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COMPARATIVE ADVANTAGE AND AGRICULTURAL
TRANSFORMATION IN TOGO: EVIDENCE FROM GLOBAL,
AFRICAN, AND CHINA-ORIENTED COMPARISONS

Abstract: Togo remains a predominantly agrarian economy in which agriculture contributes a large share of
output and employment, yet the sector continues to exhibit low productivity, weak resilience, and limited integration
into higher value-added segments of the food system. Based on the comparative advantage framework, this article
condenses a broader thesis into a journal-style study by comparing Togo's agricultural development with the world
average, selected African countries, and China during 2017-2021. Drawing primarily on FAO and World Bank
indicators, the paper examines agricultural structure, crop yields, mechanization, irrigation, food supply, fertilizer
use, greenhouse gas emissions, processing value added, rural electrification, and trade patterns. The results show
that Togo possesses clear natural and labor-based comparative advantages in tropical and cash-crop agriculture,
but these advantages remain only partially converted into competitive strength because of extremely low
mechanization, very limited irrigation, inadequate processing capacity, weak extension systems, and infrastructure
bottlenecks. Relative to the global average, Togo performs especially poorly in machinery power per hectare,
irrigation coverage, and agricultural value added per worker. Relative to leading African peers, Togo shows
excessive dependence on primary agriculture and insufficient agro-processing. In contrast with China, the
comparison highlights major gaps in grain productivity, rural electrification, technical upgrading, and
organizational capacity. The study argues that Togo should not attempt to replicate high-input models mechanically.
Instead, it should pursue an adaptive pathway built on smallholder-compatible mechanization, water-saving
irrigation, climate-smart agriculture, agro-processing, and selective international cooperation. China’s experience
is particularly relevant in technology diffusion, rural infrastructure, and the coupling of food security with ecological
modernization. The article concludes with policy recommendations for transforming Togo’s resource endowments
into dynamic comparative advantages.

Key words: Togo; comparative advantage; agricultural transformation; China-Africa cooperation; agricultural
modernization.
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1. Introduction
Agriculture remains the material foundation of

structural weaknesses common to many agrarian
economies in sub-Saharan Africa: low labor

economic and social development in many low-
income countries, and this is especially true in Togo.
The country’s climate and topography provide
conditions suitable for diverse agricultural activities,
ranging from food crop cultivation to cash crop
production. At the same time, Togo continues to face

productivity, heavy dependence on rainfall, weak
rural infrastructure, and limited processing capacity.
These constraints affect not only food security and
rural incomes, but also the country’s ability to
participate effectively in regional and global
agricultural value chains.
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The original thesis on which this article is based
approached these issues from the perspective of
comparative advantage. That perspective remains
useful because it emphasizes that development is not
simply a matter of producing more, but of identifying
those areas in which a country can deploy its resource
endowments most efficiently while progressively
upgrading technology, institutions, and market
organization. For Togo, the central question is not
whether agriculture should remain important, but how
agriculture can move from a low-productivity,
vulnerability-prone sector to a modernized and value-
adding engine of development.

To answer this question, the present paper
reconstructs the thesis into a concise journal article
using a three-level comparative framework. First,
Togo is compared with the world average in order to
identify its broad structural deficits. Second, it is
compared with African peers to reveal its position
within the regional agricultural landscape. Third, it is
compared with China to explore how an agrarian
country can move toward higher productivity,
infrastructure coverage, and technological upgrading.
China is not treated as a model to be copied wholesale.
Rather, it serves as a reference case demonstrating
how policy coordination, infrastructure, science and
technology, and institutional innovation can gradually
transform agricultural comparative advantage.

The paper makes two contributions. Empirically,
it synthesizes multi-source indicators for 2017-2021
into a compact comparative diagnosis of Togo’s
agricultural development. Analytically, it argues that
Togo’s comparative advantage is currently static and
resource-based, whereas successful transformation
requires converting natural endowments into dynamic
comparative  advantage  through  technology,
organization, and value-chain upgrading.

2. Literature Review and Analytical
Framework

Existing studies on Togo’s agriculture focus
mainly on three themes. The first concerns
agricultural efficiency and climate vulnerability.
Research shows that drought, rainfall instability, soil
degradation, and low input efficiency are major
constraints on crop performance and household
welfare (Mikémina, 2019; Boansi, 2017). The second
theme concerns policy and adaptation strategies.
Studies  emphasize  climate-smart  agriculture,
irrigation, improved seed adoption, fertilizer policies,
and public agricultural investment as major channels
for raising output and reducing food insecurity (Affoh
et al., 2022; Ali, 2022; Yovo & Ganiyou, 2023). The
third theme concerns cooperation and organizational
arrangements, including cooperatives, regional trade
integration, and international assistance, especially
from multilateral organizations and China (Berge et
al., 2021; Mensah, 2011).

However, several gaps remain. Much of the
literature is problem-specific, focusing on fertilizers,
climate adaptation, or cash crops in isolation. There is
less work that situates Togo’s agriculture within a
broader comparative structure linking the global,
African, and national levels. In addition, the
distinction between natural comparative advantage
and competitive advantage built through technology
and institutions is often insufficiently developed. A
country may possess favorable climate and labor
conditions but still fail to realize strong agricultural
performance when infrastructure and market systems
remain weak.

This article therefore uses comparative
advantage as an organizing framework rather than as
a narrow trade model. In its classical sense,
comparative advantage refers to relative efficiency in
production. In development practice, however,
comparative advantage is dynamic: it depends not
only on land, labor, and climate, but also on irrigation,
extension, transport, energy access, processing
facilities, standards, and policy capacity. The same
tropical conditions that favor cash crops may vyield
very different outcomes depending on whether
farmers have access to improved seed, mechanization
services, storage, roads, and markets.

Accordingly, this paper interprets agricultural
transformation in Togo as a process of moving from
static comparative advantage based on natural
endowments toward dynamic comparative advantage
based on productivity, resilience, and value addition.
The global comparison identifies absolute gaps; the
African comparison identifies relative regional
positioning; and the China comparison offers a
development trajectory emphasizing technical
change, infrastructure, and policy learning.

3. Data and Method

This article is a condensed comparative study
derived from the uploaded thesis. It relies primarily on
secondary data from the Food and Agriculture
Organization of the United Nations and the World
Bank, complemented by the thesis’s synthesis of
related literature. The observation window is 2017-
2021, a period that captures pre-pandemic conditions,
the shock of COVID-19, and the early recovery phase.

The analysis focuses on six dimensions. First, it
examines the structural position of agriculture through
rural population, agricultural employment, land use,
and agriculture’s share in GDP. Second, it evaluates
production performance through crop and livestock
indices, per capita food supply, and selected crop
yields. Third, it assesses modernization capacity using
machinery power per hectare, fertilizer use, irrigation
coverage, and rural electrification. Fourth, it considers
value-chain upgrading through agricultural processing
value added and trade patterns. Fifth, it discusses
environmental sustainability through fertilizer trends
and agricultural greenhouse gas emissions. Sixth, it
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uses comparative reading of China’s experience to
identify potentially transferable elements for Togo.

The study is not intended to estimate causal
effects econometrically. Instead, it uses comparative
descriptive analysis to identify patterns, bottlenecks,
and policy implications. This is appropriate for a
condensed journal article adapted from a broader
thesis whose main purpose was diagnostic and
strategic rather than strictly econometric.

4. Results

4.1 Togo’s agricultural profile: strong
dependence, weak modernization

Between 2017 and 2021, agriculture remained
central to Togo’s social and economic structure. The
rural population remained larger than the urban
population, although the urban share rose gradually.
Agriculture still employed a substantial proportion of
the labor force, and agricultural land accounted for
more than 90% of land use throughout the period.
These features confirm that Togo remains an
agriculture-led economy in structural terms.

At the same time, the production data reveal only
modest progress. Food and crop production indices
trended upward overall, but growth was not rapid.
Livestock output fluctuated more sharply, falling in
2020 before recovering in 2021. Per capita food
supply also showed instability, especially around the
pandemic period, reflecting the vulnerability of the
agricultural system to external shocks. Trade data
indicate that Togo continues to export agricultural raw
materials while importing relatively little agricultural
raw material as a share of total merchandise imports.
This pattern is consistent with a primary-product
export structure that generates foreign exchange but
captures only limited value added domestically.

The modernization indicators show the deeper
problem. Fertilizer use rose and then fell, suggesting
both cost pressures and a partial shift toward greener
practices, but without a corresponding technological
leap in productivity. Rural electricity coverage
remained around one-fifth of the rural population,
indicating severe energy constraints. Agricultural
greenhouse gas emissions, particularly methane and
nitrous oxide, increased during most of the period,
showing that low-productivity agriculture is not
automatically low-impact. In short, Togo’s agriculture
remains extensive rather than intensive: it occupies
much land and labor, but generates limited
productivity and limited value-chain upgrading.

4.2 Togo versus the world average: large
structural gaps

The global comparison highlights the scale of
Togo’s developmental lag. Per capita agricultural
value added in Togo grew only slightly, from roughly
US$892 to US$925 during 2017-2021, while the
global average remained around US$3,000. This
means that Togo’s agricultural labor generates only a

fraction of world-average value. The underlying
reasons are visible in the factor and infrastructure
indicators.

First, agricultural mechanization is extremely
low. The thesis reports machinery power of only
0.024-0.029 kilowatts per hectare in Togo, compared
with about 0.68 kilowatts per hectare globally. This
gap is not marginal; it signals a production system still
heavily dependent on manual labor and animal
traction. Second, irrigation coverage rose only from
1.8% to 2.3%, far below the global average of more
than 20%. In practical terms, this means that most
Togolese farming remains rainfall dependent and
therefore highly exposed to climatic variability. Third,
crop yields remain below world averages. For maize,
Togo’s yield ranged from about 1.05 to 1.23 tons per
hectare, compared with a global range of roughly 1.65
to 1.75 tons per hectare. Togo therefore achieves only
around 60%-70% of the world average in this key
staple.

These gaps matter because they interact. Low
mechanization makes timely land preparation
difficult. Weak irrigation reduces resilience to rainfall
shocks. Limited rural electricity raises the cost of
storage, processing, and pumping. Weak extension
and input systems further prevent farmers from using
seed, fertilizer, and pest-control technologies
efficiently. As a result, Togo’s natural comparative
advantage in tropical agriculture is not converted into
high productivity or stable supply.

4.3 Togo within Africa: high agricultural
dependence, low value addition

Compared with selected African countries, Togo
presents a paradox: agriculture’s share in GDP is high,
yet the sector’s productivity and processing depth
remain low. During 2017-2021, agriculture
contributed roughly 38%-40% of Togo’s GDP, well
above the broader African average. This does not
necessarily indicate superior performance. Rather, it
reflects the relatively slow development of industry
and services, so that agriculture carries a heavier
burden in output and employment.

Agricultural  labor productivity in  Togo
remained around US$890-US$910, below the level
achieved in stronger African agricultural economies
and far below countries that have combined irrigation,
market integration, and agro-processing. The thesis
also reports that the value-added rate of agricultural
processing in Togo remained around 18%, while
cashew processing stayed below 5%. This is a major
bottleneck. Exporting raw products rather than
processed goods means that value, employment, and
learning opportunities are captured elsewhere.

The regional comparison is particularly
instructive because it shows that agricultural
dependence alone does not generate transformation.
Countries that have upgraded processing, logistics,
standards, or horticultural exports have moved further
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into higher value-added segments. Togo’s challenge is
therefore not simply to produce more crops, but to
build the intermediate systems that connect farm
output to storage, processing, branding, and regional
markets.

4.4 Togo and China: from static endowments
to dynamic advantage

The comparison with China illustrates what
long-term agricultural transformation can look like
when technological change, infrastructure, and state
capacity reinforce one another. From 2017 to 2021,
China’s rural population continued to decline while
urbanization advanced, yet grain and crop production
remained strong. Major staple yields were much
higher than in Togo: maize yields were around 6 tons
per hectare, cassava yields exceeded 16 tons per
hectare, rice yields rose from about 6.9 to 7.1 tons per
hectare, and sorghum yields were around 4.76 tons per
hectare. Rural electrification effectively reached
universal coverage.

China also reduced fertilizer consumption while
sustaining production growth, indicating gains in

efficiency rather than simple input intensification.
Agricultural greenhouse gas emissions trended
downward over the period, reflecting the diffusion of
water-saving irrigation, manure utilization, straw
return, and climate-smart techniques. None of these
outcomes emerged automatically from natural
endowments alone. They were the product of long-
term investment in research, extension, rural power
systems, irrigation works, and coordinated policy
support.

For Togo, the China comparison does not imply
that large-scale mechanized farming should be copied
directly. Farm size, fiscal capacity, and ecological
conditions differ sharply. The real lesson is
institutional and strategic. China’s experience shows
the importance of treating agricultural modernization
as a systems project: improving seed, equipment,
water, energy, roads, extension, and processing
together rather than separately. It also demonstrates
that ecological goals and productivity growth need not
be contradictory if technological upgrading is well
designed.

Table 1. Selected comparative indicators reported in the thesis

Indicator Togo

Comparator Implication

Agricultural mechanization

(KWiha, 2017-2021) 0.024-0.029

Irrigation coverage 1.8%-2.3%

Maize yield (t/ha) 1.05-1.23

Agricultural GDP share About 38%-40%

About  US$890-

Agricultural labor productivity | ;ce910

Rural electrification Around 20%

World: 1.65-1.75; China:

Africa average markedly

World: about 0.68 Severe machinery deficit

High exposure to rainfall

World: above 20%
shocks

about 6.0 Large productivity gap

Heavy reliance on primary
lower agriculture

Higher in stronger

. Low value creation per worker
African peers

China: universal
coverage

Energy bottleneck for storage
and processing

Note: Values are condensed from the uploaded thesis and its FAO/World Bank-based comparative analysis.

5. Discussion

The comparative evidence suggests that Togo’s
agricultural challenge is not the absence of
comparative advantage, but the weakness of the
mechanisms through which comparative advantage is
realized. Togo already has favorable climatic
conditions for tropical crops and a large agricultural
labor base. It also retains ecological potential for
relatively green development. Yet these strengths
remain static. Without irrigation, electrification,
mechanization services, and value-chain organization,
they do not generate high or stable returns.

Three implications follow. First, Togo should
prioritize  smallholder-compatible modernization.
Large imported machinery is often unsuitable for
fragmented plots, but shared service platforms, rental
systems, and modular equipment can raise labor
productivity without requiring complete land
consolidation. Second, irrigation must be treated as a
strategic threshold variable. Even modest expansion
of water control through low-cost pumps, solar
systems, and community schemes could substantially
improve resilience, especially under increasing
climate uncertainty. Third, agro-processing should
become a core development priority. The country
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cannot rely indefinitely on exporting raw cashew,
cotton, coffee, and other primary materials while
importing higher value-added goods.

International cooperation can support this
transition if it is selective and capacity oriented.
Multilateral institutions can assist with irrigation, seed
systems, and resilience financing. Regional African
integration can help enlarge markets and lower cross-
border trade frictions. China can provide relevant
experience in rural infrastructure, small machinery,
demonstration agriculture, and the combination of
food security with green development. The key is to
avoid dependency on project-based transfers that do
not build local capabilities. What Togo needs most is
a gradual accumulation of domestic technical,
organizational, and policy capacity.

6. Policy Recommendations

Based on the comparative results, four policy
directions are especially important.

First, strengthen agricultural science,
technology, and extension. Togo should increase
support for adaptive research on drought-resistant
seed, soil improvement, crop protection, and local
mechanization needs. Demonstration zones and
farmer training platforms should be linked to real
production constraints rather than operating as
isolated showcase projects.

Second, expand small-scale irrigation and rural
energy access. Water-saving irrigation, solar pumps,
on-farm storage, and rural electrification would
jointly improve production stability, post-harvest
management, and processing possibilities. Given
fiscal limits, interventions should focus first on zones
with clear yield and market potential.

Third, develop agro-processing and value chains
for selected products. Cashew, cassava, cotton, coffee,
and other priority commodities should be connected
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Introduction

One of the most frequently used figurative
images in classical Eastern literature. The burning of
the candle is compared to the radiant face and graceful
stature of the beloved, and the constant pursuit of the
moth for him is compared to true love. According to
Sufi terminology, it is explained as follows: “A candle
is a wax, a torch. Divine light. The manifestation of
the divine light that ignited the heart of the righteous,
the divine light that shone in the hearts of those who
observe it.” Indeed, in Sufi literature, the image of the
candle is a divine light, a source, and the moth is a
symbol of the realization of the divine essence - the
source, and it ultimately perishes (mortal) on the way
to its goal (by throwing itself into the fire).

Using these symbols, which are among the most
prolific images in Navoi's lyrics and epics, the poet
also evaluates the situation of the moth reaching the
candle as a phenomenon, and in this case, he reveals a
mystical idea such as the two benefits of the moth. The

Doi: &os¥ef https://dx.doi.org/10.15863/TAS.2026.04.156.2

reason for this should be sought in the essence of
Navoi's ideological direction - Nagshbandiyyah.
Expressing his opinion on the direction of this order,
prof. N. Kamilov writes the following: "Nagshband
directed his attention toward reconciling sufism with
Sharia, to extinguish the excitement and ardor of
inspiration, to call out "Anal-Haq" like Mansur, to
create a million mangals instead of blazing flames,
and to prefer the moth that quietly strives for a candle,
not the restless nightingale".

The results and discussion

Yes, Navoi also compares the moth to the
spiritual seeker, which favors a quiet inclination -
sahv, and creates beautiful poetic works by sometimes
paralleling and sometimes contrasting the nightingale,
which "whispers and struggles” in love, with the
symbol of the shirker, which he creates beautiful
poetic devices:
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Gul yuzida bulbul sening asroringa notiq,
Sham’ o ‘tida parvona sening husninga shaydo.
*kk
Jamoling partavidin sham’ o°ti gar gulsiton
etmas,
Nedin parvona o ‘t ichra o ‘zin solur Xaliloso.

It seems that the candle and the moth hold a
special significance, and through these simbols,
beautiful similes and meaningful lines have been
created. Moreover, depending on the poet’s skill, they
were useful in various meanings, especially in
describing the beauty of the Beloved and the state of
the lover:

Ochqil o'tlug® orazing, ey  sham’kim,
parvonadek
O ‘rtanay boshing uza bir necha qatla aylanib.

The lyrical hero addresses his lover as "O candle,
who is it?" and tells him to open his face in the
meadow. The lover thus says that he wants to circle
his lover's head several times, like a moth burning in
the flame of a candle, and to be reconciled. It seems
that the poet cannot imagine love without such
reconciliation and suffering.

In another verse, the poet sings that just as the
beloved’s beauty illuminates a ruined hut, every moth
that burns also kindles and brightens the candle of
love:

Ul charog ‘i husn vayron kulbani yorutqali
Mehr sham’in yorituptur har kuyuk parvonamiz.

In Navoi's work, the interpretation of the candle
and the Shabistan has a deeper meaning:

Ul malohat sham’idin  mundog‘ki jismim
yonadur,

Har bir uchqun g‘am shabistonida bir
parvonadur.

The lover's body is said to burn due to the candle
of the lover's lover, and each spark that flies from it is
compared to a moth on a night of sorrow. In this, the
sparks from the burning body are likened to moths,
further enhancing the artistic quality of the verse. In
another verse, the poet uses the terms candle and
shabestan together:

Pardag‘a kirgan kebi xurshidi raxshon har
kecha,
Azmi xilvat aylar ul sham’i shabiston har kecha.

When Navoi, alongside these symbols, turns to
address the heavens (gardun), the mood of the poem
takes on a different tone. Don't learn from the beauty
of others, for every night, the light of a thousand
candles will not burn a single moth. Because,

according to the poet, one should not be inspired by
the beauty of others. After all, even if thousands of
candles (stars) light up the sky every night, none of
them can burn a moth, just as the beauty of others
cannot burn the heart of a lover. For example, when
Navoi talks about the moth burning brightly from the
beauty of Mahbuba, he emphasizes the eternal truth
that the fate of love is to burn like a moth:

Lam’ai ruxsoridin parvonadek kuysam ne tong
Menki, yillar ul malohat sham’i sargardonimen.

Indeed, Parva is a lover, a symbol of immortality
and monotheism. The candle is the soul of Arif. The
beloved. Like his predecessors, Navoi used these
images to describe divine love. The candle is
described as divine love, the beauty of Allah, while
the moth is embodied as the seeker of this love, the
servant. The burning of a lover who sees his beloved
is like the burning of a parva when he sees a candle:

Keldimu ko ‘rdum yuzin qayturmen emdi
o ‘rtanib,

Sham’ni  ko‘rgan nafas yonmoq  kerak
parvonag ‘a.

The symbol of the candle in Navoi's poetry plays
an important role in interpreting the moral, secular and
mystical essence of love. After all, love is not always
a matter of whimpering, but those who see "the
solitude of the gathering” have inner enlightenment, a
special burning passion on the path of discovery, and
a special selfless determination. The meaning of this
verse confirms the ideas we have expressed regarding
the candle and the moth:

Ul o ‘tki o ‘rtadi parvonani, hamul o ‘tdin
Ko ‘ringki govruladur sham’ dog ‘i yog i bila.

It becomes clear that the discussion centers on
the love of the moth; that is, the poet compares the
lamenting love of the nightingale with the silent yet
body-consuming ‘wordless’ love of the moth. There is
the candle, and around it a tiny moth striving toward
the flame. It is drawn to the fire with such devotion
and intensity that it finds no rest until it merges with
the flame and burns away. Yet, despite the depth of its
love and the (intensity) of its pain, the moth does not
cry out or lament; rather, it quietly and silently
continues its movement toward the fire. That ‘fire,’
the flame of divine love, burns not only the moth but
also the candle itself—melting and consuming it along
with its wax and oil. Through these allegories, the
great poet seeks to convey to us the boundless power
of Love—its force that encompasses all particles and
living beings, both lover and beloved alike. The
candle’s flame symbolizes divine love; its wax and oil
represent the world and the human body; and the moth
stands as the symbol of the loving human being. The
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moth is a symbol of fana—that is, the path of freeing
oneself from base qualities, acquiring noble virtues,
and abandoning worldly desires. This is the path of
humble dervishes and the friends of God.

In the maqgta of the poet’s famous ghazal
beginning with ‘Qaro ko‘zum, kelu...’, it can be seen
that the meaning attributed to the image of the candle
becomes even more profound and weighty.

Navoiy, anjumani shavq jon aro tuzsang,
Aning boshogpik o ‘qin sham’i anjuman qilg ‘il.

Anjumani shavq - the poet expressed the surge
of passion and desire in the heart of a lover, the desire
to reach the beloved with this expression (the lexical
meaning of the expression is a dream, a meeting of
strong passion, a gathering). This also implies
spiritual excitement, agitation, the beginning of a
storm of joy. Creating such an assembly in the soul is
the heart's desire for bright dreams. ‘Boshoqlig* o‘q’
refers to a sharp-pointed arrow, a keen-tipped shaft;
the resemblance of the arrowhead to a grain spike is
also taken into account. In this form, it is visually akin
to a beautiful eyelash and a burning candle. In fact, by
‘boshoqlig® 0°q,” Navoi refers to the Beloved’s
eyelash, for the eyelash is the arrow of love—one that
pierces straight into the heart.

The content of the couplet: “O Navoi, if you want
to create a passionate and exciting gathering in your
soul, make your beloved’s eyelashes—the arrow—the
candle of this gathering.” Here, the literary art of
couplet 2 is reproduced through new details, that is,
the eyelashes also resemble the letter alif, and its being
the candle of the gathering between the soul means
that it is placed like an alif in the middle of the soul.
In this way, the great poet was able to show amazing
skill by comparing five things to each other at once.
There is also the following mystical meaning in this:
the eyelashes—the arrow—are a symbol of divine
inspiration and revelation that illuminates the heart of
the eyelashes when they are filled with the same
passion as the state of the state of the state. “The
passion of the gathering” in this context means rising
to the state of the state. In conclusion, the conclusion
of the verse is that the lover's desire for his beloved is
an endless dream, a striving for an unattainable ideal.
After all, moral purification and love for this purity are
feelings that continue to burn in the heart of a true
person. When the dream of seeing your beloved
occupies your heart, oppresses it, and overflows, turn
its eyelashes into the lamp of this dream's culmination,
and illuminate your heart with the candle of its love,
says the poet. Because a heart that is caught in the
arrow of love's pain will always be burning, a torch.

In one instance, Navoi compares his teacher and
friend, Sayyid Hasan, to a candle. In reality, he was an
ordinary man—a soldier by profession—who, at the
end of his life, donned the dervish’s cloak and sat in a
khanagah. But, in Navoi’s eyes, he was one of the

great figures of his time.

Safo subhining mehri purxandasi,
Fano shomining sham’i raxshandasi,

In general, it is difficult to find a poet's divan in
which these images do not participate, and there are
also a number of parables, discussions and epics
whose main characters are these images. For example,
the parable "Parvonalar majmu'i sham' haqiqi sharida"
(or, to put it more simply, "Sham' and parvonalar") in
Navoi's epic "Lison ut-tair" is also one of the works of
this type. This parable of the poet is based on a simple
detail that has been repeatedly mentioned by many
authors, including them in their own work - the
phenomenon of moths striving for a burning candle. It
is said that the moths gather one night and become
obsessed with a candle; having agreed, they try to
understand the essence of the candle. Then one of
them approaches the candle, sees its bright light, and
returns to tell the others. But the moths do not
understand anything he says, because he cannot
explain what a candle is. In the same way, several
more moths circle around the candle and tell what they
have seen. But "they could not find the spot of the
difficult sky," and the goal is not achieved.

Sham’ davrida qanot ko ‘p urdilar,
Har biri o z bol-parin kuydurdilar.

Har biri kuygancha ondin topdi kom,
Sharhi dushvor erdi-yu nagli harom.

It becomes clear that every moth enjoyed the
light of the candle, yet none could describe it, because
the flame cannot be fully explained with words—one
cannot comprehend the intensity of the fire without
being burned. The final moth, however, fearlessly
casts itself into the flame, becoming purified and
transforming into the flame itself. In perishing within
its goal, it attains the true purpose through fana.

Foniyo, lofi fano urmog ‘ni go 'y,
Vasl esa koming, fano o ‘tig‘a kuy.

Evrulub sham’ o ‘tig ‘a parvonavor,
O ‘zni tashla shu’lag ‘a devonavor.

Navoi drew two conclusions from this: one - it is
impossible to understand the Truth until one is
immersed in the light of Truth and burns in the heat of
its beauty. The second - a person who has reached the
Truth (like a burnt moth) cannot explain this secret.
This is the very essence of the Haqq ul-yaqin. That is,
becoming mortal, the transformation of the subject
into an object, the complete disappearance of the
material body and merging with the divine world. A
person cannot reach the true essence of truth without
being burned in the fire of mortality. The poet, at the
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end of the story, using the pseudonym Faniy,
expresses the essence of the valley even more deeply
and profoundly. This story is given in Fariduddin
Attar's work "Mantiq ut-tair" - as evidence for the
Valley of Fagru Fano. It describes the story of two
moths trying to compare the light of a candle, but their
leader considers it flawed. Finally, when one moth
joins the candle and burns, turning into a crimson
ember, the leader is pleased with its burning, and the
others admire it, and as a result, they all throw
themselves into the flame of the candle and perish.
The author here explains the levels of knowledge:
ilmul yaqgin, aynul-yagin, and haqqul-yagin. And he
evaluates hagqul-yagin as the true perish. Attar's
conclusion at the end of the story is as follows:

Etmasang ko ‘yingda joningni badar,
Senga jonondin nechuk etgay xabar?..

Bul magomga kimsa mahram bo ‘Imadi,
Etmadi, chun unda bir dam bo ‘Imadi...

Navoi uses this story in the section “The True
Recollection of the Candle of the Assembly of
Moths,” but he does not talk about his immediate
career, but rather considers the candle as a whole and
emphasizes the benefits that can be derived from it.
That is, the moths that strive toward the candle and
burn together with it attain twofold benefit, as Navoi
explains:”

Bir bukim, kuymay anga etmas kushod,
Bo ‘Imag ‘uncha kul topo olmas murod.

The word "ash" in the verse is used through the
art of allegory in the meanings of "burning to ashes"
and "wholeness", expressing two different meanings
at the same time. Thus, the goal is not achieved until
the body is completely consumed in the fire of fana.
The lover does not comprehend kull—the sense of
entirety or wholeness—until he has burned and turned
to ashes.”
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the Simurgh.
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Sham’i magsud vasfida parvonavor.
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NORTH-WESTERN AND EASTERN PROVINCES

Abstract: Zambia has forests that cover about 60 percent of the entire land in the country but the role of
afforestation as a moderating process is empirically under-explored at the district level. The paper considers the role
of household involvement in timber production in the change in forest cover among 30 districts in North-Western and
Eastern Zambia between the year 2019 and 2024 based on a balance panel of 180 observations and a two-way fixed-
effects (FE) regression model. An interaction term is included to determine whether conservation programs are able
to mitigate the adverse ecological impact of extraction through a moderating variable - afforestation intensity.
Findings indicate that household timber participation has statistically significant negative impact on forest cover (=
-0.041, p = 0.01), which is resistant to proxy substitution (charcoal production, = -0.052, p = 0.05) and one year
lagged specification (= -0.044, p = 0.1). Importantly, the timber x afforestation interaction coefficient is (critically)
positive and significant (0.001, p < 0.01), which confirms the buffering effect: the decreases in forest cover to one
unit of timber activity are significantly less in the districts characterized by the high intensity of afforestation. The
model accounts about 95 percent change in forest cover (R 2 = 0.947). These results allow concluding that active
afforestation policy can separate household economic extraction with extensive ecological degradation, assuming
that the rates of planting and extraction increase in the same proportion.
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1. Introduction burning, and commercial and subsistence timber
Forests in Sub-Saharan Africa are some of the harvesting. The country has experienced some of the
most ecologically and economically important forests worst forest cover loss rates in the Southern African
in the world with sequestration of carbon, Development Community (SADC) region between
conservation of biodiversity, soil and water 2000 and 2024, with government estimates indicating
management as well as direct livelihood source to that the country is losing more than 250,000 to
hundreds of millions of rural households. Zambia is a 300,000 hectares of woodland annually.
case of special interest: forests occupy approximately The central issue to this dilemma is a
60 percent of the country land mass and support rural socioeconomic conflict. To the rural population in
livelihoods on large areas of miombo woodlands. North-Western and Eastern Provinces - the two most
However, there is a continuous and increasingly rapid productive timber areas in Zambia - forest products
degradation of these forests, which is a result of a are not luxurious items but essential survival
compound of agricultural encroachment, charcoal resources. Timber income forms an important or
2 Clari
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auxiliary source of income to the households, and
charcoal production offers an easily available
livelihood back-up in situations where alternative
agricultural alternative activities are not viable. This
economic dependence renders solely restrictive
conservation policies both politically and practically
hard to support.

Although it is evident that there has been an
increased literature on African deforestation,
dynamics unique to the high-production timber
districts in Zambia are not fully comprehended. The
available research is usually at the national level, uses
cross-sectional designs, which are not able to consider
the heterogeneity of the district, or uses conservation
initiatives as exogenous but not as moderating the
activity. More importantly, no research has utilized a
panel econometric model to analyze household
involvement in timber and afforestation intensity as
interacting variables of forest cover change in primary
timber-producing areas in Zambia.

The paper fills these gaps by relying on a
purpose-designed panel survey of 30 districts in
North-Western and Eastern Zambia followed up over
six years (20192024). The research aims at achieving
three objectives that are interrelated, which are first,
to measure the direct impact of household
involvement in timber production on forest cover
change; second, to determine whether afforestation
programs mediate this interaction; and third, to
determine the policy implications of the need to
balance livelihood support with the protection of
forests. The two-way fixed-effects model used here
balances the fixed-in-time variables of characteristics
of the district and annual shocks on the macro
economy, which can cause more believable causal
inference compared to the previous descriptive
methods.

The rest of the paper goes as follows. Section 2
is also an overview of the theoretical and empirical
research on timber production, household extraction
behavior, and forest conservation policy. Section 3
includes the study region, data, and econometric plan.
The empirical results are described and discussed in
Section 4. Section 5 concludes the policy and provides
further research directions.

2. Literature Review

2.1 Forests as Common-Pool Resources and
the Extraction Biomass Nexus

The connection between timber harvesting in the
household and forest biomass is best fruitfully
interpreted in the frames of common-pool resource
theory. When forests are treated as open-access or
poorly managed commons, the cumulative ecological
cost of each individual extraction decision on other
users and future generations is not internalized.
Models of resource economics predict that in the
unregulated extraction scenario, there will be a
tendency to rise above regeneration limits resulting in

a more rapid depletion. This is supplemented by
ecological models that focus on carrying capacity:
extracting at levels that exceed some threshold
changes the stand composition, decreases species
diversity and impacts the ecosystems ability to
provide services.

The tendency of the predictions is widely
supported by empirical evidence. The Ethiopian,
Tanzanian and Democratic Republic of Congo
household surveys show that the distance to large
forest patches strongly predicts per-capita volume of
extraction, whereas households in exhausted regions
substitute or diversify livelihoods suggesting a strong
feedback between biomass availability and harvest
behavior. This response is non-linear: when remote,
high biomass areas can receive a lower harvest
intensity, but integration into the market and the
enhancement of road infrastructure can take even
high-biomass stands to the extraction frontier.

Extraction intensity is further mediated by
socioeconomic factors including household size,
income diversification, land tenure security and
market access. In environments of low enforcement
and high timber prices, households that have de facto
access to unprotected forest patches have a much
higher rate of extraction. Economic crises and price
spikes cause boom extraction waves that surpass the
sustainable vyield levels. Such processes become
especially relevant in the miombo woodlands of
Zambia where economic options are scarce and timber
and charcoal markets are part and parcel of rural
livelihood portfolios.

2.2 Plantation and Afforestation Policy: The
Conservation Benefit Hypothesis

One of the leading streams of forest policy
writing develops the plantation conservation benefit
hypothesis: that managed tree planting, whether in
government-funded programs, commercial forestry,
or community-based initiatives, will take the pressure
off natural forests as wood will be available in other
uses, in managed trees. This is theoretically consistent
with the land-sparing framework: with the production
of timber concentrated and highly productive in
specific areas, the marginal profitability of extracting
natural forest stands should go down.

Empirical evidence of this mechanism is
however mixed and context-dependent. Cross country
research indicates that the growth of plantations is
commonly linked to a falling rate of deforestation, yet
determining causation is also complicated by reverse
causality - plantations tend to be set up in those
regions where the natural process of deforestation has
already reached an advanced stage - and by the forest
transition theory, which postulates that countries
move through a predictable pattern of net
deforestation to net forest gain as they develop,
regardless of plantation investment itself Econometric
modelling also points to a rebound risk: in which
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timber demand is price elastic, the negative costs of a
plantation sourced supply can actually trigger an
overall consumption that undermines conservation
benefits.

The moderating effect of afforestation programs
at local and household level is even less understood.
Not many studies have carried experiment on whether
community level or district level planting intensity
alters the forest-cover implications of household
timber extraction by panel econometric techniques.
This is the main omission in the analysis that the
current work deals with.

2.3 Forest Governance and Policy in Zambia

The forest governance system in Zambia
includes Forests Act (2015), the National Forest
Policy (2014), and other international obligations
within the frames of REDD+ and the Paris
Agreement. The legal framework draws boundaries of
national forests, local forests, and private forests and
stipulates sustainable forest management plans.
Practically, the level of enforcement is limited by a
lack of budgetary means, the low density of
inspectors, and the political nature of the restriction of
timber-based livelihoods.

CBFM has been promoted as an adjunctive
governance system, intended to decentralize
management to the local community and harmonize
the incentives of households with conservation goals.
There is some evidence of this in CBFM programs in
Zambia and neighboring countries which indicate that
in situations where communities are granted
meaningful tenure rights and tangible benefits as a
result of conservation, forest degradation can be
mitigated. Nevertheless, the magnitude of CBFM is
still less in comparison to the scope of uncontrolled
extraction, and the correlation between formal
reforestation programs and household extraction
behavior is not quantified strictly.

Such gaps in knowledge are practically
consequential: in the absence of evidence about how
afforestation can affect the effects of timber extraction
at the district scale, the magnitude of replanting
needed to counter the effects of harvesting-related
degradation under varying policy assumptions cannot
be measured. This paper gives that evidence.

3. Methodology

3.1 Study Area

The sample size of the study includes 30
districts, spread over North-Western Province and

Eastern Province of Zambia, which were chosen as
they control the national timber production and the
administrative records of the districts are consistently
available. The North-Western Province is a huge
miombo woodland and contains the highest
concentration of commercial timber licensing in the
country. Eastern Province is typified by subsistence
and small-scale commercial timber harvesting as well
as large-scale charcoal production into urban markets.
The two provinces alone contribute most of the
recorded timber volume in Zambia and represent
different institutional and ecological settings, which
offer analytical diversity that is vital in establishing
moderation of afforestation.

3.2 Data and Variables

The sample is a balanced sample of 180 district-
year observations (30 districts, 6 years, 20192024).
Data were gathered using primary methods, i.e.,
structured survey tools at the district level in co-
operation with Zambia Forestry Department. Remote
sensing products that were cross-validated with
national forest inventory records were used to obtain
secondary data on forest cover change. All monetary
variables are in constant US dollars.

Table 1 indicates descriptive statistics of all
variables. The mean of the dependent variable- forest
cover change (cover) is -3.259 percentage points/ year
(SD = 1.273), which proves a systematic trend of net
forest loss within the study area with each district
showing a decrease of between -0.8 to -7.2 percentage
points per year. The main explanatory variable,
household timber production participation (timber)
has a mean of 25.39% (SD = 13.37) meaning that
timber is an activity that is widely practiced in the
livelihoods. Charcoal production participation
(charcoal) is equally high at 24.23 (SD = 8.31), which
gives a closely related proxy of robustness. The mean
household average monthly income earned by timber
activities is USD 335 (minimum: USD 11.40,
maximum: USD 2,516), which indicates a high intra-
district inequality. The distance to nearest market is
93.1 km on average meaning that the majority of
extraction is in rather remote locations. The
afforestation variable is measured through the
intensity of reforestation initiatives on a district level
(units: planting interventions per year), the average of
which is 23.1 units.
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Table 1: Descriptive Statistics of Study Variables (N = 180)
Variable Description N Mean SD Min Max
cover Annual change in 180 —3.259 1.273 —7.200 —0.800
forest cover (%)
timber Household timber 180 25.39 13.37 0.500 47.60
production
participation (%)
charcoal Household charcoal 180 24.23 8.31 7.400 45.90
production
participation (%)
income Average household 180 335.2 636.2 11.40 2,516
monthly income
from timber (USD)
priceflact Timber price 180 7.994 38.45 —63.30 143.1
fluctuation (%)
area Total area under 180 16,760 31,812 570 125,800
timber production
(ha)
tax Annual tax revenue 180 17,232 32,707 590 129,330
from timber
activities (USD)
distance Average distance to 180 93.10 40.46 34.90 177.5
nearest market
(km)
gdp GDP from forestry 180 137.9 326.5 0.570 1,258
and logging (USD
million/yr)
extraction Mean timber 180 4.177 2.695 0.320 11.27
extraction intensity
(m*/yr)
reforest Afforestation 180 23.10 - - -
initiative intensity
(units/yr)

Source: Survey data from North-Western and Eastern Zambia (2019-2024). Forest cover change derived from
remote sensing cross-validated with national forest inventory records.

3.3 Econometric Strategy

The study employs a two-way fixed-effects (FE)
panel regression to identify the relationship between
household timber participation and forest cover
change. The baseline specification takes the form:
Y it=ag+a X it+al0Z it+ A4 +ull +¢ it (1)
where Y_it is forest cover change in district i at time t;
X_itis household timber production participation; Z_it
is a vector of control variables (income, price
fluctuations, area under production, tax revenue,
market distance, GDP, and extraction intensity); A;
captures  unobserved  time-invariant  district
characteristics (geography, institutional history, soil
quality); uJ controls for common macro-economic
shocks in each year; and ¢_it is the idiosyncratic error

term. Standard errors are clustered at the district level
to account for within-district serial correlation.

To examine the moderating role of afforestation,
the analysis extends to a moderation model:

Y it=ypp+y, X it+yp, M_it+y; (X it x M _it)

+yO0 Z it+ L +ull +e it (2)

where M_it is afforestation/reforestation intensity, and
X it x M it is the interaction term. A statistically
significant positive yz would confirm a buffering
effect: higher afforestation attenuates the negative
impact of timber extraction on forest cover. The
Hausman test confirmed the appropriateness of FE
over random effects (p < 0.01). All estimations are
conducted in Stata using the xtreg, fe two-way
specification.
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Three robustness checks are implemented. First,
the core explanatory variable is substituted with
household charcoal production participation, which is
a closely related but distinct proxy for forest
extraction pressure. Second, a one-year lagged
specification of timber participation is estimated to
address potential simultaneity bias — specifically, the
concern that forest cover change itself may influence
household extraction intensity. Third, model fit and
coefficient stability are assessed across the baseline
and moderation specifications.

