʤʝʪʝʦʨʠʪʘʭ [1]. ʂʘʙʘʣʦʚʠʪ, ʥʘʙʘʪʝʘʠʪ, ʬʦʩʬʦʮʠʢʣʠʪ-(Fe) ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʟʝʤʥʳʭ ʧʦʨʦʜʘʭ ʩ ʩʘʤʦʨʦʜʥʳʤ ʞʝʣʝʟʦʤ [2]. ʕʣʘʣʠʠʪ ʠ ʵʣʴʢʠʥʩʪʘʥʪʦʥʠʪ, 

ʛʘʣʠʣʝʠʪ, ʧʘʥʝʪʠʪ, ʢʩʝʥʦʬʠʣʣʠʪ ï ʚ ʞʝʣʝʟʥʳʭ ʤʝʪʝʦʨʠʪʘʭ.  

ʄʝʪʦʜʘʤʠ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

(ʂʈ) ʠ ʜʠʬʨʘʢʮʠʠ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (EBSD) ʠʩʩʣʝʜʦʚʘʥʦ 5 ʦʙʨʘʟʮʦʚ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦ. ɼʠʩʢʦ, ɻʨʝʥʣʘʥʜʠʷ. ʌʦʩʬʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʪʦʨʘʧʘʪʠʪʦʤ ʠ 

ʙʝʟʚʦʜʥʳʤʠ ʬʦʩʬʘʪʘʤʠ ʞʝʣʝʟʘ. ʌʪʦʨʘʧʘʪʠʪ ʦʙʨʘʟʫʝʪ ʠʜʠʦʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ 

ʩʘʤʦʨʦʜʥʦʤ ʞʝʣʝʟʝ ʠ ʟʝʨʥʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ʜʦ 50 ʤʢʤ ʥʘ ʢʦʥʪʘʢʪʘʭ 

ʤʝʪʘʣʣʘ ʠ ʩʠʣʠʢʘʪʦʚ. ɹʝʟʚʦʜʥʳʝ ʬʦʩʬʘʪʳ ʞʝʣʝʟʘ ʦʙʨʘʟʫʶʪ ʟʝʨʥʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ 

ʨʘʟʤʝʨʦʤ ʜʦ 20 ʤʢʤ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʩʘʤʦʨʦʜʥʦʛʦ ʞʝʣʝʟʘ. ʀʟʫʯʝʥʥʳʝ 

ʤʠʥʝʨʘʣʳ ʠʤʝʶʪ ʨʷʜ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʨʪʦʬʦʩʬʘʪʦʚ ʂʈ-ʧʦʣʦʩ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʜʘʥʥʳʭ ʦ ʙʝʟʚʦʜʥʳʭ Na-Fe ʬʦʩʬʘʪʘʭ [3], ʤʳ ʤʦʞʝʤ ʨʘʟʜʝʣʠʪʴ ʠʟʫʯʝʥʥʳʝ ʬʘʟʳ ʥʘ 3 

ʛʨʫʧʧʳ: (1) ʩʪʝʢʣʦʧʦʜʦʙʥʳʝ (çʩʪʝʢʣʦè), (2) ʤʝʨʨʠʣʣʠʪʦʧʦʜʦʙʥʳʝ (çʤʝʨʨʠʣʣʠʪè) ʠ (3) 

ʛʨʘʬʪʦʥʠʪʦʧʦʜʦʙʥʳʝ (çʛʨʘʬʪʦʥʠʪè). ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʝʡ ʭʘʨʘʢʪʝʨʥʦ 

ʪʦʣʴʢʦ ʜʣʷ çʩʪʝʢʣʘè, ʪʦʛʜʘ ʢʘʢ ʤʝʞʜʫ çʤʝʨʨʠʣʣʠʪʦʤè ʠ çʛʨʘʬʪʦʥʠʪʦʤè ʟʘʤʝʪʥʳʭ 

ʨʘʟʣʠʯʠʡ ʥʝʪ. ʉʭʦʜʥʳʡ ʩʦʩʪʘʚ ʬʦʩʬʘʪʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʠʪʴ ʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; ʙʝʟ ʫʯʝʪʘ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ / ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʜʘʥʥʳʭ ʪʦʯʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʡ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ.  

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ɿ. ʌʠʣʴ (ʄʫʟʝʡ ɽʩʪʝʩʪʚʝʥʥʦʡ ʠʩʪʦʨʠʠ, ɼʘʥʠʷ) ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʦʚ ʉʇʙɻʋ çɻʝʦʤʦʜʝʣʴè ʠ çʅʘʥʦʬʦʪʦʥʠʢʘè. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʜʝʨʞʘʥʳ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ (ˉ 23-77-10025). 

[1] Sharygin V.V. Meteor. Planet. Sci., 2019, 54. 

[2] Britvin S.N. et al. CNMNC Newsletter 67. Eur. J. Mineral., 2022, 34. 

[3] Litasov K.D., Podgornykh N.M. J. Raman Spectrosc., 2017, 48, 1518ï1527.  



109 
 

ʂ ʆʇʀʉɸʅʀʖ ʌɸɿʆɺʓʍ ʇɽʈɽʍʆɼʆɺ ɺ ʊʈʀʂʃʀʅʅʓʍ ʄʆʃɽʂʋʃʗʈʅʓʍ 

ʂʈʀʉʊɸʃʃɸʍ 

 

ɼʨʦʞʠʣʢʠʥ ʇ.ɼ., ʉʦʤʦʚ ʅ.ɺ., ʏʫʧʨʫʥʦʚ ɽ.ɺ. 
 

ʅʅɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, pddrozhilkin@yandex.ru 

 

TOWARDS A DESCRIPTION OF PHASE TRANSITIONS IN TRICLINIC MOLECULAR 

CRYSTALS 

 

Drozhilkin P.D., Somov N.V., Chuprunov E.V. 

 

Lobachevsky State University, pddrozhilkin@yandex.ru 

 

 ʉʦʛʣʘʩʥʦ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʃʘʥʜʘʫ, ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 2-ʛʦ ʨʦʜʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʩʢʘʞʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʉʪʝʧʝʥʴ ʠʩʢʘʞʝʥʠʷ 

ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʢʦʪʦʨʳʤ ʤʘʣʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ.  

ɻʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ, ʦʧʠʩʳʚʘʶʱʘʷ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʫʶ ʬʘʟʫ H ʠ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ 

ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʦʡ ʬʘʟʳ G ʩʦʦʪʥʦʩʷʪʩʷ ʢʘʢ ʛʨʫʧʧʘ-ʧʦʜʛʨʫʧʧʘ ὌṒὋ [1]. 

 ɺ [2] ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚʝʣʠʯʠʥʘ ρ –, ʛʜʝ – ï 

ʩʪʝʧʝʥʴ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʛʦ 

ʠʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

– ”ὼᴆ
᷿”ὼᴆ”ὫὼᴆÄ6

᷿” ὼᴆÄ6
ȟ (1) 

ʛʜʝ ”ὼᴆ ï ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ὼᴆ ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, V ï ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, Ὣ ï ʦʧʝʨʘʪʦʨ ʩʠʤʤʝʪʨʠʠ, 

ʦʧʠʩʳʚʘʶʱʠʡ ʠʟʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ὫᶰὋ Ὣ᷈ᶱὌ.  

 ʀʟ 318992 ʟʘʧʠʩʝʡ ʪʨʠʢʣʠʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ CCDC [3], ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʚʪʦʨʦʛʦ ʨʦʜʘ ʦʪʤʝʯʘʝʪʩʷ ʘʚʪʦʨʘʤʠ ʚ 6 ʢʨʠʩʪʘʣʣʘʭ (17 ʟʘʧʠʩʝʡ). ɽʱʝ ʚ 35 

ʢʨʠʩʪʘʣʣʘʭ (97 ʟʘʧʠʩʝʡ), ʦʪʤʝʯʘʝʪʩʷ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʥʦ ʝʛʦ ʭʘʨʘʢʪʝʨ ʦʜʥʦʟʥʘʯʥʦ ʥʝ 

ʦʧʨʝʜʝʣʝʥ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʪʤʝʯʝʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʳʯʠʩʣʷʣʩʷ ʬʫʥʢʮʠʦʥʘʣ (1) ʚ 

ʧʨʦʛʨʘʤʤʝ PseudoSymmetry Studio [4]. ʇʦʠʩʢ ʦʧʝʨʘʪʦʨʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʳʭ 

ʧʩʝʚʜʦʠʥʚʘʨʠʘʥʪʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʦʡ ʬʘʟʳ, ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ 

ʟʘʧʠʩʝʡ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ ʢ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʝʨʝʭʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʘʭ, ʢʦʪʦʨʳʝ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 2-ʛʦ ʨʦʜʘ, ʩʪʝʧʝʥʴ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ (– > 0.9) ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʛʨʫʧʧʘ-ʧʦʜʛʨʫʧʧʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʌ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ˉ FSWR-2023-0035. 

 

[1] ʃʘʥʜʘʫ ʃ.ɼ. ɾʕʊʌ, 1937, ʊ. 7, 1ï19 

[2] ʏʫʧʨʫʥʦʚ ɽ.ɺ., ʠ ʜʨ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 1988. ʊ. 33.  ˉ3. 759 

[3] Allen F. H. Acta. Cryst. B., 2002, V. 58, 380ï388 

[4] ʉʦʤʦʚ ʅ.ɺ., ʏʫʧʨʫʥʦʚ ɽ.ɺ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 2014. ʊ. 59. ˉ1. 151ï153 
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ɼʀɸɻʅʆʉʊʀʂɸ ʌɸɿ ɼʆʏɽʈʅʀʍ ʄʀʅɽʈɸʃʆɺ ʈɸʉʇʃɸɺʅʓʍ ɺʂʃʖʏɽʅʀʁ ɺ 

ʆʃʀɺʀʅɽ ʄɸʅʊʀʅʓʁ ʂʉɽʅʆʃʀʊʆɺ ʄɽʊʆɼʆʄ ʂʆʅʌʆʂɸʃʔʅʆʁ 

ʄʀʂʈʆʉʇɽʂʊʈʆʉʂʆʇʀʀ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ ʉɺɽʊɸ 

 

ɼʳʤʰʠʮ ɸ.ʄ.
1
, ʐʘʨʳʛʠʥ ʀ.ʉ.

1
 ʠ ɻʦʣʦʚʠʥ ɸ.ɺ.

2
 

 

1
 ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ; adymshits@crust.irk.ru 
2
 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ  

 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ 

ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʦʣʠʚʠʥʝ ʢʩʝʥʦʣʠʪʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʝʨʠʜʦʪʠʪʘ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʂʦʤʩʦʤʦʣʴʩʢʘʷ-ʄʘʛʥʠʪʥʘʷ (ɺʝʨʭʥʝʤʫʥʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ 

ʧʦʣʝ, ʗʢʫʪʠʷ) [1]. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʬʘʟ ʜʦʯʝʨʥʠʭ ʤʠʥʝʨʘʣʦʚ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ Horiba Jobin Yvon LabRAM HR800 ʩ 

ʣʘʟʝʨʦʤ 532 ʥʤ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ 1ï2 ʤʢʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʢʣʶʯʝʥʠʷ ʙʝʟ ʠʭ ʚʳʚʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʢʣʶʯʝʥʠʡ ʚ ʦʜʥʦʤ ʟʝʨʥʝ, ʢʦʛʜʘ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʨʘʟʥʦʡ ʛʣʫʙʠʥʝ ʚ ʤʠʥʝʨʘʣʝ-ʭʦʟʷʠʥʝ. ɼʣʷ ʤʥʦʛʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʤʠʥʝʨʘʣʦʚ ʪʘʢʦʡ 

ʩʧʦʩʦʙ ʠʟʫʯʝʥʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʨʘʟʨʫʰʝʥʳ ʧʨʠ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ. ʊʨʫʜʥʦʩʪʴʶ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʟʤʝʨʷʝʤʳʡ ʩʧʝʢʪʨ 

ʩʦʜʝʨʞʠʪ ʧʠʢʠ ʦʣʠʚʠʥʘ (ʤʠʥʝʨʘʣʘ-ʭʦʟʷʠʥʘ), ʯʪʦ ʤʦʞʝʪ ʟʘʪʨʫʜʥʷʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʤʠʥʝʨʘʣʦʚ ʚʦ ʚʢʣʶʯʝʥʠʠ. 

ʅʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʢʩʝʥʦʣʠʪʘ, 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ ʙʳʣ ʚʳʥʝʩʝʥ ʩ ʛʣʫʙʠʥ ʙʦʣʝʝ 200 ʢʤ (6.4 ɻʇʘ ʠ 1380Áʉ). 

ʉʨʝʜʠ ʜʦʯʝʨʥʠʭ ʤʠʥʝʨʘʣʦʚ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʙʳʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ 

ʤʦʥʪʠʯʝʣʣʠʪ, ʬʣʦʛʦʧʠʪ, ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪ KMg3(Fe
3+

)Si3O10(F,Cl,OH), ʘʧʘʪʠʪ, 

ʘʬʪʠʪʘʣʠʪ K3Na(SO4)2, ʙʝʨʢʝʠʪ Na6CO3(SO4)2 ʠ ʢʘʨʙʦʥʘʪʳ: ʢʘʣʴʮʠʪ, ʥʴʝʨʝʨʝʠʪ 

(Na,K)2Ca(CO3)2, ʰʦʨʪʠʪ Na2Ca2(CO3)3 ʠ ʵʡʪʝʣʠʪ Na2Mg(CO3)2. ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʂʈ-ʩʧʝʢʪʨʳ ʦʪʜʝʣʴʥʳʭ ʜʦʯʝʨʥʠʭ ʬʘʟ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʣʴʥʳʝ ʧʠʢʠ ʥʘ 1002 ʠ 

1013 ʩʤ
ï1
. ʆʥʠ ʤʦʛʫʪ ʦʪʚʝʯʘʪʴ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʧʠʢʘʤ ʙʘʩʩʘʥʠʪʘ Ca(SO4)Ŀ0.5H2O 

ʠ ʮʝʣʝʩʪʠʥʘ SrSO4, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʞʝ ʙʳʣʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ ʬʘʟʘ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʠʢʠ ʥʘ 1006 ʠ 1066 ʩʤ
ï1
, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ, ʚʝʨʦʷʪʥʦ, 

ʩʫʣʴʬʘʪʦ-ʢʘʨʙʦʥʘʪ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʱʝʣʦʯʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʱʝʣʦʯʥʦ-ʢʘʨʙʦʥʘʪʥʦʤ ʩʦʩʪʘʚʝ ʨʘʩʧʣʘʚʘ (ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʤʘʛʤʳ), ʢʦʪʦʨʳʡ 

ʢʦʥʪʘʢʪʠʨʦʚʘʣ ʩ ʤʘʥʪʠʡʥʳʤ ʢʩʝʥʦʣʠʪʦʤ ʧʨʠ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ [1].  

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-35-70058, ʘ ʪʘʢʞʝ 

ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʙʘʟʦʚʳʭ ʧʨʦʝʢʪʦʚ ʀɿʂ ʉʆ ʈɸʅ ʠ ʀɻʄ ʉʆ ʈɸʅ 

[1] Sharygin I.S., Golovin A.V., Dymshits A.M. et al. Doklady Earth Science, 2021, 500, 

842ï847 

  



111 
 

ʄʅʆɻʆʂʆʄʇʆʅɽʅʊʅʓʁ ɻʈɸʅɸʊ (Y0.2Gd0.2Er0.2Eu0.2Dy0.2)3Fe5O12: ʉʀʅʊɽɿ, 

ʆʉʆɹɽʅʅʆʉʊʀ ʉʊʈʋʂʊʋʈʓ ʀ ʉʇɽʂʊʈʆʉʂʆʇʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ  

 

ɾʝʣʫʥʠʮʳʥ ʀ.ɸ.
1
, ɺʦʪʷʢʦʚ ʉ.ʃ.

1
, ʄʠʭʘʡʣʦʚʩʢʘʷ ɿ.ɸ.

1
, ʇʘʥʢʨʫʰʠʥʘ ɽ.ɸ.

1
., 

ɻʦʣʦʙʦʨʦʜʩʢʠʡ ɹ.ʖ
2
, ʄʠʣʴʜʝʨ ʆ.ɹ.

2
 

 
1 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɸ.ʅ. ɿʘʚʘʨʠʮʢʦʛʦ (ʋʨʆ ʈɸʅ), 

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ; 
2
 ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤʝʥʠ ʄ.ʅ. ʄʠʭʝʝʚʘ (ʋʨʆ ʈɸʅ), ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ; 

E-mail: jelunitsyn@yandex.ru 

 

HIGH-ENTROPY IRON GARNET (Y0.2Gd0.2Er0.2Eu0.2Dy0.2)3Fe5O12: SYNTHESIS, 

STRUCTURE AND SPECTROSCOPIC PROPERTIES 

 

Zhelunitsyn I.A.
1
, Votyakov S.L.

1
, Mikhailovskaya Z.A.

1
, Pankrushina E.A.

1
, Goloborodsky 

B.Y.
2
, Milder O.B.

2
 

 
1 
A. N. Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of the Russian 

Academy of Sciences, Yekaterinburg, Russia;  
2
 M.N. Mikheev Institute of Metal Physics of Ural Branch of Russian Academy of Sciences, 

Yekaterinburg, Russia; 

E-mail: jelunitsyn@yandex.ru  

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʠʥʪʝʟʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʛʨʘʥʘʪʘ (Y0.2Gd0.2Er0.2Eu0.2Dy0.2)3Fe5O12, 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʛʣʠʮʠʥ-ʥʠʪʨʘʪʥʦʛʦ ʧʠʨʦʣʠʟʘ ʠ ʩʦʦʩʘʞʜʝʥʠʷ. ɸʪʪʝʩʪʘʮʠʷ 

ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʠ ʨʘʤʘʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺʳʧʦʣʥʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʚʦʡʩʪʚ ʩ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʛʨʘʥʘʪʘʤʠ 

ʄʝ3Fe5O12 (ʄʝ=Y, Eu, Gd, Dy, Er). ɺʦ ʚʩʝʭ ʛʨʘʥʘʪʘʭ ʟʝʨʥʘ ʠʤʝʶʪ ʦʢʨʫʛʣʫʶ ʠʣʠ 

ʩʪʝʨʞʥʝʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ 1-2 ʤʢʤ; ʟʝʨʥʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʛʨʘʥʘʪʘ 

ʬʦʨʤʠʨʫʶʪ ʘʛʣʦʤʝʨʘʪʳ. ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʣʠʯʠʝ 

ʛʨʘʥʘʪʦʚʦʡ ʬʘʟʳ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ (ʤʝʥʝʝ 1-2 %) ʩʦʜʝʨʞʘʥʠʝʤ ʬʘʟʳ Fe2O3; ʤʝʪʦʜʦʤ 

ʈʠʪʚʝʣʴʜʘ ʜʣʷ (Y0.2Gd0.2Er0.2Eu0.2Dy0.2)3Fe5O12 ʚʳʷʚʣʝʥʦ ʠʩʢʘʞʝʥʠʝ ʦʢʪʘʵʜʨʘ FeO6 ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦʟʠʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʥʘ ʰʝʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʳʭ. ɺ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤ ʩʧʝʢʪʨʝ ʚʳʜʝʣʝʥʦ ʧʷʪʴ (I-V) ʩʝʢʩʪʝʪʦʚ ʣʠʥʠʡ ʣʦʨʝʥʮ-ʛʘʫʩʩʦʚʦʡ 

ʬʦʨʤʳ, ʦʙʨʘʟʫʶʱʠʭ ʜʚʘ ʧʦʜʩʧʝʢʪʨʘ ʦʪ Fe ʚ ʪʝʪʨʘ- ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ (ʨʠʩ.1ʘ-

ʙ). ɿʥʘʯʝʥʠʷ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ H (ʢʕ), ʠʟʦʤʝʨʥʦʛʦ ʩʜʚʠʛʘ IS ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Fe ʠ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ QS (ʤʤ/ʩ), ʧʣʦʱʘʜʠ S (%) ʠ ʰʠʨʠʥʳ 

ʧʝʨʚʦʡ (ʰʝʩʪʦʡ) ʣʠʥʠʡ ʩʝʢʩʪʝʪʘ W1,6 (ʤʤ/ʩ) ʩʦʩʪʘʚʣʷʶʪ ʜʣʷ 
IV

Fe ï 393.3(3), 0.157(3), -

0.106(7), 37.63, 0.52(1) (ʩʝʢʩʪʝʪ I); 394.6(4), 0.140(6), 0.26(1), 13.95, 0.33(1) (ʩʝʢʩʪʝʪ II); 

408.4(6), -0.026(7), 0.26(1), 8.31, 0.29(2) (ʩʝʢʩʪʝʪ III) ʠ ʜʣʷ 
VI

Fe ï 476.2(4), 0.435(5), -

0.29(1), 8.61, 0.25(1) (ʩʝʢʩʪʝʪ IV); 488.8(2), 0.350(2), 0.118(4), 31.5, 0.34(1) (ʩʝʢʩʪʝʪ V) 

ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʰʠʨʠʥ W1,6:W2,5:W3,4=1:0.86:0.77. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ H ʠ IS 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʘʢʦʚʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʜʣʷ YIG [1]. ɸʥʘʣʠʟ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʠ 

ʨʘʤʘʥʦʚʩʢʠʭ ʜʘʥʥʳʭ (ʨʠʩ.1ʚ), ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʩʣʝʜʥʠʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ȹcorr ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʣʦʢʘʣʴʥʳʭ ʠʩʢʘʞʝʥʠʡ 
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ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʣʠʵʜʨʦʚ Y(Ln)O8, FeO6 (FeO4), ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʤ ʵʬʬʝʢʪʦʤ [2].  

 
ʈʠʩ. 1. ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ (Y0.2Gd0.2Er0.2Eu0.2Dy0.2)3Fe5O12 ʠ ʝʛʦ ʨʘʟʣʦʞʝʥʠʝ ʥʘ 

ʩʝʢʩʪʝʪʳ I-V (ʘ) (ʩʧʝʢʪʨʦʤʝʪʨ ʉʄ-2201, ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʨʝʟʦʥʘʥʩʥʳʡ ʜʝʪʝʢʪʦʨ 

ɹɼɻʈʉ-2, ʯʠʩʣʦ ʢʘʥʘʣʦʚ ʥʘʢʦʧʣʝʥʠʷ 4096); ʨʘʩʯʝʪʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ - 

ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʈ(ʅ) ʚ ʩʧʝʢʪʨʝ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʥʘ ʚʢʣʘʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʝʢʩʪʝʪʘʤ I-V (ʙ); ʬʨʘʛʤʝʥʪʳ ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʄʝ3Fe5O12 (ʄʝ= Er, Dy, Gd, Eu, Y) 

(1-5) ʠ (Y0.2Gd0.2Er0.2Eu0.2Dy0.2)3Fe5O12 (6) (ʚ). ʊ=300 ʂ. 

 

Fig 1. Mºssbauer spectrum of (Y0.2Gd0.2Er0.2Eu0.2Dy0.2)3Fe5O12 and its decomposition into 

sextets I-V (a) (spectrometer SM-2201, scintillation resonance detector BDGRS-2, number of 

accumulation channels 4096); calculated distribution function - probability density function 

P(H) in the spectrum with decomposition into contributions corresponding to sextets I-V (b); 

fragments of Raman spectrum of ʄʝ3Fe5O12 (ʄʝ= Er, Dy, Gd, Eu, Y) (1-5) and 

(Y0.2Gd0.2Er0.2Eu0.2Dy0.2)3Fe5O12 (6) (ʚ). ʊ=300 ʂ. 

[1] Kostishin V. G. et al. Solid State Phys., 2020, 62, 1156-1164. 

[2] DŃbrowa J. et al. J. Eur. Ceram. Soc., 2021, 41(6), 3844-3849. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʎʂʇ çɻʝʦʘʥʘʣʠʪʠʢè ʀɻɻ ʋʨʆ ʈɸʅ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ˉ  

123011800012-9 ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɻ ʋʨʆ ʈɸʅ.  
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ʉʇɽʂʊʈʆʉʂʆʇʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʂɸʃʔʎʀʊɸ ʀɿ ʂʀʄɹɽʈʃʀʊʆɺ 

 

ɿʠʥʯʫʢ ʅ.ʅ. 

 

ɿʘʧʘʜʥʦ-ʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ (ɿʗʅʎ) ɸʅ ʈʉ (ʗ),nnzinchuk@rambler.ru 

çʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʣʴʮʠʪʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚè 

Zinchuk N.N. çSpektroscopic properties of calcite from kimberlitesò 

ʇʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʚ 

ʢʘʣʴʮʠʪʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʷʚʣʷʶʪʩʷ ʤʘʨʛʘʥʝʮ (MnO=0-0,37 %), ʤʘʛʥʠʡ (MgO=0,04-0,34 

%), ʞʝʣʝʟʦ (FeO=0-0,13 %), ʢʦʙʘʣʴʪ (ʉʦʆ=0-0,46 %), ʩʚʠʥʝʮ (ʈbO=0,22 %) ʠ ʤʝʜʴ 

(ʉuO=0-0,09 %). ʇʨʠ ʩʧʝʢʪʨʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʧʨʦʟʨʘʯʥʳʭ ʦʙʨʘʟʮʦʚ ʢʘʣʴʮʠʪʘ ʧʨʠʤʝʩʴ Sr 

(0-600 ʛ/ʪ) ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦ. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʥʪʛʝʥʦ-

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʣʴʮʠʪʦʚ ʠ ʥʝʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʛʝʥʝʟʠʩʘ (ʠʟ 

ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʠ ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ). 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʘʣʴʮʠʪʘ ʩʚʷʟʘʥʘ ʩ ʜʚʫʤʷ 

ʨʝʛʫʣʷʨʥʳʤʠ ʮʝʥʪʨʘʤʠ: Mn
2+

 (ʧʦʣʦʩʘ ʠʟʣʫʯʝʥʠʷ ʩ ɚm = 630 ʥʤ), ʠʤʝʶʱʘʷ ʧʨʠʤʝʩʥʦʡ 

ʭʘʨʘʢʪʝʨ (Mn
2+

 ź ʉʘ) ʠ ʨʝʰʝʪʦʯʥʳʤʠ ʮʝʥʪʨʘʤʠ ʆ
*
 (ɚm= 430 ʥʤ), ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ 

ʜʝʬʝʢʪʘʤʠ ʟʘʨʷʜʘ ʥʘ ʢʠʩʣʦʨʦʜʝ ʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉʆ3
2-
. ʇʦʣʦʩʘ ʠʟʣʫʯʝʥʠʷ ʮʝʥʪʨʦʚ 

ʆ
2-

 ʚʳʨʘʞʝʥʘ ʦʙʳʯʥʦ ʥʘ ʜʚʘ-ʪʨʠ ʧʦʨʷʜʢʘ ʩʣʘʙʝʝ, ʯʝʤ ʪʘʢʦʚʘʷ ʮʝʥʪʨʦʚ Mn
2+
. ʆʪʤʝʯʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʮʝʥʪʨʦʚ Mn
2+

 ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʳʩʦʢʦ- ʢ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʢʘʣʴʮʠʪʦʦʙʨʘʟʦʚʘʥʠʶ, ʦʪ ʨʘʥʥʠʭ ʛʝʥʝʨʘʮʠʡ ʢ ʧʦʟʜʥʠʤ, ʦʪ 

ʚʥʫʪʨʝʥʥʠʭ ʟʦʥ ʢʨʠʩʪʘʣʣʦʚ ʢ ʚʥʝʰʥʠʤ. ʇʦʤʠʤʦ ʢʘʣʴʮʠʪʦʚ ʩ ʮʝʥʪʨʘʤʠ ʠʟʣʫʯʝʥʠʷ Mn
2+

 

ʠ O
2-

 cʨʝʜʠ ʧʨʠʨʦʜʥʳʭ ʢʘʣʴʮʠʪʩʦʜʝʨʞʘʱʠʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʮʝʥʪʨʦʚ 

ʠʟʣʫʯʝʥʠʷ: Ce
3+

, Sm
3+

, Dy
3+

, Tb
3+
. ʇʦʩʣʝʜʥʠʝ ʚ ʢʘʣʴʮʠʪʘʭ ʥʝʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʚ ʩʧʝʢʪʨʘʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʨʝʜʢʦ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʜʚʫʭʧʦʣʦʩʥʳʡ ʩʧʝʢʪʨ ʈʃ-ʠʟʣʫʯʝʥʠʷ ʦʪʤʝʯʝʥ ʜʣʷ ʨʷʜʘ ʦʙʨʘʟʮʦʚ 

ʢʘʣʴʮʠʪʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʚʦ ʚʩʝʭ ʚʳʜʝʣʝʥʠʷʭ ʤʠʥʝʨʘʣʘ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ ʠʟ 

ʤʝʛʘʢʩʝʥʦʣʠʪʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚ ʟʘʧʘʜʥʦʤ ʪʝʣʝ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ (ʗʢʫʪʠʷ). ɺ 

ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʝʥʦ ʠʟʣʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ (ʆɸʎ), ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ ï ʉʝ
3+

, Dy
3+ 
ʠ Gd

3+
. ʀʟʣʫʯʝʥʠʝ 

ʉʝ
3+

 ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʘʨʘʢʪʝʨʥʦʡ ʜʚʦʡʥʦʡ ʧʦʣʦʩʦʡ ʩ ɚm= 340-370 ʥʤ ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪ ʫʨʦʚʥʷ ʩʣʝʜʦʚ ʜʦ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʛʦ 

ʨʘʟʨʝʰʘʝʤʦʛʦ ʜʚʫʭʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʦʥʳ ʉʝ
3+

 ʚʦ ʤʥʦʛʠʭ ʢʘʣʴʮʠʝʚʳʭ ʤʠʥʝʨʘʣʘʭ 

ʩʣʫʞʘʪ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʥʘʣʠʯʠʷ ʧʨʠʤʝʩʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ TR-

ʠʦʥʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʠʟʢʦʤ ʠʭ ʩʦʜʝʨʞʘʥʠʠ. ɹʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʚ ʧʣʘʥʝ ʦʮʝʥʢʠ ʩʦʩʪʘʚʘ 

ʊR-ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠʦʥʦʚ Dy
3+
, ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʝ ʧʦ ʜʚʫʤ 

ʛʨʫʧʧʘʤ ʣʠʥʠʡ (ʧʝʨʝʭʦʜʳ 
4
F9/2Ÿ

6
H15/2 ʠ 

6
ʅ13/2) ʚ ʦʙʣʘʩʪʠ 480 ʠ 580 ʥʤ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦ ʧʝʨʚʦʡ ʛʨʫʧʧʝ, ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ 

ʧʝʨʝʢʨʳʪʠʝ ʠʟʣʫʯʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʮʝʥʪʨʦʚ). ʀʟʣʫʯʝʥʠʝ Dy
3+

 ʥʝ ʚʧʦʣʥʝ 

ʩʠʥʭʨʦʥʠʟʠʨʫʝʪʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʉʝ
3+

 ʠ ʜʘʞʝ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ 

ʠʣʠ ʧʨʝʚʘʣʠʨʦʚʘʪʴ ʥʘʜ ʧʦʩʣʝʜʥʠʤ. ʀʟʣʫʯʝʥʠʝ Gd
3+
, ʚʳʷʚʣʝʥʥʦʝ ʥʘʤʠ ʚʧʝʨʚʳʝ, 

ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʣʠʥʠʠ 312 ʥʤ (ʧʝʨʝʭʦʜ 
6
ʈ7/2 Ÿ 

8
S7/2), ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʨʨʝʣʠʨʫʶʪ 

ʩ ʠʟʣʫʯʝʥʠʝʤ ʮʝʥʪʨʦʚ Dy
3+
. ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʣʴʮʠʪ ʚ 

ʢʠʤʙʝʨʣʠʪʘʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ çʩʢʚʦʟʥʳʤè, ʥʦ ʧʦʣʠʛʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʘʪʴ ʠʥʪʝʨʝʩʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʨʦʜʝ ʠ ʩʧʝʮʠʬʠʢʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ. ɺʘʞʥʦ ʧʨʠ 
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ʵʪʦʤ ʚʳʷʩʥʷʪʴ, ʥʝʩʝʪ ʣʠ ʢʘʣʴʮʠʪ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʵʪʘʧʘ ʠʣʠ ʩʪʘʜʠʠ 

ʢʠʤʙʝʨʣʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʘʚʝ ʛʣʫʙʠʥʥʦʛʦ ʚʦʜʥʦ-ʩʠʣʠʢʘʪʥʦ-

ʢʘʨʙʦʥʘʪʥʦʛʦ ʬʣʶʠʜʘ ʠʣʠ ʦʪʨʘʞʘʝʪ ʪʦʣʴʢʦ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ 

ʚʤʝʱʘʶʱʠʭ ʜʠʘʪʨʝʤʳ ʧʦʨʦʜ.  
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ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʪʨʦʥʮʠʷ 
87

Sr/
86
Sr ʩʢʝʣʝʪʥʳʭ ʪʢʘʥʝʡ (ʟʫʙʦʚ ʠ ʢʦʩʪʝʡ) 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʠʛʨʘʮʠʷʭ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. 

ʀʟʦʪʦʧʥʦʝ ʦʪʥʦʰʝʥʠʝ 
87

Sr/
86
Sr, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʦʥʘ ʧʨʦʞʠʚʘʥʠʷ, ʥʝ 

ʬʨʘʢʮʠʦʥʠʨʫʝʪ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʠʟ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ ʯʝʨʝʟ ʧʦʯʚʫ ʠ ʧʠʱʝʚʫʶ 

ʮʝʧʦʯʢʫ (ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ï ʪʨʘʚʦʷʜʥʦʝ ʞʠʚʦʪʥʦʝ ï ʯʝʣʦʚʝʢ/ʭʠʱʥʠʢ) ʚ ʢʦʩʪʥʳʝ (ʟʫʙʥʳʝ) 

ʪʢʘʥʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, ʧʨʠ ʵʪʦʤ Sr ʟʘʤʝʱʘʝʪ Ca ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ 

ʢʘʨʙʦʥʘʪ-ʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘ ï ʦʩʥʦʚʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʢʝʣʝʪʥʳʭ ʪʢʘʥʝʡ. 

ʅʘ ʧʨʠʤʝʨʝ ʦʙʨʘʟʮʘ ʟʫʙʘ ʯʝʣʦʚʝʢʘ ʠʟ ʧʦʛʨʝʙʝʥʠʷ ʚ ʢʫʨʛʘʥʝ (ʨʘʥʥʠʡ ʞʝʣʝʟʥʳʡ 

ʚʝʢ, ʆʤʩʢʘʷ ʦʙʣ.) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʃɸ-ʀʉʇ-ʄʉ ʠ ʕɿʄɸ ʦʮʝʥʝʥʘ ʧʨʠʛʦʜʥʦʩʪʴ 

ʝʛʦ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʵʤʘʣʠ ʠ ʜʝʥʪʠʥʘ) ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʦʪʦʧʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʪʨʦʥʮʠʷ. ʇʨʦʚʝʜʝʥʦ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʘ ʟʫʙʘ. 

ʇʦʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʤʳʭ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʵʤʘʣʠ ʟʫʙʘ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʤʝʪʦʜʦʤ ʄʂ-ʀʉʇ-ʄʉ ʧʦʩʣʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʧʨʦʚʝʜʝʥ ʠʟʦʪʦʧʥʳʡ 

ʘʥʘʣʠʟ ʩʪʨʦʥʮʠʷ. ʇʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʪʘʬʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʟʘʭʦʨʦʥʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʚʳʷʚʣʝʥʠʝ ʠ 

ʠʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʦʭʨʘʥʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʩʢʝʣʝʪʥʳʭ ʪʢʘʥʝʡ ʠ 

ʘʨʭʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ ˉ 22-18-00593.  
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ʀɿʋʏɽʅʀɽ ɼɽʌʆʈʄɸʎʀʆʅʅʓʍ ʄʀʂʈʆʉʊʈʋʂʊʋʈ ʂɺɸʈʎɸ ʄɽʊʆɼʆʄ ɛFTIR 
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ʇʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ 

ʤʝʪʦʜʦʤ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ (ɛFTIR) ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʜʠʬʨʘʢʮʠʠ 

ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (EBSD). ʈʘʩʩʤʦʪʨʝʥʳ ʘʛʨʝʛʘʪʳ ʢʚʘʨʮʘ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʬʠʥʝʡʩʢʠʭ 

ʜʚʦʡʥʠʢʦʚ, ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ, ʧʦʣʦʩ ʜʝʬʦʨʤʘʮʠʠ ʠ ʟʝʨʝʥ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ɛFTIR ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʦʙʣʘʩʪʠ ʢʘʨʪʠʨʦʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ 

ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʘ 1180 ʩʤ
-1

 ʠ ʧʨʦʚʘʣʘ 1160 ʩʤ
-1

 ʠ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʦʪʢʣʦʥʝʥʠʝ ʦʩʠ ʩ ʦʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢ ʩʥʠʤʘʝʤʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʝʪʦʜʠʢʦʡ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [1]. ʆʪʢʣʦʥʝʥʠʝ ʦʩʠ ʩ ʟʝʨʥʘ ʦʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢ 

ʩʥʠʤʘʝʤʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠ ʧʦʤʦʱʠ EBSD ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʧʨʷʤʦʡ ʧʦʣʶʩʥʦʡ 

ʬʠʛʫʨʝ [0001].  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ɛFTIR ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʠʠ ʛʨʘʥʠʮ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʩ ʨʘʟʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʦʩʠ c ʢʚʘʨʮʘ. ʆʜʥʘʢʦ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʦʪʨʘʞʝʥʠʷ ʜʘʝʪ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʶ 

ʦʙ ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʢʚʘʨʮʘ ʧʦ ʦʩʠ c ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢ ʧʣʦʩʢʦʩʪʠ 

ʩʲʝʤʢʠ, ʥʝ ʫʯʠʪʳʚʘʷ ʧʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ʠ ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ ʩ. ʀʟ 

ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʫʯʠʪʴ ʠʩʪʠʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʢʨʠʩʪʘʣʣʘ ʧʦʣʫʯʠʪʴ ʦʧʠʨʘʷʩʴ 

ʪʦʣʴʢʦ ʥʘ ʜʘʥʥʳʝ ɛFTIR ʥʝʣʴʟʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʤʦʱʠ ɛFTIR ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʚʦʡʥʠʢʠ ʜʦʬʠʥʝʡʩʢʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʚ 

ʚʠʜʝ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʦʩʠ ʩ ʥʘ 60Υ. ʀʩʪʠʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʢʨʠʩʪʘʣʣʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 
ʧʨʠ ʧʦʤʦʱʠ EBSD, ʛʜʝ ʦʨʠʝʥʪʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʫʛʣʘʤʠ ʕʡʣʝʨʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ 

ʤʝʪʦʜ ɛFTIR ʦʪʨʘʞʝʥʠʷ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʝʨʝʥ, ʦʜʥʘʢʦ ʜʣʷ ʘʥʘʣʠʟʘ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʤʝʪʦʜ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

EBSD. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʊʦʤʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʎʝʥʪʨ ʧʦʜʜʝʨʞʘʥ ɻʨʘʥʪʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʅʘʫʢʠ ʠ 

ɺʳʩʰʝʛʦ ʆʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ. 075-15-2021-693 (ˉ 13.ʎʂʇ.21.0012). 

 

[1] Tappert M. C., Rivard B., Tappert R., Feng J. Using reflectance spectroscopy to estimate 

the orientation of quartz crystals in rocks The Canadian Mineralogist, 2013, 51(3), 405-413 

Tappert et al. 2013  
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ɸʣʤʘʟʳ IIa ʵʪʦ ʩʘʤʳʡ ʥʠʟʢʦʧʨʠʤʝʩʥʳʡ ʪʠʧ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʧʨʠʤʝʥʷʶʱʠʡʩʷ ʚ 

ʩʬʝʨʝ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʨʠʣʣʠʘʥʪʦʚ ʥʘʠʚʳʩʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʥʝ ʭʚʘʪʘʝʪ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʥʘʣʠʯʠʶ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʮʝʥʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʚ ʪʘʢʠʭ ʘʣʤʘʟʘʭ. ɸʚʪʦʨʘʤʠ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʯʝʪʳʨʝʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ 

ʪʠʧʘ IIa ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʨʦʩʩʳʧʝʡ ɿʘʧʘʜʥʦʛʦ ʇʨʠʫʨʘʣʴʷ, ʤʘʩʩʦʡ 20-166 

ʤʛ. ʉʧʝʢʪʨʳ ʌʃ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Renishaw In Via ʧʨʠ 77 K ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʘʤʠ 488 ʠ 785 ʥʤ, ʦʙʲʝʢʪʠʚ ʍ5, ʚ ʜʠʘʧʘʟʦʥʝ 490ð1050 ʥʤ. 

ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 488 ʥʤ, ʥʘ ʩʧʝʢʪʨʘʭ ʌʃ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʩʠʩʪʝʤʦʡ 

ʷʚʣʷʝʪʩʷ ʅ3 (2 ʘʪʦʤʘ ʘʟʦʪʘ ʠ ʚʘʢʘʥʩʠʷ), ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʝʯʝʥʠʝ ʘʟʦʪ-

ʚʘʢʘʥʩʠʦʥʥʦʛʦ ʮʝʥʪʨʘ NV
0
 (575 ʥʤ) ʠ ʩʠʩʪʝʤʳ 3ʅ. ʇʦʤʠʤʦ ʵʪʠʭ ʮʝʥʪʨʦʚ, ʚʦ ʚʩʝʭ 

ʢʨʠʩʪʘʣʣʘʭ ʦʪʤʝʯʝʥʘ ʠʥʪʝʥʩʠʚʥʘʷ ʣʠʥʠʷ ʚʘʢʘʥʩʠʦʥʥʦʛʦ ʮʝʥʪʨʘ GR-1 ʚ ʥʝʡʪʨʘʣʴʥʦʤ 

ʟʘʨʷʜʦʚʦʤ ʩʦʩʪʦʷʥʠʠ (742.7 ʥʤ). ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʌʃ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ. ʉʧʝʢʪʨʳ ʌʃ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 785 ʥʤ 

ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʠ ʨʝʜʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ: ʦʪʯʝʪʣʠʚʦ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩʠʩʪʝʤʳ ʣʠʥʠʡ 815, 822+825+827, 828, 834, 837, 840, 845, 853, 964, 972, 

975, 996 ʥʤ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʨʘʩʰʠʬʨʦʚʢʘ ʵʪʠʭ ʧʦʣʦʩ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʧʝʢʪʨʦʚ ʌʃ ʘʣʤʘʟʦʚ ʪʠʧʘ IIa ʠʟ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʨʦʩʩʳʧʝʡ ɿʘʧʘʜʥʦʛʦ ʇʨʠʫʨʘʣʴʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʘʭ: 1) ʤʝʪʦʜʦʤ ʌʃ 

ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʘʟʦʪ-ʚʘʢʘʥʩʠʦʥʥʳʝ ʮʝʥʪʨʳ; 2) ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 785 ʥʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘʷ ʩʠʩʪʝʤʘ ʧʦʣʦʩ, ʥʝ ʦʙʥʘʨʫʞʝʥʥʘʷ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠ 

ʪʨʝʙʫʶʱʘʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʩʰʠʬʨʦʚʢʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʛʨʘʥʪ 21-77-

20026. 
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ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʙʝʩʬʦʥʦʥʥʳʭ ʣʠʥʠʡ (ɹʌʃ) 603, 700 ʠ 787 ʥʤ ʚ ʩʧʝʢʪʨʘʭ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʦʩʴ 

ʨʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [1-3]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʜʦʚʦʣʴʥʦ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 1:1.3:13 ɹʌʃ ʠ ʙʣʠʟʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ɹʌʃ 603, 700 ʠ 787 ʥʤ 

ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʩʠʩʪʝʤʦʡ [1, 2, 3]. 

ʆʜʥʘʢʦ, ʧʦʤʠʤʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʨʦʚʥʝʡ ʵʤʠʩʩʠʠ 2.054 ʵɺ (603 ʥʤ); 1.77 ʵɺ 

(700 ʥʤ) ʠ 1.575 (787 ʥʤ), ʚ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ 2.12 ʵɺ 

(583.6 ʥʤ) ʠ 1.888 ʵɺ (656.5 ʥʤ), ʠʟʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʝʢʪʨʘʭ ʌʃ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʜʣʷ ʊ = 

300 ʂ, ʪʘʢ ʠ ʜʣʷ ʊ = 7 ʂ. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ ɹʌʃ 656 ʠ 700 ʥʤ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ, ʢʘʢ ʩʧʠʥ-ʟʘʧʨʝʱʸʥʥʳʡ 2.054 ʵɺ ʠ ʨʘʟʨʝʰʸʥʥʳʡ 2.124 ʵɺ ʧʝʨʝʭʦʜʳ. 

ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ 1.888 ʠ 1.77 ʵɺ ʩ 

ʚʦʟʙʫʞʜʸʥʥʳʤ ʫʨʦʚʥʝʤ 2.86 ʵɺ. ʀʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ 787 ʥʤ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʫʨʦʚʥʷ 2.496 ʵɺ ʠ ʚʝʨʦʷʪʥʦ ʠʤʝʝʪ ʜʨʫʛʦʡ ʤʝʭʘʥʠʟʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 
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ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ - ʠʥʜʠʢʘʪʦʨʦʚ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʦʨʩʢʠʭ, 

ʦʟʝʨʥʳʭ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ, ʠʟ ʨʘʡʦʥʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ 

ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʫʯʴʸʚ ʙʘʩʩʝʡʥʘ ʨ. ʗʥʘ (ʂʫʣʘʨʩʢʠʡ 

ʭʨʝʙʝʪ, ʗʢʫʪʠʷ) ʠʟʫʯʝʥʳ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʢʣʠʤʘʪʘ ʚ ʘʥʩʘʤʙʣʝ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ ʥʝʩʫʪ ʠʣʣʠʪ-ʩʤʝʢʪʠʪ ʠ ʠʣʣʠʪ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʤʝʢʪʠʪʦʚʳʭ ʩʣʦʝʚ 

ʚ ʠʣʣʠʪ-ʩʤʝʢʪʠʪʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʪʝʧʣʝʥʠʶ ʠ ʫʚʣʘʞʥʝʥʠʶ ʢʣʠʤʘʪʘ., ʯʪʦ ʥʘʜʝʞʥʦ 

ʬʠʢʩʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ, ʥʦ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ. 

ʂʘʨʙʦʥʘʪʳ ʨʝʘʛʠʨʫʶʪ ʙʳʩʪʨʝʝ ʥʘ ʠʟʤʝʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʯʝʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʠʣʣʠʪ-ʩʤʝʢʪʠʪʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ [1, 2]. ʊʝʧʣʳʝ ʠ ʚʣʘʞʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʣʝʪʦʧʠʩʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ Br, Ca, U, 

Ca/K, Sr/Rb, Sr/Ti, Y/Rb, ʭʦʣʦʜʥʳʝ K, Ti, La, Ce, Th, Ni, Cr [1, 2]. ʆʙʨʘʟʦʚʘʥʠʝ ʤʥʦʛʠʭ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʩʝʛʦʜʥʷ ʩʚʷʟʳʚʘʶʪ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʤʠʢʨʦʙʦʚ. ɼʨʝʚʥʠʝ ʤʠʢʨʦʙʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ ʫʯʘʩʪʚʫʶʪ ʢʘʢ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʥʦʛʠʭ ʤʠʥʝʨʘʣʦʚ, ʪʘʢ ʠ ʚ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ [3-

5]. ʄʠʢʨʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʥʝʜʨʝʥʥʳʭ 

ʚ ʤʠʥʝʨʘʣʴʥʫʶ ʤʘʪʨʠʮʫ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʠʟʫʯʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ. 

