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YJIK 338.465.2
THE OPERATIONAL EFFICIENCY OF CHINA'S ECONOMIC ENERGY SECTOR
FROM THE PERSPECTIVE OF MARGINAL ANALYSIS
Huang Yiyan
Belarusian State University
e-mail: 1164179035@qq.com

Summary. The article presents the trends in the development of China's energy construction and
analyzes the reasons for significant technological advances in this field of activity. Based on mar-
ginal analysis, the efficiency and sustainability of the functioning of China's energy field is shown.

The energy sector is crucial in the functioning and development of the economy. Since its
inception, China has been conducting research in the field of energy. The Chinese invention has
been adopted as the global highest UHV transmission technology by establishing in 2009 the
world's first transmission line of the UHV with a voltage of 100,000 V in the country's central re-
gion. The cost of creating energy infrastructure is a serious problem for UHV technology, and over
the past five years, the average annual cost of UHV transmission infrastructure has reached 109.2
billion yuan. Likewise, China has made significant investments in the development of “green” en-
ergy: in talents and infrastructure for the production of solar energy and energy construction. and as
of the end of 2015, the production of four key components of photovoltaic production — polysilicon,
silicon wafers, elements and modules — ranked first in the world. The main component of industrial
investment in the solar energy sector is the cost of technological research and development. Exclud-
ing social investment resources from various components, the five-year investment plan for China's
photovoltaic sector could amount to 120 billion yuan.

There are at least three motives that explain China's huge R&D costs in the sulfur energy sector.

1. The Chinese government is looking for the truth in the facts to solve the problem of the
unbalanced distribution of energy supply and demand. The metropolitan agglomerations in China's
capital, east, south and center have the strongest energy demands; the regions with the highest ener-
gy supply are primarily distributed, not concentrated. Natural gas and oil resources can be found in
large, sparsely populated areas in northern and western provinces such as Heilongjiang and Xin-
jiang. Despite the fact that these areas have a strong industrial basis for extraction, on-site pro-
cessing, and conversion, energy transmission is unquestionably the most effective and cost-effective
technique. The UHV transmission system further reduces transmission costs while increasing
transmission efficiency. Theoretically, the transmission length limitation and power loss per unit
circuit length decrease with increasing voltage in the circuit. The Chinese government's investments
have turned this hypothesis into reality. The successful transmission of Western electricity to east-
ern industrial cities with minimal losses has become possible thanks to a combination of ultra-high
voltage AC transmission lines with a length of more than 1,000 kilometers and ultra-high voltage
DC transmission lines with a length of less than 1,000 kilometers.

2. The Chinese Government recognizes the social and financial benefits of energy develop-
ment. The development of new energy in China is still influenced by the country's excessive use of
fossil fuels and the growing demand for energy. The new energy technology represented by solar
energy, which also has a universal geographic distribution, is improving the structure of the energy
supply. China recognizes the social benefits of the solar sector, which can help solve environmental
problems caused by the excessive use of traditional fossil fuels. The development of photovoltaic
technologies is encouraged and promoted by Chinese R&D investments in this sector. The creative
research and development of Chinese scientific and technical personnel in the production of mod-
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ules for the photovoltaic industry has led to an increase in production costs and efficiency to such
an extent that they have become the standard for the industry. These are some of the internal rea-
sons for China's energy construction, and it is extremely important to invest in high-tech energy
construction with new technologies in order to optimize production capacity, increase contributions
to national science and technology.

3. The energy sector of the economy is a highly profitable sphere of industrial and social in-
frastructure. The marginal cost of setting up energy infrastructure is decreasing yearly, despite the
fact that the initial cost is significant. Long-term returns on investments in energy technology are
positive. In addition, energy construction has a cumulative impact on other sectors of the economy.
Because advanced energy technologies offer more reliable and flexible services to the energy sup-
ply, they can increase revenue and profit margins. The state-owned electric grid reported annual
revenue of 2971.1 billion yuan in 2021, up 11.1 % from the previous year, and total profit was 69.1
billion yuan, up 9.8 % from the previous year. From a development point of view, when the energy
infrastructure is almost stable and energy technologies are at the stage of maturity, the costs of
technological investments are reduced, and energy revenues remain stable. The initial investment
costs will amount to only a small percentage of the substantial return after sufficient electricity is
provided. For example, the construction of a hydroelectric power station on a dam “Three Gorges”
cost 203.9 billion yuan, but it generates 84.7 billion kWh of electricity per year, social value of over
50 billion yuan. The project will pay off after the twelfth year of operation. According to the mar-
ginal cost calculation method: the marginal cost per kilowatt-hour of electricity is equal to the sum
of the power plant's annual maintenance costs and wage costs, then divided by the number of kilo-
watts generated per year, it does not exceed 0.0473 yuan per kilowatt-hour. After the saturation of
demand for energy services, marginal income is relatively stabilized, is 0.25 yuan per kilowatt-hour.
As a result, the project will continue to be lucrative as 17.3 billion per year and annual profit margin
of 44 %. The development of electricity in the “Three Gorges” is unquestionably a high-return in-
vestment and other energy projects as well.

Based on the analysis above, we have reasons to draw the following three conclusions about
China's investment in the energy sector.

1. The choice of whether the national energy technology level is progress or not, China has
chosen positive, and leave no one behind. When it comes to addressing its own issue with the une-
ven distribution of energy supplies, China has decided to take a hard position and adopt a decisive
approach. Similar to the way the Chinese power grid used dozens of poles per person to supply en-
ergy to the distant mountainous parts of China, The Chinese government is committed to overcom-
ing practical challenges, just like electricity. Mathematics and statistics cannot be used to assess this
form of problem-solving, the pursuit of truth from facts, and attitudes. In actuality, this high-
coverage technological power grid will ultimately offer good news to the entire population, give the
highest social and economic value, as well as serve as a strong basis for the growth of industrializa-
tion and support regional and national development.

2. Effective energy investment brings additional benefits of high-tech and scientific re-
search talents. Throughout order to achieve the integration of production, education, and research,
which is also a significant contributor to China's advancement in energy science and technology, the
Chinese government established a large number of electrical engineering and energy research labor-
atories in colleges and universities at the beginning of the investment. China has taken up all four of
the new technology committees overseeing the 36 international power standards after technological
advancements and practical implementation. And the foundational technologies already in place,
those which follow the top benefits, support the advancement of technology and speed up techno-
logical progress. The top edge effect may be followed by current energy technologies, accelerating
the development of higher technologies.

3. China's energy construction investment is a favorable behavior to improve efficiency and
reduce costs. A stable regular cycle will eventually arise as the yearly marginal cost steadily de-
clines and the profit and profit rate gradually rise. We have no reason to doubt that the Chinese
government's sizable investment in energy infrastructure will yield an infinite return, and we have
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good reason to think that the nation's top electrical engineering technology will continue to benefit
the power supply systems of all nations, enabling the international society to advance more quickly.

VYJIK 582.288:581.92
ECOLOGICAL IMPORTANCE OF TRICHODERMA SPP. AND THEIR SECONDARY
METABOLITES FOR ORGANIC FARMING
Kharitonchik A., Russkikh I.
Republican center of ecology and local study
institute of microbiology of the national academy of scince of Belarus

Belarusian state university
e-mail: olgaburda@tut.by

Summary. The development of organic farming around the world and in Belarus in the last 10-15
years has shown the importance of studying and introducing biological methods for combating
plant diseases. For this, studies of various microorganisms are carried out throughout the world,
which can become the basis for modern plant protection products that do not damage the environ-
ment and human health.

The widespread occurrence of fungi of the genus Trichoderma attracted our attention due to
the possibility of isolating and studying them to identify new highly active strains with a protective
function, as well as useful for agriculture. For example, many people, including my family. Are en-
gaged in composting plant residues in order to obtain organic fertilizer. Adding Trichoderma to
such a compost would speed up its maturation and also give it the property of a plant protection
product.

Therefore, the goal of our work was to create a collection of Trichoderma strains of various
origins and conduct a comprehensive study of it in order to select isolates that are most promising
for crop production. To achieve this goal, we solved a number of tasks:

1. Take samples of soils and other materials for the isolation of Trichoderma;

2. Carry out the isolation of mushrooms from the collected sources and take samples of
Trichoderma;

3. To select homogeneous morphotypes of Trichoderma to create a collection of isolates;

4. Study isolates for a complex of morphological characters;

5. Study the growth rate of the collection isolates using different carbon sources;

6. To evaluate the antagonistic activity of Trichoderma isolates from the working collection
in relation to a number of plant pathogens;

7. To identify in the collection of Trichoderma isolates producers of siderophores;

8. To evaluate the resistance of Trichoderma isolates to some fungicidal preparations;

9. To study the ability of Trichoderma isolates to grow at 37 °C.

10. To characterize the diversity of the collected collection of Trichoderma isolates accord-
ing to the complex of the studied traits and to highlight the most promising for use in plant growing.

We have used a number of standard microbiological methods to locate, isolate, collect,
maintain and preserve isolates of Trichoderma fungi. We also used special published methods to
describe isolates and study their special characteristics: growth rate on various substrates and under
various other conditions, the ability to release secondary metabolites, antagonism towards phyto-
pathogenic fungi.

As a result of the experimental work, we have created a collection of fungi of the genus
Trichoderma and described it according to different parameters. We have also identified the most
promising isolates for creating a biological plant protection product.

The scientific novelty of the work lies in the collection and study of new, previously unex-
plored Trichoderma isolates. The practical and economical significance of the work lies in the col-
lection and assessment of a wide range of Trichoderma isolates for some important economic traits,
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which can be used in various directions, for example, to protect plants from diseases and stimulate
their growth.

Based on the data obtained during the execution of the work, we can draw the following
conclusions:

1. Well-decomposed wood, fruiting bodies of mushrooms, as well as the soil are inhabited
by mushrooms of the genus Trichoderma. The fruiting bodies of the present tinder fungus are the
richest source of a variety of fungi of the genus Trichoderma.

2. The created collection of Trichoderma isolates has a significant diversity in the morpho-
logical characteristics of the mycelium. The distribution by morphological groups is heterogeneous.

3. The collection contains both slow and fast-growing isolates. At the same time, the growth
rate of mycelium in isolates differs depending on the period from the beginning of growth. Isolate
35 has the highest growth rate, which is not inferior in this indicator to industrial strains from com-
mercial preparations.

4. lIsolates in the collection exhibit a different capacity for cellulose utilization. The best
growth rate on the medium with cellulose was shown by isolate 22, which is not inferior to isolates
from commercial preparations.

5. Wood, fruiting bodies of fungi, as well as soil are inhabited by fungi of the genus Trichoderma.

6. Some isolates from our collection are capable of synthesizing siderophores.

7. Many isolates are capable of inhibiting the growth of soil pathogens. Perhaps this is due
to the fact that fungi of the genus Trichoderma are soil fungi. The pleasant result was that Tricho-
derma suppressed phytophthora well.

8. The growth of isolates at a temperature of 37 degrees Celsius shows the impossibility of
using such isolates for the needs of crop production.

The main practical conclusion is the creation of a prototype of a commercially viable biolog-
ical product that can be widely introduced into the practice of organic and conventional farming
through its commercialization.
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AN AUTOMATIC CATCHMENT AND ROOT IRRIGATION DEVICE FOR DESERT
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Lai Qinghao, Yang Zeying, Wu Xinyang
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Summary. Now, there are 36 million km? of deserts on the planet, a quarter of the land area, and
expanding by 60,000 km? per year. To combat climate change and achieve the carbon peaking and
carbon neutrality goals, China is engaged in afforestation. However, water scarcity, strong winds
and shortcomings of current irrigation methods make afforestation a major challenge. Based on the
problems, we design an automatic catchment and root irrigation device for desert trees.
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At present, the earth's deserts cover about 36 million square kilometres, or a quarter of the
earth's land area, and are expanding at a rate of 60,000 square kilometres per year. To combat climate
change and achieve the “double carbon” target, China is actively reforesting its deserts. However, the
scarcity of water resources in desert areas, the strong winds and the inadequacy of current irrigation
methods pose great difficulties for afforestation. Based on these problems, this paper proposes the de-
sign of an automatic water harvesting and root irrigation device for desert trees.

Water resources are scarce in desert areas, with annual rainfall of less than 50 mm, while at
the same time evapotranspiration is extremely high and the air is rich in water. The wind is strong in
desert areas, averaging up to seven winds a day, and there is a wealth of wind resources and a range
of other conditions that offer the possibility of desert water harvesting. At present, the common
methods of desert tree maintenance include manual sprinkler irrigation, diffuse irrigation, furrow
irrigation and drip irrigation, but each of these methods has its own limitations. Drip irrigation, for
example, requires the design of lines and the laying of pipes, which is costly in terms of upfront in-
vestment, maintenance and stability; ditch irrigation, which is commonly used in remote desert are-
as, requires upfront construction and a large investment in manpower, while the utilisation of water
resources is extremely low; artificial diffuse irrigation and sprinkler irrigation, which are commonly
used on desert roads or windbreaks, have a low utilisation of water resources, high transport and
manpower costs, and inevitably generate Additional carbon emissions are inevitable in the process.

To overcome the shortcomings of current irrigation methods, Chinese agriculturalists have
proposed root irrigation technology. Root irrigation watering is non-destructive irrigation, which
has a significant increase in soil water content at a depth of 20-80 cm compared to traditional drip
irrigation methods, and is able to convert all the irrigation water into effective soil moisture. The
literature also shows that root irrigation can improve water, fertiliser, air and heat conditions in the
root zone, allowing the root system to develop and promoting microbial activity and biological cy-
cles in the inter-root soil. However, root irrigation is still not free from the dependence on additional
resources (electricity, groundwater, etc.).

“Energy efficient green synthesized MOF — 801 for adsorption cooling applications” de-
scribes the special body structure evolved by desert nanobucco beetles and cacti in desert regions to
obtain water (fig. 1-2) and proposes a design for a heterogeneous wettable cone surface (fig. 3).

,7’/’{@] )

Figure 1 — Surface structure of the desert Figure 2 — Surface spine structure
nanobu beetle of the cactus

Figure 3 — Heterogeneous wettable cone surfaces

Based on the above, this paper proposes an automatic water harvesting root irrigation device
for desert trees based on the bionic principle, using the rich wind resources of the desert without
additional resource input (fig. 4, consisting of a wind energy conversion section, an air filtration
section, a one-way conduction section and a condensation collection section.
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Figure 4 — An automatic water harvesting root irrigation device: a — Overall schematic; b — Effect
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Figure 5 — Diagram of the Tesla valve

The wind energy conversion section adopts the new layout of the fan of the Darrieux wind
turbine, with three blades, which are S-shaped in the projection direction, converting the wind ener-
gy in the desert into mechanical energy, which acts on the shaft to drive the rotation of the suction
fan below, generating negative pressure in the cavity and allowing air to enter the interior of the de-
vice; the air filtration section is a detachable design, with a rosette filter cover in the lower part, so
that a large amount of air can enter the device through the holes and the internal filter. The one-way
conduction section is in the form of a Tesla valve (fig. 5), which uses the bionic principle, modelled
on the structure of a blood vessel, to accelerate air flow according to aerodynamic principles and to
avoid backflow of air into the device, in order to reduce losses caused by water loss. Below the Tes-
la valve is the condensation collection section of this device. In order to increase the efficiency of
the water collection, this section has a spiral tubular structure that allows a constant flow of air to
come into contact with the surface of the unit through the wind energy conversion device above,
obtaining a constant flow of moisture. The interior of this section is based on the bionic principle of
a heterogeneous wetting cone array surface to accelerate moisture collection.

The device proposed in this paper can be commercially cooperated with government agen-
cies, relevant enterprises and university laboratories after further improvement, and is committed to
the innovation of desert irrigation technology products combining industry, academia and research
to create a complete industrial structure. Facing the demand of the desert greening cause in the soci-
ety, through cooperation with the government to support the public welfare cause, in the process of
continuously upgrading and polishing the product, our product will be included in the official rec-
ommended greening tool library; through cooperation with relevant enterprises to accelerate the ap-
plication and promotion of the product on the ground, through the sale of the product, as one of the
sources of profit; through cooperation with university laboratories industry-university-research “co-
operation” to accelerate product innovation and iteration from multiple perspectives such as materi-
al, design and efficiency.

This paper describes the design of an automatic water harvesting root irrigation device for
desert trees, which can provide new ideas for the development of subsequent devices.
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WETTABILITY PROPERTIES OF POROUS Al,0; COATINGS: EFFECTS OF
TECHNOLOGICAL REGIMES AND SURFACE MORPHOLOGY
Shimanovich D. L. !, Tishkevich D. I. ?
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2 Scientific-Practical Materials Research Centre of National Academy of Sciences of Belarus
e-mail: ShDL@tut.by

Summary. The comparative analysis of Al,O3 coatings and effect of surface morphology on the wet-
tability properties were discussed. It was shown that it is possible to obtain high hydrophilic pa-
rameters with a contact angle value up to 17-20° using high values of current density, anodizing
time, and electrolyte temperature by adjusting the electrochemical conditions. It was seen that this
type of modified Al,O3 structures provides direct experimental evidence for the theory of three-
dimensional capillaries regarding superhydrophilicity.

In recent years coatings with special wettability such as hydrophobic (superhydrophobic) or
hydrophilic (superhydrophilic) have attracted considerable interest due to their practical application
— from self-cleaning surfaces to microfluidic and drip technologies.

Electrochemical anodizaion is one of the most effective methods of surface treatment and
the formation of a nanostructured Al,O3 surface matrix. Structural and topological parameters of
Al,O3 matrix significantly affect the functional characteristics and quality of coatings. Materials
with low or high surface energy are usually combined with surface structuring with hierarchical to-
pography on the nano- or micrometer scale for the hydrophobic or hydrophilic coatings synthesis.
Therefore, due to the possibility of controlling the pore size and regulating the chemical composi-
tion of the surface the porous anodic alumina structures represent a great potential for obtaining sur-
faces with special wettability [1-5]. Alumina itself has a certain tendency to be wetted with water
and therefore is a moderately hydrophilic with contact angle in the tage of 45-60°. However, in
combination with its specific surface structure and surface chemistry high hydrophilicity or hydro-
phobicity can be achieved.

Based on experimental data the effect of technological regimes of an aluminum electro-
chemical anodizing and pores chemical modification on morphological parameters of nanoporous
Al,O3 and on the contact angle of alumina structures in order to increase the hydrophilic properties
of the final modified coatings was studied. Two- and three-step anodization methods were carried
out in a 4 % H3PO, at 18-20 °C under various galvanostatic modes at each stage (current densities
of 15, 20 and 25 mA/cm?) during 60—240 min for the synthesis of various types of Al,Os structures.
The methods based on increasing the electrolyte temperature to 30-35 °C at the final anodization
stage or post-anodizing chemical etching of Al,O3 in a 5 % H3PO, solution at 40 °C for various
times from 7 to 25 min were used for the chemical modification of the alumina porous structure
combined with pore expansion. It was shown that it is possible to obtain high hydrophilic parame-
ters with a contact angle value up to 17-20° using high values of current density, anodizing time,
and electrolyte temperature by adjusting the electrochemical conditions (fig. 1).

It was found that the obtained Al,O3 coatings with a thickness of 5-12 um have a disordered
branched porous structure with a pore diameter from 120 to 180 nm. The average pores diameter
increased up to 210 nm with significant thinning and destruction of the pore walls after expansion
of the pores using chemical etching.

Thus, the comparative analysis of Al,O3 coatings and effect of surface morphology on the
wettability properties were discussed. It was seen that this type of modified Al,O3 structures pro-
vides direct experimental evidence for the theory of three-dimensional capillaries regarding super-
hydrophilicity.
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Figure 1 — SEM images of modified porous alumina coatings and associated
low contact angles: a — three — step anodization (15 — 20 — 25 mA/cm?), 7 pm Al,Og;
b — two-step anodization (15 — 20 mA/cm?), 5 um Al,O3
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USE OF FIBER MATERIALS TO IMPROVE THE DURABILITY
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Summary. Durability is an important property of concrete, and in road projects in cold regions of
Belarus, often freeze-thaw cycles and salt erosion and other multiple factors act together to cause
concrete damage. This paper focuses on the effect of using mineral admixtures and fibrous materi-
als on improving the frost resistance of concrete.

Concrete is a compound of a variety of materials, its structure and performance changes with
time and environmental changes, its durability is a major scientific and technological issues and eco-
nomic problems in the world today. Since its introduction, concrete has experienced the development of
low strength, medium strength, high strength and even ultra-high strength, and at first people are always
happy to pursue higher strength. But the past four or five decades, concrete structures due to material
deterioration caused by premature failure and collapse of damage accidents at home and abroad are
common, and there is a growing trend. The premature destruction of concrete projects, the main reason
is not due to insufficient strength but poor durability of concrete. 50 years of concrete durability in the
world, Professor P. K. Metha concluded that, today, if the factors affecting the durability of concrete in
decreasing order of importance, then they are reinforcement corrosion, freeze-thaw damage, the physi-
cal and chemical effects of aggressive environments, alkali aggregate reaction, etc. alkali-aggregate re-
actions, etc. Data shows that the cost of maintaining and repairing concrete road surfaces at airports is
about $4 billion per $100 billion in the United States. Of course, Belarus, located in the cold zone, also
faces the same problem. Therefore, the solution to the current frost resistance of road concrete is an ur-
gent scientific problem in the Republic of Belarus.

The addition and application of non-metallic fibers as well as metallic fibers. Saralbn-ElHaj,
Soumia Mounir, et al. conducted a series of experimental studies by combining reeds with white
cement to measure the thermal conductivity of reeds in construction. The thermal conductivity of
reeds in construction was measured. The results showed that the addition of reed helped to enhance
the thermal insulation of white cement and its thermal conductivity and density decreased from
Acement=0.75Wm. The thermal conductivity of white cement containing reed fibers was reduced by
25 %, which clearly indicates the improved thermal insulation of white cement with reed. It is well
demonstrated that cementitious materials rich in reed fibers can be used in large quantities in con-
struction and it has excellent properties of thermal insulation and heat preservation. Zainab Z. Is-
mail, Ali J. Jaeel applied giant reed ash (GRA) in concrete mixes The main conclusion that can be
drawn from this study is that the use of 7.5 % of reed ash (GRA) as a replacement of sand in con-
crete mixtures is optimal for producing maximum compressive and flexural strength values ratio.
The slump test values of the GRA modified concrete decreased as the percentage of giant reed ash
(GRA) increased to 12.5 %. Despite the decrease in slump values, the GRA concrete mixture was
considered viable. Thus, reeds can also replace some natural fine aggregates after crushing, thus
highlighting their renewable and environmental properties. Secondly, steel fiber concrete belongs to
a composite material and the incorporation of steel fibers enhances the mechanical properties of
cement concrete. Laminated steel fiber concrete is applied in road concrete, and this material is
more advantageous, especially in terms of crack resistance and rutting resistance. For this reason,
after Chinese scholars Zhu Changkui and Li Jinhui found that the application of steel fiber road
concrete can not only enhance the crack resistance of road concrete, but also improve the high tem-
perature rutting resistance of road concrete mixes.

The tests were conducted in accordance with the characteristics of high performance con-
crete and road concrete was formulated to meet the heavy traffic class. A comparative test with a
single fiber additive was conducted to study the effect of adding 1 %, 2 % and 3 % of steel fiber,
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reed fiber and composite admixture on the frost resistance of concrete, and the tensile and compres-
sive tests were conducted according to the concrete mechanical properties test. Further, the relevant
test findings were analyzed to determine which fiber admixture can better improve the frost re-
sistance of concrete and is economical and practical. As well as the optimum amount and percent-
age of the admixture to be added.

Table 1 — The experimental results

Gravel . 28d of
Reed | Steel | Water |28d anti-
No | Cement | Sand Water | .. . stress
5-10 | 10-20 |16-31.5 fiber | Fiber | Reducer fold resistance

1| 400 | 730 | 110 550 440 180 50 7.75 4.0 35 33.1
2| 400 | 730 | 110 550 440 180 50 15.5 4.0 4.2 42.6
3| 400 |730]| 110 550 440 180 50 | 23.25 4.0 3.8 38.3
4| 400 | 730| 110 550 440 180 100 | 7.75 40 4.1 35.1
5| 400 |730]| 110 550 440 180 100 | 155 4.0 45 43.2
6 | 400 | 730 | 110 550 440 180 100 | 23.25 4.0 4.4 42.7
71 400 | 730 | 110 550 440 180 150 | 7.75 4.0 4.2 36.6
8| 400 |730| 110 550 440 180 150 | 155 4.0 4.8 445
9| 400 |730| 110 550 440 180 150 | 23.25 4.0 45 45.6

[ —

=

Figur 1 — Specimen tensile test Figure 2 - Specimencoressive test

Conclusions. This thesis focuses on the use of fiber admixtures in concrete with original
mineral admixtures to improve the tensile, compressive and frost resistance and wear resistance of
road concrete. The article uses a single admixture approach for concrete design tests, adding reed
fibers and steel fibers to the mineral admixtures (fly ash, silica fume, and composite admixture fly
ash + silica fume). Under the condition of standard curing age of 28 days, the following conclusions
were drawn from the tests. (1) A reasonable amount of fiber admixture can improve the compres-
sive strength and flexural strength of road concrete. Research shows that under the condition of 28
days, 1 %, 2 %, 3 % of steel fiber and reed fiber can effectively improve the compressive strength
and flexural strength of concrete. However, the fiber content of 2 % additive makes the tensile,
flexural and frost resistance better. (2) The durability test was conducted again on reed concrete
with 1 % by volume and steel fiber concrete with 1 % by volume, and the study showed that the wa-
ter penetration resistance of concrete became better after adding reed, and the heat preservation per-
formance was better. The reed fiber can effectively improve the wear resistance of concrete. While
steel fiber cannot.
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YK 622.112
PACYET MAPAMETPOB 3ABOMHOI'O CKPEBKOBOI'O KOHBEVEPA
JIJISI PABOTBI C IBYMS OUNCTHBIMA KOMBANHAMU
Axumos C. IO., Tanosa H. C., Kazauenxo I'. B., bacanrau I'. A.
benopycckuii hnayuonanvHblll mexHuueckuil yHusepcumem
e-mail: stepanakimov75@gmail.com

Summary. The operating conditions of an armored face conveyor as part of a cleaning complex
with two single-screw combined machines are considered. The technique for determining the power
to drive the conveyor is given.

DddexkTnBHOCT PabOTHI OYMCTHOTO KOMILIEKCA 3aBHCHUT KaK OT 3KCILTyaTallHOHHBIX Hapa-
METPOB (pe3epyIOUINX UCIIOTHUTEIBHBIX OpranoB komOaitHoB [ 1, €. 110-123], Tak u ot TpaHncnop-
TUPYIOIIUX 3JeMEHTOB 3a00iHbIX KoHBeiepoB [1, €. 101-110]. CkpeOkoBble KOHBEHEPHI UMEIOT
LEJBIA psAJ MPEUMYLIECTB Tepe APYTUMU TUIIAMH U BUJAMH KOHBEHEPOB, YTO U MOCITYXHIIO PH-
YHHOM MX TIOBCEMECTHOT'O UCIIOJIb30BaHUs B KayecTBe 3a00iHBIX. OJHAKO OHU 00Jaa0T U CyIIle-
CTBEHHBIMH HEIOCTATKaMH, OCHOBHBIMHU M3 KOTOPBIX SIBIISIIOTCSI BHICOKAsi YHEPTOEMKOCTh M 3HAYH-
TEJIBHBIA U3HOC BCIICJICTBHE TPEHUSI CKPEOKOB U TPAHCIIOPTUPYEMO#i TOPOJIBI O CTaB.

XapakTepHoil 0COOEHHOCTBIO pabOTHI 3a00HHOTO KOHBEHepa SBISIETCS TO, YTO 30HA MOTPY3-
KU TIOPOJIbI C JAJbHEHIINM €€ MEPEMEIICHUEM 10 CTaBy MOCTOSHHO MEHSIETCS 10 MEpE JBMXKCHUS
OYMCTHOr0 KOMOaiiHa 110 JiaBe.

Jlnist onipenienieHust MOITHOCTH Ha TIPUBOJI CKPEOKOBOTO 3a00MHOT0 KOHBEHEepa BOCIOIb3yeM-
cst caenyroieit meroaukoit [1, ¢. 105-107]

& = Toao KB, 1)
rae P, — TaroBoe ycunue nenei KoHBelepa, KOTOPOE CO3JaeTcs Yalle BCero HeCKOJIbKMMU JIBUTa-
Teasmu, H;

Vi — CKOPOCTb NepeMelIeHHUs Lienel KOHBelepa, M/c;
N = NNz — o0t K03 PUIMEHT OJIE3HOTO JICHCTBUS KOHBEHEPa,
N1 — K03 (HUIMEHT MOJIE3HOr0 AeHCTBHS IPUBOA KOHBEHepa;
N2 — KO3 (ULUEHT MOJIE3HOro JSHCTBUS cCaMOro KOHBelepa.
TsroBoe ycunue P, neneil koHBeliepa MOKHO ONPEAEIUTh pacCMOTPEB 3a00HHBIN KOHBEHep
KaK MEXaHMYECKYI0 CHCTEMY IEPEMEHHON Macchl. Y paBHEHME, BhIpaXKarolllee TeopeMy 00 U3MeHe-

HHUH KOJIMYECTBA ABMKEHHUS STOM CUCTCMBI, UMECCT BU

d(m, vo) _
—Q = F (2)

rae m = (M, + M) — Macca IMOABMIKHBIX YacTell CHCTEMEI,
F — paBHOzelicTBYIOIIAs CUJI, IEHCTBYIOIIMX HA CUCTEMY;
M, — Macca rnepeMenaeMoil KOHBeepoM MOPOAbL;
My — Macca NepeMEeIAIIIUXCA YaCcTe KOHBeepa.
IIpu ycnoBusix, koraa M, = const, a NPy NOCTOSHHOM MPOU3BOJUTEIBLHOCTH U Vi = const, TO
MIPU TOPU30HTAITHFHOM TOJIOKEHUH CTaBa KOHBeHepa paBHOIeHCTBYIOMAas F nmpeacraBisiercs B BUjIE
F=PF_R:_PK:H: (3)
rjae P; — TAroBoe ycuire co CTOpOHBI 3Be3/104eK Ha 1enu, H;
P. — cuna conpoTuBIeHUS BOJIOUEHHUIO MTOPOJIBI IO CTaBy KoHBelepa, H;
P« — cuna, HeoOxoaumast it COOOIIEHUsT KHHETHIECKOW SHEPTUU TOPHOM Macce, MOCTYIaro-
el Ha KoHBewep, H.
Beraucisiem cwitbl conpotuBnenus. Cuiia COMPOTUBICHUST BOJIOUYEHHUIO PYJIbI CKPEOKOBBIM
KOHBEMEpOM

l
B = fpg o H, 4)

rJie p — TINIOTHOCTh TOPOJIbI B MACCUBE, KI/MC;
Q — oObemMHas MPON3BOAUTEIHLHOCTh OUMCTHOTO KOMOaitHa, M3/C;

22


mailto:stepanakimov75@gmail.com

| — nnmuHa 3arpyKeHHO BETBH KOHBEHepa, M.

Cwita, HeoOxoaumast 1J1s1 COOOIIEHNS KHHETUHIECKON YHEPTUN BOJIOUYMMOM TOPHOM MOpoie:
B, = 0,5pQv,, H. (5)

Tak kKak KOHBEWep JBIKETCS C MOCTOSTHHON CKOPOCTHIO, TO HEOOXOAMMOE TSITOBOE YCHIIHE

1enei Koupenepa
dm,,

de

P =F+Fk+-"v.H, (6)

dm
e L =pQ, kr/c.
ia dt pQ. K1

[ToncraBus (6) B (3) u manee B popmyny (1) momydaem mocie mpeoOpa3oBaHUN MOITHOCTh
TUTs1 pabOTHI CKpeOKOBOT'O KOHBEHEpa
Q(fgl+1,5v?2
N, = PUILLSH) g %)
- 1000 1
C yuderom TOro, 4to Q=v, -S, Iie S — IIoIa/b NONEPEYHOIO CEYEHUs] BHIHUMAEMOI0 KOM-

0aifHOM cT010a TOPO/IBI, OKOHYATEIIFHO HMEEM
N, = pvnS(fgl+1,5v%)’ <BI. )
1000 1
rae | — uinHa 3arpyeHHO# MopoIoi YacTH KOHBelepa.

Orta opmyna yka3plBaeT Ha 3aBUCUMOCTh MOIITHOCTH MIPUBO/Ia KOHBEHEpa KaKk OT MPOU3BO-
JIUTEIbHOCTH KOMOalHa, Tak U OT CKOPOCTH JIBWXKEHHs caMOro KoHBeilepa. B cBs3u ¢ 3Tum mnpa-
BUJIbHBIA BBIOOP CKOPOCTEW JBHMKEHHUS OYMCTHBIX KOMOAaWHOB M 3a00WHOr0 KOHBElepa HMeeT
OoJsblIIOE 3HAYEHHE C TOUKU 3PEHHUS] HHEPreTUUecKOor 3(PQPEeKTUBHOCTH OYMCTHOIO KOMIUIEKCA.
Haubonpmme 3aTpaTbl MOITHOCTH JIJIsl pa0OTHI KOHBEHEpa, KOTOPhIE SBISIOTCS OCHOBOM JIJIsl BBIOO-
pa aBurarenei ero npuBoja, UMerT mecto npu | = L, rae L — inHa BBIHEMaeMoro cToioa.

Emie 6omee cia0KHBIM peXUMOM pabOThI 3a00MHOT0 KOHBEWepa SIBISETCS TOT, KOT/1a Ha HEM
paboTaroT IBa OYMCTHBIX KOMOAIHA.

ABTOpamMM IPOBE/IEHBI 3KCIIEPUMEHTAIbHBIE MCCIEOBaHUS HAa OAHOM U3 pyaHuKoB OAO
«benapycbkanuii» Bo BpeMs IPOU3BOJICTBEHHOMN MPAKTUKH TI0 ONPEACICHUIO PEKUMHBIX ITapaMeT-
POB PabOThl OUUCTHBIX KOMILJIEKCOB, BKJIFOUAIOIIMX JIBa OJHOLIHEKOBBIX KOMOaiiHa, B jJaBe LIMpU-
HOM okosio 300 M. Pe3ynbraThl SKCIIEPUMEHTOB IO3BOJIIOT MOCTPOUTH AHarpamMMbl Harpy3ok Ha
TATOBBIX IIETIAX KOHBElHepa B 3aBUCHUMOCTH OT MOJIOKEHUsI KOMOAitHOB 10 JIJTMHE J1aBbI U TEM CaMBbIM,
MPEJUIOKUTh BapUAHTHI PErYIUPOBAHUS CKOPOCTBHIO BMIKCHUS IEMH CO CKpEeOKaMH JUTSl TTOBBIIIE-
HUs 3¢ PeKTHBHOCTH pabOTHI OYMCTHOTO KOMILIEKCA.

Cnucok ucnoJib30BAaHHbIX HCTOYHUKOB
1. Kazauenko, I'. B. ['opabie mammnsbl. B 24. Y. 2. MammHabl 1 KOMIUIEKCHI ISl JOOBIYH T10-
ne3nblx uckomaemblx / I'. B. Kazauenko, B. . Ilpymak, I'. A.bacanaii: mox oOm. pen.
B. {. Tlpymaka. — MuHck, Beimmiimmas mkoma, 2018. — 228 c.

VK 620.9
B3AUMO/JEVMCTBUE YMHBIX 3JIAHUHM U UHTEJJIEKTYAJIBHBIX CETEX
bapwesckas B. M.
benopycckuii nayuonanvHolll mexnHuueckui yHugepcumem
e-mail: vbarshchevskaya@bk.ru

Summary. The article describes the principle of smart grids and smart buildings, examines the rea-
son for the need for their interaction, and shows the benefits of their use.

OHepreTka SBISETCS MUCTOYHUKOM SHEPTUH il paboThl BceX OTpacieil SKOHOMHKH, IO-
3TOMY NpU aKTUBHOM Pa3BUTHM TEXHOJOTHH cepa 3HEPreTuKH He JOJHKHA OTCTaBaTh OT OOIIEro
nporpecca. YeTBepThIi SHEPreTUUYECKUI EpeX0] HANPsAMYIO CBSI3aH € IPOLECCAMH aBTOMaTH3alluu
1 1U(POBU3ALUU IIEKTPOIHEPIeTUUECKON CUCTEMBI, KOTOpPhIE ONTUMHU3ZUPYIOT, 3aLIUIIAIOT U IO0-
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BBIIAIOT 3PPEKTUBHOCTH ee padoThl. [loBbimeHHe 3HEpPro3(h(HEeKTUBHOCTH ABISETCS BaXKHOW 3a/1a-
4yel paboThl PHEPrOCUCTEMBI, TaK KaK, B KOHEYHOM UTOre, BEIET YBEIUYEHHUIO MPUOBUIM IIPU CHU-
KEHUU U3/IEPIKEK IPOU3BOICTBA SHEPTUU.

B sHepreruke Bce 0Oosiee aKTyaJbHbIM CTAHOBUTCSI IOHATHUE HHTEJUIEKTYaJbHBIX CeTel
(Smart grid), KOTOpbIe B YCIOBHSX YBEIMYCHHS O UCIIOIH30BAHNS MHHOBAIIMOHHBIX TEXHOJIOTHI
IIOMOTAIOT KOOPJMHUPOBATh U ONTHUMHU3UPOBATH X paboty. Ilo yMHBIMU ceTsMU clieayeT MOHU-
MaTh HE OTPENICTICHHOE YCTPOUCTBO JHO0 MPHIIOKEHHE, 8 KOHIICTIIIUIO Pa3BUTHUS SHEPTETHKH, KOTO-
pasi BKJIIOYAeT CUCTEMY MX KOHTPOJS W ymnpapieHus [1]. OTauduTenbHOH 0COOCHHOCThIO MX HC-
MIOJIb30BaHUSA SIBJISIETCS B3aMMOJICHCTBHE IPOM3BOIUTENS SHEPIHH C €€ MOoTpedureneM. DTo JaeT
BO3MOYKHOCTh B PEXHME PEaJbHOTO BPEMEHHU OTCJIEKUBATh MOTPEOHOCTh B SHEPIMU U U3MEHSTH
YPOBEHb €€ TeHepaluuu. ABapuu B CHCTEME YHEPTOCHAOKEHUS UMEIOT LEMHYI0 PEakIHio U B ClIe]I-
CTBMM MOT'YT BECTH K 00E€CTOUMBAHHUIO MEPBOOYEPEIHBIX OTpeduTenei sneprun. OCoOeHHO 0CTpPO
npobiemMa Omlymaercss B 3UMHHUM IMEpHOJ, KOTAa MOMHMO Iepe00eB IMOCTABKH AJIEKTPHUECKOU
SHEPIUU MPOUCXOAST IEPEIOH MOCTABOK TeIoBoi sHepru. Cuctemsl Smart Grid 1ar0T BO3MOXK-
HOCTB OBICTPOTO YCTpaHEHHUs MepedOoeB B SHEPrOCHAOKEHNUH 32 CUET ONEPATHBHOIO U3MEHEHHUS ITy-
Tel MOCTaBKH DHEPIUM, MOJKIIOYCHHs JONOJIHUTENBHBIX MOIIHOCTEH, IIEpepaclpeneaeHus dHep-
ruu. s MeJNKUX Mpou3BOIUTENEH SHEPIuu, UCHOJB3YIOUINX €€ B COOCTBEHHBIX HYXKIaX, UHTEN-
JIEKTyaJIbHbIE CETU IPEJOCTABIAIOT BO3MOXKHOCTh IPOAAKU U3JIMILKOB SHEPTUU B CETb, VIS YCTa-
HOBOK, ucrnoisb3yromux BUD pemiaroT npoOieMsl npyu HEOJHOPOIHOM reHepanueil B 3aBUCUMOCTH
OT YCIIOBHH OKpy»Katoiel cpenbl. TakuM 00pa3oM MX MCIOJIb30BaHUE MOXKET CTaTh OCHOBOHM (hop-
MUPOBAHHS JCIICHTPATN30BaHHON CHCTEMBI YHEPTOCHA0KEHUSI.

HoBble TEXHOJOrMM MOCTENEHHO BXOIAT U B OBITOBYIO JKH3Hb, B IIOCIEIHEE BpeMs BCe
OonpIrie 000pOTH HAOMpPAET MOHSATHE UHTEPHET BEIlei, KOTOpOe mojapa3yMeBaeT co0oii ceTb (hu-
3MYECKHX 00BEKTOB, KOTOPbIE MOT'YT B3aUMOEHCTBOBATh MEXKIAY cO0O0I 1 C BHEIIHEH cpeloi, rme-
penaBaTh HH(OPMAIMIO O CBOEM TEKYILEM COCTOSHUH W BOCIPHUHUMATh WHpopManuio u3 BHe. Ha
OCHOBE JIaHHOW TE€XHOJIOTUU 00OpYIYIOTCS YMHBIE 10Ma M yMHBbIe 3/1aHus. [loHsaTe ymHOe 3/1aHue
ABIISIETCA 00JIee MMPOKUM U TIOMUMO JKHJIBIX TOMEIICHUH BKIIFOYAEeT B ce0st 0(UCHI, 0OIIECTBEHHBIC
MecTa, M0TOMY €ro yIpapiieHue OyJIeT 3aBHCETh OT OOJbIIEro KojJudecTBa (GakTopoB U Oynaer
UMeETh OOJIBLIIYI0O OTBETCTBEHHOCTh. Y MHBIE 3/1aHUS JOJKHBI COOTBETCTBOBAThH 3alPpOCOM KOHKpPET-
HOTO MOTPEOUTENIS B YIPOILIEHUH €r0 KU3HEeIeATeIbHOCTH in paboyero npotecca [2]. Takue 31a-
HUS HE JIOJDKHBI HE TOJIBKO MMETh JMCTAaHIMOHHOE YIPAaBJIEHUE, HO U YMETh aHAIM3UpPOBaTh JaH-
HbIE€ U IPUHUMATD PEIIECHHsI COITIaCHO Pa3paboTaHHBIM CLEHAPHUAM. YIPaBIeHUE UMHU MPOU3BOIUT-
csl, KaKk MPaBUJIO, C MIOMOIIBIO CTICIIUATBHBIX MPUIOKEHUN U (MJTH) TOJIOCOBBIMU KoMaHiaMu. O0y-
CTPOUTH YMHOE 3/laHK€, B TOM YHCJIE U B Halleil cTpaHe, MOXKHO MOKYIasl yCcTpoicTBa, 00iaato-
II1€ UHTEPHETOM BEIlel, M0 OT/EIbHOCTH, OJ0Upas HEOOXOAUMBINH KOMIUIEKT MO ce0sl, KyIUTh
TOTOBBII HAOOp ra/KETOB MIIH Ja)ke 3aKa3aTh YCIYTH MO MHIUBHUIYaIbHOMY MOAOOPY, YCTAHOBKE,
HaJaJIke U TECTUPOBAHUIO CUCTEMbI YMHOTO AoMa. B Pecniybnuke benapych MOXHO HaliTH Takxke U
OpraHu3aIlM, KOTOpbIe Jat0T HEe0OXOAUMBIE YCTPOMCTBA B apeHAY 110 YCTAaHOBJIEHHBIM Tapudam.

Cucrema ymMHOro J0Ma 3aBs3aHa Ha HCIIOJIb30BAHUU DHEPIUU, U, XOTS JIEMEHThl YMHOIO
3JTaHMsI CTApaAIOTCS J1e1aTh MaKCUMAJIbHO YHEPro3(PPEeKTUBHBIMU U aBTOHOMHBIMH, TIEpeOOH B SHEP-
rOCHA0’KEHUU CTAHOBATCSA NPoOsieMOi B ()YHKIMOHHUPOBAHMHM TAaKUX COOpY:KeHUM. [[s perieHus
JaHHO# mpoOieMbl ObUIa pa3paboTaHa KOHIEMIHS CO3anus yMHON HHbpacTpykTypsl — Grid Edge
[3]. HanHas cucTemMa CTOMT Ha CTHIKE YMHBIX 3IaHUM U MHTEIJIEKTYAIbHBIX ceTeil. OHa MO3BOJISIET
NOTpeOUTENSAM HE TOJBKO SKOHOMUTH Ha YHEPIUH, HO U JIeJIaeT 3HAUUTeNbHBIN BKJIaJl B COXpaHEHHE
sKosioruu. TexHoJIoTHsS OCHOBaHAa Ha CO3/IaHUU IIU(PPOBOTO JABOWHUKA 3/1aHUS, HA OCHOBE KOTOPOTO
paccuuThIBaeTCs MOTPEOHOCTh B 00ECIIEUCHUH AIIEKTPUYECKON M TEIJIOBOM SHEprHei, OTClIeKHuBa-
I0TCS BCe HEOOXOMMbIE MTOKA3aTeIN U BEIOPOCH! B OKPY’KaIOIIy0 cpeny. Takas cuctema 3a4acTyro
cHa0>kaeTcsi COOCTBEHHBIMH HMCTOYHHKAMH >HEPrUH, KOTOPYIO IpU ee nepeu3ObiTke, Onaromaps
KOHTAaKTy C MHTEJUIEKTYaJbHOW CEThbI0, MOXHO IMPOJAaTh B dHEpProcucremy. Takke MOXKET ObITh
YCTaHOBJIEHBl HAKONUTENU 3HEpruu. lIpu KpynHBIX Hemonaakax B CUCTEME IMOSBISIETCS BO3MOXK-
HOCTB TIepEPACTIPEICTUTH TPOU3BOANMYIO/HAKOIIJIEHHYIO SHEPTHUIO Ha 00Jiee BaXKHBIE OOBEKTHI (Me-
JTUIWHCKUE OOBEKTHI, 0OBEKTHl 00pa30BaHMs, TPAHCIOPT U T. A.). BaxkHbIM (pakTOpOM, KOTOPBIH
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yUuTBIBaeT B cBoei pabote cucrema Grid Edge siBisiercst skonorus. 3agadeii ceTH sIBISETCS IOUCK
BapUaHTOB YHEPTOCHAOXKEHUS C HAMMEHBIIMMHU BBIOPOCAMH YIJIEpOJa B OKPYXKAIOLIYIO Cpeay, YTO
COCOOCTBYeET mporeccy aekapOoonnsanuu. CTOUT OTMETUTh, YTO JAaHHBIE TEXHOJIOTHH TaKXe BHO-
CAT BKJIAJ B IIyTU JOCTHXKEHUS cpa3y Heckodbkux LIYP, a umMenHo 7 — Hegoporocrosias u yiucras
sHeprus, 9 — UHAYCTpHATU3aIMs, HHHOBAIUSA U HHPPACTPYKTYpa, 12 — OTBETCTBEHHOE MOTpedIe-
HHUE Y IPOU3BOACTBO, 13 — 6oprOa c u3MEeHEeHHeM Kiumata [4].

OcHamienre 00BbEKTOB SHEPTeTUKHA YMHBIMU CUCTEMaMH YIIPAaBICHHS — 3aKOHOMEPHBIH 3Tan
pa3sBUTHsI SHEPTrETUKH, IPOUCXOAAIHUI 1o BceMy mupy. B Pecniybnuke benapyce nanHbli npouecc
HaXOJUTCSI HA CAaMOM HayaJIbHOM JTalle, pacCMaTpUBalOTCA BO3MOKHOCTH UX BHEJPEHHUS U paccyu-
TBHIBAETCS BBIT0/1a, KOTOPOH MOXHO JIOCTUYb IIPU MX MCIIOJb30BaHUU. VIHHOBALlMM OTKPBIBAIOT HO-
BbI€ BO3MOKHOCTH pa3BUTHUS dHEpreTHkH. OHO CHIDKAET MOTPEOHOCTh B T'€HEPALMU, a COOTBET-
CTBEHHO, HEOOXOAMMYIO YCTAHOBJIEHHYIO MOIIHOCTh OOBEKTOB 3HEPreTUKH, OTKPHIBAET BO3MOKHO-
cTH U1 pa3BuThs BUD, onTUMHU3UPYIOT AEATEIIHOCTh SHEPTOCUCTEMBI, Jienas ee paboTy yaooHee
u 3(pexTrBHEE KaK A IPOU3BOAUTENEH, TaK U JUISl TOTPEOUTENIeH SHEPrHH.

CmcoK HCNOJIb30BAHHBIX HCTOUHHKOB
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e-mail: sashkapavlyk@tut.by

Summary. The problem of ecology is a top question in the 21* century. The planet itself is suffering
from the impacts of human activity. We've noticed that lots of people would like to contribute to the
fight against climate change, deforestation, soil depletion, etc., and an app to help them out in this
task turned out to be a reasonable solution.

Hamreit 3amaueit 6pu10 pazpaboTaTh MOOMIBHOE MPHUIIOKEHUE, KOTOpPOe OyIeT coaepKaTh
MHTEPAKTUBHYIO KapTy C OTOOpa)KEHUEM MYHKTOB MPHUEMa BTOPUYHOTO CBHIPBS, CUCTEMY (DUIIBTPOB
10 TPyIIaM U KaTerOpUH BEIIECTB 0 MOATPYIIIaM.

Ha cerogusmHuii 1eHb K0JIOTHYeCcKre MPOOIEMBbI CTOST B IPHOPUTETE U YIIPABIISIOT BCEMHU
chepamu Hamiel >xu3Hu. Kakapiii ueIoBeK, 0CO3HAaHHO OTHOCSIIIMIICS K MUPY BOKPYT, XOTh pa3 3a-
JTYMBIBAJICA O COPTUPOBKE MyCOpa.

Jlo Toro, kak MPUCTYNHUTh K peaar3aliy MPOoeKTa Mbl IPOAHAIU3UPOBAIN PHIHOK U BbIOpan
HECKOJIbKO MPHJIOKEHHUH ¢ MOA0OHON TeMaTHKON JJIs IeTaJIbHOTO aHalK3a. BhlTM M3ydeHbl Takue
npuinoxxenus, kak Coptyi, CleWo, 3enenas kapra. [Ipoananu3upoBaB AaHHbBIE MPHIOKEHUS, MbI
BBIJICJIWIIN CIIEAYIOIIUE KII0UeBble (PAKTOPbI YAAYHOIO MPUJIOKEHHUS U UCIOJIb30BAJIH UX B CBOEM
npoekrte. [ co3maHusi KaueCTBEHHOTO MPUIIOKEHUsS, B MEPBYI0 O4Yepe/lb HYKHO IPOBECTH Ipa-
MOTHYIO aHAJIUTUKY, T. €. ONPEIEIUTh LIeIeBOro norpedutens. s 3Toro ObIJI COCTaBIEH MOPTPET
MOKYTIaTeNs ¥ MPOAHATU3UPOBAIIU PIHOK MOAOOHBIX MPUITIOKEHHH.
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ITpu co3gaHuM NMPHIIOKEHUS BaKHO OPHUEHTUPOBATHCSA Ha IOJIb30BaTens. MBI mpoaymaiu
MOTOK MOJIb30BAaTENsA, KOTOPBIM OyaeT y100eH B UCIOJIb30BaHUU U MOHATEH JII000MY uesnoBeky. s
MIPUIIOKEHUS MBI BBIACTHIIN 4 OCHOBHBIX pasjielia: JMYHbIA KaOMHET, HHTEPAaKTUBHAS KapTa, TUJ 10
COPTHUPOBKE, IMIaBHas cTpaHula. s co3ganus noroka 6su1 ncnosiab3osad Figlam.

Y 00JbIIKMHCTBA JIIO/IEH TEMA 3KOJIOTUHU U PUPOABI ACCOLUUPYETCS C 3€JIEHBIMU OTTEHKaMH,
[I0O3TOMY Mbl OCTAaHOBMJIMCh Ha HUX. B KauecTBe akLEHTHOIO LBeTa Mbl BBIOpAJIM OTTEHKU (HoIIe-
TOBOTO.

Ilepen TeM, Kak NPUCTYNUTh K HENOCPEACTBEHHOMY AW3alHYy NPUIIOKEHUS MBI CHEIalId
npocTtedmmii mpoTotun B Figma, Ha OCHOBE KOTOPOTO MBI CO3JaBalld yXe TOTOBBIA JM3aiiH.
BaiipdpeiiMUHT 0Tpa)aeT TONBKO CTPYKTYPY NPHIIOKEHHsI, 0TOOpakaeT OCHOBHBIE OJIOKH.

Ha ocHoBe mponenanHoii panee paboThl Mbl MOK00pany M300paKEHUS U MPHUIIOKCHUS,
MPOyMaIM OpraHU3AIMI0 U JU3aiiH dKpaHoB, a Takxke cosznanu Ul Kit. Hame npwioxenue yHU-
KaJIbHO, TaK KaK OOJIBIIMHCTBO M300paXCHUH ObUTM CO3[aHbl CAMOCTOSITETIHLHO C UCIOJIb30BAHUEM
nporpammsel Blender 3D.

[Tocne co3ganust BceX 3KpaHOB MPHIIOKEHUS Mbl PEAIN30BAIN NEPEXO0JIbI MEKIY IKpPAHAMHU.
C nomouipto IPOTOTUNHMPOBaHUS B Figma Mbl MOXEM yBHUJETh NPUIOKEHUE B HCIIOJIB30BAaHUU B
peanbHOM KU3HU.

[Tocne npoaenaHHON pabOTHl Mbl MPOTECTUPOBAIM HALI MPOTOTHUII HA JIETKOCTh UCIIOJIB30-
BaHUS Ha Pa3IMYHBIX JIIOJSMX, YTOOBI BHISIBUTH HEIOCTATKH M CIIENIaTh IPUIOKEHUE Hanbomee yno0-
HBIM JJIs1 Mcnlonb30BaHus. Ilocae 3Toro Mel cuenanyu eue HeCKOIbKO IIPABOK HA OCHOBE NPOBE/CH-
HOT'O MCCJIEI0BaHUS.

[Tpu nepBoM 3amycKe MPUIIOKEHUS MOJIb30BATEIIO IIPENIOCTABIIAETCS BO3SMOKHOCTD 3aperu-
CTPUPOBATHCSA B CAMOM TPHIIOKEHUH HIIM )K€ OCYIIECTBUTH BXOJ B CHCTeMY ¢ momoibio Google
akkayHTa, Facebook mnmu Vk. Takxke Mbl cO3/1a1 HHCTPYKIMIO 110 UCIOJIBb30BAaHUIO IPUIIOKEHUS, B
KOTOpOM TaKk)Ke OCBETWJIM MPEUMYLIECTBA €r0 UCIOJIb30BaHUsA JUIsl MOJIb30BaTeNeH. ITO MOMOXKET
HOBBIM KJINEHTAaM OBICTPO MOHATH U pa300paThCsl ¢ yCTPOMCTBOM HALIETO IPOAYKTA.

[Tocne nmpeapLAymMX JEHCTBUIN MOJIb30BATENb MONAAAET HA TJIABHYIO CTPAHMILY MPHIIOXKE-
Hus. Ha Heil oroOpakaroTcst pe3ysbTaThl U IOCTUKEHUS 110JIb30BaTeNsl, KOJIMYECTBO HAKOIMJIEHHBIX
B IIPOLIECCE HCIIOJIb30BAHUSI TOKEHOB, a TAK)KE COOBITHSI B KOTOPBIX KJIMEHT NPUHUMAJ Y4acTHE.
Taxoke monp30BaTeIh MOXKET 03HAKOMHUTBHCS ¢ 00pabaThiBaéMbIMU MaTepHallaMi U OJIYYUTh O HUX
0oJbIlle MHPOPMALMK: HAa KaKHe BUJbl OHU IMOAPA3JCIAIOTCS, KaK COPTUPOBATh KaXKIbI OTAEINb-
HBIN BUJ U iepepabaThiBaeTCs 1 OH Ha Tepputopuu Pb.

B npunoxxenue BcTpoeHa KapTa, Ha KOTOPOH OTOOPa)KaroTCsl MMyHKTHI IO COOPY OTXOAOB MO
OIIpeJIeIEHHBIM KaTeropusiM, CTEKJI0, Oymara, TeTpa MakH, IJIACTUK, METaJUl U KPBIIIKH OT OaHOK.
[Tonb30BaTenh MOKET CAMOCTOSITENILHO BBIOpaTh TOT MaTepuai, KOTOPbIA €ro HHTEPECYeT U HalTu
OMmKalIui MyHKT COPTUPOBKH.

B nuyHOM kaOuHeTe coxpaHsercs Bcsi HHPOpMaIHs O MOJIb30BaTENE U €ro B3aUMOICHCTBUU
C IIPWJIOKEHUEM: MOXHO IIOCMOTPETH MOCIEIHUE IIYHKTHI, B KOTOPBIX CAABAIUCH OTXObI, KOJIHYE-
CTBO HaKOIUIEHHBIX 0aJIJIOB, COXpaHEHHbIE aJIpeca COPTUPOBKU UCTOPHUSI TOMCKA B PUIIOKEHUH.

B npunoxeHun MoKHO HallTH MH(pOPMAIMIO O BTOPUUYHBIX pecypcax M MOYEeMYy BajkKHO HUX
nepepabarbiBaTh. Takke /Ui yno0CTBa MOJIb30BATENsl Mbl PA3MECTHIIM CKaHEpP, C MOMOIIBIO KOTO-
pOro MO>KHO OINPEAEIUTh, KaK HaJ0 YTWIM3UPOBATh JAHHYIO YIIAaKOBKY U K KaKOMY BHJAY BTOpHY-
HBIX MaTepuajioB OHa OTHOCUTCS. Takke MOKHO MOTYYUTh OTBETHI HA YAaCTO 3a/1aBa€MbI€ BOIIPOCHI.

BaxHbIM KpuTeprueM B CO3AaHUU TNPHIIOKEHUS (Jake HEKOMMEpPYECKOIo) SBISETCS €ro
npuObUIbHOCTh. HO 4TOOBI IpHiio’keHne Havajao MPUHOCUTH MPUOBLIb, TOTpeOyeTcs YyeTkas U Xo-
POLLIO MPOlyMaHHAsl CTPATETUsl €70 MOHETU3ALMH.

Jns npunoxkeHus «9KOJIOTHUS TOpOoJa» Mbl BHIOpAIM CTPATETHIO Pa3MEIlEeHUsl PEeKJIaMbl B
MPUIIOKEHNUHU (KOCBEHHBIN 10X01). brina BeiOpana matdpopma Admob. OHa 1mo3BosIsSeT MOKa3bIBaTh
peKIIaMHbIe OOBSBIICHUS B JIFOOOW CTpaHE WM PETHOHE.

CoptupoBKa Mycopa — 3T0 MOPaJbHO — CII0)KHOE pPELICHHE s KaKJI0ro yesnoseka. [loaro-
My, JUIsi MOTHBAIIUH MOJIb30BaTelNs Obla pa3paboTaHa HAKOMUTEIbHASI CUCTEMA,KOTOpasi IOMOKET
3auHTepecoBaTh JroAen. /g storo Mel BeiOpanu Stable Coin, KOTOpBIH HMEET MHOXECTBO Ipe-
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MMYIIECTB B CPABHEHUU C APYTUMH KPUNTOBATIOTAMH. J{JIs MOJIydeHHsI TOKEHOB, HEOOXOAUMO OT-
ckanupoBath QR-koa mpu caadye Mycopa, Mmocje 3TOro BaM OyJeT HaducieHa COOTBETCTBYIOIIAS
CyMMa TOKEHOB.

VI]IK 661.29:547.279.3
XUMHUYECKUM PEATEHT U3 OTXO/10B HE®TEIIEPEPABOTKH
I nebro B. A., Bynaska IO. A., Cmanvmax /]. B.
Tonoykuti cocyoapcmeennwiil ynugsepcumem umenu Eegpocunuu Ilonoyxoti

e-mail: u.bylavka@psu.by

Summary. The production of such products from oil refining waste as dimethyl disulfide, methyl
ethyl disulfide and diethyl disulfide using raw materials of unskilled use, thanks to a sufficient raw
material base, will expand the range of Belarusian chemical reagents, reduce the burden on the en-
vironment and obtain an economic effect is shown in the study.

BHenpenue B MNpPOM3BOACTBO IMPOLIECCOB, CHOCOOCTBYIOUIMX YIIyOJeHHIO MNepepaboTKu
HE(PTH, COIPOBOKIACTCS 00pa30BaHUEM HOBBIX BHIOB OTXOJOB IIPOM3BOJICTBA, TPEOYIOMUX pa3pa-
00Tk 3(PPEKTUBHBIX TEXHOJOTHH MX O0OE3BPE)KMBAHUA M yTWIM3alMH. B yactHOCTH, Ha Oloke
OYHMCTKH CXKIKEHHBIX Ta30B C YCTAHOBKH 3aMEUICHHOTO KOKCOBAaHHS OT MEPKANTaHOB OEI0OPYCCKO-
ro He(drenepepabdarrpiBatoiero 3apoga (HII3) o6pa3yroTcst cOTHH TOHH B TOJ OTXOJa — TUCYIb(UI-
HOTO Macja, ero 00e3BPEeKUBAHHE COMPOBOXKIACTCS BHICOKUM PHCKOM HapyIICHUS THIPOTCHH3a-
umoHHbIX mpoueccos HIT3. Bmecte ¢ Tem, aucynbhuaHoe Macio MOXKET ObITh UCTOYHHKOM IOJTY-
YeHMsI IICHHBIX XMMHYECKUX peareHToB: aumerwaucynbduma (AMJIC), mernmytunaucynbduma
MBC) n mpuytungucynsduna (J3/1C), ne npousBoaumbix B Pecnybnuke benapycs, exeronno
3aKyrnaeMbix 3a pyoexom. ['0/10Boi 00beM MOTPEOICHHS TOIBKO AUMETHIIUCYIb(uIa B Pecyo-
nuke benapyce okosno 200 TOHH.

OCHOBHBIMH KOMITOHEHTaMH JUCYJIb(UIHOTO Macja, MPOU3BOJAMMOrO0 Ha OEJIOpYyCCKOM
HII3 cornacno xpomarorpaduyeckoMmy MeTony aHanuza sBistorces: 10 30 % Mac. AMMEeTUIANCYIIb-
buna, no 43 % mac. MmeTwTIWIIUCYIbGUIA B 10 24 % Mac. IUITUIANCYIIb(HIa, CyMMapHOE CO-
JepKaHue alKuIIuCcynbPuaoB coctaBisieT 97,8 % mac. OcHoBHbIE (PU3UKO-XUMUYECKHE CBOWMCTBA
AIKWITUCYIbGUI0B HACHTUPHUIIMPYEMBIX B TUCYJIb()UIHOM Macie NpuBeeHsb! B Tadm. 1.

Tabmuna 1 — OcHOBHBIE (PU3UKO-XMMUYECKHE CBOWCTBA ANKWIIUCYIb(UIOB UIEHTUDUIU-
YEeMBIX B IUCYIb(PHUIHOM Macie

Bemectso JIMJIC MOSJIC ASAC
XnuMudeckas
q)OpMyﬂa CH3 —S—S_CH3 CH3_S_S_C2H5 C2H5 _S_S_CZHS
Brenmmii Buj JKuakocTs KeaToro mnBeTa
TeMnepaTz/pa 109 +0,5 138 +0,5 153 +0,5
kunenus, °C
Hromwocts — mpu 1,063 + 0,01 1,0521 +0,01 0,992 + 0,01
20 °C, r/cm
1loxasarems 1,5250 + 0,002 1,4280 + 0,002 1,5001 + 0,002
PEJIOMIICHUS
MonexynspHas 92,15 108,15 122,16
Macca

VepeHeHHas MIOTHOCTh AMCYIb(GuaHoro macna coctasnser 1030 kr/m3, a comepskanue
obmee cepwl 10 65,5 % mac. qucynshumnoe mMaciao oOpa3yercss B pe3yabTare OYMCTKH YIJIEBOO-
POIHOTO CBHIPBSI OT MEPKANTAHOB MPHU MX OKHCIECHUU B IIEIOYHON cpelie MOJEKYISIPHBIM KHCIOPO-
JIOM JI0 JUATKUIAUCYAb(GUIOB B MPUCYTCTBUHU KaTaJlW3aTOPOB, IPU 3TOM MPOTEKAIOT CIIEAYIOLINE
OCHOBHBIE PEaKIINHU:
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RSH + NaOH — RSNa + H,0;
2RSNa + 0,50, + H,0 — RSSR + 2NaO.

Kak BUIHO M3 NpPUBEIEHHBIX BBILIE PEAKIIMI, MOOOUHBIM MPOIYKTOM Ipoliecca SIBISETCS
cMmech oprannyeckux auankuaucynbdumaoB RSSR (AMIAC, MOAC, A3AC u np.).

Haubonee nepcriekTnBaM K U3BJICYEHUIO U3 JUCYIb(UIHOTO Macia KOMIIOHEHTOM SIBIISIETCS
TUMETHIIUCYIb(U, KOTOPBI B HACTOSIIEEe BPEMs SBISCTCS LIEHHBIM XUMHYECKHM PEarcHTOM H
HIMPOKO UCHOJb3yeM B HedTenepepaboTKe sl BOCCTAHOBIICHHUS KaTalIM3aTOpOB T'MIIPOTeHHU3AIH-
OHHBIX TPOIECCOB; B HE(YTEXUMUHN — HHTHOUTOPA KOKCOOOPA30BaHMs; B METAJTYPIUU — JJIs1 OOPb-
OBl ¢ Koppo3uei. B Tabin. 2 npuBeneHbl OCHOBHBIC HamparieHus ucnoib3oBanus JJM/IC B Hede-
xumuaeckoM komriekce. JJIMJIC Takxe MOXeT ObITh UCTIIOIB30BAH KaK OJJOPAHT MPUPOIHOTO rasa
(HkHMI mopor pasapakaromiero aeictsus — 110 Mr/m3); kak IpoMeKyTOYHBIH MPOIYKT PH HPO-
M3BOJICTBE MHCEKTULIUIIOB U AP.

Tabmuna 2 — OcHoBHBIC HarpaBieHUs ucnoib3oBanus JIMJIC B HEPTEXUMHYECKOM KOM-
IIJIEKCE

Hanpasnenue

XapakTepucTuka
MCITI0JIb30BAHUS

Hedrenepepaborka B xauecTBe OCEpHSIONIETO areHTa KaTajaru3aToOpOB THAPOOYUCTKH U
rUApoOKpeKkuHra. Mcronb3yeTcs ajis mepeBoia akTUBHBIX IICHTPOB U3
okcuaHoM dopMmel B cynbduanyro. [Ipumenenue JIMJIC obecnieun-
Ba€T JOCTHKEHHE BBICOKOW aKTUBHOCTH KaTaJU3aTOPOB B TUIPOTe-
HU3aIUOHHBIX mpoueccax. Mcnonb3oBanue IM/IC B Bune cyibbu-
JTUPYIOIIETO areHTa Mo3BOJISET 3HAYUTEIIbHO YMEHBIIUTH BPEMSI BbI-
X0/1a YCTAHOBKHU Ha PEXUM, IIPU 3TOM YBEJIMUUBACTCSA HayalbHas
AKTUBHOCTb KaTAJIM3aTOPa U UMK MEXAY pPEreHepalusiMi YCTaHO-
BOK

Hedrexumus Hcnonp3yercs B kKadeCcTBE HHTHOUTOPA KOKCOOOpa30BaHMs KOKCOO0-
pa30BaHHE B 3MEEBUKAX I1€YEH MUPOIIN3a; YBEIMUYUBACTCS MEXPE-
MOHTHBIN MpoOer meveil Muposn3a; yBeITuInBaeTCs BhIXO oJedu-

HOB. [TpuMeHSIOT 1 ynajaeHus OTIOKEHUH B TEIII00OMEHHOM 000-

pyZlOBaHUH U 000PYOBAHUH I pa3AeseHuUs] IPOTYKTOB

OCHOBHBIMU TTPOU3BOJUTESIMA TUMETHIAUCYIb(DUIA SBIAIOTCS TaKWe KOMIIAHMM Kak:
Arkema France S. A., Chevron Phillips Chemicals Company, OOO «I"aznpom n1o6s14a OpeHoypr»,
Acros Organics B. V. B. A., Alfa Aesar, Johnson Matthey Company, Finetech Industry Limited,
3WAY PHARM INC., Tokyo Chemical Industry Co., Ltd., Shandong Taihe Chemicals u np. Ana-
JUTUKU TPOTHO3UPYIOT CPEAHEroJI0BOM TEMI pOCTa MHUPOBOIO pBIHKA AMMETHIAMCYIb(HIa Ha
ypoBHE 5 % 3a nstunetHuil nepuon 1o 2024 roa. B Pecniyonuke benapyes JIMJIC He nmpou3BoaUT-
csl, 3aKynaercs 3a pyoesxoM 1o 1ese okono 35004500 nonnapos CIIIA 3a ToHHY.

Boinonneno monenupoBanue B nporpamMmmHoM mnpoaykre PRO/II HeckonpkMX BapuaHTOB
(pakIMOHUPOBAHUS CMECH TUCYIb(PUIIOB U3 AUCYIb(UAHOTO Macja C MOJyYCHHEM JUMETHIIAU-
cyabuaa creneHbto yucTothl 99,5 % Mac. cooTBeTcTBYIOLIEH Mapku A. (OJHOCTYNEHYATOTO U
JBYXCTYNEHYATOr0 (hpakMOHUPOBAHMS, OJJHOCTYIEHYATOro (PaKIMOHUPOBAHUS C LUPKYIALUEH
TUCTHIUIATA). AHAIN3 TEXHUKO-PKOHOMUYECKHX MOKa3aTesel Mo3BOJIMII YCTAaHOBUTH, UTO Hanbouee
ONTUMAJIbHBIM BapHaHTOM SBISIETCS OIHOCTYIEHUYaToe (PaKIMOHUPOBAHUE C LUPKYIALUEH aH-
CTHJLISITA.

Takum o0Opa3om, MPOU3BOJCTBO U3 OTXOJIOB HeTenepepabOTKH TaKUX MPOIYKTOB KakK JH-
METHIAUCYIbOUA, METWITIIIUCYIbOUI U AUITHUIAUCYIbGUA C UCIOIH30BAHUEM ChIPhS HEKBa-
TUGUIUPOBAHHOTO MPUMEHEHHUsI, Oarojaps AOCTaTOYHOM CHIPHEBOIl 06a3e, MO3BOJUT PacIIUPHUThH
ACCOPTUMEHT OEJOPYCCKUX XMMUYECKUX PEareHTOB, CHU3UTh HAarpy3Ky Ha OKPYKaIOUIYIO Cpeay U
MOJTYIUTh YIKOHOMHYECKUH 2 (DHEKT.
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YK 008.2
HCITOJIb30BAHUE MATEPHUAJIOB BYJIYIIEI'O B JIETKOW MTPOMBIIIJIEHHOCTH
N MEJIMITUHE
Kuwxesuu I1. B., Jamawesuu I1. A.
Qunuan BHTY «Munckuti 2ocyoapcmeenvlii NOIUMeXHUYeCKULl KOJLLe0HC»
e-mail: mariasenja@mail.ru

Summary. In the field of fashion, technology is also given a significant place. More and more new
collections, designed and made or presented with the help of modern technologies, are becoming
commonplace rather than new innovation. One example is “laser” clothing. Smart sports shoes,
jerseys and t-shirts. There are even “smart” underwear. Let's dwell on the new developments of
Manel Torres (Manel Torres) and Paul Luckham (Paul Luckham). They developed a technology at
the Biotechnology Innovation Center in London to create a spray that, when sprayed onto any sur-
face, instantly forms a non-woven fabric of the desired shape.

After spraying, a non-woven material is formed by gluing the fibers. When the user sprays
liquid from an aerosol can or spray gun directly onto the body or clothing, the solvent evaporates
and binds the fibers. At the same time, the fabric easily takes the form of any surface, turning into a
tight-fitting piece of clothing. Such a spray can be used not only in the fashion industry for instant
creation of clothes, but also in a variety of industries (household, industrial and medical), as well as
for personal use (to create napkins, tea towels, sponges, etc.).

The planned cost of one such spray can is about 8 euros. Soon this spray will go on mass
sale in stores in the UK.

[Ipoananusupyem HOBbIe paspaborku Manenst Toppeca (Manel Torres) u IMona Jlakxema
(Paul Luckham). Onu paspabotanu B JIOHAOHCKOM WHHOBAI[HOHHOM IIEHTPE OMOTEXHOJOTHH TEX-
HOJIOTHIO CO3JJaHUuA CIIPEA, KOTOprI71 IIpHu pacClblJICHUHU Ha J'IIO6YIO IMOBCPXHOCTH MI'HOBCHHO 06pa—
3yeT HETKAHOE IOJIOTHO HYXHOM (opmbl. OHM paboTaau HajJ 3TOM TEXHOJIOTHMEH B TEUCHHE I10-
CJIICAHUX 10 mer. A, CO3JaHHas Manenem TOppCCOM COBMCCTHO € HMHXXCHCPOM-XHUMHUKOM ITonom
Jlykxamom kommanwust Fabrican Ltd mpou3sBsena 3TOT cripei.

9TtoT CHpefI coyeTaeT B cebe TCXHUKY, MATCPUATIOBCIACHUEC U I[HBafIH, a TAKXKE SBIACTCA
MIPOJYKTOM Pa3HOCTOPOHHMX HcciefoBaHu. PazpaboTunku ceifuac paboTaroT HajJ KOMMEpPUECKOH
BepCI/IeI\/'I 9TOr'0 IMPOAYKTA-CIPECsA, YTO HO3BOJIAICT MOKOPATH B006pa)KeHI/Ie MOOHBIX HHBaﬁHCPOB u
O6HI€CTB€HHOCTI/I BO BCEM MHUPC.

B gem xe ero cyts?

[Tocne pacnblieHus cripesi 00pa3yeTcsl MyTeM CKJIEHBAHMs BOJIOKOH HETKaHbIM MaTepuall.
KOI‘I[a MMOJIB30BAaTCIIb PACHBUIICT KHUAKOCTH U3 a3PO30JIbHOTO OaJUIOHYMKA WM IHACTOJIETa-
PpacCnblIUTEIIA MPSAMO HA TCJIO UKW OACKIAY, PACTBOPHUTECIIb UCIAPACTCA U CBA3BIBACT BOJIOKHA. HpI/I
3TOM TKaHb JIETKO IPUHUMAET GopMy JH000H MOBEPXHOCTH, MPEBpALIasiCh B MJIOTHO OOJIeraroIuit
peaMeT ONCHKIBL.

CDI/IpMa Fabrican HCIIOJIB3YCT PAJ pa3JIMIHBIX BOJIOKOH, BKIIIO4as MEPCTh, MOXCP, HEIIHOJIO0-
3y, HEIJIOH, yIiiepo/IHble HAHOBOJIOKHA U XJIOMOK. Kpome Toro, Ha BEIOOp €CTh pa3inyuHble (GOpPMBI,
pa3MEpPhl, TEKCTYPHI, IBETA U 3allaXH.

Takoil cnpeld MOXHO OyAeT MPUMEHSATh HE TOJIBKO B MHAYCTPUM MOJIBI JJIi MTHOBEHHOI'O
CO3aaHus OACKIbI, HO U B CaMbIX Pa3HbIX OTPACIIAX (6BITOBOI>'I, HpOMBIIJ.U'ICHHOfI u MeﬂHHHHCKOﬁ), a
TaKOKe JJIs1 TUIHOTO TOJL30BaHMs (1 co3/1anusl calipeToK, YalHbBIX TIOJIOTeHeI], TYOOK | T. 1.). Pa-
OOTHMKHM aBTOMOOWJIBHOM MHAYCTPHH MOTYT HMCIIOJIb30BaTh TAaKOM cHpeil MpH peMOHTE CalloHa aB-
ToMoOmiIA. B MCIUIHUHE €T0 MOXXHO IMPUMCHATH AJIA MMPOU3BOJACTBA OMHTOB U Pa3JIMYHBIX ITOBA30K,
cangeTok, 6aHaxel, MOCKOIbKY MOJydYeHHAs TAKUM 00pa3oM TKaHb SIBJSeTCs cTepuiibHOM. Kpome
3TOI'0, OTOT HETKaHbBII MaTcepHrall MOKHO CACIATh ) KECTKUM U UCIOJb30BATH B KAUYCCTBC I'UIICa IIPpH
nepeiomax.

MOXHO HMCIOIB30BaTh ISl TPAHCAEPMAIbHOM AOCTaBKHU JiekapctB. [Ipu atom merone me-
KapCTBa BBOAAT 4YCPC3 IIACTBIPHU, PAa3MCIICHHBIC HA KOKC YCJIOBCKA. CCFO,Z[HSI Hanboiee pacmpo-
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CTpaHEHHOU (HOPMOIi SBIIsIETCS HUKOTUHOBBIH IJIACTHIPh. TpaHcaepMaIbHast JOCTaBKAa MMEET MHOTO
IIPEUMYIIECTB T10 CPAaBHEHUIO C IPYTUMHU CUCTEMAMM, TaK KaK MO3BOJIAET KOHTPOJIUPOBAThH JOCTAB-
KY JIEKapCTBa B OPraHU3M, YTO CHU)KAET HArpy3Ky Ha BHYTPEHHUE OpraHbl, TAKUE KAK IICYCHb U XKe-
JYJOK. A HalMeHThl MOTYT BBIOpaTh CHpeil, KOTOPBIH MOAXOMUT K MX TOHY KOXKH, 4TOOBI CKPBITh
IUTACTBHIPb U YYBCTBOBATh ce0s1 OoJiee yBEpEHHBIMU MPH TEPAITUH.

Ho, camoe yauBuUTENbHOE B CO3/1aHHON TKAHU U3 CIIPes, TAK 3TO €€ CIIOCOOHOCTb MOIJIOIIATh
HE(PTH, YTO MO3BOJSIET OTKPHITH MOTEHIMAN IPEAOTBPAIICHUS YKOJOTHUYECKUX KaTacTpod, HAIpH-
Mep, IPU OYUCTKE HEPTSIHBIX TAHKEPOB.

Opnako BepHeMcsl K ofexJe. Pacnblisiemas TKaHb IO3BOJIET CO3JaBaTb HOBYIO OJEKAY
TOYHO IO pa3Mepy IPsIMO Ha KEJAIUX. IJTa TEXHOJIOIUS IO3BOJIUT KaXJA0MYy BO3MOXKHOCTH CO-
3/1aBaTh OJIEXKIY 110 CBOEMY BKYCY U pa3Mepy, IPWJIOKUB IIPYU 3TOM MUHUMYM YCUJIMM U BPEMEHHU.

A5DP030J1b MTHOBEHHO TBEPIEET U 3aCTHIBACT. 1'0TOBas BEIb MICAIBHO IOBTOPSET CHUIYIT
4eJIoBeKa U €€ Cpa3y MOXKHO CHATh. CocTaB TaKOro HETKAHOrO Marepuaia abCOJIOTHO Oe3BpencH
IUIS YEJIOBEKA.

Jleno B TOM, 4TO Mpei COCTOUT U3 OCOOBIX XJIONKOBBIX BOJIOKOH, CMEIIAHHBIX C MTOJUMEPOM,
pPacTBOPUTEISIMU U KpacuTessiMU. birarogaps 9TUM pacTBOPUTEIAM TKaHb KUAKas U €€ MOYKHO pac-
nblIATh. [locie pacnblieHus OHa AeaaeTcs IVNIOTHOM U 3JIACTHUYHOM, KaK U JII000e Jpyroe HeTKaHOe
nos1oTHO. Ilociie monaganus Takoro cupes Ha KOXY 4€JIOBEKa, pACTBOPUTENb, BXOJALIMN B COCTAB,
OBICTPO HCHAPSIETCSI, @ OCTABIIMECS KOPOTKHE XJIOMKOBBIE BOJOKHA COEAMHSIOTCA MEXIy COOOM,
CIIPECCOBBIBASACH, (POPMHUPYIOT HETKAHOE MOJOTHO M3AEJHs, TOYHO HOBTOPSIOLIET0 KOHTYpHI TeJa.
Takas onexxna mosryuaercst 6e3 equHOro ImBa. BpemeHs Ha co3naHue, K MPUMEpPY, MYKCKOH (y-
daiiku yxoauT okoso 15 MUHYT.

TekcTypy M Ka4ecTBO HETKAaHOIO MaTepualla MOXKHO MEHSTh, 3aMEHsISi OCHOBHOM KOMIIO-
HEHT, KOTOPBIM M3HA4yaJIbHO CIYXKUT XJIONOK, HAa LIEPCTh, JIEH WM akpuil. biarogaps 3tomy noiy-
4alOTCsA COBEPLICHHO HOBBIE MAaTEPUAJIBI C HOBBIMHM CBOMCTBAMU.

Ha omynp MaTepuas HHUYEM HE OTJIMYAeTCs OT OOBIYHOI'O HETKAHOrO IOJIOTHA. ['0TOBBIE
MpeaMeThl Tapiepoda MOKHO CTHpaTh, OHH HE JIMHSIOT W HE TEePSIOT LBET. biarogaps XJIONKy u
HoJIMMepaM, TKaHb IPOYHAas ¥ 3JacTUYHAs, OJJHAKO MEHEe JOJITrOBEUHasi M0 CPaBHEHHIO C OOBIYHBIM
MatepuaiaoM. Ho 3aTo MOKHO KaKJblil IeHb 003aBOIUTHCS HOBBIMHU HapsiiaMu, CO3aHHBIMU CBOU-
MU pykamu. B ciyuae Heynaud, CO3JaHHYIO OJIKIY HE HYKHO BbIOpachiBaThb — €€ JI0CTaTOYHO
ONYCTUTH B CIELHUAJBHBIN PACTBOPUTENb, U OHA CHOBA CTAHET KUIKOM, a 3aTEM €€ MOXHO CHOBA
HCIIOIB30BATh B BUJE CIIpPEs.

[Inanupyemas CTOMMOCTB OJJHOTO TaKoro OayuIoHYMKa cripest okojo 8 eBpo. B ckopom Bpe-
MEHHM TaKOM crpel MOCTYIUT B MAaCCOBYIO MPOJIaKy B MarasuHax BenukoOpuraHum.

CHHCOK HUCNO0JIL30BAHHBIX HCTOYHHKOB
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MN3YYEHUE BJIUAHUA COCTABA INTOJIUMEPHBIX KOMIIO3UTOB,
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Summary. The influence of the crosslinking agents on gelation was studied. It is shown that calci-
um chloride and citric acid solutions are the most appropriate crosslinking agents for the formation
of polysaccharide beads with good physical and mechanical properties. The adsorption of cobalt
ions by polymer sorbents was studied. Sorbents containing pectin and polyvinyl alcohol with titani-
um dioxide showed the highest adsorption capacity and can be applied in water treatment from
heavy metals.

Ha npoTsbkeHnn mocneaHux JecATHIETUH pacTyllas MHAYCTpUaIu3alus MPUBOAUT K MO-
CTOSSHHOMY POCTY KOHIIEHTpAlMU TSKENbIX METAJJIOB B OKpyXaromel cpene. [IpoMbllIeHHOCTh
MIPOU3BOJIUT OOJBIIOE KOJIUYECTBO OTXOJOB TSKEIBIX METAIJIOB, KOTOPHIE MPEJICTaBISIIOT OMac-
HOCTb JUISl OKPY’KaIOILleH Cpellbl U 370POBbsl UEJIOBEKA, IJIaBHBIM 00pa3oM IoMnajas B MPUPOAHbIE
BOJIbI ¥ TIOYBY, 3aTE€M B OPTaHU3MbI )KUBOTHBIX U Jlajiee [0 MUILEBOH IeNH B OpraHu3M YeJI0BeKa.

OfHUM W3 NIMPOKO HCIOIB3YEMBIX METOJIOB SIBIISIETCS OMOCOPOIHSI, KOTOpas MPECTaBIISET
co00if afcopOIUI0 HOHOB METAIJIOB OMOMOIMMEPAaMH, B TIEPBYIO ouepeab nonucaxapuaamu. [Ipen-
BapUTEIbHBIN aHAINU3 JUTEPATyphl OKa3ajl, YTO KOMIIO3UIIMOHHBIE COPOEHTHI Ha OCHOBE NEKTHHA,
allbruHAaTa HATPUS, MOJMBUHUIOBOTO CIIMPTA, KCAaHTaHA, KapparnHaHa ¥ rejiaHa crocoOHbl ddex-
TUBHO COPOMPOBATH HOHBI TSKENBIX METAJIOB U3 CTOYHBIX BOJI.

[lepen mpoBezeHNEM HCCIEAOBAHUIN IO OIIEHKE aJCOPOLIMOHHON CITIOCOOHOCTH MOJIMMEPHBIX
cOpOEHTOB Ha OCHOBE IMOJUCAXApUIOB HEOOXOAWMO IMON00paTh ONTUMAIIBHBIC YCIOBHS CIIMBKH
MOJIUMEPOB i  (OPMUPOBAHUA U3 PACTBOPOB TpaHyN, OONAJAIOIUX XOPOUIUMHU (PHUIUKO-
MEXaHUUYECKUMHU CBOWCTBaMU. BbIIM MOJIydeHbl OJIMMEPHBIE COPOEHTHI pa3InyHbIX cocTaBoB. Co-
CTaBbl (JOPMOBOYHBIX PACTBOPOB JUISI ITOJyYEHHs COPOCHTOB IMpeICTaBlIeHbI B Ta0. 1.

Tabmuua 1 — CoctaB pOpPMOBOUHBIX PACTBOPOB AJISl MOJTY4YEHHUSI COPOEHTOB Ha OCHOBE IO-
JAMcaxapuaoB
Ne pactBOpa

CoctaB (hopMOBOYHOTO pacTBOpa

1 [MonuBuuumOBHKIM ciupt (3 %)/
anbruHat Hatpus (1 %)/
nuokcu Tutana (1 %)

2 [TexTun (3 %)/
anprusat Hatpus (1 %)
3 Kapparunasn (3 %)/
anprunat Hatpus (1 %)
4 Kcanran (3 %)/
anpruaat Hatpus (1 %)
5 I'emnan (3 %)/

anbruxat Hatpus (1 %)

B xauecTBe CIIMBAIONMINX areHTOB JJIsl OIEHKH TeJIe00pa30BaHus MOTUMEPOB OBLTH MCTIOJb-
30BaHbI PaCTBOPHI OOPHON KUCIOTHI, XJIOPUAA KAJIbLIK U TUMOHHOM KUCIOTHL. B Tabmn. 2 mpeacras-
JIEHBI PEe3yJIbTaThl BIMSHUS COCTaBa CIIMBAIOIIEr0 areHTa Ha popMUpOBaHUE TpaHysl COpOEHTa.

31



Tabnuna 2 — BnusHue cocraBa CIIMBAIOIIUX areHTOB Ha refieo0pa3oBaHue

CocraB CIIMBAIOIIETO areHTa H?jgggg TI;I,) E;ZIN}I]H dopma rpanyI copoeHTa
CaCl, (2,5 %) 2,7-3,0 Cdepuyeckast
H3BO3 (5 %) — He chopmupoBanuch
H3BO3 (5 %) / CaCl, (5 %) 2,5 Coepuueckast
CaCl; (1 %) / H3BO3 (5 %) 2526 Coepuueckast
HHMOH}?;CI?:(EE%;S (5 %)/ 3,0-3,4 Cdepuyeckas mpUILTIOCHYTas

CmvBaHMe TOJMMEPOB MPOUCXOIMIIO 32 CUYET HAIMYMS BO BCEX KOMIIO3MIUSAX ajbrHHATA
HATpHsl, KOTOPBIA U o0ecreunBai GopMHUpPOBaHUE TpaHyl. B To Bpems kak OOpHas KHCIOTa HE CIOo-
cobcTBOBana (POPMHUPOBAHHIO TPaHyJ COPOSHTA, IPaHyIIbl, CHOPMHUPOBAHHBIE B TMMOHHOW KHCIIOTE
C XJIOPUJOM KaJIbIHsI, IMEIH HauOONBIINN TUAMETpP, YTO OOYCIOBJICHO MPHUILTIOCHYTON (popmoit
rpanyi. CocTaB KOMIIO3ULIMI HE BIMSAI HA AUAMETP IPAHYIL

AncopOIOHHAsT CITOCOOHOCTD IMOJYYEHHBIX KOMITO3UTOB OblJla OI[CHEHA 10 OTHOIICHHIO K
vonaM kobasTa (Co’") crexTpodoTroMeTpruuecki. B kauecTBe CIIMBAIONIEr0 areHTa HCIOMb30Bal-
Csl paCTBOP JIMMOHHOM KHCIIOTBI C XJIOPUIOM KaibIlus. Pe3yinbTaThl mpeacTaBiieHbl B Ta0I. 3.

Tabnuna 3 — Biusiare cocTaBa IMOJMMEPHBIX KOMIIO3UTOB Ha aJICOPOIIMOHHYIO CITOCOOHOCTh
110 OTHOIIICHHIO K HOHAM KOOaJIbTa

AncopOrroHHast crnocoo-

Cocras copbeHTa
HOCTbB, MI/T

[TonuBununossit cupt (3 %)/
anpruaat Hatpus (1 %)/ 35
nuokcun TutaHa (1 %)
IMextun (3 %)/
anbruaar Hatpust (1 %)

Kapparunan (3 %)/ 29
anprunat Hatpus (1 %)
Kcanran (3 %)/
anprunat Hatpus (1 %)
['emnan (3 %)/
anprunat Hatpus (1 %)

42
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HauOonpryro azcopOLIMOHHYIO CIIOCOOHOCTD MPOSBUIM KOMIIO3UTHI HA OCHOBE NMEKTHHA U
MOJINBUHUJIOBOTO CHUpPTa C JAMOKCUIOM THUTaHA. TakuMm 00pa3oM, MOJy4yeHHbIE COPOEHTHI MOTYT
OBITh HCIOJB30BAHBI IS OUUCTKH CTOYHBIX BOJ OT TSDKEJIBIX METAJUIOB, B YACTHOCTH OT KOOaJIbTa.

YK 544.723
CPABHEHWE AJICOPBIIMOHHBIX CBOMCTB AKTUBUPOBAHHBIX YTJIEW,
MNOJYUYEHHBIX U3 PASJIMYHbBIX PACTUTEJIBHBIX MATEPUAJIOB
METOJI0M TEPMOXUMHNYECKOMN AKTUBAIIMHA, C TPOMBIIIJIEHHBIM
OBPA3IIOM MAPKH OY-A
JIu Mbuesu
Benopycckuii cocyoapcmeennwiii ynusepcumem
e-mail: limengweil07@gmail.com

Summary. The adsorption properties of activated carbons prepared by thermochemical synthesis
were compared and analysed with those of industrial activated carbons. The comparison of the ad-
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sorption capacity of the samples on the conventional substance-markers shows that the mesoporous
activated carbon prepared by the thermochemical synthesis method has better adsorption perfor-
mance than the commercial carbon produced by the conventional technique.

AKTHBUPOBaHHBIA Yroib (AY) — MOpUCTBIM yriepoAHbI MaTepuan ¢ BBICOKON YAEIbHOU
MOBEPXHOCTHIO, KOTOPBIM IIMPOKO HCHOJB3YyeTCs] B KadecTBe cOpOEHTa BO MHOTHMX IIpoleccax B
pa3nuyHbIX 00JacTax. B cooTBeTcTBUM C KiaccupUKaend, TpuHATOH MeXTyHapOJHBIM COI030M
Teopetrueckoi u npukiagHoi xumuu (IUPAC), B 3aBUCHMOCTH OT pa3Mepa U MeXaHU3Ma ajcop0-
uuu Bce AY gensaTcs Ha MHUKpO- (paguyc MeHee 2 HM), Me30- (paguyc B auana3zoHe 2—50 HM) u
MakpormopucTtbsie (paauyc 6omaee 50 um) [1].

B nacraromee BpeMs pa3pabOTaHbl TEXHOJIOTHU MOTYYCHHBIX AY, KOTOphIE OCHOBaHBI HA
METOJIaX XUMUYECKOW U (hr3nueckoil akTuBaluu. [I[pOMBIIUIHHHBIN YTroyib, IPUTOTOBIEHHBIA Tpa-
JTUIMOHHBIMA METOJIOM (PH3UYECKON aKTHUBAIlMU, UMEET BBICOKOE cojaepkanue mukpornop. B HUU
OXII BI'Y mMeTo1oM TEpMOXMMUYECKONW aKTHBAIIMU C MCIIOJIB30BaHHEM OPTOPOCHOPHON KHCIOTHI
BIICPBBIC B MHpe OBLIHM MOJyYeHBl aKTUBUPOBAHHBIC YITIH C coAep)kaHueM Mesonop 6oinee 70 % u
yaenbHOU moBepxHocThio 1000—-1500 M/T' U3 MHOTOTOHH@XHBIX OTXOLOB TUJPOJIU3HOTO MPOU3-
BOJICTBA — TUJIPOJIM3HOTO JUTHUHA [2]. [ToaTOMY mpeacTaBisiiio HHTEPEC ONpeaeauTh acoOpOLMOH-
HYIO CIIOCOOHOCTh aKTMBHPOBAHHBIX YIJIEH, MOIYYEHHBIX 3TUM CIOCOOOM M3 pa3IUYHBIX PacTH-
TEJIbHBIX MaTEPUAJIOB U IPOBECTH HUX CPaBHUTEJIBHYIO OLIEHKY C IPOMBIIIJIEHHBIM 00pazuoM AY
Mapku OY-A, U3roToBJICHHBIM U3 KapOOHU3AaTOB Oepe3bl MoJ BO3JACHCTBHEM BOJASIHOTO Mapa IpH
temneparype 800-900 °C na OAO «CopGent» (r. [Tepms).

C »TOl 11enbl0 OBLIN M3Y4YEHBl AaKTUBUPOBAHHBIE YIJIH, MOJIYY€HHbIE U3 THAPOIU3HOTO JIUT-
HUHA, MaKJIM JIbHA, ONMMWJIOK COCHBI M IEJUTIONIO36I 0aMOyKa ImyTeM HMPOMHUTKH MX opTodochopHOi
KHCIIOTOM MpH >KUIKOCTHOM Mojyie 1:2 ¢ mocnenyromiei AByXCTaAUuHON TepMUudeckoid o0padboT-
Kol B TeueHue 2-x 4 cHayana npu 300 °C, a 3arem npu 500 °C. OTMBIBKY U3MEIbUEHHBIX B IIOPO-
10K 00pa3oB BeIM AUCTUUIMPOBAHHON BOJOW 10 OTPUIATENBbHON peakuuu Ha GocdaT-uoHBI, a
3arem BbicymmBanu npu 105 °C. [l oneHkH ancopOUMOHHOM CIOCOOHOCTH aKTHBUPOBAHHBIX YT-
JIeil UCTIONIb30BANIM TPATUIIMOHHBIE TecT-MapKephl ((peHa3oH, o[, METUICHOBBIN TOIy00l U BUTa-
MUH Bi). AICOpOIIMOHHYIO aKTHBHOCTh AY ONpeneNsuid 1Mo pa3sHOCTH KOHIICHTPAIUK BEIICCTB-
MapKepoB B pacTBOpe 110 U mocie ajacopouunu. [To Teopun aacopOumu 3Ta BEIMYMHA COOTBETCTBYET
rub6coBoit afacopoiuu I [3].

@deHa3oH MMeeT MOJeKyJspHyo maccy 188 JI M MokeT MoAenupoBaTh aJcOpOIHMOHHYIO
CHOCOOHOCTh AY MO OTHOUIEHHMIO K HU3KOMOJIEKYJISIPHBIM coequHeHusM ¢ MM o 500 I, takum
KaK KpeaTMHHMH, MoyeBas KHCIoTa, 0apOuTyparsl, (ochopopraHudyeckue COeAMHEHUS U JAPYIHM
TOKCHMHaM. JIJisl 3TUX K€ 1LieJiell B KauecTBEe BEUIECTB-MapKEePOB YacTO MCIOJIb3YeTCs MO/l U METHJIe-
HOBBIH rony6oii (MI), a u1a MozenupoBaHusi cCOpOLMU MOJIEKYN cpelHuX pazMmepoB ¢ MM 500—
1500 JI x KOTOpPBIM OTHOCSITCSI TAaKHE€ BEIIECTBA, KAaK OJIMTONENTH/bI, JIMIOMOIMCAXapUIbl U JIp.,
npeasiaraercs BuTamuH B12 [4].

[TosryueHHbIe pe3ynbTaThl IPEJCTaBIECHbI B Ta0. 1, U3 KOTOPOH CleAyeT, 4TO BCE MOIY4EH-
HbI€ METOJIOM TEPMOXHMHUYECKON aKTUBAILIMM ME30IOPHUCTHIE YN OJIMHAKOBO XOPOLIO COPOUPYIOT
KaK MOJIEKYJIbl MallblX, TaK U CPEIHUX pa3MepoB, YTO OOYCJIOBIEHO HUX OOJBIION IMJIOIIAbIO
yJEJIbHOM MOBEPXHOCTH M HAJIMYMEM ME30MOPHUCTON CTPYKTYpPBI, JOCTYIMHOW JUIsl COPOLUM TaKHX
MOJIEKYI.

[TpomsbimieHHo Bbimyckaemblit AY Mapku OY-A ycTynaer 3KCIeprMMEHTaIbHBIM 00pa3iam
o copO1uu Hona, heHazoHa, METUIIEHOBOTO TOJy00Tro U BUTaMuHa Biy.
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Tabmuna 1 — AncopOuronHasi cnocobHocTh AY B oTHOIIeHHH (peHasoHa, ona, MI' u Bu-
TamuHa B1)

Ob6pazenr AY AncopOumonHas criocoonocts I', Mr/t
deHazoH on \%18 B
(188 r/momnb) | (254 r/moinb) | (374 r/mMomaw) | (1357T/Momb)
AY U3 rUIpOIN3HOrO JUTHUHA 430+10 820420 580+10 65+5
AY u3 nmakim npHa 420+10 870+£20 550£10 78+5
AY U3 OIUIIOK COCHBI 450+10 980+20 610+10 80+5
AY u3 nemnono3s 6amoyka 530+10 1040+20 580+10 94+5
AY mapku OY-A u3 apeBecu- 290+10 530420 36010 5045
HbI Oepessl (PD)
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Summary. A method is proposed for obtaining an effective fertilizer from organic animal waste —
manure or dung — and hydrolytic lignin. The fertilizer is an odorless free-flowing powder, does not
harm the environment and has a prolonged action. The prime cost of fertilizer is much less than the
cost of imported analogues sold in our republic. In the production of fertilizer, only Belarusian raw
materials are used, which makes it possible to completely replace imports and create conditions for
food security.

B nacrosimee Bpemst B Pecriyonuke benapych oOpasyercst okono 50 MITH T HaB03a, KOTOPBIH
I10CJIe KOMIIOCTUPOBAHUS BHOCUTCS Ha nouid. I1o BuaM HaBO3 OTIMYAETCS B 3aBUCUMOCTH OT KaKHX
KUBOTHBIX U MTHUILl OH MOJyY€H: KOPOBUM, CBUHOM, NTUUUH U T. . Kpome 3T0r0, ObIBACT KUIKUNA U
TBepJIbIid (0Opa3yeTcst mocie cemnapaluy KHUJIKOro HaBo3a). KommocTupoBaHue cerojHs sBseTcs
OCHOBHBIM CIIOCOOOM nepepaboTKu HaBo3a. K coxanenuro, ucnonb3yeMble Ha Tepputopun benapy-
CH TEXHOJIOTUH 0oOpalleHusl ¢ HaBo30M (OypToBaHME U KOMIIOCTUPOBAHME) SABIAIOTCA Manodddek-
TUBHBIMH, T. K. TIOJy4aeMble OpPraHUYECKHE YIOOPCHUS UMEIOT BBICOKYIO BIAKHOCTH (10 90 %),
YTO OTPAHWYMBAET WX TPAHCIOPTHYIO JIOTUCTHKY M COOTBETCTBEHHO PBIHOK cObITa. Kpome Toro,
3TH yAOOpeHUs MMEIOT HU3KHE MoKa3aTesln 3((EeKTUBHOCTH H3-3a YMUCCHH a30Ta B aTMocdepy U
MOTEepPh OPraHMYECKOTo BEIIECTBAa MPU XPAHEHHWHU, YTO U OOYCIABIMBAET UX HHU3KYIO MPOJAKHYIO
ueny. Ilpu xpaneHuu HaBO3a pacpOCTPAHSIOTCS HEMPUATHBIE 3allaxy, KOTOPbIE JOCTaBISIOT AKC-
KOM(OPT HACEJCHUIO OJIM3JIEeKAIINX HACeNeHHBIX MYHKTOB, a MPH MOMAaJaHUU HaBO3HBIX CTOKOB B
TPYHTOBbIE BOJIbI HAHOCUTCSI OTPOMHBIM Bpes OKpyskaroueil cpene. s pa3menieHuss kommnocra
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TpeOyroTcst GOJbINNE TUIOIIAAN, a IPOLECC €r0 CO3PEBAHMUS SIBIISICTCS ATUTEIBHBIM (10 6 MECSIIEB).
CanoBoapI-TIOOMTENN HE BCETIa UMEIOT BO3MOXXHOCTH MPHOOPETEHUS MEIKUX MapTHil pacdaco-
BaHHOTO HaBo3a. Poccuiickue M MOJBCKUE MPOU3BOIUTENN IMpeiaraeT UM ajJbTepHATUBY B BHJIE
rpaHyJIMpOBaHHOTO MpoaykTa. B 2021 rogy uMnopTt opraHM4ecKuX yAOOpEeHUN B HaIly pecryOiu-
Ky coctaBui 2899 1. BbicOKasi CTOMMOCTB M OCTaBIIMKCS CrieUM(UIECKUN 3amax JeNaloT ero Maio-
MIPUBJIEKATEIBHBIM ISl OEIOPYCCKUX MOTPEOUTENEH.

Hamu paszpaboran crnoco0 momydeHus: 3¢(HEeKTHBHOTO yIOOpEHUs, KOTOPBIA JHUIICH 3TUX
HeZO0CTaTKOB. [Iyisi 3TOro mpOM3BOAUTCS CMEIIEHHE TBEPAOro M KUAKOTO HAaBO3a C COPOCHTOM
«JIurHocop6», KOTOPBI TpeAcTaBisieT co0oil THAPOPOOHU30BAHHBINA THAPOIU3HBIN JUTHUH, C TO-
cienymomei TepmoodbpadoTkoit npu temmneparype 70 °C B Teuenue 1 yaca. [lomydeHHBINH TPOAYKT,
KOTOPBIN MpenCcTaBiIsieT cO00i JErKOCHITyYril MOpomoK 0e3 3amaxa, ynakoOBBIBAeTCSA B MAKETHl U3
OuopasznaraemMoro mMarepuaia. Ham npoJIykT He HAaHOCHUT BpeAa OKpY’Kalollell cpele U He cofep-
KUT OAKTEPH M TEIbMHUHTOB, IPU €T0 XPAHEHUH OTCYTCTBYIOT IIOTEPU a30Ta U OPraHMYECKUX Be-
miecTB. YA00peHre uMeeT NMPOJIOHTMPOBAHHOE JIEHCTBUE M T'yMU(DHUIIMPYET MOYBY, HAKAIIUBAET U
YIEP>KUBACT Y KOPHEW PACTCHUI MUTATEIbHBIEC BEIIECTBA U BIAry.

JetictBue ynoOpeHus ObLIO MpPOBEpPEHO Ha Kpecc-canate. JlJis 3TOro cpaBHUBAIach CKO-
POCTh pocTa Kpecc-cajiaTa B 0OBIYHOM 3emite 0e3 yaoOpeHuid, 3emiie ¢ pa3paboTaHHBIM HaMHU Y100-
peHueM u 3emiie ¢ 100aBKOH MMIIOPTHOTO IPaHyJIMPOBAHHOIO HaBo3a. bbulo ycTaHOBJIEHO, YTO UC-
MoJIb3yeMasi HaMH TEeCT-KYJIbTypa BCXOOUT M PAcTET Jydlle B AKCIEPUMEHTAIBHOM 0O0pasIie.
Hauxynmmuii poct ynoOpenus Habiaromaercss B oOpasle 3eMid ¢ J00aBIEHUEM IPOMBILIUIEHHOIO
ynoopenus. Kpome Toro, B mocieaHeM oopasiie Ha0Jr01a0chk 00pa3oBaHUE U Pa3BUTHE TUIECHEBBIX
rpuboB. CpaBHEHHE pe3yIbTaTOB UCIOIB3YEMOI0 HaMU yI00OpEeHHs MPEACTaBIeHO Ha puc. 1.

a 0 B r
Pucynoxk 1 — O0pasupbl: a — ¢ pa3paboTaHHBIM yAOOpEHUEM Yepe3 5 qHel mociie MOCaaKu; 0 —
IPOMBIIIJICHHBIM y100peHHeM uepe3 S5 THel mocie nocaaku; B — ¢ pa3paboTaHHBIM yJ00peHHeM
yepe3 10 qHel nmocne mocaaku; r — MPOMBIIIIIEHHBIM yaoOpeHueM yepe3 10 nHel nocie nocaaku

CornacHo TpeABapUTEILHOMY pacueTy, ce0eCTOMMOCTh IOJIyY€HHOTO HaMH yJ0OpeHUs
cocraBiusger okono $150 3a TOHHY, 4YTO 3HAYUTENBPHO  MEHBIIE CTOMMOCTH HMMITOPTHBIX
opranndeckux (mo $1000) u mMuHepanbHbIX ymoOpenuit ($250-300). [dns momaydeHus: yaoOpeHus
UCMOJIb3YeTCs] UCKIIIOUUTEIBHO OeopyCcCKOe ChIpbe, YTO 00yCIaBIMBAET BO3MOXHOCTH HPOJIHOTO
MMIIOPTO3aMEIEHHS U CO3/IaHMs TPOJOBOJILCTBEHHOH 0€301TacHOCTH.

Takum o0pazom, pazpaOoTaHHBIH HamH JIaOOpaTOpPHBIA crocod mepepadOTKM HaBo3a B
3¢ (eKTHBHOE MPOJOHTUPOBAHHOE ChHIMyee ymoOpeHue Oe3 3amaxa MMeeT ITOKa3aTelu JIydIe
UMIOPTHBIX aHanmoroB. OpraHu3anus NPOMBIIUIEHHOTO MPOU3BOJACTBA yJA0OpeHUs Oyner
BBITOJHBIM U ITO3BOJIUT 00ECTIEYNTH Ca0BOIOB M JAYHUKOB OPTaHNYECKUMH yIOOPEHUAMH.
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YK 620.9
BUOAU3EJBHOE TOIIVIMBO KAK ®AKTOP COXPAHEHHS 9KOJIOI'N
Haszapoesa I1. I'., Kopcax E. I1.
benopycckuii nayuonanbHwili mexHuuecKull yHueepcumem
e-mail:burnneyl6@icloud.com

Summary. The thesis describes the problems of ecology, and also offers a solution to this problem
through the introduction of biofuel.

Ha ceroansinuii 1eHb Cpoc Ha TOIUIMBO, @ UMEHHO Ha UCKOIAaeMbl€ BUJIbI UMEIOT BBHICOKOE
3HaueHue. | TaBHBIMU BUIaMU TOIUIMBA SBJISIFOTCS OCH3WH W TU3EIhHOE TOIUIMBO, a TJIABHBIM IO-
TpebuTesaeM TOIUIMBA SBISETCS TPAHCIIOPT, U3 YEr0 U BO3HUKAIOT TAKHE 3HAYUTEIbHBIE MPOOIEMBI,
KaK BBIOPOCHI BPEIHBIX BEIIECTB B aTMOC(hEpy U UCTOIICHHE PECYPCOB.

bonee oGmupHO onuiiemM npoodiemy 3arpsisHeHUs: aTMocdepsl, Ha ¢akTope Beiopocos CO».

B cBs3u ¢ yBenuueHrneM NOTpeOICHUS UCKOMAEeMOTO TOILIMBA TOBBIIMIAIOTCS BBEIOPOCHI map-
HUKOBBIX Ta30B, B OCHOBHOM 3TO BbIOpockl CO,. Bricokue konnentparuu CO, TpUBOIAT K Jallb-
HEHIIeMy IOBBIIICHUIO TI00ATBHON TEeMIIepaTyphbl, YTO UMEET Cephe3HbIC (HU3MUYECKUE ITOCIIECI-
CTBHS. DTH CephE3HBIC MOCIEACTBUS 3aCTABISIOT HAC COKPAIaTh UCTIOJIH30BAHUE NCKOMAEeMOTO TOTI-
JIUBA M UCKATh 00JIee IKOJIOTUICCKH OS30MMaCHbIC ATbTCPHATHBEI.

Opnolt U3 anpTepHATHB sIBiISeTCs OuoTorUMBO. [IpuMepamMu GUOTOIUIMBA ABISIOTCS OUOras,
OMoKepoCcHH U OMOIU3ENh Ha OCHOBE CEIbCKOXO3SHCTBEHHBIX 0TX0/0B. [lpyroi mpumep — 6noTon-
JIUBO HAa OCHOBE MUKPOBOJOPOCIEA.

MukpoBOAOPOCIN — 3TO MUKPOOPTaHU3MBI, KOTOPhIE B OCHOBHOM PAaCTyT BO BJIYKHBIX paiio-
HaxX MHpa, TaKUX Kak TUXHE o3epa U Oomora. OHM HE pacTeHUs, HO BCE K€ MMEIOT XJIOpOohUmI u
CIOCOOHBI OCYIIECTBIISITh (POTOCHHTE3. XJIOPODHILT — 3TO MUTMEHT, KOTOPBIA MPUIAET PACTCHUSIM
3eNieHbIH BUJ U OTBEUAET 3a MOIJIONIeHHEe COJIHEYHOro cBeTa. Ha puc. 1 npencraBieH BUj MUKPOBO-
JOPOCIIEN IO MUKPOCKOIIOM.

