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Section I  

BIOLOGY AND ECOLOGY 
 

 

Borovkova A. D 1 

MONITORING OF ORGANOCHLORINE PESTICIDES (DDT AND HCH) IN SOFT TISSUE OF 

BIVALVES FROM THE POSYET BAY AND THE PETER THE GREAT BAY (THE SEA OF JAPAN) 
1 Far Eastern Federal University, Institute of the World Ocean 

2 Far Eastern Federal University, Oriental Institute School of Regional and International Studies, FEFU 

Scientific adviser – Tsygankov V. Yu 1 

Scientific consultant–G. L. Ardeeva 2 

 

Persistent organic pollutants (POPs) are a class of the most hazardous organic compounds that include 

organochlorine pesticides (OCPs), such as HCCH, DDT, etc. COPs are highly toxic and bioaccumulative, and 

decompose extremely slowly in the environment. Due to atmospheric transport, COPs are deposited far away from 

the source of pollution and accumulate in aquatic and terrestrial ecosystems. Most of these substances have a 

negative impact on living organisms and human health [Ошибка! Источник ссылки не найден.].  

Currently, since coastal waters of the Sea of Japan contamination issue by persistent organic pollutants are 

not enough studied our research is relevant.  

The aim of this work is to study the temporal trends in the accumulation of OCPs in bivalve mollusks of the 

Peter the Great Bay on the basis of comparison of our data and the results of earlier studies. 

Lipids were extracted from soft tissue homogenates using a mixture of n-hexane and acetone, followed by 

destruction of the fat components with concentrated sulfuric acid [Ошибка! Источник ссылки не найден.]. The 

obtained POPs extract was separated into non-polar (for PCB) and polar (for OCP) solvents on a chromatographic 

column with Florisil®. Among the OCPs in the samples studied the following were determined: α-, β- and γ-HCCH, 

4,4'- DDT, 2,4'-DDT, 4,4'-DDD, 2,4'-DDD, 4,4'- DDE and 2,4'-DDE. 

Earlier studies [Ошибка! Источник ссылки не найден.] of OCPs content in bivalves from Peter the 

Great Bay conducted in 2002 showed the presence of all HCH isomers in the soft tissues of Crenomytilus grayanus 

and Mizuhopecten yessoensis with a predominance of β-form. The presence of DDT and its metabolites was 

recorded only in C. grayanus, the main metabolite being DDD. The results are presented in Table 1. 

Table 1 

OCP content in bivalves collected in Posyet Bay, the Sea of Japan (June-July 2002) [Ошибка! Источник 

ссылки не найден.] 

Species Organ 

C, ng/g, wet weight 

HCH isomers DDT metabolites 

α β γ DDT DDD DDE 

Crenomytilus 

grayanus Soft 

tissues 

17 108 45 2 350 94 

Mizuhopecten 

yessoensis 
18 360 17 – – – 

 

In samples of C. grayanus and Modiolus modiolus collected in 2017, all isomers of HCH were also detected, 

among which the β-form prevailed, indicating a long-term input of contaminants. DDT and its metabolites were 

dominated by DDE, which demonstrates the decomposition of the parent compound. The results are presented in 

table 2. 
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Table 2 

OCP content in bivalves collected in different parts of the Peter the Great Bay, the Sea of Japan (summer 2017) 

Species Organ 

C, ng/g, wet weight 

HCH isomers DDT metabolites 

α β γ DDT DDD DDE 

Crenomytilus 

grayanus Soft 

tissues 

0,31 4,674 0,358 – 0,11 11,219 

Modiolus 

modiolus 
0,417 0,272 0,741 – 0,074 30,658 

Thus, the results demonstrate a decrease in concentrations of organochlorine pesticides in the soft tissues of 

mollusks over 15 years. A growing number of countries may have reduced concentrations of OCPs by not using 

pesticides for medical or agricultural purposes in accordance with the Stockholm Convention. At the same time, the 

presence of low concentrations of forms indicating of recent input of contaminants may be associated with 

transboundary transport by water and air masses from areas where OCPs continue to be used to treat crops against 

pests and to control malaria vector. 
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MORPHOLOGICAL DESCRIPTION OF NEMATODES OF THE GENUS DICTYOCAULUS 

(TRICHOSTRONGYLOIDEA: DICTYOCAULIDAE) FROM FAR EASTERN RED DEER (CERVUS 

ELAPHUS XANTHOPYGUS (H. MILNE-EDWARDS, 1867)) 
1G.P. Somov Institute of Epidemiology and Microbiology, Russian Federal Service for Surveillance on Consumer 

Rights Protection and Human Wellbeing 
2 Far Eastern Federal University, Institute of the World Ocean 

3Federal Scientific Centre of the East Asia Terrestrial Biodiversity, FEB RAS 
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Scientific consultant–G. L. Ardeeva5 

 

Parasitic diseases caused by numerous helminths are of great importance in the dynamics of wildlife. Adults 

of the genus Dictyocaulus, which parasitize in the bronchi of domestic and wild ruminants, can be especially 
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dangerous. These nematodes cause parasitic bronchitis – dictyoculosis. The disease is characterized by cough, nasal 

discharge, emphysema, and pneumonia [2]. Dictyocaulosis is a potential threat to biodiversity as well as to the 

development of the game industry in Russia [3]. 

Until the beginning of the 21st century, most species of Dictyocaulus, due to their morphological identity, 

were commonly identified by the host in which the parasite was found. For example, for a long time scientists 

considered D. eckerti to be the only representative of dictyocaulids parasitizing in Deer (Cervidae). However, with 

the development of genetic technologies, two new species affecting Cervidae were discovered: D. capreolus, a 

parasite of roe deer and moose [1], and D. cervi, a parasite of red deer [5]. The aim of the study is to give a 

morphological description of nematodes of the genus Dictyoculus from the lungs of the Far Eastern red deer (Cervus 

elaphus xanthopygus (H. Milne-Edwards) of Primorsky Krai. 

Twelve individuals of parasitic nematodes: 5 females and 7 males were found in the lungs of C. elaphus 

xanthopygus, which was hunted near the village Sinegorye in the Kavalerovsky district of Primorsky Krai. Of these, 

8 individuals (2 males and 2 females) were preserved in 96% ethanol for genetic analysis and 4 were preserved in 

70% ethanol to prepare permanent zoological preparations. Nematodes from 70% ethanol were placed in a 

1:7 solution of glycerol and water, then placed on a slide and fixed with glycerol-gelatin [4]. The preparations were 

analyzed under a ZEISS Primo Star light microscope (Carl Zeiss, Germany). Total histological preparations were 

measured in ZEISS AxioVision 4.8.1 software (Carl Zeiss, Germany) at the Department of Cell Biology and 

Genetics, Far Eastern Federal University. General morphology: Filamentous nematodes of whitish color, with 

tapering body at the ends. The cuticle is transversely striated. The mouth opening is terminal and surrounded by 

four lips. The cephalic vesicle is present. The buccal capsule is 15.270-19.633 µm wide and 14.676-16.756 µm 

long. The buccal capsule wall is 6.673-13.990 µm wide and 19.619-30.417 µm long. The esophagus is cylindrical 

in shape, extending to the posterior end. 

Male: Body length is 36.65-49.5 mm, oesophagus is 0.88-0.9 mm long. Nerve ring and excretory pore are 

removed 0.30-0.41 mm and 0.46-0.60 mm from the anterior end, respectively Copulatory bursa is 190.058-302 µm 

long. Spicules are porous, massive, brown in color, 243.01-263.6 µm in length and 30.795-36.187 µm in width. 

Gubernaculum is lighter than the spicules, oval in shape, 54.691-60.109 µm long and 10.634-13.467 µm wide. The 

structure of bursa: dorsal rays are distinct, split at apex each; externodorsal rays are independent, thickened at apex, 

shorter than two adjacent rays; medio- and postero-lateral rays are merged, completely fused, long, bent at the end.  

 
Figure 1 – Dictyocaulus n. sp. from the Far Eastern red deer 

1 – anterior end; 2 – vulva area; 3 – posterior end of the female; 4 – immature and mature embryonated eggs; 

5 - male bursa; 6 – posterior end of the male 
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Female: body length is 39.9-45.4 mm, esophagus is 0.84-0.98 mm long. The nerve ring and excretory pore 

were removed 0.33-0.38 mm and 0.50-057 mm from the anterior end, respectively.  The vulva is in the first half of 

the body at a distance of 17.6-19.47 mm from the anterior end. Eggs are oval in shape, measuring 51.77-58.16 µm 

long and 33.42-38.26 µm wide. 

Studied nematodes have a morphological structure typical for the genus (Fig. 1). In addition, the presence 

of three lobes on dorsal rays and length of spicules unite our species with other dictyocauluses from Cervids. 

According to morphometry, the worms are unique, since they do not correspond to any of the known Dictyocaulus. 

The maximum length of males is similar to D. capreolus and D. cervi but exceeds the length of males of D. eckerti 

(49.35 > 47 mm). The minimum length of the female esophagus is the same only for D. eckerty, compared with 

other dictyocauli from the cervids, it is less (0.84 < 0.88 and 0.86 for D. capreolus and D. cervi, respectively). The 

maximum distance from the anterior end to the nerve ring in males is greater than in D. capreolus (0.41 > 0.4 mm). 

And the maximum distance from the anterior end to the excretory pore is greater than that of D. cervi 

(0.6 > 0.54 mm) [3]. 

It is surprising, but such insignificant morphometric differences from other representatives of the genus 

Dictyocaulus are sufficient to describe the new species. For example, the recently described D. capreolus differed 

morphometrically from D. eckerti only in the thickness of the buccal capsule [1]. Nevertheless, molecular genetic 

analysis is necessary for a definitive conclusion. Thus, a comparison of the sequences obtained using the genetic 

markers 18S rRNA and cox1 showed a strict isolation of the studied nematodes from other species of the genus.  

To sum up, the presented morphological description together with previously obtained genetic data allow us 

to describe a new species Dictyocaulus from the Far Eastern red deer in Primorsky Krai.  
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Lectins are the general name of glycoproteins, as well as proteins of non-immune origin, capable of 

selectively and reversibly binding to carbohydrates [1, 3]. Such carbohydrate-protein interactions form the basis of 

many physiological processes in the body. The most interesting of them relate to the emergence and development 

of malignant tumors, adhesion of individual cells and microorganisms to tissues, participation in a nonspecific 

immune response to various pathogens, intercellular contacts through chemoreceptor "recognition" of each other by 

cells [1, 3].  

Lectins are able to recognize minor changes in the carbohydrate profile of the cell surfaces of cancerous 

tumors, and therefore deserve special attention among the variety of modern antitumor arsenal. 

It is known that the cell surface is a rather complex structure consisting of a double layer of phospholipids, 

various proteins, glycoproteins, and glycolipids (Fig. 1). The last two classes of compounds contain 

heterooligosaccharides, which consist of different monosaccharide units, such as galactose, glucose, fucose, 

mannose, sialic acid, and several others. Numerous studies conducted since the middle of the 20th century have 

established that changes in these structures invariably accompany the processes of malignant growth of tumors. In 

particular, there are several characteristic pathways for cell surface reglycosylation during cell transformation: 

 there is an increase in the number of branched oligosaccharide chains; 

 the expression of embryonic carbohydrate antigens starts; 

 increases the degree of fucosylation and the content of sialic acid in the terminal position [4]. 

This is the first weakness of the tumor cell: it allows carbohydrate-binding proteins to “discover” itself. And 

all these changes can be tracked with the help of lectins. 

 
Figure 1. The structure of the cell membrane. 

Based on the ability of the galactose-specific lectin CGL from the marine mollusk Crenomytilus grayanus 

to bind to many tumor markers, a solid-phase lectin-enzymatic method for the analysis of biological samples was 

https://biomolecula.ru/articles/lektiny-novye-instrumenty-v-diagnostike-i-terapii-zlokachestvennykh-opukholei#source-2
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proposed. [1]. The recombinant bifunctional lectin CmAP/CGL with highly active alkaline phosphatase from the 

marine bacterium Cobetia amphilecti KMM 296 makes it possible, without additional steps, to detect bound lectin-

ligand complexes in samples containing structures with galactose residues, such as cancer embryonic antigen 

(CEA), acid beta-glycoprotein, and others. (CA19-9, CA125, CA72-4, alpha-fetoprotein (AFP) and prostate-

specific antigen (PSA)) [1]. However, many of the listed tumor markers can also be found in samples from healthy 

people. 

To enable the differentiation of transformed and healthy cells, in silico mutagenesis of the CGL lectin and 

molecular docking of its mutants in complex with various carbohydrate residues from the PDA crystal structure 

database (https://g.co/kgs/Ug5sVS) were carried out using the MOE 2018.01 program [2]. characteristic of the 

carbohydrate profile of tumors. 

Thus, using the methods of structural bioinformatics, we obtained several spatial structures of the CGL lectin 

with a predicted change in specificity from a galactose residue to Neu5G sialic acid residues, which is absent in 

glycoproteins of healthy human cells (Fig. 2). The substitution of amino acid residues at positions H37, H85, and 

H129 for an alanine residue at three binding sites, respectively, led to a change in the conformation of the 

carbohydrate-binding sites in the H37A, H85A, and H129A mutants, which causes the breaking of the hydrogen 

bonds of these residues with galactose and the appearance of a high affinity of the binding sites for sialic acids 

(Fig. 2). The loss of galactose specificity of CGL has been shown experimentally. Mutants H37A, H85A, and 

H129A bind much weaker to mucin compared to wild-type lectin. [3]. 

The ability of mutant CGL to form complexes with sialic acid in samples will increase the specificity for the 

carbohydrate profile of tumor markers of cancer cells when using diagnostic test systems based on recombinant 

CGL lectin with a highly active marine bacterium alkaline phosphatase. 

 
Figure 2. Mutant lectin-sialic acid complex. 
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Derivatives of 1,4-naphthoquinonones are pharmacologically active, they are characterized by cytotoxic, 

antibacterial, antifungal, antiviral, antioxidant and cardioprotective properties [2,3,5]. However, 

1.4-naphthoquinones are poorly soluble in water, and therefore require special means of their transfer to the target 

cells. The main blood transport protein is human serum albumin (HSA). Its normal concentration ranges from 35 to 

50 g/l. The molecular weight of the protein is 66.5 kDa [4]. The HSA structure contains three homologous α-helical 

domains: I (residues 1-195), II (196-383) and III (384-585). These domains include ten antiparallel helices and are 

divided into two subdomains – A of six helices and B of four [1,4]. HSA regulates redox potential, colloidal osmotic 

plasma pressure between blood and tissues; It acts as a carrier of endogenous and exogenous low molecular weight 

compounds, protects them from the destructive environmental impacts, reducing toxicity and increasing their half-

life [4]. HSA also improves the solubility of hydrophobic compounds in plasma, which may facilitate the transfer 

of 1,4-naphthoquinone derivatives to their targets. 

In this work, potential binding sites of 1,4-naphthoquinone derivatives, compounds U-573 and U-443 

obtained at the Pacific Institute of Bioorganic Chemistry, with human serum albumin are evaluated using in silico 

methods The spatial structures of 1,4-naphthoquinone molecules were obtained using the Discovery Studio and 

MOE (Molecular Operating Environment) programs. Stabilization of the structures was performed using the 

potential of Amber99 forces. The crystal structure of albumin was obtained from the PDB database (PDB ID 1AO6). 

Potential ligand binding sites were identified using the Site Finder module of the MOE program. A warfarin binding 

site located in the IIA domain of albumin was chosen for U-573. Binding site was determined based on 2BXD 

model analysis (albumin + warfarin). For U-443, a site located between the I and III domains of HSA was chosen 

because of the large size of the molecule under study.  For U-573 free binding energy ΔE (kcal/mol) calculated with 

MM/GBVI parameters range from -13 to -20, affinity (pKi) ranges from 9.3 to 10.5, and efficiency is greater than 

0.5. The number of ligand contacts with the site is 3 or 4. For U-443, ΔE values range from -18 to -25, affinity (pKi) 

ranges from 6.3 to 9.5, and efficiency is not more than 0.22. The number of ligand contacts with the site is from 1 
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to 3. For warfarin ΔE = -27.8, affinity (pKi) = 8.5, efficiency = 0.4. The number of ligand contacts with site is 4. 

Thus, compounds U-573 and U-443 have the potential to bind to albumin. Using the GRAMM (Global Range 

Molecular Matching) program, two more potential ligand binding sites were identified for each of the molecules. 

One of the sites located in domain I overlaps for both substances. Future experiments on the binding of U-443 and 

U-573 to human albumin are planned to determine the binding parameters by fluorescence spectroscopy. 
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Mycoplasmas are opportunistic microorganisms that are part of the normal microbiota of many oyster 

species [1]. According to literature, the prevalence of mycoplasmas in oysters ranges from 65% to 95% [2]. 

Although mycoplasmas can occur in fairly large numbers in the intestines of many aquatic animals, their functions 

in the body remain unknown [3]. Outbreaks of infectious diseases of oysters caused by mycoplasmas are known 

[4]. This may be due to the weakening of the immunity of animals against the background of deteriorating conditions 

of their habitat.  

The aim of the work is to perform PCR diagnostics of internal organs of Pacific oyster Crassostrea gigas 

samples from Vladivostok coastal waters to detect mycoplasmas in them.  

The water areas of Vladivostok with varying degrees of anthropogenic load were selected as study areas: 

Eastern Bosphorus Strait, Vtoraya Rechka Bay, Novik Bay, Ajax Bay, and Stark Strait. Animal specimens were 

sampled at a depth of 1.5–2 m. Under sterile conditions, the tissues of the gastrointestinal tract, gonads and gills 
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were extracted and frozen for further study. Total bacterial DNA was isolated from tissue samples using a 

commercial NK sorbent Base kit (Littech, Russia). A pair of primers was used for identification by PCR analysis: 

Myco1 GTTGCGCTCGTTGCGGGAC; Myco2-GTTGCGCTCGTTGCAGGAC [5]. PCR was performed in 25 µl 

of a reaction mixture containing BioMaster HS-qPCR (2x) (Biolabmix, Russia) using forward and reverse primers, 

sterile water, and DNA matrix. PCR was performed according to a program: pre-denaturation at 95°C (30 min) 

followed by 35 cycles of denaturation at 95°C (30 s), annealing at 56°C (30 s), elongation at 72°C (30 s), with a 

final elongation at 72°C for 10 min [5]. All PCR products were visualized by horizontal electrophoresis in 1.5% 

agarose gel on Tris-borate buffer containing ethidium bromide (Fig. 1). 

PCR-diagnostics of internal organs of the Pacific oyster Crassostrea gigas from coastal waters of 

Vladivostok showed that 18 of 60 samples obtained contained members of the family Mycoplasmataceae. These 

samples were obtained from animals from the Eastern Bosphorus Strait, Vtoraya Rechka Bay, Novik Bay and Ajax 

Bay. Mycoplasmas were found to be part of the microbiota of 45% of the mollusk specimens studied. Mycoplasmas 

were found in the gastrointestinal tract of Pacific oysters (39% of all positive samples), in the gills (33%) and in the 

gonads (28%). 

 
Fig.1 - Gel electrophoresis with results of mycoplasma detection in of Pacific oyster internal organ samples 
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Among the seas of the Far Eastern fishery basin one of the most important is the Bering Sea with its high 

productivity and abundance of commercial species of hydrobionts [4]. However, despite its significant commercial 

significance, at present no monitoring studies at the state level are implemented in this water area, and the regulatory 

and legal framework of the Russian Federation lacks background concentrations of toxicants that are widespread in 

the environment [2]. At the same time, there are data on the determination of persistent organic pollutants (POPs) 

in such valuable fishery species as Pacific salmon (Oncorhynchus), flatfish (Pleuronectidae), and marine mammals 

of the seas of the Russian Far East [1,2,3,6,7,8]. The presence of concentrations of such pollutants in fishing objects 

makes this alarming. In this regard, the monitoring of pollutant content is a necessary process to help understand 

the level of danger of POPs pollution in the environment. 

The Greenland halibut (Reinhardtius hippoglossoides matsuurae), the most numerous of the four halibut 

species inhabiting the Far Eastern seas, occupies a special place among important targets of commercial fishing in 

the Bering Sea. Its meat, being both fatty and tender, is highly valued for its taste qualities and is in high demand 

among consumers [10]. 

Thus, the aim of this work is to analyze organochlorine pesticides (OCP) and polychlorinated biphenyls 

(PCB) in organs of the Greenland halibut caught in the northwestern Bering Sea. 

The Greenland halibut were sampled in the northwestern Bering Sea in the fall of 2020. After transportation 

to the laboratory, the samples were thawed and prepared according to the standard methods for the identification of 

organochlorine pesticides (OCPs) HCCH isomers (α-, β-, γ-, and -HCCH) and DDT, including its metabolites (o,p'-

DDT, p,p'-DDT, o,p'-DDDD, p,p'-DDE, o,p'-DDE) and polychlorinated biphenyl (PCB) congeners (28, 52, 101, 

118, 138, 153 and 180). The main determination of the mass content of the compounds under study in the biomaterial 

was performed on a Shimadzu GC MS-QP 2010 Ultra gas chromatograph mass spectrometer. Sample preparation 

was performed according to the procedure given in [7].  

Mean concentrations of ∑HCH and ∑DDT in muscle tissue were 0.005±0,007 and 0,003±0,003, in liver – 

0.002±0,001 and 0,008±0,005, in male gonads – 0.006±0,004 and 0,007±0,002, in eggs– 0.005±0,002 mg/kg wet 

weight, respectively.  

HCH isomers were detected in almost all samples. The most frequent form is γ-HCH, which may indicate a 

possible ongoing input of this compound to the ecosystem. Of the DDT metabolites, the DDE group dominated 

indicating that the original DDT entered the environment a long time ago and was subsequently degraded. 

The mean ∑PCB concentrations in muscle, liver, roe, and gonads of males were 0,002±0,002, 0,006±0,005, 

0,0005±0.0005, and 0,0003±0,0002 mg/kg wet weight, respectively. In the sexual products of males, exclusively 

low-chlorinated PCB congeners (28 and 52) were found, while muscles, liver and roe of the studied individuals had 

a more diverse composition, the main part of which was represented by highly chlorinated PCB congeners (101, 

118, 153, 138 and 180). The obtained results indicate the intake of a significant amount of PCBs at the time of lipid 

accumulation by the hydrobiont during the formation of eggs, as a fattier organ compared to the sexual products of 

males. 

The obtained concentrations in the organs of the Greenland halibut were compared with their maximum 
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permissible concentrations (MPCs) for fish and non-fish objects of fishing [5] (Table 1). 

Table 1 

Comparison of average POPs concentrations in organs of the Greenland halibut with MPCs for fish and non-fish 

fisheries, mg/kg wet weight. 

Organ 
Xenobiotic 

∑HCH1 MPC ∑DDT2 MPC ∑PCB3 MPC  

Muscles 0,005±0,007 0,2 0,003±0,003 0,2 0,002±0,002 2,0 

Liver 0,002±0,001 1,0 0,008±0,005 3,0 0,006±0,005 5,0 

Roe 0,005±0,002 0,2 – 0,2 0,0005±0,0005 2,0 

Male 

gonads 
0,006±0,004 0,2 0,007±0,002 0,2 0,0003±0,0002 2,0 

1HCH (α-, β-, γ-)  
2DDT (o,p’-DDТ, p,p’-DDТ, o,p’-DDD, p,p’-DDD, o,p’-DDЕ, p,p’-DDЕ) 
3PCB marker congeners: 28, 52, 101, 138, 153 and 180 

According to the results, no organ exceeded the maximum permissible concentrations, indicating the safe 

use of the Greenland halibut as a food item. However, an assessment of acceptable consumption based on POPs 

content is necessary to confirm safe consumption of this species. 

Thus, OCPs and PCBs were detected in all organs of the Greenland halibut. Since the Bering Sea is a zone 

quite distant from the active agricultural activity and industrial production, the presence of organochlorine pesticide 

compounds in the analyzed samples is a manifestation of the global background of xenobiotics that has formed on 

the planet at the present time. When comparing POP concentrations in organs with MPCs, no exceedances were 

found. Consequently, one of the most important tasks is to expand research on deep-sea commercial or potentially 

commercially exploitable fish species to assess the safety of their consumption, as well as to monitor the condition 

of the ecosystem as a whole. 

This study was supported by the Russian Science Foundation (agreement no. 18-14-00120). 
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The search for new biologically active compounds as potential components for the creation of 

pharmacological drugs, the study of their structural and functional relationships and mechanism of action is a 

fascinating task of biochemistry and biotechnology. In this context, the peptides of the Kunitz/BPTI family are of 

great research interest due to their wide representation among both venomous terrestrial and marine animals and 

their ability to interact with various targets (serine proteases, ion channels) involved in various physiological 

processes [1; 2]. Their polypeptide chain contains 60-80 aa which is stabilized by three conserved intradomain 

disulfide bonds (CysI–CysVI, CysII–CysIV, CysIII–CysV) accompanied by the formation of two loops responsible 

for protease inhibition. The amino acid residues of the main protease-binding loop, in particular the residues of the 

reactive site (positions P1-P1’), form the majority of contacts with the active centre of the protease and contribute 

to the association energy of the protein-enzyme complex [3].  

Sea anemones are a rich source of Kunitz-peptides, which are encoded by multigene families and form a 

large variety of peptide isoforms in the content of venom secretion. Such multigene families were found in 

Stichodactyla haddoni [4], Anemonia viridis [5], Heteractis magnifica and Heteractis crispa [6]. The main function 

of most known Kunitz-type peptides is protease inhibition, some Kunitz peptides from sea anemone exhibit 

analgesic [7; 8], anti-inflammatory [9] and neuroprotective [10] activities. 

One of the important characteristics of Kunitz-peptides is a high stability of the domain structure due to the 

presence of three disulfide bonds. This feature allows them to retain protease inhibitory activity over a wide range 

of temperatures and pH values.  

The aim of this work was to obtain recombinant peptides, HCIQ2c1 and HCIQ4c7, belonging to 

combinatorial library of sea anemone H. crispa and to study their thermostability.  

Heterologic expression in bacterial systems is a widespread method of producing recombinant peptides. 

Escherichia coli BL21 (DE3) cells were transformed with recombinant plasmids pET32b/HCIQ2c1 and 

pET32b/HCIQ4c7. Heterological expression was performed in Luria-Bertani medium with 0.5 mM and 0.2 mM 

isopropyl-β-D-1-thiogalactopyranoside for HCIQ2c1 and HCIQ4c7, respectively, at 37 °C for 3 hours. Fusion 

proteins consisting of target peptides, thioredoxin, a poly-histidine tag, and a methionine residue were isolated by 

metal-affinity chromatography and cleaved with CNBr for the methionine residue. The target peptides were then 

purified by RP-HPLC. The final yields of HCIQ2c1 and HCIQ4c7 were 10 and 13 mg/L cell culture, respectively. 

The molecular weights of HCIQ2c1 and HCIQ4c7 determined by MALDI TOF MS were 6330 and 6404 Da, 

consistent with the predicted molecular weights. 
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The temperature effect on the spacial structure and biological activity of peptides was analyzed by both CD 

spectroscopy and protease inhibition analysis. The CD spectra of HCIQ2c1 and HCIQ4c7 solutions showed no 

significant changes after heating to 90 °C and 80 °C, respectively. Further heating of the solutions to 100 °C resulted 

in a reduction of α-helixes in both peptides. To confirm the thermostability of HCIQ2c1 and HCIQ4c7, their ability 

to inhibit trypsin after heating in the temperature range from 25 to 100 ° C for 30 minutes was studied. It was shown 

that HCIQ2c1 completely inhibited trypsin over the entire temperature range, whereas the activity of HCIQ4c7 

decreased by 7% after heating the solution to 100 °C. Thus, we obtained recombinant HCIQ2c1 and HCIQ4c7 

peptides and showed that they are highly thermostable,  retaining their conformation and biological activity up to 

90–100 °C.  

This work was funded by RFBR and SC RA, project number 20-54-05006.  
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Vostok Bay is a small bay of the second order, located in the eastern part of the Peter the Great Bay. Located 

at some distance from industrial enterprises, Vostok Bay did not experience a serious anthropogenic load, since its 

shores are poorly developed by industry and agriculture. The bay is a nursery for many invertebrates, the larvae of 

which are carried by currents through the waters of Peter the Great Bay. Since the late 1990s - early 2000s, the 

environmental situation in Vostok Bay began to change especially noticeably deteriorating in its upper part under 

the influence of the growing recreational pressure. 

The assessment of the state of dissolved oxygen distribution in the waters of Vostok Bay was carried out in 

October 2020 and May 2021 based on the hydrochemical parameters of BOD obtained by the standard Winkler 

method and sounding results. This made it possible to get an idea of the bay pollution with easily oxidized organic 

matter as well as to draw conclusions about the pollution of the water area with hard-to-oxidize substances. 

The results obtained during the analysis of water samples for the content of dissolved oxygen and its 

biochemical consumption in the waters of Vostok Bay in the fall of 2020 are presented in Table 1. 

Table 1 

Average concentrations of biochemical consumption of dissolved oxygen in the waters of Vostok Bay, 

October 2020, (mean ± standard deviation, n=3). 

Station Dissolved 

oxygen, mg/l 

BOD1, 

mg/l 

BOD5, 

mg/l 

BOD10, 

mg/l 

BOD20, 

mg/l 

Temperature, °C Salinity, ‰ 

Cape 

Peshchurov 8,22 

0,10 

± 

0,01 

0,67 

 

 

1,78 

± 

0,06 

2,31 

± 

0,03 

15 33 

Gaydamak Bay 

6,72 

0,11 

± 

0,01 

0,9 

 

 

1,04 

± 

0,01 

1,37 

± 

0,02 

15,1 32,8 

Cape Elizarov 

8,25 

0,06 

± 

0,03 

0,5 

 

 

1,74 

± 

0,15 

2,21 

± 

0,01 

15,1 33 

Near the village 

Volchanets 8,44 

0,07 

± 

0,02 

0,33 

 

 

1,45 

± 

0,04 

2,17 

± 

0,01 

14,5 32,6 

Mouth of the 

Volchanka 

River 

8,18 

0,07 

± 

0,03 

0,71 

 

 

1,85 

± 

0,01 

2,61 

± 

0,03 

14,5 32,3 

It follows from the data in Table 1 that the concentration of dissolved oxygen distributed over the water area 

of Vostok Bay in autumn fluctuates around 8 mg/l which indicates low pollution of the waters of the bay. The 

exception is the data obtained at the entrance to Gaydamak Bay (6.72 mg/l), which is lower than the average values 

for the bay and is clearly out of the general pattern of the distribution of dissolved oxygen concentrations in the 

Vostok Bay water area (Figure 1). The BOD values obtained during the work for the Gaydamak Bay station turned 
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out to be low which indicates water pollution with a small amount of easily oxidizable organic matter and a large 

intake of hard-to-oxidize organic substances. It is most likely that the reason for this in the water area of the station 

in Gaydamak Bay is the influx of polluted waters: the Dobroflot fish cannery is located in this bay, as well as a 

small ship repair base. 

