WO

WORLD OF CONFERENCES

| international scientific conference

Development of science in the XXI century
Dortmund
03-04.11.2022

L
.z‘:. ':.E*:
(=)



Development of science in the XXI century
Proceedings of the | International Scientific and Practical Conference
03-04 November 2022

Dortmund, Germany
2022



uDC 001.1
BBC1

| international scientific conference. “Development of science in the XXI century”.
Dortmund, Germany. 03-04.11.2022. 68p.

ISBN 978-92-44513-35-4
DOI https://doi.org/10.5281/zenodo.7304423

Publisher: «World of Conferences»

Main organization: ESD GROUP

Editor: Tarmo Vesik
Layout: Asko Laar

The conference materials are in the public domain under the CC BY-NC 4.0 Interna-
tional license.

The publisher is not responsible for the materials published in the collection. All ma-
terials are provided in the author's edition and express the personal position of the par-
ticipant of the conference.

The sample of the citation for publication is: Janmammadova R.R., GLOBAL WARMING
AND ITS PREDICTION // Development of science in the XXI century. Proceedings of the
| International Scientific and Practical Conference. Dortmund, Germany. 2022. Pp. 5-
9. URL: https://conference-w.com/

Contact information

Website: https://conference-w.com/

E-mail: ger@conference-w.com



https://doi.org/10.5281/zenodo.7304423
https://conference-w.com/
https://conference-w.com/
mailto:ger@conference-w.com

Content

Biological sciences

Janmammadova R.R.
GLOBAL WARMING AND ITS PREDICTION ... 5

Tagiyev A.N., Karimova N.A.
CURRENT STATE OF BIRDS IN THE MAIN BIOTOPES DURING THE REPRODUCTION
PERIOD IN KIZILAGACH NATIONAL PARK ..ottt 10

Economic sciences

Entela Velaj, Eda Bezhani
MINIMUM WAGE AND POVERTY LEVEL IN ALBANIA. ... 14

Jurisprudence

Airapetean Artur, Corsei Andreea, Stefinoaia Mariana-Alina
ROMANIA AND HUMAN RIGHTS ACCORDING TO THE EUROPEAN REGULATIONS.............. 20

Mathematical sciences
Kerbalayeva R.E.

SOME CHARACTERIZATION OF THE FUNCTION SPACE TYPE OF LORENTZ—MORREY WITH
MANY GROUPS OF VARIABLES.........o ottt 28

Medical sciences

Tyzhnenko T., Kravchun N., Misiura K., Pochernyaev A.
INVESTIGATION OF SINGLE-NUCLEOTIDE POLYMORPHISMS ASSOCIATION IN PATIENTS
WITH TYPE 2 DIABETES MELLITUS COMPLICATED NONALCOHOLIC FATTY LIVER DIS-

Physical sciences

Etkin V.

FROM RELATIVITY TO ABSOLUTE . ..o, 39
Ibrahimova H.

STUDY OF THE DEGRADATION PROCESSES IN POLYMERS AND POLYMER NANOCOMPO-
SITESWITH METAL OXIDE NANOADDITIVES BY DTAMETHOD ..., 53

Kumarbekov K., Karipbayev Zh.
SYNTHESIS OF OXIDE OPTICAL CERAMICS BASED ON MgO IN A RADIATION FIELD....... 54



Psychological sciences

Jelescu Petru
THE PROBLEM OF STRUCTURING A GENERAL PSYCHOLOGY COURSE.......cooveie . 56

Technical sciences

Teshaev M.A.
INCREASING AND INTENSIFICATION OF THE TECHNOLOGY OF PURIFICATION OF NATU-
RAL GAS BY COMPOSITE ABSORBENTS ..ottt e et e et e e e e e e e reeea e 60

Vorobyov A.E., Zhang L.
TARGETED DOPING OF ZEOLITES WITH TRANSITION METALS.......coooiiiieeeeeeeeeeee 64



| international scientific conference. Dortmund. Germany. 03-04.11.2022

Biological sciences

GLOBAL WARMING AND ITS PREDICTION

Janmammadova R.R.

Abstract

In the article, the prediction of global warming based on modern satellite data is defined by
years. Climate models take into account the influence of chages in solar activity, as well as the
influence of volcanic activity. If we take into account the total area of the planet, the change in the
angle of the surface to the sun's rays, and the fact that half of the Earth is in shadow, the actual energy
received on average per year outside the atmosphere decreases. Despite the fact that there are many
characteristics of the weather (wind, precipitation, etc.), it is more appropriate to conduct research on
the temperature change of the air in the first approximation of the climate.

Keywords: Climate, prediction, temperature change, available energy, fixed, satellite data,
atmospheric convection, greenhouse.

Our planet earth receives almost all its heat from the sun. According to modern satellite data,
every square meter of area located outside the atmosphere and placed at right angles to the sun's rays
receive.1365 watts of solar radiation energy. This sun is "fixed". For skeptics, it should be noted that
none of them are constant and vary within £3% depending on the activity of the sun, the season the
method of measurement and calculation [1]. Climate models take into account the influence of chages
in solar activity, as well as the influence of volcanic activity [2].

If we take into account the total area of the planet, the change in the angle of the surface to the
sun's rays, and the fact that half of the Earth is in shadow, the actual energy received on average per
year outside the atmosphere decreases (to 340 watts per square meter). When it reaches the earth, part
of this energy is reflected from the clouds, the surface of the continents, and the oceans, the
atmosphere itself, is absorbed and released again. As a result, only 250 waat m2 of energy is available
to drive the climate heat engine. This quantity is known with less accuracy (£10%) than the solar
constant. In comparison, the effect of heat from deep within the planet is small, amounting to only
0.03 Watt m, or about 0.01% of the available energy. The direct effect of human-generated heat is
about the same magnitude, about 0.04 Watt m* [3]. From a practical point of view, climate is
perceived by humans and by the bulk of the biosphere as the average regime of air near the Earth's
surface, where we live and operate. Despite the fact that there are many characteristics of the weather
(wind, precipitation, etc.), it is more appropriate to conduct research on the temperature change of the
air in the first approximation of the climate.
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Figure 1. Distribution of temperature changes by years.

Atmospheric convection helps combat global warming by moving water vapor above the bulk
of the atmosphere, where it releases heat during condensation, thereby radiating heat more efficiently
to the surrounding space. Atmospheric convection helps combat global warming by moving water
vapor above the bulk of the atmosphere, where it releases heat during condensation, thereby radiating
heat more efficiently to the surrounding space.

Currently, volcanic activity is considered the main factor that can change the value of the solar
heat balance. Geochemical studies of glaciers and other sediments make it possible to revise the
activity of volcanoes in the historical period quite well and to compare it with temperature changes
[4]. Indeed, many historical coolings can be explained, if not entirely, by bursts of activity and its
"unsuccessful™ geographical and seasonal configuration, where again the dynamics of the atmosphere
manifests itself: not all volcanoes affect the climate in the same way [5]. A number of recently
published works show that there are changes in the dynamics of convective processes, as they affect
the amount, organization, reflectivity and radiation of heat from the surface of cloudiness, and also
affect the heat balance and temperature of the planet significantly [6]. Heat exchange with the ocean
directly changes the temperature—the amplitudes of such changes are very small. Unfortunately, the
dynamics of the interaction between the atmosphere and the ocean is still not sufficiently studied due
to the resonance and nonlinearity of the relationship [7]. But whatever the changes in dynamics and
thermodynamics, it is a fact that the temperature has changed by more than 0.5° C (figure 1).

From the middle of the 19th century, unusual things happen. The two processes - an
unprecedented increase in temperature of more than 1° C in 100 years and a simultaneous increase in
carbon dioxide (CO2) of more than 40% - are going in parallel. In addition, a strong increase in the
concentration of methane, nitrogen oxides and other "greenhouse™ gases. It is not difficult to prove
that the reason for the increase in CO concentration is the burning of residual slopes. For this, coal,
oil, gas, etc. there is no need to study the statistics of production and use, but these statistics are
sufficiently known, it is enough to study the change of the isotopic composition of carbon. The
composition of CO and oxygen in the atmosphere is given in figure 2.
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Figure 2. Dynamics of CO2 and oxygen content in the atmospher

Three isotopes of carbon are found in nature in various compounds, minerals, air and ocean
water. The most abundant (about 98% of the total amount of this element is stable isotope, 12C,
consists of 6 protons and 6 neutrons. The seven-neuron stable isotope 13C is about 1%. There is also
a small admixture of the long-lived radioactive isotope 14C with eight neurons, which is formed from
atmospheric nitrogen as a result of exposure to cosmic radiation in the air and oceanic upper crust.
Accurate measurements of isotope ratios, such as the 12C/13C ratio in the mass of carbon dioxide
and methane in the air, reveal the sources of observed changes in the concentrations of these
greenhouse gases. Plants preferentially absorb 12C. Therefore, the produced fuels are enriched in this
isotope. Figure 3 shows the prediction and experimental results with different combinations of
radiation effects.
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Figure 3. Temperature anomalies and modeling results calculated on the basis of historical
climate changes.

The consequences of climate change

But it's not just about rising temperatures. Climate change leads to many unpredictable
consequences in a variety of areas, including:

e Climate change is intensifying the water cycle, resulting in heavy rainfall and associated
flooding in some regions and extreme droughts in others.

¢ Climate change affects precipitation patterns. In high latitudes, the probability of precipitation
increases, while in most of the subtropics it decreases.

e Coastal areas will continue to experience rising sea levels in the 21st century, which in turn
will contribute to more frequent and severe flooding in low-lying areas and soil erosion. Extreme
changes in sea level, which used to occur once every 100 years, will occur annually towards the end
of this century.

e Further warming will increase the melting of permafrost, loss of snow cover and shrinking
glaciers in the Arctic.

e Changes in the state of the world's oceans will cause more frequent warm currents, which will
affect the ecosystem of the ocean and the people who live off fishing.

e Particular aspects of climate change may affect urban residents, who will experience a
warming climate, as well as flooding due to heavy rainfall and rising sea levels in coastal regions.

Suggestions

The main goal is to reduce the use of fossil fuels such as oil, carbon and gas and replace them
with renewable and clean energy sources, while increasing energy efficiency.

"By the end of the next decade, we must almost halve our CO2 emissions (by 45%)

The path to this goal involves daily steps, such as cutting back on car travel and reducing air
travel, switching to a green energy provider, and some changes in diet and food choices.

It seems that the problem of global warming will not disappear if a few conscientious
individuals start buying ecological products or switch to a bicycle.
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However, many experts agree that such decisions are important - they affect the behavior of our
acquaintances, forcing them to also change their lifestyle sooner or later.

Other changes involve major systemic transformations, such as upgrading energy and food
industry subsidies that still encourage the use of fossil fuels.

As well as the introduction of new rules and initiatives for such industries as agriculture,
forestry and waste disposal.
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CURRENT STATE OF BIRDS IN THE MAIN BIOTOPES DURING THE
REPRODUCTION PERIOD IN KIZILAGACH NATIONAL PARK

Tagiyev A.N.

Baku State University
Karmmova N.A.
Baku State University

Abstract

Kizilagach National Park is of international importance as one of the 12 main wetlands in the
world. Birds belonging to various ecological groups, especially wetland birds, which fly from
Southeast Asian countries every year breed in the area. As the main biotopes of the National Park are
often changed due to the influence of various natural and anthropogenic factors, there are also changes
in the nesting places of birds. The primary factor affecting the current state of the main biotopes
during the reproduction period of birds in the National Park is the difference in the water level in the
Lesser and Greater Kizilagach Bays. In recent years, the flow of water from the Lesser Kizilagac Bay
to the Greater Kizilagach Bay and then to the Caspian Sea has been prevented. As a result, there is a
difference in the water level in both bays. Therefore, there are changes in the selection of nesting
places of birds that breed in appropriate biotopes for many years. Along with the difference in water
level, other natural and anthropogenic factors also lead to the change of breeding places in biotopes.
As a result, the quantity and quality indicators of breeding birds in biotopes change, and some species
choose new nesting places.

Keywords: reproduction, biotope, tamarisk, reed, meadow

Introduction

Studying the reproduction conditions of different bird populations belonging to different
ecological groups in water biocenoses and close them dry areas by biotopes is important for ensuring
the sustainable development of the ecosystem and solving the problem of preserving the genetic fund
under conditions of natural biological diversity (2, 3, 8). Since these areas have a rich species diversity
of animals, they are the focus of researchers from the biocenological and economic points of view.
The Ramsar Convention is devoted to the study and protection of wetlands (4, 7).

Despite the existence of numerous research works dedicated to the ornithofauna of wetland
ecosystems, there are few comprehensive studies in this field (5). The study of the impact of the
lowering of the water level in the Caspian Sea on biotopes in the Kizilagach National Park is of
particular importance for the assessment of ecosystems. The changes occurring in different biotopes
as a result of water level changes are important in determining the extent of natural and anthropogenic
impacts on the life of birds by changing the reproduction conditions and preserving rare species of
bird populations.

Species richness and density increase at the boundaries of ecosystems (boundary effect) (13).
The location of living conditions at the intersection of water, swamp and land areas allows organisms
belonging to separate ecological groups to live together in a neighborhood (1).

Attachment to a specific area (biotope) during the reproduction period depends on the current
state of the biotopes and determines their number, distribution, behavior and interactions with other
organisms by influencing the life activity of birds.

Material and methods

In 2019-2022, field research was conducted in the water, land and marshy areas of Kizilagach
National Park by route method on foot, on horseback, with motorized and non-motorized boats and
by car (figure).
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Figure 1. The geographic location of the study area: 1-Tezekend village, 2-Gumbashi
village, 3-Fish passing channel, 4-Crash channel, 5-Water flowing channel.

The main goal was to study the current status of breeding birds in the main biotopes in the
Kizylagac National Park of the Caspian Sea. Research was carried out every year in April, May, June,
and July at different times, mainly from 9:00 to 19:00. Binoculars and a Carl Zeiss telescope were
used. The reproduction conditions, the amount of food resources, the water level, the number of
predators (birds, mammals) and other natural and anthropogenic factors were investigated in the
biotopes inhabited by birds. The diversity of importance of these factors for reproduction conditions
of bird populations included in various ecological groups was taken into account (9, 10).

Results and discussion

The effect of the Caspian Sea water-level drop on the choice of breeding conditions of birds in
the main biotopes is stipulated not only by the nesting conditions but also by the diversity of food
objects, the richness of food (amount per unit area), its stability, changes in years, months and
biotopes, the possibility of finding and taking food, etc. The abundance of food objects also affects
the quality of food by increasing the density of bird populations (9, 11, 12, 14, 15,). At the same time,
a number of other natural (predators, strong winds, etc.) and anthropogenic (cattle grazing, fires,
poaching, etc.) negative factors change the reproduction conditions of birds. Reproduction conditions
are determined depending on disturbing natural and anthropogenic factors, creating territorial
attachment.

The following groups of biotopes are distinguished in Kizilagach NP: tamarisk swamp, reed
swamp, a swamp with a spiny rush, meadow swamp (swamps with various types of grass), dry tam-
arisk jungle, dry reed jungle, the water area of the Greater Kizilagach Bay, the water area of the Lesser
Kizilagach Bay, coastal sandy biotope, coastal ponds and canals, blackberry jungle, semi-desert,
steppe and ravines, grape plantations, fields and orchards, villages, settlements, roads and temporary
buildings, forest strip in the delta of the Vilash River, old platforms (16). From the listed biotopes,
the reed swamp has mostly decayed and been destroyed in the Lesser Bay and partly in the Greater
Bay due to the decrease in the water level in recent years. Most of the birds that lives depend on reeds
have lost nesting in this biotope or have changed their nesting places. The area of the tamarisk in
swamps and dry tamarisk jungles has decreased significantly as a result of the fires that occurred on
the border strip of the National Park with the villages of Tazakend and Gumbashi, as well as being
cut for firewood and burnt in winter by shepherds for heating.

During the reproduction period, there is a threat to 16 species of birds (Ardeola ralloides,
Bubulcus ibis, Ardea purpurea, Platalea leucorodia, Plegadis falcinellus, Tringa glareola, Glareola
pratincola, Acrocephalus scirpaceus, Caprimulgus europaeus, Apus apus, Merops apiaster, Merops
superciliosus, Riparia riparia, Hirunda rustica, Delichon urbica, Ixobrychus minutus) that use the
tamarisk swamp, and 19 species of birds (Ixobrychus minutus, Ardeola ralloides, Bubulcus ibis,

11
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Ardea purpurea, Platalea leucorodia, Plegadis falcinellus, Cuculus canorus, Hippolais pallida,
Sylvia atricapilla, Sylvia communis, Cereotrichas galactotes, Luscinia megarhyrchos, Caprimulgus
europaeus, Apus apus, Merops apiaster, Merops superciliosus, Riparia riparia, Hirunda rustica,
Delichon urbica) that use dry tamarisk jungles for various purposes. Some species go to places
outside the territory of the National Park (to areas not protected by a special regime) to reproduce.

22 species of birds that use reed swamps (Ixobrychus minutus, Ardeola ralloides, Bubulcus ibis,
Ardea purpurea, Platalea leucorodia, Plegadis falcinellus, Himantopus himantopus, Tringa glareola,
Glareola pratincola, Childonias hybrida, Lusciniola melanopodon, Acrocephalus schoenobaenus,
Acrocephalus palistris, Acrocephalus scirpaceus, Acrocephalus arundinaceus, Caprimulgus
europaeus, Apus apus, Merops apiaster, Merops superciliosus, Riparia riparia, Hirunda rustica,
Delichon urbica) encounter some difficulties in using suitable biotopes outside the territory
(unprotected) of the National Park.

Due to the cutting of grass plants by farmers, it becomes difficult for 26 species of birds
(Ardeolaralloides, Bubulcus ibis, Ardea purpurea, Platalea leucorodia, Plegadis falcinellus, Ciconia
ciconia, Charadrius dubius, Tringa glareola, Glareola pratincola, Larus melenocephalus, Larus
genei, Childonias niger, Childonias hybrida, Sterna sandvicensis, Sterna hirundo, Sterna albifrons,
Apus apus, Merops apiaster, Merops superciliosus, Riparia riparia, Hirunda rustica, Delichon
urbica, Acrocephalus schoenobaenus, Acrocephalus palustus, Acrocephalus scirpaceus,
Acrocephalus arundinaceus) to use the meadow swamp (swamps with various types of grass) for
various purposes.

Result

The major factor influencing the current state of the main biotopes during the breeding season
in the Kizilagach National Park is the water level change in the Caspian Sea. This situation is more
evident in the water and wetland areas of the National Park. Due to the change in the water level, the
birds that breed in the more affected reed and tamarisk swamps (the border strip of the National Park
with the villages of Gumbashi and Tezekend) are forced to change their breeding places to other
territories of the National Park (the border strip with the village of Gizilagac) and suitable biotopes
of the Lankaran plain.
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Economic sciences

MINIMUM WAGE AND POVERTY LEVEL IN ALBANIA

Entela Velaj

Dr., Lecturer, University “Aleksander Moisiu”, Faculty of Business, Durres
Eda Bezhani

Prof . As., Lecturer, University “Aleksander Moisiu”, Faculty of Business

Abstract

The traditional way of measuring poverty is based on income. A family is considered poor when
its income falls below a minimum level necessary to meet the basic needs of its members. In the
written and electronic literature, this level is usually called the subsistence minimum or the poverty
line. Some of the reasons why minimum measurement is necessary are listed below. Most countries
personal income taxes have a progressive structure, meaning that the rate of tax paid by individuals
increases as they earn higher wages.

The purpose of this work is to make a presentation of the progress of the minimum and average
salary in Albania as well as its comparison with the country of the region. The passage of different
situations such as the pandemic and the war in Ukraine has brought about an increase in all prices
and on the other hand, not indexing to the appropriate level of salaries. This leads to an increase in
the level of poverty and the decrease in the purchasing power of consumption. On the one hand,
Albania’s minimum and average salary levels are among the lowest in the region, and on the other
hand, it has the highest level of salary taxes compared to other countries in the region.

Keywords: Salary levels, poverty, increase of prices, index.
JEL Classification: E31, E52, D14, D15.

Introduction

The salary tax has undergone fundamental changes over the years. The category of double
employment is among the most affected. From the period of 2020 onwards, double employment
persons must declare and pay the additional tax even if they have not exceeded the limit of 2 million
ALL per year income.

According to official tax data, the number of double employment (at least for one month, not
necessarily double employment for 12 periods of the year), taken from the payroll declared during
2020, is 88,590 individuals. Of these 2634 individuals had a gross salary during 2020 of over 2 million
ALL.

Automatically, the double tax, which began to be applied to the income of 2020, reduces their
real wages. They pay a minimum of 13% of the difference of 22,000 ALL (52,000 ALL-30,000 ALL),
from 2,860 ALL per month, or 34,320 ALL per year. This is the minimum amount, because the higher
the salary, the more income tax will be paid.

In January 2021, we have an increase in the minimum wage from 26,000 to 30,000 ALL. This
meant that the minimum amount of tax that was paid in April 2022 was ALL 3,900 per month or ALL
46,800 per year. In April 2022 the minimum wage became 32,000 ALL and in September 2022 it
became 34,000 ALL

Salary costs, Contributions and various taxes on the average salary in Albania and the
countries of the Region January 2022

The countries apply obligations for health, social contributions as protection for old age pension
and disability and unemployment payment. In addition to the above obligations, individuals also pay
wage tax.
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Contributions are divided between the employer and the employee. The tax is paid, that is,
withheld from the employee's salary.

For both cases, as obligations of the employer and the employee, the employer has the
obligation to pay taxes. Mandatory contributions and taxation are costs that must be planned to keep
a person in a job. So they are employment costs. In Albania, these costs for average salaries go up to
40.9% of the total declared salary. For the first 30,000 ALL, no tax of 13% is paid, but 27.9%
mandatory insurance is paid.

The data are for January 2022 and are drawn from the PWC Worldwide Tax Summaries
database, also compared with the relevant legislation on the countries’ fiscal policies.

The comparative analysis is being done only for the average wage (salary) in each country. This
is for convenience as countries apply taxes and mandatory contributions at different rates for certain
salary bands.

Table 1.1
Social security and health insurance rates, salary tax - lower limit for countries of the Region
Social Health Salary Tax | mandatory payments
By type Security in % | Securityin% | in % related to salary
Albania 24.5 3.4 13 40.9
Kosovo 10 7 0 17
Montenegro 21.5 0 0 21.5
Serbia 25.75 10.3 10 46.05
North Macedonia 20 7.5 10 375
FBH Bosnia and
Herzegovina 25 16.5 10 51.5
RS Bosnia and
Herzegovina 20.8 12 10 42.8
Source:https://taxsummaries.pwc.com/
Figure: 1.1

The mandatory part to be paid as insurance and tax on the average salary declared in Albania

Mandatory to be paid as Insurance and Tax on
the Average Declared Salary in Albania

59%

13%

= Social Security in % = Health Security in % Salary Tax in % Salary

The figure above shows the mandatory part to be paid as insurance and tax on the average salary
declared in Albania

In Serbia, 25% of the gross salary is deducted for pensions and disability, 14% paid by the
employer and 11% by the employee, while the health service of 10.3% is divided equally between
them. Serbian citizens also pay 0.75% of their salary as a contribution to the unemployment fund. In
total, 46.5% are mandatory above the average salary.

Meanwhile, in Kosovo, the payment of pensions is divided equally, 5% each, between the
employer and the employee. Health insurance is paid at the rate of 7% by the employer of companies
with an annual turnover over 50 thousand Euros and only 2 Euros for employers with an annual
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turnover below this level. Excluded from the payment of the health contribution are categories in
need, invalids and war veterans, etc.

In North Macedonia employers are required to deduct from the gross salary 18.8% of salary for
pension and disability payment, 7.5% for health insurance, 1.2% for employment insurance and 0.5%
for compulsory supplementary pension.

In Albania, contributions consist of social security, which is paid at the rate of 15% by the
employer and 9.5% by the employee, while health insurance is divided equally, at the rate of 1.7%,
between the two for a total of 3.4%. The tax on the salary is zero up to the first 30,000 ALL. Then it
is applied with 13% for average wages.

In contrast, in Montenegro the highest burden in contributions is borne by the employee, who
pays 15% of the salary for pensions and disability, despite the 5.5% that the employer must pay.
Unemployment insurance is divided at the rate of 1% between the parties.

Meanwhile, Bosnia and Herzegovina presents a peculiarity in the distribution of contributions,
as the Bosnian and Serb communities apply different levels of taxation.

The Federation of Bosnia and Herzegovina withholds 17% of salary contributions from the
employer for the pension and disability fund, 12.5% for health insurance and 1.5% for unemployment
insurance. For the same, the employee pays respectively 6%, 4% and 0.5% of the gross salary.

In Serbia, it is only the employer who pays 18.5% for the pension and disability fund, 12% for
health insurance and 2.3% for unemployment insurance and child protection.

Another tax that is deducted from the salary is that on personal income, which in Serbia is taxed
at 10%, except for cases where the salary exceeds 6 times the minimum wage, where the tax is applied
at 15%.

In Macedonia, salaries up to 17,530 Euro are taxed at the rate of 10%, and above this level, at
the rate of 18%.

In Kosovo, income up to 960 Euros is not taxed, but 4% of salary 960 - 3000 Euros per year is
taxed; 6% for salaries between 3,000 and 54,000 Euros per year and 10% for salaries that exceed this
level.

In Albania, this tax is not applied for the salary range of 30,000 ALL, it is applied at 13% for
salaries between 30,000 and 150,000 ALL and 23% plus 15,600 ALL for salaries that exceed this
level.

In Montenegro, 9% is taxed on salaries between 701 Euro - 1000 Euro, as well as income from
the enterprise 8401 Euro - 12,000 Euro. 15% is taxed on salaries over 1000 Euros and income from
the enterprise over 12 000 Euros.

The only country that applies a flat fixed tax of 10%, without differentiation, is Bosnia and
Herzegovina.

The data revealed up to this point allows us to deduce what percentage of the gross salary is
taken up by taxes, ranked for each country as follows:

In Bosnia and Herzegovina, the percentage of compulsory payments (insurance contributions
and tax) applied to the average gross salary varies from 42.8% in Serbia to 51.5% in the Federation
of Bosnia and Herzegovina

In Albania, taxes take 40.9 of the average gross salary.

In Serbia, the taxes applied on the average gross salary are at the level of 46.05%.

In North Macedonia, taxes account for 37.5% of the average gross salary.

In Montenegro, Payables on Salary constitute 21.5% of the average gross salary;

In Kosovo, taxes on the average salary vary from 10-17% of the gross salary.

Kosovo enjoys the lowest level of contribution costs and mandatory taxes, applied on the salary,
together with Montenegro.

Top Personal Income Tax Rates in Europe

Most countries’ personal income taxes have a progressive structure, meaning that the tax rate
paid by individuals increases as they earn higher wages. The highest income tax rate individuals pay
differs significantly across European OECD countries—as shown in today’s map.
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The top statutory personal income tax rate applies to the share of income that falls into the
highest tax bracket. In Albania is 23%, Kosovo 10%, Montenegro 15% and Serbia 20%:*

Table 1.2
The top statutory personal income tax rate
European OECD  Top Statutory Personal
Country? Income Tax Rate
Austria (AT) 55.0%
Belgium (BE) 53.5%
Czech Republic (CZ) 23.0%
Denmark (DK) 55.9%
Estonia (EE) 20.0%
Finland (FI) 51.2%
France (FR) 55.4%
Germany (DE) 47.5%
Greece (GR) 54.0%
Hungary (HU) 15.0%
Iceland (IS) 46.2%
Ireland (IE) 48.0%
Italy (IT) 47.2%
Latvia (LV) 31.0%
Lithuania (LT) 32.0%
Luxembourg (LU)  45.8%
Netherlands (NL)  49.5%
Norway (NO) 39.4%
Poland (PL) 36.0%
Portugal (PT) 53.0%
Slovakia (SK) 25.0%
Slovenia (SI) 50.0%
Spain (ES), Valencia 54.0%
Sweden (SE) 52.3%
Switzerland (CH)  44.8%
Turkey (TR) 40.8%
United Kingdom
(GB) 45.0%
Source: Worldwide Tax Summaries,” accessed Feb. 1, 2022, taxsummaries.pwc.com

Denmark (55.9 percent), France (55.4 percent), and Austria (55 percent) had the highest top
statutory  personal income tax rates among European OECD  countries in
2021. Hungary (15 percent), Estonia (20 percent), and the Czech Republic (23 percent) had the
lowest personal income top rates.