St Wy o AR LT (e @

Pucynok 1 — MukpoBo10pociiu o MUKPOCKOIIOM

@DOTOCHHTE3 — 3TO MPOLIECC UCHOIb30BAHUS COJIHEYHOTO cBeTa, BoAbl U COz JIsl co3aaHus
MUTaTEeNIbHBIX BellecTB. biarogapst 3toil cocoOHocTH OHM MoryT norjouare CO; u3 atmocde-
pel. IM TpebyeTcst HeMHOTo, YTOOBI PAacTU M MPOU3BOIUTH Macio. JInbo camMu MHKPOBOIOPOCIH,
1100 Macio, KOTOPOe OHU MPOU3BOASAT, MOTYT ObITh TPeoOpa30BaHbl, HAIIPUMEP, B OMOAN3ENb, OHO-
3TaHoN M OMoOyTaHOJ. buoTOIMBO, MPOM3BOAMMOE BOAOPOCISIMU, B HACTOSIIEE BpeMsl SBISETCA
MHOT000€eIIaloNIel aJbTepHAaTHBOM, TOCKOJIBKY OHO CTOMT MOYTH BJBOE JelIeBsie OMOTOIIHNBA, 110-
JY4EHHOTO XMMHUYECKUM IyTeM, JIpyras NpuUYMHa 3aKII04aeTcsl B TOM, YTO 3THU BOJOPOCIH HE TOIb-
KO BBI3BIBAIOT MeHbIIIe BBIOpOcOB CO», HO U CHMXAIOT ypoBeHb CO; B mpoliecce Mporu3BOCTBA TOT-
JIUBA, JIUIE3PETh OMOTOIUTMBO MOYKHO Ha puC. 2.
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Pucynok 2 — buonuzenbHOE TOTIMBO U3 BOJOPOCTEH

W3 3TOr0o M BHITEKAeT BapUaHT 3aMEHBI OOBIYHBIX JIBHTATENIe BHYTPEHHETO CrOpaHUsS Ha
0oJsiee HKOJIOTUYHBINM BapHaHT U3 OMOTOILINBA, €€ HEe MaJOBaXHBIM ILTIOCOM JIBUTaTeNell Ha Ouo-
TOIUIUBE sIBJsieTCst moaepskanue Lleneit ycroituuBoro passurtus: Lens 7: Hegoporocrosias u uu-
ctas sueprus, Llens 12: OTBeTcTBeHHOE MOTpediIeHne U Mpou3BoAcTBO, Llens 13: bopeba ¢ uzme-
HEHUEM KJIMMATa.

[Tpumep npou3BoACTBa OMOTOIUIMBA MPEACTABICH HA PHC. 3!

doTocuHTE3MpYIOWIMe
MUKPOOPTaHU3MbI

YIMEKUCNbIA raa

W nuTarenbHbie [ Lluctepra

ANA XpaHeHUA

Conneunan

[uatonnuso

Cmech Boab!
¥ auaTonnuea

Pucynok 3 — [IpousBoacTBO OHOTOILIMBA

[ToapITOXKMB AHHBIM TE3UC MOXHO CKa3aTb, YTO MHUKPOBOAOPOCIM MOXKHO HCHOJIb30BATh
JUIS TIPOM3BO/ICTBAa OMOTOIUIMBA ITyTEM BbIpalllMBaHMUsI OMOMacchl MUKPOBOJIOpociel, coopa 1 06e3-
BOXKHBaHUSI MUKPOBOJOPOCIIEH, M3BJIEUYEHUSI Macia U3 MHKPOBOJOPOCIENH M HCHOJIb30BAHUS pas-
JIMYHBIX METOOOB AJId CO3JaHUsS pa3JIMYHBIX BUI0B OHMOTOILINBA. HyTeM 3aMCHbI )IBHFaTeJ'IefI BHYT-
PEHHEro CropaHMsl Ha JIBUTaTeNIM ¢ UCII0JIb30BaHHEM OMOTOIUIMBA MOXHO JI0OUTHCS MOYTH HYJIEBBIX
BbIOpOCcoB CO; B atMocepy, a Takxke moaaepkuBaTh Llenn ycToiunBoro pa3BuTus.

YK 69.003.13
3KOHOMUWYECKHU YODPEKT ITPU UCMOJIB30BAHUU IMTECKA
MECTPOXJEHUH MECTHOI'O 3HAYEHUSI
Obnamckas E. B., Tan /[yn6o, bonoapenxo C. H.
benopycckuii nayuonanvrviii mexnuueckuul yHugepcumem
e-mail: liza.oblamskaya@yandex.ru, tangdy8@gmail.com

Summary. The influence of sand processing on the strength properties of the final product, as well
as cost reduction due to a decrease in the transport costs of this material, was studied.

B cBetre npobiiem pecypcocOepeskeHusi, sSBISIOLIEICS aKTyallbHON MpoOiieMoil Bce yaile
MOJTHUMAETCS] BOIPOC O UCIIOJIb30BAHUH MECKOB MECTHBIX MECTOPOXKIEHUI B CTPOUTENILCTBE ABTO-
MOOMJILHBIX JA0por, 4TO MO3BOJUT YMCHBIIUTE CTOUMOCTE CaMOIro Mar€pHraia 3a CHET COKpallCHUA
TPAaHCHOPTHBIX 3aTpar. B monrocpoyHom nepuoje, npu co3IaHUM 0a3bl JAHHBIX MECTOPOXKICHUN €
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yKa3aHHEM BCEX CBOWCTB JAHHBIX MECKOB, MO3BOJHUT MOJ00paTh ONTHMaJIbHbBIE MyTH UX oborarie-
HUS, YTO MPUBEJET K OOJIBIIEMY YMEHBIIEHUIO CTOMMOCTH U PallMOHATIBHOMY HCIOJIb30BAHUIO ITO-
ro marepuana. Tak ke cjelyeT OTMETUTh, YTO Hanbosee 3 (PEeKTUBHOE HCIIOIB30BaHUE OCHOBHBIX
IIPOM3BOJICTBEHHBIX (DOHJIOB NP pazpabOTKe KapbepoB MO3BOJIMUT PELIMTh KOJIOTHYECKYIO MPO-
OJeMy 1O CHHIKEHHUIO BHIOPOCOB B OKPYKAIOUIYIO Cpelly MbUIK IyTeM Oosee 3¢ (HeKTUBHON OpraHu-
3a1uu padoT.

Heobxomumo oTmeTuTh, 4TO Ha Teppuropun Pecnybmmku benmapych nmeroTcst peaibHble mep-
CIIEKTHUBBI YBEJIMUEHUS] 0OOBEMOB J0OBIYM CTPOUTEIBHBIX IECKOB 33 CYET PECYpCOB, YMCIALIMXCSA Ha
OanaHce pa3BeaHHBIX MECTOPOKACHUIN MecTHOro 3HaueHus. [lo cocrosauio Ha 01.01.2020 roxa Ha
rOCyJIapCTBEHHOM OalaHCe CTPOMTEIBHBIX MECKOB YHCIUTCS 512 MECTOpOXKISHHMA, W3 KOTOphIX 233
MECTOPOXK/IEHHUsI HaXOATCsl B MPOMBIIUIEHHOW pa3paboTke. OCHOBHOM MpOOJIEMO MpHU UCIOIb30Ba-
HHUU OPUPOJHOTO KBAPLIEBOIO IECKA SBJISETCS €r0 KaYeCTBO — YUCTOTA M OTHOPOJHOCTh XUMUYECKOT0,
MHHEPAJIOTHYECKOTO U T'PaHyJIOMETPUYECKOTO COCTaBa, COOTBETCTBHUE CTPOUTEIHLHBIM HOPMATHBHBIM
XapaKTepUCTUKaM U MoKazaTelsaM. /laHHble ChIpbe KIacCU(PULUPYIOTCS KaK HEKOHIULIMOHHbIE [0 IpU-
YHHE HECOOTBETCTBUS TpeboBaHusIM TexHrdeckux ycnosuid (TOCT 8736-2014).

[Tpy 3HAUUTENHLHOM COZEpKaHKE MbUIEBATBHIX (QPAKLMNA NIPH IPOU3BOJCTBE MEIKO3EPHUCTO-
ro 0eToHa TpeOyeTcs MOBBIIICHHBIN PacXo/ IIEMEHTa, YTO B CBOKO OYEPEb BHI3BIBACT yJOPOKAHHE
6erona Ha 20-30 mpoIEHTOB, a TBepJeHHE OCTOHA CONPOBOXKAACTCS 3HAUUTEIBHBIM PA3BUTHEM
yCcamouHbIX AehopMalyii, OTPUIATEIHHO CKA3bIBAIOIIUXCS HA €r0 TPEHIMHOCTOMKOCTH U J0JITOBEY-
HocTu. B cimyuae yctpoiicTBa acdanbTOOETOHHOIO MOKPBITUS aHAJIOTHYHO YBEJIUYHMBACTCS PacXojl
OPTaHUYECKOTO BSOKYIIETO M YMEHBIIAIOTCS IPOYHOCTHBIE XaPAKTEPUCTUKH B TO BPEMsI, KaK CTOH-
MOCTb BO3pacTaeT 3HaYMTeIbHO. [l mpeoTBpalleHusl HEraTUBHBIX MOCIEACTBUI HCIOIb30BAHUS
HEKOHJIUIIMOHHBIX PA3HOCTEH MPHU HCIOIB30BAHUN CBHIPhS MECTHBIX MECTOPOXKICHUH, HEOOX0IUMO
oboramarh ¥ aKTUBUPOBATh IECKH, YJIAINUB KOPKH, MbUIEBATbIC M TJIMHUCTBIE YAaCTHIIBI METOJaMHU
OTMYYHMBaHHSA, OTTHPKU U YIBTPa3ByKoBOi 00paboTku. [lepeuncieHHbIe MEPOTIPUSATHS MTO3BOJISIOT
CYIIECTBEHHO MOBBICUTH IOKA3aTEJIM KayecTBa MPHUPOIHBIX MECKOB M0 TEXHUYECKUM YCIOBUSAM U
KIaccu(uuupoBaTh WX 1o 0oJjiee BBICOKOMY KIIACCY HMPUTOAHOCTH, KaK MECKU OoOoramieHHbIe. DTO
MI03BOJISIET 3HAYMTEIBHO MOBBICUTh KAYE€CTBO JOPOXKHBIX padoT, a Takke oOecrneyrBaeT AONOIHU-
TEJbHBIE Pe3epPBHBIE BO3MOXKHOCTH HCIOJIB30BaHUS HEKOHIWIIMOHHOTO MHUHEPAJIHHOTO CHIPhS Me-
CTOPOXKJICHUH MECTHOTrO 3HadeHus. Takue 1mecku MOTYT HMCHOJIB30BATHCSA B KaYeCTBE IMOJICTHIIAIO-
IIETO CJIOSi aBTOMOOMJIBHBIX JOPOT, 3aloJIHUTENEH 1711 0eTOHOB U acGaibTOOETOHOB, B KaueCTBE
MOJICBINIKY M JUISI MHOTHX JIPYTHX IIeJIei B JOPOKHOM CTPOUTEIBCTBE.

PesynbTaThl MPOBEACHHBIX UCIBITAHUA HAa TIPOYHOCTH CTAHJIAPTHBIX 0alloYeK, KOTOPHhIE OBI-
JI U3TOTOBJIEHBI U3 MCXOJHBIX U OOOTaleHHbIX MECKOB, MOKA3bIBAIOT 3HAYEHUs Ipezesia MpoYHo-
CTH Ha C)XaTHe W Ha W3TU0 Oosbive 11t 00pa3IloB MeCKa, MPOIIEAIIETO yIbTPa3ByKOBYIO 00paboT-
Ky, YeM JJIsl TIECKOB IOCie MPOLEAypbl OTMYyUUBaHUs a, TeM Ooiiee, yeM OajJ04YKd U3 UCXOJHOTO,
HeoOpaboTaHHOTO TiecKa. [lomydeHHbIe pe3yabTaThl TOKA3alu yaydIlIeHHe MPOYHOCTHBIX TMOKa3a-
TeNel MCHBITYeMBIX CTaHJAPTHBIX OOpa3llOB B CiIydae HCIOJIb30BAHUS HMCXOAHOTO IecKa IMocie
oOoramieHus! MyTeM MPOMBIBKH U oTMyunBaHusg Ha 7-9 %, a mocne 30 MHUHYT MOCIEIYIOMEH YIb-
Tpa3ByKoBoi 00paboTku Ha 10—15 % mo cpaBHEHUIO ¢ UCXOJIHBIM MECKOM. MaKkcUManbHOE 3Haye-
HUE TIpefiesia MPOYHOCTH 00pa3IoB, U3TOTOBICHHBIX TMOCTE MPOIEAyp OOOTaIleHUs: Ha CKaTHE —
32,4 MlIla, n3ru6 Ha — 5,127 MI1a.

B nannoit paboTe ObUIH MTPOU3BEICHBI OIICHOYHBIE PACUYETHI 10 OMPEICTICHHIO SKOHOMUYE-
ckoro 3¢ ¢eKTa Npu UCHOIH30BAHUN HCXOJHBIX U 00OTalEHHBIX MECKOB MECTHBIX KapbepoB Kyp-
KOBO M UepKachl ¢ IeNTbI0 OIICHKH BO3MOXKHOCTH W TEJIECO00Pa3HOCTH HMCIIOJIb30BaHMS €T0 dTOTO
MPUPOJIHOTO CHIPbsSI B CTPOUTENIBCTBE JIOPOT.

OKOHOMHUYECKUI 3(1)(26KT OT UCIIOJIB30BaHUs MECKa BTOPOro copTa 3Hp1, oOoraiteHHoro 3Hp2
U IIPOLIEIIETO OTTUTKY Dyp” ONPEEIIAIOT 10 hopmyie:

3Hp = t,Cy — t,Cy, py6’ (1)
rae Cy, Ci — CTOMMOCTH MaTepHANTBHBIX PECYPCOB M TPAHCIIOPTHBIX 3aTpart Uit KapbepoB Uepkacsl
u KypkoBo (py0.), COOTBETCTBEHHO, ty, ty — 00bE€MBI IPUBO3UMOTO HAa OOBEKT JOPOIKHOTO CTPOH-
TEJBCTBA MPUPOTHOTO TIECKA, T.
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3le =48827,12 - 34,48 — 48827,12 - 11,28 = 1132789,18 py0;
Ssz =48827,12 - 34,80 — 48827,12 - 11,63 = 1131324,37 py6;
3Hp3: 48827,12 - 37,21 — 48827,12 - 13,81 = 1142554,61 py0.

DKOHOMUYECKHUH APPEKT OT MPUTOTOBJICHUSI OETOHHOIN CMECH M3 TIeCKa BTOPOTO COpTa 9Hp1,
000raneHHoro 3Hp2 U TMPOILEIIIEr0 OTTUTKY 9Hp3 OTIpeeIIsAIoT 1o GopMmyie:

3le =08,8 -4827,17 —98,8 - 4631,18 = 19363,81 pyo;
Bsz =08,8 - 4827,17 - 98,8 - 4633,55 =19129,66 py0;
9Hp3 =08,8 - 4843,48 — 98,8 - 4648,30 = 19283,784 pyO.

B kauecTBe mpumepa mpuBeAeM CpaBHEHHE OOINEH CTOMMOCTH IEeCKa B Kapbepe MECTHOTO
MecTopoxkaeHus: KypkoBo, koTopas 3a c4eT TPAaHCIOPTHBIX 3aTpaT OKa3bIBACTCS HIKE, YeM s
necka u3 kapbepa Yepkacsl. COOTBETCTBEHHO, CTOMMOCTh I€JIEBOM MPOIYKIIMU TPOU3BOJUMON C
UCIIOJIb30BaHUEM I1eCKOB Kapbepa KypkoBo Oyner HUKe, 4eM NP KUCIIOJIb30BAHUHU MECKOB Kapbepa
UYepkacbl. DKOHOMHYECKUNA S(PQPEKT MONyuYEeHHBI MpU HCIOJIB30BAHUM TPH OTTHUPKE I[ecKa
(1142554,61 py0.) moka3bIBacT YJKOHOMHIO JICHE)KHBIX CPEJICTB MPHU MCIOIb30BaHUU Kapbepa Kyp-
koBo. OOuuii skoHOMUYecknit A3PHeKT mpu pa3zpadboTke necka cocrapisger 1135556,05 py6., nmpu
MIPOU3BOJICTBE TleMeHToOeToHa — 19259,08 pyo.

Ha ocHOBaHuU MpenCcTaBICHHBIX PE3yIbTaTOB MOKHO CAENaTh 3aKIIFOUEHUE O BO3MOXKHOCTHU
¥ HKOHOMHYECKOW IEeIeco00pa3HOCTH AONOTHUTEIBHOTO O0OTaleHUsT HEKOHAWIIMOHHOTO CHIPhS
MECTHBIX MECTOPOXKICHUN MTyTeM MPOBEICHUS TEXHOJIOTMUECKUX OMEpaluii OTMY4YUBAHHUS, OTTHPKH
M aKTUBAIMH MMOBEPXHOCTH YAaCTHUI] MPUPOJHBIX MECKOB. JTO OyIeT crocoOCTBOBaTh (POPMHUPOBaA-
HUIO OoJiee MPOUYHBIX CBSI3€H MEXAy KOMIIOHEHTaMU B COCTaBe OETOHHOIO KOHIJIOMEpara: MHUHE-
PaABHBIM 3aMOTHUTENEM (KBApIEBBIM MECKOM) U IIEMEHTHBIM BSDKYIIIUM, YTO CIIOCOOCTBYET MOBHI-
IICHUIO Ka4eCTBa 11E1€BOU MPOIYKIIMH U CHUKEHHIO €€ Ce0eCTOMMOCTH.

YK 316.74+316.32
JAET'YMAHU3ALIUA COBPEMEHHOI'O OBLHIECTBA
B YCJIOBUSIX MAKJTOHAJIbINU3ALINN
Iloceenuyk A. A.
benopycckuii nayuonanvuwvlil mexnHuueckui yHugepcumem
e-mail: anastasiaposvenchukw@gmail.com

Summary. McDonaldization is viewed as one of the types of rationality of social action that
spreads through globalization and other world trends. He penetrates into the socio-cultural crypts
of society, extending his principles to public consciousness and people's behavior. The dehumaniza-
tion of society occurs with the manipulation of public consciousness, coercion into certain social
actions, as well as with the irrational imposition of the fundamental principles of McDonaldization.

TepmuH «MakIoHAIBAN3ALM», BBEACHHBIA aMEPUKaHCKUM cormoiiorom /x. Puruepom, He-
CMOTpsI Ha CBOIO 00pa3HOCTh U METa(hOPUIHOCTH 03HAYAET COBEPIICHHO (hAaKTOIOTHUECKOE SBICHUE
— pacrpocTpaHeHHEe MPHUHIMIOB (QYHKIMOHUPOBAHUS UMIepun «MakaoHaIbIC» Ha COBPEMEHHBIN
MUD «H UX TIpeBpalieHne B (yHIaMeHTalbHbIE YCTAHOBKY MIPU OPraHU3aIluN OOIIECTBEHHOM KUZHN
[1, c. 222]. JIx. Putniep paccmMaTpuBaeT JaHHOE SIBIEHUE KaK TPAKTOBKY K TOHUMAHUIO COBPEMEHHBIX
COIIMANILHBIX JIEHCTBUIA OOIIECTBA K OTHOCHUT €T0 K TUITY PallMOHATBHOCTH. OCHOBHBIMU MPUHITUIAMU
MakgoHanpau3anuy, mno Jx. Putuepy, sBistorcs: 3¢ dexkTuBHOCTL (4eM Oosblie U ObIcTpee — TeM,
cuutaercs, nyudiie). CpeacTsa U METOJIbI PECTOPAHOB OBICTPOTO MUTAHUS U OOCTYKUBAHHS HAICIICHBI
Ha pean3allyio TaHHOTO TPUHIIMIIA, HAPUMEDP MMOCPEICTBOM PA3IMYHBIX aKIUK C OOJIBIIUMHU TTOP-
[USMH WK TAaKUX XUTPOCTEH KaK «HEYHAOOHbIE CHJICHHS, KOTOPBIE 3aCTaBISIIOT KIUEHTOB MOOBICTpee
€CTh U YXOAHUTH» [2, . 269]. MoxxHO paccMmarpuBaTh NPUHIUT 3(H(HEKTHBHOCTH KaK MEPexXo/1 MoTpe-
OUTeNs M3 COCTOSIHUS «TOJIOAHBIN» B COCTOSIHUE «CBHITHIIY, IPHU 3TOM « ‘MakIoHanbJIC” HE CTaBUT
nepesr co0oi 1e HAKOPMHUTh W3BICKAHHOM MHIIEH, OH MPOCTO JIENAET JIFOJACH CHITHIMHU 3a UX JICHb-
ri» [1, c. 222]; mpoCUUTHIBAEMOCTH («KOIUYECTBO CTAHOBUTCS CHHOHIMOM Ka4ecTBa. <...> KIHEHTHI
cetn “MakIOHAIBAC” ONUIYIIAIOT, YTO MPUOOPETArOT OOJIBIIOE KOJMYECTBO MHIIK 32 MPUEMIIEMYIO
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LIEHYy W HE TpaTs MHOro BpeMeHu» [3, c. 3]); mpeackazyeMocTb (MIEHTUYHOCTh TOBAPOB U YCHYT,
IpeAaraéMblX B Pa3HbIX MECTAaX 3€MHOTI0 1Iapa U B pa3HOE BPEMs); KOHTPOJIb.

['moGanu3amus sBiIsieTcss OMHUM U3 (PaKTOPOB CTAHOBIICHHS MAaKJIOHAIBAN3ALNHU, TOCKOJIBKY
KOMMYHMKATHBHBIEC CBSI3H PAa3HBIX YacTe MHpa, YHHBEPCAIBHOCTh HEKOTOPBIX KYJIBTYPOJIOIHYE-
CKUX aCIIEKTOB M pacIIMpEeHHE I'PaHULl JIUIsl SKOHOMHUYECKOTIO B3aUMOJIEHCTBUS CIIOCOOCTBYIOT pea-
JM3AlMU YEThIPEX BbIIIEIEPEUNCIEHHBIX (PYHKIMOHAIBHBIX IPUHIUIOB. VIHBIMU ClI0BaMH, JIHOH,
KOMMYHHUIIMPYS U3 Pa3HBIX TOYEK IUIAHETHl CO3AAI0T COIMAIbHBIE TPOCTPAHCTBO, B KOTOPOM 0a3u-
PYIOTCS HEKOTOpble HPUHLUIBI (PYHKIMOHMpPOBAaHUA. Takue TEHAEHUMM TIJI00aIu3aluy depes
IIPU3MY MaKAOHAJIbAU3alMY MOT'YT IIaryOHO BJIMATH HA MHJMBUYaJbHOCTb YEIOBEKA, TO €CTh «Jle-
T'YMaHU3UPOBATh» €ro, Kak nmomuepkuBaer L{pmkuna: «['mobanu3anusi MpoOU3BOAUT “HUYTO”, T. €.
(OpMBI, B KOTOPBIX YEIOBEYECKUE OTHOIICHUS JACTYMaHU3UPYIOTCs» [2, ¢. 270-271]. Ilox Takumu
dbopmamu cienyeT MOHMMAaTh OINPE/IEICHHbIE COLMATIbHBIE MIIM SKOHOMHUYECKUE B3aUMOJEeHCTBUS,
HaIpaBJICHHbIE HA MOJYYEHHE MAKCUMAJIbHON BBITOABI C JBYX CTOPOH M OTJIMYAIOIIEECs CUMYJIS-
TUBHBIM XapakTepoM. MHbIMU ClI0BaMM, CUMYJIATUBHBIA XapakTep AeicTBUI mposBiseTcs B obec-
YeJIOBEYMBAHUH, TaK KaK MPOJUKTOBAH MAOJOHHBIMHU HMPUHIIMIIAMU KOHTPOJIS U NPEICKa3yeMOCTH,
IJle Ka4eCTBO YXOIUT Ha 3aJAHUHN (CUMYJISTUBHBIN) IUIaH.

PaccMoTpuM cUMYISTHBHBIA XapakTep COLMAIBHBIX JEHCTBUI HAa IPUMEPE CUCTEMBI 00pa-
30BaHMs. MHCTUTYLIMOHATIbHASL (JOpPMa BHICILIET0 00Opa30BaHMsl, Ha COBPEMEHHOM 3Tale, XapaKkTepu-
3yeTcsi MHOKECTBOM MPAKTHK, KOTOPBIE MOTYT 3aMEHSTh 11eJ1eco00pa3HOCTh 00pa3oBaHus (OBIaze-
HUE Npo(ecCHOHAIBbHBIMU HaBbIKAMU M KOMIIETCHIMAMHU) Ha (popMann30BaHHOE NOJIYy4YEHUE pe-
3ynbTara (HampuMep — MOJdydeHue nauiuioMa). Hampumep, HEKOTOpbIE CTYAEHTHI, 0€3 UYeTKOro
IIPEJCTaBICHUS 11eJIeCO00Pa3HOCTH OCBOCHHUS 3HAHUN JIEHCTBYIOT IO MCKIIOUUTENBHO (hOopMan30-
BaHHBIM MpUHIUIAM: «ECiii OHM BBICTYNAIOT HA CEMUHApaX, TO 3a4acTyl0 HE JJISl TOro, YTOOBI 00-
CYAMTb C NPENoAaBaTe]eM U COKYPCHUKaMM IMPOOJIEMHYIO TEMY, @ YTOOBI UX BBICTYIJICHHE OTMeE-
TUJIM B KQ4E€CTBE JONOJHUTENbHBIX OAJUIOB K 3a4eTy WM dK3aMeHy» [1, ¢. 229]. Takue npuHLUIIBI
CBHUJIETEJICTBYIOT O CTpeMJIEHHMH K 3((EKTUBHOCTH, HaBs3aHHOW BHELIHEW cpenoi, TO eCcTh J0-
CTHKEHUE Pe3ysIbTaTa TOJIBKO «IJIsl pe3yJIbTaTa», HEB3Upas Ha ero KauecTBo. Takue cuMyJIATHBHbIE
JeUCTBUS MOXHO COIOCTaBUTh C MPAKTUKOH B pecTopaHax OBICTPOro MUTAHUS, Ybs MPOIYKLHUS
ynoTpeOsoTcs He I 00OoralleHrs KaueCTBEHHbIMU IMUTATEIbHBIMU CBOMCTBAMH U JJa)Ke, 4acTo,
He JUIsl BKYCOBBIX CBOMCTB, a JJIsi OBICTPOro MOTaleHus YyBCTBa rojoja (IpocTo pe3yapTara).

CrnenyeT OTMETUTD, CChUIAACh K TeME OOpa30BaHMsI, UTO LEJIEBbIE BEKTOPHI AESITEIbHOCTH
3JIUT MOTYT OBbITh HaNpaBJIEHbl Ha CO3/IaHUE MIMPOKUX MHCTUTYLIMOHAJIBHBIX IPOMEKYTKOB MEXKIY
MHTEJJIEKTyaJlaMi U pabouyuMU KjlaccaMu O0ILeCcTBa, JUIsl yIpaBiIeHUs MEPBbIMU HaJl TOCIEIHUMHU.
Kak rosopun beprpan Paccen-nopa (HoGeneBckuii naypear): «O6pazoBaHHe JOIKHO CIYKUTh TO-
MYy, YTOOBI TOCIIOJICTBYIOIIHME KJIACChl TEHETUYECKU BCE JAJIbLIIE OTCTOSIIM OT HU30B, a HU3bI ObLIN
MPUBEJCHBI K TAKOMY IOJIOKEHHIO, IIPU KOTOPOM y HHUX ObUIO Obl HE OOJIbIIE IIAHCOB BOCCTATh,
4YeM y OBell IIPOTUB Ipou3BoauTenel 6apanuHbl» [3]. U3 yero cieayer HaBsA3bIBaHUE pallOHANb-
HOCTH paboueMy KJIacCy, YTO U3MEHSET XapaKTep BOCHHUTATENIbHBIX OTHOILIEHH, a 3HAUUT YeJIOBe-
yeckue (rymMaHu3aluoHHble) oTHoweHus. . I'ped, onuH u3 npencraButeneil pOCCUNCKOMN 3IIUTHL,
Ha ’3koHOMHueckoM (opyme B 2012 roay roBopmit: «Kak TOJIBKO BCE JIIOJIM TOWMYT OCHOBY CBOETO
s, CAMOUICHTU(DULIMPYIOTCS, YIPABIATh, TO €CTh MAaHUIYJIUPOBaTh, UMU OyJeT 4Ype3BbIYANHO TH-
xeno. JIroau He XOTAT ObITh MAaHUITYJMPYEMBI, KOT/1a OHU UMEIOT 3HaHus» [4]. Takue cioBa cBuje-
TEJIbCTBYIOT O COBPEMEHHBIX COLMAIbHO-IKOHOMUYECKUX MPUHIMIAX PEryJsluud o0pa3oBaTeib-
HBIX CTPYKTYp, KOTOpbIE JETYMAaHU3UPYIOT OOIIIECTBEHHBIE OTHOILIEHHSI, CO3/1aBasi MOAUYMHSIOMINNACS
KJIacC «pOOOTOBY», HE BCETIa CO3HATEIHHO MOAYMHSIONINXCS, TPUKa3aM dJIUT.

Takum 00pa3om, MakAOHAIBIU3AIMS SBISIETCS OJHUM U3 TUIIOB PAllMOHATIM3AINU, KOTOpast
pacnpocTpaHseTcs yepe3 Tiao0anu3auio U Ipyrue MUpoBble TeHIeHIIMU. OHa IPOHUKAET B COLMO-
KYJIBTypHBIE CKJIEIIBI OOIIECTBa, PACIPOCTPAHsS CBOM NPHHIMIBI Ha OOLIECTBEHHOE CO3HAaHHUE U
noBejieHue Joned. Jlerymanuzanusi o0liecTBa MPOUCXOAUT MPU MAHUITYNISIMHU OOLIECTBEHHBIM
CO3HaHWEM, NMPHUHYXKIECHHUIO K TEM, WM MHBIM COLUAIbHBIM ACUCTBUSM, a TaKXe MNPU UpPpaLuo-
HaJIbHOM HaBSI3bIBAHUM OCHOBOIIOJIATalOIINUX MPUHIUIOB, Kak o0bscHseT k. Putuep Ha npumepe
Oropokpatun: «HecMoTpst Ha BCce CBOM MPEUMYIIIECTBA, OIOPOKPATHUS CTPaZaeT OT UppalMOHATbHO-
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cTu panuoHaibHoro. Kak u pecropansl dact-pyna, 610poKpaTuss MOXKET OBbITh AeTyMaHH3UPOBaH-
HBIM MECTOM PaboThI 1 oOcmykuBaHus» [S]. B Takux 06cTOATETHCTBAX 00IIECTBO CAMOCTOSTEIHHO
3aKOBBIBAET CEOS B OKEJIE3HYIO KIETKY» COLMAIBHBIX U SKOHOMHUYECKUX OIpAaHHUYCHHM, I/1e «KIeT-
Ka» TPEACTaBIsIeT COO0 BOCIIUTATENLHYIO CHCTEMY. BaKHO OTMETUTh, YTO OTACIbHBIE OCOOCHHO-
CTH MEHTAJIUTETOB, COLMOKYJIBTYPHBIX YCIOBUH MOTYT CIY)KUTh MPEMATCTBHEM IS (PYHKIMOHU-
POBaHUS OTACTHHBIX PUHITUIIOB MaKIOHAIBIM3AINN B Pa3HBIX CTPAHAX.
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YK 621.311
OCHOBBbI NOJIMTUKHU DHEPI'OCBEPEXXEHMUS ITPOMBILIJIEHHBIX
NPEANPUSTUNA PECITYBJIUKHU BEJAPYCb. DJJEKTPOSHEPI US
Ilomouyxas K. O.
benopyccruii nayuonanvrovlil mexHuueckui yHugepcumem
e-mail: patotskayak@gmail.com

Summary. The energy saving policy is an integral part of the overall development strategy of en-
terprises and is consistent with the Directive of the President of the Republic of Belarus No. 3 of
June 14, 2007 “Economy and thrift — the main factors of economic security of the state ”. The main
goal of such a policy is the implementation of measures for the comprehensive modernization of
power plants and boiler houses, electrical and thermal networks of organizations that are part of
GPO “Belenergo”.

[TonsiTne «3HEprocOeperaromas MoJIUTHKa» cPopMHUpoBaiack B benapycu HECKOJIBKO JIeT
HazaJ. DKOHOMHUS TOINIUBHO-3HEPIreTUYECKUX PECYPCOB M NMPOU3BOAMMOMN HAa UX 0a3ze IHEPrUH sB-
JsieTCs NPUOPUTETHBIM HalpaBJIEHUEM MTOJUTHKH dHeprocoepexenus Pecnyonnku benapyce.

OCHOBHOH 11€NbI0 TPOBEACHUS U pean3aly dHepreTuueckor noautuku PecnyOnuku be-
Japych BISETCA oNpeaeseHre myrei U GopMUpPOBaHNE MAaKCUMAIbHO 3((EKTUBHOIO UCIIOIb30Ba-
HUS TOIUIMBHO-DHEPreTUYECKUX PECYPCOB M IPOU3BOACTBEHHOTO NOTEHIMAIA TOIJIMBHO-
HHEPreTUYECKOro KOMILIeKca JUIsl HaJIe)KHOTO M 0€30MacHOro obecrnedyeHus oTpaciaeil SKOHOMUKU U
HACEJIEHUs] YHEPrOHOCUTEISIMU IIPU COXPAHEHUU TPEOYEMbIX SKOJIOTMUECKUX YCIOBUM.

B Hacrosiee BpeMsi BOIIPOC dHEProcOepekeHUs] Ha MPOMBIIIJICHHBIX MPEANPUITUAX HAOH-
paeT orpoMHbIE 000POTHI. DTO CBSI3aHO HE TOJBKO C IMOCTOSHHBIM POCTOM IIEH Ha 3JIEKTPUYECTBO,
TEIUIO M SHEPrOHOCUTENH, KOTOPbIE MPOMBIIUIEHHBIE TPEANPHUATHS MOTPEOISAIOT B KOJIOCCATBHBIX
KOJIMYECTBAaX, HO TaKkKe U C HEOOXOAMMOCTBIO COKpAIEHUS MCIOJIb30BAaHUS TOIUIMBHO-
JHEPreTUYECKUX PECYPCOB.

bonpiias 4acTe TEXHOJIOIMYECKUX IMPOLIECCOB HA MPEAIPUATHAX MPOUCXOAAT € MCIOIB30-
BAHMEM DHEPrOHOCHUTEIIEH Pa3IMYHOIO BUJA U Ha3HA4YCHMs. B KauecTBe SHEpropecypcoB yale Bce-
r'0 Ha NPEANPHUITHH UCIIOIb3YIOTCS BOJA, TEIIO, SJEKTPOIHEPT U U BO3IYX.
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Ha obGecnieuenne mpon3BOICTBEHHOTO MPOLIEcca U CoJlepKaHue 31anuii 3atpaunBaercs 10 30 %
3aKyIaeMbIX SHEPTETUYECKUX PECYPCOB M BOJIBI. DTH 3aTPaThl CKJIABIBAIOTCS U3 3aTpaT Ha OTOIUICHUE
Y OCBEIICHUE 3/ITaHHM, XO3IHCTBEHHO-TIUTHEBOE BOIOCHAOKEHUE U IPYTHUX TOUYEK 00CCIICUCHHS.

MeponpusaTusi M0 KOHOMHUH AJIEKTPOIHEPTHH JOJDKHBI HOCHUTHh KOMILJIEKCHBIH XapakTep.
O PeKTUBHOCTD MPUHSITHIX MEP 3aBUCUT OT Ka4eCTBa MPOBEICHHOTO YHEPTroayIuTa MPeANpUsTUs U,
KOHEUYHO, OECIPEKOCIIOBHOTO BBIITOJTHEHHUS MPEINUCAHUA SHEPTOayIUTOPOB IO BOMPOCAM DKOHO-
MUU JIEKTPUIECKON YIHEPTHH Ha TIPOU3BOJICTBE.

K nanbonee 3ppekTHBHBIM METO1aM SHEProCcOSPEIKEHUSI MOYKHO OTHECTHU CIICAYIONINE:

1. YcraHoBka nmprOOpOB ydeTa JICKTPOIHEPTUH C BBICOKUM KjiaccoM TOYHOCTH (1,0 U BbI-
ie). ITO MO3BOJUT U3MEPATH KAa4€CTBO JICKTPOIHEPTUH U BEJIMYUHY MOIIHOCTH, XPAHUTh JaHHBIC
0 YYETY JEKTPOIHEPTUH JITUTEIILHOE BPEMSL.

2. YcTaHOBKa pa3HOro poja AaTYUKOB: MMPUCYTCTBUS, ABMIKEHUE, pesie BpeMeHH. [1o3Bomser
3KOHOMUTH OT 30 % 3aTpar Ha IEKTPOIHEPTUIO 32 CUET COKPAIICHUS PAOOTHI OCBEIICHUS.

3. Ontumwu3anus padoThl IPOU3BOJACTBEHHOTO 00OPYAOBaHUS MyTEM YCTAaHOBKH YaCTOTHO-
PETYIUPYEMBIX IPUBOJIOB IJIsI YIIPABICHUS dJICKTPOIBUTATEIICH, KAYECTBEHHBIX YCTPOMCTB IJIaBHO-
ro Mmycka o00pyI0BaHUs, HEOOXOAUMBIX JJISI CHH)KEHHUS BEPOSITHOCTH IEPErpeBa U MOJIOMKH JJICK-
TPOJBUIATEIICH.

Takum 00pa3om, Ha JaHHBI MOMEHT SHEProcOEPEKCHHE SBIISCTCS TPUOPUTETHOM 3a/1a4eH,
TaK Kak TMO3BOJISICT CHIDKATh HArpy3Ky Ha OFOJDKET MPEANpHUATHS B TepBYIO ouepens. OmHAKo, 3Ta
npoOjieMa He MOXKET OBITh PEIIeHa TOJbKO TEXHUYECKUMHU cpeAcTBaMu. sl peaausamnuu mocTaB-
JICHHBIX 33/1a4 HEOOXOIMMO HAIMYUE KOMILJICKCHOW CUCTEMBI YIIPABIICHUS YHEPTONOTPEOICHUEM |
AHEPTrOCOEPEIKCHUEM.

YK 58.084.1: 552.578.2
HCCJIEJOBAHME BJUSAHUSA HE®TH HA XUMHUYECKHUH COCTAB 1
MOJIEKYJISIPHYIO CTPYKTYPY KOPHEM M JIUCTHEB PACTEHUM
Cunue Kysnxa Anexanopo Pad)aaﬂbl‘z, ®éoopyes P. B.?
HayuonansHuiii yenmp onmuyeckux mexHoao2ui,
benopycckuit nayuonanbhviii mexHuueckul yﬁueepcumem2
e-mail: alejandro.silie@gmail.com, feodrw@gmail.com

Summary. The influence of oil on the molecular structure and chemical composition of the leaves
of several plants through the root system during their growth was analyzed. The results of the ex-
periments showed structural changes and leaf color after 1.5 months.

MHorue nymaroT, 4To He()Th YK€ MHOTO JIET SBISETCS ChIpbeM, M3 KOTOPOro MPOMU3BOIAT
TOJIBKO TOIUIMBO: COJISIPKY, O€H3UH, KepocuH  T. 1. OfHaKO, CTaTUCTHKA MOKa3bIBAET, 4TO Ooee
16 % noObIBacMBIX YIII€BOAOPOAOB €KEr0HO HAMIPABISAETCS B COBEPILIEHHO Pa3HbIE OTPACIIH.

OOBbeMHSIONMM CBOWCTBOM HE(TSHBIX YIIIEBOJIOPOJIOB SIBISIOTCS TPU OCHOBHBIE TPYIIIIHL:
metaHoBast CpHans2 (ankansl); HadTeHOBast CyH2, (IMKIAHBI) € KUAKUMH COCTABIISIONIMME: TIEHTaH
CsHip, Tekcan CgHiq u T. 11.; u apomatmueckas CyHyn s (apensl): 6enzon CgHg n ero romosiory.
PaznuuaroT ajkaHbl HOPMAJIBHOTO CTPOEHMs (H-aJIKaHbl — MEHTAaH U €ro TOMOJIOTH), U30CTPOCHHUS
(n30ankanbl — u3onentan CsHiz ¥ Ip.) U U30MPEHOUHOTO cTpoeHus (n3onpensl — npuctan CigHyo,
¢utan CyoHaz 1 ap.). YcTaHOBIEHO, UTO B YCIOBUSAX 3arpsA3HEHUS] PACTUTEIBHOM PUPOTHON Cpeabl
YIIIEBOJAOPOAAMHU MPOUCXOAUT CHIDKEHHE MUTMEHTOB, OTBEYAIOIIMX 32 (POTOCHHTETHUYECKYIO aK-
TUBHOCTH, TIOBBIIIACTCS CO/AEP)KaHHE aHTOIIMAHOB, AMUHOKHCIIOT, aCKOPOMHOBOW KHCIIOTHI, pubO-
(raBrHA, aKTUBUPYIOTCS TIEPOKCHIA3bI U ToudeHonokcuaasbl. [Ipu koHneHTpanusx Hedtu 4 1 Ha
1 M® ¥ BBILIIE, CYIIECTBEHHO CHIKASTCS KONMUECTBO 0OPA30BAHNS HOBOW KOPHEBOH CHCTEMBI pac-
teHnit. Cripas He()Th CHIILHO pa3IHMyaeTCs M0 CBOUM (DM3UYECKHM M XUMHUYECKUM CBOWCTBAM B 3a-
BUCUMOCTH OT reorpa)uyeckoro MeCTOIOJIOKEHUS M pernoHa. Llenb sKcrepruMeHTalbHBIX HCCIie-
JOBaHUI 3aKJIF0Yaiach B OIIEHKE BO3JCHCTBUS KUIKOH HEPTH HA MOJICKYISIPHYIO CTPYKTYPY M XH-
MHUYECKUH COCTAB JIMCTHEB PA3IUYHBIX PACTEHUH Uuepe3 KOPHEBYIO CUCTEMY B IPOLIECCE UX POCTA.
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B sTOoM MccnenoBaHUM MCHONIB30BAIMCH 00pa3ibl pacTeHUil: 3 pacTeHUs] KUTAHCKOW PO3bI
(I'mbuckyc) u 3 pacrenus numona (Jlaiimksar) (1 KOHTpOIBHBIN, | JUIst BO3eHCTBHS HE()TH MTPOU3-
BojcTBa PO, 1 st onienku Bo3neiicTBus HedTH npousBoacTBa PB). MeTtoanka npoBeneHus 3KcIie-
pUMEHTa 3aKiroJanach B cieayronieM. [Ipo3padnblii HUIMHAPUYECKUN TUIACTUKOBBIM KOHTEHHED
MMeJl OTBEPCTHUS HA PACCTOSHUM | CaHTUMETpa JIpyT OT JIpyra 1o 0oKaMm LHMWIMHJPA, a MIIACTUKOBBIN
[JIAaHT ObUI IPUKJICEH K KPBILIKE [UJIMHIPUUYECKOr0 KOHTeHHepa cBepXy. B mpo3paunyro miactu-
KOBYIO €MKOCTb CHauaja HacChIaJyd KaMHHU Ha BBICOTY 4 CaHTHMETpa, 3aT€M IOJIOKUIM YEPHYIO
TKaHb, JJaJIEE€ HACBINIAJIM IIECOK HA BBICOTY 5 CAHTHUMETPOB, IT03KE BBEIM LIMJIUHAPUIECKYIO EMKOCTb
Y TIOMECTWJIM B IIGHTP, 3aTeM JOCHINAIHN €Ille TecKa 0 TeX Mop, IO0Ka KOHTEHHep He ObUI MOKPHIT
IIPUMEPHO Ha 2 CaHTMMETpPa BBICOTHI KOHTEIHepa, oOlias BbIcOTa necka cocraBwia 10 caHTUMeET-
pOB, Jajiee MOMEIAIN pacTeHue, U CpeJa pacTeHUsI CHOBA ObLIa 3aroyIHeHa YI00pEHHBIM TPYHTOM.
Pactenue nonuBanu Kaxable Ba JHA B CAMbIM JKapKUW JIETHUN NEPUO U Kaxble 4 THS B CaMbIi
XOJOAHBIN nepuo. Uepe3 Tpu Mecsia B KaX/Iblii U3 TOPIIKOB HAIWIX 1O 1 1 HEQTH, ABYM OIIBIT-
HbIM oOpa3uam ganu 1o 1 11 Gesnopycckoit He(TH Ha Kax/10e pacTeHHe (JIMMOHHOE pacTeHHe U KH-
Taiickas po3a), a ABYM JIpYTUM oOpaslam Aaji Mo JIUTPY POCCHICKON He(TH Ha KaXI0e pacTeHHE
(IMMOHHOE pacTeHue U KUTalcKas po3a). Pe3ynbTaThl 3KCIEPUMEHTOB MOKA3aJIl CTPYKTYPHBIE U3-
MEHEHHsI U OKPACKy JIMCTheB yepe3 1,5 mecsina (puc. 1).

Hed1s Poccuiickoi Hedtb Pecnybankn
Degepanun Beaapych

[ S

Pacrenue Kontpoabsubiii O6pa3zen

JlaiMKBaT
29/09/2022

JlaiMKBaT
10/10/2022

JlaiMKBaT
03/11/2022

Kuraiickas
po3a (I'u-
0ucKyc)
29/09/2022

Kuraiickas
po3a (I'u-
0uckyc)
10/10/2022

Kuraiickas
po3a (I'u-
0uckyc)
03/11/2022

Pucynok 1 — Pe3ynbprarsl 5KClIepuMEHTOB
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Metonom PamanoBckoi#l cnekTpockonuu Ha obGopynoBanuu komnanuu Confotec MR200
«SOL Instrumentsy» BBISIBIEHBI TUTMEHTHI YYaCTBYIONTHE B (POTOCHHTE3E M SBISIOIIUECS €TO IBe-
TOBBIM MHAMKATOPOM: XJIOpodmuisl A u B, B-kapoTHHOUABI, GUKOIPUTPOOUIHH, (PIABOHOHUIIBI U
anTormanbel. IlocpeactBom mporpammuoro obecmeuenuss NanoSP  (panorama RAMalyze
LabCognition Analytical Software GmbH & Co. KG) npoBezien aHanu3 mojiy4eHHbIX pe3yabTaToB
B BUJIUMOM CIEKTpajbHOM Juarna3one 532—785 um. Ilociie mpeoOpa3oBaHusl U3MEPHUTEIIBHON IIIKa-
JIBL CM B HM, M [OCIEYIOIIEr0 aHATH3a MIOTydeHHBIX Pe3yIbTATOB, OBITH BBISBICHBI CICLYIOLIHE
OCHOBHBIC yriiepoaHble opranudeckue coeaunenus (YOC): — npucyrcrBue 10-25 % memmono3st
(Cellulose) Bo Bcex uccneayeMbix oOpasuax (oopa3yer 000JI0UKy PaCTUTENBHBIX KIETOK U3 CTPYK-
TYPHBIX OCTATKOB [-TIIIOKO3bI, COCIMHEHHBIX B JHHEHHBIE MakpoMoiiekyasl (CgHi19O0s)n); — Oerta
kapotul (f-Carotenoids) (CsoHsg) HecTaOMIIbHBI AHTHOKCHUIAHT, 3AlUINACT KJICTKH OT IOBpPE-
MKJIAOIEro JIEHCTBUS CBOOOJHBIX PAJAMKAIOB U MOJAEPKUBAET BOCCTAHOBUTENIbHbIE MPOIECCHI; —
¢denmnmmpomnanoun (Phenylpropanoid) (coemunenus Cg—Cs psina) THUAPOKUKOPUYHBIC KUCIOTHI U
CHUPTHI, (PEHUINPOIICHBI, a TAK)KE KyMapHHbI, H30KYMapUHbI U XpOMOHBL. DeHMINPOnaHOUIbl MO-
T'YT COCAMHATHCS MEXTY co00M 1 00pa3zoBbiBaTh aumepbl (Cs—Cs)s.
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Tan J{ynawn, Ban Munwoanv, bonoapenko C. H, Pyonos B. C.
benopycckuii nayuonanvuelii mexnuueckuii ynusepcumem
Ypanvckuii pedepanvrviil ynusepcumem umenu nepgozo Ilpesudoenma Poccuu b. H. Envyuna
e-mail: tangdy8@gmail.com

Summary. Microcracks in the cementitious matrix are difficult to detect and repair until they ap-
pear on the surface. The binder in the microcapsule can repair the internal microcracks in a short
period of time, and shows good repair effect in improving the strength and pore structure of the
cementitious matrix, but the repair effect is not good for secondary cracking and surface cracks. In
this paper, a physical model based on microbial mineralization cement substrate is proposed
through a large number of literature reviews, so as to provide a basis for subsequent simulation
research.

TpanunroHHbIE PEMOHTHBIE U apMUPYIOITHE MaTEepHaIbl B OCHOBHOM BKJIIOUYAIOT MaTepua-
JIbl HA OCHOBE LIEMEHTA U OpraHuyecKHe MoJIMMepHble MaTepuainbl. [1o cpaBHEHHIO ¢ OpraHM4eCcKH-
MU MaTepHallaMH, MaTepuajbl HA OCHOBE I[EMEHTA SBJSIOTCS HEIOPOTUMU, HETOKCUYHBIMH U UME-
IOT XOPOIIYI0 COBMECTUMOCTh ¢ OETOHHBIMH 0a30BbIMH CITOSIMHU [1]; 0JHAKO pacTpecKHBaHUE, BbI-
3BaHHOE HEPAaBHOMEPHBIM M3MEHEHHEM COOCTBEHHOTO 00beMa, CEPhE3HO CKA3hIBACTCS HA PEMOHT-
HOM 3¢ GeKTe U T0JATOBEYHOCTH KOHCTPYKIIUU MaTtepuana [2—3], u TeKylie Mephl 10 yIydIIeHUIO
TaKKe UMEIOT OTPEJICIICHHBIC SKOJIOTUUECKHe orpaHudeHus. [1oaToMy cymiecTByeT octpasi HE00Xo0-
JUMOCTh B TPEUIOKEHUH HOBOTO THUIA BBICOKOTPOM3BOAUTEIHHONW TEXHOJOTMH TMOBBIIIECHUS d(-
(EeKTUBHOCTH TEXHUYECKOTO OOCTYKUBAHUSI.

MukpoOHOEe WHAYIIMPOBAHHOE OcaxaeHue kapOonara kambius (MICP) mpencrasnser co-
00if MUHEpaIM3alUI0 MHUKPOOPTaHU3MOB B MpoIlecce MeTaboIM3Ma, a TMOJyYeHHBIH KapOoHAaT
KaJbIUs TPECTABIISAET COOON OPraHO-HEOPTaHWYECKUII KOMITO3UT C OTIUYHBIMH aJr€3MOHHBIMH U
YIUIOTHUTEILHBIMU CBOMCTBaMHU. B KadecTBE HOBOI DKOJIOTHYECKH YHCTON TEXHOJIOTHH MHUKPOOHOM
Munepanuzauun MICP ycnemHo npuMmeHsieTcst Il peMOHTa U yJy4IlIeHHUs] U3BECTHSKA, THIICA U
JIPYTUX CTPOUTEITHHBIX MATEPHAJIOB JJIsi TIOBBIMIEHUS MX YCTOWYMBOCTH K aTMOC(HEpPHBIM BO3JCH-
CTBUSIM.

B nanHOM wmccnenoBaHuUM onpeserneH 3anuTHbIN yeunuBarommil a¢pdext MMXII na mare-
pHaJIbl Ha OCHOBE I[EMEHTa MyTeM YTEHUs JIUTEPATYPhl, CBA3aHHON ¢ METOJOM MOTPYXEeHUS B Oak-
TePUATBHYIO KUJIKOCTh, MPOAHATN3UPOBAHA aJalITUBHOCTh MEXIY MUKPOOHONW MUHEpaU3aIuen u
[IEMEHTHOW MaTpHIleid, 00CYKEHO BIMSHUE MUTATENBHBIX BEIIECTB HA MUKPOOHBIA POCT U TOBE-
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JIeHHe MUHEpAIN3aluH, POAHAIN3UPOBAHBI COCTaB U MUKPOMOP(HOJIOTHYECKasi CTPYKTypa MHUHE-
pPAIM30BAHHBIX MPOAYKTOB MHUKPOCKOMMYECKUMU METOJAMU HCHbITAaHU, BBISIBIEH MEXaHU3M MHU-
HEepaIM3alid MUKPOOPTaHU3MOB B MaTepHallaX Ha IIEMEHTHOW OCHOBE, CO3/[aH aHAJH3 TeOpeTHYe-
CKOH MOJIENH.

Munepaiuzanusi MUKpPOOPTaHU3MOB B MaTepHajax Ha OCHOBE IIEMEHTA SIBIISIETCS CIOKHBIM
MIPOLIECCOM, KOTOPBIA KOHTPOJIUPYETCSI MUKPOOHBIM METa0OJIU3MOM, C OJJTHOM CTOPOHBI, U CIEAYyeT
(U3NKO-XUMHUYECKUM 3aKOHAM 3apO’KICHHUS MUHEPAJIOB C APYrOl CTOPOHBI.

[Tocne Toro, Kak EMEHTUPYIOLIUN MaTepual MOTrPyKarT B MUKPOOHBIN MUTATEIbHBIN pac-
TBOP, KOMIIOHEHTHI OaKTePHATIbHON XKUIAKOCTH UM YHIUPYIOT U3 MTOp MaTepHaja B MaTepua (puc.
1). [logxoasiue KOHIEHTPALUU COJIE MOYEBUHBI M KaJbIUsl B MUTATEILHOM pacTBOpe oOecreyu-
BAIOT UCTOYHUK HEOPTaHMYECKOTO a30Ta U HEOPTaHUYECKUX COJIeH, HEOOXOAUMBIX Ul pOCTa MUK-
po0OB, a TakXe T'MJIPOJIU3 U MCTOYHUKH KajbIMs AJIs cieayrouleil craauu muHepanuszauuu. Cra-
OUJIBHO pacTyIe MHKPOOPTaHU3MBI OyIyT MPOIYLUPOBATh ypeasy, KaTalu3HpOBATh THIPOIH3
MOYEBHHBI, TEHEPUPOBATh KapOAMUHOBYIO KHCIIOTY U aMMHaK, a KapOaMHHOBasi KMCJIOTa CaMOIPO-
M3BOJIBHO THIPOJIM3YETCS ¢ 00pa30BaHMEM aMMHaKa M YTOJIbHOW KHUCIOTHI; 3aTeM YrOJbHYIO KHC-
JIOTY ¥ aMMHaK JIOMOJIHUTENIBHO pa3jaraioT ¢ MoJdy4eHrneM OUKapOOHATHBIX HOHOB, IPECC-UOHOB U
THJIPOKCHUA, YTO MIPUBOAMT K yBenuueHuto pH oxpysxatomiei cpensl 1 oopazoBanuio CO3 — 2, xo-
TOPBIi, B CBOIO OUYepe/b, pearupyeT ¢ agcopoupoBanHbiM CO3 + 2 Ha cTeHKe MUKPOOHOM KIIETKHU C
oOpa3oBaHueM ocajika kKapOoHarta Kanblims (puc. 1).

HcxonHoe oOpa3oBaHHe MPOTOTUIIOB KapOOHATa KalbLUsS MPEICTaBiIsieT cO00i COObITHE
¢a3oBoro nepexozaa, KOTOPOE NPOUCXOTUT B CHCTEME PACTBOPA, TO €CTh MOJIEKYJIBI PACTBOPEHHOTO
BEIIECTBA M3MEHSIOTCS M3 JKUIKON (a3pl B TBepayr0 (a3y, COMPOBOKIAIONIYIOCS YMEHbIICHUEM
CBOOO/IHOM SHEPIUU.

Kap6oHnat xanbiusi SMOpUOHBI HAXOAATCS B TEPMOJUHAMUYECKOM METacTaOUIBLHOM COCTO-
SIHAH, W JUIsi 00pa30BaHUsS CTAOWIBHBIX U IOCTETICHHO PACTYIIMX KPUCTAUIOB HEOOXOIUMO TIpe-
0Jl0JIeBaTh OompejeseHHble npensatcTBust; [loatomy kapOoHaT kanblus, 00pa30BaHHBIA MHUHEpAIH-
3alueil, Jierye BBIPAIIMBATh M KPUCTAUIN30BATh BAOJIb [EMEHTHO-KAMEHHOW IOJIOKKU B MOpax
Matepuana (puc. 1), yTo Takxke BUAHO U3 quarpammbl SEM 1ieMeHTHOH cycrieH3uu, OOJbIIoe KO-
JMYECTBO MUHEPAJIOB KapOOHATA KaJIBIHsI MPUKPEIUIACTCS K IIEMEHTHO-KaMEHHOH TOJIOKKE U pac-
TET B HANpaBJIEHHOM pacloJIOKEHUH, AeJasi MUKPOCTPYKTYpy OoJjiee IIIOTHOM, TeM CaMbIM YCHUIIH-
Bas apMUpPOBaHHE MaTepHalia Ha IIEMEHTHOW OCHOBE.
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Summary. Provided that the quality of road machinery is ensured, with the help of environmental
protection construction technology, environmental pollution caused by road construction can be
minimized. Due to the importance and feasibility of the development of environmental construction,
it provides a theoretical basis for the application of environmental construction technology in prac-
tical design.

JloposkHasi TEXHUKA UTPaeT KIIOUYEBYIO POJIb B Pa3BUTUN YpOaHU3ALMU CTPAHBI, YTO MOXKET
3¢ (GEKTUBHO YIYUIIUTh HAIIMOHAIBHYIO 3KOHOMHUKY, YBEJIMUUTh MaTepHaabHble U KyJIbTYpHbIE I10-
TpeOHOCTH JIFO/IeH, TIOBBICUTH COLMAIBHYIO TIPOU3BOIUTEIHLHOCT. Boo01IIe ToBOpS, Iepro CTPOU-
TEJbCTBA JOPOTU OYEHb JJIUTEIbHBIHN, U MIPOLECC CTPOUTENHCTBA HEN30EKHO BBI30OBET pacTpaTy pe-
CYPCOB, HallpUMep, BO3EHCTBUE CTPOUTEIBLHOIO MyCOpa Ha OKPYKAIOIIYI0 9KOJIOTHYECKYIO Cpeay,
CHIDKEHHE MOTpeOJIeHHs] HEBO3OOHOBIIIEMBIX PECYPCOB M T. JI., HEOOXOIMMOCTh HCIOJIb30BAHUSA
OoJiee HAYYHBIX U Pa3yMHBIX TEXHOJIOTHH B MPOIIECCE CTPOUTENLCTBA ISl CMATYCHUS PECYPCHBIX U
HKOJIOTUYECKUX MPOOJIeM, a TEXHOJIOIHS CTPOUTENbCTBA OXPaHbl OKPYKAIOLIEH Cpeibl OYeHb Hep-
CIIEKTUBHA.

TexHONOrMsl CTPOUTENLCTBA IO OXpaHE OKpykaroule cpenasl. Ha srtame niaHupoBaHUs
HE00X0MMO C(HOPMYITHPOBATH OJPOOHBIE METOABI CTPOUTENHCTBA U MEPHI YIIPABJICHUS OXPaHOU
OKpY’KaroIlel cpelibl, a TAK)Ke 3Tanbl CTpouTeabcTBa. HayuyHoe U pazyMHOE IIaHHPOBAaHUE CTPOU-
TEJBHBIX MMPOEKTOB TO3BOJISIET HE TOJIBKO 3AIIUTUTH OKPYKAIOIIYIO Cpely, n30eXaTh TPaThl pecyp-
COB, HO U COKOHOMHUTH 3aTpaThl Ha CTPOUTENILCTBO IpoekTa. Hampumep, B OTBET Ha mpoOiembl
OXpaHbl OKPYKAIOLIEH Cpelibl KOHTPOJIb U 00pabOTKa MBUIM HA CTPOUTEIBHOM ILIOIIA/KE, yIAICHHE
OTXOJIOB, IIYM M HCIIOJIb30BaHHE BOJHBIX PECYPCOB SBIAIOTCA OOLIMMM MpoOJieMaMH B Mpoliecce
CTPOMTENBCTBA, YTO JOMOJHUTENBHO OTPaXKaeT BAXKHOCTh IKOJIOTUYECKH YHCTOM TEXHOJIOTUU CTPO-
UTENBCTBA.

[Ipy 1OPOXKHOM CTPOUTENBCTBE CHPOC Ha BOAYy orpomeH. CoxXpaHEHHE U PEeLUpPKYJISLUs
BOJIHBIX PECYpPCOB Ha CTPOMTEIBHOH IUIOLIA/IKE ABIsSETCS O4eHb 3((PEKTUBHON MEpOH Mo 3ammure
BOJHBIX PECYpPCOB, OCHOBHBIMHU TPEOOBaHUSAMH K OCYIIECTBICHHUIO IPUPOJLOOXPAHHBIX COOPYKEHUIN
SBJISICTCS HE CTOYHBIE BOJIbI, IPU 3TOM 3()(PEKTUBHO UCHOB3YA JOXKIEBYIO BOJY C KpPBIIIK M OCa-
XKJICHHE B JAPEHAXHOW KaHaBe MOCJIE OYMCTKH, 3TU BOJbI MOXHO MCIOJB30BaTh AJIs pa3OphI3rHUBa-
HUS BOJBI HAa CTPOUTENBHOM IIJIOLIA/IKE JIs1 YMEHBILIEHUS [IbUIN, CMBIBA TYaJe€TOB, OUUCTKH TOPOXK-
HOTO MOKPBITUA U T. 1., TEM CaMbIM CHI>Kasl MIOTPEOHOCTh B BOJHBIX PECYpCaXx.

B mporiecce crpoutenscTBa HEM30€KHO 00pazyeTcs MblIb MPU TPAHCIIOPTUPOBKE 3€MITH, CTPO-
UTENbHBIX MaTepHaoB, CTPOUTENILHBIX OTXO/IOB U CTPOUTENILHBIX MHCTpYMEHTOB. HeoOxommumo obec-
MEYUTh JIOCTATOYHBIE CTPOrME Mepbl IUIOMOMPOBAHUS Ul OOECIEeUYEeHHs YHUCTOThl TPAHCIOPTHOTO
CpeaCTBa, a 0aK aBTOMOMKM HEOOXOJUMO YCTaHOBHUTBH B BBIXOJHOM IIOJIOKEHUM; a B IIPOLIECCE 3eMIIe-
POMHOrO CTPOUTENIBLCTBA, PACIIBIIIEHUS BOZbI, BDEMEHHOI'O OTPaXK/IEHNs, COOTBETCTBYIOIIETO MMOKPHITHS,
3aTBEp/JEBaHMs IPYHTA, 3aMKHYTOI'O IIPOCTPAHCTBA U T. [I. CIEAYET UCIOIb30BaTh Ul OOPHOBI ¢ Bellle-
CTBaMH, KOTOpBIE JIETKO BBI3BATH MbUIb; a BEIOPAChIBAaTh MbUIb U BHICOTOM B CTPOUTENIBHOI 30HE 3Haue-
HHUE HE MOXKET ObITh Oosblie 1,5 M, €cM MbLIb paclpoCTpaHseTcs 3a Mpeieibl CTPOUTEILHON 30HBI,
CIIelyeT HEMEJIEHHO 3aHSTh ITyTh PACIbUIEHHS BOJBI Ul yMEHBILIECHHUS ITbUIH.

CTpouTensCTBO JOPOT MHOTA BEIETCS B HOUHOE BpPEeMs, T03TOMY TpeOyeTcsi MHOI'O OCBETH-
TEJILHOTO 000PYAOBaHUS, KOTOPOE OKAXKET ONPEIEICHHOE BIUSHIE Ha OKPY)KAIOLINX XKHUTEJeH, mo-
3TOMY COOTBETCTBYIOLIUI MEepCOHANI IPUPOIOOXPAHHOTO CTPOUTEIHCTBA JTOJKEH MPUHATH ddek-
TUBHBIE MEpHI, YTOOBI M30eXkaTh MPoOIEeMbl CBETOBOTO 3arpsi3HeHus. CTpOUTENN MOTYT UCHOJB30-
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BaTb MOOMJIBHOE OCBETUTEILHOE O60py,Z[OBaHI/Ie HJIM YCTAHABJIMBATh CBCTOBLIC IIWUTHI B MMOAXOIs-
IIUX MECTaX, 4YTOObl YMEHBIINUTh BO3/IEHCTBHE IPSIMOTO CBETA HA OKPYKAIOIINX KUTEICH.

OKcIulyaTalys TPaHCIOPTHBIX CPEACTB U MHKEHEPHOT'O 000PYJOBaHMsI IIPU CTPOUTEIILCTBE
JOPOT SIBJIETCS] OCHOBHOM NMPUUYUHOM LIyMa, I03TOMY HEOOXOJMMO aKTUBHO MPOBOAUTH MEPOIPH-
ATHUS IO CHU)KEHUIO IIyMa B MPOLIECCe CTPOUTENBCTBA. J[JIst iryMa, co3/1aBaeMoro BO BpeMsi paboThI
CTPOUTEJIBHOM TeXHUKH, HEOOX0IMMO aKTUBHO UCCIIE0BAaTh 000OPYJOBaHUE C HU3KUM YPOBHEM Ji€-
uben Ui 3aMEHbl OPUTUHAIBHOTO 000OpYIOBAaHHUS C BHICOKHM JCMOENIOM, M HEHYXKHBIE TYJIKU U
ApyTUe BUJIbI TOBEJICHMS, TAKUE KaK IIyM, TAK)KE MOT'YT ObITh 3alpelieHsl. B 1o jxe BpeMs cOopHbIe
3JaHud 3aBOJia MOT'YT OBITH MMOCTPOCHBI JIs1 CHUKCHUA O6pa3OBaHI/IH ryMa BO BpEMsA CTPOUTCIIb-
CTBa, a IIYM TAaK)X€ MOXKET OBbITh M30JIMPOBAH IYTEM YCTAHOBKU 3BYKOM3OJILIMOHHOTO 000PYA0OBa-
Hus. Hanpumep, O6maronaps BHEAPEHUIO U HAYYHOMY HCIIOJIb30BAHUIO apMaTypOrHOOYHOTO CTaHKa
¢ UITY, He ToJIbKO MOYKHO 00€CIeuuTh KaueCTBO 00pabOTKH apMaTyphl, HO U N30€KaTh CTPOUTEIIb-
HOTO IIyMa, KOTOPBIA MOXET BO3HUKHYTh M3-32 TPAAUIIMOHHOTO Ipolecca 00paboTKH apMaTyphl.
Kpome Toro, Bo nzbexaHue CTpOUTEIBHOIO IIyMa, IPUYHHSIIOMIEr0 HENPUIATHOCTH OKPYKAIOIIUM
JIOSIM, €CITH HEOOXOTUMO OPTaHU30BaTh HOUHOE CTPOUTEIBCTBO BO BPEMsI CTPOUTEIHCTBA, PAOOTHI
C BBICOKUM JIeIUOENIOM J0JIKHBI ObITh OPraHW30BaHbl B TEUEHHE JIHA, a pabOThI ¢ HU3KUM Jenude-
JIOM JOJIXKHBI OLITH OpraHnu30BaHbI HOYbIO, YTOOBI rapaHTupoBaTb, 4TO BO3I[€I>'ICTBHG CTPOUTCIIBHOT'O
IIyMa CBEJICHO K MUHUMYMY.

B cBs13u co Bce Oosiee 3aMETHBIMU 3HEPTETUYECKUMU ITPOOJIEMaMu U ITPoOJIeMaMy SKOJIOTU-
YeCKOH cpellbl B MUpE, PallMOHAIIbHOE UCIOJIb30BaHUE PECYPCOB U 3alMTA 3KOJIOIMUYECKON Cpebl
HEN30€KHBI. I/ICXOILSI N3 MNPCAINOCHIIKA oOecrieyeHns KayecTBa JOPOKHO-MOCTOBEIX IIPOCKTOB, B
IIOJTHOM Mepe peayln3yeTcs NPUMEHEHNE TEXHOJIOTUU CTPOUTENbCTBA OXPaHbl OKPYKAIOLIEH cpebl
B JIOPOKHOM MAITMHOCTPOSHUH TSI MUHIMH3AIMH TIOTPEOJICHHUS PECYpCoB U yiiepOa oT 3arpsizHe-
HUS OKpYXKarolllel cpefibl, a Takke 00eCredyeHus: yCTOWYMBOIO Pa3BUTUS JOPOKHO-CTPOUTEIIbHON
OTpACIH.
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Summary. The scientific work explores the relationship between industrial ecology and environ-
mental education. In this context, the main goals of sustainable development are highlighted. As
well as approaches to environmental education in the field of industrial ecology.

B nHacrosiiee BpeMsi He BBI3BIBAET COMHEHHUS B3aMMHAsl 3aBUCHUMOCTH IPOMBIIIIEHHBIX U
IPUPOJHBIX MPOLECCOB. JleaTenbHOCTh CYOBEKTOB XO35HCTBOBAaHUS, cpela OOUTaHHs YeloBeKa U
IIPUPOJIHAS CPElla SIBISACTCS CIOKHOM, HO LIETOCTHOW HKOJIOr0-3KOHOMHYECKOW CUCTEMOM, KOTOpast
MOTYMHSAETCS OOLIUM 3aKOHAM Pa3BUTHA. ['0BOPS O MPOMBILIUIEHHON 3KOJIOTHH OOBEKTOM €€ U3Y-
yeHus no cioam T. A. JKapoBoil sBisieTcsl BO3JAEHCTBUE MPOMBIIIJIEHHOCTH Ha OKPYKAOUIYIO
IPUPOJHYIO Cpely U BIUSHUE MPUPOIAHON cpelbl Ha (YHKIIMOHUPOBAHUE OOBEKTOB JEATEIbHOCTH
oOuiecTBa U 4enoBeKa.

JlesTenbHOCTD YEI0BEKa 3aBUCENA U 3aBUCUT OT IPUPOJHON CPEAbI, MEHSETCS JIMILb XapakK-
TEp ATOW 3aBUCHMOCTH C Pa3BUTHEM IUBUIN3ALMU. [IpOMBIIITIEHHAs SKOJOTUS MOXET BHECTU CY-
LIECTBEHHBIN BKJIaJ B YMEHBUIEHHE 3TOM 3aBUCUMOCTH M pealu3alyy LeJedl yCTOMYNBOIO pa3BU-
Tud. s uX JOCTHKEHHsS] BCTaeT HEOOXOJUMOCTh HCIOJIb30BAHMSI METOJIOB MPOTHO3UPOBAHUS B
LEJIAX PEryJIUpPOBaHUSA COCTOSHUS YKOJIOr0-DKOHOMUYECKON CUCTEMBI.

OCHOBOM MTPOMBIIIIIICHHOM YKOJIOTHH SIBJISIETCS CHCTEMHBIN MOIX0/T B M3YYEHHH MHOTO00Opa-
3Us CBsA3eH MEXIY OOBbEKTaMU M CYOBEKTaMM XO3SIMCTBEHHOM JEATEIIbHOCTH YeIOBEKa M MPHUPOJ-
HOM cpenbl. [IpuponooxpaHHbIE M 3KOJIOTMYECKUE 3aJa4l B HACTOSILEE BPEMsI OYEHb TECHO Mepe-
IUIETAalOTCs. B TaHHOM KOHTEKCTe OJHOW M3 HMX JIOJDKHA CTaTh 3ajada 10 Pa3BUTHUIO U COBEPILICH-
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CTBOBAHHIO CHCTEMBI SKOJIOTHYECKOT0 00pa3oBaHus. B maHHOM Kitode cpeau 1eneil yCTOMYNBOro
Pa3BUTHA BBIIEISIIOTCS TaKue Kak MU(PPOBU3aALIKS CTPaHbl, IOBCEMECTHOE BHEIPEHHE MHHOBALIUN U
KaueCTBEHHBIN 110AX0 K 00pa3oBaHuio. CyIIHOCTh JaHHOW LIE€IU UCKIIOUYUTEIbHAS POJIb JINYHOCTH
U colManu3alms Kaxaoro yeiaoBeka. KauectBo oOpa3zoBaHus — 3TO yCIEUIHOE )KU3HEHHOE YCTPOH-
CTBO 4€JIOBEKA, €r0 MUPOBO33PEHUE, CTEPKEHDb U aKTUBHAS TPAXKIAAHCKAs ITO3ULIMS.

Cucrema o0pa3oBaHus JODKHA ObITh OPUEHTHPOBAHA Ha BOCTPEOOBAaHHBIC HA HAIIMOHAb-
HOM pBIHKE MPO(eCcCHOHATbHBIE HABBIKM M KOMIICTCHIIUH, TOOIIPEHUE BO3MOXKHOCTH OOYy4eHUS
rpax/JaH Ha MPOTSHKEHUU BCEH KU3HHU, 0OecreueHue TOCTYITHOCTH 00pa3oBaTeabHbIX yciyr. O0b-
eKTUBHON HEOOXOIMMOCTBIO CTAHOBUTCS YCHJICHHE WHKIIIO3UBHOTO MOIX0/a B IEATEIILHOCTH 00pa-
30BaTeNbHBIX CTPYKTYp. BhillleHa3BaHHOE COOTBETCTBYET OJHOM M3 OCHOBHBIX Iiesiel B cepe co-
[IUAJIFHOTO Pa3BUTHS, TAKON KaK CO3/aHUE Ka4eCTBEHHON CHCTEMbI 00pa30BaHMs OTBEYAOIIEH MO-
TpeOHOCTSIM 1UppoBHU3aIMN O0ILIECTBA U MUPOBBIM CTaHAApTaM IMpodeccuoHaIbHOro ooyuenus. B
cdepe xe IKOJOTHH TAKOW LENbI0 SBIISETCS MOBBIIICHUE YPOBHS 3KOJOTHUECKOTo 00pa3oBaHUs U
9KOJIOTMUYECKOM KYNbTYpbl HacesneHus. Tak onuchIBaeT 1enu oopasoBanust KoHienmus HaloHa b-
HOM cTpaTeruu ycroitunBoro passutus Pecnyonuku benapyce 1o 2035 roxa.

CrnenyeT OTMETUTD, B CBA3H C 3TUM, YTO Pa3BUTHE DKOJOTUYECKOT0 00pa30BaHUs MO3BOJIUT
B Ooubmieii crerneHu 3(h(HEeKTUBHO Pa3BUBATH MPOMBIIIICHHYIO 3KOJIOTHI0. Tak Kak X03siCTBEHHAS
NeSITeIbHOCTh YelIOBEKa M MPHUPOJIHAS Cpella B3aUMOCBsI3aHbl. be3 HaBBIKOB JOIKHOTO OoOpalieHus
C OKpY’KaloIIeH Cpesiol U Pa3BUTHS MU(PPOBBIX U MPOMBIIICHHBIX TEXHOJIOTHH.

DKonoruueckoe o0pa3oBaHUE JIOHKHO CTaTh YacThl0 00pa3oBaHUs Ha BceX ypoBHsX. [lomxo-

JaMH K 9KOJIOTHYECKOMY 00pa30BaHUIO B 00IACTH MPOMBIIUICHHON SKOJIOTUH JIOJDKHBI CTaTh.

— IMPOTHO3UPOBAHKE, LEIBI0 KOTOPOTO JODKHO OBbITh COCTaBJIEHHE IUJIaHA JIEHCTBUM,
HaIpPaBJIEHHBIX HA PA3BUTHE HKOJIOTMUECKOTO 00Pa30BaHMUS;

— aHaJU3 NPOMBIIUIEHHBIX TEXHOJOTUH, ¢ TOYKU 3PEHUsS 3aLIUThl OKPY’KaIOLIEH Cpebl,
JAHHBIN MOJIXO0J MPEANOoaracT BO3MOXHOCTh PA3BUTHUSI TEXHOJIOTUM, HAIIPABICHHBIX HA MUHUMU-
3alIMI0 BBIOPOCOB 3arps3HAIOIINX BEILIECTB B OKPYKAIOILYIO CPELLY;

— aHaJIM3 METOJIOB IU(POBU3AIMH C TOYKU 3PEHUS PA3BUTUS UPPOBBIX TEXHOIOTHM, KOTO-
pble OyAyT HalpaBJeHbl HA Pa3BUTUE SKOJIOTMUYECKOI0 MEXAHMU3Ma OXpaHbl OKpPYKaIOLIEH cpesibl U
«3€JIEHOU SKOHOMUKM.

YK 625.8
O IPUMEHEHUWMH YJIbTPA3BYKOBOI'O BO3JENCTBHUS TP PAEOTE
C BTOPUYHBIMU MATEPUJIAMH B JOPOXKHOM CTPOUTEJIBCTBE
Xoy l[;zHl’ 2 Anexcees IO. I'° Xoy ﬂaxyal’ 2
Henan Gaoyuan Highway Maintenance Technology Co., Ltd*
Henan Gaoyuan Highway Maintenance Technology Co., Ltd?
TI'ocyoapcmeennoe npeonpuamue «Hayuno-mexnonoeuueckuti napk BHTY «Tonumexnux»®

e-mail: 7379349@qq.com, 7379349@qg.com, post@.park.bntu.by

Summary. The results of the analysis to determine the feasibility of developing technical solutions
using ultrasonic exposure when working with asphalt granulate are presented. Ultrasonic action
allows to increase the penetrating ability of regenerating additives and, as a result, to improve the
quality of the asphalt concrete pavement.

BropuunbiM MarepuanoMm, NOJIy4aeMbIM IyTeM IepepaboTKH, sBIseTCs acgaibToBas
KpOILIKa, TaK)K€ M3BECTHas Kak ac(ajabTOrPaHyNAT U IMpUMEHseMas B IMIMPOKOM CIIEKTpe paboT 1o
CTPOUTENBCTBY M PEMOHTY. B cocraBe acambTOOETOHHBIX cMeceil B mpoliecce pereHepamnuu ac-
(banbTOrpaHysT SIBISETCS OJHUM M3 OCHOBHBIX KOMIIOHEHTOM IpU YCTpPOMCcTBe acaibTOOETOH-
HBIX NMOKPHITUH. [lonmydaeTcst JaHHBIM MaTepuall MMyTeM U3MeNbYeHHUsS METOJO0M XOJOTHOTo (pese-
POBaHMSI CTAPOrO MOKPBITUS, CHATOIO BO BPEMs 3aMEHbI MJIM PEMOHTA JAOpOXkKHOro nojotHa. B be-
napycu BBeaeHa HopMmaTuBHasg 6a3a — CTb 1705-2006 «AcdanbTorpanyiasT Ui TPAaHCIIOPTHOTO
CTPOMUTENbCTBA. TeXHUUECKUE YCIOBUA». AchaabTOrpaHysAT NPeJCTaBIsIeT COOON 3epHUCTHIN MHU-
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HEpaJIbHBIM MaTepuall, MOKPBITBIM OPraHUYECKUM BSIKYLIUM, C KPYIHOCThIO 3epeH 10 40 mM. B To-
e BpeMs B cocTaBe acabTorpanyisaTa 0ojiee HU3Kasi CHOCOOHOCTh BSDKYIIETO 00pa3oBBIBATH T0O-
CJIe HarpeBa M MOCJIEAYIOLIEr0 OCThIBAHUS MPOYHBIE CBS3H, KOTOPAsl ONpPEAEIAeTCS] KOJIMUYECTBOM U
KauecTBOM OMTyMa Ha MOBEPXHOCTH 3€peH MUHEpalIbHBIX YacTull. BBenenue acdanbrorpanymnsra ¢
COCTapeHHBIM OMTYMOM OKa3bIBAaeT CYIIECTBEHHOE BIMSHUE HAa CBOWCTBA ac(alibTOOCTOHHOU CMe-
CH, U KaK CJIEZICTBHE CHUKAETCS JOJITOBEYHOCTh ac(haibTOOETOHHOTO MOKPHITHUSI.

B nayuHo-TexHuueckoil iureparype k Hactosuiemy Bpemenu (Konorunos A., Bepensko B.,
KpaBuenko C., baxpak I'., Kpynun H., Uromkun /., Maiinanosa H., Mensnuk K., [TokpoBckuii A.,
u6anos C., I'mapeimes H., Milton L., Earland M., Muncy S., Vorobieff G., Neussner E.,
Collings D., Diaz Minguela J., Lefort M., Jacobson T., Hornwall F., Akeroyd F., Hicks B.,
Jasienski A., Rens L. u ip.) npuBOANTCS MIMPOKUI NEpEUCHb MPOBEICHHBIX HAYYHBIX HCCIICI0BA-
HUW IO MOJEIMPOBAHUIO OLICHKU U MOBBIIIEHUS KU3HEHHOTO LIUKJIA TOPOKHBIX MOKPBITUHA C IIPHU-
MEHEHHEM MPOIIECCOB BOCCTAHOBJICHUS ac(albTOBOrO MOKPHITUSA. CIOXKHOCTh pEIIeHUs JAaHHOU
3aJladyd BO MHOT'OM OIIPEAENSeTCs] IUPOKUM COCTaBOM TPEOOBAHUN, KOTOPbHIE TOJIKHBI OBITh yUTe-
HBI: MEXaHMYECKHE CBOMCTBA MOIY4aeMOTr0O JIOPOKHOTO TMOKPBITHS, €r0 ce0eCTOMMOCTh, BO3ZMOXK-
HOCTb MacCOBOI'O MPUMEHEHHUS JaHHON TEXHOJIOTUH, SKOJIOTHYECKUE XapaKTepucTuku [ 1, 2, 3, 4].

C yueroMm BBIIIEU3IOXKEHHOIO B benopyccko-KutalickoMm COBMECTHOM — IPOEKTE
«Outstanding Foreign Scientist Studio of Green Low-carbon Technology for Pavement
Construction and Maintenance» (Grant No.: GZS2022004), i M4 ik 3 TR H AR B AMERL 27
FEIAEZE (WiHS: GZS2022004) oxHoit n3 3aa4 CTOMT U3yYeHHE UCIIONb30BAHHUS YILTPA3BYKO-
BBIX TE€XHOJIOTHI MIPU MPOU3BOACTBE ac(haIbTOOCTOHHBIX CMECEH ¢ MCMOIb30BaHUEM ac(albTorpa-
HYJSTA U PEreHEePHUPYIOMIMX 100aBOK. BO3MOXKHBIM pelieHreM 3a1auu odecriedeHus IPOHUKHOBE-
HUS KUJKUX KOMIIOHEHTOB B CTPYKTYpPY ac(albTOTpaHyJIsiTa MOXKET CTaTh NPUMEHEHHE YIIbTpa-
3BYKOBOI 00pa0bOTKH.

Ha ceropusninuii 1eHb 3Heprus yibTpa3ByKa MIUPOKO MPUMEHSETCS Ul YCKOPEHMS TEXHO-
JIOTUYECKHUX TMPOIIECCOB B CaMbIX pa3HbIX cepax MpOU3BOJACTBA, MPOTEKAIOIIUX B KHUIKUX, TBEP-
IBIX M Ta3000pa3HbIX cpexax. Ha ocHOBe MCHOIb30BaHUS WHAMKATOPOB MATEHTHOH MH(POpPMALUU
[5] ObLT IPOBEZICH MOUCK U BBHINOJHEH aHAINW3 MAaTEHTHBIX JOKYMEHTOB, OTHOCSIIMXCS K METO/1aM
yJIbTPa3BYKOBOI'O BO3IEHCTBUS MpPU MPOU3BOJCTBE PA3IMUHBIX CTPOUTENIbHBIX MaTepuaioB. B ma-
TeHTHbIX noKyMeHTax CIIIA, Poccuiickoit denepauuu, Pecniyonuku benapycs, Pecnyonuku Ko-
pes, EBponeickoro maT€HTHOrO BEIOMCTBa, EBpa3MilCKOro MaTEHTHOTO BEJOMCTBA, a TAKKE B
MexayHapoanbix 3asBkax (PCT) 3a mepuoz ¢ 2000 mo 2020 roas! 6b110 HaligeHO 43 MEXIyHAPOI-
HBIX 3aBKU U MaT€HTa HA U300pETEHUs U MOJIE3HbIE MOJIEIH.

HaunGomnbliee KoIM4ecTBO 3aaTeHTOBAHHBIX TEXHUYECKHUX PELIEHUH OTHOCATCS K TEXHOJIOTHAM
M3rOTOBJIEHUSI LIEMEHTa, OeToHa U 100aBOK HeMy. COOTHOIIEHHE 3alaTEHTOBAaHHBIX TEXHUYECKUX pe-
IIIEHUH 110 BUJIaM CTPOMTENILHBIX MAaTepPUaJioB, K KOTOPbIM OHH OTHOCSTCS, TPUBE/IEHO Ha puc. 1.
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Pucynoxk 1 — Pacnipenienenne naTeHTHBIX JOKYMEHTOB I10 BUIAM MaTepHUaIOB

OCHOBHBIMHA OEIIMH 3allaTCHTOBAHHBIX TCXHUYCCKUX pemeHHﬁ B o0JyiacTh IMPONU3BOACTBA
OcTOHA C HCIOJIb30BAHUEM YJIBTPA3BYKOBOI'O BO3):[CI>'ICTBI/IH SABJIAOTCA: TMOBBIIICHUC IIPOYHOCTHU,
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YIIPOIIEHHUE MPOLECCOB OETOHMPOBAHUS; YMEHBIIIEHNE TPeOYeMOro il U3rOTOBIIEHHUS 6eToHa 00b-
€Ma KUJKOCTH.

B menom HampaBieHue MCCIeNOBaHMU MO pa3pabOTKe METoJa yJIbTPa3BYKOBOTO BO3ZACH-
CTBUS NPU MPOU3BOJICTBE CTPOUTEIIBHO-JOPOKHBIX MAaTEPUAIOB [6] MOKHO OXAapaKTEPU30BaTh KaK
NEPCHIEKTUBHOE, YTO OOOCHOBBIBAETCS CIOCOOHOCTHIO YIIBTPa3BYKa COACHCTBOBATH IMOBBIIICHUIO
MIPOHUKAIOIIEH CIIOCOOHOCTHU KUAKUX J00aBOK B MHUKPOIMOPHI M KaK CIIEJCTBUE MO3BOJIAET MOBbI-
CHUTb CIIY’)KEOHbIE XapaKTEPUCTHKU CTPOUTEIBHBIX MAaTEPHAIIOB.

IIpu Bo3aelicTBUM ynbTpa3Byka ¢ yactotor 20—40 k' Ha )XUAKYIO cpelly NpU MPUCYTCTBUU
B HEW TeNl ¢ KamWUIPHOW CTPYKTYpO#l mpoucxoauT 3((eKT, KOTOpBIA 3aKII0YaeTCcs B MOAbEME
KHUJKOCTU B KallWJUIApEe U B MPOHUKHOBEHUHU JKUAKOCTU Yepe3 MOoNIynpoHHIiaeMble MeMOpaHsl. [Tof
BJIMSIHUEM MCTOYHMKA YIIBTPa3ByKa KanmWUIApHBIA 3¢ dekT pe3ko Bo3pacTaeT B AeciaTku pas. Ilpu
3TOM >KMJIKOCTh TOJKAIOT BBEPX HE PAJMALMOHHOE JaBICHUE U KAWIISPHBIE CUIIbI, 4 CTOSAYUE YIIb-
Tpa3BYKOBBIE BOJIHBL. JIaHHBIN IpOLIECC UAET 0 TEX II0p, MOKa HAIOP, CO34aBAEMbI YJIbTPa3BYKO-
BBIMH BOJIHAMH, HE YPaBHOBECUTCS BBICOTOM cTO0A KMIKOCTU WIM CUJIAMH IOBEPXHOCTHOTO
HaTSKEHMUSL.

B nensix yctaHOBIEHUS EPCIEKTUBHOCTH UCIIOJIb30BAaHUS YIbTPA3BYKOBOI'O BO3JCHCTBUS B
MPOLECCE pEereHepaluy MaTepuaioB ISl JOPOKHOTO CTpouTenbcTBa B benopyccko-Kuraiickom
COBMECTHOM IPOEKTE HauaThl UCCIEAOBAaHMUS 110 BO3JICHCTBUIO YIbTPa3ByKa Ha achaibTOrpaHyIIsT,
OCYIIECTBIISIEMOE JJIsl TOBBIIICHUS €70 «aKTUBHOCTHY, T. €. MMOBBIIICHUS! CIIOCOOHOCTH ac(aabToBO-
'O BSDKYILIETO B cOCTaBe ac(haabTOrpaHynisaTa 00pa3oBbIBaTh C UCIOIb30BAHUEM TEXHOJIOTMH HArpe-
Ba U IOCJIEAYIOLIEr0 OCTHIBAHUS NPOUYHBIE U JOJITOBEYHbIE CBA3H. IlepBble pe3ynbTaThl UcClea0Ba-
Huil npeacrasieHsl Ha 1l MexnyHaponnas HaydyHO-TeXHHUECKas KoH(pepeHus «JlopoxHoe cTpo-
UTENLCTBO M €r0 WH)XKEHEPHOE o0ecredeHney, mpomennieid B benopycckom HalMoHaTFHOM TEXHU-
yeckoM yHHBepcutTeTe 27-28 okTa6pst 2022 rona B . MUHCKe.
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V]IK 678:614.841+615.9(66.018.2+66.017+67.017)
HUCITOJBb30OBAHUE ME3OITOPUCTOI'O AKTUBUPOBAHHOI'O YIJISA
B POJIA NOTI'JVIOIHNAKOHIET O CJIOS IJ1 SAIHUTHI OT BOEBBIX OTPABJIAIOIINUX
BEHIECTB (bOB), ABAPUMTHO XUMHNYECKHU OITACHBIX BEILIECTB (AXOB)
BHYTPU KOMIIVIEKTA CAMOCIIACEHUSA I'PAXKIAH B ITPOEKTE «I1.0.U.C.K.»
Yepuooati /]. B.
benopycckuii nayuonanvHwulll mexHuueckuil yHueepcumem
e-mail: chernobay@bntu.by

Summary. The possibility of using mesoporous activated carbon as an internal filler of protective
suits for self-rescue of citizens (A.F.1.S.K. project) is being studied, especially its nanopores for
binding combat poisonous poisonings, emergency chemical hazardous formations, and its discovery
from foreign exports.

Hama pecny0nmnka nMeeT pa3BUTYIO NPOMBILUIEHHOCTh U CEJbCKOE X03siicTBO. Cpenu Be-
OyUIMX OTpacjeil MPOMBIIUIEHHOCTH NMPUOPUTETHOE MECTO 3aHMMAIOT XUMHUYeckass U HepTeXUMHU-
yeckass. HecMoTpsi Ha NOCTOSIHHOE COBEPILIEHCTBOBAHME XMMMUYECKUX TEXHOJIOTMH, NpeanpusaTus,
UCIOJIB3YIONINE aBapuiHO XMMHUYecKu omacHble BemlecTBa (AXOB), mpeacrapnstor coboif omac-
HOCTB TIPH aBaPHsIX, CBSI3aHHBIX C BEIOPOCOM (YTEUKOI) 3THX BeUlecTB. Y HAac B pecnyOinKe mpu-
MeHsitoTesa 107 BUIOB XMMUYECKU OMACHBIX BEIIECTB, HO TOJIBKO 34 M3 HUX HIMPOKO UCTIOIb3YIOTCS
B HAPOJHOM XO3SIIICTBE Ha XMMHYECKH ONAacHBIX oObekTax. ExeromHo mpoucxomut ot 10 mo 25
aBapuii ¢ BeiOpocom AXOB. Ha Tepputopun pecrnyonuku Haxoautcs 6osee 300 xuMu4ecku omac-
HbIX 00bekTOB (XOO). Beero na tepputopun Pecniyonuku benapych B 30HaX BO3MOXHOI'O XUMU-
YEeCKOT0 3apa)KeHUsI MOXKET OKa3aThcs Oosee 2,3 muH yenoBek [1]. 1 xoTs Ha 6BITOBOM ypOBHE Tpo-
3s1111asl YEJIOBEKY OMAaCHOCTh HE BCErJa BOCIIPUHUMAETCS aJIeKBATHO, CIIELIUATINCTHI YTBEPKIAI0T: Ha
MOBECTKY JTHSI CTAaBUTCSI BOIPOC XUMHUUYECKOM O6e30MmacHOCTH rpaxaanckoro Hacenenus npu YC unu
Boiine ¢ apmueii CIIIA / ctpan HATO.

B mpoekte «I1.0.1.C.K.» (IpOTHBOOCKOJIOYHBIN OTHE3AIIUTHBIA UHIUBUAYAIbHBIN caMoOcIa-
caresbHBIA KoMIutekT s rpaxaad [IIOC, CHI', OJIKB, mo-apyromy Anti-fragmentation fireproof
individual self-rescue kit (A.F.I.S.K.)) u3ydaercst BO3SMOXHOCTh HCIIOJIb30BaHUS ME30MOPUCTOTO aK-
TUBUPOBAHHOI'O YIJIsl KAK BHYTPEHHETO HAIOJHUTENS 3alIUTHBIX KOCTIOMOB CaMOCIACEeHUs TPaKaaH
(mpoekt «I1.0.M1.C.K.»), 0coOeHHO ero HaHOMOp Ul MOTJIOLIEHUS U CBA3BIBAHUS MOJIEKYS OOEBBIX
OTPABJISIOLINX BEIIECTB, aBAPUITHO XMMUYECKH OMACHBIX BEIIECTB U €r0 OTJIMYMS OT MHOCTPAHHBIX
a"asnoroB (cM. Tabm. 1). Yrons aktuBupoBaHHbIN Mezonopucteii YAM-II (TY BY 100050710.214-
2020) — sto mepcrnektuBHas paspadorka HUU ¢usuko-xumuueckux mpobiem BI'Y, rae ceippem
CITyXaT OTXO0/Ibl AepeBOOOPaOATHIBAIOIIETO TPOU3BOACTBA (OIMIIKH).

Tabmuua 1 — CpaBHeHHE ClEUATBHBIX CBOMCTB aKTMBHPOBAHHOTO ME30MOPHUCTOTO YIJIs
0enopyccKoro MpoM3BOACTBA (IPOU3BOACTBO U3 ONMUIIOK) U 3apyO€KHBIX COPTOB aKTUBUPOBAHHOTO
yriis (IpOU3BOJCTBO M3 OTXO0B KOKOCOBOM 0005104kH, Anonus-EBpona) kak copOeHTOB

AKTHBHUpOBaHHBIN | M3roToBNeH U3 CroiikocTb K BnuteiBaemocts | CTOMMOCTB IIPO-
ME30IIOPUCTBIN oTX0J0B peBe- | npumenennio B0 | bBOB u AXOB ¢ | u3Boactsa — o1-
yroias YAM-II{ CUHBI (ONUJIKK) | BIAXKHOM cpesie — | MajbIM pa3me- HOCUTEJIBHO
CTaHJapTHasI POM MOJIEKYIT — HHM3Kasi
OTJIHYHASA
AKTHBUpOBaHHBIN | MI3roTOBNEH U3 CroiikocTb K BruteiBaemocts | CTOMMOCTB IIPO-
YTOJb JJIA CIIEIH- | OTXOJ0B KOKCO- | mpuMmeHeHuto B0 | bOB u AXOB ¢ | n3BoacrBa — Ha

AIBHOTO TIPUME-
HCHUA
AddSorb™
MGR

BOI 000JIOUKH
(BOJIOKHA U TIp.)

BJIAKHOM cpelie —
INMOBBIINICHHAA

MaJibIM pa3me-
POM MOJIEKYIT —
CTaHAapTHas

CpPE/IHEM U BBI-
COKOM YpOBHE

(coprta)
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CpenctBa unauBuayansHoi 3ammtsl (CU3) npenHazHadeHbl JUisl 3allUThl OT MONAAaHUS
BHYTpPb OpraHHM3Ma, Ha KOXKHbIE TMOKPOBBI U OJEKIY PaJMOAKTUBHBIX, OTPABIIAIONIUX BEIIECTB U
6akrepuanbHbIX cpeAacts [2], a kommiekT «I1.0.M.C.K.» — ynuBepcanbubiii CU3, Tounee takxke u
CPEIICTBO MHIWBHIYAIBHOU OpOHE3anUThI (ITPOTUBOOCKOI0UHOE B orHecToiikoe CUB).

B kauectBe amprepHatuBbl mis copbenta B mpoekte «I1.0.M.C.K.» mpennonaraercs u3y-
YUTh U CBOMCTBA M30JIUPYIONIMX (TeopeTrndecku nHEepTHBIX K BOB 1 AXOB) marepuanoB B Buje
MOPOILIKOB (HUTpUAa Oopa B BHUAE «Oeroro rpadura», OKCHAA UTTPHs), KOTOPbIE TAKKE MMEIOT

CBOM 0COOBIEC CBOMCTBA (CM. TaOII. 2).

Tabnwmia 2 — CpaBHEHHE U3y4aeMbIX CICIIMATIBHBIX CBOMCTB MHEPTHBIX HarnoHuTenerd CU3

Hurtpun IMosHast uHepT- Kpaiine ITorio- [Ipenmnomno- CTONMOCTE
oopa HOCTBb. OcoOeH- | BBICOKAs LICHUE JKUTEJIBHO — IIpou3-
(«Oenplif | Hast yCTOWYH- TepMoO- HEUTPOHOB M30JIMpPOBaHUE BOJICTBA — OT-
rpaduT») | BOCTh K UICKpaM U | CTOMKOCTDh | (paanos3a- nporekoB bOB 1 | HOCH-TeJILHO
NPOHUKHOBEHHUIO | —2973 °C LUTHBIE AXOB B macce | HU3Kasi
pacIUIaBIEHHOTO CBOMCTBa) — | MOpOIIKa
MeTajuia HMeeTCs
Oxkcunp IHonnas unepr- | Kpaiine [Torio- IIpenmno- Croumoctb
UTTpUS HocTh. OcoOen- BBICOKAsI LIEHUE JIO)KUTEIIBHO — poU3-
Has yCTOWYH- TepMO- HEHUTPOHOB M30JIMPOBaHUE BOJICTBA — HA
BOCTb K ICKpaM U | CTOHKOCTh | (paanosa- nporekoB bOB u | cpennem
MPOHUKHOBeHUIO | — 2410- LIUTHBIE AXOB B macce | ypoBHe (cop-
pacrmiaBiaeHHoro | 2430 °C CBOKMCTBa) — | MOpOIIKa Ta)
MeTaia HMeeTcs,
KaK M CTOM-
KOCTb K
pacimiaBJieH-
HOMY YpaHy

Tlonyuennvie pe3yromamuvl NOKA3bI8AIOM, YMO CYWECMEYIOM MAMepudbl KaK copboeHmol,
Maxk u uzonupyowe2o (UHepmuo2o) muna Oasi HANOJIHEHUs. 3AWUMHOU NPOCIOUKU UTU COMOBOU
CMPYKMYPbl 3aUUMHOU dIKUNUPOBKU KOMNIeKkma camocnacenus epadxcoan «I11.O.M.C.K.» u naubo-
Jlee 00CMYNHLIMU AGTAIOMCL ME30NOPUCTBLL (UMEIUWULL HAHONOPbL) AKMUBUPOBAHHDIN Y20lb YAM-
] u numpuo 6opa. Hccreoosanus HyxHcHbl 0151 001ACMU HAHOMEXHOIO2UNE CNEeYUAIbHO20 HA3HAYe-
HUs, NPeOHA3HAYEHHbIX OJisl CO30AHUS HOBbIX NEPCNEeKMUBHbIX Mamepuanos [3] ons unousudyais-
Hou 3awumul epadxcoan LLIOC, CHI', O/JKb.

CnucoK HCIO0Jb30BAHHBIX HCTOYHHKOB

1. BoeHHas TOKCHKOIOTHSI M TOKCHKOJIOTHS JKCTPEMalbHBIX CHUTyanuil. [lpakTukym:
yueb. mocobue / A. A. bosa [u ap.]; mox pena. A. A. bosa. — Munck: BIMY, 2010. — 2 c.
2. CpenctBa MHAMBUAYAIbHON 3alllUTHl B CHCTEME TPaKJAHCKOH OOOpOHBI: yueol.-

Meroa. [locobue / B. B. biunmes; M-Bo Tpancn. u kommyHukaiui Pecn. benapycs, benopyc. roc.
yH-T. TpaHcn. — ['omens: benl'VT, 2015. — 3 c.

3. UYepnooOaii /1. B. [lepcnexkTuBbl 00beAMHEHNS MaKpO- U HAHOCTPYKTYP B THOPUIHBIX
HAaHOKOMIIO3UTaX Ul CO3JaHUS HOBBIX KOHCTPYKIIMOHHBIX MaTepHAJIOB JJIsi HAHOOPOHH, JIEMEH-
TOB OpOHE3AIIUTHl IK30CKENEeTOB. 8- MexayHapoaHas HaydHas KOH(EPEHIMS IO BOCHHO-
TEXHUYECKUM IpobiieMam, npobiieMaM OO0OpOHBI M 0€30MaCHOCTH, HCIOJIb30BAaHHIO TEXHOJIOTHH
nBoitHoro npumeHenust (Munck, 16—17 mas 2019 r.): cOopHuk HayuyHbIx ctateil. B 5 4. U. 5/ T'oc-
yJIapCTBEHHBIN BOCHHO-TIPOMBILIUIEHHBIN KoMuTeT PecriyOnuku benapycs. — Munck: JlaGoparopus
uHremiekra, 2019. — 100 ¢. — C. 97.
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Summary. In the present research we studied the effect of glass additives on the physico-chemical
properties of calcium-phosphate ceramics. According to the standard methods we determined that
the optimum vitreous additive is the glass obtained by sol-gel technology.

Kak u3BecTtHO, mopucras kaibluii-¢pocdarHas Kepamuka o0yazaeT HU3KOM MexaHuye-
CKOM IPOYHOCTHIO, YTO OIPAHMYMBAET 00JIACTH €€ MpUMEHEHHs. s ynpoYHEHHs] MOPUCTHIX
KepaMUYECKUX MAaTEpHAIOB YCIEIIHO MPUMEHSIOTCS A00aBKU, 00pa3ylolue mpu O00XKUTe KU -
Kyl0 (pa3y ¥ 4aCTUYHO WMIIM MOJHOCTBIO KPHCTAJUIM3YIOUIMECs U3 paciuiaBa. [lpu 3Tom xonuye-
CTBO MOAOOHBIX 100aBOK JOKHO OBITh MUHUMAJIbHBIM, YTOOBI BHICOKAsi TOPUCTOCTH COXPAH U-
Jack. B cBsI3M € 3TH B HAcTOAILLEM MCCIIEIOBAaHUU M3y4yajaach BO3MOXHOCTh IOBBILIEHUS MPO Y-
HOCTHBIX XapaKTepUCTHK MOPHUCTOM KEpaMUKH HAa OCHOBE THIPOKCHUANATUTA C MOMOUIBIO CIie-
AyOIMHUX 100aBOK, KOTOpbIe BBOIWINCH B KonmuecTBe 10 mac. % cBepx 100 % rugpokcuanaru-
ta: xkunkoe crekiao (I'OCT 13078), kBapueBoe u GpocharHoe OMOCTEKIA, MOJTYYEHHbIE METO/ a-
MU 30J1b-T€lIb TEXHOJIOTHH, 00i KBapLEBOro cTeKia U OMOAKTUBHOE CTEKJIO, CHHTE3UPOBAHHOE
M0 KJIACCUYECKON TEXHOJIOTHH.

ChIpbeBBIMH KOMITOHEHTAMH ISl BapKH OMOAKTHBHOTO CTEKJa CIYKUIU TUTHAPOOPTO-
docdar xamsius Ca(HoPOy),, yga (I'OCT 10091); oxcun kambuus CaO, uyma (TOCT 8677);
kap6onar Hatpus NayCOsz, x.4. (TOCT 83) u AuoKcHa KpeMHUs HaHOAMCIIEPCHBIN aMop(HBIH
(FOCT 14922). [Ins cocTaBlIeHHsS MIUXTHI UCMOIb30BAINCH MOATOTOBICHHBIE CHIPHEBBIE MaTe-
puainsl, IpeaBapUTEIbHO MpocesiHHble uepe3 cuto Ne 01 (144 orB/cM?). B3BemmBanue KOMIIO-
HEHTOB LIUMXTHI OCYIIECTBISIIOCh HAa 3JEKTPOHHBIX Becax. [lepememnBanue MCXOIHOTO CHIPbS
npoBoawioch B TeueHue 10—15 mun B pappopoBoil cTynke ¢ MOMOIIbIO NECTUKA A0 JOCTUXKE-
HUS TOJIHOM ogHOpoAHOCTU. CTEKJIO BapUJIOCh B Tra30BOM MEYM MEPUOJAMYECKOro JEHCTBUS B
KOpYHAOBOM Turjie eMkocThio 0,5 1 ¢ Bbiaepxkoil npu temnepatype 1450 °C B teuenue 1 4.
CkopocTh HarpeBa MUXTHI IpH Bapke cocTaisuia 250 °C/d, TOYHOCTh U3MEPEHHUS TEMIIEPaTypPhl
ontuyeckum nupomerpom — +10 °C. OkoHUaHHE BapKH yCTaHABIWBAJIM BU3yaJbHBIM OCMOTPOM
npo0 cTekJa, B3ATHIX Ha XeJle3Hbli npyT. [Ipu 1ocTHXeHNH OAHOPOIHOCTH CTEKIOMACChl TUTIIN
U3BJEKAJIN U3 IE€UYH, CTEKJIOMAcCy BhIpadaThiBalM B BOAY C 1I€bl0 rpanyisiuuu. CTEKJIo OTJIHU-
4aJIOCh XOPOIIUM MPOBAPOM U UMENIO YJOBJIETBOPUTEIBHYIO BA3KOCTb, YTO MO3BOJUIO MO Y-
YUTh OJTHOPOJHYIO CTEKIODPUTTY.

Kepamunueckre Macchl TOTOBWINCH ITyTEM COBMECTHOIO MOKPOT'O MOMOJIA THIpOKCHANaTuTa u
CTEKJIO(MPUTTHI WK 00s1 KBApLIEBOrO CTEKJIa B laboparopHoi maposoii MenbHulie BML-2 (DAIHAN) B
TeyeHue 60 MuH.

Jnst cuaTesa crekna B cucreme Si0,—CaO meromgamu 30J1b-TeIb TEXHOJIOTHH HCIO30BATUCh
terpastisioprocimkar Si(OCH2CHg)a, ocu. (TY 2637-187-44493179) u Terparuapar HUTpaTa Kajb-
st Ca((NO3z),)-4H20, x.u. (TOCT 4142). Boausiit pactop Terpastmioprocuwinkara (TEOS) (29,2 r B
25,2 T BOJIBI) MOMEIIAJICSI B XUMUYECKUI cTakaH 00beMoM 250 MIT ¢ MENIanKOi U HarpeBaycs 10 TeM-
niepatypsl 32,2 °C, mocie 4ero B Hero J00aBIsUId TeTparuapar Hutpara Kainbiws (14,2 T) 10 moiaHoro
pactBopenusi. pH nomyyenHoro pactsopa nosojuics 1o 1,5 myrem no6asnenus 1M HNOs. Chopmu-
POBaBIIMIICS Tellb TOCE MepeMenrBanus B TeueHne | 4 mpu temrieparype 32,2 °C cMmemmBaics ¢
TUAPOKCHANIATUTOM JUTS TTOJTyYEeHHsI KepaMUYECKHX Macc.

[TpoBeseH Taxke 305b-Telb cuHTe3 cTekia B cucreme Si0,—CaO—P,0s. 1151 3TOr0 NpuMeHsIIHCH
terpastiioprociimkar Si(OCH,CHs)g, ocu. (TY 2637-187-44493179); Terparuapar HATpaTa KaIbIUs
Ca((NOg3),) - 4H,0, x.u. (OCT 4142); terpastundochar (TOD) (CAS Ne 78-40-0); Hurpar HaTpus
NaNQOg3, una (I'OCT 4168); azornas kucinora HNO3; ('OCT 701). B xumudeckuii ctakan oobemom 500
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it nomemanock 100 mn 1M HNOs, 3arem nociie nmojtHoro pacTBOPEHUS KaXKI0TO MOCIIETYIOIIEro KOM-
noneHTa no06assmck TEOS 37,81 mi, TOD 2,863 mi, TeTparuapar Hutpara Kaibius 18,397 r, aurpar
Hatpus 5,92 r. O0pazoBaBIIMICS PaCTBOP BBLACPKUBAJICS B TepMocTate npu Temneparype 40 °C B Teue-
uue 3 nuent. [lomyyeHHblil reb cMelmBaics ¢ THIPOKCUAIaTUTOM B TPEOYEMOM COOTHOILICHUH.

