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Abstract. The microbiota of the Neva River water basin is considered. Neva
water samples were studied to study the microbial landscape in relation to
microorganisms of the Vibrionaceae family and to determine their stability in the
environment. The potential possibility of using Mechnikov’s vibrio as an indicator
of microbiological pollution of water basins is shown.

Keywords: Neva, microbiota, vibrios, aeromonads, microbial pollution, Vibrio
metschnikovii, Vibrio furnissii, Vibrio fluvialis.

Rivers are the main source of drinking, domestic and recreational water use
of such a megalopolis as St. Petersburg, playing an important role in the develop-
ment of the epidemic process. Water enters the Neva from Ladoga and other lakes.
The area of the Neva catchment basin, including the territory of Lake Ladoga, is
281 thousand square kilometers. At the same time, the river’s own basin covers 5
thousand square kilometers. The river is fed mainly by the waters of Lake Ladoga,
which ensures a uniform flow of water throughout the year. In addition, 26 rivers
flow into the Neva. Among the main tributaries are the Mga, Tosna, Izhora, Slavy-
anka, Murzinka and Chernaya Rechka rivers.

Due to the low temperature of the water in the lake, its intensive mixing due
to frequent waves on Ladoga, as well as the high speed of the Neva, strong aera-
tion and unfavorable conditions for microbial contamination of the water basin
are created. Passing through the silt of the lakes, the water is additionally purified.
The total number of bacteria in the river from the source to St. Petersburg is from
50 to 800 CFU in 1 cm3, which meets the sanitary and hygienic requirements for
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surface water sources, but already within the city limits, the water in the Neva does
not meet the sanitary and epidemiological requirements [2,3].

Cholera-like vibrios are most often found in water samples. The share of non-
standard microbiological samples collected from the Neva River within the city
limits is usually about 80%. This indicates a possible threat of outbreaks of intes-
tinal infections among the population of the metropolis by water. The problem of
high pollution of the Neva water is primarily associated with the growth of the
population due to the influx of migrants from neighboring countries with cholera
problems, as well as with the ineffective purification of domestic wastewater due
to the overload of the treatment facilities of St. Petersburg. In this regard, monitor-
ing the quality of surface water sources is relevant. The aim of the work was to
study Neva water samples to study the microbial landscape in relation to micro-
organisms of the Vibrionaceae family, which are of medical importance, and to
determine their stability in the environment. Sampling was carried out once every
two weeks with preliminary control of the water temperature in the Neva. The
studies were conducted using classical methods in accordance with the guidelines:
MUK MZ RF 4.2.2218-07 “Laboratory diagnostics of cholera” and MUK MZ RF
4.2.1793-03 “Supplement to the guidelines “Laboratory diagnostics of cholera”
MUK MZ RF 4.2.1097-02. Five water samples were analyzed, from which 182
bacterial cultures were isolated, including 119 suspicious bacteria of the Vibrio-
naceae family. During further bacteriological examination, pathogenic bacteria
of the genus Vibrio that did not belong to the V. cholerae species were identified
from the 119 selected cultures: 4 strains of V. fluvialis (which accounted for 3.36%
of the total number of suspicious cultures), 2 strains of V. furnissii (1.68%) and
77 strains of V. metschnikovii (64.71%). In addition, 36 strains of bacteria of the
genus Aeromonas (30.25%) were isolated. Initially, the genus Aeromonas was
attributed to the family Vibrionaceae, but later, using the molecular hybridization
method, it was established that Aeromonas are not related to vibrios and were
isolated in an independent family Aeromonadaceae. The following features were
used to differentiate these genera: for Vibrio, the absence of the enzyme arginine
dihydrolase and fermentation of sucrose, for Aeromonas, fermentation of arginine
with the formation of alkaline products due to the presence of the enzyme arginine
dihydrolase.

During the research, the range of water temperatures in the Neva River varied
from +14°C during the first sample collection to +3°C during the last sample col-
lection. When analyzing the resistance of the isolated vibrios to seasonal decreases
in water temperature in the Neva, it was found that microorganisms of the genus
Vibrio, species V. metschnikovii, had the greatest resistance to unfavorable envi-
ronmental factors (water temperature). The Mechnikovsky vibrio was detected in
all water samples collected throughout the entire study period. For other isolated
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species (V. furnissii, V. fluvialis), the critical water temperatures were +12°C, +9°C
(+/- 1 °C), respectively, since these microorganisms were not detected in the sam-
ples at lower temperatures. In addition, we conducted additional studies to control
the degree of resistance of V. metschnikovii in low temperature conditions. At a
water temperature of 0°C, two samples were taken with an interval of 10 days. 55
cultures of microorganisms were isolated and 8 were selected as suspicious for
bacteria of the Vibrionaceae family. The remaining 47 cultures were represented
by 30 strains of non-fermenting gram-negative bacteria, 12 strains of microorgan-
isms of the Enterobacteriaceae family and 5 strains of gram-positive bacteria. In
the course of further bacteriological examination, 3 strains of V. metschnikovii
and 5 strains of bacteria of the genus Aeromonas were isolated from the 8 selected
suspicious cultures according to the above-mentioned method. This once again
confirms the high resistance of V. metschnikovii in unfavorable environmental
conditions. Therefore, it is possible to consider this type of bacteria as an indica-
tor of biological contamination of surface water sources with pathogenic vibrios.
Vibrios have also mastered a wide range of ecosystems, including soils and the
sea depths. The mechanism of change in the composition of fatty acids in vibrios
and aeromonads in response to the impact of various factors (stressors) of the en-
vironment. apparently provides cells with additional opportunities to achieve high
adaptive plasticity [4,5].

Mechnikovsky vibrio was discovered by Gamaleya in 1887 in Odessa during
an epizootic in chickens [6]. These vibrios were isolated from intestinal contents
and from blood. In morphology and biochemistry, they resemble typical cholera
vibrio. The vibrio is very mobile, monotrichous, and gives a positive “cholera-rot”
reaction. This test is used to distinguish cholera vibrio from other vibrios [9]. The
reaction mechanism is associated with the fact that cholera vibrio reduces nitrates
to nitrites, and the added sulfuric acid displaces nitrous acid from nitrite, which,
when combined with indole, forms nitrosoindole, which gives the medium a red
color. V. metschnikovii liquefies gelatin and forms colonies with a browner tint
than Vibrio cholerae. Vibrio metschnikovii grows easily on common laboratory
media, including TCBS agar and blood agar. Vibrio is catalase-positive, but it is
the only pathogenic vibrio that is oxidase-negative. The exact differential feature
was considered to be the different ratio of Vibrio metschnikovii and Vibrio chol-
erae to pigeons. A trace amount of Vibrio metschnikovii causes a fatal infection in
pigeons, while the introduction of large amounts of Vibrio cholerae is harmless.
The Pfeiffer phenomenon and the agglutination reaction also allow differentiation
of Vibrio cholerae and Vibrio metschnikovii.

V. metschnikovii produces hemolysins, cytotoxins, and enterotoxins. Hemoly-
sin causes hemolysis of red blood cells, which can lead to fluid accumulation in
the intestinal lumen, resulting in diarrhea. Cytotoxin forms pores on the host cell
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membrane and causes cell lysis, which promotes the survival of microorganisms
at the site of infection. Enterotoxin disrupts the balance of enzyme systems, which
causes the release of large amounts of fluid and electrolytes, which leads to a sharp
loss of fluid.

Cytolysin (extracellular cytotoxin) V. metschnikovii does not have immuno-
logical cross-reactivity with hemolysins of other Vibrio species, indicating the
uniqueness of this cytolysin. These bacterial strains were isolated from a fe-
cal sample taken from a 60-year-old woman admitted to hospital with diarrhea.
Cytolysin has exhibited hemolytic properties in several animal species [11]. V.
metschnikovii also has a type 6 secretion system (T6SS), which allows vibrios to
deliver toxic effector proteins to target cells, including other bacteria and eukary-
otic cells. V. metschnikovii, like other vibrios, uses the T6SS to interact with the
environment, including competition with other microorganisms and interactions
with host cells [1,13].

In the V. metschnikovii genomes, 19 virulence factors associated with 161
genes have been identified, including genes encoding motility, adhesion, toxins,
and secretion systems. This contributes to high levels of cytotoxicity due to the
synergistic action of lateral flagella and the T6SS. The lateral flagella-associated
gene flhA plays an important role in V. metschnikovii adhesion and colonization
during the early stages of infection [7]. Vibrios metschnikovii can cause acute in-
testinal infections in humans, such as gastroenteritis, wound infections, and sepsis.
Sources of infection include shrimp, crabs, birds, water, wastewater, and seafood.
This species is a relatively new pathogen for humans. V. metschnikovii rarely
causes disease in humans: only 13 cases have been reported since 1981 [8]. A
patient with severe septic shock caused by V. metschnikovii has been described.
Although isolation of such vibrios from human clinical samples is very rare, it still
affects humans and can be fatal despite adequate treatment. This pathogen was
identified in all blood samples using matrix-assisted laser desorption/ionization-
time of flight mass spectrometry (99.9% probability). The result was confirmed
by polymerase chain reaction and DNA analysis using the FAST MicroSeq® 500
16S rDNA Bacterial Identification Kit (Applied Biosystems). Etiotropic therapy
with meropenem and piperacillin/tazobactam was carried out, since antibiotic sus-
ceptibility tests showed that this vibrio is sensitive to these antibiotics, but resis-
tant to ampicillin [10]. According to European scientists, all isolates of Mechnikov
vibrios were sensitive to ciprofloxacin, trimethoprim/sulfamethoxazole, chloram-
phenicol, gentamicin, imipenem, tetracycline and doxycycline. High rates of re-
sistance to beta-lactams and streptomycin were recorded. An antibiotic resistance
study identified five distinct antibiotic resistance profiles with resistance to anti-
bacterial drugs from three classes, but no multidrug resistance was observed [12].
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Abstract. This paper presents the results of scientific research on the
influence of microorganisms on the symbiotic activity of soybean variety Lider
1. The experiments involved seed inoculation and treatment of vegetative
plants in different growth and development phases of the studied variety with
microorganisms. As a result, it was found that, in general, spores, living cells and
biologically active metabolites of Bacillus megaterium (OPR-31), Azospirillum
zeae (OPN-14), Pseudomonas aureofaciens (2391D), Montierella alpine (F-
1134) had a catalytic effect on the legume-rhizobium symbiosis of soybean plants,
expressed in an increase in root nodulation and functional activity of nodules
compared to the variant with untreated seeds and crops.

Keywords: soybean, microorganisms, symbiotic nodules, biological nitrogen
fixation.

Introduction. The use of biopreparations allows the creation of biologized
farming systems, including technologies for cultivating crops that directly elimi-
nate or reduce the use of chemical pesticides, which in turn helps improve the
ecology of the environment and intensify the resistance of artificial agrocenoses
to biotic and abiotic stress factors [1]. An important role in the processes of biolo-
gization of the agricultural segment - plant growing is played by the introduction
of scientifically based crop rotations into production, saturated with nitrogen-fix-
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ing crops, which are capable of producing biological nitrogen in symbiosis with
specific bacteria under optimal conditions [2]. Recently, the nitrogen-fixing crop
- soybeans - has become extremely popular among agricultural producers. The
sown areas of soybeans (https://rosstat.gov.ru/, accessed on 10.07.2025) are grow-
ing from year to year (Table 1) and in 2024 amounted to about 4337.0 thousand
hectares in farms of all categories (share in crops 5.4%), including in the Central
Federal District - 2019.7 thousand hectares and 12.8%, respectively.

Table 1
Soybean sown areas in farms of all categories, thousand hectares
2023 | 2024 | 2024 in % to | Share in all crops,
2023 %
Russian Federation, 3667,8 | 4337,0 118,2 5,4
including:
Central Federal District 1547,0 | 2019,7 130,6 12,8
Northwestern Federal District 23,5 26,5 112,9 2,0
Southern Federal District 217,7 | 257,0 118,1 1,9
North Caucasian Federal District | 31,7 422 133,2 1,0
Volga Federal District 2710 | 417,7 154,1 1,7
Ural Federal District 9,1 25,1 2759 0,5
Siberian Federal District 196,3 | 2974 151,5 2,1
Far Eastern Federal District 1251,4 | 1371,6 91,2 58,3

An important factor, including one that influences the level of crop yield and
the quality of the products obtained in biologized and organic farming systems,
is the ability of agrocenoses to synthesize biological nitrogen, thereby partially
providing themselves with this element during the growing season [3] and leaving
available forms of nitrogen in the soil for subsequent crops in crop rotation.

Since the key to the successful implementation of the biological potential of
all nitrogen-fixing crops in general, and soybeans in particular, is the creation of
favorable conditions for their interaction with symbiotic nodule rhizobacteria, the
selection of production tools that intensify legume-rhizobial symbiosis is of par-
ticular relevance [4, 5].

The aim of the research was to study the effect of various biopreparations on
the symbiotic activity of early ripening soybean varieties of the Lider 1 variety in
specific soil and climatic conditions.

Materials and research methods. The studies were conducted in the Labora-
tory of Vegetation and Production Process Management of Agricultural Crops of
the Federal Scientific Center for Grain Legumes and Cereal Crops in 2022-2024.
The soil of the experimental plot is dark gray forest medium loamy. The object
of the research was an early soybean variety with a tendency to mid-early Lider
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1 of the determinate type of growth and development (in the State Register of the
Russian Federation since 2019), zoned for the 5th region (selection of AST LLC).
Plants were grown on plots of 10 m2, fourfold repetition. The placement method
of the experimental plots is randomized. Predecessor - fallow. Sowing method -
wide-row. Seeding rate - 600 thousand viable seeds. The studies were carried out
according to the following scheme: 1. Control (without the use of biological prod-
ucts); 2. Pre-sowing treatment; 3. Pre-sowing treatment + 1 foliar dressing in the
phase of 1-3 trifoliate leaves; 4. Pre-sowing treatment + 2 foliar dressings in the
phase of 1-3 trifoliate leaves and budding. The tank mixture for pre-sowing dress-
ing and foliar treatments contains spores, live cells and biologically active me-
tabolites of Bacillus megaterium (OPR-31), Azospirillum zeae (OPN-14), Pseudo-
monas aureofaciens (2391D), Montierella alpine (F-1134). The consumption rate
of the working solution for pre-sowing seed treatment is 10 1/t, for foliar dressing
of vegetative soybean plants - 200 1/ha.

Nitrogenase activity of symbiotic co-specific nitrogen-fixing bacteria was de-
termined by the “acetylene” method. Results of the research. As a result of the
constant presence of nitrogen-fixing crops, including soybeans, in the crop rota-
tion of the experimental plot, a fairly numerous stable population of nitrogen-fix-
ing bacteria was formed in the soil, the fact of which is confirmed by the presence
of nodules on the roots of soybean plants in the control and experimental variants.
Additional introduction of microbiological preparations in the tank mixture in the
pre-sowing treatment of seeds and in foliar feeding affected the activation of soil
microflora, namely the aboriginal race of co-specific symbiotic nitrogen-fixing
bacteria found in the soil (since seed inoculation with Bradyrhizobium japonicum
was not carried out before sowing) (table, figure).

Table
Symbiotic indicators of plants in the flowering phase of the soybean variety
Lider 1 under the influence of microbiological preparations (2024)

Options | Values

Number of tubers, pcs/plant

Untreated seeds and plants (control) 19
Pre-sowing seed treatment 27,8
Pre-sowing seed treatment +1 foliar fertilization 31,5
Pre-sowing seed treatment +2 foliar fertilizations 30,5
Average by experiment 27,2
HCP,, 9,4

Weight of tubers, g/plant

Untreated seeds and plants (control) 0,07
Pre-sowing seed treatment 0,11
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Pre-sowing seed treatment+1 foliar application 0,11
Pre-sowing seed treatment+2 foliar application 0,18
Average by experiment 0,12
HCP,, 0,08
Nitrogenase activity, pg N2/ml/h/1 plant
Untreated seeds and plants (control) 1,21
Pre-sowing seed treatment 1,68
Pre-sowing seed treatment+1 foliar application 1,92
Pre-sowing seed treatment+2 foliar application 1,84
Average by experiment 1,66
HCP,, 0,18
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Figure. Symbiotic indices of plants during the flowering period in the soybean

variety Lider 1 depending on the use of microbiological preparations (on aver-

age for 2022-2024): 1 - control, 2 - pre-sowing treatment + 1 foliar fertilizing,
3 - pre-sowing treatment + 2 foliar fertilizing

It should be noted that the complex of microorganisms used in pre-sowing seed
treatment and in foliar fertilizing had a positive effect on the symbiotic nitrogen-
fixing capacity of the root system of soybean plants. Symbiotic indices in the
experimental variants with the use of foliar fertilizing on average over 3 years of
research on the Lider 1 variety increased in comparison with the control: the num-
ber of symbiotic nitrogen-fixing nodules on the roots of soybean plants by 20.45
pieces or by 61.6%; fresh weight of nodules by 0.32 g or by 65.3%; nitrogenase
activity of nodules by 1.37 pg N2/ml/h/1 plant or by 46.11% (Figure).

Conclusion. It can be unequivocally stated that microorganisms Bacillus
megaterium OPP-31, Azospirillum zeae OPN-14, Pseudomonas aureofaciens
2391D, Montierella alpine F-1134 create a consortium with Bradyrhizobium ja-
ponicum, living in the soil (in this case), and have a beneficial effect on the activity
of the latter in soybean crops.
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Abstract. The technology of production of fermented milk products is
considered. Their role in healthy human nutrition is shown. Microorganisms of
starter flora are considered. Biotechnological methods of production of fermented
milk products are reflected. Emphasis is placed on the determination of the main
allergens in milk by the enzyme immunoassay method. The advantage of the
reservoir method of production over the thermostatic method is shown.
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Fermented milk products are dairy or composite dairy products obtained by
fermentation of milk or dairy products, into which live starter microorganisms are
introduced, leading to a decrease in pH and coagulation of protein. To obtain these
vital products, it is necessary to induce the process of milk fermentation with the
formation of lactic acid (lactate) using lactic acid bacteria [1,6]. By the nature of
fermentation, a distinction is made between products with lactic acid homofer-
mentative fermentation (ryazhenka, varenets, sour milk, yogurt, etc.) and prod-
ucts with mixed heterofermentative fermentation, when, along with lactic acid,
alcohol, carbon dioxide and volatile acids are formed from lactose (kefir, ayran,
kumiss, etc.). In the production of fermented milk products, lactobacilli (Lactoba-
cillus delbrueckii subsp. bulgaricus, L. acidophilus, L. amylovorus, L. casei) are in
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first place as “starters”. The lactobacilli currently used have a rapid biomass gain
during cultivation, high biochemical and antagonistic activity and a shortened lag
phase during milk fermentation. The strains do not have hemolytic, proteolytic,
lecithinase, hyaluronidase, antilysozyme, DNA and RNA activity; they ferment
glucose, galactose, sucrose, salicin, trehalose, maltose, celobiose, lactose, urea,
and slowly ferment rhamnose, xylose, and D-arabinose [8].

In second place are bifidobacteria (Bifidobacterium adolescentis, B. animalis,
B. bifidum, B. infantis, B. lactis), as well as mesophilic lactic acid streptococci
(Streptococcus salivarius ssp. thermophilus, Lactococcus lactis ssp. cremoris, L.
lactis ssp. lactis biovar diacetylactis) and a number of other bacteria. In the dairy
industry, mesophilic streptococci Streptococcus salivarius ssp. thermophilus, Lac-
tococcus lactis ssp. cremoris belong to the homofermentative group and decom-
pose milk sugar to lactic acid. In some cases, they form small amounts of vola-
tile fatty acids and acetone; they are active acid formers, the optimal temperature
for their growth is 25°C - 30°C. Mesophilic heterofermentative streptococci (S.
paracitrovorus, S. diacetilactis, S. acetoinicus, S. citrovorus) form lactic acid dur-
ing the decomposition of lactose and diacetyl during the decomposition of citric
acid. During this period, their growth temperature is 30°C, and for S. citrovorus
and S. paracitrovorus - 21-25°C [7]. Thermophilic streptococcus is a mesophilic
lactic acid streptococcus, represented by one species S. thermophilus, the optimal
growth temperature is 40-45 °C [J3[]. Fermented milk products have an antago-
nistic effect on pathogenic bacteria (Salmonella spp., Shigella spp., Brucella spp.).
Previously, this was associated with the acidic environment of the product, caused
by the synthesis of lactic acid during fermentation. Later, bactericins produced by
starter microorganisms were discovered. The latter also have an immunomodula-
tory effect [10].

Particular importance when selecting microorganism cultures for probiotic
fermented milk products is given to such a property as resistance to antibiot-
ics. Representatives of the genus Bifidobacterium are characterized by natural
resistance to a number of antibiotic drugs. The combined use of antibiotics and
antibiotic-resistant microorganisms contributes to the effective restoration of hu-
man microbiota [5]. The ability of individual strains of bifidobacteria to produce
gamma-aminobutyric acid (GABA) and have a psychotropic effect allows them to
be classified as psychobiotics [2].

Fermented milk products have a reduced lactose content, since it serves as
a substrate for lactic acid fermentation processes, so these products can be con-
sumed by people with lactase deficiency, as well as in hypoxic conditions [1,11].
Food allergies often develop when drinking milk. The main proteins of cow’s
milk (beta-lactoglobulin, alpha-lactalbumin, bovine serum albumin (BSA), etc.)
can cause allergic reactions [9]. Currently, enzyme-linked immunosorbent assay
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(ELISA) is successfully used as a screening test [4]. Test systems have been de-
veloped to detect beta-lactoglobulin, alpha-lactalbumin and BSA in dairy prod-
ucts that have undergone all stages of technological processing [3,7]. There are
two methods for producing fermented milk products: reservoir and thermostatic.
In thermostatic - fermented milk is poured into small containers and fermented
at optimal temperatures in a thermostatic chamber. After the clot is formed, the
product is cooled to +2-6°C. This method is energy-intensive, requires large pro-
duction areas and there is a risk of releasing a non-standard product in individual
packages. In tank production, the entire technological process takes place in tanks,
which reduces production areas, labor costs and energy resources, allowing you to
get a product of stable quality.

In general, the tank process for the production of fermented milk products can
be represented as a sequence of the following technological stages: raw material
acceptance - cleaning - homogenization - pasteurization - cooling - fermentation -
mixing - fermentation - mixing - ripening - bottling, packaging and labeling.

The most important role in ensuring the quality and safety of finished dairy
products belongs to the quality of the original raw milk. Milk purification for
the purpose of removing mechanical impurities is carried out on milk separators
with periodic manual or centrifugal sediment discharge. Homogenization of the
mixture is carried out to prevent fat settling. Homogenizers are designed to crush
and evenly distribute fat globules. Plate or tubular coolers are used to cool milk.
Such equipment prevents the active growth of psychrophilic bacteria by quickly
cooling fresh milk from 35°C to 4-6°C. Intermediate storage should not exceed
24 hours. Plate coolers are a set of plates made of food-grade stainless steel and
rubber sealing gaskets. In tubular coolers, pipes become the cooling element. Plate
coolers allow the milk flow to be divided into the thinnest layers, evenly alternat-
ing with layers of coolant or heat carrier. Heat exchange in such systems is car-
ried out at high speed, while the heat exchanger itself is small in size, but highly
efficient. This is the main advantage of plate units. Tubular units heat the product
using steam or electric heaters. All tubular units consist of heat exchangers, which
include tubes for cooling or heating the product. To achieve a certain tempera-
ture, you can connect or disconnect some cylinders. Thus, some cylinders can
be used to lower the temperature, and others - for pasteurization. Pasteurization
of the mixture is carried out in plate pasteurization and cooling units to destroy
pathogenic microbiota, destroy enzymes, impart flavor to the product and extend
shelf life. The pasteurization temperature should not exceed 99 ° C. During this
heat treatment, the process of complexation between casein and whey proteins
occurs. Varenets is subjected to heat treatment for up to 1 hour during produc-
tion, ryazhenka - 3-5 hours. This process is called languishing. It is carried out in
capacitive pasteurizers. Tanks for processing raw materials must be equipped with
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a jacket for supplying ice water, hot water and steam. After pasteurization, the
container must be immediately cooled with ice water only.

The fermentation modes are selected depending on the composition of the
starter used. If a starter of thermophilic bacteria is used, the milk is cooled to +40—
45°C, mesophilic — to +30-35°C, kefir — to +18-20°C. The starter corresponding
to the type of product being manufactured is added to the raw material cooled
to the required temperature. As a result, the products acquire a pronounced light
cream color, characteristic taste and aroma (the formation of melanoidins, car-
bonyl and other intermediate compounds occurs). Then the substrate is cooled in
order to create conditions for the development of the starter microbiota in univer-
sal tanks. The starter is introduced into the tank in order to direct the microbiologi-
cal processes at a temperature of 38—42°C. The starter is prepared in accordance
with the technological instructions and fed into the tank. As a result of the vital
activity of microorganisms, a deep breakdown of lactose, lipids and milk proteins
occurs. The mixture is fermented in tanks for fermented milk drinks, equipped
with special mixers that ensure uniform and thorough mixing of the mixture with
the starter. Fermentation is carried out in order to increase acidity and form a dense
clot in the tank at a temperature of 38—42°C for 4-5 hours, until a clot forms.

Then the finished product is fed to a packaging machine for packaging in order
to give the product a marketable appearance, protect it from environmental influ-
ences and facilitate transportation.
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Abstract. During the first week of intensive care in the compensated stage of
ARF, minor ACI against the background of spontaneous breathing, an increase
in the activity of the proliferative phase of the SVR was noted. The identified
correlations of the functional activity of lymphocytes were practically absent
in children of group 2. In conditions of initially more pronounced ARF, ACI in
children of group 2, more active intensive complex therapy with mechanical
ventilation revealed an increase in the effectiveness of corrective effects of
traditional intensive care, optimizing the outcome of treatment of children of
group 2 aged 3.1 to 7 years.

Keywords: artificial ventilation of the lungs, laboratory and biochemical
parameters, hemodynamics, acute cerebral insufficiency.

Relevance. Acute cerebral failure is a life-threatening condition accompanied
by “neurogenic” multiple organ failure, the development of which aggravates the
course of the disease and increases the risks of an unfavorable outcome. It has
been proven that intracranial hypertension leads to a violation of neurohumor-
al regulatory processes and vegetative functions, as well as to a breakdown of
compensatory mechanisms. “Neurogenic” organ dysfunction requires clinicians to
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conduct basic monitoring of vital parameters, a set of measures for the prevention
and treatment of neurogenic complications.

