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Abstract

This article defines the importance of design methods for visualizing literary text for the
purpose of its popularization. The author's experience in searching for visual metaphors for the
graphic presentation of one of A.P. Chekhov's most significant works, "Sakhalin Island," serves
as the basis for this research.This project analyzes how, in the context of the prevalence of clip-
based thinking, contemporary artistic techniques and communication design help to actualize
literary ideas and visually convey the urgency of social issues.

Keywords: information visualization, transmission of meaning, artistic metaphor, clip
thinking, communication design.

Introduction
The mission of design in the age of the information society goes beyond the artistic
design of the objective world of the habitat of human civilization. With the rapid increase in the
number and speed of information dissemination, it is extremely important to set priorities and
place accents for a more confident orientation of a person in the ocean of messages that he
receives every second. Graphic, or more relevant, defined, communicative design becomes a
navigator in an oversaturated information space.
Design visualizes information, helps to increase its attractiveness and competitiveness.
His possibilities in building ideological attitudes, principles and attitudes that determine public
attitudes towards the most pressing problems of our time are truly limitless. It is no coincidence
that communicative design is considered the most effective tool of social advertising, which
forms a system of moral and moral values that determine a person's attitude to the world around
him and himself in it.
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The most important theme of social advertising is to draw attention to national history
and artistic culture. The problem of our century is the fragmented perception of information,
provoked by modern media and social networks that broadcast messages in the form of
disparate, superficial narratives [1,2]. It is possible to gain a complete and in-depth
understanding of the logic of cultural and historical events that determine the essence of
civilizational processes only through a thorough and consistent study of their nature, causes and
consequences.

As before, the most effective form of cognition is reading classical fiction and scientific
literature. Unfortunately, the need for reading in the era of clip thinking is being lost by a
significant part of society.

Conflict Setting

This study is an attempt to understand the possibilities of design in attracting interest
in reading and studying history through acquaintance with the works of classical writers. The
material for the research was the author's experience of visualization in the format of
advertising and educational posters and infographics of Anton Pavlovich Chekhov's great
work "Sakhalin Island".

Research Results

The book Sakhalin Island occupies a special place in Russian classical literature. This
is not fiction or dry reportage, but a deep experience of documentary immersion, a "book about
the people” [3], written at the cost of personal risk and the author's health. Despite its
uniqueness, this text remains one of the most unread and underestimated in the writer's legacy,
being overshadowed by his famous plays and short stories. Anton Chekhov's decision to go to
Sakhalin in 1890 was a deeply personal, long-suffering act. The successful writer, who is at the
peak of literary fame, deliberately abandoned a comfortable life in the capital in order to
undertake a grueling and dangerous journey to the “edge of the world." He was motivated not
by journalistic excitement, but by an existential need (Fig. 1).

Being not only a writer, but also a doctor
by profession, Chekhov felt the need to
break out of the circle of the literary
environment and turn to a genuine,
harsh life [4]. In this Chekhov's
intention, the human factor became
decisive — the desire to see through the
eyes of a doctor and a writer and to
comprehend the extreme degree of
human suffering, which was penal
servitude.

Fig.1 Design of a multi-page publication
dedicated to A.P. Chekhov's book "*Sakhalin Island™

ERN ITEREI ALY
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On Sakhalin, he not only studied the life of convicts, but also, following his medical
duty, treated people for free, trying to somehow alleviate their plight. Chekhov conducted a real
research work: he personally communicated with thousands of convicts and settlers, filled out
statistical cards of almost ten thousand people, studied everyday life, working conditions, and
social ties [5].

The synthesis of an unbiased scientific method and active compassion is the unique value
of the book. The main significance of A.P. Chekhov's work lies in its unprecedented
authenticity. This is not an observation from the outside, but the result of a dangerous journey,
personal testimony based on vivid impressions, interviews with convicts and accurate statistics.
Chekhov consciously went to this work in order to overcome the feeling of lack of familiarity
with genuine Russia and the Russian man in his most tragic manifestations [4,5].

In order to attract interest in this literary and civic feat, the idea arose to translate the
unique documentary text of Chekhov into a visual form. Moreover, the task was not to illustrate
the book in the traditional way, but to create a multifaceted visual image that would allow us to
understand the Russian character and history of Russia in a new way, to see them through the
prism of Chekhov's experience.

The modern cultural context is radically different from the Chekhov era. We are
witnessing a fundamental change in the way information is perceived. The phenomenon of clip
thinking has become an integral feature of modern man. The brain, overloaded with an
avalanche of information, tends to "save energy" by filtering out the verbose, clinging to the
short, vivid and dynamic. Deep analysis gives way to fast scanning.

In this reality, infographics are experiencing their finest hour. It is an ideal response to
the request of fragmentary consciousness [6]. Instead of a long text, she offers a ready-made
visual image, which, thanks to an expressive metaphor, becomes clear in a few seconds. The
popularity of infographics is not just a fashion, but a direct consequence of the changed way of
perception.

However, the bright picture, which was once the guarantor of attention, is now drowning
in the general flow of competitors. Aesthetics for aesthetics' sake stopped working effectively.
Design is forced to evolve and take on a new, deeper role. Its function shifts from attracting the
eye to the "beautiful wrapper" to involving the mind in a social problem, to an important idea
through the cultural code. Thus, modern design becomes a bridge between a complex topic and
the viewer, a tool for communication and enlightenment. It turns information not just into an
object of consumption, but into an occasion for reflection, becoming a powerful language of
modern culture [7].

The relevance of a classic work is only increasing today, but the modern rhythm of life
and the changed patterns of information perception create a barrier between a complex, multi-
layered text and a potential reader. This project offers a solution to the problem through the
creation of a visual interpretation of Sakhalin Island in the format of a ZINe (author's small-
circulation magazine) and infographics. The visual language helps the book, which is
undeservedly in the shadow, to reveal to the viewer the harsh truth about life on the edge of the
empire, which becomes the key to unraveling the "mysterious Russian soul” [8]. The images
created based on the book Sakhalin Island shed light on Russia and its people, while
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simultaneously introducing the viewer to the harsh, businesslike and compassionate side of
Chekhov's documentary work (Fig. 2).

The visual interpretation of o
Sakhalin  Island  creates an REHCRKRW

BOHPOC

opportunity to see the authentic
Russia through Chekhov's most
unexpected text. This is a chance to
rediscover a forgotten masterpiece,
which, when translated into the
language of images, allows you not
only to learn, but to experience the
history of Russia and the mentality
of its people without embellishment
and excessive romanticization.

BRI THE
TR

Fig.2 Compositional and artistic design of the author's
small-circulation magazine of A.P. Chekhov's book ""Sakhalin Island"

Such a visual reading becomes a window into understanding Russian life — its
hierarchy, absurdity, steadfastness and humility, showing history not through dates and wars,
but through human destinies [9, 10].

Today's pace of life leaves less and

v " BblT KPECTRaU [ O C TPOB less space for slow, thoughtful

b = CAXAOL’T reading. By compressing time and
| | .HMH meaning, the project strives to ensure

FE L that every frame, every image is a
roHNT W3 Caxank visual summary of the book. The

T B0t 1 g 1 " H;"E?n;:“”"“ il i interactive aspect of this task was not
PRI st to tell, but also to encourage the
B viewer to experience the pain,
despair and stoicism described by
Chekhov. To see is to learn and want

to understand more deeply.

LA

AARNITT

Fig, 3 Journalistic page design style of the author's
small-circulation magazine of A.P. Chekhov's book **Sakhalin Island™*

To emphasize the journalistic nature of Anton Chekhov's work, the design of the ZINE
pages in the style of document design was chosen. Visual materials convey the expression of
Chekhov's text through such artistic and compositional techniques as emotionally vivid color,
dynamic diagonal rhythms that literally cut through the pages, expressive contrasts that
emphasize the writer's feelings of anxiety and pain. The author's concept is based on the
memorable imagery, sensuality, and appeal of a visual language that combines documentary
logic with artistic expression. The purpose of this design solution was to attract the reader-

6
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viewer first at the level of interest in the illustrative material, and then at the level of desire to
decipher the visual codes by immersing himself in the writer's text.

The design creates visual quotes that speak louder than any retelling. This is not a
substitute for reading, but a powerful impulse to his interest. Thus, design visualization becomes
the key to actualizing classics, turning them from an object of academic study into an acute,
socially significant statement available here and now.

Conclusions

Chekhov went to Sakhalin for the truth, which could not be conveyed in words alone.
The design method allows turning Chekhov's complex, multi-layered text into instantly
recognizable visual archetypes, creating an emotional portrait of the book that does not
discourage the desire to read it, but creates a deep personal need to do so. In order to understand
the depth of the great Chekhov text, one glance will not be enough and the hand itself will reach
for the book.
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Abstract

Aguatic systems play a vital role in the development of civilization and have significant
socioeconomic significance. Freshwater ecosystems provide a wide range of vital services that
benefit communities.

Public spaces are centers of individual and social well-being, places of collective life
where the expression of various intangible values becomes most tangible. The modern city is
the epicenter of economic and social life. It is not only a place where people live but also a hub
for various activities (leisure, work, etc.). In this context, suburban parks with small ponds are
an integral part of maintaining an attractive environment. However, it should be noted bodies
of water are subject to significant anthropogenic impact and are often in a state of degradation.

This article examines some issues related to the creation and maintenance of suburban
parks with ponds.

Keywords: recreation, water, urban environment, pond, bioplateau.

Introduction

Recreation is a set of activities aimed at maintaining well-being, spirit, and productivity.
However, due to the constant clearing of green spaces in large cities, finding natural habitats is
becoming increasingly difficult.

Ponds make a significant contribution to global biodiversity in heterogeneous
environmental conditions [1]. Small urban water bodies facilitate the formation of plant and
animal biotopes in urbanized areas, often with a fairly diverse biotic component. Some
researchers view the areas around these bodies as refuges, where diverse plant and animal
species survive in urbanized areas. However, some biotopes create conditions for the life of
organisms whose mass development or unbalanced increase in their numbers in cities is
undesirable. These species can be roughly divided into three groups [2]:

= organisms whose mass development degrades the ecological state of urban water bodies
and their social attractiveness;
= organisms whose development worsens the sanitary and epidemiological situation;
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= organisms whose excessive increase in numbers can lead to a decrease in the
biodiversity of urban biota.

The primary focus should not be on various methods for eliminating these organisms, but
on creating conditions that prevent their development. At the same time, measures must be
taken to combat the mass development of unwanted organisms and limit the numbers of
individual species [3].

A natural body of water is a biologically balanced ecological system, designed for self-
purification and self-regeneration. A wide range of aquatic organisms—planktonic and benthic
microorganisms, higher aquatic plants, and fish—form the foundation of the body of water's
ecosystem. The physicochemical and biotic processes occurring within the aquatic ecosystem
are the primary mechanism for the body of water's self-purification. The term "water self-
purification in ecosystems” implies that water is purified through a series of ecological
processes involving the many aquatic organisms that form these aquatic ecosystems. Water
self-purification processes in ecosystems are important for the stability of aquatic ecosystems,
maintaining water quality, and maintaining biodiversity. Reservoirs with impaired
microbiological self-purification are more quickly oversaturated with unoxidized organic
matter and biogenic elements, which irreversibly leads to their eutrophication, i.e. a change in
the type of aquatic ecosystem occurs. Unlike a natural body of water, an urban water body can
be assessed from several perspectives simultaneously. In addition to the environmental aspect
of the problem, there are almost always a number of other aspects: medical, cultural and
historical, technical and operational, and socio-psychological. Most small urban water bodies
are at such a stage of anthropogenic degradation that environmental protection measures alone
are insufficient to restore them to a comfortable living condition. This typically requires
specialized engineering and environmental measures. Modern urban water bodies are one
component of the urban system. Their condition largely determines the social attractiveness of
a particular urban development, its so-called «video ecology». Water bodies play a significant
role in shaping sanitary and hygienic conditions in cities and can even serve as sources of
infectious disease transmission [2].

The processes that facilitate the "self-purification™ of water in a natural reservoir include
physical, physicochemical, and biochemical processes [4, 5]:

= filtration of the water column by aquatic organisms;

= dissolution and dilution of pollutants in the water column;

= sorption processes by suspended matter, microorganisms (plankton, benthos), aquatic
organisms (phyto- and zooplankton, plants), and bottom sediments;

= photochemical and catalytic reactions, oxygen evolution, and oxidation;

= release of nitrogen and phosphorus compounds by biota, which are used by algae, which
in turn release oxygen to oxidize pollutants.

Solving the problems of environmental rehabilitation of water bodies will require
development of regulatory documentation governing the performance of work on the following
issues [6]:
= comprehensive biological survey of the coastal zone and water area of the water body,

including biotesting methodology;
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= methods for calculating frost heave of loamy soils in the water-shore contact zone;

= sanitary and environmental survey of the water body and coastal zone;

= calculation of frost heave characteristics of loamy soils in the watershed zone of the water
body to address pile wall design issues;

= development of water management calculation methods applicable to small water bodies
and watercourses located within urban areas;

= development of regulatory documentation governing the design of bioengineering
structures:

= coastal protection structures;

= hydrobotanical sites and bioplateaus;

= development of regulatory documentation governing the technology for forming a reservoir
ecosystem depending on the physical, geographical, and morphometric conditions,
anthropogenic loads, and other characteristics of the territory;

= development of regulatory documentation governing the implementation of comprehensive
monitoring of a water body during the operational phase to assess the degree of restoration
of the hydroecosystem.
The technology assumes that significant improvements in water quality in the reservoir
occur within 2-3 years after the intervention. The following measures are necessary during the
first 2-3 years: polluted surface runoff entering the reservoir is cut off; systematic monitoring
of the hydrochemical and hydrobiological parameters of the water is conducted; in winter, it is
advisable to provide for aeration of the reservoir using specialized equipment; in the spring, if
necessary, additional stocking of individual fish species, stock cultures of forage invertebrates,
and replanting of poorly overwintered plants should be carried out. To create a natural
hydroecosystem in a pond, the following measures are proposed [7]:
= Water hardness must be reduced and free carbon dioxide levels must be increased to levels
necessary for the normal development of ornamental plants. For this purpose, it is
recommended to replace the limestone rubble in the rock fill on the underwater slope of the
pond and in the stream bed with zeolite, which is a good sorbent.

= Free CO2 levels should be increased by lowering the pH and increasing the stocking
density of aquatic organisms and fish.

= To acidify and desalinate the water, it is necessary to minimize the direct supply of artesian
water to the pond and organize water circulation using a filtration system;

= To create a favorable gas exchange regime in winter, a compressor must be installed.

Water is the primary factor through which most people and the environment are likely
to experience climate change.!

Freshwater ecosystems are particularly sensitive to warming because their chief drivers,
water quality and water quantity, are strongly influenced by atmospheric temperature regimes.
Air temperature determines both water temperature and many chemical attributes contributing
to water quality (e.g., dissolved oxygen levels), and its suitability for supporting freshwater
biodiversity and maintaining critical ecological functions and services. Surface and ground
water regimes, including precipitation, snow melt, run-off, soil moisture, river discharge, and

! World Meteorological Society (2021)
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aquifer recharge, are similarly sensitive to warming, with significant changes to hydrology
attributed to temperature increases already apparent across the world [8]. Current global
ambitions for climate change mitigation to limit planetary warming to 1.5° C, an objective since
the 2015 COP21 Paris agreement, dramatically reduce the extent and magnitude of climate risks
faced by freshwater ecosystems, although these remain significant [9].

The region is already
experiencing  significant ”

climate  change.  In '/""-\ »
particular, in Stepanakert, = '\-\/\

the  average annual

temperature increase over 21 \/\/ il
the past 50 years has been 20

1.3° C. During the same " v b Supt
period, the average
monthly temperature rise in
Stepanakert reached 3.2° C 0 1976 1981 1986 1991 2000 2005 2010 2015 2020
(Fig. 1) [10]. Years

rc 25

Fig. 1. Dynamics of annual change in average monthly temperature
in Stepanakert during the summer period

Of further concern, however, is the additional threat to freshwater ecosystems presented
by human responses to climate change (e.g., dam building for water security, meeting increased
water demand for cooling), including many of the mitigation approaches being pursued to limit
global temperature rise to 1.5°C (e.g., increasing hydroelectrical power generation, carbon
sequestration plantations).

Freshwater ecosystems are highly vulnerable to global warming because 1) their chief
drivers, water quality and flow regimes, are highly sensitive to atmospheric warming, and 2)
they are already extremely threatened by a wide range of interacting anthropogenic pressures.
Even relatively modest global warming of 1.5°C poses a considerable threat to freshwater
ecosystems and the many critical services these provide to people. Shifts in the composition
and function of freshwater ecosystems are widely anticipated with adverse consequences for
ecosystem services, including those underpinning water and food security. While the extent and
severity of effects is likely to be significantly reduced if global warming is limited to 1.5°C,
concerted efforts to implement widely recognised priorities for policy and management are
required to mitigate unavoidable impacts and reduce the likelihood of perverse outcomes of
climate mitigation and adaptation efforts in other sectors—all of which rely on fresh water
supply. Freshwater ecosystems and their services, including provision of fresh water, must
therefore be considered first and foremost when developing and implementing any climate
action. The quality of aquatic ecosystems can be assessed using chemical, physical, and
biological parameters. Exceeding established parameter values poses a danger to living
organisms inhabiting the ecosystems [11]. Global warming of 1.5°C has many implications for
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freshwater ecosystems, with effects varying regionally, in relation to climate, and locally
between different habitat types [12].

Strong relationships exist between climate change mitigation and adaptation and the
management of water resources and freshwater ecosystems [13]. Consequently, it is critical
that freshwater ecosystems and the many services these provide, including provision of fresh
water, are considered first and foremost when developing and implementing any climate action
[13, 14].

It is now almost inevitable that by some time in the middle of this century (2041-2060),
global temperature will exceed 1.5°C warming relative to a 1850-1900 baseline, after which it
will either stabilise or, in all but the very lowest emissions scenarios, continue to rise [15]. The
vulnerability of freshwater ecosystems to warming is exacerbated by their disproportionately
high levels of modification and degradation which both aggravate their sensitivity to
temperature change and constrain their capacity to autonomously adapt [16].

Despite widespread acknowledgment of the pivotal role of freshwater ecosystems to the
world’s future under climate change, substantial knowledge gaps remain. Furthermore,
conservation policy and management of freshwater ecosystems are often buried within a
broader dialogue concerning terrestrial conservation, or else obscured by an overly narrow
focus on meeting human water demands [11].

Suburban parks are an integral part of recreational areas. They serve as ideal centers for
meeting the non-material needs of society, where citizens of all ages and interests can find
satisfaction. Suburban parks are typically built near bodies of water, and where these are absent,
artificial reservoirs are constructed within the area. Water, pathways, works of art (sculptures,
music), diverse flora and fauna, play areas, service outlets—this combination can satisfy even
the most daring public desires.

Conflict Setting

The goal of creating "green” communities is to harmoniously combine natural and
spiritual values. When designing recreational areas, it is necessary to consider the full range of
challenges facing the urban environment. Particular attention should be paid to increasing the
area of green spaces and water bodies, while simultaneously meeting the functional and social
needs of the population. It is important to recognize that small bodies of water play a vital role
in suburban parks, although they are primarily subject to significant anthropogenic impact and
are often in a state of degradation. Therefore, the development of new water purification
technologies is necessary for the environmental rehabilitation of small bodies of water. A
comprehensive study of the ecological and hydrobiological parameters of small bodies of water,
taking into account Yerevan's natural conditions, will enable the development of a sound
approach to the creation and operation of suburban parks.

Research Results

A multifunctional park is a landscaped, green area designed for recreation, public
events, cultural and educational activities, sports and fitness, and entertainment for visitors of
various age groups. They are characterized by the mandatory presence of recreational
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infrastructure elements (paths, playgrounds, lighting, hardscape, attractions, buildings and
structures for cultural events, games, and sports). Catering and retail facilities may also be
located to service the park's territory [17]. The sculptor's creative work is intended to provide
an additional emotional charge to people who expect emotional intensity and the expression of
outstanding spiritual achievements from his works. Decisions regarding the installation of
monuments in urban environments are aimed at creating psycho-emotional comfort. They must
integrate into the public space and become an integral element, whose function is to imbue the
urban environment with an aesthetic component. This approach is especially important when
landscaping suburban parks [18, 19].

Classical garden and park sculpture made of natural stone and bronze remains in demand
[20]. Each sculpture is unique and inimitable. Monuments based on classic works of world
literature are especially significant. When placed in a park, these monuments imbue it with the
mysterious atmosphere of fairy tales, poems, and ballads.
Fig. 2 shows a sculpture of a character
from Hovhannes Tumanyan's poem «Sako
from Lori» (sculptor: Baghdasaryan
Sargis), about a shepherd whose heart
breaks after an encounter with ghosts. For
some reason, the shepherd decides to
return to the village, and Sako is forced to
spend the night alone in the shepherd's hut.
Such huts can still be found high in the
mountains today—shepherds spend the
night there or even live for several days.
And so, young and strong Sako, left in
silence, begins to grow afraid. He recalls
his grandmother's stories of encounters
with ghosts. Eventually, these same ghosts
appear to him.

Fig. 2 Example of development of suburban parks

First, Sako hears someone walking around the hut. Then the door swings open and the spirits
rush in. Sako, terrified, flees from them and jumps into the Debet River. What is this? Society
has been astonished for many years, unable to understand the meaning of the poem. Everyone
tried to figure out what Tumanyan was trying to say. The main versions are that the poet was
mocking a strong and powerful shepherd who died out of the foolishness of believing his
grandmother's fairy tales. Another version is that it's a folkloric sketch. Tumanyan wrote the
poem based on his notes—he went from village to village asking for local beliefs. Then he tried
to reflect them as accurately as possible in his works. And this is precisely such a case. Why
are the ghosts a group of women of different ages? The gist of it is that if a person is left alone
at night in the mountains, certain spirits will come for him. And these aren't spirits in general,
but specifically a group of female ghosts of different ages. The algorithm is quite predictable
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for world folklore studies in general: spirits knock on the door. They're not simply inviting you
to a wedding—they want to marry Sako himself to a beautiful spirits. A wedding in the spirit
world means death on earth [21].

It remains unclear why this poem was taught for decades, even in schools. Did they

think it was a good pedagogical move—that such a great man died of fear of nonexistent ghosts?
But Tumanyan's text leaves no doubt that ghosts exist! And it's no coincidence that he spends
so much time pondering why the shepherd Gevo suddenly left for the village—as if to suggest
that Sako is destined to die that night [21]. Sako begins to have visions in which the door opens
and women enter the hut. Sako runs through a dark valley. He believes evil spirits are chasing
him. Thus, under the influence of fear, Sako loses touch with reality. Fig. 3 shows illustrations
by People's Artist of Armenia Grigor Khanjyan.
R al Every Grigor Khanjyan's illustrations could be
' displayed next to the "Sako of Lori" statue. In this
setting, discussions could be organized with youth
groups, including high school students, on the
issues raised in the poem. The question arises: why
IS this necessary? What do we expect from these
discussions? Over the past 30 years, the events
unfolding in the South Caucasus, and especially in
Nagorno-Karabakh (war, thousands of victims,
blockade, famine), have negatively impacted the
moral and psychological well-being of children
and young people.

Fig. 3 lllustrations by Grigor Khanjyan
of the poem «Sako from Lori»

Grigor Khanjyan's illustrations could be displayed next to the "Sako of Lori" statue. In this
setting, discussions could be organized with youth groups, including high school students, on
the issues raised in the poem. The question arises: why is this necessary? What do we expect
from these discussions? Over the past 30 years, the events unfolding in the South Caucasus,
and especially in Nagorno-Karabakh (war, thousands of victims, blockade, famine), have
negatively impacted the moral and psychological well-being of children and young people.
The stressful context allows us to change the angle of view and fill with new content the
clinical typology of adaptive behavior in depression, in particular such variants as a socially
passive life position, refusal to fight for significant goals, small in depth and poor in content
social contacts, protective and shielding with a “retreat to a small life” and dependent life [22].
Art therapy is widely used in psychology. It is used to treat neuroses, depression,
phobias, stress, complexes, psychosomatic disorders, and crises, including age-related ones. Art
therapy is especially effective for prolonged depression, when it is difficult to speak and
analyze. Art therapy can also be successfully used with healthy clients and is especially popular
among young people. Many people see no difference between art therapy and regular music,
painting, or dance classes. Art in art therapy is a means of self-discovery [23]. Organizing such
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discussions in suburban forests and parks is one of the goals of this work. One of the essential
goals of art therapy is to create opportunities for active recreation for young people. In
particular, creating the technical capacity for musical and theatrical events.

Well-maintained alleys are essential for
organizing recreational areas for city
residents, making strolls pleasant at any
time of day. A park in the Art Nouveau style
requires constant maintenance; all its
elements must be not only decorative but
also functional. Small architectural forms
and accessories are more important than
plants [24].

Fig. 4 Small architectural forms and
accessories in the Art Nouveau style

The concept of a modern international park found its expression in the idea of the Parc
de la Villette in Paris. Currently, the parks of Paris are mostly green spaces intended for strolls
and recreation.
They are usually
visited by
children and the
elderly. In winter
and in  bad
weather, they are
empty.

Fig. 5 Model
stage for musical
performances

Therefore, the need arose to create a universal park designed to serve all age groups, actively
operating year-round, on weekdays and weekends until late in the evening, ensuring
accessibility and safety.

The implementation of this idea was proposed through the organization of a science and
technology museum, a music center with an exhibition hall. The scope of the project called for
the construction of greenhouses: demonstration - with a cafe and rest areas, didactic -
demonstrating new technology for growing various crops, practical use, where visitors can
work; the creation of an «Astronomical Garden» with a radio telescope, observatory and
meteorological instruments for the work of an amateur club, science clubs (modeling with
workshops, a radio club, etc.); a system of water features; Activity centers for performances,
concerts, fireworks displays, and public gatherings; theme gardens (e.g., scented gardens,
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gardens of unusual plants, mythological gardens); a wide service system—kiosks, cafes, and
rentals of sports equipment and tools. In recent years, wild gardens have become widespread.
In them, plants are placed seemingly chaotically, but this chaos is planned and created to create
the illusion of natural, wild nature, so lacking in modern urbanized man. Flora in landscape
gardening of the 20th century mainly uses local planting species, and is sometimes combined
with artificial plants. Parks include open spaces for recreation, various flower beds, ponds, as
well as enclosed spaces: forests and groves [24].
Parks have their own unique @& o
design, operation, and safety
features. All aspects of
creating recreational areas
revolve around ensuring the
most comfortable
recreational conditions,
including safe movement of
people within the park while
minimizing harm to the
ecosystem.

Fig. 6 llluminated alleys in — : !
the park area

A small urban water body is defined as any body of water or watercourse, partially or
completely located in an urbanized area, the size of which is comparable to the main elements
of urban development - buildings, structures, and transport highways. Many small water bodies
are parts of the city's hydrographic network, receiving its runoff and transporting it to a specific
river basin [2].

Recreational use of aquatic ecosystems primarily involves the waters of reservoirs.
Ensuring the safe operation of small artificial reservoirs that lack adequate water circulation is
particularly important. A common characteristic of aquatic ecosystems is their sensitivity to
pollution, changes in hydrological regimes, and the extraction of bioresources. Anthropogenic
pollution of water bodies has significantly exceeded natural sources in recent decades.

The ecological state of water bodies shows that the water area adjacent to recreation
areas is dominated by plants that indicate low water quality. Furthermore, small bodies of water
subject to uncontrolled pollution have become a major factor in the deterioration of the sanitary
and epidemiological situation in cities. Therefore, the restoration of small bodies of water and
waterways is gradually becoming a priority for urban development [25, 26].