Table 1.3
Minimum and average wage in Albania in the countries of the region and neighboring countries
2020-2021 in euros

Country 2020 | Minimum wage | Average wage
Albania 209.10 244 436

L https://taxsummaries.pwc.com/
2 Worldwide Tax Summaries,” accessed Feb. 1, 2022, taxsummaries.pwc.com
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Kosovo 150 466
North Macedonia 342.12 358 685
Bulgaria 311.89 332 766
Bosnia and Herzegovina 230. 267 771
Serbia 344.43 366 775
Montenegro 331.33 331 787
Turkey 383.40 347 790
Rumania 460.77 467 1212
Croatia 546.07 567 1297
Greece 758.33 758 1466
Slovenia 940.58 1024 2009

Source: https://wagecentre.com/salary/europe,

From the data, we noticed that Kosovo has the lowest minimum wage, 155 euros, followed by
Albania, 244 euros, and the highest is Slovenia, 1024 euros, followed by Greece, 758 euros. While
the lowest average salary is Albania 436 euros followed by Kosovo 466 euros and the highest is
Slovenia 2009 euros followed by Greece 1466 euros. According to data from INSTAT, below is the
percentage of the population living in absolute poverty (at the national poverty line) in Albania in the
period 2002-2019

Table 1.4
The percentage of the population living in absolute poverty (at the national poverty line) in Albania
in the period 2002-2019

2002 2005 2008 2012 2016 2017 2018 2019
254% | 185% | 124% | 14.3% | 23.7% | 23.4% | 23.0% | 21.8%
Source: http://www.instat.gov.al/
Which expressed in numerical values is as in the table below
Years 2002 2008 2016 2017 2018 2019
Nr. Of 813,196 | 373,137 | 683,988 | 672,389 | 659,266 | 622,214
persons

Source: http://www.instat.gov.al/

According to the methodology for measuring poverty from INSTAT, the limit of the risk of
being poor is calculated based on the relative concept (poor in relation to others) and is determined
at 60% of the median disposable family income equivalent using the scale of modified OECD
equivalents. The total disposable income of the family is considered the total net income (income
after taxes and health and social insurance) received by all family members. But on the other hand,
Albania does not have a legally recognized living minimum. Indicators of poverty and social
exclusion are based on the concept of relative poverty, which take into account the disposable income
of families, the number of family members and the distribution of income of the total population.

Referring to INSTAT, the average income per month for 1 person from 2017 to 2020 is as
follows

Table 1.5
Average monthly income per capital/equivalent (ALL)
2017 | 2018 | 2019 | 2020
24.526 | 26.144 | 27.849 | 30.169

Source : http://www.instat.gov.al/
So, in 2020, the income per person per day is on average 8 euros, where with this value you
should cover the expenses for education, health, minimum food, hygiene, clothing, transport etc.
Conclusions
In the above analysis, we saw some data on the salary level in Albania compared to the countries
of the region. We also compared the level of personal income taxes in Albania with the above-
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mentioned countries. From the statistical data, it was noticed that Albania ranks among the countries
with the lowest salary level in the region, but on the other hand, with the highest level of personal
income tax. A considerable number of Albanians live in the national poverty line. The financial crises
that followed one after the other, both from the pandemic and from the war in Ukraine, brought a
significant increase in inflation and therefore in the prices of the basic basket of consumption. This
was not accompanied by an indexation of wages in the same ratio, which continuously increases the
risk of deepening poverty.
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Abstract

Respect for human rights is for Romania, as well as for the European Union, a priority of foreign
policy. According to the Romanian Constitution, Romania is a rule of law, democratic and social
state, in which human dignity, citizens' rights and freedoms, free development of human personality,
justice and political pluralism are supreme values, in the spirit of the democratic traditions of the
Romanian people and the ideals of the December 1989 Revolution and are guaranteed.

Keywords: respect, human rights, human dignity, freedom, the rule of law

1. Generalities regarding human rights at the national level

The process of globalization of needs and continuous development of interdependencies has
joined the trend of universalization of aspirations towards democracy on a planetary scale, especially
after the collapse of the communist system in Europe. In these conditions, the integration of values
in coherently structured systems, based on democratic principles, is the only way to ensure the
protection of the individual in a prosperous and free society®. Such a structuring involves a
reinterpretation of the concept of state sovereignty and, at the same time, a fundamental restructuring
of the theory on the sources of Romanian law.

Under the first aspect, the State is forced to give up some of its prerogatives in order to benefit
from the advantages of its integration into European Union-type systems, in the sense that it must
accommodate itself to the rule of delegating sovereignty to the integrating structure. The European
Union, a supranational structure which developed community legal norms in the interest of
integration and more effective promotion of the interests of all its members, in an increasingly
"communitarian™ international society.

The European Union does not diminish national identities, nor does it cancel the state's ability
to manage its interests and assert its point of view on the international level. It is only the
supranational expression of the consensus imposed by the globalization of the needs and the
universalization of the aspirations of the Europeans, who want to find, together, the most appropriate
answer to the challenges of contemporaneity, challenges among which the most important are those
related to ensuring security and protecting people .

3 Valentin Stan, "The international security of human rights" in R.R.D.O. no. 9/1995, edited by the Center for
Human Rights, p. 28.
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After the Second World War, society constantly evolved towards a theory of human rights that
makes the human individual the current point of social development, transferring the concerns for its
protection and free development at the international level.

Respect for human rights is directly related to ensuring international peace and security*.

It is the reason why, rightly, it is stated that human rights issues are of international concern
and do not fall under the internal jurisdiction of states, which legitimizes not only the right of
international bodies to intervene, but also their obligation to intervene whenever or human rights
violations, which characterize any human community, are discussed.

At the same time, there is a direct relationship between international security and human rights,
their respect representing the basis of state security, so that, currently, state security reasons can no
longer be invoked to the detriment of the individual and his fundamental rights.

After 1989, our country entered into a process of re-evaluating the pro-European options and
resettling the society on the basis of Western-type democracies.

By Law no. 30 of May 18, 1994° Romania ratified the European Convention for the Defense
of Human Rights and Fundamental Freedoms (C.E.D.O.), as well as additional protocols no. 1, 4, 6,
7,9, 10.

In this way, our country has integrated into the supranational legal order, mandatory, established
by these international acts. At the same time, it accepted the international control mechanism provided
for by C.E.D.O., including its triggering by individual appeal (art. 25), and the mandatory jurisdiction
of the supranational jurisdictional bodies from Strasbourg (art. 46). To these is added Government
Ordinance no. 94 of August 30, 1999 regarding Romania's participation in the proceedings before the
European Court of Human Rights and the Committee of Ministers of the Council of Europe and the
recourse of the state following the judgments and conventions of amicable resolution®

This European Charter or "Constitution” of human rights must be applied by the Romanian
courts, regardless of the citizenship of the person who comes under the C.E.D.O. shield, it being
sufficient that the right holder is "under the jurisdiction” of the Romanian state, in the sense of art. 1
of the Convention. Also, by way of derogation from the principle of reciprocity, characteristic of
bilateral conventions, applicable, as a rule, also in international law, the holders of rights recognized
by C.E.D.O. benefits from the protection granted by this international instrument, even in the absence
of equal treatment by the courts of the state whose citizens claim the judicial protection of the
Romanian state.

In this way, C.E.D.O. it has become a source of mandatory and priority domestic law.

The influence of C.E.D.O. on the internal law of our country can be measured, on the one hand,
in legislative terms, and on the other hand, through the prism of Romanian jurisprudence in the matter
of respect and promotion of human rights.

If, in the first place, the influence of C.E.D.O. it mainly refers to the determination or
amendment of internal legislation, in the second plan, we note the value of "source of law" not only
of the C.E.D.O., as "supranational law", but also of the jurisprudence of the European Court of Human
Rights, whose strength is extremely high, having the power to influence both legislation and
jurisprudence of national courts.

In terms of legislation, the influence of C.E.D.O. it mainly concerns the Constitution of
Romania, the organic and ordinary laws developed by the Parliament of Romania, but also other
normative acts with less force on the scale of the hierarchy of legal norms, such as the Government
Ordinances, the Emergency Ordinances of the Government of Romania.

2. The influence of the European Convention of Human Rights on the Constitution of
Romania

The need to create a legal framework to ensure the country's evolution towards democracy,
freedom and human dignity, towards building a state of law, based on political pluralism, free

* U.N. Security Council Resolution no. 688 of April 5, 1991
® Published in Official Gazette no. 135 of May 31, 1994
¢ Published in Official Gazette no. 424 of August 31, 1999
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elections and ensuring respect for human rights and freedoms, determined the drafting of a new
Constitution, in December 1991 ( revised in 2003).

1. In the first article of the Constitution it is specified that "Romania is a state of law, democratic
and social, in which human dignity, rights and freedoms of citizens, free development of the human
personality, justice and political pluralism represent supreme values and are guaranteed".

Among the general principles inscribed in Title I, the provisions that:

» National sovereignty belongs to the Romanian people, who exercise it through their
representative bodies and through a referendum (art. 2 paragraph 1);

* Romania is the common and individual homeland of all its citizens, without distinction of
race, nationality, ethnic origin, language, religion, sex, opinion, political affiliation, wealth or social
origin (art. 4 para. 2);

* The state recognizes and guarantees to persons belonging to national minorities the right to
preserve, develop and express ethnic, cultural, linguistic and religious identities (art. 6 paragraph 1);

* Pluralism in Romanian society is a condition and a guarantee of constitutional democracy (art.
8 par. 1).

On the same level are the provisions regarding the role of political parties, called "to contribute
to the definition and expression of the political will of citizens" (art. 8 paragraph 2), and of trade
unions called "to contribute to the defense of rights and the promotion of professional interests,
economic and social conditions of employees” (art. 9).

The importance given by the Romanian constitutional legislator to the issue of human rights is
highlighted by the fact that, after the first Title, which summarizes the principles that govern the entire
constitutional matter, follows Title I1. having as substance rights, freedoms and fundamental duties.’

2. In Chapter | of Title 11, under the name "common provisions”, several rules of particular
importance are included, namely:

» citizens benefit from the rights and freedoms enshrined in the Constitution and by other laws,
and at the same time they have the obligations stipulated by them (art. 15 paragraph 1);

* citizens are equal before the law and public authorities, without privileges and without
discrimination (art. 16 paragraph 1);

« the exercise of rights and the fulfillment of obligations must be carried out, under the rule of
law, based on the law, no one being above the law (art. 16 para. 2);

* Romanian citizens abroad enjoy the protection of the Romanian state (art. 17);

* Romanian citizens and stateless persons living in Romania enjoy the general protection of
persons, guaranteed by the Constitution and other laws (art. 18);

* Romanian citizens cannot be extradited or expelled from Romania (art. 18 par. 1); foreign
citizens or stateless persons can be extradited only on the basis of an international convention or under
conditions of reciprocity (art. 19 paragraph 2);

» the constitutional provisions regarding the rights and freedoms of citizens will be interpreted
and applied in accordance with the Universal Declaration of Human Rights, with the pacts and other
treaties to which Romania is a party, and therefore also with the European Convention on Human
Rights. If there is inconsistency between the pacts and treaties regarding fundamental human rights,
to which Romania is a party, and the internal laws, the international regulations take precedence (art.
20). Through this article, Romania's opening to civilized Europe is thus constitutionally guaranteed.®

" Fundamental rights mean those subjective rights belonging to citizens, essential for their life, freedom and
dignity, indispensable for the free development of the human personality, rights established by the Constitu-
tion and guaranteed by the Constitution and laws. See lon Muraru, Constitutional Law and Political Institu-
tions, Ecological University, Bucharest, 1990, p. 199.

8 Aceasta constituie o solutie modernd pe care o regdsim si in constitutiile tarilor europene cu traditii
democratice, cum ar fi Franta si Spania. A se vedea lon Muraru, ,,Prevederile Constitutiei Romaniei privind
relatia dintre reglementarile interne si cele internationale din domeniul drepturilor omului”, Revista
Drepturilor Omului nr. 1-4/1991, p. 33
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The above-mentioned text (art. 20) includes two rules of great importance and relevance that
refer to the practical implementation of the constitutional provisions regarding human rights and
fundamental freedoms. The first rule is in the sense of the interpretation and application of citizen's
rights in accordance with the provisions of international treaties to which Romania is a party; among
these, the Convention occupies a prime position, Romania being a member of the Council of Europe.

The second rule gives priority to international regulations in the field of human rights, to those
included in treaties ratified by Romania, in the event that certain inconsistencies arise between them
and the internal regulations. Romania ratifying the European Convention in 1994, it will have priority
in relation to the internal legislation, whenever there is a discrepancy between the Convention and
the internal law.

In relation to these rules, the legislator will always have to check whether the draft laws that he
discusses and adopts correlate with the treaties to which Romania is a party (therefore with the
Convention).

Also, the public authorities competent to negotiate, conclude and ratify international treaties
will have the opportunity to report possible inconsistencies between the provisions of the international
act and the domestic law. Of great importance in this order of ideas are the provisions of art. 51 of
the Constitution which proclaims that respect for the constitution, its supremacy and the laws is
mandatory. Depending on these constitutional provisions, combined with those of art. 11 and 20 of
the fundamental law, the value of the source of law of the Convention for Romanian domestic law
also results.

The influence on the internal law is also manifested by the transposition of its norms into the
internal law, often through special laws. For example, after Romania's accession to the Convention
against torture and other cruel, inhuman or degrading treatment or punishment, adopted by the UN
General Assembly. on 10 December 1984, the Romanian Parliament adopted Law no. 20/1990 for
amending and supplementing the provisions of the Criminal Code and the Criminal Procedure Code.°
According to this law, under art. 117 Criminal Code, a new, final paragraph was added, which
criminalized the acts of torture. In the same way, the provisions of art. 2 of the Convention regarding
the use by authorities of firearms that can cause death to a person found their reflection in Law no.
17/1996 regarding the firearms and ammunition regime (published in M. Of. no. 74/11 April 1996).1°

3. Chapter Il of Title 1l of the Constitution also includes provisions that reflect the concern for
the respect of human rights. Thus, in the mentioned chapter, the fundamental rights of citizens are
described. Under this aspect, the constitution enshrines the equality of rights of Romanian citizens,
regardless of race, color, sex, language, religion, political or other opinion, national or social origin,
wealth, birth or based on any other circumstances.

Also, socio-economic and cultural rights are enshrined, i.e. those rights that ensure the cultural
and material development of the person, allowing him to participate in social life. This category
includes: the right to work and social protection of work (art. 38); the right to education (art. 32); the
right of children and young people to be provided with a regime of protection and assistance in
achieving their legitimate aspirations (art. 45); the right to property (art. 41).

Another category of rights enshrined in the constitution concerns the exclusively political rights
which, by their content, ensure the participation of all citizens in the management of the state, in
governance, namely electoral rights (art. 34 and 35); then the social-political rights, i.e. those rights
that can be exercised by the citizens, at their choice, both in order to ensure their material development
and for the purpose of their participation in the state management, namely: freedom of conscience
(art. 29) ; freedom of expression (art. 30); freedom of assembly (art. 36); the right of association (art.
37); the right to strike (art. 40); secrecy of correspondence and telephone conversations (art. 28); the
right to have access to any information of public interest.

° Published in Official Gazette no. 112/10 October 1990

10 A somewhat particular opinion regarding the hierarchy of legal sources, expresses O. Predescu
in,,C.E.D.O. — Its implications on the Romanian criminal law", Lumina Lex Publishing House, 1998, p. 36
1 lon Muraru, op. cit., p. 22
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We also record the inviolability, i.e. those fundamental rights that ensure life, the possibility of
movement of the individual, his physical existence, as well as his domicile. These include: the right
to life and to its physical and mental integrity (art. 22); the right to individual freedom and personal
safety (art. 23); the right to defense (art. 24); the inviolability of the domicile (art. 27); the right to
free movement (art. 25); the right to found a family (art. 44); the right of the individual to dispose of
himself and the right to the protection of his intimate, family and private life (art. 26).

4. In Chapter 1V of Title 11, the Constitution consecrates, for the first time in the Romanian legal
system, the institution of the People's Advocate, whose fundamental role is the defense of the rights
and freedoms of citizens; for this purpose, ex officio or at the request of the persons injured in their
rights, it ascertains or verifies the facts of violation of the fundamental rights and freedoms, notifying
the competent authorities in order to restore the legality and the damage caused. According to the
provisions of art. 55 of the constitution, the organization and operation of the People's Advocate
institution are established by organic law. Parliament adopted such a law only in 1997*2

3. The influence of the Convention on organic and ordinary laws

After December 1989, the influence of the Convention was manifested, on the one hand, in the
repeal of some normative acts that concern some fundamental rights or freedoms, and on the other
hand, in the modification, completion of some normative acts, respectively in the elaboration of new
normative acts, in in accordance with the spirit of the Convention.

At the same time, the Romanian legislator was concerned with providing a legal framework,
which would allow a correct interpretation of the legal norms, in the spirit of respecting and promoting
human rights, creating the basis of a judicial system able to function independently of the legislative
or executive power.

Under the conditions of the rule of law, any interference from another power in judicial activity
is excluded. Thus, the prosecutor must be established in his activity only by law, respecting the
principle of hierarchical subordination, and judges must be immovable, to be protected from any
influences and administrative measures. At the same time, according to art. 2 of the Law on judicial
organization, courts administer justice for the purpose of defending and realizing the fundamental
rights and freedoms of citizens.

In this way, the Romanian judicial system was aligned with the judicial systems of European
states with a democratic tradition.

Lately, the invocation by our courts, in some court decisions, of provisions from some
international documents regarding human rights has been noticed more and more. For example, in
the motivation of civil decision no. 1539 of 10.10.1994 pronounced by the Bucharest Municipal
Court, IV civil section in file no. 7629/1994, art. is invoked. 8 of the Universal Declaration of Human
Rights, regarding free access to justice, or in Civil Sentence no. 254 of May 5, 1997 pronounced by
the same court in file no. 988/1996, art. is invoked. 17 of the same document regarding the property
right of the person.

With regard to the influence shown by the convention in relation to the concrete content of the
legislation, through the perspective of repealing, amending, supplementing or drafting new normative
acts, we can observe that, among the first legislative measures taken after 1989, there is also the repeal
of several normative acts that they violated the right to free movement inside and outside the country,
as well as the annulment of the provisions that prohibited or limited the right to settle in the big cities.
The new regulations, regarding the regime of passports and travel abroad (Decree Law No. 137 of
May 1213, 1990, published in M. Of. No. 75/May 21, 1990) fully guarantee the right of Romanian
citizens to leave their country when they want to return to the country, as well as the right to
repatriate!®, regardless of the reasons for which they stayed abroad, under equal conditions with
citizens living in the country. These provisions are in accordance with the provisions of Protocol no.

12 Law no. 35/1997 regarding the organization and operation of the People's Advocate institution, pub-
lished in M. Of. no. 48 of March 20, 1997

13 Decree Law no. 10 of January 8, 1990, published in M. Of. no. 6/10 January 1990.

14 Government Decision no. 518/12 May 1990, published in M. Of. no. 70/15 May 1990.
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4 to the European Convention, which enshrines the right to free movement and the right to choose
one’'s residence.

Also, a series of measures and legislative acts were adopted to form the necessary framework
to ensure the right to life, human dignity, freedom and personal security. The death penalty was
abolished and express provisions were adopted to define and prohibit torture, inhuman and degrading
treatment and punishment.®

4. The influence of the European Convention on Human Rights and the jurisprudence of
the European Court of Human Rights on the Romanian courts and on their jurisprudence

The position of national courts in relation to the supranational jurisdictional bodies in
Strasbourg

In the field of application of C.E.D.O. it was appreciated that the national courts are in a
"privileged" position in relation to the European court, a conclusion based on the fact that, according
to art. 26 of the C.E.D.O., the European Commission of Human Rights was the only body entitled to
refer the European Court of Human Rights (art. 26 of the C.E.D.O.) and "only after the exhaustion of
domestic appeals™ and this "within a period of 6 months, starting with the date of the final internal
decision™ (art. 26 C.E.D.O.).

The subsidiarity of the international control mechanism in relation to the national courts,
although it can be affirmed in relation to the provisions of art. 26 of the Convention, today, cannot be
vehemently supported, in relation to the amendment of the Convention and its protocols through the
adoption of protocol no. 11, which entered into force on November 1, 1998, by virtue of which, based
on art. 34 of the Convention, "The Court may be referred by a request by any natural person, any non-
governmental organization or any group of individuals who claim to be the victim of a violation by
one of the High Contracting Parties of the rights recognized in the convention or in the protocols its.
The High Contracting Parties undertake not to prevent by any measure the effective exercise of this
right"

The conditions of admissibility of such individual requests are provided by art. 35 of the
Convention, among which we note that the requirement of exhaustion of internal appeals is
maintained, as well as the 6-month term, which I referred to in connection with art. 26 of the
Convention.

Under this aspect, we find that the national courts are the first competent to judge the cases in
which the plaintiffs claim that their fundamental rights and freedoms recognized by the C.E.D.O.
have been violated. The Romanian courts have the competence to judge such cases based on art. 21
of the Constitution, which, enshrining the principle of free access to justice, provides that "Any person
can turn to justice for the defense of his rights, freedoms and legitimate interests". This principle is
reiterated by art. 2 of Law no. 92/1992 for judicial organization, when it establishes that "Courts
administer justice for the purpose of defending and realizing the fundamental rights and freedoms of
citizens".

The national courts are in a "privileged" position compared to the supranational jurisdictional
bodies in Strasbourg. Thus, they definitively cut the substance of the reasons given to their judgment,
in the sense that the final decision pronounced by the competent domestic court cannot be overturned
or modified by the European Court of Human Rights. Indeed, contrary to the widespread opinion
among the uninitiated, the Strasbourg Court is not actually a last court in the field of human rights,
but a supranational judicial body, competent to grant only "fair reparation”. This follows
unequivocally from art. 50 of the C.E.D.O., which provides that "If the Court's decision declares that
a decision taken or a measure ordered by a judicial authority or any other authority of a contracting
party is, in whole or in part, in opposition to the obligations arising from this convention and if the
internal law of this party allows only an incomplete removal of the consequences of this decision or
this measure, by the decision of the Court, if necessary, the injured party is granted a fair reparation".®

15 Law no. 20/9 October 1990, published in M. Of. no. 112/10 October 1990.
16 Art. 41 of the Convention following the adoption of Protocol 11 of 1998.
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Therefore, if the appeal filed by the owner of the injured right proves to be well-founded, the
judgment pronounced by the national court cannot be changed. The "fair reparation” that can be
granted consists, as a rule, in monetary compensation, to which the state whose authorities have
violated C.E.D.O. is obliged, as well as in the award of court costs, determined by assessment.

Regarding the power of the decision of the European courts, it is not enough to refer to the
provisions of art. 50, as amended by Protocol 11, became art. 41, but it is also necessary to observe
the norm contained in art. 46, as amended by the same Protocol, which provides for "the binding force
and execution of the Court's final decisions in the disputes in which they are parties”, and according
to point 2 of the same article, "the Court's final decision is transmitted to the Committee of Ministers,
who supervises its execution™.

The influence of the jurisprudence of the European Court on the domestic jurisprudence

The considerations set out above represent one of the fundamental reasons underlying the
obligation of the courts to observe the jurisprudence of the European Court and to resolve the disputes
with which they are vested in the spirit of this jurisprudence.

Added to these are the provisions contained in Government Ordinance no. 94 of August 30,
1999 regarding the right of recourse of the State (art. 12) against persons who, through their activity,
with guilt, determined its obligation to pay the sums established by the decision of the European Court
or by the convention for resolving the dispute amicably .

Magistrates are not missing from the sphere of such responsible persons (art. 12 para. 3), who
can be held civilly liable, under the conditions regulated by the Judicial Organization Law, the
Ordinance exempting from such liability only the judges of the Constitutional Court.

Another reason, just as pertinent, but more of a moral, than a legal one, stems from the very
quality of the jurisdictional acts issued by an elite supranational judicial body, as well as from the
fact that the concepts used by the C.E.D.O. they have, within the normative system represented by
the convention, their own autonomy, with the consequence of their own meanings, often different in
relation to the meanings given to the same concepts in the legislation, jurisprudence and doctrine of
the member states.

Thus, the expressions "civil rights and obligations” and "criminal charges”, used by art. 6
paragraph 1 of the C.E.D.O., which enshrines the right to a fair and impartial trial, have a much wider
scope in the Court's view than in domestic law, because "civil rights and obligations" mean not only
the rights and obligations in the sphere private, civil or commercial law, but also other rights and
obligations, such as the rights stemming from expropriation or from causing damage by public
authorities, the rights of people who practice free professions (doctors, lawyers, etc.)!” and by the
expression "accusations in criminal matters" we mean not only the facts that fall strictly under the
scope of the Criminal Code and the Code of Criminal Procedure, but also measures of a similar,
repressive nature, such as the withdrawal of the permit to exercise a profession or trade, the
application of a conventional fines for violating traffic rules on public roads, etc.

Also, the phrase "necessary measures in a democratic society" must be understood as such by
the Romanian courts, in order to ensure the application of the rules of the Convention in domestic
law, in the spirit for which they were created.

Thus, art. 6, 8, 9, 10 and 11 of C.E.D.O. provide that the rights recognized in these norms can
be restricted when the interests of national security, safety, health, order or public morals, reputation
or the rights of others require it, provided that such measures are "necessary in a democratic society".
Such restrictive measures must be the consequence of "imperative social needs" or be justified by
"pertinent and sufficient reasons".

Regarding the extent to which national jurisprudence can be influenced by the jurisprudence of
the European Court, we find that, in a number of areas, the European Court leaves a "margin of
appreciation” to national courts.

Initiated by the Commission, in the case of Lawless v. Ireland, the theory of "margin of
appreciation” was accepted by the Court, for the first time, in the Belgian linguistic case (Judgment

17 The judgment of the European Court of July 16, 1971 pronounced in the Ringeisen case.
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of 23 July 1968), when the Court considered that "it cannot ignore the data of law and fact that
characterizes the life of society in the state in which, as a contracting party, it is responsible for the
contested measure. By doing so, it cannot replace the competent national authorities, without losing
sight of the subsidiary character of the international collective guarantee mechanism established by
the Convention".

Likewise, in the Handside case (Judgment of December 7, 1976), the Court specified: "The
Convention entrusts each state with the care of ensuring the use of the rights and freedoms it
enshrines. The institutions created by it, in turn, contribute to this, but they do not come into play,
except through litigation, after the exhaustion of internal appeals”, emphasizing that "thanks to the
direct and constant contracts with the living forces of their country, the state authorities are, in
principle, better placed than the international judge to rule on the precise content of these
requirements, such as the need for a restriction or a sanction intended to meet them™.

Later, the Court's jurisprudence established including the fields in which the courts enjoy such
a margin of appreciation, among them, as a rule, the fields that reveal state policies in the field of
housing, their rental, taxes, public morals, with direct reference to the law to respect for private life,
etc., specifying, in all cases, that such a margin of appreciation does not exclude the Court's right of
control over the way in which such policies are applied in the member states.

That is why the Romanian courts must keep a fair "balance” between the human rights
recognized by C.E.D.O. and the general interest of society, a framework in which it must not ignore
the principle of proportionality between the means used by the authorities and the goal pursued by
taking restrictive measures, regarding fundamental human rights and freedoms.
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Abstract

Analysis is used extensively in mathematics, physics, economics and social sciences. As such,
understanding the space which describes the behavior of entities like Lebesgue-Morrey is crucially
important if we are predict how they properties behave next time. In the present paper, | intend to
continue my study of generalized spaces of type Lebesgue-Morrey associated with many groups of
variables. | study new Lorentz-Morrey spaces with many groups of variables and | establish some
basic properties of such type spaces. As well as, these properties have been proved. Various function
spaces related to the Lebesgue-Morrey phenomenon have been introduced and extensively being
studied due to complexity the Lebesgue-Morrey type of spaces. In present work, a mathematical
model to obtain new normed Lebesgue-Morrey type of spaces by coupling some basic properties and
in addition these spaces will be helped to solve some high-order partial differential equations and one
can easy prove the existence and uniqueness of the solution for the higher order partial differential
equations. This paper is fundamental, not just for Analysis, but for all fields related to mathematics.

Keywords: The space type of Lorentz—Morrey, the function space of differentiability function,
some properties of these spaces.

MSC: 26A33, 46E30, 18E20, 32C22

Introduction

Mathematics have made extraordinary progress in the 20" century. Branches of the mathemat-
ics divide into more important areas of the study, while unexpected relationship were found between
preceding unconnected fields. But this situation became so complicated that it was very difficult to
view mathematics as a whole. The Lorentz L(p, q) spaces were given by G. G. Lorentz. Then R. A.
Hunt collects his interpolation theorems the L(p, q) spaces are represented in some details. The Lo-
rentz L(p, q) spaces play a main role in the study of other type of spaces. Hence using the Lorentz
spaces mathematicians could investigated new normed generalized function spaces type of Banach.
In addition, Banach function spaces with mixed norm have been interested by a lot of authors. Using
multi-variate rearrangement of these type of spaces are introduced nowadays. Among mathematicians
of our time still he is one of the few active in different areas normed space and we have already
mentioned his contributions to Lorentz type spaces theory. Some embedding theorems for such spaces
are also among the central objectives of his research. The author obtained the idea of that normed
Lebesgue type spaces by proving their several properties and then each of these properties gave a
different proof some properties of other normed Lorentz type spaces. This was an early and important
representation of the usefulness of mathematical constructing by functions. Later on he developed
several properties for the embedding of an order into solutions of some differential equations.