Organ damage develops as a result of a mediator storm against the background
of severe cerebral damage by an acute systemic inflammatory response (ASIR)
and is nonspecific for ACI. Activation of the sympathoadrenal system reduces
intestinal blood flow and leads to intestinal ischemia, which primarily damages the
most metabolically active intestinal epithelium with its necrosis. Acute cerebral
injury, accompanied by the picture of ACI, often leads to neurogenic activation of
the sympathetic system and the development of a catecholamine storm. Excessive
cerebral activation of the sympathoadrenal system contributes to the contraction
of the spleen, which has predominantly sympathetic innervation, which is accom-
panied by the release of neutrophils and an increase in the concentration of serum
proinflammatory cytokines. Subsequently, after 3-5 days, the phase of activation
of the immune system is transformed into the stage of immunodepression, char-
acterized by the synthesis of anti-inflammatory cytokines and a decrease in the
number of leukocytes. There is an assumption that immunodepression can play
an important role in reducing the severity of neuroinflammation, damage to the
blood-brain hormone and secondary cerebral injury. At the same time, the im-
munodepression phase can play an unfavorable role in the development of puru-
lent-septic complications that aggravate the course of ACI. The brain and spinal
cord have the largest reserves of platelet activating factor, and in case of hypoxic,
ischemic, or traumatic brain damage, its concentration increases 20-fold. Both
hypercoagulation and hypocoagulation are factors of secondary cerebral damage
that enhance the primary one [1-8]. Due to the insufficient data on the study of ACI
in children, we attempted to somewhat expand our understanding of the effect of
complex intensive care, including artificial ventilation, on the formation of com-
pensatory connections in children aged 3.1-7 years.

Objective of the work. To study the effect of artificial ventilation on the cor-
relations of clinical and biochemical parameters and hemodynamics in ACI at the
age of 3.1-7 years.

Material and methods of research. The results of continuous prolonged
monitoring with hourly recording of hemodynamic parameters, myocardial ox-
ygen demand (MOD), body temperature, respiration, as well as laboratory and
biochemical parameters of blood tests were studied in children admitted to the
ICU of the RRCEM in a serious condition caused by pneumonia complicated by
acute respiratory and cerebral insufficiency at the age of 3.1 to 7 years. Intensive
care was carried out in accordance with the recommendations in thematic clinical
protocols. In group 1, 7 children were studied who had no indications for me-
chanical respiratory support upon admission to the clinic and throughout intensive
care. Almost all patients in group 2 (9 children) were transferred to mechanical
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ventilation from the moment of admission to the clinic according to indications.
The research data were processed by the method of variation statistics using the
Excel program by calculating arithmetic means (M) and errors of means (m). To
assess the reliability of differences between two values, the parametric Student
criterion (t) was used. The critical significance level was taken to be 0.05. The
relationship between the dynamics of the studied indicators was determined using
the pair correlation method.

Results and discussion. As shown in Table 1, the red blood cell counts in
children of group 1 during spontaneous breathing did not differ from physiological
parameters, a tendency to an increase in the average number of blood leukocytes
to 10.4+1.5 10"9/1, a tendency to an increase in the number of metamyelocytes
3.7+1.6%, monocytes 4.2+1.5% were noted. In the first week of complex intensive
care with the use of artificial ventilation, in contrast to the parameters of group
1, a tendency to a decrease in blood hemoglobin was revealed, in the absence of
significant differences in other blood components despite more severe ACI, ACIL.
In the subsequent second week of intensive care, no noticeable changes in the pa-
rameters of the general analysis of peripheral blood were observed, the parameters
corresponded to the data of the first week of observation of the acute period of
SVR in children of group 2.

Table 1.
Composition of peripheral blood
Blood parameters 1 group | 2 group 7 days | 2 group 14 days
Erythrocytes x10°12/1 3,7+0,2 3,3+0,5 3,4+0,4
Hemoglobin, % 114,949 93,8+14,1 97,0+11,8
GMT,% 35,0+1,0 32,8+1,9 33,1+2,0
Thrombocytes, thousand/mcl 1079/1 | 221,6+16,1 204,7+8,4 210,8+10,6
Leukocytes, 1079/1 10,4+1,5 9,7+1,8 9,6x1,4
Metamyeloc,% 3,7+1,6 2,0+0,1 2,0+0,1
Palanuclear,% 4,5+1,5 3,54+2,0 3,242,1
Segmented,% 63,0114 70,0£7,9 70,9+6,0
Eosinophils,% 1,0+0,0 2,1+0,6 1,9+0,7
Lymphocytes,% 28,8+14,4 22,0+£7,9 21,0+6,1
Monocytes,% 4,2+1,5 5,0£1,8 5,3+1,7
ESR, mm/hour 8,6=1,0 10,5442 9,8+3,3
Table 2.
Blood biochemistry indicators
Blood parameters 1 group 2 group 7 days | 2 group 14 days
Glucose, mol/l 6,1+0,7 5,240,2 4,8+0,5
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Total protein, g/l 66,8+6,3 60,5+6,8 62,1+5,1
Albumin, g/ 24,4+12,7 33,0+6,4 32,3+5,2
Blood urea, mol/l 3,9+2,6 5,5+1,0 5,6+1,4
Creatinine, mol/l 0,3+0,1 0,05+0,01 0,05+0,01
Blood diastase, mol/l 39,0+1,8 78,0+£35,2 68,6+£26,7
Plasma potassium, mol/l 4.2+0,1 3,74+0,2 3,740,3
Plasma sodium, mol/l 132,0+5,0 141,3+2,4 140,0+2,8
Plasma calcium, mol/l 2,3+0,2 2,2+0,3 1,6+0,6
ALT, w/l 51,5+17,0 28,0+6,8 31,3+8,8
AST.u/l 59,9+14,1 47,2+10,6 45,9+10,1
P1,% 94,8+0,05 95,2+14,5 95,2+14,5

The initial biochemical blood composition in group 1 was characterized by a
tendency to hypoalbuminemia (24.4+12.7 g/l, treatment was carried out without
albumin transfusion), an increase in ALT (51.5£17.0 u/l), AST (59.9£14.1 u/l).
While in a more severe condition in group 2 in the first two weeks of complex
intensive therapy, more active corrective therapy, including albumin transfusion,
contributed to maintaining total protein and blood albumin at a physiological level
(32.3£5.2 g/l), ALT and AST within normal values (Table 2). The fluid balance
corresponded to physiological needs according to the age and weight of children
in both groups. No more than 16% in group 1 and 20% in group 2 were admin-
istered intravenously, which contributed to the preventive exclusion of the likeli-
hood of prerenal ARF. Thus, diuresis in group 1 was 1.8 ml/kg per hour, in group
2 — on average 2 ml/kg per hour.

= 1group = 2group 0.80

171549 3

9741 9741

W 1 group
= 2 group

Figure 1. Water balance in ml/day.  Figure 2. Correlation relationships of
red blood cells
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In the absence of significant changes in the content of red blood cells in the
blood in group 2, a negative correlation with albumin transfusion was found, that
is, the correction of hypoalbuminemia was accompanied by a tendency to decrease
red blood cells in the blood (Fig. 2). The introduction of dopamine and sedative
therapy to children in group 2 contributed to an increase in the number of red
blood cells (0.72; 0.69; respectively) within the physiologically acceptable values.
Accordingly, the increase in the number of red blood cells revealed a positive
trend towards an increase in the oxygen saturation index, RR, HR, and PMC (0.63;
0.52; 0.69; 0.71, respectively). The detected inverse correlation between erythro-
cytes and cardiac output (-0.95) indicated a high risk of decreasing cardiac output
(an indirect indicator of cardiac output) (-0.95) with an increase in the number of
red blood cells by more than 3.4+0.4 x10"12/1.
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Figure 3. Correlation relationships of  Figure 4. Correlation relationships of
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leukocytes.

The physiological direct relationship between the GMT, hemoglobin (0.66),
and the number of erythrocytes (0.84) indicators in group 1 was completely leve-
led out in the more severe condition of children in group 2, amounting to 0.12;
0.22, respectively, against the background of the absence of significant differences
in the average levels of the studied indicators. That is, the SVR with the develop-
ment of more severe ACI and ARF and more radical intensive therapy disrupted
the functional correlation relationships that have a compensatory value between
the indicators of the number of erythrocytes in the peripheral blood, GMT and
hemoglobin (Fig. 3). In group 1, in the acute period of SVR, diuretic therapy
was accompanied by a decrease in the number of leukocytes in the blood (-0.82),
the same direction of the effect of furosemide was revealed with respect to the
parameters of sedatives (-0.74), parenteral infusion therapy (-0.97), respiratory
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rate (-0.98), heart rate (-0.99), PMC (-0.96), total peripheral vascular resistance
(-0.75), mean arterial pressure (-0.97), diastolic arterial pressure (-0.97), systolic
arterial pressure (-0.83) and body temperature (-0.98) in group 1 of children with
spontaneous breathing (Fig. 4). While in group 2 these correlations almost com-
pletely disappeared due to more intensive complex therapy with artificial ventila-
tion. Apparently, more extensive stress-limiting therapy with complete leveling of
the brain’s control function due to cerebral hypoxia complicated by acute cerebral
insufficiency and severe acute renal failure almost completely suppresses the pro-
tective compensatory mechanisms of a balanced state of homeostasis, which func-
tioned quite actively in mild forms of acute cerebral insufficiency with minor im-
pairment of consciousness. Under these conditions, the protective compensatory
mechanisms operating in a moderate mode due to limited individual reserve capa-
bilities, a more significant energy-deficient state, being insufficient, do not provide
the necessary intensity for life-support of the functions of organs and systems in
the process of adaptation of the body to severe acute cerebral insufficiency, acute
renal failure, ultimately leading to the development of polyneuropathy. Excessive
protective activity of compensatory mechanisms in children is manifested primari-
ly by clinical signs of acute cerebral insufficiency, acute renal failure, disturbances
in hemodynamic parameters, requiring urgent radical measures, including artifi-
cial ventilation, administration of vasopressors, etc.
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Direct correlation relationship of the number of platelets with the GMT index
(0.93), as well as with the number of erythrocytes (0.57) in group 1 at a level of
221.6 = 16.1 corresponded to the growth of the red part of the blood due to hemo-
concentration caused by dehydration (Fig. 5). In group 2, the revealed direct cor-
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relation relationships of platelets with leukocytes (0.61), hemoglobin level (0.66),
erythrocytes (0.75) confirmed the growth of the tendency to hemoconcentration
(Fig. 5).

In group 2, against the background of more significant stress-protective drug
therapy, external respiration prosthetics, signs of stress autonomic response (0.72),
increased heart rate (0.78), increased myocardial oxygen demand (0.89) appeared.
Albumin transfusion contributed to the tendency to decrease the platelet count
(-0.76) within 210.8+10.6 10"9/1. The antiplatelet effect of platelets was promoted
by the introduction of heparin (-0.76), antibacterial therapy (-0.68), anti-inflam-
matory (-0.56), an increase in the daily volume of fluid administration (-0.71),
and an increase in the excretory activity of the kidneys (-0.81). Thus, in the con-
ditions of initially more pronounced ARF, ACI in children of group 2, the more
active intensive complex therapy with artificial ventilation revealed an increase in
the effectiveness of the corrective effects of traditional intensive care, optimizing
the outcome of treatment of children of group 2. The growth of GMT caused a
decrease in the number of lymphocytes (-0.75), but at the same time a direct con-
nection was noted between the increase in the number of lymphocytes due to the
growth of hemoglobin (0.73), nootropic (0.85), metabolite (0.77), antibacterial
(0.63) activity, an increase in the daily volume of water (0.71) in group 1. That is,
an increase in the activity of the proliferative phase of the SVR was noted during
the first week of intensive therapy at the compensated stage of ARF, insignificant
ARF against the background of spontaneous breathing (Fig. 6). It should be noted
that the identified correlations of the functional activity of lymphocytes practically
disappeared in children of group 2.

B1 group W2 sroup

Figure 7. Correlation links of segmented nuclei.

Segmented nuclei are mature forms of leukocytes, which play a key role spend
in the blood for only about two hours, then are distributed among the tissues in
both groups were normally in a physiological inverse correlation with the number
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of lymphocytes, amounting to in group 1 (-0.98), in group 2 (-0.99). The differ-
ences were manifested in a positive relationship with GMT (0.89), a negative cor-
relation with the level of hemoglobin (-0.75), nootropics (-0.77), daily volume of
administered fluid (-0.75) in group 1, which were absent in group 2 (Fig. 7).
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Figure 8. Correlation links of ALT.

The growth of alanine aminotransferase (ALT) indicates damage to hepato-
cytes, the higher the value, the more pronounced the necrosis of ALT-rich hepa-
tocytes, indicates a cytolytic syndrome, characterizing severe intoxication, toxic
effect of hepatotropic substances. In group 1, a tendency towards an increase in
ALT was revealed (51.5+17.0 u/l). With moderate cytolytic syndrome, an in-
verse relationship was revealed with the number of platelets (-0.96), erythrocytes
(-0.91), and SV (-0.99). But the direct correlation of ALT and GMT (0.95), with
the activity of diuretic therapy with furosemide (0.96), OPSS (0.88), and the in-
verse with SV (-0.99) characterized thrombolytic, hemolytic activity in conditions
of blood hemoconcentration with a simultaneous increase in the tone of peripheral
vessels and a negative effect on cardiac output. Thus, in group 1, an increase in
ALT contributed to thrombolytic activity in conditions of a tendency to develop a
hypodynamic type of hemodynamics, an early sign of acute heart failure in condi-
tions of intensive conservative (without mechanical ventilation) therapy of moder-
ate ARF and ACF. Transfer to mechanical ventilation of children in a more severe
condition did not significantly affect the number of erythrocytes (-0.72), notice-
ably increasing the hemolytic effect, which is confirmed by the appearance of an
inverse relationship with GMT (-0.79). The increase in ALT was accompanied by
a decrease in oxygen saturation (-0.7), an increase in mean arterial pressure (0.7),
an increase in systolic blood pressure (0.76) and pulsed blood pressure (0.85) (Fig.
8).
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Conclusion. During the first week of intensive care in the compensated stage
of ARF, slight acute cerebral insufficiency against the background of spontaneous
breathing, an increase in the activity of the proliferative phase of the respiratory
tract was noted. The identified correlations of the functional activity of lympho-
cytes were practically absent in children of group 2. In conditions of initially more
pronounced ARF, acute cerebral insufficiency in children of group 2, the more
active intensive complex therapy with artificial ventilation revealed an increase in
the effectiveness of the corrective effects of traditional intensive care, optimizing
the outcome of treatment of children of group 2.
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Annotation. Prevention of contagious skin diseases, including among the
child population, does not lose relevance at the present time. The prevalence
of contagious skin diseases depends on the formation of hygienic skills of the
population and its sanitary and hygienic literacy. In the presented work, in
addition to highlighting the significance of the study, an analysis of the survey of
school-age children on personal hygiene was carried out. The aim of the study
was to determine the level of formation of hygiene skills in children of primary
and secondary school age in the city of Surgut (on the example of a secondary
school). As a research method, a group questionnaire was used in a distributing
way. The questionnaire included closed, semi-closed and open questions. It
is shown that a significant part of schoolchildren do not attach importance to
some aspects of personal hygiene, thereby underestimating the increase in the
likelihood of infection with various infectious dermatoses (pyodermatitis, scabies,
lice, ringworm, viral skin diseases, etc.). Conclusions are drawn about the need to
strengthen the work on hygienic education and upbringing of schoolchildren, as
well as their parents. Propaganda of medical and hygienic knowledge among the
population contributes to the reduction of morbidity and mortality, helps to bring
up a healthy, physically strong generation.

Keywords: school-age children, hygiene skills, contagious skin diseases, skin,
questioning.

Introduction

Hygienic education is a set of educational, upbringing, propaganda and pro-
motional activities aimed at creating a healthy lifestyle, preventing diseases, main-
taining and strengthening health, increasing the working capacity of people, pro-
longing their active life [1].

Hygiene education and upbringing is based on the concept of healthy lifestyle
formation, the main tasks are formulated: reduction of smoking prevalence; im-
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proving the quality of nutrition; increased physical activity; mitigating the impact
of damaging psychosocial factors and improving the quality of life; reduced alco-
hol consumption; prevention of drug use; observance by the population of meas-
ures of personal and public hygiene [1, 2].

The formation of hygiene skills is aimed at improving the health of the popula-
tion and is inextricably linked with the education of a culture of behavior.

Education in children the skills of personal and public hygiene plays an im-
portant role in protecting their health, promotes proper behavior in everyday life,
in public places. Not only their health, but also the health of other children and
adults depends on the knowledge and implementation by children of the necessary
hygienic rules and norms of behavior [2, 3].

Failure to comply with hygiene requirements and standards can contribute to
the penetration of pathogens into the human body and the development of infec-
tious diseases, including skin lesions (pyodermatitis, scabies, lice, dermatomyco-
sis, viral lesions, and others) [1, 3].

Many underestimate the importance of the skin, considering it just a shell of a
person, but it performs a number of irreplaceable functions in the body. First of all,
the skin is a barrier to the penetration into the body of both pathogens and a large
number of substances harmful to humans. The colonization resistance of the skin
is such that most microorganisms, in the absence of microtraumas, are unable to
overcome this barrier. The only exceptions are Staphylococcus aureus and Propi-
onibacterium acne. The protective function of the skin in children is imperfect due
to the fact that the stratum corneum of the epidermis is thin, and its keratinization
and connection with the dermis are insufficient. Insufficiency of local immunity is
also associated with underdevelopment of the glands, dry skin, a reaction close to
neutral [3, 4, 5].

In the issue of the spread of infectious skin diseases, social reasons are of
particular importance: often the population has a low level of education about the
disease. Propaganda of medical and hygienic knowledge among the population
contributes to the reduction of morbidity and mortality, helps to bring up a healthy,
physically strong generation [6].

Purpose: to determine the level of formation of hygiene skills in children of
primary and secondary school age in the city of Surgut (on the example of a sec-
ondary school).

Materials and methods: the method of group questioning was used in a distrib-
uting way. The questionnaire included closed, semi-closed and open questions.

Results: The survey involved 127 children in the age range from 7 to 14 years;
of them 60 boys and 67 girls. Most of the respondents have satisfactory living
conditions: 86 people live in a separate apartment or house, 11 people in a rented
apartment, 3 people in a hostel, 28 people chose the answer “other” (with relatives,
etc.).
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The majority of respondents are aware of the need to observe elementary rules
of personal hygiene as a preventive measure for contagious skin diseases. 62 girls
and 53 boys wash their hands before eating, 13 children do not wash their hands.
63 girls and 53 boys wash their hands after going to the toilet, 11 children do not
wash their hands.

To the question “Do you wash your hands after playing with animals?” 84
children answered “yes” (of which 53 were girls), “no” - 43 people.

To the question “If you have animals, do you take them to bed?” 56 children
answered in the affirmative (of which 21 were boys, 35 were girls), and 71 people
answered in the negative (of which 40 were boys and 31 were girls) (figure 1).

myes

B no

Figure 1. Do you have animals; do you take them to bed?

30 children answered “yes” to the question “Do you pet homeless animals?”
(of which 15 were boys, 15 were girls), 97 people answered “no” (of which 45
were boys, 52 were girls).

It was found that the majority of children wash their hands before eating and
after going to the toilet. However, it is sad that 43 out of 127 people did not
wash their hands after contact with animals, and 56 children took animals to bed.
Undoubtedly, this category of respondents is at risk for infection with ringworm
(microsporia and trichophytosis).

To the question “How often do you wash your face?” 22 children answered
“only in the morning”, 5 - “only in the evening”, 58 - “in the morning and in the
evening”, 23 (and only girls) - “several times a day”. Hygiene of the face area 1
time per day is clearly insufficient; the accumulation of microorganisms and dead
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scales of the stratum corneum of the epidermis contribute to the development of
pustular skin diseases. The other extreme - washing several times a day - also neg-
atively affects the condition of the skin due to a violation of the water-lipid mantle.

Regarding the use of face skin care products (tonic, milk for washing, face
cream) when washing, disappointing results were obtained: 45 people answered
in the affirmative, 82 answered negatively (the proportion of boys and girls is
comparable). It can be concluded that there is a lack of awareness among children
about facial skin care.

Only 30 children wash their feet before going to bed (of which 15 are boys, 45
are girls), 97 people do not wash their feet (of which 45 are boys, 52 are girls). In
this group, the risk of fungal and viral lesions of the feet is increased.

On questions of body hygiene, the following data were obtained. 67 people
wash their bodies every day (of which 40 are girls and 27 boys) and 46 of them
with a washcloth, 28 people once a week, 32 people 2 times a week.

After taking a shower, do you use skin care products (body milk, body lotion,
body oil, body cream)? 44 children (of which 10 are boys, 34 are girls), do not
use - 83 people (of which 59 are boys, 24 are girls).

Regarding hair hygiene, it was found that 31 children (7 girls and 24 boys)
wash their hair daily, 52 children wash their hair once a week, 40 children wash
their hair 2 times a week, 4 children wash their hair once a month (3 boys and 1
girl, respectively) (figure 2).

u everyday
Bone time a week
B two times a week

mone time a month

Figure 2. How often do you wash your hair?
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According to the results of the survey, insufficient knowledge of children in
matters of body and hair hygiene was revealed (% wash the body once a week and
fall into the risk group for pustular skin diseases).

To the question “How often do you cut your nails?”” 84 respondents answered
once a week, 25 people - twice a month, 18 children - once a month.

Change socks daily 45 children (boys 14, girls 31), 1 time in 2 days 70 chil-
dren, 2 times a week 12 children.

To the question “Do you use someone else’s comb?” - “yes” was answered
by 45 people (approximately equal number of boys and girls), “no” - 82 children.

To the question “Do you walk barefoot?”” answers were received: 6 children do
not walk (5 boys, 1 girl), the rest walk barefoot (several options are allowed) (at
home - 97 people, on the grass - 26, on the sand on the beach - 63 people). There
is no doubt that when walking barefoot, the risk of infection with dermatomycetes
increases. When visiting swimming pools, baths, saunas, 120 children use indi-
vidual shoes (an approximately equal number of boys and girls), “no” - 7 people.
“Do you use someone else’s shoes in everyday life (parents, siblings, friends, at a
party, etc.)?” - “yes, always” answered 3 children, “yes, sometimes” - 27 children,
“no” - 97 people.

To the question “Do you use someone else’s toothbrush?” - “yes, always” an-
swered 3 children, “yes, sometimes” - 2 children, “no” - 122 people.

To the question “Do you try on and wear other people’s hats, clothes, shoes?”
34 people answered in the affirmative, 93 children answered in the negative.

44 children use other people’s headphones, 83 children do not. 114 children
know that they need to have their own towel, 13 children do not know.

To the question “What do you do when you get scratches, abrasions, wounds?”
data were obtained: “I seek medical help” - 51 people, “I treat abrasions and
scratches on my own” - 45 children, “I do nothing, it will heal itself” - 20 children,
another - 11 respondents (I seek help from parents, teachers, etc.).

Conclusions

Summarizing the above, we can conclude that a significant part of school-age
children are not sufficiently knowledgeable in matters of personal hygiene, and
constitute a risk group for the development of contagious skin diseases, primar-
ily dermatomycosis and pyodermatitis. It is necessary to strengthen the work on
hygienic education and upbringing of schoolchildren, as well as their parents, be-
cause basic personal hygiene skills are taught in the family.
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Abstract. Figure skating is one of the most beloved and graceful sports.
Performing complex elements and movements requires athletes to develop
physical qualities associated with a high risk of injury and significant physical
stress on the body. The authors explore the specific features of injuries in figure
skating and the possibility of continuing a sports career.
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The relevance of the topic. Figure skating is a spectacular, beautiful, and
dangerous sport. Figure skaters’ injuries are associated with falls and excessive
impact. Every athlete has experienced injuries in their career that have forced them
to pause or stop their training process [1].

The purpose of this work is to analyze the scientific and methodological lit-
erature on the specific features of injuries in figure skating.

Materials and methods. The analysis of scientific literature on sports medi-
cine and Internet resources about the life of famous figure skaters was carried out,
statistical studies of injuries in figure skating were studied.

Results and discussion. Knowledge of sports terminology allows a figure
skater to understand the coach and perform an element correctly. Lack of un-
derstanding of the technique of performing an element can lead to injury of the
athlete [2]. DnemMeHTBI QUTYpHOTO KaTaHUs TPEOYIOT TOUYHOTO WX BBITIOJTHCHUS.
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Ecan ¢purypuct He OCBOUT TEXHUKY BBIIIOJHEHUS MPbDKKA U HE OATOTOBUTCS K
MIPaBHJIBHOMY NPU3EMJICHHIO, TO MOXKET MOJYYHTh TPABMY B BHJIE PACTIKECHHS
wim pa3peiBa cBs30k. Skater slang has keywords, such as the jumps “axel”, “tou-
loup”, “flip”, “lutz”, “salchow” and “rittberger”. “Dupel” is a simplified version
of a double axel, and “trixel” is a triple. When performing a quad (a 4-turn jump),
skaters must remember to use the correct rotation technique to avoid knee injuries.
Mistakes such as incorrect edges or under-rotations can lead to back injuries. In
a cascade, jumps are performed in a row, and each subsequent jump is performed
using the speed from the previous one [3]. If a figure skater does not take into
account all the details of the “cascade” of jumps and performs them incorrectly,
they risk injuring their meniscus. Rotations are performed on one or two legs. It
is important to properly “interact” with the ice to avoid injuries to the wrists or
head due to insufficient control over movements. Skaters are more likely to ex-
perience injuries to the ankle (27.7%) and knee (18.6%), as well as to the lumbar
spine (15.4%). Head injuries are less common (9.8%), with half of them occurring
in pair skating, about 29% in ice dancing, and up to 21% in single skating. The
frequency of injuries among athletes is higher when mastering new elements dur-
ing training [5,6]. The figure skater’s costume at competitions does not provide
for the presence of protective equipment, so falls, which are not uncommon in
figure skating, significantly increase the risk of injuries. The most traumatic type
of figure skating is pair sports skating. Female partners are more prone to injuries,
as they are thrown and lifted by a stronger partner [4]. After severe impacts on the
ice during falls from high supports and throws, concussions are more common (up
to 33% of total injuries).