4. Results

4.1 Descriptive Patterns: Decreased
Systematic Forest Covers

When the 30 districts track the forest cover
longitudinally over 20192024, a net decreasing
pattern is observed across most of the 30 districts. The
average loss is 3.26 percentage points per year with
the intermediate cross-district standard deviation of
1.27, which means that degradation of forests in this
sample is not caused by a few outliers but represents a
general phenomenon in the region. The paths of
individual districts are quite parallel in general, which
indicates that the driving forces, which are mostly the
household extraction, are relatively stable and evenly
spread throughout the study area.

The comparison of extraction and afforestation
trends shows that the structural imbalance has
continued to be the same the extraction intensity every
year has always been higher than the output of
afforestation over the study period. Although there is
a positive but slight increase in reforestation activities
during the later years of the panel (20222024), the net

change in forest stocks between harvesting and
replanting reveals that the net stocks of forests are
decreasing. This extraction-afforestation asymmetry
gives the empirical rationale behind the use of
afforestation as a moderating variable: despite the fact
that the modern rate of planting is too low to achieve
a net-neutral effect, the fact that planting intensity
varies across districts and across years offers a
plausible source of moderating impact.

The comparison distribution of timber and
charcoal involvement indicates that the two activities
are widely spread with charcoal making being more
varied with a higher median participation rate in a
number of the districts. Localized outliers are an
indication of spatial clustering of extraction activity
around urban timber and charcoal markets, which is in
line with the importance of market proximity in
determining the intensity of extraction.

4.2 Timber Regression: Direct Timber
Impact.

The outcome of the baseline two-way fixed-
effects regression is indicated in Table 2. The
household timber participation coefficient is -0.041
which is significant at 1% level (p < 0.01). It means
that the one-percentage-point change in the proportion
of households engaged in timber production correlates
with a decrease in the forest cover in the district by
0.041 percentage points per year, other factors held
constant, the district fixed effects, the year fixed
effects, and all the control variables. With a mean
timber participation rate standing at 25.39, this will
suggest that there is a high aggregate pressure on
forest cover.

Table 2: Baseline and Moderation Fixed-Effects Regression Results

Variable Model 1: Direct Effect Model 2: Moderation Model

timber (B1) —0.041*** (0.014) —0.059*** (0.015)
reforest (B) —0.034* (0.019) —0.074*** (0.023)
timber x reforest (y3) — 0.001*** (sig.)
income 0.049 (0.071) 0.036 (0.069)
priceflact 0.000 (0.001) 0.000 (0.001)

area 0.002 (0.006) n.s.

tax —0.003 (0.006) n.s.

distance 0.312 (0.233) n.s.

gdp 0.000 (0.002) n.s.

extraction 0.041 (0.049) n.s.

District FE Yes Yes

Year FE Yes Yes

N 180 180
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R 0.947 0.947
Adjusted R? 0.930 0.930

Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10. n.s. = not significant. Source: Author's

estimation from survey panel data.

All economic control variables, including but not
limited to household income, changes in price, area
under production in total, tax revenue, market
distance, and district GDP are all statistically
insignificant at traditional levels in the basic model.
The result is informative in theory: the breadth of
household involvement in timber extraction (the
participation margin) is a better predictor of forest
cover change, than the intensity or financial payoff of
the extraction itself, when other predictors of the
change (district and year fixed effects) are controlled.
The explanatory power of the model is large (R 2 =
0.947), which means that the given variables along
with the fixed effects structure account nearly 95
percent of the variance in annual forest cover change.

4.3 Robustness Checks

The baseline finding is confirmed by two
robustness checks. To begin with, substituting
household timber participation with household
charcoal production participation provides a
coefficient of -0.052 ( p < 0.05), which confirms that
the negative relationship between forest extraction
activities and forest cover is not exclusive to the
timber sector but is a more generalized pattern of
household-level forest pressure. The somewhat
greater coefficient of charcoal (compared to timber),
is in line with the more diffuse spatial distribution of
charcoal production and the fact that charcoal
production depends on the burning of a more woody
biomass over a greater area of land per unit of
production.

Second, timber participation (L.timber) has a
one-year lagged specification, the coefficient (—0.044)
of which is less than p = 0.10, which supports
temporal precedence. The implication of this finding
on causal interpretation is that the adverse impact of
timber extraction on forest cover extends over time,
and the lagged specification is intended to deal with
the potential that forest degradation was also
influencing household extraction decisions and not the
other way around. The adjusted R 2 of the lagged
model (on a reduced data set of N = 150) is high and
again proves the stability of the model.

4.4 Moderation Analysis: Buffering Role of
Afforestation

Table 2, Model 2 shows the moderation
specification. When afforestation is introduced as a
moderating factor and a timber x afforestation
interaction term is added, the picture is altered
considerably. The direct coefficient on timber

participation increases in absolute value to -0.059 (p <
0.01), indicating that the estimate at the base was, to
some degree, softened by the positive moderating
impact of afforestation. The afforestation coefficient
(reforest) is also negative and significant (—0.074, p <
0.01) which can be explained by the fact that the
reforestation  activities are  disproportionately
concentrated in the districts with the most acute
degradation a sort of policy targeting that generates a
negative  unconditional  correlation  between
reforestation and forest cover.

The interaction term coefficient is the critical
item: it is positive and highly significant (y 3 = 0.001,
p < 0.01). This is a confirmation of the hypothesized
buffering effect: with each unit of afforestation
intensity, the adverse marginal impact of timber
participation on forest cover is neutralized partially.
Marginal effects analysis - using a conditional effects
plot to show the slope of the timber-cover relationship
at low, average and high levels of afforestation
intensity reveals that the rate of depletion is steepest
in low-afforestation districts and is significantly
flattened in high-afforestation districts. The tangling
of these slopes at elevated levels of afforestation give
strong graphical proof that proactive conservation
policy can separate the rate of extraction and the rate
of ecological decline, without necessarily reducing
timber activity directly.

Notably, the overall R 2 in Model 2 is equal to
0.947, showing that the introduction of the interaction
term does not enhance explanatory power through
overfitting, but instead it reallocates the explanation
of variance between the two main effects and the
interaction. The presence of socioeconomic controls is
similarly not significant in either of the two models,
which supports the idea that the rate of participation
and forest conservation response is the most important
determinant of forest cover in this regard, and not
income levels or market conditions.

5. Discussion

5.1 Theoretical Contributions

This research paper is relevant to a number of
theories in forest and environmental economics.
Regarding Common Pool Resource theory, the
findings affirm that extraction of common-pool
uncontrollable households generates statistically
significant and economically important depletion of
the forest. More importantly, the paper builds upon
this framework and shows that the relationship
between extraction and ecological performance can be
changed through institutional responses, i.e.
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afforestation programs, without assuming that CPR
degradation is an unavoidable consequence of
household economic behavior in the absence of
privatization.

The results also have implications on the body of
literature on the Environmental Kuznets Curve
(EKC), which assumes that the relationship between
income and environmental degradation is inverted-U.
It is worth noting that income of households can be
statistically insignificant in both model specifications,
which indicates that growth in incomes is not
sufficient to stimulate forest recovery in this scenario.
Rather, the environmental improvement mechanism is
the targeted institutional interventions, which are
afforestation programs, and are independent of
income trajectories. This difference is practically
significant: it means that conservation of forests does
not have to wait until EKC turning points are reached
by income but can be promoted by conservation
policy itself.

In relation to the plantation conservation benefit
hypothesis, the research gives panel-level evidence at
the district level that afforestation indeed moderates
extraction-induced forest loss as hypothesized.
Nevertheless, the continuing negative unconditional
coefficient on afforestation validates the fact that the
present rates of planting are not enough to counter the
extraction - the afforestation gap observed in
descriptive analysis. This agrees with the literature
finding that the conservation value of afforestation is
context dependent and is most plausible when the
planting area is proportional to the area of harvesting.

5.2 Implication on Forest Management in
Zambia

The empirical findings have direct implications
on the forest management in the North-Western and
the Eastern Provinces of Zambia. The result that the
breadth of timber participation (as opposed to
extraction intensity per household) is the strongest
predictor of forest cover change implies that the policy
that is based on individual household quotas can be
less effective as compared to the one that targets the
overall rate of participation. Diversification programs
of livelihoods based broadly to ensure that timber is
no longer the main income generation source should
therefore be prioritized.

The effect of afforestation moderation
demonstrated is practically encouraging: it indicates
that conservation investment is indeed translated into
quantifiable protection of forest cover, despite the
continued extraction pressure. Nonetheless, the
afforestation gap that has continued to exist
throughout the six years of analysis i.e. extraction
always exceeds replanting suggests that the scale of
current programs cannot be applied to achieve net-
neutral or net-positive forest cover. To achieve
extraction rates by afforestation, program budgets,

community engagement capacity and monitoring
systems would need to be significantly increased.

The strength of charcoal outcome (coefficient is
even more negative than timber) deserves certain
policy consideration. The diffuse spatial distribution
and the high rate of biomass-per-unit-of-output
consumed in charcoal make it especially harmful as a
form of extraction. More efficient carbonization and
formalization of the charcoal value chain may help
lower the unit biomass price of charcoal production by
a significant margin without abolishing the livelihood
activity.

6. Policy Recommendations

According to the empirical evidence, four policy
recommendations are put forward to the forestry
authorities, provincial governments and development
partners in Zambia:

Decentralized, extraction-linked
afforestation. The moderating influence of
afforestation as shown is most significant at high
levels of planting, yet the current program
arrangement fails to progressively connect extraction
authorization and replanting responsibility. There
must be policy that household or cooperative timber
licenses must be accompanied with corresponding
local afforestation commitments. Such a connection
would make the buffering effect found in the
moderation model operational and dynamically scale
reforestation to extraction pressure.

Diversification of livelihoods in order to lessen
rates of participation. Because the main cause of forest
cover loss is the level of timber involvement, one of
the high-priority leverages is the overall household
reliance on extractive forest activities. Timber and
charcoal extraction: the Ministry of Agriculture and
Livestock, through NGOs and development banks,
should provide more access to non-extractive forest-
based livelihoods apiculture, sustainable fruit and nut
harvesting,  ecotourism and  climate-sensitive
agricultural options that make timber and charcoal
extraction unnecessary.

Charcoal value chain formalization. Seeing
that the production of charcoal has a more adverse per-
unit effect on forest cover than commercial timber,
this sector should be formalized. In particular, the cost
of biomass per ton would decrease due to the effective
use of kiln technology, geographic rotation of
extraction areas, and mobile monitoring units, and
allow identifying the extraction hotspots in real-time.
Spatial planning of extraction and afforestation would
be planned with formal charcoal production zones,
which are similar to controlled timber concessions.

Proactive management using early-warning
systems. The importance of the year fixed effects in
both models specifications makes it clear that annual
macroeconomic shocks, price fluctuations, economic
downturns, climate stress events, and so on, have an
effect on the extraction intensity. Forestry authorities
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need to come up with early-warning mechanisms that
track timber price indices and GDP trends in real-time
so that Payments to Ecosystem Services (PES) or
conservation subsidies can be scaled-up pre-
emptively when the extraction pressure is high.
Countercyclical conservation finance would eliminate
waves of survival-induced deforestation during the
lean economic times.

7. Conclusion

This paper presents stringent panel econometric
analysis on the interaction between household timber
production, afforestation policy, and change in forest
cover in the top timber producing districts in Zambia.
Three major findings are found. First, the participation
of household timber production has statistically
significant and practically relevant negative impact on
forest cover (0 = -0.041, p = 0.01), which is resistant
to proxy substitution, lagged specification, and model
re-specification. Second, afforestation programs have
a strong positive moderating impact: the faster the
district is planted, the smaller the decline in forest
cover per unit of timber activity, which supports the
hypothesis of buffering. Third, even with the proven
protective role of afforestation, the structural
extraction-replanting gap is still present throughout
the study period which implies that the current
conservation is not enough to achieve net-neutral
forest results.

Supervised by: Prof. Song Yanping F#-#
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Introduction

Transport plays an important role in the socio-
economic development of the Republic of Uzbekistan,
ensuring conditions for economic growth and
increasing the competitiveness of the national
economy through the quality of services provided.
The technological, value, and geographical
availability of transport services determines the
territorial development of economic relations and the
possibility of meeting the needs of the social sphere
both within the country and abroad.

In the context of modern rhythms of life in large
cities, the most important type of transport is urban
passenger public transport. A feature of the territorial
structure of the city of Nukus is the high level of
mutual integration  with the Republic of
Karakalpakstan as a whole, and especially with the
Republic  of  Kazakhstan.  According to
Karakalpakstat, the total length of roads in the
Republic of Karakalpakstan is 42,869 km, of which

Doi: éos¥ef https://dx.doi.org/10.15863/TAS.2026.04.156.4

50-100 km of roads (A-380 highway) pass through the
city of Nukus, while about 4.8-6.6 thousand cars enter
the city daily from the main routes, which belong to
residents of nearby districts and villages operating in
the city.

Thus, the greatest accumulation of vehicles is
observed on the main highways of the city of Nukus,
where the load factor of all highways is 1.0-2.0 times
higher than the limiting normative coefficient, which
ensures unimpeded and uninterrupted movement of
vehicles along highways.

According to Karakalpakstat, as of December
31, 2025, there are about 160,000 passenger cars in
Karakalpakstan, which is second only to Tashkent,
Tashkent region, Samarkand, Bukhara, and other
cities in Uzbekistan. According to the statistical data
presented in the table and Fig. 1, 1a, 350-400 thousand
people were transported in the city of Nukus in 2025,
which is 4-5% more than in 2024.
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Table 1. Main Indicators of Passenger Transportation in Nukus City for 2024-2025
Indicator 2024 2025
Number of passengers 340-370 min 360-400 min
Growth rate ~104-105% ~105-106%
Primary mode of transport Vehicle Vehicle
Share of the private sector Very high (~90%+) Preserved
Passenger traffic volume (min)
380 A
375 A
E, 370 -
qé 365 -
o
360 -
355
2024 2025
Figure 1. Dynamics of Public Transport Passenger Volume in 2021-2025
2021 | | <0
2022 | | 0
2023 | [ 20
2024 | | : 50
2025 | [ 0
Figure 2. Comparative Trend of Public Transport Use in Nukus City
Figure 1 - Number of passengers transported by "Transport Strategy of Uzbekistan until 2030"

public transport, thousand people. As can be seen
from the analysis, a steady decline in the use of public
transport can be observed in 2021-2025. This decline
may be due to a number of reasons, such as:

- constant growth in the number of cars owned
by citizens;

- transition to personal accounting of unified
social travel tickets.

The rapid growth of the number of cars in the
city of Nukus and districts, the accelerated growth of
their motorization, and the insufficient development
of the road network and transport infrastructure in
general led to the need to expand access to transport
services for the population. To achieve this goal, the

wasdeveloped and adopted at the state level, the main
tasks of which related to increasing the accessibility
of transport services for the population are::
planning the development of passenger
transportation systems and rolling stock based on the
forecast of the country's socio-economic development
and its transport and economic balance;

- creation of transport programs and mechanisms
for their implementation;

- development of passenger transportation on
socially significant routes;

- development of a competitive market model for
affordable and high-quality transport services;
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- implementation of modern information - reduction of traffic violations on the road

technology-based ITS in urban, suburban, and local
transport systems;

- improvement of permits for commercial
persons to carry out passenger transportation;

- development of multimodal passenger
transportation schemes on regional, interregional, and
international routes, etc.

Thus, to solve the main tasks outlined in the
transport strategy of Uzbekistan until 2030, it is
necessary to develop a program "Development of the
transport system within the structural boundaries of
the city of Nukus and its territories," which provides
for the following areas of transport policy:

- in the sphere of increasing the competitiveness,
convenience and quality of passenger transportation:

- increasing the mobility of the population
through the priority integrated development of all
public transport systems;

- expansion of the effective radius of urban and
intercity  socio-economic activity through the
development of high-speed transport;

- creation of a competitive, affordable, and high-
quality passenger transportation market;

- provision of socially significant passenger
transportation.

Planning to ensure increased mobility of the
population of the city of Nukus through the priority
integrated development of all public transport
systems. This concerns the development of public
transport infrastructure and systems on urban and
intercity routes, as well as on transport routes
connecting the main centers of socio-economic
development.

Along with the development of public transport,
it is necessary to implement measures aimed at
increasing its attractiveness to private cars, including
by regulating the conditions for entering, moving, and
stopping private vehicles on the busiest streets of the
road infrastructure of the city of Nukus, where the
transport problem is especially acute. Implementation
of a project to create a paid parking lot in the territory
of the city of Nukus in order to create conditions for
the convenient movement of pedestrians, public
transport, and cars, the main tasks of which are:
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- increasing the speed of movement in paid
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Abstract: The article examines methods for improving the transportation system based on a logistics approach,
using the Nukus—Muynak route as a case study. The relevance of this study stems from the need to improve the
efficiency of transport services in regions characterized by low population density and significant distances between
settlements. The existing problems in the route's operation were analyzed, including uneven passenger flow, the wear
and tear of rolling stock, and insufficient coordination of transport processes. Recommendations were proposed for
optimizing the route network, implementing digital technologies for monitoring and managing transportation, and
rationally allocating transport resources. Particular attention is given to the application of logistical principles—
such as a systems approach, integration, and adaptability—which make it possible to improve the quality of transport
services and reduce operating costs. The findings can be used to develop regional transport infrastructure programs.
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Introduction The operation of the Great Silk Road required

The Great Silk Road, which emerged in the 3rd— coordinating supplies, optimizing routes, ensuring the
2nd centuries BCE, is considered one of the earliest security of caravans, and storing goods—activities
historical stages in the development of logistical that, in essence, correspond to modern principles of
processes. Although the term "logistics" itself was not logistics. Thus, one can argue that it was during this
yet in use during that period, organized flows of period that the foundations were laid for a systematic
goods, resources, and people between cities and states approach to managing material flows, which became
already existed. the cornerstone for the future development of logistics

The development of trade ties following the as both a scientific and a practical discipline.
military and economic expansions of Ancient Greece Previously (before the second half of the 20th
and the Roman Empire led to the formation of century), logistics was used predominantly in the
established transport routes. These routes facilitated military sphere and involved organizing the army's
not only the exchange of goods but also the transfer of supply chain—the delivery of provisions, weaponry,

technologies, cultural values, and knowledge.
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and uniforms, as well as managing inventory and
troop movements.

In the modern economy, logistics is a
comprehensive system for managing flows (material,
informational, and financial) aimed at optimizing
transportation, ~ warehousing, and  distribution
processes in order to reduce costs and improve
efficiency.

Methods of Research

International experience in improving transport
systems based on logistics principles shows that even
in remote territories with low population density, it is
possible to create an effective transport model,
provided that a comprehensive approach is applied.

For example, Germany's experience
demonstrates the high efficiency of logistically
integrated transport systems. In Germany, the
transport infrastructure operates on the principle of
integrating various modes of transport within a single
logistics space.

The key element is the concept of integrated
transport associations (Verkehrsverbund), which
combine bus, rail, and commuter services into a single
system. This ensures seamless coordination among all
parties involved in the transportation process.

The key features of this model include:

* The implementation of a single ticket valid on
all modes of transport;

* Coordination
schedules;

* The use of digital management and control
systems;

* High precision and reliability of transport
operations.

The main conclusion of the German model is that
the efficiency of a transportation system is achieved
not through an extensive increase in the number of
vehicles, but through the optimization and
coordination of passenger flows based on logistical
principles.

The development of logistics in Turkey
demonstrates the highly effective use of the country's
transit potential, which stems from its strategic
geographical location at the crossroads of Eastern and
Western transport corridors. The stability and
intensity of transit flows are helping to establish
logistics as one of the most dynamic sectors of the
national economy.

Regional transport and logistics hubs are being
actively developed across the country, integrating
major cities with peripheral and remote areas. Key
areas for improving the transportation system include
creating modern logistics centers, developing high-
speed bus routes (express service), implementing
digital technologies, including electronic ticketing
systems, and adaptively managing transport schedules
to account for seasonal fluctuations in demand.

and synchronization of

The experience of tourist regions, where the
transport infrastructure flexibly adapts to changes in
passenger traffic, is of particular importance: During
peak seasons, flight frequency is increased and
additional transportation resources are deployed,
while in the off-season, routes are optimized and
operational costs are lowered.

This approach is especially relevant for routes
with a heavy tourist flow, such as the Nukus—Moynak
route. Applying similar logistical principles will
enhance the efficiency of transport resource
utilization, ensure the route's operational stability, and
improve the quality of public transport services.

In the neighboring Republic of Kazakhstan,
regional transport systems are being developed with
consideration for specific factors, such as significant
distances between populated areas and low population
density, which largely mirror the conditions in
Karakalpakstan. This necessitates the use of effective
logistical approaches in organizing transport services.

Key features of Kazakhstan's transport logistics
include state support for inter-district and socially
significant routes, the active digitalization of bus
services, the implementation of GPS monitoring
systems to track vehicle movement, and the
development of distribution warehouse complexes
and transport and logistics centers.

An overview of international experience in
applying logistics methods reveals several universal
approaches to improving regional transport systems.
These include integrating various modes of transport
into a unified network, developing logistics and
distribution centers, optimizing route networks using
digital technologies, and enhancing the efficiency of
traffic flow management. Implementing these
initiatives helps to reduce transportation costs,
increase the public's access to transport services, and
ensure the sustainable socioeconomic development of
the regions.

The route between the cities of Nukus and
Muynak is a key transportation link in the Republic of
Karakalpakstan. The geographical distance of the
route is 200-210 km. The only connection between
the cities is a regional highway, and the travel time is
3.5-4 hours.

The territory's natural and climatic conditions
are characterized by a desert and a sharply continental
climate.

The route runs through a sparsely populated area,
which significantly impacts the provision of transport
services.

Demographics for the cities of Nukus and
Muynak are approximately 343,500 and 33,000
people, respectively.

The population of intermediate settlements is
about 80,000 people.

The total potential transport catchment area
includes over 350,000 people.

Philadelphia, USA

26

2 Clarivate
AnalytiCS indexed



ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) = 6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIE =1.500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350
However, the actual passenger traffic is system. For example, the passenger flow forecasting
significantly lower due to: model:
limited economic activity; P = Piverage x Kseason
low travel frequency; where: P - is the projected passenger traffic;
the seasonal nature of tourism. Paverage— average turnover;
The current stage of transport system Koason- Seasonal factor.
development is characterized by the active

digitalization of management processes. Information
technology is becoming a key tool for enhancing
logistical efficiency.

An Intelligent Transportation System (ITS) is a
set of integrated hardware and software solutions that
provides for the automated management of traffic
flows.

The main components of an ITS include:

* GPS navigation systems;

« automated dispatch centers;

* electronic ticketing systems;

« traffic monitoring sensors.

The implementation of an ITS allows for the
following:

* reducing passenger waiting times;

+ improving schedule accuracy;

* lowering operating costs;

« enhancing transportation safety.

Mathematical forecasting models are used to
optimize the performance of the transportation

These calculations allow for the advance
adjustment of the number of runs, helping to avoid
both vehicle overload and underutilization.

For regional routes, digitalization offers the
following advantages:

* reduced management costs;

* increased transparency of the transportation
process;

« improved quality of service;

» greater public trust in the transportation system.

The implementation of digital technologies is
especially  relevant  for  routes  connecting
administrative centers with remote cities, as in the
case of the route between Nukus and Muynak.

The analysis of passenger traffic on the Nukus-
Muynak route has the following structure (calculation
model):

Table 1.
Passenger type Share (%)
Local residents 45
Students 15
Tourists 25
Entrepreneurs 10
Other 5

Average daily passenger flow (estimated):
* Low season: 120-150 people/day

* High tourist season: 300—350 people/day
Annual average:
p. = 2o0People

avg /day

The seasonality coefficient has been determined
based on fluctuations in passenger traffic:

* Low season: K =0.7

» Mid-season: K =1.0

* High season: K=1.5

Formula for calculation:

P=P,s <K
For example, during the high season:

P=220x15=330 PEPLe/,

The existing transportation system does not adapt
to seasonal changes, which leads to:

* overburdened transport in the summer;

« underutilization of buses in the winter.

Current bus service provides 3—4 routes per day

Bus capacity: 45 seats

Average occupancy: 65-85%

Throughput calculation:

Q=NXxV

where: N — Number of vehicle trips;

V — Passenger capacity of the bus.

With 4 flights:

Q=4x45=180 place

During the high season, demand exceeds supply
(330 people per day), which indicates a shortage of
transportation capacity.

Conclusions

The Nukus—Muynak route holds strategic
socioeconomic importance for the region. The current
transportation system operates without modern
logistical tools, and its efficiency is highly dependent
on seasonal fluctuations in passenger traffic.
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Introduction time, being in a literary environment with fellow poets
Karakalpak poetry plays a special role in J.1zbasganov, K.Karimov, H.Ayimbetov,
enriching aesthetic views in society. Poetry reaches S.lbragimov, Sh.Ayapov and K.Reymov also
artistic heights and is considered a spiritual need and influenced the poet's work.
a property of the soul. A more in-depth study of these
issues is one of the pressing issues in contemporary Free songs by B.Genjemuratov
Karakalpak literary studies. In this work, we aim to Today, we see that the work of the poet
study the lyrics of the poet B.Genjemuratov, who B.Genjemuratov has developed considerably in terms
holds a special place in the current Karakalpak literary of genre. B.Genjemuratov's contributions to
process. Karakalpak poetry are numerous. Specifically, it
expanded the genre possibilities of contemporary
Main part Karakalpak poetry, refined methods of creating
One of the poets who has made a significant artistic imagery and form, and acquired a unique style
contribution to the development of modern in word formation. Verlibraries and muashshaks
Karakalpak poetry, both in content and in form, is (genre poem) are one of such genre studies in the
Bakhtiyar Allambergenovich Genzhemuratov. He poet's poetry. At the same time, through the creation
was born on May 11, 1959, in the Takhtakupyr district of unique images through skillful poetic language and
of the Republic of Karakalpakstan. After graduating artistic imagery, the uniqueness of the poet's inner
from the village school here, he entered the Faculty of form is clearly felt in his works. In the works of
Philology of the Karakalpak State University in 1980. B.Genjemuratov, one can see wonderful examples of
The «Karataw» magazine and the creative community free verse. Specifically, “Bir anamn balalarina”,
gathered around it played a significant role in “Sahra!- Tentekliktif anasi...”, “Zamin tawdagi Azim
B.Genjemuratov's creative development. From his Styin aytimlar1”, “Jeti babamnin ismin ayt, Jayhun!”,
student years, he became acquainted with the works of “Shollegenmen putin diydarina”, “Zer-zebil jawinda
famous writers and poets of Karakalpak literature - adasqum keler”, “Isenemen”, “Konil dapterimde
I.Yusupov, T.Matmuratov, Sh. Seitov. At the same soraw belgisi «?»”, “Jarihs”, “Sargish japiraqlardin
[ ]
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samallar1”, “Shashlarin”, “Guz sagan usamayman”
and in other poems, one can see the boldness and deep
inner emotion characteristic of B.Genjemuratov, who
freely expresses the poet's intended meaning and
conveys his thoughts through deep sorrow and
reflections.

Hér nazli qademine,

tas jollar tanlanar,

tanlayin qagip:

«Pah, pah, pah!...»

Anaw biz 6kshenin qadalgan orni,

qidigin keltirer kogis taslardin:

«Ah, ah...»

Tas qilip jaraca bizdi qudayim,

jurgen jollarina téseler edim,

okshelerindi suyip:

«Wah...»[1; 134]

The poet's poem is rich in strong emotions and
the inner emotional turmoil of the lyrical hero. In
every line, in every word, the poet's feelings of
longing and love for his beloved are like a flame
burning from his heart. In this case, feelings gradually
intensify through the gradational method. At first, the
girl's graceful steps make the paths bewildered, then
the bluish stones stirred. And finally, the lyrical hero,
falling as a stone on his beloved's path, desires to kiss
her heels. Thus, the poet intensified the poem's impact
by conveying such inner spiritual reflection in free
lines. The equality of syllable numbers is not
maintained in verses characteristic of free verse. The
main characteristic of the poet is that he doesn't build
his poems at a steady pace, so it's impossible to read
them all at once. At the same time, the poet has his
own artistic reading style. In this case, the sound wave
is alternating between rising and falling, resonating in
various ways.

-saz atirap —

Zal unsiz...

Sam-saz japiraq —

Tal tnsiz...

gabagian qar jawar,

alip gawmet Daraqlar.

Tislenedi gerbishler,

jinkozlener sharaplar:

“Shayir, galet ettin”,- der

“Shayir, qatt1 kettin”,- der. [1; 94]

Poet's «Turkan oyda «Jeti qaragshi» ga telmirip
... «[1; 44] The theme of the Motherland and the idea
of its glorification are also reflected in the free verse
genre.

Turkan oyda «Jeti qaragshi» ga telmirip,

uwayimlayman jurtimdi:

Topan suwdi umitqan,
umitqan,

endi topan qum basatuginan biyxabar,

Jurtimdi1 uwayimlayman.

In this, the lyrical hero worries about the
flooding of his homeland and worries about its future.

Nuw paygambardi

Furthermore, through the following lines, it calls upon
the people to live in unity and harmony, and to
appreciate the value of their native land. For example:

Alt1 aga alalanip awzindagini aldirgan jurtim,

tort ini daralanip, qaganatin jawga qaldirgan
jurtim!

Qaylq jasap, topan suwdan saqlap edi Nuw
paygambar,

topan qumda janina arasha tiser kimin bar!?

Qutadgu biligy tin qadirin bilmey,

kesapatina giriptar bolgan jurtim.

In conveying this idea, the poet skillfully utilized
the possibilities of the free verse genre. Repetitions of
words characteristic of free verse, frequent breakage
of lines without a single system, the conclusion of a
thought not ending in a single line but presented in 2-
3 lines, and the inconsistency of syllable numbers are
also common. Moreover, every word used is as if
breathing life into it, its impact is incredibly powerful,
and it deeply pains the reader's heart. For example, the
poet who embodies the aforementioned qualities
“Jagst adamlardin juregi...” [1; 21] dedicated to the
memory of the poet T. Matmuratov.

Mashinlar qagissa Tortkul koshede - 11

Nakas aytar kulip: “ane, keregi!” — 11

Biraq, - 2

jaralanip - 4

galar desedi - 5

miranip... - 4

Jagst adamlardin juregi... - 9

Turmis - 2

shadliq — gamin tendey akeler... - 9

Onda dos-yaran kop, tez-tez keledi. - 11

Sawliq bolmasa da - 6

qadaq koterer, - 6

Jagst adamlardin juregi... - 9

As we can see, this poem by B.Genjemuratov
falls short of a certain standard. The syllable numbers,
depending on how the thought is expressed, are
sometimes raised and sometimes lower. In free verse,
intonation, logical thought, and meditative thought
play a crucial role. The success of a poem written in a
free verse form depends on the poet's extensive
exploration. However, we must emphasize that the
psychological characteristics and mood of the artist's
thinking play a significant role in creating this poetic
form.

One of the characteristic features of
B.Genjemuratov's free verse is the use of repetitions.
The repetition of certain words, phrases, and lines
helps to reveal the meaning of the poem. The poet
conveys the lyrical hero's mood through repetitions.
Shows the strength of the hero's feelings. In the poem,
special attention is paid to certain words and phrases
as a result of their repeated use. The words that define
the idea of the poem's content are emphasized
logically, and the repetitions have a great impact on
the reader.
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Sargish japiraqtin samallari Karakalpak literature, scholars have expressed several
miyzanmn Salip ketti juregime, opinions about the quatrain and rubai, their
qirawlatip ketti galbimdi... similarities and differences.
Balkim, The quatrains in B.Genjemuratov's work possess
sal tondirip ideological, thematic, and genre distinctions. The
ketkendur poems titled «Quatrains about the Football Club»
senih de (Futbol tob1 tuwrali tortlikler) included in the poet's
juregindi “Collection of selected works” (Saylandi
songi ushirasiwdin samallari. .. shigarmalar), embody the characteristics of this genre.
sentyabr samallart... These quatrains are included in the poet's first
Esimde — collection, «Life of the Storm», under the title
gardishli basilgan gademler... «Football Team Members». The stylistic difference in
Japiraqglar tas jolda shashilar edi. this term is likely due to the theoretical analysis of the
Gz paslinday genre. Because we mentioned that rubaiyat is a
hawlep phenomenon not characteristic of Karakalpak
qaldi kewlimde literature.
sol demler. - Hesh kimge payansiz top, «ala ekensen!» -

Tallar arasinan asigar edi,

sagan ham magan

song1 xoshlasiwdin samallart...

sentyabr samallar... [1; 100]

In this case, the main focus is on reinforcing the
characteristics of intimate lyrics through the repetition
of the words «winds» and «September windsy, there
by conveying the inner turmoil of the lyrical hero and
awakening aesthetic feelings in the reader.

In B.Genjemuratov's lyrics, free verse is a
distinct lyrical form, where freedom of content is
realized through freedom of form. The poet made a
significant contribution to the popularization of free
verse in Karakalpak poetry and its formal enrichment.

Formal genres in B.Genjemuratov's poetry

B.Genjemuratov's work is distinguished by its
formal diversity. It reflects poetic skill, literary
connections, and the influence of world literature.
Because in each of his poems, the poet skillfully
utilized the possibilities of language, enhancing its
(the word's) impact. Because the poet depicted his
inner spiritual world in poetic lines, deeply connected
with the realities of life. They also translated
remarkable examples from the treasury of world
literature  into the  Karakalpak  language,
comprehensively developing their creative work. As a
result of the influence of Western and Eastern
literature, one can see the diversity of form and
content in the poet's work.

In B.Genjemuratov's poetry, four-line poems are
found separately, and although the poet doesn't give
them the title «quatrainsy», the expressed content fully
meets the genre requirements of the quatrains. His
quatrain contains philosophical reflections on love,
humility, friendship, respect for the people, humanity,
talent, morality - in short, on life itself. The poet
evaluates the long-standing ideas about life and
existence, as well as the meaning of human existence.

Quatrains are a widespread genre of poetry in
Karakalpak literature. In it, the thoughts to be
expressed by the poet are summarized in four lines. In

Desem, jurek bawirim jara ekensen.

Quriq tort ayaqtan kunde tepki jep

sorlagan manlayi shor gana ekensen.

* * %

Pélenshe tepti me — uship baratirsan.

Toélenshe tepti me — uship baratirsan.

Jane kim tebedi — tagdirin gungirt.

Ozi isken garip — Isip baratirsan. [1; 87]

In this case, symbolic descriptions, that is,
through the ball, conveyed the image of people whose
power in life is not in their own hands, but in
accordance with the will of others. These quatrains are
ideologically and thematically interconnected,
complementing one another and further deepening the
thought to be expressed.

One of the distinctive features of the quatrains is
their ability to convey philosophical thoughts
profoundly and conclusively. Because in a quatrain,
the thought must appear clearer than the feeling. The
genre aspect of the quatrain also demands this.
Therefore, it is evident that the semantic aspect
prevails over the formal aspect in quatrains. For
example, in the work «Refutation» (Biykarlaw):

Saatqa uqsagannin

Barlig1 saat emes

Qanatga ugsagannin

Barlig1 qanat emes. [1; 131]

Thus, these four lines carry profound
philosophical meaning. In it, the poet, through the
clock and wings, seems to say that a person's true
human qualities are realized through understanding
their inner world, stating that not everything
considered good is good, and not everything deemed
bad is bad.

In quatrains, the lyrical hero should not be
influenced by life or certain events encountered in life,
nor should they express their attitude towards them,
but rather their thoughts about them should be
gathered. For example,

Ishti, jedi, kiydi ganakar bende —

shahlarsha jasadi, al neni utt1?

Insapt1 jogaltti, biraq keyninde
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qarakok aydarha dinyani jutti. [1; 128]

Thus, in these four lines, the poet's thoughts are
concentrated on those who waste the world, live like
kings, and lose their conscience.

Quatrains in the form of rhetorical questions can
also be found in the poet's work.

Aq qoy bar, gara qoy bar.

Nege joq appaq tae?!

Haq oy bar, gara oy bar,

Nege joq appaq kue?!

In literature, the construction of thought on
rhetoric is of particular importance. Because rhetoric
is not just a question; the answer lies hidden behind it.
Works based on rhetoric encourage readers to think
and explore. [2; 80]

The five-line verse form is very rare in
Karakalpak literature. Five-line poems have the same
formal characteristics as mukhammas poems.
However, in the muxammas, the content expressed in
five lines, that is, in one stanza, continues in the
following stanzas of the poem. The quintets, like the
quatrains, embody a complete meaning. In
contemporary Karakalpak poetry, the “muxammas”
(genre of poetry) is widely used, both in terms of
theme and form, with some variation in its origin.

In B. Genjemuratov's poetry, we encounter,
albeit rarely, the five-line genre. For example,

Suliw siypalamay Sozlerdin,

Panqildaq odalardin

ushurip jiberdi htirreyin

jureklerin jarip jiberdi

qanjarday qayirilgan Qosiqlar.

According to the five-line rhyme scheme, a - a -
b - ¢ - d is a mixed, irregular rhyme scheme. At the
same time, the number of syllables is not constant.
That is, the second row consists of 7 syllables, and the
remaining rows consist of 9 syllables. The content of
the Five embodies the idea that «male works are
essential for our poetry».

The six-line poems played a significant role in
conveying diverse themes in B.Genjemuratov's work.
One of the first poets in Karakalpak literature to create
poetry in the six-line form was X.Turimbetov.

B.Genjemuratov's six-line works also support
this point. The poet's free expression of thought in his
poems is also found in his six-line verses.
Furthermore, the external form is also built on free
verse. For example, in the poet's poem “Debdiw”;

Million jil kokireginde saqlagan dartin

tawlar jarilip shigarar, janip shigarar.

Bultlar heshkimge aytpagan dartin

gurkirep shigarar, jilap shigarar.

Dunya bunsha sherli bolgani nesi?!

Men qaytip jarilayin, qaytip janayin?!

To the word “Debdiw” “Inner pain, grief,
sorrow”, - is defined in the explanatory dictionary of
the Karakalpak language. Thus, this six-line stanza
conveys the lyrical hero's perspective on the world and
society as a whole, his inner pain and suffering. The

poet masterfully conveys the inner world of a person
through parallel animations. When mountains split
and burn, and clouds thunder, people ask how to
express their heart's pain.

In B.Genjemuratov's six poems titled «A Good
Deed», the metaphor «A thousand and one good
deeds are to sway like a plane tree, becoming a shade»
addresses the issue of people doing good to one
another.

Aga bolgim kelmeydi aqiydalarga .

Atin arqalagim kelmes aqrydalardin

qosshisi bolip.

Min da bir sawapdur shinarday terbelmek

sayaman bolip

sahrayi jureklerde...

Overall, in the poet's work, one can observe that
the six-line poems are ideologically and thematically
structured in a free form.

In B.Genjemuratov's poetry, eight-line verses are
frequently encountered. One of the genre
characteristics of his *eight* (sakkizliklar) is their
expression in a *muashshag* (genre of poetry) form.
Its themes are very broad, dedicated to celebrating
love, faith and conscience, nature scenes, longing, and
S0 on.

Hayranman. Kézdin tagdiri — kilmek, jilamag.

Al, labler biyopaday tuyiladi magan.

Omirim — agip atirgan daryadan ibarat.

Sezimnin shinlariman baslanar sagam.

Bizler aytilmagan dartli jirdaymiz.

Delbemen bir narseni, biraq, bilmege:

«Kozde jas qalmagansha nege jilaymiz?!

Kozden jas aqqansha kulemiz nege?!»

In this eight-line poem, the lyrical hero reflects
on the mysterious mysteries of the world and its
unresolved problems.

In the poet's eight-line poem, alongside the
artistic presentation of such philosophical reflections
on fate, man, and life, octaves reflecting love occupy
a dominant place.

Most of the poet's eight-line poems are presented
in a poetic form, where the theme of love and devotion
takes center stage. For example, in the April 27, 2000
issue of the newspaper “Youth of Karakalpakstan”
(Qoraqalpog'iston yoshlari), a series of poems by
B.Genjemuratov titled «Nawriz samallar (Winds of
Navruz) was published [3]. Here the author
«Shukir...», «Tusindir 6ziny, «Juwap ber», «Otinishy,
«Sorawy, «Titanik qosigin jane bir ayttir», «Nazli
kulkin qalsiny, «Siz magan isenben...», «Aychi...» dep
atalatugin togiz muashshagin kirgizgen. Solardan,
«Shukir...», «Nazl1 kalkin qalsm» the muashshags
consist of eight rows, Gulistan, Genjexan names come
from. «Juwap ber» The poem, from which the name
Guliston originates, is distinguished by its humorous
nature. For example:

Gulabi gawinday shiren tamip tur,

Uh! Ernin, kozlerin ne dep janip tur?!

«Lawlap ortenbeske qoymaspan!» dey me,
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Isen, kulim qaldi... Bul shin-aniqdur.

Saten murtli, murciz ham saqallilar,

Tol1 goy atirapin, olar nagip jur?!