In recent papers, new normed space type of Lorentz-Morrey with many groups of variables
based on Lebesgue-Morrey type space and several properties of these spaces have been studied. The
method used previous articles and even in the present one, gets back to preceding results by prop-
erties of Lebesgue-Morrey type spaces by the concept of completeness, showing the possibility to
introduce explicitly the main properties of Lebesgue-Morrey type function spaces families starting
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from the basic elements of their generating derivative functions. The introduction of new normed
space type of Lorentz-Morrey with many groups of variables and several properties of these spaces
allows construct new embedding theorems of new normed space type of Lorentz-Morrey with many
groups of variables, which a creative character of the obtained some high-order partial differential
equations and higher order partial differential equations. In this context, it is possible for every p, a,
1, » Which are defined below introduced construction of new normed space in preceding papers. Con-
nections with rearrangement of the function appearing in Analysis is also mentioned. This paper
devotes to investigation of new normed space type of Lorentz-Morrey and Lorentz-Morrey too, where
I am going to take multivariate rearrangement. [1, 2, 3, 25]

Accordingly, 1 am going to give the definition of representing new space first and then | shall
use it to do develop Analysis. Let us introduce some symbols and notions.

Let G € R™" and 1 < s < n; s,n be naturals, where n, + -+ + n, = n. We consider the suffi-
cient smooth function f(x), where the point x = (x4, ..., x;) € R™ has coordinates

X = (xk.1; ...;xk,nk) € R™ (ke e; = {1,...,S}).
More precisely,
R™ = R™ X R™ XX R™s,

Thus we consider the fixed, non—negative, integral vector I=(l,...,l5) such that, [, =
(Leas - ligny,)s (KC e5) thatis, I, ; > 0, (j = 1, ..., ny.) for all k € e;. Here we consider by Q the set
of vectors i= (iy, ..., i5) where ix=1,2,..., n; for every k € e;. The number of set Q is equal to:

N

o1 =] [a+mno.
k=1

Therefore, to the vector i= (i, ..., i5) € Q, we shall correspond the vector I} = (lil; . lés) of
the set of non—negative, integral vectors 1=(l4, ..., L), where

1° = (0,0, .. 0)l;1<=(lk1,, 0), e, 1 = (0,0, L)

forall k € es Then to the vector e’, we let correspond the vector I'= (l_ll .., s ), where l_,"(" =
R k € e) . Here the largest number |s less than l”‘ for all 1 >0, when
k17 “k,2 k.j

l"‘.—O then we assume that l_;c"] =0 forall k € e, [14], [16].
Theremore, we consider

pif =D pFf, DW= pi . p¥ f . —Gni
f_ 1 s f' k f_ k1 k,nkf’ x =060 t"(x):
() = Tes (1) X 1) X0 [ ),
1
It;:k(xk):{yk e — xel < Et,LKH, k € es}

dty ;

— . k| — J

1Bl = Z%, Zﬁ et
}Eek

we take 0<B*; = lk} <1, when [¥ > 0, but when l”‘ = 0, then ,B}c’fj =0;t=(tg,..,t5),

tk = (tk,]_, . tk,nk)r w = ((1)1, . (L)S), Wy = (wk,lf . (A)k,nk) and we take

wyj = 1, when ke el

and

or we give
wr,;=0, when Ke e; / €',
el = suppl’ = suppl’ = suppw,1 <0 <0; 1 <p < oo,
Here to = (to,1, -, tos) tok = (tos1s - tojen,) —is fixed vector and xe (0,00)" , a€ [0,1],7 €
[1, 0], [tr]: = min{1,¢t,}, k € e,. Here
A® () f = AT (t1) - A (L) f,
when 2w = (2,2, ...,2), and
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Bt f = By (ti1) = By v (trm, ) (K € €),
following A:'Jf’kj" (tk,jk)f are finite difference function, which has direction with variables t; ; and
with order wy, ;, , by step ¢ty ; forj=1,..,n, and for all and k € e, following

A i (te ) (o x, o) =
G gy + i jo ) = £ X))

:k};k(tk ]k)f( Xk, jior™ ) =

A ji (2, ]k){ A ]k (tk Gf (o X, o )}'

k ]k(tk ]k)f( Xk, i ) - f( Xk, ™ )

At is well known, any norm of function f, belonging to Lebesgue space, it can be given to the

following form:
[} 1/p
Ifll, = ( | Iflpdx>
E

where 1 < p < oo. In addition, the norm of the function named Lorentz is given following form

dey"/
WfllL,q00 = U (e¥/Pf=(t))e Tt]
0

wherel1<p <o, 1<qg<o.[5709]

and

but when wy, ;, = 0, then

Definition and Preliminaries

In this section | define new normed space type of Lorentz-Morrey with many groups of varia-
bles and introduce some properties of this type space. | first define some properties of new normed
space type of Lorentz-Morrey with many groups of variables, then give proof of these properties. For
the investigation of new normed space type of Lorentz-Morrey with many groups of variables it is
enough to stay in the framework of normed Lebesgue-Morrey space with many groups of variables.
In particular, the space and its topology are described in concept of a norm. We are mainly interested
in spaces defined over R". [10, 13, 19, 23]

Definition. We denote by

Lpax:(G) (1)
normed Lorentz—Morrey space of locally summability, measurable functions f, on G, with finite
norm (N* > I' > m! > 0, i=1,2,...,n)
”f”p ant: G — ”f”Lpa}”(G)

1/t
|2t |a

I _M *
k SUPo<t<oo HkEeS[tk]l p X“f ”p,Gtu(x)

where |%k|22?’;1%k,j; [t,]: = min{1, t; } and f*(t) is the decreasing rearrangement of f [8].

, )

Main results
The properties of this space are main objects of Analysis. Let us give some characterization
of L, q,:(G):
1) lI*ll,q,%.7:6 is a giasi-norm.
2) We must note that, for every 7 > 0
Lp,a,}t,p(G) = Lp,a,;{(G)
3) The space L, ,,,.(G) is complete.
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4) For ¢>0 we have
”f”p,a,cx,r: G = é ”f”p,a,%,r: G+
5) For any %=(3;, ..., %) > 0 we get:
Al fllpoxo: ¢ = lIfllpe:
OIS Nlp1,567: 6 = 11f Moo,
6) If Pqul;—bS%JSTlSTZ < oo then

‘Cq,b,%,ﬁ @) > Lp,a,z,rz (G)
and

”f”p,a,u,rz:G < ”f”q,b,u,rl:G- (3)
[14-17, 20, 21]
Proof 1. This property follows from known properties of rearrangement. Indeed

(f+9) 20 = () +g" (@),

[0e]

thus

|7k |a

I+ 91 e = | |[ 26”7

0 |kees

I + 9"l ey 20)] Thiee, 2%
|k |az

:fooo MMkee[2tels 7 X
1CF + 9)" Nl (26)7 <

j‘oﬂ[tkh_% X

0 keeg
* * dt _
IF* @7 + 9" (O I Tlkee, T2 =

”f”zp,a,x,r(a) + ”g”zp,a,}{,‘t(a)
and constants implied are bigger than 1. [6, 12, 22].

a2ty _

Proof 2. We must note that,
p —
IIfIILpMp(G)—

jnf x| 5-

k€eg

fl_[[tk]lllea " x

0 keeg
|

£ (@ = inf{llkee,[sk]s O{If Il >

nsk1}|>ntk1}

k€eg keeg

I > £ (O3 < Tkee,[trls-

tel| e, 4)

Because of,

This implies immediately that,

In addition, we hold that,
”(f > eres[tk]l)llz

”{HkEes[Sk]l:f*(S) > HkEes[tk]l}”-
Then (4) is equal to following equality
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fn[tkh%_l X

0 keeg
> | Jreeds ff|
keeg
dtk dtk
f IFIP
kEes kEes
||f||Lp,a,,,(G).

Proof 3. Let {f, };-1 be a fundamental consistent in £, ;,,.(G) , that is, for all £ >0, we
can take number n(¢), such that n,m > n(e)

o [ T

0 keeg
dt
i = Fillponco)) Theee, 2% < 2. 5)
Using [15], [22] we get
_lxkla
SUPxec n[tk]l p X
keeg
Ui = Filly, ) < € (6)

and because of £, 4, (G) is complete, we have a function such that f; € £, ,,,(G)

_lxgla .
[ e X0 = filp, e =

keeg
- 0,(n - ).
Obviously, for all te (0, ) and for every x € G, we hold

T

_lngla
[ e 15 = il o | %

keeg
1
1_[— -0 (n - ).
(7%

keeg
Then using theorem Fatou we get
_xkla
j j LT g~ S ||pctx<x)
0 kEes
dty ke
t_ < Supm>n(s) p X
k
k€eg
. i} dtk
Ifi —fmnp,cﬂ(x)) —=,
k€eg k

forn > n(e) and for all x € G. Then we have

[ee] [ee] |
a
surs | | (e 5"
0 0

kEes
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dt,

T
It = filpopec) x| |7~ <e
keeg k

Because of {f, };-, is fundamental consistentin £, , ,, . (G), then
”fo* ”p,a,x,r: G <
“fr:‘ - fO* ”p,a,;t,‘r: ¢+ ”frzk ”p,a,x,‘r: G
< &+M, (M>0),
that is fy € L, 5,..(G).
But it means that, the space £, 4, .(G) is complete. [4, 8].

Proof 4.
”f”p,a,cr,u:G =
[0/0) [0/0) T
_Clxgla
supeee |[ [ [ [t 17 g | %
0 0 kees
1/t e} [es)
dty, _lxkla
[T2| =suea| [~ [ ] i x
keeg k 0 0 keeg
1/t
. T dtk
1 seeen) | |52 =
k
keeg
[0/0) [0/0) T
1 _lxgla
supee | == [ [ { T [0k ™ 1l gy |
0 0 \kees
1/t
duk 1
Huk T
keeg
[ee] [ee] T
_lxgla
SUPxeg ff H[uk]l polf ”p,Guu(x) X
0 0 \kees
1/t
duk 1 N
[155] == lhaxse
keeg

Proof 5. It is easy to verify 4(a). Let us proof 4(b). It is known that
Iflloog < Nfllpae 6 -
Then taking the inequality (3) in [9] then it completes proof 4(b). [8, 11, 18]
Proof 6. We knew that
”f”p,a,u:G < ”f”q,b,x:G’
following foranyt, 0 <t <1,

_|xxla
]_[[tk]l PN Ny, 6 ey <

keeg
| |b

< l_IkEes[tk]l_T ”f*”q Gtz(x)’
then we get

_bala 1
[ 6™ 0y o <

keeg
lelb 1

< HkEes[tk]l_ @ T ”f*“q G ()1
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71

Pl _|#xla
supece | [ [ (T Jt6eh™® 1 Mo |
0 0

1

dt; g el
1_[1:_ < SUPxeg ff H[tkh 7 X
k 0

0 keeg
. T1 dtk 1/Tl
“f “q, Gtx(x)) eresg] .
Taking
1< 71 < Ty <

then we get (3). In addition for every t > 1
1

[ [ ™ 1 e <

k€eg

1
< l_[[tk]lrl ”f*”q G (x)

keeg
and
1/T1

r r N 71 dtk
SUPxeg jj (”f ||p,th(x)) 1_[? <
1 1

keeg
0 0 N Tq dt 1/1'-1
< SUPyeg [fl fl (||f ”q,th(x)) ereSt—kk] :

Here again using 1 < 7; < 7, < oo then we get (3) [18, 24, 26].

Conclusion

Many scientific, mathematics, economics can be described (at least approximately) by relation-
ships which follow either Analysis or Functional Analysis. Up to now we have considered almost
exclusively numerical-valued functions x — f(x) in which the number f(x) was determined by giv-
ing a single number x from the domain of determination of the function. However, many quantities
of interest depend on not just one, but many factors and if quantity itself and each of the factors that
determine it can be characterized by some numbers, then this dependence reduce to the fact that the
valuey = f(x1,...,x™) of the quantity in question is made to correspond to an ordered set (x1,..,x™)
of the numbers, each of which describes the state of the corresponding factor. The quantity assumes
this value when the factors determining this quantity are in these states.

Essentially, the method of introducing new normed space consist in the construction of a
normed space type of Lebesgue-Morrey with many groups of variables, which gives a mathematic
solution of the given problems, and a mathematic solution of the given problem. If we take Lorentz-
Morrey type spaces of the Lebesgue-Morrey type space which follows either of these six properties,
we can transform them into a high-order partial differential equation. In this paper, | studied new
normed Lorentz-Morrey type spaces, gave some characterization of these type spaces and as well as
I have proved these properties. This function space has been presented in the framework of normed
spaces with many groups of variables. The mathematical formulation has been applied to solving
some high-order partial differential equations and showing existence and uniqueness of the solution
for the higher order partial differential equations.

At the end, each sections contain along with necessary theory, as new normed spaces type of
Lorentz-Morrey spaces of its applications as possible, and, in addition, explanations, mathematical
and scientific commentary and descriptions of interconnections and prespectives for further develop-
ment. The paper has been aimed primarily at mathematicians desiring (as is proper) to obtain through
proofs of the fundamental properties of these spaces, but who are at the time interested in the appli-
cations of these mathematical concepts.
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From the point of view of modern medicine, adipose tissue functions as an endocrine organ,
secretes certain cytokines called "adipocytokines", such as adiponectin, leptin, tumor necrosis factor-
o (TNF-a, tumor necrosis factor-alpha - TNFa) and so on. Chemical signals from white adipose tissue
are believed to be directly related to IR and inflammation, therefore it is expected that circulating
levels of adipokines may be useful as biomarkers for risk assessment and other pathological condi-
tions associated with obesity, for example, such as non-alcoholic fatty liver disease (NAFLD).
NAFLD has become a major health problem in developed countries, affecting more than 30% of the
total population. NAFLD is a clinicopathological change characterized by the accumulation of tri-
glycerides in hepatocytes and has frequently been associated with obesity, type 2 diabetes mellitus
(T2D), hyperlipidemia. The pathogenesis of NAFLD includes a number of factors, and several inter-
related mechanisms, such as insulin resistance, lipotoxicity, imbalance of inflammatory mediators,
endotoxinemia, and others. NAFLD is defined as a disease with a genetic predisposition.

The role of genetic variants in NAFLD, particularly single nucleotide polymorphisms (SNPs),
has been the focus of extensive research in the last decade, including the classic candidate gene asso-
ciation study. It has been established that genes play a significant role in susceptibility to NAFLD
and its progression. It is believed that gene polymorphisms in patients with NAFLD are associated
with a large number of substances involved in the metabolism of fats and carbohydrates in the liver.

We have analyzed effects of single nucleotide polymorphisms of the adipokines genes poly-
morphism taking into account them circulating levels in patients with type 2 diabetes mellitus in the
presence / absence of nonalcoholic fatty liver disease and its possible impact on the disease.

1. Thus, as a result of research on the association of haplotypes and polymorphic variants of the
adiponectin gene with NAFLD in type T2D in the Kharkiv population have been established new
markers (rs1501299 G-allele, rs2241766 and rsI1501299 GGGG and GTGG haplotypes, respectively)
of an increased risk of NAFLD developing in type T2D patients.

2. The contribution of the genetic component to the formation of the predisposition to the de-
velopment of type 2 diabetes mellitus based on the single-nucleotide polymorphism - 308 G>A of the
TNFa gene was determined, which makes it possible to consider the carrier of the A allele as a factor
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of increased risk for the development of type 2 diabetes mellitus. No association of the studied poly-
morphism with the risk of developing NAFLD was found. The association of NAFLD with genotypes
containing low-productivity alleles of TNF-a has not been established. The obtained data make it
possible to assume that the studied polymorphism - 308 G>A of the TNFa gene is more associated
with the risk of developing type 2 diabetes, and the occurrence or progression of NAFLD primarily
depends on metabolic imbalance, and not on the contribution of the studied polymorphism.

3. Our study showed that women with type 2 diabetes mellitus carrying the GG genotype with
the G-2458A polymorphic variant of the LEP gene have 3.4 times higher leptin levels than men car-
rying the same genotype (p<0.03). It is necessary to continue work to identify the functional role of
the studied LEP gene polymorphism and its possible associations with indicators of hormonal and
metabolic components of insulin resistance in the development of non-alcoholic fatty liver disease in
the presence of type 2 diabetes under the conditions of increasing the sample.

Prospects for further research should be based on the study of the role of other candidate genes
in the development of NAFLD and their relationship with various metabolic parameters, which will
allow to clarify the role of genes in the formation of NAFLD in the Ukrainian population.



| international scientific conference. Dortmund. Germany. 03-04.11.2022

Physical sciences

FROM RELATIVITY TO ABSOLUTE

Etkin V.

D-r Techn. Sc., prof.

Institute for Integrative Research (Israel)
ORCID ID: 0000-0003-2815-1284

OT OTHOCHUTEJIBHOCTH - K ABCOJIIOTHOCTH

I1KuH B.

I .m.n., npog.,
Hncmumym unmeepamuenvix ucciedosanuti (Mzpaunv)
ORCID iD 0000-0003-2815-1284

Abstract

It is shown that Galileo's principle of relativity, extended by Einstein to non-inertial frames of
reference and put by him as the basis of the theory of relativity (RT), has turned into the principle of
indistinguishability of processes, which hinders the study of their specifics. The inapplicability of TO
to thermodynamics operating with absolute values is revealed, and the necessity of transition to an
absolute reference system (AFR) of all state parameters and all disciplines operating with them is
substantiated. An interdisciplinary theory is proposed that proceeds from the principle of distinguish-
ability of processes, which is diametrically opposed to TO, and requires finding for each of them an
independent coordinate measured in AFR. This theory, called energy dynamics, makes it possible to
study closed systems that do not need inertial frames of reference, thereby making it possible to verify
the conclusions of the theory of relativity and reveal the inconsistency of a number of them.

AHHOTaNuA

IlokazaHo, YTO MPUHLMI OTHOCHUTENBbHOCTH ['anmies, pacnpocTpaHEHHbIA DHHIITEHHOM Ha
HEWHEPIMAJIbHbIE CUCTEMbI OTCUYETA U MOJOKEHHBIH UM B OCHOBY Teopuu oTHOocuTenbHocTH (TO),
MPEBPATUIICA B IIPUHIHUIT HCPAZJIINIUMOCTH ITPOUCCCOB, HpeHHTCTBYIOH_II/Iﬁ HU3YUCHUIO UX CHGI.II/I(i)I/IKI/I.
BrisBnena Henpumenumocts TO K TepMOJIMHAMUKE, ONepUpyroleil aOCOMIOTHBIMU BETMYMHAMU, U
000CHOBaHa HEOOXOIUMOCTh Tepexoa K abcomoTHoM cucteme orcuéra (ACO) Bcex mapameTpoB
COCTOsIHMA W BCEX AUCHUIIIIMH, ONCPUPYIOIIHUX HMHU. Hpezmon(eHa MCKIUCHUILTIMHApHAass TCOpPUs,
uexogdamada v3 AUaMeTpajibHO HNPOTUBOIIOJJIOKHOI'O TO INpHUHIOHUIIA PA3JIMYUMOCTU MPOHCCCOB U
TpeOyromiasi OTbICKaHUS JJIs KaXKJI0T0 U3 HUX HE3aBUCUMOW KoopauHaThl, u3mepsiemoil B ACO. Dta
TEOpHUs, MMCHYEMad BHCPFOILHHaMHKOﬁ, A4a€T BO3MOKHOCTb H3YUCHHA 3aMKHYTBIX CUCTEM, HC
HY)XXJAIOMKUXCA B HHCPHHUAIBHBIX CHCTCMaxX OTCLIéTa, IIO3BOJISIA TEM CaMbIM BepI/I(i)I/IIII/IPOBaTB
BBIBOJIbI TCOPUH OTHOCHUTCIIBHOCTHU U BCKPBITH HECOCTOATCIBHOCTD psAlda U3 HUX.

KiroueBble ciioBa: OHEpIusa u eé (I)OpMBI, 3aKOHBI COXpPAaHCHUA, TCOPUU OTHOCUTCIBHOCTU U
a0COJIIOTHOCTH, CUCTEMBI OTCUETA U METOIOJIOTHS UCCIIEAOBAHMUSI.

Keywords: energy and its forms, conservation laws, theories of relativity and absoluteness,
reference systems and research methodology.

1.BBenenue.

PazButue teopernueckoil puznku B XX CTOJNETHH XapaKTePHU3yeTCsl KPYThIM IMOBOPOTOM OT
KJIACCMYECKOro ((heHOMEHOJIOTHYECKOr0) METOJa M3YYeHHUs SBJIEHUN MPHUPOJIbI, OCHOBAHHOIO Ha
OIBITE, K MOCTYIaTUBHOMY, 0a3UpYIOLIEMYCSl HAa CYOBEKTHBHBIX MPEACTABICHUSX HCCIEI0BATENs
HIIM YPaBHCHUAX MaTeMaTHIeCKON (i)I/IBI/IKI/I. Oto0 BBIPa3nJIOCh, B YaCTHOCTH, B IIOHMCKEC HX
CUMMETpUH, T. €. TAaKUX IpeoOpa30BaHUil MPOCTPAHCTBA U BPEMEHH, IPU KOTOPBIX (opMa 3arucH
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YpaBHEHUI WM KOMOWHALIUS OMPEACTEHHBIX (PU3UUIECKIX BEIMYUH OCTaBaIach ObI HEM3MEHHOU B
moboit mHeprmanbHO cucteme orcu€ta (CO). IlepBbiM, KTO Tpuaan 3HadeHUE Mpodaeme
OJTHOBPEMEHHOCTH M HCCJIECJOBAHUIO CBOMCTB CHUMMETPHH (U3WYECKUX SBICHUN JUIs aHaU3a
(dbyHIaMEHTAIBHBIX 3aKOHOMEPHOCTEH MPUPOIBI, ObUT PpanHiy3ckuii marematuk A. [lyankape [1].
OH BBEN B pacCMOTpPEHHE OCOOYIO TpYIIy CHUMMETPUH, CBS3aHHYIO C MpeoOpa3oBaHUSMHU
npoctpanctBa u BpeMenu I'. Jlopenna. [Ipu aTom oH cuén HEOOXOUMBIM PACIPOCTPAHUTH IPUHIIHIT
OTHOCHUTEJILHOCTHU [ anuies Ha 3JIeKTpOMarHUTHBIE SIBJIEHHSI, OCHOBBIBAsICh HA JOKa3aHHYIO OIbITAMHU
MaiikenbCOHa «HEBO3MOXKHOCTH IOKa3aTh OIBITHBIM IyT€M a0COJIOTHOE JBHXKEHUE 3eMin». A.
OiinmreriH B 1905 roay pacnpocTpaHuil 3TOT MOCTYJIaT OTHOCUTEIbHOCTH [lyaHkape Ha Bce siBlieHUs
MIPUPOBI, U TIOJOXKUJ €ro B OCHOBaHHE CBOEU Teopuu OTHOCUTENbHOCTH [2]. CorjmacHo 3ToMy
MPUHIUITY, HUKAKUMHU ONBITAMHU, IMPOU3BOJUMBIMU BHYTPU TMPOU3BOJILHOW CHUCTEMBI, HENb3s
YCTAaHOBUTH PaA3IUYME MEXKIY COCTOSIHUSMH €€ MOKOS WJIM PaBHOMEPHOIO MPSMOJIMHEHHOTO
JIBUKCHHSI OTHOCUTENBHO I000# wuHepruansHoi cuctembl orcuéta (MCO). DTo o3Havaer, B
YaCTHOCTH, YTO 3aKOHbI ITHX SIBJIEHHH 10/KHBI ObITh HHBAPHAHTHBIMU (HEeH3MEHHBbIMH) NPH
nepexone ot oaHoii MCO k japyroii. Ilpome roBops, ¢u3sndeckue 3aKOHBI JIOJDKHBI
dbopMynupoBaThca TaKUM 00pa3oM, 4TOOBI B HUX HE BXOAMIIA aOCONIOTHAS CKOPOCTh (hH3HUECKOi
CUCTEMBI KaK LIEJIOTO Vo, & COCTOSIHUS IIOKOSI UJIM PABHOMEPHOT'O IPSIMOJIMHENHOIO ABM)KEHUS OBbLIN
HEPa3IMYUMBI.

[locTenneHHO 3TOT HPUHLMII HEPA3IUYMMOCTH IOKOS U PABHOMEPHOIO MPSIMOIMHEMHOIO
nsuxenus B 110001 MCO cTanmn 0CHOBHBIM UCXOHBIM MIPUHITUIIOM TEOPETUUYECKOT0 MTOCTPOSHUS BCel
¢uznku. CHavana A. DWHIITEHH cHOpMyIMpOBasl MPHHLIUI JIOKATHHON HEPa3TUYUMOCTH CHII
TATOTEHUS W CHUJl MHEPIUHU, Ha3BaB €ro NPUHYUNOM IKEUBAIEHMHOCMU UHEPYUOHHOU U
2pasumayuoHHOU Macc v TIOJI0KHUB €T0 B OCHOBaHHUE 00mieit Teopuu otHocuTensHOCTH (OTO). Tem
CaMbIM HepasIuyuMocms JTUHAMUYECKUX 3((HEeKTOB yCKOPEHUS U TATOTEHHs ObUIa pacipocTpaHeHa
Ha HEMHEpLUaIbHbIE CUCTEMbI OTCUETA U CTaJla €/1Ba JIM HE MPUHIUIIOM HAayyHOro hcciaenoBaHus. B
ANEKTPOJAMHAMUKE STO BBIPA3WIOCh B TMPUHIUIE HEPA3TUYMMOCTH DSJIEKTPOHOB; B (U3HKE
AJIEMEHTAPHBIX YaCTHUIl — B TOXKIECTBEHHOCTH YaCTHI] ONPEIEIIEHHOTO Klacca; B SAEPHON PHU3HKe —
B HEpPA3NUYMMOCTH MPOTOHOB M HEUTPOHOB, B TEOPUU MOJS — B HEPA3IUYUMOCTH CHUIIBHOTO
B3aMMOJICHCTBUS € 3apaaMu pa3IMyHOIo 3HaKa, U T. 1. B pe3ynbTare HCTOPUUECKH CIIOKUBILIASCS
napajurmMa €CcTeCTBO3HAHUsS, OCHOBaHHAas Ha OTCYTCTBMM B NPHUPOJE TOXKICCTBEHHBIX BEIIEH,
yCTYIUJIa MECTO IMOMCKY YCIOBHUM HX HEPa3IMYMMOCTH KaK NPU3HAKY «TAPMOHHUU TPUPOIBD».
AKIIEHT Ha CBOICTBa CHMMETPUU ypaBHEHUN MaTeMaTU4YeCKOW (QU3MKM MOTpeOoBal
MIEPEOCMBICIICHHS IPOCTPAHCTBEHHO — BPEMEHHBIX U IPUUUHHO - CJIEACTBEHHBIX OTHOIIEHUN. ITO
COIIPOBO’KAATIOCH I0OPOBOJILHBIM OTKA30M (PU3HUKU OT €€ OCHOBHOTO ITpeHa3HAUCHUS - OOBSICHEHUS
T€X WJIU UHBIX siBJIeHUH. [Ipr 3TOM MHOTHE U3 HUX CTaJi HEJOCTYITHBI YEJIOBEUYECKOMY OHUMAHHUIO.
Bo3HUK KpHU3UC HETOHUMAaHMSI, 3aTPOHYBIIMM €CTECTBO3HAHUE B LIEJIOM.