There have been numerous injuries among pairs skaters and ice dancers. In
January 1996, Russian figure skater Elena Berezhnaya suffered a serious head
injury during a training session. During a spin, her partner Oleg Shlyakhov acci-
dentally hit her in the temple with his skate. The figure skater’s temporal bone was
punctured, and the fragments damaged the brain’s membrane. Due to the damage
to her speech center, Elena was unable to speak. The athlete underwent two
complex neurosurgical operations, after which she had to relearn how to walk
and talk. Three months after the injury, the athlete recovered and returned
to competition. Later, Elena won the championship title with Anton Sikharulidze.
In 1998, the pair won silver medals at the Nagano Olympics (her speech was still
impaired at the time), became two-time European champions (1998, 2001), two-
time World champions (1998, 1999), and Olympic champions in Salt Lake City
in 2002. At the 2005 Grand Prix in America, Russian figure skater Tatiana Totmi-
anina fell from a support and lost consciousness. Her partner, Maxim Marin, failed
to catch her. Tatiana was diagnosed with a concussion. At the Olympic Games in
Turin, Chinese figure skater Dan Zhang fell from a quadruple throw, hit the side
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of the ice rink hard, and could not overcome the pain for ten minutes. The athlete
recovered and completed the program with her partner, winning the Olympic sil-
ver medal. Her compatriot Wenjing Sui fell from a support during training in the
spring of 2016, temporarily losing sight in one eye and injuring her ligaments. She
required surgery and ten months of rehabilitation. For a while, the Chinese woman
used a wheelchair, and then she relearned how to walk. At the 2018 World Cham-
pionships, Sui and Han won gold, and at the 2022 Beijing Olympics, they became
Olympic champions in pair skating.

Single skaters’ injuries are not uncommon in figure skating. Alexei Yagudin,
the 2002 Olympic champion from Russia, has experienced pain in his right leg
since childhood. In October 2002, he was diagnosed with congenital hip dyspla-
sia. Due to constant heavy loads, the joint was constantly injured, leading to the
development of aseptic necrosis. The hip joint was almost completely destroyed.
In the summer of 2003, Alexei underwent his first surgery to remove fragments
of damaged cartilage. There was a temporary relief, but a few months later, the
disease returned. In 2003, Yagudin retired from competitive skating. The second
operation, hip replacement, was performed in the summer of 2007. Alexey got
back on his feet 12 hours after the surgery, and 2 weeks later shocked the doc-
tors by running a 10-kilometer cross-country race. One and a half months later,
Yagudin began rehearsals for the Ice Age project, and 90 days after the surgery,
on October 6, 2007, he performed a triple toe loop [6]. In early October 2021, it
was reported that Alexandra Trusova had injured her leg, but she participated in
the Skate America 2021 Grand Prix (late October 2021), where she won first place
and set a new personal record in the short program. Later, it was revealed that it
was a stress fracture of the metatarsal bone in her foot. The injury halted Sasha’s
preparations for the Olympic Games. The discomfort in her leg still bothers her.
According to statistics, the fifth, the smallest of the metatarsal bones, experiences
the maximum load, and its fracture occurs in 90% of cases. There are two types
of fractures: traumatic and fatigue fractures. In a traumatic fracture, an exces-
sive force is applied to the bone, which it is not designed to withstand. In a fa-
tigue fracture, frequent overexertion disrupts the bone’s nutrition, making it more
fragile and prone to breaking even under normal stress. Such fractures disrupt
microcirculation in the tissues and cause nerve necrosis, so the pain syndrome is
less pronounced. Evgeniya Medvedeva had a similar injury in the fall of 2017.
Shortly before the Olympics, she was diagnosed with a stress fracture (a crack
in the fifth metatarsal bone). Evgeniya flew to Germany for treatment, where she
was advised to reduce her activities and prescribed vitamins. A short time later,
Medvedeva performed at the Grand Prix stage in Japan, after which the figure
skater was put in a cast. Usually, stress fractures take 6—8 weeks to recover. When
using a plaster cast or a special fixing boot, rehabilitation can be reduced to a
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month, but Medvedeva needed about two. In January 2018, Evgenia competed at
the European Championships in Moscow and placed second. Anna Shcherbakova
in the middle of July 2017 at training camps in Novogorsk performed a triple Ritt-
berger - triple toe loop cascade. After two jumps, the athlete decided to take a risk
and attach another unplanned Rittberger as a third jump. Anna struggled to get into
the ice and fell. She broke her tibia and spent six weeks in a cast. She recovered in
about six months and won the Russian Cup Final a month later. In the 2018-2019
season, she made her debut in the Junior Grand Prix series and won stages in
Slovakia and Canada. In February 2022, Anna became an Olympic champion. In
August 2022, the athlete suffered a knee injury and underwent surgery for a torn
posterior horn of the meniscus.

Athletes face various injuries, but proper treatment and rehabilitation tactics
help them return to sports. Athletes spend a lot of money on rehabilitation (Al-
liluyev I. G., 2001; Schmidt I. R., 1998-2001; Vein A. M., 1997, 2001; Belova A.
N., 2000). According to the Federal Scientific and Clinical Center of the Federal
Medical and Biological Agency of Russia, a comprehensive professional approach
significantly reduces the recovery time for injured athletes. The main rehabilita-
tion cycle includes massage courses, gymnastics, and light stretching. Later, the
loads can be increased, but it is recommended to do this gradually. It is better to
miss one competitive season than to aggravate the situation and be banned from
participating in professional competitions. To prevent injuries in figure skating,
stretching and warming up the muscles before training is used. It is important to
learn how to fall properly. To do this, you should group yourself by touching the
platform with the outer surface of your thigh.

Conclusion.

1. Figure skating is a complex-coordination sport that requires good coordi-
nation, balance, and a sense of time and space, and proper technique can
reduce the risk of injury.

2. Qualified medical care and timely rehabilitation allow to overcome the
consequences of multiple injuries suffered by figure skaters.

3. Some figure skaters manage to achieve outstanding results after injuries,
while others leave the sport forever, but they do not stop being great ath-
letes.
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Abstract. In May 2023, the World Health Organization Assembly adopted
a resolution recognizing rehabilitation as a public health priority. In recent
decades, there has been an increase in the share of rehabilitation technologies
in global medical practice. India is actively involved in global health trends. The
authors of the article studied and analyzed the system of organization of medical
rehabilitation in India.

Keywords: medical rehabilitation, Rehabilitation Council.

The relevance of the topic. The centuries-old history of Indian medicine com-
bines national characteristics with the experience of other countries. There are
specific features and problems: large populations, remote villages and overpopu-
lated cities, castes, prejudices, and religious prohibitions. The country’s leadership
cares about the health of over a billion of its citizens. The organization of medical
rehabilitation is an important task of modern healthcare in India.

The purpose of the work is to analyze the main aspects of medical rehabili-
tation in India.

Materials and methods. The analysis of modern scientific literature and Inter-
net resources on the organization of medical rehabilitation in India is carried out.

Results and discussion. Medical rehabilitation is a branch of healthcare in
India. The Indian state supports a unique system of traditional treatment methods
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and modern medical approaches. To understand the organization of rehabilita-
tion in the country, an excursion into the history of medicine is necessary. In-
dia’s healthcare system has its roots in national traditional medicine and “colonial
healthcare” during the reign of the British Crown. The mix of Western (colonial)
and Eastern (traditional) medicine creates a balance between tradition and innova-
tion [3,7]. Historically, the people of India did not trust “Western” doctors and did
not want to be treated with their methods. In 1976, the Ministry of Health incorpo-
rated two Departments: Health and Family; Ayurveda, Yoga, and Naturopathy. In
2022 The World Health Organization has decided to establish a Global Center for
Traditional Medicine in India. Modern India actively cooperates with international
health organizations [4,8].

Today, the population of India is being treated by doctors with a Western ap-
proach and by specialists in traditional medicine. India’s healthcare is funded from
the state budget according to five-year plans. A significant proportion of medical
institutions, 80%, are in the private sector. According to the program of support
for the poor, certain categories of citizens of the country can receive a subsidy
($7200 per year) to pay for treatment in private clinics, insurance from employers
and regional subsidies [Dikikh A. A., 2018, Fedonnikov A. S., 2023, Kumar M.
Sh., 2024, Sorokina E. V., 2024]. Digitalization of India’s healthcare is currently
in its infancy. Electronic medical records will be launched in 2021. Basic medical
education in India can be obtained in 5.5 years. The next stage is specialization in
the hospital for two or three years [7,8].

The Rehabilitation Council of India (RCI) was established in 1986. In Septem-
ber 1992, Parliament passed the law on the RCI, and on June 22, 1993, it became
a government agency. The Rehabilitation Council of India (RSIN) is the highest
government body [3,4]. The Rehabilitation Council of India registers rehabilita-
tion specialists in its central registry and regulates their training programs. Per-
sons who have received the RCI certificate have the right to engage in vocational
rehabilitation in any region of India. Only specialists or rehabilitation staff with
a recognized rehabilitation certificate can be entered in the Central Register of
Rehabilitation Specialists. The authority of the RCI includes the regulation and
monitoring of services for people with disabilities. “In India, disability is assessed
in five categories: vision, speech, hearing, musculoskeletal system and mental ac-
tivity ...” [Thomas 2005]. The law provides penalties for unqualified professionals
who provide services to people with disabilities. The mission of the RCI organi-
zation is “to provide high-quality services to people with disabilities that meet the
best international standards.”

In 2000, RCI included people with disabilities caused by mental illness. The
Law consists of three chapters. Chapter I, The Preliminary Chapter, contains in-
formation on the name, definitions, etc. Chapter II, The Rehabilitation Council of
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India, reflects the composition, terms of office of officials, data on executive com-
mittees, vacancies, and dissolution of the council. Chapter III “Functions of the
Council” informs about the functions of the Council, recognition of qualifications,
examination centers, professional registration, professional conduct, etc.

Modern clinics in India offer comprehensive rehabilitation programs tailored
to the needs of each patient. An integrated approach to recovery with continuous
care promotes recovery from traumatic injuries, diseases, and surgical interven-
tions. In addition to inpatient rehabilitation, there is also outpatient rehabilitation
(day hospital). Indian rehabilitation centers offer various recovery programs. The
main areas of rehabilitation in India are cardiorehabilitation, neurorehabilitation,
orthopedic, postoperative, sports, pediatric, gynecological and oncological reha-
bilitation. Thousands of patients receive rehabilitation services in India every year
after strokes, traumatic brain, spinal cord, orthopedic, sports injuries, as well as
other conditions requiring restorative treatment [6,9].

The rehabilitation team consists of rehabilitation physiotherapists, nurses,
speech therapists, and other rehabilitation specialists. There are eight licensed
groups of specialists: audiologists and speech therapists, clinical psychologists,
hearing aid and earplug specialists, rehabilitation engineers and technical special-
ists, special teachers for the education and training of people with disabilities,
professional consultants, specialists in employment and vocational guidance for
people with disabilities, multidisciplinary rehabilitation specialists, technical spe-
cialists and other categories of professions. In recent years, the list has been sup-
plemented by rehabilitation psychologists.

Indian rehabilitation specialists are characterized by high professionalism and
a desire for innovation. According to international experts, India’s medical inno-
vation activities are rated as one of the most progressive in global healthcare (for
creativity and efficiency) [2]. India has achieved significant success in medical
rehabilitation due to the combination of the features of Indian traditional medicine
and its modern achievements. Indian rehabilitation specialists have unique robotic
and computer simulators, installations for early verticalization of bedridden pa-
tients, interactive tools using virtual and augmented reality technologies, etc.

In modern India, technological innovations are harmoniously combined with
traditional Ayurvedic methods. This makes it possible to achieve high results of
medical rehabilitation in India, regardless of the severity, nature and degree of ne-
glect of the disease [5]. After comprehensive rehabilitation, up to 90% of patients
in Indian rehabilitation centers are able to return to normal life and get back to
work.

Conclusion.

1. India is building a modern medical rehabilitation system in the unique con-
ditions of a mix of Western colonial and Eastern traditional medicine.
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2. The Rehabilitation Council of India is the key body overseeing rehabilita-
tion centers and licensed rehabilitation education across the country.

3. Medical rehabilitation in India is developing ahead of scientific and practical
activities in the field of medical innovation.
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automated telemetric matching of a patient’s unique combination of systemic
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The dizziness of the successes of the global medical community in the treat-
ment of arterial hypertension (AH) weakly correlates with the real state of affairs:
regardless of the region, level of prosperity and degree of development of the
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healthcare system, only a third (~35%) of patients achieve target blood pressure
(BP) values [1]. And this is despite the fact that the disease affects almost half of
the world’s population, including children [2] and is the direct cause of 45% of
fatal outcomes from coronary heart disease and 51% from stroke [3]. Two-thirds
of losses in this “duel” is a significant blow to public health!

In each new edition of the recommendations of the European Society of Car-
diology and the European Society of Hypertension (hereinafter the Recommen-
dations), the issues of hypertension management are worked out more and more
clearly. The 2018 Recommendations more carefully place emphasis on comor-
bid diseases and concomitant clinical conditions; special attention is paid to the
treatment of patients in older age groups. The Recommendations are gradually
acquiring an algorithmic form that is closest to the needs of a practicing physi-
cian. However, even the developers of the document themselves complain about
the insufficient effectiveness of the proposed measures. In their opinion, the main
reasons for this phenomenon are:

*  Medical inertia (insufficient strengthening of therapy, especially mono-

therapy);

»  Low patient compliance with treatment (especially when several drugs are

prescribed in separate tablets).

It is argued that if doctors made maximum efforts, showed initiative and made
patients follow the instructions exactly, the problem would be solved. The strate-
gists do not see any other obstacles (for example, the lack of effectiveness of the
approaches they have developed) to the total cure of hypertension. In their de-
fense, they cite the following arguments: “Blood pressure control can be achieved
in most patients participating in clinical trials, and of these patients, only 5-10%
demonstrate resistance to the chosen therapy regimen, which indicates that the in-
effectiveness of drug therapy is not the source of the problem” [1]. However, these
arguments are more like shifting the problem from the sick head to the healthy
one.

Of course, some medical inertia does exist and it must be fought. However, as
practice shows, when a doctor is given a truly effective technology, neither he nor
the patient needs to be pushed in the applied use of this method. This happened,
for example, with infectious diseases. Antibiotics appeared - and the incidence
curve quickly went down. The same is true for antitumor drugs, drugs that change
the course of multiple sclerosis.

In our opinion, the main reason for the unacceptably low effectiveness of hy-
pertension treatment is associated not so much with the insufficient activity of
doctors and patients, but with a systemic error in the strategy for choosing antihy-
pertensive therapy!

According to the Guidelines, after deciding on the need for drug therapy,
the physician is offered a choice of five main classes of antihypertensive drugs
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(AHD): angiotensin receptor blockers (ARBs), angiotensin-converting enzyme in-
hibitors (ACElIs), calcium channel blockers (CCBs), thiazide diuretics (TDs), and
beta-blockers (BBs). Since the overall effect on cardiovascular risks and mortality
is approximately the same with treatment with all five classes of drugs (as prov-
en by numerous randomized clinical trials and meta-studies) [1], the physician
is advised to focus on contraindications and priorities of the therapeutic effect of
drugs on individual nosological entities. In this case, attention is paid primarily to
diseases associated with hypertension. The priorities of choice are the ability to
restore impaired function (for example, ACE inhibitors and ARBs have proven
efficacy in reversing left ventricular hypertrophy), preventive effect (for example,
CCBs have a greater effect in preventing strokes, and TDs in preventing heart fail-
ure), slowing the progression of a particular disease (for example, the inhibitory
effect of CCBs on the progression of coronary atherosclerosis), or the beneficial
effect of drugs on comorbid organs and systems (for example, improvement of
insulin metabolism against the background of ARBs).

With regard to combination therapy, it has now been proven that all five main
classes of drugs can be combined with each other, with the exception of ACE
inhibitors and ARBs. In this case, combination therapy is constructed as the arith-
metic sum of the effects of the set of prescribed drugs.

At first glance, the logic of choosing an anticoagulant drug is impeccable: de-
termine the patient’s concomitant disease (associated clinical condition - ACC,
affected organ - target of anticoagulant drug - AOD) and prescribe the most appro-
priate drug that has an evidence base of effectiveness for this disease. If there are
several diseases, select the appropriate combination of drugs, each of which will
contribute to recovery [4].

In fact, such an approach is only valid for the late (II or III) stage of the disease,
which is characterized by the involvement of the POM in the pathological process
and the addition of ACS. It is no coincidence that the 2018 Recommendations
prescribe starting antihypertensive therapy immediately with a combination of
two drugs. One drug is already considered an ineffective measure, which actually
indicates the failure of the conceptual approach to treating the initial stage of the
disease.

At the first stage of AG, comorbid diseases, ACS and POM are absent; there-
fore, it is not possible to rely on them when choosing an AG; the first few years
from the onset of the disease are a blank spot in the Recommendations; personal
criteria for choosing drugs are simply absent from them. The doctor is offered to
be guided by impersonal circumstances, to prescribe any drug, as long as it has no
contraindications.

Systemic arterial pressure (SAP) is directly dependent on the listed SBP indi-
cators and is calculated using the formula:
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SBP =HR x SV x OPSS,
where HR is the heart rate; SV is the stroke volume; TPR is the total vascular
resistance.

Different people have different ratios of HR, SV and OPSS. Without knowing
the initial profile of the values of these indicators, it is impossible to predict the
hemodynamic, and therefore the clinical effect of any antihypertensive drug. The
effect of antihypertensive drug on the SGD can acquire a polar direction, which
makes it irrational, and in some cases, dangerous to prescribe antihypertensive
drug without taking into account the personal SGD profile.

OPSS could only be done using the Swan-Gatz method, based oncatheteri-
zation of the pulmonary (!) artery. The technique is complex and fraught with
numerous (including fatal) complications, which negates its practical significance,
especially for mass use.

The domestic device KAP CG osm - “GLOBUS” (Manufacturer OOO Globus;
registration certificate dated 15.12.2017 No. RZN2017/6582 - hereinafter referred
to as the Device), based on the non-invasive method of volumetric compression
oscillometry, developed for the needs of Soviet space medicine, allows for the
automated determination of the level of heart rate, SV and OPSS, as well as 20
more indicators of the SVD.

Data on the influence of individual AGP on the SGR allow assigning each of
them a corresponding combination of numbers (Code); the first component of the
Code displays the influence of AGP on HR (1 - decreases, 2 - does not affect, 3 -
increases the value); the second component of the Code displays the influence of
AGP on TPR (1 - decreases, 2 - does not affect, 3 - increases the value, 4 - increas-
es in the first month, decreases after a month and further); the third component of
the Code displays the influence of AGP on SV (1 - decreases, 2 - does not affect,
3 - increases the value) (Table 1).

Table 1
The influence of AG on the profile of the SHD
AGP Group AGP Impact of AGP
on SGS (Code)
Calcium antagonists | Nitrendipine 312
Nifedipine 313
Diltiazem 112
Amlodipine 212
ACE inhibitors Perindopril, enalapril 213
Zofenopril, captopril, quinopril, lisinopril, 212
ramipril, fosinopril
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Beta-blockers Betaxolol 111
Nebivolol 112
Atenolol, bisoprolool, metoprolol 141

Angiotensin receptor | Losartan 113

blockers Valsartan, candesartan, eprosartan, irbesartan, 212
telmisartan

Selective Moxonidine 212

imidazoline receptor

agonists

Diuretics Dichlorothiazide, indapamide 212

The method of choosing pharmacotherapy for hypertension that we propose is
based on establishing a correspondence between the personal profile of the SHR,
which is determined by the level of HR, TPVR and SV of the patient, and the ef-
fect of the antihypertensive drug on the SHR, i.e., its Code. The drug of choice is
a medicine that has a normalizing effect on the changed (increased or decreased)
indicators of HR, SV and TPVR and does not affect the SHR indicators that are
within the normal range.

By correlating the influence of the AGP on the indicators of the SRS (Code),
it is possible to determine in a ranked form the compliance of the AGP with each
SRS profile (Table 2).

Table 2
Correspondence between the profile of the CHG and the AGP
Profile No. SGG Ranked list of AGPs
1 111, 141,112, 212
2 112, 111, 141, 212, 113
3 113, 112,213,212
4 111, 141, 212, 112
5 112,141, 111, 212, 113, 213
6 113, 112,213,212
7 141, 111, 212
8 112,141,212,113,213
9 113, 112,213,212
10 111,212, 112
11 212, 112, 111, 141, 213
12 213,113,212, 112
13 111,212, 112
14 212, 112, 111, 141, 213, 312
15 213, 113,112,212
16 141,212, 112
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17 212, 141, 112, 213
18 213, 113, 112,212
19 212,312

20 312,212,213

21 313,213,312, 212
22 312,212

23 312,212,213

24 313,213,312, 212
25 312,312,212

26 312,212,213

27 313,312,213, 212

If at the time of treatment, the patient is not taking antihypertensive drugs,
diagnostics and subsequent treatment are carried out according to the following
algorithm.

P. 1 The Device is used to measure blood pressure, heart rate, total peripheral
vascular resistance and stroke volume.

If elevated blood pressure is detected, to exclude “White Coat” hypertension,
repeated measurements of the SBP indicators are taken twice with an interval of
5 minutes. If the value of systolic blood pressure, diastolic blood pressure during
repeated measurement changes by more than 5%, the study is continued with an
interval of 5 minutes until the indicated indicators stabilize.

If normal blood pressure values are established, drug treatment is not pre-
scribed.

With an increase in systolic BP and/or diastolic BP, the patient’s HR, TPR,
and SV profile correlates with one of the SHD profiles (Table 2). If, according to
current medical recommendations (currently - European recommendations, 2018),
the patient is indicated for monotherapy from the ranked list of antihypertensive
drugs, the first drug in line for this SHD profile is prescribed (Table 2).

P. 2 During the next 2 weeks, the SRS indicators are measured daily, and the
trends of the personal SRS profile are determined. In case of positive dynam-
ics of blood pressure (normalization trend, trend towards normalization of SRS
indicators), treatment is continued in the established regimen until its complete
normalization. In the absence of a normalization trend after 5 days from the start
of treatment or if a negative trend is detected (i.e. if deviations of SRS indicators
from the norm worsen), the dose of the drug is gradually increased every 1-2 days
within the limits and proportions established for this AGP until blood pressure is
normalized.

P.3 If there is no effect after 2 weeks from the start of treatment, the antihis-
tamine is replaced with the next one in the ranked list (Table 2) and the SGS is
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monitored and the drug dose is selected in a similar sequence. If there is no effect
or insufficient effect, the drugs of the ranked list of antihistamines are successively
replaced (Table 2).

P. 4 If there is no effect after 2 weeks from the appointment of the last antihista-
mine from the list of ranked antihistamines, a combination treatment is prescribed
taking into account their compatibility: antihistamine No. 1 + antihistamine No. 2
(Table 2) and in a similar sequence, the blood pressure is monitored and the dose
of the drug is selected.

P. 5 If there is no effect after 2 weeks from the prescription of the combina-
tion of AGP No. 1 + AGP No. 2, a combination of AGP No. 1 + AGP No. 3 is
prescribed (if No. 4, 5, etc. of the ranked list are ineffective).

P. 6 If the patient is prescribed combination therapy in accordance with current
medical recommendations, a combination of drugs is prescribed: AGP No. 1 +
AGP No. 2 from the ranked list.

Over the next 2 weeks, the SRS parameters are measured daily, and the trends
of the personal SRS profile are determined. In case of positive dynamics of BP
(normalization trend, trend towards normalization of SRS parameters), treatment
is continued as per the established regimen until it is completely normalized. If
there is no normalization trend after 5 days from the start of treatment or a nega-
tive trend is detected (i.e., if deviations of SRS parameters from the norm worsen),
the dose of the first-line drug is gradually increased every 1-2 days within the
limits and proportions established for this AGP until BP is normalized. If there
is no effect or the effect is insufficient, the dose of AGPNel of the second line is
increased.

P. 7 If there is no effect after 2 weeks from the start of treatment, antihyper-
tensive drug No. 2 from the ranked list is replaced with antihypertensive drug
No. 3 (if No. 4, 5, etc. from the ranked list are ineffective) until blood pressure is
completely normalized.

Based on the proposed algorithm, we have developed an expert system “Moni-
toring and correction of SRS indicators” (Expert system), which allows, based on
the SRS personal profile, to automatically select the most effective AGP.

The experience of testing the proposed approach shows its absolute effective-
ness.

The study involved 272 patients over 60 years of age suffering from hyperten-
sion, including 167 (61.4%) women and 105 (48.6%) men. The average age in the
female group was 77.2 years, in the male group — 71.5 years. Depending on the
stage of the disease, which was determined in the established manner based on risk
factors, degree of blood pressure, damage to target organs, the presence or absence
of associated clinical conditions, the patients were combined into 3 groups. The
first group included 13 patients (7 women and 6 men) with stage I of the disease,
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the second — 114 (67 f; 47 m) patients with stage II hypertension; the third — 145
(93 f; 52 m) patients with stage III hypertension.

Results:

In group I, the deviation in mean blood pressure was +9.6+2.3%; in group II
+17.3%3.7%; in group III +33+4.3%.

The greatest range of SV values was observed in group I: SV - from -37%
to +67%; HR - from 47 to 133 beats per minute; TPR - from -23% to + 55%; in
group II, SV values were in a narrower range: SV - from -42% to +52%; HR - from
56 to 112 beats per minute; TPR - from -19% to + 44%; in group III: SV - from
-35% to +33%; HR - from 45 to 98 beats per minute; TPR - from -6% to + 69%.
The most frequent ratio of SV values in group I was decreased SV, normal HR,
and increased TPR; in group II - normal SV, normal HR, and increased TPR; in
group III — increased SV, normal heart rate and increased total peripheral vascular
resistance.

During the treatment, the duration of which was 4 weeks, the target value of
mean BP of 90-95 mm Hg was achieved in all patients of group 1 without excep-
tion, without changing medications. In group 2, mean BP decreased by 15.1%,
reaching the target value in 104 patients (91.2%); three patients had to change
one medication due to low treatment efficacy; in group 3, mean BP decreased by
21.7%, reaching the target value in 133 patients (91.7%); 17 patients needed to
adjust drug therapy.

Thus, the choice of treatment for hypertension based on the analysis of the
personal profile of the SGS is a highly effective therapeutic method. This approach
does not exclude, but only complements the Recommendations established by
professional communities. The remote format of the diagnostics and treatment
facilitates the patient’s contact with the doctor and is fully consistent with the
conceptual position of the strategy of actions in the interests of senior citizens of
the Russian Federation, approved by the Decree of the Government of the Russian
Federation of 05.02.2016 No. 164-r, on the need to expand the range of medical
services at home.