Arsiz sagal yanl jalanqaya bir zat,

Nayleyin, qalbimde qansilap shawip jur...

In the poem, inner feelings are intertwined with
light laughter and jokes. Professor K.Orazimbetov
noted, “Especially his humorous poem 'Guliston' is
very easy to read” [2; 44].

In general, we witness artistic exploration in
terms of content and form in the poet's eight-line
Verses.

Ten-line poems are found in various forms in the
works of the poet B.Genjemuratov. Some of them are
in free form, consisting of two five-line stanzas, the
first two stanzas consist of four lines, and the next
stanza consists of two lines.

The poet's ten-line poems, along with lines of 11-
12 syllables, also appear in a 7-syllable form. Rhyme
is in the form of a paired rhyme. Typically, in poetry,
the first line of the initial conclusion, that is, the rhyme
of the first pair of lines, is repeated in the very last
lines. For example,

«Ele kop otlarga tasersen, ulimy,

tamshilap suw sepken qarligashlardin

ortti oshire almay kiler ganati.

Taslard1 jandirgan aqiret — jalmnan

bir shimshim jipektin hasil mamigin

suymuriq qus aman alip shigarmish:

kézindi jumganin — jarimin barlig.

Otta janip ketken qarligashlardin

kayigi bawirindi kabap qiladi.

«Ele kop otlarga tasersen, ulim»

Furthermore, in the poet's work, there is a poem
written in a poetic form called the poem “Ozin! Sen!”
(You! You!) reflects Professor K.Orazimbetov's
remarkable place in science, his work on poetic
structure, and his contributions to literature.

Qosiqtin sirlarin xaliqqa uqtirgan,

Uqtirtwshi alim jalgiz 6zinsen!

Wadwasil shayirlardi Atqa qaqtirgan,

Arshil Alpamissan Sozde — sezin sen!

Nagisin keltirip Ttsinik degenin,

Is basqan Altind1 artqan 6zinsen.

Shayir qosigr atli Sirli Kemenin,

Batir Bocmanisan — obrazli sezinsem. ..

Asqar Poeziyanin ayazli gezin sen,

Yoshli Saratanga aylandirar 6zin! Sen!

In general, although dozens are rarely found in
the poet's work, one can see achievements in terms of
ideological, thematic, and formal aspects.

In the work of the poet B.Genjemuratov has
collections “Saratan” (1990), “Oq gqadalgan ay”
(1995), “Ukuzdaryo bitiklari” (6zbek tilinde 2006,
2007-jillar), “Saylandi shigarmalar” (2012). For
example, the poet's collection «Selected Worksy,
published in 2012 in “Magan yar bolgaysan,
parwardigarim”, “Sen menin tajim — taqtim”, “Ogiz
darya bitikleri”, “Bir tasinikke siymaydi: dunya”,

“Limonnin, almanih ham qardin iysi”, “Jalgizdi
jaratpa taslardi jarat!”, “Siziglarga jaygaspaydi ses”,
“Setyabr samallar1”, “Alwidah, perishtem, alwidah”,
“Qalbimde ayaz bar altin kelbetli”, “Juregimde
sayraw basland1”, “Ayli tinge qaytaman endi”
consisting of twelve groups. The poetic series
presented in each section are built on a deep idea
interconnected in terms of content and themes,
seemingly reflecting the evolutionary growth paths
and talent of the poet's work. Furthermore, one of the
distinctive features of the poet's lyrical versification is
the cycle of acrostics. This will be discussed in the
following sections of the work.

Mo'ychaglar ~ (Acrostychs) are a key
characteristic of B. Genjemuratov's work. In the
works of B. Genjemuratov, there are many
muashshags written in the names of girls. For
example, «Seregul» [4; 22], «Hurliman» [5; 48],
“Gumisoy”, “Guliston”, “Genjexon”, and
“Hurlimanxon” [3] are examples of this.

Another  significant  contribution of B.
Genjemuratov  to the development of the
*muashshag* genre is that he was the first author to
create a series of *muashshags* in contemporary
Karakalpak lyric poetry. We know of the existence of
a series of ghazals, a series of mukhammases, and a
series of sonnets in contemporary Karakalpak lyric
poetry, which have developed based on Eastern and
Western traditions. However, the creation of a series
of *muashshaqgs* in our current lyric poetry is a form
innovation. For example, in the April 27, 2000 issue
of the «Qoraqalpog'iston yoshlari» newspaper, a
series of poems by B. Genjemuratov titled «Navruz
yellari» (Winds of Navruz) was published. Author of
this series he introduced nine muashshaqs «Shukir...»,
«Tasindir 6zin», «Juwap ber», «Otinish», «Soraw»,
«Titanik qosigin jane bir ayttir», «Nazhi kulkin
qalsiny, «Siz magan isenben...», «Aychi...». Five of
these 9 problems in the group of problems, that is
«Qashan kelesiz?», «Qapasiz nege?», «Bul muhabbat
pa?», «Titanik qosigin jane bir ayttir», «Sizden
gashpasam bolmas» the *muashshaq* are written in
the form of a complete sentence, as mentioned above.
Furthermore, in these problems, the poet's skillful use
of artistic devices to convey inner feelings is evident.

In the poetry of B.Genjemuratov, there are also
muashshaqgs in the form of sentences expressing a
certain completed thought in terms of syntactic
structure. For example, his «Aygull, sen rahim et
Baxtiyarga», «Qashan kelesiz?», «Qapasiz nege?»,
«Bul muhabbat pa?», «Titanik qosigin jane bir ayttir»,
«Sizden qashpasam bolmasy the poems are included.
All of these are matters of openness. All these
problems convey the meaning corresponding to their
name.

Analyzing B.Genjemuratov's work from both
genre and formal perspectives, we have witnessed the
existence of a unique example of sonnets in the poet's
oeuvre. The author titled it «It rained again...»
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Ideologically and thematically, love reflects the inner
spiritual world of the lyrical hero.

Jane jawin jawdi... Jiregim — bahar,

qalbimdi sotedi guldirmamasi.

Tagdirdin tabiyatqa ugsasligl bar;

aybigaddem edi Guldin anasi.

Shieler gulledi, misli appaq qar.
Bulbil sayrar edi 1shqi namasin.
Appagq shie bagda bir munl dilbar.
sisip qoygan edi dizeme basin...

Dumanlar serpilip, bultlar tarqaydi.
Negedur sonda da galbim sizlaydi —
shieden alingan sharap sirlasim...

Biz jane otirmiz shie baginda,

1shqi-muhabbattin altin taginda.

Qadagq sinsin, biraq, 1qlas simbasin.

Thus, the idea that began in the first two stanzas
of this sonnet develops, continues in the next third
stanza, and finally the main conclusion is given.
Initially, the inner spiritual pain of the lyrical hero is
revealed, followed by the reason.

In general, sonnets are built on strict form and
content, which requires skill from the poet.

At the same time, it is found in elegies and
elegies in the poet's work. His/Her poem “I Have
Many Debts” has an elegiac character.

During the genre analysis of the poet's work, we
witnessed the presence of poems titled “Horse Elegy”,
“Conscience Elegy”, and “Elegy” in the collection
«Saratan»

An elegy is a sorrowful song. A type of lyric
poetry that deeply reflects the inner feelings of a hero.
In elegiac works, the depiction of deeply sorrowful
situations, philosophical thoughts, and the hero's
suffering intensifies. Furthermore, the poet expresses
feelings of pity in his heart for suffering people or
natural phenomena caused by human suffering. For
example, in the poet's poem “Horse Elegy”, the poet
expresses his pity for the horse that is suffering from
a small sedge getting into its leg while galloping and
playing in space.

Shabisqa qumartqan garr1 argimag,

Jeligip shilbirin Gzdi de ketti.

Doynagi qizganda arshil janiwardin,

Qushagi ken dala dubirlep ketti.

... taplap osken jerdin lala gullerin,
gapilda strnikti bir qiyaq tasqa.
Janiwar sezdi me song1 demlerin...
telmire oqirand1 batqan quyashqa.

Héam munli kézleri sonda méltildep,

qulinshaq gezlerin oylay basladi.
«Att1 hadallayiq tirisindey, - dep
jolawshi gqanjarin qayray basladi...

The poem also has a short lyrical plot. Init, a
Iyrical digression is given in recalling the moments of
the foal to further deepen the story and convey the
state of the horse. The ending of elegiac poems is
conveyed through loss or suffering. So, the event ends
with the horse's death. Such elegiac depictions are
found in the works of l.Yusupov in Karakalpak
literature. In the works of B.Genjemuratov, one can
find the smallest lyrical forms - couplets and triplets.

Two-line poems, like those of other Turkic
peoples, have long existed in Karakalpak literature.
However, the two-line poetic form, consisting of only
two lines and expressing complete thought, emerged
in our literature from the second half of the 20th
century as an independent poetic work. Such forms are
frequently found in Karakalpak oral literature. [2; 62-
63]

In the works of the poet B.Genjemuratov, two
twos, built on a free form, are encountered. They
“Gurji iyt” ham “Professor Kurbanbay Jarimbetovtin
shakirtine tasellesi” songs on the theme. For example,

Sennen qorigpayman.

Ashshi dawisinnan shorshiydi min adam.

In this case, through the metaphorical depiction
of the Georgian dog, the main object reflected the
image of some people who cannot see the
development and achievements of educated people in
our society. The poet skillfully used inversion, one of
the figurative methods, to ensure semantic unity
between lines and achieve aesthetic beauty in the
content. Furthermore, this couplet is structured in a
free form, with the first row consisting of six syllables
and the next row of twelve syllables. Such artistically
free-form couplets are also found in the works of S.
Ibragimov. For example,

Basina jalgizliq kelmegey

atirapin jaynagan adam bolip turganda.

In this, the lyrical hero's thoughts and
conclusions are combined into two lines, forming a
semantically unified sentence. The artistry of an idea
is revealed through the application of inversion.

Thus, aphorisms predominate in two-line poems
in lyric poetry. The themes of such poems are very
broad, and they can reflect philosophical thoughts,
love experiences, and the human psyche.

“Ush” algan student dalada galmas.

Ol direktor bolar, migallim bolmas...

In the content of this two-line work by the poet
B.Genjemuratov, aphorisms and didacticism, built on
philosophical thought, occupy a prominent place. At
the same time, there's a hint of sarcasm in these two.
That is, the fact that a poorly performing student
cannot raise a child as a teacher is given in bitter
sarcasm, saying that he will become a “director”.

As a result of analyzing B.Genjemuratov's
poetry, we have identified the following triads. In this
case, the first three are constructed in a free form
without rhyming:

Ya tobal!
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Pushkinnif ganatinda parwaz etkenler silkinip jettim.
Pushkinnin parwazin uyreter emish! Qalbimde sawal,
In this case, the main attention is focused on sanmin dart:

conveying deep and concise content. In this life, the
lyrical hero expresses feelings of dissatisfaction with
something, anger towards someone, and anguish.
Metaphors like ”Pushkin's wings”, ’to soar”, and
”Pushkin's flight” are important in conveying the
intended meaning figuratively and artistically.

Guinalisan stiygenin ushin —

putkil 6mirin jandi jollarda.

Atar tanin — kul ham tutindur.

Thus, through these short lines, one can
understand the inner spiritual state of a lyrical hero
afflicted with the pain of love, whose entire life burns
on the roads, and by transferring each dawn to the
metaphor of ash and smoke.

In general, in B.Genjemuratov's poetry, couplets
and triplets are considered a manifestation of the
poet's high level of intellectual knowledge in ensuring
the sharpness of thought and the artistry of content.

The reflection of the fate of the people and
nation in B.Genjemuratov's poetry

In the work of B.Genjemuratov, one can see
works with a number of peculiarities, aimed at
educating a person in the national spirit. Specifically,
the reason B.Genjemuratov's poem “Mo'da Khan's
Words or the Inscription on Chinese Silk” came to the
forefront of public attention is that the author
passionately celebrates the idea of defending the
Homeland in this work, emphasizing the need to
protect this golden land, inherited from us through the
heroic struggle of our ancestors, like the apple of one's
eye.

Features characteristic of B.Genjemuratov's
poem can also be seen in his poetry. In this, the lyrical
hero lives and cares for the fate of the nation, the peace
and freedom of the people. He longed for Alpomish
and Qoblan to be ready to defend the homeland.
Furthermore, his poems emphasize celebrating virtues
such as human dignity, courage, and humanity,
thereby evoking a sense of upliftment in every reader.

In the poet's poem “Where are the heroes of this
land?!” the idea of protecting the homeland and
strengthening the peace of the people is skillfully
conveyed through the inner turmoil and reflections of
the lyrical hero. In this, the lyrical hero travels the
world, searching for heroes who defend their
homeland

Bezigip sibir-sibir Gaplerden,

bezigip nawbechi Maplerden,

kokirek kerip turgan,

sawlat, korik bolgan,

qaraqalpaqqa aybat berip turgan,

kettim Shilpiq qorganina —

payiw — piyada.

Silkinip qongan qiranday, uyaga

“Bul jurttin batirlart qayda ?!

“Bul jurttin batirlart gayda ?! 7 [1; 51]

Thus, when the lyrical hero goes on foot to the
Chilpiq fortress, the history of the Karakalpak people
comes to mind. In it, the warriors annihilated the
enemies who had invaded Chilpig, protecting their
native land. Therefore, the poet searches for heroes to
defend the people in the Chilpiq fortress. The poet's
anguish and reflections on the peace of the people and
the fate of the nation affect the inner world of a person,
calling them to awaken from their slumber

Silkinip oyanar bir eles.

Ruwhimd silkiler sol eles:

«Batirlar min jilliq gaplette.

Shayirlar bir asirlik uyqida...

Oyatinlar!

Alpamustt...

Sharyard1 oyatinlar. ..

Jalalatdin Manguberdini oyatinlar!

Ernazar Alakézdi...» [1; 51-52]

In this, the poet's portrayal of heroism through
the characters of Alpomish, Sharyar, Jaloliddin
Manguberdi, and Ernazar Alako'z seems to inspire the
people to be equally brave and strong.

At the end of the song, the lyrical hero's
emotional state is conveyed, and he addresses the Aral
Sea ecological problem, a pressing issue facing the
state today. If the Aral Sea is not full, the people will
conclude that they have no future.

Qalbimdegi sawal,

sanmin dartlerim

sanmillion japiraqlaray sildirlasad,

sheksiz tashwishlerdin darwazasin ashadr:

- Minaw Amiwdarya tasip turmasa,

anaw jetim Aral tolqip turmasa,

Batirlar min jilliq gapletten oyanbaydi —

Shayirlar bir asirlik uyqidan. ..

Oyanbaydi...

Poet's “Ogiz darya bitikleri” Included in the
series “Quriq asir komip ketken”, “Min érkeshli tieler-
sargish qumlar”, “Qum astinda min sandiq”,
“Debdiw”, “Ozge bir qudaylarga”, “Jeti babafnih
ismin ayt Jayhun”, “Shoéllegenmen putin diydarina”,
“Tay qulinday tebisken”, “...alt1 aga ketip alisqa”,
“Tark babanin gahar1”, “Qardimn basin qar alar”,
“Ayemgi Turkistannin bigingi ballar1”, “Tuasime
enedi Baysin tawlar1”, “Ata jurttan ayrilip” and other
poems, the theme of the homeland, specifically the
fate of the nation, the peace of the nation, the unity of
the people, courage and bravery, and feelings of love
for their native land, are sung through lines that
penetrate the human heart. In this, the poet's concern
for the fate of the people is clearly felt. The poet
grieves over the tragic fate of the heroes of the people
who perished due to the lack of unity, treachery, and
the deceit of enemies. The poet emphasizes that even
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today, ordinary working people often fall victim to
injustice.

The poet's poem, beginning with “Today's
Children of Ancient Turkistan”, discusses the fate of
the Karakalpak people and the entire nation. In it, the
poet compares the present with past centuries.

Ayemgi Turkistannin bugingi ballari,

tanlap mingendeyin argimaq az tyirde,

kerilip jay tartalmas — ilenazik qollari,

baligkdz agsawitt1 toltirmas iyinleri.

Thus, in each line, the poet's attitude towards
today's life, his feeling of pity, is reflected. Reflecting
today's reality, they emphasize that the ecological
disaster in our country is also linked to the fate of the
nation, stating that no house can be built with pride
like our ancestors, nor can the body be filled with the
white armor worn by heroes.

Ayemgi Turkstannin ertefigi balalarin,

alip etip tuwganday alip Ana joq,

sherdin jurek - bawirina jeriytugin kokirek,

sherge sarijay tartar bilek — shama jog.

In conveying his thoughts on the consequences
of the ecological disaster, the poet utilizes the motifs
of the “wonderful birth of heroes” from folk heroic
epics, giving them poetic expression. In epics, when
heroes are born, their mothers take a tiger's heart and
expect a son. Thus, in popular belief, heroism is
passed down to a child through the mother. Indeed, a
healthy mother gives birth to a healthy child. The poet
enriches the current ecological problem and the
devastating impact of the Aral Sea tragedy on the
health of mothers and children with his views on
historical figures and epic heroes.

Ayemgi Turkistan — qashqashshi garriday,

bul dyemgi topiraq — qant az Ana.

Taylar at bolalmas uwizina jarimay —

Alpamis bolalmaydi zaharlengen bala.

Thus, these lines address the ecological
problems in our country, environmental protection,
the elimination of anemia among the population, and
the birth of a healthy child.

Furthermore, the poet treats his native land and
homeland with great respect, admiring its beauty and
rich nature, asking for whatever pain is in his heart.
For example, in the poem “Thoughts in the Rainbow””:

Har kimnin aqiliw-oy1

Ozi mingen minber bolar.

Eldegi shadliq, gami1

Baxitli kinler bolar.

Sezimnin biyiginen

Men sagan garap turman.

Ne awir isin bolsa

Juregime sorap turman.

Sen magan taj ham taxcan!

Sen magan quyash, baxican!-

Nokisim!

In most of his poems, B.Genjemuratov expresses
his attitude towards socio-political situations, the
future of the people, the fate of the nation, and

expresses feelings of pain through historical heroes
and historical figures. ”Bakhtiyar Genjemuratov has a
unique way of expressing his thoughts. The poet
strives to perceive the world in all its scale and
content. He looks back at the history of patriotism, at
the past and present of its culture. History makes him
suffer. His poems, like many poets, are written in a
rhythmless verse form, yet they fall into a certain
rhythm. [2; 16]. Thus, in most of the poet's poems, his
feelings and reflections on his homeland and
birthplace are conveyed through historical events.

Xalqumnin tagdiri shatirash tasinday

Talay Gayipxanmn qolinda ketken...

Shoéldin tariyx ath ken taxtasinda,

Aq taslar qara tasqa aylanip ketken...

Bawirim Orazan!...

Bawirim Maman!...

Sahram,

menin sahram koénlim qumlagi

quwirilip atir misli quwirmash...

Asirdifn qizgin1 — Quyash ondagi

Menin de jasligim — tutilgan Quyash!...

Here, the poet's subject matter is broad. Fully
utilizing the potential of poetry, it breaks the
boundaries of time and space, connecting history with
the concerns of the present. The poet uses the images
of historical heroes G'oyib Khan, QO'rozon, and
Maman to convey his thoughts and reflections on the
fate of the people. In this, one can observe the poet's
attitude towards historical figures.

Furthermore, B.Genjemuratov skillfully utilized
examples of artistic folk oral traditions, particularly
the rich folklore of our people, in portraying the fate
of the nation and its people.

Oral literature preserves the people's thoughts
about the world, a collection of the best ideas that
cultivate goodness, humanity, and justice. To embody
these ideas in everyday life, all forms of art rely on
folklore. In particular, fiction relies on folklore to gain
ideological and aesthetic spiritual strength. Therefore,
the study of the connection between literature and
folklore is one of the most important issues in the
literary studies of all peoples. Certainly, this issue is
of particular importance for Karakalpak literature,
whose folklore is highly developed and whose
literature is formed in close connection with folklore.

In all the poems of the poet in the *tolgov™* genre,
his inner spiritual anguish, advice, and pity for the fate
of the people are expressed. This situation is directly
reflected in the poet's poem «Tolgov.» For example,

Jalg1z shapqan at juyrik,

ozgeler juyrik bolmasa.

0z Uyirin Uyirip,

at bolarliq taylardi

qulininda shaynasa,

jalaw jalin siymrip...

Jalg1z shapqan at juyrik.

(Jalgizligtan saqlas1!)

Uyirde 6sken qulindi
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uyiri asirap-saqlasin.

Tagdirdin qara taslari

doynaginan qagpasin.

The poet's reflection that no evil or fate's black
stones should strike anything in life is conveyed in
such touching lines as mentioned above. Furthermore,
it embodies the characteristics of the *tolgov* genre,
structured into seven to eight short syllables, making
it easy to read.

Recitations are mainly divided into general
recitations, historical recitations, and recitations with
preserved authors. In B. Genjemuratov's poems,
historical events are often celebrated, and the courage
and bravery to defend the peace of the country and the
homeland are celebrated. For example, in the poem
«Berdaq Shoir's Epic Poem», «Due to the cunning of
the khans, the Karakalpak warriors Begis and Mirjiq
died of grief. Aydos biy, consumed by regret, was
soon executed.

Ernazar alakéz de sheyit oldi. ..

This was all because the biys dragged the people
everywhere, the batyrs dragged them everywhere, the
wealthy acted according to their will, and no one came
forward to make them stand up for their word, to act
as judges and elders...

Through these lines, presented as an
introduction, the history of the entire Karakalpak
people comes to mind. It speaks of the unity of the
people, the peace of the people, and the realities of the
time.

Bolar eldin ballar1

birin biri “batir!” der.

Bolmas eldin ballari

birin biri “qatin!” der.

Jaw quyilsa eline

tuwisqanin “jatim!” der.

Néamartte namis bolmaydi-

ush kan ashqga shidamas.

Qan maydanda kisnegen,

garsh-gursh suwliq tislegen,

batirdin mingen atin jer.

Through these lines, the lyrical hero falls into
deep sorrow. That is, in a united land, there will
always be peace, and if people and heroes unite to save
their homeland from encountering enemies, there will
never be peace in a land without unity, they will only
live thinking about destroying each other. In such a
situation, the disintegration of the people, and the need
for a leader to maintain unity and harmony in any
nation to prevent this, is effectively conveyed through
the lyrical hero's following sorrowful feelings.

Eldin katqudalar1

danaliq ece basinan,

el ketpeydi qasinan,

jolnan taysa eger de

jurttin uri-sayagi

shibin jannin gaminda

batirin atip sirtinan

jigitlik ard1 satip jer.

Bult bolmay jel bolmas,

jawin jawmay kol bolmas.

Minsan biyden ne qayir,

sanmif martten ne qayir,

qatquda bolmay el bolmas!...

Xalqim-aw, sagan ne bold1?!

Namisi jawga jem boldi...

Min quyaldin darbenti,

gayda jarerin bilmey

Berdaq munga batip jur...

Berdaq munga batip jur...

Thus, in these evocative lines, the poet skillfully
utilizes the *tolgov* genre in folklore, conveying the
image of the era in which Berdaq lived. In it, the fate
of people who suffered from divisions and discord
among the people is skillfully narrated through the
lyrical hero's inner emotional experiences and feelings
of pity.

Furthermore, the poet's poem titled «Snow Takes
Snow's Head», written in the form of a terme-tolgau,
highlights the issues of humanity, humaneness,
freedom, and conscience. For example,

“Qardin basin qar alar,

xannin basin xan alar”.

Ruwhi qul bendeler,

tegi shiyki, gam bolar.

“Qardin basin qar alar,

xannin basin xan alar”.

Ashligta qol jaymaydi,

Beglik attan taspeydi,

tegi-hasilzadalar.

In these lines, the lyrical hero asserts that
spiritually ~ immature  individuals are  still
underdeveloped and cannot find their place in society.
Furthermore, he calls on people to become well-
rounded individuals, believing that those who achieve
everything in life through their own labor and strength
will always prosper.

Thus, through the skillful use of folk *terma-
tolg'ov* in his poetry, the poet achieved ease of
reading and a high level of impact on a wide audience.
Furthermore, it can be seen that he effectively
conveyed profound philosophical and didactic ideas
such as peace in the homeland and national unity to
future generations. This undoubtedly indicates the
poet's profound knowledge of Karakalpak folklore.

And the poet's own «Shigista oyanbaqta daw
uglan-Turan», «Bizler bes tuwisqany», «Turkan oyda
“Jeti qaragshi”ga telmirip», «Nuw paygambardin
aytqani», «Jagsidan-sharapat, jamannan-apat» Many
of his songs are based on folklore legends and folk
traditions. It is known that they performed several
artistic and poetic functions in a literary work: Firstly,
they played a significant role in figuratively
conveying the lyrical hero's thoughts, inner feelings,
and the people's worldview. Secondly, they also
served an artistic function in deepening the content of
the work and conveying the author's idea to the reader.
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In short, in B. Genjemuratov's poetry, the lyrical
hero lives with concern for the peace of the people and
the fate of the nation. Furthermore, through the use of
folklore examples, one can see the free expression of
any content and thought, as well as the broad scope of
its impact on the reader. Through this, we see the
poet's profound knowledge of folk oral traditions and
his skillful use of them. At the same time, through the
depiction of historical figures and events in their
poetry, they conveyed feelings of love and patriotism
for their homeland.

Reflection of the theme of love in the poetry of
B.Genjemuratov

In Karakalpak literature, B. Genjemuratov's
intimate lyrics have several unique artistic and formal
characteristics. Especially his intimate lyricism in a
poetic form arouses interest in every reader.

B.Genjemuratov's intimate lyrics are
distinguished by their artistry, the lyrical hero's
sensitivity, and the skillful use of artistic devices in
character creation. In particular, artistic lines
expressing the inner feelings of the lyrical hero
inevitably affect the reader's inner world. The poet's
intimate poems are not just empty words like I
burned, I loved”. It illuminates the lyrical hero's inner
turmoil and pure love with unique colors, stirring the
reader's emotions. This testifies to the poet's
originality and eloguence. The creation of intimate
lyric poetry has its own laws. No matter how intimate
she is, she doesn't like completely naked words. On
the contrary, such words spoil delicate words, turning
them into unnecessary, even disgusting possessions.
In each of their works, they control their emotions,
wrapping their world of thoughts tightly, and painting
it with artistic colors. This is a sign of the maturity of
his poetry [1; 6].

By genre, love lyrics convey the crystal-clear
feelings emanating from the heart of the lyrical hero.
The lyrical hero's heartfelt feelings arise on the basis
of natural human love, and they acquire ethical and
aesthetic qualities as a result of external worldly
influences, specifically the influence of social orders,
customs, and life norms, as well as the result of
experiencing the world. In love songs, the lyrical hero
is overwhelmed by feelings of sincere love, a natural
human quality. [6; 41]

Poetic works that embody such genre
characteristics constitute the vast majority. For
example “Bayagi baglardin gulleri — 6zge”, “Jane
mun, sagiish... jane eski dart”, “- Allo... Bul kim?

24 — 141", “Alwidah, perishtem, alwidah!”,
“Bunsha shollegensen baharge, janim”, “Janim-aw...
qalbindegi hasiret, shadliq”, “Men seni izledin tannan.
Tappadim”, “Qaylardadur sinsigan aqquw” and other
poems can be considered remarkable examples of
intimate lyricism.

The intimate lyrics of the poet B. Genjemuratov
are aimed at reflecting the beautiful facets of the

lyrical hero's inner world, his sufferings and pains.
The poet's lyrical hero is depicted as loyal to his
beloved.\

Janim-aw... qalbindegi hasiret, shadliq

ne ushin molt-molt etip koézine uradi?...

Sol payit jaregimnen jalin agilip,

tamagimda tas tiyin tigilip turadi.

Janim-aw... qanshaliq qatt1 bolmayn.
Bundayda 6zimdi tuttwim qiyin.
Ayraliq qosigin aycan hardayim
Qaran qalgir “tast1 juttwim” quyn...

The lyrical hero's inner longing and love for his
beloved are skillfully depicted through hyperbolic
imagery.

Furthermore, the poet uses unique methods and
forms to convey intimate lyricism, enhancing its
impact on a wider audience. For example, let's take the
poet's following lines:

Juregimdi saqlap edim qol jetpes qarli shinlarda,

Ay, sen perdennen sigalap, qalbimdi muzsiz,
qarsiz ettin.

Tékabbir
mensinbes edim,
Beklik ganatlarimdi julip, qorazdi parsiz ettin.

“boycoviy  qorazday”,  Guldi

“Ishq perisine bende bolgannan 6lgenim jaqs1”,

Desem, qayshin menen qil arqandi kesip, darsiz
ettin.

Jonine
Aqquwlardi,

Kelsen-kel Sanemlerdi mennen bezdirip, yarsiz
ettin.

Pékize, uyalshaq suwpiday musapir Baxtiyardin

Qollarin, jollarin, kdzlerin hdm 6zin arsiz ettin!...

These  two-line  poems  have  unique
characteristics. The artistic devices used in it reflect
the inner spiritual world of the lyrical hero, that is, the
poet, afflicted by the pain of love. By comparing
himself to a thoroughbred rooster, the lyrical hero
states that he is a man who does not bow to love, and
by comparing himself to a Sufi, he says that he is a
child who has never tasted anything. Furthermore, the
antithetical imagery used in the poem enhances its
poetic beauty.

Another characteristic of B.Genjemuratov's
intimate lyrics is their poetic form. The *muashshag*
is a long-established poetic form in the literature of
Turkic peoples.

The poet's poem “Lost Me”, written in the form
of a muashshaq, expresses love, the inner turmoil and
feelings of the lyrical hero. The song's compositional
structure is captivating, with the name of a girl named
«Qalligul» appearing in the capital letters at the
beginning of the lines.

Qal1 bar guldi korip, sabir-qarardi jogalttim,

Az-maz uyatim bar edi, uyat-ard1 jogalttim,

jurmedin  sen.  Urkittin  menlik
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Labinde kulki kérip, qam sut emgen bende
boldim,

Lal bold1 husn-korkine, Gyge sapardi jogalttim,

Ishqinda darwish boldim, «Cheremushkay
arasinda,

Gap ayttim alji-bulji, 6zimde bardi jogalttim,

Uyinnin qapisin - mezgilli-mezgilsiz qaqqim
keler,

Lap emes, shin soézim, Majnun Bagqtiyard:
jogalttim ... [1; 69]

Reading the title of the work, one might think the
lyrical hero has lost their beloved. However, upon
reviewing the text, we understand that it is in a
different direction. Here, the lyrical hero is the poet
himself. The gradual intensification of his love for his
beloved is presented in a gradational style. The lyrical
hero first speaks of losing his patience, shame, home,
everything he has, and finally, even his human self.
(“Lap emes, shin sbézim, Miajnun Bagqtiyardi
jogalttim...”). Thus, the poet's intended thoughts,
namely the feeling of love, are revealed in conjunction
with the beauty of the external form and the
expressiveness of the content.

Furthermore, lines expressing such feelings of
love are also found in the poem by the poet S.
Ibragimov, which begins with “If | search, I won't find
it in the garden”. In it, the lyrical hero laments the
absence of his beloved, saying, «I used to be many,
but today I am thin.»

Juldiz jerge taser - qasimda jogsan!

Samal qaytip eser - qasimda joqsan!

Tag1 qara ndser - qasimda jogsan!

Men burin kép edim, men bugin azban.

Endi daregindi qaydan tabarman —

endi juregimde qaladi arman —

endi men samalga sibirlanaman —

men bir alislarda umitilgan sazban.

The poet's poem titled “Let Your Coquettish
Laughter Remain”, in which the name of a girl named
Genjaxon is mentioned, is also written about love. For
example,

Gtlge jarasadi ashiliw, jaynaw —

Erkem, kulki-shadliq Sizge jarasar!

Nayleyin, mumkin emes Ayd1 jasiriw...

Jigitler «waq!» desip Sizge qarasar!..

Erkem, bir kal gane, Quyash nurinday!

Xanan tang1 Guldey jawdirap tursin!

Aq maral styaql keril buringiday...

Nazli kalkin galsin, basqasi qurisin! [1; 102]

The song is full of inner feelings. In it, the
“vapor” of love in the lyrical hero's heart seems to be
spreading around. Because for the lyrical hero, whose
inner feelings are burning with passion, the feeling of
love, the beauty of his beloved, and a joyful smile are
above all else (...» Let your coquettish laughter
remain, let the rest perish!).

In the poet's work, the expression of strong
intimate lyrical feelings through landscape lyricism

enhances its impact. In it, he imbued the seasons of
spring, summer, autumn, and winter with various
meanings, conveying them with poetic skill. For
example, the poet portrays autumn as a symbol of both
separation and longing, reflecting the lyrical hero's
inner turmoil of love. For example,

Gz, sagan usamayman.

Senin saltanatli gddemlerinde,

ayraliq, ayraliq, ayraliq...

Gz sagan usamayman.

Biraq juregimde —

saginish, saginish, saginish...

In summary, the poet masterfully conveys such
deeply inner, hidden, yet elevated and beautiful
feelings of love in the lyrical hero's heart through a
unique artistic form. In terms of content, it's intimate
lyricism, while poems based on *mushak* express B.
Genjemuratov's unique poetic mastery - his ability to
combine the depth of content with the beauty of form.

Artistic devices and their artistic function in
poetry

In B.Genjemuratov's work, one of the internal
formal features in conveying content artistically is the
skillful use of artistic means.

The theoretical foundations of literary devices
have been studied by many scholars. However, the
artistic devices in B. Genjemuratov's poetry have not
yet been fully explored. In particular, in
B.Genjemuratov's poetry, the figurative meaning of
words and phrases is frequently encountered.
However, in literary studies, this shift in the figurative
meaning of a word is referred to by the term “trop”.
Vocabulary is the use of words in a literary work not
in their literal meaning, but in a figurative sense to
express something. In literature, tropes have various
forms, such as metaphor, metonymy, synecdoche,
allegory, litotes, and symbols. [7; 219]

In his lyrics, B.Genjemuratov skillfully utilized
similes, considered the simplest form of tropes, to
emphasize their significance. An analogy is the
comparison of one object with another in a literary
work. In literary works, comparisons are usually
formed in the Karakalpak language by adding suffixes
like -day, -dey, -tay, -tey, etc., and create imagery,
expressiveness, and depth of thought. [7; 200]

Koz aldimda

quwirmashtay quwirilgan qumlar

shashilip ketedi —

galbimde pikirler shashilar:

qaraqalpaqtin 6tmishi dep uyrenilgen jillar

ustalarsiz qalangan gerbishler yanli,

qiyalimda... jigila baslar...

In this free-form poem, the poet sorrowfully
depicts the fate of the people and their history. “Fried
Sands” - this line is hyperbolic, comparing the harsh
events in the history of the Karakalpak people and the
tragic fate of the people to roasted sands.

Philadelphia, USA

39

2 Clarivate
AnalytiCS indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630

. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

qaraqalpaqtin 6tmishi dep tyrenilgen jillar

ustalarsiz qalangan gerbishler yanl,

In these lines, the poet laments the past history
of the Karakalpak people. The comparison of the
Karakalpak people's past to bricks laid without
masters seems to indicate that history was uneven.

Metaphors are also productively used in the
poet's poems from the *muashshagq* cycle. For
example, in the poem “When Will You Come?” given
under the title “Thank God...” in this section,
comparison is used appropriately to enhance the depth
of meaning:

Qudaga min qatle shukir, raziman!

Appaq qollarma qollarim tiydi...

Shuglaga bolendim 1shq1 sazinan,

Here, the poet uses the suffix “-day” to compare
the beauty of the girl's figure to the beauty of the
moon. This is one of the traditional descriptions
frequently used in epics and Eastern poetry to depict a
girl's beauty.

In the “Kumusay” collection, the beautiful girl's
delicate lips resembled cherries. For example:

Gtller gozzal emes, lablerin gozzal!

Ulbirep turipti, shiedey quzil.

In this, the poet expresses the lyrical hero's inner
feelings for the beautiful girl through artistic means.
In the poem, the poet compares the delicate nature of
the depicted beautiful girl to the bright red color of
cherries.

In general, analyzing metaphors in the poet's
work, we witnessed their frequent use. For example,
the frequency of using similes in «Selected Worksy is
as follows: 71 words are formed using the suffix «-
day», 39 words using the suffix «-dey», 18 words
using the suffix «-tay», and 8 similes using the suffix
«-tey.» Four similes were formed by adding the suffix
«-day» to the word «tal.»

“Tallarday mulgigen saratandagi”,

“Majnun talday gamgin 6mirin”,

“japirag1 togilgen talday armanlim”,

“Gelleklengen talday toqalaq umitler”.

By adding the suffix «-dey» to the word «guly,
the following similes are formed. For example,

“Lableri lala gildey — posalarga saqiy. Biraq
ta,”,

“Xanan tangi Guldey jawdirap tursin”,

“Gullerdey ashil, Samal”,

“Guldey lablerinen stier edim men!”,

“Guldey siynesinin iysine toyip”,

“Jan1 nazik guldey, al biraq”.

At the same time, we witness that similes in the
poet's work are frequently created through the use of
the adjectives «like», «like», «likey», «in the same
way», «for example”, «like”, and “like”. For example,
23 similes are formed through the suffix “yangli”, 5
similes through “siyakli”, 3 similes through the
auxiliary words «kibi», «masalan», «O&xshary, 7

similes through the suffix «misli”, and 1 simile
through the word «taklit».

Through metaphors, the poet expresses the inner
turmoil and life journey of the lyrical hero, sometimes
conveying the feelings of suffering from love, and
sometimes the poet expresses their philosophical
thoughts through metaphor.

For example;

Konilim nazik edi,

Al sen tas edin.
Shirayli gul edin tikenin menen!
”Nazin at kotermes™....
6zin mas edin.
Sen bir sherbet edin zaharin menen!
(117-bet)

In this, the poet gives life to natural phenomena,
comparing winter's harsh cold and frosty belly to a
beautiful girl, and conveys her beauty and
stubbornness through metaphorical descriptions like
«you were a flower, you were a stone, you were a
Syrup.»

Regarding this artistic function of metaphor, the
Turkmen literary scholar R. Rejebaev wrote: «In the
experience of lyric poetry, in the history of poetry,
there has never been and will never be a lyric without
metaphor, and without metaphor, lyrics cannot have
lyrical meaning» [8; 13] (This idea is taken from the
scientific work of B.Genjemuratov). This scientific
thought demonstrates that without metaphor, lyrics
cannot possess lyrical beauty or lyrical meaning.

Metaphors, by their nature, are close to similes.
In metaphor, the comparison of two objects reveals the
object figuratively and authentically. Therefore, in
some scholarly works, metaphors are sometimes
referred to as «hidden similes» or «short similes.»
However, similes and metaphors have their own
unique characteristics. In any complete simile, there
must be four elements: the similar, the compared, the
similar characteristic, and the affixes of the simile. In
metaphors, there is only one of these elements [9;
131]. Moreover, while a simile is often used literally,
a metaphor is used figuratively. For example,

Gulge jarasadi ashiliw, jaynaw —

Erkem, ktilki-shadliq Sizge jarasar!

Nayleyin, mimkin emes Aydi jasiriw...

Jigitler «waq!» desip Sizge qarasar!..

Erkem, bir kil gane, Quyash nurinday!

Xanan tang1 Guldey jawdirap tursin!

Aq maral styaql keril buringiday...

Nazli kualkin galsin, basqasi qurisin! (102-bet)

In the poet's poem «May your gentle laughter
remain”, «gul» is used as a simile, involving the four
main elements.

1. equalizing object, that is, the object being
equalized.

2. an identifying object, that is, a similar image
- a flower.

3. the similarity between comparative and
analogous things is that they are juxtaposed.
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4. comparison suffix - dey.

In the following lines, the word «flower» is a
metaphor. For example,

Sing-sing kaldi: “Men bir giilmen.

Bagdi quynar shdl...- dedi-

Qorgsan urt boliwdan sen,

Jigit bolmay 61 ...”- dedi (134-bet)

In this first poem, the lyrical heroine, by
comparing herself to a flower, figuratively conveys
certain characteristics: her delicacy and beauty.

In literature, metaphor is used to vividly and
effectively depict objects and events. A work of art is
an artistic reflection of the phenomena of life, society,
nature, and the spiritual world of man. Metaphor plays
a crucial role in conveying these phenomena, ensuring
the artistry of the work, and revealing its depth of
meaning. Metaphor is one of the actions that ensures
the value of a literary work. Appropriately chosen
metaphors can fully and artistically convey the
creator's intention, ideas, and thoughts. For example:

Baxtiyarda qosiq joq. Qaraqalpaqtan jir ketti...

“Tiriler”den tanilip, bul dunyadan tiri ketti...

Endi gana er jetken Poeziya jetim qaldi.

Shayirlardr jilatip Ulll Ibrayim piyrim ketti...
(30-bet)

Here, poetry is one of the genres of Karakalpak
poetry. At this point, B. Genjemuratov, to artistically
convey that the poet Ibrahim Yusupov was the sultan
of Karakalpak poetry, a great figure, compared the
poet to poetry and verse, figuratively depicting the
isolation of Karakalpak literature without him.