ʎʠʘʥʦʙʘʢʪʝʨʠʠ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ ʤʦʜʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʠ ʥʘ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷ [4, 5]. 
 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʀɻʄ ʉʆ ʈɸʅ ʠ ʯʘʩʪʠʯʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ ˉ23-63-10017. 
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ʐʫʥʛʠʪʦʚʳʝ ʧʦʨʦʜʳ (ʐʇ) - ʛʨʫʧʧʘ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʭ ʠ ʦʩʘʜʦʯʥʳʭ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʧʦʨʦʜ ʂʘʨʝʣʠʠ. ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʥʳʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʜʠʦʵʢʨʘʥʠʨʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʩʥʦʚʥʘʷ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ, ʚʳʨʘʞʘʝʤʦʡ ʚ ʜʝʮʠʙʝʣʘʭ (ʜɹ). ʆʜʥʠʤ ʠʟ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠ̫ʁ ʱʠʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʐʇ ʠ ʥʘ ʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʷʚʣʷʝʪʩʷ 

ʢʦʥʪʘʢʪʦʚʳʡ ʤʝʪʘʤʦʨʬʠʟʤ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʋɺ) ʠ ʐʇ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʨʠ ʦʙʨʘʟʮʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ~ 20% ʠʟ ʟʦʥ ʢʦʥʪʘʢʪʦʚ ʩ 

ʠʥʪʨʫʟʠʷʤʠ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʦʜʥʦʡ ʩʢʚʘʞʠʥʳ. ʕʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʦʙʨʘʥʥʳʭ ʐʇ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʋɺ ʩ ʛʣʫʙʠʥʳ 

64.8ʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʦʣʳʭ ʥʘʥʦʩʬʝʨ ʨʘʟʤʝʨʘʤʠ ~ 100ʥʤ. ʋɺ ʦʙʨʘʟʮʘ ʩ 

ʛʣʫʙʠʥʳ 36.7ʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʳʯʥʦʡ ʜʣʷ ʰʫʥʛʠʪʦʚ ʛʣʦʙʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ 

ʨʘʟʤʝʨʦʤ ʛʣʦʙʫʣ ʚ ʧʨʝʜʝʣʘʭ 20-40ʥʤ. ɺ ʦʙʨʘʟʮʝ ʩ ʛʣʫʙʠʥʳ 23.4ʤ ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʦʣʦʢʥʠʩʪʳʝ ʠʣʠ ʣʝʥʪʦʧʦʜʦʙʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʋɺ. ʉ ʧʦʤʦʱʴʶ ʨʘʤʘʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠʩʧʦʣʴʟʫʷ ʋɺ ʚ ʢʘʯʝʩʪʚʝ ʛʝʦʪʝʨʤʦʤʝʪʨʘ, ʫʩʪʘʥʦʚʣʝʥʘ ʧʠʢʦʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʪʦʙʨʘʥʥʳʭ ʐʇ, ʩʦʩʪʘʚʠʚʰʘʷ ʚ ʨʷʜʫ ʦʙʨʘʟʮʦʚ 

23.4/36.7/64.8ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 350/370/410ÁC. ʊʘʢʞʝ ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʠʷ ʚ 

ʫʧʦʨʷʜʦʯʝʥʠʠ ʋɺ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʐʇ ʧʦ ʨʘʟʤʝʨʘʤ ʦʙʣʘʩʪʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ 

ʧʣʦʩʢʦʩʪʠ ʩʣʦʷ (La) ʠ ʩʨʝʜʥʝʡ ʥʝʧʨʝʨʳʚʥʦʡ ʜʣʠʥʝ ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ, ʚʢʣʶʯʘʷ 

ʠʟʚʠʣʠʩʪʦʩʪʴ (Leq). ɼʣʷ ʦʙʨʘʟʮʦʚ ʩ ʛʣʫʙʠʥ 23.4/36.7/64.8ʤ ʟʥʘʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ La ~ 2.0/2.6/3.6ʥʤ ʠ Leq ~ 2.5/4.3/6.5ʥʤ.  

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʦʨʦʜ ʧʦʢʘʟʘʣʘ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʦʪʦʙʨʘʥʥʳʤʠ 

ʦʙʨʘʟʮʘʤʠ. ɼʣʷ ʦʙʨʘʟʮʘ ʩ ʛʣʫʙʠʥʳ 23.4ʤ ʥʘʙʣʶʜʘʣʠʩʴ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ: ~ 35ʜɹ ʧʨʠ ʯʘʩʪʦʪʝ 100ʢɻʮ ʠ ~ 36ʜɹ ʧʨʠ 1ɻɻʮ. ɼʣʷ 

ʦʙʨʘʟʮʘ ʩ ʛʣʫʙʠʥʳ 36.7ʤ ʥʘʦʙʦʨʦʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ: ~ 49ʜɹ (100ʢɻʮ) ʠ ~ 

69ʜɹ (1ɻɻʮ). ɼʣʷ ʦʙʨʘʟʮʘ ʩ ʛʣʫʙʠʥʳ 64.8ʤ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ~ 45ʜɹ (100ʢɻʮ) ʠ ~ 

57ʜɹ (1ɻɻʮ). ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ 

ʛʣʫʙʠʥ 36.7ʤ ʠ 64.8ʤ, ʦʩʦʙʝʥʥʦ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʳ ʩ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʫʛʣʝʨʦʜʘ ʚʳʙʨʘʥʥʳʭ ʐʇ. ɺʦʟʤʦʞʥʦ, ʥʘ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʵʬʬʝʢʪ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʚʥʦʩʠʪ ʧʨʦʮʝʩʩ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʘʭ ʥʘʥʦʧʦʨ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʤʠ ʩʣʦʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʐʇ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʛʣʝʨʦʜʘ, ʚʣʠʷʶʪ ʠ ʥʘ ʠʭ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  
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ʈʘʟʚʠʪʠʝ ʢʦʥʮʝʧʮʠʠ ʬʦʥʦʥʥʦʡ ʠʥʞʝʥʝʨʠʠ ʘʥʛʘʨʤʦʥʠʯʥʦʩʪʠ (anharmonicity 

engineering) ʠ ʝʝ ʧʦʜʭʦʜʦʚ (ʦʧʠʩʘʥʠʝ ʬʦʥʦʥʥʳʭ ʩʧʝʢʪʨʦʚ, ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ), ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ 

ʤʝʭʘʥʠʟʤʦʚ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ. ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʫ ʞʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʦʥʦʥʥʦʤ 

ʘʥʛʘʨʤʦʥʠʟʤʝ, ʯʪʦ ʠ ʥʝʫʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ ʥʝʡʪʨʦʥʦʚ, ʥʦ ʩ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʚʳʩʦʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʉʠʩʪʝʤʘ M2S ï In2S3 ʜʘʚʥʦ 

ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʚ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʦʜʥʘʢʦ ʦ ʩʚʦʡʩʪʚʘʭ ʪʠʦʥʠʜʘʪʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ MIn5S8 (M - ʱʝʣʦʯʥʦʡ ʤʝʪʘʣʣ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʠʥʬʦʨʤʘʮʠʠ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʞʝʥʝʨʠʠ ʘʥʛʘʨʤʦʥʠʯʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ KIn5S8, RbIn5S8, CsIn5S8 ʠʟʫʯʠʪʴ ʧʨʦʷʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʟʘ ʨʘʤʢʘʤʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʘʭ KIn5S8, RbIn5S8, CsIn5S8 ʧʦ ʜʘʥʥʳʤ PT-

ʟʘʚʠʩʠʤʦʡ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ DFT. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʵʣʝʢʪʨʦʥʥʳʭ ʠ 

ʬʦʥʦʥʥʳʭ ʩʚʦʡʩʪʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʧʨʝʜʣʦʞʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʜʚʠʥʫʪʴʩʷ 

ʚ ʨʘʟʚʠʪʠʠ ʢʦʥʮʝʧʮʠʡ ʠʥʞʝʥʝʨʠʠ ʘʥʛʘʨʤʦʥʠʯʥʦʩʪʠ. 

 
ʈʠʩ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʨʘʩʯʝʪʥʳʡ ʨʘʤʘʥʦʚʩʢʠʡ ʩʧʝʢʪʨ RbIn5S8 (ʘ), 2D-

ʜʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ RbIn5S8 ʦʪ 0 ʜʦ 10 ɻʇʘ (b).  

Fig. Experimental and calculated Raman spectrum of RbIn5S8 (a), 2D diagram of the 

RbIn5S8 Raman spectrum change from 0 to 10 GPa (b). ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛ/ʙ 

ʪʝʤʳ ʀɻɻ ʋʨʆ ʈɸʅ ˉ123011800012-9. 
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ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʨʦʜʦʣʞʘʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʳ ʬʝʥʘʢʠʪʘ Be2SiO4 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ab initio 

ʨʘʩʯʝʪʦʚ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʨʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʠʨʦʜʥʦʛʦ 

ʬʝʥʘʢʠʪʘ ʄʘʣʳʰʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʋʨʘʣ, ʈʦʩʩʠʷ). ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʬʦʥʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʦʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʤʠʥʝʨʘʣʘ, ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ Be2SiO4 ʧʦ ʜʘʥʥʳʤ DFT. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʳʭ DFT ʨʘʩʩʯʠʪʘʥʘ ʜʠʩʧʝʨʩʠʷ ʬʦʥʦʥʦʚ ʚʜʦʣʴ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

(ɻïLïTïP0ïɻïF) ʧʨʠ ʥʫʣʝʚʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʝʪʚʠ ʣʝʞʘʪ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ. ʀʟ-ʟʘ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ, ʩʦʩʪʦʷʥʠʝ ʬʦʥʦʥʘ ʚ L-ʪʦʯʢʝ 

ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʤʷʛʢʫʶ ʤʦʜʫ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʣʦʪʥʦʩʪʠ ʬʦʥʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ Be2SiO4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʛʦ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ ʥʝʚʝʨʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʢʦʣʝʙʘʥʠʡ ʪʝʪʨʘʵʜʨʦʚ SiO4, ʘ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʰʠʨʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʢʨʠʩʪʘʣʣʘ. ʉ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʡ 

ɺʘʥʴʝ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʤʦʜʳ ʚ ʨʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ. 

ʇʦʩʣʝʜʥʠʝ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʢʦʣʝʙʘʥʠʷ ʩʦ ʩʤʝʱʝʥʠʝʤ ʘʪʦʤʦʚ ʧʦ ʩʚʷʟʠ O-Si (O-Be), ʪ.ʝ. 

ʚ ʧʣʦʩʢʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʳ 3É/ , ʟʘ ʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʣʠʥʳ ʩʚʷʟʝʡ.  

 
ʈʠʩ. ɼʠʩʧʝʨʩʠʷ ʬʦʥʦʥʥʳʭ ʚʝʪʚʝʡ ʠ ʬʦʥʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʦʚ 

ʬʝʥʘʢʠʪʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʚʩʝʡ ʟʦʥʝ ɹʨʠʣʣʶʵʥʘ. 

Fig. Dispersion of phonon branches and joined phonon density of states of phenakite 

atoms, plotted over the entire Brillouin Zone. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛ/ʙ ʪʝʤʳ ʀɻɻ ʋʨʆ ʈɸʅ ˉ123011800012-9. 
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ʕʜʠʥʛʪʦʥʠʪ Ba[Al2Si3O10] Ŀ 4H2O ʷʚʣʷʝʪʩʷ ʨʝʜʢʠʤ ʙʘʨʠʝʚʳʤ ʮʝʦʣʠʪʦʤ. 

ʄʘʣʦʤʦʱʥʳʝ ʧʨʦʞʠʣʢʠ ʱʝʣʦʯʥʳʭ ʥʘʪʨʦʣʠʪ-ʦʨʪʦʢʣʘʟʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ ʩ ʵʜʠʥʛʪʦʥʠʪʦʤ 

ʚʩʢʨʳʪʳ ʩʢʚʘʞʠʥʥʳʤ ʙʫʨʝʥʠʝʤ ʥʘ ʛʣʫʙʠʥʝ 320 ʤ ʩʨʝʜʠ ʜʫʥʠʪʦʚ ʱʝʣʦʯʥʦ-

ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʀʥʘʛʣʠ (ɸʣʜʘʥʩʢʠʡ ʱʠʪ). 

ʕʜʠʥʛʪʦʥʠʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʚʠʜʝ ʤʝʣʢʠʭ (0,1 ʜʦ 0,5 ʤʤ) ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʟʤʘʪʠʯʝʩʢʠ-

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʚ ʤʠʢʨʦʧʫʩʪʦʪʘʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʳʤʠ 

ʘʛʨʝʛʘʪʘʤʠ ʠʥʥʝʣʠʪʘ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʥʘʪʨʦʣʠʪʘ. ʊʘʢʞʝ ʵʜʠʥʛʪʦʥʠʪ 

ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʧʨʦʜʫʢʪ ʟʘʤʝʱʝʥʠʷ ʢʠʤʨʠʪʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦ ʵʜʠʥʛʪʦʥʠʪʫ 

ʦʙʨʘʟʫʝʪʩʷ ʪʦʤʩʦʥʠʪ-Ca.  

ʕʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʳʡ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ (ʀɻʍ ʉʆ ʈɸʅ) 

ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ ʵʜʠʥʛʪʦʥʠʪʘ (ʩʨʝʜʥʝʝ ʠ ʧʨʝʜʝʣʳ ʚʘʨʠʘʮʠʡ ʧʦ 3 ʘʥʘʣʠʟʘʤ, 

ʤʘʩ. %): SiO2 37,51 (37.30ï37,63); BaO 30,26 (27,66ï31,83); Al 2O3 21,85 (21,57ï22,20); 

Na2O 0,31(0,27ï0,34); SrO 0,1 (ʩʣʝʜʳï0,18). ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʥʘ 20 ʘʥʠʦʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

(Ba1,87Na0,10Sr0,01)×=1,98[(Al 4,08Si5,95)×=10,03O20] Ŀ 5,08H2O.  

ʅʘ ʩʧʝʢʪʨʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʧʦʣʦʩʳ ʩ ʚʳʩʦʢʦʡ ʠ ʩʨʝʜʥʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ ʜʠʘʧʘʟʦʥʝ ʥʠʞʝ 447 ʩʤ
-1

 ʦʙʫʩʣʦʚʣʝʥʳ ʚʥʝʰʥʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʪʝʪʨʘʵʜʨʦʚ ʚ (Si,Al)O4 (TO4). ʉʘʤʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʥʘ 536 ʩʤ
ï1

 ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʦʣʝʙʘʥʠʷʤ ʯʝʪʚʝʨʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʢʦʣʝʮ, ʦʙʨʘʟʫʶʱʠʭ ʢʘʥʘʣʳ ʚʜʦʣʴ [110]. ɺ 

ʦʙʣʘʩʪʠ 981ï1066 ʩʤ
ï1 
ʦʙʥʘʨʫʞʝʥʳ ʧʦʣʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʤʦʜʘʤʠ ʆ-

ʊ-ʆ ʠ ʤʦʜʘʤʠ ʚʥʝʰʥʠʭ ʢʦʣʝʙʘʥʠʡ ʪʝʪʨʘʵʜʨʦʚ ʊʆ4 ʩ ʯʘʩʪʦʪʦʡ 723 ʩʤ
ï1
ʠ ʚʘʣʝʥʪʥʳʝ ʊ-ʆ 

ʢʦʣʝʙʘʥʠʷ. ʅʘʙʣʶʜʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ O-H ʚ ʦʙʣʘʩʪʠ 3482 ʩʤ
ï1

 [1]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ 

ʇʨʦʝʢʪʫ ˉ 0284-2021-0007 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ ñʀʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡò ʀɻʍ ʉʆ ʈɸʅ ʠ ʎʂʇ ñɻʝʦʜʠʥʘʤʠʢʘ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʷò 

ʀɿʂ ʉʆ ʈɸʅ (ʛʨʘʥʪ ˉ 075-15-2021-682). 

 

[1] Goryainov S.V., Smirnov M.B. European Journal of Mineralogy, 2001, 13, 507ï519. 
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ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʨʢʠ ʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʫʩʪʘʥʦʚʢʠ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʨʘʩʪʚʦʨʦʤ ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ KDP ʤʝʪʦʜʦʤ ʩʢʦʨʦʩʪʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʠ ʟʘʜʘʥʥʳʤ ʦʙʨʘʟʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʥʦʩʝʢʪʦʨʠʘʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʂʨʠʪʝʨʠʝʤ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʩʣʫʞʠʪ ʟʥʘʯʝʥʠʝ 

ʚʝʣʠʯʠʥʳ "ʤʝʨʪʚʦʡ ʟʦʥʳ" ʨʘʩʪʚʦʨʘ ʥʝ ʙʦʣʝʝ 0,6 ̄ʉ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʷʜʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ABS ʧʣʘʩʪʠʢʘ, ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ 

ʧʦʣʠʢʘʨʙʦʥʘʪʘ), ʷʚʣʷʶʱʠʭʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʟʘʤʝʥʦʡ ʤʘʪʝʨʠʘʣʘʤ, ʥʝ ʧʨʦʰʝʜʰʠʤ 

ʢʦʥʪʨʦʣʴ ʩʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ. ʇʦʣʫʯʝʥ ʢʨʠʩʪʘʣʣ ʜʠʛʠʜʨʦʬʦʩʬʘʪʘ ʢʘʣʠʷ 

ʛʘʙʘʨʠʪʘʤʠ 620Ĭ560Ĭ72 ʤʤ3, ʚʳʨʘʱʝʥʥʳʡ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ, ʩʦʙʨʘʥʥʦʤ ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʰʝʜʰʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʧʨʦʚʝʨʢʫ. ɺʝʣʠʯʠʥʘ ʧʦʨʦʛʘ ʣʫʯʝʚʦʡ 

ʧʨʦʯʥʦʩʪʠ ʜʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʘʚʣʷʝʪ 30 ɼʞ/ʩʤ
2
.ɿʥʘʯʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ ʦʮʝʥʢʠ ʧʨʠʛʦʜʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʜʦʙʘʚʣʷʶʪ ʨʘʙʦʪʳ ʩ ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʜʠʛʠʜʨʦʬʦʩʬʘʪʘ 

ʢʘʣʠʷ (DKDP). ʇʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ DKDP ʚʳʩʦʢʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʤʦʱʥʳʭ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ, ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ ʤʫʣʴʪʠʧʝʪʘʚʘʪʪʥʦʛʦ ʫʨʦʚʥʷ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ 

ʩʦʟʜʘʥʠʶ ʚ ʈʦʩʩʠʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʵʢʟʘʚʘʪʪʥʦʛʦ ʫʨʦʚʥʷ 

ʤʦʱʥʦʩʪʠ  - ʧʨʦʝʢʪ XCELS (eXawatt Center for Extreme Light Studies) [1].  ʇʦʜʜʝʨʞʘʥʦ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʧʨʦʝʢʪ ˉ FFUF-2024-0038),  

çʃʘʟʝʨʥʳʝ ʩʠʩʪʝʤʳ ʩ ʚʳʩʦʢʦʡ ʧʠʢʦʚʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ ʚ ʙʣʠʞʥʝʤ ʠ ʩʨʝʜʥʝʤ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʱʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤè 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʂʠʤ ɽ.ʃ., ʏʫʧʨʫʥʦʚʫ ɽ.ɺ. ʟʘ ʦʙʩʫʞʜʝʥʠʝ 

ʨʘʙʦʪʳ ʠ ʮʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ. 

[1] ʍʘʟʘʥʦʚ ɽ. ɸ., ʐʘʡʢʠʥ ɸ. ɸ., ʂʦʩʪʶʢʦʚ ʀ. ʖ., ɻʠʥʟʙʫʨʛ ɺ. ʅ. ʠ ʜʨ., ñXCELS ï 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʮʝʥʪʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʚʝʪʦʚʳʭ ʧʦʣʝʡò. ʂʚʘʥʪʦʚʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ, 2023,  53:2,  95ï122. 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʩʢʘʧʦʣʠʪʘʭ, ʧʨʦʚʝʜʝʥʥʦʝ ʤʝʪʦʜʘʤʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʠ ʦʧʪʠʯʝʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʦʤ. 

 ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʥʷʷ ʦʢʨʘʩʢʘ ʤʝʡʦʥʠʪʘ ʚʳʟʚʘʥʘ ʨʘʜʠʘʮʠʦʥʥʦ-ʥʘʚʝʜʝʥʥʳʤʠ 

ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘʤʠ (CO3)
*ï

 [1]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥ ʩʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʜʘʥʥʳʭ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʵʪʠʭ ʮʝʥʪʨʘʭ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ Na/Ca ʚ ʙʣʠʞʘʡʰʝʤ ʦʢʨʫʞʝʥʠʠ (CO3)
*ï

.  

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʜʨʫʛʠʭ 

ʚʥʝʢʘʨʢʘʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʦʢʨʘʩʢʫ ʠʣʠ ʣʶʤʠʥʝʩʮʝʥʮʠʶ 

ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʩʢʘʧʦʣʠʪʘ: F-ʮʝʥʪʨʳ, ʘʥʠʦʥ-ʨʘʜʠʢʘʣʳ S2
*ï

 ʠ S3
*ï

. ʄʝʪʦʜʘʤʠ 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʠ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ. 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʩʦʙʩʪʚʝʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʢʘʧʦʣʠʪʦʚ, 

ʚʳʟʚʘʥʥʦʡ ʤʝʞʟʦʥʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʚʘʢʫʫʤʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʘ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʠʝ ʦʪ ʢʘʨʢʘʩʘ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʥʘ ʚʥʝʢʘʨʢʘʩʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ (CO3)
2ï

 ʠ (S2)
*ï
, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ. ʊʘʢʞʝ ʨʘʩʧʘʜ 

ʵʣʝʢʪʨʦʥʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 22-17-00006, https: //rscf.ru/project/22-

17-00006. 

1] Shendrik, R., Kaneva, E., Pankratova, V., Pankrushina, E., Radomskaya, T., Gavrilenko, 

V., Loginova, P. and Pankratov, V., Chem. Phys. Lett., 2024, 838, 141081. 
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1
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1
 

1
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ʉʪʨʫʢʪʫʨʥʦʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ  ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʫʨʦʚʥʝ 

ʙʣʠʞʥʝʛʦ, ʩʨʝʜʥʝʛʦ, ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ; ʦʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʙʩʪʚʝʥʥʳʤʠ ʠ ʧʨʠʤʝʩʥʳʤʠ 

n-ʤʝʨʥʳʤʠ (n=0-3) ʜʝʬʝʢʪʘʤʠ, ʧʦʟʠʮʠʦʥʥʳʤ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʙʝʩʧʦʨʷʜʢʦʤ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʩʪʨʫʢʪʫʨʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʦʙʣʘʩʪʷʤʠ ʥʘʥʦ- ʠ 

ʤʠʢʨʦʬʘʟʦʚʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʚ ʪ.ʯ. ʘʤʦʨʬʠʟʘʮʠʠ. ʉʪʝʧʝʥʴ ʠ ʪʠʧ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʤʠʥʝʨʘʣʦʚ, ʪʘʢ ʠ P,T-ʫʩʣʦʚʠʷʤʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʩʪʦʚʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. 

ʈʘʩʰʠʬʨʦʚʢʘ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ï ʥʝʦʙʭʦʜʠʤʳʡ ʵʪʘʧ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʤʠʥʝʨʘʣʦʚ (ʨʘʜʠʘʮʠʦʥʥʦʡ ʜʦʟʳ, ʪʝʨʤʠʯʝʩʢʠʭ ʠ 

ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ) ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʩʠʣʠʢʘʪʥʳʭ (ʮʠʨʢʦʥ), ʬʦʩʬʘʪʥʳʭ (ʤʦʥʘʮʠʪ, ʘʧʘʪʠʪ), 

ʦʢʩʠʜʥʳʭ (ʰʧʠʥʝʣʴ) ʤʠʥʝʨʘʣʦʚ, ʘʣʤʘʟʘ ʤʝʪʦʜʦʤ ʢʦʥʬʦʢʘʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ) ʚ ʜʠʘʧʘʟʦʥʝ 

T = 8 ï 770 K ʩ ʚʳʩʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ (ʦʪ 0.5 ʩʤ
-1
), ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ (ʦʪ 1 ʤʢʤ) 

ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʘʥʘʣʠʟʦʤ ʧʦʣʷʨʠʟʘʮʠʠ. ɺ U, Th-ʩʦʜʝʨʞʘʱʠʭ ʮʠʨʢʦʥʝ ʠ ʤʦʥʘʮʠʪʝ  

ʫʩʪʘʥʦʚʣʝʥʳ ʵʚʦʣʶʮʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʠ ʠʟʤʝʥʝʥʠʝ 

ʘʥʛʘʨʤʦʥʠʯʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʩ ʨʦʩʪʦʤ ʨʘʜʠʘʮʠʦʥʥʦʡ ʜʦʟʳ. ɸʥʘʣʠʟ  T-ʧʦʚʝʜʝʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʜʣʷ ʘʤʦʨʬʥʳʭ ʩʨʝʜ ʙʦʟʦʥʥʦʛʦ ʧʠʢʘ (60ï70 ʩʤ
-1
) ʚ ʮʠʨʢʦʥʝ ʧʦʢʘʟʘʣ 

ʥʘʣʠʯʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʦ ~1ɻʇʘ ʟʘ ʩʯʝʪ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ  ʂʊʈ ʠ 

ʩʞʠʤʘʝʤʦʩʪʠ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʘʤʦʨʬʥʦʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟ.  ʃʶʤʠʥʝʩʮʝʥʮʠʷ 

ʪʘʢʠʭ ʮʠʨʢʦʥʦʚ  ʧʨʝʜʣʦʞʝʥʘ ʢʘʢ ʢʨʠʪʝʨʠʡ ʧʦʜʙʦʨʘ ʨʝʬʝʨʝʥʩʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʃɸ-

ʀʉʇ-ʄʉ ʘʥʘʣʠʟʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ U-Pb ʠ Lu-Hf.  ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʦʥʘʮʠʪʦʧʦʜʦʙʥʳʭ 

ʢʝʨʘʤʠʢ LnPO4 (Ln=La-Dy) ʦʪ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʢʘʞʝʥʠʡ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ɺ ʧʨʠʨʦʜʥʦʡ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʰʧʠʥʝʣʠ MgAl2O4 ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʢʘʪʠʦʥʥʦʛʦ ʙʝʩʧʦʨʷʜʢʘ ʥʘ ʜʠʥʘʤʠʢʫ ʨʝʰʝʪʢʠ, 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʠ ʦʧʪʠʯʝʩʢʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ. ɼʣʷ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʨʝʘʣʠʟʦʚʘʥʘ 

ʧʨʦʮʝʜʫʨʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʥʘʧʨʷʞʝʥʠʡ, ʨʘʟʦʨʠʝʥʪʠʨʦʚʦʢ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; ʧʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʪʠʧʦʤʦʨʬʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʘʣʤʘʟʦʚ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʦʙʨʘʟʮʦʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʎʂʇ çɻʝʦʘʥʘʣʠʪʠʢè ʀɻɻ 

ʋʨʆ ʈɸʅ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɻ ʋʨʆ ʈɸʅ ʧʦ ʪʝʤʘʤ ˉ 

123011800012-9 ʠ 124020300057-6.  
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The REFe3(BO3)4 compounds possess a huntite-type non-centrosymmetric trigonal 

structure that consists of helical chains of edge-sharing FeO6 octahedra running along the c -

 axis of the crystal, interconnected by two kinds of BO3 triangles and REO6 distorted prisms. 

In the case of RE = Sm, the structure is described by the space group R32. Since the space 

group R32 is not centrosymmetric, there should exist two chiral atomic arrangements, left- 

and right-handed. In addition, the existence of inversion twins in these crystals can strongly 

affect electric polarization, i.e. the electric polarization can be suppressed by the existence of 

inversion twins possessing opposite orientation of polarization for the same spin 

configuration. For the SmFe3(BO3)4 crystals, the magnetoelectric measurements have already 

revealed that there is disagreement with each other in the maximum magnetoelectric 

polarization values [1-3]. Sometimes repeated measurements of the same crystals show 

different polarization temperature dependencies [1]. 

Here we have studied structural domain distribution in a multiferroic 

SmFe3(BO3)4 crystal using x-ray natural circular dichroism (XNCD) effect. XNCD [4] is 

defined as a difference in absorption cross sections for right ů+ and left ůï circularly 

polarized X-rays beams. And it is a relatively novel powerful method, which can provide a 

plain procedure for enantiomorphous identification using the process of high-throughput 

mapping. Moreover, XNCD makes it possible to determine the absolute configuration of 

chiral crystals similarly to natural circular dichroism or optical rotation in visible but with an 

element selectivity that is inherent to X-ray spectroscopy. This experimental approach can 

change and improve significantly our understanding of the crystallographic orientation of the 

racemic single crystals [5]. 
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ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʩʚʠʥʝʮ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʣʠʚʦʢ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʰʚʦʚ 

ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʠʥʮʘ ʤʝʞʜʫ ʢʘʤʝʥʥʳʤʠ ʙʣʦʢʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʭ ʧʨʦʩʘʜʢʫ ʠ ʥʘʢʣʦʥ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʤʝʥʪʘʤʠ, ʩʚʠʥʝʮ ʦʯʝʥʴ ʧʣʘʩʪʠʯʝʥ ʠ ʥʝ ʧʦʜʚʝʨʞʝʥ ʨʘʟʨʫʰʝʥʠʶ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʧʘʜʦʚ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ, ʩʚʠʥʝʮ 

ʷʚʣʷʝʪʩʷ ʪʦʢʩʠʯʥʳʤ ʤʝʪʘʣʣʦʤ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʧʣʸʥʢʠ 

ʠ ʢʦʨʢʠ ʦʢʩʠʜʥʳʭ ʩʚʠʥʮʦʚʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ. ʊʘʢʠʝ ʬʘʟʳ, ʧʦʤʠʤʦ ʫʭʫʜʰʝʥʠʷ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʢʘʯʝʩʪʚ ʦʙʣʠʢʘ ʟʜʘʥʠʡ, ʤʦʛʫʪ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʬʘʢʪʦʨʦʤ ʫʭʫʜʰʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʤʦʙʠʣʴʥʦʩʪʠ ʚʪʦʨʠʯʥʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʚʠʥʮʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʘʚʝ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɽʜʠʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʦʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʚʪʦʨʠʯʥʳʭ ʩʚʠʥʮʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʠʟ ʛʘʙʙʨʦ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʝ ʚ 2009 ʛ. [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʥʝʥʠʷ ʩʚʠʥʮʘ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʘʭ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʩʚʠʥʮʦʚʳʝ ʟʘʣʠʚʢʠ ʩ ʛʨʘʥʠʪʥʦʛʦ ʮʦʢʦʣʷ ʟʜʘʥʠʷ ɻʦʨʦʜʩʢʦʡ ɼʫʤʳ. ʆʙʨʘʟʮʳ 

ʦʪʦʙʨʘʥʳ ʩ ʨʘʟʥʦʡ ʚʳʩʦʪʳ ʦʪ ʪʨʦʪʫʘʨʘ. ʇʝʨʚʘʷ ʩʝʨʠʷ ʧʨʦʙ ʦʪʦʙʨʘʥʘ ʩ ʚʳʩʦʪʳ 1 ï 1.5 ʤ, 

ʘ ʚʪʦʨʘʷ ʩʝʨʠʷ - ʩ ʚʳʩʦʪʳ 4 ʤ. ʇʦʤʠʤʦ ʘʪʤʦʩʬʝʨʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʚʳʭʣʦʧʦʚ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʨʦʪʠʚʦʛʦʣʦʣʸʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʥʘ 

ʩʢʦʨʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʚʠʥʮʘ ʥʘ ʥʝʙʦʣʴʰʦʡ ʚʳʩʦʪʝ ʦʪ ʪʨʦʪʫʘʨʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ, ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʕɼʉ 

ʘʥʘʣʠʟʘ ʚ ʧʝʨʚʦʡ ʩʝʨʠʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʘʟʳ: ʤʝʥʜʠʧʠʪ Pb3O2Cl2, ʜʘʤʘʨʘʠʪ 

Pb3O2(OH)Cl, ʘʙʝʣʣʘʠʪ NaPb2(CO3)2(OH), ʢʘʣʴʮʠʪ CaCO3, ʟʦʥʘʣʴʥʦ ʦʙʦʛʘʱʝʥʥʳʡ 

ʩʚʠʥʮʦʤ, NaPb5(CO3)4(OH)3, ʮʝʨʫʩʩʠʪ PbCO3 ʠ ʛʠʜʨʦʮʝʨʫʩʩʠʪ Pb3(CO3)2(OH). ɺʦ ʚʪʦʨʦʡ 

ʩʝʨʠʠ ʦʧʨʝʜʝʣʝʥʳ ʮʝʨʫʩʩʠʪ PbCO3, ʤʘʩʩʠʢʦʪ PbO ʠ ʭʨʫʪʬʦʥʪʝʡʥʠʪ Pb3O(CO3)2. ʇʝʨʚʘʷ 

ʩʝʨʠʷ ʚʪʦʨʠʯʥʳʭ ʬʘʟ ʩʚʠʥʮʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʛʘʱʝʥʘ ʭʣʦʨʦʤ ʠ ʥʘʪʨʠʝʤ. 

ɺʳʷʚʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʚʠʥʮʘ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʘʭ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʝ ʟʘʱʠʪʥʳʭ ʧʘʩʪ ʠ ʧʣʸʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʠʥʮʦʚʳʭ ʰʚʦʚ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ʉʇʙɻʋ 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè ʠ çɻʝʦʤʦʜʝʣʴè. 

 

[1] Matoviĺ, V., Vaskoviĺ, N., Eriĺ, S., Sreĺkoviĺ-Batoĺanin, D. Interaction between binding 

materialsðthe cause of damage to gabbro stone on the monument to the unknown soldier 

(Serbia). Environmental Earth Sciences, 2009, 60, 1153-1164. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʧʨʝʜʝʣʝʥʠʝ CO3
2--ʠʦʥʘ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪʘʭ (ɻɸʇ) ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [1, 2]. ʆʜʥʘʢʦ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ 

ʜʘʥʥʳʭ ʯʘʩʪʦ ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩʳ ʠʟ-ʟʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʩʧʦʩʦʙʘ 

ʦʙʨʘʙʦʪʢʠ ʣʠʥʠʡ. ɺ ʟʘʜʘʯʫ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʭʦʜʠʣʦ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʵʤʧʠʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ CO3
2--ʠʦʥʘ ʚ ɻɸʇ 

ʤʝʪʦʜʘʤʠ ʀʂ- ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʢʪʨʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ.  

ʄʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ɻɸʇ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ CO3
2--ʠʦʥʘ ʦʪ 2.4 ʜʦ 6.55 ʚʝʩ. % (ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʛʘʟʦʦʙʲʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ). ʇʨʦʠʟʚʝʜʝʥʘ ʤʥʦʛʦʚʘʨʠʘʥʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʭ ʀʂ- ʠ ʂʈ-ʩʧʝʢʪʨʦʚ ʠ ʧʦʩʪʨʦʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʧʨʷʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ CO3
2--ʠʦʥʘ. ʅʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ɻɸʇ ʟʫʙʥʳʭ ʪʢʘʥʝʡ ʠ ʢʘʨʜʠʦʣʠʪʦʚ, ʠ ʙʳʣʘ ʦʮʝʥʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ.  

ʇʦ ʠʪʦʛʘʤ ʨʘʙʦʪʳ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ CO3
2--ʠʦʥʘ 

ʚ ɻɸʇ ʧʦ ʀʂ- ʠ ʂʈ-ʩʧʝʢʪʨʘʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩ ʠʟʚʝʩʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ.  

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʈʎ ʉʇʙɻʋ: ʈɼʄʀ, ɻʝʦʤʦʜʝʣʴ ʠ ʈʎʄʄ. 

 

[1] Krajewski A., Mazzocchi.m Buildini P. L., Ravaglioli A., Tinti A. M, Taddei P., Fagnano 

C. J. Mol. Struc., 2005, 744-747, 221-228. 

[2] Grunenwald A., Keyser C., Sautereau A. M., Crubezy E., Ludes B., Drouet C. J. 

Archaeol. Sci., 2014, 49, 134-141. 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʩʪʝʢʣʷʥʥʳʤ ʤʘʪʨʠʮʘʤ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʧʨʠ ʩʠʥʪʝʟʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩʪʝʢʣʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ [1, 2]. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʳʭ ʩʪʝʢʦʣ, 

ʥʘʩʳʱʝʥʥʳʭ Cs, ʠ ʧʦʣʫʯʝʥʠʠ ʩʦʦʪʚʝʪʩʚʫʶʱʠʭ ʩʪʝʢʣʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. 

ʀʩʭʦʜʥʳʝ ʱʝʣʦʯʥʳʝ ʙʦʨʦʛʝʨʤʘʥʦʩʠʣʠʢʘʪʥʳʝ ʩʪʝʢʣʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʝʤ 

ʧʣʘʚʣʝʥʠʷ ʰʠʭʪʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʢʘʣʢʦʡ ʥʘ ʚʦʟʜʫʭʝ. ʄʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʢʠʩʣʦʪʥʳʤ ʪʨʘʚʣʝʥʠʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʜʠʘʤʝʪʨʦʤ ʧʦʨ ʦʪ 1,3 ʜʦ 5,5 ʥʤ. ʇʦʨʠʩʪʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ. ʅʘʩʳʱʝʥʠʝ ʧʦʨʠʩʪʳʭ ʩʪʝʢʦʣ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʦʧʠʪʢʠ-ʩʫʰʢʠ ʤʘʪʝʨʠʘʣʘ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʠʦʥʳ ʮʝʟʠʷ. ʉʫʭʠʝ ʥʘʩʳʱʝʥʥʳʝ ʩʪʝʢʣʘ ʙʳʣʠ ʩʧʨʝʩʩʦʚʘʥʥʳ ʚ ʪʘʙʣʝʪʢʠ 

ʜʠʘʤʝʪʨʦʤ 1,5 ʩʤ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʦʪʞʠʛʘʣʠʩʴ ʜʣʷ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦʨ [3]. 

ʄʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʮʝʟʠʷ ʚ ʩʪʝʢʣʷʥʥʦʡ ʤʘʪʨʠʮʝ (ʨʠʩ.), ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʮʝʟʠʷ 

ʜʦʩʪʠʛʘʝʪ 3 ʘʪ. %.   ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʩʧʝʢʪʨʘʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʪʨʘʪʦʤ ʮʝʟʠʷ [3]. 

 

 
ʈʠʩʫʥʦʢ. ʂʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Cs ʚ ʩʪʝʢʣʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ. 

 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʈʅʌ ʟʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʤʦʱʴ (ʧʨʦʝʢʪ ˉ 22-17-20005). 
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ʅʘ ʧʨʠʤʝʨʝ ʧʨʝʜʤʝʪʦʚ ʠʟ ʢʦʣʣʝʢʮʠʠ ʊʦʪʝʤʩʢʦʛʦ ʤʫʟʝʡʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ (ʊʄʆ) 

ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʷ ʛʣʘʟʫʨʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.    

ɺ ʢʦʣʣʝʢʮʠʠ ʢʝʨʘʤʠʢʠ ʊʄʆ (ʪʦʪʝʤʩʢʦʡ) ʠʤʝʶʪʩʷ ʠʟʜʝʣʠʷ ʙʳʪʦʚʦʡ 

ʢʨʘʩʥʦʛʣʠʥʷʥʦʡ ʢʝʨʘʤʠʢʠ, ʠʟʚʝʩʪʥʦʡ ʢʘʢ çʣʫʞʝʥʘʷè, ʚ ʯʘʩʪʥʦʩʪʠ ʫʥʠʢʘʣʴʥʳʡ 

ʛʣʠʥʷʥʳʡ ʩʘʤʦʚʘʨ, ʧʦʣʫʯʠʚʰʠʡ ʧʨʝʤʠʶ ʥʘ ʚʳʩʪʘʚʢʝ ʚ ɺʦʣʦʛʜʝ ʚ 1842 ʛ., ʧʝʯʥʳʝ ʪʨʫʙʳ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʪʨʫʙʘʢʠè (ɻʨʦʩʩ, ʈʫʩʩʢʠʡ ʉʝʚʝʨ-2023) ʢʠʨʧʠʯʠ, ʘ ʪʘʢʞʝ ʬʨʘʛʤʝʥʪʳ 

ʠʟʨʘʟʮʦʚʦʛʦ ʜʝʢʦʨʘ ʠ ʜʨ. ʆʩʦʙʝʥʥʦʩʪʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʵʪʠʭ ʠʟʜʝʣʠʡ ʤʝʩʪʥʳʭ 

ʛʦʥʯʘʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭ ʤʝʩʪʥʦʝ ʛʣʠʥʠʩʪʦʝ ʩʳʨʴʝ, ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʥʝʝ ʤʝʪʦʜʘʤʠ 

ʧʝʪʨʦʛʨʘʬʠʠ ʠ ʯʘʩʪʠʯʥʦ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʨʘʙʦʪʝ (ʃʠʩʝʥʢʦʚʘ ʈʫʩʩʢʠʡ ʉʝʚʝʨ 

2024).  

ʇʨʝʜʤʝʪʘʤʠ ʧʨʝʜʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʬʨʘʛʤʝʥʪʳ ʧʦʣʠʭʨʦʤʥʳʭ (ʦʪ 

ʪʨʝʭ ʜʦ ʧʷʪʠʮʚʝʪʥʳʭ) ʨʝʣʴʝʬʥʳʭ ʠ ʛʣʘʜʢʠʭ ʨʘʩʧʠʩʥʳʭ (ʪʨʝʭʮʚʝʪʥʳʭ) ʠʟʨʘʟʮʦʚ.  ʇʨʦʙʳ 

ʠ ʧʨʦʟʨʘʯʥʦ-ʧʦʣʠʨʦʚʘʥʥʳʝ ʰʣʠʬʳ ʫʢʘʟʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠʟʫʯʘʣʠʩʴ ʤʝʪʦʜʘʤʠ 

ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʩʪʝʨʝʦʤʠʢʨʦʩʢʦʧ Leica EZ4 D (ɻʝʨʤʘʥʠʷ) ʠ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ OLYMPUS BX-51 (ʉʐɸ)) ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ- ʕɼʉ) HITACHI ʊʄ 4000 ʩ ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘ Quantus 75 (Bruker). 

ʅʘʰʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢ ʨʝʣʴʝʬʥʳʡ ʧʦʣʠʭʨʦʤʥʳʡ ʬʨʘʛʤʝʥʪ ʠʟʨʘʟʮʦʚʦʛʦ ʙʨʘʢʘ, 

ʥʘʡʜʝʥʥʳʡ ʩʨʝʜʠ ʦʪʭʦʜʦʚ ʢʠʨʧʠʯʥʳʭ ʟʘʚʦʜʦʚ (ʊʆʊ-1/23). ʕʪʦʪ ʬʨʘʛʤʝʥʪ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʦʩʪʘʣʴʥʳʭ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʥʘʣʠʯʠʝʤ ʚ ʧʦʥʠʞʝʥʠʷʭ 

ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʥʘʩʣʦʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʩʪʘʪʢʦʚ ʩʫʛʣʠʥʢʘ, ʚʝʨʦʷʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʩʳʨʴʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʨʘʟʮʦʚ. ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʯʝʨʝʧʢʘ ʠ ʛʣʘʟʫʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚʳʷʚʠʣʦ 

ʩʚʠʥʮʦʚʦ - ʢʨʝʤʥʠʩʪʳʡ ʩʦʩʪʘʚ ʛʣʘʟʫʨʠ ʩ ʧʨʠʤʝʩʴʶ ʘʣʶʤʠʥʠʷ ʠ ʮʚʝʪʦʚʳʝ ʧʝʨʝʭʦʜʳ ʦʪ 

ʟʝʣʝʥʳʭ ʢ ʙʠʨʶʟʦʚʳʤʠ ʠ ʩʠʥʠʤ ʦʪʪʝʥʢʘʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʘʣʠʯʠʝʤ ʵʣʝʤʝʥʪʦʚ - 

ʭʨʦʤʦʬʦʨʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʤʝʜʠ), ʢʦʪʦʨʳʝ ʥʘ ʢʘʨʪʘʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʟʫʪʁ ʨʘʟʣʠʯʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʩ ʞʝʣʝʟʦʤ, ʢʦʙʘʣʴʪʦʤ. 

ʍʘʨʘʢʪʝʨʝʥ ʧʝʨʝʭʦʜ ʙʝʣʦʛʦ ʮʚʝʪʘ ʚ ʟʝʣʝʥʳʡ ʥʘ ʚʩʶ ʪʦʣʱʠʥʫ ʧʦʢʨʳʪʠʷ, ʪʦʛʜʘ ʢʘʢ ʩʠʥʠʡ 

ʮʚʝʪ ʣʦʢʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʣʘʟʫʨʠ. ʆʪʤʝʯʘʝʪʩʷ ʧʨʠʤʝʩʴ ʦʣʦʚʘ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʦʙʳʯʥʦ ʧʨʠʫʨʦʯʝʥʦ ʢ ʫʯʘʩʪʢʘʤ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ, ʘ ʪʘʢʞʝ ʦʙʦʛʘʱʝʥʠʝ ʦʣʦʚʦʤ ʪʦʥʢʦʛʦ ʩʣʦʷ ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʛʣʘʟʫʨʥʦʛʦ ʧʦʢʨʳʪʠʷ.  ʋʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʩʚʠʥʮʘ ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʩ 

ʯʝʨʝʧʢʦʤ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʥʘʪʨʠʝʤ. ʎʝʢ ʨʝʜʢʠʡ, ʧʦʨʳ ʤʝʣʢʠʝ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʤʝʩʪʘʤʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʛʣʘʟʫʨʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʦ ʚʳʩʫʰʝʥʥʦʤ ʠʟʜʝʣʠʠ. 

ɺʦ ʬʨʘʛʤʝʥʪʝ ʬʠʛʫʨʥʦʛʦ ʠʟʨʘʟʮʘ (ʊʆʊ-3/24) ʢʦʥʪʫʨʥʳʡ ʨʝʣʴʝʬ ʩʚʝʪʠʣʴʥʠʢʘ ʥʘ 

ʛʫʩʪʦʤ ʟʝʣʝʥʦʤ ʬʦʥʝ ʚʳʧʦʣʥʝʥ ʙʝʣʳʤ, ʩʠʥʠʤ, ʙʠʨʶʟʦʚʳʤ ʠ ʞʝʣʪʳʤ ʮʚʝʪʘʤʠ. ɺ ʩʠʥʝʤ 

ʮʚʝʪʝ ʦʙʥʘʨʫʞʝʥʘ ʧʨʠʤʝʩʴ ʢʦʙʘʣʴʪʘ, ʚ ʞʝʣʪʦʤ ï ʩʫʨʴʤʳ, ʚ ʟʝʣʝʥʦʤ ʠ ʙʠʨʶʟʦʚʦʤ ʤʝʜʠ ʠ 
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ʞʝʣʝʟʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʬʨʘʛʤʝʥʪʦʤ ʚ ʝʛʦ ʧʦʣʠʭʨʦʤʥʦʡ ʧʦʣʠʚʝ ʤʝʥʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ, ʧʦʚʳʰʝʥʥʦʝ ʦʣʦʚʘ ʠ ʠʟ ʱʝʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʦʙʣʘʜʘʥʠʠ 

ʥʘʪʨʠʡ.  

ʉʣʝʜʫʶʱʝʡ ʬʨʘʛʤʝʥʪ ʧʦʣʠʭʨʦʤʥʦʛʦ ʠʟʨʘʟʮʘ (ʊʆʊ-2/24) ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʠʤ 

ʨʝʣʴʝʬʦʤ, ʪʦʥʢʦʤ ʩʣʦʝʤ ʮʚʝʪʥʦʡ ʧʦʣʠʚʳ (ʪʝʤʥʦ-ʩʠʥʠʡ, ʙʠʨʶʟʦʚʳʡ, ʙʝʣʳʡ, ʙʦʣʦʪʥʳʡ, 

ʟʦʣʦʪʠʩʪʳʡ, ʟʝʣʝʥʳʡ), ʯʝʨʝʟ ʟʦʣʦʪʠʩʪʳʡ ʮʚʝʪ ʢʦʪʦʨʦʡ ʧʨʦʩʚʝʯʠʚʘʝʪ ʯʝʨʝʧʦʢ. ɺ 

ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʚʳʷʚʣʝʥʦ ʙʦʣʝʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʠ ʱʝʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠ ʧʦʯʪʠ ʙʣʠʟʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʣʦʚʘ ʥʝʨʘʚʥʦʤʝʨʥʦ, 

ʧʨʠʯʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʛʦ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʦʣʠʚʳ. ɺ ʮʚʝʪʥʦʤ ʧʦʢʨʳʪʠʠ 

ʦʪʤʝʯʘʝʪʩʷ ʧʨʠʤʝʩʴ ʙʘʨʠʷ, ʮʠʥʢʘ, ʠʟ ʭʨʦʤʦʬʦʨʦʚ- ʢʦʙʘʣʴʪ, ʤʝʜʴ ʠ ʞʝʣʝʟʦ. 

ʄʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ ïʭʨʦʤʦʬʦʨʦʚ ʚʳʷʚʣʝʥʦ ʚʦ ʬʨʘʛʤʝʥʪʝ ʛʣʘʜʢʦʛʦ 

ʠʟʨʘʟʮʘ ʩ ʨʦʩʧʠʩʴʶ ʧʦ ʙʝʣʦʤʫ ʬʦʥʫ ʟʝʣʝʥʳʤ ʠ ʢʦʨʠʯʥʝʚʦ-ʬʠʦʣʝʪʦʚʦʡ ʢʨʘʩʢʘʤʠ. 

ʎʚʝʪʦʚʳʝ ʦʪʪʝʥʢʠ ʧʦʩʣʝʜʥʝʡ ʨʦʩʧʠʩʠ ʤʝʥʷʶʪʩʷ ʦʪ ʢʦʨʠʯʥʝʚʘʪʦʛʦ ʜʦ ʧʦʯʪʠ ʯʝʨʥʦʛʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ. ʇʦʜʦʙʥʳʝ ʠʟʨʘʟʮʳ ʠ ʧʣʠʪʢʠ ʪʠʧʠʯʥʳ 

ʜʣʷ ʩʝʨʝʜʠʥʳ XVIII  ʚʝʢʘ. 

ɺ ʧʦʥʠʞʝʥʠʷʭ ʨʝʣʴʝʬʘ ʬʨʘʛʤʝʥʪʘ ʊʆʊ 1/23 ʠ ʊʆʊ-2/24 ʩʦʭʨʘʥʠʣʠʩʴ ʦʩʪʘʪʢʠ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʚ ʚʠʜʝ ʪʦʥʢʦʛʦ ʥʘʩʣʦʝʥʠʷ ʨʦʟʦʚʘʪʦʛʦ ʮʚʝʪʘ ʢʘʣʴʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʧʦʚʝʨʭ ʥʝʛʦ ʩʫʛʣʠʥʢʘ, ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʩʭʦʜʝʥ ʩ ʩʦʩʪʘʚʦʤ ʯʝʨʝʧʢʘ ʵʪʠʭ 

ʬʨʘʤʝʥʪʦʚ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʝʩʪʥʦʝ 

ʩʳʨʴʝ, ʪʝʩʥʘʷ ʩʚʷʟʴ ʧʨʦʠʟʚʦʜʩʪʚ ʢʠʨʧʠʯʥʠʢʦʚ ʠ ʢʫʩʪʘʨʥʳʭ ʤʘʩʪʝʨʩʢʠʭ ʛʦʥʯʘʨʦʚ ʠ 

ʠʟʨʘʟʝʯʥʠʢʦʚ ʦʙʱʝʠʟʚʝʩʪʥʘ.  

ɺʘʨʠʘʮʠʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʠʚʳ ʠ ʵʣʝʤʝʥʪʦʚ ïʭʨʦʤʦʬʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʣʠʯʠʷʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʤʘʩʪʝʨʩʪʚʘ. 

 

[1] ɻʨʦʩʩ ɸ.ɺ. ʈʫʩʩʢʠʡ ʉʝʚʝʨ-2023: ʧʨʦʙʣʝʤʳ ʠʟʫʯʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʠʩʪʦʨʠʢʦ-

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, 2023, 145-156. 

[2] ʃʠʩʝʥʢʦʚʘ ʖ.ʖ., ʃʦʙʟʦʚʘ ʈ.ɺ. ʠ ʜʨ. ʈʫʩʩʢʠʡ ʉʝʚʝʨ-2024: ʧʨʦʙʣʝʤʳ ʠʟʫʯʝʥʠʷ ʠ 

ʩʦʭʨʘʥʝʥʠʷ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʠ ʧʨʠʨʦʜʥʦʛʦ ʥʘʩʣʝʜʠʷ, 2024, 160-166. 
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ʉʦʜʘʣʠʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʱʝʣʦʯʥʳʭ 

ʛʘʙʙʨʦʠʜʦʚ ʊʠʢʰʝʦʟʝʨʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʉʝʚʝʨʥʦʡ ʂʘʨʝʣʠʠ. ɺ ʧʦʨʦʜʝ 

ʤʠʥʝʨʘʣ ʩʚʦʠʤ ʷʨʢʦ-ʩʠʥʠʤ ʮʚʝʪʦʤ, ʦʥ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʢʘʥʢʨʠʥʠʪʫ, ʧʨʠʯʸʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ ʮʚʝʪ ʩʦʜʘʣʠʪʘ ʚʘʨʴʠʨʫʝʪ ʦʪ ʩʚʝʪʣʦ-ʛʦʣʫʙʦʛʦ ʜʦ 

ʥʘʩʳʱʝʥʥʦ-ʩʠʥʝʛʦ, ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʢʩʝʥʦʤʦʨʬʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʨʘʟʤʝʨʦʤ ʦʪ 0,3 ʜʦ 2 

ʩʤ. ɼʘʥʥʫʶ ʧʦʨʦʜʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʜʝʢʦʨʘʪʠʚʥʳʡ ʢʘʤʝʥʴ, ʠ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʨʦʜʳ ʷʨʢʦʡ ʦʢʨʘʩʢʠ ʩʦʜʘʣʠʪʘ ʚ ʥʝʡ. ʆʙʨʘʟʮʳ ʙʳʣʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʅ. ʀ. ʌʨʠʰʤʘʥʦʤ. 

ʊʠʢʰʝʦʟʝʨʩʢʠʡ ʤʘʩʩʠʚ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʂʘʨʝʣʦ-ʂʦʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ-ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ.  ʉʦʜʘʣʠʪ ʥʘʭʦʜʠʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʢʘʥʢʨʠʥʠʪʦʤ, ʜʦʣʦʤʠʪʦʤ, ʘʣʴʙʠʪʦʤ, ʵʛʠʨʠʥʦʤ ʠ ʬʣʦʛʦʧʠʪʦʤ. ɺʪʦʨʦʩʪʝʧʝʥʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ: ʠʣʴʤʝʥʠʪ, ʤʘʛʥʝʪʠʪ, ʰʘʤʦʟʠʪ, ʘʥʘʣʴʮʠʤ, ʥʘʪʨʦʣʠʪ, ʬʦʩʬʘʪʳ, 

ʢʘʣʴʮʠʪ, ʢ ʘʢʮʝʩʩʦʨʥʳʤ ʤʠʥʝʨʘʣʘʤ ʦʪʥʦʩʷʪʩʷ ʧʠʨʨʦʪʠʥ, ʭʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʠʪ, 

ʢʦʣʫʤʙʠʪ, ʮʠʨʢʦʥ, ʵʜʠʥʛʪʦʥʠʪ (?), ʘʥʢʠʣʠʪ ï(La)? ʠ ʙʘʨʠʪ. ɼʠʘʛʥʦʩʪʠʢʘ ʩʦʜʘʣʠʪʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʝʡ, ʨʘʤʘʥʦʚʩʢʦʡ ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʩʠʥʶʶ ʦʢʨʘʩʢʫ ʩʦʜʘʣʠʪʘ ʩʚʷʟʳʚʘʶʪ ʣʠʙʦ ʩ ʥʘʣʠʯʠʝʤ ʩʫʣʴʬʠʜʥʦʡ ʩʝʨʳ ʚ 

ʚʠʜʝ ʘʥʠʦʥʥʦʛʦ ʨʘʜʠʢʘʣʘ S3
-
. ɺ ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʘʭ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʥʠʞʝ ʧʨʝʜʝʣʘ 

ʦʙʥʘʨʫʞʝʥʠʷ. ɺ ʈʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʪʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ S3
- 
 

ʘʥʠʦʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʦʣʦʩʳ. ɺ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʦʣʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʦʢʩʘʣʘʪʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ (CO3)
2-
 

ʛʨʫʧʧʘʭ. ʈʘʥʝʝ ʦʙʨʘʟʮʳ ʠʟ ʛʨʫʧʧʳ ʩʦʜʘʣʠʪʘ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʨʙʦʥʘʪʥʳʝ ʘʥʠʦʥʳ, ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥr ʥʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ɸʡʬʝʣɹ ʠ ʆʣʜʦʠӢʥɹʦ-ʃʝʥʛʘӢʠ [1]. ʅʘʣʠʯʠʝ 

ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʜʘʣʠʪʘ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʨʦʜʳ. ʀʤʝʥʥʦ ʥʘʣʠʯʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʛʨʫʧʧ ʚ 

ʩʦʜʘʣʠʪʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʝʛʦ ʩʠʥʝʡ ʦʢʨʘʩʢʠ. ʆʥʘ ʩʚʷʟʘʥʘ ʩ ʨʘʜʠʘʮʠʦʥʥʳʤʠ 

ʧʘʨʘʤʠ ʜʝʬʝʢʪʦʚ: ʜʳʨʦʯʥʳʤʠ ʮʝʥʪʨʘʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘʤʠ (CO3)
*- 
ʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ï F-ʮʝʥʪʨʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ, ʯʪʦ ʮʝʥʪʨʳ ʦʢʨʘʩʢʠ 

ʩʚʷʟʘʥʳ ʩ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʤ ʢʠʩʣʦʨʦʜʦʤ. 

ɺʩʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʘʭ ʉʇʙɻʋ: 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʠʢʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʘʥʘʣʠʟʘè ʠ 

çɻʝʦʤʦʜʝʣʴè, ʠ ʚ ʮʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡè ʀɻʍ ʉʦ ʈɸʅ. 
 

[1] Anatoly N. Zaitsev, Olga A. Zaitseva, Alexander K. Buyko, Jºrg Keller, Jurgis Klaudius, 

and Andrei A. Zolotarev Gem-Quality Yellow-Green Ha¿yne from Oldoinyo Lengai 

Volcano, Northern Tanzania. Gems and Gemology 2009, 45(3):200-203. 
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ʈʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʝʨʳ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʢʘʢ ʦ ʚʘʣʦʚʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʳ ʚ ʧʨʦʙʝ, ʪʘʢ ʠ ʦ ʝʸ ʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʩʫʣʴʬʠʜʥʦʡ ʠ 

ʩʫʣʴʬʘʪʥʦʡ ʩʝʨʳ ʚ ʨʫʜʘʭ ï ʚʘʞʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ, ʠʭ ʭʚʦʩʪʦʚ ʠ 

ʢʦʥʮʝʥʪʨʘʪʦʚ. 

ɺʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʝʨʳ ʚ ʧʨʦʙʝ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʚʘʣʝʥʪʥʳʤ ʩʜʚʠʛʘʤ 

ʧʦʣʦʞʝʥʠʷ Ka ʠ Kb-ʣʠʥʠʡ ʥʘ ʩʧʝʢʪʨʘʭ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʧʦ ʥʘʣʠʯʠʶ ʠʣʠ ʦʪʩʫʪʩʪʚʠʶ 

ʩʘʪʝʣʣʠʪʥʳʭ ʧʠʢʦʚ (ʨʠʩʫʥʦʢ 1ʘ), ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ K-ʩʝʨʠʠ 

(ʨʠʩʫʥʦʢ 1b) [1, 2], ʧʨʠʯʸʤ ʧʨʠ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʳ ʚ ʦʙʨʘʟʮʘʭ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ ʬʣʶʦʨʝʩʮʝʥʮʠʠ S Ka ʚ ʩʫʣʴʬʘʪʘʭ ʙʫʜʝʪ ʚʳʰʝ, ʯʝʤ ʚ ʩʫʣʴʬʠʜʘʭ. 

a)  b)  
ʈʠʩʫʥʦʢ 1ï (ʘ) ʧʠʢʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ S ʚ FeS2 ʠ BaSO4, (b) ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ SKa/SKb ʦʪ ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʨʳ. 

Figure 1 ς ( )͊ The S fluorescence peaks of FeS2 and BaSO4, (b) correlation between S Kb/S Ka 

peaks intensities ratio and sulfur oxidation state. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʆʣʠʤʧʠʘʜʠʥʩʢʦʛʦ ʨʫʜʥʠʢʘ (ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ), 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ WDXRF-ʩʧʝʢʪʨʦʤʝʪʨʝ ʉʇɽʂʊʈʆʉʂɸʅ ʄɸʂʉ-GVM (ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ 10 ʢʵɺ ʥʘ SKa) ʧʦʢʘʟʘʣʦ, ʯʪʦ, ʦʙʨʘʟʮʳ ʦʜʥʦʟʥʘʯʥʦ ʛʨʫʧʧʠʨʫʶʪʩʷ ʧʦ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʩʝʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʩʥʦʚʥʳʭ 

ʣʠʥʠʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 

 

[1] ʏʫʙʘʨʦʚ ɺ. ʄ. //ɺʦʧʨʦʩʳ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, 2015, 2, 73ï76. 

[2] S§nchez E., etʩ//Journal of Analytical Atomic Spectrometry, 2019, 34(2), 274ï283. 
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ʉʀʉʊɽʄʓ Na2O-Cs2O-B2O3-SiO2 

 

ʐʪʝʥʙʝʨʛ ʄ.ɺ., ʅʝʚʦʣʠʥʘ ʃ.ɸ. ʠ ʂʦʨʦʣʝʚʘ ʆ.ʅ. 
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COMPARISON OF CHEMICAL STABILITY OF GLASS AND GLASS-CERAMICS OF 

THE Na2O-Cs2O-B2O3-SiO2 SYSTEM 

 

Shtenberg M.V., Nevolina L.A. and Koroleva O.N. 

 

Institute of Mineralogy SU FRC MG UB RAS, Miass; shtenberg@mineralogy.ru 

 

ɹʦʨʦʩʠʣʠʢʘʪʥʳʝ ʩʪʝʢʣʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʦʪʭʦʜʦʚ [1]. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ [2]. ʅʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 3 ʩʪʝʢʣʘ ʩʠʩʪʝʤʳ Na2O-

Cs2O-B2O3-SiO2 ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Na2O/Cs2O ʦʪ 1/3 ʜʦ 3/1, ʠʟ ʢʦʪʦʨʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ ʧʝʪʨʫʨʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʤʝʜʣʝʥʥʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʧʣʘʚʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʦʙʨʘʟʮʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʧʦ ɻʆʉʊ ʈ 

52126-2003. ʈʘʩʪʚʦʨʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ICP-OES ʩʧʝʢʪʨʦʤʝʪʨʝ Varian 720-ES ʠ ICP-

MS ʩʧʝʢʪʨʦʤʝʪʨʝ Agilent 7700x. ʆʙʨʘʟʮʳ ʩʪʝʢʦʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʝʣʠʥʝʡʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Cs2O. ʀʟ ʩʪʝʢʦʣ ʤʝʥʝʝ 

ʫʩʪʦʡʯʠʚʳʤ ʦʢʘʟʘʣʩʷ ʦʙʨʘʟʝʮ 2Na2Cs50, ʥʘʠʙʦʣʝʝ ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤ ʷʚʣʷʝʪʩʷ 

ʩʪʝʢʣʦ 3Na1Cs50. ʏʘʩʪʴ ʦʙʨʘʟʮʦʚ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʟʠʷ 

ʨʘʟʨʫʰʠʣʠʩʴ ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʮʝʟʠʡʩʦʜʝʨʞʘʱʠʭ 

ʬʘʟ. ʆʙʨʘʟʝʮ 3Na1Cs50-ʄ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʢʘʟʘʣ ʙʦʣʴʰʫʶ 

ʭʠʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʝʤ ʠʩʭʦʜʥʦʝ ʩʪʝʢʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʩʪʘʚʘ. 

ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʪʨʠʷ ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ ʦʙʨʘʟʮʘ 3Na1Cs50-ʄ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʥʘʪʨʠʝʚʦ-

ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʮʝʟʠʷ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʜʚʫʭ ʦʙʨʘʟʮʘʭ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʬʘʟʘ ʙʦʨʦʩʠʣʠʢʘʪʘ ʮʝʟʠʷ ʩʦʩʪʘʚʘ CsBSi2O6. ʆʙʨʘʟʮʳ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʟʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʭʦʜʥʳʭ ʩʪʝʢʦʣ. ʇʨʠ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʮʝʟʠʷ ʚ ʠʩʭʦʜʥʦʤ ʩʪʝʢʣʝ, ʦʪʞʠʛ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʪʦ ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚ ʩʝʪʢʝ ʩʪʝʢʣʘ.  

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 22-17-20005 

(https://rscf.ru/project/22-17-20005/). 

 

[1] Jantzen C.M., Ojovan M.I. Russ. J. Inorg. Chem., 2019, 64, 13, 1611-1624. 

[2] Ojovan M.I., Petrov V.A., Yudintsev S.V. Sustainability, 2021, 13, 4117. 
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ʈostgraduate student 
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In this work, two nickel(II) coordination compounds, [Ni(L
I
)2] (1) and [Ni(L

II
)2] (2) (HL

I
 = N-

cyclohexyl-3-methoxysalicylideneimine; HL
II
 = N-cyclohexyl-3-ethoxysalicylideneimine), 

were obtained from a one-pot synthetic procedure by reacting cyclohexylamine, 3-methoxy- 

or 3-ethoxysalicylaldehyde and Ni(OAc)2 in EtOH (Scheme 1) [1] The final products were 

obtained as single crystals suitable for single-crystal X-ray diffraction. 

 
Scheme 1. Synthesis of the complexes (R = Me (1), Et (2)). 

 

Both complexes were probed in silico as potential inhibitors of a series of the SARS-CoV-2 

proteins using a molecular docking approach. It was established that both 1 and 2 can 

potentially inhibit of the applied proteins. The best results (ï10.6 kcal/mol for 1 and ï9.5 

kcal/mol for 2) were found for the Nonstructural protein 14 (N7-MTase) (Fig. 1). Thus, both 

complexes 1 and 2 are of interest as potential agents against COVID-19. 

 

 
Figure 1. Intermolecular interactions in complexes of 1 and 2 with SARS-CoV-2 proteins with the best 

binding energies. 
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ʅʠʢʫʣʠʥ ʀ.ʀ. 

 

ʆʆʆ çʉʅ ɻʄè, ʛ. ʄʦʩʢʚʘ 

 

ɺ ʨʘʟʨʝʟʝ ʧʘʣʝʦʛʝʥʘ ʇʨʠʚʦʣʞʩʢʦʡ ʤʦʥʦʢʣʠʥʘʣʠ ʦʪʤʝʯʘʶʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʠ 

ʩʣʦʷ ʨʘʟʚʠʪʠʷ ʛʣʘʫʢʦʥʠʪʠʟʘʮʠʠ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʙʳʩʪʨʦ 

ʤʝʥʷʶʱʠʭʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʠ. ʆʪʣʦʞʝʥʠʝ ʦʩʘʜʢʦʚ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚʙʣʠʟʠ ʦʙʣʘʩʪʝʡ ʪʨʝʱʠʥʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʚ ʩʫʙʘʵʨʘʣʴʥʳʭ ʠʣʠ ʦʯʝʥʴ 

ʤʝʣʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʚʳʰʝʣʝʞʘʱʠʝ ʦʩʘʜʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʘʨʛʠʣʣʠʪʘʤʠ ʩ ʦʩʪʘʪʢʘʤʠ ʤʝʣʢʦʚʦʜʥʦʡ ʬʘʫʥʳ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʠʟʫʯʝʥʥʳʭ 

ʟʝʨʝʥ ʧʘʣʝʦʮʝʥʦʚʦʛʦ ʛʣʘʫʢʦʥʠʪʘ, ʧʦ ʢʦʪʦʨʦʡ ʦʥʠ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʨʷʜ ʤʝʞʜʫ 

ʫʩʣʦʚʥʦ ʞʝʣʝʟʠʩʪʳʤʠ ʠ ʘʣʶʤʠʥʠʝʚʳʤʠ ʛʠʜʨʦʩʣʶʜʘʤʠ (ʨʠʩʫʥʦʢ). ʆʪ ʠʣʣʠʪʘ ʦʥ 

ʦʪʣʠʯʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, ʘ ʦʪ ʩʝʣʘʜʦʥʠʪʘ ï 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʢʨʝʤʥʠʷ ʘʣʶʤʠʥʠʝʤ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʪʨʝʥʜ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʵʚʦʣʶʮʠʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʪ ʩʠʣʴʥʦ ʩʤʝʢʪʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʛʣʘʫʢʦʥʠʪʘ ʢʘʢ ʥʘʯʘʣʴʥʦʛʦ 

ʵʪʘʧʘ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʤʠʥʝʨʘʣʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ, ʦʪʨʘʞʘʶʱʠʭ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʯʝʨʝʟ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʝʛʦ ʥʘʭʦʞʜʝʥʠʷ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʦʜʦʝʤʘʭ. ʉʤʝʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʢʪʦʥʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʫʛʣʫʙʣʝʥʠʷʤ. 

 
ʈʠʩʫʥʦʢ. ɼʠʩʢʨʠʤʠʥʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʟʝʨʝʥ ʛʣʘʫʢʦʥʠʪʘ ʠ ʠʭ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ. 
1 ï ʉʉ-270,8; 2 ï ɼ71-269,1; 3 ï ɼ71-268,1; 4 ï 13-277,0; 5 ï ʛʣʘʫʢʦʥʠʪ ʠ ʙʝʨʪʴʝʨʠʥ ʠʟ ʵʥʮʠʢʣʦʧʝʜʠʠ 

(Huggett,  2013, 6 ʘʥʘʣʠʟʦʚ); 6 ï ʧʦʣʷ ʢʦʚʘʨʠʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ: 1 ï ʧʦʣʝ ʟʝʨʝʥ ʛʣʘʫʢʦʥʠʪʘ 

ʧʘʣʝʦʛʝʥʘ (Bansal, 2018, 32 ʘʥʘʣʠʟʘ; ʉʠʤʘʢʦʚʘ, 2020, 9 ʘʥʘʣʠʟʦʚ); 2 ï ʞʝʣʝʟʠʩʪʦʛʦ ʠʣʣʠʪʘ (Bandopadhyay, 

2007, 73 ʘʥʘʣʠʟʘ); 3 ï Al-ʛʣʘʫʢʦʥʠʪ-ʩʢʦʣʠʪʘ (ɹʫʰʘʨʠʥʘ, 2002, 5 ʘʥʘʣʠʟʦʚ); 4 ï ʦʜʠʥʠʪʘ (Harding-Nash, 

2014, 3 ʘʥʘʣʠʟʘ); 5 ï ʥʦʥʪʨʦʥʠʪʘ (ɼʠʨ, 1966; ɼʦʜʘʪʢʦ, 1969; ɼʨʠʮ ʠ ʂʦʩʩʦʚʩʢʘʷ, 1990; ʅʠʢʫʣʠʥ, 2008; Chi 

Ma, 1998, 19 ʘʥʘʣʠʟʦʚ); 6 ï ʩʝʣʘʜʦʥʠʪʘ (ɼʦʨʬʤʘʥ, 1965, 3 ʘʥʘʣʠʟʘ). ɸʪʦʤʥʳʝ ʢʦʣʠʯʝʩʪʚʘ: çSiè = Si02, 

çAlè = Al2O3 + TiO2, çMgè = Mgʆ + Mnʆ. 
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ɼʣʷ ʃʦʚʦʟʸʨʩʢʦʛʦ ʠ ʍʠʙʠʥʩʢʦʛʦ ʱʝʣʦʯʥʳʭ ʤʘʩʩʠʚʦʚ ʭʘʨʘʢʪʝʨʥʳ ʧʨʦʮʝʩʩʳ 

ʧʦʩʪʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʙʝʟ ʢʘʨʜʠʥʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʨʝʘʢʮʠʷʤʠ ʧʨʠʨʦʜʥʦʛʦ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʥʳʭ ʪʘʢʠʤ ʧʫʪʸʤ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʚʠʜʦʚ, ʚʳʜʘʶʱʠʡʩʷ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʤʠʥʝʨʘʣʦʛ ɸ.ʇ. ʍʦʤʷʢʦʚ [1] 

ʚʚʸʣ ʧʦʥʷʪʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʭ ʤʠʥʝʨʘʣʦʚ.  

ʀʟʥʘʯʘʣʴʥʦ ʠʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʩʝʨʠʡ ʤʠʥʝʨʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʢʘʞʜʳʡ 

ʧʦʩʣʝʜʫʶʱʠʡ ʙʳʣ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʳʜʫʱʝʛʦ: ʣʦʤʦʥʦʩʦʚʠʪ Ÿ 

ʤʫʨʤʘʥʠʪ, ʧʘʨʘʢʝʣʜʳʰʠʪ Ÿ ʢʝʣʜʳʰʠʪ, ʮʠʨʩʠʥʘʣʠʪ Ÿ ʣʦʚʦʟʝʨʠʪ, ʢʘʟʘʢʦʚʠʪ Ÿ 

ʪʠʩʠʥʘʣʠʪ, ʢʘʧʫʩʪʠʥʠʪ Ÿ ʣʠʪʚʠʥʩʢʠʪ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʤʠ ʙʳʣ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦ ʢʘʨʢʘʩʥʳʤʠ ʠ ʩʣʦʠʩʪʳʤ -ʪʠʪʘʥʦ, -ʮʠʨʢʦʥʦʩʠʣʠʢʘʪʘʤ, ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ 

ʩʝʨʠʡ ʵʧʠʩʪʦʣʠʪ Ÿ ʟʚʷʛʠʥʠʪ [2], ʤʫʨʤʘʥʠʪ Ÿ ʚʠʛʨʠʰʠʥʠʪ [3], ʤʫʨʤʘʥʠʪ Ÿ 

ʢʘʣʴʮʠʦʤʫʨʤʘʥʠʪ [4]. ʇʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʰʢʘʪʫʣʢʘʣʠʪʘ [5]. ɸ ʪʘʢʞʝ 

ʨʘʩʩʤʦʪʨʝʥʘ ʵʚʦʣʶʮʠʷ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʠʚʘʥʶʢʠʪʘ [6], ʢʝʣʜʳʰʠʪʘ, ʣʠʥʪʠʩʠʪʘ. 

ʇʨʦʠʟʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʮʝʧʮʠʶ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʦʢʣʘʜʝ.  

 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ  122022400093-9. 

[1] Ivanov I.I., Petrov P.P. Zap. Ross. Mineral. Obshch., 2017, 146(3), 35ï45. 

[1] Khomyakov A.P. Oxford, U.K.: Clarendon Press, 1995. 224 p 

[2] Lykova, I.S.,  Pekov, I.V.,  Chukanov, et al., Eur. J. Mineral., 2016, 28, 835ï845. 

[3] Pekov I.V., Britvin S.N., Zubkova N.V., et al., Zap. Ross. Mineral. Obshch., 2012. 141(4), 

12-27. 

[4] Pekov I.V., Lykova I.S., Chukanov N.V. et al., Zap. Ross. Mineral. Obshch., 2014, 

143(2), 45-63. 

[5] Zolotarev, A.A., Selivanova, E.A., Krivovichev, S.V., et.al., Minerals., 2018, 8, 303. 

[6] Panikorovskii T.L., Yakovenchuk V.N., Yanicheva N.Yu., et al., Mineralogical Magazine. 

2021, 85, 607ï619. 
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ʄɽʊʆɼʆʃʆɻʀʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ɹɽʈʀʃʃʀɽɺʆɻʆ ʀʅɼʀɸʃʀʊɸ ʀ 

ɻɽʅɽʊʀʏɽʉʂʀ ʉɺʗɿɸʅʅʓʍ ʉ ʅʀʄ ʌɸɿ ɺ ʈɸɹʆʊɸʍ ʄ.ɸ. ʄʀʍɸʁʃʆɺɸ  

 

ʇʝʯʝʨʩʢʘʷ ʉ.ɻ. 
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METHODOLOGY FOR STUDYING BERYLLIAN INDIYLITE AND GENETICALLY 

ASSOCIATED PHASES IN THE M.A. MIKHAILOV WORKS 

 

Pecherskaya S.G.  

IGC SB RAS; svelta@igc.irk.ru 

 

ʄʠʭʘʠʣ ɸʣʝʢʩʝʝʚʠʯ ʄʠʭʘʡʣʦʚ, ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʢʘʬʝʜʨʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʃɻʋ, ʚ 1971 ʛʦʜʫ ʧʦʩʪʫʧʠʣ ʚ ʘʩʧʠʨʘʥʪʫʨʫ ʀʨʢʫʪʩʢʦʛʦ 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ, ʢʦʪʦʨʦʤʫ ʧʦʩʚʷʪʠʣ ʚʩʶ ʩʚʦʶ ʥʘʫʯʥʫʶ ʞʠʟʥʴ. ʊʝʤʘʪʠʢʘ ʩʠʥʪʝʟʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʛʨʫʧʧʳ ʙʝʨʠʣʣʘ, ʢʦʪʦʨʫʶ ʄ. ɸ. ʄʠʭʘʡʣʦʚ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʚʦʟʛʣʘʚʠʣ, ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ ʣʝʪ ʷʚʣʷʣʘʩʴ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʀɻʍ ʉʆ 

ʈɸʅ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪ ʄ. ɸ. ʄʠʭʘʡʣʦʚʘ ʚʩʝʛʜʘ ʷʚʣʷʣʩʷ ʢʦʤʧʣʝʢʩʥʳʡ 

ʚʟʛʣʷʜ ʥʘ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʦʨʦʞʜʘʶʱʠʤ ʨʘʩʧʣʘʚʦʤ, ʩʨʝʜʦʡ ʠ ʢʨʠʩʪʘʣʣʦʤ, 

ʩʪʨʝʤʣʝʥʠʝ ʥʘʡʪʠ ʟʘʢʦʥʳ ʦʨʛʘʥʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ ï ʦʪ ʘʪʦʤʘʨʥʦʛʦ ʫʨʦʚʥʷ ʜʦ ʬʘʟʦʚʳʭ 

ʘʩʩʦʮʠʘʮʠʡ. ɺ ʨʘʙʦʪʘʭ ʛʨʫʧʧʳ ʄ. ɸ. ʄʠʭʘʡʣʦʚʘ ʦʙʦʩʥʦʚʘʥʘ ʥʦʚʠʟʥʘ ʩʦʝʜʠʥʝʥʠʷ 

ʙʝʨʠʣʣʠʝʚʳʡ ʠʥʜʠʘʣʠʪ (ɹʀ) Mg2BeAl2Si6O18, [1]; ʫʩʪʘʥʦʚʣʝʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʘ [2], 

ʠʩʩʣʝʜʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ [3]; ʚʳʷʚʣʝʥʘ ʛʝʥʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʬʘʟʘʤʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɓ-ʢʚʘʨʮʘ, ʧʝʪʘʣʠʪʘ ʠ ɹʀ [4]; ʠʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʚʟʘʠʤʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ɹʀ ʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʝʤʫ ʬʘʟ [5]; ʥʘʡʜʝʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ ʙʝʨʠʣʣʘ [6]. ʇʦʠʩʢ ʧʨʠʯʠʥ ʚʳʙʦʨʘ ʚʝʱʝʩʪʚʦʤ ʩʮʝʥʘʨʠʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥ ʠʟʫʯʝʥʠʝʤ ʩʧʝʮʠʬʠʢʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ɹʀ ʧʨʠ ʚʘʨʠʘʮʠʷʭ ʩʦʩʪʘʚʘ, ʩʨʝʜʳ ʠ ʨʝʞʠʤʘ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʦ ʧʦʥʷʪʠʝ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʛʦ ʟʘʨʦʜʳʰʘ [7]. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʦʙʦʙʱʘʶʱʘʷ ʮʝʣʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ: ʧʦʠʩʢ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʟʘʨʦʜʳʰʝʡ, ʧʦʨʦʞʜʘʶʱʠʭ ʪʫ 

ʠʣʠ ʠʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ. ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚ 

ʚʝʱʝʩʪʚʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʨʠʩʪʘʣʣʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʝ [8]. 

 

[1] ʄʠʭʘʡʣʦʚ ʄ.ɸ., ɼʸʤʠʥʘ ʊ.ɺ. VI ɺʩʝʩ. ʩʦʚʝʱ. çɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʭʠʤʠʷ 

ʩʠʣʠʢʘʪʦʚ ʠ ʦʢʩʠʜʦʚè, ʃ.:  ʅʘʫʢʘ, ʃʝʥʠʥʛʨ. ʦʪʜ., 1988, 163-164. 

[2] ʉʤʦʣʠʥ ʖ.ʀ. ʠ ʜʨ.  ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, 1999, 44(3),  454-457. 

[3] ʄʠʭʘʡʣʦʚ ʄ.ɸ., ɼʸʤʠʥʘ ʊ.ɺ. ɿʘʧ. ɺʩʝʨʦʩ. ʤʠʥ. ʦʙʱ, 1998, CXXVII (3), 22-37. 

[4] ʄʘʤʦʥʪʦʚʘ ʉ. ɻ. ʠ ʜʨ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, 2015, 60(1), 21ï27. 

[5] ɼʸʤʠʥʘ ʊ.ɺ., ʄʠʭʘʡʣʦʚ ʄ.ɸ.  ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ, 1993, 15(1), 61-70. 

[6] ʄʠʭʘʡʣʦʚ ʄ.ɸ. ʠ ʜʨ. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʙʝʨʠʣʣʘ / ʇʘʪʝʥʪ ʈʦʩʩʠʠ ˉ 1175186  ʦʪ  25.10.1984. 

[7] ʄʠʭʘʡʣʦʚ ʄ.ɸ. ʄʝʞʜʫʥʘʨ. ʤʠʥ. ʩʝʤʠʥʘʨ "ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʨʚʝʥʮʠʷ ʚ ʤʠʢʨʦ- 

ʠ ʥʘʥʦʤʠʨ", Cʳʢʪʳʚʢʘʨ, 9-11 ʠʶʥʷ 2009, 50-53. 

[8] ʄ.ɸ. ʄʠʭʘʡʣʦʚ ɺʩʝʨʦʩ. ʩʦʚʝʱ. çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʭʠʤʠʠè, ʀʨʢʫʪʩʢ, 22-26 
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ʀʜʝʷ ʤʦʜʫʣʷʨʥʦʛʦ ʜʠʟʘʡʥʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ. ʆʙʳʯʥʦ ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʫʣʷ ʙʳʚʘʝʪ ʟʘʪʨʫʜʥʠʪʝʣʝʥ, ʝʩʣʠ ʥʝ 

ʠʟʚʝʩʪʥʳ ʤʦʜʫʣʷʨʥʳʝ ʩʝʨʠʠ ʜʣʷ ʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʤʠʥʝʨʘʣʦʚ. ʉʦʛʣʘʩʥʦ [1], 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʣʦʢ (FBB) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʫʶ 

ʝʜʠʥʠʮʫ ʚʥʫʪʨʠ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʘʥʘʣʦʛ 

ʤʦʣʝʢʫʣʳ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. FBB ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʦʤʦ- ʠʣʠ 

ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ ʩ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʳʤʠ 

ʩʚʷʟʷʤʠ ʩʚʷʟʴ-ʚʘʣʝʥʪʥʦʩʪʴ ʚ ʩʪʨʫʢʪʫʨʝ [1]. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʨʷʜʘ Na2SO4-K2SO4 ʠ Ca2SiO4 ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʥʘʤʠ ʢʘʢ ʤʦʜʫʣʴʥʳʝ [2]. ʄʠʢʨʦʙʣʦʢ, ʤʦʜʫʣʴ [M(TO4)6], ʠʣʠ ʩʪʨʫʢʪʫʨʥʘʷ ʝʜʠʥʠʮʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʢʪʘʵʜʨʘ, ʠʤʝʶʱʝʛʦ ʰʝʩʪʴ ʦʙʱʠʭ ʫʛʣʦʚ ʩ ʰʝʩʪʴʶ ʩʦʩʝʜʥʠʤʠ 

ʪʝʪʨʘʵʜʨʘʤʠ, ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʚ [3], ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ, ʢʘʢ 

ʫʥʘʩʣʝʜʦʚʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠʟ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʨʦʜʠʪʝʣʴʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʧʠʩʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ çʤʘʪʝʨʠʥʩʢʠʤè ʤʠʢʨʦʙʣʦʢʦʤ ʠ 

ʤʠʢʨʦʙʣʦʢʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʦʩʥʦʚʝ 

ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʷʪʥʘʜʮʘʪʴ ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ ʤʦʜʫʣʝʡ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʤʠʢʨʦʙʣʦʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ: ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʣʠʤʦʨʬʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ 

K2Na8Ca(SO4)6, Na4Ca(SO4)6, ʨʷʜʦʚ A2SO4 (A = Na, K, Rb, Cs) ʤʝʪʦʜʘʤʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʠ ʧʦʨʦʰʢʦʚʦʡ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ˉ23-77-10066) ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʉʇʙɻʋ ʈʎ ʈɼʄʀ. 

[1] Hawthorne F.C. Acta Crystallogr., 1994, B50, 481ï510. 

[2] Shablinskii ɸ.P., Filatov S.K., Biryukov Y.P. Phys. Chem. Miner., 2023, 50, 30. 

[3] ɺʦʨʦʥʢʦʚ ɸ.ɸ., ʀʣʶʭʠʥ ɺ.ɺ., ɹʝʣʦʚ ʅ.ɺ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, 1975, 20, 556ï

566. 
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ʅʘʪʨʦʚʳʝ ʢʘʨʙʦʥʦʬʦʩʬʘʪʳ (ʙʨʵʜʣʠʠʪ, ʙʦʥʰʪʝʜʪʠʪ, ʩʠʜʦʨʝʥʢʠʪ) ï ʵʪʦ ʦʯʝʥʴ 

ʨʝʜʢʠʝ ʤʠʥʝʨʘʣʳ ʠ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚ. 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʠʟʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ [1-5]. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʨʵʜʣʠʠʪ Na3Mg(CO3)(PO4) ʠ 

ʙʦʥʰʪʝʜʪʠʪ Na3Fe(PO4)(CO3) ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʦʥʦ- ʠ ʧʦʣʠʬʘʟʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʜʨʫʛʠʭ ʧʦʨʦʜ ʱʝʣʦʯʥʦ-ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʤʘʩʩʠʚʦʚ [5-9]. ʀʟ-ʟʘ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʚʢʣʶʯʝʥʠʡ (<20 Õm) ʜʠʘʛʥʦʩʪʠʢʘ ʚʩʝʭ ʬʘʟ ʠʥʦʛʜʘ 

ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʝʥʘ. ʕʣʝʤʝʥʪʥʳʝ ʢʘʨʪʳ ʠ ʨʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʧʦʤʦʛʘʶʪ ʠʭ ʣʫʯʰʝʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʙʟʦʨʫ ʚʩʝʭ ʥʘʭʦʜʦʢ ʙʨʵʜʣʠʠʪʘ ʠ 

ʙʦʥʰʪʝʜʪʠʪʘ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ ʤʠʥʝʨʘʣʘʭ ʱʝʣʦʯʥʦ-ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʈʦʩʩʠʠ. 

ʕʪʠ ʬʘʟʳ ʚʳʷʚʣʝʥʳ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ ʣʫʝʰʠʪʝ, ʤʘʛʥʝʪʠʪʝ ʠ ʧʠʨʠʪʝ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʉʘʣʣʘʥʣʘʪʚʠ [5-6], ʚ ʦʣʠʚʠʥʝ, ʤʘʛʥʝʪʠʪʝ ʠ ʙʘʜʜʝʣʝʠʪʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʬʦʩʢʦʨʠʪʦʚ 

ʂʦʚʜʦʨʘ [7-8], ʚ ʦʣʠʚʠʥʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ɹʝʣʦʡ ɿʠʤʳ [9], ʚ ʤʘʛʥʝʪʠʪʝ ʢʘʨʙʦʥʘʪʠʪʦʚ ɻʫʣʠ 

[7], ʚ ʧʠʨʠʪʝ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʉʨʝʜʥʝʡ ɿʠʤʳ ʠ ʚ ʧʠʨʠʪʝ ʢʘʨʙʦʥʘʪʠʪʦʚ 

ʏʫʢʪʫʢʦʥʘ. ɺ ʮʝʣʦʤ, ʦʙʘ ʢʘʨʙʦʥʦʬʦʩʬʘʪʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʠ 

ʨʘʤʘʥʦʚʩʢʠʤ ʩʧʝʢʪʨʘʤ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʢʨʘʡʥʠʭ ʯʣʝʥʦʚ 

(ʙʨʵʜʣʠʠʪ, ʙʦʥʰʪʝʜʪʠʪ, ʜʦ 20 ʤʦʣ.%) ʠ ʩʠʜʦʨʝʥʢʠʪʘ (ʜʦ 5 ʤʦʣ.%). 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 23-17-00098, 

ʩʢʘʥʠʨʫʶʱʘʷ ʤʠʢʨʦʩʢʦʧʠʷ) ʠ ʛʦʩ.ʟʘʜʘʥʠʷ ʀɻʄ ʉʆ ʈɸʅ (ˉ 122041400312-2, 

ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ). 
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Yekaterinburg, 620016 Russia; amk8@mail.ru 

 

The composition of natural pyrite has been studied by atomic emission spectroscopy, X-

ray powder diffraction, scanning electron microscopy, and X-ray energy dispersive 

spectroscopy. According to high-temperature X-ray powder diffraction data, the phase 

transformations of the grinded (<0.1 mm) sample in air were studied. It is shown that heating 

up to 500 ÁC leads to its oxidation with the formation of a mixture of magnetite (up to 44.5 wt 

%) and hematite (up to 55.5 wt %). The low ignition temperature (360ï400 ÁC) is explained 

by the oxidation of sulfur impurity. Using the results of a full-profile analysis of X-ray 

powder diffraction data performed by the Rietveld method, the parameters of the pyrite unit 

cell are determined (Fig. 1), and the coefficients of thermal expansion of the pyrite are 

calculated. Empirical equations describing the change in the lattice period of pyrite when 

heated in air in the range of 20ï380 ÁC are proposed. The linear coefficient of the actual 

thermal expansion (9.72 Ŀ 10
ï6

 ÁC
ï1
) is close to the known estimates. Above 234 ÁC, the effect 

of chemical expansion is noted, which increases the coefficient of thermal expansion up to 

62.96 Ŀ 10
ï6

 ÁC
ï1

 near 380 ÁC. A significant increase in interatomic distances can affect the 

adsorption capacity of pyrite, which determines its catalytic activity as applied to the 

decomposition of nitrogen oxides.  

 

 
 

Fig. 1. Temperature changes in the parameters of the pyrite unit cell: circles are experimental 

data; dotted lines are the results of approximation of experimental data at 20ï300 ÁC, 

extrapolated to the range of 300ï380 ÁC; solid lines are the results of approximation of 

experimental data at 20ï380 ÁC 

 

The work was carried out according to the State assignment for IMET UB RAS (State 

registration number of the topic: 122020100404-2). 
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Alkali carbonates present an essential but still poorly investigated part of the deep 

carbon cycle related to the formation and evolution of the mantle carbonatite magmas. There 

is no definite view of the presence of alkali carbonates in the mantle as stable phases or 

simply as daughter products within the crystallization sequence of alkali melts. The recent 

discovery of a number of double K-Ca carbonates in the high-pressure experiments [1,2] 

stimulates a search for the potassium-bearing phases stable in the mantle conditions. The 

crystal structures of some of these new phases, namely K2Ca3(CO3)4 [3,4], K8Ca3(CO3)7 and 

K2Ca2(CO3)3 were solved by the authors.  

Here we present the results of in situ single-crystal X-ray diffraction and Raman 

spectroscopy studies of the double K-Ca carbonates with different K:Ca stoichiometry (2:2, 

2:1, 2:3, 8:3) in the P range up to 20 GPa (room T) and at simultaneously high P,T conditions 

up to 10 GPa / 400 
o
C. We characterize the structure compression mechanism and discuss 

relative compressibility of structure units in alkali-bearing carbonates.  

There is a certain agreement between the P,T conditions of synthesis of the double K-Ca 

carbonates [1,2] and their HP-HT stability explored in situ. The most promising phases, with 

respect to their occurrence in deep Earth, are a disordered modification of K2Ca3(CO3)4 and 

K8Ca3(CO3)7. Besides, we show the expansion of baric stability of trigonal b¿tschliite, 

K2Ca(CO3)3, with temperature [5], which confirms its importance as a constituent of 

carbonate inclusions in deep minerals. 

 

This work is financially supported by the joint RFBR-FWF grant project (# 21-55-

14001 and I 5046-N) and performed on state assignment of IGM SB RAS. We acknowledge 

the European Synchrotron Radiation Facility (ESRF) for the provision of synchrotron 

beamtime (proposal ES-1061). 
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Above ~8 GPa zircon transforms to reidite [1,2], a high pressure polymorph with 

scheelite-type structure and density ~9% higher than zircon. Many important features of this 

transformation remain insufficiently constrained [2,3], in particular, behavior of trace 

elements. We report results of investigation of a zircon single crystal experimentally shocked 

at pressures of 14 and 50 GPa using complementary spectroscopic methods and XRD. The 

1.44 mm-thick slabs cut from slightly cracked Mud Tank (Australia) zircon single crystal 

were shock-compressed in recovery ampoules using a planar loading scheme [4]. 

The initial specimen showed intense green cathodoluminescence (CL) with broad band 

maximum at ~580 nm and narrow features due to REE
3+

 ions, in particular, Dy
3+

. Both 

shocked samples are heavily cracked. XRD and Raman spectra indicate preservation of zircon 

phase in the sample shocked at 14 GPa; weak features of reidite might be present in some 

points. In contrast, the sample shocked at 50 GPa largely consists of reidite. Weak Raman 

peaks of zircon indicate that the transformation is not complete. Raman maps show relatively 

homogeneous distribution of the relic zircon, although it appears to be concentrated in vicinity 

of cracks. Intensity of CL is ~10x weaker than in the initial sample, the color is blue (~430 

nm). Remarkably, numerous randomly distributed bright yellow spots 2-10 mm in size are 

observed (fig. 1) and are clearly related to REE
3+

-containing clusters with high efficiency of 

the luminescence emission. However, all attempts to observe the spots using EDX to address 

their composition failed.  

 
Fig.1 Real color CL image of zircon shocked at 50 GPa. 

 

The shock experiment shows that the martensitic zircon-reidite transformation may 

result in formation of domains with increased concentration of REE and, eventually, of other 

trace elements. Formation of such ñhot spotsò may influence kinetics of reidite dissolution 

and release patterns. 

 

[1] Stangarone C. et al., Amer. Miner., 2019, 104, 830-837 

[2] Montalvo S.D. et al., Chem. Geology, 2019, 507, 85-95 

[3] Szumila I., et al., Amer. Miner., 2023, 108(8), 1516-1529 

[4] Zhukov A.N., Yakushev V.V., Rogacheva A.I. High Temperature, 2023, 61(6), 801ï805 
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ʕɺʆʃʖʎʀʗ ʉʀʅɻɽʅʀʊɸ K2Ca(SO4)2ĿH2O ɺ ʐʀʈʆʂʆʄ ɼʀɸʇɸɿʆʅɽ 

ʊɽʄʇɽʈɸʊʋʈ ʀ ɼɸɺʃɽʅʀʁ 
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EVOLUTION OF SYNGENITE K2Ca(SO4)2ĿH2O OVER A WIDE RANGE OF 

TEMPERATURES AND PRESSURES 

 

Baikina A. S., Borisov A. S., Zadoya A. I. and Siidra O. I. 

 

Saint-Petersburg State University, baikina.anna@icloud.com 

 

ɺʳʧʦʣʥʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʤʠʥʝʨʘʣʘ ʩʠʥʛʝʥʠʪʘ 

K2Ca(SO4)2ĿH2O [Zepharovich, 1872] ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ. 

ɼʘʥʥʳʡ ʤʠʥʝʨʘʣ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʵʚʘʧʦʨʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ: 

ɼʉʂ ʠ ʊɻ, ʧʦʨʦʰʢʦʚʘʷ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 180ï800 Áʉ,  

ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʈʉɸ ʚ ʜʠʘʧʘʟʦʥʝ 180ï300 Áʉ, ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʝ ʩʠʥʭʨʦʪʨʦʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦ 20 ɻʇʘ.  