 
Figure 1. Dissolved oxygen concentrations in Vostok Bay in autumn 2020 (according to the ASTD102-Rinko probe) 

High concentrations of dissolved oxygen obtained during the analysis of water samples in Vostok Bay are 

normal for the fall season when temperatures are already decreasing thereby increasing the solubility of oxygen in 

water and reducing the activity of microalgae preventing them from blooming. It also rained with strong wind just 

before sampling. As a result of such weather events, the water was naturally enriched with oxygen. This is confirmed 

by the BOD indicators the values of which are low, which characterizes the low water pollution in the areas of 

sampling stations. The results obtained during the analysis of water samples for the content of dissolved oxygen 

and its biochemical consumption in the Vostok Bay water area in 2021 are presented in Table 2. 

Table 2 

Average concentrations of biochemical consumption of dissolved oxygen in the waters of Vostok Bay, May 2021, 

(mean ± standard deviation, n=2). 

Station 
Dissolved 

oxygen, mg/l 
BOD1, mg/l 

BOD5, 

mg/l 

BOD10, 

mg/l 

BOD20, 

mg/l 

Temperature, 

°C 
Salinity, ‰ 

Cape 

Peshchurov 9,66 

0,51 

± 

0,04 

1,07 

± 

0,28 

2,26 

± 

0,04 

2,51 

± 

0,08 

11,4 27,0 

Gaydamak Bay 

9,77 

0,88 

± 

0,07 

2,34 

± 

0,03 

3,16 

± 

0,11 

3,37 

± 

0,08 

12,6 28,1 

Cape Elizarov 

10,15 

0,82 

± 

0,01 

2,01 

± 

0,33 

2,54 

± 

0,01 

2,85 

± 

0,01 

12,2 31,2 
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Near the village 

Volchanets 9,96 

0,57 

± 

0,01 

1,50 

± 

0,01 

2,09 

± 

0,07 

2,57 

± 

0,05 

13,2 28,9 

Mouth of the 

Volchanka 

River 

9,96 

0,44 

± 

0,06 

1,38 

± 

0,27 

2,25 

± 

0,02 

2,62 

± 

0,03 

13,9 27,8 

According to the data in Table 2, the dissolved oxygen concentrations distributed over the Vostok Bay water 

area during the spring period fluctuates around 10 mg/l, which indicates low pollution of the bay waters. Increased 

oxygen concentrations in the spring compared to the fall period can be caused by lower water temperatures 

According to the BOD parameters, the station in Gaydamak Bay is again singled out, this time having the highest 

values (0.88; 2.34; 3.16; 3.37 mg/l) among all stations indicating an increased input of easily oxidized organic 

matter. During the movement to the sampling point, suspended solids with a distinct "fishy" odor were observed in 

the waters near the entrance to this bay. 

Thus, the analysis of the spatial distribution of the biological consumption of dissolved oxygen in the Vostok 

Bay allows us to identify areas experiencing the greatest pollution. Gaydamak Bay turned out to be such an area, 

the water area of which is subject to industrial runoff. Observations in the top of the bay near recreational areas 

usually revealed anthropogenic pressure, especially evident near the Volchanets settlement and at the mouth of the 

Volchanka River, in 2020 showed that the estimated anthropogenic pressure on the coastal water area decreased 

dramatically due to restrictions on movement within Primorsky Krai caused by the covid pandemic. 
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Lateral or horizontal gene transfer (HGT) is the movement of genetic material between reproductively 

isolated species, common among prokaryotes, where it occurs mainly through phages and plasmids [1]. One of the 

best known examples of HPG in plants is the transfer of a DNA fragment (T-DNA) in megaplasmids from 
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Agrobacterium spp. into the genome of dicotyledonous plants, resulting in the appearance of neoplasms in the form 

of crown galls or "hairy" roots. Regeneration or generative reproduction of these transformed tissues could 

occasionally give rise to naturally transgenic plants, containing fragments of so called cellular T-DNA 

(cT-DNA) [2]. Currently, about 7% of plants, such as tea, hops, peanuts, cranberries, walnuts, bananas, sweet 

potatoes, and others traditionally used in food, beverages, and medicine, are considered to be naturally 

transgenic [3]. Thus, the naturally transgenic sweet potato Ipomoea batatas contains two cT-DNA sites (IbT-DNA1 

and IbT-DNA2) with genes homologous to Agrobacterium spp., both related to oncogenes of the plast family and 

not [4]. In particular, the rolB/C gene from I. batatas cT-DNA2 was found to have some similarity to the two well-

known oncogenes rolB and rolC from A. rhizogenes. We believe that a comprehensive study of the molecular and 

functional properties of cT-DNA genes can contribute to a better understanding of the fundamental principles of the 

HGT and, to some extent, mitigatethe the existing consumer distrust of transgenic food plants. At present, there is 

no information about the properties of rolB/C gene in the literature, so this topic seems to be a very important and 

relevant task. 

In the first stage of our work, we studied the effect of various external stimuli on the expression level of 

rolB/C gene in I. batatas leaves (Fig. 1). There was a 9-fold increase in rolB/C expression when exposed to high 

temperature (47℃) and an 11-fold increase in expression when exposed to low temperature (4℃), and a weak 

1.4-fold increase in expression when exposed to ultraviolet radiation. Exposure to hormones such as indolylacetic 

acid (IAA), kinetin, and abscisic acid (ABA), and salinity caused a 5-10-fold decrease in rolB/C gene expression. 

Salicylic acid (SA), methyl jasmonate (MeJA), osmotic stress (mannitol), and oxidative stress (paraquat) had no 

significant effect on rolB/C  gene expression.  

 
Figure 1 – The expression of rolB/C gene under different stimuli 

As a model system to study the effects of rolB/C gene  in a heterologous object, we obtained two independent 

transgenic lines of Arabidopsis thaliana plants (AtBC1 and AtBC2) and investigated their morphological and 

physiological features. Compared to the non-transformed Columbia-0 (Col-0) plant, AtBC1 and AtBC2 lines 

showed various phenotypic changes: apical dominance effect, changes in plant height, internodes and petioles 

length, number of lateral roots, and significantly wider leaf plates. In addition, the effect of early flowering was 

noted - the number of true rosette leaves at the start of flowering of plants in the control group was 14, while in 

rolB/C-the number of leaves was 10.  

To determine the functional properties of the rolB/C gene, the content of major plant hormones and the 

accumulation of phytoalexins were examined by analytical liquid chromatography with mass spectrometry. We 
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found that the content of IAA and SA increased in the AtBC1 and AtBC2 lines by 4.5 and 1.5 times, respectively, 

compared with the control, while the concentration of ABA remained at the same level. Overexpression of the 

rolB/C gene also caused significant changes in the content of secondary metabolites (Table 1). In particular, the 

content of flavonoid glycosides in transgenic plants increased 1.6 -1.8- fold, while the level of accumulation of 

glycosinolates, both indole and aliphatic, decreased 1.6-fold. One of the interesting effects we found was the 

induction of the synthesis of camalexin, a metabolite with antibacterial properties. The content of this compound in 

AtBC1 and AtBC2 lines increased 21-fold compared to the control. The transgene effect in all described cases was 

more pronounced in the AtBC2 line, which correlates with the level of rolB/C expression in transgenic plants. 

 

Table – Content of secondary metabolites in control (Col-0) and transgenic (AtBC1 and AtBC2) plants of A. thaliana 

Metabolite group Col-0, μM/g AtBC1, μM/g AtBC2, μM/g 

Flavonoid glycosides 2,74±0,19 4,40±0,30 5,02±0,35 

Indole glycosinolates 0,62±0,03 0,48±0,02 0,39±0,02 

Aliphatic glycosinolates  0,76±0,02 0,61±0,02 0,48±0,01 

Camalexin  0 0,03±0,01 0,21±0,01 

 

In this work, we first isolated and studied some functional features of the plast rolB/C gene from the naturally 

transgenic plant I. batatas. It was found that the expression of this gene in the plant is induced by temperature stress. 

On the other hand, the rolB/C gene itself activates the accumulation of valuable secondary metabolites with high 

potential biotechnological applications. Based on the data obtained, we can also assume that the rolB/C gene is 

involved in modulation of plant hormonal status pathways. Understanding how these circumstances affect the plant 

will help to understand the functional characteristics of RolB/C in sweet potatoes. 

Financial support was provided by the Russian Science Foundation, Grant no. 22-24-00082 

(Y.N. Shkryl). 
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The life of any person and animal is impossible without stress. And stress is part of our daily experience. 

Since the nervous and endocrine systems are the main regulatory systems of the body, changes in their function are 

accompanied by changes in almost all other organs and organ systems. 

By its biological nature, stress is an adaptive response that occurs under the influence of unusual, 
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extraordinary or extreme influences on the body, contributing to the body's adaptation to new conditions. However, 

a sufficiently strong and prolonged exposure of the body to a stressor can cause a breakdown of compensatory 

reactions and homeostasis disruption. 

The effect of stress is realized through the receptors of the peripheral nervous system, emotional stress can 

be induced through the visual, auditory and other analyzers. Receptor stimulation causes activation of the autonomic 

nervous system, mainly its sympathetic section, and intensification of formation of a number of releasing factors in 

the hypothalamus. The hypothalamus, in turn, stimulates the secretion of ACTH, TSH, STH by the anterior pituitary 

lobe. By eaching the adrenal cortex, ACTH stimulates the secretion of glucocorticoids (cortisol or corticosterone). 

Under the influence of sympathetic stimuli, catecholamine (epinephrine, norepinephrine, dopamine) is released 

from the adrenal medulla. In parallel with the leading mechanisms of stress, there is an increased production of 

somatotropic hormone, increased formation of thyroxine and triiodothyronine. There is also an activation of the 

"stress-limiting systems". 

Humans and animals have similar physiological and mental responses to stress. 

Table 1 

Similar signs of stress in animals and humans 

Animals Humans 

Fidgeting, nervousness, tremor 

Greedy swallowing of food, tendency to 

chew/swallow inedible objects 
Eating disorder 

Compulsive movements Signs of obsessive-compulsive disorder 

Unmotivated aggressive behavior Irascibility, aggression 
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Maintaining a stable postprandial (after eating) blood glucose level in diabetes mellitus is the most important 

task for ensuring the normal functioning of the body. One of the ways to avoid hyperglycemia is the inhibition of 

pancreatic α-amylase, which hydrolyzes the main food polysaccharide, starch, which significantly reduces the entry 
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of glucose into the blood from the gastrointestinal tract. Pharmaceutical preparations miglitol (GlysetTM), voglibose 

(VoglibTM) and acarbose (PrecoseTM or GlucobayTM) reduce the activity of α-glucosidases, however, due to the low 

inhibitory activity, the use of high concentrations of the active substance is required, which leads to side effects 

from the gastrointestinal tract, nervous system, and liver [1]. It has been shown that the peptides magnificamide and 

magnificamide-II isolated from the sea anemone Heteractis magnifica have a high inhibitory activity against 

salivary and pancreatic α-amylases, and therefore can be used as a therapeutic agent for controlling glucose levels 

in type 1 and type 2 diabetes, as well as in obesity [2]. Based on this, the aim of the work is to obtain recombinant 

α-amylase inhibitors, magnificamide and magnificamide II, and determine their effectiveness in a model of induced 

type 2 diabetes mellitus. 

The use of recombinant DNA technology makes it possible to obtain biologically active substances of a 

protein nature using bacterial or yeast systems without the laborious process of isolating native molecules. 

Recombinant magnificamide was obtained in Escherichia coli cells of the SHuffle® strain, which allows expressing 

proteins with a high content of disulfide bonds [3]. As a result of the isolation of the target peptide by a combination 

of metal affinity chromatography, refolding [4], treatment with enterokinase, and final purification by RP-HPLC, 6 

mg per 1 liter of cell culture was obtained. Magnificamide-II was obtained according to a similar scheme with a 

yield of 8 mg/l of cell culture.  

To determine the biological activity of the obtained recombinants in vivo, a model of metabolic syndrome 

of the type 1 diabetes mellitus caused by streptozocin was developed and put into mice. Male ICR mice were divided 

into groups, after which type 1 diabetes was induced by intraperitoneal injection. On day 14, after the development 

of hyperglycemia, a starch tolerance test was performed at a dose of 3 g/kg of body weight. The test peptides at 

concentrations of 0.1, 0.01, 0.005 and 0.0025 mg/kg were orally administered to mice 30 or 45 minutes before 

starch. Inhibition efficacy was measured relative to the action of the antidiabetic drug acarbose (GlucobayTM) at a 

dose of 3 mg/kg. The measurements were performed on an empty stomach before the introduction of starch and 

then after 30, 60, 90 and 120 minutes after. As a result, it was shown that the magnificamide at doses of 0.1 and 

0.005 mg/kg and magnificamide-II at doses of 0.01 and 0.005 mg/kg have the most effective inhibitory effect 

compared to acarbose and allow maintaining lower blood glucose concentrations. 

This work was supported by the Russian Science Foundation grant no. 21-74-20147. 
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An actual problem is the treatment of wastewater from various substances of organic nature since the low 

effectiveness of treatment applying standard biological methods. Nowadays the most relevant methods involve the 

use of such promising oxidative processes as the generation of hydroxyl radicals. According to [1], the most efficient 

processes are the oxidation of organic compounds with hydrogen peroxide in the presence of metal ions of variable 

valence (Fe2+, Cu2+, Mn2+, Co2+); such catalysts should operate in different pH ranges and metal ions should be 

firmly fixed on the surface of the support. Polymetalloorganosiloxanes containing transition metal atoms are 

promising materials [2]. Amorphous silicon dioxide (characterized by a high specific surface area, chemical 

resistance and lack of toxicity) is widely used as a carrier. 

Samples of amorphous silicon dioxide were obtained by hydrolysis of raw materials with 1M sodium 

hydroxide solution, followed by precipitation of silica with hydrochloric acid solution. Polycobaltphenylsiloxane 

(PCoPS) was obtained by the exchange decomposition method in the DMSO-toluene system according to the 

following scheme: 

 
The resulting dark gray polymer was in an amorphous state at room temperature. According to gel 

permeation chromatography (GPC), the molar mass of the substance was more than 5000 not containing low 

molecular weight fractions. The polymer was characterized by physicochemical methods of analysis: elemental 

analysis, IR, XRF. 

Composites were obtained by applying polycobaltphenylsiloxane on silicon dioxide under various 

conditions. To obtain PCoPS/SiO2-1 and PCoPS/SiO2-2 composites, the resulting polymer was dissolved in toluene 

(mass concentration of polymer to silicon dioxide 1:1); silicon dioxide was placed in the polymer solution and 

stirred for 48 hours at room temperature. Then, the solvent was removed from the PCoPS/SiO2-1 composite by 

evaporation, and upon preparation of the PCoPS/SiO2-2 composite, the system was separated by filtration into 

soluble and insoluble. The PCoPS/SiO2-3 composite was obtained by treating silicon dioxide with a boiling mixture 

of solvents toluene-butanol (2:1) with separation of water into a Dean-Stark trap. 

All obtained composites were tested for catalytic activity in the destruction of methyl orange in the presence 

of hydrogen peroxide and UV irradiation. 
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In our study, hydrothermal synthesis of Ba0,85Ca0,15Ti0,9Zr0,1O3 was carried out in order to synthesize lead-

free ceramics. Due to excellent properties such as high d33 and kp, lead zirconate titanates (PZT) have been 

commercially used as piezoelectric materials in many fields for more than half a century. However, recently 

considerable attention has been paid to the development of lead-free piezoceramics due to some environmental 

problems [1]. For a long period of time, the BaxCa1−xTiyZr1yO3 system attracted considerable attention, as a leading 

candidate, and was considered to be a promising lead-free piezoceramics. The study demonstrates that lead-free 

piezoceramics combined with a biodegradable piezopolymer can lead to the creation of bioflexible piezoelectric 

nanogenerators with outstanding characteristics and particularly useful in autonomous medical devices.  

 
Fig. 1. The results of X-ray diffraction analysis 

Ba0.9Ca0.1Ti0.9Zr0.1O3 ceramics with Nd3+ doping were prepared by a hydrothermal method. The 

BaCl2·2H2O (SCRC), CaCl2, TiCl4, ZrOCl2·8H2O and Nd(NO3)3 were used as raw materials. BaCl2·2H2O, CaCl2, 

ZrOCl2·8H2O and Nd(NO3)3 were first dissolved in distilled water separately and then were mixed. The TiCl4 was 

added into the mixtures dropwise to obtain the precursors. Finally, the NaOH was added to regulate the pH>14. The 

three precursors were put into the heating-autoclave; then, the distilled water was added until the total volume 

reached ~80% of the autoclave. The hydrothermal reactions were carried out at 180 °C for 10 h and finally the three 

powders were mixed and dried. After that, the powder was pressed into pellets of 12 mm diameter, and the pellets 

were sintered at 1280 °C for 10 min under microwaves. The crystal structure was examined by using an X-ray 

diffraction system with Cu Ka radiation [2]. 
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Obtaining a new generation of concrete with special properties is impossible without the use of additives to 

modify the properties of concrete mixtures. The introduction of additives is one of the most technological, flexible, 

affordable and versatile ways to improve all the properties of concrete mixtures and concretes and give them new 

properties, as well as reducing labor costs, cement consumption, saving heat and electricity, improving technology, 

increasing the productivity of enterprises of building industry. To improve the properties of concrete, various 

modifiers are used, and organosilicon compounds occupy a special place.  

Organosilicon compounds are widely used in construction for plasticizing concrete mixtures, imparting 

hydrophobic properties to structures and materials, to increase the corrosion resistance and frost resistance of 

concrete and reinforced concrete structures, especially in aggressive environments such as sea water. Various 

polyorganosiloxanes are commonly used for such purposes: liquids, alkyl silicones of alkali metals, resins, as well 

as compositions based on them and elastomers (sealants). Such materials not only increase the service life of 

building structures, but also reduce operating costs. Therefore, they are of great national economic importance. 

It is well known, that the formation of calcium hydroxide during hydration of cement compositions reduces 

the mechanical strength and frost resistance of cement stone. Therefore, the process of cement hydration for 28 days 

and the effect on it of silicone-organic modifiers reducing the formation of calcium hydroxide and thereby 

improving the performance characteristics were investigated. The content of adsorption water and water formed 

during the decomposition of calcium hydroxide was determined by TGA method. 

The modification was carried out by mechanochemical activation according to the method described in the 

literature [1]. Low-molecular-weight heat-resistant synthetic rubber (LSR) and polyphenylsiloxane (PPS) were used 

as modifiers. Cement compositions were grouted for 28 days. During this time, the cement stones were examined 

by thermogravimetry after 3 days, 7 days, and 28 days after curing. The results of thermogravimetric analysis are 

presented in Table 1. 

Table 1 

Results of thermogravimetric analysis of modified cements 

   

LSR PPS 

Water yield content at 

temperature ±100, % 

Water yield content at 

decomposition 

Ca(OH)2, % 

Water yield 

content at 

temperature 

±100, % 

Water yield 

content at 

decomposition 

Ca(OH)2, % 
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Based on the data in Table 1. we can conclude that the percentage of dehydration of cements with the PFS 

modifier increased during aging of cement samples, but less than that of SKTN. 

The cement composition without the modifier was also set to compare how well the modifier binds water in 

the cement composition. The data are shown in Table 2. 

Table 2  

Results of thermogravimetric analysis of cement without modifier 

Number 
Water yield 

content, % 

Output 

temperature, °C 

Water yield 

content at 

decomposition 

Ca(OH)2, % 

Output 

temperature, °C 

1 10.1 102 1.9 460 

2 11.1 102 2.2 457 

3 12.1 100 2.7 463 

 

Comparing the results given in Tables 1 and 2, we can conclude that during aging of cement samples with 

modifiers compared to pure cement, the formation of calcium hydroxide in the modified samples either decreases 

or remains virtually unchanged. 
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In recent times a significant number of studies have been devoted to functional derivatives of furan, 

2,3-dihydrofuran, as well as to their fused and spiro analogous. This is due to the availability of initial reagents and 

the possibility of obtaining products with useful properties, in particular, with potential biological activity. Thus, 

the literature gives information on the antibacterial [1] and hypocholesterolemic [2] activity of compounds 

containing the spirodihydrofuran fragment. Derivatives obtained from aldehydes and cyclic 1,3-diketones may have 

fungicidal [3] and insecticidal [4] activity. Also, the tetrahydrobenzofuran system is part of a number of natural 

compounds, for example, evodone, calaminthone. 

We have studied the three-component condensation of 2-bromodimedone, aromatic aldehydes and 
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malononitrile. The reaction was carried out in ethanol-pyridine solution in the presence of catalytic amounts of 

piperidine using the in one pot methodology. The mixture was kept at 75-80 ° C for 2 hours, as a result, functional 

derivatives of 2,3,4,5,6,7-hexahydrobenzofuran 1 were isolated with yields of 63- 97%. 

 
The structure of the obtained compounds has been proved by NMR and IR spectroscopy. 

 

References 

1. Antibacterial properties of 3H-spiro[1-benzofuran-2,1'-cyclohexane] derivatives from Heliotropium 

filifolium / A. Urzúa, J. Echeverría, M.C. Rezende, M. Wilkens // Molecules. - 2008. - Vol. 13. - P. 2385-2393. 

2. Synthesis and pharmacological evaluation of a clofibrate-related tricyclic spirolactone, 5-chloro-4',5'-

dihydrospiro[benzofuran-2(3H),3'(2'H)-furan]-2'-one / D.T. Witiak, R.C. Cavestri, H.A. Newman, J.R. Baldwin, 

C.L. Sober, D.R. Feller // J. Med. Chem. - 1978. - Vol. 21. - P. 1198-1202. 

3. Dimedone derivative of dialdehydes / R.G. Tabor // Patent US № 3904693, 1975. 

4. Thiazolyl-substituted carbocylic 1,3-diones as pesticidal agents / R. Fischer, A. Ullmann, A. Trautwein, 

M.W. Drewes, C. Erdelen, A. Lubos-Erdelen, P. Dahmen, D. Feucht, R. Pontzen, K.H. Kuck, U. Wachendorff-

Neumann // Patent US № 0135630, 2007. 

 

 

D.A. Nikolaeva 1, O.D. Arefieva 1,2,4, M.S. Vasilyeva 3,4, P.S. Minakova 5 

MODIFICATION OF Bi2O3/Bi2SiO5 OXIDE HETEROSTRUCTURE BY GOLD NANOPARTICLES  
1Department of Petroleum Technology and Petrochemistry, Polytechnic Institute, FEFU 

2Department of Nuclear Technology, Institute of Science-Intensive Technologies and Advanced Materials, FEFU 
3 Dep. of Chemistry and Materials, Institute of Science-Intensive Technologies and Advanced Materials, FEFU 

4Institute of chemistry, Far East Branch, Russian Academy of Sciences 
5Academic Department of English Language, FEFU, PhD in Education, Associate Professor 

Scientific adviser – O.D. Arefieva 1,2,4 

 

Heterogeneous photocatalysis has become one of the promising methods of water treatment over the past 

two decades due to the effective non-selective decomposition of organic pollutants with the formation of non-toxic 

products. Therefore, the creation of new effective photocatalysts is one of the most promising directions in modern 

materials chemistry. Вi2O3/Bi2SiO5 heterostructured photocatalysts are of interest due to their simple methods of 

production, non-toxicity and thermal stability [1]. But despite several advantages, they show low sensitivity to 

visible light. Therefore, the purpose of this work was to study the photocatalytic activity of gold-modified 

Bi2O3/Bi2SiO5 heterostructured photocatalysts. 

In this work, a photocatalytically active Bi2O3/Bi2SiO5 oxide heterostructure was obtained. Biogenic silica 

from rice husk (RH) of the "Valley" variety was used as a source of silicon oxide. The biogenic silica sample was 

obtained by hydrolysis of RH with 1 M sodium hydroxide solution followed by precipitation of silica with 

concentrated hydrochloric acid solution to pH 5-6 [2]. The photocatalyst was obtained by a simple mechanical stirring 

method without the use of any solvents [3]. 

An oxide Bi2O3/Bi2SiO5 heterostructure modified with gold nanoparticles by the impregnation method was 
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synthesized [4]. Biogenic silica from RH, also modified by gold nanoparticles by the impregnation method, was 

used as a control sample. 

The elemental analysis of the photocatalyst samples was performed using energy dispersive X-ray 

fluorescence analysis on an EDX 800 HS spectrometer (Shimadzu, Japan). 

The photocatalytic properties of the obtained samples were evaluated using the degradation reaction of 

Methyl Orange (pH 6.8) under UV, xenon, and sunlight irradiation. The concentration of Methyl Orange (MO) was 

10 mg/L. SiO2, SiO2-Au, 4-Bi-Si and 4-Bi-Si-Au samples were used as photocatalysts. The catalyst loading was 

determined at the rate of 1 g of catalyst per 1 L of MO solution. 

Studies of the elemental composition of unmodified and modified photocatalysts showed that after 

calcination of 4-Bi-Si and 4-Bi-Si-Au samples the silica content slightly increased. This is due to the decomposition 

of Bi(NO3)3, which leads to a decrease in sample mass. The gold content after modification in the control sample 

and in the photocatalyst is the same and amounts to 0.14 %. 

The results of photocatalytic tests showed that the gold-modified Bi2O3/Bi2SiO5 heterostructures exhibit 

higher photocatalytic activity in the degradation reaction of Methyl Orange, under solar and xenon light irradiation. 

Under UV irradiation, the modified samples show almost the same activity as the unmodified samples, which is 

77%. Gold modification affects the activity of the samples when irradiated with sunlight and xenon light. Their 

photocatalytic activity increases in sunlight from 10% to 32%, in xenon light from 0% to 23%.  

In the same work, the duration of sunlight irradiation after UV, sunlight and xenon exposure on the degree 

of dye degradation using 4-Bi-Si-Au catalyst was studied. With increasing time of solar exposure after UV 

irradiation, the degree of MO degradation increases from 77 % to 96 %, after solar - from 32 % to 63 %, after xenon 

- from 23 % to 71 %. 

Thus, a photocatalytically active heterostructural Bi2O3/Bi2SiO5 photocatalyst modified with gold by the 

impregnation method was obtained in this work. According to the energy dispersive X-ray fluorescence analysis it 

was found that the synthesized samples contain gold compounds. It was shown that the gold-modified 

Bi2O3/Bi2SiO5 heterostructure exhibits rather high photocatalytic activity in the oxidation reaction of Methyl Orange 

under irradiation with UV, solar and xenon light. 
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The use of agricultural waste is of great interest especially from the point of view of creating resource-saving 

technological processes,. Nowadays numerous researches are aimed at the search for the replacement of traditional 

sorbents by the materials obtained from secondary raw materials, in particular agricultural wastes. Sorbents derived 

from renewable plant raw materials are an organic part of the ecosystem and meet the international environmental 

requirements to the greatest extent. 

The annual sunflower, which is grown practically all over the world, can be one of them. Its production waste 

in the form of stems is a cheap and available raw material for lignocarbon sorbents. 

Purpose of work: obtaining and research of biosorbents from sunflower stems.  

Samples of sunflower stems (Heliánthus ánnuus) collected in the Khasan district of Primorsky Krai were used 

as an object of the study. The stems were dried to air-dry and ground to a particle size of 1-5 mm. 

Experimental studies of the dried and crushed separate component of sunflower stalks – outer shell - were 

conducted in this work. 

A sample of crushed outer part of sunflower stems was placed in a heat-resistant beaker, distilled water, a 

solution of hydrochloric acid (0.1 mol/L), phosphoric acid (0.1 mol/L), sulfuric acid (0.1 mol/L) or sodium hydroxide 

(0.1 mol/L) in the ratio S:L = 1:20 were added. Hydrolysis was carried out under heating to 90 °C for 1 h under stirring. 

Solid residue was filtered through filter paper "blue tape", washed with distilled water to neutral reaction of the 

medium and dried at 85 °С to constant weight. Characteristics of the composition of raw materials were determined 

according to [1]. The study of the chemical composition of wastewater formed in the process of biosorbents production 

was carried out by the main hydrochemical indicators. Color and turbidity were determined [2, 3]; chemical oxygen 

demand (COD) [4, 5]. These indicators were determined before the wastewater treatment process.  

The research results showed that the outer part of the sunflower stalk contains: pentosans – 17 %, lignin – 

29 %, cellulose – 51 %, pectin – 3 %, easily and hardly hydrolyzed polysaccharides – 13 and 31 %. The yield of 

substances soluble in cold water was 11.5 %, in hot water – 15.8 %. 

The yield of biosorbent samples after their treatment with various extractants showed, the lowest yield is 

characterized by a sample treated with sodium hydroxide – 73 %, because in this case alkaline lignin and 

polysaccharides of alkaline extraction are extracted into the solution. The yield of samples after acid treatments are 

within the same limits and amounts to 76-79 %. Modification of sunflower stems with acids promotes the extraction 

of mainly acid extraction polysaccharides from biomass. The highest sample yield was 84 % after aqueous hydrolysis. 

Table 1 shows the composition of wastewater generated in the production of biosorbents before treatment. 

Wastewater formed after acid, alkaline and water treatment is characterized by high values of color, turbidity, chemical 

oxygen demand (COD) and content of phenolic compounds. 
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Table 1 

Wastewater quality indicators before treatment 

Extractant Indicators 

 Turbidity, mg/l Color, deg. COD, mgO/l 
Phenolic acid 

equivalent, mg/l 

H2O 360 4500 13000 14.21 

NaOH, 0.1 М 390 7000 24000 27.78 

HCl, 0.1 М 140 1900 7900 18.60 

H2SO4, 0.1 М 130 1200 4100 14.73 

H3PO4, 0.1 М 85 900 8400 11.75 

The study of sunflower outer part treatment wastewater showed that the wastewater is a mixture of organic 

compounds which mainly consists of polysaccharides, phenolic compounds and low molecular weight lignin. 
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Aluminosilicates constituting a vast group of silicates are formed from silicon dioxide (silica) and oxides of 

other elements. Aluminosilicates stand out among other classes of inorganic compounds and are of interest primarily 

due to the variety of functional properties depending on the structure and chemical composition [1]. 