A metaphor is the modification of a word's
meaning to enhance the clarity and beauty of the
depicted object by comparing them to similar objects
or phenomena, thereby enhancing the artistry of the
meaning.

Aqilima baginbas jirek.

Sezimlerim - lawlagan jalin.
Sholistanga bir bulaq kerek.
Thn qoynina juldizli sagim.

Sen — jumbagsan. Sheshilmeysen hesh.
Bul bahardin qudiretimeken?!

Gl bolsan sen quyash ushin 6s,
Sogpaqlarda bolmasin tiken.  (141-bet)

In these lines, the lyrical hero's inner turmoil,
longing for his love, and feelings of affection are
conveyed through beautiful, artistic, and impactful
metaphors. The lyrical hero likened his feelings to a
blazing flame, himself to a withered desert, and his
love to a mysterious riddle. Furthermore, the lyrical
hero's perspective on love, joy, longing, regret, and
inner emotional state are effectively conveyed in the
following lines through remarkable examples of
metaphor.

Qulina 1shqidan basqa ne darkar?!

Lapildap juregime enesen sen.

Jalinlar ummanina aylanar Baxtiyar!

Qalbimdi dumanlatip sibirlaysan sen:

- Men ele dawil bolip kelemen erten. ..
Men ele jawin bolip kelemen...

Sen — erteksen. Men bir nareste.

Tunlerde qushaginda buyiqtirasan.

”Er jettim, bir posa alayin” desem,

optirmeysen uship turasan,

Jane sibirlaysan jiregime:

- Sen bala delbe bolip ketesen erten...

Sen bala delbe bolip ketesen...

The lyrical hero's inner state, the intensity of
their longing feelings, is conveyed through the
metaphor “ocean of flames”, and the uncertainty that
has gripped their heart is conveyed through the
metaphor “make my heart foggy”. Furthermore, the
metaphors used in the poem, like «there's a storm”,
“there's rain”, ”you're a fairy tale”, and ”I'm a baby”,
play a significant role in creating imagery and
conveying inner form. Every aptly chosen metaphor
in his works can fully and artistically convey the
creator's intention, the ideas he put forward, and his
thoughts.

Such metaphors are figuratively used in the lines
of S. Ibragimov's poem, which begins with I need
fairy tales”, to express the inner turmoil of the lyrical
hero and the feelings of longing for his beloved.

Erteklerge mutajben.

Kelermisen

qarangi tunimdi urlagan

narestem? [10; 39]

Furthermore, unique metaphorical descriptions
can be found in the poet's poetry. For example:

Senler qozgaladi...

Qistin senleri.

Déryanin agisi-

Ruwhimnin agisi.

Song1 appaq qarga komiledi

galbimnin mart ayi,

qalbimnin apreli... (122-bet)

The metaphors «the flow of my soul», «the
month of March of my heart», and «the April of my
heart...» used here are intended to convey memorable
moments in the poet's life.

(... Ayagim — Batista,

Basim — Shigista,

Juregimde — Saratan...)

Siyasat — duwtardur,

onin tarlarin

talgamsiz urip tur_neytron sawsaglar.

(Shayirdin monologt)

Here, «Saratan» is a form of landscape lyric
poetry, representing the hot, bustling nature of our
land during a single season. Here, «Saratany is used as
a metaphor to express the lyrical hero's thoughts on
society and life that are burning in his heart. A
metaphor reflecting this meaning is also found in the
lines of A. Aripov's poem «Saratany.

In the works of B.Genjemuratov, we see the
successful use of metonymy. Metonymy is one of the
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means of depiction. Illustration based on the figurative
meaning of words. In metonymy, the depicted object
or event is described under a different name. For
example “The pot is boiling”. Actually, it's not the
cauldron that's boiling, but the food in it. | burned the
cauldron. It means the cauldron won't burn, but I lit
the firewood inside it. The city is sleeping. It's not the
city, but the people there are sleeping [7; 132-133].
For example, in B. Genjemuratov's poetry, metanymy
serves to deepen the meaning and reveal the poet's
thoughts.

Senler qozgaladi —

Senlerge senler qagisip.

MENIler az qaladi —

MENIerdi MENIer shabisip (s.4)

Thus, the metonymy «I» in the poet's poem
«Abirji» refers to the people who compete and clash
with each other in life.

Qayir tepken Jayhunda bul

Jogimdi men izledim.

Qalbimde dart, mun saginish,

Terenlikti gizledim.

Biraq Shungil degenlerim

Sayiz shiqt1 ogada... (s. 32)

Here, the lyrical hero is sought in this life. The
figurativeness and conciseness are ensured by
replacing the words «deep» with the properties of the
difficult and heavy objects he discovered, and
«shallow» with the properties of the simple and light
objects.

The poet's poem titled «Javob ber» (Answer),
which originates from the name Guliston and is
included in the «Navruz shamallari» (Winds of
Nowruz) series, is humorous. Through the metonymy
«Satan the mustachioed, mustachioed, and bearded»,
several people of different ages who are in love with a
girl are re-named. Through this metonymy, the lyrical
hero (poet) jokingly expresses his inner feelings to the
girl whose name is hidden.

Gulabi qawinday shiren tamip tur,

Uh! Ernin, kozlerin ne dep janip tur?!

«Lawlap ortenbeske qoymaspan!» dey me,

Isen, kalim qaldz... Bul shin-amqdur.

Saten murtli, murciz ham saqallilar,

Tol1 goy atirapin, olar nagip jur?!

Arsiz sagal yanli jalanqaya bir zat,

Nayleyin, qalbimde qansilap shawip jur...

Moreover, one of the tropes effectively used in
the poet's work is the epithet. An epithet is an
attributive term used to describe the quality or
qualities of objects and structures. An epithet is the
most frequently used form of artistic depiction
through which writers and poets highlight the most
striking characteristic of a character or phenomenon,
thereby presenting it more vividly.

Wagqit qayraginda tas sawsaqlarim,

polat panjelerge aylandi bugin —

qara marmer sinar sigimlarimda,

Gullerge qomiwga qorgaman, endi.

In this quatrain itself, along with epithets,
metaphors, symbolic imagery, and hyperbole are
used. Through epithets like «stone fingers», «steel
claws», and «black marble», the poet vividly portrays
the lyrical hero. Through the use of epithets, the poet
draws the reader's attention to one or another
characteristic of the depicted person or event, evoking
a strong feeling in them.

“Pinhamu saqlaysan miywalarindi,

ashkoz sezimlerden, otli nazerden.”

“Altin hdm hinjili kewil sarayim,

muzli tinishlhiqtin saltanatinda,

samsaz...”

Thus, epithets like «greedy feelings», «fiery
gazey, «a golden and pearl-filled palace of the heart»,
and «ice-cold peace» in these lines enhance the poetic
beauty of the poem.

Kunbatistan kelgen bultlar,
jiyde agashin “jinl1” eti,
saginishtan gulin sargaytip,
japiraglarin qul eti.

Tusinbeydi dartin heshkim —
qara bulttin aqli lal.
Egil-tegil harkin keshte,
bultlar negedur jilar?!

In these lines, the poet breathes life into the
phenomena of nature, parallelly depicting the inner
world of the lyrical hero, burning with the pain of
love. So, they used animation using artistic means.
Animation is a form of metaphor. Animation is a
means of depiction that occurs by transferring human
characteristics to inanimate objects, natural
phenomena, animals, or birds.

The personification of inanimate objects with a
soul is used with special poetic skill in the lyrics of
B.Genjemuratov.

In the poem «Romance of the Willow”,
«autumn's natural processes - willow leaves turning
yellow and falling to the ground, winds blowing, and
willow's free dance - are skillfully and figuratively
depicted by animating natural phenomena.

Inidayd jalanash tal,

samallarga aldangan,

narwan edi sahibjamal

qiz styaqli sallangan.

Goshshaq Guzdin ruwhi balent,

tamsandir’ip sawlati,

bul jas taldin erkin biylep,

japiraqlarin sawlatti.

Galet — Guzdin hareketi!

Tald1 munli eti ol.

Jalanashlap erkeletip,

kiyindirmey ketti ol... [1; 98-99]

In this case, the willow's groaning is a
phenomenon characteristic of human psychology. The
poet compares a young willow to a beautiful maiden.
In the lines of the poem, «The naked willow groans,
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deceived by the winds”, the sorrowful image of a girl
deceived in life comes to mind. However, G'oshshoq
O'z's actions depict those who harm people's hearts
through their own «winds”. Therefore, there are
specific ways to make any work artistic. At this point,
the poet skillfully uses animations to convey the
emotional turmoil of people in the image of a «naked
willow.

Animation is used in literary works for the
figurative expression of thought. The transmission of
human-like feelings and thoughts to unconscious
beings and objects is one of the characteristics of
animations. In B. Genjemuratov's poetry, such
animations are depicted in parallel to convey the inner
emotional turmoil and feelings of longing in the heart
of the lyrical hero.

Duwtarin inirandi, dartin men sezdim.

Ol munli gambirlep basladi s6zin:

Ne ushin duwtar qip jarattin, Alla?!
Ada bolmas dartke sen shattin, Alla!

Meni jigit etip jaratqaninda,
Yoshli qumarliglar janip qanimda,

Gtldey lablerinen stier edim men!

Putkil 6mirim janip-kuer edim men!... [1; 136]

Thus, in these lines, the dutor possesses both
inner feelings and thought inherent to humans. He (the
dutor player) wants to become human, to kiss his
beloved's flower-like lips, to burn with passion
throughout his life. Enhancement enhances the artistry
and expressiveness of the image in poetry.

In general, artistic devices in B. Genjemuratov's
poetry, serving as the foundation and «soul» of the
poem, are used to artistically deepen the content of the
poem and convey it to the aesthetic taste of the
readers. This, of course, testifies to the poet's
eloquence.

The relationship of artistic devices to content
in B.Genjemuratov's lyrics

In a literary work, especially in lyrics, the role of
artistic devices in conveying the content of the work
is paramount. Poets reflect the diverse experiences of
the human psyche through artistic depiction. Artistic
techniques ensure the beauty of the internal form and
enhance the emotional impact of the work.

In a work, the function of form in conveying
meaning is also realized through artistic methods.
With the help of figurative language, a skilled orator
achieves the ability to emphasize their intended
message and place particular weight on it. The ways
and methods of transforming lyrical experiences, life,
social, and natural phenomena into artistic reality are
considered methods of depiction.

B.Genjemuratov's lyrics are distinguished by
their mastery in conveying philosophical, didactic,
and truthful perspectives on all phenomena and events

in this world and the social environment. The poet
effectively and skillfully employed artistic devices in
conveying such profound ideas in their works.

In this section of our work, we will discuss the
artistic methods of depiction in B.Genjemuratov's
lyrics, the role of figures in deepening artistic
meaning, and the artistic function of the parallelism,
antithesis, gradation, and repetition used in it.

B.Genjemuratov's lyrics became very colorful.
In it, a person's various actions in their inner world,
their worldview, and inner turmoil are conveyed in a
unique way. To convey such inner feelings, the poet
makes extensive use of parallelism.

Biyiklikti 6lshep atirmiz,

Terenlikti 6lshep atirmiz,

Olshew mushkil eken Kenlikti.

Awir zatt1 6lshep atirmiz,

Jenil zatt1 6lshep atirmiz,

Saglay almay teppe-tenlikti. ..

“Awir zatlar shumer terenge,

jenil zatlar aspanlap keter.

Bul kenlikti mensinbegenler

Ken etikte aqsanlap oter!...” [1; 89]

Parallelism is the constant interaction and
coexistence of two phenomena or actions. In poetics,
the arrangement of parts of a language element within
a text in a similar or semantic order, i.e., a poetic
method. Parallelism is used to accurately, effectively,
and artistically depict events, phenomena, and
emotions. Furthermore, by depicting events in
parallel, the author achieves sharpening and clarifying
their intended message.

In the poem «In the Zoo”, the poet uses a parallel
depiction of the behavior and appearance of animals
inside an iron cage.

Temir tordin ishinde — ay1w,

Temir tordin ishinde — qasqir,

Maymuildiki - barha qol jayiw.

Kiyiklerdin ko6zinde jas tur...

Jaca - temir, suense — temir. ..

Mush korseter “batir maymuillar”. ..

Temir menen qorshalgan 6mir

Tort mueshli temirdey jillar -

One of the frequently used artistic devices in
B.Genjemuratov's lyrics is antithesis. Antithesis arises
when events, images, and concepts are strictly
contrasted in a literary work [7; 18]. Antithesis reflects
the features of two or more phenomena by contrasting
them with each other. Antithesis is often formed
through antonyms. For example, in the poet's poem
«Sawal” (Question), the lyrical hero's worldview and
thoughts are conveyed through antithetical statements
in the form of rhetorical questions.

Hayranman. Kézdin tagdiri — kiilmek, jilamagq.

Al, labler biyopaday tuyiladi magan.
Omirim — agip atirgan daryadan ibarat.
Sezimnin shinlarinan baslanar sagam.
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Bizler — aytilmagan dartli jirdaymiz. literature  into  the  Karakalpak  language,

Delbemen bir narseni, biraq bilmege:
“Kézde jas qalmagansha nege jilaymiz?!
Koézden jas aqqansha kulemiz nege?!” [11; 12]
Here, the lyrical hero asks, «Why should we
cry until tears remain in our eyes?! «Why do we laugh
until tears flow from our eyes?!» The poet's question
seems to find its solution in the following lines. For
example,
Sanmin hikmetlerdi oqip uqtim men,
Gidir — budir qosiq toqip uqtim men —
Kozimde jas qalmay jilap tasindim,
Koézimnen jas agip kulip tusindim:

“men erte kelippen mina dinyaga,

Men keshlew kelippen mina dunyaga...” [5; 25]

The antitheses created through the antonyms
«crying» and «laughing”, «early» and «late», are
reflected in the lyrical hero's philosophical thoughts
about this world.

Antithesis serves to reveal the depicted object
with its internal contradiction and to vividly portray
events and phenomena. Ensures imagery and aesthetic
impact in the work.

“Jagsidan - sharapat, jamannan - apat” —

birew putinleydi, birew buzadi.

Keshegi hur dinya — bigin alasat,

Erten bulttr siygen tawlar tozadi. [5; 51]

The poet depicted aesthetic categories such as
«good» and «evil» in an antithetical style. The
qualities of a good person and a bad person are
skillfully contrasted.

In general, the antithetical method is frequently
used in the poet's poetry to enhance the impact of
philosophical reflections on life.

Conclusion

Analyzing the genre and artistic features of
B.Genjemuratov's lyrics, we came to the following
conclusions:

- B.Genjemuratov is an innovative poet. He
brought many innovations to Karakalpak poetry.
Specifically, it expanded the genre possibilities of
contemporary Karakalpak poetry, refined methods of
creating artistic imagery and form, and acquired a
unique style in word formation. The vers libre and
muashshaq are one such genre exploration in the
poet's poetry. In this, the poet creates unique images
through skillful poetic language and artistic devices,
clearly demonstrating the uniqueness of the inner form
in the poet's works;

- B.Genjemuratov's work is distinguished by its
formal diversity. It reflects poetic skill, literary
connections, and the influence of world literature.
Because in each of his poems, the poet skillfully
utilized the possibilities of language, enhancing its
(the word's) impact. Because the poet depicted his
inner spiritual world in poetic lines, deeply connected
with the realities of life. They also translated
remarkable examples from the treasury of world

comprehensively developing their creative work. As a
result of the influence of Western and Eastern
literature, one can see the diversity of form and
content in the poet's work;

- Based on their genre characteristics in terms of
external form, we have identified the existence of
genre forms in the poetry of B. Genjemuratov, ranging
from the smallest genre forms to those found in our
literature today, which have reached us through
synthesis;

- Poet's “Ogiz déarya bitikleri” Included in the
series “Quriq asir komip ketken”, “Min érkeshli tieler-
sargish qumlar”’, “Qum astinda min sandiq”,
“Debdiw”, “Ozge bir qudaylarga”, “Jeti babannin
ismin ayt Jayhun”, “Shéllegenmen putin diydarina”,
“Tay qulinday tebisken”, “...alt1 aga ketip alisqa”,
“Tark babanin gahar1”, “Qardin basin qar alar”,
“Ayemgi Turkistanmii bigingi ballar1”, “Tasime
enedi Baysin tawlar1”, “Ata jurttan ayrilip” and other
poems, the theme of the homeland, specifically the
fate of the nation, the peace of the nation, the unity of
the people, courage and bravery, and feelings of love
for their native land, are sung through lines that
penetrate the human heart. In this, the poet's concern
for the fate of the people is clearly felt. The poet
grieves over the tragic fate of the heroes of the people
who perished due to the lack of unity, treachery, and
the deceit of enemies. The poet emphasizes that even
today, ordinary working people often fall victim to
injustice;

- Through the use of folklore traditions in
B.Genjemuratov's poetry, one can see the free
expression of any content and thought, as well as the
broad scope of its impact on the reader. Through this,
we see the poet's profound knowledge of folk oral
traditions and his skillful use of them. At the same
time, through the depiction of historical figures and
events in their poetry, they conveyed feelings of love
and patriotism for their homeland;

- B.Genjemuratov's intimate lyrics are
distinguished by their artistry, the lyrical hero's
sensitivity, and the skillful use of artistic devices in
character creation. In particular, artistic lines
expressing the inner feelings of the lyrical hero
inevitably affect the reader's inner world. The poet's
intimate poems are not just empty words like «I
burned, I loved». It illuminates the lyrical hero's inner
turmoil and pure love with unique colors, stirring the
reader's emotions. This testifies to the poet's
originality and eloguence;

- we have witnessed the frequent use of artistic
devices and techniques in the poet's lyrics. In
B.Genjemuratov's poetry, artistic imagery serves as
the foundation and «soul» of the poem, artistically
deepening its meaning and conveying it to the reader's
aesthetic sensibilities. This, of course, testifies to the
poet's eloquence;
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In general, B.Genjemuratov holds a special place

in Karakalpak literature. Because they have their own
unique voice, unique style, and their own admirers.

10.

11.
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Introduction combines traditions, technology, and cultural

Information about leather processing, product symbolism from different ethnographic areas.
construction, and manufacturing technology in Georgian  written  monuments, including
Georgia is scarce in written sources about Georgian manuscript books and miniatures, represent an
ethnographic life. The tradition of leather processing important iconographic source that enables the study
and shoemaking is very interesting because it not only of artistic traditions but also of components
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Philadelphia, USA 46 D Clarivate

Ana lytics indexed


https://s-o-i.org/1.1/tas
https://dx.doi.org/10.15863/TAS
https://t-science.org/
https://s-o-i.org/1.1/TAS-04-156-7
https://dx.doi.org/10.15863/TAS.2026.04.156.7

ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

of material culture, such as clothing, accessories, and
particularly  leather  products. In  Georgian
manuscripts, ornamentation and miniatures occupy a
significant place, with the earliest surviving examples
dating back to the 9th century.

One of the earliest known examples is the
Anbandidi Gospel, which belongs to the group of rare
manuscripts containing the Four Gospels. Although
its initial part has not survived, the preserved
fragments still allow for the evaluation of its artistic
style, aesthetic principles, and system of decorative
elements. Such sources are particularly valuable, as
the depicted details provide indirect evidence about
the materials used, including leather, as well as their
processing techniques and visual characteristics.

During the so-called “Golden Age” of the
Georgian state (11th-13th centuries), manuscript
decoration reached a high level of development. In the
miniatures of this period, including those preserved in
the National Archives, both architectural elements and
decorative motifs—such as mythical animals,
ornaments, and stylized forms—are clearly
represented. These compositions not only fulfill an
aesthetic function but also indirectly reflect elements
of material culture, including structural features of
clothing and footwear.

Particularly noteworthy are the miniatures dating
from the 13th—14th centuries, where the human figure
and costume are depicted in greater detail. For
example, in the representation of Saint Shio

Mghvimeli and Evagre, attention is drawn to the form,
silhouette, and material perception of secular clothing.
This is of considerable importance for historical
costume studies and material analysis [1].

From the 14th century onwards, manuscript
illumination becomes increasingly detailed. Greater
attention is given to background, furniture, and
environmental elements. Changes in color palette,
taste, and stylistic approaches indicate broader
technological and cultural transformations. Art
historians identify a so-called “folk stream” in the
painting of the 15th—16th centuries, characterized by
increased realism and attention to everyday details,
including clothing and accessories.

A notable example is the 1494 donation charter
to the Bodorna Monastery, commissioned by Eristavi
Vamig Shaburisdze and his consort Dulardukht. The
accompanying illustrations, executed in vivid colors,
provide valuable information about the clothing of
Georgian nobility, textile textures, and ornamental
systems. The structural elements of garments
presented in these images indirectly indicate the
functional and decorative role of materials, including
leather.

In the 19th century, newly established styles of
manuscript decoration and church painting in Georgia
continued to emphasize national motifs. The
illustrated publication by Gobron (Mikheil) Sabinin
represents an important visual source combining both
religious and secular themes [1] (Fig. 1, 2, 3).

Fig. 1. Warrior Saints (St. George, St. Demetre and St. Theodore) and Holy curch Fathers (St. Gregory the
Theologian, St. John Chrysostom and St. Basil the Great) Gulani, 16th century paper; nuskhuri [1].
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Fig. 3.1795. Donation and markirTg boundaries charter of King Solomon to Motsameta Monastery paper,
mkhedruli Scribe: Presbyter Nikolaos Gabaoni [1].
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It is noteworthy that in iconographic sources,
saints, laypeople, and other individuals are often
depicted barefoot or wearing simple sandals (Fig. 4).

Although these iconographic sources do not
provide direct material-science data, their systematic
analysis allows for the reconstruction of the form,
function, and usage context of historical leather
products. Therefore, they play a crucial role in the
study of the evolution of Georgian leather
craftsmanship and serve as a foundation for both
costume and biomechanical analysis.

This study employs an interdisciplinary
methodological ~ framework  that  integrates
iconographic  analysis  with  material-oriented

investigation in order to reconstruct the properties,
functions, and evolution of leather products within
Georgian ethnographic culture. The research is based
on a hybrid (QM) model combining qualitative
interpretation and empirical observation. The
approach bridges art-historical analysis with material
science and biomechanics, allowing for a multi-
layered understanding of leather artifacts, even when
direct physical samples are limited or degraded [2-10].

The methodology relies on three complementary
data sources:

e lconographic sources (manuscript
miniatures, murals, illustrated documents);

e Museum artifacts (preserved
objects);

e Field materials (ethnographic samples
obtained from local populations).

leather

! hitps://www.nplg.gov.ge/wikidict/index.php/.

Iconographic sources are treated as indirect but
highly informative evidence for reconstructing
historical leather products.

The integration of iconographic and material
analysis provides a novel framework for studying
historical leather products. It enables:

o reconstruction of lost or degraded artifacts;

e understanding of material behavior over
time;

e connection between cultural representation
and physical function.

This approach contributes not only to
ethnographic and historical studies but also to modern
applications in design, conservation, and material
engineering.

Given that this material remains largely
unexplored, its systematization and presentation in
both album and scientific formats are essential for
advancing research on Georgian material culture,
particularly leather products. Our team is working on
this, and at the final stage of the research, the results
of both the study of written sources and the analysis
of iconographic material will be presented.

This work was supported by Shota Rustaveli
National Science Foundation of Georgia
(SRNSFG). Grant number #FR-24-494.
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1. Introduction

The loaded condition of a journal bearing can be
evaluated by analyzing parameters such as the
thickness of oil film, the distribution of pressure, and
the temperature of the bearing, which affect its bearing
capacity and stability. When the journal speed is
changed, the hydrodynamic lubrication mode
changes, which affects the bearing capacity and can
lead to increased wear or failure if the bearing is not
properly controlled. Methods such as vibration
analysis, oil film pressure measurement, and
temperature control are commonly used to assess the
performance of the bearing and identify any
deviations during speed changes, ensuring optimal
operation and preventing damage.

The review of scientific papers presented below
collectively explores the pressure dynamics in plain
bearings using experimental, analytical, and
numerical approaches. For example, Gorunov et al.
[1] and Aher et al. [5] compare the pressure fields in
multi-blade and sliding bearings, noting the impact of
blade geometry on bearing capacity. Erhunmwun [2]
and Erhunmwun and Akpobi [3] analyze pressure
changes using a two-dimensional Reynolds model,
taking into account the effects of side leakage, which
are critical for high-speed applications. Meili et al. [4]
and Panday et al. [8] study the dependence of oil film
pressure on time under dynamic loads, revealing
hysteresis effects in pressure cycles. Jacobson and
Hamrock [10] visualize cavitation using high-speed
photography, while Mathieu et al. [9] model three-
dimensional turbulent pressure patterns in hybrid
bearings. Constantinescu and Galetuse [6] quantify
the pressure drop caused by inertia, while Zheng and
Hasebe [7] calculate the dynamic coefficients using
free-boundary theory. These studies highlight the
trade-off between bearing design (blade geometry,
notches), operating conditions (speed, load), and fluid
behavior (cavitation, turbulence) in optimizing
pressure distribution.

The purpose of this study is to determine the
loaded state of a journal bearing under various
operating conditions using finite element modeling.
The practical value of the research is the graphical
representation of functions of the lubricant pressure
change in the journal bearing in all quarters of the
bearing circumference.

2. Materials and methods

The calculation of the lubricant pressure
distribution in the journal bearing was implemented
using finite element modeling. The radius of the
rotating shaft model, which is located inside the
bearing liner model, and the length of the bearing liner
model's contact surface along the shaft model's axis
were assumed to be 30 mm and 50 mm, respectively.
The clearance between the bearing and journal models

was 0.03 mm. The rotational speed of the journal
model varied between 50 and 2000 rpm. The
properties of lubricant in the solid-cast journal bearing
were added to the calculation domain, taking into
account the Reynolds equation for a fluid with a
reference pressure of 1 atm, under the condition of no
slip of Iubricant with a dynamic viscosity of 0.01 Pa-s
and a density of 860 kg/m3. The densest level of
automatic finite element geometry partitioning
allowed for the most accurate calculation of the
lubricant pressure distribution in the model of the
journal bearing.

3. Results and discussion

The simulation results are presented in the form
of graphs showing the distribution of lubricant
pressure in the journal bearing as a function of the
journal bearing length at a maximum selected journal
rotation speed of 2000 rpm. Changes in pressure were
examined at the first, second, third, and fourth quarters
of the bearing circumference.

The X-axis on the graphs represents the bearing
length in meters.

In graph A, the pressure varies from -10 to 10 Pa.
The graph shows the pressure distribution with sharp
peaks and valleys near the ends of the bearing length.
In the middle part, the pressure is relatively constant
and close to zero, with some minor fluctuations.
Sudden changes at the boundaries indicate edge
effects or the influence of specific operating
conditions in that area.

In graph B, the pressure is scaled to 106 Pa,
ranging from -2 to -0.2. This graph has a parabolic
shape, with the maximum pressure occurring at
approximately half the length of the bearing. The
pressure is negative, indicating a low-pressure area.
The pressure decreases towards the edges, reaching its
minimum value at the ends.

In graph C, the pressure varies from -0.15 to 0.2
Pa. Similar to graph A, this graph shows sharp
oscillatory features near the boundaries (at 0 and 0.05
m). The pressure in the central region is positive and
relatively constant, fluctuating around 0.05 Pa. The
peaks on the boundaries are more pronounced than on
graph A, reaching 0.2 Pa and dropping to -0.15 Pa.

Graph D also has a parabolic shape, similar to
graph B, but with positive pressure values.

The graphs illustrate how the pressure
distribution inside a plain bearing can vary
significantly depending on the specific segment
(quarter) of the bearing being analyzed. Graphs A and
C probably represent areas where the pressure is
unevenly distributed, possibly due to specific
geometric features or flow disturbances. Sharp peaks
indicate localized areas of high or low pressures.

Graphs B and D show a more typical
hydrodynamic pressure distribution within a liquid
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film. Graph D shows a positive pressure profile,
indicating the load-bearing capacity in this area.
Graph B shows a negative pressure profile, which can
occur in areas where the liquid film is separating or
under stress.

The mathematical description of these pressure
distributions usually involves solving the Reynolds
equation for thin-film lubrication, taking into account
the bearing geometry, fluid properties, and rotational
speed. The specific shapes of the curves on each graph
are a result of these physical principles and the chosen
parameters.
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distribution in the journal bearing on the length of the
journal bearing at other journal rotational speeds
changes according to similar functions with an
increase in the calculated pressure value. At a speed
of journal rotation of 50 rpm, the pressure of lubricant
in the journal bearing varies from -0.00473 to
+52592.25 Pa; at a speed of journal rotation of 200
rpm, the pressure varies from -0.01893 to +210369 Pa;
at a speed of journal rotation of 500 rpm, the pressure
varies from -0.04733 to +525922.5 Pa; at a speed of
journal rotation of 1000 rpm, the pressure varies in the
range from -0.09465 to £1051845 Pa.
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Figure 1. Dependencies of the distribution of lubricant pressure in the journal bearing on the length of the
journal bearing at a journal rotation speed of 2000 rpm: A — first quarter, B — second quarter, C — third
quarter, and D — fourth quarter.

4. Conclusion

Based on the research results, the following
conclusions can be drawn:

1. The lubricant pressure distribution mechanism
in the journal bearing was determined along the
circumference of the element. In the first and third
quarters of the bearing circumference, there is a slight
asymmetric distribution of pressure, with maximum
pressure at the ends of the bearing and no pressure
along the rest of the bearing length. An asymmetric
distribution of pressure was also observed in the
second and third quarters. At the same time, the
pressure value increases many times from the ends of
the bearing to the peak value at % the length of the
bearing.

2. The lubricant pressure in the journal bearing
varies in a wide range from 0.00473 to £2103690 Pa
at a journal rotation speed of 50-2000 rpm, indicating
the dynamic operation of lubricant. Low bearing
pressure at low speeds means that the lubricant is not
distributed well, and the load is transferred mainly
through metal contact. As the journal speed increases,
the pressure increases, forming a hydrodynamic
lubricant film that reduces friction and wear. This
wide range of pressures indicates the complex nature
of the bearing's operation, where the lubrication
modes change from oil friction to hydrodynamic at
different rotational speeds.
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THE DEGREE OF ACCUMULATED IRREVERSIBLE STRAIN OF
METAL ALLOYS WITH TRANSVERSE ANISOTROPY PROPERTIES
UNDER CONDITIONS OF DRAWING THIN-WALLED SQUARE PARTS

Abstract: This article presents the calculated values for effective plastic strain of certain metal materials with

transverse anisotropy properties when drawing thin-walled square-shaped parts. Based on the analysis of the
research results, S355MC high-strength low-alloy steel exhibits the greatest accumulated irreversible strain
(53.15%), while AISI 304 austenitic stainless steel exhibits the least (22.19%).

Key words: drawing, effective plastic strain, drawing depth, transverse anisotropy, blank.
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1. Introduction

Drawing of thin-walled metal sheets is
associated with a number of common problems.
Folding, characterized by deformation in the flange
area due to compressive forces, is a common
phenomenon, especially in less rigid thin materials.
Tearing or breaking can occur in areas of excessive
stretching, such as the bottom or corners, due to the
limited tensile strength of the material; thin sheets are
particularly ~ vulnerable to localized  stress
concentrations. The elastic recovery of the material
after forming can be more pronounced in thin parts
and requires careful compensation to ensure accurate
dimensions. Thinning (decreased wall thickness
during drawing) and ear formation (wavy edges
formed on top) are also problems related to material
stretching and anisotropy. Effective lubrication is
crucial for minimizing friction, preventing wear, and
avoiding surface tears and damage, while maintaining
a uniform film is a top priority for thin sheets. Finally,
residual stresses may occur, affecting dimensional
stability and fatigue life, which requires process
optimization or heat treatment. Solving these
problems requires careful process design, precise
parameter control, optimized tools, appropriate
lubrication, and a deep understanding of material
properties.

Anisotropy refers to the directional dependence
of material properties, which significantly affects
behavior during flow, formability, and fracture
mechanisms. The Lankford coefficient (r-value)
measures the planar anisotropy of sheet metal,
showing how the thickness changes relative to the
width under tensile stress. This is the ratio of true
width strain to true thickness strain. A value of r equal
to 1 indicates isotropic behavior. Values of r > 1 are
favorable for deep drawing, minimizing thinning.
Values of r < 1 indicate greater thinning than in the
case of isotropic drawing. The articles collected below
provide valuable information about the complex
behavior of anisotropic materials, especially metals
such as aluminum and steel, during plastic
deformation and the forming of sheet metal.

Key research, such as the work of Bron and
Besson [1], develops yield functions tailored to
anisotropic materials, allowing for more accurate
predictions of metal deformation. Banabic et al. [2, 3]
investigate the relationship between anisotropy and
formability, highlighting advances in modeling and
experimental methods. Other works, such as those by
Ma et al. [4], investigate the role of sheet thickness
stresses that affect the limits of forming. Deep
drawing is considered from the perspective of stability

Doi: &os¥® https://dx.doi.org/10.15863/TAS.2026.04.156.9

and failure, with researchers such as Ruzanov [5] and
Nikolov et al. [6] focusing on process optimization
and experimental verification. The article by Voronin
and Ushin [7] explores how the anisotropy of the
AD1IM alloy affects the geometry of hollow
cylindrical parts during drawing. Meanwhile, research
on the evolution of fracture and plastic damage
(Khelifa et al. [8], Volk et al. [9]) contributes to
improving the prediction of fracture under complex
deformation paths. Kuwabara, Van Bael, and lizuka
[10] investigate the measurement and analysis of the
yield curve and strain hardening characteristics in
steel sheets, emphasizing the influence of different
values of r. Finally, Wang and Sun [11] present an
analysis of the transverse anisotropy of plane
deformation for modeling the forming of sheet metal
using the 6-component Barlat yield function.

Based on the a priori analysis of the problematic
issues in implementing the process of drawing metal
sheets into thin-walled products under production
conditions, the following objectives of this study were
formulated:

1. Perform finite element modeling of the
drawing process for thin-walled square-shaped
products made of various materials to compare the
deformed state of a part with a specific geometry.

2. Estimate the effect of mechanical properties
and the Lankford coefficient on the degree of effective
plastic strain of the material.

3. Provide recommendations on the stability of
each material under study during the drawing process.

2. Materials and methods

The analysis of accumulated irreversible strain
during the drawing of thin-walled square-shaped parts
was performed for the following metal alloys: DC05
high-quality cold-rolled low-carbon steel, DCO01
structural high-quality carbon steel, S355MC high-
strength low-alloy steel, AISI 304 austenitic stainless
steel, 5754 deformable aluminum alloy, and Ti Grade
4 commercially pure titanium. Each selected material
exhibits transverse anisotropy properties, which is
critical for accurate modeling of stamping and
drawing processes. The properties of materials
subjected to plastic deformation are presented in Table
1.

The calculation of effective plastic strain was
performed using the LS-DYNA program, which was
used to create models of 200200 mm square sheet
blanks with a thickness of 0.8 mm, a 145x145 mm
square punch, a blankholder, and a die with a square
hole, as well as to set the conditions for finite element
modeling of the process. The gap between the surfaces
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of the punch and the die hole is 2.5 mm. The surfaces
of the punch and the die hole had radii of 40 mm to
reduce local stresses in the blank material. The sheet

blank was drawn to a depth of 20 mm by moving the
punch model along the Z-axis at a constant speed.

Table 1. Properties of materials that can be drawn.

Property DCO05 | DCO01 | S355MC | AISI 304 | 5754 | Ti Grade 4
Density, g/cm?® 7.87 7.85 7.85 7.93 2.66 4,51
Young's modulus, GPa 210.0 | 210.0 210.0 196.0 70.0 105.0
Poisson's ratio 0.3 0.3 0.3 0.29 0.33 0.36
Initial yield strength, MPa | 160.0 | 196.0 355.0 210.0 80.0 500.0
Tangent modulus, GPa 2.1 2.1 2.1 2.1 0.8 15
Lankford coefficient 2.0 1.4 1.0 1.0 0.7 4.0

The choice of a square section of the blank in this
study is based on its geometric features, material
behavior, and tool design, which require a thorough
analysis of the material's stress-strain state at all stages
of the manufacturing process. Round profiles provide
uniform stress distribution, predictable material flow,
and a simpler design for forming tools, resulting in
high production efficiency and reduced equipment
wear. While square profiles are characterized by sharp
angles and complex geometry, which lead to stress
concentration, difficulties in material flow, and the
need for more durable and complex tools, these factors

also increase the risk of defects and reduce

productivity [12-13].

3. Results and discussion

The graph in Figure 1 shows the dependence of
drawing depth along the X-axis on the effective plastic
strain along the Y-axis. Six different curves were
obtained, each representing a separate material under
study. The curves illustrate the accumulation of
effective plastic strain for each material as the drawing
depth increases.

0.6

\

—DC05 steel
—DC01 steel

Effective plastic strain

S355MC steel
AISI 304

5754 aluminum alloy

—TiGrade 4

0 |-

0 2 4 6 8 10

12
Drawing depth, mm

14 16 18 20

Figure 1. Dependence of the effective plastic strain of materials on the drawing depth.

All materials exhibit minimal plastic strain at the
beginning of the drawing process. The curves are
almost horizontal and close to zero.

S355MC  high-strength  low-alloy  steel
demonstrates a significantly higher rate of plastic

strain accumulation at greater drawing depths
compared to other steels. The material curve increases
dramatically at a depth of 12 mm.

Ti Grade 4 commercially pure titanium also
demonstrates a significant increase in plastic strain
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with greater drawing depth, but its growth begins
slightly earlier and is less pronounced compared to
S355MC high-strength low-alloy steel.

5754  deformable aluminum alloy s
characterized by a moderate increase in plastic strain
with increasing drawing depth (lower than S355MC
steel and Ti Grade 4), but generally higher than other
steels at greater drawing depths.

DCO05 high-quality cold-rolled low-carbon steel,
DCO01 structural high-quality carbon steel, and AISI
304 austenitic stainless steel have a more stable and
relatively lower accumulation of plastic strain
compared to the other materials studied, especially at
a drawing depth of more than 12 mm. In this range,
their curves tend to be closer together.

A material with a curve that rises more slowly
and achieves greater plastic strain before failure (if
failure were obvious) is generally considered more
formable. Conversely, a material that exhibits a rapid
increase in strain and potentially reaches its limit may
be less formable or more prone to failure.

Materials with higher yield strength and Young's
modulus (such as S355MC high-strength low-alloy
steel) tend to resist initial deformation better, but they
can experience significant plastic strain at higher
drawing depths.

The higher Lankford coefficient (for example,
for Ti Grade 4 commercially pure titanium) typically
results in better formability in drawing processes,
which means that the material can be stretched into
complex shapes without excessive thinning or tearing.
The dependence for Ti Grade 4 commercially pure
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Introduction volume of water supplied, the laws of gravitational

The movement of moisture within the soil is and spontaneous movement, the methods and
contingent upon the water absorption capacity and technologies employed for water supply, as well as the
mechanical composition of the soil under structure and distribution of the soil and vegetation
investigation. The transport of moisture from the cover.
genetic soil layer is subject to variation due to the
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Philadelphia, USA 60 4 Clarivate

Ana lytics indexed


https://s-o-i.org/1.1/tas
https://dx.doi.org/10.15863/TAS
https://t-science.org/
https://s-o-i.org/1.1/TAS-04-156-10
https://dx.doi.org/10.15863/TAS.2026.04.156.10

ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

The movement of moisture through the soil is
contingent on the depth of the groundwater table and
the nature of the groundwater itself. The movement of
moisture in the soil is driven by the forces of
capillarity, which cause it to rise and fall through the
soil's tubular structure and along its inclines. In the
event of a decline in moisture movement, resulting in
stagnation, the accumulated moisture and water
reserves gradually ascend due to the phenomenon of
capillary action. Such phenomena, particularly in the
context of soil formation processes, are more
commonly observed in areas where the groundwater
table is shallow (2-3 cm). At this level, the rising
water forms a concentration of mineral salts. In the
coarse-textured, low-moisture soil layer, the
remaining plant roots are damaged, and transpiration
along the roots increases. It is evident that the soil
composition is subject to two primary factors. Firstly,
the process of evaporation causes moisture to be
drawn from the soil layers by dry air. Secondly,
waterlogging of the plant roots results in a reduction
in their productivity [1].

At agiven pointintime (7 ), the rate of moisture
rise (V) along the capillary is equal to

P-hr
hr

V. =(dnh/dz)r =k (1)

If we integrate this equation:

:l{hr+ pIn(P_hTﬂ. )
k p

The rate of water absorption during the initial
stage of the rise in water level can be determined using
a very simple equation:

h <P when (dh/dz)r =KP/hz 3)

After integration, we obtain:

r=h?/2KP, @

In a laboratory setting, we can verify the close
relationship between theoretical and experimental
data by placing sandy soils in columns. If we consider
the equation for this calculation, taking into account
the period of the final rise in water level, the equation
can be written as follows:

_%[hr— PnP+PI(P-ho)} @)

The force driving the movement of water is equal
to the sum of two quantities: the difference between
the capillary pressure (Py) and the lower pressure, and

the height of the water level in the capillary at time
7(he).
Accordingly, the velocity of the water:

(dhj g PuPuthe | AP+he

dr . he he

If we separate and integrate the rotations:

re— 2l —hr—apn AP
K he + AP

As the analysis of this equation shows, the rate
of water transport increases as the amount of residual
water decreases, where P, is a constant.