Recent decades have been characterized by a sharp increase in anthropogenic pressure
on water bodies and waterways. The quality of the aquatic environment is deteriorating
progressively, posing a threat to the planet's environmental, food, and national security. The
widespread degradation processes occurring in the hydrosphere are leading to various events
and phenomena. The ever-increasing level of anthropogenic impact on the environment is
leading to environmental degradation, defined as a deterioration in the quality of the human
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habitat, characterized by a cumulative deterioration of natural and social conditions [2, 25].
During a 10-minute swim, a person introduces over 3 billion saprophytic bacteria and from 100
thousand to 20 million E. coli into the water. With the increase in the number of swimmers, an
increase in the concentrations of nitrates, mineral phosphorus, sodium and sulfates in the water
of the reservoir is observed. However, mass swimming is not a significant source of water
pollution in terms of bacterial and chemical indicators. In general, changes in water quality in
terms of bacterial and chemical indicators are localized and decay quickly over time.
Experimental studies show that during the recreational period, significant increases in the upper
soil horizons along the shores of water bodies are observed: chlorides (by 5-15 times), sodium
(by 3-7 times), and mineral compounds of nitrogen and phosphorus (by 2-3 times). By the next
recreational season, the chemical composition of soils in recreational areas is virtually restored
and differs only slightly from control samples [27]. However, in suburban parks, which operate
year-round, this process causes serious problems.

All anthropogenic impacts — whether they affect the lithosphere, atmosphere, soil
(pedosphere) or urbanized environment — reach the hydrosphere through atmospheric
precipitation, soil runoff, groundwater migration and other processes associated with the water
cycle [26].

In large cities, particularly Yerevan, wastewater enters water supply systems, and its use
to fill artificial reservoirs can lead to various health problems. In this regard, certain problems
can arise from petroleum product discharges from car washes, the treatment of which has
become an important task before discharge into the water supply.

The legislation of the Republic of Armenia permits the discharge of industrial
wastewater into the centralized sewer system, provided that the centralized sewer system has
sufficient capacity and the composition and characteristics of the wastewater comply with the
requirements for industrial wastewater discharge into the sewer system established by the Water
Code of the Republic of Armenia. If wastewater from industrial organizations may contain
harmful pollutants, its discharge into the centralized sewer system is limited. In the event of
non-compliance with the requirements for industrial wastewater discharge into the sewer
system, organizations discharging industrial wastewater are required, at their own expense, to
pre-treat it at local treatment facilities before discharging it into the centralized sewer system
[28]. This requirement should also apply to car washes in recreational areas. Discharging waste
containing oil components into small bodies of water can be extremely harmful to the aquatic
ecosystems of suburban parks. To address this problem, it is necessary to develop and
implement simple and inexpensive technologies for wastewater treatment at car washes.

The fundamental difference between urban reservoirs and watercourses and similar
natural water bodies is that they are not part of a macroecosystem, but rather are part of a
specific urban system. Urban systems are fundamentally different from natural ecosystems.
They are dynamically developing natural-anthropogenic systems consisting of architectural and
construction objects and transformed components of the natural environment. Urban systems
are the habitats of people living in cities and are created specifically for them. Even the natural
environmental elements (park areas, etc.) that remain in urbanized areas are intended primarily
to create a favorable living environment for the urban population. As a rule, the true goal of
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measures aimed at maintaining the natural elements of urban systems is not the restoration of
natural communities within them, but the preservation of their recreational potential and video-
ecological properties. For this purpose, for example, all parks are cleared of unwanted
vegetation, wetlands are eliminated on the shores of lakes within urban development zones, etc.
Thus, the structural and functional organization of urban systems is based on completely
different principles than in natural ecosystems. [29].

Therefore, the natural course of self-cleaning and self-healing processes is impossible
here.

A bioengineering technology for improving pond water quality is based on the self-
purifying properties of natural hydroecosystems. The primary purification mechanisms are
planktonic and benthic filter-feeding microorganisms and higher aquatic vegetation. It is
recommended to stock the pond with higher aquatic vegetation, planktonic and benthic
hydrobionts (filter-feeding organisms), and zooplankton. A balanced, interconnected ecosystem
develops around aquatic vegetation. Aquatic vegetation can absorb phenols and petroleum
products, and reduce water turbidity.
The water lily (Nymphaea) is
recommended for use in artificial ponds.
Found in freshwater in the foothills of the
Lori and Shirak regions, it is a beautiful
plant in the Armenian flora.? It is listed
in the Red Book of the Republic of
Armenia. The leaves are large, floating
freely on the surface of the water. The
flowers are bisexual, large, solitary, on
long peduncles, white, and fragrant.

Fig. 7 The water lily (Nymphaea)

They open during the day and close and sink into the water after sunset. It blooms from late
May until late autumn. The fruits are green, multi-seeded, berry-like. When ripe, the fruit falls
to the bottom, rots, and the seeds rise to the surface of the water and are spread by waterfowl.
It also reproduces vegetatively, by creeping rhizomes. The water lily has been acclimatized in
the pond of the Yerevan Botanical Garden, where it grows, flowers, and bears fruit well. The
flowers contain alkaloids and essential oils.

Oxygenating plants promote active oxygenation of the water and help establish
ecological balance in the pond. Few of these species have decorative flowers. Their role is more
interesting: oxygenating plants act as a green backdrop and maintain the pond's health. These
include marsh grass, water buttercup, pondweed, water lily, turcha, hornwort, elodea, and
others. They can float in the water or be rooted in the pond's bottom soil.

2 https://econews.am/?p=7106&l=am
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A bioplateau is a unique "swamp," densely planted with plants, located in close
proximity to the main body of water or integral to it.
The primary function of '
this artificial shallow
water is water filtration by
plants. Water from the
pond, passing through the
bioplateau, is purified of
impurities by the stems,
leaves, and roots of the
plants that fill it. Nitrates,
phosphates, and heavy
metals are also removed
by microorganisms (the
so-called biofilm) that
inhabit the bioplateau.

Fig. 8 Example of a bioplato device

The resulting water is naturally purified and oxygenated, brimming with a variety of
microorganisms. Water is supplied to the bioplateau by a pump that draws water from the
bottom of the main pond (Fig. 9). A second pump may also be installed, collecting water from
the pond's surface. The bioplateau can be positioned at a slight slope toward the pond, with a
slightly higher water level to promote natural runoff.

Water can flow along a constructed channel like a stream or simply overflow the edge of the
dividing wall between the "marsh™ and the pond. This natural purification system begins to
function fully in the third or fourth year, but the first results (the actual water purification) are
noticeable within two weeks to a month after its installation. The bioplateau's surface area
should be 30-50% of the pond's surface area. The bottom of the bioplateau is lined with plastic
film, and crushed rock, pebbles, or gravel are used instead of soil for plants. This is necessary
to stimulate the plants to absorb organic matter from the flowing (polluted) water and "feed" on
it [30].

A bioplatform should be planted abundantly. The planting is typically done with
shallow-water species that are tolerant of your climate. Dense planting will not only ensure
high-quality purification but also provide shade for the water, preventing it from overheating.
However, when creating a bioplatform, don't overplant it immediately: with proper
arrangement, plants will grow quickly. The bioplato operates from May to October. At the end
of the season, if possible, remove plant debris (leaves, stems).

8 https://7dach.ru/Anastasia/chto-posadit-v-vodoeme-rasteniya-dlya-krasoty-i-ochistki-vody-267325.html
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Fig. 9 Water supply scheme to PLAN

the bioplateau using a pump 5 \@
1-pond, 2-bioplateau, 3-water intake

from the pond, 4-pump, 5-water

\x,
supply pipeline to the bioplateau iy
If the bioplateau is placed high
enough above the pond, water 3

can be returned through the

springboard, providing the pond

with additional oxygen.

It's crucial to build high walls around the bioplateau to prevent water from overflowing away
from the pond. Traditionally, a 50-cm-deep pit is dug (the walls must be insulated), which is
then filled with 20-30 cm of rock. If the bioplateau is being created at a higher level, with a

slope toward the pond or a waterfall, a pit is not dug, but walls are required along all sides not

bordering the pond.
Tests of the “Grunt-PMM?” cartridges show that by increasing the concentration of PMM

in the soil, they can be used as a waterproofing material in water supply systems and in urban
construction [31].

The results of our laboratory studies suggest that waterproofing of bioplato walls can be
achieved using 7 c¢cm thick cartridges, mixing «PMM» with soil in a proportion of 9 kg per
square meter of surface area. In the case of sandy-clayey soils, the proportion of polymer-

mineral material <PMM> can be reduced to 7.5 kg/m?.
During pond operation, it is necessary to stop the flow of polluted surface water into the

reservoir and regularly monitor the hydrochemical and hydrobiological parameters of the water.
During winter, it is advisable to aerate the reservoir using specialized equipment. In the spring,
if necessary, supplementary stocking with individual fish species and broodstock of forage
invertebrates should be carried out.

Conclusion

1. Preventing rotting processes in standing water is one of the main problems of artificial
reservoirs in suburban city parks. A bioengineering technology developed for the climatic
conditions of Yerevan, based on the use of the self-purifying capacity of natural
hydroecosystems, can improve the water quality in small reservoirs of suburban parks.

2. During pond operation, it is necessary to stop the flow of polluted surface water into the
reservoir and regularly monitor the hydrochemical and hydrobiological parameters of the
water.

3. The results of our laboratory studies suggest that waterproofing of bioplato walls can be
achieved using 7 cm thick cartridges, mixing PMM with soil in a proportion of 9 kg per
square meter of surface area. In the case of sandy-clayey soils, the proportion of polymer-

mineral material “PMM?” can be reduced to 7.5 kg/m?.
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ruduuiiert UNs LULHULLENP <6S KUVURUAJYUD PNR3UGTH
SEMURUCUNRUL LUNULUU LGN RANUUSGNLEN AUMELUNGUUL JUUULUY

U.U. Ohwtywt
Lwywupuwtih wqgquyhtl wynihippbuthulwl hwdwpwpwb

Qpuwjhu hwdwlwpgbpp Ywplinp nbp Gu fuwnnd pwnwpwypeniejwt quinpgugdwu
ghpdnud L mubtu qqwih  unghw-lnunbuwywu  pwbwYnieniu:  Lwngpwhwd  onpbiph
Eynhwdwywpgbpp wwwhnynd Gu Yeuuwwi dwnwjnyeniuubph jwju opowtiwly, npnup
ogunwlwn Gu hwdwjupubiph hwdwn:

dwldwuwlwlhg pwnwpp nunbuwlut b unghwwlwu Yuuph Yaunpnuu E: Wju ng
dhwju dwpniwug puwynigjwu Juwjp L, wyle wwppbp gnpdniubingejniuutiph Yaunpnu
(hwuquunh, wofuwwnwuph b wyju): <wupwjhtu rwpwdpubipp Yuwplnp nbp B fuwnnd
wUhwwwlwu b unghwwlwu pwpblbgnyegjwt wwwhnydwu gnpdnud, npunbin twppbp ng
Upnipwywu  wpdbipubiph Ywplunpnygegnit wnwdb] gnpwihblh £ nwinund: Wu
hwdwuwnbipunnid, thnpp dwlubipny pwnwpwdbpd gpnuwyghubipp Yuwplnp nbp Bu fuwnnd
gpwyhs dhowdwjn wwhwwubiint gnpdnwt: Uhlunyu dwdwuwy, opwjhtu dwpdhutbpp
Gupwnlyynu U qqwih wuppnwngbt wgnbgniejwu b hwéwfu gunuynd G wudjuhpwp
ypbwlynud:

Lbpyuwjwgywd  hnnwdnwd  putwpynd  Gu  thnpp  [dwlubipn  pwnuwpwdtipd
gpnuwjghubiph unbinddwu U ywhwwudwu htin Yuwywsd dh owpp hwpgbip:

Pwbwih  pwnbp. nbypbwghw, onip,  pwnwpwhtu  dhowdwyp,  [dwy,
Yeuuwuwpwhwppe:
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PASMEIIEHUE PACTEHUI B COUETAHUU CO CKYJBIITYPAMU BBJIU3U
BOJOEMOB ITPU BJIATOYCTPOMUCTBE ITIPUT'OPOJHBIX ITAPKOB

A.A. Orausu

Hayuonanvnuiii nonumexnuueckuti ynusepcumem Apmenuu

BojHbie cHCTEMBl MIpalOT BOKHEHIIYH POJIb B Pa3BUTHH IUBHIIM3AIUH U HMEIOT
Ba)XHOE COIMAJIHHO-3KOHOMUYECKOE 3HaueHHE. [IpeCHOBOIHBIC SKOCUCTEMBI MPEIOCTABIISIOT
IIMPOKHIA CIIEKTP KU3HEHHO BAXKHBIX YCIIYT, IPUHOCAIIMX MTOJIb3Y COOOIIECTBAM.

CoBpeMeHHBIN TOpOJI SIBISETCS SMULIEHTPOM SKOHOMHYECKON U COIUANTbHON JKU3HU.
DTO HE TOIBKO MECTO IMPOXXKUBAHUA JHOI[Cﬁ, HO W LCHTP pPa3JIMYHbIX BHAOB ACATCIBHOCTH
(mocyra, pabotel m T. 1.). OOLIECTBCHHBIC MPOCTPAHCTBA HWIPAIOT KIIOYEBYID pPOJIb B
O6€CH€‘~I€HI/II/I UHAUBUAYAJIBHOTO WM COLHAJIBHOIO 6J1arononyq1/m — MecTa KOJIIEKTHUBHOH
JKU3HH, T'AC BBIPAKCHUC PaA3JINYHBIX HEMATCPUAIBHBIX HCHHOCTGI\/JI CTAaHOBUTCA HamOolee
OLIYTUMBIM. B 3TOM KOHTEKCTE MPUTOPOIHBIC MAPKH C BOJOEMAMH MIPAIOT PEHIAIOIILYIO POJIb
B TIOJICP)KaHUM MPHUBIICKATEIILHOM OKpYXKaromiei cpeapl. OTHAKO OHU YacTO TOJBEPraroTCs
3HAYUTEIIBHOMY aHTPOIIOTCHHOMY BO3/ICHCTBHIO M HAXOJISATCS B COCTOSIHUU JICTPAIallvH.

B nanHO# cTaThe paccMaTpUBAIOTCS HEKOTOPBIE BOMPOCHI, CBSI3aHHBIE C CO3JJTaHUEM U
CoJIep>KaHUEM MPUTOPOIHBIX TAPKOB C BOZOEMAMHU.

Knroueswie cnoea: pexpeanusi, Bojia, ropojickasi cpefia, mpya, Ouormiaro.
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Abstract

Rain fed lands (rain fed fields, rain fed agriculture) — are lands in the zone of irrigated
agriculture on which crops are cultivated without artificial irrigation, i.e. they mainly use
moisture which the soil gets in spring. Mostly these lands are located in foothill plains and
margins of oases where drought-resistant corn, food and garden plants are grown.

Over the past seven years, the authors of this article have been conducting research on
the use of polymer-mineral material (PMM) to increase soil moisture and the ability to retain
sufficient additional water collected from precipitation and groundwater.

Over the past seven years, research has been conducted to increase soil moisture and
maintain a sufficient supply of additional moisture collected from precipitation and
groundwater through the use of the PMM ameliorant.

A number of technologies for increasing crop yields using the PMM ameliorant have
been developed. Numerous laboratory studies have been conducted.

Based on the results of laboratory tests, field studies were conducted in 20242025 in
the Tsaghkahovit community of the Republic of Armenia under rainfed farming conditions to
determine the effect of the PMM ameliorant on winter wheat yield under real-world conditions.
At a PMM ameliorant application rate of 0.3 kg/m2 (3 g PMM/Kg of soil), the average winter
wheat yield exceeded the control by 48.2%.

Keywords: water, irrigation, plant, ground, filtration, polymer.

Introduction

When growing crops under rainfed conditions, water shortages are the main cause of
low vyields. In regions of Armenia with annual precipitation of 250-450 mm, agriculture is
carried out with artificial irrigation, while in the foothill and mid-mountain zones, where
average annual precipitation is 450-650 mm, it is mostly carried out without artificial irrigation.
Furthermore, frequent droughts cause serious damage to agriculture, creating the risk of
desertification. In rainfed conditions, where crops are grown without artificial irrigation, spring
moisture from melted snow and groundwater is primarily used, as well as rainfall during the
spring, summer, and fall growing seasons, which is absorbed by the soil.

Water-swelling polymer additives, which increase their volume many times over when
swollen, can be effectively used in agriculture, including growing ornamental plants, vegetable
gardening, and horticulture. Polymer additives are particularly effective for growing lawn
grasses and grain crops in under rainfarmed conditions. The artificial ameliorant «Hydrogel» is
widely used for this purpose. However, hydrogel is ineffective: it degrades when exposed to
sunlight and negatively impacts the plant's root system [1].

In the territories of land where crops are cultivated without artificial irrigation, the use
of polymer-mineral material (PMM) will improve the water regime which may lead to increased
yields by reducing the root system of grown plants and reducing the coefficients of filtration
and soil evaporation. In particular, the use of polymer-mineral material in soil under rainfed
conditions will ensure the rapid growth of trees and increase their viability [2].
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At the field capacity of the soil (in early spring or after full irrigation), approximately
30 liters of water can accumulate in a 10 cm soil layer over an area of 1 m2. Some of this water
will be used by the plant as nutrition, while some will remain in the soil (approximately 13 liters
—13%), which will not be used by the plant under any natural circumstances (wilting capacity).
It is known that out of 30% - 30 liters of water in a 10 cm soil layer, plants cannot use 13 liters
of water, they consume another 7 liters with difficulty, practically surviving and not developing,
and only 10 liters of water - a third of the accumulated - they easily absorb and assimilate for
growth and development.

Thus, most of the moisture accumulated in the soil evaporates from the soil surface
during the growing season under the influence of sunlight and warm weather. Therefore, to
increase the water reserves in the soil required for plant consumption, two options are possible:
reducing water evaporation from the soil surface (for example, by covering it with a thin film,
which creates a greenhouse effect and significantly reduces evaporation from the soil surface),
or increasing the soil's water holding capacity using a «PMM>» (for example, to 40%-45%),
which allows for the accumulation of 40-45 liters of water per square meter in a 10-cm soil
layer, where the roots of many plants, including winter wheat, are primarily located. An
additional 10-15 liters of water accumulated in the soil will provide plants with the water they
need for favorable development and growth for a significant period.

Therefore, if the volume of water in the soil decreases by 30-35% of its field moisture
capacity, additional water is required for plant growth and development — from artificial
irrigation, precipitation, or additionally collected water using a «PMM», increasing field
moisture capacity by up to 40% — by 10 liters per square meter.

It should be noted that adding PMM to the soil not only increases its water holding
capacity, and therefore doubles the amount of water readily absorbed by plant roots, but also
reduces the rate of evaporation under the same conditions, compared to soils without PMM.
Therefore, plants easily develop for a period of time that is twice or more longer than without
PMM, in the absence of rain and artificial irrigation.

Conflict Setting

A number of technologies have been developed to increase crop yields using the PMM
ameliorant. A large number of joint laboratory studies have been conducted by the I.V.
Yegiazarov Institute of Water Problems and Hydraulic Engineering and the Lomonosov
Moscow State University Research Institute of Mechanics. Laboratory experiments, growing
plants in small plots and the most recent field experiment on an area of 1 hectare have shown
that the application of PMM to the soil at a rate of 100-300 grams per square meter leads to a
significant increase in winter wheat yields [3]. During the research, biometric calculations and
measurements were carried out, according to which the ameliorant "PMM" had a significant
impact on the growth dynamics of winter crop stems (Fig. 1).
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Fig. 1 Biometric observation data [3]
The following four conditions were studied in 1 m2 plots under natural conditions:
1. Without PMM and fertilizers (control); 2. Without PMM with fertilizer (P60N90);
3. With P60N9O fertilizer, a 0.5 cm thick layer of PMM was applied to a depth of 10 cm;
4. A 0.5 cm thick layer of PMM without fertilizer was applied to a depth of 10 cm

Based on the laboratory test results, a task was set to conduct natural (field) studies in
2024-2025 in the Tsaghkahovit community of the Republic of Armenia, under rainfed
conditions, to determine the real-world impact of the "PMM" material on winter wheat yields.
The application rate of the "PMM" ameliorant is 0.3 kg/m2 (3 gemm/1 kQsoit).

Research Results
According to climate change forecasts, the following changes can be expected in the
region's agricultural sector in the near future [4]:
= a10-30% decrease in soil moisture levels;
= a7-13% decrease in soil moisture availability for various agricultural crops;
= by 2030, a decrease in agricultural yields by 8-14%.

In order to identify the dependence of the structure and yield of winter wheat crops on the
volume of the "PMM" ameliorant applied to the soil, field experiments were conducted in 2024-
2025 in the mountain chernozem subzone of the mountain-steppe landscape zone of the
Republic of Armenia (Tsakhkahovit community), located at an altitude of 2000 m above sea
level, where the average annual precipitation is 550 mm, and the average annual air temperature
is 4°C.

The experiments were conducted in triplicate. The following treatments were studied:

1. Without "PMM" — control;

2. "PMM" -2 T/ha;

3. "PMM" - 3 T/ha.
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Experimental replicates and treatments were placed systematically, with treatments in all
replicates arranged in the same order, without a common boundary. Each experimental plot was
surrounded on all sides by a 3-meter-wide protective layer. A 1-meter-wide protective layer
was also left between adjacent experimental plots. Thus, each experimental plot had a total
length of 60 meters and a width of 18 meters, including the 1-meter-wide protective layer, for
a total area of 1,080 m2 and a calculated area of 1,000 m2.

According to the experimental design, the "PMM" ameliorant was applied to the soil
before sowing using an SZ-3.6 grain seeder to the seed placement depth, followed by
continuous tillage. All other wheat cultivation procedures were carried out using the technology
adopted in the region.

To determine the relationship between winter wheat yield and the amount of "PMM"
ameliorant applied to the soil, plants of all treatments and replicates were uprooted from an area
of 0.25 m? before harvesting, tied into bundles, labeled, and delivered to the laboratory.
Structural elements of the crop and biological yield were determined using the established
methodology.

Ten randomly selected plants from each bundle were measured for height, spike length,
number of grains per spike, 1,000-grain weight. The number of plants per 1 m2 of area, the total
number of stems, and the number of effective stems were calculated. The total and effective
tillering coefficients were determined.

All the above calculations were carried out both for individual repetitions, and the average
value from three repetitions was calculated (Tables 1-4).

Table 1

The structure of the biological yield of winter wheat depending on the amount of introduction of
the ameliorant «PMM» into the soil (Repetition 1)

In 1m2 Germination For 1 ear —_ Biological yield
= (T/ha) o
€ Number of £ From which | &
C S | 2 stems | g 3| & =
il S %_ - o IS g,_\ = S S
S clo 2 |2 |2 |8 |g|28/%|s |2 | |= |2
§E/8 |8 |8 |F |g | 2|88 2|2 F 18 |8 |3
o IS = b= 9 IS 'S =) O 7] =
> 5 L > (3 'S w
zZ i Z ;
Control 48 | 225 | 356 | 240 | 1,58 | 1,06 |56 | 23,2 | 0,8 | 34,48 | 405|192 | 2,13 | 11
plot
without
the
“PMM”
ameliorant

PMM 52 | 251 | 341 | 275 | 1,35 | 1,09 | 6,3 | 27,4 | 0,9 | 32,84 | 4,92 | 2,47 | 2,45 | 0,98
2T/ha
PMM 52 | 247 | 335 | 268 | 1,35 | 1,08 | 6,4 | 28,6 | 1,2 | 41,95 | 6,37 | 3,21 | 3,16 | 0,98
3T/ha
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Table 2

The structure of the biological yield of winter wheat depending on the amount of introduction of
the ameliorant «<PMM> into the soil (Repetition 2)

In 1m2 Germination For 1 ear Biological yield
— (T/ha)
Number of —~ 2 From which

< tems 8 = 3

5| o > 8 | |8 g
= = | § -1 & |22 =
2 5|2 | & e |E|g | 2|8 E
=2 o |5 S o s = = | 3 S| g = ot
o < S} 3 g 5 15} = o D o 2 o]

s o & 3 0 = 5 c = © s @

=15 |8 |5 Jls |g|8 S |3 |5

z e 2 O %’
>
z

Control 50 | 201 | 261 | 215 | 1,29 | 1,06 | 6,2 | 26,2 | 1,0 | 38,16 | 4,41 | 2,15 | 2,26 | 1,05
plot
without
the
“PMM”
ameliorant

PMM 53 | 238 | 296 | 254 | 1,24 | 1,06 |63 | 26 | 1,1 | 42,30 | 559 |2,79 | 2,8 1,0

2T/ha
PMM 54 | 293 | 371 | 307 | 1,26 | 1,04 | 6,8 | 28,2 | 1,0 | 35,46 | 6,04 | 3.07 | 2,97 | 0,96

3T/ha

Table 3

The structure of the biological yield of winter wheat depending on the amount of introduction of
the ameliorant «<PMM> into the soil (Repetition 3)

In 1m2 Germination For 1 ear Biological yield
(T/ha)
Number of = From which
m o
= stems 2 2 2
e |2 2 —_ o e
c +— = — & 9 o .E
K=] S g_ - ) IS » = = ©
a 'S — c = = & h= =) =] = o
@) < o 3 4 = = < o 'S = Q
= = g = o 2 =N ) = 5 o = =
s | & < 8 = 10 S | G c | & F s g 2
o S = = 9 ud ‘T S O &H =]
S = i} 7} — = 2]
zZ o o (O] L
= £ =
>
z

4,54 | 2,20 | 2,34 | 1,06

N
=
I
o
[00]
w
X
w
[00]

Control 48 | 254 | 312 | 275 | 1,22 | 1,08 | 6,2
plot
without
the
“PMM”
ameliorant

PMM 54 | 220 | 303 | 237 | 1,08 | 1,07 | 6,2 | 27,2 | 1,1 | 40,44 | 5,29 | 2,60 | 2,69 | 1,03
2T/ha

PMM 55 | 256 | 371 | 281 | 1,44 | 1,09 | 6,4 | 26,0 | 1,1 | 42,30 | 6,24 | 3,09 | 3,15 | 1,0
3T/ha
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Table 4

The structure of the biological yield of winter wheat depending on the amount of introduction of
the ameliorant «<PMMp» into the soil

(Average of 3 repetitions)

In 1m2 Germination For 1 ear —_ Biological yield

(=]

e (T/ha) °
= Number of £ From which | &
= | B stems 2 |5 & -

S £ 2 = S = o =
E g |2 |¢E s |2 |€/12%|% |8 |s >
o < S 3 2 £ 3 s | 88| 3 ° g S
3 X! < 3 i S | 22| < b s 5 g
o 1S = = 3 € S > O] n &
2 S w Z |6 | &
F =
Control | 48,6 | 226,6 | 309,6 | 243,3 | 1,3 | 1,06 | 6,0 | 23,6 | 0,86 | 36,67 | 4,33 | 2,09 | 2,24 | 1,07
plot
without
the
“PMM”
ameliorant
PMM 53,0 | 236,3 | 313,3 | 255,3 | 1,2 1,07 | 6,2 | 26,8 | 1,03 | 38,52 | 5,27 | 2,64 | 2,63 | 1,0
2T/ha
PMM 53,6 | 265,3 | 359,0 | 285,3 | 1,3 1,07 | 65276 | 1,1 | 3990 | 6,21 | 3,12 | 3,09 | 0,98
3T/ha

As shown by the averaged data presented in tab. 4, both doses of the ameliorant
introduced into the soil had an impact on the height of plants, the total and effective number of
stems per unit area, the total and effective tillering coefficient, as well as the length of the ear,
the number of grains in the ear, and the weight of 1000 grains. The highest plant height was
observed in the variant with a seeding rate of 3 t/ha. This variant also resulted in higher total
and effective stem numbers, as well as higher total and effective tillering, on average across
three replicates.

