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The pandemic caused by Covid-19 has led to widespread morbidity, mortality and socio-economic
crisis worldwide. After the emergence of several types of coronavirus infections, the problem of develop-
ing effective drugs is becoming increasingly urgent. Influenza and Covid, which in recent years have been
‘working’ in symbiosis and causing severe complications and a difficult course of the subsequent disease,
are, unfortunately, often not limited to these two infections. However, if during ‘this symbiosis’ the phe-
nomenon of ‘interference’ occurs (in which the virus, penetrating the cell, stimulates it to produce inter-
feron —its own antiviral protein) — a protective mechanism against viruses, then the frequent weakening
of immunity against this background leads to the appearance and development of unwanted bacterial
and fungal diseases, as secondary infections.

The addition of bacterial pneumococcal and other infections (Streptococcus pneumoniae,
Haemophilus influenzae, Staphylococcus aureus), micromycetes and other pathogens (such as
Pneumocystis jirovecii, Mycoplasma pneumoniae, Chlamydia pneumoniae, Legionella pneumophila, and
others) after viral diseases (SARS-CoV-2, RSV) can cause pneumonia and irreversible complications. One
of the consequences of COVID-19 is the complication of the lung condition of incompletely understood
etiology, which progresses to fibrosis and has limited treatment options (Hama Amin et al, 2022).
Difficulty in gas exchange after viral infection due to thickening of lung tissue and the appearance of
scars, which is essentially nothing more than fibrogenesis (Fig. 1), very often ends in organ failure and
premature death. The progressive deposition of extracellular matrix (ECM) proteins is the cornerstone of
fibrotic pathology (Chattopadhyay et al., 2022; Wells, 2022).
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Fig. 1. The main triggers of damage to human pulmonary alveolar epithelial cells
Idiopathic pulmonary fibrosis (IPF) is the most rapidly progressive and fatal of all fibrotic diseases
(approximately 3-5 years after diagnosis). Although the approval of antifibrotic drugs (pirfenidone and
nintedanib) for the treatment of IPF was a turning point for the development of effective drugs, these
drugs slow down, but, unfortunately, do not stop the progression of the disease, do not stop the
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formation of scars. Therefore, the need for the development of effective therapeutic strategies is very
acute today. Among the many already officially developed drugs, side effects also have their place.
Therefore, the search, development and study of substances with complex antiviral, antibacterial and
antifungal activity with no or minimal side effects is an urgent task. The study of such substances and
the elucidation of the molecular mechanisms of their action in vitro open up new possibilities for their
therapeutic properties, which can form the basis for the development of new effective drugs.

Among the number of substances that exhibit a wide range of medicinal properties, various plant
active substances are known (vitamins, glycosides, phytoncides, alkaloids, terpenoids, catechins, tannins
and other phenolic compounds). Plant substances, as shown by numerous experimental and clinical
experience, have high efficiency, but low bioavailability and limited solubility in water. However,
compared to synthetic drugs, they have a higher level of safety and are even able to enhance the effect
of chemical drugs, which is an important element in treatment. Diferuloylmethane, as a ‘vellow dye’ was
first discovered in 1815 by researchers Vogel and Pelletier, who isolated it from the rhizome of Curcuma
longa L. (turmeric) and named it curcumin (Jafari et al.,, 2024). Although turmeric, the main source of
curcumin, has been consumed as a dietary spice and as a medicine for diseases for more than a
millennium in Asian countries, it was only in the mid-20th century that its biological properties were
recognized. This compound has demonstrated antithrombotic, anti-inflammatory, antioxidant,
antiproliferative, chemopreventive, antiangiogenic, and proapoptotic effects (Gupta et al., 2012, Jafari
et al, 2024).

Curcumin has been found to be safe and effective in human clinical trials, and the US Food and
Drug Administration has approved curcumin as a ‘generally recognized as safe’ compound. Although cur-
cumin has shown therapeutic efficacy against many human diseases, its main drawback is its poor bioa-
vailability, which is mainly due to poor absorption, rapid metabolism, and rapid systemic elimination
(Gupta et al.,, 2012). Curcumin is now considered a ‘new drug’ with great potential and is used as a sup-
plement in several countries (in India, turmeric is used in curry; in Japan, it is often served with tea; in
Thailand, in cosmetics; in China, as a dye; in Korea, it is served in drinks; in Malaysia, it is used as an
antiseptic; in Pakistan, as an anti-inflammatory to relieve gastrointestinal discomfort; and in the United
States, it is used in mustard sauce, cheese, butter, and chips as a preservative and dye. Curcumin, as
shown by numerous experimental and clinical experiences, can have a high efficacy and a reliable level
of safety, and even enhance the action of chemical drugs, which is an important element in treatment.
Although most currently available single-target treatments are associated with numerous side effects,
curcumin has been found to be safe for human use in gram doses. Its miraculous properties have been
known since ancient times in the treatment of diabetes, obesity, neurological disorders, as well as inflam-
mation and cancer, which is what drew our attention to it as a potential antimicrobial agent and antifi-
brotic modulator and was chosen as a subject of research.

Research Methodology

To study the fibrotic process, we used the human lung adenocarcinoma alveolar basal epithelial
cell line A 549 as a model cell. The cell culture was incubated in RPMI 1640 medium supplemented with
10% FBS and 1% penicillin suspension with streptomycin and glutamine and HEPES 0.5% at 37 °Cin a
humidified incubator with 5% CO.. Curcumin was purchased from Sigma-Aldrich Co. (Switzerland), which
was dissolved to micromolar concentrations in DMSO. The fibrosis process was induced by the cytokine
TGF-B1. Western blot analysis was used to determine fibrotic and inflammatory proteins. Protein from
cell lysates and supernatants was extracted and subjected to electrophoresis on SDS-PAGE acrylamide
gels of different densities, using PVDF membranes. The membranes themselves were blocked in 5% dry
milk, with washing in Tris-buffered saline. Incubation with antibodies was carried out at room
temperature, using mono- and polyclonal primary and secondary antibodies. To obtain images of the
blots for protein bands, iBright Imaging Systems with a high-resolution camera 9.0 Azure biosystems
were used.

We evaluated the antibacterial activity of curcumin against a Gram-positive strain of
Staphylococcus aureus, susceptible and resistant to antibiotics, as well as Gram-negative Escherichia coli.
Bacterial strains were cultured in Mueller-Hinton broth (MHB) as an overnight culture. For antimicrobial
assays, cultures were adjusted to a turbidity equivalent to 0.5 McFarland standard. Test compounds were
serially diluted in MHB in 96-well microplates to achieve a range of concentrations. Each well was
inoculated with a standardized bacterial suspension and incubated at 37°C for 9 hours until the bacterial
cells reached stationary phase. Negative controls (medium only — blank) and growth controls (bacteria
without compound) were included. Bacterial growth was assessed by measuring the optical density at
660 nm.Each experiment was repeated at least three times. All data were expressed as mean + standard
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deviation (SD). Student's t-test was used to compare data between two groups. One-way analysis of var-
iance (ANOVA) was used for comparisons between different groups, and a P value < 0.05 was considered
statistically significant.

Results and Discussion

Human lung epithelial cell culture (A 549) has been shown to be a convenient model for studying
the in vitro fibrotic process initiated by the systemic cytokine TGF-1. Curcumin exhibits a low cytotoxic
effect on the cells. Its use in the presence of TGF-B: slows down the process of epithelial cell
transformation into myofibroblasts, as evidenced by the low expression of alpha-smooth muscle actin (a-
SMA) protein by the cells. a-SMA is an isoform of actin and plays an important role in fibrogenesis (Rout-
Pitt et al., 2018). Transformed myofibroblast-like cells are metabolically and morphologically distinct
from epithelial cells, the former of which overexpress alpha-SMA. We also observed that activated cells
with a myofibroblast-like phenotype synthesize significantly more extracellular matrix proteins, in
particular collagen and fibronectin, compared to control cells (without TGF-B1 and without curcumin).
Curcumin significantly (P < 0.05) inhibits the transformation of the cellular phenotype and inhibits the
synthesis and accumulation of extracellular matrix components (a-SMA, collagen and fibronectin).
Recently, in fibrotic diseases, increasing importance is given to collagen, which constitutes from 30% to
70% of ECM proteins in all types of tissues (Raote et al., 2024). Collagen biosynthesis and maturation are
attractive therapeutic targets for fibrosis, and therefore reducing its synthesis and deposition is an
important indicator of the efficacy of new potential drugs, which are evaluated in vitro and in vivo.

Excessive deposition of another ECM component, the glycoprotein fibronectin, precedes the depo-
sition of collagen, and is a characteristic feature of pathological conditions of organs and tissues after
their damage (in our case, after treatment of cells with a systemic cytokine). Significant inhibition of the
expression of this protein by curcumin reflects the ability of the flavonoid to influence the moderate re-
pair of damaged tissue, which occurs through a series of regulated stages: the formation of a fibrin clot
(acting as a platform for the assembly of granulation tissue) and subsequent reduction and remodeling
of the ECM to restore normal tissue. No less important is the property of curcumin, which we observed,
to stop further post-translational modification of ECM proteins by suppressing the expression of cell ad-
hesion receptors (integrin proteins), which prevents the formation of a more rigid structure of ECM com-
ponents. Reducing the expression of collagen, fibrillin, fibronectin and integrins has an important func-
tional significance in the formation of scars during uncontrolled wound healing, What happens when
intact lung tissue is damaged due to past infections and its incomplete regeneration.

Curcumin demonstrated bacteriostatic activity against both Gram-positive and Gram-negative
strains of microorganisms. In particular, the flavonoid exhibited significantly stronger antibacterial
activity against Gram-positive Staphylococcus aureus compared to Gram-negative Escherichia coli.
Antibiotic-sensitive S. aureus strains were completely inhibited. In contrast, E. coli showed maximal
growth inhibition of approximately 80%.

Conclusion

Our data on the modulation of extracellular matrix protein secretion by curcumin, the inhibition of
excessive extracellular matrix deposition, and the high antibacterial activity confirm the promising
therapeutic approach of this flavonoid, which is able to support human immunity and suppress
fibropathogenic states. The valuable antifibrotic, antibacterial, and regenerative properties of curcumin,
as well as its known antioxidant, antiviral, and antifungal properties, are promising in adjunct therapy
in the fight against coronavirus infection and the elimination of its associated consequences, including
concomitant bacterial infections. Curcumin, not being approved for the treatment of any human disease,
requires larger and controlled studies in humans to demonstrate its safety and efficacy.
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Abstract

Research purpose clothes working in the release applicable glues analysis from doing con-
sists of . In the province and leader in enterprises used glues different to the features They have. In
the thesis current on the day used polymer glues about general information cited.

Keywords: glue, fabric, clothing, polymer, thermoplastic.

Clothing working in the release the most many used to glues the following includes: polyethylene,
polyamide, polyvinyl chloride, polyvinyl acetate, polyester, polyacrylate. [1-8, 11-12]

Polyethylene glue substances washable in products used gasket materials adhesive as. They are
used chemically to the effects durability, water and wash to the effect, to the cold to the endurance has
. PEHMW branded polyethylene glue your coat small in parts use for intended , sealed in materials per-
manent adhesive the coating to take for used. HDPE branded polyethylene glue often washable men
dresses, women blouses and other of products collars, cuffs, stripes and other parts to form resistant
processing to give for intended in gaskets, materials adhesive coating as is used.

Polyethylene adhesives, including Surebonder 725 sturgeon in appearance working Polyethylene is
first granule in the form of working is extracted, (Fig. 1, a), from which in step 2 for example sturgeon in
the form of Surebonder 725 glue working is removed (Fig. 1, b). In the form of a rod polyethylene glue
using a pistol (Fig. 1, ¢) is applied.

Polyethylene is a thermoplastic polymer of ethylene, forming a long molecular bond consisting of
one molecule of carbon and two molecules of hydrogen (Figure 1, g).

b)
Fig. 1. Polyethylene glue

Polyamide glue is used in powder form or as a coating on textile materials, mainly for gluing their
upper parts. Of the domestic copolyamides, the following are used as adhesives: Pa - 54 (Pa-6/6,6); Pa-
548 (Pa-6/6, 6/6,10) and Pa-12ACR (Pa-12/6/6,6). Under the influence of hot water, they swell, as a
result of which the adhesive composition delaminates - separates into layers.

Pa-54 glue is used as a powder, which forms an irreqular dot adhesive coating on gaskets and edge
materials by spraying. However, due to its high melting point (165-1750C), it has limited use.

Pa-548 glue is a raw material for obtaining adhesive threads and adhesive spider webs in powder
form, and a raw material for obtaining irreqular dot adhesive coatings on gaskets and edges of materials
in powder form. The melting point is quite high (155-1600C), which causes some difficulties in gluing
materials obtained from a mixture of fibers.and fibers from a mixture taken materials in gluing some to
difficulties take is coming.

The melting point of Pa-12AKR glue is 125 OC, which gives the joints superior elasticity compared
to Pa-54, Pa-548 glues, and also increases the frost resistance of the joints. It is used to obtain adhesive
threads, adhesive cobwebs; powders used for dot coating.



I INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 17-18.06.2025

Polyvinyl chloride glue (PVC) is used in the form of films, powders and pastes, as well as for coating
textile materials. The melting point is 80-180 OC. PVC dot coatings provide very light bonds to the touch,
adhere well to pleated fabrics, knitted fabrics and fabrics that are sensitive to pressure and temperature.
PVC is resistant to washing; it has low resistance to dry cleaning. Due to the volatility of the plasticizer
during gluing, an unpleasant odor is formed, as a result of which the use of PVC is limited.

Polyvinyl acetate adhesives (PVA) have a melting point of 80-95 OC, but they have limited use in
clothing production, as they produce adhesive compounds with low resistance to cotton and washing.
PVA is used to reinforce side seamns in places where there are loops, as elements of jewelry and appliqués,
and for the production of seams in the production of men's shirts.

Polyester adhesives are used in powder form for fastening outerwear parts, with a melting point
of 115-120 OC.

Polyacrylate adhesives can withstand the effects of weather factors and high temperatures with-
out losing their properties; their transparency allows them to glue even the thinnest fabrics. They are
firmly held on the surface of textile materials, slightly increase their hardness, and are resistant to wash-
ing.

Due to local economic expediency, copolyamides and polyethylenes are the most common.

All adhesives used for gluing clothing parts can be in different physical states: liquid (adhesive so-
lutions), paste (adhesive pastes), films, powders, in the form of cobwebs, meshes, fibers and threads.

Conclusion. One of the positive aspects of the use of adhesive materials is the improvement of
shape retention properties, the strength of the adhesive joint during operation, a decrease in the thick-
ness and quality of the seams, and other properties. The provision of the garment industry with new high-
quality thermo-adhesive composite materials and the processing of composite materials with new com-
positions and structures, the production of non-woven materials with an adhesive coating with a surface
density of 30-50g/m is of particular importance.

The technology of bonding is based on the use of one of the basic properties of a material, such as
the welding of thermoplastic materials. Adhesion is a surface appearance that occurs as a result of mo-
lecular contact, leading to the formation of a new heterogeneous system. (A heterogeneous system con-
sists of independent phases limited by a surface boundary). Thus, adhesion occurs as a result of the joining
of dissimilar surfaces.

For the production technology of mass sewing products, the adhesion properties of polymers are
considered, since the fibers and adhesives used are based on high-molecular compounds. [10-11]

An adhesive bond is an integral connection of two or more textile materials with the help of glue.
The adhesive properties of textile materials allow the materials to bond with solutions or aqueous gels
of polymer adhesives and form adhesive bonds with them, which in turn contributes to the preservation
of consumer properties and value of sewing products during their service life.

The quality of adhesive bonded materials is mainly determined by the polymer surface applied.
Table 1 below lists the main types of adhesive materials.

Table 1
The main types of adhesive materials used in clothing manufacturing.

Glue material type Base fabric Glue, powder, resin type Application area
Glue is good. Linen, cotton fibers
art 302-111 madapolam . . Clothing details forty and curls from the
108-111 soup Polyamide resin PA-548 heart save (sideboard, adip (the phrase)
385-111 cologne

PA-54(check )

PA-6/6, 6, 10
Glue various Eape Not a bullet PA-12 AKR Clothing details to reduce the edges, to
glue thread ’ isotropic ma te}ia ( Sopolyamides" Platamid" |  be invisible stitch to give and to attach

(FRG) (clothes) skirt sleeve tip)
" Sarpifan” (FRG)
Polyethylene
Various shaped High-pressure polyeth- Women, men and children on his coat to
Adhesive tape ylene "Shettifix" (140, the details form guardian processing to
checkered . ;
400) Switzerland give
G([Jumfcgr[rgnﬂue Thermoplastic epffgyfefglede 524 vb/-: 5; gg?o/— Applications h axis to do and
p p yiene, poyviny to attach, to sew and adhesive com-
pastes polymers ride, ; o
lavender pounds to hermetically seal m is intended
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Abstract

The modern world has long lost its sense of calm and stability. It feels as though the Earth is
spinning “faster than before.” A phone model released yesterday is already outdated today, re-
placed by a more modern version. Companies are forced to constantly refine their production tech-
nologies and offer the market new products, projects, ideas, and approaches.

By the end of the 20th century, it had become clear that the industrial society was becoming
a thing of the past, and a completely new, “stormy” era of development was beginning.

Today, the importance of knowledge and innovation in the process of a society’s socio-eco-
nomic development is growing immeasurably. That is why the 2 1st century is often referred to as
“the era of innovation.”

In the modern global political-economic system, where hypercompetition prevails in all areas
of activity, three general models of national development have emerged:

e The raw material model is characteristic of countries that possess large reserves of natural
resources and import essential science-intensive industrial products.

e The technological model ensures the production of high-tech products through the import
of intellectual property objects.

e The innovative model is oriented toward the creation of proprietary science-intensive
technologies and their implementation in economic circulation, based on fundamental scientific
research.

For development, it is precisely this latter model that is the most progressive and vital for
the future.

It is noteworthy that innovative development is recognized as an indispensable factor for
global economic progress. Innovation-based production, founded on scientific and technical
knowledge, determines the creation of greater economic wealth by increasing production effi-
ciency (labor productivity), which simultaneously leads to a reduction in production costs.

In the age of innovations, a country may lack natural resources (minerals, raw materials) and
may not stand out in terms of territorial size, yet still be economically highly developed. This further
emphasizes the relevance of this work for our country.

In developed countries, 75-100% of the gross domestic product (GDP) growth is attributed
to innovations, highlighting the necessity for the state to develop an innovative economy.

Keywords: industrial revolution; innovative development; creative destruction; social pro-
gress, theory of innovation.

Chronology of Industrial Revolutions
The modern world is progressing at an exceptionally rapid pace. The economic fabric of the 21st
century differs significantly from the system of economic relations of previous periods. Many professions



I INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 17-18.06.2025

and industries are disappearing, yet at the same time, new directions, job opportunities, and possibilities
are emerging.

Fundamental changes in the historical process of social development have been driven by industrial
revolutions, which began in the second half of the 18th century and continue to this day.

The first industrial revolution (1760-1860) began in 18th-century England with the invention of
the steam engine. For centuries, agriculture had been the leading sector of the economy, but from this
period onward, machines began to replace human physical labour. As a result, labour productivity in-
creased, the textile and metallurgical industries developed, factories were opened, and the construction
of railways began. Consequently, industry gained a dominant position in the global economy and became
a generator of fundamentally new types of jobs.

The second industrial revolution (1915—1970) was linked to mass production through the use of
electrification, which led to an irreversible process of urbanization. The conveyor, automotive, oil, and
chemical industries also advanced significantly. These two revolutions fundamentally changed not only
the economic structure but also the social way of life—transformations that had taken centuries to
achieve.

During the third industrial revolution (1970-2000), with the help of information technologies, the
production process was transformed into an automated system. Robotics and the space industry devel-
oped, leading to humankind’s first journey into space.

We are currently experiencing the fourth industrial revolution, which began in the early 2 1st cen-
tury. This is the era of digital technologies and the dominance of artificial intelligence. According to re-
searchers, this phase will be characterized by "smart production” based on cyber-physical systems, which
will promote the growth of technological development and production efficiency. Additionally, the so-
called "Internet of Things" will evolve—a virtual network through which all electronic devices will con-
nect and actively exchange necessary information. Entirely new types of consumer services will emerge,
further simplifying and improving the quality of social life.

Considering the pace of global innovative development, experts are forecasting a fifth global tech-
nological revolution, the effects of which are expected to become especially apparent in the second half
of the 21st century. This revolution envisions the mass replacement of humans with Al-powered robots
across all areas of activity, as well as the migration of humans to other planets, among other develop-
ments.

Gradually, human talent and abilities are becoming more valuable than capital for achieving eco-
nomic success. This, in turn, is increasing segregation in the labour market—individuals with low compe-
tence will earn lower wages, while highly qualified professionals will receive correspondingly higher in-
comes. These changes may lead to growing social tensions, political destabilization, and even revolutions
in various countries.

It is noteworthy that the time intervals between industrial revolutions are becoming shorter. The
first industrial revolution took many centuries to emerge, the second took nearly a century, the third
required only half a century, and the interval between the third and fourth was just 20 years. Therefore,
over the last half-century, the pace of technological revolutions has significantly accelerated.

The last two technological revolutions are qualitatively much more extensive and complex than
the first two, which primarily transformed the field of production rather than the social sphere.

Compared to pre-industrial revolutions, the fourth industrial revolution is unfolding at an exponen-
tial, rather than linear, pace, which is fundamentally transforming production, management, and gov-
ernance.

Over the past centuries, the use of human physical capabilities in the labour market has signifi-
cantly decreased, a trend driven by the advancement of technology. There is a growing demand not for
physical strength, but for intellectual ability.

After each industrial revolution, the number of people employed in labour-intensive sectors de-
creased, while at the same time, the employment rate of highly qualified individuals in knowledge-inten-
sive fields increased. In the other words, there is an inverse relationship between the demand for physical
labour and the sequence of industrial revolutions.

In the near future, technological breakthroughs will lead to socio-economic inequality, particularly
in the labour market, which will in turn transform people's economic, social, and cultural environment,
as well as their moral values, and more.

Stages of Societal Development and the Three-Sector Economic Model

Starting particularly from the second half of the 20th century, scientists such as Clark, Bell, Fisher,
and Fourastié became especially interested in studying the changes brought about by the development
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of economic production sectors and society. Based on their work, three main stages of societal develop-

ment have been identified:

Three-sector economic model according to Colin Clark

Sector | - Agricultural Sector

Sector Il - Industrial Sector

Sector lll - Service Sector

Pre-industrial stage Industrial stage Post-industrial stage
e Agriculture e Mechanical engineering and e  Science
e Extractive industry metalworking e FEducation
e Fishing e Chemistry and petrochemistry o Art
e Forestry e Light and food industry e Healthcare
e Energy, transport, and construction e Tourism

o Metallurgy e business consulting

e banking services
e public administration

1) Pre-industrial stage — The majority of society was employed in the agrarian sector, primarily in
agriculture. Activities such as the extraction of natural resources, fishing, and forestry were common.
This stage is characterized by low labour productivity.

2) Industrial stage — At this stage, industrial and manufacturing sectors developed significantly,
including machinery and metal processing, light and food industries, chemicals and petrochemicals,
construction, energy, metallurgy, and others.

3) Post-industrial stage — This is the modern stage of social development, which is referred to in
economic literature in various ways, such as "post-industrial society”, "information society”, or
"knowledge-based society." At this stage, the main sector of the economy is no longer agriculture or
industry, but rather key branches of the service sector - such as education, science, healthcare, tourism,
business and legal consulting, banking, and others. A new type of social structure is emerging, reflected
in the diminishing role of material production, the growth of the service and information sectors, and
qualitative changes in the employment structure.

The French economist Jean Fourastié describes the structural transformation of the workforce
based on economic sectors, which evolved in parallel with the stages of social development:

e First stage — The era of traditional civilization (pre-industrial), where 70% of the workforce was
employed in the primary sector, 20% in the secondary sector, and only 10% in the tertiary sector. Science
was minimally developed during this stage.

e Secondstage— The era of the industrial society, in which the share of employment in the primary
and secondary sectors was each about 40%, while the tertiary sector accounted for 20%. There was a
noticeable increase in the role of technology in the production process and a decrease in the number of
workers.

e Third stage — The post-industrial society, marked by fundamental changes in employment
structure. Employment in the primary sector dropped to 10%, in the secondary sector to 20%, and the
tertiary sector rose to 70%. There was a sharp decline in the workforce in the first and second sectors,
driven by the automation of production processes. As a result, the tertiary sector expanded significantly
and became the main area for workforce concentration.

In general, the employment structure in developed countries reveals the following trends:

e _Jobs in the agricultural sector are sharply declining — the average share of employment is
around 5—10%;

e Employment in industry is also decreasing — the average employment rate is 20-30%;

e The service sector is growing enormously — average employment is around 60-70%;

e Self-employment and underemployment are increasing daily;

e Nearly all sectors of the economy are becoming knowledge-intensive,

e FEducation and healthcare, as well as business, legal, and banking consulting, have become
rapidly growing fields.

The characteristics of modern post-industrial society are mainly reflected in the reduced role of
material production, the development of the service and information sectors, the diversification of pro-
duction resources, the transformation of social structures, and so on.

Post-industrialization was driven by the process of globalization, during which, as a result of the
global division of labour, the incomplete cycle of production (such as research and development work)
was massively transferred to newly industrialized countries. As a result, developed countries were able
to concentrate their resources on the development of the service sector.
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A post-industrial economy is an economy based on the production of services, and the main crite-
rion for classifying an economy as post-industrial is that the share of the service sector in GDP exceeds
50%, for example, in the U.S. — 80%, in the UK — 78%, in Japan — 72%, and globally the average is 60—
65%.)

In a post-industrial society, the main economic resource of economic production is intangible as-
sets. These include know-how, patents and licenses, securities, brands, and so on.

Evolution of the theory of innovative development

In the historical development of the theory of innovative development, three important stages can
be distinguished:

First stage: Late 19th century — 1930s

During this stage, the fundamental foundations of innovation theory were formed. The essential
theoretical basis was laid by N. Kondratiev’s theory of "long waves" and J. Schumpeter’s theory of inno-
vation development, through which the essence of innovation and the role of entrepreneurship in eco-
nomic development were clarified. Concepts were developed that explored the causes of economic
growth within the frameworks of economic cycles and the "long wave" theory. A general pattern of mar-
ket economy development was identified — innovative economic development. Continuous change was
defined by the cycle of "expansion — recession — expansion," and innovation was recognized as the main
factor of economic growth. This stage also laid the foundation for a new economic theory of evolutionary
development.

Second stage: 1940s — mid-1970s

During this stage, research into basic innovation ideas deepened. Based on the exploration of inno-
vation management functions, several details of the previous period's innovation ideas were clarified.
Research took on a practical and applied direction. The functional aspects of innovation management
were developed in areas such as planning, organization, and the evaluation of innovation project effec-
tiveness.

Third stage: 1970s — early 2 1st century

During this stage, new theoretical breakthroughs occurred in connection with epoch-making and
fundamental innovations. Based on the study of innovation as a systemic phenomenon, the interconnec-
tion between technology, the economy, and society was established. Significant theoretical advance-
ments were made in multiple fields—for example, new types of innovation classification were defined,
and the essence of innovation as a systemic phenomenon was clarified. Additionally, the fundamental
foundations of national innovation system concepts were formed, among other developments.

Economic theory of large cycles according to N. Kondratiev

The development of innovation theory was initiated by the prominent Russian economist and sci-
entist Nikolai Kondratiev (1892—-1938), who was one of the first to take interest in the cycles of economic
conjuncture—so-called “long waves” (with an average duration of 45-60 years)—and noted the influ-
ence of innovative processes within them.

Kondratiev's theory of long waves (cycles) gained wide recognition because it was based on con-
crete historical facts. He demonstrated a strong connection between the cyclic nature of economic crises
and these “long waves.” Kondratiev viewed economic cycles as a continuously recurring process of dis-
ruption and restoration of economic equilibrium over the long term.

Various concepts are used to describe these “long waves” (e.g., the theory of capital flows, the
theory of labour migration), but among them, the theory of innovation is relatively widespread.

Through his theory of long cycles, Kondratiev substantiated the close relationship between major
technological inventions and the patterned alternation of waves of economic expansion and recession.

According to Kondratiev’s theory, each new economic cycle begins with a groundbreaking discov-
ery. During the “expansion” phase of the cycle, society experiences powerful social shifts, and new coun-
tries emerge as major players on the global economic stage. For example:in the first cycle, England was
the leader; In the second, England, Germany, and the USA; In the third, the USA and Germany; In the
fourth, the USA and Japan; In the current cycle, newly industrialized countries, especially the Republic of
Korea and Singapore, as well as China, have emerged as leading forces.

The expansion phase begins with the revitalization of a country’s economy, which gradually tran-
sitions into economic growth. After reaching the peak of development—the boom phase—the economy
enters a phase of recession, which ultimately ends in depression. (See Fig. 5).

Depression (also known as stagnation or downturn) forces society to seek new, previously unused
opportunities for survival, which is achieved through the intensification of innovative processes. As a re-
sult, productive capacities are renewed and expanded, new production facilities are launched, and new



I INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 17-18.06.2025

Jobs are created, all of which lay the groundwork for the beginning of a new economic expansion phase.
[Yakovenko, “Economy...”, 2011]

From the 18th century to the present, five full techno-economic dynamic cycles are considered to
have been completed, and the sixth cycle is currently underway. (See Fig. 6.)

It is also noteworthy that each “long cycle” (wave) corresponds to a distinct technological para-
digm. This is a complex system of interrelated new technologies, which drives fundamental transfor-
mations in society—mainly in energy, production, transport, and services.

The economic outcomes of the evolution of the ‘long cycles' are as follows:

1st Cycle, First Industrial Revolution (1770-1830) — Invention of the steam (water) engine.
Results of progress: Textile machinery manufacturing and the textile industry; Metal processing; Cast
iron  production; Iron  processing,  Construction of canals; Mechanization of labour
Leading countries: United Kingdom, Belgium, and France.

2nd Cycle, Age of Steam (1830-1880) - Refinement and widespread use of the steam engine.

Results of progress: Development of black metallurgy; Creation of transportation networks (rail-
ways); Growth of machine-building and shipbuilding, Coal mining; Expansion of tool-making and machin-
ery industries; Further mechanization of production. Leading countries: United Kingdom, France, Ger-
many, USA.

3rd Cycle, Age of Steel, Second Industrial Revolution (1880-1930) — Invention of the internal com-
bustion engine, as well as the telephone and radio. Results of progress: Development of electrical engi-
neering and heavy industry, Exploration and extraction of oil reserves; Chemical industry; Production of
plastics; Electrical industry; Construction of power transmission lines
Leading countries: Germany, USA, and the United Kingdom

4th cycle, the oil era (1930 - 1970) - large-scale extraction and use of oil and gas. The result of
progress: automotive and aviation industries; machine building, production of durable goods, mass pro-
duction of synthetic (artificial) materials; production of conveyors; discovery of nuclear energy,; chemical
industry and electronics production; oil production and refining. Leading countries: USA, Western Euro-
pean countries and Japan.

5th cycle, the era of computers and telecommunications, the third scientific and technical revolu-
tion (1970-2010) — microelectronics, the Internet, social networks, robotics, sensor devices, drones. The
result of progress: electrical industry; computing and fiber-optic equipment; software; telecommunica-
tions; robotics; information services. Leading countries: the USA and Japan.

6th cycle, the era of eco-technologies, the 4th industrial revolution (Industry 4.0) (from 2010 to
the present) - the convergence of nano-, bio-, eco-, helio-, information and cognitive technologies. The
concept of "Industry 4.0" was first developed in Germany, the purpose of which was to create the foun-
dations of the competitiveness of the country's industry. Expected results of progress: nano-electrical
engineering; molecular and nano-photonics; nano- and optical materials; nano-biotechnologies, nano-
devices; digital, "green" and "blue"” economy; use of new sources of renewable energy and resources; eco-
logical and sustainable industrial production; eco-transport and services.

"Creative Destruction” - Theory of Innovation according to J. Schumpeter

In economic literature, innovation is perceived as the transformation of potential scientific and
technological progress into actual progress, which is materialized in new products and technologies.

The term "innovation" is of Latin origin and means the introduction and implementation of some-
thing new. The concept of innovation is constantly changing. It was first used by cultural scientists in the
19th century and expressed the transfer of elements from one culture to another.

At the beginning of the 20th century (1912), based on Kondratiev's theory of "great cycles”, the
Austrian-American economist Joseph Schumpeter (1883-1950) developed the innovation theory of great
waves and formulated it as a general innovation doctrine of economic development.

Schumpeter paid special attention to the innovative function of entrepreneurship, since the dy-
namic development of the economy depends to a large extent on its activity. Accordingly, the activ-
ity/passivity of the entrepreneur determines the economic "expansion"” and "recession”, which have a cy-
clical nature.

In the theory of economic development, Schumpeter considered innovation as the main entrepre-
neurial way of increasing profits. He wrote: "Profit is not without development, development is not with-
out profit.

He was the first who analysed the issues of new combinations of changes (innovations) and gave
them a complete description of the development of the innovation process. In particular, in the work he
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distinguished two sides of economic life - routine circulation and development, or innovation, and distin-
guished 5 types of innovative changes in development:

1. Introduction of a new product that the customer is not yet familiar with, or significant
modification of an existing product;

2. Implementation of a new production method based on scientific discoveries, or one that may
represent a new method for the commercial use of a product or raw material;

3. Identification and development of a new market in which the given industry was previously not
represented, regardless of whether this market existed before or not;

4. Development of a new source of raw materials or semi-finished products, regardless of whether
this source existed before or not;

5. Implementation of changes in any sector, specifically the acquisition of a monopoly position
(e.g., through the creation of trusts).

According to Schumpeter, “creative destruction” (figuratively: “innovators take resources away
from conservatives”) is the process of replacing an old development paradigm with a new one, which
happens in a leap-like, explosive manner. Schumpeter wrote: “In the period of introducing innovations
into the economy, so-called ‘creative destruction’is observed, which drives outdated technologies and
organizational structures out of the market, and new, viable sectors take their place. This is followed by
economic growth and an increase in people’s welfare. Thus, innovations become the main driving force
of economic development, determining its efficiency and the increase of labour productivity.”

The struggle for existence and the survival of the fittest received a specific Schumpeterian inter-
pretation: “The struggle occurs between routine and the introduction of innovations,” as a result of which
the one who manages to successfully master some segment of the market survives and remains until
others become ready for the market. Then a new innovation is introduced, and the innovator remains in
the market for some time, and this process goes on endlessly.

Schumpeter gave the first classification of innovations, distinguishing basic, improving, technolog-
ical, economic, process, and product innovations.

The issue of studying innovation and technological development has also attracted the interest of
numerous researchers in recent times. For example:

In 1957, American economist Robert Solow discovered an interesting fact while analysing the post-
war industrial growth of the United States: only 12.5% of the increase in output per person/hour could
be attributed to increased use of capital, while the remaining 87.5% was due to technological changes
— that is, innovations.

Around the same period, Moses Abramovitz reached a similar conclusion, defining innovations as
'the measure of our ignorance regarding the true causes of economic growth in the United States.

The Russian scientist A. Kruglov believes that innovation is the result of the materialization of a
new idea or scientific thought in technology, engineering, and the forms of labour and production organ-
ization.

The views of prominent figures from various professions in modern society are important. For ex-
ample, according to American professor R. Lyons, innovation is ‘a new way of thinking that creates value.'
In P. Drucker’s view, 'innovation is a specific tool, an act of entrepreneurial activity that enables resources
to create wealth through new opportunities.’ Motivational speaker M.Vance believes that 'innovation is
the creation of something new, or the reorganization of the old in a new way.' According to business
coach V. Kotelnikov, 'innovation is a process of satisfying the customer through the generation of new
ideas.

According to international standards, innovation is defined as 'the final result of innovative activ-
ity, which is expressed through the appearance of a new or improved product (or service) on the market,
the practical application of a new or improved technological process, or a new approach to social ser-
vices.

The main function of innovative activity is change oriented toward development. It is worth noting
that, in practice, the terms 'novation' and 'innovation’ are often used interchangeably, however, there is
a significant difference between them —a novation is something new that has not yet been implemented,
while an innovation is a commercialized and already implemented novation.

The main characteristic of innovation is the commercialization of novation, which implies the im-
plementation of a scientific invention (discovery). A ‘novation’ cannot be considered an 'innovation' until
it is realized in the market. Accordingly, innovation is the application of scientific knowledge for com-
mercial purposes.

Classification of innovations
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For the study of innovations, their classification — that is, grouping based on characteristic fea-
tures and criteria — is important. This allows for defining the essence and specifics of innovation pro-
cesses, as well as evaluating a company’s innovative activity from the perspective of investors, govern-
ment bodies, credit institutions, and other organizations supporting innovative entrepreneurship.

One of the main forms of categorizing innovations is classification based on two criteria: the tech-
nology it uses and the market in which it operates.

Incremental Innovations

Most innovations are the result of gradually improving existing concepts, products, and services on
the market. Incremental innovation involves a slightly improved version of a previous model of a product
(or service), without changing its core function. For example, an item may become smaller in size, easier
to use, or more visually appealing with a refined design.

Although incremental innovation does not create new markets and often does not involve radically
new technologies, it takes into account modern consumer behaviour (demand) and attracts higher-pay-
ing customers. A classic example of this is modern televisions and smartphones.

Incremental innovations are also convenient in terms of sales, as the public is already familiar with
the basic functions of the product, and thus, no explanation of how to use it is needed.

The main drawback of this type of innovation is that it does not lead to significant improvements
over existing products. Moreover, considering that current market conditions can change at any time
(and inevitably will), focusing solely on incremental innovations is unlikely to bring substantial long-term
success to a company.

Disruptive Innovations

The concept of disruptive innovation was first introduced by professor and business consultant
Clayton Christensen in his work "The Innovator's Dilemma." It refers to entering an existing market — or
creating an entirely new market segment — by establishing a new network of consumer value.

The challenge lies in the fact that companies already operating in the market usually make rational
and pragmatic decisions — they tend to favor modernizing existing, successfully functioning products
(incremental innovations) over creating something entirely new, which involves additional risks.

This phenomenon is called the "Innovator’s Dilemma,” because the existing market is often signifi-
cantly larger and more attractive than a new, untested one.

Disruptive innovation typically emerges in areas where traditional business methods no longer
work, and entirely new approaches are needed. Despite the high level of risk, when managed correctly,
disruptive innovation holds significant potential for economic growth.

Often, before experienced market players recognize the need to adopt revolutionary innovations,
new market entrants offer society entirely new and more effective ways of solving problems. Let’s explain
a few examples:

1. Tesla uses fundamentally different technologies compared to traditional car manufacturers. Its
software, battery technology, and ability for rapid iteration are the very components in which other cor-
porations struggle to compete.

2. Another example of revolutionary innovation is Netflix, whose original service involved mailing
DVDs to subscribers. Although this service did not appeal to the majority of consumers at the time, it
successfully attracted a new type of customer who was already familiar with online shopping. Netflix,
however, became widely popular after it replaced its DVD-by-mail model with a streaming platform. This
innovative platform set a new industry standard and significantly contributed to the development of the
entire sector.

Sustaining Innovations

Sustaining innovations are the opposite of disruptive innovations, as they operate within existing
markets and focus on developing and enhancing what already exists, rather than creating a new value
network.

By nature, sustaining innovations partially resemble incremental innovations, since with each re-
peated production cycle, the number of defects tends to decrease.

The advantage of this type of innovation lies in its flexibility to increase profits through both high-
and low-pricing strategies. A company can either raise the price of an improved product to target a high-
demand customer segment and increase profit margins, or lower the price if this results in a significant
increase in sales volume (and therefore profit).

Traditional business management approaches (aligned with sustaining innovation strategies) are
often an acceptable path for most companies, as they remain profitable even under low-risk conditions.
At the same time, sustaining innovations are typically characterized by slower market development.



I INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 17-18.06.2025

A prime example of this is the iPhone, which does not create new consumer value, and even the
latest versions are targeted at a loyal customer segment. Despite much criticism that recent iPhone mod-
els are not particularly innovative, the company’s profit growth has not declined.

New iPhone models are based on the company'’s traditional business model, which is aimed at the
premium market segment — that is, meeting the needs of high-demand consumers who are willing to
pay significantly more for even slightly improved versions.

Radical Innovations

Radical innovations are extremely rare and, in some ways, resemble disruptive innovations. How-
ever, unlike disruptive ones, radical innovations simultaneously involve both revolutionary technology
and a new business model.

Radical innovation is characterized by entirely new ways and methods of solving global problems.
It often identifies and satisfies consumer needs that people were previously unaware of or could not even
imagine.

A key example of this is personal computers and the internet, which, through the creation of a
unique communication platform, fundamentally changed the standards of global economic functioning
and greatly accelerated both economic growth and social progress.

According to the investment firm ARK Invest, the world is on the verge of a powerful new wave of
radical innovations that will soon become mainstream in the innovation-driven economy. These include:
robotics, artificial intelligence (Al), blockchain technology, energy storage, and genome sequencing.

Because the nature of radical innovations significantly departs from the routine behaviours and
norms that have dominated society over long periods, the initial public response is often highly contro-
versial. Therefore, market readiness for such innovations requires considerable time and technological
advancement. This phenomenon represents the main challenge of radical innovations — but if success-
ful, they lay the foundation for the beginning of a new era.

Social Innovations

In recent times, the role of social innovations has become increasingly prominent. According to
German sociologist J. Howaldt, industrial innovations should give priority to social innovations, as they
more adequately reflect the modern demands of post-industrial society.

Social innovations are related to improving working conditions for employees, social protection,
and enhancing the psychological climate among workers. They improve social life as a whole and lead to
desirable outcomes: increasing customer satisfaction, improving worker safety, and providing more com-
fortable conditions for work and leisure, among others.

Social innovations involve new forms of social practice. They are collective, creative processes
through which their authors develop essential cognitive, cooperative, and organizational skills. Their goal
is not to generate profit or gain power but to solve social problems.

A subcategory, eco-social innovations, also serves the goal of public welfare by contributing to the
improvement of the ecological environment and offering protective effects on nature.

Types of Innovations Based on Their Impact on Social Life

e Primary (Fundamental) Innovations - According to J. Schumpeter, these are innovations with no
historical analogues. They create entirely new markets, industries, or segments within existing ones. They
fundamentally transform the established order of social life and spread widely around the globe. They
are based on scientific discoveries and inventions, characterized by their fundamental novelty and rarity.
Typical examples include electricity, radio communication, the automotive and aviation industries,
atomic energy, and space tourism. These innovations have significant weight in terms of societal progress
and enhancing a company's competitiveness, as they enable a transition to a new technological
paradigm.

e Secondary (Incremental, Modified, Evolutionary) Innovations - These are improvements or
refinements of primary innovations — enhancing their efficiency and competitiveness through the "new
combination of elements” (Schumpeter’s term). Their flow generally follows the waves of primary
innovations. While they may not be as groundbreaking in terms of novelty, they surpass primary
innovations in terms of mass adoption and spread. The aim of incremental innovations is to develop and
modify foundational innovations. They are characterized by minor, non-revolutionary novelty and a
shorter life cycle. In market economies, such innovations involve less risk and are typically more
affordable. They form the backbone of innovative economic development.

e Pseudo-Innovations (Imitative) - These are hard to classify as true innovations because they
involve only minor technical or cosmetic changes, while the core structure, parameters, features, value,
materials, and components of the product remain virtually the same. According to G. Mensch, such
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innovations often have a counterproductive effect. Pseudo-innovations usually appear during the final
stage of a product’s (or system’s) life cycle — when its potential has already been exhausted, yet it resists
being replaced by a more advanced alternative. These are often driven by conservatism, where certain
social groups fear change and are unable to make decisions.

e Anti-Innovations (as defined by I. Yakovets) These signify regression in certain fields of human
activity. Anti-innovations can be observed in many systems — economics, ecology, technology, etc. For
example, fracking technology used to extract shale gas and oil causes massive environmental damage
and contributes to global warming. This method is banned in France. Through such anti-innovations,
some companies gain short-term profits at the expense of society and the environment.

Conclusion

In conclusion, we want to reinforce our viewpoint that the development of an innovative economy
is a necessary prerequisite for enhancing a country’s economic competitiveness. Innovation is seen as a
key tool for achieving long-term economic growth, gaining a competitive advantage in the global market,
and addressing social problems.

Public needs are constantly growing and evolving — both quantitatively and qualitatively. As a
result, meeting these needs is impossible without scientifically advanced products and services, which in
turn pushes entrepreneurs with commercial interests to introduce and widely apply innovations.

To borrow from Darwin: “It is not the strongest or the smartest who survive, but those who are the
quickest to adapt to change.”

Focusing on innovation means striving for continuous development and increased productivity. It
involves shifting the axis of competitive advantage from traditional strengths (such as natural resources)
toward intellectual and entrepreneurial potential.
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Abstract

Crowdfunding has currently become a popular tool for financing commercial and non-com-
mercial projects. However, the existing literature does not offer a clear contrast between crowd-
funding and other methods of attracting financial resources. The purpose of the study is to deter-
mine the distinctive features of crowdfunding and identify its place in the system of direct financial
interactions. The work explicitly formulates the features of crowdfunding. Its differences from fi-
nancial P2P interactions are shown. Its new variety is revealed - stock exchange crowd-game. The
concept of two-level centralization as a key feature of crowdfunding is proposed, on the basis of
which a typology of models of direct financial interactions is built.

Keywords: crowdfunding, platform, investment, financial resource, cash, bond, coordinated
investment, share, P2P lending.