Rice ranks second after wheat in terms of crop area in the world agriculture. For every ton of grain produced, 

at least 1.35 tons of rice straw remains in the fields. At various stages of rice processing solid wastes are generated, of 

which rice husk is 20 %. Based on the volume of rice production, the amount of rice straw and husk is obvious to be 

extremely large throughout the world [2-4]. 

Rice straw is unique compared with straw of other grains in little lignin and a lot of silica, as well as the 

presence of a fatty layer on the outer and inner surface of the straw, which has hydrophobic properties and has a 



THE 9th ANNUAL STUDENT SCIENTIFIC CONFERENCE IN ENGLISH 

Vladivostok, 25–31 May 2022 

 

35  

protective function. The content of mineral components in rice straw reaches 10-20 %, of which silica accounts for 

80-95 % [2, 3]. 

Rice husk (RH) is a large-tonnage byproduct of rice production. The main components of RH are cellulose, 

lignin, and mineral ash, consisting of 92-97 % silica. This waste disposal represents an important technical task [2, 4]. 

The purpose of our work was to give a comparative characteristic of samples of potassium aluminosilicates 

from straw and rice hulls by physical and chemical characteristics. 

Potassium aluminosilicate obtained from rice straw (different varieties, Far East breeding) and rice husk 

(variety "Cascade", Far East breeding) was used as the object of the study. 

To obtain samples of potassium aluminosilicates, rice straw (husks) was taken and placed in a heat-resistant 

beaker of 2 L, pre-prepared KOH solution (64 g per 250 ml of water) was added, then 1 L of water was added and 

hydrolyzed. Hydrolysis was performed by heating to 90 ºC using an EKT Hei-Con apparatus (Heidolph, Germany) 

for 1 h under stirring. The hydrolysate was collected in a conical flask and a saturated solution of 7.5 g 

Al2(SO4)3∙18H2O was added under stirring. Then the pH value was corrected to 7 using a solution of HCl 

(concentrated) and a pH meter. After that, the solution was incubated under slow boiling for 2 hours. The precipitated 

potassium aluminosilicate was washed by decantation with distilled water until colorless wash water was obtained and 

dried in the desiccator at 105ºC. 

As a result, samples of potassium aluminosilicate from straw and rice hulls were obtained, whichwere powdery 

materials of light gray and beige color. The yield of the target product was 7.4 g for the straw and 10.7 g for the husk. 

The samples were then examined for the following physico-chemical characteristics: mass fraction of water-

soluble substances, pH of the aqueous extract, pH of the suspensions over time, and bulk density. 

When the samples were boiled for 2 hours, water-soluble substances were better removed from the sample 

obtained from rice husk - 17.4 %, in contrast to the sample obtained from rice straw - 11.9 %. 

The pH values of the aqueous extract of the samples obtained from rice hulls and rice straw ranged from 8.1 

to 8.4. The alkaline effect of the interaction with water of the rice husk sample was slightly higher than that of the rice 

straw sample. 

The determination results of the bulk density values of the studied samples were 376.7 kg/m3 and 466.7 kg/m3, 

respectively. determination of the bulk density value of the studied samples 

Thus, the samples of potassium aluminosilicates obtained from straw (different varieties, Far East breeding) 

and rice husks (variety "Cascade", Far East breeding) were analyzed in the work. A comparative characteristic of the 

samples according to physico-chemical indices was given. 
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Steel structures are actively used in the manufacture of various products, including: railway tracks and trains, 

reinforced concrete structures (bridges, structures of structures, power lines, airfield slabs, etc.), water and heat supply 

pipes. Steel products are widely used in aggressive environments (acid gases, temperature extremes, UV radiation, 

static and dynamic loads)[1]. In this regard, the process of corrosion of steel structures is inevitable. 

In order to protect steel from corrosion, a method of cold gas-dynamic spraying was proposed [2]. Cold gas-

dynamic spraying (cold spraying, CS) is used to apply thick coatings or any components of arbitrary shape to the 

surface to be treated.[3]. CS method is a solid state processing method in which micron-sized particles are accelerated 

(at supersonic speed) towards the substrate at relatively low temperatures (up to 600 K) [4]. 

In this work, various types of coatings formed using the CS method were obtained on samples of steel St3 (S): 

copper-zinc coatings (SC) (thickness of the order of 50-70 μm); SC coatings followed by surface heat treatment up to 

500℃ (SC-500); SC-500 coatings friction coated with ultrafine polytetrafluoroethylene (UPTFE) (SC-500-FF); SC-

500-FF coatings followed by heat treatment at 350℃ (SC-500-FF-350). The electrochemical and morphological 

properties of steel samples were investigated, both without a protective layer and with a coating. 

As a result of processing the samples by the CS method, the formed coating has good continuity and a low 

concentration of pores, which is confirmed by the analysis of the image of a transverse section obtained from a 

scanning electron microscope (SEM) (Figure 1). The obtained potentiodynamic curves (Figure 2) indicate an increase 

in the protective properties of the sample as a result of coating formation (corrosion current density for sample S is 

14.2 μA/cm2, for SC - 11.5 μA/cm2 and for SC-500 - 3.7 µA/cm2). The change in the corrosion potential of the samples 

is a consequence of the change in the potential of the determining reaction as a result of the formation of a protective 

coating (from -0.43 V for S to -0.94 V for SC and to -0.24 V for SC-500). 

 
Figure 1 - SEM image of the cross section (left) and surface (right) of the SC sample 
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Figure 2 - Potentiodynamic curves obtained for a series of samples 

The effect of UPTFE on the electrochemical properties of the coating was established, namely, the reduction 

in the corrosion current density to 0.8 μA/cm2 for SC-500-FF and 0.5 μA/cm2 for SC-500-FF-350. This is due to 

the uniform deposition of UPTFE on the sample surface and the creation of an additional barrier layer that protects 

the material from aggressive environmental influences. Annealing at 350℃ of the sample coated with UPTFE did 

not significantly change the electrochemical properties of the sample. 

This work was supported by the Russian Science Foundation grant no. 21-73-10148. 
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Introduction. The south of Primorsky Krai is the most saturated with radiation-hazardous objects part of 

the Russian Far East. Therefore, it is important to assess airborne transfer of radionuclides negative impact on the 

environment and human health. Radionuclides can get into the environment because of radiation accidents during 

disposal of nuclear reactors of the Navy facilities, during the management of spent nuclear fuel (SNF), and from 

radioactive waste (RW). Purpose of this work is to evaluate the consequences of radiation accidents at the Primorsky 
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Krai radiation-hazardous objects for the population health. Objectives: 1) to characterize radiation hazardous 

facilities of Primorsky Krai; 2) to calculate the spread of radionuclides in the air as a result of radiation accidents at 

these objects using Nostradamus software; 3) to assess the consequences of radiation accidents for public health. 

Experiment. Radionuclide spreading was calculated for two radiation-hazardous facilities in Primorsky 

Krai: Far Eastern Plant Zvezda (DVZ Zvezda) in city of Bolshoi Kamen, and Far Eastern Center DalRAO (DVC 

DalRAO) in city of Fokino. The scenario considered for both facilities was a beyond design basis accident at nuclear 

reactor dismantlement facilities, namely a spontaneous chain reaction (SCR) during SNF unloading from a nuclear 

submarine. The simulations were performed in the Nostradamus software and based on the analysis of long-term 

weather observations in Bolshoi Kamen and Fokino in 2015-2020 [1, 2].  

For each case of an accident, models of radioactive substances transfer were generated in the Nostradamus 

software. The parameter "Source of release" was formed based on literature data [2], where radionuclide activities 

in point sources simulating a smoke column at the height of 10 m are: 90Sr (4.50-1012 Bq), 99Tc (9.30-108 Bq), 129I 

(2.30- 107 Bq), 134Cs (2.50-1011 Bq). Forecasting and assessment of the consequences of radiation accidents included 

calculation and consideration of total dose (for 2 and 10 days) for the population exposed as a result of the accident, 

and comparison of the obtained values with the requirements of document SanPiN 2.6.1.2523-09 (NRB-99/2009). 

Results and discussion. Figure 1 shows the spread of radioactive contamination for the hypothetical 

accident at the DVZ Zvezda in Bolshoi Kamen in winter time. The figure shows that the spread of contamination is 

directed to the south-west to Ussuriisk Bay, and then moves into the open sea. The total effective dose for 10 days 

in a radius of 50 meters will be 380 mSv, the maximum value is observed in a radius of 16 km and will be 

1.7 . 104  mSv. 

Exposure of the population as a result of the radioactive cloud spread will occur in the following settlements: 

Bolshoy Kamen (the maximum value of total effective dose for adults is 110 mSv in 9 minutes after the accident); 

Petrovka settlement (3 . 10-10 mSv, 16.5). According to SanPiN 2.6.1.2523-09 (NRB-99/2009) [4], these values 

imply that urgent interventions will not be required, as the whole body dose load does not exceed 1000 mSv during 

2 days. 

 

Figure 1 - Total effective dose over 10 days, DVZ Zvezda accident, mSv 

Figure 2 shows the spread of radioactive contamination for DVC DalRAO facility in Razboinik bay, Fokino 

during the winter period. 

 
Figure 2 - Total effective dose over 10 days, DVC DalRAO accident, mSv 
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The spread of contamination is directed to the south, towards the uninhabited Askold island and to the open 

sea. The total effective dose for 10 days in the radius of 1.1 km will be 29.8 mSv, and the maximum value is 

observed in the radius of 10.5 km and will be 7.7-107 mSv. Thus, the irradiation of the population as a result of the 

radioactive cloud spread in the nearest settlements will not occur. The plant's employees will be exposed to radiation. 

Conclusions. 

In case of an accident at DVZ Zvezda during the winter period, the maximum values of total effective dose 

in the town of Bolshoi Kamen reach 110 mSv, and in Petrovka – 800 mSv. According to the requirements of NRB-

99/2009, no urgent interventions are required. 

During the accident at the DVC DalRAO, the spread of contamination during winter period is directed to 

the northeast. It reaches maximum values around elevated terrain – unpopulated hills. There will be no irradiation 

of the population in the settlements closest to the facility. 

In accordance with the requirements of NRB-99/2009, for all cases of accidents considered, urgent 

interventions are not required. 
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Introduction. The problem of anthropogenic pollution of natural waters caused by industrial activities is 

particularly important in the field of environmental protection and conservation. Artificial geochemical barriers can 

be one of its solutions. Their use for the treatment of technogenic water is a cost-effective method of eliminating 

the negative consequences of the mining activities [2]. The purpose of this work was to investigate the possibility 

of using different materials as sorbents for creating artificial geochemical barriers. 

Materials and methods. The experiment consisted of purifying water samples with a known concentration 

of a pollutant using the geochemical barrier method (tube method). Each 3.5 cm diameter glass tube was filled with 

http://www.gismeteo.ru/diary/12715/2015/1/
http://www.gismeteo.ru/diary/12715/2015/1/
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24 cm3 of sorbent: the upper or lower Primorsky Krai typical soils horizon, and the taurite sorbent. A 120 mL blank 

sample or model solution was passed five times successively through the tubes. Distilled water was used as a blank 

sample, and 0.2 mg/L copper (II) sulphate solution was used as a model solution. In each case a parallel of three 

columns was considered. The copper content in the filtrate was determined according to the method of GOST 4388-

72 "Methods for determining the mass concentration of copper" [1]. 

Results and discussions. Figure 1 shows a graph with the dependence of the average concentration of copper 

(II) ions on the volume of the filtrate in the filtrate of the model solution and the blank sample, passed through the 

columns filled with taurite sorbent. 

 
Figure 1 – Dependence of copper (II) ion concentration on filtrate volume 

In the case of the model solution, the sharp decrease in the concentration of copper (II) ions in the first filtrate 

sample (120 mL) is due to the binding of copper ions to taurite by adsorption processes. The alkaline nature of the 

taurite and the slightly acidic environment (pH = 5.7) of the copper (II) sulphate model solution contribute to the 

decrease in concentration. In subsequent filtrate samples (240, 360, 480 and 600 mL) no sharp change in copper (II) 

ion concentration was observed, and the concentration was between 0.016 and 0.038 mg/L. In the case of the blank 

sample, the graph shows taurite to contain some copper in its composition, so its concentration in the filtrate 

decreases as the distilled water passes through the sorbent: from 0.023 to 0.006 mg/L. 

Figure 2 shows a graph with the dependence of the hydrogen index averaged values on the volume of the 

filtrate for the model solution and the blank sample for taurite sorbent columns. 

 
Figure 2 – Dependence of pH values on filtrate volume 

The pH value of the model solution is 5.5, indicating the tendency of copper (II) sulphate to hydrolysis by 

cation. Due to the carbonate nature of the taurite, the pH value in the filtrate rises to 7.6 due to neutralisation of the 

protons. The further constancy of pH value up to 7,5 is connected with filling of pores of the sorbent with ions of 
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copper (II) which is proved by the character of dependence in figure 1. The pH value in the filtrate of the blank 

sample has a near-neutral character (7,5) caused by insolubility of carbonates and weak dissociation of ions which 

can influence the pH value. 

Similarly, experiments for the blank sample and model solution were carried out for artificial geochemical 

barriers of the Primorsky Krai upper and lower soil horizons. According to the GOST 4388-72 methodology of 

copper (II) ions content analysis [2], after adding the necessary reagents the solution should have a yellow color. 

The intensity of the color corresponds to the content of copper (II) ions. Nevertheless, spontaneous acquisition of 

yellow color by the filtrates of the blank sample and the model solution was observed. This distorts the analytical 

signal in advance and introduces an unspecified proportion of the error in the determination of the contaminant 

content. 

Conclusion. As a result of purification of the model solution with taurite sorbent by the column method, a 

decrease in the concentration of copper (II) ions in the filtrate from 0.2 to 0.02 mg/L is observed. This indicates the 

possibility of its application as a material for creating artificial geochemical barriers. It was not possible to establish 

the possibility of purification of the model solution by the upper and lower horizons of typical soils of Primorsky 

Krai by the method of GOST 4388-72. 
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One of the promising methods of surface engineering of valve metals and their alloys is the technology of 

plasma electrolytic (microarc) oxidation (PEO), which allows obtaining surface oxide layers with a unique set of 

properties on objects of almost any geometric shape [1]. The properties of the resulting oxide coatings depend to a 

greater extent on the ordering, the nearest environment of the atoms located not only in the surface layer, but also 

in the bulk of the coating [2]. In this work, the thermal behavior of iron-containing oxide coatings formed on 

titanium by the PEO method was studied by Mössbauer spectroscopy. Oxide layers on titanium were formed in a 

galvanostatic mode at a current density of 0.1 A/cm2 for 10 min in an aqueous electrolyte containing 0.05 M Na3PO4 

+ 0.05 M EDTA + 0.05 M Fe2C2O4. After PEO treatment, the coated sample was washed with water and dried in 

air at 70 °C. The coatings were carefully removed from the titanium base and pulverized to obtain Mössbauer 

spectra. The resulting powder was annealed in air at temperatures of 100-900 °C for 1 hour. 

Mössbauer spectra of iron-containing oxide powders were obtained at room temperature in transmission 

geometry on a Wissel spectrometer (Germany). The 57Co isotope in a rhodium matrix (RITVERZ JSC, Russia) was 

used as a source of γ-radiation. The velocity scale was calibrated using the spectrum of sodium nitroprusside with 
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further conversion to metallic iron (α-Fe). 

Figure 1 shows the Mössbauer spectra of iron-containing oxide powders annealed at different temperatures. 

 

  

Figure 1 - Mössbauer spectra of iron-containing oxide powders depending on the heat treatment temperature 

When comparing the processing parameters of the spectra of the original samples and those annealed at 

temperatures of 100-400 °C, no obvious changes were found. These spectra were processed using a model 

containing five paramagnetic doublets, four of which corresponded to Fe(II) and one to Fe(III). With an increase in 

the annealing temperature from 100 to 400 °C, the proportion of Fe(III) increased slightly. Thus, we can conclude 

that the resulting coatings are thermally stable in this temperature range. 

The spectrum obtained after annealing at a temperature of 500 °C demonstrates the appearance of an 

additional sextet component, the processing parameters of which correspond to the α-Fe2O3 phase [3]. In this case, 

the proportion of Fe (III) in the powder increases to 22.3%. This fact indicates that the temperature of 500 °C is the 

temperature after which the powder begins to oxidize leading to the formation of the α-Fe2O3 phase. 

Further annealing in the temperature range of 600-900 °C leads to continued oxidation of the powder. The 

spectrum obtained after heat treatment at 900 °C shows the absence of the α-Fe2O3 phase, the absence of Fe (II) and 

the presence of only Fe (III) in the powder under study. 

Figure 2 shows the dependence of the content of Fe (II) and Fe (III) in iron-containing oxide powder 

depending on the heat treatment temperature. 
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Figure 2 - The content of Fe(II) and Fe(III) in iron-containing oxide powder depending on the heat treatment temperature 

Thus, using the method of Mössbauer spectroscopy, it was found the main phase changes in iron-containing 
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PEO coatings to occur after their annealing at temperatures of 500°C and above. 

The work was carried out within the framework of the State Order of the Institute of Chemistry of FEB 

RAS, projects Nos. 0205-2021-0003 (fabrication of PEO coating) and 0205-2021-0002 (Mössbauer spectroscopy 

investigations). 
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Antibiotic chloramphenicol (Levomycetin) is widely used as an effective anti-infective agent. Its residual 

amounts are found in food, wastewater and other objects [1]. The content of chloramphenicol in food is regulated 

by the relevant regulatory documents [2]. Various analytical methods are used to control its content in food: enzyme 

immunoassay, high-performance liquid chromatography [3]. However, these methods are not always available and 

appropriate. This problem can be solved by attracting a relatively inexpensive and available method of 

spectrophotometric analysis. Although the sensitivity of this method is often lower than that of immunoassay and 

chromatography, it can be improved by selecting optimal analytical conditions, including isolation, concentration 

of the analyte, and conditions for its direct photometric analysis.  

Using UV-spectrometry it is necessary to take into account the pH of the analyzed solutions as a factor 

influencing the intensity and position of the maximum absorption of the antibiotic. 

The purpose of our work was to study the effect of pH of chloramphenicol solution on the absorption 

maximum in the UV spectrum. 

We studied a 3% alcohol solution of chloramphenicol diluted with ethanol to a concentration of 0.012 mg/L, 

and photometrically analyzed with a UV-spectrometer "UV-mini 1240" by Shimadzu at a wavelength range of 200-

400 nm, the thickness of the quartz cuvette being 1 cm. 

The position of the absorption maximum of chloramphenicol depends on the pH value of the solution, 

namely, the absorption maximum in the UV spectra shifts to the longer wavelength (batochromic shift) part of the 

spectrum. The pH value of the solution was changed by adding NaOH and HCl solutions. Table 1 shows the change 

in the wavelength of the absorption maximum of the chloramphenicol solution and its optical density from the pH 

of the solution. 
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Table 1 

Values of the absorption maximum wavelength and optical density of chloramphenicol solution at different pH 

values of the solution. 
Solution pH Wavelength, λ, nm Optical density, А 

1.4 277 0.207 

2.1 274 0.306 

3.1 273 0.441 

3.7 273 0.399 

4.3 273 0.382 

5.2 273 0.372 

5.6 273 0.233 

6.7 274 0.387 

7.9 275 0.388 

8.7 275 0.409 

9.7 274 0.450 

11.9 274 0.510 

As can be seen from the table, the maximum concentration of chloramphenicol is observed in the most 

alkaline environment. 

Thus, we can assume that the changes in the absorption maxima were due to the change in the structure of 

chloramphenicol. Apparently, when the pH of the solution was increased, the formation of the sodium salt occurred; 

acidification of the levomycetin solution with hydrochloric acid reduced the nitro group in the chloramphenicol 

molecule to the amino group. The increase in pH led to a slightly batochromic shift in the chloramphenicol molecule, 

which was likely to indicate minor structural changes in the chloramphenicol molecule. 

As a result of the study, it was found that in an acidic environment (pH=1.4) the structure of chloramphenicol 

started to break down, while in a strongly alkaline environment (pH=11.9) the substance in question was stable; this 

may be due to the presence of a large number of hydroxyl groups. Therefore, it is most expedient to carry out 

analytical determination of chloramphenicol in the area of alkaline values of hydrogen ion exponent from 8.7 to 

11.9, which leads to increase of determination sensitivity (increase of optical density). 
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Polycarbonate (PC) is one of the outstanding engineering polymers with excellent properties: chemical and 
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mechanical resistance, light weight, transparency, stiffness, heat resistance. Products made of this polymer have a 

wide range of applications: medical devices, electronic equipment, etc. [1]. 

Today, a lot of attention is paid to the ways of creating micro- and nanofibers because of their properties 

that distinguish them from conventional fibers. Micro- and nanofibers have an increased specific surface area, high 

porosity, lower density and excellent mechanical properties due to their interconnected structure [2, 3]. Currently, 

there are no works on polycarbonate microfibers molding by centrifugal molding, most likely due to the complexity 

of dissolution and brittleness of the resulting material. 

The purpose of the work is to mold fibrous material from two different grades of polycarbonate by 

centrifugal molding and to compare them. 

The molecular weight of polycarbonate samples was determined by hydrodynamic viscometry. Viscosity 

was determined using a glass capillary viscometer "VTL2-0,34" at 25 °C according to the methodology [4]. Then 

through the Mark-Kuhn-Hauvinck equation (formula 1) the molecular weight of two polycarbonate grades was 

determined (table 1). 

 [η] = КМα (1) 

 where,  [η] – the characteristic viscosity of the polymer solution; 

K, α – constants characterizing the polymer-solvent system at temperature 25 °C; 

M – molecular weight of polymer. 

Table 1 

Molecular weight of two grades of polycarbonate 

PC grade К·104 α [η] М 

1 
27,70 0,50 

0,53 37146 

2 0,57 42466 

Polycarbonate solutions with different concentrations were prepared (table 2). 

Table 2 

Characteristics of polycarbonate and fiber solutions 

Sample 

№ 

Solution 

concentration, g/ml 
Mass of polymer in 30 ml of solvent, g Fiber yield, g/% d±Δ, мкм 

Grade №1 

1 0,37 11,12 9,68/87 21,64±3,14 

2 0,34 10,24 9,55/94 15,71±2,15 

3 0,30 9,12 8,43/92 8,32±0,96 

4 0,28 8,41 4,46/53 8,29±0,71 

Grade №2 

1 0,19 5,70 ~0 – 

2 0,2 6,00 2,61/45 5,24±0,28 

3 0,21 6,30 4,66/74 6,44±0,44 

4 0,22 6,60 4,20/63 7,21±0,58 

The prepared solutions were used in the process of no-flat centrifugal spinning on a laboratory unit (figure 

1), resulting in a fiber material with radial fiber distribution.  

 
1 - funnel with polymer solution; 2 - mover; 3 – collectors; 4 – forming nozzle 

Fig. 1. Centrifugal molding unit 
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The obtained samples of fibrous material (figure 2) were examined on an Olympus SZX16 optical 

microscope using Stream Basic software. The sampling points are marked in figure 3. For each sample, at least one 

hundred measurements were made at eight points. 

  
Fig.2. Microphotograph of fibers Fig.3. Sampling scheme 

 

Statistical processing of the experimental data was carried out with standard means of Microsoft Excel 

(table 1). Histograms of the dependence of fiber diameter on the relative frequency of their occurrence were plotted 

according to the data obtained (figures 4, 5). 

 

  

  
 

Fig.4. Distribution curves of fibers diameters of PC grade 1 
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Fig.5.  Distribution curves of fibers diameters of PC grade 2 

 

On the basis of the data, we can conclude that for further work it is necessary to use polycarbonate grade 2, 

due to the higher molecular weight, polycarbonate solutions at concentrations of 0.21 and 0.22 g/ml have the 

necessary viscosity for molding a thin fiber material, therefore, the consumption of raw materials will be reduced 

by ~ 40%, and the thickness of the fiber will be reduced by three times. The statistical analysis showed that the 

grade № 2 is characterized by a homogeneous distribution of diameters. Grade №1 at concentrations of 0.37 and 

0.34 g/ml is characterized by a heterogeneous diameter distribution and a pronounced multimodal distribution. This 

is due to the fact that with increasing concentration, in addition to thin fibers, sticky thick fibers are formed, as at 

high concentrations the solvent evaporates more slowly. 
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An efficient method of hydrothermal synthesis of nanocrystalline SrWO4 powder with the scheelite structure 

and the spark plasma sintering (SPS) of ceramics based on it was presented. The composition, morphology, and 

structure of samples under various synthesis temperature conditions were studied by EDX, SEM (figure 1), and 

XRD (figure 2).  

 
Fig. 1. Scanning electron microscopy. 
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Fig. 2. X-ray powder diffraction analysis. 

In the temperature range (90–180°C) chosen for investigation, the phase composition of samples was found 

to remain unchanged with the exception of the lowest-temperature sample (figure 1, curve 1) having lower 

intensities of diffraction maxima and the smallest crystallite size compared to other samples. This conclusion was 

supported by the crystallite sizes calculated by the Williamson–Hall method for the studied tungstates, which were 

30.6, 61.5, 67.9, and 181.2 nm for the samples obtained at 90, 120, 150, and 180°C, respectively. The efficiency of 

the ultrafast (several minutes long) sintering of the nanocrystalline SrWO4 powder was described by the dynamics 

of its consolidation as a function of the SPS time and temperature. The temperature of formation was determined 

for a single-phase SrWO4 ceramic with a high relative density and a low strontium leaching rate (GOST R 50926–

96) required as matrices for the reliable immobilization of the high-energy strontium-90 radionuclide.   

For the first time, a method for obtaining a composite material from ceramics of the SrWO4 composition 

and high-alloy steel by the spark plasma sintering (SPS) was implemented as a test product for an open source of 

ionizing radiation. The method consisted in the diffusion sintering of materials within a single step at 1000°C for 5 

min with the mandatory use of a sintering additive in the form of a metals mixture. 
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Currently, great attention is paid to the development of new more effective methods of wastewater treatment. 

Sorption using synthetic and natural aluminosilicates is one of the promising methods, sorbents being modified to 

improve the adsorption properties. Zeolite and vermiculite are proposed as sorbents for wastewater treatment. 

Zeolite is a frame aluminosilicate, the crystal structure of which is formed by tetrahedra [AlO4]
5- and [SiO4]

4- 

connected by common vertices into a three-dimensional frame penetrated by cavities and channels. The framework 

is a system in which mobile cations and water molecules are located. Vermiculite being a mineral of the mica group 

formed from iron or magnesium silicates has a high moisture-retaining capacity including oxides of silicon, 

magnesium, iron, aluminum, and some other elements. To improve the already existing properties of 

aluminosilicates, they are modified. 

The aim of the work was to study the effect of the modifiers of PAlPS and PFePS in an acidic medium on 

the sorption activity of zeolites and vermiculites in relation to methylene blue and methylene orange. 

The objects of the study were sorbents based on vermiculite of Koksharsky field (Primorsky Krai) and zeolite 

of the Chuguevsky deposit, which were subjected to PAlPS and PFePS modifications and treated with hydrochloric 

acid. The experiment was carried out by step-by-step production of 9 samples (Table 1): 

Table 1 

Samples of modified sorbents 

№ Modified sorbent 

1 Base zeolite 

2 Base vermiculite 

3 Vermiculite modified with hydrochloric acid (12% HCl solution) 

4 Zeolite modified with PAlPS 

5 Zeolite, modified with PFeFC 

6 Vermiculite, modified with PAlPS 

7 Vermiculite, modified with PFePS 

8 Vermiculite modified with hydrochloric acid (12% HCl solution) and PAlPS 

9 Vermiculite modified with hydrochloric acid (12% HCl solution) and PFePS 

 

The sorption activity of the obtained sorbents for methylene blue and orange was determined according to 

GOST 4453-74. A comparison of the sorption activity of the samples by methylene blue and orange is shown in 

Table 2. 

Table 2 

Results of sorption activity of samples with respect to dyes 

№ 
Sorption activity with respect to dyes, mg/g 

Methyl Orange Methylene Blue 

1 11.290 5.260 

2 5.640 4.690 

3 16.320 7.910 

4 2.970 1.240 

5 0.001 0.001 
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6 21.260 0.001 

7 3.620 0.001 

8 4.030 0.001 

9 22.490 0.09 

 

For zeolites the table shows that there is a decrease in sorption activity for methylene blue and orange after 

treatment with PAlPS and PFePS; this effect was caused by the overlap of the sorbent pores and the imposition of 

a structure with less affinity to dyes. The opposite pattern is observed for vermiculites washed with a 12% HCl 

solution in the samples; there is an increase in sorption activity for both dyes. With PAlPS applied to vermiculite, 

the sorption activity of the sample decreased in methylene blue and increased in methylene orange. The combination 

of acid treatment of vermiculite and application of PAlPS on its surface led to a slight increase in sorption activity 

for methylene orange, while no changes were observed for methyl blue. The treatment of vermiculite with PFePS 

led to a decrease in sorption activity for dyes, but with preliminary acid treatment, the activity to methylene orange 

increased slightly. 

All modified samples showed low sorption activity to methylene blue and methyl orange. However, the 

samples of vermiculite modified with hydrochloric acid, vermiculite modified with PAlPS, vermiculite modified 

with PFePS and hydrochloric acid exceed 2.9; 3.8; 3.9 times, respectively, the sorption activity of the initial 

vermiculite to methyl orange. A sample of vermiculite modified with hydrochloric acid exceeded 1.7 times the 

sorption activity of the original vermiculite to methylene blue. 
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The use of siloxane elastomers in additive technologies is of great interest for such areas as industry and 

medicine. Now this is a difficult and costly process at the industry level. In this work SKTN-A was modified for 

further use in 3D printing technology. 
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Figure 1 – Scheme of modification of SKTN-A 

Modification of the polydimethylsiloxane polymer produced by Russian enterprises under the trademark 

SKTN-A was carried out in three stages (Figure 1). The first stage was the chlorination of the terminal OH groups of 

the polymer with PCl5 in stoichiometric amounts without a solvent at a temperature of 150 °C. Then, vinyl groups 

were introduced into the compound through active Si-Cl bonds by reaction with vinylmagnesium bromide in 

tetrahydrofuran. The third step was to increase the viscosity of the polymer to the value required for further use of the 

polymer in 3D printing. A polymer with a viscosity in the range of 70,000–90,000 cSt has been experimentally 

established to meet the indicated requirements. 

To obtain a polymer with a given viscosity, it was cross-linked at the vinyl groups with tetramethyldisiloxane 

in the presence of Karsted's catalyst by the hydrosilylation reaction. The synthesis of Karsted's catalyst was carried 

out according to a modified procedure [1] (Figure 2). 

