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GERONTOLOGY AND APPROACHES TO SLOWING DOWN THE
AGING OF PEOPLE

Abstract. This article examines the main directions of gerontology and advanced
methods aimed at slowing down the aging process. It reviews scientific
developments in biological mechanisms, including cellular aging, telomere
shortening, and mitochondrial dysfunction. It also analyzes the effectiveness of
strategies such as gene therapy, regenerative medicine, and healthy lifestyles.
The article highlights technological and social approaches aimed at managing
aging, improving quality of life. Regenerative technologies, gene therapy, and a
healthy lifestyle offer effective approaches to slowing down aging. Simple lifestyle
changes, such as physical activity, low calorie intake, and stress reduction, can
slow down the aging process. By widely applying them, it is possible to improve
physical and mental health, extend life, and ensure healthy aging.

Keywords: gerontology, aging process gene therapy, regenerative technologies,
mitochondrial dysfunction, healthy lifestyle, cellular aging, human lifespan
extension.

Introduction. The aging process is an integral part of human biology,
influenced by genetic, environmental, and social factors. The science of
gerontology studies the causes of aging, its consequences, and methods
aimed at improving the quality of life. Today, there is great interest in ad-
vanced approaches to slowing aging and extending life, including gene
therapy, regenerative technologies, and research into the correction of
mitochondrial dysfunction. This article aims to analyze the role of biotech-
nology and healthy lifestyle approaches in slowing aging.

Research methods. This study used several methodological ap-
proaches to study gerontology and aging. The research methodology in-
cludes the following main steps:

Analysis and synthesis method. The available scientific literature and
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research results were reviewed to analyze the biological mechanisms of
the aging process, including telomere shortening, mitochondrial dysfunc-
tion, and cellular senescence. These processes were analyzed and based
on them, the effectiveness of gene therapy and regenerative technologies
aimed at slowing aging was synthesized.

Statistical analysis. Available demographic data on the proportion of
young and old people at the global and regional levels were analyzed.
For example, data were used that 10% of the world’s population is over
65 years old, and 25% is young. These statistics were used to assess the
urgency of the aging problem.

Comparative analysis. A comparative analysis was conducted of the
approaches of countries such as Uzbekistan and the United States to
managing aging. For example, while the United States places great em-
phasis on regenerative technologies and gene therapy, Uzbekistan places
primary importance on a healthy lifestyle and traditional medicine [1-3].

Induction and reduction method. Based on the results of various scien-
tific studies aimed at slowing down aging, general theoretical conclusions
were drawn (induction). At the same time, in order to study the aging pro-
cess in depth, this complex system was divided into separate biological
factors and their effects were analyzed (reduction).

Gerontology studies three main types of aging: natural, premature, and
delayed.

Natural aging. This is the norm and corresponds to the biological pro-
cesses of human life.

Premature aging. This is a serious problem that significantly reduces
the quality of a person’s life. It is manifested by loss of strength, a feeling
of weakness, pain in the absence of diseases. This syndrome usually oc-
curs in middle-aged and elderly people.

Slow aging. This type is the result of a healthy lifestyle and is charac-
terized by longevity and life expectancy.

To prevent premature aging and maintain strength for many years,
gerontologists from the Moscow center recommend starting preventive
measures from the age of 35-40 [1-3].

According to United Nations estimates, the dynamics of the world pop-
ulation aged 60 and over in the second half of the 20th century and the be-
ginning of the 11th century is as follows: National University of Uzbekistan
Transformation of the Social Landscape and Social Structures of the Mod-
ern World 290 April 20, 2024 https://nuu.uz/ International Scientific and
Practical Conference In 1950, there were 205 million people, in 2000 - 600
million. In 2009, their number exceeded 737 million people. In 2009, the
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average share of the population aged 60 and over was 10.8%. It was the
smallest in Qatar and the UAE (1.9%), and the largest in Japan (29.7%).
In 2019, the number of people over 65 years old was 705 million, the num-
ber of children under five was 680 million, which is due to declining birth
rates in many countries. In 2019, the number of people over 80 was 143
million, and the number of people over 100 was 533,000, up from 151,000
in 2000. In 2021, the number of people over 60 exceeded one billion. As
of October 1, 2021, the proportion of Japan’s population aged 65 and over
was 29.1 percent, 15 percent of those aged 75 and over, and 5.2 percent
of those aged 85 and over. In the social science literature, scholars cite a
number of theories describing the aging process [4-5].

For example:

1. The theory of disconnection understands aging as an inevitable mu-
tual distance between an aging person and other individuals, leading to a
decrease in interaction. This process can be initiated by the elderly person
or by the social environment surrounding them. This theory assumes a
decrease in social ties between the elderly person and society.

2. Disengagement theory describes the process by which people with-
draw from social life as they age and grow older. This theory suggests that
over time, adults abandon or abandon the social roles and relationships
that were central to their adult lives. As a functionalist theory, this frame-
work views the process of disengagement as necessary and beneficial to
society because it allows the social system to remain stable and orderly.

3. Dissociation theory. This theory was developed by sociologists
Elaine Cumming and William Earl Henry and presented in their book “Ag-
ing” published in 1961. It is notable for being the first social theory of ag-
ing and for its somewhat controversial acceptance, it has stimulated the
development of social science research and theories about older people,
their social relationships, and their role in society. It is also a social system
discussion of the aging process and the evolution of the social lives of
older people, and is inspired by functional theory. In fact, the prominent
sociologist and leading functionalist Talcott Parsons wrote the foreword to
Cumming and Henry’s book [6]. .

In terms of their own theory, Cummings and Henry situate aging within
a social system and propose a series of stages that describe how dis-
sociation occurs with age and why it is important and beneficial for the
entire social system. They developed their theory based on data from the
Kansas City Adult Life Study and the results of empirical research con-
ducted by the University of Chicago at the National University of Uzbeki-
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stan Transformation of the Social Landscape and Social Structures of the
Modern World 291 April 20, 2024 https://nuu.uz/ International Scientific
and Practical Conference. Accordingly, these researchers created the fol-
lowing nine postulates of the “dissociation theory”:

1. As people age, they lose their connections with others. This is be-
cause the aging process creates a sense of anticipation of death in the
psyche. As a result, people gradually lose the ability to communicate with
their loved ones.

2. During the aging process, people become free from social norms
that regulate relationships. Naturally, the loss of connection with social
norms intensifies the process of disconnection from them.

3. The process of separation differs for men and women due to their
different social roles.

4. The process of separation arises from the desire of the individual to
fully fulfill his social roles, but not to lose skills and abilities and damage
his reputation. At the same time, those who are free among the youth are
trained to develop the knowledge and skills necessary to fulfill the roles
they play.

5. Complete separation occurs when both the individual and society
are ready for it. Separation between them occurs when one is ready and
the other is not.

6. People who are separated take on new social roles in order not to
suffer from an identity crisis or to fall into depression.

7. When a person realizes that he has a short time left in his life and
no longer wants to fulfill his social roles, he is ready to give up; and soci-
ety allows separation to provide employment for those who have reached
adulthood.

8. As aresult of separation, roles in social relations, statuses, and even
the hierarchical position in society can change.

9. Separation associated with old age occurs in one form or another in
all cultures.

However, it is determined and evaluated by the standards of the so-
ciocultural environment in which it occurs. Based on these postulates,
Cummings and Henry propose that older people are happier when they
accept and willingly accept the process of separation. Nevertheless, the
“dissociation” theory has been the subject of much debate and criticism
since its publication.

Some critics have argued that it is a flawed social science theory,
since Cummings and Henry assume that the process is natural, innate,
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and inevitable, as well as universal. In a fundamental conflict in sociology
between functionalists and other theorists, some have argued that the
theory completely ignores the role of class in shaping the experience of
aging, while others have criticized the assumption that older people are
not involved in this process. Perhaps they are adaptive tools of the social
system. Furthermore, based on subsequent research, others have argued
that the theory of separation fails to capture the complex and rich social
lives of older people and the many forms of attachment that occur after
retirement [7-13].

The famous modern sociologist Arlie Hochschild has also published
critical articles on this theory. He believes that this theory is wrong be-
cause it contains an “escape clause” and considers those who do not
change their minds to be problematic people. He also criticized Cum-
mings and Henry for failing to provide evidence that divorce is voluntary.
As a result of this critical relationship, although he remained committed
to Cumming’s theoretical position, Henry later rejected it in subsequent
publications and advanced to later alternative theories, including activity
theory and continuity theory. The “activity theory” is an alternative to the
“separation theory”, raising the issue of its ethical relevance, and assumes
that people retain the same needs and desires as they enter old age, and
that they resist all attempts to exclude them from society in middle age.
According to it, the elderly should be viewed as a minority group of the
population with a low socio-economic status. The theory of “subculture” is
also of particular importance in the study of the elderly as a specific social
group in society.

This theory focuses on the following two aspects:

1. Closeness of older people to each other.

2. Interaction of older people with other social groups

Both of these aspects require us to view the interactions of older peo-
ple as a distinct subculture. Indeed, a sense of community towards and
in old age is the basis for the emergence of an elderly subculture. The
“Age Stratification Theory” also plays an important role in describing the
elderly as a social group. According to it, taking into account the division
of society by age and social relations, it helps to explain the characteris-
tics of different generations, including older and younger generations, and
emphasizes the lifestyle and common features inherent in a particular age
group. It follows that each generation of elderly people is unique and has
only its own unique experience. The “Multigenerational Theory of Citizen-
ship” calls for each generation to participate in the formation of the social
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world, viewing it as a continuous, ongoing process. The theories and con-
siderations discussed above provide a systematic understanding of the
specificity of the aging process, and assume that the unique individuality
of the individual as a person and its fuller disclosure are at the center of
the care of the family, society, and the state [14-15].

Biological mechanisms of aging, in particular telomere shortening and
mitochondrial dysfunction, are considered to be the main causes of aging.
Telomere shortening leads to a restriction of cell division, which causes
cell aging and functional deterioration of organs. At the same time, mi-
tochondrial dysfunction slows down energy production processes, which
accelerates aging. A healthy lifestyle, including low calorie intake, regular
physical activity, and stress management, is an important factor in slowing
the aging process, and its effect has been confirmed by scientific studies.
Studies have shown that adhering to a healthy lifestyle has a positive ef-
fect on the physical and mental aspects of aging.

The biological mechanisms of aging, in particular telomere shortening
and mitochondrial dysfunction, are being analyzed as key areas for slow-
ing aging. Telomere shortening is associated with the cessation of cell
division, and the scientific basis for increasing telomere length through the
enzyme telomerase to delay this process is being strengthened. Prevent-
ing mitochondrial dysfunction may be an effective way to restore cellular
energy and reduce oxidative stress. These studies are opening up new
opportunities for aging management. The role of gene therapy in slowing
aging is very important. Using CRISPR-Cas9 technology, telomerase and
other aging-related genes can be activated through genetic modifications.
Studies show that these technologies have a positive effect on slowing
aging and help reduce the biological age of the organism. However, many
scientific and ethical issues need to be resolved to implement these tech-
nologies. Stem cell therapy holds great promise in the development of
regenerative technologies. These technologies can be used to renew cells
and tissues, including signs of aging, skin and bones. The role of stem cell
therapy is increasing, because these methods can restore many functions
in the body. Therefore, the development of regenerative medicine is seen
as an effective way to manage aging. The role of a healthy lifestyle in
slowing down aging is very important. Studies show that calorie restric-
tion and regular physical activity help slow down aging [16-20]. Reducing
stress, eating right, and exercising can affect the longevity of the body.
At the same time, following a healthy lifestyle not only improves physical
but also mental health. In the USA, the widespread use of regenerative
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technologies and gene therapy is showing high effectiveness in manag-
ing aging. In Uzbekistan, approaches based on a healthy lifestyle and
traditional medicine are more widely used. However, the development of
innovative technologies is also seen as a promising direction in Uzbeki-
stan. This means that there is a great need for the development of new
scientific research and technologies in the field of regenerative medicine
and gene therapy in Uzbekistan. It would be useful to consider the possi-
bilities of applying scientific and technological achievements in the field of
gerontology. For example, to analyze the importance of stem cell therapy
not only in slowing down aging, but also in treating various age-related
diseases. It is possible to analyze in more depth the ethical issues of using
the potential of gene therapy in slowing down aging. It would be appropri-
ate to consider what safety and ethical norms need to be taken into ac-
count when implementing these methods in the clinic. It is also possible to
highlight the social and economic significance of slowing down aging. It is
very important to analyze the economic effects of innovative technologies
for slowing down aging and how they affect changes in the social system.

This will help, in particular, to determine the place of strategies aimed
atimproving the health of the elderly in public policy. To study the work and
approaches carried out around the world to manage and slow down aging,
and to compare the opportunities in Uzbekistan or other countries. At the
same time, to show the specific features of development in this area in
Uzbekistan, in comparison with other countries. The most pressing prob-
lems facing geriatrics are studying the specific aspects of the emergence,
course, and development of various diseases in the elderly and prevent-
ing them; identifying the processes that cause aging, taking rejuvenation
measures; and organizing medical and social assistance services for the
elderly and the elderly [20].

It is noted that while age-related changes are inevitable, there are cer-
tain dietary and lifestyle habits that can help slow down the process.

So, nutritionist Ronald Smith recommends limiting your sugar intake.
“If you want to live a long and healthy life, try to avoid unhealthy foods like
cookies or sweets as much as possible”, he says.

Including fish in your diet is also good for your health. “Fish is rich in
omega-3 acids, which protect the body from diseases and help fight heart
problems, depression and even cancer,” says the doctor.

Nutritionist Lisa Young recommends including plenty of fruits and veg-
etables in your diet, especially berries, citrus fruits, greens, carrots, and
bell peppers. “They’re rich in antioxidants and fiber, which help fight the
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negative effects of aging,” she says.

He also recommends replacing meat with plant-based protein sources.
“Including more plant-based foods can help slow the aging process by
lowering cholesterol levels, stabilizing blood sugar levels, and reducing
inflammation in the body,” says Yang (Figure 1).

Figure 1 — The aging process

One of the biggest problems associated with aging is dehydration.

“As we age, many of the systems that retain fluid begin to deteriorate,
such as the kidneys, and some age-related medications can lead to in-
creased dehydration,” says dietitian Trista Best. He added that it is import-
ant to drink enough water and also to eat more products that contain a lot
of fluid - cucumbers, zucchini, tomatoes, strawberries and watermelon.

In fact, aging is an inevitable process, but it can be slowed down.
To do this, you will need to make changes to your lifestyle and habits.
They will not only improve the external signs of aging, but also the internal
state of the body. Below are 5 habits to maintain youth and beauty for as
long as possible.

Keep your skin hydrated. The drier your skin, the more likely it is
to develop wrinkles. Dryness can lead to premature aging of the skin.
Choose cosmetics based on your skin type and needs. It is also said that
if you do not drink enough water, no amount of moisturizer will help.

Use sunscreen all year round. A common mistake people make is to
only apply SPF when the sun is directly overhead. Even on cloudy days,
when the sun is not visible, UV rays can still affect the skin, causing age

16



Hoeocmu Hayku KasaxcmaHa. Ne 3(166). 2025

spots and wrinkles. If you make SPF a part of your daily routine, your skin
will thank you.

Learn to manage stress. It has been scientifically proven that stress
and aging are linked. Constant nervousness can shorten your life by an
average of 3-6 years. Make it a habit to take time for your nervous system
every day. Do breathing exercises, meditation. These exercises will take
30 minutes of your time. In addition, adding adaptogens to your diet - natu-
ral plant substances that help you adapt to various stressful situations and
reduce their impact on the body - will also give good results.

Don’t forget about healthy fats. A balanced diet should include both
carbohydrates and proteins, but when it comes to maintaining youth, fats
are also useful. Nuts, avocados, salmon and vegetable oils are rich in vita-
mins A and E, and fatty acids 3 and 6. Vitamins are powerful antioxidants
that protect the body from free radicals and not only prevent the external
signs of aging, but also help maintain internal youth. Omega-fatty acids
increase skin elasticity and prevent wrinkles.

Limit sugar intake. Excess sugar is as dangerous for the skin as ul-
traviolet radiation. It not only causes acne and allergic reactions, but also
ages the skin from the inside. Glucose molecules that enter the body react
with protein compounds, including collagen and elastin. These fibers be-
come thinner, lose their elasticity, and as a result, wrinkles increase and
the skin loses tone. Experts recommend completely abandoning added
sugar and eating sweet fruits with caution.

Choose natural and “real” products. First, avoid processed foods, which
have had most of their vitamins and nutrients removed during the manu-
facturing process and are loaded with toxins and hidden sugars. Instead
of processed foods, buy whole meat, fish, poultry, vegetables, fruits, and
nuts. Eat less, but slowly. It has been scientifically proven that restricting
calories prolongs life. Eating slowly helps nutrients to be better absorbed
and digested, and also ensures a balance of intestinal flora, which is very
important for protecting the immune system. Fruits and vegetables are the
foundation of a healthy diet. They provide our bodies with prebiotics and
antioxidants that fight some of the effects of aging. Although most people
are well aware of the benefits of fruits and vegetables, we usually do not
have enough of these benefits on our tables. Instead, we often end up with
meat or processed foods.

Include herbs and spices in your diet. Aromatic spices have antioxi-
dant, digestive, disinfecting, anti-glycation and anti-inflammatory proper-
ties, and other beneficial properties. Turmeric, cinnamon, basil, ginger,
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garlic, rosemary, coriander, cardamom, cumin and mustard are especially
useful. They will not only diversify your diet, but also help maintain youth.
Eat less, but high-quality meat, fish and poultry. For good health and vi-
tality, you need only 0.8-1 gram of animal protein per kilogram of body
weight. In general, this means eating meat, fish or poultry once a day.
The main thing is to find quality products that do not contain hormones
and antibiotics. It is important that the main share of the anti-aging diet is
made up of plant products (vegetables, grains, nuts), which also contain
protein. To look younger and feel more energetic, you need to not only
balance your diet, but also regulate your sleep schedule and get into the
habit of regular physical activity. Otherwise, no “rejuvenating apple” will
work [10-15].

Margarine, sausages and other products that accelerate the aging
of the body.

Margarine. Margarine is high in trans fats, which increase the risk of
chronic diseases. In addition, there is a connection between this type of
fat and the disruption of the water balance in the body. Chronic dehydra-
tion can also lead to premature aging of body parts and the appearance
of wrinkles.

Convenience Foods. Convenience foods that seem like they can
save you time by simply heating them in the microwave before eating
are often loaded with salt. They may seem like they help you get things
done, but they are actually bad for your health. Consuming these foods in
excess can lead to swelling and skin problems.

Energy drinks. Morning energy loss can be related to lack of sleep
and late bedtimes. If you don’t want to age ten years earlier, it's recom-
mended to avoid these harmful drinks. The fact is that energy drinks, due
to their high sugar, caffeine, sodium, and acid content, have a negative
effect on the digestive system, in addition to tooth enamel. And since they
increase urination, dehydration occurs in the body.

Sweets. It is very important to know the norm of sugar consumption,
as it is the number one enemy that leads to premature aging. The fact is
that excess glucose, in addition to increasing the risk of chronic diseases
and diabetes, also contributes to the nutrition of cancer cells.

High Glycemic Index Foods. The rapidly digestible carbohydrates
found in bread, pasta, and other white flour products can cause blood
sugar levels to spike. Scientists have long established a link between high
glycemic index foods and premature aging. If you have acne and skin
problems, it is recommended to change the foods in your diet [1-3].
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Alcohol. Consumption of alcohol leads to radical changes in the body,
especially a deficiency of vitamin A, which is responsible for cell renewal.

Sausages and other meat products. Recent studies have shown that
nitrates and nitrites in sausages and other similar products increase the
risk of cancer. These substances cause oxidation of cells in the body and
changes in their DNA. This process is extremely dangerous for the skin of
the face. Therefore, it is recommended to eat natural meat products rich
in protein instead of sausages and hot dogs (Figure 2).

Travel could be the best defence against ageing.

9 MOTIVATION EXERCISE
CONSCIOUS E#

WELLNESS

STOP SMOKING ! S MENTAL LTH

MEDICAL
CARE
WEIGHT CONTROL

Figure 2 — Healthy lifestyle against aging

Forget about retinol night creams, researchers from Edith Cowan Uni-
versity (ECU) believe travel could be the best way to defy premature ageing.
For the first time, an interdisciplinary study has applied the theory of entro-
py to tourism, finding that travel could have positive health benefits, includ-
ing slowing down the signs of ageing. Entropy is classified as the general
trend of the universe towards death and disorder. The entropy perspective
suggests that tourism could trigger entropy changes, where positive experi-
ences might mitigate entropy increase and enhance health, while negative
experiences may contribute to entropy increase and compromise health.

Ms Hu noted that positive travel experiences could enhance individuals’
physical and mental wellness through exposure to novel environments,
engagement in physical activities and social interaction, and the fostering
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of positive emotions. These potential benefits have been acknowledged
through practices such as wellness tourism, health tourism, and yoga
tourism. “Tourism isn’t just about leisure and recreation. It could also con-
tribute to people’s physical and mental health,” Ms Hu added.

Travel therapy: Slowing down the clock. Travel therapy could serve
as a groundbreaking health intervention when viewed through an entropy
lens, she added. As an important aspect of the environment, positive trav-
el experiences may help the body sustain a low-entropy state by modulat-
ing its four major systems. Tourism typically exposes people to new sur-
roundings and relaxing activities, and novel settings can stimulate stress
responses and elevate metabolic rates, positively influencing metabolic
activities and the body’s self-organising capabilities. These contexts may
also trigger an adaptive immune system response. Ms Hu said that this
reaction improves the body’s ability to perceive and defend itself against
external threat [21].

Figure 3 — Journey into Life Extension

“Put simply, the self-defence system becomes more resilient. Hor-
mones conducive to tissue repair and regeneration may be released and
promote the self-healing system’s functioning.” “Leisurely travel activities
might help alleviate chronic stress, dampen overactivation of the immune
system, and encourage normal functioning of the self-defence system.
Engaging in recreation potentially releases tension and fatigue in the mus-
cles and joints. This relief helps maintain the body’s metabolic balance
and increases the anti—-wear-and-tear system’s effectiveness. Organs and

20



Hoeocmu Hayku KasaxcmaHa. Ne 3(166). 2025

tissues can then remain in a low-entropy state,” Ms Hu explained (Figure 3

Travel encompasses physical activities such as hiking, climbing, walk-
ing, and cycling. Physical exertion can boost metabolism, energy expendi-
ture, and material transformation, all of which help coordinate self-organ-
ising systems. “Participating in these activities could enhance the body’s
immune function and self-defence capabilities, bolstering its hardiness to
external risks. Physical exercise may also improve blood circulation, ex-
pedite nutrient transport, and aid waste elimination to collectively main-
tain an active self-healing system. Moderate exercise is beneficial to the
bones, muscles, and joints in addition to supporting the body’s anti-wear-
and-tear system,” Ms Hu said. On the flip side, the research has pointed
out that tourists could face challenges such as infectious diseases, acci-
dents, injuries, violence, water and food safety issues, and concerns relat-
ed to inappropriate tourism engagement. “Conversely, tourism can involve
negative experiences that potentially lead to health problems, paralleling
the process of promoting entropy increase. A prominent example is the
public health crisis of COVID-19.” [22-26]

Conclusion. In conclusion, Gerontology and slowing down aging
are among the most promising areas of modern medicine. Studies have
shown that aging is closely related to biological processes, and mech-
anisms such as telomere shortening, mitochondrial dysfunction, and
cellular senescence accelerate this process. At the same time, regen-
erative technologies, gene therapy, and a healthy lifestyle offer effective
approaches to slowing down aging. At the same time, it is necessary to
further develop aging management strategies on a global scale, introduce
innovative technologies, and widely promote a healthy lifestyle. These ap-
proaches can not only slow down aging, but also improve the quality of
life in general. In addition, the role of a healthy lifestyle in slowing down
aging is extremely important. Simple lifestyle changes, such as physical
activity, low calorie intake, and stress reduction, can slow down the aging
process. By widely applying them, it is possible to improve physical and
mental health, extend life, and ensure healthy aging.
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Xanunosa ®.M.?

'©36ekctaH Pecnybnukackl Foinbim AkagemusicbiHbiH, MUKPOBMONOrMs MHCTUTY-
Tbl, Byxapa k., ©36ekcTaH

2bykapa MeMIeKeTTiK TeXHMKanblK yHMBepcuTeTi, byxapa k., ©36ekcTaH

SBykapa meMnekeTTik yHuBepcuteTi, byxapa K., ©36ekcTaH

FEPOHTONOINNA XXoHE AOAMHbIH KAPTAKObIH BOCEHAETY TOCINAEPI
Tyninpeme. Byn makanaga repoHTONOrMsiHbIH Heridri 6aFbiTTapbl XoHe KapTato
npoueciH 6aceHaeTyre OGarbiTTanFaH 03blK agicTep kepcetinreH. On Guonoru-
ANbIK MexaHu3Maepai, COHblH, illiHAE >KacyllaHblH KapTaloblH XKeHe Teromep-
nepaiH, KbickapyblH 3epTTengi. byn makanaga MUTOXOHAPUANbIK AUCHYHKUUA
XKOHe Xacylla enimi canacblHAarbl FbiNbIMU NPOrpPecc, CoHAaln-aK reHaik Tepanus,
pereHepaTUBTI MeAMLMHA XaHe canayaTTbl eMip canTtbl kapacTbipbinagbl. CTpa-
TernsnapablH TMiMAiniri Tangadagsl. Makana kaptatogbl 6ackapyra apHanfat.
CanayatTbl kapTatrogbl KamTamacbi3 eTyre OafblTTanfaH TEXHOMOMMSNbIK >XKaHe
aneymeTTIiK Tacingepre Hasap aydapy apkbiibl eMip Cypy canacblH XakcapTyFa
apHanagbl. PereHepaTuBTi TexHonorusanap, reHaik Tepanusi XXeHe canayartTbl eMip
canTbl KapTaoabl 6aceHaeTyaiH TMiMai TecingepiH ycbiHagel. Kapananbim emip
canTblH ©3repTy, Mbicansl, usnkanblk 6enceHainik, ToMeH kanopusinbl TYTbIHY
XKOHe CTPeCCTi azanTy KapTaro npoueciH 6acenaeTyi MyMkiH. Onapapbl KEHiHeH Kon-
OaHy apKbinbl r3nKanbIK XaHe NCUXUKanbIK OEeHCAyIbIKTbl XXaKcapTyFa, emipai
y3apTyFa XaHe cay kapTarobl kKamTamachl3 eTyre bonagbl.

TyniHai cesgep: repoHTONOMMS, KapTat NpoUeciHiH reHaik Tepanusicel, pereHe-
paTuBTI TEXHOMOrNANap, MUTOXOHAPUANbIK AMCHYHKLUMS, canayaTTbl eMip canThbl,
Xacylanblk KapTat, agam eMipiH y3apTy
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Xanunoe WU.M.", MyxamagueB B.T.2, MupsaeBa LLU.}0.5, 3apmaHoBa 0.0.%,
Xanunoea ®.M.2

"MHCTUTYT Mukpoburonorun AkageMun Hayk Pecny6nuku Y3bekuctaH, r. byxapa,
Y3bekucraH

2ByxapCcKuii rocyaapCTBEHHbIN TEXHUUCKUIA YHUBEPCUTET, . Byxapa, Y3bekuctaH
3Byxapckuin rocyaapCTBeEHHbIN yHUBepcUTeT, r. Byxapa, Y3bekucTaH

FEPOHTONOMA U NOAXo4bl K 3AMEQNEHUIO CTAPEHUA NIOOEN
AHHOTaumsA. B cTaTbe n3naratoTcs OCHOBHbIE HAaNpaBIieHUsi TEPOHTONOMMU U ne-
pefioBble METOAbI, HanpaeneHHble Ha 3amMeaneHne npouecca ctapeHusi. OHa ns-
y4aeT Guonornyeckne MexaHusmbl, BKNOYAs KIETOYHOE CTapeHne 1 yKopodeHue
Tenomep. B ctatbe paccmaTpuBaeTcsl HayyHbI nporpecc B 06nactu MUTOXOH-
ApvanbHoi AMcdhyHKUMM U TMbenu KneTok. A Takke reHHas Tepanusi, pereHepa-
TUBHas MeauLuuHa 1 340pOBbIN 06pa3 xu3Hu. AHanuanpyeTtcs ahdEKTUBHOCTb
ctpaTternii. CtaTbs MOCBSLLEHA YNPAaBMNEHNIO CTapeHWeM. YrnydlleHne kadecTBa
XW3HM NyTEM aKUEHTMPOBAaHUSA BHUMaHWs Ha TEXHOMOTMYECKUX U CoumanbHbIX
noaxofax, HanpablieHHbIX Ha U npepnaraeT npakTUYeckMe pekomeHpauuu, Ha-
npaBrneHHble Ha obecrnedeHne 340pPOBOro CTapeHusi. PereHepaTuBHblE TEXHO-
norun, reHHasi Tepanus 1 300poBbi obpas XusHu npepnaralT 3 deKTUBHbIE
noaxoAdpl K 3amenrneHunto craperus. MNMpocTble n3meHeHus obpasa XusHu, Takue
KaK dm3anyeckas akTMBHOCTb, HU3KOKanopuiHOE MUTaHUe U CHUXEHWE cTpecca,
MOryT 3amMeannTb Npouecc ctapeHus. LLIMpoko NpUMEHsi UX, MOXHO YynyuyLInTb
r3nmyecKoe N NCUXMYecKoe 300poBbe, NPOANUTL XN3Hb U 0becneunTb 340pPoBoe
cTapeHue.

KnioyeBble crioBa: repoHTONOrMS, reHHasi Tepanunsi mpoLecca CTapeHus, pereHe-
paTuBHasi TEXHOMNOMMW, MUTOXOHAPWUaNbHasa ONCHYHKLUMSA, 3A40POBbIN 06pa3 Xua-
HW, KNETOYHOE CTapeHne, NpoasieHre XN3HN YeroBeka.
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FEPOHTONOMA U Nnoaxoabl SAMEQNEHUA CTAPEHUA NMIOOEN

AHHOTauwms. B ctatbe paccmaTprBalOTCA OCHOBHbIE HanpaBrneHns repoHTONOrm
1 nepefoBble METOAbl, HAMPaBIiEHH ble Ha 3ameaneHne mpouecca crapeHus. B
Hew aaetcs 0630p Hay4HbIX pa3paboTok B 06nacT GMoNornyecknx MexaHn3Mos,
BKITIOYas! KMETOYHOE CTapeHue, YKOPOYEeHUe Teromep M OUCHYHKLUMIO MUTOXOH-
apvn. Takke aHanuanpyeTtcst apEeKTMBHOCTb TakMx CTpaTerun, Kak reHHasi Te-
panus, pereHepaTBHas MeavuMHa 1 300poBbI 06pas xusHu. B ctaTtbe ocBella-
I0TCS TEXHONOIMYECKNE 1 coumarnbHble NOAXOAbI, HanpaBrieHHbIE Ha yrpaBrieHne
CTapeHneM, yny4lleHne KayecTBa XN3HMU.

KnioyeBble cnoBa: repoHTONOrNMS, reHHas Tepanusi NpoLecCcoB CTapeHus, pe-
reHepaTvBHbIE TEXHOMOMMM, MUTOXOHAPUanbHas ANCHYHKLUS, 300POBbIA 06pas
XW3HW, KNETOYHOE CTapeHue, MPOANEHNE XN3HW YernoBeka.

Tyninpeme. byn makanaga repoHTONOrMSAHbIH HErisri 6arFbITTapbl XXaHe KapTato
npoLeciH 6aceHaeTyre barbiTTanFaH 03blk aaicTep kepceTinreH. On 61MonornanbIK,
MexaHU3MAepai, COHbIH iWiHAe >KacyllaHblH KapTaloblH XaHe Ternomepriepaid
KbICKapybIH 3epTTenai. byn makanaga MUTOXOHOPUANBIK OUCHYHKLUNS XaHe Xa-
cylua eniMi canacbliHAaFbl FbINIbIMY NPOrpecc kapacTbipbinagbl. CoHaan-ak reHaik
Tepanusi, pereHepaTuBTi MeQULIMHA XaHe canayatTbl eMip cantbl. CTpaTternsnap-
OblH TMiMainiri TfangaHagel. Makana kaptatogpl 6ackapyra apHanFaH. CanayatTbl
KapTaldbl KaMTaMachli3 eTyre 0arbITTanfFaH NpakTUKanblK YCbIHbICTapAbl YChIHYFa
OarbITTanfFaH TEXHONOTUANBIK XXoHe areyMeTTiK Tacingepre Hasap aygapy apKbisibl
©eMip Cypy canachblH XakcapTy.

TywniHai ce3pep: epoHTONOrMSA, KapTal NPOLECIHIH, reHAiK Tepanusachl, pereHe-
paTUBTI TEXHOMOrMANAP, MUTOXOHAPUANBIK AMCHYHKUNS, canayaTTbl eMip canThl,
)acylwarnblk KapTato, agam eMmipiH y3apTy.

BBepeHue. [lpouecc crapeHus (BNAETCA HEOTHLEMIIEMOW YacTbio
BGuonornn YyenoBeka, Ha KOTOPYIO BMMSIOT FrEeHeTUYECKNE, IKONOorn4eckme
1 coumanbHble doakTopbl. Hayka repoHTonornsa nayvyaeT npudmHbl ctape-
HWS, ero NocneacTBUSA U METOAbI, HanpaBreHHbIEe Ha yrydLlleHe KayecTea
Xun3Hn. CerogHs cywecTByeT 60MbLIO MHTEPEC K MepeaoBbiM MOAX0AaM
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K 3aMe[rieHVIO CTapeHnNst 1 NPOAJIEHNIO XXU3HW, BKIOYas reHHyl0 Tepanuio,
pereHepaTyBHbIE TEXHOMNOMMM N UCCIIEAO0BaHNS MO KOPPEKLMMA MUTOXOHAPW-
anbHov aucdyHkummn. Llenbio gaHHOW cTatbn SBASETCH aHanm3 ponn 6uo-
TEXHOIOMI 1 MOAXOA0B 300POBOro 06pasa XM3HU B 3aMeafieHNn CTapeHus.
B aTom nccrnegoBaHuy GbIno MCNOMb30BAHO HECKOMBKO METOAOSOrMYECKNX
NMOAXOAO0B K M3YHEHUIO FePOHTONOMMM 1 cTapeHusi. MeTogonorusi uccriegosa-
HYS BKITIOYAET CriedytoLLme OCHOBHbIE dTarnbl:

MeTtoabl nccnenoBaHum aHanu3a U cuHTe3a. [poseaeH 063op gocTyn-
HOW Hay4YHOW nuMTepaTypbl U pesynbTaToB UCCrefoBaHUN C LIENbio aHanmaa
Br1ONorMYecKNX MexaHM3MOB NPOLECCa CTapeHns, BKIOYas YKOPOYEHme Te-
niomep, ANCOYHKUNIO MUTOXOHAPUN N KIETOYHOE cTapeHue. NpoaHanuanpo-
BaHbl 3TV NPOLIECChI M HA UX OCHOBE CUHTE3NpPOBaHa 3P PEKTUBHOCTb rEHHOM
TepanuM U pereHepaTyBHbIX TEXHOSOMI, HamnpaBrieHHbIX Ha 3amedrieHvie
CTapeHus.

Cratuctnyeckum aHanua. bbinv npoaHanvavpoBaHbl MMELOLLMECS Oe-
Morpachmyeckme gaHHble O AOre MOMOAbIX U CTapbIX N0AeN Ha rnobanbHOM
N pErMoHanbHOM YPOBHSX. Hanpumep, Bbinn ncnonb3oBaHbl 4aHHbIE O TOM,
yto 10% HaceneHusa mupa ctaplue 65 net, a 25% — monogple. ATn cTaTu-
CTUYeCKMe AaHHble ObInv NCMOMb30BaHbI A1 OLIEHKU akTyanbHOCTW Npobrie-
Mbl CTapeHust.

CpaBHUTENbHbIV aHanu3. bbin NpoBeaeH cpaBHUTENBHBIV aHanU3 Nod-
XO[OB TaKMX CTpaH, kak Y3bekuctaH u CLUA, k ynpaBreHuto ctapeHem. Ha-
npumep, B To BpeMs Kak CLUA yaensoT 60mbLioe BHUMAHNE pereHepaTuBs-
HbIM TEXHONOMMSAM Y FEHHOM Tepanuu, Y36eKkncTaH yaensieT nepBoCTENEHHOoe
3HaYyeHve 300pOBOMY 06pasy XN3HWU U TPAULIMOHHON MeanumHe [1-3].

Metoa MHAyKuMmM u penykummn. Ha ocHoBe pesynbTaToB pPasfuyHbIX
Hay4HbIX WCCIELOBaHWIA, HAaMPaBrieHHbIX Ha 3amenrieHne CTapeHusl, Obinu
caenatbl obLLmMe TeopeTnyeckme BbiBOAbI (MHAYKUMS). [Mpyn aToM ans yriy-
GIIEHHOrO M3y4YeHUsi MpoLiecca CTApEHNs 3Ta CIioXHas cuctema Obina pas-
J€ereHa Ha oThenbHble bronornmyeckne hakTopbl U MPOaHaNM3NPOBaHO KX
BMMsHNE (pedykums). FepoHTONorms n3ydaeT Tpy OCHOBHbIX TUMa CTapeHns:
€CTEeCTBEHHOe, MPeXaeBPEMEHHOe U 3aMeJIeHHOe.

EctecTBeHHOe cTapeHue. OTO HOpMa 1 COOTBETCTBYET BMONOrM4YEeCKUM
npoLeccam Xn3He4esaTeNbHOCTU YeroBeka.

MpexneBpemeHHOe cTapeHue. OTO cepbesHas npobrema, kotopas cy-
LLIECTBEHHO CHWXXaEeT Ka4eCTBO XM3HU YenoBeka. [posBrnseTcs ynagkom curl,
YyBCTBOM craboctu, 6onsMu Npn OTCyTCTBUM 3aBorneBaHni. TOT CUHOPOM
00ObIYHO BCTpeYaeTcs y Nogen cpenHero U noxunoro Bodpacta. MenreH-
HOe cTapeHuve. STOT TUM SBMSIETCH pe3ynbTaToM 340POBOro obpasa XusHu
N XapaKkTepusyeTcsl JOMNrorieTMeM M NpoOOoSHKUTENbHOCTLIO XU3HW. YTOo-
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Obl MPeJoTBPaTUTb MPEXOEBPEMEHHOE CTapeHne U COXpPaHWUTb CUIlbl Ha
Aonrve rofgbl, repOHTONOrM MOCKOBCKOIO LIEHTPa PEKOMEHAYIOT HaunHaTb
npocumnaktuyeckme meponpuatus ¢ 35-40 net [1-3].

Mo oueHkam OpraHmsaumm O6beaMHeHHbIX Haumn, auHamuka 4vuc-
NEHHOCTM HacerneHns mupa B Bo3pacTte 60 net v crtapwe BO BTOPOM
nonoBuHe XX Beka M Havyane Xl Beka BbIrnaauT criegyloLmum obpasom:
HaumoHanbHbIn yHuBepcuteT Y3bekmuctaHa TpaHcdopmaunsa coumanb-
HOro naHgwadTa 1 coumanbHbIX CTPYKTYp coBpemMeHHoro mupa 290 20
anpens 2024 r. https://nuu.uz/ MexgyHapogHasi Hay4HO-NpakTuyeckas
KoHpepeHuusa B 1950 r. nx 6bino 205 mnH. Yenosek, B 2000 r. - 600 MnH..
B 2009 r. ux ymcneHHocTb npeBbicuna 737 MiH. Yenosek. B 2009 r.cpea-
HAS gons HaceneHusa B Bo3pacte 60 net u ctapuwe coctaensna 10,8%.
Havmerblwas oHa 6bia B Katape n OA3 (1,9%), a Hanbonblias - B
AnoHum (29,7%). B 2019 rogy 4mcneHHOCTb NtoAen crtaplie 65 net co-
ctaBuna 705 mnH. Yucno geten B Bo3pacTe 4o NATK NneT coctaBuro 680
MIJTH., YTO CBSI3aHO CO CHWXEHWEM POXXOaeMOCTU BO MHOrMX cTpaHax. B
2019 r. uncno nogen ctapwe 80 net coctaBumno 143 MIH., a YMCno fto-
aen ctapwe 100 net — 533 000, yto Gonble, yem 151 000 B 2000 r..
B 2021 r. yucno niogen crtapue 60 net NpeBbICUNO OAWUH MUNNMapPA.
Mo cocTosHuMio Ha 1 okTabpsa 2021 roga gonsa HaceneHnsa AnoHuK B BO3-
pacTte 65 net n ctapwe coctaBnsana 29,1 %, 15 % B Bo3pacte 75 net u
ctapwe un 5,2 % B Bo3pacTte 85 neT u ctaplie. B nutepartype no couu-
anbHbIM HayKaM y4yeHble NPUBOAAT pAa TEOPUN, ONUCHIBAIOLLMX NPOLECC
cTapeHus. Hanpumep:

Teopus pasbeguHeHWs NMOHMMaeT CTapeHue KaK Hen3bexxHoe B3a-
VMHOE OTAarieHve Mexay CTaperLyM YernoBEeKOM M ApYrMMu MoabMu,
NpYBOASLLEE K CHIDKEHNIO B3aMMOAENCTBUSA. OTOT MPOLECC MOXET ObITb
MHULMNPOBAH MOXUIbIM YESIOBEKOM WUITM OKPY>KaloLLen ero counaribHom
cpepon. OTa Teopus npegnonaraeT CHUXXEHME CoLManbHbIX CBSA3EN MeX-
A4y NOXMUIbIM YenoBeKkoM 1 obLiecTsom [4-5]..

1. Teopusa pasbegnHeHns onucbiBaeT NPOLLECC, MOCPEACTBOM KOTOPOro
NOAN OTCTPaHSAKTCS OT COLMAnbHOM XN3HW MO Mepe TOro, Kak OHWU cTape-
0T 1 CTAHOBATCS CTaplle. JTa Teopus npegnonaraeT, YTO CO BPEMEHEM
B3pOCble OTKa3bIBAKOTCA OT COLMarbHbIX POfied U OTHOLLEHWUN, KOTOPblE
ObINN LEHTpanbHbIMU B UX B3POCITION XKN3HM.

2. Kak dpyHKUMoOHanmcTckas Teopus, 3Ta CTPyKTypa paccMaTpuBaeT
npoLecc pasbeanHeHns Kak HeobXoOuMbIA M MOMe3HbIM Ans obLlecTBa,
MOCKOSbKY OH MO3BOMSIET COLMarnbHOW CMCTEME OCTaBaTbCs CTabunbHON
1 yrnopsgo4eHHoM.
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2. Teopnsa guccoumauum. OTa Teopus Obina paspaboTaHa coumo-
noramu OneviH KaMMuHr n Yunbsamom 3prnom ['eHpu 1 npeactaBneHa B
nx kHure «CtapeHuey, onybnukoBaHHon B 1961 r.. OHa npumedaTensHa
TEM, YTO SABMAETCHA NEPBON COLMArbHON TEOPUEN CTAaPEHUS N €€ HECKOSTb-
KO CMOPHbIM MPUHATUEM, OHA CTUMYSMpoBana pa3BuTne UCCregoBaHni B
obnacTu coumanbHbIX HaykK U TEOPUI O NOXUITbIX MOAAX, UX COLMAnbHbIX
OTHOLLIEHUSIX U X ponu B obLLecTBe. ATO Takke 0bCyXaeHne coumanbHom
CUCTEMBI MpoLecca CTapeHUst U 3BOSTIOLIMN COLIMATbHOM XKU3HWN MOXMUITbIX
nogewn, N BOOXHOBIIEHO (OYHKLMOHANbHOM Teopuen. ®akTmuyecky, Bbiaato-
LLMNCS COLMOIIOr 1 BeayLWmnn doyHKUMOHanueT TankoTT [NapcoHc Hanvcan
npegucrnosue K kHure KammuHr n MeHpu [6].

B pamkax cBoen Teopun KammuHrc v 'eHpy nomeLuaroT ctapeHvue B
coumanbHyr CUCTEMY M MpefnaralT psag CTagun, KOTopble ONMUCHIBALOT,
KaK AmccoLmalms NpoucXo4uT C BO3PacTOM M MOYEMY OHa BaXkHa U MO-
rnesHa ans Bcemn coumanbHo cuctembl. OHM paspaboTany CBOK TEOPUID
Ha OCHOBE AaHHbIX MCCIeAOBaHNA XM3HM B3pocnbiX B r. KaHzac-Cutn n
pesynbTaToB 3MMMPUYECKOr0 UCCregoBaHWs, MPOBEAEHHOrO Yukarckmm
yHuBepcuTeToM M HaumoHanbHoM yHuBepcuTeTe Y3bekuctaHa TpaHc-
dopmMaLmsa coumnanbHOro naHawadgTa 1 coumarnbHbIX CTPYKTYP COBPEMEH-
Horo mupa 20 anpensi, 2024 r. CoOOTBETCTBEHHO, 3TN MCCIeLOoBaTENN
co3ganwv criegytome AeBATb NOCTYyNIaToB «TEOPUN ANCCOoLMaLMmny:

1. Mo mepe TOro, Kak MAN CTApEeloT, OHN TEPSIOT CBA3N C OKpYXato-
LWMMKU. DTO NPOUCXOANT NMOTOMY, YTO NPOLECC CTAapeHUs CO34aEeT B NMCUXU-
Ke YyBCTBO OXWOaHUA cMepTu. B pesynbtaTte nogn NocTENEHHO TEPSHOT
CNOcoOHOCTb 00LLaTLCA CO CBOMMMU BIN3KUMU.

2. B npouecce ctapenuns noam ocBo6oXaaTCa OT colpmarnbHbIX HOPM,
KOTOpbIE PErynMpyoT OTHOLLEHUS. ECTECTBEHHO, YTO MOTEPS CBA3U C CO-
unanbHbIMM HOPMaMu YCUIMBAET MPOLIECC OTKITFOYEHNST OT HUX.

3. MNpouecc pasgeneHnsa oTnn4aeTcs Ans My>XKYMH 1 XKEHLLMH 13-3a NX
pasHbIX coumnarnbHbIX POSEN.

4. [Npouecc pasgeneHnsi BO3HUKAET U3 XXenaHna MHANBMAA NOSIHOCTbIO
BbINMOJSIHATL CBOM COLMArnbHbIE POSiM, HO HE TEPSATb HABbLIKA U YMEHUS U
He MOpTUTb CBOK penyTauuto. B To e Bpems Te, KTo cBoboaeH cpeaun
MOJSIOAEXM, 0by4aloTCsl pasBMBaTh 3HAHUSA U YMEHUs!, Heobxogumble ans
BbIMOJTHEHUS POJIEN, KOTOPbIE OHU UTPatoT.

5. MNonHoe pasgerneHve NpoMcxoauT, Koraa U MHAMBUG, U 0OLLEeCTBO
roToBbl K 3TOMy. PasgeneHve mexay HUMU NPOUCXOLMUT, KOraa OAWH ro-
TOB, a ApYron HeT.

6. Jltogn, KoTopble pasgerneHbl, 6epyT Ha cebs HOoBble couunanbHble
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ponu, 4Tobbl He cTpagaTb OT Kpusnca MAEHTUYHOCTU WY He BnagaTb B
Aenpeccuio.

7. Korga 4yernoBek MOHMMAET, YTO eMy OCTarioCb HeJOJIro XWUTb U OH
GonbLue He XOYeT BbIMOMHATL CBOM CoLMarnbHble POrv, OH rOTOB COAThCS;
1 obLLEeCTBO OOMNyCKaeT pasnyky, YToObl 06ecneyunTb 3aHATOCTb TEX, KTO
OOCTUr 3perioro Bo3pacTa.

8. B pesynbTate pasnykum MOryT U3MEHUTbLCS PO B COLMANbHbIX OT-
HOLLIEHWSIX, CTATYCbl U AaXe nepapxmyeckoe noroxeHue B obLLecTse.

9. Paanyka, cBs3aHHasi CO CTapOCTbto, B TON UIK MHOM hopMe npounc-
XOAMWT BO BCEX KynbTypax.

OpHako OH onpefenseTcs M OueHMBaeTCd CTaHAapTaMy COLMOKYIIb-
TYPHOW Cpefbl, B KOTOPOW OH nponcxoant. OCHOBbIBaAAChk Ha 3TMX MOCTY-
natax, KammuHrc v N'eHpu npegnonaratoT, YTO NOXMUIble SII0AN cHacTv-
Bee, Korga OHU MPUHUMAKT M OXOTHO MPUHMMALOT MNpoLecc pasaeneHus.
Tem He MeHee, Teopus «Aauccounauuny crana npegMeToM MHOTOYUCTIEH-
HbIX CMOPOB U KPUTUKM C MOMEHTa ee nybnukaumm. HekoTopble KpUTHKu
yTBEPXAanu, YTO 9TO OLIMBOYHas TEOPUST COLMarnbHOW HayKn, MOCKOMbKY
KammuHre n eHpu npegnonaratoT, YTO STOT NPOLECC SABMSeTcs ecre-
CTBEHHbIM, BPOXAEHHbIM U Hen3bexHbIM, a Takke yHuBepcanbHbiM. B
dyHOAaMEHTaNbHOM KOH(PNUKTE B COLMONOrMn Mexay dyHKUnMoHanucTa-
MU 1 OpYrMMU TEOpeTMKaMu HEKOTOpble yTBepXdanu, YTo Teopust Mos-
HOCTbIO UTHOPUPYET Porib Krnacca B (hOPMUPOBaAHMM OMbITa CTapeHUs, B
TO BPEMS KaK Apyrne KpUTUKOBanu NpeanosioXXeHne, YTo NOXuIble Moam
He y4acTBYIOT B 3TOM npouecce. BO3MOXHO, OHU SBNAOTCA afanTUBHbI-
MW MHCTPYMEHTaMM COoLManbHOM CUCcTeMbl. Kpome TOro, OCHOBbIBasiCb Ha
nocriegyroLmnx nccrnegoBaHusax, gpyrve yTeepxaanu, 4To Teopus pasge-
NEHNSI HE B COCTOSIHNM OXBaTUTb CIIOXHYIO 1 BoraTylo coumarnbHYH X1U3Hb
NOXWMbIX 0AEN N MHOTOYUCHEHHbIE (DOPMbl MPUBA3AHHOCTU, KOTOPbIE
BO3HMKAIOT MOCre BbIXoAa Ha neHcuto [7-13].