BbIxos u3 3T0r0 mosiokeHus TpedyeT, Ha Halll B3IJIS]l, BO3BPAIICHUS TEOPETHUECKON (PU3UKU
Ha KJIACCUYECKMHM IyThb DPAa3BUTHUSA, IPU KOTOPOM OCHOBHOE BHHMMAHME YAEIAIOCH H3YYEHHIO
OTJIMYUTEIBHBIX CBOMCTB sBIEHUS. Takyro 3ajady cTaBwia Mepea co0oil, B 4acTHOCTH,
TEpPMOJIMHAMHKA KaK JUCLUIUIMHA, M3Yydarolas OCOOEHHOCTH TEIUIOBOW (hOpMBI JBMXKEHUSA. DTO
oTpeboBajIo, KAk U3BECTHO, 3HAHUSI A0COJIOTHOM BETMYMHBI TAKUX ITApaMETPOB, KaK TEMIIEPATYpa,
JaBJIEHHE, SHTPOIHS, SHEPTUs U T. I. Takyro ke 3a/1auy MocTaBuiIa nepea co0oi U SHeprogMHaMuKa
KaK JanbHeiee 0000IIeHne paBHOBECHOW M HEPABHOBECHOH TEPMOIMHAMHKM HAa HETEIUIOBbIE
MamuHbel U ¢opmel dHeprun [3]. IlpencraBnseT MHTEpeC CpaBHUTh TAKOM MOAXONM C Teopuei
otHocutensHOCTH (TO).

2. AKCHOMA ¥ NIPHHIMII PA3JJMYUMOCTH NpoueccoB Kak antunog TO

DHeproguHaMuKa Kak TIPEeMHHUIIA PABHOBECHOW W HEPABHOBECHOW TEPMOIMHAMHUKHU
npeJularaeT MHOM MyTh MOCTPOEHUS JI00O0H JAWHAMHYECKOW TEOPHUH, KOTOPBIA HE MPOTUBOPEUUT
MPUHILIMITY OTHOCUTENIHOCTH, HO B TO K€ BpEMs MPU3HAET CYIIECTBOBAHUS IMPEANOYTUTEIHHON
CHCTEMBbl OTCYETa, B KOTOPOH pa3zHOOOpa3HbIE SIBIEHUS OMUCHIBAIOTCS M OOBACHSETCS Hauboiee
npocto. TakoBbl, B YaCTHOCTH, SIBJIEHUS, CBSI3aHHbIE C BpallleHueM o0beKkTa uccieaoBanusa. K
BpalaTeIbHOMY JABIDKEHHIO, IpeoliagatomemMy Bo BceeneHHON, MPUHIKI OTHOCUTEIBHOCTH, Kak
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M3BECTHO, HE IPUMEHUM BBU1Y BO3HUKHOBEHUS LIEHTPOOESKHBIX U LIEHTPOCTPEMUTENBHBIX ciil. He
MIPUMEHHUM OH, CTPOTO TOBOPSI, U K JIFOOBIM APYrUM (opMaM JBUKEHHS, TOCKOJIbKY Y HAC HUKOI/Ia
He OyZIeT yBepeHHOCTH B TOM, YTO CHCTEMa OTCYETA JABMIKETCS PAaBHOMEPHO M MPSMOJIHMHEHHO.
[Tostomy MCO sBnsieTcst abcTpakiiuel, Mmojae3Hod TOJBKO B OTPAHUYEHHOM YHUCIIE CIy4aeB. JTO
CKJIOHSIET «Yally BECOBY» B IOJIb3Y TEPMOJNHAMHUYECKOTO MOAX0/1a, KOTOPBIA OMEPUPYET MOHATHEM
BHyTpeHHel sHepruu U kak Toil e€ yacTu, KOTOpas HE 3aBUCUT OT JBUKCHHS WM IOJOKEHUS
CHCTEMBbl OTHOCHTEJIBHO BHEIIHEH cpenbl. DTO JieTaeT He0OX0AUMBIM UCIIOIb30BaHUE A0COIIOTHBIX
BEJIMYMH TUIA a0COIIOTHON TeMIiepatypsl 7, naBieHus p u sutpomnuu S. [locnennee oTHOCUTCS U K
SHEProIMHAMHUKE, KOTOPYIO MOKHO OIpPEeNuTh Hanboiee KpaTko Kak 0000IIeHne paBHOBECHOH U
HEPAaBHOBECHON TEpPMOAMHAMHMKU Ha HETEIUIOBBIE MAIIMHBI U (OPMBI SHEPrHH. ITa TEOpHUs
00001aeT MOHATHE BHYTpeHHEH ’Hepruu U, mepeHocs ero Ha IOJIHYIO SHEPrUi0 H30JMPOBAHHBIX
HEOJIHOPOAHBIX cucTeM. Takue cucTeMbl BKIIOYAT B ¢€0s1 BCIO COBOKYITHOCTh B3aUMOJICHCTBYIOIINX
(B3aMMHO JIBIDKYIIIUXCS) MAaTEPHATBHBIX OOBEKTOB, TaK YTO ISl HUX TEPMUH «IHEPTUS CUCTEMBD»
SIBJIIETCS. ICUEPIIBIBAIOIUM 1 HE HYKJJA€TCsl B IPUCTABKAX TUIA «BHYTPEHHSN», «COOCTBEHHAS» U T.
I

CornacHo o01ieMy Hayany KIacCUYECKON TEPMOIMHAMUKY, OIPEICINISIONIEMY PaBHOBECHE KaK
COCTOSIHME, B KOTOPOM MPEKPAINAIOTCS JIIOOBIE MaKpOMPOLECCHl, SHEProJWHAMHKA HCCIEIYET
BHYTpPEHHE HEpaBHOBECHbBIE (HEOHOPOAHBIC) CHCTEMbI U HECTATUYECKHUE MPOIIECCHI, TPOUCXOISIINE
B HUX. JTO TpeOyeT COOTBETCTBYIOIIEIO 000OMICHUS HEKOTOPHIX UCXOJIHBIX aKCHOM M TIPHHIIAIIOB
TepMoauHaMHUKU. TakoBa, B 4aCTHOCTHU, «aKCHOMa Pa3INYMMOCTH MPOIIECCOBY, COTJIACHO KOTOPOii B
HCCIIEIyeMOI CHCTEME MOTYT OBITh BBIEJIEHBI (C MMOMOIIBIO BCETO apCeHaa AKCIEPUMEHTATBHBIX
CPEICTB) He3asucumble NPoyeccyl, 8vizvleaoujue cneyuguieckue, KauecmeeHHo OmaudumMsle U He
cB800UMblEe K OpyeUM U3BMEHeHUs cocmosanusi cucmemuvl» [3]. DTa akcuoma, HESBHBIM 00pa3om
Jexalas B OCHOBe Jit000i Kiraccu(pUKaIuu MPOLIECCOB, OTPAXKAET MOITBEPKIEHHYIO MHOTOBEKOBBIM
OTIBITOM BO3MOXXHOCTH Pa3jMyaTh MPOLECCHl HE TOJIBKO MO MPUYMHAM, MX BBI3BIBAIOIIUM, U HE
TOJIBKO IO €ro «MexaHu3My» (crmocoOy mepeiaud JHEPruu), HO U HO UX NOCAeOCMBUSM.
[TposiBnsieTcst 3TO B OTBICKAHUU ISl K&KIAOTO M3 HE3aBUCHUMBIX MPOLIECCOB €ro «KOOPAMHATEHI, T.
€. ¢usuueckol 6eruUyUHbl, U3MEHEeHUe KOMOPOU AGNAEMCA He0OX0OUMbIM U O0CMAMOYHbIM
NPUZHAKOM NPOMEKAHUsi OaHHO20 npoyecca. ITUMH KOOPAMHATAMM CIy’KaT TaKHe MapaMeTphl,
KOTOpBIE HE U3MEHSIOTCS MPU OJHOBPEMEHHOM INPOTEKAHWU B TEX K€ 3JIEMEHTaX MPOCTPAHCTBA
JAPYTUX HE3aBUCHUMBIX TPOIECCOB. TakoBBI, B 9YaCTHOCTH, 00beM V WM SHTpONUs S, KOTOpHIE
OCTalOTCS HEUW3MEHHBIMM B OTCYTCTBHE 00BEMHON naedpopmanuu u TemooOMeHa, HO C
HEOOXOTMMOCTBI0O HM3MEHSIOTCS B 3TUX Imporeccax. OTCofa M BBITEKAIO B KIACCHYECKOU
TepMOJMHAMHMKE TpeboBaHHE OOPaTHMMOCTH IPOLECCOB, T. €. OTCYTCTBHS CaMOIPOU3BOJIBHBIX
W3MEHEHUH HHTpPONUMU M OO0BEMA, HE CBA3AHHBIX C BHEUIHUM TEIUIOOOMEHOM WM paboToii
pacHIpeHus.

OcHoBoroaraIee 3HaYeHne aKCHOMBI Pa3IMYMMOCTH COCTOHUT B TOM, YTO OHA TO3BOJISIET
JI0Ka3aTh BECbMa BKHYIO JUIsl JTFOOOH MEXIMCUUIIMHAPHON TEOPHH TEOPEMY O uucie cmeneHell
€60000bl1 UCcnedyemMoll cucmemsbl, COrJIACHO KOTOPOH «UUCIIO0 apryMeHTOB 3Hepruu U Kak pyHKIHUH
COCTOSIHUSI CHUCTEMBI (T. €. YMCIIO CTeneHed CBOOOABI MOCHeNHEH), paBHO YUCITY HE3aBUCHUMBIX
MPOIECCOB, MPOTEKAOIIUX B HEW» DTO MOJOKEHHE JIETKO JOKa3bIBAETCS «OT IMPOTHUBHOTOM.
JlelicTBUTENBHO, IO/ TPOIECCOM IOHUMAeTCs H3MEHEHHE CBOMCTB CHCTEMBI, BBIPAXKEHHBIX
nmapaMeTpaMu cocTosiHUs. [109TOMy Mpy MX MPOTEKAHUU C HEOOXOAUMOCTHIO H3MEHSIETCS XOTSI OBI
oJuH U3 HuX. [Ipennonoxum, oJJHaKO, 4TO MPH MPOTEKAHUU KAKOT0-T1M00 HE3aBHCUMOTO Ipoliecca
C HEOOXOJMMOCTBHIO HM3MEHSIOTCS HECKOJBKO KOOpPIHMHAT COCTOSHUS. Torma, O4YeBHAHO, JTH
KOOpPJMHATHI HE OyayT HE3aBUCHMBIMH, YTO MPOTHBOPEUYUT MCXOJIHOW mockuike. [Ipeamonoxum
Tenepb, YTO Kakas-TMO00 W3 KOOPIAMHAT H3MEHSETCS C HEO0OXOJUMOCTHIO TIPU MPOTEKAHWUU
HECKOJIbKMX MpoleccoB. Toraa, 04eBHIHO, 3TH MPOILECChl HE OyayT HE3aBHUCHUMBIMH, MTOCKOJIBKY
OHH BBI3BIBAIOT OJIHU M TE€ K€ U3MEHEHUS CBOMCTB CUCTEMBI, YTO TaKXKe MPOTHBOPEUUT UCXOTHOU
nocbuike. OcTa€Tcst 3aKIIOYUTh, YTO Jf000My (PAaBHOBECHOMY WJIM HEPaBHOBECHOMY,
KBa3UCTATUYECKOMY WJIM  HECTaTHYECKOMY)  He3d8UCUMOMY  NpOyeccy  COOmMEemcmeyem
eOUHCTNBEHHASl He3a8UCUMAsL KOopouHama cocmosanus. Takue KOOpAMHATHI B OOIIeM ciydyae -
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BEJIMYMHBI SKCTCHCUBHBIE, TIOCKOJIBKY KaXk/as U3 HUX B OTCYTCTBHE JIPYTUX CTEIEHEW CBOOOBI
OIIpEIENsAeT SJHEPTUIO CUCTEMBI — BEJIMYNHY TaKKE DKCTEHCHBHYIO.

VIOMSHYTO€ TOJNOXKEHUE ONpEAeIsieT HeoOXooumvle U  O0OCMAMmMOuHble  YCIOBUS
OJIHO3HAYHOTO (J€TEPMUHUPOBAHHOI0) 3aJaHUs COCTOSHUS TOW WM MHOU cucTeMsbl. [loaTomy ains
yI00CTBa CCBUIKM €ro IeJIecO00pa3sHO HAa3BaThb «HPUHYUNOM ONPEOeNEéHHOCMU COCMOAHU.
byay4un B HEKOTOPOM CMBICJIE AaHTUIIOJOM «IIpUHIMNA HeonpeaenéHHocTu [eiizenbepra», 3ToT
IPUHIMUI TI03BOJIAET H30€kKAaTh KaK «HEJO0ONpeIeIeHUs», TAK U «I1epeoIpeIeNeHus» CHCTeMbI 2,
YTO SIBJISIETCA TJIaBHBIM MCTOYHMKOM METOAOJOTMYECKHUX OIMIMOOK COBPEMEHHBIX Teopuid. Jlaneko
HE OYEBMJIHO, HAIIPUMEp, «HEJO0OIPENEIEHUSD COCTOSIHUSA KOHTUHYYMa, K KOTOPOMY IPUBOIUT
IPUHSTHE FMIIOTE3bI JIOKAJILHOTO PAaBHOBECHUS B TEpMOIMHAMUKe HeoOpaTuMbIx mpoueccos (THIT)
[4]. OTa runores3a npennonaraeT HaIM4YUE B JIEMEHTaX KOHTHUHYyMa paBHOBecUs (HECMOTpS Ha
IIPOTEKaHUE B HUX JUCCHUIIATUBHBIX IPOLECCOB), JOCTATOUYHOCTb JJI MX ONMCAHUS PAaBHOBECHBIX
napamMeTpoB (HECMOTps Ha HaJM4Me TIpaJueHTa I[OTEHLMAIOB), U COXpPAHEHUE BCEX
TEPMOJMHAMMUYECKUX PABEHCTB (HECMOTpPsS Ha MX HEU30eKHOE HapylIeHHEe B HEOOpaTHMBbIX
nporeccax). B 1eiicTBUTENBHOCTH e KOHTHHYYM HPEICTaBIsIET COOON cucTeMy ¢ OECKOHEUHBIM
YHUCIOM CTeNeHeil cBOOOIbl, YTO U BBIHYKJAeT pa30MBaTh €ro Ha 3JIeMeHThl 00béMa. MIMeHHO
noaromy THII He pocTuraer TOH NOJHOTHI M CTPOIOCTH, KOTOpbIE OBUIM CBONCTBEHHBI
KJIACCUYECKOMY TEPMOJINHAMUYECKOMY METOAY.

Emé MeHee O4YEBUAHO «HEIOOIPEJECICHHUE», BBI3BAHHOE MPUMEHEHHEM IPUHIIMIIA
HEPA3JIMYUMOCTH COCTOSHUSA TOKOS U OTHOCUTENIBHOTO JBUKEHHSI K MHOTOKOMIIOHEHTHOM 3aMKHYTON
crcTeme, B KOTOpoi HaOmonaercs 1udy3noHHOE epeMelInBaHue KOMITIOHEHTOB. Eciu 1st Takoit
CHCTEMBI HCII0JIb30BaTh TOJBKO 3aKOH COXpaHeHus uMiyibca P cucremsl B nenom (dP/dt = 0) u He
BBOJIUTh HMITYJIECHI K-X KOMIIOHEHTOB CHUCTEMbI Pk, TO 3TH COCTOSHHS JCUCTBHTEIBLHO OymyT
HEPA3JIUYUMBIMHU.

Emé ogHumM npuMepoM «HEAOONPEIEIICHUS» CUCTEMbl SIBJISETCS THMIOTE3a EIUHCTBA
IIPOCTPAHCTBA U BpeMEHU A. DMHIITEIHA, KOTOPasi yTBEPKAAET UX B3aUMOCBS3b, HE BBOJSI IIPH ATOM
HUKAKHX [apaMeTpoB, €€ XapaKTepU3ylollux. B pe3ynbrare sHEprus peasiTUBUCTCKON cucTeMbl £
3amuchiBaeTcs B TOM ke popme pyukuuu E = E[r(t), t] He3aBUCHUMBIX apryMEHTOB MTPOCTPAHCTBA
(paguyc-BekTopa I') ¥ BpeMeHH t, 4TO ¥ HEpeNATUBUCTCKAS.

B kauecTBe IPOTHUBOIIOIOKHOTO NPOLECCA «IIEPEONPEACICHUS CUCTEMBI MOKHO IIPUBECTU
OTO Kaprana — DiHIITEliHA OPUEHTUPYEMON TOYKHM, B KOTOPOW BBOJSATCS JOIOJHHUTENIbHbBIE
YIJI0BBIE KOOPJIMHATHI €€ BpallleHMs], XOTA U1 MaTEpUaJIbHON TOYKH, HE UMEIOLIEH pa3MepoB, €€
BpallleHHE JIMIIEHO CMBbICNIA, KaK U TOHSTHE SHEPIUM BpalleHUs TOYKH. B 3TOM oOTHOIIEHHH
nokasareibHa U Teopust gusndeckoro Bakyyma I'. Illunosa, koropast BBOIUT emié 3 KOOpAUHATHI
BpallleHUs] MaTepHaJIbHON TOUYKH B IPOCTPaHCTBE-BpeMeHH [5]. Takue NonbITKU ONucaTh CBOMCTBA
00BEKTa HCCIIEJ0BAHUS U30BITOUHBIM YHCIIOM ITAPAMETPOB TAaUT B ceOe HE MEHBIIYIO OIIACHOCTb, TEM
0oJ1ee YTO BCE MOCIEACTBUSI 3TOTO HETIPEICKa3yeMbl.

3. IIapamMeTpbI HEOJHOPOXHOCTH BHYTPEHHE HEPABHOBECHBIX CHCTEM.

B cooTBeTCTBUM C MPUHLIUIIOM Pa3IMUYUMOCTH SHEPTOAMHAMUKA BbIJIEISET B IPOCTPAHCTBEHHO
HEOJITHOPOJHBIX CpellaXx HE MEHEE JIBYX KaTeropuil NpOLECcCOB, KaKaash U3 KOTOPBIX UMEET CBOKO
Ipyniy He3aBUCUMBIX KoopauHaT. K nepeoii epynne oTHOCSTCS IPOLIECCH EPEeHOca HOCUTENS TOU
WIN UHOM (OpMBbI JBHKEHUS B cucTeMe ©i (Ui KpaTKOCTH - SHEPrOHOCUTENS]) Yepe3 TPaHHULIbI
CUCTEMBI C JalIbHEHIINM PaBHOMEPHBIM paclpeiesieHUEM MPUBHECEHHOW BEIMUYMHBI O MEXIy
qacTaMH (00JIacTsIMM) CcHUCTeMbl. YacTHBIM CllydyaeM TaKdhX IIPOLIECCOB SIBISIOTCS OOpaTHMBbIE
(paBHOBECHBIE) MPOLIECCHI TEINIOOOMEHA, MaccooOMeHa, 00bEMHON AeGopMaIiu U T. I1., U3y4aeMble
PaBHOBECHOM TEPMOJMHAMUKOM, KOTOpbIe Ojaroiaps CBOEM KBa3UCTATUYHOCTU MPAKTUYECKH HE
HapylalT MPOCTPAHCTBEHHOW OJHOPOJHOCTH CHUCTEMbl. B KauecTBe HocuTenen sHeprun O s
TEMIOBOM ()OPMBI BBICTYNAET SHTPOMNHUS S (MMEOIIas CMbICH TepMouMmyibca [3]); s SHepruu
yrpyroi nedopmManuu — OTKJIOHEHHE 00bEMa V CUCTEMBI OT XapaKTEpPHOIO /11l JaHHOTO ra3a o0bEMa
Vo, IpU KOTOPOM JJaBJIEHUE B HEM PaBHO HYJIIO; JUIS SJEKTPOCTATHUECKONW SHEPTHH — 3apsiyt Oe; IS

18 T.e. NONbITOK ONMcaTb COCTOSHME CUCTEMDbI HeaOoCTarnwWwnum nnum M36bITOYHBIM YNCIOM KOOpAUHaT.
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XUMUYECKON SHEPTruH K-X BEIIECTB — KOJUYECTBO ero mMoisiei Nk; [ TpaBUTAIlMOHHOW SHEPTUU —
Macca cucteMbl M, 17151 KHHETUYeCKOW dHEPTUU — KOMIIOHEHTH MV, (a0 =1,2,3) ummynsca Mo, u 1.1.,
u T.11.). Bce mpotiecchl Takoro pojia HAMOMUHAIOT PABHOMEPHOE BHINAJICHUE OCA/IKOB Ha HEPOBHYIO (B
o01eM cirydae) moBepXHOCTb.

WHoro poma mporeccsl nepepacnpeoeiienus SHeproHocuTens O MexIy JyacTaMu (00JacTsMH,
(dazamu, KOMIOHEHTaMHU) HEOJHOPOJHON CHCTEMBI B 11esIoM. OHHM CONPOBOXKIAIOTCS YMEHBILICHHEM,
HaTpUMep, SHTpoOnuH S, Macchl M, 3apsaa ®e, ummnynbca P v T. 1. B OJTHUX YaCTSAX CHUCTEMBI, U UX
YBEJIMYEHHUEM — B APYruX. Takoro poaa npomueoHanpasiertsle MPOLECChl CBS3aHbl C OTKJIOHEHHUEM
Arj paamyc-BeKTOpa Ii IEHTpa 3KCTEHCHUBHOW BEIUYMHBI O OT €ro MOJIOKEHHS NPU BHYTPEHHEM
paBHOBECHH (OJTHOPOTHOM PACIIPEECIICHIH ). DTH MPOLIECCHl HOCAT HAINIPaBICHHBIN (YIOPSII0UEHHBIN)
XapakTep, HAIIOMUHAs TIEPEeKavKy JKUKOCTU WM CHITyYMX MaTEepPHaloB M3 OJHOW YacCTH COCyJa B
npyryto. Takue mporeccsl Bcerjja HepaBHOBECHBI, aXKE€ €CIM OHU OCYIIECTBISIFOTCS OECKOHEYHO
MEIJICHHO (KBa3UCTaTUYECKH), IIOCKOJbKY CHUCTEMAa IIpPU OSTOM OCTAa€TCsl IPOCTPAHCTBEHHO
HeoqHOpoAHOH. Takoro poma HM3MEHEHUS COCTOSHHSI BBI3BIBAET COBEPIICHHWE HAJ CHUCTEMOM
YIOPSOUYEHHOH (HampuMep, TEXHUYECKOW) paboThl, a TaKKe BEKTOPHBIE IMPOIECCHI pellaKcalu,
COITPOBOKIAIOIIMECS BHIPABHUBAHHEM TEMIIEPATYyp, JaBICHUMN, XUMUYECKUX U JAPYTHX MOTEHIIUATIOB
cucTeMbl. BMecTo KoopMHAT Afj, IMEIOIIUX CMBICT BEKTOPOB CMEIICHUS, OYCHb YIOOHBI «MOMEHTBI
pacnpenenenus» Zi = OjArj mapameTpoB ®j, TOCKOJBKY B IIpolieccax MepepacnpeiesieHrs BeIUIuHa
O®i ocraércs Hem3MeHHON. KoopauHAThl i OTHOCSATCS, CTPOrO TOBOpPs, K BHEIIHHUM MapaMmeTpam
CHCTEMBI, TIOCKOJIbKY OHHM XapaKTepU3yIOT TOJIOKEHHE IIeHTpa SHEeproHocurens O B 1enoM
OTHOCHUTEINILHO BHEIIHUX TeJ (OKPYXAaroIlled cpelibl) TOYHO TaK K€, KaK IEHTP TSHKECTH CUCTEMBI I'm
WIN €€ LEHTP UHEPLUH Iy .

Mp1 He OynieM 3/1ech Ui KPaTKOCTH KacaTbes e1E OIHOM IPYIIIBI POLIECCOB nepeopueHmayuu,
CBSI3aHHBIX C U3MCHCHUEM HAIPABJICHUS BEKTOpa CMEHICHUS Al U TPOSBIISIOMINXCS, HAPAMED, B
YCTAQHOBJICHHMM CIUHOW OpPHCHTAIIMM CIUHOB O3JIEMEHTApPHBIX YAaCTHIl, B CIIOHTAHHOM
HaMarHU4YMBaHUU (EPPOMATHETUKOB, B YCTAHOBIECHUU OIpPEAENeHHON KOH(UTypaluu aTOMOB B
MOJIEKYJIaX, B BBICTpPAaMBaHUU B OJHON (OJIM3KOM K IKBATOPUAIBHOM) IUIOCKOCTH HEOECHBIX
MJIaHETapHBIX OPOUT, BO BpAILEHWU TaNaKTUK U T. 1. BaXXHO TOJIBKO MOHSATH, YTO IO Mepe
yrayOIeHHus UCCIeNOBAaHUI YUCIIO Pa3IMYMMBIX MPOIECCOB MOXKET YBEIIMYUBATHCS, UYTO CIIENYeT
MPEAYCMOTPETh MPHU pa3zpaboTKe METO/1a OMUCAHUS COCTOSIHUS HCCIIETyEMbIX CHCTEM.

Kak crnenyer u3 M3II05K€HHOTO, KaKIOMY SHEPrOHOCUTEN0 i COOTBETCTBYET CBOsl (popma
sreprud Ui kak (QyHKIIMS ero mojoxeHus: B mpoctpaHctse, T. €. Ui = Ui(®j, ri), Tak 4TO 3HEPTHs
CHCTEMBI B IIEJIOM Kak HaunbOosee obOmiast pynkmus e€ cocrosuus umeer Bua U = iU (@j, ri). D10
MO3BOJISIET BBIPA3UTh €€ MOMHBIN TuddepeHIran B BUIE TOXIECTBA:

dU = %¥id@; + ZiFi-dri, (i, =1,2,...,n) 1)
rae Vi = (0U/00i) — ycpenHEHHBbIC 3Ha4YeHHs OOOOMIEHHBIX MOTEHIUATIOB CHCTEMbI (a0CONIOTHON
TemrepaTypsl 7, TaBJICHUS p, XAMHUYECKOTO, JIEKTPUICCKOT0, TPABUTAIIMOHHOTO | T. IT. MTOTEHITHAJIA
k—ro BemectBa; Fi= (0U/0ri) — 06001IEHHBIC CHITBI B BX 00IC()U3NISCKOM TTOHHMAaHHH.

DTO TOXKAECTBO B MPHUJIOKCHUH K W30aupoBaHHbIM cucteMam (dU,; = 0) oTpakaeT 3aKoH
COXpaHEHHUs U TpeBpamieHus >Hepruu. OHO sABiseTca BoIUloieHneM Teopuu rpymm A. Ilyankape,
CIIy)KaIlllel CpPeJCTBOM JIIi HaBEACHHS TIOPSIKA B ypPaBHEHUSX MaTeMaTHYeCKOW (HU3UKH.
[IposiBrsieTcst 3TO B TOM, 4TO B TaKOW (MHTErpajbHON) popme 3aKkoHA COXpPAHEHUS MPOU3BOAHAS OT
sHepruu cuctembl U 1o BpeMeHH onpeeNsieT MOIITHOCTD MPOIIECCa; 0 KOJIHMYECTBY YHEPTOHOCUTES
Oi — ero norennman Yi; no nepememenuto dri— cuiny Fi. B cBoro ouepenp npousBoansie oT Oj 1o
BPEMEHHU OIPENENSIOT CKasIpHBIE TIOTOKH (Pacxoq) DSHEPrOHOCUTENS, a TPOU3BOJHBIE OT
nepemereHuss dri — o0OOIMIEHHBIE CKOPOCTH TPOIECCOB ®i (BEKTOpHBIC MOTOKH Ji = Oivi);
MIPOU3BOJIHBIC OT CKOPOCTH ®i ONPEICSISIOT YCKOPEHHS, a MPOU3BOJHBIE OT moTeHImaioB Vi mo
nepemereHusM dri — UX TPaaUCHTHI, HIMEHYEeMbIe TEPMOJAMHAMUYECKUMHU CHJIAMHU, U T. A. ITO
MO3BOJISIET HAXOJUTh TOJMOOHBIC BEIMYUHBI JUIS JIF000H (OPMBI SHEPTHH H PaCHpPOCTPAHUTH
ToxecTBO (1) Ha M000I U3 pa3nenoB GU3UKY.

Ecnu 651 U1 Kaxa0M U3 2N HE3aBUCUMBIX apryMeHTOB ©j M [, BXOJAMIUX B ToxkaAecTBO (1),
notrpedoBanach 06l cBosi CO, TO MCclenoBaHNEe MOJUBAPUAHTHBIX CUCTEM (CO MHOTHMH CTEMCHSIMU
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cBOOO/BI) CTajgo0 OBl HEBOOOpa3sUMO CIOXKHBIM. OTCioa M ClelyeT BaKHOCTb OTBICKaHUS
MPEINOYTUTENIBHBIX CUCTEM OTCUETA, KOTOPbIE CBEIH Obl MX KOJUYECTBO K MUHUMYMY.

4. Heo0xoauMoCTh nepexoaa K a0COJI0THBIM CHCTEeMaM 0TcUéTa.

[Tokaxem Temeppb, YTO s KakaoW ¢opmbl mapuuanbHoW sHepruu Ui monuBapuaHTHOU
CHCTEMBl CYIIECTBYET €IUHCTBEHHas (abCONIOTHas) cucTeMa OTCYETa, KOTOopash TrapaHTHPYeT
BBITIOJTHEHHUE 3aKOHA COXPaHEHHS SHEPTUU MTPU BCEX BO3MOKHBIX B CUCTEME ITpOLIeccax.