Changes in soil moisture depend on the level and
thickness of the genetic layer, its hydraulic
conductivity, and the upper and hygroscopic moisture
capacities [2]. The intensity of evaporation from the
soil surface is determined by solar radiation,
temperature, air humidity, wind speed and soil surface
moisture content.

The permeability of soil and the amount of heat
it contains make it possible to determine the role of
evaporation processes, as well as the upward and
downward movement of soil layers. This allows us to
understand the condition of living organisms in the
layer where plant roots extend and their impact on the
environment. It also enables us to assess the ecological
effects of human activities on agricultural production.

General methods for determining the infiltration
process are known. The most well-known of these is
the Fymen method, in which, using the basic equation
of motion and the following expression, known as the

1
“Boltzmann transformation” (¢ = X7 2 where x is

the distance along the flow path and 7 - is time), the
solution for the depth of moisture penetration (z) is
obtained in the form of a power series:

Z=pr"? +xc+yr?? + .+ RV, ()

where the coefficients ¢,x,y,..., Fnare functions of soil
moisture (W) that can be solved numerically using a
system of ordinary differential equations.

From the physical properties of soil and the case
of a homogeneous formation, it is known that,
depending on its moisture content:
kc = const, AP = const and AW = const.

AWhedh
= 9
£ -[ AP + hg ®)

After mtegratlng this expression:
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T= M{hr — AP In(l+ Eﬂ, (10)
K AP

Equation (10) can be used to solve many critical
problems in sustainable agriculture, such as
determining how long it takes to moisten the soil to a
specific depth and how much water the soil absorbs,
or determining the depth of moisture penetration and
how much water is absorbed at a specific point in time.

According to this expression (10), data were
collected using the monolithic method ((x)»?) and
(2x2,m%) in which a tree located at a depth of 30-50
cm was surrounded on all four sides and watered from
a bucket (5-6 hours), and observations were
conducted over 12-16 hours depending on soil
permeability. The experimental data corresponded to

changes in soil infiltration rate and pressure in the soil
layers. In such cases, observations were required for 3
to 77 hours. (Tables 4-5).

In studying the ecological formation of grey soils
within the geosystem using laboratory and field
monoliths, and taking into account data on various soil
groups based on mechanical composition, filtration
coefficients, moisture content and soil layer porosity,
we observed the results presented in Tables 1-2 and
Figures 1-2. From an ecological standpoint, the more
compact the soil, the lower its filtration capacity and
the longer the moisture transfer time (1.03-3.2 days).
Conversely, a high filtration capacity (0.1-0.5 m/day)
results in a shorter moisture transfer period (0.61-0.13
days). These principles enable the accurate and rapid
determination of the moisture transfer time in both
saturated and unsaturated soil conditions, as well as in
a compacted soil crust.

Table 1. Water transfer by filtration and pressure

Ks filtration Moisture absorbed Soil laver h. m Atmospheric Period of increased
coefficient, m/day into the soil W, m Yer pressure AP, atm humidity T, day
0,1 0,08 1 0,1 0,61
0,2 0,08 1 0,2 0,26
0,3 01 1 0,2 0,21
0,4 0,1 1 0,2 0,16
05 01 1 0,2 0,13
07 T
06 4 o &1
=
T 05
E
% 0.4
=
o
g 0.5 -
z
E 0.2
01 4
o ' |
1 2 = 4 5
Crysimy Ko d deapenTi, miTay
l-cysimy koaddeopenn, 2-Kpicema,
3-Tacemaangary yasprrel, 4-blmrangemers;
Figure 1. Water transport as a function of filtration and sedimentation.
Table 2. Water flow rates as a function of filtration and pressure.

Ks, m/day W, m h, m AP, atm T, day
0,05 0,08 1 0,20 1,03
0,04 0,08 1 0,2 1,28
0,03 01 1 0,2 2,13
0,025 0,1 1 0,2 2,56
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0,020 0,1 1 0,2 3,2
In conclusion, the rate at which soil is wastewater levels depend on the pipes in the soil layer,
transported and moves depends directly on its as well as on irrigation methods and technologies.
mechanical composition. Additionally, fluctuations in
. e
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g -0,5
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1-cyairy Ko3QQHUMEHT!, LB IPATEIBE, 3-KBICEIM, 4-yarpir

Figure 2. Water transport as a function of filtration and sedimentation.

Let's examine the relationship between
groundwater evaporation and the transfer of heat and
moisture in geoecosystems.

In order to produce a crop naturally, the soil,
water, plants and necessary heat, air and nutrients
must be present. Thoroughly studying the structure
and interrelationships of these components in the
natural environment enables us to understand how
modern ecosystems and landscapes form, and how
society and its natural environment can be properly
stabilised.

While fertilisers and other nutrients are supplied
to the soil layer for distribution, tillage and water
infiltration, on the other hand, it becomes degraded,
water scarcity arises and yields decline. To prevent
such adverse environmental impacts, it is necessary to
systematically analyse each genetic layer of the land
in use, including its moisture reserves, the
corresponding heat, and the insufficiently studied
evaporation processes at the soil surface and in the
groundwater zone. This requires the identification of
specific solutions to address these issues.

The following expressions describe the physical,
mathematical and ecological implications of the
relationship  between soil depth, plants and
groundwater.

The shape of the water entering the root canals is
that of a semicircle. In this case, the volume of water
passing through this semicircle is equal to [3]:

dw

=2d°p K—,

(1)

where — 271 %is the surface area of the semishell; Q

is the volume of water entering the root canals; K is
the average efficiency coefficient; py is the density of
water.

After integrating this expression:

1
Q, =-24p, K ﬁ(W -W,),

, |

(12)

where W, - 1=lo represents the soil moisture content,
i.e., at the surface of the root channels; then the
expression | > 1, (193) takes the form:

Q =270, KloW, -Wg ), (13)

where WOO represents the soil moisture content at a

large distance between root tubes; |represent5 the
radius of the semicircle. The equation for water
evaporation from the plant’s root tubes (transpiration)
and moisture exchange between the leaf’s
parenchyma cells and its surface is as follows::

Philadelphia, USA

63

2 Clarivate
Analytics indexed



ISRA (India)  =6.317 SIS (USA) =0.912 ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIE =1.500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350
E - A, (q q ) (14) where E,_ .. is groundwater evaporation from the
TP 5. o Ten surface, m*/ha; H — is the groundwater depth, m;

z

where E; is evaporation (transpiration), g/cm?s; pa is
the density of air;

A is the molecular diffusion coefficient; ¢, is the
distance traveled by a water vapor molecule from the
surface of a parenchyma cell to the outer surface of the
leaf; qo and g are the specific humidity of the air at
the surface of the parenchyma cell.

The correct equation for moisture exchange
between the leaf surface and the air is derived from an
analysis of evaporation from the soil surface [4]:

E; =p.-Dy (QO —0; )’ (15)

where Dy is the mass transfer coefficient between the

leaf and the air surface; go and gs are the specific
humidity of the air at the leaf surface and at a height
of 2m.

Determining soil structure and the location of the
groundwater table within the geo-ecosystem, as well
as evaporation from the groundwater surface (EFWS),
is of great importance in agricultural research [5].
Formulas can be used to provide the necessary data for
a more in-depth study of these phenomena and their
underlying mechanisms.

First and foremost, evaporation from the soil
surface and the parameters required for it are directly
related to humidity in different regions and depend on
soil type. For the sandy soils of Central Asia,
evaporation from the soil surface is determined by
N.N. Ivanov’s formula:

E, =0.0018-(25+t)* -(100—a), (16)

where: Eq — evaporation from the soil surface, mm; t -
air temperature, °C; a — relative air humidity, %;

The parameters of the soil aeration zone (EFWS)
are determined experimentally for various soil groups
(I-V) [74]. As shown by long-term studies, the
mineral content of groundwater, depending on soil
composition, as determined by  monolithic
experiments, ranged from 3 to 50 g/L. The degree of
salinity was 0.25-2%. In this context, the
hydrophysical properties of the soil were taken into
account based on the following formula [6]:

H

Eblcﬁﬁ = EO ’ [1_ j e_nH (17)

TCK

Hrex — is the soil’s water-holding capacity, m; n is a
parameter accounting for the soil’s hydrophysical
properties; e — is the base of the natural logarithm.
The amount of salt can be determined in soil
layers formed within a geoecosystem based on

groundwater depth, mineral composition, and
moisture reserves [7]:
E -C
81: bICZ;E ' (18)
10%y.

where: S; — salt content, t/ha; C - mineral content in
groundwater, g/L;

ve. — density of water, kg/m3.

And the degree of salinity:

S - S 71 - Eucss ’ (19)
? 10°
where: S, — salinity index, %; yr — soil density, t/m?;
So — initial salinity, % (Appendix B)

Based on formulas (16-19), we have outlined the
primary conditions required for groundwater
evaporation. We established that groundwater
evaporation in a geosystem is directly related to the
effect of heat on the soil surface during weather
changes, as well as to the movement of moisture
reserves within the soil layer. Equations (16-19) also
show that the amount of water entering the root
channels, and the rate at which it is taken up, depend
on the thickness of the soil layer, evaporation from the
root channels, and the humidity of the air at the leaf
surfac

Thus, the above formulas (11-20) are closely
interrelated. Studies [6—8] have demonstrated that the
rate of moisture evaporation from the soil surface
corresponds to the moisture content in the EFWS soil
layer. Therefore, to achieve high agricultural yields, it
is necessary to conduct in-depth, systematic studies of
groundwater evaporation in geo-ecosystems and of
the transport of moisture through soil and plants,
based on underlying principles. Furthermore,
evaporation rates in various situations that directly
influence this effect depend on soil type, groundwater
depth, the chemical composition of salts and the type
of vegetation in the natural environment and
landscape, as well as the research methods employed.
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Introduction constituent elements of the object under scrutiny
Mathematical models in mechanics problems are exhibit substantial variations in their characteristics,
characterized by a high degree of complexity. In the the implementation of suitable parameters becomes
context of linear problems, the presence of a wide imperative. This facilitates the execution of an
range of numerical values for the system's parameters, asymptotic analysis of the mathematical model or the
the high order of the differential equations, the numerical method employed in addressing the
variable coefficients in these equations, and the large problem. It is evident that the asymptotic analysis of
number of algebraic equations results in a complex complex mathematical models of mechanical systems
interplay of factors that complicates both analytical can vyield simplified versions of these models.
investigation and the derivation of a numerical Furthermore, the utilization of numerical methods in
solution. Conversely, in instances where the subsequent research can be facilitated by this analysis.
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The analysis demonstrates that the asymptotic ) vy, 1
behavior of the numerical algorittm is highly ||aij ” =llo vl 3

significant for large integration steps. It is evident
from this analysis that novel methodologies for the
numerical resolution of problems can be proposed for
a range of mechanical problems.

When solving a system of 2"-order differential
equations:

Yy, tany, +apy, = 0'}

. @
v, +a,y, +ayy, =0,

with coefficients a;; expressed in the form:

a;(t,2) = A”ag(t) + A”_lag_l(t) + -+ ap (1)
it is assumed that, as the time t varies within the

interval under consideration, the roots of the
characteristic equation:

® ®
a;; tu ) —0 @)
(2] (2] -
azﬁ azg +u

are distinct and do not tend to zero. This assumption
made it possible to apply the method of asymptotic
expansions to solutions of differential equations
containing a large parameter.[1]

In the event that system (1) is found to possess
multiple roots, this fact must be taken into
consideration. The investigation will ascertain the
manner in which the presence of multiple roots will
affect the solution of the system. It is evident that the
presence of repeated roots can give rise to the
emergence of internal resonances. Consequently,
internal resonances will induce a qualitative change in
the behaviour of the solutions, signifying that
oscillating solutions will begin to manifest periodic
changes, the growth characteristics of aperiodic
solutions will undergo modification, and so forth.

However, it should be noted that multiple
roots do not invariably result in the occurrence of
internal resonances. It is conceivable that a system
exhibiting multiple frequencies may demonstrate a
behaviour analogous to that of a system with non-
multiple frequencies. To illustrate this point, consider
a spherical pendulum. This system exhibits multiple
frequencies yet does not lead to the emergence of
secular motions. [2]-[3]

The question of how system (1) behaves in
the presence of multiple roots depends on whether the

elementary divisors of the matrix ” ai(;’) ” of the form:

:.<'

2

where y, are roots of the characteristic equation (2).[4]

If the multiplicity of the elementary divisor is
two, the Jordan form of the matrix of system (1) is

given by:
| _|Ir 1
[ =115 )

It should be noted here that in both cases where
Y, =Y, =7, the root of the characteristic equation
has a multiplicity of two; the behavior of the solutions
to system (1) and the asymptotics as 1 — co will be
different.

A general analysis of systems in which the
characteristic equation may have multiple roots is not
only cumbersome but also difficult. It is important to
note that the coefficients of the characteristic equation
are dependent on the variable of time. This leads to the
potential for a multitude of scenarios to emerge.

Let us consider the case of simple elementary
divisors. To begin with, suppose that the rank of
system (1) is one. Next, suppose that the independent

(4)

variables are chosen such that the matrix ” al.(f) ” isin
Jordan form.[4]

Let us consider case (3). Given that the nature of
the roots, and thus the form of the Jordan form, depend
on time, this approach makes sense only if the
situation under consideration remains unchanged
throughout the entire time interval under
investigation.[1], [5] —[6]

If the roots are multiple but the elementary
divisors are prime, then the system of equations (1)
can be transformed into the form:

+ (Au +a9 4. )y1 + (ag’) + ~~~)y2 =0,
+ (agg) + "')3’1 + (/1/1 + agg) + ~~~)y2 =0. ©)

In system (5), the points denote terms of higher
order with respect to 1/4. Let us introduce the
following substitution:

— foty(t)dt -1 fot,u(t)dtz

y1 ley2=e 2 (6)

according to which the system of equations (5) will
contain no first-order terms with respect to A:

)ZZ = 0,

zy + (ag(l)) + - )21 + (ag(z)) + -
)zz =0. "

22 + (agg) + .- )21 + (ag(z)) + .
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If the coefficients a;; did not contain terms

of order 2% or higher, the task of constructing the
asymptotic series would be complete. Indeed, in that
case, system (3. 7) would take the following form:

21 + agg)zl + agg)ZZ = 0,
. @, O ®)
Zy+ ay; z, + ay,’ z; = 0.

Let z,; and z,; (i = 1,2) be the fundamental
solutions of system (7). These functions can certainly
be obtained by numerically solving two Cauchy
problems with the initial conditions:

L {211(0) =0,

z1,(0) =1,
Z,7(0) = 1. H'{

7,,(0) = 0.

Therefore, the asymptotic representations of
the general integral of system (5) will be expressed as:

—Aft (t)dt
y, =e "k (Cy29 + Cyzyy), )

t
e ﬂ(t)dt(clzm + C2,).

Y,
When the coefficients a;; are expressed as
negative powers of the parameter A, methods from
perturbation theory are used to construct the function
z;. For example, finding the solution to system (6) in
the form of a series in powers of 21, [1],[6]-[8]

In the case of non-simple elementary
divisors, the Jordan normal form takes the form (4).
Then system (5) will be written in the following form:

v, + (/1;1 a4 )y1 + (/1 +a®@ 4. )3’2 o,
y, + (agg) + ..)y1 + (/1;1 +a9 4 ...)yz —o.

The identification of a solution to system (10)
in the form of (6) would signify that the system of
equations with respect to z; would comprise 1% -order
terms in the parameter A. Consequently, solutions of
the form (10) are generally deemed to be unfeasible.

The subsequent discussion will concern a
practical problem that reflects the theory described
above. It is imperative to consider the motion of a
body in air, which takes place in the direction of a

certain vector, z°. It is hypothesised that the body

possesses an axis of symmetry, designated as &°. In
the context of the aforementioned motion, an
aerodynamic moment is exerted on the body in the
plane of the angle of attack, denoted by the symbol v.
The angle of attack is defined as the angle between the
vector z° and the axis of symmetry of the body. The
hypothesis under consideration is that the body does

(10)

not rotate about the axis. The motion of the body is
described by a homogeneous system of equations:

X + 220 (t)x + Aay = 0,} (11)
y+ 2w?(t)y + Abx = 0.) '

which has two degrees of freedom. The generalized
coordinates of the system (1) are taken to be the

direction cosines of the symmetry axis vector &%:x =
cos(fﬁxo) .y = cos(&%0).

It was hypothesised that the body possessed
axial symmetry. Consequently, for small angles of
attack, a linear formulation was employed. The
process described results in the system of equations
(1) being reduced to two equations with respect to
both generalised coordinates. It can be shown that
these equations will be independent.:

X + 1w’ (t)x = 0,
. 22 2( ) } (12)
y+ 2w (t)y = 0.
where 2%w® represents the ratio of the restoring
torque to the equatorial moment of inertia. In reality,
the restoring torque is sufficiently large, and
consequently the motion is treated as high-frequency.
[]

If we assume a slight asymmetry in the body,
then the reference frame for the motion of such a body
is system (1). Introducing new notation:

X =Xy, Y= X3,

the system will be converted into the following form:

5(1 = /1x2, 5('2 _szxl - ax3,

} (13)

5(3 = /1x4_, 5('4 —/1(1)ZX3 - axl.

The last system (3) is a generalisation of system
(1). Letus prove that system (3) has two roots, each
of which has order two. Let us make the following
substitution in system (1):

x = idw(§y —$3),
Y =idw(§; — &y).

x=61+f31
y=&+¢&,

Substituting the above expression into
equation (1) will result in the following expression:

£ = g, +
ST
£, = —idwE, + -, (" (14)
£, = —idwE, + .

where the dots denote terms that do not contain A.
When the characteristic matrix of system (14) is
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reduced to diagonal form, the matrix will take the
form:

iw—pu
iw—pu
—lw— U
—iw—u

As can be clearly seen, system (13) has two
roots, each of order two. Furthermore, the elementary
divisors of the characteristic matrix are prime.[4]

However, system (13) is much more convenient

to use than system (1). The characteristic equation of
system (13) is written as follows:

-1

(14)

Moreover, the roots of equation (14) are complex
conjugates with multiplicity equal to two:
u, = tiw, p, = tiw, g, = —iw, u, = —iw.

Let us assume that u is one of the roots of this
equation. Let us introduce the following substitution:

xX; = exp{/l fot,u(t)dt}zi (i=1.234), (15)

which transforms system (13) into the form:

1. N
Hzy = 25 = =7 %1

1.
a)221 + ‘uZZ = _; [ZZ + aZ3],

1. > (16)

Hz3 = 24 = =723

1.
w’zy + pz, = —/—1[24 + bzl].J

We find the solution to system (16) in the form
of a series whose terms are arranged in inverse powers
of the parameter A:

1
z; = Z + S Zu + - 17)

To compute the functionsz,,, a system is
formulated:

UZyg = Zy9 = 0,

2
w ZlO + MZZO = 0,
UZ3zg — Zg4g = 0,

(1)2230 + MZ40 = 0.

(18)

Given that the equality u* = w? holds, system
(18) is always solvable, and two of the four unknowns
may be chosen arbitrarily.[1],[9]

For the purposes of clarity, let us proceed on the
supposition;

U =iw,
then

Z20 = lwzlo, 24_0 = l(J)Z30. (19)

To find z;;, a system of equations is formulated:

HZyy = Zy1 = —Zyg,
2 .
W Zy1 + UZyy = —Zyy — AZ3p,
11 T HZy 70 30 (20)
HZ31 — Zyy = —Z30,
W’231 + Uz4y = ~249 — bzy.
The system (20) breaks down into two

independent systems of equations. The determinants
of each system are zero. Applying the conditions for
the solvability of the systems leads to a system of two
1%t -order differential equations

Applying substitution (19), the system (21) is
transformed into a system of the form:

(22)
Let’s introduce one more substitution:
—_ *
Z10 = Z10,

after which system (22) will have the entry:

—27},0° — 0wz}, + awzzy = 0,
—2230w° — WWz3y — bwz}, = 0.} ()
Next, let us set a value for u:
U= —iw,
then
Zyo = —IlWZqy, Zay = —iWZz . (24)

In conclusion, we have the following equations:
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=221y — WWZ1y — ibwzzy = 0, and functions
_2230 - (1)(1)230 - iba)ZlO = O. ‘
By applying a substitution: z, = —iz’{(l)exp {—il[ w(t)dt},
0
z19 = —izjy, L
. . Z3, = iz(l)exp —il | w(t)dt
The system will again be reduced to system (23). 32 3

The equations of system (23) are first-order linear 0

equations. Let us introduce the following notation: . )
are particular solutions of system (13). Instead of
(1) D) *2) *@) these functions, let us consider others:
Z1 ,Z3 'Zl ,Z3
t

for the system’s fundamental solutions. In the general 711 + 215 ) (1)
case, these solutions cannot be obtained either by xy = ————=sin{a | w(t)dtiz;,
quadrature or, even less so, in explicit form. However, 0
the solutions to system (23) are slowly varying . ¢
functions that can be fully determined using numerical __ T2 2 dt )
methods. [1],[10] %31 2 cos\2 [ w(t)depz”,
Let us proceed to the construction of the system ;0
of fundamental solutions for equation (13). Here, it z -7, o
must be noted that the functions: X, = ——— = cos /’lf w(D)dtiz Y,
2
t 0
_ 231-23; o t (1)
z, = izz(l)exp {ilj w(t)dt}, Y32 =T, T sm{l fo w(t)dt}21 :
0 By continuing the calculations in this manner,
) the remaining particular solutions are found.
Z3 =23 exp ilf w(t)dt Ultimately, we obtain an asymptotic representation of
0 the general solution (25):
t t \
x; = Asin Af w(t)dt Z:(l) (t) + Bcos Af w(t)dt Z:(l) (t) +
t t
. +(2) *(2)
+Csini{d | w(t)dt z; (t) + Dcos {1 | w(t)dt Z, (v),
0 0
t t >
- ) . Wy
X3 = —Acos 1 w(t)dt Z3 (t) + Bsin{1 | w(t)dt Z3 (t)
0 0
t t
©) , @
—Ccos {1 | w(t)dt Zs (t) + Dsin{A | w(t)dt Zy (t).
0 0 J
Analogous expressions are derived for the the fourth-order system (11) with a rapidly oscillating
variables x, and x,.In (25), A, B, C and D are solution, thereby yielding a numerical solution to the
designated as arbitrary constants. second-order system (23) with respect to the 'slow'
Consequently, the implementation of asymptotic variables.
methods has facilitated the numerical integration of
[ ]
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THE DEGREE OF STUDENT FATIGUE FROM SENSORY-MOTOR
FACTORS INHIBITING REACTIONS DURING COMPUTER-BASED
EXERCISES

Abstract: The study analyses students' work on a PC during practical lessons simulating the functional elements
of an electronic device. A cognitive model has been developed for the effect of delayed reactions on student fatigue
when performing computer tasks in the presence of stimulating factors. A formula for the student's fatigue level has
been derived: y1=0,8385%(z1)+(0,1778)*(z2)+(-0,9491)*(z3)+(-0,9491)*(z4). Constructed based on the values of
variability of each term, the Al formulated a specific phrase of its meaning: meaning(y.)= “the magnitude of the
degree of fatigue of a student in the i-th lesson is equal to the sum of: a) the product c11*zi1 (with the strength of
manifestation c?;=(0,8385)? of the slowing down of influences from team members); b) the product c21*zi» (with the
strength of ¢?;=(0,1778)?) of the slowing down due to the student working on the same computer in all lessons; c)
the product cs1*;i3 (with the strength of c;=(-0,9491)?) of the acceleration due to the presence of the Data Base
collected by him; d) the product c41*zis (with the strength of c2;=(-0,9491)?) of the acceleration due to the decrease
in the spread of preferences in the incentives of students in a group.
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BEJTMYUHA CTEIIEHH YTOMJIEHUS OBYYAIOIETOCs OT BAMELIBIIOIINUX ®AKTOPOB
CEHCOPHO-MOTOPHBIX PEAKIIMU ITPU BBIIIOJTHEHUNW KOMITBIOTEPHBIX IIPAKTUKYMOB

Annomayus: Aunanusupyemcs cumyayus «paboma obyuaowuxca Ha IIK na npaxmuueckux 3aHamusx no
umumayuy PYHKYUOHATLHBIX dNEMEHMO8 Npubopa dNeKmporukuy. Paspabomana xoenumueHnas mooensb npoyecca
«BIUAHUE HA CMeneHb YMOMIEHUs 00yuanwujezocs om 3aMeONalwux peakyuti npu GblNOIHeHUU 3a0aHUll Ha
KOMNblomepe npu Hanuyuy CMuMyaupyiowux ¢pakmopos y ooyuaroujezocsay. Bvisedena gpopmyna senuyunv cmenenu
ymomaenuss  obyuarowezoca: y1=0,8385%(z1)+(0,1778)*(z2)+(-0,9491)*(z3)+(-0,9491)*(z4). Croncmpyuposana
060CHOBAHHAS 3HAYEHUAMU USMEHYUBOCIU KAXHCA020 crazaemo2o, MU cghopmyruposan cneyuguueckyio ¢pasy ee
CMBICIA: CMBICT(VL) =(BEIUUUHA CIMENeHU YIMOMIEeHUs 00YUarwje2ocsi Ha i-0M YPOKe PAGHA CyMMe:. a) NPOU38e0eHs
c11*Zia (¢ cunoti nposenenus c*11=(0,8385)? samednenus enuanuii om 4ieHos Koanekmusd, 6)npouseedenus ca1*Zip (¢
cunoii ¢?21=(0,1778)?) nposenenus sameonenus om pabomol 06y4AIOWE20CH HA OOHOM U MOM JICe KOMNBLIOMEPE HA
6cex 3amuAmusAx; 6) npousedenus cu*zis (c cunoti c’31=(-0,9491)?) nposenenus yckopenus om Hanuyus coOPaAnHOlL
um BJI; 2) npoussedenus ca*Zia (¢ cunoti c?41=(-0,9491)?) nposenenus yckopenus om ymeHvuleHus pazbpoca
npeonoumeHull 8 CMUMYIax 00y4aWuxcs 8 spynney.
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ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630

. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

Knrouegvle cnosa: senuuuna cmenenu ymomieHus o0yuarouezocs, 3ameonsiowue peakyuu npu GbinoIHeHUU
3a0aHUll HA KOMNblOmepe, CMUMyIUpylowjue Gaxkmopvl y obyuarowje2ocs, KOSHUMUBHAS MOOelb npoyecca,

Obpamnas Mooens I'nasneix Komnonenm.

BBenenne

B coBpemeHHOM [HPPOBOM MHpE cpenu
CTYACHTOB pacrpocTpaHIiIach mpobiema
HEJOCTaTOYHOW  (DU3MYECKOH  aKTUBHOCTH  H
TUNOAMHAMHM, HETaTUBHBIE CEHCOPHO-MOTOPHBIE
peakuuu  OoT  pabOTBl €  KOMITBIOTEPHBIMHU
nporpammamu. HenzoexeH nepexos K IpUMEHEHUSIM
[IK B yueOHOM mpouecce By3a. CmeHa (hopMbI
MpOBEACHUS 3aHATUH. YcTapeBaeT TpaauIOHHAs
dbopMa TpakTHKymMa: WMesT Tela  DJIEMEHTOB
SJIEKTPOHUKH, AETand, OyMaKHBIH PHUCYHOK CXEMBI
COCINMHEHUH JeTaneil, NpPOBEpOYHBIE IPHOOPHI
BPYYHYIO  COOHMpamuch Y376l WM  TPUOOPHI
JJEeKTPOHUKH. Temepp Ha JKpaHEe MOHHTOpA
«coOMpaT» WMUTHPYIOUMA paboTy HEKOTOPOTo
W3JICNUST BUPTYAJbHBIA 00pa3 (PyHKIHOHAIBHYIO
CXeMy) ¢ y3JaMH H JIHHHUAMH COEJUHEHHI],
UMHUTHPYIOIIAN (byHKIHIO CTaHJapTHOTO
JJNIEKTPOHHOTO MpuOopa WM y3Jla HEKOTOPOTO
ycTpoiictBa. TpaauuMOHHBIA  TOAXOA  TpedyeT
OoNBIIMX MaTepHAIBHBIX M BPEMEHHBIX 3aTpart.
[MosTomy HeoOxomuMm mepexonq K cMeHe (GopMbl
npoBeneHus 3aHsaThil. B cratbe [1] «npennaraercs B
x0J1e TIPOBEACHUS KOMIBIOTEPH3UPOBAHHBIX
abopaTOPHBIX MIPaKTHKYMOB HCTIOB30BaTh
MpOTpaMMHOE O0ecIrieueHue Al KOHTPOJSI BPEMEHH
CEHCOPHO-MOTOPHBIX peaxiuii o0yuaemoro.
CnumkoM akTHBHOE IMOTPYKEHHE B BUPTYaJIbHBIH
MHUp 3HA4KOB, MEHIO, 4YTO NPHUBOJIUT K CEHCOPHOU
HEYJIOBJIETBOPEHHOCTH M MOJKET BBI3BATh PAa3JINYHBIC
JUChYHKIMH OpPraHoB 4yBCTB (TJ1a3a, yIIM), a MO3T
oOyuaromerocsi — 1aTb CHUTHaI 00  YMCTBEHHOM
yTOMIICHHE (HE YCTAJIOCTH). YMCTBEHHOE YTOMIICHHE
— 3TO BPEeMEHHOE CHIDKECHIE KOTHUTUBHBIX ()yHKIIHI
(maMsATH, BHUMaHUSA, CKOPOCTH  MBIIIICHUSN),
BEI3BAaHHOC JUTATEIEHOM HaTIPSKCHHOU
MHTEJUIEKTya bHOH padoToil. CHMITOMBI BKITFOYAIOT
CHIDKEHHE TPOAYKTUBHOCTH, pPa3ApakKUTeILHOCTD,
TOJIOBHBIE OOJIHM ¥ HHOT /12 TIOCTOSHHYIO YCTaJIOCTh, HE
npoxondamyio mocie cHa. OCHOBHbIE MPUYMHBIL
CTpecc, MHOT'03a/Ia4HOCTh, HEXBaTKa OT/AbIXa. MBI He
paccMaTpuBaeM  TaKTHJIBHBIE JUCHYHKIHH:
THIIEPYyBCTBUTEIIHLHOCTD, HeJl0CTaTOYHas
YyBCTBUTEIHHOCTD, BECTHOYISIPHBIC TUCQYHKIIUH:
MOHM)KCHHBI MBIIICYHBIH TOHYC, BKJIFOYash OPTaHBI
pedn, HapylleHHEe  KOOpJAMHAllMM  JIBUKECHUM;
ayauanbHble TUCQYHKIIMU: TOBBIIICHHAS PEaKIHsl Ha
TPOMKHE, pe3KUE 3BYKH (CTpax, TpeBOra, HCTEPHKa)
WIK  HEJAOCTaTOYHAs  peakuus  Ha  3BYKH;
ApPTUKYJIAUOHHBIE  TUCQYHKIMH: TPYAHOCTH C
OTIpesielIeHHeM MCTOYHHKA 3BYKa, C PACIIO3HABAHUEM
3HAKOMBIX TOJIOCOB, HEpa3BUTasg YCTHas peEUb,
HEBHATHOE IPOM3HOIICHHE. OrpaHnIUBaIONTIM
pecypcoM i OOy4aromero SBJSIETCS  BpeMs
BBITTOJIHEHHS JIEHCTBUI €ro IMaibleB, YIPaBIIOMNX

POJIMKOM MBIIIKK Ha KOBPHKE, KypCOPOB Ha JKpaHe.
3amelieHne  IBIDKCHHWH, 3aMEIIEHHE MO3TOBBIX
peakIii - COCTaBJIIOIIME OOMIETO 3aMeIICHUS
paboTsl 3a kommbloTepoM. HenpocratouHoe ceHco-
MOTOPHOE pPAa3BHUTHE OCIIOKHSET aJalTaluio B
COLIYME, 3aMeJUISET ero MCUXUIECKoe U (hH3MYECKOe
pa3BHUTHE, BIMSIET Ha JalbHEHIIYIO YCIIEBAEMOCTh B
By3e. OOydarommuiics — 3TO JHMIO, KOTOpoe B
YCTaHOBJICHHOM TIOpPSIJIKE 3a4KMCIEHO B y4eOHOe
3aBeICHNE W OCBaMBaeT  00pa3OBaTEIBbHYIO
TIporpamMmy (IIKOMBHYIO, BY30BCKYIO,
npogeccuoHanbHylo). [Ipu monrod KOHIEHTpAINH
BHUMaHHMS Ha ODKpaHE KOMIbIOTepa HaOmogaercs
TIOBBIIICHHAS AKTUBHOCTD B 3aTHUIOYHOM U BUCOYHBIX
JIOJISIX TOJIOBHOTO MO3Ta, YTO MPUBOAMT K OBICTPOMY
yromuieHuo [1]. CoOTBETCTBEHHO 3aKOHOMEpHA
NOCTaHOBKa BOINPOCa O BpEeMEHaX NPOSBICHUI
(aKTOpOB, BBHI3BIBAIOLIMX YMCTBEHHOE YTOMIICHUE Y
o0ydarolerocs, BOpoca 0 CMeHe Xapakrepa padoThbl,
HO 0e3 1epexo/a OT MCHOJIb30BaHUSI KOMITBIOTEPHOTO
KOMIUIEKCA Ha KJIACCHUYECKUU ayIUTOPHBIA METOJ
pemeHus 3amad 0e3 KOMIbIoTepa. MOTHBHPOBAaHHAS
pabora 3a KOMITBIOTEPOM YBEIHYHBACT
3¢ EeKTHBHOCTD KOTHUTHBHOM (mo3Haroreit)
JesTeIbHOCTH OOyJaromerocs. ABTopaMu cTatsu [1]
B XOJI€ MPOBEJCHUS Ta0OPATOPHBIX M MPAKTHUECKUX
3aHATHH MO0 KypcCy JEKTPOHUKHU Oblja MpeaIpuHITa
IMOTIbITKa TMPOTHO3UPOBAHUA HW3MCHCHHUSA CTCIICHU

YTOMJIGHUsI 00y4aeMOoro Ha OCHOBE KOHTPOJIS
BPEMEHH  €ro  CEHCOPHO-MOTOPHBIX  PEaKI[Hif
(mecTabUIM3UPYIOIINX ). Cytb METOJIUKH,

II0JIO’KEHHOM B OCHOBY KOMIIbIOTEPHOHN AMAarHOCTUKU
CTETIEHW YTOMIIEHHS COCTOMT B  CIy4alHOM
MIPEABSIBICHUN KOMIUIEKCa CTUMYJIOB, BBIOPaHHBIX
o0y4aeMbIM W  TIOCTPOCHHH  WHIUBHIYaJIbHBIX
CTaTUCTHYECKMX OLEHOK BPEMEHHBIX PSI0OB Ul
Kaxgoro oOydaemoro. B panee ucmonb30BaHHOM
MeTonuKe oOecrieunBascss KOHTPOJIb BPEMEHH JIN0O
TOJIBKO ayJHO-MOTOPHOH WJIH TOJIBKO BpPEMEHU
3pUTENIbHO-MOTOPHON  peakiuii. B kadecTBe
IIPOrPaMMHO-AIIAPATHON MOAJNEPKKU IPUMEHSIIOCH
aBTOPCKOE NPOrpaMMHOE OOecreueHne M KOMILIEKC
kommanuu «Heiiponady. Huxe npenmaraercs
OLICHKA BEJTMYUHBI CTETEHU YTOMIICHUS
oOydatomerocs OT 3aMeIIionmx 4-X (akTopoB
CEHCOPHO-MOTOpHBIX ~ OT  peakmuii  [1]  mpu
BBITNOJIHEHNH KOMIIBIOTEPHBIX PAKTUKYMOB.

Hcxonnbie nannbie

Heob6xomumMo ncnonp30BaTh  KakK — CTUMYJBI
oOywaromerocs, Tak H®  JeCTaOMIM3HPYIONINe
CEHCOPHO-MOTOpHBIC (aKTOPHl JAJISL  OINpEIeNCHHS
BEJTMYUHBI CTETICHN YTOMJICHHS 00yJaromerocs mo 25
3HaueHUsIM BpeMeHu 4-x peaknuil. McxomHbie
JaHHBIE U1 TIO3HAIOMIEW MOJIENN, TEOPETHYECKH
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000CHOBBIBAIOIIEH HCKOMYIO OLICHKY, CIIEYIOIIHNE. LEJCyCTPEMIICHBl ~ COTPYIIHUKK), TeM  MEHbIIE
IMpumenumM 2 CTUMYNUPYIOIIMX U 2 YTOMJISIEMOCTD oOyuatorerocs, (corr(zs,y1)=-
JIecTabmnm3upyromue  (akTopoB I OLCHKH 0.1332<0). OtoT KOXPPUIHEHT  KOPPEISAIIH
BEITMYMHBI CTEIICHH YTOMIICHHS Oo0ydaromerocs. 91o corr(zs,y1) NOJDKEH HWMeThb 3HaK  MUHYC

JIaJI0 BO3MOYKHOCTH (KaK TI0Ka3ajio perieHne CHCTEMBI (ca1=corr(z4,y1)<0).

4-cMCcOBBIX ~ ypaBHeHHI) Oonee 00OCHOBaHHOM Otn  3amemuaonie  (HaKTOPel  CEHCOPHO-
OLEHKHM  CTENCHH  yYMCTBEHHOTO  YTOMIICHHUS MOTOPHBIX PeaKkUud (Z3,Z4) NPH CTHMYJIUPOBAHHBIX

oOyuatomierocs. 2 necradbunmsupyomue (akTopsl
UCIIOJIb30BAIUCH B IPOLIECCE aNpoOalii METOIUKH
KOMITBIOTEPHOW JTMarHOCTHKH IIpOliecca «CEHCOPHO-
MOTOPHOMH peakuy 00Yy4aloINXCsl IPH BHITOJTHEHUH
KOMITBIOTEPHBIX J1a00paTOPHBIX MPakTUKyMoB» [1].
3aBHUCUMBIE JecTaOuITN3UpyIOIIne (baxTopsI
nporecca «CEHCOPHO-MOTOPHOM peaKuuu
00y4aromerocsi IMEIOT CMBICIH, COOTBETCTBYIOIINE
YHCIIOBBIM  KOPPENHPOBAHHBIM  3HAYCHHSAM  Z-
HePEMEHHBIX:

1) cMBICi(Z1)=«3aMeIsIoNIee BIUSHUEC YJICHOB
KOJUICKTHBA (OJHOTPYIITHHKOB) oOOydaromuxcs Ha

UHIUBUAYaJIbHBIC MoKa3aTeIu BpPEMEHU
oOydJaromierocs,  CBS3aHHOE C  OTBJICUCHHUEM
BHUMAaHUSA obyuatorerocs oT CTUMYJIOB
(MO3UTHBHBIX)  MO3HAHMS».  3amMedaHHe:  3HaK

K03 dULKeHTa KOppENsIMU paBeH MHHYCy, HOO
XapakTepu3yeT CBs3b 3aMeIUISIONIEr0 BPEMEHHOTO
(haxTopa ¢ yObIcTpsuBarommMcs  (pakTopom
«rmo3Hanue» (C11= corr(z1,y1)<0).

2) CMBICI(Z2)=«HEOOXO0IUMOCTh HE3aBUCHUMOM
paboThl 00y4aronerocss HHANBUIYAIbHO Ha OHOM U
TOM ke KoMIbIoTepe (Hammaue codpanHoit M BJ]) Bo
BpeMsl TPaKTHYECKUX 3aHSATHH, MPOBOJUMBIX JIJIs

BCEX  OOy4aromuxcs». 3ameuanue:  pabora
o0yyarolierocss MHANBUIYaJIbHO HA OJJHOM M TOM K€
KoMmbpioTepe  (Hammuwe cobpanHo wum  BJI)

TMOJIOKUTENIBHO CIIOCOOCTBYET 3aMeJUICHHIO BPEMEHH
YTOMJIGHUSI OT pabOThl 3a O3THM KOMIIBIOTEPOM
oOygaromerocs, T.e. KO3(PQHUIHEHT KOPPEISIHH
corr(z1,z2)=+0.5 mpaBUILHO OTpPaXKAET 3HAYCHHUE
«Beca» 3TOM MAapHOM CBS3U. 3HAK IUIIOC OTPAXKAET
«3aMeJUIeHIe BPEMCHU YTOMIICHHS», 3HaK MHUHYC —
yOBICTpEHHE BPEMEHH YTOMIICHHS.