ʉʠʥʛʝʥʠʪ ʫʩʪʦʡʯʠʚ ʜʦ 240 Áʉ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʧʘʜ ʥʘ K2Ca2(SO4)3 ʠ 

ʜʚʝ ʤʦʜʠʬʠʢʘʮʠʠ K2(SO4). ʊʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ ʩʠʥʛʝʥʠʪʘ ʨʝʟʢʦ ʘʥʠʟʦʪʨʦʧʥʦ. ɺ ʭʦʜʝ 

ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ a, b ʠ ʩ ʤʦʥʦʪʦʥʥʦ 

ʫʙʳʚʘʶʪ, ʘ ʫʛʦʣ ɓ  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦ 103.996 ʜʦ 105.873Á ʜʦ ~10 ɻʇʘ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʢʘʯʦʢ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʤ ʧʝʨʝʭʦʜʝ I ʨʦʜʘ.  

 
ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʜʘʚʣʝʥʠʷ (ʘ). ʀʟʤʝʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ (b). ʆʙʱʘʷ ʧʨʦʝʢʮʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʥʛʝʥʠʪʘ K2Ca(SO4)2ĿH2O (ʩ). 

Pic.1 ɽvolution of XRD-patterns upon increasing pressure (ʘ). Unit-cell parameters evolution 

upon pressure increase (b). Syngenite K2Ca(SO4)2ĿH2O crystal structure (c). 

 

[1] Zepharovich, V. R. Vorlªufige Notiz ¿ber den Syngenit, ein neues Mineral der Salzlager-

Stªtten. Lotos. Zeitschrift f¿r Naturwissenschaften, 1872, 22, 137ï138. 
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ɺ ʩʠʩʪʝʤʝ BaOïLu2O3ïB2O3 ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʧʷʪʴ ʪʨʦʡʥʳʭ ʙʦʨʘʪʦʚ: Ba3LuB3O9, 

Ba3LuB9O18, Ba2Lu5B5O17, Ba3Lu2B6O15 ʠ Ba6Lu5B9O27, ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʘʤʠ, ʢʘʢ ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʢʨʘʩʥʦʠʟʣʫʯʘʶʱʠʝ 

ʣʶʤʠʥʦʬʦʨʳ Ba3LuB9O18:Eu
3+

, Ba3Lu2B6O15:Eu
3+

 ʠ Ba6Lu5B9O27:Eu
3+

 [1]. ʊʝʨʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʷʪʠ ʫʢʘʟʘʥʥʳʭ ʙʦʨʘʪʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʘʚʪʦʨʘʤʠ ʚʧʝʨʚʳʝ.  

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʪʨʝʭ ʫʢʘʟʘʥʥʳʭ ʣʶʤʠʥʦʬʦʨʦʚ ʨʘʟʣʠʯʘʶʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʡ Lu, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʟʘʤʝʱʝʥʠʷ Eu
3+

 Ÿ Lu
3+
. ɺ 

ʩʪʨʫʢʪʫʨʝ Ba3LuB9O18:Eu
3+

 ʠʤʝʝʪʩʷ ʦʜʥʘ ʧʦʟʠʮʠʷ, ʚ Ba3Lu2B6O15:Eu
3+ 
ʠ 

Ba6Lu5B9O27:Eu
3+

 ï 2 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʣʫʯʘʝ ʦʜʥʦʡ ʧʦʟʠʮʠʠ, ʪʫʰʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ x(Eu
3+
) = 0.4, ʢʦʛʜʘ ʛʣʘʚʥʳʤ 

ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ Eu
3+
. ɺ ʩʣʫʯʘʝ 

ʜʚʫʭ ʧʦʟʠʮʠʡ, ʧʦʩʣʝ x(Eu
3+
) = 0.2 ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʝʸ ʪʫʰʝʥʠʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʯʘʣʦʤ ʟʘʧʦʣʥʝʥʠʷ ʥʘʠʤʝʥʝʝ ʧʦʜʭʦʜʷʱʝʡ 

ʜʣʷ ʠʦʥʦʚ Eu
3+

 ʧʦʟʠʮʠʠ Lu2. ɺ ʩʣʫʯʘʝ ʪʨʝʭ ʧʦʟʠʮʠʡ, ʠʦʥʳ Eu
3+

 ʩʥʘʯʘʣʘ ʟʘʩʝʣʷʶʪ ʜʚʘ 

ʥʘʠʙʦʣʴʰʠʭ ʧʦʣʠʵʜʨʘ, ʟʘʪʝʤ ʧʦʩʣʝ x(Eu
3+

) = 0.1 ï ʩʘʤʳʝ ʤʘʣʝʥʴʢʠʝ ʧʦʣʠʵʜʨʳ, ʯʪʦ ʪʘʢ 

ʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʫʰʝʥʠʝʤ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʅʘ 

ʧʨʠʤʝʨʝ ʜʘʥʥʦʡ ʚʳʙʦʨʢʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ Eu
3+
, ʚʝʣʠʯʠʥʘ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʦʣʴʰʠʤ 

ʯʠʩʣʦʤ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʡ Lu ʚʳʰʝ, ʯʝʤ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ 

ʪʘʢʠʭ ʧʦʟʠʮʠʡ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ, ʚʩʝ ʧʷʪʴ 

ʪʨʦʡʥʳʭ ʙʦʨʘʪʦʚ ʥʝ ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʰʠʨʦʢʦʤ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʵʪʠʭ ʙʦʨʘʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ Lu2O3 ʠ B2O3 ʢʦʤʧʦʥʝʥʪ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ ʉʇ-

408.2022.3. 

 

[1] Biryukov Y.P., Bubnova R.S., Povolotskiy A.V., Filatov S.K. ʉeram. Int., 2024, 50(2), 

3491ï3496. 
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ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʘʤʦʨʬʥʦʛʦ ʩʪʘʥʥʘʪʘ 

ʢʘʣʴʮʠʷ ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʘʣʴʜʦʣʴʥʦ-ʢʨʦʪʦʥʦʚʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʘʮʝʪʦʥʘ [1]. ɺ 

ʭʦʜʝ ʜʘʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʣʘʛʘʷ, ʯʪʦ ʠʤʝʥʥʦ ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʤʦʨʬʥʦʛʦ ʦʙʨʘʟʮʘ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʘʥʥʘʪʘ ʢʘʣʴʮʠʷ ʚ ʪʝʨʤʦʧʘʨʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ 

ʤʦʜʝʣʠʨʦʚʘʣʦ ʙʳ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʘʢʮʠʠ 

ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʦʪʝʢʘʶʪ ʚ ʨʘʩʪʚʦʨʝ, ʚ ʤʝʪʦʜʝ ʪʝʨʤʦʧʘʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ (ʊʇʆ) 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʦʢʩʠʜʥʳʭ ʧʦʨʦʰʢʦʚ ʚ ʩʨʝʜʝ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ/ʬʣʶʠʜʘ. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʷʪ ʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʫʜʝ 

(ʘʚʪʦʢʣʘʚʝ). ɺʦʜʘ ʟʘʣʠʚʘʝʪʩʷ ʥʘ ʜʥʦ ʘʚʪʦʢʣʘʚʘ, ʨʝʘʛʠʨʫʶʱʠʝ ʚʝʱʝʩʪʚʘ ʧʦʤʝʱʘʶʪʩʷ ʚ 

ʢʦʥʪʝʡʥʝʨʝ ʠ ʩ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ/ʞʠʜʢʦʡ ʚʦʜʦʡ ʥʝ ʢʦʥʪʘʢʪʠʨʫʶʪ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʘʚʪʦʢʣʘʚʘ ʚʦʜʘ ʠʩʧʘʨʷʝʪʩʷ ʠ ʩʦʟʜʘʸʪ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʸʤʝ ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʚ ʫʩʣʦʚʠʷʭ ʊʇʆ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʜʳ, ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʫʙ- ʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 

ʩʯʸʪ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʚʸʨʜʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ.  

ʊʝʨʤʦʧʘʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠ ʩʫʙʢʨʠʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʦʛʘ ʤʠʥʝʨʘʣʘ ʙʫʨʪʠʪʘ CaSn(OH)6 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ CaSn2O4(OH)2 ï ʦʧʨʝʜʝʣʝʥ ʧʫʪʸʤ 

ʨʘʩʰʠʬʨʦʚʢʠ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʜʳ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ CaSnO3 ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ. 

ʇʨʠ ʩʠʥʪʝʟʝ ʚ ʩʫʙʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (330-350Áʉ) ʤʦʜʠʬʠʢʘʮʠʷ CaSnO3 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. ʂʨʠʩʪʘʣʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʪʝʨʤʦʧʘʨʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠ 350Áʉ ʠ 400Áʉ, ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʉʕʄ ʠ ʈʌɸ.  

 

[1] ɹʦʛʜʘʥ ʊ.ɺ., ʂʦʢʣʠʥ ɸ.ɽ., ʄʠʰʠʥ ʀ.ɺ., ʄʘʱʝʥʢʦ ʅ.ɺ., ʉʤʠʨʥʦʚ ɸ.ɺ., ʉʘʚʘʨʝʮ ɸ.ʈ., 

ɹʦʛʜʘʥ ɺ.ʀ. ʀʟʚ. ɸʅ. ʉʝʨ. ʍʠʤ., 2022, (9), 1930ï1939. 
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ɻʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʩʫʣʴʬʘʪʳ ʞʝʣʝʟʘ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʷʚʣʝʥʠʝ ʢʠʩʣʦʪʥʦʛʦ ʜʨʝʥʘʞʘ [1]. ʆʜʥʦʡ ʠʟ ʪʠʧʠʯʥʳʭ 

ʬʘʟ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʨʸʤʝʨʠʪ Fe
2+

Fe
3+

2(SO4)4(H2O)14. ɹʦʛʘʪʳʝ ʘʩʩʦʮʠʘʮʠʠ 

ʩʫʣʴʬʘʪʦʚ Fe ʙʳʣʠ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ [2]. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʵʚʦʣʶʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʜʘʩʪ ʥʦʚʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ 

ʚ ʩʠʩʪʝʤʘʭ FeïSO3ïH2O. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʜʠʬʨʘʢʮʠʠ ʚ 

ʰʠʨʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʦʢʩʦʩʦʣʝʡ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʩʪʨʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ. 

ʈʸʤʝʨʠʪ Fe
2+

Fe
3+

2(SO4)4(H2O)14 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Pρ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʧʨʠ ī175 ÁC) a = 6.40070(10), b = 15.2064(4), c = 

6.3470(2) ¡, α = 89.631(2)Á, β = 100.789(2)Á, ‎ = 86.023(2)Á, V = 605.26(3) ¡
3
. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʢʪʘʵʜʨʘʭ [Fe
2+

1(H2O)6]
2+

 ʠ 

ʦʩʪʨʦʚʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [Fe
3+

2(SO4)2(H2O)4]
ī
, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩʠʩʪʝʤʦʡ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʝʤʴʶ ʤʦʣʝʢʫʣʘʤʠ H2O. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʘʟʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʨʸʤʝʨʠʪʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ī175 ÁC  

ʜʦ ~75 ÁC ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʢʣʘʩʪʝʨʘ 

[Fe2(SO4)2(H2O)4]
ī
, ʢʘʢ ʥʘʠʙʦʣʝʝ çʧʦʜʚʠʞʥʦʛʦè ʬʨʘʛʤʝʥʪʘ ʩʪʨʫʢʪʫʨʳ. ɼʘʥʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʩʚʦʡʩʪʚʝʥʥʦʝ ʨʸʤʝʨʠʪʫ ʘʥʠʟʦʪʨʦʧʥʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʪʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ (Ŭ11 = 42.5, Ŭ22 = 52.3, Ŭ33 = ī21.1 Ĭ10
ī6

 ÁC
ī1

, ī75 ÁC), 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʢʘʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ. ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʨʸʤʝʨʠʪʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 

>700 ÁC ʧʦʢʘʟʘʣʦ ʝʛʦ ʧʦʩʪʝʧʝʥʥʫʶ ʘʤʦʨʬʠʟʘʮʠʶ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʚ ʬʘʟʫ, 

ʧʦʜʦʙʥʫʶ ʤʠʢʘʩʘʠʪʫ Fe2(SO4)3, ʠ ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʩʤʝʩʴ çʛʝʤʘʪʠʪʘè Fe2O3 ʠ çʤʘʛʥʝʪʠʪʘè 

FeFe2O4. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ ʨʸʤʝʨʠʪʘ ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʠʚʰʝʛʦ ʦʮʝʥʠʪʴ ʵʥʝʨʛʠʶ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʤʠʥʝʨʘʣʘ ʚ 1447 ɼʞ/ʛ.  

[1] Simate G.S., Ndlovu S. J. Environ. Chem. Eng., 2014, 2, 1785ï1803. 

[2] Wang A., Ling Z.C. J. Geophys. Res., 2011, 116, E00F17. 
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ʄʠʥʝʨʘʣʳ ʥʘʜʛʨʫʧʧʳ ʪʫʨʤʘʣʠʥʘ ï ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʧʨʠʨʦʜʝ 

ʙʦʨʘʪʦʩʠʣʠʢʘʪʳ. ɹʣʘʛʦʜʘʨʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ, 

ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʦʥʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ [1]. ʅʘʩʪʦʷʱʘʷ 

ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʨʦʜʝ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʫʨʤʘʣʠʥʘ. ʄʳ ʠʟʫʯʠʣʠ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ 

ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (-170 ï 900 ÁC) ʠ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (25 ï 300 ÁC) ʜʚʫʭ ʧʨʠʨʦʜʥʳʭ (ʦʙʦʛʘʱʝʥʥʳʭ Li ʠ Mg, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʦʜʥʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ (ʦʙʦʛʘʱʝʥʥʦʛʦ Ni) ʪʫʨʤʘʣʠʥʘ; 

ʚʝʨʠʬʠʮʠʨʦʚʘʣʠ ʬʦʨʤʫʣʫ [1] ʜʣʷ ʨʘʩʯʝʪʘ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʫʨʤʘʣʠʥʘ (ɔ) ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ ʠ ʨʘʩʩʯʠʪʘʣʠ ʧʦ ʥʝʡ ʟʥʘʯʝʥʠʷ ɔ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʨʘʟʤʝʨʳ 

ʢʨʫʧʥʳʭ (ʂʏ > 4) ʧʦʣʠʵʜʨʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʫʨʤʘʣʠʥʦʚ ʣʠʥʝʡʥʦ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ: XO9 >> YO6 > ZO6. ʈʘʟʤʝʨʳ SiO4-ʪʝʪʨʘʵʜʨʦʚ ʠ BO3-ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʝ 

ʠʟʤʝʥʷʶʪʩʷ. ʀʩʢʘʞʝʥʥʦʩʪʴ XO9- ʠ ZO6-ʧʦʣʠʵʜʨʦʚ, ʘ ʪʘʢʞʝ ʛʦʬʨʠʨʦʚʢʠ ʢʦʣʴʮʘ 

ʪʝʪʨʘʵʜʨʦʚ ʫʤʝʥʴʰʘʝʪʩʷ. ɿʥʘʯʝʥʠʝ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʪʫʨʤʘʣʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʫʤʤʦʡ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ XO9-, YO6- ʠ ZO6-ʧʦʣʠʵʜʨʦʚ: ʫ XO9- ʠ ZO6-ʧʦʣʠʵʜʨʦʚ 

ʙʣʠʟʢʠ ʠ ʙʦʣʴʰʝ, ʯʝʤ ʫ YO6-ʦʢʪʘʵʜʨʘ. ʋ Li-ʪʫʨʤʘʣʠʥʘ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʜʨʫʛʠʭ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ YO6-ʦʢʪʘʵʜʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʠʧʦʣʴʥʳʭ 

ʤʦʤʝʥʪʦʚ ʦʩʪʘʣʴʥʳʭ ʧʦʣʠʵʜʨʦʚ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ ʠ ʠʟʤʝʨʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʥʘʯʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʫʨʤʘʣʠʥʦʚ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ: 3.3Ñ0.3 ʠ 3.5Ñ0.1 ÕCm
-2

K
-1 
(ʦʪ 25 ʜʦ 700 

ÁC) ʜʣʷ Mg- ʠ Li-ʪʫʨʤʘʣʠʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʫ Ni-ʪʫʨʤʘʣʠʥʘ ɔ = 2.7Ñ0.1 ÕCm
-2
K

-1
 ʚ 

ʠʥʪʝʨʚʘʣʘʭ -170-70 ʠ 400-800 ÁC  

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʙʘʟʝ ʨʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ ʉʇʙɻʋ 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè. 

[1] Zhou G. et al.  J. All. and Comp., 2018, 744, 328-336. 
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ʇʦʣʝʚʳʝ ʰʧʘʪʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʟʝʤʥʦʡ ʢʦʨʳ 

ʠ ʩʣʘʛʘʶʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʝʝ ʦʙʲʝʤʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ / ʠʣʠ ʜʘʚʣʝʥʠʷʭ, ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʉʦʛʣʘʩʥʦ ʥʝʜʘʚʥʝʤʫ 

ʦʙʟʦʨʫ [1], ʢ ʛʨʫʧʧʝ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʦʪʥʦʩʠʪʩʷ 29 ʤʠʥʝʨʘʣʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ 

ʯʝʪʳʨʝ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʠ CaAl2Si2O8 (ʘʥʦʨʪʠʪ, ʜʤʠʰʪʝʡʥʙʝʨʛʠʪ, 

ʩʚʷʪʦʩʣʘʚʠʪ, ʰʪʸʬʣʝʨʠʪ) ʠ ʪʨʠ ï BaAl2Si2O8 (ʮʝʣʴʟʠʘʥ, ʧʘʨʘʮʝʣʴʟʠʘʥ, ʛʝʢʩʘʮʝʣʴʟʠʘʥ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʧʦʣʝʚʳʭ 

ʰʧʘʪʦʚ ʪʠʧʘ MAl 2Si2O8 (M = Ca, Ba) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ 1000 Üʉ) ʤʝʪʦʜʘʤʠ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʠ ʦʙʥʘʨʫʞʠʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʤʠʤʦ 

ʠʟʚʝʩʪʥʦʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʢʦʛʦ ʘʥʦʨʪʠʪʘ ʚ ʚʳʩʦʢʠʡ [2], 

ʥʘʛʨʝʚ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʥʦʚʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʜʤʠʰʪʝʡʥʙʝʨʛʠʪʘ [3] ʠ ʛʝʢʩʘʮʝʣʴʟʠʘʥʘ, ʘ ʪʘʢʞʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʦʨʤʳ ʮʝʣʴʟʠʘʥʘ. 

ɺʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʨʫʛʠʭ ʥʦʚʳʭ ʧʦʣʠʤʦʨʬʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ. ʇʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 22 ɻʇʘ CaAl2Si2O8 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʘʥʦʨʪʠʪʘ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʜʚʘ ʧʦʣʠʤʦʨʬʥʳʭ ʧʝʨʝʭʦʜʘ [4,5], ʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʚʷʪʦʩʣʘʚʠʪʘ ï ʦʜʠʥ. 

BaAl2Si2O8 ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʮʝʣʴʟʠʘʥʘ ʠ ʧʘʨʘʮʝʣʴʟʠʘʥʘ ʧʨʝʪʝʨʧʝʚʘʶʪ ʧʦ ʪʨʠ 

ʧʦʣʠʤʦʨʬʥʳʭ ʧʝʨʝʭʦʜʘ ʜʦ 20 ʠ 32 ɻʇʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ 11 ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

CaAl2Si2O8 ʠ 12 ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ BaAl2Si2O8. ʇʨʠ ʵʪʦʤ, ʦʩʪʘʶʪʩʷ 

ʥʝʠʟʫʯʝʥʥʳʤʠ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʤʠʰʪʝʡʥʙʝʨʛʠʪʘ, ʰʪʸʬʣʝʨʠʪʘ ʠ 

ʛʝʢʩʘʮʝʣʴʟʠʘʥʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʢʨʳʪʠʶ ʥʦʚʳʭ 

ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-77-10033. 
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[2] Brown W.L., Hoffman W., Laves F. Naturwiss., 1963, 50, 221. 
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Single crystals of Cu2FeBO5 have been synthesized using the flux. The compound 

crystallizes in a monoclinic symmetry, space group is P21/c, with cell parameters a = 

3.11888(3), b = 12.0226(1), c = 9.4861(1) , ɓ = 96.9780(7)Á, V = 353.068(6) 
3 

and Z = 1. 

The crystal structure composes of the zig-zag walls consisting of the edge-sharing octahedra, 

and BO3 triangles. Mºssbauer spectroscopy, magnetic susceptibility, and specific heat 

measurements have reveal two magnetic transitions at 35 and 20 K [1]. The latter is 

presumably associated with a spin-glass transition.  

Here, we report on the thermal 

properties investigated by thermal analysis 

and high-temperature X-ray powder 

diffraction in the range of T = 300-1000 K.    

According to powder HTXRD data, no 

structural phase transitions were observed. 

Nevertheless, the temperature dependencies 

of the parameter a and angle ɓ show kinks at 

about T=700 K (Fig. 1). Presumably, there 

could be a transition to the triclinic 

modification (P1) (SCXRD is in progress).  

Both linear and volume TECs change 

abruptly at ~700 K. The minimal expansion 

is observed in the bc-plane (Ŭ22=4.6, Ŭ33 = 

8.5 Ĭ 10
ï6

 K
ï1

 at 300 K), while the maximal 

one is along a-axis (Ŭ11=13.3 Ĭ 10
ï6

 K
ï1

). 

The anisotropy of the expansion can be 

explained both by the orientation of the 

[BO3]
3ï

 triangles and shear deformations of 

monoclinic crystals [2].  
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Government of the Krasnoyarsk Territory and the Krasnoyarsk Regional Fund of Science and 

Technology Support. 
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ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʰʝʪʢʠ ʠ ʦʙʲʸʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ɺʩʪʘʚʢʘ: 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 

Fig. 1. Temperature dependences of the lattice 

parameters and unit cell volume. Inset shows the 

thermal expansion coefficients. 
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ɸʢʮʝʩʩʦʨʥʳʡ ʤʠʥʝʨʘʣ ʮʠʨʢʦʥ (ZrSiO4) ʪʫʛʦʧʣʘʚʦʢ ʠ ʫʩʪʦʡʯʠʚ ʢ ʫʜʘʨʥʳʤ 

ʜʘʚʣʝʥʠʷʤ ʜʦ 80 ɻʇʘ. ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʫʜʘʨʥʦ-ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʟʝʨʝʥ ʮʠʨʢʦʥʘ 

ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʥʳʤ ï ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ PT-ʫʩʣʦʚʠʷ ʠ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʥʦ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʤʝʭʘʥʠʟʤʳ ʠ ʫʩʣʦʚʠʷ ʝʛʦ ʫʜʘʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʦʥʷʪʳ. ʂʘʨʩʢʘʷ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʡ ʋʩʪʴ-ʂʘʨʩʢʘʷ ʫʜʘʨʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʤʠ ʤʝʪʝʦʨʠʪʥʳʤʠ ʢʨʘʪʝʨʘʤʠ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʠʤʧʘʢʪʥʦʤʫ 

ʩʦʙʳʪʠʶ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʜʝʬʦʨʤʘʮʠʡ ʮʠʨʢʦʥʦʚ ʠʟ ʦʙʦʠʭ ʢʨʘʪʝʨʦʚ ʨʘʥʝʝ ʜʝʪʘʣʴʥʦ ʥʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʘʥʘʣʠʟ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʂʘʨʩʢʦʡ ʠ 

ʋʩʪʴ-ʂʘʨʩʢʦʡ ʫʜʘʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʎʠʨʢʦʥʳ ʦʙʥʘʨʫʞʝʥʳ ʚ ʪʘʛʘʤʠʪʘʭ, ʟʶʚʠʪʘʭ ʠ ʧʦʣʠʤʠʢʪʦʚʳʭ ʙʨʝʢʯʠʷʭ ʂʘʨʩʢʦʛʦ 

ʠ ʋʩʪʴ-ʂʘʨʩʢʦʛʦ ʢʨʘʪʝʨʦʚ ï ʙʦʣʝʝ 100 ʟʝʨʝʥ ʠʟ 20 ʦʙʨʘʟʮʦʚ. BSE- ʠ CL-ʠʟʦʙʨʘʞʝʥʠʷ, 

EDS- ʠ EBSD-ʢʘʨʪʳ ʧʦʣʫʯʝʥʳ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Tescan MIRA 

LMS, ʦʩʥʘʱʝʥʥʦʤ ʜʝʪʝʢʪʦʨʘʤʠ Oxford Instruments EDS X-max80 ʠ EBSD Nordlys Nano. 

ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈʉ) ï ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Horiba LabRam 

HR800 Evo, ʩʧʝʢʪʨʳ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʂʃ) ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Jeol JSM 6390LV ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʦʤ Horiba H-CLUE i550. 

ɿʝʨʥʘ ʮʠʨʢʦʥʘ ʦʙʦʠʭ ʢʨʘʪʝʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʠ ʩʦʜʝʨʞʘʪ ʧʨʠʟʥʘʢʠ 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ, ʦʪʣʠʯʘʶʪʩʷ ʫʰʠʨʝʥʠʝʤ ʣʠʥʠʠ ɜ3(SiO4) 

ʂʈʉ-ʩʧʝʢʪʨʦʚ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʂʃ-ʩʧʝʢʪʨʦʚ. ʆʙʥʘʨʫʞʝʥʳ ʨʝʡʜʠʪ (ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʡ 

ʧʦʣʠʤʦʨʬ ʮʠʨʢʦʥʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʝʝʣʠʪʘ) ʠ ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ ʮʠʨʢʦʥʘ ʥʘ 

ʧʨʦʩʪʳʝ ʦʢʩʠʜʳ. ʇʦ ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʨʦʝʥʠʶ ʮʠʨʢʦʥʳ ʦʙʦʠʭ ʢʨʘʪʝʨʦʚ ʩʭʦʞʠ ï ʚ  ʥʠʭ 

ʚʳʜʝʣʷʝʪʩʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʰʝʩʪʴ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨ: (1) ʟʝʨʥʦ ʩ 

ʪʨʝʱʠʥʘʤʠ ʠ ʥʘʨʫʰʝʥʥʳʤʠ ʢʨʘʷʤʠ, ʩʦʜʝʨʞʘʱʝʝ ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʙʣʦʢʠ 

ʚʜʦʣʴ ʪʨʝʱʠʥ; (2) ʮʠʨʢʦʥ, ʩʝʢʫʱʠʡʩʷ ʧʣʦʩʢʠʤʠ ʣʘʤʝʣʷʤʠ ʨʝʡʜʠʪʘ (ʦʜʠʥ ʠʣʠ ʜʚʘ 

ʥʘʙʦʨʘ ʣʘʤʝʣʝʡ ʨʝʡʜʠʪʘ); (3) ʛʨʘʥʫʣʷʨʥʳʡ ʮʠʨʢʦʥ ʩ ʧʦʨʘʤʠ (ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʣʠʤʦʨʬʳ 

ʠʣʠ ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʮʠʨʢʦʥʘ); (4) ʛʨʘʥʫʣʷʨʥʳʡ ʮʠʨʢʦʥ ʩ ʧʦʨʘʤʠ ʠ ʩʫʙʤʠʢʨʦʥʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ZrO2, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʦʙʲʝʤʫ; (5) ʛʨʘʥʫʣʷʨʥʳʡ ʮʠʨʢʦʥ ʩ 

ʩʫʙʤʠʢʨʦʥʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ZrO2 ʠ ʧʦʨʘʤʠ ʚʜʦʣʴ ʪʨʝʱʠʥ ʠ ʢʨʘʝʚ; (6) ʮʠʨʢʦʥ, 

ʩʦʜʝʨʞʘʱʠʡ ʨʝʡʜʠʪ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʠ ʩʫʙʤʠʢʨʦʥʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ZrO2 ʩ ʧʦʨʘʤʠ ʚ ʢʨʘʝʚʦʡ ʯʘʩʪʠ. ɺʳʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʧʦʩʪʘʚʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ PT-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʜʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʚʦ ʚʨʝʤʷ ʫʜʘʨʥʦʛʦ 

ʩʦʙʳʪʠʷ. ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʦʣʦʞʝʥʠʷ ʠ ʰʠʨʝʥʳ ʣʠʥʠʠ 

ɜ3(SiO4) ʮʠʨʢʦʥʘ ʦʪ ʧʦʣʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʤʝʪʘʤʠʢʪʠʟʘʮʠʠ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʰʠʨʠʥ, ʯʪʦ 

ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʫʜʘʨʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʮʠʨʢʦʥʘ ʚ ʨʝʡʜʠʪ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʷʨʢʦʩʪʠ ʂʃ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʰʠʨʦʢʠʭ ʧʦʣʦʩ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʮʠʨʢʦʥʘ, ʩʚʷʟʳʚʘʝʤʳʭ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɻ ʋʨʆ ʈɸʅ 

(ˉ124020300057-6 ʠ ˉ123011800012-9) ʚ ʎʂʇ çɻʝʦʘʥʘʣʠʪʠʢè ʀɻɻ ʋʨʆ ʈɸʅ.  
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ʄɽʊɸʆʊɽʅʀʊɸ 

 

ʀʚʘʥʦʚʘ ʄ.ʂ., ʅʘʟʘʨʯʫʢ ɽ.ɺ. 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

zbarska@inbox.ru 

ɺʪʦʨʠʯʥʳʝ ʫʨʘʥʦʚʳʝ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʤʝʪʘʦʪʝʥʠʪʘ, M[(UO2)2(TO4)2]Ŀ(8-12)H2O 

(M = Ba, Ca, Cu, Fe
2+

, Mg, Mn
2+

; T = As ʠʣʠ P) ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʥ ʦʢʠʩʣʝʥʠʷ ʫʨʘʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [1]. ʀʟ-ʟʘ ʦʩʦʙʝʥʥʦ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʬʦʩʬʦʨʘ ʫʨʘʥʠʣ ʬʦʩʬʘʪʳ ʠʛʨʘʶʪ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʨʦʣʝʡ ʚ ʧʨʦʮʝʩʩʘʭ ʤʠʛʨʘʮʠʠ ʫʨʘʥʘ 

ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʩʨʝʜʝ [2].  

 ʆʥʠ ʤʦʛʫʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʜʝʛʠʜʨʘʪʠʨʦʚʘʪʴʩʷ ʥʘ ʚʦʟʜʫʭʝ, ʩʦʭʨʘʥʷ ̫

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʤʝʥʷʶʪʩʷ [3, 4, 5].  

 ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʤʝʪʘʪʦʨʙʝʨʥʠʪʘ, Cu(UO2)2(PO4)2Ŀ8H2O, ʤʝʪʘʮʝʡʥʝʨʠʪʘ, Cu(UO2)2(AsO4)2Ŀ8H2O ʠ 

ʤʝʪʘʫʨʘʥʦʮʠʨʮʠʪʘ, Ba(UO2)2(PO4)2Ŀ6H2O ʤʝʪʦʜʘʤʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʠ ʧʦʨʦʰʢʦʚʦʡ 

ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ.  

ʄʝʪʘʪʦʨʙʝʨʥʠʪ ʠ ʤʝʪʘʮʝʡʥʝʨʠʪ ʠʟʦʩʪʨʫʢʪʫʨʥʳ, ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P4/nmm. ʄʝʪʘʫʨʘʥʦʮʠʨʮʠʪ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21. ɺ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʠʥʝʨʘʣʦʚ ʧʦʣʠʵʜʨʳ UO6 ʠ TO4 (T = P, As), ʦʙʲʝʜʠʥʷʷʩʴ ʧʦ 

ʚʝʨʰʠʥʘʤ, ʦʙʨʘʟʫʶʪ ʩʣʦʠ ʦʪʝʥʠʪʦʚʦʛʦ ʪʠʧʘ [(UO2)(ʊO4)]
ï
 , ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʘʪʦʤʳ ʤʝʜʠ ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ.  

ʇʦ ʜʘʥʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʪʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʤʠʥʝʨʘʣʦʚ ʨʝʟʢʦ ʘʥʠʟʦʪʨʦʧʥʦ: Ŭ11 = 0.4, Ŭ33 = 22.3, ŬV = 23Ĭ10
-6

 K
-1

 ʜʣʷ ʤʝʪʘʪʦʨʙʝʨʥʠʪʘ, 

Ŭ11 = 16.3, Ŭ33 = 23.8, ŬV = 56.3Ĭ10
-6

 K
-1

 ʜʣʷ ʤʝʪʘʮʝʡʥʝʨʠʪʘ ʠ Ŭ11 = 29.9, Ŭ22 = 13.5
 
K

-1
, Ŭ33 

= 40.8, ŬV = 33.6 Ĭ 10
-6

 K
-1
ʜʣʷ ʤʝʪʘʫʨʘʥʦʮʠʨʮʠʪʘ. ɸʥʠʟʦʪʨʦʧʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʤʠʥʝʨʘʣʦʚ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʘʥʠʟʦʪʨʦʧʠʝʡ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ ʚ ʢʘʪʠʦʥʥʳʭ 

ʧʦʣʠʵʜʨʘʭ.ʇʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʜʣʷ ʤʝʪʘʪʦʨʙʝʨʥʠʪʘ ʚʳʷʚʣʝʥʦ 

ʪʨʠ ʵʪʘʧʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 100, 120 ʠ 240 ÁC.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʝʪʘʮʝʡʥʝʨʠʪʘ ʠ ʤʝʪʘʫʨʘʥʦʮʠʨʮʠʪʘ 

ʫʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʵʪʘʧʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʠ 30 ʠ 300 ÁC ʠ 50 ʠ 160 ÁC. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʨʦʰʢʦʚʦʡ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʚʳʭ 

ʵʪʘʧʦʚ ʜʝʛʠʜʨʘʪʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʩʭʦʜʷʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (90Ñ10 ÁC ʠ 30Ñ10 ÁC ʜʣʷ ʤʝʪʘʪʦʨʙʝʨʥʠʪʘ ʠ ʤʝʪʘʮʝʡʥʝʨʠʪʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

[1] ɹʝʣʦʚʘ ʃ.ʅ. ɿʦʥʳ ʦʢʠʩʣʝʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʨʘʥʘ. ʅʝʜʨʘ, 

ʄʦʩʢʚʘ, 1975, 158. [2] Cretaz F., Szenknect S., Clavier, N., Vitorge P., Mesbah A., 

Descostes M., Poinssot C., Dacheux N. Solubility properties of synthetic and natural meta-

torbernite. J. Nucl. Mater, 2013, 442, 195ï207. [3] Gaubert M. P. Produits de d®shydratation 

de quelques phosphates et orientation du chlorure de baryum sur les min®raux du groupe de 

lËautunite. Bulletin de la Soci®t® Fran­aise de Min®ralogie, 1904, 27, 222-233. [4] Hallimond 

A. F. The crystallography and dehydration of Torbernite. Mineralogical Magazine and 

Journal of the Mineralogical Society, 1916, 17, 326-339. [5] Hallimond A. F. Meta-torbernite 

I, its physical properties and relation to Torbernite. Mineralogical Magazine and Journal of 

the Mineralogical Society, 1920, 19 (89) 43-47.  
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ʋʈɸɺʅɽʅʀʗ ʉʆʉʊʆʗʅʀʗ ʀ ʇʆɺɽɼɽʅʀɽ ʉʊʈʋʂʊʋʈʓ ʇʆʃʀʄʆʈʌʅʓʍ 

ʄʆɼʀʌʀʂɸʎʀʁ K2Ca3(CO3)4 ʇʈʀ ɺʓʉʆʂʆʄ ɼɸɺʃɽʅʀʀ 

 

ʀʛʥʘʪʦʚ ʄ.ɸ.
1, 2,@
, ʐʘʮʢʠʡ ɸ.ʌ.

3
, ɸʨʝʬʴʝʚ ɸ.ɺ.

1
, ʃʠʪʘʩʦʚ ʂ.ɼ.

4
, ʈʘʱʝʥʢʦ ʉ.ɺ.

1, 2
 

 
1
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ; 

director@igm.nsc.ru 
2
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ; rector@nsu.ru 
3
ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ; director@geokhi.ru 
4
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠʤ. ʃ.ʌ. ɺʝʨʝʱʘʛʠʥʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 

hpp@hppi.troitsk.ru 

@ignatovma@igm.nsc.ru 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʦʨʷʜʦʯʝʥʥʦʡ (Ŭ) ʠ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ (ɓ) ʤʦʜʠʬʠʢʘʮʠʡ K2Ca3(CO3)4 ʧʨʠ ʜʘʚʣʝʥʠʠ ʜʦ 20 ɻʇʘ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʩʪʘʥʮʠʠ ID15B ʠʩʪʦʯʥʠʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ESRF.  

ʇʨʠ ʜʘʚʣʝʥʠʠ ʧʨʠʤʝʨʥʦ ʚ 7 ɻʇʘ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ Ŭ-K2Ca3(CO3)4 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʪʦʨʦʛʦ ʨʦʜʘ ʠʟ ʨʦʤʙʠʯʝʩʢʦʡ ʚ ʤʦʥʦʢʣʠʥʥʫʶ ʬʘʟʫ. 

ʇʘʨʘʤʝʪʨʳ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ɹʠʨʯʘ-ʄʫʨʥʘʛʘʥʘ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʣʷ ʨʦʤʙʠʯʝʩʢʦʡ ʠ ʤʦʥʦʢʣʠʥʥʦʡ ʬʘʟʳ: ʦʙʲʸʤʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 50.2(9) 

ʠ 46(6) ɻʇʘ, ʧʨʦʠʟʚʦʜʥʘʷ ʦʙʲʸʤʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 4.6(4) ʠ 5.3(7), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʘʥʥʳʡ ʧʝʨʝʭʦʜ ʩʦʭʨʘʥʷʝʪ ʦʙʱʫʶ ʪʦʧʦʣʦʛʠʶ ʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʷ ʫʧʦʨʷʜʦʯʝʥʠʝ 

ʢʘʪʠʦʥʥʳʭ ʧʦʟʠʮʠʡ. ʇʝʨʝʭʦʜ ʚ ʤʦʥʦʢʣʠʥʥʫʶ ʬʘʟʫ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ 

ʜʚʦʡʥʠʢʦʚʘʥʠʷ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʝʩʦʚʧʘʜʝʥʠʠ ʨʝʬʣʝʢʩʦʚ ʦʪ ʨʘʟʥʳʭ ʜʚʦʡʥʠʢʦʚʳʭ 

ʜʦʤʝʥʦʚ ʥʘ ʨʘʟʚʝʨʪʢʘʭ ʦʙʨʘʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʉʪʨʫʢʪʫʨʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ɓ-K2Ca3(CO3)4 ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚ ʤʦʥʦʢʣʠʥʥʫʶ ʬʘʟʫ ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ. ʇʘʨʘʤʝʪʨʳ 

ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ɹʠʨʯʘ-ʄʫʨʥʘʛʘʥʘ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ: ʦʙʲʸʤʥʳʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 49.7(5) ɻʇʘ, ʧʨʦʠʟʚʦʜʥʘʷ ʦʙʲʸʤʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 5.32(10).  

ʇʝʨʝʭʦʜ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ Ŭ-K2Ca3(CO3)4 ʚ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ ɓ-

K2Ca3(CO3)4, ʧʨʦʠʩʭʦʜʷʱʠʡ ʧʨʠ ʜʘʚʣʝʥʠʠ ʤʝʞʜʫ 3 ʠ 6 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 900ÁC 

[1, 2], ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʪʝʨʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠ 

ʜʘʚʣʝʥʠʠ 6-7 ɻʇʘ. ʇʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʥʠʞʝʥʠʝ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʩʪʨʫʢʪʫʨʳ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʝʸ ʜʝʬʦʨʤʘʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ 

ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʥʠʞʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝʤ ʢʘʪʠʦʥʥʳʭ ʧʦʟʠʮʠʡ, ʢʦʪʦʨʦʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʜʠʬʬʫʟʠʠ ʢʘʪʠʦʥʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 21-55-14001).  

[1] Arefiev A.V. et al. 2019. The system K2CO3ïCaCO3 at 3 GPa: link between phase 

relations and variety of KïCa double carbonates at Ò 0.1 and 6 GPa // Physics and Chemistry 

of Minerals. V. 46. ˉ 3. P. 229ï244.  

[2] Shatskiy A. et al. 2015. Phase relationships in the system K2CO3ïCaCO3 at 6 GPa 

and 900ï1450 ÁC. // American Mineralogist. V. 100. ˉ 1. P. 223ï232. 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 199034, ʈʦʩʩʠʷ; kalashnikova.soff@gmail.com 
2
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ʮʝʥʪʨ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʂʦʣʴʩʢʠʡ ʅʘʫʯʥʳʡ ʎʝʥʪʨ, ʈʦʩʩʠʡʩʢʘʷ ɸʢʘʜʝʤʠʷ ʅʘʫʢ, 

ʫʣ. ʌʝʨʩʤʘʥʘ, 14, ɸʧʘʪʠʪʳ, 189209, ʈʦʩʩʠʷ 
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ʇʨʦʚʝʜʝʥʦ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʥʝʨʘʣʘ ʣʠʙʠʛʠʪ, 

Ca2(UO2)(CO3)3(H2O)11 [1].  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

Rigaku XtaLAB Sinergy S X-ray (ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ -173ÜC ï 76,85ÜC, ʰʘʛ 50ÜC), ʘ 

ʪʘʢʞʝ ʧʦʨʦʰʢʦʚʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Rigaku Ultima IV (ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ -178ÜC 

ï 200ÜC, ʰʘʛ 10ÜC).  

ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʝʚʳʩʦʢʘʷ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 

ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʪʨʦʚʥʦʤʫ ʪʠʧʫ, ʠ ʪʝʧʣʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ʉʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʪʝʨʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʳʷʚʣʝʥʦ ʥʝ 

ʙʳʣʦ. ʉʪʨʫʢʪʫʨʘ ʧʦʢʘʟʘʣʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʦ 76ÜC.  

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʠʝ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʞʘʨʢʦʛʦ ʢʣʠʤʘʪʘ ʤʘʣʦʚʝʨʦʷʪʥʦ. ɻʦʨʘʟʜʦ ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʚ 

ʧʨʦʭʣʘʜʥʦʤ ʢʣʠʤʘʪʝ, ʣʠʙʦ ʚ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʇʙɻʋ, ʘ ʪʘʢʞʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ 

ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ ˉ 23-17-00080. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʈʎ 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè ʉʇʙɻʋ. 

 

 [1] Mereiter K. The crystal structure of liebigite, Ca2UO2(CO3)3Ŀ~11H2O. Tschermaks 

Mineralogische und Petrographische Mitteilungen, 1982, 30, 277-288. 
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ʊʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʬʝʜʦʨʠʪʘ ʠ ʬʪʦʨʢʘʨʣʪʦʥʠʪʘ ʠʟ ʄʫʨʫʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʉɿ 

ɸʣʜʘʥʩʢʠʡ ʱʠʪ, ʉʠʙʠʨʴ, ʈʦʩʩʠʷ) ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ (ʊɻ), 

in situ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ex situ.  

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʬʝʜʦʨʠʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʧʨʝʨʳʚʥʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʭʦʪʷ ʨʘʟʤʝʨ ʧʘʨʘʤʝʪʨʘ c ʥʝʩʢʦʣʴʢʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʋʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʠʥʝʨʘʣ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʨʦʮʝʩʩ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩ ʧʦʪʝʨʝʡ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʤʝʞʩʣʦʝʚʳʭ ʤʦʣʝʢʫʣ H2O ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 25 ʜʦ 300 Áʉ. ʂʨʠʚʘʷ ʊɻ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʥʠʞʝʥʠʝ ʦʙʱʝʡ ʤʘʩʩʳ ʥʘ ~5.5%, ʩʚʷʟʘʥʥʦʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ 

ʜʝʬʪʦʨʠʨʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 25 ʜʦ 1050Áʉ.  

ʊʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʬʪʦʨʢʘʨʣʪʦʥʠʪʘ 

ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 150ï550 Áʉ, ʧʨʠ ʵʪʦʤ ʤʠʥʝʨʘʣ ʧʦʜʚʝʨʛʘʣʩʷ 

ʥʝʧʨʝʨʳʚʥʦʤʫ ʧʨʦʮʝʩʩʫ ʜʝʛʠʜʨʘʪʘʮʠʠ. ʇʨʠ 550 ÁC ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʦʪʝʨʷ ʦʢʦʣʦ 40% 

ʚʦʜʳ. ɼʝʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʬʪʦʨʢʘʨʣʪʦʥʠʪ ʧʨʦʷʚʣʷʝʪ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ 

ʧʦʟʠʮʠʷʤʠ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣ H2O (O11w ʠ O12w) ʠ ʠʭ Na-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʢʘʪʠʦʥʘʤʠ (Na1 ʠ Na2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʪʘʢʞʝ 

ʠʩʢʘʞʝʥʠʝ ʯʝʪʳʨʝʭ- ʠ ʰʝʩʪʠʯʣʝʥʥʳʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʦʣʝʮ ʜʚʦʡʥʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ 

ʩʣʦʷ. ɺ ʧʨʦʮʝʩʩʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʫʯʘʩʪʚʫʝʪ ʢʠʩʣʦʨʦʜ ʧʦʟʠʮʠʠ O11w, ʢʦʪʦʨʳʡ 

ʠʤʝʝʪ ʦʪʣʠʯʘʶʱʝʝʩʷ ʣʦʢʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ O12w. ʇʨʠ ʊ > 600 Áʉ 

ʧʦʣʥʘʷ ʜʝʛʠʜʨʘʪʘʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʆʅ-ʛʨʫʧʧ, ʟʘʤʝʱʘʶʱʠʭ 

ʘʪʦʤʳ F, ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʜʝʣʝʥʠʝʤ ʉʆ2.  

ʀʂ ʩʧʝʢʪʨʳ ʧʦʜʪʚʝʨʜʠʣʠ ʥʝʧʨʝʨʳʚʥʫʶ ʠ ʧʦʩʪʝʧʝʥʥʫʶ ʜʝʛʠʜʨʘʪʘʮʠʶ ʬʝʜʦʨʠʪʘ 

ʠ ʬʪʦʨʢʘʨʣʪʦʥʠʪʘ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʨʦʛʠ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʤʦʜʠʬʠʢʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʬʝʜʦʨʠʪʘ ʠ 

ʬʪʦʨʢʘʨʣʪʦʥʠʪʘ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʥʘʛʨʝʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʮʝʥʢʝ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ, ʚ ʙʦʣʝʝ ʦʙʱʝʤ ʧʣʘʥʝ, 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ ʩ ʪʦʧʦʣʦʛʠʝʡ, ʧʦʜʦʙʥʦʡ ʬʝʜʦʨʠʪʫ ʠ 

ʬʪʦʨʢʘʨʣʪʦʥʠʪʫ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ ˉ 22-77-10036. 



159 
 

ʌɸɿʆɺʓʁ ʇɽʈɽʍʆɼ ɺ ʉʊʈʋʂʊʋʈɽ PdBi ʇʆ ɼɸʅʅʓʄ 

ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʆʁ ʄʆʅʆʂʈʀʉʊɸʃʔʅʆʁ ɼʀʌʈɸʂʎʀʀ 

 

ʂʘʨʠʤʦʚʘ ʆ.ɺ.
1
, ʄʝʞʫʝʚʘ ɸ.ɸ.

1
, ʠ ɿʦʣʦʪʘʨʝʚ ɸ.ɸ. ʤʣ.

2
 

 

1
 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ 

ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; oxana.karimova@gmail.com 
2
 ʀʥʩʪʠʪʫʪ ʥʘʫʢ ʦ ɿʝʤʣʝ ʉʇʙɻʋ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ; aazolotarev@gmail.com  

 

PdBi STRUCTURE PHASE TRANSITION DETECTED BY SINGLE CRYSTAL X-RAY 

DIFFRACTION 

 

Karimova O.V.
1
, Mezhueva A.A.

1
 and Zolotarev A.A.