M3BeCTHbIV COBPEMEHHBIN COLMONOr Apnin XoXLWunnbA Takke onybnu-
KOBan KpuTuyeckne ctatbm no aton teopun. OH cumTaeT, YTo aTa Teopus
HEBEpPHa, MOCKOIbKY COAEPXKUT «OroBOpPKYy 06 0CBOBOXAEHUMY» U cunTaeT
TeX, KTO He MEHSIeT CBOero MHeHus, npobnemHbiMy nogbMu. OH Takke
KpuTukoBan KammuHrca u 'eHpu 3a TO, YTO OHM He CMOMNN NPegoCcTaBUTb
AoKasaTenbCTBa TOro, YTo pa3Bof ABnsieTcs 4o0OpoBonbHbIM. B pesynb-
TaTe 3TON KPUTUYECKOWN CBA3W, XOTS OH M OCTaBascs NpUBEP>KEHHbIM TEo-
peTnyeckon nosnunm KammuHra, MeHpu nosxe oTBepr ee B NocrneayroLLmx
nybnukaumsax n nepewen k 6ornee No3gHMM anbTEPHATMBHLIM TEOPUSAM,
BKITIOYas TEOpPUIO AEATENbHOCTU M TEOPUI0 HeMpepbiBHOCTU. «Teopus
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OEATENbHOCTU» SBNAETCH anbTEPHATMBOW «TEOPUM pasnerieHnsi», nog-
HMMasi BOMPOC O €€ 3TUYECKOW 3HAYMMOCTM U mpegronarasi, YTo noau
COXPaHSIT Te XXe NOTPEBHOCTU U XenaHus, Koraa BCTynatT B CTapoCThb,
M YTO OHM COMPOTUBIATCA BCEM MOMbITKAM UCKITHOYNTL UX U3 0OLLecTBa
B cpeaHeM Bo3pacTte. CormacHo en, NOXWnbIX NoA4en cregyet paccMma-
TpyBaTb KaK MEHbLUMHCTBO HACENEHUs1 C HU3KUM COLManbHO-9KOHOMMUYE-
CKUM cTaTycoM. Teopusi «CyOKynbTypbl» Takke MMeeT ocoboe 3HayeHne B
N3Y4EHMM NOXUITbIX NOAEN Kak 0cobor coLmanbHOM rpynnbl B 06LLECTBE.

OTa Teopust POKyCUpYeTCSa Ha CrieayoLLMX ABYX acneKkTax:

1. BriM3ocTb NOXWMbIX FOAEN APYr K APYrY.

2. BaanmopencTeme nNoxunbix Nogen ¢ Apyrmmu colmansHbIMU rpyn-
namu.

O6a atn acnekta TpPebylT OT HAacC PacCMOTPEHUS B3aVMOAENCTBUS
NOXWNbIX NIOAEN Kak OTAENbHOW CyOKyNbTypbl. [eicTBUTENBHO, YyBCTBO
OGLLHOCTM MO OTHOLLEHWUIO K CTAPOCTV U B CTAPOCTX SIBNSIETCA OCHOBOW
BO3HUKHOBEHMS CYyOKyNbTYpbl MOXWUIbIX NoAeNn. « Teopusa cTpaTndurkalmmn
BO3pacTa» Takke UrpaeT BaxHYK porib B ONUCAHUM NOXUIbIX NI0Oen Kak
coumanbHon rpynnbl. CornacHo e, ¢ y4eToMm pasgerieHus obLuiecTsa no
BO3pacTy 1 coumarnbHbIM OTHOLLEHNSIM, OHA NOMOraeT 06 bACHUTEL OCOOEH-
HOCTW pasHbIX MOKOMEHWUIA, BKIOYAas cTapLlune 1 Mmragline noKorneHus, u
nogyepkmBaeT obpas XKus3Hu 1 obLIMe YepTbl, MPUCYLLME ONPELESIEHHON
BO3pacTHOW rpynne. VI3 aToro criefyeT, YTO Kaxaoe NOKOMeHne noXubix
nogen yHuKanbHO U MMeeT TONbKO CBOW YHUKarbHbIA OMbIT. «MHOro-
NOKOMEHHAs TEOPUSA rpakgaHCTBa» NPU3biBaeT KaXKOoe MOKoreHve yva-
CTBOBaTb B (hOPMUPOBAHMU COLMANbHOIO MUpa, paccMaTpuBasi ero Kak
HEMNpPEePbIBHbIN, TEKYLLMI NPoLLECC. PAccMOTpeHHEIE Bbille TEOPUM U CO06-
pakeHus 4aloT CUCTEMHOE NOHUMaHWe cneundgukn npoLlecca CTtapeHus u
npegnonararT, YTO YHUKanbHas MHAMBUOYaNbHOCTb YerioBeka Kak nu4-
HOCTW 1 ee Doriee NOJIHOE packpbITUE HAXOASATCS B LIEHTPE 3a60Thl CEMbM,
obuecTBa v rocyaapctea [14-15].

Buonornyeckme mMexaHusMbl CTapeHUs, B YaCTHOCTU YKOPOYEHUe Te-
nomep n AUCEYHKUUA MUTOXOHOPUN, CYNTAIOTCH OCHOBHbLIMU MPUYMHaMu
CTapeHus. YKopodeHne Tenomep NpuBOLMUT K OrPaHNYEHUIO AeNeHns Kre-
TOK, YTO BbI3bIBAET CTApeHMe KIeTok U yxyaleHne yHKLUUN opraHos. B
TO e BpeMsi ANCYHKUNSA MUTOXOHAPUIA 3amMeiIseT NpoLecchl BbipaboT-
KW 3HEPIUM, YTO YCKOPSIET CTapeHne. 300poBbIi 00pas XU3HKW, BKIYato-
LLMIA HU3KOKaNopuUMHoe NUTaHue, PerynspHyto rsnyeckyto akTMBHOCTb U
yrnpaBrieHUe CTPECCOM, SIBIIIETCA BaXXHbIM (PAaKTOPOM 3aMearieHus1 npo-
Lecca ctapeHusi, 1 ero 3@eKT NoATBEPXKAEH HAYYHbIMU UCCrea0BaHUS-
Mu. MiccrnegoBaHusa nokasanu, YTo coOnoaeHne 300poBoro obpasa xms-
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HW OKa3bIBaeT MONOXUTENbHOE BANSHNE HA PU3NYECKME U NCUXNYECKNE
acneKTbl CTapeHusl.

Brvonornyeckne mexaHu3mbl CTapeHus, B YaCTHOCTU YKOPOYeHue Te-
fioMep 1 MUTOXOHApManbHas ANCHYHKUNS, aHaNU3MPYIOTCS Kak Kitoye-
Bble obnactn ong 3amMefnrneHus ctapeHus. YKOpodeHue Teromep cBsA3a-
HO C MpeKkpalleHnemM AerieHns KIMeToK, U YKPenmnseTcss HaydHash OCHOBa
ONS yBENnMYeHVs AMVHbl TerioMep C NOMOLLbI hbepmMeHTa Tenomepasbl
Ons 3amearnieHvss aTtoro npouecca. [Mpodunaktnka MUTOXOHOPUAanbHON
ONCAYHKUMN MOXKET ObiTb 3hPEKTUBHBIM CMOCOOGOM BOCCTaHOBIEHWUSA
KINETOYHOM SHEPTMM U CHWDKEHUS OKUCIUTENbHOro ctpecca. OTu uccrie-
OOBaHVS OTKPbIBAOT HOBblE BO3MOXHOCTU A1 YNPaBlieHNs] CTapeHneM.
Ponb reHHon Tepanuu B 3aMeffieHMn CTapeHnsi OMeHb BaxkHa. Vcnonbaya
TexHonorno CRISPR-Cas9, Tenomepasa n gpyrve reHbl, CBS3aHHbIE CO
CTapeHneM, MOryT ObITb aKTMBMPOBaHbI NOCPEACTBOM FEHETUYECKUX MO-
andukaumn. MccneqoBaHus NokasbiBakoT, YTO 3TU TEXHOSIOMMU OKasblBa-
0T MONOXNTENBHOE BNNSIHUE Ha 3aMearieHne CTapeHnsi U MOMOratT CHU-
3UTb Guonormvyecknn Bo3pact opraHmama. OgHako AN BHEOPEHUS 3TUX
TEXHOJOMMA HEOBXOOUMO PEeLUNTb MHOXECTBO HayYHbIX M 3TUHMECKMX BO-
npocoB. Tepanus CTBOMNOBbIMU KreTkaMun nMeeT 6orbluve nepcnekTuBhbI
B pa3paboTke pereHepaTMBHbIX TEXHOMOMMNA. TN TEXHONOMMN MOTYT ObITb
MCMNOMb30BaHbl AN OOHOBMEHWS KIETOK M TKaHew, BKNOYasd MpU3HaKu
CTapeHunsi, KOy 1 KocTu. Ponb Tepanuy CTBOMOBLIMU KIeTkamMu BO3pac-
TaeT, NOCKOSIbKY 3TU METOAbI MO3BOMIAT BOCCTAHOBUTb MHOTME (OYHKLMN
opraHmama. [loatomy pasBuTve pereHepaTMBHOW MeOULMHBLI paccMaTpu-
BaeTCcs kak adhpekTMBHBIN cnocod 6opbbbl co cTapeHreM. Ponb 34opoBo-
ro obpasa XusHu B 3aMeAneHn CTapeHns o4eHb BaxHa. VccnegoBaHus
MoKa3blBaIOT, YTO OrpaHuyeHve NoTpebreHns kanopun n perynspHas cu-
3n4eckast akTMBHOCTb NOMOratoT 3ameanuntb ctapenne [16-20]. CHxeHve
cTpecca, NpaBuiibHOe NMTaHWe U huandeckne ynpaxHeHUs MoryT NoBnu-
ATb Ha NMPOJOJPKUTENBHOCTD XXM3HW OpraHmama. B 1o xxe Bpems cobnto-
AeHvie 300poBOoro obpasa >u3Hu ynyylaeT He TOMbKO r3nyeckoe, HO 1
ncuxudeckoe 3goposbe. B CLUA wimpokoe NpuMEHeEHNe pereHepaTUBHbIX
TEXHOMOMMM U reHHON Tepanuun AeMOHCTPUPYET BbICOKYH 3(PEKTUBHOCTL
B 6opbbe co ctapeHnem. B Y3bekuctaHe Goree LLUMPOKO MCMOMb3yTCA
noaxodbl, OCHOBaHHbIE HA 340POBOM 06pase XM3HU N TPaANLIMOHHON Me-
avumHe. OgHako pas3BMTUE MHHOBALMOHHBIX TEXHOMOMMIA Takke paccma-
TpuBaeTcsa B Y3beKkncraHe Kak nepcrnekTMBHOE HanpaBsreHve. OTO O3Ha-
yaeT, 4YTo B Y3bekncTaHe cyuectByeT 6ombluas noTpebHOCTb B pasButm
HOBbIX Hay4HbIX NCCMEAOBAHMI 1 TEXHOMOIMN B 061acTn pereHepaTnBHON
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MeLMLMHbI U TEHHON Tepanun. bbino 6bl MONEe3HO PpacCMOTPETb BO3MOX-
HOCTN MPUMEHEHNST HayYHbIX M TEXHOMOMMYECKNX AOCTUXEHMIN B 0b6racTtu
repoHTonorMn. Hanpmmep, npoaHanuanpoBaTtb BaXHOCTb Tepanvu CTBO-
NOBLIMY KIieTKaMu He TONbKO B 3aMenSIEHNN CTapeHnsi, HO 1 B feYeHnn
pas3nu4yHbIX BO3pacTHbIX 3aboneBaHun. MoxHo 6ornee nogpobHO npoa-
HanNM3MpoBaTb 3TUYECKME acneKTbl UCMOMb30BaHMSA MOTEHUMana reHHon
Tepanuu ans 3ameaneHus ctapeHus. beino 6bl ymMecTHO paccmoTpeTsb,
Kakue HopMbl 6€30MacHOCTU M 3TUKM HEOBXOAMMO Yy4uTbiBaTb NPY BHeE-
OPEHNUN 3TUX METOAOB B KIMHUKE. Takke MOXHO BbIAENUTb COLManbHy0
1N 3KOHOMUYECKYIO 3HAYMMOCTb 3amensieHus ctapeHns. O4eHb BaKHO Npo-
aHanuanpoBaTtb 3KOHOMWYECKUN 3PEKT MHHOBALMOHHbLIX TEXHOOormm
ONS 3aMearneHnsi CTapeHus 1 TO, KakK OHW BAMSIOT Ha M3MEHEHWNS B COLU-
anbHou cucteme [20].

OTO MOMOXET, B YaCTHOCTM, ONpeaenuTb MecTo CTpaTernn, Hanpas-
NEHHBIX Ha ynyylleHne 300pOBbS MOXWMbIX MOAEN, B rocyaapCTBEHHON
nonutuke. M3yuntb paboTy 1 nogxodbl, NpUMeHsieMble BO BCEM MUPE 4115
yrpaBreHus 1 3aMedneHvus TEMMOB pocTa CTapeHue, U CpaBHUTb BO3-
MOXHOCTW B Y30eKnCTaHe nnu gpyrux ctpaHax. B 1o e Bpems, nokasatb
0COBeHHOCTM pa3BuTUSA B 3TOM obnactu B Y3bekncrtaHe B CpaBHEHWUM C
OPYrMMU CTpaHaMmMm.

Haunbonee aktyanbHbIMM Npobriemamu, CToALWMMM NEPeS repuaTpuen,
ABMSOTCA U3y4YeHre cneunguryeckmx acnekToB BO3HNKHOBEHUS, TEYEHMS
1 pa3BUTUS pasnmnyHbix 3aboneBaHni y NOXUIbIX Ntogen 1 ux npogunak-
TVIKa; BbISIBIIEHNE MPOLECCOB, BbI3bIBAIOLLMX CTAPEHNE, MPUHATUE MEP MO
OMOJIOXKEHNIO; @ TaKXKe OpraHnsaums cryk6 MeauumMHCKOM 1 coumanbHOM
MOMOLLY NOXUITbIM FOASIM.

OTmevaeTcs, YTO, XOTH BO3PACTHblE M3MEHEHUS Heu3BexHbl, cyLle-
CTBYIOT OMpeAerieHHble NMPUBbLIYKM B MUTAaHUKN 1 0Opase >XU3Hu, KOTopble
MOTYT MOMOYb 3aMeaNIMTb 3TOT npouecc [20].

Tak, anetonor PoHanbg CMnT pekomeHayeT orpaHnymTb noTpebreHne
caxapa. «Ecnu Bbl XOTUTE MPOXNUTb JOMTYI0 U 300POBYIO XU3Hb, CTapaw-
TeCb MO BO3MOXXHOCTU n3beratb He34OPOBbIX MPOAYKTOB, TAKMX Kak neve-
HbE MIN CragoCcTMy, - TOBOPUT OH.

BkmtoyeHve pbibbl B CBOM pauMOH Takke Nosie3Ho Ans Ballero 3opo-
Bbs. «Pbiba 6orata omera-3 KMcnotaMmu, KOTopble 3alyuLLaloT OpraHn3m
oT 6onesHer 1 nomoratoT 6opoTbCsa ¢ Npobnemamu cepgua, Aenpeccunen
1 Jaxke pakoM», - FOBOPUT Bpavy.

OuneTtonor Jlnda AHr pekoMeHayeT BKNIOYMTb B CBOW paLMoH NoborbLue
(PPYKTOB 1 OBOLLEN, OCOBEHHO Arof, LIMTPYCOBbIX, 3€JieHn, MOPKOBU 1 6or-
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rapckoro nepua. «OHu 6oraTbl aHTUOKCMAAHTAMM U KIETYaTKON, KOTopble
nomMoratT 60pOTbCs C HEraTUBHbLIMM NOCTIEACTBUSIMU CTAPEHUS», - FOBOPUT
oHa. OH Takke pekoMeHayeT 3aMEeHUTb MSICO PacTUTENbHBIMU UCTOYHUKA-
Mun 6enka. “YnotpebrieHme 6onbLUero KonmyecTBa pacTUTENbHbIX NPOAYK-
TOB MOXET MOMOYb 3aMeAINTb NPOLIECC CTAPEHMS 3@ CHET CHUXKEHWS YPOB-
Hs1 XONiecTepuHa, cTabunmsaumm ypoBHS caxapa B KPOBU U YMEHbLLEHUS
BOCManuUTENbHbIX NPOLIECCOB OpraHmM3me”, - roBOpuT AH (pUCyHOK 1).

PucyHok 1 — lNpouecc ctapeHusi

OpaHon 13 cambix CeEpPbE3HbIX MPOBIEM, CBSA3aHHbIX CO CTApPEHUEM, SIB-
nseTcs 06e3BoXnBaHME.

“C BO3pacToOM MHOrMe CUCTEMbI, KOTOPbIE YAEPKUBAIOT XUAKOCTb, Ha-
NpYMep MOYKM, HAYNHAIOT pPa3pyLLATHCS, Y HEKOTOpLIE NlekapCTBa, NPUHW-
MaeMmble B CBSI3W C BO3PacTOM, MOTYT NMPUBECTU K YCUIIEHNIO 06e3BOXMBA-
HUS”, - roBopuT gmnetosnor Tpucta becr.

OH pob6aBwr, YTO BaXKHO MWUTb JOCTATOMHO BOAbI, @ TAKKE YNoTpebnaTb
Oonblue NPOAYKTOB, COAEPXKaLLMX MHOTO XMOKOCTH, - OrypLIOB, kaba4koB,
NOMMZOPOB, KIYOHUKM 1 apOy30B.

Ha camom gene ctapeHue — 3TO HeuM306eXHbIW NpoLecc, HO ero
MOX>XHO 3aMeAnuUTb.

[ns aTOro BaM Hy>kHO OyaeT BHECTU U3MEHEHMS B CBOM 0Opas XXu3Hu
1 npuBbIYkK. OHM ynydLIaT HE TOMBbKO BHELLHWE NPU3HAKM CTApeHs, HO 1
BHYTPEHHEE COCTOSIHME OpraHu3mMa.

Hwxe npuBefeHbl 5 NpuBbIYEK, KOTOPbIE MOMOMYT COXpPaHWUTb MOJO-
OOCTb M KpacoTy Kak MOXHO JOJIbLUE:
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v MNopapepxxuBanTe Bally KOXy yBNaXXHEHHON.

Uewm cyLue Balla Koxa, TeM 60ribLue BEPOATHOCTb NOABIEHNS MOPLLMH.
CyxoCTb MOXeT NPUBECTU K NPeXOEBPEMEHHOMY CTAPEHUIO KOXKN. BbIOu-
paviTe KOCMEeTUKY B COOTBETCTBUM C BaLLMM TUMOM KOXMU U NOTPebHOCTS-
MU. TakkKe roBOpsAT, YTO, ECNIN Bbl HE MbeTe AOCTAaTOYMHO BOAbI, HUKaKoe
KOMNMYECTBO YBMAXHSOLLEro Kpema He NOMOXeET.

v Monb3yhTecb CONHLE3aUTHbIM KPeMOM KPYribIv roA.

PacnpocTtpaHeHHas owubka nogen - HaAHOCUTb COSHLE3aLLMTHbIN
KpeM TONbKO TOrAa, Korfa CosHLe HaxoauTcs NpsMo Hag rofnioson. Jaxe
B MacMypHble OHW, KOrAa CoNHLa He BUAHO, yNbTpaduorieToBble fy4mn Bce
paBHO MOryT BO34ENCTBOBaTb Ha KOXY, Bbl3blBas MUIMEHTHbIE MATHA U
MopLUMHbI. Ecnn Bbl coenaete SPF-kpeM YacTbio CBOEM MOBCEAHEBHOW
XW3HK, Balla Koxa byaeT Bam 6narogapHa.

v/ HayuuTtecb cnpaBnsiTbCs CO CTPECCOM.

Hay4Ho OokasaHo, 4TO CTpecc U cTapeHue cBa3aHbl. [locTosHHas He-
PBO3HOCTb MOXET COKpaTUTb Ballly XM3Hb B cpeHeM Ha 3-6 neT. Bo3bmu-
Te 3a NPVBbLIMKY KaXabln OeHb YAENATb BPEMS CBOEN HEPBHOW CUCTEME.
BbinonHsnTe AbixaTenbHble YNPaXHeHUs, MeauTaunio. 3TU ynpaxHeHUs
3anmyT y Bac 30 MuH. BpemeHu. Kpome Toro, fobaBreHme B CBOM paunoH
afanToreHoB - HaTyparnbHbIX PACTUTENbHbLIX BELLECTB, KOTOPbIE NOMora-
0T BaM afanTupoBaTbCs K PasnMyHbIM CTPECCOBBIM CUTYaUMSM U CHU-
XaloT X BO3OENCTBME Ha OpraHnaM, - Takke AacT XopoLune pesynbTraTbl.
He 3abbiBavite 0 nornesHbIxX xupax. CbanaHcnpoBaHHasa AveTta OOIhKHA
BKIIOYaTb Kak yrreBodbl, Tak U 6ernku, HO Korga Aeno AoOXOAWT OO MoA-
OepXXaHnsi MOMOAOCTU, XMpbl Takke nornesHbl. Opexun, aBokago, JIocochb
1 pactTuTenbHble Macna 6oratbl BUTammHamu A 1 E, a Takke >XMpHbIMU
kncnotamm 3 n 6. ButamyHbl ABASIOTCA MOLLHBIMW @aHTUOKCMAAHTaMM, KO-
TOpble 3alULLaoT OpraHn3M OT CBOBOAHbBIX paguKanoB U He TOMbKO npe-
AO0TBPALLAloT BHELLHWE MPU3HAKU CTapeHus, HO U NMOMOratT COXPaHUTb
BHYTPEHHIOIO MonofocTb. OmMera-XnpHble KMCNOoThl NOBbLILIAKT 3riacTny-
HOCTb KOXW M NpeAoTBpaLLatoT NosiBiEHNE MOPLLVH.

v OrpaHu4bTe NoTpebrieHue caxapa.

M36bITOK caxapa Tak e onaceH Ans KOXW, Kak 1 ynbTpaduorneToBoe
nanyyeHue. OH He TOJIbKO Bbl3blBaeT yrpun n anneprunyeckme peakuumm, Ho
N CTApPUT KOXY USHYTPW. MOJ'IeKyJ'IbI [T1IOKO3bI, Nnonagarvuwe B opraHn3m,
BCTynarwT B peakunto C OernkoBbIMU coegnHeHnAMHMU, B TOM YuUcre Kornna-

35



buomexHornoauu u xumu4deckue mexHosioauu

reHOM 1 3MacTMHOM. OTU BOJTIOKHa MCTOHYAIOTCH, TEPSIOT 3MaCTUYHOCTb,
B pesynbTate Yero MOPLUMHbI YBEMNUYMBAIOTCH, @ KOXa TepsieT TOHYC.
Creunannctbl peKOMEHAYIOT MOMHOCTbI0 OTKasaTbCs OT 406aBMEHHOro
caxapa M C OCTOPOXXHOCTbIO ynoTpebnatb cnagkne dpykTtol. Beibuparite
HaTyparnbHble U «HAcTosWMe» NpoaykTbl. Bo-nepBbix, n3berante obpa-
BGOTaHHbIX MPOOYKTOB, U3 KOTOPbIX B MpoLecce NpovM3BOACTBa ygansder-
cs 6onbluas YyacTb BUTAMWHOB M MUTaTENbHbIX BELLECTB, Y KOTOPbIE CO-
AepXaT TOKCVHbI U CKpbITble caxapa. BmecTto o6paboTaHHbIX NPOAyKTOB
noKynawmTe LernbHoe MACo, pbiby, NTuuy, oBOLWM, PPYKTHl U opexu. Ewb-
T€ MeHbLUle, HO MeArneHHO. Hay4yHo Joka3aHo, YTO orpaHMYeHre Kanopumn
NpoAneBaeT X13Hb. MeaneHHoe nMTaHe NomoraeT nuTaTenbHbIM Belle-
CTBaM fy4lle ycBamBaTbCHA WM MepeBapuBaTbCs, a Takke obecrnevmBaeT
GanaHc KMwe4vHon ropbl, YTO OYEHb BaXKHO AN 3aUTbl UMMYHHOW CU-
CTEMBbI.

PpyKTbl M OBOLLM ABASOTCA OCHOBOW 300pOBOro nutaHus. OHu cHab-
XKalT Hall opraHvM3M npebuoTukamy U aHTUOKCMAaHTaMu, KoTopble 6o-
PHOTCA C HEKOTOPbIMU 3adhhekTamMm CTapeHnsi. XoTsa BONbLUMHCTBO Noaen
XOPOLLIO 3HatOT O MOfb3e PPYKTOB U OBOLLEN, OOBbIYHO Ha HaLMX cTonax
3TMX MONe3HbIX BELLECTB HeJoCTaToMHO. BMecTo 3TOro Mbl 4acto egum
MSCO unm obpaboTaHHbIe NPOAYKThI.

BknoyariTe B CBOWM pauMOH Tpasbl 1 cneumn. ApomaTHble cneumm 06-
nagalT aHTUOKCUOAHTHBIMU, MULLLEBAPUTENBHBLIMW, OE3UHPULMPYIOLLN-
MW, aHTUINNKALUOHHBLIMW 1 MPOTUBOBOCMANMUTENBHLIMA CBOWCTBaAMU, a
Takke ApyrMMmu noresHbiMy csorctBamu. OCoBeHHO monesHbl Kypkyma,
Kopuua, 6asmnuk, uMbrpb, YECHOK, PO3MapViH, KOpUaHAP, Kap4amMoH, TMUH
1 ropunua. OHM He TONbKO PasHOObpPas3AT Ball pauyvoH, HO U MOMOrYT CO-
XpaHUTb MONOAoCTb. EllbTe MeHbLle, HO Ka4eCTBEHHOrO Msica, pbibbl 1
nTULbl. [1s XOpoLlero camoyyBCTBUSA U 60ApocTy BaM Hy»xHO Bcero 0,8-1
rpaMmma XvBOTHOro 6enka Ha kunorpamm Beca. B Lenom ato o3Havaet
ynotpebneHne msca, pbibbl UK NTULbI OAVH pa3 B AeHb. [NaBHOe — HaW-
TN KAYeCTBEHHbIE MPOAYKTbI, HEe COAEpKaLLme ropMOHOB M aHTUBMOTMKOB.
BaxHO, 4TOObI OCHOBHYIO [OMI0 aHTMBO3PACTHOrO pauuoHa COCTaBnsAnm
pacTuTenbHble NPOAYKTbI (OBOLUM, 3Maku, Opexn), KOTopble Takke coaep-
XaT 6enok. Ytobbl BbIrnsaeTb MOSOXe M YyBCTBOBaTb cebsi 9HepruyHee,
HY>XHO He TONbKO cbanaHcMpoBaTb CBOM PaLMOH, HO U OTperynupoBaTb
peX1M CHa 1 BbipaboTaTb NPMBLIYKY K PEryNSApHbIM (OU3NYECKMM Harpy3-
kaMm. MIHaye HuKakoe «MonoaunbHoe a61oko» He cpaboTaet [10-15].

MaprapuH, kon6acbl u Apyrve npoaykKThl, yCKOpsiloLue ctapeHve
opraHusma.

MaprapuH. MaprapuH cogepXXuT 60obLLIOE KOSIMYECTBO TPAHCKMUPOB,
KOTOpble YBENUYMBAKOT PUCK XPOHMYECKMX 3aborneBaHui. Kpome Toro,
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CyLLEeCTBYET CBHA3b MeXAy 9TMM TUMOM XXMpa U HapyLleHMem BOAHOro
GanaHca B opraHu3me. XpoHuyeckoe 06e3BOXMBAHWE TaKkKe MOXET
NPMBECTU K NPeXOaeBPEMEHHOMY CTapeHUI0 YacTen Terna 1 NosiBAeHNto
MOPLLH.

Monydabpukatbl. MonydabpukaTbl, KOTOPbIE, KaK KaXeTCs, MOryT
CAKOHOMUTb BaM BpPeEMS, €CNN MX MPOCTO pasorpeTb B MUKPOBOJTHOBKE
nepeg egon, 4acTto neperpyKeHbl conblo. MoxeT nokasaTbCsl, YTO OHU
nomoratT Bam YTO-TO CAenaTtb, HO Ha CamMOM Aefe OHW BpeAHbl Ans
Balliero 340opoBbsi. UpeamepHoe ynoTpebrieHne 3Tux NpoayKTOB MOXET
NPMBECTM K OTEKaM 1 MPoBriemMam C KOXeMN.

OHepreTnyeckme HanUTKKU. [loTeps sHeprum yTpom MoXeT ObiTb CBH-
3aHa C HeJOCTaTKOM CHa M NO3AHMM OTXOLOM KO CHY. Ecniv Bbl He xoTuTe
COCTapuTbCS Ha OECATb JIeT paHbLUe, pekomMeHayeTcsa nsberatb 9TUX Bpea-
HbIX HAMWTKOB. [1ero B TOM, YTO 3HEPreTUYeCKNe HanUTKN N3-3a BbICOKOTO
cofepxaHus caxapa, KodhevHa, HaTpysi U KUCIOTbl HEraTMBHO BMAMAIOT Ha
nMLeBapuTernbHYy0 CUCTEMY, a Takke Ha 3yOHYt0 aMarb. A NOCKOMbKY OHU
YCUITMBAIOT MOYENCYCKaHMe, B OpraHn3Me NpomcxoanTt obe3BoxnBaHue.

Cnapoctn. OyeHb BaXXHO 3HaTb HOPMY NOTPEOrieHns caxapa, Tak Kak
3TO Bpar HOMepP OAMH, KOTOPbIN MPMBOAWT K MpeXOeBPEMEHHOMY CTa-
peHuto. [1eno B TOM, YTO M3ObLITOK FMOKO3bl, TOMMMO YBEMMYEHNS pUCKa
XpOHMYECKNX 3aboneBaHnmn 1 guabeTa, Takke CnocobCTBYET NUTAHMIO pa-
KOBbIX KITETOK.

MpoAayKTbl C BLICOKUM FIMKEMUYECKMM MHAeKcoM. bricTpoycBosie-
Mble yrreBoApbl, Cogepalumecs B xynebe, makapoHax U Apyrmx U3genunsx
13 6enon Myku, MOryT Bbi3biBaTb PE3KUIN CKAYOK YPOBHS caxapa B KPOBM.
Y4yeHble aBHO YCTAHOBWIY CBA3b MEXAY NPOAYKTaMu C BbICOKAM FrvKe-
MWUYECKUM MHOEKCOM M NPeXaeBpeMeHHbIM cTapeHmem. Ecnv y Bac ecTb
NPbILLY 1 NPOGEMbI C KOXEW, PEKOMEHOYETCS N3MEHNTb NPOAYKTHI B CBO-
€M pauyoHe.

Ankoronb. YnotpebrieHe ankoronsi NpyBOAMUT K pagukarnbHbIM N3Me-
HEHWNSIM B OpraHuame, ocobeHHO K gemumnTy BuTammHa A, KOTOpbIA OTBE-
YaeT 3a OOHOBMEHME KIETOK.

Konb6acbl 1 apyrue MmsicHble npoAaykTbl. HegaBHve uccrnegoBaHus
nokasanu, YTO HUTpaTbl M HUTPUTbI B COCUCKAxX U ApPYrmx NOA0GHbBIX Npo-
AYKTax MOBbILAKT PUCK BO3HUKHOBEHUS paka. OTW BeLleCcTBa Bbi3biBa-
0T OKWCIIEHWE KMETOK B opraHuame u uamerHeHvne nx AHK. 31ot npouecc
KpanHe onaceH Ons Koxu nuua. NMosaTomMy BMECTO COCUCOK M XOT-AO0roB
pekoMeHOyeTCs ynoTpebnaTe HaTyparnbHble MACHbIE NPOAYKTLI, boraTble
©6ernKkom (PUCyHOK 2).
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MNMyTewecTBUs MOryT CTaTb JIy4LUEN 3aLMUTON OT CTapEeHusA.

MOTIVATION ﬂ
@ T T @

CONSCIoUS
WELLNESS
STOP SMOKING MENTAL HEALTH

MEDICAL
CARE
WEIGHT CONTROL

PucyHok 2 — 300poBbii 06pas XM3HWM NPOTUB CTapeHMsI.

3abyabTe 0 HOYHbIX Kpemax C peTMHOMOM, CYATAOT uccregoBarenu
13 YHueepcuteta daut KoyaH (ECU), nyTeluectBns MoryT ObiTb NyyLLnm
cnocoboM 6pocuTb BbI3OB NpexaeBpeMeHHOMY CTapeHuto. Bnepsble me-
XONCUMMITMHAPHOE UCCrneaoBaHe MPUMEHNIIO TEOPUIO SHTPOMUM K TYPU3-
My, OOHapYXMB, YTO MyTELLECTBUS MOTYT UMETb MOMOXUTENbHbIE MPeu-
MyLLecTBa O 300PpOBbs, BKOYas 3amMesieHue Mpus3HakoB CTapeHus.
OHTponus knaccuguumpyeTcst kKak obLias TEHAEHLNUS BCENEHHOW K cMep-
Tn 1 6ecnopsaky. QHTpoNuHas NepcnekTuBa npeanonaraeT, YTo TYpUsM
MOXET BbI3blBaTb U3MEHEHUS SHTPONUW, rAe MONOXKUTENbHBLIN OMNbIT MO-
XeT CMArYUTb POCT SHTPOMUU U YIYYLLUTE 300POBbE, B TO BPEMS KaK OT-
pyLaTenbHbIV ONbIT MOXET CMOCOOCTBOBATL POCTY SHTPONUM Y MOCTABUTb
nof yrposy 3/10poBbe.

[ka Xy oTMeTuna, YTO NO3UTUBHbIN ONbIT NYTELLECTBUN MOXET YIyY-
LWKNTb PU3MYEeCcKoe M Mcuxmyeckoe Grarononyyve nogen 3a cyeT BO3-
OEeNCTB/S HOBOM cpefbl, BOBIEYEHUS B (PU3NYECKYIO aKTUBHOCTb M CO-
LmanbHOe B3aMMOLENCTBUE, a Takke CTUMYNMPOBAHNS MONOXUTENbHBLIX
aMoUMn. DTN NoTeHUManbHble NpevMMyLlecTBa Obiny NpU3HaHbl B TakMX
npakTukax, kak 0300POBUTENbHBIN TYPU3M, O340POBUTENBHbBIN TYPU3M U
nora-typuam. « Typnam — 3TO He TOSbKO Aocyr 1 oTAbIX. OH Takke MoXeT
cnocobcTBoBaTh (PM3NYECKOMY U MCUXMYECKOMY 340POBbIO Mogeny, —
nobasuna r-xa Xy.

Tepanus nyTewecTBMSAMU: 3aMearieHMe BPeMEHM.

OHa pobaBuna, 4TO Tepanus MyTelecTBUSIMU MOXET CTaTb HOBa-
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TOPCKMM BMeLLaTENbCTBOM B 340POBbLE, ECMM paccmMaTpuBaTth €e Yyepes
npu3My SHTponNun. Kak BaxkHbIM aCMeKT OKpYy>katoLLen cpeapbl, MO3UTUBHBIN
OMbIT NYTELIECTBUA MOXET NMOMOYb OpraHu3My NogaepXXmMBaTb COCTOAHME
C HU3KOW SHTPOMUEN, MOOYIIMPYS €ro YeTbipe OCHOBHbIE CUCTEMbI. Ty-
pun3m 06bI4HO NoABepraeT Nogen BO3AeNCTBUIO HOBOW 06CTaHOBKU 1 pac-
CNabnsoLLmMxX 3aHATUI, @ HOBbIE YCIOBUS MOTYT CTUMYNIMPOBAaTb peakLmio
Ha CTpecc M MoBbIWATb CKOPOCTb MeTabonuama, NosioXMTENBHO BNUSS
Ha MeTabonmM4yeckyto akTMBHOCTb M CaMOOPraHWU3YHLMECS CNOCOBHOCTU
opraHmama. OTU KOHTEKCTbl Takke MOryT Bbi3blBaTb afanTUBHYIO peak-
LM UMMYHHOW cUCTEMBI. [-ka Xy ckasana, 4To 3Ta peakuus ynydlaet
CMOCOBHOCTb OpraHn3Ma BOCMpPUHMMAaThL M 3almwatb cebs OT BHELLUHUX
yrpos [21].

PucyHok 3 — lNMyTewiecTBue B NpoAaneHne Xn3Hu.

«[MpoLe roBopsi, cMCTeEMa camo3alLLUTbl CTaHOBUTCSA Boree ycTonyu-
BOW. TOPMOHBI, CNOCOBCTBYIOLLME BOCCTAHOBIIEHUIO U pereHepauun Tka-
Heln, MoryT BbiCBOGOXAATbCs M CnocobCTBOBaTb (PYHKLMOHUPOBAHUIO
CUCTEMbI camo3alUnThbl». «HeToponnueble MyTeLwecTBUA MOryT MOMOYb
0brerynmTb XpOHMYECKUIA CTPECC, OCNabuTb Ype3MEPHYO aKTUBALMIO UM-
MYHHOW CUCTEMbI U CNOCOBCTBOBATbL HOPManbHOMY OYHKLIMOHMPOBAHMIO
CUCTEMbI CamMo3alWnTbl. YyacTne B OTAbIXe MOTEHUManbHO CHUMaeT Ha-
NPsSPKEHNE 1 yCTanocTb B MblLLAX U CycTaBax. OTo obrieryeHne nomoraet
nogaepxmearte Metabonuyeckuin 6anaHc opraHuama M MoBbIAET -
PEKTUBHOCTb CUCTEMbI 3aLmUThl OT M3HOca. OpraHbl U TKaHW MOryT ocTa-
BaTbCsl B COCTOSHUWN C HU3KOW SHTpONuen», — obbsacHuna r-xa Xy). My-
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TELeCTBUS BKIOYatoT B cebsi manyeckme Harpysku, Takme Kak noxogpl,
ckanonasaHue, xogbba v esga Ha Bernocunege. Prsnyeckne Harpysku
MOTYT YCKOPUTb MeTabonunam, pacxod SHEPrun 1 MaTepuarnbHy TpaHC-
dopmaLmio, BCE N3 KOTOPbIX NOMOratoT KOOPANHMPOBaTL CaMOOpPraHn3y-
loLLMeCs CUCTEMBI. (PUCYHOK 3).

«Yyactme B 3TUX MEPOMNPUATUAX MOXET YCUNNTb UMMYHHYH (PYHK-
Lm0 OpraHn3Ma u ero cnocobHOCTb K caMo3allumTe, YKPEennsas ero ycTom-
YMBOCTb K BHELLHUM puckam. Pr3nyeckmne ynpaxHeHUs Takke MOryT yryd-
LWNTb KPOBOOOpALLEHNe, YCKOPUTb TPaHCMOPT MUTaTENbHbIX BELLECTB
1 NMOMOYb BbIBEOEHNIO OTXOAO0B, YTOObI B COBOKYMHOCTU NMOAOEPXKMBATb
aKTUBHYIO CUCTEMY CaMOBOCCTAHOBIEHUS. YMEPEHHbIE YNpPaXHEHUs No-
nesHbl 515 KOCTEW, MbILLLL U CYCTaBOB, a Takxke MoAAepXMBaloT CUCTEMY
3alUMTbl OpraHn3mMa OT u3Hocay, — ckasana r-xa Xy. C gpyrov CTOpOHbl,
ncernenoBaHve nokasano, YTo TYPUCTbI MOTYT CTOSKHYTLCSA C TaKUMK Npo-
Griemamu, kak MHPEKUMOHHbIE 3abofeBaHNs, HeCcHacTHbIE Cryvau, Tpas-
Mbl, Hacunune, Npobrembl C BOAOW 1 6€30MacHOCTLI0 NPOAYKTOB NMUTaHUS,
a TaKkxe ornaceHusi, CBA3aHHble C HeHaAnexalumm y4acTueM B TypucTuye-
ckon gedatenbHocTU. « HaobopoT, TYpU3M MOXET ObiTb CBA3aH C Hera-
TVBHBIM OMbITOM, KOTOPbIM NMOTEHLMANbHO MOXET NPUBECTU K Mpobriemam
CO 300pOBbLEM, MaparnnenbHO NPoLeccy COAEeNCTBUS YBENMNYEHUIO SHTPO-
nun. ApKnm NpUMEpPOM SBASETCH KPM3UC 0BLLECTBEHHOrO 30paBoOXpaHe-
HKS, Bbi3BaHHbIM COVID-19» [22-26].

BriBoa. ['epoHTONOrMA 1 3amenrneHne ctapeHus SBnsTCA OAHUMU
M3 CaMbIX MEPCMNEKTUBHbLIX HanpaBfieHUN COBPEMEHHOW MeauunHbl. c-
crefoBaHWs nokasanu, YTo CTapeHue TECHO CBS3aHO C BUONornyeckumm
npoueccamun, a Takme MexaHu3Mbl, Kak yKOpoveHue TerioMmep, ANCHYHK-
LUMSA MUTOXOHAPUM N KIIETOYHOE CTapeHue, YCKOPSIT 3TOT npouecc. B 1o
Xe Bpemsi, pereHepaTuBHbIE TEXHOMOMMW, reHHas Tepanus U 340pPO0BbIv
006pa3s xun3Hu npegnaratT apdEKTUBHbIE MOAXOAbI K 3aMeaSieHnto cTape-
HuS. B TO e Bpemsi Heob6xoamMmo 1 Aanblue pasBuBaTb CTpaTernm ynpas-
neHnsi ctapeHnem B rnobanbHOM Maclutabe, BHeOpsATb MHHOBALMOHHbIE
TEXHOJSOTMM U LUMPOKO NponaraHAMpoBaTh 340PO0BbIN 06pas XuU3HW. OTu
noaxodbl CMOCOOHbI HE TOMbKO 3aMeAniMTb CTapeHne, HO U yNyYLinTb Ka-
YeCTBO XM3HM B LierioM. Kpome Toro, posb 340poBOro obpasa »usHu B 3a-
MeAJSIEHUN CTapeHns Ypes3BblHaiHO BaxkHa. [pocTble n3aMeHeHus obpasa
XW3HU, TakMe Kak usmyeckass akTUBHOCTb, HU3KOKanopumHoe nutaHve
N CHWKEHME cTpecca, CnocobHbl 3ameanuTb npouecc ctapenus. LLnpoko
NPUMEHASA NX, MOXHO YNy4LLUTb (PU3MYECKOE N NCUXMYECKOE 300POBbLE,
NPOAMUTL XM3Hb M 06ecneynTb 340POBOE CTapeHme.
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EFFICIENCY OF FERTILIZER APPLICATION

Abstract. The article presents research data on the influence of the timing and
norms of foliar fertilization on the total leaf area of winter soft wheat throughout
various developmental phases, as well as on the economic efficiency of foliar
feeding under different mineral nutrition conditions for winter wheat. It highlights
the positive effect of foliar fertilization with various biostimulants on the weight of
1000 grains, total protein content, and crude gluten levels. Although the highest
indicators were observed under conditions of high agrochemical background with
fertilization applied at each phase of the growing season, it was established that
optimal levels for all aforementioned parameters can be achieved through a single
foliar application before the emergence of the flag leaves, alongside a reduction
of mineral fertilizers by half. The practical results of the study indicate that under
light gray soils, the application of fertilizers for winter wheat at a rate of 50% (NPK
90:45:30 kg/ha) of the traditional norms (NPK 180:90:60 kg/ha), as well as the
use of liquid suspension preparations enriched with macro- and microelements of
various components, has demonstrated an effect in terms of the conservation of
mineral fertilizers, as well as an increase in both yield and grain quality.
Keywords: wheat, fertilizer, top dressing, suspension, nutrition, phase, leaf area,
efficiency, profitability, quality.

Introduction. The liquid humic biopreparation “BioEcoHum” has
demonstrated a positive impact on the growth, development, and yield of
cereal and leguminous crops. Seed treatment enhances the stress resis-
tance and germination of seeds, while single, double, and triple spraying
of cereal and leguminous plants promotes growth and development, in-
creases seed mass, and ensures a reliable yield increase ranging from 14
to 80 percent. The application of “BioEcoHum” reduces the starch content
and gluten index, while increasing the protein content, gluten in the grain
of winter wheat, and gluten in the flour [1].

Foliar feeding has a positive impact on the growth and development of
winter wheat, resulting in an increase in the height of the main stem by 7.5
to 18.5 cm. The application of foliar fertilization leads to an increase in the
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grain weight per ear by 0.22 to 0.46 grams. Additionally, the leaf area of an
individual plant increases by 15.6 to 42.5 cm?, while the total leaf area of
winter wheat rises by 20.8 to 29.7 thousand m?/ha. This practice enhanc-
es the intensity of photosynthesis and positively affects the physiological
processes within the plants.

Research Methods. In the experiment, relatively high results regard-
ing grain quality were achieved through three applications of foliar feeding.
In these treatments, the protein content in the grain ranged from 13.8% to
14.1%, while the crude protein content was between 29.5% and 30.1%.
With foliar feeding, the increase in biological yield was recorded at 18.1 to
54.9 quintals per hectare, and the increase in grain yield ranged from 6.7
to 22.2 quintals per hectare. The highest grain yield of 74.7 quintals per
hectare was obtained in the treatment where foliar feeding was conducted
three times, utilizing all types of primary mineral fertilizers [2].

The objective of the research is to enhance the yield of hard, soft, and
strong spring wheat. The application of micronutrient fertilizers for foliar
feeding contributed to increased productivity and improved grain quality
of the spring triticale variety Ukro. The highest grain yield of 4.43 t/ha,
with an increase of 1.27 t/ha (40.3%), was achieved through double foliar
feeding during the tillering and heading phases using the microelement
fertilizer Azosol-36 Extra. The content of gluten increased by 3.6%, pro-
tein by 3.5%, and vitreousness by 14% [3].

Research conducted in 2015-2016 indicated that on leached cher-
nozems of the Central Chernozem region, various forms of nitrogen fer-
tilizers (ammonium nitrate, ammonium sulfate, urea), applied against a
background of P, K, at a rate of K, kg/ha of active substance during
cultivation, had a positive effect on increasing the yield of hard, soft, and
strong spring wheat. Notably, under the cold conditions of 2015 (with a
heat deficit of 40%), the ammonium form (ammonium sulfate) proved to
be the most effective, whereas in the arid conditions of 2016, the ammoni-
um-nitrate form (ammonium nitrate) was more effective. Urea demonstrat-
ed consistent effectiveness during these years.

All tested forms of nitrogen fertilizers increased the protein content in
the grain of the studied varieties; however, the most pronounced effect
was observed with urea. Furthermore, the additional application of urea
as a foliar feeding at a rate of N10 kg/ha further enhanced protein content
by an additional 1-1.5% [4].

In the technology of winter wheat cultivation, the application of initial
doses of mineral fertilizers, as well as nitrogen top-dressings throughout
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the growing season, is a necessary agronomic practice. The highest effi-
cacy is demonstrated by nitrogen top-dressings applied at three key stag-
es: the first in spring on thawed soil using ammonium nitrate at a rate of
34 kg/ha of active ingredient, the second also using ammonium nitrate at
a rate of 34 kg/ha of active ingredient during the jointing phase, and the
third utilizing urea at a rate of 15-18 kg/ha of active ingredient during the
heading phase, irrespective of the background of row fertilizers [5].

The application of increasing doses of nitrogen fertilizers on leached
chernozem in the Central North Caucasus region resulted in a significant
yield increase of winter wheat, relative to the control, by 0.82 to 2.80 t/
ha. The fractional application of fertilizers, in comparison to a single ap-
plication of the entire dose, resulted in an increase in grain yield by 0.18
t/ha. On average, nitrogen fertilizers enhanced the protein content in the
grain compared to the control by 0.8 to 3.9%, and the gluten content by
1.3 to 10.2%. According to the results of the economic assessment, the
application of nitrogen fertilizers is most advantageous when using a split
application of a urea-ammonium mixture at a dosage of 0+70. In this case,
the profit would amount to 47,866 rubles per hectare, with a profitability
level of 139% [6].

Thus, the values of physical and chemical quality indicators of grain
may vary depending on meteorological conditions and the fertilization sys-
tem. During dry years, both wheat and triticale tend to produce yields with
lower physical characteristics (such as 1000 grain weight and bulk densi-
ty), yet with a high content of vitreous grains.

Nitrogen, both in its pure form and as part of a complete mineral fertil-
izer, has a significant impact on the quality attributes of the grain. The first
treatment is conducted during the early spring regrowth period to promote
the regeneration of dead organs and enhance bushiness; the second oc-
curs at the onset of stem elongation to preserve additional shoots and
facilitate the development of leaf area; the third takes place during the
heading phase to extend the lifespan of the flag leaf, thereby enhancing
photosynthetic functions and protein synthesis [7].