Introduction

Crowdfunding has currently gained great popularity, as it allows attracting monetary and material
resources to solve problems that are difficult to finance using existing tools. Crowdfunding is actively
used to raise funds for both commercial and non-commercial projects. Thanks to the development of
international payment systems, crowdfunding allows project initiators to attract funding from donors
not only from their own country, but also from abroad. Crowdfunding has been the subject of many
scientific and practical publications, which examine in detail its advantages and disadvantages, as well
as implementation methods. An important place in all studies is occupied by the construction of crowd-
funding classifications, which allow a more accurate understanding of the nature of its individual varie-
ties and enable initiators of crowdfunding campaigns and potential donors to choose the optimal inter-
action model. Despite the large number of works on this topic, a number of issues, as far as we know,
have not received sufficient coverage. These include the following:

— the difference between crowdfunding and other forms of direct interaction between recipients
and providers of financial resources (for example, P2P lending). In sources, crowdfunding and financial
P2P relations are often considered as synonyms, but there are substantive differences between them;

— the influence of models for attracting and using financing on the nature of crowdfunding rela-
tions. Existing literature is limited only to assessing the influence of the nature of the funded project
(commercial or non-commercial) on the content of the reward provided to donors. However, this aspect
does not exhaust the influence of project goals on the model of organizing crowdfunding;

— place in the system of financial interactions. Crowdfunding, as a rule, is considered separately
from other models of attracting financing. The only exception is probably a comparative analysis of the
initial placement of shares and the initial issue of tokens (Initial Coin Offering, ICO).
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The above-mentioned gaps in the literature, on the one hand, do not allow us to contrast crowd-
funding with other models of project resource provision, and on the other hand, hinder the identification
of the crowdfunding component in other types of financial activity. As a result, it is impossible to build a
holistic picture of crowdfunding and determine its place in the system of similar models of attracting
financing, which creates problems for the theoretical understanding of its nature, practical application
and, most importantly, legislative and regulatory regulation. This article is an attempt to fill these gaps.
The goal is to determine the distinctive features of crowdfunding and identify its place in the system of
direct financial interactions. The article is conceptual in nature and does not rely on empirical quantita-
tive or qualitative data. The examples provided only illustrate the provisions we put forward and should
not be considered as a case study.

MATERIALS AND METHODS

The theoretical basis of the study is the concept of crowdfunding, developed in world and Azerbai-
Jjani literature, as a way to attract funding for various projects by collecting small contributions (usually
in cash, but material resources can also be provided) from an unlimited number of potential donors. In
fact, such a definition only indicates the source of funding, but not its purpose. Note that, as a rule, the
term “donor” is used in Russian-language literature to designate persons providing funds. Strictly speak-
ing, this is incorrect, since this person can receive a certain compensation or reward for their contribution.
Nevertheless, we will use this term, since there is no adequate alternative to it yet (the term “backer”,
borrowed from English, does not seem convenient). To construct a classification of financial interaction
methods, we used the method of strategic matrices and the method of continua.

RESEARCH RESULTS

As a rule, it is assumed by default that crowdfunding is characterized by the following features:

- there is only one recipient of funds raised within the framework of a crowdfunding campaign;

- the initiator of the crowdfunding campaign is the recipient of funds;

- the recipient of funds attracts donations for the targeted financing of a specific project;

- all participants in the fundraising (donors) provide their resources for the implementation of the

same project of the initiator of the crowdfunding campaign;

- the recipient of funds is a third-party structure in relation to the donors;

- the recipient of funds independently creates value for donors (using the attracted financing for
this

purpose). This refers to both the implementation of the project for which the recipient attracts

resources (i. e. the project is valuable for donors in itself), and the reward that donors want to

receive for their contribution (obviously, both factors can be combined). Of course, by
implementing the project, the recipient of funds also creates value for himself;

— the recipient and donors interact directly, without the mediation of financial institutions (which

only support these interactions, for example, by making payments, but do not assume

responsibility for the relations between the parties to crowdfunding).

As far as we know, these features have not been explicitly described in the existing literature, but
crowdfunding campaigns implicitly assume their presence. It can be argued that campaigns that meet
them can be called standard. To identify the differences between crowdfunding and other methods of
raising resources, as well as to classify its varieties, it is advisable to use the criterion of their compliance
with the conditions listed above.

This set of characteristics allows us to assert that crowdfunding is a form of:

—external financing (since funds are received by a structure third party to the donors);

— collective financing (since resources are provided to one structure by a large number of donors);

— targeted financing (it is provided to solve specific problems);

—direct financing (there are no intermediaries between recipients and providers of financial

resources, who take responsibility for their relations and, in particular, for the risks of failure to

achieve fundraising goals).

It should be noted right away that crowdfunding is very close in content to such forms of raising
finance as the issue of shares and bonds, since they are also characterized by the participation of a large
number of investors (donors), the contribution of each of whom is relatively small compared to the total
volume of resources attracted. In particular, it is easy to see that the issue of shares and bonds meets
almost all the crowdfunding characteristics described above (which, therefore, are of a more general
nature, being characteristics of external collective financing in general). Only the requirement for direct
interaction between investors and the issuer is not met, since when issuing securities, an underwriter is
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usually involved, who ensures their guaranteed placement. Targeted requirements may also not be met
(although in some cases the issuer attracts financing to solve specific problems).

The main differences are purely legal in nature, since the issue of shares and bonds is strictly regu-
lated by law and at the same time the corresponding securities are put into circulation, for which there
is a secondary market. In crowdfunding, there are no such assets, economic and legal relations only link
the direct donor and the recipient of financial resources, and the donor, as a rule, cannot transfer their
rights to third parties.

However, innovative forms of crowdfunding have recently appeared (ICO and IEO (Initial Exchange
Offering)), when the donor receives a digital token as confirmation of their contribution, which can be
sold on the secondary market (which brings ICO closer to the issue of securities). Taking this into account,
it would not be a mistake to say that crowdfunding, in essence, represents a new stage in the develop-
ment of external collective financing, which is distinguished by greater flexibility in terms of managing
relationships with donors and meets the needs of project initiators and holders of financial resources in
the context of the digital transformation of the economy.

Since participants in crowdfunding campaigns, along with greater opportunities to satisfy their
requests, agree to a lower level of guarantees for the observance of their interests and the protection of
their rights (due to insufficient legislative regulation of crowdfunding relations) compared to holders of
company securities, crowdfunding can be described as an atypical, or precarious, collective financing (in
contrast to (which is different from traditional collective financing — issuing shares and bonds). We use
the terms “atypical” or “precarious” by analogy with atypical (precarious) employment, which provides a
higher level of flexibility in labor relations, but at the same time increases the risks for workers. As a
result, we can conclude that there is a tendency towards precarization (or increased flexibility) of eco-
nomic relations in general, which is typical for the current stage of economic development.

Taking this into account, we can construct a continuum of forms of external collective financing
from the point of view of the level of formalization of relations between providers and recipients of fi-
nancial resources and the presence of a secondary market for assets (liabilities) generated by these rela-
tions (figure). Note that the absence of formal obligations, typical of gratuitous crowdfunding, does not
mean that the recipient of funds has no obligations at all towards donors. In gratuitous crowdfunding,
the funder typically reports to its audience on the use of the funds raised, while in reward crowdfunding,
the funder is obliged to provide the promised reward to the donors. However, such obligations are not
formalized and, as a result, do not generate a secondary market in which they could be traded.

As mentioned above, the initiator of a crowdfunding campaign typically attracts funds only for the
implementation of some specific project of their own (i.e., for the creation of an asset in the broad sense
of the word). Thus, crowdfunding campaigns are characterized by two-level centralization (at the recipi-
ent level and at the asset level).

Although P2P financing (primarily debt financing) is often equated with crowdfunding, in general
this is not the case. In P2P relationships, centralization is most often absent (there is no prohibition on
its presence, but the nature of the economic relations between the parties does not require it). An indi-
vidual recipient of funds interacts with only one provider of financial resources (this is the essence of P2P
relationships — peer to peer, i.e. “equal to equal” or “one on one”).

In other words, there is no “crowd” of donors attracted by the initiator of the crowdfunding cam-
paign to finance the project (since a sufficient amount of funds can be obtained from one source). In
other words, there is no collective collection of funds. There is also no single value created for various
funding providers (each recipient of funds in the P2P format independently creates their own individual
value for their partner who provided the funding). The external similarity of financial P2P interactions
with crowdfunding is due to the following reasons:

— both can be implemented on platforms where many recipients and providers of financial re-
sources

are simultaneously present;

—P2P interactions between recipients and providers are carried out directly, without the mediation

of financial institutions, as in crowdfunding (the platforms through which these interactions occur

only create a platform for cooperation, but do not assume the risks of financial relations).

Thus, the similarity is purely superficial. Therefore, in particular, P2P lending should not be consid-
ered as a synonym for crowdlending. The analogue of crowdlending in the system of traditional financial
instruments is the issue of bonds, and the analogue of P2P lending is the issuance of a bill of exchange
to a specific partner.
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An analogy with crowdsourcing is appropriate here, where crowdsourcing itself and P2P relations
are also often mixed. In crowdsourcing, the structure that attracts human resources centralizes them to
release a single product. An example is the Uber transport platform, which provides passenger transpor-
tation services on uniform terms. On the contrary, in the P2P model, each worker determines the com-
position of their labor service and tariffs and independently interacts with each specific customer (for
example, the Yandex Services service).

Taking into account centralization as a key feature of crowdfunding allows us to better understand
the nature of non-standard campaigns, which include the well-known story of collective investment in
GameStop shares (a retail chain selling game consoles and computer games). Note that in the literature
this campaign is classified as investment crowdfunding. However, this does not reflect its nature (and,
moreover, simplifies and distorts it), since, as we will show below, it does not correspond to the above-
listed features of crowdfunding.

In January 2021, large investors played for a decline in GameStop shares. To prevent the game
from succeeding, users of the social news site Reddit's r/wallstreetbets subreddit began to collectively
invest in GameStop, buying assets from current holders and managing to increase the price several times
in a short period of time. its shares. Analysts cite both the established culture of mass gambling on the
stock market in the United States with the aim of making a quick profit and the anger of small investors
at large financial players for their role in the financial crisis of 2007-2008 as reasons for such joint in-
vestment. As a result of such joint investment (which can be called a crowd-run game for an increase),
large investors suffered significant losses (up to S70 billion).

The example of coordinated investments in GameStop is interesting for a number of reasons:

— there was no single recipient of funds — each investor independently purchased GameStop assets

from the current holder (which partly makes this campaign similar to P2P investing);

—asingle fund of funds was not formed (each payment was sent to a separate recipient);

— collective actions to invest in GameStop assets were not initiated by this company. The

crowdfunding game was conducted by self-organized investors;

- although the crowdfunding game was conducted with GameStop assets, the company itself did
not

receive the financial resources mobilized during the game and was not involved in creating value

for investors;

- funds were transferred to economic agents that did not participate in creating value for investors

within the framework of the crowdfunding campaign (these agents simply transferred GameStop

assets to investors). Value for crowdfunding investors was created due to their own investment
activity by receiving profit from the growth of the GameStop share price (achieved through the
crowdfunding game for an increase) and/or preventing large financial structures from receiving
profit by playing for a decrease in the value of these shares;

- participants in this crowdfunding campaign took active steps to invest, that is, they not only

provided financial resources, but also independently carried out investment activities. This brings

the nature of this campaign closer to crowdsourcing (which can be defined as the use of human
capital of the crowd).

It can be argued that, unlike traditional crowdfunding, the accumulation of funds occurred not at
the stage of their receipt (since there was no single recipient), but at the stage of sending (when users of
the r/wallstreetbets subreddit showed their willingness to jointly invest in GameStop assets). This con-
firms that the entire campaign was carried out on the basis of self-organization. From the point of view
of the two-level model of crowdfunding centralization (a single recipient and a single asset), such a crowd
game is characterized by a paradoxical nature - in the absence of a single recipient of funds, investments
were made in a single asset.

The described stock market crowd game turned out to be a complete surprise for the US financial
market. Some authors even described it as a rebellion against the existing model of its organization. Large
investors assessed it extremely negatively, and analysts expressed concerns about what asset would be
the next target of crowd investors, including the possibility of playing against the US dollar. However,
this kind of practice has not become widespread.

Despite the singularity of this precedent, it is of considerable interest in terms of understanding
the nature of crowdfunding. It shows that crowdfunding campaigns can be conducted not only at the
initiative of a third-party recipient of funds, but also on the basis of self-organization of donors (inves-
tors). At the same time, there may be no single recipient of funds, and those participants in economic
activity to whom funds are transferred do not necessarily participate in creating value for their senders.
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In addition, we can talk about the presence of a new type of crowdfunding that has not yet been de-
scribed in the literature, namely, an exchange crowd game.

Our proposed concept of a two-tier centralization model of fundraising allows us to construct a
classification of crowdfunding types (more precisely, types of direct interaction between providers and
recipients of financial resources) in terms of their compliance with this model (Table 1). Quadrant I in-
cludes traditional crowdfunding, for which the requirements of the two-tier centralization model are
fully met.

A crowd game (quadrant Il) assumes the presence of a single asset, for the support of which donors
allocate funding, but there is no single recipient of funds (this is exactly the situation with the crowd-
funding campaign in support of GameStop). In the case of GameStop, the campaign was carried out at
the initiative of investors, but an option in which the organizer | myself appeal to third parties with a
request to finance an asset related to me but not belonging to me (in this case, the asset has no single
owner) in order to improve my position (for example, to prevent a hostile takeover). The crowd game
does not correspond to a number of the features of traditional crowdfunding formulated above, however,
from a substantive point of view, it has a crowdfunding nature, since it relies on attracting financial
resources from the crowd. For this reason, it should be described as a non-standard type of crowdfunding.

Table 1.
Typology of types of direct financial interactions

Centralized (single) recipient
Present Absent
Centralized (single) Present /. .
asset Traditional crowdfunding Crowd game
Absent 1. v
Non-target crowdfunding P2P financing

In non-targeted crowdfunding (quadrant Ill), the fundraising initiator attracts funding not for a
specific project, but to support its activities in general. This approach was widely used during the lock-
down associated with the COVID-19 pandemic, when a number of small and medium-sized businesses
faced a sharp drop in revenue, the amount of which became insufficient to continue operating, as a result
of which they turned to crowdfunding as a way to attract resources for their activities [26, source 2].
Such a model can be called atypical, since one of the important features is missing - the targeted nature
of the use of the attracted financial resources.

Fundraising can be a synonym for non-targeted crowdfunding, since fundraising campaigns do not
have specific goals for raising funds [source 3]. Thus, taking into account the centralization factor allows
us to more accurately distinguish between fundraising and crowdfunding (which are often mixed up in
the literature). Finally, the absence of both a centralized recipient and a single asset corresponds to fi-
nancial P2P interactions (quadrant IV). In this case, all users represented on the financial platform (both
recipients and providers of funds) build individual relationships. Collective actions are absent (unlike the
previous three models). Thus, the two-level centralization model allows us to describe the essence of the
actions of investors in GameStop assets as a special kind of crowdfunding that does not imply a single
recipient of funds.

Discussion

The classification we have constructed (see Table 1) allows us to offer a comprehensive approach
to understanding the content of various methods of direct interaction between the recipient and the
provider of financial resources (Table 2).

We would like to draw attention to the following important points:

- the presence of direct interaction is not yet a sufficient condition for the financial relations arising
between the recipient of resources and donors to be classified as crowdfunding (see Table 1, quadrant
IV). Crowdfunding occurs only if there is centralization of the resources attracted (at the levels of either
the recipient or the asset, or both). It is this that ensures the collective nature of crowdfunding;

- the absence of a single recipient does not prevent the collective actions of investors from being
classified as crowdfunding - it is important that these actions are aimed at financing a single asset;

— Crowdfunding can act not only as a tool for passive collective financing (when donors simply
provide their financial resources to an external structure), but also as a tool for collective actions by
investors aimed at jointly creating value through their own efforts (as in the case of investments in
GameStop assets) without involving a third-party centralized structure for whose benefit funds are col-
lected.



I INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 17-18.06.2025

Table 2.
Map of direct financial interaction models
Types of direct financial Crowdfunding (collective) Non-crowdfunding
interactions (individual)
Criteria Centralization is present There is no centralization
Signs Two-level centralization Single-level centralization
Types Standard crowdfunding Non-targeted crowdfunding, P2P interactions
crowd games (P2Planding)

Conclusion

The main results of the study, in our opinion, are:

- a detailed description of the distinctive features of crowdfunding;

- an approach to crowdfunding as an atypical (precarious) form of collective financing (which
serves as a reflection of the general trend towards precarization of business relations),

- a continuum of forms of collective external financing,

- the concept of two-level centralization as a distinctive feature of crowdfunding; - a generalized
classification of various types of direct financing.

The results obtained, as we believe, allow us to more accurately understand the nature of crowd-
funding, as well as to identify such a new type of it as a stock exchange crowd game. The opposition of
crowdfunding to other methods of direct financing is substantiated, which can be used in the develop-
ment of a regulatory framework for regulating the relevant financial instruments. Promising directions
for further research may include identifying and describing other types of crowdfunding that do not meet
one or more of the characteristics of standard crowdfunding (e.g., campaigns in which a community
raises resources not for an external recipient, but for itself).
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Abstract

In the article the authors analyze investment projects under conditions of inflation in Ka-
zakhstan. The authors emphasize that inflation is the main factor destabilizing the economy, in
which the real income of the population decreases and production costs increase. Also, the authors
have given an estimation of efficiency of the investment project taking into account inflation.

AHHOmMayus

B cmambe asmopamu 0aemcsl aHasIu3 UHBECMUUYUOHHBIX NPOEKMOB B YCI0BUSIX UHGDISUUU
8 KazaxcmaHe. ABmopamu nooYepKkUBAemcs, Ymo UHGIAYUS SB/ISemcsl OCHOBHbIM (akmopom,
decmabunusupyrouuli 3KOHOMUKY, NPU KOMOopol CHUXCAOMCS pedsibHble 00X00bl HACe/leHUs U
pacmym  U30epXKU NPou3sOOCMBA. Takxe asmopbl 0aju OUeHKY 3pdekmusHocmu
UHBECMUUUOHHO20 NPOEKMA C y4emom UHGA[LUU.

Keywords: analysis, inflation, investment, efficiency, economy, growth index, investment
project, income

Kntouesble ¢1o8a: aHanus, UHGI[uUs, UHBeCMUUUU, 3ppeKkmuBHOCMb, IKOHOMUKA, UHOEKC
pOCMAa, UHBECMUUUOHHbIU Npoekm, 00X00b!

B npouecce NpUHAMUSA YNpas/ieHYeckux UHBECMUUUOHHbIX peweHull OCHOBHYK pOJib uepaem
OUeHKA 3PPeKmUBHOCMU UHBECMUUUOHHO20 NPOeKMd. /s mo2o, 4mobbl MAKCUMAIbHO CHU3UMb
cmeneHb pUCKA NPU NPUHSMUU UHBECMUUUOHHO20 PeuleHUs! HY#HO 06beKmuBHO oueHUMb NPOEKM, M.e.
Heobxo0uMo y4umbiBamMb BCe GAKMOpPbl, KOMOPbIe MO2Yym NOBJAUAMbL HA 3PpekmusHOCMb
UHBECMUUUOHHO20 Nnpoekma. OOHUM U3 MAKux ¢pakmopos A815emcs UHGAAUUS.

Kak u3secmHo, UHG[uUS UeH umeem CyuecmBeHHoe BusHUe 8 mol wiu uHol cmeneHu Ha
SKOHOMUKY KAK pa3sumbix CMpAH, Mak U pazBuBarouUxcs. B daHHol cmamse, Ha npumepe OaHHbIX
JIKOHOMuYeckol cmamucmuku Kazaxcmaxa 3a nocaedHue 10 sem obcyxodaemcs OuCKYCCUOHHbIU
BONPOC Memodos102uU OUeHKU U pacdema nokazamesiel UHBeCMUUUOHHbLIX NPOEKMOB B UHPSUUOHHbIX
cumyauusix.

B mabsi. 1 npusedeHa OUHAMUKAa UsMeHeHUs UHgauuu 8 Pecnybiuke Kazaxcmar.

Tabnuya 1.
MHdnayus 8 Kazaxcmare 3a 1996 - 2017 ze.
3Ha4yeHue 3HavyeHue 3HaveHue 3HaveHe UHGAIULL

o0 uHpayUU 00 uHGAAYUU oo uHgnAYUU o0 (%)

(%) (%) (%)
1996 147,1 2002 11,2 2008 6,8 2014 6,2
1997 2960,8 2003 1,9 2009 6,7 2015 7,8
1998 2165 2004 17,8 2010 7,5 2016 7,4
71999 11583 2005 98 2011 84 2017 6,0
2000 60,3 2006 6,4 2012 18,8
2001 28,7 2007 6,6 2013 95
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M3 mabauubl 1 credyem, ymo uHGaauusA 3a nepuod ¢ 1997 no 1999 22. umena meHOeHuur K
CHUXeHuro, a 8 2001 u 2007 e2. Npou30W/IU pe3kue Ckayku. Boicokul yposeHb uHgaauuu 8 2009 2. bbin
06yCri08/1eH, npex}de BCe20, 3K302eHHbIMU Gakmopamu. 3Imo GUHAHCOBLIT MUpoBol  Kpu3uc,
Npo00BOILCMBEHHbIU U 3Hepeemuy4eckull Kpusuchl. Beicokul KpedumHbit pelimuHe CmpaHbl OMKPbIT
KOMMepYecKumM 6aHKkam 0ocmyn Ha Mex0yHapoOHble pUHAHCOBbIe PbiHKU, 671a200aps Yemy KpeoumHbie
pecypchbl, Kak 019 npednpuHumamerned, mak u 0/1s1 HacesneHus cmasnu 8 medeHue 2009 - 2011 e2. secbma
docmynHbIMU. IMO CMAno MOJYKOM K YCUMeHUO UHGAauuu B8 cmpaHe. [loBbiueHue ueH Ha
Y2s1eBo00po0bl, MOMOPHOE MONJIUBO, 3ePHO U Opy2ue NPOOYKMbI NUMAHUS MAKXEe BHEC/IU CBOH ienmy
8 3mom npouecc [1].

Bbicokull ypoBeHb UHGAAUUU SB/19€MC OCHOBHbLIM pakmopom, 0ecmabuiusupyrouiuli SKOHOMUKY.
lpu Hell CHUXaromcsa peasibHble 00X00bl HACEeIeHUs U pacmym U30epxKu npou3soocmsd. [Tomumo
3MO020, BbICOKAS UHGAAUUS 06bIYHO fB/ISemcsl HexcenamesibHol 018 60/bWUHCMBA opeaHu3ayud,
KOMOpbIe 0pueHmMupOBaHbl HA BHYMPeHHUU CNPOC HA PbIHKE, MAK KAaK OHU Mepsom 3HA4UmMesibHyH
yacme cBoux 00x0008. Hekomopble 0p2aHu3auyuu BblUepbIBArOM Om UHGA[UUU. Hanpumep,
0p2aHU3ayuUl, KOmopble OPUeHMUPYOMCS Ha 3KCNOPM, UCHUC/ISIS CBO BbIPYYKY B8 mBepdod Basome,
uMerom Bblu2pbIll 0m BHYMpPeHHel UHGAayUU, Mak Kak 3mo no38oJissem 00N0JIHUMEbHO 3KOHOMUMb
Ha usdepykax. [nsa moeo, Yymobbl HA2IF0HO NOKA3aMb BUSHUE UHGASUUU HA 3¢pdekmuBHOCMb
UHBECMUUUOHHO20 NPOEKMA HA KAXOoM waze pacyemHo20 nepuooda (m) ucnosib3yromcs caedyroujue
nokasamesu:

- basucHbIl 06Ul UHOEKC UHGAAYUU (ompaxcaem omHoWweHue CpeoHe20 YPOBHS UeH B KOHUE m-
20 Wa2a K cpedHemy YpoBHH UeH B Ha4asibHbIU MOMEHM BpemMeHU);

- 06wul UHOeKc uHgauuU 3a M-t waz (ompax;aem omHoOUIeHUe CPEOHe20 YPOBHS UeH B KOHUE M-
20 Wa2a K cpeoHemy YpoBHH UeH 8 KOHUe waza m-1);

- memn (yposeHb, Hopma) obujell uHGAFUUU,

- CpeOHull 6a3uCHbIU UHOEKC UHGIauUU Ha M-M waze (ompaxaem OmHOUWEeHUe Cpe0He20 YpOBHS
UeH B cepeduHe m-20 waaa K CpeoHemy YpoBHH UeH B Ha4ad/ibHbIl MOMEHM BpemMeHU).

Onucbisaroujue UHGIAUUK UHOeKCbl 0engmcs Ha 6asucHble u uenHble. [Ipu onpedeneHuu
b6a3ucHbIX nokasamesel UHGAAUUU pAcCYUMbIBAeMCcs OMHOWEHUe YPOBHS UeH onpedeseHHo20
cocmasa u Habopa mosapos UsuU Ycsiye OMm4YemHo20 Wwaza K 6asucHomy wazy:

lis = Pim / P, (1)

20e lis - 6a3ucHbIl UHOEKC pocma ueH Ha i-t mosap, pabomy, ycayey Ha waze m; Pim- UeHa Ha i-U
mosap, pabomy, yciy2y Ha waze m; Pis- ueHa Ha i-i mosap, pabomy, ycayay 8 6a3ucHOM nepuooe, meHee.

llpu onpedeneHull uenHbix nokazamesnel UHGAAUUU HAXOO0UMCS OMHOWEeHUe YPOBHS UeH
onpedesieHHo20 cocmasa u Habopa mosapos U ycye omyYyemHo20 Waza K YypoBHKO UeH Npedbioyuleco
waeaa:

/iq = Pim /P/m- 1, (2)

20e liy - yenHol UHOeKc pocma ueH Ha i-t mosap, pabomy, yciyay Ha waze m; Pim-1- UeHa Ha i-bil
mosap, pabomy, ycyey Ha waze m-1, meee.

115 mo2o, Ymobbl oueHUMb 3¢pekmuBHOCMb UHBECMUUUOHHO20 NPOEKMA C Y4emom UHGAIuUU
HYX@CHO Npou3Becmu pacyem OeHEeM(HbIX NOMOoKo8 B Od3UCHbIX (MeKywux), nNpoeHO3HbIX U
ded1upoBaHHbIx yeHax [2, ¢. 131].

Paccmompum mMemooOuKy OUeHKU 3p@deKkmuBHOCMU UHBECMUUUOHHO20 NPOEKMA C y4emom
uHgrauuu. TpaduyuoHHAs MemoouKd OUeHKU 3(p@eKkmusBHOCMU UHBECMUUUOHHO20 NpoeKkmdad 8
YCII0BUSIX UHPAAUUOHHBIX NPOUECCOB 3aK/IH04YAemMcs B C/IE0YHOUEM:

1. Modenupyromcs 0eHexcHble NOMOKU NO UHBECMUUUOHHOMY NPOeKmy B MeKywux (basucHbix)
yeHax, Ha OCHoBEe KOMOPbIX onpedesisemcsl 3HaJYeHue NoKasamesis 4Yucmo2o 0oxodd No Npoekmy
(cymmapHo20 HaKonJ1IeHHo20 3¢gekma.

2. [IpoeHo3upyromMcss UHOEKChl POCMA UeH NO Wa2am peanu3ayuu UHBECMUYUOHHO20 NPoeKma 0J1s
Bcex Bu0OB MoBApos, Ycye, pabom, BXO0AWUX 8 3MOM NPOEKM U 0NPedesIatoULUX KAK pACXOOHYH, MAK
U 0OXOOHYH 4acmb NPOEKMaA.

3. lpoeHo3upyemcsi 0buyul UHOeKC UHGIAYUU NO WAa2am peasau3ayuu UHBECMUUUOHHO20 NPOeKMa

4. Ha ocHose 3Ha4yeHul nokasamesel 8 meKkywux(6asoskix) ueHax u UHOeKCo8 pocma UeH
PACCHUMBbIBAKOMCS OHENX(HbIE NOMOKU NO NPOEKMY B NPO2HO3HbIX UEHAX.

5. Ha ocHose nokasamesell UHBeCMUUUOHHO20 NPOGKMA B NPO2HO3HbIX YeHAx paccyumsbiBaemcs
nokasameJib 4ucmo2o 0oxodd No Wazam peaau3ayuu UHBeCMuUyUoOHHO20 NPOeKMA.
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6. 3Ha4yeHuUe NoOKazameJsis YUCMo20 00X00d N0 UHBECMUUUOHHOMY NPOEKMY HA KAXOOM €20 Wad2e
desumcs Ha e2o obuwuli 6a3ucHbIl UHOEKC UHGAAUUU, B pe3y/ibmame 4e20 NoJly4dem 3Ha4yeHue YUucmo2o
00x00a 8 0e(/IUPOBAHHBIX UEHAX.

7. Ha ocHoBe nokaszamesis yucmoz20 00X00a HA Kaxcoom waze m UHBECMUUUOHHO20 NPOeKma
paccyumbIiBaemcs Yucmait 00xo0 (CyMmMapHbIt HakonumesibHbil 3¢pgdekm) 8 uesom no NpoeKkmy 3a Bech
CPOK €20 peasnuzayuu.

8. Ha ocHose 3HaYyeHus1 nokazameJis Yucmo20 00Xo0a No NPOeKmMy (CYyMMapHo20 HaKoONUMe/ibHO20
apekma) B 0epupoBaHHbIX UeHax desnaemcs B8bIB00 06 yYCcmoU4YuBOCMU NPOEKMa B YC/I0BUSX
npoeHo3upyemol UHGAALUU.

VIHISUUOHHbBIE Npouecchbl CKA3bIBAOMCA HA Gakmuyeckol 3¢dekmusHocmu uHBecmuyud,
nosmomy ¢akmop uH@GAAUUU 0653amesibHO Cedyem Y4umbIBAMb NPU AHA/IU3e U BbI6GOPe NpoeKkmos
kanumanosaoxceHud. OcobeHHo 3mMo akmyasibHO 8 Kazaxcmade, 3K0HoMu4Yeckasi cumyauusi 8 Komopod
Xapakmepu3yemcs: BbICOKUM YPOBHEM UH@GAAUUU U Cepbe3HbIMU CMPYKMYPHbIMU U3MEHEeHUSMU B
UeHoobpazoBaHuU.

lpoBedem aHau3 BAUSIHUS UHGASUUU HA OUEHKY 3¢dekmuBHOCMU UHBECMUUUOHHO20 NPOeKMa
0/19 0BYX CJ1y4aes:

1) pazHbil memn uHGAAYUU NO 0MOesIbHbIM COCMAB/SFOULUM PECYypcoB (BXOOHbIX U BbIXOOHbIX);

2) 00uHakosbIl memn UHGAAUUU 019 Pa3/IUYHBIX COCMABSIOWUX 3aMPam U u3oepiex.

B nepsom ciy4ae, Komopbil b6osbuwe NpubsuxdeH K peaabHol cumyauuu, Ucnosb3yemcs Memoo
YUCMO20 COBPEMeHHO20 3Ha4YeHUs 8 cmaHAapmHoU popme, Ho BCe cocmassouue pacxo0os U 00X0008,
a makxe nokasamesiu OUCKOHMA KOPPeKMUPYMCs B8 COOMBEMCMBUU C 0XUOdemMbiM MemMNoM
uHgAaUUU NO 200aM. Bo BMopom ciydae uHGaauusa sausem c80eobpasHo: UHGI[yUS Bausem Ha Yucaa
(NPOMeEXCymoYyHble 3HAYeHUs]), NoJlydaemMbie B pacyemax, Ho He BJIUSem HA KOHeYHbIU pe3ysbmam u
BbIBOO OMHOCUMEILHO CyObbbl NPOEKMA. PACCMOMPUM 3MO AB/IeHUE HA KOHKPEMHOM NpUMepe.

Opearuszayus «CaHa» npuobpemaem obopydosarue 3a 2000000 meree.

B meyeHue 3-x sem obopydosaHue obecneyusaem 1200000 meHze 3KoHOMUU 3ampam B8 Bude
BXOOHO020 OBHEXHO020 NOMOKA exe200H0, 3a KOMopble 060py00BaAHUE NOOBEPEHEMCA NOJIHOMY U3HOCY.
Cmoumocmsb Kanumasna opeaHuzauuu cocmasasem 18%. CoenacHo mabsauue 2, npeonosioxumM, 4mo
oxcuoaembit memn uHGAAUUU - 6% B 200.

J1n8 Ha4yana HyxHo oueHUMsb Npoekm 6e3 yyema uH@IauuU:

Paccyumsbisaem NPV:

NPV ==CFo+CF1/(1+d)+CFi1/(1+df +CFs/(1+d)+CFa/(1+d)=609128 menee.

Tabsuya 2.
PeweHue 6e3 ydema uHgaauuu
[Tokazamersu oo Cymma cpedcma, meHee 18%-Ui MHOXCUMeE/Tb CoBpemeHHoe 3Ha4eHUe,
meHee

VIHBecmuuyuu 0 -2000000 7 -2000000
lpumok OeHez 1 1200000 0,8475 1016949
2 1200000 0,7182 861821
3 1200000 0,6086 730357
NPV 609128

MMonyqaem NPV = 609128. M3 pacyemos MoxHO cOesiams BbIBOO, 4O NPOEKM Cedyem NPUHSMb,
ommeyas BbICOKUL 3anac NpoOYHOCMU. Tenepb Npu oueHKe npoekma y4mem 3¢pekm uHgasyuu. lpexcoe
BCE20, HEobX0O0UMO CKOppekmuposams mpebyemoe 3HayeHue nokasamesis omaoayu HA BJIUSHUE
uHgnauuu. Ana 3mo2o nycme opeaHusauyus «CaHa» naaHupyem peanbHyr NpubblibHOCMb €20
B/IOM#(EHUU B COOMBEMCMABUU C npoyeHmHold cmaskod 18%. Imo o3Havyaem, 4Ymo Npu UHBECMUPOBAHUU
cymmbl 8 105500 dosin. yepes 200 oHo dosxcHO noaydums: 2000000 - (1 + 0,18) = 2360000 meree. Ecu
memn UH@asYUUU cocmassigem 6 %, mo Heobxooumo CKOpPeKkmuUpoBams 3my CyMMy 8 COOMBEMCMBUU
¢ memnom: 2360000 - (1 + 0,06) = 2501600 meHze. B obuiem csiy4ae, eciu rp - peasibHasg NPoueHmMHas

cmaska npubblibHOCMU, a | - memn UHGA[UUU, MO HOMUHA/bHAS (KOHMPAKMHAs) Hopma
npubbiibHOCMU bydem ompax;amscs popmyaou:
fp="r+1i+Tl (3)

Toe0a npu peasibHol npoueHmHol cmaske npubbiibHocmu B8 18% u memne uH@rauuu 8 6%
pPAccyumMbIBaemM HOMUHAJIbHYH HOPMY NPUbbIIbHOCMU:

p=18+ 6+ 1,08 = 25,08. Paccqumaem BenuquHy kpumepus NPV ¢ yyemom uHasayuu (mabii.
23), m.e. nepecqumaem Bce 0eHexXcHble NOMOKU U NPOOUCKOHMUPYeM UX C NoKazamesem OUCKOHMA
25,08 %.
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Tabsuya 3.
PeweHue ¢ y4emom uH@nauuu
[lokazamenu els] Cymma OeHes, | MHOekc lpusedeHHsbIl 25,08% - U | CospemeHHO
dosinap CLUA UHGAAUUU | OeHexcHbIld  NOMOK, | MHOMUMENb | e 3Ha4YeHue,
dosinap CLUA dosinap CLUA
VIHBecmuuuu Cetivac | 2000000 7 2000000 7 2000000
7 71200000 17,0600 1272000 0,7995 1016949
o0d0BaS SKOHOMUS 2 1200000 71,1236 1348320 0,6392 861821
3 1200000 17,1910 1429219,2 0,5110 730357
3 1200000 17,1910 1429219,2 0,5110 730357
NPV 609128

Omsemsb! 0boux peweHul 8 moyHocmu cosnadarom [3, c. 125].

B npumepe pe3ysibmamal NOJYHUIUCL OOUHAKOBBLIMU, MAK KAK Mbl CKOPPEKMUPOBAIU HA
UHGIAYUL U BXOOHOU NOMOK OeHez, U nokazamesib omaayu. [103momy MHoaue dpupmMbl 3ana0HbIX CMPAH
He yyumsbiBaem UHGIAUU B npouecce pacyema 3hoekmusHOCMU KanumasnbHbIX BJ/10xeHUU.
EcmecmseHHo, 06a Memooa oueHKU NPU KOPPeKmMHOM UCNOJIb30BAHUU 00JIXHbI 0aBAMb 0OUHAKOBbIE
pe3ysibmamel. Ho B 6osiee C/I0M#HbIX CUmMyayusx, Ko20da y4umsiBaemcsl 3aemHoe (GUHaHCUPOBAHUE U
U3MeHeHue 060pOMHO20 KaNUMaAsd, BO3MOXCHbI PACXOXCOEHUS B OUEHKAX UHBECMUUUOHHO20 NPOEKMd.
dppekm uHbnauuu csooumca K nomepe npexcHel noKynamesbckol cnocobHocmu oeHez. Ymo
npuBooum K usmeHeHuro 0oxoo0Hocmel U Ko3ghpuyueHmMos OUCKOHMUPOBAHUS. B MAKPO3KOHOMUYecKoU
cumyauuu, Ko20d ecmb OCHOBAHUSA X0amb pe3ko2o cnaoda uHgasuuu, ciedyem omoasams
npednoymeHue npoekmam, 0/ KOMOPbIX UHBECMUPOBAHUE He CKOHUEHMPUPOBAH B HAYAJ/bHbIU
MoMeHM BpemeHu, a bosiee pacmsHymo B0 BpemeHu. [Ipu Mmakom 3WesoHUPOBAHUU BIOXEHUU Ha
3ampamax CKasbiBaemcsa 3ppekm CHUXeHUs memMnos pocma UeH U paspbis Mexoy OUHaMuKol
OUCKOHMUPOBAHHbLIX 3ampam U OUCKOHMUPOBAHHbLIX Pe3ysibmamos CMAHOBUMCSA MeHbule. A,
C/1e00BaMesIbHO,  YMeHbWaemcss U  ONACHOCMb  Yb6bIMOYHOCMU — NPOEKMOB  U3-3a  CUIbHOU
YyBCMBUME/ILHOCMU K UHpauuU [4].

Takum 06paszom, UHGIAUUS OKaA3biBaem CyweCmBeHHoe B/USHUe Npu Bbibope U NPUHAMUU
(PUHAHCOBBLIX UHBECMUUYUOHHBIX peweHul, Mak Kak opeaHu3ayus npou3sooum UHBECMUYUU Ce200HS,
HOMUHQ/IbHAsI CMOUMOCMb UHBECMUUUU pasHa peasibHol CMouMOCMU, a cBoU 00X00bl 0peaHU3ayust
NOJY4UM MOJIbKO Yepe3 HeKomopoe Bpems, U K 3MoMy MOMEHMY MOXem YMEeHbUWUMbCS He MOJbKO
meKyuwias cmoumocms 6yoyuLUx OeHexHbIX NOCMYynieHul, HO U camu 0eHbeu Mo2ym obecueHUmMbCs No0
deticmsuem uHgsyuu [5,c.189]. Tak, uH®AAYUS YCI0HHSeM NPouecc OUeHKU UHBECMUUYUOHHO20
npoekma u pewerHud. B credcmauu 3mo2o Bo3HUKAem nompebHoCcms 8 00NOHUMEbHbIX UCMOYHUKAX
uHaHcupoBaHus, YBeIUYUBAOMCS NPOYEHMHAs CMAaska NO 3demMHOMYy Kanumasay U Cmdasku
OUCKOHMUPOBAHUS,  3aMPYOHSemca BbINYCK  KOPNopamusHbix —obaueauud, pacmem  CmeneHb
dusepcugukauyuu UHBECMUUUOHHO20 NOpMess op2aHuzayuu. s obwie2o c/iy4as MoXHO NpUMEHUMb
Npasusio; «B YCa0BuUSX BAUSHUS UHGISUUU UHBECMUPOBAMb OeHexcHble ¢oHObI B Jitobble onepayuu
0NPABOAaHHO /UL Mo20d, K020a 00XOOHOCMb BJI0MHEHUU Nnpesbiuidaem memMnbl UHGASuUU.
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Abstract

Relevance: Cytomegalovirus (CMV) infection is the most common infection that is most com-
monly found in sick newborns and maybe the leading cause of their morbidity and mortality. Cur-
rent research and clinical observations confirm the likelihood of contracting CMV infection not
only in the antenatal period but also in the perinatal and postnatal periods.

The study aimed to comment on the current understanding of neonatal CMV infection, its
clinical manifestations depending on the time of infection, perinatal outcomes, and long-term con-
sequences to develop a functional classification of CMV infection in newborns.

Materials and methods: A systematic review and analysis of the literature sources published
by scientists in neonatology and perinatology, healthcare practitioners, and professional associa-
tions was carried out. Literature searches were conducted in PubMed, Embase, Scopus, and Euro-
Peristat over the past decade by the study keywords. A total of 30 sources were included in the
analysis.

Results: Delayed sequelae, symptomatic and a symptomatic congenital and perinatal infec-
tions have been identified. A review shows that, to date, the incidence of asymptomatic congenital
CMV infection has not been established. There is no systematization of the clinical manifestations
and out comes of congenital, perinatal, and postnatal CMV infection in newborns.

Conclusion: Based on the literature review, we have developed a functional classification of
CMV infection in newborns by the time of infection. Thus, CMV infection can be congenital, perina-
tal, or postnatal. The classification presents manifestations of symptomatic forms of CMV infec-
tion, perinatal and distant outcomes. However, there are no clear diagnostic criteria for a sympto-
matic forms of CMV infection. There is no clear rationale for etiopathogenetic therapy, prognostic
and preventive criteria for various forms of CMV infection. All of the above tasks require further
prospective cohort studies.

Keywords: newborn, congenital, perinatal, postnatal, cytomegalovirus (CMV) infection.

Introduction: In recent decades, the problem of congenital and perinatal infections has been widely
studied worldwide. The number of cases reaches 65.6% of all causes of perinatal morbidity and 31% of
mortality in newborns. The relevance of this problem is due not only to significant peri-and postnatal
losses but also to the high risk of disability of such patients. Among congenital and perinatal infections,
cytomegalovirus (CMV) infection is the most common, causing manifestations ranging from asympto-
matic to severe generalized forms with damage to many organs and systems. Currently, many publica-
tions are devoted to modern methods of diagnosing congenital CMV infection, features of clinical mani-
festations, therapeutic possibilities, prognosis, and long- term out comes. However, despite many re-
search works in the field of perinatology and neonatology concerning aspects of transmission routes,
early detection, and treatment of CMV infection in newborns, questions on approaches to managing in-
fected full-term and premature newborns are still not clarified. Establishing a clinical diagnosis of “con-
genital and perinatal CMV infection “is a difficult task due to the absence of specific symptoms and poly-
morphism of clinical symptoms. In addition, to date, there is no accurate data on the incidence of asymp-
tomatic CMV infection.

The study aimed to comment on the current understanding of neonatal CMV infection, its clinical
manifestations depending on the time of infection, perinatal outcomes, and long-term consequences to
develop a functional classification of CMV infection in newborns.
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Materials and Methods: A system a tic review in PubMed, Embase, Scopus, and Euro-Peristat data-
bases included literature sources published over the past decade. The search was done by the keywords
“cytomegalovirus infection” and “newborn,” “congenital, perinatal and postnatal cytomegalovirus infec-
tion,” “symptomatic, asymptomatic form of CMV infection, «immediate and long-term out comes,” and
“classification,” including variants of these terms. The terms of medical subject headings (MeSH) were
used where possible. The search was limited to data on newborns, the language restrictions were “Eng-
lish” and “Russian.” In addition, the search was limited only to full texts of works. Restrictions on the
availability of articles were not considered (all sources can be requested from the authors). Case reports,
case series, and reviews were excluded. The authors used the “snowball” method when navigating
through the links in the studied articles, including reviews, to find additional sources. A total of 33 sources
were included in the analysis.

Results: CMV infection etiology

The pathogen belongs to the Cytomegalovirus hominis species, subclass Deoxyvira, class Deoxicu-
bika, order Haplovirales, family Herpesviridae (human herpesvirus type 5), subfamily Betahepresviridae,
genus Cytomegalovirus. Fourstrains of CMV(AD69,Davis, Towne,Kerr),which are pathogenic to humans,
are currently registered.

According to a phylogenetic analysis by Alwanetal.,three genotypes of the virus have been identi-
fied: gB1, gB2, and gB3 (Figure 1) [1].

25% 58,33%
16,67%

B 1%
A -y
gBl
gB2 B3
gB3/gB1

Figure 1-Cytomegalovirus genotype structure[1]

As can be seen, gB3 human cytomegalovirus was the most frequent genotype detected in 58.33%
of infants with symptoms of CMV infection, followed by gB1 (25%) and gB2(16.67%).How-
ever,thegB4genotypewasnotdetected.

Mixed CMV with gB3/gB1 infection was detected in only one case. Thus, gB3 human cytomegalo-
virus was the most predominant genotype among newborns with symptoms of congenital and perinatal
CMV infection [1].

Epidemiology of CMV infection CMV infection is wides preadinall regions of the world(Figure 2).
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Figure2—CMV seropositivity in people of different ages[2]

As shown in the diagram, specific antibodies (CMV seropositivity)arepresentin88%ofpeo-
pleaged70-79years, 60%ofadultsaged?2 5-60years,and36 %ofchildrenof6-11

years/2].

An infected person remains a lifelong virus carrier; most often, the virus remainslatent. The higher
the population’s economic well-being, the higher the average age of contracting CMV and the lower the
proportion of infected women of childbearing age(Figure3)[3]. The chart provides no data on West Europe
or the USA.
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Figure2—CMV seropositivity in people of different ages[2]

The percent age of seropositivity of women of childbearing age is: in South Africa and Asia—100%,
in Central and South America and India — 95%, in Western Europe —60%, in the US and the UK —20% [3].

The incidence of CMV infection in newborns ranges from

0.2-2.0%.Inpreterminfants, itissignificantlyhigherand

amountsto16.0-18.0%[4].

Five percent of CMV-infected newborns will have symptoms at birth, including cytomegalic inclu-
sion disease. Complications such a she a ring loss and mental retardation will eventually develop in 15%
of cases.

In a systematic review and meta-analysis, including 77 studies from 36 countries with a total of
515,646 newborn children under three weeks, the overall prevalence of congenital CMV infection was
0.67%. Worth noting that the infection rate in low-and middle-income countries was thrice higher than
in high-income countries [5].