OmnbiTHEIE 00pa3nbl (OpPMOBAINCh M3 TMONYYCHHBIX KEepaMHUECKHX Mmacc merogoMm 3D-
reyaTH, Jajiee MoABepraiuch cymke B cymuiabHoM mkady SNOL 58/350 (JIutsa), 3aTeM 00KHTY B
aneKkTpudeckoir nadoparopror meun SNOL 1,6,2,5.1/13,5-Y1 (JIutBa) mpu temmeparypax 500—
1200 °C. Cxkopoctb Habopa TemriepaTypbl coctaisuia 120 °C/u, BeIIEpkKKa MPU MaKCUMaTbHOU
Temneparype — 1 4.

OU3NKO-XUMUYECKHE CBOWCTBA MOJYYEHHBIX MAaTEPHAIIOB OIMpPENEsUIUCh B COOTBETCTBHH C
I'OCT 30534, TTOCT 2409, 'OCT P 57606 u np. (tadm. 1).

Tabmuna 1 — Texnomorndeckue u PU3NKO-XUMUIECKHE CBOMCTBA B TEMIIEPATYPHOM HHTEP-
Baiie 00xura 500-1200 °C

3HavyeHUs1 PUBNKO-XUMHYECKIX CBOWCTB CHHTE3UPOBAHHOMN KEPAMHUKH U
o0ImIel ycaJKu KepaMHYECKUX Mace
[Mpumensiemast 106aBka OTKpBITAsl | KaXYIIAsACs | MEXaHWYecKas
BOJIOTIOTJIO- oOmas ycanka,
were, % | NOPHCTOCTS, || IIOTHOCTE, | MPOYHOCTS MU %
’ % KI/M cxkatuu, Mlla
bes no6aBok 0,1-25,2 0,4-43,7 | 1732-3013 5,2-36,7 22,1-34,2
E;’“ KBAPHEROTO CTEK™ | 95,0-51,6 | 434-60,7 | 1142-1745 1,5-19,3 10,4-23,8
BroakTUBHOE CTEKIIO 18,0-44,0 34,9-56,3 1276-1940 2,9-26,7 11,4-25,3
JKunkoe crexiio 0,5-475 1,4-57,6 1210-2931 1,0-17,3 20,9-36,9
KBapiieBoe Ouocteko,
noiydeHHOe MeTonamu |  4,3-45,2 11,3-57,8 1275-2623 1,0-43,6 18,0-78,8
BOJIb-TEJIb TEXHOJIOTHH
MdochaTHOE OMOCTEKIIO,
nonmyuyeHHoe metogamu | 0,6-33,1 1,7-49,1 1480-2851 10,2-44,8 17,7-33,5
BOJIb-TE€JIb TEXHOJIOTHH

AHanu3upys NokKa3aTead MEXaHWYECKOM MPOYHOCTH U OTKPBITON MOPHUCTOCTH, B Ka4ECTBE
ONTHMAJIbHBIX J00aBOK BbIOpaHbl OMOCTEKIIA, IOJyYEeHHbIE METOIaMHU 30J1b-Telb TeXHoJIoruu. Cie-
IyeT OTMETUTh, YTO 30JIb-T€JIb CHHTE3 CTEKJIOBHJHBIX MaTEpUaNoB HE TpeOyeT BBICOKOTEMIIEpa-
TypHOIl 00paboOTKH, Kak, HalpUMep, MPHU BapKe CTEKOJI KIACCUYECKUM METOJO0M, TaKUM 00pa3oM
JOCTUTaeTCs YKOHOMHS SHEPrOpeCypCOoB.

C noMoMIBIO IEKTPOHHON MHMKPOCKOIHMU U KOMILUIEKCOHOMETPUYECKOIO METOJA ONpPEAEIIUIIH,
4To popmMupoBaHue (pocaToB KaabIMsl Ha OBEPXHOCTH MOTYYEHHBIX 00pa3II0B MPOUCXOIHUT Y)Ke uepes
1 cyr. BeIAEpKUBaHMs MX B SBF-pacTBOpe, UTO CBUIETENILCTBYET O OMOTIOTMYECKON aKTUBHOCTH.

Takum 00pa3zoM, CHHTE3UpOBaHHbIE 00pa3iibl KaabLMi-(hochaTHOW KepaMUKU MOXHO PEKOMEH-
JIOBaTh JUIsl MPOBEJICHUS] MEIUIIMHCKHUX UCCIIEJOBAHUH C LIENBI0 U3YUYEHHsI BO3MOXKHOCTH IPUMEHEHUS UX
B KOCTHOM XMPYPI'HH.
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Summary. Resistive film is a class of films with resistive properties, which can be used in the manu-
facture of wave-absorbing metamaterials. The resistive film metamaterial absorber has the ad-
vantages of wide absorption frequency band and thin absorber thickness [1]. It has broad applica-
tion prospects.

Indium tin oxide (ITO) is a displacement solid solution with electrical conduction and other
properties, mostly used in electronic components, its thin film can be deposited to the surface of the
dielectric layer by sputtering deposition technology. It can be used for the design of absorbers of resis-
tive film metamaterials. The indium tin oxide (ITO) thin film metamaterial absorber consists of an
indium tin oxide (ITO) film periodic array pattern layer, a dielectric substrate, and a metal base plate
multilayer structure coated on the substrate surface. Indium tin oxide resistive film widens the absorb-
ing frequency band through resistive loss and resonance, and realizes the broadband absorption of
electromagnetic waves. In the case of multilayer structure composite, as shown in fig. 1(a), the ab-
sorption band of indium tin oxide (ITO) thin film metamaterial absorber can reach 3.16~51.6 GHz.
The maximum relative absorption bandwidth can even reach 176.9 %. Compared with traditional ab-
sorbing materials, indium tin oxide (ITO) thin film metamaterial absorbers have the advantages of
absorption frequency bandwidth and insensitivity to polarization, with strong practicality.

Graphene conductive ink is a material with resistance film characteristics, with high conductivi-
ty, high toughness, high strength and other characteristics, which is also used in the design of metamate-
rial absorbers. This type of metamaterial absorber is composed of a graphene conductive ink resonant
unit, a dielectric layer and a reflective backplane printed on the dielectric isolation layer, and the struc-
ture is the same Indium tin oxide (ITO) resistive film type metamaterial absorbers are similar.

The main advantage of metamaterial absorbers based on graphene conductive ink is that they
can be applied to flexible structures, as shown in fig. 1(b), under the bending shape test, the absorption
performance of the absorber is not greatly affected. Broadband absorption and polarization insensitivity
can still be achieved. Compared with indium tin oxide (ITO) thin film structure absorbing metamateri-
als, graphene conductive ink absorbing metamaterials not only have broadband electromagnetic absorp-
tion, but also polarization insensitivity and other excellent performance [4], but also has the characteris-
tics of light and thin and bendable, in various fields have broad application prospects.

Conductive plastic film is a new type of organic resistance film material, the biggest ad-
vantage of the metamaterial absorber based on it is that the resonant structure of the conductive
plastic film in the middle layer and the dielectric substrate can be processed independently, this
building block building processing scheme not only saves preparation time, but also makes the
choice of substrate material no longer restricted by resistance film processing. Compared with the
resistive film structure based on conductive ink, the conductive plastic film metamaterial absorber
can not only overcome the influence of uneven ink thickness and counterimpedance during pro-
cessing, but also be compatible with laser etching process and improve the processing accuracy of
the resonant structure. As shown in fig. 1(c), its relative absorption bandwidth can reach 106.8 %,
which can achieve efficient absorption in the 5~25 GHz band, and It is not sensitive to the polariza-
tion characteristics of incident waves, and can still achieve broadband absorption for wide- angle
incident electromagnetic waves. In addition, the conductive plastic film can be compatible with the
laser etching process, and its easy-forming properties make the preparation more accurate, improve
the processing accuracy of the resonant structure, and also achieve the same thinness and light
structure as other materials and other advantages, which provide new ideas for the development of
broadband metamaterial absorbers.

55



S
"

Figure 1 — relative absorption bandwidth: a — Indium tin oxide (ITO) thin film metamaterial absorb-
er [2]; b — Graphene ink metamaterial absorber [3]; ¢ — Conductive plastic film metamaterial ab-
sorber [5]

Since the emergence of electromagnetic absorbing materials, the research of various elec-
tromagnetic absorbing materials has made great progress, and the research and design have become
increasingly mature. From the original traditional absorbing materials based on inorganic substanc-
es such as ferrite to metamaterial absorbers based on artificial resonant structures, researchers have
continuously improved the performance of absorbing metamaterials through the improvement of
materials and the perfection of processes. However, in terms of large-area radar stealth, there are
still some shortcomings of absorbing metamaterials, such as insufficient absorption band, difficult
to achieve wide incidence angles, etc. It is necessary to further improve the design of metamaterial
absorbers by improving the structure of metamaterials absorbers and selecting more efficient pro-
cesses, and its research prospects are still very broad.
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Summary. In this paper, a radar absorbing metamaterial structure is designed, which consists of
an upper layer of resistance film and a bottom layer of metal base plate, and the middle dielectric
layer is omitted. The thickness of the resistance film is 100 nm, and the thickness of the metal plate
is Imm. The calculation results of CST Microwave Studio 2021 electromagnetic simulation soft-
ware show that the absorption ratio is more than 99 % in the frequency range of 2~18 GHz, and the
relative bandwidth reaches 100 %.

In the national defense and military affairs, in order to realize the long-distance camouflage
of weapons, wave absorbing materials are widely used in stealth technology of aircraft, tanks, ships,
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etc. At the same time, broadband wave absorbing materials have significant application value in ac-
tual production, life and national defense and military affairs.

However, radar anti stealth technology and equipment have higher and higher requirements
for stealth performance. Although traditional wave absorbing materials have the advantages of high
permeability, high resistivity, good impedance matching performance, strong absorption loss, corro-
sion resistance and low cost, they have unavoidable problems such as narrow absorption band, high
density and poor thermal stability, which cannot meet the requirements of current stealth technology.
Wave absorbing materials are in urgent need of breakthroughs in the four aspects of “thin, light,
wide and strong”.

With the continuous development of metamaterials, the broadband radar absorbing materials
designed and realized based on the metamaterial framework, because metamaterials are arranged by
artificial “atoms”, the size of artificial “atoms” is much larger than that of natural atoms, which has
a more flexible electromagnetic regulation capability, which is conducive to our free regulation of
its performance, so it has a larger development space in the improvement of its electromagnetic per-
formance.

At present, the resistive film metamaterials reported in the literature are generally composed
of a resistive film pattern layer on the surface, a dielectric layer in the middle and a metal backplane
at the bottom. However, they all have problems such as large thickness, complex preparation, high
cost and limited application scope. Through CST Microwave Studio 2021 electromagnetic simula-
tion software, the simulated shark skin resistance film type super material absorber structure de-
signed by our research group consists of the resistance film pattern layer on the surface and the
metal backplane on the bottom. The thickness of the metamaterial is greatly reduced, and the prob-
lems such as large thickness of the metamaterial absorber and difficulty in preparation are solved. In
addition, the absorption rate of more than 99 % is completely achieved in the frequency range of
2~18 GHz, and the relative bandwidth reaches 100 %.

Design idea of patterned layer of shark skin resistance film

Chinese scientists have developed a “shark skin imitation technology on the surface of the
hull for boats”, which is a kind of acoustic tile with the structure of shark skin imitation using bion-
ic principles. This design enables our new submarine not only to absorb the noise generated by the
submarine itself, but also to absorb and weaken the enemy's sonar detection sound wave. Acoustic
wave and radar wave

As shown in fig. 1, the shark skin is composed of many uneven small scales and gullies. As
the scales and gullies distributed on the shark skin form a certain volume of cavity between each
other, they are connected to the outside through the small holes in the scales. This structure has ob-
vious noise elimination effect: the external sound wave enters the cavity through the small hole, re-
flects many times in the cavity, rubs with the water and internal materials entering the cavity, and
the sound energy is converted into heat energy. It is difficult for the sound wave to pass through the
small hole to achieve noise elimination. This effect is similar to that of porous sound absorbing ma-
terials. Generally, the pore diameter of porous sound absorbing materials is concentrated between
10 um and 1mm, and the order of magnitude of shark skin scale structure is similar to it.

Inspired by this, our research team applied it to the design of metamaterial structures, taking
the imitation shark skin as the pattern layer of the resistance film, and through a series of simulation
experiments, data analysis, rule summary and optimization of the CST Microwave Studio 2021
electromagnetic simulation software, the optimal resistance film pattern layer model was obtained,

as shown in fig. 1.
o=gr]
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Figure 1 — Optimal resistance film pattern layer model and wave absorption performance
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Summary. The problem of indoor heat supply in industrial workshops in high latitude areas in win-
ter is complex. The energy consumption of air conditioners used in most workshops is huge. In this
paper, an innovative industrial low carbon air conditioning design based on the concept of “non-
uniform thermal environment” is proposed. Through orthogonal experiment and three-level evalua-
tion, the best operating parameters and energy-saving effect of air conditioning are obtained.

The indoor temperature of workshops in high latitude areas in winter is often close to 0 °C.
The workshop has scattered personnel and numerous equipment, which makes the heating problem
in winter complex. The traditional air conditioning systems used in most factories are committed to
creating a uniform thermal environment. They not only consume huge energy, but also have a poor
heating effect, which affects the working efficiency of workers.

In order to ensure the normal development of production and maximize energy conservation,
we based on the concept of “non-uniform thermal environment”, has made improvements in the
traditional air conditioning system, and proposed an industrial air conditioning system design for
industrial workshops, to improve the industrial production environment and production efficiency,
reduce power consumption, and save energy.

After preliminary investigation and study, we chose an industrial workshop in Shenyang,
China, with a specification of 50 m x 30 m x 5 m. The internal lathes are arranged in two parallel
rows, with three lathes in one row. 6 windows are evenly distributed on each side above the lathe,
and the specification of each window is 1.5 m x 1.5 m, normally closed in winter.

Fan

d

Figure 1 — Workshop model Figure 2 — Airpak Modeling

As the lathes in the workshop are evenly distributed and the influence between stations is
small, one of the stations is selected for this research. In order to carry out the simulation experi-
ment smoothly, we simplified the model as much as possible on the premise of ensuring the calcula-
tion accuracy, and used Airpak software to carry out the following modeling.

Based on the concept of “non-uniform thermal environment”, we put “people-oriented” and
“energy conservation and emission reduction” in the first place, so the evaluation indicators are not
limited to the temperature, speed and other parameters of traditional air conditioners. we had select-
ed the following parameters to build a new three-level evaluation system:

Temperature ~ Temperature

evaluation uniformity coefficient L7

Datas

Annual load

Speed ~ Speed

evaluation uniformity coefficient 22

Figure 3 — Three-level evaluation system
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The evaluation system of this project is complex, and there are many air conditioning oper-
ating parameters. To reduce the workload of simulation experiment and ensure the accuracy of ex-
perimental data, we took the orthogonal experimental design as the main idea and obtained the best
condition parameters by comparing the influence importance of various factors.

According to the number of factors and the level of factors in the experiment, we designed
the orthogonal test table and conducted the experiments. Then we calculate Kj; (Kj; represents the
average value of the experimental results when the factors in column i are taken as level j) and r; (r;
represents the range of Kj; in the column j). We judge the importance of different levels of the same
factor by Kijj, and judge the importance of the best levels of different factors by r;.

Table 1 — Levels of influencing factors Table 2 — Importance ranking table of
influencing factors

Evaluation conditions Impact importance(primary—secondary)

Temperature(°C) Speed (m/s)  Air outlet angle(°) Air outlet height (m) Air outlet avea(m’)
A

Level

B c D E Temperature C2<—E4—DIl<—A5-B3

1 20 12 0 0.45 2%0.05 Temperature uniformity D5+ C5—A2<El<B2
5 25 L5 18 075 24015 Speed ES—DI1—Cl—B5—A3
30 1.8 30 1.05 240,25 Speed uniformity D1+C3<A3+<B3+<ES

4 35 2.1 45 135 24035 FPFD B2—Cl—D2—A3—E3
5 40 24 60 1.65 2%0.45 PMV Cl—DIl<E5<A5-B3

According to the influencing factors and their respective levels, 25 groups of orthogonal ex-
periments were designed. By calculating Kj; and r; values, the order of influencing factors of differ-
ent evaluation conditions in tab. 2 is obtained. We can get the best three groups of operating param-
eter 1) A3-B2-C2-D1-E5; 2) A2-B3-C1-D2-E4; 3) A3-B3-C2-D1-E4. According to the experi-
mental parameters selected by the three groups of schemes, the simulation experiments were carried
out respectively to compare the temperature, speed nephogram and the annual load.

Temperstre Temperatare Temperatae
& & & 380

.= N B
| Bis | 0
| == EL:';::: B
- I - TR s~
Z-1.3m-M: Z-1.3m-Temperature sensitive area Y-2.5m ’;., 280
> | .A‘ e
I, i ’J t L’ = m";': 0, ln)lou Juluo suloo J(IL.DU SU‘UU ouluu ’mlou ew‘ou
Figure 4 — Scheme temperature nephogram and Figure 5 — Annual load comparison under
speed nephogram various working conditions

Among them, the maximum values of group 2 are lower than those of the other two schemes
in the temperature and speed nephogram, the uniform coverage area is similar, the PPD and PMV
change little, and both are within the reasonable requirements. In terms of annual load consumption,
it is 28.4 % lower than that of traditional air conditioners, 11.2 % lower than that of 1, and 6.8%
lower than that of scheme 3. Therefore, Scheme 2 is the best operating parameter of low-carbon air
conditioners in industrial workshops: Temperature 25 °C, Speed 1.8 m/s, Air outlet angle 0°, Air
outlet height 0.75 m, Air outlet area 2 0.35 m?,
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Summary. Alumina production will produce a large amount of red mud wastewater every year,
which will cause great harm to the surrounding environment. In this study, a solar evaporator using
biochar as photothermal material for red mud wastewater treatment was designed. Driven by sun-
light, the device can recover water from red mud wastewater and absorb harmful substances in
wastewater. This study provides a new idea for green and energy saving treatment of red mud
wastewater.

About 1.5 tons of red mud tailings are discharged for every ton of alumina produced. The
treatment of red mud tailings has always been a difficult problem [1]. Most of the red mud tail-
ings can only be stored for disposal. As the demand for alumina increases, the storage problem of
red mud tailings will become more serious. In the rainy season, the long-term watering of rainwater
will lead to the overflow of red mud wastewater, causing serious pollution to the surrounding lakes
and farmland. At the same time, the overflowing red mud wastewater will change the composition
and structure of the soil, and then affect the planting or animal husbandry. The treatment and utiliza-
tion of water sources polluted by red mud has become an urgent problem to be solved [2].

In this study, three kinds of biomass carbon materials were prepared from wastes with high
carbon content. After material characterization and comprehensive analysis of performance, the bi-
omass carbon prepared with straw residue as raw material was finally selected.We used this materi-
al in a self-designed solar evaporator, and found through experiments that the device has excellent
ability to treat red mud wastewater.

Firstly, we used sugarcane rod and coffee grounds to prepare biochar, and carried out SEM,
BET and FTIR tests on the two materials after carbonization. It was found that the two biomaterials
have the following characteristics after carbonization: although the carbonized sugarcane rod retains
the original good pore structure.lIts adsorption ability to the pollutants in red mud wastewater is low,
and it is not very ideal photothermal material. The carbonized coffee grounds are ellipsoid and can-
not absorb red mud sewage evenly. Besides, the BET specific surface area of the carbonized coffee
grounds is far less than that of the biochar made from sugarcane rod in front. Therefore, biochar
prepared from coffee grounds is not a good experimental material.

After that, we used common agricultural waste straw to make biochar, and conducted SEM,
BET and FTIR tests on the carbonized straw material. Biochar material can be well formed, and can
keep the shape floating on the water surface and has a certain hydrophobicity. The forming condi-
tion, pore size, specific surface area and hydrophobicity of the material are well maintained. Finally,
the straw residue mixture was determined as the raw material for biochar preparation.The experi-
mental samples are shown in fig.1 below.

|

£E: 62.16mm

Figure 1 — Biomass carbon sample

The surface temperature of the photothermal layer reaches an equilibrium of about 39.5 °C
after 10 min of irradiation under the same sunlight,and reaches the highest temperature of 64.5 °C
after 30 min of irradiation. However, when there is no biochar floating on the water surface, the
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temperature increases slowly and the highest temperature of the red mud can only reach about
31.2 °C. The evaporation rate of red mud is about 1.0294 kg-m-h~! when biochar is not used as the
interface. After the use of solar biomass charcoal evaporator, the evaporation rate is about four
times than the original.

Compared with the changes of the red mud solution before and after evaporation, the color
of the red mud solution before evaporation is darker, and the color of the red mud wastewater after
evaporation is obviously lighter, and the water level drops somewhat. The collection efficiency is up
to 55.5 %.

The red mud solution before evaporation was tested by a high-precision pH tester and its pH
value was 11.06. The shallow red mud solution after evaporation was also tested and the pH value
was 9.76. The evaporator also weakened the alkalinity of the red mud. The surface of the biochar
showed a change of red color, which proved that the substances in the red mud were successfully
adsorbed to the surface of the biochar after evaporation. After XRD test, it was confirmed that bio-
mass carbon adsorbed harmful substances in wastewater.

Based on the solar evaporator model designed by previous researchers, we carried out the
following innovative design and transformation: we used xenon lamp light source with AM1.5G
filter (keeping the light intensity at about 1 kW/m?) to simulate sunlight, and designed the biochar
based solar evaporation device as shown in fig. 2.The right picture shows the evaporation condensa-
tion and collection device. A4 is a condensing collection device, which is composed of a ramp struc-
ture and a condensing tank. The evaporated water vapor will condense upward and stay in the
groove with the wall surface. In order to collect the condensed water in time, we open holes in the
groove to facilitate the discharge of condensed water from the groove into the collection beaker. B is
the insulation device and biochar, ¢ is the red mud wastewater storage tank.

Figure 2 — Solar evaporation condensing device

The surface temperature of the photothermal layer reaches an equilibrium of about 39.5 °C
after 10 min of irradiation under the same sunlight, and reaches the highest temperature of 64.5 °C
after 30 min of irradiation. However, when there is no biochar floating on the water surface, the
temperature increases slowly, and the highest temperature of the red mud can only reach about
31.2 °C. The evaporation rate of red mud is about 1.0294 kg-m*-h™* when biochar is not used as the
interface.After the use of solar biomass charcoal evaporator,the evaporation rate is about four times
than the original.

Compared with the changes of the red mud solution before and after evaporation, the color
of the red mud solution before evaporation is darker, and the color of the red mud wastewater after
evaporation is obviously lighter, and the water level drops somewhat. The collection efficiency is
up to 55.5 %.

The red mud solution before evaporation was tested by a high-precision pH tester and its pH
value was 11.06. The shallow red mud solution after evaporation was also tested and the pH value
was 9.76. The evaporator also weakened the alkalinity of the red mud. The surface of the biochar
showed a change of red color, which proved that the substances in the red mud were successfully
adsorbed to the surface of the biochar after evaporation.After XRD test, it was confirmed that bio-
mass carbon adsorbed harmful substances in wastewater.
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Summary. Garbage enzymes rationally using of waste from fruits and vegetables are rich in nutri-
tionally active substances and microbial groups and positively affect the growth of agricultural
crops. In this project, by studying the effect of different classes of garbage enzymes on plant growth
at different concentrations, and study on molecular biological mechanism will provide sufficient
theoretical support for the development of environmental friendly irrigation machine in agriculture.

In recent years, with the increasing awareness of environmental protection, eco-friendly
production methods are gradually being more emphasized, and people are paying increasing con-
centration on pollution-free and safe food. Garbage Enzyme is obtained by fermenting fruit and
vegetable waste, water and sugar in a certain ratio for 3 months with a variety of microorganisms
such as yeast, E. coli, lactic acid bacteria, acetic acid bacteria, actinomycetes and copper-craving
bacteria. Garbage Enzyme is a natural, non-polluting and safe alternative to pesticides in agricul-
ture. Enzymes can help reduce pesticide residues in crops and improve crop quality. Applying en-
zymes to soil and crops as a kind of bio-organic fertilizer can improve soil fertility, eliminate envi-
ronmental pollutants, promote the absorption and use of nutrients by plants, improve resource utili-
zation and crop quality, significantly increase crop yields and improve fruit quality. It improves
fruit quality and makes a great contribution to the improvement of agricultural productivity. The
study of the effect of Garbage Enzyme on crop quality improvement is an important guide to the
application of Garbage Enzyme as an enzyme fertilizer in agricultural production. By replacing pes-
ticides, Garbage Enzyme can greatly protect the ecological environment of agricultural production,
ensure the safety of people's tongue and achieve ecological sustainability.

This project aims to improve crops by using Garbage Enzyme as a kind of bio-organic fertilizer.
By measuring (1) the effects of different types and dilution gradients of Garbage Enzyme on the growth
of crops; (2) the effects of different types and dilution gradients of Garbage Enzyme on the morphology,
photosynthesis intensity, nutrient content and metabolism of different crops. It is acknowledged that this
project can provide sufficient theoretical support for the subsequent development of the Garbage En-
zyme Fermentation and Irrigation System for agricultural applications.

This project uses waste of various fruits and vegetables as raw materials and obtains differ-
ent kinds of environmental protection enzymes through fermentation, and uses them to water vari-
ous crops with different kinds and dilution gradients, expecting to obtain the most suitable enzyme
types and dilution gradients of different crops. The specific experiments were divided into the fol-
lowing stages.

1. Selection of different types of fruit and vegetable waste and preparation of enzymes from
them.

2. Selection and sowing of experimental crops, spraying with different enzymes at different
dilution gradients, and setting up a control group.

3. Crop growth status measurements including plant height, stem thickness, leaf width and
area as well as photosynthetic rate every 7 days.

4. Roots were sampled from each group every 30 days to analyse root growth patterns using
WinRhizo and the remainder was frozen and preserved.

5. After the crop has matured, indicators such as nutrient content and key enzyme content of
frozen samples are measured and compared with the corresponding control group.

6. Using Prism to analysis the most suitable Garbage Enzyme type and concentration gradi-
ent for each crop.

R&D Innovation:
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1. Introducing for the first time the idea that enzymes made from different types of fruit and
vegetable waste have different effects on crops.

2. First introduction of the determination of key enzyme levels and activities in crops at dif-
ferent stages of growth.

3. With a large variety of crops as the subject of analysis, the experimental base is large and it is
easier to conclude the biological mechanism of crop growth promotion with Garbage Enzyme sprayed.

4. Combining experimental data with actual production to achieve a holistic approach to
basic theory research, engineering and quantitative production.

Technology transformation:

According to the preliminary results of the experiment, a high level academic paper has been
submitted; for green agriculture and ecological protection and can match the most suitable Garbage
Enzyme spraying concentration gradient for a large number of crops derived from this project, an
Garbage Enzyme fermentation and irrigation all-in-one machine (as shown in fig. 1 and fig. 2) has
been designed and is under patent application, the user can put in raw materials to automatically fer-
ment Garbage Enzyme, the user can place this device in front of the watering pipe.

The device can automatically configure the watering water according to the crop selected by
the user, the watering method and the growing period of the crop, the user can also add the sub-
stance that needs to be irrigated in proportion when irrigating, in order to cope with the shortage of
Garbage Enzyme when the user irrigates a large area.

Figure 1 — Garbage Enzyme Fermentation Figure 2 — Main body of Garbage Enzyme
and Irrigation Integrated Machine Fermentation and Irrigation Machine
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Summary. This paper explains the team's research and development of a new vertical eddy current
sorting machine, which solves the problem of high pollution and high emission that cannot process
small-size electronic waste, can only sort non-metals and metals, and cannot separate different
metals at the same time. It is a kind of mechanical and physical equipment that can realize the sep-
aration between small non-metals and metals and different metals.

According to the “New Energy Vehicle Industry Development Plan (2021-2035)” issued by
the General Office of the State Council, China will vigorously develop new energy vehicles in the
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future, and it is expected that by 2025, China's new energy vehicle sales will reach 5 million, ac-
counting for 20 % of new car sales and 44 % of the global new energy vehicle market capacity.

The vigorous promotion of new energy vehicles has led to the explosive growth of the pow-
er battery industry, and lithium iron phosphate batteries (LFPBs) occupy a large share in the power
battery market because of their advantages of high safety, long cycle life and low price. Among the
power batteries that have entered the scrap period in China, lithium iron phosphate batteries account
for more than 70 %, so the recycling of waste lithium iron phosphate batteries is particularly im-
portant.

Regularly mixed materials, copper and aluminum pellets of different particle sizes.

The recycling process of waste power batteries in this project is: waste battery discharge —
electrolyte collection — freezing crushing — winnowing (crushed materials and other powders) —
magnetic separation (magnetic metals such as iron, cobalt and nickel) — vertical eddy current sepa-
ration (copper and aluminum non-ferrous metals).

Figure 1 — Ideal process 3D printing model drawing. From right to left, there are discharge devices,
electrolyte collection devices, crushers, magnetic separators, winnowing machines, and vertical ed-
dy current sorters

First, the waste power battery is routinely discharged and the electrolyte is collected, and
then frozen and crushed. We use liquid nitrogen to cool down the waste power battery, and use the
brittle fracture temperature difference of the solid waste at low temperature to make the material
brittle, and then crush. After freezing and crushing, winnowing can effectively separate metal and
non-metallic materials and improve the degree of dissociation of waste power batteries. Then there
is the conventional magnetic separation, which separates magnetic metals such as iron, cobalt and
nickel. Finally, eddy current sorting is carried out by a vertical eddy current sorter.
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Figure 2 — Sorting results. R is for recovery G for recycling grade SE for sorting efficiency

From the preliminary experimental results in the figure above, it can be seen that the vertical

eddy current sorting machine we designed can achieve 95 % sorting efficiency for materials with a
particle size of more than 4 mm, and also has a certain sorting capacity for materials with a very
small particle size below 4 mm. It improves the shortcomings of the previous sorting machine for
the poor sorting efficiency of particle size materials below 5 mm, and can be applied to the sorting
of waste battery materials with higher precision requirements.

The recycling process is energy-saving and environmentally friendly:

Compared to conventional processes, innovations include freeze crushing, winnow-
ing and vertical eddy current sorters.
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Freeze crushing technology crushes solid waste, uses liquid nitrogen to cool down the waste
power battery, uses the brittle fracture temperature difference of solid waste at low temperature to
make the material brittle, and then crushing, not only good crushing effect, improve conductivity,
increase induction current, conducive to subsequent eddy current sorting, and also has excellent ef-
fects in energy saving and noise reduction: the driving force required is about 1/4 of the crushing at
room temperature, the noise is reduced by about 7 dB, and the vibration is reduced by 1/5-1/4.

Eddy current sorter innovation:

Automatic control device: a sensor is set under the magnetic roller to sense the working sta-
tus and temperature of the magnetic roller, and is controlled by the network control system. Pre-
vents dangerous situations such as overheating and short-circuit temperature differences.

Low cost and long service life: the core magnetic roller material is reduced, the conveyor
belt is eliminated, the cost is reduced, and the loss of the device is reduced and the service life is
more than doubled.

Solve technical problems such as stickiness: optimize the feeding system and the improve-
ment of the sorting structure, eliminate the sticky material and material leakage problems when
feeding the conveyor belt, 100 % feeding, and avoid the collision problem in the sorting process.

Safety and environmental protection: using mechanical and physical methods, compared
with chemical reagents, the danger is low, the waste is less and the environmental pollution is small.

High sorting rate and small footprint: Compared with the traditional eddy current sorting device,
which can generally reach 30-50 % when sorting metal particles below 5mm, the primary sorting rate
of metal particles below 5mm can reach more than 90 % after the optimization of the structure of this
device, which greatly improves the sorting rate. It is reduced by about 75 % and is easy to carry.
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Summary. Ferrite absorbing metamaterials designed with metamaterial structures can effectively
broaden the absorption bandwidth of electromagnetic waves. The current mainstream approach is
to compound ferrite with other materials to produce ferrite absorbing metamaterials with better
performance.

Conventional ferrite wave-absorbing materials will undergo polarization rotation of reflected
waves under longitudinal magnetization due to Faraday rotation effect, and will only absorb elec-
tromagnetic waves of a certain polarization under transverse magnetization [1]. Nowadays, ferrite
absorbing metamaterials designed with metamaterial structures can effectively broaden the absorp-
tion bandwidth of electromagnetic waves. The current mainstream approach is to compound ferrite
with other materials to produce ferrite absorbing metamaterials with better performance.

With the in-depth research related to ferromagnetic composite, the structure of ferrite and
metal wire/stick composite has become a hot topic of research. 2001, Dewar [2] University of North
Dakota, USA, first proposed to prepare wave-absorbing metamaterials by embedding periodically
arranged metal sheets or metal wires directly into the ferromagnetic matrix. 2006, A. L. Adenot-
Engelvin, P. Toneguzzo et al [3] studied the structure and outlined the basic topology on the lami-
nate by metal wires as shown in fig. 1, which shows the strong anisotropy of the structure, fig. 1
shows the microwave permeability of the laminated composite using a 1 m thick CoFeSiB film de-
posited on a 23 m PET substrate (ferromagnetic volume fraction of 7 %) , fig. 1 shows a sketch of
the wire composite, and fig.1 shows the microwave permeability of this composite with a ferromag-
netic volume fraction of 7 %; after this Ji Zhou, Ke Bi et al [4] conducted an in-depth study of fer-
rite and metal wire/rod composite metamaterials, and experimentally demonstrated that a periodi-
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cally arranged array of yttrium iron garnet (Y1G) wire/rod composite with a metal wire array The
structure formed is shown in fig. 1 (e-h), which shows obvious advantages in terms of tunability
and loss, and is simple to prepare, and has some practical value in the preparation of devices as well
as the miniaturization of devices.

The generation of the idea of using conductive materials to obtain magnetic properties that
conform to the inductive mode led to the creation of the ferrite — coil structure. The structure is gen-
erally a copper helix wound around the core of a ferromagnetic composite. In 2005, Anne-Lise
Adenot-Engelvin, Olivier Acher et al [5] investigated metamaterials based on the combination of
ferromagnetic composites with inductive modes by coiling copper wires of 50 mm diameter with
different numbers of loops and with periodically arranged metamaterial blocks were compounded
with the structure shown in fig. 1, and the model view of the metamaterial blocks is shown in fig. 1.
According to the experimental results, it is found that the resonant frequency varies with the inverse
of the number of loops of the helix and is independent of the magnetic material. This structure
solves the problem of microwave permeability of a metamaterial block consisting of a ferromagnet-
ic composite (wire or laminate) and an inductive pattern.

(@) ofimerest B/T0" f msisingiyens (b)
w7

Figure 1 — The model view of the metamaterial blocks: a — Sketch of the laminate composite with
his polarization of interest: direction of the permeability p is perpendicular to the direction of the
magnetization(in-plane uniaxial anisotropy); b — Microwave permeability of a laminate composite
with ferromagnetic volume fraction of 7 %; ¢ — Sketch of a wires composite in the polarization of

interest: direction of the permeability p is locally perpendicular to the direction of the magnetization
(circumferential anisotropy in negative magnetostriction glass coated microwires); d — Microwave
permeability of a wire composite with 7 % ferromagnetic volume fraction; e — Schematic diagram
of YIG sheet/copper wire composite structure; f — Variation of transmission coefficient with fre-
quency under different magnetic fields; g — Schematic diagram of YIG rod/copper wire composite

structure; h — Variation of transmission coefficient with frequency under different magnetic fields; i

— Schematic view of a sample with eleven metamaterial blocks; j — Modeled view of a metamaterial

block and directions of external applied field on the magnetic core
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Summary. CCUS carbon capture, utilization and storage is one of the key technologies to deal with
global climate change, which has been highly valued by countries all over the world and has in-
creased research and development efforts, but there are still difficulties in industrialization. This
paper introduces a green preparation process of zeolite for carbon dioxide adsorption.

Human beings release too much greenhouse gases such as CO, in production and life, and
the anthropogenic increase in atmospheric greenhouse gas concentrations is the main factor of cur-
rent and future climate change, and if measures are not taken, CO, concentrations will continue to
increase for many years in the future [1]. As a major CO, emitter, China is facing arduous CO;
emission reduction tasks, and carbon capture and utilization technology is one of the important
technologies to solve this problem. At present, CO, capture technology has been industrially ap-
plied, and the preparation of high-efficiency CO, adsorbents is the most critical part. Based on the
above problems, the research on finding better technologies to prepare high catchability for captur-
ing and storing CO, and optimizing them to achieve the ideal level has been gradually emphasized.
At present, there are many mainstream porous adsorption materials in the world,Such as type A
zeolite, type X zeolite, ZSM-5, MOFs, etc. [2]. Peter G. Boyd et al. analyzed some porous materials
with optimal adsorption for CO, adsorption separation through comparative studies.Patrick Nugent
et al. [3] synthesized metal-organic framework materials with strong carbon capture performance.
However, in the existing zeolite synthesis process, it is impossible to avoid the generation of waste
liquid, and the treatment process of waste liquid will cause secondary pollution to the environment.

In addition, coal, as one of the most stable and effective energy sources in our country, will
produce a large amount of fly ash in the process of its combustion. To 2000, China's coal ash emis-
sions about 160 million tons. The treatment and utilization of fly ash has become a major environ-
mental protection problem in today's world.Many teams have explored the influence of different
synthesis methods on the types and properties of zeolite prepared from fly ash for the problem of
how to rationally recycle and apply fly ash, a solid waste with huge emissions [4]. Wu Xuecheng's
team [5] of Zhejiang University processed fly ash by acid leaching and alkali melting, synthesized
various types of zeolite, and studied its adsorption performance, verifying the feasibility of zeolite
synthesis from fly ash.

According to current theoretical analysis and previous experiments, four reaction parameters
can be determined: alkali-ash mass ratio (referred to as alkali-ash ratio for short), crystallization
time, liquid-solid mass ratio (referred to as liquid-solid ratio for short) and crystallization tempera-
ture.Among them, the ratio of alkali to ash affects the concentration of alkali in raw materials, and
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the addition of NaOH can dissolve the amorphous phase in raw materials, destroy mullite and Shi
Ying phases, decompose them, and promote the activation of SiO, and Al,Os. Liquid-solid ratio
plays an important role in the synthesis of zeolite. Too large or too small liquid-solid ratio directly
affects the alkalinity of solution and the crystallinity of zeolite products. Li Bo [6] explored the role
of liquid-solid ratio in the synthesis of zeolite A. The results showed that when the liquid-solid ratio
was 5:1, the mass fraction of zeolite A was 59 %, which was the highest compared with that of zeo-
lite A synthesized under other liquid-solid ratios. Crystallization time affects the nucleation and
crystal nucleus growth process of zeolite.At the same time, it will affect the crystal particle size of
synthetic zeolite. Generally speaking, the higher the crystallization temperature, the larger the parti-
cle size of zeolite. The crystallization time will be prolonged if the crystallization temperature is too
low; High crystallization temperature will produce hydroxysodalite, resulting in low purity of zeo-
lite. Therefore, too high or too low crystallization temperature is not conducive to the synthesis of
zeolite A. Lian Xianjin et al. [7] considered the time required for crystallization and the quality of
zeolite, and considered that the ideal crystallization temperature was 80~100 °C.

By studying the influence of crystallization time, solid-liquid ratio, silicon aluminum ratio
and other conditions on the synthesis of zeolite, as well as the recycling of waste liquid, we analyze
how to prepare zeolite with the best performance. The characteristic peaks, crystallinity and cell pa-
rameters were analyzed and determined by X-ray diffractometer (D8 ADVANCE, Brooke, Germa-
ny); Use a physical adsorption instrument (ASAP 2460, McMurray Teck Instrument Co., Ltd.) to
test the nitrogen adsorption desorption isotherm of the sample at liquid nitrogen temperature; Fouri-
er infrared spectrum analyzer (Cary-660-FTIR, Agilent Technology Co., Ltd.) was used to analyze
the functional group structure of the adsorbent molecule, and the characterization and performance
test of the sample were completed.

Based on the previous exploration and the above experimental exploration, it is proved that
the preparation of fly ash based zeolite A by alkali melting hydrothermal synthesis has extremely
high carbon dioxide adsorption performance, and there is still a large amount of Al,O3; and SiO; in
the waste liquid that do not participate in the reaction, so the reaction can continue.Considering the
reuse of pollutants and no secondary pollution of waste liquid, a green preparation scheme of zeolite
A was designed and optimized.The use of cheap raw materials and template free synthesis methods
will contribute to the large-scale application of green synthesis processes in the future.
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YJIK 666.3
EFFECT OF IPA VOLUME FRACTION ON PREFERRED ORIENTATION OF ZNO
NANOWIRES GROWN BY CBD METHOD AND MECHANISM
e #37% (Zhu Jinze), 25— (Feng Yiming), 7°.2 47 (Ning Zhixuan), /22 (Liu Hanxiao)
F LA (Northeastern University )
e-mail: 1598551314@qg.com

Summary. ZnO nanowires with semi-polar and non-polar orientations are fabricated on Si (100)
substrates by low temperature chemical solution deposition. This distinctive growth is achieved by
a co-effect of the seed layer templates and CBD solution. The growth mechanism is illustrated in
detail and these semi-polar and non-polar ZnO/Si heterostructures show an excellent unidirectional
conductivity.

ZnO nanomaterials have been widely used in optoelectronic devices, gas sensors, biosensors,
solar cells and electromagnetic wave absorption due to their excellent physical chemistry properties.
How to solve the C-axis predominance in the growth of nano-ZnO and prepare the semi-polar and
non-polar preferred orientation has become the research focus. ZnO nanofibers were prepared by
sol-gel and electrospinning methods using PVA, ethanol, acetic acid and zinc acetate dihydrate as
raw materials, the effect of IPA volume fraction on the orientation of ZnO nanowires was studied
by chemical bath deposition.

The precursor solution of ZnO nanowires is zinc acetate solution which is prepared by the
sol-gel method. Then the fabrics of zinc acetate and PVA are obtained by electrostatic spinning, fi-
nally, ZnO nanowires is obtained by sintering in a well furnace as required. The CBD solution is
formulated as follows: A 50 ml precursor CBD solution consisting of DI water and IPA as solvents
which have the ratio of 40 %, 50 %, 60 %, 70 %, 80 % and 90 % (called A1-A6) with 25 mM Zn**
concentration was prepared using [Zn?*]/[HMTA] = 1 : 1 molar ratio, respectively. Afterwards, the
pre-coated p-Si (100) substrates were immersed in the solution and maintained at 80 °C for 4 hours
in a water bath fitted with a refluxing system.

In order to study the crystal structure of ZnO nanowires prepared by changing the volume
fraction of IPA in solution, all the nanowires were tested by XRD. We calculated the texture coeffi-
cient to reflect the preference orientation of each group.
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Figure 1 — Preferred orientation and crystallinity analysis of ZnO films prepared with different IPA
volume fraction

The formula for calculating the texture coefficient is given as follows:
I

L
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S
N L

69



where, I, and Ij;,; are the intensities of diffraction peaks of the sample and standard ICDD card
corresponding to its plane (hkl).

When the texture coefficient of a crystal face (hkl) is greater than unity, the material is the
preferred orientation of the (hkl) face. The higher the texture coefficient is, the higher the preferred
orientation is. With the increase of IPA volume fraction, the preferential orientation of ZnO nan-
owires changed from (002) intrinsic growth to semi-polar surface, at last to (110) polar surface.

From the SEM images, fig. 2 (a) shows an obvious upright or inclined hexagonal prism,
which is the preferred orientation of (002) .The neighboring grains are growing in competition with
each other for growth space, as a result, the grains extrude each other at the place where the two
grains contact to form the incomplete hexagonal morphology owing to the different orientation.The
images (b) and (c) are wedge-shaped, because (b) and (c) are of the preferred orientation of (101).
These grains can be seen as the inclined growth of six-prismatic grains, eventually exposed a six-
prismatic angle and a row to form this wedge-shaped morphology. In fig. (d), the preferred orienta-
tion of ZnO is not obvious and it is a transition state. The fig. (e) and (f) show the “Roof-shaped”
morphology of (110) preferred orientation. By forming the “Roof-shaped” morphology, the “Roof-
shaped” on both sides of the grain is the (100) crystal plane of ZnO, and the plane parallel to the
sample surface inside the grain is the (110) crystal plane of ZnO.

r ( LT —_ ey

Fiure 2 — The SEM images of ZnO films prepared at different IPA volme fractions:
a—40%; b-50%; c—-60%; d-—70%; e—80%; f—90%

The mechanism is explained from the steric hindrance effect. In solution, hydroxyl groups
on IPA molecules can be linked to unbonded groups on the semiconductor surface by forming
monomolecular complexes. When IPA is selectively adsorbed on a crystal face, the Steric hindrance
effectis formed on above crystal face, which blocks the contact between foreign ions and the surface
of ZnO, hence inhibiting the growth of the crystal face. In addition, the interaction between the
functional groups of organic molecules in solution and the semiconductor surface is also affected by
the polarity of the solution. The stronger the polarity of the solution, the weaker the binding force
between the hydroxyl group and the unbonded group, and that being reversely. When IPA was not
added, nano-ZnO was grown along the intrinsic growth surface. When the volume fraction of IPA is
40 %, the polarity of solution is still strong, the growth of (002) crystal plane is inhibited weakly.
Nano-ZnO grows along (002), (103) crystal plane mainly, With the increase of IPA concentration,
the polarity of solution decreases and the inhibition on (002) crystal plane is enhanced, nano-zno
clearly grows along the semi-polar plane. When the volume fraction of IPA reaches 80 %, the
growth of semi-polar surface is also inhibited, and nano-ZnO grows along (110) non-polar surface.

In summary, the orientation of ZnO nanowire is regulated by IPA through the Steric hin-
drance effect of its selective adsorption on ZnO crystal surface. Its excellent physical properties can
be used in rubber, electrical properties can be used in gas sensor and humidity sensor. And because
of ite adsorption, ZnO can be used to detect the protein or adsorption of pigment, too.
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YK 69.04
EXTRACTION OF VALUABLE LANTHANUM, ZIRCONIUM AND LITHIUM
ELEMENTS FROM SOLID ELECTROLYTE LI;LA3ZR;01;, (LLZO)
Bolun Wang, Xiangian Sang, Xin Qu, Hongwei Xie, Huayi Yin
FIEAXF (Northeastern University )
e-mail: 85590@mail.neu.edu.cn

Summary.Valuable elements in lithium-ion batteries is a very significant secondary resource. Based
on the recovery and recycling of the spent all-solid-state lithium-ion batteries in the future, we ex-
plore extracting valuable lanthanum, zirconium, and lithium elements from the solid electrolyte te-
tragonal phase LLZO by the leaching with the dilute sulfuric, and then by precipitation methods of
double salts and carbonate salt, and recrystallization, respectively.

The all-solid-state lithium-ion battery (SSB) was developed, owing to high energy densi-
ty, good safety, and little influence by external temperature, and is one of the most competitive
energy storage batteries in the future [1, 2]. Therefore, the huge number of spent SSB will also
danger our life environment like that of spent LIBs nowadays if SSB can completely replace
LIBs in the future.

As well known, the solid-state electrolyte is the key material of SSB battery, which mainly
includes lithium phosphorus oxynitride (LiPON) type, lithium fast ion conductor (LISICON)
type, sodium fast ion conductor (NASICON) type, etc. Among them, the solid cubic garnet
Li;La3Zr,0,2(LLZO) inorganic electrolyte is popular and has potential for application because of
its simple synthesis process, stable chemical and electrochemical properties, high ionic conductiv-
ity at room temperature, and good compatibility with electrodes [3—6].

Based on both no spent commercial LLZO-type lithium battery nowadays and the simplicity
of phase transformation from cubic to tetragonal-phase, herein, we directly investigate the extrac-
tion of the valuable La, Zr, and Li elements in the solid electrolyte quadratic-phase LLZO by con-
ventional hydrometallurgy methods.

Lithium hydroxide (LiOH - H,0), lanthanum oxide (La,0s), zirconia (ZrO,), and isopropa-
nol (CsHgO) were used to prepare the tetragonal LLZO solid electrolyte. Concentrated sulfuric acid
(H2SO4 98wt%) was diluted to 0.5 mol/L for leaching the self-made solid electrolyte tetragonal
phase LLZO.

Acid leaching and recovery of lanthanum, zirconium, and lithium elements in the tetragonal
phase LLZO.

Preparation and characterization of the tetragonal phase LLZO.

Tetragonal phase LLZO was prepared by the solid-state sintering method [7].

Acid leaching of the tetragonal phase LLZO.

The 2.09 g self-made LLZO was immersed into the 0.5 mol/L dilute sulfuric acid with a stir-
ring rate of 400 r/min. The contents of valuable La, Zr and Li elements in the filtrate analyzed by
atomic absorption spectrophotometer (TAS-990 AAS) were used to calculate the leaching rate of the
LLZO, the equation as follows:

(%) === x100 % (1)

p — Leaching rate of the LLZO; ¢ — Lithium element concentration in leaching solution; V' —
Volume of acid leaching solution; m — Mass of lithium element in the LLZO.

The double salt precipitation method was employed to extract lanthanum elements from the
leaching solution. As a precipitant, sodium hydroxide was added to the above acid leaching solution
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to form Lay(SOy4); - Na,SO4 - 2H,0 double salt precipitation. The equation of extraction rate of lan-
thanum element is as follows:

(%) =§ x 100 % )

¢ — Extraction rate of lanthanum element; p — Mass of lanthanum element in the leaching
solution; oo — Mass of lanthanum element in the dried sodium lanthanum sulfate double salt.

The precipitation method was employed to recover the zirconium element from the above
filtrate. The equations of extraction rate of zirconium, and lithium elements are as follows, respec-
tively:

(%) =§x 100 % (3)

v — Extraction rate of zirconium element, a — Mass of zirconium element in zirconium car-
bonate, b — Mass of zirconium element in the filtrate recovered lanthanum.

3(%) = d %100 % 4)

0 — Extraction rate of lithium element, ¢ — Mass of lithium element in lithium carbonate, d —
Mass of lithium element in the purified filtrate.
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Summary. In the 21st century, the change of the international marine strategic situation provides
both opportunities and challenges for China's strategy of building a powerful marine country.
Against this background, China has implemented the strategy of the “21st Century Maritime Silk
Road”. Focuses on the analysis of the achievements and challenges of China's “21st Century Mari-
time Silk Road” construction, and puts forward corresponding countermeasures based on the anal-
ysis.
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Y]K 69.04
DESIGN AND IMPLEMENTATION OF AN INTELLIGENT CIRCUIT ANALYZER
Li Guanguan, Zhou Luxing
Northeastern University
e-mail: 2685732581@qg.com

Summary. This paper designs a smart socket based on microcontroller and WIFI module. The
socket can measure the voltage information and grounding of the connected circuit, display the
measurement results and voice broadcast, and the user can also view the measurement results in
real time through the cell phone APP, and design a transparent waterproof box for it to enhance its
waterproof performance, which has certain significance to the safe use of electricity.

In recent years, electrical fires have occurred frequently in China, and it is difficult to detect
various hidden dangers of electrical circuits in time by traditional detection means, making it diffi-
cult to implement the prevention of electrical fires in place. With the widespread use of WIFI tech-
nology in life, intelligent WIFI sockets have been widely studied for the advantages of reliable de-
tection, convenient control and flexible application.

For this reason, it is imperative to design an instrument with circuit information collection
function, which can voice broadcast relevant information and upload the detection results to the
network side for managers to view and manage. The use of wireless networks to unify the manage-
ment of circuit system information is conducive to the construction of circuit system safety platform,
which can eliminate potential electrical fire safety hazards and avoid unnecessary economic losses,
and can achieve prevention before it happens.

Based on this, this paper designs an intelligent instrument that can measure the line voltage
and detect whether it is grounded, display and voice broadcast the measurement results, and allow
users to view the detected circuit information in real time through a cell phone app. This design can
be networked to meet the current pace of the times and market-oriented.

The multi-functional WIFI smart socket designed in this paper consists of four parts: power
module, data acquisition, broadcast display and APP view. The whole circuit system is based on the
microcontroller module as the core, the microcontroller processing the collected circuit data and
then the display module and voice module display and broadcast the corresponding results. the
WIFI module can connect the circuit data information processed by the microcontroller to the WIFI
wireless network for users to view the socket circuit information in the cell phone APP terminal.
The power supply module provides power for the whole circuit system.

In this paper, the system software is designed in a functional modular way, including data
acquisition module, voice module, display module and wireless communication module. The main
software program regulates each module to realize various functions of the smart socket. After the
socket is started, the smart socket system terminal will be initialized, then the data acquisition mod-
ule will collect data from the circuit connected to the socket, and the microcontroller will broadcast
the corresponding voice information through the voice module, the display module will display the
corresponding voltage value, and the WIFI module will make the WIFI connection between the cell
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phone and the smart socket. If the WIFI connection is unsuccessful, it will continue to identify the
connection until it is successful and then upload the circuit information of the connected circuit to
the client via WIFI for the user to view and understand the circuit in time.

In this paper, a transparent waterproof box is designed for the instrument to guarantee its
waterproofness. The design of the transparent waterproof box makes its waterproof performance
more excellent, prolongs the service life of the socket, increases the application scenarios in various
situations such as outdoor, and has certain significance for the prevention of electrical fires and the
safety of users' electricity use.

The instrument designed in this paper uses a wireless communication module to transmit in-
formation about the circuit. It can collect the voltage value and grounding condition of the connect-
ed circuit and can display the voltage value and voice broadcast the relevant information, and can
also upload the test results to the user side, so that the user can understand the circuit information in
real time, which is more practical and convenient. In the instrumentation research, domestic and
foreign have been pursuing digitalization, intelligence, networking, miniaturization, the design to
meet the current pace of the times, for the international market.

VJIK 69.04
CALCULATION OF A REINFORCED CONCRETE CONSTRUCTION WITH FINITE
ELEMENT MODELING LOCATED IN SOIL
Medvedev L. U.
BNTU, department “G&SM™
e-mail: sm@bntu.by

Summary. In this article there is a completed description of a calculation of a reinforced concrete
construction with finite element modeling located in soil. The calculation was carried out on an
electronic computer complex using software. Physical and mechanical properties of soil and rein-
forced concrete construction were taken into account.

Properties of soil were determined by averages of interval data and characteristics of soil at
normal condition. Properties of the reinforced concrete were provided by the SP 5.03.01-2020. Up-
per girder was loaded with equally distributed load in 60 kN/m. On the figure 1 geometry of the
calculated construction is presented.

Figure 1 — Geometry of the reinforced concrete element, joint geometry of soil types, defor-
mation diagram construction under load
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Table 1 — Properties of soil types and reinforced concrete

Denomination of an

el_ement,_chara_cter- Reinforce Sandy Clay loam Clay Limestone Vegetal
istic, dimension d concrete loam layer
xoﬂﬁf of elastici- | 31300000 | 90000000 | 345500000 | 1267900000 | 22000000000 | 55000000
Poisson's ratio 0.2 0.31 0.37 0.41 0.3 0.15
ar/]ﬁ]azr modulus, 12500000 | 60380000 | 26710000 | 48160000 | 7692000000000 | 13355000
Mass density, 2500 2000 2100 2200 2670 1250
kg/m

Ultimate tensile 3528000 | 6000000 | 14000000 | 20000000 11500000 6000000
strength, H/m

Ultimate strength in | 30,44009 | 58900000 | 88000000 | 100000000 | 100000000 | 58900000
compression, H/m

Type of soil located in sequence: vegetal layer — sandy loam — clay loam — clay — limestone.
Net finite elements were taken on warp mingled curvature, having 16 points of Jacobian size 100
mm on 50 mm. Diagrams of the routes, deformation (on the fig. 1), and stress were received as well.
Functional also allows the acquisition of margin of safety. It is possible to make conclusions about
deformations and routes only on the terrestrial parts of the reinforced concrete construction, on
primings, which are located on the territory of the Republic, and at given averaged properties.

VK 544.653.2
THE ELECTRICAL INSULATION STRENGTH OF ANODIC Al,03 COATINGS WITH
VIAS FOR POWER MULTICHIP MODULES
Shimanovich D. L.
Belarusian State University of Informatics and Radioelectronics
e-mail: ShDL@tut.by

Summary. The technological methods and regimes to improve the electrical insulation strength of
anodic Al,O3 in vias of double-sided alumina bases for potential use in power multichip modules
were discussed. It was shown that after using of the appropriate technological approaches the
breakdown voltages of the obtained test samples were up to ~6 kV on working surfaces without
holes and up to ~2,5 kV in vias.

The aim of the presented research is developing of the methods and techniques using opti-
mized technological regimes to improve the electrical insulation strength of anodic Al,O3 in vias of
double-sided alumina bases for potential use in power multichip modules [1-6].

Preliminary experimental studies of fabricated alumina bases with vias matrices showed that
in the process of electrochemical anodization at the junction of horizontal and vertical surfaces in
vias, microcracks inevitably appeared due to anodizing fronts competing in different directions, re-
structuring of the porous structure and arising mechanical stresses, even if on the continuous surface
of alumina bases, microcracks were completely absent.

It was shown that the dielectric strength of anodic Al,Oj3 in vias increased by minimizing the
number of microcracks due to vias have chamfers (at an angle of up to 45 °C), a smooth profile at
the inputs with satisfactory roughness parameters were formed on the initial samples of aluminum
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bases by machining and due to the smoothing of microcracks during reanodization. Various meth-
ods and techniques were developed and investigated consisting the compositions of single and mul-
ticomponent electrolytes and the electrochemical conditions of multistage anodizing for the benefi-
cial (in terms of increasing the breakdown voltages in vias) structural rearrangement of anodic
Al,O3 and the formation of multilayer elastic and flexible coatings with minimization of the number
of microcracks and internal mechanical stresses. It was found that to ensure the high breakdown
voltages, it is necessary to prime (fill the pores) of anodic Al,O3; and heal defective microcracks in
vias with organosilicon varnish in an ultrasonic bath at a frequency of ~20-40 kHz at a maximum
power of ~0,5 kW and temperature ~30 °C during 20 min. Moreover, this technological technique
should be carried out in two cycles. Then after filling the excess varnish in the vias should be
blowed out with compressed air and after removed from the surface with a squeegee and treated
with a toluene solution, after which a multistage heat treatment procedure is carried out with a max-
imum temperature of 280 °C.

Thus, it was shown that after using of the appropriate technological methods the break-
down.voltages of the obtained test samples (fig. 1) were up to ~6 kV on working surfaces without
holes and up to ~2,5 kV in vias (fig. 2).

Figure 1 — Photo of various double-sided alumina bases with vias
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Figure 2 — Comparative analysis of technological methods influence on the breakdown voltage
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3D MOJIEJIUPOBAHUE TEXHOJIOI'MU 3ATBIJTIOBAHUSA IMCKOBBIX
3YBOPE3HbIX ®PE3
Aoicap A. B., ynyo A. /1., Kycmos C. B., Munacan I'. O.
benopycckuii nayuonanvHwlll mexHuueckuil yHusepcumem
e-mail azhar.a@bntu.by

Summary. 3D modeling was carried out to determine the optimal diameters of grinding wheels for
backing the back surface of the tooth of a disk gear cutter with a module m = 1...16 mm. A linear
relationship has been established between the height of the tooth, the angle of the flute of the cutter
and the diameter of the grinding wheel. It has been proven that the formation of a “saddle’ on the
tooth during grinding with a wheel obtained by modeling does not affect the overall tool life.

3aTplI0BaHuE NITM(OBAHUEM 3aHEN MOBEPXHOCTH 3y0a MO KpUBOM B BUJE ciUpaiu ApXHu-
MeJna, HauboJiee TpyaoeMKasi, CJIOKHAsI M OTBETCTBEHHas ((PUHUIIHAS) orepalus, Ha KOTOPOU J10-
cruraercsi Tpedyemasi TOYHOCTb M KaueCTBO HM3TOTOBJIEHHUS TUCKOBOH 3yOope3HoW (MOIyIbHON)
¢dpesbl. Hanbounpmme mpobieMbl Ipu BEIOOpE METO/a 3aThUIOBAHUS CBSI3aHbI C TOYHOCTBIO TIOJTy4da-
eMoro npo¢uis U MPOU3BOAUTEIBHOCTBIO ONEpalK, KOTOpast JIy4llle BCEro obecrednBaeTcs Iu-
JUHAPUYECKUM CIPOPUINPOBAHHBIM HUTH(OBATBHBIM KpyroMm. [Ipu 3TOM cTpemsrcs BbIOpaTh Kpyr
HauOosnplIero nuamerpa. Ilpu Takom BeIOOpe 4acTo HE YAAaeTcs MOJYyYUTh 3aThIJIOK, MPOUUTU(O-
BaHHBIM M0 Bcell /uiMHe 3y0a, T. K. B KOHLE pabouero xoaa Kpyr MOXKET 3aJ€Th COCeIHUi 3YO0.
HenoGer kpyra npuBoauT K 00pa3oBaHuUIO «ceiiay Ha 3yOe. B pesynbrare ciHKa 3y0a MOKET BbI-
CTyNaTh HaJ NPOPUINPYIOIIEH pexyIlel KpOMKONH. DTOT HEAOCTATOK 3y0a ¢ «CeIIoM» 4acTo Mpo-
ABIISICTCSA TP TEPETOUYKE MHCTPYMEHTA, COKpalllas ero CyMMapHbI CpOK ciyxObl. Pemmurts oty
npobsieMy He yAaeTcs Jake NMPU YMEHbUIEHUH yucia 3yOobeB. [Ipu 3TOM coBpeMeHHOe MpPOU3BO/I-
CTBO HAIleJICHO Ha HCIIOJIb30BAHUE «MHOT'03YOBIX» (pe3 MOBBIIECHHON MPOU3BOIUTEIHHOCTH. To-
rapa NpuMCEHACTCA ﬂBOﬁHOC 3aThIJIOBAHUC. HGIHHH(i)OBaHHBIﬁ Y4aCTOK MOABEPTrarOT 3aTblJIOBAHUIO
PEe3IOoM ¢ MOMOIIbI0 Kynayka co cnagoM Ki B 1,5-1,75 pa3za GonbimM criaga Kynauka K A IUTH-
(hoBaHHOM YacTH. DTa JOTOJHUTEILHAS ONEepaIvs WX MEePEX0]l MPUBOIAT K YBETUUEHUIO TPY103a-
TpaT ¥ CTOMMOCTb U3TOTOBIIECHHS (PpE3BI.

Ha npakTuke auamerp AMCKOBOrO HUIM(OBAIBLHOrO Kpyra JUisl 3aThIJIOBaHMS 3aJHHMX IO-
BEpXHOCTEH paccunThiBaercs no dpopmysne (1):
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(1)

z sinag’
e Dy, — anameTp dpesbl, MM; Z — 9HCII0 3yObeB, IIT; Oy — 3aAHUN yroi Ha 3y0e, rpa.

Bri6op kpyra mo ¢opmysne (1) mo3BoasieT COKpaTuTh 0OBEM ONBITHBIX UCIBITAHUHN, HO HE
MO3BOJISIET ONITHUMU3HUPOBATH MapaMeTPhl ONepaliy 3aTbUIOBAHUS U TeM 0oJiee KOHCTPYKIUIO (pe-
3b1. [l pemenns 3a1a4 BHIOOpa ONTUMATIBHOTO JUAMETPa, MPOPHIIS U MOJI0KEHUE NUTN(OBATBHOTO
Kpyra Jjisl Oolepaluy 3aTbUIOBaHUA, & TaKKe HazHaueHHs] KOHCTPYKTUBHBIX MapaMeTpoB (hacOHHOU
(bpe3bl CBA3aHHBIX C OCOOEHHOCTSIMH 3aTOYKH M MEPETOUYKM MHCTPYMEHTa paHee ObLIa pazpaboTaHa
MeTonrka. OHa OCHOBaHA HAa NMPUMEHEHHHM COBPEMEHHBIX BEKTOpPHBIX mapamerpuueckux 3D CAIIP.
Meron anpoOupoBaH Ha (PaCOHHBIX MHOTOHHTOYHBIX (hpe3ax s oOpaboTKU CTaTtopa JIMHEHHOTO
neuratenst OAO «Ilimanapy» u pszie JUCKOBBIX MOYJIBHBIX (pe3.

Llenpio paboTHI ABISETCS YCOBEPIIEHCTBOBAHUE MPEAJIAraeMoOro METOJa MOJEINPOBAHUS
olepaly 3aTbUIOBAHUS, YTOUHEHUS €r0 BO3MOXKHOCTEH ISl ONTUMU3AIMHA KOHCTPYKIIUU U TEXHO-
JIOTUU M3TOTOBJICHUS CTAaHAAPTHBIX TMCKOBBIX (hpe3 MoayiaeM M =1...16 Mmm.

Pesynbratel 3D MoaenvupoBanusi MOATBEPIUIM HECOCTOATEIBLHOCTH (popmyisl (1) mst omnpe-
JENeHUsT AUaMEeTPOB NUTH(OBATIBHBIX KPYrOB 00ECIEUMBAIONINX 3aTBUIOK 3y0a Ha 2/3 JUIMHBI, 3a
uckioueHueM ¢pes moayiaeM m = 6 mum (puc. 1). B octanpHbIX ciiydasx IuaMeTp pacCUYUTaHHOTO
Kpyra 00Jbllle CMOAEIUPOBaHHOT0. PazHuna quamMeTpoB AocTUraer 2,5 pa3 npu 3aTbUIOBaHUU (pe3
MoayieM M = 14 mM. JInuHa yyacTka 3aTbUIOBAaHUS PACCUUTAHHBIM KPYrOM MEHbIIE YeM
CMOJICIMPOBAHHBIM U pa3HULA ITUX JUIMH jpocturaetr 42 % nns ¢pe3 ¢ m = 16 MMm. YBenuueHue
auaMeTpa Kpyra 1o OTHOIICHUIO K ONTUMATbHOMY MPUBOJUT YMEHBIICHUIO JUITMHBI 3aThUIOBAHMUS,
HO B MeHbIIeH cTeneHu. Takum oOpa3zom, B ciiydae Ipeodagaroliero BIUsSHUS CTOMMOCTH Olepa-
[[MU 3aTHUIOBAHMS Ha CTOMMOCTh HHCTPYMEHTA M €r0 JKCIUTyaTaluio JUaMeTp Kpyra HeoOX0oauMo
BBIOMPATh IO PAaCUYETHBIM 3aBUCHUMOCTSIM. B citydae Oosbliero BIMSHHS Ha IIEHY SKCILTyaTalluu
(bpe3bl LIeHbl BOCCTAHOBIIEHUSI 1 CYMMapHOTO pecypca HHCTPYMEHTa CleyeT BhIOUpaTh CMOJCIIH-
poBaHHbIE KpYrd. AHaAJIU3 T€OMETPUH NUTM(OBATBHBIX KPYTOB IIOATBEPKAAET HEOOXOIUMOCTD y4e-
Ta MpHU BBIOOpE AMaMeTpa Kpyra He TOJBKO OKpY)KHOTro mara 0 (4yucna 3yObeB Z) U 1uaMeTpa 3aTa-
yuBaeMoil ¢pe3bl Dyp, HO 1 BbICOTHI Tpoduits 3yda [ ¢ yriioMm cTpyxedyHoi kaHaBku 0,. Tak nuc-
KOBbIE (pe3bl MoayneM M =6 u 7 MM, 8 u 9 MM, 10 u 11 MM, 12 u 14 MM UMEIOT OAMHAKOBBIE JHa-
MeTpbl Dy, ¥ uncio 3yObeB Z, HO pa3HbIe AUAMETPhI KPyroB Ui 3aTbuioBanus (puc.l). Ilpu npose-
JI€HUU JOMOJHUTENBHBIX TOCTPOSCHUH Ha MoJienu ¢pe3bl auamerpoM D140 ¢ yucinom 3yoses Z = 10
(ananor ¢pe3pl MogyseM M = 10 MM) yCTaHOBIJIEHO, UTO MPHU YBEJIUYEHHUH YIJIa CTPYKEUHON KaHAB-
k1 0 (puc. 2) nuameTp CMOJEIMPOBAHHOIO Kpyra JMHEHHO BO3pACTaeT, MPH YBEJIMYEHUU BBICOTHI
npoduts 3yda H (puc. 3) nuHeitHo ymeHbaercs. OctaTodHas cesio00pa3HOCTh MPH 3aThUIOBAHUM
npoduis 3y0a Ha 2/3 AMUHBI HE BIMSET Ha KOHTAKT C JIeTallblo pabouero mpoduis npeaeabHo CTo-
YEHHOT0 3y0a mocjie BoccTaHOBICHHS (paccTosiHue ) (puc. 4).
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PI/IcyHOK 1 - 3aBHCcHMOCTS nuametpa D nummdo- Pucynok 2 — 3aBucumocts nuamerpa Doy
BaJILHOTO Kpyra oT Moayss M ¢pessl: Dpscq —pac-  cMOJEIMPOBAHHOIO Kpyra OT yIja CTpyKed-
CUMTAHHBIN TaMeTp Kpyra; Doy cMOIETMpOBaH- HOM KaHaBKU 0, TUCKOBOH (Ppe3bl MOTyIEM
HBIN m =10 mm
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Pucynok 4 — Paccrosinue Y MeXay BEPIIMHOMN
ce/yia ¥ BBICOTOM TPOUIIsi MAKCUMAITLHO CTO-
YEHHOT0 3y0a JUCKOBBIX (Ppe3 MOAYJIeM
m=1...16 mm

Pucynok 3 — 3aBucumocts quamerpa Doy,
CMOJIEJIMPOBAHHOTO KPyTra OT BBICOTHI 3y0a H
TUCKOBOH (hpe3sl MoayneM M = 10 MM

®opmymna (1) mpu BeIOOpe MITHM(OBATLHOTO KPyra HOCUT NPHUOIU3UTEILHBIN XapakTep U He
MO3BOJISIFOT ONTUMU3HPOBATH OTEPAIUIO 3aThUIIOBAHUS M TeM 00Jiee KOHCTPYKIUIO TUCKOBON MO-
OynbHOU ¢pe3bl. Ha BEIOOp mnamerpa Kpyra Kpome quamerpa Gppesbl, KOJIHUecTBa 3yObeB M 3a/IHE-
rO yrJia 3aTOYKH BIIMSET BBICOTA MPOQUISI U YTOJI CTPYKEUHOU KaHaBKU. Celtoo0pa3sHOCTh BO3HU-
Karomasi py 3aTbUIOBaHUU (HPE3 CMOJICITMPOBAHHBIMU KPYTaMHU HE BIUSCT HA BEJIIMYUHY MPEACITHHO
CTOYEHHOTO 3y0a IMociie BOCCTAHOBJICHHUS, YTO MCKIIFOYAET ONEPAIMI0 BTOPOTO 3aTHUIOBAHUS 3y0a
pe3oM. Beibop onTuManbHOro nuiH(OBAIBHOTO KPyra J0KEH OCHOBBIBATHCS HE TOJIBKO Ha Orpa-
HUYCHHSIX, CBSI3aHHBIX C TIapaMeTpaMU CTaHKA W MPUMEHSIEMON OCHACTKH, HO U OCYIIECTBIIATHCS C
Y4ETOM KOMILJICKCHOTO TIOKa3aTessl ONepaIiy 3aThJIOBAHUS YYUTHIBAIOIIECTO PECYpPC, KaK ILTH(O-
BaJILHOTO KPYyTa, TaK M 3aTAYNBAEMOT0 HHCTPYMEHTA.

YIK 621.785
YIHPOUHEHHUE NIOBEPXHOCTU TUTAHA MOJU®UIIUPOBAHUEM
C IPUMEHEHMEM 2JEKTPOJIMUMTHO-IIVIASMEHHOI'O HAT'PEBA
Anexcees FO. I"., byonuyxuii A. C., Cenuyenxo I. M.
benopycckuii nayuonanvHwulll mexHuueckuil yHusepcumen,

e-mail: budnitskiy@park.bntu.by

Summary. A new method is proposed for increasing the hardness, wear resistance and antifriction
characteristics of the surface of titanium and titanium alloys, based on electrochemical-thermal
treatment, which is performed by electrolytic-plasma heating in a nitrogen- or carbon-containing
electrolyte, followed by hardening by turning off the operating voltage. When a voltage in the range
of 100-300 V is applied to the electrochemical cell, local boiling of the liquid occurs around the
workpiece due to the release of Joule heat. Under these conditions, the electrolyte near the surface of
the workpiece is heated to the boiling point, and the workpiece being processed, being separated from
the bulk of the electrolyte, is heated to temperatures of 400—7/700 °C. The high temperatures of the
workpiece will make it possible to saturate the surface with atoms of light elements contained in do-
nor substances dissolved in the electrolyte. The presence of carbon-containing and nitrogen-
containing components in the electrolyte determines a certain carbon or nitrogen potential of the gas-
vapor shell, as a result of which chemical-thermal treatment becomes possible. Under the conditions
of electrolytic-plasma heating, diffusion processes are intensified, which makes it possible to signifi-
cantly reduce the time of chemical-thermal treatment to 5-10 min.

Bnaro;lapﬂ OCOOBIM CBOMCTBAM THTAaH U CILJIaBbl HA €r0 OCHOBE IMOJIYUHUJIN B HaACTOANICC
BpEMs HIMPOKOC paCIIPOCTPAHCHUC TTPU ITPOU3BOACTBC pAa OTBETCTBCHHBIX HSHCHHﬁ. Ot MaTcpu-
AJIbl ITPUMCEHAIOTCA B CaMOJICTOCTPOCHUMH, aTOMHOM OHECPI'CTUKE, KOCMUYECKOM TEXHUKE, YIbTpa-
3ByKOBOﬁ TCXHUKEC, a TaKXKC IpPHU IMPOU3BOACTBEC I/IBI[GJ'II/Iﬁ MCIUIIMHCKOI'O Ha3Ha4YCHUA. HqueM
HMCHHO ITPOU3BOACTBO I/IS,ZIGJ'II/Iﬁ MCIUIHUHCKOI'0O Ha3HAYCHUSA ABJIACTCA B IIOCICAHEC BPEMS O)]HOI\/’I
U3 BOXKHEUIINX C(bep NPUMCHCHUC TUTAaHA U €ro CIJIABOB.

K Baxaeimmm NpeuMyImieCTBaM THTaHa WU TUTAHOBBIX CIIJIABOB OTHOCATCA Majas ILIOT-
HOCTBb, BbICOKAAd YACJIbHAA MPOYHOCTL, BBICOKASA KAPOIIPOYHOCTH U I‘Ipe3BI:I‘{a.I\/'IHO BBICOKasA KOppo-
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3MOHHAsA CTOWKOCTH, OOYCIIOBJIEHHAsI CIIOCOOHOCTBIO THTaHAa 0OPa30BBIBATH HA MOBEPXHOCTU TOH-
KM€ CIUIOIIHBbIE OKCHUJIHBbIE TUIEHKH. [Ipu 3TOM MMeloTCs HEeAOCTaTKH, KOTOpPbIe OrPaHUYUBAIOT, 4 B
HEKOTOPBIX CIIydasiX JIeJNaloT HEBO3MOKHBIM PUMEHEHUE TUTaHA MPH U3TOTOBICHUH MHOTHX H3J1e-
muii. K HUM OTHOCATCS HU3Kask U3HOCOCTOMKOCTh M yCTaJIOCTHAS IPOYHOCTD, MJI0XHE aHTHU(PPUKIIU-
OHHBIE CBOMCTBA, 0OYCIIOBJIIEHHBIC HAIUIIAHMEM YaCTHIl TUTAHA Ha KOHTPTENO, B 0OCOOEHHOCTH MpU
paboTe nmapbl TpeHHs] TUTaH-TUTaH. [lo3ToMy npuMeHeHne U3aeuil U3 TUTaHa U €ro CIJIaBOB B Y3-
Jax TPEHUS W B MOJBUKHBIX COCIMHEHMSX SIBISETCA KpailHe orpaHmdeHHbIM. O0nanas He3HAYU-
TEIbHOU TOJIIMHON OKMCHOW IUIEHKH U OOJBIION PeaKIMOHHOM CIIOCOOHOCThIO Y4aCTKOB IOBEPX-
HOCTEH, 00pa3yromuxcs B Ipolecce TPEHUs, TUTaH CKJIOHEH K CXBATBHIBAHHIO C MOCIEIYIOLIIM T10-
BPEXKJICHUEM MIOBEPXHOCTEH KOHTAKTA.

CymecTByronye crnoco0b! NOBBIIIEHUS TBEPAOCTH, U3HOCOCTOMKOCTH U aHTH(PPUKITUOHHBIX
XapaKTePUCTUK MOBEPXHOCTH U3/ETUI aBHAIIMOHHOW TEXHHMKH, MAIIMHOCTPOSHUS U MEIUIIUHBI U3
TUTAaHA U €r0 CIUIaBOB, IPUMEHSIEMBIC B HACTOAIIEE BPEMSI B MUPOBOM MPAKTHKE, OCHOBAHBI HA MO-
TUGUIUPOBAHUU TIOBEPXHOCTHOTO CJIOS C MPUMEHEHHEM HWOHHO-TUIA3MEHHBIX M XUMHKO-
TEPMUYECKUX METOJOB. [IprMeHsieMble METO/Ibl MMO3BOJIAIOT MOJIyYaTh HA MOBEPXHOCTU TUTaHA H
€ro CIUIABOB YIIPOUHEHHBIE CJIOU ¢ MUKpOTBepaocThio 710 20 ['Tla Tonmmnoi 10 0,2 mm.

[ToBpIIeHNE TPOYHOCTHBIX M AHTU(PHUKIMOHHBIX CBONCTB TOBEPXHOCTH THTAaHA U €ro
CIUIaBOB METOJIOM XHMHUKO-TEPMUYECKON 00pabOTKH TocTUraeTcs 3a cueT AUQQy3HOHHOTO HACHI-
LIeHHUsI a30TOM, OOpoM, KpeMHueM, MeTtaiamu. HaunOosiee pacnpocTpaHEHHBIM BHJIOM XHMHKO-
TepMHUYECKON 00pabOTKM THUTaHA M TUTAHOBBIX CIUIABOB SIBISIETCS a30THPOBAHHE, MO3BOJISIOIICE
TOOUTHCS BBICOKMX 3HAYCHHH MUKPOTBEPIOCTH. XUMHUKO-TEPMHUYECKOE a30THPOBAHUE THUTAHA J10-
CTHTaeTCsl HarpeBaHUEM €ro B aTMoc(epe aMMHaka WM a30Ta, COOTBeTCTBeHHO, npu 870, 980 °C.
Henocratkom MeTona sIBISETCS YXYALICHHE TAKUX MEXaHUYECKUX CBOMCTB TUTaHA, KaK MPOYHOCTH,
IUTACTUYHOCTh U BS3KOCTh, UTO CBSI3aHO ¢ 00pa3oBaHMEM Ha MOBEPXHOCTHU, HAPALY C HUTPHUIHBIM,
TaKXKe ¥ THAPUIHOTO ciiosi. JpyruM HeJoCTaTKOM Ccrioco0a sIBIIsIeTCs Masiasi TiyOnHa yIpOYHEHHO-
ro ciost — 10 0,16 mm. Kpome Toro, MmakcumanbHOE YIPOYHEHHE TOBEPXHOCTH JOCTUTACTCS MOCTE
OYEHb TPOJIOIHKUTEIBHOU 00paboTku — 16 4. MoHHO-IIIa3MeHHOEe a30THPOBaHHE O0ECIeYrBaeT
¢ Gy3nOHHOE HACBIIEHUE MOBEPXHOCTHOTO THTaHA M THTAHOBBIX CIJIABOB a30TOM B a30THOM
mrazme mpu temneparype 800950 °C. Kpome moBbIIIeHNsST H3HOCOCTOMKOCTH U aHTU(DPUKIINOH-
HBIX XapaKTEePUCTUK, METOJl 00ecreynBaeT MOBBIIIEHHE KOPPO3MOHHOM CTOMKOCTH MOBEPXHOCTU
tutaHa. K Hemocrarkam MmeToja HEOOXOJIUMMO OTHECTH CJIOXHOCTh €ro peanu3alu, HeoOXoau-
MOCTb JIOPOTOCTOSIILIET0 TEXHOJIOTMYHOTO OOOpYIOBaHUS M JOCTATOYHO OOJBIIYIO JUIUTENBHOCTH
00paboTku — 3-6 u.

B kauecTBe anpTepHATHBBI CYLIECTBYIOIIUM METOJaM MOJU(PHUIIMPOBAHUS MOBEPXHOCTU TH-
TaHa U TUTAHOBBIX CIVIABOB HAMU MPEIJIOKEH METOJ IEKTPOXUMUKO-TEPMHUUECKON 00paboTKu —
AJIEKTPOJIMTHO-TUIA3MEHHBI HarpeB B a30T- WIN YIIIEPOACOAEPIKAIIEM IEKTPOIUTE € MOCIETyI0-
1Iei 3aKajIkod IMyTeM OTKJIIOYeHHUs pabouero HampspkeHus. [lpu nogade HanpshkeHHUs B AMANa3oHe
100-300 B Ha 371€KTpOXMMHYECKYIO STYEHKY, BOKPYT 3arOTOBKH ITPOMCXOAUT JIOKAIIbHOE BCKUITaHUE
KHUJIKOCTHU 3@ CUET BBIJCJICHUS JPKOYJIeBa Teraa. B 3TuX ycrnoBUsSX 31EKTPOIUT BOJIM3H MMOBEPXHO-
CTH 3arOTOBKH pa3orpeBaeTcs 0 TeMIlepaTyphl KUIEHUs U oOpabaTbiBaeMasl 3aroTOBKa, OKa3bIBa-
SICh OT/IEJIEHHON OT OCHOBHOM MAacChl AJIEKTPOJIUTA, pazorpeBaercs o temneparyp 400-1100 °C.
Bbicokue Temreparypsl 3aroTOBKM MO3BOJIAT MPOBOJUTH HACHIIIEHHE MMOBEPXHOCTH aTOMaMHM Jier-
KHX 3JIEMEHTOB, COJIEPXKALLIUXCS B BEILIECTBAaX-10HOPaX, pAaCTBOPEHHBIX B 3yiekTponute. Hannuue B
AJIEKTPOJIUTE YIIIEPOJICOIEPKAIMX U a30TCOJEPKAIUX KOMIIOHEHTOB O0OYCIIOBIIMBAET ONpeesieH-
HBIM YTIIepOAHBIN MIIM a30THBIM MOTEHIIMA TapOra3oBoi 000JI0UKH, B pe3y/IbTaTe YEro CTAHOBUTCS
BO3MOYKHON XHMHKO-TEpMHUYECKas 00paboTka. B yCloBHSIX 3JIEKTPOJMTHO-TNIA3MEHHOT'O HarpeBa
WHTCHCUUIHPYIOTCS TU(PPY3HOHHBIE MPOIECCH], YTO MO3BOJIUT 3HAYUTEIFHO COKPATUTHh BpPEMS
XUMHUKO-TepMHUYecKoi 00paboTku 10 5—10 MuH.

[TpenmymiecTBaMu TaKOTO METOA TEpe APYTHMH CYIIECTBYIOIIMMU METOJAAMH TepMHUYE-
CKO# 00paboOTKH SBISETCS BBICOKAsi CKOPOCTh HarpeBa 3arotoBku (10 250 °C/c), a Takxke BBICOKas
ckopocTh Auddy3nonnoro Haceimenus (10 100 mxm/mun). Kpome Toro, npuMeHeHne 3JIeKTPOIUT-
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HO-TUTa3MEHHOTO HarpeBa MO3BOJsIET CPOPMHUPOBATH HA TTOBEPXHOCTH 3ALUTHBIN OKCHIHBINA CIIOM,
00eCIIeunBarOIIHI JTOMTOJTHATEIBHOE TTOBBIIICHUE KOPPOSUOHHON CTOMKOCTH.

YK 621.794.61
®OPMHUPOBAHUE CBETONOIJIOMIAIOIUX MOKPBITUIA METOJIOM
MUKPOAYTI'OBOI'O OKCUAUPOBAHUSA
Anexcees I0O. I'., [lapuiymo A. 3., Anosuy B. A., Cenuenko I". M.
benopycckuii nayuonanbHsili mexHuuecKull yHugepcumem
e-mail: yanovich@park.bntu.by

Summary. Special requirements are imposed on light-absorbing coatings on products made of
aluminum and titanium alloys: ensuring a given spectral reflection coefficient and brightness coef-
ficient; ensuring mechanical strength, hardness and resistance to environmental influences, high
adhesion of the coating to the base. In some cases, the coating also requires high resistance to ul-
traviolet and ionizing radiation, low pressure. The existing methods for obtaining light-absorbing
coatings based on chemical methods, anodic oxidation, electrochemical deposition, vacuum plasma
treatment, microarc oxidation have a number of disadvantages. The solution to the problem of ob-
taining high-quality light-absorbing layers with a low reflection coefficient is to improve the char-
acteristics of the technological pulses of the microarc oxidation process and to create fundamental-
ly new processing schemes using electrolyte flows. Therefore, to solve the problem of obtaining
high-quality light-absorbing coatings, including on internal surfaces, it is proposed to perform the
process of microarc oxidation with controlled anodic and cathodic pulses with a duration of 3-10
ms using a special electrode-hydraulic system.

CBeTOMOTIONIAIONINE TOKPBITUSL MPUMEHSIOTCS B 3JEKTPOHHO-ONTHUYECKUX CHUCTEMax, B
pUOOPOCTPOCHUN [Tl CHUKEHHUSI PACCESHHOTO CBETOBOTO (DOHA, a TakyKe MPU M3TOTOBJICHUU MPH-
€MHHUKOB W3Jy4CHUs, IPeoOpa3oBaTesicii COMHEYHON HEPTrUuM, YCTPOHUCTB ONTHYECKON 00paboTKH
uHpOpMalLUY, KOTOPbIe U3rOTaBJIMBAIOTCS, KAaK MIPABUJIO, U3 AJIFOMUHUEBBIX M TUTAHOBBIX CILJIABOB.
Takue moxpeITHa obecrieunBaroT ociadieHue GoHoBoro mamydeHus. Koapoumment ocradnenus
pa3nuyaercss B 3aBUCUMOCTH OT THIIa M MaTepHalioB MOKPHITUH, XMMUKO-(U3NUYECKUX CBOMCTB IO-
BEPXHOCTEH, HAa KOTOPBIE MX HAHOCSIT.

K cBeTomnoriomaronmm noKpbITHAM NPEAbABISIOTCA 0COObIe TpeOOBaHU: OOecIeyeHHe 3a-
JAHHOTO CHEKTPaIbHOTO KO3 UIIMEHTA OTpaKeHHS U KOdP(UIIUEHTA IPKOCTH; 0OECTICUeHHE Me-
XaHUYECKOH MPOYHOCTH, TBEPAOCTH M CTOMKOCTH K BO3JIEHICTBHIO BHEIIHEN Cpe/ibl B TEUEHHE CPOKa
OKCIUTyaTalliy W3NS, BEICOKAs aJre3us MOKPBITUS K OCHOBaHMIO. B psijie cirydaeB OT MOKPHITHS
TpeOyeTcsl TakKe BbICOKas YCTOWYMBOCTD K YIAbTPa(UOIETOBOMY U MOHU3UPYIOIIEMY U3IYUYEHHUIO,
HU3KOMY JIaBJICHUIO.

Cy1iecTByIOIIME B HACTOSAIIEE BPEMsI METO/bI MOJTYYEHUSI CBETOMOTIIOIAIOIIMX HOKPBITUI
BKJIIOYAIOT XMMHUYECKHE METOJbI, aHOJHOE OKCHIMPOBAHHE C IOCIEAYIOIIMM OKpAaIIMBaHUEM B
AHWJIMHOBBIX KpPAcCHUTENSAX, 3JEKTPOXHMMHUYECKOE OCaKACHUE, BaKyyMHO-IIJIa3MEHHYIO 00paloTKy,
Mukpoayrosoe okcuaupoanue (MJ1O). IlpenmyriecTBOM XMMHUYECKHX METOJIOB SIBIISIETCS BO3-
MOKHOCTh 00paOOTKH MOBEPXHOCTEH CIOKHBIX (OPM, a TaK)KE HU3KAsi CTOMMOCTb IMPOMBIIUIEHHO-
ro 0o0OpyZOBaHHS Uil TIONXY4eHUS MOKPHITHA. OCHOBHBIM HEJIOCTATKOM SIBIISIETCS CIIOKHOCTH
yIIpaBJIEHUs B IIUPOKUX MpeesiaX dKCIUTyaTallMOHHBIMUA CBOWCTBAMM MOKPBITUH: K03 duimeHrTa-
MU OTpPaXEHHS W SPKOCTH, aJre3weld, M3HOCOCTOMKOCThI0. [IpenMyiiecTBO BakyyMHOTO METOna
HAHECEHUs CBETOMOIIIOIAOIINX MOKPBITUN 3aKIII0YaeTCsl B THOKOM YIPaBJICHUU TEXHOJIOTUYECKH-
MU TTapamMeTpaMu TpoIiecca, TOCTHKEHUH 33/IaHHBIX CIIEKTPAbHBIX 3Ha4eHnH Kodddunmenra ot-
pakeHHsl, YTO BeCbMa 3aTPyIHHUTEIHHO MPH UCIOJIB30BAHUM XUMHUYECKUX MeTOoA0B. [Ipu sToM He-
JIOCTaTKOM SIBJISIETCSI CIIOKHOCTH TEXHOJIOTHH, HEOOXOAMMOCTh KOHTPOJIS OOJIBLIOTO KOJUYECTBa
TEXHOJIOTHYECKUX XapaKTEPUCTHK U BHICOKAsi CTOMMOCTb TEXHOJIOTHYECKOTO 000py10BaHMUS.

HenocraTtkamu mpUMEHSIEMBIX TPOIIECCOB YEPHOTO HUKEIUPOBAHUS SBIISIOTCS KaK IPABUIIO
HU3Kas KOPPO3UOHHAsI CTOMKOCTh, HU3Kasi H3HOCOCTOMKOCTh (DOPMUPYIOIIUXCS MTOKPBITHH, a TaKKe
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ux cinaboe CLEeIICHHE C METalIOM OCHOBBI. YIbTpauepHbIC MJICHKH, MOTyYaeMble aHOAHBIM OKCH-
JUPOBAHUEM C MOCIEIYIONINM 3aTI0JTHEHHEM MTOP YEPHBIM aHMJIMHOBBIM KPAaCUTEJIEM HE YCTONYHBBI
K yAbTPadUOICTOBOMY U HOHU3UPYIOLIEMY H3JIy4EHUIO.

CymiecTBytoniye MeTo/Abl, ocHOBaHHble Ha npumeHenun MJIO, obecrednBarOT BBICOKHE
MIPOYHOCTHBIE U IKCILTyaTaI[MOHHBIE XapaKTEPUCTUKU CBETOMOTJIOMIAIOIMIUX MOKPBITUNA: BBICOKYIO
M3HOCOCTOMKOCTb, TBEPAOCTh, TEPMOCTONKOCTh, KOPPO3ZHOHHYIO CTOMKOCTH, XOPOLIYIO a/IF€3UI0 K
ocHose. OcHOBHBIM HepocTaTkoM MJIO sBistoTCs HU3KHE KOAPPHUIMEHTH! TOTJIOMEHHsT POPMUPY-
eMBIX TOKpBITH. Kpome Toro, ocoboli mpobiemMoii sBiIseTCs co3aaHue Ha ocHoBe Mmerona MJIO
TaKUX MOKPBITUN KaK Ha HAPYKHBIX, TAK U HA BHYTPEHHUX MOBEPXHOCTAX JUIMHHOMEPHBIX U3JICIHMA
U U3JENUNA CIOKHOW (POPMBI — BHYTPEHHUX U HAPY>KHBIX MOBEPXHOCTEH KOPIIYCOB ONTHYECKHX
pUOOPOB, KOTOPHIE IKCILUTYaTUPYIOTCS B dKECTKUX YCIOBHSIX.

B npumensiembix merogax MJ1O, kak nmpaBuiio, UCIOIb3YETCS IEPEMEHHBIN TOK MPOMBIIII-
neHHod 4yactoThl (50 I'l), YTO CHJIBHO OrpaHMYMBAET BO3MOKHOCTb YIIPAaBJIEHUS aMIUIUTYIHO-
YaCTOTHBIMU XapaKTEPUCTUKAMU PabOYUX HMITYJIBCOB U CBOWCTBaMU (OPMHUPYEMBIX OKCHJIHBIX
cioeB. [103ToOMy HOBBIIIEHHE ONTHYECKUX MOBEPXHOCTH OOBIYHO OCYIIECTBIISIETCS 33 CUET pas3pa-
OOTKM HOBBIX UJIM YCOBEPILIEHCTBOBAHUS CYyIIECTBYOMUX ekTponuToB aist MJIO. ITpuuem gacto
TaKue 3JIEKTPOJIUTHI COIEPKAT TOKCUYHBIE KOMIIOHEHTHI U TPEOYIOT MOCTOSIHHOM KOPPEKTUPOBKH B
nporecce padoThl, YTO 3aTPYJHSAET UX HIMPOKOE MPAKTUIECKOE IPUMEHEHHE.

Hapsny ¢ pa3paboTKoil HOBBIX AJIEKTPOJIUTOB PEHICHUEM TPOOJIEMBI MTOTYICHHS Ka4eCTBCH-
HBIX CBETOIOTJIOIIAIONIUX CJIOEB Ha U3JEIUAX U3 ATIOMHUHHEBBIX M TUTAHOBBIX CIJIABOB C HU3KUM
KOX(QPHUIUEHTOM OTpPAKECHUsI, SBISETCA COBEPIICHCTBOBAHHE XaPAKTEPHCTUK TEXHOJOTHUECKUX
uMmnynscoB mpouecca M/1O u co3nanue NpuHIMIHAIEHO HOBBIX CXeM 00pabOoTKU ¢ IpUMEHEHUEM
IIOTOKOB 3JieKTposuTa. [loaTomy /i pemeHus: npoOaemMbl NOTyYEHUs! KAU€CTBEHHBIX CBETOIOITIO-
HIAIOIIUX MOKPHITHI, B TOM YHCIIe U HA BHYTPEHHUX MMOBEPXHOCTSIX, HAMU MPEI0KEHO BHITOIHATh
npouecc MJ10 ¢ ynpaBisieMbIMU @HOJHBIMU U KaTOJAHBIMU UMITYJIbCAMU JUIUTENBHOCTHIO 3—10 McC €
UCIOJIb30BAaHUEM CIIEIUATBHON 3JIEKTPOJHO-THIPABINYECKON cUCTeMbl. I3MeHeHne COOTHOIICHUH
JUINTEIBHOCTEN M aMIUIMTY/l AaHOJHBIX M KaTOAHBIX MMITYJIbCOB TOKA MO3BOJIIET 3HAYUTEIBHO pac-
IIMPUTh TEXHOJOTUYECKHE BO3MOXKHOCTH Mpollecca OKCHUAMPOBAHUS, YTO JAaeT BO3MOKHOCTh
YOPaBJIATh XapaKTePUCTUKAMU (POPMUPYEMBIX CBETOMOTIIOMIAIOIINX MOKPBITUN B IMIUPOKUX JTHAATIA-
30Hax 3HaueHui. J{ns popMupoBaHus Ha BHYTPEHHEH MOBEPXHOCTH TPYOUATHIX W3JEIHH U3 allto-
MUHUEBbIX M THUTAHOBBIX CIUIABOB OKCHJHBIX CJIOEB pa3padoTaHa cCIeluanbHas 3JIEKTPOJHO-
TMJIpaBINYECKasi CCTeMa, TO3BOJISAIONIast cO3/1aTh B 30HE 00pabOTKU HEOOXOIUMBIE HIIEKTPUUYECKHE
U TUJIPABJIMYECKUE YCIOBUS JUIsl YCHEIIHOTO MPOTEKaHUsS MpOoIlecca MUKPOIYTOBOTO IJIa3MEHHOTO
npoiiecca.
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Summary. When designing the fire detector Activation Information module (MISPI), the question
arose about creating the most effective and reliable way to detect the fire detector operation, and
the task of transmitting data to the final recipient also arose. The report discusses the selection of
hardware components and software development tools.

[Tpu npoexTupoBaHUN MOAYISI HH(GOPMUPOBAHMS O CpabdaThIBAHUHU MOKAPHOTO M3BEIATENs
(MUCIIN), BcTan Bompoc o co3aanuu Hanbosee 3pPEeKTUBHOTO M HAIEKHOTO CIoco0a IeTeKTHUPO-
BaHUs CpabaThIBaHUs MOXKApHOT'O M3BELIAaTeNs, a TakKe BO3HUKIIA 3aj7aya Mepeiaydd JTaHHBIX KO-
HEYHOMY I10JIyYaTeNto.

[Tpu cozmanum ycTpoiicTBa ObUI MPOBEJIEH aHAIW3 BO3MOXKHBIX KOMIIOHEHTHBIX U TMpO-
IPAaMMHBIX COCTABJISIONIMX M ObLIM BBIOpaHbI Haubosiee yAayHble BApUAHTHI Ul CO3JIaHHs MIPOTO-
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tuna. [lyis 6sicTporo tecta Bo3MokHOCTH peanu3auuu MUCIIN Obi1 BBUIY OYEBHUIHBIX MPEUMY-
mectB ESP32, Takux Kak CTOMMOCTB, pasmep, ckopocTh pabotsl Hammuue Wi-fi u Bluetooth.

Cpenu BO3MOXHBIX BAPHAHTOB MHUKPO(OHA MBI BHIOpAIM AaHAJIOTOBBI MOIYNb, MOJIKIIO-
YEHHBIN Yepe3 KOMIapaTop, y TAKOro BapuaHTa HET IpsMoi cBs3u ¢ miaTdopmoit ESP32, u morto-
My BO3MOJKHO TOJIBKO AECTEKTHMPOBAaHHE HAJWYMsI 3BYKa BBIIIE 3a/JlaHHOTO YPOBHS I'POMKOCTH, U
¢bukcupoBaHue ero JuuTeabHocTH. @OpMy CUTHAIA U YACTOTHBIE XapaKTEPUCTUKHU MOIYUYUTh OyIeT
HEBO3MOXKHO. Takum 00pa3om, UCTIOIb30BaHUE AUCKPETHOTO JaT4yhKa yOUpaeT BO3MOKHOCTh MPO-
CIIyIIMBAaHUS 3ByKa ¢ MUKpO(OHA Ha ammapaTHoM ypoBHe. UTO O4eHb KPUTUYHO C TOYKH 3PEHUS
MH(POPMAIIMOHHOHN 0€301MacHOCTH.

s peanuzainuyl KJIHMEHT-CEPBEPHON apXUTEKTYphl ObLIO MPUHATO PELICHHE HCIOIb30BATh
npotokon TCP/IP, T. k. koHTposuiep, ucnoib3dyeMelii B MUCIIN anmapaTHO MOAJEPKUBAET STOT
ctek 1 umeetr Wi-Fi Moaynb, Mo3BOISIONIMIA ITepeiaBaTh JaHHbIE Ha CEPBEP.

st xoppektHoit pabotet MUCIIN 6bi10 HEOOXOAMMO pa3paboTaTh cepBEp, KOTOPHIHA ObI
npuHUMa U obpabareiBan mpanabie, nocrynatomue ¢ MUCIIN, u BrociencTBuyM OTIPABIIATh UX C
MIOMOIIBIO TeJIerpaMM-00Ta KOHEYHOMY KIIMEHTY. B mpouecce o0cyxienus Obl1o pemeHo pa3pada-
ThIBaTh cepBep Ha Python ¢ mcmonws3oBanmem Ombnmoreku socket. Pemrarormmmu daxkropamu st
MCTIOJIB30BaHUS 3TOTO S3bIKA CTAIM penmymiectsa Python:

—  ynoOCTBO MPOTOTUIHPOBAHUS, APXUTEKTYPBI CEPBEPA;

—  OBICTpOE pa3BepThIBAHUE, IPHIIOKEHUS HA HOBOM YCTPOWCTBE;

—  yno6uble OubnuoTexu A padotsl ¢ Tenerpam-00ToM U peanusaluu cepBepa.

[punoun padorsl gatyuka. [Ipy BOSHMKHOBEHHH TOXapa HMPOMCXOTUT CpadaThIBaHUE
AIIN, B Buae rpoMKHX, NEPUOJINYECKUX 3BYKOBBIX curHanoB. Korga na nannom AIIM ycrtanoBieHO
MUCIIN, To MUKpO(OHHBII MOAYIH BKIIOYAETCS MPH MPEBBIIICHUN YKa3aHHOTO MOpPOra TPOMKO-
CTH U (PUKCUPYET UIUTEIbHOCTh CUTHAJIOB, a TAKXK€ UX MEPUOJUYHOCTh, TAKUM O0pa3oM OTIEsst
3ByK AIIM oT Apyrux BO3MOXXHBIX 3BYKOB. B nanmpHeifmem 3Byk oOpa0aThIBaeTcsi B YCTPOWCTBE
MUCIIN, u oHO MpUHUMAET pa3IMyYHbIe ACHCTBUS, B 3aBUCUMOCTHU OT MOJYYEHHBIX ¢ MUKPO(OHA
JAHHbIX.

CrtpykTypa paboThl cucTeMbl onoBenleHus ctana cienyromeit: MUCIIU perektupyer cpa-
0aTpIBaHME AaBTOHOMHOT'O IOKAapPHOTO W3BEIIATEIIS, IOCIE YeTr0 OTChUIAET 3aKOJUPOBAHHOE CO00-
1ieHue ¢ JaHHbIMU o cpabatbiBanuu U ID MUCIIU Ha cepBep; TOT, B CBOIO OU€pe/lb, aHATU3UPYET
ux, umiet B 0aze gaHHbIX 3apeructpupoBanHbiii MUCIIN ¢ takum 1D, mocne vero otmpasiser co-
OTBETCTBYIOIIEMY I10JIb30BATENIO YBEJJOMJIEHHE O CpabaThIBaHUU TocpecTBOM OoTa B Tenerpam.

dakTUUECKH, CEpBEP UCIOIB3YETCs B KauecTBe Opokepa, oOpabaThIBAIONIEro U pacrpee-
JISIOLIETO BXOJHBIE IaHHBIE OT YCTPOMCTB MO KJIMEHTaM, 3TO IO3BOJISET AENIaTh CIECAYIOIINE CBSI3U:
OJIHO YCTPOMCTBO — MHOT'O KJIMEHTOB M MHOTO YCTPOMCTB — OJUH KiIueHT. Kpome Toro, Ha cepsepe
MO>KHO aHAJIM3UPOBATh JaHHbIE O paboTe YCTPOUCTB, TaKMe KaK 4acToTa cpabaThIBaHUs, BpEMs aB-
TOHOMHOU pa0oThl, JUINTENbHOCTh CpadaTbIBaHus, U T. 1.

BbIBOABI. AHANMN3 3BYKOBBIX CUTHAJIOB B PAa3JIMYHBIX MPOEKTaX U CUTYALHUAX MOXKET ObITH
3¢ (HEeKTUBHBIM CPEICTBOM. 3BYK, Onaronapsi CBOUM (PU3HMUECKUM XapaKTepUCTHKaAM, ropaszio Mpo-
11I€ BBISIBUTH, IPOAHATM3UPOBATh U 00padoTaTh. ITO AaeT HEKOTOPYIO CBOOOAY MPH MPOEKTHPOBa-
HUU TPOEKTOB. [ 1aBHAs CII0)KHOCTh 3aKJIIOYAETCSI B TIOCTPOEHUU MPABUIBHOM pabOThl ¢ HUM, Oe3
MPOMNYCKa HEMAIOBAXXHBIX (PaKTOPOB, HANPUMEP, TAKUX KaK NEPUOTUYHOCTh U JUIUTENBHOCTh 3BY-
KOBBIX CUTHAJIOB, a TAKXKE UX MPaBHIIbHAs 00paboTKa.

Hcnonp30BaHuE k€ OTIEIBHOIO CEPBEpPa B KAUECTBE MPOMEKYTOYHOIO 3BEHA JAET MHOXE-
CTBO IMPEUMYIIECTB, B YaCTHOCTH BO3MOKHOCTh aHAJIM3UPOBATh JIaHHBIE O pabOTe yCTpoWcTBa U
OpPraHU30BBIBATh CIIOXKHBIE CBSI3U MEXIY KIMEHTaMH U ycTpoiictBamu. S3bik Python kak mHCTpy-
MEHT JJI HallUCaHUsl CEPBEPHOT0 MPUIIOKEHUS MOKa3al ceOsl Kak yA0OHBIH U THOKUIT UHCTPYMEHT,
MO3BOJISIOMIMK OpraHU30BaTh paboTy Mo cOopy MH(OpMaIuK 0 cpabaThIBAHUU U OTIPABKU ITHX
JaHHBIX KJIMEHTaM nocpenctBom Tenerpam-0oTa.

Kak urtor Ham ynanoch co3fath 3((GeKTUBHBIA MOYb, PACIIMPSIONINNA 6a30Bble BO3ZMOX-
Hoctu AIIN nambonee 3¢ ekTUBHBIMU BapHaHTaMH, YTO MOJOXKHUTEIBHO CKAa3aJ0Ch HE TOJBKO Ha
paboTe Bcero ycTpoiCTBa B LIEJIOM, HO U Ha OTKPBITOCTH KOHEYHOMY MOJIb30BATENIO.
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Summary. The possibilities of piezoelectric and magnetostrictive actuators as examples of adap-
tron systems were considered. The article shows the advantages of using new functional materials.

Cpenu HOBBIX PEUICHUI B CTAHKOCTPOSHUH MOXHO BBIICTUTH cleaytomme [1]:

1) ucrnonp30BaHUE MEXaHM3MOB HA OCHOBE HOBBIX (PM3MYCCKUX IPHUHIIUIIOB, HAIPUMED,
MarHUTOCTPUKIIMOHHBIE TPUBO/IbI, MATHUTHAS MOJIBECKA IITTUHAETEH U 1p.;

2) NIPUMEHEHHE MEXATPOHHBIX W aJaNTPOHHBIX YCTPOUCTB, YTO CO3JACT MPEANOCHUIKH IS
MOJIyYEHUs] IPUHIIUIINATHHO HOBBIX KOHCTPYKTOPCKUX PEIICHUH;

3) B cucTeMy yIpaBJICHHUs BBOAATCS BCE 00JIee CIIOKHBIC DJIEMEHTBI HCKYCCTBEHHOTO MHTEII-
JIEKTa, BKJIIOYAs paclio3HaBaHWE OOpa3oB JeTaleil, KOHTPOJb KayecTBa M3ACNUM, aJanTaluio K
npoiieccy 00pabOTKH U APYTHM U3MEHEHHSIM COCTOSIHUSI CTaHKa.

TepMUH «aIanTPOHUKA» MOAPA3ZYMEBAET UCTIOIB30BAaHUE B KAUE€CTBE TATYMKOB TaK Ha3bIBa-
€MBIX «YMHBIX», WIH «AHTEIJIEKTYAIbHBIX», MATEPUATIOB U KOHCTPYKIUM. [IpUMEHSIIOTCS CIIIaBHI ¢
namMsATei0 (POPMBI M1 MAarHUTOCTPHUKIIMOHHBIE, MbE30KepaMHUKa, dIEKTPOPEOTOTHIECKIE KUIKOCTH,
TO €CTh OCYIIECTBJISIETCS MHTETPAIlAS B CaMy MEXaHHYECKYI0 UM MEXATPOHHYIO CTPYKTYPY DYHK-
U aBTOMaTUYECKOTO MONyuyeHUs: HHPOPMAIIUN O XapaKTepUCTUKAX IBIKEHHS U (GopMe ero ocy-
miecTBiIeHUs [2].

MexaTpoHHBIE CHCTEMBI OOBIYHO COCTOSIT M3 CAMOCTOSITENBHBIX OTENBbHBIX SJIEMEHTOB:
MPUBOJIA, JaTUYMKa U YCTPOWCTBA yIpaBiieHUsA. B amanTpOHHBIX CHCTEMax ATH Ba)KHBIE AJIEMEHTHI
ckopee apdUINpPOBaHBI, TaK KaK MPUMEHSEMbIE «yMHBIE MaTepHalbl» HE MPOCTO HEOTheMiemas
YaCTh CUCTEMBI, a SBIISTFOTCSI YACThIO CTPYKTYPBI, KOTOpasi COYETAET B ceOe CEHCOPHBIE, TPUBOHBIC
1 MeXaHU4YeCKue QyHKITUH.

OYHKIIUOHATBFHOCTH MPUBOJIa O3HAYAET U3MEHEHHE (POPMBI, TOJIOKEHHS, YaCTOThHI KoyieOa-
HUW WU JPYTUX MEXaHHUYECKUX CBOMCTB B 3aBUCHMOCTH OT U3MEHEHHS TEMIEpaTyphl, dNeKTpude-
CKMX WJIM MarHUTHBIX mojieii. Hanbomee 9acTo ucnonb3yroTes «yMHBIE MaTepHAIBDy JIJIs1 TPUBOIOB.

Benytcst pa3paboTku U yKe CO3/IaHbI DIEMEHTHI CTaHKa, KOTOPHIE MOJHOCTHIO MM TIPEUMY-
IIECTBEHHO COCTOST M3 «YMHBIX)» MaTE€pHUaJOB, IPEJICTABISIIOT COOON «HMHTEIUIEKTYalbHbIE» CTPYK-
TYpbI, OOBEIUHSIONINE TPATUIIMOHHBIE CTPYKTYPHl C MHTEIUICKTYATbHBIMU SJIEMEHTAMHU, TaKUMU
KaK BCTPOCHHBIC JATYMKU WUJIM UCTIOJHUTEIbLHBIE MEXaHU3MHI [2].