 
Figure 2 – Scheme of synthesis of Carstedt’s catalyst 

A polymer with a given viscosity was found to be obtained at a ratio of the crosslinking agent and the original 

polymer of 2.9:1. 

Under the conditions of 3D printing, the material must be able to cure and maintain a given shape for a long 

time. For curing siloxane polymers, a UV crosslinking was proposed using dendrimeric crosslinkers with SH groups 

for thiol-ene reaction with the polymer and octyl groups for better dissolution of the dendrimer in 

polydimethylsiloxane. 

Octavinylsilsesquioxane (OVS) was obtained by hydrolytic polycondensation. The synthesis of OVS 

derivatives containing octyl and vinyl groups was carried out under UV in THF by placing OVS and octanethiol in a 

molar ratio of 1:4 and 1:2 into the reaction mixture without using a photoinitiator. The reaction was assumed to proceed 

according to the scheme shown in Figure 3. 
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Figure 3 – Scheme of synthesis of curing agent 

The resulting OVS octyl derivatives are precursors for the subsequent synthesis of crosslinking agents with 

many terminal SH groups for UV curing of vinyl-terminated polydimethylsiloxane.  

To sum up, vinyl-terminated polydimethylsiloxane with a given viscosity based on SKTN-A was obtained, 

and octyl derivatives of OBC were obtained for further synthesis of cross-linking agents. 
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High-temperature proton-conducting materials are a unique class of oxide materials capable of proton 

conductivity in reducing atmospheres. In addition to the fact that such systems are of considerable fundamental 

interest, their practical application is also undeniable since proton conductivity in them can reach high values. This 

opens the possibility of using ceramics based on such systems for fabrication of solid electrolytes for a wide range 

of medium- and high-temperature solid-oxide electrochemical devices. Recent advances in the field of solid-oxide 

proton conducting materials are related to the synthesis of materials with perovskite structure, such as BaCeO3, 

BaZrO3, BaCeO3–BaZrO3, SrCeO3, and LaScO3 [1]. 

Materials based on SrCeO3 are of practical interest because of their potential application in fuel cells, 

hydrogen sensors, H2-D2 gas storages, etc. These materials are usually produced by solid-phase synthesis at high 

(over 1200 оС) temperatures for a long time (up to 14 hours) [2]. Therefore, there is a need to reduce the synthesis 

time of these materials. 

The materials were synthesized according to the following scheme: stoichiometric amounts of SrCO3 and 

CeO2 powders were mixed in a high-energy planetary mill (Tencan, XQM-0.4 A), the mass of grinding bodies was 

0,33 of the mass of powders, the speed of rotation was 550 s, grinding time 1 h. The obtained powders were pressed 

in an isostatic press (SJYP-12TS) at a compaction pressure of 200 MPa. The obtained tablets, 10 mm in diameter, 

were annealed in a high-temperature muffle furnace (SafTherm, STM-8-17) at 1500 оС with different holding times 

(1, 2, 3, 4, 5, 6 hours). 

During annealing, the decomposition reaction of SrCO3 proceeded to form SrO. SrO, in turn, reacted with 

CeO2, to produce SrCeO3. 

 (1) 

 (2) 

In order to compare the characteristics of the obtained ceramics, the ceramics of SrCeO3 composition was 

also obtained according to the method, which presented in the literature data [3]. 
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The received samples were investigated by the method of the X-ray phase analysis. Quantitative 

measurement of mass fractions of phases in ceramic samples was carried out by Rietveld refinement method in 

“Profex” software. Diffractograms of the samples are shown in Figure 1. Phase ratios in the samples are presented 

in Table. 

According to the results of the X-ray phase analysis, all the samples are characterized by the content of two 

phases: SrCeO3 и CeO2, and the phase ratios in the samples obtained by the developed method remained constant, 

which allows us to conclude about the optimal annealing time of 1 h. In the sample obtained by the method (2) the 

CeO2 content was comparatively higher. Probably, simultaneously with the reaction of SrCeO3 formation, there is 

a process of SrO evaporation, and as the annealing temperature increases, the speed of processes grows irregularly: 

the reaction speed grows faster.  

 
Figure 1: Diffractograms of the obtained ceramics. 

Table 

Mass ratios of phases in the obtained samples 

Name of the sample Mass ratio of SrCeO3, wt. % Mass ratio of CeO2, wt. % 

SrCeO3 1500-1 99.9 0.01 

SrCeO3 1500-2 98.6 1.4 

SrCeO3 1500-3 98.8 1.2 

SrCeO3 1500-4 98.6 1.4 

SrCeO3 1500-5 98.5 1.5 

SrCeO3 1500-6 98.7 1.3 

SrCeO3 1000-14 95.1 4.9 

 

This work was performed within the framework of the state assignment of the Ministry of Science and 

Higher Education of the Russian Federation № 00657-2020-0006.  
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Magnesium alloys are lightweight and durable construction materials that found application in many 

engineering areas. However, despite the high damping capacity and low density, the use of magnesium alloys is 

limited by their low corrosion resistance. One of the most promising methods of protective surface modification for 

light alloys is a process of plasma electrolytic oxidation (PEO). PEO coatings combine corrosion resistance 

improvement along with functional properties development. PEO has become widely investigated by scientific 

community due to a broad range of adjustable process parameters and the ability to control the properties of coatings. 

The ceramic-like coatings formed by the PEO method can be improved by nanoparticles incorporation. The 

PEO-coatings with various nano-scaled additives demonstrate improved anti-corrosive properties [1], hardness [2] 

and even photocatalytic activity [3]. Halloysite nanotubes is naturally formed nanoparticles that can be incorporated 

into the PEO coatings and used as an entrapment system [4] for loading, storage, and controlled release of active 

molecules such as drugs, corrosion inhibitors, proteins, etc. 

In our research, the formation of the protective multifunctional coatings by the PEO method with the 

halloysite nanotubes incorporation on the MA8 alloy was investigated. The electrochemical and mechanical 

properties of the obtained PEO layers were studied. 

Plates made of MA8 magnesium alloy (Mn 1.30; Ce 0.15; Mg bal. (wt.%)) were used as a substrate. The 

size of specimens was 20 mm × 15 mm × 2 mm. The solution, containing sodium fluoride (5 g/l) and sodium silicate 

(20 g/l), was chosen as a base electrolyte. In this work, we used halloysite nanotubes (CAS № 1332-58-7; Sigma 

Aldrich, USA) with a length of 1-3 μm, an outer diameter of 50-70 nm, and a lumen diameter of 15-30 nm. 

Nanoparticles were dispersed in the base electrolyte in concentrations of 0, 10, 20, 30, and 40 g/l (Table). The 

process of coatings formation was carried out using a plasma electrolytic oxidation unit. Coatings morphology was 

studied with optical laser profilometry and scanning electron microscopy (SEM). The elemental composition was 

determined by energy dispersive X-ray spectroscopy (EDS). Electrochemical properties of the coatings were 

investigated by potentiodynamic polarization. The study of the mechanical properties of the coatings was carried 

out with microhardness and scratch testing. 
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Table  

Composition of the used electrolytes 

Samples 

The concertation of the electrolyte components, g/l 

Na2SiO3∙5H2O NaF NaC12H25SO4 
Halloysite 

nanotubes 

H0 

20 5 

0 0 

H10 

0.25 

10 

H20 20 

H30 30 

H40 40 

 

Since halloysite is an aluminosilicate with ability to dehydrate under the plasma discharge temperatures into 

corresponding oxides, it is supposed to change PEO coating properties deeply. Halloysite nanotubes are expected 

to improve the chemical stability and mechanical properties of the coatings. Moreover, an increase of specific 

surface area due to nanoparticles agglomerates’ presence is expected. 

It has been established that PEO-coatings formed on the MA8 magnesium alloy in electrolytes containing 

halloysite nanotubes have improved electrochemical characteristics in comparison with the surface layers obtained 

without the use of the nanoparticles. Based on the obtained results it has been concluded that the coatings formed 

in the electrolyte with the nanoparticles concentration of 20 g/l have the highest protective properties in the corrosive 

medium. At the same time, the highest adhesion to the substrate was demonstrated by the H30 samples coatings. 

The incorporation of nanoparticles led to the increase in the microhardness of the surface layers by 1.5 times. The 

highest magnitudes of microhardness were observed for the H20 and H30 samples. Formed coatings are perspective 

for biomedical applications due to their biocompatibility and corrosion resistance. 

Research was carried out within the framework of the Grant of the Russian Science Foundation, project 

№ 22-23-00937.  
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Boron difluoride β-diketonates are characterized by bright luminescence both in the crystalline state and in 

solutions [1], which makes it possible to use them as organic light emitting diodes, smart inks for marking securities, 

as well as solar concentrators. These substances in high concentrations are able to form excimers in solutions and 

polymer matrices, increasing significantly the photostability of dye compounds obtained from this class of 

compounds. One of these dyes is 2,2-difluoro-4-(p-dimethylaminostyryl)-6-phenyl-1,3,2-dioxaborine (Fig. 1). 

 
Fig. 1  2,2-difluoro-4-(p-dimethylaminostyryl)-6-phenyl-1,3,2-dioxaborine 

Copolymers 1 and 2 were obtained by polymerization of the above dye and methyl methacrylate (MMA) in 

the absence of an initiator at temperatures of 85 and 90°C. Copolymers 3–6 were prepared by polymerization of 

these compounds with the addition of an initiator, benzoyl peroxide. The amount of polymethine dye taken was 

different: for copolymers 1-4, its amount was 1 mg, and for copolymers 5 and 6, respectively, 2 and 7 mg. The 

content of benzoylacetonate (BAc) groups was higher in the products synthesized in the absence of an initiator than 

in analogous polymers obtained in its presence. An increase in the amount of polymethine dye also led to an increase 

in the percentage of BAc groups. The copolymers were purified from methyl methacrylate residues by 

reprecipitation with heptane from chloroform and the initial dye by converting it into a water-soluble salt. 

In the course of the work the polymethine dye was found to have catalytic properties and to be a 

polymerization initiator comparable in activity to benzoyl peroxide. In the presence of a dye, the molecular weight 

of the polymer increased by 3-5 times. 

Polymer solutions had three emission centers in the ground state: non-aggregated BF2-benzoylacetonate 

fragments, J-aggregates, and charge-transfer complexes with N,N-dimethylaniline fragments. When the system was 

excited by light exciting monomeric luminescence, intense luminescence of excimers and exciplexes was also 

recorded in the spectrum confirmed by the data of time-resolved luminescence spectroscopy. 

The light-guiding properties of composites based on copolymer films and quartz glass were found (Fig. 2). 

The character of luminescence at the ends of quartz glass depended on the degree of aggregation of 

BF2-benzoylacetonate fragments in the copolymer composition. 
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Fig. 2 Luminescence of copolymers 1-6 on quartz glass; a-f - copolymer 1-6 illuminated by a laser with a 

wavelength of 405 nm 
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The increasing interest in pharmaceutical products of natural origin stimulates the search for plants rich in 

biologically active compounds. 

The territory of the Russian Far East is distinguished by a unique and peculiar flora having a high potential 

for the use of its representatives in pharmacology, but the actual use of its species composition is slight, due to 

relatively low state of exploration. One of such insufficiently studied plants growing in the Russian Far East is 

Atractylodes ovata (Thunb.) DC. 

The plant is not included in the State Pharmacopoeia of the Russian Federation and is not officially used in 

medicine; however, it is widely used in Chinese medicine for the treatment of chronic gastritis, peptic ulcer, stomach 

cancer, liver diseases, and chronic nephritis [1]. This plant has anti-inflammatory, diuretic, anticoagulant, 

vasodilating properties. The medicinal properties of Atractylodes ovata (Thunb.) DC. are due to the presence of 

coumarins, alkaloids, flavonoids and sesquiterpenoids in its composition, so this plant can be considered as a 

promising source of biologically active compounds [2–5]. 

The aim of this work was to study the composition of triterpenoids in the inflorescences of Atractylodes 

ovata (Thunb.) DC. 

Triterpenoids were isolated and identified for the first time from the inflorescences of Atractylodes ovata 

(Thunb.) DC. by extraction and preparative column chromatography: lupeol 1, taraxasterol 2, α-amyrin 3, β-amyrin 

4, 3-O-acetyllupeol 5, 3-O-acetyl- α-amyrin 6, 3-O-acetyl-β-amyrin 7, 3-O-acetyltaraxasterol 8. The isolated 

compounds were identified by NMR spectroscopy and mass spectrometry with electron ionization. 
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One of the ways to obtain materials with pores of a given size and shape is template synthesis. The synthesis 
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of protein molecules (nucleic acids serve as templates for the synthesis of protein molecules) is one of the most 

striking examples of template or template synthesis. In addition, matrix synthesis is used to produce new complex 

compounds and polymer-polymer composites. Using polymetallorganosioxanes (PMOS) as filler is advantageous 

for template synthesis, since an important property of PMOS being resistance to the process of thermal oxidation. 

The possibility to use the mechanochemical activation method for the synthesis of polymetallorganosiloxanes was 

shown in [1, 2]. The undoubted advantages of which are: the absence of solvents, a reduction in the synthesis time, 

versatility, a higher yield of the product compared to synthesis in solution, convenience and simplicity of hardware 

design. 

The aim of the study was to obtain a structurally ordered composite by mechanochemical activation based 

on the skeleton of a sea urchin as a template and polycalciumethylsilsesquioxane (PCES) as filler and to study its 

properties. 

By the method of mechanochemical activation, polycalciumethylsilsesquioxane PCES was obtained based 

on the skeleton of a sea urchin (synthesis 1) and calcium carbonate (synthesis 2). The reaction proceeded according 

to the equation: (C2H5SiO1,5)n + nCaCO3 → [(C2H5SiO1,5)CAO]n + nCO2. Then, the sea urchin skeleton was treated 

with polymers obtained by two methods (syntheses 1 and 2), calcined at a temperature of 500-600 ℃ and treated 

with 4% hydrochloric acid to remove the template; composites 1 and 2 were obtained, respectively. (Figure 1 shows 

the SEM (scanning electron microscope) data for composites 1 and 2 at different scales.) 

After the skeleton having been treated with hydrochloric acid, calcite dissolved and a three-dimensional 

structure polymer was obtained with its internal structure being inverted relative to the original structure of the 

hedgehog skeleton. The images also show that a polymer based on calcium carbonate (Figure 1d) during template 

synthesis does not cover the channels of the template with a thin layer, but clogs them, while a polymer based on 

the skeleton of a sea urchin covers the inner walls of the channels with a thin layer (Figure 1a). 

       
a)                                                               b) 

      
c)                                                                 d) 

Figure 1 – a, b) composite 1; c, d) composite 2 in a scanning electron microscope 



THE 9th ANNUAL STUDENT SCIENTIFIC CONFERENCE IN ENGLISH 

Vladivostok, 25–31 May 2022 

 

61  

Table 

Data of elemental analysis by the EDX method at 2 points 

Connection Ca (%) Si (%) C (%) 

Composite 1 0.46 28.45 8.20 

Composite 1 11.30 12.96 16.33 

Composite 2 30.32 0.28 14.38 

Composite 2 22.59 3.27 17.05 

The SEM images (Figure 1) show composites to have a layered structure, and it is confirmed by the data of 

the EDX elemental analysis (Table) that a layer in which calcium atoms predominate (the skeleton of a sea urchin) 

alternates with a layer dominated by silicon atoms (the introduced polymer). 

Thus, in the course of template synthesis, in which the skeleton of a gray sea urchin was used as a structuring 

template, and polycalcium ethylsilsesquioxane as filler, a material with a layered structure inverted relative to the 

original one was obtained. 
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Natural polyhydroxylated naphthazarins (5,8-dihydroxy-1,4-naphthoquinones) are a group of compounds 

found in echinoderms and lichens [1]. Due to the wide range of biological activity, the development of efficient 

routes for the synthesis of their most promising derivatives remains urgent. To date, several methods for the 

synthesis of these compounds have been described. The most common of them are based on the reaction of halogen 

atoms substitution in available chlorinated naphthazarins with various nucleophiles, followed by modification of 

the resulting products [2–4]. In turn, organic azides are very reactive synthetically useful reagents that can be used 

for the preparative synthesis of a wide range of compounds, including various nitrogen-containing heterocycles 

such as carbazoles, furoxans, azepines, triazoles, aziridines, etc. At the same time, the chemistry of azido derivatives 

of naphthazarin has not been extensively studied [5]. 

We propose a simple preparative synthesis of spinazarins (2,3-dihydroxynaphthazarins) 3a-i via the 

corresponding 2,3-diazido derivatives 2a-i, which can be obtained from chlorinated derivatives naphthazarin 1a-i 

by reaction with sodium azide in methanol or dimethyl sulfoxide. 
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Fig.1. Synthesis and conversion of 2,3-diazidonapthazarins 2 

 

We have found that heating of 2,3-diazidonapthazarins 2a-i in acetic acid leads to the formation of the 

corresponding 5,8-dihydroxyisoquinoline-1,3,4(2H)-trione derivatives 4a-i (Fig 1), analogs of mimosamycin 

alkaloid previously isolated from the sponge Haliclona cribricutis [6] (Fig 2). Previously, it was found that 

compounds 4a-i are formed by the interaction of spinazarins 3a-i with an aqueous solution of ammonia [7]. 

However, the described conversion 1a i→2a-i is more efficient. 

 
Fig.2. Structures of mimosamycin and related alkaloids 

 

Under the same conditions, 2-azidonapthazarines 5a-c give 1H-naphtho[2,3-b]azirine-2,7(1aH,7aH)-dione 

derivatives 6a-c (Fig. 3). The addition of water and a strong acid (sulphuric or methanesulfonic acid) to the reaction 

mixtures leads to the formal substitution of the azido group with the hydroxy group and the formation of the 

corresponding (poly)hydroxy derivatives 3a-i (Fig. 1) and 7a-c (Fig. 3). For some spinazarins (3e, 3f), this method 

is more efficient than the known ones. 
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Fig.3. Conversion of 2-azidonaphthazarins 5 
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Fascaplysin being a biologically active compound has the chemical structure containing a β-carboline 

fragment. This alkaloid exhibits various pharmacological activities, such as antitumor, antibacterial, antiplasmodial, 

antiangiogenic, antimalarial, and it is also an inhibitor of cyclin-dependent kinase-4. However, fascaplysin has a 

high toxicity not allowing its use as a drug. Its toxicity is believed to be due to the flat structure of the molecule, 

which causes intercalation in DNA. 
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Synthesis of 7-tert-butylfascaplysin was carried out to suppress this mechanism, (Figure 1). In this case, a 

decrease in toxicity with respect to non-tumor cells was expected i.e., an increase in selectivity [1]. 
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Figure 1 - Scheme for the synthesis of 7-tert-butylfascaplysin 

 

Biological activity tests were performed for 6-tert-butylfascaplysin and 7-tert-butylfascaplysin against 

several prostate cancer cell lines (PC-3, 22Rv1, DU145, LNCaP, VCaP), which showed that non-planar derivatives 

of fascaplysin did not differ in selectivity from fascaplysin, while the cytotoxicity of 6-tert-butylfascaplysin 

decreased, and that of 7-tert-butylfascaplysin increased [2]. 

The obtained results set the task of revealing the mechanisms of 7-tert-butylfascaplysin action. To do this, 

the activity of 140 major kinases was measured under the action of the obtained substance using the functional 

kinomics analysis developed by Pam Technology. A general aspect of the biological action of the compound was 

the effect on the activity of some serine/threonine kinases (CDKL1, TBK1, CK1a1 (CSNK1A1), CDK5, RHOK 

(Grk1), NLK, MLKL, GCN2 (DKFZP434P061), COT (MAP3K8), caMLCK (MLCK)) having various aspects of 

biological action, including control of the cell cycle, signal transmission inside the cell, the development of necrosis, 

and others (Figure 2). The conservative structure of these kinases apparently determined the wide spectrum of 

activity of the compound and its high toxicity to both tumor and non-tumor cells. 

 
Figure 2 - The effect of 7-tert-butylfascaplysin on 10 kinases with the most significant changes in activity 
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ZnWO4 and WO3 are important inorganic compounds extensively studied as heterogeneous photocatalysts 

for the degradation of organic pollutants [1]. The use of film composites based on oxygen compounds of tungsten 

is of particular interest, since it does not require the cost of separating the photocatalyst from the treated solution at 

the end of the technological cycle. Plasma-electrolytic oxidation (PEO) of metals with simultaneous or subsequent 

modification of the surface by active components can be used to obtain complex oxide film composites [2, 3].  

This paper presents the results of a study of the composition, surface morphology, optical and photocatalytic 

properties of Zn-, W-containing films on titanium obtained by a combination of PEO, impregnation and annealing 

methods. W-containing oxide coatings on titanium were formed by the PEO method in galvanostatic mode at a 

current density 0.1 A/cm2 for 10 min in aqueous electrolyte containing Na2WO4 and Na2B4O7. Further, the PEO 

layers were kept for 1 hour in an alcohol solution containing zinc acetate, and then they were dried in air and 

annealed in a muffle furnace at temperatures of 500 and 700oC for 1 hour. Depending on the modification conditions 

and the annealing temperature, the formed PEO layers received the designations Ti/W, Ti/W/Zn-500 and 

Ti/W/Zn-700. 

The phase composition of the modified samples depends on the annealing temperature (Table 1). Both 

modified samples contain titanium dioxide in anatase and rutile modification. Ti/W/Zn-500 and Ti/W/Zn-700 

composites additionally include zinc and tungsten oxide compounds. According to the Ti/W energy-dispersive 

analysis, the samples contain C, O, Ti and 0.1 at.% W. Carbon is detected in the modified PEO coatings, 0.2 at.% Zn 

appears, and the concentration of tungsten increases (Table 1). 

Table 1 

Phase and Elemental Composition of the Composites 

Sample Phase 
Elemental composition, (at.%) 

C O Na Ti Zn W 

Ti/W (анатаз) 13.1 73.1 9.5 9.5 – 0.1 

Ti/W/Zn-500 (анатаз, рутил), ZnO 20.5 74.5 – 4.5 0.2 0.3 

Ti/W/Zn-700 
(анатаз, рутил), WO3, ZnWO4, 

17.1 74.7 2.6 4.9 0.4 0.3 

 

Figure 1 shows the SEM images of the surface of the obtained PEO coatings. The morphology of PEO coatings 

largely depends on the annealing temperature. All coatings are heterogeneous, there are micron-sized pores on the 

surface. The surface of the initial coatings is smooth. After annealing of the samples at 500 and 7000C, crystal 

formation is observed. 
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Figure 1 – SEM images of the sample surface: (а) – Ti/W, (b) – Ti/W/Zn-500, (c) – Ti/W/Zn-700 

Photocatalytic studies have shown that the formed composites are active in the degradation reaction of indigo 

carmine (IC) only under UV light irradiation. Obviously, this is due to the fact that all samples are characterized by 

high values of the forbidden band width (Table 2). 

Table 2 

Direct (n=1/2) and Indirect (n=2) Band Gaps Eg and Photocatalytic Activity of the Composites 

Sample 
Eg, (eV) IC degradation degree, (%) 

n=1/2 n=2 Visible light UV light 

Ti/W 3.23 3.05 1 10 

Ti/W/Zn-500 3.24 3.1 5 51 

Ti/W/Zn-700 3.26 3.03 3 22 

Thus, in this work, a combination of PEO, impregnation and annealing methods formed oxide layers on 

titanium containing zinc tungstate and/or tungsten oxide, promising for use as photocatalysts for degradation of 

organic pollutants under UV irradiation. 
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Nowadays membrane processes are the most versatile way to purify and desalinate water. A promising 

direction in the field of membrane technologies is the development of polymeric membrane materials with high 
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performance, mechanical strength and low cost. 

The most popular method for producing polymer membranes is the method of wet molding from a solution 

by phase inversion including the steps of polymer dissolution, solution degassing, film casting on a substrate, 

membrane deposition in a nonsolvent, washing and drying of the obtained membranes [1]. 

In the production of high-tech membranes, a balance must be achieved between the cost of the resulting 

material and its characteristics for this reason polyvinyl chloride is increasingly used in modern research as a 

membrane matrix. PVC is an excellent material due to a low-cost, high-volume production, physical and mechanical 

properties, high resistance to most chemicals and the ease of dissolution in many organic solvents: 

dimethylacetamide, tetrahydrofuran (THF), dimethylformamide (DMF), dimethyl sulfoxide, N-methyl-2 -

pyrrolidone, dichloromethane (DCM) [2]. 

Obtaining membranes from solutions of PVC in dimethylformamide with different molecular weights, the 

concentrations of the polymer solution are used in the range of 8-15 wt. % for pure solvent and up to 20 wt. % 

mixtures of solvents with DMF (table). 

Table 

Correspondence of the concentration and molecular weight of the polymer in PVC membranes 

Molecular weight 

of PVC, g/mol 
Solvent 

The concentration of PVC in the casting 

solution, wt. % 
Source 

55000 DMF 9–11 [3] 

65000-85000 DMF 8–12 [4] 

48400 DMF 8 [5] 

91000 DMF + THF 10 [6] 

- DMF + DCM 20 [7] 

 

The authors of [4] found the porosity of membranes to increase with a decrease in the PVC molecular weight. 

Membranes made from lower molecular weight PVC are characterized by a higher void volume and a more open-

celled structure. This fact can be explained by the greater mobility of PVC particles in the casting solution. 

In our study solutions of PVC-C-7058-MTS (Mm = 90470 g/mol) were prepared with concentrations of 7, 

9 and 10 wt. %. When manufacturing a series of membranes by phase inversion, the impossibility was found out to 

obtain a homogeneous casting solution with a high polymer concentration, and, consequently, a monolithic 

membrane: already at concentrations above 7 wt. % solution was a jelly and could not be evenly distributed on the 

substrate at low tide (figure 1). Insufficient dissolution of PVC (9 wt. %) was confirmed by SEM photographs 

(figure 2), showing the presence of clear globules in the structure of the obtained membranes. 

  
Figure 1 - View of a sample with a PVC 

concentration of 9 wt. % 

Figure 2 – SEM-image of a sample with a PVC 

concentration of 9 wt. % 

 

These values of the maximum possible concentration are associated not only with the molecular weight of 

the polymer, but also with the relatively high difference in the solubility parameters of PVC and DMF. From this 

point of view, in order to obtain more concentrated PVC casting solutions with a molecular weight of 90470 g/mol, 

it is possible to use mixtures of DMF with solvents with a high affinity for polyvinyl chloride. 
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Thus, for grades of PVC with a high molecular weight, there are limitations associated with the concentration 

of the polymer and the viscosity of the casting solution for the production of membranes by the phase inversion 

method. 
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Modern civilization cannot do without the use of oil and petroleum products; however, their extraction, 

storage, transportation and processing often become a source of environmental pollution. In recent years, oil spills 

have become more frequent during transportation by sea. Crude oil and heavy petroleum products (fuel oil, diesel, 

lubricating oils) entering the water settle on the bottom and mix with silt forming stable conglomerates that 

negatively affect flora and fauna. That is why there is a need to clean seawater, sediments and coastal zones from 

petroleum products. For this purpose, various sorbents are created that have a natural ability to biodegrade absorbed 

hydrocarbons. 

Together with the Fire and Rescue Academy we conducted determination of petroleum products at model 

landfills in order to find out the efficiency of sorbents. The aim of the work was to study the dynamics of petroleum 

products distribution between two phases (seawater and bottom soil) using desolac and spill-sorb sorbents. 

Sorbent from the water surface and oil-contaminated soils with sorbent and without sorbent were taken for 

the study. The mass content of petroleum products was determined by gravimetry. The content of petroleum 
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products in the soil sample changed from 29768.64±8930.59 mg/kg to 8861.42±2658.43 mg/kg and in the sand 

sample from 5531.67±1659.50 mg/kg to 331.32±99.40 mg/kg, indicating the process of absorption of hydrocarbons. 

The mass fraction of petroleum products in the sorbents was noticed to increase significantly in analyzed sorbent 

from the water surface. For sorbent taken from the surface of water contaminated with diesel, the values increased 

from 56196.57±16858.97 mg/kg to 13548.56±40628.57 mg/kg; for water contaminated with fuel oil the values 

increased from 314245.75±94273.73 mg/kg to 475288.97±142586.69 mg/kg. This can be explained by the fact that 

the sorbent has absorbed a sufficiently large amount of hydrocarbons. 

The content of petroleum products in contaminated samples significantly decreased with the addition of the 

sorbent indicating the high sorption capacity of dezolak and spill-sorb. 
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There are large emissions of harmful substances into the environment as a result of the active development 

of industrial production, energy enterprises, the chemical and oil refining industries, and transport. Polyaromatic 

hydrocarbons are important anthropogenic pollutants [1, 2, 3]. The objective of the work was to assess the current 

content of polyaromatic hydrocarbons in the components of marine ecosystems of Western Kamchatka.  

In this regard, the following tasks were set and solved: 

1) to investigate the spectrophotometric properties of priority PAHs; 

2) to propose a gradient elution program with a gradient change in the conditions of absorption and emission 

of individual PAHs under conditions of HPLC with fluorescent detection; 

3) to determine the content of PAHs in bottom sediments and hydrobionts using the proposed methodology. 

The following results were obtained from the analysis. 

As a result of the analysis of bottom sediments samples (sea urchins Strongylocentrotus: polyacanthus, Gray 

mussels Crenomytilus grayanus, mussels Bolocera multicornis and sea anemones Actinia equine) by reverse phase 

high-performance liquid chromatography using a fluorescent detector the highest concentration of PAHs among 

hydrobionts was found in a sample of a sea urchin of station 2 0.065 mg/kg. 

The sea urchin samples from stations 1 and 3 contained 0.046 mg/kg. PAH concentrations in samples of 

algae, sea anemones, fingerling mussels and Gray mussels were 0.030; 0.043; 0.049; 0.055 mg/kg, respectively.  

The lowest concentration of PAHs was found in the sample of the bottom sediments of station 2 

0.011 mg/kg. The maximum toxicity of PAHs was detected in the bottom sediments of station 1, where the index 
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was 0.0058.  

In all samples the index was in the range of 0.0014-0.0058. The permissible levels of benz(a)pyrene in 

marine invertebrates and algae were not exceeded at any station. Thus, the conclusion was made about the low 

degree of PAHs impact on the components of ecosystems of Western Kamchatka. 

1. In this study the fluorimetric properties of 17 priority PAHs were studied. According to the data obtained, 

the characteristic wavelengths of absorption and emission of the components were revealed. 

2. A program of gradient elution under conditions of HPLC allowing reducing the analysis time to 45 

minutes was proposed.  