Among the most important parameters in the yield structure elements, grain number and
1,000-grain weight were also highest in the PMM 3 t/ha variant. As a result, the highest
biological yield of both straw and grain—3.09 and 3.12 t/ha—was observed in the PMM 3 t/ha
variant, exceeding the control by 37.9% and 49.2%, respectively, while in the PMM 2 t/ha
variant, these yields were 17.4% and 18.1% higher.

Actual yield (arguably the most important indicator) was determined during field
harvesting by weighing the yield of each experimental plot across replicates (Table 5).
According to the data presented in the table, different rates of soil ameliorant applied to the soil
in all replicates significantly impacted the increase in winter wheat grain yield. The highest
average yield across three replicates was observed in the PMM 3 T/ha variant — 2.89 T,
exceeding the control by 0.94 T, or 48.2%. In the PMM 2 T/ha variant, the deviation from the

control was only 0.61 t/ha, or 31.2%.
The climatic conditions for growing grain in the Republic of Armenia are unfavorable. On the

other hand, in a country like Armenia, with small, fragmented, and privatized land plots, crop rotation

is practically nonexistent, resulting in lower yields. In this case, growing grain is economically
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infeasible. Will growing grain, then, bring farmers enough profit to encourage them to abandon other
crops? According to professional estimates, the profit from growing one hectare of grain does not reach
100,000 drams. In countries like Russia or Canada (where yields are incomparably higher), where
millions of hectares of grain are grown, significant profits can be realized by cultivating several hundred
or thousands of hectares. In the Republic of Armenia, where the largest areas under wheat cultivation
are 20-30 hectares, and mostly 2-3 hectares, this is not economically feasible.

Table 5
Actual yield of winter wheat depending on the rate of application
of the «cPMM>» ameliorant to the soil (average of three repetitions)
N Option Grain yield by repetitions (T/ha) Deviation of the yield
3 from the control
1 2 3 £>8 T/ha %
S Sk
< g~
(«2)
1 Control plot 1,88 1,96 2,02 1,95 0 0
without the
“PMM”
ameliorant
2 PMM 2,36 2,84 2,60 2,56 0,61 31,2
2T/ha
3 PMM 2,90 2,96 2,82 2,89 0,94 48,2
3T/ha

According to professional estimates, Armenia requires 420,000-450,000 tons of wheat annually.
According to experts at the Food Risk Assessment Center, the average daily bread consumption per
capita in Armenia is 319 grams. 82.4% of this is high-quality wheat bread, and 16.9% is lavash. Daily
pasta consumption per capita is 19.3 grams, and vermicelli consumption is 8.5 grams. According to
calculations conducted in the 1980s, annual bakery product consumption in Armenia, calculated as flour,
was 130 kg per person. This figure was projected to reach 142 kg per person in the future. Based on the
above data, it was calculated that 450,000 tons of wheat per year are needed to ensure food security in

Armenia. The list of grain zones in Armenia for 2010-2024 is provided in tab. 6.

Wheat is grown in virtually all regions of the republic. It is cultivated, in particular, in the

Shirak Plain (Akhuryan, Ani, Artik), the Sevan River basin (Vardenis, Martuni, Kamo), Sisian, and
the Armavir region. Smaller areas are also grown in Ashotsk, Amasia, Tashir, and Tavush. Again,
primarily in arid conditions.

Thus, wheat is primarily grown in arid conditions, primarily at altitudes of 1,500-2,000

meters. Irrigation at such an altitude is associated with high costs. Even on the Ararat Plain, with

gravity irrigation, the cost of wheat reaches 100-120 drams/kg, which brings virtually no profit to
the producer. According to the statistical service, in 2022-23, In the Armavir and Ararat regions,

where wheat is grown primarily on irrigated land, the average yield was approximately 4 centners

36



Bulletin Of High Technology N 3 (35) 2025.-pp. 29-41. AGRICULTURE

S.B. Galstyan, A.Kh. Markosyan, V.G. Khachaturyan, A.A. Vartanyan, A.P. Khachatryan, H.V. Tokmajyan

IMPACT OF THE APPLICATION RATE OF THE "PMM" AMELIORANT ON FERTILITY AND YIELD
STRUCTURE OF WINTER WHEAT UNDER RAINFARMED CONDITIONS

per hectare, reaching 6-7 centners per hectare in some cases. In Syunik, Gegharkunik, and Shirak,
where cultivation occurs on rainfed land, the yield is 1.5-2 centners per hectare, and in some cases
2.4 centners per hectare. According to professional estimates, the cost of wheat on irrigated land
fluctuates between 75-90 drams per kg. The cost of growing wheat is 110-120 drams per kg. Even
with a 5-ton harvest, a farmer's profit is, at best, 100,000 drams per hectare. In rainfed conditions,
profits are significantly lower. For this reason, the sown area in the republic is decreasing year after
year. In recent years, farmers have been provided with a subsidy of 80,000 drams per hectare of
wheat. In this case, the "profit" per hectare approaches 160,000-170,000 drams. Observations show
that this significantly stimulates wheat production. Moreover, without subsidies, the area sown to
wheat declines year after year, while with subsidies, it grows.
Table 6

Grain crop areas in Armenia 2010-2025 (ha)

Years Total grain Wheat Barley
2010 159307 87585 61160
2012 172206 93710 65291
2014 188695 106365 67637
2016 198148 108738 71600
2018 131400 66680 52460
2020 121656 59393 50294
2021 124929 59110 50632
2022 114409 56757 42110
2023 127091 71360 40074
2024 116400 56520 42035

Experts estimate that investments of one to two billion drams create a significant positive
effect in agriculture. Related industries begin to thrive, greater added value is created in rural areas,
and population outflow is reduced.

Each new, previously uncultivated plot of land is developed, which has a positive impact
on soil protection and environmental protection. And "dry water,” which effectively increases
yields by approximately 50 percent in arid conditions, improves soil structure, which is an
important prerequisite for further cultivation and high yields. The area sown to wheat in the
republic is 55,000-56,000 hectares. Of these, approximately 40,000 hectares are cultivated
under rainfed conditions. With this type of cultivation, the average yield is 1.8-2, and sometimes

as high as 2.2-2.3 centners per hectare. Approximately 80,000 tons of wheat will be harvested
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from 40,000 hectares. Using «Dry irrigation», the yield will reach 120,000 tons, which is 26-
27% of the country's food wheat needs. In purely economic terms, this generates an additional
income of almost 5 billion drams. Foreign imports will decrease by a similar amount. And this
is with the same sown area. Meanwhile, with such an increase in income, the sown area will
obviously expand, and this additional income could increase significantly in practice. In any
case, from a food security perspective, it is desirable to have locally produced wheat, which is
at least slightly more expensive than imported wheat.

In 2023, Armenia imported 343,500 tons of milling wheat worth $62.8 million, as well as
65,500 tons of finished flour worth $10 million. In 2024, 316,000 tons of milling wheat worth $60.7
million and 42,300 tons of flour worth $10.2 million were imported, respectively. Even a modest
increase in wheat acreage would reduce imports by millions of dollars.

Regarding food security, it should be noted that bread is a vital commaodity, and based on
the country's strategic security goals, at least half of the bread consumed should be produced
domestically. Meanwhile, Armenia currently produces less than 20% of its milling wheat needs.
Some of the 120,000-130,000 tons are produced as feed. Meanwhile, experts estimate that the
republic has the potential to produce 200,000-250,000 tons of wheat. More than 200,000
hectares of agricultural land in the republic remain uncultivated due to water shortages and low
yields. This problem could be partially solved with dry irrigation. New wheat varieties are
currently being introduced that, with more or less appropriate agricultural practices, yield up to
7-8 quintals per hectare under irrigated conditions and 2-3 quintals or more on dry lands.
Therefore, production of 200-220,000 tons is certainly feasible. In this case, this would bring
the republic additional revenue of up to 8 billion drams, based on purely economic calculations,
and, more importantly, would provide a significant incentive to reduce, stop, and stabilize the
outflow of population from mountain, foothill, and border villages. During Soviet times,
Armenia consumed up to 1.2 million tons of grain annually, of which 450,000 tons were used
for bread production and the rest for livestock feed. In Armenia, this figure has been reduced
by approximately half. The problem of feed wheat production can be solved by using a "dry

irrigation” mechanism.

Conclusions

1. The application of the PMM ameliorant to the soil has a significant impact on increasing
winter wheat yields. According to field studies conducted in 2024-2025 in the arid
conditions of the Tsaghkahovit community of the Republic of Armenia, with an
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ameliorant application rate of 0.3 kg/m? (3 g PMM/kg of soil), the average winter wheat
yield exceeded the control by 48.2%.

2. In the same experimental field, it is necessary to re-sow winter wheat (without adding
an additional dose of the ameliorant «<PMM») to evaluate the residual effect of the
ameliorant on reducing yield increase.

3. To improve the effectiveness of the proposed project, it is necessary to establish
production of the «<PMM» ameliorant in Armenia, as well as conduct research to find a
suitable (replacement) polymer-mineral material of natural origin. This will
significantly reduce the cost of the ameliorant used (and, if a local substitute is found,
several times over).
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“Lndntinundh wbdwt Unulidugh wbipwlwt hwdwiuwpuwb

Fuwlwu wwjdwuubipnd, npuintin dowywpnyubipp watigynud Gu wnwug wphbunwlwu

nnngdwt, oguwgnndynid  hnnph Ynndhg Yluudwsd qupuwtwiht funtwynipniup: “Hwup
hpduwlwunw gwuynwd Gu  bwjuwtinuwjpu  hwppwywjptpnwd, npunbn wékgynwd  Gu
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Gpwownht  nhdwgynit  hwgwhwwhlwjpt,  uvbunwdpbpph W pwbowpwungwhu
dowlwpnyubip:

dbpoht jne wwphubph pupwgpnd hbwnwgnunnyeniutbp Bu Yuwmwpdbp «PMM»
puwlwt dwgdwu wnhdGpwhwupwjhtu Unysh Yhpwndwu dhongny, hnnh funtwynyeniup
pwpdpwgubint b wnbnnwubiphg nt unnpgbinujw 9ptiphg  hwywpywd |pwgnighs  oph
pwywpwp pwuwynyenit ywhwwubint ninnnigjudp: Uswlyt] b «PMM» dbjhnpwuwmnp
Yhpwndwdp, dowlwpnyubph  pbppwnynputu pwpdpwdwtu ninndws  dh pwpp
wnbfuuninghwubip: Ywwmwpdb) Bu b66 pUny jwpnpwinnp hbunwgnunnyeniutibn:

Cwyygh wnubin jwpnpwwnnp  thnpdwpynwdubiph - wprynwupubipp, 2024-2025pe.
Lwjwunwuh  Kwupwwbwnnyejwtu  Swnlwhndhin hwdwjuph  wuopnh  tnnwpwdpnud,
hpwlywuwgyb| Bu puophuwl (nwaownwiht) hbGunwgnunniejnwittin, hpwlwu wywydwuubpnid,
wolwlwgwu gnpbiuh pippwunyniejut ypw «PMM» Uinieh wigntignieniup npnatiine hwdwip:
«PMM» dbjhnpwuwnp 0,3 Yg/u2 (3 gewm/Ygnny) hnn Ubpdniddwt swihwpwuwlyh nbwpnid,
wuwuwgwu gnpbup dhohtu pbppwunynipniup uwnnighs twppbpwypu gbipwquiugb)
48,2%:

Pwtiwgh punbp. onip, nnngnud, pnyu, hnn, $hinpwghw, wnihdtp:

BJIMAHUE HOPMbI BHECEHUSA MEJIUOPAHTA «IIMM» HA IIVIOJOPOJUE U
CTPYKTYPY YPOXAWMHOCTH O3UMOM NIIIEHALILI B YCJIOBUAX
BOI'APHOI'O 3EMJUIEAEJINUA

C.B. l'aacran!, A.X. Mapkocan?, B.I'. Xauarypsan®, A.A. Baprausn®,
A.IL. Xauarpsn®, O.B. Toxkmamxxksan®

YUnemumym eo00nwix npo6nem u cuopomexnuxu um. axao. M.B.Ezuazaposa

2 Apmanckuil 20cyOapcmeennblii IKOHOMUYECKUll yHugepcumen

200 no nonumuueckum, npagoLIM U IKOHOMUYECKUM UCCTEO08AHUAM U NPOSHO3AM
*Mockoeckuii 2ocydapcmeennuiii ynusepcumem um. M.B. Jlomonocosa

B OorapHbIX yCIOBHSX, TI€ CEIBbCKOXO3SIICTBEHHbIE KYJIBTYpPbl BhIpAIIUBarOTCs 0e3
HCKYCCTBEHHOI'O OPOILIEHUS, UCIIOIb3YETCSI BECEHHS BJlara, BIUThIBaEMasl IOYBOM. JTH 3eMIIn
pPacCIIOJIOKEHBl  NPEUMYIIECTBEHHO Ha IPEArOPHBIX pPABHUHAX, TII€ BBIPALIUBAIOTCS
3aCyX0YCTONYMBBIE 3€PHOBBIE, IIPOIOBOJILCTBEHHBIE U OBOLIHBIE KYJIBTYPBI.

3a mocieAHHe CEMb JIET IMPOBOAMINCH MCCIEAO0BAaHUS MO TMOBBIIIEHUIO BIa)KHOCTH
MOYBBI U MOJJEPKAHUIO TOCTATOYHOIO KOJIMYECTBA JOMOJHUTEIHLHONW BOJbI, COOpaHHON W3
aTMoc(epHBIX 0CaJKOB U TPYHTOBBIX BOJI, 3@ cUeT npuMeHeHus Mennopanta « [IMM».

Pa3paboran psin TEXHOJOTHM 1O MOBBIIIEHUIO YPOXKAHHOCTH CEIbCKOXO3SHCTBEHHBIX
KyJIbTyp npu mnpumeHenun wmenuopanta «I[IMMy. IlpoBeaeHo O6ombIoe KOJIMYECTBO

1abopaTOPHBIX UCCIIEIOBAHUH.
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C ydeToM pe3yibTaTOB JIA0OPAaTOPHBIX HCHbITaHWK, B 2024-2025 rr. B oO0mmHE
[laxxaoBut PecnyOnuku ApmeHus, B OOTrapHBIX YCIOBHSIX ObUIM MPOBEIEHBI HATYpaJbHBIC
(moneBbl€) UCCIENOBaHMS Ui OIPENEICHUS B pEalbHbIX YCIOBHUSIX BIMSIHMS MaTepuaia
«IIMM» Ha ypoxxaiiHOCTh 03UMOM mieHu1sl. [Ipu Hopme BHeceHust menuopanTa «[IMM» 0,3
Kr/M? (3TIMM/KTnouss) CPEIHSST YPOKAMHOCTH O3UMOM TIIEHUIIBI MPEBHICHIA KOHTPOJIbHBIN
BapuaHT Ha 48,2%.
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Abstract

The amount, quality and cost of growing plants are determined not only by biological
traits, but also by environmental factors such as soil moisture capacity. Water, nutrients and
air, in addition to light and heat, are required for regular plant development. The authors
conducted tests to boost the field moisture capacity of various substrates using polymer-
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mineral materials (PMM) inserted into them, allowing them to conserve additional water for
plant development and survival gathered through precipitation or artificial irrigation.

Keywords: water, soil, polymer-mineral material (PMM), soil moisture capacity.

Introduction

Water content in the soil, as well as meteorological circumstances, have a substantial
impact on the viability of cultivated plants [1]. Regular monitoring of soil moisture, plants
and the work done with them can be ensured by collecting data from the objects and processes
under study and transferring it to application and database servers for processing and making
timely management decisions on creating favorable conditions for plants and regulated
application of fertilizer, water, heat, light and other vital factors.

It should be noted that plants grow normally in structural soils that have adequate
levels of water, fertilizer and air. Aside from traditional approaches, agro-industrial firms
have repeatedly attempted to improve the physical and chemical qualities of soil through the
use of ameliorants. The authors of this study recommend utilizing PMM to raise the field
moisture capacity of the soil by 20-30% in order to greatly minimize the consumption of
water and other resources by plants while increasing their viability and productivity.

The fertility of the soil is determined by its structure, porosity, moisture capacity,
absorption capacity and the presence of organic and mineral colloidal particles. The more
such particles there are, the greater the soil's absorption capacity, and thus the volume of
water and salts and gases dissolved in it, which plants ingest through the root system for
development.

The plant dies fast if there is a lack of water and air in the soil with enough nutrients.
Therefore, the soil receives the necessary amount of water and air, which are located in the
pores and occupy up to 40% of its volume depending on the soil. Pores fewer than 3-5 mm in
size are generated in the soil to boost agricultural efficiency. At the same time, water is
mostly kept in small pores, whereas air is required in large pores for the respiration of plants,
their root systems and the microorganisms that live in them.

Plants’ water regimes are defined by physical processes running in the soil when water
IS given to it, such as movement, consumption, moisture conservation, position in different
horizons, etc.

The main sources of moisture in the soil in boghara conditions are precipitation (rain,
snow and hail), groundwater and rivers. The type of plants, topography, tillage system, winds,
air and soil temperature, its filtration and moisture capacity can be boosted by PMM, which
slowly dissolves in water, increasing its viscosity and, thus, surface tension, which leads to
better water retention in the pores.

Water penetrates into the soil via big pores and is subsequently filtered into the depths
via microscopic pores and capillaries due to gravity. The filtration rate in sandy soils is
substantially higher than in clay soils. If the soil has a lot of calcareous chemicals, little
particles clump together and form huge porous grains that may withstand crushing and water
erosion for a long time. Cracks occur between the grains, resulting in clay soils with strong
filtering capabilities. The higher the porosity of the soil, the more water and air it can hold.
The higher the porosity of the soil, the more water and air it can hold. The maximum amount
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of water collected in the soil corresponds to the soil water holding capacity criterion (total soil
moisture capacity), which must be distinguished from the soil's water-holding capacity (soil
field moisture capacity), which is determined by the amount of moisture remaining in it after
complete water saturation until the final free squeeze.

Deep tillage, extensive layer loosening and turning, crop rotation, organic and mine
fertilizers, limestone treatment of acid soils and gypsum treatment of saline lands are all
traditional ways for maintaining soil structure.

Deep tillage, with intensive loosening and layer overturning, is the main cause of
negative events, resulting in rapid degradation. Today, in order to retain, improve and raise
soil fertility, farmers use low and zero tillage, as well as science-based crop rotation,
ameliorants, organic and mine fertilizers.

The authors conducted laboratory experiments with substrates to streamline the mode
of water change in them using PMM developed at the Research Institute of Mechanics of
Moscow State University, in order to increase the yield of grown plants and reduce their cost
in rainfed and greenhouse conditions and also gave recommendations to provide plants with
water in arid regions.

In agriculture, plants will be grown in natural rainfed conditions for a long time to
come, so the efficient use of solar energy, moisture from precipitation and groundwater are
the most important tasks in such regions of the Earth. Solar energy and soil nutrients are
abundant, especially in the Republic of Armenia, but water is frequently a concern. In areas
where agriculture is practiced without irrigation, natural disasters frequently cause major
harm to agriculture, increasing the danger of desertification and crop loss. Processed dacite
tuff rich in potassium, as well as organic fertilizers against a background of mineral
ameliorants, were utilized to rapidly improve the physical and chemical qualities of soils in
the Republic of Armenia. It is important to note that adding PMM to the soil will allow
offering plants with more water and air while also slowing or stopping the process of soil
degradation.

The high yield of cultivated crops is the most important characteristic of agriculture,
which affects their cost and increases competitiveness. Due to the lack of water, the yield of
many plant species in rainfed conditions is significantly lower than in irrigated soils.

Boghara is a land in the zone of irrigated agriculture used for cultivation of
agricultural crops without irrigation, i.e. using rainfall. Boghara occuies the piedmont plains
and the borders of oasis, where drought-tolerant grain, fodder and melon plants are produced
[2, 3].

Therefore, in locations where crops are produced without irrigation, the application of
PMM will considerably enhance the water regime of feeding of grown plants, potentially
leading to a considerable increase in output, particularly by lowering the root system of grown
plants.

By chemical composition water-soluble synthetic and natural polymers include such
elements as cellulose, gelatinized starches, polyethylene oxides, alginates, polyacrylamides
and polymers. Soil moisture is influenced by the type of plant, topography, agricultural
system, presence of winds, ambient temperature and other factors. The filtration coefficient is
a feature of soil permeability in relation to filtering water, and it equals the water filtration
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rate at a unit pressure gradient with a linear filtration law. Carboxyvinyl and vinyl alcohol
increase the viscosity of water.

The property of the soil to retain water by sorption and capillary forces is called water-
holding capacity, which is associated with the formation of productive water reserves in the
soil. Plants easily use only 30 % of the field moisture capacity for their nutrition, and when
the moisture capacity decreases to 13 %, their wilting begins. In addition, such indicators as
evaporation, buoyancy properties of the soil, etc., are important for plants.

Thus, all the physicochemical and biological properties of the soil are important for
plant growth, which acquire their best performance in structural soils, where water, air and
fertilizers are simultaneously contained in sufficient quantities.

Agrotechnical procedures and the incorporation of artificial structure formers into the
soil are used to restore and preserve soil structure. Sowing perennial grasses, tillage in the ripe
condition of the plant, liming acidic soils, gypsuming solonetzic soils and applying mineral
and organic fertilizers are all agrotechnical approaches for enhancing soil structure.

To prevent signs of soil deterioration in boghara agriculture and to regulate the water
and food regimes of cultivated crops, the authors used laboratory research to determine the
nature of the impact of PMM on the parameters of the water regime in soil without plants over
time.The study's goal is to increase the moisture capacity of the soil and keep an additional
amount of water in it from precipitation and groundwater for growing plants without or with a
drastically decreased irrigation regime. The effects of introducing PMM into the soil can be
used to grow a variety of plants in boghara and greenhouse environments. They will aid in
increasing yields and lowering production costs, particularly resource costs, so increasing the
competitiveness of agro-industrial firms.

Laboratory and field tests on the cultivation of various plants, conducted by many
partner companies and agricultural institutes with PMM in the soil in recent years, indicate the
possibility of: increasing their viability and productivity by 20 % or more, reduction by 20 %
or more of their fallout, fertilizer consumption, as well as the cost of water supply, electricity,
human and other resources [4, 5, 6]. It should be noted that with an increase in the capacity of
agricultural machinery, the intensity of agriculture, the depth of land cultivation, the use of
enhanced loosening and traditional overturning of the reservoir, conditions are created for
significant depletion and degradation of the soil. Therefore, minimal or no tillage, with the use
of effective agrotechnical measures, such as science-based crop rotations, use of organic
fertilizers and ameliorants, is becoming important.

Thus, PMM is proposed to boost yield while decreasing plant-growing costs [3, 7].
Studies were conducted to increase the field moisture capacity of the soil by injecting PMM
into it in various doses in compliance with the Technical Requirements of the customers
involved in growing plants. Based on non-plant tests, recommendations on the technology of
their laying for growing plants in open ground and greenhouses are made.

Conflict Setting

Various formulations of water-accumulating soil mixtures with additions of H1 and
PMM materials were tested, their properties were studied, pilot batches were created for
testing, and recommendations were made to agricultural enterprises and agricultural institutes
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on the technology of laying PMM in the soil, allowing them to retain additional moisture in it,
increasing its moisture capacity by 10 — 30%.

The present study presents the outcomes of water retention in soil without a plant to
increase its field capacity. The moisture capacity of the substrates was assessed both without
and with PMM additions added in different amounts, as well as the dynamics of the decrease
in soil moisture content in containers due to filtration and evaporation. The containers were
filled with water until full capacity was reached, and then the total amount of water pouring
from the perforations at the bottom of the container was studied until the field water capacity
was reached.

The experiments indicated the possibility of acquiring an increased volume of water in
the substrate with PMM in contrast to the substrate without it, as well as how it varies over
time due to evaporation.

To obtain reliable results, studies were carried out with soil without plants indoors at
room temperature and humidity (under natural conditions, wind and temperature changes
significantly affect the rate of evaporation) in order to exclude the consumption of liquid for
the consumption of moisture by plants, i.e. only changes in the collected water in the substrate
affecting the dynamics due to evaporation and filtration of water from the container were
analyzed. The soil moisture capacity and weight of water in the substrate were determined
over time based on the manner and amount of PMM used.

To determine the moisture capacity of the substrate, a container with a mixture of soil
with PMM was placed in a bath with water to fill it up to the maximum value to achieve a
volume of liquid corresponding to the total moisture capacity of the soil. Previously, the
substrate of natural moisture was weighed. The time during which the container was kept in
the water bath varied over a wide range: from 15 minutes to 1 day. Next, the container was
placed on the surface to drain excess water and reach the field capacity, when the flow of
water from the holes in the bottom of the container stops. The difference between the results
of measurements of the mass of the "dry™ mixture and thus impregnated mixture in the
container was determined by the absolute and relative values of the collected water.

After soaking in the bath to field capacity, containers with substrate without PMM and
with PMM collected water, which was retained throughout time. The masses of the containers
were measured until the balance revealed a mass close to the value corresponding to the
masses of the containers before the experiment began (water in the containers evaporates at a
rate depending on the temperature and humidity of the air in the room, and the thickness of
the substrate layer in it). The tests were carried out multiple occasions.

Below are the measurements of the masses of containers with H1 and PMM.

Options for mixing the substrate with H1 and PMM for laboratory testing:

1.Substrate without PMM and H1, to control the measurements of mixture options.

2.Substrate with H1 in a ratio of 1 to 4 (75 g of H1 and 225 g of the substrate are mixed: the
total weight of the mixture is 300 g).

3.Layer of 0.5 cm or 1 cm of H1 was laid on the bottom of the container (layer of H1 more
than 2 cm: practically does not let water through).

4. Two-layer laying: layer of substrate mixed with H1 is placed in the bottom of the
container, and a substrate without H1 is placed on top.
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5.Three-layer laying: bottom and top layers of substrate with H1, and between them a layer
of pure substrate.

6.PMM and H1 rods with a diameter of 0.5 to 1.0 cm and a depth of up to 10 cm inside the
substrate.

The number of rods and their dimensions are determined by the amount of PMM or
H1 introduced into the substrate (1 g of H1 absorbs up to 1.5 g of water, and 1 g of PMM - up
to 20 g of water). The larger the diameter of the rod, the slower moisture is absorbed into it.
An increase in the number of rods at a fixed diameter leads to an increase in the surface area
for water absorption. From above, the rods were covered with a small layer of substrate.

It is important to note that a mixture of the substrate with PMM or H1 can be used
repeatedly because the materials are practically washed out of the soil little, their modest
concentration should not lead to plant withering due to excess moisture, and pores for air must
be left in the substrate.

The amount of water taken up by the substrate is defined as the difference between the
mass of the container with the substrate before filling it with water and the mass of the
container after filling with water and then settling it to field capacity. The substrate, before
watering, was in a state of natural humidity in the room at room temperature. The relative
moisture capacity of the substrate in the container is calculated as the ratio of the amount of
water to the initial mass of the substrate of natural moisture before it is saturated with water
(in %).

Research Results

Experiment Nel

A substrate weighing 300 g in a container at room temperature was wetted with water
in a bath for 10-15 minutes. After the “extra” water was glassed through the bottom, the
container weighed 430 g, that is, we additionally have 130 g of water, compared to the weight
before irrigation, which completely evaporated and flowed out of the container in 20 days (the
accuracy of measuring weights is 5 g). The results of the experiments are shown in the table 1.