Thus, the prevalence of CMV infection in populations of different age groups is largely determined
by socioeconomic status.

CMV persistence

A special variant of the disease is the latent form of infection, in which the pathogen is defective
and maintains its vital activity due to intracellular parasitism without being released into the external
environment. After primary and non- primary infection, strains of congenital CMV infection are in a latent
state. All herpesviruses at edistinguished by the ability to latency in an infected person’s body. For life,
the virus is localized in blood lymphocytes, but it can persist in monocytes, polymorphonuclearleukocytes,
nerve cells of region a ganglia of sensitive nerves, cells of salivarygl ands, kidneys, and other organs.
Under the influence of certain factors (intercurrent illness, stressful situations, etc.), a latent infection
reactivates and transforms into an acute manifestation (manifestation from the Latin manifestatio —
detection, manifestation) with the usual properties of the pathogen restored. Conversely, a manifest
form may transform into a latent form [6].

CMV infection transmission pathways

An infected person is the only source of infection. The CMV transmission ways are diverse: airborne,
contact, sexual,andtransplacental(frommothertofetus)duringorgan transplantationandbloodtransfu-
sionofaninfecteddonor/3].

Congenital CMVinfection

It is an infectious disease resulting from the antenatal transmission of the pathogen from mother
to fetus through primary infection of the pregnant woman, reactivation of a previously acquired infection
during pregnancy, or infection of a seropositive pregnant woman with another CMV strain [7].

Congenital CMV infection, the most frequent infectious fetopathy, is a pressing problem due to the
possibility of a severegeneralized process, congenital malformations, and the potential risk of developing
chronic pathology [5].

This infection can occur due to primary or non-primary CMV infection in pregnant women. The risk
of intrauterine transmission increases when primary infection occurs during pregnancy [8], with a higher
rate of vertical transmission in mothers with older gestational age at the time of infection, while the risk
of adverse effects on the fetus increases significantly if the infection is contracted during the first half of
pregnancy. During pregnancy, reactivation or reinfection of CMV occurs much more often than primary
infection with the virus. At that, some studies report that secondary CMV infectioncauses50-80%ofall-
casesofintrauterineinfection. It has been established that the clinical manifestations and severity of con-
genital infection depend on the type of pathogen, its virulence, and the level of immunological reactivity
of the organism. With antenatal infection, the clinical symptoms of the disease, as a rule, manifest
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themselves already at birth. At that, within tranatal infection, the clinical manifestation of congenital
infection mayde but no tonlyin the first weeks of life but also much later, in the post-neonatal period/9].

Congenital CMV infection can cause congenital malformations, ante- or intranatal fetal death,
severe generalized disease of the newborn up to death, and irreversibledisablingdis orders, such a ssen-
sorineural hearing loss, blindness, cerebral palsy, neuropsychiatric development delay.

In the study by H. Imafuku et al. (2020), a combination of flu-like symptoms during pregnancy in
the mother, fetal ultrasound abnormalities, or premature birth at less than 34 weeksofpregnan-
cyshowedasensitivityof90.6 %,specificity of66.4%,andamaximum Yudenindexof0.57,andtheycan be con-
sidered as optimal prognostic factors [10].

Infection can affectal most all organs and systems:

« Central nervous system and sensory organs (microcephaly, encephalitis with possible calcifica-
tion, hearing loss, chorioretinitis, cataract, microphthalmia);

« hepatobiliary system (hepatomegaly, hepatitis, cholangitis, and intrahepatic cholestasis);

« hematopoiesis system (thrombocytopenia, anemia, extramedullary hematopoiesis);

« urinary system (interstitial nephritis);

« respiratory system (pneumonitis);

« gastrointestinal system (esophagitis, gastritis, enterocolitis with ulceration of the mucous mem-
brane)

« endocrineglands (adrenallands, pancreas, thyroidgland, salivary glands);

According to Alwan et al., jaundice is the most common clinical sign in symptomatically infected
newborns, followed by hepatosplenomegaly [1].

Congenital CMV infection is still one of the main causes of hearing loss in the pediatric population,
and there is a broad debate about the introduction of universal screening of newborns for CMV infection
[11].

With the widespread use of assisted reproductive technologies in obstetrics, publications on peri-
natal out comes of pregnancies conceived by in vitro fertilization (IVF) have appeared in the literature.

AccordingtoA.A. Permyakovaetal.,pretermbirthoccurs in 65.2% of IVF cases. At that, the infection
rate of CMV infection in PCR samples of saliva and urine in this group of prematureba-
biesinthefirstyearoflifeis2 1%.Accordingto the authors, the high prevalence of herpes virus infection in
children born through IVFdictates the need for a non-invasive screening PCR study of saliva and urine to
identify CMV DNA and determine the viral load[12].

Thus, congenital CMV infection is a highly prevalent, adverse neonatal disease. Joint activity of
obstetrician- gynecologists, infectious disease specialists, and neonatologists is required to improve the
perinatal outcomes of CMV infection.

Perinatal and postnatal CMVI infection

Perinatal CMV infection in term infants is often asymptomatic. Extremely rarely manifests as CMV
enterocolitis with a clinic of watery diarrhea complicated by exsiccosis, hemocolitis, stenosis, orintestine-
perforation[11]. Postnatal infection through breast milk is discussed since PCR detects CMVDNA in the
mother’s milk. At that, it is not found indryspots of the child’s blood (on Guthrie’s map)[3].

Iwanaga et al. describe the manifestation of severe enterocolitis in a girl of 6 weeks on mixed feed-
ing. She developed watery diarrhea with a loss of protein, exsiccosis, hypoproteinemia (30 g/L), hypoal-
buminemia (17 g /L), a marked increase in ALT(58 1 units/L) and AST(280 units/L) levels, and anemia [18].

Sueetal. Describeasevere course of MVenterocolitis in 2 children, eight weeks and ten months old.
Histological examination revealed pronounced destruction of crypts, inflammatory infiltration, and im-
munohistochemically — multiple CMV inclusions. CMV DNA was detected in blood plasma by PCR. The
child received four weeks of parenteral antiviral treatment (ganciclovir) and valganciclovir orally for the
next four weeks [13].

CMV infection can cause severe enterocolitis postnatally and in the first months of life, aggravat-
ing the course of necrotizing enterocolitis (NEC). Vajnshtejn and co-authors presented cases of CMV en-
terocolitis and NEC. Two full- term infants developed severe watery diarrhea, and one had blood in the
feces. A premature newborn with CMV infection had a worsening of the NEC course. Those patients re-
ceived ganciclovir and specific intravenous immunoglobulin with a favorable outcome [3].

InMinihanetal.studies,48CMV-positivenewbornswere identified out of 1,659 newborns (aver-
agegestationalage25.3 weeks, birthweight 695g, age58days)(frequencyof2.9%). The most common
symptoms were bloating (43.8%), sepsis- like syndrome (29.2%), thrombocytopenia (60.5%), and conju-
gated hyperbilirubinemia (60.9%). Compared with the controls, there was no significant difference in the
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combined numberoffatalcasesorbronchopulmonarydysplasia(56.3% vs. 37.5%; P = 0.1) or neurodevelop-
mental disorders after 1 and 2years (51.9%Vvs.44%; P=0.8; 71.4%vs50%, P=0.4)

[14].

AccordingtoMukhopadhyayetal.,,symptomaticpostnatal CMVinfectionhasbeendiag-
nosedin1.3%ofextremelylow and very low birth weight children, most commonly among those-
weighinglessthan 1000gramswithrespiratoryinstability — andthrombocytopenialittoralis. Theauthorssum-
marizedthat, likelate-onsetbacterialinfection,symptomaticpostnatalCMV infection may contribute inde-
pendently to the developmentof bronchopulmonary dysplasia. This possibility should be consid-
eredinaprospectivestudyofnewbornswithextremely low body weight [15].

Restrepo-Gualteras and others claim that CMVinfections of the respiratory system are more com-
mon in premature newborns.Atthepulmonarylevel, activeCMVinfection is usually characterized by an al-
veolar disorder leading to hypoxemia, opaque glass-type darkening, and interalveolar infiltrates with
CMV inclusions, according to lung biopsy. The detection of active CMV infection in the respiratorytrac-
torgansisaccompaniedbyanadditionalassessment of immune defects (primary or secondary) that disrupt
the functionofTandNKcellsortheinnateantiviralresponse,as well as other changes in immune regulation.
General clinical and radiological patterns, such as hypoxemia and pulmonary darkening by the type of
frosted glass, make it possible to detect CMV infection of the respiratory organs in the early stages and
begin specific treatment of the liver [16].

AcquiredCMVinfectionshouldbesuspectedinchildren withverylowandextremelylowbody-
weight,breastfed by seropositive mothers, and showing severe symptoms, especially sepsis with negative
cultures [17]. This may allow pediatricians to make better diagnoses, conduct supportive therapy, provide
antiviral treatment if necessary, or establish “preventive” therapy for these high-risk newborns.

IntheresearchbyWeimeretal.,postnatalCMVlinfection isassociatedwithlong-termconsequenc-
esforthehearingand growth of children with extremely low and very low body weightandprolongedhospi-
talization.Prospectivestudiesare needed to determine all the consequences of postnatal CMV infection
and the effectiveness of antiviral treatment [18].

Thus, a high-risk group for developing perinatal and postnatal CMVinfection comprises deeply
premature infants who do not have passively acquired maternal antibodies, contributing to their morbid-
ity and mortality [19].

CMV infection of the fetus and newborn: detection by laboratory diagnostic methods

Indirectdiagnosticmethodsandserologicalstudiesarethe main tools for assessing CMV infection
during pregnancy. CMV-specificclassMantibodies(lgM)havebeenusedas a diagnostic marker of primary
CMV infection in pregnant women,althoughCM\V-IgMhasbeendetectedinnon-primary CMVinfections.Ac-
cording to a systematic review by lijima, IgGaviditytestingcanhelpdistinguishprimaryCMVinfection from-
non-primary,however,thereisnostandardizedanalysis ~ todetectthisdifference.Besides,whenthemother-
ispositive for CMV-IgG and negative for specific IgM, the probability of vertical transmission after primary
CMVinfection is often excluded.However,symptomaticcongenitalCMVinfections have recently been re-
ported regarding negative outcomes for maternal CMV-IgM[20]. TheabsenceofCMV-IgMoccurred inboth-
primaryandnon-primaryCMVinfections.Inaddition, — non-primaryCMVinfectionsinthemotherduringpreg-
nancy may lead to a greater proportion of symptomatic congenital CMVinfectionsthanprevious-
lythought.lfuniversalprenatal screening is performed, an ultrasound examination to detect fetal abnor-
malities should be performed regardless of the presence of antibodies to CMV-IgM in a pregnant woman.
ScreeningforCMVantibodiesshouldbeperformedwhenever routine fetal ultrasound reveals abnormality
[20].

IfaCMVinfectionofthefetusissuspected,anexamination of the amniotic fluid or urine of newborns for
DNCCMV is required. The gold standard for diagnosing congenital CMV infection is an invasive procedure
called amniocentesis. Tanimura&Yamadafoundthatthepresenceof CMVDNAIN thesecretion-
ofthemother scervixisaprognosticcriterionfor — congenitalCMVinfectioninpregnantwomenwithanti-CMV
IgM-emia. According to the authors, maternal serological screening for primary CMV infection does not
always allow fordiagnosingnewbornswithcongenitalCMVinfection.This screening detects CMV-specific
immunoglobulins G, avidity index IgG, or specific IgM. In this regard, scientists suggest identifying poten-
tial biomarkers for predicting congenital CMV infection [8].

The IgG or specific IgM AVIDITY index misses several newborns with congenital CMV infection. Sci-
entists suggest finding potential biomarkers for predicting congenital CMV infection [21].

Congenital CMV infection in a newborn is diagnosed in the presence of a clinical and laboratory
picture before the 2 1st day of life. The laboratory diagnostics of CMV is based on detecting CMV-infected
cells, the virus itself or its DNA, antigens, and specific antibodies to the virus in the studied samples [1].
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The polymerase chain reaction method, which combineshighsensitivityandspecificity,allowsthedetection
of viral DNA directly in the samples under study. The advantageofthemethodisthepossibilityofearlydetec-
tionof the pathogen in the patient’s body; even an immune response is formed [33].

Saliva PCR seems to be the optimal method of screening newborns for CMV [4]. Some authors
report the possibilityof using PCR as a screening method for detecting CMV in newborns’ saliva and urine
[12].

According to H. Imafuku et al. (2020), tests for CMV DNA in the urine of newborns born to mothers
with clinical manifestations(age<25years:OR-2.7,95%,Cl1.1-6.6,p

< 0.05; presence of fever in the mother or flu-like symptoms: OR—5.4, Cl 2.6-11.2, p < 0.01, ultra-
sound  abnormalities of  fetaldevelopment:OR-12.7,Cl5.8-27.7,p<0.01,premature  birthat-
lessthan34weeksofgestation:OR-2.6,Cl1.1-6.0, p < 0.05) can be an effective method of detecting CMV
as a targeted screening with high sensitivity [22].

P. Ssentongo et al. reported lower rates in screening methods using blood compared to urine or
saliva [5].

Thus, the PCR method of saliva and urine samples in newborns has advantages as a non-invasive
diagnostic method and is of diagnostic value in neonatology, especially in premature infants with ex-
tremely low and very low body weight.

CMVinfectiontreatmentin newborns

CMV is the most common pathogen causing congenital infectionandcanleadtosignificantadver-
seconsequencesfor the development of the nervous system. For this reason, in many regions, the stand-
ard of treatment for congenital CMV infection is a six-week course of ganciclovir [21].

Currently, there is no evidence of the benefit of antiviral therapy in asymptomatic children. In case
of symptomatic CMV infection, oral treatment with valganciclovir for 12 months is recommended [22].
This therapy has proven effective and tolerable for hearing and neurodevelopment in the long term. Val-
ganciclovir is intended for newborns with diseasesymptomsatbirth,suchasmicrocephaly,intracranial cal-
cifications, chorioretinitis, or sensorineural hearing loss.A multicenter study was conducted with a group
of CMV- infected newborns for specific treatment with valganciclovir. The data obtained showed the
efficacy and safety of oral treatmentwithvalganciclovir,whichallowedthisdrugto be approved as a treat-
ment for infants with congenital CMV pathology by Japan’s state health insurance system [23].

Treatmentwithantiviraldrugsisusuallynotrecommended for newborns with mild symptoms of the
disease at birth or newborns under the age of 32 weeks of gestational age link. However, since these
populations comprise the vast majority ofnewbornsandinfantswithCMV infection,theyareat risk of devel-
oping late complications. In this regard, it is necessarytostudybiomarkerscapableofpredictinglong-term
consequences to justify the initiation of treatment and reduce the percentage of complications associ-
ated with CMV.

The literature describes cases of neonatal cholestasis with positivedynamicsfromantiviralthera-
pywithganciclovir[24].  Andpublisheddataontheuseofhighdosesofvalganciclovir ~ topreventcongeni-
talCMVinfectioninpregnantwomenwith primary CMV infection in the first trimester [25].

Accordingtotheliterature,ganciclovir,andvalganciclovir improve long-term audiological and neuro-
logical outcomesin patients with CMV infection. However, resistance to antiviral drugs has been docu-
mented in some studies link. Thus,Japaneseresearcherswiththeirco-authors(2022) have identified re-
sistance to antiviral drugs in patients with CMV receiving long-term therapy (for six months). Full-size
analysis of UL97 and UL54 using long sequencing made it possibletoquicklyandcomprehensivelydetect-
drugresistance mutations[26]. TheliteraturediscussesthetreatmentofCMV with Cyclosporine A, which
performs a dual function in the pathogenesisof CMV.Ithasanimmunosuppressiveeffectthat promotes virus
replication by inhibiting T-cell function and an anti-CMV effect mediated by early intermediate protein 2

[27].

Thus, the problem of inpatient and outpatient treatmentof CMV infection in premature babies re-
mains relevant. The effectiveness of treatment in these patients to prevent further complications was
not monitored.

Long-termconsequencesofCMVinfectioninchildren

Recently,progresshasbeenmadeinthefieldofcongenital CMV infection associated with the antiviral
treatment of pregnant women and infants, the introduction of newborn screeningpro-
gramsforCMV,andthefrequencyanddiagnosis of complications among infected children. Today, perinatal
CMVinfectionisincreasinglyrecognizedasapotentialcause oflong-termconsequencesinaddi-
tiontoacutecomplications inprematureinfants,whichraisesimportantissuesrelated to treatment and pre-
vention.Astudy of children who did not undergo newborn hearing screening revealed a higher level (16%)
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of hearing impairment in the group with the perinatal CMV infection compared to 9% in the control
group [28].

Newstudiesshowahighincidenceofvestibulardysfunction and neuropsychiatric disorders in children
with CMV [28]. Some studies report an association between postnatal CMV infection and long-term con-
sequences, including delayed development of the nervous system and bronchopulmonary dysplasia
among newborns with very low birth weight. [18] The above was the motivation for strengthening re-
search on the elimination of the virus from breast milk using various methods [29]. To study more distant
complications of CMV, previously considered asymptomatic.

Thus, CMV, firstofal(,negativelyaffectsthechild’shearing andcontributestoneurologicalcomplica-
tions,especiallyinits asymptomatic forms, which requires strengthening monitoring of these children by
pediatrist, neurologist, surdologist, and ophthalmologist.

PreventionofcongenitalCMVinfection

Non-randomized studies confirm the potential of CMV hyper immunoglobulin in preventing CMV
transmissionfrom mother to fetus, but prospective interventional studies showquestionablere-
sults. Thus,inarandomizedstudybyR. Devliegera et al. [30], there were no statistically significant differ-
ences in CMV infection of the fetus and newborn betweenagroupofpregnantwomen(averagegestational

age 24-25 weeks) treated with intravenous immunoglobulin duringpregnancyandagroupofmoth-
erswhodidnotreceive immunotherapy. The incidence of congenital CMV infection was 13/28 newborns
(46.4%,; Cl 27.51; 66.13) versus 16/45 newborns (35.6% [Cl 21.87; 51.22]) in the control and main
(treated) groups, respectively (p = 0.46). Neonatal CMV disease was predominantly mild and resolved
spontaneously without major safety concerns. [31].

Regarding vaccination against CMV infection, G. Gerna etal.(2020)notedthatfutureeffortsare-
requiredtoconfirmif thenewrecombinantgBvaccineservesbettertopreventboth primary and non-primary
infections [31].

Conclusion: Based on the review of literature sources on the problem of CMV infection in neona-
tology, we presentthe functional classification of CMV infection in newborns developed by us (Table 1).

Table 1-FunctionalclassificationofCMVinfectioninnewborns
TypesofCMVinfectioninNewborns

I. CongenitalCMVinfection Il.PerinatalCMVI(CMV) infection |lll. Postnatal
I1. PerinatalCMV(pCMV) infection CMV(post-CMV)infection
Transmittedbythetransplacental route Transmittedthroughthebirthca- |Throughbreastmilk,transfusionof
nal of the mother blood products after birth
L Asymptomatic form Manifestations
Heavyand me- |» early manifestation e deteriorationofthegeneral con{more often in children with ex-
dium-heavwy | multipleorgan pathology dition tremelylowbodyweight,very low
> hemorrhagicrashintheformof petechiae and  |* sepsis-like syndrome body weight
purpura (75%) e prolongedjaundicewithout ob- |* sepsis
* jaundice syndrome (63%) vious causes » necrotizingenterocolitiswith
- activation of extramedullary hematopoie- * pneumonia negativeculturesandsurgical com-
sisintheformofa blueberry Muffin (Fig. 1) o hepatosplenomegaly plications (perforation, stenosis,
e prematurityofintrauterine growth retardation |* hepatitis etc.)
« high rates of hyperbilirubinemiaandincreased- |* thrombocytopenia > pneumonia with thedevelop-
levelsof transaminases » hemorrhagic rash mentof ‘
» unexplained thrombocytopenia, bronchopulmonary dysplasia
leukopenia, anemia * prolongedjaundicewithout obvi-
ous reasons

* enlargementoftheliver,spleen
* hemorrhagic rash, etc.

Easy « jsolatedlesionofoneortwo organs

e clinically insignificant or transient (unex-
pressed hepatomegaly, splenomegaly)

* single changes — thrombocytopenia,increased
hepatictransaminases(ALT, AST).

Isolated bath- |therearenoclinicalandlaboratory signs of the dis-
room hear- ease except for isolated hearing loss

ingloss

Asymptomatic form

e CMV+ inblood, urine, saliva

e therearenoclinicallysignificantsignsofthe disease

* hemogram and biochemical blood test — no changes

* instrumentalexaminations—no changes

!'Duringthefirst3-6monthsoflife, delayedpsychomotordevelopment,sensorineuralhearingloss,andchorioretinitis (“late” manifestations
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of congenital CMV infection) gradually begin to form.

Complications—{ong-termoutcomes

* -centralnervoussystemdamage-neurologicaldysfunctions,motordisorders,hearingandvisionloss,decreased learning ability, speech
defect, etc.

g -/tchedefeat ofthehepatobiliary system— biliarycirrhosis(hepatitis, biliarytract infection)

 -cardiomyopathy,arrhythmias

It follows from the presented classification that both symptomatic and asymptomatic forms of con-
genital, perinatal, andpostnatalCMVinfectionmayhavedelayedcomplications, primarilyfromthenervous-
systemandsensoryorgans,which requires constant clinical and laboratory monitoring of CMV infection in
children in the post-neonatal period, especially during early development.

Itshouldbenotedthatthereisinsufficientdatatoday,and clear diagnostic criteria for asymptomatic
forms of CMV infection have not been established. The latter manifest at differentages;inthisre-
gard,itisimportanttodevelopcriteria for the prognosis and prevention of various forms of CMV infection.

Although the serological criteria for diagnosing primary CMVinfectionarewellknown,thecrite-
riafordiagnosing

non-primaryinfectionarestillincomplete. Thereisaneedfor clear clinical and laboratory justifications
for conducting one or another etiopathogenetic therapy. The problem of treating CMV infection is ag-
gravated by CMV strains resistant to ganciclovir. Therefore, optimizing treatment regimens in children-
withCMVinfectioncontinuesandremainsanurgent problem. The issues of their further dispensary obser-
vation have not been fully resolved.

There is still debate about whether human hyperimmune globuliniscapableofprotectingagainstver-
ticaltransmission of CMV. In conclusion, it should be noted that developing a CMVvaccinethatwillpreven-
tasignificantpartofcongenital CMV infection will be an important progressive step in the development of
vaccination and prevention of both primary and non-primary infections during pregnancy.
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Abstract

This scientific and analytical work presents modern world and local-regional data on inci-
dence, mortality, lethality and five-year survival rate of such a common oncological pathology as
ovarian cancer. The issues of etiology and pathogenesis, modern approaches and principles of com-
plex diagnostics, prospects for improving treatment results, as well as the prognosis are covered in
detail. The epidemiological characteristics of this pathology in our republic are given in the context
of the regions of the country.
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Ovarian cancer (OC) is a malignant tumor that most often develops from the ovarian epithelium.
Requirements for the pathomorphological conclusion in OC: 1) macroscopic description of the specimen
separately for each ovary [size and weight, color, capsule condition, cross-sectional view, approximate
ratio of cystic and solid components (in %), presence of papillary structures (if any, in % approximately),
and other involved organs]; 2) tumor [total size (3 dimensions: height, width, length), location, type, in-
vasion depth (in relation to the myometrium/endometrium border), myometrium thickness (mm), endo-
metrium, involvement of the serous membrane of the uterus, involvement of the cervix, appendages)]; 3)
other findings (presence of invasion into other organs); 4) lymph nodes (if present: size, location, size of
the largest lymph node, number, number of cassettes); 5) microscopic description [primary tumor: histo-
logic type, degree of differentiation, invasion, capsule/surface involvement, lymphovascular invasion, im-
munohistochemical (IHC) markers, metastases (preferably described separately): location of metastases
(lymph nodes involved/number of nodes, size of largest metastasis, extension beyond lymph node)] [1].

The diagnostic criteria are as follows. Complaints and anamnesis: all patients are recommended
to have a thorough collection of complaints and anamnesis; in the early stages, OC may be asymptomatic
or cause minor discomfort; in the advanced stage, the disease manifests itself with non-specific symp-
toms: an increase in abdominal volume, dyspeptic symptoms, weight loss, loss of appetite, pain in the
abdomen or pelvis, shortness of breath, general weakness. The level of evidence for recommendations is
A (the level of evidence is 1). Comment: collecting information about complaints and anamnesis details,
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including family history, is carried out in order to identify factors that may influence the choice of treat-
ment tactics.

Physical examination: a thorough physical examination is recommended, it includes a recto-vaginal
examination, palpation of the abdominal organs and all groups of peripheral lymph nodes, auscultation
and percussion of the lungs, palpation of the mammary glands. The level of evidence for recommenda-
tions is A (the level of reliability of evidence is 1). Comment: special attention should be paid to assessing
the patient's condition according to the WHO/ECOG and/or Karnofsky scale, assessing nutritional status,
pain syndrome, body temperature, hemodynamics, enlarged peripheral lymph nodes, and the presence
of pleurisy and ascites.

Laboratory diagnostic tests: it is recommended to perform a complete general (clinical) blood test,
a general therapeutic biochemical blood test with assessment of liver and kidney function, a complete
(clinical) urine test, and a study of the blood coagulation system for all patients with OC in order to assess
the patient's condition, determine the patient's treatment tactics and algorithm, and assess the progno-
sis of the disease. The level of evidence for recommendations is C (the level of reliability of evidence is 4).
Comments: A complete blood count is performed (repeated) at least 5 days before the start of the next
course of chemotherapy; in a complete general (clinical) blood test, it is advisable to assess the following
parameters: hemoglobin, hematocrit, erythrocytes, mean corpuscular volume, erythrocyte distribution
by size, mean corpuscular hemoglobin content, mean corpuscular hemoglobin concentration, leukocyte
platelets, leukocyte formula, erythrocyte sedimentation rate; in a general therapeutic biochemical blood
test with an assessment of liver and kidney function indicators - total protein, glucose, bilirubin, creati-
nine, urea, iron, alanine aminotransferase, aspartate aminotransferase, total bilirubin, lactate ami-
notransferase, alkaline phosphatase, plasma electrolytes (potassium, sodium, chlorine), in a general (clin-
ical) urine test - determination of color, transparency of urine, its specific gravity, protein in urine, pH,
glucose, ketone bodies, urobilinogen, leukocyte esterase, by hardware microscopy of epithelial cells,
erythrocytes, cylinders, salt, mucus, bacteria and fungi; as part of the study of the blood coagulation
system, a coagulogram (an indicative study of the hemostasis system) is assessed (fibrinogen, prothrom-
bin (according to Quick), international normalized ratio, prothrombin time, prothrombin index, activated
partial thromboplastin time, thrombin time, if indicated, additionally - antithrombin lll, D-dimer, plasmin-
ogen, % activity); it is recommended that all patients undergo a study of the level of adenogenic cancer
antigen CA 125 in the blood in order to identify OC and its recurrence. The level of evidence for recom-
mendations is A (the level of reliability of evidenceis 1) [1].

In the absence of morphological verification of the diagnosis, it is recommended that all patients
with suspected OC undergo determination of human epididymis protein 4 (HE4) in the blood and deter-
mination of the Risk of Ovarian Malignancy Algorithm (ROMA) index in order to assess the probability of
OC. The strength of the recommendations is B (the level of evidence is 2). Comment: determination of
HE4 in the blood and the ROMA index does not replace the need for morphological verification of the
diagnosis, but an elevated HE4 level increases the specificity of OC diagnostics; if mucinous carcinoma is
suspected, it is recommended, in addition to testing the level of adenogenic cancer antigen CA 125 in
the blood, to test the level of adenogenic cancer antigen CA 19-9 in the blood and test the level of carci-
noembryonic antigen (CEA) in the blood serum for the purpose of differential diagnosis. The strength of
the recommendations is A (the level of evidence is 2). Comment: CEA and CA19-9 may increase in mucin-
ous OC, which allows for subsequent monitoring of the effectiveness of the treatment; for women under
40, who have a high probability of non-epithelial tumors, it is recommended to perform a study of the
alpha-fetoprotein level in the blood serum, a study of the level of chorionic gonadotropin in the blood,
and a study of the level of inhibin B in the blood at the diagnostic stage. The level of evidence for recom-
mendations is C (the level of reliability of evidence is 5). Comment: non-epithelial ovarian tumors pre-
dominate at a young age (detailed information is provided in the section on non-epithelial ovarian tu-
mors). All patients with high-grade serous and endometrioid carcinomas are recommended to undergo
molecular genetic testing for mutations in the BRCA1 and BRCA2 genes in the blood or by scraping the
oral mucosa and/or in biopsy (surgical) material as predictors of the disease outcome and the choice of
the patient's treatment algorithm. The level of evidence for recommendations is B (the level of reliability
of evidence is 2). Comment: the frequency of mutations in the BRCA1 and BRCA 2 genes in the indicated
histological types of tumors is about 15%. Information about the presence of a BRCA mutation is useful
for determining a higher sensitivity of the tumor to therapy with alkylating agents, platinum derivatives
and poly (adenosine diphosphate-ribose) polymerase (PARP) inhibitors [1].

1. All patients with OC or suspected OC are recommended to undergo computed tomography (CT)
of the chest, abdominal cavity, retroperitoneal space, and kidneys at the diagnostic stage, with or
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without intravenous contrast in order to determine the extent of the tumor process and plan the treat-
ment algorithm. The level of evidence for recommendations is A (the level of reliability of evidence is 1).
Comment: CT allows (a) to visualize the primary tumor, (b) to identify metastases of the disease, (c) to
assess the possibility of performing an optimal cytoreductive surgery. If CT is contraindicated or insuffi-
ciently informative, magnetic resonance imaging (MRI) with intravenous contrast may be performed. If
distant metastasis is suspected, positron emission tomography (PET)/CT may be performed.

2. All patients with OC or suspected OC are recommended to undergo MRI of the pelvic organs
with or without intravenous contrast at the diagnostic stage in order to determine the extent of the
tumor process and plan the treatment algorithm. The strength of the recommendations is A (the level of
evidence is 1). Comment: MR/ allows (a) to visualize the primary tumor, (b) to identify metastases of the
disease, (c) to assess the possibility of performing an optimal cytoreductive surgery. In case of contrain-
dications to MRI examination or its insufficiently informativeness, as well as when it is not possible to
perform MRI, CT with or without intravenous contrast is indicated. If distant metastasis is suspected,
PET/CT can be performed.

3. All patients with OC or suspected OC are recommended to undergo chest X-ray at the diagnostic
stage if CT of the chest is not possible. The strength of the recommendations is C (the level of evidence
is 5). Comment: CT of the chest organs is more sensitive and specific in detecting metastases in the lungs
and mediastinal lymph nodes.

4. All patients with OC or suspected OC are recommended to undergo ultrasound examination of
the lymph nodes in the cervical-supraclavicular region, axillary, inguinal lymph nodes, ultrasound of the
abdominal cavity, retroperitoneal space and pelvis at the diagnostic stage if CT/MRI/PET-CT cannot be
performed in order to determine the prevalence of the tumor process and plan the treatment algorithm.
The level of evidence for recommendations is B (the level of reliability of evidence is 2). Comment: Ultra-
sound is the simplest method for visualizing formations in the abdominal cavity, in the pelvic cavity, and
secondary lymph node damage. However, this method is significantly inferior to CT/MRI/PET-CT in terms
of making a decision on the first stage of treatment. Evaluation of the effect of chemotherapy according
to RECIST 1.1 criteria is also impossible based on the results of ultrasound.

5. All patients with OC or suspected OC at the diagnostic stage are recommended to undergo ex-
amination of the mammary glands in order to exclude secondary (metastatic) ovarian lesions or primary
multiple malignant neoplasms. The level of evidence for the recommendations is A (the level of reliability
of the evidence is 1). Comments: Women under 40 years of age undergo ultrasound examination of the
mammary glands in the first phase of the menstrual cycle, if available; women over 40 years of age are
recommended to undergo mammography in the first phase of the menstrual cycle, if available. Examina-
tion of the mammary glands is carried out in accordance with the principles set out in the clinical guide-
lines for malignant neoplasms of the mammary glands.

6. For patients with OC, diagnostic laparoscopy is recommended to clarify the extent of the pro-
cess, morphologically verify the diagnosis and assess resectability, as well as in cases where the perfor-
mance of optimal cytoreduction is questionable for staging or if it was not adequately performed during
previous cytoreduction, as well as for morphological verification of the diagnosis if less invasive methods
are not effective [1].

As noted by Zhu B. et al. [2] the incidence and mortality of gynaecological cancers (GCs) can sig-
nificantly impact women's quality of life and increase the health care burden for organisations globally.
The objective of study was to evaluate global inequalities in the incidence and mortality of GCs in 2022,
based on The Global Cancer Observatory (GLOBOCAN) 2022 estimates. The future burden of GCs in 2050
was also projected. Data regarding to the total cases and deaths related to GCs, as well as cases and
deaths pertaining to different subtypes of GCs, gathered from the GLOBOCAN database for the year
2022. Predictions for the number of cases and deaths in the year 2050 were derived from global demo-
graphic projections, categorised by world region and Human Development Index (HDI). In 2022, there
were 1473 427 new cases of GCs and 680 372 deaths. The incidence of gynecological cancer reached
30.3 per 100 000, and the mortality rate hit 13.2 per 100 000. The age-standardised incidence of GCs in
Eastern Africa is higher than 50 per 100 000, whereas the age-standardised incidence in Northern Africa
is 17.1 per 100 000. The highest mortality rates were found in East Africa (age-standardised mortality
rates of 35.3 per 100 000) and the lowest in Australia and New Zealand (age-standardised mortality
rates of 8.1 per 100 000). These are related to the endemic areas of HIV and HPV. Very high HDI countries
had the highest incidence of GCs, with age-standardised incidence rates of 34.8 per 100 000, and low
HDI countries had the second highest incidence rate, with an age-standardised incidence rates of 33.0
per 100 000. Eswatini had the highest incidence and mortality (105.4 per 100 000; 71.1 per 100 000)
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and Yemen the lowest (5.8 per 100 000; 4.4 per 100 000). If the current trends in incidence and mortality
are maintained, number of new cases and deaths from female reproductive tract tumours is projected to
increase over the next two decades. In conclusion, the authors point out that in 2022, GCs accounted for
1473 427 new cases and 680 372 deaths globally, with significant regional disparities in incidence and
mortality rates. The highest rates were observed in Eastern Africa and countries with very high and low
HDI, with Eswatini recording the most severe statistics. If current trends continue, the number of new
cases and deaths from GCs is expected to rise over the next two decades, highlighting the urgent need
for effective interventions.

OC s a leading cause of death in women worldwide, with more than 300,000 new cases and nearly
200,000 deaths globally each year [3].

Medina J.E. et al. emphasize in their work that [4], OC is a leading cause of death for women world-
wide, in part due to ineffective screening methods. Unfortunately, OC is usually detected in advanced
stages (stages Il and 1V) due to nonspecific clinical symptoms at earlier stages and the lack of an effective
screening approach. Consequently, there is a clear unmet clinical need for the development of highly
specific and sensitive assays to detect OC in its earliest stages. In their study, the authors used whole-
genome cell-free DNA (cfDNA) fragmentome and protein biomarker [cancer antigen 125 (CA-125) and
HE4] analyses to evaluate 591 women with OC, with benign adnexal masses, or without ovarian lesions.
Using a machine learning model with the combined features, researchers detected OC with specificity
>99% and sensitivities of 72%, 69%, 87 %, and 100% for stages | to IV, respectively. At the same specific-
ity, CA-125 alone detected 34%, 62%, 63%, and 100%, and HE4 alone detected 28%, 27%, 67%, and
100% of OCs for stages | to IV, respectively. This approach differentiated benign masses from OCs with
high accuracy (AUC = 0.88, 95% confidence interval, 0.83-0.92). These results were validated in an inde-
pendent population. These findings show that integrated c/DNA fragmentome and protein analyses de-
tect OCs with high performance, enabling a new accessible approach for noninvasive OC screening and
diagnostic evaluation.

Qian F. et al. [5] in their study note that OC is the fifth leading cause of cancer deaths in US women,
due to its typically advanced stage at presentation. Furthermore, unlike breast or colorectal cancer, there
is no proven screening method for OC to identify early disease and initiate treatment to improve survival.
Family history, oral contraceptive use, parity, body mass index (BMl), and genetic variants are potentially
useful in estimating lifetime risk. Along with this, because of differences in age at onset and tumour
histology/grade, risk factors for OC might be different for BRCA 1/2 mutation carriers than women in the
general population. Penetrance of BRCA1/2 mutations is likely modified by other genetic variants and
lifestyle or reproductive factors. Investigation of these factors could aid in implementation of strategies
to reduce OC risk among mutation carriers. In their work, the authors point out that height and BMI are
associated with higher OC risk in the general population, but whether such associations exist among
BRCA1/2 mutation carriers is unknown. The researchers applied a Mendelian randomisation approach
to examine height/BMI with OC risk using the Consortium of Investigators for the Modifiers of BRCA1/2
data set, comprising 14,676 BRCA1 and 7912 BRCA2 mutation carriers, with 2923 OC cases. They cre-
ated a height genetic score using 586 height-associated variants and a BMI genetic score using 93 BMI-
associated variants. Associations were assessed using weighted Cox models. Observed height was not
associated with OC risk (hazard ratio [HR]: 1.07 per 10-cm increase in height, 95% confidence interval
[Cl]: 0.94-1.23). Height genetic score showed similar results (HR = 1.02, 95% Cl: 0.85-1.23). Higher BMI
was significantly associated with increased risk in premenopausal women with HR = 1.25 (95% CI: 1.06-
1.48) and HR = 1.59 (95% Cl: 1.08-2.33) per 5-kg/m2 increase in observed and genetically determined
BMI, respectively. No association was found for postmenopausal women. Interaction between menopau-
sal status and BMI was significant (pinteraction < 0.05). Our colleagues emphasize that the results of
their observation of a positive association between BMI/ and OC risk in premenopausal BRCA1/2 mutation
carriers is consistent with findings in the general population.

Jara-Rosales S. et al. [6] in their work they say that in 2020, OC ranked fourth in incidence among
gynecological cancers worldwide, following breast cancer, cervical cancer, and uterine cancer. In terms
of mortality, it ranked third, establishing itself as one of the most lethal gynecological cancers. A 2021
study revealed that the variability in the incidence depends on each country and region, but the mortality
rate remains similar among the 185 countries included. This behavior is attributed to nonspecific symp-
toms and the lack of screening programs, leading to diagnoses at advanced stages with unfavorable
prognoses for patients [7]. OC constitutes a group of diverse diseases, each characterized by its own
morphology and biological behavior. This heterogeneity implies that different subtypes may respond dif-
ferently to treatments and show variations in their progression rates [8]. It is therefore essential to
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recognize this diversity to effectively address the different manifestations of OC. The risk factors for OC
are divided into two categories: modifiable and non-modifiable. Modifiable factors include smoking, hor-
mone replacement therapy, and dietary elements, among others. Non-modifiable factors include hered-
ity, mutations in the BRCA1 and BRCAZ2 genes, family history, Lynch syndrome, uninterrupted ovulation
cycles, and the presence of endometriosis, among others [7].

Our colleagues conducted an exhaustive search was conducted to identify literature to describe
the OC biology and physiopathology for new readers, in particular focused on clinical researchers. In
addition, a more stringent search was performed to find studies related to the genetic components, social
determinants, and comorbidities associated with OC in South America. The search was performed
through PubMed and Google Scholar, using the MeSH descriptors and keywords such as “Hereditary
Breast and Ovarian Cancer Syndrome”, “Latin America”, “BRCA1 Genes”, “BRCA2 Genes”, and “Ovarian
Neoplasms”. Additionally, the keywords “Obesity”, “chronic disease”, “Comorbidity”, “poverty”, “educa-
tion”, “race”, “ethnicity”, “menarche”, “menopause”, “multiparity”, “urbanization”, “epidemiology”, and
“risk factors” were utilized to capture relevant studies. Due the reported disparities in clinical trials and
other biomedical studies, the Latin American population is greatly underrepresented in most of the can-
cer and genomic databases, including local investigations. For this reason, the number of identified re-
ports according to the specific topics was very small for further analysis. The revision of the literature
was conducted based on original articles, including cohort studies, case-control studies, cross-sectional
studies, and experimental research investigating the risk factors for OC in the South American popula-
tion, and the selected articles were published within the last 10 years, with full-text availability, and were
written in English or Spanish. The authors considered studies involving women from 12 South American
countries, without age restrictions, focusing particularly on those analyzing genetic components, socio-
economic determinants, and comorbidities. Considering the main goal of this work, they excluded studies
focused on OC treatment, research validating laboratory tests for detecting OC-related mutations, and
non-original content such as reviews, opinions, editorials, letters to the editor, and conference abstracts.
Articles that did not clearly specify the region or country of interest, or those centered on education
about OC risk factors, were also excluded. [6].

In the conclusions following from the study, the researchers note that based on the revised articles,
it can be concluded that although there are reports on the prevalence of mutations in the BRCA1 and
BRCAZ2 genes in South American countries, such as Chile, Colombia, Argentina, Uruguay, and Brazil, in-
cluding Mexico as Hispanic, the general prevalence is close to 15-20% in women with hereditary risk
factors or those diagnosed with ovarian and/or breast cancer. However, it is important to highlight that
the available studies are limited. More research is needed to accurately determine the prevalence of the
punctual mutation in each country, as well as those mutational signatures that could be unique for the
Latin American population. In terms of the social, demographic, and economic factors that influence the
incidence of OC, these vary by country, but similarities are observed in age, being more prevalent in
women over 50 years old, and in women with poor education and difficulties in accessing healthcare.
Similarly, the absence of studies regarding the effect of contraception and hormone replacement therapy
in the Latin American population is highlighted, despite being widely studied factors in the international
scientific literature. This gap in the research underscores the need to address these aspects in future
research in the region. This article has several limitations, starting with the very limited number of studies
published and the number of participants in each study. The revised literature covers several years of
research conducted in each country; these years may represent disparities in funding for biomedical re-
search, the number and capabilities of each research group and the possibility of enrolling patients, and
the access to technological facilities. For now, it is not possible to conduct a more comprehensive analy-
sis; however, this work may promote the interest of other researchers to collaborate in the systematic
revision of current and future data. Regarding the need to improve lifestyles as a preventive measure to
reduce the possibility of morbidities and the concomitant development of OC, although the literature
may not be sufficient to conclusively establish a direct link between obesity and/or diabetes and the de-
velopment of OC, the indirect association suggests the importance of conducting additional clinical stud-
ies. These studies could confirm or dismiss the hypothesis that obesity and diabetes could be related to
the risk of developing OC, thereby providing a more solid basis for future interventions and prevention
strategies [6].

Bryant A. et al. [9] provide data showing that OC is the seventh most common cancer among
women and a leading cause of death from gynaecological malignancies. Epithelial OC is the most com-
mon type, accounting for around 90% of all OCs. This specific type of OC starts in the surface layer cov-
ering the ovary or lining of the fallopian tube. Surgery is performed either before chemotherapy [upfront
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or primary debulking surgery (PDS)] or in the middle of a course of treatment with chemotherapy [neo-
adjuvant chemotherapy and interval debulking surgery (IDS)], with the aim of removing all visible tumour
and achieving no macroscopic residual disease (NMRD). The aim of this study was to investigate the prog-
nostic impact of size of residual disease (RD) nodules in women who received upfront or interval cytore-
ductive surgery for advanced (stage lll and 1V) epithelial OC (EOC). To assess the prognostic impact of RD
after primary surgery on survival outcomes for advanced (stage lll and V) EOC. In separate analyses,
primary surgery included both upfront PDS followed by adjuvant chemotherapy and neoadjuvant chem-
otherapy followed by IDS. Each RD threshold is considered as a separate prognostic factor. The authors
searched CENTRAL (2021, Issue 8), MEDLINE via Ovid (to 30 August 202 1) and Embase via Ovid (to 30
August 2021). Our colleagues included survival data from studies of at least 100 women with advanced
EOC after primary surgery. RD was assessed as a prognostic factor in multivariate prognostic models.
They excluded studies that reported fewer than 100 women, women with concurrent malignancies or
studies that only reported unadjusted results. Women were included into two distinct groups: those who
received PDS followed by platinum-based chemotherapy and those who received IDS, analysed sepa-
rately. The researchers included studies that reported all RD thresholds after surgery, but the main
thresholds of interest were microscopic RD (labelled NMRD), RD 0.1 cm to 1 cm [small-volume residual
disease (SVRD)] and RD > 1 cm [large-volume residual disease (LVVRD)]. Two review authors independently
abstracted data and assessed risk of bias. Where possible, they synthesised the data in meta-analysis. To
assess the adequacy of adjustment factors used in multivariate Cox models, authors used the ‘adjustment
for other prognostic factors' and 'statistical analysis and reporting' domains of the quality in prognosis
studies tool.