Kak npumep «MHTEIEKTYaIbHON» CTPYKTYPhI PACCMOTPHUM IbE30aKTYaTOpP — CBEPXIIPEIH-
3MOHHBIN KOPOTKOXOAHBIA JIMHEHHBIN JIEKTPONPUBO/I.
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Haubonee pacmpocTpaHEHHBIM THIIOM IMbE30AJICKTPUUYECKUX AKTYaTOPOB SIBJISIETCS IMaKeT-
HbII. BHYTpHu ero kopriyca HaxXOAWTCS MAaKET B BHJE IMIMHAPUYECKOTO CTOJIOA, HAOpaHHBIN W3
OO0JBIIOTO KOJMYECTBA IIOCKHUX MbE30KEPAMUYECKUX 3JIEMEHTOB, YEPEIYIOIIUXCS C TIACTHHAMU-
anekTponamu. [Ipu momayue HanpsHKEHUS BBICOTA KaXIOTO AJIEMEHTA U, CJIEI0BaTEIbHO, BCEH CTOTI-
ku u3Mensercs npumepro Ha 0,1...0,2 %. Takum oOpa3oMm, JIMHY X0J1a TAKETHOTO MPEHU3HOHHOTO
MbE30aKTyaTopa MOKHO OIICHHTh Ha YPOBHE | MKM MJIM 4yTh OoJibllie HA 1 MM €ro BbICOTHI. Pa3Bu-
BAEMOE YCUJIUE 3aBUCHUT OT ILJIOIIAIU MMONEPEUHOI0 CEUCHUSI CTOIOIA MTbE30KEPAMUUECKUX AIIEMEH-
TOB 1 cocTapiseT 5-10 kH na 1 cm>. Mopaudukanueit JTaHHOTO THIIA SIBJISIFOTCS MHOTOCIIONHBIC TThe-
30aKTyaToOpbl, B KOTOPBIX MbE30KEPAMUUYECKUE AJIEMEHTHI MMPU M3TOTOBJIICHHH CIUIABJICHBI APYT C
JPYTOM B MOHOJIUTHBIN OJI0K. ITO MO3BOJISIET HA MOPSIIOK YBEIUYUTh YCHUITHC.

TO4YHOCTH MO3UIIMOHUPOBAHUS MMHE30IEKTPUUECKUX AKTYaTOPOB JOCTUTACT THICAYHBIX J10-
neit HanoMeTpa. OHU HAJEKHBI, TOJITOBEYHBI, 00JIa/IaI0T OTIWYHBIM OBICTPOICHCTBHEM, Pa3BUBAIOT
BBICOKHE YCKOPCHHSI M COYETAIOT OOJIBIIOE Pa3BUBAEMOE YCHIIME ¢ KOMITAKTHOCTBIO. [Ihe30akTya-
TOPBI HE UMEIOT BPAIIAIOIINXCSA M CKOJB3AIINX YacTeH, HE TpeOYIOT CMa3bIBaHUS M OOCTY)KUBaHMS,
CIOCOOHBI paboTaTh MPH HU3KUX TEMIIEpaTypax M B BakyyMme. WX HemocTtaTkamu SIBISIOTCS He-
OoubIast JUIMHA X0/1a, OTPAHUYMBAIOIIAsA 00JIACTh UCIIOIB30BaHNUs, BRICOKa IicHa [3].

CymiecTBYIOT 1 MAarHUTOCTPUKITMOHHBIE aKTYaTOPHI.

JleiicTBre Takoro akTyaropa OCHOBaHO Ha MAarHUTOCTPUKIMOHHOM 3(h(deKkTe — N3MEeHEHUU
MUKPOCTPYKTYPBI ¥ TMHEHHBIX pa3MEpOB BEIIECTBA 01 IeHCTBUEM MarHUTHOro noiisa. K maruuro-
CTPUKIIMOHHBIM MaTepuaiaM OTHOCATCS (peppomMarHeTnku u ¢peppuMarneTuku. Hanbonee cunpHOM
MarHUTOCTPUKIIMEH 00JIaal0T KepaMUUYECKHUE MaTeprajbl HA OCHOBE PEIKO3EMEIbHBIX METaJUIOB.
CaMmplli U3BECTHBIM M IIMPOKO HCIOJIb3YEMbI MarHUTOCTPUKIIMOHHBIM MaTepuan — Tepdenos-/l,
COCTOSIIUHN U3 JKeJe3a, TepOUst U TUCTIPO3HSL.

TUNUYHBIA MarHUTOCTPUKIIMOHHBIN aKTyaTOp COCTOUT M3 IWIMHAPUYECKOTO CTEPXKHS, Mar-
HUTHOM KaTYIIKH BOKPYT HETO M KOPIyca, MPUAAIOIIETO KOHCTPYKIIMH 1IEIOCTHOCTh U TPOYHOCT,
a TaK)Xe BBIMOJHAIONIETO (DYHKIIMIO MAarHUTHOTO 3KpaHa. CTepKeHb M3TOTOBJICH U3 MarHUTOCTPHK-
LIUOHHOTO MaTepualia M yIJIUHACTCS MPU BO3ACHCTBUU HAa HETO MAarHUTHOTO IOJSl KATYIIKH, YTO
MMO3BOJISICT OCYIECTBIIATh JIMHEHHOE TepeMenieHne. Mi3MeHeHne pa3MepoB Marepuana 3aBUCHT OT
HaIPSHKEHHOCTH TPWIOKEHHOTO MAarHUTHOTO TOJS, TPHU 3TOM, €CIIM IOJI€ TMEePEeMEHHOe, JIMHA
CTepXHS TOXKe OyAeT U3MEHATHCS [UKINYECKU. BepxHsis yacToTa creKkTpa mepeMeHHOro Mo Mo-
xeT pocturath 20 k[T, mMo3TOMYy Takol peXuM pabOThI MO3BOJSET OCYIIECTBISATh IUKINYECKHUE
MepeMENIEHUSI CO CKOPOCTBIO /10 HECKOJIBKUX ThICSY LIUKIIOB B CEKYH]TY.

MarHuTOCTPUKIIMOHHBIE aKTyaTOPhl OJIU3KU IO CBOMM XapaKTEPUCTHKAM K IMbE30aKTyaTo-
paMm. Ilo cpaBHEHUIO C HMMH, MarHUTOCTPUKI[MOHHBIE aKTyaTOpPhl Pa3BUBAIOT B HECKOJIBKO pa3
MEHbIIIee YCUITUE, 3aTO UMEIOT OO0JIbIlIee OTHOCUTENbHOE ymuHeHue, 1o 1 %. Jlnuna xoxa onpene-
JsieTCA JUIMHOM aKTyaTtopa, KOTopas MOXKET cocTaBiATh 10 200 MmM. MakcuManbHOE yCUIIUE 3aBU-
CUT OT JUaMeTpa CTEP)KHS U HaXOJUTCS HA YPOBHE HECKOJIBKUX JIECITKOB KUJIOHBIOTOHOB.

Cy1iecTBYIOT MarHUTHBIE MaTepuaibl C MaMAThI0 (OPMBI, HAIPUMEp, CIJIaB HUKEIs, Map-
raina u raua. Kak 1 MarHUTOCTPUKITMOHHBIE MaTEpHaIbl, OHU U3MEHSIOTCS B pa3Mepe Mo/ BO3-
JeMCTBHEM MarHUTHOTO TOJIS, TOITOMY UX HE CJeIyeT MyTaTh ¢ OOBIYHBIMU MaTepHuaIaMH C mamsi-
ThIO (POPMBI, JUIsl aKTUBALMU KOTOPBIX, TpeOyeTcss HarpeB pabouero aneMmenTa. [loka aktyatops! Ha
OCHOBE MarHUTHBIX MaTEPUAIOB C MaMATHIO POPMBI SBIISIFOTCS MPEIMETOM HAay4YHBIX pa3zpaboToOK U
MPOMBIIIJICHHO HE BBIMYCKAalOTCA. B mpuHIMIe, Takoil akTyaTop MOXET HUMETh OTHOCHUTEIHHOE
ynnuHenue 10 5-10 %.

O6nacTi MpUMEHEHUsI MarHUTOCTPUKITMOHHBIX aKTYaTOPOB OIMPEACIAIOTCS WX OCOOCHHO-
CTSIMH — MaJIOM JIUHOW XOJa W BBICOKHM ObICTponeicTBHEM. [I0ATOMY OHU HCTHOIB3YIOTCS IS
OCYIIIECTBJICHUS JTUHEHHBIX MEepeMelIeHn Ha HeOOJIbIINe PACCTOSIHUS, HApUMep, B oOpabaTbiBa-
FOIIMX LEHTPAX U METAJUIOPEKYIIMX cTaHKax ¢ UIIY.

JluneliHoe mepeMeIeHrne MarHUTOCTPUKIIMOHHOTO aKTyaTopa OCYIIECTBIISIETCS 3a CUET H3-
MeHeHUs (OpMbI MaTepHralia, YT0 00ECIIEUNBAET BHICOKYIO K€CTKOCTh. MarHUTOCTPUKIIMOHHBIE Ma-
Tepuasbl HEe JETPATUPYIOT CO BpEMEHEM U He OOSITCS TeperpeBa, MPH OCTHIBAHUK OHU BOCCTaHaB-
TUBAIOT cBoU cBoiicTBa. OHAKO OHU TPEOYIOT BBHICOKOW HAMPSHKEHHOCTH MArHUTHOTO MO, IO-
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ATOMY aKTyaTOpPhl HA UX OCHOBE MOTPEOIISAIOT OONBINON TOK. BakHBIM MpEenMYyIeCTBOM MarHUTO-
CTPHUKIIMOHHBIX aKTYaTOPOB SIBJISICTCSI BRICOKAsI CKOPOCTh HEMPEPBIBHOM IIUKIMYECKOM padoThI [4].

CnHCoK MCI0/1b30BAHHBIX HCTOYHHKOB

1. Ky3nenos A. II. HanpaBnenus: pa3BUTHs METAUIOPEXKYIIUX CTAHKOB: CUCTEMHBIE IPUH-
munsl. Yacts 2 / CTAHKOMHCTPYMEHT. 2020. Ne 4. C. 36-45.

2. Ky3nenos A. II. HanpaBieHust pa3BUTHS METAJUIOPEKYILHUX CTAHKOB: CUCTEMHBIE IIPUH-
unsl. Yacts 1 / CTAHKOMHCTPYMEHT. 2020. Ne 3. C.30-41.

3. Tlpe3oakTyaTopbl [DaeKTpoHHBIH pecypc]. — Pexxum mocrtyma: http://www.aktuator.ru/
piezoactuators.shtml.

4. MarHuToCTpUKIIMOHHBIE aKTyaTOpbl [ODJEKTpOHHBIH pecypc]. — Pexum nocrymna:
http://www.aktuator.ru/magnetostrictive.shtml.

YK 629.1
OIIBIT IPUMEHEHUSA MEXAHU3UPOBAHHOT' O NTIPOXOJYECKOI'O
KOMILJIEKCA HA CTPOUTEJIbCTBE IHAXTHbIX CTBOJIOB
Bepemeiiuux H. C., bacanau I'. A.
benopyccruii nayuonanvuolil mexHuueckui yHugepcumem
e-mail: nikita.veremeychik.tab.s@gmail.com

Summary. The main stages of the process of building a mine shaft are considered. The principle of
operation and experience of using a mechanized tunneling complex in the construction of mine
shafts in Belarus are described.

CTpoUTENBbCTBO IIAXTHBIX CTBOJIOB SIBJISIETCS OTBETCTBEHHON M YHEPrOEMKOM onepanuel Ha
IEpBOIl CTalMU OCBOEHUSI MECTOPOXKICHHSI IOJIE3HBIX MCKOMAEMBbIX MOJI3eMHBIM criocobom. HlaxT-
HBIM CTBOJI CIIY’)KMT TPAHCHOPTHOW apTepuel MEXIy MOBEPXHOCTbIO U IJIOJOPOJHBIMH IUIACTaMU
(ropuzoHTamu). Yepes ero 0IHOBPEMEHHO C MOABEMHBIMHU COCYJaMH (CKUIIAMH, KJIETSIMU), a TAKKe
SHEPreTUYECKUMU KaOels MU OCYILIECTBIISIETCS M0Jadya CBEKEro BO3AyXa, JJIS MOJAJIEPKaHUs JKU3-
HE/IeATEeNIbHOCTH JIto/iel, paboTatomux B maxte. [IoaToMy OT ero Hajie)HOCTH 3aBUCHUT 3(h(HeKTuB-
HOCTb paOOThI Py/THUKA.

CTpOUTENbCTBO MAXTHBIX CTBOJIOB UMEET PsiJl OCOOEHHOCTEN MO MPUMEHIEMOMY 000pya0-
BaHHIO, a TAKXXe IO croco0y cTpouTenbeTBa. [Iporecc Bo3BeaeHNs MIaXTHOTO CTBOJIA MOXKHO pas-
JeTTUTh Ha YeThIpe FTara:

— MOJrOTOBKA TEXHOJIOTMYECKOM IJIOMIAJAKH U MOHTaXK MTPOXOTYECKOT0 KOMITJIEKCA;

— OIlEeperKarolee KPeIIeHNEe BOJJOHOCHBIX TUIACTOB BOKPYT BO3BOAMMON CKBAYKUHBI,

— MpOXO0J/IKa CTBOJIA, KOTOpas BKJIOYAeT B ce0s pa3pyllieHue MaccuBa MOPOJbI MO 320010,
TPaHCHOPTUPOBAHUE OTOUTON MOPOJBI HA MOBEPXHOCTb, a TAK)KE KPEIJICHHE CTEHOK METOJIOM Oe-
TOHUPOBAHUS;

— 00BsI3Ka MIaAXTHOTO CTBOJIA OT 320051 10 YCTh4.

[Tpu mpoxojKe IMaxTHBIX CTBOJIOB BO BCEM MUPE HIMPOKO MCHOJIB3YETCs COCO00 3aMOpaxu-
BaHUS TOPHBIX MOPOJI, KOTOPBII OTKphLIM emie B KoHe XIX Beka. Ero cyTe B TOM, 4TO uepe3 npo-
OYpPEHHYIO CKBA)KHMHY IOAAETCS HOCHUTENb, KOTOPBI 3aMOpPaKUBAET BOKPYT ce0sl MOpOay, HAChI-
LICHHYIO BJIarou.

TpagunmonHo pa3paboTKa BeIeTCsl ¢ HCIOIb30BaHMEM OYpPOB3PBIBHOTO CIlocoba ¢ rmocie-
AYIOUIMM TPaHCIIOPTHUPOBaHKWEM MOpojbl HaBepX. OHa 3arpyxaercss B 0ajJpio MpU MOMOIIM Tpeii-
(bepHoit ycranoBkH. OTHAKO, TOT CIOCO0 HE SIBISETCS CeroHs Y()PEKTUBHBIM.

Briepssie B benapycu npu noaroToBke K OCBOCHHUIO pa3pabOTKH MECTOPOXKACHUS KaTMHHBIX
coseid Ha HexXMHCKOM MeCTOPOXKIEHUH HCIIOITb30BaH UMIIOPTHBINA Mpoxoaueckuid muT pupmer SBR.
CrBononpoxoaueckuit komruieke (SBR) npeanasnaden /i MaXxaHU3UPOBAHHOM MPOXOJIKU CTBOJIOB
C HyJIsl B MSITKMX U CpeJIHEeH TBepAOoCTH Mopojiax. B ero cocraB BXOAUT KOMIUIEKC 000pyI0BaHHE 110
¢dpe3epoBanuio 32004, 3ary1y0JIeHUIO, a TaKXXe 000pyIOBaHHE MO MHEBMAaTHUYECKOMY TPAaHCIOPTH-
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POBaHMIO TIOPOJII HA MOBEPXHOCTh. [TomMuMo (ppezepoBanus U TPAaHCTIOPTHPOBAHUS ITOT MPOXO/I-
YeCKUH IUT BBIMOIHSIET QYHKIUIO KPEIUICHNS CTEHOK METOI0M OETOHHUPOBAHUSI.

[TpoxoauecKuii MUT OCHAIICH TEJISCKOIIMYECKOW CTPEIOW M Bpalmarolieics ¢pe3oi. I1o
MO3BOJISIET CO3/1aBaTh IIEpEMEHHbIE JUaMeTphl cTBoja OT 7 10 12 metpoB. Teneckonuueckas crpena
MO3BOJISIET BECTH MIPOXOJIKY MOJIHOTO JUaMeTpa CTBOJIA HA TTyOMHY OJIMH METP B HECKOJIBKO 3aXO-
JIOB BBIIBMKEHHS Teleckona. Bo BpeMs sToro mporiecca (ppesepoBaHusi HE HYKHO OMYCKAaTh BCIO
ycTaHoBKy. Ha nmepBom 3tarie mukia pesanus (ppesa cosmaet Bpyo riryounoit 1o 0,2 merpa. 3aTtem
10 YacoBO# cTpesike 00padaThIBaIOTCS APYTHe CEKTOPHI Kpyra OT LEHTpa 32005 10 CTEHOK CTBOJIA.
UYepes Kax/aple MATh U3 3TUX [UKIOB CTBOJI YIUIYOJISIETCS HA OJUH METp, IIUT OITYyCKaeTCs Ha OJUH
METp, U IUKJ pe3aHusi HaunHaeTcs 3aHoBo. OTOuTas mopoja BcacklBaeTcs U3 3a00s CTBOJIA C IO-
MOIIBIO THEBMATUYECKOW CUCTEMBI U TPAHCIIOPTUPYETCS B BCACHIBAIOIINN OYHKED.

DTOT c1moco0, HECMOTPsI Ha CIIOKHOCTh 000pYIOBaHUs, ABIIETCS Hanbosee 3¢HEeKTUBHBIM
IIPU CTPOUTEIIHCTBE IMIAXTHBIX CTBOJIOB. B yacTHOCTH, ITpH MPOXOJKe CTBOJIA HA He)KMHCKOM y4acT-
ke B PecriyOnmke benapych mpu NpUMEHEHHH CTBOJIONPOXOa4eckuid komiuieke SBR mocturnyra
MIPOU3BOIUTEIILHOCTD, KOTOPAS SBJISICTCS CYIIECTBEHHBIM TEXHOJIOTUIECKUM MporpeccoM. bonbas
YacTh PEIICHUN SBISETCS MHHOBALIMOHHBIMH, TaK KaK MPOXOJKa CTBOJIA C MPUMEHEHUEM JaHHOTO
000pyI0BaHUs MPEACTaBIICT COOOM BBICOKOTEXHOJIOTMYCSCKHM mporecc. IIpu 3ToM nanbHEiiiee
COBEpIICHCTBOBAaHNE CIIOCOO0B BeACHHs pabOT C MPUMEHEHHEM HOBBIX TEXHOJIOTUNA U KOHCTPYKITHIA.

B pesynbrare, cpeHss CKOPOCTh MPOXOJKH JIBYX CTBOJIOB MIYOMHON Kak0ro okojo 900 m
Ha HeXXnHCKOM MECTOpPOKACHUU C HUCIIOJIb30BAHUEM CTBOJIOMPOXOIYECKOTO KOMITJIEKCA COCTaBHIIA
OKOJIO 3 M/CYT, IPH 3TOM MaKCUMAJIbHBIE TEMITBI COCTAaBUIIH JI0 7,5 M/CYT.

YK 622.1(075.8)

METO/IUKA 3AJAHUSI HAIIPABJIEHUSI KPUBOJIMHEMHOMY YYACTKY 'OPHOHN
BBIPABOTKH JJI51 Y@ PEKTUBHOM PABOTHI IPOXOJYECKOI'O KOMBAMHA
Buwmnesckasn A. A., bacanau I'. 4.
benopyccruii nayuonanvHolll mexHuueckuil yHugsepcumem
e-mail: linka.5806@gmail.com

Summary. A technique for the formation of a project for setting the direction of a curved section of
a mine working for the effective operation of a tunneling machine in preparing a long-wall face for
a treatment complex is given. The calculation of allowable load modes on the executive bodies was
carried out and the recommended operating speeds of the combine were determined when driving a
curved working.

B nacrosmee Bpems Ha pynHukax OAQO «benapycpkanuin» MHUPOKOE MPUMEHEHUE MTOJIYYH-
JIM CTOJIOOBBIE CHCTEMBI pa3pabOTKU OYMCTHBIMU KoMIiekcaMu. CTo00Bble CUCTEMBI pa3paboTKU
XapaKTepU3ylOTCs HE3aBHCHMBIM BEJCHMEM OUYMCTHBIX M IOATOTOBHUTENBHBIX paboT B mpejaenax
BbleMOYHOro 1nojs. Ha MomMeHT Havana GyHKIMOHMPOBAHUS OUYMCTHOTO 32005 BCE MOJATOTOBUTEIb-
HbI€ BBIPAOOTKH, COENUHSIONINE 3200l ¢ CUCTEMOIl OTKaTOYHBIX M BEHTUJISILIMOHHBIX BBIPAOOTOK
I1aXThl, JOJHKHBI OBITH MPOW/IEHBI HA TIOJHYIO JUIHHY.

Crnenyer OTMETUTh, UYTO B IAHEIH IIAXTHOIO IOJII MOTYT pacnoJjiaratbes JBe jaBbl. Toraa
BO BpeMs MOJTOTOBUTENBHBIX PabOT MepPeXo ¢ OJHOM JaBbl HA JIPYTYIO OCYLIECTBIISIETCS MO KpH-
BOJIMHEWHOMY YYacCTKY C OIIPEJIEIICHHBIM PaJinyCcOM 3aKpYIJIEHUS U YTJIOM MOBOPOTA, yKa3aHHBIM B
mpoekTe. 3ajjaya MapKuieiiiepa 3akio4yaeTcss B TOM, 4TOObI, pyKOBOJACTBYSICh IPOEKTOM MPOU3BE-
CTH pa30MBKY KpUBOW B HaType, T. €. yKa3aTh HaIllpaBJICHHE JJIS MPOBEJCHUs BBIPAOOTKH Ha 3a-
KpyTJeHUH. 3a/laHne HalpaBlieHUs! KPUBOJIMHEHHOMY y4YacTKy BBIPAOOTKU peanu3yeTcsl OJHUM U3
CIIEAYIOIIUX CIOCOOOB: CIIOCOOOM MEPIEHAUKYISIPOB, CIIOCOOOM PaJMYCOB M CIIOCOOOM IMPOI0J-
KeHHbIX (KopoTkHX) Xxopx [1, ¢. 154-160].

Crnenyer OTMETHTB, YTO MPOXO/KA KPUBOJMHEWHBIX TOPHBIX BBIPAOOTOK OKa3bIBAET 3HAUU-
TEIbHOE BIIMSHUE HA MUCMOJHUTEIBHBIN OpraH KoMOaitHa. ITOT MPOIECC COMPSHKEH CO 3HAYUTENb-
HBIM M3MEHEHHEM Harpy304HbIX PEeKHMOB Ha MCIIOJIHUTEIBHBIX OpraHax komoaitna. OcobeHHO 3T
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MPOSIBIISIETCS. TOTA, KOTa pajinyc KPUBU3HBI KPUBOJIMHEHHON BHIPAOOTKM HE3HAYUTEIbHBIN U CO-
CTaBJISIET JACCATKA METPOB. B 3TOM peknme KoMOaiftH ¢ COOCHBIMH poTopamu |2, C. 12—-35] paGoTaet
CO 3HAYUTEJBHBIM JUAIa30HOM TOJIIIUHBI CTPYKKH, KOTOPask OIYYaeTCsl P IBUKEHUU PE3LIOB OT
BHYTpPEHHEro OopTa Mo paauycy K BHEUIHEMY OOpTYy, U TE€M CaMbIM, CYIIECTBEHHO YMEHbILIAETCS
MPOU3BOIUTENIFHOCTh MALIMHBI. DTO TOBOPUT O TOM, YTO OT HAlpaBJICHUS, YKA3aHHOTO MapKIIeii-
JepOM, 3aBUCHUT IP(HEKTUBHOCTH PAOOTHI MPOXOTIECKOTO KOMOakHa.

B cBsi3u ¢ 3TUM B Hamiel paboTe pacCMOTPEH peaIbHBIA MPOEKT MPOXOKH KPUBOJINHEHHOTO
ydacTKa Ha OJJHOM U3 PYJHUKOB benapycbkanus v IpoBeIeH pacueT Ajs Hanbosiee XapaKTepHOro
pexuma paboThl KOMOaiiHa M0 MUHMMAaJIbHOMY paanycy 3akpyrieHus R = 25 m u yriom noBopota

BHIPAbOTKH paBHBM O = 180 crocoGoM meprennKyspos. CpeIHsst MIHPHHA BHIPAGOTKH B CBETY —
S =3,3 M. MeTozuka onpesereHns OCHOBHBIX MapaMeTpOB 3a/1aHusl HAIIPABICHUs KPUBOJIMHENHHO-
MY Y4acTKy TOPHO# BBIPaOOTKH COCTOUT B CIETYIOIIEM.

1. CocraBneHue nmpoekTa KpUBOJIMHEHHOIO yyacTKa BbIpAOOTKM HAaUMHAETCS C ONPEAEICHUS
KOJINYECTBA CTOPOH MPOEKTHOrO moiuroHa. [lpu ompeneneHNH KOJMYECTBa CTOPOH ITOJMIOHA
HE00X0AUMO 00ECTIEUUTh MPSAMYI0 BUAUMOCTb MEXAY IYHKTaMU OIOPHOM CeTH, I03TOMY BHayase
oIpeessieM BEMYMHY IIEHTPAIBHOTO yIiia [3, OMMPAIOIIErocs Ha OJHY CTOPOHY NPOEKTHOTO IO0-
JIMTOHA.

2. OmnpenensieM 4Mciio CTOPOH IIPOEKTHOTO MOJUT0HA (C 00s13aTEIbHBIM OKPYTJICHUEM MO Y-
YEHHOT'0 YKciIa 10 LeJIOr0 B CTOPOHY yBEJIUYEHus): N = 5.

3. KoppexTupyem 3HaueHue 1eHTpaibHOro yriua: 3 = 36°.

4. OnpezensieM JUIMHY CTOPOHBI MPOEKTHOTO Hojurona: | = 15,451 m.

5. OnpenensieM yriibl IOBOPOTA HA IPOMEKYTOUHBIX IMYHKTaX MPOEKTHOT'O MOJIUTOHA.

B pesynbrare, yrisl Ha IEPBOM H MOCIETHEM ITYHKTAX ITOJIMTOHA PABHBI

B =P3= 180°—% = 180°—% =162°00'00".

6. [lo MOJTy4YeHHBIM JAaHHBIM CTPOMM MPOEKT 3aJaHHs HAINPABICHHUS KPHUBOJIMHEHHOMY
y4acTKy BbIpaboTku (puc. 1).

J1st BeHTUIISIIMOHHOTO Tpeka R = 25 m.

Jlns koHBeitepHoro mrpeka R = 25 M (paanyc BEHTWISLIMOHHOTO IITpeka) + 3 (IUpUHa BbI-
paboTku) + (1mpuHa 320051 1aBbI).

Jnsa tpancnoptHoro R =25 M (paguyc BEHTUIISIMOHHOTO IITpeka) + 3 (IIMpHuHa BeIpaboT-
KM) + (mumpuHa 3a00s naBel) + (1KMpuHa BbIpaOOTKU paBHbIM 4.0; 4.3; 4.5) + (uenuk paBHbIA 2.3;

2.5;2.7).

Pucynok 1 — @parMeHT npoekTa 3a/aHusi HalpaBJICHUS
KPUBOJIMHEHHOMY y4acTKy FTOpHOI BBIpaOOTKH
Croco0OM NepPIEHINKYIISIPOB
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B pabote Taxke uccieoBaH TEXHOIOTUYECKHNA MPOLIECC MPOXOIKU KPUBOJIMHEHHBIX BBIpa-
00TOK KOMOaitHaMu ¢ COOCHBIMHU poTopamu [3, ¢. 147—183], mpoBeaeH pacyeT AOMYyCTUMBIX HArpy-
30YHBIX PEKUMOB Ha UCTIOJHUTENIbHBIC OPTaHbl H OMPEICIIEHbl PEKOMEHIyEMbIe pabodyre CKOpPOCTH
KoMOaliHa MPpHU IPOXO0JIKE KPUBOJIMHEHHON BHIPAOOTKH.
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Summary. Despite the rising popularity of robotic finishing processes and various success stories
from the industry, there are still some challenges to overcome to increase acceptance. This study
lists questions that require further research to improve.

B mocnennue necsaTuneTus MpoOMBIIUIEHHBIE POOOTHI MCHIOIB3YIOTCS /ISl BHITTOJHEHHS IITH-
POKOro Kpyra IpOHM3BOJCTBEHHBIX 3a/la4, TAKUX KaK CBapka, cOOpKa, TPAaHCIIOPTUPOBKA, OKpackKa
pacrbUICHHEM U BBITOJHEHHE BCIIOMOTATEIBHBIX ONepaliii MEXaHH4eCKOil 00paboTKH, Takue Kak
yJaJIeHUuE 3ayCeHLEB, MOJMPOBKa, nuiMdoBanue. OnHako Toiabko 3—4 % oT ollero yucia mnpo-
MBIIIJIEHHBIX POOOTOB MCHOJIb3YETCS HEMOCPEACTBEHHO NIl MeXaHu4ecKoi o0paboTku. OcHOBHAs
IPUYMHA 3aKJII0YAEeTCs B BO3HUKHOBEHUM BHOpauuii mpu oOpaboTKe M3-32 HEBBICOKOW KECTKOCTU
po6oTOB. B CBsI3M C MOsIBIIEHNEM HOBBIX POOOTOB TOBBIIIEHHOHN JKECTKOCTH YAAIOCh 3HAUYUTEIBHO
CHM3UTbH BIIMSHUE JIaHHOW MpOOJIeMbl Ha TOYHOCTh 00paboTKH, Grarogaps 4yemy poOOTH3HpOBaH-
HBIE CHCTEMBI CTAaHOBATCS d(P(EeKTUBHEE /IS MPUMEHEHHsI B OOJBIIMHCTBE ONEpaluii MEeXaHWde-
CKOM 00pabOTKH, a COTPYJHUKN MEXaHUYECKHUX LIEXOB YBEPEHHO 3aMEHSIOT CTAHKH POOOTaMuU JUIs
OTIpeIeIEHHBIX MHOTOOCEBBIX (Ppe3epHBIX MPUMEHEHUI

PoOOTHI UMEIOT psii TEXHOJIOTUYECKUX MTPEUMYIIECTB:

— PbIHOYHAs! CTOUMOCTb POOOTOB U MX IKCIUTyaTalus HIKe, 4yeM cTaHkoB ¢ UIIY;

— OoJpIIME KHHEMATHYECKHE BO3MOXHOCTH B IIpoliecce 00paboTKH JieTalei;

— 0oJee BBICOKHE CKOPOCTHU IEPEMELCHUH;

— OoJpIIME BO3MOXHOCTH MX MEpEHaNaJKH, 4To JenaeT 3(p(HeKTUBHBIM IpUMEHEeHne po0o-
TOB B MHOTOHOMEHKJIATYPHOM ITPOU3BOJICTBE.

M3BecTeH Takxke psii TEXHOJOTHUECKUX HE0CTaTKOB pOOOTOB:

— HEJIOCTaTOYHAs )KECTKOCTh;

— HEJIOCTAaTOYHAasl TOYHOCTh MMO3UIIMOHUPOBAHHUS;

— CIIOKHOCTH TPOTPaMMHUPOBAHUSI.

OpHa M3 OCHOBHBIX MPOOJIEM MPOMBIIIIEHHBIX POOOTOB — TOYHOCTH MO3UIIMOHMPOBAHUS,
00yCIIOBJICHA IBYMS IPUYWHAMHE: CHCTEMAaTHIECKUMH H CITy9alfHBIMHU OIIHOKaAMH.

Cucremarndeckue omMOKu. JlaHHYIO TPYIITY NOTPEIIHOCTEN IENSIT Ha CUCTEMaTHYeCcKue Mo-
CTOSIHHBIC M CHUCTEMAaTHYeCKHE 3aKOHOMEpPHO HM3MeHstommecs. CucreMaTnyeckue MOCTOSTHHBIE TT0-
IPEIIHOCTH YCTPAHSIOTCS KaTUOpoBKOW poOoTa. CHcTeMaTHYecKHe 3aKOHOMEPHO H3MEHSIOLIHECcs
CBSI3aHBI C HF3HOCOM MHCTPYMEHTA, a TAK)KE€ MOTYT OBITh CBSI3aHBI C BIIMSTHHEM TEIUIOBOTO (hakTopa.
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Cnyuaiinbpie norpemtHocTd. OCHOBHBIE IPUYHUHBI BOSHUKHOBEHHUS TAHHBIX MTOI'PEIIHOCTEN
00yCIIOBJICHBI OTPAHUYEHHOM J>KECTKOCTHIO POOOTa-MaHUIYNIATOPa, (hakTOopamMu OKpyKaroIieh
Cpelbl, OTPaHMYEHHOMN MPOIYCKHON CITIOCOOHOCTBIO KOHTPOJIIEpa M TPEHUEM B CycTaBax pooOora.
Cuinbl pe3aHus, 1€MCTBYIOIME Ha BBIXOJIHOE 3BE€HO, MOTYT CMEIAaTh PYKY MaHHUIYJISATOpa, IpHU-
BOJIS K OIMOKE MOJIokKeHUsA. JKEeCTKOCTh MPOMBINIIEHHBIX POOOTOB-MaHUNYIATOPOB B 50 pa3
MeHbIlle, yeM 00bIYHbIX cTaHKoB ¢ YIIY, u u3-3a cui pe3aHus Ha BBIXOJHOM 3BE€HE MOT'YT BO3-
HUKAaTh BHOpAIIWH.

[TomryueHue BBICOKOIO KadyecTBa MOBEPXHOCTU JIETalld IOciie 00pabOTKU U COOTBETCTBUE
TEOMETPHUECKUX Pa3MepoB TPEOOBAHUSAM YepTeXka SBISIOTCS 00s3aTEIbHBIMU MPH MEXaHUYECKON
00paboTKe, a UX JOCTHKEHHE BO3MOXKHO MPHU BHICOKONH TOUHOCTH MMO3ULIMOHUPOBAHUS poOOTa U OT-
CYTCTBHU OTKJIOHEHHH OT TpeOyeMOi TPaeKTOPUH ABMIKEHHSI HHCTPYMEHTA. JTO JOCTHKHMO, €CITU
CWJIBl p€3aHUsl HE NPEBBILAIOT JOMYCTUMBIX 3HAYEHUH, NPUBOIAIINX K OTKIOHEHUIO TPACKTOPUU
pobora. J{is MUHUMH3AaUUU CUJI pe3aHus M BUOpanuii mpu o0paboTke He0OXOAMMO POBOIUTH HC-
CJIEJIOBAHUSI, KOTOPbIE MO3BOJIAT YCTAHOBUTH ONTHUMAJIbHBIE TEXHOJOTUYECKHE PEXHUMBI JUIsl KOH-
KPETHOH OIIEpaLliH.

Jlis oTcneXuBaHUS MOJIOKEHUS B XOJI€ BBIIIOJHEHUS onepanud o0paboTKU MOBEPXHOCTH B
IIPOMBIIIJIEHHBIX POOOTaxX MCIOJB3YIOT YCTPOWCTBO KOHTPOJIS CHUJIbI B3aMMOJAEHCTBUSI C JI€TalbIO
JUISl BOBMOYKHOCTH KOPPEKTUPOBKU TPAEKTOPUU JBUKEHUS B PEXKUME PEAIBHOIO BPEMEHU Ha OCHO-
B€ IOJIYYEHHBIX JAHHBIX O cujax pe3aHus. Takue ycTpolcTBa MO3BOJISIIOT 00ECHEYUTh MOCTOSH-
CTBO YCHJIUU MPH 00pabOTKe, UTO J1aeT BO3MOKHOCTH a/IallTUPOBATh CUCTEMY K OTKIIOHEHHUSM MEK-
1y 3alporpaMMHUpPOBAaHHON M (PaKTUYECKOM TPAaeKTOPUSIMU HA MIOBEPXHOCTH 3arOTOBKHU U MOBBICUTH
Ka4yecTBO 00pabOTKH.

Cpenu BapHaHTOB JIJIsl UCCIIEIOBAaHMS BBIOpaHa CIIEAYIONIass KOMIIOHOBKAa pOOOTH3UPOBAH-
HOM siYeHKU: MHCTPYMEHT OCeBOIl HeOOoJbIIOro nuamerpa (cBepio, ¢pe3a) BMECTe CO HIMUHACIEM
YCTAaHOBJIEH Ha BBIXOJHOM 3BEHE po0OTa, a JeTalb yCTAaHOBJIEHA HA TOJE M 3aKpervieHa. JlaHHoe
peuieHre obecrieynBaeT OOJNBIIYI0 THOKOCTh 3a CUET BO3MOXHOCTH JIOCTyNa K OOJbIIEMY UYHCITY
MIOBEPXHOCTEHN JIeTalld, B TOM YMCJI€ BHYTPEHHUX WM PACIIONIOKEHHBIX O] YIJIOM K IIOBEPXHOCTH
6asupoBanus. B coctaB poOOTH3UPOBAHHOMN SYEHKU BXOJAT: MIPOMBIIIIICHHBIN pOOOT, mKad yrnpas-
JICHUS!, CHJIOMOMEHTHBIN JATYUK, IINHUH/EIb U UHCTPYMEHT, JONOJHUTEIBHOE OCHAIIICHHE.

JlaTyuKy CHJT 1 MOMEHTOB Jal0T POOOTY TAaKTUIIBHOE OLIYIIEHNE MPUKOCHOBEHUS, MTOChLIas
0oOpaTHYIO CBSI3b 10 CHUJIE U MOMEHTY AJIsi KOHTPOJIS MOJI0XKEeHUs poOoTa. JlaTunK Cuiibl 1 MOMEHTa
u3mepsiet mectb cocrapustonux (Fx, Fy, Fz, Tx, Ty u Tz). Curnansl o6pabatbiBatoTCs HETIOCPEI-
CTBEHHO JaTYMKOM M MEPEAAIOTCS C TOMOUIBbIO PAa3JINYHBIX MPOTOKOJIOB 0OMEHA IaHHBIMH.

Jlis aHanu3a JaHHBIX B HCCIIEOBAHUHU MOKET OBITh BBIOpAH MOJHO(AKTOPHBINA 3KCIEpH-
MeHT (IIDD), mpu npoBeaeHUH KOTOPOTO YYUTHIBAIOTCS Hanbosiee 3HaYUMBbIEe (PaKTOPHI, BO3HUKA-
IOLIME B Ipoliecce pe3aHus (YacToTa BpalleHus LIMUHIENS ¢ HHCTPYMEHTOM, I10/1a4a, Ii1yOuHa pe-
3aHUs). BBIXOAHBIMU MapaMeTpaMu IIPU 3TOM SIBJISIFOTCSI COCTaBJISIONINE cUiibl pe3anus Px, Py, Pz u
MOMEHT, AeicTByronmii mo ocu X (Mx).

[TosryueHHast B pe3ysibTaTe TAKOro HKCIEPUMEHTa MaTeMaTu4yecKasi MOJENb MOXKET UCIIOJNb-
30BaThCs MIPU aHAJIU3€ Mpoliecca poOOTU3NPOBAHHOM OTAEN04YHOI 0O6paboTku. [Tocne mpoBeaeHus
MIOJIHOTO (PAKTOPHOT'O IKCIEPHUMEHTA U BbIOOpa ONTUMANIBHBIX PEKUMOB pe3aHus JUIsl JaHHOTO Ma-
Tepuaia JeTajid MOKHO 00eCIIeUnTh HAMMEHbIIINE CUIIBI pe3aHusl M BUOPAIUH, a 3HAYUT U KaueCTBO
00paboTKH.

[TpoBoaKMBIE IO AAHHON METOJUKE UCCIIEN0BAHUS IIPU MO3UIIMOHHO-CUIIOBOM YIIPABJIEHUH PO-
00TOM Ha OCHOBE ITPUMEHEHUS] CHJIOMOMEHTHOTO JaTYHKa MOTYT OATBEPIAUTH TEXHUUECKYIO BO3MOXK-
HOCTb BBIIIOJIHEHUS TOW WJIM MHOW OIepalyy elle Ha cTagun pa3padboTku. OHaKo Ui KaXKI0U TEXHO-
JIOTUYECKOM orepaii He0OX0JMMO pa3padaThiBaTh CIEHUATM3MPOBAHHBIE AITOPUTMBI YIIPABIEHUS 10
BBIOpPAHHOMY KpPHUTEPUIO, HAIIPUMEpP, KPUTEPUIO YAEIBHOTO cheMa Marepuana. Co3raHue MmomgoOHBIX
aJITOPUTMOB SIBJISIETCS] OCHOBHOM HAay4YHOM COCTaBJISIFOILEH 1O JaHHOM paboTe.
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Summary. Crossings of highways are the most critical link on public roads in the formation of con-
gestion and traffic accidents, therefore, a professional approach to their design is required.

[TocTOsSIHHO yBENMUYMBAIOLIUICSA TEMII aBTOMOOMIM3ALUHU, POCT TPAH3UTHOI'O TPAHCIIOPTHO-
ro [I0TOKAa Yepe3 OCHOBHBIE MAarkCTPaIu CTPaHbl, Pa3BUTHE HE TOJIBKO OOJBIINX I'OPOIOB, HO U IoO-
POJIOB-CITyTHHKOB BEIET K HEOOXOJUMOCTH CBOEBPEMEHHO aJalTHPOBaTh TPAHCIOPTHYIO CETh
CTpaHbl K BO3pacTalOUIMM HAarpy3Kam U MOBBIILIEHUIO0 HHTCHCUBHOCTY JIBJKEHUS Ha JI0POTax.

Hmeronuecs nepecevyeHuss U NpUMbIKaHUS aBTOMOOMJIBHBIX JOPOI B OJHOM YPOBHE B CKO-
POM BpPEMEHM MOTYT HE CIIPABUTBHCSA C BO3POCIUEH MHTEHCUBHOCTBIO JBUKCHMS, YTO NPUBEIET K
00pa30BaHMIO 3aTOPOB, 33I€PKEK B IBUKCHUH, TPAHCIIOPTHBIM HOTEPSM U YBEITHUCHHUIO aBapUITHO-
CTH B ONPEICIICHHBIX TPAHCIIOPTHBIX y371aX. TpaHCIOPTHBIE Y3IIbl B OJTHOM YPOBHE UMEKOT OTHOCH-
TEJIbHO HU3KYIO MPOIMYCKHYIO CIIOCOOHOCTh M 3HAYMTENIbHbIE HEY100CTBa B JABM)KEHHUHU, B OCOOCH-
HOCTH Ha BTOPOCTEIIEHHBIX HAIIPABIICHUSX.

[Ipu pocTe MHTEHCHBHOCTEM IBMKEHMS JUIsl PEIIEHUs BOMPOCOB IMOBBILICHHS YyA00CTBa U
0€30IacHOCTH JOPOXKHOTO JBM)KEHUS HEOOXOJUMBI NMPOEKTHBIE PELICHUs MO peaau3aluy TpaHC-
MOPTHBIX Y3JI0B B pa3HbIX YPOBHAX. Tak Juisl yCIOBUH NepeceyeHns] HEpaBHO3HAYHBIX aBTOMOOMIIb-
HBIX JIOPOI CO 3HAYUTEIBHO OTINYAIOIUMUCA UHTEHCUBHOCTIAMU ABUKCHUSA ONTHUMAJIbHBIM pelie-
HUEM MOYKET CTaTh NPUMEHEHUE HEMOJIHON TPAaHCIOPTHON Pa3BA3KU MO TUILY «pPOMO».

Henonnas TpancnopTHast pa3Bsi3ka «poM0» — Hanbosee MPOCTON THIT JOPOKHON Pa3BA3KU MPU
IIEPECEUYEHUH JIOPOT B Pa3HBIX YPOBHSX, KOI'JIAa MEPECEKArOTCsl HEpaBHO3HAYHbIE oporu. IIpoektupo-
BaHUE JJAHHOTO THIIA Pa3BSA3KHU 11eJIECO00Pa3HO B Cilyyae, KOTAa O/IHa U3 NEePECEKArOIINXCsl JOPOT UMEeT
SIBHOE TMPEUMYILECTBO B UHTEHCUBHOCTH JBMKEHUS WM IO APYI'MM OOBEKTHBHBIM IpuurHaM. Takoi
TUII TIEPECEUEHU TOIYCKAET IIEPECCUCHUE TPAHCIIOPTHBIX IIOTOKOB HA BTOPOCTEIIEHHOM 10pore, OfHa-
KO YJIYYIIUTb YCIIOBHS IBHKEHHS B IIPSMOM HAIIPABJIIEHUM MOYKHO 3a CYET MPOEKTUPOBAHUSA HA BTOPO-
CTEIIEHHOU JOPOre HAaKOMUTEIBbHBIX I10JIOC TOPMOKEHUS. [[IMHA HAKOIIUTEIBHOM I10JIOCHI TOPMOXKECHHUS
HOPMAaTHBHO JIOJDKHA oOecrieurnBaTh HEOOXOAMMOE PACCTOSHUE ISl CHUKEHHSI CKOPOCTH BIUIOTH JI0
OCTaHOBKM JJIsl IIPOITyCKa BCTPEYHOI'O TPAHCIOPTHOIO, a TAKXKE JOJDKHA UMETh PALMOHAIBHO I1OJ0-
OpaHHYIO JUTMHY Y4acTKa OXKHJIaHHS.

Henmocratkamu Takoro Tumna TPaHCIOPTHOM Pa3BA3KH MOXKHO HA3BaTh CHUIKEHHE CKOPOCTHU
TPaHCIIOPTHOI'O TOTOKA, ITIOBOPAYMBAIOUIETO HAJIEBO CO BTOPOCTEIICHHOIO HANPAaBICHUS, 4 TAKXKE
CHIDKEHHE O€30ITaCHOCTH JBMXKEHUS B MECTaX MEePeceyeHMs TPAaHCIOPTHBIX MTOTOKOB.

KoMnakTHOCTh TpaHCIOPTHOM pa3Bsizku «PoMO» sIBisieTcsI BECOMBIM apryMEHTOM Ui €€
IIPUMEHEHHUs], TaK KaK COKpaLIaeTCs IJIOIIAlb OTBOJAUMBIX 3€MEIb, & COOTBETCTBEHHO U CTOMMOCTD
CTPOMTEIILCTBA.
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Taxxe ¢ nenpio obecredeHus: O€30MacCHOCTH JOPOKHOTO JIBHKEHHS B MECTaX TMepeceYCHUs
TPAHCMOPTHBIX MMOTOKOB HAa BTOPOCTENICHHOHN J0POTe MPUMEHSIOTCS pa3IMYHbIe TEXHUIECKUE CPe/I-
CTBa: pacCTAaHOBKA COOTBETCTBYIOIIUX JTOPOKHBIX 3HAKOB, HAHECEHUE PA3METKH U MCIOJIb30BaHUE
JAPYTUX TEXHUYECKUX ITPHEMOB.

Bonpiuryio poib B yBeTWYCHHH MPOITYCKHON CIIOCOOHOCTH B MIEPCIIEKTUBE I TPAHCIIOPTHO-
'O y3JIa HEMOJIHOTO THITA HTPAET BO3MOXXHOCTh €r0 MOJICPHHU3AINY ¢ HAUMEHBIIIMMH 3aTpaTaMy U B
KpaT4ailime cpoku. BBUIy 3TOr0 mpu MPOSKTUPOBAHUH COBMEIIEHHBIX OJHOCTOPOHHHX COCAHHU-
TEJNBHBIX OTBETBJICHUHU JUISI TPAHCHOPTHOM PAa3BS3KU IO TUITY «POMO» HEOOXOIUMO pallMOHAIBLHO
Ha3HA4YaTh TUTAH TPACCHl COSTMHUTEIHHBIX OTBETBIICHUH, KOTOPBIA COCTOUT M3 TUIAHA TPACCHI JICBO-
MTOBOPOTHOT'O U TIPAaBOTIOBOPOTHOTO OTBETBIICHUS. MIMeeTcsi cOBMeIIeHHas TIpoe3Kasi 4acTh OTBETB-
JICHUH, a TaKKe OTACIbHBIA TUIAH TPACCHI JUISI KaKJIOTO JICBOIIOBOPOTHOI'O W MPABOMOBOPOTHOTO
y4acTKa. B IIaHMPOBOUYHBIX PEHICHHUSAX MO HA3HAYCHHUIO YIJa NMPUMBIKAHUS COBMEIICHHON OJIHO-
CTOPOHHEH YacCTH COCIUHUTEIBHBIX ChE370B HEOOXOIMMO OTTAIKUBATHCS OT BO3MOKHOCTH IOCIIE-
IYIONIeH MOJCPHU3AIUK yJacTKa IJIaHa TPACCHI ChE3/I0B, UMCIOIINX TOYKHU IEPECEYCHHUsT TTIOTOKOB
Ha BTOPOCTETICHHOHN Jopore. BIOOp 3HAYCHHS yIiia MPUMBIKAHUS COBMEIICHHOTO OJTHOCTOPOHHETO
che3lla JIOJDKEH ObITh 0OOCHOBAaH M MOXET HAaXOAMTHCS B MpEesiaX YKa3aHHBIX 3HAUYCHUH, TaKKe
3aKOHOMEPHO MPOSKTUPOBAHUE JICMCHTOB 3aKPYTJICHUSI B COOTBETCTBYIOIIMX BEITUYHHAX IO PajIu-
YCy COIPSDKSHHUS M BBIOOPY JUTHHBI IEPEXOAHON KpuBOi (Tabd. 1).

Ta6n1z1ua 1- HaHHHe AJIsL OITPEACIICHUS PALIMOHAJIBHBIX MMApaMETPOB 3aKPYIJICHUS

Jlimmaa nepe- | Pammyc 3akpyrienus R = 200 m Panuyc 3akpyrinenust R = 120 m
XOMFOH KpH- 90 80 70 75 60 55 50
BoOii L, M

yron npu- 26 24 21 35 29 27 22
MbIKaHHUA 7Y,

Tak KaK JBM)KEHHE BCEX IMOBOPAUYMBAIOLIMX ITOTOKOB MPEyCMATPUBAETCS 10 YETHIPEM COB-
MEIICHHBIM OJJHOCTOPOHHUM Cbhe€3/1aM, 00pa3yroluX Ha MPUMBIKAHUSX K BTOPOCTENEHHOW Jopore
JIBa y3J1a C OpraHu3alKel B HUX JIEBOIIOBOPOTHOI'O JBUKEHHUS B OJJHOM YPOBHE UMEHHO 3TH MECTa C
MOTEHIIMAJIbHBIM PUCKOM BO3pACTaIOLIEH aBapUITHOCTH B MEPBYIO OUepellb JOJIKHBI OBITH MOJEP-
HU3UPOBaHbL. [Ipy yBeIMYEHUN MHTEHCUBHOCTU JBUKEHUS JIEBOIIOBOPAYUBAIOIIMX ITOTOKOB IIEJIe-
co00pa3zHo MpeodpazoBaHuE MEPECEUEHUs B OJHOM YPOBHE B KOJIBLEBYIO IPOE3KYIO YACTb.

[TpoexTHpoBaHNE KOJBLEBOW MPOE3KEH YacTH OCHOBBIBAETCS HAa PAlMOHAIBHOM BBIOOpE
JyaMeTpa LEHTPAIBHOIO OCTPOBKA M HA3HAYEHUIO KOJIMYECTBA I0JIOC JIBUKEHUS KOJBLEBOW IPO-
€3’Kel 4YaCTH, COOTBETCTBYIOLEIO CYMMapHO MHTCHCUBHOCTHU JBHYKEHUS B TPAHCIIOPTHOM Y3JI€.

HemanoBakHbIM SBIII€TCS M IPOESKTUPOBAHKUE ONITHUMAJIBHBIX TPACKTOPUI JIBUKECHHUSI BBE3/1a
U Bbl€3/1a aBTOMOOMIIEH Ha KOJIBIEBYIO MTPOE3XKYIO YacTh, YTO 0OECIIEUMBAETCS YIIIOM MPUMBIKAHUS
IIPOE3KEN YACTH CHE3/I0B K KOJIBILY.

[Tpu mpeuMyIIECTBEHHOM JIBUXKEHMH HAJE€BO KOJIBLIEBOE COEIMHEHHE 0ojiee BBITOAHO, TaK
KaK MOBBIIIAETCsl 0€30MaCHOCTh JOPOKHOTO JIBUKEHHUS B MECTax MepecedyeHus TPAHCIIOPTHBIX I10-
TOKOB. HeManoBaXxHO U TO, 4TO B 30HE NIEPECCUYCHUSA B OJHOM YPOBHE YCTPOMCTBO KOJIBIEBBIX II€-
peceueHuil OyeT ¢ MUHUMAaJIbHBIMH 3aTpaTaMU PECypCOB, TaK KaK MO BEPTUKAJIbHOMN MJIaHUPOBKE
JaHHAsl TEPPUTOPUS TPAHCIIOPTHOTO y3J1a HAXOJAUTCS B MPUOIU3UTENBHO PaBHBIX OTMETKAxX I10 BbI-
core.

MopepHu3anus TPaHCIIOPTHOW Pa3BA3KHA HEIOJHOIO THUIIA I10 TAKOMY NPHUHLMILY SBISETCS
YHUBEPCAIBHBIM U MHOTOCTYIIEHYATBIM IIPUEMOM B IPOEKTUPOBAHMM, TAK KAK KOJIBIIEBBIE ITEepece-
YEHUS TaK K€ MOXKHO YJIy4IllaTh — U3HAYAJIBHO IPUMEHEHHE YIPOLICHHOIO KOJIBLIEBOIO Iiepeceye-
HUs, a IIPU JTaJbHENIIEM POCTE UHTEHCUBHOCTH JABHKEHUS JIEBOITOBOPAYNBAOIINX ITOTOKOB — IIPO-
eKTUPOBaHHUE TYpOOKOJIBLIEBOTO TMEPECEUCHHs CO CIUPATbHBIMU MOJIOCAMH JBMKEHUS, o0ecredn-
BaIOIIMMU MUHUMAJIbHOE KOJIMYECTBO KOH(IUKTHBIX TOUEK.

93



VK 621.9.011:517.962.1
KOHIENINA KOHBEPT-YCWIEHUS IOJJUMEPBETOHOM HECYIIEN
CHUCTEMBbI 5-OCEBOI'O MHOT'OLIEJIEBOI'O CTAHKA C YI1Y
loenap C. C., Makapenko K. /[., I punxesuu A. I'., Xpyyxasa T. A.
bBenopycckuii nayuonanvuuiii mexnuueckuii ynusepcumem
e-mail: stanislaw.dovnar@gmail.com

Summary. Load-bearing system (LBS) of cubic-shaped multipurpose 5-axis CNC machine is inves-
tigated. Results of FEM-simulation are involved. Low stiffness of the machine could be improved by
polymer concrete pouring into cavities of cast-iron structural parts. More perspective design pat-
tern is to embrace machine LBS by concrete envelopes, inserted one-inside-other. It should provide
outer LBS. Therefore, intensive precise machining would be possible. Implementation of the multi-
envelope concepts leads to consequent changes into design and assembling technics.

B pabote mpemnaraercss konuemnus ycuieHus Hecymmx cucreM (HC) texHomormyeckux
MalIlH, HanmpuMep, cTaHkoB. KoHlenuusa 3akioyaeTcs B 0XBaTe UCXOAHOIO, MPUMEPHO KyOHue-
CKOTO MalIMHHOIO MOAyJs (puc. 1) ogHMM WJIM HECKOJbKUMHU «KOHBEPTAMM» W3 YCHUIIUBAIOLIETO
MaTepuaia, Harpumep, noaumepoeTona. KoHBepThl MOTYT OBITH BIOXKEHBI IPYT B JIpyra (puc. 2) mo
TEJIECKOTTMUECKON cxeMe (cxeme «matperkay). Konsepr-ycunenue He TpeOyer nepepaboTKu BHYT-
penneit HC mammunoro moayns. Jledbopmanuu CTeHOK MOJyJsi OTpaHUYUBAIOTCSA. TeM caMbIM TO-
BBIIIIAETCS €r0 CTATUYECKAsl U IMHAMUYECKas )KECTKOCTb.

[Tpumepom MOkeT OBITH CTaHOK (pHC. 1) U3 raMmbl 5-OCEBBIX MHOIOLIEJIEBBIX CTAHKOB C
UITY OAO «Crankol omenby, Mpou3BOIAIIas Ha TI00YCHOM cTojie 1 MHOrOCTOpOHHIOK 00padoT-
Ky netaneit W ¢ momomnipio monsyHa 2 (C MOTOp-LINUHAENIEM). BBICOKO pacmonoxkeHHBINH MON3yH
BMECTE C CYNIOpPTOM 3 ¥ TpaBepcoil 4 00yCIIaBIMBAIOT MOAHSITHIA IEHTpP TSHKECTH (I1.T.) U HEOOIb-
uryto BuObpoycroitunBocTs craka [1]. Ctpykrypubie aetanu (C/]) ctaHka sSBISIOTCS MallOKECTKH-
MU pelIeTYaTHIMU YYTYHHBIMH OTJIUBKaMH. DTH OOCTOSITENLCTBA BEAYT K OMACHBIM PE30HAHCAM
ctanka. Hanmpumep, MoryT Bo30y>KAaThbcsi OT CUJI pe3aHusl KoliebaHus CTEHOK S (puc. 1, a), HecMOT-
ps Ha 3aMIOJTHEHNE CTAaHUHBI 6 TOTMMEPOETOHOM.

Pucynok 1 — Hecymas cucrema 5-0ceBOro craHka: a — KapTHHA SKBUBAJICHTHBIX HANPSKEHUN O
nst ucxogHot HC B xone dpesepoBanus (X1800; 31 I'ip); 6 — ctaHOK B pa3zpese Mocie yCuiaeHus
0ETOHHPOBAHUEM; B — COBOKYITHOCTb CO3aHHBIX O€TOHHBIX JeTajel

Tunosoi myTh ycunenus HC ctanka 3akmouaetcs B 3anonHenun CJ] monumepoderoHoMm [2].
Ha puc. 1 (6) noka3zana 3anuBka nojocrteit cteHok |, TpaBepcest |1 u cynnopra I11. Jlononanurensho,
B paMKax IMpeagaraeMoil KOHIICTIUU CIIeyeT CO3/1aTh TPEXCTOPOHHUN KOHBEPT A, CIEIUICHHBIH ¢
ucxomnoit HC cranka. KoHBepT MOXKHO BBITIOJIHUTH TOKe U3 monumepoOerona. Konsept A He orpa-
HUYHMBAET CO3JaHMe IOTIOMHUTENbHOM TpaBepchl D u ontumuzanuio pynnamenta F.
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PesynpTupyromas cuctema ycuiieHHsI CTaHKa mpezacraBieHa Ha puc. 1 (B). Uyrynusie CJ|
YCJIOBHO HE moka3aHbl. KoHBepT A CTaHOBUTCS CBOETO pOJja HAPYKHOM Hecyel cucreMoi. O0uK
CTAaHOK MPUHIUITUATBHO HE MEHSIETCS

Ha puc. 2 npencraiien 0osiee pa3BUTHIi BapuaHT koHBepT-ycuienus HC cranka. 3aech uc-
XOJHBIM YCIIOBUEM SIBIJIAETCS TO, YTO AJisi Oonbieii yactu CJl 4yryHHBINH KapKac 3aMEHEeH Ha IOJIH-
MepOeToHHbIN MaccuB. Tak, TpaBepca CNr crana MoIHOCTHIO OETOHHOW. JTO KacaeTcsl TaKkKe CTa-
HUHBI U CTCHOK.

IIpennaraercs (puc. 2, a) CHapy>xu cTaHka co3aath Tpu kousepta A, B u C. OHu BbITIONHE-
HBI U3 OJIMMEpOETOHA, BIOKEHBI IPYT B Apyra U 00pa3yloT JJsl CTaHKa BUOPOYCTOMYMBOE THE3IO.

Cnr

a
Pucynok 2 — KonBepT-ycuiieHHE CTaHKa IMOJIMMEPOETOHOM B ciydae ucnonaenus HC
0e3 OOJIBIIMHCTBA YYT'YHHBIX J€Tajei: a — BUJ CBEpXY; O — BUJ CHU3Y B pazpese

Perynupyemsbie onopsl ctanka R panuonansHo paszmectuTs (puc. 2, 0) Mo Kparo TPOWHOTO
KOHBCpTA. HO)I CTAaHKOM OTKPBIBACTCA IMPOCTPAHCTBO, KOTOPOC MOXKET OBLITH 3aI10JIHCHO, HAIIpUMCED,
nenstHo muTol Ice. 31ech ne1 MOXKET BBIMONHSTH JABe (PYHKIIMH — YAaCTH HECYIIEeH cHUcTeMBblI (dIe-
MEHTa JKE€CTKOCTH) M TepMOcCTadmim3aTopa (pe3epByapa Xo0jo0j1a), MPeIoOXPaHSIONEro CTAaHOK OT
HarpeBa W TOYHOCTH TeMIlepaTypHbIX aedopmanmii. Pazymeercs, neasHas MinTa JOJDKHA OXJia-
xaaTtbesi mon ynpasieHueMm cucteMbl UITY. Coderanne monumepOeToOHA W JbJa MPEICTABISETCS
MHTEPECHBIM, IOCKOJIbKY MOJMMEpPOETOH 00J1a1aeT Mayoil TeIIONPOBOIHOCTBIO 10 CPABHEHUIO C
YYT'YHOM. DTO CIIOCOOCTBYET YCTOWUMBOCTH |Ce 1 XopolemMy CHEeIUIeHHI0 O€TOHA U JIbJA.

O} PeKTUBHOCTh KOHIIETIIIUN KOHBEPT-YCUIICHUSI B CMBICIIE TOBBIIICHUS KECTKOCTH CTaHKa
cienyeTr npoBeputTh myreM MKD-ananuza. Peanuzarusi KOHIENIIMK CBS3aHa C 3aTpaTamMH Ha J0O-
MIOJIHUTENBHBIN MaTepual U yBEJIMYSHHE TUIOIAN cTaHKa. TpedyeTcs mepecMoTp TEeXHUKH MOHTa-
Ka-JIEMOHTaXa IJ100yCcHOro cToja ¢ ero npuogamu. OHaKo, B pe3y/ibTaTe NOJATINBbIN U CKIIOH-
HBIM K BO30YXKICHHIO PE30HAHCOB CTAHOK MOKET OBITh MPEBpAIIeH B MPEIHU3UOHHYIO MAIIUHY,
YCTOMYMBYIO K BUOpAIIUSIM IIPU HHTEHCUBHOW 00paboTKe pe3aHHeM.

Cnncok HCNOJIb30BAHHBIX HCTOYHUKOB

1. Hosnap C. C., Konecunukos JI. A., fuxesuu O. K., ABcueBnu A. M., lllamko A. E.
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Summary. The condition of balancing state of a tunneling machine of a swept type under the action of
external forces on the cutter and friction forces between the tracks and the working soil is considered.

B ropHoii mpOMBINUIEHHOCTH HIMPOKOE MPUMEHEHHWE HAILIM IMPOXOJ4ecKrue KOMOailHbI
ctpenoBuaHoro tuma [1, c. 61-72; 2, c. 130-139], B KOTOPHIX UCMOIHUTEIBHBIN OpraH B BUAE OJ-
HOM (pOHTANILHOM WU ABYX MPOQHIBHBIX KOHYCHBIX IIHEK-(Ppe3 B cOOpe ¢ 3IeKTPOMEXaHNUYEeCKUM
IIPUBOJIOM, YCTAHOBJIEHHBIX HAa IOBOPOTHOM CTPEJIOBUIHON PYKOSITH.

JlocTronHCTBaMM TaKMX KOMOAWHOB SIBJISIFOTCS:

— BO3MOXKHOCTH BapbUPOBaHUS B IIMPOKOM JHAIA30HE pa3MepaMu U GOpPMOI BEIPAOOTKH;

— BBICOKasi MAHEBPEHHOCTH;

— BO3MOKHOCTb CEJIEKTUBHOM BBIEMKH I10JIE3HOI'O UCKOAEMOT0;

— MEXaHHU3allus BCIIOMOTaTeNbHBIX ONEpalluii;

— BO3MOXKHOCTh YCTAaHOBKH KpEMH BO3JI€ 320051 BRIPAOOTKH;

— XOPOIIHIA JOCTYII K MOPOJ0pa3pyLIaloIeMy HHCTPYMEHTY.

B npoxogueckux komOaliHaxX CTPEIOBUIHOTO TUIA IPUMEHSIOTCS T'YCEHUYHbIE ABUKUTEIH.
Ob6ecrieunBaroIe BHICOKYIO YCTOWYMBOCTh U MAaHEBPEHHOCTh IMPH paboTe, a Takke BO3ZMOKHOCTh
TPaHCIOPTUPOBAHUS MAILLUHBI 10 BBIPAOOTKaM CBOMM XOJIOM.

B mporecce paboTsl komOaiiHa BO3MOXKHA MOTEPS €T0 YCTOWYMBOCTU B BHIPAOOTKE MPH yBEINH-
YEHUM MHTEHCUBHOCTH Pa0OYMX IPOLIECCOB, MOATOMY JOJKHBI YUUTHIBATHCS MPU MPOESKTUPOBAHUU
ATHUX MAIlIMH U BBIOOpE pexumMa ux pabotsl. [loTeps ycToMUMBOCTH MPOXOUYECKOro KoMOaiiHa co cTpe-
JIOBUJHBIM UCHOMHUTENBHBIM opraHoM (MO) Bo3aMokHa Hampumep, pu padoTe Ha KPENKOW MOpoJe,
IPU HIDKHEM T0JIOKEHUHU pas3pyiiaemMoi nmadyku 1 nogade MO crnpasa HaneBo (BCTpeyHoe (pe3epoBa-
HUe). ABTOpaMu IPOBE/ICH aHATN3 ycTonunBoCTH koMOaitHa tiuma KM /[-220 npu npoxoike BEIpabOTKH
B IJIacTaX TOPHOM MOPOIbI Ha pa3padaThIBAEMbIX MECTOPOXKICHUSAX KATUHHBIX COJEH.

[Tpu 06paboTke 32005 UCTIOTHUTEIBHBIM OPraHOM, COBEPILIAIOLINM JABM)KEHHE B MJIOCKOCTH,
napajuieNbHOM TouYBe BBIPAOOTKH, HAa OMOPHO-TIOBOPOTHOE YCTPOMCTBO JAEWCTBYET 3HAYMTENbHBIH
C/ABUTAIOLUH MOMEHT. DTOT MOMEHT ONPEEIIETCS BEIpaKEHUEM

N, =2 (1 41, sina). )

g Dep

rae |, — paccTosiHue MEXTy IIEHTPOM OMOPHO-XOJI0BOTO YCTPOMCTBA U OCHIO, BOKPYT KOTOPOH IM0-
BOpaYMBAETCsl UCTIOJIHUTENBHBIN OpraH (cTpena);
0,c — YTOJI TOBOPOTA CTPEJIBL.
[Tpu ryceHnYHOM OMOPHO-XOJ0BBIM YCTpOMCTBE (puc. 1) koMOaiiH HaXOAUTCS B paBHOBECUHU
IO/ AEMCTBUEM BHEIIHUX CUJI U CHJI TPEHMSI MEXKAY TYCEHUIIAaMH U ITOYBOM.
Ecnu BHemIHME CHIIBI MIPUBECTU K LIEHTPY OMOPHON MOBEPXHOCTH, TO CHUCTEMY ypaBHEHUM
PaBHOBECHsI MOXKHO 3arucaTh B (hopme

P +T,=0;
P, +T,=0;
M +L+(T, +T,,)d/2=0;

, (@)

rac
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P =-P,cosa,; P,=-Psina; M=—cosa, (Pl +Pl);

a axb % (%) 3 (4%)
Ty fog f_((f—z)de? T,=2f [ dari L=2] [ du
’ 2 ) 22 0%)

dTy, dTy — npoeKIKK IEMEHTAPHBIX CHII TPCHHUSI,

dL — s;ieMeHTapHbIi MOMEHT CHJI TPEHHUS] OTHOCUTENIBHO 1eHTpa O OMOpHOI MOBEPXHOCTH.

[TpencraBnennas cucreMa (2) MO3BOJSET MUCCIENOBATh YCTOMYMBOCTH KOMOAHA C y4ETOM
€ro KOHCTPYKTHBHBIX MapaMETPOB, PEKUMOB pabOThI U CBOMCTB (ppezepyeMoil ropHOIl MOPOIbL.

Pucynoxk 1 — PaBHOBecue onmopHO-X0A0BOTO YCTPOMCTBA
MPOXOAYECKOro KoMOaitHa CTPEIOBUIHOTO THIIA

CnucoK MCnoJIb30BAHHBIX HCTOYHUKOB
1. Kazauenko, I'. B. ['opable Mamunsl. B 24. Y. 2. Mamussl 1 KOMITIEKCHI JJ1s1 JOObIUM I10-
ne3nblx uckomaemblx / I'. B. Kazauenko, B. . Ilpymak, I'. A.bacanait: mox oOm. pen.
B. 4. Tlpymaka. — MuHck, Beriimas mkouna, 2018. — C. 12-35.
2. Kazauenko, I'. B. ['opable mamuHbl: npakTukyMm: ydeOHoe mocobue / I'. B. Kazauenko,
I'. A. Bacanaii, I'. U. JIrotko. — Munck: Beimiimas mxoia, 2020. — 200 c.

YK 625.7/.8
PA3HOITPOYHAS JOPOXHASA OAEX/IA
Kykosckuti E. M.
benopycckuii nayuonanvrolll mexnuueckui yHugepcumem
e-mail: zhukovskye@gmail.com

Summury. The article discusses the road characteristics of roads, the strength of which varies
along the width of the carriageway. This stability makes it possible to identify the impact of the
traffic structure. These include the occurrence of traffic load and the occurrence of water-thermal
factors. The design methods that exist today do not fully take into account these factors. This leads
to uneven emergency destruction of road surfaces, while revealing the intensification of defect
formation, in particular, evenness worsens, which is an integral indicator of the state of the
pavement. In turn, this leads to the calculation of polluting costs from the flow and to the
overspending of road construction materials consumed for the required transport and operational
condition of the roads.

JlopokHOe X034HCTBO 00ECIeUNBAET CBA3M MEX]y CYObEKTaMH HApPOJHOTO XO3SMCTBA U B

LCJIOM BJIMACT HAa 3KOHOMUYCCKOC PA3BUTHUC [1] OTO BHI3BIBACT HCOGXO,[[I/IMOCTL MOCTOSIHHOM
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MOAJEPKKH  TPAHCIIOPTHO-3KCIUIyaTallUOHHOTO COCTOSIHUS  jpopor. s 3TOro mpoBOASTCA
pa3IMYHBIE PEMOHTHBIE MEPOIPUATHS C MCIOJIB30BAHMEM MAaTEPUAOB, ONHCAHHBIX BBILIC, IIPU
3TOM pa3pyLIEHHbIE MaTEpUAIIbl HE UCIIOJIb3YIOTCS B ITOJIHOM Mepe MOBTOPHO.

B Hacrosmuii MOMeHT 0e€3 [ODKHOTO BHMMAaHHUS OCTaeTCs BOIPOC KOHCTPYHPOBAHUS
JIOPOKHBIX OJIEXK]] C YYETOM PEAJILHOTO BO3/IEHCTBUS.

TpaHcniopTHass Harpys3ka pacopelensercs HEPaBHOMEPHO B Ipelesax IpOe3kKed dacTu
MHOTOITOJIOCHBIX aBTOMOOWJIBHBIX Jopor. Ha mepBble MOJOCHI NMPUXOAUTCS OCHOBHOE YHCIIO
pacueTHbIX aBTOMOOWJIEH, Tak KaK OHM IPEUMYILIECTBEHHO 3aHATHl  OOJbIIETPY3HBIMU
TPaHCIIOPTHBIMU CPEACTBAMH.

Paspymienne HOpPOXHBIX KOHCTPYKUMH IIOJ BO3JCHCTBHUEM IOIOJHO-KIMMATUYECKUX
(akTOPOB MPOUCXOAUT BCIEACTBUE HECTAOMJIBHOCTH BOJHO-TEIUIOBOTO pPEXUMa 3EMIISTHOTO
II0JIOTHA.

VcToyHMKaMy  yBJIQXXHEHHUS 3€MJISIHOIO IIOJIOTHA SBJIAIOTCS: IIOBEPXHOCTHBIE BOJIBI,
IIOCTYIAIOUIME B BUJIE OCAJKOB 4epe3 TPEIIHUHBI B [IOKPBITHH; TIOBEPXHOCTHBIE BOJBI, IIOCTYNAIOIINE
B BUJIE OCAJIKOB 4Yepe3 000UMHBI; TOBEPXHOCTHBIE BOJIbl, IOCTYNAIOIINE K AOPOre ¢ IpUJIETrarouei
MECTHOCTH 4€pe3 OTKOCHI U KIOBETHI; TPYHTOBBIE BOABI, IIOCTYNAOIIUE BCIEACTBUE KAaWIIIPHOIO
MIOJIHATHUS BOJBI C YPOBHS IPYHTOBBIX BOJI.

HauOosnpiieMy yBIa)KHEHHUIO MOJBEP)KEHbI KOHCTPYKTUBHBIE CIIOU JIOPOKHOU OAEKAbI U
TPYHTBI 3€MJITHOTO II0JIOTHA, HAXOJALIUECS IO/ IPABOM II0JIOCOM HAKaTa.

TpaguuuoHHO, NOpOXHAs ONEXJa YCTPauBaeTCi C OAMHAKOBOW IIPOYHOCTBIO Ha BCIO
LIMPUHY MPOE3KEN YaCTH MHOIOIIOJIOCHONW aBTOMOOMJIBHOM JOpOTH, C OJIMHAKOBON KOHCTPYKLUEN
KaK JIJIsl CaMOM 3arpy>K€HHOH MOJI0ChI, TaK U AJI1 BTOPOCTENIEHHBIX 10JIOC.

[Tpu 3TOM mpaBMiIa MPOEKTHUPOBAHUS JOPOKHBIX OAEKH [2—5] IOMYyCKarOT BO3MOXKHOCTb
pacuera KOHCTPYKLUU KaKIOW IOJIOCHI IBUYKEHUS MHOT'OIIOJOCHOM JAOPOTrW OTAENBHO. [l 3TOro
UCTONB3yeTCsl KOA((UIMEHT MOJOCHOCTH, KOTOPBIA IOKA3bIBAECT pACHpPEICICHHE PacYeTHBIX
aBTOMOOWIEH B mpeaenax mnpoexxed yactu. OJHAKO HaATypHble HAOIIOACHUS, MPOBEJICHHBIC B
benopycckoM HaMOHATBPHOM TEXHHYECKOM YHHBEPCUTETE [6—7], MOKa3bIBAIOT, YTO (PaKTUICCKOE
pacripeieieHue TPACHCIIOPTHOI'O MOTOKA HE COOTBETCBYET HOPMATUBHBIM KO3 UIIEHTaM.

B benopycckoM HallmOHaIbHOM TEXHHYECKOM YHHUBEPCUTETE pa3paboTaHa METOIUKA ydeTa
HEpaBHOMEPHOCTH BO3JICHCTBUS TPAHCIPOTHON HArpy3KU U MOTOIHO-KIMMATHYECKUX (PaKTOPOB Ha
KOHCTPYKIIMU JOPOKHBIX OJICKJ TMPH MPOCKTUPOBAHUU PA3HOIPOUHBIX JTOPOXKHBIX oxexn [8].
JIOCTH)KEHHE Pa3HONPOYHOCTH MO IIUPHUHE Mpoe3k el YacTH MOXKeT ObITh 00ecrneyeHo
CIIEAYIOIIMMH METOAAMM: pallMOHAIbHOE paclpeiielieHue MaTephalioB MYTEM YCTPOWCTBA CIIOEB
IIEPEMEHHON TOJIIMHBI, YCTPOMCTBO CJOE€B M3 PA3NIMYHBIX MaTepUaloB B MpeAenax IoJoc
JBUKEHMSI, IPUMEHEHNE apMUPYIOIUX npociioek. [Ipu 3ToM B s11000M cllydyae IpO4YHOCTh MEPBOM
II0JIOCHI BBIILIE BTOPOM.

Ha puc. 1 noka3zano pacnpeneneHue NpOYHOCTHBIX IMOKA3aTENe pasHOIPOYHON AOPOKHON
OJIEXK/1bI 110 CPABHEHHUIO C TPAIULMOHHOM.

Pe3ynabTathl  TEXHMKO-3KOHOMHYECKOIO  CpaBHEHHUS  IOKa3ajld, 4YTO  CTOMMOCTH
Pa3HONPOYHBIX KOHCTPYKLUUH Kak IPaBWJIO COINOCTaBUMAa C TPAJAULUOHHBIMH M 3aBHCHUT OT
KOHKPETHOT'O MIPUHSITOIO PELICHHUS.

[TprMeHeHnEe pa3HOIPOYHBIX KOHCTPYKIIMNA MMO3BOJISIET OBBICUTH CPOK CIYXKObI JOPOXXHOTO
MOKPBITUS. Tak B 3aBUCUMOCTHM OT MPHUHATOIO KOHCTPYKTHMBHOTO PELIEHUS CPOK CITYXKObI
MOKPBITHS, YCTPOSHHOTO U3 acdanbTo0eToHa yBenuuupaercs ¢ 12 net no 15-18.
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Pucynok 1 — Pacnipenienenue npoyHOCTHBIX NTOKa3aTeNIed pa3HONPOUHOM TOPOKHON KOHCTPYKIIMH
10 [IMPHUHE IIPOE3KEN 4acTh
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HEI'APECYPCBI B 1OPOXKHOM CTPOUTEJIbBCTBE
Kykoeckuii E. M.
benopycckuii nayuonanvbHwili mexHuuecKull yHugepcumem
e-mail: zhukovskye@gmail.com

Summury. The article deals with the actual problem of responsible financing of highway
engineering as a linking branch of the national economy. The possibility of implementing the
concept of nega-resources in highway engineering is proposed, since today it has many
technologies that are either currently implemented or can be implemented in the near future, the
use of which generates more nega-resources. So taking into account nega-resources in the life cycle
of transport facilities, as well as creating a system of material incentives based on nega-resources,
will ensure the sustainability of highway engineering, and at the same time the sustainable
development of the country and the region as a whole.

OnHUM U3 BO3MOKHBIX CIIOCOOOB CTHUMYJIMPOBAaHUS B JOPOKHOM CTPOUTENILCTBE SIBIISAETCS
WCIOJIb30BaHNU KOHIIETIIIMYA HErapecypcoB.

Konnenmus nHerapecypcoB Obuta npeanokena OpunnHukoBoil H. B. [1], kak oauH u3 uH-
CTPYMEHTOB MHTEPHAIMOHATIM3AIMH BHEIIHUX 3(PPEKTOB B IPUPOIONOIH30BAHUH.

[Ton Herapecypcamu MOHMMAIOT TaKUe MOTEHIUAIbHBIE PECYPChI, KOTOpPhIE (POPMUPYIOTCS B
pe3yibTaTe COBEPUICHCTBOBAHUS MPOIECCOB OOpalieHusi ¢ KOHEYHOH MPOYKIUEH 3a CYET paruo-
HAJIM3aLUU ee MOTPeOIeHHs], a TaKXkKe ¢ UCXOJHBIMHU pecypcaMH 3a CUeT ONTHUMHU3ALUU OTAEIbHbIX
CTaJuil MPOU3BOICTBEHHOTO U JIOTUCTUYECKOTO IIUKJIOB [1].

ITponiecc dopmupoBaHUs HErapecypcoB HOCUT OpPraHU3aLMOHHBIA (MHCTUTYLHAIbHBIHN), a
HE TEXHOJIOTMUYECKUN (TPaJUIMOHHBII) XapaKTep U IJIaBHBIM 00pa30M CBsI3aH C BO3MOKHOCTbBIO CO-
BEPLICHCTBOBAHMS OOIECTBEHHBIX MHCTUTYTOB, TAKMX KaK (POPMbI OpraHU3aLUM 3KOHOMHUYECKON
JESITEIbHOCTH.

Tak, Hanpumep, Ui COKpAlLeHUs BBIOPOCOB YIJIEKMCIIOTO ra3a B arMochepy MpH Hpou3-
BOJICTBE JIEKTPOIHEPIHH BO3MOXKHO IPUOETHYTh K TPAJULMOHHOMY TEXHOJIOTMUECKOMY MOJIXOy —
YCTaHOBUTH (DPUIBTPYIOLIHME 3JIEMEHThI MM NEepeiTH Ha ajJbTepHATUBHBIE UCTOYHUKH 3Hepruu. Op-
TFaHU3ALMOHHBIM TMOJIXOAOM OYyIeT SBIATHCS COEpPEeKEHHE AJIEKTPOIHEPIMHM 32 CUET HW3MEHEHHUS
YCIIOBUI €€ HUCIOJb30BaHUs, HalpUMEp, U3MEHEHMSI TEXHOJIOTUH M PEKHMa MPOU3BOICTBEHHBIX
IIPOLIECCOB, TEIJIOBas MoAepHu3anus 3aaHuil. [Ipu 3ToM cakoHOMIIEHHAs dHEprus o0pa3yroT Hera-
BaTT-4achl, TO €CTh MOTEHLHAIbHbIE BAaTT-4achl, KOTOPble MOIJIM Obl ObITH MpPOU3BEAEHBI. Takum
00pa3oM CIKOHOMJICHHAs! IHEPTHUS U SABJISIETCS HETapecypcom [2].

Herapecypcsl MOTYT CTaThb OTIEJIBHBIM TOBAPOM, PAaBHOLICHHBIM MCXOAHBIM pecypcaM Ha
pBIHKE HerapecypcoB. Takol pbIHOK CO3/1aCT IIMPOKHE SKOHOMUYECKHUE BBITO/Ibl YYACTHUKAM.

Kpome TOro, Herapecypchl MOTyT OBITh 3JIEMEHTOM MAaTe€pHaIbHOIO CTHUMYJIHPOBAHUS
IpaXx/1aH U MPOU3BOJCTB JJIsi CHUKEHUS SKOJIOITMYECKOT0 BO3JEHCTBHUS HA OKPYKAIOLIYIO cpe-
ay[2]. DTo MoeT ObITh OPraHU30BAHO B BUJE CUCTEMbI MOOIIPEHUN M MITPadoB: TaK BO3MOXKHA
orJjiaTa 3a IPOU3BEICHHBIE HETAaKUJIOMETPHI MOE€3]J0K, HETANIUTPhl TOIUIMBA, Hera/[oymu Tterio-
SHEPIUu U T.J. WM WTpadbl 32 UCHOIb30BAHUE PECYPCOB CBEPX YCTAaHOBJIECHHBIX HOpM. ['naBHOM
3a/laueil Ha CEroJHSALIHUI MOMEHT SBIIETCS pa3paboTKa W BHEJIPEHHE METOAMKH MaTepHaIbHOTO
CTUMYJIMPOBaHUS HA OCHOBE HErapecypcoB.

PbIHOYHBIE 3JIEMEHTBHI PEIIEHHs SIKOJIOTMUYECKUX MPoOsieM MOTryT ObITh Ooiiee 3 PeKTUBHBI-
MU, Y€M KOMaH/JHO-KOHTPOJIbHBIE, TO €CTh YCTAaHOBJICHHE HOPM U TpeOOBaHUN Il KaXKAOTr0 POU3-
BOJICTBEHHOT0 00BbeKTa [3—4].

Herapecypcel MOryr craTb OCHOBOM YCTOMYMBOI'O Pa3BUTHUS, B TOM UYHCJIE U B JOPOKHOU
OTpaciiy.

Ha cerognsmnumii 1eHp B TOPOKHOM OTpacili CYILIECTBYET peabHasi BO3MOKHOCTh peann3a-
LMY KOHLENIMHN HerapecypcoB. COBpeMEHHBbIE TEXHOJIOTHH, KaK UCIOJIb3yeMble ceiyac, Tak U HeT,
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MO3BOJISIFOT MIPOU3BOAUTH HETApECypChl B 3HAYUTENBHBIX 00beMax, MPUYEM KaK MaTepualbHbIC, TaK
U DHEpreTHUYEeCKHUe.

Tenmbie acdanbToOeTOHHBIE cMecH. Tembie achanbTOOETOHHBIE CMECH PUTOTABINBAIOTCS
C UCIOJIL30BAHUEM MEHEE BA3KOro outyma. TeMiepaTypa yKiIaJku Takux cMeceii cocrapiser 80°C,
YTO 3HAYUTEJIbHO MEHBIIIE TPAIUIIMOHHBIX TOPSIUYNUX CMECEH.

OCHOBHBIMU NIPEUMYIIECTBAMH JAHHBIX CMECEH SBISETCS COKpaLICHHE YHEPreTUUECKUX 3a-
TpaT Ha IPUTOTOBJICHUE cMecel. [Ipu ITOM MPOUCXOAUT CO3JJaHUE FHEPTETHUECKUX HErapecypcos,
TaKMX KaK, HETaTOHHbI Ma3yTa, HEKaKyOOMEeTphl PUPOTHOTO Ta3a, HeraBaTT-yachl AIEKTPOIHEPTHH.
Kpome Toro, 3a cuer MEHBIIIMX TeMIIepaTyp MPUTOTOBICHUSI CHIKAETCS CKOPOCTh CTapeHUs: OUTY-
Ma, T. €. TEM CaMbIM YBEIUUYHMBACTCS HAJIEKHOCTh U JIOJITOBEUHOCTh MOKPBITHH, YCTPOSHHBIX U3 Ta-
KHX cMeced. DTO COKpallaeT noTpeOHOCTh B MPOBEACHUU TEKYIIIMX PEMOHTOB, YTO TaK»Ke CO3JaeT
HEerapecypchl, XOTs U B OT/IaJICHHON MEPCIEeKTUBE, HAIPUMED, HEraTOHHBI PEMOHTHBIX MaTepUaioB,
HeraMarinHO-4achl 1 HETA4eJIOBEKO-YaChI.

BcenenuBaromuii a3 dext ouryma. BenennBaromuii 3¢dexT Outyma — 3T0 CrmocoOHOCTh T'o-
psiuero OuTymMa oOpa3OBBIBATH TUCIEPCHYIO CHCTEMY MPH B3aMMOJCHCTBUH C BOJOW, MApOM WIIH
JIPYTUMHU BEIIECTBAMH, YTO MPUBOJUT K POCTY CBOOOJHOM ZHEPrHH BCEHl CUCTEMBI U TEM CaMbIM
yIIydIIaeT CMAaYMBAIOIINE M aAre3HOHHBIC CBOMCTBA OMTyMa. Peanmm3anmii BcieHUBaromero 3 gex-
Ta OUTyMa MOXET OCYIIECTBISIThCS KaK C MCIOIb30BAaHUEM CIEIHAIBHOTO 000pYAOBaHHUA, TaK U
HETOCPEJICTBEHHO B aC(abTOCMECHTEIBHOMN YCTaHOBKE.

OCHOBHBIM HErapecypcoM, B HE3aBUCUMOCTH OT TEXHOJIOTHUH peanu3alliy BCIIEHHUBAIOIIETO
a¢dekra OuTyma SBISETCS CO3JJaHUE HEraTOHH OMTyMa, MOCKOJIbKY JaHHBIC TEXHOJOTHUH ITO3BOJIS-
I0OT COKpaTUTh pacxoi OuTyma 0e3 ymiepba kauecTBy acdanbToOeTOHHBIX cMmeceil. Kpome Toro,
BCIICHUBAaHUE HETOCPEJICTBEHHO B CMECHUTEJIE MO3BOJISIET COKPATUTh 3aTpaThl AHEPrOpPECYpPCOB Ha
MOATOTOBKY MaT€pUAJIOB, TEM CaMbIM IPOU3BECTH YHEPTETUUYECKUE HETapeCyPCHhI.

Pasnonpounbie JOpOXKHBIE OJEKABl. Pa3HONPOUYHBIE TOPOXKHBIE OACKIBI OTIMYAIOTCS OT
TPAAULIMOHHBIX TEM, YTO UX MPOYHOCTHBIC XapaKTEPUCTUKU pacHpeesieHbl HEPABHOMEPHO IO LIU-
pHHE MPOE3KEN YaCTH, YTO MO3BOJISIET YUYUTHIBATh PEAIbHOE pa3pylIaollee BO3ACHCTBUE OT KOM-
ieKca GpakTopoB.

OCHOBHBIM CHIOCOOOM peanu3alil KOHIENIINNA HerapecypcoB MOXKET CTaTh CHCTEMa Mare-
pHANBHBIX moomipeHuii u mrpados. [Ipennaraercs npu co3gaHun JOPOKHBIMH OpPTaHU3AIMSIMU He-
rapecypcoB OIJIaYMBaTh UM HE TOJHKO (haKTHUECKHUE 3aTpaThl PECYpPCOB, HO TAKXK€ U MPOU3BEICH-
HbIE HETapecypcChl.
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Summary. The object of the study is the Skybridge Michigan suspension bridge, the construction of
which was completed in October 2022. The article provides information about the installation of a
cable system.

MoHTa)X TpPOCOBOM CHCTEMbl HAUMHAETCSA C TOTO, YTO MEXAY NMUIOHAMHU MOCTa Ha 3eMIIe
pacTsaruBaroTcs 2 riIaBHbIX KaHata. Creyroluii mar — HaTSrMBaHUe TJIaBHBIX KAHATOB Ha IMUJIOHBI-
¢bepmel. [Iporiece HaunHAETCS € TOTO, YTO KOHIIBI TJIABHOTO KaHATa COSAMHACTCS C JIeOeIKOM, KOTO-
pas mo3xe OyJeT UCIONIb30BaThes Uil HaTshkeHUs. C MOMOIIBIO KpaHa MOJHUMAIOT KaHaT Ha IH-
noH-pepmy. [Tocne TOoro Kak raaBHBIN KaHAT HAXOAUTCS HA (pepMe ¢ MOMOIIBIO paHee YIOMSHYTOU
nebeKu, HATSATUBAIOT KaHaT U (PUKCUPYIOT €ro B CIIEHUAIBHOM Yy3JI€ TIPU TOMOIIY IIIUJICK.

Pucynok 1 — MoHTax riaBHBIX KaHATOB TPOCOBOM CHUCTEMBI

Kax Tonbko rnaBHBIE KaHAThl YCTAHOBJIEHBI, IPOMCXOAUT MOHTAX IOJABECOK, HA KOTOPBIX
no3xe OyleT MOHTHPOBATHCS MPOX0xkas 4acTh. [10IBECKM MOHTUPYIOTCS BPYUHYIO CTPOUTENISMU,
UM BBIJAETCS ClleluallbHOe 000pyJOBaHUE JUIsSl CKaJoda3aHMs, C MOMOIIbIO KOTOPOrO OHU TOJHU-
MAarOT MOJBECKH C 3€MJIM JJII MOHTaXa U MEPEIBUTAalOTCS 110 INIABHBIM KaHATaM.

=

Pucynok 2 — MoHTax noaBecok
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[Tocnie MOHTaXxa MOABECOK U MPOXOXKEN YACTH NMPOUCXOIUT MOHTAX JBYX OCHOBHBIX KaHa-
TOB BETPSIHBIX PACTSKEK, KOTOPbIE HAXOAATCA HUXKE MPOE3kKeW 4acTh U YCTAaHOBIJIEHBI MOJ YIJIOM
45 °C. DTH pacTsSKKU JOMOJHUTEIBHO MPHUTITUBAIOT JETKYI0 KOHCTPYKIHUIO OalKH XKECTKOCTH K
3eMiie U QUKCUPYIOT €€ B TOPU30HTAIILHOM IOJIOKEHHH.

Pucynok 3 — MoHTax KaHaTOB BETPSIHBIX PACTIKEK

OTH KaHaThI npeaHasHauYCHbl IJIA COIIPOTUBJIICHHA BCTPOBBIM W APYIUM TI'OPpHU30HTAJIbLHBIM
Harpyskam.

YK 001.89:026.4:004
MMOVCK HAYYHOI HH®OPMAIIUU B UTHOOPMAIIMOHHO-IMIOMCKOBBIX
CUCTEMAX U KATAJIOT'AX BUBJIMOTEK
Kosnosa JI. C., Tan [{[yn6o, bonoapenxo C. H.
'V «ben. cenvxos. bubnuomexa HAH Benapycu»
e-mail: tangdy8@gmail.com, lylenok@tut.by

Summary. The problems of searching for scientific information using the Internet and catalogs of
scientific libraries are described. Library catalogs, features of presentation and organization of in-
formation search in them are analyzed.

OnHUM U3 IEPBOCTENEHHBIX TPEOOBAaHUI I MPOBEIEHUS HAYUHbIX UCCIIEOBAaHUH SABIET-
Csl yMEHHE HaxOJUTh HEOOXOAUMYIO MH()OPMALUIO, aJleKBATHYIO HAyYHOMY 3aIpoCy, C LIEIbI0 €€
nanbHeime o0paboTKK, HHTEpIpeTalMi U YCIEIIHOTO MCIOJIb30BaHus B pabdore. B Hacrosmee
BpEMsI CYLIECTBYET OOJIbIIOE KOJMYECTBO BO3MOXKHOCTEN Moucka MHPOpMAIMU B Pa3iIMYHbIX WH-
(OpMallMOHHO-TIOUCKOBBIX ~ CHCT€Max: B CeTHM HHTEpHET, B  PAa3JIUYHBIX CIIPABOYHO-
MH(OPMALIMOHHBIX pecypcax (Kak MeYaTHBIX, TaK U OHJIAH-MCTOYHHKAX), @ TAKXKE B DJIEKTPOHHBIX
Karanorax oubiamorek. Crieayer OTMETUTh, YTO, HECMOTPS Ha pa3BUTHE IT100aTbHON CETH UHTEPHET
U HaJu4ue B HEH OTPOMHOI0 KOJMYECTBA MH(POPMAIIMOHHBIX PECYpCOB B CBOOOJIHOM JOCTYIIE,
OUOIMOTEKH OCTAIOTCA M B HACTOSIEE BpPeMs OCHOBHBIMU IIEHTPaMM IOJy4eHHs] HEOOXOIUMOM
nH(pOpMaLINH.

B psane ciaydaeB 3HauMMOE KOJMYECTBO HEOOXOIMMOW JJISl MCCIEAOBAHUM HMH(POpPMALUU
OCTaeTCsl HEUCIIOJIb30BAaHHBIM M3-32 OTCYTCTBHS y MOJIb30BaTeNell MHPOPMAIMOHHO-TIONCKOBBIX
CHCTEM HaBBIKOB TpaMOTHOr0 noucka. O/iHa U3 rIaBHBIX MPoOsieM — GOPMYIHPOBAaHUE NPABUIIBHO-
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ro TMOMCKOBOro 3ampoca. [loMcKOBBIN 3ampoc — 3TO OOBIYHO OJHO CJIOBO HJIM CJIOBOCOYETaHHE,
TEPMUH WJIM HECKOJIBKO TEPMUHOB, KOTOpPbIE BBOJATCS B CTPOKY IOMCKa HH(POPMALUOHHO-
MOUCKOBOM cucTeMBbl. [lasee cucremMa aBTOMaTuyecky 00pabaThIBaeT 3aJaHHYIO TEMY H IPEI0CTaB-
JSIET Pe3yabTaThl IOMCKA, COAEPIKAIMEe TEPMUHBI 3a1Ipoca. B MOMCKOBBIX CUCTEMAX CETU MHTEPHET
IUIs1 OKa3aHMs IOMOIIH TT0JIb30BATEI0 B (POPMUPOBAHUHU OOJIee TOUHOTO 3arpoca UCIOIb3YIOTCA

Jis Toro, 4yroObl HeoOxoauMasi MH(opMalus OblUla Hai/leHa B 3JIEKTPOHHBIX KaTajorax
O6ubnmoTek, MHGOPMAITMOHHBIE PECYPCHI JOJDKHBI MPOWTH COAEPKATENBHYI0 00pabOTKy C LIENbIO
cucTeMaTHU3alluu U IpecTaBieHus nHpopmanuu o pecypcee. IIponece conepxkarenbHoit 00paboTKH
Ha3bIBAETCS MHAEKCUpOBaHUEM. VHIEKCHpOBaHUE — 3TO MPOLECC NIEPEBOJA COJIEPKaHUs TIOKYMEH-
TOB, 3aIIPOCOB, (PAaKTOB C €CTECTBEHHOT0 Ha MH(POPMAIIMOHHO-ITOMCKOBBIN SA3bIK [2].

HNupopmannonno-nouckoBbiil 3bIk (UI15) — uckyccTBeHHBIN SI3bIK, MpeIHA3HAYCHHBIH
IUI BBIPQXKEHUS COJEpKAHUS JOKYMEHTOB WJIM 3allpOCOB MJIM ONHUCAHUA (PAKTOB C LEJIBIO MOCIe-
nyrouero noucka [2]. [Ipouecc mpoucxoauT ¢ UCHOIb30BaHUEM TEPMUHOB MHIEKCUPOBAHUS (KIIIO-
YEBbIX CJIOB, MH/EKCOB U T. [I.), B pe3yJIbTaTe Yero co37aeTcsi HOUCKOBBINH 00pa3 nokymeHTa. [louc-
KOBBII 00pa3 IOKyMEHTa, B CBOIO OUEpPE/Ib, IPEJICTABIISET COO0I COBOKYITHOCTD KIIFOUEBBIX AJIEMEH-
TOB JOKYMEHTA, I10 KOTOPBIM BO3MOKHO OCYILIECTBUTD €0 IIOUCK B cucTeMe. KirroueBble 3i1eMEeHTHI
BKJIIOUYAIOT B ce0s 3aryiaBue JOKYMEHTA, aBTOPA, BBIXO/AHbIE JAaHHBIE, a TAKXKE JIaHHbIE CMBICIOBOMN
00pabOTKHU: KIIIOUEBBIE CJIOBA, MHJAEKCHI KIACCU(UKAMOHHBIX CHCTEM, TeMaTH4YEeCKUE PYOpUKH,
pazziensl 3HaHUHM (OTpaACIIeBBIC Pa3/IETbl) U T. 1.

B kaTanorax 6onpmrHCTBAa OMOIMOTEK €CTh BO3MOKHOCTb IOUCKA 110 Pa3IMYHBIM 3JIEMEH-
TaM TIOMCKOBOTO 00Opa3za AokyMmeHTa. OOBIYHO 3JIEKTPOHHBIE KATAJIOTH MPEIIararoT CJICAYIOIINe
BO3MOKHOCTH IOUCKA: 110 3arjIaBUIO, aBTOPY, IO KJIFOUEBBIM CJIOBAM (T€MaTHUYECKUM MOUCK), BUIY
W3JIaHUS: KHUTH WM [EPUOJUYECKHE W3JIaHus, MPOJIOJDKAIOUINECS W3/1aHUs U CTaThu U3 HUX. B
pacIIMPEHHOM BHJI€ IIOUCK BO3MOYKHO OCYILECTBUTH IO J1aTE€ IOCTYIUIEHUS Pecypca, a TAKXKE BbI-
OpaTh pecypc ¢ HaJMYUEM WM OTCYTCTBHEM IOJHOTO TEKCTa. BO3MOXKEH MOWCK MO MHIEKCaM
KJIaCCU()UKALMOHHBIX CHCTEM, IPUMEHAEMBIX AJIs uHAeKcupoBaHus B 6ubnuoreke: Y 1K wnu BBK,
uuaexcam ['PHTU. Bo mHOrNX 6ubnroTekax nHMOOPMAIMOHHBIC PECYpPChl CUCTEMATU3UPYIOTCS 10
TeMaTU4YecKMM 0a3aM JaHHBIX, [0 KOTOPBIM TaKXe MOKHO OCYILECTBHTh MOUCK HH(OpMaLUU.
Hanpuwmep, B Benmopycckoil cenbCKoX03s1iCTBEHHON OMOIIMOTEKe CYIIeCTBYeT HECKOIBKO 0a3 JaH-
HBIX, KOTOpBIE SBISIOTCS YaCThIO JIEKTPOHHOIO KaTanora OMOIMOTEKH U KOTOPble 0ObEIUHEHBI 110
uctounuky (Hanpumep, baza nanusix «Bectu HAH Pb — cepust arpapHbIX Hayk» WIH JOKYMEHTBI
DAO — CenbCKOXO034CTBEHHOI OpraHu3aluyi o0bEAMHEHHBIX HAIWi), WK 1o TeMe — baza maH-
HbIX «OpraHudeckoe ceiabckoe Xo34icTBo». Kpome Toro, nmpodeccruoHanbHbIN MOUCK Mpeaiaraet
BO3MOKHOCTh UCKaTh MH(popMarmonHslie pecypebl o ISBN, ISSN u naxe nuBeHTapHOMY HOMEDY,
A3BIKY IOKYMEHTA. B O0NbIIMHCTBE KAaTaJIOrOB CYIIECTBYIOT MOJCKA3KHU JUIsl MOJIb30BaTens, 0oer-
Yarolie MOUCK — HAaBUTaTOPbI, KHOMKA «IIOMOIIIbY, COJAepKaIlie HHCTPYKIMU 1O MOMCKY HE00X0-
JUMOM IS MOJIb30BaTeNsl UH(POPMAaIIUH.

HecmoTps Ha TO, 4TO OTHUM U3 UHCTPYMEHTOB 0Opa0OTKU U CHCTEMaTU3allui HHPOpMaLuu
SBJIIOTCSI MHAEKCHI KJIacCU(UKAIIMOHHBIX CUCTEM (CIOIa OTHOCSTCSI, MHAEKCH Y HUBEpPCAIIbHOM Je-
CATUYHON Kiaccugukanuu, uxaekcsl bbK — 6nbnnoreuno-oubauorpapuyeckoil kinaccuduxamm-
OHHOM CHCTEMBI U T. [I.) IOUCK 10 MHJEKCaM OTHOCHUTCS CKOpee K 0oJjiee MpoJBUHYTOMY, Ipodec-
CHOHAJIbHOMY IOMCKY, KOTJa CHEUAINCT B IOJHOM Mepe BiIaJeeT JaHHBIMU CHUCTeMaMu. Takxke
TaKoOW BUJ IOMCKA MOXET OKa3aTh CYIIECTBEHHYIO IOMOIIb ITPU HAXOKJIECHUH HHPOPMAIUH B MEXK-
JTYHApOJHBIX MH()OPMALMOHHO-TIOUCKOBBIX CHCTEMax, KOTJa IMOMCK C IMOMOINBIO BepOaIbHbBIX
CPEICTB HEJOCTYNEH U3-3a HE3HAHUS MHOCTPAHHBIX SI3BIKOB. B OOJIBIIMHCTBE ke CIIydaeB MOMCK
MHGOPMAIIUU OCYIIECTBIISIETCS B JIEKTPOHHBIX KaTajorax M JIPYrMX MOUCKOBBIX CHUCTEMax C IO-
MOIIbI0 BepOajIbHBIX HH(OPMALMOHHO-IOMCKOBBIX $3bIKOB HAa POJHOM S3BIKE IOJIb30BATENS.
Hanpuwmep, npu npoBeieHUN aHKETHpoBaHUs cpenu monb3oBateneil PHTB Oblio BBIABIEHO, YTO
OOJIBIIMHCTBO M3 HUX MPHU MOMCKE MH(GOPMALUU MPEANOYUTAET TEMAaTUUYECKHI MOUCK MOUCKY IO
YK [1].

[ToaTomy st HaydHOH 00pabOTKH pecypcoB B OOJBIIMHCTBE OMOIMOTEK UCIOIB3YIOT HOP-
MHUpPOBaHHbIE TEPMHHBI — TO €CTh TEPMHUHBI, KOTOPbIE MPU3HAHBI Hauboee KOPPEKTHBIMHU U YIIO-
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TpeOUMBIMU B TOM HJIM MHOW MpeaMeTHOH obmacTtu. J[Is KauecTBEHHOTO IMOMCKa HH(OpMaIuu
MI0JIb30BaTENSIM HEOOXOMMO OCBOMTH IIpaBUiIa (POPMHUPOBAHUS IPABUIBHOTO MOMCKOBOIO 3aIpoca,
a TaK)K€ HAaBBIKM MCIIOJb30BaHUS JIMHIBUCTUYECKUX MHCTPYMEHTOB, KOTOPBIE IIPUMEHSIOTCS IJIs
KOAMPOBaHUS MH(POPMALUK U COOTBETCTBEHHO, MOT'YT OBITh NPUMEHEHBI i1 noucka. Croa OTHO-
CATCSL OTPAcCIIeBbIE TE€3aypYChl U CIEHUAIU3UPOBAHHBIC TEPMUHOJIOIMYECKUE CIIOBAPU, aBTOPUTET-
Hble 0a3bl JaHHBIX, COJAEPIXKAIME CIELHATN3UPOBaHHbIE TEPMUHBI (KiItoueBble cioBa). IIpencras-
JIeHHasl B TakuX 0a3zax JaHHBIX JICKCHKA SBJSIETCS HOPMUPOBAHHON. OCYIIECTBIAETCS aHAIN3 KaXK-
JI0r0 TEpPMHUHA, OIIMCAHUE €r0 C TOYKH 3PEHUs KOPPEKTHOCTH, YaCTOTE YHOTpeOJIEHUSI B HAy4YHOU
OTpacyH, a TAKKe MPUBOAATCS CBSI3U C CAHOHUMUYHBIMH NMOHATUAMU. [Ipn moucke nHpopmaruu ot
CMHOHUMUYHBIX MIOHATUN NPUBOJATCS OTCBUIKM K HODMHUPOBAHHOMY TEPMUHY, a TAKXKE K JOKYMEH-
TaM, COAEPKALIUM 3TO MOHATHE. Takue TepMUHBI, KaK IIPABUIIO, COAECPIKATCA U B CIIELIMAIU3UPO-
BaHHBIX IIPEIMETHBIX CIIOBApAX — Te3aypycax.

Cy1ecTByeT JOCTaTOYHOE KOJIUYECTBO BO3MOXKHOCTEH, IIPEIOCTABISIEMBIX PECYPCAMU CETH
MHTEPHET U 3JIEKTPOHHBIMM KaTajioramMum OMOIMOTEK, MOBBIMIAIOLIMX Ka4eCTBO MH(OPMAIIMOHHOIO
MOKCKA, OJHAKO KaTajoru OMOJMOTEK OCTAlOTCS TeM HE MEHee, OJHHUM M3 CaMbIX 3HAYMMBIX
CpeAcTB Moucka Hay4yHoOH uHpopmauuu. ITostomy ydeHomy Uit pabGoTel ¢ MH(DOPMAIMOHHO-
ITIOMCKOBBIMU CHCTEMAMH PEKOMEHYETCsl OBJIAIETh HABBIKAMM IIOMCKA W IIOMCKOBBIM JIMHIBUCTH-
YECKUM MHCTPYMEHTAPHEM, UTO SBJSETCS 3aJ0I0OM YCHEIIHOW Hay4HO-HCCIIe10BaTeIbCKON paboThlI.
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Summary. To reduce energy consumption and increase the efficiency of the process of electrolytic
plasma treatment (EPT) for the purpose of modifying and polishing the surface of products made of
metallic materials, their dimensional processing while maintaining high intensity, processing quali-
ty and environmental safety, a new pulse method has been developed that combines the advantages
of both electrochemical and and electrolytic-plasma process. The method is based on the use of a
unipolar pulsed mode with a pulse duration of 0.5-10 ms and an amplitude of more than 200 V, in
which the electrochemical stage, the transitional stage, and the stable EPO stage alternate sequen-
tially within each pulse. An increase in the efficiency of the developed process is achieved due to the
main intensive metal removal during the implementation of the electrochemical stage with low en-
ergy costs and optimization of the duration of the electrolytic-plasma stage, which ensures high sur-
face quality.

JIist CHYOKEHUSI PHEPTOEMKOCTH M TOBBIMIEHUS 3((EKTUBHOCTH TPOIEcca AIEKTPOIUTHO-
mnaszMeHHoro oopadotku (II10) ¢ nenpro, MogudUKAIIUN U TIOTUPOBAHUS TTOBEPXHOCTU H3JIETUI
U3 METAJUIMYECKUX MaTepUaNIOB, UX Pa3MEpHON 00pabOTKU MpHU COXpaHEHUH BHICOKON MHTEHCHB-
HOCTH, Ka4eCTBa M JKOJIOTHYECKOH 0e30macHOCTH pa3paboTaH MPUHIMITHAIHLHO HOBBIA MMITYJIbC-
HbI MeTon (ummynbeHast D110), coBMemaonmii mpeuMyIecTBa Kak MEeKTPOXUMHUYECKOTO, TaK U
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AJIEKTPOJIMTHO-TUIa3MEHHOTO Tporecca. Pazpaboranubiii mMeron ummyiabcHoi D10 ocHoBaH Ha
MPUMEHEHUH YHUIIOJISIPHOTO UMITYJIBCHOTO PEXUMA C JITUTEIbHOCTHI0 UMITYIIbCOB 0,5—10 Mc u am-
wtynon 6onee 200 B, mpu kKoTOpoM B mpenenax Kaxaoro UMIYIbca MOCIeI0BATEIbHO YePEayIOT-
Csl JICKTPOXUMHYECKas CTaIus, IePeXoIHas ctaaus u ycroitumnas cragus D110 [1].