By optimizing plant nutrition through the application of boric acid solu-
tions in organic solvents, it is possible not only to significantly increase the
yield of cereal crops but also to markedly improve the qualitative charac-
teristics of agricultural products. The treatment of wheat seeds, specifically
the Moscow 56 variety, with micronutrients resulted in a 7-11% increase in
nitrogen content in the grains compared to the control group. The highest
values were observed in the treatments using the traditional form of the
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element (aqueous solution of boric acid), as well as in those treated with
borate monoethanolamine. The maximum increase in the yield of spring
wheat variety Zlata is observed when fertilizing with a solution of boric acid
in glycerin, yielding 3.26 t/ha, which is 2.1 times higher compared to the
application of the traditional form of the micronutrient. The micronutrient
boron contributed to the enhancement of the structural parameters of the
spring wheat plant across all forms tested. The most significant positive
effect was noted from the application of glycerin borate, where the differ-
ence in the number of grains per spike was 2.4 times greater than that of
the control, and their weight was 2.7 times greater. When using boron, the
gluten quality of spring wheat is characterized as good (Group | quality)
[8].

Methodology. Experimental Design: To compare the efficacy of vari-
ous treatments, we examined a control variant alongside several pre-sow-
ing seed treatments for winter wheat “Gozgon.” The treatments included:
a control variant, pre-sowing treatment of seeds with IfoSeed (2 kg/ton
of seeds) and VI-77 (0.5 kg/ton of seeds) (Variant 1); foliar fertilization
with IfoPZN (2.0 I/ha) and Ankasuper (100 ml/ha) during the plant vege-
tative period from October 15 to November 15 (Variant 2); application of
IfoPZN (2.0 I/ha) and IfoHumatePlus (0.5 I/ha) from February 25 to March
10 (Variant 3); IfoUAN-32 (4 I/ha) and Potex (450 ml/ha) from March 15
to March 30 (Variant 4); IfoCombi-FE (3 I/ha), Enthogumin (1 I/ha), and
IfoUAN-32 (4 I/ha) from April 5 to April 15 (Variant 5); Ifo-Kalifos (1.5 I/
ha) and Ankasuper (100 ml/ha) from May 1 to May 10 (Variant 6); and a
comprehensive application of all products in accordance with the manu-
facturer’s specified rates (Variant 7).

Research Findings. According to studies conducted on the depen-
dence of the photosynthetic activity of winter wheat on macro- and micro-
nutrients with various components applied through foliar feeding, the low-
est indicators of dry matter accumulation across developmental phases
were identified in all control variants, regardless of the conditions of vary-
ing mineral nutrition. Specifically, the average dry matter content accumu-
lated at the wax ripeness stage in the control variants was recorded as
7.2, 11.1, and 12.8 g, marking it as the lowest outcome among the other
variants. Furthermore, the most pronounced growth dynamics of accumu-
lated dry matter throughout all developmental phases were observed with
the application of mineral fertilizers at the rate of N,, P, K., kg/ha. Under
the given conditions of mineral nutrition, the average dry matter content
during the wax ripeness phase of winter wheat, compared to the control
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variant, was found to be 0.6 g higher during the stem elongation phase,
2.0 g during the heading phase, 3.0 g during the flowering phase, and 3.7
g during the wax ripeness phase.

It has been established that in the variants with pre-sowing seed treat-
ment and the application of foliar feeding on an agronomic background
without the use of mineral fertilizers (control), the ratio of accumulated dry
matter in the composition of winter wheat plants, compared to the control
indicators, was high. When analyzed by developmental phases, the indi-
cators amounted to 2.1-2.5 g during the stem elongation phase, 5.8-7.1
g during the heading phase, 6.7-9.1 g during the flowering phase, and
8.6-11.8 g during the wax ripeness period, which were 0.2-0.6 g, 1.0-2.3
g, 1.1-3.4 g, and 1.4-4.6 g higher than the control indicators, respectively.
The average dry matter content accumulated at the stage of heading in
the control variant was 1.9 g, while at the wax ripeness stage it reached
7.2 g. In the variants utilizing pre-sowing seed treatment and foliar feed-
ing, the dry matter content at the heading stage ranged from 2.1 to 2.5 g,
and at the wax ripeness stage, it was between 8.6 and 11.8 g, indicating
an average increase of 6.5 t0 9.3 g.

A similar pattern was observed under agroecological conditions with
reduced mineral fertilizer usage. For instance, it has been determined that
on the agrophysical background utilizing mineral fertilizers at a rate of
N,,P,K,, kg/ha, the average dry matter content in winter wheat plants
during the stem elongation phase ranged from 2.8 to 3.2 g in the treat-
ments involving pre-sowing seed treatment and foliar feeding, while in
the control variant it was 2.6 g. In conditions applying mineral fertilizers
atarate of N, P, K. kg/ha, this indicator in the treatments with pre-sow-
ing seed treatment and foliar feeding during the stem elongation phase
amounted to 2.9 to 3.3 g, compared to 2.7 g in the control variant. More-
over, it was revealed that the application of growth-regulating biostimu-
lants and the use of various macro- and micronutrient foliar fertilizers pos-
itively influence the dynamics of dry matter accumulation in plants during
the growing season.

According to the research findings, among the studied variants under
agroecological conditions with the application of mineral fertilizers at rates
of Ng,P,.K,, and N, P, K. kg/ha, the average amount of accumulated
dry matter in winter wheat plants at the wax ripeness stage was 14.3 and
13.0 g for the second variant; 15.3 and 14.4 g for the fifth variant; and 13.6
and 14.5 g for the sixth variant. These results demonstrated a significant
increase compared to the control.
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Table 1 — The Impact of Foliar Feeding on Total Leaf Area During Different
Growth Phases of Winter Wheat, cm? (2019-2021)

Phases of development

Variant <2 5= L2 = S < 8
Agrofon é g %g W g _‘é’ K %
o= = (@] o
L E2 L T = =
w c s
Control 14,7 23,3 37,8 33,5 | 20,7 13,1
Variant 1 19,1 30,1 47,7 40,6 | 27,1 19,5
Variant 2 18,6 28,0 445 37,8 | 25,2 18,2
No Variant 3 16,8 23,6 37,4 31,8 | 21,2 15,3

fertilizers Variant 4 16,7 22,8 40,2 30,8 | 20,5 14,8
Variant 5 16,6 26,1 41,5 352 | 235 17,0
Variant 6 17,0 27,0 42,8 36,4 | 24,3 17,5
Variant 7 19,8 31,2 49,6 421 | 28,1 20,3

Control 23,7 33,8 53,6 456 | 30,4 | 21,9
Variant 1 25,9 40,7 64,6 54,9 | 36,6 | 264
Variant 2 26,5 48,9 77,7 66,0 | 44,0 31,8
NP K Variant3 | 24,8 46,4 73,7 62,6 | 41,8 | 30,2

90" 457730 Variant4 | 25,6 446 70,8 60,2 | 40,2 29,0
Variant5 | 25,2 48,7 77,3 65,7 | 43,9 | 317
Variant6 | 25,6 46,9 74,5 63,3 | 42,3 | 30,5
Variant7 | 28,1 55,9 88,7 754 | 50,3 | 36,3

Control 24,6 38,7 61,5 52,2 | 34,9 | 252
Variant 1 28,4 447 70,9 60,3 | 40,2 29,0
Variant2 | 28,3 50,1 79,6 67,6 | 45,1 32,6
N P K Variant 3 | 25,3 43,5 69,0 58,7 | 39,1 28,3

1807 907760 | Variant4 | 25,4 46,2 73,3 62,3 | 41,6 | 30,0
Variant5 | 24,7 54,0 85,7 72,8 | 48,6 | 351
Variant6 | 25,3 48,9 77,7 66,0 | 44,0 | 31,8
Variant 7 29,6 57,5 91,3 776 | 51,7 37,4

In the control variant of the agrofon without the application of mineral
fertilizers, the leaf area was measured at 13.1 cm?. In contrast, the vari-
ants utilizing pre-sowing treatment and foliar feeding exhibited leaf area
measurements ranging from 14.8 to 20.3 cm?, indicating an average in-
crease of 1.7 to 7.2 cm? compared to the control (Table 1).
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In the variants employing pre-sowing treatment methods and foliar
feeding within the agrofon supplemented with mineral fertilizers at rates
of Ny P,.K,, kg/ha, the average leaf area during the wax ripeness phase
reached 26.4 to 36.3 cm?. This represents an enhancement of 4.5 to 14.4
cm? over the control variant, which measured 21.9 cm?. Furthermore, un-
der conditions of the agrofon with the application of mineral fertilizers at
rates of N, P, K., kg/ha, the variants utilizing pre-sowing seed treatment
and foliar feeding yielded a leaf area of 28.3 to 37.4 cm?, surpassing the
control variant (25.2 cm?) by 3.1 to 12.2 cm?2.

In the conducted research, among the variants studied under agro-en-
vironmental conditions with the application of mineral fertilizers at rates of
Ny,P,K,, and N, P, K. kg/ha, the leaf area index during the wax ripeness
period in two variants was recorded at 31.8 and 32.6 cm?, in five variants
at 31.7 and 35.1 cm?, and in six variants at 30.5 and 31.8 cm?, respective-
ly. These values indicate a significant increase compared to the control

and other variants (Table 1).

-60,0 -40,0 20,0 0,0 20,0 40,0 60,0 20,0 100,0

u N180P90K60 mN90P45K30 = KonTpons

Figure 1 — The economic efficiency of foliar feeding of winter wheat under condi-
tions of different mineral nutrition,%.
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The experiments revealed that, depending on the nutrient medium
and the application of additional foliar feeding, the average grain yield
of winter wheat ranged from 17.5 to 78.9 centners per hectare, with the
gross income proportionately reflecting the yield, varying from 2,712.5
thousand sums to 12,224.3 thousand sums. The total expenditure per
hectare was noted to be between 4,496.4 thousand sums and 8,949.7
thousand sums, while the conditional net profit fluctuated from 1,120.9
thousand sums to 3,274.6 thousand sums. The cost of production per
kilogram of grain ranged from 867.7 sums to 2,569.4 sums, and the
profitability level varied from 18.5% to 75.6%. Moreover, the lowest ef-
ficiency was observed in conditions of an agro-background without the
use of mineral fertilizers, where expenditures exceeded gross income by
1,783.9 thousand sums, resulting in a profitability of 39.7%.

In the analysis of the economic efficiency and profitability of additional
foliar fertilizations applied in experimental trials aimed at optimizing min-
eral fertilizer usage in agroecosystems during the cultivation of winter
wheat with preparations enriched with various macro and microelements,
it was observed that under the conditions of irrigated light chestnut soils
in the Kashkadarya region, the yields obtained in the 2nd, 5th, and 6th
variants with mineral fertilizers at rates of N, P,.K, and N, P, K. kg/ha
not only surpassed the control group but also outperformed other vari-
ants. Specifically, in the agroecosystem with N, P, K. kg/ha, the yield
in the 7th variant was recorded as the best result, amounting to 78.9
centners per hectare (36.6%) across all agroecosystems (Figure 1).

In the 2nd, 5th, and 6th variants utilizing additional foliar fertilization in
the agroecosystem with mineral fertilizers at the rate of N, P,.K, kg/ha,
the lowest cost price was noted (867.7; 882.6 and 885.4 sum) among
the studied variants. The highest cost of production was observed in
the control variant under the control agrobackground, amounting to
2569.4 sum.

When analyzing the cost indicator per kilogram of grain across dif-
ferent agrobackgrounds, it was noted that in the agrobackground that
utilized mineral fertilizers at a rate of N, P,.K, kg/ha, the cost was rel-
atively lower compared to the other agrobackgrounds. Specifically, in
the control variant, the cost amounted to 1308.4 sum, whereas in the
variants with the application of foliar fertilizers, it ranged from 882.6 sum
to 1014.5 sum.

Consequently, when cultivating winter wheat, the application of

50% (Ng,P,K,, kg/ha) of the traditional norm of mineral fertilizers
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(N,gPgoK¢, kg/ha), in conjunction with the use of additional foliar feeding
with products enriched with various macro- and micro-nutrients during
the plant’s vegetative period, proves to be economically advantageous.

Conclusion. The highest economic efficiency was observed under
mineral nutrition calculated at N, P, K. kg/ha with the application of foliar
feeding IfoPZN+Ankasuper during the autumn tillering phase, where prof-
itability reached 78.6%. This was followed by the use of foCombi-Fe+Ento
Humic+IfoUAN-32 during the flag leaf formation phase, achieving a prof-
itability of 75.6%, and the application of IfoKalifos+Ankasuper post-head-
ing, which resulted in a profitability of 75.1%.
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A6dya3umoe A.M.", Baghoeea M. B."
KapLum MmemnekeTTik TexHMKanblk yHuBepcuTeTi, Kapum K., ©36ekcTaH

ThIHAATKbIWTAPObLI KONOAHYABIH TUIMAINITI

Tyninpeme. byn makanaga ecimgiktepdid gamy keseHzepi OoliblHWwa Ky3gik
Xymcak buaanabl xkanblipakTbl KOPEKTEHAIPY >Kannbl Xanbipak 6eTiHe, coHgan-ak
Ky34ik 6upangbiH, apTypni MUHepanbl KOPEKTeHYi xaFaanbiHaa Ky3aik ouaanabl
XanblpakTbl KOPEKTeHAIpyaAiH 9KOHOMUKanbIK TuiMainiriHe acep ety mepsiMaepi
MEH HopManapblH 3epTTey AepeKTepi KenTipinreH. Op Typni buoctumynsTopnapbl
6ap xanblpak TeiHaWTKbIWTapbIHbIH 1000 A8HHIH MaccacbiHa, >xanmnbl akybl3 6eH
LLUMKI XKeniMLECiHIH KypaMblHa OH, 8cepi atan eTingi.

Beretauuanblk ke3eHHiH ap dasacbiHOa >KOFapbl arpOHOMUANbLIK (OHAA >KoHe
KOPEKTeHAipyae eH xofapbl kepceTkill HalikanFaHbIMeH, XoFapbiaa aTanfaH bap-
NblK, kepceTkilTep OolblHWA >kanayla >Xanblpakrtapbl nanga GonFaHra OeniH
Oip peT KOpeKTeHAipy apKbinbl OHTaWsbl AEHrenre Ko xeTkidyre 6onaTbIHAbIFbI
aHblKkTanabl. byn xafganga muHepanibl ThiHAWTKbILWTaP 2 ecere AeniH asasgbl.
JKyMbICTbIH MpaKTuKarnblk HOTWPKENepi: allblk Cyp ToMblpak >ardarblHaa Ky3gik
OupariFa TeIHaNTKbILLTapAbl KonaaHy KkesiHae AacTypni Hopmanap caHbiHaH (NPK
180:90:60 kr/ra) 50% (NPK 90:45: 30 kr/ra), coHAan-ak CymblK CyCNeH3nsAnbIK npe-
napatTapbl KongaHy KesiHae, ap TYprii KOMMNOHEHTTEPAiH MaKpo XaHe MUKpO3re-
MEHTTEepPIMEH BanbITbINFAH MUHEPanAbl ThIHAWTKbILLTApAbl YHEMAEYAIH, aCTbIKTbIH,
eHimMAiniri MeH canacblH apTTbipyablH acepi aHblkTanabl. Ky3gik Gupanabl Ky3ri
KOMCbITY Ke3eHiHae, anaylua >anblpafblHblH, nanga 6ony keseHiHge xeHe ma-
CcaKTaHFaHHaH KeWiH apTypIni KOMMOHEHTTEPAIH CyCneH3nanapbiMeH KOPEKTEHAIpY-
ai 6akblnayMeH canbICTblpFraHia acTbIKTbiH Tabufn canmarbiHa (42,9; 43,7; 36,8
r/n) xxeHe osHAeri akybi3 menwepine (1,2; 1,2; 1,1%) oH acep eTTi.

Tyninai cespep: 6uaan, TeIHANTKBILL, YCTEME KOPEKTEHAIPY, CYCNEH3NSsI, KOPEKTe-
Hy, dbasa, xanblpak 6eTi, TMiMainiri, peHTabeneainiri, canacol.

* % %

A6dya3umoe A.M.", Bagpoeea M. B."
'KapLumHCkuiA rocyaapCTBEHHBIN TEXHUYECKUI YHUBEPCUTET, T. Kapluu, Y3beku-
cTaH

3®DEKTUBHOCTb NPUMEHEHUA YOOBPEHUA

AHHOTauums. B cTaTbe npvBeaeHbl aHHbIE UCCNEAOBAHUA O U3YYEHUUN BINUSHUSA
CPOKOB 1 HOPM BHECEHWS JIMCTOBBLIX NOAKOPMOK O3MMOWM MSATKOW MLUEHULbl Ha 06-
LLIyIO NINCTOBYIO MOBEPXHOCTL MO haszaM pa3BUTUSA PaCTEHMN, @ TaK XKe Ha SKOHOMU-
Yyeckyto 3h(PEKTUBHOCTL BHEKOPHEBOW MOAKOPMKM O3MMON MLLEHULIbI B YCITOBUAX
pPasnMyHOro MUHEPAarbHOro MMTaHMUS 03UMON MweHnLbl. OTMEYEHO NOMNOXUTENb-
HOe BNWSIHWE JNIUCTOBLIX MOAKOPMOK pPasfnyHbIMU BUOCTUMYNATOpPaMy Ha Maccy
1000 3epeH, cogepxaHue obLuero 6enka 1 Cbipoli KNENKOBUHbLI. XOTst HanbonbLINiA
nokasarenb Habniogancsa Koraa npy BbICOKOM arpodoHe U MOAKOPMKN B KaXKaon
(base BereTaLMoOHHOro nepuoaa, 6bino YyCTaHOBMEHO, YTO ONTMMAIIbHOTO YPOBHS
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MOXHO AOCTMYb MO BCEM BbILLENEPEYNCIIEHHBIM MOKa3aTensiM Npu O4HOKPATHOW
NOAKOPMKE NNCTLEB A0 NOsIBNEHNE prnaroBbiX NMUCTLEB, MPU CHYKEHUN MUHEParb-
HbIX yaobpeHuii B 2 pasa. [NpakTnyeckme pesynbTaTbl paboThl 3aknoyaoTcs B
TOM, YTO B YCIOBUSIX CBETNIO-CEPbIX NMOYB NPW BHECEHUUN YA0OpeHuii nog 03nmMyto
nweHuuy B konndectee 50% (NPK 90:45:30 kr/ra) oT konuyecTsa TpaauLMOHHbIX
HopMm (NPK 180:90:60 kr/ra), a Tak >xe npu UCMosib30BaHUN XUOKUX CYCMEH3NOH-
HbIX NpenapaToB, 06oraleHHbIX Makpo- 1 MUKPOINIEMEHTaMWN Pa3NMYHbIX KOMMO-
HEHTOB ObIn onpepaerneH 3 deKT IKOHOMUM MUHEPasbHbIX YA0OPEHUIA, NOBbILLEe-
HUS YpOXamHOCTW U KayecTBa 3epHa. [TogkopMKa O3UMON MLUEHWLbI CyCreH3ns-
MU pasfn4YHbIX KOMMOHEHTOB B a3y OCEHHero KylleHus, B nepvog obpasoBaHus
naroBoro nucta 1 nocrie KOroLEeHNs MONOXUTENbHO MOBMUSANA Ha HaTYypPHbINA
Bec 3epHa (42,9; 43,7; 36,8 r/n) n konuyecTtBo Oenka B 3epHe (1,2; 1,2; 1,1%) B
CpaBHEHWUW C KOHTPOIEM.

KntoyeBble cnoBa: niweHuua, yaobpeHue, NOAKOPMKa, CYCMeH3usi, nuTaHue,
hasa, NMcToBas NOBEPXHOCTb, 3PP EKTUBHOCTb, peHTabenbHOCTb, Ka4ecTBO.
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NEPEBOL CTATbU /| MAKAINTAHbIH AYOJAPMACHI

A60dya3umoe A.M.", Baghoeea M. B."
'KapLumHCKkuii rocyjapCTBEHHbI TEXHUYECKUI YHUBEPCUTET, I. KapLuw,
Y3bekuncraH

3®PEKTUBHOCTb MPUMEHEHUA YOOBEPEHUN

AHHOTaums. B cTatbe npvBeaeHbl aHHbIE NCCNEA0BaHUA O N3yHeHUN BNUSHUS
CPOKOB 1 HOPM BHECEHMWS NINCTOBBLIX NOAKOPMOK O3UMMOWN MSATKOW MLLUEHULIbI Ha 06-
LLLYO MTMCTOBYO MOBEPXHOCTb MO ha3amM pasBUTUSA PaCTEHWI, @ Tak e Ha SKOHOMMU-
YecKyro aPdEKTMBHOCTb BHEKOPHEBOW MOLKOPMKM O3MMON MLUEHULIbI B YCIIOBUSAX
pasfnMyHOro MMHEPanbHOrO MUTaHWSA O3UMON NiueHULbl. OTMEYEHO NONOXUTENb-
HOe BNWSHWE NNCTOBBIX MOAKOPMOK PasfuyHbIMU BMOCTMMYNATOPaMy Ha Maccy
1000 3epeH, coaepxaHue obLuero 6enka v Cbipol KNerMKOBUHbI. XOTs HanbonbLUniA
nokasaTenb Habnogancs Korga npu BbICOKOM arpodoHe U MOOKOPMKM B KaXKaom
hase BereTaunoHHOro nepunoaa, bbino yCTaHOBMEHO, YTO ONTUMArbHOrO YPOBHS
MOXHO [OCTWYb MO BCEM BbILLEMNEePEeYMCIIEHHbIM NokasaTensam npu OgHOKPaTHOM
NMOAKOPMKE NMUCTbEB A0 MOosiBIEHNE (h1aroBbIX IMCTLEB, NPU CHYXXEHUN MUHEPaslb-
HbIX yaobpeHun B 2 pasa. [Npaktudeckve pesynbraTbl paboTbl 3aknioyarTcsa B
TOM, YTO B YCIOBUSIX CBETNIO-CEPLIX NOYB NPU BHECEHUN YA0OPEHUA nog 03nMyLo
nweHuyy B kKonmdectee 50% (NPK 90:45:30 kr/ra) oT konuyecTBa TpaauLMOHHbIX
HopMm (NPK 180:90:60 kr/ra), a Tak >xe npu UCrnofib30BaHUN XUOKUX CYCMEH3NOH-
HbIX MpenapaToB, 060raLleHHbIX MaKpo- 1 MUKPOSNIEMEHTaMN PasfnnyHbIX KOMMO-
HEHTOB ObIn onpeaernieH ahdEKT SKOHOMUN MUHEPATbHbIX YA0OpEeHnii, NoBbILLEe-
HWUS YPOXaMHOCTM U kavecTBa 3epHa. [logkopmKka 03MMON MLIEHULbI CYCNeH3uns-
MU PasfnYHbIX KOMMOHEHTOB B a3y OCEHHero KyLleHus, B nepuog obpa3oBaHus
hnaroBoro nuMcTa 1 nocie KoroLeHNs MOMOXUTENbHO MOBAMANA Ha HaTypPHbIA
Bec 3epHa (42,9; 43,7; 36,8 r/n) n konuyecTtBo benka B 3epHe (1,2; 1,2; 1,1%) B
CPaBHEHWUN C KOHTPOJIEM.

KnioyeBble cnoBa: niweHvua, ygobpeHue, NogkopMKa, CyCneH3us, nuTaHue,
dasa, nMcToBasi NOBEPXHOCTb, 3PEKTUBHOCTb, PEHTAbENbHOCTD, KAaYeCTBO.

BBepneHue. XXngkun rymmHoBbin Guonpenapat «bnodkol'ym» okasan
MONOXUTENbHOE BAMSHME HA POCT, PasBUTUE N YPOXaNHOCTb 3€PHOBbIX
1 3epHOB6060BbIX KynbTyp. OB6paboTka CEMSH MOBbLILLAET CTPECCOYCTOM-
YMBOCTb M BCXOXECTb CEMSIH, OAHO, ABYX- N TPEXKPaTHOe OMpbICKMBaHWE
3€pPHOBbIX U 3epHOB0BOBLIX pacTeHNI yCUNMBAET POCT U pa3BUTUE, NOBbI-
LaeT Maccy ceMsiH, obecnedvBaeT JOCTOBEPHYO NpubaBky ypoxas ot 14
00 80 %. MNpumeHeHne «Brodkolym» CHUXaeT coaepkaHue Kpaxmana u
rMIOTEH-MHAEKCA, NOBbILAET COAepKaHWe NpoTerHa, KIenkoB1HbI B 3ep-
HE 03UMOM MLUEHNLIbI U KIENKOBUHBI B Myke [1].
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HekopHeBas NoAKOPMKa MOMOXWUTENBHO BAMSIET HA POCT U pa3BuUTUE
O3UMOWN MLUEHULbI, YBENMYMBAETCA POCT FMaBHOro CTebns pacTeHun Ha
7,5-18,5 cm. 3a cyeT npuMeHeHNs1 HEKOPHEBOW MOAKOPMKM Macca 3epHa
Ha ogHOM konoce noBblwaeTcd Ha 0,22-0,46 rp., MMcToBasi NOBEPXHOCTb
O[HOFO pacTeHusi yBenuumeaeTcs Ha 15,6-42,5 cm?, noBbillaeTcs obLuas
nMcToBasi NOBEPXHOCTb 03UMOWN MieHuLbl Ha 20,8-29,7 Tbic. M?/ra, NoBbI-
LIAETCH MHTEHCUBHOCTb (DOTOCUMHTE3A U MONOXUTENbHO BIMSAET Ha Mpo-
XOXAeHne (Pr3nonorm4ecknx npoLeccoB pacTeHNN.

MeToabl uccnenoBaHuA. B onbiTe CpaBHUTENBHO BbICOKME pe3yiib-
TaTbl MO Ka4yecTBY 3epHa Obiny MomyyYeHbl NpU TPEXKPATHON HEKOPHEBOW
NOAKOPMKE, B 3TUX BapuvaHTax cogepkaHve berka B 3epHe COCTaBuUIO
13,8-14,1%, a cbiporo npoteunHa 29,5-30,1 %. Npu HeKOPHEBOM NOAKOPM-
ke npubaBka Guonornyeckoro ypoxas 18.1-54.9 u/ra, npnbaska ypoxas
3epHa 6,7-22,2 u/ra. Cambli BbICOKUI yporkan 3epHa 74,7 1/ ra 6bin nony-
YeH B BapuaHTe, rge npoBefeHa 3 pasa HeKOpHeBas NogKopMKa ¢ npume-
HEHMEM BCEX BNAOB OCHOBHbIX MUHEParbHbIX yA00peHun [2].

Llenb nccnepoBaHus — noBbILLEHNE YpOXKast TBEPLAON, MSATKON U CUMb-
HOWM APOBON MLeHNLbI. [TpMMeHeHne MUKPOSNEMEHTHbBIX yaobpeHun ans
HEKOPHEBOV MOAKOPMKM CMOCOBCTBOBANO MOBLILLEHNIO YPOXAWMHOCTU U
yNyyLIEHNI0 KayecTBa 3epHa SpOBON TpuTukane copTta Ykpo. Hambornb-
LWas ypoXxanHocTb 3epHa 4,43 T/ra, npubaska - 1,27 t/ra (40,3 %) nony-
YeHa npu OBYKPaTHOW HEKOPHEBOW MOOKOPMKE B a3y KyLLEeHUS U KOmo-
LLEHUS MUKPO3SIEMEHTHbIM yYaobpeHnem A3ocon-36 JKcTpa, cogepaHue
KINerKoBMHbI yBenuynnocb Ha 3,6 %, 6enka Ha 3,5 %, CTEKNOBMAHOCTb Ha
14 % [3].

WccrnepoBaHusa (2015-2016 rr.) mokasanu, YTO Ha BbILLENOYEHHbIX
YyepHo3emax LleHTpanbHoro YepHosembs, pasnuyHble OpMbl a30THbIX
yoobpeHun (ammuadHasi cenutpa, cynbdaTl aMMOHUS,, MOYEBMHA), BHE-
ceHHble no coHy P, K, B nose K, kr/ra gencTeyiowlero sewectsa nog
KyNbTMBALMIO, OKasanu NosioXuUTenbHOe AENCTBME Ha MOBbILLUEHNE YPO-
Xas TBEPAON, MATKOA U CUITbHOW SPOBOM MLleHuLbl. [1py 3TOM B YCNOBUAX
xonogHoro 2015 r. (Hego6op Tenna coctaBun 40%) Hanbonee adhdek-
TMBHOM OKasanacb ammuadyHasi opma (cynbaTt aMMOHWsI), a B YCrOBU-
Aax 3acywnueoro 2016 r. - amMMmavyHo-HUTpaTHas (aMMuadHas cenutpa).
MoueBnHa B 9T rogbl Obina ogMHakoBo addekTnBHON. Bce ncnbitaHHbIe
¢opMbl a30THbIX YA0OpEHNIA NOBLICUNN codepXaHne Benka B 3epHe U3-
y4aeMbIX COPTOB, HO Hauboriee BbICOKOe AEVCTBME OKasana MOYEBUHA.
[Mpn 9TOM OOMONMHUTENBHOE BHECEHWE MOYEBMHbI B BMOE BHEKOPHEBOW
noakopmku B fose N, kr/ra nosbicusio 6enkoBocTb ewe Ha 1-1,5% [4].
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B TexHoMnormn Bo3genbiBaHNsi 03MMON MLLUEHULbI MPUMEHEHNE CTapTo-
BbIX JO3 MUHEpParbHbIX YA0OPEeHWi, a Takke a3oTHbIX MOAKOPMOK B Teve-
HVe BereTauum KynbTypbl SBAsSeTCA HeobxoanmbiM arponpuemom. Hau-
GonbLuyto 3hPEKTUBHOCTb MOKA3bIBAKT a30THbIE MOAKOPMKU, NMPOBOAMU-
Mbl€ B TPU CPOKa: nepsas - BECHOW MO Tano-Mep3ron no4yse aMmmuadHom
cenuTpon B go3e 34 kr/ra A4.B., BTOpasi - aMMNaYHoON cenutpon B gose 34
Kkr/ra 4.B. B (pady TpybkoBaHus, TpeTbs -Mo4eBMHON B Ao3e 15-U kr/ra a.B.
B (basy KOJOLLEHMS], He3aBNCUMO OT hoHa pSLKOBOro yaobpeHus [5].

[MpumeHeHne BoO3pacTaroWmx 003 as30THbIX yAOOpPEeHUN Ha BbILLENO-
YeHHOM yYepHo3eme LleHTpanbHoro lNpenkaBka3bs o6ecneynno 3Hauu-
TenbHY NpubaBKy ypoxas 03MMON MLUEHMLbI, OTHOCUTENbHO KOHTPOIS,
Ha 0,82.2,80 T/ra. [JpobHOe MpuMeHeHne yaobpeHnn OTHOCUTENbHO pa-
30BOr0 BHECEHMSI BCEW A03bl YBENMYUIIO YpOXaMHOCTb 3epHa Ha 0,18 T/
ra. B cpegHem a3oTHble NOAKOPMKM YBENWYMBANIM cogepxaHune b6enka B
3epHe OTHOCUTENbHO KOHTpons Ha 0,8.3,9 %; knenkoBuHbl - Ha 1,3.10,2
%. CornacHo pesyrnbTataM 3KOHOMUYECKOM OLEHKN MPUMEHEHNE a30THbIX
ynobpeHun Hanbornee NpeanoyTUTENbHO NyTeM ApOBHOro BHECEHUS Kap-
6ammgHo-ammMmmadHonm cmecu B aose 0+70. MNpubbinb B 3TOM criydae co-
ctaBuT 47866 py6./ra, ypoBeHb peHTabenbHocTu - 139 % [6].

Takum obpasom, BeNnUnHbl HPUINYECKMX U XMMUYECKMX Ka4ECTBEHHbIX
MPW3HAKOB 3€pHa MOryT U3MEHSTbCS B 3aBMCUMOCTM OT METEOpPOsoru-
YeCKMX YCITOBMIN N cUCTEMbI yaobpeHus. MNweHnua n Tputukane B cyxme
rogbl OPMUPYIOT ypoxaun ¢ boree HU3KNMMU PU3MHECKUMN nokasaTens-
mMu (macca 1000 3epeH, 06bEMHas Macca), HO C BbICOKMM COAEPKaHNEM
CTEKINOBUOHbIX 3E€PEH.

B Gonbluen cteneHn Ha ka4eCcTBEHHbIE MPU3HaKM 3epHa BAMSET asoT,
Kak B YNCTOM BuAe, Tak 1 B COCTaBe MOMHOIO MUHEparibHOro yaobpeHus.
OH yBenuumBaeT cogepaHne G6enka B 3epHe 1 yny4dllaeT ero ka4yecTso.
B BepxHeBomkbe 3apdeKTVBHbI MOBLILEHHbIE 003bl a3oTa U OpobHble
NMOAKOPMKM (OBe unu Aaxe Tpu). [epByto NpoBOAAT B MEPUOA pPaHHEro
BECEHHEero oTpacTaHus Ans pereHepauym oTMEPLUNX OPraHoB U YCUIIEHUS
KyCTMCTOCTU; BTOPYIO - MpUY BbIXOAe B TPYOKy ANsi COXpaHeHUs LOMNOSHM-
TenbHbIX Noberos, pasBUTMS JIMCTOBOV MOBEPXHOCTU; TPETbIO - B dhase
KOMNOLLIEHUS AN MPOANEHNS XXM3HW PriaroBoro nucta, MyHKUMn QOTOCUH-
Te3a u cuHTe3a benka [7].

Takum obpas3om, ONTMMU3UPYS NUTaHUE pacTeHW MyTEM UCTONb30Ba-
HVS pacTBOPOB OOPHON KUCIOTbI B OPraHUYECKNX PacTBOPUTENSX, MOXHO
HEe TOJMbKO CYLLECTBEHHO MOBbICUTb YPOXKaNHOCTb 3€PHOBbIX KyIbTYpP, HO U
CYLLECTBEHHO YMyYLUNTb KA4YECTBEHHbIE MOKa3aTeny pacTeEHNEeBOAYECKON
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npoaykumnn. ObpaboTka cemsiH nweHuLbl MockoBckas 56 MUKPOIrEMeH-
TOM MpUBENa K yBENIMYEHUIO KOMMYeCcTBa a3oTa B 3epHe OTHOCUTENbHO
KoHTpons Ha 7-11 %. CaMbiMU BbICOKUMUN 3HAYEHUSMU OTAMYAOTCA Ba-
puaHTbl C 06paboTKON CEMSAH TPaAMLIMOHHOM (POPMOV arieMeHTa (BOOHbIN
pacTBop GOpHOM KUCNOThI), @ Takke ¢ 0bpaboTkori GopaTtomMm MOHO3ITAHO-
namvHa. MakcrmanbHasi npubaBka ypoxkas 3epHa SSpoBOV MLeHnLbl 3na-
Ta HabnogaeTcs Npu NoAKOPMKEe pacTBOPOM BOPHONM KUCMOThI B FNLIEPU-
He - 3,26 T/ra (47O Bbiwe B 2,1 pasa No CpaBHEHMIO C MOAKOPMKOW Tpaau-
LMOHHON bopmor MUKpoanemeHTa). MukpoanemeHT 6op cnocobcTBoBan
YBEJTMYEHNIO CTPYKTYPHbIX MOKasaTenien pacTeHns ApOBOW MLUEHWLbl Ha
Bcex hopmax. HanbonbLumnin nonoxmtenbHbIi 3dEKT OTMEYEH OT Aen-
cTBus BopaTa rmmuepviHa, rae pasHuua K KOHTPOrbHOMY BapyaHTy cocTa-
BWfa No KONMYeCTBY 3epeH B Konoce B 2,4 pasa K KOHTPOr, a UX Macchbl
B 2,7 pa3sa. [pu ncnone3oBaHuny 6opa KrerkoBMHa APOBON MLLEHNLIbI Xa-
pakTepuayeTtca kak xopowias (I rpynna kayectsa) [8].

MeTtoguka. Cxema onbiTa: Ana cpaBHeHUs1 3¢hEeKTUBHOCTU Mpena-
paToB ObINM U3yYeHbl KOHTPOSbHBLI BapuaHT, a Takke mnpeanoceBHas
06paboTka CemMsiH 03MMOW MLeHuLbl «03roH» npenapatamu IfoSeed
(2 kr/T cemaH) + Bn-77 (0,5 kr/T cemsiH) (1 BapuaHT), NPMMEHEHNEe BHe-
kopHeBon nogkopMku IfoPZN (2,0 n/ra) + Ankasuper (100 mn/ra) B nepu-
of, Beretaumm pacteHun — 15.10-15.11 (2 BapwmaHT), IfoPZN (2,0 n/ra) +
IfoHumatePlus (0,5 n/ra) — 25.02-10.03 (3 BapwuaHT), IfoUAN-32 (4 n/ra)
+ Potex (450 mn/ra) — 15.03-30.03 (4 BapwuaHT), IfoCombi-FE (3 n/ra) +
OHTol'ymMuH (1n/ra) + IfoUAN-32 (4 n/ra) — 05.04-15.04 (5 BapwmaHT), Ifo-
Kalifos (1,5 n/ra) + Ankasuper (100 mn/ra) — 01.05-10.05 (6 BapwaHT) n
KOMMIEKCHOEe NPYMeHeHVEe BCEX NMpenapaToB B COOTBETCTBMM C YKa3aHHON
NpoV3BOAMTENEM HOPMOW (7 BapuaHT).

MoneBble onbiTel NpoBogunmck B 2019-2021 rogax Ha KapLumHckom
OMNbITHOM y4acTke Hay4yHo-uccrnegoBaTenbCKOro MHCTUTYTa 3emnene-
NnA B OXKHbIX panoHax B YCNOBUSAX CBETIIbIX CEPO3EMHbIX NoYB Kaluka-
AapbMHCKOM 06nacTtu, a uccrnefoBaHnsi MPOBOAWIMCE MO OBLLENPUHATEIM
MeTOoAMKaMm.

PesynbTtaTtbl nccnegoBaHun. CornacHo nccrefoBaH1sMm, NpoBeaéEH-
HbIM MO 32aBUCMMOCTU POTOCUHTETUYECKON aKTUBHOCTN O3MMOW MLLEHUL|bI
OT MakpO- U MUKPOYAOOPEHNI C PasnMYHbIMN KOMMOHEHTaMMW, BHECEHHbI-
MW BHEKOPHEBLIM METOAOM, HE3aBUCUMO OT YCIOBMIN PasfiM4HOIO MUHe-
panbHOro MMTaHWS OMNpPeAerieHbl HaMMeHbLLME NOKa3aTenu Cyxoro Belle-
CTBa, HAKOMMEHHOrO Mo ha3am pasBUTUS BO BCEX KOHTPOSIbHbIX BapuaH-
Tax. B yactHocTun, cpegHuin nokasaTtenb CyxOoro BeLeCcTBa, HaKOoMIeHHOro
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B (pasy BOCKOBOM CMENIOCTU, B KOHTPOSbHbIX BapuaHTax coctaBun 7,2;
11,1 n 12,8 1 n 6bIN 3ahMKCMpPOBaH KaKk HAUMEHbLLWIA pe3ynbTaT Cpeaun
ocTarnbHbIX BapMaHToB. Takke Hanboree BbiCOKas AMHaMMKa pocTa Ha-
KOMMEHHOr0 CyxOro BellecTBa no BceM hasam pasBuTtns Habnoganaco
Mpu BHECEHUM MuHepasbHbIX yaobpenuin N, P K. - kr/ira. B gaHHbix
YCMOBUSAX MUHEPanNbHOro MUTaHUs CpedHss OONis CyxOro BelwecTsa B
(hbasy BOCKOBOW CMENOCTU 03UMOM MLUEHULbI, MO CPaBHEHMIO C MOKasaTe-
NieM KOHTPOJIbHOIO BapuaHTa, okasanacbk Ha 0,6 r 6onbLue B hade BbIXO-
Oa B TpyOky, Ha 2,0 r B dhase konoLueHus, Ha 3,0 r B chbase LBETEHMs U Ha
3,7 r B (ha3e BOCKOBOW CMESIOCTMU.

YCTaHOBIIEHO, YTO B BapuaHTax C NpeanoceBHon ob6paboTkon ceMsH
N NPUMEHEHNEM BHEKOPHEBOM MOAKOPMKM Ha arpodoHe 6e3 ncnonb3o-
BaHWS MUHEpPasnbHbIX YA0OPEHMI (KOHTPOSb) COOTHOLLEHWNE HAKOMIIEHHO-
ro B COCTaBe pacTeHW 03MMOW MLIEHNLbI CyXOro BeLecTBa, N0 CpaBHe-
HUIO C NnokasaTensMu KOHTPOJIbHOrO BapuaHTa, Oblrio BbicOkMM. Ecnu
npoaHanuM3mpoBaTtb Mo as3am pas3BuTMS, TO MOKa3aTenu COCTaBuNn
2,1-2,51 B (pase BbIxoga B TpyOKy, 5,8-7,1 r B hase konowenns, 6,7-9,1 r
B (base uBeteHus u 8,6-11,8 r B meprMoa BOCKOBOMW CMENOCTU, YTO Ha
0,2-0,6 r; 1,0-2,3r; 1,1-3,4 r 1 1,4-4,6 T BbllLe Noka3aTenen KOHTPOSIb-
HOrO BapuaHTa COOTBETCTBEHHO. Takke cpefHee codepXaHue CyXoro
BeLLEeCTBa, HaKOMMeHHOro B dasy Bbixoda B TPYOKy KOHTPONbHOroO Ba-
puaHTa coctasuno 1,9 r, a K nepuony BOCKOBOW cneroctu 7,2 1, B Ba-
puaHTax ¢ NpMMeHeHNeM NpeanoceBHON 06paboTkM CEMSAH U BHEKOPHE-
BOW MOAKOPMKM B (pady BbIxoda B TpyOKy 3TOT nmokasaTernb COCTaBwil
2,1-2,5 1 n B nepuoa BockoBow crnenoctu 8,6-11,8 r, To ecTb B cpeaHeEM
yBenuyuncs Ha 6,5-9,3 r.

AHanornyHasi 3aKkoHOMepHOCTb Habrtoganack U B yCrnoBusx arpogo-
HOB C 9KOHOMMEW MUHepanbHbIX yaobpeHun. Tak, Hanpumep, onpeae-
NUIIOCb, YTO Ha arpodOHe C MCMOSIb30BaHMEM MUHEparbHbIX yaobpe-
HU 13 pacyéta Ny P, K. kr/ra B BapuaHTax ¢ npuMeHeHMem MeTonoB
npennoceBHoON o06paboTKM CEMSAH M BHEKOPHEBOW MOLKOPMKM CpeaHee
cofepxaHne Cyxoro BellecTBa B pacTEHUAX 03MMOWN MLUEHULbl B dasy
BbIxoda B TPybky coctaBuno 2,8-3,2 r, @ B KOHTPONbHOM BapuaHte —
2,6 1, B YCIOBUSAX e NPUMEHEHNS MUHEpPanbHbIX YA0OpeHu n3 pacyéra
N, 5PooKs, KI/Ta AaHHbI NOKasaTens B BapuaHtax C npeanocesHon 06-
paboTKOM CEMSH U BHEKOPHEBOW MOAKOPMKOM B dpa3e Bbixoda B TPyOKy
coctaBun 2,9-3,3 I 1 B KOHTPOSILHOM BapuaHTe 2,7 T, TakKe BbISBIIEHO,
4TO 06paboTKa C MOMOLLBI PErynupyrLLUMX pocT GMOCTUMYNATOPOB U
NPYMEHEHNE METOAO0B BHEKOPHEBOW MOAKOPMKM Pa3HOKOMMOHEHTHbIMU
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MaKpO- 1 MMKPOYOO0OPEHUAMUN MONTOXKNTENBHO BAUSET Ha OUHAMUKY Ha-
KOMMEHNS CyXOro BELLeCTBa B paCTEHUN B Nepuog Beretaumu.

Mo pesynbTatam mccrnegoBaHusi, cpean U3ydYeHHbIX BapuMaHToB B YC-
noBusX arpopOHOB C BHECEHMEM MUHEpasbHbIX yoobpeHun u3 pacyéra
Ng,P Ky 1 N g Py Ky, Kr/ra, cpeaHee KOnMYecTBO HaKOMIIEHHOTO CyXOro
BeLLEeCTBa B PaCTEHMSAX O3MMOM MLUEHWLIbI B MEPUOA BOCKOBO/ CNENOCTU
BO 2-0M BapuaHTe coctaBuio 14,3 n 13,0, B 5-om BapuaHTe 15,3 Ba 14,4,
B 6-oMm BapuaHTe 13,6 n 14,5 r, KOTOpble BbIAENUNNCE BbICOKNM pe3yilb-
TaToOM MO CPaBHEHMIO C KOHTPOSEM.

CornacHo npeacTasrieHHbIM B AMccepTaumy AaHHbIM, B 3aBUCUMOCTU
OT YCMNOBUI MUHEPAnNbHOro NUTaHus, B a3y KyLueHns copmmupoBanach
nucToBas noBepxHocTb 14,7-29,6 cm? 1 k dha3e BockoBow cnenocty 13,1-
37,4 cm?. Camblii HU3KWIA NoKasaTernb NUCTOBON MOBEPXHOCTM MO chasam
pasBUTKS, HE3ABMCMMO OT Pa3sfMYHbIX YCIIOBUA MUHEPArbHOrO MUTaHWS,
ObIN OTMEYEH BO BCEX KOHTPOJIbHBLIX BapyaHTax. Takke 3a nepvop, C Ky-
LLIeHMS 4O BOCKOBOM CMNENOCTN CpedHMe nokasatenu nnMcToBon NOBEPXHO-
CTW B KOHTPOJSbHbIX BapuaHTax coctaBunu 14,7; 23,7; 24,6 n 13,1; 21,9;
25,2 cM? COOTBETCTBEHHO, M OTMEYEH KaK CaMblii HU3KWI pe3ynbTaT cpeau
ocTanbHbIX BapyaHToB (Tabnuua 1).

Tabnuua 1 — BnnaHne BHeKOPHEBON NOAKOPMKM Ha OOLLYHO IUCTOBYHO NO-
BepPXHOCTb No dhazam pa3sBUTUA pacTEHUA O3MMOWN MLUEHULbl, CM?
(2019-2021 rr.)

dasbl pa3BuTuA

ArpocdoH BapuaHt

KyLLieHne
LBETEHUNE
Mosio4Has
cnenocTb
BOCKOBast
crnesnocTb

BbIXOZ B TPYOKy
KonoLueHve

KoHTponb 14,7 37,8 |33,5 (20,7 | 13,1
BapuaHT1 19,1 477 | 40,6 |27,1 | 19,5
BapuaHT-2 18,6 28,0 445 |37,8 |252 | 18,2

Bes BapuaHT-3 16,8 23,6 374 | 31,8 |21,2 | 15,3
yno6peHun BapuaHT-4 16,7 22,8 40,2 |30,8 [20,5| 14,8
BapuaHT-5 16,6 26,1 415 |352 [23,5| 17,0
BapuaHT-6 17,0 27,0 428 [36,4 (243 | 17,5
BapuaHT-7 19,8 31,2 496 |421 |28,1 | 20,3

w

w [N
oS|w
-
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KoHTponb 23,7 33,8 53,6 |45,6 |30,4 | 21,9
BapuaHT-1 25,9 40,7 64,6 |54,9 |36,6 | 26,4
BapuaHT-2 26,5 48,9 77,7 | 66,0 {44,0 | 31,8
NP K BapuaHT-3 24,8 46,4 73,7 |62,6 (41,8 | 30,2
Y A BapuaHT-4 25,6 44,6 70,8 |60,2 |40,2 | 29,0
BapuaHT-5 25,2 48,7 77,3 |65,7 |43,9 | 31,7
BapuaHT-6 25,6 46,9 74,5 |63,3 |42,3 | 30,5
BapuaHT-7 28,1 55,9 88,7 | 754 |50,3 | 36,3
KoHTpornb 24,6 38,7 61,5 |52,2 |34,9 | 25,2
BapuaHT-1 28,4 447 70,9 |60,3 |40,2 | 29,0
BapuaHT-2 28,3 50,1 79,6 | 67,6 (451 | 32,6
N P K BapuaHT-3 25,3 43,5 69,0 |58,7 [39,1 | 28,3
iy & ey BapuaHT-4 25,4 46,2 73,3 [62,3 |41,6 | 30,0
BapuaHT-5 24,7 54,0 85,7 | 72,8 |48,6 | 35,1
BapuaHT-6 25,3 48,9 77,7 | 66,0 44,0 | 31,8
BapuaHT-7 29,6 57,5 91,3 (77,6 [51,7 | 37,4

Ecnu B KOHTpoOrnbHOM BapuaHTe arpodoHa 6e3 npumeHeHWss MuHe-
panbHbIX yOobpeHuii nMcToBasi MOBEPXHOCTb cocTaBuna 13,1 cm?, 170 B
BapuaHTax C MpMMEHEHUeM MpeanoceBHOM 0BpaboTKM M BHEKOPHEBOW
NOOKOPMKM 3TW nokadatenu coctaBunu 14,8-20,3, T. e. B cpegHeM no
CPaBHEHWIO C KOHTpOreM 6binu Bbilwe Ha 1,7-7,2 cm? (Tabnuua 1).