Our colleagues also made judgements about the certainty of the evidence for each outcome in the
main comparisons, using GRADE. The researchers examined differences between FIGO stages lll and IV
for different thresholds of RD after primary surgery. They considered factors such as age, grade, length
of follow-up, type and experience of surgeon, and type of surgery in the interpretation of any heteroge-
neity. The authors also performed sensitivity analyses that distinguished between studies that included
NMRD in RD categories of < 1 cm and those that did not. This was applicable to comparisons involving
RD < 1 cm with the exception of RD < 1 cm versus NMRD. They evaluated women undergoing PDS and
IDS in separate analyses. The researchers found 46 studies reporting multivariate prognostic analyses,
including RD as a prognostic factor, which met inclusion criteria: 22,376 women who underwent PDS
and 3697 who underwent IDS, all with varying levels of RD. While we identified a range of different RD
thresholds, authors of the work mainly report on comparisons that are the focus of a key area of clinical
uncertainty (involving NMRD, SVRD and LVRD). The comparison involving any visible disease (RD > 0 cm)
and NMRD was also important. SVRD versus NMRD in a PDS setting In PDS studies, most showed an
increased risk of death in all RD groups when those with macroscopic RD (MRD) were compared to
NMRD. Women who had SVRD after PDS had more than twice the risk of death compared to women
with NMRD (HR 2.03, 95% Cl 1.80 to 2.29; 12 = 50%, 17 studies; 9404 participants;, moderate-certainty).
The analysis of progression-free survival found that women who had SVRD after PDS had nearly twice
the risk of death compared to women with NMRD (HR 1.88, 95% Cl 1.63 to 2.16; 12 = 63%; 10 studies;,
6596 participants; moderate-certainty). LVRD versus SVRD in a PDS setting. When authors compared
LVRD versus SVRD following surgery, the estimates were attenuated compared to NMRD comparisons.
All analyses showed an overall survival benefit in women who had RD < 1 cm after surgery (HR 1.22, 95%
Cl 1.13 to 1.32; 12 = 0%, 5 studies; 6000 participants; moderate-certainty). The results were robust to
analyses of progression-free survival. SVRD and LVRD versus NMRD in an IDS setting The one study that
defined the categories as NMRD, SVRD and LVRD showed that women who had SVRD and LVRD after
IDS had more than twice the risk of death compared to women who had NMRD (HR 2.09, 95% Cl 1.20
to 3.66; 310 participants; I2 = 56%, and HR 2.23, 95% Cl 1.49 to 3.34; 343 participants; 12 = 35%, very
low-certainty, for SVRD versus NMRD and LVRD versus NMRD, respectively). LVRD versus SVRD + NMRD
in an IDS setting meta-analysis found that women who had LVRD had a greater risk of death and disease
progression compared to women who had either SVRD or NMRD (HR 1.60, 95% Cl 1.21 to 2.11, 6 studies;
1572 participants; 12 = 58% for overall survival and HR 1.76, 95% Cl 1.23 to 2.52; 1145 participants; 12
= 60% for progression-free survival; very low-certainty). However, this result is biased as in all but one
study it was not possible to distinguish NMRD within the < 1 cm thresholds. Only one study separated
NMRD from SVRD; all others included NMRD in the SVRD group, which may create bias when comparing
with LVRD, making interpretation challenging. MRD versus NMRD in an IDS setting. Women who had any
amount of MRD after IDS had more than twice the risk of death compared to women with NMRD (HR
2.11,95% Cl 1.35 to 3.29, 12 = 81%, 906 participants; very low-certainty). Summing up the results of the
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study, the authors point out that in a PDS setting, there is moderate-certainty evidence that the amount
of RD after primary surgery is a prognostic factor for overall and progression-free survival in women with
advanced OC. Our colleagues separated our analysis into three distinct categories for the survival out-
come including NMRD, SVRD and LVRD. After IDS, there may be only two categories required, although
this is based on very low-certainty evidence, as all but one study included NMRD in the SVRD category.
The one study that separated NMRD from SVRD showed no improved survival outcome in the SVRD cat-
egory, compared to LVRD. Further low-certainty evidence also supported restricting to two categories,
where women who had any amount of MRD after IDS had a significantly greater risk of death compared
to women with NMRD. Therefore, the evidence presented in this review cannot conclude that using three
categories applies in an IDS setting (very low-certainty evidence), as was supported for PDS (which has
convincing moderate-certainty evidence) [9].

What knowledge is available today about the specifics of OC treatment? Drug resistance is the
bottleneck in OC treatment. The increasing use of novel drugs in clinical practice poses challenges for
the treatment of drug-resistant OC. Although maintenance therapy with PARP inhibitors (PARPIs) has
prolonged progression-free survival and 5-year overall survival, unfortunately, many patients do not re-
spond to PARPIs treatment due to intrinsic or acquired resistance [10].

Wang L. et al. [11] indicate that despite receiving standard-of-care therapy (optimal cytoreductive
surgery followed by adjuvant chemotherapy), most patients develop recurrent disease, which is resistant
to chemotherapy, resulting in a 5-year survival rate of approximately 30-40% worldwide. Drug resistance
is a formidable challenge in the treatment of OC and is the primary contributor to poor prognosis. Ac-
cording to the National Comprehensive Cancer Network guidelines (version 1.2023), there are many ther-
apeutic regimens for resistant OC, including some novel agents. However, the objective remission rate is
still low, and the median survival time is less than 12 months due to complicated resistance mechanisms.
In resistant OC, the classical mechanisms of action of common drugs can be disrupted or altered, possibly
resulting in impaired therapeutic effects. Thus, treatment regimens should not rely only on empirical
options. As the number of categories of agents increases, after the development of multidrug resistance,
the decision of appropriate later-line therapeutic regimens is very challenging. The authors reviewed the
literature regarding various drug resistance mechanisms in OC and found that the main resistance mech-
anisms are as follows: abnormalities in transmembrane transport, alterations in DNA damage repair,
dysregulation of cancer-associated signaling pathways, and epigenetic modifications. DNA methylation,
histone modifications and noncoding RNA activity, three key classes of epigenetic modifications, consti-
tute pivotal mechanisms of drug resistance. One drug can have multiple resistance mechanisms. Moreo-
ver, common chemotherapies and targeted drugs may have cross (overlapping) resistance mechanisms.
MicroRNAs (miRNAs) can interfere with and thus regulate the abovementioned pathways. A subclass of
miRNAs, “epi-miRNAs”, can modulate epigenetic regulators to impact therapeutic responses. Thus, they
also reviewed the regulatory influence of miRNAs on resistance mechanisms. Moreover, researchers sum-
marized recent phase |/ll clinical trials of novel drugs for OC based on the abovementioned resistance
mechanisms. A multitude of new therapies are under evaluation, and the preliminary results are encour-
aging. Summarizing the results of the study, our colleagues emphasize that with the increasing use of
novel therapeutic drugs for OC, the development of later-line treatments has been under enormous pres-
sure. Recently, resistance to a variety of therapeutic drugs, such as PARPIs, angiogenesis inhibitors, and
immune checkpoint inhibitors, has been found to occur. In the past, therapeutic agents for OC have been
limited, and researchers have usually described the underlying mechanism and explored therapeutic
strategies for overcoming resistance based on the drug classification. However, as increasing numbers of
new agents are applied in clinical practice, the resistance mechanisms of these various new drugs must
be identified, and these mechanisms may be similar or even identical to those of other drugs. Thus, the
classification of drug resistance should not be confined to the drug category, and all should attempt to
obtain insight into classification of resistance based on molecular mechanisms. The concept of drug re-
sistance classification provides a sound basis for further research to develop more precise reversal strat-
egies.

Instead of simply distinguishing resistance by agent, researchers attempted to classify drug re-
sistance by mechanism. The authors summarized four major mechanisms from the published literature:
1) abnormalities in transmembrane transport, 2) alterations in DNA damage repair, 3) dysregulation of
cancer-associated signaling pathways, and 4) epigenetic modifications. In the context of the increasing
number of novel agents, summary of the four resistance mechanisms of OC provides a new concept for
resistance classification by molecular mechanism, not by drug category. Given the intersections between
drug resistance mechanisms, this concept is likely to result in the realization of “two birds with one stone”
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effects on the reversal of drug resistance in OC. Furthermore, these findings are anticipated to have
broad implications for the development of precise therapeutic approaches for reversing drug resistance
in OC. On this basis, umbrella trials can be carried out to explore the diagnostic and therapeutic targets
of the four resistance mechanisms, and this may be a direction of future researches on drug resistance in
ocC [11].

As Porter J.M. et al. [12] note in their study epithelial OC (ovarian carcinomay) is the most common
form of the disease and comprises multiple histological types (histotypes): high-grade serous (70% of
patients), endometrioid (10%), clear cell (10%,), low-grade serous (<5%), and mucinous (<5%). Ovarian
carcinosarcomas - previously considered a separate disease entity - are now recognized to represent met-
aplastic carcinomas and account for no more than 5% of diagnoses. A wealth of evidence now demon-
strates that each histotype represents a unique disease entity, each with distinct developmental origins,
molecular landscapes, intrinsic chemosensitivity, survival profile, and susceptibility to targeted molecular
therapeutics.

The authors emphasize that complete macroscopic resection is a key factor associated with pro-
longed survival in OC. That being said, patients with clear cell ovarian carcinoma and low-grade serous
ovarian carcinoma represent some of the groups that benefit most from achieving complete macroscopic
resection; given that these cases are unlikely to respond well to neoadjuvant chemotherapy, complete
primary cytoreduction is a major priority for these patients. Endometrioid ovarian carcinoma also repre-
sents a histotype in which complete macroscopic resection is associated with marked patient survival
benefit. Engagement with multiple surgical teams to improve the likelihood of resecting disease at
hepatobiliary, gastrointestinal, and other anatomical sites beyond the pelvis will be key for delivering
optimal outcomes for such cases that present with extensive advanced-stage disease. More work is also
required to understand the impact of resecting disease outside of the pelvis and abdomen. Achievement
of complete macroscopic resection across the overall OC patient population is associated with markedly
prolonged survival time, though differences in the degree of survival benefit are apparent across different
histotypes. Patients with clear cell ovarian carcinoma derive one of the greatest survival benefits associ-
ated with complete macroscopic resection. High-grade serous ovarian carcinoma patients demonstrate
highly clinically and statistically meaningful survival benefit, but the magnitude of benefit is lower than
in some of the other histotypes. The extent of benefit from complete macroscopic resection does not
appear to relate solely to levels of intrinsic chemosensitivity of each histotype [12].

Now, as for this pathology in our country at the republican level. The incidence of OC in the Repub-
lic of Kazakhstan in 2023 was 6.3 per 100 thousand population (6.2 in 2022) with a growth rate of 2.1%
compared to the previous year, amounting to 1,251 people in absolute numbers (1,201 women a year
earlier). The proportion of cases with a diagnosis established for the first time in life, recorded by onco-
logical organizations, was 3.4%, as in the previous year in the general population, and 6.0% among
women (in 2022 also 6.0%) and 4th rank place after breast cancer, cervical cancer and endometrial
cancer [13].

Above the national average, OC was established in 8 regions of the country: the city of Almaty -
10.4 (maximum indicator); Pavlodar - 9.7, Karaganda - 8.6; Abay - 8.4; Akmola - 7.7; Kostanay - 7.6; North
Kazakhstan - 7.5; West Kazakhstan - 7.2. Aktobe, Atyrau and Kyzylorda regions are on par with the na-
tional average. This indicator is lower than the national average in the remaining 9 regions: Turkestan -
2.9 (the lowest level); Mangistau - 3.5; Ulytau - 3.6; Almaty - 3.7; Zhambyl - 4.3, the city of Shymkent -
4.6, East Kazakhstan - 5.8; Zhetysu - 5.9 regions and the city of Astana - 6.2 per 100 thousand people.
The mortality rate from this pathology in 2023 was 2.1, a year earlier - 2.4 per 100 thousand population.
The regions where the mortality rate from OC is higher than the average in the republic (2.1 per 100
thousand population) include: Abay - 3.0 (maximum level); the city of Astana - 2.9; Karaganda and Pav-
lodar - 2.5; Kyzylorda - 2.4; Aktobe and the city of Almaty - 2.2. This indicator is at the same level with
the national average in the East Kazakhstan region. The lowest rates were noted in Turkestan - 1.5 (min-
imum rate); Almaty and Atyrau - 1.6; Zhambyl - 1.7; Ulytau and Mangistau - 1.8; North Kazakhstan and
Kostanay - 1.9; West Kazakhstan, Zhetysu, Akmola regions and the city of Shymkent - 2.0 per 100 thou-
sand population [13].

The one-year mortality rate was 7.2% (7.9% in 2022). At the same time, the ratio between one-
year mortality and neglect (stage IV) was quite high - 1.7 (a year earlier it was even higher - 2.1. At the
same time, it should be noted that the farthest from "1" is the worst ratio between one-year mortality
and neglect.

Now, regarding preventive examinations. It should be noted that during large-scale preventive ex-
aminations of the population in 2023, significantly more patients with malignant neoplasms were
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actively identified than in 2022. This is 25,193 patients against 23,623 patients identified in 2022, i.e.
+6.6%. This is due to the further abatement of the epidemiological troubles due to coronavirus and the
increased availability of preventive care for the population. The proportion of patients identified during
preventive examinations increased from 62.0% to 62.4% of the total number of patients identified per
vear.

Of course, with in the analysis of the epidemiological situation, the indicators of early diagnostics
are very important issues. In general, in terms of the amount of detected cases of cancer of all localiza-
tions, in 2023 the proportion of forms detected at early stages (0, I-ll stages) increased from 66.3% to
67.9%. As for OC, the early detection of this pathology during preventive examinations increased from
40.5 to 44.8%. The number of newly diagnosed patients with OC registered with oncology organizations
amounted to 1,218 people (1,173 - a year earlier). At the same time, the absolute number of cases de-
tected during preventive examinations in 2023 was 863, in 2022 - 875, the proportion of cases detected
during preventive examinations was 70.9% and 74.6%, respectively. Of these, patients with stages I-Il -
387in 2023 and 354 in 2022.

The regions where the proportion of patients with early stage | of the pathology in question is above
the national average (31.0% and 9th place among all nosological forms of malignant neoplasms) include
the following regions: the city of Almaty - 45.3%, (the best indicator); Zhetysu - 43.9%; the city of Astana
-42.2%; Zhambyl - 38.5%, Kyzylorda - 35.8%, East Kazakhstan and Akmola - 35.0%, Kostanay - 33.9%,
Almaty - 33.3%.

The lowest rates of early diagnosis were recorded in 11 regions. Against this background, two re-
gions stand out - Aktobe and Turkestan, where stage | of the disease was established at only 5.2% and
6.5%, respectively (the worst rates in the republic). Next come: Mangistau - 16.0%, the city of Shymkent
- 18.5%, Pavlodar - 23.3%,; Abay - 23.4%, Ulytau and West Kazakhstan - 25.0%, Karaganda - 25.5%;
Atyrau - 28.6% and North Kazakhstan - 30.8% of the region [13]. It should be noted that only two pa-
tients out of every five were detected in the early (I-1l stages) of this pathology, making up 41.7% in the
republic. The regions where the proportion of patients with OC detected at stages I-Il is higher than the
national average include the following regions. The best indicator is in the Zhetysu region - 51.2%. Then
come two megacities - the cities of Almaty (51.6%) and Astana (50.6%), then - East Kazakhstan and
Atyrau (50.0%); Akmola (48.3%); Mangistau (48.0%); Kostanay (45.2%); Zhambyl (44.2%); North Ka-
zakhstan (43.6%); Karaganda (42.6%) regions. Low rates of early diagnosis were recorded in the follow-
ing regions. Against the general background, the Aktobe region stands out negatively, where only every
tenth patient was detected in the early stages of the disease - 10.3%. Then come the following regions:
Turkestan (16.1%); Shymkent city (31.5%); West Kazakhstan (33.3%); Abay (34.0%); Almaty (37.0%);
Ulytau (37.5%); Pavlodar (41.1%) and Kyzylorda (41.5%) regions [13].

As can be clearly seen from the above data, there is a very large spread in early diagnostic rates
across the country, from good to disappointing. Of course, it is necessary to take into account migration
processes and other factors that affect early diagnostic rates, but nevertheless, the results obtained give
reason not to stop there, both for oncologists and gynecological oncologists, as well as for obstetricians
and gynecologists, visual diagnostic doctors, and general practitioners, since improving the rates of early
diagnostics of malignant tumors has remained one of the main postulates and one of the main tasks of
medicine in general, and continues to be relevant today. The proportion of stage IV OC among all noso-
logical forms of malignant neoplasms was 7.2%, and this is the 17th rank. In general, in 2023, the pro-
portion of malignant neoplasms of stage 1V in the republic for the sum of all nosologies decreased from
12.58 to 11.7% (from 4790 to 4735 patients).

As for the average national indicator of the proportion of stage IV (7.2%), Zhetysu and Mangistau
regions stand out against this background - 0.0%. Then come: Kyzylorda and Zhambyl (1.9%); Atyrau
(2.4%); North Kazakhstan (2.6%); the city of Almaty (3.6%),; East Kazakhstan (5.0%); Pavlodar (5.5%).
The city of Astana is on the same level with the average national indicator. The indicators are lower in
the following regions. Abay region stands apart from all others, where every fifth patient is diagnosed in
the terminal stage of the disease (21.3%). Next come: Turkestan (12.9%); Karaganda (12.8%); Ulytau
(12.5%); Aktobe (12.1%); the city of Shymkent (11.1%); Akmola (10.0%); Kostanay (9.7%,); West Kazakh-
stan (8.3%); Almaty (7.4%) regions.

The morphological verification rate of the disease in the country was 84.3%. In 5 regions out of 20,
this is a 100% figure (East Kazakhstan, Zhambyl, Ulytau regions, as well as the cities of Astana and
Shymkent). The lowest figure is in the Kyzylorda region (32.1%,). Next on this list are the city of Almaty
(55.2%); Zhetysu (78.0%); Mangistau and Akmola (80.0%); Aktobe (91.4%); Atyrau (92.9%); West Ka-
zakhstan (93.8%); North Kazakhstan (94.9%); Turkestan and Kostanay (95.2%); Karaganda (95.7%);
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Pavlodar (95.9%); Almaty (96.3%) and Abay (97.9%) regions [13].

The total number of patients with malignant neoplasms, consisting of registered in specialized on-
cological organizations of the republic, continued to grow and by the end of 2023 amounted to 218,186
people, with an increase of 6.0% compared to the level of the previous year (2022 - 205,822, +5.8%). The
overall incidence rate of malignant neoplasms increased by 3.9%, from 1055.3 to 1096.4 per 100 thou-
sand population. The growth of this indicator is due to both the increase in the incidence and detection
of pathology, and the increase in the survival rate of cancer patients. In addition, statistical data on pa-
tients diagnosed with malignant neoplasms, who have been under observation for 5 years or more, and
continue to be observed in 2023, showed that the number of patients under observation by oncological
organizations in Kazakhstan for over five years continued to grow and at the end of the reporting year
amounted to 117,616 people, with an increase of 6.2% (2022 - 110,790 people, +6.6%) (form. No. 7).

It is impossible to ignore such an important clinical aspect as the coverage of patients with a first-
ever diagnosis of OC in the Republic of Kazakhstan with specialized treatment.

In 2023, the number of hospitalizations for all nosological forms of malignant tumors in the coun-
try's oncology organizations amounted to 108,252 cases (2022 - 101,095), with an increase of 7.1%
compared to the previous year, which is associated with a constant increase in the number of cancer
patients, improved standardization of oncological care, and the development of palliative and restorative
services.

At theend of 2023, the absolute number of patients with OC who completed specialized treatment
amounted to 697 people, continuing treatment - 387 patients. The following results were obtained in
percentage terms by methods and types of treatment. The overwhelming majority of patients received
complex treatment - 68.4%, only surgical treatment - 21.1%, only drug treatment - 8.3%, combined -
0.3%, chemo-radiation - 0.1%.

Next, regarding the five-year survival rate of patients. As for OC, at the end of 2023, 8229 people
or 41.4 per 100 thousand of the population were registered with the dispensary (at the end of 2022 -
7864 patients or 40.3 per 100 thousand of the population, respectively); and this is the 9th rank place
among all nosological forms of malignant neoplasms.

At the same time, the mortality rate of the observed contingents in 2023 was 5.0% (6.0% - in
2022).

The five-year survival rate of patients with OC was 58.2% in 2023 (57.5% - a year earlier) [13].

Summarizing the above, we can conclude that OC occupies a significant place among all existing
malignant tumors of other localizations. At the same time, despite the small percentage of patients de-
tected at stage 1V, taking into account a number of factors, the indicators of early diagnostics do not
allow oncologists to "sleep peacefully”, since the locally advanced stage Ill, which significantly prevails
over all stages, in addition to the prevalence itself, gives a large number of complications and locore-
gional metastases, and these patients are subject to aggressive complex treatment, constituting the over-
whelming percentage (68.4%) among all methods of treating this pathology. The variability and veiling
of symptoms, its similarity with various non-core processes (sometimes the only symptom is a gradual
increase in the abdomen due to ascites), leads to the neglect of the disease. All this requires both oncol-
ogists and gynecological oncologists, and, first of all, primary health care workers, as well as obstetri-
cians and gynecologists and visual diagnostics doctors, to increase the level of cancer alertness, inform
the population about early symptoms that may indicate this pathology or the onset of proliferative
changes and conduct high-tech diagnostic measures and, as a result, timely treatment. Women at risk
are advised to visit specialized specialists annually and, if necessary, undergo an examination.

An epidemiological assessment of the situation with OC in our country suggests that there are
sometimes significant differences between regions not only in incidence rates, but also in the parameters
of early diagnosis and mortality from this pathology. In connection with the above, this pathology con-
tinues to be a serious problem in modern clinical oncology.
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Abstract

This scientific and analytical work presents modern world and local-regional data on inci-
dence, mortality, lethality and five-year survival rate of such oncological pathology of head and
neck tumors as laryngeal cancer. The issues of etiology and pathogenesis, features of distribution,
modern approaches and principles of complex diagnostics, prospects for improving treatment re-
sults, as well as prognosis are covered in detail. The epidemiological characteristics of this pathol-
ogy in our republic are given in the context of regions of the country.
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omarkers, RNA, immune-related genes, autophagy, epidemiology, incidence, mortality, lethality,
five-year survival rate, prognosis.

Laryngeal cancer (LC) is a malignant tumor that develops from elements of the non-keratinizing
epithelium of the larynx.

The etiologic factors remain unclear to date. In most cases, the patient's medical history includes
untreated inflammatory and precancerous diseases of the larynx (laryngitis, papillomas, papillomatosis,
dyskeratosis, leukoplakia, pachydermia, fibromay); a long period of smoking, alcohol consumption, work
in dusty conditions (textile production), inhalation of harmful carcinogenic substances (oil, its distillation
products, benzene, phenolic resins, asbestos); genetic predisposition (the presence of malignant diseases
in relatives), as well as age and gender (males over 55 years of age) [1,2].

The diagnostic criteria are as follows. Complaints and medical history. Complaints: cough, hoarse-
ness; sore throat radiating to the ear; difficulty breathing; choking when taking liquid food; enlarged
cervical, supraclavicular, subclavian, submandibular, and submental lymph nodes. History: early symp-
toms of the disease in LC are: hoarseness and cough, which appear already at stage | of the disease; when,
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at the initial visit of patients, hoarseness has been observed for six months with the addition of other
symptoms, this may indicate later stages (llI-IV) of the disease. In this case, complaints of shooting pain
in the ear, difficulty breathing, choking when taking liquid food or water, and the appearance of enlarged
nodes on the neck are also added [1].

Physical examination: indirect laryngoscopy (tumor, formation of one of the parts of the larynx,
limited mobility of the true vocal cord or fixation of the affected half of the larynx, narrowing of the
glottis); palpation examination of the lymph nodes of the neck on both sides (the presence of enlarged
cervical lymph nodes of a dense consistency, immobile or stiff, slightly painful or possibly not painful,
more than 1.0 cm in size).

Laboratory tests: cytological examination (increase in cell size up to giant, change in the shape and
number of intracellular elements, increase in the size of the nucleus, its contours, different degrees of
maturity of the nucleus and other cell elements, change in the number and shape of nucleoli); histological
examination (large polygonal or spiky cells with well-defined cytoplasm, round nuclei with clear nucleol;,
with the presence of mitoses, cells are located in the form of cells and cords with or without keratin
formation, the presence of tumor emboli in the vessels, the severity of lymphocytic plasmacytic infiltra-
tion, mitotic activity of tumor cells).

Instrumental examinations: ultrasound examination of the cervical, submandibular, supraclavicu-
lar, subclavian lymph nodes (contours are clear, uneven, echogenicity is reduced, there may be areas of
mixed echogenicity, the structure of the node is heterogeneous, increased vascularization is possible);
computed tomography of the larynx (a tumor formation of the larynx, occupying the right or left half,
spreading to the piriform sinus or the root of the tongue or soft tissues of the anterior surface of the
neck, or to the trachea area, conglomerates of lymph nodes of various sizes are possible, compressing or
displacing or growing into the vascular-nerve bundle of the neck); biopsy of a laryngeal tumor (cytological
examination of the material reveals an increase in the size of the cell up to giant, a change in the shape
and number of intracellular elements, an increase in the size of the nucleus, its contours, different de-
grees of maturity of the nucleus and other elements of the cell, a change in the number and shape of
nucleoli: histological examination of the material reveals large polygonal or spiky cells with well-defined
cytoplasm, round nuclei with clear nucleoli, with the presence of mitoses, the cells are arranged in the
form of cells and cords with or without the formation of keratin, the presence of tumor emboli in the
vessels, the severity of lymphocyte-plasmocyte infiltration, mitotic activity of tumor cells); fine-needle
aspiration biopsy of enlarged lymph nodes of the neck (during cytological examination of the material -
an increase in the size of the cell up to giant, a change in the shape and number of intracellular elements,
an increase in the size of the nucleus, its contours, different degrees of maturity of the nucleus and other
elements of the cell, a change in the number and shape of nucleoli) [1].

As noted by Huang J. et al. [3] though the LC only has 1% of the total cancer cases and related
deaths, it is a type of head and neck cancers with the highest prevalence. Cigarette smoking and alcohol
consumption was found to have the strongest relation with LC; other potential risk factors include age
(265), sex (male), family history of cancer, chemical workplace exposure, gastro-esophageal reflux, and
exposure to human papillomavirus (HPV).

In their work, the authors emphasize that the global incidence and mortality rates of LC in 2020
was extracted from the Global Cancer Observatory (GLOBOCAN) database, developed by the Interna-
tional Agency for Research on Cancer, World Health Organization (WHQO) [4].

The Gross Domestics Products (GDP) and Human Development Index (HDI) for each country were
retrieved from World Bank and United Nations. For the categorization of HDI rates, <0.550, 0.550—-0.699,
0.700-0.700, and =0.800 are considered low, medium, high, and very high. Data from 1980 to 2020 were
obtained, and the data of the most recent 10 years were used for trend analysis. The WHO mortality
database was used for cancer-related death data for each country and region. Cancer mortality data was
collected from national civil cancer registries on a local and national level with the registering system
logging verified cancer deaths and their causes, which is then reported to WHO annually. To ensure the
quality of data, only figures with medium quality or above were published by the WHO mortality database
based on the timeliness, completeness and coverage of registration and the proportion of deaths as-
signed to ill-defined causes. All incidence and mortality figures of LC were transformed - using the Segi-
Doll world reference population for various nations - into an age-standardised rate (ASR) per 100 000
individuals. Weighting was allocated in accordance with proportions of people in the standard popula-
tion’s corresponding age groups. This enabled the current study to compare incidence and mortality rates
across different countries over time [3].

There were 184 615 newly reported cases of LC in 2020, with an ASR incidence of 2.0 per 100 000
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persons. Incidence varied geographically, region with the highest incidence was Caribbean (ASR=4.0) fol-
lowed by Central and Eastern Europe (ASR=3.6) and Southern Europe (ASR=2.9). Regions with the lowest
incidence include Middle Africa (ASR=0.76), Western Africa (ASR=0.79), and Central America
(ASR=0.86). There was a remarkable disparity among the two sexes in terms of incidence, as the global
ASR of males (ASR=3.6) was more than seven times higher than that of females (ASR=0.49). The highest
incidence was in countries with medium HDI (ASR=2.5), followed by very high HDI (ASR=2.3), high HDI
(ASR=1.6), and low HDI (ASR=0.94). In 2020, 99 840 LC-related deaths were reported, which was slightly
more than 1% of the total cancer-related deaths. Globally, LC has an ASR of 1.0 per 100 000 persons in
mortality. In terms of the geographical distribution, the Caribbean region (ASR=2.1) had the highest mor-
tality rate, doubling the global average, followed by Central and Eastern Europe (ASR=1.9), and South-
Central Asia (ASR=1.7). Regions with the lowest mortality were Australia and New Zealand (ASR=0.34),
Micronesia (ASR=0.45), and Middle Africa (ASR=0.54). Similar to incidence, the highest mortality was in
countries with medium HDI (ASR=1.6), followed by high HDI (ASR=0.92), very high HDI (ASR=0.86), and
low HDI (ASR=0.71). Among males LC incidence was associated with a higher HDI [3=0.175, 95% confi-
dence interval (Cl): 0.111-0.239, P<0.001], prevalence of smoking (=0.051, 95% ClI: 0.041-0.061,
P<0.001), alcohol drinking (B=0.040, 95% Cl: 0.028-0.052, P<0.001), unhealthy dietary (=0.012, 95%
Cl: 0.006-0.018, P<0.001), obesity (B=0.022, 95% Cl- 0.012-0.031, P<0.001), hypertension (8=0.031,
95% Cl: 0.022-0.041, P<0.001), diabetes (3=0.032, 95% Cl: 0.014-0.051, P=0.001), and lipid disorders
(6=0.021, 95% Cl: 0.013-0.029, P<0.001). Among females, incidence was associated with a higher HD/
(B=0.114, 95% Cl: 0.050-0.178, P<0.001), prevalence of smoking ($=0.049, 95% Cl: 0.033-0.065,
P<0.001), inactivity (=0.040, 95% CI: 0.009-0.072, P=0.011), obesity (8=0.013, 95% Cl: 0.004-0.022,
P=0.004), hypertension ($=0.012, 95% Cl: 0.002-0.023, P=0.024), diabetes (=0.051, 95% Cl: 0.031-
0.071, P<0.001), and lipid disorders (5=0.015, 95% Cl: 0.007-0.023, P<0.001). Among males LC mortal-
ity was associated with a higher HDI (=0.094, 95% CI: 0.025-0.163, P<0.001), prevalence of smoking
(B=0.044, 95% Cl- 0.033-0.054, P<0.001), alcohol drinking (B=0.025, 95% Cl: 0.013-0.038, P<0.001),
unhealthy dietary (8=0.009, 95% ClI: 0.003-0.015, P=0.002), obesity (3=0.016, 95% Cl: 0.006-0.025,
P=0.001), hypertension (=0.025, 95% Cl: 0.015-0.034, P<0.001), and lipid disorders (=0.013, 95% CI:
0.004-0.021, P=0.003). Among females, mortality was associated with a lower GDP per capita
(B=-0.076, 95% Cl: -0.126-0.027, P=0.003), and prevalence of alcohol drinking (8 =-0.060, 95% ClI:
-0.085-0.035, P<0.001) [3].

Overall, more countries were showing decreasing trends than increasing trends in LC while such
trends were less evidence among female population, younger subjects, and countries from Europe. The
overall incidence for males was decreasing while females reported mixed trends. For males, significant
increases were found only in Cyprus [average annual percent change (AAPC)=5.88; 95% Cl: 0.52-11.52;
P=0.035)], whilst decreasing trends were reported in 24 countries evenly distributed in different conti-
nents, Chile (AAPC=-11.5;95% Cl: -20.99-0.88; P=0.038) reported the largest decrease, followed by the
Philippines (AAPC=-7.71; 95% Cl: —=12.15-3.05; P=0.006), and Norway (AAPC=-5; 95% Cl: -8.71-1.14;
P=0.018). For females, three countries showed significant increasing trends: Japan (AAPC=6.01;95% CI:
1.51-10.71; P=0.015), Switzerland (AAPC=5.61; 95% Cl: 0.05-11.49; P=0.048), and Czech Republic
(AAPC=3.31; 95% Cl: 1.28-5.39; P=0.005). Evident decreases were found in six countries, with India
(AAPC=-8.35;95% Cl: -13.62-2.75; P=0.009), Korea (AAPC=-8.28, 95% Cl: -11.68-4.74,; P=0.001), and
Turkey (AAPC=-6.05; 95% Cl: —=10.21-1.69; P=0.013) reporting the largest decreases. Similar to the inci-
dence trends, there was a remarkable difference between the mortality trends of males and females. For
males, only Thailand (AAPC=5.41; 95% Cl: 3.56-7.30; P<0.001) reported significant increases. On the
contrary, significant decreases were observed in 30 countries. The largest decreases were found in Korea
(AAPC=-7.17; 95% Cl- -8.65-5.66; P<0.001), Singapore (AAPC=-7.10; 95% Cl: -13.59-0.11, P=0.047),
and France (AAPC=-5.96; 95% Cl: -6.76-5.15,; P<0.001). For females, significant increasing trends were
found in Israel (AAPC=12.49; 95% Cl: 0.81-25.51; P=0.038); while significant decreases were reported in
eight countries, with Korea (AAPC=-10.58; 95% Cl: -15.61-5.24; P=0.002), Belarus (AAPC=-7.93; 95%
Cl:-13.55-1.95; P=0.010), and Colombia (AAPC=-5.68; 95% Cl: -8.04-3.27; P=0.001) reported the most
evident decreases. For the older males aged 50 or above two countries reported significant increases:
Cyprus (AAPC=6.87; 95% ClI: 1.16-12.91; P=0.024), and Belarus (AAPC=1.41; 95% Cl: 0.28-2.55;
P=0.021). In contrast, significant decreases were observed in 21 countries sporadically distributed world-
wide. The largest decreases were found in Chile (AAPC=-10.31; 95% Cl: —=19.44-0.14; P=0.048), Philip-
pines (AAPC=-7.57; 95%; Cl: -11.86-3.08; P=0.005), and Norway (AAPC=-5.69; 95% Cl: -8.87-2.41;
P=0.004). For females aged 50 or above, three countries, all European countries, reported significant
increases: Spain (AAPC=6.76;95% Cl: 2.03-11.72; P=0.01), Switzerland (AAPC=5.38,95% Cl: 0.25-10.78;
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P=0.042), and Czech Republic (AAPC=4.00; 95% Cl: 1.73-6.32; P=0.003) reported the largest increases.
On the other hand, four populations showed significant decreasing trends, Turkey (AAPC=-6.50, 95% ClI:
-11.64-1.07; P=0.025) reported the largest decline, followed by Canada (AAPC=-4.36; 95% Cl: —6.94-
1.70; P=0.006), and the white population in the USA (AAPC=-2.98,95% Cl: -5.13-0.78; P=0.014). Similar
distribution but larger increase was found in males aged below 50 Norway (AAPC=18.77; 95% Cl: 4.55-
34.92; P=0.014) and Thailand (AAPC=10.24; 95% Cl: 0.36-21.09,; P=0.044) reported significant increas-
ing trends, whereas evident decreasing trends were observed in 17 countries, predominately Asian and
European countries, with Germany (AAPC=-17.17; 95% Cl: -26.66-6.44; P=0.007), Denmark
(AAPC=-9.88;95% Cl: -17.74-1.26; P=0.030), and France (AAPC=-9.66,95% Cl: -14.70-4.32; P=0.004)
showing the greatest decreases. From the raw data, the highly significant increasing trend observed in
the younger male population of Norway and Thailand was likely due to the statistical base effect as un-
usually low ASR was reported in the start of the 10-year interval 2010-2011 (Norway); 2003 (Thailand).
For their younger females aged below 50, significant decreases were observed in two countries/regions:
Hong Kong, SAR, China (AAPC=-12.44; 95% Cl: -21.77-1.99; P=0.026) and Korea (AAPC=-11.79; 95%
Cl: -21.66-0.67; P=0.04 1), while no country reported significant increase [3].

In conclusion, our colleagues point out that the reported incidence for LC has been decreasing re-
markably for the past decades, especially for the male population, potentially due to the reduced con-
sumptions of cigarettes and alcohol. Its mortality has also been decreasing, possibly attributable to
broader availability and applications of treatments. However, regional disparity in mortality remains due
to difference in level of access to surgical care. On the contrary, it is alarming that some evident increases
were observed in the female populations and younger subjects from some countries. If no mitigation in-
terventions are implemented, such trends may continue. It is also recommended that governments
should continue the implementation of smoking and alcohol reduction campaigns, to minimize further
burden on healthcare system.

Nocini R. et al. in their work they say that [5] LC is a form of malignancy originating from the
anatomic site called larynx (also commonly known as “voice box”), which is anatomically divided in three
regions including the supraglottic larynx (encompassing the epiglottis, false vocal cords, ventricles, ar-
yepiglottic folds and arytenoids), the glottis (encompassing the true vocal cords and the anterior and
posterior commissures) and the subglottic region. Among squamous cell carcinomas, the well and mod-
erately differentiated forms slightly prevail over poorly differentiated tumors; the larger number of LC
cases originate from the glottic region (i.e., approximately two-third), followed by the supraglottic area
(about 30%), whilst transglottic and purely subglottic tumors are generally less frequent. The more im-
portant risk factors for LC include tobacco use, excessive alcohol ingestion, gastro-esophageal reflex,
Plummer-Vinson syndrome, anatomical malformations, exposure to heat, chemicals, asbestos, nickel or
ionizing radiations, along with some viral infections (e.g., HPV). The most frequent symptoms of laryngeal
malignancies include hoarseness, sore throat, dysphagia and/or painful swallowing, impairment in voice
quality, otalgia, cough and hemoptysis. Despite hoarseness can develop early in patients with laryngeal
malignancies, in many cases the cancer has already deeply involved the vocal cords and spreads to re-
gional lymphatics at diagnosis. Primary tumor volume, composite nodal volumes, composite primary tu-
mor and nodal volumes are significant predictors of unfavorable prognosis, along with advanced age,
performance status, grade and depth of invasion.

In their work, the researchers note that LC is an important oncologic entity, whose prognosis de-
pends on establishing appropriate preventive and diagnostic measures, especially in populations at higher
risk. The current incidence, prevalence and mortality of LC are estimated at 2.76 cases/year per 100,000
inhabitants, 14.33 cases/year per 100,000 inhabitants and 1.66 deaths/year per 100,000 inhabitants,
respectively, averaging 3.28 million Disability-Adjusted Life Years each year. Incidence and prevalence
have increased by 12% and 24%, respectively during the past 3 decades, whilst mortality has declined by
around 5%. The epidemiologic burden of this malignancy is approximately 5-fold higher in males and
increases in parallel with ageing, peaking after 65 years of age. Both incidence and mortality rates are
higher in Europe and lower in Africa, but the ratio between deaths and incidence is the highest in Africa.
Incidence has gradually declined in Europe during the past 3 decades, whilst it has increased in South-
East Asia and Western Pacific. Cigarette smoking and alcohol abuse contribute for about 90% of overall
worldwide mortality for LC. At the same time, the conclusions state that LC still poses a high clinical and
societal burden, with an escalating temporal trend not expected to reverse soon [5].

An interesting work was presented by Li C. et al. [6]. In this study, authors aimed to explore the
roles of cuproptosis-related genes in LC and their potential as prognostic markers and therapeutic tar-
gets. LC, characterized by high recurrence rates and a lack of effective biomarkers, has been associated



I INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 17-18.06.2025

with cuproptosis, a requlated cell death process linked to cancer progression. They collected comprehen-
sive data from The Cancer Genome Atlas and Gene Expression Omnibus databases, including gene ex-
pression profiles and clinical data of LC patients. Using clustering and gene analysis, researchers identi-
fied cuproptosis-related genes with prognostic significance. A risk model was constructed based on these
genes, categorizing patients into high- and low-risk groups for outcome comparison. Univariate and mul-
tivariate analyses were conducted to identify independent prognostic factors, which were then incorpo-
rated into a nomogram. Gene Set Enrichment Analysis was employed to explore pathways distinguishing
high- and low-risk groups. This risk model, based on four genes, including transmembrane 2, dishevelled
binding antagonist of B-catenin 1, stathmin 2, and G protein-coupled receptor 173, revealed significant
differences in patient outcomes between high- and low-risk groups. Independent prognostic factors were
identified and integrated into a nomogram, providing a valuable tool for prognostic prediction. Gene Set
Enrichment Analysis uncovered up-regulated pathways specifically associated with high-risk patient sam-
ples. The authors point out that this study highlights the potential of cuproptosis-associated genes as
valuable prognostic markers and promising therapeutic targets in the context of LC and sheds light on
new avenues for understanding and treating this complex disease.

In a study by Ren L. et al. [7], immune signatures of LC were systematically analyzed and their role
in tumor progression was assessed. Differentially expressed immune-related genes (IRGs) were screened
between LC and normal tissues from The Cancer Genome Atlas (TCGA) dataset. Then, two prognosis-
related IRGs aquaporin 9 (AQP9) and zeta chain of T cell receptor associated protein kinase 70 (ZAP70)
were analyzed by a series of survival analysis. Based on them, molecular subtypes were constructed by
unsupervised cluster analysis. Differences in survival outcomes, human leukocyte antigen (HLA) expres-
sion and immune cell infiltrations were assessed between subtypes. Expression of AQP9 and ZAP70 was
validated in LC tissues and cells by reverse transcription-quantitative polymerase chain reaction (RT-
gPCR) and immunohistochemistry. After silencing and overexpressing AQP9 and ZAP70, cholecystokinin-
8 (CCK-8), 5-ethynyl-2"-deoxyuridine (EdU), wound healing and transwell assays were performed in
TU212 and LCC cells. Totally, 315 IRGs were abnormally expressed in LC. Among them, AQP9 and ZAP70
were distinctly correlated to patients’ prognosis. Two subtypes were developed with distinct survival out-
comes, HLA expression and immune microenvironment. Low expression of AQP9 and ZAP70 was con-
firmed in LC. AQP9 and ZAP70 up-regulation distinctly suppressed proliferation, migration, and invasion
of LC cells. The opposite results were investigated when their knockdown.

Our colleagues focus on the fact that the obtained findings revealed the roles of AQP9 and ZAP70
in progression of LC, and suggested that AQP9 and ZAP70 could potentially act as candidate immuno-
therapeutic targets for LC. Collectively, this study proposed two prognosis-related IRGs AQP9 and ZAP70.
Two molecular subtypes based on AQP9 and ZAP70 may reflect immune microenvironment of LC. In
vitro, their up-regulation inhibited proliferation, migration and invasion of LC cells. Results obtained
demonstrated that AQP9 and ZAP70 might be candidate therapeutic targets and prognostic signatures
for LC, which may assist guide clinical therapy in the future [7].

Liu W. et al. [8] in their work they say that LC is one of the most common malignant tumors among
head and neck cancers. Accumulating studies have indicated that long noncoding RNAs (IncRNAs) play
an important role in LC occurrence and progression, however, the functional roles and relative regulatory
mechanisms of (ncRNA growth arrest-specific transcript 5 (GAS5) in LC progression remain unclear. The
expression of (NCRNA GAS5 in both LC tissues and cell lines was evaluated using quantitative RT-gPCR
assay.

The relationships between IncRNA GAS5 expression and clinical parameters were also analyzed. To
determine the biological function of (ncRNA GAS5, a [ncRNA GAS5-specific plasmid was first transfected
into LC cells using lentiviral technology. Cell counting kit-8 assay, flow cytometry, and Transwell assays
were used to detect in vitro cell proliferation, apoptosis, cycle distribution, and metastasis abilities, re-
spectively. Furthermore, in vivo cell growth experiments were also performed using nude mice. Addition-
ally, western blotting was performed to identify the underlying requlatory mechanism. In the current
study, [ncRNA GAS5 was downregulated in LC tissues and its low expression was closely associated with
poor tumor differentiation, advanced TNM stage, lymph node metastasis, and shorter overall survival
time. In addition, (ncRNA GAS5 upregulation significantly inhibited LC cell proliferation both in vitro and
in vivo. Moreover, in response to [ncCRNA GAS5 overexpression, more LC cells were arrested at the G2/M
stage, accompanied by increased cell apoptosis rates and suppressed migration and invasion capacities.
Mechanistically, this data showed that the overexpression of (ncRNA GAS5 significantly requlated the
PI3K/AKT/mTOR signaling pathway. LncRNA GAS5 might act as a suppressor gene during LC develop-
ment, as it suppressed cell proliferation and metastasis by regulating the PI3K/AKT/mTOR signaling
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pathway; thus, (ncRNA GAS5 is a promising therapeutic biomarker for the treatment of LC. Overall,
(ncRNA GAS5 could serve as a tumor suppressor gene in LC, which would be a promising therapeutic
biomarker for LC treatment.

Liberale C. et al. [9] note that LC is one of the most frequent tumors of the upper aero-digestive
tract. While certain factors such as alcohol consumption and tobacco smoking have been established as
risk factors for LC, the correlation of many other risk factors with the mechanism of carcinogenesis re-
mains unclear. The process of laryngeal carcinogenesis has been well described; however, there are still
aspects that lack understanding, and the underlying biological mechanisms have not been fully eluci-
dated. Indeed, the emerging role of (ncRNAs, miRNAs, and mRNAs is becoming increasingly important in
our understanding of cancer development and its clinical and therapeutic implications. These non-coding
RNAs have been shown to play critical roles in various aspects of cancer biology, including tumor initia-
tion, progression, metastasis, and response to treatment. Gaining insight into the molecular mechanisms
involved in carcinogenesis could enable the prediction of tumor progression and facilitate targeted inter-
ventions at various stages of the disease. The ultimate goal is to develop precise and effective therapies
through a precision medicine approach. Achieving this objective requires further comprehensive studies
on the molecular biology of cancer and the role of different risk factors.

Ozdas T. et al. [10] point out that while LC does not show any obvious early symptoms, it tends to
have a poor prognosis in advanced clinical stages. Chromosome region maintenance 1 (CRM1) mediates
the nuclear export of some RNAs, major and tumor suppressor proteins and has been associated with the
pathogenesis of many tumors. However, the clinicopathological significance of CRM1 gene expression in
LC has not been clarified yet. CRM1 expression in matched tumor and normal tissues obtained from 43
LC patients were evaluated intracellular for protein and mRNA levels by immunohistochemical staining
(IHC), western-blot, and quantitative real-time gRT-PCR, respectively. IHC, western-blot, and qRT-PCR
analyses showed that CRM1 expression was significantly increased in LC tissue compared to normal tis-
sue. Increased expression of CRM 1 has been associated with poor prognostic clinicopathological features,
including advanced tumor stage, increased tumor invasion, larger tumor size, positive lymph node metas-
tasis, distant metastasis, and invasive histological type by IHC, western-blot, and gRT-PCR. Kaplan—-Meier
survival analysis showed that patients with high expression of CRM 1 exhibited lower overall survival com-
pared to those with low expression (Log-rank = 7.16, p = 0.007). According to the TCGA datasets, ele-
vated CRM1 expression in head and neck cancer including cases of squamous cell laryngeal origin is as-
sociated with advanced tumor stage and histological grade (p > 0.05, for all). Consequently, CRM1 plays
an important role in LC and may serve as an indicator and prognostic factor for poor overall survival in
LC patients. In conclusion, this study revealed that CRM1 is a predictive biomarker for poor overall sur-
vival in LC patients, and that the evaluation of the clinical pTNM staging system of the tumor and CRM 1
expression together may provide additional prognostic information. Moreover, inhibition of CRM1 ex-
pression may be a new therapeutic strateqy for LC. Furthermore, prospective large-scale studies are
needed to explore the true prognostic role of elevated CRM1 expression in laryngeal squamous cell car-
cinoma.