Taking into account the personal profile of the SHD when choosing rational
therapy allows to reduce to zero possible errors associated with the variability of
the hemodynamic effect of AG. Remote monitoring of reference indicators of the
SHD (HR, OPSS, SV) makes it possible to titrate the doses of AG and consolidate
the achieved results. We believe that the widespread use of the method of remote
monitoring and correction of the SHD in the treatment of hypertension will signifi-
cantly reduce the cardiovascular risks associated with the development of POM,
ACS, their severe, including fatal complications, and the overall negative impact
of hypertension on public health.
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Abstract. According to autopsy data, metastasis to the spine occurs in more
than 70% of cancer patients. Treatment of patients with this pathology is mainly
palliative. The practice of spinal oncology is becoming more variable as innovations
in surgical technology appear, which can reduce the volume of intervention with
maximum preservation of the quality of life. One of such treatment methods is
laser interstitial thermotherapy.

Objective: to analyze the effect of laser interstitial thermotherapy in patients
with space-occupying lesions of the spine on the preservation of functional activity,
neurological status and quality of life.

Materials and methods: the study included 60 middle-aged patients with a
space-occupying lesion of the spine. Two groups of 30 people were formed. Patients
of the study group were operated using the LAHTA-MILON semiconductor laser.
The surgical intervention was performed in 2 stages: Stage 1 - transcutaneous
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intracapsular exposure to paravertebral tumor nodes under ultrasound navigation
using a laser. Stage 2 - intraoperative exposure to tumor tissue located directly
near the dural sac and root. The general condition of patients was assessed
before the operation, after it (Ist day) and before discharge from the hospital
(7-10th days). If patients had motor disorders, their severity was assessed on a
five-point scale. The study of sensory disorders included identifying changes in
superficial and deep types of sensitivity, and the nature of the disorders (segmental
or conductive) was also determined. To assess the results of surgical treatment
and quality of life in the pre- and postoperative period, the Frankel scale was
used in both groups. Mathematical and statistical analysis of the results was
performed using the standard STATISTICA 10.0 for Windows 10 software package
for personal computers. Results: According to our data, movement disorders
were detected in 55 of 60 patients (91.7%). On the 10th day after the surgery,
regression of movement disorders occurred both in the comparison group and
in the study group - in 16.7% and 26.7% of patients, respectively. The number of
patients with movement disorders decreased by this time. Sensory disorders were
initially detected in 58 (96.7%) of 60 patients. On the 10th day afier the surgery,
sensory disorders of varying degrees were detected in 22 (73.3%) patients in the
study group, and in 23 (76.7%) patients in the comparison group. A month later,
regression of sensory disorders was also observed. in the study group from 96.7%
to 46.7%, in the comparison group - from 96.7% to 60%, which is statistically
significant. Radicular pain syndrome was initially detected in 41 (68.3%) patients,
and in the comparison group it was detected in 19 (63.3%) patients, and in the
study group in 21 (73.3%) people. On the 10th day after the operation, radicular
pain syndrome regressed in 47 (78.3%) of 60 patients and persisted in 13 (21.7%)
patients. At the same time, in both groups it persisted in 6 (20%) and 7 (23.3%)
patients, respectively. It was noted that in the group where LITT was used, the
functional results of patient treatment were significantly better already on the 10th
day after the operation in comparison with the comparison group. Thus, in the
study group, a good result was obtained in 4 (13.3%) patients, satisfactory - in 16
(53.3%), unsatisfactory - in 10 (30.3%) people. In the comparison group, by this
time, good results were achieved in 2 patients (6.7%), satisfactory in 8 patients
(26.7%), and unsatisfactory in 20 patients (66.6%,). The use of a surgical laser
during operations to remove tumors of the lumbosacral region allows to reduce
bleeding in the study and comparison groups, respectively (210.5 = 20.6) and
(350.0 £21.3) ml, (498.7 +75.9) and (910.5 + 97.6) ml.

Conclusion: The use of the LAKHT-MILON laser in comparison with
exclusively traditional surgical methods reduces traction and, consequently,
trauma to the spinal cord and its roots, provides lesser severity of neurological
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symptoms and a higher level of quality of life for patients in the postoperative
period.

Keywords: laser, laser interstitial thermotherapy, metastases to vertebral
bodies, space-occupying lesions of the spine.

Introduction. Spinal metastases are the third most common sites of cancer
after the lungs and liver. According to autopsy data, vertebral metastases are found
in more than 70% of patients with cancer. When examining the distribution of
metastatic lesions in the spinal column, the thoracic and thoracolumbar regions
(TLR) are affected in 70.3% of cases, the lumbar and sacral regions (LSR) in
21.6%, and the cervical region (CR) in 8.1% of patients. The largest number of
cases of TLR metastasis are associated with lung cancer and breast cancer, while
the lumbosacral region is most often affected by prostate cancer metastases.[1],[3]
Treatment is mainly palliative, focused on neurological preservation, restoration
of spinal stability, pain relief, and tumor growth control [4], [5], [6]. The prac-
tice of spinal oncology is becoming more variable with the emergence of innova-
tions in surgical technology, immunotherapy, targeted chemotherapy, most often
used in combination with radiation therapy. [2] The complexity of the selection
of the treatment method is also due to the frequent presence of concomitant pa-
thology in patients in the context of cancer progression, paraneoplastic syndrome.
Accordingly, the requirements for surgical intervention in these patients should
meet the requirements of minimally invasiveness, a lower risk of postoperative
complications and effectiveness. The goal of surgical intervention is to ensure
stabilization and decompression. [4], [39] In recent years, laser interstitial thermo-
therapy (LITT) has been used in neurosurgery, where it has widely demonstrated
its effectiveness in relation to intracranial pathologies as a combination therapy,
together with chemotherapy. [3], [10], [11], [14], [15], [33], [35], [36]. According
to a systematic literature review in PubMed up to 2023 analyzing the available
data on the use of laser interstitial thermotherapy (LITT) in spinal neurosurgery,
patients received LITT for spinal metastases with compression fracture[9], [11].
Most lesions were thoracic (88.8%). All studies reported effective local disease
control due to reduction of epidural compression after 30 days. The complication
rate was 12.6%, but most were transient, and only 3.4% of patients required re-
vision surgery. The literature on the use of LITT in spinal lesions is new, and its
effectiveness is still debated.[3],[5]

We present preliminary results of the use of laser interstitial thermotherapy
in the treatment of patients with metastatic spinal lesions. The clinical material is
based on the results of surgical treatment of 60 patients with extramedullary tum-
ors (EMT), operated on in NSC No. 1 in the period 2021-2024 (Table 1).
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Table 1
Study Number | Gender Middle | Secondary | neurino- | neurofi-
group of age tumors mas bromas
patients
Study group 30 M-18 (60%) | 51,442,31 | 19 (63,4 %) | 7 (23,3 %) |4 (13,3 %)
K-12 (40%)
Comparison 30 M-21 (70%) | 49,242,1 | 14 (46,6 %) | 10 (33,4 %) | 6 (20 %)
group K-9 (30%)
Total 60 M-39 (65%)
K-21 (35%)

Objective. To analyze the effect of laser interstitial thermotherapy in patients
with space-occupying lesions of the spine on the preservation of functional activ-
ity, neurological status and quality of life.

Materials and methods. A total of 60 people took part in the study, of which
two groups were formed: the study group (n = 30) and the comparison group (n
= 30). Patients in the study group were operated on for EMO using the LAKHT-
MILON semiconductor laser, 0.97 um wavelength, 5 W power, registration cer-
tificates No. 29/01050603/5828-03 and No. FS 022b2003/2932-06. The surgi-
cal intervention was performed in 2 stages: Stage 1 - in the preoperative period,
percutancous intracapsular exposure was performed on the tumor nodes located
paravertebrally under ultrasound navigation using a laser apparatus of the surgical
hyperthermic mode with a power of 5 W in pulsed mode, the duration of exposure
is 1 second, the interval is 0.7 seconds; the total duration of the period is 3 minutes
(periods with a change in the position of the needle in the node), (visually until
the echo signal of the tumor tissue changes). Stage 2 - intraoperative exposure to
tumor tissue located directly near the dural sac and root.

At the first stage, 10 patients underwent selective angiography of the tumor
vessels with simultaneous partial laser vaporization of the paravertebrally located
node of the space-occupying lesion.

A segmental artery and a pronounced vascular network of the tumor were vi-
sualized.
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Figure 3. MRI after the procedure
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When performing laser vaporization under selective angiography control, data
on effective ablation of the tumor vascular network was obtained in all cases,
which significantly reduces blood loss during subsequent open intervention. The
obtained MRI data allow calculating the zone and volume of impact on the tumor
tissue and the degree of node reduction.

20 patients underwent laser vaporization of the extravertebral tumor node un-
der dynamic ultrasound control.

Figure 5. Ultrasound during the procedure

In the figure, the arrow with a dotted line is the position of the needle with the
tissue vaporization zones of the space-occupying lesion, the arrow with a solid line
is the vaporization zone in the area parallel to the needle positioning.

By the histological structure of neoplasms: the largest group was secondary -
19 (63.4%), neurinomas - 7 (23.3%), neurofibromas - 4 (13.3%). The comparison
group consisted of 30 patients. In this group, surgical treatment was performed by
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traditional methods. Of the 30 patients in the comparison group, the histological
structure of tumors was as follows: secondary tumors - 14 (46.6%), neurinomas
- 10 (33.4%), neurofibromas - 6 (20%). Patients of both groups were initially re-
liably comparable with each other by the following parameters: 1) Age; 2) age
category; 3) initial level of quality of life; 4) localization of the tumor process
relative to the axis of the spine, spinal canal and surface of the spinal cord; 5)
prevalence of the tumor process. All patients underwent clinical and neurological
examination. It was supplemented by MRI, MS CT, and spondylography data. At
the first stage of surgical treatment, the study group used selective angiography
and ultrasound. During the second stage, a cavitation ultrasonic surgical aspira-
tor (CUSA) was used, combining its use with laser ablation. The general condi-
tion of patients was assessed before surgery, on the 1st day after surgery and on
the 7th—10th day - immediately before discharge. If patients had motor disorders,
their severity was assessed using a five-point muscle strength assessment scale
[12]. The study of sensory disorders included identifying changes in superficial
and deep types of sensitivity, and the nature of the disorders (segmental or con-
ductive) was also determined. To assess the results of surgical treatment and the
quality of life in the pre- and postoperative periods, the Frankel scale [4] was used
in both groups. Mathematical and statistical analysis of the obtained results was
performed using the standard STATISTICA 10.0 for Windows 10 software pack-
age for personal computers [12]. The following parameters were used for tumor
removal: a power of 5 W in pulsed mode, an exposure duration of 1 second, an
interval of 0.7 seconds inside the node, and a continuous mode with a power of 3-5
W when performing superficial ablation under visual control. The total dose was
from 1000 to 3000 J per period. Laser radiation was delivered to the tumor at the
first stage transcutaneously through a sterile quartz light guide with a diameter of
300 um using a G11 Yamshidi needle, and at the second stage - a 500 um diameter
LED using a special attachment included in the device kit.

Results. According to our data, it can be concluded that movement disorders
are one of the most common symptoms in patients with EMO. They were detected
in 55 of 60 patients, which accounted for 91.7% of cases. In the comparison group,
they occurred in 27 (90%) patients, in the study group - in 28 (93.3%) people.
These indicators do not statistically significantly differ from each other. On the
10th day after the operation, regression of movement disorders was observed both
in the comparison group and in the study group - in 16.7% and 26.7% of patients,
respectively. The number of patients with movement disorders by this time de-
creased in the control group from 90 to 73.3%, in the main group - from 92.9 to
66.6%. A month later, regression of motor disorders was also observed: in the
comparison group - from 90 to 56.7%, in the study group - from 92.9 to 43.3%.
Moreover, where the LAKHT-MILON laser was used during the operation, their
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early regression was statistically significantly observed in a larger number of pa-
tients in comparison with the patients of the comparison group, which was prob-
ably due to the possibility of minimizing the risk of bleeding and reducing traction
effects during open surgery.

Sensory disorders were initially detected in 58 (96.7%) of 60 patients. More-
over, equally in the study group - in 29 (96.7%), and in the comparison group - in
29 (96.7%) people. Disorders of superficial sensitivity in the clinical picture of
patients with EMO at stage I of the disease were diagnosed in 35 (58.3%) patients
out of 60. In the study group, they were in 17 (56.7%) people, in the comparison
group - in 18 (60%). In stages II and III of the disease, conduction-type disorders
and muscular-articular proprioception disorders came to the forefront, detected
in 25 (41.7%) patients out of all. In the study group, they were diagnosed in 13
(43.3%) patients, in the comparison group - in 12 (40%). All patients after the sur-
gery showed positive dynamics of varying severity, which consisted in a decrease
in sensory disorders. Moreover, in patients who underwent treatment using the
LAKHT-MILON laser, statistically significant and early regression was noted.
Thus, on the 10th day after the surgery, sensory disorders of varying degrees were
detected in 22 (73.3%) patients in the study group, and in 23 (76.7%) patients in
the comparison group. A month later, regression of sensory disorders was also
observed: in the study group from 96.7% to 46.7%, in the comparison group -
from 96.7% to 60%, which is statistically significant. Radicular pain syndrome
was initially detected in 41 (68.3%) patients, and in the comparison group it was
detected in 19 (63.3%) patients, and in the study group in 21 (73.3%) people. In
all cases, the pain was unilateral and corresponded to the localization of the tumor
node. On the 10th day after the operation, radicular pain syndrome regressed in
47 (78.3%) of 60 patients and persisted in 13 (21.7%) patients. At the same time,
in both groups it persisted in 6 (20%) and 7 (23.3%) patients, respectively. After
3—4 weeks from the moment of tumor removal, patients still had residual pain as-
sociated with irritation of the spinal cord roots: in the comparison group, radicular
pain was diagnosed in 3 (10%) patients, and in the study group in 1 (3.3%) patient.

To evaluate the results of surgical treatment, all patients were initially divid-
ed into 4 functional classes based on their quality of life. It was found that both
groups were initially in equal conditions for this parameter. Surgical treatment
in all patients led to regression of neurological symptoms and, thus, to an im-
provement in the quality of life. Moreover, it was noted that in the group where
LITT was used, the functional results of patient treatment were significantly bet-
ter on the 10th day after surgery compared to the comparison group. Thus, in the
study group, a good result was obtained in 4 (13.3%) patients, satisfactory - in 16
(53.3%), unsatisfactory - in 10 (30.3%) people. In the comparison group, by this
time, good results were observed in 2 (6.7%) patients, satisfactory - in 8 (26.7%)
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and unsatisfactory - in 20 (66.6%) patients. Further evaluation of the functional
results of surgical treatment (21-28 days after the operation) showed that statisti-
cally significantly higher good results of surgical treatment were also obtained in
the study group. Good results were obtained in 13 (43.3%) patients, satisfactory
results in 15 (50%), and unsatisfactory results in 2 (6.7%) patients. In the compari-
son group, after a month, good results were obtained in 6 (20%) patients, satisfac-
tory results in 15 (50%), and unsatisfactory results in 9 (30%) people. There were
no fatal outcomes among all the operated patients in any case.

Having analyzed the results of surgical treatment, obtained depending on the
phases of the oncological process, we found a tendency for the number of unsat-
isfactory results to increase as the process of transverse SM damage progresses.
In patients who were in the phase of partial and complete transverse lesion of the
spinal cord, the highest number of unsatisfactory results was statistically signifi-
cantly found compared to patients who were in the irritative phase of the disease.
At the same time, the number of unsatisfactory treatment results was statistically
significantly lower in cases where LITT was used. The results of the study show
that ten days after the operation in the main group, 7 patients (23.3%) with partial
compression and 2 (6.7%) with complete compression demonstrated satisfactory
outcomes. In the control group, these figures were 13 (43.3%) and 5 (16.7%),
respectively. A month later, the situation did not change: in the study group, the
number of patients with unsatisfactory results decreased to 2 (6.7%) with partial
and to 1 (3.3%) with complete compression, while in the control group there were
6 (20%) and 3 (10%). The average blood loss during EMT removal was (192.6 +
17.3) ml in the study group and (359.5 + 16.8) ml in the comparison group. The
use of a surgical laser in operations to remove tumors in the lumbosacral spine
demonstrated a statistically significant decrease in intraoperative blood loss by
almost two times: (210.5 £ 20.6) ml in the study group versus (350.0 +21.3) ml in
the control group. A clear decrease in blood loss during surgery on large tumors
with high density and severe bleeding was proven, since after laser treatment the
density and bleeding of the neoplasm significantly decreased, which made it pos-
sible to use an ultrasonic disintegrator.

The use of laser technology in microsurgical removal of EMT of various loca-
tions and sizes contributed to an increase in the overall level of total resections by
6.7%. According to our data, in the study groups, the percentage of complete tu-
mor removal was 100.0% (30 patients) in the study group and 93.3% (28 patients)
in the comparison group. These results are statistically significant.

Thus, the use of the LAHTA-MILON laser in the process of resection of EMOs
of various sizes and locations makes it possible to achieve complete removal of tu-
mors. It is noteworthy that even hourglass-type tumors were successfully removed
in one stage without the need to expand the surgical approach. Postoperative over-
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view spondylography served to verify the scope of surgical intervention and con-
firmed the effectiveness of the implemented laser technologies. Hemilaminectomy
at two or more levels was performed in 10 (33.3%) patients; among them, 2 (6.7%)
had EMO spread to two vertebrae, and 8 (26.7%) had EMO spread to three ver-
tebrae. In cases of extensive EMO, in 2 (6.7%) patients, hemilaminectomy was
performed at four levels. In situations where tumor tissue caused destruction of
the arches, laminectomy at two or more levels was performed in 2 (6.7%) patients.
In the control group, access was achieved only through laminectomy, while the
articular processes were preserved, and the operation was performed in all patients
at two to four levels.

Conclusions. Safe and effective parameters of the LAKHT-MILON laser for
microsurgical resection of EMO are: 5 W power in pulsed mode, 1 second expo-
sure duration, 0.7 second interval inside the node and continuous mode with 3-5
W power when performing superficial ablation under visual control.

The use of the LAKHT-MILON laser, in contrast to traditional surgical meth-
ods, allows to significantly reduce intraoperative traction and, as a result, minimize
trauma to the spinal cord and its roots. This leads to less pronounced neurological
symptoms and improved quality of life for patients in the postoperative period.
Due to the pronounced coagulating properties of the LAKHT-MILON laser, intra-
operative blood loss can be reduced almost twofold during operations to remove
EMOs, depending on their volume, bleeding, and prevalence, and the level of total
tumor removal can be increased by an average of 6.7% compared to traditional
methods. The use of the developed innovative laser surgery technologies using
the LAKHT-MILON laser allows for a significant reduction in the trauma of the
surgical approach and the resection of EMOs through hemilaminar approaches,
while preserving the articular processes of the vertebrae. Conclusion. Despite the
use of this technology, known for more than several decades [12], LITT has only
recently been introduced into neurosurgery, especially for the treatment of intra-
cranial lesions [13] and epilepsy surgery [14]. The current literature has shown
that LITT is an effective therapeutic option for the treatment of intracranial lesions
[13]. However, there is still a research gap regarding its use in spinal lesions. LITT
has been effectively used to treat intracranial lesions [10],[11], liver [23], and bone
[24]. The biggest advantage of this technology is its compatibility with intraopera-
tive MRI, which ensures the accuracy of the procedure in real time. As the heat
reaches the target tissue, thermal changes in the surrounding tissue are calculated
and converted into a heat map, which allows neurosurgeons to monitor in real time
not only the intensity of the delivered heat but also the speed of spread, making it
possible to modify the dose and target intraoperatively [24],[25].

Due to the high level of accuracy provided by MRI, this procedure is reported
to be safe even for the most sensitive organs.
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These clinical cases demonstrate the effectiveness of spinal laser interstitial
thermotherapy as an adjunct to surgery for metastatic spinal lesions. Energy is
transferred from the laser to the surrounding tissue, causing thermal damage suf-
ficient to cause tumor cell death and coagulative necrosis [3],[38]. The extent of
tissue damage is based on a thermal response model in which there is a correlation
between temperature, duration of exposure, and subsequent damage, as confirmed
by histological examination data — large areas of tumor tissue rarefaction have
been identified. Tumor size reduction can be achieved through direct laser action.

In addition, tumors with an extensive blood supply network require less pre-
operative preparation due to vascular ablation. Intraoperatively, a decrease in the
volume of blood loss during tumor removal is noted.
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Annotation. Introduction. Post-COVID syndrome in women of reproductive
age is often accompanied by hormonal, vascular and metabolic disorders.
Micronutrient deficiency can aggravate the restoration of reproductive function
and disrupt the course of gynecological diseases.

Objective: To assess the impact of nutritional support and micronutrient intake
on reproductive health restoration in women who have had COVID-19.

Materials and methods. The study included 135 women of reproductive age.
Group I (n = 80) received a complex of nutrients (vitamin D, magnesium, zinc,
arginine, omega-3, etc.) along with standard therapy. Group II (n = 55) received
only basic therapy. Hormonal, vascular, and ultrasound parameters, as well as
psychoemotional state, were assessed. Statistical processing was performed using
SPSS 23.0; p < 0.05 was considered significant.

Results. Women in Group I showed improvement in all key parameters:
vitamin D levels increased to 32.4 £ 4.5 ng/ml versus 21.8 + 3.9 in Group II;
IL-6 decreased to 6.2 + 1.4 pg/ml (9.1 + 1.8 in Group II); NO levels increased to
22.1 £ 2.2 umol/l. Endometrial thickness was 8.4 + 1.0 mm versus 6.7 £ 1.2 mm,
and AMH levels were 2.7 + 0.6 ng/ml versus 1.9 + 0.5, respectively. A significant
decrease in anxiety and stabilization of the menstrual cycle were also recorded.
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Conclusion. The use of nutritional support significantly increases the
effectiveness of women’s rehabilitation after COVID-19, promotes the restoration
of reproductive function and improves the general condition of patients.

Keywords: nutritional support, micronutrients, reproductive health,
COVID-19, restorative therapy.

Introduction. The post-COVID period in women of reproductive age is char-
acterized by a complex of disorders affecting the endocrine, vascular and immune
systems. An increasing number of observations indicate persistent changes in the
menstrual cycle, ovarian dysfunction, as well as an increased risk of inflammatory
and vascular complications, especially in patients with concomitant gynecological
pathology [9, 13].

One of the significant factors contributing to the development of these condi-
tions is micronutrient deficiency, which occurs both as a result of infection and
against the background of systemic inflammatory and metabolic imbalance [1, 7].
Deficiency of vitamin D, magnesium, zinc, selenium, arginine and a number of
other nutrients is associated with impaired regulation of vascular tone, immune
response and hormonal homeostasis [11, 14]. These links are especially vulner-
able in women who have had a coronavirus infection and often require deeper
restorative intervention that goes beyond symptomatic therapy. Against this
background, there is growing interest in the use of nutritional support as a patho-
genetically substantiated approach that can not only replenish the deficiency of
vital substances, but also promote regression of inflammatory, vascular and neu-
roendocrine disorders. The use of micronutrients as part of complex rehabilitation
schemes can play a key role in normalizing reproductive function in women who
have had COVID-19 [1, 3, 7].

The aim of the study is to determine the effectiveness of nutritional support and
micronutrient intake in restoring women’s reproductive health after COVID-19
infection based on the analysis of hormonal, vascular, laboratory and ultrasound
parameters.

Materials and methods. The clinical study was conducted at a specialized
gynecological hospital as part of an observational program for the rehabilitation of
women of reproductive age who had COVID-19. The study included 135 patients
aged 18 to 45 years who had a confirmed coronavirus infection at least 6 months
before seeking treatment and had reproductive health problems. The clinical mani-
festations were predominantly menstrual disorders, signs of ovarian dysfunction,
secondary infertility, chronic inflammatory diseases of the pelvic organs, endome-
trial hypoplasia, and manifestations of endometriosis.

To assess the effectiveness of nutritional support, the women were divided into
two comparable groups. The first group (n = 80) included patients who, along with
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standard therapy for the underlying gynecological disease, were prescribed tar-
geted nutritional correction. The program included taking vitamin D3 (at a dose of
2000-4000 IU per day), magnesium in the form of citrate or orotate (300-400 mg),
zinc (25-30 mg), calcium (up to 1000 mg), arginine (at a dose of 2 g / day) and
omega-3 polyunsaturated fatty acids (up to 2 g / day). The duration of nutritional
support was at least eight weeks. The second group (n = 55) included patients who
received only standard drug therapy without additional nutritional correction.

The inclusion criteria for the study were: age 1845 years, proven history of
coronavirus infection, absence of severe somatic or oncological pathology, pre-
served reproductive function, and voluntary informed consent. Women with se-
vere metabolic disorders, endocrine pathology (including diabetes mellitus), as
well as those who had previously received vitamin and mineral complexes on a
regular basis, were excluded from the study.

A comprehensive assessment of the effectiveness was performed before the
start of therapy and after eight weeks of observation. The levels of sex hormones
(FSH, LH, estradiol, progesterone, AMH), vitamin D, magnesium, zinc, folates,
as well as the levels of C-reactive protein and proinflammatory cytokines (in par-
ticular, interleukin-6) were studied. The vascular component was assessed by the
levels of nitric oxide and endothelin-1 in plasma. In addition, an ultrasound exami-
nation of the pelvic organs was performed to assess the condition of the endome-
trium, the structure and size of the ovaries, the thickness and echogenicity of the
functional layer. Functional restoration of the reproductive system was analyzed
by the dynamics of the menstrual cycle, complaints of premenstrual syndrome,
the presence of ovulation, as well as by the subjective quality of life scale. Psy-
choemotional status was assessed using the Spielberger scale and the visual ana-
logue anxiety scale.

Statistical data processing was performed using the SPSS 23.0 package. De-
scriptive and comparative statistics methods were used, including Student’s t-test,
Mann-Whitney U-test and Pearson correlation analysis. The significance level of
p < 0.05 was considered statistically significant.

Results. The analysis showed significant differences in clinical, laboratory
and functional parameters between the groups, indicating a significant effect of
nutritional support on the restoration of reproductive health in women after CO-
VID-19 infection. Against the background of complex nutritional therapy (group
I), there was a significant improvement in vitamin and mineral status, a decrease
in the severity of the inflammatory response, restoration of vascular tone, as well
as positive dynamics of reproductive parameters. In particular, menstrual cycle
parameters were normalized, the thickness and structure of the endometrium im-
proved, and the level of anti-Miillerian hormone as a marker of ovarian reserve
increased. In addition, patients in the first group showed a decrease in IL-6 levels,
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accompanied by an increase in nitric oxide synthesis, which reflects the restoration
of endothelial function and a decrease in systemic inflammation.