2
 

 
1
 Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry Russian 

Academy of Science, Moscow, Russia; oxana.karimova@gmail.com 
2
 Institute of Earth Sciences, State University of Saint-Petersburg, Saint-Petersburg, Russia; 

aazolotarev@gmail.com  

 

ʄʝʪʦʜʦʤ in-situ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʜʠʬʨʘʢʮʠʠ ʠʩʩʣʝʜʦʚʘʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʬʘʟʳ PdBi ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ ʈʝʩʫʨʩʥʦʤ ʎʝʥʪʨʝ ʉʇʙɻʋ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ XtaLAB Synergy, ʦʩʥʘʱʝʥʥʦʤ ʜʝʪʝʢʪʦʨʦʤ Hybrid Pixel Array, ʠ 

ʤʠʢʨʦʬʦʢʫʩʥʦʡ ʪʨʫʙʢʦʡ (Mo ʠʟʣʫʯʝʥʠʝ), ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 373 ʂ ʜʦ 573 ʂ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣ ʬʘʟʳ PdBi ʙʳʣ ʧʦʤʝʱʝʥ ʚ ʢʘʧʠʣʣʷʨ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʚʘʢʫʫʤʠʨʦʚʘʣʩʷ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʥʪʛʝʥʦ-ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʤʘʩʩʠʚʘʤ ʜʘʥʥʳʭ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʬʘʟʳ PdBi ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 373, 423, 473, 523 ʠ 573 ʂ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 500 ʂ ʧʨʦʠʩʭʦʜʠʪ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ.  

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ a ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʩʪʨʫʢʪʫʨʳ PdBi, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ b 

ʠ c: ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʝʥʠʝʤ, ʟʘʪʝʤ ʩʦʢʨʘʱʝʥʠʝʤ (ʪʘʙʣ.1). ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʧʦʚʳʰʝʥʠʠ ʩʠʤʤʝʪʨʠʠ ʩʪʨʫʢʪʫʨʳ ʦʪ ʧʨ.ʛʨ. Cmc21 ʜʦ Cmcm. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ (ʛʨʘʥʪ ˉ 23-27-

00470). ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʎʝʥʪʨʝ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ. 
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ɿʫʙʳ ʠ ʢʦʩʪʠ ʷʚʣʷʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤʠ ʙʠʦʘʨʭʠʚʘʤʠ. ʆʜʥʘʢʦ ʦʥʠ ʤʦʛʫʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʘʛʝʥʝʟʘ ʠʣʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

(ʛʦʪʦʚʢʘ, ʧʦʛʨʝʙʘʣʴʥʘʷ ʢʨʝʤʘʮʠʷ, ʧʦʞʘʨʳ). ʍʦʪʷ ʥʘʛʨʝʚ ʠ ʜʠʘʛʝʥʝʟ ð ʜʚʘ ʨʘʟʥʳʭ 

ʧʨʦʮʝʩʩʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʥʘʛʨʝʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʩʪʝʡ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (~670ï773 ʂ) ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʥʝʢʦʪʦʨʳʝ ʵʬʬʝʢʪʳ, 

ʩʭʦʜʥʳʝ ʩ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʪʝʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʚʨʝʤʝʥʠ (ʫʚʝʣʠʯʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʧʦʪʝʨʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʜʨ.) [1]. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʦ in situ ʪʝʨʤʦ-ʈʘʤʘʥʦʚʩʢʦʝ ʤʠʢʨʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʵʤʘʣʠ ʠ ʜʝʥʪʠʥʘ ʟʫʙʘ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʯʝʣʦʚʝʢʘ ʠ ʟʫʙʘ ʯʝʣʦʚʝʢʘ ʙʨʦʥʟʦʚʦʛʦ ʚʝʢʘ (ʂʘʤʝʥʢʘ, ʆʨʝʥʙʫʨʛʩʢʘʷ ʦʙʣʘʩʪʴ) ʚ ʜʠʘʧʘʟʦʥʝ 

83 ï 873 ʂ. ʉʧʝʢʪʨʳ ʂʈʉ ʧʦʣʫʯʝʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Horiba LabRam HR800 Evolution ʩ 

ʢʦʥʬʦʢʘʣʴʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ Olympus BX-FM (ʦʙʲʝʢʪʠʚ 50Ĭ, ʮʠʬʨʦʚʘʷ ʘʧʝʨʪʫʨʘ=0.7) ʠ 

ʪʝʨʤʦʩʪʦʣʠʢʦʤ Linkam TSM 600. ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ He-Ne ʣʘʟʝʨ (633 

ʥʤ), ʜʣʷ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ ï ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ 1800 ʠ 600 ʰʪʨ/ʤʤ. ʉʧʝʢʪʨʘʣʴʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 1 cʤ
-1
, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 2 ʤʢʤ. ʊʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʝ 

ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩ ʰʘʛʦʤ 10ï20 K; ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 20 K/ʤʠʥ, 

ʪʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 0.1 K.  

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ (ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ), ʷʚʣʷʶʱʠʝʩʷ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʦʜʛʦʥʢʦʡ ʩʧʝʢʪʨʦʚ (peak fitting) 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʩ ʥʠʟʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ ʠʣʠ 

ʩʦʜʝʨʞʘʱʠʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʘʨʪʝʬʘʢʪʳ, ʘ ʪʘʢʞʝ ʧʣʦʭʦ ʨʘʟʨʝʰʝʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʚʝʱʝʩʪʚ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʙʝʩʧʦʨʷʜʢʘ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʙʠʦʘʧʘʪʠʪʘ ʟʫʙʥʳʭ ʠ ʢʦʩʪʥʳʭ ʪʢʘʥʝʡ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʦʤʘʣʠʠ ʪʝʨʤʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʣʦʞʝʥʠʷ ʧʠʢʘ ɜ1(PO4) ʠ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʟʫʙʥʳʭ ʪʢʘʥʝʡ 

ʦʙʫʩʣʦʚʣʝʥʳ ʢʦʤʧʣʝʢʩʥʳʤ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʨʳʚ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʧʦʪʝʨʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʚʦʜʳ, 

ʜʝʥʘʪʫʨʘʮʠʷ ʢʦʣʣʘʛʝʥʘ, ʚʳʛʦʨʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ, ʫʜʘʣʝʥʠʝ ʠ ʨʝʣʦʢʘʮʠʷ ʢʘʨʙʦʥʘʪ-

ʠʦʥʦʚ ɺ- ʠ ɸ-ʪʠʧʘ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ ˉ 22-18-00593. 

 

[1] Lebon et al.  J. Archaeol. Sci., 2010, 37, 2265ï2276 (2010). 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʨʢʦʥʦ- ʠ 

ʪʠʪʘʥʦʩʠʣʠʢʘʪʦʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʬʣʶʠʜʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʩʦʩʪʘʚ 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʬʘʟ ʧʨʦʚʝʜʝʥ ʨʷʜ ʦʧʳʪʦʚ ʧʦ ʠʭ ʩʠʥʪʝʟʫ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 600Áʉ ʠ ʜʘʚʣʝʥʠʠ 2 ʢʙʘʨ ʚ ʪʝʯʝʥʠʝ 10 ʩʫʪʦʢ ʚ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ 

ʩʠʥʪʝʟʘ ʮʠʨʢʦʥʦʩʠʣʠʢʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʦʣʴ-ʛʝʣʠ ʣʦʚʝʥʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʜʣʷ ʩʠʥʪʝʟʘ 

ʪʠʪʘʥʦʩʠʣʠʢʘʪʦʚ ï ʘʥʘʣʦʛʠʯʥʳʝ ʟʦʣʴ-ʛʝʣʠ ʘʣʣʫʘʡʚʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɼʣʷ ʩʠʥʪʝʟʘ 

ʮʠʨʢʦʥʦʩʠʣʠʢʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʬʣʶʠʜʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʤʝʩʴ (1:1) 1ʄ ʨʘʩʪʚʦʨʘ NaF ʩ 5%, 

10% ʠʣʠ 20% ʨʘʩʪʚʦʨʦʤ NaOH, ʜʣʷ ʩʠʥʪʝʟʘ ʪʠʪʘʥʦʩʠʣʠʢʘʪʦʚ ï 1ʄ ʨʘʩʪʚʦʨ NaCl, ʘ 

ʪʘʢʞʝ ʩʤʝʩʴ (1:1) 1ʄ ʨʘʩʪʚʦʨʘ NaCl ʩ 15% ʨʘʩʪʚʦʨʦʤ NaOH. ʇʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦ-

ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʮʠʨʢʦʥʦʩʠʣʠʢʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʤʝʩʠ 1M NaF ʩ 5% NaOH ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʘʨʘʢʝʣʜʳʰʠʪ, ʣʦʚʝʥʠʪ (ʠʣʠ ʝʛʦ Fe-

ʜʦʤʠʥʘʥʪʥʳʡ ʘʥʘʣʦʛ), ʵʛʠʨʠʥ ʠ ʛʝʤʘʪʠʪ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʩʠ 1M NaF ʩ 10% 

NaOH ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʘʨʘʢʝʣʜʳʰʠʪ, ʣʦʚʝʥʠʪ, ʙʫʨʧʘʣʠʪ, ʪʝʬʨʦʠʪ, ʵʛʠʨʠʥ, ʥʝʬʝʣʠʥ, 

ʮʠʨʢʦʥ, ʧʠʨʦʬʘʥʠʪ, ʩʠʜʝʨʠʪ, ʛʝʤʘʪʠʪ, ʢʚʘʨʮ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʤʝʩʠ 1M ʨʘʩʪʚʦʨʘ NaF ʩ 

20% ʨʘʩʪʚʦʨʦʤ NaOH ʦʙʨʘʟʦʚʘʣʠʩʴ ʣʫʝʰʠʪ, F ʘʥʘʣʦʛ ʣʘʢʘʨʛʠʠʪʘ CaZrF6, ʛʝʤʘʪʠʪ ʠ 

ʢʚʘʨʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʪʠʪʘʥʦʩʠʣʠʢʘʪʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ 1ʄ NaCl 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʠʪʘʥʠʪ, ʣʫʝʰʠʪ, ʩʝʨʘʥʜʠʪ, ʧʝʢʪʦʣʠʪ ʠ ʣʦʨʝʥʮʝʥʠʪ. ɺ ʩʣʫʯʘʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʩʤʝʩʠ 1ʄ ʨʘʩʪʚʦʨʘ NaCl ʩ 15% ʨʘʩʪʚʦʨʦʤ NaOH ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʣʦʨʝʥʮʝʥʠʪ, ʪʠʪʘʥʠʪ ʠ ʣʫʝʰʠʪ. ɺ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʮʠʨʢʦʥʦʩʠʣʠʢʘʪʦʚ ʚ ʤʝʥʝʝ 

ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ (1M NaF ʩ 5-10% NaOH) ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʮʠʨʢʦʥʦʩʠʣʠʢʘʪʦʚ 

(ʧʘʨʘʢʝʣʜʳʰʠʪ, ʣʦʚʝʥʠʪ ʠ ʝʛʦ Fe-ʘʥʘʣʦʛ, ʙʫʨʧʘʣʠʪ, ʮʠʨʢʦʥ), ʪʦʛʜʘ ʢʘʢ ʚ ʙʦʣʝʝ 

ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ (1M NaF ʩ 20% NaOH) ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ ʣʫʝʰʠʪ ʠ ʬʪʦʨʠʜ (F ʘʥʘʣʦʛ 

ʣʘʢʘʨʛʠʠʪʘ CaZrF6). ɺ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ ʪʠʪʘʥʦʩʠʣʠʢʘʪʦʚ ʜʦʙʘʚʣʝʥʠʝ 15% ʨʘʩʪʚʦʨʘ NaOH 

ʢ 1M ʨʘʩʪʚʦʨʫ NaCl ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ (ʠ ʚ 

ʪʦʤ, ʠ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʚʤʝʩʪʥʳʡ ʨʦʩʪ ʣʦʨʝʥʮʝʥʠʪʘ, ʪʠʪʘʥʠʪʘ ʠ 

ʣʫʝʰʠʪʘ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ FMUF-2022-0002 ʅʀʈ ʀʕʄ ʈɸʅ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ 

ʩʨʝʜʩʪʚ ʙʶʜʞʝʪʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. 

ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ɻɽʆʍʀ ʈɸʅ). 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʦʩʪʝʢʣʦʚʳʚʘʥʠʶ ʠʭ ʚ ʤʘʪʨʠʮʳ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʩʪʝʢʦʣ. 

ʉʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʠʩʪʝʤ, ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʨʷʜʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘʪʨʠʡ-

ʮʝʟʠʝʚʳʝ ʙʦʨʦʩʠʣʠʢʘʪʥʳʝ ʩʪʝʢʣʘ ʠ ʩʪʝʢʣʦʢʝʨʘʤʠʢʘ ʥʘ ʠʭ ʦʩʥʦʚʝ. Cʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ ʧʦʣʫʯʝʥʳ ʧʝʪʨʫʨʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ [2]. ʆʪʞʠʛ 

ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ 1100 Áʉ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ 600 Áʉ.  

 
ʈʠʩʫʥʦʢ. ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʠ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ 

(ʢʨʠʩʪʘʣʣʳ ʠʟ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ - ʥʘ ʬʦʪʦ). 

Figure. Raman spectra of borosilicate glass and 

glass-ceramics (the crystals of glass ceramics - in 

the photo) 

ɺ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʙʦʨʦʩʠʣʠʢʘʪ CsBSi2O6 (ʩʤ. ʈʠʩʫʥʦʢ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʞʠʤ ʩʠʥʪʝʟʘ 

ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʚʣʠʷʝʪ, ʢʘʢ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ, ʪʘʢ 

ʠ ʥʘ ʠʭ ʨʘʟʤʝʨ, ʢʦʪʦʨʳʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 10 

ʜʦ 30 ʤʢʤ. ʆʜʥʘʢʦ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʱʝʣʦʯʥʳʭ 

ʢʘʪʠʦʥʦʚ, ʪʦʛʜʘ ʢʘʢ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʬʦʨʤʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʡʩʪʚʘʤ 

ʤʘʪʝʨʠʘʣʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-17-20005, 

https://rscf.ru/project/22-17-20005/. 

[1] Jantzen C.M. Handbook of advanced radioactive waste conditioning technologies. 

Cambridge, 2011, 159-172. [2] ʂʦʨʦʣʝʚʘ ʆ.ʅ., ʅʝʚʦʣʠʥʘ ʃ.ɸ., ʂʨʠʚʝʥʢʦ ɸ.ʇ., ɻʝʦʭʠʤʠʷ, 

2024, (ʚ ʧʝʯʘʪʠ). 
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ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʙʦʨ-ʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʪʦʪʠʧʘʤʠ 

ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʳ, ʦʙʣʘʜʘʶʪ ʢʣʶʯʝʚʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [1]. 

ɹʦʨʦʩʠʣʠʢʘʪʥʳʝ ʤʠʥʝʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʘʭ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ, 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʨʝʞʝ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ [2]. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʨʝʜʢʠʭ ʤʠʥʝʨʘʣʦʚ ʷʚʣʷʝʪʩʷ ʤʘʩʩʠʚ ɼʘʨʘ-ʠ-ʇʠʦʟ, ʊʘʜʞʠʢʠʩʪʘʥ. ʊʘʜʞʠʢʠʪ-(ʉʝ) ʠʟ ʵʪʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʦʣʠ- ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ -180 ï 1050 Áʉ. 

ʊʘʜʞʠʢʠʪ, (Ca,Y)4(Ca,Ce,REE)2(Ti,Fe)2[(B,Si)8O22](OH)2, ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʣʴʥʦ 

ʟʦʥʘʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, ʦʙʦʛʘʱʝʥʥʳʤʠ ʠʪʪʨʠʝʤ ʠʣʠ ʮʝʨʠʝʤ. ʇʦ ʜʘʥʥʳʤ 

ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʥʘʠʙʦʣʴʰʝʝ ʪʝʧʣʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ [001] (ʧʘʨʘʣʣʝʣʴʥʦ ʮʝʧʦʯʢʘʤ [B4Si4O22], ŬVʩʨ = 24(5) Ĭ 10
-6 
Áʉ

-1
).  ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 300ï500 Áʉ ʚʩʣʝʜʩʪʚʠʝ ʦʢʠʩʣʝʥʠʷ ʮʝʨʠʷ ʠ/ʠʣʠ ʞʝʣʝʟʘ (ʧʦ ʜʘʥʥʳʤ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʨʠʨʦʩʪ ʤʘʩʩʳ) ʥʘʙʣʶʜʘʝʪʩʷ ʩʞʘʪʠʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʮʝʧʦʯʢʘʤ (ʩʫʤʤʘʨʥʦʝ ʦʙʲʝʤʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ŬV = -8.0(3) Ĭ 10
-6 
Áʉ

-1
). 

ʊʝʪʨʘʵʜʨʳ SiO4, BO4 ʠ ʦʢʪʘʵʜʨʳ TiO6 ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʥʘʛʨʝʚʝ; ʭʘʨʘʢʪʝʨ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʪʘʜʞʠʢʠʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʰʠʨʝʥʠʝʤ 

ʧʦʣʠʵʜʨʦʚ, ʟʘʩʝʣʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Ca, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ʦʙʦʛʘʱʝʥʥʳʭ Y ʠ 

Ce. ʇʨʠ ~850 Áʉ ʤʠʥʝʨʘʣ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʪʠʪʘʥʠʪ CaTi(SiO4)O ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ 

ʩʠʣʠʢʘʪ ʢʘʣʴʮʠʷ Ca2REE8(SiO4)6O2. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬʝʩʩʦʨʫ ʀ.ɺ. ʇʝʢʦʚʫ (ʄɻʋ) ʟʘ ʦʙʨʘʟʝʮ 

ʤʠʥʝʨʘʣʘ ʠ ʨʝʩʫʨʩʥʳʤ ʮʝʥʪʨʘʤ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡè, 

çɻʝʦʤʦʜʝʣʴè ʉʇʙɻʋ ʟʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (22-27-00430). 

 

[1] Mutailipu M., Poeppelmeier K.R., Pan S. Chem. Rev., 2021, 121(3), 1130ï1202. 

[2] Grew E.S., Anovitz L.M. Min. Soc. Am., 1996., 862. 
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ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʙʦʨʘʪʦʚ ʠ ʙʦʨʦʩʠʣʠʢʘʪʦʚ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʈɿʕ) 

ʠʟʫʯʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʣʦʭʦ. ʂʘʢ ʧʨʘʚʠʣʦ ʟʘʤʝʥʘ ʈɿʕ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʠʟʦʤʦʨʬʠʟʤ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʩʝʤ 

ʨʷʜʫ ʈɿʕ, ʭʦʪʷ ʚ ʧʨʠʨʦʜʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʩʝʣʝʢʪʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʈɿʕ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ ʠ/ʠʣʠ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʢʘʪʠʦʥʘ. ʇʦʩʢʦʣʴʢʫ ʤʘʪʝʨʠʘʣʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʦʨ ʠ ʈɿʕ, ʷʚʣʷʶʪʩʷ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʦʜʥʠʤʠ ʠʟ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʠ ʠʟʫʯʘʝʤʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʦʣʝʟʥʳʤ ʧʨʦʩʣʝʜʠʪʴ, ʢʘʢ ʙʫʜʫʪ ʚʝʩʪʠ ʩʝʙʷ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʈɿʕ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʝʨʠʡ 

ʙʦʨʘʪʦʚ ʠ ʙʦʨʦʩʠʣʠʢʘʪʦʚ ʈɿʕ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʙʘʟʝ ʈʎ ʈɼʄʀ 

(ʉʇʙɻʋ). ʄʝʪʦʜʠʯʝʩʢʠ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚ 

ʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʤʝʥʥʦ ʜʣʷ ʪʝʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ 

ʩʚʦʡʩʪʚʘ ʤʝʥʷʶʪʩʷ ʥʝ ʪʘʢ ʦʯʝʚʠʜʥʦ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʷʜʦʚ ʙʦʨʦʩʠʣʠʢʘʪʦʚ LnBSiO5 (Ln = La, Ce, Nd) [1] ʠ Ln3BSi2O10 (Ln = La, 

Nd, Gd) ʠ ʙʦʨʘʪʦʚ Ln2CaO(BO3)2 (Ln = Nd, Sm, Eu, Gd), LnNa3(BO3)2 (Ln = La ï Gd) [2] 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʨʘʩʰʠʨʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʟʘʤʝʥʝ ʈɿʕ, ʪʦʛʜʘ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ 

ʧʦʣʠʤʦʨʬʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠʣʠ ʦʙʣʘʩʪʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʘʟ ʤʦʛʫʪ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʪʴʩʷ.   

ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʨʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʙʦʨʦʩʠʣʠʢʘʪʦʚ 

ʦʪ ʠʟʦʤʦʨʬʥʳʭ ʟʘʤʝʱʝʥʠʡ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʠ ʥʝʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ. 

 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʅʘʫʯʥʳʤ ʌʦʥʜʦʤ (ʧʨʦʝʢʪ ˉ 22-13-00317). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʨʝʩʫʨʩʥʦʤ ʮʝʥʪʨʝ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷè ʉʇʙɻʋ. 

 

[1] Krzhizhanovskaya M., Vereshchagin O., Kopylova Yu., Gorelova L., Pankin D., Yukhno 

V., Vlasenko N., Bocharov V., Britvin S.  The structural origin and boundaries of thermal 

transitions in stillwellite-type LnBSiO5. Opt Mater, 2024, 147, 114651. 

[2] Kuznetsov A., Jamous A., Svetlichnyi V., Volkov S., Korolkov I., Kokh K., Gorelova L., 

Krzhizhanovskaya M., Aksenov S., Kokh A. Cryst Eng Comm, 2023, 25, 2914ï2924. 
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ʠʟʤʝʥʝʥʠʡ ʙʘʟʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʷʜʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʠʨʦʜʥʳʭ ʬʣʦʛʦʧʠʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ. ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʥʠʟʢʦʬʪʦʨʠʩʪʦʛʦ 

ʬʣʦʛʦʧʠʪʘ (ʢʨʠʩʪʘʣʣ 1) ï  
0 ,982 3, 075 4 10.223 1.700 0.077( )M A T O OH F , ʚʳʩʦʢʦʬʪʦʨʠʩʪʦʛʦ (ʢʨʠʩʪʘʣʣ 

2)  ï 1,112 3,137 4 10.622 0.431 0.947( )M A T O OH F , ʛʜʝ ʄ ï ʤʝʞʩʣʦʝʚʳʝ, ɸ ï ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ, ʊ ï 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʘʪʠʦʥʳ [1]. ɸʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ lnsinɗ0012=f(T).  

ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 950õ1050 ʂ D 

ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʧʦʷʚʣʝʥʠʝʤ ʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʪʨʘʞʝʥʠʡ ʥʦʚʦʡ ʬʘʟʳ 

(ʣʠʥʠʠ 1ʘ ʠ 2ʘ) ʩ ʤʝʥʴʰʠʤʠ ʙʘʟʘʣʴʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ [2].  ʀʟʤʝʥʝʥʠʝ lnsinɗ0012 

ʢʨʠʩʪʘʣʣʦʚ 1 ʠ 2 ʜʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ (ʣʠʥʠʠ 1 ʠ 2). ʋ 

ʥʠʟʢʦʬʪʦʨʠʩʪʦʛʦ ʬʣʦʛʦʧʠʪʘ ʦʪʣʠʯʠʝ 

ʟʥʘʯʝʥʠʡ lnsinɗ0012 ʠʩʭʦʜʥʦʡ (ʣʠʥʠʷ 1) ʠ 

ʥʦʚʦʡ (ʣʠʥʠʷ 1ʘ) ʬʘʟ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ 

ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʝʭʦʜʘ. ʇʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʟʥʘʯʝʥʠʷ lnsinɗ0012 ʥʝ 

ʚʦʟʚʨʘʱʘʶʪʩʷ ʢ ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠ 

lnsinɗ0012=f(T) ʥʦʚʦʡ ʬʘʟʳ (ʣʠʥʠʷ 1ʙ) 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʠʩʭʦʜʥʦʡ ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʜʚʫʭʬʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʤʝʥʴʰʝ 50 ʂ. ʋ ʢʨʠʩʪʘʣʣʘ ʚʳʩʦʢʦʬʪʦʨʠʩʪʦʛʦ ʬʣʦʛʦʧʠʪʘ ʦʪʣʠʯʠʝ 

ʟʥʘʯʝʥʠʡ lnsinɗ0012 ʥʦʚʦʡ ʬʘʟʳ (ʣʠʥʠʷ 2ʘ) ʦʪ ʠʩʭʦʜʥʦʡ (ʣʠʥʠʷ 2) ʦʯʝʥʴ ʤʘʣʳ, ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʙʦʣʝʝ ʰʠʨʦʢ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʜʚʫʭʬʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

(ʙʦʣʴʰʝ 100 ʂ).  ʊ.ʝ. ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʠʟʤʝʥʝʥʠʡ ʙʘʟʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʦʚ ʬʣʦʛʦʧʠʪʘ ʧʨʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʠ ʙʳʩʪʨʦʪʫ ʧʝʨʝʩʪʨʦʡʢʠ ʩʪʨʫʢʪʫʨʳ. 

[1] ʂʫʟʥʝʮʦʚʘ ɻ.ɸ., ʌʝʦʢʪʠʩʪʦʚʘ ʃ.ʇ., ʉʪʨʫʢ ɺ.ɸ., ʃʠʦʧʦ ɺ.ɸ. ɺʝʩʥʠʢ ɻʨʦʜʥʝʥʩʢʦʛʦ 

ʛʦʩ. ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʗʥʢʠ ʂʫʧʘʣʳ, 2013, 145(1), 10-17. [2] G.A. Kuznetsova, V.M. 

Kalikhman.  XIX International meeting on crystal chemistry, X-ray diffraction and 

spectroscopy of minerals, Apatity, 2019, 90. 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ Pt-Bi ʩʫʱʝʩʪʚʫʝʪ 4 ʧʦʣʠʤʦʨʬʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʫ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ PtBi2. ʆʜʥʘʢʦ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʚʝʩʪʥʘ 

ʪʦʣʴʢʦ ʦʜʥʘ ʠʟ ʥʠʭ ï ʢʫʙʠʯʝʩʢʘʷ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʘʷ ɓ-PtBi2, ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʠʥʝʨʘʣ ʠʥʩʠʟʚʘʠʪ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʛʨʘʥʠʮʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʥʩʠʟʚʘʠʪʘ ʙʳʣ ʧʦʣʫʯʝʥ ʝʛʦ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʦʛ ʠ ʠʩʩʣʝʜʦʚʘʥ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʈʌɸ, ʉʕʄ, ɼʊɸ ʠ 

ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʨʠʤʝʩʠ ʪʝʣʣʫʨʘ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʪʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʥʩʠʟʚʘʠʪʘ ʙʳʣʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʘ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʬʘʟʘ 

Pt(Bi,Te)2. 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ c ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ çʩʫʭʦʛʦè ʩʠʥʪʝʟʘ ʠʟ ʧʨʦʩʪʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʘʤʧʫʣʘʭ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. ʌʘʟʳ ʦʪʞʠʛʘʣʘʩʴ ʚ ʪʝʯʝʥʠʠ ʤʝʩʷʮʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350Üʉ (PtBi2) ʠ 450Üʉ (Pt(Bi,Te)2) ʩ ʦʜʥʠʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʧʝʨʝʪʠʨʘʥʠʝʤ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʬʘʟ ʧʦʜʪʚʝʨʜʠʣ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʬʘʟʳ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʤʠʥʝʨʘʣ ʠʥʩʠʟʚʘʠʪ 

PtBi2. ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʨʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʬʘʟ ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ (ʘʟʦʪ, ʚʘʢʫʫʤ) ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʣʠʤʦʨʬʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠʟ ɓ-PtBi2 

ʤʦʜʠʬʠʢʘʮʠʠ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʦʠʩʭʦʜʷʪ ʪʦʣʴʢʦ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, 

ʪʦʛʜʘ ʢʘʢ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʜʨʫʛʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

ʨʘʟʣʦʞʝʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʦʢʠʩʣʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʥʳʭ ʬʦʨʤ.  

ɺʦ-ʚʪʦʨʳʭ, ʠʟʦʤʦʨʬʥʘʷ ʧʨʠʤʝʩʴ ʪʝʣʣʫʨʘ ʚʣʠʷʝʪ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʠʥʩʠʟʚʘʠʪʘ, ʝʝ ʧʝʨʝʩʪʨʦʡʢʫ ʠ ʧʦʣʠʤʦʨʬʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ. ɼʘʥʥʳʝ ʪʝʨʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʫ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʤʠʥʝʨʘʣʘ 

ʠʥʩʠʟʚʘʠʪʘ Pt(Bi,Te)2 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 

ʢʫʙʠʯʝʩʢʦʡ b-ʤʦʜʠʬʠʢʘʮʠʠ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ g-ʤʦʜʠʬʠʢʘʮʠʶ ʥʘ 83Üʉ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ 

ʧʦʣʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʫʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʦʣʠʜʫʩ (ts) ʧʨʠ ʚʭʦʞʜʝʥʠʠ 

ʧʨʠʤʝʩʠ ʪʝʣʣʫʨʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʢʫʙʠʯʝʩʢʦʡ ɓ-ʤʦʜʠʬʠʢʘʮʠʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 49Üʉ ï ʦʪ 649.2Áʉ ʫ ʯʠʩʪʦʛʦ PtBi2 ʜʦ 698.4Áʉ ʫ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʬʘʟʳ 

Pt(Bi,Te)2. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ (ʛʨʘʥʪ ˉ 23-27-

00470). 
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ʤʝʭʘʥʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ 

ʧʫʪʝʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʝʢʣʘ [1, 2]. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʝ ʙʣʠʞʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ 

ʧʦʨʷʜʢʘ ʚ ʠʩʭʦʜʥʦʤ ʩʪʝʢʣʝ.  ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʩʪʝʢʦʣ ʠ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ [3] ʜʚʫʭ ʣʠʥʝʝʢ 

ʩʦʩʪʘʚʦʚ: 30K2OĀxB2O3Ā(70-x)SiO2 ʠ 30K2OĀxB2O3Ā(70-x)GeO2, ʛʜʝ 10 Ò x Ò 60 (ʤʦʣ.%). 

ʉʬʦʨʤʦʚʘʥʥʳʝ ʩʪʝʢʣʘ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʨʘʟʥʳʤ ʨʝʞʠʤʘʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʆʙʨʘʟʮʳ ʠʩʭʦʜʥʳʭ ʩʪʝʢʦʣ ʠ ʧʦʣʫʯʝʥʥʦʡ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʩʧʝʢʪʨʦʤʝʪʨ iHR 320 Horiba Jobin 

Yvon). ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ SHIMADZU XRD-6000. ʄʦʨʬʦʣʦʛʠʷ ʠ ʩʦʩʪʘʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (Jeol JSM-

7001F), ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ (EDS Oxford INCA X-max 80).   
ʇʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 500 

ʦ
ʉ ʚʳʷʚʣʝʥʳ ʧʨʠʟʥʘʢʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʝʪʢʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ SiO2 (GeO2) ʠ ʙʦʨʘʪʘ ʢʘʣʠʷ. 

ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʩʪʝʢʣʘ c 

ʩʦʦʪʥʦʰʝʥʠʝʤ B2O3/SiO2 = 2/5 ʠ 5/2 ʠ B2O3/GeO2 = 4/3. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠ 680 
ʦ
ʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʨʘʪʦʚ, ʩʠʣʠʢʘʪʦʚ ʠ ʙʦʨʦʩʠʣʠʢʘʪʦʚ ʢʘʣʠʷ ʚ 

ʙʦʨʦʩʠʣʠʢʘʪʥʦʡ ʩʠʩʪʝʤʝ. ɼʣʷ ʙʦʨʦʛʝʨʤʘʥʘʪʥʦʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʛʝʨʤʘʥʘʪʦʚ ʠ ʙʦʨʘʪʦʚ ʢʘʣʠʷ. ɺʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʝʢʦʣ ʠ ʧʨʦʜʫʢʪʘʤʠ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʠ 

ʫʩʣʦʚʠʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-17-

20005, https://rscf.ru/project/22-17-20005/. 

 

[1] Ojovan M.I., Petrov V.A., Yudintsev S.V. Sustainability., 2021, 13(8). 

[2] Sigaev V., et. al. Glass Phys Chem., 2009, 35, 13-20. 

[3] Nevolina L.A., Shtenberg M.V., Zherebtsov D.A., Koroleva O.N., Ceram. Int., 2023, 49 
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ʌʫʤʘʨʦʣʴʥʳʝ ʤʠʥʝʨʘʣʳ ʤʝʜʠ ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ. ɹʣʘʛʦʜʘʨʷ 

ʧʨʠʩʫʪʩʪʚʠʶ ʤʘʛʥʠʪʥʦ-ʘʢʪʠʚʥʳʭ ʢʘʪʠʦʥʦʚ ʤʝʜʠ (II) ʠ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʠʭ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʪʦʪʠʧʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʘʢ 

ʨʝʟʫʣʴʪʘʪ, ʦʥʠ ʩʪʘʣʠ ʦʙʲʝʢʪʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ ʠʭ ʚ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ 

ʘʥʘʣʦʛʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʤʠʪʘʮʠʠ ʬʫʤʘʨʦʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʛʘʟʦʧʝʨʝʥʦʩʘ. ɺʦʟʜʫʭ, 

ʦʙʦʛʘʱʸʥʥʳʡ ʧʘʨʘʤʠ ʚʦʜʳ ʠ ʭʣʦʨʦʚʦʜʦʨʦʜʘ, ʧʦʩʪʫʧʘʝʪ ʚ ʜʣʠʥʥʳʡ ʢʚʘʨʮʝʚʳʡ ʨʝʘʢʪʦʨ, 

ʥʘʛʨʝʚʘʝʤʳʡ ʚ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ. ɺʥʫʪʨʠ ʨʝʘʢʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʬʘʨʬʦʨʦʚʘʷ ʣʦʜʦʯʢʘ, 

ʩʦʜʝʨʞʘʱʘʷ ʰʠʭʪʫ (ʩʤʝʩʴ CuO, CuSO4, ʩʫʣʴʬʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ 

ʜʦʧʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ). ɺ ʪʨʝʱʠʥʥʳʭ ʬʫʤʘʨʦʣʘʭ, ʥʝʛʣʫʙʦʢʦ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ, 

ʛʜʝ ʬʫʤʘʨʦʣʴʥʳʝ ʛʘʟʳ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ 

ʨʘʟʥʦʦʙʨʘʟʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ [1]. ʊʨʘʥʩʧʦʨʪ ʵʣʝʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ: 

ʩ ʭʣʦʨʦʚʦʜʦʨʦʜʦʤ ʠ ʧʘʨʘʤʠ ʚʦʜʳ (ʨʠʩ. 1). ʊʨʘʥʩʧʦʨʪ ʤʝʜʠ ʯʝʨʝʟ ʛʘʟʦʚʫʶ ʬʘʟʫ ʚʦ ʚʨʝʤʷ 

ʩʠʥʪʝʟʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʷʨʢʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʦʢʨʘʩʢʦʡ ʧʣʘʤʝʥʠ ʣʝʪʫʯʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʤʝʜʠ.  

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʫʜʘʣʦʩʴ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʝ ʜʨʫʟʳ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʧʠʡʧʠʪʘ, ʬʝʜʦʪʦʚʠʪʘ, ʠ 

ʚʝʨʛʘʩʦʚʘʠʪʘ [2]. ʄʳ ʥʘʜʝʝʤʩʷ, ʯʪʦ ʪʘʢʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ, ʠʭ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʠ ʜʨʫʛʠʝ ʥʦʚʳʝ 

ʤʠʥʝʨʘʣʦʧʦʜʦʙʥʳʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ: 

[1] Pekov I.V., Zubkova N.V., Pushcharovsky D.Y. Acta Cryst. B, 2018, 74(6), 502ï518. 

[2] Nazarchuk E.V., Siidra O.I., Charkin D.O., Nikolaevich G.V. et al. American 

Mineralogist, 2024, 109(3), 471ï481. 
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ʉ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ) ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʚʠʜʦʚ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ 

ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ï ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʜʚʦʡʥʠʢʦʚ ʩʨʘʩʪʘʥʠʷ (ʈʠʩ. 1 ʠ 2).   

 

 
ʈʠʩ. 2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ɸʉʄ-ʩʥʠʤʢʠ ʚ ʦʙʣʘʩʪʠ ʜʚʦʡʥʠʢʦʚʦʛʦ ʢʦʥʪʘʢʪʘ (ʧʦʢʘʟʘʥ 

ʩʪʨʝʣʢʘʤʠ). ɺʦʟʥʠʢʰʘʷ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʩʧʠʨʘʣʴ (ʚʠʟʫʘʣʴʥʦ ï 

ʧʦʣʫʩʧʠʨʘʣʴ) ʘʥʘʣʦʛʠʯʥʘ ʜʚʫʤ ʧʦʣʫʩʧʠʨʘʣʷʤ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʥʘ ʟʦʣʦʪʠʥʝ 

ʂʳʚʚʦʞʩʢʦʛʦ ʟʦʣʦʪʦʨʦʩʩʳʧʥʦʛʦ ʧʦʣʷ [1] (ʧʦʩʣʝʜʥʠʡ ʩʥʠʤʦʢ). ʃʠʥʝʡʢʘ 10 ʤʢʤ.  

Fig. 2. AFM images of the twin contact (shown by arrows) site. The dislocation spiral 

initiated on the contact site (a half-spiral visually) is similar to the half-spirals separated by a 

seam which found on the gold of the Kyvvozh placer field [1] (last image). Scale bar 10 Õm. 

 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʉʦʢʝʨʠʥʘ ʄ.ʖ. ʠ ɻʣʫʭʦʚʘ ʖ.ɺ. ʟʘ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ 

ʦʙʨʘʟʝʮ ʟʦʣʦʪʘ ʠ ʨʘʟʨʝʰʝʥʠʝ ʠʟʫʯʠʪʴ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʉʕʄ.    

 [1] ʉʦʢʝʨʠʥ ʄ. ʖ., ɻʣʫʭʦʚ ʖ. ɺ., ʄʘʢʝʝʚ ɹ. ɸ., ʇʘʨʭʘʯʝʚʘ ʂ. ɻ., ʉʘʣʜʠʥ ɺ. ɸ., 

ʉʠʤʘʢʦʚʘ ʖ. ʉ., ʉʦʢʝʨʠʥʘ ʅ. ɺ. ɿʈʄʆ, 2023, 152(1), 50ï61. 

ʈʠʩ. 1. ʄʦʜʝʣʴʥʳʝ ʜʚʦʡʥʠʢʠ 

ʩʨʘʩʪʘʥʠʷ, ʥʘ ʛʨʘʥʠʮʝ ʢʦʪʦʨʳʭ 

ʧʨʦʚʦʜʠʣʘʩʴ ɸʉʄ-ʩʲʝʤʢʘ (ʫʯʘʩʪʦʢ 

ʦʪʤʝʯʝʥ ʟʥʘʯʢʦʤ çɸʉʄè). 

Fig.1. Model twins, which contact site 

AFM-scanning was carried out (the 

area is marked with the ñASMò icon). 
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Параметры гексагональной э.я. 

гмелинита при сжатии в проникающей 

(ƴ,●) и непроникающей (○,□) средах. 

Parameters of gmelinite hexagonal unit cell 

under compression in penetrating (ƴ,●) and 

non-penetrating (○,□) media. 

ʉʊʈʋʂʊʋʈʅɸʗ ʕɺʆʃʖʎʀʗ ɻʄɽʃʀʅʀʊɸ ʇʈʀ ɺʓʉʆʂʆʄ ɼɸɺʃɽʅʀʀ 

 

ʉʝʨʝʪʢʠʥ ʖ.ɺ. 

 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ; yuvs@igm.nsc.ru 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩ. ʫʥʠʚʝʨʩʠʪʝʪ 

 

STRUCTURAL EVOLUTION OF GMELINITE AT HIGH PRESSURE 

 

Seryotkin Yu.V. 
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Novosibirsk State University 

 

ʎʝʦʣʠʪ ʛʤʝʣʠʥʠʪ, Na1.39K0.01Ca0.21(H2O)5.87 [Al1.82Si4.18O12], ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ P63/mmc, a = 13.75118(13), c = 10.05736(11) ¡, V = 1647.00(4) ¡
3
, Z = 4, ʠʟʫʯʝʥ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʞʘʪʠʠ 

ʜʦ 5 ɻʇʘ ʚ ʧʨʦʥʠʢʘʶʱʝʡ (ʚʦʜʦʩʦʜʝʨʞʘʱʝʡ) ʠ 

ʥʝʧʨʦʥʠʢʘʶʱʝʡ (ʞʠʜʢʠʡ ʧʘʨʘʬʠʥ) ʩʨʝʜʘʭ.  

ʉʞʘʪʠʝ ʚ ʚʦʜʦʩʦʜʝʨʞʘʱʝʡ ʩʨʝʜʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʟʘʩʝʣʝʥʠʝʤ ʜʚʫʭ ʠʩʭʦʜʥʦ ʚʘʢʘʥʪʥʳʭ ʧʦʟʠʮʠʡ H2O. 

ʇʝʨʚʘʷ ʠʟ ʥʠʭ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʮʝʥʪʨʝ 12-ʯʣʝʥʥʦʛʦ 

ʢʦʣʴʮʘ ʠ ʚʭʦʜʷʱʘʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʢʘʪʠʦʥʘ, ʟʘʩʝʣʷʝʪʩʷ ʫʞʝ ʧʨʠ 0.14 ɻʇʘ. ʇʨʠʩʫʪʩʪʚʠʝ 

ʤʦʣʝʢʫʣ H2O ʚʦ ʚʪʦʨʦʡ ʧʦʟʠʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 

ʮʝʥʪʨʝ ʜʚʦʡʥʦʛʦ 6-ʯʣʝʥʥʦʛʦ ʢʦʣʴʮʘ ʠ ʥʝ ʩʚʷʟʘʥʥʦʡ ʩ 

ʢʘʪʠʦʥʘʤʠ, ʦʪʤʝʯʝʥʦ ʧʨʠ 1.23 ɻʇʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʜʘʚʣʝʥʠʝʤ ʛʠʜʨʘʪʘʮʠʠ ʩʦʜʝʨʞʘʥʠʝ H2O 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʥʘ ʬ.ʝ. 

ɺʳʰʝ 3-ʭ ɻʇʘ ʚ ʦʙʣʘʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʛʤʝʣʠʥʠʪ ʠʩʧʳʪʳʚʘʝʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 1-ʛʦ ʨʦʜʘ. 

ʉʠʤʤʝʪʨʠʷ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʨʦʤʙʠʯʝʩʢʘʷ, ʧʨ. 

ʛʨʫʧʧʘ Cmcm, ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʫʜʚʦʝʥ. 

ʇʝʨʝʭʦʜ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ a- ʠ b-

ʧʘʨʘʤʝʪʨʦʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʫʙʲʷʯʝʡʢʠ. ʆʙʲʝʤ 

ʚʳʩʦʢʦʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʛʤʝʣʠʥʠʪʘ ʧʨʠ ʬʘʟʦʚʦʤ 

ʧʝʨʝʭʦʜʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩʣʘʙʦ; ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ Tï

OïT ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʜʝʬʦʨʤʘʮʠʠ 

12-ʪʠʯʣʝʥʥʳʭ ʢʦʣʝʮ. 

ʇʨʠ ʩʞʘʪʠʠ ʚ ʙʝʟʚʦʜʥʦʡ ʩʨʝʜʝ ʛʤʝʣʠʥʠʪ ʪʘʢʞʝ 

ʠʩʧʳʪʳʚʘʝʪ ʧʝʨʝʭʦʜ, ʥʦ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʤ 

ʜʘʚʣʝʥʠʠ ï 1.75 ɻʇʘ. ʇʝʨʝʭʦʜ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʞʘʪʠʝʤ 

ʚʜʦʣʴ a-ʦʩʠ ʧʩʝʚʜʦʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʠ; ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʫʛʣʘ TïOïT ʧʨʠ ʧʝʨʝʭʦʜʝ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 2.5Á.  

ʆʙʩʫʞʜʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʡ ʵʚʦʣʶʮʠʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʞʠʤʘʶʱʝʡ ʩʨʝʜʳ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʧʨʦʛʨʘʤʤʦʡ çʇʨʠʦʨʠʪʝʪ-2030è ʅɻʋ. 

mailto:yuvs@igm.nsc.ru
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ɺʦ ʚʨʝʤʷ ʠʤʧʘʢʪʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʧʨʝʪʝʨʧʝʚʘʶʪ ʥʝʦʙʨʘʪʠʤʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ PT ʫʩʣʦʚʠʡ, ʬʦʨʤʠʨʫʶʪʩʷ 

ʨʘʩʧʣʘʚʳ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʢʘʣʢʠ ʦʙʨʘʟʫʶʪʩʷ ʨʘʩʧʣʘʚʥʳʝ ʩʪʝʢʣʘ. ʀʭ 

ʢʦʥʝʯʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ, ʫʩʣʦʚʠʡ ʠ ʤʝʭʘʥʠʟʤʘ ʬʘʟʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʩʠʣʠʢʘʪʥʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʢʘʨʙʦʥʘʪʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʛʣʠʥʠʩʪʦʡ ʠ ʫʛʣʝʨʦʜʠʩʪʦʡ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʫʜʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʨʦʪʢʦʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʨʦʜʳ ʤʠʰʝʥʠ ʥʘ ʧʨʠʤʝʨʝ ʛʣʠʥʠʩʪʳʭ 

ʠʟʚʝʩʪʥʷʢʦʤ ʂʘʨʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʩʪʝʢʦʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʬʦʢʘʣʴʥʦʛʦ 

ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ LabRam HR800 ʠ ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʩ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʚ ʎʂʇ çɻʝʦʥʘʫʢʘè (ʀɻ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ, ʛ. 

ʉʳʢʪʳʚʢʘʨ).  

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʨʘʩʧʣʘʚʥʳʝ ʩʪʝʢʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʠ 

ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʦʩ ʚ ʂʈ ʩʧʝʢʪʨʘʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʢʣʘ ʠʟ ʢʘʨʙʦʥʘʪʥʦ-

ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʘʩʩʠʤʝʪʨʠʯʥʦʡ ʧʦʣʦʩʦʡ 980 ʩʤ
-1
 

(FWHM = 250 ʩʤ
-1
). ʉʪʝʢʣʘ ʠʟ ʧʝʩʯʘʥʠʢʘ ʠ ʘʣʝʚʨʦʣʠʪʘ ʠʤʝʝʪ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ 450 ʩʤ

-1
 

(FWHM = 200 ʩʤ
-1
) ʩ ʧʣʝʯʦʤ ʩʦ ʩʪʦʨʦʥʳ ʤʘʣʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ï 435 ʩʤ

-1
, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ŭ (Si-O-Si) ʩʚʷʟʷʤ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʩʠʣʠʢʘʪʥʳʭ ʩʪʝʢʦʣ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ, 

ʩʧʝʢʪʨʳ ʂʈ ʧʦʣʫʯʝʥʥʳʭ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʦʣ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʣʦʩ ʦʢʦʣʦ 

490 ʠ 600 ʩʤ
-1
, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʯʣʝʥʥʳʤ ʢʦʣʴʮʘʤ ʪʝʪʨʘʵʜʨʦʚ SiO4. ʕʪʠ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʚʝʨʦʷʪʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, 

ʚʳʟʚʘʥʥʦʡ ʙʳʩʪʨʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʫʜʘʨʥʦʛʦ ʨʘʩʧʣʘʚʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʩʪʨʦʙʣʝʤ, 

ʧʨʦʜʫʢʪʦʚ ʫʜʘʨʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʨʦʜʥʳʭ ʫʜʘʨʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʩʪʝʢʣʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 

ʨʝʬʝʨʝʥʪʥʳʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʧʨʠʨʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʤʧʘʢʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʘʫʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʎʂʇ çɻʝʦʥʘʫʢʘè. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ ɻʈ ˉ 122040600009-2. 
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ʏʝʙʳʢʠʥ ʅ.ʉ.
1
, ɿʘʤʷʪʠʥ ɼ.ɸ.