The aim of the study by Luo M.S. et al. [11] was to develop an autophagy-related model to predict
the prognosis of patients with LC. Autophagy, a major cause of cancer-related death, is correlated with
the pathogenesis of various diseases including cancers. Our colleagues analyzed the correlation between
expression profiles of autophagy-related genes (ARGs) and clinical outcomes in 111 LC patients from
TCGA. Afterward, gene functional enrichment analyses of gene ontology and Kyoto Encyclopedia of
Genes and Genomes were performed to find the major biological attributes. Univariate Cox regression
analyses and multivariate Cox regression analyses were performed to screen ARGs whose expression pro-
files were significantly associated with LC patients overall survival (OS). Furthermore, to provide the doc-
tors and patients with a quantitative method to perform an individualized survival prediction, we con-
structed a prognostic nomogram. Thirty eight differentially expressed ARGs were screened out in LC pa-
tients through the TCGA database. Related functional enrichments may act as tumor-suppressive roles
in the tumorigenesis of LC. Subsequently, 4 key prognostic ARGs (IKBKB, ST13, TSC2, and MAP2K7) were
identified from all ARGs by the Cox regression model, which significantly correlated with OS in LC. Fur-
thermore, the risk score was constructed, which significantly divided laryngeal cancer patients into high-
and low-risk groups. Integrated with clinical characteristics, gender, N and the risk score are very likely
associated with patients OS. A prognostic nomogram of ARGs was constructed using the Cox regression
model. As the researchers note this study could provide a valuable prognostic model for predicting the
prognosis of LC patients and a new understanding of autophagy in LC. A novel autophagy-related model
and a predictive nomogram were conducted to robustly estimate LC patients survival.
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Now, regarding this pathology in our country at the republican level. The incidence of LC in the
Republic of Kazakhstan in 2023 was 2.2 per 100 thousand population with an increase rate of 15.5%
compared to the previous year (1.9 in 2022), which in absolute numbers amounted to 436 people (370
cases a year earlier), second only to prostate cancer (16.7%). The proportion of cases diagnosed for the
first time in life, recorded by oncology organizations, was 1.2% (1.1% in 2022). At the same time, 384
men fell ill (the proportion is 2.4%, 13th rank place), women - 52 (the proportion is 0.2%, 22nd rank
place), which clearly shows the gender difference in the incidence of this pathology with a pronounced
predominance of the male population [12].

The LC level above the national average was established in 9 regions of the country: North Kazakh-
stan - 5.8 (the maximum indicator); Pavlodar - 3.8; Kostanay - 3.6; East Kazakhstan - 3.4; Abay - 3.3;
Karaganda - 3.0; Akmola and Atyrau - 2.9; Mangistau - 2.6. This indicator is below the national average
in 11 regions: Turkestan - 0.6 (the lowest level); the city of Astana - 1.0; Kyzylorda - 1.2; the city of
Shymkent - 1.5; Ulytau and Almaty - 1.8; West Kazakhstan and Zhambyl - 1.9; Aktobe and Zhetysu regions
and the city of Almaty - 2.1 per 100 thousand population. Mortality from this pathology was 0.8 per 100
thousand population, the same as a year earlier. The regions where the mortality rate from LC is above
the average in the republic include: Abay - 2.5 (maximum level); North Kazakhstan - 1.9; Pavlodar - 1.6;
Mangistau and Karaganda - 1.2; Zhetysu - 1.0; Aktobe - 0.9. Akmola, East Kazakhstan, Kostanay regions
and the city of Almaty are on par with the national average. The lowest rates were noted in Ulytau - 0.0,
Turkestan - 0.1; West Kazakhstan and the city of Shymkent - 0.3; Kyzylorda - 0.5; Atyrau and the city of
Astana - 0.6; Zhambyl and Almaty - 0.7 regions per 100 thousand people [12].

One-year lethality was 19.2%, taking the 13th place among all nosological forms of malignant
neoplasms. At the same time, the ratio between one-year lethality and neglect (stage IV) was 1.6. At the
same time, we recall that the farthest from "1" is the worst ratio between the indicators of one-year
lethality and neglect.

Next, regarding preventive examinations. It should be noted that during large-scale preventive ex-
aminations of the population in 2023, significantly more patients with malignant neoplasms were ac-
tively identified than in 2022. This is 25,193 patients versus 23,623 patients identified in 2022, i.e.
+6.6%. This is due to the further abatement of the epidemiological trouble with coronavirus and the
increased availability of preventive care for the population. The proportion of patients identified during
routine examinations increased from 62.0% to 62.4% of the total number of patients identified per year.
As for LC, the early detection of this pathology during preventive examinations increased significantly -
from 50.6 to 60.9%. The number of newly identified patients with LC registered with oncology organiza-
tions amounted to 425 patients (365 patients in 2022). At the same time, the absolute number of pa-
tients with LC identified during medical examinations was 274 people (231 a year earlier), and the pro-
portion was 64.5% and 63.3%, respectively. 167 people out of 274 are patients with stages | and Il (in
2022 - 117 patients out of 231). The proportion of patients with LC detected at early stages, as indicated
above, was 60.9% against 50.6% a year earlier.

Of course, when analyzing the epidemiological situation, early diagnosis indicators are very im-
portant issues.

The regions where the proportion of patients with early stage | of the pathology in question is above
the national average (16.5% - 14th rank) include the following regions: the city of Almaty - 34.8% (the
best indicator); Abay and Kyzylorda - 30.0%, West Kazakhstan and the city of Astana - 23.1%; North
Kazakhstan - 22.6%,; Karaganda - 18.8%, Akmola - 18.2%. The lowest rates of early diagnosis were rec-
orded in the Ulytau region (not a single patient with stage | of the disease - 0.0%). Next come: Mangistau
- 5.3%, the city of Shymkent - 5.6%, Kostanay - 6.7%, Pavlodar, Zhetysu and Almaty - 7.1%,; Atyrau -
10.0%; Zhambyl - 13.0%, East Kazakhstan - 14.3%, Aktobe - 15.0% and Turkestan - 15.4% of the coun-
try's regions [12].

It should be noted that every second patient with LC is detected in the early (I-ll) stages of this
pathology (51.1%). However, the situation with this indicator is deplorable in the Ulytau region - there is
not a single patient detected in the early stages of the disease. The regions where the proportion of pa-
tients with LC detected at stages I-Il is above the national average include the following regions. The best
indicator is in the city of Astana - 76.9%. Then follow: Pavlodar - 75.0%, West Kazakhstan - 69.2%, North
Kazakhstan - 67.7%; Zhambyl - 65.2%; Aktobe - 65.0% regions and the city of Almaty - 63.0%. Low rates
of early diagnosis were recorded in Ulytau - 0.0% (the worst result in the country); Turkestan - 15.4%;
Almaty - 21.4%, the city of Shymkent - 22.2%, Zhetysu - 35.7%; Mangistau - 42.1%, East Kazakhstan -
42.9%; Atyrau - 45.0%; Kostanay - 46.7 %, Abay, Akmola, Karaganda and Kyzylorda - 50.0% regions [12].

As is clearly seen from the above data, there is a very large spread in early diagnostics rates across
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the country, from very good to dismal. Of course, it is necessary to take into account migration processes
and other factors that affect early diagnostics rates, but nevertheless, the results obtained give reason
not to stop there, both for oncologists and otolaryngologists, general practitioners, since improving early
diagnostics rates of malignant tumors, as one of the main postulates and one of the main tasks of med-
icine in general, continues to be relevant today. The proportion of stage IV LC was 9.4%. At the same
time, as mentioned above, the proportion of patients with this nosological form of malignant neoplasms
detected at stages |-l was 51.1% (stage | - 16.5%, stage Il - 34.6%), which indicates that the largest
number of patients with LC was detected at locally advanced with loco-regional damage - stage Il of the
disease. This stage was 39.5%, i.e. almost two patients out of every five, and we know what aggressive,
often complex treatment is used with such a spread of the oncological process and what a disappointing
prognosis is for these patients. As for the average national indicator of the proportion of stage IV (9.4%),
against this background, West Kazakhstan, Mangistau, Turkestan regions and three megalopolises - the
cities of Astana, Almaty, Shymkent stand out, where not a single patient was detected in the terminal
stage - 0.0%. Then come: Almaty - 3.6%, Aktobe - 5.0%, North Kazakhstan - 6.5%, Zhetysu and Pavlodar
- 7.1%,; Zhambyl - 8.7%; Kyzylorda - 10.0%, Kostanay - 13.3%, East Kazakhstan - 14.3%,; Atyrau - 20.0%,
Akmola - 22.7% regions. This list is closed by three regions, where every fourth patient was detected in
the incurable stage of the disease with the worst indicator of 25.0% - Abay, Karaganda and Ulytau re-
gions [12].

The morphological verification rate of LC in the country was 98.8%, second only to non-melanoma
skin cancer (99.6%), breast cancer (99.4%) and lip cancer (99.1%) in the first three positions. At the same
time, in the Pavlodar region, the morphological verification rate was 92.9%, in Akmola - 95.5%, in Almaty
-96.4%. In other regions, the disease verification rate was 100%.

The total number of patients with malignant neoplasms registered with specialized oncology or-
ganizations of the republic continued to increase and by the end of 2023 amounted to 218,186 people,
with an increase of 6.0% compared to the previous year (2022 - 205,822, +5.8%). The overall incidence
rate of malignant neoplasms increased by 3.9%, from 1055.3 to 1096.4 per 100 thousand people. The
growth of this indicator is due to both the increase in the incidence and detection of pathology, and the
increase in the survival of cancer patients. In addition, statistical data on patients diagnosed with malig-
nant neoplasms, who have been under observation for 5 years or more, and continue to be observed in
2023, showed that the number of patients under the observation of oncological organizations in Kazakh-
stan for over five years continued to grow and at the end of the reporting year amounted to 117,616
people, with an increase of 6.2% (2022 - 110,790 people, + 6.6%) (form No. 7).

It is impossible to ignore such an important clinical aspect as the coverage of patients with a first-
time diagnosis of LC in the Republic of Kazakhstan with special treatment.

In 2023, the number of hospitalizations for all nosological forms of malignant tumors in the coun-
try's oncology organizations amounted to 108,252 cases (2022 - 101,095), with an increase of 7.1%
compared to the previous year, which is associated with a constant increase in the number of cancer
patients, improved standardization of oncological care, and the development of palliative and restorative
services.

At the end of 2023, the absolute number of LC patients who completed specialized treatment was
247 people, continuing treatment - 135 patients. The following results were obtained in percentage
terms by methods and types of treatment. Only 12.6% of patients received surgical treatment, only ra-
diation - 19.4%, only drug treatment - 8.9%, combined - 26.7%, complex - 21.5% and chemo-radiation -
10.7%.

Further, regarding the five-year survival of patients. As for LC, at the end of 2023, 2032 people
were registered for dispensary care, or 10.2 per 100 thousand of the population. At the end of 2022 -
1899 patients or 9.7 per 100 thousand of the population, respectively.

At the same time, the mortality rate of the observed contingents in 2023 decreased compared to
the previous year and amounted to 7.6% in 2023 (8.6 % in 2022).

The five-year survival rate of patients with LC was 52.2% in 2023 and 53.2% in 2022 [12].

Summarizing the above, we can conclude that LC, despite not having the highest place in terms of
incidence among all existing malignant tumors of other localizations, deserves close attention from spe-
cialized specialists. At the same time, taking into account a number of factors, the indicators of early
diagnostics do not allow oncologists to "sleep peacefully”, since the locally advanced stage Ill, which pre-
vails over all stages, in addition to being widespread, gives a large number of complications due to the
location of vital centers and tissue structures near the primary focus and locoregional metastases. The
veiled and variable symptoms, its similarity with various non-core processes, leads to the neglect of the
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disease. All this requires both oncologists and, first of all, primary health care workers and, of course,
otolaryngologists to increase the level of cancer alertness, inform the population about early symptoms
that may indicate this pathology or the onset of proliferative changes and conduct high-tech diagnostic
measures, including for the purpose of differential diagnosis and, as a result, timely treatment. People
from the risk group are recommended to visit specialized specialists annually and, if necessary, undergo
an examination.

An epidemiological assessment of the situation with LC in our country suggests that there are
sometimes significant differences in the regions not only in incidence rates, but also in the state of early
diagnosis and mortality from this disease. In connection with the above, this pathology continues to be a
serious problem in modern clinical oncology.
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V/IK 37.013.42
HETATUBHAS COLIMAJIBHO-ICUXOJIOMMYECKAS M IMELATOMYECKAS ATMOC®EPA CEMbM
KAK ®AKTOP HM3KOIO MHTEJIIEKTYAJIbHO-AYXOBHOIO YPOBHS PA3BUTUS
MO4POCTKOB

Camedos KampaH SHBep oe/ibl
dokmop ¢unocogpuu no nedazoauxku, doueHm
bakuHckul cnassHckul yHusepcumem (baky, AzepbalioxcaH)

Abstract

The given article is dedicated to one of an actual problem of pedagogues - to work with
teenagers of unhappy families. In the article are uncovered reasons of appearance such a phenom-
enon as an unhappy family. In the article is talked that unhappy families must be one of the actual
problems of work of social institutions of society. An article notes that negative social-psycholog-
ical and pedagogical atmosphere of family must be a reason of low spiritual-intellectual level of
development of teenagers. in this process a high level of pedagogical culture of parents plays an
important role. In the article is given necessary recommendations for improvement of work with
teenagers of unhappy families.

AHHOMauus

Cmamss nocssueHa sonpocam pabomasi ¢ NOOPOCMKAMU U3 Heb/1a2on0yYHbIX cemell. B Hell
PACKPbIBAKOMCSA NPUYUHBI BO3ZHUKHOBEHUS MAK020 COUUA/IbHO20 ABCHUS, KAK «Heb/1a2ono/yqHas
cembs». Ommeyaemcs, Ymo npobsiema Heb1a2onos1yYHbIx cemell Q0/IHHA PACCMAMPUBAMbCS KAK
00Ha U3 NpuopUMemMHbIX 3a0ay 8 dessmeslbHOCMU COUUAaTbHbIX UHCMuUmMymos obwecmaa. Ocoboe
BHUMAHUE yoesi9emcs Momy, 4Ymo He2amuBHbIl COUUaIbHO-NCUX0/102u4eCcKull U nedazoaudeckud
KJIUMam B cembe IBJISemcsi 00HUM U3 K/IH0YeBbIX pakmopos, CNOCOOCMBYHOULUX HUIKOMY OYXOBHO-
UHMes/IeKmyaabHOMy pa3sumuto NOOPOCMKOB. B 3akirodeHue cmambu  npedcmassieHsbl
peKoMeHOauuu No op2aHu3ayuu 3poexkmusHol pabomsi ¢ NOOPOCMKAMU, HAXOOSWUMUCS B
ycnoBusix cemeliHo2o Heb1a2onos1yYus.

Keywords: teenagers, on unhappy family, secondary school, spiritual-intellectual level of de-
velopment of teenagers, atmosphere of family, social institutions of society

Knroyesble ¢108a: NOOPOCMKU, Hebsa2ono/lyyHas Ccembs, CPeOHsI WKO/d, OYXOBHO-
UHMeIeKMYasbHbIl  YpoBeHb  pazsumusi NOOPOCMKOB, aAmMMocgepa Ccembl, COUUasIbHbIe
UHCMuUmMymsl obuwecmsa

DopmuposaHue  CouuaabHO — pazsumozo,  0b61a0arue0  BbICWUM  YPOBHEM  OYXOBHO-
UHMes/IeKmyasabHo20 NOMEeHUUAna NoOpacmaroUie20 NOKoJIeHUS A8/ISemcs nepsocmeneHHol 3adayed,
cmosweld neped BcemMu COUUAIbHbIMU UHCMUmMymamu obwecmsd. Om ux 4émko BbiBepeHHol
npeodmMemHo yesieHanpasieHHoU 0esimesibHOCMU C MOJIO0EX(h0 3aBUCUM 3PGeKmMUBHAS COUUAIU3AUUST
MO100bIX J100el, CuCmemMamuyeckoe BOOPYMHEeHUe UX NO3UMUBHbLIM CmpemaeHuem 6oJsiee akmusHO
Y4acmaosams B8 Pas/iuyHbIX 06JIACMAX HU3HU 2ocydapcmsa — 06uecmBeHHO-NoIumuYeckod,
coyuaabHo-3KoHoMu4eckol, 0yxoBHO-npogdeccuoHasbHoU u m. 0. OOHUM U3 BAMCHbIX COUUAJIbHBIX
UHCMUMymoB 06WecmBd, MOXCHO CKAa3amb 6a308bIM COUUAIbHBIM UHCMUMYMOM 06uecmad, Komopbil
pacnosiazaem Heo2paHUu4eHHbIMU BO3MOXCHOCMAMU U BbICOKUM YPOBHEM NOMEHUUAsd BOCNUMAMEIbHO-
popmupyrouseco Bo30elicmaus Ha Mos00bIX J00eld AB875emcs Cembs. Posb 3mo20 couuaabHo20
UHCMUMYmMa nepeoueHuUms HeBO3MOMCHO, MAK KAk NPakmuyecku Bce 3adadu, cmosujue nepeo
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0bWecmBoM, CakKymMy/IupOBAHbI B CeMbe U NPU HAOJIeXAU,emM YpoBHe ceMelH020 BOCNUMAHUS O4eHb
JIe2K0 Mo2ym Hadmu CB0€ NO3UMUBHOE pa3peuleHue.

Mosnooble nodu (8 OanbHelwem Mbl CYy3umM 3MO NoHIMue 00 «No0poCmKU» U 6ydem
pPAccMampuBams UMeHHO NPOYECC CouUaU3auuu NOOPOCMKOB), NO YMBEPHOeHU0 NPAKMUYeCKU BCex
cneyuasaucmos B 0b/1acmu neoazoeuxku, NCUXo/102ul, COYyUOI02Ul, NOHOCMbH bbIBAOM 3ABUCUMBbI OM
BHymMpucemelHbIX OMHoWweHUd, om COYUaIbHO-NCUX0/I02UYECKO20 U Nedazo2udecko2o MUKPOKIUMAama
cembuU. «B cembsx, OpuUeHMUPOBAHHbIX B CemMeliHOM BOCNUMAHUU HA NPemBOpeHuUe B MU3Hb
UCKJTFOYUMEJIbHO NO3UMUBHbIX COUUA/TbHBIX YCMAHOBOK, hPOPMUPYHOMCS COLUAIbHO AKMUBHbIE, OYXOBHO
U UHMEeIIeKMYA/IbHO BbICOKO pA3Bumable NOOPOCMKU, KOMOpble, N0 6O/bWOMY CYémy, AB/SHOMCS
BayHoU  OBuxywel  KOHCMPYKMUBHO-couoamesibHol — cuiod — obwecmsa Ha e20  Nnymu
demokpamuyeckoeo pazsumus» (8, 14). OOHaKo, u 3mo moxe cmoum omMemume, eué Hepeoko MOXCHO
BCMpemums cembU, 20e BONPOCh! cemMeliHo20 BOCNUMAHUSI NOOPOCMKOB NPAKMUYeCKU HAaxo0umcsl Ha
HYJIeBOM YpOBHE, 20e Uapum BeCbMd HANPAMEHHAs COUUAbHO-NCUXO/102U4eCKas u nedazoeudyeckas
ammoceepa, 20e YieHbl CemMbU HeCMOMPSA HA MO, YMO Xusym noo 00HOU Kpbiuwel, Npakmu4yecku He
KOHMaxkmupyrom 0opy2 ¢ 0py20M HA NO3UMUBHOM YpPOBHE. B makux cembsix 0bbI4HO Habo0aromcs
HU3KUl yposeHb nedazozuyeckol u coyuasbHol Kysabmypbl oboux poodumesed, bosee moeo, 4acmo
MOXHO Habr0d0ame U KOHCMAamuposams (K 60JbUIOMY COXCA/ICHUD) IBHO AHMUCOUUA/IbHbIU 06pa3s
delicmsull makux pooumerned. He 6ydem s8/19mbcs 60bUUM CEKPemoM, YMo NOOPOCMKU, HuByujue B
Makol cemMbe U exe0HeBHO CMAIKUBArOWUECs C He2AMUBHbIM CeMelHbIM KUuMamom, 6yoym 3amemHo
omcmasams 8 OYyX0BHO-UHMEIIeKMYA/IbHOM pa3sumuuU om CBOUX CBEPCMHUKOB, mosapuwied Nno
Kaaccy, wkose. Takue cembu s87gtomcsi 6osbwiol npobaemoll 05 obusecmsd, Komopoe NOCMOSIHHO
nposodum pabomy No KOHCOAUOAuUU Ycuaul BCex couuaibHbIX UHCMUMYMOoB 06wecmsa 015 NOJIHO20
UCKOpeHeHUs 3mo20 ¢Gakmopa B8 peasibHol XU3HU. Omo 6osee CoxHAs 3adadd, CBA3AHHAS C
npussieqdeHuemM MHo2UX Gakmopos couuymd, 00HAKo 3mo npobrema 0osHHA bbimb KApOUHA/IbHA
pelueHa uiu e, no KpatiHed mepe makux ¢pakmos 00/1#HO bbiMb KAK MOXHO MeHbule. HanpsaxéHHas
cemeliHas ammocgepa cnocobcmsyem momy, 4mo Yy NOOPOCMKOB NPAKMUYECKU He gopmupyemcs
NO3UMUBHbIU Kpy2 UHMepecos, omcymcmBytom Kakue-1ubo Bo3BbILLAOWUE TUYHOCMb B 0bujecmse,
X(e/IaHus, d, Ha0bopom yCUIeHHO HA4YUHAKOM NPeBaaupOBAMb He2AMUBHbIe SBJIeHUS B UX CO3HAHUU U
nosedeHuu.  «KOMNOHEHMHAs  XAPAKMEepUCMUKd — NOHAMUS  «HU3KUU  YpoBeHb  OYyXOBHO-
UHMeJsI/IeKmyasabHo20 pa3sumusi NOOPOCMKOB» OYeHb MHO20MepPeH, MHO20aCNeKmeH U paz/iu4aemcs no
cBoemMy couuasbHoMy HanosiHeHuto» (7, 27). Croda MOXCHO OmHecmu 0eBUaHMHoe nosedeHue
NoOpPOCMKOB — BOPOBCMBO, XUUWEHUe 20CYy0dapCmBEeHHO20 UMYUecmaa (Hanpumep, WKOJ/IbHOU
UHBEHMApsk), OMCcymcmaue YumamesbCKUX UHMepecos, yXo0 u3 domd, 6po0sHHUYECMBO, AJIKO20/IU3M,
HAPKOMAHUK, MOKCUKOMAHUIO, d3apmHbie U2pbl, HexcesnaHue sBoobuwe mpyoumsca u m.n. [lo
Habro0eHUsM cneyuaaucmos, KIAacCHbIX pykosooumesel B Makux CemMmbax NPaKkmu4yecku Hem Kakou-
nubo cemeliHold bubnuomeku, Komopas XOmMb HEeMH020 Mo2id Obl NOOHSIMb YpoBeHb OYXOBHO-
UHMeJIIeKMYyasibHo20 pa3BUMUS BCexX Y/1eHOB CemMbl, U B NepBYH o4yepedb, NOOPOCMKOB. B npouecce
Hawed npogeccuoHanbHol nedazo2udeckol dessmesibHOCMU Mbl HE0OHOKPAMHO BCMPeYaaucb C
npedcmasumesisMu  makux cemel, UHMEPecoBasuUCb OYeHb MHO2UMU NApamMempamu, KOmopble
cnocobcmasosasu momy, Ymo cpedu Cneyuasucmos COUUdsIbHbIX CYXO U pabomHUKOB CUCMEMbI
06pazoBaHus NPo MAkyr cembro MBépdo ymaepousioCb MHeHUe — «Heb1a2o0n0 1yYHas cembsad». MoxHo
npuBecmu B Ka4ecmae Npumepa BoNPOChl, KOMOPble Mbl 3a0aBaAU NPAKMUYECKU BCEM Y/1eHaM CembU.
1. Kak 8bI dymaeme, noyemy B8 Bawel cembe BHympucemelHas 0bCmaHOBKA MAakasi HanPSMHeHHas,
MOMCHO CKA3amb, He2amusHasi? 2. [lo4emy 8 MexU1u4HOCMHbIX OMHOWEHUSX B CeMbe HU 00UH Y/1eH CeMbU
He 3auHmepecosaH B cyobbe dpy2020? 3. [Ipobosanu siu Bbi (xoms 6bI C NOMOWLH COOMBEMCMBYHULUX
0p2aHu3ayull) U3MeHUMb CIOHCUBWIYHOCS CUMYAUUo?

Omsemabl, NOJyYeHHbIe Hamu, cobCMBEeHHO 2080ps, He Yousu/u HAC, 0a Opy2ux OmBemos
HeBO3MOXHO Obl110 U oxcudams. Ha nepsbili BoNpoc bbiIu NOJyYeHbl omBemsbl NPAKMUYECKU BCex
Ys1eHoB cemMbU. «Mbi HUKo20a Hao 3mum He 3adymbisanuck. C 0py2ol CMOPOHbI, KK KO MHE OMHOCAMCS,
Mak u 5 OMHOWYChb K Opyeum 4ieHam cembu». Omaem Ha BMopoll BONPOC — «A Yye2o UHMepecosamsCs,
KaxObIl 4yenoBek cam no cebe, xuUBEM Mak, KAk emy xoyemcs u yoobHo. Mkl c4umaem, 4mo
BK/IUHUBAMBLCS, BMEWUBAMBLCS B YyXCYH XHU3Hb 6ydem ¢ Hawel CMOPOHbI HeNnpasuU/ibHbIM WA20M».
Omsem Ha mpemud BoNpoc — «Hac yxe mHo2ue cyumarom Heb1a2onosy4yHol cembéd, u Mbl Kak-mo
NPUBBIK/IU K 3mMomy. Yepe3 Hekomopoe Bpemsi Mbi BCe pazbexumcs u3z 3mol CembU — 3MO HENPesioXHbIU
¢axkm. 1o 53mod npuduHe, 3a4emM HaM NPUBJIeKAMb KAKUe-mo 20Cop2aHbl cebe B NOMOWb U JIUWHUL pa3
onsmb  NO30puUMbCS». [losydyeHHble Hamu omasemb! ybedumesibHO NOKA3bIBarom, 4Ymo ¢ makol
Hebazonosy4Hol cemMbéli Ha0o CambiM cepbE3HbIM 06pazom pabomams. Heobxodumo ommemums, 4mMo
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cmeneHb Heb1azonolyHus makux cemell HacmoJibKO BbICOK, YMO HU 00UH B OMOebHOCMU B3SMbIU
coyuanbHbIl uHcmumym obujecmaa B8 00UHOYKY, CO CBOUM NOMEHUUA/IOM C 3MUM SIBJIeHUeM He
cnpasumcs, 3mo 6ydem moJsibKo /iUt HanpacHol mpamod BpemeHdU.

Mb1 3a0aBasiu BONPOCkI U CAMUM NOOPOCMKAM B MAKUX CEMbSAX U NOJIYHYUIU NPUMEPHO MAKue e
omsemsl. Hac, 00HAKo, HACMOPOXUJS O0UH, OYeHb BAXHbIU, HA HAw B32/180 ¢akm. Koz2da Mmsbl
Cnpawusasu NOOPOCMKa u3 makod Heb1azonoay4HoU cembu «Toyemy mbi He Yumaellb KHU2U, Heyxesau
mebe He UHMepeCHb! pas/iudHble NPUKIOYeHUs? Omaem — «Bbl 3Haeme, y MeHs NPOCMO Hem Makux KHU2
u nomom, Mol Nana NPaKkMuYecku Kaxosbil 0eHb py2aem mMamy u NoOHUMAaem Ha Heé pyKy, N03Momy £
NPpakmuyecku Kaxobil 0eHb 00/xHeH Haxodumbscs doma, Ymobbkl 3awumums mamy». O4YeHb 4acmo
K/1aCCHble pyKoBOOUMEIU X(aJlyemcsl pyKkoBOOCMBY WKOJ/bl, YMO OHU NOHUMAKM BCH C/IOHHOCMb
cumyauuu 8 Makux cembsx, NbIMArOMCs UM NOMOYb, HO BCSKUE UX YCU/US BCMPeYarom cO CMOPOHbI
0py2ux 4/1eHoB cembl, 0cobeHHo pooumesiel, HeNOHUMAHUE, BbIPAXEHHYH a2peccuro U 3106y. KnaccHble
pyKoBodumesnu ynomMuHarom makod cy4ad, Ko20a OHU NPUHEC/IU HeCKOIbKO KHU2 NPUK/THYEHYeCKo20
croxcema, Ymobbi N0OpocmKu moesiu b1 xoms 661 doma ux npoyumame. B pesysismame, makas 6sazas
akuusi Co CMOPOHbI ydumesnell 3aKOHYU/Iacb meM, Ymo omey pebéHka Nnpocmo-Hanpocmo BblbpOCUs
KHU2U 80 0BOP, CONPOBOXIOAA MO HeueH3ypHol 6paHbto.

VYueHble-cneyuanucmasi U Npakmuyeckue pabomHUKU BbICOKO20 NPOGHECCUOHAIbHO20 yYpoBHS (A. M.
Kowemos, A.E. Tapac, /.M. Boo3uHckud, FO.I1. A3apos, A.l. [pomuesa, A.Jl. [pxymabaes, T.B. Bosukoaa,
H.®. ®edomosa, P.M. Kanpanosa, [.B. KazHosa u 0p.) B CBoux onyb/JUKOBAHHbIX pabomax
ymBepxoarom, 4mo ¢ Heb1a2onosy4YHbIMU CeMbSMU, 20e noopacmaem byoyujee NoKoseHue CMpaHsl,
Haodo 3aHUMAambCs CAMbIM CepbE3HbIM 06pa3om, He omKiaobiBas npobremy Ha byoyuwee u HausHoO
NnoJs1Ia2ams, YmMo XU3Hb Cama BHeceém HeobxoouMbie KOPPeKmMuUBbI U BCE HANaoumcs 00JIHHbLIM 06pa30oM.
«Yqumens-npedMemHuUKU, Bocnumamesiu cpedHel WKOJbl NPAKMUYecKU B 00UH 20J10C YmMBepHoarom,
Ymo NOOPOCMKU U3 MAakux HebsazonosyYHbIx cemeld OmMAUYaromcs Om CBOUX CBEPCMHUKOB
BbIPAX(eHHOU UHPAHMUIbHOCMbH, 6e3pasauduem, NPakmuyecku He y4acmasyrom B 0bUeCmBeHHbIX
MeponpuaMmUSsIX U 0O4YeHb NJI0X0 nNocewarom yyebHbie 3aHamus» (4, 48). MpuHuUMas BCé BbILECKA3aHHOe
BO BHUMAHUE, Mbl CHUMAeMm, YmMO HECMOMPs HA BbIPAXEHHOe Hecoznacue pooumesel, ux
cucmemamuyeckuli omkasz om npeodnazaemol WKOA0U NOMOWU, Heobxooumo Bcemu cpedcmaamu U
memooamu obbeduHus csoro pabomy ¢ pabomol NpasoOXpaHUMesbHbIX 0peaHos8, KapOUHA/IbHbIM
06pasom nosbicuMb 3¢pdekmusHoCmMb cBoel pabomasl NO BCeM HanpasaeHUaM. ViHo20a podumesu, 0a u
dpyeue YjieHbl makux Heb1azonosly4HbIX cemel 2080psm, YmMo CemMbs Noum, KOpMuUm, 00esaem CBOUX
demel, 4Ymo ewe Hy#HO. Ecnu e wkKona mak CcuibHO 06ecnoKoeHa YpoBHemM OYXOBHO-
UHMEIIeKMYaibHo20 pa3sumus NOOPOCMKOB, MO NYCMb CAMA U 3aHUMAemCs 3MUm 0eJI0M, HO MOJIbKO
JIUWb UCK/TFOYUMEIbHO HA MeppumopuUU WKOJIbl. Takue pooumesu OMKPOBEHHO JIyKAssam U CMAaparomcs
nepeHecmu npobiemy ¢ «60J1bHOU 20/108b1 HA 300POBYHO». []es10 B8 MOM, YMO OHU NPEKPACHO 3HAKM, YMO
ux 0emu NPaKkmMuyecku He nocewarom WKoJ1y, COOmMBemCcmMBeHHO, C HUMU HUKakol paboms! He bydem
nposedeHo. Cneyuaaucmsl OMMeYarom, 4mo Yacmo MOXCHO BCMPemumscs U ¢ makold npobiemod,
Koeda, donycmum Mams NbEM U NPUHUMAem NCUXOMPONHbIe BeWecmBd, OHA NPAaKmMuyecku
CMAaHoBUMCS HeBMeHseMoU U HUYe20 MOoJIKOM NOHAMb HE MOXem

Kak 6b110 ommeyeHo 8 pabome ncuxosoza .A.[acaHosol «U3MeHeHuUe OMHOWEHUS K pebeHKY B
cemMbe, 3dMeHa dsmMopuMApHO20 ~MUNA  POOUMENbLCKO20  OMHOWEHUS € UCNOJIb30BAHUEM
O0OMUHUDYHOWE20,  NOMBOPCMBYHWE20,  2UNONPOMeEKYUU,  Heycmolyusoeo cmusisi  cemelHo20
BOCNUMAHUS HA COMPYOHUYeCMBO U B3AUMONOHUMAHUeE, npedomaspaujaem BO3HUKHOBeHue y demel u
NoOpOCMKOB 3MOUUOHA/IbHOU HeypasHoseweHHocmu» (2, 119).

O0OHa 0eBoYKA-NOOPOCMOK HAM 20B0pUJId, YMO, NbIMAACh KAk-mo 02padumb MAamb Om
ynompebsieHus1 CNUPMHbBIX HANUMKOB, OHA pewiusia ¢ Hell 04eHb MAKmMu4YyHO NO20BOPUMb. B omsem
mams el Haxamusa, obpyeana, ckasasd, 4Ymo OHA BOObWE HexesnamesbHbil pebéHok, u 4Ymo eé
oxwuoaem makoe xce byoyujee, 8 KAKOM COCMOSHUU OHA HAXo0umcsi cama. «Hepeoko cneyuanucmei
couuasIbHbIX Cayx#b u pabomHuKu cucmembl 06pa3o8aHUs YNOMUHArOM U Maxkue ¢Gakmabl, KOmMopbie
CambIM BONUHOWUM 06pa3om noddyepkusarom Heb1a2onos1yYHbIl xapakmep KOHKpemHoU cembu» (6, 39).
Mbi BCe NoHUMaeM, 4mo UHO020a CyNPYIECKAs HU3Hb He 3a2/1aXUBAemcs U 8 pe3y/ibmame Npoucxooum
pazsod. Omey cemelicmBd, HeCKOJIbKO pd3 C030aBas Cembto C OpyeUuMU MHeHWUHAMU, COBepuIeHHO
omeopaxwusaemcss om cBoux demel u, 6osee Mo2o, CNeuudsbHO NPensmCcmByem HaaMUBaHU
MeXUIUYHOCMHBIX KOHMAKMOoB ¢ Opy2umu dembmu om Opyeux 6pakos. Ha npocbby couuasbHbIX Ciyxb
He NnpensmCcmBOBAMb  HAJIAXUBAHUK MEXJIUYHOCMHbBIX KOHMAKMOB Mex0y MOI00bIMU JTH00bMU,
nosayyarom omsem — «Mosi cembs, YmMo Xo4y, Mo U 0esar0. Bbl MHe COBepUIeHHO He YKa3z». Yacmo MOXHO
Hab1r00ame, K 60/1bWOMY COMANCHUK, U makol ¢pakm — 8 Hebazonosy4Hol cembe omey, U Mams Bedym



I INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 17-18.06.2025

OMKPOBEHHO ACOUUA/IbHbIU 06pa3 MU3HU, NbAHCMBYom, oebowupam, pyearomcs ¢ Coceodsmu,
ockopbsigrom ux. [lpakmuka nokassisaem, 4mo 0bbI4HO maxkue pooumesiu Hueoe He pabomarom, a eciu
pabomarom, Mo o4eHb HeboIbLUMU NPOMEXCYMKAmMu BpemeHu. CoomBemcmaeHHO makue pooumesu
Npakmuyecku Bce20a UCNbIMbIBAOM HEOOCMAmMOoK B MamepuasbHoM njaaHe. Ymobbi Kynumeb
04epedHyro bYmbIsIKYy CNUPMHO20 UJIU e oYyepedHol npenapam MOKCUYecko20 Xxapakmepd, makue
podumesiu NOCkbIIarm cBoux demell HA yauLYy NoNPoWadHUYams U NPUHOcUmMb oMol deHbeu. O mom,
Kakol Bped ncuxuke csoux oemel OHU HAHOCAM, HACKOJbKO YHUMXCAIOM UX — 3mMu npobsiembl ux
COBEpUIEHHO He BOJIHYHOM U OCMAromMCs BHe NOJIS UX 3pEeHUs U UHMepecos. Takoe OmHoWweHue K CBOUM
demsam cqumaemcsa NPoOCMoO NPecmynHbIM U, NOCMOSHHbIE CB0e0bpasHbie pazbopku Mexcdy YieHamu
cembu, ybexoarom NOOPOCMKOB, HUBYLUX B MAKUX CEMbSX, YMO HeYye20 Hanps2ambCsl, BEpOSIMHO BECh
Mup ycmpoeH makum obpazom — 8 umoze y Mos100bIx Jirodel popmupyemcs HeeamuBHbIe OMHOWEHUS KO
BCcemy 4esoBeKky. Yacmo sitodu, xusyuwjue no cocedcmay C makumu Hebs1a2onosyYHbIMU CemMbsMU,
NbIMArOMCcs KAak-mo NOBJIUSMb HA 3MO U CMApAaromcs NOMOYb MOI000MY NOKOJIeHUIO 3MOoU CembU.
OO0HaKo, K ux 60sbWOMYy YOUBMEHUIO, UX biaeue HaMepeHUs Bbi3bIBAOM Y NOOPOCMKOB He2amuBHbIe
YyBCMAA, UCMepuYyeckull Xoxom — COBCeM He NOMOMY, YMO OHU NCUXUYecKU 60/IbHble, a B CUsly MO2o,
YMO OHU U30 OHS B OeHb Budesiu coscem Opyeol, HeeamuBsHbIU an2opumm MeXJIUYHOCMHbIX OMHOWeHUU,
20e cama udes UU MbIC/Ib NOMOYb OpYyeOMy 3B8Y4UM KAK YmMO-MO BONUOUWLEE, HANPABIEHHOe
UCKJTFOYUMEJIbHO BO BPED YesioBeKy, KOMOPOMY NPOMSA2UBAKOM PYKYy NOMOWU. PabomHUKU cucmems|
06pazoBaHus, ¢ KOMoPbIMU Mbl BCMPEYaauCh, pacCKasbiBaau HamMm ob 00HOM c/y4ae, npousoweouiee ¢
nodpocmkom u3 Hebiazonosy4Hol cembu. CPpeoHss WKOIA 0peaHU308aid MeMamuyeckyro BbICMAasKy
KHU2 0715 MOJIOOEMU, KOMOPYH NOCemu/Iu NPAKMUYecku Bce yyaujuecs wkosbl. Cpedu Hux 6bii u
NoodpoCcmMokK u3 Heb1azonosy4HoU cembU. EMy BbICMABKA 04YeHb NOHPABU/IACh, U OH 3a0ABAJT MHOXECMBO
BONPOCOB 0 KHU2ax. Buds makol uHmepec Nnoo0pocmKa K KHUXHOU BbICMABKe U xesas ewé bosbuie
CMOMUBUPOBAMb €20 HA YMeHUe Xy0oxecmaeHHOU Aumepamypbl, 0p2aHU3amopbl BbICMABKU NOOAPUSIU
emMy HeCcKOoJIbKO 3K3eMNJIIPOB KHU2 MAK NPUJISHYBUIUXCS SMOMY NOOPOCMKY. B pe3ysibmame mako2o
NO3UMUBHO20 ONbIMA NOJIYYUSIOCh COBCEM HENOHAMHOe U Bonurowiee. Hecko/ibko OHell 3mom
NoOPOCMOK He Npuxoous1 B WKOJY, d Ko20d NPUWén Ha e2o0 uye omyeémauBo BUOHEIUCh CUHSKU Om
y0apos. BbiSCHUIOCK, YMO omey U Mames CMPO20 HAKA3A/IU CBOe20 pebEéHKAa mMoJIbKo 3d Mo, YMO OH
nocemusi BbICMABKY KHU2, He NONPoWaliHu4as u pooumesiu ocmasaucs 6e3 o4epedHol 003bI CNUPMHOR2O.
JIna HaensoHoCmu U cepbE3HOCMU CBOUX HamepeHUl U Bnpedb HaKA3bIBAMb CB0L20 pebEéHKa 3a Mako2o
po0a NOCMynKa, omeuy, CobCMBEHHOPYHYHO CHE2 BO 0BOpe KHU2U, KOMOPbIe eMy No0apusiu 0peaHu3amopsb!
BbICMABKU. Imom MoJsi000U Yesnosek ybexcan u3z 0oMa U MOJIbKO Jlullb Yepe3 Heoesro e2o HAauwliu
NpasooxXpaHumesibHble opaaHbl. Cheyuaaucmamu maxkxe Obiiu  3aPUKCUPOBAHbI  C/ly4Yau, Ko2oa
pooumenu camu yquau csoux demed (dawie Bce2o NOOpOCMKOB) BOPOBAMbL MeJIKUue Beuju Yy CB0UX
O00HOK/IACCHUKOB, MOMUBUPYS U ObBACHAA MO meM, YMO MOJIbKO JIUlib HAIUYue Kakux-ubo
MamepuasbHbIX UeHHocmel, HeBaXHo Kak 000bimebix, Oesaem Mo00bIX J00eld yBa}aembimMu
nepcoHamu 8 2/1a3ax 8ce20 obuwecmsa. Pooumesu 2080psam NOOPOCMKAM, YmMo Makue Gakmel MesKo2o
BOpOBCMBA 06WecmBOM He OoCyx0aemcs, d Haobopom, Npusemcmsyemcs U Npo MAakux MoJio0bIx
J1r00ell 20B0pSM, YMO OH OYeHb AKMUBHbIU U B XU3HU HAWET cB0é mecmo. To, Ymo makue pooumesnu
NPAKMUYecKU YHUYMOXCU/IU HU3Hb CBOEMY pebEHKY, UM HenOHSMHO U, CKopee BCe20, OHU He XOmsm
3M020 NOHUMAmsb. Takue NOOPOCMKU, No «cosemy pooumesiel» Npeonoyumarom UmMems 30/10Mble
yenoyku, bpaciaems! om 4acos, cepebpsHbie 3aNOHKU BMECMO KHU2, XCYpHAo8, BMeCmo obpaujeHus
CBOUX JIUYHOCMHBIX UHMepecos K nepuodudeckold neyamu. «OOHUM U3 He2amuBHbIX COCMAB/ISHOULUX
cucmembl cemMelHo20 BOCNUMAHUS (eciiu oHa Boobwe umeem Mecmo bbimb) ABASemcs JIUYHbIG
HeeamuBsHbIl npumep camux pooumenel» (3, 54). Ecau omeu u mams Kaxobit pas, npuds ¢ pabomei,
Xxsacmaromcs 0pye nepeo 0py2oM YKpaoeHHbIMU KAKUMU-MO BeWamu, NpUYemM pacCcKasbiBas 06 3mom Kak
06 KaKOM-mo akme 2epou3ma, NOOPOCMKU, YACMUYHO HEOONOHUMAS MAKYH MOOeJIb HU3HU, YaCMUYHO
(B cuny cBoe20 803pacma u HedoCMAamoYyHO20 YPOBHS ¥UMUUIHO20 U COUUATbHO20 ONbIMA) NPUHUMAS €e,
yacmo, udym no JIUHUU HAaKuneswe2o CoNnpOMUB/IeHUS U NPUHUMArOM BMOPYH MOOe/b HU3HU, mem
bosiee oHa npuBemMCcmBYemcss CO CMOPOHbI Ccambix 61u3Kux emy sodel — pooumesel. Takue
02paHu4yeHHble uHmMepecsbl pooumeried, cKyodoCcmb Ux OYXOBHbIX nompebHocmed, cBOOAULUXCS MOJIbKO
JUWb K HAUYU0 MamepuasibHoU Bbi200bl, O4YeHb Pa3pyuwiaroue u 0ecmpykmusHO 0eldcmBayrom Ha ux
demeli-nodpocmkos. B makold obcmaHoBKe omcymcmBue Haau4us Kakol-1ubo cucmemb! COUUATbHBbIX,
OYXOBHO-UHMEIeKMYasibHbIX — UeHHocmel,  0emu-no0poCMKU  POPMUPYOMCA  KAK  JIUYHOCMU,
He2amuBHO BOCNPUHUMArOWUe MOJI00bIX Jitoded, KOmopble 3auHMepecoBdHbl B CBOEM OYXOBHO-
UHMesI/IeKmyasabHOM passumuu.
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VIHo20a smo BuduMoe NpomuBOCMOSHUE MOJI0O0bIX Jito0el, 3aUUK/IEHHbIX MOJIbKO JUllb HA
nompebumesibCKUX UHMepecax, UCK/IHYUMesIbHO MamepuadsibHo2o 671a20no/y4us U Mosao0bix Jroded,
aKMUBHO COBepUIeHCMBYWUX cebsi B niaHe OYyXOBHO-UHMeE/IeKMYa/ibHo20 pa3sumus, Hepeoko
BbIXOOUM 3a PAMKU NPOCMO20 Henpusamus opye opyea u 3akaHyusaemcs b6osiee CepbE3HbIMU
decmpykmuBHbIMU pakmamu. Cneyuasucmel OMMeyarom, Ymo NPAaKkmu4ecku obas Hebaazonosny4Has
cemMbsi ¢ 0eCmpYKMUBHbLIM XAPAKMEPOM MeM/IUYHOCMHbIX CemeliHbIX OMHOWeHUl Bbicmynaem Kak
yeseHanpasaeHHo  OpUeHMUPOBAHHBLIL — UCMOYHUK — aHMUOOWeCmBeHHbIX — YCMAHOBOK.  Takue
aHmuobuwecmaeHHble YCmaHoBKU cCNocobCmayom momy, Ymo MUp BOCNPUHUMAEMCS UCK/IHYUMEbHO
yepes Npu3My aHMUCoyuasabHol U coyuasabHol MOoOeu HCU3HU. M, 4mo 0CObeHHO BAaHO, makue
0ecmpyKmuBHbIe MOOeU  XU3HU CB0e0OPA3HO 3ApaX<arm HeKOMOpPYH 4Yacmbs NoOOpoCcmkKosol
MOJI008XCU, KOMOpbIe B CU/Y PA3IUYHBIX NPUYUH HUBYM, OPMUPYHOMCS pSOOM C Npedcmasumesismu
Heb/1a20n01y4HbIX Modesiell cembU.
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Abstract

The aim of this work is to study the influence of physical education and sports on the devel-
opment of intellect. The research tasks include analyzing theoretical approaches, studying the
physiological and psychological mechanisms of the influence of physical activity, as well as an em-
pirical study of cognitive indicators in those engaged in sports and those leading a sedentary life-
style.
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In the context of dynamic societal development, issues of comprehensive personality development
become especially relevant. Physical education and sports are important components in forming a
healthy lifestyle and harmonious development. However, beyond strengthening physical health, they also
significantly influence the intellectual abilities of a person.