In women who did not receive nutritional support (Group II), improvements
were less pronounced or were statistically insignificant. Moreover, in some cases,
signs of micronutrient deficiency and dysfunction of vascular-hormonal regula-
tion persisted. All key differences between the groups in laboratory and clinical
parameters are presented in Table 1.

Table 1.
Comparative indicators between groups of patients
Indicators Group I (with Group II (without | p-value
nutritional support) | nutritional support)
Vitamin D (ng/ml) 324+45 21.8+3.9 <0.001
Magnesium (mmol/l) 0.83 £0.08 0.71 £0.07 <0.01
Zinc (umol/L) 126+1.9 94+1.6 <0.01
IL-6 (pg/ml) 62+14 9.1+1.8 <0.01
NO (umol/L) 22.1+£2.2 18.7+2.0 <0.01
AMH (ng/ml) 2.7+0.6 1.9+0.5 <0.01
Endometrial thickness (mm) 84+1.0 6.7+1.2 <0.001
Menstrual cycle (duration, 285+ 1.6 30.1£23 <0.05
days)
Anxiety assessment (scores, 224+32 273+3.8 <0.01
Spielberger scale)

Discussion. The results of this study confirm that the use of nutritional sup-
port in women who have had COVID-19 has a significant positive effect on the
restoration of reproductive function. A significant increase in the levels of vitamin
D, magnesium and zinc in the first group was accompanied by normalization of
hormonal levels, improvement in the morphometric characteristics of the endome-
trium and a decrease in markers of systemic inflammation. This is consistent with
modern concepts of the importance of micronutrients in the regulation of vascular-
hormonal and immune balance in women in the post-infection period [1, 7, 11].
The data obtained also confirm the role of vitamin D as a modulator of sexual
function, involved in the regulation of steroid hormone synthesis, differentiation
of endometrial tissue and ensuring immune tolerance in the uteroplacental link [1].
Its deficiency, widespread in the post-COVID period, is associated with menstrual
irregularities, ovarian dysfunction and decreased fertility. Restoration of vitamin
D levels was accompanied by an improvement in AMH levels and normalization
of ovulatory cycles, which is consistent with the observations of a number of other
authors [13].
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An increase in nitric oxide concentration and a decrease in IL-6 in women
who received nutritional therapy reflects the positive effect of amino acids and
omega-3 fatty acids on vascular tone and anti-inflammatory mechanisms. This is
especially important in the context of persistent endothelial dysfunction typical of
the post-COVID state [14]. Restoration of microcirculation and a decrease in the
pro-inflammatory cytokine background play a key role in endometrial reparation
and stabilization of the menstrual cycle. Normalization of the psychoemotional
state, recorded by a decrease in anxiety scores, can be due to both the direct ef-
fect of nutrients on neurotransmitter metabolism (in particular, magnesium and
omega-3) and a general improvement in the somatic state. This emphasizes the
need for an integrative approach to the rehabilitation of women after COVID-19,
including both pharmacotherapy and nutritional support [3, 9].

The conducted study confirms the high clinical effectiveness of nutritional sup-
port as an important element of restorative medicine in women of reproductive
age. The multidirectional action of vitamins, microelements and amino acids pro-
vides a holistic effect on endocrine, vascular and immune regulation, which makes
this approach pathogenetically justified.

Conclusion. The study showed that the inclusion of nutritional support in the
complex therapy of women who have had COVID-19 contributes to a significant
improvement in the reproductive state. Against the background of taking vitamin
D, magnesium, zinc, arginine and omega-3 fatty acids, there was a restoration of
hormonal balance, normalization of microcirculation, a decrease in inflammatory
activity and an improvement in the morphofunctional characteristics of the en-
dometrium. In addition, the positive dynamics also affected the psychoemotional
sphere, which enhanced the overall clinical improvement. The data obtained con-
firm the pathogenetic feasibility of prescribing nutritional components in the post-
COVID rehabilitation program for women of reproductive age. This approach can
increase the effectiveness of restorative therapy, reduce the time it takes to normal-
ize the menstrual cycle and improve fertility prospects. The results of the study
can serve as a basis for developing personalized nutritional correction regimens
and including this strategy in standardized protocols for medical care for women
in the post-COVID period.
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Abstract. Prerequisites for the problem. Currently, the construction industry
widely uses superplasticizer C-3 to improve the technological process of concrete
production and improve its quality, but its production faces the problem of
naphthalene deficiency and high cost. In this regard, the development of new
effective and cheap plasticizing additives is relevant.

Objective. Study of the influence of plasticizing additives on the rheological
properties of cement paste and concrete mixtures, on the structure formation of
cement stone and concrete.

Methodology. To study the behavior of concrete when mixed with different
percentages of surfactants, the following test methods were carried out in
accordance with Indian Standards (IS codes): - slump test; -compressive strength
test; - split tensile strength.

Scientific novelty. The influence of the nature of hydrophilic groups of
surfactants on plasticizing activity was studied. It has been shown that SHK with
hydroxyl groups has the best plasticizing properties.

Results obtained. A study of the influence of the nature of the hydrophilic
groups of a surfactant on its plasticizing properties showed that, compared with
sulfo groups, hydroxyl groups, due to their lower molecular weight and greater
hydrophilicity, increase the plasticizing activity of the additive.
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Peculiarities: The patterns of changes in the aggregative stability and
rheological properties of concrete with changes in the nature and ratio of
hydrophilic groups in the surfactant have been established.

Introduction.

Concrete is one of the most widely used materials in the construction of build-
ings and structures. High-strength concrete is one of the most promising structur-
al materials for the development of the construction complex. It is distinguished
by a high level of construction and technical properties, in particular, strength,
waterproofness, reliability, durability, as well as simplicity of technology. The
main methods for optimizing cement concrete are the introduction of chemical
additives. Multifunctional chemical additives can improve the basic parameters of
the workability of concrete mixtures and help improve its physical and mechanical
characteristics [1-3]. When obtaining a high-strength structure, it is necessary to
actively control the structure formation of concrete at all technological stages [4,
5]. The greatest influence on the main characteristics of concrete is exerted by the
structure of the cement matrix, the quality of which largely depends on the param-
eters of its pore space, which depend on numerous technological factors [6, 7].
Based on numerous experimental results obtained by scientists during the study
of the structure of the cement matrix of concrete, a number of techniques have
been developed and proposed [4, 8]. The strength of cement stone decreases as
its porosity increases, and to a much greater extent than the increase in the latter.
Various scientists have found that the ultimate compressive strength of concrete
decreases by 10-15% when its porosity increases by 2-3%.

Yambor [4] studied the dependence of the strength of cement stone of different
mineralogical composition on its porosity. It has also been established that cement
stone with the same pore structure can be characterized by a different crystal struc-
ture and, accordingly, have different strength. This difference is usually explained
by the nature and size of the pores, so the compressive strength increases with de-
creasing pore size [9, 10]. In this regard, the features of the processes of hydration
and structure formation of cement systems in the presence of additives have not
been sufficiently studied. This makes it difficult to develop effective technologies
for concrete composites for construction purposes with high technological and
operational characteristics, which determines the relevance of the research being
carried out.

Methods and materials. The test methods used to determine the optimum mix
of concrete was: slump test -The IS code for slump test is IS 1199. The slump test
procedure involves placing a slump cone mold on a tray with a smooth surface;
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compressive strength test - IS 456:2000: This code covers the characteristic com-
pressive strength of concrete. The test involves testing standard-sized concrete
cubes 150 mm x 150 mm x 150 mm, under a Compression Testing Machine after
28 days of curing; split tensile strength - The IS code procedure for the split ten-
sile test of concrete is IS-516. The test determines the splitting tensile strength
of cylindrical concrete specimens. Distilled water was used to prepare surfactant
solutions. The reagents were obtained at the Institute of General and Inorganic
Chemistry of the Academy of Sciences of the Republic of Uzbekistan.

Results and discussion. Workability of the concrete is has significant role in
proper mixing and placing of concrete in the formwork. The concrete with poor
workability may result in poor workmanship and subsequent reduction in the qual-
ity of concrete with respect to strength and durability. The slump cone test was
conducted to study the workability of concrete with respect to the addition of dif-
ferent surfactants. To determine the most effective method of adding admixture to
concrete mix as per Indian Standards (IS Codes), we conducted a series of tests to
produce the following compositions:

1. Composition No. 1 — control, with the introduction of an additive (A) into
the concrete mixture with mixing water (W) (A+W);

2. Composition No. 2 — introduction of a surfactant into a concrete mixture
already mixed with water at the end of its preparation (W, then A);

3 Composition No. 3 — two-stage mixing of the concrete mixture, in which at
the 1st stage 2/3 of the mixing water is added to the mixture and mixed for 30-40
seconds, at the 2nd stage the remaining 1/3 of the water diluted in it is added add-
ing a surfactant and mixing again until a homogeneous mass is obtained (2/3W,
then 1/3W+A). (according to GOST, slump cone SK = 16-20 cm).

The test results showed that the best results in terms of process ability of the
mixture obtained by two-stage introduction of the additive.

The effectiveness of two-stage mixing of a concrete mixture with water and a
plasticizing additive is explained by the fact that the potential of the plasticizer is
more used when it is separately introduced into the mixture at the end of its prepa-
ration, than with the traditional method of administering the supplement. Since
with the traditional method, part of the plasticizer, along with the mixing water, is
absorbed into the pores and capillaries of the filler, which is simply held in them
in a “blocked” form due to molecular and adsorption forces. Plasticizing additives
significantly affect the workability of concrete mixtures. The results of workability
tests are shown below in table 1 & fig.1
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Table 1
The nature of reagents and their effect on the strength of concrete

SI No. Designation of reagents Compr(;jgfngtrength
N/mm?2
1 UK-P-3006 37.52
2 UK-P-2906 38.01
3 K-PAV 38.90
4 KMK-PAV 36.60
5 GPA-N 38.07
6 GPA-L 37.08
7 F-2 36.06
8 JKG 35.68
9 JKG+G 38.05
10 SMF-02 37.57
11 SMF-2804 35.39
12 SHK 40.20
13 ANSN-2 37.82
14 Pol-SFM 37.00
15 3 GSM 37.52
16 2 GSF 35.75
17 Control 35.65
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Figure 1. Variation of slump value
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For all the concrete mixes the surfactant dosage of 0.5% by weight of cement
was added and the slump cone test was performed. Referring to the variation of
slump value with different surfactants under investigation the slump value of all
the mixes containing the surfactants was found to be higher compared to the slump
value of control concrete mix with no surfactant. The maximum value of slump
value of 156 mm was achieved for the mix SHK which indicates higher workabili-
ty of concrete. Unlike other SHK additives, it has good compatibility with various
cements, which ensures stability of the characteristics of the concrete mixture re-
gardless of fluctuations in the chemical composition of the cement. As the cement
content of concrete increases, the effectiveness of SHK increases, both in terms of
workability and water release of the concrete mixture.

Another main indicator of SHK is the increase in concrete strength. Compres-
sive strength is the one of the important property of concrete which gives the
load carrying capacity of the concrete when the concrete member is subjected to
compressive forces. The following are the compressive strength results (Table 2
& fig.2) obtained for concrete mixes with different surfactants. M30 grade of con-
crete was chosen for the study.

Table 2
Various surfactants and their effect on compressive strength.
SI No. Designation of reagents Comp rt;jgt:ﬁtrength
N/mm?2
1 UK-P-3006 37.52
2 UK-P-2906 38.01
3 K-PAV 38.90
4 KMK-PAV 36.60
5 GPA-N 38.07
6 GPA-L 37.08
7 F-23 36.06
8 JKG 35.68
9 JKG+G 38.05
10 SMF-02 37.57
11 SMF-2804 35.39
12 SHK 40.20
13 ANSN-2 37.82
14 Pol-SFM 37.00
15 3 GSM 37.52
16 2 GSF 35.75
17 Control Mix 35.65
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Variation of Comressive Strength
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Figure 2. Variation of Compressive Strength

For all the concrete mixes the surfactant dosage of 0.5% by weight of cement
was added and the Compressive strength test was performed. Referring to the
variation of Compressive strength with different surfactants under investigation
the compressive strength of all the mixes containing the surfactants was found to
be higher compared to the compressive strength of control concrete mix with no
surfactant. The maximum value of compressive strength obtained is 40.20 N/mm?
for the mix SHK.

There are various practical exposures of the concrete where it is subjected to
the direct or indirect tensile load. The concrete should be able to withstand these
loads without undergoing any failure. The following are the split tensile strength
results (Table 3 & fig.3) obtained for different mixes under investigation.

Table 3
Results of separation of tensile strength with different mixtures
SI No. Mix Designation Split Tensile Strength
N/mm?

1 UK-P-3006 3.74
2 UK-P-2906 3.89
3 K-PAV 3.71
4 KMK-PAV 3.49
5 GPA-N 3.63
6 GPA-L 3.54
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7 F-2,3 3.44
8 JKG 341
9 JKG+G 3.63
10 SMF-02 3.59
11 SMF-2804 3.38
12 SHK 422
13 ANSN-2 2.97
14 Pol-SFM 7 3.53
15 3 GSM 3.58
16 2 GSF 341
17 Control Mix 3.19

Forall the concrete mixes the surfactant dosage of 0.5% by weight of cement was
added and the split tensile strength test was performed. Referring to the variation of
split tensile strength with different surfactants under investigation the split tensile
strength of all the mixes containing the surfactants was found to be higher compared
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Figure 3. Variation of Split Tensile Strength

to the compressive strength of control concrete mix with no surfactant. The maxi-

mum value of split tensile strength obtained is 4.22 N/mm? for the mix SHK.
Conclusions. From the results of the study it was observed that all the mixes

of concrete incorporated with surfactant has resulted in improved workability re-
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sults in terms of slump value and improved compressive strength and split tensile
strength results compared to the control concrete with no surfactant. The concrete
mix containing SHK has resulted in higher workability results in terms of slump
value, maximum compressive strength and split tensile strength of concrete.

Joint grant Uzbekistan-India: UZB-Ind-2021-81 “Development of scientific
foundations for the creation of effective high-molecular surfactants that improve
the technological properties of dispersed systems”
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Abstract. Naringenin, a flavonoid with potent antioxidant properties, has
gained significant attention due to its potential neuroprotective effects. In this
study, we investigate the molecular interactions between Naringenin and two
target proteins, 1P5F (DJ-1) and 3LFN (cyclin-dependent kinase 2, CDK2), both
of which are implicated in Parkinson’s disease (PD), using computational docking
analysis. DJ-1 is a multifunctional protein involved in oxidative stress response,
mitochondrial function, and neuroprotection, with mutations linked to familial
forms of PD. CDK?2, although primarily known for its role in cell cycle regulation,
has been associated with neuronal apoptosis and neurodegeneration, making it a
potential target in PD pathology. Given their involvement in oxidative stress and
neurodegeneration, both proteins are relevant therapeutic targets for PD.

The three-dimensional structures of Naringenin were constructed using
ChemBioOffice 2018 software and the proteins were retrieved from publicly
available database (Protein Data Bank www.rcsb.org) and prepared for molecular
docking analysis. Binding affinities, interaction profiles, and key residues involved
in complex formation were analyzed to determine the stability and specificity of
Naringenin’s interactions with these proteins.

These findings suggest that Naringenin may exert neuroprotective effects by
modulating oxidative stress pathways and enhancing cellular defense mechanisms,
potentially offering therapeutic benefits for Parkinson’s disease.

Keywords: Naringenin, docking, DJ-1, CDK2.
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1. Introduction

1.1.1. Chemical Structure of Naringenin

Naringenin is a flavonoid belonging to the subclass of flavanones, which are
characterized by a 15-carbon backbone structure with a distinct benzene ring. The
molecular formula of Naringenin is C, _H ,O,, and its [IUPAC name is 5,7-dihy-
droxy-2-(4-hydroxyphenyl)-3-chromenone. The structure of Naringenin consists
of a flavonoid skeleton composed of two benzene rings (A and B) connected by a
three-carbon bridge (C-ring), forming a chromenone structure.

The key features of Naringenin’s chemical structure include hydroxyl groups
(-OH) at the 5, 7, and 4’ positions on the aromatic rings. The hydroxyl groups
contribute to Naringenin’s ability to scavenge free radicals and exhibit antioxidant
activity. A double bond between carbons 2 and 3 in the C-ring, which is essential
for its antioxidant activity (See Figure 1).

OH 0

HO I 0 O
OH

(25)-5_7-dihydroxy-2-(4-hydroxyphenyl})-2_3-dihydrochromen-4-one

Figure 1. Chemical structure of Naringenin

This structure makes Naringenin a potent antioxidant by allowing it to donate
electrons to neutralize free radicals and reactive oxygen species (ROS), which are
damaging to cells and tissues.

1.1.2. Antioxidant Properties of Naringenin

Naringenin exhibits significant antioxidant properties, making it a promising
natural compound in the prevention of oxidative stress-related diseases, including
neurodegenerative disorders such as Parkinson’s disease [1]. Several studies have
shown that Naringenin acts through various mechanisms to exert its antioxidant
effects:

1. Free Radical Scavenging:

Naringenin’s chemical structure, with its hydroxyl groups, allows it to
donate electrons to free radicals, thereby neutralizing them and preventing
them from causing cellular damage. The antioxidant properties of Naringenin
have been shown to effectively scavenge a variety of reactive oxygen species
(ROS), such as superoxide anions, hydroxyl radicals, and hydrogen peroxide.
Moreover, Imran et al. (2023), in a comprehensive review of polyphenolic antiox-
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idants, emphasized that Naringenin modulates key oxidative stress-related signal-
ing pathways, such as Nrf2 and MAPK, which contribute to its cytoprotective and
chemopreventive effects [2].

A related mechanistic analysis by Zygmunt K., (2010) also highlighted that
Naringenin’s antioxidant effects involve the upregulation of endogenous antiox-
idant enzymes, including superoxide dismutase (SOD), catalase, and glutathione
peroxidase, providing further evidence of its potential in counteracting oxidative
neuronal damage [3].

Together, these findings consolidate the view that Naringenin acts not only as
a direct free radical scavenger but also as a regulator of intracellular antioxidant
systems, offering promising neuroprotective potential in oxidative stress-related
diseases such as Parkinson’s disease.

2. Reduction of Lipid Peroxidation:

Naringenin has been demonstrated to reduce lipid peroxidation, a process that
results in the formation of harmful lipid peroxides and contributes to oxidative
damage in cells. By inhibiting lipid peroxidation, Naringenin protects cell mem-
branes from oxidative stress.

Cavia-Saiz et al. (2010) showed that Naringenin, compared to its glycosylated
analogue naringin, offers stronger protection against lipid oxidation through radi-
cal scavenging and xanthine oxidase inhibition [4].

In a study on streptozotocin-induced hepatic oxidative stress, Rashmi et al.
(2018) observed that oral administration of Naringenin significantly reduced thio-
barbituric acid reactive substances (TBARS) and hydroperoxides, indicating ef-
fective suppression of lipid peroxidation in vivo [5].

Al-Amer et al. (2023) reported similar findings in renal tissues, where Narin-
genin in combination with coconut water and Arabic gum markedly lowered
malondialdehyde (MDA) levels, a standard marker of lipid peroxidation, thereby
ameliorating gentamicin-induced nephrotoxicity [6].

In a more recent in vivo rodent model, Jian Gao et al. (2024) confirmed that
Naringenin administration significantly mitigated lipid peroxidation in brain tis-
sue under oxidative stress, further substantiating its neuroprotective and mem-
brane-stabilizing effects [7].

Collectively, these findings strongly support Naringenin’s lipid peroxida-
tion-reducing capabilities across multiple organ systems and models, validating
its potential as a protective agent in oxidative stress-related pathologies.

3. Enzyme Modulation:

Naringenin has been shown to modulate a variety of enzymes, contributing to
its wide-ranging therapeutic effects. In particular, Naringenin affects key enzymes
involved in oxidative stress, inflammation, and metabolic pathways. For instance,
a study by Calderaro et al. (2022) highlighted that Naringenin significantly inhib-
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its the activity of pro-inflammatory enzymes such as cyclooxygenase (COX) and
lipoxygenase (LOX), both of which are critical in the development of inflamma-
tion and associated diseases. The authors noted that this modulation helps reduce
inflammatory markers and oxidative stress, reinforcing Naringenin’s role as a nat-
ural anti-inflammatory agent [§].

Similarly, another study by Rabia Naz et al. (2021) demonstrated that Narin-
genin enhances the activity of antioxidant enzymes, such as superoxide dismutase
(SOD) and catalase (CAT), while inhibiting the expression of enzymes involved in
lipid peroxidation. This dual effect suggests Naringenin’s potential as a powerful
antioxidant, capable of protecting cellular structures from oxidative damage [9].

Additionally, Naringenin has been shown to regulate enzymes involved in
drug metabolism, notably cytochrome P450 enzymes. According to a study by
Wang et al. (2024), Naringenin interacts with CYP450 enzymes to influence the
metabolism of various drugs, which has important implications for its pharma-
cokinetics and potential drug interactions [10].

These studies collectively underline the diverse enzyme-modulating properties
of Naringenin, supporting its potential as a therapeutic agent in various oxidative
stress-related and inflammatory diseases, as well as its relevance in pharmacolog-
ical applications.

4. Regulation of the Nrf2 Pathway:

Naringenin, a flavonoid with potent antioxidant properties, has been widely
studied for its role in regulating the Nrf2 (nuclear factor erythroid 2-related factor
2) signaling pathway, which plays a crucial role in the cellular defense against ox-
idative stress. Several studies have highlighted that Naringenin activates the Nrf2
pathway, leading to the upregulation of genes responsible for antioxidant enzyme
production and detoxification processes.

In a study by Zhang et al. (2022), Naringenin was shown to significantly ac-
tivate the Nrf2/ARE (antioxidant response element) signaling pathway in human
hepatocellular carcinoma cells, enhancing the expression of critical antioxidant
enzymes such as heme oxygenase-1 (HO-1) and NAD(P)H dehydrogenase [qui-
none] 1 (NQO1). The authors concluded that Naringenin’s modulation of the Nrf2
pathway contributes to its protective effects against oxidative stress and cellular
damage [11].

Similarly, Xu et al. (2023) demonstrated that Naringenin activates Nrf2 in hu-
man cardiomyocytes, resulting in increased levels of antioxidant enzymes, thereby
reducing inflammation and protecting cells from oxidative damage. Their findings
suggest that Naringenin’s role in Nrf2 activation is critical for maintaining cellular
homeostasis under stress conditions [12].

Furthermore, in a study conducted by Li et al. (2023), it was found that Narin-
genin not only activates Nrf2 but also enhances the Nrf2-mediated transcription of
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genes involved in phase II detoxification, offering protection against environmen-
tal toxins. This activation is considered a vital mechanism through which Narin-
genin exerts its neuroprotective and anti-inflammatory effects [13].

Additionally, Naringenin’s activation of Nrf2 has been linked to its immuno-
modulatory properties. A study by Xiong et al. (2021) confirmed that Naringenin
activates Nrf2 to suppress the NF-kB pathway, leading to reduced production of
pro-inflammatory cytokines. This mechanism is thought to contribute to Narin-
genin’s effectiveness in inflammatory diseases and conditions associated with
chronic oxidative stress [14].

Finally, Naringenin’s regulation of the Nrf2 pathway has been shown to sup-
port its therapeutic potential in neurodegenerative diseases. In an overview by
Zgorzynska et al. (2021), Naringenin was found to enhance the Nrf2 pathway in
neuronal cells, promoting neuroprotection against oxidative damage and reducing
neuroinflammation, which are key processes in diseases such as Alzheimer’s and
Parkinson’s disease [15].

5. Inhibition of Oxidative Stress-Induced Apoptosis:

Naringenin has garnered attention for its ability to inhibit apoptosis induced by
oxidative stress, a key mechanism involved in the pathogenesis of various diseas-
es, including neurodegenerative and cardiovascular conditions. Numerous studies
have demonstrated that Naringenin exerts protective effects by modulating apop-
totic pathways triggered by oxidative damage.

In a study by Shi et al. (2024), Naringenin was shown to reduce oxidative
stress and inhibit apoptosis in human hepatocytes exposed to hydrogen peroxide
(H20:). The authors found that Naringenin significantly upregulated the expres-
sion of anti-apoptotic proteins such as Bel-2 while downregulating pro-apoptotic
proteins like Bax, thereby suppressing the apoptotic cascade [16].

Similarly, a study by Yu et al. (2019) demonstrated that Naringenin inhibits
oxidative stress-induced apoptosis in myocardial cells. The authors reported that
Naringenin mitigated the activation of caspase-3 and reduced the expression of
cytochrome C, both of which are critical markers of apoptosis. This suggests that
Naringenin’s anti-apoptotic effects extend to cardiovascular tissues as well [17].

Further research by Shin et al. (2024) supported these findings by showing that
Naringenin inhibits apoptosis in neuronal cells subjected to oxidative stress. Their
results demonstrated that Naringenin reduced levels of reactive oxygen species
(ROS) and regulated the expression of apoptotic proteins in favor of cell survival.
This suggests Naringenin’s potential in preventing neurodegeneration, especially
in conditions like Alzheimer’s disease [18].

Additionally, a study by Zhang et al. (2017) examined the neuroprotective
effects of Naringenin. They observed that Naringenin effectively decreased oxida-
tive stress-induced apoptosis in dopaminergic neurons, which could be attributed

International Science Conference || 91



Education and Practice in the Context of Modern Science

to its ability to activate Nrf2, a key regulator of antioxidant defenses. This further
highlights the protective role of Naringenin in Parkinson’s disease [19].

Moreover, Naringenin has been shown to exert its anti-apoptotic effects
through multiple signaling pathways. In a study by Khajepour et al. (2024), Narin-
genin was found to suppress apoptosis by modulating the PI3K/Akt signaling
pathway, which is crucial for cell survival and proliferation. By enhancing this
pathway, Naringenin prevented cell death induced by oxidative stress in human
dopaminergic cells [20,21].

Together, these studies reinforce the significant role of Naringenin in inhibit-
ing oxidative stress-induced apoptosis, emphasizing its therapeutic potential for
conditions involving excessive oxidative damage and apoptosis, such as neurode-
generative diseases, cardiovascular diseases, and renal disorders.

The mechanisms of action and Naringenin’s biological relevances summarize
in Table 1. This table highlights the multiple antioxidant mechanisms by which
Naringenin exerts its protective effects on cells, making it a valuable compound in
combating oxidative stress-related diseases.