B BapuaHTax c npumeHeHMeM MeTOAOB NpeanoceBHON 06paboTkn u
BHEKOPHEBOW MOOKOPMKM Ha arpodoHe C MPUMEHEHUEM MUHepasbHbIX
ynobpenui ns pacuéta Ny P, K, kr/ra cpeHuii nokasarerb JIMCTOBOW Mo-
BEPXHOCTU B (ha3y BOCKOBOW CNenocTy coctaBun 26,4-36,3 cm?, uto Ha 4,5-
14,4 cm? BblLLe KOHTPOMLHOTO BapuaHTa (21,9 cm?), a B ycrnoBusix arpodo-
Ha C NpYMeHeHeM MyHepanbHbIX yaobpenui us pacyéta N, P, K. kr/ra
B BapuaHTax C MNpuYMeHeHeM npeanoceBHoM o6paboTkM CeMsiH U BHe-
KOpHeBOW nogkopmkm coctaeBun 28,3-37,4 cm?, yto Ha 3,1-12,2 cm?
BblLLIE KOHTPOMbLHOrO BapuaHTa (25,2 cm?).

B pamkax npoBegéHHbIX NccriefoBaHn cpeay BapyaHToB, U3YYEHHbIX
B YCMNOBUSIX arpooHa C NpUMEHEHNEM MUHEpPanbHbIX yoobpeHun ns pac-
uéta Ny P, K, 1 N P, K. Kkr/ra, nokasarenb n1CTOBON NMOBEPXHOCTU B
nepvon BOCKOBOW cnenoctu B 2 BapuaHTax coctaeBun 31,8 n 32,6 cwm?,
B 5 BapuaHTax 31,7 n 35,1 cm?, a Takke B 6 BapmaHtax 30,5 n 31,8 cm?
COOTBETCTBEHHO, rje OTMEYEeH BbICOKMI MoKa3aTerb N0 CPABHEHUIO C KOH-

TporieM 1 ocTanbHbIMU BapuaHTamu (Tabnuua 1).
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PucyHok 1 — SkoHoMMYeckasn ahPeKTMBHOCTb BHEKOPHEBOV MOAKOPMKU 03MMOW
MNLEeHNLbI B YCITOBMAX PA3NMYHOrO MUHEPANbHOro nutanus, %.

B akcnepumeHTax BbISICHUIOCh, YTO B 3aBUCMMOCTM OT MUTaTENbHON
cpedbl U NPUMEHEHNUS LOMONHUTENbHOM BHEKOPHEBOW MOOKOPMKU cpef-
HUIA MOKasaTesNlb YPOXXaAMHOCTM 3epHa O3UMOM MLIEHULbI COCTaBUIT OT
17,5 po 78,9 u/ra, BanoBoW [0OXOA MPOMOPLMOHANBHO YPOXaANHOCTU —
oT 2712,5 Thic. cym o 12224,3 Tbic. cym, obwmi pacxog Ha 1 ra ot
4496,4 Tbic. cym o 8949,7 TbiC. cyMm, yCcrnoBHas umucrtas npubbinb OT
1120,9 TbiC. cym go 3274,6 Tbic. cym, cebectommocTb 1 Kr 3epHa OT
867,7 cym 0o 2569,4 cym, ypoBeHb peHTabenbHocTu ot 18,5% [o 75,6%.
Takke HanmeHbluas 3hdeKTMBHOCTL Obina yCTaHOBMEHA B YCMOBUSAX
arpochoHa 6e3 NpMMeHeHN MUHeparbHbIX yOo0OpeHun, rae Obio nspac-
X040BaHO Ha 1783,9 TbiC. cyM GorbLie MO CPaBHEHUIO C BalOBbIM [AOXO0-
OO0M, peHTabenbHocTb coctasuna 39,7%.

lMpn aHanuse SKkOHOMMYECKON 3PDEKTUBHOCTU U peHTabenbHOCTU
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OOMOSTHUTENbHbBIX BHEKOPHEBbLIX MOOKOPMOK, MPUMMEHEHHbIX B WUCMbITa-
TenbHbIX OMbITax Ha AKOHOMSLLMX MUHEPanbHble yA0OpeHusa arpodoHax
npv o6paboTke 03MMON MLUEHMLbI NpenapaTtammn, oboralleHHbIMU pasHo-
KOMMOHEHTHLIMU Makpo- U MUKPOINIEMEHTaMM, B YCIIOBMSAX OPOLLAEMbIX
CBETNbIX CEepO3éMHbIX MoyB KalukagapbMHCKOM 06nactu ypoxxanHOCTb,
nonyyeHHas B 2, 5 n 6 BapmaHTax Ha arpooHax C NMPMMEHEHNEM MUHe-
panbHbIx yaobpenuin ns pacyéra N, P, K, n N, P, K. kr/ra npesbiwana
He TOMbKO KOHTPOSbHbIW, HO U Apyrue BapuaHTbl. A B yCnoBusaX arpodoHa
N, 5,PgoKe, Kr/ra ypoxanHocTb 7 BapuaHTa 6bina 3agukcuposaHa B kade-
CTBe Haunydwero pesdynbTtata — 78,9 u/ra (36,6%) Ha Bcex arpodoHax
(pucyHok 1).

Bo 2, 5 n 6 BapmaHTax C NCMONb30BaHMEM AONOSHUTENBHON BHEKOP-
HEBOV MOOKOPMKM Ha arpodoHe C NMPUMEHEHNEM MUHepanbHbIX yaobpe-
HUM 13 pacyéta Ny P, K, kr/ra Gbin oTMEYeH camblil HU3KUI MokasaTenb
cebectonmocTn (867,7, 882,6 n 885,4 cym) cpeav U3ydeHHbIX BapyaHToB. A
camasi BbiCOKkasi cebecToMmocTb Habnoganacb B KOHTPONbHOM BapuaHTe B
YCIOBUSIX KOHTPOJIBLHOTO arpodhoHa 1 coctaBuna 2569,4 cym.

[Mpy aHanu3e nokasatens cebectoumocTy 1 Kr 3epHa B pa3pese arpodo-
HOB ObII0 OTMEYEHO, YTO B YCIOBUSX arpodpoHa C MPMMEHEHMEM MUHEParib-
HbIX yaobpernii 3 paciéta Ny P, K, Kr/ra 6binia OTHOCUTENBHO HIKE, Yem
B YCMOBUSIX OCTarlbHbIX arpohOHOB, TO €CTb B KOHTPOSIbHOM BapuaHTe oHa
coctaevna 1308,4 cym, a B BapuaHTax C NPpUMEHEHNEM BHEKOPHEBOW MOAKOP-
Mkm oT 882,6 cym go 1014,5 cym.

Cne,qosaTeano npv BO3AenNbIBAHNN 03UMON NLLEHULbI BHeceHne 50%
(Ng,P,sK,, Kr/ra) oT konmnyecTea TpagnLMOHHLIX HOPM MUHEPATIbHBIX YA0-
6penHunin (N, Py K, Kr/ra) n BMecTe ¢ TemM NprvmeHeHne LOMOSTHUTENBHOTO
BHEKOPHEBOIO NMUTaHMSA npenapatamm, oboralleHHbIMY Pa3HOKOMMOHEHT-
HbIMW Makpo- 1 MUKPOYAOOpPEHNsMM B Nepuog, Beretauum pacTeHni, 3Ko-
HOMWYECKN BbIFOAHO.

BbiBog. Hambonbliaa skoHoMuyeckas 3hdeKkTMBHOCTL Habnwona-
nacb B YCroBUsAX MyHeparnbHoro nutaHus us pacyéra Ny P, K. kr/ra npu
npyvMeHeHMn BHekopHeBon nogkopmky IfoPZN+Ankasuper B dasy oceH-
Hero KyLleHusi, rae peHTabenbHocTb coctaBuna 78,6%, npy NpuMeHeHnn
IfoCombi-Fe+3HT0 NymMuH+IfoUAN-32 B nepuoa cdopmmnpoBaHus cnaro-
BOro nucra — 75,6%, npun npumeHeHun IfoKalifos+Ankasuper nocne kono-

weHnsa — 75,1%.
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BIOLEACHING PROCESS BY ORGANISMS IN METAL MINING.
REVIEW

Abstract. The problem of soil contamination by heavy metals, acid mine drainage,
wastewater dumping sites, the problem of ore shortage, and many more forces
people to seek better mining techniques. However, new mining techniques
have to be eco-friendly and suit the environmental assessment policy. Bacteria
are incredibly versatile organisms with high adaptability, which can live, adapt
and thrive particularly everywhere. Sulfide-associated environments harbour
diverse bacterial communities capable of metal sulfide oxidation, a process vital
for bioleaching and biomining. This review explores the bacterial composition
of these environments, focusing on acidophilic bacteria and archaea that drive
sulfide mineral dissolution through iron and sulfur oxidation. This paper discusses
the oxidation of metal sulfides via two primary pathways, determined by physico-
chemical characteristics of minerals. Biofilm formation and extracellular polymeric
substances (EPS) significantly influence bioleaching efficiency, while quorum
sensing and molecular interactions shape microbial consortia. Understanding these
microbial processes is essential for the optimization of biomining, the development
of hydrometallurgy, and mitigating the negative effects of ore depletion or metal
contamination, such as acid mine drainage.

Keywords: Bacteria, metal sulfides, minerals, remediation, bioleaching, microbial
consortia, biotechnology.

Introduction. Microbes have contributed to the formation of water-in-
soluble sulfides since the early history of life on Earth. The sulfate-reduc-
ing bacteria converted metal sulfates into metal sulfides (MS) that have
been incorporated into the structure of rocks [1]. Likewise, the increasing
abundance of such metal sulfides may be described by the release of
toxic mining wastes at the mining sites. Such circumstances force gov-
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ernments to use remediation techniques [2]. Microbial remediation of
metal-contaminated sites is more effective since it doesn’t require much
energy and doesn’t produce any toxic gaseous substances. Moreover,
the resulting compounds are relatively chemically inert and less likely to
react [1]. The bio-processing of metal contamination includes several bi-
oremediation techniques like biosorption by microalgae, bioaccumulation,
biomethylation, bio-oxidation or bioreduction, and bioleaching [3]. Biore-
mediation is the application of microbial systems for cleaning organic or
inorganic pollutants by their detoxification, reclamation, or immobilisation
[3]. This review is concerned with the mechanisms of bioleaching and their
practical importance.

Research methods. Bioleaching is the mobilisation of metal cations in
insoluble compounds through a series of chemical reactions [4]. Bioleach-
ing is the principal concept of biohydrometallurgy, the biotechnological
way of mining [6]. It was found that sulfur-oxidising bacteria that reside
within mine acid waters can use insoluble MS in their life cycles and sol-
ubilise it. This technique has found its wide use in the extraction of met-
als from low-grade ores because of its high efficiency, ease of use, and
eco-friendly principles [2, 5-6]. The main role of microorganisms in this
process is to oxidise metal- and sulfur-containing minerals [5].

Singh & Cameotra (2015) highlight the following advantages of the
bioleaching [6]:

. Low capital requirement

. The relatively low environmental impact

. Specificity for substrate

. Zero discharge

. Indigenously available species

. Relatively simple industrial facilities

. Eco-friendly process

. Minimal control over the process

. Relatively convenient conditions, i.e., atmospheric pressure and
room temperature

10. Accessibility for all countries since the process doesn’t require so-
phisticated machines

O©CoO~NOOAWN-=-

Bacterial Sulfide Oxidation. Bioleaching can be classified into three
types based on the chemical reactions that take place: oxidative, acid, and
reductive bioleaching. Oxidative bioleaching involves the application of
microbes that use oxygen as the final electron acceptor during specific
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reactions. We’'ll consider only this type of bioleaching since, in the case of
sulfides, the acid bioleaching is the same as the oxidative, and there are
no reduction reactions [4].

The primary model was proposed in the earliest history of bioleaching
to describe the biological dissolution of metal sulfides. Thus, the direct
mechanism involves the electron transfer between the cell and the re-
duced substrate. Such organisms possess enzymes that directly oxidise
reduced minerals and transfer the electrons to the oxygen. During this
method of MS dissolution, the bacterial cell has to be close enough to the
substrate [2]. Another method is called the indirect method. The ferric ion
induces this method of oxidation. Bacteria recycle these ions to maintain
the equilibrium between ferric and ferrous ions [2]. The indirect method
is divided into two modes: contact and noncontact modes. Noncontact
mode means the reduction of ferrous ions by planktonic bacteria, while the
contact method occurs between sedimentary cells and the mineral. How-
ever, the cell isn’t in contact with the substrate during contact mode, and
the cell doesn’t oxidize the reduced minerals itself. The oxidation occurs
from the reaction between the reduced metal and the ferric ion [2]. The
oxidation reaction occurs in the space very close to the surface, where
there’s a huge concentration of the oxidised ions [3]. Iron plays a vital role,
especially its concentration, in the bioleaching process. Cells increase the
redox potential locally by concentrating ferric ions in EPS on the surface of
the mineral [7]. In this regard, Vera et al. (2022) think that there is no dif-
ference between direct and indirect methods. Because bacterial diversity
is mainly made up of acidophilic bacteria that don’t grow in the absence
of ferric ions, ferric ion production has always been observed during culti-
vation. Thus, both methods include the use of the ferric ions [4]. However,
Mishra et al. (2015) consider that there are 3 types of bioleaching: direct
or contact, indirect or noncontact, and cooperative [8-9]. Though Vera et
al. (2022) describe the differences between direct and indirect methods,
Mishra et al. (2015) identify the indirect method as a non-contact method
and the direct method as a contact method. On the other hand, Rawlings
(2002) describes only the direct and indirect methods, as well as there
is no identification of the contact or non-contact modes of the oxidation
or the comparison of direct and indirect methods. According to Rawlings
(2002), the role of microbiota in the indirect method is collateral, while in
the direct method, the microbe induces the direct transfer of electrons
[10]. In this regard, we can say that the definitions of Rawlings, 2002 and
Mishra et al., 2015 are equal, however, the definition of Vera et al., 2022 is
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supported by newer research in this area (Figure 1). Thus, no fixed model
can describe the bioleaching process, that occurs in the sulfide minerals.

A) : Sulfur B)

- - 7 globules
.. Bacteria \
. ¥ N\

H* + Fe* Fe?*+ M** + SO,2 +5,0,>

. /\.Feb )
L Metal Mineral MS,

Fe?*

Figure 1 - The general description of direct and indirect methods of mineral

dissolution, based on the literature review. A) Describes how bacterial cells

directly oxidise (contact mode) reduced metal sulfides to get the energy. EPS has

a constant redox potential since bacteria reduce Fe?* to maintain the concentration

of Fe® favourable for the reaction of mineral oxidation. B) On the other hand, we

see the indirect method (non-contact mode), that involves the oxidation of mineral
by Fe3* from planktonic cells. Based on [4, 8-10]

Metal sulfides differ in their specificity for oxidation. This results from
the structure of the mineral. Minerals with lower electrochemical potential
are less resistant to the attack by ferric ions. Thus, sphalerite (ZnS) and
pyrrhotite (FeS) are easier to solubilize, while molybdenite (MoS,), with
the potential of 700 mV, or enargite, is less likely to be solubilized as fast
as the previous minerals [7]. Moreover, the differences in valence resulting
from the structure of the sulfides impact the stability of the mineral. Thus,
FeS, or MoS, are made up of 2 sulfur atoms, which create nonbonding
orbitals, and these nonbonding orbitals are resistant to the protons. Thus,
such minerals are acid-insoluble, and we have to use complex reactions
to solubilize them [4]. As a result, 2 different pathways describe the bi-
oleaching of 2 groups of metal sulfides. The thiosulfate pathway involves
the oxidation of acid-insoluble metal sulfides like FeS,to SO,* through
the thiosulfate intermediate, while the polysulfide pathway involves the
oxidation of acid-soluble metal sulfides like ZnS through the formation of
polysulfides specific for the reaction [4,8-9]. In the polysulfide pathway, the
formed sulfuric acid acts as a catalyst by attacking the MS (Figure 2) [9].
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Figure-2. Schematic representation of thiosulfate and polysulfide mechanisms

[9]. Degradation is induced by the proton attack and the oxidation process. During

the thiosulfate pathway (a), oxidation is very important since the metal sulfide

is less susceptible to the proton attack. During the polysulfide mechanism (b),

formed sulphuric also induces the degradation of minerals by attacking the bonds
between metal and sulfur [2, 8]. Picture based on [4, 8-9]

Bacterial Composition of Sulfide-Associated Environments. The
bacterial composition of sulfide-associated environments is a crucial fac-
tor in biomining and bio-oxidation, with diverse microorganisms playing
key roles in metal extraction, as was described earlier [1]. Dominant bac-
terial genera include Acidithiobacillus, Leptospirillum, Sulfobacillus,

Acidiferrobacter, and Ferrimicrobium, with archaeal representatives
such as Ferroplasma,

Acidiplasma, and Sulfolobus [4]. Microbial communities involved in
these processes are primarily composed of acidophilic, chemolith-
otrophic iron- and sulfur-oxidizing bacteria. These bacteria thrive
in extreme conditions, using ferrous iron and reduced inorganic sulfur
compounds (RISC) as electron donors while tolerating highly acidic en-
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vironments of pH approximately 1.5- 2.0, and a wide range of temper-
atures i.e., mesophiles thrive at 20-35°C, moderate thermophiles at
40-50°C, and extreme thermophiles above 70°C (Table 1) [1, 7]. This
temperature-dependent microbial distribution is particularly relevant in in-
dustrial bioleaching, where thermophilic archaea such as Sulfolobus sp.
and Ferroplasma sp. contribute significantly to high-temperature mineral
oxidation.

Table 1 - Temperature dependence of microorganisms found on the sulfide

minerals. Different species show different optimal temperature ranges, which is

very important for their effective application in industrial facilities and mass pro-
duction. The table was taken from [5].

Acidophilic organism | Type of the bacteria
Iron-oxidising bacteria
Leptospirillum ferooxidans Mesophile
L. ferriphilum Mesophile
L. thermoferrooxidans Moderate thermophile
Ferrimicrobium acidiphilum Mesophile
Ferroplasma acidiphilum Mesophile
Fp. Acidarmanus Mesophile or Thermotolerant
Sulphur-oxidising bacteria
Acidithiobacillus ferroxidans Mesophile
At. caldus Moderate thermophile
Metallosphaera sp. Extreme thermophile
Sulfolobus sp. Extreme thermophile
Iron- and sulphur-oxidising bacteria
At. ferooxidans Mesophile
Acidianus sp. Extreme thermophile
Sulfolobus metallicus Extreme thermophile
Iron reducers
Acidiphilum sp. | Mesophile
Iron oxidisers/reducers
Acidimicrobium ferrooxidans | Moderate thermophile

Iron oxidisers/reducers and sulfur oxidisers

Sulphobacillus sp. Mesophiles and moderate thermo-
philes
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The bacterial composition of sulfide-associated environments plays a
crucial role in bioleaching and bio-oxidation processes, with distinct micro-
bial consortia adapted to varying temperature and chemical conditions [7].
The primary bacteria involved in these processes include Acidithiobacil-
lus ferrooxidans and Leptospirillum ferrooxidans, both key players in iron
and sulfur oxidation. However, recent studies indicate that Leptospirillum
species often dominate iron oxidation in continuous stirred-tank reactors
(CSTRs), particularly in the bio-oxidation of arsenopyrite (FeAsS) and
copper sulfide concentrates. In bioleaching systems, microbial selection
is highly dependent on environmental factors such as pH, temperature,
and mineral composition [2, 4]. For example, the addition of ferrous iron
to leach solutions can shift microbial dominance from Leptospirillum sp.
to Acidithiobacillus ferrooxidans, highlighting the importance of chemical
conditions in shaping microbial populations.

Another key aspect of sulfide-associated microbial communities is
the presence of thermophilic and archaeal species, which play a crucial
role in high-temperature bioleaching operations. Acidianus sp. and Met-
allosphaera sp., along with the iron-oxidizing archaeon Ferroplasma sp.,
have been detected in bioleaching environments with extreme acidity and
high metal concentrations. Their presence is particularly significant in
chalcopyrite bioleaching, where mesophilic bacteria struggle due to pas-
sivation effects. Thermophiles enhance metal recovery and contribute to
the stability of bio-oxidation processes by thriving in self-heating heaps
and reactors [1, 7]. The shift from mesophilic to thermophilic consortia
as temperature rises demonstrates the dynamic nature of these micro-
bial ecosystems, which adapt to environmental conditions to maximize
mineral dissolution. Understanding the composition and function of these

bacterial communities is es-

% of the municipal wastes disposal sential for optimizing indus-
trial bioleaching processes,
reducing environmental im-
pact, and improving metal
recovery efficiency.

Figure 3 - The percentage
of the disposal of municipal
m \Waste ® Recycled ® Incinerated ® Stored in landfields wastes.
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Application of Bioleaching Nowadays. According to Yeoman et al.
(2021) bioleaching is used to extract copper from covellite ore (CuS). The
ore is treated with acid for the growth of A. ferrooxidans. Bacteria will pro-
mote the reaction between CuS and Fe** and as a result, Cu?* ions will be
formed. Formed Cu?* ions are moved to another tank with scrap metal for
the precipitation of Cu?* by iron. This precipitate is used for further concen-
tration stages [11]. Apart from that, many companies use bioleaching pilot
plants or experimental copper recovery plants (Table 2). Though the wide-
ly used bioleaching mode is dump leaching, i.e., the substrate, like rocks,
low-grade ores, or other metal garbage, is exposed to microbial attack,
there are experimental plants that use techniques like heap leaching or
agitated leaching. Such plants are supplied with special reactors that
can maintain cultivation conditions like optimal pH range, rpm, or temper-
ature. The substrate also dictates the microbial composition used for the
bioleaching [12-13]. For instance, oxidation reactions within spoil heaps
result in higher temperatures, and only thermophilic and mesophilic ther-
motolerant microbes can inhabit such environments [14]. Thus, they are
very rich in acidophilic, thermophilic, and thermotolerant bacteria [13-14].
Waste dumps, on the other hand, are bioleached at lower temperatures
by mesophilic bacteria.

Table 2 - Different companies use bioleaching for the recovery of copper,

gold, and other metals [12]. Indicated leaching methods are done in special

bioreactors with the supplement of nutrients and necessary compounds for the
maintenance of certain conditions of cultivation.

Company Leaching method

BIOPRO™ Process - heap leaching of refractory

Newmont Mining gold ores

BIOX™ Process - agitated tank oxidation of

Gold Fields, Ltd
refractory gold ores

BioCOP™ Process- agitated tank oxidation and
leaching of copper sulfides

BioNIC™ Process - agitated tank oxidation and
leaching of nickel sulfides

BioZINC™ Process - agitated tank oxidation and
leaching of zinc sulfides

BHP Billiton, Ltd.

BacTech/Mintek Process - agitated tank oxidation
and leaching of copper sulfides

GEOCOAT™ Process - heap leaching sulfide
mineral concentrates

BacTech Environment

GeoBiotics, Inc.
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Rendoén-Castrillon et al. (2023) suggest that even municipal wastes
and solid agricultural debris may be exposed to microbial attack for the
remediation of metals. Thus, annually, 12 billion tons of solid waste are
produced, and they are very rich in metals, which may be subjected to
biological leaching. Bacterial leaching may recover Au, Cu, and Zn, while
fungi can recover Ni, V, Al, Mo, Co, Fe, Mn, Ag, Pt, and Pd from those
wastes. Researchers recall that agricultural wastes such as crop residues,
peanut shells, corn cob ash, rice husk, and cane bagasse are very rich in
Ca, Si, Mg, Fe, Al, P, Mg, Zn, and Mn. In 2016, these wastes correspond-
ed to 13% of the lost food supply, while in 2020, it increased to 13.3%.
The same issue is seen with municipal wastes, which are annually pro-
duced at the level of 2 billion tons (Figure 3) [13]. The bioleaching of such
wastes gave high recovery rates of Cd, Zn, Cu, Cr, and Pb [15]. Other
substrates that are potentially applicable for metal recovery are industrial
wastes. Old and broken TVs, phones, computers, and other e-waste can
be reused. Such wastes contain 60 different elements that belong to base
metals, critical metals, and platinum group metals [13]. Li-batteries, circuit
boards from old phones, and batteries from electric vehicles contain many
metals and may be subjected to bioleaching for the recovery of Li, Co, Ni,
Mn, and base metals [19-23]. As a result, bioleaching can contribute to
the prevention of the environment from heavy metal contamination by the
sequestration of those metals from different sources like animal faeces,
plant debris, electronic devices, etc.

Currently, there are plenty of places that have industrial bioleaching
plants: Rio Tinto (Spain), Bagdad, Morenci, Pinto Valley, Sierrita, Morenci
in the US, Cerro Colorado, Chuquicamata SBL, Collahuasi, Ivan Zar, Pun-
ta del Cobre, Quebrada Blanca, Salvador QM, Sociedad Minera Puda-
huel, and Zaldivar in Chile [12]. The abundance of bioleaching plants in
Chile is a result of the high dependency of the country on its ore deposits.
To mitigate the hazardous impact of traditional mining techniques, Chile-
ans seek eco-friendly methods such as bioleaching. Nowadays, 42% of
all copper is produced via environmental biotechnology, and the demand
for the development of environmental biotechnology is increasing [16].
Moreover, Sen C. (2015) mentioned that there are at least 10 large-scale
bioleaching plants. Some of them are Sao Bento in Brazil, Ashanti and
Sansu in Ghana, and Tamboraque in Peru [16]. Such plants utilize ac-
idophilic bacteria for the extraction of uranium from the water-insoluble
uranium salts and the extraction of gold from the low-grade ores. Although
we described only 2 main pathways, there are other biochemical reactions
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that can recover metals from their minerals. However, those methods and
pathways are specific and used only for specific metals. For instance,
HCN-forming bacteria such as Chromobacterium violaceum or Pseu-
domonas fluorescens can leach Ni, Au, Pt, and Cu from solid materials
like soil or ores, scrap, and other metallic trash [3, 18]. The cyanidation
of ores like arsenopyrite (FeAsS) yields gold, however, the ore has to
be pre-treated for the reactions to begin. This pre-treatment is done by
acidophiles like A. ferrooxidans, which solubilize the rock of FeAsS[Au]
and free the gold ions. As well, acidophiles can facilitate the recovery of
uranium from its ores. They maintain the constant concentrations of Fe?,
Fe*, as well as SO,* that participate in the reactions of the solubilization
of insoluble minerals like covellite [11, 21].

Also, the author recalls that bioleaching is mainly used for the produc-
tion of gold, copper, and uranium, but in the future, bioleaching may be
used at the same rate as the traditional leaching techniques, especially for
the wastes, bauxite dressing, and bioremediation of contaminated sites [13,
17]. Based on the abovementioned facts, the comparison of traditional met-
allurgy and bioleaching was conducted with SWOT analysis (Table 3).

Table 3 - SWOT analysis of the differences between bioleaching and tradi-

tional methods. Based on the SWOT analysis, we can see that bioleaching is

convenient for the extraction of metals from low-grade ores. Even though it op-

erates at normal conditions, it demands the precise control of fluctuations in pH,
temperature, and other factors.

Bioleaching

Traditional methods

The main advantage of
bioleachingis the use of bacteria,
which operate at atmospheric
pressure and moderate
s | temperature, ie., there’s no
need for a high energy supply,
and can operate in low-grade
ores. Hence, it's less costly and
more eco-friendly [6].

Traditional mining methods, including
pyrometallurgy and hydrometallurgy,
are well-established and capable of
processing large volumes of high-
grade ores [3]. These techniques
provide faster metal recovery and
ensure consistent production, which
is crucial for industrial demands.

Moreover, technological advance-
ments in mechanization and ore sep-
aration enhance the efficiency of con-
ventional mining operations.
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The process is relatively slow
compared to traditional mining,
often requiring weeks or even
months for significant metal
recovery. lts efficiency heavily

Traditional mining has significant
environmental drawbacks, including
habitat destruction, soil contamination,
and the generation of acid mine
drainage (AMD) [16-19]. These

depends on environmental | methods also consume large amounts

conditions, such as pH, redox | of energy, contributing to greenhouse
w potential, and temperature. | gas emissions. Additionally, extracting

Furthermore, certain minerals, | metals from low-grade ores using

like molybdenite (MoS,) and | conventional techniques is often

enargite, are more resistant to | economically unfeasible.

microbial oxidation due to their

high electrochemical potential

[2,4,7]

Bioleaching offers promising | While  traditional mining faces

opportunities for sustainable | environmental challenges, it can

metal extraction from low- | benefit from technological innovations

grade ores, mining waste, and | aimed at reducing its ecological
electronic scrap. It can also be | footprint. Integrating conventional
applied for soil remediation in | techniques with bioleaching could
contaminated mining areas. | improve metal recovery  while
O | Recent advancements in | minimizing  environmental  harm.
genetic engineering may | Moreover, automation and digital
further enhance the efficiency | monitoring systems can enhance
and specificity of bioleaching | the efficiency and safety of mining
microorganisms, making the | operations.
process even more effective
[13, 16].
The  widespread  adoption | Traditional mining faces increasing
of bioleaching is hindered | pressure due to stricter environmental
by process \variability and | regulations, resource depletion,
the difficulty of maintaining | and rising operational costs. Public
optimal conditions for microbial | demand for sustainable practices
activity [2, 4, 7]. Regulatory | and the global shift toward greener
T | uncertaintes and  industry | technologies also challenge the long-

resistance to new technologies
further limit its implementation.
Additionally, bioleaching is less
effective for high-grade ores and
projects requiring rapid metal
extraction [5].

term viability of conventional mining
approaches [16].
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Conclusion. Even though there are no exact mechanisms of sulfide
solubilization, this review describes the main mechanisms of bioleaching,
such as direct or indirect, contact or non-contact modes. Since there is no
fixed idea or model that describes the whole process, which is vital for the
industry, further research is needed. Although we described the main 2
types of metal sulfide solubilization and degradation, some other mecha-
nisms that are applied by bacteria were mentioned. Thus, we can recover
some metals like Cd, Cu, Ni, or Zn from unusual substrates like fly ash or
solid wastes with the help of microbes and fungi [3, 13].

Apart from the mechanisms of bioleaching, some basic environmen-
tal factors that affect the growth and effectiveness of bioleaching, such
as pH, temperature, redox potential, and mineral composition, were con-
sidered. Still, research on the distribution of the bacterial species among
minerals is needed, as there are no references on the exact species apart
from the Acidithiobacillus sp. in this topic, as well as their optimal growth
conditions of those organisms.

Nowadays application of bioleaching is also considered. Even though
the use of bioleaching is limited by the recovery of copper or gold from
low-grade ores, it’'s thought that in the future it'll be widely used for other
industrial processes and will contribute to the remediation of the soil, of
low-grade ores, and for the metal scrap.
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Alimazambemoe A.T.", Kaiibip [.A.", ApbicmaHb6ekynwbl bB.', Aknei J1.2,
Xy6aHoea A.A."

'«3Qkonorusi xaHe BuopecypcTap TypaKTbIfbIFbl» FbINbIMU-3€PTTEY UHCTUTYThI, O11-
dapabu atbiHgarbl Kas¥yY, Anvarsl k., KasakctaH

2BpuH-Map konneaxi, bBpud Map K., MeHcunbBannsa, AKLL

METANOAP ©HAOIPYOEr TOMNbIPAKTbIH MUKPOBUOJEAKLIUACDHI.
wony

TyniHpgeme. TonbipakTbiH ayblp MeTanAapMeH NacTaHybl, KbILWKbIAb! WaxTanbik,
OpeHax, arblHAbl CynapablH TeriHgici, KeH TanwbInbIFbl XXoHe 6acka Aa Macenenep
FanbiMaapabl Tay-KeH eHAipyaiH TviMai aaicTepiH isgeyre maxoyprengi. Ananga
KaHa Tay-KeH TexHosorusinapbl 3KONOrvssbIK TypFblgaH Kayincis api KopluaraH
opTaHbl Kopfay casicaTbiHa coaiikec 6Gonybl kepek. baktepusnap — xorapbl
OenimaenriwTiri 6ap epekwe WKeMAi opraHusaMaep, orap Ke3 KenreH oprtaga
emip cypin, 6enimgenin, Te3 gamein kete anagbl. KypambiHga cyneduarep 6ap
opTanap Metann cynbuaTepiH TOTbIKTbIpyFa KabineTTi apTypni GakTepusanbik,
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KayblMOaCTbIKTapAblH TipLWinik eTy opTackl 6onbin Tabbiagel — 6yn npouecc 6mo
cinTiney »eHe 610 eHAipy YLWiH MaHbI3abI.

Byn wmakanaga ocbl opTanapgblH GakTepusanblK  Kypambl KapacTbipbibim,
TeMip MeH KYKIpTTi TOTbIKTbIPY apKpbinbl CynbduATI MuHepangapabl epiTeTiH
aunpodmnbai GakTepusnap MeH apxennepre Hasap aydapbinagbl. Makanaga
MeTan cynbuATEPIHIH  U3MKaNbIK-XUMUASBIK ~ KacueTTepiHe OannaHbICTbI
bonaTtblH eki Heri3ri TOTbIFy >KOMbl cunatTanagpl. buonneHkanap meH
XacywapaH Tbic nonumepni 3attap (EPS) 6uowarimanaygbiH  TuimginiriHe
anTapnbiKTan acep eteni, an KBOpyM-ce3iHy MexaHu3mi MeH MorieKynanbik e3apa
OpeKeTTECTIKTEP MUKPOOTBIK KOHCOPUMYMAapAblH KamnbiNTacyblH aHbIKTangbl.
Byn mukpoGuonornanelk npouectepai TyCiHy OGMOKeH eHAIpiCiH OHTannaHabIpy,
rMapoOMeTannyprusiHbl 4ambITy XKoHE KbILKbINAbl WaxTanblK APEHaX CUAKTbI KeH
TanwelinbiFbl HEMECe MeTann facTaHyblHbIH TepiC acepriepiH asanTy YLWiH eTe
MaHbI3abl.

TyniHpi cespep: baktepus, meTann cynbduaTepi, MMHepanaap, pemeauauus,
Ovowarimanay, MUKpOOTbIK KOHCOPLIMYM, BMOTEXHOMOIS.

* % %

Alimazambemoe A.T.", Kaiibip [.A.", ApbicmaHb6ekynwbi bB.', Aknei J1.2,
Xy6aHoea A.A."

"Hay4yHo-1nccrnefoBaTenbCKUi MHCTUTYT «Y CTOMYMBOCTM 3KOMOrnsi v GuopecypcoBy,
KasHY nm. anb-®apabw, r. Anmatbl, KasaxcraH

2Konnemx BpuH-Map, r. BpyH Map, wrat MNeHcunbeanus, CLUA

BUOBbILWENAYUBAHUE MOYBbI MUKPOOPIrAHU3MAMU NMPU OOBbLIYE
METAININOB. OB30P

AHHoTauwms. MNMpobrnema 3arpsa3HeHUst MOYBbI TSHXKEMNbIMU MeTannamu, KUCNOTHbIN
LIaXTHBIA ApeHax, cOpoc CTOYHbIX BOA, HEXBaTKa pyabl M MHOTME Apyrne dakTopbl
BbIHYXXOAl0T y4YeHbIX uckaTb 6onee adpdekTvBHble MeToAbl A0ObIMM NOMEe3HbIX
nckonaembix. OOHaKO HOBble rOpHOAOOLIBAKOLIME TEXHOMOMMU LOIMKHbI ObITh
akonormyecks 6e3onacHbIMM U COOTBETCTBOBATb MOMUTUKE 3KOIOrMYECKOn
6esonacHocTn. baktepunm — 3TO 4pesBbIYAMHO YHMBEPCANbHbIE OpPraHu3mbl C
BbICOKOW aAanTMBHOCTbIO, CMOCOOHbIE XUTb, NpucnocabnmeaTeCs U npouBeTaTh
npakTuyeckn B mobbix ycnosusix. Cpedbl, cogepxalume cynbduapl, ABNATCA
MeCTOM 0OuTaHuUs1 pas3HoobpasHbiXx GakTepuanbHbIX COOOLLECTB, CMOCOOHbIX K
OKVICMEHUIO CyNbMA0B MEeTannoB — npoLeccy, BaxXHOMy Angd 61MoBbILenaynsaHms
1 6rogo6biun. B gaHHoM cTaThe nccrieqyetcst 6akTepmanbHbI COCTaB TakuMX cpeq
C aKkUeHTOM Ha auupodwunbHbIX GakTepuii U apxen, KOTopble OCYLLECTBSAIOT
pacTBOpeHne CynbhUAHBbIX MUHEpPAaroB MyTeM OKUCIEHWs Xene3a v cepbl. B
cTaTbe paccMaTpuBaloTCS ABa OCHOBHbIX MyTW OKUCTIEHNS CynbdnaoB MeTansos,
3aBucALLME OT PUIMKO-XUMUYECKUX CBONCTB MrHeparnoB. O6pa3oBaHue GronneHok
1 BHEKMNETOYHbIX NonMMepHbIx BellecTB (EPS) okasbiBaeT 3HaunTeNnsHOE BNnsiHNE
Ha 3apdeKkTMBHOCTL GMOBbLILENaYMBaHNSA, B TO BPEMS Kak MEXaHW3M KBOPYM-
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CEHCUHIra W MOMeKyNnsapHble B3auMOAENCTBUS onpeaensT ¢(opMuMpoBaHue
MUKPOOHBIX KOHCOPLUYMOB. [MOHUMaHMe 3Tux MMKPOGMONOrMYeckux npoLeccoB
HeoOxogmMmo Ana onTummsaumm 6modobblumn, pasBUTUS rMOpoOMeTannyprum u
MUHVMMUW3aLMN HEeraTUBHbIX MOCMEACTBMI WCTOLLEHUS pyd WM 3arpsi3HeHus
MeTannamm, Taknx Kak KMCINOTHBIN LUAXTHBIN ApeHax.

KnroueBble cnoBa: baktepus, cynbduabl MeTannoB, MMHeparbl, pemMmeanaums,
OnoBbIWenayBaHne, MUKpOOHbI KOHCOPLUNYM, BMOTEXHOMNOTUS.
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THERMODYNAMIC PARAMETERS OF EARTHQUAKE
SWARMS

Abstract. This article describes a method for recognizing earthquake swarms in
seismicity and new data on their thermodynamic parameters. Earthquake swarms
of the Northern Tien Shan and adjacent territories, recognized in the seismicity of
this region for 2017-2024, are considered. Numerical values of thermodynamic
parameters in the sou rces of swarms are obtained. This article is devoted to the
first obtained results of calculating the thermodynamic parameters in the sources
of earthquake swarms, which are made using a universal method. It is also shown
that the behavior of thermodynamic parameters over time corresponds to the
calculation model.

Keywords: earthquake swarms, seismicity of the Northern Tien Shan region,
thermodynamic parameters

Introduction. Currently, the Earth’s seismicity is actively increasing
on a global and regional scale. Strong earthquakes occur in seismical-
ly active regions of the Earth, such as Turkey, Syria, Afghanistan, Chi-
na, Taiwan, Japan, Russia, etc. Strong seismic events, for example, in
January 2024y. in China, Aksu province, M = 7.1, numerous aftershocks
had a magnitude of more than 4.0 [1]. Thus, on 03/04/2024 in Almaty
there was a noticeable earthquake with M = 4.7. Along with historical cata-
strophic earthquakes: Vernenskoye, Keminskoye, Chilikskoye and others
[2,3], the forecast and prevention of strong earthquakes is a priority task
of seismology. The swarms of earthquakes recognized in the seismicity
of the Northern Tien Shan region and adjacent territories for 2017-2024
are considered. [1-3, 4-7,10] The need for research is dictated by the cur-
rent stage of seismicity activation in the entire region. Swarms are back-
ground, impulsively arising and also impulsively disappearing shocks, and
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vibrations of the earth’s surface in certain areas of the study region. The
spatio-temporal distribution of earthquake swarms in the region allows us
to identify their concentration and location (Figure 1).

[ » Pou2017-2023 no K|

Lonrota

Figure 1. Spatio-temporal distribution of earthquake swarms recognized in the
seismicity of the Northern Tien Shan and adjacent territories for 2017-2024 (the
size of the radius of the swarms depends on the magnitude, in red is a strong
earthquake on 03.04.2024 with a magnitude of M=7.1) [1]

Method and methodology of calculation. Method The MGKI meth-
od [8,11] was used to recognize swarms in the seismicity of the region.
More details about it can be found in [7, 8,11]. Calculations of thermody-
namic parameters in the foci of weak earthquakes (M>1.6) were carried
out using the computational method from [4,9,10,13-15], which makes it
possible to study in more detail the nature of the occurrence of earthquake
swarms. For this purpose, swarms (with a magnitude greater than 1.6) of
earthquakes were recognized using modern seismic data from the earth-
quake catalog [1] , in particular, an algorithm and method for recogniz-
ing swarms [4,5,7,8,10] were used, and their thermodynamic parameters
were calculated [13,14,15] .

The calculation was carried out using a universal method [2-4,7-14],
which resulted in obtaining numerical values of the thermodynamic pa-
rameters of earthquake swarms for 2017-2024. Note that earthquakes are
sources of information about the physical parameters of the earth’s crust
and its stratification [2-4,5-7,9,13, 14]. The initial data for determining the
thermodynamic parameters of earthquake swarms are the magnitude and
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energy class of the earthquake. Table 1 shows the numerical values of
some thermodynamic parameters of earthquake swarms.

Thermodynamic parameters in earthquake swarms are calculated us-
ing known and original equations from [2-4, 7-10, 13].

The thermodynamic parameters of swarms were considered in the fol-
lowing sequence: seismic wave energy (IgE); temperature of the source
environment (T°C); temperature stresses, deformation of the volume and
shape of the source; density of deformation energy; potential energy of
source deformation; ultimate strength of the medium in the destruction vol-
ume; determination of the ratio of the value of potential energy of deforma-
tion; destruction energy, etc. [2,7,13]. The presentation of the thermody-
namic parameters of swarms is of great theoretical and practical importance
for the quantitative assessment of geodynamic processes in the crust, as
well as for the purposes of detailing seismotectonic zoning and clarifying
the nature of the swarm. As shown in Table 1, parameters E and M are the
energy and magnitude of earthquakes, V is the critical value of the source
volume, U is the density of potential energy of seismic waves in aunitvolume
(erg/lcm?), E | is the specific energy of change in the shape of the source,
G is the bulk modulus of elasticity, K is the energy class, a — coefficient
of volumetric thermal expansion, 7_- additional stresses released by the
source, O is the normal component of effective stresses, Lg n is the loga-
rithm of the viscosity of rocks in the source of swarms.
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Results. For each magnitude greater than 1.6, the values of the given
thermodynamic parameters were calculated using the corresponding for-
mulas from [2,7,13,14]. In this case: the logarithm of the specific (volume)
energy density of seismic waves (IgU), unlike (IgV), is in a linear de-
pendence on the magnitude. The value of the potential energy of seismic
waves depends on the volume of the source and is practically independ-
ent of the specific energy density U, which follows from the differences in
the changes in V and U for the range of magnitudes (see Table 1). When
considering the relationships between energy and temperature in the
sources of earthquake swarms, in theoretical terms, the probability of a
relationship between the energy and magnitude of an earthquake with the
thermodynamic parameters of the source of the swarms can be assumed
from the very nature of the accumulation of thermoelastic stresses in the
upper shells of the Earth.

Accumulation of stresses, according to the authors [2-4,5,6,7-14,15] is
a consequence of uneven temperature distribution and differences in the
physical properties of the geological environment. An indicator of stress
concentration at depth is their discharge in the form of an earthquake.
Empirical equations of the relationship according to [2,7-13] between the
temperature in the earthquake source at the moment of release of addi-
tional elastic stresses and the energy in the swarm source: T(K)=196.8 K
(1gE ..~ 19E ), where 196.8 K is a constant that determines the number of
degrees corresponding to a change in energy (Erg) by one order of mag-
nitude; IgE is the logarithm of the energy of seismic waves. A comparison
of the values of the logarithm of the energy of seismic waves calculated
using the computational method [2,13,14] and the temperatures in the
swarm source calculated using the equations reveals, first of all, an in-
verse relationship between E and T, as well as between the magnitudes
and temperatures. As the temperature in the swarm source increases,
the magnitudes and, accordingly, the energy values of seismic waves de-
crease. A comparison of the calculated values of a  with the data of its
measurement under atmospheric pressure reveals the same nature of the
increase in the value of a depending on the increase in temperature (T),
although with the unambiguity of the order of magnitude, some discrepan-
cy is noted in the value of the coefficient itself. The increase in the values
of a  with increasing temperatures is caused by the fact that the orienta-
tions of maximum thermal expansion and maximum compressibility are
usually close. At the same time, a change in temperature and pressure
in a unit volume leads to a partial mutual destruction of their effect, which
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determines the parameter a as the average value of the thermoelastic
change in volume. The change in deformation €, bulk modulus of elasticity
G and normal component of effective stresses o in earthquake swarms are
determined by equations [2,13,14] with substitution of the obtained values
of a and corresponding temperatures T(K). Comparison of the calculated
data of the sizes ¢, 0 and G with temperature reveals that the first two
of them increase with increasing temperatures, and the third one — bulk
modulus of elasticity G — on the contrary, decreases. The relationships be-
tween the values of magnitude, seismic wave energy and shear modulus,
on the one hand, and temperature and effective stresses, on the other, are
in inverse proportions. With increasing temperature and, accordingly, ef-
fective stresses, the values of magnitude, seismic wave energy and shear
modulus decrease. These relationships in the areas of seismically active
orogens create a favorable geodynamic environment for the development
of neotectonic deformations and partial melting of crustal matter. As can
be seen from Figure 1, the contours of earthquake swarms are distributed
unevenly throughout the study region in 2017-2024.

Conclusion. Based on the results of the conducted research on mod-
ern seismic data, numerical values of thermodynamic parameters in some
sources of weak earthquakes (swarms) in the Northern Tien Shan region
and adjacent territories for 2017-2024 were calculated. Thermodynamic
parameters characterize the physical conditions in the sources of weak
earthquakes, which gives a clearer idea of the nature of the occurrence
of swarms.
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JNntoBueHko U.H.', MTioTukosa B.C.!

"HaumoHanbHbI Hay4YHbIA LIEHTP CEACMOTIOrMYeckux HabnioaeHnin u uccrefosa-
HUIA MUHMCTEpPCTBA YpesBbIvaiHbIX cuTyaumin Pecnybnuvkm KasaxcraH, r. Anmartbl,
KasaxctaH

TEPMOOUHAMUYECKUE NMAPAMETPbI POEB 3EMJIETPACEHUI

AHHOTaums. B cTaTbe onncbiBaeTCs MeTon pacnos3HaBaHWsA pou 3eMIIeTPACEHUN
B CENCMWYHOCTM W HOBblEe AaHHble 006 VX TepMOOUHaMUYECKMX MnapameTpax.
PaccmoTpeHbl oyarn 3emnieTpsiceHnit CeepHoro TsHb-LLaHa v npuneratoLmx
TEPPUTOPUIA, pacno3HaHHbIE B 30HE CEMCMMWYHOCTM ITOro pervoHa 3a 2017-
2024 rr. MNonyyeHbl YACMEHHbIE 3HAYEeHUs TEPMOAUHAMUYECKMX NapameTpoB B
pou 3emrneTpsceHuin. CTaTbd MOCBSILLEHA BMNepBble MOMYYEHHbIM pe3ynbTaTam
pacyeTa TepMoaNHaMUYECKMX NapamMeTPOB B PON 3eMIIETPSCEHNIA, BbIMOJTHEHHBIM
C MCMONb30BaHUEM YHMBEPCANbHOrO MeTofa. Takke NokasaHo, YTO NoBefeHue
TEePMOAMHAMUYECKNX MNapameTpoB BO BpPEMEHNW COOTBETCTBYET pacyeTHON
Moaenv.

KnroueBble cnoBa: pov 3eMreTpsiceHuin, cemcMmyHocTb CeBepHoro TsHb- LaHs,
TepMoAVHaMMYecKkne napameTpsl

JInToBueHko U.H.', liotukosa B.C.!
'KasakcTaH Pecnybnvkachl TeTeHLwe kargannap MUHUCTpRiriHiH CeiicMonornanbik,
Bakpblnaynap eHe 3epTTeyrep YATTbIK FbifbIMU opTanbifbl, AnMaThbl K., KasakctaH

XEP CUIKICY TOBbIHbIH TEPMOANHAMUATNbIK NMAPAMETPIEPI

TyniHpeme. byn Makanaga ceiCMUKafarbl XXep CinKiHiCi olakTapblH TaHy aAici
KeHe onapppblH TepMOAUHaMUKanblK napamMeTpriepi Typanbl >kaHa MarniMeTTep
cunattanfaH. 2017-2024 xbingapbl OCbl alMakTblH CEMCMUKacbiHAA TaHbIFaH
ContycTtik TaHb-LaHb >kaHe OfFaH XakblH aymakTapAblH Xep CiNnKiHICTEpiHiH
owlakTapbl KapacTbipbingbl. OlwakTapaarbl TepMognHaMumKanblK napaMeTpriepaid
caHablk MaHAepi anbiHabl. Byn makana ambeban agicTi KongaHa oTblpbIn kacanFaH
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Xep CinkiHici owakTapblHAaFbl TEPMOAMHAMUKAnNbIK NapameTprepai ecenteyaiH
anfawkbl HaTWXenepiHe apHanfaH. YakbiT OolblHWa TepMOAMHAMMUKarbIK
napameTpriepaiH apekeTi ecentey MofeniHe Covkec KeneTiHi Ae KepceTinreH.
Tyninai cespep: xep CcinkiHicTepiHiH owakTapel, ConTtycTik TaHb-LUaHbHBIH
celiCMuKanblFbl, TEPMOLAMHAMUKATLIK NapameTpriep.
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TAnMaTbl TEXHOMNOIUANbIK yHUBEpCUTETI, AnMaTsl K., KasakctaH

loT XXSHE UHTENNEKTYANAbI LWWELWWIMAEP HETI3IHAE KANAJbIK
OPTA XAFOAUbIHOA FUMAPATTAPbI SHEPTUANBIK TUIMAI
BACKAPY XYMUECI

Tyninpeme. byn makanaga kana xarganbiHaa sHeprusiHbl TMiMAI 6ackapy yre-
CiH 93ipriey XoHe eHridy Macerneci KapacTblpblnabl. KyieHiH MakcaTbl — aBTomar-
TaHAbIpbIFaH 6ackapy apKbibl SHEPTUSIHBI TYTbIHYAbI a3aNTYy, XanbIiNbIKTbl apT-
ThIPY 8He NanganaHy WheiFbiH4apbIH a3anTy. XKymbicTa loT xaHe uHTennekTyan-
Obl Wewimaep apkbinbl AepekTepai XuHay, Tangay aficTepi eHe napamMeTprep
MOHUTOPUHTI KapacTblpblfiFaH. OpTyphi CeHcoprap MeH 3Heprus TyTbiHyabl 60m-
Xay XaHe peTTey MoAaynbAepiH KAMTUTBIH XXYWEHIH apXUTEKTypachl YCbIHbIaOb!.
HVAC, xapbiKTanabIpy xaHe 6acka ga pecypcTtapibl aaanTUBTI XaHe 6omkamapl
anroputMaep apkbinibl 6ackapyfa 6acTel Hasap aygapbinFaH. Makanaga nunort-
TbIK )06anap, NHXeHepnik XXyhenepMeH nHTerpaumsinay, KbiaMeTkeprnepai okbiTy,
coHAan-ak, kanarnblk MHPPaKypbINbIM AeHreniHae xyneHi maclwtabray GonbiHwa
YCbIHbICTap TankbllaHaabl. ¥CbiHbIMFaH Xylne 3amaHayv FuMapaTtTapabliH SHeprus
TUIMAINIriH apTTbIpyFa XXaHe aKblNabl Kananapabl AaMbiTyFa 6arFbiTTanfax.
Tyninai cespep: aHepruaneik TviMainiri, loT, uHtennekTyanabl 6ackapy, akbingbl
FUMapaTTap, aHepreTukarnblk pecypcrap, kananblk opTa, 6omkamabl anroputm-
aep.