Intellect represents a set of mental processes that ensure the perception, processing, and applica-
tion of information. The development of cognitive functions such as memory, attention, thinking, critical
and logical reasoning is a necessary condition for successful academic and professional activities.

The objective aspect of engaging in physical culture and sports in relation to intellectual develop-
ment lies in the unity and interconnection of mental and physical activity. Many phenomena occurring in
the surrounding world and within our bodies can be comprehended only through motor activity. Partici-
pation in physical culture and sports has an impact on the development of the following aspects of intel-
ligence:

Attention — mastering complex coordination exercises requires focused concentration on the move-
ments being performed, the arising motor sensations, and the accompanying situations;

Observational skills —enhanced through the development of sensory analyzers;

Ingenuity and quick-wittedness — necessitated by the high demands placed on the ability for rapid
and adequate motor orientation in dynamically changing situations;

Thinking — necessitated by the need to search for the causes of successful and unsuccessful move-
ments, and to comprehend their purpose, structure, and outcomes.

A correlation between motor and intellectual giftedness has been established. Children with an
active motor regimen generally demonstrate higher and more stable academic performance. Conversely,
children with intellectual disabilities tend to exhibit poor motor coordination and face significant chal-
lenges in acquiring motor skills.

Engagement in physical culture and sports contributes to improved mental performance. Moreover,
adherence to a structured daily routine, often characteristic of student-athletes, positively influences
academic achievement. Sports activities also stimulate the acquisition of knowledge in areas such as
training techniques and methodology within a chosen sport, sports pedagogy, physiology, hygiene, and
more.

According to some researchers (A.N. Gusev, G.S. Petrova, A.V. Stafeeva), mental and physical activ-
ity in humans are closely interconnected at the level of the brain regions that control them. This interde-
pendence makes it possible to stimulate a person's mental activity through the activation of physical
activity.

Athletes’ travel to other cities and countries, as with any form of travel, can further contribute to
educational objectives. Different types of sports exert varying effects on intellectual development. Some
primarily foster observational skills and speed of thought (e.g., combat sports and team sports); others
promote memory (e.g., chess, checkers, gymnastics, figure skating), still others enhance the ability to
concentrate attention on a single powerful action (e.g., athletics jumps, weightlifting), and so forth.



I INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 17-18.06.2025

However, negative effects of sports on intellectual functioning are also possible. There is consider-
able evidence of poor academic performance among schoolchildren and students involved in sports. This
is often due to a one-sided focus on sports at the expense of other activities, particularly academic pur-
suits, or due to fatigue resulting from excessive training loads. The intellectually suppressive influence
may also arise from the conditions of prolonged training camps, which eliminate the athlete’s usual phys-
ical or mental activities.

The Connection Between Physical and Mental Development

The renowned scientist |.M. Sechenov noted that muscular movements have a significant impact
on brain activity. This idea was further developed by another prominent Russian scientist, I.P. Pavlov, who
emphasized the unity of intellectual and physical development.

The best catalysts for brain cell growth are aerobic exercises such as running, yoga, interval train-
ing, and CrossFit. However, physical exercise alone is not enough for intellectual development. In order
for new brain cells to survive and function effectively, it is also necessary to train memory, develop
speech, and practice logical thinking.

This highlights the deep interconnection and interdependence between physical and mental devel-
opment: physical growth contributes to the enhancement and maintenance of cognitive functions, while
intellectual efforts reinforce the progress achieved.

Physical Education and Sports as Factors in Personality Development

Physical education is a systematic process of forming motor skills, strengthening health, and devel-
oping physical qualities. Sports, as a more specialized form of physical activity, contribute to the devel-
opment of strength, endurance, coordination, as well as volitional and moral qualities.

Modern concepts of physical education rely on the understanding of its role not only in shaping the
body but also in ensuring psycho-emotional balance and intellectual development.

The Concept of Intellect and Its Structure

Intellect is a complex of mental abilities that ensure cognitive activity. It includes attention,
memory, thinking, imagination, and the ability to solve problems. Modern psychological theories, such as
Gardner’s theory of multiple intelligences, distinguish various types of intellect: linguistic, logical-mathe-
matical, spatial, bodily-kinesthetic, and others.

The development of intellect depends on many factors, among which physical activity holds a sig-
nificant place.

The Connection Between Physical Activity and Cognitive Functions

Scientific studies indicate a positive effect of systematic physical exercises on cognitive processes.
Physical activity improves blood circulation, enhances metabolic processes in the brain, promotes neuro-
genesis, and strengthens neural connections. Psychological studies confirm that sports activities increase
concentration, improve learning abilities, and foster creative problem-solving.

Physiological and Psychological Mechanisms of Physical Activity's Influence on Intellect

Physiological Mechanisms

Physical exercises stimulate the cardiovascular system, improving the supply of oxygen and nutri-
ents to the brain. This contributes to increased neuroplasticity—the brain’s ability to change and form
new neural connections. The production of neurotrophic factors, such as BDNF, plays a key role in the
growth and survival of neurons.

In addition, regular physical activity activates the prefrontal cortex, responsible for higher cognitive
functions such as planning, decision-making, and self-control.

Psychological Mechanisms

Sports activity requires concentration, self-discipline, the ability to control emotions, and overcome
stressful situations. The development of these mental qualities contributes to the improvement of cogni-
tive functions and resistance to mental fatigue.

Psychological studies show that physical activity raises the levels of neurotransmitters (serotonin,
dopamine), which improve mood and motivation for study and work.

Socio-Pedagogical Aspect

Sports games and team sports contribute to the development of communication skills, the ability
to solve tasks collectively, and social interaction. This broadens horizons, develops critical thinking, and
emotional intelligence, which are also important aspects of overall intellectual competence.

Empirical Study of the Influence of Physical Activity on Cognitive Functions

Aim and Methodology of the Study

The aim is to assess the influence of reqular sports activities on the development of cognitive func-
tions in schoolchildren.
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The study involved 60 students aged 14-16, divided into two groups: experimental (engaged in
sports at least 3 times a week) and control (leading a sedentary lifestyle). The following methods were
used:

Attention tests (e.g., the Schulte test)

Tests of working and long-term memory

Tasks on logical thinking (analytical and verbal)

The experimental group showed significant improvement compared to the control group in atten-
tion tests (20% increase in concentration time), memory (15% increase in recall accuracy), and logical
thinking (18% increase in correct answers).

The results confirm the hypothesis of the positive influence of physical activity on intellectual de-
velopment. The improvement in cognitive indicators is related to the physiological and psychological
mechanisms described in the second chapter. The data indicate the need to include systematic sports
activities in educational programs to enhance learning effectiveness.

In the course of the study, it was revealed that physical education and sports have a significant
positive impact on the development of intellect. Regular physical activity improves the physiological con-
dition of the brain, promotes the development of cognitive functions, and psycho-emotional stability.

The results of the work confirm the necessity of integrating physical exercises into the educational
process for comprehensive personality development. Physical culture not only strengthens health but
also serves as an effective tool for increasing intellectual potential.
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Abstract

At the heart of any culture is the axiologem life, which is of great value. And the way a person
lives his life reveals his mentality, worldview, worldview, attitude and worldview. Each person, be-
ing a carrier of a certain national culture and language, perceives life through the prism of his
ethnic culture.Accordingly, the axiologeme life is a multicomponent, multistructural axiological
phenomenon that contains both universal and culturally determined national and individual per-
sonal traits. And this circumstance is of great research interest in the humanities. And this circum-
stance is of great research interest in the humanities. From a linguistic point of view, it is important
to study the representatives of a given axiologeme, one of which is phraseological units. As you
know, the phraseological corpus of any national language is its treasury, which embodies the entire
history and original culture. Based on this, this article is devoted to a comparative analysis of the
phraseology of the Kazakh and Russian languages, actively functioning in the communicative space
of multinational, multilingual and multi-confessional Kazakhstan.

AHHomayus

B ocHose /1060l Ky/bmypbl JIeXUM aKCUOI02eMa XU3Hb, KOmMopas npeocmassisem
02DOMHYIO UEHHOCMb. M B MOM, KAaK 4e/loBeK NPOXUBAEm CBOH MU3Hb, NPOSB/SEMCs e20
MeHmasaumem, MUpoBOCNPUSMUE, MUPONOHUMAHUE, MUPOOULYUWeHUe U MUPOOUEHKA. KaxObil
yesioBek, AB/1S8Cb HocumesiemM onpedesieHHoU HauUoHabHOU Ky/ibmypbl U S3bIKA, BOCNPUHUMAem
HU3Hb CKBO3b NPU3MY CBOeU 3mHuYeckol Ky/ibmypbl. COOMBEMCMBEHHO, aKCUO0/I02eMa HU3Hb
AB7AEMCA  MHO20KOMNOHEMHbIM, — MHO20CMPYKMYPHLIM — AKCUOIO2UYECKUM — (heHOMEHOM,
codepxcauium 8 cebe Kak obuyedenoseqeckue, mak u KysbmypHo 0b6YC/108/1eHHbIe HAUUOHA/IbHbIE
U UHOUBUOYA/IbHO-/TUYHOCMHbIE Yepmbl. ¥ 3mo 0bcmosmesbCmBO  Bbi3bIBAEM 02POMHbIU
ucc/1e0o08amesbCKull UHMepec B 2yMaHUMapHbIX ompacsax Hayku. C auHeBUCMUYeckux no3uyud
aKMyasbHO U3y4eHue penpe3eHmaHmos 0aHHOU aKcuos02embl, 00HUM U3 KOMOPLIX ABISHOMCS
ppaszeonoaudeckue eduHuUUbl. Kak usBecmHo, ¢paseonoeudeckuli Kopnyc 1106020 HayUOHAIbHO20
A3bIKA ABJIAEMCS €20 COKPoBUUHUUEU, sonsomuswel 8 cebe BCHo UCMOPUD U CAMObbIMHYH
KysIbmypy. Mcxo0ds u3 3moeo, 0aHHAs CMAames NOCBAWEHA CONOCMABUMEbLHOMY aHAIU3y
paszeosioauu Kazaxckoeo U pycckozo A3bIKoB, AKMUBHO GYHKUUOHUPYHOULUX B KOMMYHUKAMUBHOM
NPOCMPAHCMBE MHO20HAUUOHA/IbHO20, NOJIUA3bIYHO20 U NOUKOHGPECCUOHAIbHO20 Ka3axcmana.
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JIioboll  HAUUOHA/bHBIU — A3bIK  ABJISEMCS  PempaHCISMOPOM — 3MHUYeckol  Ky/Jbmypsbi.
ConocmasumesibHbIl aHaau3 S3bIKOBbIX €OUHUU, penpe3eHmMUPYHUUX KOHKPemHbIe aKkCUOsI02eMbl,
no3soJsisem BbISBUMb WKAJY UeHHocmel Hocumesell CoONOCMAasaseMbiX HAUUOHA/IbHBIX A3bIKOBbIX
KapmuHax mupa.

AKCUO/I02UA A3bIKA KAK Hay4YHOe HanpasseHue u3y4aem yeHHOCMU, 3aKpensiéHHbIe U peanusyemsle
B JIeKCUKO-cemaHmuyeckol u ¢pazeosno2udeckold cucmemax. B pamkax UuHeBUCMUYeCKoU akcuoio2uu
KJIH04eBbIM NOHAMUEeM BbICMyNndem akcuosI02emMa — A3bIKoBasi e0UHULA, penpeseHmupyrousasi onpede-
JIBHHYIO UeHHOCMb (LU AHMUUEHHOCMBb,) U pUKCUPYHOUAS OMHOWEeHUe 3MHOCA K 3HAYUMbIM KOMNOHEH-
mam oelicmsumesibHocmu [1].

Knrodesol 8 Kaxool Kysbmype SB/ISemcs akCUO/I02eMd XU3Hb, O 4Yem csudemesibcmayem
COMMUOHBIL apCeHasn Hay4YHblX UCCe00BaHUl. AKCUOI02eMA XU3Hb OMHOCUMCS K YHUBEPCA/IUSM
yeHHocmHol cucmembl u a8asemcsa 6azosol 015 aobol [3bikosol KapmuHbl mupd. [lo criosam H./.
ApymroHoBoU, A3bIK OpPeAHU30BaH MAkum 06pa3oM, 4Ymo no3gossem «BepbanuszosBams U
uepapxu3uposamse me acnekmbl peasabHOCMU, KOMopble NPeOCMAaB/ISHM UeHHOCMb 0J15 Yenoseka [2].
XKU3Hb Kak KOHUenm 0xXBamsiBaem He moJibko buoi02u4eckoe CyuiecmBoBaHuUe, Ho U e20 OCMbIC/IeHUE,
MOPA/IbHO-3MUYecKoe CO0epXaHue, CouUasibHbIe U OYyX0BHbIE CMbIC/IbI.

JlaHHas akcuosioeema u3y4aemcsl Y4eHbIMU C  PAsHbIX NO3UUUU:  JIUH2BOKO2HUMUBHOU,
JIUH2BOKY/IbMYyposi2udeckod, uH2B0akcuoio2udeckol u op. B c8s3u ¢ 3mum ciedyem ommemums, Ymo
B JIUH2BOKORHUMUBHbIX U JIUH2BOKY/IbMYPOSI02UYECKUX UCCIE00BAHUSX PACCMAMPUBACMCS KOHUEeNnm
MHU3Hb. KaK u3BecmHo, pa3zHuua 8 UCC/Ie00BaHUU KOHUenma 8 3mux 08yX ompdac/sx COCMoum 8 mMom,
YUMo B JIUH2BOKO2HUMOJI02UU HA NEPBbIU NAaH BbICMyNaem f3bIK, d Ky/bmypa Asg9emcs ¢goHom (m.e.
oM A3bIKA K KyJIbmype), mo20d Kak 8 JIUH2BOKY/1bMYPOsI02UU AHAIU3 OCYUWLeCMBSemcs 0m KyJbmypbl
K A3bIKY.

Bo3HUKaem B8oNpocC: B Yem pazHuLa mMexcoy mepmuHamu KOHUenm u akcuosioeema. [1ockosibKy 8
Hawy 3adady He BX00UM U3y4YeHue KOHUenmd, Jlulib 02PaHUYUMCS KoHcmamauued ¢akma Haauyus
MHOXcecmsa onpedesieHull KOHUenmd, Xapakmepusyrujux 3mom @eHoMeH C pa3HbIX No3uyul:
JuHesogunocogpckol (B.B. Konecos u 0p.), cemaHmuyeckol (E.A.Kybpskosa, N.A.CmepHuH, 3./].[Tonosa),
Kynbmyposoaudeckol (A.Bexcbuuka, HO.C.CmenaHos u op.).

AKcuosioeema — UeHmpasnbHas eouHuud dakcuosoeuyeckol Hayku. CoomBemcmBeHHO, B
JIUH2BOAKCUOJ102UU, BO3HUKWEU HA CMbIKe AKCUOI02UU U JIUH2BUCMUKU, U3Y4YarOmCs A3bIKOBbIe e0UHUUBbI,
penpeseHmupyrolue my uau UHyH aKkcuosao2emy.

lepeyucnum suwb pso pabom, NOCBAWEHHbIE U3Yy4eHUro KoHuenma xcusHb: O.A.MnaHosol
(obpazHas cocmasnsrouas), E.H.PyoHes (cemaHmuyeckas cmpykmypa), M.B.[eesol (noHamulHas u
cumsosiu4eckas cocmassigroujue), B.B.Onpbiwko, T.M. lopuwkosol, M.A. Kyabkosod, E.@edomkuHol (Ha
mamepuane Gosbkaopa, napenul) u 0p., KOMOPble BbINOAHEHbI HA Mamepuana Ccao08aped,
XY00XHeCMBEeHHO20 MeKma Npecchi U op.

B 3mux ucc/iedoBaHusx yoesnsgemcs BHUMAaHue u akcuosocudeckomy acnekmy: O.A. MinaHosol
Bbl0esIeHbl CMbIC/IbI «HU3Hb — UEHHOCMb» U «XU3Hb — NOKA3aMesib Ye20-mo BAXHO20». [10 MHeHUHo
asmopa, «Hecmompsi Ha 60/ibUWIOe KOIUYeCMBO HE2amuBHbIX onpedesieHul, Cama *U3Hb B PYycCKoU
A3bIKOBOU KApMUHEe MUPA KOHUEeNmMyaausupyemcs Kak He4mo NOJIOMUME/IbHOE, KaK HACAaxOeHue,
padocms, yooBosbcmaue» [3].

V.B.bo4yapHukosa Bbi0esigem maxkue UeHHOCMHbIEe CMbIC/Ibl, OMPAXArouue onpeoesieHHYH
obsiacms cooepxcaHus 0aHHOU AKCUOJI02eMbl: «CYUeCcmBoBaHUe», «0essmesibHOCMb», «COBOKYNHOCMb»,
«MemMnNopasabHOCMb», «QYXOBHOCMbY, «UYEHHOCMbY, «peasibHas delicmBUMe/IbHOCMb»,
«AHMPONOUEHMPU3M»,  BbIPAXAIOWUECS — 4Yepe3  KOHUEeNmMydasibHble — CMbIC/bl  «OBUXEHUEe»,
«NPUHAODSIeHHOCMbY», «6u02PapuUs», «KKOMNIEKCHOCMb», «02PAHUYEHHbIU Nepuoo», «NOJHOMA», «o0ap»,
«UeHa», «OyXOBHOCMb», «pedsibHas 0elicmBUMEe/IbHOCMbY, «4e/l08eK», «popMa CyuecmBoBaHUS
mamepuu», «pu3u0I02uU4ecKoe CyujeCmBOBAHUL», «MECMO U Chepa MU3HU», «0bpas Mu3Hu». M. B.
boyapHukoBa ommeyaem, Ymo KOHUeNmyasbHble CMbIC/Ibl «OMPax}carom onpedesieHHyro 06/1acmeb
KOHUEeNmyaibHo20 CO0epXaHUs U Mo2ym U3MeHSIMbCS B8 cBoell npoueHmHol NnpedcmasieHHoCmu B
codepycaHuu KoHuenma» [4].
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AKCUOJI02eMA X(U3Hb penpe3eHmupyemcs pasaudHbIMU S3bIKOBLIMU e0UHUUAMU. TeKCUYeCKUMU U
CUHMAKCuYyeckumu (ppazeosiocudeckumu U naaemuoso2udeckumu). pu aHaauze @paseosiocudeckux
penpe3eHmaHmoB akCUOJ/I02eMbl XU3Hb B PYCCKOM U KA3AXCKOM SI3bIKOBbIX KAPMUHAX —MUPA Mbl
onupaemcss Ha onpedeneHue B.H.Tenus: «®pazeonocusmbl — 3mMO  ,3€pKAno, B KOMOPOM
JIUH2BOKYIbMYPHAA 06UHOCMb UOeHMUUUUPYem cBoe HaUUOHAIbHOe CAMOCO3HaHue» [5].

Kak ommedaemcs 8 KosnekmusHol cmamee C.K.bawuesod u 0p., ... #U3Hb npedcmaem Kak:

* HeYmo e0UHCMBEHHOe U UeHHOEe — XU3Hb 00HA 0aHA, XU3Hb NPOXUMb — He noJsie nepelimu;

* UCMOYHUK 60pbbbI U NPeo0oIeHUs] — UOMU HA CMEPMb, XU3Hb BUCUM HA BOJIOCKE,

* npedmem BbICOKOU 3abombl UU NpeHebpexeHUs — K1aCmb/NOMOXUMb HU3Hb (Ha YmMo-mo),
U2pame HU3HbH,

* ecmecmBeHHbIU X00 Beujell — MAKoBA HU3Hb, HU3Hb 6bem KIHYOM;

* NepexuBaHue NoJIHOMbI ObIMUS — BKYC XU3HU, PA00BAMbCS HU3HU» [6].

Kak cnpasediuso ommeyaem M.B. 3bikoBa, «00 KOHUA HepeuwleHHbIM ocmaemcs pso
obuwemeopemuyeckux U Memoodosi02Uu4eCcKUX BONPOCOB, CBA3AHHbIX C BbISB/IEHUEM U ONUCAHUEM pakmos
mo2o, Kak KoHuenmocgepa Kysbmypbl B/lUSem Ha GopMUpOBAHUE ¢pazeos1oeudeckux 3Hakos, Kakum
06pazom UHGopmayus o Kysibmype CoOXpaHIemcs u/uiu nepeoaemcs 8 3Ha4eHuU ¢ppaszeosiocu3mos [7].

JlelicmBumeribHo, B ¢pazeonoeudeckom Kopnyce pyccko2o HAaUUOHA/IbHO20 A3bIKa OOMUHUPYHOM
®E, B KOMOPbIX Xapakmepu3yromcs U OUeHUBAOMCS PA3/IUYHbIE HU3HEHHbIe CUMyayuu;

Tabauuya 1.
1 ImuYyecKkasl OueHKa Hanp.: ¥ums N0 COBECMU, UMb pd32y/ibHO, KONMUMb Hebo, UMb YyXuUM mpyoom
2 CoyuanbHas oueHKa Hanp.: poOUMbCS B pybaWKe, UMb HA LWUPOKYIO HO2Y, UMb MUoCmbiHed, nepebu-
BambCs ¢ x/1eba Ha Body
3 lcuxosoauveckas oueHKd | - no3umusHas (dywa s oyuwly, 0eaums xi1eb u Kpos)
- He2amuBHas (3ums 8 CMOPOHe, 3umsb 015 cebs)
4 ledoHucmuy4eckas Hanp.: 8 CB0E y00BOILCMBUE, NPOHUAMb HU3Hb
oueHKa
5 OueHKa uauyeckoz0 €o- | Hanp.: ¥umab 4yxcol BeK, #U3Hb Ha BOJIOCKe, udmu nNod 2opy
CMOosSHUA

®pazeosnioau3mbl, NOCKOLKY OHU 0bsadarom BbICOKOU 06pa3HOCMBbIO, 3KCNPECCUBHOCMbIO U
YCmMoU4yuBoCMbHO B A3biKe, uepaem 60/1bWYH POJib B OMPAXEHUU WKA/bl UeHHocmel Hocumesnel mol
wiu UHoU HauyuoHaabHoU Kysibmypsl. B.B. BuHo2pados ommeyas, 4Ymo ¢pazeosio2u3msi Npeocmasistom
cob0ll «CKOHUEeHMPUPOBAHHbIE OPMYJibl HAPOOHO20 ONbIMA, bbima, MeHmasnumema» [8].

ViImeHHO ¢pazeosiocudeckue eQuHUYbI BbICMYNArOM B Kayecmae penpe3eHmMaHmos akcuoio2uye-
CKUX CMbIC/I08, OMPAX(asi COUUA/IbHbIE YCMAHOBKU, MOPAJIbHbIE HOPMbI, UOEdsibl U NOBCEOHEBHbIE LeH-
Hocmu. Tak, ®E-penpe3eHmaHmebl akCUOIO2eMbl HU3Hb B KA3aXCKOU U pYcCKOU S3bIKOBbIX KAPMUHAX
MUPA MOXCHO NPeoCcMasums C/1e0yHUUM 06pa3oMm.

B pycckol u Kazaxckol 5i3bIK0BbIX KAPMUHAX MUPA ¢pazeosio2u3mbl C KOMNOHEHMOM H#(U3Hb (B pyc.
— JU3Hb, (UMb, B KA3. — 6Mip, emip Cypy) popmupyrom ocobyro ppazeoakcuoio2udecKyro 30Hy, BHympu
Komopol mModenupyromcs Npeocmas/ieHuss 0 Kayecmsae HU3HU, eé mpyoHOCMSX, pa0OCMsX, CMbIC/IE,
NPOOOIHUMETIBHOCMU U NP. MU BbIPAXEHUS UKCUPYHOM He MOJIbKO OMHOWEHUE K HU3HU KaK K 0apy
UJIU UCNBIMAHUK0, HO U MPAHCAUPYHOM 2/1yOUHHbIe KyJIbmypHbIe YCMAaHoBKU 3MHOCA.

CoBpemeHHble uccaedoBamesnu aKkyeHmupyrom BHUMAHUE HA MOM, YMO aKCUOI02eMbl pedsiu3y-
FOMCSA B S3bIKe Yyepes ¢ppazeosio2uyeckue nosis, COCMOosWUe U3 0epHbIX U nepugepuliHbix eduHuy. Tak, 8
akcuocgepe «x#u3Hb» S0poM BbICMYNAem Cama 1eKCema XuU3Hb, a nepugepuliHbie penpe3eHmaHms —
MO ycmoUYuBble BbIPaXeHus, Co0epiaujue oUeHoYHbIe NPU3HAKU. NOJIOXUME/IbHbIe (UMb NO CoBe-
CMU, XXU3Hb y0a1dck), ompuuamesibHble (NPOXU2AMb HU3Hb, B/IA4YUMb HAJIKOE CYUIeCmBOBAHUE) U am-
busaseHmHble (#umsb Ha epaHu).

®pazeonioeudeckas KApmuHa Mupa s8/semcs 00HUM u3 ¢ppazmeHmos AKM. CoomsemcmBaeHHo, B
Kax30OM HAUUOHAIbHOM fi3bIKe Cyuwecmayem ¢paseoioaudeckuli Kopnyc, pacluupsrouiudl Kpye penpesex-
maxHmos mod unu uHol akcuosioeembl. Paccmompum DE-penpe3eHmaqmsl akCU0/102eMbl HU3Hb B pYC-
CKOM U Ka3axckom SKM.

B pycckol u Kazaxckol s13bIKOBbIX KAPMUHAX MUPA KOHUENM «H#CU3Hb» peasiu3yemcs yepe3 MHoM e-
CMBO ¢pazeosoeudeckux eouHuUl, Kaxaas u3 Komopbix Gukcupyem onpedeséHHble npedcmassieHusi o
HCU3HEHHbIX NPUOPUMEMax, HoOpMax, COUUAIbHbIX OXUOAHUSX U MEHMAaumemHbix YycmaHoskax. Cono-
cmasumesibHoe U3y4eHue MAakux @pazeosio2u3mMoB8 NO3BOJISEM BbiSBUMb 0buwjue U cneyupuyeckue
Yyepmabl B AKCUOJI02UYECKUX CUCMeMax 0BYX S3bIKOB U KY/IbMYyp.

L{enibro Hacmoswel cmamaeu AB8/9€MCS BbiSB/IeHUe U AHA/IU3 ¢pazeosio2udeckux eouHUU, BbICMY-
Narouux penpe3eHmaHmamu aKkcuoi02emMbl HU3Hb B PYCCKOM U KA3dXCKOM S13bIKax, d MAKXe onucaHue
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UX cemaHmuyeckol CmpyKkmypbi U AKCUOI02U4ECK020 CO0epXaHus. VicciedosaHue nposooumcs 8 pam-
Kax JIUH2BOKY/IbMYPOJI02UHECKO20 U KOZHUMUBHO-OUCKYPCUBHO20 NOOX000B, C y4EMOM aKCUOI02Uu4ecKol
napaouemel, 8 ueHmpe Komopol HaxooUMCS ONNO3UYUS «HU3Hb — cMepmb». Ocoboe BHUMAaHue yoess-
emcs MAaKkCoOHOMUYecKold CMpyKmMype akCcuoi02u4ecko2o NoJis, BKYarowe20 soepHbie u nepugepud-
Hble penpeseHmaHmel, d MAakxe ambusaseHMHOCMU UEHHOCMHbIX XapaKkmepucmuK, OMpPaieHHou 8
¢pazeonozuqeckoll cucmeme.

Tabauya 2. ®pazeoso2usmbl

N2 | B pycckom sizbike B Kasaxckom si3bike 3Ha4eHue
1. | XKumb KaK CbIp 8 MAC/Ie KAMAMbCS Madodad 6askbin emip cypy Kumsb B pockowu u Komgpopme.
2. | Xu3Hb 668m Kj1r04OM OMip KaldHan #amaip AKMUBHAS,  HACbIWEHHas  cobbimusamu
HU3Hb
3. | XXumb Ha WUPOKYH Ho2y KeH emip cypy Becmu poCcKOWHbIU 06pa3 #u3HU
4. | XXu3Hb He Méo Omip ban emec XKu3Hb nosiHa mpyoHocmel
5. | XusHb kak 3ebpa: nonoca 6enas, | ©Omipde ak neH Kapa Kamap xypedi | YepedoBaHue Xopowux u NaoXux Nepuodos
nosioca YepHasi B HU3HU
6. | Xumb 00HUM OHEM byeiHmeH emip cypy He dymams 0 6ydyuiem, ¥ums HaCmoauwuUM
7. | XKusHb Bucum Ha BOI0CKe OMIp xinke inysi Haxodumscs 8 onacHocmu, 6bimb HA 2paHu
cmMepmu
8. | Xumb He myxumsb Kamcbi3 emip cypy Xumsb 6e3 3abom
9. | Xu3Hb npoxcums — He nojie nepeiimu | ©mip cypy — dana ke3zy emec JKU3Hb CAI0M#CHA U NOJIHA UCNbIMAHud
10. | Xumb Oywa 8 dywly KaH-maHiMeH emip cypy XKumsb 8 2apMOHUU U co21acuu
11. | XusHb — He caxap OMip mek KaHm cekindi mammi | Xu3Hb MPYyOHa u NOAHA UCNbIMAHul
emec
12. | Xumb no cosecmu ApMeH emip cypy XKumb YecmHo u cnpasedsiuso
13. | XXumb KaK Ha By/IKaHe OMipi ommbiH ycmiHde Kumb B NOCMOSIHHOM HanpsixeHuu
14. | XusHb — meamp, a /moou B8 HEM | OMip - meamp, adamoap — | XusHb Kak cueHa, 20e Kaxcobil uzpaem
aKmeépsbl akmepJsiep CBOK POJib
15. | Xumb no cpedcmaam LlJamackiHa Kapan emip cypy 2Kumb No CBOUM BO3MOXCHOCMSAM
16. | Xu3sHb — He cKaska OMip epmezi emec Ku3Hb daneka om udeana
17. | XKumb 6e3 o2nsgoku Andbl-apmeiHa kapamad emip cypy | XKums, He 02190bI18ASCh HA NPOULIOe
18. | XusHb — 6opbba OMip — Kypec XKuszHb mpebyem ycunul u npeodosieHust
mpyoHocmel
19. | Xums 8 c808 ydososnbcmaue KanazaHbiHWa emip cypy Xumb Mak, Kak xo4emcs, Hac/iamoaack
HU3HbIO
20. | Xu3Hb y4um Omip ylpemedi Onbim NpUxooum € 3#U3HbH
Tabauya 3. [Tocnosuybl U NO20BOPKU
Ne B pycckom si3bike B Ka3axckom sizbike 3Ha4eHue
1. XU3Hb  nNpoxumsb — He noJe .
b np OMmip — Kypec. XKuzHb — 3mo 6opbba.
nepelimu.
2. bepeau nnamee cHOBY, a 4Yecmb | Xac — Ke3iHOe  JUHazaHbiH — | Ymo  cobepéws B  mosodocmu  —
CMOJI00Y. KapiflikKe Kop. npu20ouUMCcs 8 CMApoCcmu.
3. He ma >xu3Hb, 4mo npoxcumada, a md, S . .
OMIpOi MaHOI emKeH — #aKChl ic. Ku3Hb yeHHa 006pbimMu 0esiamu.
4YMO 3aNOMHUAAC.
4. . . be3 Hadexbl — mosibko wadmad (m.e.
[0e »3Hb, mam u Haoexcoa. Ymimciz wadmad.
Hadexoda sce20a ecms).
5. He B kpacome c4acmese, a 8 006poli L{eHumcs He Kpacoma, a ym (unu oyweBHble
Cyny emec, akbisibl 6ap.
HCU3HU. Kayecmsa).
6. XKu3Hb daHa Ha dobpbie dena. ©mip — bip-ak pem bepiniedi. XKuzHb 0aémcsa mosibKo 00UH pas.
7. Kopomka u3Hb — cnewu desamse | Xakcbiibl bljica 63iHe . .
P K 5 K A H /Jlenali dobpo — oHo K mebe BepHEMCS.
dobpo. Kalmaoks!.
8. b6e3 mpyda Hem HU3HU. EHOEKCI3 HaH MK, be3 mpyda He 6ydem xneba.
9. Bek M#uBU — BeK y4uCh. OKy — UHeMeH KyobiK KazaaHdadl. Yy4eHue — Kak KoJsio0ey Konamae u20/1Kod.
10. | Xopowas wusHb —  OobpbiMU
XKakcbi co3 — H#apbIM bIpbIC. Jlobpoe ¢/1080 — NOI0BUHA CYACMBA.
desiamu cmpoumcs.
11. | Xusu Bek — 3a6om He BNPOK. OMip e3eH, Ke3ekneH azaoksl. XKu3Hb — KaK peka, me4ém no o4Yepeou.
12. Ap yam bosnmaca, adamda He | Ecau Hem cosecmu U CMbl0d — 4mo 3d
He no 3#u3HuU #umse, a N0 CoOBECMU.
Kacuem b6ap? yen0sex?
13. bacbr kammabi 6os1ca, coHbl mammi . .
Kakoso Ha4aso, makoa u KoHey. 6051a00/ Hayvano maxénoe — KoHeu caaokudl.
14. XKuzHb 0aémcs Ha dobpele dena, a He . L . Xusoll 4esnosek — xwusém (3aHUMaemcs
Tipi adam mipwiiniziH #acadosbi.
HA NpasoHoCMe. desiom).
15. Ymo noceewb, Mo U NOXHEWIb. He eKkceH, COHbI OPAcChbIH. Ymo He noceewlb, MO20 HE NOXHEWIb.
16. | Jlydwe eopbkas npasoa, 4em ciaokas .
s Awbl 0a 6o/1ca WibIHObIKMbI adm. loBopu Npasady, daxce ec/iu OHa 20PbKAs.
17. KU3Hb He MaiuHa — C Wunamd. OMip — Kypoesi #o/. KU3Hb — CJI0MCHBIU NYMBb.
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18. ©mkeHOoi YMbIMKAH — | Kmo 3abbisaem npowsioe — UWLIAemcs
be3 npowsio2o Hem 6yodyuezo. J
6os1awakma alibipbiiaos. bydyuwezo.
19. C Kem nosedéuwbcsd, om mo20 U .
. XKamaH 0oc 3conda Kanobipap. noxol Opye ocmasum mebs Ha dopoze.
Habep8uibcs.
20. | XuzHb — yqumesib 6e3 KHu2U. OMIp — OKYJIbI2bl H(OK YCMA3. XKuzHb — yqumesib 6e3 y4ebHuUKd.

[oHsIMUe «}#CU3Hb» penpe3eHMUPOBAHO B S13bIKE HA PA3HbIX YPOBHSIX. OM JIEKCUYECK020 00 OUCKYD-
cuBHo20. OOHAKO UMeHHO (pazeosiocus Haubosiee KOHUeHMPUPOBAHHO U BbIpd3umesibHo nepedaém om-
HoWeHUe 3MHOCA K XU3HU — KaK UeHHOCMU, Kak Nymu, Kak bopbbe, Kak yo0oBo/ibCMBUFO.

Pycckas KapmuHa Mupa: akcuo/io2emMa «x#U3Hb» B0 ¢pazeoso2udeckux eduHUyax

B pyccKom A3biKe «XU3Hb» NPe0CMmas/ieHa Kak:

e UCHHOCMb (HU3Hb 00HA 0aHA, H#U3Hb NPOXUMb — He noJie nepetimu);

e DUCK U ONACHOCMb (MCU3Hb BUCUM HA BOJIOCKE);

e U2PA WU meamp (#U3Hb — meamp, Uepamb HU3HbH),

e MPYOHOCMU (HU3Hb — He Caxap, XU3Hb He MED);

o Hac/axoeHue (#umsb B CBOE YOOBOJILCMBUE, HE XUMbE — a MAC/eHUUA);

e bopbba (u3Hb — bopbba, udmu Ha cMepms);

e YeCMHOCMb (UMb NO COBECMU);

e beOHoCcmb U Hyx#0a (nepebusamascs ¢ x1eba Ha Body, cocams any);

e Josizos1emue (xuma Yyxol Bek, Magycausios 8ek);

e 2apMOHUS U cozniacue (dumsp oywa 8 oywly).

®paseonoeudeckass KApmuHa 0emMoHCMpuUpyem Kak NO3UMUBHYH, MAkK U He2amuBHyr UHmMepnpe-
MAauyUro XU3HU. Haauque makux Memagop, Kak «U3Hb — NYMb», «XU3Hb — USPA», «*#U3Hb — MPYyo» YKa-
3bI8aem HaA NOJIUGPOHUYHOCMb KOHUenmd.

Kasaxckas KapmuHa mupa. ¢ppazeosiocusmbi U NOCI0BUUbI

Kaszaxckud 5361k makxe 6oeam ¢pazeon02u3mamu ¢ KOMNOHEHMOM «eMip» (HU3Hb). [Ipumepsbi:

e OMID KAUHAN #amabip — YU3Hb KUNUM (GKMUBHAS X#CU3Hb);

e Matioali 6asikkIn emip Cypy — X¥Umb KAk 8 Macsie Kamamscs (baazonosyyue);

e OMIp MeK KaHm CeKi0i mammi emMec — *U3Hb He caxap (mpyoHocmu);

e OMID — Kypec — XU3Hb — 60pbba;

e apMeH emip Cypy — HUmb NO COBECMU.

lapemuosioeus ompaxaem akCUOI02UHECKYH CNeyUdUKY Kazaxckol Ky/ibmypbl: akyeHm Ha ob-
WecmBeHHYH NOJIb3Y, KOJIIeKMUBU3M, OYXOBHbIe Kayecmad. Hanpumep:

o OMIp — OKY/1bI2bl #COK YCMA3 — XCU3Hb — y4umesib 6e3 y4ebHuKa;

o Xakcbl/biK KblICaH, e3iHe Kaimaob! — denal 00bpo — sBepHémca mebe;

e Ap yam bosimaca, adamoa He Kacuem 6ap? — 6e3 cosecmu u cmbi0a Hem 4Yes108eKd.

Kasaxckasi s3bIKoBasi KapmuHa 0emMoHCmpupyem YBaxcumesibHoe, GuiocopCckoe omHouweHue K
HU3HU KaK K UeHHocmu, 00apéHHol TBOPUOM U NpedHazHa4yeHHou 018 006pbix 0e.

CpasHumesibHbIU aHaAIu3

AHanu3 no3Bosisem Bbidesums obujue Yyepmei:

e NPEOCMAB/IeHUE O X(U3HU KAK O UeHHOCMU;,

e NpuCymcmsue memagops! nymu;

e AKCUO/I02U4ECKOe NPOMUBONOCMAB/IEHUE HCU3HU U CMEPMU;

e Hasu4yue KoHuenmos 6opbbbl, padocmu, ucnbIMaxud.

HayuoHanbHo-cneyupuyeckue Yyepmai:

e B pycckom si3bike — npeob1adaHue UHOUBUOQYaUCMUYECKUX U SMOYUOHA/IbHO-HAChIUEHHBIX OUe-
HOK;

e B KA3aXCKOM — OpueHmayusi Ha HpasCcmBeHHbIe U KOJIIeKMUBHbIE UEHHOCMU, BbIpaXeHHbIe B
noc108uUyax u 0b6pasax mpaduyuoHHoU Kybmypabl.

[1poBe0éHHbIU aHaau3 NOKA3ads, Ymo 8 obeux A3bIKOBbIX KAPMUHAX MUpaA ¢paseosoaudeckue eou-
HUUbI C KOMNOHEHMOM «X(U3Hb» BbINOJIHIOM PYHKUUK UeHHOCMHbIX Mapkepos. OHU OMpaxarom om-
HOWeHUe K XU3HU Kak K sesudyadiwedl yeHHocmu, nepedarom YCmaHoBKy Ha aKmuBHOE, OCMbIC/IEHHOE,
MopasbHoe cyuiecmaosarue. [lpu 3mom HabIoarvmcs Kak YHUBEPCA/IbHbIE, MAK U HAUUOHAIbHO-CNe-
yuguyeckue cMbIC108ble 0OMUHAHMBbI, 06YC/108/1eHHbIE UCMOPUKO-KY/IbMYPHBIM KOHMEKCMOM.
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Abstract

In the context of rapid digital transformation, the role of Big Data and analytics is becoming
strategically important. This article explores the evolution of analytics technologies - from cloud
platforms to edge-computing — and reveals how data is transformed into a tool for decision-mak-
ing and economic growth. The key benefits of analytics are considered, including revenue growth,
increased forecast accuracy, and cost reduction. Maturity models describe the development paths
of organizations — from the basic reporting level to the strategically oriented use of analytics.
Particular attention is paid to implementation barriers: personnel shortage, data quality, and eth-
ical issues. The final part presents promising areas — data markets, synthetic datasets, and quan-
tum computing — that are shaping the analytical environment of the future. The work will be
useful for researchers, managers, and technologists seeking to build a sustainable and value-ori-
ented data processing infrastructure in the context of a rapidly changing technological paradigm.

Keywords: analytics, big data, edge-computing, quantum technologies, digital maturity.

Introduction: The modern world is immersed in information overload: social networks, sensor net-
works, scientific instruments and mobile devices generate terabytes of diverse and disparate data every
day. These data arrays — the so-called Big Data — do not fit into the framework of classical processing
and pose new challenges and tasks for analysts and engineers [1; pp. 2-3]. They include structured tables
and databases, semi-structured formats such as JSON or XML, as well as unstructured sources — texts,
images, audio and video.

Big Data is not just volume: it is a fundamentally new quality that goes beyond the volumes that
traditional tools can no longer handle [3, p. 4]. Processing such data requires new platforms, such as
Hadoop and Spark, as well as approaches [5; pp. 6-7]. Analytics is emerging that can suggest solutions
for unknown scenarios, where previously only past data and intuition were relied upon [2; p. 12].

But the introduction of artificial intelligence and machine learning into big data processing opens
up more than just technical possibilities — analytics is becoming a transformer of processes that change
the way businesses, healthcare, or urban infrastructure are managed [10; p. 45]. For example, predictive
analytics can predict demand surges, detect fraud, or identify risks before they become so obvious that
they can be recorded by traditional indicators [2; p. 27].

Having discussed the relevance of Big Data, we move on to consider the technological foundation
that allows us to turn piles of data into valuable insights.

Initially, everything developed around cloud platforms — AWS, Azure, Google Cloud. These systems
offer virtually unlimited computing and storage, scalable for the most complex analytical tasks [6, pp. 9—
10]. Cloud infrastructure is convenient for training large models, aggregating data streams in real time
(via services like Kinesis), and creating centralized analytical panels [11; p. 8]. However, for solutions
where response speed is critical or communication is limited, clouds are not always suitable.

An edge computing architecture has emerged that brings data processing closer to the sources
themselves, such as sensors, cameras, and controllers. This approach dramatically reduces latency, eases
the load on the network, and enhances security, since data rarely leaves the local environment [5; p. 10].

Then it was Edge Al — the request for inference models directly on devices — that became a natural
continuation: recognition of images, accidents in real time, devices with trained algorithms — is no longer
science fiction, but reality [4; p. 6].
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Comparison of Cloud Al and Edge Al

Parameter Cloud Al Edge Al

Location of Compu- | Centralized - powerful data centers On devices or local nodes

tations

Delay Higher, depends on the network Minimal - instant reaction

Scalability Almost unlimited thanks to cloud Limited by device resources

Security and privacy | Data is transmitted and stored centrally - Often critically higher - data is stored and pro-
measures are required cessed locally

Communication ad- | Complete dependence on a stable internet Independence is critical for remote/autonomous

diction connection systems

Model updates and | Convenient via the cloud - centralized and Less common and more difficult; requires OTA but

training mass rarely teaches online

Therefore, cloud infrastructure provides power, scale and centralized management, while
edge-Computing is about speed, security and autonomy [5; p. 9].

Companies are increasingly turning to a hybrid model: training and mass analysis in the cloud, de-
ployment and primary analytics directly at the “data collection point” [6, p. 11]. This compatibility allows:

1. Prepare mathematical models in the cloud.

2. Expand them to the edge-devices for local reactive analysis.

3. The obtained local insights are grouped back into the cloud for reference summary and further
training [6, p. 12].

An example of this are projects in the loT and industry, where the edgecloud Al framework with
distributed processing and federated learning is used - this increases accuracy, reliability and response
speed without unnecessary costs [10; pp. 44-45].