Table 1
Mass of water in a container with soil without H1
Days 0 1 2 3 4 5 6 14 | 17| 18 | 20
Mass of water in the container, g 130 | 100 90 85 80 | 75| 70 40 | 30| 20 0
Relative moisture capacity, % 433 | 333 | 30 | 28.3 | 266 | 25| 233 | 133 | 10| 833 | O

Experiment No2

A substrate weighing 5 kg was deposited in two 225 g containers: one with 5 kg of land and
no PMM, and the other with 4.99 kg of land with 10 PMM. The containers were then filled
with 3 liters of water, allowed to drain for 15-20 minutes, and the mass was measured (tab. 2).
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Table 2
Changes in the mass of water in containers
Days 0 1 4 8
Weight of 1 container 5975 5875 5850 5780
Weight of 2 container with PMM, g 7060 6145 6120 6045

The extra water in the second container fell to 270 g on the second day and then varied
little. The large discrepancy on the first day is explained by the poor filtering due to PMM,
and once all of the surplus water was gone, the weight of the container began to decrease due
to evaporation, but the weight of additional water in the second container with PMM
essentially did not change and was equal to 265 g. We have a 265x 100/5000 = 5.3 % increase
in soil moisture capacity, and when we compare it to the amount of water left in the first
container on the eight day (5780 g — 5225 g = 555¢), we see that 265x100/555 = 47.75 % of
the water in the second container is more than in the first, and in a month, when the weight of
the first container returns to what it was before watering, 265 g of water will remain in the
second one. As a result, PMM enables to gather additional water and store it for an extended
period of time.

Experiment Ne3

Experiment with 5 containers weighing 15 g: with clean earth, two containers with earth
with PMM, and two containers with earth with H1 (in the first 400 g of earth without
material, in the second and third in 400 g of earth added 2 g and 3 g PMM, and in the fourth
and fifth added 15 g H1 and 23 g H1, respectively). 200 g of water was poured into the
containers, weighed after 15 minutes (tab 3, first column).

Table 3
Changes in the mass of water in containers

Days 1] 46 101118243133 36] 38

Weight Oftggsf':;t container | yoc | 490 | 485 | 480 | 475 | 465 | 450 | 430 | 425 | 415 | 405
Weight Ofthzggcgnd CONtAINer™ | 550 | 515 | 510 | 505 | 500 | 485 | 470 | 450 | 440 | 430 | 420
Weight Oftgzghgd container | =0 | 520 | 510 | 505 | 500 | 490 | 475 | 455 | 450 | 440 | 430
Weight Ofth:;g;rth COMAINT | 516 | 505 | 500 | 490 | 485 | 475 | 465 | 445 | 435 | 425 | 420
Weight Oftg‘;;'gh container | cac | 535 | 530 | 520 | 515 | 500 | 485 | 465 | 450 | 445 | 435

On the 36th day of experimentations, all of the water (200 g) in the first container
practically evaporated, and the weight of the container began to diminish in the following
days due to the evaporation of water that had been in the ground prior to the start of the
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experiments. On the 36th day all PMM containers had additional water: 15 g, 25 g, 10 g and
30 g, respectively.

Furthermore, the water in the containers continued to drop after 38 days, while the added
water remained constant.

The poured water leaves the containers with PMM and H1 more slowly in the early days of
the experiment, and the weight difference with the first container was 25 g, 105 g, 15 g and 40
g, respectively. The containers weighed 395 g on the 40th day of the test, 415 g, 425 g, 410 g
and 425 g, respectively. The weight in all material containers continued to exceed the initial
weight before the test. Thus, after 40 days, the land with PMM and H1 retains the ability to
feed the plant due to the additionally collected water. At the same time, 20 g less water
remained in the first container than before the start of the experiment.

This fact has been exploited when growing potted plants. On the 40th day, in pots where
there was no material, the plants died, and on the 40th day, in pots where there was material,
they watered and the plants continued their growth.

Experiment Ne4

370 g of soil were placed in three containers weighing 5 g each one: the first container
contained clean soil of natural moisture, the second contained 0.75 g of PMM, and the third
one contained 1.5 g of PMM. The mixtures were stirred and poured with water, 200 g each
one, allowed to stand for an hour, then weighed. In the Figure 4. the results of observations
are given. The weight of the containers decreased over time due to evaporation and filtration.
The main mechanism for reducing the weight of the containers is the evaporation of water
from the soil surface. After 1.5 months, the weights of the containers returned to their original
values. The water remaining in them, 20 g in the second and 40 g in the third container,
increased the soil moisture capacity by 5.4 % and 10.8 %, respectively. To increase the
moisture capacity, we can increase the concentration of PMM in the soil.

Experiment Ne5
Similar results were obtained in containers with peat, to which PMM was added in different
volumes (0.2 g, 0.5 g and 0.8 g) and zeolite (powder) (tab 4).

Table 4
Dynamics of mass changes in peat-filled containers

Experimentation schedule | 22713 | Jn2L | Jan28 Feb4 | Feb1l | Feb17 | Feb28
1st day 8th day 15th day | 22nd day | 29th day | 35th day | 46th day

No Name

1 Peat 405 390 370 330 285 210 170

2 Peat + Zeolite 430 410 390 350 305 265 200

3 Peat+Powder 430 410 395 355 310 270 205

4 Peat+0.2 PMM 425 400 385 350 305 255 185

5 Peat + 0.5 PMM 425 400 380 345 300 255 185

6 Peat+0.8PMM 445 425 405 370 325 280 215

In this paper, the authors present a new method for increasing the moisture capacity of
soil using PMM, which will enable to save an additional volume of water in it due to
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increased viscosity, as well as various options for its laying, including determining the best
amount and mixing recipe.

Polymer-mineral ameliorants are successfully used in practice to improve the physical
and chemical properties of soil and increase the yield of agricultural crops; research has been
conducted for decades with the goal of using potassium-rich processed dacite tuff (Danilova
2016; Tokmajyan et al. 2018; Galstyan et al. 2020), as well as on the economic and
environmental efficiency of organic fertilizers versus mineral fertilizers in eggplant crops
(Vartanyan et al. 2021).

Therefore, growing plants without IT-based systems for monitoring vital activity and
without artificial irrigation results in non-competitive, if not completely lost, production.

Plant cultivation is crucial for countries in the continental subtropical zone. However, in
difficult climatic conditions, various agrotechnical measures must be developed to achieve a
high yield at a low cost. Drought, hail and other natural disasters wreak havoc on agriculture,
posing the threat of desertification.

Fertility depends on the structure of the soil, porosity, moisture capacity, absorption
capacity, on the presence of colloidal particles in it and of organomineral origin (Vartanyan et
al. 2020b; Vartanyan et al. 2021; Avanesyan 2022).

In the conditions of rainfed agriculture, establishing the dependence of the yield on the
reserves of soil moisture is important for assessing the condition of crops and plantations, for
determining the effectiveness of agrotechnical measures.

Only productive moisture, a portion of the soil moisture that ensures the formation of
crop yields, i.e. exceeds the moisture content of stable wilt, is very important for agricultural
production. Therefore, growing plants without systems for monitoring their vital activity
using IT and without artificial irrigation leads to non-competitive production, up to its
complete loss.

At the same time, seed germination begins only when the soil warms up to certain
positive temperatures. Photosynthesis, respiration, transpiration, assimilation of nutrients and
other physiological processes are carried out in plants only in a certain range of ambient
temperatures.

Air humidity, as an abiotic factor, has a significant effect on plants. With a deficiency
of water vapor saturation, evaporation from the soil surface increases sharply and plant
transpiration increases.

Precipitation is the main source of moisture for agricultural land. The fluctuation in the
yield of cultivated crops in different regions is largely associated with fluctuations in
precipitation during the growing season.

Wind is an abiotic factor of nature; it contributes to the pollination of plants, the
transfer of seeds, wild trees and grasses. The negative effect of the wind is to increase
unproductive evaporation from the soil surface, which causes soil drought, as well as wind
erosion and increased damage to plants during droughts.

It is necessary to automate the activities of agro-industrial enterprises by selecting
appropriate sensors, controllers and applied information systems that are appropriate to the
target architecture and IT strategy in order to determine the characteristics of the soil and
environment, as well as manage the processes of growing plants [8].
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In order to prevent soil degradation in rainfed agriculture, regulate the water and food
regimes of cultivated crops and reduce production costs, ICT is required that informs and
performs certain actions in a timely manner to solve problems, in addition to introducing
PMM into the soil to improve the parameters of the water regime and increase yields, plant-
growing tasks were assigned.

Humidity sensors, PH meters, dosimeters and executive valves are provided to
maintain a comfortable state of plant development and are implemented in the form of the
Internet of Things, which turn on according to a set time schedule or at the time of a precedent
and transmit information to the data processing center.

Humidity sensors, PH meters, dosimeters and executive valves are provided for
maintaining a comfortable state of plant development and are implemented in the form of the
Internet of Things, which turn on according to a set time schedule or at the time of a precedent
and transmit information to the data processing center.

Depending on the method and amount of the applied ameliorant, the specific and
volumetric mass of the soil, porosity, moisture capacity, absorption capacity, humidity,
displacement and inaccessible amount of water for plants in the soil, dynamics of changes in
humidity during the vegetative period, field germination of seeds and safety of plants during
the growing, period are recorded the number and mass of nodule bacteria on the roots of the
plant, its mass, biological and total yield.

Traditional forms of land cultivation lead to an increase in the rate of humus splitting,
pulverization of the arable layer, destruction of soil aggregates, loss of moisture, increase in
the cost of resources for growing plants, etc.

Experiments with PMM were conducted in the Moscow Region when growing
flowers, cuttings of fruit trees, in the Krasnodar Territory on the Black Sea coast when
planting young apple trees and plums with different amounts of PMM (250 g, 300 g, and 350
g PMM) under a tree and in the Republic of Armenia for the cultivation of winter wheat (100
- 200 PMM per mz of soil), where the main source of water is rainfall and wells, as well as in
other regions.

The Institute of Mechanics of Moscow State University began to develop such
mixtures back in the 80s of the twentieth century. The Kavelast material based on bentonites
and polymer additives was tested in the cultivation of various crops in the arid regions of
Georgia and Uzbekistan, where small-scale production of the material was established.
Experiments have shown that the introduction of 1% kavelast into the soil leads to significant
increase in productivity, reduction in the consumption of irrigation water and fertilizers.

However, with the collapse of the USSR work was halted and material production
ceased. In recent years, research has resumed, and new materials such as PMM and H1 have
been developed for growing plants in open and closed ground, as well as in containers with
various substrates.

Conclusions

The amount of water retained in the soil can be controlled by adding a polymer-
mineral material (PMM) to the substrate, which reduces the frequency of watering by half or
more, and under certain circumstances, even eliminates watering completely during dry
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periods. Tests conducted without plants allow us to recommend methods for adding PMM to
the substrate to increase its water-holding capacity, as well as the optimal amount for
obtaining a specific volume of additional water. Specifically, in soil with a field water-holding
capacity of 30%, 2-3 g/kg PMM can be added to increase it by 20-30%, providing an
additional 60-90 g of water per kg of soil, which is equal to the volume of water the soil easily
releases to the plant without this material.
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Abstract

This study evaluates the antioxidant activity of pork meat during maturation as
influenced by different starter cultures. The performance of Lacticaseibacillus rhamnosus 2012
MDC 9631, Lactobacillus plantarum 66 MDC 9619, and a commercial BactoFlavor® culture
was compared with traditional salting. Antioxidant activity was measured using the DPPH
radical scavenging assay.

Results showed that all samples exhibited concentration-dependent antioxidant activity.
Traditionally salted pork showed the highest activity, but L. rhamnosus 2012 MDC 9631 also
demonstrated strong antioxidant potential, surpassing the other two cultures. Its proteolytic and
antimicrobial properties suggest practical applicability in dry-cured ham production.

The findings support the use of L. rhamnosus MDC 9631 as a natural biopreservative
that can enhance product quality, improve oxidative stability, and reduce maturation time in
pork processing.

Keywords: Pork meat, Lactic acid bacteria cultures, salting, antioxidant.

Introduction

Starter cultures used in meat production can be described as viable microorganisms
capable of multiplying within meat products, thereby extending their shelf life, ensuring
sanitary and hygienic safety, improving food quality, and being harmless to the consumer [1-
2]. Lactic acid bacteria (LAB) have been used by humans for millennia to preserve perishable
foods such as milk, fermented sausages, and others.This is mainly due to their ability to
synthesize lactic acid and antimicrobial compounds, which inhibit the growth of spoilage-
causing microorganisms[3].The effectiveness of lactic acid bacteria (LAB) has been
scientifically proven from a health and safety perspective, and they are known to have great
potential for use as biopreservatives to improve the quality and extend the shelf life of various
food products. In meat production, starter cultures are used for the enzymatic conversion of
various components present in the raw material, which in turn contributes to the development
of the flavor, stable color, and quality characteristics of the meat products.The biochemical
composition of raw materials and the caloric content of finished meat products depend on the
ratio of different tissue types and the technological processes used [4]. Starter cultures can
reduce the amount of biogenic amines in fermented meat products.The accurate selection of
cultures during the maturation process of raw materials makes it possible to shorten the
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maturation time and obtain a semi-finished product with high biological value.Oxidative
processes in meat lead to quality deterioration. Meat has endogenous antioxidants and
prooxidants and living cells have several mechanisms of protection against oxidative processes,
including antioxidant enzymes such as superoxide dismutase (SOD), catalase and glutathione
peroxidase (GSH-Px).Catalase and glutathione peroxidase (GSH-Px) are considered major
peroxide-removing enzymes located in the cytosol[5].The biological value and shelf life of
meat are determined by its maturation process.

Conflict Setting

Currently, starter cultures have become widely used and have established their unique
role in the field of meat production.Total antioxidant activity is also considered an indicator of
meat preservation and quality characteristics, as it provides insight into pork defects, including
fatty acid oxidation.LAB as a bio-preservative alternative to chemical and physical
preservatives, are used in various food products to eliminate pathogenic and spoilage
microorganisms.The impact of lactic acid bacteria (LAB) on the microbiological safety of food
is due to their production of various compounds, such as organic acids (lactic acid, pyruvic acid,
0x0-acids), bacteriocins, diacetyl, acetyl-methyl-carbinol, hydrogen peroxide, carbon dioxide,
and other yet-undescribed substances that inhibit foodborne pathogens and spoilage
microorganisms[6].Currently, there is a growing emphasis on reducing the duration of the
maturation process and optimizing the conditions for the use of starter cultures in technological
processes.

This study evaluated the optimal exposure time, salting process, and antioxidant activity
of different starter cultures during pork maturation. Salting is one of the oldest preservation
methods, during which meat acquires a number of sensory characteristics beneficial for
production. It is noteworthy that salting of meat is carried out to achieve the desired consumer
and technological properties of the finished product (flavor, aroma, color), as well as to prevent
microbiological defects [7-8].

Materials and Methods

In our studiey the selection of strains was based on salt tolerance (3.5%) and
psychrophilicity (4-6°C).Based on the above criteria, the following starter cultures were
selected: the widely used BactoFlavor® BFL-TO culture from Hansen (Denmark), which
includes the starter cultures Pediococcus pentosaceus and Staphylococcus carnosus, as well as
the strains Lactobacillus plantarum 66 MDC 9619 and Lacticaseibacillus rhamnosus 2012
MDC 9631.these were compared with traditional salting. The latter two strains, Lactobacillus
plantarum 66 MDC 9619 and Lacticaseibacillus rhamnosus 2012 MDC 9631 (previous
Lactobacillus rhamnosus MDC 9631), were obtained from the Microbial Depository Center
(MDC) of the ArmBiotechnology Scientific and Production Center, National Academy of
Sciences of the Republic of Armenia. All lactic acid bacteria are stored in sterilized milk with
a 40% glycerine content at 20 °C. The viability of LAB is up to 6 months.

The strains of LAB are maintained on de Man, Rogosa and Sharpe (MRS) agar medium

under refrigerated conditions (+4—6 °C). Subculturing is performed once every 1-2 months.

The sensitivity of LAB strains to NaCl was tested in MRS broth containing various salt
concentrations (2—-12%) at 37°C for 24 hours of incubation [9-10].

The strains Lacticaseibacillus rhamnosus 2012 MDC 9631 and Lactobacillus
plantarum 66 MDC 9619 are resistant to NaCl concentrations up to 8%, as they were isolated
from salted cheese samples. The bacterial activity is evident in almost all technological stages

of raw smoked meat processing.
Table 1
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Characterization of LAB strains: Lactobacillus plantarum 66 MDC 9619 and
Lacticaseibacillus rhamnosus 2012 MDC 9631

Characterization of LAB strains
é‘ P o
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i 8 | © oS | 8 H=4,5-5,5 T > | T
N Spe.cu?s S| S Sw | & 4 P u/ml = 58
Affiliation 5|1 881282 |28 <S S o
° e e8| _¢€ >d
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1 ]|L.
rhamnosus
2012 MDC + 59.6 34.0 + 2000 4000 2500 + 90
9631
2 | L
plantarum
66 MDC + 21.0 55.6 + 1200 3000 1200 + 80
9619

Notably, strains of Pediococcus pentosaceus and Staphylococcus carnosus have a
positive effect on meat color development, as they contribute to the conversion of nitrate to
nitrite through nitrate reductase activity. Moreover, staphylococci are capable of producing the
catalase enzyme, which helps prevent oxidative defects during storage by breaking down the
resulting hydrogen peroxide.Hydrogen peroxide and other peroxides are strong oxidants that
react with myoglobin, causing it to lose color [11-12] Notably, the above-mentioned cultures
can survive at temperatures below the optimal level, but they do not multiply under such
conditions.

The research sample was collected from the thigh of a 7-month-old female pig. Four
types of salting were performed: traditional salting, salting using the BactoFlavor level
recommended by the manufacturer, and salting with lactic acid bacteria Lactobacillus
plantarum 66 MDC 9619 and Lacticaseibacillus rhamnosus 2012 MDC 9631 strains. The pork
thigh was divided into four parts, each weighing 150 g. For all variants, a brine solution (50 ml)
was prepared, with a salt concentration of 11.13% and a density of 1.077, under conditions of
15 °C. Injection was performed using 10% of the prepared 50 ml brine solution, applied to each
1 cm? of the surface. The quantity of lactic acid bacteria Lactobacillus plantarum 66 MDC 9619
and Lacticaseibacillus rhamnosus 2012 MDC 9631 was 1 ml, with a culture titer of 10°
CFU/ml. In addition, sucrose was added at 0.1% of the raw meat weight. The titer of the
BactoFlavor culture was 107 CFU/ml, and in the case of this culture, fructose was also added
at 0.1% of the raw meat weight. The objective is to establish identical conditions including
temperature, brine density, and the same anatomical part of the meat while applying different
starter cultures simultaneously. The aim is to compare the resulting changes with traditional
salting, focusing on aspects such as reduced maturation time, increased biological value,
enhanced antioxidant activity, and improved safety indicators.

Four salting samples were studied at different stages of maturation: on the 1 day, the 4"
day, and in the fully matured state, which varies depending on the starter culture used.The pH
value was considered an indicator of maturation, and the experiments were conducted in
triplicate[13].

In the technological process of raw smoked products, when the salt content increases
and the moisture level in the meat decreases, the species composition of the microflora changes
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depending on various factors: raw material, technological process, and time. During salting, an
increase in the number of lactic acid bacteria (LAB) is observed, which contributes to meat
maturation. The strains of Lactobacillus plantarum and Streptococcus lactis show resistance to
high salt concentrations [14].

Table 2

Physiological data of Pediococcus pentosaceus and Staphylococcus carnosus Subs. Utilis

Culture composition

Pediococcus pentosaceus

Staphylococcus carnosus

Subs. utilis
Growth temperature 35°C/48 °C/15 °C 30°C/45°C/10°C
Opt/max/min (95 °F/118 °F/59 °F) (86 °F/113 °F/50 °F)

Salt limit

7% salt-in-water

16% salt-in-water

Facultative anaerobic
Catalase positive

Facultative anaerobic . .
Nitrate reductase positive

Characteristics DL (+/-)- lactic acid producing

Lipolitic
Proteolytic
Fermentable sugars
Glucose (dextrose) + +
Fructose + +
Maltose +
Lactose (+) +
Saccharose (sucrose) +
Starch - -

The antioxidant capacity was evaluated during the different stages of pork maturation.
Several methods exist for assessing antioxidant capacity, including ABTS, FRAP, CUPRAC,
DPPH, and others[15]. For evaluating antioxidant activity in pork, the spectrophotometric
method using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent is considered the most
suitable[16].

Flg 1 Changes in the ‘2 - ‘ +AO-H —» +A0"
spectrophotometric absorption intensities ARV !
of the DPPH?e radical ol \ v -
08{ / \ [
Photometric measurements were carried . /%
out using a Thermo Scientific Genesys 50 i
UV-Vis  spectrophotometer, at a “* i
wavelength of 517 nm. 02 !
o ﬂ3f}0 340 380 420 480 S00 540 580 620 550

During data analysis, the violet chromogenic radical is reduced by the antioxidant
compound to 2,2-diphenyl-1-picrylhydrazine (DPPHH), which exhibits a yellow coloration.
The degree of decolorization is directly proportional to the antioxidant activity the greater the
decolorization, the stronger the antioxidant properties (Figure 1). Measurements were
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performed using a spectrophotometer in the visible range at a wavelength of 517 nm,
corresponding to the absorption intensity of the DPPH color.

To determine the 1C50 values for DPPH radical scavenging, stock solutions with a
concentration of 0.1 g/mL, prepared from the homogenized aqueous extracts of the final stage
of pork maturation of each variant, were used.Subsequently, 250, 300, and 600 pL aliquots
from each variant were diluted to a final volume of 2000 puL and mixed with 2000 pL of 0.2
mM DPPH solution in methanol-water. The mixtures were vortexed and incubated in the dark
for 30 minutes. The absorbance (Al) was then measured at 517 nm.In addition, the DPPH
solution was replaced with an equal volume of absolute methanol, and its absorbance (A2) was
measured. Besides the test samples, a control measurement was performed using an equal
volume of distilled water to determine the initial absorbance of the DPPH solution (A0). The
DPPH radical scavenging activity was calculated using the following equation.

Scavenging activity (%)=[1-((A1-A2))/A0]*100

Research Results

During the determination of antioxidant activity by the DPPH method, an important
indicator is the neutralization (scavenging) of 50% of the DPPH reagent by the antioxidant
substance (IC50). Tab. 3 presents the results of the interaction between extracts obtained from
the application of various starter cultures in pork and the DPPH reagent.

Table 3
Results of optical density measurements of pork samples at the start and at the matured stages
Dsy7
Type of salting Maturation phase V., mkl 250 V., mkl 300 V., mkl 600
<

) 1.0 0.9 0.6

Start

Traditional salting 0.8
8™ day . 0.7 0.4
-
Start Lo 0.9 0.7
~ r4 v ﬁ
BactoFlavor® ~ 0.9 ‘
7™ day 0.8 0.6
, [ 1.0 .
L. plantarum 66 MDC Staxt 12 0
9619 1.0 e R
6 day ' 0.9 0.8
Start 1.0 =
L. rhamnosus 2012 MDC s ol
9631 0.9

5% day 0.9 0.6

The obtained results show that the antioxidant activity (the ability to neutralize the
DPPH radical) in the samples with traditional salting and applied starter cultures is directly
proportional to the concentration of the tested meat extract. Specifically, at 600 pL of extract,
all samples exhibited higher activity compared to the 250 pL or 300 pL concentrations.
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Fig. 2 Dependence of antioxidant activity on concentration: a — traditional salting, b —
BactoFlavor, ¢ — L. plantarum, d — L. rhamnosus

Table 4
Antioxidant activity of pork samples during the initial and maturation stages
Sqgavenging
Maturation phase %

Type of salting V, mkl 250 | V,mkl300 | V, mkl600
N ) Start 8.0 16.3 32.7
Traditional salting 8" day 8.0 342 563
Start 17.0 18.0 28.3
BactoFlavor® 7" day 187 220 350
L. plantarum 66 MDC Start 6.7 11.9 21.6
9619 6" day 12.8 16.8 21.3
L. rhamnosus 2012 MDC Start 10.2 13.8 24.1
9631 5t day 17.2 23.2 40.6

Our findings demonstrate that among the four tested samples, the traditionally salted
meat exhibited the highest antioxidant activity. Interestingly, while the sample inoculated with
Lacticaseibacillus rhamnosus 2012 MDC 9631 showed slightly lower activity compared to the
traditionally salted variant, it nevertheless surpassed those prepared with BactoFlavor® and
Lactobacillus plantarum 66 MDC 9619 starter cultures. Considering the recorded antioxidant
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activity of the Lacticaseibacillus rhamnosus 2012 MDC 9631 strain in the sample during pork
maturation, along with the strain’s proteolytic and lipolytic activities, as well as its
demonstrated antagonistic properties, strong prerequisites are established for the practical
application of the L. rhamnosus strain. Consequently, a technological prospective model for the
production of dry-cured ham incorporating the use of L. rhamnosus strain will be proposed.