3. The content of PAHs in bottom sediments and hydrobionts of western Kamchatka was determined. The 

PAH content in bottom sediments was in the range (0.011-0.045 mg/kg), in hydrobionts - (0.03-0.065 mg/kg). 

4. The equivalent toxicity index was calculated. The existing PAH contents was shown not to cause a 

significant negative effect on the ecosystem components of the studied water area. 
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At present, due to the depletion of the raw material base, many companies increasingly use refractory 

ores [1]. The purpose of this work is to determine the effect of the impact of pulsed electrical discharges and a 

pulsed electron beam on the gold leaching degree in gold-bearing ore materials and to substantiate the practical use 

of these methods. 4 samples of technogenic wastes from various deposits with refractory sulfide ores containing 

pyrite, arsenopyrite and carbonaceous substances are provided for the research.  

Neutron activation analysis (NAA), inductively coupled plasma mass spectrometry, optical microscopy, IR 

spectroscopy, coal petrographic analysis were used in the work. 

Taking into account the organic and mineral components of ore materials, two ore activation methods were 

used: based on an electric discharge, which provides interphase defragmentation of the processed material, and an 

electron beam, which provides the organic compounds destruction. 

All initial samples of technogenic wastes and concentrate from deposit B submitted by the customer were 

subjected to neutron activation analysis. The number of measurements on one sample was 3. The mass of encrypted 

samples submitted for neutron activation analysis, taken after quartering: A – 2.0 g, B – 2.0 g, V – 2.02 g, D - 2.04 g. 

The results are shown in Table 1, which shows the average values of the content of metals in the samples. 
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Table 1 

Results of the sample analysis by NAA method 

№ Deposit 
Defined element 

Au, g/t Ag, g/t As, g/t Fe, % 

1 А 0,014 <0,7 10,17 41,09 

2 B 83,41 <0,7 89494 27,03 

3 C 27,99 <0,7 30654 23,60 

4 D 1,149 6,70 426,1 40,31 

The high content of arsenic and iron confirms the presence of pyrite and arsenopyrite in samples B and C. 

Sample A of the initial concentrate from deposit B was analyzed on a mass spectrometer, containing the following 

amounts of elements: Au – 65.5 g/t (sample 1); Ag – 2.73 g/t, Fe – 164206 g/t, As – 26604 g/t. 

We revealed a good convergence of the analysis for gold, carried out at the Plasma Chemical Analytical 

Center (65.5 g/t), and declared by the customer (63 g/t). The contents of other metals differ significantly from the 

results obtained by the NAA method, as well as for gold (83.41 g/t). 

Coal petrographic analysis was carried out for samples from deposits B and C. Most of the organic matter 

is sapropelite matter, humus matter is represented by individual grains. In general, organic matter in sample B is 

21%, in sample C — 18%; 79 and 82% of mineral impurities respectively. The microtexture of the sapropelite main 

mass is represented by “cindery” massive aggregates in the form of large grains. The content of organic matter at 

the level of 18-21% and the presence of hydrocarbon and cyclic compounds indicate an increased content of organic 

carbon. Radiation treatment makes it possible to effectively destroy these organic compounds and conduct leaching 

with a high gold extraction degree. 

The initial samples were activated by the methods of electric discharge pulsed processing (EDPD) and 

exposure to an electron beam on a pulsed electron accelerator with the sample placed in a dielectric (EU-1) and 

conductive (EU-2) boats. The activated samples were transferred to the leaching stage. 

Leaching parameters: ThiO – 30 g/l, FeCl3·6H2O – 4.0 g/l, H2SO4 – 5 g/l, S:L = 1:3, leaching time – 16 hours. 

Process solutions were subjected to analysis on an ELAN ICP mass spectrometer model DRC-e no. W 

1520501 after leaching of the initial and activated by two methods samples. The results are shown in Table 2. 

Table 2 

The analysis of process solutions of deposit B without activation and with activation by an electron beam (EB) 

and electric discharge treatment (EDT) 

№ Gold content in process solution, mg/l 

Sample 1 
Initial-B 

0,0094 

EB-1B EB-2B EDT-B KEB-1B КEB-2B КEDT-B 

0,019 0,042 0,034 2,02 4,46 3,61 

Sample 2 
Initial-C 

0,032 
0,037 0,043 0,049 1,16 1,34 1,53 

The value of coefficients K was calculated by formula . 

К =
С𝑖𝑛

𝐶𝑠𝑝
, 

Cin, Csp are the gold content in the leaching solution of the initial sample and in the leaching solution of the 

activated sample respectively. 

The results of the experiments show a significant impulse activation effect on the leaching degree of gold-

bearing ores of double refractory (pyrites, arsenopyrites and carbonaceous substances). The increase in the gold 

content in the productive solution reaches from 2 to 4.4 times for sample B, and from 1.16 to 1.5 times for sample 

C. However the obtained results must be treated as estimates, and it is necessary to conduct systematic research on 

the development of technology activation of refractory ores in this way. 
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Untreated wastewater leads to the pollution of water bodies, land, atmosphere, biosphere. And the fact that 

water consumption over time only increases – the issue of wastewater treatment is a matter of existence for 

humans [1]. Now most enterprises have systems of local treatment of industrial water, allowing to treatment 

wastewater to the established limit concentrations of pollutants for discharge into sewage systems. Creation of local 

treatment facilities requires compliance with a certain sequence of works. First of all, it is the preparation of 

competent technical specifications based on reliable baseline data not only on the amount and composition of 

effluents, but also the nature of the production itself (mode of operation, irregularity of water disposal, etc.) [2]. 

Depending on the type of pollutants contained in the effluent, the type of local treatment facilities or a set of 

treatment methods is selected [3]. Therefore, the purpose of the present work is to study the chemical composition 

of industrial wastewater of the galvanic shop of Public Joint Stock Company «Varyag Plant». 

The object of the study was industrial wastewater from the galvanic shop of «Varyag Plant» of two types: 

chromium (№ 1-cw), acid-alkali (№ 2 a-aw). The samples were taken in November, 2021. 

Every technological process of galvanic metal coatings consists of a number of separate operations: 

preparatory work, main process, finishing operations [4, 5]. After each operation the product is washed in cold 

running water, and after processing in alkaline solutions - sequentially in hot and cold water. At the final stage of 

processing the product is consistently washed in cold and hot water and dried. Thus, galvanic production is 

inextricably linked with the discharge of waste washing water [5]. 

In the studied water samples were determined by chemical indicators of water quality: total hardness, the 

content of calcium ions, total alkalinity, chlorides, sulfates, pH, the content of nickel, cobalt, chromium (VI), copper 

(cuprum), iron (total) (ferrum), aluminum, salt content. 

The results of the study showed that some of the values of pollutants in the wastewater of the galvanic shop 

of «Varyag Plant», selected before entering the local treatment facilities (samples 1-cw and 2-a-aw), exceed the 

regulatory values, municipal water (maximum permissible concentrations) [6]. 

Acid-alkaline water (№ 2 – a-aw) has high salt content, alkalinity and chloride content compared to 

chromium water, but the obtained indicators do not exceed the established norms of maximum permissible 

concentrations. In chrome water, the content of metals (nickel, chromium, aluminum, and iron) was exceeded by -

13; 9; 2 and 3 times, respectively. 

It was found that the chromium water of the galvanic shop «Varyag Plant» does not meet the standards for 

municipal water in terms of chromium (VI), aluminum, iron and nickel, so it is necessary to treat it at local treatment 

facilities. The quality indicators of acid-alkali water do not exceed maximum permissible concentrations [6]. 



THE 9th ANNUAL STUDENT SCIENTIFIC CONFERENCE IN ENGLISH 

Vladivostok, 25–31 May 2022 

 

73  

 

References 

1. Modern wastewater treatment plants - Article // Official website of NPO Agrostroyservis LLC: 

[website]. – 2021. – URL: https://acs-nnov.ru/sovremennye-lokalnye-ochistnye-sooruzheniya.html. 

2. Garzanov, A.L. Waiting for changes / A.L. Garzanov, A.A. Klyachko. A. // Dairy Industry. – 2014. – 

№ 8. – P. 42-43. 

3. Local sewage treatment plants - Article // Official website of the company "Megaline" LLC: [website]. 

– 2020. – URL: https://www.megaln.ru/news/lokalnie-ochistnie-sooruzheniya-los/. 

4. Treiman, M.G. Modern electroplating and its ecologization / M.G. Treiman // Actual problems of 

humanities and natural sciences. – 2009. - № 9. – P. 15 – 17.  

5. Galvanic production: environmental problems and modern ways to solve them. - Article // VII 

International student scientific conference - Student scientific forum: [website]. – 2015. – URL: 

https://scienceforum.ru/2015/article/2015012729. 

6. On approval of sanitary rules and regulations SanPiN 1.2.3685-21 "Hygienic standards and 

requirements to ensure safety and (or) harmlessness to humans of the factors of habitat" of January 28, 2021 № 2 // 

Electronic fund of legal and regulatory and technical documents. [website]. - 2021. - URL: 

https://docs.cntd.ru/document/573500115. 

 

Cheshkin A.E. 1 Minakova P.C. 

BALEISKY GOLD-BEARING AREA TECHNOGENIC WATER` TREATMENT TECHNOLOGIES 
1 Department of Oil, Gas and Petrochemical Industry, Polytechnic Institute, FEFU 

2 Department of Nuclear technologies, Institute of High Technologies and Advanced Material, FEFU 
3Academic Dep. of English Language, Oriental Institute School of Regional and International Studies, FEFU 

1, 2 Scientific adviser – K.R. Frolov 
3Scientific consultant – Minakova P.C. 

 

Introduction. Zabaikalsky Krai is one of the centers of gold mining: more than 7 % of all-Russian gold 

reserves are concentrated here in complex ores and placers [1]. One of the long-standing gold mining areas in Eastern 

Transbaikalia is the Baleisky gold-bearing region [2]. In the process of gold extraction and development of ore bodies 

there was an active negative impact on natural geosystems. But even after the liquidation of the enterprises, the mine 

continues to have a negative impact on the soil, vegetation and the surface layer of the atmosphere, as well as aquifers 

and surface water bodies. The purpose of the work is to show the negative impact of the Baleisky gold-bearing area 

on the environment, and to characterize its technogenic water treatment technologies. 

General characteristics and negative impact. The Baleyzoloto Combine operated from 1929 to 1993, three 

gold deposits were mined in the Baleysko-Taseevskoye (Baley) ore field [3]. Technogenic transformations of natural 

landscapes influence the inflow of heavy metals into surface waters. In addition to dredge dumps, they are represented 

by three ore pits, two tailings pits of gold concentration plants (GCPs), dumps of overburden and host rocks, excavation 

pits of gold sands, and sludge pits [2]. The Baleisky Mining and Processing Plant (MPP), in comparison with other 

plants in the Trans-Baikal Territory, has a large amount of technogenic raw materials from tailings ponds 

(34.27 million tons) and dumps of overburden rocks and poor ores (81.87 million tons). In 1929 a running 

amalgamation factory was put into operation, which included mercury in the technological process of processing ores 

and sands [4]. This technology was used until negative effects on the safety and livelihood of service personnel were 

identified. According to [5], the ore was further enriched by flotation followed by cyanidation of the concentrates. 

Over the entire period of time, GCP-1 and GCP-2 produced 365 tons of ore gold, and the reserves have not been 

depleted. 

https://scienceforum.ru/2015/article/2015012729
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The authors [6] conducted water sampling from the flooded open pits of the Baleisky and Taseevsky deposits. 

Values of pH and metal concentrations repeatedly exceed the maximum permissible concentrations (MPC’s) for 

fishery water bodies (times): by Sr – 5.43 times, Al – 10825, Mn – 12300, Fe – 4520, Cr – 41, As – 87, Cu – 33500, 

Zn – 5090, Pb – 6.7, Cd – 220, Ni – 6400, Co – 1160. 

Technogenic water` treatment technologies. Methods of technogenic water treatment can be divided into 

mechanical, chemical, physical-chemical, and biological [7]. Next, let us consider technologies (methods) of 

technogenic water treatment, which are applicable to technogenic water of the object in question. 

The essence of reagent methods is to convert water-soluble substances into insoluble ones by adding various 

reagents with their subsequent separation from water in the form of precipitation. Calcium and sodium hydroxides, 

sodium sulfide, and various wastes such as ferrochrome slag are used as reagents [8]. The advantage of this method is 

that it covers many pollutants. The disadvantages include a significant consumption of reagents, increased salt content 

of treated water, insufficient efficiency when it is necessary to clean up to MPC of fishery water bodies, the formation 

of fine-dispersed poorly settling sludge [9]. 

The ion exchange method is a process of interaction between a solution and a solid, an ion exchanger, which 

can exchange the ions contained in it for the ions present in the solution [10]. Ion exchange is a promising but 

expensive method of extraction of high cost resins modified by the introduction of functional groups, low capacity 

of ion exchangers and the need for frequent regeneration [9]. 

The essence of the extraction method is to add to water an extractant that is not soluble in the liquid but 

dissolves the substance to be extracted. Application of extraction from the economic point of view is expedient in 

case of significant concentrations of extractable components or their high marketable value, as well as in case of 

treatment of highly toxic wastewater when other methods are not acceptable [11]. 

The sorption method allows one substance to be extracted with another substance, solid or liquid by absorption. 

The advantages of this method are the ability to absorb substances from multicomponent mixtures and a high degree 

of purification. However, sorption of heavy metals from wastewater is most effective at low concentrations of 

pollutants, so the use of sorption by this material at the stage of mine water pretreatment is expedient [8]. 

Conclusion. During the study of the Baleisky gold-bearing area, it was found that the operating pits at the 

site of the deposits were flooded with aggressive acidic waters with a high concentration of heavy metals. Among 

traditional purification methods, the reagent method is the most suitable, as it covers a larger number of pollutants. 

However, it does not allow achieving treatment efficiency up to the levels of maximum permissible concentrations 

of harmful substances for fishery water bodies. Therefore, it is necessary to use combined methods, new methods, 

and technical solutions. 
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Introduction. Composites based on cobalt ferrite are of great interest due to the possibility of creating 

magnetically sensitive sorbents. This determines the prospects for their use for medical purposes for the 

transportation of medicines, as well as for solving problems associated with pollution of water objects and 

purification of gases from pollutants. 

Silicon dioxide owing to the developed surface shows a high sorption capacity in combination with chemical 

inertness and non-toxicity. An additional advantage of using silica is the solution to the problem of disposal of rice 

production waste - husks and straw containing up to 21% SiO2. Hundreds of millions of tons of rice husks are 

formed annually, which can be used as a cheap renewable raw material for obtaining high-purity silica [1]. 

The study of the various substances desorption from the surface of sorbents is of significant interest, 

including those containing CoFe2O4 [2], under the action of microwave radiation, which at the moment is 

economically more profitable and faster, and is already actively used around the world in various fields from drying 

bulk materials to accelerating the process of regeneration of catalysts and desorption of drugs from the surface of 

sorbents [3,4]. The purpose of this work was to obtain composites with CoFe2O4-SiO2 structure, to study their 

magnetic and sorption properties, as well as to analyze their desorption properties using microwave radiation. 

Materials and methods. Composite materials CoFe2O4-SiO2 were synthesized according to the procedure 
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described in [5] by hydrolytic deposition of a SiO2 layer on the surface of CoFe2O4 colloidal particles. The 

composition of the samples and the sorption capacity in relation to copper (II) ions are shown in Table 1. 

Table 1 

The composition of the obtained samples 

Sample Synthesis method Fe2O3, % CoFe2O4, % SiO2, % H2O, % A, mg/g 

1 CoFe2O4+SiO2 (pH=8-9) - 51.9 12.4 9.8 7.8 

2 CoFe2O4+SiO2 (pH=12-14) 22.5 23.4 21.3 15.9 23.4 

 
Figure 1 - Micrographs of the composite material CoFe2O4-SiO2 

Results and discussion. On the X-ray diffraction patterns (Fig. 2), the position of the reflections corresponds 

to cobalt ferrite CoFe2O4. Particles obtained at a higher pH value are more crystallized, which is manifested in 

increased intensity of reflections. The IR absorption spectra (Fig. 2) show absorption bands corresponding to the 

stretching and bending vibrations of the O-H bonds of adsorbed and bound water (3439-3327 cm–1, 

1633-1622 cm - 1). The presence of absorption bands at 1086, 1082, and 457 cm–1 is characteristic of stretching and 

bending vibrations of O–Si–O bonds.  

 

 
Figure 2 - X-ray patterns and IR spectra of the obtained samples 

A distinctive feature of the IR spectrum of sample 1 is the presence of an absorption band in the region of 

594 cm–1, which indicates the stretching vibration of the Me–O bond in CoFe2O4, being consistent with the results 

of elemental and phase analysis. Comparing this band with the absorption band of pure cobalt ferrite, its weakening 

appears probably due to the modification of SiO2 [6]. 

Table 2 

Magnetic characteristics of samples 

Sample 
Ms, emu/g Hc, Oe 

250 K(1)/300 K(2) 2 K 250 K(1)/300 K(2) 2 K 

1 43.2 56.7 
−249 −6568 

+247 +6470 

2 3.7 18.3 
−13 −2642 

+14 +1281 
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The field dependences of the samples are shown in Figure 3. Based on the shape of the curves obtained at 

300 and 250 K, as well as the values of the coercive force, it can be concluded that sample 1 is magnetically hard, 

and sample 2 is magnetically soft (Table 2). The lower saturation magnetization of sample 2 in comparison with 

sample 1 is associated with a lower content of cobalt ferrite (Table 1). In the sample 2, the displacement of hysteresis 

loop to the region of negative fields is recorded. The value of displacement is 681 Oe. This displacement can indicate 

an interaction of the antiferromagnet-ferromagnet type. This type of interaction can confirm the presence of a metal 

oxide phase, namely Fe2O3, which, according to elemental analysis data presented in sample 2 (Table 1). This oxide 

is known to have antiferromagnetic properties. 

 
Figure 3 - Field dependences of the magnetization for the obtained samples 

Silicon dioxide being known as a good sorbent, the copper (II) ions desorption from the resulting composite 

material under the action of electromagnetic radiation was studied. A microwave magnetron with a radiation power 

of 111 W (mode 1) and 392 W (mode 2) was used as an EMR source; heating was carried out in a heat-insulated 

capsule. The absorption coefficient calculated according to [7] for a container with 10 ml of water was 0.5, for a 

container with 10 ml of a suspension of 0.1 g of the composite material in water was 0.56. The energy consumption 

for extracting the sorbed substance for modes 1 and 2 was 13374 J and 3729 J/mcg, respectively. The kinetic 

desorption curve (Fig. 4) shows the extraction of the substance to increase 3.2 times in mode 1 and 3.9 times in 

mode 2. 

 
Figure 4 - Curves of EMI-induced desorption of Cu2+ for sample 2 
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The toponymy of Vladivostok began to take shape in the second half of the 19th century. In 1858, there 

started  a trend of replacing Chinese, Manchu and single English names by the Russian ones. At first, the names of 

the sea coasts appeared, then, in the course of  economic development of the Muravyov-Amursky Peninsula, the 

toponymy of the land began to form. This gradual toponymic process was disrupted in 1912 by Pavel Vladimirovich 

Wittenburg, There was a need for a detailed description of the geological structure of Vladivostok city, so  he needed 

to give names  to a lot of nameless physical and geographical objects (mountains, bays, capes). Most of them were 

plotted on the map he published (Fig. 1). Pavel Vladimirovich Wittenburg (1884-1968) is a Russian and Soviet 

scientist, geologist and geographer. He explored in detail the entire Muravyov-Amursky Peninsula and Russky 

Island, collected a huge number of geological samples (1400 paleontological and 1200 petrographic exhibits). The 

map he created and the geological description are relevant to this day. For his work, the young scientist was awarded 

with Feodor Fedorovich Busse Prize. Subsequently, he participated in geological research mainly in the north of the 

country and in the Arctic. He continued to work in his specialty, even while in the GULAG on a fabricated case [3].  

 
Figure 1 - Map of P.V. Wittenburg "Geological map of the Muravyov-Amursky Peninsula and the archipelago of 

Empress Eugenia (1912). [2] 

To identify toponyms assigned by Pavel Vladimirovich Wittenburg, his map and maps of Vladivostok and 

the geological description [2] were published before 1912 The maritime toponymy of Wittenburg was studied in 

detail by Alexander Ivanovich Gruzdev [1]. Actually, no one had previously studied land place names. 

Having studied the new toponymy, one can see that Pavel Vladimirovich Wittenburg rarely used 

"descriptive" toponyms indicating the natural features of the area (Peschanaya Bay, Red Cape). Most of the names 

are given after the names of famous people who contributed to the study of the Primorsky Territory and the 
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development of Vladivostok as a Russian outpost in the Pacific Ocean, less often after famous Russians who have 

never been to the Far East. Toponyms are given in honor of participants in hydrographic work in Peter the Great 

Bay, scientists, sailors, local historians, military engineers - builders of the fortress, civil and military commanders, 

Russian poets, etc. The structure of new anthropotoponyms is shown in the diagram (Fig. 2). 

 
Figure 2 - Classification of anthropotoponyms mapped by Pavel Vladimirovich Wittenburg. [2]. 

The  result of this study is a list of toponyms originated in 1912 thanks to Pavel Vladimirovich Wittenburg. 

A classification of toponyms and anthropotoponyms has been compiled. It includes the names given in honor of 

people who contributed to the history of Vladivostok city and the development of the Muravyov-Amur Peninsula. 
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The Konder deposit is known as one of the largest deposits of platinum. The massif was studied in detail in 

1985-1991 by Konderskaya party of the Far Eastern Geological Administration and employees of the Far Eastern 
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Geological Institute of the Far Eastern Branch of the Russian Academy of Sciences. In the process of long-term 

studies of the area of the Konder massif, it was established that deposits of platinoids, gold, rare earths, vermiculite, 

etc. are combined here (Zalishchak B.L., 1998). This is a unique object, where geochemically contrasting groups of 

chemical elements are manifested, as well as complex post-ore processes. This report focuses on the vermiculite 

deposit, which has not been given due attention so far. 

At the same time, vermiculite is an important and rather rare mineral, the practical use of which is associated 

with the properties of the mineral to delaminate when heated with an increase in volume by 6–20 times, with its low 

thermal conductivity, with the possibility of repeated use. Vermiculite can absorb liquids 5 times more than its own 

weight. The most well-known areas of its application are construction, agro- and steel industry. 

 
Fig.1. Geological structure of the Konder deposit. Map compiled according to the artel of miners “Amur”. 
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The Konder massif in the modern relief is a ring ridge, having the shape of an almost regular circle in plane, 

the diameter of the outer base of the ridge is 15 km, the diameter along the tops of the ridge is 8 km, the diameter 

of the inner basin is 6 km, the absolute height of the peaks of the Konder ridge above sea level is 1387-1200 m. 

Over the entire area of the inner cauldrons, composed of dunites, linear weathering crusts are developed, which 

consist of rock fragments, mineral grains and various manifestations of serpentine and clay minerals, as well as 

vermiculite, developed after phlogopite veins in dunites. These serpentine-montmorillonite-vermiculite rocks in the 

weathering crust compose bodies in natural areas of the relief, mainly in the cores of the inner parts of the basin, 

their thickness is 10-20 m, the depth of vermiculite is first tens of meters. 

The place of origin of vermiculite is localized in phlogopite-pyroxene rocks in the western and central parts 

of the basin with a diameter in the plane of 3-2 km in the basin with a cross section of 3 - 2 km in the basin of the 

middle and lower course of the brook Anomalny (area “Anomalny”, fig.1). This area is surrounded by dunite spurs 

with weakly dissected typical relief. Here, an areal weathering crust with a vertical thickness of up to 100 m is 

developed, in which bedrocks are decomposed to the state of gruss, sand and clay. The bedrocks are represented by 

intertwining numerous zonal phlogopite-bearing veins in dunites, which make up to 60% of the total rock volume 

of the vermiculite deposit, forming a stockwork with a vertical thickness of at least 300 m.  At the periphery of the 

stockwork, the number of veins of phlogopite-bearing rocks decreases to 20%, and beyond it in dunites is 2-5%. 

The structure (structure and texture) of phlogopite-bearing rocks is massive, mostly from coarse-grained to giant-

grained. The size of the grains and crystals that make up their minerals is on average 5-10 mm, reaching 100-200 

mm in diameter. Phlogopite plates have predominant dimensions of 10-100 - 3-30 mm. Mineral composition of 

rocks: pyroxene (diopside-augite) 20–50%, titanomagnetite 5–40%, apatite up to 10%, phlogopite 10–70%, veins 

with the presence of phlogopite 40–60% predominate, in some places there are admixtures of amphiboles (tremolite-

actinolite), sphene, feldspars, zeolites, chrysocolla and some other minerals. 

The predicted resources (reserves) of vermiculite, including hydrophlogopite, in the area of the Konder 

massif can be estimated at about 150-200 million tons, that exceeds the reserves of all jointly used deposits in Russia 

by 1.5 - 2 times. So, for example, the total pre-exploitation reserves of vermiculite at the eastern developed deposit 

of vermiculite Kovdor are over 45 million tons, phlogopite - over 10 million tons. 
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The uniqueness of Kamchatka implies a careful attitude to its natural resource potential and, the main task 

is to carefully study the climate change as a major factor affecting, among others, the biota of Kamchatka waters. 

All this determines the relevance of the topic of this work.    

The purpose of the work was to study the temperature regime and its changes on the Kamchatka Peninsula. 

To achieve this goal, the following tasks were solved: the formation of the base for air temperature; assessment of 

structural features of temperature time series; the study of regime characteristics. 

Source data. To study the spatio-temporal changes in air temperature, the materials of observations of 14 

meteorological stations of the Kamchatka UGMS (Fig.1) for 1966–2019 were used. [http://www.meteo.ru] 

 
Figure 1 Map-scheme of location of meteorological stations 

Annual air temperatures are rising in all areas of the Kamchatka Peninsula. This is evidenced by the 
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coefficients of linear trends built for a multi-year course at 14 weather stations. R2 exceeds the threshold = 0.07. 

The rate of the annual temperature increase is 0.2 - 0.5 ° ̸ 10 years. The warmest is by 2.5 degrees in the south-

western coast of the peninsula and in the mountainous region. The least is in the southeast and on Bering Island by 

about 1 degree Celsius. Consider the features of changes in seasonal temperatures and assess their influence on the 

change in annual temperature. 

The most significant feature of the long-term dynamics of the spring thermal regime in Kamchatka is the 

presence of a warming trend in it, which can be traced at all the stations under study. The results of calculations of 

linear trend slope coefficients (CLLT) are given in Table 1. The largest stable increase in air temperature at the 95% 

significance level, observed on the west and east coasts, and in the mountainous regions of Kamchatka KNLT varies 

from 0.2 to 0.9 ° C /10. In March, at the Bolsheretsk station, the average temperature for the month over the past 53 

years increased by 4 degrees, and in Sobolevo - by 5 degrees, on the east coast at the Ossora station in March and 

in May the temperature became higher by 3 degrees on average, in April - by 2.5 degrees; in the mountainous region, 

it warmed up the most in March at the stations Klyuchi (by 3 (C), Esso and Nachiki (by 4 (C) (Fig. 2). 

Analysis of the long-term course of summer temperatures revealed the presence of warming, which can be 

traced at all the stations under study, and the greatest stable increase in air temperature is observed in the 

mountainous regions of Kamchatka: KNLT varies from 0.2 to 0.5 ° C / 10 years. In July, Klyuchi and Esso stations 

had the most significant growth rates in all the summer months. On the east, west and south coasts, the linear trend 

of summer temperatures at all stations is positive and significant (Fig. 2). In the area of the Dolinovka station (the 

valley of the Kamchatka River), there is a steady increase in summer temperature, most observed in mid and late 

summer: KNLT in July and August is 0.4 ° C / 10 years; at Cape Lopatka station – 0.2°С/10 years. 

Table 

Slope coefficients of linear trends in Kamchatka (1966–2019) 

Station 
Central months of the seasons 

Year 
April July October January 

Ossora 0,6 0,3 0,3 -0,2 0,3 

Ust-Khayryuzovo 0,5 0,3 0,2 0,6 0,4 

Cluchi 0,4 0,5 0,2 0,1 0,4 

Esso 0,4 0,5 0,3 0,4 0,4 

Icha 0,3 0,2 0,2 0,2 0,3 

Dolinovka 0,3 0,4 0,1 0,4 0,4 

Bering Island 0,2 0,3 0,2 0,1 0,2 

Sobolevo 0,4 0,3 0,2 0,8 0,5 

Semyachik 0,2 0,3 0,2 0,2 0,2 

Nachiki 0,4 0,3 0,2 0,5 0,5 

Sosnovka 0,3 0,3 0,2 0,2 0,3 

Petropavlovsk 0,2 0,3 0,2 0,2 0,3 

Bolsheretsk 0,4 0,3 0,2 0,6 0,5 

Саре Lopatka 0,2 0,2 0,2 0,4 0,3 

In autumn, as well as in spring and summer, the air temperature rises. At all stations, linear trends are 

statistically significant, the largest stable increase in air temperature is observed on the southwestern coast, in the 

northeast and in the mountainous regions of Kamchatka: KNLT in September and October varies from 0.2 to 0.3˚ / 

10 years, and in November from 0.6 to 0.8°С/10 years. The most significant growth rates of autumn temperature 

are observed in November at Nachiki station (mountainous region) and on the east coast (Ossora station). Over the 

past 53 years, the average November temperature has risen by 4 degrees. At Cape Lopatka, this increase was 

about 2°С. 
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Figure 2 - Slope coefficients of linear trends of average monthly air temperature during the year on the western 

(left) and eastern (right) coasts of Kamchatka 

In winter, the largest stable increase in air temperature is observed on the southwestern coast, and in the 

mountainous regions of Kamchatka: KNLT varies from 0.4 to 0.5 °C/10 years in December; in January - from 0.4 

to 0.8°С/10 years and in February from 0.6 to 1.0°С/10 years. It should be noted that in the mountainous region at 

Nachiki station, unlike the other two stations, the temperature in December and January rises weakly, or does not 

rise at all. It should also be noted that, in contrast to other seasons, negative trends appeared at some stations in 

winter, and warming at some stations is unstable (coefficient of determination is less than 0.07). The only negative 

trend appeared in January at Ossora station, it amounted to 1 degree. The temperature trend is also positive in the 

extreme south (Cape Lopatka). But relative to other areas, the temperature increase is not so significant, it is only 

0.1 °C / 10 years in December and 0.4 °C / 10 years - in January and February. 