Kipicne. CoHfbl OHXbINAbIKTapAa TYpakTbl JaMy MEH SHepreTukanbik
pecypctappbl YTbiIMAbl TYThbIHyFa YMTbIMbIC KONTEreH engep, OHbIH illiH-
ae KasakcraH yLwiH 6acbimaplkka anHangpbl. Kypbinbic xaHe FuMapaTTap-
Obl ManganaHy canacbl 9Heprusi kenemMiH avTapnblKkTanm TyTbiHagbl, Oyn
3HepruanblK TWiMAI WewiMmaepai eHrisyai kaxeT eteai. Kananblk opTta
XargambiHAa kenkabaTTbl TYPFbiH XKOHE KOMMEPUUANbIK fumapaTTapaa
3HepropecypcTapabl 6ackapyabl OHTaMNaHAbIpy KaxeTTiniri TypFoiHAap
CaHbIHbIH, 6CYyi MEH MHPPaKypPbINbIMHBIH, ThIFbI3AbIFbIHBIH, XKOFapbl 60MybI-
Ha GarnaHbICTbl apTbIn Kenemq,.
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XyMbICTbIH MakKcaTbl — Kanarblk OpTa XafFganbiHOa SHEpPrus TyTbl-
HyAdbl OHTaWNaHAbIpy YwiH loT TexHonornanapbl MeH WHTENneKTyanabl
Wwewimaep HeridiHge fumapaTTapgbl 3Heprus TuiMai 6ackapy KymeciH
asiprey.

3epTTeyaniH MakcaTbl — KONnAaHbICTaFbl WewimMmaepai Tangay. Fu-
mMapatTbl 6ackapygafel MiHTepHeT 3attap (loT) TexHonorusanapsl. 2012
XbINbl CEHCOpJSiap canacbiHaa OpblH anfFaH eneyni earepictep loT Tex-
HomnoruaAnapbliHbIH, - JaMyblH  KblngamaaTtbin, KenTereH KomnaHuanap
YWiH undpnblk TpaHchopMaunsaHbl xeaenaetTi. XKaHa TexHonornanap
MUKpO3reKTpomMexaHukanslk >xyrenepgin, (MEMS: mexaHukanblk oHe
ANEKTPNiK KOMMOHEHTTEpAI MUKpodabpurkaumsanay apkbinbl xacanaTtbiH
LWaFblH KypbinFbinap) nanga 6onybliHa akengi. byn TexHonorusa ceHcop-
napapl eTe LWarblH €TiN xacayFa MyMKiHAiK 6epai, cCoHObIKTaH onapapl,
MblIcarnbl, kniMre opHaTyra 6onagpl. byriHge [0T «akbingbl» fumapaTTap-
Obl icke acblpyga 6acTel pen atkapagbl. Onap ilKi xaHe CbIpTKbl opTa
Typanbl OepeKkTepai XuHayFa MyMKiHAiK OepeTiH ceHcopnap MeH Kypbin-
Fblnap xeninepiH kKamtamacoi3 etefi. loT KocbiMLWanapbl aHeEpPrus TyThbl-
HY, KNUMaTTbIK Xafgannap, »abablKTblH XXarFgarbl xaHe 6acka aa mani-
MeTTep Typanbl YIIKEH Kenemaeri gepekrtepai 0akbinayra xxeHe Tangayra
MYMKiHAiK 6epegni. IHTennekTyangpl TepMocTaTTap, XXapblKTaHObIpy CeH-
copnapsbl, bifiFanabibIK CEHCOpapbl XoHe Ko3fanbIC CeHcoprnapbl CUSKThI
KYPbINFbINiap HakTbl yakbIT peXXUMiHAE anblHFaH AepekTep HerisiHae aHep-
ropecypctapbl 6ackapbin, onapAblH TYTbIHYbIH a3anTa anagbl.

Meicanbl, Google Nest xaHe Ecobee cusiKTbl akbingpl TepMmocTaTTap
TemMnepaTtypa MeH XyMbIC KeCTeCi Typanbl AepekTepai Tangan, XbifbiTy
XOHe KOHOMLMOoHepriey napaMeTprepiH AuHaMukanslK Typae peTren ana-
Obl. Byn KypbinfFeinap SHeprusiHbl MMHUManOsl TYThbiHY Ke3iHOe OHTaunbl
TemnepatypaHbl cakTayabl yipeHeni. QHepropecypcrapabl 6ackapygbiH
MHTennekTyanabl anroputmaepi. KacaHgbl nHtennekt (XKN) samaHaym
3HepreTMKa canacbliHAa MaHbI3abl Kyparfa avHarnbin, SHepreTukanblk Xy-
nenepAai oHTannaHabipy MeH 6omxkay yLiH )XaHa MyMKIHAIKTep yCbiHaabI.
O3sbIk TEXHONOrMANapabl SHepreTukameH ynnectipe oTbipbin, XK pecypc-
Tapapl TMiMAi nanganaHyra XxaHe aHeprust TYTbiHyAbl 6ackapyra MyMKIHAIK
Oepegqi. YNkeH Kenemaeri AepekTepai, Mbicarnbl, aya panbl xargannapbl
MeH TYTbIHYLIbINApablH, 8aeTTepiH Tangan oteipbin, XU aHeprusra ge-
reH cypaHbICTbl Aan 6omkan anaabl. byn aHepreTukansik KomnaHuanap-
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Fa pecypcTtapdbl TviMgipek 6enyre, WbiFbIHAAPObl a3anTyFa XKoHe areKkTp
CTaHUMsINapbIHbIH XXYMbICbIH OHTannangplpyFa MymkiHaik 6epegi. Mbica-
nbl, XKW bICTBIK @aya parblHAa 3NEKTP 3HEPTUSACHIHA CYPaHbICThIH, apTybIH
Gornkan anafpl XXeHe 3eKTp SHEPIrUSACHIH eHAIpyAi angbiH ana Ty3eTesi.

KN coHpai-ak anekTp SHeprusiCbiH TYTbIHYAbl TaYMiK 6OMbl HEFYPrbIM
Bipkenki 6ene OTbIPbIM, XXYKTEMEHIH OHTanIbl KECTECIH >Xacayfa KeMek-
Tece anagbl. byn WbIHAbIK XXYKTEMenepAeH aHe OHbIMeH GannaHbICThbl
3MEKTP SHEPTUSCHIH BHAIPY MEH TacbiMangayfa KymcanaTbiH apTbiK LWbl-
FolHOapAaH aynak 6onyra mymkiHAiKk 6epegi. CoHbiMeH kaTap, XKW aHep-
rMsi cakTay KypbiFbinapbiH G6ackapbin, 3apsaray MeH paspsigray YLiH
OHTaNnbl yakbITTbl aHblKTan anagpl. HakTbl yakblT pexumiHaeri gepek-
Tepdi nanganaHa otbipbin, XU xyneHi arbimaarbl xargannapra 6eniv-
Oen, SHeprusiMeH >xababikTay TUIMAINIri MeH ceHimainiriH apTTeipa ana-
Obl. Mbicanbl, erep anekTp cTaHUMACbIHAA anaTt opbIH anca, XKW aHeprus
arblHOapblH KanTa Genyai Tes Xy3ere acblpbin, TYTbIHYLbIIApFa 9CepiH
GapbiHWa a3aiTa anagbl.

YK TyThIHYLWBbINApMeH e3apa apeKkeTTecin, aHeprua TyTbiHyabl 6acka-
py 6omblHWa ycbiHbICTap Bepe anagbl. Mbicanbl, 0N SHeprusiHbl Tapud-
TepAiH TeMeH KesiHae Kanawm navganaHy KepekTiriH yCcblHa anagpl Hemece
VYW WapyalblfblKTapbl MeH KacinopblHAapFa aHeprus TUIMAINIriH apTTbl-
pYObIH XXONAapblH KepceTe anafbl.

Icke acblpy Mbicangapbl XaHe onapAablH Tuimainiri. 3eptTeynep
KepceTkeHaen, MyHaawn wellimaepai apTypni kabaTtrapaarsl fumapaTrap-
Fa eHrisy aHeprus TyTbIHYAbl FUMapaTTbiH, epeKlenikTepiHe XoHe TeXHo-
norunsnelk, xabapiktay aexrenine 6annanbicTtel 20-40%-Fa asantyra MyMm-
KiHaik 6epeni. CaTTi )x0banapablH MbicangapbiHa XXanoHus, FepMmaHus
xoHe AKLL cumakTbl engepaeri wewlimaep >katagbl, OHAA 3HEPrUsinbIK,
TUiMAI XXyrenep Kananblk 3HepreTuKanbiK Xeninepre TYCETiH XXYKTEMEHI
asanTyra Kemekteceqi.

OHepeemukarnbiK xeninepdeai cypaHbIiC MeH YCbIHbICMbI backapy:
Siemens >xaHe Schneider Electric cuakTbl KOMnaHusinap sHeprusiFa ge-
FeH CypaHbICTbl 42N BormKay KaHe OHbl YCbIHbICbIMEH TEHECTIPY YLiH XK
nanganaHagbl. Byn eHepkacinTe eHe KocinopbliHAApAa 3Heprust TyTbl-
HyblH @aBTOMaTTbl TYpAe peTTeydi KamTuabl api YIIKEH XyKTemenepai Te-
MeHAeTyre MymkiHAik 6epefi.

Akbindsi anekmp xeninepi (Smart Grids): IBM koMnaHUSICbl CUSAKTbI
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VHTEnneKTyanapl xeninepai kypy xobanapbl >KW-abl TyTbIHYLWbINAPAbIH
ecenTerilTepiHeH, MeTeocTaHUManapaaH xoaHe 6acka kesgepaeH Aepek-
Tepai Tangay yWiH kongaHagel. byn sHeprusiHbiH xenige TapanyblH XaHe
TYTbIHYbIH GoJKayfFa XeHe OHTaMnaHablpyFa, COHAAN-aK, XKeniHiH CeHiM-
AiniriH apTTeipbIn, NanganaHy WeiFblIHOAPbIH a3anTyFa MyMKIHAIK 6epefi.

Honeywell komnaHusicbiHbIH akbliiObl suMapammapobl 6ackapy xyue-
riepi: byn xxynenep Xbiny, BEHTUNALMS XXoHe KOHOMLNOHePIieyY XynenepiH
Gakbinay MeH 6ackapy yuiH kewweHai loT wewwimaepiH naganadaabl. byn
WewimMaep XbifblTy XoHe cankpiHaaTy 6onbiHwa aHeprusaHbl 20%-Fa ge-
NiH yHemaeyai kKaMTamacol3 eTef.

¥CbiHbINgaH XyUeHiH apxumekmypachl. XKyUeHiH Xarsrbl KypblibIMbl.
O3iprieHin aTkaH dHeprusiHbl YHEMAENTIH Backapy XyWeci Keneci Heriari
OEHrennepai KaMTUTbIH ken KabaTTbl apXUTEKTypara Heri3gernreH:

[aTtunkrep MeH OepeKkTepai XXuHay KypblnfFbinapbliHbIH, OeHreni: Kop-
LaFaH opTaHblH NapaMeTpriepiH (Temnepartypa, bifFangbiibik, XKapblk),
3HEPrNst MEH KOMIPKbILLKbIN rasblH TYTbIHY KOPCETKILTEpPiH enwenTiH l1oT
ceHcopnapblH kamTuapl. Kypbinfeinap optanslk 6ackapy xymneciHe gepek-
Tepai 6epyai kamTamachi3 eTeTiH LUM34epre KOCbIfFaH.

ApanblK AeHren-wno3aep MeH Aepektepai enaey TyniHaepi: apxmrek-
TypaHbIH, OCbl GeniriHaeri KypbinFbiiap opTanblK XXyMere XXyKTeMeHi asain-
Ty XKOHe XYWEeHiH KopLuaraH opTaHblH e3repyiHe Xblrigam ayan 6epyiH
KamTamacbI3 eTy apKblfbl AepekTepdi aniblH ana eHaeyre xaHe cysyre
xayan 6epegi.

OpTanbik geHren — BynTTbl nnatdopma: Herisri AepekTep KOMMachIH,
aHanuTUKara KOoJ XeTKi3yai »xaHe AepeKkTepai eHaeyai kamTamachI3 eTefi.
byn OeHreige oepektep TangaHadbl XXeHe KypbInbIC XyenepiH 6ackapy
YLWiH curHangap »acanagbl.

Backapy xaHe Oakbinay AeHrewi: 9Heprusiibl OHTamMbl TYTbIHY YLUIH
XbIfbITY, XapbIKTAHABIPY XOHE XenaeTy XyhWenepiHiH XyMbICbiH 6enim-
OenTiH MawuvHanblk OKbITY MeH Gormkamabl mogenbaepre HerisgenreH
WHTEnnekTyanapl anroputMaepai kamtugel (1-cyper).

XyneHiH Herisri mogynbaepi. NapamveTprnepai 6akbinay moayni —
FUMapaTTbIH, iWiHAEr XaHe CbipThliHAAFbl aFbiMAarbl Xardanunap Typansl
OEepeKTepai XuHayFa eHe GacTtankbl eHaeyre >kayan OepeTiH XKyWeHiH
Heriari anemeHTi. Mogynbae Temnepartypa, binFanabinblk, KapblKTaHabl-
py, Y-KannapabliH, TONbIKTbIFbI XXOHE KOMIPKbILLKbIN ra3blHblH, KOHLLEHTpa-
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1-cypeT — xyie apXUTeKTypacblHbiH Mbicanbl

UMsAChl, coHOamn-ak apTypni XKyrenepaid KyaT TYTbIHYbl CUSKTbI KOopLuaraH
opTa napaMeTpriepiH Tikenew GakpinayFa apHanfaH GipkaTap ceHcopnap
MeH KypbinFbinap 6ap.

Byn xyMbICTa, xonga Hemece Aemarnbicta 6oncaHbl3 Aa, ynai xeHe
oHAarbl bapnblk HopceHi Backapyapbl xeHingeteni. Anta KeTy Kepek, MyH-
Oawn xyrernep agamHblH KayincisgiriH e, XannbiblfblH Aa KaMTaMachi3
€Ty YLWiH KongaHbinagbl.

Cy Hemece ras arbln KETKeH Xardanaa, >xxyine 0y oKuMFaHbl XXas3bliM XaHe
naviganaHylbifa ablobICThIK curHan 6epin kaHa KorMmMangbl, COHbIMEH Ka-
Tap eLlipy KnanaHblH aBTOMaTThbl TypAe iCKe Kocafbl XaHe KayinTi anmak-
Ta 9neKTp KyaTblH ewipeai.

Kayinci3gik >KyMeciHiH, XyMbICbl Typanbl enken-Tenkenni ecentepai
XoHe OeViHekamepanapgaH asyAbl Ke3-KenreH yakbiTta VIHTepHeT ap-
Kbinbl anyra 6onagpl, an erep kanacaHbi3, SMS Hemece Beb-uHTepdenc
apkblinbl bipkaTap apekeTTepre apanacyra bonagpl.

OcbliraH 6annaHbicTbl SmartThings KyaTTel 6akbinay KypanblH YCbl-
Hagbl. YA 6akbinay )vHafrbl BUPTyanbl Kynak neH ke3 peTiHae apekeT
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€Ty YLWiH apHawbl xacanfaH. byn cisgil naTepiHizge He 6onbIn XXaTkaHbl
Typanbl anaHgaman KyHOenikTi macernenepai welyre MyMKiHOIK Gepe-
ai. >KuHakka apTypni ceHcopnap, Kynbintap, kamepanap XoHe backa ga
KenTereH Kypbinfbinap Kipeai. Mbicansl, ecikTi awwaTtblH CeHcopiap rapax-
OblH, Kipebepic ecikTepaiH »keHe TepesenepaiH KyhiH Gackapa anagpl.
Kosfanbic ceHcoprapbl naTepaeri apTypni Ko3fanbicTapdbl YHeMi Kaga-
Fanan oTblpagpl, an akbinabl po3eTkanap 6enceHai KypbinfFsinap Typanbl
xabapnangpl.

HatunkTep OepekTepdi wwnio3gepre — opTanblK cepBepre Hemece
OoynTThIK Nnatdopmara xibepmec OypblH onapAdbl angpblH ana eHaenTiH
KypblnFblnapra xibepegi. byn onapra:

* BepineTiH gepekTep KenemiH asanTy XeHe XKenigeri XXyKTeMeHi aszan-
TyFa;

* LIYNbl OePEeKTEepPAi XKOK XaHe XibepinreH aknapaTtTblH, A2N4iriH XakK-
capTy YLUiH cy3ydi opblHAayFa;

* XXeprinikTi ecenteynepai opbliHAAy XXeHe LWellimaepai Tesipek kadbin-
Jay, Mbicarnbl, NarganaHbliMaraH 6enmMenepaeri >kapblKTbl eLlipyre MyM-
KiHOiK Bepeni.

Bakpbinay moayni 6epinreH napameTprepaeH aybiTKynapabl aHbikTay-
fa apHanfaH (Mmbicanbl, 6enrini 6ip anmvakTapga TbiM Kern KyaT TYTbIHY,
KbI3bIM KETY HEMECEe rmnoTepmust). ANroputMaep aHblKTanfaH aybITKynap
Typansl xabapnamanapabl aBTomaTtTbl TypAe xidepe anagbl. byn akay-
napra yakTbinbl )kayan 6epyre >aHe TeTeHLe XargannapablH, CoHaan-ak,
apTbIK LWbIFbIHAAPABIH anablH anyfa XaHe SHeprus LWbifbIHAAPbIH a3anTy-
Fa MyMKiHAIK 6epegi.

OHepausiHbl mymbiHyObi 6ormkay Modysii. Moaynb 6akbinay Mmogyni Xu-
HaraH OypbIHFbI SHEPIUSA TYThIHY AEPEKTEPIH, COHbIH iWiHAe TemnepaTypa,
biNFANabINbIK, agamaapablH, 60y KecTenepi kaHe 3Heprus LWblFbIHbIHA
acep eTeTiH apekeTTep Typarbl aknapaTtThl Narganadagbl. byn nepekrep
TYTbIHYAbIH KOPLUaFaH opTa dpakToprapbliHa Teyenainiri MeH 3aHapinbiKTa-
pblH aHbIKTay ywiH TangaHagbl. Ocbkl Tocin ageTTeri XaHe biperen TyTbiHy
CLEeHapUnepiH ecKepeTiH TypakTbl MOAENb KypyFa MYMKIHAiK 6epeai.

MogaynbaiH Herisi CbI3bIKTbIK perpeccust, HeMPOHAbIK Xeninep >xaHe ya-
KbIT KaTapnapblHblH 8aicTepiHiH Oipi MawwmvHanbIK OKbITY 8He CTaTUCTU-
Kanblk, Tangay anroputmaepi 6onein Tabeinagsl. Onap gepekTepaeri xa-
CbIpbIH YNrifepai aHblKTayFa )XaHe HaKTbl yakbITTarbl ©3repictepai eckepe
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OTbIPbIM, KyaT TyTbiHyAbl bormkayra MyMkiHAiK 6epeai. Herisri Tacingepre
MblHanap »xaragbi:

* Tapuxu gepekTep MeH arbiIMAarbl Xaraannapra HerisgenreH TyTbiHy-
Obl bormkayFa apHanFaH pespeccusisibiKk MoOerb0ep;

» Kenempi oepekrepaeH YMpeHeTiH XaHe KypAaeni cLeHapunnepai gani-
pek BormKanTbIH HelipOHObIK Xerlinep MeH welwim agawmapsl,

e TyTbiHYAbIH MayCbIMAbIK >X8HE YaKbITTbIK aybITKyIlapblH €CKEPETiH
yakbim KamapJiapbiHbiH 80icmepi.

Backapy mogyni — 6akbinay MoOAyniHEH XOHEe 3HEepPrusiHbl TYTbIHYAbI
Gormkay mMoayniHiH 6ormkamaapbiHaH anbliHFaH ManiMeTTep HeridiHae Ko-
MaHOanapablH, opblHAANYbIH KaMTaMachI3 eTeTiH, 9HePrusaHbl YHEMOEWTIH
FMapatTbl Backapy XyreciHib, Kypamgac 6eniri. OHbIH MiHAETI — FUMa-
paTTbiH VHXEHEPNiK >XyMenepiHiH >KYMbICbIH OHTaWIbl eTy, >XaurbibIK
XargannapbiH cakTay XKeHe SHeprus LUbIFbiHbIH a3anTyFa 6enimaey. bac-
Kapy MoAyniHiH Herisri dyHKumnanaphbl: Kipic oepekTepai Tangay xaHe Ko-
MaHZanapgpbl KanbintacTtelpy. backapy mogyni 6akbinay MoayniHeH kerne-
TiH AepekTepai eHaenai, COHbIMEH KaTap >XYWeHiH napameTprepiH peTrey
YLWWiH SHeprusiHbl TyTbiHY BomkamaapbiH KongaHaabl. AfbiMaarbl Xafgan-
nap MeH bormkamgapfa cymeHe OTbIpbir, O FUMapaTtTapabl XbIbITY, Xen-
aeTy xaHe koHauumnoneprney (HVAC), xapblKkTaHAbIPY XKeHe KyaT TyTbiHa-
TbiH KYPbISIFbINap CUSKTbI SPTYPIIi XKyWhenep yWiH koMaHaanap Kypagabi.
Backapy moayni Teynik yakbITblHa, Y-Xannapabl nanganaHy kecreciHe
oHe backa chakTopnapra 6arinaHbICTbl peTTeneTiH 6epinreH cueHapuin-
nep B6oviblHWA XyMbIC icTen anagpl. Mbicansi:

Mogaynb TyHAe eHe GenceHainiri TemeH ke3eHaepae SHeprust TyTbi-
HaTbIH )XababIKTbIH XYMbICbIH 6apbiHLLIA a3anTaTblH SHEPIUSt YHEMAEY pe-
XUMi. bIHFannbl pexum, XyMbIC YakbITbIHOA XaHe FuMapaTTbl nanganany
WhIHbIHOA NanganaHywbiNapablH, KaunbibIFblH apTTbipy YLWiH ayaHbl
GanTay XoaHe XapblKTaHObIpy peTTenedi. TeTeHwe xaraan pexumi, erep
3MeKTp KyaTbl ewin kanca Hemece 6acka kyTnereH kargamnap 6onca,
Gackapy moayrni MaHbI3abl Xynenepai Kopray YLiH aybicagpl xaHe 6ap-
NbIK Herisri emec pecypcTtapgbl ewipeai. [epektepai XuHay XeHe Tan-
4ay MexaHusamaepi fumapaTtTapabl HeprusiHbl TMiMai 6ackapy >KyMeciHiH
opTanbIk anemMeHTTepi 6onbin Tabbinagpl. Onap apTypni ke3gepaeH Ae-
pekTepai YKbINTbl XoHe YaKTbifbl XuHayapl xaHe 6ackapy wellimaepiH
Kabbingay yLWiH onapabl KEViHHEH eHnaeyai kamTamachi3 eTefi. JHeprus
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TniMAainirin 6ackapy XyWeciHiH XyMbICbl 3HEPrust TYTbIHyAbl, MUKPOKIN-
MaTTbl XX8He yIr->Kannapabl XXYMbICNEH KamTy AeHreniH Tangayra Kemek-
TeceTiH ceHcopnap MeH loT KypbinFbinapbiHaH KeNeTiH canarbl AepekTep-
Ci3 TMimci3 bonmax.

[epekrepai XvHay MeH TangayablH, Heri3ri keseHaepi.

0T KypbInFbiNapbl MEH CeHcopnapbliHaH AepekTepai XuHay.

Kyne Ttemnepatypa, binFanabinblk, XXapblkK, KOMIPKbILUKbIT ra3blHbIH,
KOHLIEHTpaUMsiCbl, COHOan-aKk agampapablH 6onybl Typanbl Oepektep
CUSIKTBI KOpLUaFaH opTa napameTpriepiH enLley YLiH fFumapartTa opHaTbIf-
FaH kenTereH loT ceHcopnapblH NanganaHagbl. QHeprusiHbl TYTbIHY AaT-
UYUKTEpPi 3HEPrUsaHbl TYTbIHYAbI AN ecernke any YLiH FUMapaTTblH, HEri3ri
XyWernepi MeH xeke anmakTapbiHa fa opHaTbIfFaH.

LHepekmepdi andbiH ana eHoey

YXnHanfaHHaH KeliH gepektep anablH-ana eHAaey KeseHiHeH eTtefi,
oHpaa Wy curHangapsl, Aypbic EMEC HEMECe KaTe AepeKTep Xovbinagpl.
OHaey AepeKTepai opTanblk Konmara xibepMmec OypbIH Cy3€eTiH >KeprinikTi
Lnto3aepae Kypegdi, 0yn ynere XyKTeMeHi asanTazbl XaHe aHanMTuKa-
NblK AepekTepaiH AanairiH apTTeipagbl.

Lepekmepdi cakmay

©HOenreH gepekTep aHanuTUKanblk xaHe H6ackapy MoaynbAaepi Kon
XeTKi3e anaTtbliH opTanblk Aepekkopaa Hemece OyNTTbIK KoMMana cakTa-
nappl. lepektepai y3ak Mep3iMai caktay peTpoCcnekTUBTI Tangayra xaHe
TpeHATepAi aHbIkTayFa, coHaar-ak 6omkamMmabl Mmogenbaepai YMpeTy yLiH
Aepektepai nanganaHyra MyMKiHAiK 6epegi.

Hakmbi yaksimmaebi depekmepdi manday xoHe 6ormkamobl manday

YXuHanfaH gepektepi Tangay YLWiH yakblT cepusanapbl, perpeccus-
NblK, MOAENbAEP XXoHe HeMpOHAbIK XKeninep cusakTbl MawnHanbIK OKbITY
anroputMaepi konganbinagbl. Byn anroputmaep pecypcrapAbl TYThIHY
XXoHe KopLuaFaH opTa hakTopnapbl apacbiHaarbl 6annaHbICTbl aHbIKTayFa
KemekTecegi. HakTbl yakbITTarbl Tangay xynere fumapatTapablH, XKyMbl-
CblH aBTOMaTThl TypAe peTTeyre myMkiHaik 6epeni, an 6omkamasl Tangay
fGonawakTa KyaTTbl TYTbIHYAbl OHTaNNaHabIpy YLWiH aknapat oepegi.

Ecenmep xacay xaHe Oepekmepdi susyanu3ayusinay

YXnHanfaH ManiMeTTep HeridiHae XXyne ecenTtepai kanbinTactbipagbl
XXoHe Herisri napameTprepai Busyanusaumsanangbel. byn onepaTtopnapra
3HEPIrUsiHbI TYTbIHYAbIH, Ka3ipri TeHOeHUMANapblH Xakcbl TYCIHYyre >aHe
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XyvenepaiH Tmimainirii 6aranayra kemektecegi. benHeney coHbiMeH Ka-
Tap 3HEPrysHbl TbiM >XKOfFapbl TyTblHATbIH NpobGremanbik arviMakTapgbl
aHblKTayabl XXeHinaeTeai XaHe aybiTKynapfFa yakTbinbl xayan 6epyre
MYMKiHAiK 6epeai.

TemeHpgeri gnarpammagaH (2 cypeT) FMMapaTtTblH, S3Heprus TYTbIHYbIH-
AaFbl MaycbiMAblK e3repictepiH 6arkayra 6onagbl. byn apTypni xynenep-
OiH TemnepaTtypa MeH Xapblk OEHreniHiH e3repyiHe kanam 6enimaeneTiHiH
aHblK kepceTeq,.

DHepronoTpebneHne 3gaHnsa No mecsuam

1200 —e— 3HepronoTpebnexue
1100

1000

SHepronoTpebnenHune (KBT-4)

SAHB ®des Map Anp Maw NioH Nion Asr CeH OKT Hos Oek
Mecsu

2-cypeT — fuMmapaTTbiH annap 60MbiHWIA SHEPTUS LWbIFbIHbI

[epexTepai XnHay xeHe Tangay MexaHuamaepi fumapattapablH dHep-
TMsiHBI TUIMAI Backapy XXyWecCiHiH XyMbIC icTeyiHe Herid 6onagbl. [epek-
Tepai KvHay, angblH-ana enaey XeHe caktayablH HaKTbl Xyeci 6onmaca,
3HEPrUsiHbl OHTaWNaHAbIpyFa KOM XeTKi3y XoHe WHXEHepIiK Xynenepai
apantueTi 6ackapydbl kamTamachl3 eTy MyMKiH eMec.

FumapaTtTbiH aHeprusi pecypcrapbliH 6ackapy mogeni (1-kecte) fu-
MapaTTblH iWiHAEr XaHe ChIpTblHOAFbl ©3repMeni Xargannapabl eckepe
OTbIPbIM, 3HEPIUSHbI TUIMAI XaHe yTbiMAbl NavaanaHygbl kamTamachi3
eTyre apHanraH. On MHXeHepnik XXyNenepaiH XXyMbICbIH Oakbinay xaHe
Geviimaey ywWiH Gakbinay >XyMeci XnHaFaH OepekTepre aHe 3HeprusiHbl
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TyTbIHYy 6omxkamMmaapbiHa cyrieHei. backapy mogeniHiH, Heriari KOMMOHEHT-
TepiHe XynenepaiH XXyMbiCbiH 0akbinay, Tangay, peTTey XoHe OHTannaH-
ablpy Kipeai.

1-kecTe — JHeprus pecypcTapbliH 6ackapy MogeniHiH cXxemacbIHbIH Mbica-
nbl

KomnoHeHT Cunatrama

TemnepaTypa, biFangpiblk, xkapblk, CO, eHe KyaT

RepexTepai xukay TYTbIHY KepceTKilUTepiHeH AepeKkTepai any.

©Haey xoHe [epexTepai cy3y, GipikTipy xaHe angpiH ana eHaey;
Tanpay Heriari KepceTKiluTepai aHbIKTay.

Kbicka Mep3imai xaHe y3ak Mep3imai 6omkamaapabl Kypy
Bormkay MalumHanbIK OKbITY anroputMaepiHe HerisgenreH
QHEPIUSHbI TYTbIHY.

OHeprusiHbl YyHeMaey cLeHapuinepiH Kypy, XYKTeMeHi
OHTannanabipy Geny xaHe

FUMaparT XyrenepiH agantueTi 6ackapy.

Twimainikti 6aranay HerisiHae XywveHi 6enimaey; aHeprus
TWIMAINIriH >xakcapTy YLWwiH 6ackapy moaenbaepi MeH
CLieHapunnepiH Ty3eTty.

Kepi 6annaHbIc
)KOHEe OKbITY

OHeprusiHbl 6ackapyabiH, 6yn Mmoaeni nHxXeHepnik Xxymenepai y3ak mep-
3imai nepcnekTuBaga fumapaTTbliH SHEPrUs TUIMAINIr MeH TypaKTbIbIFbIH
KaMmTamacbl3 eTeTiH bGipbiHFan 0ackapy LwewiMiHe GipikTipyre MyMKiHAiK
Gepeni. loT xxaHe cmapT WweLlimaepre HerizaenreH aHeprusiibl YHEMOENTIH
FMMapaTtTbl 6ackapy KyMeci SHeprusiHbl TYTbIHyAbl OHTaWnaHabIpy, nan-
AanaHylbinapablH, XXaunbinblfblH apTThlpy XOHE 3KONOrUANbIK KepceT-
KiluTepdi )akcapTy ywiH 6onawarbl 30p nnatdopma 6onbin Tabbinagbl.
YKyneHi caTTi eHri3y >xaHe ofaH api KeHeWnTy YLUiH Keneci acnekTinepai ec-
Kepy kaxer.

XywneHi eHrizy keseHnepi. backapy xywneciH OipHelle fumapaTtTapra
OipikTipmec OypblH, OHbIH, (PyHKUMOHANAbIFbIH HAKThl Xargamaa cbliHay
YLWiH NUnoTTbIK XobagaH 6acTtaraH XeH. MunoTTbik xoba bikTuMman Ke-
Aeprinepai aHblkTayfa XoHe XyWeHi 6erimaey yLWiH HaKTbl AepekTepai
anyfa MyMKiHAiKk 6epepgi. Keneci maHbI3gbl Kagam — »xabablkTbl TaHaay.
FumapaTtTblH KaXeTTiNKTepiH Tangay TeMmnepaTtypaHbl, biFanabinbiKThbl,
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XapbIKTaHAbIPYAbl, KOMIPKbILLIKbIN rasbiH XKeHe KyaT TyTbiHyAbl 6akbinay-
fa Konannbl 0T KypbinfFbinapbl MEH CeHCopriapbiH aHblKTangbl. TexHuka-
NbIK KbIBMET KOPCETY WbIfbIHAAPbIH a3anTaTblH ©3iH-63i AuarHocTukanay
dyHKUMACHI 6ap xabablkTbl Nanaanany ycbiHbinagsl. HVAC xaHe xapblk-
TaHAbIPY CUSIKTbl FUMapPaTTbIH KONMAaHbICTarbl UHXeHeprik xynenepi 6i-
PiKTipyAiH, Herisri acnekTici 6onbin Tabbinaabl. OHbl BACnet Hemece KNX
CUSIKTBI 8PTYpPNi XXynenepmMeH yurneciMmai ctaHaapTTap MeH xattamanapabl
KongaHy apkplinbl XeHingetyre 6onagbl. bargapnamansik xacakTamaHbl
OopHaTy FUMapaTTbiH KaXeTTINIKTEPIH XXaHe OHbl NanganaHy cueHapuiine-
piH eckepyi kepek, ocbinarila onepaTopriap AepeKktepre oHamn Komn XeTkKi-
3e anapjpl xaHe XymneHi 6ackapa anagpl. XKyneHi TmiMai nanganady yLid
XyneHi 6ackapy >xoHe TexHuKarnblk Kbl3MeT KepceTy BoMblHWa TeXHUKa-
NblK NEpPCOoHanAbl OKbITY KaXeT.

XyreHi Kananblk geHrenge macwrtabTay. XKylieHi kenTereH ruma-
paTTapfa KeHenTy kesiHae apTypri HbicaHZapAaH AepekTepAi GipbiHFan
backapy nnatdgopmacbiHa BipiKTIpeTiH xannbl MHppakypbInbIMAbl AaMbl-
Ty kaxeT 6onagpbl. byFaH gepekTepai opTanbiKkTaH Tangayfa XaHe Xyne-
nepAai 6ackapyra MyMKiHAIK 6epeTiH BynTTbl TexHonoruanapabsl KongaHy
apkbinbl Kon xeTkidyre 6onagpl. MacwTtabTtayabiH MaHbI3Obl SMEMEHTI
HaKTbl yakblT peXuMiHge Tangay MyMKiHAINIMEH gepekTepaiH YIkeH Ke-
nemMiH cakTayapl, eHAey i )XaHe onapfa Kon XeTki3yai kKamTamachl3 eTeTiH
OipblHFal gepekkopabl Kypy 6onagpl.

Kana peHreninge macwrtabrtay kesiHae fumapaTTapibl avMakTapfa
Beny xaHe >eprinikti 6ackapy anropuTMaepiH KongaHy MyMKiHAIMH Ka-
pacTbipyra 6onagpl. byn sHeprus pecypcrtapbiH gen 6ackapyabl KamTta-
MacbI3 €Te OTbIpbIN, 8p FUMapaTTbiH OPTYPAi KAXKETTINIKTEPi MeH epekLue-
nikTepiH eckepyre MyMKiHAiK 6epegi. Bormkamaap meH 6ackapyablH gan-
OiriH xakcapTy YLWiH XaHa aepektepre berimaene anaTtblH XaHe 63iH-03i
OKblTa anaTtbliH Bormkamapl anroputmaepai eHrizy ycbiHbinagsl. MyHaan
Anroputmaep yakbIT eTe Kere XYWeHiH, Tuimaipek bonybiHa kemekrecesi.
MacwTabTay KesiHge AepekTepai Kopray KaxeTTiniri e aptagpl, COHAbIK-
TaH TacblMangay XaHe caktay KeseHnaepiHae ceHimai wudpnayabl Kam-
TamMachbl3 eTy XoHe aBTopu3aLmanaHfaHd nanganaHyLblinapra Kor XeTkisy
XYWECIH Kypy MaHbI3apl.

AsikTay xoHe TMimainikTi 6akbinay. XKyieHi xxaHa OeHrenae eHris-
reHHeH KeniH HaTwxernepai yHemi baranay xeHe 6ackapy anroputmaepiHe
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Ty3eTyrnep eHridy MaHbi3gbl. MyHgan 6aranaynap aHeprusiHel yHemaeyai,
nanganaHyLbinapablH KannblfblK OEHreniH XaHe XargannapablH, e3re-
pyiHe >xayan 6epy XblngamapiFbiH TangayfFa Herizgenyi MyMkiH. YKyneHi
YHEMI XaHapTbIN OTbIPY XOHe XXaKcapTy OHbIH ©3repin OTbIPaTblH XYMbIC
XargannapbliHa GerimaenyiHe xaHe SHeprusi pecypcTtapbliH 6ackapyabiH
03blK 8AicTepiH KonaaHyFa MyMKiHAIK 6epegi.

KopbITbiHAbI. 10T aHe WHTEenneKTyanabl WewiMaepre HerisgenreH
FMapaTTapFra SHeprusiHbl TMiMAi 6ackapy XyMeciH eHrisy xoHe macliTab-
Tay SHeprus LWbIiFbiHOAPbIH eadyip asanTyFa, XaunbibIKTbl apTTbipyFa
XOHe MHXeHepniK XynenepaiH KbiaMeT eTy Mep3iMiH y3apTyFa MyMKiHAIK
Gepepi. MNMunoTTbiK xobanap, KonAaHbICTarbl XXyNenepMeH UHTerpauus,
Bormkamapl MogenbAepai KOnaaHy XeHe AepekTepdin KayincisairiH kam-
Tamacbl3 eTy XYWEeHi COTTi eHridy XoHe KEHENTY YLUIH ecKepinyi kepek He-
riari acnekrinep 6onbin Tabbinaasbi.

3epTTeyai KapXKbinaHAabIPy Ke3i.
YKymbic Anmatbl TexHonornsanbik YHUBEPCUTETIHIH, « ABTOMaTTaH4bI-
py aHe poboTOoTEXHUKa» KadheapachkIHbIH, KOnAaybIMeH opbiHAanabl.

Anfbic. Anfeic ABTopnap Anmatbl TEeXHONOrMANbIK YHUBEPCUTETIHIH, «ABTO-
MaTTaHAbIpy aHe poboToTexHMKa» kadeapacbiHbiH MeHrepylici OpmaHbekoBa
AliHyp AnnbekoBHara 3epTTeynepai yMbiMaacTbIpyFa XaHe >Xypridyre keMekTecke-
Hi YLWIiH anfbIC anTaabl.
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CaagbikoB C.0.', OpmaH6ekoBa A.A.", )KymaxaH H.B."
TANMaTUHCKUIA TEXHOMOMMYECKNA YHBEPCUTET, I. AnMaThbl, KaszaxctaH

CUCTEMA YNPABINEHUA 3HEPIO3®®EKTUBHOCTbIO 30AHUA B IO-
POACKOW CPEQEE HA OCHOBE IOT U UHTEJNIEKTYAJbHbIX PELLEHUA

AHHOTauus. B cratbe paccmaTpuBaeTcsa paspaboTka U BHeOPEHWE CUCTEMBbI
3HeproadeKTMBHOro ynpaeneHns 3gaHuamm Ha 6ase TexHonorun MHTepHeTa
Bewen (loT) n nHTennekTyanbHbIX pelleHnin Ans ropoackon cpedpl. Llenb cuc-
TeMbl — MWUHUMU3ALNST HEPronoTpebrieHusi, NoBbiLLEHNE KOMAOPTa U CHUKEHNE
3KCMNyaTauMOoHHbIX 3aTpaT 3a CYET aBTOMATM3NPOBAHHOIO yNpaBreHus cuctema-
MW YMHOro 3aaHus. B paboTe aHanuavpyoTca CyLecTByOLIME PELUEHUs, npea-
naraeTcsa apxuTekTypa CUCTeMbI, BKITHOYaroLwas aTtyvkn, MOgynu NporHo3mpoBa-
HWS 1 perynvpoBaHus, a Takke MmexaHnsm cbopa u aHanusa gaHHbiX. OCHOBHOe
BHMMaHWe yaeneHo ynpaeneHutio HVAC, ocBelleHneM v Apyrumm pecypcamu, ¢
MCMOMNb30BaHWEM afanTUBHBIX U NpeackasaTenbHbIX anroputmoB. O6cyxaatoT-
Cs1 3Tanbl BHeOPEHNS, BKIHOYAsi MATNOTHbIE MPOEKThI, UHTErpaLmio C MHXEHEPHbLIMN
cuctemamu 1 obydeHne nepcoHarna, a Takke pekoMeHgaummn no macwrtabuposa-
HWIO CUCTEMbI HA YPOBEHb FOPOACKON MHPPACTPYKTYpbl. CuCTeMa HanpasneHa Ha
NOBbILLEHNE 3HEProdaddPEKTUBHOCTN N YCTOMYMBOCTN COBPEMEHHBIX 30aHUIA, Y4TO
ABMNAETCA BaXHbIM 3TanoM B CO34aHUN YMHbIX FOPOL0B.

KnroueBble cnoBa: aHeproaddeKTBHOCTb, 10T, MHTENNeKTyanbHoe ynpasrieHue,
YMHbIE 3[1aHWS, 3HEpPreTUYeckme pecypchl, ropoackas cpefa, NpPOrHoCcTUYeckme
anropuTMbl.
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Sadykov S.0.', Ormanbekova A.A.", Zhumakhan N.B."
'Almaty Technological University, Almaty c., Kazakhstan

ENERGY EFFICIENCY MANAGEMENT SYSTEM FOR BUILDINGS IN THE
URBAN ENVIRONMENT BASED ON IOT AND INTELLIGENT SOLUTIONS

Abstract. This article explores the development and implementation of an
energy-efficient building management system based on Internet of Things (IoT)
technologies and smart solutions for urban environments. The system aims to
reduce energy consumption, enhance comfort, and lower operational costs
through automated control of engineering systems. The study analyzes existing
solutions and proposes system architecture incorporating sensors, forecasting,
and control modules, along with mechanisms for data collection and analysis. Key
areas include HVAC, lighting, and other resources, managed through adaptive
and predictive algorithms. The paper discusses the stages of implementation,
including pilot projects, integration with building systems, and staff training, as
well as recommendations for scaling the system to city infrastructure levels. The
system aims to improve energy efficiency and sustainability in modern buildings, a
crucial step in developing smart cities.

Keywords: energy efficiency, loT, intelligent control, smart buildings, energy
resources, urban environment, predictive algorithms.
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"TOO «Monudnokey, r. Anmartbl, KazaxctaH

PA3PABOTKA TEXHONOIMU OYUCTKU XXNOKON ®A3bI
XBOCTOXPAHUITULLA COPBLINN OT MbILUbAKA U LUAHNOOB

AHHoTauwms. MposegeHbl nabopaTtopHble NCCneaoBaHUS Mo OnpeaeneHnio onTu-
MarbHbIX PacXoJ0B peareHTOB A4S OYMCTKM CrMBa XBOCTOXpPaHWUMLLA copoumu.
YCTaHOBMEHO, YTO NydLLne pe3ynbTaTbl MO OYUCTKE BOAHOWN hasbl OT pacTBOPEH-
HbIX MOHOB MbilUbsika Y LUMAHWAOB AOCTUraltTCs Npu SO3MPOBAHUU OKUCIIUTENS
B Buge 12,5% pacteopa FeSO, B konmyectse 1,0-1,5 mn/am® npu cosgaHun pH
Ha ypoBHe 7,2-7,5 n nocrneaytollen nogave Metalsorb FZ Ha ypoeHe 0,5 mn/gm®.
MoaTBepxaeHa BO3MOXHOCTb [OM3BIEYEHMS 30M10Ta 3 obpasoBaBLLerocs ocaj-
ka. OBHapyxeHo, 4To nocrne o6paboTkM CTOKOB Ansi cbpoca B XBOCTOXpaHWUMMLLE
notaunm 15% pactsopom FeSO, s pacuerta 1am*m® BogHas dasa npuobpeta-
€T UBETHOCTb. Bbinn npoBefeHbl SKCNMEPVMMEHTLI MO U3MEHEHMIO LIBETHOCTU BOAbI
C U3MeHeHMeM pacxofa cynbdata xenesa ot 1,0 go 3,0 mn/gme. CaenaH BeiBOA,
YTO coaepXKaHue Mblllibska nocre obpaboTku Tonbko FeSO, BospacTaeT B 6 pas,
Xenesa B 4 pasa. PaspaboTaH 1 npegocTaBneH kK 06CyxaeHno TeXHONorn4eckuni
PernameHT Ha O4MCTKY HaKOMMEHHOW BOAbI XBOCTOXpaHunuiia copbumm Ha 3P
AO «Altyntau Kokshetau» oT noHOB MblIlbsKa 1 LnaHuaa. MpegocTaBreHHbIe pe-
3ynbTaThbl NoKasanu TEXHONOMMYECKY0 BO3MOXHOCTb CHUXEHUSI BPEAHbIX NpuMe-
Cel MbllbsKA 1N LMAHUCTbIX COEAMHEHUIN B XNOKOW ha3e XBOCTOXpaHWUMMLLLA Cop-
Oumn. MpegnoxeHa TexHoMNorMyeckas cxema OYUCTKU OT MbllbSAKa U LUMAHNO0B
CrnvMBa XBOCTOXpaHunuwia copbumm. PaccMoTpeH KOHTPOMb TEXHOMOrM4ecKoro
npouecca o4nCTkU crnvBa 1 ycnosust Tb npu paboTte ¢ npegnaraembiMu peareH-
Tamu.

KnioueBble cnoBa: cnuBbl XBOCTOXpaHwunuuia, copbuuu, obessapaxuBaHue
CNMBHbIX BOA, OMMCTKa OT MbIlbsKa U LMaHuaa, metancopb, 3arpasHsioLme Be-
LLLeCTBa, OYNCTKA BOA XBOCTOXPaHUNULLA, JOU3BrieYeHe 30M0Ta.

BBeaeHue. MeToabl O4MCTKN CTOUHBLIX BOA MOXHO pasfaenntb Ha me-
XaHN4Yeckme, Xumumyeckmne, U3nKo-xMMmmyeckue m Guonormyeckune. 3a-
rPA3HEHHbIE CTOYHbIE BOAbl OYMLLAIOT TaKKe C MOMOLLBbK YNbTpasByka,
030Ha, NOHOOBMEHHBIX CMOS 1 BbICOKOrO AaBMeHNSA. XOpOLLO 3apeKOMEH-
noBana cebsa o4ncTka NyTéM XNOopmpoBaHUSA. XMMUYECKOA OYUCTKON O0-
CTUraeTcsi yMeHbLLEeHNe HepacTBOpPUMbIX npumMecen o 95% [1-3].

OfHUM 13 OCHOBHBIX HanpaeneHni paboTbl MO OXpaHe BOAHbLIX Pecyp-
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COB SIBMSIETCS BHEOPEHME HOBbIX TEXHONOMMYECKUX NPOL,ECCOB NMPOM3BOA-
CTBa, Nepexos Ha 3aMKHyTble (6eCCTOYHbIE) LUKIbl BOAOCHAOXeEHWS, rae
OYMLLEHHbIE CTOYHbIE BOAbI HE COpachIBaOTCHA, @ MHOFOKPaTHO UCNOSb3Y-
OTCS1 B TEXHOJOTMYECKMX NpoLeccax. 3amMKHYTbIe LUKITbl MPOMBbILLNIEHHOMO
BOLOCHabXeHnsa AagyT BO3MOXHOCTb MOSIHOCTbIO NMMKBMAMPOBaThL cbpa-
CblBaeMble CTOYHbIX BOJ B MOBEPXHOCTHbIE BOAOEMbI, @ CBEXYO BOAY UC-
nonb30BaTh AN NononHeHns 6e3B03BpaTHbIX NoTepsb [4-5].