Finally, technologies are being integrated into real life: for example, McDonald's is implementing
edge Al in its restaurants to monitor equipment, prevent breakdowns, and improve operations through
local voice Al - all processed on-site with minimal latency and without transmitting data to the cloud [11;
p. 9]. Initiatives by Intel, AWS, and Ericsson confirm that this trend is already covering industry, transpor-
tation, medicine, and smart cities [8, p. 5].

Moving on from the presented technological foundation, we should next highlight the value con-
tent: how exactly this core converts computing power and speed into specific benefits - acceleration of
processes, strong analytics, economic effect and new opportunities.

After describing the technological core, it becomes clear that the infrastructure is only the basis.
Real value appears when the collected and processed data is transformed into specific benefits: increased
revenue, reduced costs, increased efficiency [2; pp. 21-22].

Benefits of Big Data Analytics

Companies that are able to quantify the impact of analytics are seeing sustainable profits:

e Revenue growth by an average of 8%, cost reduction by 10% [10;, p. 48].

e Improved sales conversion by 12% and reduced inventory costs by 15% using predictive analytics
[3; pp. 5-6].

e Increase in forecast accuracy in trade promotion (for example, at Danone) from 62% to 92%,
which reduced losses by 30% [9; p. 8].

Performance metrics allow you to see the real impact:

Category Performance indicators Examples

Revenue growth +8% average growth when analyzing data Telco and Retail Optimize Sales Strategies
Cost reduction -10% due to process optimization GE Reduces Equipment Downtime

Sales Conversion +12% thanks to personal targeting Fintech: refinancing, product subscriptions
Inventory -15% warehouse costs due to forecasts Retail — automated product control
Operational solu- Speeding up decision-making time from weeks to | Marketers optimize campaigns in real time
tions days

Accuracy of fore- 92% instead of 62% in promotional analysis Reduction in write-offs of expired products by
casts 30%

These figures illustrate not just abstract efficiency, but specific cases where analytics moved from
idea to profit and organizational improvements [10; p. 49].

Linking metrics to business results

The transition from insight to economic effect is achieved through the following factors:

e Predictive Analytics allows you to anticipate demand, identify fraud, and set up discount cam-
paigns based on historical and behavioral data [2; pp. 34-35].

e Optimization of supply chains and logistics reduces costs and improves service levels [1; p. 6].

e Personalization of customer experience — based on Big Data, increases retention and customer
lifetime value (LTV) [3; pp. 6-7].
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e Reducing equipment downtime — through monitoring and predictive maintenance, which is es-
pecially valuable in the industrial sector [5; p. 12].

How to measure the return on analytics
To ensure that the transition from insight to economic effect does not remain a declaration, it is neces-
sary to clearly measure ROI. Effective metrics:

e Return on investment ratio - typically expected to return 7x on every dollar invested [11, p. 7].

e Svitla Methodology: (data value is its simplicity) / investments — allows to include real and hid-
den costs [4; p. 8].

e Project-based financing: companies invest in reportable cases that demonstrate substantiated
results [6; p. 14].

Regularly measuring ROl is key to continued funding and expanding the analytics function by
showing which initiatives are delivering the greatest return.

The value of Big Data analytics is therefore not simply access to data, but turning it into informed
decisions that improve business efficiency, profitability, and sustainability. In the next section, we dis-
cuss key barriers to this, from human resource challenges to ethical constraints.

Challenges and barriers to implementation

Moving beyond the value proposition, it’s worth considering why Big Data analytics adoption so
often faces significant barriers. Here are the key barriers, backed up by data and examples.

Companies are experiencing an acute shortage of qualified specialists: as studies have shown,
about 60-63% of organizations are faced with a shortage of analysts and IT engineers, especially in in-
dustry and the public sector [7; pp. 2-3]. This slows down projects, increases the risk of errors when set-
ting up platforms, and makes implementation more expensive and time-consuming.

An equally serious problem is the quality and heterogeneity of data. “Dirty,” incomplete, or incon-
sistent data requires complex cleaning and standardization, which is often underestimated. Medical,
loT, and industrial data are particularly susceptible to this, making it much more difficult to obtain reli-
able insights [9; p. 5].

Software and infrastructure limitations add their share, especially for organizations with less ma-
ture IT environments. Low internet speeds, limited cloud infrastructure, and a lack of integration plat-
forms create technological barriers [6; p. 9].

The issue of privacy, security and ethics is key. Mass collection of personal data creates privacy
issues: algorithms can be “black boxes”, and using data without proper consent threatens user trust and
compliance with regulatory requirements such as GDPR or HIPAA [4; pp. 5-6].

Another barrier is the high cost of projects. Typically, large-scale Big Data implementations re-
quire from 10 to more than 50 million rubles from Russian companies; medium-sized businesses are of-
ten limited by budget, which prevents pilots from scaling up [1; p. 7].

Overview of Key Barriers

Barrier Description
Staff shortage 60-63% of companies suffer from a shortage of qualified analysts and engineers
Poor data quality Incompleteness, inconsistency, and a large amount of “noise” create false conclusions

Technological limitations Insufficient infrastructure: internet, clouds, integration platforms
Issues of privacy and ethics | Privacy violations, algorithmic black boxes, regulation
High costs Investments from pilot to implementation are expensive, small businesses are limited

All of these issues are interconnected and mutually reinforcing: technologically outdated organi-
zations make it difficult to clean data efficiently, which in turn requires additional personnel and re-
sources, which in turn requires funding, which is complicated by regulations and risk potential [6; p. 13].

The transition of decisions through “bottlenecks” — personnel, technological, ethical or financial —
is possible only with an integrated approach, where staff training, infrastructure improvement, building
data governance processes and ethical standards go hand in hand with an economic strategy [2; p. 29].

The next section is devoted to maturity models and development paths, where it will become clear
how building infrastructure and strengthening competencies lead to sustainable growth of analytical
functions and a reduction in the listed risks [7; p. 3].

Maturity models and development paths

Following the description of the challenges, it is important to understand how organizations over-
come these barriers and develop analytics systematically. Maturity models allow us to see the sequence
of steps and key growth points.

Let's start with a classic analytical framework taken from Gartner. It divides development into four
stages:
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1. Descriptive Analytics— where the organization learns to understand what happened: reports,
visualizations, basic KPIs [11; p. 5].

2. Diagnostic Analytics— in-depth analysis of causes, identification of interrelations [3; pp. 6-7].

3. Predictive Analytics— forecasting future events using models and ML [2; p. 37].

4. Prescriptive Analytics— analytics advises action, optimizes processes [10; p. 48].

If we look more broadly, maturity models cover not only analytics, but also strategy, culture, and
infrastructure. Here is a generalized diagram with levels [7; pp. 3—4].

Level Description
Explorer/Aware Lack of systemicity - data is isolated, decisions are based on intuition
User/Informed The Beginning of a Structured Approach - ETL-processes, KPI, self-service analytics
Leader/Proactive Analytics is built into the process — the model is actively used in operational decisions; the data cul-
ture is expanding
Innovator/Trans- Analytics is a strategic asset: models are trained in the cloud, edgeAl is used, decision making is auto-
form mated
Additionally, the Heap model identifies four stages of maturity based on the level of engagement
and culture:

e Data exploration(first steps, no standards),

e Data-informed(start using tools),

e Data-driven(analytics is the driving factor of decisions),

e Data-transformed(data is the basis of strategies and processes) [7; pp. 4-5].

These models structure the organization's path:

1. Awareness: Understand the importance of data, explore opportunities.

2. Integration and management: build ETL/warehouse, introduce data governance.

3. Analytics in processes: implementing models into everyday decisions.

4. Digital transformation: Analytics transforms business models, including predictive and pre-
scriptive analytics [2; p. 31].

According to TDWI, only about 8% of companies reach the Maturity stage or higher, and only 9%
are rated as Innovator/Transform in other assessments [10; p. 49].

Moving through maturity levels requires:

e Coordinated construction: data culture, employee training, quality infrastructure, effective data
management [11; p. 7].

e Specific goals at each stage: pilot projects, measurable ROI, expansion of analytical initiatives
[3;p. 8].

e Hybrid approach: training models in the cloud, moving analytics to edge devices, setting up gov-
ernance processes and security - all this must be aligned with business goals [6; p. 13].

Prospects: Market Transformations, Synthetic Data, Quantum Technologies

There comes a time when mature analytics solutions begin to face new challenges and enormous
opportunities. | propose to discuss three key development areas that are already shaping the next round
of Big Data and analytics evolution.

1. Data Markets and Monetization
Data is no longer an internal resource — it is turning into a commodity. Goldman Sachs points out that
companies with rich, high-quality and structured content are already signing agreements to license
their data [8; p. 4]. The first data marketplaces are appearing, where companies sell datasets, and re-
searchers and corporations act as buyers. At the same time, demand is growing for specialized sets —
medical, business reports, loT, etc. Thus, the analytics infrastructure is acquiring a new layer — a data
market, where each insight or information flow itself becomes an asset.

2. Synthetic data as a means of scaling
The lack of high-quality and legitimate real data material is stimulating the active implementation of
synthetic data. In 2024, the volume of this market is 5313 million, and by 2034 it is expected to grow
to $6.6 billion with a CAGR of 35.7% [1; p. 7]. Major players - Nvidia, Google and OpenAl - are already
using synthetic data factories to train large neural networks [9; p. 6]. These technologies allow you to
model rare events, expand training samples and bypass restrictions with personal data - all this is be-
coming a powerful catalyst for the implementation of analytics in new areas.

3. Quantum technologies and analytics of the future
Quantum computing represents the next leap for Big Data. It is capable of analyzing huge amounts of
data in parallel through superposition and entanglement. Experts from Quantum Zeitgeist and ISG note
that quantum algorithms such as Grover and Shor will allow analyzing massive data structures orders
of magnitude faster than classical systems [4; p. 7].
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Some scenarios are already being implemented in practice. For example, hybrid quantum-classical
models create synthetic data — QGANs — for financial data and sector analysis (banking, S&P 500) [5; p.
8]. At events like CES and SAS Innovate, P&G cases are being demonstrated: solving complex ingredient
mixing problems was reduced from 6 hours to 2 minutes thanks to a hybrid approach, where the quan-
tum core accelerates model training [10; p. 51].

Summary table: promising technologies

Direction Current status Possibilities and effects

Data monetiza- | First markets and licensing | New revenue stream; focus on unique or niche data

tion deals

Synthetic data Growth of 35.7% per year ML acceleration-processes, GDPR compliance, accessibility for rare do-
mains

Quantum Ana- Pilot hybrid models, P&G Processing Terabytes Faster; New Quantum-Enhanced Applications in Fi-

lytics projects nance, Logistics

These areas are inextricably linked: synthetic data is becoming a commodity in new markets, and
it is quantum computing that will begin to work with it on an industrial scale [4; p. 8]. This lays the foun-
dation for a new analytical paradigm - from centralized platforms to flexible data ecosystems, where
technologies, assets and computing resources are integrated and monetized [5; p. 9].

In conclusion, | would like to note that the analytics of the future is not only a toolkit, but also
market models — Data as Asset, synthetic factories, quantum accelerators — shaping a new digital land-
scape [1, pp. 7-8]. In our final remarks, we will formulate recommendations for organizations wishing to
be at the forefront of these transformations.

Conclusion

The project described the path from the birth of the Big Data idea to its transformation into a
working system capable of providing tangible business results. Starting with the introduction, we out-
lined the expansion of the boundaries of traditional data processing and the transition to analytics capa-
ble of revealing hidden patterns and management opportunities [2; p. 15].

Then we took a detailed look at the technological core — clouds and edge-computations that form
the basis for analytics in various scenarios and provide a balance between power and speed [6; pp. 10—

11].

Once the foundation was in place, we demonstrated that the value of analytics is measured not
simply by its presence, but by how it drives revenue, cost savings, increased conversion, and decision ac-
curacy. Tabular data and real-world case studies illustrate that the ROI from such projects averages 7x
or higher when analytics is embedded into operational processes [10; pp. 48—49].

The challenges of implementation — a shortage of specialists, data quality and security, techno-
logical limitations, costs — turned out to be interconnected and require a comprehensive strategic ap-
proach. We saw that without personnel training, improved data governance and a built infrastructure,
no technology will give a sustainable result [7; p. 3].

Maturity models have made it possible to imagine a step-by-step progression from simple reports
to prescriptive and automated analytics, where organizations become not just informed, but transformed
by data and build a corresponding culture [3; pp. 6-7].

Finally, the prospects — data market, synthetic factories and quantum analytics cores — illustrate
that analytics is becoming not just a tool, but an asset, a lever of innovation and a new competitive re-
source [8; p. 5].

Recommendations for organizations:

1. Formalize your data strategy: set roles, KPIs, ROl metrics [11; p. 7].

2. Develop skills and culture: organize Data Science training, introduce data-driven methods [2; p.
28].

3. Integrate approaches: Combine cloud, edge learning-inference, prescriptive analytics [6; p. 13].

4. Create Data Governance and Be Ethical: Build “Big Data with Privacy” [4; p. 6].

5. Follow the trends: participate in data markets, implement synthetic solutions, study pilots of
quantum projects [9; p. 6].

Therefore, Big Data analytics is not a goal in itself, but a tool for strategic management, innovation
and sustainable development. By taking a comprehensive approach — technological, personnel, ethical
and financial — organizations gain not just efficiency, but the ability to transform data into a competitive
advantage and major achievements [10; p. 50].
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Abstract

The paper presents a theoretical analysis of the potential of terahertz (THz) communications
in aerospace systems. The key advantages of THz communications, including high bandwidth,
equipment compactness, and signal directionality, as well as the main limitations, such as attenu-
ation, sensitivity to external conditions, ray tracing difficulties, and system overload, are consid-
ered. Particular attention is paid to current technological solutions, such as ultra-massive antenna
arrays (UM-MIMQ), intelligent reflective surfaces (RIS), integrated signal conditioning and sensing
(ISAC), and the ICARS architecture. Innovative approaches to eliminating technical limitations are
proposed using hybrid channels (THz+mmWave+FSO) and Al algorithms for dynamic beam adap-
tation. In conclusion, practical recommendations are formulated for the further development of
THz communications systems in the context of satellite, unmanned, and cross-platform communi-
cations.

Keywords: Al algorithms, aerospace networks, hybrid channels, ICARS, RIS, THz communica-
tion, UM-MIMO

Introduction: In the modern era of active exploration of air and near-Earth space, humanity is in-
creasingly faced with the need to transmit huge amounts of data at high speeds. Not only ground-based
but also aerospace systems — from unmanned aerial vehicles to new-generation satellite constellations —
require reliable and high-speed communication channels. It is in this context that the terahertz (THz)
range of the electromagnetic spectrum, located between millimeter radio waves and infrared radiation,
comes to the fore. Despite the relative novelty of its practical application, the potential of this area is
difficult to overestimate [3: p. 1].

Compared with traditional radio communications, terahertz technologies open up entirely new ho-
rizons. First of all, we are talking about the ability to transmit information at speeds of tens, and in the
future, hundreds of gigabits per second [1: p. 3]. In addition, terahertz antennas are much more compact,
and the ability to directional beam formation allows for the minimization of interference, which is espe-
cially valuable in multi-level aerospace communications architectures [9: p. 111]. However, like any prom-
ising technological direction, THz communications are not without serious challenges: from significant
signal attenuation in the atmosphere to technical limitations associated with the stability of equipment
in space conditions [5: p. 3089].

However, the growing interest in this spectral range is not accidental. Today, THz communication
is already considered a key component of future generations of wireless networks, including within the
framework of the 6G and SAGIN (Space-Air-Ground Integrated Networks) concepts [20: p. 30]. This is
especially relevant in connection with the rapid development of low-orbit satellite constellations, the
increase in air traffic density, and the need to integrate reconnaissance and communications functions
into a single system [19].

In such conditions, attention to the terahertz range becomes not only logical, but also a strategi-
cally necessary step. This article is a theoretical study of the capabilities and limitations of terahertz
communications in the aerospace environment. It provides an overview of key technical solutions, com-
pares existing approaches and identifies their weaknesses. Particular attention is paid to the formulation
and justification of new proposals to eliminate the identified shortcomings. An important part of the
work is the consistent and logically coherent disclosure of ideas, which will allow the reader not only to
understand the current state of this area, but also to assess the directions of its further development.

I. Potential and Limitations of Terahertz Communication in Aerospace Systems

Modern communication systems in the aerospace industry are experiencing rapid development.
The increase in the density of information exchange, the increased number of drones, aircraft and
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satellites, as well as increasing requirements for delay and reliability of signals require a radical revision
of approaches to the organization of radio channels [4].

It is in this context that the terahertz frequency range (approximately 0.1 to 10 THz) is seen as a
potential technological revolution capable of meeting these requirements in the long term [2].

One of the most obvious and strategically important advantages of THz communications is the
extremely high throughput. Access to wide, continuous frequency bands, often exceeding tens of giga-
hertz, enables data transmission at speeds unachievable in traditional radio frequency bands [11]. This is
especially valuable for applications that require rapid transmission of large amounts of information, such
as inter-satellite synchronization, high-definition drone video streaming, or inter-orbital scientific data

[8].

In addition, due to the short wavelength (from several tens to hundreds of micrometers), terahertz
radiation allows the use of compact, highly directional antennas [22: p. 1186]. This makes it possible to
create miniature communication modules even for small-sized platforms, including nanosatellites and
drones. Such beam directionality not only increases energy efficiency, but also reduces the level of cross-
talk, especially in dense multi-level networks where several nodes operate in close proximity [13].

It should also be noted that the narrow beam in THz systems makes it difficult for third parties to
intercept the signal, which significantly increases the level of security and resistance to unauthorized
access [5: p. 3092]. Thus, terahertz communication can become the basis not only for high-performance,
but also for secure communication platforms in space and on Earth.

Moving from advantages to limitations, it is worth noting that, like any high-frequency range, the
THz range is not without significant challenges that limit its widespread use, especially in the complex
aerospace environment [21: p. 141].

The key limiting factor for terahertz communications is the high signal attenuation caused by both
free spatial propagation and the absorption of electromagnetic energy by atmospheric molecules, pri-
marily water vapor and oxygen [21: p. 141]. At levels below the troposphere, this leads to a sharp reduc-
tion in transmission range, especially at high humidity or in the presence of atmospheric disturbances [5:
p. 3090]. Although the influence of molecular absorption is significantly reduced outside the dense layers
of the atmosphere (in the stratosphere and above), it still does not disappear completely and must be
taken into account when modeling communication channels [25: p. 2335].

An additional complication is the sensitivity of the terahertz signal to environmental conditions.
Unlike radio frequency or even millimeter waves, THz signals are much more susceptible to the influence
of fine particles, turbulent flows, and temperature gradients [6]. This makes them vulnerable in scenarios
where the external environment is unstable - for example, when transitioning between atmospheric lay-
ers or when flying through cloud formations [17].

The problem of beam tracking deserves special attention. Due to the narrow directional pattern of
antennas, even minor angular displacements between the receiver and transmitter can lead to loss of
communication [10]. This is especially relevant in aerospace, where both transmitting and receiving de-
vices are constantly moving at high speed and often change their trajectory. Accordingly, it is necessary
to implement complex algorithms for active tracking and beam direction control in real time, which com-
plicates the architecture of the entire system [14].

An equally critical factor is the impact of cosmic radiation on sensitive components of THz equip-
ment. In particular, devices for frequency multiplication, signal generation and reception are subject to
high requirements for resistance to ionizing radiation, solar flares and cosmic particle fluxes [2: p. 6].
Many modern components designed for terrestrial conditions are simply not adapted to such impact,
which requires a separate line of research and modification of the element base [12].

For a comprehensive understanding of the place of terahertz communication in the architecture
of aerospace systems, it is advisable to compare it with two closest alternatives: millimeter waves
(mmWave) and optical wireless channels (FSO - Free Space Optics) [7].

Parameter THz communication | mmWave communication | FSO (optical)
Bandwidth Very high Medium/high Very high

Antenna size Very small Small Depends on the optics
Resistance to the atmosphere | Average Tall Low (fog, rain)
Direction Tall Average Very high

Protection from interception | Tall Average Very high

Sensitivity to movements High (beam tracking) | Average Very high (adjustment)
Implementation in space Promising Already in use Partially implemented

The table shows that THz communication occupies an intermediate position between mmWave
and FSO. In terms of throughput, it is closer to optical systems, but requires less precise alignment. In
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terms of weather resistance, it is superior to FSO, but inferior to mmWave. Thus, it is a compromise, but
promising solution for building hybrid, multi-channel systems in aerospace, capable of adapting to various
environmental conditions [7].

Despite these limitations, terahertz communications have unique potential that cannot be realized
using existing technologies without significant compromises [4]. However, their effective implementation
requires not just technical adaptation, but a rethinking of the aerospace communications architecture,
including the use of smart surfaces, hybrid protocols, and active Al control [14].

In the next section we will look at these technological aspects in more detail, looking at existing
architectural solutions and their maturity as they apply to aerospace.

. Technological base and current approaches

Effective application of terahertz communications in aerospace systems is impossible without a
reliable and adaptive technological basis. As in any breakthrough area, successful implementation of THz
communications requires not only the creation of new components, but also a revision of the architecture
of the entire communications system [3: p. 3]. Today, three key areas can be identified, within the frame-
work of which theoretical developments and partial practical testing are already underway: ultra-mas-
sive antenna arrays (UM-MIMO), intelligent reflective surfaces (RIS), integration of communications and
sensing (ISAC), and resource management in distributed environments [13].

Each of these areas deserves special attention, since it forms the basis for future aerospace com-
munications at terahertz frequencies [15].

One of the most important challenges in the propagation of terahertz signals is high spatial atten-
uation, especially at large distances between the transmitting and receiving nodes. To compensate for
these losses, it is proposed to use ultra-massive MIMO (Ultra Massive Multiple Input — Multiple Output)
technologies, which use hundreds and thousands of antennas capable of simultaneously forming and
directing several narrow, concentrated beams [12].

This approach allows not only to increase the energy efficiency of transmission, but also to increase
the resistance to spatial fluctuations and Doppler shifts typical for the aerospace environment. In addi-
tion, the possibility of simultaneous use of several directional channels (spatial multiplexing) provides a
significant increase in spectral efficiency, which is critical when resources are limited [10].

In addition to UM-MIMO, intelligent reflective surfaces (RIS — Reconfigurable Intelligent Surfaces)
are actively developing. These structures consist of a large number of passive metaelements capable of
dynamically changing the phase of the reflected signal, redirecting it in the desired direction. Thus, RIS
allows:

e eliminate "blind spots" in signal reception;

e bypass obstacles (for example, the body of a satellite or drone);

e reduce losses and interference levels by optimizing beam propagation in real time [16].

For aerospace, where every gram of mass and milliwatt of power counts, the combination of UM-
MIMO and RIS could be the key to creating energy-efficient, scalable and adaptive communication mod-
ules capable of providing communications over complex flight paths [14].

Modern aerospace platforms require not only stable communication, but also the ability to collect
data about the surrounding space - be it navigation, position control, or object monitoring. In this context,
the concept of integrated communication and sensing (ISAC - Integrated Sensing and Communication) is
particularly relevant [2: p. 3].

The essence of the ISAC approach is that the same terahertz platform simultaneously performs the
functions of data transmission and sensor control, for example, radar or object tracking [24].

This is particularly effective in resource-constrained environments, such as on board small satellites
or unmanned platforms [11].

Benefits of ISAC include:

e savings in mass, volume and energy costs due to the elimination of duplicate systems;

e improving coordination between sensory information and communication;

e increased positioning accuracy due to high frequencies and a wide signal band;

e reduction of interference between channels, since the sensor and transmitter operate in phase
matched [2: p. 4], [11].

However, the implementation of ISAC also requires solving a number of problems - first of all, the
development of flexible time, frequency and code sharing protocols, as well as algorithms capable of
managing priorities between the “transmission” and “sensing” functions depending on the mission con-
text [13].
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In the aerospace environment, especially in multi-layered networks including ground, air, and space
segments (SAGIN), efficient use of resources becomes a priority. Resources here include spectrum, energy
reserves, computing power, and spatial capabilities (beam direction, position in the network) [25: p.
2335].

The terahertz range places special demands on the intelligent management of these resources,
since:* narrow signal beamwidths require coordination between moving nodes;* limited transmitter
power requires optimization of enerqy distribution; the need for adaptive data routing requires dynamic
network response [15].

Modern approaches involve the use of artificial intelligence (Al) and reinforcement learning to
adapt network parameters to changing conditions, such as satellite movement, antenna orientation
changes, or channel interference [14].

In the future, such technologies will make it possible to build self-organizing distributed THz net-
works capable of self-configuration, load redistribution, and recovery from failures without operator in-
tervention [12: p. 4].

Today, most of these technologies are at the stage of prototyping and numerical modeling, espe-
cially in application to aerospace [10], [16].

Below is a table with a general assessment of the maturity level (Technology Readiness Level, TRL)
on ascale from 1to 9:

Technology TRL in terrestrial net- | TRL in Aer- | Comment
works ospace
UM-MIMO 5-6 3—4 Requires adaptation to dynamic conditions
RIS 4-5 2-3 Research into materials and management is underway
ISAC 4-6 34 Theoretically feasible, requires algorithms
Al resource management | 6-7 4-5 High potential, especially in autonomous networks

The table shows that all directions are technically feasible, but require adaptation and specific
engineering modifications to the characteristics of the aerospace environment: position variability, mass
and energy limitations, exposure to radiation and vacuum.

Thus, the current technological base has already laid the foundation for the introduction of te-
rahertz communications in aerospace. However, the transition from theory to practice requires not only
adaptation, but also a comprehensive architectural restructuring of communication systems, including
modular integration of ISAC, the use of intelligent surfaces, and centralized resource management based
on artificial intelligence.

In the next section, we will examine the main challenges and limitations faced by developers of
THz systems in aerospace and propose theoretically based solutions to overcome them.

Ill.  Main problems and suggestions for their elimination

Despite the obvious advantages of terahertz communications discussed earlier, the practical im-
plementation of these technologies in aerospace systems is associated with a number of specific and still
unresolved problems. These difficulties are not technically insurmountable, but require innovative ap-
proaches and complex adaptation of communication architectures. This section discusses three key chal-
lenges - signal attenuation, beam direction instability, and distributed system overload - and provides
detailed proposals for their elimination.

One of the fundamental obstacles to the use of THz communications in aerospace remains the
intense signal attenuation associated with both free propagation over long distances and energy absorp-
tion by the atmosphere. Particularly critical are spectral regions with strong water absorption, which
limits the range and stability of transmission.

To solve this problem, it is proposed to use hybrid multi-frequency systems that combine terahertz
communication with more mature technologies such as mmWave and free-space optics (FSO). The es-
sence of this approach is to create an adaptive multi-band architecture in which the system automatically
selects the optimal transmission channel depending on the current environmental conditions, distance,
angle between nodes and noise level.

Key principles of the hybrid approach:

e THz is used for transmission over short distances and high speeds.(for example, between close
satellites, UAVs);

e FSO - for direct optical communication with stable visibility(for example, satellite-Earth),

e mmWave - as a backup channel with high resistance to atmospheric conditions.

Thus, hybridization does not completely eliminate attenuation in the THz channel, but it neutralizes
its effect due to intelligent routing and adaptive distribution of traffic between different channel levels.
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The second most important problem is the complexity and instability of maintaining a directed
terahertz beam when communication nodes are dynamically moving. In aerospace conditions, where sat-
ellites, UAVs and manned vehicles are constantly changing their position, it is necessary to continuously
adjust the direction of the signal, otherwise the connection will be interrupted.

The use of static solutions is impossible here, so it is proposed to use intelligent algorithms based
on artificial intelligence (Al) and machine learning, in particular, the following methods:

e Reinforcement Learning— for training antenna behavior models based on external feedback;

e neural predictive models— to predict the trajectory of an object and adapt the beam in advance;

e deep optimization of focusing parameters— taking into account not only the position, but also
the phase and frequency shifts of the signal.

Visualization example (graph): beam direction error vs time (graph with a curve of error reduction
when applying Al correction)
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Thus, intelligent tracking allows implementing adaptive beam tracking even under conditions of
high speed and angular oscillations, which is especially important for inter-satellite communications and
mobile UAVs [23].

With the increase in the number of communication nodes and the growing density of information
exchange, the problem of channel overload becomes especially acute, associated with both the limitation
of the spectral resource and the architectural inefficiency of traditional schemes [4].

To address this issue, it is proposed to implement a new architectural paradigm — ICARS (Integrated
Communication and Radar Systems), specially adapted for the aerospace environment. The main idea of
ICARS is to combine communication and sensor analysis functions within a single hardware and software
platform, where resources are redistributed in real time depending on task priorities [24].

Features of ICARS architecture: * a single module processes both data transmission signals and
radar reflections; « adaptive balancing between throughput and sensing accuracy; * reduction of overall
spectral pressure by eliminating duplicate systems [2: p. 4].

Comparative efficiency of traditional architecture and ICARS

Parameter Traditional scheme | ICARS

Number of modules | >2 1

Occupied spectrum | High Moderate
Energy consumption | Higher Below

Flexibility Low Tall

Reaction to overload | Hard (refusal) Soft (adaptation)

Thus, ICARS is capable of not only saving resources, but also acting as an adaptive core of the aer-
ospace THz network, redistributing tasks between communication and surveillance depending on the
situation [24].

To sum up, it can be said that the solutions proposed above do not completely eliminate all chal-
lenges, but they allow to significantly increase the stability and flexibility of THz communications sys-
tems. Their implementation requires not only hardware changes, but also a fundamental restructuring
of the logic of building aerospace networks - towards intelligence, integration and multi-channel [10].
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Conclusion

Current trends in the development of aerospace systems clearly indicate the need for a qualita-
tively new level of communication - flexible, high-speed, adaptive and protected from interference [1: p.
2]. In this context, terahertz (THz) communication is not just an alternative to existing technologies, but
a potential support platform for the entire future aerospace communications and sensor infrastructure
[3:p. 1].

The theoretical analysis showed that the terahertz range has unique properties that make it ex-
tremely attractive for aerospace applications. First of all, this is high bandwidth, allowing data to be
transmitted at gigabit and even terabit speeds, and high beam directivity, ensuring accuracy, confidenti-
ality, and resistance to external interference [5].

However, the potential of THz communications comes with its own set of challenges, including
signal attenuation, beam tracking difficulties, and hardware limitations in space environments [6], [25:
p. 2339].

However, the prospects for successfully overcoming these limitations are quite realistic. Hybridiza-
tion of transmission channels (THz + mmWave + FSO), intelligent beam tracking algorithms, and espe-
cially the ICARS architectural concept all form a stable theoretical basis for a new generation of aero-
space communication systems [9], [24].

In emphasizing this point, it is important to note: we are not talking about replacing existing solu-
tions, but about their integration, adaptation and complication in the direction of universality and self-
organization [14].

Prospects for implementation

Given the current dynamics of technological development and the rapid growth of interest in the
THz range from academic, military and commercial structures, several areas of practical application of
terahertz communications in aerospace can be identified:

« Low Earth Orbit (LEO) satellite communications is the rapid exchange of data between
satellites without delays and the need for retransmission through the Earth [19].

« Unmanned aerial vehicles (UAVss) - in missions with high traffic density and the need for instant
transmission of visual and sensory information [18].

» Inter-satellite links and deep space probes — especially in missions with high telemetry and
scientific data volumes (e.g. communication systems for orbital telescopes, lunar and Mars missions) [22].

» Integration with 6G and SAGIN networks — as a central part of a multi-layer architecture that
unites air, space and ground segments [20: p. 30].

Recommendations for further research

At the current stage, the development of THz communications in aerospace requires concentrated
attention in three key areas:

1. Modeling channels in real conditions — development of unified models of signal propagation
that take into account altitude, atmospheric density, radiation conditions, and Doppler shifts.

2. Algorithmic development of Al communication control systems — creation of self-adjusting
protocols that are resistant to dynamic changes in topology, orientation of objects and their speed of
movement

3. Development of lightweight and radiation-resistant hardware solutions — improvement of THz
radiation sources, integration of RIS elements into the apparatus casing, optimization of the weight and
size characteristics of ICARS modules.

Thus, terahertz communication in aerospace is not just a technological innovation, but a step to-
wards a fundamental rethinking of how information is transmitted between objects in the sky and be-
yond. The next step is to transform theoretical models into adapted architectures that can work in real
conditions, taking into account the limitations of mass, energy and radiation background. And it is here,
at the intersection of theory and engineering, that the real technological future begins [3].
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Abstract

This article examines the potential for improving the energy efficiency of metallurgical en-
terprises through more complete utilization of the energy potential of natural gas. Special atten-
tion is given to the use of expander-generator units (EGUs) for recovering the pressure energy of
gas, which is typically lost during throttling before being fed into burner systems. Based on the
analysis of domestic and international studies, it is shown that the integration of EGUs enables the
generation of additional electricity without increasing fuel consumption, thereby supporting en-
ergy-saving strategies. At the same time, operational limitations are identified, particularly the risk
of gas hydrate formation due to significant temperature drops during gas expansion, especially in
winter conditions. The importance of preliminary gas treatment - specifically, adsorption drying—
is emphasized as a means of preventing equipment damage. The findings confirm the relevance of
a comprehensive approach to the use of EGUs in industrial settings to enhance energy efficiency
and reliability of gas consumption systems.

AHHOMauyus

B cmamee  paccmampusaemcsi  BO3MOMXHOCMb  NOBbIWEHUS  3Hepeemuyeckol
3ppekmusHoCMU Memasiypaudeckux npeonpusmud 3a cyém 6osiee NoJIHO20 UCNOJb30BAHUS
SHepaemuYyecko20 NOMeHyUanaa npupooHoeo 2aszda. Ocoboe BHUMAHUE YOeseHO NPUMEHEeHUH
demaHoep-eeHepamopHbIx azpe2amos ([IA) 0715 ymuiusayuu 3Hepeuu 0assieHus edsd, Komopasi
MpaouyUoHHO mepsemcs Npu 0poccenupoBaHuu neped nodadyel 8 20pesioyHble ycmpolcmaad. Ha
OCHOBAHUU AHA/IU3d OMe4YeCmBeHHbIX U 3apybexHbIx UCMOYHUKOB NOKA3AHO, Y4mo BHedpeHue [ A
no3sosissem BbipabamsiBames 00NOJSHUMESbHOE KOUYECMBO 3/IeKmpo3HepauU be3 ysesudyeHust
pacxoda monJusa, Ymo Cnocobcmayem peasiuzayuu NPUHYUNOB 3HepeocbepexceHusl. BMecme ¢
meM OMMeYyaromcss 3KCNJYamAauUOHHbIe —02PAHUYeHUS, CBA3AHHbIE C  BO3MOXCHOCMbHO
06pa30B8aHUS  KpUCMA//I02u0pamoB NpU  NOHUXeHUU memnepamypbl 2d3a B8 npoyecce
pacwiupeHusi, ocobeHHo B8 3uMHUlU nepuod. [lod4YépkuBaemcs BaXHOCMb NpedsapumesibHol
No0020MOBKU 2a3d, 8 YACMHOCMU, d0CopbyUOHHOU OCYWKU, 019 NPe0oMBPAULeHUS He2amuBHO20
Bo3delicmausa Ha obopydosaHue. [losydeHHble BbIB00bI NOOMBEPHOAOM AKMYydsbHOCMb
KOMNJIGKCHO20 N00X00d K UCNOJb30BAHUIO /JI[A HA NPOMbILUIEHHbIX 0b6beKmMax ¢ Uesbko
NOBbLIWEHUS 3HEP203PPEKMUBHOCMU U HAOEXHOCMU 2a30N0MPeb/IgOUWUX CUCMEM.

Keywords: natural gas; expander-generator unit; energy efficiency, gas hydrates; adsorption
drying; throttling, pressure energy recovery, energy saving.

Knrovesble cioBa: npupodHbil 2as; 0emaHoep-eeHepamopHsil azpeeam, dHepeemuy4yecKkast
appekmusHoCcmb,  Kpucmasano2uopamsl,  d0COPOUUOHHAS — OCYWKd;,  OpOCCesupoBaHue;
ymuu3ayus 0asaeHus; 3HepeocbepexceHue.
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BsedeHue. Ha 60/1blIUHCMBE COBPEMEeHHbIX NPOMbIUIIEHHbIX Npeonpuamul 00HUM U3 BUOOB
UCNOJIb3YeMbIX MONJIUB SBJSEMCS NPUPOOHBLIU 2d3, NO3IMOMY BONPOChI CHUXeHUS nompebrieHus
NPUPOOHO20 2a3a U/U YBesludeHUs BbIpdbomKU 3/1eKMpPo3IHepeuU NpU Mom Xe pacxode 2d3a 3a cyem
bos1ee NOJIHO20 UCNOJ/Ib30BAHUS €20 3Hep2emuYyecko2o NOMEeHUUAna A8SHMCS akmyadibHbIMU. Jlaxce
Hebosibwoe yBesudeHue 3¢poekmuBHOCMU €20 UCNO/Ib30BAHUS MOoXem 0amb  CYyu,ecmBeHHbIU
KOHOMuYeckul 3¢gekm. Ha npednpusmusix UCnosib3yemcs moJibKO MONJIUBHAS COCMABASHOULAS
NPUPOOHO20 2d3a U NPAKMUYeCcKU He UCNOJIb3yemcs e20 3Hepeus 0ds/ieHus, MAak Kak 2d3 nepeo
20pesIKamu UCNoJIb3yroUUX MOoNIUBO MEXHOI02UYECKUX aepeeamoBs 0pocce/iupyemcs 00 0as/ieHuUs ULlb
HemMHo2uM npesbiarouse2o ammocgpepHoe [1-3].

B pside pabom asmopos [4-10] onucaHo npumeHeHue demaHoep-2eHepamopHbIX azpe2amos 0Jis
BbIpabOMKU 371eKMpPo3HepeUU HA 2azopacnpedenumesibHbiX CMAaHuusX U mensiosnekmpoueHmpansix
(TAL]), ucnosb3yroujux 8 Ka4ecmse mon/iuBa NPUPOOHkIU 2as. [1okazaHo, Ymo npumeHeHue demaHoepa
00NoJIHUMEsIbHO NO3B0/IAem BbIPABOMAMb KOJUYECMBO 3/1eKMPO3HepauU NpUu MOM e 2pagpuke
nompebieHUs MonJusd, Ymo NOBbLILLAEM 3Hep2emuYyecKyro 3¢gpekmusHocms npednpusmud.

Y cxembl ¢ OdemaHdep-eeHepamopHbIM azpe2amom ecmb U Hed0CMAamkU, O0COBeHHO CUJIbHO
NposIBAIAOWUECS B X0JI00HbIU nepuod 2oda. a3z umeem KpalHe HU3Koe codepycaHue napos Boob! (He
6osiee 80 mMe/Ka), NO3IMOMY He3Ha4YuUMeIbHOe U3MeHeHUe meMnepamypbl 2a3d NPU 0poCCeupoBaHuUU He
NpUBOOUM K KOHOeHcauuu napos uau 0bpaszoBaHuto Kpucmasio2udpamos. Ho npu pacwupeHuu 2a3a 8
demaHdepe e20 memnepamypa CHUXaemcs 00 3Ha4YeHUl B HEeCKOJIbKO 0ecamkos 2padycos Llenbcus
HUMce HyJsig. B 3mom c1y4ae Bo3MOMCHO BbinddeHue Kpucmasiio2uopamos Aubo 8 camom 0emaHoepe,
ubo 8 2a30npoBode nocse Heo. [lossieHuUe KpUCmasnio2udpamos MoXem ompuyamesibHO CKAa3amhbCsl
Ha cpoke ca1yx#bbl 0emaHoepa usu pacnoIOXeHHO020 NOC/Ie He2o 2a30NpoBsooda

OcHosHas Yacme. Ipu npumeHeHuu 0emaHoep-eeHepamopHbIX azpe2amos Ha TIL| Heobxodumo
obecneyums HedonycmMuMOCMb 06pA30BaAHUS KPUCMA//102UuOpamos, 00HAKo OmCymcmayem aHaau3
CHUXeHUS 3¢pekmuBHOCMU NPUMEHEeHUs 0emaHoepa u3-3a 3mux 02paHudeHul u 3¢pgekmusHocmu mep
NO CHAMUK OaHHbIX 02paHu4eHud.

Haubosee npocmbiM cnocobom HedonyuieHuss 06pa3oBaHua Kpucmasnio2uopamos S8JISemcs
dpocceniuposaHue 2asa nocsie demaroepa 00 0asJieHus, UCK/THYaroujeeo nepexod BOOSHbIX NApos 8
Kpucmasio2udpamsl. B 3mom caydae nocae demaHoep-eeHepamopHo20 azpeeama yCmaxHasausaemcs
opoccenupyroujee ycmpolcmao, No3Bossouee Nodoepxusams mpebyemoe 3HayeHue BbIXOOHO20
dasJsieHus, NpU KOMOPOM He BbINA0Aarom Kpucmasiocuopamai.

Ha puc. 1 u306paxeHa npUHYUNUAIbHAS CXemMad yCmaHoBKU 0emaHdep-2eHepamopHo20 azpeeama
¢ 0poccenupoBaHuemM 2aza nocae 0emaHoepa 0715 No0depi caHus mpebyemo2o BbIX0O0HO020 0AB/ICHUS.

Hatioem mpebyemoe dasneHue 2a3a Ha Bbixode u3 0emaHoepd, npu Komopom He 6ydym Bbinadams
Kpucmasao2uopamsl. 8 3mMo20 UCNOJb3yeM ciedyroujue 0onyweHus. B nepsom npubiuxeHuu
NPUPOOHBIU 2a3 MOHCHO pACCHUMBbIBAMb, KAK MeMaH (Mak Kak cooepxaHue Memaxd 8 Hem CoCmassigem
cebiie 95 %). M3-3a 6/1u3K020 K eouHuue Ko3gppuuueHma CxumaemMocmu npupooHo2o 2aza 0Jid
paccmampusaembix 0uanasoHoB8 0asieHul U memMnepamyp e20 MOMXCHO CYUMAams No Gopmysaam 08
udeasibHo20 2asa [8]. M13-3a BbICOKOU NPOMSXEHHOCMU 2d30NPOBOO0B MemMNepamypy 2asd NPUHUMAaem
pasHol memnepamype OKpyxarouiel cpeobi.

YoenbHasg paboma cobcmseHHo demaHdepa onpedesisemcs u3 3asucuUMoCcmu.

Iue’r = CF’J '(TBX _TBJEI.Ie)?CTB) = CE) '(Tsx _TBI:,i().nﬂ ’

(1)
208 laem - yOenibHas nosesHas paboma demaoepa, [x/m>;
k-1
T Rk - memnepamypa 2asa Npu uoeaabHoM (aduabamHom)
BhIX | BX =) pacwiupeHuu, K;

BX

Pex, Peuix- 0aB/ieHuUe eaza Ha Bxo0e 8 0emaHoep U Bbixode u3 0emaHoepa coomaemcmseHHo, 1a;
k - nokaszamesb aduabamsi 2a3a; Tsx- memnepamypa ea3a Ha sxooe 8 0emaHoep, K;

CF’) - usobapHas 0bbemHas menaoemKocms 2asa, [/ (m>-K);

JICHCTB

wx - Je(IcMmBUMe/IbHAA BbIXOOHAA meMnepamypa 2asd, K;
No - BHYMpPeHHUU omHocumesibHbIt Kno 0emaroepa.
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Puc. 1. [puHyuUNUAGIbLHAS CXeMa yCMaHoBKU 0emaHoep-2eHepamopHo20 azpezama ¢ 0pocce/IupoBaHUuem
2a3a noc/ie 0emaxoepa: 1- 2a3onpoBo0 BbICOKO20 0asJieHus; 2 - 3a0BUXKU, 3 - 0emaHoep;
4 - anekmpozeHepamop; 5 - dpoccenupyroujee ycmpolcmBso; 6 - 2a30NpOBO0 HU3KO20 0dB/IeHUS
Toeda 3aBucuUMOCMb MemMnepamypbi 2a3d om 0ds/IeHUSs 0J1F PeasbHO20 pACUIUPeHUs NpuMem Buo
k-1

P k
T=T, Q== =] )m), (2)

BX

20e T. - memnepamypa 2asa, K; P: - dasneHue 2asa, 1a.
[lnomHocme 2asa

R (3)
P = , 3
T Rr T
20e p: - NJIOMHOCMb Memaa, K&/m>: R: - 2a308as NocmosHHasa memand, [/ (ke:K).
L1ns npuHsmod memnepamypbl HAXo0UMCS NJIOMHOCMb NAPOB BOObI B COCMOSIHUU HAChIUEHUS:
P
— I1.HacC
prLHac -5 T (4)

)
R.-T
20€ Pn.xac - NJIOMHOCMb HACLIUWEHHbIX BOOSIHbIX NAPOB, K&/M3;
Pn.nac (T) - 0asnieHue HackiweHus Bo0SHbIX Napos, lla;
Rn - 2030805 NOCMOAHHAA BOOSIHbIX napos, [/ (ke:K).
[lpedenibHoe  BnazocooepxaHue 078 OaHHOU MOYKU —MepMOOUHAMUYeCKo20 npouecca
PACUIUPEHUS:

d — pl'l.HaC

p p. ! (5)

20e dnp - NpedesibHoe B/1a20CO0EPXHaHUe 2d3d, Ke/Ka.

PacwupeHue npupo0dHo20 2asa 8 0emaHoepe npoucxooum 00 3Ha4YeHUs 0assieHus, NpU KOMOPOM
3HaYyeHue nNpedesibHo20 B/1a20CO0ePHCAHUS CPABHACMCS C HaYA/IbHbIM B/IA20CO0EPHAHUEM 2a3a.