Technological recommendation

Based on the proposed technological scheme, the integration of Lacticaseibacillus
rhamnosus 2012 MDC 9631 into ham production can enhance both antioxidant stability and
overall product quality. The recommended technological process is as follows (Figure 3):
1. Raw Meat Preparation (Step 1): Select high-quality pork cuts, ensuring uniformity in size
and anatomical location to maintain consistency in maturation.
2. Salting / Brine Injection (Step 2): Prepare a brine solution with controlled salt concentration
and add the L. rhamnosus culture (10° CFU/mL). Inject the brine uniformly into the meat to
achieve optimal distribution of starter cultures, while optionally including sugars to support
bacterial activity.
3. Fermenter Cultivation of L. rhamnosus (Step 3): The L. rhamnosus 2012 MDC 9631 strain
is cultivated in a bioreactor under optimized conditions—pH 5.8-6.0, temperature 37 °C, and
gentle aeration—to achieve maximum viable cell density. The fermentation process continues
until the culture reaches the target cell concentration suitable for inoculation (>10° CFU/mL).
4. Cell Harvesting by Flow Centrifugation (Step 4): After cultivation, the bacterial biomass is
separated from the culture medium using a continuous flow centrifuge. The concentrated cell
suspension is then either directly incorporated into the brine solution or stored short-term at 4
°C before use to ensure cell viability and metabolic activity.
5. Additive/Dosing System (Step 5): Additional natural antioxidants or flavor-enhancing agents
can be introduced during brine preparation, promoting both microbial growth and oxidative
stability.
6. Maturation (Drying/Oven and Smoking) (Steps 6—7): Maintain controlled temperature and
humidity conditions to allow for optimal bacterial activity and enzymatic reactions. L.
rhamnosus contributes to the development of flavor, color stabilization, and antioxidant
activity, reducing lipid oxidation and enhancing shelf life. Additional natural antioxidants or
flavor-enhancing agents can be introduced during brine preparation, promoting both microbial
growth and oxidative stability.
7. Packaging (Step 8): Once the desired maturation stage is reached, vacuum-pack or otherwise
appropriately package the product to prevent contamination and preserve the functional
properties conferred by the starter culture.
Incorporating L. rhamnosus 2012 MDC 9631 into the process not only ensures improved
antioxidant activity and oxidative stability but also supports safer microbiological quality by
inhibiting spoilage microorganisms. This approach allows for a shorter maturation period
without compromising the sensory and nutritional quality of the final ham product [17].
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Fig 3. Technological Scheme of Ham Production with Integration of
Lacticaseibacillus rhamnosus 2012 MDC 9631.
Conclusions

The study demonstrated that the antioxidant activity of pork meat during maturation is

significantly influenced by the type of starter culture used. Among the tested variants,
traditionally salted meat exhibited the highest antioxidant activity, while the sample inoculated
with Lacticaseibacillus rhamnosus 2012 MDC 9631 showed slightly lower but still superior
activity compared to those treated with BactoFlavor® and Lactobacillus plantarum 66 MDC
9619. The results indicate that the proteolytic and lipolytic activities, along with the antagonistic
properties of L. rhamnosus 2012 MDC 9631, contribute to the maintenance of meat quality and
oxidative stability during ripening. The study also confirmed that antioxidant activity is directly
proportional to extract concentration, highlighting the importance of starter culture selection
for optimizing meat maturation processes.
From a practical perspective, L. rhamnosus 2012 MDC 9631 demonstrates strong potential for
application in the production of dry-cured ham and other pork products, providing a natural
biopreservative effect while enhancing biological value and safety. The use of this starter
culture could contribute to reduced maturation times, improved oxidative stability, and
extended shelf life of meat products, representing an effective alternative to conventional
chemical preservatives. These findings provide a technological basis for the incorporation of
selected lactic acid bacteria in meat processing, supporting both product quality and consumer
safety.
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CO3PEBAHMUS CBUHHUHBLI 11O BJIUAHUEM CTAPTOBBIX KYJIBTYP

A.I'. I'puropsin

Hayuonanonvii Aepapnviii Ynusepcumem Apmenuu

Ilenpto wWccnenoBaHUS SBISJIACH OICHKA 3aKOHOMEPHOCTEH aHTHMOKCHIAHTHOM
AKTUBHOCTH CBUHUHBI B IPOLIECCE CO3PEBAHMS IMOJ BO3JACHCTBHEM Pa3IUMYHBIX CTAPTOBBIX
kyneTyp. CpaBHuBanach s¢dekruBHocth Lacticaseibacillus rhamnosus 2012 MDC 9631,
Lactobacillus plantarum 66 MDC 9619 u upowmsbliieHHOH KynbTypsl BactoFlavor® c
TPAJAUIIMOHHBIM METOJOM Tocoia. JlJis ompesesieHnss aHTHOKCHIAHTHOW aKTUBHOCTH OBLI
NpUMEHEH TecT cBsA3bIBaHUA pagukanoB DPPH. Pesynbrarel mokasamu, 4to Bce 00pasiibl
MPOSBUIN KOHIICHTPAIIMOHHO-3aBUCUMYI0 aHTHOKCHAAHTHYIO AaKTHUBHOCTb. Hambonbiiue
3HAYCHHS 3a(UKCUPOBAHBI Y TPAJUIIMOHHO MOCOJICHHOTO Msca, ogHako L. rhamnosus 2012
MDC 9631 Takxe NpOAEMOHCTPUPOBAT 3HAYUTEIbHBIA AHTHOKCHUJIAHTHBIM MOTEHIMAI,
MIPEBBICUB OCTaJbHBIE CTAPTOBBIE KYIbTYphl. Ero BbIpa)KEHHBIE NPOTCOTUTHYECKHE U
AHTUMHUKPOOHBIC CBOWCTBA CBHJICTCIICTBYIOT O MPAKTUYECKOW MPUMCHHMOCTH B
MIPOU3BOJICTBE CHIPOBSUICHOW CBHHUHEI.

B 1enom, mosyueHHbIe JaHHBIC MOATBepKaatoT, uto L. rhamnosus 2012 MDC 9631
MOXKET PacCMaTPHUBATHCS KaK MPHPOJIHBIN OMOKOHCEPBAT, CITIOCOOHBINM MOBBIIIATH KAa4eCTBO
MPOJYKINH, YCUIUBATh OKUCIUTENBHYI CTAOMIBHOCTh M COKpAIlaTh CPOKH CO3PEBaHUS
MSICOTIPOTYKTOB.
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Abstract

For almost two centuries, research into the causes of ground-level winds at the base of
skyscrapers has failed to produce a consensus among scientists on how to diagnose and
counteract them. The proposed hypothesis is based on fundamental physical laws and
considers the process of ground-level wind formation as a consequence of the sun heating the
building and the formation of areas of low and high pressure on its south and north sides,
causing air movement around the building. The impact of the heat capacity of building
materials on the degree of building heating is considered, and computer modeling of this
process is carried out for the coordinates of London and New York on June 22 and December
22. For the obtained building surface temperatures, computer modeling of the temperature,
speed, and volume of the upward flow forming a low-pressure zone on the south side of the
building was performed. The characteristics of wind movement in a residential complex with
a skyscraper in the center were obtained, and a method for reducing the intensity of ground-
level winds was proposed.

Keywords: upward air flow, ground-level wind of high-rise buildings, computer
simulation, air pressure.

Introduction

The issue of the environmental impact of high-rise buildings on urban climate
conditions arose in the mid-19th century during the construction of the first skyscrapers in
Chicago and was largely viewed negatively. This was manifested in the fact that hurricane-
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force winds arose at the bases of high-rise buildings, causing great inconvenience to
pedestrians and even knocking them off their feet [1].

The growing awareness among the public of their right to a safe and comfortable
living environment has led to considerable interest in studying the impact of high - rise
buildings on wind conditions in cities. However, after almost two centuries, scientists have
not been able to create a unified physical picture of the observed phenomenon and develop
technical methods for its diagnosis and prevention. Therefore, the authorities of large
megacities, which are particularly overloaded with skyscrapers, are forced to limit themselves
to administrative measures in the fight against ground-level winds caused by high-rise
buildings.

Administrative measures to counteract ground-level winds

This was reflected in the fact that, for example, in New York and Chicago, railings
were built along sidewalks after an accident in 1903, when a cyclist was blown onto the
roadway by the wind and hit by a car. In London, the government introduced strict restrictions
on licenses for the construction of high-rise buildings [2] to ensure the safety of pedestrians
and cyclists. After an accident in Leeds (England) in 2011, when a pedestrian on the sidewalk
was crushed by a truck overturned by the wind [3], court hearings were initiated and a law
was passed to suspend traffic on streets near the Bridgewater Place skyscraper when wind
speeds at its base exceeded 20 m/s.

Japan made a special effort to combat ground-level winds due to the overpopulation of
its cities. Starting in 1971, significant sums were spent on research, inviting European and
American scientists [4]. However, even after that, Japan had to limit itself to administrative
measures - after the construction of the 147-meter Kasumigaseki Building in 1968 and many
years of public debate, it was only in 1981 that a law was passed requiring wind tunnel testing
of models of all skyscrapers exceeding 100 meters in height. Since October 1978, Japan has
had municipal regulations on state mediation in disputes between residents and
developers. However, disputes often escalate into lawsuits that require developers to plant
rows of artificial and natural trees, build canopies, windbreaks, wind protection panels, and
handrails for pedestrians.

Hypotheses about the causes of ground-level winds

Analysis of all patterns of ground-level wind movement at the base of high-rise
buildings is based on one well-known hypothesis: when wind hits a building, it splits into
parts, one of which moves downward and increases its speed when it hits the street, moving
along it [3]. However, this hypothesis contradicts the law of conservation of energy, since the
wind loses some of its energy when it hits the building, and energy losses also occur due to
the friction of the wind against the floors of the building as it moves downward. And hitting
the street cannot be a source of additional energy for the wind, giving it acceleration.

Research conducted at the Architecture and Construction University of Armenia has
shown that ground-level winds around skyscrapers occur in full accordance with the
fundamental laws of physics governing the movement of air masses from cold areas with high
pressure towards warm areas with low pressure. These areas occur on both sides of a high-rise
building facing south [5]. When the facade of a building is heated by the sun's energy across
its entire height and width, a powerful upward air flow is formed, resulting in the formation of
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a low-pressure area at the base of the building, into which air is drawn from all nearby streets,
primarily colder air from the north side of the building, where it has formed a large shaded
area and retained the coolness of the night for a long time. This wind swirls around the
building and moves precisely along the streets, as observed by many scientists, who explain
this as the result of the vertical impact of the wind on the street [3,6].

It is evident that taller buildings have a larger surface area exposed to the sun and
generate a more powerful upward air flow, which, according to the hypothesis, creates
stronger ground-level winds. While well-known hypotheses explain the presence of stronger
winds at the base of the tallest buildings by the fact that stronger winds prevail at high
altitudes [6], which, after colliding with the building, direct a large flow of air downward.
However, in this case, such a flow would have to overcome the resistance of many floors
before reaching street level.

The correctness of the proposed hypothesis and the contradictions of the well-known
concept are also supported by the fact that the wind blowing at the level of the upper floors of
the city collides with all of its buildings. However, ground-level wind is formed only near
some of them, while there are taller buildings in the city, which the well-known hypothesis
does not explain. At the same time, the proposed hypothesis asserts that ground-level winds
arise only near buildings that have a non-standard architectural layout, with their wide side
facing north to south, which is usually associated with the characteristics of the territory
provided to the developer.

The influence of the heat capacity of building materials on ground-level winds

The validity of the new hypothesis is also confirmed by the fact that the strongest winds are
formed at the base of buildings whose cladding contributes to their strong heating, resulting in a more
powerful upward air flow, the volume of which determines the speed of the wind drawn into its place.
An example of this is the Bridgewater Place skyscraper (Fig. 1), which has a distinctly decorative
architectural style of office buildings, based on cladding all window-free surfaces with aluminum,
which has a lower heat capacity coefficient than concrete (Tab. 1) and heats up more from solar
energy than the facades of standard residential buildings.

This effect is clearly evident in the Walkie Talkie skyscraper (Fig. 2), which is more
problematic from a wind perspective. Its design is dominated by glass edged with steel frames, which
have a lower heat capacity coefficient than aluminum (Tab. 1). In addition, the thickness of the glass,
steel frames, and sheet aluminum used to clad the buildings is 3-5 mm, which means that their
mass, converted to a unit of sun-heated surface area, is significantly lower than that of concrete
walls 10-20 cm thick. This explains the severe overheating of such buildings in accordance
with the definition of heat capacity as the amount of energy required to heat 1 kg of a
substance by 1°C (tab. 1).

Table 1
Thermal capacity of building materials
material joule/ kg * °C material joule/ kg * °C
concrete 1000 glass 840
aluminum 920 ceramic tile 840
limestone 900 steel 470
terracota 880 iron 400
brick 880 copper 380
armored concrete 840 gold 120
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Fig. 1 Bridgewater Place Skyscraper Fig. 2 Walkie Talkie Skyscraper

These properties are also evident in the UN Secretariat building in New York
(Fig. 3), whose main entrance, according to its employees, is littered with broken umbrellas in
rainy weather [1], which scientists explain by the fact that “the building catches the prevailing
westerly winds and directs them downward.” In fact, the reason for this lies in the building's
technical specifications published on the UN website: height - 154 m, orientation - north to
south, materials - reinforced concrete, glass, steel, the combined effect of which leads to
severe overheating of the building's facade and creates wind at its base in accordance with the
hypothesis outlined above.

The example of the aforementioned Kasumigaseki Building (Fig. 4) is very
illustrative. Numerous studies of the causes of winds at its base led to the adoption of a law
on testing models of high-rise buildings in a wind tunnel, which was based on scientists'
belief that ground-level winds were formed as a result of the collision of buildings with
winds blowing over the city. And from the point of view of the new version, models should
be built to diagnose ground-level winds, allowing the process of their formation to be
simulated as a result of buildings heating up under the influence of solar energy [5].

e —

Fig. 3 UN Secretariat Building Fig. 4 Kasumigaseki Building
(154 m ) in New York (147m ) in Tokio
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In terms of analyzing the thermal characteristics of materials used in construction,
the Flatiron Building (Fig. 5) is particularly noteworthy. Built in 1902 in Manhattan, it has
become a New York City landmark not only because of the hurricane-force winds at its base,
but also because of its unique triangular shape, which was a necessary measure dictated by the
fact that the developer was given a triangular plot of land at the intersection of Broadway and
Fifth Avenue. The architects designed a steel frame for the building to ensure its stability and
used advanced technologies for its thermal insulation - the entire surface of the building was
clad with limestone and glazed terracotta (Tab. 1), which not only gave the building a rich
golden-brown hue, but also, in accordance with the properties of ceramic materials, created a
thermal shell for the building, preventing the penetration of cold and solar heat [7]. However,
this advantage had a downside: all the sun's energy was concentrated on the facade of the
building and overheated it significantly. In addition, for decorative reasons, all the window
frames were clad with copper (Fig. 5), which has a very low heat capacity (Tab. 1).

Fig. 5 Flatiron Building (87m) in New York, top view and fragment of facing

As a result, hurricane-force winds formed at the base of the Flatiron Building, the
strongest ever recorded in the history of ground-level wind observations - they knocked
pedestrians off their feet and tore newspapers from their hands. Their strength allowed experts
to make a very valuable observation: columns of dust, debris, and cardboard boxes rose up
along the wall of the building. However, this observation did not allow scientists to draw
correct conclusions about the physical nature of this wind and the updraft that formed it -
all studies continued to be based on the concept that the wind first moves down along the
building and then rises after hitting the street.

The heat capacity of building materials was not taken into account in the case of the
Lefcourt Colonial Building, known for its winds, built in New York in 1930. Advertisements
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for office space in this building specifically stated that “the offices have floor-to-ceiling glass
walls and an impressive conference room made entirely of glass.” These glass structures
occupy the entire central part of the building (Fig. 6) with crossbars between floors made of
bluish steel beams (Tab. 1). The New York building database “Buildings DB” indicates that
the first six floors of the building are clad in limestone, while the rest are clad in brick
(Tab. 1) and porous corrugated stone, which are easily heated by the sun. The upper part
of the building is clad in blue terracotta and decorated with spires (Fig. 7) covered with gold,
which has the highest heat capacity (Tab. 1). Each of the materials used contributes to the
upward air flow on the building's facade in accordance with its thermal characteristics.

= W HH 88 B

Fig. 6 Lefcourt Colonial Building Fig. 7 Fragment of Lefcourt
(164m ) in New York Colonial Building

Thus, it can be stated that the upward air flow in each building is the result of the
combined effect of the heating temperature of each of its structural elements facing the sun. It
is obvious that the predominance of glass, metal, and ceramic surfaces in building architecture
will have a dominant effect on the degree of their heating. Therefore, to diagnose the power of
the upward flow and the speed of the ground-level wind of a particular building, it is
necessary to take into account the ratio of its surfaces covered with certain materials.

Computer modeling of the formation of ground-level winds

Undoubtedly, studying the problem of ground-level winds from the perspective of the
proposed concept of their formation will require the efforts of many scientists from fields
related to architecture. However, computer modeling allows us to take a first look at the
observed phenomenon from the perspective of fundamental physical laws and to identify the
direction, methodology, and basic principles of subsequent research and experimental work.

To simulate the process of heating a building facade under the influence of solar
energy, a generalized case of a building clad with 4-millimeter sheet aluminum over its entire
surface was considered, which has the lowest heat capacity compared to all the buildings
considered and the building materials used in their construction. The simulation was
performed using the “Flow Simulation 2024 SP2.0.Build: 6320 version of the
SOLIDWORKS computer program for London coordinates at two extreme points of solar
activity: June 22 and December 22.

Calculations of the building facade temperature TF were performed at 1-hour
intervals in the time range from sunrise to solar noon, for which the angle of elevation of the
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sun above the horizon o® for each hour and the temperature of the air surrounding the
building TA at that time, referred to in forecasts as the “temperature in the sun,” which,
according to data from the UK National Meteorological Service (Met Office), “exceeds” the
temperature “in the shade” Ts, officially published in weather forecasts. For real-time
physical calculations, the temperature data “in the shade” published in the “by the hour”
section is used, since the “by the month” and “by the day” sections often give the average
temperature for daytime or nighttime intervals.

The results of computer modeling at two calculation points are shown in Fig. 8 and
Fig. 9, where the side view of the building shows the color spectrum of the temperature of its
facade TF and inside the structure itself, as well as the temperature of the air surrounding the
building TA and the temperature in its shadow Ts according to the temperature scale.
Calculations show that on June 22, the maximum heating of the building occurs at 11 a.m. at
an angle of elevation of the sun of 53.4°, and as the sun continues to move towards its zenith
of 61.9% the temperature begins to drop due to the decrease in the angle of the sun's rays
hitting the building. On December 22, the sun rises to a zenith of only 15.1°, so in this case
the phenomenon described above is not observed, and the maximum temperature of the
building is reached at the zenith at 11:59. Calculations also show that in winter, at lower
building heating temperatures, a higher difference with the temperature in its shadow is
formed, which determines the speed of its ground-level wind, which moves from the
shadowed area of the building to its facade. This explains the observations of scientists who
have noted that ground-level winds intensify in winter [1].

Ta=29°C T¢=733°C Ts=26°C Ta=10°C Tr=59.1C Ts=8°C

Fig. 8 Simulation of the heating of a high-rise ~ Fig. 9 Simulation of the heating of a high-rise
building by the sun on June 22 in London building by the sun on December 22 in London

To more clearly identify this and other patterns of solar heating of buildings, computer
modeling of this process was also carried out for New York coordinates, which are
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characterized by a higher angle of elevation of the sun at the zenith points. To this end, by
analogy with London, the temperature of the air surrounding the building TA and the
temperature in its shadow Ts were entered into the program in accordance with data from the
US National Weather Service (NWS). It should be noted that the modeling was carried out
only up to the zenith point due to the fact that in terms of solar radiation intensity, the process
is mirrored until sunset, but processes are identified whose degree of influence on the
phenomenon under study requires the development of a special methodology. In particular,
the temperature “in the sun” begins to decrease immediately after the sun reaches its zenith,
while the temperature “in the shade” continues to rise for 1.5-2 hours, depending on the time
of year, due to the inflow of air from surfaces heated by the sun into the shaded area.

The results of the program calculations shown in tab. 2 more clearly demonstrate the
process of reducing the intensity of building heating due to the fact that the angle of elevation
of the sun corresponding to the beginning of this process is further from the zenith than was
observed for London. For the conditions adopted in this simulation, the noted angle is reached
between 10 and 11 a.m., but the calculation of its exact value cannot be considered a universal
characteristic of this phenomenon, since it can vary significantly for each building and the
conditions associated with it. At the same time, the calculation of this time for a particular

Table 2
Simulation of the heating of a high-rise building by the sun on June 22 in New York

June 22 o Ta (°C) Te (°C) Ts (°C) Te—Ts
12:58 72.74 34 78.9 29 49.9
12:00 68.82 33 80.4 28 52.4
11:00 59.81 31 827 27 55.7
10:00 49.04 29 83.2 26 57.2
9:00 37.75 27 80.1 24 56.1
8:00 26.43 26 75.0 23 52.0
7:00 15.41 24 64.1 22 421
6:00 4.91 22 319 21 10.9
5:25 0 20 20 20 0

skyscraper, taking into account the reflective properties of its surface, the heating of
neighboring structures, cloud cover, and the degree of sunlight scattering, may be the subject
of separate studies and serve as a basis for taking administrative measures or warning citizens
about increased wind speeds near the skyscraper.

A comparison of tab. 2 and tab. 3 confirms the pattern identified for London, whereby
a greater difference between the temperature of the building facade and the temperature in its
shadow occurs during the winter period.
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Table 3
Simulation of the heating of a high-rise building by the sun on December 22 in New York

Dec 22 o Ta (°C) Te (°C) Ts (°C) Te—Ts
11:54 25.96 11 72.0 9 63.0
11:00 2455 9 712 7 64.2
10:00 20:48 6 67.6 5 62.6
9:00 14.06 4 56.8 3 53.8
8:00 5.84 2 24.7 1 23.7
717 0 1 1 1 0

The calculations of the building facade's warm-up temperature allow us to simulate the
upward flow of the building, heated to 60° C, which is achieved by 10 a.m. in both summer
and winter. For the simulation, the dimensions of Bridgewater Place were used: width - 30 m,
length - 80 m, height - 112 m. Fig. 10 shows the results of modeling the upward flow of the
building with the distribution of temperature inside it, which, according to the temperature
scale, decreases with distance from the building and has a width of 15.3 meters at the point
where it decreases to the ambient air temperature. Fig. 11 shows the characteristics of the
upward flow velocity, which in the widest section has a velocity of 9.428 m/s and a volume
of air moved of 8 954.5 m?3/s (Tab. 4).

£.000
7.000
- 6.000

- 5,000
4.000
3.000
2.000
1.000
0

Velocity [m/s)

24.99
19.99
14.99

Temper. [°C)

Fig. 10 Computer model of temperature Fig. 11 Computer model of the updraft
distribution in an updraft velocity of a high-rise building

The upward movement of such a volume of air forms an area of low pressure at the
base of the building, into which the same volume of air is drawn from all nearby streets and
from the shadow area of the building, where, due to its large size, a mass of cold air has
formed with a pressure exceeding the pressure in the shadow areas of neighboring houses
(Fig. 12).
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Table 4
Value of the updraft of a high-rise building
Goal Name Unit Value
SG Surface temperature [°C] 60,102
SG Volume Flow Rate [m"3/s] 8954,537
SG Velocity Flow Rate [m/s] 9,428
SG Width Flow Rate [m] 15,3

25.000
21.875
18.750

15.625
12.500
9.375
6.250
3.125
0

Velocity [m/s]

Fig. 12 Models of the residential complex and ground-level wind movement within it (top view)

Because of this, the strongest ground-level wind, about 25 m/s (red zone), occurs in
the shadowed part of the building and decreases in speed as it moves towards the facade of
the building, where it combines with weaker winds from neighboring streets and compensates
for pressure losses at the base of the skyscraper. The assessment of the ground-level wind
speed conducted for Bridgewater Place is comparable to a speed of 20 m/s, above which the
Leeds authorities prohibit traffic near this skyscraper. In the computer model of the
residential complex shown in Fig. 12, the buildings adjacent to the skyscraper are included in
the program only to perform the function of directing the wind flows caused by the skyscraper
itself, since the impact of all buildings in the microdistrict is the subject of more long-term
research, the results of which must be tested on models of microdistricts in which directional
heating of structures is applied with the fixation of air flows by means of smoke or micro-
sensors [5].

Method of counteracting ground-level winds

The analysis of the causes and patterns of ground-level winds can be of considerable
assistance to architects in the design of high-rise buildings and the assessment of their
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interaction with the environment. At the same time, the hypothesis considered allows us to
propose a technical method of counteracting ground-level winds for already constructed
skyscrapers, based on providing cold air with a shortened corridor from the shaded part of the
building to its facade by means of pipes laid from north to south in the technical floors of the
building [5,8]. This technical solution prevents the movement of ground-level winds along the
entire perimeter of the building, as the cold air that forms these winds is able to move towards
the sun-warmed facade of the building via a shorter route. Consideration of this method from
the standpoint of the physical theory of air mass movement is based on the fact that the cold
air entering through the pipes compensates for the pressure loss at the base of the southern
wall of the building caused by the upward flow of heated air, which leads to a reduction in the
pressure difference between the sides of the building and a decrease in wind speed. It should
be noted that a complete cessation of wind movement around the building would only be
possible if the pipes offered zero resistance to air movement.

Pipes should enter the building from the area of highest pressure at the base of its
northern wall and exit at the level of the second floor of the southern wall so as not to
interfere with pedestrians and traffic. The pipe outlets can be designed as portholes or other
decorative structures. A numerical assessment of the characteristics of this method should be
based on the optimal selection of the number and diameter of pipes, their internal resistance,
and the resistance of the entire pipe route associated with the configuration of their passage
inside the building. Preliminary calculations show that the air flow at the pipe outlets can
have a speed of 20-30 m/sec and be ejected up to a distance of 40 meters. Therefore, for the
safety of nearby buildings, the pipes should be directed upwards at an acute angle to the
building, which will further contribute to reducing the temperature of its facade and the
upward flow.

Conclusion

The correctness of the proposed hypothesis is confirmed by comprehensive
explanations of all known manifestations of ground-level wind properties, as well as by the
regularity of their clearly pronounced intensification near office buildings with characteristic
cladding, which is most susceptible to heating by the sun. Studies have shown that in the
summer months, the highest surface temperature of a building is reached within 11 hours, as
the angle of contact between the sun's rays and the building decreases as the sun moves
further towards its zenith. In the winter months, at lower building surface temperatures, a
greater difference with the temperature in its shadow is formed, which contributes to the
formation of stronger winds at this time of year. Computer modeling confirms all the aspects
of the hypothesis and determines the methodology for more in-depth research in each of the
areas considered. A numerical assessment of the characteristics of the method of
counteracting ground-level winds should be based on the optimal selection of the number and
diameter of pipes, their internal resistance, and the resistance of the entire pipe tract
associated with the configuration of their passage inside the building. Analysis of the causes
and patterns of ground-level wind formation can be of considerable assistance to architects in
the design of high-rise buildings and the diagnosis of their interaction with the environment.
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Abstract

The article examines the specific aspects of designing trash racks for small
hydropower plants (SHPs) operating on mountain rivers characterized by high turbidity and
strong seasonal flow variability. Dependencies to automate the selection of the optimal bar
spacing of trash racks are presented depending on the type of installed turbines, based on the
recommendations of SHP equipment manufacturers. Empirical relationships and guidelines
for the hydraulic parameters of racks are proposed, taking into account operational conditions
in mountainous areas. A critical review of existing design recommendations for racks used on
high-altitude rivers is also provided.

Keywords: Small hydroelectric power station, high-altitude conditions, trash rack,
Pelton turbine, Crossflow turbine.

Introduction

Operating conditions for small hydropower plants (SHPs) on mountain rivers are
characterized by high heads, uneven discharges, elevated concentrations of suspended and bed
material, and an increased probability that solid particles and floating debris will enter intake
structures. Under such conditions, an improper choice of the trash rack design and its
geometric parameters inevitably leads either to frequent clogging of turbine components—
causing unjustified downtime—or to damage to guide vanes and runner blades and, as a
consequence, a loss of unit output.
Summer Operating Conditions of Trash Racks
Regulatory sources [1-3] provide practical rules for selecting bar spacing, setting angle, and
permissible head losses, but predominantly as limiting and tabulated recommendations. The
literature cites three principal criteria for assigning the spacing between bars of trash racks.

Equipment protection.

This is the primary criterion for setting bar spacing: the turbine and its components
must not be fouled by debris and floating objects. It should be noted that, according to
statistics over the past 20 years, high-mountain SHPs tend to favor Crossflow turbines (for
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heads up to ~200 m) and Pelton turbines (for heads of ~180 m and above), both maintaining
comparatively stable efficiency over a wide range of flow variation.

For Pelton turbines, source [2] recommends that the bar spacing of the rack be less than the
minimum dimension of any opening in the turbine’s inlet assembly. In practice, the suggested
range for bar spacing is 15-25 mm.

Source [7] proposes determining the bar spacing b from a relationship that relates the spacing
to the jet diameter at maximum needle opening.

1
b < E Djet.max (l)

where: Djetmax— jet diameter at maximum needle opening.
Our appraisal of this relationship across different ranges was based on consolidated data from
European Pelton turbine manufacturers. The results of the analysis are shown in Fig. 1.

Dependence of the Recommended Trash Rack Spacing
on the Nozzle Diameter of the Pelton Turbine
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Fig. 1. Recommended grate rod clearance versus Pelton turbine nozzle diameter

The analysis shows acceptable agreement between the proposed relationship and
manufacturers’ recommendations only within a narrow nozzle-diameter band of
approximately 60-80 mm. The averaged manufacturer data are well approximated by a
second-order polynomial (R? ~ 0.962).

b = —0.0008D2 + 0.1949D,, + 4.079 @)

where: Dn — nozzle diameter in mm.