C a1olt 1menpio0 00paTuMCs K dHeproauHaMmudeckomy TtoxaectBy (1). CorimacHo emy, 3aKOH
COXPaHEHHUS SHEPTUU HAPYLIAETCsI, €CIIU JIF000M 13 apamMeTpoB Oj WiH Ii U3BMEHSIOTCS He BCIIE/ICTBUE
SHEProoOMeHa WJIM HEProlpeBpalleHus, a B CBS3U C M3MEHEHHEM CHCTEMBI €ro OTcuéra. JTo
o3HauaeT, yto CO 3THUX mapaMeTpoB MOJIKHBI OBITh C HEOOXOIUMOCTBIO aOCONOMHBLIMU, T. €.
OCTaBaTbCid HEM3MEHHBIMH B TEUCHHE JIOOBIX IPOLECCOB, MPOMCXOSAIIMX B CHUCTEME. ITO
TpeOoBaHUE OTHOCUTCS U K oTeHIuanaM. UToObl yOenuThcs B ’TOM, IPUMEHUM METO]T HaX OXKICHHS
YCIIOBUW paBHOBecHs, wujes kortoporo mnpuHamiexut [[. [mbocy (1885) [6]. Paccmorpum
M30JIMPOBAaHHYIO B IIEJIOM CHCTEMY, Pa3feN€HHYIO ISl MPOCTOTHI Ha JBE 4YacTH (IIOJCUCTEMBI)
MEPEropoAKO, MPOHUIIAEMO JIHIIB | — F0 SHEProHOCUTENs O (HarpuMep, TSILIONPOHUIIAEMON WK
MOJBIKHOM TEPEeropoJKoi TMpH yCTAaHOBJICHHWU COOTBETCTBEHHO YCIOBHH TEIUIOBOTO U
MEXaHMUYEeCKOro paBHoBecHs ). Tak Kak B IPOLECCE YCTAHOBJIEHUSI PaBHOBECHS SHEPIHSI CUCTEMBI B
uenoM U octaércsi HeU3MEHHOH, YCIIOBHE PaBHOBECHS BbIpa)kaeTcs B OTCYTCTBHM €€ Bapuaruu oU
IpU JIOOBIX BapHALMsAX SHEPTHH B IMojacucTeMax. [Ipw 3TOM mporecchl MpeBpalieHus YHEPIUy,
OIUChIBaeMbIC BTOPO# cymMmoii Toxaectsa (1), mpekparmatores (Fi-dri = 0). O603Hauast mapaMeTpbl
B 9TUX MOACHUCTEMAax OJHUM U JBYMs IITpuxamu, Ha ocHoBaHuH (1) umeem: oU' u oU" moacuctem
(4T0 00YCIOBIECHO JMHAMHYECKUM XapaKTepOM TEIIOBOTO pPaBHOBECHS):

dU=0%U"+38U" =¥/de;'+ ¥i"dB;i" = 0. (2)

YuuTthIBas, 4TO CHUCTeMa B LI€JIOM H30JupoBaHa (O = const), HaXOAWM, YTO B COCTOSIHUU
paBHOBecHs BO3MOXXHbIe Bapuanuu Oi u O B mnoacucreMax TMOJAYUHEHBI OYEBHUIHOMY
OTPaHUYCHUIO:

00i' = 60i' +006i" =0. (3)

PaccmatpuBast (2) COBMECTHO C ypaBHEHHEM HaJIOKEHHBIX CBA3el (3), MPUXOJIUM K BBIBOIY,

YTO B COCTOSTHUU PaBHOBECHSI UMEET MecTO paBeHCTBO noteHuuanos Wi u Wi B o0eux nojacucremax:
¥ = i 4)

[TockonbKy TaHHOE YyCIIOBUE PaBHOBECHSI HOCUT OOLIMI XapaKTep U HE 3aBUCUT OT NMPUPOIbI
BEIIECTBA B [T0JICUCTEMAX, apaMeTpbl 'P'i B MOOBIX MoAcHcTEMax AOKHBI n3MepsThes B CO, enuHoON
JUIS BCEeX BelecTB. Takue IMIKallbl Ha3bIBAlOTCSl YHUBEpCcalbHbIMU. Jlanee, paBeHCTBO (4) coXpaHseT
CHJTy JIO TeX MOp, HOKa BO3MOXEH OOMEH 3Heprueil B i—ii hopme Mex Iy MOJICUCTEMaMH, T. €. TIOKa
HE BBIPOJMJIOCH (MCUE€3JI0) MOJIHOCTHIO JBM)KEHHE JaHHOTO poOJAa B JIOOBIX MOJCHUCTEMAax. DTO
o3Hayaet, yTo noteHuuansl Wi’ u Wi" nomkuel uzmeparscs B CO, HylIb KOTOPOIl COOTBETCTBYET
TIOJTHOMY «BBIPOKIICHHUIO» JAHHOM CTETIEHH CBOOOIBI BO BCEX MBICIIMMBIX TeJIaX U YaCTSIX CUCTEMBI.
Jlns Temneparypsl T Kak MOTEHLMAlAa TEMJIOOOMEHa 3TUM TpeOOBaHUSAM, KaK M3BECTHO, OTBEYAET
mkana KeneBuHa. JlaHHBIM XOJ pacCyKIEHH MOXHO paclpoCTpaHUTh Ha JI00OM BHJ
sHeprooomena. He crmywaiiHo Ui Joka3arenbcTBa oOpalieHHs B Hynb sHTporuu S mpu T = 0
nmoTpeOoBaIoCh BBEICHHE 3-T0 Hadalla TEPMOIAMHAMHUKH. DTO JEJaeT COBEPIICHHO OYEBUIHOMN
HEOO0XOMMOCTh M3MEpEHHUs1 B aOCOJIOTHOHM IIKajie He TOJBKO TeMIepaTypbl U AaBlIEHHs, HO U
XUMHUYECKOT0, D3JIEKTPUYECKOro, TPaBUTAIMOHHOTO, KHUHETHYECKOIO0 ©» U JI0O0ro JIpyroro
MOTEHIHAJIa UCCIIEAYEMON CHCTEMBI.

B wactHOCTH, /U1 mpoliecca 0OMeHa MeXy MOACHCTEMaMU KOJIMYECTBOM JBUKEHUS POJIb
napametpa Oj UrparoT KOMIOHEHTHI P, = mo, (a = x,Y,zZ) umnynsca P = mo. B atom ciyyae pons
«KUHETUYECKOro noreHuuana» ¥y urpaer cOOTBETCTBYIONIAs KOMIIOHEHTA 0g BEKTOPA CKOPOCTH V.
CrnenoBarenbHO, JIOOBIE COCTaBJSIOMIME CKOPOCTH TaKkKe HEOOXOAMMO OTCUMTHIBATH OT
abCOIIOTHOTO HYJISl, COOTBETCTBYIOIIETO MPEKPAIllEHNUI0 YHEProoOMeHa JAHHOIO poja BIUIOThH J10
MCYE3HOBEHMsI OTHOCUTENLHOIO JIBUKEHHUSI BO BCEX Telax MccieqyeMoi cucrembl. HaliTu Takyio
ACO nnsg kuHeTndeckoro noreHnuana Yw= v, coBceM HecloxkHO. /{15 3TOro He0OXOAUMO TOJIBKO
y4ecTb, YTO B M3OJUPOBAHHON CHCTEME, JOCTUTIIEH COCTOSHUS BHYTPEHHEIO paBHOBECHS
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(0AHOPOAHOTO pacmpeneeHus JT0ObIX dHEproHocuTeNel ®j), MoNoKeHNe UX HEHTPOB [ COBMAAAET
¢ neHTpoM e€ o0BhéMa, 3aHUMAEMOT0 CHCTEMOW, U HE MOXET OBITh M3MEHEHO HHUKOUM OO0pa3oM.
[TosTOMYy MX TOJIO)KEHHE B COCTOSHUM PABHOBECHS] M MOXHO TIOJIOXKUTH 32 a0CONIOTHOE HAdaio
0TCY€Ta MPOLIECCOB MEPEMEIICHUS TIOOBIX SKCTEHCUBHBIX [1aPaMETPOB CUCTEMBI.

4. PensiTUBUCTCKAasT  TepMOJMHAMUKA KAk  IpUMEpP  HENPUMEHUMOCTH  IPUHLHUIIA
OTHOCHUTENIbHOCTH.

K coxaennto, 10Kka3aHHOE BBILLIE [T0JIOKEHNUE, HE CTAJI0 JOCTOSTHUEM HE TOJbKO MEXAHUKHU U
3JIEKTPOJMHAMUKN, HO M CaMOW TEPMOJMHAMUKH, MPUHIMIBI KOTOPOM A. DUHIITEHH CUMTAI
HEOIPOBEPKUMBIMU. B 1mepBbIe e roJibl, OCIEeI0BABIINE 33 MOSIBICHHEM €ro (yHIaMeHTaTbHON
pabotel (1905), HekoTopble (UIMKKA TMOCHEIINWIN MPpUIaTh (PU3NYECKHM 3aKoHaM ¢opMmy,
WHBApUAHTHYIO [0 OTHOIICHHIO K JIFOOBIM WHEpLHUAIbHBIM cucTeMaMm orcuéra. B olOmactu
TEPMOJAMHAMUKH 3Ty MONBITKY NpeAanpuHsn Brepsble cam M. ITnank (1907) [7]. On paccmotpen
TEIJIOBYIO MAIIMHY B BHJIE IIMJIMHIpA C Ta30M IOJ MOpPIIHEM, padoTaroulyto nmo mukiy KapHo c
OBICTPOABIDKYIIMMCSA MCTOYHUKOM Teruia. [locie aquabaTuyeckoro cykaTus ra3a U ero yCKOpPeHHs
pabouee TeJO MaIIMHBI MOTYYaeT TEIJIO OT JBMXKYILErocs TEeIUIOMCTOYHUKA MpH Temmeparype 7t .
3areM HUIMHAP C Ta30M 3aMeIsieTcsl aaunadaTUYecKu 0 COCTOSHUA MOKOs, U TeMIlepaTypa rasa
cTaHoBUTCS paBHOH Tt. [locie 3Toro ra3 B WIMHAPE paclIMpsAETCs ainadaTUUeCcKy 10 TEMIIEPATypbl
TeIUIoNpUeMHHKa Tx, OTHAET eMy HEKOTOpoe KoiMuecTBO Temia Qx mpu temiieparype 7x U BHOBB
annabaTUYECKH CKUMaeTcs 10 TemnepaTtypsl 1r. Benen 3a 3TuM HuinHIp ¢ ra30M BHOBb YCKOpSIETCH,
Y IIUKJI TIOBTOPSIETCA.

Onupasich Ha U3BECTHBIC U3 MEXAHHUKH BBIPAKEHUS I IPeoOpa3OBaHUsl SHEPTHH U PabOTHI
yckopenus: dWy, [Tnank npumén k BeIBoy, 4To Termioty Q u abcomoTHyo TemnepaTypy 7 cienyer
peoOpa3oBBIBATh B COOTBETCTBHU C BhipakeHusmMu Q" = Qly ; 77 = T/y , tae Q’, T" — teruiora u
TEeMIIepaTypa B CUCTeME OTCUYETA, ABMKYIIEHWCS OTHOCUTENILHO HA0II01aTeNsl CO CKOPOCTHIO 0 =|vl; vy
= (1 — v%/c?)”” — mHOX)UTeNb JIOpEHNA, ¢ — CKOPOCTh CBETA B BaKyyMme. IIpH 3TOM OH MOIyYHI
BBIp@KEHHE TEPMHUUECKOT0 KIIJI PENSITUBUCTCKOTO nukia KapHo B Bume

=W, /Q =1 - Tyy/T: . (5)

Haiinennsie M. [TnankoM cooTHomeHus nonyyuinu ogoopenne A. DiHmrelHa. Tak ObU10 10
Tex nop, moka B 1963 r. X. OTT He 00Hapy U1 aOCYypIHOCTH ATOTO PE3YNIbTATa C TOUKH 3PEHUSI CaMO
TepMoANHAMUKH [8]. JleicTBUTENBHO, €ClM pa30TrHAaTh caM UCTOYHHUK TEIUIa ¢ TeMneparypor 7t Ao
CKOPOCTH U, HCIIOJIb30BaTh €ro Terio Q'+ B penstuBucTCKON MammHe KapHo (¢ OBICTpOIBIKYIIUMCS
pe3epByapoM TeIuia) U 3aTeéM BHOBBb 3aTOPMO3HTH A0 CKOpocTH » = (0, TO pe3ynapTaT yKa3aHHBIX
oreparuil J0KeH B TOYHOCTH COBIAATh ¢ pabOTOM Kiaccuueckoi Mammubl KapHo. OaHako 3Toro
HE MPOUCXOMT.

Cratpsa X. OTTa He ObUIa 3aMeUeHA MpH ero XKU3HU. OJHAKO BCKOpPE K TAKOMY € BBIBOIY
HezaBucuMo oT X.Otra mpumén X. Apsensc (1966) [9]. B otnuume ot Otra, OH cuén
HETPaBUIBHBIMU W (HOpPMYNIBI TPEeoOpa3OBaHHSI HHEPTHM W HMMITYJIbCA, BBITEKAIONIUE W3
PESATUBUCTCKON MEXaHHWKHU Yympyrux Ten. Ha aTor pa3 pabora Obuta 3aMeueHa, W moclieqoBaia
JlaBUHA MyOJUKAIUMA, MPUBEAIINX K OKUBJIEHHON TUCKYCCUU HA MEXIYHAPOIHBIX CUMIIO3UYMaX B
Bbproccene (1968) u IlurrcOypre (1969). Otu nuckyccun oOHAPYXUIM Takod Xxaoc B oOmactu
omnpeaeyieHus: 0a30BBIX TOHATUW TEPMOJAMHAMUKH, M TaKOW pPa3HOOON B PEIATHBUCTCKUX
npeoOpa3oBaHUSIX TEPMOJUHAMUYECKUX BEIMYHUH, YTO X. Ap3elibc BBIHYKIEH OBLT 3asBHTH O
«COBPEMEHHOM KpHU3HCe TepMOIMHaMUKNY. MccnenoBaTenu Jomyckaiy Aaxe TO, YTO MPUMEHEHHE
TOH WIM WHOW (OPMYIBI PENSITUBUCTCKUX MpeoOpa3oBaHUN TEPMOTUHAMUYECKUX BEITHYUH
3aBUCHT OT TOJIOKEHHSI TepMomeTpa B mpocTtpaHcTBe [10]. DTo ObuT penkwii ;s GU3NKHK CITydai,
Korja abCcypTHOCTh Pe3y/IbTaTOB ObLIa OOHAPYXKEHA JIUIIH CITYCTsI IOJICTOJIETUS U HE ObLIa pa3perieHa
YIIOBJIETBOPUTENbHBIM 00pa3zoM. Benp mnpeoOpazoBanusi IlinaHka He OCTaBIsUIM MHBAapUAHTHBIM
BBIpakenue ki mukina Kapuo nd< (5), kotopoe aBnsiock 0HOI U3 MaTeMaTHUeCKUX (OPMYIUPOBOK
BTOPOTO Hayasia TePMOJUHAMUKH (TIPUHIIMIIA UCKITFOYEHHOTO BEYHOTO JBUTATENS 2-TO pOoja), TAK UTO
Ha HEro JOJDKHO ObUIO pachpoCTpaHAThCS TpeOOBaHME MHBAPUAHTHOCTH (PU3MUYECKHUX 3aKOHOB.
Mexnay tem no Ilnanky, Temneparypa ABHXKYILIETOCS HCTOYHHMKA BCEI/Ia HHMXKE HM3MEPEHHOU B
HEMOJIBUYKHOM CUCTEME OTCUETa, U B COOTBETCTBUHU C €r0 MpeoOpa3zoBaHUsIMHU KIIJ PEISTUBUCTCKOTO
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nukia Kaphao (5) Bcerna MeHblIe, 4eM y Kiaccuueckoro. bosee Toro, mpu onpeaeneHHbIX Y 3TOT K11
MOJKET OKa3aThCsl XK€ OTPULATENIBHBIM. JIMIIb B paMKax SHEPrOAMHAMHUKHU yIAlI0Ch ITOKa3aTh, YTO
pensTuBuCTCKas MammHa KapHo mpencraBiser co0Oi  KOMOMHHMPOBaHHBIA — TEPMHYECKH-
MEXaHUYECKUH JIBUTATENb, B OJHOM IMKJIE MIPE0OPa3yrOIUil TEMJIOBYIO U MEXaHUUYECKYIO 3HEPIHIO.
K Takoit KoMOMHUPOBaHHOW MAIIMHBI IPUHUMAET MPOMEKYTOUHOE 3HAUEHHE MEXKTY KIIJI KaX 10U
U3 HUX B OTJEIbHOCTH, MIPUOIIMKASICh K OTHOMY U3 HHMX 10 MEpe MU3MEHEHHUsI COOTHOIIECHHS MEXIY
obenmu (hopMamMu SHEPTHH. ITOT KIIJ MHBAPUAHTCH OTHOCUTENBHO MpeodpasoBanuii Jlopenna [11].

OpnHako u 0e3 JeTanbHOro0 aHalu3a PEIITUBUCTCKOM MamuHbl KapHO NOMKHO OBLIO OBITH
OYEBHIHBIM, YTO BHYTPEHHSIS SHEPTHst cucTeMbl U He IOUIeKHUT PeNIATUBUCTCKUM ITPE0Opa30BaHUAM
(MHBapHaHTHA) MIPOCTO B CUIly €€ ONpeAETeHUs KaK 4acTH SHEPruH, He 3aBUCSIIEH OT JBUXKEHUS
CHCTEMBI. DTO MOXHO YTBEPXKAATh U 110 OTHOIICHHUIO K TEIJIOTE U PabOTe KaK K JIBYM HE3aBUCHUMBIM
crioco0aM M3MEHEHUs 3TOH SHEPIuu, MOCKOJIbKY KaXJbli U3 HUX B OTIEJIBHOCTH BbIpakaeTcs e
U3MEHeHHEeM. TeM He MeHee HepeaKO HEeOOXOIMMOCTh MpeoOpa3oBaHMs BHYTPEHHEH »HEpPruu
apryMEHTHPYIOT UMEHHO COBEpLICHHEM PaboThl 00bEMHON AedopManuy Npu U3MEHEHUU 00bEMa
Tela BCIEACTBME JIOPEHIIOBA COKpALllEHUS €ro pa3MepoB B  HaIpPaBICHUU JBUKCHHUS.
HecocTosATenbHOCTh TaKOM «apryMEeHTallMW» O4YEBMJIHA, ITOCKOJIBKY COKpAlllEHUE pa3MepoB B
HAIpaBJICHUU JIBUKEHHUSI BCErla MOXKET ObITh CKOMIIEHCUPOBAHO HW3MEHEHHEM pa3MepoB B
IIONEpeYHOM HampasieHuu. Kpome Toro, ykazaHHOE COKpAlLlEHHME pa3MEpOB HMEET MECTO U B
BaKyyMe, TJie HUKaKoi paOoThl pacmupeHus BooOIie He coBepiaeTcs. Hamuio, Takum obpazom,
BHYTPEHHEE  IIPOTUBOPEUYUE  PEIATUBUCTCKOM  TEPMOJUMHAMHMKH, MOATBEpXkAawolmee  e€
MIPUHAIJIEKHOCTh K TEOPUU a0COTIOTHOCTH.

5. HeraTuBHbIe MOC/1eACTBHUS pPeJITHBH3MA.

N3ruas «3a HeHamoOOHOCTHIO» M3 pu3uku XX cronetwst d3¢up kak CO v urHOpuUpys €€ posib KaKk
NepBUYHON (OpMYy MaTepuH, U3 KOTOpPOH C(HOPMHPOBAIMCH BCE W3BECTHBIE (POPMBI BEIIECTBA
BcenenHoli, Teopus OTHOCUTEIBHOCTH CTOJIKHYJIACh C LEJNbIM OYKETOM MpPOTUBOPEUUH U
HENpeoJ0IUMbIX TpyHOcTel. OHAKO Aa)e YIIOpHOe HexXelaHue GU3UKOB — TEOPETUKOB ITPU3HATh
CBOIO OIIMOKY HE OCBOOOIUIIO OT HEOOXOAMMOCTH 3aMeHBI 3(hupa Oolree moaxoasimeii cyocTaHueH.
Haumenee ynauHoW M3 HHMX HpejacTaBisiercs noameHa s¢upa ¢usnueckum Bakyymom (PB) kak
IIPOCTPAHCTBOM, CBOOOJHBIM OT BELIECTBA M 3alOJHEHHBIM «BUPTYaJbHBIMH» YacTHUIIAMU,
HACTOJIBKO KOPOTKO>KMBYILIUMH, YTO OHU HE MOTYT OBbITh 3apeTrHCTPHPOBAHBI CYLIECTBYIOIIUMU
npudopamMu, T. €. 10 CYLIECTBY HE CYIIECTBYIOIIMMH B peaIbHOCTH. J[JI 3TUX YacTUI OTCYTCTBYET
NPUBBIYHAS CBS3b DSHEPrUM C MMIIYJbCOM, OHM — TOJIBKO YJIOOHBIH SA3BIK JUISL ONUCAHUSA
B3auMozencTeus. Ilpu stom ogau cuntaror @B HaMHU3IMIKMM SHEPIETUYECKUM COCTOSIHUEM CPEIBI,
ApyTHUe - 00J1aAaroUM HEOTPAHUYEHHBIM 3aI1aCOM HEPTUU (QIIyKTYalui.

3HauuTeNbHO O0Jiee PEAIMCTUYHBIM BBITJISIAUT BBEJACHHE B HAOIIOAATEIbHOW acTPOHOMHUU
«CKpBITON Macchl» (TEMHOM MaTepun), He HaOI0aeMOl HEMOCPEICTBEHHO, HO MPOSIBIIAIOLIECHCS B
1enoM psiae sBieHud. B Takom ciaywyae Bompoc O NEpBUYHOM (QopmMe MaTepuu, U3 KOTOpOH
obpazoBanuck Bce (hopMbl BeliecTBa BeeneHHOM, cTaHOBUTCS MPEIMETOM TEPMHHOJIOTHH.

Emé Gonee akTyanbHBIM IpPEJCTaBISIETCS BOINPOC O KOPMYCKYJISIPHOM MM KOHTUHYaJIbHOMN
MPUPOJIE «CKPBITOM Macchl». DKCIEpUMEHTAIbHOE OOHApYKEHHE YeTHIPEX COTEH CyOaTOMHBIX U
CyOBsSIIEpHBIX YaCTHUI[ O3HAYaeT MO CYLIECTBY KPaxX «aTOMM3Ma» KaK YYEHUS O «HEIEIMMBIX» U
JenaeT MEePCHeKTUBHON KOHLEMIHMIO «OECKOHEYHOW AETMMOCTH» W KOHTHHYaJbHOW HpPUPOIBI
TéMHOM Marepuu. Ctano 6osee 04eBUIHBIM, YTO MPAKTUYECKOE OTCYTCTBUE «3(PUPHOTO BETpa» B
omnbiTax MaiikenbcoHa — Mopiu 1 UM 1o1I00OHBIX HHTEPHEPOMETPax 0OBICHIETCS UMEHHO BOJIHOBOM
NPUPOON MaTepuu, JUIsi KOTOPOM OTCYTCTBYET CJIOKEHHE CKOPOCTH MCTOYHHMKA CBETa U
CBETOHOCHOM cpejibl. BCE 3TO BKyIe ¢ HOBEHIIMMH OTKPHITUSMH B 00JIACTH aCTPOHOMMUU BBIHYK/1a€T
KPUTHYECKH TEePEOCMBICIUTDh apryMEHTHI, MOJIO)KEHHbIE B OCHOBAHHWE TEOPUU OTHOCUTEIHHOCTH.
Hwke MBI KpaTKO OCTAaHOBHMMCS Ha T€X U3 HHMX, KOTOpPbIE SIBISAIOTCS HanOolee JUCKYCCHOHHBIMU U
MPUBOJIAT K IPOTUBOPEUHIO C KJIIACCUUECKON (DPU3UKOM U IKCIIEPUMEHTOM.

6.1. UckyccTBeHHOE 00beIMHEeHHEe IPOCTPAHCTBA U BPeMEHH B eIMHbIIi KOHTHHYYM

B knaccuueckoii (u3nke MpoCTPaHCTBO U BPEMSI paccCMaTpUBAIUCh KaK HE3aBUCHUMBbIE Tepe-
MEHHbIE. DTO MOJTBEPKIATOCH HATMYKUEM OOJIBIIOr0 YUCIA JOKAIBHBIX MPOIECCOB, MPOTEKAIOIINX
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B OJHMX U TE€X )K€ JIEMEHTAX MpOCTpaHCTBa (Ipu I = CONSt), U, HAIIPOTUB, BOZMOXKHOCTh OJHOBpE-
MeHHOTO ABKeHus Ten (I = r(t)) B pasHbIx Toukax mpoctpaHcTBa. O0e yIOMSHYTBIE TPYIIIBI MPO-
LIECCOB YIOBJIETBOPUTEIIBHO ONKCHIBAJINCH B JIATPAHKEBOM U SMJIEPOBOM CUCTEME KOOPIMHAT IIYyTEM
Mpe/ICTaBICHUs KaKoW-1100 BETMYMHBI TUIIA MOTEHIIMANA i B BUAC QYHKIIMU HE3aBUCHUMBIX Iepe-
MeHHBIX I' 1 t Buga yi[r(t), t]. B npoTHBOMOIOXKHOCTE TOMY MPOCTPAHCTBEHHO-BPEMEHHOW KOHTH-
HYYM, COUETAIOLIUI B CBOCH Pa3sMEPHOCTH IPOTSHKEHHOCTh U BpeMs, He UMeeT (PU3MUECKOTo CMbICIia
Y QHAJIOTOB HU B OJIHOM €CTECTBEHHOHAYYHOW JUCLUIIIINHE.

Hamu noneITky HaTH SKCTIEPUMEHTANBHBIE WU JIOTUYECKUE OCHOBAHUS Ui 00bEeIUHEHUS
MOHATUM IPOCTPAHCTBA U BPEMEHHU B €IMHBIN IPOCTPAHCTBEHHO-BPEMEHHON KOHTUHYYM, B KOTOPOM
STaJIOHBI JJIMHBI U BPEMEHU CTAHOBATCS U3MEHUYMBBIMU, HE yBeHYaJIHUCh ycrexom. Ckopee Bcero,
CHHTE3 THX JIBYX HE3aBHCHMBIX apI'yMEHTOB SIBHJICS OTpaXKeHHEM (PHI0COPCKUX B3TIAI0B A. DiH-
LITEHA, KOTOPBIM BUAEI CYyTh HAYKH B CO3JaHUU HOBBIX KOHLEILNN, IYCTh JaK€ MPOTHUBOPEYAIIINX
«OYEBUIAHBIMY JIOTUYECKHM CXEMaM U pe3yibTaTaM HaOJII0IeHHUH, HO MMOICKa3bIBAEMbIX HHTYUIIUCH
UCCIIeIOBATENS U COOOPAKEHUSIMU «KPACOTHD) TEOPHH.

[ToaTomy U 3/1€Ch TPUXOAUT HA IOMOIIb IIPUHIUI ONIPENEIEHHOCTH COCTOSIHUS, COITIACHO KO-
TOPOMY BBEJIEHHE MHOXKECTBA JOMOJHUTEIbHBIX MEPEMEHHBIX JJI1 XapaKTEPUCTUKH TEH30pa KpH-
BU3HBI IPOCTPAHCTBA CBEPX YUCIIA PEAJIbHBIX IIPOLIECCOB, HAOII01aEMBIX B HEM, IIPEJICTABIISIET COOOM
TUMHMYHBIN IPUMEP «IIEPEOIPEACIICHUSY CUCTEMBI.

XapaxktepHo, uto CTO u OTO, yTBepk1as B3auMOCBSI3b IPOCTPAHCTBA U BPEMEHU, HE Ipe-
JIOKUJIM CIIOco0a OMUCAaHUSI MTPOLIECCOB, YUUTHIBAIOIIETO YIIOMSHYTYIO CBSI3b IIPOCTPAHCTBA U BpE-
MeHu. [1oaToMy X MaTeMaTUYeCKUe YPaBHEHHS MO-TIPEKHEMY ONEpUPYIOT QPyHKIMAMU THmia i[r(t),
t], paccmarpuBarOIIMMU IPOCTPAHCTBO U BpEMs KaK HE3aBUCHMbIE [IEPEMEHHBIE. DTO 03HAYAET, YTO
yKa3aHHas B3aUMOCBSI3b CYLIECTBYET TOJIbKO B BOOOPaKECHUH UCCIIE10BATENEH.