Thus, a stable increase in annual air temperatures on the Kamchatka Peninsula is due to the same stable 

increase in all calendar seasons. However, warming on the west coast occurs at a faster rate compared to the east 

coast in January-March. On both coasts, it is currently that the rate of temperature increase is the highest. In April-

October, the rates decrease on both coasts, and in November they increase again. 
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Introduction. Volcanogenic massive sulfide deposits consist of sulfide minerals. It is believed that they are 

genetically related to underwater volcanic activity and are formed during the deposition of ore minerals from a 

mixture of cold seawater and ascending hot metal-enriched hydrothermal solutions. During the formation of 

sedimentary sulfides, sulfur can be derived from different reservoirs represented by magmatic fluids, basement 

rocks, atmosphere, or sea water. The research of sulfur isotopic composition (34S/33S/32S) in sedimentary sulfides is 

a method which allows us to identify atmospheric, hydrospheric and biological processes in the Archean sulfur 

cycle. In this paper we will demonstrate, on the example of the Mesoarchean VMS Leksa deposit (Karelia, Russia), 

how the analysis of the multi-isotope sulfur composition of sulfides allows to determine sulfur sources and the 

impact of atmosphere and bacterial activity on mineralization. 

Geology. The VMS Leksa deposit (fig. 1) is in the southeastern part of the Kamennoeozoro structure, it 

occurs in the strata of quartz-albite-sericite and carbon bearing schists (Kuleshevich, 1992). 

The mineralization is characterized by being stratiform, and it is associated with island-arc sedimentary-

volcanogenic facies, the volcanic rock age of which (U-Pb zircon TIMS) is 2875 ± 2 Ma and 2876 ± 5 Ma (Puchtel 

et al., 1999). 

Materials and methods. The samples for isotope study were taken from the core of drillholes (see fig. 2). 

Sulfur isotope analyses have been performed at the Laboratory of Stable Isotopes of the Analytical Centre of FEGI 

FEB RAS using a local laser method (Ignatiev et al., 2018). Sulfur isotope ratios have been measured with masses 

of 127 (32SF5+), 128 (33SF5+), 129 (34SF5+) in triple-beam mode using МАТ-253. 

Mineralogy. Sulfides are mainly represented by pyrite that form different morphological forms. Pyrrhotite, 

chalcopyrite, sphalerite, galena are less common. 

Pyrite I. Globular, “kidney-shaped” pyrite forms semi-massive, layered aggregates consisting of grains of 

0.2 mm in size (Fig 2C), and finely dispersed inclusions in quartz crystals (Fig 2A-B) are also noted. It is also found 

in acicular forms in accretions with a silicate mineral, forming dendritic textures (Fig 2F). 

Pyrite II. Massive pyrite. It contains fine silicate inclusions, fills the space between pyrite I, replacing 

silicate minerals (Fig.2A-E). Subparallel quartz crystals contained in it form a "layered" texture. 

Pyrite III. Euhedral pyrite forms idiomorphic cubic grains of pyrite with a size of ~0.05-0.2 mm in free 

spaces (Fig.2C). 

Results. A total of 55 sulfur isotope analyses of δ33S and δ34S in 181 sulfide minerals of the Leksa deposit 

have been conducted (fig.3). The difference between the measured δ33S values and expected values, calculated 

based on δ34S, is shown as Δ33S. 

Samples of the studied sulfides are characterized by a wide range of δ34S variations from 

–10.2‰ to +27.5‰, and by the presence of Δ33S isotopic anomaly, values of which vary from –0.30‰ to 

+2.64‰.  

Δ33S isotopic anomalies indicate that sulfur of the Leksa deposit sulfides registered a mark of atmospheric 

photochemical processes that resulted in MIF-S. 
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Values of δ34S and δ33S, falling on the MIF-S trend of Δ33S/δ34S≈1, confirm the participation of sulfur, which 

underwent a cycle of sulfur transformation in this atmosphere. 

Conclusions.   

 
Fig.1. geological structure of Leksa deposit. 

1 – quaternary deposit, 2 - sericite - albite- carbonate-quartz schists. 3 – carbon-bearing schists, 4 – massive sulfide ores, 5 – 

area of silicification, chlorite blaster and fuchsite are present 6 – drillholes, 7 – occurrence parameters 

 
Fig. 2. Different types of pyrite. 

A,B – fine inclusions of pyrite in quartz. C – aggregate of “kidney-shaped” pyrite, massive pyrite and idiomorphic pyrite.  

D – sphalerite inclusions in massive pyrite. E – subparallel texture is formed by quartz grains. F – acicular pyrite 
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Fig. 3. Analysis results 
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Currently, there are more than 200 countries in the world. They are usually divided into two large groups – 

developed and developing countries. The last group of countries occupies most of the globe, 80% of the world's population 

is concentrated in them. There is a great diversity among developing countries in terms of the level and features of socio-

economic development. A special group is formed by the so-called least developed countries (LDCs). There are 47 such 

countries in the world; most of them are in Africa (34). There are 13 least developed countries in Asia and in the Pacific 

Rim area. They are characterized by common socio-economic problems: low incomes of the population, poverty, poor 

development of the education and health care system, lack of social protection systems, etc. At the same time, each country 

is individual. They differ in the peculiarities of economic development and population. The main reasons for the lag in the 

development for LDCs are unfavorable geographical location (for example, island - Kiribati, highland – Nepal, Bhutan), 
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political instability and wars (Afghanistan, Yemen), and their colonial past. 

To analyze the spatial differences in the socio-economic development of the LDCs of Asia and the Pacific Rim, the 

next criteria were selected: GDP, GDP per capita, GDP growth rate, HDI, life expectancy, infant mortality. All the LDCs 

of the studied region are characterized by small-size economies. In total, their GDP in the world economy is about 1% [1]. 

At the same time, significant differences in the GDP indicator calculated per capita were revealed. So, in Afghanistan, it 

amounted to 2000 USD, while in Bhutan - 10900 USD, that is, in Bhutan, the values of GDP per capita are 5 times higher 

than in Afghanistan (Table). 

Among LDCs of Asia and Pacific Rim, Bangladesh (3.5%), Myanmar (3%), Laos (0.5%) had positive GDP growth 

in 2020 (although it decreased compared to the previous period due to the Covid-19 pandemic). For most states, there is a 

reduction in the economy. The state where the decline in GDP has been observed for a long period is Yemen. The reason 

is the civil war, which has been going on since 2014. This led the country to the world's largest humanitarian disaster [2]. 

The HDI varies from 0.470 in Yemen to 0.657 in the Solomon Islands (Table). This is significantly lower than in developed 

countries – at least 0.900. In fact, the HDI is a complex indicator; its value indicates the level and quality of life of the 

population, considering the income of the population, the development of education and healthcare. For example, in 

developed countries the average life expectancy is more than 80 years, while in the studied LDCs the maximum indicator 

is 76.5 years (Solomon Islands), the minimum is marked for Afghanistan - 53 years. That is, on average, people in LDCs 

live from 4 to 30 years less than in developed countries. Also, for LDCs, there is a relatively low level of literacy among 

the adult population. If in developed countries almost 100 % of the population is literate, then for LDCs this indicator does 

not exceed 90% (Myanmar), and, for example, in Afghanistan it is 37 % [1]. 

An important characteristic of the quality of life of the population is mortality, including infant mortality (mortality 

of children under the age of 1 year). There are significant differences in this indicator between the countries. So, for Vanuatu, 

it is 14.7%, in Afghanistan – 106.8%, that is, in the latter case, every 10th child who was born alive does not live up to a 

year. The reasons are the low level of health care development in general, especially in rural areas. In other LDCs, the 

situation is somewhat better, but, compared with developed countries, infant mortality is very high here, for comparison, 

the UK - 7%, Japan – 5% [1]. 

As a result of the study, the spatial differentiation of the socio-economic development of the LDCs of Asia and the 

Pacific basin was revealed. With a generally unfavorable situation, Bhutan, Laos, and the Solomon Islands can be 

considered relatively successful countries being the first candidates to exit the world list of LDCs. The worst socio-

economic situation is observed in Afghanistan and Yemen. According to all the criteria considered, these countries are in 

the rearguard. The reasons that hinder the development of these states are similar – military and political instability. 

Table 

Some indicators of social and economic development of countries [1] 

№ Country GDP, billion 

USD 

GDP per capita, 

USD/person. 

HDI Duration of 

life, years 

Literacy, % Infant 

mortality, ‰ 

1 Afghanistan 77 2000 0.511 53 37 106,8 

2 Bangladesh 793,5 4 800 0.632 74 75 31 

3 Bhutan 8,4 10 900 0.654 71 67 36 

4 Cambodia 70 4 200 0.594 66 80 45,6 

5 Yemen 73,6 2 500 0.470 67 70 47,5 

6 Kiribati 0,27 2 300 0.630 67 н/д 33,7 

7 Lao PDR 56,7 7 800 0.613 66 85 49,5 

8 Nepal 73 3 800 0.602 72 68 25,7 

9 Vanuatu 0,85 2 800 0.609 75 87 14,7 

10 Solomon Islands 1,71 2 500 0.657 76 н/д 20,5 

11 Timor-Leste 4,19 3 200 0.606 69 68 34,5 

12 Tuvalu 0,05 4 400 0.583 68 н/д 29,7 

13 Myanmar 247 4 500 0.583 65 89 33,7 
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An important role in the attractiveness of a recreational facility for vacationers is played by the infrastructure, 

which is located next to the place of rest. This is the road network, its quality and length, the quality and occupancy 

of beaches, recreation centers of various price ranges. It is these aspects that affect the comfort and quality of rest. 

At present, this issue does not lose its relevance for the following reasons: 1) an increase in domestic tourist flows 

in Russia; 2) the remaining high demand for quality infrastructure among vacationers. 

The purpose of the work is to analyze the correlations between the survey results and the infrastructure on 

the Gamov Peninsula. 

Infrastructure is a set of buildings, structures, systems, services necessary for the functioning of the material 

production process and ensuring the daily life of the population [1]. The authors assume that there is a close 

correlation between the results of the survey of vacationers on the Gamov Peninsula and its tourist infrastructure. 

The analysis of the results of the survey of 255 respondents was taken from a previous work [3]. The QGIS 

program was used to identify infrastructure objects. The 7 most popular bays were taken as places of rest: 

Andreevka, Astafyeva. Vityaz, Vodolaznaya, Idol, Telyakovskogo and Risovaya Pad. 

The authors decided to create a buffer zone around the beaches of each of the bays to calculate infrastructure 

indicators. According to GOST R 55698-2013, walking distance for beaches is 1000 m [2]. In each buffer zone with 

a radius of 1 km, 15 indicators were identified: the occupancy of the beach by 5 and 15 meters in percent, average 

building density, average building density coefficient, average deviation of the building density coefficient from 

Zarubino in the Russian Federation, average deviation from the building density coefficient of the Russian 

Federation, number and density of tourist bases, their evaluation in the Internet search engines (Google and Yandex), 

average cost of accommodation per person per day, and the length, quantity and density of the road surface. 

The correlation analysis method was used to analyze the results. 
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Figure 1 - The study area map. (Made by the authors) 

Results. Based on the data obtained, a correlation matrix was compiled (Figure 2). A strong positive 

relationship (0.80 - 0.98) was found between average building density, building density ratio, road network 

performance and the number of bases in buffer zones. Therefore, the determining factor in the development of 

infrastructure is tourism. 

For the final analysis, a summary correlation matrix was compiled (Figure 3). The survey results were 

compared with infrastructure indicators. 

 

 
Figure 2 - Correlation matrix of infrastructure indicators. (Made by the authors) 

 



THE 9th ANNUAL STUDENT SCIENTIFIC CONFERENCE IN ENGLISH 

Vladivostok, 25–31 May 2022 

92 

 

 

 
Figure 3 - Correlation matrix of infrastructure indicators and survey results (made by the authors). 

 

 Findings. A direct average dependence was revealed (0.31–0.44) between the number of days of rest, the 

method of accommodation and infrastructure indicators. This indicates that the number and quality of bases, as well 

as the quality of the road network, play an important role in choosing a place to stay and the time that vacationers 

want to spend there. A weak inverse relation (-0.05–-0.27) was found in the overall assessment of rest. This suggests 

that vacationers set the final score for their vacation to a greater extent guided by the aesthetic component of the 

environment. 
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In 2018, according to the Federal State Statistics Service, 80.9% of the Russian population extensively uses 

the Internet by means of a personal computer or smartphone [1]. The widespread use of computer technology with 

Internet access allows modern medicine to increasingly use telemonitoring systems to monitor the condition of 

patients with chronic diseases and illnesses that can suddenly lead to irreversible negative consequences. 

Medical telemonitoring systems also allow patients who do not have the opportunity to get a face-to-face 

doctor’s appointment to keep in touch with a specialist and receive medical care remotely, which is especially 

important for low-mobile people and residents of remote communities. In today's COVID-19 pandemic conditions, 

remote access to a doctor remains a relevant and convenient method of obtaining medical care. 

It should be noted that patients monitored by telemonitoring systems had lower all-cause mortality and a 

lower rate of heart failure-related hospitalizations [2]. Remote monitoring allows the doctor to intervene during 

therapy before the patient's condition worsens due to unforeseen complications. There is an opinion that 

telemonitoring has proven its effectiveness and needs to be expanded in its the scope. This requires a computer-

computer channel (smartphone-smartphone) linking doctor and patient. The chain looks like this: 

patient →wearable device → analysis of the indicators→ server of the medical institution → automated workstation 

of the doctor → doctor [3]. 

The patient's state of health can be assessed by analyzing objective indicators obtained with special devices, 

taking into account the subjective assessment of his condition by the patient. One of the ways to analyze the patient's 

condition that can be used for remote monitoring is a questionnaire survey. The process can be divided into several 

main stages: 

1. Preparation of questionnaires and evaluation criteria. 

2. Data collection using the question-and-answer methodology. 

3. Processing the collected data. 

4. Analyzing the survey results and making decisions based on them. 

Remote questionnaire survey involves the use of electronic means for timely analysis of the survey results 

and decision-making by the doctor [4]. 

Survey often provides a comprehensive picture of the patients’ attitude towards their disease and, in general, 

their quality of life. There are general questionnaires, which are designed to identify the state of health status of 

healthy and sick, and specialized questionnaires, used for specific diseases. One of the goals of the survey is to study 

the confidence of patients with a disease in various therapy methods and means. A gradation of answers from "yes" 

to "no" is usually used [3]. 

Today there are software systems that allow you to create a channel linking the doctor and the patient. Such 

systems allow the patient to keep in touch with the specialist after the appointment, monitor his or her health state 

using various measuring devices and a health diary. Let us consider their categories: health self-observation systems 

(Electronic medical record); patient-to-doctor communication systems (SberHealth); control systems for medical 

institutions (Remsmed). 
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Medical institutions can connect to the above systems to facilitate the work of doctors and increase the 

efficiency of treatment. Let us consider their functionality. 

Table 

Comparison of software tool categories 

Functions 

Health self-

observation 

systems 

Patient-to-doctor 

communication 

systems 

Control systems 

for medical 

institutions 

Add health metrics + +/– +/– 

Maintenance of medical record + +/– + 

Storage of data about all patients – + + 

Analysis of indicators and display of 

the dynamics of the state of health 
+ +/– +/– 

Remote Disease Monitoring – +/– +/– 

Create questionnaires – – – 

Providing questionnaires to patients + + + 

Availability of ready-made templates 

of medical questionnaires 
– – – 

Analyzing the table, we can conclude that none of the considered software tools can create typed medical 

questionnaires necessary for questioning patients to achieve mutual understanding of doctor and patient, fast and 

successful work of the doctor, effective selection of treatment method. To solve the problem of remote 

questionnaires, an application is required that allows the doctor to compile individual questionnaires for patients, 

according to state standards [5]. 

In order to use scales, tests and questionnaires in systems designed for remote patient monitoring, storage 

and analysis of complaints, it is necessary to study the standards for creating and using questionnaires. As a result, 

it will be possible to identify common features and rules to be considered in the development of a universal 

questionnaire designer. The clinical guidelines available on the resource of the Russian Ministry of Health 

"Rubricator of clinical guidelines" were chosen for the analysis [5]. The result of the analysis is the division of 

medical scales into four groups. 

1. Scales suitable for self-diagnosis, based on a point system, or scales reduced to this type.  Such 

questionnaires define ranges of sum scores in the key that correspond to the degree of illness or risk of illness. They 

are used for a wide range of diseases. There are a total of 67 scales. 

2.    Scales designed to assess pain. Such scales establish the gradation of pain and relate it to an 

illustration or numerical line. They are needed to help assess a patient's pain level and their overall condition, pain 

threshold. There are 3 scales in total. 

3. Narrowly specialized scales designed for specialists and doctors. They help to determine the extent of 

disease using descriptions of symptoms, clinical examinations. They are necessary for filling in medical records, 

organizing the work of specialists. There are 13 scales in total. 

4. Scales of tests and questionnaires with qualitative assessment. These questionnaires do not use scoring 

system and cannot be converted to point system. A total of 6 scales. 

At present, a team of programmers from the Department of Software Engineering and Artificial Intelligence 

at FEFU IMCT is developing a software tool that has the following functionality: compiling surveys to monitor the 

well-being of patients with various diseases; taking the surveys by the patient or observer; viewing the patient's medical 

history; analyzing patient dynamics based on survey data; providing access to the system through the corporate 

network for authorized employees of the medical institution. 
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Over the decades of the second half of the twentieth - the first half of the twenty-first century, education has 

been transformed by the introduction of information technology in its various aspects [4, 5]. On the example of 

higher education, these moments are clearly visible within the framework of the expansion of distance education. 

Distance education is based on the use of special software and hardware, which may have the ability to 

integrate various software systems, which in turn allow you to manage, monitor and, accordingly, improve the 

effectiveness of distance education. 

These software systems include, in principle, any software system involved in the educational process, 

however, of course, it is necessary to single out e-learning systems that are positioned as a basic software product 

for distance education, but in practice it can be stated that the process of distance education is possible without them, 

based on various software capable of providing communication between the teacher and the student. 

Of course, it should be noted automated library and information systems, which are basic in the work of 

libraries, including universities [3]. We should also mention electronic library systems that complement the 

traditional resources of the library and without the use of which it is difficult to imagine the modern activities of the 

university library. 

All these software systems, as a rule, are interconnected and interact with the developed automated control 

system of the university. Accordingly, they must meet the potentially necessary software quality criteria set by a 

specific potential customer carrying out informatization in this case in the field of education, including in terms of 

librarianship. 

In the process of introducing, for example, automated library information systems in practice, there are many 

nuances from the correct automation of the library process to the correctness and completeness of integration with 

other software systems, on which the success of informatization of education depends. Accordingly, the factor of 

assessing the quality of software systems in relation to their capabilities in terms of integration with other software 
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becomes important without taking into account, which is difficult to build an educational information space. 

In turn, the successful integration of library systems within the larger innovative environment of the 

university allows us to observe the expansion of the educational opportunities of the university we are observing. 

This, in turn, contributes to an increase in educational, scientific activities not only among students, but also among 

the teaching staff. Ultimately, it contributes to increasing the reputation and significance of the institution itself 

among other scientific centers of the country and the world [1, 2, 6]. 

Summing up, we can say that by developing new approaches, methods, models, metrics for assessing the 

quality of software systems, it is possible to potentially contribute to increasing the informatization of education at 

the level of choosing a software product used in educational activities. 
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At present, the problem of communication with people with hearing and speech impairments is very 

important, because the coverage of this problem is very wide, and there are quite a few specialists who speak Russian 

Sign language (RL), and the cost of their services is very high.  

There is also a problem of cultural assimilation for people with hearing and speech disabilities. They cannot 

adapt to the market economy because they need to be trained before they can offer anything to the market. However, 

there are peculiarities of sign language: words that exist in sign language cannot be translated into Russian, and 

since there are fewer words in sign language than in Russian, translation problems arise. For this reason, the deaf-

mutes need educational courses created and adapted specifically for their needs. 

This project aims to develop a support system for a library of online courses created and adapted specifically 

to the needs of people with hearing and speech disabilities. 

Product development technology 

The difficulty in developing this system lies in the fact that due to the peculiarities of thinking of hearing-

impaired people [1,2], it is difficult to understand in what form the information presented to this audience will be 

the most understandable and informative. In this regard, surveys were conducted among the hearing-impaired 
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population, which showed that the best way for the hearing-impaired to absorb information is in the form of a video. 

Therefore, it was decided to implement a video course system, for the development of which a sign language 

interpreter was hired. 

 
Fig. 1. MVP of Application 

The application implements a course catalog (Figure 1), from which you can get to a specific course and start 

studying a module by watching videos, reading text notes, and performing various tasks. Creating a discussion 

thread on a task, course, or video is possible. 

Each screen of the application has the ability to open a chat with technical support, and technical support 

automatically receives data about the context of the conversation (open application screen).  
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Atomic scale computer simulations are a critical component of modern research in order to discover new 

materials as well as fully comprehend the physicochemical properties and atomic structure of amorphous alloys. 

The atomic structure of amorphous alloys is studied using graph theory as well as parametric geometry. This article 

discusses a little-known perspective on the study of atomic structure and physicochemical properties of amorphous 
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alloys. It displays highlights of implementation of the event-driven dynamics algorithm in sequential and parallel 

programming to ponder the macroscale atomic structure and physicochemical properties of amorphous alloys 

besides the stages and crucial issues of computer simulation of the atomic structure of amorphous alloys, as well as 

a cluster analysis of computational experiment results to study the atomic structure and physicochemical properties 

of amorphous alloys. 

Amorphous materials have recently sparked renewed interest, owing to their potential technological 

applications as well as a lack of understanding of their properties, which differ significantly from those of crystalline 

materials. With the same material, some of their properties can differ from one sample to another. Because of 

imperfections and disorder, an ideal crystal has translational order in all dimensions [8]. This isn't the case with 

amorphous materials. Long-range order is a key distinction between an amorphous material and a crystal. Long-

range order exists in crystals, however, not in amorphous materials. Individual atoms' bond lengths, bond angles, 

and coordination numbers vary resulting in a lack of long-range order.  

Due to the lack of periodicity, most experimental techniques for determining structure without ambiguity 

are rendered ineffective. In structural studies, computational methods are extremely useful, but the analysis of the 

results is still hampered by a lack of atomic symmetry and a scarcity of experimental data for comparison and 

validation. The inability to accurately describe the structure of most amorphous metallic materials has proven to be 

a major roadblock to their effective understanding, development, and use. Based on the analysis of electron 

microscopic images of an amorphous alloys, a method for studying local atomic ordering with any kind of 

symmetry, including non-crystallographic symmetry, is proposed in this study. It is demonstrated that under thermal 

action, there is a 30% change in the density of atomic clusters with an ordered structure of 1–2 nm in size, using the 

structure of amorphous alloys CoP, NiW. It has been demonstrated that heating causes both an increase and a 

decrease in the degree of order. 

Electrochemical deposition was used to create samples of CoP, CoNiP, and NiW amorphous alloys. High-

resolution transmission electron microscopy on FEI Titan 80-300 at 300 and 80 kV with aberration correction is 

used to examine the atomic structure of the samples. The thickness of samples placed on a standard cupper grid 

ranges from 2 to 10 nm. Because of the thinness of the samples, we can investigate the local atomic structure and 

demonstrate different levels of ordering. HRTEM images were obtained at temperatures ranging from 20°C to 

300°C. HRTEM image processing using GPU software to cross-correlate with double-core: 

𝐻𝜑,𝑟0
(𝑥, 𝑦) = ℎ(𝑥, 𝑦) ∙ ∑ ℎ(𝑥 − 𝑟0 ∙ 𝑠𝑖𝑛𝜑, 𝑦 − 𝑟0 ∙ 𝑐𝑜𝑠𝜑),𝜑                                                        (1) 

Where ℎ(𝑥, 𝑦) = 𝑠𝑖𝑛𝑐(𝜌/𝜌0) − ℎ0. We select  𝑟0 = 0.25 nm, 𝜌
0

= 15 𝑛𝑚 Parameter ℎ0 selected from following 

condition: ∑ ℎ(𝑥, 𝑦)𝑥,𝑦 ≈ 0.[7] 

 

Fig. 1.  HRTEM images of Amorphous alloy samples from series4 00001.dm3 
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In general, atomic clusters were defined as groups of similar atoms that existed at a distance not greater than 

or less than a given radius. If two atoms come into contact with each other, they belong to the same cluster. The 

developed app calculates the distance between two points in the Euclidean 2D plane using the electron microscope 

image pixels as coordinate points. which is nothing more than the Euclidean distance and finds the nearest neighbor 

for each point in a dataset within a radius of r=2 nm. Using Pythagoras Theorem [2]. Distance, assume point p have 

Cartesian coordinates (𝑝1, 𝑝2)and let q have coordinate (𝑞1, 𝑞2)Then the distance between p and q is given by [3]. 

 

ⅆ(𝑝, 𝑞) = √(𝑞1 − 𝑝1)2 + (𝑞2 − 𝑝2)2 (2) 

And then plot a graph for each cluster using NNG algorithm. After plotting undirected graph, it calculates 

Adjacency matrix, eigenvalues, graph energy and some other graph topology parameters for each graph or clusters.  

 
Fig.2 &3.  A nearest neighbor graph of 2997 points in the Euclidean plane 

Ivan Gutman introduced the concept of graph energy three decades ago. This concept is related to total 

electron energy in computational chemistry, of a class of organic molecules The overall the energy of 𝜋 -electrons 

is calculated using the formula 

 

Ε𝜋 = ∑ |𝜆𝑗|

𝑛

𝑗=1

 (2) 

 

where: 𝑛 is the number of the molecular orbital energy levels 

 𝜆𝑗 s are eigenvalues of the adjacency matrix of the so called molecular or Huckel graph [3]. 

 

If G is a graph, then the energy of G, denoted by E (G), is the sum of the absolute values of G's eigenvalues, 

i.e., if 𝜆1,..., 𝜆𝑛 are G's eigenvalues, then 𝐸(𝐺) = ∑ |𝜆𝑖|
𝑛
𝑖=1  
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Fig. 2. Graph Energy 

In order to simulate electron microscopic image studies, we created a software program that can compute 

large amounts of information in our datasets. The nearest neighbor graph is a directed graph that defines the 

Euclidean distance in the plane for a set of points in a metric space. A directed edge from p to q is produced whenever 

q is a nearest neighbor of p, that is, a point whose distance from p is the shortest among all the supplied points other 

than p itself [4]. In our applications of these graph, the edge orientations are ignored, and the NNG is instead 

specified as an undirected graph. 

Amorphous alloys were studied in terms of their atomic structure and physicochemical properties. Several 

algorithms were used to simulate electron microscopy images of amorphous alloys in this study. Using the electron 

microscope image pixels as coordinate points, our software calculates the distance between two points in the 

Euclidean 2D plane. Finally, using the NNG algorithm, plot a graph for each cluster. It calculates Adjacency metrics, 

eigenvalues, graph energy, and other graph topology parameters for each graph or cluster after plotting an undirected 

graph. This enables us to study the atomic structures and physicochemical properties of amorphous and amorphous 

crystalline alloys in greater depth. We can provide detailed information with our software in much less time and 

with fewer resources, but more research is needed to fully comprehend the physicochemical properties of 

amorphous alloys. 
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Automatic speech recognition is a dynamically developing area in the field of artificial intelligence. 

Significant advances have been made in this area over the last half century with many commercial applications 

available that make investment in this area worthwhile and profitable. 

Automatic speech recognition systems are widely used in medical examinations requiring information input 

when the operator's hands are busy (e. g. X-ray), or when it is necessary to operate autonomous apparatus for 

examining internal organs. [1]  

Despite the significant progress, the main goal of research which was originally intended, free 

communication between a person and a "machine", has not yet been achieved. The development of the field has 

revealed new difficulties that pose a challenge to the researchers at the present stage when the task of speech 

recognition merges with the problem of understanding the meaning of the message and requires the involvement of 

scientific psychology. The first two sections of the manual are devoted to the issues of speech production and 

perception.[2] 

Obviously, understanding the structure of the speech signal and the underlying motions of the speech-

forming organs can help in solving the problem of automatic speech recognition. To an even greater extent, this 

applies to understanding issues related to the perception of sounds in general and particularly speech sounds. 

An essential question to be answered in this article is the question of the features or parameters of the speech 

signal which contain information sufficient for speech recognition. Obviously, by their very meaning, these 

parameters should be the result of consciously controlled movements of the speech organs. It is also clear that the 

selection of these parameters should be the main task of the auditory system in speech recognition. 

The first step in speech recognition, when the recorded signal is analog, is that the analog speech signals 

need to be converted into digital ones, which the system can easily recognize. Then the digital signals are moved to 

the speech pre-processing modules to spectrally flatten the signal, which increases the energy of the signals at a 

higher frequency. This step is called the feature extraction step. In addition, this step is one of the most important 

parts of speech recognition and helps to distinguish one speech from another since each speech has unique individual 

characteristics embedded in its utterances. It extracts features by identifying the component of the audio signal and 

discarding irrelevant information such as noise, emotion, etc., i.e. retaining relevant speech information and 

discarding irrelevant.[2] 

This article is devoted to the development and research of a feature extraction method based on the selection 

of segments from a speech signal that can be used to recognize human speech. The general approach to the speech 

signal processing procedure is to use short-term analysis, i.e. the signal is divided into time windows of a fixed size, 
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on which, as it is assumed, the signal parameters do not change. For a more accurate representation of the signal, 

an overlap is made between the windows. Then, feature extraction algorithms, such as spectral analysis, linear 

prediction, or others, are applied to each window. The task of speech recognition differs from many others in the 

field of speech technologies as there is no need to study the entire content of speech. It is enough to extract elements 

suitable for recognition.[2] 

Most of the existing methods are not resistant to noise, or they work too slowly and inaccurately which, in 

general, affects the quality of the recognized voice sequence, the accuracy and speed of the program. Therefore, the 

following problem can be singled out: the lack of methods for extracting features in a speech signal that could 

encode a sequence of words in a voice command with good accuracy and speed. 

Hence, the purpose of this work is as follows: taking as a basis one of the existing methods for extracting 

features in a speech signal, to modify it and formally describe a module capable of encoding a sequence of words 

in a voice command with the highest accuracy and speed possible. 

To successfully achieve the given goal, it is necessary to perform the following tasks: to analyze existing 

methods, compare them, build a model of the subject area, justify the method of feature extraction in a speech signal 

taken as a basis, and describe possible modifications in the operation of this method. 
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The Internet has become indispensable thanks to advanced technologies. Many people can run their business 

with an internet connection. While these events have a positive impact on the well-being of human life, they have 

also led to some negative consequences. In particular, the information disseminated in almost all spheres of life 

through social networks, which is becoming more and more widespread, represents a huge source of abuse. 