B ropHo-meTannyprm4eckon npoMbILLIIEHHOCTU HaMeyeHo Gornee Lwiu-
pPOKOe BHeApPEHNE MANOOTXOAHbIX Y 6E€30TXOAHbIX TEXHONOMMYECKMX NPo-
LeccoB, AaloWmx HanbonbLUnn akonormdecknin addgekT. bonbluoe BHU-
MaHve yaensieTcs NoBbIeHN0 3PEKTUBHOCTM O4YUCTKM MPON3BOACTBEH-
HbIX CTOYHbIX BOA. CyLLecTBEHHOe BNusHME Ha NoBbilleHne BogoobopoTa
MOXET OKa3aTb BHeAPEHME BbICOKOIMEKTMBHBIX METOLOB OUYUCTKM CTOY-
HbIX BOA, B YACTHOCTU PU3UKO-XMMUNYECKNX, U3 KOTOPbIX OQHUM 13 Hanbo-
nee 3dEKTMBHbIX SBMSAETCA NPUMEHEHNE peareHToB.

VMcnonb3oBaHne peareHTHOro MeToda OYUCTKM MPOU3BOLCTBEHHbLIX
CTOYHbIX BOA, HE 3aBMCUT OT TOKCUYHOCTM MPUCYTCTBYIOLLUX MPUMECEN
[6-10], 4TO NO CcpaBHEHUIO CO CMOCOOOM BUOXMMMYECKON OUYMCTKN MMEeT
CYLLIECTBEHHOE 3HAYEHME.

KomnnekcoobpasoBaTens Mapku meTancopb Ons ocaxgeHusi MOHOB
TSDKENbIX METanNoB, HAXoasaLWKNXcsa B MoHHoN dhopme [11] B xugkon ase
CTOYHbIX BoA. B gaHHOM cnyyae komnnekcoobpasytoLas rpynna cogep-
XWUT cynbduna, KoTopasi XMMUYECKU MPUBMTA HA OPraHNYeCcKyo MOSIEKYITY.
OpraHomMeTannmnyeckoe ocaxgeHne OTHOCUTCS K CTPYKType o6pa3oBaHus
XJ0MNbEB.

Metalsorb acpdekTnBeH ¢ bonbLumm psaomM MeTans 0B u OAHOBPEMEHHO
yoansiet pasnuyHble KoMOuHauumn Tskenbix metannos Cuna Komnekco-
o6pa3zoBaHusa auTMokapbamaTHbIX rpynn No3BOMSET HaNpPsAMy ocaguTb
CBSI3aHHbIE B KOMMMEKCbl MeTansbl. XMMWUYECKN YCTOMYMBBIN OCadoK He
BblOENAET BTOPUYHBIE 3arpsi3HeHust. [onMMepHbIN peareHT NpyMeHseTcs
B WMpOokKnx obnactax pH (B ocHoBHOM B obnactu 3-10) u Temnepartyp.

MeToapl ¢ ucnonb3oBaHueM cynbgarta unu xnopuga xenesa (l11) npu
OCaXXAEHUM MblllbsiKa Hauboree OeléBbl, AOCTAaTOYHO 3M(EKTUBHEI,
No4AalTCsa KOHTPOIO 1 ynpasreHnto. OHM B GonbLUMHCTBE cryyYaeB obe-
CMeYmBaloT OYMUCTKY CTOYHbIX BOA OO CaHUTapHbIX HOPM U YOOBNETBOPU-
TenbHble CBOMCTBA TBEPAbIX OCAAKOB MPU XPaHEHNN.

[octaTovHo rnybokasi o4MCTKa KACTbIX PaCTBOPOB OT MblLUbsKa JOCTU-
raeTca npu rmaporiMTUYECKOM COOCaXKAEHUM €ro C TpeXBareHTHbIM e-
nesom. lNpakTnyeckn nocrne oAHO CTaaUMHON rMOPOSNIMTUYECKON OYUCTKU
(60-80°C, pH = 3-8) nony4yatoT pactBopbl, cogepxawme O-5 mr/am?® As.
Mpun coveTaHun onepaunii U3BECTKOBAHNUS U OCaXOEHWS apceHaTa xere-
3a 1 MPOBEAEHUN MHOTOCTaAUAHON O4YUCTKN B PAAE CITy4aeB yoaeTCs CHU-
3UTb copepXkaHue Mbllwbsika B pacTteope go 0,01-0,03 mr/gme. Odpdek-
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TUBHOCTb OCaXXAEHNS Mblwbsika Bbiwe 99,9% MOXeT ObITb JOCTUIHYTa Npu
NPUMEHEHNN METOAOB OXITAXAEHNS MbllLbsAKa C hochaTamm, SKCTpaKkuuum,
copbuunm n ap. Onsa ounctkm 6GonblumMx 06bLEMOB BOAbI, COAEPKALLEN 3Ha-
YNTENbHOE KOMNMYECTBO MblLUbSIKA, NPaKTUYECKOE 3HAYEHNE UMEET METOS
XUMWYECKOTO OCaXKOEHWSI B BUAE TPYAHO pacTBOPMMbIX COEAMHEHUN, Ha-
npumMep B hOpMe apCEHNTOB 1 apCeHaTOB KarbLKs.

Ona ounctkm Gonblumnx 00bLEMOB BOAbI, COAEpKaLLeN 3HAaUNTENBHOE
KONMUMYECTBO MbILbsKA, NPAKTUYECKOE 3HAYEHWE MMeEET METOA XUMUude-
CKOro ocaxgeHus B Buae TpyaHO pacTBOPUMbIX COEAMHEHUIA, HAaNpuvep B
bOopMe apCEHUTOB N apCeHaTOB KanbLuusi.

O6LEeNPUHATBEIM METOLOM OYMCTKU B HACTOSILLLEE BPEMS ABNSIETCS U3-
BeCTKOBbIA. OH MPOCT, HO MMEET CyLLeCTBEHHbIE HeJoCTaTku. Bo-nepBbix,
MbILLIbSAK OCa)KAAETCsl HEMOJTHO M OCTaTOYHbIE KOHLIEHTpauMu ero B pac-
TBOPE MHOrga BO MHOMO pa3 NpeBbIllaloT CaHUTapHY0 HOpMY. Bo-BTOpbIX,
npv ANUTENBHOM XpaHeHUM U3BECTKOBbIX 0CaAKOB NMPOUCXOOUT 3arpsiaHe-
HME MbILLbSKOM MPUPOAHLIX BOA.

Ha 3onotoussnekatwowen dabpuke AO «Altyntau Kokshetau» npo-
OGreMHbIM BOMPOCOM SBNSAETCA HakomnrieHne obbéMa BoAHOM hasbl B
XBOCTOXpaHUnuLe copoumn.

XBocToxpaHunuLle copbunm pasgerneHo Ha Tpu kapTbl. B kaxkgon kap-
Te cocpefoTOMeHO onpeaenéHHoe KonmM4ecTBO BoAbl U TBEPOOrO.

B HacTosiLLlee BpeMs OCYLLECTBISIETCS COCPEeOTOYEHHbIM cOpOC XBO-
CTOB cOpOLIMM TOMBKO B TPETHLIO KapTy, FAe MPOUCXOOUT HAKOMIEHNE TBEP-
pon asbl, B kKaptax Ne1 n Ne2 akkymynupyetca BogHas ¢asa. Llenbto
pa3ferieHns XBOCTOXpaHMmLLa copbumm Ha KapTbl SBNSANOCL: OTCTanBa-
HVe Xuakonm dasbl OT TBEPAbIX B3BELUEHHbIX BeLlecTB U 060co6rieHHoe
CKknaampoBaHue TBEPAOM hasbl B KapTax.

O6BEM HaKOMEHHON BOAbI C BLICOKMM COAEPKAHUEM LiaHng - MOHOB
N NOHOB MblLLbSIKA SIBMSETCHA KPUTUYHBIM, YTO MOXET NPUBECTY K 3KONOr-
yeckum npobremam n npobremam NPombILLIEHHON 6e3onacHoOCTH.

HakonneHHas Boga B XBOCTOXpaHUNULLLE copbummn — 370 dhakTop, Ko-
TOPbIN MOXET SIBUTbCS NPUYNHON NopbiBa 4ambbl XBOCTOXPaHMIMLLA COp-
OUUM 1 NPMBECTU K SKOJTOIMYECKOM KaTacTpode, Tak Kak CKOpoCTb ucnape-
HUS XNOKOW hasbl C MOBEPXHOCTM XBOCTOXpaHUnuLLa copoumm mMeHbLue,
YeM KONMMYeCcTBO MOCTynaroLLen Nynbbl, HAbNI4AETCs MOCTENEHHOE yBe-
NNYEHNE YPOBHSI, a8 XBOCTOXPaHMUIMLLE cOpOLUN MO BbICOTHBIM OTMETKaM
HaxoAMTCSa Ha OOHOM YPOBHE C MPYAOM XBOCTOXpaHuUnmwa droTtaumm.

Lenb uccnegoBaHUM - CHMXeHMe OObEMA HaKOMMEeHHOM BOAbl B
xBocToxpaHunuile copbuun 3N «ATK», ncknioveHne prcka akonormye-
CKOW KaTacTpodbl NPy BO3MOXHOM pa3mMbiBe AaMbbl XBOCTOXpaHUMNMLLA,
B CIMBE KOTOPOro OTMEYaeTCsi BbICOKOE CBEPXHOPMATMBHOE COAEPKaHNe
BpeOHbIX KOMMOHEHTOB B TOM Y/CIE MbilbsAKA U LnaH-MOHOB C BO3MOX-
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HOCTbH MCMOMb30BaHUS OYMLLEHHON BOAHOM ha3sbl B kadecTBe 060pOTHOM
BOAbI.

MeToabl uccnepgoBaHui. JlabopaTopHble UccrnegoBaHmsa s nogoo-
pa peareHTOB-OKUCIIUTENEN NS KOPPEKTUPOBKN BOA4bI OO HEWTParbHbIX
3HaveHun pH n mapku komnrekcoobpasoBaTensa Ofs OYUCTKM BOLHON
drasbl CriMBa XBOCTOXpaHUNMLLa copoLmm NpOM3BOAMTCS B IMTPOBbLIX Ln-
nuHApax no ctaHaapTHoW meToauke. Nocne 3amepoB pH npu HenTpanb-
HbIX 3Ha4YeHMsIX BBOAMTCS YCTAHOBMEHHOE KONMYECTBO oOnpeaerieHHow
mMapkn MeTancopba 1 nepemMeLlMBaeTCsi C MOMOLLbIO LUTOKOBOW MeLuar-
kn. Yepes 30 MuH. pasgeneHuns gas xugkyto dasy oTunbTPOBbLIBAKOT U
HanpaBnslT HAa XMMUYECKUIA aHanu3 4518 onpeferieHnsl cogepxaHusi oc-
HOBHbIX 3arpsi3HSIIOLLMX BELLECTB.

[ns npoBefeHusi MNPOMbILLIIEHHbIX WCMbITAHUI MNpPOBedeH pacyeT
06opynoBaHNs AN OYUCTKU CrvMBa OKUCIMTENBHOMO MpyAa M3 pacyeta
300 m3/yac ¥ HanpaBneHWst OOOYMLLEHHOM BOAbl B KaHan nuUTaHus
XBOCTOXpaHunuwa drnotaumm — UCTOYHUKA OOOpoTHOM Boga oboraTtu-
TenbHoM habpukm.

Pe3synbTaTtbl NabopaTopHbIX uccrnegoBaHum. [1na pa3paboTku Tex-
HOJTOrMYECKOro pernameHTa no 4OOYMCTKE BOAHOM dhasbl XBOCTOXPaHUMIU-
Wwa copbunn HeobXo0aANMO LONONHUTENBHO NPOBECTN TECTUPOBAHME pas-
NNYHBIX pacxofoB Anst Bblbopa onNTMMarnbHOro 403MPOBaHUS peareHToB
NPy MMHUMAsbHbIX 3HAYEHUAX 3arpsA3HSAOLLMX BELLECTB.

B nepBoit cepun onbiToB (TecTbl 2-9) Ha 1 am®BBOAMAM 1,0 Mn 12,5%
BOOHbIN pactBop FeSO, n nepemewmsanu co BceM 06bemMOM BOAbI.
MpeaBapuTenbHO ObINO YCTAHOBIIEHO, YTO 3TO KONMYECTBO SIBIISIETCA MU-
HMMarbHbLIM ONTUMAasIbHBLIM pacxofoM ANns co3aaHus Tpebyemoro pH ans
KOHTaKTa ¢ BBOAMMbIM MeTancopbom n obpasoBaHue ocazka, BKIoYako-
LLIero 3arpsAsHsoLLMe BeLLeCTBa U3 BOLHOM dhasbl.

3aTtem [o3upoBanuch pa3nuyHbie pacxodbl MeTancopba, 3amepsanvcb
pH 1 yepes 25 MuH. 0TCTOEB M onpeaensancs obbem obpa3oBaHHbIX Ocaf-
KOB.

PesynbTaThl NpoBeAeHHbIX 3KCNEPUMEHTOB NpuUBeAeHbl Ha pUCyHKe 1
1 B Tabnuue 1.
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TECT2 TECT3 TECT4 TECTS5 ECT6 TECT7 TECT8 TECT9

Pacxog MS,mn/gm®

0,1 0,2 0,3 0,4 0,5 0,7 0,8 1,0
PucyHok 1 - MNMpoBeaeHne nccnegoBaHuii Mo OMUCTKE CrimBa X/X copbumm npu
nogave 12,5% pactBopa okucnutens B konuyectse 1,0 M 1 pasnuyHbix
pacxopoB MeTtancopba

TECT 11 TECT 12 TECT 13 TECT 14 TECT 15 TECT 16 TECT 17 TECT 18

B T

X o e

F]

Pacxog MS,mn/gm®

0,1 0,2 0,3 0,4 0,5 0,7 0,8 1,0
PucyHok 2 - NpoBegeHne nccnegoBaHnii No O4UCTKE CrimBa X/X copoumm
npv nogave pasnuyHbix pacxogos Metancop6a u 1,0 mn 12,5% pacteopa
okucnuTens
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HanomnHaeMm, 4YTO OCHOBHOM 3agayven Obifio CHMDKEHUE COoOepXKaHUs
pPacCTBOPEHHbIX MOHOB MblLLbsiKa — OCHOBHOIO TOKCUYHOIO 3arpsidHatoLLe-
ro BellecTBa B BOOHON hase XBOCTOB copOumu. AHanuaupysa pesyrnbTta-
Tbl XMMUYECKOIO aHanu3a onbITOB, NOKa3bIBAET, YTO NPU OYUCTKE CTOKOB
XBOCTOXpaHunma copbunm npeanoxeHHast TEXHOMNOMMST O4YUCTKN MO3BO-
nget npaktuyeckn 0o 99% CHU3NTb KONMMYECTBO PACTBOPEHHBLIX WOHOB
MbILLbSIKA, MPUYEeM NocreoBaTeNbHOCTb NoJayvn peareHToB nmeeTt 60onb-
LLOe 3Ha4YeHune.

MpuBegeHHble pesynbTaTbl MNOKa3blBAT, YTO NpWU A03MPOBaHUU
1,0 mn/am® 12,5% FeSO, n Metancopba B konmyectse 0,5 mn/am® nme-
HO B TakoM MOpPsiAKE MO3BOJSISIET MCKMOUUTL COOEpXKaHMe MOHOB Meawm,
TOKCUYHbIX LMaHNOO0B M CHU3UTb NoKasaTenu OCTalbHbIX 3arps3HsIoLLnX
BELLIECTB.

MpoBeaeHne oNbITHO-NMPOMbILWSIEHHbIX UCMbITAaHUA. DTN NoKasaTe-
NV Npegnaraemon TEXHOMNOMMM Nerny B OCHOBY pa3paboTKy TEXHOOrnYe-
CKOro pernamMeHTa ansi O4MCTKU

250,0 mM34 npu NpoBeAeHUN OMbITHO-MPOMBILLIIEHHBIX UCMbITAHUIA U
BO3MOXHOCTMK cbpoca B MMTaHMe XBOCTOXpaHunuLla pnotaumm ons yee-
nnYyeHnst KonmyecTsa o60poTHOM Bodbl Ha habpuky ATK.

npya-
HakonuTens
oMMIEHHOrD.

Cane
XEOCTOXpAHWINLLE
‘copBumum

PucyHok 1.ANNapaTypHan cXema CXema ONMCTKM CAMBa XBOCTOXPaH uaMwa copbumm

PucyHok 3 — AnnapaTtypHas cxema O4MCTKU CrMBa XBOCTOXpaHUNuLLa copbumm

Ha pucyHke 3 npepcrtaBneHa annapaTypHasi cxema OYMCTKM BOLHON
(hasbl XBOCTOXpaHMnuLLa copbLmm.

B kayectBe OKMCIMTENS MPUMEHSNCA PaCTBOP XKENEe3HOro Kynopoca
15%-Hon KoHUeHTpaummn (1 CTyneHb OYUCTKU) U MOMMMEPHbIA peareHT -
KomnsiekcoobpasoBaTenb MOHOB TsXKEMbIX MeTannoB Metalsorb (BTopas
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CTyMeHb) B BUAe BOAHOIO pacTBopa, roTOBbIN K ynoTpebneHuto, He Tpeby-
eT npeaBapuTenbHOro pasbaBreHns 1 OOMNONHUTENbHOrO 060pyA0BaHNS
ONS NPUrOTOBIEHMS.

OnbITHO-NPOMBILLNIEHHAA YCTAHOBKA OYUCTKM CrMBa XBOCTOXPaHWUIU-
La copbumnmn cocTonT 13 YeTbIPEX NapansiefibHO YCTAHOBIIEHHbBIX KOMOHH.
O6BEM Kaxxgoi KonoHHbI cocTaenseT 5me. BogHas dpasa xBocToxpaHu-
niwa copbunmn nepekaymBancs HacocaMmu HeMmoCPeACTBEHHO M3 Mpyaa B
konoHHy Ne1. B aTy e konoHHy (Ne1) 6binia opraHu3oBaHa nogaya pac-
TBOpa xenesHoro kynopoca 15,0%-Hoi KOHUEeHTpauun, 1 B KorioHHy Ne3
nogasarsncs nonvMMepHbln peareHT Metalsorb B ycTaHOBMEHHbIX pacxogax
Yyepes Hacochl- 403aTopbl.

MonHoCThIO ounLLEHHast BogHasi ha3a XxBocToxpaHunuiia copbumm no-
cTynana B nNpya-OTCTOMHWMK C NOCreayoLent TPaHCNOPTMPOBKON MO BOA-
HOMY KaHany B NUTaHMe XBOCTOXpaHuUnuLLa dpriotauum.

B Tabnuue 2 npepctaBneHbl pesynbTaTbhl 3dEKTUBHOCTA OYUCTKU
BOZHOM ha3bl XBOCTOXpaHunuLia copbumm.

Ta6bnuua 2 - Pe3ynbTaTthl 3hheKTUBHOCTM OYUCTKU BOAHOM hasbl
XBOCTOXpaHunuuia copouum

CopepkaHue 3arpA3HSALWMX BELLeCcTB,

HaumeHoBaHue mr/gm3

Cu [ As | CN o6uwwii
0o ouncTku

VicxogHbIN CnvB XBOCTOXPaHUAn-

wa copbuum 5,54 20,27 0,81

Mocne ouncTkn cynbdaTtom xernesa

Mocrne 06paboTkn pacTBOpOM xe-

ne3Horo Kynopoca 2,0 25 0,37
Mocne ouncTku cynbgaTtom xenesa u
Metalsorb

OuuieHHas BogHas dasa nepep 092 164 036
cbpocom B Npya-OTCTONHUK ’ ’ ’

O PEeKTUBHOCTb OUUCTKM

¢ FeSO,, % 63,89 87,66 54,32

A heKTUBHOCTb OUMCTKHU 83,48 91,90 55,60

FeSO,. Metalsorb FZ, %

O6cyxaeHne pesynbTatoB. OCHOBHLIM MPENMYLLECTBOM NPUMeEHe-
HUS nNpegnaraeMo TEXHOMOrMM OYUCTKN BOAHOW (ha3bl XBOCTOXPAHUIIK-
La copbumm SiBnsieTca BO3MOXHOCTb MakCUMaribHO CHU3UTb coaepKaHune
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OCHOBHbIX 3arpsi3HAOLLMX BELLLECTB C NoKasaTensMu HXKe, Yem B 060poT-
HoM BoAe, nocTtynatwulen Ha O ATK.

CrepyeT OTMETUTb, YTO TEXHOMOrMS paboTaeT B NOTOKE HE3ABMCUMO
oT ob6bema ouunLlaemor BOAHOW dasbl B Yac. OTOT NOSIOXUTENbHBIN 3dh-
deKT NO3BOMNSIET YCKOPUTbL COPOC CrnMBa XBOCTOXpaHunuLia copbunm ans
CHWXXEHWST Harpy3KkM Ha nokasaTesniv SKOnormy4eckon obcTtaHoBKM paboThbl
OaHHOro obbekTa.

MonumepHblie peareHTbl knacca MeTtancop6 cogepxaT nopsagka 10
MoAMdUKALMIA, KOTOPbIE UCMIONBb3YKTCS A5 NEPEBOAA NOHOB TSXKENbIX U
/vinn gpyrnx MeTannoB B 0Cafku. TonbKo 6rnarogaps TeCTMpOBaHMIO BCEX
MapoK 6bIn Nogo6paH NONIMMEPHbIV PpeareHT, KOTOPbI MakCUMarnbHO O4K-
LLIaeT CNMB XBOCTOXPaHUULLLA copbumm OT MOHOB MblLLbsiKa U LNaHNOOB.

BeiBoa. [poBeneHbl 4ONONHMUTENBbHbIE NabopaTopHbIe CCeAoBaHMs
no onpegerieHno oNTUMarbHbIX PACXO40B peareHToB 41151 O4MCTKN CrivuBa
XBOCTOXpaHunua copbuun. B pesynbtaTe aKkCneprMeHTOB YCTaHOBIIEHO,
YTO NyyLlne pesynbTaTthbl MO OYNCTKE BOAHOM (hasbl OT PaCTBOPEHHbBIX NO-
HOB MbILLbSIKA U LMaHNO0B OCTUrAOTCA NPU JO03NPOBAHUN OKUCINTENS B
Buae 12,5% pacteopa FeSO, B konuyectse 1,0 — 1,5 mn/am® npu cosaa-
HumM pH Ha ypoBHe 7,2-7,5 1 nocrieayrowen nogade Metalsorb Ha ypoBHe
0,5 mn/om3.

B o6beme 130 nutpoB npoBenu 06paboTky peareHTaMmu 1 B COOTBET-
CTBUM C YCTaAHOBIIEHHbIMM pacxofamu Obin 0bpasoBaH 0Cadok B KOnmye-
ctBe 53,0 rp. Mo pesynbTaTam 3KCNpecc-aHann3oB YCTaHOBJIEHO, YTO B
obpasoBaBLUEMCS OCafke copep)kaHue 3oroTta coctaBnset 52,41 r/r
KOHUeHTpaTa. B pesynbtaTe npoBeAeHHbIX 3KCNEPUMEHTOB NOATBEPXKAE-
Ha BO3MOXHOCTb JOMU3BrieyeHns 3omnoTta u3 obpasoBaBLUerocs ocagka u
crnedyeT NpOOOSPKUTL UCCIEAOBaHUSA C y4eTOM OWCMEPCUMOHHOW Xapak-
TEPUCTMKN OCagka B LAHHOM TexHonormn. Ha ocHOBaHWM NpoBeAeHHbIX
nabopaTopHbIX U OMbITHO-NPOMbILLIIEHHBIX UCMbITAHUA B TEYEHUN 3 MeCSs-
LueB noaTeepxaeHa aPPEKTUBHOCTb pa3paboTaHHON TEXHOMOMMU O4YUCT-
KN CITMBOB XBOCTOXPaHMnumLia copbumm OT OCHOBHbIX 3arpsA3HsIOLLNX BE-
LecTB go TpebyeMbix 3Ha4YeHUI NO3BONUT yBENUYMTL 06BbEM 060POTHOM
BOAbl, MOCTYNaKLen Ha oboratuTensbHyo Gabpuky.

Crepyet o6paTnTh BHUMaHWE Ha 3HAYUTENbHOE CHMXKEHNE PACTBOPEH-
HbIX MOHOB Cepbl, T.K. B BbIMaBLUEM ocagke npu obpaboTke cynbdaTtom
xenesa n npeanpusituem Metancopb cogepxxaHvue Bo3pacTaeT npakTu-
Yyecku B 12 pas, 4YTo NONOXMTENbHO CKaXKeTCsa Ha npouecce copbumn. Pas-
paboTtaH u npegocTaeneH Kk obcyxaeHnto TexHonornyeckun PernameHt
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Ha OYMCTKY HaKOMMEHHON BOAbl XBOCTOXpaHunuwia copbumm Ha 3P AO
«Altyntau Kokshetau» oT MOHOB MbIlWbsiKa U LaHmuaa.

UcTouHuk chmHaHcnpoBaHua uccnegoBaHui. PaboTa BbiMonHeHa Ha OCHO-
BaHUN (PUHAHCUPOBAHUS YTBEPXOEHHbIX exeroAHblx NnaHos nposeaeHus HUP
ansa npegnpuatnii TOO «KasumHk».
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Bacunesckasa 0.®.", Bacunesckasa E.O.", BaxwsH A.N."
TOO «Monudnokcy», Anvatel, KasakcTtaH

COPBLUA KANObIK KOAMACbIHbIH C¥MbIK ®A3ACbIH MbILbAK MNEH
UMAHUOTEPOEH TA3APTY TEXHOJIOITMACBIH 93IPNEY

Tyninpeme. Copbumsi kangblk KOMMACbIHbIH, — afbl30acbiH  TasapTy  YLiH
peareHTTEpPAiH OHTalNbl LWbIFbIHAAPLIH aHblkTay OolblHWA  3epTxaHansbik,
3epTTeynep Xypridingi. MblWbak neH unaHuaTepdiH epireH MoHAapblHaH cy
(pasacblH TasapTyAblH €H XaKCbl HOTUXeNepiHe TOTbIKThIpFbIWTLI 1,0—1,5 mn/gm?
mernwepiHae 12,5% FeSO, epiTiHaici TypiHAe posanay kesiHge pH 7,2-7,5
AeHreiiiHae Kypy xoHe Metalsorb FZ 0,5 mn/om® penreiivge 6epy kesiHoe Kon
KEeTKI3iNeTiHi aHbIKTanabl.

AnblHFaH WeriHaigeH anTblHAblI KOCbIMLLA any MyMKiHAir pactangbl. dnotauus
Kanablk koimacbkiHa 1am*/m® menwepiiae 15% FeSO, epiTiHaiciMeH afbi3y yiiH
aFblHObIHBI ©HAEreHHEH KemiH Cy (hasacbiHblH, TYCKE €HETiHi aHblKTanabl. Temip
cynbdaTblHbIH, WhIFbIHLIH 1,0-aeH 3,0 Mn/gm® -ke AeniH e3repTe OThbIpbIN, CyaAblH
TYCiH e3repTy GoWblHWLA 3KCNEPUMEHTTEP XYPrisingi. MbIWbAKTbIH, Kypambl Tek
FeSO, eHaeyneH keiiiH 6 ece, Temip 4 ece apTafibl AETeH KOPbITbIHABI Xacanibl.
«Altyntau Kokshetau» AK anTbiH LWbiFapaTbiH 3aybiTbiHa MbILbSAK MEH LMaHng
MoHAapblHaH copbumsa Kangplk KOMMAacbIHbIH JKUHaKTanFaH CybliH TasapTyfFa
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apHanFaH TexHONOrusnbIK pernaMeHT 93iprieHdi KoHe Tankbinayfa YCbiHbIAbI.
¥cblHbINFaH HaTxenep copbumsi Kanablk KOMMAacblHbIH, CyMblK dasacbiHaa
MbILWbSAK MEH UMaHWA KOCbIIbICTAPbIHbIH  3UsHObI  KocnanapbiH - asanTyablH
TEXHONMOTUANbIK MyMKiHAIMH kepceTTi. Copbuuns Kanablk KOMMachiHbIH aFbi36acbIH
MbILbSAK NEH UMaHuaTepAeH Ta3apTyablH TEeXHOMOMUAMbIK CXEMAachl YCbIHbIMFaH.
¥CbIHbINFAH peareHTTEPMEH >KyMbIC iCTey Ke3iHOe arFbi3baHbl TasapTyablH
TEXHOMOMMANbIK MPOLECIH Bakpinay »oHe TexHuKanblK Kayincisgik LapTrapbl
KapacTblpblnagpi.

TyniHai cespep: copbums KangblkTap KoMMmacblHbIH afbi3banapbl, arbi3da
CynapblH 3anarncbi3gaHablpy, MbIWbsK MEeH UWMaHWATEH TasapTy, MeTtanncopo,
nactaylubl 3aTTap, Kanablk KOMMacbIHbIH, CynapbiH Ta3apTy, anTbiHAbl KOChIMLLA
eHzipy.

Vasilevskaya O.F. ', Vasilevskaya E.O. ', Bakhshyan A.l. '
TLLP «Poliflox», Almaty c., Kazakhstan

DEVELOPMENT OF A TECHNOLOGY FOR PURIFYING THE LIQUID PHASE
OF A TAILINGS STORAGE FACILITY FROM ARSENIC AND CYANIDES

Abstract. Laboratory studies were conducted to determine the optimal reagent
dosages for the treatment of effluent from the tailings storage facility via sorp-
tion. It was established that the best results for the removal of dissolved arsenic
ions and cyanides from the aqueous phase are achieved by dosing an oxidizing
agent in the form of a 12.5% solution of FeSO, at a rate of 1.0-1.5 ml/dm?, while
maintaining a pH level between 7.2 and 7.5, followed by the application of Met-
alsorb FZ at a dosage of 0.5 ml/dm?. The feasibility of recovering gold from the
resultant precipitate was confirmed. It was observed that after treatment of the
effluent for discharge into the flotation tailings storage facility with a 15% solution
of FeSO, at a rate of 1 dm®m?, the aqueous phase acquired color. Experiments
were conducted to assess the variation in water color in relation to the dosage
of iron sulfate, ranging from 1.0 to 3.0 ml/dm3. It was concluded that the concen-
tration of arsenic after treatment solely with FeSO, increases sixfold, while the
concentration of iron rises fourfold. A Technological Regulation for the treatment
of accumulated water from the sorption tailings storage facility at JSC “Altyntau
Kokshetau” has been developed and presented for discussion. The results pro-
vided demonstrate the technological feasibility of reducing harmful impurities,
specifically arsenic and cyanide compounds, in the liquid phase of the sorption
tailings storage. A technological scheme for the purification of arsenic and cya-
nides from the effluent of the sorption tailings storage has been proposed. The
control of the technological process for the treatment of the effluent and the safe-
ty conditions when working with the proposed reagents have been examined.
Keywords: tailings dump discharges, sorption, disinfection of discharge waters,
purification from arsenic and cyanide, metalsorb, pollutants, purification of tailings
dump waters, additional gold extraction.
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«THE MARTIAN» AND ROMAN LAW

Abstract. The article examines the role of Roman law in the development of
space law in the Republic of Kazakhstan. Despite the fact that Kazakhstan has rat-
ified the main international agreements in the field of peaceful exploration of outer
space, a huge number of legal problems of a theoretical and practical nature in the
field of space law remain unresolved. Of particular importance in space law, is the
question of the legal regime of space objects (Mars and other celestial bodies):
what regime of property rights applies to celestial bodies; what is the procedure for
extracting resources from celestial bodies and the procedure for their appropria-
tion? Particular attention is paid to issues of legal regulation of celestial bodies and
problems of determining their legal regime (if they cannot be objects of property
rights, what regime of property rights applies to them?). Throughout the ongoing
examination, sources of Roman law whose categories and legal constructs may
play a significant role in resolving current issues in space law are considered. Par-
ticular attention is paid to the legal category res communes omnium, developed
by the eminent Roman jurist Martianus. According to many jurists, the category
of res communes omnium is directly enshrined in international agreements on the
exploration of outer space. However, there are theoretical and practical problems
in implementing the category of res communes omnium in the field of space law.
Since the above problem is theoretical in nature, scientific works in the field of
Roman law that directly address the topic of our research will undoubtedly help to

shed light on this issue.
Keywords: space law, Roman private law, res communes omnium, Mars, celestial
bodies, property law, Roman jurists.

Introduction. In 2015, Ridley Scott’'s famous film The Martian, based
on Andy Weir's book of the same name, was released worldwide. The
film is about an astronaut named Mark Watney who is left alone on Mars,
whose training and ingenuity help him survive until a new group of as-
tronauts arrives. However, what does The Martian have to do with legal
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science and Roman law? The fact is that the film touched on legal issues,
in particular, issues of space law.

First, in one of the episodes of the film, Mark Watney discusses the
application of space law on Mars. In this case, he mentions Article 2 of the
Treaty on Principles Governing the Activities of States in the Exploration
and Use of Outer Space, including the Moon and Other Celestial Bod-
ies, which establishes the principle of non-appropriation of outer space by
states and private individuals. Then, according to the film’s script, Mark
Watney was supposed to arrive at the Schiaparelli crater, where the Mars
Ascent Vehicle (MAV) was located, which he was supposed to use to as-
cend to the Hermes spacecraft. Since the territory of Mars is not subject to
national appropriation, and Mark Watney was not granted the right to ap-
propriate the MAV, Mark Watney justly considered himself a space pirate
who had captured a spacecraft in international waters.

Furthermore, as we know, in the film Mark Watney was engaged in
mining (he used Martian soil to grow crops and the Martian atmosphere to
produce fuel) and conducted scientific research by collecting various sam-
ples of Martian soil. The above episode in the film raises an interesting
question: what legal regime applies to resources extracted from celestial
bodies if the latter are not subject to national appropriation? In our study,
we will try to answer this question.

Second, despite the film’s happy ending, Ridley Scott’s picture raises
an interesting question for our legal science: what legal regime applies to
Mars and other celestial bodies? Are there legal constructs that allow for
the lawful appropriation of resources extracted from celestial bodies that
are not subject to national or private appropriation? What forms of owner-
ship legitimise the right of future colonists of celestial bodies (Mars) to use
the natural resources of celestial bodies?

To answer the above questions, we will not only conduct a brief analy-
sis of the main sources of space law, but also refer to Roman law.

Nevertheless, how does Roman law relate to the topic under consider-
ation? The point is that Roman law contains legal categories that can clar-
ify the legal regime of Mars and other celestial bodies. This most impor-
tant category is res communes omnium, enshrined in many international
agreements in the field of space exploration. Thus, for a more accurate
study of the topic of this article, we shall make some clarifications: it is
very important to distinguish between such concepts as objects of space
law (which include spacecraft, space vehicles, etc.), areas of outer space
(geostationary orbit, libration points) and celestial bodies (Mars, asteroids,
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stars, planets). These are different objects of legal regulation that deserve
separate scientific analysis.

Therefore, this article will examine issues related to the legal regime
of celestial bodies (using Mars as an example) that are important for the
economic and technological progress of humanity. Issues related to the
legal regime of Mars and the legal regulation of mineral extraction shall be
examined using Roman law.

Purpose of the study — clarification of the concept of res communes
omnium, which is of great importance for the effective determination of the
legal status of Mars and other celestial bodies, as well as the development
of effective legal mechanisms for regulating public relations in the field of
exploration of Mars and other celestial bodies.

To achieve this goal, the following tasks are set:

1. Establish the potential possibility of extending the concept of res
communes omnium, as understood in Roman law, to outer space and
celestial bodies;

2. Identify problematic issues in the application of res communes om-
nium to Mars and other celestial bodies;

3. To consider the existence of legal constructs capable of legalising
the extraction and appropriation of minerals on Mars and other celestial
bodies.

Research methods. The study methods include the application of
general scientific and specific cognition method. The main cognition meth-
od used in the article is formal-legal, which includes the analysis of norma-
tive legal acts in the field of space law, as well as sources that are directly
related to our topic.

In the course of the study, international agreements on the exploration of
outer space, scientific articles by domestic and foreign scientists, and works
by Roman law legislators relating to the subject of the study will be used.

Of particular importance for the study is an article by Leiden University
doctoral student Andrea Capurso entitled ‘The Non-Appropriation Princi-
pal,’ published in October 2018.

Study results and discussion of results. To begin the study, it was
necessary to have a general understanding of the planet Mars.

As the fourth planet in our solar system, the average distance between
Earth and Mars is 12.5 light minutes, with a maximum distance of 3 light
minutes and a minimum distance of 22 minutes. The period of Mars’ ro-
tation around its axis is 24 hours and 37 minutes, and a year there is 686
days (sol).
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Since Mars has virtually no atmosphere or magnetic field, the Red
Planet is devoid of flora and fauna. This means that future colonists will
not have access to many civil rights objects such as animals and water re-
sources, and land plots will have no value because it is impossible to grow
crops on them. It is worth noting that Mars’ subsoil contains minerals. For
example, the Red Planet’s subsoil contains deposits of water ice, copper,
iron, tungsten, rhenium, uranium and gold.

International space law prohibits the national appropriation of outer
space and celestial bodies, but does not specify the legal regime for the
subsoil of celestial bodies (in particular, Mars). With the colonisation of
the Red Planet and other celestial bodies, this issue will become very
relevant.

Thus, according to Professor S. Zh. Aidarbayev, the active economic
activity of the world’s leading countries in the exploration of outer space
necessitates the legal regulation of space activities [1, p. 134]. In this part,
we will add that the above issue should be studied from the point of view
of Roman law and civil law science, which shall determine the legal re-
gime of Mars, celestial bodies and extracted resources used to meet the
economic needs of states, and possibly for industry (in the distant future).

When studying the legal regime of Mars and other celestial bodies, we
shall rely on the scientific doctrines of Roman law and civil law science
and actively introduce them into international treaties that form a solid
legal foundation for the further peaceful exploration of space.

To prevent future legal conflicts in the exploration of Mars, the following
measures were envisaged: international agreements on the exploration of
outer space (Agreement Governing the Activities of States on the Moon
and Other Celestial Bodies, 1979) enshrine the principle of non-appropria-
tion of celestial bodies, and outstanding achievements in the field of space
exploration cannot be grounds for acquiring ownership rights to celestial
bodies (Mars) [2, p. 121]; Article 11 of the Agreement Governing the Activ-
ities of States on the Moon and Other Celestial Bodies (this international
document can be applied to Mars and other celestial bodies) declares all
natural resources of the Moon (Mars and other celestial bodies) to be ‘the
common heritage of mankind.’

This means that states do not acquire ownership rights to celestial
bodies when extracting minerals and placing scientific laboratories and
space stations on the surface of celestial bodies. However, paragraph 3 of
Article 11 of the Agreement Governing the Activities of States on the Moon
and Other Celestial Bodies, 1979, does not prohibit the appropriation of
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extracted resources that may be subject to property rights under civil law
principles. Thus, according to Professor V.M. Postyshey, this indicates
that states do not intend to prohibit the appropriation of extracted resourc-
es and, in particular, resources extracted on Mars may become objects of
property rights [3, p. 96].

The most important step in improving the legal regime of Mars and
other celestial bodies is the introduction of the term ‘common heritage of
mankind’ into international agreements on the exploration of outer space,
proposed by Argentine jurist A. Cocca in 1963. He proposed that outer
space be considered res communes humanitatis (the common heritage of
mankind). To justify his position, A. Cocca writes that the regime of Mars
and other celestial bodies has the same basis as the legal regime of the
seabed and oceans [4, p. 153]. Another Argentine jurist, M. Ferrera, writes
that Mars and other celestial bodies by their nature belong to no one —
res nullius — a new character of res communes humanitatis, which de-
termines the legality of the exploitation of natural resources on Mars and
other celestial bodies [5, p. 146].

From the theses of the above-mentioned scientists, it can be concluded
that human scientific research and resource extraction on Mars and other
celestial bodies will inevitably lead to the emergence of certain forms of
ownership of some areas of the Mars surface, and that resource extraction
and scientific study will lead to the creation of new forms of things (or intel-
lectual property objects) that will be appropriated by subjects of space law.

Consequently, a paradoxical situation arises that requires a theoreti-
cal and legal solution: international treaties on the peaceful exploration of
outer space enshrine the principle of non-appropriation of Mars and other
celestial bodies, but the peaceful exploration of space entails legal con-
sequences of a property law nature; Mars and other celestial bodies are
outside the scope of civil circulation, but in the future, resource extraction
work will be carried out on their surfaces; if Mars and other celestial bodies
cannot be objects of private and state ownership, then what property law
regime applies to the above-mentioned objects of space law?

How can this legal problem be resolved? To examine our question in
detail, we will use Roman law, which can answer the questions posed.
Therefore, in Roman law, there is a legal category that, in spirit and mean-
ing, corresponds to the provisions of Article Il of the Treaty on Principles
Governing the Activities of States in the Exploration and Use of Outer
Space, including the Moon and Other Celestial Bodies — this is res com-
munes omnium — things belonging to all mankind.
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In Roman law, things in the category of res communes omnium are
also not subject to alienation and cannot be objects of private or state
property. They are, as it were, in the use and disposal of all humanity
(omnium — all humanity).

An important fragment on the meaning of res communes omnium in
Roman law are the quotations from the Roman jurist Martian, reflected in
Title 8 of the Digest under the title «De divisione rerum et qualitate»:

D.1.8.2 (Marcianus 3 institutionum) pr. Quaedam naturali iure commu-
nia sunt omnium, quaedam universitatis, quaedam nullius, pleraque sin-
gulorum, quae variis ex causis cuique adquiruntur. 1. Et quidem naturali
iure omnium communia sunt illa: aer, aqua profluens, et mare, et per hoc
litora maris.

It is important to note that in this fragment, Martian lists objects of the
material world (running water, air, and the sea coast) that belong to res
communes omnium [6, p. 125]. However, Martian does not list the main
characteristics of the category of res communes omnium and does not
distinguish them from objects of state (public) property.

Despite the apparent incompleteness of the category of res communes
omnium in Martian’s works, the idea of the importance of res communes
omnium becomes relevant in the era of technological breakthroughs that
allow humanity to conquer space. Moreover, the most important issue in
the exploration of outer space is the problem of objects used in space
programmes [7, p. 18].

The concept of the importance of introducing the category of res com-
munes omnium into space law to determine the legal regime of Mars and
other celestial bodies is developed in a scientific article by Leiden Uni-
versity doctoral student Andrea Capurso entitled ‘The Non-Appropriation
Principal,’ published in October 2018. Capurso’s research focuses on cat-
egories of Roman law that are present in space law: a field of law that is
of paramount importance for international law and the law of the future.
Capurso’s main idea is that the Roman jurists’ theory of the existence of
res communes omnium can be applied to improve the legal regime of
Mars and other celestial bodies. Capurso is confident that the necessary
conceptual apparatus and mechanisms for regulating space law were de-
veloped by Roman jurisprudence. Therefore, we will now briefly examine
his main theses on the application of res communes omnium to the legal
regime of Mars and other celestial bodies.

In the first paragraph of his work, Capurso analyses the main objects of
the material world that are included in res communes omnium according
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to Roman law: air, running water, the sea, and the sea coast. Capurso
defines these objects as ‘out-of-the-world,” which has a similar meaning
in Roman jurisprudence. These objects were subject to the regulation of
the law of nations. To clarify the issue under consideration, Capurso offers
the following comparison: what was within the borders of the Roman state
can be considered planet Earth, and what is beyond the borders of the
Roman state is outer space. Therefore, the category of res communes
omnium can be applied to objects in outer space. This Roman category
shall become the foundation for the Corpus luris Spatialis.

Next, Capurso analyses the concept of ‘things’ and the system of ob-
jects in Roman private law. However, he finds no direct reference to things
from the category res communes omnium in the works of Gaius:

1.2.1 pr.: quaedam enim naturali iure communia sunt omnium, quaedam
publica, quaedam universitatis, quaedam nullius, pleraque singulorum,
quae variis ex causis ciuque adquiruntur.

In this fragment, we see that things are divided according to the princi-
ple of their ownership and order of use. Things that are more accessible
are res communes, while inaccessible things are res privatorum. Things
that are public property and objects of private property belong to a specific
entity — the owner; res nullius do not belong to any person but can be
appropriated. In addition, res communes omnium things are practically
ownerless and cannot be privatised or nationalised. That is, any legal enti-
ty (regardless of nationality or citizenship) has free access to these things
and has the right to use them without hindrance.

However, for a clearer understanding of the topic under study, we will
refer to another excerpt from Gaius’ Institutions:

1.2.1.1: Et quidem naturali iure communia sunt omnium haec: aer et
aqua profluens et mare et per hoc litora maris.

Here, Gaius writes that these objects (air, running water, the sea and
the seashore) could not be appropriated by other persons and were out-
side civil circulation. As for the seashore, everything depended on the
specific legal situation (ad hoc). Based on the above quotations from
Gaius’ Institutions, Capurso identifies the main characteristics of the cat-
egory of res communes omnium: free access to these objects; freedom
of their use and application; prohibition of their private and national ap-
propriation [8, p. 32]. Further, analysing the meaning and relationship of
the concept of celestial bodies and other objects in outer space with the
principles of inalienability, Capurso writes that celestial bodies should
be perceived as ‘containers’ (contenitore), and the resources that will
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be extracted as ‘contents’ (contenuto). Celestial bodies (including Mars)
are inalienable objects of space law (having no owner), but the resourc-
es they possess may be objects of civil circulation and appropriated by
subjects of space law.

The statutory concept proposed by Capurso is similar to the concept of
personal servitude in Roman private law — usufruct. When exercising this per-
sonal servitude, the holder of usufruct (usufructuary) has the right to extract
fruits (usus) from property belonging to another person. These fruits became
the property of the usufructuary from the moment they were harvested — per-
ceptio [9, p. 245]. Thus, drawing an analogy with usufruct, it can be said with
a high degree of probability that Capurso’s position on the introduction of the
Roman category of res communes omnium into space law is well-founded
and logical.

However, Capurso (like many other legal scholars) completely overlooks
the question of the form of ownership of Mars and other celestial bodies,
which will inevitably arise for subjects of space law. What do we mean by
this? The fact is that Article 11 of the Treaty on Principles Governing the Activ-
ities of States in the Exploration and Use of Outer Space, including the Moon
and Other Celestial Bodies declares outer space (including celestial bodies)
to be ‘the common heritage of mankind,” but does not reveal the meaning of
this norm from the point of view of property law: can humanity be considered
the sole owner of outer space, with all the legal consequences that this en-
tails? What form of ownership is applicable to subjects of space law on Mars
and other celestial bodies in the context of a complete ban on private and
national appropriation of outer space?

When applying the category of res communes omnium to the legal regime
of Mars and other celestial bodies, the subjective criterion of ownership is ef-
fectively abolished — that is, the specific subject of law who has the will to re-
tain the thing in his own possession and use it in his own interests disappears.

In other words, humanity is not a full-fledged subject of private (public)
law, and general legal theory does not currently provide for cases in which
humanity can become such a subject of law.

It is obvious that other subjects of space law — states, international or-
ganisations, astronauts — will effectively dominate celestial bodies and ex-
tract useful properties from them. This raises a similar question: what form of
ownership (possession) do the above-mentioned subjects of law have? Will
this possession be only the actual retention of the thing (possessio naturalis),
or will possession also have legal consequences (possessio civilis)? At the
same time, possession of Mars and other celestial bodies shall be such that it
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does not violate the principle of inalienability of the above-mentioned objects
of space law.

Conclusion. The study led to the following conclusions:

1. When improving the norms and principles of space law, it is necessary
to pay primary attention to property issues arising in the process of exploring
Mars and other celestial bodies. As Professor D.U. Baitukenova rightly points
out, it is necessary to give binding legal force to international agreements and
principles in the field of the exploration of Mars and other celestial bodies. We
are confident that the Roman law system, which has the necessary concep-
tual apparatus, can play a role in achieving this goal [10, p. 114].

2. Roman law has sufficient scientific terminology for precise description the
legal regime of Mars and other celestial bodies. One of the fundamental terms is
res communes omnium, which is suitable for establishing the meaning of Article
Il of the Treaty on Principles Governing the Activities of States in the Exploration
and Use of Outer Space, including the Moon and other celestial bodies. We be-
lieve that the introduction of the term res communes omnium to describe the legal
regime of Mars and other celestial bodies should be accompanied by compliance
with the principle of close cooperation between states in determining the legal
regime of Mars and other celestial bodies. According to S.I. Sylkina, ‘the principle
of cooperation implies the obligation of states to jointly carry out activities in the
field of maintaining international peace and security’ [11, p. 122]. The authors of
the article fully agree with this opinion.

3. Capurso’s academic work, ‘The Non-Appropriation Principal,” contrib-
utes to a better understanding of legal categories — including res communes
omnium — that have become firmly established in space law. Capurso’s con-
tribution lies in his analysis of the connection between the Roman category
of res communes omnium and modern space law, thereby opening a new
chapter in the academic debate on the role of Roman law in the development
of space law.