For Crossflow turbines, published information is fragmentary: the recommended bar
spacing ranges from 15 to 35 mm, yet without reference to turbine size or characteristic
dimensions. The most complete information on the principle for choosing rack spacing in
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relation to Crossflow turbine dimensions was kindly provided by “Ossberger GmbH + Co.
KG” (Germany), a leading developer of the modern Crossflow turbine. According to these
data, the rack spacing correlates with the turbine runner diameter, which indirectly reflects the
inter-blade gap. To automate design calculations for SHP settling basins, these data were
approximated with a second-order polynomial, which demonstrated very good agreement (R?
~ 0.987).

b = —7x1077DZ, + 0.0349D,, + 2.4496 ©)

where: Dyg — turbine runner diameter in mm.
Therefore, for Crossflow turbines, the spacing determined by this dependency varies
from about 9 mm (runner diameter 200 mm) to about 40 mm (runner diameter 12800 mm).

Conflict Setting

Many recommendations are founded on calculating head losses across clean racks,
which is relevant for low-head plants. However, for high-head SHPs on mountain rivers this
approach has little practical importance in terms of total head. Moreover, project calculations
for a number of SHPs showed that, when the first criterion is observed and settling-basin
velocities are within limits, head loss on a clean rack is minimal and does not exceed 2—-3 cm.
When assessing rack capacity, actual clogging by debris and floating objects during operation
must be taken into account. Where the upstream catchment includes many settlements and
economic activities, and where vegetation is abundant, intense clogging can occur. According
to [1], calculations should be performed assuming 30-35% of the rack area is clogged.

(Fig.2).

T

Fig. 2. Clogging of the settling tank screens. A) Fallen tree leaves in the autumn at the Chirukhi
SHPP (Georgia), b) Clogging of the small screen at the Shaki SHPP (Armenia) with aquatic
vegetation and debris

According to [1], calculations should be performed assuming 30-35% of the rack area

is clogged. Source [3] suggests using a clogging factor of 1.25. Some references recommend
estimating the expected amount and maximum size of debris, which in practice can only be
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done qualitatively, depending on the level of development in the basin and on vegetation
subject to shedding and washout into the river.

Research Results

The most effective solution when high clogging is anticipated is to equip racks with
automatic raking machines (Fig.3). These devices typically operate by monitoring the
maximum permissible differential head across the rack. In practice, the threshold differential
is set at about 5-7 cm, which prevents air entrainment into the pressure conduit due to a drop
in water level within the intake forebay.

Fig. 3. Automatic cleaning machine at SHPP

Ecological aspects of selecting rack spacing.

The intake rack is not only a mechanical shield for the turbine; it is also a biotechnical
barrier that determines the feasibility of fish migration, the risk of entrainment and mortality,
and the degree to which the rack disturbs the hydrodynamics of the channel and benthic
fauna. Large bar spacing entails a risk that juveniles and small fish will enter the pressure
conduit and die when passing through the turbine. In addition to spacing, the approach
velocity at the rack is prescribed.

To determine environmentally acceptable spacing, recommendations from various
sources [13-18] were reviewed. For example:

* DFO (Canada) suggests < 2.54 mm openings for protecting 25 mm fish;

= NMFS/NOAA (USA, SW Region) commonly requires 6.35 mm maximum openings
for wire/perforated screens for juvenile anadromous salmonids; USFWS/NMFS recommends
around 3.2 mm for salmonid juveniles < 60 mm;
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= California DFG uses 3.2 mm for fry/fingerlings (~L =~ 60 mm);

= New Zealand DOC (Canterbury) cites 2—-3.2 mm for small salmonid juveniles;

= the UK Environment Agency provides screen sizes tied to juvenile length classes (8—
26 mm), numerically giving about 0.05-0.10-L.

Generalizing these sources, the recommended spacing for downstream migration
through intakes can be expressed as a proportionality to the body length of the smallest
protected species.

b < 0.1DL,yn (4)

where: Lmin — body length of the smallest protected species (fry aged 0.2 years).

In practice on small mountain rivers, where protected fish are present, this criterion is
limiting and nearly impossible to meet. As an illustration, the fish assemblage in rivers
flowing into Lake Issyk-Kul—an area experiencing intensive energy development—features
species whose juvenile sizes would dictate extremely fine screens.

Table 1
Migratory and Semi-Migratory Fish Species of the Issyk-Kul Basin
Migration Body length, cm
Migration Recommended
Fish Elevation, : bar spacing
Juvenile Fry
m Start End Mature h=1 yar t=0.2 yar [13-18]
Trout 2100 March | April 55 18 55 0.55
Naked 2500 April | June | 30 10 3 0.3
Osman
Matinka 1800 June July 40 13 4 0.4
Chebak 2200 May June | 28 9 2.8 0.28
Small June
Chebak 1900 May 20 7 2 0.2
Lip fish 2200 June June | 16 5 1.6 0.16
Cyprinus 1259 May | U | 6o 20 6 0.6
carpio
Maximum 60 20 6 0.6
— March | July

Minimum 16 5 1.6 0.16

Analyzing the species and their size ranges shows that under the harsh climatic and
morphological conditions of mountain rivers used for high-head SHPs, it is practically
impossible to comply with ecologically driven spacing recommendations for conventional
trash racks. A potentially acceptable option is the use of Coanda screens at the intake, feasible
only on very small rivers with modest design flows.

Based on design and operational experience in high-mountain regions, it is necessary to
develop alternative fish-protection methods tailored to local conditions; a strict requirement to
limit bar spacing for ecological reasons is often inappropriate in these settings. As
alternatives, one can consider fish deterrent systems, aerators, and bypasses for downstream
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migrants—always adapted to local conditions. The lack of realistic guidance for downstream
fish protection is a key reason why, at the vast majority of SHPs built or under construction in
many developing countries, fish-protection measures are limited at best to a fishway—
sometimes of questionable design that does not ensure passage.

To prevent the entrainment of small fish, approach velocity limits at the rack are used.
According to [12], the maximum permissible velocity at the rack face is 0.3-0.5 m/s. This
condition is almost always satisfied when a single-chamber settling basin is provided without
narrowing the width at the entrance to the forebay, because design velocities for
high-mountain basins are typically held to about 0.4 m/s.

Winter Operating Conditions of Trash Racks

Numerous studies address winter operation of racks [3-5], focusing on the negative
effects of frazil ice, anchor ice, slush, and hummocked ice. Adverse impacts are considered
primarily as:

= clogging of racks due to icing;
= blockage of nozzles and turbine blades due to ice fragments entering the pressure
conduit.

Conclusions
However, experience from the last two decades of SHP construction in high-mountain

areas shows that most plants are of the derivation type, with relatively long pressure conduits
(2-12 km) buried in trenches below native ground. Under such conditions, even if ice and
slush enter the conduit, they are unlikely to reach the units. Therefore, for these stations in
winter, the principal concern is preventing rack icing.
A critical analysis of various measures recommended in the literature, based on operational
experience in Armenia, Kyrgyzstan, and Georgia, is as follows.

1. Increasing bar spacing by 10-30 mm relative to the calculated value
Effective mainly at low-head plants and only for modest subzero temperatures. For
high-mountain SHPs with temperatures below —20 °C, even with 40 mm spacing, a solid ice
crust formed within 1-2 hours (e.g., Tegirmenti SHP, Issyk-Kul Region, Kyrgyzstan).

2. Heating the bars (electric or thermal fluid)
This method is of limited effectiveness and is rarely used at SHPs for several reasons: it
requires a reliable power supply at the intake node with high cost; and in crisis situations
(heavy snowfall, blizzards) it is ineffective on its own and demands additional anti-icing
measures.

3. Enclosing the settling basin (closed-type basin)
Ineffective in terms of raising temperature in the basin and forebay. There were cases where
icing even intensified—for example, at the Dzhradzor SHP (Armenia) icing increased above
the settling basin and on the fine rack due to higher humidity in the enclosed space and
airflow between the basin entrance and the rack zone. A practical mitigation is to use flexible
curtains at the basin inlet and outlet. Nevertheless, a closed-type basin can be very effective—
and sometimes the only solution—if heavy snow drifts and wind-driven snow are expected.

4. Increasing the embedment depth of the rack at the design stage
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In winter, river discharges in mountains are typically minimal. This allows ensuring adequate
open (ice-free) rack area at the bottom by deeper placement to maintain acceptable face
velocities. The drawback is that deeper embedment lengthens the forebay/settling chamber.
5. Installing an automatic raking machine on the rack

One of the most effective measures. The machine activates regardless of the cause of the
differential—debris in summer or icing in winter. In winter, it is often necessary to reduce the
activation threshold by 30-40%. The exact setting is determined empirically so as to prevent
the formation of a solid ice layer beyond the rake’s cutting capacity.

In practice, depending on local conditions, combined anti-icing strategies are usually
the most effective. For very high-elevation intakes (~2000 m and above), closed-type settling
basins are typically combined with automatic rakes.
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Abstract

Jrvezh Forest Park, located on the outskirts of Yerevan, represents an important green
area characterized by small water bodies, rich vegetation, and diverse fauna. Owing to its
geographical position, climatic conditions, and location along migratory routes, the area holds
particular significance for bird communities. Recent international studies have shown that the
creation of small water bodies in similar forested and urban green zones can promote increases
in bird abundance, enhance biodiversity, and contribute to the establishment of natural
purification mechanisms, where birds and water-surface—cleaning organisms operate in
symbiosis. This study presents a model assessment using the example of Jrvezh Forest Park,
focusing on evaluating bird species diversity and examining the potential ecological benefits of
integrating small artificial water bodies. The findings aim to provide a scientific basis for
understanding how water body installation may support ecosystem stability, contribute to
habitat quality improvement, and strengthen the ecological resilience of urban forest parks.

Keywords: water body, birds, ecosystem, habitat quality, ecological stability, natural
purification mechanisms.

Introduction

Urban and peri-urban green areas represent primary hotspots for global biodiversity
conservation, as they ensure ecological connectivity and multi-layered ecosystem structure [1,
2]. Contemporary ecological approaches indicate that even small-scale environmental
interventions—particularly the establishment of small water bodies—can substantially increase
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the diversity of birds, insects, and amphibians by creating ecological nodes within the urban
landscape. Small water bodies serve as essential ecological elements, providing drinking water;
feeding resources; natural regulation of insect populations; stabilization of hydrobiotopes.

According to international research, urban areas enriched with small water bodies
exhibit higher biodiversity, more stable food webs, and greater resilience to anthropogenic
pressures [1]. Long-term ornithological observations conducted in [3] have demonstrated that
bird distribution and species composition are closely linked to microclimatic conditions and the
presence of water sources. Between 2017 and 2023, a total of 38,164 individuals were recorded,
with the highest species richness observed in parks (73 species) and riparian zones (69 species).
These findings confirm that water availability and vegetation density are key drivers shaping
habitat preferences of birds.

Given that Stepanakert and Yerevan share comparable altitudes and similar landscape
structures, these observations can be applied to Jrvej Forest Park as a foundation for model
ecosystem assessment. In the present study, Jrvej Forest Park was selected as a model area—
an ecologically valuable site with high potential for habitat enhancement—where the possible
positive impact of integrating small water bodies is evaluated. Such water bodies are expected
to support symbiotic interactions, in which birds benefit from water access while
simultaneously contributing to the stability of food webs and the regulation of water quality,
for example through insect population control and the processing of organic matter.

Special attention is given to waterbirds, which play a key functional role in many aquatic
ecosystems, acting as predators, herbivores, and vectors of seeds, invertebrates, and nutrients—
roles that are often overlooked. Waterbirds can maintain the diversity of other organisms,
regulate pest populations, serve as effective bioindicators of ecological conditions, and signal
potential disease outbreaks [4].

Nummi and Hahtola [1] emphasize that small water bodies in urban green spaces
function as key ecological elements that increase habitat diversity and improve the structural
stability of ecosystems. The authors note that even minimal hydrological interventions can
significantly enhance bird abundance and overall biodiversity. In line with this, Nummi and
Hahtola [5] demonstrate that beaver-created wetlands substantially increase the availability of
food resources and attract higher densities of waterfowl, further underscoring the ecological
value of small aquatic habitats.

Lewis-Phillips [6] highlight the importance of microhabitats in shaping bird community
composition, pointing out that water availability is one of the most influential environmental
factors in urban landscapes. The authors discuss how vegetation density and water resources
create favorable conditions for both resident and migratory species.

Aydinyan, Ayrapetyan, and Yaitskiy [3] examine long-term bird distribution patterns in
the South Caucasus and report that species richness is closely linked to the presence of wetlands
and microclimatic stability. Their study demonstrates that areas with water sources support
more diverse and stable bird communities.

Green and Elmberg [4] specifically focus on waterbirds, noting their essential ecological
functions as predators, herbivores, and dispersers of nutrients and seeds. The authors emphasize
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that waterbirds serve as effective bioindicators of ecosystem health and may signal potential
environmental or disease-related changes.

Collectively, the reviewed literature indicates that the integration of small water bodies
in urban forest parks can enhance ecological resilience, strengthen food-web interactions, and
contribute to the conservation of urban biodiversity.

Methodology

The study was conducted in Jrvej Forest Park (Fig 1), located on the outskirts of
Yerevan, Armenia. The park was selected as a model urban ecosystem due to its high ecological
value for avifauna, heterogeneous vegetation cover, and potential for habitat enhancement
through small water body creation.
The area’s topography and climatic
conditions are comparable to
Stepanakert  (average altitude
~994 m in Yerevan vs. ~813m in
Stepanakert), allowing the
application of previous long-term
ornithological observations as a
reference for ecological modeling
[3]. The research was conducted
from 2023.

Conflict Setting
This research aimed to evaluate the potential ecological impact of micro-ponds on avian
diversity and ecosystem functioning. The study focused on the following hypotheses:
= Small artificial water bodies increase the availability of drinking water for birds and
contribute to habitat suitability. Birds utilizing these ponds act as “detoxifiers” by
controlling invertebrate populations and facilitating nutrient cycling, thereby maintaining
water quality and supporting a symbiotic network;
= Enhanced water availability positively influences bird species richness and spatial
distribution within the urban forest.

Research Results

Avifauna Surveys: Bird counts and species identification were conducted along
predefined transects within the park. Observations followed standard point count and transect
methodologies used in urban ecological studies [1, 6]. Surveys were performed seasonally over
one year to account for temporal variation in bird presence and abundance. Species were
identified in the field using the field guide by Adamyan [7]. Birds were observed using a
Navigator 12x50 binocular and a 3PT 457 spotting scope at x60 magnification.
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Unmanned aerial vehicles (Mavic 2) (Fig. 2)
were also used to record birds, allowing for high-
precision data collection while minimizing
anthropogenic disturbances that could disrupt the
natural behavior of the birds.

Habitat Assessment: For each transect,
vegetation cover, water body presence, and
microclimatic parameters (temperature, humidity)
were recorded.

Water Quality Monitoring: To evaluate the
indirect effect of birds on pond ecosystems, water
parameters including turbidity, nutrient
concentration, and macroinvertebrate density were
measured monthly, following protocols adapted
from Green and Elmberg [8]. Fig. 2 Use of UAV (Mavic 2)

Data Analysis: Correlations between water body use and invertebrate abundance were assessed
to evaluate the symbiotic role of birds in ecosystem regulation. Population Counting and
Methodology: Numerical bird counts along transects were conducted following established
protocols [9,10]. Bird fauna and habitat data along transects were obtained using the Ravkin
method, which is widely applied in ornithological geography [11]. This method allows data
collection for all bird species encountered on transects, is applicable for both forested and open
habitats, and can be used for both singing and non-singing species observed at close or distant
range. Seasonal comparisons were performed. This method does not require prior training and
is suitable for single-route surveys and for counting rare species.

As shown in Fig. 3, the

R s _ , - ! populations of the main

|t onncr S el bird species in Jrvej
o . Forest Park increased
« Stta europaea T

B steadily from 2023 to
2025, with  Turdus
merula showing the
most pronounced
growth.
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Fig 3. Population trends

0] S ' of major bird species in
e o 2025 Jrvezh Forest Park from
2023 to 2025.

The data indicate a gradual increase in the abundance of key species, reflecting the
positive impact of habitat features and management practices on the park’s avian community.
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Discussion

The study results confirmed that the introduction of small water bodies significantly
alters the spatial behavior of bird fauna, the intensity of food-web interactions, and overall
ecosystem dynamics. Observations in Jrvej Forest Park indicated that even water areas <5 m?
can serve as biodiversity hotspots, attracting both resident and migratory species.
1. Changes in Bird Species Diversity
The results showed that areas with water bodies exhibited significantly higher species diversity
(Figs. 4-6) compared to control areas without water features (tab.1).

Ay

Fig 4. Turdus merula Linnaeus, 1758 Fig.5.Turdus philomelos C.L.Brehm,1831 Fig. 6.Passer domesticus Linnaeus, 1758

Specifically, species richness in these areas was 35-48% higher, In the summer and spring months,
insectivorous and shrub-dwelling species (Sylviidae, Muscicapidae) were most active. Increased activity
was most pronounced during morning and evening hours.These findings are consistent with
international studies that regard water bodies as «Ecological Nodes» [2], where water functions as a key
limiting resource.

Table 1.
Comparison of Species Diversity (Mean Values)
Area Number of Species | Mean Individuals per Observation | Activity Increase (%)
Water body | 27 species 68.4 individuals +48%
Control 18 species 46.2 individuals —

Influence of Small Water bodies on Insect Populations
Observations indicated that insect density around the water bodies increased by 1.8-2.6
times, which directly enhanced the visitation frequency of insectivorous birds. The most
frequently recorded species were: Motacilla alba; Turdus merula; Phylloscopus collybita.
These results are consistent with the “ponds as insect chimneys” model, in which water surfaces
serve as rapid centers of insect production [] (Lewis-Phillips et al., 2020).
Stability of Aquatic Ecosystems with Bird Involvement: Bird activity near water
bodies contributes to several ecosystem services, including:
= Natural regulation of parasitic insect populations;
= Circulation of organic sediments;
= Nitrogen and phosphorus recycling to surrounding vegetation.
These findings are consistent with Green & Elmberg (2014, 2021), who note that even low
abundances of waterbirds can enhance the biological stability of aquatic systems.
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Spatial Distribution Characteristics: In areas with water bodies, bird spatial
concentration was on average 2.3 times higher than in control areas. The difference was most
pronounced during July—August, when water availability reached its minimum (Tab. 2).

Table 2
Assessment of Spatial Concentration
‘Indicator HWater body “Control HDifferencel
Mean bird density (individuals/100 m?)|[12.4 5.3 [+134% |
[Peak activity hours /07:00-10:00 / 17:00-20:00][08:00-09:00] — |
‘Migratory species frequency H+62% HDecrease H— ‘

Role of Small Water bodies in Urban Landscapes
The study confirmed that even small (<5 m?) artificial micro-ponds can restore
ecological functions by:
= Increasing biodiversity;
= Providing water resources;
= Supporting resting sites for migratory species;
= Enhancing food availability.
These findings align with Nummi & Hahtola (2008, 2011), who consider urban ponds as
“biological concentrators” within city ecosystems.
Comparative Assessment: Stepanakert vs. Yerevan
Long-term data from Stepanakert (Aydinyan, Ayrapetyan & Yaitskiy, 2023) show that the
presence of water bodies plays a decisive role in maintaining avian diversity. Our study
demonstrated that:
= Bird spatial concentration increased in Stepanakert by ~2.0-2.4 times;
= In Yerevan/Jrvej, by ~2.3 times.
Indicating that the water body model is effective in both locations, regardless of landscape
differences. Therefore, the introduction of water bodies can serve as a simple, cost-effective,
and efficient approach to restoring biodiversity in urban forest park areas in Yerevan.

Conclusion

1. Ornithological studies conducted in Jrvej Forest Park demonstrated that the area
represents an important urban ecosystem rich in biodiversity, where bird species diversity and
spatial distribution respond sensitively to changes in habitat conditions. The results indicate that
the creation of small water bodies (water-body) has a significant impact on enhancing bird
diversity, stabilizing and maintaining food resources, and influencing species’ behavioral
activity.

2. Observations confirm that the availability of water resources in urban green spaces
improves conditions for both resident species, such as Motacilla alba (White Wagtail) and
Phylloscopus collybita (Common Chiffchaff), and migratory species, such as Hirundo rustica
(Barn Swallow), supporting their nesting, feeding, and breeding opportunities (Adamyan,
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2000). This is particularly valuable in contexts where urban degradation limits access to natural
habitats.

3. The study’s findings are important not only for the conservation and management of
Jrvej Forest Park but can also serve as a model for environmental programs in other urban green
spaces in Armenia. The data suggest that small-scale, targeted ecological interventions can
produce measurable and meaningful positive effects on avian ecosystems. Furthermore, the
establishment of water bodies is not only crucial for forest birds but also provides essential
conditions for water-dependent species, offering a moist, protected, and permanent aquatic
environment that supports their survival and reproduction.

4. In conclusion, the introduction of water bodies in Jrvej Forest Park serves as an effective
conservation tool, enhancing ecosystem functionality, supporting bird biodiversity, and
increasing the ecological value of urban areas. Continued long-term monitoring will further
deepen knowledge and provide a robust data foundation for sustainable management and
conservation strategies.
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Abstract

The financial environment of Armenia has undergone significant changes in recent
years, driven by a combination of geopolitical, economic, and social factors. These processes
have led to a reassessment of market rules and the emergence of new business operation models.
In conditions of economic uncertainty, the mobilization of financial resources has become a
crucial factor for business survival and growth. Currently, there is an increased demand for
identifying efficient financing sources, considering the rising cost of bank loans and the limited
availability of non-bank alternative instruments.

Keywords: financing, business, lending, corporate bonds, financial market, refinancing
rate.

Introduction
Over the past decade, the Armenian economy has been undergoing structural
transformations directly linked to regional and global economic, political, and technological
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changes. Geopolitical uncertainty, disruptions in supply chains, and the restructuring of
international markets have significantly affected the country's financial and economic
environment. Such changes have forced many companies to reassess their strategic directions,
investment policies, and financing structures.

Financial stability and capital accessibility have become key prerequisites for business
development. As a small, open economy, Armenia is sensitive to both external shocks and
internal financial constraints. Consequently, the efficiency and diversification of business
financing mechanisms have become essential directions of the country's economic policy,
contributing to investment stability and market development prospects.

The banking system remains the primary actor in the financial environment, providing

the dominant share of business financing. However, in recent years, credit interest rates have
gradually increased due to tighter monetary policy and rising risk in international capital
markets. As a result, higher bank lending costs limit small and medium-sized enterprises' access
to financial resources, reducing investment activity and the level of production innovation.
In the current economic conditions, the development of alternative financing mechanisms is
particularly important, including corporate bond issuance, private investment funds, venture
capital, and financial instruments provided under state and international programs. Despite the
relatively small size of the market, Armenia's corporate bond market shows gradual activation,
indicating its development potential and growing investor interest.

Nevertheless, several institutional challenges hinder the effective development of the
corporate bond market, such as low financial literacy, limited investor confidence, high
regulatory burden, and low information transparency. Addressing these issues requires
coordinated cooperation between public, private, and academic institutions.

Corporate bonds serve as an important financing tool, allowing companies to implement
long-term projects without increasing equity, maintain managerial control under shareholder
oversight, and simultaneously secure predictable and affordable market-based financing.

Conflict Setting

The aim of this study is to analyze the current state of the Armenian corporate bond
market, assess the main factors affecting their profitability, identify development obstacles, and
propose strategic measures to ensure the market's stable and long-term growth. The research
utilizes official data from the Central Bank of Armenia, financial regulatory bodies, and major
companies operating in the market.

The methodology includes statistical analysis, regression modeling, and comparative
analysis in local and regional contexts, ensuring the comprehensiveness and policy relevance
of the findings.The article presents practical recommendations for the sustainable development
of the Armenian corporate bond market, increasing investor confidence, and improving the
financial system.

Research Results

Corporate bonds are one of the primary instruments for raising capital for non-financial
companies, providing a long-term source of financing and an additional option compared to
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bank loans and equity. Economists have long studied the impact of capital structure on firm
value. The seminal work of Modigliani and Miller (1958) demonstrated that in efficient
markets—without taxes, market frictions, or operational costs—the value of a firm does not
depend on its capital structure, as the fair prices of securities do not affect the overall firm value.

This theory underlines that ideally, a combination of equity and debt does not change
the company's cash flows and, therefore, its value.

The efficiency of the corporate bond market largely depends on three main factors:
market transparency, liquidity, and the activities of financial intermediaries. Transparency
involves the availability of complete and timely information, including pricing structures, pre-
and post-trade conditions, order volumes, and other essential transaction parameters. Liquidity
depends on issuance volumes and secondary market activity, while market makers ensure price
stability and continuous trading opportunities.

Morin O’Hara and Xing Zhou emphasize that institutional investors often hold bonds
until maturity, which can limit secondary market liquidity during crises. Consequently, the
market, despite an efficient structure, remains vulnerable to external shocks and liquidity
challenges.

Monetary policy also plays a critical role in the corporate bond market. Experience
shows that government bond markets are more sensitive to exchange rate changes, whereas loan
and deposit markets are less affected. The corporate bond market, being smaller and dependent
on financial intermediaries, is sensitive to changes in national monetary policy, particularly in
interest rates and liquidity. For example, during the COVID-19 pandemic in the U.S., the
Federal Reserve's Corporate Credit Facility and Special Purpose Vehicle programs stabilized
the market through purchases, reduced credit spreads, and increased trading activity of
corporate bonds. Similar initiatives have been implemented globally under the EU’s CSPP,
where targeted central bank purchases improved market conditions, stimulated new issuances,
and reduced risks without compromising liquidity.

In Armenia, the presence of market makers is crucial for the development of the
corporate bond market, providing continuous quoting and transparency for investors. Under
conditions of high government bond influence, corporate bonds become an attractive financing
tool, especially during declining yields, stimulating new issuances.

In summary, the efficiency of the corporate bond market depends on liquidity,
transparency, the role of financial intermediaries, and monetary policy. Central bank support
programs, well-designed structural policies, and information accessibility are essential
instruments for market stability and stimulating new issuances. In a secured and stable
environment, corporate bonds become an effective tool not only for raising capital but also for
managing financial risks.

The development of Armenia’s corporate bond market in recent years has become one
of the key directions of the country’s financial system. This sector’s activation is simultaneously
driven by several factors: maintaining macroeconomic stability, improving investment policies,
enhancing the financial supervisory system, and gradually increasing investor confidence. Until
2019, the corporate bond market was considered a relatively narrow and limited source of
financing; however, since 2020, it has become a factor stimulating real economic growth.
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Moreover, the expansion of the bond market in certain sectors—particularly
construction and infrastructure development—has begun to exhibit a multiplier effect. In recent
years, some construction companies have started attracting financing through bond issuances,
ensuring not only the continuity of their investment programs but also increasing overall market
liquidity. This process indicates that the development of the capital market is gradually
becoming the foundation for real sector growth: the expansion of construction investments,
which increased by approximately 35% between 2020 and 2024, was significantly supported
by the attraction of new financial sources, including corporate bonds.

Combined studies show that a 1% increase in corporate bond issuance volume can
contribute to about a 0.4-0.5% increase in construction GDP. Such results indicate the
deepening interconnection between financial and real sectors. In Armenia’s case, this link is
reflected in the fact that between 2020 and 2024, the expansion of the bond market coincided
with an approximately 35% increase in investments in the construction sector. This interaction
demonstrates that bond financing has effectively become an instrument for long-term economic
development. The corporate bond market in Armenia has recorded significant growth in recent
years, despite some fluctuations and the impact of external factors.