[ToBbimenne 3¢ ¢GeKTUBHOCTH pazpaboTanHOro mporecca umnyinscHor 110 gocturaercs 3a
CYET OCHOBHOTO MHTEHCHUBHOIO ChEMa MeTajula IpPU peaU3allM IEKTPOXUMHUUECKON CTaluu C
HU3KUMH SHEPreTUYECKUMH 3aTpaTaMd M ONTUMH3AIMHU TPOJODKUTEIBHOCTH 3JIEKTPOIUTHO-
IUIa3MEHHOU CTaJuM, NIPU KOTOPOi 00ecreuyrBaeTcsi BHICOKOE KaueCTBO NMOBEPXHOCTH. [IoBbIIeHHE
YacTOThl CJICIOBAHUS HMITYIbCOB NPU CHUKEHHH HUX JIUTEIBHOCTH TIO3BOJIAET YBEIHUYUTHh
ANEKTPOXUMHUECKYIO COCTABIISIONLYIO Mpoliecca U 00ecreunTh 00siee MHTEHCUBHBIN CheM MeTasla
C TOBEPXHOCTH, YAAJUTh 3HAYUTEIIbHBIE HEPOBHOCTH IMOBEPXHOCTH M T.I. CHMKEHHWE YaCTOTHI
CJI€ZIOBaHMSI UMITYJILCOB IIPH OTHOBPEMEHHOM YBEJIMUYEHUH UX JUIUTEIBHOCTH MO3BOJISIET YBEIUYUTD
AIIEKTPOJINTHO-TNIA3MEHHYIO COCTABIISIONIYIO MPOLIECCA U TOCTUTHYTh HU3KOW IIEPOXOBATOCTH IPHU
00111eM CHUKEHUH SHEPTOEMKOCTH Mpolecca.

Hcnonb30BaHNEe HMMITYIbCHOTO TEXHOJIOTUYECKOTO HAMPSDKEHHUS CHENAl0  BO3MOXHBIM
HE3aBUCUMO YIIPABIATh KaKJOU cTaauell npouecca. Pacuer sHepreTudeckux 3arpar rnokasal, 4to B
npouecce umnynbcHor OI1O chem metaia B mecTh pa3 Oonblie, 4yeM Ipu TpaauuuoHHon II10.
IIpu 3TOM ynenbHas MOIIHOCTH B UMITYJBCHOM Ipolecce Ooiblie Toibko B 2,9 paza. Takum
00pa3oM MPOM3BOIUTENHFHOCTh UMITYJABCHOTO mporiecca D110, oneHuBaeMas o CheMy MeTaia, B
JIBa pa3a BbIILIE 10 CPABHEHMIO C TPAAULIMOHHBIM IIPOLIECCOM Ha MOCTOSHHOM TOKE.

[TpoBeneHHbIE UCCIEN0BAHUS TTOKA3alIM, YyTO Mpu umnyinbcHoU D110 npoucxoaur Gosnee uH-
TEHCHUBHBII CheM CheM MaTepuasia ¢ 00pabaTbIBa€MOM MOBEPXHOCTH, YEM MPU TPATULMOHHBIX Me-
TOJIAX AJIEKTPOXMUMHUYECKOTO M D3JICKTPOJUTHO-TUIA3MEHHOTO TOJHMPOBaHUsS. [IpruemM OCHOBHOIMA
BKJIa/l B ChEM MaTepuana BHOCUT 3JIEKTPOXHMHUYECKOE BO3/EHCTBHE TOKOBOIO MMILYJIbCA, BO3HH-
KaIOIIEer0 B HAaYaJIbHOW CTaJMH MMITYJIbCA, a DJIEKTPOIUTHO-TIIIA3MEHHAs CTaAUs 00ECIIeYNBACT I10-
JMPOBAHUE MOBEPXHOCTU JI€TANM, HO 00ECHEUMBACT B HECKOJBKO Pa3 MEHbIIMH yAEIbHBINA CheM.
VY ienpHbI CheM MeTalia MPHU IEKTPOXUMHUYECKOW CTaJuu MOXET OBITh OOJIbIIE, YeM IPH JJIEK-
TPOJIMTHO-IUIA3MEHHON CTaJAMU B LIECTh pa3 (IO pe3ysbTaTaM 3KCIIEPUMEHTa ChbeM IS LUIUHIPU-
4eckoro obpasia B 20%-HoM 31eKTpoiuTe paser 16,2 - 107° r/mm?-mun). [IpudeM BeIHUHHY CheMa
MO>KHO M3MEHATh B MEHBIIYIO CTOPOHY IYTE€M YMEHBIICHUS May3bl MEXy UMITYJIbCaMHU. DTO MpH-
BOJIUT K YMEHBIICHUIO aMIUTUTY Il TOKOBOTO UMITYJIbCA U €T0 JITUTEITEHOCTH.

Bonpimii ynenbHbIM cbeM MO3BOJSET ObICTpEe yIAIATh MENKHE 1e(eKThl MeTaioo0paboT-
KM, HanpuMep 3ayceHnbl. C enpio MPOBEpKU MapaMeTPOB CHATHS 3ayCEHIIEB OBUIN MOATOTOBIICHBI
JeTalny B BUJE [UIUHIPOB JUAMETPOM 2 MM CO LHUIM(OBKOM TOPLIOB, U JI€TallM, BEIPE3aHHbIC J1a3e-
pom u3 cramu AlSI 316. Jlnsg Gosee ObICTPOrO yaajieHUs 3ayCEHIIEB MOJXOIUT PEXUM C OOJBITICH
aMIUTUTY/I0H 3JIEKTPOXUMHUYECKOT0 UMITYJIbCA, KOTAa JUTMHA UMITYJIbCa U May3bl 10 2 MC, aMILTUTY-
na HanpspkeHus: ummynbca 200 B. Daextponut ¢ Oosbiield KOHUEHTpauued cyinbgaTa aMMOHUS
CIOCOOCTBYET YBEIMUEHHUIO aMIUIUTYbI IEKTPOXUMHUYECKOTO UMITYJIbCa U YCKOPEHUIO CHATHS 3a-
YCEHIIEB 32 CUET YBEIWYCHHS TPOBOTUMOCTH AJIEKTPOJIHTA.

B nporecce 3kcriepMMEHTOB OIPEENIEHO, YTO CIelalbHas MpeBapuTesIbHasi OYUCTKA T0-
BEPXHOCTH JleTasiel nepes; 00paboTkoi He TpedyeTcs. O6e3kupuBaHUe MOBEPXHOCTH, OUYUCTKA OT
3arps3HEHUN U OKAJMHBI OCYIIECTBIIAETCS HEMOCPEICTBEHHO B Iporecce 00padboTku. PaspaboTan-
HBIA TIpollecC He TpeOyeT TOYHOTO IOAJIEPKAHHS OIPENEICHHON TEeMIIEpaTyphl SJEKTPOIIUTA.
Haubonee crabuibHOEe mpoTeKaHME IMpolecca, Kak U B clIydae C TPAAMIIMOHHBIM 3JIEKTPOJIUTHO-
TUTa3MEHHBIM TIOJIMPOBAHNEM, HAOIIOA€TCSl TIPU JIOCTATOYHO BBICOKOW TEMIIepaType AIIEKTPOJIATA
— okono 90 °C. Ilpu sTomM B mporecce 0OpabOTKU MPOUCXOIUT MOIIHBINA JIOKAJIbHBIM pa3orpes
AJIEKTPOJIMTA B TIPWIICTAIOIIEH K MIOBEPXHOCTH aHOAA OOJIACTH | JIaXKe TIPU MEHBIIIEH CpeqHel TeM-
nepaType 3JeKTPOJIUTa, B 3TOH 00JaCTH CaMOIPOU3BOJIBHO YCTaHABJIMBAETCS OJIM3Kas K ONTUMANlb-
HOW Temmeparypa. Jlanee B pe3yibTare TeIIo0OMeHa TeMIepaTypa OCTaJIBHOTO 00beMa JJIEKTPO-
JIMTA TaK)Ke MOBBIIACTCS U TOJIEP)KUBACTCA HAa HEOOXOAMMOM YPOBHE.
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Summary. The main purpose of the article is an indication of the problem of the emergence and
accumulation of large-tonnage waste from the production of the pulp industry, which is quite large-
scale within the state. The conditions and technical possibilities of using cellulose fiber waste in
mixtures containing a large amount of bitumen — stone-mastic asphalt (SMA) concrete.

[Tpu mpomsBoacTBe OymMaru W KapToHa Ha (HIBTPaX BOJOOYMCTHBIX COOPYKEHUH IEIITIO-
JI03HO-OyMa)XHBIX KOMOMHATOB OCEIAeT U HAKaIUIMBAETCSl TaK HA3bIBAEMbIM «CKOI» — Macca, co-
CTOSLIAs U3 LIEJUIIOJIO3HBIX BOJIOKOH, TJIMHBI, Pa3JIMUYHBIX OPraHMYECKUX U HEOPraHUYECKUX IpUMe-
CeH.

CornacHo ofmerocyaapctBeHHOMY kiaccugukaropy Pecnyonuku benapycs (OKPB)
YTBEP)KICHHBIM IOCTaHOBJICHHEM MUHMCTEpCTBA MPUPOIHBIX PECYPCOB M OXPaHbl OKpYXKarolei
cpensl Pecniyommmku benapycs) ot 9 centsops 2019 r. Ne 3-T «OO6 yTBepk/ieHUU, BBEICHUU B JICH-
CTBHE O0ILIEroCyAapcTBEHHOro Kiaccugukaropa Pecnydnuku benapyce», otxon otHocures k bio-
Ky 1 «OTXoapl pacTUTENBHOIO U KMUBOTHOTO MPOMCXOXKJIEHUS», IIPU 3TOM CKOIl MUMeeT 4 Kiacc
onacHocTH 1 koj 1841000, oTHOCsACH K pazzneny 8 OTXOAbI LEJUII0N03bl, OymMark, KapToHa, Haxo-
asick B rpymie 4 OTXo/1bl Mpou3BoIcTBA OyMaru u kaproHa [1].

Ha xapToHHO-OymaxkHBIX Tpou3BocTBax Pecnybnuku benapych exxeronHo oOpasyercst 60-
nee 1000 ThIC. T OTXOJI0B MIPOU3BOJICTBA U3AEIUI U3 JepeBa U OyMaru, OCHOBHOM MCTOYHHUK OTXO-
JIOB KaK MPaBWJIO NMPUXOJUTCS Ha MOJUTpaUUecKyro JesTeIbHOCTh U TUPaKUpOBaHHE MH(pOpMa-
MU 3aMMCAaHHBIX HOCHUTENEH COTJACHO O(DUIIMAIIBHOW CTAaTUCTHYECKOW mMHbopmaruu MuHucTep-
CTBa MPUPOJHBIX PECYPCOB U OXPAHBI OKPYXKAIOIIEH CPEIbI.

Tabmuua 1 — Bpemennoit pan aanneix 3a 2016—2020 r. o6pa3oBaHus OTXOAOB MPOU3BOJI-
CTBa I10 OKA3aTeIsIM

Bun sxoHOMHUYeCcKol AeITEILHOCTH Emuauna | 2016 | 2017 2018 | 2019 2020

[Ipon3BoICTBO M3AENUI U3 AepeBa U Oy-
Mary; noyurpaduyeckast 1eaTeIbHOCTh U
THpaXXUPOBaHKUE WH(OPMAIIUHU 3aMUCaH-
HBIX HOCHTEIEH

1000 1/ronm | 756,7 | 1,244.1|1,301.8|1,511.5| 1,409.6

Ckomn npezcTaisieT co00il 0calok CTOYHBIX BOJI TIOCIIE MEPBUYHON OUYMCTKHU, OpraHHUYECcKas
4aCTh KOTOPOT'O COCTABIAET 0KOJIO 50 % M MpeCcTaBIeHa B OCHOBHOM LIEJITFOJIO3HBIMU BOJIOKHAMU.
MusnepainbHas 4acTb coaepkuT 10 90 % kaonuHa. ['panyiaoMeTpudeckuil coctaB IpeACTaBiIeH Mpe-
obnmamanuem (pakmuit <0,025 MM (okomo 50 %). Ilpu mpoBeneHnn MCCIEeIOBAHUS HCTIOIb30BAIH
ckor, oopazyromuiicss Ha OAO «CIOHUMCKUI KapTOHHO-OYMa)kKHBINH 3aBOJT «AJNBOEPTHUH» C BIaX-
HOCTBIO 39-40 % u rotHOCTBIO 0,35 Kr/™® [2].
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Ha nannbiii Mmoment B Pecyonuke benapych B kadecTBe cTaOuIM3upyoeil 100aBKy mpu-
MeHsroTcst 100aBku corsiacHo CTh 1769-2013 «Jlo6aBka cTabmin3upyroiasi BOJOKHUCTAs JJIs ac-
¢banbToOeTOHHBIX cMeceil. TexHnueckue TpeOoBaHus, IPUEMKa U METO bl HCIIbITaHUI [3].

B kadecTBe anbTepHATHUBBI IPUMEHIEMBIM 100aBKaM MOKET OBITh paCCMOTPEHa CTaOMIN3H-
pyromias 1006aBKa Ha OCHOBE OTXO/0B LIEJUIIOIO3bI, OOIIMI BHI KOTOPOTO MPEICTaBlIeH Ha puc. 1 B
IByX (popmax:

a 0
Pucynok 1 — O6uwmit Bua oTxo/a (ckomna) HesIroI03H0-0yMakKHOM TPOMBILIIEHHOCTH: a — PaCITy-
LIEHHBIN CKOI; O — rpaHyJIMPOBAHHBIN CKONTPAHYJINPOBAHHbBIN CKOII

B T1abn. 2 mpencraBiieHbl pe3yabTaThl MPOOHBIX HCIBITAHUH IIEOCHOYHO-MACTHYHBIX ac-
(banbTOOETOHHBIX CMECel BKIIOYAIOIIUE LEJUII0NI03HbIE I'paHylbl NMPUMEHSIOLIMECS ceiuac Mpu

IIPOU3BOJICTBE cMecel Ha Tepputopun Pecnydnuku benapyce u texHosormyeckoro ckorna OAO
«CKB3 Anbbeptuny.

Tabnuna 2 — Pe3ynbpTaThl CHBITAaHUIN

Hobasxa OTHOCHUTEILHOE
T TpaauiMOHHBIC TPAHYITBI Ckon 3Menenne, %
Bogonaceimuenue, % 493 4,37 21,5
CpenHss IIIOTHOCTb, r/lem® 2,40 2,45 2,0

Ro , MIla 1,96 2,24 14,3

Rsq, MIla 1,01 1,20 18,8
CrekaHue BsOKYIIEro, % 0,13 0,08 62,5

Ha ocHoBaHuMM TOJTYyYEHHBIX JAHHBIX MOXHO CHEIaTh MPEIBAPUTEILHBIA BBIBOJ O TOM, UTO
HEOOXOJMMO MPOBEICHNE KOMITJIEKCHOTO UCCIIEIOBAHUSI B LIENISIX MIPOMBIIIJICHHOTO IPUMEHEHHSI CKOTIa
B Ka4€CTBE CTAOMIM3UPYIOIIEH JOOABKH B IIEOEHOUYHO-MACTUYHBIX ac(haTbTOOETOHHBIX CMECSIX.
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Summary. This article discusses various types of hydraulic chucks, the features of their use in
modern metal-cutting machines, their design features.

B Meramiopexymux cTaHKax MIMPOKOE PacHpOCTPAHEHUE HAXOAST THAPO3KUMHBIE, TaK
HasbIBaeMble rujapainueckue natponbl (Hydravlik Dehnspannfutter) npennaznauennsie ans 3a-
KUMa PEXKYIIUX MHCTPYMEHTOB C LWJIMHIPUYECKHMM XBOCTOBHKOM (KOHIIEBBIE (pe3bl, cOOpHBIE
TBEPAOCIUIaBHbBIE CBEPJIA, METYUKHU U JIP.).

I'mppaBinueckre MHCTPYMEHTAIbHBIE NMATPOHBI OTHOCATCS K 3aKMMHBIM YCTPOMCTBaM C
yrpyro-aehopMupyemMoin 3a)KUMHOM 4acTbIO.

Ha puc. 1 npencrabiens! pa3uuHble THAPO3aKUMHBIE TATPOHBI.

-

g e i
Pucynok 1 — I'uipo3a>kuMHbIE TTATPOHBI

[To npuHIMIY paboThl (KOHCTPYKIUHU 32KUMHOTO YCTPOWCTBA) BBIACISAIOT 2 KOHCTPYKTHB-
HBIE CXeMBI (pHC. 2).

rMAPOBG)KI/IMHbIe
NaTpOHDbI

Fmp,ponnacm Bble rMAPOMexaHH‘-IeCKMG

Pucynok 2 — Kinaccugukanus ruipo3aKUMHBIX TAaTPOHOB
B runpomnarponax peanusyeTcsl TEXHOJIOTHS, albTepHaTUBHAs TepMoraTrpoHam. B rungporna-

TpOHaX 3aKMUM UHCTPYMEHTA OCYIIECTBIISETCS 3a CUET JaBICHUS KUIKOCTH.
[TpuHIIMT paboOTH THAPOMEXAHUIECKOTO ITaTPOHA MPEICTaBIICH Ha pUC. 3.
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Pucynox 3 — IlooskeHre pyKOSTKH 30JI0THUKA MPU 3KUME THIPOMEXaHUYECKOTO MaTpoHa: a —
PYKOSITKA 30JIOTHHKA B MOJIOXKEHUH T IPHU YCTAHOBKE B MATPOH M MEPEMEIICHUN HHCTPYMEHTA; O —
rmojava JaBJeHUs B MMOJIOCTh MIJIMHIPA IJIs 38)KUMa HHCTPYMEHTA (PYKOSATKA 30JIOTHUKA B MOJIO-
XKEHUU A); B — pyKOSITKA 30JIOTHUKA B MOJIOKEHUH T 1OcIie 3aKperyieHus: MHCTPYMEHTA; T — 1ojiaya
JIaBJICHUS B MPOTHUBOIIOJIOKHYIO IMOJIOCTh MIJIMHJIPA IS pa3KMMa HHCTPyMEHTA (PYKOSITKA 30JI0T-
HHKA B MOJIOKeHH b).

Taxoke MIUPOKO MPUMCHAIOTCA THAPOMEXAHUYCCKUC U THAPOIIACTOBBIC IMATPOHBI. FI/IZIpO-
MEXaHUYECKUHN IMaTPOH IIPCACTABJICH HA pUC. 4,

Pucynok 4 — I'mapomMexaHYeCcKHi MaTpoH

[TpuHIMn paboThl TUAPOMEXaHNYECKOTO MaTPOHA OCHOBAH Ha JAe(opMaliui CTEHOK KopIryca
4. Jlnst aToro BTyaKa 1 ¢ KOHYCHBIM OTBEPCTHEM, C OYEHb MAJIEHbKOW KOHYCHOCTBIO, O] A€HCTBU-
€M BBICOKOTO JIaBJICHHUS THAPABINYECKON KHUIKOCTH, 101aBaeMO uepes ITylep 3, nepeMeniaercs
BBEpPX K XBOCTOBUKY NaTpoHa. 3-3a 00yb110ro caMOTOPMOKEHHUS BTYJIKH NATPOH MOKET padoTaTh
Ha OYEeHb BBICOKHMX YaCTOTaX BpAIlleHUs 0€3 ONMAaCHOCTH caMOpacKperuleHus: HHCTpyMeHTa. OHaKo,
€CJIM B MaTPOHE NPUMEHSIOTCS MEPEXOJAHbIC BTYJIIKM U CMEHHBIE IIAHTH, TO YacTOTa BPALLECHUS Ma-
TpoHa orpanndeHa 8000 o6/muH. s pa3zkuMa HHCTpPYMEHTa JAaBICHHUE MOAAETCS K IUTYLEpPY 2,
BTYJIKA IIEPEMEIIACTCS BHU3.

['maponacToBeIi TATPOH MPEACTABIIEH Ha pHC. O.
8 7 6

1 2 3 4 5

Pucynok 5 — I'maporuiactoBsliit maTpoH

['uaporutacToBbie MATPOHBI AHATOTHYHBI MO0 KOHCTPYKIIMHM CHUJIOBBIM (DpE3epHBIM (POJIUKO-
BBIM MATPOHOM), HO BMECTO JIaBJICHHS POJHMKOB Ha yNPYruil AeopMUPYEMBbI KOPIYyC B HUX HC-
MOJTB3YETCS TABJICHHE KUJIKOCTHU (dJ1acToMepa).
B kopnyce 1 maTpoHa BBITIONHEHBI TIOJIOCTU 6 M OCeBble KaHANbl 4, KOTOPBIE 3aMOJHEHBI
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CTEeUUANBbHON KUKOCTHIO. [IyHKep 2, BHIMOTHSAIOMMK pOJIb HAcOca U MepeMeIiaeMblii BAHTOM 8,
CO3/IaeT JaBJIEHUE KUIKOCTH, KOTOpoe neopmupyer memMOpany 5. B pe3ynbrare ocymiecTBiaseTcs
32)KUM IHJIMHIPHYECKOT0 XBOCTOBHKA HHCTpyMeHTa. OceBOe MOJI0KEHUE HHCTPYMEHTA 00eceun-
BAaIOT PEryJIMPOBOYHBIM BUHTOM 3, IIEpEMeIaeéMbIM IOBOPOTOM BUHTA 7.

Ha ceronnsaimnuil neHp JnaepaMyu B IMPOU3BOACTBE I'MAPO3aKMUMHBIX MATPOHOB SBIISIOTCS
¢upmer SHUNK, EROGLU, KELCH, KEMMELER, HOLEX, HAHN+KOLB (I'epmanus);
ISCAR (M3paunb); ZZC (Kuraii); TAEGU TEC (FOxnas Kopes).

VIK 625.75
INJIAHUPOBOYHBIE PEHNIEHUS OJIS1 CBE310B IMMOJIHOM TPAHCIIOPTHOM
PA3BSI3KU THUIIA «KJTEBEPHBIN JIUCT»
Kyonaceeuu A. B., Hluwxo H. U.
benopycckuii nayuonanvHwulll mexHuueckuil yHusepcumem
e-mail: lika.kudlasevich@mail.ru

Summary. Transport hubs at different levels are complex engineering structures that require de-
tailed development of each element, especially considering traffic conditions and safety.

Ha nepeceyennn TpaHCIOPTHBIX MarucTpanei, UMEIOUINX BBICOKYIO 3HAYUMOCTb U COOT-
BETCTBEHHO 3HAUUTEJIBHBIE MHTEHCUBHOCTH [JBIKEHHMS IPEAYCMATPUBACTCS IPOEKTUPOBAHUE
TPAHCIOPTHBIX Pa3BsI30K MOJHOro Tumna. Kak MHKEHEpHOE COOpY)KEHHE TPAHCIIOPTHAas pa3Bsi3Ka
BKJIIOYAET B ce0s IepeceKaroInecs: J0pord, COeIMHUTEIbHbIE OTBETBIICHUS pa3IMyHONW KOH(UTY-
paiuu, MyTenpoBObI, ACTAKA/AbI, NEPEXOIHO-CKOPOCTHBIE IOJOCHl U UX OTTOHBI, HEOOXOIUMBIE
3JIEMEHTBI 00YCTPONCTBA M TEXHUYECKHUE CPEACTBA OPraHU3ALMH JOPOKHOTO JIBUKECHUS.

[TosiHBIE TPaHCTIOPTHBIE PA3BSI3KU UCKIIIOYAIOT KOH(IMKTHBIE TOUKU IEPECEUEHUs] TOTOKOB
B OJJHOM YPOBHE, YTO CIIOCOOCTBYET IOBBIIICHUIO OE€30MaCHOCTH U KOM(pOpTa JABUKEHHS B TpaHC-
MOPTHOM Yy3Jie. TpaHCIOpPTHAsL pa3BsA3Ka M0 TUIY «IOJHBIM KJIEBEPHBIN JIUCT)» SBISETCS ONTUMANb-
HBbIM NPOEKTHBIM PELIEHUEM IPU NEPECEUEHUH OPOT BBICOKUX KaTErOpUH, TAKXKE YYUTHIBAs BO3-
MO>KHbIE BapHaHThI YJIYUILIEHUS IJIAHUPOBOYHBIX PEIICHUH TAKOTO TPAHCIOPTHOTO y3Jia U CTaaMii-
HOCTH peAIM3aLUN ITUX MOJEPHU3ALHI.

OTOT TUI TPAHCIIOPTHOM Pa3BsI3KM MOXET OTBEYATh BHICOKUM TPEOOBAHUSM 10 MHTEHCHB-
HOCTH JIBIDKEHHUS U 0OecreueHHIo 0e30MacHOCTH JAOPOKHOTO ABMKeHHs. OJHaKo, 3HAUUTENIbHbIE
IUIOUIA/IM 3aHUMAEMbIX TEPPUTOPUN MOTYT CYIIECTBEHHO CKa3aThbCid HAa UTOTOBOM CTOMMOCTH BO3-
BEJICHUS TAKOT'O OOBEKTA.

[InaHnpoBOYHBIE PEIICHUS TI0 pealn3aliy ABM)KEHUS ¢ U3MEHEHUEM HalpaBiIeHHUs B TAKOM
TPAHCIIOPTHOM Y3JI€ CBSI3aHBI C MPOEKTHUPOBAHMEM BO BCEX YETHIPEX YETBEPTIX COOTBETCTBEHHO
OJIHOCTOPOHHUX JIEBOIIOBOPOTHBIX U MPABOIMOBOPOTHBIX COEUHUTENbHBIX OTBETBIeHUN. KoHpury-
paius COEIMHUTENBHBIX OTBETBICHUN MPEACTABIEHA COYETAHUEM 3aKPYIVIEHUH MaJIOro paauyca u
MPSIMOJIMHENHBIX YYaCTKOB, 00ECIIEUHBAIOIINX 3aJaHHbIE PACUETHBIE CKOPOCTH JIBH)KEHHUS Ha Che3-
nax.

Kak nmpaBuio, 1eBONOBOPOTHBIE OTBETBJIEHUS MPOEKTUPYIOTCA METJIEBOIO THUMA C pacyeT-
HBIMU CKOpOCTSIMH He 6osiee 40 kM/4, 4TO 00ecreunBaeT JOCTATOYHO HECBOOOHBIE YCIOBUS JIBH-
KEHHS] aBTOMOOWJISI BBUY JIBHJKEHUS I10 3aKpyTiieHHe Majoro paauyca. [Ipu npumenenuu ieomno-
BOPOTHBIX CHE3JI0B C OOJNBIIMMH PACYETHBIMH CKOPOCTSMHU yBEIMUYMBAeTCs oOIIas JUIMHA IJIaHa
Tpacchl Che3/la U 3aHUMaeMas TEPPUTOPHUS. YITyUIIEHHBIE TUIIbI JIEBOIIOBOPOTHBIX OTBETBJIEHUN —
MOJYNpSIMbIE MO «TUNY 1» M MO «TUMy 2», UMeIue pacyeTHble ckopoctu 70 kM/4 U Gosee B
IJIaHe Tpacchl UMEIOT Oosiee KOM(OPTHBIE MapaMeTphl JJis JIBH)KEHUS, OJIHAKO 3HAUUTENBHO yBe-
JMYUBACTCA JUIMHA TAKOTO OTBETBJICHUS U MOSBIISIETCS HEOOXOAUMOCTh MPOSKTHUPOBAHHUS JIOTIOTHU-
TEJIbHBIX MYTENPOBOAOB Ha MEPECEUEHUSIX C JOporamMu. B Takom ciydae TpaHCIOpTHas pa3Bsi3ka
«TIOJIHBIN KJIEBEPHBIN JIUCT» NEPEXOIUT B Pa3psAl MOJHBIX YIYUIICHHBIX TPAHCIIOPTHBIX Y3JI0B.

['oBOpst 0 Oe301acHOCTH IBUYKEHUS B 30HE TPAHCIOPTHOW Pa3BsI3KH CIIEAYET JIETAIbHO ylie-
JIUTh BHUMAaHUE TPAEKTOPHUHM JIBUIKEHUS Ha JIEBOIIOBOPOTHBIX ChE3/aX, TaK KaK Jake MpU MPUMEHE-

111


mailto:lika.kudlasevich@mail.ru

HUU yITy4IICHHBIX TUTIOB ChE3/I0B PaaNyChl 3aKpyrieHuii He peBbIaoT 200 M. [Ipu obmieit niHe
Tpaccel che3ga cBbiie S00 M B COOTBETCTBHM C JEHCTBYIOIIMMH HOPMAaTHBaMH HEOOXOIMMO
YCTPOMCTBO JIBYXIIOJIOCHOM MPOE3KEHN 4acTu ¢ MMPUHOM 0JIOCH! JABUXKEeHUS 3,25 M miu 3,5 M, 4To
MTO3BOJIUT OCYIIECTBUTD ONIEPEIKCHUE TUXOXOIHBIX TPAHCTIOPTHBIX CPEACTB. MaHEBPHI ONIEPEIKCHHS
C Y4ETOM OCOOCHHOCTEH IJIaHa TPACChl Ha JIEBOMOBOPOTHBIX ChE3/1aX MOTYT CTaTh MPUYMHONU BO3-
HUKHOBEHUS JTOPOKHO-TPAHCIIOPTHBIX MPOUCIICCTBUN. B KayecTBe MPOEKTHOTO pelieHus, NCKITIO-
YaloIIEro BO3MOKHOCTb COBEPIIICHUS OMAaCHBIX MaHEBPOB B 30HAX 3aKPYTJICHUS MAJIOrO pajguyca Ha
Che3/lax, MPeayCMaTPUBACTCS MPOCKTUPOBAHUE OTrOHA BTOPOM IOJIOCHI JIBFDKCHHS Ha TPOE3KEH
YacTH OJJHOCTOPOHHHUX JIEBOIIOBOPOTHBIX CHE30B TOJILKO B 30HE MPSMOJIMHEHHOr0 y4acTKa IuIaHa
TPAcCchl ¢ OTTOHOM IIUPHUHBI MPOE3KEH YaCTH 10 JIJTMHE MEePEXOJHON KPUBOH, CONPATAIONICH Mpsi-
MYIO U KPYTOBYIO KPUBYIO B IIJIaHE TPACCHI.

Tem cambIM, JIEBOITOBOPOTHBIN COCIMHUTEIBHBIN Che3/ OyleT UMETh CTaHAapTHHIE HOpMa-
TUBHBIC 3HAYCHUS MO IIMPUHE MPOE3kKEH YacTH Ha ydyacTKaxX C MajbMU paauycamu — 5,0 M, B
JIBYXIIOJIOCHAS TIPOE3Kasi YacTh MOJIHOIIEHHO OYJeT MPeAyCMOTPEHa Ha MPSMOIMHEHHBIX YJacTKaXx.
Takum 00pa3oM MOKHO MOTCHIMAIBLHO CHU3UTh PUCKH BO3HHKHOBCHHS ABAPHIHBIX CUTyallUd U
MTOBBICUTH O€30MaCHOCTh JIBH)KCHHS Ha CIIOKHBIX YYaCTKaX TPAHCIIOPTHOTO y3J1a.

YK 625.75
NPUMEHEHUE UCKYCCTBEHHOI'O UHTEJIVIEKTA B MAPKETHUHI'E
Kymonoea /1. /1.
HUnemumym busneca BI'Y
e-mail: kutalavad@gmail.com

Summary. Artificial Intelligence is actively developing and becoming part of our daily lives. Mar-
keters also keep up and actively use Al in their activities. Big Data Analysis, Chatbots, Personaliza-
tion, Content Generation, Native Advertising are the modern trends of using Al in marketing and
advertising. Belarusian developers are also using Al in their projects.

Pa3BuTHE KOMIIBIOTEPHBIX TEXHOJOIHI MPHUBENIO K IMOSBICHUI0 MHOXECTBA padOT CBsA3aH-
HBIX C MOMBITKAMU OOJIErYUTh pabOTy YENOBEKY MIIM CO3/1aTh CUCTEMbI, KOTOPbIE MOTYT 3aMEHHTh
YeJIoBeKa B pa3HbIX cdepax aedarenbHoCcTH. OTHUM U3 TaKUX U300PETEHUM SIBISETCS MCKYCCTBEH-
HBII UHTEJUIEKT.

UckyccrBennsiit uaTesekT (M) — ato GpicTpo pa3BuBaromasics oTpacib KOMIBIOTEPHBIX
TEXHOJIOTUH, 3aHUMAIOIIAsICS CO3/JaHMEM YMHBIX MAallliH, CTIOCOOHBIX BBIMOJIHATH 337a4H, KOTOpPhIE
0OBIYHO TPEOYIOT YEI0BEUECKOro BMearenscTna [1].

HckyccTBEHHBIN MHTEIJIEKT IOMOTaeT, HalpuMep, Kak B pa3paboTke OeclIUIOTHBIX aBTOMO-
Ouiei, B OCHOBE KOTOPBIX JIKAT pajap, onpeaenurens nucranimu, GPS u cnenuanbHbie KaMephl,
9THU JaHHble aHau3upyroTcess UM it npuHATHS pellieHnid Ha 10pore, TaKk B paclpOCTPAHEHUH yM-
HBIX TIOMOITHUKOB, TaKWX Kak Siri ¥ Ajmca, KOTOpbIe MOTYT 3allyCKaTh MOUCK MH(OpMaIuu, na-
BaTh MOPYYEHMs], IUIAHUPOBATh Aeia. JIIoJu HMCIob3yI0T UCKYCCTBEHHBIN HMHTEIUIEKT €KEIHEBHO
Gmail u Google Docs npenckassiBaeT TO, YTO BBl XOTUTE HameudataTh ¢ nomombio MU, Sn-
nexc.KapTbl pacCUMTHIBAIOT CaMblii OBICTPBIM MapUIPYT 10 KOHEYHOTO MYHKTA, YYUTHIBAsl 3arpy-
KEHHOCTh TpaduKa, B ONPeIeICHHOE BPpEMsI CYTOK, U IPOBEJCHHE TOPOKHBIX padOT, HA OCHOBE HUC-
KYCCTBEHHOT'O MHTEJJIEKTA.

HckyccTBeHHBIN MHTEIIEKT BHEAPSAIOT BO Bee Cephl, B TOM YUCIIE B MAPKETUHT U peKiIamy.
ExxerogHo kpymnHeiive MUpoBble Juaepbl nudpoBoil nHAyCTpuHM Takue kak Microsoft, Google,
Amazon, Facebook, nuBecTupyoT B pa3paboTKy ¥ BHEAPEHUE HCKYCCTBEHHOI'O UHTENIEKTa B CBOU
IIPOJYKTHI [2].

0O0603HaYMM COBpEMEHHbIE TEHICHIIUHN BHEIPEHUS HCKYCCTBEHHOTO MHTEJUIEKTa B MApKETHUHTE:

1. Ananus Big Data.

B pacnopspkennn kakoi 00bIION KOMITAHUHM HAXOJUTHCS OTPOMHOE KOJTUYECTBO UH(OP-
Maly O IOJIB30BATENAX: JaHHBIE O MX IMOKYIIKAX, 3alPOCHl, JUYHbIE NPEANOYTEHUS, aKTUBHOCTH.
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YroObl Bce 3TO CTPYKTYpHUPOBATh MCHOIB3YIOT UCKYCCTBEHHBIN MHTEIIEKT. OH CTPYKTYpPHPYIOT U
BbIOMPAET UMEHHO T€ JaHHbIE, KOTOPbIE HEOOXOAUMBI JUIs PELICHUsI MApKETUHIOBOM 3a/1a4H.

W cKycCTBEHHBIN MHTEIUIEKT MPUMEHSETCS ISl IPOrHO3UPOBAHMS C MCIIOIb30BaHUEM 00JIb-
110r0 KosinyecTBa nHpopmauuu. Ha ocHOBe Takoro aHanusa, MapKeTUHIOBbIE IPOIHO3bI CTAHOBSIT-
Csl OCHOBOM IpH MOCTPOSHUU YPPEKTUBHOM CTpaTeruu.

2. Tloooepoicka nonvzosamerneti ¢ NOMOWbBIO Yam-60moa.

Ha nannbiii MOMEHT 4aT-00THl — 3TO0 OJUH U3 3()(HEKTUBHBIX CIOCOOOB OOIICHHUS C TOIB30-
BatessiMu. [lorpedurenu Mory obmarbes ¢ 00TaMu, KOTOPbIE IPEAOCTABIAIOT BO3ZMOKHOCTD I10JTY-
YUTh OTBETHI HA CaMble Pa3HOOOPA3HBIE 3aMPOCHI, TOJIYYUTh EPCOHANBHBIE PEKOMEHIAINH, JaKe
COBEPLUUTH MOKYIIKY MPSIMO BHYTPHU MECCEH]DKEpa.

Yar-60Thl HOMOTAIOT 3HAYUTENFHO CHU3UTH BPEMs OXKHIAHUS OTBETA OT CIYKO MOIEPIKKH,
a orepaTopbl MOT'YT COCPEIOTOUUTHCS Ha 00JIee CII0KHBIX 3a/1a4ax.

3. Inybokas nepconanuzayusi.

B Hacrosimiee Bpems Lienab OOJIBIIMHCTBA KOMIIAHUM — YAOBJIETBOPEHHE MOTPEOHOCTEN U
ylIep)KaHUe KJIMEHTOB, KOMIIAHUU CTaparoTCs HANUTH WHIAUBHIYaJIbHBINH MOAXOJI K MOTPEOUTEIIO.
HckyccTBEHHBIN MHTEUIEKT aHAIU3UPYET, KAKOH KOHTEHT IOJIydaeT OOJIBIIMNA OTKIHUK y LIEJIeBOM
ayJAUTOPUH ¥ C YYETOM MX HHTEPECOB MPEAJIaraeT MepCoOHaIN3NPOBAHHYIO PEKJIaMy B peJIeBaHTHbIC
IPEUIOKEHUS.

[ToBbIIeHNE PETEBAHTHOCTH TMPEIIOKECHUN CTAHOBATCS TJIABHBIM TPHOPHUTETOM, MPHYEM
80 % Tex, KTO OTHOCHUT ce0sl K KaTeropuH MOCTOSTHHBIX MTOKYIaTeNei, FOBOPAT, UTO COBEPILAIOT I10-
KYIIKU TOJBKO Yy T€X OpEHI0B, KOTOPbIE MEPCOHATU3UPYIOT UX MOKYNKU. 47 % norpedureneit B2C
OTMEYAIOT, YTO OpeH bl MOIJIM OBl JIydllle OPUEHTUPOBATHCS HA UX MpeNnoyTeHus, a 56 % morpe-
ourenell 0XHIAIOT, YTO BCE MX B3aUMOJICHCTBUE ¢ OpeHIaMH WM MPOJaBIaMH OYyAET MepCOHAIH-
3upoBaHo [3].

4. ['enepayus konmenma.

Pa3BuTHe NCKYyCCTBEHHOI'O MHTEIIEKTA MO3BOJISET CO3/1aBaTh pa3iMyHbIl KOHTEHT. OH Mo-
KET CO3/1aBaTh PEATMCTUYHBIC MOPTPETHI JIIOJEH, OMHOCTPAHUYHBIC CAMTHI cTapTamoB. Tak ke ¢
nomoieio MM ecth BO3MOKHOCTh CO3/1aBaTh NMEPCOHAIM3UPOBAHHBIE BUICOPOIMKHU Ui KaKIOIro
CerMEHTa ayquTOpuu OTAeNbHO. M moka He MOXKET CONEepHUYATh C YEIOBEKOM IO COCTaBJICHHUIO
TEKCTOB, OJTHAKO, OH OTJIMYHO T'€HEepUPYeT UJEeH Ul KOHTEHTA.

5. HaruBHas pekiama.

HaruBHas pekiaMa BbITeCHsIeT OaHHEPHYIO pekiamy. bolbIIMHCTBO Mob30BaTeneil yXxoaaT
oT paguo u TB, rne HaTUBHOM pekname HET MecTa. B MHTEpHET-IPOCTPAHCTBE KOHTEHT MOXET
OBbITh MPOAHATU3UPOBAH C MOMOIIBIO MCKYCCTBEHHOT0 MHTeNIeKkTa. Omnpenenss colepKuMoe, ero
OMOIMOHAIBHBIA KOHTEKCT, YTOOBl WHAMBHIYAIbHO BCTPOUTH B HaWOOJEe MOAXOIIIINN K CUTya-
IIUM PEeKJIaMHbII KOHTEeHT. HaTuBHas pekiiama He CKpbIBaeT CBOEH KOMMEpUECKOH HarpaBlIeHHO-
CTH, HO TIPY 3TOM HECET TO0JIb3y MOTPEOUTEITI0, HE MEIIAeT U HE Pa3/IpakacT.

HckyccTBEHHBIN MHTEIIEKT aKTUBHO UCMOJIb3yeTcs B Oenopycckux mpoekrax. KpymnHsie 3a-
pyOexXHbIE KOMIIAaHUM CTaJld OCHOBBIBaTh Ha Tepputopuu bemopyccun cBom R&D oducer («Sn-
nexc», Teqniksoft, Profitero). benopycckue kommnanuu, 1eiabi0 KOTOPBIX SIBIsiETCs pa3paboTka U
BHeperne MU momynsipHbI Kak Ha 3apyOeKHBIX PBIHKAX, TaK M Ha OTEYECTBEHHBIX. Hampumep, Ta-
kue Mapkertmieiicsl kak Karanor Onliner.by, Deal.by, SIlnnexc.MapkeT, UCIIONB3YIOT TOBapHbIE pe-
KOMEHJIAIINK Ha caiiTe, moMorasi OpeHjaM MOBBICHTh CPETHUH YeK. Tak ke B aMepHKaHCKOM CTap-
tarie Flo, ocHoBaHHOM OenapycaMu HCHOJIB3YIOTCS 4aT-00ThI, Oyiaroiapsi KOTOPhIM MOJIb30BaTENb
MOYKET TIOJIYYHUTh WHIUBHIYaTbHYIO KOHCYJIBTAITUIO IT0 BOSHUKAIOIINM BOIIPOCAM U TOJTyYUTh aHa-
JUTUYECKHI MPorHo3. B MuHCKOM odrice koMmnaHuu «SIHaeke» pa3pabaThIBalOT pereHus as oec-
MUJIOTHBIX aBTOMOOMJIEH, paclio3HaBaHUs pe4H, TOMCKOBBIX TEXHOJOTHUH [4].

Benapych mmeer Bce BO3MOXKHOCTH JUIs JaJbHEUIIErO Pa3BUTUS M MPUMEHEHHUS HCKYC-
CTBEHHOTO MHTEJUIEKTa B MapKETHHTE CBOMX MPOEKTOB. bemopycckas UT-chepa MOXKET CIIyXHUTh
IIPUMEPOM, TIOMOIIH TOCY1apCTBa B Pa3BUTUU CTApTaIloB CBsi3aHHBIX ¢ MU, a Taxke BHEIPEHUH MX
B OTE€YECTBEHHBIX MIPOCKTAX.
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Taxkum 06pa3oM, UCKYCCTBEHHBIM MHTEIUIEKT YK€ Hayall MeHSTh cepy pekiaambl. HecMoTpst
Ha CYLIECTBYIOIIHME OIPAaHUYCHMSI, HICKYCCTBEHHBIN MHTEIICKT COBEPUIMII PEBOJIIOLIMIO U BHEC W3-
MEHEHHUsI BO Bce cdeprl xKu3HU. OH HCIONIB3YeTCs B ACCATKAX HANPABICHUNA MapKETUHTOBOU Jesi-
tenbHOCTU. UM M3Menmn Ham oOpa3 *KHU3HM, BIUASA Ha Halle NoTpedieHre HHGOpMauu U To, Kak
MBI [IPUHUMAEM PELICHUS O IOKYIKaX.

HcKycCTBEHHBI MHTEIUIEKT YHPOIIAET HPEANPUHUMATENAM M IHOTPEOUTENsIM HaXOIUTh
B3aMMOIIOHMMAHUE U HAIAXHUBATh KOHTAKT. biaronaps miaTtgopmMaM MHTEPaKTUBHOTO MapKeTHHTa
KOMaH/Ibl MOTYT JlaBaTh [E€PCOHAIU3UPOBAHHbIE PEKOMEHJAUU 0e3 NMPHUBJICUECHUS JONOIHUTEIb-
HBIX COTPYJHUKOB WJIA YBEIUYCHUS BPEMEHU OKUJAHUS [UIsl KIIMEHTOB.
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HUCIOJIb30BAHHUE NTPOI'PAMM PACUYETA XAPAKTEPUCTHUK PJIC ITPU
HNCIBITAHUU HOBBIX CUCTEM PA/INOJIOKAIIMOHHOI'O BOOPY/KEHUSA
Jlvicwiii A. H.
OAO «Kb Paoapy — ynpasnarowas komnanus xonounea « Cucmemol paouoiokayuuy

e-mail: a.lysyj@kbradar.by

Summary. One of the approaches to solving problems that arise when testing new models of radar
weapons is considered. The proposed approach is based on the use of computational programs in
the framework of combined test methods. Calculation programs make it possible to make a prelimi-
nary assessment of the relevant parameters and, on the basis of these a priori estimates, prepare a
measuring range and calibrate measuring and recording instruments.

BaxupiMM MOMeHTaMu oOleHHMBaHUS 3()()EKTHBHOCTH MPUMEHEHHs CIIOKHBIX CHUCTEM BO-
OpPY>KEHHS 110 HA3HAYEHUIO SIBIIIETCS BHIOOp Mokazarened 2pEeKTUBHOCTH ISl €€ KOJTMYEeCTBEHHO-
ro IpeicTaBieHus U pazpaboTka Mozaenu 3¢ dextuBHOCTH. OLEHMBaHWE 3HAYEHUH MOKazaTeneil
MOKET OBITh BBIMIOJHEHO Pa3HBIMU METOAAMHM, KaK IKCIEPUMEHTAIbHBIMU, TaK TEOPETHUECKUMH.
Cpenu Bcex BO3MOXKHBIX METOJIOB 0CO0O BBIJIENIAIOT METOJ HAaTYPHBIX MCHBITAHUHN, 0OecreunBao-
LU MOoTy4YeHue pe3yJbTaTOB B PealbHBIX YCIOBUAX IKCIUTyaTallUM UCCIENYEMBIX CHUCTEM U IpH-
MEHEHUS UX N0 Ha3HaueHuto. OJIHaKO HATypHBIE UCIIBITAHUS CBSI3aHbI CO 3HAUYUTEIbHBIMU 3aTpaTa-
MU MaTepuaibHBIX PECYpPCOB U BPEMEHHU U HE MOTYT OBITh IPOBEJEHBI BO BCEM KOMIUIEKCE YCIOBHM
IIPUMEHEHHUS CJIOKHBIX CHCTEM BOOPYKEHUS U3-3a CYIIECTBYIOUINX orpaHnueHuii. Kak nmpasuio, Hu
METO/Ibl aHAIMTUYECKUX UCCIIe0BaHUMN, HU METOJI HaTypHBIX UCIBITAHUN, HU METOJIbI CTaTUCTUYE-
CKOT'O MOJICIMPOBAHUS B OTJIEIBHOCTU HE MO3BOJISIOT NMPOBECTH BCECTOPOHHUE UCCIIEAOBAHUS 3 (-
(eKTUBHOCTH (PYHKIIMOHUPOBAHUS CIOXKHBIX CHCTEM BOOPYXKEHHS. DTO 3aCTaBisieT oOpaiiarbest K
KOMOMHUPOBAaHHBIM METOJIaM OLIEHUBAHUs MOKazaTesel 3(pPeKTUBHOCTH, COBMECTHO HCHOJIb3YIO-
IIMM aHAJTUTHYECKUE METOJIbl, METOJI CTATUCTUYECKUX HMCITIBITAHUM MOJeNell U HaTypHbIE HUCIIbITa-
HUS PEATIbHBIX CHCTEM.
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['maBHas 1e1b, KOTOpasi JOCTUTAETCS C TIOMOIIbI0 KOMOMHUPOBAHHBIX METOOB, 3aKII0YACT-
Csl B MCMOJIb30BAaHUU 10 BO3MOKHOCTH BCcell MHPOPMAIIMK O BEPOSTHOCTHBIX XapaKTEPUCTUKAX CH-
CTEMBI, IIOJyYEHHOW MpHU pa3IMyYHbIX BHJAX MCCIEAOBAHUN M Ha pa3HbIX dTamax MX IPOBEIEHUS,
11 0oJiee TOYHOTO OLIEHUBAHUS MOoKazarenei 3pPeKTUBHOCTH WM JIJIs IOJTYy4YEHUS UX 3HAUYCHUH
TpeOyeMoii TOYHOCTHIO, HO TIPU BO3MOXKHO MEHBIIIEM YHUCIIC SKCIIEPUMEHTOB C CUCTEMOH U ee Mo-
JeIIbIO.

B nactosimee Bpems B PecriyOnuke benapych npuHIMaloTCsi Ha BOOPYKEHHE KaK HOBBIE 00-
pasipl, Tak U «riayboko» moaepHusupoBanubie PJIC. IIpu 3ToM B CBSI3U ¢ OTCYTCTBHUEM HUCIIBITA-
TEJIbHBIX IOJUIOHOB OCTPO BCTAe€T MpoOJeMa IPOBEACHHUS HATYpPHBIX SKCIIEPUMEHTOB. B Takux
YCIIOBUSX 1€JIeCO00Pa3HO HCIOIb30BaTh MPU MPOBEICHNUN UCIIBITAHUN KOMOMHUPOBAHHBIE METObI
OLIEHUBAHMS MOKa3aTesei 3((PEeKTUBHOCTH.

IIpu npoBenenun ucneiTanuii HoBo PJIC ycnemHo uCnonb30BaIMCh MPOTPaMMBbl pacdeTa
[1apaMETPOB AHTEHHBIX CUCTEM, IIO3BOJIMBLINE MOJIYYUTh allpUOPHBIE IaHHBIE YK€ Ha 3Talle IUIaHu-
pOBaHMsI HATYPHBIX MCCIEAOBAaHUN HA W3MEPUTEIHLHOM MOJUroHe. B wyacTHOCTH, MpoBOIMIACH
OLIEHKa [1apaMeTpoB JarpamMmmbl HaIpPaBJIEHHOCTU IIPUEMHOMN AQHTEHHBI
S-kaHana. AHTEHHa MPEACTaBIsAET COOON aHTEHHYIO PEIIETKY U3 HECKOJIBKUX BEPTHKAIBHO PacIo-
JIOKEHHBIX H3JIydaTesiell u (OpPMHUPYIOUIYI0 B YIJIOMECTHOH IJIOCKOCTH 16 MapUualbHBIX JTyYew.
[IpenBapuTenbHbI pacyeT AUarpaMMbl HAIIPABICHHOCTH MIPOU3BOIMIICS B Cpelie MaTEMaTHUYECKOTO
MozenupoBanus. Pe3ynbTaTel pacueToB Ha yriax mecra ot 0° 1016° npencrapiensl Ha puc. 1. He-
KOTOpasi HEPaBHOMEPHOCTh MAaPIUAIBHBIX Jy4eil BbI3BaHA KOHCTPYKTUBHBIMH OCOOEHHOCTSIMH aH-
TEHHOU penieTku. B nanpHeliniem ObulM POBEIEHBI HATYPHBIE U3MEPEHUS IUarpaMMbl HallpaBJIeH-
HOCTH Ha yriax MecTa oT 0° 10 12° ¢ ucnonb30BaHUEM U3MEPUTENBHOTO MOJUTOHA, PA3BEPHYTOTO B
rpaHuIaX JOCTYITHOI'O y4acTKa MECTHOCTH. JlaHHbIe n3MepeHuil peacTaBieHbl Ha puc. 1.
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Pucynok 1 — Jlmarpamma HanpaBJIeHHOCTH IPUEMHON aHTEHHBI S-KaHaja :
a — pacueTHasl JuarpaMma HarpaBJI€HHOCTH; 0 — U3MEepeHHast JuarpaMMa HarpaBJIeHHOCTH

[TosryueHHBIE pe3yabTaThl MO3BOJISAIOT YTBEPKAATh, YTO PACUETHBIE JaHHBIE XOPOIIO COIJIa-
CYIOTCS C AKCIIEPUMEHTAJIbHBIMU, YTO CBHUJIETEILCTBYET 00 a/JIeKBaTHOCTU MCIOJIb30BAaBUIMXCSA Ma-
TeMaTH4eckux mojeneu. Ilpu 3ToM pasnnuus B pacueTHOW M M3MEPEHHOM IuarpaMmax Halpas-
JIEHHOCTU O00YCIIOBJIEHBI BIMSHUEM KOHKPETHOI'O y4acTKa MECTHOCTH MOJUTOHA (PacoI0KEHHBIMU
Ha HEM MECTHBIMHM IpPEIMETaMH, COOPYKEHHSIMU, PACTUTEIBHOCTBIO U T. M.). DTH BIUAHUSA 00Y-
CIIABJIMBAIOT OMPE/ICICHHbIC UCKAKCHUS JHarpaMMbl HaripaBieHHOCTH. (puc. 1, 6). OueHuTh ncKa-
KEHMSI MO’KHO Ha 3Talle MpEeABapUTEIbHBIX N3MEPEHHUI C MCIIOIb30BAaHUEM 3TAJOHHBIX aHTEHH C
M3BECTHBIMU MapaMeTpaMHu.
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MMPOBJIEMbBI CTAHKOCTPOEHMUS B BEJIAPYCHU U POCCUH
Maxcumenxo A. A., Menvnux FO. A., I'opouenxo A. B.
benopyccrkuit HayuonanbHwlil MexXHUYeCKUll YyHueepcumem
e-mail: mstools@bntu.by

Summary. The present condition of the machine tool industry in the Republic of Belarus and Rus-
sian Federation and measures to address the problems were considered.

Crankoctpoenue — (GyH/IaMEHT MAIIMHOCTPOCHHUS, U MPOU3BOJICTBO CTAHKOB IO3BOJISIET HE
TOJILKO OBITH B aBaHTapJle MHPOBOT'O IPOTpPecca, HO U 110 CBOEMY YCMOTPEHHIO JIOITYCKaTh rocyiap-
CTBa B BBICOKOTEXHOJIOTUYHBIA MUp. JIuiep B CTAaHKOCTPOCHUH TapaHTUPOBAHHO HAXOJIUTCS B Mep-
BOM JIMBU3MOHE MUPOBBIX ITPOMBIIIJIEHHBIX JI€P>KaB, TOTAA KaK YACTBIM UMIIOPTEP CTAHKOB HUKOI' /1A
He MPOOBETCs B KIIYO MPOMBIIUICHHBIX CTPaH, HE OCBOMB NMPOU3BOJCTBA CTAaHKOB. Cpeiu pa3BUTHIX
CTpaH MHUpPa HET YUCTBIX 3KCIOPTEPOB WJIM UMIOPTEPOB CTAHKOB: YAaCTh NPOAYKLHH BCerjaa Io-
TpeOsieTcsl CTPaHON-U3rOTOBUTENEM, ITO3TOMY MOHSThH, KTO BXOJIUT B YHCIIO KPYMHEHIINX SKCIOP-
TEPOB WJIM UMIIOPTEPOB, MOKHO JIUIIb IO COOTHOLIEHUIO MEXAY IIPOU3BOJICTBOM U MOTPEOICHUEM
CTaHKOB BHYTPU CTPAHBI.

ITo nannbv 3a 2015 rog Kuraii umnoptupoBait nopsiika Tpetu craHouHoro napka, CIIA —
cBeie 60 %, I'epmanust u Anonus — 43 u 19 % coorBercTBenHo. benapycs BBo3uia 90 % ot co6-
CTBEHHOT'O TPOM3BOJCTBA CTAaHKOB B CTOMMOCTHOM BbIpakenuu, Poccus — 81 %, Kazaxcran —
100 %. Bknan crankoctpoenusi B BBII P® B 2016 roay cocrasusin 0,02 %, torna kak B Kurae —
0,2 %, B AAnonuu — 0,33 %, B ['epmanuu — 0,37 %.

[lo naHHBIM CEMUJIETHEHN TaBHOCTU NEPBOE MECTO IO MOCTaBKaM CTAaHKOB B cTpaHbl EADC
3anuman Kurait ¢ moneit mopsanka 25 %, 3atem ['epmanus ¢ 20 %, nanee num WUrtamus, CILIA u
TaiiBanb. Poccus Obu1a BOCBMBIM B MUPE UMIIOPTEPOM CTAHKOB C 0O0BEMOM 3aKyIOK 10 JBYX MHII-
muapaoB noyapoB CIIA B rog. CyMMbl, 3aTpaueHHbIE Ha UMIIOPT CTAHKOB U KOMIUIEKTYIOIINX K
HUM, UCUYHUCIISAIOTCA IECATKAMH MIULTHAPI0B A0Ju1apoB. OIEHUTh TOYHO 00bEMBbl UMIIOPTa CTAHKOB
Poccueit u benapyceio ¢ 1991 rona He npeacTaBisieTcsi BOSMOXKHBIM U3-3a «O€JbIX MATEH» B CTaTH-
CTHKE U 0COOEHHOCTEH CTAaTUCTUUYECKOTO yUeTa.

[TonoBuna crankoB B Poccun ycrapena kak MmopaibHO, Tak U ¢usndecku. B 2018 rony Poc-
CHsl DKCIIOPTHPOBAJIa CTAHKOB Ha 97 MUJUIMOHOB JIOJUIAPOB, TOorAa Kak ['epmanus Ha 2 MuuMapaa
nosmapoB. Oxoio 40 % crpoca Ha cTaHky B Poccun co3gaeT rpakJaHCKOe aBHaCTPOSHUE, TTOpsIKa
30 % — aBTromobOUIECTpOEHUE, NopsaKa 6 % — CTaHKOCTPOEHHE, TsKenoe MalMHocTpoenue. Poc-
CHSl SIBJISIETCS MPAKTUYECKU YHCTHIM UMIIOPTEPOM CTAaHKOB, KOTOPBIE MPOU3BOJIAT MUPOBBIE JIUJEPHI
crankocTpoenusi, Xotsi CCCP aktuBHO 3kcnioptupoBan cranku, a PCOCP u BCCP 0Obutu coro3HbI-
MU [IEHTPaMHU CTAaHKOCTPOEHHUSI.

Pacnag CCCP ¢ nocnenyronumMu CMEHON SKOHOMUYECKOW MOZENIN U Pa3pbIBOM KOOIIEpall-
OHHBIX CBSI3€H, a TaKXe JeHHAyCTpuanu3aleil npuBenu K karactpode B crankocTpoeHuu Poccun
u benapycu. B pe3ynbTare coznanack cuTyarus, Korjaa riiaBHbIMUA MpoOieMaMH SIBIISIOTCS XPOHU-
YecKUll 1epUINUT JEHEKHBIX CPEJCTB U Y30CTh BHYTPEHHETO PhIHKA MPOMBIIUIEHHBIX TOBAPOB JaXKe
B pamkax EA3C, He roBops yxe o Coro3HoM rocyaapcrse Poccun u benapycu: cnaboe mammHo-
CTPOEHHE HE MO3BOJISIET KAUECTBEHHO YBEIMUUTH 00BEMBI IPOU3BO/ICTBA CTAHKOB; B CBOIO OYEPEib,
HE/I0CTaTOYHbIE 0ObEMBI BBIITYCKA CTAHKOB BBIHYX/IAJIH 3aKyNaTh UX 3a PyOEKOM.

Nurterpanms mexay Poccueld u benapycbio B CTAHKOCTPOEHHWH OCHOBAaHAa Ha CIEAYIOIIUX
¢akTopax:

— Cornnamiennn Mexy npasutenbetBamu PO u Pb 0 mpon3BoICTBEHHON M HAYYHO-TEXHUYECKON
KOOIIepaliy MPeANpHATHI 000POHHBIX OTpaciei nmpombiiuieHHOCTH oT 20 Mast 1994 rona;

— Cornamennu Mexay Accounanueid «CtankonHctpymeH™ 1 OAO «M30P» ot 2012 rona
O COTPYAHMYECTBE MIPEANPHUITHH CTAaHKOCTPOUTEIBHOM M MHCTPYMEHTAJIbHON IPOMBIIIIEHHOCTH
P® u Pb B pamkax Coroznoro rocynapctsa. OmHako nHGOpMAINHN O pe3yabTaTax 3TOTO COTPYAHHU-
4YeCTBA B OTKPBITBIX UCTOYHUKAX HET;
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— JIBYCTOPOHHHUX COIVIALIEHUSAX O COTPYAHMUYECTBE MEXAY Pa3IUYHBIMHU IPEINPHUITHIMU
CTaHKOCTpOUTENbHBIX oTpacieit PO u Pb [1].

Kpowme toro, B pamkax EADC 6b11 co3nan EBpa3uiickuii HHKUHUPUHIOBBIN LEHTP 10 CTaH-
KOCTpOeHHI0, paboTa koToporo Hadanach B 2017 romy Ha momaake MI'TY «CTAHKUWH» [2].
OnHako cBeJeHHI O ero paboTe TOXKE HE yJAIOCh HAUTH.

Ha ¢one s3xoHOMHYECKUX CaHKIIMHA, KOTOpbIe ObLIH ycriieHbl B 2022 roxy, bemapycs u Poc-
CHSl aKTUBU3UPOBAJIM MHTETPALIMOHHBIE IPOLECCHl, B TOM YUCJIE CBSI3aHHBIE C IEPEOpUEHTALUEN
cObITa MPOIYKIUU MaIIMHOCTpOeHUs. [IJig GeOpyCCKUX CTaHKOCTPOUTENbHBIX MPEANPUSTHI poc-
CUHCKMI PBIHOK SIBJISIETCS IPUOPUTETHBIM. Poccus Takke 3aMHTEpecoBaHa B COTpyAHUYeCTBE ¢ be-
JIApYChIO M pa3BUTUH UMIIOPTO3aMELICHUS, B YACTHOCTH, B CTAHKOCTPOECHHH.

I[To cnoBam npembep-munucTpa Pecydnuku benapycs Pomana ['onoBuenko, kimtoueBas 3a-
Jlada cTaHKocTpoeHus bemapycu cocTout B OBICTPOM OCBOEHUU MPOM3BOACTBA CTAaHKOB M 00palba-
THIBAIOIIUX IIEHTPOB HOBOTO THMa. [10 ciioBaM IiaBbl MIPABUTENBCTBA, 0€3 KOOMEPALUU C POCCUH-
CKOIl CTOpOHOW JOCTUTHYTHh MOJOOHBIX Lenei OyneT odeHb cioxHOo. [loaToMy paccmarpuBaercs
BOMpocC 0 (hopMUpOBaHUU B OJIKaiIIee BpeMs MEKIOCYJapCTBEHHOTO CTAHKOCTPOHUTEIBHOTO Kila-
cTepa ¢ MepaMu TOCyIapCTBEHHON mojaepkku. bemopycckas cropoHa 3akirouniia 00JbIIoe KOJIH-
YECTBO KOHTPAKTOB M OTpabdoTaia 1iaHbl moctaBok ¢ Tarapctanom u bamkoprocranom. bamikop-
TOCTaH UMEET KOMIIETEHIIMU B CEpTU(DUKALIUYA CTAHOUHOTO 00OPYIOBaHMS, TaM CO3/1aH €UHCTBEH-
Heid B Poccun nientp ceprudukanuu crankoB. B Tarapcrane ects npeAnpusTHs, KOTOPHIE SBIISIOT-
cs1 60IBIIMMU TOTPEOUTESIMU CTaHKOB. benopycckue 6aHKu BCKOpe MPUCOSAUHATCSA K POCCUICKON
CUCTEME I0C3aKa3a, a MPOMBIIUICHHbIE KOMIIAaHUM benapycu yxe MOIKIIOYWINCH K POCCHUCKOU
udposoii mwiatpopme MCILPD [3].

Ectp Hagmexna, 4To HEOOXOAMMOCTH JEUCTBOBATh B YCJIOBHSIX TUIOXOW T€OTOIUTHYECKON
CUTyaluu mpuBeaeT K d3QPEKTUBHBIM pEIICHUAM U pe3yibTaTaM B cTaHKocTpoenuu Poccun u be-
napycu. [Ipu sTom HeoOxoaumo mpuBieds K pemenuto npodiem PAH u HAH PB, co3nats momi-
HBIM LIEHTp MPUKIAAHON Hayku (B3aMmeH yxe HecymiecTByromero DHNMMCa) u BipamnBath KOM-
MaHUU — HAITMOHAJIbHBIC YEMITHOHBI B CTAHKOCTPOEHUU [4].
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Summary. The development and implementation of an express method of engine oil analysis will
greatly simplify the lives of motorists, since with the help of an express test it is possible to deter-
mine not only the quality of engine oil at the present time, but also to assume the approximate time
that engine oil can still last. In order to determine the approximate operating time of the engine oil,
it is necessary to make some calculations, the results of which will allow you to accurately judge
the quality or use the application being developed.

JKu3Hb COBpEMEHHOTO YeJIOBeKa HEBO3MOXKHO IPEICTaBUTH 0e3 aBToMoOmIsA. Yncio aBTo-
MOOWIeH Ha nymry HaceneHus pacteT exeronHo. [lo manuem Ha 2020 roma B bemapycu na 1 000
yenoBek npuxoautcs 343 apromobuiis, a B Kurae 219 aBromoOus.

JmUTeabHOCTh SKCILTyaTallMOHHOTO CPOKA aBTOMOOWMIIS 3aBUCUT OT OJIUTEIILHOCTH aBTOBIIA-
JIeNblia, PETYISIPHOCTH MPOBEPKU Maciia B JBUIaTeIe U CBOEBPEMEHHON 3aMeHe Macia. Bo Bpems
SKCIUTyaTalliy aBTOMOOWIIS B KaMepe CrOpaHus MPOUCXOSAT OKUCIUTEIbHbIE XUMHUYECKHE MPoIiec-
Chl, B p€3yJIbTaTe€ KOTOPHIX TOILIMBO B3aUMO/IECHUCTBYS C KUCIOPOAOM BO3yXa MOXET 00pa30BbIBaTh
arpeccUBHbBIC 10 OTHOIICHUIO K BHYTPEHHUM y3iaM coefquHenus. [Ipucanku, cogepxaiiuecs B co-
CTaBe MOTOPHOT'O Macja, OCHOBHAs 3a7iada KOTOPBIX obecrieueHne OecnepeboitHoi paboThl 1BUTA-
Tens BHyTpeHHero cropanus ([BC), HaunHaloT pa3narathCs U MEpecTaroT HeWTpaau3oBaTh o0Opa-
3YIOIIMECS] KUCIOTHI M JAUCHEPTHPOBATH CIIHITAIONINECS IUIAMOBBIE COCITUHEHHS, YTO MPUBOJHUT K
Pa3BUTHIO KOPPO3UU U MHTEHCUBHOMY U3HOCY Y3JIOB TPEHHUSI.

[TocnencTBreM HECBOEBPEMEHHOM 3aMEHBI CMAa304YHOW CYOCTaHIIMM MOTYT OBITH CIIEIYIO-
MU

— IIEperpeB MOTOpa aBTOTPAHCIIOPTHOI'O CPEJICTBA;

— MOBPEXkAEHUE 2JIEMEHTOB TypOOKOMITpeCcCopa;

— MPOBOPOT IATYHHBIX BKJIAIBIIICH;

— MPEXEBPEMEHHBIN U3HOC BaXKHBIX CUCTEMHBIX JIeTalleil TBUTaTes.

Kaxxnoe u3 noBpexaeHuil JBUraTessi BHyTPEHHET0 cropaHusi TpedyeT OCHOBATEIbHOIO pe-
MOHTa. UTOOBI 3TOr0 4acTo He MPOUCXOANUIIO0, PEKOMEHIYETCS CBOEBPEMEHHO 3aMEHATh MOTOPHOE
Mmacyo B cucreme [IBC. OnbiTHBIE aBTOMOOMIIMCTHI MPOU3BOJIAT 3aMEHY MOTOPHOTO Macjia OpHEeH-
TUPYSCh HEe Ha MpoOer JABUraress MO CIUAOMETPY, a 10 MoTOoYacaM pabOThl JBUTATENs, TaK Kak
SKCIUTyaTalysi aBTOMOOWIIS 110 TOpojly (Y4acToe CTOSTHUE B MPOOKax) CYIIECTBEHHO BJIMSET Ha CO-
CTOSTHHE Maclia B JIBUTATEJIE.

TpaauIMOHHBIMU METOAAMU OLIEHKU KayecTBa CBEXKEro U OTPabOTaHHOTO MOTOPHOTO Macia
SIBJISIIOTCS ONpPE/IETICHNE MEJIOYHOTO ¥ KMCIOTHOTO YMCIIa METO/IaMH MOTEHLIMOMETPUYECKOTO TUT-
pOBaHMSI TIPU MTOMOIIH AJIEKTPO/Ia, 3aIIOJIHEHHOTO AJIEKTPOJIMTOM, TAK)KE paclpoCTpaHEHHBIM METO-
JIOM, HCIOJb3YEMbIM B CHEIMAIM3HPOBAHHBIX JIAOOPATOPHX, SBISETCS ONpeAeieHHEe KauecTBa
Maciia Ha OCHOBE TOJY4EeHHBIX IBIHHBIX K-CTIeKTpOB, KOTOpHIE ONMHMCHIBAIOT KAYeCTBEHHBIH COCTaB.
OnHako JUis NPOBENEHUS JaHHBIX aHAJIM30B HEOOXOAMMO CHelHalbHOE J0porocrosiee adbopa-
TOpHOE 000PYAOBaHHE M PEAKTHBBI, OOYUEHHBIN MEPCOHAN, YTO OTPaHHMYMBAET BO3MOXHOCTH HC-
MOJIb30BaHUS JIAaHHBIX METOJIOB JMArHOCTHKH JUIi MHIUBHIYaIbHOTO MOTpeOuTeNns (aBTOMOOUIIH-
CTOB) M TPAHCTIOPTHBIX KOMITAaHHH.

Jlis caMOCTOSTENTbHON TMarHOCTUKU COCTOSTHUSI MOTOPHOTO Maclla B CUCTEME CMa3KH JIBU-
raTeyisi MOXXHO HMCIIOJB30BaTh IKCIPECC-TECT M0 OyMakHOM XpoMarorpaduu mo KameibHOW mpooe,
KOTOPBIN MO3BOJISIET CAENaTh BBIBOJ O KAueCTBE Maciia U MPUHATH PelIeHne 0 HeOOXOIMMOCTH U
CpoKkax ero 3ameHbl. JIaHHBII coco0 SBJISIETCS TOCTATOYHO MPOCTHIM, HO 3(()EKTUBHBIM, U OIO-
CpeI0BaHO MO3BOJISIET MPOJUIUTH CPOK CITY>KOBI IBUTATEINS U €r0 COCTaBHBIX yacTei. Kpome moTop-
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HOTO aHAJOTMYHO MOKHO KOHTPOJIMPOBATH Ka4eCTBO TYPOWHHBIX, KOMIIPECCOPHBIX, TPAHCMHUCCH-
OHHBIX ¥ THUAPABIMYECKHX Macell M MOJAOOHBIX WM. J[JIsl poBeneHHs TaHHOTO TecTa HeoOXoauMa
npoba Macia u mopuctas 6enas 6ymara win GunbTp. JlaHHBI Kcnpecc-TecT 3PPEKTUBHO MOXKET
MPUMEHSTHCS B TPOIIECCE MEPUOANYCCKUX TEXHHMYSCKHX OCMOTPOB TPAHCIIOPTA, a TAKXKE IMPEIy-
npeauTb BO3MOKHOCTH MNPUMCHCHHSA HU3KOKAUCCTBCHHBLIX Macell. Ilocie BBICYIIIMBAHUW HpO6BI
HEO0XOMMO TIPOBECTH BU3YAIIbHBIA M YUCIUTEILHBIA TECT 10 pa3MepaM U IBETY 00pa30BaBIIIeTO-
CiA IIsATHA.

Hamu pa3paboraH mporpaMMHBIA MPOAYKT B BUAEC MOOWJIBHOTO MPUIIOKEHUS ISl AUArHO-
CTHKHU COCTOSIHHSI MOTOPHOTO Maclia B CUCTEME CMa3KH JIBUTATeNIsi BHYTPEHHETO CropaHusi Ha 0a3e
METOAMKHA OyMakHOW Xpomartorpaduu 1mo kameiabHoi mpode. CyTh npejyraraeMoro Impoiiecca 3a-
KJIIFO4YacTCA B AUAIrHOCTUKC MOIOLIC-AUCIICPTHUPYIOIUX CBOMCTB MacJja C IIOMOIIIBIO q)HHBTpOBaJIB-
HOHM Oymaru, 1u0o mopucToit 6emoit Oymaru. /[ mpoBeneHHs] TaHHOTO TeCcTa HEOOXOAMMO IOCIIe
MporpeBa JBUraTeNsi aBTOMOOWIS 10 padoueit Temneparypbl 90°C moctath IIyn U pa3orperoe mac-
JI0 HaHeCTH Ha Oymary ((uIbTp), pa3MEIICHHYIO TOPU30HTAILHO Ha HEBIIMTHIBAIOIIEM MaTepuale.
[Tocne HaneceHus: obpasia Ha GUIBTP HEOOXOUMO BBICYIIUTE MPOOY MPU KOMHATHOW TeMIepaTy-
pe B TeueHue cytok wid npu temmeparype 100 °C e menee yaca [1-2]. Pe3ynbTaT moJaroToBKu
poOBI UTst TUArHOCTUKHU COCTOsTHHSI MOTOpHOTO Macia B JIBC npoBezen Ha puc. 1.

Pucynok 1 — [ToaroroBka mpoOb! [uTst JTUATHOCTUKH COCTOSTHHSI MOTOpHOTO Macia B JIBC:
a — CBeXKee MOTOPHOE MAaCJyIO JIJISl AU3EIBHOTO ABUTATEIIST; O — MOTOPHOE MACIIO JIUISL TU3EIIbHBIX
neurareneit mpomeamee 2 000 KM; B — cBe)Kee MOTOPHOE MAcIIo JUIsl OGH3MHOBBIX JABUTATEICH; T —
MOTOPHOE MacJIo Juisi 06H3WHOBBIX JBHraTesci npomeamee 15 000 km

Jlanee ckauaB U OTKpPBIB IPOTPaMMHBIN MPOJYKT B BHJI€ MOOMIIBHOTO MPHIIOKEHHSI HABECTH
KaMmepy MoOuiIbHOro TenedoHa Ha oOpas3oBaBiieecs MATHO. [IpoBeasi ckaHWpoBaHUE MSATHA MPUIIO-
’KEHUE BBIMOJHACT aBTOMAaTHUECKUI pacyeT Mo OTAeNbHbIM 30HaM Auddy3un kosppuimenta mo-
IOLLe-TUCIIEPTUPYIOLIUX CBOMCTB M KO3 PUIMEHTa MEXaHUUYECKUX NPUMECEH, a TaKkKe BU3YyaJIbHYIO
JMAarHOCTHKY COCTOSIHUSI MPOOBI MOTOPHOI'O Macja, BKJIIOYAIOLIYI0 B ce0s MO3TAlHYI0 OIEHKY
BHEIITHETO BHJIa M pa3Mepa YeThIPEX XapaKTEepPHBIX 30H, CPAaBHEHHE I[BETa KaIlIk ¢ IadioHaMu. B
KOHEYHOM MTOTe MOOMJIBHOTO MPUIIOKEHHUS BBIAACT XapaKTEPUCTUKY TEKYIIETO COCTOSHUS MOTOP-
HOT'O MacJia U peKOMEHAAlU1 O HE0OXOIMMOCTH €ro 3aMeHbl. [[i1s1 6ojee TOUHOro aHaInu3a CoCTOos-
HUS MOTOPHOT'O Macjia He0OOXOAMMO BBOJIUTh JaHHBIE O THIIE IBUTATENs, MAPKH MOTOPHOI'O Maca,
€ro OCHOBE W JIpyTHe TapamMeTpsl. B 1meaoM, UCTonp30BaHne B MOBCETHEBHON KU3HU aBTOMOOMITH-
CTOB MPOTrPaMMHOI0 MPOAYKT B BHJI€ MOOMJIBHOTO MPHUJIOKEHUS Il TUATHOCTUKH COCTOSIHUS MO-
topHoro macina B JIBC mipu paznuuHoil cTeneHu npodera aBTOMOOUIISE TTO3BOJIUT 3aIlIUTHTH JIBUTa-
TeJIb BHYTPEHHET 0 CropaHusi aBTOMOOUJISL OT U3JTUILIHETO U3HOCA U MPEXIEBPEMEHHBIX MOJIOMOK.
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Summary. The disadvantages of traditional methods of microarc oxidation are the long processing
time (up to 120 min) for the formation of oxide layers of the required thickness with the required
properties and, accordingly, high energy costs. Such a long duration of the traditional MAO pro-
cess is due to the fact that the thickness of the formed oxide layer is determined by the number of
technological pulses acting. Thus, the operating frequency of the traditional MDO process is 50 Hz,
and technological current pulses follow with a period of 10 ms. The solution to the problems asso-
ciated with increasing the productivity of the process and a significant reduction in processing time
with the same thickness of the oxide layer is the use of fully controlled amplitude and duration of
low-frequency multipolar pulses of 0.05-1 kHz with the simultaneous superposition of technologi-
cal high-frequency pulses (up to 10 kHz) into the anode half-cycle ). The use of high-frequency
modes of microarc oxidation makes it possible to significantly increase the number of technological
current pulses per unit time and significantly reduce the processing time.

Mukpoayrosoe okcunupoBanue (MJIO) OTHOCUTCS K HKOJIOTMUECKH OE30IacHBIM Mpolec-
caMm, TaKk Kak [03BOJISIET IPOBOJAUTH 0OpaOOTKY B AIEKTPOJIUTAX C HU3KOM KOHIIEHTpalel Hearpec-
CHBHBIX KOMIIOHEHTOB, a TaK)K€ OTCYTCTBYET HEOOXOAMMOCTb TLIATEIbHOM MpeaBapUTENbHON MOA-
TOTOBKU NOBEPXHOCTH 1nepes o0paboTkoil. JlaHHbIN BUI 00pabOTKM OTHOCHUTCS K 3JIEKTPOXUMUYE-
CKUM IIpoLlecCaM M OTJIMYAETCs OT TPAJAMLMOHHOTO aHOJHOIO OKCHJMPOBaHMs 0Opa3oBaHUE JIO-
KaJIbHBIX 3JIEKTPUUECKUX HCKPOBBIX U MHUKPOJIYTOBBIX MHUKpPOILJIa3MEHHBIX pa3psiioB Ha oOpaldaThl-
BaeMOi TOBEPXHOCTH, B pE3yJIbTaTe YEero CYLIECTBEHHO YBEJINYMBAETCS CKOPOCTh (POPMHPOBAHUS
TOHKOTO CJIOSl KEpaMUKOMOJ0OOHOTO OPUCTOTO MOKPBITHS C PA3IMYHBIM JIEMEHTHBIM U MOJIU(a3o-
BbIM cocTtaBoM [1]. Kpome Toro, nporecc Benercst npu 6osiee BHICOKUX HanpsbkeHusx — 10 1000 B,
IIpUYEM Yallle UCIIOJIb3YEeTCsl HE MOCTOSIHHBIM, a IEPEMEHHbIN U UMITYJIbCHBIA TOKU. B ocobeHHOCTH
OTMEYaeTCsl, YTO OUMOJSPHBIA UMITYJIbCHBIA PEXXUM OTIMYAETCS MATKOCTBIO, PETYIUPYEMbIM COOT-
HOILIEHUEM aMIUIUTYIHO-4aCTOTHBIX 3HAUEHUI KaTOJHOIO U aHOJHOTO TOKOB, YTO MO3BOJISET MOJTY-
YaTh NOKPBITUS C OOJIBILIEH TOMIIMHON, XOpOoIIei CTPYKTYpOil M HU3KOH MOPUCTOCTHIO [2].

MeTo1T MUKpPOIYTOBOTO OKCHAMPOBAHMSI IIMPOKO MCHOJIB3YETCs JJIsi HAHECEHUS MOKPBITUI
Ha MHOTHME BEHTHJIBHBIE METAJIJIBI U UX CIUIABBI, B TOM YHCJIE HA aJIOMUHHUEBBIE U TUTAHOBBIE, IIU-
POKO mpuMeHsieMble B MallnHOCTpoeHuH. Henocratkamu TpaaunnoHHbix MetogoB M/J1O sBistoTes
OoubIIast TPOAOIKUTEIBHOCTh 00paboTku (10 120 MuH) /U1 GOPMHUPOBAHUS OKCUIHBIX CJIOEB He-
00XOUMON TONIIMHBI C TPeOyeMbIMH CBOMCTBAMM M, COOTBETCTBEHHO, BBHICOKHE DHEPIeTUUYECKUE
3arpathl. Takas GosblIast JUIMTEIBHOCTD Mpolecca TpaguimonHoi MJIO BeI3BaHa TeéM, YTO TOJIIIH-
Ha (OPMUPYEMOTO OKCHIHOTO CJIO0S OMPENENIIeTCs KOJIMYECTBOM BO3ACHCTBYIOUINX TEXHOJIOTHYE-
CKUX UMIyJbCcOB. Tak, pabouas yactora TpaauunonHoro npouecca MJIO cocraister 50 ', a Tex-
HOJIOTMYECKHE UMITYJIbChI TOKA CIEAYIOT ¢ nepuojoM 10 mc.

PemenrieM npo6ieM, CBA3aHHBIX C MOBBIIIEHMEM NPOU3BOJUTEIBHOCTH Tpoliecca U 3HAYH-
TEJNbHBIM CHUKEHHEM BPEMEHU OOpabOTKM NpU OJMHAKOBOM TOIIIMHE OKCHUIHOIO CIIOS SBIISETCS
IIPEUIOKEHHBI HAMU METOJ, OCHOBAaHHBIN Ha MCIOJIb30BAHUU MOJHOCTBIO YIPABISEMBIX 110 aMILIU-
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TyJle U JUINTEIBHOCTU Pa3HOIOJSAPHBIX UMITyIbcOB HanpspkeHus 100-500 B Huskoit wactoter 0,05-1
K['11 ¢ OTHOBPEMEHHBIM HAJIOKEHUEM B aHOJIHBIH MOJIyIIEPUOL TEXHOIOTHYECKUX UMITYJILCOB aMILIH-
tynoit 600—-1000 B Boicokoit wactoTsl (10 10 kI'r). Mcnonb30BaHrne BBICOKOYACTOTHBIX PEKUMOB
MJ10 1no3BoJIsieT CYHIECTBEHHO YBEIMUUTh KOJINYECTBO TEXHOIOTMUYECKUX UMITYJILCOB TOKA B €IMHU-
Iy BPEMEHHU M CYIIECTBEHHO YMEHBIIUThH MPOJODKUTEIBHOCTE 00paboTku (10 3—4 pa3). Ucnonszo-
BaHME PETYIUPYEMOI AIUTEIBHOCTH U aMIUIUTYAbI TEXHOJIOTMYECKHX UMITYJIbCOB ITO3BOJISIET YIIPAB-
JSITh OTOKaMU SHEPTUH B 30HAX MPOOOST OKCUIHBIX CI0EB. Takoro poaa TeXHOJOTHYECKUE PEKUMBI
MIEPCIICKTUBHBI IS TTOJIYYCHUSI OKCHAHBIX CJIOE€B ¢ HU3KOM mmepoxoBaTocThio (Ra 1o 0,2-0,63 mMkMm)
Ha aJJIOMUHHUU U TUTAHE.

JlonosmHUTENbHOE HAJI0XKEHNUE HA YepeNyIOIUecs] HU3KOYaCTOTHbIE UMITYJIbChI BBICOKHX I10
aMIUTUTY/I€ BBICOKOYACTOTHBIX UMIYJIHCOB B aHOAHBIN IMOJIYIIEPHO/ MO3BOJSAET 00eCeuuTh Ooee
Jerkui mpoOoi IUIEHKHU 3a CYET MOBBIIMIEHUS CYMMapHOI'O TOKa B 3TOT MOJYNEPUOJ, co3aaeT Oia-
TOIIPUATHBIE YCJIOBUS JJIl OPTaHU3alMU Pa3psI0B HE TOJIBKO HAa OKCHJHBIX IJIEHKAX C SIBHO BbIpa-
KEHHbIMH BEHTUJIbHBIMM CBOWCTBaMM, HO U Ha APYrux Meramiax. Mcnoiab3oBaHHE BBICOKOYACTOT-
HBIX UMITYJIBCOB CIIOCOOCTBYET YJIYYIIEHUIO CTPYKTYPBI MOKPBITUH, 00ECIeYnBaeT UX MEIKOKPH-
CTAJUINYECKYIO CTPOEHUE, IPUBOAUT K MOBBIIICHUIO UX IJIOTHOCTH U MUKPOTBEPAOCTH, YMEHbIIIE-
HUIO MOPUCTOCTH. IIpu 3TOM BBICOKOYACTOTHBIE UMIYJIbChl UMEIOT OOJBIIYI0 aMILIUTYAy Hamps-
KEHHUs, HO MEHBIIYI0 MOIIHOCTb, YeM HM3KOYaCTOTHBIE UMIYJbCHL. 3a cUeT OOJbIlei aMIUIUTY/IbI
MMEHHO BBICOKOYACTOTHBIE UMITYJIbChl MHULIMUPYIOT MUKPOIYIOBOM MPOLIECC B 1€(PEKTHBIX MECTAX
HOKPBITHS, YTO 00ecreurBaeT ero 6ojee MIoTHOE GOPMUPOBAHUE.

Y CcTaHOBIIEHO, YTO MPH PETYIMPOBAHUHU YHEPTUU B KaHANIAX MPo00st (GOpMHUpyEMBbIE TIOKPHI-
TUSL OTJIMYAIOTCs 00Jiee BHICOKOM T€PMOCTAOMIBHOCTBIO U BBICOKMMHM 3HAYEHUSIMH 3JIEKTPOCONPO-
TUBJICHUS 110 CPABHEHUIO C TOKPBITHSAMHM, MONy4YeHHBIMH Oe3 orpanmyeHus sHepruu. CooTBeT-
CTBEHHO U Jpyrue pU3MKO- XUMUUECKUE CBOMCTBA MOKPHITUH, CHOPMHUPOBAHHBIE C MCIIOJIB30BaHU-
eM pazpaboranHoro meroga MJIO, Takke MOTYT KOHTPOJIHPOBATHCS TPU PETYIUPYEMOM UIUTENb-
HOCTH U aMIUIUTYJe TEXHOJOIMYECKUX MMITYJIbCOB, YTO OKa3bIBAET BIMSIHME HAa TaKue KOHEUHbIE
xapaktepuctTuku MJIO-okpeITHi, KaK TBEPAOCTb, MOPUCTOCTh, NIPOOOHHOE HANpPSKEHUE U T.A.
OTH peXHUMbI ONPEJEIIAIOTCS BBIXOJHBIMU IapaMeTpaMu UcTOoYHMKa nurtanus aiast M/1O, onpene-
JSIOLUMMU HaYaJlo ¥ OKOHYaHUE MUKPOJIYTOBOr'O pa3psija B KaKJIOM IEPHOJIE.

CIHCOK HUCIO0JIL30BAHHLIX HCTOYHUKOB
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Summary. The possibility of obtaining wollastonite-containing ceramics based on domestic raw ma-
terials for the production of heat-insulating ceramics, parts for foundry plants in the aluminum in-
dustry has been established.

B Hacrosiiiee BpeMst BOJUTACTOHUTOBAs! KEpaMUKa SIBIISIETCS OJJHHM U3 BOCTPEOOBAaHHBIX HAIPABIICHUI
COBPEMEHHOM HayKH KaK MaTepHajl MHOTOLIEIEBOr0 Ha3HaueHus1. BbIOOp Takux MarepruaioB 0OYyCIIOBIIEH HX
BBICOKOW MEXaHNYECKOW MPOYHOCTBIO M TEPMOCTOMKOCTBIO, a TAKKE MHEPTHOCTBEO K XMMHUUYECKOMY B3aUMO-
JEHCTBUIO € PacIUIaBOM AJIFOMUHYS, YTO MOBBIIIACT TOIYJIIPHOCTH IPMMEHEHUs YKa3aHHOIO BUJA MaTepra-
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J1a JJ1s1 TETUIOBBIX arperaToB, JIMTEWHBIX YCTAHOBOK, B OCOOCHHOCTH B METAJLTYPrUUYecKoid oTpacii. M3BecTHo,
yro Pecrrybnrika benapych He pacriosiaracT mpoM3BOICTBOM TaKUX W3ICNHIA, YTO TIPHUBOJIUT K HEOOXOTMMOCTH
proOpeTeHns nX 3a pydeskom. OpraHu3aiws MPOU3BOJICTBA TEXHIYECKOW kepamuku B Pecryommke bena-
PYCh SBIISIETCS IEPBOCTEIICHHOM 3a/1a4eii, KOTOPYIO HEOOXOAMMO PELLMTh ISl CYIIIECTBOBAHHUS CTAHKOCTPOU-
TEJILHOM M MAIIMHOCTPOUTENILHOW OTpaci. M3roTopsieHre OnbITHBIX 00pa3loB OCYIIECTBIISUIOCh METOOM
TMOTyCyX0ro npeccoBaHusl. [1oAroToBeHHbIE ChIPhEBbIE KOMITOHEHTBI M3MENBUAIIH JI0 ocTaTka Ha cute Ne 05
1-2 %, B3BemmMBaIM B HEOOXOAMMOM KOJMYECTBE, IMOJBEPrajli COBMECTHOMY IOMONY B MUKPOIIAPOBOM
MelbHHLE B TedeHnd 20 MuH. [IpUroToBiieHHast cMech YBIKHsIIACh 10 BaKHOCTU 6—8 %, 3aTeM roTOBBIM
TPECC-TIOPOIIOK BBUICKHMBAJICS B TEUCHHH | CYT. Il YCPEITHEHHUS M0 COCTaBy M BIKHOCTH. DopMOBaHHE
00pa3IoB OCYITIECTBIUIOCh HA THPABIMYECKOM Ipecce MpH JapieHnd mpeccoBanus 2025 Mlla. [lanee
MPOM3BOIIACH CyIIIKa 00pasiioB 1pu Temrieparype 10010 °C B TeuerueM 2 4, MOCIIE Yero OCYIIECTRISUICS
OJIHOKPAaTHBIA OOXKHI B SJIEKTPHUYECKOl neur B uHTepBasie Temmeparyp 1000-1300 °C. CkopocTs mombema
TeMIIEpaTypsl B rporecce ooxkura cocrapisuia 200-250 °C/4. OOpasiibl OXJIGKIAIMCH HHEPLIMOHHO BMECTE C
TeYbIO /IO KOMHATHOM Temrieparypsbl. [l momydeHns: KepaMHKU Ha OCHOBE CHHTETHYECKOT'O BOJUIACTOHHUTA B
KAueCTBE MCXOIHBIX ChIPhEBbIX MATEPHUAIOB HCIIOJIB30BAIUCH CIEAyroIe KoMIoHeHTbL: Menl OAO «Kpac-
HOCEJILCKCTpOMaTeprasbl», TOJIOMUTOBAsT MyKa, [IMKJIOHHAS MbUIb C W3BECTKOBOTO 1iexa (r. KimmMoBuun),
MapIIATAT, TPETes MecTopokaeHNs «CTalbHOEY, OrHEeYNOpHas TimHa BecenoBckoro Mecropoknenus. O0-
PasIbl KEPAMUKH, TTOTy4EeHHbIE Ha OCHOBE Pa3IMUHbIX KPEMHE3EMCOIEPIKAIIMX KOMIIOHEHTOB TIOCTIE 00XKHTa
npu Temreparype 1150 °C, xapakTepr30Baich CIEIYFOIMME TIOKa3aTelsIMA CBOMCTB: KaKYIIAACs IUIOT-
HOCTb TIPU UCTIONB30BaHUH JI0JIOMUTOBOM MyKU U Tperiena — 1329-11553 KF/M3, BoJoHoIoNneHue — 28,4—
41,5 %, otkpeITas nopuctocts — 44,1-55,2 %; kaxxymasicsi IIOTHOCTh B 00pasiiax, COAEp)KaIliX JI0JIOMUTO-
BYIO MyKY U Mapiianut — 1233-1354 Kr/M3, BononororieHue — 33,0-44,6 %, oTKpbITast mopucTocTs — 41,2—
58,7 %; KaKywwIasicsl IUIOTHOCTb TIPH BBEJICHIH B COCTAB MAcC Mela i Tpenena — 16631735 kr/m®, Bogoro-
roenue — 20,8-24,0 %, otkpsITas nopuctocts — 36,1-40,2 %; Kaxyiascst INIOTHOCT TIPH BBEICHUH B CO-
CTaB Macc Mela 1 Mapuamta — 1554-1602 kr/v®, Bogonoromerne — 27,1-30,1 %, OTKpbITast IOPHCTOCT —
43,4-45,0 %. MexaHnveckasi TIPOYHOCTD TPU CKATUM 00paslioB B 3aBUCHMOCTH OT BHJIA MPUMEHSIEMOrO
KpeMHe3eMcoJIeprKaliero komroneHra mpu temrieparype 1150 °C: Ha ocHoBe Tpenena — 13,5-70,6 MI1a; na
ocHoBe MapiauTa — 1,8—26,9 MIla. 3nauenns TKJIP cuaTesnpoBanHbIX 00pasiioB — ot 4,20 1o 8,30 -10°
K. PentreHohasoBblii aHATH3 TIOMYYEHHOM KePAMHKH TIOKA3JI, YTO KAYeCTBEHHBIH (PasOBBIH COCTAB TPe/i-
CTaBJIeH BOJUTACTOHUTOM U TICEBIOBOJIACTOHUTOM, HU3KOTEMIIepaTypHO MoAM(UKAIHe KBapiia, B He3Ha-
YUTETILHOM KOJMYECTBE (DMKCHUPYFOTCS TPHANMHUT, HeycToiunBoe coemuuenne CapSiO,, a Takke B HEKOTO-
PbIX 00pa3iiax cocTaBa MPUCYTCTBYIOT HE CBSI3aHHBIN KBapIl U OKCHJ] KATBIIHSL.

YK 528.7
OOTOT'PAMMETPHUYECKAS KAJIMBPOBKA KAMEPBI MOBNJIBHOT'O TEJIE®OHA
MO CHUMKAM ITPOCTPAHCTBEHHOTI'O TECT-OBBEKTA
Paoyesuu E. U., Anopeiiuuxos B. B., byoxesuu K. C.
benopyccruii nayuonanvrolll mexnuueckui yHugepcumem
e-mail: radtsevich.elizaveta@gmail.com, mr-andreychikov@mail.ru,
karinabudkevich10.08@gmail.com

Summary. The process of photogrammetric calibration of a mobile phone camera is described in
order to determine the elements of interior orientation, including the parameters of photogrammet-
ric distortion of the camera lens. An assessment of the reliability and validity of the experimental
data was made.

B mpornecce uzydenus aucruminabel «lIpuknagHas doTorpamMmMeTpus» BO3HUKIA HEOOXO-
JMMOCTb BBIIIOJTHEHUS SKCIIEPUMEHTAIbHONH HazeMHON (oTorpaMMeTpHuecKod ChEMKHU Kamepon
tenepona MI 11 Lite ¢ paspemennem 2610x4640 nukcesneid 1 GOKyCHbIM paccTosiHEeM 4,74 MM.
Tax xak nudposas xamepa TenedoHa SBISETCA JIOOUTEILCKON, HENb3s MpEeANoiaratb J10JIroBpe-
MCHHYIO CTAOMIILHOCTh MEXAHUYECKUX U ONTHYECKHUX KOMITOHCHTOB, KaK B CjIyda€ CO CII€IHaJIb-
HBIMU METPUYECKUMHU KaMepaMH, BOSHUKAET HEOOXOAUMOCTh €€ KaIUOPOBKHU C IIENIbI0 Ompeee-
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HUS JIEMEHTOB BHYTPEHHETO OPHEHTUPOBAHMS, BKJIIOUYAs apaMeTpbl OTOTPaMMETPUIECKOM JHC-
TOPCUH OOBEKTHBA ChEMOYHOM KaMepsbl.

YMEHBIINTH BIUSHUE JUCTOPCHH OOBEKTUBA KaMepbl MOKHO YUTS MOMPABKH 32 JUCTOPCHIO B
KOOPJIMHATBI U3MEPEHHBIX TOYEK HAa CHUMKE, KOTOPBIE ONUCBIBAIOTCS CIECAYIOIIUMY YPaBHEHUSMHU:

dy = x(rky + vk, + %5 + ) + (% + 2x%)p; + 2xypy;

dy = y(r2ky + %k, + r8ks + ) + (r? + 2y*)p, + 2xyp;. #(1)

e X, Y — KOOpAUHATBI TOYEK CHUMKA; K1, k5, k3 — K03 dUIIHMEHTHI paiuaabHON AUCTOPCUH; Py, P2

— k0> DUIMEHTEI TAHTEHIMATBHON JMCTOPCHH 00BEKTHBA; T = 1/ (X — X0)% + (¥ — ¥o)2 — paccTo-
SIHUE OT TOYKH N300pa’keHHsI 10 IJIaBHOW TOUKH.

[TockonpKy nOCTHXKUMAsi TOUHOCTh U3MEPEHMSI B IPOCTPAHCTBE OOBEKTA BCETAA 3aBUCUT OT
TeKyIlero mMacmraba nu3o0paxxkeHust B GoTorpaMMeTpun, HeoOXOAUMMO CTPEMUTHCS K YPE3BbIUANHO
MaJIOM MOTPEHIHOCTH M3MEpPEHHs] KOOPAMHAT B MPOCTPAHCTBE M300pakeHusi. OOBIYHO OHM Haxo-
nares B nuanaszone oT 0,5 no 0,02 mukcereii.

st meneii poTorpaMMeTprudYecKoi KaTMOPOBKH KaMepbl MOOMIIBHOTO TenedoHa Ha Kadea-
pe «l'eonme3us u adpokocmuyeckue reorexHosnorun» BHTY co3maH mpocTpaHCTBEHHBIM TECT-
OOBEKT C OMpeJesIeHHEM IMPOCTPAHCTBEHHBIX KOOPAMHAT TOYEK TECT-O0BEKTa METOIOM MPSIMOU
re0/1e3MYEeCKON 3aCeUKH, ¢ MOMOUIbIO 3eKTpoHHOro TaxeoMmerpa Nikon 3DR, obGecneunBaroiero
M3MEpEeHUE rOpPU30HTAIBHBIX U BEPTUKAJIbHBIX yriioB co CKIT 5”.

CpemKa NpoCTPaHCTBEHHOTO TECT-00bEKTa 00BEKTA OCYILECTBIEHA MHOTOKPATHO C ITIOBOPO-
TOM KaMepbl BOKPYT ONITUYECKON ocu 00bekTHBa Ha 180° ¢ 1eblo MOBBILIEHUS HaJJe)KHOCTH U J10-
CTOBEPHOCTH OIPE/IEJICHUS 3JIEMEHTOB BHYTPEHHEr 0 OPUEHTUPOBAHUS KaIMOpyeMOi KaMephl.

[Tporecc kamuOPOBKH KaMephl, TO €CTh YTOUYHEHHE KOA(PPHUIIMEHTOB paaraabHON U TaHTEH-
LUAJIbHOW AUCTOPCHH, BBIIIOJHEH B IporpaMMHOM mpoaykre Agisoft Photoscan.

[Tocne ummnopTa QoTorpaduii B mporpaMMy BBITIOJTHEHO MX BeIpaBHHBaHUE. Ha 3Toi cragnu
OIpeJIeIAETCs MOJ0KEHUE U OPUEHTALMS KaMephl Ul KaX0ro Kajpa, CTPOUTCS pa3pekeHHoe 00-
nako Touek. [lociie uMnopra KOOpIMHAT MapKUPOBAaHHBIX TOUYEK, U3MEPEHBI BCE MAapKUPOBAHHBIC
TOYKH MPOCTPAHCTBEHHOI'O TECT-00BEKTA HA KaXXJIOM CHHUMKE C BBICOKOH TOYHOCTBIO. BhinmoiHeHa
ONTUMM3ALMS TOJNOXKEHUs (oTorpaduii, ¢ MpeaIBapUTEIbHO OTKIOUYEHHBIMU CHUMKAMHM, C LIEIbIO
WCKJTIOYEHHS] HABUTAIIMOHHOM MPUBS3KU KaMep.

Jlnis coxpaHeHus JaHHBIX (poTOrpamMMeTpuyecKol KanmuOpoBKH Kamepsl B okHe «KannOpos-
Ka kamepsl» (puc. 1) Beidbopom nyHkTa «KamnbpoBka kaMepbl» B MeHIO «HCTpyMEHTHI» HE00XO-
JUMO NEPEUTH Ha BKJIAJIKY «yTOUHEHHAs» U COXPAHUTH [TapaMETPBHI.

Thn kawepu: Kaaposss -

Pazmep nukcens (ma): 0.00208168 x | 0.00208168 |

@okyeros paccTonmue (wa): 474 |
Havankwan  VrowsdkMas  [lonpaska GPS/INS

1
£ |2277.01 Coxj
o |0 bi: | 10.7806
\
J
\
|
\

o

o |0 b2: |-46.47%

k1: |0.31207 pl: | 0.0269895

k2: |-D.424651 p2: |0.01654

k3: | 0.536285 p3: |0

kd: |-0.222948 p4: |0

Pucynok 1 — CoxpaHenue napamMeTpoB KaluOpOBKU

3aKIII0YUTEIBHBIM 3TaoM 00paboTku B nporpamme Agisoft Photoscan BeimonxeHo popmu-
pOBaHWE W aHAJIM3 MPOrpaMMHOTro otyeta 006 o6paborke. Ha puc. 2 mpencrasieH ¢parmMeHT mpo-
IrPaMMHOT'O OTYETa, COrJIACHO KOTOpPOMY 00lee 3HauUeHHE MOTPEIIHOCTH KOOPAUHAT M3MEPEHHBIX
Ha CHUMKE To4eK He npesbimaet 0,5 nukcens.
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KonuuectBo | Owmbka, X Owunbka, Ownbka, Z Owunbka Obwan ®doTo
(MMm) Y(mm) (MMm) XY(mm) (Mm) (NuKc)
124 14.2327 10.1682 5.43977 17.4918 18.3181 0.364

Tabnuua 2. CKO no onopHbIM TOYKaM.

Pucynok 2 — @parMeHT nporpaMMHOro ot4era 06 0opaboTke

OnHako ¢ LEIbI0 MPOBEACHUS OLEHKH HAJIEXKHOCTH M JOCTOBEPHOCTH MOJYYEHHBIX KCIIE-
PUMEHTAJIBHBIX JTaHHBIX IMPOU3BENCHO JOMOJHUTENIBHO CEMb CHhEMOK MPOCTPAHCTBEHHOI'O TECT-
0o0BEKTa ¢ MOCIeayomel KaTnOpoBKOH KaMmep. BEIOTHEHO BhIsiBICHUE 5 % 3HaUEHUH, KOTOpHIS
SIBJISIFOTCS HEIOCTOBEPHBIMU U OLIEHKA CXOJMMOCTH TEOPETUYECKHUX U NMPAKTHUECKUX 3HAYEHUI IIpU
J0BepUTeNbHOM BepositHocTH P = 95 % (puc. 3).

n

X

0,243
0,399

/
_

gv 0,131
N
yd
fOSﬁ
x

2

Pucynok 3 — I'ucrorpamma u annmpoKCUMUpPOBaHHAas
KpUBas pacrpeesieHus: U3y4aeMoil BEIMYMHbI

0,146

0,234
0,321
0,409
0,496

B pesynbrare MOXXHO clenaTrh BBIBOJ, YTO CXOJUMOCTb IPU 3HAYEHUU JOBEPUTEIILHON Be-
positHocTH P = 95 % npu3HaeTcs yJOBIETBOPUTENBHOM, a CpeiHee SKCIIEpUMEHTAIbHOE 3HAYCHHUE
paBHoe 0,321 mukcenel mpu3HAETCsl TOCTOBEPHBIM, YTO He mpeBbimaer 0,5 mukcenas ¥ TOBOPUT O
BO3MOYKHOCTH TPHUMEHEHHs1 Kamepbl MmoouinsHoro tenedona MI 11 Lite ¢ pokycHbIM paccrosiHrEM
4,74 MM U1l IPOU3BOJICTBA HA3€MHOM CHEMKHU C MPEIBAPUTEILHON (OTOrpaMMETPUUYECKOM Kamuo-
POBKOM.

YK 622.6(075.8)
KYPCOBASI YCTOMYUBOCTDH HIEJEHAPE3HOM MAIIIMHBI
NP HAPE3AHWHM BOKOBOW LIEJIU B IOYBE BBIPABOTKH
Casuyk /1. A., /loeuoosuu A. A., bacanau I'. A.
Benopycckuil nayuonanbHblil mexHuueckutl yHusepcument
e-mail: saw7ukden@gmail.com

Summary. The analysis of the course stability of a caterpillar slot-cutting machine with an execu-
tive body “chain bar” when cutting a side slot in the working soil was carried out.

[Tpu pazpabotke CTapoOHMHCKOIO MECTOPOXKACHUS KATMUHBIX PYJ MOA3EMHBIM CIOCOOOM
BecbMa 3(()EeKTUBHBIM MEPONPHUATHEM, MOBBIIIAIOIIMM YCTOWYUBOCTh TOPHBIX BBIPAOOTOK, OKa3a-
JIOCh HApe3aHUe KOMIICHCALIMOHHBIX Iuened. [Ipu ux nmoMomy CHUKaeTcs rOpHOE JaBIECHUE B TOJI-
IIIe MaccuBa, MPUMBIKAIOIIET0 K BhIpaOOTKaM. 3a CYET 3TOr0 yMEHbUIAeTCs My4yeHHE MOPOAbI 10
KOHTYPY BBIPaOOKH U €€ BHIOPOC B IPOCTPAHCTBO BhIpaOOTKHU. Illenn Hape3aroTcs B MOYBE M KPOBIIE
BBIPA0OTOK, a Tak’Ke B OOKOBBIX CTEHKaX, T. €. (JaKTUUECKH 110 BceMy UX nepumerpy. EctecTBeHHO,
MCMOJIb30BaHNE KOMIIEHCAIIMOHHBIX IIIeJIel He MO3BOJIAET 00eCIeUnTh MOJHOCTIO KpEIIeHHE TOP-
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HBIX BBIpaOOTOK. [T03TOMY Hapsiny ¢ MX HCIOJIB30BAaHHEM NPUMEHSIOTCS U APYTHe CIOCOOBI Kperl-
nenusi. Bmecre ¢ Tem onbIT pazpadboTku CTapoOMHCKOTO MECTOPOXKICHHS MOKa3all, YTO Hape3aHue
KOMIICHCAIIMOHHBIX IIeJIei B TOPHBIX BbIpaOboTKaxX — 3()(eKTUBHBIN CIOCOO MOBBIMICHHUS UX CPOKa
MCIOJIb30BAaHUS IIPU BEJIEHUU TOPHBIX paboT.

Mexanusaius padoT 10 HApe3aHUIO TAKHUX IIENICH OCYIIECTBIISACTCS CEIHAIbLHBIMU BPYOO-
BbIMHM MalllMHAMH, KOTOPbIE paHee nmpou3Boawinch B Poccuiickoit denepamuu nHa Konelickom ma-
IIMHOCTPOUTENILHOM 3aBOZI€ U B YKpauHe. B cBsizu ¢ pacmmpenneM 00beMOB AOOBIYM KaJTHMHHBIX
pyn Ha CTapoOMHCKOM MECTOPOKJICHUH W OCBOSHHEM HOBBIX MECTOpOXAeHHH 1o 3amaHuio OAO
«benapycbkanuii» npou3BoACTBO BpyOOBbIX MamuH 0cBoeHO B 3A0 «Conuropckuii MHCTUTYT
npobiieM pecypcocOepekeHust ¢ ONBITHBIM MPOU3BOACTBOMY [ 1, 2]. OOmmM 171 BCeX IIeIeHape3-
HBIX MAaIIUH SBJISETCS 0ApOBbII MCIIOJHUTENBHBIN OpraH, KOTOPbIA MOKET OTHOCUTEIBHO MAlllMHBI
YCTaHABIIMBATHCA B PA3IMUHBIX MMOJIOKEHUSIX, YTO JIA€T BOZMOKHOCTh Hape3aTh KOMIIEHCAIIHOHHBIE
NI B KPOBIIE, MIOYBE M OOKOBBIX CTEHKAX BBIPAOOTKH.

OddexTuBHas padora ppesepyromux TOpHbIX MAIIUH B 3HAYUTEIILHON CTENIEHU 3aBUCHUT HE
TOJIBKO OT MX 3HEPTOOCHAIIEHHOCTH, HO U OT paclpe/esieHusl BHYTPEHHUX U BHEIIHUX OIPOKU]IbI-
BAaIOIIMX MOMEHTOB KakK B MPOJOJIbHOMN, TaK U B MOMEPEUHOH MIJIOCKOCTSX, a TAKXKE CTAOUIH3UPYIO-
IIMX MOMEHTOB, (POPMUPYEMBIX OMOPHBIMHU IUIOIIAJIKAMU T'yCEHHUIl. DTU BOINPOCH! PEIIAlOTCA Ha
CTaJIMU MPOCKTUPOBAHUS IIPU 00IIel KOMIIOHOBKE MAIllMH METOJOM CTaTHYECKOIO U TSTOBOTO pac-
yera [3, €. 140-159].