3) CMBICII(Z3)=«HE00X0TUMOCTh ifit:|
o0yuyaromerocsi  (HE3aBUCUMOTO  OT  JAPYTHX)
HaKOIUIEHHUS JaHHBIX JJIsI IOCTPOEHUS TPEOYyeMBbIX (T10
y4eOHOU mporpaMme) MoIeNIel, YTO He O3BOJISET Ha
MEepBBIX 3aHATHSIX €O BCEMH O00YYaIOIIMMUCH
BeIMoHUTE ~ OOpaszoBatensHyto I[Iporpammy B
3aIUTAaHUPOBAHHEIE CPOKW». 3aMeUyaHue: yeM OoJbIie
cobpano pamHeiXx (B bBJl), TeM MeHpIe BpeMs
HACTYIUICHHs] YTOMIICHHS TIPH TIPaKTUYECKOH padoTe
C TOTOBBIMHM JaHHBIMHM: HIDKE B MOJEIH 3TOT
KO UIMEHT KOppeNsiuuu COIT(Z3,y1) HMeeT 3HaK
MuHYc 1 paseH -0.1332<0.

4) CMBICII(Z4)=«3HAYUTETHHBIN pasopoc
CpelHero BpeMeHW paboThl B Tpymnme U pa3dpoc
NpPeANOYTEHUH B CTUMYJIAX 00y4aroIIerocst B rpyImie

00y4JaroImuXCs.
3amedanue: 4eM OompIie pazbpoc
NPEAMOYTEHHH  BCeX  OOydvaromuxcsi  (MeHee

(z1,22) nedicTBHAX BO BpeMms KOMIIBIOTEPHBIX
MPAaKTUKYMOB ~ OOYy4YaloOIIUMCST  IO3BOJISIIOT,  Kak
MOKa3aHO HMXKE, BBIUUCIUTH BEIHUYUHY CTEHNCHU
yTOMIIEHHsI 00yUaroIerocs.

@opmanu3anus Mnpomecca «BJIHMSIHHE Ha
cTeneHb YTOMJICHH S o0yuaromerocst
3aMesomux peakuuii or padorsl Ha IIK mpu
HAIMYMM  CTUMYJMpYOIUX  ¢akTopoB Yy
o0yuaromerocs»

Js pacdyera MHOMBHUIYaJbHBIX OLEHOK BPEMEH
JNEHCTBUSL CCHCOPHO-MOTOPHBIX PEAKIMH M OLIEHOK
BPEMEHHU HAKOIUICHHs 00s3aTEIbHBIX PECYPCOB, HO
3aMeIAIOIIMX paboTy 00ydaroIerocs, He00X0aUMO
HaJu4he U3MEPEHHbIX 3HAUYEHUHM MOKa3aTeseH,
XapaKkTepu3yUIUX  MpoLecc «3ameyIsonIee
BiMsHUEC ()AaKTOPOB CEHCOPHO-MOTOPHBIX PEaKI[Hi
00y4aloOIIerocs», OUMILEHHBIX OT CPEIHUX 3HAYCHUIT
(OIICHOK MAaTEeMaTHYECKOTO OXXKHUIAHUS |l) BpPEMEH
MPOSIBIICHUH ~ «CCHCOPHO-MOTOPHBIX  PCaKIIH»
OYHIIEHHBIX OT CTAHAAPTHBIX OTKIOHCHUH
S: z=(X-p)\s, x-m3MepeHHoe 3Hauenwue. s pacuera
CTETICHN YTOMJICHHUS OT STHUX HETaTUBHBIX Z-()aKTOPOB
OyzeM MCIoIb30BaTh Ipajlalivio mKaisl Yspmoka.

Jns  paboThl  oOydaromierocs IO  HOBOU
KOMHI)IOTepHOI‘/II METOAUKE NPOBOJAATCA NPAKTUKYMBI.
Pabora compsbkeHa € TPOSIBICHHSMH CEHCOPHO-
MOTOPHBIX peakUuii 00y4aeMoro (3aMemIsomux
BpeMs paboThl [0 OKOHYAaHHS ypoKa) IIpH
YMCTBEHHOM MojenupoBanuu (3a 3kpanHom [IK c
yIpaBIsIeMbIMH 00ydaeMbIM (pUTYpaMu, 3HAYKaMHU,
KJIABUIIAMH, CTpPENKaMd (C TOMOINBI0 MUIIKHA |
Kypcopa) HMHUTHPYIOIUX  pabOTBl  pealbHBIX
AJIEMEHTOB JICKTPOHHUKH. TaKuX «ITOMOITHUKOBY TaK
MHOTO, 4TO  TpeOdyeTcs  MHOTO  MaibleBas
skBUIMOpucTHKa. TyT yMecTeH ydYeT CTeneHH
yTOMJIeHHsI o0ydaeMoro (B IIKaje TMOpsaKa) H3-3a
MPOSIBICHUSAMHA CEHCOPHO-MOTOPHBIX peakuui
(M3MepsieMbIX B HauOOJIee TOUYHOW IIIKAJIC YUCIOBBIX
oTHoweHui (+,-,*,\), mosBossroNIell CcpaBHUBATH 2
CHIIBI TIPOSIBIICHWHA Ha CKOJBKO, BO CTONBKO pa3
crmabee/CHbHEE  OOHO  OTHOCHUTENFHO  JPYroro
MPOSIBJICHUS). 3HAYECHUE HYJIb CHIIBI TPOSIBICHHS
(c=0) MOMKHO  COOTBETCTBOBATH  OTCYTCTBHIO
MIPOSIBJICHUS CEHCOPHO-MOTOPHBIX peaximii
o0y4yaeMoro, TMOJOXHUTENbHOe 3HaueHue (C-0>0,
cipasa oT 0 Ha ocu abcIrcc) MOJENBHOTO «Becay (€)
MpOsIBIIEHUST  OyZleT  HMHTEpIpEeTHPOBAThCA  Kak
HaJIMYME CTCIICHU YTOMJICHUA, ITIPOSABJICHHOTO C CcUJIONn
(c Becom) c? CreneHb YTOMIIGHHS H3MepseTCs
MMEHEeM HWHTepBama mKamel Ysgmoka, OCHOBHEIE
3HaueHust mkansl Ysgmoka:0,1-0,3 : Cnabas; (0,3 —
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0,5]: VYwmepennas; (0,5 0,7]: 3amernas (wnam JJMIEKTPUYCCKUE MaIIMHBL. B mporecce paboThl Ha
cpennsisi); (0,7 — 0,9]: Beicokast; (0,9 — 0,99] (1,0): KOMIBIOTEPE, HANPHUMEP, OCYIIECTBIIACTCS BHIOOp U
Becbma BbicOKast (CuibHasl). DTa  AMIIHPUYECKast COC/IMHEHUE OSJICKTPOHHBIX JIIEMEHTOB HAa HKpaHe
HIKajxa,  HUCIOJb3yeMmas B CTATHCTHKE  JUIA MOHHUTOpA C TMOCIEIYIOIIAM CHATHEM OCHUILIOTPaMM

Ka4eCTBEHHOH OIIEHKH CHIIBI (TECHOTBI) CBA3H MEXKIY
IBYMSI KOJINYECTBEHHBIMHA MIOKa3aTeISIMH,
XapaKTepu3yeMbIMH KOA((PHUIIMEHTOM KOPPEISIINT
(corr(*,*)). Ona (wkana) CIOBECHO HHTEPIPETHUPYET
3HAYEHHMs «BECOB» c¢= COrr(z,y). 3mech (pasa
cMbIcia(Z) w3BecTHa (CMOTpUTE HUXKE), a ¢pasza
cmbicna(y) He u3BecTHa. PopMaNbHO 3aaHbl (paskl
4-X CMBICIIOB CMBICI(Z1), CMBICI(Z2), CMBICT(Z3),
CcMbICI(Z4). WM COOTBETCTBYIOT  MOJICNBHBIE
CMBICIIOBBIC (bopmyIBI embicn(y;)=
C1j*CMBICII(Z1)+Coj * CMBICII(Z2) *+C3j * cMBICIT(Z3) +

Cs*embIci(Zs), j=1,...,4. JlmAt 9THX MOZIENBHBIX
CMBICIIOBBIX (POPMYJT OTHENBHO MoJenHupyercs 2
napbl MaTpuIl (Yma,Zma), (Cas, Ass). Tlpumensiemast
MOJIETb  NPEAToNaracT CyIIecTBOBaHWE 4-X Y-
[EPEMEHHBIX, k(Y Tma Y ma)=ri(Aaa)=ri{diag(4,0,
0,0)}=1, u3 HuX ToyNBKO l-asg Y-mepeMeHHas c
Jucnepcueii Aj=4 CoIepKUT MOJTHYI0 HHPOPMAIIUIO U

uHTepnperupyercss  (umeer cmbicn(yi)  ¢pasoii
«yTOMJISIEMOCTb obyyatorierocs or
JIECTAOMITH3UP YIOIIIUX (bakropoB mporiecca
«CCHCOPHO-MOTOPHBIX ~ peakuuid  BO  BpeMs
KOMIIBIOTEPHBIX MPAKTHYECKHUX 3aHATHH
IHMCIMIUIMHBl ~ «YCTPOWCTBA  JJICKTPOHUKH»». B

MPaBbIX YaCTSIX YPaBHEHUI HEU3BECTHHI HU 3HAUCHIUS
mapameTpoB Cij, Coj, C3j, C4j, HU (Ppa3sl 4-X CMBICIIOB 4-
X  z-mepeMeHHbIX.  CMBICIBI  Y-TIEPEMEHHBIX
HEM3BECTHBI, HO 3aBUCAT OT U3BECTHBIX 4-X CMBICIIOB
CMBICI(Z1), CMBICT(Z2), CMBICI(Z3), CMBICT(Z4).
HewusBecTHble 3HaUYeHUs napamMeTpoB Cij, Coj, C3j, Cyj,
Ck1,Ck2,Ck3,Ck4, OHM OOpa3yIOT KBaJpPaTHYI MaTpHUILy
Caa, IBIAIONTYIOCSA MaTpHIIEH COOCTBEHHBIX BEKTOPOB
HEM3BECTHOUM KOBapHalMOHHOW MaTpuIbl Was TakoH,
410 W44Ca4=Ca4A14,CT44C47144,C0aC T 04=l 1,
[ToBceMecTHOE HCIOIB30BAHNE KOMITBIOTEPHBIX
nmabopaTOPHBIX MPaKTUKYMOB ompenenser
aKTyaJIbHOCTH Pa3pabOTKH M MPUMEHEHUS METOJIOB H
CPEeICTB KOHTPOJS COCTOSHHSA 0OydJaromerocs,
HCTIOJIB3YIOIIETO MPOrPaMMHO-TEXHUYECKHUH
KOMIUIEKC (¢ HakomjieHHeM 0a3pl  TpebyeMbIxX
naHHbix). C HCMOJNB30BaHWEM O3TOTO KOMIUIEKCA U
HAKOIUICHHBIX JIAHHBIX IMPOMCXOAUT YTOMHTEIILHOE
BBINOJIHEHHE OO0YYaIOUINMCS CBOMX JIaOOPaTOPHBIX
pabor. ®dakTopaMu,  TPOSBICHHE  KOTOPBIX
MOPOXKIaeT YTOMJICHHE Y O0YYaroIIerocs, sBISIOTCS
¢bpassl  CMBICJIOB  Z-TIEPEMEHHBIX  CMBICH(Z1),
CMBICI(Z>), CMBICI(Z3), CMBICI(Z4). Nm
COOTBETCTBYIOT, KaK IOKAa3aHO HHXKE, MOJICIIbHbIC
cMBICITOBBIE  (hopMyibl  cMBICI(Yj)=Cyj*cMBICT(Z1)+
Coj*CMBICII(Z2) +C3j* CMBICII(Z3) +Caj* CMBICII(Z4),
j=1,...,4.. TIpakTKyM Kypca SJIEKTPOHHUKH B By3ax
P®, PK B ocHOBHOM 0a3umpyercs Ha OCHOBE

KOMIIBIOTEPHBIX IIPOrpaMM, MOZEIUPYIOLINX
UMHTAIUN PadOT pPEaIbHBIX JIEMEHTOB U YCTPOMCTB
JNIEKTPOHUKY, PAJAUOTEXHUKH, MAarHETOTPOHUKH,

U YaCTOTHBIX XapaKTCPHUCTHUK. B3aHMOJCHCTBHE C

MEJIKUMHU  TIPpEAMETAMU: TOJICTBIMHA  OTPE3KaMH,
CTpEJIKaMH, TMETCIbKaMH, KHOIIKAaMH, KOHIEBBIMUA
3Ha4YKaMH, CHUMBOJIaMH TyM6J'IepOB, povunux

(parMeHTOoB AIEKTPOHHUKH.

BBeneM nepeMeHHbIE B UHCIOBYIO MOJETb.
YTOMIIeHHEe TPOSIBISUICS €  HM3MEHUYUBOCTBIO Y1
(OTKIJIOHEHHUS OT HYJIS TIO/1 BIUSTHUEM WU3MEHYMBOCTEH
Z-(baKTOpOB 71,22,23,24. VI3MeHUHBOCTH v2,¥Y3,Ya, Y1
COOTBETCTBYIOT  BeJIMYMHAM  CHJI  HPOSIBICHHH
COCTaBHBIX (aKTOpPOB B cocTaBe -(akropa Vi
(cMmoTpuTe HIKE). OTH 4 3HAUEHUS «BECOBY C1, C2, C3,

¢4  (yHKIMOHANBHO  3aBUCAT OT  (HOPMYJIEI
M3MEHYHUBOCTH =D y epeMeHHO
1*y1=c1*Z1+co*Zo+c3*zatcs* 24, TTOTyYeHHOM
CIIOKEHHUEM BBILICTIPUBEICHHBIX 4-x z-

WU3MCHSIOIINXCSA «BECOB» C1*Z1, C2*Z2, €3*Z3, C4*Za.
31ecs pealM30BaHO YHCIOBOE CIIOXKEHHE, a He
CIIO)KEHHE CMBICIIOB (CIIOKEHHE CEMaHTHYECKUX
NEepeMEHHBIX CMOTpUTe Hmke). JleBas 4vacThb
paBeHcTBa 1*y1= c1*Z3+co*Zotc3*zatca*zs  paBHO
MIPOSIBIICHUIO (C aOCONIOTHBIM BecoM 1) BETMYUHE
«TpeOOBaHUs aBTOPHUTETA (TIPOSIBICHHOTO C «BECOM,
paBHEIM 1, pu  y-TIepeMeHHOHN (y-W3MEHYHBOCTH):
1*yl. U3 clIoBECHOTO OMICAaHUSI HMEEM OTpaHHYCHHUS
Ha 3HAYCHHs TNapaMeTpPOB W TEPEMEHHBIX MOJEINH.
OHu onmcansl B pasgene «OnTuMU3aIMOHHAS
3amaday.

Kax ¢popmanuzosats (nmpumensis [IM T'K [2,3], B
KOTOpPOH HMMeloTcsi 4 y-liepeMeHHbIe, a He OJHa Y-
NepeMeHHas), 3aBUCSIIETOCS YHPaBISIEMOTO) W
HepeMEHHBIE Z1,Z> (TIPUCYIINE TPOLECCY 3aMeTICHUS
BpPEMEH),  TepeMEHHble  Z3,Z3,Z4  (TpHCyIne
3aMeINICHUI0 BpeMeH) «Becay co=1, c3,=1, c4s=1 npu
MIepEeMEHHbIX Z1,Z2, Z3, Z4. B Apyrnx 3-X 4MCIOBBIX
YPaBHEHHSX «BECa» UMEIOT HE eANHUYHbIC 3HAUCHUSL:
y»=0,5000*z,; disp(y2)= 0,2500; y3=-0,1057*2,,
disp(ys)=0,0112; y,=(-0,1057)*z1.

Ecnu 651 «Bec» UMeN 3HaK IUTIOC (MHUHYC), TO Z-
NepeMeHHass HMeJa Obl TEHAEHIHMIO BO3pacTaTh
(yObiBath). B oOKOHIE «DyHKIMH OTrpaHUYEHHI
npoueaypsl Solver (Haactpoiika «Ilouck pemeHus» B
3T Excel 2016) He Oyaem BBOIWTH HE OUYCBHUIHBIC
OrpaHHyeHUs] Ha 3HAaKU KOMIOHEHT Ne3, Ned4 1-ro
rceBpocoOcTBeHHOTO BekTopa. (Pucyrok 4). Tombko
W3 CMBICTIOBBIX YpaBHEHMH BHAHBI JTH 3HAaKH
(cMoTpHUTE HIDKE).

OnruMn3anuoHHast 3ajmaya

Ornrummsaronnas 3anaua (Iss, Aas)=>(Cas,Asa).
[lycte osmementsl HewsBecTHOW MaTpuipl  Cag
TICEBOCOOCTBEHHBIX BEKTOPOB M3 TMAapbl MAaTpHI]
(Caa,A44), Asas)=diag(4.0000,0, 0,0) yaoBIETBOPSIOT
yCIIOBUSAM: 3HaueHHs KommoHeHT Nel, Ne4 1-ro
TICEBI0COOCTBEHHOTO BEKTOPa UMEIOT 3HAK MHHYC: -
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) =6.004  OAJI (USA)  =0.350
1<c11<0, -1<c41<0; 6)cobmroat0TCss OrpaHUYCHUS Ha (axTopoB, um COOTBETCTBYIOT MO/JIETIEHO

MaTpHIly IICEBJOCOOCTBEHHBIX BEKTOPOB  BHJa
C14C 44=l44, C"44Casxtl 44, THE 3HAYEHUST KOMIIOHEHT 1-
TO TICEBIOCOOCTBEHHOTO  BEKTOpa  SIBISIOTCA
JTMHEHHOW KOMOWHAINEeW HEeW3BECTHBIX 3HAUCHUS Z-
W3MEHYNBOCTEH c c-TlapaMeTpaMu:
Yi1=C11*Zin+C1*Zip+C31*Ziz+Ca1*Zia,  i=1,...,m;  B)
BBIMOJTHEHBI YCIIOBUS 0JHO(AKTOPHOCTH
npousBeneHuss Matpul] Buma CasAsaClas, Toe Cuas -
MaTpHIa IMCeBJOCOOCTBEHHBIX BEKTOPOB TaKasi, YTO
BoIMOJHAIOTCS  YCHOBUSL:  CaaC 44=144,C"24C14#1 14,
Ass=diag(M1,...24)=diag(4.0000,0, 0, 0) - 3amanHas
Marpuia coOCTBEHHBIX yncelsl. OrpaHudeHus a),0),B)
CYXaroT 00JacTh IOMCKa HEW3BECTHBIX COCTaBOB
HaOOPOB CHJI IPOSIBICHUH BXOAAT B PopMyITBI 4-X Y-
MEpEeMEHHBIX HW  SBISIOTCA  CYIIECTBCHHBIMH
mapamMeTpaMy KOTHUTHBHOMN MOJIEIH.

Martpuma «BecoB» Cas SBISETCS CYIIECTBEHHBIM
00BEKTOM B MATPUIHOM CMEICIIOBOM PaBSHCTBE BU/IA
cMBICT('Y ma)=CMBICI(ZmaCas) - IIPUMEHSIEMOI
runoreze B Mozensax u3 [3-15]. MogenbHas mapa
(Cas,A44) Matpurr Bxomut [3-5,16] B HOBYIO CXeMy
Ob6parHoit Mogenu I'maBubeix Kommonent [21]:
(C44,A44):>(Ym4,Zm4), rae Cas — MOEIBbHAS MaTpuna
[17,18] 3HAYECHUN «BECOB» (maTpuna
MICEBIOCOOCTBEHHBIX ~ BEKTOPOB,  JHArOHaJbHAs
marpuiia Aa  diag(4,0,0,0) sBasercs wmarpuiei
COOCTBEHHBIX YHCEJ, MaTPHUIBl CIyJaiHBIX YHCEIN
Ymi=UmaAY24s,  Zma=YmaC'ss) UTmaUma=las wmoze
mupytorcss  [17-21],  uHTepnpeTHpyrOTCS  Kak
MHOTOMEpHBIE BBIOOpKH [21] y-,Z—M3MEHUMBOCTEH.
DneMeHTH  Yij, Y2j,...,ymj J-TO CTONOIA MATPHIIBI
Yma=UmaAY244 (j-as y-nepemennas, j=1,...,4) umeror
cpenHee apudmMeTHyecKoe, paBHOE HYJIIO!
(2/m)(yaj+Yojt...Tymj)=0, U AuCTIEpCHIO PaBHYIO Aj:

(UMY (Y214 y2o5t. . . +y2m) = Marpuua
MCEBJOCOOCTBEHHBIX BeKTOpoB Cas Takas, 4TO
BEIMONHSIOTCS  YCIOBHS:  CaaC'4s=l4s, C24Cas#114,
Marpuia IICEBIOCOOCTBEHHBIX ypcel

Ass=diag(\s,...As) =diag(4.0000,0,0,0) oTimaaeTcs
HAJIMYAEM HYJCBBIX 3HAueHUWH: tr(Ass)=Ait...+A4=
4.0000+0+0+0. 3nece ogHa Marpuua Cas U3 mapsbl
MaTtpull (Css, Ass4) MOIETHpOBaaCh HPOTPAMMOU
GRD2, ucxoas u3 HavanbHbIX Matpuill (las, Aua),
HCIIOJIB3YSl OTPAHUYCHUS M YIIPABISIONIAN apaMerp
¢12=0.5000. DT MoaenupyeMble MaTPHIIBl JOJDKHBI
nouuHAThCst paBeHCTBAM: Ca4C'as=laa, C"44Castlaa,
tr(A44)=k1+ o tA=4, M=4, ¢12=0.5000 —
perynupyemsbiit napamerp =Corr(z,y2) -
KO3 QHUIUEHT KOPPEIAIHHA MEKIY Z-TICPEMEHHON Z1
U Y-TIEPEMEHHON Y2=C12*Z1+C20*Zo+ c32*Z3+ca*24. A
MICEBIOCOOCTBEHHOMY YHCITY A1 HA3HAYIIIN 3HAYCHHE
4 nns toro, utoObl paHT Matpunbl CaaAsC'ss ObLI
paBeH 1. OHO SBISETCS YCIOBUEM CYIIECTBOBAHUS
ONHOW  JHMHEHHOW  KOMOWHAIMM  KpUTEpHUEM
01HO()aKTOPHOCTH COOTBETCTBYIONIEH MHOTOMEPHOM
BBIOOPKH Yms=ZmaCas [21]. BBemem B usmaraemyio
HIDKE  MOJEIb  BBEIEHBI 4  CEMaHTHYECKHX
nepeMeHHbIX (4 (pa3 CMBICIIOB) 3aBUCHUMBIX Z-

BBIYKCIICHHBIE KOPpEJIUpOBaHHbIE 4 4YHCIIOBBIE Z-
NIEpEMEHHbIEC, pPaBHBIC 3HAYCHUSIM OTKJIOHEHUH Z
BIIPaBo/BI€BO OT 0 (M3MEHYMBOCTH TPOSBICHUU Z-
aneMeHToB). K 3amaHHeIM 4 HWMEHaM-CMBICIIaM
MOJIETIBHBIX Z-TIEPEMEHHBIX, JOOABUM OTPAHUUYCHHS.
Martpuma Cas cIyXUT HHIUKATOPOM [ 16-19] HammIms
CKPBITBIX 3HaHHWH, MO3TOMY chopmupyem s
Oynymerr mapsl Matpun (Cas, Ass4) 2 HauvaibHbIE
JIUaroHajgbHele  emuHUYHbIe  MaTpHIBl  (las,las).
[pumensiemass mpoueaypa GRD2 (u3 HancTpoiiku

“Ilouck pemeHus”) TMocie MOCIEA0BaTEIbHBIX
npubmmkeHuit npeodpasyer Matpuubl  (lss,las) B
Matpuusl  (Cas,As4s). Jnst  mpouenypst  GRD2,

HE0O0XOIUMBI (DYHKIIMH OTPAHWYCHHUH, TIOMOTAOIIIE
mporenype GRD2 ymeHpmuTh paboTy IpH IOHCKE
peuenust (Matpuipt Cas).

3amaHpl OTpaHUYCHUS Ha 3HAYCHUS MAapaMETPOB
1 TIEPEMECHHBIX MOJIEIN: a)3HaKu «BecoB» c1>0, €2<0,
¢3>0, c4>0,0) 3HaYeHus BecoB c’1, C%, C%, %4 (CHIIBI
c?1, %, ¢%3, C%4) IOIKHBI YOBIETBOPSATE HEPABEHCTBY
JIOJDKHBI yJIOBJIETBOPSTH OTpaHUYCHUIO
c?1+c?tc®te?>1 gna Toro,  uToOBI  1-BIif
TNICEBJOCOOCTBEHHBIN BEKTOP MOT UMETh 3HaueHuUs (110
a0coroTHOW BenuuuHe), Onm3kue kK 1. Pemaercs
Onrumuszanmonsas 3anada: (1a4,Aaa)=>( Caa, Aas), ce
uenesas (QYHKIMA uMeeT BMA c211+c?ortcZatc?a,
KOTOpass MaKCHMIBHPYETCS  TPH OTPaHHICHUAX
C44C"44=l44. Bruto omacenme, uro mporexypa GRD2
oTkaxercs uckath perreHue (Cas,Asg). Vcmiomszyem
OTPaHUYCHUS: M+...tAs=4 1npu H3MEHAEMBIX
3HaYeHUAX 4*4 snemenToB Matpuilsl Cas, UMEIOIICH
orpanuueHuss Ha CBOM dyeMeHThL:  Cas"Caslas,
CuasCs4=l1a, Aas= (A1,... M), tr(Asa)=A1t+...+As=4, HO
0e3 OrpaHW4eHHd Ha MOHOTOHHOCTD: Mm=4,
ho=A3=As=0. OcoOEHHOCTh NAHHOW Mapbl: MATPHIIBI
MICEBIOCOOCTBEHHBIX BEeKTOpoB Cas W MaTpHIb
TICEBIOCOOCTBEHHBIX YHCEIN - COCTOUT B TOM, YTO OHHU
MTO3BOJIIOT MOJEIUPOBATh KaK KOPPEITHPOBAHHBIC Z-
IepeMeHHbIe (C TIOJOKUATEIFHBIMU JTUCTICPCHSIMH),
TaKk ¥ HEKOPPEIHUPOBAaHHBIE Vy-TIepeMeHHBIe (C
ommkumMu kK 0 3HaUCHWSAMH  JUCIIEPCHIA).
[Ipumensiemas npouenypa GRD2 (M3 HaacTpoHku

“Ilonck  pemeHUs”) TOCIAE TOCIENOBATENbHBIX
npubmmkennii  mpeobpazyetr marpuiibl  (las,las) B
matpunbl  (Cas,As4). Hua  mpouemypsr  GRD2,

HEoOXoUMBI (YHKIIMH OTPAaHUYEHUH, TOMOTAOIIHe
mporenype GRD2 yMmeHpIuTh paboTy NpH TTOWCKE
pemrenust (Matpui Cas,Ass). OOpamraeM BHIMaHUE Ha
Ba)KHOCTb 3HAKOB «BECOB». 3HAKU IUIIOC MMEIOT BCE
«Beca», TOJIBKO «BEC» C2 OTPHLATENEH, TaK Kak
YPOBEHb IIOBHHOBEHHS Y YUHUTENS COXpaHIETCS
JI0NIT0. 3HAK IMPHU C1 MOJIOXKUTENEH: OH IOIYHUHSIETCS
ABTOPUTETY JI0 KOHIIA SKCIIEPUMEHTA, €T0 0)KUIAeMOe
3HaueHue paBHO, OnTUMHU3AIMOHHAs 3ajada aacT
pellIeHHe, HCIOJb3ysli HMEIOLIMECs] OrpaHUuYCHHMS.
3HaK ITIOC TIPH «BECE» C3JOKHO COXPAHATHCS, HOO
HAlpaBJiCHHEe TPOSABICHUS cMbIcia «Becay c3 ()
MIPOTHUBOIIOI0XKHO HarpaBJICHHUIO MPOSIBJICHUS
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ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

CMbICTIa C2 (IIOBHHOBEHHUIO YYHTEIS ABTOPUTETY). 00pasyiolyr0  HOBYK)  OCMBICIIEHHYIO  (hpa3y.

3naku c4<0 (momkeH ObITH MUHYC. Marpuma
Y m4=ZmaCas MOIECTBHBIX 3HAYCHUH Zkj COOTBETCTBYET
BBEJICHHBIM z-, Y-TIepeMeHHBIM
yij:Clj*Zi1+C2j*2i2+C3j*zi3+C4j*Zi4 M TTapaMeTpaM Cki (I/I3
matpuisl Cas).

ITocTranoBka 3amgaun. 3agaHel BEIUYHHEL 16=4*4
«BECOBY (M3 MATPHIIBI ICEBIOCOOCTBEHHBIX BEKTOPOB
Ca4, COOTBETCTBYIOIIEH MaTpHIle COOCTBEHHBIX YUCEI
Ass=diag(4,0,0,0) mposiBIEHU#, BHIYKCIECHHBIX B
cucteme wu3z 4 CMBICJIOBBIX ~ YpaBHEHHH C
CEMaHTUYCCKUMU MePEMCHHBIMU
CMBICI(Z1),...,CMBICI(Z4). Tpedyercs Haiitu
CEMAaHTHYECKOE pelieHne CMbIcI(Y1), HCHOIB3YS
CHUCTEMBI MHOTOCMBICIOBBIX YpaBHEHHIA,
cootBeTcTBYIOMUX CJIIAY Yms=ZmaCas, CaaC s4=l14,
C"44Castlas Ass=diag(4.,0,0), M=4, orpaHIICHUAMH -
1<c11<0, -1<c41<0, ¥ ¢ ynpaBISAIOMUM MapaMeTPOM
012:0.5000.

KouncrpynpoBanue ¢pa3 cMmbIcaa Y-
nepeMeHHOIl B Ipouecce «BJIUsIHME HA CTeNeHb
YTOMJIEHUS of0yuaromerocs 3aMeJII0 M X
peakuuii oT padoThl Ha KOMIbIOTEpPe NpPH
HAJMYUM  CTHUMYJUPYHOIIUX  (PAKTOpPOB Yy
o0yuaromerocs»

Jnst mapaMeTpu3alMid  CHCTEMBI CMBICTIOBBIX
YPaBHEHHUI COOTBETCTBYIOIIMX YHCIIOBBIM JINHEHHBIM
YpaBHEHHUAM (HEen3BECTHBIM y-TIepeMEHHBIM,
3aBUCSIINX OT HA0OPOB W3BECTHBIX 3HAYCHUI
napameTpoB Cij K-bix z-mepemennbix Zx KE{1,2,3,4}),
(dopManM3MpyONMX  SBICHUHA  IOBUHOBEHHS B
JKCIepUMEHTe MMIrpaMa HCIONIB3yeM  CTOJIOLBI
Matpuibl Cas (Tabmuma 1). Umetomue coOCTBEHHBIE
gucina (4.000,0.000,0.000,0.000) uaTepnpeTUpYIOTCS
COJIepIKaTeNbHO, 0TOOpaXxkaloT o0beM HH(pOopMaluy,
cojieprkanieiicsi B K-oi - mepeMeHHOIA.

Cucrema 4HCIIOBBIX JIMHEHHBIX allre0pandecKux
ypaBueHuii (CJIAY) mocie oTOpackiBaHUS HYJIEBBIX
mapaMeTpoB): y1=0,8530*z;+1,0000*z,+
1,0000*23+1,0000*24, disp(y1)=3,7277;
y2=0,5000*2;; disp(y2)=0,250; y3=-0,1057*2;,
disp(ys)=0,0112; y4=(-0,1057)*z1, disp(y+)=0,0112.

B Teopun mMCKycCTBeHHOTO WHTeIUTeKTa [3-15]
NOMYJISIPEH  «IPUHLMI JINHEHHOTO  MBIIUICHHS».
UucnoBeiM ypaBHeHHsIM u3 CJIAY coorBeTcTBYyeT

MaTpUYHOE CMBICIIOBOE  PaBEHCTBO BHIA
cMBICI( Y ma)=cMbICI(ZmaCas), THE  CMBICT(Zma)=
cMBICII(Z1)D...DcMbICi(Z4), cMBICT(ZmaCas)=
CMBICT(ZmaC1)D...D CMBICTT(Zm4Ca), C1,...,Ca—

MCEBJI0COOCTBEHHBIE BEKTOPHI. JIMHEitHOEe dnCIIoBOE
PaBEHCTBO COOTBETCTBYET (hpa3aM CMBICIOB KaXIOH
MePEMEHHOI, a CyMMa (hpa3 CMBICIIOB CEMaHTHYECKUX
MEPEMEHHBIX  CMBICI(Z1)DcMbIci(Z2) @D cmbicii(Z3)®D
CMBICII(Z4) JOJKHA COOTBETCTBOBATH UX CyMMAapHOM
(dpaze (cMmbicia(y)) 06e3 KOTHHTHBHOIO JHCCOHAHCA.
CMBICIIOBOMY JTHHEHHOMY KOHCTPYHUPOBAHHUIO
MHOTOCMBICJIOBBIX ~ JIMHEWHBIX ~ YpaBHEHH, TJe
JMHEHHOCTh BBIp&XKEHA uepe3 ciaraemble (Qpasbl,

[onctaBumM B paBeHCTBO Yma=ZmaCas 3HAUCHUS

anemeHToB Matpuibl Cys (Tabmwmma 1). B teopun
Pa3TOBOPHOTO SI3bIKa HCKYCCTBEHHOTO HHTEIUICKTa
[3,4] mommynspeH «IIPUHIUT JTHHEHHOTO MBITIICHH.
MartpuuHoe CMBICIIOBOE  PaBEHCTBO  BHAA
cMBICT(Y ma)= CMBICT(ZmaCaas), rie
CMBICT(Zma)=CMBICT(Z1)D . .. DCcMBICII(Z4),
CMBICT(ZmaCa4)=cMBICT(ZmaC1)®. .. DcMBICT(ZmaCa)
TOYHO COOTBETCTBYET CMBICIIOBOMY PaBEHCTBY H
JMHEHHOMY 4YHCIOBOMY paBeHCTBY Y m4=ZmaCaa.
JluHeliHOE  YUCIIOBOE PAaBEHCTBO YJOBJIETBODPSET
CMBICTIOBOMY JMHEHHOMY KOHCTPYHUPOBAHUIO
MHOTOCMBICIIOBBIX ~ JIMHEHHBIX ~ YpaBHEHHWH, TIe
JMHEHHOCTh BBIp@KEHA Yepe3 ciaraemble (passl,
00pasyIollyl0o  HOBYIO  OCMBICIICHHYIO  (pa3y.
[oncraBum B paBeHCTBO Yms=ZmaCas 3HAUCHUSA
anemeHToB Matpuil Cas (Tabmuma 1). Cucrema
HE3aBHUCUMBIX CMBICIIOBBIX ypaBHCHHI
cmbici(y1)=0,8530*cmbrci(z1)+1,0000*cmbrc(zo+
1,0000*cmbIci(z3)+1,0000*cmbici(Zs)cmbici(y2)=
0,5000*cmbIcin(z1);  cmbicn(ys)=-0,1057*cmbici(Z1);
embici(Ya)=(-0,1057)* cmbIci(Z1).

Jlnst SICHOCTH BOCIIPUSITHSL IIArOB M3BJICYCHUS
3HAHHMH U3 CMBICJIOBBIX PABEHCTB 3aMETHM: B MOJIEITH
BBINIOJIHEHBI ~ OTpaHWYeHUs  (CMOTpUTE  paszen
OntuMmuzaionHas 3ajada) Ha 3HaKH 8 3HAYEHH
napaMeTpoB u3 MaTpullbl Cas. VI3 3TUX OrpaHUYeHUI
i VA Baxubl  GopMynbl  C21j+Cj+C%+C%4=1,
C2j1+C2j2+C233+C2j4¢1 S =1,...,4, c12=0.5 —
ynpasistonuii napametp. s j—oil y-mepeMeHHO#R
3HAQUEHUSA BECOB Czlj,CZZj, CZSj, CZAj (MoryT UMETH
3HaueHHs, Onu3Kkue K 1) «U3MEpSIoT»  CHIIBI
NPOSIBJICHUH C WU3MEHYMBOCTSMHU  Zi1, Zi2, Zi3, Zi4,
Kaxzoe ciaraemoe B popmyrie y-nepeMeHHOit HMeeT
BUJI IPOM3BECHUS Cij*Zik (OTKIOHEHHE Zik OT 0 K-0it
Z-TIEpeMEHHOH, MpHUCYIee «Becy» Ckj). Kmaapatsr
3HAUEHUN «BECOB» C1j,C2j,C3j,C4j MHTEPIPETUPYIOTCS
kak Beca (noau 1enoro) C%;,C%;,C%;,C%j, pasHble 4
CHJIaM MPOSIBICHUH Kax0ro K—ro Z-paxropa. Cymma
c%j,c%;j,C%;j,C%j He paBHa 1, Tak Kak B CTONOLAX

MaTpulbl C44 PACIIOJIOKCHBI B3aUMHO
OPTOrOHAJIbHBIC BEKTOPbI, HCCANHUYHBIX JIJINH. 910 —
aﬂre6pquGCKoe obocHOBaHUE MOJCJIbHBIX
OTrpaHUYEHUH: C44C"44=1 44, C"44Ca4#144,

Asg=diag(A1,...As)=diag(4,0, 0,0). HaGopsl u3 4 BecoB
U3MEPSIOT CHJIBI TIPOSIBIICHHH B j—TON Y-TIepeMEHHOM
(c HyneBoil gaucmepcmeil):  C%j+C2+C%+C%=1,

disp(y;))=0, j=2,...,4. HymeBas mucuepcus Y-
MEPEMEHHOM 03HAYAET HEM3MEHHOCTh 3HAYEHUH Y-
MEPEMEHHOM  TPH  TOCTOSHHBIX  3HAYCHHAX
(€1j,C2j,C3j,C4j). TlOCTOSIHHBIE  3HAYEHHS «BECOBY

(€1j,C2j,C3j,C4j)) MOTYT MMeThb HeHyNeByr (Yii*Cji#0,
Yit#0,i=1,...30) mnmm HyneByto (Vij*C=0, j=2,...,4,
yii=0, k=1,...,4, i=1,...30) Y-U3MEHYHUBOCTb, HO Z-
WN3MEHYMBOCTH BCET/Ia HEHYJIEBBIE, TAK KaK 3HAYCHUE
Zi=paBHO IJTMHEHHON KOMOWHAIIMH DIEMEHTOB i-O¥
cTpoku (tme 1-plli  ee DSIEeMEHT HEHYJIEBOH)
YMHOXAETCS Ha HEHYJEeBOE 3HaueHHE «Becay.
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[losToMy B HeHyseBble 3HaueHHs B ctonOua Nel u3 c21=(-0,9491)%) nposBneHUs ycKkopenus — HAIHYMS

Tabmuupl 5 npeoOpas3yroTcsi B HEHYJIEBBIE HJIEMEHTEI
BCeX CTOJOIOB MaTpuubl Zms (Tabmuma 6).