In 2019, the total market value was around AMD 250 billion, with an average yield of
7%. In 2020, the market experienced a slight decline—to AMD 230 billion—with a yield of
6.8%, due to global macroeconomic shocks.

In 2021 and 2022, the market recovered, reaching AMD 275 billion and AMD 340
billion, respectively, with average yields increasing to 8.4% and 9.2%. In 2023, the market
reached approximately AMD 405 billion, with a yield of 8.9%. By 2024, the market value
reached AMD 768.7 billion, an annual growth rate of 56.5%, with an average yield of 9.8%.
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80,000,000,000 5,000
4,000

60,000,000,000
3,000

40,000,000,000
2,000
20,000,000,000 1,000

0 0

2019 2020 2021 2022 2023 2024

Fig. Number of corporate bond transactions and trading volume, 2019-2024
(The columns show the trading volumes; the lines show the number of transactions.)

As of early 2025, the market value is around AMD 465 billion, the number of circulating
bonds is 150-160, transaction volumes are 7-10 billion AMD, and yields are still forecasted,
though the market is expected to remain stable.

This period highlights market expansion, rising average yields, and the impact of
external factors, emphasizing investor activity and the importance of financial risk
management. In the context of Armenia’s financial system development, the bond market is
gradually taking on a central role, becoming one of the key mechanisms for capital mobilization
and efficient allocation of investment resources. It represents a primary avenue for deepening
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financial intermediation, which, in turn, contributes to financial stability, increased investment
flows, and sustained economic growth.

In recent years, rapid capital market expansion has been observed, particularly through
the growth of corporate bond and equity issuances. This trend reflects a gradual transformation
of the financial environment, increased investor confidence, and the rising level of
financialization of the economy. Overall, the analysis shows that despite dynamic growth, the
corporate bond market is still in a continuous development phase. Investors remain highly
sensitive to defaults and external risks, which requires not only attention to yields but also
strengthening governance, disclosure, and supervisory mechanisms.

In the context of Armenia’s financial system development, the bond market is gradually
assuming a central role, becoming a key mechanism for capital mobilization and efficient
allocation of investment resources. It represents a primary direction for deepening financial
intermediation, which, in turn, supports financial stability, increasing investment flows, and
sustaining economic growth. In recent years, rapid expansion of the capital market has been
observed, particularly through growth in corporate bonds and equity issuance. This trend
reflects the gradual transformation of the financial environment, increased investor confidence,
and the rising level of financialization of the economy.

During 2024, the volume of corporate bonds in circulation amounted to approximately
7% of GDP, confirming the rapid market development trend. According to Armenia Securities
Exchange data, compared to 2015, the volume of corporate bonds issued in AMD increased
nearly 22 times, while foreign currency-denominated bonds grew about 27 times. Meanwhile,
equity placement volumes increased almost sevenfold. These fig. indicate not only higher
market activity but also development of financial culture and transformation of investment
behavior.

The total volume of corporate bonds in circulation at the end of 2024 was about AMD
590 billion, while equity volume was approximately AMD 162 billion. This ratio indicates that
bonds are becoming an alternative, and in some cases, a preferred source of financing. For non-
financial organizations, bond issuance volumes account for around 6% of the business loan
portfolio, and for financial institutions, about 4.8% of liabilities. These data suggest that bond
instruments in Armenia have begun to serve not only as short-term financing but also as a
strategic investment platform.

Economically, bond yields depend on several factors: interest rate environment, inflation, GDP
growth, and the level of investment risks. Based on the analysis of the Armenian market, the
following regression model was developed:

Y =0.82X; + 0.37X, + 0.09X; + 3.65,
where Y represents the average yield of corporate bonds (%), X is the refinancing rate, X: is
the inflation rate, and Xs is GDP growth. The resulting R? = 0.983indicates high explanatory

power of the model, showing that the combined effect of the refinancing rate, inflation, and
economic growth explains nearly the entire variation in yields. Specifically, each 1 percentage
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point change in the refinancing rate on average leads to about a 0.8 percentage point change in
corporate bond yields.

This relationship clearly demonstrates that the Central Bank’s monetary policy is the
primary regulator of bond yields. In 2021-2022, under the simultaneous influence of external
and internal factors, the Central Bank had to implement a tightening policy to counteract
accelerating inflation. As a result, the refinancing rate increased to 10.75%, significantly raising
bond yields. Starting in 2023, as inflationary pressures eased and demand stabilized, the Central
Bank began easing monetary conditions, reducing the refinancing rate to 7%, and by early 2025,
to 6.75%. These changes contributed to market stabilization, increased lending volumes, and
more predictable yield balance.

Analysis of Armenian market data shows that the correlation between inflation and

yields is relatively weak (0.46), while the correlation between the refinancing rate and yields is
very high (0.89). This indicates that monetary policy instruments remain the main drivers of
yield dynamics. GDP growth also affects yields to some extent, but its impact is relatively
limited due to the market’s small size and investment demand structure.
Comparative analysis shows that the average yield of Armenian corporate bonds, about 9.5%,
exceeds that of regional countries—Georgia (8.3%) and Kazakhstan (8.9%). This difference is
mainly due to market size and investment risk variations; in developing markets, investors
typically require higher yields to compensate for risk. Nevertheless, this level of yield also
indicates increasing investment attractiveness and the ongoing transformation of the bond
market.

In recent years, qualitative changes have occurred in Armenia’s public financing
structure. In 2024, total financing amounted to about AMD 851 billion, with 77% formed
through government bond placements. In 2025, total financing is expected to rise to AMD 1.35
trillion, with a significant increase in external loans and foreign currency bonds. This indicates
diversification of financing sources and deepening of external capital attraction. Such
developments both stimulate market expansion and increase investment activity, while also
heightening currency and interest rate risks, which could affect bond yields and market stability.

A distinctive feature of Armenia’s bond market is the interconnection between
government and corporate bond yields. Government bond yields form the base yield curve,
serving as a reference point in pricing private sector debt instruments. In other words, any
change in the government bond market—whether in yield or volume—directly impacts the
demand for and valuation of corporate bond issuances.

Overall, analytical data and model calculations indicate that the monetary policy
transmission mechanism in Armenia operates relatively efficiently, especially in the context of
the bond market. Changes in the refinancing rate are transmitted to corporate bond yields with
some time lag but fully, forming predictable market response patterns.

These trends indicate that Armenia’s corporate bond market is in a stable growth phase
and is gradually becoming a real source of economic financing. It contributes to diversification
of capital mobilization, development of investment culture, and deepening of the financial
system. If macroeconomic stability, monetary balance, and investor confidence are maintained
in the coming years, the corporate bond market volume could exceed AMD 700 billion by 2027,
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with average yields stabilizing in the 8.5-9.0% range, approaching Eurasian regional averages.
This demonstrates that the bond market is becoming not only a component of the financial
instrument toolkit but also an effective channel for implementing economic policy,
strengthening Armenia’s economic stability and investment attractiveness.

Based on the conducted analysis, it can be noted that macroeconomic and political
factors have the primary influence on the yield of Armenian corporate bonds. One of the main
challenges remains high inflation and changes in the Central Bank’s refinancing rate, which
directly affect average yield rates.

External macroeconomic and geopolitical factors significantly impact the stability of
Armenia’s financial market and investment environment. Regional economic and political
instability, as well as international capital movement restrictions (cross-border capital
constraints), can substantially limit both individual and corporate investment capacity and
market activity. Under such conditions, certain restrictions in investor information disclosure
are applied to protect local companies, reducing dependency on external markets and mitigating
potential negative effects of international uncertainties and market volatility.

Another important aspect concerns the tax environment. Current tax incentives in
Armenia’s corporate bond market do not provide sufficient stimulus for private investments.
Companies often prefer other financing sources with government support, such as bank loans,
reducing the demand for bonds as a primary financing tool.

Corporate bonds are relatively riskier than government bonds, and investors often prefer
government bonds to reduce portfolio risk. In this context, corporate bond yields can be seen
as relatively high returns for higher risk, reflected in Armenia’s market by an average yield of
9.5%, exceeding the regional average.

Domestic financial factors have a significant impact on the development of Armenia’s
bond market. Company financial stability and high creditworthiness reduce investment risks,
ensuring predictable yields and minimizing potential capital loss or “freezing” of investment
resources. This is particularly important for retail investors, who are more sensitive to market
fluctuations and liquidity constraints.

At the same time, the legal framework still requires improvement. There are no clearly
defined mandatory requirements for corporate bond issuance and sales agreements, especially
in cases where they may convert into shares or be used in other financial transactions as
collateral instruments. These gaps limit market transparency and reduce investor confidence.
Clarifying regulations and strengthening legal protection will contribute to institutional
development and market stability.

Conclusion and Recommendations

A comprehensive analysis of Armenia's corporate bond market indicates that it is
currently in an intermediate stage of development, while simultaneously showing significant
growth potential. The positive market dynamics in recent years have been driven both by the
gradual stabilization of the financial environment and by increasing investor interest. However,
a number of systemic and structural factors continue to hinder the market's sustainable
development.
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First of all, fluctuations in refinancing interest rates within the macroeconomic
environment create uncertainty regarding the profitability and real value of bond instruments.

This factor increases the perceived risk for issuers and investors, limiting investment
activity.

In addition, due to incomplete disclosure of information and insufficient transparency
in financial reporting, investors often lack adequate data regarding the financial stability,
operational risks, and market position of issuers.

The current structure of tax policy also does not sufficiently encourage investments in
corporate bonds; investors do not receive tax incentives or reductions in income tax, which
could enhance the attractiveness of bonds relative to alternative financial assets.

It should be noted that the relatively high default risk in the market and the low liquidity
of the secondary market lead investors to prefer government bonds or other secure instruments,
thereby limiting private sector financing opportunities.

Overall, despite existing positive trends, Armenia's corporate bond market has not yet
reached the institutional and operational level that would allow it to be considered a fully
reliable and competitive financing source for both local and international investors.

Recommendations

Considering the above observations, it is appropriate to implement the following
strategic measures, which will contribute to the sustainable development of the market and
improvement of the investment environment:

Predictability and Stability of Interest Rate Policy
The Central Bank’s interest rate policy should aim at ensuring predictability. This will reduce
the impact of market fluctuations on profitability and strengthen investor confidence.
It is recommended to publish regular assessments and forecasts regarding potential interest rate
changes, thereby ensuring informational transparency.

Enhancing Financial Information Disclosure
Investor confidence largely depends on information transparency. It is necessary to ensure
mandatory publication of financial statements by issuers in accordance with IFRS
(International Financial Reporting Standards), including data on the nature of activities, risks,
and the market dynamics of bonds.

Incentive Tax Policy

Providing tax incentives to investors can become one of the most effective drivers of
Armenia’s corporate bond market development. From an economic perspective, tax incentives
act as a mechanism guiding investment behavior, reducing the tax burden on actual returns and
increasing the comparative attractiveness of bonds relative to other financial instruments.

Specifically, temporary or partial exemptions from income tax, as well as reduced tax
rates for long-term investments, can significantly increase investor participation in the
corporate bond market. This approach is applied in many developed financial systems, such as
in the EU, Singapore, and South Korea, where tax incentives have contributed not only to
market liquidity growth but also to an expansion in issuers’ debt financing volumes.
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In Armenia, targeted application of tax incentives may be especially effective for
investments directed at strategic sectors of the economy (e.g., energy, IT, infrastructure, green
economy) or those with long-term holding commitments. Such a policy will contribute not
only to the dynamics of bond acquisitions by investors but also to the long-term stabilization
of the capital market, ensuring predictability of financial flows and proportional distribution
of investment risks.

Additionally, tax incentives can have secondary positive effects by promoting corporate
financial transparency, as benefiting from these incentives requires maintaining standardized
reporting and disclosures in accordance with international accounting standards. Thus, tax
policy not only stimulates investments but also indirectly contributes to institutional
strengthening and enhanced oversight of the market.

Therefore, a targeted and well-structured incentive tax policy can become an important
tool for activating the corporate bond market, stabilizing investment flows, and deepening the
country’s financial system.

Institutional Mechanisms for Reducing Default Risk

It is necessary to establish state or private guarantee funds and insurance systems for
relevant issuances. These mechanisms will reduce investment risk and contribute to increased
market liquidity.

Investor Education and Awareness

Increasing financial literacy is one of the cornerstones of market development. It is
recommended to organize educational programs, seminars, and online courses on the features
of the bond market, assessment of profitability, and risk management.

Strengthening Market Infrastructure

Development of the secondary market should be promoted by ensuring greater
accessibility for buying and selling, reducing intermediary fees, and diversifying issuances. At
the same time, it is advisable to encourage both local and international investors’ participation
to enhance market integration and liquidity.

The proposed strategic interventions can form a predictable, transparent, and efficient
corporate bond market, which will contribute not only to the stability of the financial system
but also to the comprehensive development of Armenia's economy. This approach will allow
Armenia to gradually move towards a financial market that meets regional and international
standards.
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L.U. LEpupuyywt?, U.U. Ubwnpujwt?, U4 Ununwdju?

W.Lnpwiywah waywi mmbuwginnyayui hauwmpnnon
2lujwupwbih wbhypwlwl ntipbuwghypulwt hwdwguwpuwb

Lwjwunwuh $huwtuwlwu dhowdwpp ybpohtu wnwpphubiphtu Gupwnyyb) £ fwlwu
thnthnfunyesnwibiph, npnup wwjdwuwynpywsd Gu wofuwphwpwnwpwlwu, nunbuwywi L
unghwjwywu gnpdnuubph hwdwygnyejwdp: Wu gnpdpupwgubinp hwugbgpb) Gu ontlywih
Ywunuubph Jbpwuwjdwup L phqubiuh gnpdniubingejwu unp dLwswihbtiph duwynpdwup:
Sunbuwlwtu wunpnonipjwt wwjdwuubpnud ppuwtivwlwt nbunipuubiph ubpgpwynidp
nwndb| £ phqubuph gnjuwbdwu U qupgqugdwu Juplunpwgnyt wwjdwuubphg dbyp:
LbpYywjpu hpwydpbwynd wnwyb) ywhwuows L nupab; huwtuwydnpdwu wprynituwybin
wnpynipubph npnunudp’ hwpdh wnubing pwuywiht Jupybph pwuluwgnup b ng putlughtu
wj|puinpwupwihu gnpdhpubtiph uwhdwuwhwy huwpwynpnyeniuubpp:

Pwbwih pwnbp. dphuwuuwydnpnd, phqubu, Jwpywynpnd,  Ynpunpwunpy
wwnuwwnndubip, $huwtuwlwu onyw, Yyepwphuwtuuwynpdwu ninlnuwinpnyp:

107


https://www.cba.am/en/securities-market
https://www.cba.am/en/securities-market
https://armenpress.am/en/article/1094172
https://eabr.org/en/press/news/edb-bonds-are-listed-on-the-armenia-securities-exchange-whose-trading-infrastructure-was-modernised-/
https://eabr.org/en/press/news/edb-bonds-are-listed-on-the-armenia-securities-exchange-whose-trading-infrastructure-was-modernised-/
https://www.cba.am/file_manager/Financial%20Stability%20Report%202024%20ENG.pdf
https://www.cba.am/file_manager/Financial%20Stability%20Report%202024%20ENG.pdf
https://modex.am/wp-content/uploads/2025/01/ENG-Increasing-Economic-Resilience-of-Armenia.pdf
https://modex.am/wp-content/uploads/2025/01/ENG-Increasing-Economic-Resilience-of-Armenia.pdf
https://armbanks.am/en/2025/03/20/262393/

Bulletin Of High Technology N 3 (35) 2025.-pp.97-108. ECONOMICS

KA. Nersisyan, S.A. Avetisyan, A.V. Arstamyan
TRENDS AND CHALLENGES OF THE DEVELOPMENT
OF THE CORPORATE BOND MARKET IN THE REPUBLIC OF ARMENIA

TEHAEHIOUH U ITPOBJIEMbBI PA3BUTHUSA PBIHKA KOPIIOPATUBHBIX
OBJIMT' AT B PECITYBJIUKE APMEHUS

K.A. Hepeucan', C.A. ABerncan?, A.B. Apcramsin?
Uncmumym sxonomuxu um. M. Komansna
2ApM;lHCKLHJ 20Cy0apCcmeeH bl IKOHOMUYECKUL YHUBEPCUME

OdunaHcoBass cpeaa ApMEHHUM B TIOCICOHHE TOJBI IpeTepreia CyIIeCTBEHHBIC
W3MCHECHHS, OOYCJIOBJICHHBIC COBOKYITHOCTBIO T'€ONOJUTHYECKUX, OSKOHOMUYECKHX U
COLMATBHBIX (HAaKTOPOB. DTH TPOIECCH MPHBEINM K MEPECMOTPY PHIHOYHBIX MPaBUI M
(GOpMHUPOBaHHIO HOBBIX (OpMATOB BeACHHUS OW3Heca. B yCIOBHSIX HSKOHOMHYECKON
HEOMPEACIICHHOCTH TPUBJICUCHUE (MHAHCOBBIX PECYPCOB CTANO OJHMM W3 BaKHEHIIMX
YCIIOBUY BBDKUBAHUS M Pa3BUTHS OW3Heca. B criokuBIIeics: cuTyaru MOMCK 3P PEeKTUBHBIX
WUCTOYHUKOB ()MHAHCHUPOBAHMS CTan 0ojiee BOCTPEOOBAHHBIM, YUUTBIBas POCT CTOMMOCTH
OaHKOBCKUX KPEIUTOB W OTPAaHUYCHHBIC BO3MOXKHOCTH HEOAHKOBCKUX aJbTEPHATHUBHBIX
WHCTPYMEHTOB.

Knwueevie cnoea. QuHancupoBaHHMe, OW3HEC, KpPEIUTOBaHHE, KOPIOPATHBHBIC
oOnuranuy, UHAHCOBBIM PBIHOK, CTaBKa pepUHAHCUPOBAHMUS.

Submitted on 12.08.2025
Sent for review on 20.08.2025
Guaranteed for printing on 18.11.2025

108



Bulletin Of High Technology N 3 (35) 2025.-pp. 109-119. pULUJEBP <UMrMRUY

Uwphpbly Qupuippuits, Upngp Uwplnupw, dwhwqln vwgupnippuils,
Uplpwn dwppwtyut, Upnip vwgwppput, Kndhwbbbu Bnpdwgyut

Uu20r%p 6LALUSNLONFE3UL MU3UTLLELOFT «<PMM» UELPNLTLSP <N LELUNFOUUL 2QUOULULULGLEL P
U2 68NFEBNFLL UGLELUSUL 8NrELP LPELLUSYNFB3U L 64 LG Lh GUNNFSIUO-LP 41U

(Spunmupulpfly E Pwpdp Skijulinngfuubibiph nknkipugpnud” 20255, N3 (35), 2025, tp* 29-41)

uLvrMih 6ruruanronihe-3uL MU3VULLEMNRNY «PMM» UGLPALULSHh N1
LEMPUNKOU UL 2AUPULULULULENh URDESNRMI3NKALE USTLULUSUL SNNPELh
PEML2USYNRE3UL b4 PEMEP LUNNKRSYUTLh UMl

Fuwlwu (wuopnh) wwjdwuubipnd, npwnbin dowlwpnyubipp wébgynd Gu wnwug
wphbunwlwu nnngdwu, hhduwlwunw ogunwgnpdynud Gu hwywsd djuwu b unnpgbitntyw
ontiph qupuwuwhu funtwynyentup, huswtu twb wudplp:

Jwn qwpuwup (Yud hwpdtip nnngnwdhg hbwnn) 1 d2 dwybpbup Jpw' 10 ud
hnnwsabtipinnwd, Ywpnn £ Ynwnwldtp dninwgnpwwtiu 30 hip ongp: “pw dp dwiup pnyut
ognwgnnpdnd £, dhugntin dinw dwup (dninwynpwwbiu 13 jhuinp Yud 13%), duwiny hnnnd,
pnyuh hwdwp nunund b wudwwmsh: 6du 7 jhunpp pnyup nddupnyggudp £ Ynpgnd,”
gnpduwlwund ogquuwgnpdtiny gnjuunbidwt uwywwmwynyd, b sh qupgquund: Wuhupu,/!
dhwju 10 |hwnp onipp' Ynwnwlydwsh dby bGppnpnu £ opnyup hbonnejudp Yuundd L
jntpwgund wéh b qupgugdwt hwdwn:

Znnnud Yninwyywsd untwgnyejw dbd dwup pnyup wbdwt opowind gninpphwitntd
E: <Gunlwwpwn, pnyubph uwwndwu hwdwp hnnnd oph wiuhpwdtion wwowpp dadwgubnt’
Bpynt tnwppbpwy niubup’ hnnh dwytiplnyrehg oph gninpahwgdwt udugbignid (ophtwy’ wju
dwolbiny pwpwl pwnwueny, npp unbndnd £ obipdngwihu wgnbgnyentu b qquihnpbu
ujwgbigunwd hnnh dwytiplinyehg gninpahwgnidp) wd hnnnwd 9nipp wwhbnt Yupnnniyejwu
dbdwgnud:

Oguwgnpdtiiny «PMM» dbjhnpwtwp huwpwynp b nwnund 1 32 dwybpbup pw,/ 10
ud funpniejwu hnnuistipunnid (npuinbin hhduwwunw wnbnwywyynid Gu pwgdwehy pnyubiph,
win pYnd’ ddbnwihu gwuph gnpbup  wpdwwubpp), Ynunwlybp 40-45  |hup o onip:
Upryniupnud,/* hnnnud Ynunwdwd [pugnighs 10-15 (hunp onipp qquwih dwdwtwlwhwunywd
Yuwwwhnuh pnyup pwpbuwwuwn qupgugnwip b wép:

«PMM>» dtjhnpwtwnh Yhpwnnwp ng dhwju dbdwgunid | ugdqwd wnwppbpwyny onip
wwhbnt niwynejniup U, hGwnlwpwp, pnyubph wpdwwmubph Ynndhg  hbounnyejwdp
Ywugnn opp pwuwyp, wyl Unyt  wwjpdwulbpnwd  ujwgbigunwd £ gninpahwgdwu
wpuwghieniup:  <bwnbwpwp, wudpbh W wphbunwlwu nnngdwt  pwgulw)niejwi
wwjdwuubpnul, «PMM» dbjhnpwuwnph Yhpwndwu nbwpnid pnyubpp qupgugdwu hwdwp
niubunw GU qquihnptiu wybijh Bplwp dwdwuwwhwnws, pwu puwlwt ywjdwuubpned:

Uswldby Gu dh pwpp wbfuuninghwubp® «PMM»  dbjhnpwuwnh  Yhpwndwdp
dowwpnyubph pbippwunynientup pwpdpwgubiint hwdwp: Uwnbdhynu by Bnhwqupngp
wudwtu opwjhu hhduwhwpgtiph W hhnpnnbfuuplwjh huuwnhwnnunp b U.Y. Lndnununydp
wujwtu  Unuywjh  wbunwlhwu  hwdwppwpwuh  deluwuhlwih - ghunwhbnwgnunwywu
huunpinnunh  Ynndhg  wuglwgytii btu  pwqiwehy hwdwwbn  Jwpnpwwnp
htiunwgnwunnie)niututip: npp dwybiptiun hnnwdwubipnd thnpdwpynudubipp gnyg Gu ndby,
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Jov20r2p 6rArdeNLONFHF3UL MU3UTLLELOFT «PMM» UELPALTLSP <N GELUNFOU UL QUOUTRLRUGUGLE P
U2168NFE3NFLL UGLULUESUL SNEUP LM RUSINFO3UL 64 LG LP GUMMIFSJIUOLP 411U

(Spunnmuwpwlpily E Pwpdp Skfulinpnghwbipp nbyblpugpmnud” 2025p0. N3 (35), 2025, Ly* 29-41)

np 1 pwnwynwh dbnp hnnh Jpw 100-300 gpwd swihwpwduny «PMM» dbjhnpwuwnh
Yppwnnwip hwugbigunud £ wotwuwgwu gnpbiuth pbippwnyniyejwt qquwih wéh:

2019p.-ng hpwlwuwgynn hbGunwgnnyenitubpp gnyg Lhu/Gu wwjhu  «PMM»
dbhnpwtwnh Yhpwndwt wpryniuwybunniyeniup:

Lwpnuwd ubiplwjwgyud '
£ wotwuwgwu gnpbiup (

hbwnwgnunnyejwu

wprynupp thnpp
dwybiptiup ypw.

Jwfuhg’ wy.

1. Unnighs ininuidwu.
2. Uhwju
wwpwpuwujnge.
3.PMM L
wwpwnuwjnye

4. Uhwju PMM

fuunhp & npyb| 2024-2025pp. K& Swnljwhndhn hwdwyupniud puwywt (wuspnh)

wwjdwuubpnud jwpnpwunnp thnpdwpynwdubiph wpryniupubiph hpdwu Jpw hpwljwtwgub
nwownwihtu  hbwnwgnunye niuubp,” wolwuwgwu gnpbuh  pbppwunyniejut Jpw «<PMM»
dbphnpwtnh 0.3 Yg/u? (3 gmuu/l Ygnm) swithwpwduny Yhpwndwt hpwhwu wgnbignigniup
npnbint hwdwp:

fuunph wpnhwywunyesniup ywjdwuwynpywsd £ twb <wjwunwund Yihdwjh whnphy
thnthnfunejwt hpnnnuejwidp:  Ywufuwwnbunmdubph  hwdwdwyu,/  nwpwdwopewunid
gjninwinunbiunyejwu ninpund Yunbih £ whulub).
* hnnh funtwynipjuwt dJwwpnwyh uwgnuwt 10-30%-nd,
= gniqwntnbuwlwi  dpwlwpnyubiph hwdwp  hnnp funtwynyewt - wwwhnydwu

ujwqntd 7-13%-ny.

*  nnngqdwl oph wwlwu' hnnnd oph nEdhghunp wybjugnud 25-30%-ndy.
* nnngynn hnntiph wpuwnpnnuyuwunyejwu udwgnid onipg 24%-ny.
* hnntpp U puwlwu wpnunwywptiph nbgpwnwghw.
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= dhusl 2030p. punhwuniy wpnunwywpbtph b wpunwnpnnuwunyejwu ujwgnid 4-10%-
nd, wpnunwydwpbph  pbppwinyniejwt udwgnd - 7-10%-nd,  wuwuuwybipp
wpwnwnpnyejwu dwywubph ujwgnud, dowlwpnyubiph pippwnynyesjuwt udugnid onipy
8-14%-n:

Wuwhuny, hnn ubpdnidywsd dbjhnpwunp swhwpwuwlbsphg wotwtwguwt gnpbiup
pbipph Ywnnigdwdph U pbppwndniegjwu Yuwhudwoniejnup pwugwhwjnbiint uwwwmwyny
2024-2025pp <wjwunwuh Lwupwwbinnysjul Gnuwnwthwunwlwiht wunwdnwihu
gnunt' éndh dwlybiplinyehg 20004 pwpdpnugjwt Ypw pulwd Enuwghu ubwhnnbiph
Gupwgnwnu, npwbn  nwpbljwt  pwihynn  dUninpuwiht wnbnnwiubph dhoht
pwlwlynipgniup 550 dd k, wwpblwu dhoht obpdwuwhéwup' 4°C, npdbp Bu nwownwhu
thnpabin:

®npsbipp npdtg Bu 3 Yplunnnyejwdp: <bnwgnngb) Bu hbnlyw| tnnwppbpwyubpp’

1. Unwug «PMM>» - uwnnighs.

2. <PMM» - 2 in/hw.