OpnHako BBeIeHHE TPOCTPAHCTBEHHO-BPEMEHHOT0 KOHTUHYYMA He CTONb 0e300uaH0. OHO 5B-
HbIM 00pa3oM HapyllaeT onpeeneHne adCOMOTHOTO MPOCTPAHCTBA KaK «BMECTHIIMILA BCETO CY-
uiero», nanHoe M. Hetoronom [ 12], u genaer ero coydaCTHUKOM BCEBO3MOXKHBIX MpoueccoB. B yacT-
HOCTH, IPOCTPAHCTBO MPUOOPETAET CIOCOOHOCTh «MCKPUBIISATHCS» MOJ1 BIUSHUEM pacipeleEHHbIX
B HEM Macc, T. €. mpuoOpeTaeT onpeneiacHHble (U3NIECKUe CBOICTBA, KOTOPhIE H3MEHSIOTCS B MPO-
1iecce nepepacnpezeseHus 3TuX Macc Bo BeeneHHoN. DTO HCKPUBJIEHHE OKa3bIBAET JCICTBUE, aHa-
JoruyHoe cuwiaM B Teopur HerotoHa. TeM caMbIM IpOCTpaHCTBO yMOA0Os€TCs apeHe, NpUHUMaro-
1Iei HermocpeICTBEHHOE yyacThe B 0010 ritaguaTopoB. IrHopupoBaTh 3T0 BIUsIHIE HEBO3MOXKHO, KaK
U YUYECTb €T0 B IPAKTUYECKUX pacuéTax.

Henb3s CKkUHYTH CO CUETOB M F€OMETPHU3aLUI0 (PU3HKHU, 00YCIOBIEHHYIO U3MEHSIOIIEeHCS KpH-
BHU3HOU NPOCTPAHCTBA, a TAK)KE MOJMEHY €10 IIOHATHS CUJIbI TATOTEHUSI KaK IPUYMHBI BOSHUKHOBE-
HUS JBUKEHUSI HEOECHBIX Tell. BCE ATO CBUIETENBCTBYET O METOI0JIOTUYECKON HECOCTOATEIbHOCTH
OTO.

6.2. UckaxkeHHe U3HAYAIBHOTO (HBIOTOHOBCKOI0) MOHATHS MACCHI

BBons mnonstue Maccel, . HproToH ompenenmn €€ Kak «Mepy KOJIHMYECTBA MATEPHH,
MIPOTIOPIMOHANBHYIO €€ IIIOTHOCTU U 00bEMY [12], T. €. Kak GyHKIIMIO cOCTOsTHUSA. Takast TpakTOBKa
OTpa’K€Ha U B €ro OINpe/ielIeHnu cuiibl F Ha ocHOBe 3akoHa TaroteHus. Bmecte ¢ TeM HproToH nan n
Jpyroe OIpeleleHne «IPUI0KEHHOW» cuibl F kak (QyHKIMU mpoliecca yCKOPEHUsl, ONpeIennB eé
KAaK BEJIMYMHY, NPONOPLHMOHAIBHYIO NPUPAILEHUIO KOJIWYECTBA ABWXKEHMS P = Mvu B enuHuIly
BpemeHH. [lockoiibKy MOHSTHS BeKTOpa BO BpeMeHa HploTOHa He CyIecTBOBajo, 3TO Jalo
OCHOBAaHUE TpaKTOBaThb Maccy M Kak Mepy CONpPOTUBIIEHMS Tela Ipoleccy yckopeHus. B
JalbHENIIeM Takoe MOHMMAaHHWE CHUJIBI M MAacChl 3aKpPENMIOCh B TOHSATHUSAX «WMHEPIHMOHHOIY,
«TPAaBUTAIIMOHHOIY, «3JIEKTPOMArHUTHON» U T. I1. MacChl U COOTBETCTBYIOMIEH el cuibl Fu, Fg, Fe.

[TonoxxeHne He U3MEHWIOCH U TIOCIIE MOSIBJICHUS BEKTOPHOM alreOphl, KOr/ia cTajo sICHO, YTO
HeroroHoBckmit 3akon cuibl F = dP/dt oTHOCHTCS K aKTHBHOM (YCKOPSIOIIEH) CHJIe, a HE K CHIIe
UHEPIIMHU, Ui KOTOPO# 3TOT 3akoH mMmeeT Bun F, = - dP/dt. Cramo O4YeBHUIHBIM, YTO MEpOii
MHEPLIMOHHBIX CBOMCTB SBJISIETCSA HE Macca M, a UMITyJIbC CUCTEMBI P. DTO 03HA4aJI0, 4YTO TPAKTOBKA
Maccel M Bo 2-M 3akoHe HbrOTOHA Kak Mepbl MHEpPLUU SBISETCS COBEPIIEHHO HEOOOCHOBAaHHOM,
IIOCKOJIBKY y HEro OHa CIy)KWja HMCTOYHMKOM TIpaBUTALlMOHHOTO IOJII W INPUYMHOM, a He
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NPEMATCTBHEM  BO3HUKHOBEHMsS JBWkeHHA. K coxaneHuio, mpu  pa3paboTke Teopuu
OTHOCUTEIBHOCTH A. DUHIITENH UCIIOIB30BaJ 3TO U3BpAIIEHHOE TOHUMaHuEe Macchl. B pe3ynbTaTe
K YHOOMSHYTBIM BBIIIE «Maccam» JO0OABHIUCH TIOHATHS «MAacChl IOKOS», «IIPOJOIBHONY,
«MIONEPEYHON» U «PETATUBUCTCKOI» MaCCHI.

Mexay TeM Takoe OOWIHME «MacC» SBISIETCA MPSAMBIM  HapylIEeHHEM IpPUHIHIA
OTpeeNEHHOCTU U CBHUJICTEILCTBOM «II€PEOIPEIETICHUS CUCTEMBI, TOCKOJIbKY €€ COCTOSIHUE YKe
OJIHO3HAYHO OIpEJENCHO IapameTpaMu ®i Kak KOJHWYECTBEHHBIMH MEpaMH HOCHUTENS
cooTBeTcTByIOIIEeH (opmbl sHepruu. [loATBepkaeHHEM STOr0 MOXKET CHYXUTh HpuHIMI Jle
[latense - bpayHa B (U3MYECKON XUMHH, COTIACHO KOTOPOMY pPEaKLUs CHUCTEMbl HAa BHEIIHEE
BO3JICHICTBUE MPONOPIHMOHATIBLHO KOJUYECTBY BelIeCTBa B HEH, HE3aBUCUMO OT TOr0, B KaKHX
€IMHULIaX OHO BBIPAYKEHO.

6. 3. IlocTy1MpOBaHMe MOCTOSIHCTBA CKOPOCTH CBETA

Onnum u3 ocaoBonodaratonux nocryinatoB CTO u OTO A. DitnmiTeiiHa SBUIIOCH TOMYILICHHUE
MIOCTOSIHCTBA CKOPOCTH CBETa ¢ B BaKyyMe. OJTO JOIYIIEHHWE B CBOIO OuYepe/lb OMUPAaJIoCh Ha
IIpU3HAHUE HAJIMYKS BO BCeleHHOH mycToro NpoCTpaHcTBa U KOPIYCKYJISIPHYO KOHLIEIIIIMIO CBETA,
KOTOpast M03BOJIANA HCKITIOUHTH BIMSHIE OKPY/KAIOIIEH CpPe/Ibl Ha CKOPOCTh €r0 pacrpocTpaHeHus Y.

Mexny tem emé Jlammac (1805) Ha ocHoBaHum HaOmOAeHUM W (aKTa YCTOMYMBOCTH
COJTHEYHOM CHCTEMBI MTOKa3ajl, YTO CKOPOCTh PaCpOCTPaHEHHUsI IPABUTALIMOHHOTO B3aUMOICHCTBHUS
He MOeT ObITh HIke 5-107 ckopocteii ceera [13]. 3HaunTensHO mo3auee (B 1948 roxy) poccuiickmii
actpopuszuk H. KospipeB mo ¢ororpadusm 3Be3apl OpHOH, MOJYYEHHBIM MPH  3aKPBITHIX
METAJUIMYECKUX MITOPKAX TEJIECKOINa, OOHAPYKMII M3IIydeHHE, TPUXO/AIIee 3HAYUTEIBHO PaHbIIIe
cBeTa B ero ontuueckom auamnazone [14]. B 90-e roasl 3TOT pe3ynbTar ObLI MOATBEPKIEH TPYIIION
uccnenonarencit PAH [15].

B 50-€ rosibl 0CHOBOMOJIOKHUK acTpociieKTpockonuu A.A. benononbckuit OTKPBLL, YTO CIIEKTP
CBeTa cMelaercss BONM3UM SAPKUX 3BE3J, YTO CBMJIETENBCTBOBAJIO OO0 HU3MEHEHUU CKOPOCTH
AIIEKTPOMATHUTHBIX BOJIH B 3aBUCHMOCTH OT CBOWCTB OKpYy»aromiei cpenbl [16]. OOHapykeHHas UM
MeX3BE3/1Has Aucrepcust ckopoctu OM-BoiiH OblUla MOATBEPKICHA B AAJIbHEHIIIEM HEOJHOKPATHO.
[Ipu 3TOM BBISICHUIIOCH, 4UTO DM-BoJHBI ¢ yacToTol HUKe 100 KI'y uMeroT CKopoCTh CyIIECTBEHHO
Hke Bemmauas 3108 m/C.

B 60-e roap! HEMOCTOSIHCTBO CKOPOCTH CBETa ObLJI0 OOHAPYKEHO MPH paanoiokanuy BeHeps.
[Ipu nmorpemnoctu pagapa £1,5 kM 1 MakCUMaJIbHOM MOTPEIIHOCTH 3KcnepuMeHTa B 260 kM u3-3a
BpalleHus 3eMiId pa30poc AaHHBIX W3MEPEHUH CKOPOCTH CBETa Ha pa3HbIX ydacTKax ee OpOUTHI
coctaBmi 2000 kM. [18]. BO3MOXHOCTH MPEBBIIIEHUS CKOPOCTH CBETA MOATBEPANI TaK Ha3bIBACMBIH
«TYHHeJbHBIN 3¢ dexT» [19].

B teuenue mocnegnux necsatuieTuit XX BeKka PEHTTEHOBCKUMH TEJIECKOIIAMH OOHApPYXKEHO
MHOI'0 0OBEKTOB (KBa3apoB M I'aJlaKTHK), KOTOpbIE BHIOPACHIBAIOT CTPYH BEIIECTBA CO CKOPOCTHIO,
MIPEBBILIAIOIIEH CKOPOCTh CBETA B HECKOJIBKO pa3. bbuin oOHapyKeHbI U IpyTue SIBJIEHUS, B KOTOPBIX
«CBEPXCBETOBBIEY CKOPOCTH YAABAJIOCh Aake U3MepuTh [20].

He menbiie cBuerensCcTB U 3ameuieHus ceeta. B 1982 roay aBcTpanuiickuil yu€HbIi B.
Setterfield oOparun BHHMaHKE HA MOHOTOHHOE YOBIBAaHHE U3MEPEHHBIX CKOPOCTEH CBETa B TCUCHUE
nocneaanx 300 et [21]. Ipyroe crpanHoOE siBIIeHHE 0OHapy)kuia ¢ momoisko Terneckona «MAGICy
MEXIyHapoAHas rpynma wuccienosarenei ranaktuku «Mapkapuan  501».  AcTpoHOMBI
«paccopTHpPOBAINY MOCTYMAIOLIUE OTTYAA C KaKIOM BCIBIIIKOW ramma-(GoTOHbl Ha HU3KO- U
BBICOKOHEPIreTUYECKHE U BBIACHUIIN, YTO MIPU OJTHOBPEMEHHOM U3ITyYEHUHU TOCIIETHIE TPUOBIBAIOT
¢ 3amo3ganueM okoj10 4 MuHyT [22]. B 1999 roay B «Naturay Obuta ormyOIMKOBaHa Hay9IHAs CTAThs
C MOAPOOHBIM ONMCAaHUEM HKCIEPUMEHTa, B KOTOPOM CKOPOCTb CBETa yJaJlOCh YMEHBLIUTH 10 17

METPOB B ceKyH1y [23].

19 CornacHo NpoTMBONONOXKHOM (BONHOBOW) TEOPMM CBETA OH MOMKET PacnpPoCTPaHATLCA TOLKO B YNpyrow
cpeae, a ero onpeaenaeTca UCKAUYNTENbHO CBOMCTBamMM 3ToM cpeapl [17].


http://wwwmagic.mppmu.mpg.de/
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Taxum 00pa3oM, mocTynupoBanHoe A. DUHIITEHHOM OCTOSHCTBO U MPEAEIbHOCTh CKOPOCTH
CBETa MPOTUBOPEUUT OIBITHBIM (PaKTaM.
6.4. llocTy1MpOBaHMe 3aBUCHMOCTH MacChl OT CKOPOCTH
TpakToBKa Macchl Kak MEpbl MHEPILIMH MOBJIEKIIA 32 OO0 MpobiieMy B3aUMOCBSI3U Macchl M U
uMIynbca P, KOTOpbIE B KJIACCUYECKOH (PU3MKE pacCMaTpUBAIUCh KaK HE3aBHCHUMBIE TIEPEMEHHBIE.
[Tocneanee cTaHOBUTCS OCOOEHHO OYEBHUIHBIM C MO3UIUI SHEProJMHAMUKU, B KOTOPOM Macca U
uMIyasc P ABISAIOTCA KOOpAMHATaMHU JABYX HE3aBUCHUMBIX IIPOLIECCOB: MaccooOMeHa (BBoga B
cucremy maccel (dM/dt # 0) B ycitoBHsSIX IOCTOSHCTBA €€ cocTaBa) M yckopeHus cuctemsl (dP/dt # 0).
Teopernueckoe 0OOCHOBaHME 3aBHCHMOCTH MAacChl OT CKOPOCTH CBEJIOCh y A. DHHIITEHHA K
yrBepxkaeHuto: «[locTosiHHas cuiia, XOThb W MajieHbKas, 3a JUIMTENbHBIM IMPOMEXYTOK BpEMEHU
MOJKET COOOILIUTH TEITy CKOPOCTh, MPEBBIIIAIONIYI0 CKOPOCTh CBETa ¢. UTOOBI ATOr0 HE CIyYHIIOCH,
Macca JOoJbKHa pactu!». Mexay TeM BO3pacTaHHe MacChl CO CKOPOCTBIO IMPOTHUBOPEUYHUT 3aKOHY
COXpaHEeHHs Macchl. JIeMCTBUTENbHO, pPAacCMOTPUM  IPOU3BOJIBHYIO  H30JMPOBAaHHYIO U
MIPOCTPAHCTBEHHO HEOJHOPOJHYIO CHCTEMY, 4YacTH KOTOPBIX HAXOJATCS B OTHOCHUTEIHHOM
nBUKeHUH. Eciu ObI Macchl 3TUX YacTei Mj BO3pacTaliu ¢ yBEIHMUYEHHEM UX CKOPOCTH, TO U Macca
cuctembl B 1enoM M = XijMj He Morja Obl OCTaBaThCsi HEM3MEHHON B HapylIeHHE 3aKOoHA e&
COXpaHEeHHs. DTO BBIHYX/IAET OTHECTHCh K pe3yJbTaTaM 3KCIIEPHMEHTOB Ha YCKOPHTENIX Oolee
BHUMaTenbHO. Kak BeIsIcCHsIeTCs pu ONnKaiiieM paccMOTpeHUH, HU B onbiTax Kaydmana [24], Hu B
KaKUX-T100 IPYrux 3KCIEPUMEHTaxX ¢ yCKOopUTelsaMu yactull He yuntbiBasics KIIJ atux nporeccos
Mi, KOTOPBIA MOXHO MPEACTABUTH KaK OTHOIICHHE CUIIbI MHEpIuH F, = - dP/dt k «IprII0KEeHHO»
JUI 3TOrO cuiie Fi, ucXoas1ei OT 31eKTPOMarHuTHOTO UM KaKOro-IMO0 MHOT'O YCKOPSIFOLIETO MOJIs
(mi = |F.|/|Fi]). C yuérom 3Toro ypaBHeHHE Mpoliecca MPHHUMAET BU, COOTBETCTBYIOIINI 3aKOHAM
Omnzarepa B TepMoauHaMuke HeoOpaTuMebix nporeccos (THIT) [25]:
Fi = ni'tdP/dt (6)
Kak u B ypaBHEHHSIX TEIUIONPOBOAHOCTHU, IEKTPOMPOBOAHOCTH, AUPQPY3UU U T. M., 3TO
BBIp@KEHHUE YUUTHIBACT HEM30€KHbBIE IIOTEPU B IPOIecce YCKOPEHUS (CO3AaHMsI TOTOKA UMITYJIbca Ji
=dP/dt) myrem BBeneHus Ko3(hdHUIMEHTa CONPOTHBIEHNS Ri, paBHOTO B JaHHOM ciydae 1. Ilpu
3TOM CTAHOBUTCSI OYEBUIHBIM, YTO KaKyt0 Obl cuily FiMbl HM NpUKIIAAbIBAIN K YCKOPSIEMOMY TEly,
C TPUOMIKCHUEM K TPEIebHON CKOPOCTH (B JIaHHOM Cllydae K CKOPOCTH cBera ¢) Rj — oo,
MIOCKOJIbKY JJaJIbHEHIIee YCKOPEHHE HEBO3MOXKHO. DTO 03HAYAET, UTO YpaBHEHUE (6) HEMUHEWHO, UTO
nenaet BBeneHue koddhduimenTta conpotuBieHus Ri obs3aTenpubiM. CrieroBaTeNbHO, KITJ 000
YCKOPUTEIBHON YCTAaHOBKHM OOpaiaeTcss B HyJdb JABAKIBI: HAa «XOJIOCTOM XOJy» YCTAaHOBKH, KOTJa
3aps] WM J000€ ApYroe Telo elé He BHECEHO B YCKOPSIOIIEe MOJIe, U B PEKUME «KOPOTKOTO
3aMbIKaHUs», KOT/1a YCKOPEHHUE MPEKpalllaeTcs, a BCsA 3aTpaunBaeMas Ha CO3[JaHUE MOJs MOUTHOCTb
pacceuBaercs B (hopMe Teruia. ITH COOOPaKEHUs B TIOJIHOW MEpPEe OTHOCUTCS M K DKCIIEPUMEHTaM
Kaydmana no yckopenuto 31ekTpoHoB [24]. Takum oOpa3om, B HUX HaONIOJAaeTCAd U3MEHEHHE He
Macchl, a KIIJ mpoliecca NpeoOpa3oBaHUsl SHEPIUU MOJs B KMHETHUYECKYIO dHEpruto 3apsaa. Tem
caMbIM, Mbl IpHUXOAUM Bcien 3a akaaemMukoM JI. OkyHem [26] k BBIBOAY, YTO CYILECTBYET
€IMHCTBEHHasl Macca M, sABistomascss MEpOl KOJIMYECTBA BEIECTBA, a MOHITHUS «MaccChl TOKOS,
«PEISATUBUCTCKON», «MHEPTHOI», «3JEKTPOMArHUTHOW, «TPaBUTALIMOHHOM» U T. M. MAacC JOJKHBI
OBITh OTOPOIIEHBI KaK U3JIUIIHUE.
6.5. IMocTy1MpoBaHHe IKBUBAJIEHTHOCTH MACChI U SJHEPTHHU
Hackonbko HamM M3BECTHO, MOCTYJIUPOBAHHBIN A. DWHIITEHHOM MPUHIUII SKBUBAJIEHTHOCTH
IIOJIHOW DHEPIUH CUCTEMBI E €€ pensaTUBUCTCKON Macce M),
E = M,c? (7)
HUKOTJ]a HE€ TMOABEPrajcs KpUTHKE CO CTOPOHBI TEPMOIMHAMUKH, KOTOPYIO OH CUHTAal
«ETMHCTBEHHOW TEOpHEH OO0Iero coaep)kaHus, CIEACTBUA KOTOPOW HUKOTJAA U HUKEM He OyayT
ONpOBEPrHYTHI» [27]. MexXly TEM 3TOT aHaIM3 NPUBOJAUT K BBIBOJY O IMOJIHOW HECOCTOSATEIBHOCTH
sToro npuHiuna. HauHéMm ¢ TpaJWLMOHHOTO Pa3OkKEHHs] 3TOTO BBIPAXKEHMSI 1O Macce MOKOs
CUCTEMBI M, B YCIIOBUSX MOCTOSIHCTBA CKOPOCTH CBETA B BAKyyMe:
E =Myc® = M,c? + Mv?/2 + ... (8)

49



50

| international scientific conference. Dortmund. Germany. 03-04.11.2022

U3 (8) cnenyer, uto sHeprus E HenoasmxkHOM cuctems! (v = 0) paBHa M,c?, 1 B ycnoBusax M,
=const (cucrtema 3aKppiTa) HE MOXKET OBITh M3MEHEHAa HHKOUM 00pa3oMm, Aake He Oymydu
M30JIMPOBAHHON. DTO MOJIO0KEHUE HAXOJUTCS B BOIMIOIIEM IPOTUBOPEUYHUH C 3aKOHOM COXPAaHEHUS
sHepruu B popme (1), cormacHo KOTOPOMY B 3THX YCIOBHUSIX OHA €II€ MOKET ObITh U3MEHEHA MYTEM
BapbupoBanusa 2(N—1) mepeMeHHbIX, HE 3aBUCSAIIMX OT M,. Takum oOpa3oM, 3/1e€Cb Mbl BHOBb
CTAJIKUBAEeMCsl C KOHIEIIUEH «Hepa3IMuuMOCTH U C «HEJ00NPEIEICHUEM)» CUCTEMBI, €CITH YHEPTHs
E npuHurMaercs 3aBUCALLEH UL OT MaCCHI.

UToOBI HAWTH UCTUHHYIO CBSI3b DHEPTUU C MACCOM, 0OpaTuMcs K TeopuH BOJIH [17], corimacHo
KOTOPO# CKOPOCTb paclpOCTpaHEHUsI BOZMYILICHUH B KaKOH-TH00 cpefie (B JaHHOM ClIydae CKOpOCTh
CBETa ¢) ONpeAEAeTCs YaCTHOM MPOU3BOIHOM OT IMJIOTHOCTH SHEPTUU YIPYToH Aedopmaiviu cpeibl
pu= dU/dV mo moTHOCTH p 3TOM CpEbL:

2= Opuldp. 9)

JU1st KOCMUYECKOTO BaKyyMa KaK «CKpBITO» (HeHa0Ir01aeMOi) MaccChl, INIOTHOCTh P KOTOPOii
SIBJSICTCSI €TUHCTBEHHOM MIEPEMEHHOM €r0 COCTOSHHSI, YacTHast MPOU3BoIHas (Opu/Op) MepexouT B
noiHyto dpu/dp, TaK 9TO HHTETPHPOBAHKE e C YUETOM OUEBUIAHBIX cooTHOmeHu E = [pydV u M, =
[pdV mpuBOAKT K BEIpAKEHHIO

U = Moc?. (10)

Takoro pona cootHomeHue (¢ KO3pGUIUEHTOM MPONOPIHOHATIBHOCTH 72) OBLIO MOTYYEHO
H.A. YmoBeim emé B 1874 romy, ucxomss W3 COOOpaKeHWH OallaHCca HSHEPrUM B IPOIEecce
KoHeHcamuy dpupa [28]. Cxoanoe ¢ a3tum Beipaxkernue U = (3/4)Mc? nonyuun B. Tomcon B 1881
rofy ¢ y4éTOM TaK HAa3bIBAEMOM «3JIEKTPOMATHUTHOH Macchl» [29]. Bripaxkenne E = Mc? 6p110
nonydeHo O. Xepucaiigom (1890), ucxons U3 npeacTaBaeHs O MOTOKE TyYUCTON SHEPTUH B dPupe
KaK MPOM3BEJACHUH CBETOBOTO ummyibca P = Mc Ha ero ckopocth ¢ [30]. K Takomy ke BBIBOIY
npunwu A. I[Tyankape (1900) u ®@. Xazenopas (1904). Takum o6pazom, A. Ditnmreiin B 1905 roay
JIUIIb 0000IMI 3TO BBIpaKEHHE Ha JIF0ObIE (POPMBI IHEPTHH, ITOJIOKUB IIPU ITOM yCIIOBHE ¢ = CONSt.
B nnankoBcKoil cucteMe enuHull, Tae ¢ =1, 3TO BbIpaXeHHE BBITIISAIEIO KaK paBEHCTBO £ = M), 4TO
U JIAJI0 BO3MOXKHOCTh Ha3BaTh €ro «IIPHHIIUIIOM YKBUBAJICHTHOCTH» Macchl U 3Hepruu [31].

OpHako ¢ TepMOJWHAMHUYECKHX TMO3MIMKA B JAHHOM CIydyae pedb MOXKET HATH TOJBKO O
MIPOIMOPLMOHAIBHOCTH 3HEpruu £ U Macchl M, a He 00 UX SKBUBAJIEHTHOCTH, IOCKOJIBKY OHU
OTHOCSATCS] COOTBETCTBEHHO K (DYHKIIUM COCTOSIHUS U €€ apryMEHTY, UMEIOT Pa3JInYHYI0 Pa3MEPHOCTb
U Pa3NUyHbIA (QU3HUECKUN CMBICI. DTO OTHOCUTCS B OCOOCHHOCTH K OLIMOOYHON MHTEpIpeTaluu
cootHomeHus (10) kak cmOoCOGHOCTH Macchl MPEBPALIATHCS B SHEPTUI0 U HA00OpOT, YTO BIIOJHE
MIPOSIBUJIOCH, HAIIPUMEp, B TEPMUHE «TEMHAs SHEPTUSI».

7. 3akiloyeHue

Konuenmus Hepa3au4uMOCTH MPOLIECCOB, CKPhIBAIOLIASICS 3a MPUHIIUIIOM OTHOCUTEIBHOCTH,
JUIIAET €r0 3BPUCTUYECKONM IEHHOCTU. OTOT NPUHLUI HALEIWBAET HA OTBICKAHUE YCJIOBHH,
JIENAONIUX IPOLECChl HEPa3IMYUMBbIMU BMECTO TOrO, 4YTOOBI BBIABIATH HUX CHEHUPUKY U
M0JICKA3bIBaTh CIIOCOOBI U3YUEHHMSI CIIOKHBIX MpolieccoB. Ero nmoctynaupoBaHue clienano NOHUMaHue
(u3NYECKUX IMPOLIECCOB HEOOS3aTENbHBIM U B 3HAYUTEIBHON MEpe MIUIIO30PHBIM, 1 B KOHEUHOM
cuéTe MOPOJIMIIO Hepa3IMYeHNE UCTUHBI U 320y K ICHUH.

[losicHUTH CKa3aHHOE MOKHO Ha IpUMEpE TOro ke npuHuuna [‘amwied. Emeé B Te BpemeHa
MOPSKH HAXOJWUJIHM CIIOCO0 Pa3IWYEHHs MOKOS U JBIKEHUs KOpalis OTHOCUTEIHHO HEBUIUMBIX
OeperoB u aHa, Opocas 3a KOpMy SKOpb. UTOOBI yCTaHOBUTH, BpaIllaeTCs JIM Hallla TUTaHEeTa, HaXO/ICh
B 3aMKHYTOM IIPOCTPAaHCTBE Xpama, OKa3ajoch JOCTaTOYHO MasTHHKAa Pyko. OTINYUTH CBET
JIBUKYIIETOCS MCTOYHHMKA OT HEMOABMKHOTO MOKHO, COMOCTaBisisl HMX cHektp. OTiIHYuTh
pPaBHOMEpPHOE ABM)KEHHE COCYZa C ra3oM C OKOJOCBETOBOM CKOPOCTBIO OT COCTOSIHMSI €0 IOKOS
MOXHO TI0 ocjabmenuro auddy3un Taz3oB B HEM BMECTe C OpPOYHOBCKHM JIBIDKCHHEM,
IIPEKPALLAIOLIUMCS C HACTYIUIEHHEM MPEAEIBbHON CKOPOCTH. Y CTAaHOBUTD, YIIaJI JIM KAMEHb Ha 3€MITIO
WK 3emilsl Ha KaMeHb, MOKHO T10 XapakTepy pa3pyleHuH.