Haiimem ¢pa3y nmna HOBOrO cCMBICTa 13
MonenpHOrO  ypaBHeHus  Y1=0,8530*z;+1,0000*
Z>+1,0000*z3+1,0000*24. 31ece MBI MMEEM
3a1aHHBIC PPashl ISl CMBICTIOB CMBICI(Z1), CMBICT(Z2),
cMbICI(Z3), cMbIci(Z4). Halinem ¢pasy mis cymMMsl
(pa3, yIOBIETBOPSIONIEH CMBICIOBOMY PAaBEHCTBY H3

paBoit 4acTu YpaBHEHUS: y1=0,8385*z,+
0,1778*z,+1,0000*z3+1,0000* 24, rae
CMBICII(Z1)=«3aMeUIAIONIee  BIHUSHHE YJICHOB

KOJUICKTHBa (OJHOTPYMITHHKOB) OOY4YaloIUXCs Ha

WH/IUBHyaIIbHbIC MOKa3aTeH BpEMEHHU
oOydaroiierocs,  CBSI3aHHOE C  OTBIICUYCHHUEM
BHUMAaHHUs oby4atorerocs oT CTHMYJIOB
(TIO3UTHBHBIX ) MTO3HAHU,

CMBICI(Z2)=«HEOOXOANMOCTh HE3aBUCHMOUW PaOOTHI
o0ydaroImerocss HHANBUAYaIbHO HA OJHOM M TOM XK€
KoMmIboTepe (Hanuaue codpanHoi uM bJI) Bo Bpems
NPaKTHYECKUX 3aHATUH, NPOBOAMMBIX IS BCEX
o0yuaroImuxcs». 3aMeuyanue: padoTa 00yJaronerocs
WHJIMBHIYaJIbHO HAa OJHOM M TOM JX€ KOMIIBIOTEpE
(nanuune cobpanHod um BJl) mnonoxuTenbHO
CIOCOOCTBYET 3aME/JICHUI0O BPEMEHH YTOMIICHHS OT
paboTHI 332 3TUM KOMIIBIOTEPOM OOYYaIOIIerocs, T €
K03(QGUIUEHT  KOppeNsAlUu  C12=COrr(Z1,22)=+0.5
MPaBIJIBHO OTPA)KaeT 3HAUCHHUE «BECay 3TOH MapHOI
CBSI3U. 3HAK IUTIOC OTPAXKAeT «3aMEAJICHHE BPEMEHH
YTOMJICHUS», 3HAK MHHYC — yOBICTpEHHE BpEMEHHU
YTOMJICHUS;  CMBICI(Z3)=«HEOOXOJUMOCTh  JIJIS
oOyuaromerocss  (He3aBUCHUMOTO  OT  JAPYTHX)
MOBBIIICHHS O0bEMa HAKOIUICHHS JAHHBIX JUIA
MocTpoeHus TpebyembIX (M0 y4eOHOH mporpaMmme)
MOJIeJIel, 4TO He MO3BOJISIET Ha MEPBBIX 3aHATUSIX CO
BCEMH 00y4JaromumMucs BBITIOJIHUTD
O6pazoBarensHyto [IporpaMmy B 3aIIaHUpOBaHHbIE
Cpokm». 3ameuaHue: 4eM OoJjblie coOpaHO JaHHBIX
(8 BJI), TeM MeHbIIIE BpeMsI HACTYIUICHHS yTOMIICHHS
NPU NPaKTHIECKOH paboTe C TOTOBBIMH JaHHBIMEY.
CMBICII(Z4)=«TOBBIIIAIOIAHCS 3HAYUTEIbHBINA
pa3bpoc cpemHero BpeMeHHM pabOThl B Tpynme u
pa30dpoc NpearnouTeH i B CTUMYJIaX 00y4aroIIerocs B
rpymnme oOydaroumxcs» (¢ HU3MEHSIomeHcs CHIIoi
IPOSABJIEHUS ¢241». YTOYHUM TEPMHUH: He-3aMe/IIEHHE
=yObIcTpeHrne= ycKkopeHune. @Ppaza  CMBICIOBOTO
ypaBHEHHUSI cmbici(y1)=0,8385*
embicin(z1)+(0,1778)*cmeici(z2)+(-0,9491)*

cmbici(z3)+ (-0,9491)*cmbici(zs) paBHa cymme (pas
Z-CMBICJIOB! cMbIcI(Y1)=«BeJININHA CTENeHN
yTOMIICHHSI OOydaromierocs B i-OM ypoKe paBHa
CyMMe: CMBICII(Y1)=«BEJIIMYMHA CTENEHNU YTOMIICHHS
oOyuaromierocs Ha i-OM YpOKe paBHa CyMmMe: a)

MpOW3BEeNEeHUsT C11*Zi1  (C  CHJIOW  TIPOSIBICHHS
c?11=(0,8385)% zamenienus BAMSAHMI OT 4JIEHOB
KOJUIEKTHBA;, O)mpom3BeAeHUs C21*Zi (¢ cmioi

¢?21=(0,1778)?) mposiBieHus 3aMeIeHHs] OT PabOTHI
00yJaromnierocsi Ha OJHOM M TOM e KOMIIBIOTEPE Ha
BCEX 3aHATHSIX; B) MPOM3BEACHUS C31*Ziz (C CHIIOH

cobpanHo# uM B/I; T) mpousBeneHus c41*Zis (¢ cumoi
c241=(-0,9491)?) nposiBIeHUs YCKOPEHHUS yMEHbUICHUSL
pasdpoca NPENOYTCHUH B CTUMYJIaX 00yJaroIuXcs
B rpymme». Jta ¢ppasza coorBeTcTBYyeT OnpeneeHuio.

Omnpenenenue. [Ipn nposBIeHNN 2-X CEHCOPHO-
MOTOPHBIX peakmuid ® 2-X CTHMYJIHPYIOIINX
oOyuarorerocst Z-(hakToOpoB BO BPEMs BBIMOJHCHUS
UM KOMIIBIOTEPHOTO MPAKTHKyMa BEIHMYMHA CTCIICHU
YTOMIICHHSI ~ OOy4YaroLIerocss paBHAa  JIMHCIHON
KOMOWHAIIMM BEIMYMH OTKJIOHCHWH OT Hyms Z-
(baKTOPOB ¢ «BECaMm» C1,C2, C3, C4 MIPH Z-NEPEMEHHBIX
21,25,23,24  cMbIici(Y)=Ci*eMbIcn(Z1)+Co*eMbic(Zo)+
Ca*cMbICi(Z3)+C4*cMbICi(Z4), THE MO  3aJaHHOM
nuctiepcun A1,=4 (u3 marpuusl Ass=diag(4,0,0,0))
MOZEIUPYIOTCS 3HAYCHUS Z-TIEPEMEHHBIX Z1,Z2,73,Z4
Zm4=Y maC" 44, Trie cnyuaitnas matpuna Y mi=UmaAY%4
UMeeT TONBKO | HEHyNeBOW cTonber ¢ CMBICIOM
cmeici(y).

Tak kak C%1+C%p+C%3+C%=1, To paBeHCTBa
¢?1=(0,1778)%); c%:1=(-0,9491)%); c%x1=(-0,9491)?)
COOTBETCTBYIOT ~ HEOJMHAKOBBIM  JIONISIM  CHJI
TPOSIBJICHU# Z-(haKTOPOB Z2,23,Z4. Ho m0J1st KaXka0ro Z-
baktopa 223,24 cuibHEee MNPOSBICHA B BEIUUYHMHE
CTCTEHH YTOMIICHHSI OOYyYaroIIerocsi, d4em JOJs
(axropa z1, pasHas c®;=0,83852. Ilo cuse BIMAHMS
(GakToOp Zi OTHOCHTCS K HMHTEPBANLY <«BBICOKas» -
c?;=0,83852 (0,7 0,9]. JunramuKka 3Ha4YeHH
YTOMIICHUSI BIMSIONIMX (HaKTOPOB (OHH PABHBI M3-3a
onHodakropuoctn  moxenu:  Asw=diag(4,0,0,0))
C21*Zir=C31*Zi5=Ca1*Zis, i=1,..., 25, 3a 25 3anaTHii
umeer yOwBarommii tpeun (Pucynok 3). [lns 4-
(akTOpHOM MOJENM OJTUX pABEHCTB He OyJeT.
3HaueHUsI «BECOBY» JI (PAKTOPOB Z2,23,Z4 OTHOCHUTCS
K uHTepBany «BbIcOKas» (0,7 — 0,9] mo mkaie
Usnpoka.

PaBeHcTBO 1O a0COJIOTHOH  BeJHMYMHE
CBHCTENBCTBYET 00 OMHAKOBOCTH Ha OJJHOM YPOKE
3-x 3amemsrOIIMX (HAKTOPOB. DTOT HEJOCTATOK
MOJENU WCHPaBIAeTCS NPH HCIOJIB30BaHMU 4-
(bakTOpHOHN MOzeNH.

MojenupoBaHue YUCA0BbIX MATPUL Ym4, Zma
Y- M Z-TlepeMeHHBIX JJs cHucTeMbl u3 4
MHOTOCMBICJIOBBIX YPABHEHHUI

Matpuna Yms=ZmsCas MOJETBHBIX 3HAUCHUH Zj
COOTBETCTBYET BBEACHHBIM Z-, Y-TIEpEMEHHBIM
Yij=C1j*Zi1+Coj*Zio+ C3*Ziz+C4*Zia M mapameTpam cij (113
Mmatpuisl Cas). IlepBas y-iepeMeHHass MOJEIUPYET
NposiBIeHUsT yl, COOTBETCTBYIOILME  BEIHMYUHE
CTENICHH, OCTaJIbHBIC Y-TIEPEMEHHBIE Y2, Y3, Y4 OyayT
WHTEPIPETUPOBAHBI, HAWIEHbl HUX CMBICIH. OTa
MOJIENb JOMYCKAeT CYHIECTBOBAHUE CKPBITHIX 3-X Y-
(axTopoB C HyJNeBBIMH JAWCHEPCHUSIMH B
MaTeMaTHYeCKOW YHCIIOBOH MOJENH, TZIe OTIENBHO
MozenupoBanmucyk MaTtpuisl Ums (M3 MaTpHIbI
PaBHOMEPHO PACHpEAEICHHBIX CIy9alHBIX YHCEN
VO (Tabmuma 3)) u Yma [17] Takme, uyrto
(llm)UTm4Um4:I44 (Tabmuma  4), Y ma=UmaA Y244
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(Tabauia 3), Aa4=diag(4,0,0,0), 3areM nepeMeHHast IMEeT He HYJIEBbIE 3HAUEHHUSI, CTOJIOLIBI C

MoenupoBanachk MaTpuia Zma=Y maCTas (Tabmuua 6).

Marpuua 3Ha4eHUH  Z-IEPEMEHHBIX  Z1,Z2,Z3,Z4
Zn4=Y maC a4, C"44Cas# 144, C4aC"44=N1s. MaTpuut Zims
Y comepar  MOJETbHBIC  3HAUYCHUS
M3MEHYUBOCTEH (OTKJIOHEHMI oT 0),
COOTBETCTBYIOIIUX pearbHBIM Z-axropam
SKCIEpPUMEHTA. Matpuma YO,  t=1,...0,
obecrieunBaeT CIy4yaHOCTh 3HA4YCHUH y- U Z—

orknonenuit w3 Marpunl (YOms, ZO0ms). B matpuue
Yms dI€MEHTBI 1-T0 cTONOua yij,Yo1,...,ymi (j-ast y-

HOMepamu j=2,3,4 MMEIOT HyJeBblC 3HA4YEHUs, n0OO
MaTPHIIBI
cpenHee

A44:diag(4,0,0,0)).
Y ma=UmaAY24

. .+y2mj):7\,j, =1,...4,

B Tabmuuax 5 u 6.

(Tabmuma
apupmeTrnyeckoe, paBHOoe HYmIO: (1/m)(yijt+yoit...
+Ym)=0, nucmepcuio pashyio A (1/m)(Y+y+
[P 3TOM CyMMa JUCHEpCUi
paBHa 4: A+...+h=4. Matpunsl Zms, Y ms IPUBEACHBI

Bce  cTonOm!

5) wumeroT

Tabéumna 1. Moaeasnas matpuna C44 ncesaoco0CTBeHHBIX BEKTOPOB UISi MATPHIIBI COOCTBEHHBIX

yncen Ad4=diag(4.000,0.000, 0.000, 0.000), nosyyeHHas TadauubI-NporpaMmMbl ONTUMHU3ALMOHHOMN 3a1a4UM:

(144,144)=>(C44,A44)

c1 c2 €3 ¢4 CymMa KBaJIpaToB
0,8385 0,5000 -0,1532 -0,1532 1,0000
0,1778 0,9841 0,0000 0,0000 1,0000
-0,9491 0,0000 0,3150 0,0000 1,0000
-0,9491 0,2227 0,2227 0,0004 1,0000
2,5362 1,2680 0,1723 0,0235

Tab6auna 2. HauanbHble 3Ha4YeHns 3j1eMeHTOB MaTpunsl C44 1o pemenusi OnTuMu3anuoHHoii 3agaun

(124, A 22)=>(Ca4, Asa)

1 2 3 4
z1
1,0000 | 0,0000 | 0,0000 0,0000 1,0000
z2
0,0000 | 1,0000 | 0,0000 0,0000 1,0000
z3
0,0000 | 0,0000 | 1,0000 0,0000 1,0000
z4
0,0000 | 0,0000 | 0,0000 1,0000 1,0000
1,0000 | 1,0000 | 1,0000 1,0000 _
cl2=
0,5000
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I'Iapameprl NOWCKa pelleHWA hd
ONTUMKHIMPOEATE LENEEYID DYHKLMID: 5Cs4 *
Aot ® Makomym ) Munimy () 3Hadenus: 4
M3MeHAR AYEfKH NepemMeHHE:
SCS4:SFST +
B COOTEETCTEMM C OTPaHHYEHHARMK:
SC56:5CST <=0
§C57 2= -1 HoGasute
5054 = 5C59
SG545G57 =1 MsmeHuTb
5L54 <=0
¥aanuTe
CEpOCHTE
3arpysuTe/COXPAHNTE
[[] Caenate nepemenHble 623 0rpaHMYeHMi HEOTPMLATENBHBIMK
Beibepute Monck peleHna HENMHERHBX 33434 MeTogdom O |~ MapameTpsl
METO PEWEHIA:
MeTog pewenuna
Jna raageuy HEAMHERHED 33484 WCMONEIYWTE NOWCK PEWEHWA HEAMHENHED 33434 METOL0M
ONr, gna AMHERHBIX 33434 - NOWCK PELWEHWA NMHERHEIX 33434 CUMIMNEKC-METOLOM, 3 418
HErNAAKWX 33434 - 3E0NOLMOHHEIA NOWCK DEWEHNA,

Pucynok 1. Bujx Tadauupi-nporpammbl Onrumusanuonnoii 3apaun: (Isg, A 44)=>(Cas A 44) B Mopesiu c 4
Z-nepeMeHHbIMH, 4 y-TlepeMeHHBIMHU

PRIVPIVVIPR PPIVIV PRPNRNT? e

PelweHwe HaigeHo. Bce orpaHnyYeHna M YCIoBnA

ONTUMENEHOCTH BEINOAHEHEI. OTueThI
PesyneTaTel
@Eguxpaunm HIAEHHOE PEWEHHE! YCTONYMBOCTE
Mpegensl

{0} BOCCTaHOBWTL MCXOAHBIE SHAHEHHA

0 BEpHYTLLA B AMENOrCEOE OHHO NEPaMeTpos

MOKWCKE PeWeHka [ omuerel co crpykrypamu

Otmena CoXpaHWTE CLEHBPWIA

Pewenune HaﬁAEHO. Bce OrpaHHYeHMA M YCNOBHA ONTHMANbHOCTH BEINOAHEHBI.

EcamM MCnoab3yeToR mogyaks O, To HaAAEHo No KpaRHeld Mepe AOKaABHO ONTHMENEHOE pelwenue. Ecam
HCMOAL3YETCA MOGYb NOHCKE PEWEHHA IMHERHBIX 33434 CHMINEKI-METOS0M, TO HaRgeHo rnobansHo
ONTHMANBHOE PELWLEHHE.

Pucynok 2. Bua tabauusi-nporpammsl Onrumuzauuonnoii 3agaun: (I, A 42)=>(Cas A 24) B Moaeu ¢ 4 z-
nepeMeHHbIMH, 4 y-TilepeMeHHBIMH
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Ta6auna 3. Marpuna VO 3Hauennii paBHOMEPHO paclpeieJeHHbIX B HATepBase [-1;1] cayqaiinbix uncesn

Ne VO 4 VO, VO3 Vo4
Ne 1 2 3 4
1| 059752 -0,11362 -0,0309 | 0,813531907
2| -081872 | -0,161534 0,1937 0,322733238
3| 082727 0,211829 -0,3561 | 0,749748222
4| -02512 -0,765679 0,03146 | 0,772637104
5| -0,52898 | 0,6519059 0,15488 | 0,887447737
6| 083117 -0,022492 0,40172 0,1515244
7| 0,99792 -0,317728 0,42631 | -0,60051271
8| -0,92633 | 0,6396374 0,06619 | 0,744804224
9 | 0,84094 0,1365093 055925 | 0,177953429
10 | 0,21494 -0,236793 0,12369 -0,9238258
11 | -0,03244 | -0,505234 0,9646 -0,56498917
12 | -0,71844 | -0,724052 -0,232 0,634815516
13 | 0,70025 0,4231391 0,74602 | 0,555467391
14 | 0,03397 0,1545152 -0,7044 | 0,851130711
15 | -0,21384 | -0,437666 -0,6675 -0,80260628
16 | -0,33854 | 0,3386029 0,36387 | 0,323953978
17 | 0,71813 0,5672475 -0,6386 | 0,644398328
18 | 0,72771 0,8953215 -0,5018 | 0,296792505
19 | -0,69573 | -0,604541 0,81103 | -0,59337138
20 | 0,36583 0,432783 0,85058 | 0,384624775
21 | 048924 -0,15305 0,38347 | -0,92718284
22 | 0,72393 -0,235389 0,20664 | 0,550279244
23 | 042344 -0,647572 0,13779 | 0,411664174
24 | 0,66027 0,8239082 0,24418 | -0,66905728
25 | -0,21574 | -0,986999 -0,6277 -0,27695547
0,1765 -0,0255 0,1163 0,1566
0,3844 0,2719 0,2474 0,3960

Taoauna 4. Marpuna Ums U-H3MeHYHBOCTel

Ne Ui U> Us Ug
1| 07084 | -0,1693 | -0,3043 1,0778
2| 16745 | -0,2613 | 0,1602 0,2726
3| 10949 | 04557 | -0,9768 0,9732
4| -07196 | -14213 | -0,1753 1,0107
5| -1,1870 1,3007 | 0,0799 1,1991
6| 1,1015|  0,0057 | 05903 -0,0083
7| 153820 -05612 | 0,6412 11,2422
.
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-1,8555 1,2772 | -0,1035 0,9651
1,1179 0,3111 | 0,9161 0,0350
10 | 0,0647 -0,4058 | 0,0154 -1,7727
11 | -0,3515 -0,9212 | 11,7543 -1,1839
12 | -1,5057 -1,3414 | -0,7202 0,7846
13| 0,8812 0,8614 | 1,3023 0,6544
14 | -0,2398 0,3456 | -1,6971 1,1395
15| -0,6568 -0,7915 | -1,6207 -1,5738
16 | -0,8666 0,6991 | 0,5121 0,2746
17| 09113 1,1382 | -1,5610 0,8003
18 | 0,9274 1,7681 | -1,2780 0,2300
19 | -1,4675 -1,1119 | 1,4367 -1,2305
20| 0,3185 0,8800 | 1,5185 0,3741
21 | 0,5262 -0,2450 | 0,5526 -1,7782
22 | 09210 -0,4031 | 0,1869 0,6459
23 | 0,4155 -1,1946 | 0,0445 0,4185
24 | 0,8139 1,6310 | 0,2645 -1,3547
25| -0,6599 -1,8463 | -1,5385 -0,7113
0,0000 0,0000 | 0,0000 0,0000
1,0000 1,0000 | 1,0000 1,0000
Tabuauna 5. Marpuna Yms y—M3MeHYHBOCTEIH
Ne Y1 Y2 VE] y4
1 1,4167309 0,0000 0,0000 0,0000
2 -3,348933 0,0000 0,0000 0,0000
3 2,1898188 0,0000 0,0000 0,0000
4 -1,439217 0,0000 0,0000 0,0000
5 -2,373947 0,0000 0,0000 0,0000
6 2,2029638 0,0000 0,0000 0,0000
7 2,7640893 0,0000 0,0000 0,0000
8 -3,711036 0,0000 0,0000 0,0000
9 2,2358262 0,0000 0,0000 0,0000
10 0,1293464 0,0000 0,0000 0,0000
11 -0,703099 0,0000 0,0000 0,0000
12 -3,011477 0,0000 0,0000 0,0000
13 1,7624023 0,0000 0,0000 0,0000
14 -0,479635 0,0000 0,0000 0,0000
15 -1,313518 0,0000 0,0000 0,0000
16 -1,73313 0,0000 0,0000 0,0000
17 1,8225815 0,0000 0,0000 0,0000
18 1,8548278 0,0000 0,0000 0,0000
19 -2,935072 0,0000 0,0000 0,0000
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20 0,6370705 0,0000 0,0000 0,0000
21 1,052369 0,0000 0,0000 0,0000
22 1,8420936 0,0000 0,0000 0,0000
23 0,8309586 0,0000 0,0000 0,0000
24 1,6278718 0,0000 0,0000 0,0000
25 -1,319885 0,0000 0,0000 0,0000
0,0000 0,0000 0,0000 0,0000
4,0000 0,0000 0,0000 0,0000
Taoauna 6. Marpuna Zms Z—U3MEeHYHBOCT e
o Z; Z2 Z3 Z4
1| 1,1879 0,2518 | -1,3446 -1,3446
2 | -2,8080 -0,5953 | 3,1785 3,1785
3| 18361 0,3893 | -2,0783 -2,0783
4| -1,2067 -0,2558 | 1,3660 1,3660
51 -1,9905 -0,4220 | 2,2531 2,2531
6| 18471 0,3916 | -2,0908 -2,0908
7] 23176 0,4913 | -2,6234 -2,6234
8| -3,1116 -0,6597 | 3,5221 3,5221
9| 18747 0,3974 | -2,1220 -2,1220
10 | 0,1085 0,0230 | -0,1228 -0,1228
11 | -0,5895 -0,1250 | 0,6673 0,6673
12 | -2,5250 -0,5353 | 2,8582 2,8582
13| 14777 0,3133 | -1,6727 -1,6727
14 | -0,4022 -0,0853 | 0,4552 0,4552
15| -1,1014 -0,2335 | 1,2467 1,2467
16 | -1,4532 -0,3081 | 1,6449 1,6449
17| 1,5282 0,3240 | -1,7298 -1,7298
18 | 11,5552 0,3297 | -1,7604 -1,7604
19 | -2,4610 -0,5217 | 2,7857 2,7857
20 | 0,5342 0,1132 | -0,6046 -0,6046
21| 0,8824 0,1871 | -0,9988 -0,9988
22 | 15445 0,3275 | -1,7483 -1,7483
23 | 0,6967 0,1477 | -0,7887 -0,7887
24 | 1,3649 0,2894 | -1,5450 -1,5450
25| -1,1067 -0,2346 | 1,2527 1,2527
0,0000 0,0000 | 0,0000 0,0000
2,8122 0,1264 | 3,6031 3,6031
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Tabuuua 7. YnopsigoueHHbIe 0 YObIBAHUIO 3HAYEHHU I
CHJI CTETeHH YTOMJIeHHs C3*Z31, yMEHbIIAIOIHECST CHJIbI POsIBIeHNH ()aKTOpPOB
€1%71, €2*22,C3*Z3 B TeueHHe 25 NPaKTHYeCKHX 3aHATHI HA KOMIIbIOTepe

Y1 c1*z; c2*22 C3*Z3 No
-1,3135 1,9433 | 0,0873 2,4898 7
-3,3489 15719 | 0,0707 2,0140 9
-2,9351 1,5488 | 0,0696 1,9844 6

1,8421 1,5395 | 0,0692 1,9725 3
-3,7110 1,3040 | 0,0586 16708 | 18
-1,4392 1,2051 |  0,0582 16593 | 22
-0,4796 1,2813 | 0,0576 16417 | 17
-1,7331 1,2390 | 0,0557 1,5875 | 13

2,2358 1,1445 | 00514 14664 | 24

1,8226 0,9960 |  0,0448 1,2762 1

1,8548 0,7399 | 0,0333 09480 | 21

0,8310 05842 |  0,0263 07485 | 23
-0,7031 0,4479 | 0,0201 05739 | 20

2,7641 0,0909 | 0,0041 01165 | 10

1,4167 -0,3372 | -0,0152 04320 | 14
-2,3739 -0,4943 | -0,0222 06333 | 11

0,1293 -0,9235 | -0,0415 -1,1832 | 15

1,7624 -0,9279 | -0,0417 -1,1889 | 25

2,2030 -1,0118 | -0,0455 -1,2964 4

1,0524 -1,2185 | -0,0548 15612 | 16
-1,3199 -1,6690 | -0,0750 -2,1384 5

2,1898 -2,0635 | -0,0927 26439 | 19
-3,0115 -2,1172 | -0,0952 27127 | 12

1,6279 -2,3544 | -0,1058 -3,0167 2

0,6371 -2,6090 | -0,1173 -3,3428 8

0 0,0000 | 0,0000 0,0000
4 28122 | 01264 3,6031
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GIF (Australia) =0.564 ESJI (KZ) =8.100 IBI (India) =4.260
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4,0000
3,0000
2,0000
1,0000 /\
0,0000
7 2 4 1 19%12) 2
-1,0000 5 2 6 ?
-2,0000
-3,0000
-4,0000
-5,0000
—] cl*z1 C2%72 e 3%73
Pucynok 3. YobiBaomuecst usmenuuBoctu ((-0,9491)*zs3)
IUISl 3aMeTHO CWJIbHO U3MeHsoeiics creneHu yromJenus (Y1) odyuyaromerocst
3aBHCAIIEH OT Z-IepeMeHHbIX ¢1*21, ¢2*Z2,C3* 23, i=1,...,25.
3akiouenue CHUCTEMa MHOIOCMBICIOBBIX  ypaBHEHUH ¢ 4
[TpoBenena hopmanu3aiys Oporecca «BIUSHUE CEeMaHTUYECKHMU HEU3BECTHBIMH  ITIE€PEMEHHBIMH,
Ha CTEICHb YTOMJICHUSI obyuarorerocs HalJIeH0 OAHO ee perieHue B Bujae Gpasel U3
3aMEUISIONINX PEAKIUil OT paboThl HA KOMIIBIOTEPE CIIO)KHOCOYMHEHHOTO  MpEAJoKeHHs.  BbiBeneHa
Opd  HAMYUK ~ CTUMYJIUpPYROIHMX  (HAKTOpOB Yy bopmyna BEJIUYNHBI CTEIECHH YTOMJICHUSI
00y4JaroIerocs» BBenenuble napameTpsl, obyuaromerocs:  Y1=0,8385%*(z1)+(0,1778)*(z2)+(-
MEepPEMEHHBIC YHCICHHO M3MEPSIOT, MOKA3bIBAIOT BO 0,9491)*(z3)+(-0,9491)*(z4). CKOHCTpyHpOBaHa
CKOJIbKO pa3 TMPOSBICHHE OTHOrO  (pakTopa 000CHOBaHHAs 3HAYEHUEM H3MEHUYHBOCTH KasKIOTO
OouiblIIe/MEHbIlIe TIPOSIBICHHS IPyroro ¢axkropa. 1o ciaraeMoro ¢pasa ee CMbICHIa: CMBICI(Y1)=«BETHYNHA
MO3BOJINJIO  BBIYMCIUTH BCE MOJENIBHBIE  CHIIBI CTETICHU YTOMJICHHUSI OOYYarolIerocs Ha i-OM ypOKe
TIPOSIBIICHUH 2 CTUMYJIAPYIOIIHX u 2 paBHa cymme: a) mpoumsBenenus cll*zil (¢ cmoit
JNecTa0mM3upyomue  (GakTopoB) H  OICHUTH TIPOSIBIICHUS ¢?1;=(0,8385)? 3amenenus BIUSHHH OT
OJTHO/THEBHBIE BEIMYMHBI CTEIICHU YTOMIICHHS OJTHOTO YJICHOB KOJUICKTHBA; O)Npou3BelneHUuss C21*Zip (cC
oOyuJaromerocs 3a 25 HEH MIPOBEACHUS cunoit  ¢%;=0,1778)?) MPOSIBJICHUS 3aMEUICHUS OT
OpakTUKyMOB ¢ npumeHennem I1K. BbIpaskeHsbI paboTel  OOy4aromerocsi Ha OJHOM UM TOM JKe

YHUCJIECHHO B BUJE JIMHEWHONW KOMOWHAIINYM 3HAYECHUN
16=4*4  napaMeTpoB NpU HEU3BECTHBIX 4-X z-
MEepeMEHHBIX,  BbIJEIEHA  TOJBKO  linHeWHas
KOMOMHAIMs, paBHas Y-nepemeHHoil Yl1. B Hei
WCTIONB3YIOTCS 4 Z-TiepeMeHHBIe (MMEIOIINX CMBICITH
2 — crumyiupyrolie o0ydyaeMoro u 2 CMBICIBI -
JiecTabUITM3MPYIOIINe) U HaitneHa (GopMmyna OLEHKH
BEJIMYMHBI CTENEHH YTOMIJIEHHS OOy4aromierocs.
Haiinensr MopnenbHBIE OTKJIOHEHUS TapaMeTpoB
Zip*ck1 ( k-ro daxropa mposiBieHus (u3 4), B i-oMm
NPaKTHKyMe. OTIEJIBHO MOJEIUPOBAINCH MaTPHIIBI
Ums (rang(Uma)=4) 1 Yms (rang(Ymas)=1) [17] Taxue,
410 (1/m)U meUms=114,Yms= UmaAY%44, Zns=YmaC"as
(rang(Zms)=4). Marpuna 3HAYCHHUI Z-TIEPEMEHHBIX
71,22,23,24 Zm4=YmaCT44, UMEET KOBapPUALIMOHHYIO, A
HE  KOpPpPeILIIMOHHYIO  MaTpuiy, ubo  ee
MICEBIOCOOCTBEHHBIE  BEKTOPHI  yJIOBIETBOPSIOT
cootHotIeHUIM C"44Cas7144,C44C 44=44. Pazpaborana

KOMIILIOTEPE Ha BCEX 3aHATHUAX; B) IPOU3BENECHUS
cu*zis (¢ cumoit  ¢%3=(-0,9491)%) npossnenus
YCKOpeHHUsT OT Hanmuuusi coOpanHoit um BJI; 1)
npousBeeHus c41*Zis (¢ cmmoit  ¢%43=(-0,9491)?)
IPOSIBIICHUS. YCKOPEHHs OT yMEHBIIEHMS pa3bpoca
TIPENOYTEHNH B CTHMYTIAX OOYUAIOIIUXCS B TPYIIIEY.

Mogens OOHAPYXHNA PA3NMUME BEIMUMH CHII
m3meHumBocTeir  ¢%11=0,8385%  ¢?1=((0,1778)?);
c231=(-0,9491)%; ¢%41=(-0,9491)?, OHU COOTBETCTBYIOT
pasHBIM  J07AM CHJI HOpOsBIeHuil  Z-pakTopoB
71,22,23,24. Tlo cpaBHeHMIO C J0IAMH Z-(haKTOPOB
22,23,Z4 HEMHOro cnabee NpOSBIEHA B BEIUUMHE
CTeNeHM yToMIleHHs obywaromierocs Aois (akropa
Z1, pasHas ¢?11=0,8385%<1 ITo cune BausHUsS (PaKTOp
Z1 (c?11=0,83852) otHOCHTCA K THITY «BBICOKas» - (0,7
— 0,9]. [unamuka 3HadueHwid (HaKTOpPOB Z3,Z4,
BIIHSIONINX HA BETMUMHY YTOMICHHUS (OHH PABHBI U3-
3a oxHogakropHocTn Mmozenun: Ass=diag(4,0, 0,0))
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€31%Zis=Ca1*Zi4, i=1,...,25, 3a 25 3aHaTHii uUMeeT

yObIBaromuii Tpeny (Pucynox 3).

10.
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MEXKYJbTYPHBIA ACIIEKT MHKJIKO3UU B COBPEMEHHOM OBPA3OBAHUM

Annomayusn: B cmamve paccmampueaemcst MejcKy1bmypHblil dCNeKm UHKIIO3UU 8 KOHMEKCMe CO8PEMEHHO20
006pa306aHUsL, XAPAKMEPUIYIOUIE20CS BLICOKOL CIENEHbIO KYIbIMYPHOZ20, A3bIK0B020 U IMHULECKO20 PAZHO0ODA3USL.
Ananuzupyiomes meopemuieckue nooxoovl K UHKIIO3UU, PACKPbIBAIOMCI MOOENU MENCKYIbIMYPHO20 00paA306aHUs,
uccnedyemcsi poib neoazoco8 8 Gopmuposanuy UHKIIO3UeHoU cpedvl. Ocoboe GHUMAaKUe YOensemcst npooaemam
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peanuzayuy UHKIIO3UU 8 MHO2OHAUUOHAIbHBIX 00WeC8ax, a makice MeHCOYHAPOOHOM) ONbIMY GHeOpeHuUs
MEJNCKYILIMYPHLIX 00pasosamenvhblx npaxmuk. Iloduepkusaemcsi HeoOXOOUMOCMb KOMNIEKCHO20 N00X00d K
PA36UMUIO MENHCKYIbMYPHOU KOMNEMEHMHOCMU 8CEX YUACMHUKO8 00paA308amenbH020 npoyeccd. AHAnu3upyomcs

meopemuueckue Nnooxoowl
MENCKYILINYPHOU — KOMNEMEHMHOCMU  Nedda20208,

K UHKWIO3UU 8 YCIOBUSX KYIbMYPHO20 PA3HOOOPA3Us, PACKPbIBAEMCs POlb
a makdce GIUAHUE COYUOKYILMYPHBIX (HAKMOpos Ha
@opmuposarue UHKIIO3UGHOU 00pazosamenvholl cpedsi. Iloouepkueaemcs,

umo hpexmuHas UHKIIO3US

HeB803MOJICHA be3 yyema KyJIbIMYPHbIX, A3bIKOGIX U IMHUYECKUX PATUYULL 00YYAIOUUXCA.
Knroueevle cnosa: uHKIO3UA, MeNCKYIbMYpPHOe 00paA308aHue, KyIbMypHOe pa3Hoobpasue, nedazo2uxd,
MEJHCKYIbIMYPHAS KOMNEMEeHMHOCMb, 00pa308amenbHas cpeod, moiepaHmHoCb.

BBeaenue

CoBpeMeHHBIH MHp XapaKTepu3yeTcs
YCHJICHHEM TIPOILIECCOB TNI00ATN3AIUH, MUTPALNUU U
KyJIbTYPHOTO B3aUMOJAEHUCTBHUA. OTH IPOLECCHI

OPUBOMAT K (OPMHPOBAHUIO MHOTOHAIIMOHAIBHBIX
o0IecTB, B KOTOPBIX 00pa30BaTElbHBIE CHCTEMEI
CTAJIKHMBAIOTCI C HEOOXOJUMOCTBIO  YYHMTHIBAThH
pa3HooOpasue KYJIbTYPHBIX, SI3BIKOBBIX u
COLMANIEHBIX XapaKTEePUCTHK OOyJarommxcs. B atux
yCIoBHAX 00pa3oBaHUE CTAHOBUTCS «KITFOYEBBIM
MHCTPYMEHTOM  COLMAJIBbHOM  HMHTErpauuu M
obecriedeHNsT pPaBHBIX BO3MOXKHOCTEH [UII BCeX
oOyJaromuxcs HE3aBUCUMO OT WX KYJIBTypHOU
MpUHauIe)kHOCTHY [ 1, ¢.48].

Wuxmo3nBHOe  00pa3oBaHue  TPaJUIHMOHHO
paccMaTpUBaIOCh KaK «CHUCT€Ma BKIIIOUEHUS JIUI] C
OTpaHUUEHHBIMU  BO3MOXXHOCTSIMH  3/I0POBbSI B
obpazoBatenbHbIil mporece» [2, ¢.69]. Omnako B
MocJeTHIE JIECSITUIICTUS ero coJiepKaHue
CYILLECTBEHHO paciuupuiocb. CeroiHs HWHKIIO3HS
BKITIOYAeT HE TONBKO (DPM3WYECKHe M KOTHUTHBHEIC
0COOCHHOCTH O0YYaIOIMXCsl, HO U UX KYJIbTYPHYIO,
STHUYECKYIO U S3BIKOBYIO HIEHTUYHOCTD.

B coBpemMeHHOM Hay4HOM JHCKYpCE €ro
coJiep)KaHue paciupsieTcs u BKJIFOYAET
MEKKYJIbTYPHBIN KOMIIOHEHT. HccnenoBanus
MOKa3bIBAIOT, YTO WHKIIO3UA TECHO CBfA3aHA C
MEXITHUYECKUM u MEXKYJIbTYPHBIM
B3anMoJIeiicTBHEM B 00pa30BaTeNbHON Cpeie.

[ToBslmeHe MHOTOOOPA3Ns Cpein ydaluxcs u
pabOTHUKOB 00pa30BaHMUs, IPEJICTABIAIONINX Pa3HbIE
peamuu W KYJIBTYpHBIE  OCHOBBL,  TpeOyeT
MHKJIIO3UBHBIX - BCE BKIIIOYAIOIIMX U PABHOIPABHBIX
— y4eOHBIX cpel, KOTOpBIE MOMICPKUBAIOT
MHOT000pasue, YIOBIETBOPSIOT MOTPEOHOCTH BCEX
yYammuxcs U COCOOCTBYIOT 3HAHHIO M IMOHUMAaHHIO
0o0mux IeHHOCTeH M NpUHOMIOB. «VIHKIIO3MBHOE
00pa30BaHHE HAIEJIEHO HA TO, YTOOBI IT03BOJINTH BCEM
oOyyaromuMmcsl B IHOJHON Mepe pealn3oBaTh CBOH
MOTEHIIAAI MTOCPEICTBOM MIPEIOCTABICHHS
Ka4eCTBEHHOTO O00pa3oBaHMs M1 BCEX B CaMbIX
pacTIpOCTpaHEHHBIX  YCJIOBHSX, yaemsis ocoboe
BHUMaHHUE Y4YalllUMCs, KOTOPBIM MOXET TIpPO3UTh
MapruHanu3anus 1 HU3Kas yCIeBaeMOCTb, aKTUBHO
CTpeMsCh MOANCPKATh UX W THOKO pearupys Ha
00CTOsATENLCTBA M MOTPEOHOCTH BCEX YYAIIMXCS, B
TOM 4HCI€ M TOCPEICTBOM HHIMBUIYaJIbHBIX
MOJXO0/10B, LIEIEBOM MOANEPKKU U COTPYAHUUECTBA C
CEMbSIMU U MECTHBIMH cooOmiecTBamu» [3, ¢.62].

Meroauka 3KClIepUMEHTOB

Takum  00pa3oM,  BO3HHKAaeT  IOHSTHE
MEXKYJIbTYPHOH HHKJIFO3HH, KOTOPOE MpeArnoiaraet
co3/laHie 00pa30BaTEIbLHON Cpe/Ibl, YIUTHIBAIOMICH U
yBaXkarollel KyJIbTypHOE pazHooOpasue.

AKTyanpHOCTb Halllei cTaTbH 00yCIIOBIICHA TEM,
yro 0e3 ydera  MEXKYJbTypHOro  (akropa
HEBO3MOXKHO TIOCTPOUTH YCTOWYHBYIO u
CIIpaBeNTNBYIO 00Pa30BaTEILHYIO CUCTEMY.

«uKmro3us (ot dat. inclusion - BKIIOYCHHE) B
TIeJaroTHKe 03HAYaeT IPOoIecC 0OecTIeueHNs paBHOTO
JocTyma BcexX oOyJalommxcs K 00pa3oBaHHIO,
HE3aBHCUMO OT MX HHANBUIYaJIbHBIX 0COOCHHOCTEN
[5, c.72].

CoBpeMEHHbIE HCCIIEA0BATENN BBIIEISIOT TPU
YpOBHS  WHKIIO3MM:  (usmueckas  (ZOCTym K
o0pa3oBaTenbHON cpene), coluanbHas (ydacTue B
JKU3HU KOJJIEKTHBA), KyJIbTypHas (IIpU3HAHUE W
yBa)XEHHE WACHTHYHOCTH). lIMEHHO KynbTypHas
MHKJIIO3USI CTAaHOBUTCSA LICHTPAIBHBIM 3JIEMEHTOM
MEXKYJIbTYPHOTO MOIXOA.

WHKmI03UsT  TECHO CBs3aHa C KOHIIEIIHEH
MYJIbTHKYIbTYpai3Ma, IpeAToIaraomei
MIPU3HAHNE PaBHOM LIECHHOCTH BCeX KyJIbTyp. OqHAKO
MEXAYy HUMH €CTh Pa3iIM4He: MYJIbTHKYJIbTYypallU3M
aKIEHTHPYET COCYIIECTBOBAHUE KYJIBTYP; MHKIIO3HS
HalpaBjleHa Ha aKTMBHOE BKJIIOYEHHE  BCeX
YYaCTHHUKOB B eMHOe oOpa3oBaTenpHOe
npoctpancTBo. TakuM o6pa3zom, MHKIIO3UA - Oojee
«ACATCIIBHOCTHAs u MPAKTUKO-OPHUCHTUPOBAHHAA
KOHIenIwsi» [6, ¢.62].

B HaCcToAIeeC BpeMs HCCIIEA0BATEIIN
3aHUMArOTCA BOIIpoOCaMu, CBsA3aHHBIMH C
MCIKKYJIbTYPHBIM ACIICKTOM HWHKIIIO3UH.

MexXKynbTypHas HHKIIO3MS MPEICTaBlsieT CcoOoi
npolecc co3gaHus 00pa3oBaTeNbHONM Cpeabl, B
KOTOPOH YYHTHIBAIOTCSl KYJIBTYpHbIE OCOOCHHOCTH
oOyuJaromuxcs, obecrieunBaeTcs PaBEHCTBO
BO3MOXHOCTEHl W dopMmupyeTcss yBaXKCHHE K
KyJIbTypHOMY Pa3sHOOOPAa3HIO.

E€ wiroueBble XapaKTEPUCTHKU: IPU3HAHUE
KYJIbTYPHOH HWIOEHTUYHOCTH ydauuxcs;
NIPENOTBPALLEHUE JUCKPUMUHALIUY; pasButTHe

Jaora Mex1y KyiabTypamu; GopMupoBaHue 00Iei

o0pa3oBaTeNbHOM  cpeasl  MPH  COXPaHEHUH
KYJIBTYPHBIX Pa3In4ni.
MeXKynbTypHasT ~KOMMYHHKAIMS  SIBIISIETCS

OCHOBHBIM MEXaHM3MOM peanu3aluu HHKIo3uu. OHa
BKJTIOYAET B ce0s1 0OOMEH KyJIbTypHBIMHU IICHHOCTSMH,
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pa3BI/ITI/Ie OMIIATHH, HpeOHOHeHI/IC CTepeOTI/IHOB, TpaﬂI/IHI/H/I nu HOpMBI IIOBCACHMU, peHHFHO?;HBIe

(dopMupOBaHHE  HABBIKOB  B3aUMOICHUCTBUS B
MHOTOHAI[MOHABHOU cpene [7].