Table 1.
Antioxidant effects of Naringenin and its biological role

hydroxyl radicals and superoxide
anions

Effect Mechanism Biological relevance
1. Free Radical Naringenin donates electrons to | Prevents cellular damage from
Scavenging neutralize free radicals such as|reactive oxygen species (ROS)

in various tissues, including
brain and liver

2. Reduction of

Naringenin inhibits the oxidation

Protects cell membranes from

Nrf2 Pathway

expression of antioxidant genes

Lipid Peroxidation | of lipids, which prevents the|oxidative  damage,  which
formation of harmful lipid|is particularly important in
peroxides neurodegenerative diseases

3. Enzyme Naringenin modulates antioxidant | Enhances the detoxification

Modulation enzymes like superoxide | of ROS, supporting cellular
dismutase (SOD), catalase, and |defense mechanisms in
glutathione peroxidase oxidative stress

4. Naringenin activates the Nrf2/|Strengthens the cellular

Regulation of the | ARE pathway, increasing the |antioxidant  response  and

increases the defense against
oxidative damage in cells

5. Inhibition of
Oxidative Stress-
Induced Apoptosis

Reduces apoptosis by decreasing
ROS levels and regulating
signaling pathways involved in
cell survival

Prevents cell death and
maintains  cellular  integrity
in various cell types such as
hepatocytes and neurons.

In summary, Naringenin’s chemical structure with hydroxyl groups in key po-
sitions allows it to function effectively as an antioxidant. Its ability to neutralize
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free radicals, reduce lipid peroxidation, modulate antioxidant enzymes, and acti-
vate the Nrf2 pathway highlights its potential as a therapeutic agent for conditions
associated with oxidative stress, including neurodegenerative diseases such PD.

1.2 Overview of Proteins 1PSF and 3LFN

1.2.1. Functions and biological relevance of target proteins

Protein with PDB ID 1P5F is DJ-1, encoded by the PARK7 gene, is a mul-
tifunctional protein critically implicated in cellular defense mechanisms against
oxidative stress and in the pathogenesis of Parkinson’s disease (PD). Initially
identified as an oncogene product, DJ-1 was later found to be associated with au-
tosomal recessive early-onset PD, particularly through loss-of-function mutations
in the PARK7 gene encoding DJ-1 [22].

Functionally, DJ-1 operates as an oxidative stress sensor, redox-sensitive
chaperone, and transcriptional regulator. It undergoes specific oxidation at cyste-
ine residue 106 (Cys106), which is essential for its protective activity. Mutation or
overoxidation at this site impairs its function and contributes to neurodegeneration
[23].

Furthermore, DJ-1 modulates the activity of antioxidant response genes, par-
tially via regulation of the Nrf2 pathway, thereby maintaining redox homeostasis
[24].

Structurally, DJ-1 forms a homodimer and exhibits a characteristic a/p-fold,
which is important for its enzymatic and protective roles. The crystal structure of
IP5SF reveals this dimeric configuration, with the oxidized Cys106 located at a
structurally significant site, supporting its redox-based activity [25].

In addition to its antioxidant properties, DJ-1 influences mitochondrial integ-
rity and dynamics, a critical factor in the survival of dopaminergic neurons. Loss
of DJ-1 function results in increased mitochondrial fragmentation, reduced mem-
brane potential, and heightened vulnerability to apoptosis [26].

The clinical relevance of DJ-1 in PD is further supported by findings in the
Norwegian medical literature, which highlights the role of PARK7 mutations
among other genetic contributors to early-onset Parkinson’s disease, underscoring
its diagnostic and therapeutic potential [27].

Together, these findings establish DJ-1 (1P5F) as a neuroprotective protein
that mitigates oxidative damage, maintains mitochondrial function, and suppress-
es apoptotic pathways —functions highly relevant to the pathophysiology and po-
tential treatment strategies for Parkinson’s disease.

Molecular docking studies have elucidated a range of ligands capable of bind-
ing to DJ-1 (1P5F), revealing promising avenues for therapeutic modulation of
its neuroprotective function. In a flexible docking analysis, Aldakhil et al. (2025)
identified three pharmacological agents — droxicam, pteroylglutamic acid, and
niraparib — as potential DJ-1 ligands. These molecules exhibited strong bind-
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ing affinities, particularly through interactions with key residues such as Cys106,
Glul8, Asn76, and Gly75, suggesting a capacity to modulate DJ-1’s function un-
der oxidative stress conditions [28].

Complementary fragment-based screening approaches further highlighted
isatin as a covalent ligand targeting the Cys106 site. Subsequent optimization led
to analogs with improved DJ-1 affinity, reinforcing the therapeutic potential of
small molecules targeting DJ-1’s redox-sensitive region [29].

In parallel, phytochemical screening by Vijayakumar and colleagues (2021)
revealed punicagluconin, a plant-derived polyphenol, as a candidate ligand exhib-
iting substantial docking scores with DJ-1. This natural compound displayed sta-
bilizing interactions within the protein’s active site, aligning with its documented
antioxidant capacity [30].

Importantly, Kitamura et al. (2011) demonstrated that compound-23, a ratio-
nally designed synthetic ligand, not only bound to DJ-1 with high affinity but also
conferred dopaminergic neuroprotection in Parkinsonian models, suggesting its
utility in disease modification [31].

These findings collectively underscore the structural and functional plasticity
of 1P5F (DJ-1), supporting the feasibility of ligand-based therapeutic strategies
targeting 1P5F in neurodegenerative disease contexts.

Ptotein with PDB ID 3LFN, known as CDK2, is a serine/threonine kinase pri-
marily involved in cell cycle control, particularly in driving the transition from G1
to S phase in proliferating cells. While neurons are post-mitotic and do not typical-
ly undergo cell division, some studies suggest that aberrant activation of CDK2 or
other cyclin-dependent kinases (CDKs) can lead to neuronal apoptosis. Oxidative
stress and mitochondrial dysfunction, both hallmarks of PD, may trigger abnormal
cell cycle re-entry in neurons, leading to neurodegenerative processes [32].

F. J. Diaz-Corrales et al. (2008) indicates that exposure to dopamine can up-
regulate CDK2 and cyclin E in dopaminergic neurons, leading to centrosome am-
plification and subsequent cell death. Inhibiting CDK2 activity in these models
reduced neuronal death, suggesting a direct role of CDK2 in dopaminergic neuron
degeneration. Further investigation is needed to clarify its role in PD pathology
[33, 34].

By targeting both 1P5F (DJ-1) and 3LFN (CDK2), Naringenin may exert
neuroprotective effects by enhancing antioxidant defenses and modulating cell
survival pathways. Molecular docking analysis of Naringenin with these proteins
can help elucidate its potential role in neuroprotection and Parkinson’s disease
therapy.

1.2.2. Potential role of 3LFN and 1P5F in antioxidant-related pathways

Both 3LFN (CDK2) and 1P5F (DJ-1) have been implicated in neuronal signal-
ing, particularly in synaptic plasticity, which is essential for memory and learning.
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Oxidative stress plays a central role in neurodegenerative disorders such as
Parkinson’s disease (PD). The accumulation of reactive oxygen species (ROS)
leads to mitochondrial dysfunction, neuronal apoptosis, and progressive neurode-
generation. DJ-1 (1P5F) is a well-established antioxidant protein, whereas CDK2
(3LFN) has an indirect role in oxidative stress responses, particularly in apoptosis
regulation.

DIJ-1, encoded by the PARK7 gene, is a crucial regulator of cellular redox ho-
meostasis, mitochondrial function, and neuronal survival. It exerts its antioxidant
effects through multiple mechanisms:

—  Nrf2 stabilization: DJ-1 protects nuclear factor erythroid 2-related factor

2 (Nrf2) from degradation by the KEAP1-CUL3 ubiquitin ligase com-
plex, thereby promoting the transcription of antioxidant enzymes such as
superoxide dismutase (SOD), catalase, glutathione peroxidase, and heme
oxygenase-1 (HO-1).

— ROS scavenging: DJ-1 undergoes oxidation at Cys106, which enhances
its function as a redox sensor and contributes to direct ROS neutralization.

—  Mitochondrial protection: DJ-1 helps regulate mitochondrial dynamics,
reducing oxidative stress-induced mitochondrial damage and preventing
neuronal apoptosis.

—  Neuroprotection: DJ-1 mutations have been linked to early-onset familial
Parkinson’s disease, leading to a loss of antioxidant protection and in-
creased neurodegeneration.

Given its critical role in oxidative stress defense, targeting DJ-1 with small
molecules like Naringenin may enhance endogenous antioxidant mechanisms and
protect dopaminergic neurons in PD.

Cyclin-dependent kinase 2 (CDK2) is primarily known for its role in cell cycle
progression, particularly in the G1 to S phase transition. While it is not directly
involved in antioxidant defense, some studies suggest an indirect role in oxidative
stress-induced neuronal apoptosis:

—  Oxidative Stress and Aberrant Cell Cycle Re-Entry: Post-mitotic neurons
do not typically divide, but under oxidative stress conditions, aberrant
activation of CDK2 can trigger cell cycle re-entry, leading to apoptosis
instead of proliferation.

— Regulation of Apoptosis: CDK2 interacts with transcription factors such
as p53 and FoxO, which are involved in oxidative stress-induced cell
death pathways.

—  Mitochondrial Dysfunction: Dysregulated CDK2 activity has been linked
to increased mitochondrial oxidative stress, which can contribute to neu-
rodegeneration.
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Although CDKS5 is more directly linked to neuronal oxidative stress and neuro-
degeneration, CDK2 may still contribute to oxidative damage through its involve-
ment in apoptotic signaling and aberrant cell cycle activation in neurons.

Given these mechanisms, Naringenin may exert neuroprotective effects by
targeting DJ-1 and CDK2 in complementary ways:

Enhancing DJ-1 function could promote antioxidant gene expression and mi-
tochondrial protection, helping reduce oxidative stress in neurons.

Modulating CDK?2 activity may help regulate oxidative stress-induced apop-
totic pathways, potentially preventing neuronal loss.

Molecular docking analysis of Naringenin with DJ-1 and CDK2 could provide
valuable insights into its potential therapeutic role in oxidative stress regulation
and Parkinson’s disease.

2. Materials and Methods

2.1.1. Preparation of Naringenin Structure

The three-dimensional (3D) structure of Naringenin was constructed using
ChemDraw software. After drawing the two-dimensional (2D) structure, it was
converted into a 3D conformation using Chem3D. The optimized structure was
then saved in Protein Data Bank (.pdb) format for further computational studies.

2.1.2. Retrieval and Preparation of Protein Structures

The 3D crystal structures of CDK2 (PDB ID: 3LFN) and DJ-1 (PDB ID: 1P5F)
were retrieved from the Protein Data Bank (PDB). Each protein structure was pro-
cessed and refined before molecular docking using the two steps: protein cleaning
and protein optimization.

The retrieved PDB files were opened in Chimera (www.cgl.ucsf.edu/chime-
ra), where unnecessary molecules such as water molecules, ligands, and other
non-protein components were removed to ensure a clean docking environment.

To improve the accuracy of docking, each protein structure was energy-mini-
mized using the Amber99 force field in Chimera. This step helped to remove steric
clashes and optimize the structural conformation for better docking performance.

2.1.3. Molecular Docking

Molecular docking studies were performed to evaluate the interaction between
Naringenin and the target proteins (3LFN and 1P5F). The docking procedure was
carried out individually for each protein-ligand complex.

The prepared Naringenin (.pdb) structure was set as the ligand, while the opti-
mized 3LFN and 1P5F structures were used as the receptor proteins. The docking
was conducted using AutoDock or another suitable molecular docking tool, which
calculated the binding affinity and predicted the most favorable conformations of
the Naringenin-protein complexes. The docking results, including binding energy
values, hydrogen bond interactions, and molecular conformations, were analyzed
to determine the strength and stability of the interactions.
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2.1.4. Visualization and Analysis of Docking Results

The docking results were visualized and analyzed using Biovia Discovery Stu-
dio 4.5 and Molegro Molecular Viewer 2.5. These visualization tools allowed for:

- Identification of binding sites and interaction types (hydrogen bonds, hydro-
phobic interactions, etc.).

- Analysis of molecular conformations, including ligand positioning within the
active site of each protein.

- Comparison of docking scores and interaction profiles between Naringenin
and the two target proteins (3LFN and 1P5F).

This workflow ensured that Naringenin and the selected proteins were prop-
erly prepared, optimized, and analyzed for docking interactions. The results of
the docking study provided insights into the potential molecular interactions of
Naringenin with crystal structures of CDK2 and DJ-1, contributing to a better
understanding of its biological significance and potential antioxidant activity in
cellular pathways.

2.2 Molecular Docking Approach

2.2.1. Docking software

To study the molecular interactions between Naringenin and the target proteins
CDK2 (PDB ID: 3LFN) and DJ-1 (PDB ID: 1P5F), docking simulations were
conducted using AutoDock Vina (MGL tools — 1.5.6). The docking procedure was
carried out in the following steps:

1. Preparation of Ligand (Naringenin) for Docking

The 3D structure of Naringenin was built using ChemDraw and Chem3D, then
saved in .pdb format.

The ligand structure was converted to PDB format using AutoDock Tools
(ADT).

Non-polar hydrogens were merged, torsional flexibility was assigned, and the
molecule was set as a flexible ligand to allow conformational adjustments during
docking.

2. Preparation of Protein Structures (3LFN and 1P5F)

The 3LFN and 1P5F protein structures were obtained from the Protein Data
Bank (PDB). Using Chimera, unnecessary molecules (water, ions, and non-rele-
vant ligands) were removed. Energy minimization was performed using the Am-
ber99 force field to refine protein structures. Proteins were converted to PDB for-
mat in AutoDock Tools

2.2.2. Parameters and grid settings used for docking

The docking grid box was set to encompass both the ligand and the entire
receptor protein, ensuring that Naringenin could explore all possible binding sites
rather than being restricted to a predefined active site. The grid dimensions were
optimized to fully enclose the receptor, allowing AutoDock Vina to predict poten-
tial binding interactions in an unbiased manner.
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Docking simulations were executed using AutoDock Vina via the command
line. The software generated multiple ligand poses, ranking them based on binding
energy (kcal/mol). The conformation with the lowest binding energy was selected
as the most stable interaction.

2.2.3. Analysis and Visualization of Docking Results

The docking results were analyzed based on binding affinity scores (lower val-
ues indicating stronger interactions). Biovia Discovery Studio and Molegro Mo-
lecular Viewer were used to visualize key interactions, such as:

— Hydrogen bonding between Naringenin and amino acid residues.

—  Hydrophobic and electrostatic interactions stabilizing the complex.

—  Optimal positioning of Naringenin within the receptor.

By allowing Naringenin to explore the entire receptor surface, AutoDock Vina
provided a comprehensive analysis of possible binding interactions.

3. Results and Discussion

3.1.1. Docking results

Molecular docking simulations were conducted to evaluate the interaction be-
tween Naringenin and the target proteins CDK2 (PDB ID: 3LFN) and DJ-1 (PDB
ID: 1P5F). A total of five independent docking sessions were performed to ensure
reproducibility and reliability of the binding results. The average docking score
obtained from these sessions was -8.4 for Naringenin-3LFN complex and —6.3 for
Naringenin-1P5F. This docking score represents the binding free energy of the
Naringenin-protein complex, where more negative values indicate stronger and
more favorable binding (See Figure 3 and Figure 4).

Figure 3. Naringenin-3LFN after docking sessions. Average score (energy)
value —8.4
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Figure 4. Naringenin-1P5F after docking sessions. Average score (energy)
value —6.3

A score of -8.4 suggests a high-affinity interaction, indicating that Naringenin
forms a stable complex with the target proteins. In molecular docking studies, a
binding energy below -6.0 (kcal/mol) is generally considered to reflect moderate
binding affinity, while values lower than -7.0 (kcal/mol) indicate strong and po-
tentially biologically relevant interactions. The obtained score of -8.4 (kcal/mol)
further strengthens the hypothesis that Naringenin exhibits a strong interaction
with both CDK2 and DJ-1, potentially influencing their biological functions. The
favorable binding energy suggests that Naringenin may effectively interact with
the binding “pocket” of these proteins through various non-covalent interactions
such as hydrogen bonding, hydrophobic interactions, and van der Waals forces.
This strong interaction supports the hypothesis that Naringenin could modulate
the activity of these proteins, which may contribute to its antioxidant and neuro-
protective properties.

In the following sections, we further analyze the specific binding interactions
and molecular interactions contributing to this docking result.

3.1.2. Ranking of interactions and structural visualization of docked com-
plexes

Molecular docking analysis of the Naringenin-3LFN complex revealed mul-
tiple non-covalent interactions, including Pi-Alkyl interactions, van der Waals
forces, hydrogen bonding, and an unfavorable donor-donor interaction.

1. Pi-Alkyl Interactions

Pi-Alkyl interactions are important for hydrophobic stabilization of the ligand
within the binding pocket. The following residues participated in these interac-
tions: Leu 134, Val 18, Ala 31, and Ala 144. These residues contain hydrophobic
alkyl chains, which can form weak dispersion forces with the aromatic system of
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Naringenin, anchoring it in the binding site. Such interactions contribute to hydro-
phobic stabilization but do not define binding specificity (See Figure 5).

2. Van der Waals Interactions

Several residues were involved in van der Waals interactions with Naringenin:
Val 64, Phe 80, Phe 82, Ile 10, Gly 11, Gln 131, Glu 12, Gly 13, Lys 129, Asp
127, Thr 14, Asp 145 These interactions provide additional stabilization by en-
suring optimal molecular packing within the binding pocket. Aromatic residues
(Phe 80, Phe 82) contribute to hydrophobic contacts, while flexible residues (Gly,
Gln) allow conformational adaptability. The charged residues (Lys 129, Asp 127,
Glu 12) may also influence ligand binding through electrostatic effects rather than
vdW interactions alone.

3. Hydrogen Bonding Interaction

A single hydrogen bond was observed between Naringenin and Glu 81. The
carboxylate (-COO") group of Glu 81 likely acts as a hydrogen bond acceptor,
interacting with the hydroxyl (-OH) groups of Naringenin. This interaction helps
stabilize the ligand within the binding site and may contribute to binding speci-
ficity.

4. Unfavorable Donor-Donor Interaction

One unfavorable donor-donor interaction was identified at Asn 132, where
two hydrogen bond donor groups are positioned too closely, leading to steric and
electrostatic repulsion. This interaction may introduce minor destabilization in the
complex, but its overall impact is likely mitigated by the stabilizing forces dis-
cussed above.
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Figure 5. Ligand map visualized by BIOVIA.
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The binding of Naringenin to 3LFN is stabilized by a combination of hydro-
phobic (Pi-Alkyl), van der Waals, and hydrogen bond interactions. The single
donor-donor repulsion at Asn 132 suggests some structural constraints, but it does
not significantly reduce the overall binding affinity. The presence of multiple sta-
bilizing interactions supports the hypothesis that Naringenin forms a stable com-
plex with 3LFN, potentially influencing its biological function.

To better understand the molecular interactions between Naringenin and 3LFN,
the docked complex was visualized and analyzed using Biovia Discovery Studio
(Figure 5). This software allows for detailed representation of binding interac-
tions, including hydrogen bonds, van der Waals forces, hydrophobic contacts, and
electrostatic interactions.

A Ligand Interaction Map (Ligand Map) was generated to illustrate all key
non-covalent interactions between Naringenin and the active site of 3LFN. This
diagram provides a comprehensive 2D representation of:

—  Hydrophobic contacts, including Pi-Alkyl interactions at Leu 134, Val 18,

Ala 31, and Ala 144.
— van der Waals interactions with residues Val 64, Phe 80, Phe 82, Ile 10,
Gly 11, GIn 131, Glu 12, Gly 13, Lys 129, Asp 127, Thr 14, Asp 145.

— Hydrogen bonding between Naringenin and Glu 81, highlighting its role

in ligand stabilization.

—  Unfavorable donor-donor interaction at Asn 132, which may slightly re-

duce binding efficiency.

The visualization of the Naringenin-3LFN complex confirms the presence of
multiple stabilizing interactions identified in docking analysis. The Ligand Inter-
action Map provides a clear overview of these interactions, demonstrating how
Naringenin interacts with key residues to achieve strong binding affinity. These
insights help validate the docking results and provide a structural basis for further
molecular dynamics simulations.

Molecular docking analysis of the Naringenin-1P5F complex also revealed the
following interactions (See Figure 6):

1. Pi-Alkyl Interactions

The following residues participated in these two interactions: Ile 91, Arg 98.

2. Van der Waals Interactions

Asn 97, Gly 65, Glu 94, Lys 62, Val 70, Leu 7, Tyr 67, Gln 95, Pro 66.

International Science Conference || 101



Education and Practice in the Context of Modern Science

GLN
A:95

PRO

VR A:66
A67
LEU Vs
A7 ? P
o— b
VAL —¢
A70
LYS GLY »
AB2 o) \aiss
ILE ARG ASN
A:91 A:98 A:97
] v e 3 e

Figure 6. Ligand map visualised by BIOVIA.

The ligand map shows: active site of the complex and the non-covalent speci-
ficity of interactions.

3. Conclusions

This study presents evidence that naringenin exhibits promising binding activ-
ity with two proteins relevant to cellular stress response and regulatory pathways
potentially implicated in Parkinson’s disease: DJ-1 (PDB ID: 1P5F) and cyclin-
dependent kinase 2 (PDB ID: 3LFN). Molecular docking simulations performed
across five independent sessions showed that naringenin formed stable complexes
with both proteins. The results indicate that Naringenin exhibits strong binding
interactions with both 1P5F and 3LFN, with notable hydrogen bonding and hydro-
phobic interactions contributing to their stability.

Notably, naringenin displayed a stronger affinity for 3LFN, with an average
docking score of —8.4, indicating robust and energetically favorable interactions.
The interaction with 1P5F) was also significant, with an average docking score of
—6.3, suggesting a moderate but relevant binding stability that could modulate the
protein’s protective role under oxidative stress.

While CDK2 is not traditionally classified among the canonical Parkinson’s
disease-related proteins, emerging research indicates its involvement in cell cycle
regulation and neuronal apoptosis, which may indirectly intersect with neurode-
generative mechanisms. DJ-1, by contrast, is well established as a redox-sensitive
chaperone involved in defending neurons against oxidative insults.

Taken together, these findings support the hypothesis that Naringenin may
exert neuroprotective effects via multi-targeted mechanisms involving oxidative
stress regulation and apoptosis modulation. Its consistent docking performance
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highlights its potential as a candidate molecule for further investigation in the
context of Parkinson’s disease.

Future experimental validation in cellular and in vivo models is essential to
assess the pharmacological relevance and therapeutic applicability of these inter-
actions.
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Abstract. This article analyzes the occurrence of slab uplift between cement-
concrete road pavements during operation due to temperature effects. The main
focus is on the temperature differentials that form in cement-concrete slabs under
the influence of solar radiation, air temperature, and wind speed, as well as the
resulting movements at compression and expansion joints.

The following formulas were used in the work: The upper temperature T

upper
and lower temperature T,  of the cement-concrete pavement, the temperature

difference AT, thermal e)lcop?;rnsion AL, angle of deflection 0, rise height 6, and
International Roughness Index (IRI) were determined.

According to the analysis results, it has been determined that as the temperature
difference increases, bending and lifting of the slabs are observed, which leads to
an increase in the IRl indicator and a deterioration of road smoothness.

Keywords: Smoothness, rises, joints, IRI, temperature, bending, road,

deformation, expansion joint, slab.

Introduction

The modernization of road transport infrastructure and the construction of
modern, high-quality roads are among the priority areas of state policy in our
republic. Specifically, the Resolution of the President of the Republic of Uzbeki-
stan No. PP-111 dated January 25, 2022, “On Measures for Fundamental Reform
of the Road Management Sector and Improvement of the Management System,”
as well as Resolution No. PP-125 dated April 14, 2023, set forth tasks for creat-
ing high-quality and durable road surfaces and aligning road smoothness with
international standards. In particular, the issues of widespread implementation of
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cement-concrete pavements and ensuring their long-term operation are explicitly
emphasized [1.2].

Cement-concrete pavement operates under complex stress conditions, subject-
ed to repeated vehicle loads and variable temperature and moisture effects on the
roadbed and pavement. Additionally, cement-concrete materials are characterized
by internal stresses, which are caused by the heterogeneity of these materials’
structure, as well as the continuous formation and destruction of an intersecting
structure. Improving the resistance of road concrete to operational impacts is di-
rectly related to enhancing its physical-mechanical properties and structure [3,5].

Despite the high durability of cement-concrete road pavements, one of the
problems encountered during their operation is vertical uplift between slabs.
These uplifts are primarily associated with solar radiation, air temperature, surface
temperature of the pavement, temperature of the pavement’s lower layer, and the
resulting temperature differential. This leads to the expansion of the slabs, causing
their edges to rise upwards. This situation reduces the road’s smoothness level and
leads to a deterioration in the IRI (International Roughness Index) indicator [4].

This article analyzes the elevations that occur in cement concrete slabs due to
temperature effects. This process is evaluated using the following mathematical
models: determination of upper and lower temperatures, temperature difference,
elevations at compression and expansion joints, thermal expansion, formation of
inclination angle due to temperature effects, and IRI indicators.

In this scientific study, research was conducted on July 3, 2025, on the 439 km
section of the A-380 “Guzar-Bukhara-Nukus-Beyneu” highway. The objective
was to measure the effects of temperature-induced uplifts between cement-con-
crete road pavement slabs and their impact on smoothness. The temperature dif-
ferences observed during the study are shown in Figure 1.

. e

Figure 1. Showing air temperature, surface temperature, and bottom tempera-
ture of the plate

Research methodology

This article presents a calculation method used to assess changes in temper-
ature-induced uplifts in cement-concrete pavement slabs. Based on the research,
the temperature differences occurring on the upper and lower surfaces of the slab,
thermal expansion, bending angle, and the International Roughness Index (IRI)
indicator of road surface smoothness were studied using the following formulas.
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Research findings

On the 439 km section of the A-380 “Guzar-Bukhara-Nukus-Beyneu” high-
way, we determined the temperature differences occurring on the upper and lower
surfaces of the slab, thermal expansion, bending angle, compression and expan-
sion of the slab due to temperature effects, as well as the IRI indicators of road
surface smoothness (Fig. 2-12). We studied the impact of elevations at compres-
sion and expansion joints on longitudinal smoothness and presented it graphically
(Fig. 9-12).