3. «PMM>» - 3 wn/hw:

®npsh pnipp wwppbpwlubpndd,  upunbdwwhly YeEpwnd  ywhwwubing
htppwlwunte)niup, thnpdwdwnpgbipp nwuwynpdtp Gu - wjuwbu, np  nbnuwdwubpp
punhwuniyy uwhdwt sniubuwu: Pnpdwhnnudwup pninp Ynndbphg wwwhndyb) £ 3d
|wjuniejwdp yuwonwwuwlwu stpunny: 1 jwjuniejudp ywounwwbwlw 26pun £ pnnudb;
uwl hwplwu thnpdwdwpgbph dholi: Wuwghuny' jnipuwipwitisinip thnpdwidwipg niubigh) £ 604
punhwunip Bplwpnyeniu b 184 (wyunieyniu’ ubipwnjw) 1 ywowmwwuwlwu 2tpwnp’ 108042
punhwunip U 1000402 hwodwplywihu dwybpbund:

«PMM» dbjhnpwuwnt, puwn thnpdh upubidwih, hnn L ubpdnddb)] gwuphg wnwy
hwgwhwunplywgwu C3-3,6 swppwgwuny, gwuph funpnyejuwdp b Ywpgwpbpdbp  hnnp
hwdwwnwpwsd  dowydwtu  Ynynphdwinnpnd:  Snpbiuh nwownph  dowydwu  djnw
wgnpnunbfuthluwywu  dhongunnuwiubpp  Yuwwnwpdbp GO0 hwdwéwiu  wnwpwdwopowuntd
punnwywd inbfuuninghwih:

<nn  ubpdnwdws «PMM»  dbjhnpwuwnp  swhwpwuwlhg  wouwuwgwu  gnpbiup
pbppwunynyejwu b pbipph  Yunnigdwdpwjhu tnwppbph Ywfudwdnieniup pwgwhwjnbint
hwdwp pbppwhwlwph uwfuopbh pninp  vwppbpwyubiph  gnpdwdwpgbph 0,25 2
wnwpwdphg  pnyutipp wpdwwnwfuhy Bu wpdt), Yuwdb) Gu fupdbp, whowlbwdnpgb b
wnbinwthnfuyb| Gu jwpnpwwnnppw: Pepph Ywnnigywdpwihu wwppbpp U YEuuwpwuwlwu
pbppp npnayb) B hwdwdwu gnpdnn depnnhlwh:

3nipwpwtginip fupdhg puunpyb § 10-wlwu wwunmwhwlwt pnyu, swhyb /6L npwug
pwpapnyeniup, hwulbiph Gpluwpneniup, hwuynd hwnplubiph phyp, 1000 hwuinhyp
quugqwdp, hwodwplyb) Gu 1802 tnwpwdpnid tnwéd pnyubiph phdp, punhwunip gnnniututiph
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pwuwyp, wpryniwybinn gnnniuubph phdp: Npnadb) Gu punhwunyp b wpryniiwybon
pLhwljw|dwt gnpdwlhgutipp:

UoJwd pninp hwydwphubipp Yuwwpdbp G puswybiu  puwn thnpdh  wnwudpu
wwpptpwyubiph,  wjuwtu Ep thnpah bpbip - inwppbipuwueph - dhghp nnipu pbipbint
uygpniupny (wnnuwlubip 1-4):

Unyniuwly 1

Wtwtwgwi gnpbuph YEtuwpwtwlwi ppph unrnigwsépp' Ywudwsé hnn ubpdndwsd
«PMM>» dbjhnpwuwmp swihwpwtwlhg (thnpdh wwppbpuwl 1)

18-nud Sthwlywinid UtlY hwuyh A Ybuuwpwuwywu
he=} ol
5 % pbippp, whw
g gnnniuubiph S El nnhg =
5 phin z | 2 3 -
g < S - ~ o 3£
5 | £ s |32 |2 |F |Ed54 |8 ZE
=% S = = = = =
Tl g |5 |2 |2 |8l 285 |5 |z £ %
g = El 3 3 g = = 5 g g < g S g & §
c 5 Z 2 S ) = 3 = 23 5 a E; 3 [ =
a ES a = = 3 = = 5 g_, I S
g & < |5 = |3 3
@ E 3
Uwnnighy | 48 | 225 | 356 | 240 | 1,58 | 1,06 | 5,6 | 23,2 | 0,8 | 34,48 | 4,05 | 1,92 | 2,13 1,1
st
PMM 52 | 251 | 341 275 1,35 | 1,09 | 6,3 | 27,4 | 0,9 | 32,84 | 4,92 | 2,47 | 2,45 | 0,98
2un/hw
PMM 52 | 247 | 335 | 268 | 1,35 | 1,08 | 6,4 | 28,6 | 1,2 | 41,95 | 6,37 | 3,21 | 3,16 | 0,98
3w/hw
Unjniuwly 2

UWbwbwgwt gnplkuh YEbuwpwiwlwt pipph junrnigjwspp® juudws hnn ubpdniéws
«PMM>» dbjhnpwuwmh swhwpwuwlyhg (hnpah mwppbpuly 2)

18-nud Sthwlwnud UtlY hwuyh Ybuuwpwuwlwu -

=

- & plippp, whw g

s gnnniutbiph ,§‘ nphg %

= : 3 =

E phdn s | o3 2

g ERE 3| 3 <

£z = |2 |5 |2 |§|2 |= :

g | = |5 |2 |2 & |32 |2 z =

3l | & |5 3 3 g | = 2| £ E o =

=S| |2 |2 |8 |E|5 |8|2 |58 |5 |2 |3

= 5| Z 3 z 2 =3 3 = = | £ a 3 £ E

2 2| < | g | g 12 1F |22 v =

= a 3 - 3 S 5 5

= = 3 Y £

3 = =

@» I}

Uwnnighs | 50 | 201 | 261 | 215 | 1,29 | 1,06 | 6,2 | 26,2 | 1,0 | 38,16 | 4,41 | 2,15 | 2,26 | 1,05
st
PMM 53 | 238 | 296 | 254 | 1,24 | 1,06 | 6,3 | 26 | 1,1 42,30 | 559|279 | 2,8 1,0
2wn/hw
PMM 54 | 293 | 371 | 307 | 1,26 | 1,04 | 6,8 | 28,2 | 1,0 | 35,46 | 6,04 | 3.07 | 2,97 | 0,96

3wn/hw
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Uwphpbly Qupuippuits, Upngp Uwplnupw, dwhwqln vwgupnippuils,

Uplpwn dwppwtyut, Upnip vwgwppput, Kndhwbbbu Bnpdwgyut

(Spunmupulpfly E Pwpdp Skijulinngfuubibiph nknkipugpnud” 20255, N3 (35), 2025, tp* 29-41)

PULUYGEBP <UMe-Uy

Unynuwly 3
Wtwtwgwt gnpliuh YEbuwpwbwlwi ppph unnigwspp' Yujujws hnn ubpdndwd
«PMM>» dbjhnpwuwnp swihwpwtwlhg (hnpah mwppbpwly 3)

1¢%-nud Sthwlwnud Ut hwulyh Ybuuwpwuwlwu pbppp,
_ wn/hw S
3 gnnniutkiph Z nphg é
gl rehdp < & 3 E
c = o 3
3 g 312 153 2
3 Z = 5 : - 3
g 7| % . | g [ |22 |Z | |¢g Z
5 il=s |5 |5 |3 2 o - T e £
Z = | = | 3 £ z z | € = | 3 3 = 5 5
ElE |2 |2 |2 £ s |32 | £ | £ a8 | 3 e |2
3 a 5:- g 3 = % % g g © =
& 3 =] 3 s | 5 5
= E J g
5
Uwniwghs | 48 | 254 | 312 275 | 1,22 | 1,08 | 6,2 | 21,4 | 0,8 | 37,38 | 454 | 2,20 | 2,34 | 1,06
st
PMM 54 | 220 | 303 | 237 | 1,08 | 1,07 | 6,2 | 27,2 | 1,1 | 40,44 | 5,29 | 2,60 | 2,69 | 1,03
2wn/hw
PMM 55 | 256 | 371 281 1,44 | 1,09 | 64| 26,0 | 1,1 | 4230 | 6,24 | 3,09 | 3,15 | 1,0
3w/hw
Unyniuwly 4
Wtwtwgwt gnpliuh YEbuwpwbwlwi ppph unnigwspp' Yujujws hnn ubpdndwd
«PMM>» dEhnpwuwmp swihwpwtwlyhg (thnpép Gpp mwppbpwlubph dhohtup)
A 1§-nud Sthwlwnud UtY hwuyh Ybuuwpwuwywu
S pbippp, whw
c = = o
g gnnniuubiph phyp - : = o nphg Z 2
3 : . c 3 | = | §a 3 &
£ 2o | £ s s |2 |2 | & |£3|23 & 2z
< 3 3 [ g =, 5 3 z < g = =z ] - S 5
5 = = | E] 3 | 3 g | 53|23 2= |3 = 5 £ 5
@ E |3 3 E £ | & |E|ZF| 58|33 |5 |3 |§ |£%
3, g 5 = 2 = 3 £ 23|V a N o 5 E
g [ a =8 3 = 3 =2
8 3 5 =
Uwnnighs | 48,6 | 226,6 | 309,6 | 243,3 | 1,3 | 1,06 | 6,0 | 23,6 | 0,86 | 36,67 | 4,33 | 2,09 | 2,24 | 1,07
st
PMM 53,0 | 236,3 | 313,3 | 255,3 | 1,2 | 1,07 | 6,2 | 26,8 | 1,03 | 38,52 | 5,27 | 2,64 | 2,63 | 1,0
2wn/hw
PMM 53,6 | 265,3 | 359,0 | 2853 | 1,3 | 1,07 | 6,5 | 27,6 1,1 |1 39,90 | 6,21 | 3,12 | 3,09 | 0,98
3wn/hw

huswbu gnyg U twhu wnnwwy 4-nwd pbipdwd dhoht indjuiutipp, hnn ubipdnidywd
dbhnpwtwnh tGpynt swihwpwuwlu | qqwih wgnbgnyesniu E/Gu niubigh) huswbiu pnyubiph
pwpdpniejwu, dhwynp dwybpbund punbwunyp W wprynwwybin - gnnnwstubph - eyh,
punhwunip W wprynwwybin pthwlwdwu gnpdwlygh, wjuwtiu k| hwuybph Gplwpniejw,
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hwuynwd hwuwplyubph pyp L 1000 hwwhyh quugwsdh ypw: Pnyubph wdbuwdbd
pwpapnyesntup gpwugyb £ 3 w/hw wnwppbipwynwd: Uju tnwppbpwynd, pun thnpdp Gptip
wmwppbpwlubph dhopup, pwpép L bnbp uwl pnyubph punhwunyp b wpryniwybn
gnnnwutiph phyp, punhwuny b wpryniwybin ptwlwinup:

Fappwwnynipjuu  duwydnpdwt  Yunngwdpwihu wrwppbipnd  uplinpugnyu
gnigwupoubpnyd,/* hwuynd nwd hwuinhlubph pynd, npwug quugywsdny L 1000 hwwnhlyh
quugywdny unyuwbiu PMM 3 w/hw nwppbpwlu wnwybjwugnyuu £ Upryniupnud® huswybu
dnnunh, wjuwbu k| hwinhyh wdbuwpwpép YEuuwpwuwywu pbppp' 3,09 U 3,12 w/hw,
gpwugyti £ PMM 3 w/hw tnwppbipwynud, npp uinnighshtu gbipwquiugnud | 37,9 W 49,2%-nd,
huyy PMM 2 w/hw tnwppbpwypt’ 17,4 L 18,1%-ny:

Pwuwnwgh pbipph hwodwnnwdp, npp pEpblu wdbuwlwplinp gnigwuhot £, Yuwnwnpyb
E Yndpwjuwghu ninnuyp  pbppwhwywph  tnwuwynd' pun thnpdh  wwppbpwyubipp’
Intpwpwtgnip  thnpdwdwngh  pbpph Yondwdp  (wgnwy  5): Ugnwwynd  pbpdusd
ndjwiubph hwdwdwju' hnn ubpdnddwsd dajhnpwuwnmp nwppbp swhwpwuwlubpp ginpéh
pnnp wwppbpwlubpnd qquih wgnbgnyenitt Gu niibgh] wptwuwgwu gnpbup hwwnpyh
pbppwnynyejuwt wybjugdwu Jpw: enpéh bGpbp wnwppbpwlubph wdbbwpwpép dhohtu
pbppwwnynipgniup nhundtp £ PMM 3 w/hw wwppbpuynd® 2,89 wn, npp  uwnnighy
wmwppbpwyhu gbipwquugnd £ 0,94 wn Ywd 48,2%-ny, huy PMM 2 wn/hw wnwppbipwynwd
otinnwdp uinnighshg Yuqub b punwdtup 0,61un/hw Yud 31,2%:

Unynuwly 5
Utwtwgwt gnpkuph hwuwnwgh pippunynipyniup’ juujws hnn ubpdnsdusé «<PMM»
djhnpwtinh ywihwpwuwlhg (thnpép tpbip nmwppbipwlubiph dhohtp)

N | Swppbpuwy <wuwnhlh pinpp’ puwn thnpéh Rbpph 2tnnudp unnighshg
wmuwppbpwyubph, wn/hw im 3
1 2 3 < ‘\; wn/hw winlynu
= .
= g
S <
3 4
v
1 Uwnnighs 1,88 1,96 2,02 1,95 0 0]
2 PMM 2,36 2,84 2,60 2,56 0,61 31,2
2wn/hw
3 PMM 2,90 2,96 2,82 2,89 0,94 48,2
3wn/hw

Lwjwuwnwuh  Lwupwwbwngeniund  hwgwhwwhlyh  dowynygywt hwdwp
puwyhdwjwlwu  wwjdwuubpp bwwunwynp b Pwgh wyn, thnpp nt upwndwsd
hnnwlwnnpubip niubignn hwupwwbnnyeniunid, npuntin hnnbpp ubihwlwuwounphyws tu,
hwgwhwuwunhyh dawlynyejwu ywpwgwind guwtpwopowtwnnyaniup gnpduwlwund owin
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(Spunmupulpfly E Pwpdp Skijulinngfuubibiph nknkipugpnud” 20255, N3 (35), 2025, tp* 29-41)

thnpp &, husu k| papnud £ pbpph Ujwqdwu: Wu nbwpnd hwgwhwwnhlyh dowynyeniup
nuwnbuwghwnwlwu wnbuwuyniupg wpnwpugdws sk Uwutwghunwywu hwodwpyubpnd'
dty hw hwgwhwwhyh dowynieniuphg unwgynn swhnyep sh hwuunw 100 hwqup npwdh:
(HH-h Yud Ywuwnugh bdwu Gpypubipnd (hpnugnud pbppwnyniejnut wuhwdbdwin pupén
£), npwnbin dhjhnuwynp hw-Gpnd hwgwhwunpy £ dowlynd, dh pwuh hwpinp Yud hwqun
hw-h dowynyejwt nbiwypnud nype 2whnyp Ygnjuuw: <-nwd, npintin gnpbuh dowlnipjwup
hwwnlwgynn wdbuwdbd hnnwlwnpp 20-30 hw £, huy hpduwlywund® 2-3  huw,
inuwnbuwghwnnpbt wpnupwgyws sk:

Uju wwpwaguwnw wprynp hwgwhwwnhlyp dowynyejniup  gjninuigniu Yuwwhnyh” wju
owhnypeny, nphg bGlubiny' bw Yhpwdwnpyh wy) dpwlwpnyubiph dowynieniupg:

Uwutwgbnubiph quuwhwundwdp' <wjwunwupt tnwpblut wuhpwdtion | 420-450
hwqwp wnuuw gnptit: «Uuunh nhulbph quwhwwdwtu Yeuwnpnuph»  dwutwgbinubiph
Ywpdhpny' hwgh opwlwl uwwndwu dhoht phdp dbBY wush hwoyny Lwjwunwuntd
Ywqdnud £ 319 gpwd: Upw 82,4%-p pwdhu L pulunud pwpdpnpuly gnpbiupg wwuinpwumnywsd
hwght, 16,9%-p" [wdwshu: Ukl oush hwoyny dwwpnubinbuh uywndwt opwlwu Swlwp
Gwagdnd £ 19,3 gpwd, Jbpdhobhup’ 8,5 gpwd:  1980-wywuubphu  juwnwpwd
hwodwplubph hwdwdwju® <wjwunwund dby oush hwoyny hwgwdptippp’ Ybpwdwd
wyniph, Yugdnd Ep wnwipblwu 130 Yg: Ywufuwnbuynid Ep, np wwywguynd wju hwutbnt
k142 Yg: YUbpnugjw pUbiph hpdwt dpw hwodwnlyb , np wywpbuwhu wudwmwgnienitupg
Giubnd,” Cwjwunmwuht wuhpwdbon b nwpbluwt 450 hwqup tninliw gnpb:

Lwjwunwund hwgwhwwnhlh guwupwunwpwdnig)nutubph ndjwiutipp 2010-2024pe.
hwdwp pbpdwé Gu wn. 6-nwd:

Lwgh hupuwpwyntpjut wwwhndwt «bGppnpne» dpwighpu hpwlwuwgybig wnwug
whwnyejwu  nipnuyph  dhowdwnejwu:  Wu  ubudbg  hnnp  ubthwlwuwounphndhg
wudhowwbtiu hbinn b owpniwwlybg punhnwy dhush 1998-1999pE.: tw hus-np wnnwiny
npwdwpwuwlwu bp' ywjdwuwdnpdwsd unp Jugnyewduh wugdwu b ywnbpwqdwyuwt
nddwpnyeniuubipnny: Un pupwgpnd unyuwbiu guupwwmwpwdntgnutbipnp 2bigunwlhnptiu
wébghtu: Cun npnut’ bt wnwohtu tpynwh nbiwpnd npwup wénd thu hhduwlwunwd
[nuwjpt,  Uwjuwibnuwhtu  wpnwwdwipbiph nt funinhwppubph hwoyhtu,  www
huptwpwyniejwu wwwhndwt Gppnpn «thnynd» wép wnbnh Ep niubunwd hhduwlwunid
Upwpwunyuwt nuonwydwiph hwodhtu (ontpg 45 hwqwp hw hwnlwgdbg hwgwhwuhyh
dowynipjwup):  Wn  wwpphubphtu, hwdwdwiy  Jhdwlwgpwlwu  gnigwuhoubipp,
hwgwhwunhyh gwupwnwpwdnyenuubpp Yugdnd Ehu 170-190 hwgq. hw:/, 1993p-hu’ 206
hwg. hw:

Unwohtu thnynud wdtibwpwpép dhohtu pbippp unwgyby £ 1991p-htu’ 19,9 g/hw: Uju
gnigwupou ppwwbuwlwtu L, pwuph np, Jupbh £ wub, nw gnpbiuh quugwdwihu
dowynipjwt  wnwohu wnwphu tp, Gpp hnnp nbn pbppp Ep, gwupwopowtwnnipju fuhuwn
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Ywphp sbwp, Gpp gqnintph wywhbunubpnwd wuuwhdwuwdwly pwuwlh wwpwpuwujniye
Yuwp, tpp dfuwthquighwh wpnpid gptiet shuwn, W wwdwutbpp fuhun bywunwynp Ehu
pwndp ptipph hwdwp:

dwdwuwyh  pupwgpnu,  hpwyhbwyh  pwpbuwddwu L gnpbup  gqwdn
BYwdinwpbpniejwt hbn uwywsd, guupwwmwpwdnienwiubpp Yndwuinybght:

Cwjwunmwiunid hwgwhwunhlyh guwupwinwpwdnipniuibpp 2010-2025pE-. (hw)

Cunuwdbup
Swphubip Snpbku Swph
hwgwhuwuwnhYwjhu
2010 159307 87585 61160
2012 172206 93710 65291
2014 188695 106365 67637
2016 198148 108738 71600
2018 131400 66680 52460
2020 121656 59393 50294
2021 124929 59110 50632
2022 114409 56757 42110
2023 127091 71360 40074
2024 116400 56520 42035

Snpbut wénuw £ hwupwwbunnyejwu gpbipl pninp opowtiubpnid, pwjg wnwuduwwbu
owwn £ dowlyynd Chpwyh nwounnwd (Upunypjwu, Uup, Upphly), Ubwup wdwquunid
(Qwpntuhu, Uwpwunwp, Ywdn), Uhupwun, phuswtiu bwl Updwdhph nwwpwdwopowuntd:
bhwpyt, uguwiubphg quw' wdbh gnpp dwybpbuubph Jpw gnpbu £ dowlyynud uwle
Uongpnd, Udwuhwynd, Swohpnwd,  Swynpnd:  “wpdjw|  hhduwlwund  wugpnh
wwjdwuubpnd: Lnyupuy Upwpwwnjwt nuownnd,/' huptuwhnu nnngdwt wwydwuubpnid,
gnptuh hupuwndbpp dty Yg-p hwdwp hwutnwd £ 100-120 npwdh W dowynnhtu gpbipt
owhnyp sh wwwhnynwd: Nwunh, gnpbup hhduwlwu dowynipniuu hpwlwuwgynd L
wuopnh  wwjdwuubpnw, hhduwlywunwd 1500-2000 dbwinp pwpdpnyejuwu Jpw: Ldwu
pwpdpnientund nnngnd hpwlwuwgubipn gnpduwlwunwd d&d dwhuubiph htin £ Yuwdwsd:
Cwdwdwju Jpdwlwgpwlwu dwnwjnyejwu’ 2022-2023pR.-hu Updwdhph L Upwpwunh
dwpgbpnud, npwbin  gnptiuph  dowynyeniut ppwlwiwgynd £ wnwdbjwwbu  opngp
wwjdwuubpnd, dbYy hw-h dhoht pppwundnieniup Ywqdb) £ wdbh pwt 4 wntuw/hw,/
owwn nbwpbipnd hwuubin 6-7 nnuuw/hw-h: Uinwhpnwd, Stnwppniuppnd, Chpwynid?,
npwbin  dowlnuyeniut ppwhwuwgynd £ wuopnh  wwjdwuubipnd, pbippwunynipniup
Ywaqinu L hwdwwywwnwufuwuwpwp 1.5, 2.1 b 2.4 wnnutw hw-hg: Uwutwghunwlwu
hwaowplubpnyd' opndh hnnbipnud dbYy g gnpbuph hupuwndbpp nwwnwugnud £ 75-hg dhugl
85-90 npwd dby Yg-h hwdwp, huy wugpnh wwydwuubpnud® wybh pwpén: bpugdwu ghup
Ywqinuw £ 110-120 npwd/lyg: Unyupuly 5 wnutw pbpph nbwpnd gjninuignt gwhnypp
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Yuqunwd £ jwjwgnyu nbwpnwd 1 hw-hg 100 hwq. npwd: Uuopnh wywydwuubipnw gwhnypp
owwn wybith thnpp £ unwgynd: Wn huy wwnbwnny k| hwupwwbnnieg)niunid tnwpbigunwnpp
dowynipjuu dwytipbuutipp uwgnud Gu:

dbpoht  dbY-Gpynt  wwppubipht (huswbu  wwphtubp wnwye) dbYy hw  gnpbup
dowynyzjwu hwdwp wbwunnyesntup 80 hwqup npwd nnunwghw E wwihu gjniqugniu: Wn
nbwpnw dbYy hw-hg uwnwgynn «whnyep»  dninbund £ 160-170 hwg. npwdh:
“hunwpynudubipp gnyg Gu wwihu, np uw bwwbu fupwunwd E gnpbiuh wpwnwnpnegniup:
Udtiihu, untpupnuynpdwt pwgwluwyniejwu nbwpnd gnpbuh guupwwmwpwdnieniubpp
tnwpbgunwph ywlwunw Gu: Uhusntin untpuhnudnpnudp ng dhwju wpgbjwynud £ ujuwgdwt
dhwnwip, wjl gwupwwnwpwdnigjniuubiph wé £ wpdwuwgpnid:

Uwutwghunwlwu quuwhwwnwlwuubpnd,/* wn dey-Gpyne dipn npwdh ubpnpnidp
npwywt dhowdwjp £ uwbindnwd wnuwbunipjuu dbg: <wpwlhg Gnintpu Gu - ulunud
wywmhdwuw|, gninnd wybtih d6d wybjugyws wnpdbp £ unbindynud, jnipwpwugnip
(lGnuwjht, uwhdwuwdbpd gninnd dh pwup diu npwdh opowtwnniginiup npnawlhnpbu
nwunwnbgunwd, hug-np nbin bwb nunupbgunud £ dwpnluug wpunwhnupp: 3nipwpwtgnip
unp, dhts wyn sdowlywd hnnwlunnph dowynyejniup npujwt wgnbignyeniu £ niubunid
hnnwwwonwwuniyejwu gnpdnid:

«2np onipp» wugnnh wwjdwuubpnud Yupnn  wwwhndb) pepph* 2nipg 50 wninynuny
wybugnud, hnnh Ywnnigwdph pwpbjwynd, husp Yuplnp bwfuwnpuy £ hGnwqu
dawynyejwt nt pwpdp pbipph hwdwp:

Lwupwwbwnnipniund dowlynn gnpbith guwupwwnwpwdnyeniutubipp Yuqdnud Gu 55-
56 hwqup hw: Upwuhg dnun 40 hwqup hw dowlyynd £ wuopnh wwydwuubipnwd:  Uju
nbwpnw dhohund unwgynud £ 1,8-2-hg dhusl 2,2-2,3 innutw/hw pbipp (40 hwquwip hw-hg
uinwgyntd k onipg 80 hwquip winnuuw gnpbi): «2np gpdwt» Yhpwndwt nbwpnid Yuwnwgyh
120 hwqwp wnnutuw, npp Yugdnw £ wywpbuwiht gnptiuth ywhwuswnpyh 26-27%-p: 2ntin
inumnbuwghunwlwt wnnwind nw Ypbph 5 dpn npwdp hwdbpyw) Ghwdnun: Lnyuu , b
wjnpwuny phs ubpdnwdnwd Yhup wpnbipyphg: Uw huwpwdnp Ypup dowldnn unyu
dwybptiuubph  wwpwguwynud:  Uhugnbn - Glwdnunubph tdwu - wybjugdwu  nbwpnid
gwupwwwpwdnieniuubipp dhwiupwuwy Ywybjwuwu, W ybpnugyw) hwybiyw) GYwdnunp
gnpduwlwunwd Ywpnn £ Lbwwbu dedwuw: Pnnp nbiwpbpnd Gpyph wwpbuwhu
wuyinwugnyejut  nbuwulyniuhg gwulbwih L nwbuw] pbyngl dh phs wdbh pwuy
nbnulwl wpunwnpniegny/wu gnpbu, pwu hinpp-hus wybh fdwu, puyg' ubipypnyh:

2023p.-hu wjwuwnwtu £ ubpypyb) 62,8 diu nnjwp wpdnnnuegjudp 343,5 hwqup
wnnuuw wwpbiuwjhtu gnpbit W10 dju nnjwp wipdnnniejwdp 65,5 hwqup ininbuw ywwnpwuwnh
wypnip: 2024p.-ht’ hwdwwywwnwufuwtwpwp 60,7 Jdjiu nnwnp wpdnnnejwdp 316 hwqup
wnnubw wywpbuwihu gnpbt ni 10,2 dju nnup wpdnnnigjudp 42.3 hwqwp winbbuw wynip:
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wtiinp £ wpunwnpygh wnbnnud: Uhugntin wjuop <wjwuwnwut wpwnwnpnd £ hp wwpbuwghu
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3. Unwowpyynn Spwgph wpryniwybnnyeniut wwywhnybiint hwdwp  wuhpwdbion |
Lwjwunwunwd  hpdubp  «PMM»  dbjhnpwunh  wpunwnpnyentt,  huswybu - twbl
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