Be3 adhekTHBHON KOMMYHHUKAI[MH HHKITIO3HSI
npeBpamaercs B (GopManbHBIA mporecc. Takum
00pa3oM, HMHKIIO3MS B 00pa30BaTEeIbHOM KOHTEKCTE
OTpe/IeTIsIeTCs KaK MPOIIECC CO3/IaHHs YCIOBHM, MPH
KOTOpPBIX BCe OOydaloliuecss MOTYT MOJHOLEHHO
y4acTBOBaTh B 00pa30BaTeslibHOM  IMpoIecce
HE3aBUCHMO OT UX ocoOeHHOcTel. B 6oee mmpokom
MOHMMAaHUM  OHAa  BKJIIOYaeT  COLHUANbHOE H
KYJIBTYpHOE pazHooOpasmue.

CoBpeMeHHbIE HCCIENOBaHMS NOAYEPKUBAIOT,
4YTO HMHKJIIO3MBHOE oOpa3zoBanue QopmupyeT cpeny
PaBEHCTBa, I/I¢ YYUTHIBAIOTCS HWHIUBHUAYaNbHBIC H
KyJBTYPHBIC pa3iUyus y4aluluxcs, 00ecredynBaeTCs
JIOCTYII K O0YYEHHIO M COLUAIbHOM sxn3Hu [8-11].

OHHOﬁ M3 OCHOBHBIX 3aJa4 MHKIIKO3UU SIBIACTCA
pearupoBaHue Ha LIUPOKUIA CIIEKTp
00pa3oBaTeNbHBIX MOTPEOHOCTEN B IIKOJIBHOU cpeje
U 3a ee mnpexaenamu. WHKIIO3UBHOE 00pa3oBaHHE
OCHOBaHO Ha WJICOJIOTHH, HUCKIIOYAIOIIeH I00yro
JUCKPUMHUHAIIMIO JeTell, 00ecreunBaroneil paBHOe
OTHOIIIEHHE KO BCEM JIHOJIIM, HO CO37aroleii ocooble
YCIOBUSL Ul AETed ¢ OCOOBIMH IOTPEOHOCTSIMU.
Wukmr03uBHOE 00pa3oBaHUE IICHUT pa3HOOOpas3ue u

YHUKaJIbHYIO  pOJIb  KaXKIOIO  UeIOBEKa B
00pazoBaTeIbHOM IpoLECCE.

MexXKyJIbTypHBIH acCIIeKT HMHKITIO3UU
Hperonaraet MIpU3HAHUE KyJbTypHOTO
MHOT000pa3us KaK LEHHOCTH, pa3BUTHE
TONEPAaHTHOCTH M  YB&XKEHUS K  Pa3IM4YHbIM
TpaIULHAM, ¢dbopMupoBaHue HaBBIKOB
MEXKKYJIBTYpHOH  KOMMYHUKAIWH, aJanTaluo
00pa3oBaTeNbHBIX ~ HPOTpaMM K  KyJIbTYypHBIM

0COOEHHOCTSIM y4alIuxcs.

B cOBpeMEHHBIX YCIOBUSX MEXKYJIbTYPHBIN
aCleKT B HWHKIIO3UBHOM O0pa30BaHMU  HIpaeT
BOXHYIO POJIb, BCJIEACTBHE YEro MEXKKYJIbTYPHYIO
KOMIIETEHTHOCTh ~ YMECTHO paccMaTpHBaTh  Kak
OCHOBY WHKIJIIO3UU. NHbpIMHU CJIOBaMH, OJHHUM U3
KITFOYEBEIX (PAKTOPOB YCHEUTHOH HHKIFO3UH SBISCTCS
MEXKYJIbTypHas KOMIETEHTHOCTh mexaroroB. OHa
BKITIOYAET B ce0s 3HAHHUE KYJIbTYPHBIX 0COOEHHOCTEH
00yJaromuxcs, CIoCOOHOCTh YUUTHIBATH S3BIKOBEIC
pa3inuus, YMEHHE TIPEAOTBpAIIaTh KYJIbTYPHEIC
KOH(JIUKTBI, HABBIKK CO3MaHUs O€30macHOi |
YBaXHUTEIHHOW 00pa30BaTENbHON CpeIbl.

HccnenoBanus B [eJarornYecKux
YHUBEPCUTETAX IOKa3bIBAIOT, qTO Ppa3BUTHUEC
WHKJIIO3UBHBIX LIEHHOCTEW HaIpsSMYyI0 CBSI3aHO C
YPOBHEM MEXKYJIbTYpHOH MOATOTOBKU OyAymInX
yduTenen.

HccnenoBatenn 9acTo NOAYEPKUBAIOT POIIb
ITHOKYJbTYPHBIX ()aKTOPOB HHKJII0O3MU [12-14].
OTHOKYJIbTYypHasi cpela OKa3bIBacT 3HAYMTEILHOE
BIIMSTHUC Ha peanuzanuio MHKJIIO3UBHOTO
oOpa3zoBaHKusi. B MHOroOHalMOHAIBHBIX OOIIECTBAX
oco0oe 3HAYEeHHE TMPHOOPETAIOT: S3BIK OOYYCHWS,

0COOCHHOCTH, YpPOBEHb KYJIBTYpHOW WHTErpalvy,

ceMelHbIe ICHHOCTH, COLIMAJIbHBIC HOPMBI
IIOBCACHMUA.
HaanMep, CPaBHUTCJIbHBIC HUCCICOA0OBAaHUA

MOKa3bIBAIOT, YTO SI3BIKOBOH (aKTOp MOXKET Kak
CIIOCOOCTBOBATH, TAK M MPEISATCTBOBATH BKIIIOUECHHIO
mereii B 00pa3oBaTeNbHBIA TPOIECC, TO €CTh
SI3BIKOBOW Oapbep SBISETCS OIHOM W3 TIIABHBIX
po0JIeM MHKITIO3UH B MHOTOHAIIMOHANIBHBIX KIIaccax.
OH MOXXET MPEmITCTBOBATh HE TOIBKO 00YUSHHIO, HO
U COLMAJIbHOW MHTETpaLiH.

Henp3st ocrtaBmsiTe 0e3 BHUMaHHS BOIPOCHI

MPaKTHYECKOH  peaju3alid  MeXKKYJIbTYPHOI
HHKJIO3MH. B oOpasoBarenbHOW — IMpakTHKe
MEXKYJIbTypHasi MHKIIO3MS pealu3yercss uepes

BHEJIPEHHE MYJIbTHKYJIBTYPHBIX 00pa30BaTEIbHBIX
MPOrpamMM, UCIIOJIb30BaHKE JIBYS3bIYHOTO OOy4YeHUs,
pasBUTHE  TIpOrpaMM  KYJBTYPHOIO  OOMeEHa,
MIPUMEHEHNE TEXHOJOTWH aJanTHBHOTO OOydYeHHS.
OCHOBHBIC HAlPaBJICHHUS NPAKTUYECKON pean3aliu
MHKJIIO3UBHOTO ~ 00pa3oBaHMsA. OTO  peanu3anus
00pa3oBaTeNbHBIX IPOTPaMM  depe3 BHEAPCHHE
MYJIBTUKYJIBTYPHOTO COJCP)KaHMS, HCIOIb30BAHUC
MIPUMEPOB PA3HBIX KYJIBTYp, BKIIOUEHNE ITHUYECKOM
ucropur. Croga BXOIUT OpraHu3alus Cpeibl:
co3laHue Oe30MacHOr0 INPOCTPAHCTBA, BHU3YalbHOE
OTpakeHHEe KyJbTYpHOTo pa3Ho0Opasusi, NoAepKKa
S3BIKOBOTO pa3zHooOpasus. B mpouecce peanuzanuu
MOXHO 3((EeKTHBHO WCHOIB30BaTh CIEAYIOIIUC
METOAMKH OOydYeHHs: KOOIEepaTHBHOE OOydeHMHE,

MPOCKTHYIO ACATCIBHOCTL, AUAJIOTOBBIC TCXHOJOI'MU
[15].

Ocoboe 3HAUEHHE UMeeT CO3/1aHuUE
MHKITIO3UBHOM KYJIBTYPbI 00pa3oBaTEeILHOTO
yUpeKIIeHus, TJAe I[EeHUTCA pazHooOpasue U

HOJIeP’KUBAETCS PAaBEHCTBO BO3MOXKHOCTEH.

B ycroBusx peanmzanuu  MEXKYJIbTYPHOU
WHKITIO3MM  BO3HHMKAaeT IpolneMa  IMOATOTOBKH
KOMIIETEHTHOTO nejarora. CrpykTypa
KOMIIETEHTHOCTH II€farora BKJIIOYaeT B  cebd
KOTHUTUBHBIH ~ KOMIIOHEHT, TO €CTb 3HaHue
KYJIBTYPHBIX 0CcOOCHHOCTEH, TTOHUMAaHHe
sTHONICUXOJOTUH. Cleayomuii KOMIIOHEHT — 3TO
SMOIMOHAIBHBII ~ KOMIIOHEHT:  TOJEPaHTHOCTH,
SMIaTHs, YBaXEHHE K pazmmumsaMm. [lanee -
MOBEJICHYECKUH  KOMIIOHEHT, CI0Jla  OTHOCSTCA
HaBbIKM  OOIIEHHS, yMEHHE  IpelOTBpaIlaTh
KOH(IIMKTBI, aanTaiys 00pa3oBaTelbHbIX METO/IOB.

B Hactosmee Bpemst OonbIioe BHHUMAaHHE
YIENAIOT TOATOTOBKE memaroroB. CoBpeMEHHEIE
MeTarOTMYEeCKUe MPOTPaMMbl BCE dHalle BKIIOYAIOT
KypChI IO MEKKYJIBTYpPHOH NEJaroruke, TPEHHHT U MO
TOJIEPAHTHOCTH, MIPaKTHKY paboTsl B
MYJIBTHKYJIBTYPHBIX TPYyIIax.

OpHako BO MHOTMX CTpaHaX HOJATrOTOBKa
ocTaércs HEI0CTaTOYHOM, 4TO CHIDKAET
3¢ PEKTUBHOCTH MHKIIO3HH.
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Ecnmum roBoputh 0 MEXIYHApOIHOM OIIBITE
MEKKYJIbTYpPHOH UHKITIO3UH, TO cienyer
MOJYEepPKHYTh, YTO B CTpaHax EBpOIBI aKTHBHO
Pa3BUBAIOTCS MOJEIN MHTETPALlUd MUTPAHTOB uepes

o0pazoBaHue, OMJIMHTBaJIEHOTO oOy4eHus,
MEXKYJIbTYPHBIX LIKOJNBHBIX HporpamMm. Ocoboe
BHUMaHHE  yJENSeTCS  SI3BIKOBOM  IOJIEPXKKE
yaamuxcsa-murpaaro. B CIIIA  peammsyercs
koHuerms  inclusive  multicultural  education,
KOTOpasl ~ MHpeAnojaraeT  paBHBIH  JOCTYm K

00pa3oBaHMIO, yYeT STHHYECKOTO pazHOOoOpas3us,
00pp0y ¢ TMCKpUMUHAIIMEH B IITKOJIAX.

B crpanmax Asum akueHT JenaeTcd Ha
COXpaHEHHE HalMOHAJIbHOU UJCHTUYHOCTH,
rapMOHU3alU0  TPaJulUUid U  COBPEMEHHBIX
00pa3oBaTeIbHBIX IIOAX0/I0B, pasBuTHe
MEX3THUYECKOT'O COIJIACHSL.

HHTeHCUBHOE  pa3BUTHE  MEXKYJIbTYPHOU

HWHKJIIO3UU TMOPOANUITIO MHOKCECTBO l'IpO6J'I€M. TaK,
HCCMOTpPs Ha PA3BUTHC UWHKIIO3UBHBIX IIPAKTHUK,

COXPaHSIOTCS CIIeIyIOIIHe POOJIEMBI:
HEJ0CTaTOYHasi MOATOTOBKA IICAroroB, S3BIKOBBIC
Gapbepsl, KyJIbTYPHBIC CTEPEOTHIIBI u
npenyOeKaeH s, OIPaHUYCHHOCTh METOJUYECKHX
pecypcos.

OcobeHHO  CIIOKHOW  siBieTcsl  IpobieMa

ajantanuu o0pa3oBaTeNbHBIX MPOrpaMM K OBICTPO
MEHSAIOIIEMYCS KYyJIbTYPHOMY COCTaBY YdYallHUXcCs.
Taroke yacto HabmomaeTcs (HOPMAIBHBIA XapakTep
BHEAPCHHUS HHKIIO3UH Oe3 TIyOOKOH MepecTporKd
00pa30BaTeNbHON CPEBbL.

MexXKynbTypHas HHKIIO3HS HMEET XOpOLINe
NEePCHEeKTHBEl Pa3BUTHA. Bymyniee MexXKyIbTypHON
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MODAL ANALYSIS AND D'ALEMBERT'S PRINCIPLE

Abstract: The objective of this study is to ascertain the characteristics of seismic actions that define their hazard
level for various limit states of structures. In addition, a methodology for modelling design actions in multi-level
structural design is to be developed. The present study employs methodologies from the fields of structural mechanics,
structural dynamics, and mathematical statistics. The findings facilitate the evaluation of the seismic resilience of
structures in scenarios where seismological data is scarce or non-existent, a crucial consideration for standard
design methodologies. A comprehensive investigation and analysis of the kinematic, spectral and energy
characteristics of seismic actions has been conducted. A methodology is proposed for determining the design action
level, taking into account the seismic hazard of the area and the structure's service life. A new model for calculating
accelerograms has been developed, taking into account the expected limit states of structures and the characteristics
of actual earthquakes. A modal analysis of systems with many degrees of freedom was performed based on
D'Alembert's principle.
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Introduction

In the study of a system with a single degree of
freedom, the value of the restoring force was obtained
by solving the equation of motion for a conservative
system and was confirmed experimentally. It was also

established that the restoring force exactly follows
Hooke’s law. In subsequent calculations, the equation
of equilibrium was essentially used.[1]-[3]

In 1743, a French mathematician proposed a
statement that would subsequently become known as
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"D'Alembert's principle”. In accordance with the
aforementioned statement, it can be posited that all of
the laws of motion of a system of material points can
be reduced to the laws of equilibrium. In the event of
a geometrically rigid system of material points with
constraints being in equilibrium under the action of
external loads, the following condition is to be
observed:

F;+P,=0{i=1,2,..n},

where Fsi is the resultant reaction force; Pi — is the
resultant of all external (active) forces acting on point
i

If the active force varies with time, then,
according to Newton's second law, there is a change
in momentum m;y; = Fg; + P;.

1my

If we input the force S; = P, — m;y, known as
the “lost force,” then Newton’s second law can be
written as Fy; + P, = 0. This equation of motion is
structurally identical to the equation of equilibrium.
The lost force S; can be expressed as the sum of two
forces: the active force P; and the so-called inertial
forcel; = —m;y, . Then the equation of motion takes
the form of an equilibrium equation for three forces

F5i+P,:+I,:=0

An illustration of D’ Alembert’s idea is shown in
Fig. 1. In Fig. 1la, a — vector representation of
Newton’s law is shown; Fig. 1b illustrates the idea
behind D’ Alembert’s principle; and Fig. 1¢ provides a
visual representation of the lost force.

e ——

Fy

Fig. 1. D’Alembert’s idea: a — a vector representation of Newton’s law;
b — D’Alembert’s principle; c — lost force

D'Alembert  generalized the equilibrium
condition for a single point to an arbitrary mechanical
system. According to D'Alembert's principle, the
dynamic equilibrium condition can be obtained by
adding the inertial force to the static equilibrium
equation. The static equation for systems with many
degrees of freedom is known from the course
“Structural Mechanics”: ry = P, where r — is the
stiffness matrix of the system; y — is the desired
displacements; P— is the external load.[2]

By adding the inertial force, we obtain the
dynamic equilibrium equation

my +ry=P.

We will proceed in the same way with the
damping forces. Ultimately, the dynamic equilibrium
equation for a system with many degrees of freedom
under seismic loading will take the form

my+cy+ry=my,. Q)

Equation (1) is identical to Equation (2.1), but is

written in matrix form. Frequency analysis of the

equation of motion. The free oscillations of a
conservative system with many degrees of freedom
are described by the equation

my+ry=0, )
where 0 is the zero vector.
By analogy with the analysis of a system with
one degree of freedom, let us assume that the system
undergoes harmonic oscillations

y = J sin(wt + @) 3
where § — is a vector characterizing the modes of
oscillation of the system, in which only the amplitudes
vary.

We differentiate (3) twice and substitute the
result into (2)

(r — w?*m)y sin(wt + @,) =0
or, by omitting the term sin(wt + ¢,), we obtain
r—w?m)y =0. 4

A non-trivial solution (4) for § is possible
provided that the determinant of the system is zero
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Ir — w?m|l = 0. (®)

Equation (5) is called the frequency equation of
the system. Expanding the determinant in (5) yields an
equation of the nth degree in w?. Solving this
equation yields n values w

w’ = (w1, Wy, . 0}, ... 0y ),
where N is the number of degrees of freedom. When
N = 0 — Wya = 0.

The problem of finding the frequencies of
oscillations corresponds to the problem of eigenvalues
in linear algebra. Let us rewrite equation (4) in the
form

ry = Amy (6)
where the following symbols are defined 1 = w?

In terms of linear algebra, the quantities A and §
are referred to as eigenvalues and eigenvectors,
respectively. There are methods for determining the
eigenvalues and eigenvectors directly from equation
(3.6). If the mass matrix is diagonal, the problem is
significantly simplified. Let us introduce the
following notation

1 1 1
k=mTz2zrm 2,V = mz2y

Then equation (6) can be written in standard
form as 2 = VT kV, where A is a diagonal matrix of
eigenvalues; V — is a matrix whose columns are the
eigenvectors of the matrix k.[1],[3]-[5]

Eigenvectors and eigenvalues have the following
properties:

1) an eigenvector V; has a unique eigenvalue A;;

2) if V;— is an eigenvector with eigenvalue 4;
and g — is any nonzero number, then qV; — is also
an eigenvector with eigenvalue 4;;

3) if V; and V; are eigenvectors with eigenvalues
A; and A;, where 4; # A; , then V; and V; are linearly
independent;

4) The eigenvectors of a real symmetric matrix
corresponding to different eigenvalues are orthogonal.
A necessary and sufficient condition for orthogonality
is VTV = E, where E is the identity matrix. It follows
that V=1 = VT. The condition for orthogonality of
vectors §

yTmy=E ()

Vectors that satisfy condition (7) are called
orthonormal. Let us multiply both sides of equation
(6) on the left by the transpose of the eigenvector
matrix

I’y = w?y'my ®)
or taking into account (7) $Try = w?, where w?— is
a diagonal matrix.

It should be noted that the values of w? are not

eigenvalues of the stiffness matrix .

Standard coordinates. Let's enter generalized
coordinates
9)

where @ — a matrix composed of columns of
eigenvectors; ¢ — a column vector of generalized
(modal) coordinates.[1],[2]-[4]

Essentially, we have replaced the vector §; of
the i th eigenmode with the vector q;¢p;, where q; —
is a scalar. This substitution is possible thanks to the
second property of eigenvectors. After substituting the
generalized coordinates into the equation of motion
(1), we obtain

y = &g,

m®q + c®q + rdq = mey (10)
where e is the vector that determines the displacement
of masses for a unit displacement of the base.
Essentially, this is the vector of cosines between the
direction of the seismic excitation and the directions
of the dynamic degrees of freedom.

Multiplying both sides of the equation from the
left by the transposed matrix of eigenvectors yields a
system of decoupled equations

" mdG + 7 cdg + T rdq = ¢ mey
where &7 m®, T cd, dTrd diagonal matrices.
Thus, for any i-th eigenmode, a unique equation is
obtained in terms of the generalized coordinate g;

i med; + @] cpiq; + 9] rpiq; = i mey, (11)

Let’s define the following notation: M; =
@Tme;- modal mass; C; = ¢! ce; -modal damping;
R; = ¢Irp;- modal stiffness; L; = ¢ me — modal
active mass.

Given the notation used, equation (11) takes the
form

M;q; + Ciq; + Riq; = Li¥o

Since the modal mass is nonzero, it can be
eliminated from the equilibrium equation for the
modal coordinate. Then, taking (8) into account, the
equation for the i-th mode takes the form of a linear
oscillator

. . Li ..
d; + 2§ w;q; + wiq; = w; Y0 (12)

where ﬁ - seismic load factor. By analogy with a

system having a single degree of freedom, the
following symbols are defined:
ﬁli = 2§;w;,

The determination of the displacements yj in
geometric coordinates is achieved by solving equation
(12) in terms of the generalized coordinates q;, via
transformation (9). As the generalized coordinates are
obtained through orthogonal transformations of the
original matrices, they are referred to as normal
coordinates. Furthermore, it is important to note that
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generalized coordinates are used to characterise the
principal modes of undamped systems and are also
referred to as principal coordinates. The term ‘modal’
is ultimately derived from the Latin term 'modus',
which translates to ‘form', 'method' or 'rule'. This
nomenclature is employed to denote the specific
calculation method. The term 'normal' is most
frequently employed, with the emphasis placed on the
derivation of a decoupled system of equations.[6]

Note: For equation (12) to be correctly
presented, two conditions must be met:

1) The damping matrix must satisfy the
condition ¢! co; = 2&w; 0T me;

2) The damping ratio must be much less than 1
for all eigenmodes. That is, the following condition

must hold: w; ~ /1 — &7,

77777

If the first condition is not satisfied, then it will
not be possible to obtain decoupled equations, and the
form decomposition loses its meaning. If the second
condition is not satisfied, then the form decomposition
does not reduce to an eigenvalue problem in linear
algebra.

Example 1. Let us determine the periods and
modes of vibration of the planar system shown in Fig.
2. The system has three degrees of freedom—two
translational and one rotational. The translational
degrees of freedom are associated with masses of 200
t, and the rotational degree of freedom with a mass of
150 3. The stiffness matrix of the system

— @

Fig. 2. Flat system

70743 7949 —9687
r=17949 55739 32901
—9687 32901 60732
1 1
Matrix k = m 2rm" 2
353,7154 39,747 —55,93
k= [ 39,7466 278,694 189,956]
—55,931 189,956 404,883

Let’s define the eigenvalues k and the real

1
eigenvectors A ={123369544}d =Vm™z =

-0,01927 0,06749 —0,00859
[ 0,05457 0,02067 0,03994 l Natural
—0,04692 -0,00491 0,06664

frequency w = {11,119,223,3} u Periods by
waveform T, = i—” T = {0,566 0,327 0,269}.

In this particular instance, the eigenvectors are
orthonormalized. The calculations were performed in
MS Excel using the application's functions.[1]

The phenomenon of superposition of vibration
modes is demonstrated here. Following the
determination of the system's response in normal
coordinates, a transition is initiated to geometric
coordinates. In accordance with the stipulations

outlined in Section 3.9, the displacement of the k-th
mass is to be determined.
Vi = Xi=14i Pi (13)
where n— number of forms included. The modes are
arranged in an ascending order of natural frequencies,
or, alternatively, in a descending order of vibration
periods. In the case of complex structural systems, a
greater number of modes must be taken into account.
In order to evaluate the contribution of each mode to
the overall response, the concept of effective modal
mass has been introduced.[4]-[7]
The elastic resistance of the system can be
expressed in terms of normal coordinates
Fs=ry =rdq (14)
Since the inertial and restoring (resistance)

forces are equivalent, equation (8) in normal
coordinates takes the form
r® = mdw?q (15)
Substituting (15) into (14), we get F, =

m®w?q. The elastic resistance vector for the i-th
mode f;; = ¢;w?q;. Let q* - be the solutions to the
equation
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4;" + 2§ w;q;" + 0iq", = §o (16) meff = L (18)

t Mimr,06
— Li 2
foi =meiy 0id’, (17) where the symbol is defined m,,,s = e’ me.

The vector sum of elastic forces in the direction
of the seismic excitation according to the i- th mode
el foi=¢el m<pi;—iiwi2q*i or, given that e mg; =

.2 2
pime=1L; e f; = %w?q*i, where the quantity%

L 1A
is called the effective modal mass and has the
dimension of mass.

The sum of the effective modal masses is equal
to the vector sum of the concentrated masses of the
N oLy (¢fme)"
i=1 M; — 4i=1 (pg"m(pi ’
where N — the number of dynamic degrees of
freedom (concentrated masses).

It is much more convenient to express the
effective modal mass of the i- th mode as a fraction of
the total mass

main system e’ me; =

Many standards require that modes with
mff 750,05 be taken into account, and the sum of the
effective modal masses of the modes considered must
be at least 0.85. SP 14 standards establish that the sum
of the effective modal masses of the modes considered
in the calculation must be at least 0.9 for horizontal
vibrations and 0.75 for vertical vibrations. However,
this requirement applies only to systems in the form of
a cantilever beam with uniformly distributed mass.
For complex structural configurations, maximum
stresses may be determined by higher modes with a
small effective modal mass.

Example 2. Let the base of the system from
Example 1 oscillate with an acceleration of o §, =
100texp(—2t)sin(11t), directed at a 30° angle to the
horizon (Fig. 3). The direction cosine vector for three
degrees of freedom e’ = {0,866 0,5 0}.[1]

30°

Fig. 3. Design system

Since the eigenvectors are orthonormal with
respect to the mass matrix ®” m® = E, The modal
masses for all modes of vibration are equal to one.

We will assume that the modal damping
coefficient is the same for all modes. ¢ = 0,05
C;=2-005-11,1=1,11; ¢, = 1,92; €3 =2,33.

L, (—0,01927 - 0,866 - 200 + 0,05457 - 0,5 - 200 + 0) _

In this case, the modal stiffnesses are equal to the
natural frequencies R, = 123; C, = 369; C; = 544.
Seismic load factors

M,

L, (0,06749 - 0,866 - 200 + 0,02067 - 0,5 - 200 + 0)

= 2,119

M,

Ly (—0,00859 - 0,866 - 200 + 0,03994 - 0,5 - 200 + 0)

= 13,756

My

Total effective mass: 200 -0,866% + 200 -

0,52 = 200; effective modal masses for the three
2

shapes: M =22 00225; M =
200

0,9461; M = 0,03147.

= 2,506

As a result of the transformations, three
independent equations were obtained:

4 1,114, + 123q; = 2,12§,, d, +
1,92 §, + 369q, = 13,76,
ds + 2,33 43 + 544q5 = 2,51,
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The solution in standard coordinates is shown in
Fig. 4.

Fig. 4. Normal coordinates

Fig. 5 shows the variation of the elastic
resistance over time, taking into account the three
modes of vibration. Table 1 lists the contribution of
each mode to the elastic reaction. The value M,

8000
G000
4000
2000

—2000
—4000
—6000
—-8000 —

represents the maximum bending moment in the
support section of the column.

Fig. 5. Change in elastic resistance over time

Table 1. Types of oscillations

Types 1 2 3
fo1 -0,015 1,032 -0,017
fs, 0,149 0,697 0,154
fs3 0,996 -0,047 0,051

Mpax 0,266 0,731 0,002

An analysis of Table 1 shows that, despite its
small modal mass, the first mode makes a significant
contribution to the elastic responses. This is because
the first mode is a torsional mode. European standards
require that all modes with T; > 0,2 s be taken into
account if the first or second modes are torsional. A
distinction should be made between torsional modes
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EFFECT OF WATER-CHEMICAL PARAMETERS OF SHIP ENGINE
COOLING SYSTEMS ON ENGINE RELIABILITY

Abstract: To ensure normal operation of an internal combustion engine, it is necessary to select a cooling system
that maintains optimal temperatures in the combustion chamber, cylinder head, cylinder walls, and piston surfaces

at levels close to their maximum permissible values.

The coolant parameters characterize the physicochemical and thermophysical properties of the heat-transfer
medium within the cooling system. Reliable engine operation can be ensured if the cooling agent meets the following
requirements: it must not cause surface corrosion and must remain stable over an extended period. These properties
can be achieved through the appropriate chemical composition of the heat transfer medium and special treatment.
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Introduction

The water-chemical parameters of the coolant
characterize the physicochemical and thermophysical
properties of the heat carrier in the cooling system.
Reliable engine operation can be ensured if the
coolant meets the following requirements [1]:

e It does not cause corrosion of the metals from
which the parts and assemblies of the engine cooling
system are made;

o |t does not tend to form sediment deposits on
surfaces;

e It maintains stability over a long period of time,
in particular, it has a low foaming index;

e It is characterized by chemical stability and
does not enter into chemical reactions with the non-
metallic parts of the engine cooling system, rubber
hoses, and joints with which it is in constant contact.

Materials and Discussion

Ensuring the listed properties could be achieved
through the appropriate chemical composition and
special treatment of the heat carrier. The main
characteristic of the heat transfer agent's corrosive
aggressiveness is the pH of the hydrogen index. As a
rule, the corrosion intensity of ferrous metals
increases significantly in an acidic environment, that
is, in conditions where the hydrogen index of the
coolant is low. The seasonal variation of the hydrogen
index pH (maximum in summer, minimum in winter)
depends on temperature changes and the intensity of
photosynthesis. In practice, pH depends on the
components dissolved in water, primarily carbon
dioxide. Through research, we established that
instantaneous changes in the corrosion of steel engine
parts occur when the coolant hydrogen index equals
9.5 [2]. It should also be noted that changes in the
heat-carrier pH promote the solubility of the iron
oxide layer, and the rate may increase at high cooling-
agent temperatures when pH < 9.2.

In addition to steel, the hydrogen index actively
affects aluminum alloys. As pH increases, the
corrosive degradation of these alloys intensifies.
Therefore, this characteristic must be taken into
account when preparing coolant for engines whose
cooling systems predominantly contain aluminum
parts.

A particularly significant influence on the
formation of sediment deposits on surfaces is exerted

Doi: Gos¥ef https://dx.doi.org/10.15863/TAS.2026.04.156.15

by the content of various types of salts in the heat
carrier, which is characterized by the hardness index.
The majority of dissolved salts in natural water are
sodium, calcium, and magnesium salts (up to 94%).
Water hardness, which affects the rate of sediment
layer formation on surfaces, is determined by the
number of dissolved salts, and for diesel engines, the
hardness should not exceed 1.5-3 mg/I.

Cavitation-corrosive  degradation and the
formation of sediment layers on surfaces are among
the main factors affecting the reliability and efficiency
of marine engine cooling systems, and 40% of
equipment failures are caused by surface corrosion.
During engine operation, if the coolant does not
undergo special treatment, the following negative
phenomena may occur:

- Erosive-corrosive damage to the surfaces of
the cylinder block and the cylinders themselves.

- Manifestation of stress concentration within
the cylinder volume;

- The formation of sediment layers in the
cooling jacket space and the system’s heat exchangers
leads to changes in the engine’s temperature regime,
increased wear of the cylinder face, and excessive fuel
consumption.

In modern engines boosted for crankshaft
rotation speed, the problem of corrosive degradation
is further exacerbated by cavitation erosion caused by
high-frequency vibration of the cylinder liner. Even
more significant is the formation of sediment layers in
the cooling system, such as sulfate, carbonate, sulfite,
and phosphate salts [3]. The negative impact of these
salts on the cooling system and engine operation
increases service time and repair costs, and vehicle
downtime grows.

The elimination of the aforementioned negative
processes can be achieved through various coolant
preparation methods, the purpose of which is to ensure
the required hydrogen pH and to soften the liquid. In
the case of marine engines, this goal can be achieved
by adding special compounds to the coolant that alter
the physicochemical properties of the heat carrier. At
the present stage, two classes and three main types of
compounds are used in ship cooling systems, which
are added to the cooling water:

- Oil-derived additives manufactured on a
petroleum basis (di-oxidant);
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- Chemical additives representing a mixture of
inhibitors;

- Complex additives consisting of corrosion
inhibitors and organic additives, which in turn reduce
the intensity of corrosion and cavitation erosion.

Chemical additives increase the passivity of
metals by forming a protective layer on their surface,
as they neutralize substances that cause scale deposits
and raise the pH level. Chromate-based additives are
particularly noted for their inhibiting properties;
however, they are toxic and require special
precautions during use. Reducing the concentration of
additives leads to the breakdown of individual surface
areas in the form of so-called pitting corrosion.

Unlike chromium-based additives, boron
nitrate—based additives are non-toxic. Such additives
are considerably less toxic, and increasing or
decreasing their concentration does not affect the
corrosion rate.

Water-emulsion type additives are anti-
corrosion oils that form a white emulsion when
dissolved in water. When this emulsion is used, the
surfaces to be cooled are coated with an oil film that
inhibits corrosive deterioration and the formation of
scale deposits. In addition, the oil film reduces
cavitation damage. The drawback of this type of
additive is the risk of local overheating, as increasing
the oil film thickness worsens the heat exchange
process. Oil-based additives can form a layer 0.3-0.5
mm thick during 500-1000 hours of diesel engine
operation. Beneath this layer, when the temperature
exceeds 170°C, destructive processes may develop on
metal surfaces, which is why the use of this type of
additive in high-performance engines is not
recommended [4].

In cooling systems that use low-freezing-point
liquids based on ethylene glycol, the recommended
anti-corrosion additive is disodium phosphate
(NazHPO4 [1 12H,0), which protects cast iron, steel,
and copper components from corrosion, as such
antifreeze solutions are characterized by a weakly
acidic reaction.

It should be noted that a general classification of
additives used in engine cooling system coolants does
not currently exist, which complicates their analysis.
Therefore, in addition to chemical composition, the
following criteria should be added to the classification
of additives:

1) The area of application - indicates whether
the additive is added to water or to a mixture of water
and ethylene glycol;

2) By purpose - universal and non-universal.
The former is intended for all types and levels of
forcing of diesel engines;

3) The range of effects on processes in the
cooling system - complex (reduces corrosion,
cavitation erosion) and non-complex;

4) By physicochemical composition of
components - organic, inorganic, and mixed;

5) By the mechanism of action on the protective
surface - anodic, cathodic, and mixed,;

6) By the number of components - single-
component and multi-component.

Since cavitation erosion is the main factor in the
destruction of engine components, it is necessary to
use the coolant additives that counteract this process
by modifying the properties of the heat transfer fluid.
It is known that reducing the effects of the cavitation
process requires increasing the following parameters:
density, viscosity, surface tension, saturated vapor
pressure, temperature, and static pressure.

Research has revealed that the density of a liquid
increases with the addition of any type of dissolved
substances to the cooling water, particularly high-
molecular-weight polymers. The presence of
polymers in the coolant alters its rheological
properties, which reduces hydraulic resistance. This,
in turn, reduces the rate of growth of cavitation
damage and the intensity of sediment layer formation
[5, 6, 7]. Polymers of this type include polyacrylamide
and sodium carboxymethylcellulose.

To reduce surface tension, surface-active
substances are used, which also alter the dynamics of
cavitation damage formation and growth [8, 9]. The
addition of surface-active compounds to the coolant
ensures:

- Reduction of surface tension at the interface
between gas and liquid layers;

- Limitation of sediment layer formation;

- Intensification of mass and heat exchange
processes in the boiling and condensation zones
(phase transition);

- Formation of a protective layer on the surface
and reduction of the intensity of erosive and corrosive
processes.

It should be noted that corrosion is a significant
factor in the destruction of cooling system
components. Therefore, it is essential to include
corrosion inhibitors in the additive composition. Since
ferrous metals are used as the primary material for
components in both medium and high RPM diesel
engines, particular attention should be paid to
components that mitigate corrosion. One such
component is the increase of the pH value, which
simultaneously leads to a reduction in polymer
degradation and an increase in detergent properties.
For example, for cast iron parts, sodium silicate can
be used as an additive, where a concentration of 0.1
0.3% ensures a solution pH value of 9-10 [10].

Of particular importance is the protection of the
cylinder block, which is made of aluminum alloys. An
effective inhibitor for its protection is the addition of
nitrates and sodium tripolyphosphate to the additives,
as they possess high protective properties for
aluminum alloys [11]. It should be noted that in
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additives for vibroacoustically active engines with
cylinder blocks made of aluminum alloys, additives
intended for steel, cast iron, and copper alloys should
also be included.

To enhance the anti-corrosion effectiveness of
additives, the following can be added: sodium silicate
for the protection of steel, and disodium phosphate for
the protection of steel, cast iron, and copper. It should
be noted that increasing the number of components in
additives raises their cost, complicates manufacturing,
and increases the toxicity of the coolant. Therefore,
the present study aimed to evaluate the effectiveness
of multifunctional additives with a minimum number
of components and low concentrations.

To determine the properties of individual
components and various compositions, two methods
were used: gravimetric and potentiostatic. The
gravimetric method is one of the simplest and most
effective methods for assessing corrosion. When
using the gravimetric method, the rate of the corrosion
process and, accordingly, the anti-corrosion properties
of the additives are evaluated based on changes in
metal samples immersed in the solution under study.
The disadvantage of the method is the need for an

extended testing period to obtain results and a large
number of test metal samples.

The present study was conducted using base
fluids with and without additives. As is known, metal
corrosion depends on factors such as fluid
temperature, metal surface condition, fluid movement,
contact with other metals, contact area, and others.
The samples were taken in the form of plates
measuring 50x25 mm and 5 mm in thickness, from the
metals present in the cooling system. All plates were
electrically isolated from one another and were fully
immersed in the fluid for 90 days.

The gravimetric study was carried out in cooling
water for two different additive compositions:

A - containing sodium nitrate, sodium
phosphate, sodium molybdate, and benzotriazole at
defined concentrations;

B - containing sodium silicate, ammonium
molybdate, and syntanol at defined concentrations.

The physicochemical properties of the fluids
under study are presented in Table 1.

After the tests were conducted, the metal
samples were washed with distilled water, dried to
constant mass, and weighed on an analytical balance.
The results of the study are presented in Table 2.

Table 1. Physicochemical Properties of the Coolants Under Study

Physicochemical Water without an Solution Solution
characteristics additive A B
Boiling temperature, °C 100 +0,5 101 +£0,5 101 +£0,5
Freezing temperature, °C 00,5 -1 £0,5 -1+0,5
Hydrogen value, pH 7,6 11,3 11,4
Viscosity 0,985 1,015 0,987
Surface tension, n/m? 72 36 38

Table 2. Mass Losses of Samples in the Fluids Under Study AG, ¢

Material Water without an additive Solution Solution
A B

Steel ST20 -0,334 -0,002 -0,003

Cast iron ClI24 -0,826 -0,068 -0,073

Aluminum compound, -0,010 -0,005 -0,002
Al9

Brass -0,016 -0,004 -0,004

Copper -0,005 -0,002 -0,002

The metal corrosion wear rate AG., the wear Wear coefficient
coefficient Z, and the protection effect r during the 7 =146 100% )
AGs !

experiment were determined by the following
formulas:
The corrsion wear rate

(G1-Gy)-10°

AGh = 365-(2-(dB+BH+Hd))’ 1)

where: H x B — plate dimensions; D — plate thickness;

G1 — sample mass before testing; G, - sample mass

after testing.

where AGb — sample mass losses in the base fluid; AGs
— sample mass losses in the solution.

Protection effect

— AGb
"= s ®)
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Table 3. Corrosion Process Intensity in Various Solutions, t = 20 °C

Material/Solution Water without Solution A Solution B
an additive
AG - 1072 AG - 1072 Z, % r AG - 1072 Z, % r
Steel ST20 0,121 0,0077 93,4 174 0,0021 99,2 | 1148
Cast iron Cl124 0,305 0,024 92,7 12,7 0,0257 92,0 11,9
Aluminum 0,035 0,018 50,0 1,93 0,0071 80,0 6,0
compound, Al9
Brass 0,057 0,014 75,0 3,93 0,0144 75,0 3,93
Copper 0,002 0,007 40,0 2,45 0,007 40,0 2,45

Based on the results of the gravimetric study, the
following conclusions can be drawn:

- The use of the aforementioned additives in
the “Tobol” engine coolant makes it less corrosively
active compared to water containing no additives.

- The additives in water exert a fairly effective
anti-corrosion effect against the corrosive destruction
of both ferrous and non-ferrous metals.

A comparison of the corrosion protection
coefficients of parts involved in the cooling system for
solution A and solution B allows the following
conclusion to be drawn: the use of solution A in the
cooling system is advisable when the parts are
primarily made of cast iron and steel, as it is a more
effective means of protecting these surfaces than
solution B. In turn, the use of solution B is
considerably more advisable for surfaces made of
brass and aluminum alloys, meaning its use is more
effective when parts made of non-ferrous metals
predominate in the cooling system.

In all conducted studies, it was noted that when
additives are used, the increase in the corrosion
protection effect is associated with an increase in fluid
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