When we measure the temperature of the surface part of the cement-concrete
pavement and its lower part, a temperature difference arises. We determined the
expansion of the pavement due to this temperature difference using the following
formula [6], as shown in Figures 2-4.

ar = Thigh temperature Tlow tempearature (1)
AL=a-L-AT  (2)
Here:

Thigh temperarure - temperature of the surface layer of the cement concrete
pavement, °C

Tiow temperature - temperature of the lower 25 centimeters of the cement con-
crete pavement, °C

o — the coefficient of thermal expansion for concrete

L — slab length, m

AT — temperature difference, °C

We determined the angle of bending of the slab using the following formula
[7,8], which is based on the temperature difference between the surface and lower
parts of the cement-concrete pavement. The results are shown in Figures 5-6.

oy AT
oriEe (3

0 - angle of deflection of the cement-concrete pavement, radians

h - slab thickness, m

We determined the height of the cement concrete pavement rise due to temper-
ature differences, and by calculating this rise height, we determined its influence
on the longitudinal smoothness (IRI) at the compression joint using the following
formula [7,8]. The results are presented in Figures 7-10.

§ =2t 4)

IRI 221000 )
Here:
d — height of the compression joint rise due to temperature influence, m
L —slab length, m
We determined the effect of expansion joint elevation on longitudinal smooth-
ness (IRI) using the following formula [7,8], as shown in figures 11-12. This cal-
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culation involved adding the elevation at the existing expansion joint to the eleva-
tion height of the compression joint in the cement concrete pavement (caused by
temperature effects), and then subtracting this sum from the slab length.
IRI ~ 2 ‘“—:‘” 1000 (6)

Here:

9, —rise height of the existing expansion joint, m

Here, the IRI is measured in m/km and indicates road smoothness. An increase
in elevation raises the IRI value, which means that elevations at expansion joints
lead to a deterioration in road smoothness.
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Conclusion

This scientific study investigated the uplift that occurs due to temperature dif-
ferences between cement-concrete road pavement slabs.

The highest temperature difference in the cement concrete slab was observed
at 13:00, with the upper part at T o™ 8,3°C and the lower partat T, =38,2.5°C,
resulting in a temperature difference of AT=20,1°C.
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The thermal expansion of the cement concrete slab with a thickness of h=0.25
m and a length of L=5 m was AL~1,005 mm, with a lifting angle of 6=~0,000025125
radians, which led to a lifting height of the compression joint of 6~2,5125 mm.

Additionally, the calculated IRI (International Roughness Index) smoothness
indicator of the road surface at the compression joint is 1,005 m/km and at the
expansion joint is 3,337 m/km, which leads to a significant deterioration in the
smoothness of the concrete road surface.

Based on these results, it can be concluded that there are significant tempera-
ture differences in cement-concrete road slabs used in various climatic conditions.
This leads to defects such as lifting and cracking of the slabs.
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Abstract. The relevance of choosing the principles of ensuring the safety of
robotic systems and the object of study, which are algorithmic problems arising
in terms of implementing safe interaction algorithms, as the subject of research
is determined by the existing contradiction between the need for autonomous
use of robotic systems and the complexity of the software implementation of this
requirement, especially given that the main control of modern robots is artificial
intelligence technologies. At the same time, in robotics, it is the insufficient
efficiency of existing control algorithms that is the source of most safety problems.
Based on an assessment of the content of the currently used concept of “trust” of
artificial intelligence, possible algorithmic problems of ensuring mutual safety
of interacting robotic systems are analyzed. It is concluded that the “trust” of
artificial intelligence, despite the fact that existing regulatory documents equate
it with “ethics”, is, nevertheless, an analogue of system safety, but in reality, a
more expanded approach is required, truly analogous to human ethics. Taking
this into account, based on a review analysis of typical algorithms for controlling
movement in space, a formulation of the scientific task of solving the problem of
ensuring safety during mutually agreed and uncoordinated maneuvering has been
synthesized, as an analogue of expanding “power of attorney” to “new ethics” or
“politeness” of behavior of robotic systems

Keywords: autonomous robots, artificial intelligence, trusted artificial
intelligence, robot operation safety, rules of safe behavior analogs of morality
and politeness.

1. Introduction

In recent decades, there has been active robotization of all areas of human
activity: production, logistics, and transport. In all of these areas, the main trend is
the development of autonomous systems, which is determined by the requirements
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for the speed of their response to external changes and a reduction in the number
of personnel using robotics. One of the priorities that ensures the development of
autonomous robotics is the use of artificial intelligence (Al) elements in it. Cur-
rently, most robotic systems (RTS) with different levels of autonomy contain Al
components.

Equipping RTS with Al components, their further autonomy using the prin-
ciples of learning and self-learning, increasingly distances the principles of their
behavior from previously implemented robots with external control, increasingly,
at least externally, brings them closer to the reasonable, with all the pros and cons
of these changes. At the same time, increasing the degree of autonomy of RTS is
an objective trend based on modern and prospective requirements for the use of
robotics in a variety of fields of activity.

At the same time, there are a number of unresolved problems in this area,
sometimes leading to accidents and disasters in the industrial and transport spheres
[1], in the sphere of armed confrontation [2,3,4]. Many accidents are determined
by the unresolved problems of the subject area in terms of determining the safety
of Al systems. The currently used approach based on the “power of attorney” of
Al does not fully describe the problems of the safe use of RTS, it is not identical
to the concept of “safety” in the comprehensive understanding of this phenome-
non, and other approaches to the description of this factor are not yet proposed in
regulatory documentation.

At the same time, it is the description of the subject area that serves as the basis
for the development of the theory and practice of any systems. And, at the same
time, the development of autonomous systems cannot be stopped, it continues, as
technical progress continues, despite some restrictions reflected in official docu-
ments regulating the field of AL

Thus, at present, the problem of clarifying the conceptual apparatus for assess-
ing the rules of safe behavior of Al controlling RTS is extremely urgent, which
makes the topic covered in this article relevant and timely.

2. Materials and Methods

A system approach was chosen as the methodological basis for the study. The
use of a system approach, decomposition methods and comparative analysis made
it possible to consider in a complex the problems of safety in the interaction of
autonomous robots.

The source base of the study consisted of scientific articles, regulatory and
legislative documents that are in the public domain.

3. Results

It is generally accepted that the basis for classifying any process is the operat-
ing conditions of the systems being described. Statistics on the prerequisites for
the occurrence of disasters and accidents caused by autonomous and partially au-
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tonomous RSTs show that most of the causes that gave rise to them can be divided
into two large groups;

»  conditionally natural, the prerequisites for the emergence of which were

laid down during the development of the RTS;

» random, caused by failures or non-design operating conditions.

An example of the first group of errors is, for example, the situation with the
AT’s decision to kill its own operator, whom the combat RTS considered an obsta-
cle to achieving its goal [5]. In documents regulating the development and use of
Al, such errors are sometimes defined as bias.

There are significantly more examples of the second type of errors, namely
dangerous accidents, both in the transport sector and in the field of robotic weap-
ons [6,7].

Some errors are critical, often affecting human safety. Their prevention re-
quires reliable solutions, which the scientific community is currently actively
searching for.

The formalized formulation of the task of preventing errors of the first group
is usually defined as the creation of a “trustworthy” artificial intelligence. Some
of the results of research on the creation of safe or “trusted” artificial intelligence
are reflected in the 2019 European Commission document “Ethics Guidelines
for Trustworthy AI” and in the Russian state standard R 59 276-2020 “Artificial
Intelligence Systems. Methods of Ensuring Trust. General Provisions”. In these
documents, artificial intelligence is declared trusted if it has the following proper-
ties: verifiability, controllability, stability, robustness, safety, and fault tolerance.
If these requirements are met, Al is proposed to be considered “ethically verified”.

However, the specified documents do not solve a number of problems in elim-
inating errors in the use of Al, some of which are critical.

Firstly, in which continuous and unconditional control over the behavior of
artificial intelligence by a person is set as the main criterion of “trustworthiness”.
Within the framework of this approach, a significant part of the requirements for
trusted Al given in the documents reviewed, can be considered the implementa-
tion of a human-centric approach to its development and implementation, based
on three groups of principles: transparency, reliability, human-centricity [8,9].

Secondly, it is not entirely logical to discuss Al ethics in the aspect defined by
these documents. The Al trust in the content of these documents rather corresponds
to the safety of their algorithms for humans, and not to a set of measures to prevent
random behavioral errors, which, logically, can be attributed to the implementa-
tion of the “ethics” of behavior. For the concept of “ethics” rather corresponds to
the priority consideration of the interests of interacting systems, including RTS,
even if this requires sacrificing the optimality of one’s own behavior.
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Therefore, the “trust” of Al in the existing understanding can still be defined as
an analogue of human “morality”, interpreted for the rules of behavior of RTS, po-
tentially solved by means of security control of RTS software algorithms and the
formation of a system of restrictions on their behavior [10,11,12]. But, regardless
of the correctness of the formulations, the problem of safe behavior is gradually
being solved, although not in full and with certain terminological assumptions, the
correctness of which requires additional confirmation.

To prevent errors of the second group, it is necessary to develop flexible rules
for constructing control algorithms and a system of restrictions, the prototype for
which, with a certain degree of assumptions, can be considered the rules not of
morality, but of human politeness, interpreted for a “trusted” Al

In the context of formalizing this problem, we can recall the famous “three
laws of robotics” formulated by science fiction writer Isaac Asimov at the dawn
of robotics development:

1. arobot may not, under any circumstances, harm a person;

2. the robot must carry out all human commands that do not contradict the

first point;

3. A robot must take care of its own safety, unless this contradicts the first

two points.

An analysis of the three laws of robotics shows that only the first and second of
them relate to human safety, which covers the “trust” of Al in modern terminolo-
gy. But the third rule, which should ensure the safety of the robots themselves, is
not considered at all in the existing approach to organizing security.

The revealed contradictions in the applied terminology make it difficult to de-
velop unified rules of conduct for RTS and algorithms for their implementation.
This situation requires a solution that ensures the logical development of the theo-
ry and practice of Al algorithmization, including the RTS manager.

Taking into account the identified contradiction in terminology, based on the
method of analogies and projecting some rules of human behavior onto the algo-
rithms and limitations of the behavior of artificial intelligence, it is proposed to
formulate the task of implementing a set of rules of “morality” and “politeness”
for various aspects of the security of the use of RTS of varying degrees of auton-
omy, ensuring the clarification of regulatory mechanisms and codes of conduct
for AL

4. Discussion

A typical and characteristic example of a random error, the reasons for which
go beyond the “trust” of Al in the current understanding, is the emergence of a risk
of collision of ground-based autonomous radar systems during joint maneuvering
with problems of accounting for mutual movement.
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A model for the emergence of such a situation can be considered using a sim-
ple example. Let’s say two autonomous vehicles, moving along trajectories con-
verging at an acute angle or close to parallel, must make a turn by going around
an obstacle. The vehicles maneuver independently, not working in a group. The
software of each of these vehicles builds an optimal trajectory for itself, the turn-
ing point of which will be as close as possible to the obstacle being gone around.
There is a high probability that, if certain conditions coincide, the trajectories will
intersect near the turning point.

If the specified means are equipped with safe divergence systems, a collision is
unlikely - these systems will detect the danger and the RTS software will form an
emergency divergence maneuver or an emergency change in speed. But the prob-
lem is that the divergence will be emergency, it will be necessary to form diver-
gence options, change the speed or trajectory in a very short period of time, there
will be no talk of the optimality of the route. In such conditions, the probability of
successful divergence will not be 100%. This is a typical case of uncoordinated
interaction of moving agents.

In such a situation, if the Al in the software of the maneuvering RTS had calcu-
lated the situation in advance, the emergency divergence could have been avoided
by specifying the movement parameters in advance, taking into account the pres-
ence of a potential problem. By slightly deviating from the optimal trajectory at
the early stage of planning, it would have been possible to avoid significant losses
in optimality or the risk of a collision during the divergence.

In the described problem of emergency divergence, two components can be
distinguished:

» logical apparatus that determines the rules for making a divergence;

» the mathematical apparatus necessary for calculating the parameters of

the discrepancy.

From the point of view of the mathematical support of Al, the algorithm of
“politeness” or “ethics” in the above-described situation can be implemented as
calculations for typical variants of divergence, carried out relative to the RTS,
correcting the trajectory [13].

In the problem under consideration, several options can be used to determine
the maneuver parameters, calculated using well-known mathematical apparatus:

» change in the speed of one of the participants, for example, a decrease by
AV = Vin - Vreq, from the initial to the required value, ensuring a diver-
gence of distance AS. In this case, the value of the speed decrease is easily
determined from the equation of motion of a material point, taking its mo-
tion as rectilinear and uniformly accelerated and using the known initial
speed of motion Vin and the distance to the turning point (divergence) S
as initial data:
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» change in the trajectory of movement, ensuring a shift in the turning point
and a divergence at the minimum safe distance Lmin, determined by the
formula:

sin (qry — Q)

L =1L
M sing

min

Where Q- critical course angle, the maximum at which divergence can be
achieved;

qTO - initial course angle of the RTS that does not change the direction of
movement (“target”);

L.M.— the distance from the maneuvering aircraft to the “target”;

The value of Q is calculated, as a rule, based on the ratio of the speed vectors
of the maneuvering aircraft and the “target™:

a

A simple example shows that there is already a fairly wide choice of math-
ematical apparatus that allows for the implementation of “polite” divergence in
different situations.

But the logic of forming the rules of “polite” behavior, namely who should
perform an evasive maneuver, is a much more problematic issue. This is a highly
complex problem, and its solution must be sought on the border of mathematics
and formal logic.

One can, of course, object that similar tasks are already formally solved in
practice by developing and applying sets of rules and regulations implemented in
specialized documents: traffic regulations, air and water codes. But this assump-
tion is not entirely correct. Firstly, movement and maneuvering are particular cas-
es of using RTS, in reality the range of their application is much wider. Secondly,
the cases described in the listed documents are particular, they are implemented
under conditions of significant restrictions determined, in particular, by the bound-
aries of the road surface, markings, pre-set routes and echelons, a simple set of
behavioral rules for various typical situations.

Much more complex and less formalized situations arise in cases typical for
the functioning of RTS of varying degrees of autonomy. Moreover, these situa-
tions are usually complicated by the limited time for its adoption. They require the
development and implementation of dynamic algorithms for solving problems of
discrepancy with weakly formalized initial data.
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Based on this, when developing algorithms for RTS software, a non-trivial
scientific task arises - the development of rules of mutual behavior, an analogue
of human etiquette. At the same time, software “etiquette”, like the usual one,
will probably be divided into situational and professional, and the latter will be
subdivided into areas of application with corresponding variations of actions.
Within the framework of these provisions, behavior during maneuvering, in the
previously described maneuvering task, is part of professional, namely transport,
“etiquette”. And everything that is associated with the obviously dangerous use of
RTS for others should be resolved within the framework of a system of restrictions
and prohibitions similar to human morality.

When implementing the proposed approach, the restrictions and, according-
ly, the clarified content of the concept of “trusted” Al will be based on two sets
of rules: analogues of “etiquette” and “morality”, with the choice of the type of
professional etiquette suitable for each situation under consideration within the
framework of the implementation of the control algorithm:

1) assessment of the situation;

2) calculations for the formation of control actions that ensure the achievement
of the goal,;

3) forecast of the development of the situation during the execution of the task,
taking into account the possible ranges of behavior of interacting and third-party
agents;

4) assessment of the safety of the implementation of control actions in relation
to the first law of robotics;

5) assessment of one’s own safety in relation to the third law of robotics;

6) correction, if necessary, of the calculated values of control actions;

7) forecasting the development of the situation taking into account the adjust-
ment of control parameters;

8) completing the task with cyclical clarification of data according to points
3-7.

The use of the clarifications proposed in the article based on the analogies of
“morality” and “politeness” of the Al controlling the RTS, as one of the condi-
tions for the execution of this algorithm, will allow solving a number of important
problems of the safety of the behavior of autonomous robots, especially in weakly
formalized conditions of interaction.

5. Conclusions

The analysis conducted in the article showed that one of the conditions for
implementing the specified algorithm of safe interaction is: clarification of the
conceptual apparatus and development of a mechanism for the formation, clari-
fication and supplementation of decision rules, the logic of their application. The
solution to this problem does not concern direct copying of human concepts of
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“morality”” and “politeness”, but clarification of the concept of “trusted” Al in one
of two ways:

» leaving the concept of “trusted” Al as a synonym for Al with guaranteed
safe behavior algorithms, add an additional definition of “polite” Al that
ensures safe behavior in group settings based on the use of “polite” algo-
rithms;

»  expand the concept of “trusted” Al by adding the property of “politeness”
of behavior, which consists of predicting the results of proposed actions
and verifying them based on a set of special rules.

When implementing the above options, it is necessary to take into account that
it is impossible to train Al in advance to act in specialized situations typical for
autonomous systems, the state space is too large. Therefore, when working with
the AI RTS manager, we should not talk about training, but about some analogue
of “education”, the formation of basic principles of behavior, analogues of “mo-
rality” for the implementation of the first two laws of robotics and “politeness”
- for the third. The task is non-trivial, but humanity once solved it for itself, and
probably a solution will be found for artificial intelligence.
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In scientific research, a set of statistical methods are used to conduct regression
analysis. Currently, methods using neural networks are being developed that can
successfully solve the problem.

Linear regression is a regression model that characterizes the dependence of
one (explained, dependent) variable on one or more other variables (factors, re-
gressors, independent variables) with a linear dependence function. The graph of
a linear function is a straight line.

The linear function has the following form:

y=k=x+b (1)

where y is the dependent variable;

k—an angular coefficient that determines the steepness of the slope of a straight
line;

x— independent variable;

b— a free term that determines the point of intersection of the graph with the
OY axis.

The advantages of linear regression include:

ease of understanding and interpretation;

fast modeling with small amounts of data;
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obtaining a sufficiently high-quality estimate of the model parameters (unbias-
edness, consistency and efficiency of the estimate) when implementing classical
assumptions using the least squares method;

widely used in various fields of science and in business decision-making (for
example, for constructing a trend line).

The main disadvantages are:

difficulty of designing when using nonlinear data;

inefficiency with complex structure and large volumes of data.

Suppose that a set of a certain number of points is given. The goal of linear
regression is to find the line that best fits these points. Thus, the solution to linear
regression is to determine the values of the coefficients to approximate f(x) as
closely as possible to the dependent variable y.

First, let’s create a simple linear regression model in the Python algorithmic
language. To implement the code provided in the article, you will need to import
the libraries listed below and set specific initial values for the random number gen-
erator included in NumPy. Then, you need to create a synthetic dataset containing
100 values, as shown in Figure 1.

Since this is a linear regression y = k * X + b, we will set the coefficient val-
ues k = 0.5 and b = 1.4. We will also add normally distributed random noise. To
reproduce the same input data and compare subsequent experimental results, it is
necessary to save them in an array (insert into the program code).

2. 5.1524: 5 12

Figure 1. Creating a synthetic dataset

A neural network can also be used to estimate unknown parameters of regres-
sion models from sample data.

The main stages of creating a neural network and constructing a linear regres-
sion model when working with the Tensorflow 2.x library are:

importing necessary libraries;

data preprocessing (data preparation and normalization);

defining the model architecture;

model compilation;

model training;
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model evaluation (if necessary);

model prediction.

Importing the required libraries

To create a neural network and implement the code given in the article in Py-
thon, you will need to import the specified libraries (Figure 2) and set specific ini-
tial values for the random number generators included in NumPy and TensorFlow
((This example uses the Keras API).

in tf
umpy

tf.random.set_seed(10)

Figure 2. Importing the required libraries

Data preprocessing (data preparation and normalization)

The result of the work primarily depends on the preparation of data for the
model. Missing data should be removed (rows should be cleared) if there are few
such records. To do this, you can write your own functions in Python or use the
sklearn.preprocessing library. TensorFlow itself also has tools for preprocessing
in the tf.keras.preprocessing module.

In machine learning, normalization is a method of preprocessing numerical
features in a training dataset to bring them to a common scale without losing infor-
mation about the difference in ranges. Normalization is necessary because differ-
ent features of the training dataset can be represented at different scales and vary
in different ranges. The ranges of change of individual features differ by hundreds
and thousands of times. During calculations, the data is multiplied by the model
weights. Thus, the scale of the output data and the scale of the gradients depend
on the scale of the input data. As a result, the trained model may produce incorrect
results. The model can converge without normalizing the features, but normaliza-
tion makes training more stable.

There are several basic methods of normalization.

With minimax normalization, the problem can be solved by applying the fol-
lowing formula:

x i~ Xmin )

Emax—Emin

L
= )
where is the minimum value in the training data; X
X max — the maximum value in the training data.
The most commonly used range casts are [0,1] and [-1,1].
The disadvantage of minimax normalization is the presence of anomalous data
values that “stretch” the range, which leads to the normalized values again being

min
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concentrated in some narrow range near zero. To avoid this, the range should be
defined not by the maximum and minimum values, but by the mean and standard
deviation using mean normalization (Z-normalization):

r_ ':E[_X:'
X' = )

where is the average value (mathematical expectation); ¥

a,— standard deviation.

The values obtained by this formula are called Z-scores in mathematical statis-
tics. Their absolute value is an estimate of the distance between x and its average
value in the general population. ¥

When using the ratio method, each value of the original data is divided by a
user-specified number or by the value of a statistical indicator calculated from the
data set (mean value, standard deviation, variation range, etc.).

A simple way to add feature normalization to a neural network model is to
create a normalization layer and fitting the state of the pre-processing layer to the
data shown in Figure 3.

(input_shape=[1,], axis= )

normalizer.adapt (y)

normalizer
Python

c.layers.preprocessing.normalization. Normalization at @x7f6eeb19d790>

Figure 3. Creating a normalization layer

When the layer is called, the input data is returned, with each value being nor-
malized independently (Figure 4).

first = np.array(y)

print()
print("Normalized:*, norma irst).numpy())

Figure 4. Data normalization
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Defining the model architecture

The model architecture is defined using the tfkeras.Sequential class, which
accepts a list of layers (Figure 5). To view the contents of the model, call the
summary() method.

norma_model = t

norma_model . sunmary ()

Model: “"sequential 3"

) tput Shape Param #

normali 2 (Normaliza (None, 1)
tion)

dense_3 (Dense) (None, 1)

2 (8.0 Byte)
Non-trainable params: 3 (16.00 Byte)

Figure 5. Defining the model architecture

Compiling the model

To compile the model, there is a compile() method. When compiling, two
important parameters should be defined: the optimization algorithm and the loss
function, on which the training result and further optimization of the model de-
pend (Figure 6).

A well-chosen optimizer and choice of learning rate parameter will allow the
model to be trained faster and, if possible, local minima to be avoided.

The loss function is a measure of the amount of error that our linear regression
makes on the data set. The loss functions used generally calculate the distance
between the predicted value f(x) and its actual value. For example, the error dis-
tance between the actual and predicted values is extracted. The most common loss
functions used for regression problems are the Mean Squared Error (MSE) and
the Mean Absolute Error (MAE). To calculate the MSE, all error values are used,
their lengths are squared, and then averaged. In this way, an attempt is made to
determine the lowest value, i.e., to minimize the MSE. The Mean Squared Error
(MSE) loss function is more sensitive to outliers compared to the Mean Absolute
Error (MAE) function. The use of a specific loss function is determined by the
problem being solved.

norma_model . compile(

dam(learning_rate-0.1),

Figure 6. Compiling the model
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Model training
The fit() method is used to perform model training. It takes input data, the
maximum number of episodes, and other configurable parameters.

Figure 7. Compiling the model

The output shows the result of each epoch (Figure 7). The epoch number, the
time spent on the epoch, and the calculated loss function are displayed.

The progress of the model training is visualized using the plot loss() function
using the object statistics (Figure 8).

plot_loss(history)

Python

Figure 8. Calculated loss function

Model prediction
To get the predicted values, the predict() method is used.
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y_predict = norma_model.predict(X)

4/4 [ ] - @s 2ms/step

Figure 9. Method for model prediction

plot_predict(X, v,

—— Predicted with model
® Generated data

Figure 11. Model prediction for x=100

A forecast was made on the trained neural network for the value x=100, the
result was y=50.751755 (Figure 11).

The author of the article set a scientific task to analyze the impact of data nor-
malization with fixed experimental results (learning rate=0.1). At the same time
two options were considered: a model architecture with and without a normaliza-
tion layer.

As aresult of the scientific experiment, the forecast deviation was 0.9% down-
ward for the model architecture with the normalization layer, which indicates its
effectiveness.

When comparing the forecast value of the linear regression model using the
least squares method and the model architecture with a normalization layer, the
forecast deviation was 0.1% downwards.

When comparing the forecast of a linear regression model using the least
squares method and the model architecture without normalization, the forecast
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deviation was 0.8% upwards, which indicates some difference in the calculation
methods used and the need for further optimization.

Thus, the study of linear regression calculation methods allowed us to draw the
following conclusions:

To conduct regression analysis, it is necessary to collect a large amount of
input data to eliminate the influence of random factors;

Calculations using linear regression models are characterized by ease of under-
standing, rapid modeling and wide application in various fields of science;

creating a neural network requires knowledge of a programming language,
building a model architecture and optimizing it;

normalization of features makes neural network training more stable and im-
proves its convergence;

A comparative analysis of the forecast of the linear regression model using the
least squares method and a neural network with a normalization layer shows the
adequacy and complete comparability of the results.
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Abstract. This study corresponds to the priority areas of scientific and
technological development of the Russian Federation and is carried out within
the framework of the research work “Theoretical foundations of detection and
assessment of objects on the ground by intelligent robotic systems in a rapidly
changing environment” (State order FREN-2023-0004) Development of a
methodological approach to preliminary data processing and sofiware for an
automated system for continuous monitoring of the situation on a given area of
the terrain. The solution to this problem determines the transition to innovative
digital and intelligent production technologies, work with robotic complexes,
modern design methods, the development of big data analysis systems, machine
learning and artificial intelligence.

Keywords: unmanned aerial vehicle (UAV), formation, swarm, network
control systems, wireless networks, intra-network computing.

The aim of the work is to develop a theoretical basis for a traffic management sys-
tem (UAV) by monitoring using optical sensors operating in a multi-position mode.
The coordination of the system elements will allow for accurate assessment of the
parameters for safe, fast and reliable UAV control and minimization of potentially
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dangerous situations in order to achieve common goals. UAVs are autonomous or re-
motely controlled aircraft that are widely used due to their versatility, affordable price
and ease of implementation. The areas of application cover both military and civilian
spheres. In the military field, UAVs are used to prevent personnel losses and identify
objects. In the civilian sphere, drones are used to collect data on the earth’s surface,
provide wireless communication, deliver cargo and control traffic. The limitations of
individual UAVs complicate the performance of long-term tasks, such as covering
large areas and providing information promptly [1]. Control of a drone formation by
integrating network and computing resources, forming a multi-agent system, where
each drone acts as an individual agent. Distribution of tasks between drones allows
solving complex problems, as indicated in the study [2]. This will entail increased
flexibility in task execution and improved reliability due to resource reservation, pro-
viding a high degree of automation and adaptability. The developed UAV formation
control systems can be built in a decentralized manner or with a single control center.
Since wireless communication channels are used in most cases, it is necessary to
solve technical problems related to ensuring security, data transmission and com-
puting performance of agents [3]. In addition, much effort is directed at overcoming
the limitations associated with the scalability of the agent system due to changes in
the quality of wireless communication channels, as well as collision avoidance and
formation management, which potentially affect the success of the mission.