C10BOM, HEPA3IUYUMOCTb COCTOSIHUN MOKOS M IBU)KEHUSI HE HACTOJIBKO OYEBHUIHA, YTOOBI €€
MO>KHO OBLIO MPUHSATH 32 MOCTYJAT Wi akcuoMy. Kpome Toro, u3 camoro ¢pakta ux Hepa3IMYuMOCTH
emé He CIe0Bajo, YTO (PU3HUYECKHE 3aKOHBI 001CHbL (DOPMYIHPOBATHCS HE HanbosIee MPOCTHIM U
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MOHATHBIM 00pa3oM, a Tak, 4ToObl X (hopMa ocraBanack MHBapuaHTHON B moObix MCO. Ot1o
TpeOOBaHUE HEMPABOMEPHO XOTsA OBl MOTOMY, YTO TpeoOiamaroniei (GopmMoil ABUKEHUS B
MYJIbTUBCEJICHHOM SIBJIIETCS BpallleHHE, JJII KOTOPOTO CYIIECTBYET MPEANOYTUTEIbHAS CUCTEMA
oTcuéTa, CBA3aHHAs C MTHOBEHHBIM IIEHTPOM uHepuuu. bonee Toro, TpedoBanue orbickanus MCO
SIBJIICTCSL TECOPETUUYECKU HEOCYIIECTBUMBIM, TIOCKOJIBKY Y HAC HUKOTa He OyeT criocoba yoeauThes
B TOM, 4TO Kakas-1100 CO aBUXKETCsI paBHOMEPHO U NPSIMOIHHEHHO. [10CKONIbKY k€ BOZMOKHOCTh
SKCIIEPUMEHTAIBHOTO TMOATBEPXKJICHUS WU onpoBepkeHus cymectBoBanus MCO B kaxaom
KOHKPETHOM ClIy4ae OTCYTCTBYET, OMHPAIOIIascs Ha He€ Teopusl HE OTBEYACT KPUTEPHUIO HAYYHOCTH
[Tonmepa [32].

C sTux no3unuit TpeboBaHNE UHBAPUAHTHOCTH (Pu3nueckux 3akoHoB [lyankape—JlopeHmna—
Ontnmrerina B UCO BBITISAIUT AOBOJIBHO CTPAHHOM, €CliM HE cKa3aTh Oojblue. B 3Toi cBs3M
SHEPrOAMHAMUYECKUM IOAXOJ SBIISIETCS 3aCiIyKUBaWIled BHUMaHus anbrepHatuBod TO,
3HaMeHyIoIed co0oi BO3BpaT ()M3MKM Ha KIACCHUYECKUI MyTh pa3BuTHs. Bo BcsikoMm ciydae,
sHeproauHamMuka, He Hyxnaromascss B MCO, MOXET CIyXUTh «IpOOHBIM KaMHEM» JJisi JHO0OU
PENATUBUCTCKOU TEOPUH.
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STUDY OF THE DEGRADATION PROCESSES IN POLYMERS AND POLYMER NANO-
COMPOSITES WITH METAL OXIDE NANOADDITIVES BY DTA METHOD

Ibrahimova H.
Azerbaijan National Academy of Science

The role of polymer composite materials in modern industry, science and technology is well
known. PCMs are used in the various branches of the mechanical engineering, building materials
industry, chemical industry, medicine, etc. The literature data show that introduction of fillers into
the polymer causes significant changes in the supramolecular structure and properties of the interfa-
cial layer of the composite material, and this leads to a change in the physico-mechanical, electro-
physical as well as thermophysical characteristics of the composite. Through the combination of their
properties, metal-containing polymer composite materials are the subject of intensive research in con-
nection with the prospects for their research in various fields of engineering and technology. The
proposed scientific work presents the results of studies of derivatographic analysis of the features of
changes in the thermophysical properties of isotactic polypropylene and PP+ZrO, nanocomposites
based on it subjected and not subjected to thermal aging. Nanocomposites based on PP+ZrO> have
been obtained by introducing ZrO, nanoparticles into the polymer solution. The size of nanoparticles
in the nanocomposite was 20-30 nm. The compositions have been prepared by hot pressing at the
melting temperature of the polymer matrix under a pressure of 15 MPa for 3 min. Films with a thick-
ness of 70-100 um have been obtained. The proposed scientific work presents DTA, TG and DTG
curves for PP without additive before and after thermal aging (aging time is 60 hours). It is seen that
in the derivatograms in pure PP in the region of 151,16°C and 469,80°C, an endothermic peak char-
acterizing the melting temperature appears, respectively, the energy spent on this melting is 284,286
mJ and 5088,900 mJ, and at 469,8°C the degradation of the polymer begins. An increase in tempera-
ture leads to a linear increase in the melting point of the polymer under study, and the enthalpy also
increases. In our view, this is due to the fact that, with an increase in temperature, phase transfor-
mations occur, i.e., there is a transition from the crystalline phase to the amorphous phase. It can be
seen from the DTG curves that, at a temperature of 469.74°C, the rate of mass change is 55.600%/min
and at a temperature of 366.45°C, the polymer loses 1.573% and at 469.74°C, 50.202% of its mass is
lost. At 500°C, the polymer completely gets degraded. After 60 hours of thermal aging, the initial PP
without additive has the following temperature characteristics: a new peak appears at 93,05°C with
an energy of 9.882mJ and an enthalpy of 1.6460J/g, the other two peaks appear at temperatures of
151.16°C and 469.80°C. With an increase in temperature, the enthalpy of the initial PP increases from
16.3174 J/g to 666.6699 J/g. We believe that this is due to the separation of some part of the amor-
phous phase into a separate fraction. The melting of this particular phase corresponds to a wide endo-
effect on the thermogram. The sample loses mass at a rate of 55,368%/min. Thermal degradation
starts at 382,92°C and ends at 464.97°C. Also can be noticed the curves for the PP+ZrO, composition
before and after 60 hours of thermal aging. The first peak was found at a temperature of 146.88°C
and the second peak at a temperature of 470.36°C; the enthalpy increases from 55.0873J/g to
588.2653J/g and the second peak shifts towards lower temperatures. At a temperature of 463.52°C,
the mass change occurs at a rate of 41,034%/min. As can be seen, the modification of PP causes a
slight decrease in the melting temperature of the initial PP and a shift in the onset temperature of the
melting peak towards lower temperatures. From the foregoing it can be concluded that, in our opinion,
the metal oxide nanoadditive ZrO, when it enters the polymer matrix of the polyolefin, does not
penetrate into the composition of its spherulites and thereby does not change the structure and size,
but is located in the intercrystallite regions of the supramolecular structure of PP, increasing the free
volume of the crystallizing system. The change after thermal aging can be explained by the appear-
ance of relaxation processes at the level of intermolecular formations during processing. This can be
assumed as the mobility of kinetic units, such as —CH, or —CH(CHB3)- included in the link of the PP
polymer chain.
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SYNTHESIS OF OXIDE OPTICAL CERAMICS BASED ON MgO IN A RADIATION
FIELD

Kumarbekov K.
L.N. Gumilyov Eurasian National Univertsity (Astana, Kazakhstan)
Karipbayev Zh.
L.N. Gumilyov Eurasian National Univertsity (Astana, Kazakhstan)

Abstract

Oxide refractory materials based on MgO are widely used in electronics, optoelectronics, high-
energy radiation physics, etc. These materials have a number of advantages such as chemical inertness
and radiation resistance [1]. The available methods for the synthesis of refractory materials are well
developed but extremely energy-intensive. This work demonstrates the possibility of synthesizing
refractory oxides in a radiation field.

Keywords: synthesis in a radiation field, optical ceramics, MgO, elemental analysis, SEM
images.

The electron accelerator ELV-6 was used for the synthesis of ceramics. The accelerated electron
beam was extracted from a high vacuum into a medium with atmospheric pressure through a
differential vacuum pumping system consisting of three stages. The accelerated electron beam power
is up to 90 kW, the electron energy in the beam is 1.4 MeV, the beam size on the sample surface is 1
cm?.

For the synthesis of samples, oxide powders of the 3N grade were used. All main synthesis
experiments were carried out at a flux density of 23 kwW/cm?. Photos of the obtained ceramic samples
are shown in Pic.1.

Pic. 1. Synthesized samples of MgO.
The surface state and elemental composition of the surface of synthesized ceramic samples
were studied using a JSM-1T200 scanning electron microscope with an energy-dispersive analysis
system at an accelerating voltage of 15 kV.
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Pic. 2. SEM images and elemental analysis of a MgO sample.

The SEM images of the cleavages show (Pic. 2) that the ceramic samples are particles soldered
to each other with sizes of 10-50 um. Most of the particles are in the form of a melt. There are
particles with a well-pronounced faceting, which indicates the formation of microcrystals. The ele-
mental composition of the manufactured sample of MgO does not differ from that incorporated in the
manufacture of the charge. The resulting ceramics has a stoichiometric composition.

Synthesis in high-energy electron flows has great prospects for the synthesis of refractory oxide
compounds.

References:
1. Hornak J. Synthesis, Properties, and Selected Technical Applications of Magnesium Oxide
Nanoparticles: A Review. Int J Mol Sci. 2021 Nov 25;22(23):12752. doi: 10.3390/ijms222312752.
PMID: 34884556; PMCID: PMC8657440.
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Abstract

The purpose of this article is to show the existing problem of structuring the course of general
psychology at the current stage of development of science and the importance of its solution for the
correct training and education of future teachers, educators, teachers (and not only, since general
psychology is the ABC of all branches of human activity: economic, engineering, medical, military,
political, etc.). To solve this problem, it is proposed to use one of the possible ways: observance of
the genetic/historical principle.

AHHOTALUSA

Llenb qaHHOM CTAaThU — MOKA3aTh CYIIECTBYIOIIYIO IPOOIEMY CTPYKTYPHUPOBAHUS Kypca ooueti
ncuxosocuu Ha CCrOJAHAIIHEM OTallC pa3BUTHA HAYKHM W 3HAUYCHUC eé peICHUA I MPaBUIBHOI'O
O6y‘{eHI/I}I 1 BOCIIMTaHUA 6y,[[y1_I_II/IX y‘II/ITeJIeﬁ, BOCHHTaTeHefI, npenonaBaTeJIeﬁ (I/I HC TOJIBKO, TaK KaK
oOIasi TCUXOJIOTHS - a30yKa BCEX OTpaciied  4YeIOBEYECKOW MeATETbHOCTH: YKOHOMHUYECKOM,
WHXEHEPHOW, MPaBOBOM, METUIIMHCKON, BOCHHOMN, MOTUTHYECKON U T. 1.). [lnsg pernenust gaHHON
HpO6J’I€MH, npeajaracTcsa HUCITIOJIB30BATh OIUH n3 BO3MOXHBIX HYTefIZ CO6J’IIOI[€HI/IC
eeHemuquKoeo/ucmopuquKoeo [MpUHIHIIA.

Keywords. pedagogical process; age, individual and group mental characteristics; students,
structuring, general psychology, genetic/historical principle.

KiroueBble ciioBa. nenarornqecxnﬁ nmponecc; BO3paCTHBIC, UHAWBUAYAJIBHBIC U I'PYIIIOBLIC
TICUXWYCCKHE 0COOEHHOCTH; CTYICHTHI, CTPYKTYpUpPOBAHHUE, oOutas TICUXOJIOT U,
FeHCTHHCCKHﬁ/HCTOpHHCCKHﬁ IIPpUHIIHUII.

BBenennue

ITo cBoelt mpupoje, megarorMyeckuid Mpolecc — CyTh MCHUXOJOrudeckuii. B mponecce
oOyueHUss M BOCIUTAHHUS YYHUTENs, BOCHUTATENd M T. M. JOJDKHBI YYUTHIBAaTh BO3PACTHBIE,
MHUBUAYaAJIbHbBIE U TPYNIOBHIE ICUXUYECKNE OCOOCHHOCTH y4alluxcs, AeTel JTOMKOILHOIO U/UIu
MIPEIIONIKOIBHOTO BO3PACTOB, POJUTENEH U JTaxke CBOU COOCTBEHHBIE. [[1s TOro, 4TOOBI 00JIETYUTh
y‘-Ie6HYIO A/nim BOCIIMTATCIIbHYIO ACATCIIBHOCTh, NEAArorn AOJDKHBI YUYHUTBIBATH HMX HHTEPCCHI,
BHUMaHUE, TaMsiITh, MBIIUIEHHE, BOOOpa)XCHHE, BOJIO, OJMOIMHU, TEMIEPAMEHT, XapakTep,
CHOCO6HOCTI/I, MEXJINYHOCTHBIE OTHOIICHUA U T. AO. Bonrsnre TOro, OHHM JOOJDKHBI HE TOJBKO
YUUTBIBATh, HO U ()OPMHUPOBATH PA3BUTYIO JUUYHOCTH C OMPENEIEHHBIMU YOCKICHUSAMHU, B3TIISAaAMH,
nacajlaMu. Onu JAOJIKHBI Pa3BUBATh Y HUX IMCUXHUYCCKHUE IMO3HABATCIIBHBIC ITPOIECCHI (OHIyI]_[eHHSI,
BOCTIpUATHE, MPEACTABICHUS, MaMATh, BOOOpaXKEHHE, MBIIUICHUE, pedyb, BHUMAaHUE), COCTOSHUS
(3Mo1mH, 9yBCTBA | JIP.), BOJIEBBIE CBOMCTBA (CAMOCTOSATEILHOCTh, HACTOWIMBOCTD, PEITUTETHFHOCTD
U MH. JIp.), CIIOCOOHOCTH, XapakTep U T. A. JlJI1 YCHEIIHOTO pEemIeHUs ITHX 3aJay, OHH JOJKHBI
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XOpOIIO 3HATh U BJIAJIETh 3TUMHU MPOIIECCAMH, CBOMCTBAMHU, COCTOSIHUSIMU, UX 3aKOHOMEPHOCTSMHU U
MexaHu3MaMu. B aToMm cmbicie, 00111ast ICUXO0JIOTHs SIBJISIETCSl HAYKOM, KOTOpasi MPeICTaBIseT TaKyto
BO3MOXHOCTh. OHa JIGKUT B OCHOBE Pa3pabOTKM M MPAKTHYECKOTO TMPUMEHEHUS IIKOIbHBIX U
JOLIKOJIBHBIX MPOrPaMM, AUJIAKTUYECKUX U BOCIUTATEIbHBIX TEXHOJIOTHH, YUeOHHUKOB M Yy4eOHBIX
nocobuit m T. A. OHa sBIAETCS TaKKe a30yKou JUIsl YCBOGHHS BCEX OCTAIbHBIX BETBEU
IICUXO0JIOTMYECKON HayKH, B YACTHOCTH, JIJIsl YCBOCHUS BO3PACTHOM U MEJArOrM4eCKOi NCUXOJIOTHUH.
Ot e€ nocuueckoii cmpykmypwvl, TOCIEIOBATEIBHOCTH IPEICTABICHHBIX B HEW IS HM3Yy4eHUS,
MOHUMAHUS U YCBOCHUS TEM 3aBHCUT HACKOJIBKO JIETKO, ITyOOKO U MPABUJIBHO CTYAEHTHI YCBOSIT
KaTeropuaJIbHBIN anmapaT U CMOTYT MPUMEHUTH ero Ha rpakTuke. [loaromy, e€ HeoOX0IMMO XOPOIIIo
YYHUTb U YCBOUTD.

PaccmoTpuM moa yriom 3peHust cmpykmypsi (He TOJBKO COJEpXaHMSA, YTO camo 1o cebe,
€CTECTBEHHO, OU€Hb BaXKHO) HECKOJIbKO 3BECTHBIX YHUBEPCUTETCKUX yueOHUKOB. [Ipoananuzupyem
UX B XpOHOJIOTHYECKOM TMOPSAKE.

1. CTpykTrypupoBaHue Kypca o0muieii ICHX0J0rHH B Pa3HbIX y4eOHUKAX

[Ipu u3nokeHWW HAydHOTO Marepuaia B ydeOHUKe ,,Psihologie generala” mox pen. mpod.
Alexandru Rosca B coaBTOpcTBe ¢ M3BEeCTHBIMU Ticuxosioramu YHuepcurera Cluj-Napoca (u3n. 2-
e. Bucuresti: EDP, 1976) aBTopsl npuaepKUBaIUCh Cleayomel ctpykTypsl: [lcuxonorus kak Hayka
n e€ MecTo B cuCTeMe Hayk; Meroabl mncuxonoruu; Helporncuxoiornueckue MeXaHU3Mbl
TICUXUYECKON JnearenbHOCTH; PasButue ncuxuku; Omymenus; Bocopusitue; IlpencraBnenus;
[lamsate; Mpemnenue; Peub; BoobOpaxenue; Buumanue; MotuBauus; YysctBa; Bonesas
nesitenbHOCTh; HaBbiku; CriocoOnocTu; Temnepament; Xapakrep.

B yueOuuke ,,IIcHX0/10Kus1 KeHEPAJd” Ui CTYICHTOB MEAarorndeckux By30B (IEpeBO C
,O0mel mcuxonoru” mox pen. npod. A. B. IleTpoBCKOro W MHOTOYHCIICHHBIX H3BECTHBIX
ncuxonoroB. M.: Tlpocsemienue, 1976) mana cieayromas cTpykTypa: IIpeamer MCHXOJIOTHH;
CocrosiHue, CTpyKTypa U METOAbl COBPEMEHHOM IMCUXOJjoruu; Pa3BuTHE TCUXUKU W CO3HAHUS,
[Icuxonorudeckasi XapakTepuCcTUKa TUUYHOCTH; [IcMX0I0THS MEKITUYHOCTHBIX OTHOIIeHHH; O01mas
XapaKTEePUCTHKA JeATEIbHOCTH JIMUHOCTH; Buumanue; Peus u obmenue; Ouryienue; Bocnpusitue;
[TamsaTe; Mbinuienue; BooOpaxkenue; UycTtBa; Bons; Temnepament; Xapaktep; CiocoOHOCTH.

B yueOnuke ,,Psihologia generala” s CTyneHTOB memaroruueckux By30B (IEpeBOA ¢
,Obmel ncuxonoru” mox pena. npod. B. B. borocnosckoro, A. I'. KoBanésa, A. A. CrenanoBa u
MHOTOYHMCICHHBIX U3BECTHBIX McuXx0ioroB. M. ,,IIpocsemienune”, 1981) comepkuTcst Tast CTPYKTypa:
[Ipeamer ncuxonoruu; Metosl cuxosioruu; Pa3sutre u COBpeMEHHOE COCTOSTHUE TICUXOJIOTUHU KaK
Hayku; JluuHocTh W €€ cTpykTypa; HampaBnenHocts iuuHOCTH; [lcuxonorust AEsITENbHOCTH;
Buumanue; OnrymieHus U CeHCOpHasi OpraHu3alus JINYHOCTH; Bocnpustue U HaOII0AaTeIbHOCTS;
[TamsTh, MpeaCcTaBIEHNUS U MHEMOHHYECKHE CBOMCTBA JTUYHOCTH; MBIIIUICHHE W HHTEIIEKTYaIbHbIC
OCOOCHHOCTH JHYHOCTH;, Peub M peueBble KayecTBa JMYHOCTH; BooOpakeHHe M TBOPUYECTBO;
OMOIIUM, 9yBCTBA U SMOIMOHAIBHBIE CBOMCTBA JTUYHOCTH; BoJis M BOJieBbIe KayecTBa JTUYHOCTH,
Temnepament; Xapakrep; CrloCOOHOCTH.

B yuebnuke ,,O0mas nmcuxoaorusi” Juisi CTyJIGHTOB MEIarornyecKuX UHCTUTYTOB MO pel.
akag. AIIH CCCP A. B. IlerpoBckoro u 1p. n3BecTHbIX ncuxosnoros. M.: [Ipocsemenue, 1986, n3n.
3-e mpercTaBiieHa cieayomas crpykrypa: [Ipeamer ncuxonorun; CoCTosSHUE, CTPYKTYpa H METOBI
COBpeMEHHOM ncuxonoruu; Pazsutue ncuxuku u co3Hanus; JlearensHocts; O0menue; KomnekTus,;
Jlnunocts; Baumanue; Omymenus; Bocnpusrue; [lamsars; Memmnenue; Boo6paxkenue; YUyBcTBa;
Boust; Temnepament; Xapaktep; CriocoOHOCTH.

C. JI. PyOunmteiis B ,,OcHoBbI 001ei necuxosorun” B 2-x TT. M.: [legarorka, 1989 (Tpyast
JNEUCTBUTENBHBIX uileHOB U wieHoB-KoppecnoHaeHToB AIIH CCCP, cocrasurenrn K. A.
AbGynbpxanoBa-CnaBckas u A. B. bpynuHckuil) nsnaraet Matepuai B COOTBETCTBUU C CIEAYIOIIEH
cTpyktypoii: [Ipeamer mncuxonorun; Meroabl ncuxonoruu; Hcrtopus mncuxonoruu; IIpobrmema
pa3BUTHSI B TICHXOJOTMH, Pa3BuUTHE TOBENECHHS W TCUXWUKH KUBOTHBIX; CO3HAaHHWE YETIOBEKA,
Omymenue u Bocrpustue; [lamars; BooOpakenue; Meinuienue; Peun; [leiictBue; [lesTenbHOCTD;
Hampasnennocts nmunoctu; CnocoOHocT; Owmoruu; Boms; TemmepameHT W XapakTtep;
Camoco3HaHMe JIMYHOCTH U €€ KU3HEHHBIN MyTh.
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B cBoém Tpyne ,,Fundamentele psihologiei” (editia a I[V-a. lasi: Polirom, 2009) Mielu Zlate
aHAIM3UPYET HAay4YHBIE OCHOBBI TICUXOJIOTMHM B CIIeAyrolieM mopsake: [Icmxosnorus kak Hayka,
[Ipeamer mncuxonoruu; MeToabsl NCUXOJOTHUU; 3aKOH U OOBsicHeHHWE B mcuxonoruu; llpupona
yenoBeueckor ncuxuku;, Mnocrtacu ncuxuku; CocTossHUS MOAUGBHUIIMPOBAHHOTO CO3HAHMS; Bus
TpakToBKM rnicuxuku; Omymenus; Bocnpusitusi; IlpencraBnenue; Mbeinuienue; [lamsrts;
BooOpaxenue; Motuanus; Uyscra; O0menne u peub, Baumanue; Boms; [Tonstue o nuaHocTH;
TemmepameHT Kak  JWHAMHKO-dHEpreTudeckas uepra JjmyHOcTH; CmocoOHOCTh — Kak
WHCTPYMEHTAJIbHAS YepTa JUYHOCTH; XapaKTep KaK OTHOIIEHYECKO-IIEHHOCTHAs 4YepTa JIMYHOCTH;
UrennureHTHOCTh Kak pPE30JIOTHUBHO-NPOAYKTUBHAS YepTa JUYHOCTH; KpeaTuBHOCTh Kak
TpaHc(HOPMAITMOHHO-KOHCTPYKTUBHAS YepTa JUYHOCTH, JIMYHOCTh Kak CTPYKTypHUPOBAHHBIN
KOMILJICKC.

2. IIpobjeMa CTPYKTYPHUPOBAHUSI Kypca 001eld ICUX0J0THH B CTAPBIX YYeOHUKAX

[To unepnuu, nocne pacmnaga CCCP, y Hac 10 cUX NOpP COXpaHAETCS B MEPEBEACHHBIX Ha
MOJIJIaBCKUI/PYMBIHCKUH SI3BIK CTapast, COBETCKas CTpyKTypa Kypca O06mieit neuxonoruu [ 1], [2], [3],
[4], [5], [6]. Xoporio 310 miu mwioxo? He coBcem xopoio. [Touemy? [ToTromy uTo0, mocsie BBOIHOM
yactH ,,IIpeamer; Metonbr; Ucropus ncuxonoruu; [IpoGiema pa3Butus B nicuxosoruu; Pa3zBurue
IIOBEJICHUSA M IICUXUKU >KMBOTHBLIX; CO3HAHHME 4YeIOBEKa” B TE€X WM HMHBIX KOMOHMHAIMAX H
MOCIIEI0BATEIBHOCTH, CIEAYIOT TaKUE CIOXKHEMIINEe TeMbl, Kak ,, I [cuxonornueckas xapakTepucTuka
nuyHocTH; [lcuxonorusi MeXIMYHOCTHBIX OTHomeHud; Komnektu; OOmas xapakTepucThka
JEATEIBHOCTH JIMYHOCTH B Pa3IMYHBIX UX COYECTAHHSAX M ITOCIIECIOBATEILHOCTH. Pa3Be MOXKHO
MOHATh, HANpUMeEp, CyTh , JIMUHOCTH’, HE YCBOMB €€ BaKHEWIIHME €€ COCTaBIAIOIIME, Kak
OTHOIIIEHNE OMOJIOTUYECKOTO U COITUATBHOTO, BPOXKACHHOTO (HO HE 00s3aTEeJIbHO HACIIEICTBEHHOTO)
U pUOOPETEHHOTO, MpoleccyanbHoro u coaepxkareibnoro (Ilmaronor K. K. [7])? Paznuune stux
TpeX TMap MOHATHA IO-pa3HOMY TMPOSBISETCS B pPa3HbIX MOACTPYyKTypax. Ilpm »tom B 1-10
MOACTPYKTYPY, HauOoJiee CyIEeCTBEHHYIO ISl IMYHOCTH B IIEJIOM, BXOJST MOYTH UCKIIOUYUTEIHHO
COIMAIBHO OOYCIIOBJICHHBIE COJIEPIKATEIIbHBIC YePThl JUYHOCTH (HAIIPABJICHHOCTh B €€ Pa3JIMYHbIX
(dopMax, OTHOLIEHUsI, MOpaJIbHbIE KAUeCTBA JIUYHOCTH U T. 11.). Bo 2-if moacTpykType — oOIbITa, B
KOTOPYIO BXOJIST 3HAHKS, HABBIKU, YMEHHS Y TIPUBBIUKH, HAPSY C JIMYHBIM OIBITOM, BKITIOUAIOIIUM
B ce0si W COIMAIbHBINA, — YK€ OTMEUaeTCS 3aMETHOE BIIMSHUE BPOXKIEHHBIX, OMOJIOTHYECKUX
MPOLIECCYaTbHBIX CBOMCTB. JTO BIMSIHHE ellle 0oliee YCUIUBAETCS B 3-i MOACTPYKTYPE, B KOTOPYIO
BXOJST YEPThI JIMUHOCTH, 3aBUCSIINE OT HHAUBUAYATHHBIX OCOOCHHOCTEN MCUXUYECKHUX MPOIIECCOB
Kak (opM oTpaxkeHUs jaelicTBUTeIbHOCTU. W HakoHen, B 4-ii OHMONCHXHYECKON MOJICTPYKTYpe
JUYHOCTH BPOXKIACHHOCTD MPOIECCYATTLHOTO PE3KO MpeodiiafaeT Hajl MPOUOPETEHHOCTHIO [TaM xe].

Pa3Be MOXHO ycBOUTSH ,,JlesITENFHOCTD” Kak MOHSATHE, COAEpKAHHE, CTPYKTypa U T. 1., HE
YCBOMB TICUXWYECKHE TO3HABaTEIbHbIC TMPOIECCHl (OIIYIIEHUS, BOCIPHUATHE, MPEACTABICHUS,
MaMSTh, MBIIITIEHUE U T. [1.), TP MIOMOIIU KOTOPBIX (POPMHUPYIOTCS U Pa3BUBAIOTCS 3HAHUS, YMEHUS,
HaBBIKH, JISXKAIIAE B OCHOBE JICATEILHOCTH?

CnuMcOK JTHX BOIIPOCOB, €CTECTBEHHO, MOXHO MPOAOKUTh. CuuTaeM, OJIHAKO, 4YTO
JIOCTAaTOYHO M Te€X, KOTOPBIX MpuBenu. Jlelo He B KOJIMYECTBE, a B KaueCTBE MPETOJaBaHUs,
MMOHUMAaHUS U YCBOEHUS OOl MCUXOJIOTUH KaK yueOHOW JUCIUILTUHBL, HA YTO YKa3au BBIIIE.