B pabote mpoBeneH KOMIUIEKCHBINA aHAIH3 MO0 00ECTIIeUeHUI0 KYPCOBOM YCTOWYMBOCTHU T'yce-
HUYHOW MaIIMHBI C HAaBECHBIM LIEMTHBIM 0ApOM IpW HapesKe Mend, (OopMHpPYeMoii B MTOYBE BhIpa-
OOTKH C TIOTIEPEYHBIM OTKJIOHEHHEM OTHOCUTENIBHO MPOJOJIBLHOM OCH CUMMETPHH MAIIMHBI Ha pac-
CTOSIHHE IO TIOJIOBHHBI €€ MmonepeyHoi 6a3pl. Pexxum paboTsl 1ienmHoro 6apa — Bcrpedynoe (pesepo-
BaHUE, T. €. TATOBO-IIPUBOJIHAS LIETb C 3yOKaMu JBUXKETCs B pabouel 30He CHU3Y-BBepX. [Ipu aTom
YUUTBHIBAIOCh BJIMSIHME KOHCTPYKLMH T'YCEHHYHOIO JBIKUTEIS MAILIWHBL, a TaKXe OIOPHO-
XOJIOBBIX 3JIEMEHTOB MCIOJIHUTEIFHOTO HABECHOTO 000pyaoBaHus. PacueT mpoBoAuiCcs Iisi TEXHO-
JIOTUYECKUX YCIOBHM 0€3 BO3MOKHOCTH NPUMEHEHUS CTAOMIM3UPYIOLIMX PACIOPHBIX YCTPOMCTB
Ha MallliHE O CTEHKU BBIPAOOTKH, YTO UMEET MECTO B MOA3EMHBIX BBIPAOOTKAX ¢ OOJBIIMM MOTe-
PEUHBIM CEYEHHUEM.

VYcraHoBIEHO, UTO MIPH 33JHEM PACTIOI0KEHUH MEXAaHU3MOB MIPUBOJIA TYCEHHII, a TAK)KE BbI-
COTHBIM TIOJIO’KEHUU IPUBOJHBIX 3BE370YEK MOKET HACTYNUTh 3((EKT OTphIBA MEPEAHUX dacTen
OTIOPHBIX TUIOLIA/I0K TYCEHHUI] OT HECYIEro OCHOBAHUS M3-3a BIUSHHS OOJBIIOTO COMPOTUBIICHUS
NepeIBUKEHUIO UCTIOTHUTEIBHOTO OpraHa.

Cnucok McnoJib30BaHHBIX HCTOYHUKOB
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B. . Ilpymaxk, I'. A. bacanaii: mog o6m. pexa. B. f. IIpymaka. — Munck: Beinniimas mkosna, 2018.
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VIK 624.04
BJIMAAHUE BUJIA OITIOPHBIX YACTEM HA YACTOTHI COBCTBEHHBIX
KOJIEBAHUM MPOJIETHOI'O CTPOEHUS
Xoosikoe B. A.
Benopycckuii nayuonanbHulli mexHu4ecKuil yHugepcumen,
e-mail: xva609@gmail.com

Summary. The comparing results of natural oscillations frequencies of the bridge span structure
when using different types of bearing parts are presented in the article. Comparative analysis was
performed.

Heckonbko necstuneruit Hazan B PecniyOnuke benapych Hadamock MaccoBO€ NMPUMEHEHUE
IIOJINYPETAHOBBIX ONOPHBIX YACTEH. DTH ONOPHBIE YACTHU MPUILLIM HA 3aMEHY TaHI'€HIIMAJIbHBIM Me-
TAJJIMYECKUM U PE3MHOMETAJUIMYECKHM OIOPHBIM YacTsM. B mporecce MHOrOUMCIIEHHBIX UCIIBITA-
HUN MOCTOB MU MOHMTOpPHHIA 3KCILUIyaTUPYEMBIX COOPYKEHMH IpU JUHAMMUYECKHUX BO3JIEHCTBUAX
TPAHCHOPTHBIX CPEJCTB BO3HUKIIA TEOPUS O TOM, YTO IPUMEHEHHE 00jIee MATKUX MOJUYPETaHOBBIX
OIIOPHBIX YACTEH, 3HAUUTEIBHO BIUSAET HA )KECTKOCTh KOJIEOATEIbHONU CUCTEMBI IIPOJIETHOTO CTPOE-
HUS.

Jlna nccnenoBaHus 3TOM TeOpUM OBLIM MPOBEACHBI JIAOOPATOPHBIE UCIBITAHUS TOJIUYypETa-
HOBBIX U PE3MHOMETANIMYECKUX OMOPHBIX YacTeil Juisi Haubosiee TOYHOTO ONPEIENICHHS UX JKECT-
Koctu. U3 cepum 1aGOpaTOPHBIX MCTIBITAHUI OBUIM BBHIOpPAHBI JBa THUIIOpa3Mepa OMOPHBIX YacTeil
MaKCHUMAaJIbHO CXOXKHX I10 SKCIUTyaTallMOHHBIM Harpy3Kam:

1. TTommyperanoBasi onopHas acts JIITU15.400, ¢ pazmepamu (320%x170%65) MM, ¢ BepTH-
KaJIbHOM KECTKOCThIO, ONPEICICHHON SKCIIEpUMEHTaIbHO, opsiaka 0,55 TH/M.

2. PesunomMerammmdeckas omopHas gacte POU20x25x6,3, ¢ pazmepamu (200%250%x63) MM ¢
BEPTHKAJIBHOI XKECTKOCTBIO, ONPEEICHHOI SKCIIePUMEHTAIBHO, Topsitka 10,5 MH/M®.

DKcrepuMeHTabHBIE TUarpaMMBbl J1e()OpMaIiy dTUX ONOPHBIX YaCTeH MPEICTaBICHBI HA
puc. 1.

Crenyromum aroM CTajo CpaBHEHHE COOCTBEHHBIX YacTOT KOJeOaHHs MPOJIETHOTO CTPOE-
HUS MOCTa ISl pa3JIMUHBIX BHJIOB OIIOPHBIX YacCTeH.

B cnenmanusupoBanHoM pacuetHoM komiuiekce SOFISTIK Obiia co3ana pacdyeTHas cxema
Hecylllel yacTu MpojeTHOro crpoenus mo cepuu 3.503-14 Boeimyck 5. 'aGaput mocra I'-11.5 Ha
BOCBMH OaJikaX MPOJICTHOTO CTPOCHUS JUTMHOW 15 M 1 pacueTHbIM niposieToM 14,4 M (puc. 2).

Bec cOOCTBEHHBIX  KOHCTPYKIMH MOCTOBOI'O MOJOTHAa OBbUI MNPHUHAT  PaBHBIM
4 xH/M2 mo Bce#t momaay mpojaeTHOTO CTPOSHUSI.

N
o
o
o

7

- 0
10,00 POY 20x25x6,3-0,7 Obpaseu, No4

= /1NY15.400 Obpazey, No7

0,00 /NY15.400 Ne12
0 100 200 300 400 500 600 700

AbcontoTHbIe
aedbopmaumum, mm

Harpyska, kH

Pucynok 1 — Jluarpammsl gepopMaiiii KOHTPOJIbHBIX OMIOPHBIX YaCTEH.
[Tosrydensl pu J1abOpaTOPHOM HCIIBITAHUN
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Pucynok 2 — O6umii Buj pacueTHO# cxeMbl posieTHOTro crpoeHus. [lepBas ¢opma koneGanwmii

Brut mpowusBeneH pacyer COOCTBEHHBIX YacTOT KOJI€OAHMU JUIsl YIIPYTMX B BEPTUKAIHHOM
HAIPABJICHUU TOJIMYPETAHOBBIX U PE3MHOMETAINIMYECKUX OINOPHBIX 4acTed. Ilpm sToM ciydaii ¢
MPUMEHEHHEM METAJUTMYECKUX OTMOPHBIX YacTel ObUI MPUHAT KaK STAJOHHBIA C aOCOIIOTHO KEeCT-
KHUM OIMPAaHUEM B BEPTUKAJILHOM HarpaBiieHUH. Pe3ynbTaThl pacueTra ObliIM cBeeHbI B Ta0. 1.

Tabnmuna 1 — CpaBHeHHE COOCTBEHHBIX YaCTOT KOJEOAHUN MPOJETHOTO CTPOSHUS AJs pas-
HBIX BHJIOB OMTOPHBIX YacTen

YacroTa xojeOaHus
B 0MOpHO# HacTH Beprukanbnas 2| mposernoro crpoe- OTHOCHUTENBLHOE H3MCHCHUE
JKecTKocTh, MH/M 4acToThl, %
Hus, I'g
Merajumueckas 0 4,935 0 +1,02 | +17,81
Pesunomerannuueckas
POU20%25%6.3 10,5 4,885 -1,01 0 +16,61
ITonuyperanoBas
TITIY15.400 0,55 4,189 -15,12 | -14,25 0

B pesynbrare ananmsa JaHHBIX, IOJIYYEHHBIX B PE3YJIBTATE pacyeTa, MOXKHO CHENIATh BBIBOJ
0 TOM, YTO PE3UHOMETAUIMYECKUE U METAJUIMYECKUE OIIOPHBIE YACTH XOTh U OTINYAOTCA T10 JKECT-
KOCTH, HO HE 3HAYUTENIBHO. [lonMypeTaHOBBIE K€ ONOPHBIE YACTH CHIIBHO BBIJICISAIOTCS U CHUKAIOT
KECTKOCTb KoJIeOaTeIbHOM CUCTEMBI IPOJIETHOTO CTPOSHUS Ha BeTMUMHY nopsiaka 15 %.

CHmxeHue coOCTBEHHOM 4acTOThl KOJEOAaHUs MPOJIETHOTO CTPOEHUS MPH MPOYMX PaBHBIX
(akTopax CHMXKAET BEIMUYUHY KPUTHUECKOM CKOPOCTH JABMXKEHMSI aBTOMOOMIIEH, P KOTOPOH BO3-
HUKAaEeT PE30HAHC, YTO B CBOKO OUYEPEAb HETATHBHO BIIMSET HA BEIIMYMHY JMHAMUYECKUX HArpy30K
Ha IIPOJIETHOE CTPOEHUE.

YK 624.19
IMPOXOJIKA TOHHEJIEM HEMEXAHW3UPOBAHHBIMH IIIUTAMHU B PA3JIMUYHBIX
NHKXUHEPHO-TEOJIOI'MYECKUX YCJIOBUAX
L]etiko M. I'., Xoosaxos B. A.
benopycckuii nayuonanvHvlli mexHuueckuil yHugepcumem
e-mail: atexsmc@gmail.com

Summary. The development of the soil is not mechanized by a shield complex. The main parts of the
shield. View of the shield complex in various soils. Release of soil in the face.

HeMCXB.HI/BI/IpOBaHHLIC IMHUTOBLIC KOMINJICKCEI MOT'YT IIPUMCHSATBHCA B PA3JIMYHBIX YCIIOBUAX,

Ha4yuHasA OT HGyCTOfI‘-IPIBBIX BOAOHACBIIMICHHBIX T'PYHTOB M 3aKaHYWBAsA CKaJIbHBIMWU TI'PYHTaMHU. B
OOJIBIIIMHCTBE CJIy4acB JAaHHBIC KOMIIJICKCHI UCITIOJIb3YIOTCA JIs1 COOPYKCHUSA TOHHCIIA HE Ooiee on-
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HOTO KHJIOMETPA, 00 ecIi MeXaHU3UPOBAHHBIN CIIOCOO MPOXOJIKKA TOHHENS HE MOXKET OBITh PH-
MEHEH Ha JaHHOM Y4YacCTKe M3-3a HHKEHEPHO-TE€0JIOTUYECKUX YCIIOBUH.

Ob6opynoBanue Ui peaau3alii TAKOTO CIoco0a CTPOUTENHCTBA BKIIIOYAET B ce0s caM Mpo-
XOTYECKUI IUT (HEeMEeXaHU3UPOBAHHbIN ), TOHHEJIbHBIA YKIIQAUUK, TEXHOJIOTHYECKUE TEIEKKHU IS
MIEPBUYHOI0 U KOHTPOJIBHOT'O HarHETaHUS CIEUAIbHOTO PacTBOPA 32 OTIENKY, TAKKE TEIEKKH JIJIs
TUIPOU3OJISIIUOHHBIX pabOT, MOJABIKHBIE IUIAT(GOPMBI, MOTPY304YHYIO MAIIUHY UIS HOPOJBI U
TPAHCIOPTHHIE BaroHeTKU. Bce KOMMYHMKAIIMM Pa3MENIAIOTCs MO0 XOAY MpHU3abOWHOro ydacTKa
toHHesns. Ha puc. 1 npencrasiena cxema JaHHOTO MPOXOJYECKOI0 KOMILIEKCA.

2t

SR .
Pucynok 1 — Hemexanu3upoBaHHBIN NPOXOIUECKUN IUTOBOM KOMILIEKC

[Ipu mpoxoake TOHHENS B HEYCTOMYMBBIX TPYHTAX MOXKET MPOUCXOIUTH BBHIBAJ IPYHTA U3
3a00s. Ecnu gaHHOe mpouciiecTBUE ciydaeTcsi, TpedyeTcs MpoBepKa rpyHTa Ha MOBEPXHOCTH, BO3-
MOHO HaJl MECTOM MPOXOJIKU BEJIUCHh KAKHE-TO PabOThI C MPUMEHEHUEM TSDKEJION TEXHUKHU U U3-3a
JIOTIOJTHUTEIBHON HArPY3KU OT 3TOM TEXHUKH MPOU3OIILIA MOTEPS YCTOMUYUBOCTH TPyHTa B 3a00€ U
€ro BBIBaJI.

Ecnu paccMoTpeTh HEMEXaHU3UPOBAHHBIM LIUT MOAPOOHEE, MOKHO BBIICIUTh TAaKHE YaCTH
KaK: HO’KE€BOE KOJIBIIO, KOTOPOE CIYXKHUT ISl CPE3aHUsI MITKUX U CHIITYYUX MOPOJI, a TAKKE CIYKUT
JUIS 3aIIMTHI OT O0Baja CBOJIa TOHHENS 10 MOHTa)a OT/enKu. OnopHOe KOJIbLIO, CIIYKHUT JIJIs ycTa-
HOBKHM IIMTOBBIX U 3a00HHBIX JOMKpATOB. [ OpH30HTAIBHBIC U BEPTUKAIBHBIC TIEPETOPOJIKH, KOTO-
pBI€ CIIy>)KaT AJi1 CO3JaHUS HE3aBHCHUMBIX SYEEK, YTO MO3BOJISIET MOBBICUTH 0€30MaCHOCTh BEACHUS
paboT mo Bcemy 320010 B CiTy4ae BbIBaJIa IPYHTA WM JPYTHX YpEe3BbIUAHBIX cuTyanuid. lllutoBsie
TUAPABIMYECKHE JIOMKpAThl CIy)KaT JJis MEepeMENIeHUs TpyHTa W JJis BJIAaBJIMBAHUS IIMTOBOTO
KOJIbIIa B TPYHT C IIEJIbIO pa3paboTku mopoabl. Ha puc. 2 mpencraBiieHbl JaHHBIE YaCTH.

Pucynok 2 — HemexaHu3upoBaHHBIN POXOAYECKUN IIUT
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CyuiecTByeT J1Ba BUJIa HEMEXAaHU3UPOBAHHBIX MIMTOB. C OTKPBITOM TOJIOBHOW YaCTbO, UX
MIPUMEHSIOT B TICCUYAHBIX U YCTOMUMBBIX IpyHTax. C 3aKpBITHIM TOJOBHOW YaCcThIO MCTOIB3YIOT JIJIS
MIPOXOJKM TOHHEJIEH B IUIBIBYHAX, TIIMHUCTBIX U WIIUCTHIX TPYHTaX.

CKOpOCTh MTPOXOAKH TOHHENISI HEMEXaHU3UPOBAaHHBIMH IIIUTAMH 3aBUCHUT OT JHAMETpa IIH-
Ta, KOJMYECTBA U TUIIA IIUTOBBIX JTJOMKPATOB, T'€OJOTUYECKUX yCIOBUU. B cpeaHem 3a cMeHy HIUT
npoxoaut ot 0,8 10 1,2 MOroHHBIX METPOB.

YJIK 621.9
OB30P KOHCTPYKIHUOHHBIX MATEPUAJIOB B CTAHKOCTPOEHHUU
Hluwnos /]. B., [Ipocmaxos /I. B., ' opouenxo A. B.
benopyccruii nayuonanbHwulli mexHuuecKuil yHugepcumem
e-mail: mstools@bntu.by

Summary. Generalized nomenclature of materials used in the manufacture of metal-cutting tools
was considered in view of the requirements for their design. The article shows the advantages of
using new structural materials in machine-tool construction.

Mertannopexyiuil CTaHOK COCTOUT U3 JIeTalieil U y3JI0B, KOTOpPbIE XapaKTepu3yroTcs (op-
MOM, (PU3NKO-MEXAaHUIECKHUMHU U TEIUIO(U3NIECKUMU CBOWCTBAMH M OOpPa3yIOT pa3iM4yHbIE CTPYK-
TYpPbl METAJUIOPEKYILEro CTaHKA: KOMIIOHOBOYHYIO, TMHAMUYECKYIO, TEIUIOBYIO, TEPMOYIPYTYIO U
npyrue. [lox BnusHEEM BO3AEHCTBUN IIPU KCILTYyaTAlMK [IapaMETPhI ACTAIEH U Y3JI0B U3MEHSIOTCS,
YTO MPHUBOAUT K M3MEHEHHUIO COCTOSIHMS CTaHKAa M OKa3blBAaeT BIUSHHE Ha TOYHOCTb OOPAaOOTKH.
Bonwioe 3HaueHne umeeT BHIOOP MaTepUasioB JJIsl M3TOTOBIEHUA JieTaneil cranka. B tabmn.1 mpu-
BEJICHBI IIOKA3aTENH CBOMCTB MaTepUaJIOB, UCIIOJIb3YEMbIE IIPH pacueTax KECTKOCTH CTaHKA.

Tabnmuna 1 — I[Noka3aTenu CBOWCTB MaTepHalIOB, UCIOJIb3YEMbIEC MPU pacueTax KECTKOCTU
cranka [ 1]

Cratnueckas | JluHamuueckas Tennosas
XapakTepucTHKa MaTepuana
KECTKOCTh KECTKOCTb KECTKOCTh

IIn0THOCTS, Kr/M° + + +
Tlpesien IPOUHOCTH MPH CxKaTHH G, H/MM® + — —
Mopnyns ynpyroctu anH pacTspkeHuu (Mo- + + +
nyns FOura) E, kH/mm
Moyib yIpyrocT mpu CIBUTE-MOYTb 4 N N
casura G, H/mm
Koaddunuent Ilyacconap + — +
Kosddunuent nemnduponanus ¢ — + —
TennonpoBonnocts A, Br/(M-K) — — +
Tennoemkocts C, JIx/(kr-K) — - +
Kog(b(pI/IuHeHT TEIJIOBOTO pacIupeHus 3, B B +
107/K

Jns neraneil METaJUIOPEXKYIUX CTAHKOB OCHOBHBIMH MaTEPHAJIAMH CITY>KAT METAIINYECKUE,
MUHepaJIbHbIe, KepaMUYECKHE, TOTUMEPOETOHHbIE, TOPUCThIE U APMUPOBAHHBIE KOMIIO3UIIMOHHBIE.
[IpumensitoTcs Takke KOMOMHAIIMKM MaTEepPUaIOB U THOPUAHBIE CTPYKTYPHI.

BaxHbIM (pakTOpoM NMpUMEHEHHs] TOTO WM MHOTO MaTepuana SBISIOTCS €ro TeXHOJIOTuYe-
CKHE CBOMCTBA, KOTOPHIE ONPEIEIAIOT BO3MOXKHOCTh U HIKOHOMHUYECKYIO LIE1eCO00pa3HOCTh MOMY-
YyeHus: TpedyeMbIX (POPMBI, Pa3MEPOB U SKCILTyaTallUOHHBIX CBOMCTB JI€Tallu.

UyryH u cTanb Mo-IpekKHEMY SIBIISIFOTCS Hanbosiee 4yacTo MPUMEHSEMBIMU MaTepHajlaMu B
crankax. MccienoBanus Ui BBISIBJICHUS SKOHOMHUYECKHU 1€J1eCO00pa3HbIX 00JIacTeil MpUMEHEHUs
CBapHBIX CTAJIBHBIX U JIMTHIX YYT'YHHBIX 0a30BbIX JIe€Talel, MOKa3alu, YTO OHU ONpEeAesIOTCS MpH-
BEJICHHBIMU 3aTpaTaMH MPU OJHOM M JPYroM croco0ax M3roTOBJIEHHs. XapakTep 3THUX 3aTpar 3a-
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BHCHUT OT MAacCCHI JIeTalH, 00beMa MPOU3BOJICTBA, TPYAOEMKOCTH U3TOTOBICHUS, (DOHIOEMKOCTH BbI-
MyCKa MPOJIYKIIMU. YCTAaHOBJICHO, YTO 0a30BbIC JETAM MPOCTON KOH(UTYpaIuu, HE TPeOyromme
OONBIIUX TPYyJO3aTpaT, IMEIECOOOpPa3HO H3TOTOBISATH B CBAPHOM WCIIOMHCHUHM NAPTUSIMU JIO
300 mtyk B rox. Jleranu ciioxHOW KOHPUTYpamuu, Tpedyromue 00IbIIMX TPyA03aTpar, IeIeco00-
Pa3HO M3TOTOBIIATH B JIUTOM HCIIOJTHCHUU TIPH JIFO00U cepuiiHOCTH [2].

Jlerkast KOHCTpYKLIMS He0OXoIuMa JIJIsl TIOJBUKHBIX JIE€Tallell U y3JI0B, a HEMOABIKHbBIE 0a-
30BBIC JIETAM CTaHKA JOJDKHBI OOECTICUMBATh BBICOKOE JIEMI()MPOBAHUE U KECTKOCTh. Jlaxke mpu
MCIOJIb30BaHUU MOIIHBIX MPUBOOB BBHICOKAsI TOYHOCTh MEPEMEIICHUN HE MOXKET ObITh JOCTUTHYTA.

W3BecTHBI CTAaHKU C UCTOIb30BAHUEM TOHKOCTEHHBIX KOHCTPYKIIMI U3 CTaJbHBIX JIUCTOB JJIS
MOJyYeHUs JOCTATOYHO JIETKHUX, HO KECTKUX KOMIIOHEHTOB, IPEICTABIAIONIMX COOOW SUYEUCTYIO
CTPYKTYpPY C HampaBICHHOW opueHTanuel. [IpuMeHstoTcs: Takke TpyOdaThie KOHCTPYKIIMHU, B KOTO-
PBIX I yAy4IIeHus 1eMI(UpOBaHUs UCHIOIb3YETCS TPEHUE MEXKY METAJUIMYECKUMHU JIUCTAMH.

OTHOCUTEIBHO MaJIO U3BECTHBI UCIIOJIb30BAHUE AITFOMUHHUEBO-MAarHUEBbIX CIUIABOB, JIETUPO-
BaHHBIX HHUKEJIEM U CKaHAMEM, JUIsl IOJIBUXKHBIX JIeTaliell Hecylleil CUCTeMbl CTaHKOB; YIJIeIIacTH-
Ka U KepaMUKH B INMUHACITHHBIX y3JIaX MPEHU3HOHHBIX CTaHKOB [3]. B 0c000 TOYHBIX CTaHKaX
MIPUMEHSIIOTCS. MaTepualbl C BeCbhMa HU3KUM TEIUIOBBIM paciiupeHueM tuma unsapa [1]. Hanpas-
JISFOIIME TTOABUKHBIX Y3JI0OB TSDKEJIBIX CTAHKOB M3TOTOBJISIIOT HAKJIATHBIMH U3 TEKCTOJIUTA, (TOPO-
IJ1acTa U IPYTUX HEMETAUIMYECKUX MaTepuaioB [3].

[Tpumenenune UITY B MeTaIIOpEXKYIINX CTAaHKAX TPeOyeT BHECECHHS CYIIIECTBEHHBIX U3MCHEHHIA,
B YaCTHOCTH, B KOHCTPYKIIMM HANpaBIISIONIMX. JTa 3a/la4ya peraeTcs pa3paboTKOM M MpUMEHEHHEM
3aKJIaTHBIX HAMPABIIONIMX W3 HAITOJHEHHOTO (TOPOIUIAcTa, MACTOOOPa3HBIX KOMITO3UIIHOHHBIX MaTe-
pHAJIOB Ha MOJIMMEPHON OCHOBE XOJIOTHOTO OTBEPKJICHHUS U JIMTHEBBIX KOMIAyHIOB [4].

TpanunronHbie 0a30BbIE JETANIM U3 YyryHa BCE Yallle 3aMEHSIIOT M3TOTOBJICHHBIMH U3 I10-
numepOeToHa. OHM OTJIMBAIOTCS U3 TPAHUTHOM KPOIIKU M SKOJIOTMUECKHU YHCTHIX CBS3YIOIIUX Ma-
TepuaioB. Takve CTAaHWHBI MPOCTHI M TEXHOJIOTUYHBI B U3TOTOBJICHUU. VX MpeuMyIiecTBO — BbICO-
Kasi CTAOMJIBHOCTH Pa3MepoB U JeMIupyromias CiocOOHOCTh, MPEBHIIIAONIAs AHATOTHYHBIN MOKa-
3aTelib CTAHUH U3 TPAAUIIMOHHOTO YyryHa B 3,5—5 pa3, uTo Tak)Ke 3aMETHO CKa3bIBACTCSI HA CHUMKE-
HHUH [TYMOBBIX XapaKTEPUCTUK CTaHKa [3—5].

Hawmny4mras craTudeckasi )KeCTKOCTh MOXKET ObITh JIOCTHTHYTA JUIsI CBAPHBIX CTATBLHBIX KOH-
CTPYKIIMH, 3alI0OJIHEHHBIX MUHEpAJIbHBIM MAaTE€pUajoOM, a IPEUMYLIECTBEHHAs] TUHAMHUUYECKas JKeCT-
KOCTb 00€CIIeUMBAETCS CBAPHBIMHU U JIMTHIMU JICTATSIMU, 3alIOJTHEHHBIMH IIEMEHTOOETOHOM, KBap-
I[EBBIM TIECKOM, CBS3aHHBIM CMOJIOHM, WJIM TECKOM, B 3aBHCHUMOCTH OT TpeOyeMoil cTaTHuecKoi
*KecTtkocTH [1].
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Summary. This paper discusses cutting fluids, their areas of application and classification. The pa-
per also describes the traditional methods of their supply during grinding. Positive and negative
aspects of traditional methods. Particular attention is paid to the development trend of the supply-
lubricating coolant to improve the quality of grinding.

Cpenu MHOTHX BHJIOB MEXaHWYECKOH 00pabOTKM HutM(OBaHHUE SBISETCS OJHUM M3 CaMBIX
TOYHBIX U JIOCTATOYHO IPOU3BOIUTEIbHBIX. [IpON3BOAUTENBHOCTE HEKOTOPBIX CHOCO0O0B MUIH(O-
BaHUS MPEBBIIIAET MPOU3BOAUTEIBHOCTh TOUCHHUS U (hpe3epoBanus. B psae ciyuaeB numdoBanue
ABJISICTCA €IMHCTBEHHBIM, O€3aJbTEPHATUBHBIM IPOLIECCOM BBICOKOTOYHOM 00paboTKM neTalei,
KOI'JIa MHbIE METO/Ibl HE MOTYT ObITh IIpUMEHEHBbI BooO1Ie. CoBpeMeHHasi abpa3uBHO-aaMa3Has 00-
paboTka oTiin4aercss OOJIBLIIMM MHOToOOpa3ueM CIOCOOOB peanu3ali M OXBAThIBAET JAMAIA30H
ckopocteit nogau aertanu ot 0,05 no 300 m/muH, kpyra 10 300 M/c U1 CHUMAaeMbIX MPUIYCKOB OT
0,01 mo 30 MM

Jl1s 0TBO/IA 13 30HBI PE3aHMSI BBIICISIONIETOCs TeIljla, YMEHBIICHUS TPEHUS U yAaJIeHUs OT-
X0JI0B NIUIM(OBaHUS MPUMEHSIOT OXJIAXKJEHHE PA3IMYHBIMU CMa304HO-OXJIAKIAOIUMH KHUIKO-
crsamu (COX). Mo cocraBy u cBoiictBam COX, mpumensieMsie pu nuM(OBAHUH, ACIST HA IMYJIb-
CHM U MacJa.

Tpagunuonnsie Meroas! nogaun COX npu nuirdoBanuu:

— CBO0OOIHO Majaroleit crpyei (OJTUBOM);

- gepe3 Mopbl NUIH(OBAIILHOTO KPYTa;

- 10 TOPLIOBBIM KaHajaM,;

— CTPYHHO-HAaIOPHBIM BHE 30HHBIM CIIOCOOOM;

— yepe3 BUOPUPYIOLIUI BOJTHOBOJ,

— KOHTAKTHBIM CIIOC000;

— THJIPOa’pOJMHAMUYECKUM CIIOCOO0M;

— uuindosanue B cpene COX.

TpaauunoHHas KOMIUIEKTAIMsI YHUBEPCAIbHBIX CTAHKOB Ul OOBIYHBIX METOJIOB IIIH(OBa-
HUS BCcTpamBaeMbiMU KoMmmoHeHTaMu cucteMbl COX (YuciioM W KOHCTPYKITUEH cories, rmapameT-
paMM HaCOCHOW CTaHIIMM, XapaKTePUCTUKaMU (PUIBTPALIMOHHOTO 00OPYIOBaHUS, EMKOCThIO Oaka U
JIp.) paccuMTaHa Ha YCpPeAHEHHYIO 00pabaThiBa€MOCTh JieTajell MPOCThIX (POPM M3 THIOBBIX 3aKa-
JICHHBIX KOHCTPYKIMOHHBIX cTanell. [IpuMeHeHne MHTEHCUBHBIX CIIOCOO0B NUTU(OBAHUS WM H3-
MEHEeHue MaTepuaina aeraneil, ee (Gopmbl, TpeOyeMbIX apaMeTpOB MPOU3BOAUTEIBLHOCTH U Kaye-
CTBa MPUBOAAT K HEOOXOIUMOCTH M3MeHeHHH B cocTtaBe cucteMbl COXX u BcTpanBaeMbIX KOMIIO-
HEHTOB. B CBSI3U C yBelIMUEHHEM CKOPOCTHBIX PEKHUMOB MOSBISIOTCS HOBbIE KOHPUTYpallUy MoJa-
g COX.

TakuMm o0pa3om, peanbHON NMEPCIEKTUBON pa3BUTHUsI aOpa3uBHON 00pabOTKU SABIISETCS HO-
BOE€ COOTHOILLIEHUE CKOPOCTEHW JIBMKEHUH MHCTPYMEHTAa M JE€TalM, COM3MEPHUMOCTb U BCTPEYHOE
HaIlpaBJIEHUE CKOPOCTEM.

VYrpaBieHrne cMa30uHO-OXJIAKAAIUMA TeXHonornueckumu cpeactsamu (COTC) mipu co-
BPEMEHHOM Ipoliecce NITU(POBAHMS IPOCTUPAETCS OT UX MOJHOTO OTCYTCTBHSI IIPU CYXOM HLTH(O-
BaHUM JI0 UCKITIOUUTENIEHO HHTEHCUBHOT'O OXJIAXK/IEHUS 30HBI PE3aHUs.

Kommanus Grindaix GmbH, xoTtopas cosmana mpu jgabopaTOpuu CTaHKOB PelHCKO-
Bectdanbckoii BeICIIEH TEXHUUECKOM MIKOJIBI (T. AaXeH), BHIITYCKAET MOAYJIbHbBIE CUCTEMbI TOJauu
COX B 30ny nundoBaHus, B TOM 4KCie HACAKH, COCTOSIINE U3 HAOOPOB COMEN-UTOJIOK, KOTOPbIE
a/lanTHPOBAHbI K KOHKPETHON omnepanuu nuugoBaHus. DTO COIJjia CO CHEelUANIbHON reoMeTpHe ¢
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OHTHMH3Hp0BaHHOﬁ JUHAMUKOMN IIOTOKA, B TOM YHMCJIC M3TOTOBJICHHBLIC C HMCIIOJIb30BAHUEM adau-
THUBHBIX TEXHOJIOTHIA.

Crpyiinas nogaua COX [Tonaya COX Ha ruApOOYUCTKY Kpyra

Pucynok 2 — Hacagku npu 3y0onumdoBaHHM KOHHYECKHX KOJIEC KOHUYECKUM KPYTOM

Cranok MFP 100 komnannun Mégerle moxeT ObITh OCHAIIEH HOBBIM 16-KpaTHBIM aBTOMa-
TUYECKUM CMeHIIMKOM ¢opcyHok nogaun COXK. D10 ycTpoilcTBO MOXKET aBTOMaTHYECKH 3arpy-
&KaTb TO COILIO, KOTOPOE SIBJISIETCS pallMOHAIILHBIM JUJIsl COOTBETCTBYIOIIEH onepanui. ITO ONTUMHU-
3UpyeT NOTOK OXJIAXKIAIOLIEH )KUIKOCTH U COKPALAET KOJIUYECTBO OTXO0B.

[IpoBeneHHbIN aHaMU3 TEHIEHIUN Pa3BUTHS Mpoliecca NUIM(OBAaHUS MTOKA3bIBAET, YTO pas3-
BUTHE BXOJAILINX B HETO KOHCTPYKTOPCKO-TEXHOJIOTHYECKUX CyOCHCTEM MMEET LIENbIO TOBBIIICHHE
3¢ (HeKTUBHOCTH NITU(POBAHUS MTOCPEACTBOM BCe OOJbIIEH AETEPMUHUPOBAHHOCTH KaXa0M CyOCH-
CTE€MBI, a TaKkXke panuoHaiabHoe Hcnosb3oBaHrne COXX npu BHICOKOCKOPOCTHOM HUTM(OBAHUM Tpe-
OyeT MpOBEeACHUS UCIIBITAHUN WM UCCIEI0BAaHUMN C MOCIEAYIOIUM YTOYHEHUEM TEXHUKU MpHUMe-
Henus COX.

[Mosromy Tenpenmmu pazsutusi COX mpr BEICOKOCKOPOCTHOM IITH(OBAHUU TPEOYIOT TPOBE-
JIEHNS] UCIIBITAHUH WJIM UCCIIEJ0BAHUN C MOCIENYIOUIMM YTOYHEHHEM TeXHUKN npuMeHeHns COXK.
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Summary. In this paper, the temperature measuring methods is considered. The mechanical energy
used in the grinding process is almost completely converted into thermal energy. This amount of
heat can cause geometric deflections on the workpiece, change its surface area, and accelerate tool
wear. Thus, the contact area temperature is an important process variable. However, it is difficult
to measure due to rapid temperature changes and resulting steep temperature gradients. In addi-
tion, the contact zone is not readily accessible and is generally surrounded by cutting fluid. In prin-
ciple, the temperature measurement process can be differentiated into thermal conductivity and
thermal radiation. The most common methods are analyzed in this scientific work. In our work,
special attention is paid to the most common temperature measuring methods and the groups into
which they are divided.

[Tpou3BoIUTENLHOCTE TIpOIecca NUTMGOBAHUS M TP ITOM OOECICUEHHUE 3aJaHHOTO Kayde-
CTBa TIOBEPXHOCTHOTO CJIOS JIETalI HEBO3MOXKHO 0€3 TOYHOTO ONpEACTICHUs KOJMUECTBA TETJIOBOM
SHEPI'UH, MOCTYMAIONICH B 3arOTOBKY, TaK KaK JJIsl ONPEICICHUs MIyOUHBI 1e()EKTHOTO CII0sI He0O-
XOIMMO 3HATh TEMIIEPATyPy MOBEPXHOCTH B 30HE ILITH(OBAHUS.

MexaHu4eckasi SHEpPTUs, BBIICISIONIAsICS B MPollecce NUIM(OBAHMS, TOYTH MTOJIHOCTBIO Mpe-
o0pasyeTrcs B TEIUIOBYIO SHEprui0. [1oriomenHoe 3aroToOBKOW TETI0 MOXKET BBI3BATh OTKIIOHEHUE B
dbopme U pazMepax, CTPYKType MOBEPXHOCTH M YCKOPUTh M3HOC MHCTpyMeHTa. Takum o0paszom,
TeMIepaTypa 30Hbl KOHTaKTa MPEACTaBIIeT COOOH BaKHYIO MepeMeHHYo mpouecca. OmHako ee
TPYAHO U3MEPUTH M3-3a OBICTPBIX M3MEHEHUI TEMIIEPaTyphl U BO3HUKAIOIIUX KPYTHIX TeMIEpaTyp-
HBIX TpagueHToB. Kpome TOro, KOHTaKkTHas 30Ha TPYAHOAOCTYIIHA U B OCHOBHOM OKpPY)KEHa CMa-
304HO-0XJIKIAFOIIEH KUIKOCTHIO. B pHHIIKIIE, MTPOIeCC M3MEPEHHS TEMIIEPATYPhl MOYXKHO pasjie-
JIUTh Ha TEIUIONPOBOIHOCTH U TeruioBoe u3nydeHue [1]. HaubGonee pacripoctpaneHHbIE METOABI M1O-
Ka3aHbl Ha puc. 1.

OHOIIPOBOIHOIT METO]L JIBYXIIpOBOJHOII METOJ
PazoMkHyTad H3MepHTEIbHAT LENb  |JaMKHYTad H3M. LENb paspes
z 3aTOTOBKH
A Tepmodorsra nUTHGOBATBHEL | 3arOTOBKA
8 ropadat KpyT
3
m — P
&, i i NiCr
= | croit TepMO TOHKHH CI0H
g iomiiy | ToPMO 3aroTOBKa JIEMEHT TepMO3IeMEHTa
E - TIPOBOZ
]
[Tupometp Buzgeorepmorpadus

)
i TG OBATBHEIH KPYT
A HE(paKpacHENi | MLTHQOBATBHEIH KPYT
E\ 3aTOTOBKA H3MEPHTETLHBIH|
e} pats Qs
; TepMOKaMepa
g OITO-BOTOKOHHBIH 0
5] Kabeas
5 doxycupyromas .
= R 3aroToBKa
5}
=

Pucynok — 1 MeTosl n3mMepeHust TemrnepaTypsl B 30He HUTU(OBaHUS

TemnepaTypy MOBEPXHOCTH NMpHU MITUGOBAHUH MOXHO U3MEPSATh MOJYUCKYCCTBEHHOU Tep-
MOTIapOH, AJIEKTPOBI KOTOPO pacloyioKeHbl Ha TOBEPXHOCTH HUTH(YEeMON 3arOTOBKH, a 3aMbIKa-
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HUE IIEKTPOAOB OCYIIECTBIsIeTCs NUIH(OBAIBHBIM KpyroMm. OJIHaKO B TaHHOM CiIydae TeMIepaTy-
pa u3MepsieTcs JIHIIb Ha BXOJ/1e aOpa3uBHOTO 3epHA B 3aTOTOBKY M TOJIBKO MIPH MOITYTHOM OJHOTPO-
xoaHoM 1rrdoBanun. KpoMe Toro, onpenenuts TeMIeparypy yAaeTcs JHIIb IPU MPOXOXKICHUN
4epe3 30HY MOCIIeJOBATEIFHO PACTIOI0KEHHBIX M OTHOCUTEIBHO JJIMHHBIX AJIEKTPOJIOB, YTO (PaKTH-
YECKU TO3BOJISICT OMPEICIUTh JIUIIh CPEIHIOI TI0 NMUTH(YeMOi TOBEPXHOCTH TEMIIEPaTypy.

Moxer OBITh WCIOJB30BaHA HMCKYCCTBEHHAs TEpMOIapa, PacIoOKEHHAs Ha HEKOTOPOi
riyOMHEe B MOBEPXHOCTHOM CJIOE€ 3aroTOBKM. B JgaHHOM ciiydae TemmepaTypa Ha MOBEPXHOCTH
orpeeisieTcs pacueTHbIM myTeM. OHAKO, B JJAHHOM CITy4ae TOYHOCTh OINPEICIICHHS TeMIIEPaTyphl
3aBHUCHUT OT PaCCTOSIHUS MEXIY IITH(YyeMON TOBEPXHOCTHIO M MECTOM YCTAaHOBKH CIasi TEPMOTIAPHI,
a TaKk)Ke KPUBHU3HBI YT KOHTAKTa NUTU(POBATIBHBIN KPYr-3aroToBKa M (PaKTHYECKUX Pa3MEPOB Crias
TepMoInapsl (TOJIIMHBI 1eKTponaa). KpoMe Toro, ucnosiab3yemMbple MaTeMaTUYECKHE 3aBUCHMOCTH
YaCcTO CTPOSITCS Ha OCHOBE PEIICHUS] OJHOMEPHOM 3a/1a4M, 3TO YIPOIIAET MATEMaTHYECKUE YpaBHE-
HHsA, HO CHUKACT TOYHOCTH PCLICHMUA.

[ToBbIIIEHNE TOYHOCTH ONPEICICHHS TEMIIEPATYPbl MOXKET OBITh JOCTHTHYTO 3a CYET IPH-
MEHEHUS HECKOJBKUX MEPEPE3aEMbIX MOJYHUCKYCCTBEHHBIX TepMonap. TemiepaTtypy U3MEpSIOT Ha
rITyOMHE MOBEPXHOCTHOTO CIIOSI 3arOTOBKM B JIBYX WJIM 0OJee TOYKax C IMOMOIIBIO TepMomap ¢
QJICKTpOJaMH1 pa3H01‘/’1 TOJIIIWHBEI B HAIIPABJICHUN BCKTOpPAa CKOPOCTHU 3aroTOBKH. Brruncnenue tem-
nepaTypbl MOBEPXHOCTH IIIH(PYEMON 3arOTOBKH OCYIIECTBISIOT METOJIOM 3KCTPAIIOJISIIUHU 110 TIIy-
oune [2].

JlJiss KOHTPOJIsl TEeMIepaTyphl 10 BCEW JJIMHE KOHTAKTa abpa3uBHOTO MHCTPYMEHTA ¢ 00pa-
0aTpIBa€MOI JIeTaIbI0 MOXKET OBITh MCIIOJIb30BAaH OECKOHTAKTHBIA CIIOCO0 M3MEPEHUs] TeMIIepaTy-
pol. Takoii crmoco® BKIOYAeT W3MEPEHUE H3Iy4eHUs B HH(]paKpacHOi 001acTH MPUEMHUKOM,
HaIpaBJICHHBIM Ha YYaCTOK 30HbLI KOHTAKTa a6pa31/IBHOFO HHCTPYMCHTA C ACTAJIBIO. HpI/I 9TOM C
MOMOIIIbI0 KOHTPOJIBHO-TIEPEIAIOIIETO 3JIEMEHTA, COJCPKAIIEr0 MPUEMHUK HH(PAKPACHBIX H3ITY-
YCHHM, YCHIIMTEIh-COIIACOBATENb, MOIYJISATOP, MEPEIAIONIyI0 aHTEHHY M aBTOHOMHBIN HMCTOYHUK
MUTAHUs, CUTHAJI C TPUEMHHUKA UHPPAKPACHBIX U3TYYCHUH YCHUIIMBAIOT, TPeoOpa3yIoT B BRICOKOYA-
CTOTHBINA CHUTHAJI U H3J1y4aroT. KOHTpOJII)HO-HCpCI[aIOHII/If/'I OJICMCHT MOHTHUPYIOT B IPOJOJILHOM I1a-
3y, BBIIIOJTHCHHOM B a0pa3MBHOM MHCTPYMEHTE, BHICOKOYACTOTHBIN CHTHAJI, U3JTydaeMbli mepeaa-
IOIIEH aHTEHHOM, BOCIPHUHHMMAIOT, YCUIMBAIOT U PETMCTPUPYIOT MPHUEMHBIM 3JIEMEHTOM, COCTOS-
IIUM U3 IPUEMHON aHTEHHBI, IPUEMHHKA, IEMOIYIATOpa, (GUIBTPA, BHIACIAIONIETO TOJIE3HYIO CO-
CTaBJISIONILYIO, YCHJIMTEIS CUTHAJIOB, aHAIOTO-IIM(POBOTO Mpeodpa3oBaTesist U mprudopa perucrpa-
uu. [Ipennaraemelii 6€CKOHTAKTHBIN CrocoO M3MEpeHus TemrmepaTypbl abpa3uBHOM 00paboTKu
MO3BOJISIET OIIEHUTH TETUIOHAIIPSKEHHOCTH TTOBEPXHOCTHOTO CJI0si 0OpabaThiBaeMoit eranu [3].

TakuM 006pa3zom, MOBBIIICHHE TPOU3BOAUTEIHHOCTH HNUTH(OBAHUS U TIPU 3TOM O0ECIIeYCHHE
3aJJaHHOTO KayecTBa MIOBEPXHOCTHOTO CJIOS JETaId HEBO3MOXKHO 0€3 TOYHOTO OIMpEeIesIeHHs KOIH-
4YecTBa TEIJIOBOW SHEPTUH, MOCTYNAIOIeH B 3arOTOBKY, IMTOCKOJIBKY IS ONpeAeTeHus TTyOuHBbI Je-
(heKTHOTO TTOBEPXHOCTHOTO CJI0sI HEOOXOAMMO 3HATh TEMIIEpaTypy MOBEPXHOCTH 3aroTOBKU. B cTa-
Th€ PACCMOTPEHBI METOJIbI U3MEPEHHsI TeMIIepaTyphl B 30He LT oBaHus. B cBs3u ¢ HeoOXoaumo-
CTBIO M3MCPCHUA KaK MOXKXHO OJIKe K TOYKE KOHTaKTa, 3aroToBkKa HIJIN HIJ'II/I(bOBaJ'IBHBII\/’I Kpyr
JOJKHBI OBITH MOATOTOBJICHBI 7SI BCEX METOJ0B, MCHOIB3YIOIINX TETIONPOBOIHOCTD, U JIJISl MPO-
1ecca m3MepeHus mupomeTpoM. [lo3ToMy mepednciIeHHBIE METOABl WU3MEPCHHs MPUMEHSIOTCS
TOJIBKO B HAYYHBIX UCCleoBaHMsIX. [IpsMoro Merona u3MepeHus TeMnepaTypsl, IPUMEHUMOTO Ha
MPAKTUKE U KOHTPOJIS TIpoIiecca, 10 CHX Nop He cymiecTByeT. OHAKO UCTIOIB3Yys pacueTHHIE Me-
TOJAMKH MOXXHO KOCBEHHO C/I€TIaTh BBIBOJBI O BIHMSIHHM HarpeBa Ha COCTOSHUE MOBEPXHOCTHOH 30-
HBI B ICTAJIN.
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1. Toenshoff H. K., Denkena B. Basics of cutting and abrasive processes. — 2013.
2. XycannoB A. III. Cnoco0 ompeneneHust TeMnepaTypsl B 30He nntrdosanus. — 2002.
3. CrenanoB O. C. u ap. beckoHTaKkTHBINH CrOCOO M3MEpEeHUs: TeMIepaTypbl abpa3uBHOM
obpadotku. — 2000.

134



YK 621.923-5
FTALIE R BN R IR R BB T R
/& & (Gao Yan), %45 (Chen Xi), %/ (Chen Xuhui)
FIE A% (Northeastern University)
e-mail:17814617918@163.com

Summary. This paper briefly describes the application of visual recognition in the process of refin-
ing molten steel by blowing argon at the bottom of ladle. Starting from the basis of metallurgy, cross
information science, to a point to try to extend the exploration of a facet of practice.

As a traditional industry, metallurgical industry has a great demand for emerging technolo-
gies. It is difficult to modernize the key step of metallurgical production, argon blowing at the bot-
tom of ladle. In actual production, it has been proved that argon flow is difficult to be accurately
controlled, resulting in unnecessary argon loss and poor stirring effect.

As a kind of automatic recognition technology, image processing system will be beneficial
to improve production efficiency and production comfort if it is applied to industrial production.
Based on the current model of argon blowing in ladles, we optimized the current semi-automatic
argon blowing system in ladles by contacting the visual recognition system introduced into China in
the 1980s.

First, we collect the data of the factory's production conditions. The images of argon blow-
ing at the bottom of the ladle were collected by a pre-installed high temperature industrial camera,
and the images were returned to the front end for processing of the batch core code. The image col-
lected by the industrial camera is a color image, and the color image is composed of three basic col-
ors: red (R), green (G) and blue (B), which makes the recognition calculation complicated. In order
to make the recognition simpler and more efficient in the detection process, the image should be
gray processed first. In this case, we're using the means method.

In the actual working conditions, the collected data will have many factors that make the
identification error. The process of eliminating these factors is called noise processing. The method
of Gaussian fuzzy is adopted in this system. The principle of fuzziness can be understood as setting
each pixel as the mean of the pixels in its surrounding field. The mean can be the average, median,
etc., as shown in the following diagram.

The value of the center pixel in the left picture is 2, and the pixels in the surrounding 3x3
fields are all 1. Take the average value as 1 and set it to the value of the center pixel, which becomes
the form of the right picture.

1 |1 |2 1 I [ 4 |
1 1 | 1 1
i O [ O | 1 OO | S |

Figure 1 — Pixel

This simple average blur is obviously unreasonable, because in fact an image is basically
continuous, which also means that the more adjacent pixels have a closer relationship with each
other and the weight should be higher, and the more distant pixels have a more distant relationship
with each other, and the weight should be lower. So we should use the weighted average method to
blur.

The normal distribution is a bell-shaped curve, so the closer you are to the center, the larger
the value, and the smaller the value. The two-dimensional Gaussian function is formulated as follows.

x24y?
e 207

Glxy) = 21102
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In order to calculate the weight matrix, it is necessary to set the ¢ fuzzy radius. Assuming
o = 1.5, the weight matrix with the fuzzy radius of 1.5 is as follows:

Figure 2 — Pixel

Since the weight values do not add to one, the matrix obtained after normalization is as follows:

0.147761

Figure 3 — Pixel

After Gaussian blur, we need to set the threshold of the image and binarization the image, so
that the image only has two colors: black and white. Finally, morphological denoising is carried out
to complete contour detection. In the end, we all identified the following results:

0 T=— 0 0 0

250{ ¥ 290 0{ ¢ 290 @

0 500 0 500 0 500 0 500

Figure 4 — Result

According to the image processing results, we can know the following points:

1. There is little difference in using the same threshold for different on-site image shooting
processing situations. If the accuracy is to be further improved, the deep learning neural network
can be used to find the best threshold.

2. Some black noise points outside the slag hole were preliminarly judged to be part of the
slag hole even in the first step of detection, but they were not considered into the scope of the slag
hole later. This is because the open operation was used, and the noise area was corroded by the open
operation because it was too small.

3. When shooting on the spot, the influence of noise should be reduced as far as possible,
and the industrial camera lens should be fully wiped, or a more accurate photoreceptor should be
adopted, and the shooting method of short time exposure should be adopted.
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Summary. Clustering analysis is fundamental for determining dominant discontinuity properties in
rock engineering. This study proposes an improved netting algorithm for identifying discontinuity
sets based on multiple discontinuity properties. The new method is believed to be a potentially use-
ful tool for rapidly obtaining dominant discontinuity sets in rock engineering.

Rock discontinuities are a key factor in controlling rock mass stability. The dominant prop-
erties of discontinuities play an important role in the analysis of the deformations and strengths of
rock masses. The distribution of discontinuities is complex and random after long-term and uncer-
tain geological activity. Clustering analysis can group random discontinuities into several dominant
sets in a specific geological range. The dominant properties of discontinuities are determined to fur-
ther evaluate the rock mass stability. Therefore, the clustering analysis of rock discontinuities is
fundamental for stability evaluation in rock engineering.

Rock discontinuities in the same set have similar properties because their tectonic periods
and formation are almost identical. Generally, two methods were considered to identify discontinui-
ty sets in previous studies. One way is to cluster discontinuities according to orientation, and the
other is to consider several discontinuity properties, including orientation. In geotechnical investiga-
tions of dam foundations, tunnels, and slopes, the discontinuity orientation (dip direction and dip) is
not the only factor influencing stability. For example, open and closed discontinuities with similar
orientations have very different effects on seepage rates and stability. Therefore, a clustering meth-
od considering multiple properties of rock discontinuities is essential for identifying discontinuity
sets, and it is more applicable in engineering practice.

The netting algorithm is an unsupervised clustering algorithm based on similarity. The simi-
larity matrix is obtained by calculating the similarity between all data points. In the matrix network,
each data point is regarded as a node, and the nodes are connected through longitude and latitude
lines to perform clustering. This method has performed well in clustering discontinuity orientations.
However, the clustering analysis of multiple discontinuity properties has not been developed.
Therefore, this paper develops an improved netting algorithm to cluster discontinuities with multi-
ple properties and obtain dominant discontinuity sets.

To cluster rock discontinuities with multiple properties quickly and accurately, a clustering
method based on an improved netting algorithm is proposed, and its main steps are as follows.

1. To obtain sufficient rock discontinuity data, as many systematic measurements as possible
should be taken in the field.

2. The orientation is transformed into polar coordinates, and the unit normal vector is ex-
pressed in three-dimensional Cartesian coordinates. The properties of rock discontinuities, including
trace length, spacing, aperture, infilling material, infilling percentage, roughness, water permeability,
and rock strength, are normalized to eliminate the influence of the dimensions on subsequent calcu-
lations.

3. The subjective weights are calculated based on the G1 method, and the objective weights
are calculated based on EWM. The subjective and objective preference coefficients are obtained
based on the optimization model. Then, the combined weights of the discontinuity properties are
determined using the additive synthesis method.

4. The similarities between the rock discontinuities are calculated, and a similarity matrix R
is established based on the calculation results.
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5. The similarity matrix R is restructured. All elements above the diagonal line are deleted
because of symmetry. The elements on the diagonal line are replaced with the classified object
numbers O;.

6. The A-cutting matrix R, is constructed by choosing a confidence level A.

7. The A-cutting matrix R;, is restructured. All “1” entries are replaced by the node number
“*» and all “0” entries in R, are ignored.

8. Clustering grouping is performed in RA. The node “*” determines the longitude line and
the latitude line on the diagonal line, and the samples connected by the same node become a group.

9.According to the clustering results, the effectiveness evaluation index Vxg is calculated.
When the rationality of the results is not appropriate, steps (6—9) are repeated by choosing different
confidence levels .

10. The dominant discontinuity sets are determined based on the clustering results.

Identifying discontinuity sets and determining dominant discontinuity properties are funda-
mental for rock mass stability evaluation. Clustering analysis with multiple discontinuity properties
has a stronger significance than considering only orientation, which better reflects the comprehen-
sive contributions of discontinuity properties to the deformations and strengths of rock masses.
Therefore, this paper proposes a new method for clustering discontinuities with multiple properties
based on an improved netting algorithm.

In the new method, ten discontinuity properties are considered clustering factors. Meanwhile,
a novel weighting method is used to weigh each property, combining the advantages of subjective
and objective weighting methods. The results obtained by the proposed method are unique and re-
peatable. The initial number of sets and the initial clustering centers are not needed in advance; all
data are considered potential clustering centers simultaneously. This reduces the subjectivity of hu-
man intervention and achieves global optimization. In addition, a distinctive advantage is that the
proposed method could effectively filter the noise data to improve the accuracy of the clustering
results, and the rejection rate was approximately 26 %.Moreover, the proposed method is believed
to be a potentially useful tool for rapidly obtaining dominant discontinuity sets in rock engineering.

VYJIK 69.003.13
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Summary. Green building is one of the important contents of sustainable development, and the re-
search and application of BIM technology plays an important role in realizing the life cycle of
green building, this paper analyzes the integration of BIM technology and sustainable development
— green building and explores the significance of BIM technology to the sustainable development of
green buildings.
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Summary. BIM in the construction phase of the project information can be parameterized to ensure that
the construction of the project data and information to achieve automated statistical analysis, BIM appli-
cation in the construction phase, including technical disclosure, site layout, engineering calculation and
S0 on to improve the construction project management quality and efficiency of management.
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Summary. There will be a large amount of ash accumulation in the mineral heating furnace when
preparing products, but due to the harsh internal environment of the mineral heating furnace [1], it
is difficult to directly observe the situation in the furnace. This project uses the inner cavity imaging
system to reconstruct the situation in the furnace through computer three-dimensional, so as to bet-
ter control the situation inside the furnace and effectively extend the life of the furnace.

This project team originally planned to use C language to design software programs, be-
cause the project program is more complex, C language is a difficult structural language, so in the
process of project implementation gradually found that it is difficult to write the interface through C
language. To this end, we decided to modify the original plan, after searching for information and
consulting teachers, we decided to adopt the method of front-end and back-end separation, the main
language is JavaScript, and the flat canvas Canvas is used for drawing. And use Vue.js on the front
end to build an operable visual interface for users to use, its flexible, easy to use and superb perfor-
mance characteristics make this framework has become the mainstream front-end framework, we
use the back-end framework for Node.js, Node.js is an open source, cross-platform JavaScript
runtime environment, often used for cross-platform development or building lightweight servers,
although Node servers are not as good as the commonly used Java+ when processing huge amounts
of data Spring's back-end development approach, large projects are still Java domain, but in small
projects, Node.js better performance due to its three major features, single-threaded, non-blocking
I/0 and event-driven, while using MySQL, one of the most widely used database systems to store
images.

Since the measurement of this system is controlled by horizontal rotating transmission de-
vice and vertical rotating transmission device, the main structure of both transmission devices is
rotary, so the most suitable measurement coordinate system is the spherical coordinate system, first,
the point data collected by the laser rangefinder is imported into the computer, and the point coordi-
nates are solved according to the geometric relationship of the space vector. And through the two
measurement methods of curve measurement and point cloud measurement designed by the system,
the single-point measurement mode and continuous measurement mode of the laser rangefinder are
respectively corresponded, and then the least squares method or B-spline interpolation is used to fit
it into a curve. The user can import the Excel file generated by the laser rangefinder externally
through the import file button, which is parsed into an array recognized by the system. The defect
analysis button can analyze the coordinate data through the curve fitting algorithm to obtain the co-
ordinates of the bumps and concave points, so as to accurately find the location of dust accumula-
tion and eliminate hidden dangers in time

At this stage, the main research problem of the project team is: how to observe the slag
hanging situation inside the high-temperature ore heating furnace in real time, and finally, our pro-
ject team reached an agreement and decided to design a set of devices that can rotate 360 degrees
and can image the collected point data through the computer in real time for project research. On

142



the confined dark space cavity imaging device, we completed the three-dimensional drawing and
assembly of the monitoring imager parts through the SOLID WORKS2020 version, and performed
explosion view operations on the completed parts to obtain simple equipment explosion drawings
and equipment disassembly and installation animations, so that the structure can be more concise
and convenient to understand, which is conducive to future production and installation. Understand
the principle of rotating operation of the device, the determination of the measurement coordinate
system and the coordinates of the origin, the measurement path planning, and carry out 360° data
collection without dead angle through the motor drive and gear transmission of the device.

In the problem of selecting the best laser rangefinder, we comprehensively compare the laser
rangefinders of five manufacturers, based on range, accuracy, price, and intuitively compare the
cost performance of each rangefinder through curve fitting, so as to ensure the authenticity and reli-
ability of project data and optimize the selection of laser rangefinders. In the end, it was decided to
purchase a red laser rangefinder-keyence laser sensor with a detection distance of 60-5000 mm and
a variable diameter of less than 40mm.

The system is equipped with an all-round automatic rotation device that can be equipped
with a laser rangefinder, which can freely adjust the length of the robotic arm in extremely harsh
environments that cannot be directly detected by artificially such as closed high temperature, and
extend the laser rangefinder into the furnace, rotate in all directions according to the planned path,
and automatically complete the measurement of the distance from the origin of the laser rangefinder
to each point of the furnace. Therefore, compared with the manual detection of the mine furnace,
this system can not only ensure the safety of the staff but also ensure the recovery of valuable ener-
gy in the furnace, reducing the cumbersome operation process and errors in manual calculation.

This project will develop a lightweight 3D reconstruction software and design a system
based on laser ranging technology and grid imaging technology. Through the computer processing
of the point data collected by the laser rangefinder real-time imaging and three-dimensional recon-
struction, constitute a closed inner cavity shape, and then carry out data analysis, at the same time
the user can operate the canvas to zoom in, zoom in, translate and rotate, etc., clearly and clearly
observe the structure of the inner cavity of the mineral heating furnace.

In the processing of point data, we chose B-spline curves with excellent properties such as
geometric invariance, convexity, convexity, variation reduction, and local support. Although the
least squares method is simple and easy to implement, if the fitting mode is not selected properly, it
will produce a large deviation.

This system and device are widely used and universal. The project concept is derived from
common problems in industrial production, and the results obtained by the experiment can be wide-
ly used in various fields and can significantly improve its work efficiency.

References
1. Basic parameters in the operation and design of submerged arc furnaces, with particular
reference to production of high-silicon alloys[J]. Journal of the Southern African Institute of Mining
and Metallurgy,2018,118(6).
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Summary. This project provides the theoretical and experimental basis for the industrial production
of Weigiao alumina red mud, and at the same time fundamentally solves a series of problems such
as waste of resources, environmental pollution and storage costs caused by red mud stockpiling, so
as to truly achieve sustainable economic development.
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The experimental raw materials were Weiqiao red mud, steel slag, bauxite and anthracite.
The red mud used in the experiment was taken from Shandong Weiqiao alumina plant, and the steel
slag was from the leaching slag of the experimental process, and the chemical composition of the
red mud is shown in tab.1.The typical composition of slag for different processes in steelmaking.
The main physical phases of slag include B-C,S, C,;MS,, C2F, FeO, MgO, CaO, Fe,0O3 and a small
amount of pure iron.

Ingredients Bayer Sintered Joint Law Weigiao
Fes0, 30~60 7~10 6.1~7.5 56. 0486
AL0, 10~20 5~17 5.4~7.5 23.1948
Si0, 20~31 20~30 20.0~20.5 8. 7290
Tio, Trace~10 2.5~3.6 6.1~7.7 7. 3271
Ca0 2~8 46~49 43.7~46.8 2. 7468
Na,0 — — — 0. 6966
Mg0 — 1.2~1.6 — 0. 1421
K0 — 0.2~2.4 0.5~0.7 0. 0781

Figure 1 — Chemical composition content (mass fraction) of the red mud produced
by the three processes and Weiqgiao

The red mud, steel slag, bauxite and anthracite were crushed, ground through a 200 mesh
(75 pm) sieve, dried and prepared for use.The raw ore is reduced in a slag bath under high tempera-
ture conditions, and the iron concentrate is obtained by magnetic separation, and the Al element is
recovered by alkali leaching. The process includes 3 steps of slag bath reduction, magnetic separa-
tion and alkali leaching.

The raw material ore was made by mixing steel slag, red mud, bauxite and anthracite in the
ratio of 30:24:15:2, 88:40:33:6, 25:12:15:2, 53:48:32:4 by mass. The raw material ore was put into
a graphite crucible and placed in a melt reactor and held at a temperature of 1500 °C for 1 hour,
while the material was then allowed to cool with the furnace using the 5 °C cooling method, and the
cooled material was removed to obtain the upper layer of calcium aluminate slag and the lower lay-
er of iron ingots.

The samples were placed in a fluid magnetic separator and separated by magnetic separa-
tion at a magnetic field strength of 1.59x105 A-1m-1 to obtain magnetic and non-magnetic phases,
and the pig iron was analyzed for composition, the iron recovery was calculated, and the iron grade
values were determined by microwave digestion.

For the aluminum slag obtained from the slag bath reduction, alkali leaching was per-
formed with Na,COs solution, and the ground finished calcium aluminate slag was leached by mag-
netic stirring, and the leached slurry was filtered and washed by liquid-solid separation through a
filter extractor, while the dissolved slag was placed in a muftle furnace for drying afterwards.

Fezo3 +CO — 2FeO + COz

Fe,03+ 3CO — 2Fe + 3CO,

Fe304+ CO — 3FeO + COz

2FeO + C — 2Fe + COy?

FeO + CO — Fe + CO,

The process of aluminum dissolution reaction:

CaO - A1203 + N32C03 + 4H20 — 2N3A1(OH)4 + CaCO3l

CaO - 2A1,0; + 2Na,CO; + 8H,0 — 4NaAl(OH)4 + CaCOs| + CO,1

12Ca0 - 7A1,03+ 12Na,CO3 + 33H,0 — 14NaAl(OH)4 + 12CaCOs| + 10NaOH

2Ca0 - SiO; + 2Na,CO3 — 2CaCOs] + Na,Si03+ 2NaOH

1.7Na,S103 + 2NaAl(OH)4 — Nay0 - ALO;s - 1.7S10; - nH,O| + 3.4NaOH

From the analysis in tab. 2 , the aluminum dissolution rate reached the highest value of
73.5 % in the present data at the material mass ratio of steel slag: red mud: bauxite: anthracite =
25:12:15:2. The iron reduction rate reached more than 80 % under all four groups of material ratios.
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Material Aluminum Iron
i Steel Red . i . ) .
Serial Bauxite Anthracite | dissolution | reduction
slag mud
number rate rate
1 30 24 15 & 71.1
Quality 2 88 40 33 6 65. 4 Basicall
ratio y above
3 25 12 15 2 73.5 80%
4 83 48 32 4 69. 8

Figure 2 — Relationship between the mass ratio of materials and the reduction rate
of aluminum and iron
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Summary. Our passive refrigeration technology has been continuously studied, and a number of
core technologies using gravity heat pipes for heat dissipation have been put forward. Through the
phase change of working medium, efficient heat dissipation can be realized with very little energy
consumption, and the working efficiency is extremely high.

Nowadays, the heating density of data center is increasing rapidly, and the equipment used
to solve the heat dissipation problem also consumes huge energy. Therefore, we designed a data
center refrigeration and heat dissipation optimization system, which greatly improved the heat dis-
sipation capacity and energy utilization efficiency of the data center. We build this system through
eight high-level papers, four patents and six soft works.

The heat dissipation envelope designed by us embeds gravity heat pipe array into the wall,
the evaporation section of the heat pipe is located at the lower part of the inner surface of the wall,
and the condensation section is located at the upper part of the outer surface of the wall. The work-
ing medium in the heat pipe can evaporate under the drive of temperature difference and return un-
der the action of gravity, which can transfer heat efficiently without additional power input. The
structural unit is shown in fig. 1.

Figure 1 — Control diagram of heat pipe embedded
The structure of the device comprises a chassis containing double capillary short tubes em-
bedded with chips and gravity heat pipes, wherein the evaporation section and condensation section
of the gravity heat pipe are respectively connected to the capillary short tubes and the shell of the
chassis, the chip is provided with a swing structure, and a direct evaporative cooler is arranged be-
tween the chassis and the wall. The physical diagram and structure diagram are shown in fig. 2, and
the heat energy flow direction is shown in fig. 3.

145



reigeantcondenste pm"";‘:m e Y Enter the direct
liquid by chip chassis evaporative
refrigarant steam he cooler through
airflow
- »~ Heat
- dissipation
\ data center
chip |
Stack effect
accelerates

- D o flow ralg

. o Figure 3 — Heat transfer process
Figure 2 — Structure of chip liquid of chip liquid cooling heat sink
embedded

We combine Tesla valves with liquid-cooled cabinets. Several ear-shaped sub-pipes are ar-
ranged on the main pipe of the liquid-cooled cabinet, as shown in fig. 4, so that the whole pipe pre-
sents a birdcage structure, as shown in fig. 5. Place the server chip in the birdcage and fill the Tesla
valve with coolant. Due to the unique structure of Tesla valve, it can push the liquid in the main
pipe to realize self-acceleration without external force assistance, thus improving the heat exchange
efficiency. Calculated by comsol, the optimum aspect ratio of Tesla valve is 0.35, and the internal
angle is 52°, which is the optimum structure.

& D S =
\ e et — [
\‘ﬁ, - —— /
Figure 4 — Schematic diagram of Tesla Figure 5 — Birdcace Tesla valve
valve flow field server

The new high-efficiency compound air conditioner consists of a temperature detection de-
vice, a unit temperature control device and a new evaporative condenser. We use a variety of refrig-
eration forms to optimize the three processes of cold capacity preparation, transport and supply, and
realize efficient refrigeration on the premise of low energy consumption.

The preparation of cold energy

TN - i
ml;'pumﬁ - -mumr tefnglemeameoum]:unp
+ Alr-cooled heat pipe + Evaporative cooling heat plpe
Air-cooled steam compression <=  Evaporative cooling steam compression
Figure 6 — Functional diagram of new high-efficiency composite air conditioning system

This system is a data center cooling system for multi-energy supply, which takes photovolta-
ic power generation as the main power source during the day, and use night electric to power the
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system at night. At the same time, the heat storage device is used to store the heat from waste heat
boiler, water source heat pump and biomass particle burner to reduce the use of electricity. Differ-

ent energy allocation is carried out under different use conditions to realize green energy saving in
refrigeration process.
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Figure 7 — Microgrid structure Figure 8 — chematic diagram of
diargram of data center multi-energy cooling system
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Summary. A gas chromatography flame ionization detector (GC-FID) method based on the use of
ethanol as an internal standard was developed and compared with the official Chinese method for
the determination of methanol in various alcoholic beverages. Both official and developed methods
were approbated for the analysis of wide range of alcoholic beverage samples with ethanol concen-
trations from 6.5 to 70.0 % by volume.

One of the most important indicators of the quality and safety of alcoholic products is the
quantitative content of volatile compounds. Methyl alcohol is one of the most controlled volatile
compounds in alcoholic beverages and raw materials for their production at the legislative level in
the world.

In accordance with the Chinese official methods for the analysis of alcoholic beverages
(GB/T 15038-2006, GB/T 11858-2008, GB 5009.266-2016, etc.) the determination of methanol in
alcoholic beverages is carried out by GC-FID. Quantitative calculation of the mass concentration of
the methanol is carried out according to the method of an internal standard (IS). The most abundant
internal standard substances are n-butanol, 4-methylpentan-2-ol and 2-methylbutan-2-ol. 4-
methylpentan-2-ol is also used as an IS in the European official methods for the analysis of alcohol-
ic beverages (Commission Regulation (EC) No 2870/2000 of 19 December 2000 laying down
Community reference methods for the analysis of spirits drinks, OIV-MA-AS312-03A, etc.).

Unfortunately, the official internal standard method has disadvantages, associated with
preparation of standard solutions and manual procedure for the quantitative addition of an internal
standard substance into the test sample, that affect the accuracy of the final analysis results.

The authors developed modified internal standard method, based on the use of ethanol as an
internal standard. The method avoids the aforementioned disadvantages of the traditional internal
standard method. There is no need to add any internal standard to the analysed sample, since ethyl
alcohol is an essential compound of any alcoholic beverage. The developed method is applicable to
the analysis of any liquid products containing ethanol, which can be analysed using GC systems.
The concentration of ethanol in any ethanol product, expressed as the mass of ethanol per liter of
absolute alcohol, is the density of ethanol, so the concentration of the internal standard used in the
developed method is always known. For this reason, the method allows to obtain the concentration
of methanol directly from gas chromatographic measurements in legally required (GB/T 11858-
2008) dimension of mass per litre of absolute alcohol (ethanol) units (g/hL of absolute alcohol (AA)
or mg/L AA).

Both official and developed methods were approbated for the analysis of wide range of al-
coholic beverage samples. As samples (with corresponding ethanol volume concentration in %)
were studied: rum (40 %), whiskey (40 %), bourbon (43 %), grain spirit (40 %), brandy (40 %),
grappa (40 %), calvados (40 %), gin (47 %), vodka (40 %), slivovice (45 %), tsikoudia (38 %), sake
(14.5 %), tequila (38 %), vermouth (15 %), nalewka (18 %), mulled wine (8.5 %), rectified spirit
(70 %), cocktail (27.5 %), sambuca (38 %), egg (17 %), herbal (35 %), limon (25 %), cherry
(16 %), raspberry (16.5 %) and sloe gin (35 %) liqueurs). 4-methylpentan-2-ol was used as IS for
the official method. The comparison of the obtained results was perfomed at a 0.05 significance
level, employing the statistical Student’s test (t-Test: Paired Two Sample for Means) and ANOVA
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(Single factor) for both the official and developed methods. As a null hypothesis, the similarity be-
tween the concentration for the official and developed methods was taken.

The relative difference between the results, obtained for both official and developed method,
was calculated according to the following formula

A:(C(D)—C(O))/C(O)-loo %,
where C(D) and C(O) are the concentrations of an analyte in the studied sample of alcoholic bever-
age, obtained by the developed and official methods, correspondingly, mg/L AA.

The obtained results of analysis are presented in the tab. 1.
Table 1 — The results of determination of methanol concentration and its standard deviation

(SD) in alcoholic beverages by both official and developed methods

1)

Table 1

Result Rum Whiskey Bourbon Grain spirit Brandy
C(O)£SD, mg/L AA 22.2+0.5 132+2 88.4+1.2 110£1.6 297+2
C(D)+SD, mg/L AA | 22.3+0.6 130+1 88.9+0.5 111£0.7 297+1
A, % 0.7 —0.9 0.6 0.9 0.2
Result Grappa Calvados Gin Vodka Slivovice
C(0)£SD, mg/L AA 41445 910+5 4.16+0.09 21.840.2 10546497
C(D) +SD, mg/L AA 41242 913+2 4.19+0.16 21.7+0.2 10603+18
A, % —0.6 0.3 0.8 0.7 0.5
Result Tsikoudia Sake Tequila Vermouth Nalewka
C(O)£SD, mg/L AA 755+50 18.2+1.3 1456+35 17.540.1 168+5
C(D) £SD, mg/L AA 761+20 18.1+1.4 1460+10 17.6+0.2 169+4
A, % 0.8 -1.0 0.3 0.6 0.9
Result Mulled wine |Rectified spirit| Cocktail Sambuka Eqgg liqueur
C(0)+SD, mg/L AA 25.3£3.0 6.05+0.39 77.3+£0.7 2.32+0.04 9.75+0.28
C(D)+SD, mg/L AA | 25.1+2.7 6.03+0.40 76.3+1.5 2.34+0.05 9.81+0.14
A, % —0.6 —0.4 -1.2 0.8 0.7

Liqueurs

Result Herbal Limon Cherry Raspberry Sloe gin
C(O)£SD, mg/L AA 19.5+0.1 29.1+0.9 9.77+1.34 12745 20.5+0.7
C(D)+SD, mg/L AA | 19.6+0.1 29.4+1.0 9.82+1.27 1264 20.7+0.4
A, % 0.4 0.8 0.5 -1.1 0.5

The comparison of the results obtained for both official and developed showed that the rela-
tive difference between the values of concentrations is less than =1.5 %. Both statistical tests (Stu-
dent’s test and ANOVA) confirmed that the difference between the means, obtained for both meth-
ods for all the studied samples is statistically insignificant at a 0.05 significance level.

The obtained results show, that the developed method can also be validated for a number of
volatile congeners in alcoholic products and ethanol containing products in general. The obtained
results can be an occasion for launching the interlaboratory study of the developed modified internal
standard GC-FID method in order to improve official methods of analysis and make them simpler,
faster, easier, cheaper, more reliable and robust.

Authors have prepared improved version of the National standards of People’s Republic of
China GB/T 15038 [1] and GB/T 11858 [2] based on the use of ethanol as an internal standard sub-
stance. The yellow text highlights the text to be deleted. Green highlights text that needs to be in-
serted into the documents. The simplicity and accessibility of the implementation of the method in
the daily practice of testing laboratories is impressive. Video presentation of the method is present-
ed at open access resources [3].
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Summary. The paper shows the relationship “microbiota-gut-brain”” and the importance of study-
ing the prognostic significance of the nature of the metabolic profile of the intestinal microflora
against the background of stress from circadian rhythm disorders. It is recommended to include up-
to-date data on the biochemical and physiological features of the intestinal microbiota and its effect
on the human body in curricula when teaching biological disciplines such as “Microbiology” and
“Normal Physiology .

Ha ceropnsamumii 1eHp B HAy4YHOU cpene CPOPMHPOBAINCH OINpPENeICHHBIC B3TJISABI HA
(GYHKIMOHMpPOBaHUE MHUKPOQUIOPHl M €€ 3HAYeHHEe Ul OpraHu3Ma Xo3siHa. JlokazaHo Haiauuue
B3aUMOJCHCTBUS MEXy MUKPOOMOTOM KUIIEYHUKA U YHJAOKPUHHON, HEMPO-UMMYHHOU, UMMYHHOI
CUCTEMOM, KOTOPOE TEM HE MEHEEe HEJOCTaTOYHO U3yueHO. [lepCrieKTUBHBIM HalpaBICHUEM HCCIIE-
JIOBAaHUM SIBJISIETCS U3yYEHUE OCU MUKPOOMOTA-KUIIEYHHUK-MO3T M Pa3INYHbIX PACCTPOUCTB (Hapy-
IIEHUH IMPKAJHOTO pUTMa, pekuMma cHa). Moaudukanus KUIIEYHOH MHUKPOOHOTBHI ¢ MOMOIIBIO
MPOOMOTHKOB, MPEOMOTUKOB U MOCTOMOTUKOB OTKPBIBAET HOBBIE MOJIXO/Ibl K U3MEHEHUIO (DYHKIIUI
MO3Ta U JIEYEHHIO CTPECCOBBIX PACCTPOMCTB € y4€TOM HOBBIX B3aMMOCBS3€H «MHKpOOHMOTa-
KHMILIEYHUK-MO3I». B cBs3U ¢ ueMm, n3ydyeHne MporHoCTUYECKON 3HaAUMMOCTH XapakTepa MeTaboIuT-
HOTO MPOQUIIS KUILIEYHOH MUKPOQIIOpPHI (COCTaBa KOPOTKOLEMOYEYHBIX KUPHBIX KUCIOT) Ha (oHE
cTpecca, BIUSHHUE Ha JaHHBIA TPO(HIIb MUKpOOMOMa BBEACHUSI OMOJIOTUYECKHA aKTUBHBIX J100aBOK
MOJKET MOCITYXUTh Hay4yHbIM OOOCHOBAaHHEM JJIsi pa3pabOTKU OTEUECTBEHHBIX OMOJOTHMUYECKH aK-
TUBHBIX JOOABOK Il KOPPEKIMH MUKPOOHUOTHI KUIIEYHHUKA B YCJIOBUSX BO3/JEUCTBUS CTPECCOBBIX
(bakTOpOB HA OPraHU3M.

Kuieunsie 6akTepun Bce yalle NPU3HAIOTCS KPUTUYECKH BaXKHBIM OPraHOM B OpraHU3Me
YeJI0BEeKa, HEOOXOJUMBIM Ui Pa3BUTUS M TMOJIEP’KaHMs LEJIOCTHOCTH U Oapbepa KMIIEYHUKaA, a
TaK)XKe ONTUMAJIBHOTO cOopa sHepruu. OHM UTPAIOT BAXKHYIO POJIb B KOHTPOJIE MeTaboI13Ma U UM-
MyHHTeTa X03siuHa [ 1-2]. Takum 00pa3oM, HEYAUBUTEIBHO, YTO MUKPOOHOTA KHIIIEYHUKA H €€ Me-
Ta0OJIUTHI TAK)KE MOTEHIMAIBHO MOTYT BIMSTH Ha LUPKaJHbIE PUTMbI X03siMHa [3]. Merabonusm
4eJl0oBEKa aJallTUPOBAH K LUPKAAHOMY PUTMY NPOAOKUTEIBHOCTBIO OKOJIO 24 4acoB, KOTOPBIN
CUHXPOHU3UPOBAH C 36MHBIM 24 — 4acOBBIM LIMKJIOM CBET/TEMHOTA. DTOT PUTM YIPABISAETCS MO3-
IOM B THIIOTaJIaMyCe€, KOTOPbIH, B CBOIO OUYEPE]b, CHHXPOHU3UPYET OCTAJIbHBIE YACTU TEa. JTOT
MEXaHHU3M MOJIEKYJISIPHBIX YaCOB UTPAET BaXXHYIO POJIb B PETYNIALIMA PUTMUYECKON SKCIIPECCHH Te-
HOB, KOHTPOJIMPYEMBIX YacaMH, KOTOPBIE, B CBOIO OUEPElb, PETYIUPYIOT CUHTE3, XPaHEHUE U pac-
xoz sHeprum [4]. Ilukn cBer/TeMHOTa — 3TO HaubOJiee MOIIHBIA BHEIIHUN, WM KOJIOTHYECKHH
CHTHAJ ISl yenoBedeckoro opranusma [4]. KpyriocyTounsiii 00pa3 »KH3HH, COCTOSIIIHIA U3 CMEH-
HOU palboThbl, paHHUX YTPEHHUX MOJBEMOB, IMMO3THETO OTX0/1a KO CHY, CMEHbI YaCOBBIX IMOSICOB, MO-
KET MPUBECTU K HAPYLICHUIO LIUPKAJHBIX PUTMOB, MIOCKOJIbKY HAIlM BHYTPEHHHUE Yachl MOT'YT HE
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ycIieBaTh 3a IPOTUBOPEYMBON MH(POPMALIMEH O BHEITHEM LIMKJIE CBET/TEMHOTA M HAIlIeM MOBEJCHHE
ONTUMAaIILHBIM 00pasom [4].

KumeyHuk BiMseT Ha HAIl SHEPreTUYECKHH CTaTyC, KOHTPOJHUPYS (PHU3UOJOTHUYECKHUE
GyHKIMM, TaKhe KaK MHILEBapeHHe U BCAChIBaHHE IMHUIIH, a TAaKXKE OMOPOXKHEHUE XKellyIKa — JAei-
CTBUSI, KOTOPBIC TAKXKE PEryJIHPYIOTCS reHamu 4acoB [2]. M3BecTHO, 4TO cocTtaB M pa3sHOOOpasue
MUKpPOOUOTHI KUIIECYHUKA U, KaK CJIEJICTBUE, €€ METa0OJUTHBIA MPOpUIIb, MOKET U3MEHATHCA TMOJT
JCHCTBUEM Pa3MYHbIX (AKTOPOB, B TOM uyHcie crtpecca [2, 4]. Drto mnoarBepkaaetcs
MCCIIETOBAaHUSIMH MTPOBEECHHBIMU HA )KMBOTHBIX MOJEISAX, KOTOPhIE YOSAUTEIHHO AEMOHCTPUPYIOT
pa3NIuYKs B COCTABE U YHCICHHOCTU MUKPOQIIOPHI B CTPECCOBBIX M KOHTPOJIBHBIX IPYIINaX.

Cy1iecTBeHHOE U3MEHEHHE B COCTaBE M KOJMYECTBE MUKPOOPTaHU3MOB (DJIOPHI KUIIEUHUKA
MPUBOAUT K PA3BUTHIO AUCOMO03a, KOTOPBIN BIMIET HA TOMEOCTa3 X03WHa U TPeOyeT afeKBAaTHOTO
nedenus. OJHUM U3 TPAIUIMOHHO UCIOIb3YEMbIX CIIOCOO0B KOPPEKIUHN AUCOM03a KUIIEYHHUKA 5IB-
JSieTCs UCTIOJIb30BaHUE B MUILY TAaKUX OMOJOIMYECKH aKTUBHBIX J100AaBOK, KaK MPOOHMOTHKHU — HKU-
BbIe MUKPOOPTaHU3MBbI, KOTOPBIE MPU BBEJICHUU B aJI€KBATHBIX KOJMYECTBAX MPHUHOCST IMOJIB3Y IS
3JI0POBbSI X035IMHA M MPEOHMOTUKU — CYOCTpAThl, KOTOPbIe N30MPATEIBHO UCTIONB3YIOTCS MUKPOOP-
raHU3MaMH XO3sIMHa, MPUHOCS MOJb3Y A 340poBbs. lupokuii uHTEpec Kk MpoOUOTHKAM U Ipe-
OMOTHKaM KaK OMOJIOTHYECKH aKTHBHBIM J0OaBKaM, CIIOCOOHBIM MOJYJIHPOBAaTh (DYHKIIMH MUKPO-
OMOTBI CO CTOPOHBI HAYYHOTO COOOIIECTBA MPUBEN K MOSBICHUIO €Ie OJHOM TPYMIbI J00aBOK —
MOCTOMOTHKH [ 1]. PU3HOIOrHYECKOE ICHCTBHE TOCTOMOTUKOB CBSA3BIBAIOT C OMOJOTHMUYSCKH aKTHB-
HBIMH METa00JIMTaMHU HHAKTUBUPOBAHHBIX OaKTepHil.

[Tognepxka 370pOBOM MUKPOOHMOTHI KHIIEYHHUKA 32 CYET NMPOOHMOTHUKOB, MPEOMOTHKOB U
MOCTOMOTUKOB OCOOCHHO B YCIOBHSX HEONArompusTHhIX (PaKTOPOB Cpelbl B HACTOAIIEE BpEMs
MpHU3HAHA BaXKHBIM YCJIOBHEM IS 3A0POBbs Mo3ra. [I0CKOJBbKY BIHMSIHHE CTPECCOBBIX (haKTOPOB
MPUBOJUT K U3MEHEHUIO COCTaBa KUIIEYHON MHUKPO(IOPHI U ee MeTaboIuTHOro mpoduis, TO BBe-
JICHWE B palrioH 100aBOK C pa3HbIM MEXaHW3MOM BO3ACWUCTBUS HAa MHUKPOQuopy (IpoOHOTHKOB,
MPEOMOTUKOB, TOCTOMOTUKOB) MPHUBOJUT K U3MEHEHHUIO META0OJUTHOTO MPOPUIT MUKPOOUOTHI U
CIIOCOOCTBYET €€ HOPMAaJHM3alMy B YCIOBHSIX OCTPOTO M XPOHHYECKOTO CTPECCa, YTO TOBBIMIACT
YCTONYHMBOCTH OPraHU3Ma K CTPECCY B LIETIOM.

Takum  o0pa3oMm,  B3aUMOCBSI3b ~ MHKPOOWMOTHI ~ KWIIEYHMKAa W  HOPMAaJIbHOTO
(GYHKIIMOHUPOBAHMS OpraHM3Ma uYeloBeKa Ha CETOMHSAIIHUM JeHb IIMPOKO HCCIenyeTcs |
OCBEIIAETCSl B HAyYHOH JMTEpaType, TaK KaKk B COBPEMEHHOM OOIIECTBE CYIIECTBYET MHOMXECTBO
ocoOeHHOCTeH 00pa3a *HU3HH, KOTOPbIE MOTYT CIOCOOCTBOBATH HBIHEIIHEN SMHUIEMUH METa00IH-
YECKUX TMPOOJIEM CO 370POBBEM. DTH OCOOCHHOCTHM BKJIIOUYAIOT IUIOXOW COH HM3-32 COBPEMEHHBIX
(hakTOpoB cTpecca, TaKUX Kak JOJTHI pabounii JeHb, MyTEHIECTBHUS B HECKOJIBKO YaCOBBIX MOSCOB
U Majoe BO3JelCTBUE THEBHOro cBeTa. Bce 3T QakTopsl oOpas3a XKM3HM HE TOJBKO BIUSIOT U
HapYIIAIOT CUCTEMY IUPKATHOTO PUTMA, HO M BIUAIOT Ha COCTaB MUKPOOHMOMA HAIIETO KUIICUYHUKA.
[Tocnemnue NATH JIET MOKA3aJId, YTO MUKPOOBI, KUBYIIME B KHUIICYHUKE, TAKXKE EMOHCTPUPYIOT
IUPKAJAHBIA PUTM C TOUKH 3PEHUS MX COCTaBa U (DYHKIMHU U Jake UX CIOCOOHOCTH MPOHHUKATH B
KHIIEYHUK ¥ KOJOHU3UPOBATh ero. Hapyinenue cHa 1 CHiIbHOE BIIMSHUE HA HAPYIICHNE IIUPKAIHBIX
PHUTMOB CIIOCOOCTBYIOT 3THM METa00INYECKUM MOCICACTBHSAM JUIs 310pOBbsI [1].
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Summary. The effect of hyperbaric oxygenation in patients with complex segmental fractures of the
lower leg bones was studied. The results obtained indicate the optimization of bone remodeling with
the predominance of bone-forming processes in it, as a result of which the time of fusion was re-
duced.

[Tpumenenne runepbapuueckoii okcurenanuu (I'BO) criocobcTByeT HE TOIBKO HOPMAIU3a-
[IMU HApYIIEHHOTO KUCIOPOAHOIO PEKKMMa, HO U aKTUBU3ALMU METabOIMYECKUX MPOIECCOB B MO-
BPESKJICHHBIX TKAHSX, KOPPUTUPYET QYHKIIUH )KHU3HEOOSCIICUNBAIOIINX CHCTEM, YTO MTOJIOKHUTEIHLHO
BIIUSICT HA XapakTep pernapaThBHBIX MPOILECCOB MOBPEXKACHHBIX KOCTEH M MBIIIIL, COKpallas TeM
caMbIM CpOKH KoHcosuaanuu nepeaomos (A. @. KpacHos u coast, 1991).

Hamu 6b110 00cnenoBano 25 nanueHToB (5 xeHIUH 1 20 My>XKUUH) CO CJIOKHBIMU CErMEH-
TapHBIMH TepeoMamMu KocTel rojeHd. Cpok ITMHAMUUYECKOTO HAOIIOJEHUS 32 TPOONIEPUPOBAHHBI-
MU nanueHTamu coctaBui 1 roa. B Bo3pacte no 50 et Haxoawnoch 2 nanuenta, ot 50,1 go 60 ner
— 8, 01 60,1 10 70 — 15. Cpenuuii Bo3pact 00cieJ0BaHHBIX cOCTaBUI 55,3+6,6 er.

Bce manueHTsl mpoomneprupoBaHbl METOAOM 3aKPBITOIO0 MHTPAMEIyJUISIPHOTO OCTEOCHHTE3a,
3areM 10 m3 3THX ManueHToB ObUTO TMpoBeneHo 10 ceancoB I'BO B ogHOMEcTHOM OGapoKOMILIEKCe
BJIKC-307 — «XpyHnuueB» (u3omnpeccus coctaBmia 60 muH, nasienue 1,5 ATA), y 15 nauuenton
I'bO He ucnonb3oBamu (rpyrmna CpaBHEHHUS).

VYV Bcex 25 manuMeHToB B CHIBOPOTKE KPOBU U B CYTOYHOM MOYe B AMHAMHUKE O XUPYypruye-
CKOTO BMEIIATENIbCTBA M B TEUEHUE I'0JIa MOCJI€ HETO OMPEEIIsIn MapKepbl METa00Iu3Ma KOCTHON
TKaHW, U OMOPHEPTreTUKU C PacueTOM HHTETPAJbHBIX JTa0OpaTOPHBIX MOKa3aTeNel, OCTEOTPOIHbIE
IIUTOKUHBI ¥ MHUHEPAJIbl, CACTEMHBIE PETYJISATOPHI Kaibluii-pocharHoro odmMeHa, Mapkepsl mepe-
KHCHOTO OKHCJICHUS JIUMUJIOB U aHTUPAJAUKAIBHOM 3aIUTHI KIETOK, a TaK K€ IeéMaTOJIOTHYECKUE
MoKa3zaTeNi. AHAIN3 CTATUCTHYECKH 3HAYMMBIX Pa3Iuduil MPOBOJAWIN MApaMETPUIECKU MPU JTUHA-
MHUKE TOKa3aTeNsi ¢ HOPMaJIbHO paclpeeNeHHOW COBOKYITHOCTHIO (AMCIIEPCHOHHBIN aHANIN3) U He-
napameTrpudecku (kputepuit Kpackena-Yosmca, Tect ManHa-YUTHU, CepUiHBINA KpuTepuii Baib-
na-BonbsdoBuna, MenuanHbii Tect, kputepuid Konmoroposa-CMupHoBa).

Pe3ynbrarhl AeHCUTOMETPpUH B JUHAMUKE TOKA3aJld HE TOJIBKO COXpPAaHEHHE YPOBHS MUHE-
panbHOM IoTHOCTH KOocTH nocie I'bO-Tepanuu, HO U ee 3HaUMMBIN npupocT Ha 8,7 % depe3 mo-
roja nocine onepanuu 1 Ha 13,7 % (0,082 = 0,01 r/cm2) yepe3 roa HabOroaeHusA. KimnHndecku ObI-
JI0 OTMEYEHO JOCTOBEPHOE COKpAIlleHHWE CPOKOB CpalleHHs] KocTel roneHu Ha 32 % (B rpymme c
I'bO — 133,8421,3 ans, a B rpynmne cpaBHeHust 181,3+22,2 news).

Junamuika n1abopaToOpHBIX MOKa3aTeleld KOppenupoBaia ¢ JaHHBIMH KIUHUKA U JEHCHUTO-
METPHUH, TIOKa3aBIIMMH aKTHUBAIMIO KOCTEOOPA30BaTEIbHBIX MpoIieccoB. CBUACTEIBCTBOM YCKOpE-
HUS pEMOJICTHPOBAHUS KOCTHOU TKaHM 1o Bo3neicTBueM [ bO sBunace nuHamuka ¢ocdarazHoro
nHpekca (OU) chIBOPOTKH KPOBU — COOTHOIICHHE aKTUBHOCTEHW KOCTHBIX M30(EPMEHTOB MIEIO0Y-
HOU U kucnoit docdaras. Uepes monroaa mocie onepalyy ero nokasarenu Obumn B 1,7 pasa Bailie,
yem B rpynmne cpaBHenus (p < 0,05). HeoOxonumo oTMeTuTh, uTO OOJee BbhicOKue 3HadeHus1 OU
npu ['bO 00ycloBIeHB CHIKEHHEM aKTUBHOCTH TapTPAaTPE3UCTEHTHOTO H30(epMEHTa KUCION
docdaraszer (Kdrapt) B quHAMuKe TTocie oneparuu B 1,4-2,9 pasa (p < 0,01), 9To cooTBeTCTBOBA-
JI0 CHUKEHHIO METa00INYECKO aKTUBHOCTH OCTEOKIIACTOB.
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N3BecTHO, U4TO KIIIOUYEBYIO POJIb B TU(PHEPEHIIMPOBKE, aKTUBAILIUH U aIlONITO3€ OCTEOKIACTOB
WUrparoT UMEHHO JIOKaJbHbIE perynsatopbl — uieHbl cemerictBa TNF: RANKL u ocreonporerepun
(OPG). O6napyxennoe B rpymre ¢ 'bO cmemenue 6ananca RANKL/OPG B cTopoHy mociiefHero
TaK)X€ CBHUJIETEIbCTBOBAJIO 00 MHAKTUBAIMU JTMOO OCTEOKJIACTOTreHe3a, JINOO yKe 3pelbIX OCTEeO-
KJIacTOB. 3HauuMbIi pocT (B 1,7 pa3za) B CHIBOPOTKE KPOBU KOHIEHTpAIMU OCHOBHOT'O HEKOJLIAre-
HOBOTO Oenka octeokanbiimHa (OK) (cienuduanoro mapkepa Kocteo0pa3oBaHusi) OTMETHIIN B IIEep-
BBIC TPU MecsIia TOCcTe omepalui U B KOHIe HaOmroacHus, Ha (GoHe yBenudeHus B 1,7 paza (p <
0,05) ypoBust OPG, depe3 mosiroja mocie ornepanydy Mpu OJHOBPEMEHHOM MHOTOKPAaTHOM CHIDKE-
Huu koHueHTpauuu RANKL B panHuii nocieonepalioOHHbIM IEPUOA, YTO CBUIETEIHLCTBOBAIO O
HOpMaJIM3alui HAPYIIEHHOTO KOCTHOTO PEMOJICTUPOBAHHUS.

VYpoBeHnb dkckperrn C-KOHIIEBBIX TeIonenTHIoB kouiareHa 1 tumna (B-CrossLaps) — Beico-
KocneupuYHOro Mapkepa KOCTHOM pe30opOIMHM HU3MEHSJICS pa3HOHANpaBJICHO: MEPHUOJ pPOCTa B
nepBblii-TpeTuil Mecsan (B 1,9 pasza, p < 0,05) cmenwics cHukeHueM B 1,7 pasza uepes monrona
HaOJIIOIEHUS.

Taxoke BBISIBICHO CHHXKCHHE JPYTUX MApKEPOB PE30pOIMH: SKCKPEIHs KAIbIUS B MEPBbIC
Tpu Mecsma nocie onepanuu B rpymme ¢ 'bO Obuia mocroBepro Hmke B 1,8 paza. Kpome toro,
9KCKpeLus KaJIbLUs K KOHILY IoJla 0Ka3ajach 3HAYMMO HMKE JI0ONEpPallMOHHON BEJIMYMHBI, YTO, BE-
POSITHO, OOYCIIOBJIEHO HOpManu3aluel OajgaHca KOCTHOro pemojenupoBaHus B yciosusx ['BO.
Hanpotus, B rpyrie cpaBHEHUs MO-IPEKHEMY OTMEUEHA BbICOKasl pe30pOLMs KOCTH, TaK KaK ypo-
BeHb B-GrossLaps Ob11 1ocTOBEepHO BhINIE B 1,6 pa3a, ueM 0 onepanuu, Ha (JOHE HUZKUX BEITUYUH
®U u ceiBopoTouHoi KoHIeHTpauu OK.

OTH JaHHbBIE B KOMIUIEKCe ¢ nuHaMukoil naaekcoB RANKL/OPG u ®U cBunereabCcTBOBAIN
0 3HAYMMOM CHUXEHHM KOCTHOH pe30pOIHH U NpeBaTupoBaHuu (popmMooOpa3zoBaTeNbHbIX peakuit
yepes nonroza nocine tepanuu ['bO. OqHako cienyer OTMETUTh, YTO Y 3THUX MallMEHTOB B TMEPBHIE
TPH MecsI11a [10CJIE ONEPalMH B ONPEIEICHHON MEpe aKTUBUPOBAHbI U PE30POTUBHBIE IIPOLIECCHI (110
OTHOIIEHUIO K (POHOBBIM HuccienoBanusaMm): cHmkeH OU ¢ 15 o 8 (p < 0,01), B Moye B aBa pasa
BbIpociia KoHueHTpauusi B-CrossLaps. [lanHasi tuHaMuKa noka3aTesell B paHHUN Hocieornepalu-
OHHBIN NEPUOJ COOTBETCTBOBAJIA YCKOPEHUIO MPOLIECCOB KOCTHOTO PEMOJICIUPOBAHUS 1O/ BO3/ICH-
creueM ['BO, nmpuuem kak pe3opOunu KOCTH, TaK U KOCTE0Opa3oBaHUs. ITO BaXXHO, TIOCKOJIBKY 0€3
YMEPEHHOM CTUMYIISALIUU pe30pOIH HEBO3MOXKHA aKTHBAIMs KOCTe0Opa30BaHusl.

WuTepec npeacrapiseT JUHAMHKAa aKTUBHOCTH OCHOBHOT'O MapKepa aHTHOKCHUIAHTHOM 3a-
IIUTHI KJIeTOK — cynepokcuanucmytasbl (CO/). [IpoBenenHoe nccieoBaHue MOKa3aio aKkTHBALIHIO
CO/l B ycCIOBUSIX THIEPOKCHUU: 3HAYMMBIH POCT N0 OTHOIICHHUIO K (hOHOBHIM 3HaueHHsM (1,7-2,9
pasa) U 1o OTHOUIEHHUIO K TpyIIe cpaBHeHUs B 3,1-5,2 pa3a, COOTBETCTBEHHO 4epe3 MOJro/ia U roj
noce oneparuu. B rpynmne cpaBHeHus: pocta aktuBHOCTH COJl HE BBISIBIICHO.

Takum obOpa3zom, npoBereHHOe HccienoBanue s¢dexra ['bO-Tepanuu y nanueHToB co
CJIO)KHBIMU CETMEHTapHBIMU IE€pesIoMaMH KOCTEW TOJIEHH, MOKa3al0 MOJIOKUTEIbHOE BIMSHUE Ha
peMoieMpoBaHrue KOCTHOM TkaHu. [lonmyueHHbIe pe3ylbTaThl CBHIETENBCTBYIOT 00 ONTUMU3ALNH
KOCTHOTO PEMOJIEIMPOBAHUS C MPEBATMPOBAHUEM B HEM KOCTE0Opa30BaTeNbHbIX MPOIECCOB, B pe-
3yJIbTaTe Yero COKPaTUIIMCh CPOKU cparieHus. [Ipu 3Tom, 3¢ ekt TunepoKCHu 3aKiIoyacs B pery-
JUUK 3Kcnpeccuu octeoTponHbX TUTOKMHOB (RANKL, OPG), npubnukas ux 0anaHc Kk ¢unono-
THYECKOMY.
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PACTUTEJIBHBIE DKCTPAKTbBI KAK IOTEHIIUAJIBHBIE
COJIHUE3AIIUTHBIE ®UJIBTPbI
Tonax H. C., Pauxko A. A.
Benopycckuii 2ocyoapcmeentbiii MeOUYUHCKULL YHUBEPCUem
e-mail: goliakns@mail.ru

Summary. This article presents the results of a study of the fotoprotective activity of liquid extracts
from immortelle sandy flowers and St.John’s wort herb. The SPF of the studies extracts was
calculated.

[Touck u pa3paboTka HOBBIX 3((HEKTUBHBIX COITHIIE3AIIUTHBIX (PUIBTPOB ABISETCS MEPCIIEK-
TUBHBIM HAIIPABICHHEM COBPEMEHHON MeauUUHBI U (papMmariy. ColHIe3aUTHRIE (PUIBTPHI SBIIS-
10TCs Hanbosee 3PpGEeKTUBHBIM CIIOCOOOM 3aIUTHI OT HEOIArONPHUATHOTO BO3JACHCTBUS YyIbTpadu-
0J1eToBOro M3nydeHus (Y @-uzinydyeHus).

JnutenbHoe Bo3aelicTBue Yd-cBeTa Ha KOXKY YEIOBEKA BbI3BIBAET JIETCHEPATHUBHBIE HU3MeE-
HEHHSI KJIIETOK KOKH, PUOPO3HON TKaHU, KPOBEHOCHBIX COCYAOB. B CBSI3M € 3TUM 3HAUUTENHHO BO3-
pacTaer puUcK MPEXIEBPEMEHHOIO CTapeHUsl KOXKH, MOsIBICHUs (OTOAEPMATO30B, & B CAMBIX CEPb-
€3HBIX CIIy4asiX — paKka KOXH.

Ha naHHBIII MOMEHT IIMPOKO BEAYTCS MCCIEIOBAHMS MO MOUCKY PACTUTENIbHBIX COJIHIIE3A-
IIUTHBIX (PUIBTPOB, MTOCKOJIBKY OHH SIBJIIOTCS 00Jiee TOCTYIHBIMH, HE YCTYHAIOT 10 3((HEeKTUBHO-
CTH CUHTETUYECKHM COEJIMHEHUSM, a TaKkke 0071a/1at0T 6oJiee MUPOKUM CIIEKTPOM JICHCTBUSI.

[To cremeHn BO3AEUCTBHS HAa KOXKY YEIOBEKAa MOXHO BBIICIUTH 4YeThIpe obOmactu Yd-
mznyueHusi: YO-C (200-290 HM) — KOPOTKOBOJIHOBAS, OAaKTEpUIIUAHAS paJUalis, TOTJIONIAeTCS B
crpatocdepe, YD-B (290-320 uM) — cpeHEBOTHOBBIC JTy4YH, BHI3BIBAIOIINE KaHIEporeHes; Y d-Al
(320380 um) u YO-All (380400 HM) — IIHHHOBOJIHOBOE, XOPOIIO MPOHHUKAIOIIEE B KOKY H3ITY-
YEeHHUE.

Pactenus comepkat 0OJbIIOE KOJTHMYECTBO PAa3UYHBIX OMOJOTMUYECKU aKTUBHBIX COCIHHE-
Huil. [lepcreKTHBHBIME B Ka4eCTBE COJHIE3AIIUTHBIX (PUIBTPOB SBISIOTCS MOJM(PEHONBHBIE CO-
enunenus (PIIC), cpeaun KOTOPBIX BBIIENAIOT (PEHUIMPONIAHOU B! U THAPOIN3yeMble TaHHuABL. Oc-
HOBHOW (yHKIMEH (PEeHUIIPONaHOUOB SABJISETCS 3alIUTa PACTEHUS OT (PAKTOPOB BHELIHEH CpeIbl
U, B IIEPBYIO ouepep, oT Y D-u3irydeHus.

OeHMITPONIaHOUIbl CIIOCOOHBI noriomars Y @-u3inydyeHue, a Takke BIMSATh Ha MeTabosu-
YeCKHe MPOLECCHl Ha KJIIETOYHOM YpPOBHE (ITOJIABJISIOT HKCIPECCUI0 METAIONPOTEa3, CHIKAIOT aK-
TUBHOCThH IUKJIOOKcUTeHa3bl 2 tuna (L{OI'-2), yMeHbIIaoT KOJTUYECTBO aKTHBHBIX (HOPM KHCIOPO-
Jla B IIUTOIUIa3Me KIIETKH), YTO COCOOCTBYET MOJABIECHUIO BOCIAIUTEIbHBIX NPOLIECCOB, CTA0OMIIH-
3auuy GUOPMILT KOJUIareHa, MPensTCTBYET UX pa3pyLICHHIO, a TAKKe MPEeTOTBPAIAET OKUCIUTEb-
Hoe noBpexaeHue JTHK.

bonbmoe konuuectBo PIIC ¢ poTOnpoTeKTOPHBIMU CBOMCTBAMM COJIEPIKUTCS B PACTEHMSIX:
OeccMepTHHK NeCUaHbli, THHKTO Ouno0a, yail KuTaiickui u Jip.

B xauectBe 00beKTa HcceI0BaHUs B HACTOSIIEH paboTe ObUIM BHIOPAHbI IIBETKU OeccMepT-
HUKa 1 TpaBa 3Bepo0osl.

B mnBetkax OeccMepTHHKA MECUAHOTO CojepKaTcs (PIaBOHOUIBI (HAPUHTEHUH, CAIUITYPITO-
3UJ, W30CATHITYPIIO3U/I, alUTeHUH, KeMI(Epos) U UX TIIMKO3UIbI, MOJHCaXapuabl, TPOU3BOIHBIE
¢draneBoro anruapuaa u 1p. TpaBa 3Bepo00si MPOJBIPSBIECHHOTO COACPKHUT aHTPALEHIIPON3BOIHbBIE
COEJIMHEHUS], TaKue Kak T'MIIEPHIIMH, IICEBJOTHIEPULINH; (IIaBOHOUABI — THIIEPO3U[, KBEPLETHH,
W30KBEPIUTHH, PYTHH, aMeHTO(JIaBOH; KCAHTOHBI — 1, 3, 6, 7-TeTparuapoKCu-KCaHTOH; aIlMIIXJIO-
POTIIYLIMHONBL: TUNEpGOPHUH C HEOOJBIIMMHU KOJIWYECTBAMH aaruneppopuHa; 3(QupHbIE Macia;
OJIUTOMEPHI; MPOLUAHUANHBI U IPyTUe KaTeXHUHOBbIE TAHWHBI; IPON3BOAHbIE KOPEMHOBON KUCIIOTHI,
BKJIIOYAs XJIOPOT€HOBYIO KUCIIOTY.

Jns onpenenenyst GOTONMPOTEKTOPHON aKTUBHOCTU U3 IIBETKOB OECCMEPTHHKA FOTOBMIIN JKHJI-
KW 3KCTPAaKT METOJOM penepKosiuu no bocuHy B cooTHomeHuu 1:2 (B KauecTBe 3KCTpareHTa uc-
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MOJIB30BAIA CIUPT ATHIOBBIA 70 %). 1 momydeHus )HUAKUX SKCTPakToB (1:2) U3 TpaBbl 3Bepo00s B
Ka4yecTBE SKCTPAreHTOB MPUMEHSUIH KpoMme crupT 3TuioBoro (70 %), rmunepu (70 %), AMMETUIICYITb-
doxcuz (70 %), mpormneHrukob (70 %) (o 3 cepuu U1 KaXKI0r0 BUIa U3BICUCHHS).

JI1s KaX10T0 M3BIEUEHHUS MPOBOIMIN CIIETPO(HOTOMETPUUECKOE UCCIIEIOBAHHUE C TOMOIIBIO
cnekrpodoromerpa Cary 50.

JIJ1sl OLIEHKU COJIHIIE3AIUTHBIX CBOMCTB SKCTPAKTOB IIBETKOB OECCMEPTHHKA MECYAHOTO U
TpaBbI 3B€p00O0S MPOBIPSIBICHHOTO PETHCTPUPOBAIM UX CIIEKTPHI MOTJIOMICHUS M ONpEAeIsIn Be-
JUYUHY ONTHYECKOHN MIoTHOCTH B oOjactu 290—400 HM ¢ marom B 5 HM. 3aTeM pacCUUTHIBAIH
3HaueHUe conHie3amuTHoro ¢gakropa (SPF), a takke YOA/YDB (M03BONSET CYyAUTh, HACKOIBKO
3¢ (deKTUBHO HccleayeMoe BelecTBO norjomaet Y @-uznydyeHue B 00JacTH A MO CpPaBHEHHIO C
noryomeHueM B oonactu B). Paccuntannbie 3HaueHus npeacTaBieHsl B Ta0m. 1.