1
 

 

1
 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʠʤ. ʘʢʘʜ. ɸ.ʅ. ɿʘʚʘʨʠʮʢʦʛʦ ʋʨʆ ʈɸʅ; 

tchebykinnikolai@yandex.ru 

 

ʀʤʧʘʢʪʥʳʝ (ʫʜʘʨʥʳʝ) ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʪʝʦʨʠʪʘ ʥʘ ʧʦʨʦʜʳ ʤʠʰʝʥʠ ʚ ʧʨʝʜʝʣʘʭ 

ʜʘʚʣʝʥʠʡ 20 ɻʇʘ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʘʢʮʝʩʩʦʨʥʦʤ ʤʠʥʝʨʘʣʝ ʪʠʪʘʥʠʪʝ (CaTiSiO5) 

ʜʠʩʣʦʢʘʮʠʡ, ʧʦʣʦʩ ʜʝʬʦʨʤʘʮʠʡ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʚʦʡʥʠʢʦʚ ʠʣʠ ʛʨʘʥʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʠʪʘʥʠʪʦʚ ʂʘʨʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ ʧʦʢʘʟʘʣʠ ʨʘʟʣʠʯʠʝ ʩʪʝʧʝʥʠ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʦʷʚʣʝʥʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʜʝʬʦʨʤʘʮʠʡ [1,2]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʥʘʨʫʰʝʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʨʝʰʝʪʢʠ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʫʩʣʦʚʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʪʠʪʘʥʠʪʘ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʜʘʨʥʳʭ ʪʝʨʤʦʙʘʨʦʤʝʪʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʠʪʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʚʳʷʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʦʝʥʠʷ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʡ ʪʠʪʘʥʠʪʦʚ ʂʘʨʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ; 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʚʦʟʥʠʢʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

BSE-ʠʟʦʙʨʘʞʝʥʠʷ, EDS-, EBSD-, BC-ʢʘʨʪʳ ʧʦʣʫʯʝʥʳ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Tescan MIRA LMS, ʦʩʥʘʱʝʥʥʦʤ ʜʝʪʝʢʪʦʨʘʤʠ Oxford 

Instruments EDS X-max80 ʠ EBSD Nordlys Nano. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ Cameca SX100. ʂʈ-ʩʧʝʢʪʨʳ ʠ 

ʂʈ-ʢʘʨʪʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Horiba LabRam HR800 Evolution.  

ɺʳʜʝʣʝʥʥʳʝ ʪʠʧʳ ʪʠʪʘʥʠʪʦʚ ʂʘʨʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ ʥʝʦʜʥʦʨʦʜʥʳ ʧʦ ʩʦʩʪʘʚʫ, 

ʟʘʢʦʥʦʤʝʨʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ (ʪʨʝʱʠʥʳ, ʧʨʠʟʥʘʢʠ ʧʣʘʚʣʝʥʠʷ, 

ʛʨʘʥʫʣʳ, ʨʝʜʫʮʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ), ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʰʠʨʠʥʘ ʂʈ-ʣʠʥʠʠ 

603 ʩʤ
-1

 ʦʪ 38 ʜʦ 61 ʩʤ
-1
) ʠ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʷʤʠ (ʤʠʢʨʦʜʚʦʡʥʠʢʠ, ʧʣʘʥʘʨʥʳʝ 

ʜʝʬʦʨʤʘʮʠʠ). ɺʳʧʦʣʥʝʥʳ ʦʮʝʥʢʠ ʚʢʣʘʜʦʚ ʚ ʥʘʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʪʠʪʘʥʠʪʘ ʚʩʣʝʜʩʪʚʠʝ ʟʘʤʝʱʝʥʠʡ ʚ ʢʘʪʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ, ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʘʚʪʦʦʙʣʫʯʝʥʠʷ ʠ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʂʘʨʪʳ ʢʦʥʪʨʘʩʪʘ ʧʦʣʦʩ ʵʣʝʢʪʨʦʥʥʦ-

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʂʠʢʫʯʠ (BC-ʢʘʨʪʳ) ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʢʘʨʪʘʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʂʈ-ʩʧʝʢʪʨʦʚ: BC-ʢʘʨʪʳ ʧʦʟʚʦʣʠʣʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʨʫʰʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʩ ʣʦʢʘʣʴʥʦʩʪʴʶ ʦʪ 0.03 ʤʢʤ. ʉʜʝʣʘʥʳ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʪʘʥʠʪʦʚ ʂʘʨʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɻ ʋʨʆ ʈɸʅ, ʪʝʤʳ ˉ 

ˉ 123011800012-9 ʚ ʎʂʇ ñɻʝʦʘʥʘʣʠʪʠʢò ʀɻɻ ʋʨʆ ʈɸʅ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

[1] ʏʝʙʳʢʠʥ ʅ. ʉ., ɿʘʤʷʪʠʥ ɼ. ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ ʫʜʘʨʥʦ-ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʪʠʪʘʥʠʪʦʚ ʂʘʨʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ// ʄʘʪʝʨʠʘʣʳ XIII 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʠʥʝʨʘʣʳ: ʩʪʨʦʝʥʠʝ, ʩʚʦʡʩʪʚʘ, 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè. ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀɻɻ ʋʨʆ ʈɸʅ, 2023. ʉ. 297-299.  

[2] ʏʝʙʳʢʠʥ ʅ. ʉ., ɿʘʤʷʪʠʥ ɼ. ɸ. ʀʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʘ ʪʠʪʘʥʠʪʘ 

(CaTiSiO5) ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʫʜʘʨʥʳʭ ʜʘʚʣʝʥʠʡ (ʤʝʪʝʦʨʠʪʥʳʡ ʢʨʘʪʝʨ ʂʘʨʘ, ʋʨʘʣ) 

//XXXII ɿʠʤʥʷʷ ʰʢʦʣʘ ʧʦ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ð ɽʢʘʪʝʨʠʥʙʫʨʛ, 2023. ï 2023. ï ʉ. 91-

93.  
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ɸʤʤʦʥʠʡ-ʩʦʜʝʨʞʘʱʘʷ ʪʝʭʥʦʛʝʥʥʘʷ ʬʘʟʘ (NH4)2Mg(SO4)2Ŀ6H2O ʠʟ ʏʝʣʷʙʠʥʩʢʠʭ 

ʫʛʦʣʴʥʳʭ ʦʪʚʘʣʦʚ (ʏʋɹ)  (ʘʥʘʣʦʛ ʤʠʥʝʨʘʣʘ ʙʫʩʩʝʥʛʦʪʠʪʘ) ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʧʦʨʦʰʢʦʚʦʡ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ in situ. ʕʤʧʠʨʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʬʦʨʤʫʣʘ 

(NH4)1.92(Mg1.02Mn0.01Fe0.01)×1.04(SO4)2Ŀ6H2O. ɼʘʥʥʘʷ ʬʘʟʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʨ. ʛʨ. P21/a, ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a = 9.3183(4), b 

= 12.6070(4), c = 6.2054(3) ¡, ɓ = 107.115(5)Á, V = 696.70(5) ¡
3
, Z = 2. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʙʫʩʩʝʥʛʦʪʠʪʘ ʩʦʩʪʦʠʪ ʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʪʝʪʨʘʵʜʨʦʚ SO4 ʠ ʦʢʪʘʵʜʨʦʚ 

Mg(H2O)6, ʦʙʨʘʟʫʶʱʠʭ ʛʦʬʨʠʨʦʚʘʥʥʳʝ ʧʩʝʚʜʦʩʣʦʠ, ʦʙʲʝʜʠʥʷʶʱʠʝʩʷ ʚ ʪʨʝʭʤʝʨʥʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʩ ʧʦʤʦʱʴʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ [1]. ʉʚʦʙʦʜʥʳʝ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ çʤʝʞʩʣʦʝʚʦʤè ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʙʫʩʩʝʥʛʦʪʠʪʘ ʘʥʠʟʦʪʨʦʧʥʦ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ.  

ʊʘʙʣʠʮʘ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʥʟʦʨʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, Ĭ10
6
 ÁC

-1
. 

Table. Thermal tensor coefficients, Ĭ10
6
 ÁC

-1
. 

T, Áʉ Ŭ11 Ŭ22 Ŭ33 ŬV 

-123 52(2) 68(2) -89(3) 31(3) 

60 53(2) 67(2) 15(1) 136(3) 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚʜʦʣʴ ʦcʠ b ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʨʷʤʣʝʥʠʷ 

ʤʘʛʥʠʝʚʦ-ʩʫʣʴʬʘʪʥʳʭ ʧʩʝʚʜʦʩʣʦʝʚ. ʇʨʠ ʵʪʦʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʣʦʠʩʪʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʩʞʘʪʠʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -173 ʜʦ -73 Áʉ, ʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25 ʜʦ 80 

Áʉ ʩʣʘʙʦʝ ʨʘʩʰʠʨʝʥʠʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʨʦʰʢʦʚʦʡ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʠ in situ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʘʟʦʚʳʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: ʘʥʘʣʦʛ 

ʙʫʩʩʝʥʛʦʪʠʪʘ (NH4)2Mg(SO4)2Ŀ6H2O (25 ï 90 Áʉ) Ÿ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʘʷ ʬʘʟʘ (100 ï 150 

Áʉ) Ÿ ʘʥʘʣʦʛ ʝʬʨʝʤʦʚʠʪʘ (NH4)2Mg2(SO4)3 (160-340 Áʉ) Ÿ MgSO4 (340 ï 700 Áʉ). 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-27-00147 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʈʎ çʈɼʄʀè ʠ çɻʝʦʤʦʜʝʣʴè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ. 

  [1] Maslen E.N., Ridout S.C., Watson K.J., Moore F.H. Acta Crystallogr. C, 1988, 

44, 409ï412.  
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ʄʘʪʝʨʠʘʣʳ ʩ ʥʠʟʢʠʤ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʩʰʠʨʝʥʠʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʢʦʤ-ʣʠʙʦ 

ʠʥʪʝʨʚʘʣʝ [1, 2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ  ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʷʪʴ ʦʙʨʘʟʮʦʚ ʛʦʤʦʛʝʥʥʳʭ 

ʜʚʦʡʥʳʭ ʩʫʣʴʬʘʪʦʚ:  (Y1-xEux)2(SO4)3*8H2O: x = 0.17, 0.33, 0.5, 0.66 ʠ ʠʟʫʯʝʥʦ ʠʭ 

ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ. ɺʩʝ ʦʙʨʘʟʮʳ ʥʘʛʨʝʚʘʣʠ ʜʦ 740 Áʉ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʣʫʯʝʥʥʳʝ ʩʫʣʴʬʘʪʳ ʧʦʚʪʦʨʥʦ ʪʝʨʤʦʨʝʥʪʛʝʥʦʛʨʘʬʠʨʦʚʘʣʠ. 

ʇʨʠ ʧʝʨʚʦʤ ʥʘʛʨʝʚʘʥʠʠ ʚʩʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʧʦʜʦʙʥʫʶ ʢʘʨʪʠʥʫ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ: 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʦ 150 ÁC ʩʫʱʝʩʪʚʦʚʘʣ ʚʦʜʥʳʡ ʩʫʣʴʬʘʪ ʠ ʫʞʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 170 ÁC ʠ ʜʦ 740 ÁC ʤʳ ʥʘʙʣʶʜʘʝʤ ʙʝʟʚʦʜʥʳʡ ʩʫʣʴʬʘʪ, 

ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʝʟʚʦʜʥʦʡ ʨʦʤʙʠʯʝʩʢʦʡ ʬʘʟʝY2(SO4)3. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʨʦʤʙʠʯʝʩʢʠʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʜʚʦʡʥʳʭ ʩʫʣʴʬʘʪʦʚ ʠ ʯʠʩʪʦʛʦ Y2(SO4)3.   

 
ʈʠʩ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʩʠʩʪʝʤʝ Y2(SO4)3-Eu2(SO4)3 

Fig. Temperature dependences of unit cell volume of solid solutions in the Y2(SO4)3-

Eu2(SO4)3 system 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ ʧʨʦʷʚʣʷʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʪʝʨʤʠʥʘʭ 

ʧʦʢʘʯʠʚʘʶʱʠʭʩʷ ʧʦʣʠʵʜʨʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚʩʝ ʜʚʦʡʥʳʝ ʩʫʣʴʬʘʪʳ ʧʨʦʷʚʣʷʶʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʦ ʚʩʝʤ ʪʨʝʤ ʥʝʟʘʚʠʩʠʤʳʤ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ.  

 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ʨʝʩʫʨʩʥʳʤ ʮʝʥʪʨʘʤ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡè ʉʇʙɻʋ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ22-13-00317).  

 

[1] Mary, T. A., Evans, J. S. O., Vogt, T., Sleight, A. W. Science, 1996,   272, 90ï92 

[2] Dang P., Li G., Yun X., Zhang Q., Liu D., Lian H., Shang M., Lin J. Light: Sci. Appl., 

2021, 10, 29 
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Thaumasite plays an important role in cement chemistry as the primary cause of 

sulfate corrosion in Portland cement at low temperatures of less then 15 ÁC [1]. This mineral 

forms a solid solution with ettringite which is usually present in cementitious materials, and it 

is an unusual mineral in that it contains silicon in 6-coordination with hydroxyl. Thaumasite 

formation is preceded by the decomposition of C-S-H and the presence of dissolved sulfates 

and carbonates in the pore solution.  

Chemically represented as Ca3[Si(OH)6](CO3)(SO4)Ț12H2O [1], thaumasite exhibits a 

columnar crystal structure comprised of stacked silicon hydroxide and calcium hydroxide 

polyhedra. The hydroxide columns are interconnected through a network of hydrogen bonds, 

facilitated by H2O molecules, sulfate ions, and carbonate ions occupying the intercolumnar 

spaces within the crystal. 

The ClayFF force field [2] has been originally developed for atomistic computer 

simulations of clay and cement materials. We have shown recently that the ClayFF force 

field, modified by the explicit inclusion of Metal-O-H angular bending terms into the 

parametrization, (ClayFF-MOH, [3]), not only reproduces accurately the crystallographic unit 

cell parameters of ettringite but at the same time, noticeably improves reproduction of the 

elastic properties of ettingite and its vibrational properties. Here we use the same ClayFF-

MOH force field to study thaumasite by classical molecular dynamics simulations, including 

its structural and mechanical properties, the topology and dynamics of the intra-crystalline 

hydrogen-bonding network, and the vibrational spectra. The results are compared with a 

diverse set of available experimental data, including X-ray diffractometry, neutron scattering, 

IR and Raman spectroscopy, as well as earlier atomistic DFT calculations [4]. 

 

This research was funded by the HSE Basic Research Program. 

 

 

[1]  Kºhler S., Heinz D., Urbonas L. Cem. Conr. Res., 2006, 36, 697ï706. 

[2] Cygan R., Greathouse J., Kalinichev, A. J. Phys. Chem. C, 2021, 125, 17573ï

17589. 

[3] Tararushkin E., Pisarev V., Kalinichev, A. Cem. Conr. Res., 2022 156, 106759. 

[4] Scholtzova E., Kuckova L., Kozisek J., Palkova H., Tunega D., Cem. Conr. Res., 

2014, 59, 66ï72. 
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ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʦʜʫʣʷʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

[1], ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ ʧʦʣʠʪʠʧʠʷ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʧʨʠʨʦʜʥʳʝ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʙʦʨʘʪʳ [2]. ʊʘʢ, ʩʨʝʜʠ ʧʠʨʦʙʦʨʘʪʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ M
2+

[B
ȹ

2O5] (M = 

Ca, Sr, Ba, Pb, Mg, MnïNi, Zn, Cd) ʜʝʪʘʣʴʥʳʡ ʪʦʧʦʣʦʛʦ-ʩʠʤʤʝʪʨʠʡʥʳʡ ʘʥʘʣʠʟ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʜʣʷ ʩʪʨʫʢʪʫʨ ʜʚʫʭ ʧʦʣʠʪʠʧʦʚ CaMg[B2O5]: ʢʫʨʯʘʪʦʚʠʪʘ ʠ ʢʣʠʥʦʢʫʨʯʘʪʦʚʠʪʘ 

[3ï5]; ʪʘʢʞʝ ʧʦʣʠʪʠʧʥʳʡ ʭʘʨʘʢʪʝʨ ʩʪʨʦʝʥʠʷ ʦʪʤʝʯʘʣʩʷ ʜʣʷ ʤʠʥʝʨʘʣʘ ʰʠʤʘʟʘʢʠʠʪʘ 

Ca2[B2-xO5-3x(OH)3x] (x = 0~0.06) [6]. ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʦʜʫʣʷʨʥʦʤ 

ʩʪʨʦʝʥʠʠ ʠ ʭʘʨʘʢʪʝʨʝ ʧʦʣʠʪʠʧʠʠ ʩʝʤʝʡʩʪʚʘ ʢʫʨʯʘʪʦʚʠʪʘ ʧʦʙʫʜʠʣʦ ʥʘʩ ʢ ʧʦʚʪʦʨʥʦʤʫ 

ʘʥʘʣʠʟʫ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʧʠʨʦʙʦʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʘʣʠʟʤʘ OD-ʪʝʦʨʠʠ [7]. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʢʫʨʯʘʪʦʚʠʪʘ, ʢʣʠʥʦʢʫʨʯʘʪʦʚʠʪʘ ʠ ʨʦʜʩʪʚʝʥʥʦʛʦ 

SrCd[B2O5] [8] ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ IV ʠ ʦʙʨʘʟʦʚʘʥʳ ʜʚʫʤʷ ʪʠʧʘʤʠ ʥʝʧʦʣʷʨʥʳʭ OD-

ʩʣʦʝʚ: ʩʣʦʡ L2n+1 ʪʠʧʘ ʩ ʩʠʤʤʝʪʨʠʝʡ P(1)21/c1 ʩʦʩʪʘʚʘ {Mg(B2O5)} ʠ ʩʣʦʡ L2n ʪʠʧʘ ʩ 

ʩʠʤʤʝʪʨʠʝʡ P(b)cm ʩʦʩʪʘʚʘ {Ca}. ɼʘʥʥʳʝ ʩʣʦʠ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʚʝʢʪʦʨʘ 

a ʠ b ʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʩʪʘʚʦʚ, ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ, ʦʧʠʩʘʥʥʳʤ ʨʘʥʝʝ [4]. ʉʠʤʤʝʪʨʠʷ 

ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʫʢʣʘʜʢʠ ʩʣʦʝʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʝʜʠʥʳʤ OD-ʛʨʫʧʧʦʠʜʦʤ 

[4,7], ʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ZNF ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʦʟʤʦʞʥʳ ʜʚʘ MDO-ʧʦʣʠʪʠʧʘ: 

ï MDO1-ʧʦʣʠʪʠʧ ʧʦʣʫʯʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʠʥʪʦʚʘʷ ʦʩʴ 21, ʧʘʨʘʣʣʝʣʴʥʘʷ c [ï ï 

21], ʠ ʮʝʥʪʨ ʩʠʤʤʝʪʨʠʠ ʷʚʣʷʶʪʩʷ çʘʢʪʠʚʥʳʤʠè ʚ L2n ʩʣʦʝ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʝʪ 

ʧʨʦʪʦʷʯʝʡʢʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ a* = aʤʦʥ/2 ~ 6.2, b*  = bʤʦʥ ~ 11.1 ʠ c*  = cʤʦʥ ~ 5.5 ¡, ɓ ~ 102Á 

(ʧʨ. ʛʨ. ï P21/c). ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʢʣʠʥʦʢʫʨʯʘʪʦʚʠʪʘ ʠ ʨʦʜʩʪʚʝʥʥʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʬʘʟ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʜʚʦʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ a ~ 2(a + 2sc). 

ï MDO2-ʧʦʣʠʪʠʧ ʧʦʣʫʯʘʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʣʦʩʢʦʩʪʴ ʩʢʦʣʴʟʷʱʝʛʦ ʦʪʨʘʞʝʥʠʷ 

b [b ï ï] ʠ ʚʠʥʪʦʚʘʷ ʦʩʴ 21, ʧʘʨʘʣʣʝʣʴʥʘʷ c [ï ï 21], ʷʚʣʷʶʪʩʷ çʘʢʪʠʚʥʳʤʠè ʚ L2n ʩʣʦʝ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ SrCd[B2O5] [33] ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

a = 12.677(4), b = 12.010(4) ¡, c = 5.795(2) ¡ ʦʪʚʝʯʘʝʪ ʢʨʠʪʝʨʠʷʤ MDO2-ʧʦʣʠʪʠʧʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʢʫʨʯʘʪʦʚʠʪʘ, ʢʣʠʥʦʢʫʨʯʘʪʦʚʠʪʘ ʠ 

ʨʦʜʩʪʚʝʥʥʦʛʦ SrCd[B2O5] ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʶʪ ʢʨʠʪʝʨʠʷʤ ʧʦʣʠʪʠʧʦʚ ʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʧʨʠʤʝʨʦʤ çʤʦʜʫʣʷʨʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘè. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ20-77-10065-ʇ. 
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ʉʠʤʚʦʣ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʣʘʩʩʘ (ʉʂ) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ɿʦʨʢʠʤ ʠ ʩʦʘʚʪ. ʚ ʢʦʥʮʝ 60-ʭ 

ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ [1], ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʠʩʪʝʤʘʪʠʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʤʥʦʛʠʭ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʦʚ, ʘ ʪʘʢʞʝ 

ʦʩʚʝʱʘʣʘʩʴ ʚ ʪʦʤʝ C ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʪʘʙʣʠʮ ʧʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ. ʉʠʤʚʦʣ ʉʂ ʩʦʩʪʦʠʪ 

ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ, ʯʠʩʣʘ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ (Z) ʠ, ʚ 

ʩʢʦʙʢʘʭ, ʪʦʯʝʯʥʳʭ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ ʧʦʟʠʮʠʡ, ʟʘʥʷʪʳʭ ʬʦʨʤʫʣʴʥʳʤʠ ʝʜʠʥʠʮʘʤʠ. ɽʩʣʠ 

ʢʨʠʩʪʘʣʣ ʩʦʩʪʦʠʪ ʠʟ ʭʠʤʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʭ ʤʦʣʝʢʫʣ, ʪ.ʝ. ʛʦʤʦʤʦʣʝʢʫʣʷʨʥʳʡ, ʪʦ ʚ 

ʩʠʤʚʦʣʝ ʉʂ ʫʢʘʟʳʚʘʶʪʩʷ ʦʨʙʠʪʳ, ʟʘʥʷʪʳʝ ʮʝʥʪʨʘʤʠ ʤʘʩʩ ʤʦʣʝʢʫʣ. ʅʘʧʨʠʤʝʨ, ὖρ, Z = 

4(1; 1), ʠʣʠ, ʯʪʦ ʪʦ ʞʝ ʩʘʤʦʝ, ὖρ, Z = 4(1
2
). 

ʉ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʩʠʤʚʦʣʘ ʉʂ ʧʨʝʜʧʨʠʥʠʤʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʉʂ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʦʩʪʫʧʥʦʛʦ 

ʤʘʩʩʠʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ. ʇʦʩʣʝʜʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʝ ʩʜʝʣʘʥʥʦʤʫ ʚ 

ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ Bond ʚ 2008 ʛ. [2] ʧʦ 173 497 ʩʪʨʫʢʪʫʨʘʤ 

ʛʦʤʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚʟʷʪʳʤ ʠʟ ʂʝʤʙʨʠʜʞʩʢʦʛʦ ʙʘʥʢʘ ʜʘʥʥʳʭ (CSD). ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʥʝʜʘʚʥʝʛʦ ʘʥʘʣʠʟʘ 408 826 ʘʥʘʣʦʛʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨ ʠʟ CSD, ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [3]. 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʟʘʩʝʣʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʩʝʤʝʡʩʪʚ ʉʂ ʧʦ ɿʦʨʢʦʤʫ 

("ʩʫʧʝʨʛʠʛʘʥʪʳ", "ʛʠʛʘʥʪʳ", "ʙʦʣʴʰʠʝ", "ʤʘʣʳʝ", "ʨʝʜʢʠʝ" ʠ "ʤʦʥʩʪʨʳ") ʩʪʨʫʢʪʫʨʘʤʠ 

ʚʳʙʦʨʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʘ) ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ; ʙ) ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨ ʧʦ ʉʂ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʠ 

ɹʦʨʝʣʝʚʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʪʨʫʢʪʫʨ 

ʥʘʠʙʦʣʝʝ ʟʘʩʝʣʝʥʥʳʭ ʉʂ ʧʦ ʠʤʧʣʠʮʠʪʥʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʛʣʫʙʠʥʝ (ʩʣʦʞʥʦʩʪʠ), ʧʦʜ 

ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʝʪʩʷ ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʚʩʝ 

ʤʦʣʝʢʫʣʳ ʚ ʦʜʥʦʩʚʷʟʥʳʡ ʢʘʨʢʘʩ. 

 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ 22-13-00122. 

 

[1] Zorkii P.M., Bel'skii V.K., Lazareva S.G., Porai-Koshits M.A. P.P. J. Struct. Chem., 1967, 

8, 267ï270. 

[2] Bond A.D. CrystEngComm, 2008, 10, 411ï415. 
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ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʨʘʟʨʘʙʦʪʘʥʦ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʠʥʜʝʢʩʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʩʣʦʞʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʥʦ ʚʝʩʴʤʘ ʤʘʣʦ ʠʥʜʝʢʩʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʣʦʞʥʦʩʪʴ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. 

ʅʘ ʧʨʠʤʝʨʝ ʤʠʥʝʨʘʣʦʚ ʨʪʫʪʠ ʥʘʤʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʨʘʩʯʝʪʘ 

ʠʥʜʝʢʩʦʚ ʩʣʦʞʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ [1], ʠʩʧʦʣʴʟʫʷ ʧʦʜʭʦʜʳ ʧʨʝʜʣʦʞʝʥʥʳʝ 

ʉ.ɺ. ʂʨʠʚʦʚʠʯʝʚʳʤ [2], ɸ.ʈ. ʆʛʘʥʦʚʳʤ [3], ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʢʦʥʮʝʧʮʠʠ 

ʠʤʧʣʠʮʠʪʥʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ [4]. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʝʜʝʥʦ ʧʦ 

ʚʳʙʦʨʢʝ ʩʪʨʫʢʪʫʨ, ʜʝʧʦʥʠʨʦʚʘʥʥʳʭ ʚ AMCSD. ʈʘʩʯʝʪʳ ʆʛʘʥʦʚʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ Fingerprints, ʘ ʨʘʩʯʝʪʳ ʂʨʠʚʦʚʠʯʝʚʩʢʦʡ ʠ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ ToposPro [5]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʠʥʝʨʘʣʦʚ ʨʪʫʪʠ [1] ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʯʪʠ ʚʩʝ ʧʘʨʳ ʠʥʜʝʢʩʦʚ ʩʣʦʞʥʦʩʪʠ (ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʮʠʷʭ) 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ (p < 0.05) ʧʦʣʦʞʠʪʝʣʴʥʦ ʣʠʙʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʥʳ. 

ʊʘʢ, ʟʘʚʠʩʠʤʦʩʪʴ ʆʛʘʥʦʚʩʢʦʡ ʢʚʘʟʠʵʥʪʨʦʧʠʠ ʦʪ ʂʨʠʚʦʚʠʯʝʚʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʣʠʥʝʡʥʦ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʂʨʠʚʦʚʠʯʝʚʩʢʦʡ ʫʞʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ, ʥʦ ʪʦʞʝ ʩ 

ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʪʝʨʤʠʥʘʮʠʠ. ʊʘʢʞʝ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʜʝʢʩʦʚ ʧʦ ʚʳʙʦʨʢʝ ʩʪʨʫʢʪʫʨ. ʅʘʠʙʦʣʴʰʝʡ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʠʥʜʝʢʩʦʚ ʠʤʝʶʪ ʆʛʘʥʦʚʩʢʠʝ ʩʪʝʧʝʥʠ ʧʦʨʷʜʢʘ, ʘ 

ʥʘʠʤʝʥʴʰʫʶ ï ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʚʦʜʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʩʝ 

ʠʥʜʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ ʣʶʙʳʭ ʩʝʨʠʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʥʦ ʢʘʞʜʳʡ ʠʤʝʝʪ ʩʚʦʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

ʈʘʩʯʝʪ ʆʛʘʥʦʚʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ɻɽʆʍʀ ʈɸʅ. 

ʈʘʩʯʝʪʳ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʂʨʠʚʦʚʠʯʝʚʩʢʦʡ ʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʳ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 20-77-10065-ʇ). 
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ʊʚʝʨʜʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʚ ʯʘʩʪʥʦʩʪʠ 

ʤʠʥʝʨʘʣʦʚ, ʪʘʢ ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʚʥʝʰʥʝʛʦ ʧʨʦʷʚʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ ʘʪʦʤʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ. ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʪʚʝʨʜʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʣ, ʚʳʜʝʣʷʶʪ ʨʷʜ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʚʘʣʝʥʪʥʦʩʪʴ ʘʪʦʤʦʚ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ [1]. ʊʦʧʦʣʦʛʠʷ 

ʘʪʦʤʥʦʡ ʩʝʪʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʪʘʢʞʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʘʥʘʣʠʟʘ ʪʦʧʦʣʦʛʠʠ 

ʧʦʣʦʩʪʝʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʤʠʥʝʨʘʣʦʚ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʪʘʡʣʠʥʛʘ 

[2], ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʡ ʩʝʙʷ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʦʩʪʝʡ 

ʮʝʦʣʠʪʦʚ (http://www.iza-

structure.org/databases/), ʘ ʪʘʢʞʝ ʧʨʠ 

ʛʝʥʝʨʘʮʠʠ ʥʦʚʳʭ ʪʠʧʦʚ ʘʣʣʦʪʨʦʧʦʚ 

ʫʛʣʝʨʦʜʘ[3].       
ʈʠʩ. 1. ʊʘʡʣʠʥʛ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʠʥʝʨʘʣʘ ʪʦʥʛʙʘʠʪʘ. 

Fig. 1. Tiling for the crystal structure of the tongbaite mineral. 

C ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ToposPro [4] ʠ ʨʝʩʫʨʩʘ https://handbookofmineralogy.org/ 

ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʶʱʘʷ 20 ʤʠʥʝʨʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʚʝʨʜʦʩʪʴʶ ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ ʠ ʧʦ ɺʠʢʢʝʨʩʫ.  

ʅʘʟʚʘʥʠʝ ʌʦʨʤʫʣʘ ʇʨ.ʛʨ. 

ʊʚʝʨʜʦʩʪʴ ʊʦʧʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ICSD ʰʢʘʣʘ 

ʄʦʦʩʘ 
VHN 

ʊʠʧ 

ʩʝʪʢʠ 
ʊʘʡʣʠʥʛ 

ɹʘʭʠʘʥʠʪ 
(Al 4.76Fe0.24) 

(Sb2.9Fe0.1)O16H2.2 
C2/m 9 1605 

3564-c 

net 

14t-cor+4t-dmp+2t-

kaa+2[43.63.83]+[614] 
14050 

ʂʦʨʫʥʜ Al 2O3 Rσc 9 - cor t-kzd+9t-cor+[66] 51687 

ʄʫʘʩʩʠʥʠʪ SiC P3m 9.5 - cfd t-kah+3t-hes+t-afi 156190 

mailto:e-mail@weterrster@gmail.com
mailto:e-mail@weterrster@gmail.com
http://www.iza-structure.org/databases/
http://www.iza-structure.org/databases/
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ʍʨʠʟʦʙʝʨʠʣʣ Be(Al1.99Fe0.01)O4 Pmnb 8.5 - 4462T8 3t-cor+3t-kah+t-cub+t-lau+[4.65] 194290 

ʕʩʢʦʣʘʠʪ Cr2O3 Rσc 8 3200 cor t-kzd+9t-cor+[66] 117979 

ʊʦʥʛʙʘʠʪ Cr3C2 Pnam 8.5 1885 5378T3 4t-kzd+[49]+[411] 151477 

ʂʘʰʠʥʠʪ Rh2S3 Pbcn - 1529 alw t-kzd+7t-cor+6t-kah 56882 

ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʘʡʣʠʥʛʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʩʪʨʫʢʪʫʨ ʤʠʥʝʨʘʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʳ 

ʦʙʱʠʝ ʪʠʧʳ ʪʘʡʣʦʚ. ɸʥʘʣʠʟ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʪʘʡʣʦʚ (ʩʦʯʝʪʘʥʠʡ ʧʘʨʳ ʪʘʡʣʦʚ, ʪʨʝʭ 

ʪʘʡʣʦʚ) ʧʦʟʚʦʣʠʣ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʪʚʝʨʜʦʩʪʠ ʤʠʥʝʨʘʣʦʚ 

ʠʛʨʘʶʪ ʥʝ ʩʘʤʳʝ ʤʘʣʝʥʴʢʠʝ ʪʘʡʣʳ (t-kzd, t-cor), ʘ ʪʘʡʣʳ ʦʙʣʘʜʘʶʱʠʝ ʥʝʢʦʪʦʨʳʤ 

ʦʙʲʝʤʦʤ, ʪʘʢʠʝ ʢʘʢ [6
6
], [6

14
], [4.6

5
]. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʪʠʧʘʤʠ 

ʧʦʣʦʩʪʝʡ, ʟʘʧʦʣʥʷʶʱʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʤʠʥʝʨʘʣʦʚ ʣʷʛʫʪ ʚ ʦʩʥʦʚʫ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-13-00062 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆɺʆɼʀʄʆʉʊʀ ɺ Na6M2(CO3)4SO4 (M = Mg, Mn, Fe, Co, Ni) ʉʆ 
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ʇʦʠʩʢ ʥʦʚʳʭ ʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʩʨʝʜʠ ʤʠʥʝʨʘʣʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʧʦʣʠʘʥʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʠʦʥʳ 

ʱʝʣʦʯʥʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʂʦʤʙʠʥʘʮʠʷ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʘʨʳ ʧʝʨʝʭʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ. ʈʘʥʝʝ ʤʳ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʚ ʩʪʨʫʢʪʫʨʝ Na6Mg2(CO3)4SO4 (ʧʨ. ʛʨ.: Fd-3) [1]. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʰʠʨʠʣʠ ʚʳʙʦʨʢʫ, ʦʪʦʙʨʘʚ ʚʝʱʝʩʪʚʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʭʠʪʘ, 

ʠʤʝʶʱʠʝ ʚ ʩʦʩʪʘʚʝ d-ʤʝʪʘʣʣʳ. ʇʨʠ ʧʦʤʦʱʠ ʛʝʦʤʝʪʨʠʢʦ-ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ (ɻʊ) ʘʥʘʣʠʟʘ 

ʚ ʧʨʦʛʨʘʤʤʝ ToposPro, ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 3D ʜʠʬʬʫʟʠʠ ʥʘʪʨʠʷ (ʈʠʩ. 1). 

ɼʘʣʝʝ ʜʣʷ ʚʩʝʭ ʦʪʦʙʨʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʵʥʝʨʛʠʷ ʤʠʛʨʘʮʠʠ Na
+
 (Em) ʚ 

ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʚʘʣʝʥʪʥʳʭ ʫʩʠʣʠʡ ʩʚʷʟʠ (ɺʋʉ) ʚ ʧʨʦʛʨʘʤʤʝ softBV. ɿʘʪʝʤ ʤʳ 

ʚʳʯʠʩʣʠʣʠ ʠʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʧʨʠʤʝʥʠʚ ʢʠʥʝʪʠʯʝʩʢʦʝ ʄʦʥʪʝ-ʂʘʨʣʦ (KMC) 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ʊʘʙʣ. 1). ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

(ʊʌʇ) ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ ʩʦʩʪʘʚʠʣʠ ʟʥʘʯʝʥʠʷ ʤʝʥʝʝ 1.6 ʵɺ.  
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ʈʠʩ.1. 3D ʢʘʨʪʳ ʤʠʛʨʘʮʠʠ ʥʘʪʨʠʷ ʚ ʪʠʭʠʪʘʭ ʠʟ ɻʊ, ɺʋʉ ʠ ʊʌʇ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ). 

ʊʘʙʣ. 1. ʈʘʩʩʯʠʪʘʥʥʘʷ ʵʥʝʨʛʠʷ ʤʠʛʨʘʮʠʠ (ʤʝʪʦʜ ɺʋʉ), ʧʨʦʚʦʜʠʤʦʩʪʴ (ʤʝʪʦʜ ʂʄʉ) ʠ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg ʚ ʪʠʭʠʪʘʭ. 

ʉʪʨʫʢʪʫʨʘ 
ɺʋʉ: Em(Na

+
), ɻ ɺ KMC: 

ů, ʉʤ ʩʤ
-1
 

Eg, 

ʵɺ* 1D 2D 3D 

Na6Mg2(CO3)4SO4 0.37 0.37 0.37 2.6Ĭ10
-7
 4.53 

Na6Fe2(CO3)4SO4 0.38 0.38 0.38 7.2Ĭ10
-8
 0.00 

Na6Ni2(CO3)4SO4 0.44 0.44 0.44 2.9Ĭ10
-8
 3.25 

Na6Mn2(CO3)4SO4 0.46 0.46 0.46 1.3Ĭ10
-8
 3.90 

Na6Co2(CO3)4SO4 0.47 0.47 0.47 1.7Ĭ10
-8
 2.72 

* - ʜʘʥʥʳʝ ʚʟʷʪʳ ʠʟ https://next-gen.materialsproject.org/ 
ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ ʊʌʇ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʫʯʝʥʳ ʵʣʝʢʪʨʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʠ 

ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʘ ʩʪʨʫʢʪʫʨ, ʧʨʠ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ ʥʘʪʨʠʷ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ 

ʌʦʥʜʘ (ʧʨʦʝʢʪ ˉ 23-73-01067, https://rscf.ru/project/23-73-01067/). 

 

[1] Shindrov A.A., Morkhova Ye.A. Dalton Transactions, 2024. 
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 ʆʜʥʠʤ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ  

ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʦʧʠʩʘʥʠʠ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʵʪʦʡ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʦʣʞʥʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʫʯʝʪʝ 

ʚʩʝʭ ʤʝʞʘʪʦʤʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʨʝʘʣʴʥʦʤ ʢʨʠʩʪʘʣʣʝ ʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʠʤ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʨʦʜʦʣʞʝʥʠʝ 

ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʧʣʦʪʥʳʭ ʫʧʘʢʦʚʦʢ, ʢʦʪʦʨʘʷ ʧʨʠ ʦʯʝʚʠʜʥʦʡ ʥʘʛʣʷʜʥʦʩʪʠ ʤʦʞʝʪ ʜʘʚʘʪʴ 

ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

https://next-gen.materialsproject.org/
https://rscf.ru/project/23-73-01067/
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 ʆʩʥʦʚʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʪʝʦʨʠʠ ʧʣʦʪʥʳʭ ʫʧʘʢʦʚʦʢ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ ʷʚʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʘʢʦʚʢʠ (ʤʠʥʠʤʘʣʴʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) ʤʦʣʝʢʫʣ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ 

ʢʨʠʩʪʘʣʣʝ ʧʦʤʠʤʦ ʬʝʜʦʨʦʚʩʢʦʡ ʛʨʫʧʧʳ ʢʨʠʩʪʘʣʣʘ ʚ ʮʝʣʦʤ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʪʦʯʝʯʥʫʶ 

ʛʨʫʧʧʫ ʩʠʤʤʝʪʨʠʠ ʦʙʨʘʟʫʶʱʠʭ ʝʛʦ ʤʦʣʝʢʫʣ. ʀʥʬʦʨʤʘʮʠʶ ʦ ʩʠʤʤʝʪʨʠʠ ʤʦʣʝʢʫʣ ʚ 

ʧʨʠʥʮʠʧʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʦʧʠʩʘʥʠʠ 

ʩʪʨʫʢʪʫʨ ʢʘʞʜʦʛʦ ʙʘʥʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ. 

 ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʠʤʤʝʪʨʠʠ ʤʦʣʝʢʫʣ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ 

ʂʝʤʙʨʠʜʞʩʢʦʤ ɹʘʥʢʝ Cʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʂɹʉɼ) [1] ʚ ʚʠʜʝ CIF-ʬʘʡʣʘ. ɸʣʛʦʨʠʪʤ 

ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ (ʝʩʣʠ ʵʪʦ ʚ ʧʨʠʥʮʠʧʝ  

ʚʦʟʤʦʞʥʦ), ʦʧʨʝʜʝʣʷʪʴ ʛʨʫʧʧʳ ʪʦʯʝʯʥʦʡ ʩʠʤʤʝʪʨʠʠ ʢʘʞʜʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʘʥʥʳʡ 

ʢʨʠʩʪʘʣʣ ʤʦʣʝʢʫʣʳ ʠ ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ, ʢʦʪʦʨʳʡ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʧʝʨʝʩʝʯʝʥʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʪʦʯʝʯʥʦʡ ʩʠʤʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʙʫʜʝ 

ʜʦʩʪʫʧʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʘ PseusoSymmetry [2].  

 ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʯʝʯʥʦʡ ʩʠʤʤʝʪʨʠʠ 

ʤʦʣʝʢʫʣ, ʦʙʨʘʟʫʶʱʠʭ  ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ, ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʘ ʚ ʂɹʉɼ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʤʦʣʝʢʫʣ ʧʦ ʥʝʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʦʨʙʠʪʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʫʙʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ.  

 

ʈʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʚ 

ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ˉ FSWR-2023-0035. 

 

[1] Allen F. H. // Acta Cryst. B., 2002. 58, 3(1), 380ï388. 

[2] ʉʦʤʦʚ ʅ.ɺ., ʏʫʧʨʫʥʦʚ ɽ.ɺ. // ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ., 2014, 59(1), 151ï153. 
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Soil is one of the most important natural resources and the main basis for life and food 

production in terrestrial ecosystems. The increase in population and the degradation of forests to 

have more agricultural lands and produce more food, especially in the last century, have led to an 

increase in the intensity of soil degradation. Studying and measuring soil erosion and identifying 

erosion hotspots are essential for the success of soil conservation measures. The use of different 

tracers based on the physical and chemical characteristics of soil and sediment are the newest 

methods for sediment source identification. In these methods, a characteristic of a specific tracer 

in different soils of a watershed and river sediments is measured and compared, and then the 

contribution of different sources or soils in erosion and sediment yield is determined using 

statistical models. In this regard, various physicochemical and biological properties of the soil 

such as grain size distribution, color, magnetic properties, mineralogical composition, heavy 

metals, stable isotopes and radionuclides (especially 
137

Cs and 
210

Pbexess), the ratios of nutrients 

and organic materials, n-alkanes and neutral lipid biomarkers and etc. are used as tracers to 

measure soil erosion or to identify and determine the contribution of sediment sources. The 

optimal conditions for using each of these tracers are dependent on many parameters especially 

the origin and nature of the tracer and the study goals. Generally, magnetic properties, some 

mineralogical composition as well as soil radionuclides are inorganic and affected by the parent 

rock and are especially important in young soils; while the ratios of nutrients and organic 

materials, n-alkanes and neutral lipid biomarkers are the signatures of the biological conditions 

of the soil surface and vegetation cover. Therefore, researchers usually select tracers according to 

the purpose of the study and based on the soil characteristics, the sediment sources to be 

identified and discriminated, as well as the costs of soil sampling and measuring the tracer in the 

laboratory. 

 

Key words: Biotracers, Heavy metals, Magnetic tracers, Mineralogical composition, 

Radionuclides. 
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ʂʦʩʪʥʘʷ ʪʢʘʥʴ ï ʬʠʟʠʦʛʝʥʥʳʡ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʡ ʘʛʨʝʛʘʪ (ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʞʠʟʥʠ ʦʨʛʘʥʠʟʤʘ). ʉʦʩʪʦʠʪ ʢʦʩʪʥʘʷ ʪʢʘʥʴ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʙʝʣʢʘ ʢʦʣʣʘʛʝʥʘ ʠ 

ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ. ʆʙʘ ʢʦʤʧʦʥʝʥʪʘ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʶʪʩʷ. ʆʩʪʝʦʧʦʨʦʟ ï 

ʟʘʙʦʣʝʚʘʥʠʝ ʦʩʥʦʚʥʳʤ ʩʠʤʧʪʦʤʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʭʨʫʧʢʦʩʪʴ ʢʦʩʪʝʡ. ʕʪʦ 

ʟʘʙʦʣʝʚʘʥʠʝ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʠ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ. ʀʟ-ʟʘ ʵʪʦʛʦ ʥʘʨʫʰʘʝʪʩʷ ʨʘʙʦʪʘ ʢʘʢ ʦʩʪʝʦʙʣʘʩʪ, 

ʪʘʢ ʠ ʦʩʪʝʦʢʣʘʩʪ. ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʟʚʦʣʷʶʪ 

ʯʘʩʪʠʯʥʦ ʧʨʠʦʩʪʘʥʦʚʠʪʴ ʧʨʦʮʝʩʩ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʦʩʥʦʚʥʦʡ ʩʠʤʧʪʦʤ ʦʩʪʝʦʧʦʨʦʟʘ 

(ʭʨʫʧʢʦʩʪʴ ʢʦʩʪʝʡ ʦʩʪʘʝʪʩʷ).  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʧʣʦʭʫʶ ʠʟʫʯʝʥʥʦʩʪʴ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʩʪʝʦʧʦʨʦʟʘ, 

ʯʘʩʪʦ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʤʝʜʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤʠ ʨʘʤʢʘʤʠ ʠ ʥʝ ʢʦʨʨʝʣʠʨʫʶʪ ʵʪʠ ʜʘʥʥʳʝ 

ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ 

ʚʟʛʣʷʜ ʥʘ ʧʨʦʙʣʝʤʫ, ʯʪʦʙʳ ʪʦʯʥʝʝ ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. 

ʏʪʦʙʳ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʝʥʠʣʴʥʳʡ ʦʩʪʝʦʧʦʨʦʟ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʦʚʘʨʠʦʵʢʪʦʤʠʷ ʫ ʰʝʩʪʠ ʢʨʳʩ ʣʠʥʠʠ ɺʠʩʪʘʨ ʚʝʩʦʤ 200-250 ʛ. ʐʝʩʪʴ ʢʨʳʩ, ʢʦʪʦʨʳʤ ʥʝ 

ʧʨʦʚʦʜʠʣʘʩʴ ʦʚʘʨʠʦʵʢʪʦʤʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. ʉʧʫʩʪʷ 20 

ʜʥʝʡ ʞʠʚʦʪʥʳʝ ʚʳʚʦʜʠʣʠʩʴ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʫʜʘʣʷʣʠʩʴ ʙʝʜʨʝʥʥʳʝ, ʙʦʣʴʰʠʝ ʙʝʨʮʦʚʳʝ ʠ 

ʤʘʣʳʝ ʙʝʨʮʦʚʳʝ ʢʦʩʪʠ. 