3. BO3MOKHOCTH CTPYKTYPHPOBAHHS Kypca 001eid MCUX0J0THH HA COBPEMEHHOM JTare

[Ipu nanucanun ydyeOGHHKaA ,,Psihologia generala” (Chisindu: Univers pedagogic, 2007) P.
Jelescu, Ig. Racu, Ag. Bolboceanu, I. Negura, C. Perjan, E. Donica u ap. [8]) mbI CoGmonanu
CIIeyIOIyIo, Ooliee MpueMJIeMyto, Kak HaM MpeJCTaBIseTcs, CTPYKTypy: [IpenMer mcuxonoruu;
[Tcuxomorust kak Hayka; Omurymenusi; Bocnpustue; IlpencraBnenms; [lamsars; BooOpaxenue;
Mpeienue; Peus; Buumanue; UysctBa; Bons; Temnepament; Xapakrtep; CiocoOHoCTH; JINYHOCTS;
MexnnuHocTHBIE OTHOLIEHHUS; JlestenbHocTh; KpearuBHoCcTh. IIpr 3TOM, MBI OCHOBBIBAJIUCH Ha
eenemuyveckom npunuune [8, c.3], cormacHo KOTOpoMy, Kak B (puoreHese Tak M B 4EJIOBEYECKOM
OHTOT€HE3€, IIOCTENEHHO, CHadaja BO3HHUKAIOT ONIYIIEHUS, 3aTeM BOCHPHUATHSA, TOTOM
MpE/ICTaBJICHUS, Jajiee, OIHOBPEMEHHO, YKOpPEHSETCS TaMsTh, pa3BUBAeTCS BOOOpakeHUe,
MBIIIJICHWE W T. JI. B TOW IMOCJIEI0BATEILHOCTH, KOTOPYIO MBI YKa3aJM TOJBKO-YTO BBIIIE: Pedn;
Buumanue; UysctBa; Bons; Temnepament; Xapakrep; CiocoOHoctr; JIMUHOCT; MEXITUYHOCTHBIS
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otHowmeHust; JlestenpHocTh; KpearuBHOCTh. JlaHHAs MOCIIeAOBAaTENbHOCTL/CTPYKTYpa OTpa)kaeT
ucmopuveckuil MyTh MO3HAHUS NEHCTBUTENIBHOCTH, Olaronapsi KOTOpOMY, MO HalleMy MHEHHUIO,
Oyayliue BOCHHUTATENH, YUUTEINs, MPEMOAAaBaTENIN JIerue, HAAEKHEEe U JIOTUYHO YCBOST y4eOHBIH

Marepuan. KoHEYHO, Henb3sl NPEYyBEIUMYHTh M JaHHBIA MOAXO0JA. B KOHIIE-KOHIIOB — BCE
oTHOcUTeNbHO. [103TOMY, HENB3s paccMaTPUBATh €T0 KaK MaHaIelo.
3akaro4yeHue

VYuuteiBasgs TOT ¢akT, uto Pecrnybiamka MonmoBa Obula HpHUHATA B KauyecTBEe YJICHA
EBpornelickoro Coro3a, Mbl JODKHBI MEHATH IIOCTENIEHHO CBOKO IICUXOJOrHI0. Brpens, Ham
HEOOXOMMO OCYIIECTBUTH 3TOT MpOIecC BO BCEX O00JNACTSIX, B TOM YHUCIe UM B Yy4eOHO-
BOCIIMTATEIbHON JEATEIBHOCTH, HAYMHAsA C JAETCKOrO CaJa U A0 CTapOCTH JIET BKIOYMUTENbHO. He
CEKpET BeJb TOT (PaKT, UTO TPYIHEE BCEro MEHseTCS U (POPMUPYETCS MIMEHHO TICUXOJIOTHS YeJI0BEKa,
ero co3Hanue. [Toaromy, o011as ICUXOJIOT I MOKET, ¥ JOJDKHA, BHECTH CBOM BKJIaA. OJHAKO, U OHa,
B CBOIO OUY€PE]Ib, HY>KJIA€TCs B IEPECTPOMKE, B IEPECMOTPE KaK CTPYKTYPBI, TaK U coaepxkanus. s
Hayaja, MOXHO U HYXXHO, IEPECMOTPETH €€ CTPYKTYPY.

References:

1. General psychology. Ed. prof. Alexandru Rosca and others. University of Cluj-Napoca. Ed.
2nd. Bucuresti: EDP, 1976.

2. General psychology. For students of pedagogical universities. Translation from "General
Psychology" ed. prof. A. V. Petrovsky and others. M .: Education, 1976.

3. General psychology. For students of pedagogical universities. Translation from "General
Psychology" ed. prof. V. V. Bogoslovsky, A. G. Kovalev, A. A. Stepanov. M. "Enlightenment”, 1981.
ISBN 5-372-012i9-6.

4. General psychology. For students of pedagogical institutes. Ed. 3rd. Ed. acad. APN of the
USSR A.V. Petrovsky and others. M .: Education, 1986.

5. RUBINSTEIN, S. L. Fundamentals of general psychology. In 2 vols. M.: Pedagogka, 1989.
Proceedings of full members and corresponding members of the APS of the USSR. Compiled by: K.
A. Abulkhanova-Slavskaya and A. V. Brushlinsky. ISBN 5-7155-0179-2 (vol. 1); ISBN 5-7155-
0180-6 (vol. 2).

6. ZLATE, MIELU. The foundations of psychology. 1V edition. lasi: Polirom, 2009. ISBN
978-973-46-1520-9.

7. PLATONOV, K.K. Structure and development of personality. Rep. ed. Glotochkin A.D.
Moscow: Nauka, 1986.

8. JELESCU, P, RACU, Ig., BOLBOCEANU, Ag., NEGURA, I., PERJAN, C., DONICA. E.
and others General psychology. Chisinau: Univers pedagogic, 2007. ISBN 978-9975-48-040-6.

59



60

| international scientific conference. Dortmund. Germany. 03-04.11.2022

Technical sciences

INCREASING AND INTENSIFICATION OF THE TECHNOLOGY OF PURIFICATION
OF NATURAL GAS BY COMPOSITE ABSORBENTS
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Abstract

Today, the urgent task is the synthesis of new nanostructured composite sorbents used for the
complete utilization of various wastes of oil and gas refineries, improving the technology of processes
for cleaning natural and tail exhaust gases from acidic impurities, increasing the stability of the phys-
icochemical properties of sorbents and improving the environmental conditions for processing sec-
ondary absorbents oil and gas refineries. Recently, in the world in oil and gas processing industrial
enterprises, the main attention has been focused on the search for methods for purifying natural and
waste gas from organic compounds of sulfur, mercaptans, carbonyl sulfide (COS), carbon disulfide
(CS») and sulfides (RSR), as well as the creation of new types of highly effective composite adsor-
bents for gas purification.

Keywords: monoethanolamine; diethanolamine; methyldiethanolamine; water-soluble poly-
mers; adsorption; absorption; desorption; regeneration; composite absorbents.

Introduction

Natural gas has already taken a firm place in providing the national economy with fuel and raw
materials for petrochemicals. Today, the use of hydrocarbon gases (natural and oil), an environmen-
tally friendly type of fossil fuel and chemical raw materials, accounts for more than 25% of the world
consumption of all hydrocarbons.

In industry, in installations for the purification of acid gases, monoethanolamine (MEA), dieth-
anolamine (DEA) and methyldiethanolamine (MDEA) are mainly used as an absorbent. MEA, DEA
and MDEA are used at a concentration of 30-35% and the saturation point of these absorbents with
acidic components (H2S and CO) is 0.35 0.55 mol / mol.

Method

During operation, alkanolamine absorbents undergo various thermochemical transformations
(degradation) upon contact with H>S, CO and other acidic impurities of natural gas. The largest
number of studies on this problem is devoted LTSto monoethanolamine (MEEA), significantly less -
diethanolamine (DEA) and just a few works of methyldiethanolamine (MDEA) and mixed absorbents
- MDEA+ MMEA and MDEA+DEA, MDEA+HMTA (urotropine). Investigation of the thermo-
chemical stability of composite absorbents based on nitrogen-containing water-soluble polymers
(ATSP) is not available in the literature. This circumstance is obviously connected with the fact that
such absorbents have not yet found wide distribution abroad.

Results

The quality of composite solutions of absorbents determines not only the quality of gas clean-
ing, but also the loss of amines, their corrosive properties. In this connection, in this paper, the results
of studies on this problem are presented.

The proposed compositional absorbent based on MDEA and DEA is prepared as follows: in a
20-25% aqueous solution of MDEA and DEA, a 0.1-10% mixture of a nitrogen-containing water-
soluble polymer (AVRP) at 50-60 ° C is mixed in a stirred tank reactor for 20-30 minutes, after
passing through the filter, the absorbent is dosed into the absorption unit for purifying natural gas
from hydrogen sulphide. Laboratory conditions for the purification of gases from HzS and CO- using
a composite absorbent based on nitrogen-containing GRP established that the absorption capacity for
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acidic gas components will increase by 0.1-0.2 mol / mol, the foaming decreases comparatively (H =
0.6-1, 4 cm), the lifetime of the foam (0.5-1.0 sec), and other physicochemical parameters of the
purification process. The initial absorption rate of H,S is almost twice as large as that of CO.. Thus,
this fact confirms that high selectivity for H>S is achieved in a solution of a composite absorbent at
low saturation with an acid gas, the selectivity depends on the kinetics of the process. The conditions
for regeneration of a solution saturated with acidic components with an activator-AIPP do not require
additional process costs, and also the temperature of the process can be reduced by 8-12°C, i.e. 120-
130°C.

The study of the kinetics of sulfur absorption was carried out by a change in the electrical con-
ductivity of the absorber solution (Table 1)

Table. 1
Mixing of the initial and discharge solutions (1:3) of AWSP samples
The content of initial sample AWSP | 100 80 60 40 20 0
in the mixture, %
The content of the discharge sample 0 20 40 60 80 100
Ne4 in the mixture, %
Resistance of the mixture, Ohm 6780 689 | 568 | 543 502 489

As follows from the data given, the specific resistance of the aqueous solution of ATSP sharply
decreases when a spent solution appears in the initial reagent. After the proportion of the spent solu-
tion in the starting reagent exceeds 20%, the resistivity decreases more smoothly. In this regard, the
resistivity index of the solution can serve as an indicator of the processing of the initial reagent during
gas desulfurization.

Based on the study of the kinetics of sulfur absorption of a composite absorbent with the use of
AVRP in small plants of gas processing plants, it was found that the main factors influencing the
value of the specific consumption factor are the parameters that contribute to the increase in the phase
contact surface of the gas and reagent, such as the viscosity of the AVRP, the height of the reaction
zone, And the linear velocity of the gas, the residence time of the gas in the reaction zone. In connec-
tion with this, the thermochemical stability of the AWSP was studied (Table 2).

Table. 2
Quantity of products of thermochemical transformations of AWSP, MDEA, DEA in the pres-

ence of H2S and CO2 (T=85°C, 7 =180 hour)

Absorbents Quantity of products of transformations
mass % in the presence:
H2S CO2 H>S /CO2
(2:1 volume)

30% solution of AWSP Lack Traces Traces

30% solution Traces 0,52 0,06
MDEA+DEA (60+40%)

30% solution Traces 0,24 0,045

AWSP+MDEA+DEA

The data obtained by gas chromatography on a capillary column with polyethylene glycol
(PEG) and published data show that the temperature and concentration of CO; have a decisive influ-
ence on the degradation of amines. And degradation is mainly subject to DEA and MIEA. Composite
absorbent (AVRP+MDEA+DEA) practically does not undergo transformations. So at a temperature
of 160°C and exposure in an atmosphere of CO, of 94 hours in an absorber remains unconverted
amine (%): AWSP - 91%, MDEA-90.9; DEA-22.1; MIEA-11.4. In the absence of CO, amines are
stable. In the presence of one H>S, the amines do not degrade in the temperature range 80-160° C. In
the presence of CO», the AWSP and MDEA are practically stable, whereas DEA and MIEA undergo
significant transformations. The experimental sulfur content in the waste

From the analysis of the IR spectrum, it can be assumed that the sample contains mainly 1,3,5-
tris (2-hydroxyethyl) hexahydrotriazine and residual oxazolidines. Possible the presence of other
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compounds, the determination of which from the IR spectrum is difficult. The nature of their absorp-
tion bands indicates that the products formed are present in the polymer form, i.e. In the form of
polycondensates.

In connection with the planned carrying out of pilot-industrial tests of the composite absorbent
DEA+MDEA+AVRP, their corrosion aggressiveness was investigated.

The experiments were carried out in glass ampoules and autoclaves according to the procedure
[1-4]. The use of ampoules allowed obtaining preliminary information with limited time and reagents,
and autoclaves - information close to real conditions.
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Figure 1. Influence of ratio H2S/CO2 on rate of corrosion of carbon steel
(Item 10; t=80°C; a =0,6 mol/mol; 7 =100 hours)
Table. 4
Rate of corrosion of carbon steel of mark 12 GF on absorbent
MDEA+DEA+AWSP (Experimentes in autoclaves)
(Concentration of amines 40% by mass; temperature 90°C; saturation of amines ~1,0 mol/mol;
H>S/CO2 + 2; 1, Pwork.~5 MPa; F=360 hours)

o Absorbent Rate of corrosion of
/1 carbon steel, mm/year
1. DEA 0,09
2. MDEA 0,51
3. | MDEA+DEA (20x80%) 0,09
4, MDEA+DEA (30x70%) 0,10
5. | MDEA+DEA (50x50%) 0,25
6. | MDEA+DEA (60x40%) 1,05
7. | MDEA+DEA (70x30%) 0,90
8. | MDEA+DEA (90x10%) 0,65
Q. MDEA+DEA (50x50%) + 10% ABPII 0,10
10. | MDEA+DEA (50x50%) + 20% ABPII 0,06
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11. | MDEA+DEA (60x40%) + 1% 0,11
hexamethylenediamine
Conclusion

The results of the experiments showed that the sample of the composite absorbent
DEA+MDEA+AVRP even after 1.5 months of storage showed a stable desulfurization efficiency.
All the experiments were carried out to the end, until the reagent was fully developed. As a result of
the experiments, real consumption coefficients were obtained for the AWSP. When analyzing the
results, it was found that the range of preferred consumption coefficients DEA+MDEA+AVRP
(0.015-0.018 I/g H2S) is in the region of low linear gas velocities (0.02-0.04 m/s), which corresponds
to a sufficiently long residence time Gas in the reaction contact zone (10-18 sec). The use of a com-
posite absorbent on the basis of DEA and MDEA with the AWSP activator shows the following
parameters in the technology for the purification of a little sulfur dioxide: the absorption capacity of
the solution in H2S and CO; is 0.4-0.5 mol/mol; Absorption temperature -40-45°C; The desorption
temperature is 125-130°C; The content of acidic components in the regenerated solution is -0.006-
0.01%; The content of acidic components in purified gas is 0.0009-0.0018%.
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Abstract

In the article, the authors consider various types of doping of zeolites: microporous,
mesoporous, high-silica, "nanoparticle-substrate”. It plays a role in stabilizing the structure of metal
nanoparticles. An improvement in the yield of useful products is indicated.

AHHOTAIUA

B crartbe ABTOPbI pacCMAaTpUBAIOT Pa3JIAMYHBIC BHUJbI JOIMMPOBAHHA LCOJIUTOB: MHKPOIIOPU-
CTBbIX, MC30ITIOPUCTBIX, BBICOKOKPEMHC3CMHLBIX, «HAHOYACTHIA — IIOJJIOKKA)). OCYIJ.[GCTBJ'I}IGTCSI POJIb
B CTa6I/IJII/ISaIII/II/I CTPYKTYPbI MCTAJUNIMYCCKUX HAHOYACTHUILI. VYkazano YIIYUIICHUC BbIXOJa IOJIC3HBIX

MMPOAYKTOB.

Keywords: doping, zeolites, metal, nanoparticles, selectivity
KiaroueBnle ciioBa: AONHUPOBAHUE, LCOJIUTHI, MCTAJLJI, HAHOYACTHUILIbI, CCJICKTUBHOCTD

HanowacTuiiel MeTasioB MposIBISIOT HEOOXOAUMYIO aKTHBHOCTh B PAa3UYHBIX KaTaJIUTHYE-
ckux peakuusix [1-4, 11]. OqHako arperanus U CrieKaHWe METATNYECKUX HAaHOYACTHUI] OOBIYHO BBI-
3BIBAIOT MOTEPI0 KATATIMTUYECKON aKTUBHOCTH B PEAKIIMOHHBIX MPOIECCaX, OCYIIECTBICHHBIX Kak
npakTuke. HKancynsuus KaTaIMTUYECKH aKTUBHBIX METAINIMYECKUX HAaHOYACTHUIl HA HEOpraHuye-
CKHMX HOCHUTEJISIX C OOJBIION TIJIOMIAIBI0 IIOBEPXHOCTH UM BHYTPU HUX BO MHOTOM pEIIAEeT 3TH MPO-
onemsr [12].

Kapxkac mieonura Takxe MOKHO pacCMaTpUBaTh Kak JIMTAH/I, CTAOMIM3UPYIOMUM OOMEH KaTH-
OHOB MepexoAHbIX MeTaoB. O6nanas KPUCTAIUIMUECKUM M MPOYHBIM XapaKTEpOM, IEOTUTOBBIN
KapKac CrocoO0eH BMENIaTh pa3iudyHble KaTAIUTUYECKHE YaCTHUIIbI, HAXOSAIINECS B YETKO OIpee-
JIEHHON XMMHUYECKOU cpene. MUKponopucThie KaHajabl 1 HAHOPA3MEPHBIE KIETKH LIEOTUTOB TAKXKE
00€eCIeunBaOT XOPOIIYIO IOCTYITHOCTh aKTUBHBIX IIEHTPOB U MOTYT HaJlaraTh OIMpe/esieHHbIE OTpa-
HUYCHHSI Ha aICOPOMPOBAHHBIEC PEAreHThI, MOJIE3HBIE ISl MX MOCIEYIOIIed XUMUIECKOW aKTHBAITHH.

[ToTennmanpHas xuMuueckasi MOAUGUKAIIS UX CBOMCTB ITyTeM H30MOP(HOTO 3aMEIeHUSI TET-
pa’ApUUECKUX aTOMOB B KPUCTAJUTMYECKOM KapKace

[Tops! Hapsimy ¢ BHICOKOH YACIBHOW TMOBEPXHOCTHIO U OTPHUIATEIHHO 3aPSKEHHBIM KapKacoM
MO3BOJISIFOT BBOJIUTH B HUX Pa3IMYHbIe (DYHKIIMOHATUZUPYIONINE XUMUUYECKUE JIEMEHTHI (KaK Mpe-
Ha3HA4YCHHBIC JIJIST OCYIIECTBIECHUS TOJIBKO 3alUIAHUPOBAHHBIX XUMHUECKUX MPEe0Opa3oBaHUM, TaK U
JUTSl YCUJICHUSI X KaTaJTUTUYECKUX CBOMCTB).

MUuUKpOTOpHUCTHIE TIEOJIUTHI, OJaroaapst UX KECTKOMY KapKacy W MOPUCTOU CTPYKType, sIBIIs-
IOTCSI OJTHUMH U3 UJCATbHBIX HEOPTraHMYECKUX HOCUTENeH. MeTaminiyeckue HaHOYaCTUIIbI MOXKHO
JIETKO WHKAICYJIUPOBATh U CTAOMIM3UPOBATH B IEOJIMTHBIX KapKacax, YTOObI MPEAOTBPATUTh HEXKE-
JaTeNbHYIO arperamuio Bo BpeMs kaTtanusa [12]. [loaple kaTanu3atopbl MOTYT OBITH HHKATICYJIHPO-
BaHBl HAHOYACTUIIAMH PA3JIMYHBIX METAIJIOB (puc. 1).
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Puc. 1. [IDM-u3o00paxenue (a) mosoro Kpucrajuia 6era-1eoiTa HHKAICy IMPOBAHHOTO HaHOYa-
CTUIIaMH TIATUHBI [6]; (0) mayuiaaus, OCaKIEHHOTO BHYTPH YIIIEPOAHBIX HAaHOTPYOOK [10].

Taxkum 006pazom, IEOTUTHI U OJTU3KOPOACTBEHHBIE UM MaTepHaIIbl IIPEACTABIISIOT COO0M He-
QJIIbHYIO OCHOBY JJISl pa3MeIlleHUs] B HUX HAHOYACTHUIl Pa3InYHbIX MeTaIIoB. [1pu 3TOM KaxabIi Kpu-
CTaJUI IIEOJIMTa MOXKHO paCCMaTPHUBATh KaK KaTAIUTHIECKUHN peakTop [7].

Hanpumep, uccnenosanus 1980-x rogoB mpoaeMOHCTPUPOBAIA BO3MOXKHOCTD JOBOJIBHO TOH-
KOTO KOHTPOJIS 32 pa3MepoOM YacTHUI[ MeTaJljla B Mopax Ie0JInTa, HE0OXO0AUMOTO Il 00eCIIeYeHuUs
YIJI€BOAOPOAHBIX PEaKIMii, CBA3aHHBIX C IPOM3BOJICTBOM TOILIMBA. B wactHOCTH, KitacTeps! Pt, co-
CTOSIIIKE BCETO U3 HECKOJIBKUX aTOMOB, MOTYT OBITB JIETKO CHHTE3HPOBAHBI XUMHUECKUMH METOIaMHU
B HAHOMETPOBBIX KaHajax 1eoauta L ¢ oOpa3oBaHueM 0COOEHHO aKTUBHOI'O U CEJIEKTUBHOIO KaTa-
JM3aTOpa AJIS TTOTydeHus: OEH30J1a M TOIYO0JIa M3 IMHEHHBIX aJKaHOB.

[TosTOMy MCHIOIB30BaHUE LIEOJUTOB B KAUECTBE HOCUTENEH Ha CBOEH OBEPXHOCTHU UJIU B BUJIE
BKJIIOYCHHUH B MX ITyCTOTaX aTOMAapHO-JAWCIEPCHBIX MEPEXOAHBIX METAJIOB MPEICTABIISCT 3HAYH-
TEJIbHBIM MPAKTUYECKUH UHTEPEC B PA3IUYHBIX MPAKTUUECKUX TEXHOJIOTUSAX KaTaln3a.

Me30mopucThie IIEONUTHl TO3BOJISIOT ILEJICHANPABICHHO BBOJUTH ONpEACICHHbIE HaHOYa-
CTULIbI B OM(DYHKIIMOHAJIBHBIE KaTaIU3aToOPBbl, IyTeM 00ecreueH s JOCTaTOYHON IIJI0IIA 1 TTOBEpX-
HOCTH U pa3MepoB 1mop. st 9TUX 1enell HeAaBHO ObUIN MOJTyYeHBI ME30TIOPUCTHIE IIEOJIUTHI C Kap-
kacHbiME TuiamMu BEA (tieonut 6eta-nonmumopd A) u MFI (eomut Socony Mobile-mists) ¢ ucmosns-
30BaHUEM CICIHAIBLHO pa3paboTaHHBIX CTPYKTYPOOOPaA3YIONIMX areHTOB (pHC. 2a)

a L Kypeop oxenga’ | |
——p ¥

' 1.IIpoxanus anne

D —
2Vaanemne Gyci

TlomacTrponozate mapHH Kox THBIH p Bl€ OKCHABI

P i edg
Puc. 2. I[IDM-uzo6paxennst 1eoauToB [9]:
a) ME30TOPUCTHIX ¢ KapkacHbIMU THIaMu BEA u MFI;
b) MakpoOMOPUCTHIX-ME30MOPUCTHIX OKCHIOB ATFOMUHHUS
B pesynbTare, 11€0MUTHI TOMYCKAIOT MPOIECCHl BHICOKOH CENEKTUBHOCTH (pHC. 3) 1O pa3Mepy
u popme 160 3a CUET pacro3HaBaHUS MEPEXOHOTO COCTOSIHUS, JTUOO0 3a CUET UCKITIOUYEHHUS KOHKY-
PHUPYIOLIUX PeareHToB (B 3aBUCMMOCTH OT JMaMETpa MOJIEKYJbl), YTO MO3BOJISET Jy4llle KOHTPOJIH-
poBaTh 00pazyeMble MPOTYKTHI.

65



66

| international scientific conference. Dortmund. Germany. 03-04.11.2022

M "
| | M
H=CC=g =y —® H=C-C=C
|
L

"
MM
@ 1

N CH==mCH, ¢ TR o ot o /
4
0 o, g ok = M
)k — L) /’ { ¢ Ho,—o !
o Oy, 7 \(- " C o / o S
" = A A
> - T R
| , . _
2 . - o
1 A) : y 23 ‘ \ B /.\;ono -
v} . ‘ \ N\ L 2 "’
\0 (CHy), CH, : AR g \'\ “-.\.
- Sl 2
Cv \ Ny
MMM N \ -
(i g \ - -
H=CC=CM S HTge"C\ \ \o-po - \/:
VI L " rlc - \\ N N/
] Q ‘
KHOH + €O, — 1 ¢ \
NN \
0, CH, o, <
SN
CHOH ——8m HCHO 4 ,—P: ua

Puc. 3. Bo3M0OXHOCTH celeKTUBHOTO Tpeodpa3zoBanuss OB Ha EONMTHBIX KaTaanu3aTopax

BricokokpeMHe3eMHbIE LIE0IUTHI, CoJIeprKalllie B KayecTBe MO UIUPYOIeii J00aBKH HAHO-
pa3MepHbIe YaCTUIBI METAJIOB, KaK MPaBHJIO, 001aat0T OM(YHKIIMOHAIBHEIMU CBOMCTBaMU [5]: ¢
Y4acTHEM KHUCIOTHBIX LIEHTPOB LIEOJIUTA OCYLIECTBISIOTCS peakui KPEKUHIa, H30MEepHU3ali1, apo-
MaTH3alll{, a aKTHBHBIE IIEHTPHI, COJIEpKAIINE KAaTHOHBI MOIU(PHUIMPYIONIMX METAJIOB, CIIOCO0-
CTBYIOT MHTEHCH(HKAIIMN PEAaKLU OTpbIBa U IepeHOoca BOAOPOAA.

OcHOBBIBasICh Ha pe3yJbTaTax HIKCIEPUMEHTOB C POTOYHBIM PEAKTOPOM, OBUIO YCTAHOBIIEHO,
YTO BBIOOp HaHOYACTHUI[ METaJlIa, BBOJUMBIX B KapKac LEOJIUTOB, UMEET pellaroliee 3HaueHue s
KaTaJIUTHYECKUX XapaKTepUCTHK. J[aHHOEe 00CTOSATENHCTBO BEPOSTHO, MOKHO OOBSICHUTH TJIaBHBIM
00pa3zoM NpUPO/I0il METAJIOB, CIe10BaTeIbHO, AKTUBHBIMU [IEHTPaMH, BBEJICHHBIMHU B 1I€OJIUTOBBII
kapkac. [Ipu aToM THI OOMEHHOI0 MeTaJljIa BIMSET Ha Ha KUCJIOTHOCTh LIEOJIUTA.

[{eonuTel, KaK HOCUTEIM KAaTaau3aTopa ONpPENEISIIOIINE BIUSAIOT Ha JIEKTPOHHYIO U IOBEPX-
HOCTHYIO CTPYKTYpY, (popMy, pazMep U ONpeessitoT JOCTYIHbIE aKTUBHBIE LIEHTPbI, & 3HAUE€HUE CKO-
pOCTH MaccoIlepeHoca B IPOLEcCax XMMUUECKUX PEaKIUK U TOCTYIIHYIO YaCTh aKTUBHBIX LIEHTPOB.

[ToaToMy ApyrUM CTPYKTYpHBIM HapaMeTpoM, KOTOPbI HEOOXOJWMO YYUTHIBATh, SBISETCS
B3aMMOJICHCTBHE «HAHOYACTHUIIA — TIOJUIOKKa» (pUc. 4).
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Puc. 4. CTpykTypHBIE H3MEHEHUS TPU YMEHBIICHUH pa3Mepa MOPUCTOM MOAT0KKH 1 MeTalinde-
CKHX HAHOYACTHUI U BO3MOYKHBIE MEXaHU3MbI JIe3aKTHBALIMY HAaHECEHHBIX METANINYECKUX HaHOYa-
cruil [ 8]

B uacTHOCTH, HOCHUTENB KaTalnM3aTopa 3a4acTyl0 UIPaeT PElIalollyl0 poJib B CTaOWMIM3aLUU
CTPYKTYPBI METAJUTHUECKUX HAHOYACTHUII, TOCKOJIBKY JOBOJIHHO CHIBLHO B3aUMOJACHCTBYIONINE TIOI-
JIO’KKH MPENSATCTBYIOT BOBJICUEHUIO HAHOYACTHI] B HEOOXOIMMbIe XUMUYECKUE PEaKIIUH.

HccnenoBaHus KaTaTUTHYECKUX PEAKIMIA MOKA3alld, YTO CaMble BHICOKHE BBIXO/BI TTOJIE3HOTO
MPOJYKTA, a TAK)KE BBICOKAsI CEJIEKTUBHOCTh M CTAOMIIBHOCTh TEXHOJIOTMYECKOT0 MpoIiecca J0CTUra-
I0TCS HE TOJBKO 3a CUET OMpeieNieHUs] KpUTHIECKOTo pa3mepa, GOpMbI H COCTaBa HAHOYACTHIL, HO U
B CJIEJCTBUHU ONTUMAIHHOTO BRIOOPA BMEMIAIOIIETO HAHOKATATN3aTOPhI MaTepuaia [9].
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