4. Capurso’s idea of applying the category of res communes omnium to
the legal regime of Mars and other celestial bodies can be justified from a le-
gal point of view by means of a personal servitude — usufruct. In its structure,
usufruct is similar to the principles of legal regulation of res communes omni-
um, as well as to the legal regime of Mars and other celestial bodies: both in
relation to usufruct and in relation to res communes omnium, the owner has
the right to extract the fruits; in the case of usufruct, the usufructuary does not
acquire possession with subsequent transfer of ownership, and in the case
of the use of res communes omnium (Mars), subjects of space law do not
acquire ownership rights to celestial bodies.
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«MAPCUAHWUH» XXOHE PUM K¥KbIFbl

Tyninpeme. Ocbl makanaga KasakctaH PecnyGrnuvkacbiHga fapbill KYKbIFbIH
AambiTygarbl PuM KyKbIFbIHBIH, peni Typanel cypakTtap 3eptrenedi. KasakcraH
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Pecnybnukacel fapbil KeHICTiriH 6enbiT XonmMeH urepy canacbiHOaFbl Herisri
Xanblkapanelk — keniciMgepai  patudukauusnaraHbiHa — KapamacTaH-FapbiLu
KYKbIFbl canacblHAarbl TEOPUANbIK XaHe NpakTuUKanblK cunaTTarbl LWeLlinyi kaxeT
KenTereH KykbIKTbIK npobremanap kana 6epmek. Fapblilw KEHICTiri 00beKTinepiHin
(Mapc eHe Backa acnaH feHernepi) KyKbIKTbIK pexuMi Typarnbl Macene fapbill
KYKbIFbIHA EpEKLLE MaHbI3Fa 1e: acnaH JeHernepiHe 3aTTblK KyKbIKTapAblH KaHaawm
pexumi KonpaHbinadbl; acnaH AeHernepiHaeri pecypctapdbl any TapTibi >xaHe
onapabl nempgeHy TopTibi kaHgan? Ocbkinanwa, mMakanaga acnaH AeHernepiH
KYKbIKTbIK peTTey MacernenepiHe aHe onapAblH KYKbIKTbIK PEXWMIH aHblKTay
MacerenepiHe epekwe Hasap aydapbinagbl (erep onap MEHWIK KYKbIFbIHbIH,
ob6bekTinepi 6ona anmaca, oHaa onapfa 3aTThblK KYKblIKTapAblH KaH4an pexumi
KongaHbinagpl?). 3epTreyai ky3ere acblpy 6apbicbiHaa 6i3 caHaTTapbl MeH
KYKbBIKTbIK KypbINbIMAAPb! Fapbill KYKbIFbIHBbIH, ©3EKTi MOCenenepiH WeLlyae yrkeH
pen atkapa anatbliH PuM KyKblfbiHbIH Ke3aepiHe XyriHemi3. Pum 3anrepi MapumaH
XacafaH res communes omnium KyKbIKTbIK KaTeropusicblHa epeklle Hasap
aypapbinyga. Res communes omnium caHaTtbl KenTereH 3aHreprnepain, nikipiHwe-
FapbILL KEHICTiriH urepy Typansl xansikapanblk kenicimaepae Tikenen GekiTinreH.
Ananpa, Res communes omnium caHaTblH FapbIll KyKbIfbl canacbiHAa Xy3ere
acblpyfa TEOpPUAIbIK >XaHe MpakTukanblk macenenep Gap. »Korapbliga aTtanFaH
Macere Teopusnblk cunatka ne 6onraHabikTaH, 6yn maceneHi awypaa bisre, apuHe,
0i3niH 3epTTey TakbIpblOblHA Tikenen acep eTeTiH Pum 3aHrepnepiHii, Pum Kykpbifbl
canacblHAaFbl FbINbIMU XXYMbICTapbl KEMeKTeceai.

TyniHai ce3aep: Fapbill KYKbIFbl, PUMAIK XEKE KYKbIK, res communes omnium,
Mapc, acnaH geHenepi, 3aTTbIK KyKblK, Prm 3aHreprepi.

BansakoB A.T.', CaruHaeB M.E.?

"HaumoHanbHbI  LEHTP TroCy4apCTBEHHON Hay4YHO-TEXHUYECKOW 3KCNEpPTU3bI,
HenapTtameHT npaBoBoro obecneyenus. r. Anmatbl, KazaxcraH

2Kacnuiickuii yHuBepcuteT, kadenpa FOpucnpyaeHuun, r. AnMaTel, KasaxcTaH

«MAPCUAHWH» U PUMCKOE NPABO

AHHOTaumA. B cTaTbe vccrieayoTcs BOMPOCH PO PUMCKOro Npasa B passuTUm
KocMuyeckoro npaea B Pecnybnuke KasaxctaH. HecmoTps Ha To, uto KasaxcTtaH
paTndmumMpoBan OCHOBHblE MeXAyHapoAHble cornalleHns B 06nacti MUPHOro
OCBOEHWNSI KOCMWUYECKOro MPOCTPAHCTBA, HO OCTalTCH HepaspeLleHHbIMY OFPOMHOe
MHOXECTBO MpaBOBbIX NPOGMEM TEOPETUYECKOro 1 MpPakTMYeCcKoro xapakrepa B
obnacTu kocmuyeckoro npasa. Ocoboe 3Ha4eHne B KOCMUYECKOM MpaBe umeeT
BOMPOC O MPaBOBOM pexumMe OOBEKTOB KOCMu4veckoro npoctpaHctesa (Mapc
n apyrme HebecHble Tena): Kakom pexuM BeLUHbIX NpaB pacrnpocTpaHAeTcs
Ha HebecHble Tena; kakoB MOPSAOK A06bIYM pecypcoB Ha HebecHbIX Tenax u
npoueaypa ux npucsoeHna? Ocoboe BHMMaHNE yaenseTcs BONpocam npaBoBOro
perynupoBaHusa HebecHbIx Ten u npobremam onpegeneHns ux npaBoOBOro
pexuma (ecnv oHW He MOryT OblTb 06bekTaMu npaBa COOCTBEHHOCTW, TO Kakom
pexunM BeLLHbIX MpaB Ha HUX pacnpocTpaHsaeTcs?). B xoge peanvsauum gaHHOro
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nccregoBaHns pacCcMOTPEHbl MCTOYHMKM PUMCKOTO MnpaBa, YbM KaTeropum wu
npaBoBble€ KOHCTPYKLUWM MOTYT CbhirpaTbh 60MbLUY0 POfb B PELUEHUN aKTyanbHbIX
npo6nem kocmuyeckoro npasa. Ocoboe BHMMaHWe yaenseTcs npaBoBON KaTeropum
res communes omnium, pa3paboTaHHO/ BbIAAIOWMMCS PUMCKAM HOPUCTOM
MapuwnaHom. KaTeropusa res communes omnium, N0 MHEHUIO MHOTUX LOPUCTOB,
NpPSIMO 3aKpenrieHa B MeXAyHapOAHbIX COrnaLleHnsix 06 0CBOEHUM KOCMUYECKOTO
npoctpaHcTBa. OgHaKO CyLEeCTBYIOT TEOPETUYECKME U NpaKTU4eckme npodremsl
npv peanunsauny KaTeropum res communes omnium B chepe KOCMUYECKOro npasa.
MockonbKy BbilLeyka3aHHas npobrema obnagaeTt TEOPETUYECKNM XapaKTepoMm, TO
B PacKpbITUM 3TOro Bonpoca, 6e3ycroBHO, MOMOryT Hay4Hble paboTbl B obnacTtu
PYMCKOro npasa, KOTopble NPAMO 3aTparMealoT TeEMY HaLLero nccriefoBaHus.
KntoyeBble cnoBa: KoCMUYECKOe NPaBo, PUMCKOe YaCcTHOe MpaBo, res communes
omnium, Mapc, HebGecHble Tena, BeLHOe NpaBo, PUMCKME HOPUCTbI.
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NEPEBOL CTATbU /| MAKAINTAHbIH AYOJAPMACHI

Batizakoe A.T.", CazuHaee M.E.?

'"HaumoHanbHbIA  LEHTP TroCy4apCTBEHHON HayYHO-TEXHUYECKOW SKCMEepPTU3bl,
[enapTameHT npaBoBoro obecneyveHus r. Anmatbl, KazaxcraH

2Kacnuickuin yHuBepcuTeT, kadenpa KOpucnpyaeHuun, r. Anmatbl, KazaxctaH

«MAPCUAHWH» U PUMCKOE MNMPABO

AHHOTaumsa. B crtatbe wuccrnegyloTcs BOMPOChI POfM PUMCKOrO MnpaBa B
pas3BuUTMM KocMM4yeckoro npaBa B Pecnybnuke KasaxctaH. HecmoTps Ha To,
yto KasaxctaH paTnduumMpoBan OCHOBHbIE MEXAyHapOAHbIe COrnalleHns
B 00nactM MWPHOrO OCBOEHMS KOCMMYECKOro MpOCTpaHCTBa, HO OCTaroTCH
HepaspeLLeHHbIMU OrPOMHOE MHOXECTBO MPaBOBbIX NMPOGIEeM TeopeTU4eckoro
N MpakTU4eckoro xapaktepa B obnactu kocmmyeckoro mnpasa. Ocoboe
3HayeHne B KOCMNYECKOM MpaBe MMEET BOMPOC O NMPaBOBOM pexnme o6beKToB
KocMu4yeckoro npoctpaHcteBa (Mapc n gpyrme HebGecHble Tena): Kakoh pexum
BELUHbIX MpaB pacnpocTpaHseTcs Ha HebecHble Tena; KakoB MOPSAoK 406bIYM
pecypcoB Ha HebecHbIX Tenax u npouenypa ux npuceoeHns? Ocoboe BHUMaHue
yAenseTca BonpocaM npaBoBOro perynupoBaHvs HeGecHbIx Ten n npobnemam
onpeaerneHnsa nx NpaBoBOro pexuma (ecrnv OHM He MOryT ObiTb 06 bekTamu Npasa
COBCTBEHHOCTM, TO KaKOW PEeXMM BELLHbIX NPaB Ha HUX pacnpocTpaHaeTca?). B
XO04e peanusauum AaHHOTO MCCreoBaHWs PAacCMOTPEHbI UCTOYHUKN PUMCKOTO
npasa, YbM KaTeropmm 1 NPaBoOBbIE KOHCTPYKLUM MOTYT CbirpaTb 6onbLUyo ponb
B peLUeHMM akTyarnbHbIX npobriem kocmwuyeckoro npasa. Ocoboe BHUMaHue
yOensietcsas MnpaBOBOW KaTeropum res communes omnium, paspaboTaHHoOM
BblAaloWMMCS puMckum topuctom MapumaHom. Karteropusi res communes
omnium, NO MHEHUIO MHOFUX HOPUCTOB, MPSIMO 3aKpenreHa B MeXayHapOAHbIX
cornatueHnsx 06 oCBOEHUN KOCMUYECKOro npoctpaHcTea. OfHaKo CyLecTBYHOT
TeopeTnyeckMe M npakTuyeckne npobnembl Mpu peanu3aumm KaTeropumn res
communes omnium B cepe KOCMUYeCKoro npasa. [1ockonbKy BbilLeyka3aHHas
npobnema obnagaeTr TeEOPETUYECKMM XapaKTepoM, TO B PAaCKpbITUM ITOro
Bornpoca, 6e3ycnoBHO, NOMOryT HayyHble paboTbl B 06nacTn puMCKoOro npaea,
KOTOpbIe NPSMO 3aTparvBatoT TEMY HaLLEro UccrefoBaHus.

KnioyeBble crnoBa: KOCMUYECKOe MpaBO, PUMCKOE 4acTHOe NpaBo, res com-
munes omnium, Mapc, HebecHble Tena, BEeLLHOe NpaBo, PUMCKNE HOPUCTBI.
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BeepeHue. B 2015 r. B MMPOBOM KMHOMPOKAT BbIXOAUT 3HAMEHUTHLIN
¢dunbm Pugnn Ckotta «MapcuaHuH» No OAHOMMEHHOW KHUre OHAu
Bewnepa. CyTb dmnbma 3aknovaeTcss B TOM, 4To Ha Mapce octarncs B
MOSTHOM OAMHOYECTBE acCTPOHABT MO MMeHU Mapk YOTHM, Ybsi MOAroTOBKa
N CMeKarka MoMOoralT emy BbPKUTb OO MpuObITUS HOBOM Ipynmbl
acTpoHaBTOB. HO Kakoe oOTHolleHne umeeT unbM «MapcmaHuHy K
IOPUONYECKOA HayKe U K puMCKOMy npaBy? [leno B TOM, YTO B hurnibMme
OblNM  3aTPOHYThl OPUONYECKME BOMPOCHI: B YaCTHOCTW, BOMPOCHI
KOCMMWYECKOro npasa.

Bo - nepBbIX, B 04HOM 13 ann3onoB durbMa Mapk YoTHU paccyxgaet
O [EenCTBMM KOoCcMMYeckoro npaBa Ha Mapce. B gaHHOM crniyqae, OH
YNOMUWHAET CcTaTthbio 2 «[JoroBopa o NpUHLMNax AesTenbHOCTU rocyaapCTB
MO MCCNEeOOBaHMIO U WCMONIb30BAHMIO KOCMMWYECKOTO MPOCTPaHCTBay,
Bkntovas JlyHy n gpyrme HebecHble Tena, 3akpennstoowas NpuHUMN He
MPUCBOEHNST KOCMMYECKOrO MPOCTPaHCTBa HEOECHbIX Temn CO CTOPOHBbI
rocygapcrBa M YacTHbIX Niny. 3aTteM, CornacHo cLeHapuo dunbma, Mapk
YOTHU gormkeH 6bin nNpmbbiTb B KpaTep Ckuanapennu, roe HaxoamTtces
B3neTHbln MAV (Mars Ascent Vehicle), Ha KOTOpOM OH AOfkeH Obin
noaHATbCA OO0 kopabna «lepmecax». [lockonbky TeppuTtopuss Mapca
HEe MOANEXWUT HaLMOHanbHOMYy MPUCBOEHUIO - a Mapky YOTHM He
npegocTaBnsany npasa Ha npucBoeHue B3neTHoro MAV, To Mapk YoTHu
crpaBefIMBO CTas OTHOCUTb CeBs1 K KOCMUYECKMM NpaTam, 3axBaTyBLLMN
KOCMMYeCKMI kopabrnb B MeXAyHapoaHbIX BOAAX.

[anee, kak n3BecTHo, B hunbme Mapk YOTHM 3aHuMarncsa goobiyen
MonesHbIX WMCKOMaembiX (OH WUCMOMb30Basl MapCUaHCKUM TPYHT ONd
BbIPALLUBaHUSA  CENbCKOXO3ANCTBEHHbIX  KyNbTyp W MapCUaHCKYH
aTtmocdepy Ans MNMPOM3BOACTBA TOMMMBA), M OCYLUECTBMSAS HayyHble
nccrnegoBaHusa nyTem cbopa pasnmyHbiX 06pasLoB MapCUaHCKOM MOYBbI.
W BbileykasaHHbIM ann3og B husibMe CTaBUT nepen HaMn MHTEPECHbIN
BOMPOC: Kakon MpPaBOBOW PEXMM MPUMEHVMM K M3BIIEKaeMbIM pecypcam
Ha HebecHbIX Terax, ecnu focregHue He noasexar HaumoHanbHOMY
NMpUCBOEHMIO. B pamkax Hallero nccrieqoBaHusa Mbl MOCTapaemcs Aatb
OTBET Ha AaHHbIM BOMpOC.

Bo - BTOpbIX, HECMOTPS Ha Graronony4YHbIN Mcxod unbma, KapTuHa
Puonun CkoTTa - Nno npuHUMny volens-nolens - CTaBUT MHTEPECHLI BONPOC
OIS Hallen IopUaNYEeCKON HayKu: KakouW NMpPaBOBOM PEXUM OEWCTBYET B
OTHOLLeHM nnaHeTbl Mapc n gpyrux HebecHbix Ten? CyLecTByT N
NpaBoOBble KOHCTPYKLIMM, MO3BOSISAIOLLME 3aKOHHO MpUcBanBaTh PeCYpChl,
OoObiTble Ha HebecCHbIx Tenax, Henoasexawimx HauMoHarnbHOMYy U
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YacTHOMYy npucBoeHuo? Kakne opmbl BRageHus NermTMMUsupyoT
npaBo OyayLmMx KONMOHNCTOB HebecHbIx Ten (Mapca) Ha ncnonb3oBaHue
NPUPOOHbBIX PECYPCOB HEBECHbIX TEN?

YTobbl OaTb OTBETbl Ha BbILWECTOALME BOMPOCHI, Mbl HE TOJbKO
npoBeAeM KPaTKUA aHanum3 OCHOBHbIX MCTOYHUKOB KOCMMYECKOro npasa,
a Takke obpaTumcs K pUmcKomy npasy.

Ho kakoe OTHOLUEHVE MMeEeT pMMCKOe MpaBO K uccregyemom teme?
CyTb B TOM, YTO B PYMCKOM MpaBe CyLleCTBYIOT NpaBOBble KaTeropuu,
MMerLMe BO3MOXHOCTb YTOYHUTb MPaBOBON pexum Mapca v MHbIX
HebecHbIx Ten. [aHHOM BaXHEWLWen KaTeropuemn sBnsdeTcs res
communes omnium, 3aKpPenfeHHOW BO MHOIMMX MeXAyHapOAHbIX
cornalleHusix B cdpepe OCBOEHMSI KOCMUYECKOrO NPOCTpPaHCTBa. Takum
obpasom, anst 6onee TOYHOro UCCregoBaHMS TEMbl HACTOALLIEN CTaTbW,
Mbl OOJDKHbI COenaTbh HEKOTOPbIE YTOYHEHUS: OYEHb BaXKHO OTNMYaTb
Takue NoHATHE Kak 00 beKTbl KOCMMUYECKOTO NpaBa (K KOTOPbIM OTHOCATCS
KOCMUYeckue anmnapartbl, KocMuyeckme kopabnm u T1.4.), obmactu
kocmuyeckoro npoctpaHctea (FCO, Touknm nubpauumn) m HebGecHble
Tena (Mapc, actepouabl, 3Be3abl, MraHeThbl). ATO pasHble OOBbEKTHI
NpaBOBOr0 pPerynupoBaHus, KOTOpble 3acny>XMBakT OTAENbHOro
Hay4YHOro aHanuaa.

[Moatomy B cTaTbe ByayT M3ydaTbCs MpoOGrieMbl MPaBOBOroO pexuma
HebGecHbIXx Ten (Ha npumepe Mapca), MMEeKLWMX BaXXHOe 3Ha4yeHue
AN 3KOHOMMYECKOTO U TEeXHOMOrM4yeckoro mnporpecca 4YernoBevyecTBa.
M Bonpockl npaBoBoro pexuma Mapca, npobnembl NpaBoOBOro
perynupoBaHns Oo00bl4M MOME3HbIX WMCKOMaeMblX — BCE 3TO AOIDKHO
n3y4yaTbCs C MPMMEHEHNEM PYMCKOrO MpaBsa.

Llenb paboTbl — packpbiTue NOHATUS res communes omnium, UMeto-
lee Gonbloe 3HaveHne And 3apdPEKTMBHOIO onpeereHnss NpaBoBOro
ctatycaMapca napyrmxHebecHbIx Ten, a Takke pa3paboTkm apHEKTUBHbLIX
NPaBOBbIX MEXaHU3MOB AfS PerynMpoBaHns 0BOLLEeCTBEHHbIX OTHOLLEHNN
B chepe ocBoeHns Mapca u gpyrnx HeGecHbIX Ten.

[ns peanusauun NOCTaBIEHHON Lienuy, CTaBATCH Ccriedyomne 3agaydum:

1. YcTaHOBWTb MOTEHUMANbHYd BO3MOXHOCTb pPacnpoCTPaHUTb
OEeNCTBUS KOHLENLUMW res communes omnium B TOM NOHMMaHUN, KOTOPbIM
OHO HagensieTcd B PMMCKOM MpaBe, K KOCMWUYECKOMY MPOCTPAHCTBY U
HebecHbIM Tenawm;

2. OnpegenuTb NpobreMHble BOMPOCHI MpY MPUMEHEHWUN res com-
munes omnium 8 oTHoLeHun Mapca n gpyrmx HeGecHbIx Ten;

3. PaccmoTtpeTb BOMPOC O HanMMyuM MpPaBOBbIX KOHCTPYKLWN,
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CMOCOBHbIX Y3aKOHUTb A0ObIMY U NPYCBOEHUE MOSE3HbLIX MCKOMaeMbIX Ha
Mapce u gpyrnx HebecHbIX Tenax.

MeToabl uccnegoBaHus. MeToabl UCCneaoBaHUS BKAOYaOT B cebs
nprvMeHeHne obLyeHay4YHbIX M YacTHbIX MeToOoB Mo3HaHWS. OCHOBHbIM
METOAOM MO3HaHWS, UCMOMb3yeMbIM B CTaTbe, ABMAseTcs opmarnbHO
— OPMANYECKUIA, KOTOPbIA BKIOYaeT B cebs aHamm3 HOpMaTMBHbIX
NpaBoOBbIX aKTOB B 061acT KOCMUYECKOro MpaBa, a Takke NMCTOYHMKOB,
KOTOPbI€ HEMOCPEACTBEHHO OTHOCATCS K HaLLen TeMe.

B xome peanu3aumm wccriegoBaHud  OyayT  MCMOMb30BaTbCs
MeXOyHapOAHble cornalleHnst 06 OCBOEHMM KOCMUYECKOTo NPOCTPAaHCTBA,
Hay4yHble CTaTbW OTEYECTBEHHbIX W 3apyOexHbIX YYeHbiX, TPyAbl
3akoHogaTtenen Pumckoro npasa, kacatLwmecs TeMaTuky ccrieqoBaHns.

Ocobyo BaXXHOCTb A4Sl peanusaunm uccrnefoBaHns ABAseTcs cTatbs
JokTopaHTa YHuBepcuteta JlemgeHa AHgpea Kanyp3o nop Ha3BaHveEM
«The Non - Appropriation Principal», onybnukoBaHHas B okta6pe 2018 r.

Pe3ynbTathbl uccnenoBaHusi U obcyxaeHue pesynbtatoB. [ns
Havana mnccriegoBaHus 6b110 HEO6X0AMMO NMETb 00LLee NpeacTaBrieHne
o nnaHete Mapc.

ABnAsch YeTBEPTON NnaHeTon B Hawen ConHeYyHom cucteme, cpegHee
pacctosHue mexay 3emnen n Mapcom coctaBnsieT 12,5 cBETOBbIX
MWHYT, MPM MakCMMarbHOM PacCTOSHUM — 3 CBETOBble MWHYTbl, Npwu
MUHMManbHOM — 22 MUHYTbI. [epvoa BpalleHns Mapca Bokpyr cBoew
ocu cocTaensieT 24 4. u 37 Mu., a rog Tam coctaBnsieT 686 gHen (conos).

Tak kak Ha Mapce npakTn4eckn oTCyTCTBYEeT aTMocdepa 1 MarHUTHoe
norne, To KpacHas nnaHeTa nuweHa pacTUTENbHOIO U XMBOTHOIO Mupa.
OT0 03HavaeT, yYTo OyayLuM KomnoHucTam He OyayT AOCTYMHblI MHOrvMe
00bEKTbI FpaXKOAHCKUX MpaB TakuMe Kak XMBOTHblE, BOAHbIE PECYpPChl, a
3eMenbHble y4acTkun He ByayT MMeTb Kakow - NMMBO LIEHHOCTU, MOTOMY YTO
Ha HYX HEBO3MOXXHO BblpaLLMBaTh ypoxan. [1py 3TOM CTOUT OTMETUTb, YTO
Heppa Mapca copepxat noriesHble nckornaemole. Tak, B Hegpax KpacHon
nnaHeTbl MMEITCH 3anexu BOASHOrO Nbaa, Meaw, >xernesa, Bonbdpama,
peHusi, ypaHa 1 3omoTa.

MexayHapoOHoe 3akoOHOAaTeNbCTBO B 0651aCTU KOCMUYECKOro npasa
XOTS 3anpeLyaeT HauMoHaneHoe NPUCBOEHNE KOCMNYECKOTrO MPOCTPaHCTBa
1 HebeCHbIX Ter, HO He YTOYHSAET MPaBOBOM PEXUM Heap HebecHbIX Ten
(B yactHocTn, Mapca). A npu KonoHm3aumm KpacHon nnaHeTbl U Apyrux
HebeCHbIX Tef, AaHHbIN BONPOC CTAHET OYEHb aKTyarbHbIM.

Tak, no wMHeHuto npodeccopa C.K. AnmpapbaeBa, akTuBHas
9KOHOMMYeECKas OedATeNnbHOCTb BeAyLMX rocydapcTB Mypa B OCBOEHMU
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KOCMWYECKOro MPOCTPaHCTBa BrieyeT HeoOXOAMMOCTb  MPaBOBOro
perynupoBaHus KocMudeckon geatenbHoctu [1, c. 134]. B gaHHon yacTtu
Mbl ZIOMOJTHUM, YTO BblLLIEYKa3aHHbIA BOMPOC HEOOXOANMO M3ydaThb C TOYKU
3PEHMS PMMCKOro MpaBa M HayKu rpaXkaaHCKoro rnpaea, KOTopoe LOSMKHO
onpenenuTb npaBoBor pexunm Mapca, HebGecHbIx Ten 1 gobbiBaeMbixX
pPEecypcoB, MUCMNoONb3yeMble AN YOOBMNETBOPEHUS SKOHOMUYECKMX HYXO
rocygapcTB, @ BO3MOXHO — M5l MPOMBbILLIIEHHOCTU (B CaMOM Jariekom
BynyLiem).

Mpn mn3yyeHun npaBoBoro pexuma Mapca u apyrmx HebGecHbIX Ten
Mbl JOSKHbI OMMPATbCA HA HayYHblE€ AOKTPWUHBI PUMCKOrO NMpaBa U Hayku
rpaXkgaHCKOro npaea M akTUBHbIM 00pa3oM BHEOPATb B MEXAYHAPOAHbIE
[OroBopbl, (opMUPYIOLLME MPOYHbIA  NPaBOBOA  (PyHAAMEHT Ans
AanbHeNLWero MMpHOro OCBOEHNSI KOCMOCaA.

Ona npepoTBpalleHns B  Oyaywiem npaBOBbIX  KOHPIIMKTOB
npu ocBoeHun Mapca Obinv NpeaycMOTpEHbl  Criegyllmne  Mepbl:
MEeXAyHapOoAHble cornalleHMst B 06riactM  OCBOEHUS  KOCMUYECKOro
npoctpaHctBa (Cornawenne o JlyHe, 1979 r.) 3akpennawT MApUMHLMN
He MpUCBOEHUs HEGECHBIX Ten, a BblAawLlmMecss OOCTUXKEHUS B cdepe
N3Yy4eHNs1 KOCMUYECKOro MPOCTPaHCTBa He MOryT ObiTb OCHOBAHMEM AJS
npuobpeTeHnss NnpaBa cobcTBEHHOCTM Ha HebecHble Tena (Mapc) [2, c.
121]; ctatea 11 Cornawexus o JlyHe (9TOT MeXOyHapOAHbIN OOKYMEHT
MOXXHO MPUMEHATL B OTHOWeEHUM Mapca n apyrmx HebGecHbIX Ter) Bce
npupogHble pecypcbl JlyHbl (Mapca mn agpyrnx HebecHbIx Ten) Obinm
0b6bABMEHbI «8CE06WUM OOCMOSHUEM YEesl08e4Yecmea.

OT0 03HaYaeT, YTo rocyJapcTBa He MprMobpeTatoT NnpaBa CO6CTBEHHOCTM
Ha HebecHble Tena npu Aobblye MONe3HbIX MCKOMaeMbIX U pasMeLLeHnn
Hay4HbIX nabopaTopui, KOCMUYECKMX CTaHLUMIA Ha MNOBEPXHOCTU
HebecHbIx Ten. OgHako nyHKT 3 ctatbun 11 CornaweHus o Jlyne 1979 roga
He yCTaHaBMMBaET 3anpeTa Ha MPUCBOEHME JOObITbIX PECYpPCOB, KOTOPLIE
MOryT ObITb OB6bekTamu npaBa COOCTBEHHOCTWM COrMacHO MNpPUHLMNAM
rpaxkgaHcKoro npaea. Tak, no MHeHuto npodeccopa B.M. lNocTeiweBa, 310
CBMAETENLCTBYET O TOM, YTO rocyAapCTBa He HaMepeHbl yCTaHaBMMBaTb
3anpeT Ha NPUCBOEHUE LOObLITbIX PECYpPCOB M, B YACTHOCTW, OOObITbIE
pecypcbl Ha Mapce moryT ctatb 06bekTaMu npaBa cob6CTBEHHOCTH [3, C.
96].

BaxHenwmm warom B COBEPLLUEHCTBOBAHWM MNPaBOBOrO pexuma
Mapca n gpyrmux HeGecHbIX TEN CTAaHOBUTCS BBEAEHNE B MEXAYHAPOLHbIE
cornaweHns 06 0CBOEHMM KOCMUYECKOro NPOCTPaHCTBa TEPMUHA «06LLLEero
OOCTOsIHMS YenoBeyecTBa», NPearoXeHHOro apreHTUHCKMM opuctom A.
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Kokkon B 1963 rogy. OH npegnaran cyntaTb KOCMUYECKOE MPOCTPAHCTBO
res communes humanitatis (BceobLiee [OCTOsHWE 4ernoBedecTBa). B
KayecTBe 060CHOBaHMs cBoen no3umumm A. Kokku nuieT, 4to pexum Mapca
1N Opyrmx HebecHbIX Ten MMeeT OAMHAKOBbIE OCHOBAHWA C MPaBOBbLIM
PEXMMOM HA MOpEN 1 okeaHoB [4, ¢.153]. [lpyron apreHTUHCKNIA opUCT
— M. ®eppepa — nuwweT, yto Mapc u gpyrme HebGecHble Terna no CBoew
npupoae He nNpuHaanexaT HUKOMY, — res nullius — HOBbIV XapakTep res
communes humanitatis, KOTOpbIN onpeaensdeT 3akOHHOCTb 3KChyaTaumm
nNpUpPoAHbIX pecypcoB Ha Mapce u opyrmux HebecHbix Tenax [5, c. 146].

M3 Te3ncoB BbILEYNOMSHYTBIX YYEHbIX MOXHO CAenatb BbIBOA,
YTO Hay4yHO — MccredoBaTenbCckas OeATernbHOCTb YeroBeka M Aobbiya
pecypcoB Ha Mapce u apyrmx HeGecHbIX Terax Hens3bexHO MOBMEYET
BO3HUKHOBEHME OnpeenéHHbiX hopM BnageHns Ha HEKOTOpbIE y4aCTKu
nosepxHocTn Mapca, a fobbl4a pecypcoB 1 Hay4HO — UCCrieAoBaTenbCcKas
OEeATeNbHOCTb NPUBEAET K CO3AaHUI0 HOBbIX (DOPM BeLLeW (MM 06 bEKTOB
WHTENMeKTyanbHoM COBCTBEHHOCTW), KOTOpble OyaoyT  MPUCBOEHbI
cybbeKkTamMm KOCMUYECKOro npasa.

Takum obpasom, BO3HMKAET mapadokcanbHas cutyauus, TpebytoLlas
TEOPETMKO — NPaBOBOrO PELLEHNS: MEXAYHapOAHbIE AOrOBOPbLI B 06nactu
MUPHOIO OCBOEHWNSI KOCMUYECKOIo NMPOCTPaHCTBA, 3aKPENNAT NPUHLMM HE
npuceoeHns Mapca n gpyrnx HebecHbIX Ter, HO MMPHOE OCBOEHME KOCMOCa
BreYeT Iopyanyeckme NocrneacTBuUs BELLHO — NPaBoOBOro xapaktepa; Mapc
n gpyrme HebecHble Temna HaxOAATCHA BHe rpaxgaHCKoro obopoTa, HO B
Oyayliem Ha ux MOBEPXHOCTM ByayT MPOBOAMTBHCS paboTbl MO AO6bIYE
pecypcoB; ecnv Mapc n gpyrue HebecHble Tena He MOryT ObiTb 06 bekTamm
YaCTHOM U roCyAapCTBEHHON COBCTBEHHOCTU, TO KAKOW BELLHO — NPaBOBOM
PEXNUM NPUMEHMM K BbiLLEyKa3aHHbIM 00 beKTaM KOCMUYECKOro npasa?

Kaknm obpa3omM BO3MOXHO peLUnTb 3Ty MpaBoByt npobnemy? [ns
TOYHOFO MWCCMeAoBaHMS Halwero Bompoca Mbl Oyaem uMcnonb3oBaTb
pUMCKOe npaBo, CMOCOBHOE OTBETUTb Ha MOCTaBMIEHHbIE BOMPOCHI. WTak,
B PMMCKOM MpaBe CyLLeCTBYeT MpaBoBas KaTeropvsi, Kotopas no Oyxy
M CMbICIy codeTaeTca ¢ gucnosuuunen ctaton |l JoroBopa o npuvHUmunax
OEeATEeNbHOCTM rOCyAapCTB MO  WCCMEAOBAHMIO W UCMOMb30BaHMIO
KOCMMYECKOro MpOoCTpaHCcTBa, Bkmtovas JlyHy u gpyrme HebecHble
Terna — 3710 res communes omnium — eewu, fpuHadnexawue ecemy
yesiogeyecmay.

B pvmckom npaBe Bewm Kateropuu res communes omnium Takke
He noanexart OTYYXXOEHVIO M He MOryT ABMASTbCA OObeKkTamy YacTHOM U
rocygapcTBeHHoN cob6¢cTBEHHOCTU. OHM Kak Obl HAXOASATCS B MOJSIb30BAHUN
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1 pacrnopsXeHMn BCEro YeroBeyecTBa (omnium — BCEro YeroBeyecTBa).

BaxHbIM pparMeHToM O 3Ha4eHuu res communes omnium B PUMCKOM
npaBse ABMATCS UMTaThl pUMCKOro topucta MapuuaHa, oTpaxeHHble B 8
Tutyne Ourect nog Ha3BaHuem «De divisione rerum et qualitate»:

D.1.8.2 (Marcianus 3 institutionum) pr. Quaedam naturali iure commu-
nia sunt omnium, quaedam universitatis, quaedam nullius, pleraque sin-
gulorum, quae variis ex causis cuique adquiruntur. 1. Et quidem naturali
iure omnium communia sunt illa: aer, aqua profluens, et mare, et per hoc
litora maris.

BaxHO OTMETUTb, YTO B 3TOM (pparmeHTe MapuuaH nepeyncnaet
00beKkTbl MaTepuanbHOro Mupa (NpOTOYHas BOZA, BO3OYyX M MOPCKOM
Geper), oTHocsAwmecs K res communes omnium [6, c. 125]. OgHako
MapuuaH He nepeyncnseT OCHOBHbIE NMPU3HAKM KaTErOpUn BELLEN res com-
munes omnium N He pa3rpaHMYMBaeT NX OT OOBHEKTOB rocy4apCTBEHHON
(obLeHapofHoM) COBCTBEHHOCTM.

HecmoTpsa Ha kaxyluylocs HegopaboTKy KaTeropuu res communes
omnium B pabotax MapumaHa, nges o 3Ha4MMoCcTu res communes omni-
um npruobpeTaeT CBOI aKTyasribHOCTb B 3MOXY TEXHOMNOrMYECKOro pbiBKa,
NMO3BONSAKLINA YErIOBEeYeCTBY MOKOPUTb KOCMOC. M cambiM BaXHbIM
BOMPOCOM MPY OCBOEHNM KOCMUYECKOIO NPOCTPaHCTBA ABMsieTcs npobrema
0 obbekTax, KOTOpble WCMOMb3yTCA B KOCMUYECKMX Mporpammax
[7,c. 18].

M aes o BaXXHOCTY BHEAPEHUS B KOCMUYECKOE NPaBo KaTEropum res com-
munes omnium JNsA onpegeneHns nNpaBoBoro pexuma Mapca n gpyrnx
HebeCHbIX Ten HaxoOuUT CBOE pas3BWUTME B HAy4YHOW CTaTbe OOKTOpaHTa
YHuBepcuteta JlengeHa Angpea Kanyp3o nog HasBaHvem «The Non -
Appropriation Principal», onybnukoBaHHon B okTtsi6pe 2018 roga. Tema
nccregoBaHvs Kanyp3o nocBslleHa KaTeropusM puMCKOro npasa,
NPUCYTCTBYIOLLIMM B KOCMUYECKOM NpaBe: 0Tpacru, UMEIoLLIEN BaXHelLLee
3HayeHne Ans MexayHapogHoro mpaBa v npaBa 6ygywero. OCHOBHas
noes Kanyp3o 3akmniovaercd B TOM, YTO TEOPUS PUMCKUX HOPUCTOB O
CyLLeCTBOBaHMU BELLEN res communes omnium MOXeT ObiTb MpMMeHeHa
ONS COBEPLLUEHCTBOBaHMS NpaBoBoro pexvma Mapca n gpyrmx HebecHbIx
Ten. Mpu aTom Kanyp3o yBepeH, 4To He0OXOAMMbIN MOHATUIHBIM annapart
N MEexaHM3Mbl PerynnpoBaHns KOCMUYECKOro npasa Obinn pa3paboTaHbl
pUMCKOn topucnpyaeHumnen. [NoaTomy Mbl cenvac BkpaTue pasbepem ero
OCHOBHbIE TE3WCbl O MPUMEHEHUW res communes omnium K nNpaBOBOMY
pexvumy Mapca n gpyrmx HeGecHbIX Ten.

B nepsBom naparpadpe cBoen paboTbl Kanyp3o aHanv3npyeT OCHOBHbIE
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00beKTbl MaTepuanbHOro Mupa, BXOASWME B res communes omnium
COrfacHO pMMCKOMY MpaBy: BO34yX, MPOTOYHas BoAa, MOPE, MOPCKOM
Geper. Kanyp3o onpepensieT gaHHble O0ObekTbl Kak «out - of - the -
world», nmeroLme B pUMCKON HOPUCTIPYOEHLIMM aHaNormyHoe 3HayeHue.
3T 06beKkTbl ObINMM NMpegMeToM perynvMpoBaHus npasa HapogoBs. [ns
BHECEHMST OornblUen SCHOCTM B paccMaTpuBaemblii Bompoc, Kanypso
npeanaraeTt Takoe CpaBHEHME: TO, YTO HAXOAMUIIOCh B FPaHMLIaX PUMCKOro
rocygapcteBa — MOXHO CYMTaThb NnaHeTon 3emMns, a To, YTO HaxoamnTcH 3a
npeaenamMmm pyMcKOro rocygapcrea — 3TO KOCMUYECKOe MPOCTPaHCTBO.
[MoaTOMy B OTHOLUEHMM OOBEKTOB KOCMMYECKOrO MPOCTPaHCTBA MOXHO
NPYMEHATb KaTeropuo res communes omnium. VIMEHHO 3Ta pumMckas
KaTeropus gormkHa ctatb doyHaameHTom ans Corpus luris Spatialis.

Hanee, Kanyp3o aHan1aupyeT NOHATUE «BELLU» U CUCTEMY OOBEKTOB B
pumckoM yacTHoMm npase. OgHako B paboTtax [[as OH He HaxoouT MPAMON
CCbIfIK/ Ha BELLW N3 KaTeropum res communes omnium:

1.2.1 pr.: quaedam enim naturali iure communia sunt omnium, quaedam
publica, quaedam universitatis, quaedam nullius, pleraque singulorum,
quae variis ex causis ciuque adquiruntur.

B aTom hparmeHTe Mbl BUAUM, YTO pasgerieHne BeLLen NpoM3BoanTCS
Mo MNPVHLUMMNY WX MPUHAAMNEXHOCTU M MNopsgKy MpumeHeHns. bornee
OOCTYMHbIE BELUW ABMASIOTCH reS communes, HeAOCTYMHbIE BELLM — 3TO res
privatorum. Bewm 13 obLieHapogHon co6CTBEHHOCTU 1 OO LEKTBI YaCTHOM
COBCTBEHHOCTM MpUHaAnexaT KOHKPETHOMY CyObekTy - Bnagenbly, res
nullius He NpuHagnexat kKakoMy - B0 NuLy, HO MOTyT BbITb MPUCBOEHBI.
A Bewwm res communes omnium NPaKTUYECKN FULLIEHbI COOCTBEHHUKA
N He MOryT ObITb MPMBATM3UPOBAaHblI M HaLMOHaNIM3NPOBaHbl. TO eCTb
ntobor cyobekT npaBa (HE3aBMCKMMO OT HALMOHANbHOCTU, FpaXKaaHCTBa)
pacrnonaraetT cBOOGOAHBIM OOCTYMOM K 3TUM BelaM W MMeeT npaBo
GecnpenAaTCTBEHHO UMW MOMb30BaTbLCS.

OpHako onst 6onee siCHOro npencraBrieHns 06 M3yvyaemon Teme, Mbl
obpaTtumcs kK gpyromy doparmeHTty n3 MHctutyumi as:

1.2.1.1: Et quidem naturali iure communia sunt omnium haec: aer et
aqua profluens et mare et per hoc litora maris.

3poecb Man nuweT, 4To AaHHble 06bekThl (BO34yX, MPOTOYHAs BoAa,
MOpe U MOpCKon Beper) He MOrnu ObiTb NPUCBOEHbI APYTMMU NMLaMn n
Haxo4UIMCh BHE rpaXkaaHCcKoro obopoTta. YUTo kacaeTca Mopckoro 6epera,
TO 9TO BCE 3aBMCENIO OT KOHKPETHOM CMTyaumy NpaBoBOro xapakrepa (ad
hoc). Vicxoas U3 BbllenpuBeaeHHbIX uMtaT ud MHctutyuun Mas, Kanypso
BblOENAET OCHOBHbIE MPU3HaKN KaTeropun BeLLen res communes omni-
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um: cBoBOOHbIA OOCTYN K 3TUM 06bekTam; cBoboda Mx MCMoNb30BaHUSA
N NPUMMEHEHMS; 3anpeT Ha UX YaCTHOe U HauMOoHarbHOe MpUCBOeHME [8,
c. 32]. lanee, aHann3npysa 3HA4Y€HME U COOTHOLLIEHME MOHATUS HEGECHbIX
Ten M ApyrMx ODOBLEKTOB KOCMWMYECKOro MPOCTPAHCTBA C MpUHUUNaMu
HeoTyy>xgaemocTtn, Kanyp3o nuwet, 4yto HebecHble Terna Heobxoanmo
BOCMPUHUMATb Kak «BMecTunuwia» (contenitore), a pecypchbl, KOTOpble
OyoyT OobblBaTbCsd — «COAepXuMbIMY (contenuto). HebecHble Tena
(Bkntoyas Mapc) ABRAAITCH HEOTHY>KOAEMbIMU OO bEKTaMN KOCMUYECKOTO
npaesa (He wumetowme CcOBCTBEHHMKA), HO PecypcCbl, KOTOPbIMUA OHU
pacrnonaratoT, MOryT OblTb obObekTamMu rpaxgaHckoro obopota wu
nprcBanBaTbCs CyObeKkTaMmy KOCMUYECKOro Npasa.

[MpaBoBasi KOHCTPYKUMs, npeanoxeHHas Kanypso, aHanorvyHa
KOHCTPYKLMMW IMYHOIO CEPBUTYTa B PUMCKOM HYaCTHOM npaBe — y3yppyKTy.
Mpun peanu3aunn gaHHOrO NMYHOrO cepBuTyTa y obnagartens y3ydpykra
(y3ydopyKkTapuii) MmeeTcsa MpaBO Ha W3BMEYeHUe MroAoB (uUsus) u3
BELLW, HAaXOOSALWENCH B Yy>KON COBCTBEHHOCTU. OTW MMOAbl CTaHOBUIUCH
COOCTBEHHOCTBIO y3ydhpyKTapusi C MOMeHTa nx cbopa — perceptio [9, c.
245]. Takumv 06pasom, Npy NPOBELEHMN aHaNOrMm ¢ y3yqpyKToM MOXHO
Cc OonbLUON Jonen BEPOATHOCTU YTBEPXAaTb, YTO no3uumnsa Kanypso no
BHEAPEHUIO PYMCKOW KaTeropum res communes omnium B KOCMUYECKOoe
npaBo ABNAeTCA 000CHOBAHHOW U FIOTMYHOWN.

OpHako Kanyp3o (kak u MHOrMe [pyrve YyYeHble — pUCTbI)
COBEepLUEHHO ynycKkaeT u3 BMAy BOMNpoc O hopme BriageHns Ha Mapc u
apyrue HebecHble Temna, KoTtopash HeM3BeXHO BO3HUMKHET Yy CyObekToB
KOCMMYeckoro npasa. Yto mbl MMeem BBMAy? [erno B TOM, 4To ctaTths 11
«Cornawenunsi o JlyHe» 06bABNSET KOCMUYECKoe NPOCTPAHCTBO (BKMtoYas
HebecHble Tena) «8ceobwum AOCMOSHUEM Yerlogeqyecmeay, OOHaKo He
pacKpbIBaeT CMbICIT 3TOM HOPMbI C TOYKM 3PEHUS BELLHOMO MpaBa: MOXHO
nn cyMTaTh €OUHCTBEHHBIM COBCTBEHHUMKOM KOCMMYECKOro NpOCTpaHCcTBa
YernoBeYeCcTBO CO BCEMM BbITEKAKOLMMW MPaBOBbIMW MOCHEACTBUSMMN?
Kakas dopma BrnageHus npvMeHuma Ans CyObeKkTOB KOCMMYECKOro
npaea Ha Mapc n gpyrue HebecHble Tena B YCMOBUSIX MOJSIHOrO 3anpeTa
Ha YaCTHOE 1 HaUMOHarnbHOe MPUCBOEHME KOCMUYECKOrO NPOCTpaHcTBa?

[Mpn NpumeHeHWW KaTeropuu res communes omnium K NPaBOBOMY
pexvumy Mapca n gpyrux HebecHbx Ten hakTuyecku ynpasgHsaeTcs
CyObEKTUBHbLIN MPU3HaK BMageHUss — TO €CTb McYe3aeT KOHKPETHbIN
cybbeKkT mpaBa, MMEKLWWA BOMK yOepXuBaTb Bellb B COOCTBEHHOM
BNageHun 1 Nonb30BaThCH €10 B CBOUX MHTEPECAX.

MHave roBops, 4enoBe4yecTBO He SABMASETCH MOSTHOLEHHbIM CyOBHEKTOM
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YyacTHoro (ny6rvyHoro) mpaea, a obwas Teopust nMpaBa Ha [OaHHbIN
MOMEHT He mnpegycMaTpuBaeT ciydau, Korga 4enoBeYeCcTBO MOXeT
CTaTb Kak TakoBbIM CyObEKTOM npasa.

OyeBnagHO, 4YTO pApyrMe cybbekTbl KOCMMYECKOro npaBa —
rocygapctBa, MexayHapoAHble opraHvMsauunu, acTpoHaBTbl — OyayT
drakTMyYeckn rocnogcTBoBaTb Hag HebecHbIMM Tenamum U U3BnekaTb
13 HUX MONie3Hble CBONCTBA. 34eCb BO3HUKAET aHanorMyHbI BONPOC:
Kakas copma BnageHus (yoepxaHus) BO3HUKAET Yy BbllleyKa3aHHbIX
cybbekToB npaBa? bygeT nu 3710 BmageHve TONbKO PaKTUYECKUM
yOoep>xaHnem Beln (possessio naturalis), unu BnageHne 6ynet umeTtb
1 lopugmnyeckme nocneacTeus (possessio civilis)? MNMpwn aTom BNnageHne
Ha Mapc n gpyrve HebecHble Tena AOMMKHbI MMETb Takow XapakTtep,
YTOObl He HapywaTb MPUHLMMA HEOTHY>XOAAEMOCTW BblLUeyKa3aHHbIX
0OBbEKTOB KOCMMYECKOro npasa.

BoiBog. B xome npoBedeHHbIX wccnegoBaHUM MNPULWIAN K
cneayroLmnmM BbiBOAAM:

1. MNMpn coBepLIEHCTBOBAHUN HOPM U MPUHLKUMOB KOCMMWUYECKOro
npasa HeobXxo0AMMO  yAensaTb  MEepBOCTEMNEHHOe  BHUMaHUe
MMYLLECTBEHHbIM BOMPOCaM, BO3HMKalLWMM B MpoLecce OCBOEHUS
Mapca wn pgpyrux HebecHbix Ten. Kak cnpaBegnmBo oOTMevaeT
npogeccop [.Y. bantykeHoBa, 4YTO HeobxoguMmo npuaaBaTb
0b53aTenbHy0 OPUOANYECKYIO CUY MEXOYHAPOAHbBIM COrfalleHnam 1
npuHumMnam B chepe ocBoeHmss Mapca n gpyrux HebecHbix Ten. U mbl
YBEPEHbI, YTO B AOCTUXKEHUN OAHHOM LIENM MOXET ChirpaTb cuctema
pMMCKOro npaBa, pacnonarawowas HeoOXOANUMbIM MNOHATUAHBIM
annapartowm [10, c. 114].

2. Pumckoe npaBo pacnonaraet [AOCTaTOYHbIM KOJIMYECTBOM
Hay4YHOW TEPMMWHOMOIMMK AN TOYHOrO OMMCaHWS NMPaBOBOrO pexuma
Mapca n pgpyrux HebecHbix Ten. OgHMM u3 yHOaAMeEHTanbHbIX
TEPMUHOB 4BMiFeTCa res communes omnium, NOAXOAALMN
AN ycTaHoBneHus cmbicna ctatbu |l «[oroBopa o npuHuMnax
OEeATeNnbHOCTN TFOCyAapCTB MO MCCNeAOBaHWIO U MCMOJIb30BaHMUIO
KOCMMYECKOro mpocTpaHcTBay, Bkmo4vaa JlyHy n gpyrue HebecHble
Tena. Mbl nonaraem, YTo BHeApPEHME TepMuHa res communes om-
nium ANS OnuMcaHus MpaBOBOro pexumma Mapca v MHbIX HeEGECHbIX
Ten [OfMKHO COMpOBOXAAaTbCsA C cobmogeHvem MnpuHuMna TeCHOro
COTPYAHUYECTBA MEXAY rocygapcTBaMmn Npu onpegeneHmy npaBoBoro
pexuma Mapca n gpyrux HebecHbix Ten. Mo MHeHuto C.A. CbinknHon
- «nApuHyun compyOHudyecmea npednonazaem 0653aHHOCMb
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2ocydapcme coeMecmHO npogodume OesmesibHocmb 8 obsiacmu
rnodoepxxaHusi Mex0yHapoOHo20 Mupa u bezonacHocmu» [11, c. 122].
C faHHbIM MHEHMEM aBTOpPbl CTaTbW MOMHOCTbLIO CONUAAPHBI.