ʀʟʚʣʝʯʝʥʥʳʝ ʙʝʜʨʝʥʥʳʝ ʢʦʩʪʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʈʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ ʐʝʨʨʝʨʘ ʠ ʩʦʧʦʩʪʘʚʣʷʣʩʷ ʩ ʨʘʟʤʝʨʦʤ ʚ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʩʪʝʦʧʦʨʦʟʝ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʨʘʟʣʠʯʥʳʤʠ ʠʟʦʤʦʨʬʥʳʤʠ 

ʟʘʤʝʱʝʥʠʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʊʦʤʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʎʝʥʪʨ ʧʦʜʜʝʨʞʘʥ ɻʨʘʥʪʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʅʘʫʢʠ ʠ 

ɺʳʩʰʝʛʦ ʆʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ. 075-15-2021-693 (ˉ 13.ʎʂʇ.21.0012). 
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ʉʪʨʫʢʪʫʨʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʪʝʨʨʠʪʦʨʠʠ ʛʣʠʥʠʩʪʦʡ ʧʦʣʫʧʫʩʪʳʥʠ ʉʝʚʝʨʥʦʛʦ 

ʇʨʠʢʘʩʧʠʷ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʘ ʠ ʧʦʤʠʤʦ ʪʨʝʭʯʣʝʥʥʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʚʦʝʦʙʨʘʟʥʳʤʠ ʧʦʯʚʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʦʣʦʜʷʤʠ. ʉʦʣʦʜʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʦʩʪʦʷʥʥʳʭ ʜʣʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʵʣʝʤʝʥʪʘʭ ʨʝʣʴʝʬʘ - ʙʣʶʜʮʝʦʙʨʘʟʥʳʭ 

ʧʦʥʠʞʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪ ʢ ʣʠʤʘʥʘʤ. ʀʟʫʯʝʥʦ ʜʚʘ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʘ ʚ ʜʥʠʱʝ ʣʠʤʘʥʘ 

-ʩʦʣʦʜʴ ʠ ʥʘ ʝʛʦ ʧʝʨʠʬʝʨʠʡʥʦʡ ʯʘʩʪʠ ʦʩʦʣʦʜʝʣʘʷ ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʚʘʷ ʧʦʯʚʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʷ ʩʦʣʦʜʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʫʚʣʘʞʥʝʥʠʷ 

ʧʨʝʩʥʳʤʠ ʚʦʜʘʤʠ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʟʘʪʦʧʣʝʥʠʷ ʚ ʧʝʨʠʦʜ ʩʥʝʛʦʪʘʷʥʠʷ. ɺʪʦʨʘʷ ʧʦʯʚʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʪʨʘʥʟʠʪʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʝʰʥʠʭ ʚʦʜ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ 

ʫʩʪʘʥʦʚʣʝʥ ʦʜʥʦʪʠʧʥʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʛʣʠʥʠʩʪʳʭ ʠ ʢʣʘʩʪʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʣʣʠʪʦʤ, ʩʤʝʢʪʠʪʦʤ, ʩʤʝʰʘʥʦʩʣʦʡʥʳʤʠ ʠʣʣʠʪ-

ʩʤʝʢʪʠʪʦʤ, ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʢʘʦʣʠʥʠʪʘ ʠ ʭʣʦʨʠʪʘ. ʂʣʘʩʪʦʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʚʘʨʮʝʤ, ʩʣʶʜʦʡ, ʢʘʣʠʝʚʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ ʠ ʧʣʘʛʠʦʢʣʘʟʦʤ, ʭʣʦʨʠʪʦʤ. ɺ ʧʨʦʬʠʣʷʭ ʚ 

ʦʩʦʣʦʜʝʣʳʭ ʛʦʨʠʟʦʥʪʘʭ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʢʚʘʨʮ ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʚ ʪʝʢʩʪʫʨʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʢʚʘʨʮʘ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʩʣʶʜ ʠ 

ʭʣʦʨʠʪʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʤʝʢʪʠʪʦʚʦʡ ʬʘʟʳ ʚ ʧʨʦʬʠʣʝ ʩʦʣʦʜʠ ʚʳʷʚʣʷʝʪ ʦʪʣʠʯʠʝ ʜʦʣʝʚʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʢʝʪʦʚ ʠʣʣʠʪ-ʩʤʝʢʪʠʪʘ, ʚ ʦʩʦʣʦʜʝʣʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʧʨʝʦʙʣʘʜʘʶʪ 

ʩʪʨʫʢʪʫʨʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʤʝʢʪʠʪʦʚʳʭ ʧʘʢʝʪʦʚ, ʘ ʚ ʪʝʢʩʪʫʨʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʩ ʥʘʙʫʭʘʶʱʠʤ ʧʘʢʝʪʦʤ ʚ ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʤʠʥʝʨʘʣʘʭ. ʆʩʦʣʦʜʝʣʘʷ 

ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʚʘʷ ʧʦʯʚʘ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʤʝʢʪʠʪʦʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ɺ ʦʙʦʠʭ ʧʦʯʚʘʭ ʬʠʢʩʠʨʫʶʪʩʷ ʣʘʙʠʣʴʥʳʝ ʤʠʥʝʨʘʣʳ ʩ ʧʨʠʟʥʘʢʘʤʠ 

ʩʫʧʝʨʜʠʩʧʝʨʥʦʩʪʠ. ʉʫʧʝʨʜʠʩʧʝʨʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʣʘʙʠʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʤʝʝʪ ʨʘʟʥʳʝ 

ʧʨʠʯʠʥʳ. ʋ ʩʦʣʦʜʠ ʵʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʥʘ ʛʠʜʨʦʣʠʟ 

ʧʦʯʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʦ ʚʣʘʞʥʳʝ ʩʝʟʦʥʳ ʛʦʜʘ, ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʥʳʡ ʨʝʞʠʤ 

mailto:evgheni968@rambler.ru
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ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ in situ, ʘ ʚ ʦʩʦʣʦʜʝʣʦʡ ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʚʦʡ ʧʦʯʚʝ ʩ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʪʘʜʠʠ ʩʦʣʦʥʮʝʚʘʪʳʭ ʧʦʯʚ. ɺʳʷʚʣʝʥʳ ʦʪʣʠʯʠʷ ʠ ʧʦ ʩʤʝʢʪʠʪʦʚʦʡ ʬʘʟʝ, ʚ 

ʦʩʦʣʦʜʝʣʳʭ ʛʦʨʠʟʦʥʪʘʭ ʩʦʣʦʜʠ ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʩʤʝʢʪʠʪʦʤ ʠ 

ʩʤʝʰʘʥʦʩʣʦʡʥʦʡ ʬʘʟʦʡ ʠʣʣʠʪ-ʩʤʝʢʪʠʪʘ, ʘ ʫ ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʚʦʡ ʧʦʯʚʳ ʩʤʝʰʘʥʦʩʣʦʡʥʳʤ 

ʠʣʣʠʪ-ʩʤʝʢʪʠʪʦʤ.  
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3
ʀʇʍʌ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ 

 

ʅʝʦʙʳʯʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮ-ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪʦʚʳʭ ʞʠʣʘʭ ʚ 

ʥʠʞʥʝʩʠʣʫʨʠʡʩʢʠʭ ʜʦʣʦʤʠʪʘʭ ʥʘ ʨ. ʂʦʞʠʤ (ʇʨʠʧʦʣʷʨʥʳʡ ʋʨʘʣ) ʚʧʝʨʚʳʝ ʦʪʤʝʪʠʣ ɺ.ɺ. 

ɹʫʢʘʥʦʚ [1]. ʇʦ ʝʛʦ ʦʧʠʩʘʥʠʶ, ʫʛʣʝʨʦʜ ʷʚʣʷʝʪʩʷ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ, ʦʪʚʝʯʘʝʪ ʧʦ 

ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʤ ʧʝʨʝʭʦʜʥʦʡ ʨʘʟʥʦʩʪʠ ʦʪ ʘʥʪʨʘʢʩʦʣʠʪʘ ʢ ʛʨʘʬʠʪʫ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ 

ʦʙʲʷʩʥʷʣʦʩʴ ʵʢʩʪʨʘʢʮʠʝʡ ʙʠʪʫʤʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʠʟ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʦʪʣʦʞʝʥʠʝʤ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ 

ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɺʳʜʝʣʝʥʦ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʘ ʫʛʣʝʨʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʋɺ): 

ʜʠʩʧʝʨʩʥʳʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ, ʛʥʝʟʜʘ ʠ ʞʠʣʢʠ, ʠ ʤʘʢʨʦʨʘʟʤʝʨʥʳʝ ʚʳʜʝʣʝʥʠʷ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʩʬʝʨʦʣʠʪʦʚ (ʢʘʧʝʣʴ) ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ (ʦʙʣʦʤʢʦʚ) ʨʘʟʤʝʨʦʤ ʜʦ 

3 ʩʤ [2]. ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʠ ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʠʧʠʯʥʳ ʜʣʷ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩ ʪʫʨʙʦʩʪʨʘʪʥʳʤʠ ʧʘʯʢʘʤʠ ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ ʨʘʟʤʝʨʘʤʠ 10-

15 ʥʤ. ʈʌʕʉ ʧʦʢʘʟʳʚʘʝʪ ʜʦʤʠʥʠʨʦʚʘʥʠʝ sp
2
ʉ=ʉ ʩʚʷʟʠ ʥʝʚʦʟʤʫʱʝʥʥʳʭ ʤʦʣʝʢʫʣ ʛʨʘʬʝʥʘ, 

ʘ ʪʘʢʞʝ ʦʢʦʣʦ 15% sp
3
ʉſʉ ʩʚʷʟʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʠʩʣʦʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ 

ʩʚʷʟʠ. ʉ ʧʦʤʦʱʴʶ STEM/EMD ʥʘʡʜʝʥʦ ʜʚʝ ʫʛʣʝʨʦʜʥʳʝ ʬʘʟʳ ï ʛʨʘʬʠʪʦʧʦʜʦʙʥʘʷ ʩ 

D002~0.347 ʥʤ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʘʣʤʘʟʥʘʷ. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʫʶ 

ʯʘʩʪʴ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ ʧʘʯʢʠ ʠʟʦʛʥʫʪʳʭ ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 15 

ʥʤ. ɺʥʫʪʨʠ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʫʙʤʠʢʨʦʥʥʳʝ ʦʢʨʫʛʣʳʝ ʚʢʣʶʯʝʥʠʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘʥʦʘʣʤʘʟʘʤʠ ʨʘʟʤʝʨʦʤ 2ï2.5 ʥʤ. ʂʦʥʪʘʢʪʳ 

ʬʘʟ ʥʝ ʠʤʝʶʪ ʧʨʠʟʥʘʢʦʚ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʪʝʢʩʪʫʨʳ (ʦʧʪʠʯʝʩʢʘʷ ʠ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ) ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʠʨʦʫʛʣʝʨʦʜʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʝʱʝʩʪʚʘ ʩ ʢʨʠʪʠʯʝʩʢʠʤ ʚʣʠʷʥʠʝʤ ʧʦʜʣʦʞʢʠ ʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ. ʄʠʥʝʨʘʣʴʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʳʩʦʢʘʷ, ʧʨʝʚʦʩʭʦʜʷʱʘʷ ʪʘʢʦʚʫʶ 

ʘʥʪʨʘʢʩʦʣʠʪʦʚ ʠ ʩʨʘʚʥʠʤʘʷ ʩ ʰʫʥʛʠʪʦʚʦʡ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʛʣʦʙʫʣʷʨʥʘʷ, ʩ 

ʦʧʘʣʦʧʦʜʦʙʥʳʤ ʧʦʨʷʜʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʛʣʦʙʫʣ. 

ʇʦʜʦʙʥʳʝ ʥʝʦʙʳʯʥʳʝ ʩʦʯʝʪʘʥʠʷ ʘʣʤʘʟʦʧʦʜʦʙʥʦʡ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʡ ʫʛʣʝʨʦʜʥʳʭ ʬʘʟ ʨʘʥʝʝ ʩʚʷʟʳʚʘʣʠʩʴ ʩ ʘʩʪʨʦʙʣʝʤʘʤʠ [3]. ʆʜʥʘʢʦ, ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʪʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʦʙʥʘʨʫʞʝʥʦ ʚ ʫʛʣʝʨʦʜʥʦʤ ʚʝʱʝʩʪʚʝ ʛʣʫʙʠʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ 

ʦʢʨʫʞʝʥʠʠ ʩʣʘʙʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʝʛʦ 
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ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʛʝʥʝʟʠʩ ʋɺ ʠʟ ʛʘʟʦʚʦ-ʞʠʜʢʦʛʦ ʬʣʶʠʜʘ ʠ 

ʚʝʨʦʷʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʘʣʤʘʟʥʦʡ ʬʘʟʳ.  

 

[1] ɹʫʢʘʥʦʚ ɺ.ɺ. ɻʦʨʥʳʡ ʭʨʫʩʪʘʣʴ ʇʨʠʧʦʣʷʨʥʦʛʦ ʋʨʘʣʘ. ʃ.: ʅʘʫʢʘ. 1974. 212 ʩ. 

[2] ʉʦʢʝʨʠʥ ʄ.ʖ., ɻʦʣʫʙʝʚ ɽ.ɸ., ʋʪʢʠʥ ɸ.ɸ., ʉʦʢʝʨʠʥʘ ʅ.ɺ. ɺʝʩʪʥʠʢ ʀɻ ʂʦʤʠ ʅʎ ʋʨʆ 

ʈɸʅ. 2019, 4, 29ï37 

[2] Shumilova T.G. et al. Acta Geologica Sinica 2018, 92(6), 2179ï2200. 
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ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ, ʉʳʢʪʳʚʢʘʨ, golubev@geo.komisc.ru 

2
ʉʳʢʪʳʚʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʳʢʪʳʚʢʘʨ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʪʨʦʝʥʠʝ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʛʦ ʫʛʣʝʨʦʜʘ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʝʨʝʰʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʫʝʪ ʠʩʯʝʨʧʳʚʘʶʱʘʷ ʤʦʜʝʣ ɹ ʩʪʨʦʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢ 

ʤʠʥʠʤʫʤ ʪʨʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʩʦʩʫʱʝʩʪʚʫʶʪ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄr ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʠʤʧʝʜʘʥʩʘ ʦʙʨʘʟʮʦʚ ʧʨʠʨʦʜʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ ʛʝʨʮʦʚʳʭ ʯʘʩʪʦʪ ʜʦ 15 ʄɻʮ ʜʣʷ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʝʡ ʩʪʨʦʝʥʠʷ ʛʨʘʬʠʪʦʧʦʜʦʙʥʦʛʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ.  

ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ 

ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʣʥʦʛʦ ʠʤʧʝʜʘʥʩʘ, ʘʢʪʠʚʥʦʛʦ ʠ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, 

ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʟʮʦʚ ʧʨʠʨʦʜʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ 

(ʰʫʥʛʠʪʦʚ, ʘʥʪʨʘʢʩʦʣʠʪʦʚ). 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʠʤʧʝʜʘʥʩʘ ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʘʭ ʢʘʢ 

ʠʥʜʫʢʪʠʚʥʦʛʦ, ʪʘʢ ʠ ʝʤʢʦʩʪʥʦʛʦ ʪʠʧʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɼʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʠʟʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ (ʚʩʝʭ ʰʫʥʛʠʪʦʚ ʠ ʯʘʩʪʠ ʘʥʪʨʘʢʩʦʣʠʪʦʚ) ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʠʥʜʫʢʪʠʚʥʳʡ ʪʠʧ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʧʨʦʪʷʞʝʥʥʳʭ ʠ 

ʠʟʚʠʣʠʩʪʳʭ ʵʣʝʤʝʥʪʦʚ (ʣʝʥʪ, ʬʠʙʨʠʣʣ), ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʭʘʦʪʠʯʝʩʢʠ ʧʝʨʝʧʫʪʘʥʦ, ʘ 

ʪʘʢʞʝ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʴ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʠ 

ʧʦʨ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʦʙʨʘʟʮʦʚ ʩ ʝʤʢʦʩʪʥʳʤ ʪʠʧʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʥʝʢʦʪʦʨʳʭ ʘʥʪʨʘʢʩʦʣʠʪʦʚ) ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʘʯʝʢ ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ ʩ ʧʨʠʤʝʩʥʳʤʠ/ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʦʤʝʞʫʪʢʘʤʠ 

ʠ ʤʠʢʨʦʧʦʨʘʤʠ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʠʢʨʦʢʦʥʜʝʥʩʘʪʦʨʦʚ. 

ʕʣʝʤʝʥʪʳ ʣʝʥʪʦʯʥʦʡ (ʬʠʙʨʠʣʣʷʨʥʦʡ) ʩʪʨʫʢʪʫʨʳ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʪʘʢʠʭ ʦʙʨʘʟʮʘʭ ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʯʘʩʪʦʪʥʳʝ ʩʚʦʡʩʪʚʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʥʘ ʵʪʦ 

ʫʢʘʟʳʚʘʝʪ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʦʙʨʘʟʮʦʚ ʠʟ ʧʝʨʚʦʡ 

ʛʨʫʧʧʳ, ʪʘʢ ʢʘʢ ʧʨʦʪʷʞʝʥʥʳʝ ʣʝʥʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʶʪ ʦʧʪʠʤʘʣʴʥʳʝ ʧʫʪʠ ʜʣʷ 

ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ. ʆʜʥʘʢʦ, ʥʘ ʤʝʛʘʛʝʨʮʦʚʳʭ ʯʘʩʪʦʪʘʭ, ʛʜʝ ʚ ʦʙʨʘʟʮʘʭ ʧʝʨʚʦʡ ʛʨʫʧʧʳ 
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ʚʢʣʶʯʘʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟ ʧʝʨʚʦʡ 

ʠ ʚʪʦʨʦʡ ʛʨʫʧʧ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʚʥʠʚʘʝʪʩʷ. ʊʘʢʦʝ ʚʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʧʝʨʝʤʝʥʥʦʤ 

ʪʦʢʝ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʤʫ sp
2 
ʫʛʣʝʨʦʜʫ ʩʣʫʞʠʪʴ 

ʬʠʣʴʪʨʦʤ ʯʘʩʪʦʪ ʠ ʵʢʨʘʥʠʨʦʚʘʪʴ ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʨʦʜʥʦʝ ʠ ʪʝʭʥʦʛʝʥʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʚʨʝʜʥʦʝ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʉʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ. 

[1] Golubev Ye.A., et al., Materials Chemistry and Physics. 2019, 226, 195ï203. 

[2] Golubev Ye.A., et al., Materials Chemistry and Physics. 2024, 317, 129181. 
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʢʨʝʮʠʡ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʤ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

ɺ ʧʦʯʚʘʭ ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, 

ʠʤʤʦʙʠʣʠʟʠʨʫʶʪ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʝʜʠʥʘʷ ʪʝʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʭ ʢʦʥʢʨʝʮʠʡ ʦʪʩʫʪʩʪʚʫʝʪ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʭʠʤʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʝʣʝ ʦʨʪʰʪʝʡʥʦʚ 

ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʢʦʥʢʨʝʮʠʦʦʙʨʘʟʦʚʘʥʠʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʘʷ ʧʦʩʪʘʛʨʦʛʝʥʥʘʷ 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ (ʨʘʟʨʝʟ 1-ʏ-ʟ), ʩʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʥʘ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ (57Á 82ǋ 86ǌ ʩ.ʰ., 56Á 51ǋ 12ǌ ʚ.ʜ.). ʆʪʙʦʨ ʦʨʪʰʪʝʡʥʦʚ ʚʳʧʦʣʥʝʥ ʤʝʪʦʜʦʤ ʤʦʢʨʦʛʦ 

ʧʨʦʩʝʠʚʘʥʠʷ ʯʝʨʝʟ ʩʠʪʦ ʩ ʜʠʘʤʝʪʨʦʤ ʷʯʝʠ 1 ʤʤ. ɺʘʣʦʚʦʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʝʥ 

ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʕʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʳʡ ʤʠʢʨʦʘʥʘʣʠʟ 

ʧʨʦʚʝʜʝʥ ʉʕʄ/ʕɼʉ-ʤʝʪʦʜʦʤ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʪʰʪʝʡʥʦʚ ʚ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʩʪʘʛʨʦʛʝʥʥʦʡ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʡ 

ʧʦʯʚʝ ʚ ʛʦʨʠʟʦʥʪʝ AYpa (2-29 ʩʤ) ʩʦʩʪʘʚʠʣʦ 2,7% [1]. ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ Fe ʚ ʢʦʥʢʨʝʮʠʷʭ ï 

48034,1 ʤʛ/ʢʛ, Mn ï 2686,6  ʤʛ/ʢʛ, Ni ï 94,6  ʤʛ/ʢʛ, Cu ï 74,9 ʤʛ/ʢʛ, Co ï 376,9 ʤʛ/ʢʛ. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʦʨʪʰʪʝʡʥʳ ʦʙʦʛʘʱʝʥʳ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ: Fe, Mn, Ni, 

Cu, Co ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʘ ʣʠʪʦʩʬʝʨʳ ʧʦ K.H. Wedepohl [2], ʠ ʧʦʯʚʳ ʜʦ ʠʟʚʣʝʯʝʥʠʷ 

ʢʦʥʢʨʝʮʠʡ. ʅʘʙʣʶʜʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʨʦʟʥʦʩʪʴʶ ʦʨʪʰʪʝʡʥʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʥʠʭ Fe ʠ 

Mn. ɺ ʢʦʥʢʨʝʮʠʷʭ ʙʝʟ ʯʝʪʢʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʨ Fe ʠ Mn ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ, ʠʭ 
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ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 1:0,1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʧʨʦʪʠʚ, ʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ ʩ ʧʦʨʠʩʪʳʤ 

ʷʜʨʦʤ ʤʘʨʛʘʥʝʮ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʨʪʰʪʝʡʥʘ, ʘ ʞʝʣʝʟʦ ï ʚ ʦʙʦʣʦʯʢʝ [3]. 

ʉʦʦʪʥʦʰʝʥʠʝ Fe : Mn = 1:0,7. ʀ.ɺ. ʂʦʚʘʣʝʚ ʠ ʩʦʘʚʪʦʨʳ [4] ʩʯʠʪʘʶʪ, ʯʪʦ ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

ʨʘʟʤʝʨʦʚ ʦʨʪʰʪʝʡʥʳ ʫʧʣʦʪʥʷʶʪʩʷ, ʫʭʫʜʰʘʷ ʫʩʣʦʚʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʞʝʣʝʟʦʨʝʜʫʮʠʨʫʶʱʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʅʘ ʵʣʝʤʝʥʪʥʦʤ ʧʨʦʬʠʣʝ ʰʣʠʬʦʚ ʦʨʪʰʪʝʡʥʘ 

ʚʳʷʚʣʝʥʳ ʝʜʠʥʠʯʥʳʝ ʧʠʢʠ Ti, V, Cr, Zn, Ni, Co, Ni, Cu. 

 

[1] ɻʦʨʦʭʦʚʘ ʉ.ʄ., ɺʘʩʠʣʴʝʚ ɸ.ɸ. ɸʛʨʦʕʢʦʀʥʬʦ, 2022, 1, 1ï23. 

[2] Wedepohl K.H. Geochimica et cosmochimica Acta, 1995, 59(7),1217ï1232. 

[3] ɻʦʨʦʭʦʚʘ ʉ.ʄ. [et al.] ɸʛʨʦʕʢʦʀʥʬʦ, 2022, 3, 1ï15. 

[4] ʂʦʚʘʣʝʚ ʀ.ɺ. [et al.] ɺʝʩʪʥʠʢ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 17. ʇʦʯʚʦʚʝʜʝʥʠʝ, 

2022, 4, 97ï105. 
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FORMATION OF STRUVITE UNDER THE INFLUENCE OF FUNGI IN NATURE AND 

EXPERIMENT 

 

Zelenskaya M.S.
1
, VlasovD.Yu.

1
, Frank-Kamenetskaya O.V.

2
, Izatulina A.R.

2
 and Korolkov 

D.K.
2
  

 
1
 St. Petersburg State University, Faculty of Biology, Department of Botany; marsz@yandex.ru 
2
 St. Petersburg State University, Institute of Earth Sciences, Department of Crystallography 

ʄʠʥʝʨʘʣ ʩʪʨʫʚʠʪ (NH4)Mg(PO4)6H2O ʚʧʝʨʚʳʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʧʣʦʜʦʚʦʤ ʪʝʣʝ 

ʩʘʧʨʦʪʨʦʬʥʦʛʦ ʛʨʠʙʘ-ʤʘʢʨʦʤʠʮʝʪʘ (Auricularia mesenterica) ʨʘʩʪʫʱʠʭ ʥʘ ʤʝʨʪʚʳʭ ʠ 

ʞʠʚʳʭ ʩʪʚʦʣʘʭ ʙʝʨʝʟ ʚ ʈʫʩʩʢʦ-ɺʳʩʦʮʢʦʤ ʣʝʩʦʧʘʨʢʝ (ʃʦʤʦʥʦʩʦʚʩʢʠʡ ʤʫʥʠʮʠʧʘʣʴʥʳʡ 

ʨʘʡʦʥ, ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ) ʠ ʚ ʇʘʚʣʦʚʩʢʦʤ ʧʘʨʢʝ (ɻʄɿ çʇʘʚʣʦʚʩʢè). ʂʨʠʩʪʘʣʣʳ 

ʩʪʨʫʚʠʪʘ ʨʘʟʤʝʨʦʤ ʦʪ 10 ʜʦ 30 ʤʢʤ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʣʦʜʦʚʦʛʦ ʪʝʣʘ ʧʦʜ 

ʦʧʫʰʝʥʠʝʤ (ʈʠʩ. 1 ʘ, ʙ). 

ɺʧʝʨʚʳʝ ʩʪʨʫʚʠʪ ʙʳʣ 

ʧʦʣʫʯʝʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʮʝʣʦʛʦ ʨʷʜʘ ʛʨʠʙʦʚ 

Alternaria alternata, 

Alternaria chartarum, 

Epicoccum nigrum, 

Trichoderma viride, 

Aureobasidium pullulans, 

Cladosporium 

cladosporioides, Penicillium 

chrysogenum, Aspergillus 

nidulans, Aspergillus 

ochraceus ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʞʠʜʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ɺ-41. ʄʦʨʬʦʣʦʛʠʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʪʨʫʚʠʪʘ ʧʦʜʦʙʥʘ ʧʨʠʨʦʜʥʦʡ (ʈʠʩ. 1ʚ). ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʬʦʩʬʘʪʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʯʚʝʥʥʳʭ ʛʨʠʙʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʪʨʫʚʠʪʘ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ 

ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʷʭ ʧʦ ʦʯʠʩʪʢʝ ʚʦʜ ʠ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʪ 

ʪʦʢʩʠʯʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ.  

 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (19-17-00141) ʥʘ ʙʘʟʝ ʨʝʩʫʨʩʥʳʭ 

ʮʝʥʪʨʦʚ ʉʇʙɻʋ (ʄʄ, ʈɼʄʀ, ʈʄʂʊ). 

 
ʈʠʩʫʥʦʢ 1. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʪʨʫʚʠʪʘ ʚ ʧʣʦʜʦʚʦʤ ʪʝʣʝ Auricularia 

mesenterica (ʘ, ʙ) ʠ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʠʙʘ Cladosporium 

cladosporioides ʚ ʞʠʜʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ɺ-41(ʚ). 

Figure 1. SEM images of struvite crystals in the fruiting body of Auricularia 

mesenterica (a, b) and formed under the action of the fungus Cladosporium 

cladosporioides in ɺ-41 liquid nutrient medium (c). 
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CRYSTAL CHEMISTRY OF OXALATES OF DIVALENT METALS 

 

Izatulina A.R., Korneev A.V., Kuzômina M.ɸ., Gurzhiy V.V., Frank-Kamenetskaya O.V.
 

St. Petersburg State University, Institute of Earth Sciences, Department of Crystallography;  

 

ʆʢʩʘʣʘʪʥʳʝ ʤʠʥʝʨʘʣʳ ʩʦʜʝʨʞʘʪ ʨʘʟʣʠʯʥʳʝ ʢʘʪʠʦʥʳ: ʱʝʣʦʯʥʳʝ, 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ, ʧʝʨʝʭʦʜʥʳʝ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ,  ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʢʦʥʪʘʢʪʝ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ, ʥʘʧʨʠʤʝʨ,  ʩ ʣʠʰʘʡʥʠʢʘʤʠ 

ʠ ʙʘʢʪʝʨʠʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʩʦʝʜʠʥʝʥʠʡ ʚʳʟʚʘʥ 

ʙʠʦʪʝʭʥʦʣʦʛʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʢʩʘʣʘʪʧʨʦʜʫʮʠʨʫʶʱʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, 

ʩʚʷʟʳʚʘʶʱʠʝ ʢʘʪʠʦʥʳ ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʦʢʩʘʣʘʪʳ ʩ ʮʝʣʴʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʮʝʥʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠʣʠ ʦʯʠʩʪʢʠ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʪʘʣʣʘʤʠ. ɼʘʥʥʘʷ 

ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʦʢʩʘʣʘʪʦʚ Cu, Fe, Mg, Mn, Ni. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʳ ʤʫʣʫʠʪʘ ʠ ʛʣʫʰʠʥʩʢʠʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʣʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʫʣʫʠʪʘ ʠ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʘʥʘ ʩ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʦʜʳ ʚ ʜʝʬʝʢʪʘʭ ʤʝʜʴ-ʦʢʩʘʣʘʪʥʳʭ ʮʝʧʦʯʝʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʤʝʥʥʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʚʦʜʳ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʫʣʫʠʪʘ ʠʟ-ʟʘ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʘʪʘʮʠʠ. ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʢʩʘʣʘʪʳ ʛʨʫʧʧʳ 

ʛʫʤʙʦʣʴʜʪʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʠʤʤʝʪʨʠʠ, ʘ ʠʤʝʥʥʦ: ʤʦʥʦʢʣʠʥʥʘʷ Ŭ-

ʬʘʟʘ (ʧʨ.ʛʨ. C2/c), ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʘʷ  ʤʦʥʦʢʣʠʥʥʘʷ OD-ʬʘʟʘ (ʧʨ.ʛʨ. C2/c), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʙʝʩʧʦʨʷʜʢʘ ʠ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʤʦʥʦʢʣʠʥʥʘʷ ODS-ʬʘʟʘ (ʧʨ.ʛʨ. C2/c), ʨʦʤʙʠʯʝʩʢʘʷ ʬʘʟʘ (ʧʨ. ʛʨ. Fddd) ʠ  ʨʦʤʙʠʯʝʩʢʘʷ ɓ-

ʬʘʟʘ (ʧʨ.ʛʨ. Cccm).  ʄʦʥʦʢʣʠʥʥʘʷ ʫʧʦʨʷʜʦʯʝʥʥʘʷ Ŭ-ʬʘʟʘ (ʧʨ. ʛʨ. C2/c) ʧʦʣʫʯʝʥʘ ʜʣʷ 

ʦʢʩʘʣʘʪʦʚ ʤʘʨʛʘʥʮʘ (ʘʥʘʣʦʛ ʣʠʥʜʙʝʨʛʠʪʘ) ʠ ʞʝʣʝʟʘ (ʘʥʘʣʦʛ ʛʫʤʙʦʣʴʜʪʠʥʘ). ʏʘʩʪʠʯʥʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʘʷ ʤʦʥʦʢʣʠʥʥʘʷ OD-ʬʘʟʘ (ʧʨ. ʛʨ. C2/c) ʧʦʣʫʯʝʥʘ ʚ ʦʢʩʘʣʘʪʘʭ ʞʝʣʝʟʘ, 

ʥʠʢʝʣʷ (ʘʥʘʣʦʛ ʘʥʜʨʝʡʙʫʣʘʭʠʪʘ). ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʦʡ ʬʘʟʳ ʦʪʣʠʯʘʝʪʩʷ ʦʪ Ŭ-

ʬʘʟʳ ʩʤʝʱʝʥʠʝʤ ʯʘʩʪʠ ʤʝʪʘʣʣ-ʦʢʩʘʣʘʪʥʳʭ ʮʝʧʦʯʝʢ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ b ʥʘ 0.5, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, 

ʧʨʠʙʣʠʞʘʷ ʩʪʨʫʢʪʫʨʫ ʢ ʨʦʤʙʠʯʝʩʢʦʡ. ʉʪʝʧʝʥʴ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʣʝʡ 

ʩʤʝʱʸʥʥʳʭ ʮʝʧʦʯʝʢ. ʈʦʤʙʠʯʝʩʢʘʷ ɓ-ʬʘʟʘ (ʧʨ. ʛʨ. Fddd) ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʦʢʩʘʣʘʪʘ ʤʘʛʥʠʷ 

(ʘʥʘʣʦʛ ʛʣʫʰʠʥʩʢʠʪʘ).  ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʨʷʶʪ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʠ ʢʨʠʩʪʘʣʣʦʛʝʥʝʟʠʩʝ ʦʢʩʘʣʘʪʥʳʭ ʙʠʦʤʠʥʝʨʘʣʦʚ ʠ ʤʦʛʫʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ  ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʢʩʘʣʘʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʦʛʨʘʥʠʟʤʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʈʝʩʫʨʩʥʦʛʦ ʎʝʥʪʨʘ 

ʉʇʙɻʋ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè 
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ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʩʠʩʪʝʤʘʪʠʢʝ (Kotelnikova et al., 2017; Isakov et al., 

2020), ʜʠʩʢʨʝʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʭʠʨʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʛʦʤʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʛʝʪʝʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʵʢʚʠʤʦʣʷʨʥʳʝ (1:1) ʠ ʥʝʵʢʚʠʤʦʣʷʨʥʳʝ (1:N) ʜʠʩʢʨʝʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ.  ɻʦʤʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʵʥʘʥʪʠʦʤʝʨʘʤʠ ʦʜʥʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʵʢʚʠʤʦʣʷʨʥʳʝ (1:1) ʩʦʝʜʠʥʝʥʠʷ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ʇʨʝʞʜʝ 

ʚʩʝʛʦ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʠʩʪʠʥʥʳʤ ʨʘʮʝʤʘʪʘʤ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʩʠʤʤʝʪʨʠʡʥʦ ʩʚʷʟʘʥʳ. 

ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ L ʠ D ʵʥʘʥʪʠʦʤʝʨʦʚ ʚʘʣʠʥʘ (Isakov, 2020). ʉʠʤʤʝʪʨʠʡʥʦ 

ʥʝʩʚʷʟʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʨʠʧʪʦʨʘʮʝʤʘʪʳ, ʠʣʠ ʣʦʞʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ. 

ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ L ʠ D ʵʥʘʥʪʠʦʤʝʨʦʚ ʘʣʣʠʣʛʣʠʮʠʥʘ (Dalhus, Gºrbitz, 2000). 

ʉʫʱʝʩʪʚʝʥʥʦ ʨʝʞʝ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʵʢʚʠʤʦʣʷʨʥʳʝ (1:N) ʜʠʩʢʨʝʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʠʭ 

ʯʠʩʣʝ ʘʥʦʤʘʣʴʥʳʝ ʨʘʮʝʤʘʪʳ, ʠʣʠ ʘʥʦʤʘʣʴʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ. ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ R ʠ S 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʷʙʣʦʯʥʦʡ ʢʠʩʣʦʪʳ (Kotelnikova et al., 2017).  

ɻʝʪʝʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʵʥʘʥʪʠʦʤʝʨʘʤʠ ʨʘʟʥʳʭ ʚʝʱʝʩʪʚ. ʂ ʵʢʚʠʤʦʣʷʨʥʳʤ (1:1) ʩʦʝʜʠʥʝʥʠʷʤ ʵʪʦʡ 

ʛʨʫʧʧʳ ʦʪʥʦʩʷʪʩʷ ʢʚʘʟʠʨʘʮʝʤʘʪʳ, ʩʦʢʨʠʩʪʘʣʣʳ, 1:1 ʢʦʤʧʣʝʢʩʳ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ, ʢʦʤʧʦʥʝʥʪʘʤ ʢʦʪʦʨʳʭ ʧʨʠʩʫʱʘ ʨʘʟʥʘʷ ʭʠʨʘʣʴʥʦʩʪʴ (S:Rô = 1:1). 

ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ L-ʚʘʣʠʥ ð D-ʥʦʨʚʘʣʠʥ ʠ L-ʣʝʡʮʠʥ ð D-ʚʘʣʠʥ (Dalhus, Gºrbitz, 1999). 

ʈʝʜʢʠʤ ʧʨʠʤʝʨʦʤ ʩʠʩʪʝʤ, ʢʦʤʧʦʥʝʥʪʘʤ ʢʦʪʦʨʳʭ ʧʨʠʩʫʱʘ ʦʜʠʥʘʢʦʚʘʷ ʭʠʨʘʣʴʥʦʩʪʴ (S:Sô = 

1:1 ʠʣʠ R:Rô = 1:1) ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ L-ʷʙʣʦʯʥʘʷ ʢʠʩʣʦʪʘ ð L-ʚʠʥʥʘʷ ʢʠʩʣʦʪʘ (Aakerºy, 

Cooke, 1996). ʂ ʥʝʵʢʚʠʤʦʣʷʨʥʳʤ (1:N) ʛʝʪʝʨʦʤʦʣʝʢʫʣʷʨʥʳʤ ʜʠʩʢʨʝʪʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʚ 

ʩʣʫʯʘʝ ʤʦʣʝʢʫʣ ʨʘʟʥʦʡ ʭʠʨʘʣʴʥʦʩʪʠ (S:Rô =1:N) ʦʪʥʦʩʷʪʩʷ ʘʥʦʤʘʣʴʥʳʝ ʢʚʘʟʠʨʘʮʝʤʘʪʳ. ʋ 

ʜʚʫʭ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (Fredga, 1940, 1947) ʥʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. ɺ ʩʣʫʯʘʝ ʥʝʵʢʚʠʤʦʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʜʠʥʘʢʦʚʦʡ 

ʭʠʨʘʣʴʥʦʩʪʠ (S:Sô = 1:N ʠʣʠ R:Rô = 1:N) ʠʩʪʦʨʠʯʝʩʢʦʝ ʥʘʟʚʘʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʉʦʝʜʠʥʝʥʠʷ 

ʪʘʢʦʛʦ ʪʠʧʘ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘʤʠ ʚ ʪʨʝʭ ʩʠʩʪʝʤʘʭ L-ʚʘʣʠʥ ð L-ʠʟʦʣʝʡʮʠʥ (Isakov et al., 2016; 

Kotelnikova et al., 2017), L-ʚʘʣʠʥ ð L-ʣʝʡʮʠʥ (Isakov et al., 2020; Kotelnikova et al., 2020) ʠ 

L-ʣʝʡʮʠʥ ð L-ʠʟʦʣʝʡʮʠʥ (Kryuchkova et al., 2018).  

ʆʙʩʫʞʜʘʝʪʩʷ, ʧʦʯʝʤʫ ʝʱʝ ʚ ʪʨʝʭ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʩʠʩʪʝʤʘʭ ʜʠʩʢʨʝʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʥʝ ʬʦʨʤʠʨʫʶʪʩʷ. ʕʪʦ ʩʠʩʪʝʤʳ L-ʘʣʘʥʠʥ ð L-ʩʝʨʠʥ (Kotelnikova et al., 2020), L-

ʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ð L-ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (Sadovnichii et al., 2021) ʠ L- 

ʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ð D-ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (Kotelnikova et al., in press). 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʨʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ "ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè ʉʇʙɻʋ. 
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ʇʨʠʤʝʥʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʭʦʜʦʢ, ʘ ʪʘʢʞʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤʠ, ʷʚʣʷʝʪʩʷ 

ʮʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʢʦʥʪʝʢʩʪʝ 

ʙʠʦʤʠʥʝʨʘʣʦʛʠʠ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʥʘ ʨʫʙʝʞʝ ʧʦʟʜʥʝʛʦ ʙʨʦʥʟʦʚʦʛʦ 

ï ʨʘʥʥʝʛʦ ʞʝʣʝʟʥʦʛʦ ʚʝʢʦʚ ʧʨʦʠʩʭʦʜʷʪ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʥʘ ʢʦʪʦʨʳʝ 

ʚʣʠʷʣʠ ʤʠʛʨʘʮʠʠ, ʠʤʝʚʰʠʝ ʤʝʩʪʦ ʚ ʦʡʢʫʤʝʥʝ ʩʪʝʧʥʦʛʦ ʧʦʷʩʘ ɽʚʨʘʟʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ 

ʧʨʦʞʠʚʘʥʠʷ ʠ ʤʦʙʠʣʴʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʣʦʢʘʣʴʥʦʡ ʛʝʦʣʦʛʠʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʠʪʘʥʠʷ ʜʨʝʚʥʝʛʦ ʥʘʩʝʣʝʥʠʷ [1, 2] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ. ʉʦʦʪʥʦʰʝʥʠʝ ʠʟʦʪʦʧʦʚ ʩʪʨʦʥʮʠʷ 
87

Sr/
86

Sr ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʢʘʥʝʡ ʨʘʩʪʝʥʠʡ, ʞʠʚʦʪʥʳʭ, ʚʦʜʳ, ʢʦʪʦʨʳʝ ʫʧʦʪʨʝʙʣʷʶʪʩʷ ʯʝʣʦʚʝʢʦʤ. 

ʂʨʳʤʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ ʚ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʨʝʩʥʳʡ ʧʦʣʠʛʦʥ ʜʣʷ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪ.ʢ. ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ ʚ ʧʨʝʜʝʣʘʭ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʪʨʦʥʮʠʝʚʦʡ ʠʟʦʪʦʧʠʠ ʚ 

ʢʦʩʪʷʭ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʩ ʧʘʤʷʪʥʠʢʦʚ ɹʘʡ-ʂʠʷʪ I ʠ ɼʦʣʛʠʡ ɹʫʛʦʨ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʨʦʜ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʂʨʳʤʘ, ʜʘʶʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʦʢʘʣʴʥʦʡ ʤʦʙʠʣʴʥʦʩʪʠ ʣʶʜʝʡ ʠ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʘʩʪʫʰʝʩʪʚʦʤ 

ʠʣʠ ʦʪʛʦʥʥʦ-ʚʧrʘʩʥʦʡ ʬʦʨʤʦʡ ʩʢʦʪʦʚʦʜʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʳʭ 

ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ (
13

C
15

N) ʨʘʩʰʠʨʷʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʠ 
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ʜʦʠʩʪʦʨʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʣʶʜʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʨʘʟʥʦʡ ʤʦʙʠʣʴʥʦʩʪʴʶ: ʦʙʠʪʘʪʝʣʠ 

ʧʦʩʝʣʝʥʠʡ, ʧʨʦʞʠʚʘʶʱʠʝ ʚʙʣʠʟʠ ʧʦʩʝʣʝʥʠʡ ʧʘʩʪʫʭʠ ʠ ʟʘʥʠʤʘʚʰʠʝʩʷ ʦʪʛʦʥʥʳʤ 

ʩʢʦʪʦʚʦʜʩʪʚʦʤ ʢʦʥʥʳʝ (?) ʧʘʩʪʫʭʠ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʧʠʪʘʥʠʠ ʨʘʟʥʳʭ ʛʨʫʧʧ 

ʥʘʩʝʣʝʥʠʷ. ɺ ʨʘʮʠʦʥʝ ʧʠʪʘʥʠʷ ʞʠʪʝʣʝʡ ʧʦʩʝʣʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʟʦʪʦʧʥʳʭ ʤʘʨʢʝʨʦʚ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʪʘʢʠʝ ʧʨʦʜʫʢʪʳ, ʢʘʢ ʨʳʙʘ, ʤʦʨʝʧʨʦʜʫʢʪʳ, ʤʦʣʦʢʦ, ʤʷʩʦ. ɺʧʝʨʚʳʝ ʜʣʷ 

ʧʘʤʷʪʥʠʢʦʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʂʨʳʤʘ ʚʳʷʚʣʝʥʦ ʫʧʦʪʨʝʙʣʝʥʠʝ ʧʨʦʩʦ. ɼʣʷ çʧʘʩʪʫʰʝʩʢʠʭè 

ʛʨʫʧʧ ʙʦʣʴʰʫʶ ʜʦʣʶ ʟʘʥʠʤʘʣʦ ʤʷʩʦ, ʤʦʣʦʢʦ ʠ ʨʘʩʪʠʪʝʣʴʥʘʷ ʧʠʱʘ. 

ʄʠʢʨʦʪʦʤʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʝʨʝʧʥʳʭ ʢʦʩʪʝʡ ʠ ʟʫʙʦʚ ʯʝʣʦʚʝʢʘ ʠʟ ʧʦʛʨʝʙʝʥʠʷ 2 

ʥʘ ʧʦʩʝʣʝʥʠʠ ɹʘʡ-ʂʠʷʪ I, ʧʦʢʘʟʘʣʠ ʧʘʪʦʣʦʛʠʠ ʠ ʟʘʙʦʣʝʚʘʥʠʷ (ʢʘʨʠʝʩ, ʩʠʥʫʩʠʪ), ʚʳʟʚʘʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʠʪʘʥʠʷ [3]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦ 

ʩʪʘʙʠʣʴʥʳʤ ʠʟʦʪʦʧʘʤ ʚ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ 

ʩʧʝʮʠʬʠʢʘʮʠʶ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʥʘ ʧʦʩʝʣʝʥʠʷʭ 

ʧʦʟʜʥʝʛʦ ʙʨʦʥʟʦʚʦʛʦ ï ʨʘʥʥʝʛʦ ʞʝʣʝʟʥʦʛʦ ʚʝʢʦʚ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʠʪʘʥʠʷ 

ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ, ʧʨʦʝʢʪ ˉ 22-18-00065. 

ʄʠʢʨʦʪʦʤʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʉʇʙɻʋ (ɸɸɸɸ-ɸ19-119091190094-6). 
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ʀʥʪʝʨʝʩʥʳʝ ʬʨʘʤʙʦʠʜʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʘʚʘ FeS2 ʙʝʟ ʤʠʢʨʦʧʨʠʤʝʩʝʡ (ʨʠʩ. 

1ʘ) ʙʳʣʠ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʥʘʤʠ ʚ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʦʤ çʞʝʣʚʘʢʝè ʚ ʦʟʝʨʥʦ-

ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ (?) ʦʪʣʦʞʝʥʠʷʭ ʥʠʞʥʝʛʦ ʤʝʣʘ ʨʦʩʩʳʧʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʄʦʩʢʦʚʢʘ (ʖʞʥʳʡ ʋʨʘʣ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʬʨʘʤʙʦʠʜʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʠ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʕɼʉ) ʫʩʪʘʥʦʚʣʝʥʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʦʪʥʝʩʪʠ ʢ ʜʚʫʤ ʤʦʨʬʦʪʠʧʘʤ. ʅʘ (ʨʠʩ. 1ʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʤʙʦʠʜʳ 1 ʪʠʧʘ (ʚʧʝʨʚʳʝ 

ʦʙʥʘʨʫʞʝʥʥʳʝ). ʀʭ ʩʦʩʪʘʚ FeS2 ʙʝʟ ʵʣʝʤʝʥʪʦʚ-ʤʠʢʨʦʧʨʠʤʝʩʝʡ, ʢʘʢ ʠ ʚ ʧʠʨʠʪʘʭ 

(ʤʘʨʢʘʟʠʪʘʭ) ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʳ (ʨʠʩ 1ʙ, ʫʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ). ʀʥʦʛʜʘ ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʨʷʜʦʤ ʩ ʬʨʘʤʙʦʠʜʘʣʴʥʳʤʠ ʧʠʨʠʪʘʤʠ 2 ʪʠʧʘ (ʨʠʩ. 1ʙ, ʚʚʝʨʭʫ). ɺʦʟʤʦʞʥʦ ʠʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. 2 ʪʠʧ ʬʨʘʤʙʦʠʜʦʚ ʧʨʠʤʝʯʘʪʝʣʝʥ ʪʝʤ, ʯʪʦ ʤʘʪʨʠʢʩ FeS2 ʩ 

ʢʨʠʩʪʘʣʣʠʪʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʱʝʥ ʧʦʣʠʩʫʣʴʬʠʜʘʤʠ Fe, Ni, Co, As (ʨʠʩ. 1ʚ). 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʪʣʠʯʠʝ ʬʨʘʤʙʦʠʜʦʚ ʜʚʫʭ ʪʠʧʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʥʳʤʠ ʰʪʘʤʤʘʤʠ 

ʙʘʢʪʝʨʠʡ, ʩʧʦʩʦʙʥʳʭ ʦʪʣʘʛʘʪʴ FeS2. ʄʝʭʘʥʠʟʤʳ ʦʩʘʞʜʝʥʠʷ ʚʝʱʝʩʪʚʘ ʫ ʥʠʭ ʪʘʢʞʝ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. ʋ ʙʘʢʪʝʨʠʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʪʠʧʠʯʥʳʝ  ʬʨʘʤʙʦʠʜʳ, ʚʥʝʢʣʝʪʦʯʥʳʝ 

ʙʠʦʧʦʣʠʤʝʨʳ, ʚ ʩʫʙʩʪʨʘʪʝ ʢʦʪʦʨʳʭ ʨʘʩʪʫʪ ʢʨʠʩʪʘʣʣʠʪʳ FeS2, ʩʧʦʩʦʙʥʳ ʟʘʤʝʱʘʪʴʩʷ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ. ʋ ʬʨʘʤʙʦʠʜʦʚ 1 ʪʠʧʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʦʪʣʦʞʝʥʠʝ ʩʧʦʩʦʙʦʤ ʭʝʣʘʪʘʮʠʠ (ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ), 

ʭʦʪʷ ʵʪʦ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

 
ʈʠʩ. 1. ʌʨʘʤʙʦʠʜʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʦʤ çʞʝʣʚʘʢʝè ʠʟ 

ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʛʦ ʤʝʣʘ ʨʦʩʩʳʧʠ ʄʦʩʢʦʚʢʘ: ʘ ï ʬʨʘʤʙʦʠʜʳ 1 ʪʠʧʘ; ʙ ï

ʬʨʘʤʙʦʠʜʳ 2-ʭ ʪʠʧʦʚ (ʚʚʝʨʭʫ ʩʢʦʧʣʝʥʠʝ ʬʨʘʤʙʦʠʜʦʚ 2 ʪʠʧʘ, ʚʥʠʟʫ ʩʪʨʝʣʢʘ -  ʬʨʘʤʙʦʠʜʳ 

1 ʪʠʧʘ, ʚʪʦʨʘʷ ʩʪʨʝʣʢʘ - ʚʤʝʱʘʶʱʠʡ ʧʠʨʠʪ); ʚ ïʬʨʘʤʙʦʠʜʳ 2 ʪʠʧʘ 
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ʄʘʨʪʠʨʦʩʷʥ ʆ.ɺ. 