Haubonee nepcnekmuBHbIM CNOCOOOM ABSEMCS NPUMeHeHUe NpedBapumesibHo20 Nooo2pesd
2as3a, Ymo NoBkIWaem memnepamypy 2d3a Ha Bbixode u3 demaHdepd, HO 3Mom BAPUAHM He Bce2da
moxcem 6bImb peasiu308aH NO MEXHUYECKUM COOOPAMEHUSIM.

lpumeHeHue uH2ubUMopPoB MoX3em yYxyowums Ka4ecmso 2asa u ss/isemcsd 00CMAamoyHO
00p02OCMOSAULUM MEPONPUSMUE.

lpumeHeHue aocopbyuoHHOU OCYWKU NO3BOJISeM CHAMb 02PAHUYEHUS] NO BbIXOOHOMY 0ABJIeHUHD
2asa. B samom cayqae eaz neped demarHdepom nocmynaem 8 670K KOMNIEKCHOU OCYWKU, 8 KOMOPOM
npoxooum Yepe3 cneyudsibHble UuauHopuyeckue annapamsl, UMeHyemble adcopbepamu, 3an0sIHEeHHbIe
ciioem  copbeHma-nozinomumeris.  CopbeHmbl  SBASIOMCS  MBEpPObIMU - BeUECMBAMU  C  BbICOKUM
codepycaHuemM Nop U Xxapakmepusyromcsl 601bwodl niowadbo NOBEPXHOCMU Ha 1 Ke. B Hacmosuwee
Bpems B Kayecmae copbeHmoB UCN0JIb3yHm MUHEPAsIbHbIe NO2IOMUMesIU U UOHOOOMEHHbIe Leoumal.
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BoosiHble napbl noesouwaromcsa cioem copbeHma, nocie 4e2o 8 0emaHoep Nocmyndem yye
ocyweHHbIl 2as. [lopbl copbeHma 3anonHamMCcs 8/1a2ol Bna0Mb 00 HACMYNJIeHUS HACIUEHUS], 3amem
c/100 HYX#HO peceHepupoBame.

Tak Kak Bpems pez2eHepauuu NPUMEpPHO pPAsHO BpemeHu adcopbuuu, Ha OdemaHoep
ycmarasausarom 2 6710ka (noka 00uH 8 pabome, 00UH HA peceHepayuu,).

Ha puc. 2 uzobpaxceHa cxema demaHoep-eeHepamopHo20 azpeaama ¢ NpeosapumesibHol oCywkKod.

Puc.2. MpuHyuNUaabHAsa cxema 0emaHoep-2eHepamopHo20 azpe2ama ¢ NpeosapumesibHol
ocywkod: 1 - 2a3onposod; 2 - 3a0B8UMKU, 3 - 6JI0K OCYWKU; 4 - demaHdep; 5 - anekmpuyeckull
2eHepamop;

6 -mens100bMeHHUK-No002peBameris,; 7 - 0poccenupyrouiee Yycmpolcmso, 8 - 2a30npoB0o0 HU3K020
oasneHus
Hedocmamkom 0aHHOU CxeMbl, KOMOoPbIt MOXem CHU3UMb 3Hep2emuyeckull 3¢pgekm, asasemcsa
Hasu4ue nomeps 0asJIeHUs NPU NPOXOIOeHUU 2a30M 6JI0KA OCYUIKU.
llomepu dassieHusi Npu NPOXOXOeHUU 2d30M C/1051 COpbeHmMa onpeoesStomcs nNo popmyie

H o -W
Ap=A — 1 (6)
d 2@
20e Ap - nomepu 0asJieHus, M,
qu .
w =— - delicmBUMesIbHAs CKOPOCMb 2a3d BHYMPU NOp, M/C;
&
W - PUKMUBHAS CKOPOCMb 2A3a, pPABHAS OMHOWEHU pacxo0d 2a3a K naouwaou

Y cevenus adcopbepa, m/c;

€ - don1a nycmom; A - Ko3gguuyueHm 2udpasiuqecko2o mpeHus;

2 d .
d = 5-8-; - 3KBUBAJIEHMHbIU duamemp 4acmuu, M;

d - deticmaumesibHbIt duamemp, M;

@ = 0,9 - Ko3gppuuuerHm, y4umsisarowull He cpepuyHoOCmb Yacmuubl;

H - monwuHa cnos copbeHma, m.

BenuyuHa yoesibHo20 conpomuBJIeHuUs (nomepu, NpUXo0awUecs Ha 1 M mosiuuHbI C/105) copbeHma
onpedesisemcs 2i1asHbIM 06pa3omM UamMempom Yacmuy, NO2IOMUMESIS, YyMEeHbUAdsCb C POCMOM pa3mepa
2paHy. Pacdemsi no ¢opmysie (6) nokassisarom, 4mo 015 yacmuy, ouamempom 2 mm u dosu nycmom 0,4
npu pekomeHoyemol pukmusHol ckopocmu 0,15-0,3 M/c 8euduHa yoesbHbIX Nomepb 0aBJ/IeHUs He
npesbiwaem 12 klla/m.
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CnedyrouyuM 3manom nocse onpeoesieHus YyoesbHbIX Nomepb 0asJ/IeHUs ABJSemcs OUeHKA
MOoJIUUHBI /1051 copbeHma.

TonwuHa copbeHma npsIMo NPONOPUUOHA/IbHA NPOOOIHUMETbHOCMU YUKAa adcopbyuu. Bpems
adcopbuuu 019 OCYWKU KPYNHbIX pacxo0os8 2aza Haxooumcs 8 npedesax 8-20 u.

Pacyem Bedemcs 015 YC/108US NOJIHO20 NO2JIOUEHUS 3a Nepuod adcopbuuu Bcell cooepxcauelics
B NPUPOOHOM 2ase BJaeu.

JleticmBumesibHas 06bemMHas KOHUeHMpPAayus Napos BoObI HAXOOUMCS NO ¢opmysie

Crl = dO ’ p r! (7 )
20e ¢n - KOHUEeHMPayus Napos, K&/M; do - Ha4a/ibHOe B/1a20Co0ep@caHue 2asd, Ke/ke.

Bbicoma cios1 copbeHma

W, -7-C
H= (1)—_1.‘[ K, (8 )
Puae X

20e X - noenoujamesibHas cnocobHocmu copbeHma no 8naze, Ke/ke;

ks = 1,1- koagpgpuyueHm 3anaca;, T - Bpems npouecca copbyuu, ¢,

Drac - HACbINHAA NJIOMHOCMb, K2/M>.

Mpu HacbinHol naomHocmu 300 - 400 Ke/M°, BesuyuHe no2aowamesibHol cnocobHocmu 8
npedenax 0,05-0,2, sBpemeru 10-20 4, 019 BesUYUHbI B1A20CO0EpxcaHus, biuskol K npedesbHomy (80
M2/Ka), mosiuuHa cao§ copbeHma Haxooumcs 8 npedenax 0,15 - 0,40 m.

Cmoum ommemums, 4mMo OAHHAS OUEHKA MOJIWUHBI /10§ IBJISeMCS MAKCUMA/TbHO BO3MOXCHOU,
MAakK Kak 8 pacyemax 3a04eHo MAakCUMAasibHO BO3MOXCHOE 3HAYeHUe B/1a20CO0EPH(AHUS.

Takum 0bpazom, MakcumasibHble NOMepu BXOOH020 dassieHus 0J1 2pAHYJ/1 PA3MEPOM CBbILLE 2 MM
He npesbiwarom 0, T amm. B 3mom cy4ae CHUM@eHue BXo00H020 0as/ieHUsI NOC/Ie NPOXOXOeHUSs 2d3a Yepe3
610K OCYWKU NPAKMUYECKU He Busem HA BbipaboOmaHHyrH0 0emaHoep-2eHepamopHbIM azpe2amom
MOUJHOCMb.

BBudy moeo, Ymo, nomepu 0aseHUs NPU NPOXOXOeHUU pezeHepupyrouie2o azeHma 4yepes /ol
KpadHe masibl, NO3MOMY 3amMpPamamu 3/1eKMPOIHEPUU HA NPOKAYKY pe2eHepupyrou,eco azeHmad no
CpasHeHUro ¢ BbipabomarHHoU demaroep-eeHepamopHbIM azpe2amom MOUWHOCMbH MOMCHO NpeHebpeysb.
B Ka4decmse pezeHepupyrouie20 azeHma MOXCHO UCNOJIb30BAMb YX00AUWUe 2a3bl NPOMBbIULICHHbIX
azpe2amoB WU Hazpemail 3mumMu 2d3amu Bo30yX B C/ly4ae, ecsiu 2d3bl MO2Ym CUJIbHO 3a2ps3HUMb
copbeHm.

Takum obpaszom, npumeHeHue aocopbUUOHHOU OCYWKU NO3B0JSem UCN0JIb30BAMb BeCb
pacnosiazaemsilt nepenad dasneHul 8 demaxoepe U NoBbICUMb BbIpABOMKY 371eKMpOoIHepeuU 3a cyem
CHIMUS 02paHuYeHull No BesuYUHe BbIXOOH020 0aBJ/IeHUS.

Jlna pacyemos 3Hepeemuyeckol 3¢ppekmusHoCmMU O0m npuMeHeHUs aocopbuuoHHOU OCYWKU
npumem Cedyrouue YCaoBuA: pacxod NpUpooHo2o 2asa 95 000 mM>/4; HavyaibHoe dassieHue ea3a 6 amm;
OasrieHue 2d3a Ha Bbixode u3 demaHdepa 1,5 amm; Ha4asnbHoe BazocodepxicaHue 2asza 80 me/Ke,
BHymMpeHHUl omHocumenbHbild Kl oemardepa 0,75; snekmpomexaHudeckut Kl oemarHdep-
2eHepamopHo2o azpezama 0,96.

MouwjHocmb, BbIpabomaxHass 0emaHoep-eeHepamopHbIMU — d2pe2amamu, onpeodessemcss No
3aBucuMocmu

N=G-l.n,., (9)
20e N - mowHocmsb, Bm; G - pacxod 2asd, M>/4; Nsm. - nekmpomexaqudeckut KI/] demaxoep-
2eHepamopHo20 azpe2amd.
Pesynbmamsl. Ha puc. 3 npusedeH 2paguk 3asucumocmu, BbipabomarHol B8 0emaHoep-
2eHEepaMOpPHbIX dzpe2amax MOWHOCMU Om  Ha4yasabHol memnepamypbl 2d3da O0nig Cxembl C
dpocceniupoBaHuUem 2a3a nocsae 0emaHoepa U cxemb! ¢ npedsapumesibHol adcopbuuoHHOU ocywKod.
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Puc.3. 3asucumocms BbipabomaHHol 8 0emaHoep-2eHEPAMOPHbIX azpe2amax MOWHOCMU Om
Ha4aibHOU memMnepamypsl 2a3a: 1 - 0719 cxembl ¢ npedsapumesibHol adcopbyuoHHoU ocywKod, 2 - 015
CXeMbl C 0pOCCe/IupPOBAHUEM 2a3a NOC/Ie 0emaHoepa

AHanu3upys NoJy4eHHble 0aHHbIe, MOXCHO COesiamb BbIBOO, YMO C NOHUXCEHUeM memMNepamypb!
2a3a 3¢ppekmusHOCMb 0M NPUMEHeHUs OCywKu bydem B03pacmams NO CPABHEHUKO C BAPUAHMOM C
0poccesiupoBaHuUem 2aza nocsie 0emaHoepa, Mak Kak 015 cxembi ¢ A u 0poccenupoBaHuem NoOHUMXeHUe
memnepamypbl pe3ko ymeHbaem yoesbHyro pabomy demaHoepa 3a cyem 02paHuYyeHul No BeIUYUHE
BbIXOOHO20 0aBJieHuUs, B MO BPeMs KAk cxema C adcopbuyuoHHoU ocywKol No380/19em CHAMb 3Mu
02paHu4yeHus. JI1s MakcumasbHo 00NYyCMUMO20 BJ/IA20CO0EPIAHUS B NEPUOO OMpuUamesbHbIX
memnepamyp 2aza MOUJHOCMb 0JI CXeMbl C 0CYUIKOU Moxcem 6bimb Bbiie 8 1,5 paza npu memnepamype
0219 0 °C u 8 9 pas 03 memnepamyp -25 °C.

[pumeHeHue cxembl C adcopbuuoHHOU ocywKol nossossem Bbipabomams B8 0emaHoep-
2eHepamopHbIx azpeeamax 4,2-5,0 MBm 8 3umMHee BpemMs Ha Kaxble 95 mbic. M>/4 npupodHo20 2asa u
CHAMb 02PAHUYEHUS NO Beslu4UHe BbIXOOHO020 0dBJIeHUS, CHUXArOUUe BbIpdbOMKY MOWHOCMU B8
HeCKoJIbKO pas.

3aknroqeHue. Takum o6paszom, npedsioxeHHas uHmezpauusi 610ko8 adcopbyuoHHOU OCYWKU
no3BoJsisem 3Ha4umesIbHo NOoBbICUMb 0bWUl YpOoBeHb YyMuau3auyuu 3Hepeuu 0dasseHus, CHUMAs
02paHUYeHus, CBA3AHHbIe ¢ 06pa30BaHUEM KpUCmasao2uopamos. 3mo obecnequsaem 3pdexkmusHYH
pabomy [IA daxce 8 3umHUl Nepuod. Kpome mozo, pacyémas! NOKA3bIBAOM BbICOKYH IKOHOMUYECKYH
appekmusHocmb U bbIcMpbIt CPOK OKYNaemocmul.

[ToKazaHo, Ymo npumeHeHue aocopbyUoHHOU OCYUKU MOXem YyBeu4Ums B8bIpabomKy MOUIHOCMU
demaHdoep-eeHepamopHbIM a2pe2amom B HECKO/IbKO pa3 B 3UMHUU Nepuod 3a cyem CHAMUS 02paHuyeHul
no BesluquHe 0assieHus ed3a Ha Bbixoode u3 0emaHoepad.
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Abstract

The paper develops a methodology for selecting the physical parameters of dynamic vibra-
tion absorbers based on asymptotically stable, rapidly decaying oscillations to ensure optimal tun-
ing of vibration isolation for mobile devices. Formulas are derived to quantify the influence on the
process of asymptotic damping of natural oscillations and the reduction of forced displacement
amplitudes. For the obtained coefficients, graphs of numerical calculations of dynamic processes
are presented.

AHHOMauyus

B cmamese paszpabomaHa memoouka Bbl6opa Guuyeckux napamempos OUHAMUYECKUX
eacumesneli Ha OCHOBAHUU aCUMNMOMUYecKu YycmoUlyusbix 6bICMpPo 3amyxaroujux Koiebarud 015
obecneyveHus onmumasabHoU HAcmpoUku BubpouzoauuUUu MobusbHbIX Yycmpoldcms. [loayqeHbi
popmysibl 019 BAUSHUS HA NPOUECC ACUMNMOMUYECK020 3amMyXaHus CObCMBEHHbIX KoaebaHul u
CHUMCeHUS amniumyobl BbiHYX#OeHHbIX nepemeweHul. /s BbiBe0eHHbIX Ko3gdduyueHmos
npeocmassieHbl 2papuKku YUCTEHHbIX pACYEMoB OUHAMUYECKUX NPOUECCOB.

Keywords: vibration isolation, vibration damping, hydraulic support, inertial mass, stability
criteria, damping coefficient, mathematical model, dynamic model, dynamic diagram, vibration
suppression, attenuation, two-stage vibration isolation, three-mass mechanical system, kinematic
excitation, vibration displacement, vibration velocity, vibration acceleration, performance indices.

Knroyesbie cnosa: sBubpousonayus, demnguposarHue, 2udpasiudeckas onopda, UHepyUOHHAs
macca, Kpumepuu ycmoUl4yusocmu, Ko3g@uuueHm 0emnpupoBaHus, MamemMamu4yeckas Mooe/isb,
ouHamuyeckass — mMooesib,  QUHAMUYeCKds — cxemd,  edweHue  Bubpauul,  3amyxaHue,
0ByxcmyneH4Yamasi BubpouU30/ISYUS, MPexmMaccoBas MexaHu4yeckass cCucmemd, KUHemamuyeckoe
BO36OyM#OeHuUe,  BubponepemewjeHue,  BUOPOCKOPOCMb,  BUOPOYCKOpPeHue,  nokasamesu
appekmuBHOCMU U Ka4ecmsa.

Paboma  nocsaweHa  UCCIe00BAHUKD — YCMpAHeHus — subpauull B8  MexHU4eckux U
MawuUHOCMpoumesibHbIX YcmpolcmBax om Heu3bexHbix Cay4alHbiX KonebaHud. Takue Buobl
Kos1e6aHull BO3HUKAKOM B MEeXAHUYECKUX, 31eKMpPUYecKUxX, 2u0pasauqeckux u opyaux KOHCMpYKUUsIX. VIx
pe2y/iuposaHue obecneyusaem HAOEXHOCMb, be3onacHocmes U 3¢pdekmusHocmb  pabomel
MawuHocmpoumesibHo2o ycmpolicmaa [1]. Bubpayuu mo2ym npusecmu K paspyuleHuro KoHCmpykuud,
CHUMCeHUo Npou3BooUMesibHoCmu 060pydoBaHus. B aBuayuoHHOU NPOMbILIIEHHOCMU OHU BbI3bIBAOM
YCMaaocme Memassios, Ymo 8 KOHEYHOM Umo2e NpuBooUM K Kamdacmpopuyeckum nocaeocmBusm.
Bubpauyuu B NPOMbIUIIEHHbIX Uexax Mo2ym He2amusHO BJUSMb HA YCMOUYUBOCMb 30aHUl U
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coopyxceHul. [Mosmomy paspabomka 3pgexkmusHbix moodenel sBubpozaweHus, o0becnequsaroulux
acumMnNmMOomuYecKyro ycmoUl4yusoCme, A8/5emcs akmyaabHou 3adadyel.

B npedcmasneHHol pabome ucciedyromcs cnocobbl 0BYXYPOBHEBO20 BuUbpo2aleHUs B
MexXaHuU4yeckux cucmemax C NOMOWbK YembIpEX OCHOBHbIX BO3MOXCHbIX CXeM. 3mu CXembl
npedcmassigsrom cobol KOMOUHAUUK NPYXUH, O0emMngepos U Macc, NOOBep2aroULUXCS BHEWHeMy
C/1y4alHoOMy 2apmMoHuU4eckomy Bo3deldcmauro. Llesibto pabomel SB/ISeMcsl HaXox0eHue oNMUMAsbHbIX
napamempos 0/1 CxeMbl 0BYXKACKAOHoU Bubpousosauuu MawuHOCMpPoUmebHol KOHCMPYKUUU
nocpedcmBomM pazpabomaHHbIX asmopamu MemooukK. B pesysibmame docmu2aromcs acuMnmomuyecKku
ycmodlyusble KosebamesibHble pexumbsl ¢ MUHUMaabHol amnaumyoold subpayud, obecnequsaroujue
KayecmaeHHyro ycmoUd4yusocms U ycmoU4yusoCcmb € 3andcoM HA 0CHOBAHUU Kpumepues B.C.BopoHosa
[2]. 3Ha4umesnbHOe BHUMAHUe yoensemcs aHaauly acuMnmomuyeckol ycmolyusocmu cucmem Uu
paspabomke MemodoB8 YynpassieHus. [is aHasu3a Uucnosib3yromcs MemolObl Mamemamuyeckozo
MOOesIupOBAHUS, AHAUMUYecKue U YUC/IeHHbIe MemoobI.

I. O 3aKoHax 08uxcerull pusuyeckux mooeseli NodpeccopusaHus ¢ 2uépoonopamu

PaccmampuBaromcs Yyemaipe BO3MOXCHbIE CXeMbl BUOPO2AWIEHUS B MEeXaHU4YecKux cucmemax,
Komopble npeocmassieHbl Ha pucyHke 1. OHU COCmMosm U3 0OHOOCHOU 2u0pooNOPbl C UHEPUUOHHBIM
mpaHcgopmamopom ¢ maccoll mi, Komopas obnadaem JsuHelHbIM Ko3¢guuueHmom ynpy2ocmu
2u0poonopskl — C2 U Ko3gdpuyueHmom demnduposaHusi 2udpoouHamudeckol cpedb! 2uopoonops! — bz. B
cocmaa naccusHol Bubpou3oauUU BX00m: BUbPOU30/IUPYeMas Macca — M, UUIUHOPUYECKas NPYXHUHA
C Ko3pguuueHmom ynpyeocmu — Ci, euodpassiudeckul amopmusamop C Ko3gpuuueHmom
demngupoBaHusi b ¢ suHeldHbIMU CBOUCMBAMU OMHOCUMEILHO BepMUKA/IbHOU CKopocmu Xxoda
cmeweHus. Mccnedyemcs BausHUE 00NOSHUMEIbHOU UHEPUUOHHOU MAcchl BHYympU 2udpoonopbl Ha
3amyxaHue cobCmBeHHbIX U BbIHYX0eHHbIX KoaebaHud, npeocmassieHHbIX Ha pucyHKe 1.

7 _]x; 7 _jx: A _]x: v —Jx,

G G Wb ,llv (,AL“
¢, @ SR

M T M

At e A, 2,

a) 4) €) 3
PucyHok 1— Cxembl 0BYXKACKAOHbIX BUOPOU30/IAUUL UHHCEHEPHBIX KOHCMPYKUUL
L1115 060CHOBAHUS 3aKOHOB 0BUMeHUU QUHAMUYECKUX CXeM UCNOJIb3YHOMCS ypasHeHus JlaepaHxd,
Komopble 8 KaHoHu4yeckom sude [3 — 11] npumym Bud obobuieHHolU cucmemb! ugdpepeHuuanbHbIX
YpasHeHud:

L (%) —dy, (%,) =—a(c sin(at) + 20 cos(cot)j,
@ (1)

=, (%) + L, (%) = —a( 0 sin(at) + -2 ot cos(a)t)j
(2]

20e L1, Lz diz d2i  coBOKynHOCMb  OuggepeHyuabHbIX  0Nepamopos  BuOdA:

2 d d d
L0=80.5,90 ., L0=20.5,%0. .0, ) =0, 5 4,00
0. () =b, df)wﬂ@

KoagpuuueHmsl Komopbix 0J1F Cxem Ha pucyHke 1 a)-e) sbinucaHbl 8 mabauuy 1.
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Tabsuya 1
Koagouuuermsi cucmemsi duggdepeHyuanbHbIX ypasHeHul 08uxeHul
0J18 pas/iudHbIX cxem subpou3oIauuU
by Cxema a Cxema 6 Cxema s Cxema 2 Gi | Cxemaa | Cxemab | Cxemas | Cxemae
+b +C
boo | X550 0 B0 [BtP ol |l S0 | S0 | S0 | Sy
mO mO mO mO IT‘O mO mO
b C C
bor1 i—>O 0 i—>0 20 Co1 S50 S50 S50 | 20
mO mO mO mO r.nO r.nO mO
boz 0 0 0 RN Coz 0 0 0 S50
mO mO
b b c c c c
b1o — 0 ﬂ 2 C1o — — — 2
ml ml ml ml m1 ml ml
b ﬂ b_2 b, +b, 2_b2 o C,+¢C, C,+¢C, C, +C, 2,
ml ml ml ml ml ml ml ml
b b b c c c c
bz 0 -2 -2 -2 c12 % % % 2
ml ml m1 ml ml ml m1
b, A
b 0 0 0 - c 0 0 0 -
20 M 20 M
bas 0 b, b, L 21 L & L L
M M M M M M M
b2z 0 b, b b +b, C22 L L L Chi
M M M M M M M
I, Pac4yémHas mamemamuyecKkas Mooesib YCMoUYUBbIX OUHAMUYECKUX KosiebaHull

Macca mo HeoepaHu4eHHo 60/bWas, No3MoMy eé BJIUSHUe HA CUCMeMy BbIpaXaemcs B8
COBOKYNHOCMU C/1y4alHbIX BubpocmeuwseHul, subpockopocmel u BubpoyckopeHul, BbIHUCISEeMbIX NO
popmynam: xo = - a-w>-sin(wt), X, =—aw'-cos(wt), X, = a-sin(wt), u3 duppepeHyuanbHo20 ypasHeHus
moxo(t) = F(t) .

JluHamuyeckaa cucmema (1) no3sossem pazdenums OupdepeHyuaIbHble YpasHeHus no
coomsemcmayrowum nepemerHHbIM Xi(t) u x2(t):

d*x, d®x, d?x,
L (L, (%)) —dy,(dyy (X)) = —-+ (B, +0,,) —=-+ (¢, + €5 +0y,0,, —B,by ) —-+
dt dt dt (2)
dx; .
+(Cyby, +C5by, — by, — b)) E +(CuCy —CpCoy )%, i=1,2.

Ha ocHosaHuu 3mod cucmembi COCMABISIEMCS XapakmepuCmuU4Yeckoe ypasHeHue:
A +a A’ +a,1*+al+a,=0. (3)
B smom ciydae ycmoldusbiMu  ObICMPO  3aMyXaroWumMu  OBUMCEHUAMU  pacCMampusaembix
OQUHaMuyYeckux cxem Ha pucyHke 1 u mamemamudyeckol modenu (1) 6ydym peweHus Buoa:
X, (t) =™ (C, sin(A,t) + C;, cos(A,t) )+ e (C,ysin(A,t) + C,, cos(A,t) ) +

+C,;sin(wt) + C,, cos(awt), (1=1,2),
npu NOJIOXHUMESbHbIX 3HavyeHusx A:1>0 u A3>0. HeuzBecmHble Nnpou3BOJibHbIE NOCMOSIHHbIE
Ci, (i=1,2, j = 1,6 ) nodnexam onpedesieHuro u3 peweHull 00HOPOOHbIX cucmem OuppepeHuUanbHbIX
YpasHeHul ¢ Y4emom U3BECMHbIX HAYa/IbHbIX YC10BUU U HEOOHOPOOHbLIX CUCMEM CO CNeyudasabHbIMU
npasbimu Yyacmamu (1). [Nepsbie Yemsbipe caazaemble obecnequsarom bbicmpoe cmpemeHue 2papukos
cobcmBeHHbIx 3akoHoB 0BuxceHul Xi(t) u xz(t) k ceoemy cocmosiHuro nokos x1(t) — 0 u xz(t) — 0 npu l;
>0 u 3 >0. 5mo npuBodum K 6bICMPOMY UX 2AUIeHU C ACUMNMOMUYECKUM YbbiBaHuem amnaumyo 0o
Hys151. [pu 3mom BbiHyH#OeHHble KonebaHusi u ux amnaumyos! Cis U Cis O0/IXCHbI UMemb MUHUMA/TbHbIE
3HayeHus. s 3mux yesed ucnosib3yem aneebpaudeckue Kpumepuu ycmodtyqusocmu B.C. BopoHosa [2] u
ucciedyem cmabusibHOCMb  OUHAMUYECKOU cuCmemMbl HA OCHOBAHUU BbIBEOGHHbLIX U3BECMHbIX
CoomHowieHUl Mexdy Ko3pduuueHmamu Xxapakmepucmu4yecko2o NouHoMa (3): do = Ci1C22— C12C21; a1
=C11b22 + Co2b11— C12b21— C21b12; Q2= C11 + C22 + b11b22— b12b21; az=b11 + b2z as= 1.

(4)
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HeobxodumbiM  ycnosuemM ycmolyusocmu  OuHamuyeckol cucmembl  6yoym  BbINOJHEHUS

HepaseHcms — He2 (B (k =2, n—1)- JlocmamoyHble  ycioBusi  yCmMoUuYuBoCMU  CBA3AHbI
ak a'k+1
a; — y
02PAHUYeHUSMU  BUOA: Q =—X_> J2.148, (k =1,n—1). Ycnosusmu  ycmod4yusocmu € 3andacom
a'k—lak+l
ABNIFOMCS MPeboBaHuUs: W, = BB 3, (k =1,n- 2)_ Ycnosus ycmodlvusocmu, cpopmuposaHHoe no
ak—lakJrZ

nokasamesiaM Ka4ecmsa OUHAMU4eckol cucmemsbl, OOJH(HbI YOOBIeMBOPAMb HEPABEHCMBAM:
Q,>VB3, (k=1n-1).

. lpumep peanusayuu pa3pabomaHHol MemooUKU 2awleHus: Kosebarud
Jlns obecneyeHus acuMnmomuyecku ycmoldusbix bbICMPOo 3amyxarouux KoaebaHul nompebyem
BbINOJIHEHUSI COBOKYNHOCMU BCeX NOC/Ae0HUX HepaseHcms. [ToocmaHoBka ¢dopmys u3 mabauybl 1 8
COBOKYNHOCMb  BCeX aneebpaudeckux Kpumepues Yycmolqusocmu npuseoém K HeuHelHbIM
MHO20NAPAMeMpPUYeCKUM COOMHOWEHUSIM, paspeliums Komopble B obwem cy4ae 00CmamoyHo
cioxcHo. Hanpumep, 0715 cxembl 6 pucyHka 1 npedcmassieHo 00HO U3 BO3MOXCHbIX peweHul bbicmpo
3amyxarowux, acuMnNMOomuyYyecKu YobiBarouux cB0600HbIX Ko1ebaHull Ha pucyHKe 2 ¢ BeCbMa MasbiMu
amniumyoamu BbIHYXOeHHbIX C/1y4aliHbiX KoiebaHul npu credyrouwux ¢uauvyeckux napamempax M =
150.0 ke, mz2 = 1.0 ke, b2 = 0.42 H-¢/M, ¢1 = 3500.0 H/M, C2 = 35.0 H/Mm.
x(t)

0.03

0.02

0.01 X2

5 10 15 " 20

PucyHok 2 — 3akoHbl 0BuxeHul Xi(t) uHepyuoHHOU Maccbl mi u
X2(t) Bubpousosupyemoli maccbl M 0ns cxembl 6
3aknoveHue

[Tony4yeHbl NPO2PAMMHbIE  NPOOYKMbI, NO3BOJAUUE OUEHUMb CMmeneHb KadyecmseHHoU
ycmotyusocmu 0ByXKAckadHoU Bubpou3ossyuu u B8bibpams Haubosiee onmumasbHble Gu3udeckue
napamempb! UHXEHEpHbIX KOHCMPYKUUl. MccrnedoBaHbl npusedeHHble 4acmomHbie YpasHeHus ¢
OmHoCUMesibHbIMU be3pasmMepHbIMU KO3 puuueHmamu. BbiseoeHbl 3a8UCUMOCMU MeXOY puuyeckumu
napamempamu  Bubpou3oaUPYOWUX Mooysiel U Bubpou3oaupyemol KOHCMpyKuyuel 019 NOJIHO20
eawieHuss BpeoHbIx KosebaHul MobusbHoU mexHUKU. [loKasaHa ux xopowds adanmuBHOCMb K
JuHaMu4yeckuM npoueccam B mexHU4Yeckux ycmpolcmsax. PazpabomaHa memoouka Bbibopa
usuyeckux napamempos  MexaHudeckux —Mmodyael  BOJHOBbIX —eacumenell Ha  OCHOBAHUU
acumnmomuyecku ycmoUlyusbix 6bICMPO 3amyxarouwux KosebaHul 015 obecnedeHuss onmumasibHOU
HacmpoUku subpousonauuu. [lpedcmassieHbl YUCIeHHbIe pacyémsel No paspabomaHHoU Memoouke
BbI60pA NPONOPUUOHASIbHBIX KO3GPpUUUEHMOB Mexdy puuyeckumu xapakmepucmuKkamu 00UHAKoBoU
pasmepHocmu. [1osiydeHbl popmysibl 0718 BAUSHUS HA NPOUECC CHUMXCEHUS amniumyob! BbIHYXOeHHbIX
KosebaHud, ux 3aKOHOMEepHOCMU NPedcmasieHbl 8 Bude 2pagduyeckux 3asucumocmed.

1o BbIBEOEGHHbIM KpUMepusiM, KOMOopble HAaK/AA0bIBAOMCA HA ¢Gu3udYeckue napamempsl, OIS
NpuBeOeHHbIX CxeM 0BYXKACKaoHoU BUbPOU30/IAUUU MOMXCHO COe/lamb BbIBOO O MOM, YMO Cxema Ha
PUCYHKe 1 a HU NpU Kakux ¢pusu4yeckux napamempax He npusedém K acuMnmomuyeckol ycmod4yusocmu
Bubpouzoupyemo2o mesna ¢ maccold M. Cxema Bubpouszonauuu Ha pucyHke 1 6 moxem umems
3amyxarowyro KadecmaeHHyr ycmod4yusocms. Cxema BubpoU30/IIyUU HA PUCYHKE 1 B MOXem umems
3aMYXarowyro  KayecmseHHyro  ycmolyusocmb U BbICMPO  3aMyXarouyro  acuMNMOMUYECKYH
ycmodyusocms ¢ 3anacom. Cxema Ha pucyHke 1 e obsadaem acumMnmomuyeckol YycmolyuBoCmbHo C
3anacom 011 cCO6CMBeHHbIX OUHAMUYECKUX PeHUMOB, HO He cnocobHa B dosxHoU Mepe obecnedums
YCMOUYUBOCMb BbIHYXOCHHbIX C/Iy4alHbix Konebarud. [lpumeHeHue BMopo2o Kackada 0/ Heé He



I INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 17-18.06.2025

npuBooUM K nepepacnpedesieHuro U 3amyxaHuro BbICOKUX YpoBHel KuHemuyeckol 3Hepauu.
AHaUMUYecKu NOKA3aHo, Ymo cucmema Bubpou30ISaLUU HA cxeme 1 2 He MoXem npu Bcex 00NYCMUMbIX
3HaYeHuUsx Oemn@upyrowux napamempos bz CywecmBeHHO YMeHbWUMb amnaumyoy KosiebaHul
obbekma ¢ maccoll M 0o eé npedesibHbIX YyposHed.
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Abstract

This article explores Kazakhstan's progress in leveraging digital technologies to strengthen
anti-corruption efforts, focusing on the integration of ICT tools such as e-government platforms,
real-time procurement transparency systems, risk mapping applications, and citizen feedback
mechanisms. The research highlights the country’s shift from punitive to preventive approaches
through digitalization and outlines how initiatives like the “Corruption Risks Map,” the “Open Gov-
ernment” portal, and the “Kun Jarygy” platform have improved institutional transparency and ac-
countability. Drawing on domestic experiences and international comparisons—including Estonia
and China—the study evaluates how digital tools reduce discretionary power, foster civic engage-
ment, and facilitate early detection of corruption risks. The paper concludes that while technology
provides transformative potential in combating corruption, its success depends on strong political
will, digital literacy, and integrated strategic planning. Kazakhstan's case demonstrates a shift to-
ward a digitally empowered governance system that prioritizes openness, efficiency, and anti-cor-
ruption culture.

Keywords: Kazakhstan, anti-corruption, digital technologies, e-government, ICT, transpar-
ency, accountability, corruption risk map, open government, digital transformation, public sector
innovation, citizen engagement.

Corruption remains one of the most pressing socio-political problems of the modern world, acting
as a significant barrier to sustainable development, the rule of law, and institutional trust. It under-
mines economic growth, distorts the functioning of public institutions, and erodes public confidence in
Justice and equity. In Kazakhstan, as in many other countries, combating corruption is a strategic prior-
ity for ensuring good governance and achieving national development goals.

While legislative frameworks, institutional control mechanisms, and punitive measures are tradi-
tionally employed in the fight against corruption, their effectiveness is increasingly dependent on adap-
tation to the rapidly changing technological landscape. In this context, the integration of modern infor-
mation and communication technologies (ICT) into anti-corruption strategies emerges as a pivotal factor
in improving transparency, accountability, and public engagement [1].

The digitalization of public administration through e-government platforms, big data analytics,
blockchain technology, and interactive feedback systems has demonstrated its potential in minimizing
discretionary power, eliminating non-transparent procedures, and reducing opportunities for corrupt be-
havior. Such tools enable real-time monitoring, enhance access to public services, and create digital
traces that facilitate the detection and prevention of unethical practices.

Kazakhstan has significantly enhanced its anti-corruption framework in recent years by integrat-
ing advanced digital tools and platforms to promote transparency, accountability, and public oversight.
Since 2022, the Anti-Corruption Agency's online Portal has provided real-time access to corruption risk
maps by region and state bodies, online integrity assessments, e-learning modules, feedback forms, and
volunteer engagement, fostering citizen participation in oversight . The launch of the “Corruption Risks
Map” has enabled identification of vulnerable roles and regions, guiding targeted prevention measures.
Procurement reform has been bolstered by the “Kun Jarygy” coalition (est. 2022), which uses open-data
monitoring on the e-procurement portal to curb single-source contracts—from 48.6 % in 2020 down to
Just 19.1 % in 2023. Additionally, under the 2022-2026 Anti-Corruption Policy Concept, methodologies
for risk mapping, conflict-of-interest checks, financial declarations, and digital case management have
been institutionalized across public and quasi-public sectors. These innovations—spanning real-time
e-procurement transparency, Al-enhanced risk mapping, and citizen-driven reporting—have collectively



I INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 17-18.06.2025

improved preventive controls, reduced discretionary power, and empowered public scrutiny, marking a
substantive modernization of Kazakhstan’s anti-corruption efforts.

Furthermore, the active involvement of civil society in monitoring government activities through
digital platforms strengthens social oversight and fosters a culture of integrity. Therefore, the effective
deployment of information technologies is not merely a supplementary instrument but a fundamental
component of a systemic and preventive approach to combating corruption in the 2 1st century.

This article will consider the role of modern information technologies in anti-corruption policy and
their potential, evaluate their effectiveness on the basis of specific examples and experiences, assess the
potential of anti-corruption digitalization on the basis of domestic and international experience, and
study the prospects of anti-corruption policy in the context of digital transformation in Kazakhstan.

Kazakhstan has demonstrated significant progress in integrating modern information and com-
munication technologies (ICT) into its public administration system as a strategic measure to combat
corruption. One of the most notable achievements is the country’s advancement in e-government,
which has become a central pillar in addressing petty corruption through the digitization of public ser-
vices.

According to the United Nations E-Government Development Index (EGDI) 2022, Kazakhstan
ranked 28th among 193 countries, entering the group of nations with a high level of e-government
development (UN E-Government Survey, 2022). This achievement largely stems from the government’s
sustained efforts to enhance public engagement through the Open Government Portal. The portal en-
sures citizens’ access to vital public information and offers feedback mechanisms in five key areas:
open data, open regulations, open budgets, performance evaluation of public agencies, and open dia-
logue. In particular, the open dialogue platform enables direct interaction between citizens and gov-
ernment officials, including ministers and regional governors, through blog posts, public comments on
policy issues, online surveys, and a dedicated complaints registration system [2].

E-government has played a pivotal role in reducing corruption risks by minimizing face-to-face
interactions between officials and service recipients—often considered breeding grounds for informal
payments. The transition to digital services significantly curtails opportunities for discretionary deci-
sion-making and enhances transparency in service delivery.

Moreover, informal platforms such as social media—particularly Facebook and Twitter—have
emerged as supplementary tools for public scrutiny and communication, further strengthening digital
transparency and accountability.

Kazakhstan launched its e-government initiative in 2004 with three key objectives: to provide
faster access to public services, to improve efficiency in state service delivery through the use of IT
solutions, and to reduce direct interactions between citizens and government officials to mitigate cor-
ruption risks (Knox & Janenova, 2019). Among post-Soviet countries, excluding the Baltic states, Ka-
zakhstan is widely recognized as a regional leader in e-government development. Scholars attribute
this success to a combination of traditional top-down administrative control, central government fund-
ing, and directive-based implementation mechanisms. As Kassen (2016) noted, Kazakhstan has
achieved "impressive outcomes in this domain, making it a model worthy of consideration by other
post-Soviet states.”

Currently, the Kazakh government continues to accelerate the digitalization of public services
and integration of state databases as part of its broader vision to build a service-oriented state. This
effort is driven by the national program “Digital Kazakhstan,” which aims to create an efficient digital
ecosystem across all sectors of governance. Notably, the integration of government services into the
unified e-government platform has increased substantially [3].

As of recent years, over 90% of public services (compared to 71% in 2017) are delivered electron-
ically or through the State Corporation “Government for Citizens,” resulting in a more than two-thirds
reduction in petty corruption related to public service delivery. The remaining services are provided
through the “one-stop-shop” principle, with the ultimate objective being a complete digital transfor-
mation of public service provision.

Additionally, anti-corruption initiatives in Kazakhstan extend to the protection of the business
sector. Special attention has been given to safeguarding entrepreneurs and investors from undue in-
terference by corrupt officials. Digital tools have been developed to facilitate this protection. For in-
stance, the National Chamber of Entrepreneurs "Atameken"” operates the “Entrepreneur’s Personal
Cabinet” portal, a dedicated digital platform tailored to the needs of small and micro-businesses.
Through this portal, registered users can access a wide range of services and essential business-related
information in a streamlined and secure manner [4].
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This comprehensive digital infrastructure not only enhances transparency and citizen participa-
tion but also reinforces institutional integrity, demonstrating how strategic implementation of ICT can
serve as a transformative force in anti-corruption governance.

In China, research into the use of artificial intelligence in the judicial system has been underway
since 2014, and during that time, hundreds of millions of data from court cases were digitized, either
entirely or partially used for artificial intelligence software. In December 2020, 16 lawyers competed in
the analysis of legal contracts with artificial intelligence systems. As a result, the artificial intelligence
system examined five documents in one minute and found in the documents the threats that court offi-
cials were unable to identify in 30 minutes. Since April 2020, in ten courts in Shanghai, the artificial
intelligence system has replaced living assistants and has committed to transcribing audio recordings of
trials, providing evidence digitally and searching for required pages and links in documents [5].

The experience of Estonia, a world leader in digital management and operational compatibility,
shows that the country's success is largely due to the introduction of the X-Road platform. X-Road is a
level of decentralized and secure data exchange that allows different information systems to interact.
The main anti-corruption mechanism in Estonia is to ensure full access to the Internet. Estonia is one of
the most advanced countries of the European Union in the field of IT-technologies. The country is fully
equipped with free Wi-Fi, and 98% of the territory has wireless Internet access. Thus, the widespread use
of the Internet will have an additional impact on the level of public perception of corruption. At the same
time, an effective government has the opportunity to use access to information on the Internet to its
advantage, that is, to hesitate to use the information in its own way [6]. It can be argued that such infor-
mation technologies can provide significant assistance in the fight against corruption.

Today, kazakhstan is changing its attitude towards the fight against corruption. The country is
implementing a new system of values, such as fairness, honesty and trust. Kazakhstan is actively using
the methods and tools that have proven itself in world practice, aiming to join the ranks of low-level
countries. As a result of digitalization and automation of public services, the level of corruption in this
area has decreased significantly — almost fourfold. The opportunities for citizens to get justice have been
increased, and the system of public administration has been cleared of despised officials. At the same
time, the number of corruption offenses is gradually decreasing. The society's attitude towards corrup-
tion has changed, and the focus is now on the formation of an anti-corruption culture, monitoring, iden-
tifying and eliminating risks and widespread involvement of the population in this process. Thus, consol-
idation of efforts of the state, business, non-governmental organizations and civil society plays a crucial
role in the radical elimination of corruption.

Recent empirical research on Kazakhstan underscores a complex and heterogeneous relationship
between corruption and regional socio-economic development, revealing substantial disparities across
oblasts in terms of industrial output, investment attractiveness, consumer spending, and foreign trade
turnover. For example, strong inverse correlations between registered corruption crimes and per capita
expenditures in regions such as Kostanay (-0.9), Akmola (-0.9), and East Kazakhstan + Abay (-0.89) sug-
gest that corruption directly undermines consumer welfare and economic resilience. Likewise, trade po-
tential subindices show sharp contrasts: while Kostanay and Akmola exhibit strong negative correlations
(-0.95), cities like Shymkent demonstrate a counterintuitive positive relationship (+0.85), indicating that
digital transparency tools may not yet be fully operational or equally effective nationwide. These varia-
tions highlight the urgent need for an individual or cluster-based approach to regional anti-corruption
strategies, integrating socio-economic structures, sectoral vulnerabilities, and local governance capacity.
Leveraging digital platforms—such as e-procurement monitoring systems, corruption risk maps, and Al-
based analytics—tailored to the institutional profiles of each region, can enhance policy responsiveness
and accountability. Moreover, regions like East Kazakhstan and Akmola, which benefit from stronger
digitalinfrastructure and proximity to national oversight mechanisms, may serve as benchmarks for best
practices. In contrast, regions with weak or inconsistent correlations—such as Mangistau, Atyrau, and
Almaty + Zhetysu—require deeper investigation through mixed-methods research to uncover latent var-
iables or unreported forms of corruption. Ultimately, integrating quantitative data with qualitative in-
sights (e.g., interviews with local stakeholders) will allow Kazakhstan to design nuanced, regionally adap-
tive digital anti-corruption frameworks that reflect its vast territorial, administrative, and cultural diver-
sity [8].

Currently, digital technologies are an important ally in the fight against corruption. New technol-
ogies and open data will allow anti-corruption experts to detect, prevent and even predict corruption
activities hidden behind the document darkness in the past period [7].
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Digitalization has become a reliable partner for a government focused on fighting corruption, as
digital technologies combined with political will make it possible to change the public service delivery
process.

Digital transformation will allow the government to create effective anti-corruption bodies, work
in accordance with the requirements of the digital society and achieve sustainable development goals.

In conclusion, the integration of information and communication technologies holds substantial
potential in curbing corruption, particularly when supported by key success factors such as a robust e-
government infrastructure, unrestricted access to open data, and widespread technological availability.
However, in the absence of these foundational elements, digital reforms may yield limited or even ad-
verse outcomes. Additional challenges—such as low levels of digital literacy and weak civic engage-
ment—can significantly undermine the effectiveness of ICT-based anti-corruption measures.

Most importantly, the presence of strong political will remains a decisive factor. Without genuine
commitment from political leadership, even the most well-designed transparency and accountability in-
itiatives may fail to deliver results, including in democratically governed systems. Therefore, the design
and implementation of digital anti-corruption strategies must be grounded in comprehensive analysis
and consider the broader socio-political context.

It is also increasingly evident that technology-driven anti-corruption mechanisms—when effec-
tively integrated—offer more promising results in restraining corrupt practices within the public sector
than conventional enforcement-based approaches. To ensure impact, digital solutions must be supported
by strategic planning, citizen empowerment, and institutional readiness.
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