Organized crime groups find both supporters and followers using information on social media profiles and can 

easily identify their victims from there. The criminals who use these networks, who collect information from 

everywhere, commit new crimes with the help of information obtained from these environments. The mass affected 

by the virtual environment is large and the domain is very wide. This is a threat to one of the fundamental principles 

of society, such as the security of life, the security of goods, the security of religion, and the certainty of reason and 

generation, which has arisen through the imposition of opinion. Social networks are becoming a part of the daily 

life of society. Social networks with users from almost any environment are connecting users around the world and 

spreading rapidly. These features expand the use of social media as a potential tool for committing crimes, and new 

areas of crime become available to individuals and groups who can commit crimes. 

The use of social networks to identify potential criminals implies network analysis itself. Social network 

analysis is the mapping and measurement of relationships (and flows) between individuals, groups, organizations, 
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or other information/knowledge processing entities. Entities are represented as nodes in the network along with 

links, with or without attribute weight age. SNA attempts to provide both a mathematical analysis and a visual 

representation of relationships in a network. SNA is an interesting cross-fertilization of sociology, mathematics, 

computer science, etc. 

The idea of using SNA to understand networks is not new [1] in one form or another, network analysis has 

been used to detect illicit entities and activities. It has been used to map evidence in fraud and conspiracy cases, for 

example [2]. A suspect's network can be built from relational information, including internet blogs, email, phone 

logs, travel bookings, credit card transactions, etc. [3] Recently, network methods have become a useful part of 

intelligence work. As terrorists establish new relationships or break existing relationships with others, their role and 

power may change accordingly. This node dynamics resulting from relationship changes can be captured using a 

set of centrality measures from social network analysis functions. 

Degree measure. The degree determines how active a particular node is. It is defined as the number of direct 

links that node "a" has. [4] This calculation is based on formula 1. 

 

(1) 

where n is the total number of nodes in the network, 𝑐(𝑖, 𝑎) is a binary variable indicating whether there is 

a connection between nodes i and a. A high degree network member may be the leader or "center" in the network. 

In a directed graph, degree can be divided into intrinsic and extrinsic to distinguish between links entering 

and leaving a node, respectively. 

Intermediate measure. Betweeness measures the extent to which a particular node is between other nodes in 

the network. The distance between nodes, say a, is defined as the number of geodesics (shortest paths between two 

nodes) passing through a. [4] This calculation is based on formula 2. 

𝐶𝐵(𝑎) = ∑𝑖<𝑛 ∑ 𝑔𝑖𝑗(𝑎)𝑛
𝑗

      (2) 

where 𝑔𝑖𝑗(𝑎) indicates whether the shortest path between two other nodes i and j passes through node a. A 

participant with high intermediateness may act as a gatekeeper or "broker" in the network for the smooth interaction 

(transmission of information) or the flow of goods (such as drugs). 

A measure of closeness. Proximity is the sum of the geodesic lengths between a particular node, say a, and 

all other nodes in the network. It actually measures how far one node is from other nodes and is sometimes referred 

to as "remoteness". This calculation is based on formula 3. 

𝐶𝐶(𝑎) = ∑ 𝑙(𝑖, 𝑎)𝑛
𝑖=1        (3) 

where 𝑙(𝑖, 𝑎) is the length of the shortest path connecting nodes i and a. 

Related research in social media analysis and money laundering. 

Social networks have been studied in order to study the roles and behavior of nodes. The analysis of criminal 

networks has also been a concern in the last decade. 

In [5], the authors developed a system for solving crimes, in which the analysis of social networks was 

combined with hierarchical clustering. The clustering methodology divided the network into subgroups, and then 

the block modeling method made it possible to identify interaction models between these subgroups. However, this 

approach did not reveal the detailed roles of offenders. Only the key participants in the network are listed in the 

systems. 

In [6], the authors applied social network analysis to destabilize terrorist networks. The purpose of the system 

was to investigate terrorist networks in order to figure out how to destabilize them and determine who was capable 

of carrying out terrorist activities. The approaches suggested in this article focus on how to deal with terrorist 

organizations. Incidentally, the phenomenon of money laundering is taken into account. Therefore, there is no 

special methodology focused on this type of crime. 

An analysis of social networks at the level of subjects was used in [7] to help identify the roles of individuals 
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who could potentially be involved in criminal activity. Analysis of social networks made it possible to identify key 

members of criminal gangs. These papers do not propose an algorithm and study of parameters that can be used in 

the detection of money laundering in order to reveal the detailed roles of criminals. 

In a research paper [8], social network analysis was applied to identify neighbors between nodes in order to 

form networked communities through which individuals can be grouped based on their social ties. They found that 

groups within the network with similar behaviors and characteristics are critical in detecting money laundering 

activities. In addition, analyzing the differences in different types of interactions between people through links in 

their social networks can lead to the detection of suspicious activity. These social ties typically include family 

members, relatives, co-workers, friends, related friends, and other 2nd and 3rd level connections. However, the 

document focuses more on social learning content and uses user cookie data, which can be a problem for ethical 

data use. 

Recently [9] social media analysis has been introduced to prevent money laundering. They matched 

relational data with their proposed model and presented a predictive model based on network metrics to identify 

risks associated with the economic market. They found that social media features are critical in predicting the risk 

profile of clients, and their experimental results indicated that social media metrics are important to consider when 

evaluating risk profiles. The work provides an early analysis of the importance of social media metrics in effectively 

identifying suspicious customers/transactions using social media features, and the results of the qualitative study 

demonstrate that the impact of social media and relationships on the socio-political dimension. 

Reviewing the literature review and overcoming the aforementioned limitations and issues, the following 

papers will propose a relational model for identifying relationships and associations with suspicious AML clients 

using social network analysis that can create a social network of client profiles. 
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Archival and up-to-date information about resumes, vacancies, responses from applicants and invitations to 

an interview is processed. There is a search and comparison of related professions. The data is processed taking into 

account the responses of applicants and the skills required for the vacancy. 

A platform has been created that adaptively compares the capabilities of people with disabilities and 

available vacancies (both offline and online) in the Far East, including the ability to form targeted educational 

programs (individual and group). 

Anonymous data characterizing the applicant (location, experience, personal wishes, education, willingness 

to move and retrain) and existing jobs are added to the Quota-Service program 

Enterprises receive a convenient service for designing workplaces for the disabled (for example, an 

enterprise will be able to assess in real time whether there will be a demand for the vacancy it offers, if so, what 

will be the costs of “closing the vacancy” on a turnkey basis (equipment of the workplace, creating an accessible 

environment, etc.)  and what part of these costs the state is ready to compensate (relocation, targeted educational 

programs, including the financing of internships, etc.). 

The relevance of the topic lies in the fact that ~ 90% quota jobs for the disabled remain unclaimed, as the 

quota jobs to a large extent do not correspond to the professional and qualification structure of the disabled. The job 

recommendation system will be improved.  

Problem. 

Enterprises are forced to create jobs for people with disabilities in complete uncertainty, having no idea 

about the scope of job seekers and possible government support measures. 

Persons with disabilities do not have the opportunity to choose an interesting and / or highly paid job due to 

the narrow scope of their specialization or its absence. 

The paper analyzes the data to compare related professions. A convenient service has been created to design 

attractive jobs for people with disabilities at minimal cost with the support of the state, which allows not only to 

comply with the standards, but also to attract loyal staff. 

For the project it is necessary to solve the following tasks: 

1. Data processing. The data is published in XML format and may contain unnecessary characters, 

errors, and other shortcomings, which is the result of both manual entry of information by employers and job 

seekers, and insufficient procedures for cleaning and preprocessing published open data. 

2. Optimize the server side of the platform. 

3. Improve user interface in WEB version. 

4. Develop a mobile version of the service. 

Project structure. 

The company → Registers itself on the platform → When creating a workplace, the system, according to 

this entered table, issues a list of people who have the qualifications of one of the listed positions → completes the 

creation of a workplace 

Disabled person → Registers → fills out the questionnaire receives - current offers  Software used:  

HTML5, CSS, JS, Django framework, mySQL, Bootstrap[2-5]; Figma (website design); Pandas (test data 

processing) [6]. 
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Annotation. The article deals with the problem of optimal distribution of goods across the distribution 

network of a federal company specializing in the sale of digital and household appliances. 

Keywords: Inventory management, distribution of goods, logistics 

One of the criteria for the effective operation of a trading company is the inventory turnover, - the ratio of 

the cost of inventories sold for a period to the total inventory. 

The formation of the turnover rate is influenced by many factors, of which the most important include: 

 category and purpose of the goods, its weight and size and quality characteristics 

 product price segment; 

 demand for the product in terms of consumer demand; 

 price and commodity policy of the company; 

 inventory management system, which includes the optimal distribution of goods from the company's 

warehouses to retail outlets (shops) and others. 

The size and structure of commodity stocks are determined by the volume and structural composition of the 

turnover of a trading company. Maintaining the optimal ratio between the value of turnover and the size of inventory, 

along with a reasonable pricing policy, is one of the most important problems, without which it is impossible to 

ensure the efficient operation of retail chain stores [4, 6, 7]. 

Among the listed factors that determine the commercial success of a retail trade enterprise in the market, an 

important role belongs to the distribution of goods. 

The distribution of goods in the retail system covers a set of problems for managing the flow of consumer 

goods at the supplier-end consumer site, from the moment the goods are purchased to the moment they are sold to 

the consumer [5]. 

The problem of developing a method for the optimal distribution of goods from warehouses to retail outlets 

(shops) is a solution to a  multicriteria optimization problem in which it is necessary to distribute goods from 

warehouses to stores with minimal costs in such a way as to satisfy the needs of stores with high sales of goods and 

not form inefficient stocks of goods in stores with low sales. The distribution of commodity stocks of the trading 

network should be focused on increasing the efficiency of commodity stocks. While solving this problem, it is 
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necessary to take into account the characteristics of the product, as well as the locations where it needs to be 

distributed among the stores. 

Let a large company specializes in the sale of digital and household appliances, have its own automated 

logistics system and a federal network of stores. 

The specifics of digital goods and household appliances is that some goods do not need a display case and 

can be delivered to the store if they are purchased directly by the buyer through the company's website (system 

units, computers and accessories), and some are required to be placed (large household appliances: refrigerators , 

washing machines), which is due to consumer preferences and the purpose of the product. 

The problem of optimal goods distribution among the company's stores is to calculate the required level of 

stock of such a product and distribute it at minimum cost in such a way as to ensure its availability in stores with a 

high level of sales, without forming an inefficient inventory in stores with its low turnover. 

This problem as well as the problem of placing a certain number of service points across a network of 

consumers [3] belongs to the class of problems of optimal placement of objects, described by many features [2]. 

The solution of such problems can be obtained using the theory of complex networks that describe objects that have 

a number of properties characteristic of real arrangements of economic, analytical and social objects in systems of 

various nature. These systems are often called networks due to the fact that they combine collections of elements 

connected by many different relationships that have the emergent property [1,2,3]. 
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Currently, neural networks [1] for image processing are gaining more and more popularity, since it is a 

powerful tool with which you can create, edit and analyze images. Most users face difficulties in understanding how 

to edit images and make them visually pleasing. There are many programs, but they are too complex and not clear 

enough to use. At the same time, neural networks make it possible to simplify the task, since the user does not have 

to understand the work of applications, but such a solution is often intended only for one type image or one 

processing style. 

The purpose of this work is to develop an expert recommendation system using neural networks for image 

processing. This resource interacts with the user in order to process the uploaded image [2], providing the 

opportunity to choose the appropriate color correction option [3]. 

Neural networks (artificial neural network, ANN) [4] is a computational nonlinear model based on the neural 

structure of the brain, capable to learn how to perform classification, prediction, decision-making, visualization, and 

some other mental activities merely by considering examples. 

Any ANN architecture consists of artificial neurons — processing elements having a structure of 3 

interconnected layers: input, a structure consisting of one or more hidden layers, and output. 

The input layer consists of input neurons that transmit information to hidden words. The hidden layer, in 

turn, transmits information to the output. Each neuron has inputs with weights — synapses, an activation function 

that determines the output information for a given input, and one output. By synapses we man regulated parameters 

that convert a neural network into a parameterized system.  

The weighted sum from the inputs — the activation signal — passes through the activation function to output 

data from the neuron. There are several types of activation function: linear, stepwise, sigmoid, tangential, rectifier 

(Rectified linear unit, ReLU). Training is the process of optimizing weights, in which the prediction error is 

minimized, and the network reaches the required level of accuracy. The most used method for determining the error 

of each neuron is the reverse propagation of the error, with which the gradient is calculated. This is one of the 

modifications of the gradient descent method. 

With the help of additional hidden layers, it is possible to make the system more flexible and powerful. ANN 

with many hidden layers are called deep neural networks (DNN); they create complex nonlinear connections. 

In the course of work, popular neural network architectures were considered [5], which have proven 

themselves well in NLP tasks and can be recommended for use. 

Moreover, existing software solutions were considered. Among them the following products were selected: 

Zyro AI Image Upscaler [6], Waifu2x [7], Let's Enhance [8], AI Image Enlarger [9], Deep Image [10], Vance AI 

Image Enlarger [11], Topaz Gigapixel AI [12]. 

Based on the study of the above software, we can conclude that our future development has some particulars, 

therefore it is original – in comparison to those considered above. This project is nor targeted to retouch or remove 

the background of a picture because the main purpose of the neural network is to improve the images as they were 

provided by the user for the system to work. 
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Systems based on knowledge bases (expert systems, intelligent assistants, decision support systems, 

computer simulators, etc.) have not lost their relevance. Moreover, they are becoming increasingly important, since 

for many systems of this class it is required not only to obtain a solution, but also generate a detailed explanation of 

the results obtained. Systems with knowledge bases formed on the basis of ontologies ensure the fulfillment of this 

requirement. However, a well-known limitation of systems of this class is the process of forming knowledge bases. 

There are two main approaches to their implementation. The first one is used when knowledge is known, and their 

formalization is required. In this case, as a rule, expert formation or automatic formation of knowledge bases based 

on texts is used. The second method is associated with the formation of knowledge bases based on data (training 

samples) - the so- called knowledge discovery - the detection of patterns in data in order to build knowledge bases. 

There are many methods, approaches and technologies (decision trees, artificial neural networks, genetic algorithms, 

evolutionary programming methods, etc.) that are designed to extract new information from data warehouses by 

building various models. The disadvantage of these technologies is that knowledge is presented implicitly (in the 

form of models), which causes distrust among users in the results obtained. There are known works on inductive 

generalization of data in order to build interpretable knowledge bases based on ontologies (for example, for 

medicine), but the developed approaches and methods are limited to a single subject area and use simplified 

ontology models. 
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Fig. 1 An example of disease ontology 

The aim of the work is to develop models, methods and algorithms of data mining to build interpretable 

knowledge bases (ontological knowledge bases) on process diagnostics and development of its application 

technology for various subject areas. 

As a basis, we will take the already created prototype of the disease anthology (see Fig. 1), which describes 

the symptoms of diseases and their indicators. 

This ontology is compiled manually, but we would like to supplement our ontology and help doctors make 

diagnoses, based on cognitive analysis, namely artificial intelligence. This will simplify the formation of the 

knowledge base and help doctors to diagnose more accurately. 
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Studying of boundary value and control problems for heat-and-mass transfer models has been attracting a 

lot of attention in the last years. One should bear in mind that the applications of the mentioned control problems 
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are not restricted to the search of effective mechanisms of physical fields’ control. In the framework of the 

optimization approach inverse problems are reduced to control ones. Inverse problems consist in recovering 

unknown functions and coefficients in the equations and in boundary conditions of the considered models with the 

help of the additional information about the solution of the boundary value problems. In its turn, the problem of 

locating of the source of the pollution via emissions of polluting substance, which were measured in some domain, 

can be reduced to the problems of distributed control. It should be stressed that the source of the pollution can be 

concealed, for example, it can be a drowned object. So the fastest detection of this source can prevent the damage 

to ecology (see [1-4]). 

In a bounded domain Ω ∈ ℝ3 with boundary Γ the following boundary value problem is considered: 

 
Here 𝐮 is a velocity vector, 𝜑 denotes a concentration of polluting substance, 𝑝 = 𝑃/𝜌, where 𝑃 stands for 

pressure, 𝜌 = const is fluid’s density and 𝜈 = const > 0 is constant kinematic viscosity. Also, a diffusion 

coefficient is denoted by 𝜆 = 𝜆(𝐱) > 0, 𝛽 stands for a coefficient of mass expansion, 𝐆 = (0,0, 𝐺) is acceleration 

of gravity, 𝐟 and 𝑓 denote volume densities of external forces and of external sources, respectively, and, finally, 

function 𝑘 = 𝑘(𝜑, 𝐱) has the sense of a reaction coefficient, where 𝐱 ∈ Ω.  

One should keep in mind that the model under consideration generalizes the Boussinesq approximation. It 

is clear that the less restrictions are imposed on the model, which is used in applications, the more opportunities 

arise for searching effective control mechanisms. 

In its turn, the control mechanisms for physical fields include the processes of cooling and heating of liquid 

due to heat dissipation from the parts of the boundary of the domain or, conversely, due to their heating, to adding 

reagents, which accelerate the decay of oil slicks during man-made accidents. 

This work was supported by the state assignment of Institute of Applied Mathematics FEB RAS (Theme 

No. AAAA-A20-120120390006-0) and by the Ministry of Science and Higher Education of the Russian Federation 

(project no. 075-02-2021-1395). 
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An object 𝑃 in a category 𝒞 is called projective if for any epimorphism α: 𝐵 → 𝐴 and a morphism 𝜑: 𝑃 → 𝐴 

there exists a morphism 𝜑̅: 𝑃 →  𝐵 such that α𝜑̅ =  𝜑 (see [1]). Projective objects in Abelian categories are widely 

used in homological algebra. In this paper, we study the structure of projective unars, i.e., projective objects in the 

category of unars. 
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Let us recall some definitions necessary for the formulation of the main result (see [2]). 

An algebra is called unar if its signature consists of a single symbol of the unary operation 𝑓. Let 𝑃 be an 

unar, 𝑝 ∈  𝑃. Let us introduce the notations: 𝑓0(𝑝) =  𝑝, 𝑓𝑛+1(𝑝) =  𝑓(𝑓𝑛(𝑝)). The unar 𝑃 is called a semichain 

if 𝑃 =  {𝑝𝑖| 𝑖 ∈  𝜔},  𝑝𝑖 ≠ 𝑝𝑗 for 𝑖 ≠  𝑗 and 𝑓(𝑝𝑖) =  𝑝𝑖+1 for any 𝑖, 𝑗 ∈  𝜔. The coproduct of unars 𝑃𝑖 , 𝑖 ∈  𝐼,  is 

their disjoint union. 

The following theorem gives a necessary and sufficient condition for unars to be projective. 

Theorem. A unar is projective if and only if it is a coproduct of semichains. 
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To date, there are many solutions to the problem of determining the location of an object in space. The most 

popular of them are satellite navigation solutions, among which GPS and GLONASS are the most common, as they 

provide complete coverage and stable work for the entire globe.  

However, the task of finding the location of an object inside buildings and closed structures is difficult for 

such technologies to solve, since the satellite navigation system is practically inaccessible in such places. Moreover, 

this system can only calculate the height of an object above the earth's surface with little accuracy compared to 

longitude and latitude, so the problem of floors is not considered at all. 

In this regard, to solve such problems Indoor positioning system is used. A key issue that requires careful 

consideration is the positioning accuracy in real conditions and ways to improve it. 

There are a lot of technologies used to implement Indoor positioning systems: camera, infrared radiation, 

tactile systems, sound, RFID and many others. But the most commonly used in practice are only two - Wi-Fi and 

Bluetooth [1], [2]. 

Technically, an Indoor positioning system can be implemented by the following Wi-Fi methods: 

1. Methods based on signal propagation model construction. An example of such a model can be the Motley-

Keenan model, which will be discussed below. 

2. Methods based on the ideas of classification theory: deterministic methods that use the nearest neighbor 

group methods and probabilistic methods that apply Bayes' theorem. 

In practice, the main methods used in solving the problem of local positioning using WiFi networks are: 

1. Motley-Keenan model. It is a classic model of Wi-Fi signal propagation: 

RSS(d) = RSS(d0) – 10 * a * log(d/d0), 

where RSS(d) – Received Signal Strength, determined by the device at a distance d from the access point; 

RSS(d0) – signal strength measured at a distance d0 from the access point; a - coefficient taking into account the 

propagation of the Wi-Fi signal in the environment. 

2. Modified k-nearest neighbors method. Determines the estimate of the location of the object as a weighted 

value of the center of mass of the figure - the centroid. 

3. Naive Bayes classifier. Based on the application of Bayes' theorem. An estimate of the object's location 
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is obtained by determining the maximum of posterior probability of the object's location. 

Both the simultaneous use of several positioning methods and the simultaneous use of several wireless 

technologies can serve as an improvement in the technical solution of the problem [3]. More about the latter: the 

solution to increase the efficiency of the positioning system can be the installation of additional stationary sources 

using BLE (Bluetooth Low Energy) wireless technology. 

One of the problems that can be solved using Indoor navigation methods can be the improvement of the fire 

safety system indoors. 

This system can help determine the number and location of people in the event of a fire in a building. This 

can be done as long as every person in the building has a Wi-Fi and/or Bluetooth enabled device. The simplest 

example of such a device is a smartphone that each of us uses in everyday life. 

Data from the sensors to which people's devices are connected will be sent to the monitor to the fire safety 

operator, who will be able to see exactly where the devices are located, taking into account the possible error in the 

data received from the sensors. In addition, the system will allow you to display the number of devices connected 

to the sensors at the moment. The operator will be able to transfer all the collected data to the firefighters, who will 

be able to adjust their actions if necessary. 
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The most widely used and, really, the most convenient way for a person to exchange information is their 

voice, therefore, since the advent of human-machine interfaces, people have been dreaming about interacting with 

a computer using voice commands. However, many problems are associated with the implementation of this 

solution, such as the interdisciplinary nature of the preparation of the solution, which requires knowledge even from 

philology and linguistics; high computational complexity of already existing algorithms for processing voice 

commands, as well as very high standards for their accuracy. The need for convenient and accurate automatic speech 

recognition systems is felt in scientific, commercial and everyday areas of human activity [1].  

Many already existing software solutions that implement voice command recognition algorithms for user 

interaction, such as Google Now or Yandex SpeechKit, have wide capabilities in terms of working with human 

speech, and the algorithms they implement are efficient and accurate. 

However, they also have a number of disadvantages: first, because of a high computational complexity of 
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the implemented algorithms, it is not uncommon to encounter a truncated or completely inoperative functionality 

in the absence of Internet connection. Second, the scope of application of existing software solutions is very limited. 

Third, many solutions are corporate property, because of which they do not support cross-platform functionality, 

and are not free. 

Three main categories can be distinguished among speech recognition methods: methods based on 

comparison with a standard; methods that perform the construction of decision functions, as well as methods based 

on hidden Markov models. Each of these implementation methods have their own strengths and weaknesses: 

methods of the first category are easy to implement, have good accuracy on noisy and low-quality input signals, but 

are very demanding on large amounts of data. Machine learning based methods are highly accurate but require a 

very large training set. Methods based on hidden Markov models work well with non-integral data, but are difficult 

to cope with large vocabularies of implementable recognizers [2].  

Voice command recognition methods that are widely used in practice are based on machine learning [3]. 

The principle of building recognizers in this way is certainly effective, but gives rise to a number of specific 

problems, the solution of which seems possible only for large companies. The corporate ownership of currently 

existing solutions in the field of speech recognition is reflected not only in the secrecy of their implementation, but 

also, mainly, in the secrecy of the data with which the training set of recognition algorithms is built.  

Considering all of the above, we can single out the following problem: the lack of a method for recognizing 

voice commands, which shows particular accuracy when working with small training samples, capable of working 

with hardware implementation without access to the Internet. 

Therefore, the goals of this work are as follows: to use existing algorithms for recognizing voice commands 

to develop a recognition method that can work efficiently and accurately on a hardware basis without access to the 

Internet with dictionaries of 15-20 words, and to implement the developed algorithm. 

 

References 

1. Rabiner L.R. Introduction to Digital Speech Processing / L.R. Rabiner, R.W. Schafer. - M.: Radio and 

communication, 2008. - 469 p. 

2. Sharma, D. Automatic speech recognition systems: Challenges and recent implementation trends // D. 

Sharma, J. Atkins - International Journal of Signal and Imaging Systems Engineering, 2014. - p. 16. 

3. Sun, M. Amazon Alexa wake word - compressed time delay neural network, 2017. – URL: 

https://www.youtube.com/watch?v=Dk4bw3WaNts 

 

 

Shutov K.S. 1 

CREATION OF A SOFTWARE AND HARDWARE PROTOTYPE  

OF AN UNMANNED SHIP WITH REMOTE CONTROL 
1Far Eastern Federal University, Institute of Mathematics and Computer Technologies, FEFU 

2Far Eastern Federal University, Oriental Institute School of Regional and International Studies, FEFU 

Scientific adviser – V.M. Griniak 1 

Scientific consultant - I.F. Veremeeva 2 

 

Currently, the marine navy in the world is intensively developing in many areas, new modern ships are put 

into exploitation, several initiatives have already been implemented to equip water vehicles with autonomous 

navigation systems. 

The subject of the research has a great practical significance for the development of shipping. Therefore, the 

introduction of a remote-control system for unmanned water vehicles is an urgent task today [1]. 

Presently, architectural solutions of software for controlling unmanned water vehicles have not been worked 

out, there are no well-established standard solutions. At the same time, remote control algorithms should provide a 
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reliable solution to the problems of controlling the movement of the ship for various purposes and control quality 

criteria. Exactly this opens up the perspective for innovation. 

The purpose of this work is creation of a software and hardware prototype of an unmanned ship with remote 

control. 

To implement the software and hardware prototype, the following communication systems will be required: 

GPS (Global Positioning System), which allows to determine the coordinates of the ship with high accuracy, and 

the global standard of digital mobile cellular communication GSM (Global System for Mobile 

Communications) [2]. 

Raspberry Pi 4 Linux-based miniature single-board computer was chosen as the equipment for remote 

control of the unmanned ship. The WebSocket protocol, designed for real-time messaging, will be used to send 

control commands, and monitor the status of the unmanned ship. The Redis message broker will also be used, which 

will solve the problem of synchronicity and sequence of requests sent to the board. 

The functioning scheme of the developing remote control software system is shown in Figure 1. 

 
Fig. 3. The functioning scheme of the developing remote control software system 

1 – Unmanned ship control center 

2 – Communication system (GPS, GSM) 

3 – Unmanned ship with remote control equipment 

The practical application of the results of this research will allow water transport specialists engaged in the 

process of developing their own software systems to use a uniform approach at the stage of preparation of working 

and design documentation [3]. Thanks to this, the construction of ships will reach a new level. 
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Transition metal ferricyanides attract increasing attention due to their potential applications in many areas 

of high technology, such as gas storage, catalysis, the development of molecular magnets, highly selective sorbents, 

etc. However, in many cases, they are used in practice only after immobilization in organic or inorganic matrices. 

For this reason, the study of changes in the physicochemical characteristics of ferricyanides during immobilization 

is an important and urgent problem [1, 2]. 

The objective of this work was to study by electron magnetic resonance (EMR) some spin states of zinc 

ferricyanide, with an emphasis on revealing changes in these states upon immobilization of zinc ferricyanide in 

polyethylenimine (PEI), as well as upon ultraviolet irradiation of the sample.  

Electron magnetic resonance (EMR) spectra were recorded on a JES-X330 spectrometer in the X-range of 

operating frequencies (Institute of Chemistry, Far East Branch, Russian Academy of Sciences). Temperature-

dependent measurements were carried out in a continuous flow of nitrogen gas using a standard variable temperature 

unit ES-13060 DVT5. The samples were irradiated with ultraviolet light using a standard ES-USH500 ultraviolet 

irradiation unit.  

The experimental spectra were approximated using the «EasySpin» software package for simulation and 

analysis of EPR spectra written in the MATLAB programming language. 

Fig.1 shows the EMR spectra of zinc ferricyanide at different temperatures. At room temperature, the EPR 

spectrum of Zn3[Fe(CN)6]2 is dominated by a broad asymmetric resonance with a less intense resonance in its high-

field wing. The effective g-factors of these resonances, determined from the low-field peaks of the first derivative 

of their absorption lines, are ~5.1 and ~3.2, respectively. As the temperature decreases, the peak intensity of the 

main resonance increases, the effective value of its g-factor decreases, and the smaller resonance merges with the 

main one and ceases to be observed. Under ultraviolet irradiation, the spectrum of the sample does not change. 

Table 1 

 
Fig.1. EMR spectra at different temperatures 

Spin Hamiltonian parameters of simulated EPR spectra 

T , ° C 

Component 1 Component 2 

gx gy gz w, % gx gy gz w, % 

150 3.72 3.27 >1 42.8 2.77 2.59 >1 57.2 

20 5.23 4.21 >1 52.1 3.7 2.89 >1 47.9 

- 1 5 5 4.81 4.04 >1 51.8 3.89 3.6 >1 48.2 

 

We tested two variants of approximation of the EMR spectra of zinc ferricyanide, assuming that they belong 

to 1) electron paramagnetic resonance (EPR) on ferric ions in the low-spin state and 2) electron ferromagnetic 

resonance (EFR) of magnetically ordered states of the same ion. Under the assumption that these spectra belong to 
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the paramagnetic ferric ions in the low-spin state ½, an acceptable approximation of the spectra at different 

temperatures is possible. The g-factor values for which the considered approximations were obtained are given in 

the Table 1. As you can see, some of them are noticeably larger than 3.2, which contradicts the data of theoretical 

calculations. 

According to the calculations of J. Tesler et al., the effective value of the g-factors of ferric ions in the low-

spin state in octahedral complexes with any distortion cannot exceed 4, and in the octahedral field the field of 

cyanide ligands cannot even exceed 3.2 [4]. These contradictions between the experimental and theoretical data led 

us to the idea of a different origin of the considered spectrum. 

 
Fig.2. Result of the approximation of the EMR spectrum at -155 °C, assuming that it belongs to the electron 

ferromagnetic resonance 

Fig.2 shows the results of the approximation of the EMR spectra at -155 °C, assuming that they belong to 

the electron ferromagnetic resonance (EFR). The advantages of this approach to spectrum analysis are not only 

acceptable quality of spectral approximations, but also the possibility of describing spectra in low magnetic fields 

in the absence of their significant temperature dependence. 