Tabmuna 1 — Cpeagnue 3HaueHWs W CTaHAApPTHBIE OTKIOHEHHWsS mokaszarenei SPF u
YOA/Y DB-koaddhunmerTa ucciieJoBaHHBIX SKCTPAKTOB JIJIS TPEX CEPUH KHIKOTO IKCTPaKTa

[TonudenonpHBIC COCTMHEHUS SPF YOA/YDOB
benzodenon-3 4,99+0,10 0,33

DKCTpaKT U3 BETKOB OecCMepPTHHKA (ICK- 7,51+£0,02 0,87+0,04
tpareHT 70 % cnupT 3TUIIOBBIN)
DKCTpakT U3 TPaBbl 3Bep000st 6,43+0,01 0,90+0,03
(acktpareHt 70 % coupT ATHIIOBBIN)
DKCTpaKT U3 TPaBbl 3Bep000st 3,92+0,02 0,83+0,02
(acktparent 70 % raunepuH)
DKCTpakT U3 TPaBbl 3Bep000st 4,78+0,03 0,87+0,01
(ackrparent 70 % nUMeETHUICYITb(POKCHT)
DKCTPAKT U3 TPaBbl 3Bep000s 5,89+0,02 0,92+0,03
(acktpareHt 70 % NpONMIIEHIJIMKOJIb)

13 1abn. 1 BUAHO, YTO CONHIE3AIUTHBINA (aKTOP JKUIKOTO HKCTPAKTa OECCMEpTHHKA MpPH-
omusutensHO B 1,5 pasa Oombime, yeM y OeH30(eHOHA-3 (CHHTETHYECKUN COJHIIE3AIIMTHBINA
(GWIbTp, YacTO BCTPEYAETCS B COCTABE COJIHIE3AIIUTHBIX cpeAcTB). YDA/YDB-kosppument
Oonple, yeM y 6er3odenona-3. ComHIEe3almUTHEIN (PaKkTop AKCTPAKTOB TPaBhI 3Bep0oOost OT 3,9 10
6,4, MpaKTUYECKN TaKOH ke, Kak U y OeHzodpeHoHa-3. Ilpu stom YOA/YDB kospdunment npu-
Onmm3uTENBHO B 3 pasa Oobiie yeM y OeH3odeHoHa-3.

Takum 00pa3oM KUIKUH SKCTPAKT LIBETKOB O€CCMEPTHHKA MECYaHOTro 00JIafaoT XOpoIiei
(OTOMPOTEKTOPHOH AKTUBHOCTBIO M MOTYT OBITH HCIOJB30BAHBI B COCTABE COJIHIIE3AIIMTHBIX
CpPE/CTB, B KQUeCTBE aIbTEPHATUBBI CHHTETUIECKAM OPTaHMYECKUM KOMITOHEHTaM.

Kunkue sKCcTpakThl 3Bepo00s TaKKe MOTYT BXOJUTh B COCTaB COJHIIE3ALIUTHBIX CPEJCTB,
MOCKOJIBKY UMEIOT noctaTo4Hblii SPF 1 YDA/YDB koo dunmenT, a Taxke odIamaeT paHO3aKHUB-
JISIFOIIMM JIEHCTBUEM.

YK 615.322:615.07:582.929
KAJINJIO MEJUCCOJINCTHOE — MEPCIHIEKTUBHBIN BU JEKAPCTBEHHOT' O
PACTUTEJBHOI'O CbIPbA
I'ypuna H. C., Hexpaweeuu 4. B.
KBenopycckuii cocyoapcmeennulii MeOuyuHcKuti yHugepcumenm
e-mail: bsmu@bsmu.by

Summary. Melittis melissophyllum L. is a medicinal plant from the Lamiaceae family.
M. melissophyllum L. herb contains various groups biologically active substances such as flavo-
noids, iridoids, essential oil, etc. In folk medicine, M. melissophyllum L. herb is used as a sedative,
hypnotic, antispasmodic, antiulcer, diuretic. A wide variety of biologically active substances and a
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wide range of pharmacological activity allow us to consider it as a new promising type of medicinal
plant materials.

Kamuno menucconuctaoe (Melittis melissophyllum L.) — mHOrONIETHEE TpaBsIHKCTOE JICKAp-
CTBEHHOE, MPSHO-apOMaTHIECKOe, IEKOPATUBHOE U MEIOHOCHOE PAaCTEHUE U3 CeMeicTBa SICHOTKO-
Beix (Lamiaceae). Kaauiao MenuccoaucTHoe 00JafaeT MIMPOKMMH aJalTalldOHHBIMH CIIOCOOHO-
CTSIMH H SIBJIIETCSI BLICOKOYCTOMYMBBIM MPU UHTPOAYKIIUU BUIOM.

B Hacrosimee Bpemsi, TpaBa Kajuiia MEJIHCCOIUCTHOTO MPUMEHSETCS TOJILKO B HAapOIHOMN
MEIWIIHE, OJHAKO COJCPKUT IMIHUPOKUHN CIIEKTP OMOJOTUYECKH aKTUBHBIX BEIECTB U 00JIafaeT psi-
10M (hapMaKOJIOTHYECKUX CBOMCTB.

XVUMUYECKUH COCTaB Kaauiia MEIMCCOIMCTHOTO MPEICTABICH Pa3HOOOPa3HBIMH TPYIIAMU
OMOJIOTUYECKH aKTUBHBIMH BEHIECTB: ()IABOHOMIAMU (aIUTeHUH, KeMIiepo, JIF0TEONH, KBepIie-
TUH), (heHoTKapOOHOBBIMU KUCIOTaMHU (po3MapuHOBast, Ko(eiHas, XJIOPOTeHOBas), UPHIOHIAMH
(MeNIUTTO3WU/I, Tapraruj, aueTHITaplaria), KyMapuHamH, JyOWIbHBIMH BEIISCTBAMH, MHKPO- U
Makpod3JeMeHTaMH. JIUCThsI U IBETKH COJEpKaT d(UPHOE MACIIO, KAYSCTBEHHBIA U KOJIUYECTBCH-
HBI COCTaB KOTOPOro oTiu4aeTcsi. OCHOBHBIM KOMIIOHEHTOM 3()MPHOTO Macia JIUCTHEB SBISCTCS
OKT-1-eH-3-0I1, a IBETKOB — O-TIMHCH. DPUPHOE MACIIO KaJuJia MEIHCCOIMCTHOTO 00JIaIaeT cras-
MOJIUTHYECKUM, CEIaTHBHBIM, aHTHOAKTEPUAIBHBIM, MPOTUBOTPUOKOBBIM H MHOPEIAKCHUPYIOIIUM
JEACTBUEM.

Pe3ynbTarhl MccienoBaHUl MOKA3bIBAIOT, YTO TPaBa KaJuJia MEIUCCOIMCTHOTO MOXKET BbI-
CTyIaTh B Ka4eCTBE MCTOYHWKA rapraruaa u 8-O-ameTui-rapraruia, UMEIONINX MOTCHIUATbHOE
npakTudeckoe npuMeHeHne. OCHOBHBIME (apMakoyiornyeckuMu 3¢ dekramu rapmaruaa u 8-O-
AlCTHJITHPIIATH]IA SIBJISICTCS IIPOTHBOBOCTIAMTEIBHBIN, 00€300ITMBAOIINI W TTOTCHIIUAIBHO MTPOTH-
BOPEBMATHUYECKUIA.

B HapomHOli MenummHE TpaBa KaJuia MEIUCCOJIUCTHOIO MPUMEHSETCS BHYTPh B BHIIC
HACTOCK, HACTOEB, YacB KaK CEAaTUBHOE, CHOTBOPHOE, CIIa3MOJIUTUYECKOE, TPOTHBOS3BEHHOE, MO-
geroHHoe. HacToiiky u3 TpaBbl MPUMEHSIOT TP SI3BEHHOUN 0OJIC3HU JKETMyIKa M JBEHAAIATUIICPCT-
HOW KHIIKH, OOJISX B JKEIYAKE M KHIICUYHUKE, HAPYIICHUSIX MEHCTPYAIBHOTO LUKJIA, & TAKXKE TPU
3a00JIeBaHUAX ABIXATEIBHBIX MyTel. HapykHO W3BICYCHHS M3 TPaBbl Kaauiia METHCCOIHCTHOTO
MIPUMEHSIOT JUTS TPOMBIBAHUH paH.

Bonbmoe paznooOpa3ue OHOIOTHYECKH aKTUBHBIX BEIIECTB, MIMPOKUH CIIEKTp (apMaKoio-
THYECKON aKTUBHOCTH OOYCJIOBIMBAIOT MHTEPEC K JIEKAPCTBEHHOMY PACTUTEIHHOMY CHIPBIO C TO-
3HWIIMHA CTaHIAPTH3AIUN U TTO3BOJITFOT PaCCMATPUBATh €r0 KaK HOBBIN MEPCIEKTUBHBIN BHUJI JIEKap-
CTBEHHOT'O PAaCTUTEIHHOTO CHIPHS.

YK 621.77
TEXHOJIOIT'NMYECKHUE OCHOBBI ITIOJYYEHUS YJIBTPA3BYKOBOI'O
TPYBUATOI'O CTYIEHYATOI'O KOHHEHTPATOPA-BOJIHOBOJIA
MEJIUIUHCKOI'O HASBHAYEHUSA
aii Bonvyu, Koponés A. FO., Byonuyxuii A. C., Munuens B. T., Anexcees IO. I
benopycckuii nayuonanvhviii mexnuueckutl yHugepcumem

Summary. Technological foundations for the manufacture of a concentrator-waveguide of complex
shape with elements of low rigidity have been developed, which provide the required accuracy of
dimensions and shapes, high surface quality, and improved physical and mechanical characteristics
from corrosion-resistant steel 12Kh18N9. In practice, a technology for obtaining a stepped tube-
type concentrator-waveguide and a treatment technology using an acoustic system in its composi-
tion have been introduced.

Pa3zpaboTka u co3mgaHue HOBBIX M3AEIMH MEAMLIMHCKOTO HAa3HAUYEHUsS JJsl NMPUMEHEHUS B
KapAHMOXUPYPrUuecKOi MPaKTHKE AJIS JIEYEHHUS! CEpAEUHOCOCYIUCTHIX 3a00JI€eBaHUI BO BCEM MHUpPE
IIOCTOSIHHO SIBJIIETCS aKTyaJIbHOM.
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Jlist  BOCCTaHOBIIGHUSI KpPOBOOOpAIIeHUS B COCYAaX U BOCCTAHOBIEHHUS UX 3JacTO-
MEXaHUYECKUX CBOMCTB YUYEHBIMH bBenopycckoro HalMOHAIBHOIO TEXHUYECKOI'O YHHUBEPCHUTETA
(BHTY) coBMecTHO ¢ BpayaMu MPEUIOKEH METOJ U 00OPYJOBaHHE JJIsl YIBTPA3BYKOBOW aHTHO-
IUTACTUKH, BKITFOYAIOIIEE CTYIIEHYAThIe KOHIICHTPATOPBI-BOIHOBOIBI [1].

B nmanHO# paboTe mpeaMeToM KCCIEeTOBAaHUS SBISETCS TEXHOJIOTHS TMOMYYSHHS CTyIeHYa-
TOTO KOHIIEHTpaTopa-BosiHOBoJa TpyouaToro tuma (CKBTT), mpeacraBnenHoro Ha puc. 1, mus
YIIBTPa3BYKOBOTO BO3JICHCTBUS Ha CTEHKH KPOBEHOCHBIX cOCy/I0B. HeoOX0MMO OBLIO TEXHOIOTH-
YecKd O0ECHeuuTh MOJyYyeHHEe TOYHOCTH IeOMEeTpHYecKux (opM M pa3MepoB, KayecTBa MOBEPX-
HOCTHOTO cJi0osi 1 paboTocrnocoonoct CKBTT.

025

S t / ] |

Henomenve 1) 13 V10 ) 12 | 15

Heomene 2| 16 | 13| - | 15 |6vsem| 5 -

fonyex | -02|02] 02

2 * Paswep dns crpabox

Pucynok 1 — CtyneH4atsiii KOHIIEHTPATOP-BOIHOBOJI TPyOUaTOro THUIA

CKBTT cocTtouT U3 NpoKCUMaJIbHOM, JUCTAJIbHOM YacT M pabodyero HakoHeyHuKa. [[nuHa
— 700 mMm. CryneHyaTas Hapy»KHasl IOBEPXHOCTb C IUIABHBIMU IlepexojaMu oT auamerpa 1,5 k 1,3 u
K 1,0 MM. A BHYTpeHHe nosocta — oT 1,0 10 0,5 mM. Pabounii HakOHEYHUK C HAPYKHBIM JHAMET-
poM — 1,3 MM, nleHTpanbHbIM oTBepcTHEM — 0,5 MM M TpeMsi OOKOBBIMU OTBEPCTHSIMU AMAMETPOM
0,3 mM. IIlepoxoBarocts BHyTpeHHUX noBepxHocTeil — 0,32 Ra, HapyxHbix — 0,1 Ra. Marepuan —
Hepxkageromas ctainb 12X18H9 B ynpouneHHOM cocTosHUU. CI0XKHOCTD pa3pabOTKH 3aKII0Yalach
B OYEHb MAJbIX JUAMETpax, 3HAUUTEIbHON JJIMHE U BBHICOKMX TPeOOBaHMSIX K IIEPOXOBATOCTH M3-
rOTaBIMBAEMOTO U3/IETIHS.

Bo16panbl MeTo1b1 00paboTKH, pa3paboTaHO TEXHOJIOTHYECKOe 000pyI0BaHKe, IPUCIIOCO0-
JIEHUS M UHCTPYMEHT, MPOBE/IEHb! MCCIIEI0OBAHUS U ONBITHO-3KCIIEPUMEHTAIbHBIE paboThl U cop-
MYJIMPOBAaHbI TEXHOJOTHYECKHE OCHOBBbI (hopmupoBanus reomerpuu u cBoiicte CKBTT cnenyro-
LIMMHU NIPOLIECCAMMU:

— Oe30mpaBoOYHBIM BosioueHHEM (5—6 mpoxoaoB) hopMooOpazoBaHNe HAPYKHBIX CTyIIEHYa-
TeiXx nosepxHocTell CKBTT. Texnonmormueckue pekKMMbl OTIIMYAIOTCA TEM, YTO OJHOBPEMEHHO
oOecnieunBaercs (GOpMHUPOBAHHE MOBEPXHOCTEN C 3aJJaHHOM TOUYHOCTBIO M YIIPOUHEHUE MaTepHualia
CKBTT 3a cuer onTUMH3alMM TEXHOJIOTHYECKOTO MaplIpyTa IIyTEM pacueTa U BapbUPOBAHUS CTe-
neHu o0katus M Kod((PUIIMEeHTa BBITSKKA M YCTAaHOBJIEHHUS MX BIIMSHUSA HA YCHJIME BOJIOYEHUS,
MUKPOCTPYKTYPY B MUKPOTBEpI0CTh MaTtepuaia (Bo3pactaer ¢ 230 mo 350 HVO0,2);

— METOJIOM pa3jadyu U o0kuma hopmMooOpa3zoBaHue pabouero HaKOHEYHUKA — CHEPUIECKOMN
muctanpHo yacti CKBTT. BeinonHeHO MaTeMaTH4ecKoe MOJEINPOBAHUE U ONIPENEITIEHBI 3aKOHO-
MEPHOCTH M3MEHEHHs IMOKa3aTesieil, XapaKTepu3yroUuX HanpsbKeHHO-1e(OopMUpPOBAaHHOE COCTOS-
HUE MaTepHaja npu 00XKaTUU U pazjade. TeXHOJOTHUECKUE PEXUMBI, OTINYAIOTCS BO3ZMOKHOCTBIO
nosiydeHusi Tpedyemoro npoduis 6e3 neperpesa U pa3pylieHUs 3aroToBKU (ycwius nedopmanuu
35,8-98,4 H npu paznave u 311,5 H npu o0xume) 1 ymMeHblIeHHeM ycuius nedopmanuu 1o 20-28
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H npu paznaue u 10 24 H npu o6xkatuu B ciiydae BpalleHUs TyaHCOHA U MAaTPULIBI CO CKOPOCTHIO
1280 06/MuH 1 1410 06/MHH COOTBETCTBEHHO [2];

— DJIEKTPOXUMMUYECKON NpOIMBKOM MHKpooTBepcTuil nuamerpom 0,3 mm. TexHosoruue-
CKHE PEXHUMBbI, OTIMYAIOTCS MOBBILICHHBIM PAacXoA0M 3JeKTpouTa (25 % pacTBop HATpusl a30THO-
kucioro 70 60 Mi/MUH npu HanpspkeHHH 15 B), 4To mpuBoauT K 60Jiee MHTEHCUBHOMY yJalICHUIO
MIPOJYKTOB 3JIEKTPOXUMHUYECKOIO aHOJHOTO PACTBOPEHUS M3 MEXDIIEKTPOJHOTO MPOMEXKYTKAa U K
CTa0MJIM3alUH TIPOLIecCa IMPOIIMBKH, MO3BOJSIONINE BBIMOJHATH MPOIIUBKY MHUKPOOTBEPCTHH ¢
TpeOyeMol TOYHOCTHIO M MPABHIIBHON (DOPMBI CO CTIIaKEHHBIMH Kpasimu [3];

— XMMHUYECKOM 0YMCTKON Ha NpOoTOK BHYTpeHHUX noepxHocTeil CKBTT. Texnonornueckue
PEKUMBI, OTJIMYAIOTCS COCTABOM KUCIIOTHOTO 3jekTponuta (H3PO4 — 78 %, HNO3; — 11 %, HCI —
11 %), remneparypro-ckopoctabiMu (25 °C, 0,4 Mi1/MHH) U BpeMEHHBIMH NTapaMeTpamMH Ipoliecca
(10 MuH), MO3BOJIAIONINE KAYSCTBEHHO OYUCTUTH MOBEPXHOCTh 03 (hOPMHUPOBAHKS OYaroB KOppo-
3UH;

— DJIEKTPOJUTHO-TNIA3MEHHON 00paboTkoi HapykHbIX noBepxHocTter CKBTT. Texnosoru-
YecKHe peXHUMbl 00pabOTKM B cojeBoM anekrpoiure (4 % pactBop cynbdara aMMOHHUS
(NH4)2S04, npu temneparype — 90 °C), oTauvaroTcs TeM, 4TO B Ipolecce 00pabOTKU OJHOBpE-
MEHHO 00ECTIeYMBAETCS TIOJTHOE yAaleHHE OKAIMHBI, CHIDKEHHSI IIEPOX0BAaTOCTH 10 Ra 0,1 Mmxm
u npuaanue nosepxunoctu CKBTT ognoponnoro 6mecka 6e3 cymectBeHHoro ceema metama (0,01
MM Ha CTOPOHY) 3a CYET ONTHMH3AIINK BpeMeHu 00pabdotku (tont 240 c) [4].

[To pe3ynbpTaTaM MpPOBEACHHBIX HCcleAoBaHUN pa3pabortan u BHenpeH Ha ['TI «Hayuno-
texHosornueckuii mapk bBHTY «llonuTexHuK» TEXHOJIOTMYECKUHI MPOLECC MOJIYYEHHS CTyIeHYa-
TOTO KOHIIEHTPATOpa-BOJIHOBOJA TPYOUaTOro THUMA JJs yAbTPAa3BYKOBOI'O BO3ACUCTBUS HA CTEHKH
KPOBEHOCHBIX cOCyl0B. B ximnukax Pecybonmuku Benapych paspaboTana U BHeIpeHa TEXHOIOTHS
MIPOBEJICHUS] MATIOMHBA3UBHBIX orepaiuii ¢ ucnonb3zoBanueM CKBTT, B oTiinuue oT OTKPBITHIX XU-
PYPrUYecKUX U MEIMKAMEHTO3HBIX KOppeKIuii, Oonee a3ppexTrBHas 1 Oe30macHas B IIIaHE pa3py-
IICHHs] BHYTPUCOCYAUCTHIX TPOMOOB, a TaK)Ke CIIOCOOCTBYIOIIAsl 3HAUUTEIHLHOMY YIYUIICHHUIO dJia-
CTO-MEXaHMYECKHUX CBOWCTB COCYIUCTON CTEHKH (pHC. 2).

En) 3
Pucynok 2 — CocTosiHME COCYZ0B 10 U IIOCIIE YIbTPa3ByKOBOIO BO3JEHCTBHS C NCIIOJIB30BAHNEM
CKBTT.
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e-mail: pzozulia@gmail.com

Summary. The article describes the experience of surgical treatment of 140 patients with inflamma-
tory diseases of the spine of specific and nonspecific etiology.

Beenenne. Ha coBpeMeHHOM 3Tane mpodiemMa CIOHAWIOAMCLHUTA MPOJOJKAET COXPAHAThH
CBOIO aKTyalbHOCTh. OTMEUaeTCsl TEHICHIMS K YBEIMUEHHUIO YPOBHS 3a00J1€Ba€MOCTH JIaHHOM Ia-
TOJIOTHEH, YTO OOYCIIOBJIEHO POCTOM YHCIA JIUL ¢ UMMYHOAEC()ULUTHBIMU COCTOSHUSIMH, COBEp-
IIEHCTBOBAHWEM METOJIOB JIMAarHOCTUKU JaHHOM MAaTOJOTMH, BO3pAaCTaHMEM 4YHCJIa MHBA3UBHBIX
IpolLeyp, a TaKXKe MOBBIIICHUEM BHUPYJIEHTHOCTH BO30yauTened MH(eKkuuid u npuodpeTeHrnemM
MMHU JIEKAPCTBEHHOW YCTOMYMBOCTU K HEKOTOPBHIM IpyMIaM aHTUOMOTUKOB, YTO OOYCIIOBJIEHO IIH-
POKMM Ha3HAYEHHEM M HEKOPPEKTHBIM IMPUEMOM aHTHOAKTEpPUAJbHBIX NpPEnapaToB MpHU JICUCHUU
APYTUX BOCHAIUTENBHBIX 3a001eBaHnil. OTIenbHON Mpo0IeMOil SBISIETCS CTEPTOCTh KIMHHYECKON
KapTHUHBI, [103/IHUE CPOKH TMArHOCTUKHU 3a00JI€BaHUs, HEBBICOKAs YACTOTA BBISBICHUS 3THOJIOTHYE-
CKOTO (paKTOpa U OTCYTCTBHE YETKUX IMOAXOJIOB K BRIOOPY HEOOXOAMMOTO METO/Ia XUPYPTUIECKOTO
JICYEHHUS TAMEHTOB CO CIIOHAWIOAUCLIUTAMM.

Heab: npeacTaBUTh UMEIOUIUICS ONBIT XUPYPrU4e€CKOro JICYEHUs NALMEHTOB CO CIIOHAU-
JoaucIuTaMu cnenuduueckor u Hecrienuduueckoit atrnonoruu Ha 6aze I'Y «PHIIL] mynsmoHoIO-
THH U PTU3HATPUN.

Marepuannl u Metoasbl. C ssuBaps 2010 r. mo HostOpb 2022 1. Ha 6a3e ['Y «PHIILI mynpmo-
HOJIOTHHU U (PTU3UATPHUI» OBLIO TIpoornepupoBano 140 marueHToB CO CIIOHIUIOIUCIIUTAMHE, U3 HUX
95 (67,9 %) myxuunsl u 45 (32,1 %) sxeHiuHbI. MeanaHa Bo3pacTa MAI[MEHTOB COCTaBHIA 56
(MuHMMYM — 19, MmakcumyMm — 82) net, moga — 52 rozaa. [lopakeHue melHOro oTena No3BOHOYHHU-
Ka ObU10 auarHoctupoBano y 14 (10,0 %) namuenTtos, rpyaHoro otaena —y 93 (66,4 %), nosicHuy-
Horo otaena —y 33 (23,6 %). OTronoruyeckasl CTpyKTypa MaToJIOrMUYeCKUX U3MEHEHUH B MO3BO-
HOYHHKE MPH CIIOHIMIOUCIIUTE Y TPOONIEPUPOBAHHBIX HAMH MAI[MEHTOB MpeCTaBiIeHa B Ta0. 1.

Tabmuna 1 — DTHoNOrHs MaTOIOTUYECKOTO Mpoliecca

Hecnennduye- Muko0bakTe- 3/10KaueCcTBEH-
TyGepkyne3 Hroro
CKO€ BOCIIAJICHHE pHo3 HOE MOpaXKECHHE
AOGcCoIII0THOE 95 a1 5 5 140
KOJIMYECTBO
OrHoCHTEb O0S 67,9 29,3 1,4 1,4 100
KOJIHN4eCTBO, %0

B 3aBucumocTy OT XapakTepa, BHITIOJHEHHBIE OTEPAaTUBHBIC BMEIIATEIHCTBA MOTYT OBITh
pa3JeNieHbl Ha IB€ OCHOBHBIE TPYIIBL: paJUKaIbHbBIE (C caHAIMel THOMHOTO oyara B MEXIO3BOH-
KOBOM JIMCKE W/WJIU TeJe MO3BOHKA) U CUMITTOMaTn4deckue (0e3 caHallui THOMHOTO ovyara B MEXITO-
3BOHKOBOM JIMICKE W/WJIU TEJIe TI03BOHKA).

PesyabTaTsl u 00cy:xaenne. Takum oOpa3om, 3a ykazaHHbIN nepuoj Bpemenu y 140 namu-
€HTOB OBLIO BBIMOJIHEHO 159 onepaTuBHBIX BMemaTeNnbeTB. K pagrkanbHBIM OlepaTHBHBIM BMEIIIa-
TEIHCTBAM OTHOCHJIM M30JMPOBAHHOE BBHIMIOJHEHUE MTEPEAHEN CEKBECTPHEKPIKTOMUH C JIEKOMITPEC-
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CHel CUHHOTO MO3ra ¢/0e3 AOMOIHUTENBHON (Ppukcamuu TUTaHOBOM TutactuHo: 54 (33,9 %) Bme-
1I1aTeabCTRA.

['pyria cuMOTOMAaTHYECKUX ONEpalliii BKITF0YaIa B Ce0s TOJIBKO BCKPBITHE U JPEHUPOBAHUE
npe- (mapa-) BepreOpasibHbIX abcueccoB (moa Y3UW KOHTpoJieM WM MOCPEACTBOM BHACOTOPAKO-
CKOIIMN), 3aJHIOI0 JEKOMIIPECCHIO CIIMHHOT'O MO3ra ¢/0e3 TpaHCHEeIUKYISIPHON (UKCAUU Tell TO-
3BOHKOB. Beero 6b110 BhnmonHeHo 65 (40,9 %) onepauuii j7aHHOTO THMA.

OTaenbHBIM MMYHKTOM BBLACIISUIMCH COUYETAHHBIE BMEIIATEIbCTBA, KOT/A MPHU BBHIMOJHEHUU
3aJiHel TEKOMIIPECCUHU CIIMHHOTO MO3Ta OCYIECTBIISUICA AeOpUIMEHT 30HbI MH(PEKIIMOHHOTO oYara
B MEKII03BOHKOBOM JIUCKE C IOCJIEAYIOLIEH TOCTAaHOBKOM ayTOTPAHCTILIAHTAaTa WK CETYaTOro TH-
TaHOBOTO0 MMIUIaHTa. JIaHHBIA TUI ONEPATUBHOTO JIEUEHUS MAIMEHTOB CO CHOHIUJIOTUCIUTAMHU
npuMeHnsaTcs B Hamel kiuHuke ¢ 2020 r. [To nanHOM METOMKE B HACTOSIIEE BPEMs MPOOIEPUPO-
BaHO 10 mauuenToB (6,3 % OT BceX BBITOJIHEHHBIX BMEIIATEILCTB).

OrpeiesIeHHOM YacTH MalMEHTOB ¢ BOCHAIMTENIbHBIMU 3a00JIEBAaHUSIMUA TTO3BOHOYHHUKA OBI-
JIX BBITIOJTHEHBI ATAITHbIC BMEIIATEILCTBA (BIIEPBBIC BBHIOIHEHBI B Hamie kiuauke B 2014 1.). Ile-
JBIO JIAHHBIX BMEIIATEIILCTB SIBJISICTCS PaHHSST MOOWIN3ANNS U BEPTUKAIU3AIMS MMAlUEHTa, 9TO TO-
JIO’KUTENBHO CKa3bIBACTCA HA KaYeCTBE U3HU ManueHToB. [lo ganHO# MeTonuKe ObLIO Mpoonepu-
poBano 15 naruenToB (18,9 % OT Bcex BBIMOJHEHHBIX BMEIIATEIIBCTB).

B panneM nocrneomnepaiioHHOM Mepuojie ocinoxHeHus pa3Buiauchk y 14 (10 %) manueHTos.
B cTpykType nocneonepanMoHHbIX OCJIOKHEHUN OTMEUYEHBI: HECOCTOSTEIbHOCTh KPaeB IOCIEole-
PAIMOHHOM paHbI 5 cllydaeB, HECTAOMIBHOCTh TPAHCIIEIUKYIApHOTO uKkcaTopa 4 ciydas, reMaro-
Ma TIoCJIeONepalMOHHON panbl 1 ciyyalt, mepdopaius moyioro oprata (TOJICTON KUIIKA OTIIOMKOM
X pebpa, ¢pparMeHT KOTOpOro ObLI B3ST B KauecTBE ayToTpaHCIIaHTaTa) 1 ciywaii, remoropakc 1
ciydaid, cencuc 1 ciayyall, IporpecCUpoBaHNE HEBPOJIOTMYECKON CHMMITOMATUKH M3-3a MOCIIEOIIE-
PAIMOHHOTO OTeKa CIMHHOTO Mo3ra 1 cirydaii.

VYpoBeHb nocieonepaloHHON JieTanbHOCTH cocTtaBuil 5,7 % (8 ciydaeB). B cTpykType mno-
CJICOTIEPAllMOHHON JIETaJIbHOCTH MPEBATUPYIOT JACKOMIICHCAIMS M0 3a00JIeBaHUSM CEpACYHO — CO-
CYIUCTON CUCTEMBI M CUHJIPOM IOJINOPTaHHON HEAOCTATOYHOCTH.

BoiBoabl. Takum 06pa3zom, BOmpoc BeIOOpa HEOOXOJMMOI0 METOJa XUPYPTUUECKOTO Jieue-
HUS HOCUT WHJIUBHIYATBHBIN XapakTep U ABISETCS 0CO00 BAXKHBIM, TaK KaK OT ATOTO 3aBUCST CPO-
KM peabuIuTalny U Ka4ecTBO )KU3HU MalUeHTA.

YIK 577.121.7:581.9(476.5)
OBOCHOBAHME TPUMEHEHUA PACTEHUI BUTEECKOI'O PETHOHA 151
CHU)XEHUA MOCJAEACTBUN OKUCJUTEJBbHOT'O CTPECCA
Kaynenvcon E. U., Bonoovko A. C., @omuuésa H. C., banaesa-Tuxomuposa O. M.
Bumebckuii cocyoapcmeennwiti ynugepcumem um. I1. M. Maweposa
e-mail: kate_kaznelson@tut.by

Summary. In connection with the increasing impact of adverse environmental factors on biological
objects, including plants used in agriculture, it is relevant to search for adequate ways to counter
modern stressors on biological objects (extreme temperature effects, drought and excessive water-
ing of soils, accumulation of heavy metals and etc.). Among the factors counteracting stress, natu-
ral biocompatible biologically active compositions containing endogenous antioxidants are of great
interest, since the use of synthetic antioxidants does not always give a positive effect.

VY OGuonoruueckux 0ObEKTOB CTPECC MPOSBISIETCS KaK COBOKYMHOCTh BCeX Hecnenudpuye-
CKHX U3MEHEHUH MoJ IeHCTBUEM JIIOOBIX CHIIBHBIX cTpeccopoB. Ha kaxmol ctaauu pa3BUTHS IpU-
CIOCO0JIIEMOCTD )KUBBIX OPraHU3MOB K HEOJIaronpHsATHBIM YCIOBHSM BbIpaXKeHA B Pa3HOM CTEIEHH.
AKTHUBHOE M30MpaTeIbHOE OTHOIIEHHE OMOJIOTMYEeCKUX OOBEKTOB K CTPECCOBBIM YCIOBHSIM BHEUI-
HEll cpesibl BBIpaXKaeTcs B €ro CIIOCOOHOCTH K CAaMOPETyJIALUH, ONTUMHU3ALNN TPOTEKAIOIUX B HEM
OMOXMMHYECKUX U UHBIX IPOLIECCOB.
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Crpeccopsl Ipu BO3JEHCTBUM HAa OHOJIOTMYECKHE OOBEKTHI (POPMHUPYIOT HeCTeHU(PHUHYIO
OTBETHYIO PEaKLHIO, BO MHOTOM OINpPEAEISIEMYIO JTUOO0 N30BITOUHOCTBIO MPOOKCUAAHTHBIX MPOLIEC-
COB, TMOO HEAOCTATOYHOCTBHIO CYIIECTBYIOUIMX SHIOTCHHBIX aHTHOKCHUAAHTHBIX cucTeM. C 00b-
IO} CTENEHbIO BEPOSITHOCTH MOKHO IIpeojaraTb, 4To 00paboTka 61onoruyeckoro oobekTa Ouo-
COBMECTHMBIM TPUPOJHBIM aHTHOKCHUIAHTHBIM MOJUKOMIIOHEHTHBIM MpPENapaToM, MOXET IOBBI-
CUThb YCTOHYMBOCTb €ro K JIeHCTBHIO ()aKTOPOB, BBI3BIBAIOIINX OKUCIUTEIBHBIH CTPECC WM CHH-
3UTH MOCJIEACTBUS TAHHOTO BO3ACUCTBUS. B KauecTBe TaKOro aHTHOKCHJAHTHOTO AKCTpaKTa OyzaeT
HCIOJIb30BATHCS KCTPAKT PAHHELBETYIINX U JUKOPACTYLINX PACTECHUH.

N3yuenne conepxanus OHMOJIOTMYECKH aKTUBHBIX BEIIECTB U3 JHCTHEB OJyBaHUYMKA JeKap-
CTBEHHOT0, KJI€Bepa JYrOoBOr0, MEJIBEXKETro JIyKa, [IEPBOLBETA BECEHHEI0 U JIyKa LIHUTTA SIBJISETCS
aKTyaJbHBIM, TaK KaK COCTaB PAaCTeHMM, NMPOU3PACTAIONIMX HAa Tepputopuu Burtebckoit obmacty,
HezpocTaToyHo M3ydeH. Kimmar ButeOckoro permoHa yMepeHHO-KOHTHMHEHTaJIbHBIH. OCHOBHBIM
KIIMMaTo00pa3yromuM (paKkTopoM SIBISIETCS BIMSHAE ATIAHTHYECKOTO OKeaHa. Bo3ayIliHbie Macchl,
INPUXOJSIIKUE C 3al1a/la, IPUHOCAT JIETOM MAaCMYPHYIO M JOXAJIUBYIO MOTOLy, 3UMON — 3HAYUTEIb-
HOE TMOTEIJICHHE U OTTerneNb. [Ipruxo1 BO3AYIIHBIX MAacC ¢ KOHTHHEHTA MPUBOIMT JIETOM K >KapKOU
CyXOH moroje, 3uMOi K CHJIbHBIM XOJ0AaM. YepenoBaHue BO3AYIIHBIX MAacc pa3jId4yHOrO MpPOUC-
XOXKICHHS CO3MAaeT XapaKTepHbId s ButeOckoi o0actu (0COOCHHO JIsE XOJIOIHOTO TIOTYTO TS
HEYCTOMYMBBII TUI TOrozpbl. /laHHbIE XapaKTEPUCTUKHU KJIMMaTa HEraTUBHO BIUSIOT HAa PACTCHMS,
npouspactatonivie B Butebckom peruone. B cBoro odepenb pacTeHus BbIpabOTaa MEXaHU3M JIeil-
CTBMSI aHTHOKCUAAHTHON CUCTEMBI KOTOPBIN MPENATCTBYET OKUCIUTEIILHOMY CTPECCY.

JleueOHOE AeiicTBUE HEKOTOPHIX BHUJOB PACTEHHI M3BECTHO C JpEeBHUX BpeMeH. K mcrmonb-
30BaHMIO LIEIUTENBHBIX TPaB JIOAM HMPUXOJUIN MHCTUHKTUBHO WJIM JUIMTENBHBIM IyTeM Ipo0O U
omubok. W moboii 00pa3oBaHHBII YeIOBEK 3HAET, YTO PACTEHUS COJEPIKAT TaK Ha3bIBaEMbIC JICH-
CTBYIOIIME BEIIECTBA — Pa3HOOOPA3HbBIE 110 CBOEMY CTPOEHHUIO U COCTABY CJIOKHBIE OPraHUYECKUE
coennHeHUs. B Hacrosiee BpeMsi paCTHTENBHOE CHIPHIO IIMPOKO 3aXBaTHIBAET MPOCTOPHI TAKUX
cdep, KaKk KOCMETOJIOTHs U MeaulnHa. Hanpumep, pacTuTenbHOE ChIpbe MCIOJIb3YEeTCs MPU U3ro-
TOBJICHUH PA3JIMYHBIX JIEKAPCTBEHHBIX MPETIapaToB.

Ha naHHBI MOMEHT HaMHU ONIpeeNeHbl MoKa3aTeau (pepMEeHTATUBHON M He(hepMEeHTATUB-
HOW aHTHOKCHUIAHTHOW CHCTEMbI OMOMACCH TUKOPACTYIIUX M paHHEIBETYIMX pacTeHui (pepmen-
Tl — KaTaJla3a, MepoKCUIa3bl, CyepOKCHIIMCMYTa3a, IITyTaTHOHPEYKTa3a; HU3KOMOJICKYISIPHbIE
KOMITOHEHTHI — aCKOpOMHOBAs KUCIIOTA, TIIyTaTHOH, IPOJIMH, KAPOTHHOU B, (hITABOHOUIBI, TOKO(E-
POJ, aMUHOKHCIIOTHI, MENTUABI M JIp.) JAOKa3bIBAIOIME 3KOHOMUYECKYIO BBITOJy MCIOJIb30BAHUS
OroMacchl pacTeHUN AJ11 U3TOTOBJIEHUS MTPENapaToB.

YK 617.5-089
CIHOCOBb OPTAHM3ALIMHU OINEPAIIMOHHOI'O ITOJIA B IPEJIBEPUM ITOJIOCTHU
PTA C HCIIOJIb30BAHUEM YCOBEPIIEHCTBOBAHHOI'O YCTPOMCTBA
Konuax B. B., floesuy U. B., Yepuenxo H. H.
Benopyccxuii 2cocyoapcmeennuiti meOuyuHckuti yHugepcumem
e-mail: vladislav.tiomnyj@gmail.com

Summary. Modeling of wounds in the vestibule of the oral cavity was made on plaster models. The
research method was the experimental testing of the instrument. The scope of the device was deter-
mined.

[TopaskeHust TKaHeH mpeABEpHsl MOJOCTH PTa MOTYT OBITh Pa3lUYHBIMH O 3THUOJIOTHH
(TpaBMaTHYECKHE, OMYyXOJIEBbIE, A3BEHHbIE, KaTapalbHbIe, TUIIEPTPO(UUYECKUE U JIP.), B CBA3H C YEM
BO3HUKAET HEOOXOAMMOCTh B ONTUMAILHOM JIOCTYIE K MECTY MOBPEXKAEHUS JIJIs1 KOPPEKTHOM €ro
PEBU3MH, a TAKXKE IS JICUCHHUSL.

[Tpu opranu3anuu oneparoHHOIO MOJIsl B MATKUX TKaHSIX YENIOCTHO-JHUIIEBOM 0o0nacTu 3a-
YacTYyI MCHOJIb3YyETCs IPYIAa HHCTPYMEHTOB — PETPAKTOPOB, MPEICTABIECHHBIX OJJHO- U JBYXCTO-
POHHUMU POTOPACIIUPUTENSAMHU, U U30THYTHIE 10 IIJIOCKOCTH ILUIIATENH, a TAKKE XUPYPrUYECKUE
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kproukn Ponpkmana u Papabdeda. [locieaHne UCTIONB3YIOT Ui pa3BeIeHHUs KpaeB paHbl, 00pa3o-
BAaHHON pBIXJIBIMU, OOraTo BaCKYJISPU3UPOBAHHBIMHM TKAHAMHU: MBIIIIAMU; IOJKOXKHO-)KUPOBOH
kieTyaTkoid. OHM MOTYT OBITh MCIIOJIB30BAHBl M P HEOOXOJUMOCTH OTBEJCHHS B CTOPOHY COCY-
JMCTO-HEPBHOTO Iy4Ka WM €ro COCTaBistomMX. OJHAKO, MCIOJb3YS BBILIEONMCAHHBIE UHCTPY-
MEHTBI, JJIs1 TPOBOJUMON MaHMITYJSIIIUN TPeOyeTCs acCHUCTEHT, KOTOpbIM OylIeT BBIIOJIHATH pe-
TPAKIMIO MATKUX TKaHeH. Llenblo gaHHOrO McciaenoBaHus Obula pa3paboTKa MHCTPYMEHTA JUIs pe-
TPaKIMK MATKHUX TKaHEH MpeaaBepus MOJIOCTH PTa.

bb110 nponsBeeHo MOJETUPOBAaHHUE PaH B NIPEABEPUH MOJIOCTH PTa HA THIICOBBIX MOJEIISIX.
MeTtosoM ucclieoBaHMs SABJSUIACh SKCIEpUMEHTaNbHAs anpodanus HHCTpyMeHTa. beuia omnpene-
JeHa 001acTh IPUMEHEHUS YCTPONUCTBA.

Y CTpOHCTBO M3rOTaBIMBAETCS M3 CTAHJAPTHOTO I XMUPYPTUUECKUX MHCTPYMEHTOB Mare-
puana — cranu Mapku 316L (03X17H14M3 mo 'OCT) myrem mTaMnoBKH MPOBOJIOYHOM 3arOTOBKH,
IIPOTOYKU U HAHECEHMsI pe3b0bl Ha JAETAIH C UX MOCIEIYIOIIEN TOJINPOBKOM.

Hcnonb3yroT ycTpoiicTBO cienyroummM oopazom. IlocpencTBoM BpalleHnss BAHTOBOIO (HK-
CHPYIOILIIETO PEryasTOpa YCTPOHCTBO aJalTUPYIOT K aHaTOMHUYECKMM OCOOEHHOCTSM IallMeHTa,
BBOJIAT B [10JIOTh PTa, YCTaHABIMBAIOT HAa3yOHbIe (PUKCUPYIOLIME IEMEHTH! Hajl 6-MU U 7-MHU 3y0a-
MU. BecTuOymnspHyo Ayry Ui peTpakiuy MOIBOIAT MO/ MATKHE TKAaHH B 00JaCTH ONEeparimoOHHON
paHbl. 3aTeM Bpad Ha)KuMaeT Ha (pUKcHUpYyIoHe CKOObI OONBIIMMH NaJIbLAMK PYK, AYrooOpa3Hble
MIEPEMBIYKH Pa3ABUTAIOTCS, TIOCIIE Yero CKOOBl YCTaHABIMBAIOT HIKE SKBATOPa KOPOHOK OTIOPHBIX
6-x u 7-x 3y00B, 4TO obOecreynBaeT HaIEKHYIO (PUKCALMIO YCTPOHCTBA K 3yOaM. Dukcanusi ocy-
IIECTBIJICHA, MTOCIIE KOTOPOW 00ECTIeYMBACTCSl HAJS)KHAS PETPAKLUS MIATKAX TKaHEH B 00JacTu Ma-
HUIYIALUOHHOTO noJist. [Ipu 3ToM mocie ycTaHOBKM yCTpOMCTBa IyTeM BpalleHHUs BUHTOBOTO pe-
TYJIATOpa BO3MOXXHO HM3MEHEHHE TE€OMETPUHU OIEPAIMOHHOTO TMOJS 32 CYET YBETUYCHUS WU
YMEHBIIIEHUS OTOJIBUI'AEMOI0 MaCCUBA MATKHX TKaHEH.

[Tpu SKCHIEpUMEHTAIBHOM MPUMEHEHUH YCTPOMCTBO MOKA3aJI0 XOPOUINE Pe3yIbTaThl B ac-
IIEKTEe OTBEJCHUS MATKUX TKaHEW W OpraHu3aluy MaHUIYJIAIUOHHOro noss. [Ipu 3ToM oTCyTCTBO-
BaJla HEOOXOAMMOCTD B y/Iep’KaHHUH MAacCHBA TKaHEH B 00JIaCTH OMEPAIMOHHOTO TOJISI ACCHCTEHTOM,
YTO M103BOJIIET ONTUMU3UPOBATH XOJI ONIEPATUBHOIO BMEIIATENbCTBA.

[Ipennaraemoe yCTpOWCTBO IJIsl PETPAKIIMK MATKUX TKaHEH MpeABEepHsl MOJIOCTH pTa 00ia-
JaeT CIEeTYIOIMMHU MOJIE€3HBIMH CBOMCTBAMM: MPOCTOTA B U3TOTOBJIEHUH, OOCITYKUBAaHUU U B pabo-
Te; KOHCTPYKTUBHOE HCIOJHEHHE MO3BOJISIET aalTHPOBATh HHCTPYMEHT MOJI KOHKPETHOTO TTallu-
€HTa; U3MEHATh pa3Mepbl MAHUIYJSLMOHHOTO MOJIsl; YCTPOUCTBO HE TpeOyeT ClelUalIbHBIX Mepo-
MIPUSATUHN IO CTEPUIIU3ALIMH.

YK 663.969+615.453.87
HOBBIE HAIIUOHAJIBHBIE HAITMTKH BOTI'ATBIE BUOJIOTMYECKH
AKTUBHBIMU BEHIECTBAMUA
Kypacosa JI. /]., Kpyanuxoea H. A.
benopycckuii cocyoapcmeennwiii mexnHono2uieckuil yHugepcumen,
Hayuonanvuuiii demcxuti mexuonapk
e-mail: larisakurasova99@gmail.com

Summary. The article presents the results of the development of new compositions of herbal tea.
Both official medicinal plant materials (Hypericum perforatum L., etc.) and non-traditional ones
(Lavandula angustifolia Mill., Fagopyrum esculentum Moench, Aronia melanocarpa (Michx.) El-
liott, Epilobium angustifolium L., etc.) were used.

VY Kakoro HapoJla UCTOPUUECKH CIIOKUIIUCH CBOM KyJIMHAPHBIE TPAAULIMM U UMEIOTCS CBOU
TpaauLMOHHbIE HAMUTKU. Korna roBopsT «cake» — Bce MpeACTaBIAoT Snonuto, «Boaka» — Poccuto,
«urHance» — I'epmanuto, «peunHay — ['peruto u 1. 4. EcTh Takue ke HallMOHAJIbHbIE HAIUTKUA U B
benapycu, Hanpumep, «kpam6amOyiis». OHAaKO BCe BBILIE NEPEUNCIICHHbIE HAITUTKY SBJISIOTCS all-
KOrosIbHIMU. Tak Kak B HacTosee Bpems Bce O0Jiblile BHUMAHUS yENsAeTcsl MOIePKAHUIO 3710-
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POBbS HAIMM, Ha MEPEIHUH IUIaH BBIXOIAT TPaJWIMOHHBIE Oe3aJKoroipbHble HanmuTKU. K Takum
HaIMTKaM OTHOCHUTCS (PUTOYAH.

®urtouan (yar. phyton — pacreHne) — YaitHbIe HAIIMTKU U3 PACTEHHIA, KOTOPBIC IIMPOKO UCIIONb-
3yIOTCSl B KauecTBE MPOIYKTOB MUTAHMsA, a TAKKe 00JaJal0oT HE TOJBKO XOPOIIMMH OpraHOJIeHTHYe-
CKHMH, HO U 11€JIEOHBIMU CBOMCTBaMH, B 3aBUCUMOCTH OT COCTaBa PACTUTEIILHON KOMIIO3HULIUHU.

Heo6xonuMo OTMETHTh, YTO MyOJUKALMM, MOCBAIIEHHBIX U3YUYEHUIO PACTEHUI U colepKa-
IIUXCSl B HUX OMOJIOTMYECKH aKTHBHBIX BEIIECTB, C KAKIBIM I'OJIOM CTaHOBHTCS Bce Oonbie. Exe-
rOHO JIMHeHKa puToyaitHON NPOAYKIMHU TOMOIHACTCS. HOBBIMU KOMITO3ULIUSAMU.

Hamre nccrnenoBanue Obl10 HAaIIpaBIeHO Ha pa3pabOTKy HOBBIX KOMITO3UIMN (puTOUasi, ¢ uc-
[10JIb30BaHUEM KaK JIEKapCTBEHHOI'O PACTUTEIBHOIO ChIPhS, TAK U PACTEHUH HE ABISAIOIIUXCS O(u-
LIMAJIbHBIM JIEKAPCTBEHHBIM CBIPHEM, HO JJaBHO HALIEAIINX IPUMEHEHUE B HAPOIHON MEIULMHE.

Ha nepBom 3tarne Hamu ObUTH M3y4yeHbI (PUTOYAMHBIE KOMIIO3ULIMY, TIPE/ICTABICHHBIC HA OTeYe-
CTBEHHOM pbIHKe. COCTaBIIeH CIHCOK TPaB, UCIIOJIb3YEMbIX B HACTOSIIIEE BPEMsl, BbIJIENICHbI Hanboee
4acTO BCTPEYAIOLIMECS PACTEHUS, ONPEAEICHbl OCHOBHBIE HAIIPABIICHUS UX BO3JECHCTBUSA HA OPraHU3M
yesioBeka. B tabin. 1 nmpeacrasiena HeOobIIAsS YacTh MOIYYEHHBIX PE3y/IbTaTOB. 3aTeM ObLIO IIpoaHa-
JM3UPOBAHO pa3HOOOpaszue pactutenbHoro Mupa benapycu. M, HakoHel, coOpaHbl JaHHBIE IO COJEP-
YKaHHMIO OMOJIOTUYECKH AKTUBHBIX BEIIECTB B OTOOPAHHOM PACTUTEIBHOM CHIPhE.

Tabmuna 1 — PacTeHus1, BeTpeyaromuecsi B KOMIIO3UIHX (uToyas Ui MOAHATHS UMMYHHU-

TeTa
CaoiicTBa
Pacrenue MMMYHOCTUMYIIU- | TPOTUBOMHUKPOOHBIE | IPOTHBOBOCTIAIIUTEIb-
pyronme HbIE
AJ105 sIIPEBOBUTHOE + + +
banan ToncronucTHEIN + +
bepesa nosucias +
beccmepTHUK necuaHbiil + +
BpycHuKa 0OBIKHOBEHHAs! + + +
by3una uepHas + + +
JleBscui BBICOKUI + +
Jymmia 0ObIKHOBEHHAS + + +

Ha Bropom s3tare u3 mecTHaaaTd 0ToOpaHHBIX Ha IEPBOM 3Tare pacTeHUI ObUIM BHIOpaHBI
JBEHaaaTh (KpUTEpUH OTOOpa: COBMECTHMMOCTb, KaUECTBEHHOE M KOJIMYECTBEHHOE COEepKaHUe
OMOJIOTMYECKH aKTUBHBIX BELIECTB): OpyCHHKA OOBIKHOBEHHAs, AYIINIIA OOBIKHOBEHHAs!, 3BEpOOOI
IIPOJBIPSABICHHBIN, JIMIIA CEPALIEBUIHASA, MEIUCCa JIEKapCTBEHHAs, MATa IIEpEYHast, THICSYETUCTHUK
OOBIKHOBEHHBIH, IIan(el JeKapCTBEeHHbIN, IIMIIOBHUK MANCKUM, psOMHA YepHOIUIOAHAs, Tpeunxa
IIOCEBHAsI, JaBaHAA Y3KOJIUCTHAs. [[aHHBIE pacTeHNUs ABIIAIOTCA COBMECTUMBIMH, OCTAJIbHBIE YETHIPE
MPOSBWJIM YAaCTHYHYIO WM TOJHYIO HECOBMECTHMMOCTh B CBSI3U C COJAEP)KAHHEM CHELMPUUECKUX
KOMIIOHEHTOB M OMOJOIMYeCKH aKTUBHBIX BEIECTB, KOTOPbIE B COYETAHUU C KOMIIOHEHTAMU JIpY-
I'MX pacTeHUM NPOSBISAIOT ce0s KaK aHTOIOHUCTBHI.

Ha tpeTbeM sTamne Ha OCHOBE OTOOpAaHHBIX pacTeHUil pazpaboTany KOMIO3UIUN (PUTOYAEB U
MIPOBENIM UX OPraHOJENTHYECKUI aHaNN3 (KpUTEpUU aHaIM3a: LIBET, 3amax, BKyc). B Tabu. 2 npen-
CTaBJICHBI HECKOJIBKO BapHAaHTOB pa3paOOTaHHBIX KOMIO3MLMUH C pe3ylbTaTaMu OpraHoJenTHYe-
CKOTO aHaJIu3a U BHIBOJAMH.
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Tabnuua 2 — Pe3ynpTaThl OpraHoJIeNTHYECKOTO aHAIN3a pa3padaThIBAEMbIX KOMITO3UIHHA

Kommno3umus IIser 3amax Bxkyc BriBoabt

No 1l CgertJo- CnankoBatbiid,| TpaBsiHuCTbIM,| [IIMNOBHUK W WA TPUTITYIIAIOT
bpycnuka KENTBIN, MEJIOBBIH, KHCJIOBATBIM | HACBILIICHHBIN [[BET OPYCHHKH, a
Jymuna HEHACHI- npeobnagaer TaK)Ke MPUIAIOT crieluPpUUecKuii
JIuma LICHHBIM, XapaKTEPHBIN TPaBSHUCTBIN, KUCIIOBAThIN BKYC,
Menucca MYTHBIN 3amnax MsTbl KOTOPBIM HE COUETAETCs C APYTUMHU
Msra TpaBamu

[IunoBHUK

Ne 5 Hacpien- | CnagkoBatelii|  Crnankuid, 3Bepo0Oi U THICIYEIUCTHHUK MTPH-
bpycHuka HBIN OpaH- | c mpeobiaja- CBEKHI JTAIOT CIaJKHUI BKYC, MsITa — CBE-
3Bepoboit JKEBBIN HUEM MSATHI KeCTh, OpyCHHKA — KPACUBBIN
Jymuna MEJHUCCHI OpPaH’KEBBIN LIBET, AYIINIIA B COYE-
Menucca TaHUU C MEJIMCCOU MPUIAIOT Clal-
Msita KOBaThI apoMar
Tricsue-

JIMCTHUK

Ne 6 PozoBeiit, | CnaaxoBatsiii,) C nerkoit JlaBaH[a IpUIaeT BKyCy HaIlUTKa
JlaBanna HACBIILIEH | JIETKUE HOTHI | TEPIKOCTHIO CBEXKECTh, TEPIKOCTh APOHUU HE
I'peunxa HBIH, NIPO- JIaBaH/IbI olyuaercs, onaronaps npeaBapu-
AponHus 3payHbIil TEJIbHOM MOJATOTOBKE SITOJ

Ha YCTBCPTOM ITaIIC I/ICCJIGI[OBaHI/II\/JI Y KOMIIO3UIIMH, KOTOPLIC IMMOKA3AJIN JTYyUIINC

JICITHYECKHME KA4ueCTBa, OMPEICIIN Psil (HapMaKOrHOCTHYECKUX TOoKa3aTesei (tabd. 3).

Tabnuna 3 — Hekotopsie papmakorHocTrueckue nmoxkaszarenau KoMrnosuuu NoS

Iloxa3arenn 3HauecHUE
HachinHas mioTHOCTb, r/cM° 0,036+0,002
DpaKIUOHHBIN COCTaB 3 MM > 60 %
Baaxuocts, % 8,59+0,23
3ompHOCTB, % 2,97+0,18
JlyounbHbIe BemecTBa, % 2,26+0,01
dnasononasl, % 1,15+0,02
AmnTornuansl, % 0
AckopOuHOBast KUCiI0Ta, % 2,16+0,10

ITo pe3yibTaTaM MPOBECACHHBIX I/ICCHGILOBaHI/Iﬁ MOXHO CA€JIaTh BbIBOJ, YTO JaHHas KOMIIO-
37000701 (I)I/ITO‘laH 3a CUCT BBICOKOI'O COACPIKAHUSA aCKOp6I/IHOBOI\/’I KHUCJIOTBI U (I)J'IaBOHOI/II[OB (B qacT-

HOCTH, KBepTeIlMHa) 001a/1a€T UMMYHOCTUMYJIMPYIOIIEH aKTUBHOCTBIO.

V]IK 666.295.7

HEPUVICOAEPXKAIIME I'TA3YPHBIE IOKPBITUA 1151 KEPAMOT'PAHUTA
Kyueposa JI. B., I'ony6 A. O., Jlesuyxuu 1. A.
Benopycckuii cocyoapcmeennwiil mexHono2uyeckull yHugepcumem
e-mail: kucherova.11.09@internet.ru

Summary. The results of the glazed semi-fritted coatings formation using cerium oxides as opacify-
ing agents, for glazing ceramic tiles we presented. It was determinate decorative characteristics
coatings

and  physic-chemical
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[TosyueHue riaymeHsix rinasypeil NpakTUYeCKH Ha BCEX MPOU3BOJCTBAX IPU U3TOTOBICHUU
KepaMHUYECKHX TUIMTOK 00€CIIeYnBaeTCsS BBEICHUEM B COCTaB MOKPHITUH OT 5 10 12 mac. % okcunaa
upkonust (1V), KoTopslii sBisieTcss HanboJiee U3BECTHBIM TITYIIUTENeM. XpaHEeHUE M HCIIOJIb30Ba-
HUE TaKOro poja marepuaiia TpedyeT coOIrofeHus] 0cOObIX Mep 0€30MacHOCTH, BBHJY BBICOKOIO
YPOBHS pajdaluy HUPKOHUKHCOAEPKAIUX MaTepuaaoB. B MpOMBINUIEHHOCTH COEIMHEHUS LUPKO-
HUS WCIOJIB3YIOTCS B PA3IMYHBIX O0JIACTSIX, OJHAKO OTPaHMYEHHE HCIOJB30BaHUS €r0 BHI3BAHO
TaK)K€ BBICOKOM CTOMMOCTBIO LIMPKOHUICOAEPKAIMX MAaTEPUAIOB HA MUPOBOM PBIHKE.

B cBsi3u ¢ 3TUM aKTyallbHBI UCCIIEIOBAHUSI COCTABOB TJIa3YPHBIX MOKPHITHI, HAIIpaBlICHHbIE
Ha MOMUCK 3(p(HEeKTUBHBIX TITYIIUTENCH ISl TOTyYeHHs I1azypeit 6enoro mnsera.

H3BecTHO, 4TO MCIOJIb30BaHUE B KauecTBe raymuTens okeuna uepus (CeOy) obecneunBaer
YCTOWYHMBOE TIYIICHUE CTEKOJ U (PPUTTOBAHHBIX CTEKIOBHIHBIX TOKPBITHH [ 1, 2].

Kepamorpanur, ucnonp3yemblii [Uis HCCIEIOBaHUM, OOXKHUraeTcsi NpU TeMIeparype
1200+5 °C, mpoomKUTENBHOCTD Tpoliecca ookura 60+2 MUH U IS €ro MPOU3BOACTBA IPUMEH -
I0TCA MONY(GPUTTOBAHHBIE COCTABBI TNIA3YPHOI'0 MOKPHITHUA. BbiOpanHbIil B paboTe cOCTaB MOKPHI-
THS BKJIFOYAET CIICAYIONINE COCTaBIsIoNMe, Mac. %: GpUTTy mpo3padHoil rnazypu mapku 2/154 —
20,0-42,5; monmomutoByto MyKky kiacca 4 mapku A 17,5-20,0 u quokcun uepus 5,0—15,0. ITocro-
SIHHBIMH KOMITOHEHTaMH, CyMMa KOTOpBIX cocTaBisuia 45 mac. %, pu yCTaHOBJIEHHOM B HCCIIEN0-
BaHHMM COOTHOIICHMH, sBIsLIMCh rHO3eM NO-105; xBapuesiii necok Mapku OBC—050; riauna
«'panntuk—Beckoy; nonesoit mmar [TIIIC-0,02-21. MaTepBan mara cojaepkaHusi KOMIIOHCHTOB
coctaisa 2,5 mac. %.

B cocraBe rna3ypHbIX CycHneH3UH HCIIOJIb30BaJach (PPUTTA, CUHTE3UPOBAHHAS B OKCHUJIHOM
cucreme CaO-MgO-Al;03-B,03-Si0,. Bapka ¢putrTsl 0OecrieunBaiach B ra3omjiaMeHHON IeYd
npu temnepatype 1450110 °C. Temneparypusbiii ko3hdunuent nuneiinoro pacmupenus (TKIIP)
ee cocrasisier 67,2 - 107K 7, Temneparypa pasmsaraenus — 580 °C.

[TpuroroBneHue raa3ypHO CyCIEH3UU MTPOU3BOIUIOCH MOKPBIM ITIOMOJIOM ChIPbEBBIX Marte-
puasioB B miapoBoil MenpHHIEe Speedy (Mrtamust) nmpu BIaKHOCTH cycneH3ud 32—35 % U TOHUHBI
nomouia, onpenensiemoit ocratkom Ha cute Ne0063 B kommyectBe 0,3—0,5 mac. % coipbs. [lnot-
HOCTb TJIa3ypHOro 1nuimkepa coctaisiia 1800—-1820 Ko/,

[TpuroTtoBneHHasi CycleH3Usl BbICTauBajlaCh B TEUEHHUE 3-X CYTOK, a 3aT€éM HaHOCUJIach C
MOMOILBIO (PUITbEpBI HA MOBEPXHOCTh BBICYILIEHHOI'O JI0 BJIarocojaep:kanus He 6oinee 2 % nonydad-
pukara kepamorpanura. Jlanee oOpa3ipl noAcymuBaiuch npu temmneparype 120+5 °C B TeueHue
30 MMH B 1a0OpaTOpPHOM CYUIMJIBHOM IIKady, a 3aTeM OOKUTaJHCh B MPOMBIIIICHHON KOHBEHep-
Hout meun FMS-2950 nipu 1200+5 °C B Teuenue 60 muH B poMbltuieHHbIX yeinoBusax OAO «Ke-
pamMuH».

Brenenue B cocra 5,0 mac. % okcuaa nepusi 00ecrnedyruBaeT MoJy4eHHE MOIYITPO3PAYHOTO
MOKPBITHS U HEJOCTAaTOYHYIO CTeNeHb riymeHus. Kpome Toro mpu 3tom He GopMmHpyeTcs Kade-
CTBEHHOE TOKPBITHE HM3-3a HU3KOTO COAEpKaHMs (PUTTHI U A0IOMHUTA, cocTaBisomux 20,0-25,0
mac. % u 17,5 mac. % cooTBeTcTBeHHO. Bricokas Temmeparypa miuaBinenus CeO; o0ycnaBiauBaer
(hopMHpOBaHUE TJIa3ypU HEJOCTATOYHOM PAaCTEeKaeMOCTH M KAMEHUCTON MaTOBOCTH.

benu3Ha rnazypHbIX MOKPHITHIA ONpeaessiiach KOJMUECTBOM BBeieHHOro ZrO, 1 He 3aBUCUT
OT XMMHYECKOI'0 COCTaBa Ila3ypHOoi MaTpuubl. bieck chopMupoBaHHBIX IepuiicoepKalliX IJia-
3ypell HaxOJUTCsA B IIMPOKOM HHTepBajie 3HaueHud — 6-10 %. Ilocie yBenuueHus cojieprkaHus
¢bputtsl U qonomura 10 42,5 u 20,0 mac. % cooTBETCTBEHHO, OJIECK I1a3ypeil MOBBICUIICS U COCTa-
BUJ 39-56 %, rmazypu OTHOCATCS K ITOJIyMAaTOBBIM ITOKPBITHSIM.

TemnepaTypHblii KO3(G(GULIUEHT JTUHEHHOrO pacIIUPEHUs OMPEIEIISICS C MOMOUIbIO JJIEK-
tpoHHoro guiatomerpa DIL 402 PC ¢upmsbr «Netzsch» (I'epmanust) B unTepBasie Temneparyp 20—
400 °C nmpu TIOCTOSHHOM CKOPOCTH HarpeBa oO0Opa3lloB B TI€YH, COCTaBIISIONICH
5 °C/mun. C yBenuyenueM coaepxkanus ZrO 3nauenust TKJIP mokpbITHs MOBBIIATHCH U HAXOH-
nuck B uHTEepBase (74,3-76,2) - 10K ™ [Tomydhabpukar kepamorpanuta xapakrepuzoBaics TKIIP,
COCTaBJISAIOINM 76,8 - 10K

Y CTaHOBJIEHO, YTO CTENEHb MITYIIEHHS TJIa3ypHOTo MOKPHITHS 3aBUCHIIA, TIPEXK/IE BCETrO, OT 3Ha-
YEHU MoKa3arens MpeloMIIEHHUs JUOKCHIA LEpHs, COCTABILIIOWEro 2,0, U ONpeaensuiach pa3sHOCThIO
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MEXKIY MOKa3aTeieM MpeIoMIICHHs CTEKIOBUIHON (a3bl U TITYIIUTENs, a TAKXKE OTCYTCTBUEM PaCTBO-
PUMOCTH TIIYLIUTENS B paciijiaBe Ia3ypu. ITO MO3BOJSUIO 3aKIIOUUTh, yTo CeOy MpakTUYeCKu MHEp-
TEH 110 OTHOIICHUIO K CTEKJIOBUIHOM (hase, a Takke He CKIIOHEH 00pa3oBhIBAThH C APYTHMMHU KOMITOHCH-
TaMH CTEKOJI HOBbIE KPUCTATMUECKUE COSTMHEHUS, CIIOCOOCTBYIOLIHE TITYIIEHHIO.

Lepuiiconep:xaiiee riia3ypHoe MOKPBITHE HE OTIIMYACTCS TAKKE BHICOKOH PacTeKaeMOCThIO,
nockoiibky CeO; 00yanaeT HEaKTUBHBIM MOBEPXHOCTHBIM HATSHKEHUEM TJIa3YPHOTO paciuiaBa U He
o0ecrieurnBaeT BBICOKYIO CTENEHb ero pasznuBa. [loydeHHBIN pe3yiabTaT COBMATAET C JAaHHBIMU O
BIIUSTHUM OKCHJIA IIepUs Ha XapaKTep MOBEPXHOCTHOTO HATSHXKEHUS CHIIMKATHBIX pacrijiaBos [1].

HcTrupaeMoCTh TIa3ypHOTO MOKPBITHS, 3arTYIICHHOTO OKCHUIOM IIEpHs, OMpeAesach s
00pa3oB ¢ ONTHUMAJIBHBIM €ro COJEp>KaHUuEM, COCTaBIsIOIUM 7,5 Mac. % Ha abpaszumerpe JSO-8
«Gabtecy (Utamus). Crenenp ux uctupaemoctu cocranisier 2 mo [OCT 27180.

Pentrenoda3oBeiM aHaIM30M, BeImoHEeHHBIM Ha yctaHoBke D8 ADVANCE Brucken (I'ep-
manwust) mpu CUK — u3iiyueHn”, YCTaHOBJICHO HAJTHUKE KpUCTaInueckoit ¢a3el nepuanuta (CeOy)
1 HebobIuXx KommyectB aHoptuta (CaO - Al,O3- 2Si0y).

PesynbTarhl nccienoBaHU MOKa3aal BO3MOKHOCTh TPUMEHEHHUS OKCHJIA [IEPHsI B COCTaBax
oJIy(ppUTTOBAHHBIX TIYHICHBIX IJ1a3ypeil s KepaMOorpaHuTa.
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Summary. For regenerative medicine, a paste for 3D printing of tissue-engineered frames based on
sodium alginate and hydroxyapatite has been obtained, which combines the advantages of both ma-
terials. The optimal content of hydroxyapatite in a paste based on alginate gel is 25-33 %. With an
increase in the concentration of alginate in the gel from 3 % to 5 %, the rheological properties of
the paste improve: viscosity and heterogeneity decrease.

BoccranoBnenrne KOCTHBIX J€(PEKTOB OCTA€TCS CEPhE3HON MPOOJIEeMOM B KIMHUYECKHUX
YCIOBUSX U TPeOYeT KOCTHBIX TPAHCIUIAHTATOB WJIM MAaT€pPUANIOB, 3aMEeHSOIUX KOCTh. C pa3BUTH-
eM uHayctpun 3D medatu ObUTO CO37aHO OONBINIOE KOJUYECTBO TKAHEHHKEHEPHBIX KapKacoB st
JOKJIMHUYECKUX U KIIMHUYECKUX MPUMEHEHHUI C UCTIOJIb30BaHUEM HOBBIX MAaTEpUaIOB U MHHOBALIU-
OHHBIX TEXHOJOTUW. OIHAKO CYIIECTBYIOIIME OMOMaTepHaibl YacTO HE OTBEYAIOT KIMHUYECKUM
TpeOOBaHUSAM CTPYKTYPHOU MOJACPKKH, OCTEOMHAYKTUBHBIX CBOMCTB U KOHTPOJIUPYyeMOi Onopas-
naraemoct. Kommepueckue marepuans! 11 FDM-neuatu, takue kak PLA (monmmmornodnast Kuc-
nota) u ABS (akpunoHUTpua OyTaaueH CTHUPON), HE COOTBETCTBYIOT (Da30BOMY COCTaBY KOCTHBIX
TKaHeW denoBeka. CUMHTETHYECKHE MaTepUaibl HA OCHOBE THAPOKCHANATUTA UCKITIOYAOT BO3MOXK-
HOCTh BO3HUKHOBEHHUS WH(EKIMOHHBIX 3a00JI€BaHMi (aKTyalbHO B CIy4ae HUCIIOJIb30BAHUS TPAHC-
IJTAHTATOB), MO3BOJISIIOT PErYIHPOBaTh CKOPOCTh pe30pOLrHU 3a c4eT 0COOEHHOCTEN CHUHTE3a, pas-
JTUYHBIX 3aMelIeHnid GochaTHRIX U TUAPOKCUIIBHBIX TPYIII B CTPYKTYpe anaTuTa. [ uapokcuanaTur
MIPU B3aUMOJICCTBUU C OKPY)KAOIIIUMHU KOCTHBIMU TKaHSIMU CIIOCOOCH TTOCTETIEHHO BHICBOOOXK/IATh
norsr Ca?* 1 PO,>, 4T0 MO3BONSET MCIIONB30BATH €rO VIS 3aMELLECHHS nedeKTOB KOCTHON TKaHH.
Opnnako kanpiuiidochaTHble MaTEPHAIBI 00J1aAl0T MAJIOW MEXaHWYECKOW MPOYHOCTHIO, MEIJICH-
HOM pe3opOumel B TKaHSAX opraHu3Mma. lIpuMeHeHue anbruHaTa HATpUs B KauyeCTBE OCHOBHOTO
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KOMITOHEHTA TPU CO3JaHUH YHUBEPCAIBHBIX HOCUTENEH KIETOYHBIX CTPYKTYP MO3BOJISIET BRIPAIIH-
BaTh JKMBbIE KJIIETKU Ha MTOBEPXHOCTU U B 00bEME HaleyaTaHHOTrO 00paslia U MpHUAaeT Marepraiam
AJIACTHYHOCTh M MPOYHOCTh. MoauduuupoBaHHE MPUPOIHBIX M CHUHTETHUYECKHX MaTepHalioOB Ha
OCHOBE TOJIMMEPOB SBJISIETCS MHOTOOOEHIAIONIMM MOAXO0JI0OM K CO3JaHHUI0 HOBBIX TKAaHEHHKEHEP-
HBIX KapKacoB, KOTOPBIE COYETAIOT B ce0e MPEeUMyIIecTBa 000MX MAaTEPUAIOB U OTBEUYAIOT Pa3ny-
HBIM TpeOOBaHUSM, BKJIHOYAsh OMOJOTMYECKYI0 aKTHBHOCTh, MEXaHUUYECKYIO MMPOYHOCTh, MPOCTOTY
U3FOTOBJIEHUS U KOHTPOJIMPYEMYIO JE€Tpaaliio.

Ha 3D-npunrepax Wanhao Duplicator 4S, ocHaiieHHOM T'eJIeBBIM SKCTPYAEPOM (MeXaHUde-
ckas nojauva rensi) u CELLINK (nmHeBmaTuueckas mojaua resis) MpoBeIeHa OINbITHAs Me4aTh mac-
TOI Ha OCHOBE AJIbFTUHATHOIO TeJis C MOPOIIKOBBIM HANOJHUTENIEM — I'MJIPOKCHANIATUTOM (pa3Mep
gactuil MeHee 80 MkM). MaccoBast 1oJsl THIpOKCHAnaTuTa B 00beMe macThl coctapisiia ot 10 % mo
50 %, KoHIIEHTpalKs aIbruHaTa HaTpus B rese — 3 % u 5 %. [ledyars Benach Ha IEJUTIOJIO3HON TO/I-
noxke (punbTpoBansHOi Oymare), nponutanHoit 0,5 M BogubiM pactBopoM CaCly. TommuHa crnos
oOpasma cocrasisia 0,5 MM, CKOPOCTh TeYaTH — 5 MM/C, CKOPOCTh IKCTpYy3uHu — 1,25 MKI/c, Mak-
CHMaJIbHOE KOJIHMYECTBO CJIOEB 00pa3na — 6, Kaxplid cioi 3akperisuics nmosmsoM 0,05 M BogHBIM
pactBopoMm CaCls.

OnTumanbHOE cojepkKaHUe I'MApPOKCHAaNaThTa B MacTe Ha OCHOBE aJbIMHATHOIO Ieiisd COo-
ctaBisger 25-33 %, Ipu KOTOPOM OOECTeUnBACTCS yIOBICTBOPUTEIHLHOE BOCIIPOU3BEACHUE MOJIE-
neit 1o 5 cinoeB. C yBennMueHHEM KOHLEHTpaluu anbruHarta B rese oT 3 % 1o 5 % ynyumarores
PEOJIOTHYECKHE CBOMCTBA MACThI: YMEHBIIAIOTCS BSI3KOCTh U HEOJAHOPOAHOCTh, BEPOSATHO, 32 CUET
YMEHBILEHHs COOTHOIICHNUI THAPOKCHAMaTHT/anbruHat u Ca?*/anprunar. CpoK XpaHEHHS MACT 10
YaCTUYHOTO PACCIIOCHHS COCTABISIET OKOJIO 2 cyTOK. [lomyueHHble MO MOCe BBICBIXaHUS Xa-
pPaKTEepHU3yIOTCS 3HAYUTEIBHON 00beMHOM ycankoi (10 30-50 %), 94To ABISETCS BaKHBIM IIPH BHI-
Oope yciioBui ieyaTtu 00pa3oB OOJIBIINX PA3MEPOB U CIOKHON (HOPMBIL.

Pabora BeimonHena npu punancosoit mognepxkke I'TIHU «Coznanue ¢ ucnonp3oBanuem 3D
MevyaTd TKaHEMH)KEHEPHBIX KOHCTPYKIIMM Ha OCHOBE CTBOJIOBBIX W MPOTCHEPUTOPHBIX KIETOK U
OMOCOBMECTHMBIX HOCHUTEJIEH, COXPAHSIONIMX BBICOKYIO JKM3HECIIOCOOHOCTh M (PYHKIMOHATHHYIO
aKTHUBHOCTH in vivo H in vitro», 2021-2025 rr.

['MIHU «XumudecKue MpoIecchl, peareHThl U TEXHOJOTHH, OUOPEryIsaTOpsl U OHOOPTXH-
Musi» 1o 3aganuio 2.1.04.7 «DyHKIIMOHATN3ANKSA HAHOKOMITO3UIIMOHHBIX MAaT€pUAIIOB Ha OCHOBE
Kanplui(pochaToB B YCIOBUAX B3aUMOJEHCTBUS C CUHTETUYECKMMU MOJIMMEpamMH U OHomnoanume-
pamm», 2021-2025 rr.

YK 614.2
PA3BUTHME TEJEMEJUIIMHCKUX TEXHOJIOT Y B KUTAE
Jlyeosckas U. C.
T'HY «Uncmumym skonomuxu HAH Benapycu»
e-mail: irina.lugovskaya95@gmail.com

Summary. China has great potential for the introduction of telemedicine. Further development of
telemedicine will serve as the basis for modernizing the provision of medical care to citizens. The
development of telemedicine based on the improvement of remote medical care for the population,
the large-scale use of information and communication technologies which are aimed at accelerat-
ing the diagnostic and treatment process. However, the telemedicine industry in China has not yet
developed a mature business model, keeping some problems such as unclear pricing policies, une-
qual payment systems, and large disparities in medical care in different locations.

Bcemupnas opranuzamnus 3ApaBOOXPAHEHUS ONPEACISIET TEIEMEIUIMHY KaK «IIpPEefoCTaB-
JICHHE MEIUIHMHCKHUX YCIYT, TP KOTOPBIX MAIMEHTHI U MOCTABIIUKHN YCIYT HAXOMSTCS MEXKIY CO-
0ot Ha paccTosiHuu. TeneMeauIIMHA UCTIONb3yeT HH(POPMAIIMOHHBIE U KOMMYHUKAIIMOHHBIE TEXHO-
Joruu st ooOMeHa uHdopmaruen sl AMarHOCTUKY M JICUCHUS 3a00JIEBaHUI M TPaBM, TTPOBEICHUS
WCCIIETOBAHHH U OIICHKH, a TAKXKe JIJIs1 HEIPEPHIBHOTO 00Pa30BaHUs METUITUHCKUX PAOOTHUKOBY.
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Pazputue tenemenuiuuel B Kutae 6eper csoe Hauano B 1980-x rogax. B 1986 rony cy-
noxojHasg KommnaHusi ['yaHwkoy MpoBesia ¢ MOMOUIbI0 Tenerpada TPaHCMOPCKYIO KOHCYJbTa-
LU0 JJIsl HAlMEHTOB CKOPOM IOMOILM Ha OKEaHCKOM I'Py30BOM CYJIHE, UTO MOCIYKHJIO HauyajaoM
TeseMeuIHCKoN nestenbHocTd B Kutae. B 1997 rony B Kutae O6buta odummaibHO OTKPHITA
MEIIUIIMHCKAS CeTh Jinwel JUIsl IPeOCTaBICHUS YAAUICHHBIX KOHCYIbTAlMi, KOTOPBIC MTPOBOI M-
JIUCh B PEKHMME PEabHOr0 BPEMEHU U AMHAMUYHBIX TEJIEBU3HMOHHBIX KOHCYJIbTAUN B MPAMOM
adupe 175 MAUEHTOB C TSHKETBIMU 3a00JIEBaAHUSIMU.

3a mocnenHee AeCATUIIETHE MPOU3OLUIN 3HAYUTEIbHbIE U3MEHEHUS B INI00AJIbHOM JAeMoO-
rpadun. Crapenue HacelneHus, 0ojiee BBICOKAs paclpOCTPaHEHHOCTh XPOHUUYECKHX 3a00JieBa-
HUW U, KaK CJIeJICTBUE, YBEINUYECHUE PACXO/IOB HA 3/IpaBOOXpaHEHUE MOBJEKIN 3a cO00H H3yue-
HHUE HOBBIX MOJXOJI0B K IIPEJOCTABICHUIO MEIUIIMHCKUX yCIyr. TeneMeaulnHa sBJISETCs KIto-
YeBBHIM KOMIIOHEHTOM 3TOW TpaHCPOpMalMu 3paBOOXPAHEHUS, B CBA3M C YEM MEIULIUHCKHUE
yupexIeHus Bcex ypoBHell B Kutae Hauaiu ee ucciegoBaTb M pa3BUBATh. JTO IMO3BOJIUIIO
3/IpaBOOXPAHEHUIO BBIMTH 3a paMKU TPAJULHUOHHBIX cdep, MOAKIIOYUTh MOCTABIIMKOB MEHU-
[IMHCKUX YCIIYT K paHee TPYAHOJOCTYIHBIM JeMOTpaQUISCKUM TPyIIaM H OTJaJeHHBIM COO00-
IIECTBAM, TaK KaK JOCTYIMHOCTb HEIOPOTUX TEIEMEAUIMHCKUX YCIYr B IEPBYIO Oo4Yepeab HEoO-
XOAUMa JUIS TOJJIEPIKKHU MPEJTOCTABICHUS MEIUIIMHCKUX YCIYT CelbCKOMY HaceineHuto Kuras.
Ha cerogusimnuii nenp B Kurae ¢pynkuumonupyer cBoiie 1 600 LeHTpOB TeleMeaUIIUHBI.

Hamumonansnoe 3apaBooxpanenue Kurtas u Komuccus mo rmianupoBaHUI0 CEMbU KypH-
pyeT nudpoBoe 3ApaBoOXpaHeHUE, «MHPOPMATHIALHNIO» 3[PABOOXPAHEHUS U TEIEMEIUIINHY.

B 2014 r. Komuccus BbilycTHJIa HOPMAaTUBHO-IIPAaBOBYIO 0a3y aiisd TeleMeAuIUHbI. B
utonie 2018 roma Komuccus onyOnukoBana cnenuuKamnuio yrpaBlIeHUs YCIyraMu TeleMe]lu-
IUHBI (JUIsl MPOOHOW peann3aliu), B KOTOpOil 0c000e BHUMaHHUE YACISIIOCH «IIaTdhopmMam co-
IJIaCOBAHUS MEIUIMHCKHUX YCIYyr» U «IIPAMOM KOOPAWMHALUUY» MEXAY MEIULUHUHCKUMH Y4pe-
KICHUSAMH. B pyKOBOJCTBE M3JIOKEH Psii TPEOOBAHUM, KOTOPHIM JOJKHBI CIIEIOBATH MEIUIIH H-
CKHe pab0OTHHKM, MAIMEHTHhl M MOCTABIIMKHU IIaT(GopM, 4TOOBI OO0ECHEeUUuTh CIpaBEeAIMBOE U
MPO3pavHOE UCIOIH30BaHUE MU(PPOBBIX MEIUIMHCKHUX IUIATGOPM I OKa3aHUS MEIUIIMHCKHX
yciyr. B cOOTBETCTBUM C pyKOBOJICTBOM MEIUIIMHCKUE YUPEKICHHS JOJKHBI YETKO Pa3bACHITH
MEJIUIIMHCKHUE YCIYTU M CBSI3aHHBIC C HUMHU COOpPBI, @ TaKXKe IMOJydaTh MACHBMEHHOE COTJIache
Ka)kJI0T0 ManueHTa (MM OMeKyHa WU POJACTBEHHMKA) Ha MONydeHue ycnyru. [lanueHTs Takxke
JOJKHBI MIPEAOCTABUTh COTJIaCHe MPH MPEAOCTABICHUN CBOEH JTUYHON MHpopmanuu. PykoBo a-
CTBO TaKkxke TpeOyeT, 4TOObl MEIUIIMHCKOE YUPEKIECHUE 3aKITI0YNIO COTJIAlIeHHue O COTPYIHU-
YecTBE B 00JIACTH TEJIEMEIUIIUHBI (KOTOPOE 00eCTIeYMBAETCS SIEKTPOHHBIMU TTOAMUCIMHU) C TO-
CTaBIIUKOM TIaTGOPMBI 3ApaBOOXPAHEHHUS.

Kpome toro, Bcekuraiickoe cobpanue HapOAHBIX MpeACTaBUTENEH 0700pmiIo 3aKOH O CO-
JecTBUHM 6a30BOMY MEAUIIMHCKOMY OOCTY>KMBAaHUIO U MEIUKO-CAHUTAPHOW MOMOIIU, TEMOHCTPH-
PYIOIINI MPAaBOBYIO OCHOBY JiJiIsi OOMEHa MEAUITMHCKONU HH(pOpMaIuel, TeIeMEAUITUHCKUX YCIYT U
crcreM 0e30MacHOCTH, KOTOpbId BCTynui B cuity 1 utons 2020 roza.

B nauane 2020 roma, Bo Bpems Bcrbiikn COVID-19, tenemenuuuna B Kurae monydnia
0oJsee IIMPOKOE MPUMEHEHUE U pa3BUBANIACh MPH MoAepkke TexHonoruu 5G. brnarogaps TexHomno-
ruu 5G ObUTH pacIIupeHbl CLIIEHAPUU MTPUMEHEHHUs TeJIEMEIUIMHBI, TAKue KaK yJaJIeHHOE YIbTpa-
3BYKOBOE HCCIIE/IOBaHHE, yJalleHHAs XUPYPrus, MOOUIbHBIE 00XOMABI Majnar, yAaJdeHHbI MOHUTO-
PUHT, yJaJeHHbIE KOHCYIbTAIlMU U YJAJICHHAs nepBas nomois. [lannemMus Takke criocoOCTBOBaIa
CTPOMUTENLCTBY TeIeMeAUIMHCKIX Tu1aTdopm B KuTtae Ha 6aze OOIBHUIL, KOTOPOE JOCTUTIIO HOBOTO
nuka B ¢eBpane 2020 roma: 3a oquH MecsAIl ObUTO TTOCTPOCHO 65 TeNEeMETUITMHCKUX MaThopM Ha
0ase OOJILHMUIL.

Taxoke, ObUTa IPUHATA MPOTPaMMa SKOHOMHUYECKOTO M COLMATIBHOTO Pa3BUTHS «370pPOBBIi
Kwurait no 2030 r.», koTopas aenaeT ynop Ha IpOJBUKEHUE HAYYHBIX U TEXHOJOTUYECKUX UHHOBA-
WA B 00JIaCTH 3/IPaBOOXPAHEHUs, YKPEIUICHUE 3I0POBBSI BO BCEX CTPATETHSAX U PACIIMPEHUE CEK-
TOpa 37paBOOXPAHEHHUS.

Tax, Kuraii ucrionb3yer OoJbliiie AaHHbBIE JJI pACHIMPEHUS] OHJIaWH-YCIyT TeJIeMeInLHBI,
BKJIIOUAsl IUCTAHIIMOHHOE HAOJIO/ICHNE M KOHCYIBTAIIUH 110 BOIIPOCaM 37paBOOXPAHCHHUS, a TAKKe
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u3yueHue oaaifH-ycayr A TeX, KTO UCIBITHIBACT TPYIHOCTH C MCIOJIb30BaHUEM ITUPPOBBIX TEX-
HOJIOTHM, TAKUX KaK MOKUJIbIC JIFOAH, JETH U HHBAIUABL. TeM He MeHee, HHIyCTPHS TeJIeMEIULIMHbI
B Kurae eme He pa3Buiia 3penyto OM3HEC-MO/ENb, COXPaHssl HEKOTOPbIE POOIEMBl, TAKUE KaK He-
YyeTKas MOJMTUKA 1IeHOOOpa30BaHUs, HEPABHBIE CUCTEMBbl OIUIAThl M OOJBLIME Pa3Inyus B MEIH-
IIUHCKOM OOCITy’KUBAaHHH B Pa3HbIX MecTax. Kpome Toro, ocHOBHas mpobJieMa TeleMeAULInHbI 3a-
KJIIOYAETCsl B TOM, YTO MEIUIUHCKUM PAaOOTHHUKAM JIETKO MPOIMYCTUTh CUMITOMBI, KOTOPBIE MOXHO
JUarHOCTUPOBATh TOJBKO B YCIOBHUSX <UIMIIOM K JIMILY», YTO JI€JIA€T MOCTaBIIMKOB MEAUIIMHCKUX
YCIIYT YS3BUMBIMHU JUIsl UICKOB O XaJIAaTHOCTH M CTPAaXOBOIO MOKPBITUA. B TO ke BpeMs NanueHTs
TaK)K€ CKJIOHHBI K HETPAaBUIbHON JUArHOCTUKE UJIU MPOIYCKY JAUarHosa.

VYIK 579.61+615.28 _
AHTUMHUKPOBHBIE CBOUCTBA PACTUTEJBHOI'O CBHIPHA BEJAPYCHU
Mowwxosa A. O., Kocuno A. IO.

Benopyccxuii 2cocyoapcmeennuiii mexnono2uueckuti yHugepcumem
e-mail: mho.2001.07.06.12@mail.ru

Summary. The article presents the results of determining the antimicrobial activity of Vaccinium
oxycoccos, Hypericum perforatum, Sedum telephium and etc.

JlekapCTBEHHOE PACTHUTEIBHOE ChIPhE U TOJIYYCHHBIC U3 HEro MPOJYKTHI MOTYT UCIIOJIB30-
BaThCsI TOJBKO MPHU YCIOBHU COOTBETCTBHS BCEM HOpMaM U TpeboBaHusM. [1Jis 3TOr0 HEOOXOIMMO
MPOBECTH KOMILJICKCHBIM aHAJIN3 ChIPbs, BKIOYAIONINI (hapMaKOrHOCTUYCCKUN ((PUTOXMMHYCCKHIA,
TOBapPOBEAYECKUMN, MAKPO- 1 MUKPOCKOITMYECKUN), XUMUYECKUN aHaTU3bl. TOJIBKO B COUETAHUU BCE
3TH METOJIbl MOTYT JaTh IOJIHOE TPEACTABICHUE O Ka4eCTBE CBHIPhS U €r0 MPHUTOJHOCTH IS HC-
MIOJIb30BAHUS.

AHTUMHKpPOOHBIC CBOMCTBA, B YACTHOCTU JUKOPACTYIIUX PACTECHUI, U3y4CHBI B HACTOSIIECE
BpeMs €Ille HEeJOCTaTOYHO MOJHO. He BBISICHEHHBIMH OCTArOTCS BOTIPOCHI O BIMSHUU aHTUMHKPOO-
HBIX BEIIECTB OTIENBHBIX PACTCHUU NPU MX HUCIIOJIb30BAaHUH, HE IOJIHOCTHIO U3YYEHO JCHUCTBUEC
JAHHBIX BEIIECTB Ha MUKPOQIIOPY KeTyT0YHO-KUIIEYHOTO TPAKTa, a TAK)KE O BIMSHUU Ha POCT U
pa3BUTHE OpraHu3Ma B 11eJ0M. TonbKo riyOOKHe 3HaHUS CBOMCTB aHTUMHKPOOHBIX BEIIECTB AAyT
BO3MOYKHOCTh ITUPOKO W TIOBCEMECTHO MCIIOIB30BATh MX, B YACTHOCTHU TPH pa3pabOTKe PalliOHOB
MUTAHUSA JJIS1 BCEX TPYII HACEeNeHHs.

Jnis u3ydeHus: aHTUMUKPOOHBIX CBOWCTB PACTUTEIHHOTO CBHIPBS, MIUPOKO MPEICTATICHHOTO
Ha TeppuTopun benapycu, ncrnonb3oBanu: arojbl KIrkBbI (Vaccinium oxycoccos, coop — CeHTIOph
2022 r.), nucthst Opycuuku (Vaccinium vitis-idaeae, coop — ocens 2021 1.), TpaBa 3Bepo00si 0ObIK-
HoBenHoro (Hypericum perforatum, c6op — wutonp 2022 r.), nucTbs 4depHoit cmopoauusl (Ribes
nigrum, cbop — centsops 2022 r.), TpaBa ounTKa 00bIKHOBEeHHOTO (Sedum telephium, c6op — ceH-
T0pb 2022 1.).

AHTUMHKpPOOHBIE CBOIMCTBA CHIPhSl PACTUTEIBHOTO M3y4alld MO0 OTHOIICHHUIO K KOJUIEKIIMOH-
HBIM IITaMMaM Kadeapsl onorexnosnoruu — Escherichia coli u Pseudomonas fluorescens.

B kauecTBe UCTIBITYEeMBIX 00pa3I[0B HCIOIB30BAIN: OTBAPHI OPYCHUKH U 3BEPO0O0ST; COK ATO/]
KITIOKBBI; HACTOUKHU (CTIUPTOBBIE, 65 %) OpYCHUKH, CMOPOIUHBI, 3B€p000sI, OUUTKA.

[TonoxuTenpHBIN pe3ynbTaT (HAIWYHE 30HBI OTCYTCTBUS POCTa MHKPOOPTaHMU3MOB) U3 HC-
IBITYEMBIX 00pa3I0B MOKAa3alli COK AroJ] KJIIOKBbI, HACTOMKa 3Bepo00s M HacToika ounTka. [Tomy-
YEHHBIC Pe3yJIbTaThl MPUBEICHBI B Ta0. 1.
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Tabnuna 1 — Pe3ynbTarsl H3ydeHUs] aHTUMUKPOOHBIX CBOMCTB 00Pa3IiOB PACTUTEIBHOTO CHIPbs

30Ha 3aJIepKKH pOCTa, MM
Oopasen E. coli Ps. fluorescens
CoOK S0 KIIFOKBEI 14 13
Hacroiika 3Bepo0ost 8 7
Hacrolika ounTka 12 11

HauGonpimre aHTUMUKPOOHYIO aKTHBHOCTh IO OTHOIICHHUIO K M3YYaeMbBIM IITAMMaM TIPO-
JEMOHCTPUPOBaA 00pasell CoKa Aroj KJIOKBEI. ITO 00BSCHIETCS BEICOKOW KUCIOTHOCTBIO (OpraHu-
YECKUE KUCIOTHI — OCH30MHAS U XJIOPOTCHOBAsI KMCIIOTHI) KIIFOKBEHHOTO COKa TI0 CPAaBHEHHIO C APY-
rumMu oopasziamu. Hacrolika ounTka Takke MpOsSBHIIa XOPOIITYI0 aHTUMHKPOOHYIO aKTUBHOCTD, UTO
JaeT HaM BO3MOXKHOCTH B JIalIbHEHIIIEM UCTIOIB30BaTh JAaHHOE PACTeHHE JJIs pa3paOboTKH Iperapa-
TOB 00JIaAIOIMINX AHTUMUKPOOHON aKTHBHOCTBIO.

YK 577
OINPEJAEJIEHUE COAEPKAHUSA MEHTOJIA U ET'O U3OMEPOB
B MEHTOJICOAEPKAIIUX JIEKAPCTBEHHBIX ITPEITAPATAX
Opnos P. B.
Moezunesckuii 2ocyoapcmeentviil ynusepcumem umenu A. A. Kynewosa
e-mail: romanorlovchem@gmail.com

Summary. The paper considers the possibility of determining the content of menthol and its isomers
in drugs using gas chromatographic retention indices. The chromatographic parameters of n-
alkanes (Cs—Ci2, C14) were determined to establish the retention indices by graphic and calculation
methods. The retention indices of the components of the studied drugs were determined.

MenTon (ot nat. Mentha — msiTa) — opraHu4ecKoe BEmeCTBO, BAKHBIN BTOPUYHBIA MeTabo-
JUT pacTeHUH ceMeCTBa ICHOTKOBBIE, TIOIYYal0T CHHTETUYECKH WM BBIACISIOT U3 MSATHOTO d(Hp-
Horo Macna. CyiiecTByeT 8§ H30MepOB C AOBOJIBHO Onm3kumu cBoiicTBamu. [1Iupoko ucnonb3yercs
B [TUIIEBKYCOBOI MPOMBILIUIEHHOCTH U B MEAMIIMHE.

["a3oBas xpomarorpadus sBISETCA OAHUM U3 HanOojee YCIEUIHO MPUMEHSEMBbIX METOJIOB
UCCJIEIOBaHUsI MHOTOKOMITOHEHTHBIX CMECEH OpraHMYeCKMX COEIMHEHUH, XapaKTepU3YIOLIUNCS
BBICOKOM CIIEU(UYHOCTBIO U YYBCTBUTEIBHOCTBIO, @ TAK)KE XOPOLIEH BOCHPOU3BOJIUMOCTBIO pe-
3ynbTatoB. OAHUM U3 CIIOCOOOM MJIEHTU(UKALMKA HEU3BECTHBIX KOMIIOHEHTOB MHOTOKOMITIOHEHT-
HBIX CMecel OpraHMYeCKUX COEAMHEHUIH MOKeT ObITh MCIOJIb30BAHUE ra30XpOMaTorpaduyecKux
MHJIEKCOB ynepxkuBaHusd. Muaexc yaepxkxuBanus KoBada COEIMHEHHMs SIBISIETCA €r0 Ba)KHEMILEH
(U3NKO-XUMHUYECKON XapaKTEPUCTUKOM.

OObeKkTaMH UCCIICJIOBaHMS OBLIM CMECh aJKaHOB Hepa3BeTBICHHOTO ctpocHms: CsHip—
Ci2H26, Ci4Hzo; cimpToBO# pacTBOp XMMHYECKHM YHCTOTO MEHTOJA; MEHTOJICOJEp Kallhe JeKap-
CTBEHHbIE npenapaThl: «Py3anay, «KopBanony», «MsTa nepeuHas».

OnpeneneHne MHAMBUAYAIbHBIX BEIIECTB M UX CMECEH, a TAKXKE aHaJIU3 CMECH AJIKaHOB
MPOBOJIMIIM METOJOM Ta3oBOM Xpomarorpaduum Ha xpomatorpade Xpomardk Kpucramt-5000 c
IUIAMEHHO-MOHU3AI[MOHHBIM JIETEKTOPOM M KBaplieBoi KanwisipHoi kononkoi CR FFAP nnunHo#M
50 M, BHyTpeHHUM nuamerpoMm 0,32 MM, C HEOABIKHON (Pa3oil — MIIEHKA COTOJUMEpP MOJIUITH-
JICHIJIMKOMSL € 2-HUTpOTepedTaaeBol KUCIOTOM; TommuHa mieHku — 0,5 MKM (Ipou3BOJMTENb
«Xpomarek», Poccust). XpomarorpapupoBaHue MpOBOAMIN B U30TEPMUUECKOM PEKUME IIPH Clie-
OYIOLUX MapaMerpax: Temmneparypa tepmocrara — 110 °C; temneparypa ucnapurens U 1€TEKTopa
— 230 °C; pacxon ra3a-HOCUTEIS COCTAaBIIS, CM°/MHUH: 30, Bogopona — 20, Bo3zayxa — 200. Bon
poObI OCYIIECTBISIICS C JISIEHUEeM MOTOKa raza-HocuTens (kosdpdunuent nenenus 1:40). O6bem
BBOJMMOM MPOOBI COCTABIST 1 MKII.

OO6paboTka pe3ynbTaTa IMPOBOAMIACH C HCIOJIB30BAHWEM MPOTPAMMHOrO OOecredeHus
«Xpomatdk — AnHamutuk 3.0». ba3el JaHHBIX C pe3ylbTaTaMHu HWCCIIENOBaHUS (OPMHUPOBAIUCH C
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ucronbp3oBanueM MS Excel m mpoBoAmIMCh pacueThl MHAECKCOB YAEPKMBAaHHS B COOTBETCTBHUHU C
M3BECTHBIMU CIIOCOOAMHU.

Hns pacuera unaexcoB yaepxkuanus (RI) HeoOxoaumo 3HaTh MPUBEACHHOE BpEeMs yAep-
KUBAHUS, KOTOPOE PACCUUTHIBAETCS C MOMOUIBIO HAXOKICHHS 3HAYEHUSI MEPTBOTO BPEMEHHU, KOTO-
poe OBbLTO MOCYUTAHO C TIOMOIIBIO aHaIu3a cMecH aikaHoB (C5-C12, C14).

[Tpu BBIOpaHHBIX YCIOBHUSAX XpOMaTOrpaupoBaHUs HA MOJIIPHON KBAPLEBOW KaNUIUIIPHOM
KOJIOHKE CMECh QJIKAHOB pa3JIelisieTCs MOJHOCTRI0. XpoMaTorpaduyeckue XapakTepUCTHKH pas3zie-
JICHUS] CMECH aJIKaHOB IMO3BOJIMIIM paccuyuTaTh HEOOXOIMMbIE JaHHbBIC Ui JalbHEHIINX pacyeToB
UHJIEKCOB YJEp)KUBaHUs TaKUE KaK MEpPTBOE BpeMs, KOoTopoe cocTaBwiio 4,148 MuH, U npuBeneH-
HbIE BpeMeHa YACepKUBAHUS aIKaHOB.

Jis onpeneneHust HHIEKCOB yJASPKUBAHUS MCIIOIB30BANIN IPpaUueCcKUil U pacueTHBIN CIo-
coOnbl. I'padmueckuit coco® BHIYUCICHUS MHAEKCOB yIEP:KUBAHMSI OCHOBBIBAETCS HAa MOCTPOSCHUU
rpaduuecKoil 3aBUCUMOCTH Jiorapu(pmMa MPUBEIEHHOTO BPEMEHH YIEP>KUBAHUS YIIEBOAOPOAOB OT
KOJIMYECTBA aTOMOB yriepoja B HuX. Ha ocHOBaHMM TaHHBIX, TIOJYYEHHBIX MPU aHATIU3E CMECH aj-
KaHOB, ObLIa MOCTPOEHA COOTBETCTBYIOIIAs rpaduyeckast 3aBUCUMOCTh. BennunHa 10CTOBEpHOCTH
anmpoKCUMAIlUK Ha TMOJYyYEeHHOM rpaduKe COCTaBHIIA (R2 = 0,9999). Takum 00pazoM, MOJYIHUIN
TaHTeHC yTJIa HaKJIOHa TpsiMoi, paBHbIM 0,2374. 3Hast TaHTEHC yrja HaKJIOHA, ObUIM PacCUYUTAHBI
WHJICKCHI YACPKUBAHUS KOMIIOHEHTOB JIEKAPCTBEHHBIX MpenaparoB. Pe3ynabTaThl MpeicTaBiIeHbl B
Tabn. 1. Xpomarorpaduueckue napamMmeTpsl MOJyYeHHBIX TUKOB JICKAPCTBEHHBIX MPETapaToB ObUIN
WCIIOJIb30BaHbl JJISl pacueTa MPHUBEIECHHBIX BPEMEH yIEP>KUBAHUA, Uil TOYHOW HUIACHTH(PUKAIIUU
MEHTOJIa ObUT MPOBEIEH XpOMAaTorpadpuyecKuii aHaan3 €ro CIHPTOBOTO PACTBOpA, PACCUMTAHBI
00oMMH crtoco0aMu ero UHIEKCHI YAepKUBaHU, KOTOPbIE TaK)Ke MPUBEACHBI B Ta0M. 1.

Tabmuua 1 — MHaekcsl yaepKuBaHUsl KOMIIOHEHTOB JIEKapCTBEHHBIX IPENapaToB, ONpejie-
JICHHBIE PACYETHBIM U IpapUueCKUM METO/IaMHU.

N | Okcepumentanpao | I[IpuBenenHOe WNunekc yaepxu- | MHIOeKC yaepxu- IIpennona—
n/n | ompemeneHHOE Bpe- | BpeMs YAEPKH- BaHU:, onpeae- BaHU:, onpeae- raeMblid KOM-
Ms yIep)KuBa-Hus, | BaHus, MuH,(t) | JIeHHBIN pacyer- JICHHBIN Tpadu- noHeHT[1]
muH (t) HBIM METOJIOM YECKUM METOIOM
(R) (R)
CrirpToBOI pacTBOp MEHTOJIA
1 33,013 | 28,865 | 1612 | 1611 MenTon
Py3ana
1 32,525 | 28,377 | 1610 | 1611 MenTon
Kopsanon
1 32,812 | 28,664 | 1611 | 1611 MenTon
MsTa nepeunas
1 4,973 0,825 953 952 N300yTHi-
hopmuat
2 5,704 1,556 1067 1067 Juusorentu-
JIOBBIH 3¢hHp
3 6,655 2,507 1154 1155 OOy THII-
KETOH
4 8,000 3,852 1234 1234 DTWITUTIAT
5 8,331 4183 1249 1250 T'enran-4-on
6 20,076 15,928 1501 1501 VYkcycHas
KHCIIO0Ta
7 20,891 16,743 1510 1511 KapBomeHnTon
8 21,781 17,633 1520 1520 Tyimnanerar
9 25,757 21,609 1557 1556 Aneranp
10 28,527 24,379 1579 1579 uc-n-MeHT-
2-eH-1-o1
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OxkoHuanue Taou. 1

11 34,085 29,937 1619 1620 ApoMazeH-
peH
7 20,891 16,743 1510 1511 Kapsomenton
8 21,781 17,633 1520 1520 Tyitunanerar
9 25,757 21,609 1557 1556 Arerans
10 28,527 24,379 1579 1579 uc-u-ment-
2-en-1-o1
11 34,085 29,937 1619 1620 ApomaneHnu-
peH

Kak BUJIHO M3 MpeCTaBJICHHBIX JaHHBIX B JICKApPCTBEHHBIX IMpenapaTtax «Py3ana» u «Kop-
BaJION» yJIAIOCh HJICHTU(UIIMPOBATH TOJIHKO MEHTOJ, a B JICKAPCTBEHHOM mpenapare «Msta me-
peuHass» oOHapykeHo 11 3(hUPHBIX KOMIIOHEHTOB BKIJIFOYAs M30MEpPbl MEHTOJA — KapBOMEHTOH M
LHUC-H-MeHT-2-eH-1-011.

CIHCOK UCIO0JIL30BAHHEBIX HCTOYHUKOB
1. WNupexcel ynep:xuBaHUs KOMIIOHEHTOB 3(HUPHBIX Macenl [DIeKTpOoHHBIH pecypc]. —
Pexxum noctyna: http://viness.narod.ru/ret_ind.htm. — JTata noctymna: 29.09.2022.
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Summary. The article presents the results of a retrospective analysis of the treatment of 79 patients
with common chronic destructive pulmonary diseases of an inflammatory nature (tuberculous cavi-
ties, chronic abscesses), who underwent organ-saving surgery.

HaunbGonee yacTeiMM mpUYMHAMU BO3HUKHOBEHHS JECTPYKLUUN JIETOYHOM TKAHU SBISAIOTCA
TyOepKyne3 U XpOHUYECKU abclecc JeTKuX.

B nacrosimiee BpeMs yCTaHOBJIEHO, YTO B TYOEpKYJIE3HBIX KaBepHaX MOMUMO MEPCUCTHPO-
BaHUs criennduyeckoil TyoepKyne3Hol MH(EKINU ¢ TeUeHHEM BPEMEHU HEU30E€KHO MPOUCXOAUT
KOJIOHM3alMs Hecnenupuyecko MUKpOGIOphl. DTO SABISETCS OJHOW U3 BaXKHEUIIUX MPUYMH I1e-
PHOAMYECKUX OOOCTPEHUI CI0XKHOTO IreHe3a ¢ MEJIEHHBIM reMaTOreHHbIM, TUM(OreHHbIM, OpOH-
XOT€HHBIM PaclpOCTPAHEHUEM TyOepKyJe3Horo mporecca. OCTaHOBUTH NPOTrPECCUPOBAHMUE,
NPEJOTBPATUTh Pa3BUTHE OCIOXKHEHUH M PUCKU HEOJAronpUSATHBIX COOBITHH B JKM3HU MallMeHTa
BO3MOXXHO IIPU YCTPAHEHUH KaBEPHBI ITyTEM XUPYPrUUECKOro JCUEHUS.

Metoznom BbIOOpa JUIsl PaIUKAIBHOTO U3JIEUEHHSI XPOHUYECKUX JECTPYKTUBHBIX MPOLIECCOB
B JIETKUX SIBJISETCS IPUMEHEHHE XUPYPTrUYECKIX BMEIIATEIbCTB PE3EKIIMOHHOTO THIA: MYJIbMOHIK-
TOMHS, JTOOIKTOMHMS, CETMEHTapHast pe3eKIus Jierkoro. IIpu orpaHuYeHHBIX JECTPYKTUBHBIX MPO-
1eccax y HaIMeHTOB, MMEIOIIMX JOCTAaTOYHbIE JIbIXaTelIbHbIE PE3EPBbI, ATH OMNEpalluy IIHPOKO
IIPUMEHSIFOTCS BO BCEX TOPAKAJIBHBIX KIIMHUKAX U JAIOT XOPOLINE PE3YIbTaTHI.

OpHako, JOCTAaTOYHO YacTO MOPAKAIOTCSI HECKOJIBKO CETMEHTOB OJIHOTO JIETKOro, JIMOO Ia-
TOJIOTMUECKUE U3MEHEHMsI HOCAT JIBYCTOPOHHHUI xapaktep. [Ipu pacrnpocTpaHeHHBIX AE€CTPYKTHB-
HBIX MOPaKEHUSAX JIETKUX JbIXaTeJIbHbIE PE3€pPBbI, KaK MPaBUIIO, OTPAHUYEHBI, YTO CO3/1aeT MPOTH-
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BOMOKAa3aHUS K PE3CKIMOHHBIM METO/aM XHUPYPru4eckoro JyieueHusi. HenszO0eXHbIM HEIOCTaTKOM
JAHHOTO BHJIA JICUEHUS SIBJIAETCS yAaJeHHE HE TOJbKO MOPAKEHHBIX YYAaCTKOB JIETKOTO, HO U CO-
CeTHUX C HUMHU YYaCTKOB ()YHKIMOHUPYIOIIEH JIETOYHOI TKAaHBIO.

Hamu Obia pazpaboTana METOAMKA IIAISIIET0 YCTPAHEHUS BHYTPUIETOYHOM MOJIOCTH C YIIU-
BaHWEM JPEHUPYIOUIHUX MOJI0CTh OpoHX0B. CyTh MpeaaraeMoil METOIMKH yITMBAaHUsI OPOHXOB, APEHU-
PYIOIIMX BHYTPUJIETOUHYIO MOJIOCTH COCTOUT B TOM, YTOOBI JIUTaTypa, MepeKphiBaroiias OpoHX, OKa3a-
JIach HETIOCPEICTBEHHO BOKPYT CTEHKH OpoHxa, Ha riryoune 0,4—0,5 cM oT ycThs OpoHXa.