3. Hayuynbin T1pyn Kanypso «The Non - Appropriation Princi-
pal» cnocobcTByeT nyyllemMy MOHMMAaHWIO MPaBOBbIX KaTeropun - B
TOM Yucne res communes omnium, — KOTOPble MPOYHO BOLUMU B
KocMuyeckoe npao. 3acnyra Kanyp3o 3akmio4yaetcs B TOM, YTO OH
npoaHanuanpoBarn CBA3b PUMCKOW KaTeropum res communes omnium
C COBPEMEHHbBIM KOCMMWUYECKM NPaBOM — M TEM CaMblM OH OTKpbIBaeT
HOBYIO CTpaHuUy B Hay4YHOW OUCKYCCUM O PONvM PUMCKOro mpaBa B
pa3BMTMM KOCMMUYECKOro npasa.

4. Npea Kanyp3o o0 NpMMEHeHUW KaTteropuu res communes om-
nium K npaBoBOMYy pexumy Mapca n gpyrmx HebecHbIXx Ten MOXeT
obOoCHOBaHa C IOPUANYECKOW TOYKM 3pEHUS MpYM MOMOLLM FIMYHOIO
cepsutyTa — y3ydpykra. [1o cBoer KOHCTPYKLUM y3ydPYKT CXOX C
npuHUMNamMM NPaBOBOr0 PerynMpoBaHUs res communes omnium, a
Takke C NMpaBoOBbIM pexumoM Mapca v gpyrnx HebecHbix Ten: Kak B
OTHOLLEHNWN Yy3Yy(pyKTa, TaKk U B OTHOLLUEHUN res communes omnium
y BNnagenbua ecTb NpaBoO Ha M3BreYeHne MMogoB; Npu y3ydppykTe y
y3ydpyKTapusa He BO3HMKaEeT BrageHus C MOCneayrLumM nepexoaom
€ro B COOCTBEHHOCTb, TaKXXe MpU Nofb30BaHUN OObEKTaMu res com-
munes omnium (Mapcom) y cyb6bEeKTOB KOCMMYECKOrO MpaBa He
BO3HMKAIT NpaBa cO6CTBEHHOCTM Ha HebGecHbIe Tena.
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«GREEN SCHOOL» AS AN EFFECTIVE TOOL FOR ACHIEVING
SUSTAINABLE DEVELOPMENT GOALS

Abstract. The concept of sustainable development has become one of the key
and pressing issues of modern society. In particular, the interrelation between
sustainable development and environmental culture is of special significance in the
education system. In this regard, green schools play an important role in fostering
environmental culture. Furthermore, the experience of green schools represents
a significant step toward active participation in addressing environmental issues,
developing nature conservation skills, and implementing sustainable development
goals. This article explores the interconnection between sustainable development
and environmental culture, analyzing the significance and role of green schools
within the system of environmental education. Green schools act as a crucial
factor in the implementation of sustainable development principles, as they
foster environmental awareness, instill a sense of ecological responsibility, and
encourage nature conservation. Within the framework of achieving sustainable
development goals, a survey was conducted to introduce an elective course aimed
at maintaining the balance between nature and ecosystems, enhancing ecological
literacy, and engaging students in environmental protection activities. The content
of this course is presented in the article.

Keywords: sustainable development, environmental education, environmental
culture, ecological thinking, green school, teaching method, biodiversity
conservation.

Introduction. The severity of the current environmental crisis, close-
ly associated with adverse economic and social phenomena and driven
by globalization processes, became evident in the late 20th century. This
recognition led the global community to realize the need for joint interna-
tional efforts to prevent global catastrophes, curb the deepening of crisis
processes, and develop fundamental solutions for transformative change.
Critical challenges emerged, including preventing future global crises and
ensuring the economic, social, and cultural development of society within
the ecological capacity of the biosphere.
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In this context, the “Clean Kazakhstan” Concept for 2024-2029, aimed
at developing the ecological culture of the Republic of Kazakhstan, pro-
vides a comprehensive approach to fostering environmental awareness
(Ministry of Ecology and Natural Resources of the Republic of Kazakh-
stan, 2024) [1]. This approach involves diverse methods and strategies,
including environmental education, upbringing, literacy, eco-socialization,
and self-directed learning, tailored to various social groups.

The Concept outlines key areas of activity, such as:

- promoting ecological thinking and behavior, including measures to
encourage environmentally responsible practices;

- strengthening environmental education;

- enhancing environmental literacy and disseminating it through public
information campaigns [2].

The development of ecological thinking and responsible behavior is
determined by factors such as awareness of the environment’'s value,
a sense of responsibility for nature conservation, sustainable consump-
tion habits, and a heightened understanding of ecological issues (Smith,
2023).

The formation of ecological culture includes the following core compo-
nents:

- environmental literacy and willingness to adapt behavior;

- conscious consumption and waste-sorting practices;

- efficient use of energy and water resources;

- sustainable mobility habits;

- environmentally responsible business conduct;

- decision-making in government institutions that considers environ-
mental impact;

- participation in environmental campaigns, including afforestation in-
itiatives;

- incentives to promote and sustain environmentally responsible be-
havior.

The environmental education, upbringing, eco-socialization, and
self-education strategies presented in the Concept align with the core
principles of the green school model. Green schools are designed as
eco-friendly, energy-efficient spaces that implement environmental pro-
jects and actively engage students and teachers in solving ecological
problems. By fostering ecological culture and embedding sustainable de-
velopment principles, these schools contribute to preparing future genera-
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tions to protect nature and support the long-term sustainable development
of society.

The aim of this article is to analyze the effectiveness of educational ac-
tivities aimed at fostering environmental awareness, conserving biodiver-
sity, and implementing the principles of sustainable development among
students. Furthermore, it seeks to identify ways of enhancing young peo-
ple’s sense of responsibility towards nature through school-based envi-
ronmental projects, research competitions, and tree-planting campaigns,
as well as to define their role in environmental protection.

Research methods. There is a close interconnection between the
“Clean Kazakhstan” Concept and the principles of green schools and
sustainable development. A green school is an educational institution
designed to foster ecological culture, where environmental issues and
sustainable development principles are integrated as fundamental com-
ponents of the learning process. Sustainable development implies a long-
term societal pathway that maintains a balance between environmental,
social, and economic aspects [3]. Thus, the “Clean Kazakhstan” Concept
provides an integrated approach to developing ecological culture through
green schools and implementing sustainable development principles.

In recent years, the green school initiative has become widespread in
Kazakhstan, with several schools introducing ecological education and
sustainable development principles. Green schools are characterized by
eco-friendly environments, energy-saving practices, efficient resource
use, and fostering a sense of environmental responsibility.

The establishment of green schools in Kazakhstan is guided by sever-
al key principles:

1. Energy conservation and efficient resource use — Green schools
incorporate energy-efficient technologies, such as wind generators, solar
panels, water-saving systems, and energy-efficient building designs, to
optimize natural resource use.

2. Environmental protection and ecological projects — These schools
engage students in environmental activities, including tree planting, waste
recycling, and water and energy conservation measures, thereby foster-
ing ecological culture and responsible behavior.

3. Environmental education — Green schools prioritize teaching stu-
dents about ecology, sustainable development, climate change, and natu-
ral resource protection as core components of the curriculum.

Currently, the number of green schools in Kazakhstan is growing. Initi-
atives have been implemented in cities such as Almaty, Astana (Nur-Sul-
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tan), Shymkent, and Kyzylorda, as well as in several regional schools [4].
Today, sustainable development represents a multidisciplinary issue
encompassing philosophical, ecological, socio-political, economic, and
technical dimensions. According to international research, the concept of
sustainable development comprises 57 definitions, 19 principles, 12 crite-
ria, 4 conceptual frameworks, 9 strategies, and a list of 28 indicators [5].

The Sustainable Development Goals (SDGs) represent a global strat-
egy adopted by the United Nations in 2015, outlining 17 goals and 169
targets to be achieved by 2030. These goals provide a common develop-
ment agenda for all countries and aim to ensure equal opportunities for all
by respecting human rights, promoting social equity, ensuring economic
stability, and protecting the environment [6].

The core ideas of sustainable development include:

« integrating three main dimensions of human thinking, worldview, and
activity: economic, social, and environmental;

 acknowledging the interconnection and interdependence of these as-
pects, including:

a) environmental goals — preserving the integrity of natural ecosystems
and improving environmental quality;

b) economic goals — ensuring economic growth and development;

c) social goals — improving living conditions, ensuring social justice,
maintaining cultural identity, and enhancing quality of life;

* recognizing the primacy of natural laws. As Austrian philosopher Karl
Popper noted, “Since the laws of nature remain unchanged, they cannot
be violated or abolished.” Ignoring ecological laws inevitably leads to en-
vironmental crises;

« highlighting the leading role of culture — including science, education,
and polyethnic traditions — in harmonizing human-nature relations;

« fostering ecological and project-oriented culture, emphasizing fore-
sight, precaution, and “soft governance”;

« preserving natural and cultural heritage as a prerequisite for human-
ity’s survival;

 ensuring ecological safety across all types and spheres of human
activity;

« taking into account national characteristics in implementing sustaina-
ble development strategies.

Results and Discussion. The implementation of sustainable devel-
opment concepts relies on a range of mechanisms, including a system
of treaty relations and obligations that facilitate the integrated realization
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of existing and emerging programs and agreements between nations;
advancements in science and innovative technologies; the promotion of
a “Green Economy”; equitable distribution of benefits derived from natu-
ral resource utilization at both national and international levels; and the
enhancement of environmental management based on the principle of
“anticipation and prevention” rather than “reaction and correction”. Addi-
tionally, it requires the establishment of a state environmental assessment
framework (ensuring mandatory public participation) that incorporates
evaluation of potential ecological impacts of projects; strengthening of
self-governance practices; and continuous improvement of environmental
legislation to safeguard natural and cultural diversity, expand wildlife ar-
eas, and ensure long-term ecological stability [7, 8, 9]. A pivotal element
in achieving sustainable development goals is the formation of a culture
of sustainability through targeted education — Education for Sustainable
Development (ESD). As N.N. Moiseev aptly noted: “At present, not only
the future of civilization but also the survival of humanity on Earth depends
upon the educator” [10].

The Sustainable Development Concept places particular emphasis on
the following:

Goal 12 — Responsible Consumption and Production: promoting effi-
cient resource use and minimizing waste;

Goal 13 — Climate Action: addressing climate change and adapting to
its impacts;

Goal 14 - Life Below Water: safeguarding oceans, seas, and marine
ecosystems;

Goal 15 — Life on Land: conserving terrestrial ecosystems, protecting
forests, and preventing desertification.

These objectives are explicitly incorporated into the updated Biology
curriculum for Grade 7 students, which highlights the following learning
targets:

7.3.2.1 — Characterize the interactions between humans and ecosys-
tems;

7.3.2.2 — Provide examples of human activities with negative ecologi-
cal impacts;

7.3.2.3 — Describe flora and fauna of specially protected natural areas
in Kazakhstan;

7.3.2.4 — Identify local species included in the Red Data Book of Ka-
zakhstan.

In alignment with these priorities, several initiatives have been imple-
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mented, including the introduction of a specialized elective course entitled
“Biodiversity Conservation” for Grade 7 learners [11].

Prior to embedding this course within the school curriculum, a survey
was conducted to evaluate students’ knowledge, understanding, and at-
titudes regarding ecological issues, sustainable development principles,
and environmental protection. The survey successfully addressed several
key objectives.

extent to which students are informed about ecology and issues related to
environmental protection.

)

> Determining the Level of Environmental Knowledge — involves assessing the

Assessment of Students’ Environmental Attitudes — refers to identifying their
perspectives on nature conservation, sustainable development, recycling
practices, and energy-saving measures.

Enhancing Environmental Literacy — involves providing students with a
deeper understanding of ecology and sustainable development, while
assessing their perception and awareness of environmental issues.

environmental literacy by providing comprehensive information on

> Raising Awareness of Environmental Issues — refers to increasing students’
ecological problems and potential solutions.

involves enhancing environmental education curricula and introducing new

> Development of Environmental Programs in Schools and Communities —
projects in schools based on survey results.

attitudes toward environmental challenges and fostering a sense of accountability in
their interaction with the natural world.

> Promoting Environmental Responsibility — involves assessing students’ personal

Survey Questions:

. What is biodiversity?

. Name the most significant environmental issues in Kazakhstan.

. Which ecosystems face the greatest threat to biodiversity?

. What could be an example of environmentally responsible behavior?
. On what principles is the concept of sustainable development based?
. What is the primary goal of green schools?

. Explain the concept of a green economy.

. What ecological crises might result from climate change?

. What actions are necessary to ensure biodiversity conservation?
10. What is the main objective of the “Clean Kazakhstan” initiative?
Based on the survey results, most participants consider environmental

OCoO~NOOOAWN-=-
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protection, biodiversity conservation, the implementation of green schools,
and the “Clean Kazakhstan” initiative to be crucial for fostering ecological
culture. Numerous measures are required to enhance environmental ed-
ucation and ecological responsibility. The promotion of a green economy,
sustainable development, and climate change mitigation is actively ad-
vancing in Kazakhstan, emphasizing the importance of strengthening the
roles of both governmental bodies and individuals in addressing these
challenges [12]. The “Clean Kazakhstan” initiative and the green school
concept play a key role in cultivating students’ environmental awareness
and culture.

The elective course aims to maintain the balance between nature and
ecosystems, enhance environmental literacy, and engage students in na-
ture conservation activities. It provides students with an in-depth under-
standing of the significance of biodiversity, its impact on human life and
global ecosystems, as well as the threats to species extinction and meas-
ures to prevent it. The course also focuses on the rational use of natural
resources, ecological balance, and the principles of sustainable devel-
opment. Furthermore, it encourages research in biotechnology, ecology,
and nature conservation, participation in environmental projects, and the
protection of local ecosystems and flora [13].

Course on Biodiversity Conservation biodiversity conservation is con-
ducted with consideration of the principles of sustainable development, as
biodiversity represents a vital component of sustainability. Its significance
is reflected in the following aspects:

1. Supporting Sustainable Development

» Ecological Balance: Biodiversity contributes to maintaining ecosys-
tem stability, enabling the long-term use of natural resources.

» Social Stability: Biodiversity provides essential ecosystem servic-
es-such as clean water, air purification, food, and medicinal plants-im-
proving the quality of human life.

» Economic Development: Natural resources serve as a foundation for
agriculture, tourism, and various other sectors.

2. Conservation and Sustainable Use of Biodiversity

» Rational Use of Natural Resources: Utilizing resources efficiently
without causing environmental harm.

* Preservation of Ecosystem Services: Maintaining nature’s services to
humanity, including pollination, water regulation, and soil fertility.

3. Engaging Youth in Sustainable Development

» Encouraging students to implement sustainable development con-
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cepts and actively participate in environmental projects.

* Promoting the search for long-term solutions in nature conservation.

4. Safeguarding the Needs of Future Generations

* Preserving natural resources not only for the current generation but
also for future ones.

* Ensuring long-term human well-being by maintaining quality living
conditions within the natural environment. Through this course, students
will explore practical measures for biodiversity conservation, examine na-
tional and international ecological initiatives, and learn how to apply them
in daily life. It fosters environmental responsibility and prepares students
to actively address ecological challenges in the future.

Course Objective. To provide students with an understanding of the
importance of biodiversity, the need for its conservation, and to cultivate a
sense of responsibility toward nature protection.

Course Tasks

« Explain the concept and levels of biodiversity.

» Demonstrate the role of biodiversity within ecosystems.

» Familiarize students with the current state of biodiversity in Kazakh-
stan and globally.

» Teach methods and strategies for biodiversity conservation.

» Develop ecological culture by involving students in nature protection
activities.

Teaching Methods

* Lectures and presentations.

 Group discussions and debates.

* Project-based learning.

* Field trips and outdoor research.

Assessment Criteria

» Class participation and engagement.

* Quality of project work.

* Final test performance.

In collaboration with the Almaty State Nature Reserve, the district or-
ganized the “Parade of Parks” tree-planting campaign, during which stu-
dents regularly plant fruit trees in schoolyards. This initiative aims to foster
environmental awareness among students and encourage a responsible
attitude toward nature. Additionally, it contributes to improving the envi-
ronment, purifying the air, regulating the climate, and preserving biodiver-
sity. The event also promotes teamwork among students and helps them
develop a sense of responsibility for the future of nature. The campaign
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is aligned with the principles of sustainable development and seeks to
improve ecological conditions by expanding green zones.

Under the supervision of the nature reserve, competitions on envi-
ronmental protection, wildlife conservation, and plant care are organized
among school students across the district. Furthermore, students from
grades 2 to 7 participate in the national research and creative projects
competition “Zerde,” where they have achieved awards at both district and
regional levels. The participation in these competitions serves several key
objectives:

1. Development of Research and Creative Skills

The competition fosters students’ abilities to conduct scientific research
and design creative projects, enhancing their analytical and problem-solv-
ing skills.

2. Promotion of Scientific Interest

It encourages students to develop an interest in science, research, and
innovation, fostering curiosity and motivation for academic exploration.

3. Experience Exchange

By presenting their research and projects, students gain an opportunity
to learn from their peers’ work, broadening their knowledge and gaining
valuable experience.

4. Recognition and Motivation

Winners and awardees receive certificates, diplomas, and special priz-
es, which serve as formal acknowledgment of their academic achieve-
ments.

5. Preparation for the Future

The competition equips students with skills in scientific writing, re-
search methodology, and data analysis, preparing them for higher educa-
tion and potential careers in research fields.

6. Development of Innovative Thinking and Creativity

It provides a platform for students to propose new ideas and innovative
solutions.

This competition plays a crucial role in fostering students’ holistic de-
velopment, promoting intellectual curiosity, and motivating them toward
continuous learning.

In addition, a project defense competition titled “Let Us Cherish Mother
Earth” is held among students of grades 7-9 within the school, aimed at
promoting environmental protection. The competition pursues the follow-
ing key objectives:

1. Formation of Environmental Awareness
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Instilling a responsible attitude toward nature and fostering ecological
consciousness among students.

2. Raising Attention to Environmental Issues

Encouraging students to focus on contemporary ecological challenges
and guiding them toward seeking effective solutions.

3. Development of Practical Skills

Enhancing students’ research abilities through the acquisition of skills
in conducting investigations, analyzing data, and proposing practical solu-
tions.

4. Introduction of New Ideas

Motivating students to develop innovative and creative approaches to
address environmental problems.

5. Increasing Youth Engagement

Strengthening the role of young people in environmental protection
and increasing their contribution to society.

6. Preparation for the Future

Supporting professional orientation through environmental education
and fostering the development of future ecologists, biologists, and re-
searchers.

7. Promotion of Social Responsibility

Encouraging students to take concrete actions toward preserving and
improving their local environment, thereby fostering a sense of civic duty.

This competition represents an important initiative designed to expand
students’ knowledge, skills, and responsibility in the field of environmental
protection.

The experiment was conducted in the 7 “A” and 7 “B” classes. Both
classes were introduced to the elective course “Biodiversity Conserva-
tion”. The purpose of the experiment was to assess students’ ecologi-
cal knowledge, understanding, and responsibility as a result of complet-
ing the elective course. Experimental Design: Classes: 7 “A” (15 stu-
dents), 7 “B” (16 students), Assessment methods: pre- and post-tests
(10-question survey), project work, and classroom participation observa-
tion. Pre-test results: 7 “A” class: average score 45%, 7 “B” class: av-
erage score 43%. Post-course test results: 7 “A” class: average score
62% (an increase of 37 percentage points in ecological knowledge). 7
“B” class: average score 48% (an increase of 25 percentage points).
Project work results: 7 “A” class: all students actively participated and
presented their projects; average score 68%, 7 “B” class: 50% of stu-
dents actively participated; average score 52%. Qualitative observations
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in 7 “A” class, students actively engaged in nature conservation activ-
ities, contributed to class discussions, and significantly improved their
ecological culture. In 7 “B” class, student engagement was moderate,
some groups did not fully complete project tasks, but overall ecological
culture increased. The elective course significantly enhanced students’
ecological knowledge and responsibility. The 7 “A” class demonstrated
higher results than the 7 “B” class (62% vs. 48%), which was associat-
ed with the level of classroom engagement and participation (Figure 1).

Average Project Score (%) 7B
1

Average Project Score (%) 7 A
.|

Project Participation (%) 7 B
I

Project Participation (%) 7 A
|

Pre-test (%) 7 B
I

Pre-test (%) 7 A
|

0 10 20 30 40 50 60 70 80

Figure 1 - Pre- and Post-Experiment Results of 7 “A” and 7 “B” Classes

The experiment confirmed the effectiveness of the elective course in
improving the quality of environmental education and highlighted the im-
portance of continuing its implementation.

Conclusion. The ongoing activities aimed at fostering sustainable
development and cultivating ecological culture - particularly biodiversity
conservation and participation in environmental projects - constitute sig-
nificant steps toward improving ecological literacy in modern society. The
“Clean Kazakhstan” concept and the Green School initiative are intended
to promote environmental education and training, as well as to instill eco-
logical responsibility, awareness, and culture through the organization of
nature conservation events.

Through the implementation of various projects and programs across
the country, essential measures are being undertaken to develop stu-
dents’ research competencies, involve them in ecological initiatives, and
stimulate the younger generation to engage actively in environmental pro-
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tection. These systematic efforts contribute to enhancing the ecological
culture of future generations and fostering a sense of responsibility for
sustainable development.

Implementing environmental projects in Green Schools, involving
students in nature conservation activities, conducting tree-planting cam-
paigns, and organizing other initiatives aligned with the goals of sustain-
able development play a crucial role in shaping students’ ecological out-
look. Particular emphasis should be placed on biodiversity conservation,
the rational use of natural resources, and the provision of education ad-
dressing climate change adaptation.
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'AbGaii atbiHgarbl Kasak ynTTbiK negarorvkanblk yHMBepcuTeTi, AnmaTtbl K.,
KasakcTaH

2 AkgeHns YHuBepceuteTi, AHTanus K., Typkus

«KACDbIT MEKTEM» — TYPAKTblI OAMY MAKCATTAPbBIHA XXETYAIH TUIMAI
K¥PAIbI

Tyningeme. TypakTbl AaMy KOHLIENUUACHI Ka3ipri KOFaM YLUiH MaHbl3abl 9pi ©3eKTi
Macerne 6onbin oTbip. Binim Gepy kyneciHae TypakTbl AaMy MeH SKOJOTUAIbIK,
MOLEHNETTIH e3apa OGannaHbicbl epekwe MaHre me. OcCbl TypFblOaH, >Xacbin
MEKTENTEepP SKOMOTUANbIK MOAEHUETTI KanbiNTacTbipyAa MaHbI3[bl pen aTkapaabl.
CoHbIMEH KaTap, Xacbin MEKTeNTepAiH, NPaKkTUKachl 3KONOTMANbIK Macernernepre
OenceHai kaTbicyra, TaburaTTbl KOpFay OaFabinapbiH AaMbiTyFa XoHe TypakTbl
AaMy MakcaTTapbliHa XeTyre OarbiTTanfaH Manbi3gbl kagam 6onbin Tabbiagpl.
Makanaga »acblnn MekTenTepAin akonoruaneik 6iniM 6epy xyneciHaeri MaHbI3bl
MEH peni TangaHagbl, TypakTbl JaMy MeH 3KONOrUsnbIK MOAEHNET apacbiHAAFbI
e3apa bannaHbICTbl 3epTTenai. XKacbkin MeKkTenTep TypakTbl AaMy NPUHLMATEPIH
Xysere acblpyga wewywi ¢aktop 6onbin Tabbinagbl, SFHW  OKyLbINapabl
3KOMNMOrNANbIK MBOEHNETNEH TopOuenenai, TaburaTTbl KOPFay >XoHe 3KONOTUANbIK,
»KayarnkepLinikTi caHanbl TYpAe TycCiHyre biknan etedi. TaburaT neH akoxymnenep
apacblHAarbl Tene-TeHAIKTIi cakTay, 9SKOMOrusnblK cayaTTbilbIKTbl  apTTbipy
KOHe OKyllbinapabl TabwraTTbl KOpfay ic-luapanapblHa TapTy MakcaTbiHAa
TypakTbl AaMy MakcaTTapblH icke acblipy 6apbiCbiHAa cayanHama HaTuKeciHae
(hakynbTaTMBTIK KypC EHri3iNnreHi >xoHe MakKanaHblH, Ma3MyHbl KOPCETINreH.
Tyningi cespep: TypakTbl Jamy, 9Komorvanbelk Oinim Gepy, 3KONOrMAnNbIK,
MOLEHUNET, IKONOrMANbIK onay, XKacbkln MekTen, OKbITy 8ici, buoanyaHTypninikTi
cakray.
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' Kaszaxckuil HauuMoHamnbHbI MNegarorMyeckuini  yHUBepcuTeT uMeHn Abas,
r. Anmatbl, KasaxcrtaH

2 YHuBepcuteT AkaeHus, r. AHTanus, Typums

«3ENIEHAS WWKONA» - 9OdDEKTUBHOE CPELCTBO OOCTUMXEHUA LLENEW
YCTOMYMBOIO PA3BUTUA

AHHoTaums. KoHuenuusi yCTOMYMBOro pasBUTUS CTana BaXXHOW U aKTyaribHOW
npobnemon coBpemMeHHoro obuiectsa. Ocoboe 3HauYeHne B cucteme obpasoBaHus
MMEET B3aMMOCBA3b YCTOAYMBOrO Pa3BUTUSA M 3KOJTOrMYECKON KynbTypbl. B aTOM
CMbICIie 3€rieHble LLKOMbI UTPatT BaXHYH porib B DOPMUPOBAHMKN 3KOIOrMYECKOn
KynbTypbl. Kpome Toro, npakTika 3eneHbIX LLKOI ABMAETCA BaXHbIM LLAroM Ha nyTu
K aKTMBHOMY y4acCTUIO B 9KONMOTMYECKNX BOMPOCaXx, pa3BUTUIO NPUPOA0OXPaHHbIX
HaBbIKOB U JOCTVXXEHUIO Lierieil yCTOMYMBOro pa3BuTus. B cTtatbe aHanuanpyeTca
Ba)XHOCTb M PONb 3€rieHbIX LUKON B CUCTEME 3JKONormyeckoro obpasoBaHus,
uccriegysl B3aMMOCBSA3b  MEXAY YCTOMYMBBIM Pa3BUTMEM W 3KOJOrMYECKOn
KynbTypoi. 3erieHble LUKOMbl SABMATCA peluarwmum (akTtopoM B peanusauum
NPVHLMNOB YCTONYMBOrO Pa3BUTUS. T.€. BOCTIUTBIBAET Y4aLLMXCS B 9KOJOrM4eCcKomn
KynbType, OCO3HAeT MPMPOLOOXPAHHYI0 U 3KONOrMYECKYD OTBETCTBEHHOCTb.
B uensx coxpaHeHuss 6anaHca mexay npupoaon U 3KOCUCTEMOM, MOBbILLIEHUSE
9KONOrMYECKoA rpaMOTHOCTM M BOBMEYEHMS y4alUXCA B MNPUPOLOOXPaHHbIE
MeponpuaTUSa B XoAe peanu3aummn Llenei ycTondmMBoro passutus, B pesynbtate
aHKeTVMPOBaHWSA BHEAPEH ANEKTUBHBIN KypC 1 NPUBEAEHO COOEPXKaHME CTaTbu.
KnioyeBble cnoBa: YyCTO/YMBOE pasBWUTME, 3KOMOrmyeckoe obpasoBaHue,
aKonormyeckas KynbTypa, 3KOINOrM4eckoe MblluneHne, 3eneHas Likona, MeTos
00y4eHus, coxpaHeHne BropasHoobpasus.
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INABJIOH HAITIUCAHUSA CTATbU

KOMKA3BAHbI POCIMAEY TANANTAPbI

OKCnepuUMEHTTIK MaKarnaHblH Kenemi — 7-geH 15 GeTke geniH (A4
dopmaTbl), 4-6 cypeT (KecTe); yw Tingeri TyniHgemenepai, kectenepai,
cypeTtTepai, ©aebuettep TidiMiH, ©aebueTTtep Ti3iMiHIH cinTeMenepin,
ABTOpnap Typanbl ManiMeTTepai ecentTeMereHe.

Wony makanacbl — 7-15 6eT, OHbIH iWiHOe TyWiHOEMe, KecTernep,
cypeTTep, opebuettep Ti3imi, oaebmeTTep TisiMiHIH - cinTemenepi,
CypeTTep Hemece KecTenep caHbl 9-gaH acnangbl (3 cypeTr 1 OeTke
ecenTerneai); yw Tingeri aBTopnap Typanbl ManiMeTTep.

Kbickawa xabapnama — TyriHOemernepai, kectenepai, cypeTtTepai,
opebueTTep TidiMiH, o4ebueTTep TidiMiHIH cinTeMenepiH, yw Tingeri
aBTopnap Typanbl ManiMeTTepai KocnafaHga, CcypeTTepai Hemece
KecTenepni (YWTeH acnanTbiH) koca anFaHga 5-9 Ger.

MaeTingik dparngapabl PDF xeHe Word dopmatbiHaa (6.0 »xaHe ogaH

KeuiHri Hyckanapsbl), kapin — Times New Roman, enwemi — 12pt, 1,15
MHTepBanmeH, 6ip 6araHOa yCbIHY KEpEK.

MAKATA XA3Y YNTICI

FTAMA kopgbl (FbinbIMU-TEXHMKANbIK aknapaTTblH MeMiekeTaparnblk
angapbl)

ABTOpnapAbIH Teri MeH aTbI-XeHi— 3 Tinge (ka3ak, opbIC, arFbiSILbIH)
(BipiHwWwici — MaTiHHIH, aBTOpbl, cogaH kehiH GipreckeH aBToprap MeH
FBINbIMW XXETEKLINep);

MekeMeHiH aTaybl, Kanachbl, efli — 3 Tinge (kasak, opbIC, afbIfLLbIH);
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Erep makanaHbiH aBTOpniapbl 8pTypii MekemenepaeH bornca, oHaa ap
hamMUNnsIHBbIH, COHbIHA XKOFapfbl XafFblHa CaH KOMbIHbI3. ©p aBTOPAbIH
YKYMbIC OPHbIH KOPCETIHi3 KaHe TUICTi aBTOPAbIH, )KYMbIC OPHbI aTayblHbIH,
©acbiHa YCTiHri caHabl KOMbIHbI3.

Mebican: A.K. Bepukoe’, C./. Bacunbeg?
"Tay-KkeH ici MHCTUTYTbI, AnMaThl K., KazakctaH
2Akagemuk ©. AcaHanueB aTbiHOaFbl KblpFbl3 Tay-KeH
MeTannyprusanbIk MHCTUTYThI, billkek K., KblpFbl3CTaH

MakanaHbIH TaKbIpbIObl — 3 Tinge (Kasak, opbIC, afbifLbIH);
— BapblHWa KbICKa, aKknapaTTblK, KbICKapTyCbl3 60mybl TUIC;

Tyninpeme: 3 Tinge xasbinagbl (OpbIC, Ka3ak, aFbIfLLbIH):

150-200 ce3neH acnaybl Tvic. (TyniHoeme MadmyHbl: 3epTTey Makca-
Tbl. He ictengi. He Tabbingbl. HoTxenepi HeciMeH MaHbI3apbl, KOngaHy
ascbl, anemae aHanorrapsl 6ap ma);

Tyningi cesnep: 3 Tinge (kasak, opbIC, aFblfLlbIH) Xa3blnaabl — 6ap-
NbIfbl 5-6 Xanfbl3 CO3 XXoHe eKi-yL Ce3 TipKeCiHeH acnanabl;

Makana maTiHi: kKecTenep, cypeTTep, KenTipinreH agebueTtep Tisimi;

Kipicne — coHfbl OHXbINAbIKTapAa OCblFaH yKcac HeMece OfaH XakblH
3epTTeynep XyprisinreH oTaHObIK XoHe LeTenaik XXymbicTapabl MiHOETTI
TYPAE KapacTblpblfiFaH MaCENeHIH, TapuXbIHbIH KbiCKalla Ma3MyHbl.

3epTTeyaiH MaKcaTbl — KbiCKallla cunaTrama.

3epTTey apicTepi — xxaHa aaicTepai enken-Tenkenni cunaTTay Kepek;
aBTOpAbl XoHe/Hemece SAiCTiH aTayblH KepceTe OTbIpbIn, 8aebueTtep Ti-
3iMiHOe BypblIH XXapusnaHrFaH xeHe benrini sgictepre cintTeme xacay XeT-
KiniKTi.

— Kecmenep apab uudpnapbiMeH HeMipreHin, cunatramanblk ataybl
6onybl kepek. Cangblk, enwemaep (bipniktep) 6araH TakblpblObIHA KOChI-
nybl KEpexK.

— Tek eH xakcbl canagarbl cypemmep (rpadukrep, dopmynanap,
cbidbanap oHe T.0.) aHe Typni-TycTi unncTpauusnap 6ackin wheiFa-
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pyFa KabbingaHagpl. CypeTTtepae OHAarbl KECKiHre HaKThl cunatTtama Ge-
peTiH KbiCKkalla TakblpbinTap 6onybl kepek. CypeTTepaiH TakbipbinTapbl
unncTpaumsanapsa opHanactbelpbiiMaybl kepek. ['padumka TypiHe Kapa-
MacTaH, cbidbanap AwvmiHe 600 HyKTegeH TeMeH emec XOofapbl axbl-
paTtbiMabinbikka ne 6onybl kepek. CypeTTepaiH Makcumangbl mesnwepi
120 x 210 mMm. ¥CbIHbINFaH canachbl3 rpadmkanbik MaTepuangapfra pegak-
ums xxapwvsinay KesiHge xxayan 6epmengi.

3epTTey HOTMXKerepi — Heri3ri TEOPUAIbIK XXoHe 3KCMEPUMEHTTIK Ho-
TWXernep, HaKkTbl AepekTep, aHblKTanfaH KaTblHacTap MeH 3aH4blibiKTap
KenTipineai. byn xarganga xxaHa HaTuxenepre, MaHbI3abl XaHanblKTapra,
KOngaHbICTarbl Teopuanapabl XOKKa LublFapaTbiH Ty KblpbiIMOapfa, COH-
Oan-ak npakTuKanblk MaHbl3bl 6ap ManiMeTTepre apThiKWbINbIK Oepineai.

HaTtuxenepai Tankbinay — y3aik oTaHAbIK XeHe anemMik aHanortap-
MEH canbICTbIpy Xyprisineai. 3epTreyaiH nikipTanac caTTepi oHe onapabl
Lewyre gereH keskapacbiHbl3 cunatranagbl.

KopbITbIHAbLI — XXYMbICTbIH KOPbITbIHABICHIH LUbIFAPY, 3€PTTEYAiH >a-
HanbIFbl MEH ©3EKTINIriH Heri3gey, anbiHFaH HOTWDKeENepai KongaHy 6onbIH-
LA yCbIHbICTaPp.

3epTTeynepai KapXbinaHabIpy Ke3i — BeAoMCcTBONap, kopnap, xeke
agampap eHe T.6. MNManganaHbinFaH agebueTTep TidiMiHiH anabiHa Kombl-
nybl kepek. KapkblnaHablpyLbl yibiIMAapAblH atayiapbl TOMbIK Xa3blnybl
Tuic.

Anfbic — femeywlinepre, fbifbIMK XeTeKLwinepre, Xymbicka 6encexgi
KaTbICKaH agamMmaapra xaHe T. 6.

opebueTTep Ti3imi — MaTiHAEri cinTemenep onapabl ecke Tycipy pe-
TiMmeH ecy 6onbiHWa HemiprieHeai. YKapusnaHeiMm Typanbl bubnunorpadus-
nblk manimettep 7.1-2003 MEMCT-Ha cankec pacimaeneni. Ogebuetrep
Ti3iMiH pacimgey ynrici )XypHanablH, vestnik.nauka.kz cantelHaa yCbIHbIN-
FaH. ©OpgebueTTep TidiMiHE HOPMATMBTIK KyXaTTap, CTaTUCTUKanbIK >KU-
HaKTap, raseTTepieH anbiHFaH makananap kipmeldi. Onap meTiHae ai-
ThIflFAHHAH KeWiH aklwara anbiHagbl. WHTepHeT-canTTapfa cintemenep
7.5-98 MEMCT-ka cankec xyprisineai.
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©3iHe-e3i cinTeme xkacay xannbl TidiMHiH 20-30%-HaH acnaybl Kepek.
10-15 xbIngaH acnanTblH, acipece kongaHbansl cunatTarbl Makananapra
apHanfaH aaebu ke3gep TisiMHIH egayip 6eniriH Kypaybl Kepek.

References — (©Oaebuetrep TidimiH TpaHcnuTepauusanay) — 7.79-
2000 MEMCT-ka calikec pacimaenesi xeHe pegakuns TanantapbiHa Con-
KeC opHanacTblpbiaabl.

ABTopnap Typanbl manimetrtep 3 Tinge (Kkasak, OpbIC, aFblSLLbIH)
Xasbinagbl.

— Teri, aTbl, 9KeCiHiH aTbl (6ap 6onca), FbinbIMK aTarbl/Aapexeci,

— aBTOpriapdblH, 8PKaNCbICBIHbIH XYMbICbIHA KOCKaH yreci — akcne-
PYMEHT, OepeKkTepai eHaey, Tankbinay, Komkasba gavibiHgay, agebuet
i3gey, 3epTTey xaHe T. O.

— OQMNEeKTPOHAbIK noLiTa.
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TPEBOBAHUA K O®OPMJIEHUIO PYKOIMNNCU

OKcnepumeHTanbHas ctatbn — OT 7 A0 15 ctpanuy (dopmat A4),
4-6 pucyHkoB (Tabnuuy), He cunTas aHHoTaumu, Tabnuubl, pucyHkm, Cnmcok
nutepatypsl, References cnucka nutepatypsbl, CBegeHns o6 aBTopax Ha
Tpex A3blKax.

O630pHasa cratbu — 7-15 cTpaHuL, BKIOYasa aHHOTaUMKW, Tabnuubl,
pucyHkn, Cnmcok nutepatypbl, References cnucka nutepaTypbl,
KONMMYECTBO PUCYHKOB UIn Tabnuu He 6onee 9 (3 pucyHka cumTaroTcs 3a
1 cTpaHuuy); CBeaeHnst 06 aBTopax Ha Tpex si3blKax.

KpaTkoe coobLyeHune — 5-9 cTpaHuu, BKMOYas pUCYHKM Unv Tabnumubl
(He Gonblue Tpex), He cuMTas aHHoTaumu, Tabnuubl, pucyHku, Cnmcok
nutepatypsl, References cnucka nutepatypbl, CBegeHns o6 aBTopax Ha
Tpex si3blKax.

TekcToBble Ghannbl criegyeT npenctasndate B oopmate PDF n Word
(Bepcum 6.0 n 6onee nosgHue), wpndT — Times New Roman, pasvep —
12pt, IHTepBan - 1,15, B 0OQHY KOMOHKY.

LWABN1OH HANMUCAHUA CTATbHU

kog MPHTWU (MexrocyaapCTBeHHbIN pybpukaTop Hay4yHo-
TEXHUYECKon nHPopmaLmm)

damunma v MHULMaNbl aBTOPOB — Ha 3-X fA3blkax (Ka3axckum,
PYCCKUIN, aHrMUNCKNA) (NepBbIi — aBTOP TEKCTa, 3aTEM COaBTOPbl U
Hay4Hble PyKOBOAMUTENMN);

HanmeHoBaHue mecta paboTtbl, ropoa, cTpaHa — Ha 3-X A3blkax
(ka3axcKui, PyCCKUIN, aHITIMACKNIA);
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Ecnn aBTOpbl cTaTbM M3 pasHbIX YYpexOoeHWn, TO B KOHUE Kaxaowu
damnnnm NocTaBuUTb HAACTPOYHYH LUGPY, COOTBETCTBYHOLLYIO MECTY
paboTbl. Hwxke ykasaTb mecTo paboThl kKaXgoro aBTopa U NocTaBuUTb
HaACTPOYHYIO LUMdPY B Havane HaMMeHoBaHus Mmecta paboThbl.

lMpumep: Bepukoe A.K.", Bacunsee C.HN.?
"MHCTUTYT ropHoro aena, r. Anmartbl, KazaxctaH
2 KblprbI3CKuUin FOpHO-MeTannypruyecknin MHCTUTYT M. AkademMuka
Y. AcaHanvesa,
r. buwkek, Kelprel3ctaH

3arnaBue ctaTbU — Ha 3-X sA3blkax (Ka3axCKuUK, PYCCKUA, aHTNIMNCKNIA);
- OOIMKHO ObITb MakcuManbHO KpaTkuMm, wHDOpMaTuBHbIM, 0e3
COKpaLLEeHNN;

AHHOTaumA: nuweTca Ha 3-X 43blkax (PYyCCKWUA, Ka3axCKuw,
A@HITIMNCKUR):

He 6onee 150-250 cnos. (CooepxaHnve anHoTauumu: Llenb
nccrnegoBaHuin. Yto cgenaHo. Yto obHapyxeHo. Yem BaxkHbl pe3ynbTaThl,
O6nacTb npumeHeHus, EcTb nn aHanorn B Mupe);

KnroueBble crnoBa: nuwyTca Ha 3-x A3blkaxX (Ka3axCKUMW, PYCCKUW,
aHIMUACKMIN) — BCero 5-6 OAMHOYHBIX CrnoBa M He Ooree OBYX-TPEX
CNoBOCOYETaHNI;

TekcT cTaTbu: BKIOYaeT TabnumUbl, PUCYHKM, CMIMCOK LMTUPOBaHHOM
nuTepaTypbl;

BeepeHne — KpaTKoe U3IroXXeHne NCTopum Bonpoca ¢ pacCMOTPEHNEM
OTE€YeCTBEHHbIX U 3apy6e>KHb|x pa60T, B KOTOPbIX aHalnornyHble wunm
6nuskue nccregoBaHus yXe npoBoauUITUCb 3a nocriegHne OeCATUNeTUd;

Llenb nccnegoBanus — KpaTKoe onmcaHue;

MeToabl uccnegoBaHma — cneanyeTt getalsibHO ONnUCbiBaTb HOBbIE
MeTodbl; Ha paHee Oﬂy6ﬂVIKOBaHHbIe N oOLen3BecTHble MeToabl
OOCTaTO4HO COCaTbCA B CNUCKE InuUTepaTtypbl, yKa3aB aBTOpa n/vinn

Ha3BaHWE METOOA;

163



LLlabrnoH HanucaHusi cmambu

— Tabnuybl [OMKHBbI ObITb NPOHYMEpPOBaHbl apabckumm umudpamm
N UMeTb onucaTenbHOe HasBaHue. YWCreHHble U3MeEpeHUs (eauHULbI)
[OIMKHbI ObITb BKIMOYEHbI B 3aronoBok cTtonbua.

— PucyHku (rpadvky, YepTexun 1 Mp.) U UBETHbIE MAMCTPaLun npu-
HMMAOTCS K MeyaTtu, TONbKO B NyyLleM KadecTBe. PUCYHKN OMMKHBI UMETb
KpaTKve 3arofioBky, AatoLme TOHHOE OnmncaHne K M306pakeHnto Ha puUCyH-
Kax. 3arofoBKN PUCYHKOB He OOMMKHbI pasMeLlaTbCa Ha UNMiCcTpaumsx.
HesaBuncrMo OT Tuna rpadmkmn, PUCYHKM AOMKHbI 06nagaTth BbICOKMM pas-
peLueHneM, He Hmke 600 Tovek Ha atovM. MakcmanbHbIN pasmep pUCyH-
koB 120 x 210 mMm. 3a npefocTaBneHHbIE HE KAYECTBEHHbIE rpadnyeckme
mMaTepuansl, Npy Nyénvkaumm pegakuns OTBETCTBEHHOCTM HE HECET.

Pe3synbTaTbl MCcCnegoBaHUA — MPUBOAATCA OCHOBHblE TEOpeTUYe-
CKME W SKCMepUMeHTarnbHble pe3ynbTaThl, PakTudeckue AaHHble, oBHa-
PY)XEHHbIE B3aMMOCBA3N 1 3aKOHOMepHOCTU. Mpu aToM oTaaeTcs npea-
MOYTEHME HOBbIM Pe3ynbTaTam, BaXKHbIM OTKPLITUAM, BbIBOAAM, KOTOPbIE
OMpPOBEPratoT CYLLIECTBYIOLLIME TEOPUN, @ TAKKE AaHHbIM, UMEIOLLIMM MpaK-
TUYeCcKoe 3Ha4eHue.

O6cyxaeHne pe3ynbLTaTOB — MNPOV3BOANUTCS COMOCTaBIIEHNE C fTyM-
UMMM OTEYECTBEHHbIMU 1 MUPOBLIMU aHanoramu. OnNMUCcbLIBaKTCA ANCKYC-
CMOHHbIE MOMEHTbI UCCIEeA0BaHUs, U Ballie BUAEHWUE VX pas3peLleHus.

BbiBOA — noaeeneHve utoros pabotbl, 060CHOBaHME HOBU3HbI U aK-
TyarnbHOCTU UCCriefoBaHUs, pekoMeHaaL MM no NPUMEHEHNIO NONMYyYEHHbIX
pe3ynbTaToB.

UcTouHmk dmHaHCMpoBaHUs UccrneaoBaHUM — BeAOMCTBA, POHAbI,
oTOenbHble NMOAN U T.4. OOIMKHbI BblTb MOMELLEHbl Nepes CrMCKOM UC-
nonb3oBaHHON NuTepaTypbl. HaMmeHoBaHNA (OMHAHCUPYIOLLMX OpraHn3a-
LU OOMKHbI BbITb HAaNMCaHbl MONTHOCTLIO.

BnarogapHocTb — BblpaxaeTcs GnarogapHOCTb CrOHCOpaMm, Hayud-
HbIM pyKOBOOUTENAM, NnnuaMm, NpUHUMaBLLINM OeATeribHoe yd4acTue B pa-
6oT1e 1 np.

Cnucok nuTepaTypbl — CChIJIKU B TEKCTE HYMEPYIOTCS MO BO3pacTa-
HYIO B NOPSIAKE UX yNoMuHaHus. Bubnuorpaduyeckue ceegeHms o nyonm-
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Kaumm odopmnstotca cornacHo FOCT 7.1-2003. B cnvcok nutepatypbl
He 8KJ1H0HYarmMCcsi HOPMATUBHbIE IOKYMEHTbI, CTaTUCTUYECKME COOPHMKN,
cTaTby M3 ras3et, Tak Kak Ux ohopMIsT B KPyrfble CKOOKM nocre yno-
MWHaHKSA B TekcTe. CCbINKM Ha MHTEPHET-CalThbl MPOU3BOAATCS COrnacHo
FOCT 7.5-98, npegnodteHne OTAAETCHA ANEKTPOHHBIM XypHanam.

CamoyumupoesaHue He [OmkHO npeBbiwaTth 20-30% oT obuero cnu-
cka. JlutepatypHble NCTOYHMKM OaBHOCTbIO He 6ornee 10-15 neT gOMmKHbI
COCTaBMATb 3HAYMTENMbHYH 4acTb CrMcKa, 0COGEHHO Ans cTaten npu-
KrnagHoro xapakrtepa.

References — (TpaHcnutepauna Cnucka nutepatypbl) — oopm-
ngaetca cornacHo MOCT 7.79-2000 n pasmellaeTcsi B COOTBETCTBME C
TpeboBaHUAMN peaakumu.

CBepeHus 06 aBTOpax Ha 3-X A3bIKaX (Ka3axCKUNM, PYCCKUIA, aHrNnii-
CKUR):

- hammnus, UMsi 1 OTYECTBO MOJSTHOCTLHIO (ECNN ECTb),

- Hay4Has cTeneHb/3BaHne,

- MecTO paboTbl aBTOpa

- BKnag B paboTy kaxgoro u3 aBTopoB — JkcnepumeHT, ObpaboTka
OanHbix, Obcyxaenne, MNogrotoBka Pykonuck, Mowck Nntepatypel, Vc-
crnefoBaHns v np.

- ArIeKTPOHHAas no4ta.

165



PerncrpaumoHHoe cBuaeTen-cTBo
Ne 1332 ot 07.06.1994r.
BblAaHO MUHMCTEPCTBOM NevaTu
N MaccoBoOW nHpopmMaumm
Pecny6nuvkn KasaxctaH

['naBHbIN pegakTop bosneeeHosa C.A.
Pepaktop J1.H. pebyosa
OTBeTCTBEHHbIN cekpeTapb E.C. Cyxosa
O6noxka pebyosa J1.H., E.C. Cyxosa
PepakTop TekcTa Ha kasaxckoM si3blke T.T. Cadbiposa
KomnbtoTepHas Bepctka [.P. Typbicbek

Mognucaxo B nevatb 31.06.2025.
dopmat 60x84/16. MNeyaTb odceTHasi. Bymara odceTHas.
Yen. n. n. 6,0. Tupax 350 ak3. 3akas 160.

PepakunoHHo-n3gatensckuin otaen HL, FTHTO.
050026, Pecnybnuka KasaxctaH, r. Anmarel, yn. Boredban 6aTtbipa, 221