 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, mov@ginras.ru 

 

ɿʘʢʘʚʢʘʟʴʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʙʦʩʦʙʣʝʥʥʳʭ ʩʤʦʣʦʥʦʩʥʳʭ 

ʨʝʛʠʦʥʦʚ ʥʘ ʛʨʘʥʠʮʝ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ʠ ʖʛʦ-ɿʘʧʘʜʥʦʡ ɸʟʠʠ. ʈʘʥʝʝ ʥʘʡʜʝʥʥʳʝ ʚ ʵʪʦʤ 

ʨʝʛʠʦʥʝ ʠʩʢʦʧʘʝʤʳʝ ʩʤʦʣʳ ʙʳʣʠ ʦʧʠʩʘʥʳ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʢʦʧʘʣè ʠʣʠ çʢʦʧʘʣʠʪè [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʙʦʪʘʤʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʙʳʣ 

ʚʳʷʩʥʝʥ ʚʦʧʨʦʩ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ ʦʙʥʘʨʫʞʝʥʳ ʥʘʭʦʜʢʠ 

ʠʩʢʦʧʘʝʤʳʭ ʩʤʦʣ ʠ ʫʩʣʦʚʠʷ ʠʭ ʟʘʣʝʛʘʥʠʷ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʠʩʢʦʧʘʝʤʳʭ 

ʩʤʦʣ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠʟʫʯʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʏʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʧʨʘʚʦʤʝʨʥʦ ʫʧʦʪʨʝʙʣʝʥʠʝ ʪʝʨʤʠʥʘ çʢʦʧʘʣè ʢ ʩʤʦʣʘʤ 

ɿʘʢʘʚʢʘʟʴʷ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʠʩʢʦʧʘʝʤʳʭ ʩʤʦʣ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʤʝʪʦʜʦʤ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʀʂʉ) ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʠʡ ʚ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʤ 

ʩʦʩʪʘʚʝ. ʕʪʦʪ ʤʝʪʦʜ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥ ʜʣʷ ʠʭ ʪʦʯʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʠʩʢʦʧʘʝʤʳʝ ʩʤʦʣʳ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʂʦʪʠ (ʐʘʚʘʨʰʚʘʥ, ɸʨʤʝʥʠʷ), ɸʥʠ 

(ɺʝʨʭʥʠʡ ɸʜʞʘʢʝʥʜ, ʅʘʛʦʨʥʳʡ ʂʘʨʘʙʘʭ) ʠ ɸʡʪʘʛ (ɻʦʨʯʫ, ʃʘʯʠʥʩʢʠʡ ʨʘʡʦʥ, ʅʘʛʦʨʥʳʡ 

ʂʘʨʘʙʘʭ), ʘ ʪʘʢʞʝ ʢʦʧʘʣ ʠʟ ʂʦʣʫʤʙʠʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʀʂʉ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʦʯʢʫ ʟʨʝʥʠʷ ʉ.ʉ. ʉʘʚʢʝʚʠʯʘ [2] ʦ 

ʥʘʣʠʯʠʠ ʚ ʧʨʦʷʚʣʝʥʠʠ ɸʡʪʘʛ (ɻʦʨʯʫ) ʠʩʢʦʧʘʝʤʦʡ ʩʤʦʣʳ ï ʘʥʘʣʦʛʘ ʨʫʤʵʥʠʪʘ (ʠʟ ʩʝʤʝʡʩʪʚʘ 

ʷʥʪʘʨʝʧʦʜʦʙʥʳʭ), ʦʙʣʘʜʘʶʱʝʡ ʚʳʩʦʢʠʤ ʫʪʠʣʠʪʘʨʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʵʪʦ ʥʝ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʠʜ ʠʩʢʦʧʘʝʤʦʡ ʩʤʦʣʳ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʜʘʥʥʳʭ ʧʨʦʷʚʣʝʥʠʷʭ. 

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʤʦʣʳ ʠʟ ɸʡʪʘʛ (ɻʦʨʯʫ), ɸʥʠ (ɸʜʞʘʢʝʥʜ) ʠ ʂʦʪʠ (ʐʘʚʘʨʰʚʘʥ) 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʨʫʧʢʠʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʠʟ ʩʝʤʝʡʩʪʚʘ ʨʝʪʠʥʠʪʦʧʦʜʦʙʥʳʭ ʩʤʦʣ ï 

ʨʝʪʠʥʠʪʦʤ, ʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʝʱʝ ï ʚʘʣʭʦʚʠʪʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʢʦʧʘʣʘʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʪʠʥʠʪ, ʚʘʣʭʦʚʠʪ ʠ ʨʫʤʵʥʠʪ ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʡ ʘʨʝʘʣ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʯʝʤ ʩʯʠʪʘʣʦʩʴ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʩʦʚʤʝʩʪʥʦ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʠʷʤʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʵʪʠʭ ʩʤʦʣ ʥʘ ʩʪʘʜʠʠ ʜʠʘʛʝʥʝʟʘ. 

ɺ ʮʝʣʦʤ ɿʘʢʘʚʢʘʟʩʢʘʷ ʩʤʦʣʦʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʨʝʛʠʦʥʦʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʢʨʫʧʥʳʭ ʩʢʦʧʣʝʥʠʡ ʩʤʦʣ. ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ 

ʩʦʜʝʨʞʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʩʳʨʴʷ, ʪʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʦʮʝʥʢʝ ʩʤʦʣʦʥʦʩʥʦʩʪʠ ʜʦʣʞʥʘ 

ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʨʘʙʦʪʘ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ ʩʳʨʴʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʚʘʞʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʦʣʥʦʮʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʭʦʟʷʡʩʪʚʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɺ ʧʦʣʝ ʦʭʚʘʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʤʠʥʝʨʘʣʦʛʠʠ ʚʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʠʩʪʠʥʥʦ ʧʨʠʨʦʜʥʳʝ 

ʤʠʥʝʨʘʣʳ, ʥʦ ʠ ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʚ ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʛʝʥʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ: ʘʥʛʠʦʣʠʪʦʚ (ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʩʫʜʦʚ), ʢʘʨʜʠʦʣʠʪʦʚ (ʤʠʥʝʨʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʚ ʩʝʨʜʮʝ), ʫʨʦʣʠʪʦʚ (ʤʦʯʝʚʳʝ ʢʘʤʥʠ), ʨʠʥʦʣʠʪʦʚ (ʥʦʩʦʚʳʝ ʢʘʤʥʠ), ʭʦʣʝʣʠʪʦʚ (ʞʝʣʯʥʳʝ 

ʢʘʤʥʠ) ʠ ʜʨʫʛʠʭ [1]. ɹʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʚʝʨʜʳʭ ʧʘʪʦʛʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʝʜʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʠʭ ʧʘʪʦʛʝʥʝʟʠʩʘ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʭʦʣʝʣʠʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʠʥʝʨʘʣʦʛʠʠ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʭʦʣʝʣʠʪʳ ʞʠʪʝʣʝʡ 

ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ: ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

(Shimadzu XRD-6000), ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ (ʀʥʬʨʘʃʶʤ ʌʊ-02), ʪʝʨʤʠʯʝʩʢʠʡ 

(TGA/DSC 3+), ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʳ (ʀʉʇ-ʄʉ, Elan-6100), 

ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ (ɸʕʉ, Optima-4300 DV), ʭʠʤʠʯʝʩʢʠʡ (EA-1110). ʉʢʦʣʳ ʦʙʨʘʟʮʦʚ 

ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ VEGA3 

TESCAN ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ X-Max. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʭʦʣʝʣʠʪʳ ʩʣʦʞʝʥʳ ʭʦʣʝʩʪʝʨʠʥʦʤ. ɺ 

ʦʙʨʘʟʮʘʭ ʭʦʣʝʩʪʝʨʠʥ ʠʤʝʝʪ ʧʣʘʩʪʠʥʯʘʪʳʡ ʦʙʣʠʢ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʩʪʨʫʢʪʫʨʳ ʚ 

ʚʠʜʝ ʜʝʥʜʨʠʪʦʚ ʠ ʩʬʝʨʦʣʠʪʦʚ. ʇʦʤʠʤʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʚ ʥʝʢʦʪʦʨʳʭ ʭʦʣʝʣʠʪʘʭ ʤʦʛʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚʢʣʶʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ: ʢʘʣʴʮʠʪ, ʚʘʪʝʨʠʪ, 

ʘʨʘʛʦʥʠʪ ʠ ʬʦʩʬʘʪ ʢʘʣʴʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʨʙʦʥʘʪʥʫʶ ʛʨʫʧʧʫ, 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʨʘʛʦʥʠʪ ʠ ʢʘʣʴʮʠʪ ʚ ʚʠʜʝ ʠʛʦʣʴʯʘʪʳʭ ʠ ʪʘʙʣʠʪʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʠʜʝ ʢʦʨʢʠ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʭʦʣʝʩʪʝʨʠʥʝ. ʉʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʩʣʦʡʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ. ɼʣʷ 

ʚʘʪʝʨʠʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʘ ʚ ʦʙʲʝʤʝ ʭʦʣʝʩʪʝʨʠʥʦʚʳʭ 

ʭʦʣʝʣʠʪʦʚ. ɺ ʝʛʦ ʩʦʩʪʘʚʝ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʤʝʩʠ ʤʘʛʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʩʬʘʪʥʳʝ 

ʯʘʩʪʠʮʳ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʭʦʣʝʣʠʪʦʚ ʚ ʚʠʜʝ ʦʙʨʘʟʦʚʘʥʠʡ ʛʣʦʙʫʣʷʨʥʦʡ 

ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ʜʦ 10 ʤʢʤ. ʄʠʢʨʦʟʦʥʜʦʚʳʤ ʘʥʘʣʠʟʦʤ ʚ ʯʘʩʪʠʮʘʭ ʬʦʩʬʘʪʘ ʢʘʣʴʮʠʷ, 

ʦʧʨʝʜʝʣʝʥʳ ʧʨʠʤʝʩʠ ʤʘʛʥʠʷ. ɸʪʦʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Cʘ/P ʩʦʩʪʘʚʣʷʝʪ 1,63ï1,54.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʭʦʣʝʩʪʝʨʠʥʦʚʳʭ ʢʘʤʥʝʡ ʩʦʩʪʘʚʣʷʶʪ 80ï83% ʠ 11ï12% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʝʪʦʜʘʤʠ ʀʉʇ-ʄʉ, ɸʕʉ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʮʝʣʦʤ ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʳʭ ʙʦʣʝʝ 10
-4

 ʤʘʩʩ.%, ʷʚʣʷʣʠʩʴ (ʚ ʧʦʨʷʜʢʝ 

ʫʙʳʚʘʥʠʷ): Ca, Na, Mg, K, Fe, Mn, Cu, Ti, Zn, Sr, Ba, Pb, Al , Cr. ɺ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ 

ʭʦʣʝʣʠʪʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʛʜʝ ʢʫʤʫʣʷʮʠʷ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʪʷʞʝʣʳʭ. ʉʨʝʜʠ ʣʝʛʢʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʣʘʥʪʘʥ ʠ ʮʝʨʠʡ. 

ɺ ʭʦʣʝʩʪʝʨʠʥʦʚʳʭ ʢʘʤʥʷʭ ʤʠʢʨʦʟʦʥʜʦʚʳʤ ʘʥʘʣʠʟʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ: ʭʣʦʨʠʜ ʥʘʪʨʠʷ (ʛʘʣʠʪ), ʩʫʣʴʬʘʪ ʙʘʨʠʷ (ʙʘʨʠʪ), ʭʣʦʨʠʜ ʢʘʣʠʷ (ʩʠʣʴʚʠʥ), 

ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ (ʜʦʣʦʤʠʪ), ʘʣʶʤʦʩʠʣʠʢʘʪʳ ʠ ʦʢʩʠʜʳ ʞʝʣʝʟʘ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʮʝʣʦʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʭʦʣʝʣʠʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʩʣʦʞʝʥ 

ʭʦʣʝʩʪʝʨʠʥʦʤ. ʇʦʤʠʤʦ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʦʙʨʘʟʮʘʭ ʚʩʪʨʝʯʝʥʳ ʚʢʣʶʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʢʣʘʩʩʘʤʠ ʦʢʩʠʜʦʚ, ʭʣʦʨʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ, ʩʠʣʠʢʘʪʦʚ, ʢʘʨʙʦʥʘʪʦʚ ʠ ʬʦʩʬʘʪʦʚ.  

 [1] ʂʦʨʘʛʦ ɸ.ɸ. ɺʚʝʜʝʥʠʝ ʚ ʙʠʦʤʠʥʝʨʘʣʦʛʠʶ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: çʅʝʜʨʘè. 1992. 279 ʩ. 
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ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ɸʨʠʘʜʥʝʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

(ʉʠʭʦʪʝ-ɸʣʠʥʩʢʠʡ ʦʨʦʛʝʥʥʳʡ ʧʦʷʩ) ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʟʦʣʦʪʦ-ʧʣʘʪʠʥʦʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʫʛʣʝʨʦʜʠʟʘʮʠʠ (ʜʦ 1 ʤʘʩ. %).  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʨʦʜʳ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʧʨʦʰʣʠ 

ʨʘʟʜʝʣʝʥʠʝ ʬʣʦʪʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʝʥʥʦʤ ʧʨʦʜʫʢʪʝ ʟʥʘʯʝʥʠʷ ŭ
13
ʉ 

ʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ -24.1 ʜʦ -25.8 %0, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝʥʠʷ ŭ
13
ʉ ʫʛʣʝʨʦʜʘ ʢʘʤʝʨʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʛʜʝ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʤʠʥʝʨʘʣʳ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʜʚʠʥʫʪʳ ʚ ʩʪʦʨʦʥʫ 

ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʷʩʴ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ
13
ʉ (ʦʪ -13.2 ʜʦ -15.9 %0). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʦʪʦʧʠʠ ʫʛʣʝʨʦʜʘ ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʥʛʝʥʝʪʠʯʥʦʡ ʠʤ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʫʯʘʩʪʚʦʚʘʣʘ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 

ʜʚʘ ʠʟʦʪʦʧʥʦ-ʢʦʥʪʨʘʩʪʥʳʭ ʠʩʪʦʯʥʠʢʘ: ʬʣʶʠʜʳ ʤʘʥʪʠʡʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʦʩʘʜʦʯʥʳʝ 

ʧʦʨʦʜʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʐʠʨʦʢʠʝ ʚʘʨʠʘʮʠʠ ʠʟʤʝʥʝʥʠʡ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ (ŭ
13
ʉ ʦʪ -13.2 ʜʦ -25.8 %0) ʦʪʨʘʞʘʶʪ ʨʘʟʣʠʯʥʳʡ ʚʢʣʘʜ ʙʠʦʛʝʥʥʦʛʦ 

ʫʛʣʝʨʦʜʘ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʣʝʜʥʝʛʦ ʙʳʣʠ ʢʦʨʦʚʳʝ ʧʦʨʦʜʳ, 

ʦʙʦʛʘʱʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʥʦʚʣʝʥʠʷ 

ɸʨʠʘʜʥʝʥʩʢʦʡ ʠʥʪʨʫʟʠʠ.  

ʂ ʘʥʘʣʦʛʠʯʥʦʤʫ ʚʳʚʦʜʫ ʧʨʠʚʦʜʠʪ ʠʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʩʝʨʳ ʩʫʣʴʬʠʜʦʚ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ (ʦʪ 0.5 ʜʦ -1.3 %0), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʫʣʴʬʠʜʳ ʠʣʴʤʝʥʠʪʦʚʳʭ ʛʘʙʙʨʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʦʡ ʩʝʨʦʡ (ʦʪ -
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3.0 ʜʦ 3.7 %0). ʀʟʦʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʩʫʣʴʬʘʪ - ʨʝʜʫʢʮʠʝʡ 

ʦʩʘʜʦʯʥʳʭ ʩʫʣʴʬʘʪʦʚ ʠ ʧʦʷʚʣʝʥʠʝʤ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʫʯʘʩʪʚʦʚʘʚʰʝʛʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʧʨʦʝʢʪ ˉ 23-17-

00093 (https://rscf.ru/project/23-17-00093). 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʝ, ʜʘʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʦʝʥʠʠ, ʩʦʩʪʘʚʝ ʠ ʤʝʭʘʥʠʟʤʘʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʪʦʛʝʥʥʳʭ ʜʝʥʪʘʣʴʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ 

ʧʦʣʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʠʭ ʵʪʠʦʧʘʪʦʛʝʥʝʟʘ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʜʝʥʪʘʣʴʥʳʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʘʮʠʝʥʪʦʚ ʦʙʦʝʛʦ ʧʦʣʘ ʚ ʚʦʟʨʘʩʪʝ 25-79 ʣʝʪ ʩ ʭʨʦʥʠʯʝʩʢʠʤ ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʳʤ 

ʧʘʨʘʜʦʥʪʠʪʦʤ, ʫʜʘʣʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʛʠʛʠʝʥʳ ʧʦʣʦʩʪʠ ʨʪʘ. 

ʀʟʫʯʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ. ʈʘʟʤʝʨʳ 9 ʦʙʨʘʟʮʦʚ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1.5ʭ1.0ʭ2.0 ʤʤ (min) ʜʦ 

14ʭ2.6ʭ2.0 ʤʤ (max). ʆʢʨʘʩʢʘ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʜʠʥʘʢʦʚʦʡ, ʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ʙʝʣʦʛʦ ʠ ʞʝʣʪʦʛʦ ʜʦ ʪʝʤʥʦ-

ʩʝʨʦʛʦ ʠ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʦʝʥʠʷ: 1) ʚʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʛʣʘʜʢʫʶ ʦʜʥʦʨʦʜʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʥʪʘʢʪʥʫʶ ʩ ʟʫʙʦʤ; 2) ʚʳʷʚʣʝʥʘ ʯʝʪʢʘʷ ʩʣʦʠʩʪʦʩʪʴ ʩ ʛʨʘʜʘʮʠʝʡ ʧʣʦʪʥʦʩʪʠ 

ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚ ʟʦʥʝ ʧʨʠʣʝʛʘʥʠʷ ʢ ʟʫʙʫ ʜʦ ʤʠʥʠʤʘʣʴʥʦʡ ʚʦ ʚʥʝʰʥʝʡ ʟʦʥʝ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʧʦʣʦʩʪʴʶ ʨʪʘ; 3) ʚʥʝʰʥʷʷ ʟʦʥʘ ʦʙʨʘʟʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʨʳʭʣʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ ʦʙʨʘʟʦʚʘʥʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʨʳ ʢʘʢ 

https://rscf.ru/project/23-17-00093
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ʨʘʟʜʝʣʷʶʱʠʝ ʩʣʦʠ, ʪʘʢ ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʫʪʨʠ ʩʣʦʝʚ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʥʝʰʥʝʡ ʟʦʥʝ, ʘ ʚ ʟʦʥʝ, ʢʦʥʪʘʢʪʥʦʡ ʢ ʟʫʙʫ, ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʇʣʦʪʥʦʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʦʙʤʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʤʝʞʜʫ ʜʝʥʪʘʣʴʥʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠ ʨʦʪʦʚʦʡ ʞʠʜʢʦʩʪʴʶ. ʉʣʦʡ, ʢʦʥʪʘʢʪʥʳʡ ʩ ʟʫʙʦʤ, ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʩʪʝʧʝʥʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʘ ʚʥʝʰʥʠʡ ʩʣʦʡ, ʥʘʭʦʜʠʚʰʠʡʩʷ ʚ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʙʳʣ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʜʚʝʨʞʝʥ ʭʠʤʠʯʝʩʢʠʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʦʩʪʠ 

ʨʪʘ, ʧʦʵʪʦʤʫ ʠʤʝʝʪ ʥʝʦʜʥʦʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ. 

ɺʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʧʘʪʦʛʝʥʥʳʭ ʜʝʥʪʘʣʴʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ c ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʪʢʘʥʝʡ ʧʘʨʦʜʦʥʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʉʇʙɻʋ ɸɸɸɸ-ɸ19-119091190094-

6. 
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ɺ ʭʦʜʝ ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʨʦʷʚʣʝʥʠʷ 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʘʢʚʘʣʴʥʳʭ ʠ ʩʫʙʘʢʚʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʩʝʨʦʚʦʜʦʨʦʜʥʳʤ 

ʟʘʨʘʞʝʥʠʝʤ, ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʥʘ, ʛʠʧʝʨʩʦʣʝʥʦʩʪʴʶ). ʉ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ: ʣʝʜʷʥʦʡ ʧʦʢʨʦʚ ʠ 

ʚʝʨʭʥʠʡ ʩʣʦʡ ʚʦʜʥʦʡ ʪʦʣʱʠ ʧʨʠʧʦʣʶʩʥʦʛʦ ʨʘʡʦʥʘ ɸʨʢʪʠʢʠ; ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʝ, 

ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʬʦʩʬʘʪʥʳʝ ʢʦʥʢʨʝʮʠʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʦʚ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ 

ʦʢʝʘʥʘ; ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠʟ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʢʦʪʣʦʚʠʥ ʏʝʨʥʦʛʦ ʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ; 

ʚʦʜʥʘʷ ʪʦʣʱʘ, ʜʦʥʥʳʝ ʠ ʧʨʠʙʨʝʞʥʳʝ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ, 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʙʠʦʤʠʥʝʨʘʣʴʥʳʝ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʳ, 

ʚʢʣʶʯʘʷ ʤʠʢʨʦʬʦʩʩʠʣʠʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠ ʦʧʘʣʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʢʨʠʩʪʘʣʣʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 
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ʘʛʨʝʛʘʪʳ ʙʘʨʠʪʘ, ʬʨʘʤʙʦʠʜʘʣʴʥʦʛʦ ʧʠʨʠʪʘ, ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʢʘʣʴʮʠʪʘ ʠ ʚʠʚʠʘʥʠʪʘ, ʘ ʪʘʢʞʝ 

ʙʠʦʤʦʨʬʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ ʠ ʬʦʩʬʦʨʘ [1-3]. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʩʦʙʳʝ ʤʠʥʝʨʘʣʴʥʳʝ 

ʘʩʩʦʮʠʘʮʠʠ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʠʦʤʠʥʝʨʘʣʦʚ, ʘʫʪʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʘʙʠʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ 

ʪʝʨʨʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ ʧʨʦʪʝʢʘʥʠʷ 

ʪʘʢʠʭ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ, ʢʘʢ ʣʝʜʦʦʙʨʘʟʦʚʘʥʠʝ, ʛʘʣʦʛʝʥʝʟ, 

ʢʦʥʢʨʝʮʠʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʫʜʦʛʝʥʝʟ. 

 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʠʩʘʨʝʚʫ ʉ.ɺ., ʐʝʚʯʝʥʢʦ ɺ.ʇ., ʂʨʘʚʯʠʰʠʥʦʡ ʄ.ɼ., ɼʘʨʝ ʆ.ʄ., ʀʞʠʮʢʦʤʫ ɸ.ʉ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ʀʆ ʈɸʅ, ʪʝʤʘ FMWE-2024-0016. 
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3. ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ. ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ, ʂʫʨʯʘʪʦʚʩʢʠʡ ʅʎ,  ʀʥʩʪʠʪʫʪ 

ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʈɸʅ  ʠʤ. ɹ.ʇ, ʂʦʥʩʪʘʥʪʠʥʦʚʘ 

ʉʪʨʫʢʪʫʨʘ, ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ  (ɹʎ) ʧʨʦʜʦʣʞʘʶʪ 

ʦʩʪʘʚʘʪʴʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʦʛʣʘʩʥʦ ʦʙʟʦʨʫ  [1] . ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʩʦʦʙʱʝʥʠʠ 

ʙʠʦʩʠʥʪʝʟ ɹʎ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʬʝʜʨʘʣʴʥʦʛʦ ʰʪʘʤʤʘ Komagataeibacter 

rhaeticus ɺʂʇʄ ɺ--30015 , [2]. 

ʆʯʠʩʪʢʘ  ɹʎ , ʤʦʣ. ʤʘʩʩʫ  ʜʦ ʠ ʧʦʩʣʝ ʜʝʟʠʥʪʝʛʨʘʮʠʠ  ʦʧʨʝʜʝʣʷʣʠ ʚ ʢʘʜʦʢʩʝʥʝ 

ʩʦʛʣʘʩʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦ ʣʘʟʝʨʥʦʡ  ʩʧʝʢʪʨʦʩʢʦʧʠʠ [3]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦʡ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ  (15 ʤʠʥ.)_ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʦʨʬʦʣʦʛʠʷ ʜʣʠʪʝʣʴʥʦʡ 

ʜʝʟʠʥʪʝʛʨʘʮʠʠ  (ʯʘʩʳ, ʩ ʠʜʝʝʡ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ), ʧʨʠ 15000   ʦʙʦʨ./ ʤʠʥ. ʥʦʞʝʡ 

ʤʦʱʥʦʛʦ ʙʣʝʥʜʝʨʘ[  4 ].    
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ʈʠʩ.  ʘ-  ʠʩʭʦʜʥʘʷ ʧʣʝʥʢʘ ɹʎ,  ʙ - ʧʦʩʣʝ 2 -ʭ   , ʚ ï 

3-ʭ  , ʛ ï 5-ʪʠ-  ,  ʜ-  7-ʤʠ  ʯʘʩʦʚ  ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʝʪʦʜʘ (ɼʈʆʅ 3ʄ)  

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʩʣʝ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʠʩʭʦʜʥʦʡ ɹʎ , ʚ 

ʢʦʪʦʨʦʡ ʤʠʢʨʦʬʠʙʨʠʣʣʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ  

(-110),  ʩ ʨʘʟʣʠʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ   

ʥʘʙʣʶʜʘʝʪʩʷ  ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ  ʠʭ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤ  (ʈʠʩ.).  ɼʘʞʝ ʧʦʩʣʝ ʜʚʫʭ ʯʘʩʦʚʦʡ 

ʜʝʟʠʥʪʝʛʨʘʮʠʠ  (ʠ ʜʘʣʝʝ), ʧʨʦʠʩʭʦʜʠʪ  ʨʝʟʢʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʩʝʭ ʨʝʬʣʝʢʩʦʚ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ , ʘ ʪʘʢ ʞʝ ʚʳʨʘʚʥʠʚʘʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ  ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ  ʨʝʬʣʝʢʩʦʚ -110 ( 

ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʛʦ ʫ ʠʩʭʦʜʥʦʛʦ  ɹʎ )   ʠ  200 ʠ ʧʦʷʚʣʝʥʠʝ ʙʦʣʝʝ ʯʝʪʢʦʛʦ ʨʝʬʣʝʢʩʘ  110.  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ  ʨʝʬʣʝʢʩʘ  004 ʦʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʠʢʨʦʬʠʙʨʠʣʣ ʥʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʢʘʢ ʦʙ ʠʟʤʝʥʝʥʠʠ  ʨʘʟʤʝʨʘ ʤʠʢʨʦʬʠʙʨʠʣʣ  ʚ ʧʣʦʩʢʦʩʪʠ (-110)   

ʦʪ  5.25  (10.5) ʥʤ  ʫ ʠʩʭʦʜʥʦʡ ʧʣʝʥʢʠ ʜʦ ~ 7.75 (15.5) ʥʤ. , ʪ.ʝ.  ʧʨʦʠʩʭʦʜʠʪ ʥʝʢʦʪʦʨʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ  ʤʠʢʨʦʬʠʙʨʠʣʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  ʇʨʠʤʝʯʘʪʝʣʴʥʦ , ʯʪʦ ʚ  

ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ  ~ 5 ïʪʠ % ʘʤʦʨʬʥʦʡ ʬʘʟʳ  ,  

ʢʦʪʦʨʘʷ ʠʤʝʝʪʩʷ ʠ  ʚ  ʠʩʭʦʜʥʦʡ ɹʎ.  

1. Girard  V...D. , Chausse J., Vermette P. Appl. Polymer Sci  2024, e;55163 

2 ʍʨʠʧʫʥʦʚ ɸ.ʂ. ʠ ʜʨ.  ʅʘʫʯʥʦ- ʊʝʭʥʠʯʝʩʢʠʝ ɺʝʜʦʤʦʩʪʠ ʉʇʙ ɻʇʋ. ʌʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ  ʥʘʫʢʠ  2017, 10 (2), ʩ.  45-57.  

3. ɹʘʨʪʦʰʝʚʠʯ ʉ.ʌ., ʠ ʜʨ.  1987. ʇʨʝʧʨʠʥʪ N  1354  ʀʥʩʪʠʪʫʪ  ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʈɸʅ   

4. ɾʫʨʘʚʣʝʚʘ  ʅ.ʄ.,   ʂʠʟʝʚʝʪʪʝʨ  ɼ.ɺ., ʈʝʟʥʠʢ ɸ.ʉ., ʉʤʠʨʥʦʚʘ ɽ.ɻ., ʍʨʠʧʫʥʦʚ ɸ.ʂ 

ʅʘʫʯʥʦ-ʊʝʭʥʠʯʝʩʢʠʝ ɺʝʜʦʤʦʩʪʠ ʉʇʙʇʋ, ɽʩʪʝʩʪʚʝʥʥʳʝ ʠ ʀʥʞʝʥʝʨʥʳʝ ʥʘʫʢʠ 2018, 

ʪ.24, N1,  c. 75-86.  
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ʈʠʬʪʦʚʳʝ ʜʦʣʠʥʳ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ ʷʚʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ʦʩʠ 

ʩʧʨʝʜʠʥʛʘ ʚ ʨʝʣʴʝʬʝ ʦʢʝʘʥʩʢʦʛʦ ʜʥʘ: ʚ ʩʨʝʜʠʥʥʳʭ ʯʘʩʪʷʭ ʭʨʝʙʪʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ, ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʚʳʰʝʥʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʴʶ, ʠʥʪʝʥʩʠʚʥʳʤ ʤʘʛʤʘʪʠʟʤʦʤ ʠ ʯʘʩʪʦ 

ʚʳʩʦʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʘʤ ʚʦʟʥʠʢʘʶʪ ʫʥʠʢʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʙʠʦʩʦʦʙʱʝʩʪʚ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʘʢʪʠʚʥʦ ʧʨʦʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʘʛʥʠʪʥʳʭ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʤʠʥʝʨʘʣʴʥʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʘ ʪʘʢʞʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ 

ʢʦʨʦʢ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ. ʆʙʨʘʟʮʳ ʧʦʜʥʷʪʳ ʩ ʛʣʫʙʠʥ ʦʢʦʣʦ 

2 ʢʤ ʠʟ ʨʘʡʦʥʘ ʧʦʜʚʦʜʥʦʛʦ ʚʫʣʢʘʥʘ ʇʶʠ ʜʝ ʌʦʣʣʴ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʫʜʥʘ çʇʨʦʬʝʩʩʦʨ ʃʦʛʘʯʝʚè ɸʆ çʇʦʣʷʨʥʘʷ ʄʦʨʩʢʘʷ 

ɻʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʘʷ ʕʢʩʧʝʜʠʮʠʷè. ʋʥʠʢʘʣʴʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʟʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ çʤʦʣʦʜʦʡè ʩ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʨʘʩʪ. ʇʦ 

ʨʘʟʣʠʯʥʳʤ ʦʮʝʥʢʘʤ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʦʤʫ ʵʪʘʧʫ ʘʢʪʠʚʘʮʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʝʨʚʳʝ ʪʳʩʷʯʠ ʣʝʪ. ʆʙʨʘʟʦʚʘʥʠʝ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ 

ʤʠʥʝʨʘʣʦʚ ʚ ʦʢʝʘʥʝ ð ʫʥʠʢʘʣʴʥʦʝ ʧʨʠʨʦʜʥʦʝ ʷʚʣʝʥʠʝ ʧʣʘʥʝʪʳ ɿʝʤʣʷ. ʀ ʥʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʢʦʧʣʝʥʥʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʠʭ ʛʝʥʝʟʠʩ ʚʦ ʤʥʦʛʦʤ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ. 

ʋʯʘʩʪʠʝ ʙʘʢʪʝʨʠʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʜʠʩʢʫʩʩʠʦʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ 

ʭʝʤʦʛʝʥʥʳʤ, ʪʘʢ ʠ ʙʠʦʛʝʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʜʣʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ð ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ) 

ʚʳʷʚʠʣʠ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʙʨʘʟʮʝ. ʆʜʥʘʢʦ, ʥʝ 

ʦʪʚʝʪʠʣʠ ʥʘ ʚʦʧʨʦʩ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʦʨʛʘʥʠʟʤʳ ʤʦʛʣʠ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ. ʀʟʫʯʝʥʠʝ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʚʳʚʦʜʫ: ʛʝʥʝʟʠʩ ʠʩʩʣʝʜʫʝʤʳʭ 

ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʞʝʣʝʟʦʧʨʦʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ, ʘ ʦʩʥʦʚʥʳʤ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʤ ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ 

ʬʝʨʨʠʛʠʜʨʠʪ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

 

ʈʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ʅʘʫʯʥʦʛʦ 

ʧʘʨʢʘ ʉʇʙɻʋ: çʎʝʥʪʨ ʜʠʘʛʥʦʩʪʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʜʠʮʠʥʳ, 

ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠè; çʅʘʥʦʪʝʭʥʦʣʦʛʠʠè; çʄʠʢʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʘʥʘʣʠʟʘè; 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʢʦʤʧʦʟʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚè, çʆʧʪʠʯʝʩʢʠʝ ʠ ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘè, 

çʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘè. 
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MODERN MINERALIZATION ON LAKE BACTERIAL MATS OF THE KAZANTIP 
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Simakova Y.S.
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2
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ɺ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧ-ʦʚʘ ʂʘʟʘʥʪʠʧ ʨʘʩʧʦʣʦʞʝʥʦ ʥʝʙʦʣʴʰʦʝ ʩʫʣʴʬʘʪʥʦ-

ʭʣʦʨʠʜʥʦʝ ʦʟʝʨʦ. ʆʪʯʘʩʪʠ ʵʪʦ ʪʝʭʥʦʛʝʥʥʳʡ ʦʙʲʝʢʪ, ʪ.ʢ. ʙʳʣ ʧʦʣʫʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʟʨʳʚʘ ʩ ʮʝʣʴʶ ʫʛʣʫʙʣʝʥʠʷ ʨʫʩʣʘ ʥʝʙʦʣʴʰʦʡ ʨʝʯʢʠ, ʧʨʦʪʝʢʘʚʰʝʡ ʧʦ 

ʢʦʪʣʦʚʠʥʝ. ɺʦ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 2023ʛ ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʤʘʩʩʠʚʥʦʝ ʩʢʦʧʣʝʥʠʝ 

ʤʠʢʨʦʙʠʘʣʴʥʳʭ ʤʘʪʦʚ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʦʟʝʨʘ. ɽʱʸ ʧʨʠ ʦʪʙʦʨʝ ʧʨʦʙ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ 

ʙʳʣʦ ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʤʘʪʘ ʩʠʣʴʥʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʳ. 

ɼʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʘʢʪʠʚʥʦʤ ʢʘʢ ʭʝʤʦʛʝʥʥʦʤ, ʪʘʢ ʠ ʙʠʦʛʝʥʥʦʤ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʠ ʦʙʲʝʢʪʘ ʠʟʫʯʝʥʠʷ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʤʘʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʬʘʟ (ʩʫʣʴʬʘʪʥʳʭ, ʢʘʨʙʦʥʘʪʥʳʭ, ʭʣʦʨʠʜʥʳʭ), ʥʝ ʚʩʝ ʠʟ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ. ʍʣʦʨʠʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʘʣʠʪʦʤ, ʤʝʣʢʠʝ 

ʢʨʠʩʪʘʣʣʳ ʢʦʪʦʨʦʛʦ ʦʙʨʘʩʪʘʶʪ ʦʙʨʘʟʮʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. ɻʠʧʩ (CaSO4*2H2O), 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʢʘʢ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ ʤʘʪʘ ʠʤʝʝʪ ʭʦʨʦʰʫʶ 

ʦʛʨʘʥʢʫ ʠ ʥʝʨʝʜʢʦ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʥʠʪʯʘʪʳʤʠ ʙʠʦʬʦʩʩʠʣʠʷʤʠ. ʀʤʝʥʥʦ ʛʨʫʧʧʘ ʩʫʣʴʬʘʪʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʦʢʘʟʘʣʘʩʴ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʦʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʧʦ ʩʦʩʪʘʚʫ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ.  

ʆʩʥʦʚʥʳʤ ʩʫʣʴʬʘʪʥʳʤ ʤʠʥʝʨʘʣʦʤ, ʘʨʤʠʨʫʶʱʠʤ ʤʘʪ, ʷʚʣʷʝʪʩʷ ʪʝʥʘʨʜʠʪ Na2SO4, 

ʢʨʠʩʪʘʣʣʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʡ ʦʙʣʠʢ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʪʝʥʘʨʜʠʪ ʠʤʝʝʪ 

ʭʝʤʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʣʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʩʨʝʜʳ. ʊʘʢʞʝ 

ʩʫʣʴʬʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʦʤʙʦʢʣʘʟʦʤ (Fe2[SO4]3*5H2O), ʤʠʨʘʙʠʣʠʪʦʤ (Na2SO4*10H2O), 

ʢʠʟʝʨʠʪʦʤ (MgSO4*H2O) ʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʙʣʝʜʠʪʦʤ (Na2Mg[SO4]2*4H2O) ʠ Na-

ʷʨʦʟʠʪʦʤ K, Na, Fe(III)3[SO4]2 (OH). ʉʪʨʦʥʮʠʡ, ʦʪʤʝʯʝʥʥʳʡ ʚ ʦʙʨʘʟʮʘʭ, ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʚʠʜʝ ʮʝʣʝʩʪʠʥʘ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ, ʚ ʠʟʦʙʠʣʠʠ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʤʘʪʝ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʵʪʘ ʬʘʟʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ ʢʘʢ ʚʘʪʪʝʚʠʣʣʝʠʪ 

(wattevilleite Na2Ca[SO4]*4H2O). 

ɺ ʧʨʦʙʘʭ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʤʘʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʥʠʞʥʝʤ ʩʣʦʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʙʠʦʤʦʨʬʦʟʳ ʧʦ ʯʝʭʣʘʤ ʮʠʘʥʦʙʘʢʪʝʨʠʡ (?), ʩʣʦʞʝʥʥʳʝ ʤʘʛʥʝʟʠʘʣʴʥʳʤ 

ʢʘʣʴʮʠʪʦʤ. ʉʫʜʷ ʧʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤ ʯʘʩʪʠʮ (ʢʨʠʩʪʘʣʣʦʚ) ʦʪʜʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʥʠʦʥʦʚ: CO3
2ï

 Ÿ 

SO4
2ï

 Ÿ Cl
ï
. 
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ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʂʇ çɻʝʦʥʘʫʢʘè (ʀɻ ʌʀʎ ʂʦʤʠ 

ʅʎ ʋʨʆ ʈɸʅ) ʠ ʎʂʇ çɻʝʦʘʥʘʣʠʪʠʢè (ʀɻɻ ʋʨʆ ʈɸʅ). 
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ɹʠʦʤʠʥʝʨʘʣʳ -ʧʨʠʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ , ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʫʯʘʩʪʠʠ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ , ʚ ʪʦʤ ʯʠʩʣʝ ʯʝʣʦʚʝʢʘ, ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ  ʚ ʮʘʨʩʪʚʝ ʤʠʥʝʨʘʣʦʚ .   

ʈʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʥʠʭ ʣʝʪ  ʜʝʤʦʥʩʪʨʠʨʫʶʪ  ʰʠʨʦʯʘʡʰʫʶ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 

ʙʠʦʤʠʥʝʨʘʣʦʚ  ʠ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʭʘʥʠʟʤʦʚ  ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ 

ʥʘʫʢʠ. ʄʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ, ʥʘʢʦʧʣʝʥʥʳʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʙʠʦʤʠʥʝʨʘʣʦʚ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ,  ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ  ʠʤʝʶʱʝʡʩʷ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʙʠʦʤʠʥʝʨʘʣʦʚ ʠ  ʧʨʝʜʣʦʞʠʪʴ ʧʫʪʠ ʝʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ.  

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘʜʦ ʜʦʛʦʚʦʨʠʪʴʩʷ ʦ ʪʦʤ , ʯʪʦ ʪʘʢʦʝ  çʙʠʦʤʠʥʝʨʘʣè ʠ ʢʘʢʠʝ ʚʝʱʝʩʪʚʘ, 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʧʨʠʨʦʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʢʦʩʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ 

ʙʠʦʤʠʥʝʨʘʣʦʛʠʠ .    ʇʦʢʘ ʟʜʝʩʴ ʥʝʪ ʝʜʠʥʩʪʚʘ.  ʏʪʦ ʢʘʩʘʝʪʩʷ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʪʦ ʧʝʨʚʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʝʡ ʚʚʝʣ ɺ.ɸ. ɺʝʨʥʘʜʩʢʠʡ , ʢʦʪʦʨʳʡ   ʩʨʝʜʠ ʚʝʱʝʩʪʚ , ʩʣʘʛʘʶʱʠʭ 

ʙʠʦʩʬʝʨʫ, ʚʳʜʝʣʷʣ  ʙʠʦʢʦʩʥʦʝ ʚʝʱʝʩʪʚʦ , ʢʦʪʦʨʦʝ ʦʙʨʘʟʦʚʘʣʦʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʦʛʦ ʠ ʢʦʩʥʦʛʦ. ʉʨʝʜʠ ʠʤʝʶʱʠʭʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʙʠʦʤʠʥʝʨʘʣʦʚ 

ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ɸ.ɸ. ʂʦʨʘʛʦ [1], ʢʦʪʦʨʘʷ 

ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʈʦʩʩʠʠ.  ɸ.ɸ. ʂʦʨʘʛʦ ʩʯʠʪʘʣ, ʯʪʦ ʚʩʝ ʙʠʦʤʠʥʝʨʘʣʳ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʧʨʠʨʦʜʝ ʚ ʚʠʜʝ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʜʝʣʠʣ ʠʭ ʥʘ ʦʨʪʦʙʠʦʛʝʥʥʳʝ  ( 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ), ʤʝʪʘʙʠʦʛʝʥʥʳʝ (ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ) ʠ 

ʪʘʬʦʙʠʦʛʝʥʥʳʝ (ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʩʩʠʣʣʠʟʘʮʠʠ).    ʉʦʚʨʝʤʝʥʥʳʝ ʟʥʘʥʠʷ  ʦ 

ʩʪʨʦʝʥʠʠ ʙʠʦʤʠʥʝʨʘʣʦʚ ʠ ʤʝʭʘʥʠʟʤʘʭ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʠ ʪʨʝʙʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʚʝʨʠʬʠʢʘʮʠʠ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɿʘ ʨʫʙʝʞʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ɸ.ɸ. . ʂʦʨʘʛʦ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪ ʠ ʩʨʝʜʠ ʙʠʦʤʠʥʝʨʘʣʦʚ ʨʘʟʣʠʯʘʶʪ ʪʦʣʴʢʦ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ  ʧʦʜ ʢʦʥʪʨʦʣʝʤ 

ʢʣʝʪʢʠ (ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʷ)     ʠ ʙʝʟ ʢʣʝʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʠʥʜʫʮʠʨʫʝʤʘʷ 

ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʷ) [2].  ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ  ʚ ʦʜʥʫ ʛʨʫʧʧʫ ʧʦʧʘʜʘʶʪ 

ʙʠʦʤʠʥʝʨʘʣʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʙʨʘʟʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, 

ʧʘʪʦʛʝʥʥʳʝ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʘʛʨʝʛʘʪʳ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ   ʠ ʬʦʩʬʘʪʥʳʝ 

ʤʠʥʝʨʘʣʳ,  ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʛʫʘʥʦ).  ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ  ʤʳ ʧʦʩʪʘʨʘʣʠʩʴ 

ʫʯʝʩʪʴ ʚʩʝ ʜʦʩʪʠʞʝʥʠʷ  ʧʨʝʜʳʜʫʱʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ  ʠʭ ʩ ʫʯʝʪʦʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ.   

[1] ʂʦʨʘʛʦ ɸ.ɸ. ɺʚʝʜʝʥʠʝ ʚ ʙʠʦʤʠʥʝʨʘʣʦʛʠʶ,ʉʇʙ: ʅʝʜʨʘ, 1992, 280    

[2] Lowenstam HA, Weiner S On biomineralization,  Oxford Press, 1989, 324    
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ʎʠʘʥʦʙʘʢʪʝʨʠʠ (ʎɹ) ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ ʩ ʜʘʣʴʥʝʡʰʠʤ ʚʳʜʝʣʝʥʠʝʤ 

ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʬʦʩʬʘʪʦʚ (Berenjian & 

Seifan, 2022). ʂʘʨʙʦʥʘʪʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʎɹ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʙʠʦʪʝʭʥʦʣʦʛʠʷʭ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʎɹ ʥʘ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɹʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʚʝ ʩʝʨʠʠ ʩʠʥʪʝʟʦʚ. ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ 9 ʰʪʘʤʤʦʚ ʎɹ  ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʨʘʩʪʚʦʨʝ ʩ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ CaCl2, ʚʦ ʚʪʦʨʦʡ ʩʝʨʠʠ 2 ʰʪʘʤʤʘ ʎɹ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʚ ʨʘʩʪʚʦʨʳ, 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʣʴʮʠʪʘ ʠʣʠ ʘʨʘʛʦʥʠʪʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʎɹ. ʆʩʘʜʢʠ 

ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩ ʢʦʥʪʨʦʣʝʤ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʩʠʥʪʝʟʦʚ ʢʘʣʴʮʠʪ ʠ ʘʧʘʪʠʪ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʳʭ ʩʫʪʦʢ. ɼʣʷ ʙʘʢʪʝʨʠʡ ʩʦ ʩʣʠʟʠʩʪʳʤ ʯʝʭʣʦʤ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʚʷʟʠ ʤʝʞʜʫ 

ʚʠʜʦʤ ʎɹ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʘʣʴʮʠʪ/ʘʧʘʪʠʪ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʷ ʚ 

ʩʨʝʜʝ. ɺ ʩʣʫʯʘʝ Scytonema sp. ʠ Calothrix elenkenii ʚʩʝʛʜʘ ʧʨʝʦʙʣʘʜʘʣ ʢʘʣʴʮʠʪ, ʘ Nostoc sp. 

ʠ Chalicogloea sp. - ʘʧʘʪʠʪ. ɺʦ ʚʪʦʨʦʡ ʩʝʨʠʠ ʩʠʥʪʝʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʣʴʮʠʪʘ ʙʘʢʪʝʨʠʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʩʘʜʢʘ, ʥʦ ʫʩʢʦʨʷʶʪ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ɺ ʫʩʣʦʚʠʷʭ, ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʨʘʛʦʥʠʪʘ ʜʦʙʘʚʣʝʥʠʝ 

ʙʘʢʪʝʨʠʡ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʩʘʜʢʘ: ʦʙʨʘʟʦʚʘʥʠʶ ʄg-ʩʦʜʝʨʞʘʱʝʛʦ 

ʢʘʣʴʮʠʪʘ. ɺ ʨʘʟʙʘʚʣʝʥʥʳʭ ʚ 10 ʨʘʟ ʨʘʩʪʚʦʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʚ ʦʪʩʫʪʩʪʚʠʠ ʎɹ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʥʝ ʧʨʦʠʩʭʦʜʠʣʘ, ʜʦʙʘʚʣʝʥʠʝ Synechococcus sp. ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʪʨʝʪʴʠ ʩʫʪʢʠ 

ʘʧʘʪʠʪʘ ʠʣʠ ʙʨʫʩʠʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʎɹ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 19-17-00141 ʥʘ ʙʘʟʝ 

ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ʉʇʙɻʋ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʎʝʥʪʨ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʘʥʘʣʠʟʘè ʠ çʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚè. 

 [1] Berenjian, A. and Seifan, M. Mineral Formation by Microorganisms. 2022, Springer, 387p. 

ISBN: 978-3-030-80807-5. 
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