The self-organizing behavior of a drone swarm requires the integration of net-
work and computing systems with a controller for updating the system status. Con-
solidation provides synergy: the network system selects data transmission channels
based on the computational system’s assessments of the channel quality. Drones are
modeled as a network control system (NCS), where control is implemented through
a radio communication network. NCS consists of a computing system (data collec-
tion, decision making, command execution) and an information exchange network
(communication modules with protocols). Integration into the network increases the
efficiency of each drone.

Drone deployment uses non-cooperative and cooperative strategies. The ze-
ro-touch strategy assumes that each drone is directly connected to the ground control
station (monitoring, decision-making, sending commands). This is a simple network
where each drone can create a closed control loop. In the zero-touch strategy, the
communication between drones and the command post is bidirectional. Recommend-
ed for small coverage areas and simple scenarios. Limitation: the ground control sta-
tion is a single point of failure with possible transmission delays. The strategy is based
on the air-to-ground channel model.

The main algorithms for implementing the strategy under consideration are as fol-
lows: drones collect their own information and the environment; the drone communi-
cates with the ground control station to process the collected data; the ground station
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transmits the result of the computing system back to the drones or the processed result
further via another communication channel to the customer of this information; local
actuators of the drone process the corresponding control commands from the ground
station.

Cellular technologies such as LTE (Long-Term Evolution) are suitable for im-
plementing the algorithm, providing improved system capacity, coverage, high data
rates and reduced deployment latency [4]. This deployment strategy can be based
simply on accurate mobility models or path planning functions based on intelligent
algorithms such as particle swarm optimization [5].

System components. Let us consider the properties of two main elements of the
drone system: the network system and the computing system, each of which solves
specific problems, meets certain requirements and has a number of issues. The net-
work system of the drone system builds a communication graph for the exchange of
data between unmanned aerial vehicles, as well as between drones and the ground
infrastructure. It must guarantee a closed loop of data flow control between the imple-
mentation of the monitoring task, decision making and the implementation of these
decisions. One solution to this problem is to redistribute these functions among sev-
eral drones, while maintaining the joint execution of the assigned mission. For ex-
ample, an unmanned aerial vehicle may detect a new obstacle that does not interfere
with its own movement, but may affect the flight of other members of the flock. This
information is provided to another unmanned aerial vehicle, which is able to calculate
the action that can be performed by a set of other drones located in the path of such
an obstacle. In a swarm, communication is not only necessary for disseminating ob-
servations, tasks, and control information, but can also help coordinate UAVs more
efficiently and safely. Communication requirements vary significantly across appli-
cations. However, providing a reliable network is particularly challenging due to the
limited power supply of UAVs and external factors such as wireless shadowing and
intermittent availability of communication channels.

Network requirements. The data traffic associated with the operation of the sys-
tem can be divided into two main types [1]: control traffic, intended for tracking and
modifying the behavior of UAVs by the ground control point, as well as monitoring
information messages about the state of the UAV; coordination traffic, including in-
formation related to the interaction of UAVs and preventing their collisions.

Additionally, data is exchanged between UAVs about the payload and services
implemented on board. For air-to-ground links, the International Telecommunication
Union, within the framework of the 3rd Generation Partnership Project (3GPP) [6],
has classified command and control communications as well as payload communi-
cations for safe operations of unmanned aerial vehicles in terms of throughput, relia-
bility and latency. Table 1. The listed performance requirements are aimed at ensur-
ing timely communications, high-quality data processing and the implementation of
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coordinated movement in real time. The 3GPP information applies to air-to-ground
links in a non-interacting deployment strategy.

Table 1
Air-to-ground communication requirements defined by 3GPP [6]
Communication Data Type Bandwidth Reliability Delay
DL (ground station | Control 60-100 Kbps | Packet Error |50 ms
- UAV) Commands and Rate 10-3
Directives
UL (UAV - ground | Control 60-100 Kbps | Packet Error |-
station) Commands and Rate 10-3
Directives
UL (UAV - ground | Application Data | Up to 50 Kbps | - Similar to
station) ground use

It is assumed that air-to-air communications are of primary importance for
drone mission execution, as UAVs require information exchange among them-
selves to be able to make local decisions; UAV formations require reliable wire-
less communications for distributed coordination and real-time processing to
achieve system-wide objectives [1]. Therefore, to provide broadband communica-
tions that support coordinated and distributed real-time data processing, the net-
work system must have network performance characteristics that include reliabil-
ity, high throughput, and low latency. From a reliability perspective, UAV flight
is challenging due to the intermittent nature of the wireless links used, which may
result in reduced network transmission performance. Synchronous maneuvering
of neighboring UAVs may be affected by the Doppler effect or antennas. Ensuring
the mobility of UAVs can be solved by increasing the data transmission capac-
ity and expanding the communication channel by implementing store, carry and
forward functions (SCF) [7]. Unmanned aerial vehicles are subject to actuator fail-
ures and system uncertainties, which affect the system performance. Uncertainties
also exist in the UAV system itself due to parametric changes in mass and inertia,
speed, altitude and position dynamics, elevation angles and random noise from
another aircraft during flight. The UAV can also be exposed to external weather
influences and system changes [8]. The main cause of attenuation in the transmis-
sion of air-to-air and air-to-ground signals are atmospheric conditions such as rain
and gas pollution. In addition, shadowing effects can be caused by the UAV body
itself and by the misalignment of the forging die pair due to the angular position
of the antennas on the UAV. The main limitation of shadowing effects in air-to-
ground communications of unmanned aerial vehicles is largely due to the limita-
tions of the acceptable operating altitudes of the UAV, which restrict its operation
to lower altitudes and hence are prone to shadowing by obstacles from tall build-
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ings and ground objects in the air-to-ground data path. Ground links cause signal
dispersion, which affects the communication efficiency.

The computing system of drones is based on a similar concept to NCS, in
which simple data can lead to complex decisions. Therefore, the development of a
suitable computing system is based on the study of the best decision-making strat-
egies depending on the deployment strategy and reconnaissance algorithms used.
Implementation of the method of formation in flights. Standard software tools for
UAYV control assume a flight over specified areas at established coordinate points
along a certain route sequentially in time. Here, loss of information is possible,
the movement of an object is missed, with possible mechanical loss of the aircraft
itself. Therefore, it is necessary to develop a method that allows constructing an
optimal flight trajectory with the ability to protect against damaging factors and
possible control of the territory in online mode, preventing the passage of an in-
truder.

Implementation in the method of monitoring moving objects in the controlled
territory of UAVs that fly at a certain speed in a vertical closed trajectory. At the
upper flight level with a sufficient altitude protected from a certain defeat from the
ground, photography is carried out at the coordinate points of adjacent sections of
the protected area, performing the task of detecting and recognizing the intruder
and monitoring the presence of UAVs located at the lower flight level, also per-
forming photography and determining the direction of the mobile object and also
its classification.

Unmanned aerial vehicles are capable of moving autonomously and helping to
perform those tasks that were previously carried out by people. One of the impor-
tant areas of use of UAVs is scanning objects on the territory, which allows you
to monitor the presence and condition of objects in this area. This is relevant in
monitoring extended border areas or contact zones in military operations.

At the upper flight level with a sufficient altitude protected from a certain de-
feat from the ground, photography is carried out at the coordinate points of adja-
cent sections of the protected area, performing the task of detecting, recognizing
the intruder and monitoring the presence of UAVs located at the lower flight level.
The lower UAYV also takes photographs, determines the direction of the intruder’s
movement, and classifies it. It is assumed that the set of coordinate points is known
in advance and is set from the outside, displayed on the map.
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Figure 1. Flight task calculation scheme

To solve the problem, it is necessary to create a flight task — generate a
UAV flight trajectory and calculate intermediate coordinate points for photo-
graphing along the trajectory based on the technical capabilities of the avail-
able UAV. In the context of the problem, the trajectory is a sequence of coor-
dinate points and flight altitude in a format suitable for launching into the flight
control program. It is assumed that the UAV moves from point to point along
the shortest path, adjusted for the dynamic capabilities of the device.

UAV flight along a closed vertical trajectory improves the quality of the
task being solved and control over the damaging factor of its UAVs, located
at the lower flight level, operating as part of a group. This method involves a
UAYV group flying over a controlled area of terrain, like a column formation,
where each one in turn photographs the area at the current time at the current
coordinate points sequentially along the entire flight trajectory. Analysis of the
characteristics of the lens and camera:

- the focal length of the lens is 4 mm, the camera with a 1K matrix, the
distance to the object is 250 m makes it possible to control an area of 300 x
225 m, and the minimum size of the detected object will be 29 x 22 cm, - the
focal length is 8 mm and the distance to the object is 200 m, the characteristics
are somewhat improved, which reduces the risk of not identifying the detected
object, which fully satisfies the requirements for detection and recognition.

To form a flight task, it is necessary to enter the coordinate points (K1, K5)
of the controlled territory on the electronic map by dividing the line into equal
sections, obtaining intermediate coordinate points (K2, K3, K4). Thus, the
coordinate points for photographing are determined (Fig. 1).
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Flight time to K1:

T,=S/Vn,
where Vi, — maximum takeoff speed,

S — path from the flight control center (FCC) to K1.

To determine the flight time for the cycle, it is necessary to take into account
the flight speed at two flight levels and the time of movement from one flight level
to another Fig. 1.

Te=XTn+T,+ T,
Tn=k/Vm,
where, Vi, — maximum speed above sea level without wind,

k — distance between adjacent coordinate points.

The number of unmanned vehicles involved should be selected taking into
account the target’s speed and the flight time per cycle and rounded up to the
maximum integer value:

N=Tc/T,
Time of target movement through the controlled area:
T,=b/V,
where b is the width of the controlled area, V/ is the target speed.

The result of processing the presented data is a MATLAB software file with
information about the points located in the sequence for performing the flight task,
which allows importing data into the UAV program to work with the modified
flight task. In this method, an array of points on the map that are interconnected
is processed. A method has been developed and software has been implemented.
Based on the proposed method for monitoring moving objects through a con-
trolled area using a UAV, a predetermined set of coordinates is received, along
which it is necessary to fly in the proposed way. Application. The system device
and method can be used: for UAV flights on the state border for control and pro-
tection, for monitoring the line of contact between the parties in the theater of
military operations.

Conclusion

The implementation of the proposed method of UAV formation as an NCS
will increase the productivity of the entire system in solving operational and en-
vironmental problems. The division of drones into network and computing sys-
tems creates an effectively functioning self-organizing system. At the same time,
it seems important when creating a network system not to rely on the identification
of hosts, but rather on their computing functions, which can be deployed in any
drone. The developed control system provides monitoring in the control of “their”
UAVs in flight, transmission and correction of data to the Mission Control Center.
Not to be detected and hit from the ground and in the air Integration of the network
system The software in the UAV calculates the flight time of a new drone for its
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introduction into the formation, the target’s course transmits data on the target
to the Mission Control Center. It implements a solution for each drone from the
named data and functions in a transparent way, allows realizing the property of
self-organization of the formation. Further developments are underway within the
framework of scientific research work.
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Abstract. The article provides a solution to the non-stationary thermal
conductivity problem for a polar-orthotropic annular plate of a power-law profile
with thermally insulated bases. To find the temperature distribution in such a
plate, the Duhamel method is used, according to which the temperature function
is represented as the sum of two terms: the stationary temperature and some
coordinate- and time-dependent function describing the temperature deviation in
the plate from the stationary regime. Expressions are given for the temperature
function in an anisotropic annular plate of a power profile with thermally insulated
bases in the general case and for an annular plate of constant thickness as a
special case.
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Introduction

Annular plates made of composite materials are widely used in modern energy
equipment, machine-building and aerospace structures, and devices in the food,
chemical and pharmaceutical industries. They can often be located in time-varying
thermal fields. In this paper, we will study the distribution of unsteady temperature
in polar-orthotropic annular plates of variable thickness with thermally insulated
bases.

Formulation of the problem and the basic equation of unsteady thermal
conductivity for a polar-orthotropic annular plate of variable thickness with
thermally insulated bases
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Consider an annular plate, the thickness 4(r) of which varies along the radius
r according to a given law. The plate has cylindrical orthotropy, and the axis of
anisotropy coincides with the geometric axis of the plate, and at each point of the
plate there are three mutually orthogonal planes of elastic symmetry.

We introduce a cylindrical coordinate system 7,6,z by placing the origin at the
intersection point of the anisotropy axis with the median plane of the plate. Let’s
point the z-axis vertically upwards.

Let a constant temperature 7" be maintained on the inner contour (at » =7,)
of the plate , and on the outer contour (at » = R ) the time variable ¢ is temperature

T(r,t) . The bases of the annular plate z:irM are thermally insulated. There

are no internal heat sources in the plate. Conseéuently, the thermal field in such a
polar-orthotropic plate will be nonstationary and axisymmetric.the field.

We will assume that the thermophysical characteristics of the plate material
- radial 4, tangential 4, coefficients of thermal conductivity and specific heat
capacity ¢ - do not depend on the temperature T (r, H,t) of the anisotropic body.
Then the equation of nonstationary thermal conductivity for a polar orthotropic
plate of variable thickness with thermally insulated bases will be written as [1]:

2 ’ 2
L OT(r0.0) (h (r)+l}l o (r.0.1) 4, O°T(r.0.1) Cp@T(r,H,t) (1)

e (h(r) r )

"or 08 o
where p is the density of the composite material.

If the nonstationary thermal field is axisymmetric, then the temperature 7" will
not depend on the angular coordinate & and the third term on the left side of equa-
tion (1) can be eliminated. As a result, we have the following equation:

T (r.1) +(h'(r)+1j' oT (r,t) _cp OT(r:1) 2
o’ h(r) r) o A4 o

Let’s assume that on the outer contour of the annular plate, the temperature
T(r,t) changes over time 7 according to the law:

T(n.1) {T; +Asin2(7z%ﬂ, 3)

where 7, is the constant temperature on the external circuit; 4, Z are the amplitude
and period of the temperature field change, respectively. The law of temperature
T (r,¢) change can be set by any other function, it does not affect the course of
solving the non-stationary problem of thermal conductivity.

Thus, when an ¢ <0 anisotropic annular plate is in a stationary thermal field,
when constant temperatures 7,"(i=1,2) are maintained on its contours, and the
bases of the plate are thermally insulated. In the case of an 7 >0 external circuit,
the temperature is already changing in time ¢ according to the law established
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by formula (3), and therefore the temperature field in the plate will already be
non-stationary.

Solution of the equation of unsteady thermal conductivity for a polar-or-
thotropic ring plate of a power profile with thermally insulated bases by the
Duhamel method

Let us solve the unsteady thermal conductivity problem for a polar-orthotropic
annular plate with thermally insulated bases by the Duhamel method using the
example of a power-law annular plate. The thickness 4 (r) of the annular plate of
a power profile is given by the expression:

W(r)=h, H , 4
where £, is the thickness of the plate on the inner contour of the radius 7 ; r is the
current radius (r, <r < R); exponent ¢ el].

Let us first solve the axisymmetric stationary thermal conductivity problem for
the polar-orthotropic annular plate under consideration.
The differential equation (2) will take the form:
2 ’
d ﬂr.z(r) {h (r) 1] 45.(r) _, (5)
dr h(r) r dr
where T, ( r) is the temperature of the stationary thermal field in the plate.
Given expression (4) for the thickness j ( r) of the plate, we obtain from equa-
tion (5) the following differential equation:
dszt.(V)Jr[l—aJ_de,.(V):O 6)
ar’ r dr
with boundary conditions: T, (r,)=T", T,(R)=T;; T <T, <T,, T,- melting
point of the composite material of the annular anisotropic plate.
For the exponent ¢ # 0, the solution of equation (6) under the given boundary

conditions is:
@ (r) = (R - )Tl*+(r _"0)71; . (7)
St. (Ra_roa) (Ra_roa)
In the case of an exponent ¢ =0 (an annular plate of constant thickness #,),
the solution of equation (6) under given boundary conditions has the form:

0 ()= (7). ln(ﬂr | ®)

st. r T{ + P 2
In| -2 In| L
R R
Let us now proceed to solving the non-stationary thermal conductivity prob-

lem for a polar-orthotropic annular plate of a power profile with thermally in-
sulated bases by the Duhamel method. To do this, we represent the temperature
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function T(r,7) as the sum of two terms of the stationary temperature T, (r) and
some function U(r,r) describing the deviation from the stationary regime:

T(r,t)sz_(r)-kU(r,t). (9)
Substituting expression (9) into differential equation (2), we obtain:
d’1, (1-a)dl, | (U (1-@)ou | _cpoU (10)
ar’ rodr or? roor) A ot

By virtue of equality (6), the first term on the left side of equation (10) is zero,
we obtain a partial differential equation for the function U (r,z):

62U+(1—a) oU cpdU

ot r or A o (an
Let’s add the initial and boundary conditions to equation (11):
the initial condition: U (r,0) = 0; (12)
boundary conditions: U (r,,t)=0 and U(R,t)=Q(¢) = 4sin’ (”%) (13)
The solution of the boundary value problem (11) — (13) is [2]:
U(r,t)zJ.Q(r)%R(r,t—T)dr, (14)
0

where R(r,r) is the auxiliary function determined from the solution of boundary
value problem (11) — (13) for Q(7)=1.
Let’s represent the function R(r,z) as the sum of two terms:
R(r.t)=V(r)+P(r1). (15)
Here, the function V(r) describes the stationary regime, and the function

P(r,t) describes the deviation from it.
For the function ¥ (r), the boundary value problem is posed as follows:

av  (1-a)av _ (16)
dr? r o dr
V(r,)=0, ¥(R)=1. (17

For the exponent ¢ # 0, the solution of equation (16) under the given bound-
ary conditions (17) is:

V<a>(r):M. (18)

()
In the case of the exponent & =0 (an annular plate of constant thickness 7,), the
solution of equation (16) under the given boundary conditions (17) has the form:

]
R
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For the function P(r,t), the boundary value problem is posed as follows:
P (La)eP_cpeP,

2 + - B (20)
or” roor A ot

P(r, 0) = —V(r) — the initial condition; 2D

P(rU,I) =0u U(R,f) =0 — boundary conditions. (22)

Let’s solve the boundary value problem (20) — (22) by the method of separation

of variables [2]. Let’s represent the function P(r,r) as a product of two functions:
P(r,t)zfl)(r)~‘{‘(t)- (23)

Substituting function (23) into equation (20) and dividing by C/lp O(r)¥(r), we
obtain: r

24

o) ¥(0)
In order for this equality to be fulfilled identically, it is necessary and sufficient
that the left and right sides of equation (24) are equal to the same constant (-4).
As a result, we have two identities:

d)”(r)+7(l_a)d)'(r)+li—pd)(r)50, (25)
r r
W(1)+ A% (1) =0. (26)
Let’s find the solution to equation (25). Multiplying it by #*, we get:
rZ(D"(r)+(la)-r‘b'(r)+ﬂ[i{0]-r2®(r) ~0. 27)

In equation (27), we introduce a new variable:

_ 2], (28)
= m

®(r)=r2 - y(&). (29)

Substituting expressions (28) — (29) into equation (27) leads it to the Bessel
differential equation for the function y(&):

ézy"(r:)w:y'(é){fz —(%ﬂy(é):& (30)

and we’ll make a replacement:

The solution of equation (30) for non-integers v =% is:
y(V) (5) — CI(V) -J, (§)+ C;V) g, (5)’
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where J, (¢£) is the Bessel function of the 1st kind of the v-th order; c,c -
arbitrary constants.
For integers v :%: m (m=0,1,2,3....), the solution of equation (30) will be:

y(E)=C" T, (£)+C X, (),

where Y, (&) is the Bessel function of the 2nd kind of the m-th order or the Neu-
mann function of the m-th order; c(™,c{" - arbitrary constants.
Thus, the solution of the differential equation (27) for non-integers v is:

o (r)=r* {c}”’ -JV[ z[’%’] -rJ-%—C;V) J[ i[’;—p] ~r]_ : @1

For integers v = m, the solution of equation (27) will be:

; ) )| 32
(I)('")(r)r"’{cl("')Jm[ A[Tj-r}cy”-n,[ l['f]-r] (32)

The boundary conditions for the function @ (r) are homogeneous:
@(r,)=0, ®(R)=0. (33)
Let us satisfy solution (31) to the first of the boundary conditions (33):

o (rn)=r {Cl(v) -JV( A(C;’] -r0]+C§V) ~JV[ l[;ioj 'Vo]‘| =0,

from here
JV[ ﬂ[fj -roj
¥ —_c® ' .
J_V[ /1[ j -ro]
The solution (31) can be written as:
(2 o o 2] ) e
A, A, 2, 2,
@ (r)= v ' ' ’ ’ _
J_‘,{ /’L[;’—p] . ro]

Let’s substitute solution (34) into the second boundary condition (33):

o

2 1

*I3
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J, A(QJ-R J, A{ﬂj-ro -J, A[@]-ro I, ;{QJ-R
A A A 2
" (R)=C"'R" =0.
JV[ /1(2]-1”0}
2

From here we get the equation for determining the eigenvalues:

[J{ A[Cp] -R]-JV( A[C”] -ro]—Jv[ A[C”J -ro]JV[ ﬂ[C’DJ -Rﬂ —o. (9
A, A A, A,
Let ‘s denote 4 = f /I[Cf j ‘R, 5= 7 -2 «<1. Then equation (35) will be written as:

[J, (1) T, (u-8)=J,(1-5)-J_, ()] =0. (36)
Let be 4,14, 445, ..., i,... the positive roots of the transcendental equation (36).

2
Then the eigenvalues will be numbers 4, :[ﬂ—)%
The eigenfunctions have the form: &~

#0) = |4 ) 01 (5|
For integers v = m, the equation for determining the eigenvalues is:
[, ()Y, (u8)=J,, (1-6)-%,, ()] =0, (37)
and the eigenfunctions are equal:
()= |01 T 0) 0 )1, 15|
Let us now consider equation (26). His general solution at 4 = 4, is:
¥, (1) =C e

Then for non-integers v =

=ZC,E e D) iC Yoy { [ﬂ Ej W(yn.5)_J‘,(ﬂ".5)%(#".%)}

We will find the coefﬁments ¢ from the initial condition, using the orthonal-
ity condition of the eigenfunctions @ (r):

cv o1 R(rzv‘rozv,).rv J, (ﬂ l)J (4,8)~J, (p,-8)-J [ﬂ l) rdr
n 2 (sz 21 v n R -v n v n -v n R >

for (=)

where ol () = Tr" {JV (un %)-LV (#,-8) =, (1,-8)-J., (/4,, %ﬂz -rdr.

N\Q

—_—

o
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For non-integers v, the function R (r,r) is:

RV (r,1)= ((:z rOZV)) i { (un RJ Jv(un-ﬁ)—Jv(un-5)'JV[ﬂn-rﬂ-

R

The solution of the boundary value problem (1 l) —(13)1s:
v 0 Or (v
U()(i’,t):_([Q(T)E[R()(r,t*T) (l‘ T):|dT .[Q (rt T)dT+Q(t)R (F,O):

=AY [ sin’ ( Zjdf 2,6 {Jv[ﬂn-%}b(ﬂn'5)—%(#"'5)'%[#”-%)}
0

n=1
+A4sin® [HLJ-R(V) (r,0).
VA

For non-integers v =<, the temperature T(r,t) distribution in a polar-ortho-
tropic ring plate of a power profile with thermally insulated bases is:

T@ﬂhxﬁmjf;r:+((;Z‘_’"°Z)>T;}U(3J(m). a9

For integers v = (; =m, the function P (r,t)is:
P (r) = Y Ce ) (1) = 3 et [Jm(ﬂn %j-Ym(ﬂ”'ﬁ)—Jm (#,-6)-7, (#%H
n=1 n=1

We will find the coefficients C from the initial condition, using the orthogonal-
ity condition of the elgenfunctlons o (r):

P L G
o=~ >2£((R2m—r002"'))'r {Jm(ﬂn-;j-Ym(ﬂn-5)—J,n(ﬂn-5)~Ym(ﬂn-rﬂwdr,

o

where

For integers v =m, the function R™ (r,t) is

R (r,1)= ((;2_ )) Y { [#n R) Ym(ﬂn'5)—Jm(ﬂ,1-5)-xn[ﬂn~;ﬂ-

n=1

> R ?
W =[] (2 | 0) - 010 2 )

o

The solution of the boundary value problem (11) — (13) for integers v =m is:
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U (10)= [ 0(0) 2R (1= n (1) s = [0(1) L K 1=+ 0(0) K (0) -
-4 1I[e”sm ( )dr 2,CMe m|:Jm(/'ln.%j-Ym(/’lﬂ-5)7‘]Vrl(/’ln'5)'Ym(lun’%j:|+
+Asin® (ﬂ'éj R™ (r,0).

a

For integers v = 5=, the temperature distribution in a polar-orthotropic ring
plate of a power profile with thermally insulated bases is:
R2m _ Zm) (r2m _er) 39
T (r,t)= ( T+ LT |+U™ (r0). (39)
( ) |:(R2m_ m) 1 (RZm_FZm) 2 ( )

In the special case, for an annular plate of constant thickness, the exponent
m =0 and temperature distribution in the plate will be:

In| = In }"0 40
R) . . 0) (40)
7 (r,1)= T+ 7 [+UY (1),
¥ 7
R R

(r.t :j'Q [R(O) (rit—7)-n(r- T):|dT:jQ( );

= *AZV"’ sin’ (ﬂ%) dr-2,C\e ™ |:‘]o (ﬂn '%]'YB (1,-8)=Jo(4,-6)¥, (un %)}

n=1(

where

RO (r,t~7)de+0(t)R” (r,0) =

+Asin? [ﬂLJ‘R(O) (,0),
Z

s

RO (r, t)
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Conclusion

Formulas (38), (39), (40) describe the temperature distribution in a polar-or-
thotropic annular disk of a power profile with thermally insulated bases for vari-
ous cases of the exponent a. They can be used in the calculation of thermoelastic
stresses in anisotropic annular plates of various designs operating in alternating
thermal fields.
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