 
Fig.3. Result of the approximation of the EMR spectrum of a nanocomposite of zinc ferricyanide with PEI at -155 °C 

Fig.3 shows the result of the approximation of the EMR spectrum of a nanocomposite at -155 °C. The 

spectrum of this nanocomposite at all temperatures contains: a wide asymmetric resonance with an effective g-

factor of about 85; narrow asymmetric resonance with a g-factor of about 4.36; and an unresolved spectrum, the 

most intense components of which are characterized by g-factors of 2.26 and 2.05.  

The shape and anomalously large value of the g-factor of the low-field absorption peak are characteristic of 

ferromagnetic materials. Resonances with g-factors of 4.28 and 2.27 belong to single ferric iron ions in the high-

spin state, which are exposed to crystal fields with strong rhombic distortion [5]. The resonance with a g factor of 

2.05 presumably belongs to single divalent copper ions, which are uncontrollably introduced into the sample during 

synthesis with one of the precursors. 

The presence in the EMR spectrum of the zinc ferricyanide nanocomposite with PEI of resonances on 
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paramagnetic ferric ions in the high-spin state indicates a change in the electronic structure of the surface layers of 

zinc ferricyanide due to the interaction with PEI. 

  

Fig.4. Changes in the EMR spectrum of a 

nanocomposite of zinc ferricyanide with PEI 

when it is irradiated with ultraviolet light 

Fig.5. Approximation of the part of the EMR 

spectrum of a nanocomposite of zinc 

ferricyanide with PEI, which occurs upon 

ultraviolet irradiation of the sample 

 

Fig.4 shows the changes in the EMR spectrum of a nanocomposite when it is irradiated with ultraviolet light. 

Under the influence of ultraviolet irradiation, a group of closely spaced resonances appears in the spectrum of the 

zinc ferricyanide nanocomposite with PEI, the most intense of which is characterized by a g-factor value of 2.003. 

The time of relaxation of these resonances after turning off the irradiation depends both on the time of illumination 

of the sample with ultraviolet light and on the chosen temperature for studying the spectrum reconstruction process. 

Fig.5 shows an approximation of the part of the EMR spectrum of a nanocomposite, which occurs upon 

ultraviolet irradiation of the sample. The spectrum can be decomposed into three groups of lines: 1) a group of two 

lines whose contours are distorted due to the anisotropy of the hyperfine interaction, 2) a group of three equidistant 

undistorted lines, and 3) a single line with g-factor 2.0035. 

Taking into account the absence of the influence of ultraviolet irradiation on the EMR spectra of zinc 

ferricyanide and PEI, it can be assumed that the UV-sensitive regions of PEI are formed in the regions adjacent to 

the surface of zinc ferricyanide, and their appearance there is somehow associated with the transition of a part of 

the near-surface low-spin ferric ions to the high-spin state. 

Changes in the bulk magnetic characteristics of zinc ferricyanide nanoparticles upon their immobilization in 

PEI were found. A transition from a low-spin to a high-spin state was revealed during the immobilization of zinc 

ferricyanide of some ferric iron ions in near-surface rhombically distorted cyanide complexes.  

The authors are grateful to Corresponding Member of the RAS S.Yu. Bratskaya for providing samples for 

research, to D.V. Balatskiy and I.A. Malakhova for the synthesis of Zn3[Fe(CN)6]2 and PEI/Zn3[Fe(CN)6]2, to N.S. 

Saenko for recording some EMR spectra. 
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Organic ammonia derivatives have a wide variety of uses in the medical, agricultural and textile dyeing 

industries. Experimentation and processing of these compounds are difficult, as most of them are classified as highly 

toxic with a level 3 Health hazard in the NFPA system. The internal electronic structure of these derivatives has 

interesting characteristics that connect the compound’s shape and the electron-electron interactions with other 

ligands, requiring very complex theoretical models to predict physical characteristics at the micro and macro scale. 

For our study, we collected data from Nitrogen containing compounds and their derivatives, so that we can compare 

them with experimental PES (Photo-Emission Spectra in liquid and gas phase). 

In this work, the results of quantical-chemical calculations of molecular monomers models [1] were 

analyzed, in the approximation DFT/B3LYP using the quantum-chemistry package Gamess (US) 

(2019.R1.P1.mkl) [2], normal coordinates were used in relation to the central Nitrogen atom as a basis. 

Six compounds with interesting geometrical and electrical characteristics were selected for this initial phase 

of study: 

Methylamine (𝑁𝐻2𝑀𝑒), Di-Methylamine (𝑁𝐻𝑀𝑒2), Tri-methylamine (𝑁𝑀𝑒3), Allylamine (𝑁𝐻2 −

(𝐶𝐻2 − 𝐶𝐻 = 𝐶𝐻2)), Di-Allylamine (𝑁𝐻 − (𝐶𝐻2 − 𝐶𝐻 = 𝐶𝐻2)2), Tri-Allylamine (𝑁(𝐶𝐻2 − 𝐶𝐻 = 𝐶𝐻2)3). 

 
Fig 4.  Molecular models of Methylamines and Allylamines after optimization 

Molecular orbitals (MO) constructed by several atomic orbitals can be represented by an iso-surface, created 

from electron density data, calculated in Gamess (US). In virtue of conserving space, we only attached the data for 

methylamine. The results are as follow: 

 
Table 1 – Comparation between Experimental and Theoretical data of Principal Energetical states of methylamine. (𝐼𝐵 − 

vertical ionization potential MO's, Experimental) (𝐼𝑇ℎ𝑒𝑜𝑟𝑦 − Ionization energy MO's, Theoretical) 
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Fig 2 – Theoretical representation of the MO iso-surface corresponding to Table 1  

(Red: Bonding МО, Blue: Anti-Bonding МО) 

Post-optimization, the ionization energies for each MO are very close to their experimental counterparts, 

although we can see the value starts to diverge in the external shells of the molecule (𝑁𝐻, Δ = 0.49 → 𝐶 (2𝑠),

Δ = 2.37 → 𝑁 (2𝑠), Δ = 3.29),  this is due to the one-molecule approximation used for these calculations, where 

in the experimental part; millions of molecules occupy a very small space, making their external shells interact with 

one another, therefore lowering their energy states. 

Comparing the data for the methylamines, we can observe that the Ionization energy of the first main MO 

(N(n)) decreases with the addition of each methyl-ligand (𝐶𝐻3)𝑛. A similar phenomenon was observed before with 

formaldehydes and n-amines when adding the methyl-ligand (𝐶𝐻2)𝑛 in consecutive chains (Fig 3. a) [1].  

 
 

Fig 3 – a) Ionization energy of N(n) and O(n) MO in formaldehydes (O=(𝐶𝐻)𝑛) and n-amines (H-N = (𝐶𝐻2)𝑛)  𝑛 𝜖 2 ÷ 5,  

The dashed lines show the change of I in open-chain compounds [1] 

 b) Ionization energy of N(n) MO in methylamines (𝑁𝐻2−(𝑛−1)(𝐶𝐻3)𝑛) 𝑛 𝜖 0 ÷ 3 

Here it is possible to conclude that the binding energy of the central Nitrogen atom with the surrounding 

methyl’s is affected by the addition of said ligands, lowering the energy necessary to ionize in these internal shells 

of the molecule. Meanwhile there is a necessity of a bigger study of similar molecules to bind these phenomena 

together. 

 

a) b) 
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Fiber-optic interferometric sensors are compact, have high sensitivity, and are capable of stable operation 

for a long time under adverse conditions. They are used in hydroacoustics, geophysics, for short-term and long-term 

observation of large-scale structures such as high buildings, bridges, dams, tunnels, mines [1]. 

To register seismic vibrations by the strainmeter, a scheme of a fiber-optic Mach-Zehnder interferometer 

with a 3x3 splitter was used. The advantages of this circuit are compactness, immunity to electromagnetic 

interference, high sensitivity and a large dynamic range of the received signal [2] 

Multi-turn optical-mechanical converter (MOC) is used as a sensitive element of the strainmeter. MOC is 

integrated into the measuring arm of the Mach-Zehnder interferometer (optical fiber wound on cylinders 6 and 9). 

(Fig. 1). The data obtained from the fiber optic strainmeter were processed using the algorithm described in [3]. 

https://www.msg.chem.iastate.edu/gamess
https://aip.scitation.org/doi/10.1063/5.0005188
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Fig.1 - Drawing of an optoelectronic strainmeter 

1 - pulley 1; 2 - cable; 3 - pulley 2; 4 - casing; 5 - p-shaped bracket and rod; 6 - movable cylinder of the fiber optic coil; 

7 - protective plate; 8 - fiber clamp; 9 - cylinder connected to the body;  

10 - foam filling; 11 - cable fastening; 12 – optical translator. 
Performing an initial calibration is necessary to determine the MOC conversion factor (from radians to 

meters), which cannot be predetermined. With a measuring length of the strainmeter of 10 m, the parameters of the 

cable-MOC system begin to depend on the tension force, which is set when the strainmeter is deployed at the 

installation site. Also, the data processing algorithm needs to determine the direction of change in the phase 

difference corresponding to the strain increment. Figure 2 shows the calibration strain Δl = 500 µm, the 

corresponding phase increment is Δφ = 820 rad. Thus, the MOC conversion factor is Δl/Δφ = 0.61 µm/rad. All 

subsequent data were recorded taking into account this coefficient in micrometers. 

 
Fig.2 Calibration 

Red lines indicate corresponding to 500 µm strain phase difference 

 

 
Fig.3 The signal recorded by the strainmeter at the mine when deformation processes occur in the rock 

11 12 1 2 3 5 6 7 8 9 10 4 

µm 

min 
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The analysis of the obtained experimental results made it possible to estimate the threshold sensitivity of the 

strainmeter, which corresponded to the noise level in the range of 500 ... 1000 Hz 0.3 nm, the calculated threshold 

sensitivity of 1 nm was confirmed. 
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An earth galvanic cell consisting of various metals works due to the difference in their electrical properties 

in the ground. As the materials used for the "plus" electrode, coal, copper can be used, while the "minus" electrode 

uses zinc, aluminum, iron, and zinc. When choosing materials for the battery, you can use a number of redox 

potentials(Table 1) 

Depending on the alkaline-acid balance and the depth of the electrodes in the green environment, the 

resulting voltage, current strength and power at the electrodes also depend. To make the chemical reaction better, 

water is used.  

 
Fig 1. Construction of an "earthen" electric batteryand 

The service life of this batteryи is about 2-3 years. The negative electrode is gradually destroyed by corrosion 

(if it is metal) or dissolved (in the case of using soluble materials, such as coal). The greatest power from one 

element can be obtained at a current consumption of 1-5 mA, while the voltage is tenths of a volt 
Table 1 

Metal stress series (electrochemical series of standard redox potentials) 

Mettal (chem.designation) Voltage (V) 

Al (Aluminum) -1.66 

Fe (Iron, steel) -0.4 

Cu (Copper) +0.34 

S (Graphite, coal, wood ash) +0.4 

Au (Gold) +1.50 
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Both electrodes are placed in moist soil, which plays the role of the electrolyte of the galvanic cell, to a depth 

of 1-2 m (below the depth of freezing of the soil in winter for this area). Depth is important if you plan to use the 

battery all year round. 

The most suitable electroplating pairs: copper, coal are used as the positive electrode, and zinc, aluminum, 

and iron (including galvanized) are used as the negative electrode. The terminal of the negative electrode is isolated 

from the ground. 

 
Fig 2.. Scheme of the "earthen" batteryand 

To obtain a voltage of the order of several volts, batteries are assembled from series-connected elements 

(Fig. 3). To increase the current, increase the area of the electrodes, use a parallel connection of elements, and also 

water the elements with water.  

The positive electrode (copper/carbon, must be deeper than the southern one) is located at the northern point 

(if the line is oriented along the magnetic meridian), the negative one is located to the south  

Usually, in practice, a combined, series-parallel connection of elements is used, which is sufficient to power, 

for example, a radio receiver 

 
Fig. 3. Connecting serial batteries to produce 12 volts 

When the distance between the electrodes changes, the voltage changes at the source poles are not recorded. 

Table 2. Investigation of the dependence of the voltage at the source poles and the current strength in the 

circuit on the size of the electrodes 

Table 3 

Investigation of the dependence of the current in the circuit and the voltage at the source poles on the type of electrodes 

Distance between electrodes, d(mm) Pole voltage, U(B) Current I(mA) 

80mm 0.7 V 2mA 

45mm 0.7 V 3.5 mA 

20mm 0.7 V 5.5 mA 

10mm 0.7 V 7.5 mA 
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Electrodes Pole voltage, U(B) Current 

I(mA) 

Zinc-copper 0.7 V 3mA 

Copper-Aluminum 0.4 V 1.5 mA 

Zinc-Aluminum 0.3 V 0.5 mA 

Copper-Lead 0.3 V 1mA 

Zinc-Lead 0.5 V 3mA 

The voltage at the source poles and the current strength in the circuit depend on the substance from which 

the electrodes are made.  
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Our aim is to study the fractal dimension of microstrain data of the Earth's crust, recorded by laser 

strainmeters in a seismically quiet period and in active period, and calculate the fractal dimension of this system 

with the Higuchi methods of fractal analysis. After evaluating the fractal dimension of the time series, it is possible 

to analyze the evolution of this characteristic in a calm and active period and draw conclusions. 

The time series of microstains of the earth's crust were studied, since they reflect a characteristic feature of 

the earth's crust - fractality, when parts of an object are similar to the whole. The study of fractal characteristics 

based on the fact that the earth's crust has evolved to the state of self-organized criticality, that is a stable state 

characterized by fractality. 

The data were taken from three strainmeters operated by the Pacific Oceanological Institute of V.I. Ilyichev 

located at the Cape Schulz test site during the quiet period 01/01/2021-01/31/2021 and the active period 01/01/2022-

03/14/2022 (the fractal dimension was calculated for each day of both periods). An earthquake with a magnitude of 

more than 7.0 was registered in March [2]. The schemes of strainmeters are based on the Michelson interferometer, 

which measures the path difference between the reference and measurement arms. The location of the strainmeters 

is as follows: the first of them is oriented in the North-South direction, the second in the West-East direction, the 

third is similar to the first. The obtained data were processed by the decimation procedure, and then they underwent 

a special filtering to remove device resets. 

The fractal length method belongs to the group of fractal analysis methods based on measuring the length of 

a fractal curve. In the implementation method proposed by T. Higuchi, for each δ, the calculation of L(δ) is 

performed δ times, that is, from a finite set of observations X(1),X(2),X(3),…,X(N) conducted with a specific 

interval, first form a new time series Xmk, defined as follows: X(m),X(m+k), X(m+2k),…, X(m+k[{N-m}/k] ), 

m=1,2,…,k. For each Xmk, the length of the curve was determined by the formula: 
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N is the number of points, m is the initial offset, k is the scale (time interval). Finally, the length of the curve 

for the time interval k is defined as the arithmetic mean. 

 
The length of the curve is defined as the arithmetic mean over k points, each of which is equal to Lm(k). We 

average <L(δ)> over all m and plot log<L(δ)> as a function of log(m). Then we approximate this plot with a straight 

line using the least squares method. The slope angle tangent gives us the value of the fractal dimension according 

to the Higuchi method (Fig. 1.). 

 
Fig. 1. Comparison of the fractal characteristics of time series in a quiet period and an active period for the second 

strainmeter 

 
Fig. 2. Fractal characteristics of time series for all devices in a quiet and active period (1st column - the first strainmeter, 2nd column 

- the second strainmeter, 3rd column - the second strainmeter) 
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Thus, it can be seen that (Fig. 2.) in the active period, the evolution of the fractal dimension has greater 

variability and sharp jumps than in the quiet period. 
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Titanium dioxide (TiO2) possesses many desirable properties (chemical stability, high photocatalytic 

activity, ferromagnetism, etc.) and for this reason, it is one of the most attractive objects for today’s research. Highly 

dispersed and nanosized materials based on TiO2 are of particular interest due to the unique properties that 

distinguish them favorably from micro and macro-sized analogs. The physicochemical properties of titanium 

dioxide can be changed by alloying them with various impurities. In this way, it is possible to obtain a semiconductor 

material that has both photocatalytic and ferromagnetic properties at the same time (so-called magnetic 

photocatalyst) [1, 2]. 

This paper presents the results of electron paramagnetic resonance (EPR) studies of some aspects of 

nanosized TiO2 powders structure and spin states in the form of anatase doped with manganese ions (hereinafter 

TiO2:Mn). The samples were prepared by a one-step method under hydrothermal conditions. [3].  

The EPR spectra of TiO2(B):Mn powders were recorded on a JES-X330 instrument (JEOL, Japan) in the 

X-band of work frequencies. The power of the microwave field during the recording of the spectra was 2.00 mW. 

The applied magnetic field (B) was deployed in the ranges of 0–500 mT and modulated at a frequency of 100 kHz. 

Temperature-dependent measurements were carried out in a continuous flow of nitrogen gas using a standard 

variable temperature unit ES-13060 DVT5 (JEOL, Japan). The integral intensities and g-factors of the EPR lines 

were calibrated, respectively, by the integral intensity and the value g=2.002293±0.000003 of the spin resonance 

signal at the conduction electrons of Li nanoparticles in the reference LiF:Li sample, which does not change in the 

range from 2 to 400 K [4]. 

The experimental spectra were approximated using the EasySpin – software package for simulation and 

analysis of EPR spectra written in the MATLAB language.  

Figure 1 shows the EPR spectra of the TiO2:Mn powder in the X-band at different temperatures. It can be 

seen  that the spectrum is dominated by an intense broad line with the value of the spectroscopic splitting factor g 

⁓ 2.00. A low-intensity sextet structure emerges on its weak-field wing. The center of this sextet is shifted relative 

to the center of the main component of the spectrum towards lower magnetic field values by ΔB = 22.1 mT. The 

average peak-to-peak interval of the sextet is 7.2 mT. 
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Fig. 1. EPR powder spectra of TiO2:Mn at various 

temperatures. The X-band 

Fig. 2. Experimental and simulated EPR powder 

spectra of TiO2:Mn at -150 оС 

 

Naturally occurring manganese is an almost practically isotopically-pure element and consists of the only 

stable isotope Mn with nuclear spin I=5/2. Therefore, the sextet structure observed in the low-field wing of the main 

component of the EPR spectra of the TiO2:Mn powder should be considered a hyperfine structure of paramagnetic 

resonance on the ions of this element. In principle, impurity manganese ions in TiO2(B) can exist in three 

paramagnetic oxidation states: Mn2+ (3d5, S = 5/2, I = 5/2), Mn3+ (3d4, S = 2, I = 5/2) and Mn4+ (3d3, S = 3/2, 

I = 5/2). However, only the first and last of them in solids at room temperature have sufficiently long spin-lattice 

relaxation times to allow them to observe paramagnetic resonance. [5]. Consequently, the sextet structure observed 

in the low-field wing of the main component of the spectra of these samples belongs to one of these ions. The peak-

to-peak interval of the sextet structure, 7.2 mT, under consideration is close to the value of the hyperfine structure 

constants of the EPR spectrum of Mn4+ in TiO2 [6] and the oxygen octahedra of other compounds. [7, 8]. The 

discrepancy between the centers of the sextet structure under discussion and the main component of the EPR spectra 

of TiO2:Mn powders indicates the splitting of the electronic spin energy levels of Mn4+ in a zero magnetic field (i.e., 

for the presence of a fine structure). 

To estimate the fine structure parameters of the EPR spectra of TiO2:Mn powders, we calculated the EPR 

spectrum of the Mn4+ ion in an octahedral crystal field and averaged it over all possible orientations of powder 

particles. The spin Hamiltonian in the calculations had the following form: 

 
(1) 

where: β is the Bohr magneton, 

 B̅ is the applied magnetic field, 

 g is the spectroscopic splitting factor, 

 S̅ is the vector of the spin angular momentum of the system, 

 Ŝx, Ŝy and Ŝz – spin angular momentum operators along the x, y, and z axes, respectively, S is the spin value, 

 D and E – axial and rhombic components of the crystal field, 

 I̅ – nuclear spin angular momentum vector, 

 A – is the constant of hyperfine structure (HFS). 

The parameters were varied manually. The calculation results are shown in Figure 2. When approximating 

the spectra, two broad components with the Voigt line shape were also considered. As a result of the approximation, 

we obtained the following parameters of the spin Hamiltonian (1): g=1.996, A=7.49 mT, D=98.8 mT, and 

E=9.67 mT.  

A comparison of the experimental and calculated spectra allows us to conclude that the EPR spectra in the 

studied TiO2: Mn powders belong to Mn4+ ions located in crystal fields with weak rhombic distortion. The presence 

of broad components in the EPR spectrum indicates the presence of manganese ion clusters of various sizes, which 
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can be located both on the surface of TiO2 nanoparticles and in their bulk. 
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The study of phase transitions on lattices with spherical symmetry and natural curvature is an urgent task for 

astrophysics, physics of nanomaterials, etc. The main problem of spherical lattices is the uniformity of the 

distribution of sites.  

As a solution to this problem, the work uses the Fibonacci lattice [1]. The Fibonacci lattice has a fairly 

uniform and isotropic distribution of sites on the surface of the sphere. Another property is the preservation of 

equality of areas between three neighboring points. This leads to a continuous limit with infinite filling of the lattice. 

This property makes the model a potential candidate for further solving phase transition problems in quantum field 

theory. 

The purpose of research is to simulate the phase transition of the spin Ising model on the Fibonacci sphere. 

The spherical Fibonacci lattice was defined by the formulas (1). Delaunay triangulation was performed to 

determine the nearest neighbors of sites (figure 1) [2]. The analysis of the triangulation result showed that the 

number of neighbors varies from 5 to 7, and 6 neighbors are most common. Fluctuations in the number of neighbors 

are associated with a milder uniform distribution of sites at the poles of the spherical lattice. 
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{
𝑥 = 𝑟 sin 𝜃  cos 𝜑 ;
𝑦 =  𝑟 sin 𝜃  sin 𝜑

𝑧 = 𝑟 cos 𝜃 ,
;   𝜑 =  

2 𝜋 𝑖

𝑔
 ;  𝜃 = 𝑎𝑟𝑐𝑜𝑠 (

1−2 (𝑖+0.5)

𝐿
)                       (1) 

In formulas (1) 𝑖 – is the site number running through all 𝐿 sites of the lattice, 𝑔 = (1 + √5)/2 ≈ 1.618 

golden ratio. 

 
Fig. 1. Spherical Fibonacci lattice with Delaunay triangulation 

 

Each site of the lattice was randomly assigned to the value of the spin variable 𝑆𝑖 = ± 1. The implementation 

of a large number of random configurations and the averaging of system characteristics was carried out by the 

Monte Carlo method. The configuration was generated by the Metropolis algorithm corresponding to a single Monte 

Carlo step. 

The phase transition in the absence of an external magnetic field was modeled on a triangulated spherical 

Fibonacci lattice with a temperature step of 0.04. The result was averaged over 106 Monte Carlo steps. 

One of the best ways to estimate the phase transition temperature is to calculate the 4th order Binder 

cumulant 𝑈(𝐿, 𝑇) (3): 

𝑈 (𝐿, 𝑇) = 1 −
〈𝑀4(𝑇, 𝐿)〉

3〈𝑀2(𝑇, 𝐿)〉2
 ,                                             (3) 

where  𝑀 = ∑ 𝑆𝑖𝑖  magnetization.  

The temperature of the phase transition corresponds to the intersection of the cumulative curves for different 

fillings of the lattice. The critical point determined for lattices of 1000, 2000, 3000 sites turned out to be equal to 

𝑇с ≈  3.32 (figure 2). The obtained value is close to the phase transition temperature on a flat triangular lattice 

𝑇с ≈  3.64 [3]. The difference is probably due to fluctuations in the number of neighbors for the sites on the sphere. 

 
Fig. 2. Temperature dependence of the Binder cumulant for lattices of 1000, 2000, 3000 sites 
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Casimir effect is the one of the quantum field theory effects which captures the influence of physical objects 

on the quantum vacuum fluctuations. In the simplest case the putting two neutral perfectly-conducting and closely-

spaced plates into vacuum leads to emerging an attractive force which is known as Casimir force [1]. This effect is 

observed in a number of theories but the best  understood in quantum electrodynamics (QED) [2]. QED describes 

physical processes in the weak coupling regime but nevertheless the case of strong coupling, while not to be 

physically real, is of profound interest for the reason of present of deconfinement phase for the high values of 

coupling constant [3]. QED is the simplest theory for studing this phenomenon and confinement-deconfinement 

phase transition. The classic pertubative methods tranditionally implemented for investigation of QED with weak 

coupling are inapplicable here and lead to divergencies. The lattice regularization of QED is one of the possible 

solutions to deal with this problem. It is divided on compact and noncompact versions [4,5]. In compact theory 

fields are represented by the elements of unitary U(1) group geometrically belonging to unit circle while in 

noncompact theory fields are unbounded. Despite the fact that both theories are equivalent in continuous limit, there 

are topological monopoles in compact theory – the important objects which starting from some concentration lead 

to confinement phase [6]. 

 In this work we study how the change of distance between plates influences the concentration of monopoles 

(Fig. 1) and the confinement-deconfinement phase transition point inside the plates. We make comparison with 

ordinary vacuum without plates. We show that monopole density reduces with decreasing distance between plates 

(Fig. 2) which leads to shift of phase transition point towards higher values of coupling constant [7]. 
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Fig. 1. The examples of monopoles distribution in 

confinement (left) and deconfinement (right) phases 

for the plates placed vertically at the center of the 

lattice at the distance of three lattice units. 

Fig. 2. The dependence of ratio  monopole density 

inside Casimir plates to monopole density  in the 

absence of the plates from the inter-plate separation 

R for fixed values of lattice coupling β. 

 

References 

1. H.B.G. Casimir and D. Polder, Phys. Rev. 73, 360 (1948). 

2. M. Bordag, G.L. Klimchatskaya, U. Mohiden and V.M. Mostepanenko, Advances in the Casimir Effect, 

Vol. 145 (OUP Oxford, 2009). 

3. C. Gattringer and C.B. Lang, Quantum Chromodynamics in the lattice, Vol. 788 (Springer, Berlin, 2010). 

4. O. Pavlovsky and M. Ulybyshev, Casimir energy in the compact QED on the lattice, arXiv:0901.1960 

(2009). 

5. O. Pavlovsky and M. Ulybyshev, Casimir energy calculations within the formalism of the noncompact 

lattice QED, Int. J. Mod. Phys. A 25, 2457 (2010). 

6. L.C. Loveridge, O. Oliveira, P.J. Silva, The lattice Landau gauge photon propagator for 4D compact 

QED, Phys. Rev. D 103, 094519 (2021). 

7. M.N. Chernodub, V.A. Goy, A.V. Molochkov and A.S. Tanashkin, Casimir boundaries, monopoles, and 

deconfinement transition in 3+1 dimensional compact electrodynamics, arXiv:2203.14922 (2022). 

 

 

Chernousov N.N.1 

MAGNETIC PROPERTIES OF Co/Cu/Co STRUCTURES WITH IN-PLANE AND PERPENDICULAR 

MAGNETIC ANISOTROPY 
1Far Eastern Federal University, Department of General and Experimental Physics, FEFU 

2Far Eastern Federal University, Oriental Institute, School of Regional and International Studies, FEFU 

Scientific adviser - A.V. Davydenko 1 

Scientific consultant - I.N. Lazareva2 

 

The paper is focused on magnetic properties of Co/Cu/Co films with in-plane and out-of-plane perpendicular 

magnetic anisotropy (IMA and PMA) in Co layers. The main goal of study was to form the so-called T-structure in 

which magnetization in both Co layers in residual state is oriented in one layer in its plane, and in the other layer - 

perpendicular to its plane. The interest to T-structures is related to possible switching of magnetization in PMA 

layer due to spin current of electrons caused by the spin-dependent scattering of electrons IMA layer [1]. These 

studies may be useful for developing a non-volatile memory with a high information recording density. 

The structure of the first sample was as follows: Si (111)/Cu (10 ML)/Co (4 nm)/Cu (5 nm)/Co (0.7 nm). 

Fig. 1 shows magnetic hysteresis loops for the first sample. These hysteresis loops demonstrate two-phase behavior: 
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in low fields, magnetization in one layer switches and then in high fields, magnetization in the second Co layer 

smoothly saturates. The ratio of magnetic moments of the layers, determined from hysteresis loops approximately 

corresponds to Co layers thicknesses ratio. 

 
Fig. 1. Normalized magnetic hysteresis loops for Si(111)/Cu(10 ML)/Co(4 nm)/Cu(5 nm)/Co(0.7 nm) sample, 

measured when magnetic field is applied (a) in-plane and (b) perpendicular of sample’s surface. 

 

The size of domains in the first sample, observed by magnetic force microscopy in PMA layer, was 600 nm 

less. Such small domains cannot be observe by magneto optical Kerr effect microscopy (MOKE), which complicates 

the further study of such samples. Such a small size of domains is caused by high roughness of top Co layer and 

strong magnetostatic interaction between Co layers. 

To check the effect of interlayer interaction on domain structure a sample  was deposited with the structure: 

Si (111)/Cu (11 nm)/Co (0.7 nm)/ Pd (3 nm). The roughness of Co layer in such sample is comparable to the 

roughness of the first sample, but the second sample does not reveal interlayer interaction. The density of this sample 

nucleation centers is equal to 0.146 µm-2.  The domains are distinguishable under MOKE. 

To decrease the  impact of roughness on magnetic structure, the second multilayer sample was deposited in 

which Co layer with PMA is in the bottom. The structure of the second multilayer sample is  Si (111)/Cu (2 nm)/Pd 

(3 nm)/Co (0.6 nm)/Cu (5 nm)/Pd (3 nm). In the second sample, PMA energy at the Co layer bottom increased as 

it was expected. This was possibly because an additional magnetoelastic contribution. The roughness of the bottom 

Co layer compared to the first sample decreased significantly. Nevertheless, PMA Co layer was remagnetized by a 

number of nucleation domains. The density of nucleation centers in this sample is equal to 0.102 µm-2, which is 

1.4 times less than in the sample with the thin Co layer on the top, though with high roughness. 

In the samples with single magnetic Co layer and sufficiently strong PMA, the magnetization reversal occurs 

by nucleation of 10-20 domains over the entire sample area of 25 mm2. Both magnetic layer roughness increase and 

strong interlayer interaction greatly reduce the size of domains in T-structure. Meanwhile, roughness effect on the 

domain size is more apparent. Thus, based on the results obtained, it can be concluded that, it is better to form Co 

layer with PMA at the bottom of T-structures in order to reduce its roughness. The thickness of Cu layer must be 

increased in order to reduce an interlayer magnetostatic interaction. 
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