Hamu npoananusupoBaHa pe3ysabTaThl JieueHHs 79 MalUeHTOB ¢ XPOHUYECKUMU MOJIOCTHBIMU
oOpazoBaHusiMHU B Jierkux. [1o Tury 3a0oneBanust oHM ObUTH pasaeneHHble Ha 2 Tpymsl: | rpynma — 51
nanyeHt ¢ GpuOpo3HO-KaBEPHO3HBIM TYOEPKYIE€30M, U3 HUX — 49 MYyKUUH U 2 KEHIIUHBI B BO3PACcTe OT
22 no 58 7ner; mpOJOIDKUTENBLHOCTh OONIE3HH cocTaBisuia oT 2 10 12 jer. McxoaHoN KIMHUYECKOH
dopmoit y 26 (50,98 %) naumeHTOB SABISIICS MHPUIBTPATUBHBIN TYOEpKyJse3, TUCCEMUHUPOBAHHBIM
TyOepkyIie3 ormeuaics y 24 (47,06 %), ouarossiii —y 1 (1,96 %).

Bo II rpynny OblIu BKJIIOUEHBI MAIIMEHTHI C XPOHUYECKUM adciieccoM — 28 4esloBeK, BCE
MY)KYHHBI B Bo3pacte oT 29 10 56 ner (tabu. 1).

Tabmuna 1 — CTpykTypa npoaHaIM3UPOBAHHBIX CIY4YaeB, B KOTOPBIX OBLIO MPUMEHEHO Op-
raHocOeperamplee Xupypruueckoe Je4eHue

Xapakrep
3a00J1eBaHKs MyxuHbL KeHumHbI Hsneyeno VYmepio
TyGepkyne3 49 2 49 5
XPpOHUYECKHUI 28 -
aobcrecc

VY uccnenyembix HaMu 51 nmanueHTa ¢ TyOepKyJIe30M JIETKUX HE ObLI JOCTUTHYT IJIaHUpYe-
MBI KOHEUHBIH pe3yJabTaT KOHCEPBATUBHOTO JieueHus. [leprosl ynyuiieHus cMeHsuuch odocTpe-
HUSIMU, IIPU KaXI0M U3 KOTOPBIX MPOCIEKHUBAIOCH HApACTaHUE MaTOJIOIMUECKUX U3MEHEHU.

Xupypruueckyue BMeEIIaTelbCTBA HAIPABICHHOTO BO3ACHCTBUS HA KaBEpHBI C ILIEIbI0 HX
YCTpaHEHUS CO3/al0T YCIIOBUS Ul CTaOMIM3aluu TyOepKyJie3a U mpeKpaleHus: 000CTpeH i, YyTo
MOJTBEPAMIIOCHh pe3ysbTaTaMu JieueHus. Tak, uzneyeHue NOCTUTHYTO y 49 (96,1 %) mamueHros,
JeTanbHBIN ucxoa otMedeH y 2 (3,9 %). HeGnaronpusiTHbIN UCXOA HACTYNUJ BCIICCTBUE BO3HHUK-
HOBEHUS TPYIHO NMPOTHOZUPYEMBIX OCIOXKHEHUH, YCTPAaHUTh KOTOpPbIE HE yIaI0Ch — TPOMO0IMOO-
JIUS JIEBOM BEHEUHOH apTepuu cepaua 1 TpoM003MO0IIHs JIETOUHOM apTepUH.

HcxonHo y nccieayeMbIX MalueHTOB C XpPOHUYECKUM abClieccoM OTMedanach CyoToTalbHas
WM ToTanbHasi THeBMOoHUA. Ha Qone nedenns copmupoBanach naToioruueckas BHyTPHUIETOYHas
IIOJIOCTh C HENPEKPALIAIOIIMMCS JIATEHTHO TEKYLIMM XPOHHUYECKMM BocnajieHueM. lIpuMeHenue
oprasocoeperarwoiieil MeTOJAUKH TMO3BOJWIO JOCTUYb JKEJTAEMOr0 pe3ysbTaTa W3JIEYeHMs], HE HC-
M0JIb3YsI TPABMAaTHYHbIE 00BEMHbIE BMEIIATEIbCTBA.
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Summary. The purpose of this work is to search for oncogenes and identify their homology in
mouse (Mus musculus), pig (Sus scrofa) and mollusk (Biomphalaria glabrata) in relation to humans
(Homo sapiens). To achieve this goal, a bioinformatic method was used. The results of the work al-
low us to recommend the studied animals as model organisms for the study of carcinogenesis and
biomedical research.

OHKOreHbl — 3TO MyTaHTHbIE IIPOTOOHKOI'€HBI, U3MEHEHHE (PYHKLUU UM SKCIIPECCUU KOTO-
PBIX IPUBOJUT K aHOMAJIBHOW CTUMYIISIIIMK KJIETOYHOTO JesieHus U nponudepannu. Onyxonu Bo3-
HUKAIOT OT BUPYCHBIX MH(QEKIHUH U KaK CIEJCTBUE MYyTaLUH, IPOUCXOIAMUX CIYy4alHO WM MOJ
NeCTBUEM XMMHMUYECKUX KaHLEPOre€HOB WK 00iyuyeHus. Tak, B COBPEMEHHOW OHKOJIOTUU pa3iiu-
YarOT BUPYCHBIE OHKOTEHBI, KJIIETOUYHBIE OHKOI'€HbI, T€HbI CYIIPECCOPHI U I'eHbl anonro3a. llpu nc-
noJjib30BaHuK 0a3el gaHHBIX UNIProt 0summ otoOpansl 8 onkorenos: TP53, RB1, PTEN, ATM,
WT1, APC, CDKN2A, RET.

TP53 — ren-cympeccop OImyxoJIeBoro pocra pacroyiokeH B 17-if XpoMocoMme u KoupyeT Oe-
nok p53. Comarnueckue Mytanuu reHa TPS53 BcrpedaroTcst npu GOJBIIMHCTBE 3JI0KAYECTBEHHBIX
HOBOOOpa30BaHUI YellOBEKa, a HacieIcTBeHHble MyTanuu TP53 mpenpacnonaraioT K pa3BUTHIO
IIMPOKOTO CIEKTpa paHHUX OHKosoruid (cunapom Jlu — @paymenn). 'en RB1 pacnonoxen B 13-ii
XPOMOCOME U KOAMPYET OeTOK PeTHHOOIACTOMBI 1. DTOT OEIOK KOHTPOIUPYET TPAHCKPUIIIIHIO T'e-
HOB, OTBETCTBEHHBIX 3a KJIETOYHYIO mpoaudepanuto. OrcyrcTBue uian nuchynkuus 6enka RB1
MPUBOAAT K COOIO B PETYJISIIMU ACTCHUS KICTKH, YTO MPOBOLIMPYET €€ OMYyXOJIEBYI0 TpaHChopMa-
uuto. I'en PTEN, cynpeccop omnyxoneBoro pocra, pacnoyioxkes B 10-if XxpoMocome U KOAUPYET Ju-
nuaHyo (ocdarasy, KoTopas moaasisier GOPMUPOBAHUE CEPUH/TPEOHUHKUHA3HI I OJIOKUPYET T'H-
nepakTuBaluio GocHOoMHO3UTHI-3-KHHA3HOTO MyTH. TakuM 00pa3oM (pepMEHT MOMOTraeT KOHTpPO-
JUPOBaTh MpOIecChl Mpoyndepany KIeTOK U YCUJIMBATh UX aloITo3, OJOKUPYs. HEKOHTPOIHpYe-
Mmoe nenenue. Myrauuu rena PTEN accomumnpoBansl ¢ pa3sutueM cunapoMa Koynena, Ooneznu
Jlepmutt — Jlykinoc u cunapoma banasa — Paiinu — PyBanpkaba. ['en ATM kogupyert Genok — ce-
PHH/TPEOHNHOBYIO NpoTenHknHa3zy. ATM-0enok aktusupyetcs npu paspsiBax Hutedt JIHK u doc-
(bopuIMpyeT HECKOJIBKO KIIIOUEBbIX O€lIKOB. JTH OENIKH, B CBOIO OY€pE/ib, MHUIIUUPYIOT OCTAaHOBKY
KJIETOYHOTr0 1MKJIa, 3anyckatoT penapanuto JJHK win anonro3. Myranuu B rene ATM sBisiroTcst
MPUYMHON HACJIEICTBEHHOTO 3a001eBaHus — aTakcuu-Teneanrudkrasuu. ['en WT1 B HOpme pacrio-
naraetrcs B 11-if xpomocome. OH kogupyeT ogHOMMEHHBIH 6emok WT1, KOTopslif ydacTByeT B po-
CTE, CO3PEBAHMH U 3alporpaMMHUpOBaHHOMN rudenu kietok. Ocoboe 3nauenue ren WT1 npencras-
JsieT B SMOPUOHANBHBINA MEepHO — Yepe3 JeHCcTBUS 0JHOMMEHHOrO Oelka OH Yy4acTBYET B CO3peBa-
HUU TKaHEW MOYEIOJIOBOM CUCTEMBI, OCOOCHHO MoYeK u sinyek/ssuaHuKkoB. ['en APC pacrnonoxen B
5-it xpomocome B perroHe 5q22.2. APC sBisieTcs TeHOM-CYIIPECcCOpOM OIyX0JIeBoro pocra. Myta-
LMY B 9TOM T'€éHE OOHAPYKUBAIOTCS y OOJNBHBIX CEMEIHBIM aJIEHOMATO3HBIM IOJIUIIO30M KHUILIEYHH-
ka. 'en CDKN2A sBisieTcst OMyXoJIEBBIM CYNPECCOPOM, a KOJUPYEMbIE UM OEJKU PerylupyroT
KieTouHyto nponudeparuto. Myrannu rena CDKN2A acconmupoBaHbl ¢ pa3IMIHBIMUA (PopMaMu
paka, a TaK)ke ¢ HEeKOTOPBIMHU cepJleuHO-cocyaucTeiMu 3aboneBanusiMu. ['en RET xonupyer 6enok
— TpaHCMEeMOpaHHBIN PELENnTop, KOTOPhIN Y4acTBYeT B Iepe/iaye CUTHAJIOB BHYTPh KJIETOK. benok
RET npuHa iexuT K ceMEHCTBY pelenTopoB TUPO3MH-NPOTEMHKUHA3bI U HEOOXOAUM IJIs HOp-
MaJbHOT'O Pa3BUTHS HECKOJBKHUX BHUJOB HEPBHBIX KJIETOK, BKJIIOUas KHUIIEYHbIE HEHPOHBI U YaCTh
HEPBHOM CHUCTEMBbI, KOTOPasi KOHTPOJIUPYET BereTaTUBHbIE (DYHKIMH OpraHu3Ma, HalpUMEp YacToTy
cepleuHbIX cokpamleHuil. Takke 3TOT OenoK HeoOXOAWM JJIsi HOPMAaJbHOTO Pa3BUTHS IMOYEK M
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cnepmaroreHesa. benok RET sBisieTcst MpOTOOHKOTEHOM M MOXKET IOJABEPIraTbCsi OHKOTCHHOU aK-
TUBALMM TIOCPEICTBOM IIUTOT€HETUYECKON MEPECTPONKHN MIIM TOUCUHBIX MyTaIlHM.

Jis m3ydeHHUs] MOJIEKYISIPHBIX MEXaHM3MOB DPa3BHTHS OHKOJOTMYECKHX 3a00JeBaHUN M
pa3paboTKK HOBBIX IPOTHBOPAKOBBIX areHTOB KpailHE BaKHbI MCCIIE0BaHUs, IPOBOUMbBIE HA MO-
JEeNbHBIX opranu3mMax. OHUM U3 BaKHEHIIUX KPUTEPUEB 0TOOPA MOAEIBHBIX OPTaHU3MOB IS Ue-
JIOBEKa SBIIAETCS HaJWYHE POACTBEHHBIX HYKJICOTHAHBIX MocieaoBarenbHocTeil. JlabopaTopHbie
MBIIIN ¥ KPBICHI YK€ OOJIbIIIEe BeKa OCTAIOTCS CAMBIMH H3JIIO0JICHHBIMH 3KCIIEPUMEHTATBHBIMU KH-
BOTHBIMH. Pa3zMep reHomMa MbIIIM COCTaBIISIET 2,5 MIIpJ Map HYKJICOTUIOB M coaepkuT 23 139 re-
HOB, KOAMPYIOLINX Oenku, a renerndyeckoe cxonctBo JIHK mpimm u yenoBeka cocraBiser 6omee 95
%. B nanHoii paboTe a5 OKMCKa U BBISBJICHUS TOMOJIOTUA OHKOT€HOB HCIIOJIb30BATTUCH aMUHOKHC-
JIOTHBIE TocenoBarenbHoCTH MbIu (Mus musculus), cunbu (Sus scrofa) u mosntrocka (Biompha-
laria glabrata).

Jnst ompenienieHust CTENEeHN TOMOJIOTHH ObLT OCYIIECTBIICH MOMCK aMUHOKUCIIOTHBIX MOCIIEI0-
BaTeNbHOCTEH B 0a3e AanHbIx UNIProt uenoBeka 1 MOJICIBHBIX OPraHU3MOB, HX MTAPHOE BHIPABHUBAHUEC
B iporpamme MEGAS u onpezienenre cTeneHy TOMOJIOTUH HCclielyeMbIX OenkoB. VccaenoBanue Mo-
TUBOB M CTPOEHHSI aKTHUBHBIX LIEHTPOB OEJIKOB HE BXOJIUJIO B 33/1a4 IAHHOM PabOTHI.

B pesynbprare OMOMH(POPMATHIECKOTO CpPAaBHEHHS OEJIKOB MOJIEIBHBIX OPraHW3MOB HamOo-
Jiee BBICOKAas CTEIEHb MOMOJIOTHH XapakTepHa Juist cBuHbH (Sus scrofa): TP53 — 81,01 %, RB1 —
94,18 %, PTEN — 99,75 %, ATM — 88,39 %, WT1 — 97,77 %, APC — 94,17 %, CDKNZ2A — 100 %,
RET — coBnanenuii He Haiineno. O1HaKO M3-3a HU3KOTO IporeHTa nokpeitus (14 %) undopmanmio
o romosioruu 6emnka, kKotopeiii kogupyer reH CDKN2A Henb3st cuntars nocroBepHoid. [Tomyden-
HbIC JAHHBIE JI0KA3bIBAIOT, YTO CBHHbS SBJISECTCS HAWIYYLIUM MOJEIBHBIM OPraHU3MOM JJIsl Y4eso-
BEKa, OJJHAKO 3TU )KMUBOTHBIE JOPOTH IO CTOMMOCTHU M YCIIOBHSAM COJICPKAHHSL.

[ToaTomMy OBLT MPOBEACH CPaBHUTENIbHBIN aHANU3 OENKOB YeJIOBEKa U OOLIECIPUHATOTO MO-
nenpHOro opranusma — meiu (Mus musculus): TP53 — 77,11 %, RB1 — 91,61 %, PTEN — 99,75 %,
ATM - 83,93 %, WT1 — 96,89 %, APC — 90,02 %, CDKN2A — 72,06 %, RET — 82,62 %. [Tomny-
YEeHHBIC JAaHHBIC JTOKA3bIBAIOT, YTO MBIIIb TAKXKE SBISIETCS aJIeKBATHBIM MOJICIBHBIM OPraHU3MOM
JUIS 4eJI0BEeKa, OJTHAKO M0 STUYECKUM COOOpPaXKEHHUSIM U CTOMMOCTH IIUPOKOE KCIIOJIb30BAHUE BBIC-
X MJICKOIMTAIOMIMX BO BCEM MHpPE IMOCTENEHHO CoKpamiaercs. [103ToMy akTyalabHBIM OCTAeTCs
MOKCK 0oJiee MPOCTHIX U JOCTYMHBIX OPraHW3MOB. KaHaugaTamu Ha Takyl pojib BHICTYHAIOT Jie-
roYHbIC IPECHOBOJIHBIC MOJUTIOCKH, B yacTHOcTH Biomphalaria glabrata, renom kotoporo anHoTtu-
POBaH, U KOTOPBIN SIBISIETCS OJNMKANIIUM POJCTBEHHBIM BUAOM, PACIIPOCTPAHEHHOTO MOJUTIOCKA B
Pecniyonuke benapycs Planorbarius corneus. B pesynbrate cpaBHEHHS Y MOJUTIOCKA OKA3aIHCh OT-
HOCHUTETFHO HU3KHE TI0Ka3aTeNId TOMOJIOTHH cpaBHUBaeMbIx OenkoB: TP53 — 39,62 %, RB1 — 30,19
%, ATM — 35,09 %, WT1 — coBnanenuii He Haigeno, APC — 64,37 %, CDKNZ2A — coBnageunii He
HaiineHo, RET — 57,63 %. benku, kotopsie konupyet rensl APC u RET Hu3kuii mpoueHT nokpsl-
hs — 23 %, MOATOMY JaHHBIE HENb3sl CYUTATh TOCTOBepHBIMU. OHako, s Oenka PTEN mporieHT
romoJioruu coctasisieT 61,88 %, 4yTo cBUIETENBCTBYET O BOZMOXKHOCTHU JIOCTATOYHO BBICOKOM CTe-
MIEHHU JOCTOBEPHOCTH OIIEHKH MICHTHYHOCTH TIEPBUYHBIX CTPYKTYP OCIIKOB.

Takum 00pa3zom, Helb3s1 YTBEPXKAATh, YTO JIETOUYHbIE MPECHOBOIHBIE MOJUIIOCKH MOAXOAT
Ha POJIb MOJAETHHBIX OPTaHU3MOB JUISI H3yYSHHSI OHKOTEHOB Y YeJIOBEKa, IIOCKOJIBKY JaHHBIX TOJY-
YeHHbIM OMOMH(pOpMATHYECKHMM METOJOM HenoctaToyHo. HeobGxonumo mpoBeneHue jgabopaTop-
HBIX MCCIIEJIOBAHUH ISt 00JIee TOYHOTO pe3yJibTaTa.
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Summary. The most economically important productive characteristics which are necessary for the
effective development of the dairy industry are the following: milk yield, production of milk fat and
protein, as well as fertility of dairy cows. With the development of technology, much attention is
paid to cattle breeding programs based on molecular genetic research methods. In our study, the
most important genes responsible for productivity and fertility were examined. The obtained data
are planned to be used in experimental studies on the expression of productivity and fertility genes
in dairy cows of Belarus.

OKOHOMUYECKMMHU Ba)KHBIMHU MPU3HAKAMU MOJIOYHBIX KOPOB SIBJII€TCS yIy4IlIEHUE IPOAYK-
TUBHOCTU M (epTHIBLHOCTH. VICroIb30BaHNE TEHOMHKH TTO3BOJISICT YIYYIIUTh OTOOpP KHBOTHBIX C
HE00XOAUMBIMU NpHU3HaKaMu. [IpenmyIecTBo MeTos1a reHa-KaHuaaTa 1o CpaBHEHHUIO ¢ TpaJulu-
OHHBIM OTOOPOM COCTOUT B TOM, YTO >KHBOTHBIX MOXXHO OTOMpaTh TOYHO, B paHHEM BO3pacTe, Ha
OCHOBE IPU3HAKOB, KOTOPbIE TPYAHO WM J0POro u3Meputh. OOHapyKeHUe reHa-KaHIuaaTa 3aB1-
CHUT OT MHTepecyroniero (eHOTUIa WK Mpu3Haka. Ha ocHOBe aHanm3a IUTEpaTypHBIX JAHHBIX MBI
BBIJICJIUIIM CIICAYIOIINE KIIIOUEBbIE T'€HbI-MAPKEPbI: I'€HbI, KOJUPYIOIUE MOJOYHYIO MPOTYKTHUB-
HOCTh CpEeM KOTOPHIX BaXKHOE MECTO 3aHMMaeT T'eH kazenHa Mosioka (CASAL). ITomumopdusm 3to-
r'o TeHa BJIMSCT Ha cojeprkaHue Oeka M )Kupa B MOJIOKe; reH nposakTuHa (PRL), KOTOpbIH BIHsIO-
Ui Ha HaZoW MoJIoKa; TeH ropmoHa pocta (IGF-1), KOTOpBIi BHIMONHAET KIOYEBYIO POJIb MPH
naktauuu. I'en nentuna (LEP), koTopslif npuHuMaeT yyactue B peryssiiMyi CEKpely MpoJaKTHHA
[1]. ['enbI-KkaHOMIATHI, CBA3aHHBIC C (PEPTHIILHOCTBIO: TeH TIa3MeHHoro Oenoka-A2 (PAPP2-A2) u
reH kanbnactatuHa (CAST), ren KALRN, ren LIF. ®epTunbHOCTh — CIIOKHBIA MPU3HAK, KOTOPBINA
YaCTUYHO PETYIUPYETCs TEHOMHOM YPOBHE. Y MOJIOUYHBIX KOPOB T'€HETHYECKasl IIEHHOCTh B OTHO-
HmIeHUU (EePTUIIBHOCTH U MPOAYKTUBHOCTH OTPHIATENILHO KoppeiupyeT B mpeaenax 0,35-0,60 [2,
3]. HeGmaronpusatHas reHeTHYECKasi KOPPEISIIH MEX/Ty MOJIOYHOU MPOAYKTUBHOCTBIO M TIOJIOBH-
TOCTBIO 3aTPYAHSIET OJHOBPEMEHHOE MOBBIIIEHHE MOJOYHON MPOAYKTUBHOCTH M IUIOJJOBUTOCTU B
KHUBOTHOBOJICTBE. BBICTpOE TeHeTHuecKoe yiydlleHHe MPU3HAKOB MOJOYHOH MPOAYKTUBHOCTH Y
MOJIOYHOT'O CKOTa CONPOBOXKIANIOCH CHHKEHHEM (DepTUIBLHOCTH KOpoB. OTUACTH B pe3yJsibTaTe 3Ha-
YHUTEIBHOE YIIYUIIeHHE HAJI0eB MOJIOKA 3a TocienHue 40 JeT ConpoBOXKIaTOCh CHIDKEHUEM POXKIa-
€MOCTH.

Hauboiee 5koOHOMHUYECKH Ba)XKHBIMH MPOAYKTUBHBIMHU XapaKTEPHCTHKAMH, HEOOXOIUMBIMU
111 3¢ (HEeKTUBHOTO pa3BUTHsI MOJIOYHOM MPOMBIIIIEHHOCTH, SBJISIOTCA: HAaJ0i MOJIOKa, BBIPAOOTKa
MOJIOYHOTO JXKUpa U Oenka, a Takke (QepTHIFHOCTh MOJIOYHBIX KOpoB. C pa3BUTHEM TEXHOJOTHA
0o0JbIII0€ BHUMAHUE YJIENeTCsl IpOorpaMMaM CeNleKLMU KPYITHOI'O POraToro cKoTa, OCHOBaHHBIM Ha
MOJIEKYJISIPHO-TeHETHIECKUX METO/IaX MCCIe0BaHus. B HameM ncciieoBaHuM ObLTH pacCMOTPEHBI
HaunboJiee BayKHbIE T€HbI, OTBEYAIOIIME Ha MPOJYKTUBHOCTh U (PepTHIILHOCTD. [loyueHHbIe TaHHbIe
TUTAHUPYETCSl UCTIOIH30BATh B OKCIIEPUMEHTAIBHBIX pab0Tax Mo M3yYEHUIO SKCIPECCHH T€HOB MPO-
TYKTUBHOCTH U (DepTUIBHOCTH Y MOJIOYHBIX KOpoB benopyccun.
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Summary. Using the developed by us methods DNA-detection mutations in the FANCI, APAF1,
SMC2, GART, TFB1M, SLC35A3, ITGB2, APOB, UMPS, and FXI genes determining hereditary
diseases of cattle were identified. Monitoring of cattle populations in Belarus (n = 4617 heads), re-
vealed the frequency of occurrence of animals of hidden carriers of mutant alleles of the genetic
diseases: HHOC, which was 3.27 %, HH1C — 2.82 %, HH3C — 3.75 %, HH4C — 0.59 %, HCD1,3 -
2.75 %, HH5C — 2.2 %, CVC - 2.54 %, BLC — 0.62 %, DPC — 0 %, XIC — 0.39 %. DNA diagnostics
of foreign and domestic breeding stock will reduce the spread of genetic defects that reduce the re-
productive qualities of livestock.

OcHoBHasg J01s1 MoJIouHOro ckora B PecmyOnuke benapych npuxomuTcs Ha IOTOJIOBbE
TOJIIITUHU3UPOBAHHON YepHO-NIECTPOi MOpoAbl. VIHTEeHCHBHAs CENeKLMs, HalpaBIeHHOM Ha yBelnue-
HHE MOJIOYHOHW MPOYKTUBHOCTH KUBOTHBIX MPUBENIAa K HAKOIUICHHIO TPY3a TeHETHYECKUX MYTAIUi B
HOMYJISALMY, KOTOPbIE MOTYT KaK IPUBOAUTH K THOEIN SMOPHOHOB Ha pa3HbIX cpokax pa3sutus (LoF-
MYTAlliH), TaK U BIMATH HA KAYECTBO YKM3HU KUBOTHOTO M TIPOU3BOANMOE CHIPhE, YTO MPUBOAUT K 3HA-
YUTEIbHBIM SKOHOMHYECKUM ToTepsiM. COBpEMEHHbIE MOJIEKYJISIPHBIE METO/IbI MTO3BOJISIOT MPOBOIUTH
JIHK 1narHOCTHKY TJIEMEHHBIX KHBOTHBIX M BBISBIISTH )KUBOTHBIX CKPBITBIX HOCHTENEH TeHETHYECKUX
ne(eKToB, UCKITI0Uasi TEM CaMbIM MX M3 CEJIEKIIMOHHOTrO Mpotecca. [loaromy Hamu ObUTH pa3paboTaHbl
meronsl JIHK-auarnoctuku Myrarmid, JeTepMUHHUPYIONIUX HACIEICTBEHHbIE 3a00JI€BaHMs KPYITHOTO
poraTtoro ckota: OpaHxucnuHanbHbI cuHApoMm (BY), ramnorun deprunshoctu 1 (HH1), ramnorun
¢deprunbHocty 3 (HH3), rammmotun ¢peprunsaoctu 4 (HH4), rammmorun gpeprunsaoctu 5 (HHS), nepu-
1t xonectepona (HCD), komruekcHbIi mopok nozBoHounuka (CVM), nedurur aaresnn IedKomuTOB
(BLAD), nebunur ypuauamonodpocdarcunterassl (DUMS) u gedpuimr ¢dakropa CBEpTHIBASMOCTH
kposu XI (FXID).

B xauecTBe 00BEKTa MCchenoBaHUs ObLT MCIOJIB30BAH KPYIHBIA POTATBIA CKOT TOJIITHH-
CKoOi moponbl. Matepuanom s uccienoBanus ciayxuna JIHK, BeiaeneHHas u3 61ooru4eckoro
MaTepuaiga — IeJIbHOM KpOBH, NpoO TkaHM (YIIHOW BBILMI) M crepmbl. s uneHTudukauum
HACJIEICTBEHHBIX 3a00JI€BaHUI KPYITHOTO pOraToro cKoTa ObUIM MCIIOJIb30BaHbl CIEIYIOIIUE METO-
abl (Tadu. 1).

Ta6mmma 1 — Hacnenctennsie 3a0oneBanus KPC u MeTo0B nX naeHTHOUKAITIN

3aboneBanne I'en BTC SNP Tun myrauun MeTton
BY FANCI 21: 21184870- - neneruu 3329 1.H. [P
21188198 (Val876Leufs26X)
HH1 APAF1 5: 62810245 rs448942533 | C>T (GIn579Ter) | ITLIP-ITIPD
HH3 SMC2 8: 93753358 rs456206907 | T>C (Phel135Ser) | AC-III[P-PB
HH4 GART 1: 1997582 rs465495560 | A>C (Asn290Thr) [111P-PB
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OxkoHuyaHue Taom. 1

HH5 TFB1M 9: 92,350,052 — - nenenus 138 T.11.H. [P
93,910,957

HCD APOB 11: 77,953,380 — — BcTaBka 1299 m.H. [P
78,040,118 (Glyl35ValfsX10)

CVvC SLC35A3 3: 43261945 rs438228855 | G>T (Val1l80Phe) [11[P-PB
BLAD ITGB2 1: 144770078 rs445709131 | A>G (Asp128Gly) [TL{P-PB
DUMPS UMPS 1: 69756880 — C>T (Arg405Xx) [THP-ITAPD
FXID FXI 27: 16310345 — BCTaBKa 76 IL.H. [P

(Asp470X)

C nomomnrpio pa3paboTaHHBIX HaMU MeToJ0B B niepuos ¢ 2015 mo 2022 rox Obu1 mpoBeaeH

CKPUHHHT ISl M3YYCHHs HaJM4Hs CIEKTpa T'€HETHYECKUX JCe(PEKTOB B OEIOPYCCKOM MOMYJISIIUN
TOJIIITHHCKOTO ckota (N = 4617) (Tabum. 2).

Tabmuna 2 — Pe3ynpTaThl CKpUHHHTA OEIOPYCCKOM MOIMYJSAIUN TOJIMTHHCKOTO KPYITHOTO
pOraToro cKoTa Ha HOCUTEIbCTBO F'€HETUYECKUX J1e(DEKTOB
Ton BY HH1 HH3 HH4 HHS HCD CcvcC BLAD DUMPS | FXID

n |{BYC| n HHI1C| n |HH3C| n [HH4C| n (HH5C| n HCD13] n ([CVC| n |BLC| n |DPC| n XIC

2015| - - - - - - - - - - - - 1101} 51 |1101| 19 |1101| O | — | —

2016| 58 | O 10 1 10 1 10 1 10 1 10 1 620 | 21 [ 620 2 |620| O |251| O

2017|921 32 [295| & |297| 8 292 3 292 9 |291 0 832 | 12 (832 | 2 |80 | 0 ([921] 4

2018|630 | 39 [304| 15 |314] 9 |303| O 300 6 |301 7 376 | 9 [376| 2 |376| 0 |630| 5

2019|288 4 |100| 1 100 10 [100| 1 100 2 100 5 287 | 3 [ 287 1 |29 | O |288| 1

2020|566 10 |150 2 150 4 |150| 1 150 3 [422] 11 565| 5 |[565| 0 20 0 [566] 1

2021|525 18 [170| 2 170 7 170 0 (170 3 |519| 18 514 8 |[514| 1 0 0 (525 2

2022(190| 1 - - - - - - - - 190 1 190 | 5 190 | 1 - — [190| 0

Ipumeyanue — BYC, HH1C, HH3C, HH4C, HH5C, HCD1,3, CVC, BLC, DPC, XIC — acu-

6OMHblE-HOCUMENIU MYMAHMHO2O AJLIEIA 6 cenepo3ucome.

B uccnenoBanHOM BBHIOOpPKE OEIOPYCCKOTO CKOTA OBLIM BBIABJICHBI 13 JKMBOTHBIX MAapPHBIX
HOCHTENEH ABYX pPa3HBIX TalIOTUIIOB (PEPTHUILHOCTH, KOTOPhIE OHH MOJYYHJIA OT OJHOTO MM 000-
ux pomuteneil. CoBMmecTHO ¢ «bemmuieMXuBOObETUHEHHEM» U OOJIACTHBIMH  CEICKIMOHHO-
TeHeTUYECKUMU [IEHTpaMHu BriepBbie B benapycu 0b11 chopMupoBaH OaHK TaHHBIX MJIEMEHHBIX KU-
BOTHBIX C OTMETKOW O HAJIMYHH/OTCYTCTBUU HOCUTEIILCTBA T€HETHYECKHUX JePEKTOB. AHAIN3 IreHe-
TUYECKOW CTPYKTYPHI TMOMYIALNUNA TONITHHCKON MOPOABI OEIOPYCCKOM CeNeKINH MoKasal, 4To ya-
CTOTa BCTPEUYAEMOCTH KHBOTHBIX-HOcHTeNeH B cpeaaem HHOC — 3,27%, HH1C — 2,82%, HH3C —
3,75 %, HH4C - 0,59 %, HCD1,3 - 2,75 %, HH5C — 2,2 %, CVC - 2,54 %, BLC - 0,62 %, DPC —
0 %, XIC — 0,39 %, o rogam Ha puc 1.
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Pucynok 1 — YacTora BCTpedaeMOCTH KUBOTHBIX-HOCHUTEIIEH raluIoTUIIOB (DEPTUIIBHOCTH B HCCIIe-
JIOBAaHHOM 0OEJI0PYCCKO#M MOMYJISIIIAN TOAMTHHCKOrO ckoTa (2015-2022 11.)

TakuMm o6pa3zom, pa3paboTaHHbIE METOIBI MO3BOJSAIOT npoBoauTh JIHK-auarHoctuky rie-
MEHHBIX KUBOTHBIX M UCIIOJIH30BaTh MOJYUYEHHBIC PE3YJIBTATHl B CEJICKIIMOHHO-TIIIEMEHHON paboTe,
YTO MO3BOJIUT MIPU MOA00PE POAUTENHCKUX Map CHU3UTH BEPOATHOCTD MOITYYECHUS CPEIU TOTOMCTBA
TOMO3HUTOTHBIX HOCHUTEJIEH MYTAHTHBIX ajuieliel, 03J0POBUTH MOIYJISIIIUIO U, COOTBETCTBEHHO, 3Ha-
YUTENHHO CHU3UTh SKOHOMUYECKHE TIOTEPH B )KUBOTHOBO/ICTBE.
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Summary. The article discusses the theoretical aspects of the functioning of the institution of non-
tariff regulation measures in the Republic of Belarus, which directly affect the transport and logis-
tics aspect of foreign trade, presents an assessment of the effectiveness of their application and
suggests areas for improvement.

B Pecniy6nnke benapych mMpUMEHSIOTCS pa3IMYHbIE CIIOCOOBI KOHTPOJISI C IEJIbIO 3aIUThI
BHYTPEHHETO PhIHKA U CTUMYJIMPOBAHUS Pa3BUTHs HAMOHAIbHOW 3KOHOMUKHU. OJHUM U3 OCHOB-
HBIX CPEJACTB pean3allii MOJUTUKH TOCY/IapCTBa SBJISIETCS YCTAaHOBJICHUE Tapu(pHBIX U HETapHu Q-
HBIX MEp TOCYJAPCTBEHHOTO TAMOKEHHOTO PETYJIUPOBAHUS.

[Ton veTapudHBEIMU MepaMu PETYJIHPOBAHUS CIIETYET TOHUMAaTh COBOKYITHOCTh METOJIOB U
CPEACTB I'OCYIAPCTBEHHOI'O PEryJIMPOBaHUsA, OIPAHUYMBAIOIIME UMIIOPT U DKCIOPT TOBApOB, IS
3aIUTHl YKOHOMUYECKHX HHTEPECOB TOCY/IapcTBa M 00ECIEeUeHUs] HAIMOHAIBHOW O€30MacHOCTH
cTpaHbl. [laHHBIE MEpBI IPUMEHSIFOTCS JJIs MOAIEpKaHus OallaHca MEXy CIIPOCOM U MPEATOKEHH-
€M, a TaKXKe C IEJbI0 OTPATUTh PHIHOK OT HEKAaYeCTBEHHBIX TOBAPOB, HE COOTBETCTBYIOIINX TPeOO-
BaHUsAM Oe3omacHOCTH. [IpuMeHeHue HeTapu(HBIX MEp PEryJIHpOBaHHUS XapaKTEPHO MpEeUMYyIIle-
CTBEHHO JJI1 Pa3BUTHIX CTpaH [3].

Herapudusie orpannueHus OpUEHTUPOBAHBI Ha JOCTHKEHHUH TEX K€ IeJiei, uTo u Tapud-
Hble MeToAbl. OHU MPEOCTABIAIOT BO3MOXKHOCTh B KpaT4allliie CPOKH TMOJTYYUTh HEOOXOIUMBIE
pe3yJIbTaThl, PELINTh HYKHBIE 3aa4H, IPU 3TOM HAJO0 OTMETHUTh, YTO B JOJTOBPEMEHHOM ILIAHE
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OHH HE CIIOCOOCTBYIOT (JOPMUPOBAHNIO HOPMATBHON KOHKYPEHTHOU Cpellbl Ha BHYTPEHHEM PBIHKE
1 co3aHuto 3(PPEKTUBHOM CTPYKTYpPHI IPOU3BOACTBA [2].

K HerapudHbIM MepaM peryaupoBaHus BHEITHEH TOPrOBIA OTHOCST:

— 3ampeT BBO3a U (WJIK) BHIBO3a TOBAPOB;

— KOJINYECTBEHHbIEC OTPAaHUYCHUS BBO3a U (MJIM) BHIBO3a TOBAPOB;

— UCKJIIOUUTENbHOE MPAaBO Ha SKCIOPT U (WJIH) UMIOPT TOBAPOB;

— aBTOMATUYECKOE JIMIICH3UPOBaHUE (HAOIIOACHNE) KCTIOPTA U (WIIM) UMIIOPTA TOBAPOB;

— pa3pelInTeNbHBIN MOPAI0K BBO3a U (MJIHM) BEIBO3a TOBAPOB.

['ocymapcTBO MOXKET OCYIIECTBISATH MEPONPHUATHS 0 OIPAHUYEHUI0 UMIIOPTa TOBapOB I10-
CPEICTBOM NPUMEHEHHUS aHTHUIEMIINHIOBBIX, KOMIEHCAIIMOHHBIX, CIENUAIbHBIX 3alIUTHBIX MeEp,
MMIIOPTHOM KBOTBI, @ TAKXKE [0 OTPAaHUYCHHIO IKCIIOPTa TOBapa MOCPEICTBOM BBEICHUS IKCIIOPT-
HOMW KBOTBHI.

KonuyecTBeHHbIE OrpaHUYCHUS] TPUMEHSIOTCS: MIPU IKCIIOPTE — TOJILKO B OTHOILLIEHUU TOBA-
POB, IPOUCXOAIIUX C TEPPUTOPUI TOCYIAPCTB-UICHOB; IPU UMIOPTE — TOJIBKO B OTHOILIEHUU TO-
BapOB, IPOUCXOJISIINX U3 TPETHUX CTPaH.

OpnHako JaHHBIE OPAaHUYEHUS HE MPUMEHSIOTCS B CIydae MMIIOPTa TOBAPOB C TEPPUTOPUU
KaKou-1M00 TpeThel CTpaHbl WM IKCIIOPTA TOBAPOB, MPEIHAZHAUYCHHBIX JISI TEPPUTOPHUH KAKOM-
b0 TpeThell CTpaHbl, €CIU TOJBKO TaKUE KOJIUYECTBEHHBIC OIPaHUYCHHS HE IPUMEHSIOTCS B OT-
HOIIICHUH UMIIOPTA U3 BCEX TPEThUX CTPAH MJIM DKCIOPTA BO BCE TPETHU CTPAHBI.

Ocy1ecTBieHre BHEIIHETOPTOBOU JAEATEIbHOCTH MOXET OTpaHHUYMBATHCS MyTEeM IIpeo-
CTaBJICHUSI MCKJIIOYUTEIHHOTO TMpaBa. DKCIOPT U (MJIM) UMIIOPT TOBApOB, B OTHOIIEHUH KOTOPBIX
y4aCTHUKaM BHEUTHETOPrOBOM NESTEIBHOCTH MPEIOCTABICHO HCKIIOYUTEIHHOE MPABO, OCYILECTB-
JISIFOTCST HA OCHOBAHUH MCKITIOYUTENIbHBIX JIMIICH3UH, BEIIABAEMBIX YIIOJITHOMOUYEHHBIM OPTaHOM.

ABTOMaTHYECKOE JIMIIEH3UPOBAHUE TPUMEHSETCS B IIENIIX MOHUTOPUHTA AUHAMUKH 3KCIIOP-
Ta ¥ (WJIM) UMIIOPTA OTACJIBHBIX BUJIOB TOBAPOB. [ TaBHOW 11€TTbI0 aBTOMATUYECKOTO JIMIICH3UPOBA-
HUS SIBJISIETCA cOOp CTaTUCTUYECKOW MH(POPMAIUH MO IKCIOPTY U (MIJIM) UMIIOPTY KOHKPETHON MH-
dbopMaIu, MOATOMY OHA HE YCTaHABIIMBAET OTPAHWUYCHUS HA MEPEMEICHHUE TOBAPOB Yepe3 TaMo-
KEHHYIO TPaHUILY.

PazpemmrenbHbIil TOPSIOK BBO3a U (MJIM) BBIBO3a TOBAPOB PEATM3YETCS MOCPEACTBOM BBE-
JICHUS! JINIIEH3UPOBAHMSI TN TPUMEHEHHUS UHBIX aJ]MUHUCTPATUBHBIX MEP PETYIUPOBAHUS BHEIIIHE-
TOProBOM AesiTenbHOCTH [3].

B mocnennue roasl rocygapcTBaMy YCTaHABIMBAIOTCS Bee Ooliee BBHICOKHME HeTapu(Hbie Oa-
phepBI B MEXIYHApOIHOUM TOoprosiie. Hampumep, B KauecTBe OTACIBbHON TPYIIbI HETApUPHBIX KO-
JTUYECTBEHHBIX OTPAHUYCHHUH BBIIEISIOT «I0OPOBOJIbHBIEY» OTPAaHUYECHHs HKCIOpTAa — Pa3HOBH/I-
HOCTh UMITOPTHOM KBOTBI, KOTOpasi BBOJUTCS CTPAHON-IKCIIOPTEPOM JJII TOTO, YTOOBI M30EXKaTh
JPYTUX TOPTOBBIX CAHKIUH OT CTPaHbI-UMIIOPTEPA.

PazButue HerapudHOTro peryiupoBaHMsl BHEIIHETOProBOW nesTenbHOCTH bemapycu mpen-
roJiaraeT KOMILIEKC CBSI3aHHBIX MEXKIY cOOO0M EeHCTBUH, BKIIFOUAIOIIUX €r0 TApMOHM3AINIO C HOP-
MaMH W MPaBHJIAMH, CJIOKUBIIMMHCS HA MUPOBOM PBHIHKE, COBEPIICHCTBOBAHNE 3aKOHOIATEIHHOMN
0a3pl B HAIIPABJIICHUU PAllMOHANIU3AIMH MOJUTUKHA MPOTEKIIMOHU3MA, YIIPOILIECHUS TOPSAKa JIUIEH-
3UPOBAHMS], ONITUMHU3AIIH KOJIOTHUECKUX U IPYTUX 3AITUTHBIX MEP.

Takum oOpa3om, Ha ceroAHSIIHUN JeHb chopmupoBanHas B PecnyOnuke benapych cucrema
Mep HEeTapu(PHOro PEryIupoBaHUs BHEIIHEH TOPTOBJIH SIBISIETCS OJHUM U3 BOKHEUIIUX UHCTPY-
MEHTOB BHEIIHETOPTOBOM MOJUTHKU U MO3BOJIAET A((HEKTUBHO 3aIUIIATh YKOHOMHUYECKHE HHTEpE-
CBI TocynapcTna [1].

Mepbl 110 COBEPIIIEHCTBOBAHUIO HETapU(HOTO peryaupoBaHus B berapycu ¢ yueTtom 3anaj-
HOEBPOTICHCKOTO OIbITA MO3BOJISIT CTpaHE MPOBECTH HEKOTOPHIE M3MEHEHMsI BO BHEITHETOPTOBOM
MOJINTUKE C OPUEHTAIMEH ee Ha SKOHOMUYECKHI POCT, a TAK)Ke a/IaliTUPOBATHCS K YCIOBUAM TPU-
coegunenus k BTO.
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IMPOEKTUPOBAHHUE AJIT'OPUTMOB PEKOJIOPU3ALIUN
JIJISI HIOMOIIHU JIIOJSIM C AHOMAJIBHOM TPUXPOMA3HUEN
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Summary. Analysis of the existing video recoloring algorithms for people with anomalous tri-
chromacy and description of the technical requirements to the designing recoloring algorithms
to help people with anomalous trichromacy in visual perception of information.

[TpoexTrpoBaHue aIrOPUTMOB PEKOJIOPU3ALUU N300paKEHUM 1 BUIEO NI JII0JEH ¢ aHOMa-
musiMu 11BeToBOro 3peHust (AL[3) Ha ceromHsIIHUN JeHb SIBISETCS aKTyalbHOM 3a7auei, Tak Kak
JAaHHBIC AHOMAJIMH TOJIBKO JIMITh TEHETUYECKOTO TIPOUCXOXKICHUS CBOMCTBEHHBI 5—8 % MY»KCKOTO
u 0,5 % sxenckoro Hacenenus 3emuu [1]. MHorue ucciaenoBaTeny Mo BceMy MUPY pabOTarOT HaJ
co3/aHueM Haubosiee 3QPEKTUBHBIX AITOPUTMOB U MPOrpaMM Ui IpeoOpazoBaHusl U300pakeHUi
C LIETBIO X MOCIEIYIOIIEr0 KOPPEKTHOTO BOCIIPUSATHUS JIFOJIBMHU C I[BETOBOM CIIECTIOTOM.

Tak, npemocTaBieHne nocTymna oM ¢ AL3 k paHee HETOCTYITHOHN B CHITy 0COOEHHOCTEH
[[BETOBOCTIPUSTHS BU3YyaIbHOU MH(OPMAIINY TO3BOUT UM HE TOJIBKO peliaTh MOBCEIHEBHEIC 3a7a-
YH, HO U OTKPOET BO3MOXKHOCTHU JJIsl 33JI€HCTBOBAHUS B HOBBIX MPOGECCHOHATBHBIX cepax, uTo
OyzeT crocoOCTBOBATh UX COLMATM3AIMH.

B nanHoil paboTe aHANIM3UPYIOTCS AJITOPUTMBI PEKOJIOPU3ALMH /Il TAKOro Haubosee pac-
npoctpaneHHoro Buaa All3, kak aHomanbHas Tpuxpomaszus. Takum oOpazoM, menb padoThl —
OTpeAeNuTh TPeOOBaHUS K MPOEKTUPYEMBIM aJIFOPUTMaM PEKOJIOPU3ALMU JIJISl TOMOLIHM JIOASIM C
aHOMaJIbHOM TPUXPOMasHel B BU3yalbHOM BOCTIPUATHN UHGOPMAIUH.

B kauecTBe mocraBieHHBIX 337a4 HEOOXOJUMO BbIIETUTH CIEAYIOLIHUE!

— U3YYUTh OCOOCHHOCTH aHOMAJIbHOM TPUXPOMA3UH;

— BBINOJIHUTD aHAJIM3 CYIIECTBYIOUIUX aJIrOPUTMOB PEKOJOPU3aLMU BU3YaIbHON MH(pOpMa-
MU IS JIFOAEN C aHOMAaJIbHOW TPUXPOMA3UEN;

— cZIeNIaTh BBIBOJIBI O TPEOOBAHUSIX K MPOEKTUPYEMBIM aJTOPUTMAM.

Wtak, mpexae Bcero cieayeT pacCMOTPETh OCOOEHHOCTH aHOMAITbHOW TPHUXPOMa3HH.

AHoOMaJlbHas TpUXpOMa3usi MOXKET ObITh BbIpaXK€Ha B CIEAYIOUIMX (opMax: IpOTaHOMAIHs,
JeTepaHOMAaNusl U TPUTAHOMANHUsS. 3HAYCHHs CTEMEHEH TSHKECTH NIaHHBIX (OPM BapbUPYIOTCS
ot 0,1 10 0,9, rme 0,1 mpeacrapnseT coOOM MPAKTHUECKH IMOTHOE OTCYTCTBHE aHOMAIBHOW TPUXPO-
Ma3uy, a 0,9 yka3pIBaeT Ha HAIMYKE TSDKEJION CTereHn aHoManuu [2].

Ha ocHoBaHuuM aHanm3a CyImECTBYIOIIMX aJTOPUTMOB PEKOJIOPU3ALUUA BU3yaIbHOW HH(OP-
MaIuu 75 JII0/IeH ¢ aHOMATbHON TpUXpoMasuel ObUTH CeNIaHbl CISAYIOIINE BBIBOIBIL:

— Yalie BCEro B KaUuecTBE MCXOJHOT0 OOBEKTa ISl BBIMOIHEHHS PEKOJIOPU3allui BHIOMpPAET-
cst $OTO UK BUEO;

— npeoOpa3zoBaHue I[BETa OCYIIECTBISETCS AJIs JeHTepaHOMalloB U MPOTAHOMAJIOB, JIUIIb
B HEKOTOPBIX aJITOPUTMaX YUUTHIBACTCS TPUTAHOMAJIUS;
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— MHOTHE aJTOPUTMbI MPEJHA3HAYEHBI JJIs IIOMOIIM LIBETOAHOMAjlaM C JIETKOH CTENEHbIO
AHOMAJIbHOM TPUXPOMA3HH;

— TaK KaK aJlrOPUTMbl OOBIYHO PAaCCUMTAHbI HA JIETKYIO CTENEHb aHOMAJIUU, TO «HATYypaJib-
HOCTB» IIBETOB PEKOJIOPHU30BAaHHBIX KaJPOB BHI€0 OCTAETCS HA I0CTaTOYHO BBICOKOM YPOBHE;

— QJITOPUTMBI PEKOJIOPU3ALIMU BBIIIOJIHAIOTCS HE TOJIBKO HAa KAKUX-TO KOHKPETHBIX 00BEKTax
n300pakeHus WIM BUJEO, HO TAKXKE HAa COBOKYITHOCTU OOBEKTa M €ro ()oHa, a TaKKe Ha TEKCTOBOM
uH(pOpMaINH;

—IIpU NPOEKTUPOBAHUM AJITOPUTMOB HE YUYMTBHIBAECTCS BO3MOXKHAs 3aBUCHUMOCTb BbIOOpa
Hanboyiee BaKHOTO Ui pa3IMueHHs OOBEKTa OT MPO(PECCHOHATBLHON JesTeIbHOCTH, KOTOPOU
IpearoaraeT 3aHUMaThbCs B Pe3yJIbTaTe OTKPBIBIINXCSI BO3MOKHOCTEH KOMIIEHCAllU HEOCTaTKOB
LIBETOBOT'O 3PEHUS YEJIOBEK;

— BOCHPHUATHUE L[BETa BO3MOXKHO C (pU3HUYECKOM, NCUXOPU3NIECKON U NCUXOJIOTHYECKOH TO-
YeK 3pEHMs], OJIHAKO BO BCEX M3YUEHHBIX AJIFOPUTMAaX PaCCMOTPEHUE BOCIPUSATHUS LIBETA IIPOUCXO-
JUJIO C NMCUXO(PU3NUECKON TOUKHU 3pEHHs, TaK KaK OHA IO3BOJISIET MCCIEI0BATh PEAKLIUIO 3PUTEIIb-
HOT'O MEXaHU3Ma B JAHHBIX KOHKPETHBIX YCIOBHUSAX;

— Yallle BCEro B aJlTOPUTMaX PEKOJIOPU3ALMH MPeoOpa30BaHUIO MOJIBEPrajIuCh TAKUE Xapak-
TEPUCTUKH 1[BETA, KaK LIBETOBOI TOH, IPKOCTb, HACHIIIEHHOCTb, CBETIIOTA, YUCTOTA, KOHTPACTHOCTh
L[BETa N300pa’kEeHUI WM KaJpOB BUJIEO;

— B PaCCMOTPEHHBIX AJIFOPUTMaX HE YAENAI0Ch BHUMAHUE UCTOYHUKY OCBELLEHUS U BpeMe-
HU CYTOK JJIs1 HaOJII0/IeH!s 32 00beKTaMH;

— B KauecTBE LIBETOBBIX MPOCTPAHCTB, KOTOPHIE MO3BOJISIIM OCYIIECTBUTH MpeoOpa3zoBaHUs
I[BETOB, TaK KaK M3HayalbHas 1[BeToBas cucteMa RGB He mo3Bossiia 0XBaTUTh BCE IIBETOBBIC 3Ha-
YyeHus, uenobzoBanuck LMS, XYZ, L*a*b*, HSI, HSL, HSV, YCbCr u mp. [3-6].

Tak, aIropuT™MBl peKoJIOpU3aluy OyAyT IpeJHa3HAuYeHbI U1l KOPPEKIUU BUJECO JUIS JII01eH
C pa3IMYHBIMHU CTETEHSMH BceX (opM aHOMaIbHON Tpuxpomaszuu. [Ipu 3TOM «HATYypaIbHOCTBHY
I[BETOB KaJpOB PEKOJIOPU30BAHHOI'O BHUEO OYIET COXPAHATHCS MpPH JIIOOOH CTENEHH aHOMAJIMH.
Brimonaenue anroputMoB OyJeT MPOUCXOANTh KaKk Ha OCHOBHBIX PAacCCMaTPUBAEMBIX 00BEKTaX, TaK
1 Ha (hoHEe 00BEKTOB, HA TEKCTOBOM MH(pOpMaLuu AJs Jroei 1ro0bix npodeccuil. [Ipennonaraercs,
YTO aJrOpUTMbI HE OyIyT 3aBHCETh OT OCBEILEHUS 00bEKTa U BpeMeHH cyToK. Kpome Toro, mpu
MPOEKTUPOBAHUN AITOPUTMOB OYyZET OIpeJlesIeH0, KaKHe LBETOBBIE MPOCTPAHCTBA JIyUllle BCErO
MCIIOJIb30BaTh NPU KOHBEPTALMU UHPOPMAIMK JUIsl TOM WM UHOM (POpMBI aHOMaIMHM, a TaKKe Ka-
KM€ XapaKTepUCTUKHU I[BETa OYAYT PH 3TOM U3MEHEHBI.

Kpome Toro, Heo0X0JuMO NMPUHATH BO BHUMAHUE U PELIUTH NMPOOIEMbI CYIIECTBYIOMIUX ajl-
TOPUTMOB PEKOJIOPHU3ALMHU: ClIENIaTh BO3MOKHBIM Pa3inyeHue OOJIbIIEro KOJMYECTBa I[BETOB; yBe-
JUYUTH CKOPOCTh 00pabOTKU KaJpOB BUJIE0; COXPAHUTH «HATYpPAIbHOCThY MCIOJIb3YEMBIX B BUIEO
I[BETOB; y4YeCTh CTENEHb AaHOMAIbHOH TPUXPOMA3UM NpU MPeoOpa3oBaHUM KaJpOB BHJEO; MOBBI-
cUTh 3((PEKTUBHOCTh AJITOPUTMOB, MPEJICTABISIIONIYI0 COOON MOKa3aTeslb BO3MOXHOCTH pa3jinye-
HUS 00BEKTOB, KOTOPBIE HEMb3s ObLIO PA3IMUUTE 10 PEKOJIOPU3ALMHU, TIOCIIE JaHHOTO Ipoliecca.

TakuMm 0o0Opa3oM, C y4eToM BCeX BbIIEOO03HAYEHHBIX TPEOOBAaHUI MONydUTCs pa3padoTaTh
KOPPEKTHBIE AJITOPUTMbI PEKOJIOPU3ALIUH JJIs1 IOMOIIHU JIFOJSAM ¢ JH000# (hopMOi U CTENEeHbIO aHO-
MaJbHON TPUXPOMAa3UM B BHU3YaJIbHOM BOCHPHUATHM HHQOpPMAIMM A JaJbHEWIIEH peaau3anuu
JAHHBIX AJITOPUTMOB B MOOWJIBHBIX MPHIIOKEHHSIX.
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MAGNESIUM-ASSISTED CISPLATIN INHIBITS BLADDER CANCER CELL
SURVIVAL BY MODULATING WNT/B-CATENIN SIGNALING PATHWAY
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Summary. Magnesium plays a role in the activation of various transporters and enzymes. The pre-
sent study aimed to investigate the possibility of applying magnesium to enhance the eficacy of cis-
platin which is still ranked as one of the major chemotherapeutic drugs for bladder cancer patients.
Our indings reveal that magnesium could contribute to cisplatin-based chemotherapy bymoderately
regulating the Wnt/g-catenin signaling pathway.

Bladder cancer is the most frequently diagnose durinary system malignancy with a nestimat-
ed 573,278 new cases and 212,536 deaths worldwide in 2020. Although great advances have been
made in the management of bladder cancer, there are still undefined molecular mechanisms that
inluence the therapeutic outcomes of this disease.

Over the past few decades, cisplatin has been one of the most widely used first-line chemo-
therapeutic drugs for the treatment of various solid tumors, including lung, ovarian and bladder can-
cer. Despite positive clinical outcomes, substantial side effects or drug resistance development have
been reported in many studies of cisplatin monotherapy. Alternatively, platinum-based combination
chemotherapy is considered the preferred initial therapy for bladder cancer. The action of magnesi-
um as an essential mineral micronutrient may lead to it playing a unique role in both cancer devel-
opment and therapy.

The Wnt/B-catenin signaling pathway is a canonical pathway of signal transduction in phys-
iological and pathological processes. This signaling pathway is intimately associated with various
biological processes, including embryonic development, proliferation, apoptosis, and cell cycle dis-
tribution. The aberrant regulation of the Wnt/B-catenin cascade leads to the development and pro-
gression of cancer. Wnt signaling is controlled by various secreted Wnt glycoproteins that function
via autocrine and paracrine pathways in mammalian cells. Aberrations in Wnt/p-catenin signaling
are shown to be closely associated with bladder carcinogenesis. Thus, regulating Wnt/p-catenin sig-
naling could contribute to cisplatin-based cancer therapy in the context of adjusting magnesium
abundance.

Combination therapy of cisplatin with other drugs is emerging as a promising means to
overcome drug resistance and attenuate cytotoxicity. The present study confirmed that cisplatin
could inhibit cell proliferation in both UC3 and UC5 bladder cancer cells. In addition, both MgCI2
and MgSO4 was found to strengthen the inhibitory effect of cisplatin on the survival rate of bladder
cancer cells, suggesting that magnesium could play an important role in cancer treatment.

Programmed cell death, including apoptosis and autophagy, is closely involved in oncogene-
sis and metastasis. Therefore, deciphering the signaling pathways underlying programmed cell
death could aid the development of novel targeted antitumor therapeutic strategies. In this study, the
results of the annexin V-FITC and PI staining indicated that the proportion of apoptotic and necrotic
cells in cisplatin-treated cells was increased by MgCI2 treatment. In addition, the ratio of Bax/Bcl-2
was also the highest in cells that received combinatorial treatment with MgClI2 and cisplatin among
the examined groups, further confirming the enhanced pro-apoptotic role of combinatorial treatment.
Bax is a pro-apoptotic protein and Bcl-2 is an anti-apoptotic protein. It has been recognized that
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high ratios of Bcl-2/Bax often lead to poor outcomes with decreased rates of complete remission
and low overall survival in cancer patients. Additionally, the modulation of Bcl-2 and Bax family
proteins using compounds has broad implications in cancer therapy. In this respect, magnesium may
be conducive to strengthening the clinical usage of cisplatin. Certainly, the different forms of pro-
grammed cell death would jointly determine the fate of cancer cells. Autophagy is an evolutionary
physiological mechanism that maintains cellular homeostasis in cells and may mediate autophagic
cell death during development and pathogenesis. Growing evidence suggests that crosstalk between
apoptosis and autophagy acts as a pivotal factor in cell fate determination. The results of this study
showed that combinatorial treatment with cisplatin and MgCI2 promoted LC3-Il expression, sug-
gesting that autophagy had been induced.

Whnt/B-catenin signaling is suggested as one of the main driving factors ofvarious types of
cancer. The results ofthe present study revealed that the decreased nuclear B-catenin could be fur-
ther downregulated by combinatorial treatment with cisplatin and MgCI2. In addition, the expres-
sion of Wntb5a and c-Myc phosphorylation were also decreased in the combinatorial treatment group,
further confirming that the Wnt/B-catenin signaling pathway was largely inhibited. Given its role
signaling pathway in the initiation and progression of cancer, the Wnt/B-catenin signaling pathway
is still being explored as a target for cancer therapy. In recent decades, several inhibitors, agonists,
and antagonists have been developed to target this signaling cascade. BIO, a potent inhibitor of
GSK3p that activates the Wnt/ B-catenin signaling pathway, is found to reduce cisplatin nephrotoxi-
city without compromising its anti-proliferation function. In this study, BIO treatment was showed
to reduce the survival rate of UC3 cells and strengthen the inhibitory effect of MgCI2 on cell prolif-
eration. In this study, activation of Wnt/B-catenin signaling by BIO could also promote the induc-
tion of autophagy.

MgCI2 can enhance the inhibitory effect of cisplatin on bladder cancer in many ways, in-
cluding reducing cell activity, inhibiting cell proliferation, inducing apoptosis, interfering with cell
cycle, and intensifying endoplasmic reticulum stress.

Magnesium can be properly adjusted by Wnt/B-Catenin signaling pathway is involved in
cisplatin based chemotherapy. Moderate activation of Wnt/p-Catenin signal pathway can enhance
the therapeutic effect, and how to precisely regulate it is worth further exploring.

In this study, activation of Wnt/B-catenin signaling by BIO could also promote the induction
of autophagy. However, it should be noted that the expression of p-catenin was lower in cells that
underwent combinatorial treatment with BIO and MgCI2 than in cells treated with BIO alone.
Combined with the results showing that the expression of B-catenin was lower in cells treated with
cisplatin alone, MgCI2 alone, and the combination thereof than in the control group, this possibly
indicates that Wnt/B-catenin signaling contributes maximally to cancer therapy only when moder-
ately activated. Therefore, the precise regulation of the Wnt/B-catenin signaling pathway to en-
hance magnesium based-cancer therapy should be exploited in future research.
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Summary. The utility model discloses a food microorganism detection sample storage device,
which comprises a box body, wherein a fixing mechanism is installed inside the box body, and a
turntable groove for fixing the sample is innovatively designed, which can cool evenly, avoid dam-
aging the container during transportation, and solve the problem of the existing device, thus ensur-
ing the quality of the sample.
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Food microorganisms are the general term of microorganisms related to food, including pro-
ductive food microorganisms and food spoiling and food borne pathogenic microorganisms. Food
microorganisms are closely related to human beings. The understanding, utilization, and prevention
of food microorganisms have made great progress long ago, and the detection samples of food mi-
croorganisms need to be stored. However, the existing storage devices for food microbial detection
samples, The storage container of the sample cannot be fixed, which may cause damage to the con-
tainer during transportation, thus affecting the sample. At the same time, the existing food micro-
biological test sample storage device needs to store the sample at low temperature, and the low
temperature state of the sample is affected due to the limited low-temperature area of the sample.

Fig. 1 is the structural diagram of the utility model; fig. 2 is the structural diagram of the
card slot, card block and cover body in fig. 1; fig. 3 is the structural diagram of the second gear,
shaft and turntable in fig. 1; fig. 4 shows the structure of the container, clamping block and sliding
block in fig. 1.

In the fig.: 1. Box, 2. Cooler, 3. Battery, 4. Fixing mechanism, 401, container, 402, clamping
block, 403, sliding block, 404, chute, 405, sliding plate, 406, compression spring, 407, groove, 408,
rotary table, 5. Rotating mechanism, 501, motor, 502, first gear, 503, second gear, 504, rotating
shaft, 505, sealing bearing, 506, cross plate, 6, closing mechanism, 601, cover, 602, handle, 603,
rubber ring, 604 Clamp groove, 605, clamp block, 606, pin shaft, 607, support plate, 608, torsion

spring.
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Figure 3 — Battery Figure 4 — lemg mechanlsm

Through the cooperation between the box, fixed mechanism, battery, refrigerator, motor,
first gear, second gear, rotating shaft, sealing bearing and cross plate, the rotating shaft drives the
rotary table to rotate, which can rotate multiple containers fixed in the rotary table. The battery sup-
plies power for the refrigerator and motor, and increases the cooling area of the sample in the con-
tainer and the cooler's cold air, The utility model solves the problem that the existing food microor-
ganism detection sample storage device needs to store the samples at low temperature, and the low
temperature state of the samples is affected due to the limited low temperature area of the samples.

Through the cooperation between the box, container, clamping block, sliding block, chute,
sliding plate, compression spring, groove and turntable, multiple containers with samples are placed
in different grooves on the turntable. The clamping block slides inside and outside the sliding
groove on the sliding plate through the sliding block to compress the compression spring. The elas-
ticity of the compression spring gives the clamping block a force towards the inside. The clamping
blocks on both sides clamp and fix the container in the box to avoid damaging the container during
transportation, To ensure the quality of samples, it solves the problem that the existing food micro-
biological test sample storage device cannot fix the sample storage container, which will cause
damage to the container during transportation, thus affecting the samples.

The food microbiological test sample storage device has been applied for a utility model pa-
tent on September 15, 2020, with the application number of 202022014369.1.
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Summary. The content of bilirubin is an important index to evaluate human health. A special nano-
composite was designed and constructed in this project. The content of bilirubin was detected by
the change of fluorescence ratio signal generated when it was combined with bilirubin. Finally, the
test paper is prepared to realize the convenient detection of bilirubin.

Bilirubin is a tetrapyrrole compound produced by heme catabolism, and its normal concen-
tration in healthy human blood is usually within the range of 0.3-1.9 mg-L ™. The low level of bili-
rubin in serum is usually associated with iron deficiency and coronary artery disease;its higher con-
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centration in serum (>2.5 mg-L ™) will lead to hyperbilirubinemia. Therefore, the convenient biliru-
bin test paper designed by the emerging method in this project has important practical significance
for the household convenient bilirubin detection of bilirubin. The electrochemical instruments for
bilirubin detection on the market are relatively convenient, but they cannot detect bilirubin sensi-
tively, accurately and stably. This kind of test paper prepared by us combines the above two ad-
vantages and achieves convenient and sensitive detection. This product will be both affordable and
sensitive, and will have a good application prospect in the future for real-time detection of human
health.

C < &=
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« «
Cu NGCs Cu NCs@MOF
Figure 1

By exploring the conditions of synthesis temperature and PH, CuNCs with long storage time,
strongest and stable fluorescence were finally synthesized. Its storage time is long, fluorescence is
stable, and there is no trend to weaken (fig. 1).

The synthesis conditions, such as the ratio of copper nanoclusters to zinc nitrate and methyl
imidazole, and the reaction time, were optimized, and the appropriate (Cu NCs@MOF) ( fig. 2).

The size, morphology and element composition were characterized by transmission electron
microscopy and energy spectrum analyzer; The crystal structure of the nano materials was charac-
terized by XRD; The particle size and surface charge state of nano materials were measured by par-
ticle size and potential analyzer; The surface functional groups and connecting molecules were con-
firmed by Fourier transform infrared spectroscopy and nuclear magnetic resonance.

Detect bilirubin solutions of different concentrations, establish a linear equation, and finally
show a good linear relationship. The linear correlation coefficient is 0.9933, and the calculated de-
tection limit is 0.33 uM (fig. 3 and fig. 4). The prepared nano probe solution was used to analyze
the content of the substance to be measured in human blood and urine samples, and the recovery
rate and error were evaluated.

Soak different kinds of 1cm x 1cm paper in the prepared CUNCs@MOF In the solution, af-
ter drying wetting drying and other steps CUNCs@MOF Test paper, drop sample to check the feasi-
bility of the test paper to detect the content of bilirubin.
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Fluorescence detection method, a new detection technology, is used to detect bilirubin

Prepare the prepared bilirubin nano detection probe into test paper, and finally realize the
test paper based detection

This project has constructed a special nanocomposite, which is composed of copper
nanoclusters and an organic framework of metal zinc. The composite material can detect and ana-
lyze the content of bilirubin more accurately and sensitively according to the change of fluorescence
signal peak intensity ratio. It will greatly reduce the time and cost of bilirubin detection to prepare
test paper from the prepared bilirubin nano detection probe and realize the test paper based detec-
tion, which has broad development prospects.
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Summary. The current clinical diagnosis of depression in the medical community relies on self-
rating scales and physician interviews, but this approach is limited by the expertise of clinicians
and the uneven distribution of medical resources. This paper proposes the use of video multimodal
techniques in clinical diagnosis, aiming to improve the efficiency and accuracy of depression detec-
tion in clinical settings.
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Summary. Considering the anti-tuberculosis activity established in experiments in vitro and the
safety of 3-[4-(2-fluorobenzoyl)piperazine-1-carbonyl]-N-[3-(trifluoromethyl)phenyl]benzamide
established in experiments in vivo, this new synthesized compound can be considered promising for
further research.

[Torick HOBBIX NMPOTHUBOTYOEPKYJIE3HBIX COCAMHEHHH SIBISIETCS OJHUM W3 TPUOPHUTETHBIX
HarpaBlieHu# Kak s PecnyOnuku benapyck, Tak U i BCEro MHPOBOTO coo01ecTBa. Pe3ucTenT-
HOCTh MMKOOAaKTepHil K MMEIOIIMMCS MPOTUBOTYOEPKYJIE3HBIM Mpernaparam 3aTpyJaHseT JedeHHue
TyOepKyie3a W TOBBIIIACT PUCK PACHPOCTPAHEHUS W TSHKEIOro TedeHus: Oone3Hu. [lamueHTs ¢
ycTOWYMBBIMU (hopMaMH TyOepKyse3a 0COOEHHO OCTPO HYXKAAI0TCs B HOBBIX MpenapaTax. HecMoT-
psl Ha OTPOMHBIE YCHIIUS TI0 COBEPIICHCTBOBAHHIO XUMHOTEPANNH TyOepKyIe3a, mpodiiemMa JeueHHsI
OOJIbHBIX TYOEpKYJIE30M €I1le OCTaeTCs aKTyaIbHOM.

WHTepec mpencTaBiseT HOBOE CHHTE3MPOBAHHOE MPOM3BOJHOE OcHzammma — 3-[4-(2-
¢dropbOenzomn)nunepasus-1-kapoonmn]-N-[3-(tpudropmeriun)henmn |6ensamun. Hamu ycranosie-Ho,
yro B KOHIeHTparmu 200 MKI/MJI OHO TOJIHOCTBIO MOJaBiIsIeT pocT mTamMma Mycobacterium terrae
15755 in vitro — taxxe, Kak ¥ MPOTUBOTYOEPKYJIE3HBIN mpenapar | psaa pupaMnuiuH B yCIOBUIX
skcriepumenTa. llIramm Mycobacterium terrae siBisieTcsi HEaTOreHHBIM U PEKOMEHIOBAH JUIsl HC-
MOJIH30BAaHMS B KAQYECTBE MOJICIBHOTO JUISl ONPEEeNICHHsT MPOTHBOTYOEPKYIIe3HOW akTUBHOCTH. Mc-
CIIeIOBaHUE MPOTUBOTYOEPKYIE3HONH aKTUBHOCTH MPOBOJIMIIM C HCIIOIb30BAaHHMEM METOJa pa3Beie-
HUI B IUNTOTHOM MUTATEJILHOM cpejie B yanikax Ilerpu.
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[To pe3ynbTaTam uccienoBaHus in Vitro mpoTHBOTYOEPKYIIE3HOM aKTUBHOCTH IIPOU3BOTHOTO
OeH3amu/1a ¢ MOMOUIBI0 MOAU(DUIIMPOBAHHOTO METO/Ia MPOIMOPLUUN B KUAKON MUTATEIbHON Cpejie
Mubpyk 7H9 ¢ mcronb3oBaHmeM aBroMaTH3upoBaHHOH cucremst BACTEC™ MGIT™ 960
(Becton Dickinson, USA) ycTaHOBJIEHO, YTO IPOU3BOAHOE OCH3aMHU/Ia MTOJTHOCTHIO MOJABIISET POCT
MaTOreHHOTO JICKApCTBEHHO-UyBCTBUTENILHOTO pedepenc-mramma Mycobacterium tuberculosis
H37Rv u matorennoro kiamHu4eckoro mramma Mycobacterium tuberculosis ¢ MHOecTBEHHOI JTe-
KapCTBEHHOW yCTOWYMBOCTHIO B KOHLIEHTparwu 100 MKr/mir.

B skcnepumenTe Ha 48 KIMHMYECKH 3I0POBBIX MbIax oboero nosa guauu CBA u Ha 48
KIMHUYECKH 3JI0POBBIX KpbIcax 000€ro moia JMHUU Bucrap mcciempoBaii OCTPYIO TOKCHYHOCTh
npousBoHOr0 OeHamuzaa. Mccnenyemoe coequHeHe BBOJIUIN BHYTPHIKEIYIOYHO B BHJI€ BOJAHOMN
cycnersun B gozax 100 mr/kr, 500 mr/kr u 2000 mr/kr xuBoil Macchel. [IpomomKUTEN HOCT
HaOJI0/IeHUs 32 KapTUHOM MHTOKCUKAILIMU MOCJe BBeIeHUs cocTaBisia 14 nueit. Bo Bpems skcrie-
pUMeHTa THOenu )KMBOTHBIX He Habmromanock. OOIIee cocTOSIHUE BCEX KUBOTHBIX OBUIO YAOBIIE-
TBOPUTENHHBIM. [Ipy MakpOCKOMUYECKOM HCCIIEJOBAHUM BHYTPEHHUX OPraHOB HE ObUIO BBISBICHO
otpunarensHoe BausiHue. LDsy mponsBogHoro 6enzamuaa cocrarisier 6onee 2000 MI/Kr, moITOMY
MIPOM3BOJIHOE OeH3aMu/Ia SIBJISETCS MPAKTUYECKH HETOKCUYHBIM COCIMHEHUEM — OTHOCHUTCA K 5-My
KJIaCCy TOKCHYHOCTH 10 MOAU(UIIMPOBAaHHOH Kiaccuukanuu OpraHu3anuyd S5KOHOMUYECKOTO CO-
neiictBus u pa3Butus (OECD) u corimacHo rapMOHH3UPOBAHHOM crcTeMe KilacCu(UKaIMK OMacHo-
CTH M MapKUpOBKU xumuueckod npoaykuuu (GHS) otHocuTcs Kk 5-My KilacCy TOKCHUYHOCTH — TO
€CTh 00J1aJIaeT OTHOCUTENIbHO HU3KOH OCTPOil TOKCHUHOCThIO. LDsg pousBogHOro 6eH3amuia 3Ha-
YUTENbHO BhIlIE, yeM LDsg npenapata | psina s neuenus tyoepkyiesa nzonuasuaa (LDsg uzonu-
azuga cocrasisgeT 170 MI/Kr mpu BHYTPHXKENTYJIOYHOM BBEACHHMM MBIIIAM), YTO XapaKTepU3yeT
MIPOU3BOIHOE OCH3aMHUIa KaK MEHEee TOKCHYHOE COSAMHEHUE.

B skcnepumenTe Ha 40 KIMHUYECKH 3/I0pPOBBIX KpbIcax 00oero moija JuHUM Bucrap uccie-
JOBaJIM TIOJJOCTPYIO TOKCHYHOCTh NMPOU3BOJHOTO OeH3ammaa. lcciemyemoe coeMHEHNE BBOIMIIN
BHYTPHXKEIYI0YHO B BUJE BOJIHOM cycneH3uu B A03ax 10 mr/kr, 50 mr/kr u 100 Mr/kr »kuBoil mac-
Chl OJMH pa3 B JICHb Ha MPOTSHKEHWHW 28 mHel. Bo Bpems skcrneprMeHTa THOeNH KUBOTHBIX HE
Habmonanock. OO0IIee COCTOsSHNE BCEX )KMBOTHBIX OBUIO YAOBIETBOPUTENbHBIM. KilnHUYEeCKOE CO-
CTOSTHHE KPBIC OTBITHBIX TPYI HE OTIUYAIOCh OT COCTOSHUS KPBIC KOHTPOJIBHBIX Tpynil. B xome
OCYILECTBJICHUSI MAaKPOCKOIMYECKOT0 aHajliM3a CTPECC-KOMIIETEHTHBIX OpPraHoB (cep/la, Me4eHH,
JIETKUX, CEeNIE3€HKH, KETyAKa, TOYeK U MO3ra) He OBLJIO BBISBICHO MATOJOTUYECKUX W3MEHEHHA HU
B OJTHOM U3 TPYII UCCIIEyEeMbIX )KUBOTHBIX.

VY4uThIBasl YCTAHOBICHHYIO B DKCIIEPUMEHTaX IN Vitr0 mpOoTHBOTYOCPKYJIC3HYIO aKTHBHOCTh
U YCTaHOBJICHHYIO B JKCIIEPHMEHTax in Vivo GesomacHocth 3-[4-(2-propOenszomn) nunepazus-1-
kapOoumi|-N-[3-(tpudropmernn)ennn]| GeHzamua — 3TO HOBOE CHHTE3MPOBAHHOE COCIUHEHHE
MOKHO CUMTATh MEPCIEKTUBHBIM JIJIS TajJbHEHIIINX UCCIEA0BAHUM.
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Summary. As a new type of nano-materials, metal nanoclusters have gained wide attention in
chemistry, materials, biology and so on.In this project, the blue green fluorescent carbon nano-
materials with rich functional groups will be prepared by hydrothermal synthesis technology, using
natural biomolecular bovine serum protein as precursor BSA@CDs. A new type of carbon nano
coated silver nanoclustered composite was further prepared by using CDs as template
CDs@AQgNCs . The prepared CDs was used as template to further prepare a new carbon nano-
coated silver nanocluster composite (CDs@AgNCs). The prepared new composite CDs@AgNCs
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has a double emission signal with good separation degree, it can realize the visual detection of do-
pamine and copper ions by the change of fluorescence signal ratio, effectively eliminating the inter-
ference of environmental factors.

At present, the aging population of our country is in a period of sustainable development,
which is a huge demand for mobile medical services for chronic diseases and invisible diseases. The
concept of mass medical treatment also changed from “never medical examination, serious medical
treatment” to “prevention first, prevention combined”. In addition, as a series of national policies
and regulations guide, in recent years, the big health industry continues to rise, the development
prospects of the medical examination industry is broad.

Dopamine is a neurotransmitter that plays an important role in human immunity and nervous
system. Copper ions are widely involved in the regulation of many biological processes. Therefore,
it is very important to monitor the content of dopamine and copper ions in biological liquids and
cells in real time. The ratiometric fluorescent probe is a kind of fluorescent probe with multiple in-
dependent emission bands. It can expand the range of dynamic response by changing the intensity
ratio of different peaks, and effectively reduce the interference of probe concentration and light
source fluctuation to achieve more accurate analysis of target substances. For this project, a silver
nanocluster composite modified by blue-green fluorescent carbon nanoparticles has a good separa-
tion degree of double emission signal. The detection of dopamine and copper ions is realized by the
change of fluorescence signal ratio. And the real-time analysis and feedback are carried out through
the matching test kit.

In this project, fluorescent carbon nanoparticles were prepared by hydrothermal synthesis of
biomolecules such as glutathione as raw materials, and silver nanoclusters were further prepared by
fluorescent carbon nanoparticles as templates. The prepared carbon nanoparticles modified silver
nanocluster complex was used as a fluorescence ratio probe to detect dopamine and copper ions. It
is divided into the following stages:

1. Preparation of blue-green fluorescent carbon nanoparticles.

2. Preparation of ratiometric fluorescent probes.

3. Characterization of synthetic ratiometric fluorescent probes.

4. Detection of important physiological markers such as dopamine and copper ions in test tubes.

5. Use of ratiometric fluorescent nanoprobes for identification and fluorescence imaging of
dopamine and copper ion content in tumor cells.

1. This project has constructed, a novel dual-emission fluorescent nanocomposite. The com-
posite consists of carbon nanoparticles with blue-green fluorescence and silver nanoclusters with
red fluorescence, which is stable and can be preserved for a long time under various environmental
conditions. The surface of the nanocomposite has abundant functional groups and good water solu-
bility.

2. The main components of the nanoprobe are silver and carbon nanomaterials, which have
low biological toxicity and good biocompatibility. With the use of detection Kit, users can get accu-
rate detection without leaving home, which has the big market application prospect.

3. The ratiometric fluorescent probe constructed by this project, it can detect and analyze
dopamine content and copper ion content more accurately according to the change of peak intensity
ratio of fluorescence signal belonging to silver nanoclusters and carbon nanoparticles. Compared
with the traditional single signal fluorescence detection method, it can obtain better detection limit
and anti-interference ability.

For the big data health industry, we processed the fluorescent probe packaging into a detec-
tion kit, which can accurately detect the concentration of copper ions in the human body when used
with special reagents for detection. Especially for pesticide residues it has a strong pertinence. Be-
fore the user goes to bed, the body fluid is obtained through the test box, the preliminary analysis is
carried out, and the test data are collected into the company's database for data evaluation. The de-
tection box can detect the concentration of copper ion in human body, and can judge whether the
index is normal or not, and then give feedback to the user. The matching test reagent is used with
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the test box, can be replaced, can be purchased separately. Therefore, the test box has a long service
life and saves environmental protection.
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Summary. The existing disease diagnosis techniques are more or less harmful to the human body,
so a simple and non-invasive disease screening technology is urgently needed. This paper introduc-
es a hair scanning technique for the diagnosis of diseases.

Anatomically, human scalp hair is divided into thalamic layer, cortex and medulla. The me-
dulla is located in the center of the cortical fibers and can be missing, broken or continuous. Exist-
ing studies have found that the thalamic layer and cortex of hair have different functions and func-
tions. However, the hair medulla is simply considered to be an irregular gap with many holes in the
center of the hair, and the research on the function and function of the medulla is not satisfactory. It
can be used as a diagnostic tool to study whether changes in the medulla structure of hair are related
to some diseases. Scanning hair samples can be used as a simple, cheap and non-invasive screening
technique for the diagnosis of diseases, which has practical significance.Research progress of the
project.

At present, the construction of hair scanning device, the collection and induction of hair data
and the stitching of hair images have been completed. The specific contents of these three aspects of
work will be introduced below.

The first is the construction of the hair scanning device, which includes four modules. The
image acquisition module collects the microscopic image of the hair from the microscope by using
a digital camera and saves the microscopic image; the transmission module, a mechanical device, is
used to control the movement and straightening of the hair under the microscope, which is easy to
focus and take a complete microscopic image of the hair. Include a hair tension unit (for straighten-
ing the hair, convenient for digital camera focus and microscopic image acquisition), a hair move-
ment unit (for automatically moving the hair and taking continuous hair microscopic images), and a
hardware control module for controlling the work of the transmission device and digital camera.
The image analysis module is used to process and analyze the microscopic image of the hair col-
lected by the image acquisition module, and obtain the data information such as the length of the
hair pith, and obtain a complete microscopic image of a hair through the image mosaic technology.

Then there is the collection and induction of hair data. at present, 133 groups of hair images
of cancer patients and 43 groups of healthy people have been collected, and the hair image data are
numbered, and an information index table is established according to the number. record the age,
disease, hair length and other basic information of the person to which the hair belongs.

The last part is the stitching work of the hair, which adopts the following stitching algorithm:
first, the background of the hair is changed to white by logical operation, and the background of the
hair image is separated; second, the pixel points of the hair image are searched, and the hair is fixed
at the same horizontal line by clipping. Thirdly, the three-channel hair image channel is divided into
three single-channel hair images. The three-channel R-MagneGMagneB three-channel image is
weighted fused, and the three-channel image after fusion is fused to get the mosaic image.

To explore the feasibility of diagnosing immune diseases through hair: with the continuous
development and progress of information technology, how to use these techniques to help patients
or doctors make preliminary diagnosis quickly and efficiently has become a hot topic. This project
provides a new method for disease screening and diagnosis by exploring the correlation between
hair medulla structure and disease.
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Simple, non-invasive disease screening method: scanning hair samples is simple, cheap and
non-invasive, which not only facilitates diagnosis and treatment, but also promotes the work effi-
ciency of doctors, which is of positive significance to disease diagnosis.

The hair microscope macro-scanning system has been basically built: the hair micro-
scanning system can automatically and quickly collect complete hair microscopic images. The built
hair scanning device can be used to collect the microscopic images of each segment of the hair. By
stitching the segmented hair images, a complete and non-repetitive microscopic image of the whole
hair can be formed.
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Summary. Straw return to the soil and chemical fertilizer application reduction and efficiency in-
crease are so important that we analyzed the bacterial and fungal diversity under different straw
return and chemical fertilizer treatments. The results between microbial diversity and soil physico-
chemical properties will provide a basis for the conservation of black soil and farmland manage-
ment practices in China.

Black soil is an important non-renewable soil resource and plays an important role in grain
production. For the loss of the black soil resources in northeast China [1-2], combining with the
agricultural industry structure and the natural climate conditions and increase the intensity of straw
returned to work, this project study how different ways of straw returned in combing with nitrogen
reduction effect the northeast black soil microbial community structure, function and the role of the
relationship between soil environmental factors. We hope to solve the black soil problem by return-
ing straw to the field and reducing fertilizer application.

This project adopted returning directly (SD), carbonized (BC) and conventional methods of
straw counters-field ridge tillage with no straw returning scale (CK) and ammonia fat reduction ap-
proach of combining, through 16s/18s/ITS rDNA high-throughput sequencing technologies, and
data processing software, Measurementing a variety of different conditions corporal soil physical
and chemical properties of pH, total carbon (TC), total ammonia (TN), total phosphorus (TP), and
effective phosphorus. This project analysis the genetic diversity of northeast black soil bacteria and
fungi, at the same time, this project analysis the relationship between microbial diversity and soil
physical and chemical properties.

Under the same type of straw treatment, with the increase of the amount of N applied, the
quantity of the microorganism increased. According to data observation, together used with straw
and nitrogen fertilizer had a significant impact on bacterial species diversity (P < 0.001), while sep-
arate use of straw and nitrogen fertilizer had no significant impact on bacterial species diversity and
richness.When only use bio-carbon, bacterial richness and diversity reached the highest. And fun-
gus’ OTUs were not significantly different under these treatments. The differences between groups
were significantly greater than the differences within groups (P < 0.01), and proves the rationality
of grouping.

Most of samples from soil under straw returning were positively correlated with pH, AK,
TC, TN, C/N, SOC.Bacteroidetes,Proteobacteria were observed to have a positive correlation with
AK(P < 0.05), pH, TC, TN, C/N, SOC. Actinobacteria, Gemmatimonadetes were negatively affect-
ed by these soil parameters and positively correlated with AP, WC and TN.AIl SD-treated samples
were positively correlated with SOC, pH, C/N, AK and TN. Ascomycota,Blastocladiomycota were
observed to have a positive correlation with TN, TP, AP and WC contents in soils.

The dominant fungal phyla across all soil samples were Ascomycota and Basidiomycota.
Cluster analysis showed that returning straw shifted soil fungal community structure greater than
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adding biochar. Compared with CK, the relative abundance of pathogenic fungi, Fusari-
um,decreased in the BC treatments and SD treatments.In addition, our findings demonstrated that
both SD treatments and BC treatments increased the relative abundance of Proteobacteria, regard-
less of N fertilization.At the genus level, all samples were dominated by genus Sphingomonas,
which accounted for 5.18-8.37 % of the total sequences.

Under the BCN60 treatment, the OTUs of bacterium gradually decreased, because the mi-
croorganism compete the N in soil with straw, laying the foundation for increased dry matter accu-
mulation and ultimately higher yields. In this study, biochar amendment significantly increased the
bacterial community diversity in bulk soil This may be related to the changes of chemical properties
induced by biochar amendment. The abundance of fungi is mainly regulated by the way the straw is
returned to the field. The possible reasons may be the addition of straw significantly affected the
water storage capacity of the soil, and the fungus was enriched due to the nature of regulating water
storage.

Our data show that the bacterial phyla Proteobacteria increases upon straw application and
Actinobacteria decreases upon nitrogen fertilizer application.Proteobacteria and Actinobacteria are
copiotrophic taxa[3]. From the results of CCA,We hypothesized that their changes were due to
treatments that changed the soil C/N .In CCA analysis, SOC was positively correlated with SD
treatment, while Ascomycota,Basidiomycota was negatively correlated with SOC, indicating that
straw returning reduced the amount of Ascomycota,Basidiomycota by increasing organic carbon.
This is contrary to another finding (Song, Liguo, et al).

In our research, adding biochar and straw returning to the field both increase their relative
abundance when nitrogen reduction is 40 % and 100 %, but decrease their relative abundance with-
out nitrogen reduction. The result indicated that members of the Basidiomycetes could be adversely
affected by high N dose [4].The decrease of relative abundance of Fusarium may hint that biochar
amendment and straw returning to field could be beneficial for suppressing crop diseases [5].The
abundance of Proteobacteria increased in SD and BC treatments because they mainly participated in
the initial stage of straw decomposition [6].Those results indicated that both straw and biochar ap-
plication altered the structure of microbial communities, while the effects of straw on the relative
abundances of major bacterial phyla were higher than those of biochar.
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Summary. Ulcerative colitis (UC) is a chronic non-specific intestinal disease, which has the characteris-
tics of long course and easy recurrence. In recent years, more and more attention has been paid to the
role of plant polysaccharides in the prevention and treatment of ulcerative colitis. Therefore, in this study,
pectinase and papain were added to the extraction of guava, and the compound enzyme (pecti-
nase+papain) assisted extraction technology of guava polysaccharide was explored through single fac-
tor experiment to prepare guava polysaccharide. Further, the UC mouse model was established by dex-
tran sodium sulfate (DSS), and the effect of guava fruit polysaccharide on UC improvement was investi-
gated, so as to lay a theoretical and experimental foundation for the application of guava in UC preven-
tion and treatment.

Guava polysaccharide has been reported to have anti-tumor, anti-inflammatory, immune en-
hancement, anti-aging, blood sugar lowering and intestinal micro-ecology improvement effects. However,
the improvement effect of guava polysaccharide on ulcerative colitis has not been reported. Enzymatic
extraction of polysaccharides has the advantages of high extraction efficiency and simple post-treatment.
Studies have reported that low molecular weight polysaccharides and oligosaccharides have certain ad-
vantages in the prevention and treatment of ulcerative colitis.

A large number of crude polysaccharides were extracted by the optimum process. 16.84 g crude
polysaccharides were obtained from 102 g guava powder after fat removal, and 12.53 g guava polysac-
charides were obtained after protein removal and dialysis. The total sugar content of guava polysaccha-
ride was determined by phenol-sulfuric acid method with glucose as standard. With glucose concentra-
tion mg/mL as abscissa and absorbance value A at 490 nm as ordinate, draw the standard curve to get the
regression linear equation: y = 1.0467x — 0.0016, R2 = 0.9935. With bovine serum albumin concentra-
tion mg/mL as abscissa and absorbance value A at 595 nm as ordinate, a standard curve was drawn, and
the regression linear equation was y = 0.3095x + 0.2155, R2 = 0.9974. Finally, the total sugar content of
the prepared guava polysaccharide is 86.09 %, and the average protein content is only 0.25 %, which in-
dicates that the purity of the prepared guava polysaccharide is high.

DSS is a kind of heparin-like sulfated polysaccharide that can inhibit blood coagulation, enhance
hypoxia of colonic mucosa, and aggravate intestinal bleeding. It has been proved in the literature that
C57BL/6J mice are sensitive to DSS-induced colitis, and the pathological changes are similar to those of
UC in human clinical histology. Therefore, in this paper, DSS-induced C57BL/6J mouse ulcerative coli-
tis model was used to investigate the preventive and therapeutic effects of guava fruit polysaccharide on
ulcerative colitis. The results showed that the stool of the blank group mice was normal and granular.
Glossy fur, normal mobility, and steady increase in body weight. After drinking 2.5% DSS water for 2
days, the mice in the model group had diarrhea in different degrees, and their skin had no normal luster,
which showed obvious decline in the ability to digest food, laziness, weakness and other pathological
states. On the 5th day of treatment, compared with the normal control group, the weight of mice in DSS
treatment groups decreased, especially in UC model group. The weight of mice in the high-dose and low-
dose groups of guava polysaccharide was higher than that in the model group . In addition, the color, en-
ergy recovery and activity of mice in each dose group of guava polysaccharide were better than those in
the model group. On the 5th and 6th day of treatment, compared with UC model mice, the symptoms of
diarrhea and hematochezia in guava group were mild. The DAI score of guava polysaccharide in each
dose group is significantly lower than that of the model group, indicating that guava polysaccharide has a
good effect of preventing and treating UC. Although the middle dose group also showed improvement
effect, the effect of improving body weight was not as obvious as that of the low and high dose groups.

UC can shorten the length of colon and damage the intestinal mucosal barrier . In order to further
investigate the improvement effect of guava polysaccharide on UC, the effect of guava polysaccharide on
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pathological tissues of mouse colon was further evaluated by naked eye observation, length measurement
and tissue section. The colon length of the blank group mice is normal, and there is no obvious conges-
tion, edema and ulceration observed by naked eyes. Compared with blank mice, UC mice in DSS model
group have significantly shortened colon length, hyperemia and edema of colon mucosa, local erosion,
bleeding and shallow inner wall, which involves chronic ulcer of colon mucosa of the whole mice. The
colon length of mice treated with low, middle and high doses of guava polysaccharide was longer than
that of DSS model group, and the symptoms of colon congestion, redness and swelling were relieved,
and the inner wall ulcer was reduced, especially in the high and low dose groups of guava polysaccharide,
which was better than the positive drug mesalazine.

HE staining analysis showed that the epithelial structure of colon mucosa of normal and control
mice was intact, glands were distributed neatly, goblet cells were closely arranged, and there was no in-
flammatory infiltration. In DSS model group, colonic mucosa epithelium was severely damaged and de-
formed, with disordered structure, gland deformation shrinking or completely disappearing, crypt tissue
atrophy or deformation, a large number of inflammatory cells infiltration in mucosa and its lower layer,
and occasional crypt abscess formation. In the positive mesalazine group, goblet cells and crypts ap-
peared, but there were still a few inflammatory cells in the conjunctival layer. Compared with the positive
drug mesalazine group, guava polysaccharide group found that the colon structure was relatively com-
plete, a large number of goblet cells appeared, and the glands were relatively complete, which was great-
ly improved compared with DSS model group, especially in the high dose group.

Ulcerative colitis, as a chronic and refractory bowel disease, lacks a radical cure clinically, so it is
in urgent need of adjuvant therapy with high safety and little side effects. In this experiment, firstly, the
extraction technology of guava polysaccharide was optimized by compound enzyme method. Through
single factor method, it was determined that the extraction temperature was 70 °C the ratio of solid to lig-
uid was 1: 50, papain was 500 U/g, and pectinase was 1100 U/g to obtain the highest yield of guava pol-
ysaccharide. Then, the UC mouse model was induced by DSS, and it was found that guava polysaccha-
ride could alleviate the pathological state of UC mice at the dose of 50-250 mg/kg, and the effect of high
dose guava polysaccharide was better than that of mesalazine. Although the experimental results reveal
the potential of guava polysaccharide to improve ulcerative colitis, it also has some limitations. First of
all, only two enzymes were selected in this experiment. The application of other enzymes, such as cellu-
lase, in the extraction of guava polysaccharide deserves further discussion. In addition, this experiment
only evaluated the effect of guava on improving ulcerative colitis at the whole animal level, and the spe-
cific molecular mechanism of its action needs further study. In addition, the guava polysaccharide used in
this experiment is crude polysaccharide. Further separation and purification of guava polysaccharide, and
further research on polysaccharide structure such as molecular weight analysis, monosaccharide compo-
sition, sugar chain connection sequence and position determination will help to better understand the
function characteristics of guava polysaccharide and develop related products with clearer structure.

To sum up, guava crude polysaccharide has certain efficacy in preventing and treating ulcerative
colitis. Guava is widely planted in South China and East China, and is rich in plant resources. Guava it-
self has the advantages of long fruit harvesting period, quick planting effect and strong comprehensive
development and utilization, so it has a broad market prospect. The experimental results of this study will
lay an experimental foundation for the optimization of the preparation technology of guava polysaccha-
ride, and provide a scientific basis for the further development and utilization of guava and its polysac-
charide components as functional foods and dietary nutritional supplements for adjuvant treatment of ul-
cerative colitis.
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Summary. The phytoalexin resveratrol exhibits anti-tumour activity in many types of cancer. In this
study, we showed that resveratrol suppressed the survival of gastric tumour cells both in vivo and in
vitro. Resveratrol promoted apoptosis, autophagy and endoplasmic reticulum (ER) stress in a dose-
dependent manner. In conclusion, resveratrol inhibited cancer cell survival, while knockdown of
IncRNA H19 resulted in increased sensitivity to resveratrol therapy.

In recent decades, cancer- associated deaths have become the leading cause of human mor-
tality. Among them, gastric cancer is the fourth leading cause of cancer deaths worldwide, with an
estimated 0.77 million deaths in 2020. Chemotherapy is a common strategy for cancer treatment,
and there have been numerous endeavours to design, develop, modify and evaluate anti- cancer
drugs. Resveratrol, the best- known polyphenolic stilbenoid and exhibits many health beneficial
properties, including anti- oxidation and anti- inflammatory activity. To date, a number of reports
have documented the application of resveratrol in cancer treatment. Resveratrol has been shown to
inhibit cellular proliferation, progression and invasiveness in various types of cancers. Several clini-
cal trials evaluating the effects of resveratrol in cancer patients have been performed. However, re-
ports have identified a number of limiting factors for resveratrol in human studies, including low
bioavailability and potential side effects, such as mild gastrointestinal discomfort. Therefore, explo-
ration of the underlying mechanisms in order to discover more potent cancer therapy strategies
based on resveratrol treatment is still in progress.

Treatment with natural compounds frequently activates various signalling pathways, includ-
ing endoplasmic reticulum (ER) stress. ER stress could either help to recover cellular homeostasis
and maintain cell survival or it can induce cell death. In fact, both autophagy and ER stress have
been found to contribute to the establishment of drug resistance in cancers. Correct modulating of
autophagy and ER stress could facilitate the anti- tumour effects of natural compounds and help to
overcome any potential subsequent chemoresistance.

The IncRNA NEAT1 has also been shown to play a role in resveratrol- mediated inhibition
of proliferation, migration and invasiveness in multiple myeloma cells through modulation of the
Whnt/beta- catenin signalling pathway. However, reports documenting the investigation of INCRNA
in resveratrol treatment are still limited. Therefore, the present study aimed to provide evidence in
support of the application of resveratrol in gastric cancer treatment by examining the modulation
InNcRNA- mediated cell death mechanisms.

The AKT/mTOR pathway is known to be essential for the regulation of autophagy. Analysis
of AKT/mTOR phosphorylation by Western blotting indicated that exposure of SGC7901 cells to
resveratrol for 24 h resulted in reduced levels of both phosphorylated AKT (Ser 473) protein and
phosphorylated (activated) mTOR (Ser2448). ERK and Wnt/B- catenin are important pathways for
cell survival. As shown in, phosphorylation of p38 MAPK and ERK was found to be upregulated
after treatment with 50, 100 and 200 uM resveratrol. The expression of both - catenin and Wnt3a
mMRNA was downregulated in resveratrol- treated cells, while - catenin was also decreased in nu-
clear protein extracts from cells treated with 200 uM resveratrol. Meanwhile, immunofluorescence
also confirmed that resveratrol treatment prevented the nuclear translocation of - catenin. To
summarize, these results indicate that Beclin- 1- independent autophagy was triggered in SGC7901
cells exposed to resveratrol via enhanced LC3- Il formation and p62 accumulation, and
AKT/mTOR, p38 MAPK/ERK and Wnt/B- catenin pathways were involved in this process.
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We demonstrated that ER stress may play a role in resveratrol induced inhibition of gastric
cancer cell survival. And resveratrol may inhibit cell migration by affecting the expression of EMT
related genes. Resveratrol- treated A549 cells showed decreased viability and increased H19 ex-
pression, while BGC823 cells also exhibited a high level of H19 expression and similar reduced vi-
ability. Therefore, we chose IncRNA H19 for further investigation of function in resveratrol-
treated gastric cancer cells. In addition, phosphorylation of AKT was decreased in cells exposed to
the combined treatment. However, there was virtually no increase in - catenin nuclear translocate
induced by 50 uM resveratrol alone or in combination with H19 knockdown, when compared to the
control. Overall, the role played by the Wnt/B- catenin pathway in SGC7901 gastric cancer cells
should be further determined.

There are still large numbers of natural compounds that are far from being applied in a clini-
cal setting. Demonstration of an ability to regulate genetic and epigenetic factors would strengthen
the case for using such compounds in cancer therapy. Results from the present study showed that
H19 was over- expressed at low concentration of resveratrol and downregulated at high concentra-
tions. Silencing of H19 has been reported to prevent cell proliferation and migration in lung cancer
by reducing methylation of E- cadherin promoter. We therefore wanted to examine the impact of
downregulated H19 expression on the anti- tumour effects of resveratrol. In fact, we have previous-
ly shown that knockdown of H19 contributes to the increased sensitivity of cancer cells to pterostil-
bene (a dimethyl ether analog of resveratrol), reducing cell proliferation and invasiveness.

YK 2
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S (Zhou Kunpeng), 22 %% (Li Yanlin), 5828/ (Zhang Xinyue)
FIE K% (Northeastern University)
e-mail:matthewzkp@163.com

Summary. Pterostilbene is a natural resveratrol dimethylated analogue that has anticancer effects
against a variety of cancers. It has better and oral absorption than resveratrol. In this paper, the
molecular mechanism of p53-53BP1 complex regulating pterostilbene on the proliferation of lung
cancer cells was elaborated from the aspects of the regulatory mechanism of pterostilbene on lung
cancer cells.

Human beings have made certain progress in the fight against cancer, but the cancer preven-
tion and treatment mechanism is still in the stage of gradually being cracked and improved.
Pterostilbene is a natural resveratrol dimethylated analogue that has pleiopotent anticancer effects
on a variety of cancer types, and has better lipophilicity and oral absorption than resveratrol, with
higher cellular absorption, and longer half-life. The initiation of programmed cell death (PCD) is a
key regulatory link for a variety of anticancer drugs, which involve two main types, apoptosis and
autophagy. p53 accumulation is caused by phosphorylation (p-)AKT-mediated reduction in phos-
phorylation of specific MDM2. Once MDM?2 is phosphorylated by p-Akt, p-MDM2 translocates to
the nucleus and promotes ubiquitination of the target protein. MDM2 regulates the physiological
level and function of p53 in normal cells through a continuous process of monoubiquitination.

The 53BP1 gene, located on chromosomes 15q15-g21, produces tumor suppressor p53-
binding protein 1 (53BP1 protein), which interacts with the DNA-binding core domain of tumor
suppressor p53 and enhances pS53-mediated transcriptional activation. 53BP1 promotes non-
homologous end-joining (NHEJ)-mediated DSB repair and prevents HR by counteracting BRCA1's
function in homologous recombination (HR). This project intends to mine relevant databases
through bioinformatics technology to analyze the target information of pterostilbene affecting the
biological functions of lung cancer cell A549 cell line. A549 cells were treated with different con-
centrations of pterostilbene at different times, and cell proliferation was measured by CCK8 meth-
od. After that, soft agar experiment was used to further determine the proliferation of pterostilbene
treated cells to explore the regulatory effect of 53BP1-p53 complex on pterostilbene and its role in
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cancer suppression, aiming to propose a new idea for lung cancer treatment with better treatment
effect and higher absorption rate.

After treating A549 cells with different concentrations of pterostilbene (0, 5, 25, 50, 100
uM) for 24 h, 48 h, and 72 h, the change in cell number was determined by CCK-8 method. After
24 h and 48 h of pterostilbene action cells, 50 and 100 pM pterostilbene significantly reduced the
viability of A549 cells. After 72 h, 25, 50 and 100 uM pterostilbene treatment was able to signifi-
cantly reduce cell viability.

The effect of 50 uM pterostilbene on apoptosis after 24 h, 48 h, and 72 h treatment of cells
using annexin V-FITC/PI double staining method was determined. From which it can be seen that
apoptosis of A549 cells can be significantly promoted after treatment with 50 uM pterostilbene.

A549 cells were treated with pterostilbene concentrations of 0, 5, 25 and 50 uM for 24 h,
and then the cell cycle distribution was detected by PI method. After a certain concentration of
pterostilbene treatment, lung cancer cells can be blocked in the S phase to inhibit cell proliferation.

A549 cells were treated with different concentrations of pterostilbene (0, 5, 25, 50, 75 uM)
for 24 h, and the expression of the apoptotic gene was further determined using Western blot. It is
revealed that compared with the control group, after treating lung cancer cells with pterostilbene,
the pro-apoptotic protein in the cells can be upregulated.

This project was performed by Transwell to test A549 cells treated with pterostilbene. A549
cells were treated with 0, 5, 25, and 50 pM pterostilbene for 24 h, followed by Transwell to detect
cell migration after treatment. After treatment of A549 cells with pterostilbene, cell mobility de-
creased significantly with concentration gradient. This result showed that pterostilbene can reduce
the migration capacity of A549 cells.

1. Treatment of A549 cells with different concentrations of pterostilbene can significantly
reduce cell viability; Some concentrations can significantly promote apoptosis of A549 cells; It can
block lung cancer cells in the S phase and inhibit cell proliferation; It can also upregulate pro-
apoptotic proteins in cells; pterostilbene can reduce the migration capacity of A549 cells; Pterostil-
bene treatment has a certain inhibitory effect on the increase of apoptotic protein levels in EMT
cells, and has a certain inhibitory effect on cancer cell invasion and metastasis. From this, it has
been proved that pterostilbene has demonstrated the inhibitory effect of pterostilbene on tumor pro-
gression.

2. After knocking down p53, the expression of p21 protein in A549 cells was inhibited, but
the inhibitory effect caused by the decrease of p53 could be reversed to a certain extent after the ad-
dition of pterostilbene treatment; After the addition of pterostilbene, MDM?2 expression levels de-
creased. After overexpression of p53, the expression of p21 protein did not change significantly, and
the expression of MDM?2 protein was significantly increased, while the expression of p21 and
MDM?2 proteins in the pterostilbene treatment group was significantly increased compared with that
in the control group. This shows that p53 compound has a promoting effect on the tumor inhibitory
effect of pterostilbene.

Very little is currently known about our 53BP1-p53 complex, so in future experiments, we
will work to elucidate the regulatory effect of pterostilbene on the 53BP1-p53 complex, and the ex-
pected trials are as follows:

1. Cells were treated with pterostilbene and immunostained for proteins such as p53, 53BP1
and MDM?2 to determine the colocalization of these genes.

2. Predict the target protein site of pterostilbene and perform 3D structural analysis on the
target protein.

3. The interaction between p53 and BP531 after pterostilbene treatment was predicted by co-
immunoprecipitation technology.

4. The pull-down experiment was used to further verify the binding of pterostilbene to the
target protein.
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Summary. Human activity recognition (HAR) is a technique that somehow senses the human activi-
ties, analyzes the relevant information, and identifies the corresponding behaviors mode. This text
introduces a kind of human physical activity recognition system based on frequency features.

Sensor-based human behavior recognition technology was launched in the 1990s, but now
Human activity recognition play an important role in many fields, for example, in China, HAR sys-
tems can be used to identify the activities of patients, so that we can know the solution of the pa-
tients; In security and surveillance system, the HAR systems can be used to identify whether drivers
have tired driving, hand-held phone driving and other violations; In shopping experience, the HAR
system can be used to identify the behavior of customs, that can identify the shopping habits. Now-
adays, there are many kinds of HAR systems, this text introduces a HAR system based on frequen-
cy features.

HAR system based on frequency features divided into four parts: the collection of the raw
data, the preprocessing of the raw data, the extraction of features and the estimation of performance
of the HAR algorithm.

Nowadays, most smart phones have a large number of tri-axial acceleration sensors with low
in volume, low in power consumption and stable in performance, such as accelerometers, gyro-
scopes, etc., which can obtain high-precision movement and environmental data in real time and
have strong data perception ability. The built-in sensors of smartphones can generally be divided
into three categories: dynamic, location, and environmental sensors. So we can directly use the
smartphone to collection the raw data. In the text, the selection of six common activities: walking,
jogging, up the stairs, down the stairs, sitting, standing.

After the data collection is the preprocessing of the row data, it includes: window segmenta-
tion with fixed window with overlapping, filtering denoising by means of sliding median filtering
and third-order Butterworth low-pass filter. The preprocessing of the raw data can remove glitches
and jitter well, save the waveform features of the data, make the signal smoother, and the waveform
periodicity is more obvious.

Then the extracted features were be finished. Some studies suggest that the use of efficient
feature extraction methods may improve the final performance better than using efficient classifiers.
Frequency domain analysis can observe the characteristics of the signal according to the frequency.
Generally speaking, the frequency domain analysis is relatively simple, while observing the signal
in the frequency domain makes the analysis of the problem more profound and convenient. The fre-
quency domain feature extraction algorithm adopted in this text is a fast Fourier algorithm that can
transform the sample signal to the frequency domain, extract the frequency domain features of the
sample signal, and facilitate the frequency domain analysis. The frequency domain characteristic
parameters adopted in this paper include center of gravity frequency (FC), mean frequency (MF),
root mean square frequency (RMSF), frequency standard deviation (VF), etc.

The extracted features were classified using the classification function of the SVM, and fi-
nally the six categories of human behaviors were identified. Support vector machine (Support Vec-
tor Machine), first proposed by Cortes and Vapnik in 1995, show many unique advantages in solv-
ing small sample, nonlinear and high-dimensional pattern recognition, and can be generalized to
other machine learning problems such as function fitting. The SVM algorithm is a supervised learn-
ing algorithm based on interval maximization, including both linear and nonlinear models. In the
text, it is a muti-class classification problem, the problem was decomposed into multiple binary
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classification problems, and the common methods include OVO (one vs one ) and OVR (one vs
rest),the text chose OVO multi-class classification algorithm.

Finally, a model of the human activity recognition system based on human physiology is de-
veloped, and this activity recognition algorithm can effectively identify 6 daily physical activities
with an average accuracy of over 99 %.
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