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Energy saving is an urgent and important task in the heat and power
industry. World experience shows that one of the promising ways to solve it is
to create materials that give the greatest effect for the thermal insulation of
pipelines during their laying.
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The materials used in thermal insulation must have a preferential ratio
between: physical and chemical properties, the cost of the material, the cost of
installing thermal insulation on the pipeline, the amount of heat loss during
operation.

When laying heat-insulated pipes for heating and hot water supply
networks in residential premises, it is necessary to take into account the
requirements of fire safety in terms of flammability. The use of thermal
insulation structures made of flammable materials such as foamed polyethylene,
foam, etc. is not allowed for pipelines located in buildings.

As a relatively new material for thermal insulation, consider a material
such as foam glass. According to the structure-foam glass consists of isolated
small bubbles that are vapor-and waterproof. At 100 % humidity, the thermal
conductivity of this material does not change. The material retains all its
physical properties under almost any conditions. The main properties of foam
glass include: incombustibility, resistance to acids, rodents, insects and
microorganisms, high strength, ease of processing. Foam glass is the only
material that has so many useful properties [1].

Figure 1. Foam glass and the construction of thermal insulation from it
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Technical characteristics of foam glass are presented in Table 1.

Table 1 — Physical and chemical characteristics of foam glass [2]

Density, kg / m? 120 - 210
Thermal conductivity at +25°C, W-m * °C 0,045 -0,070
Compressive strength, kPa 400 - 1600
Bending strength, kPa 200-550 200 - 550
Tensile strength perpendicular to the plate plane, kPa 100 - 500
Deformation under concentrated load 1000N, mm 0,50 - 2,00
Operating temperature range, °C 260 — 400
Flammability incombustible
Short-term water absorption, kg / m? no more than 0,50
Long-term water absorption, kg / m? no more than 0,50
Vapor permeability, mg/m-h-Pa no more than 0,002

For the first time, as a building material, foam glass was mentioned in his
report by Academician I. |. Kitaygorodsky in 1932, which also provided
information about the production technology of this material.

In 1936, at the International Congress on Glass in London, B. Long
presented the results of the scientific laboratories of the French glass corporation
“Saint Gobain”, demonstrated prototypes of a new product. However, despite
the received patent (No. 786818-1934), this corporation was forced to curtail
projects for the production of foam glass. There were serious technological
difficulties in the homogeneous creation of sufficiently large blocks of foam
glass [3].

By 2011, the volume of foam glass produced in European factories was
1,000,000 cubic meters.

As the main raw material for the manufacture of foam glass, the cullet of bottle,
window and other types of glass is used. Consequently, the creation of foam
glass is accompanied by the processing of glass in the form of waste, which is
practically non-degradable and accumulates over time.

Comparative characteristics of foam glass and mineral wool as thermal
insulation materials given in Table 2.
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Table 2 — Comparative characteristics of foam glass and mineral wool [2]

Parameter Glass wool Foam glass
Thermal conductivity, W/ mOC 0,042 0,06
Density, kg / m? 37 150
Vapor permeability, mg / m*h*Pa 0,3 0,002
Cost, rub / m? 1 750,00 18 500
Cost of materials for 1m2 of roof 5 5 564,00 6 516,41
The cost of installation works of 1m? of 2 964,31 1 378,42
the roof
Total cost of construction of 1m? of roof 8 528,31 8 394,63

It follows from the Table 2 that the cost of thermal insulation of 1 square
meter of the roof with these materials is almost the same.

However, taking into account such important advantages of foam glass as
moisture resistance, the ability to maintain volume throughout the entire
operation time — indicates the undoubted advantages of this material in the
insulation of building structures. Another important indicator is the service life.
Mineral wool can last for about 25 years, while foam glass can last for at least
100 years.

Comparative results of calculating the thickness of thermal insulation made of
various materials (foam glass, glass wool, polyurethane foam) are shown in
Table 3.

Consider a pipeline with a diameter of 400 mm, a length of 1000 meters,
the temperature of the coolant is 120 °C. Calculate the thickness of the
insulation, allowing for heat loss of 5 %

The calculation is carried out according to the following formulas [3, 4]:

6]43 — @ ,{m} '

where: 8,,— Insulation thickness,
d;" — outer wall diameters of the insulated object, m.;

The value of B is found by the ratio:

LnB = 2mA,;(R-Ry);

where: R — linear thermal resistance, m-°C/Vt.
Ry — linear thermal resistance of heat transfer of external insulation, (m-°C)/Vt.
s — thermal conductivity coefficient of the insulation material, Vt/(m-°C).
linear thermal resistance, m-°C/Vt:

16



_ 36KI(BE
C GC(ty—ty)
where: K—the coefficient of additional losses, which takes into account heat

, m-°C/Vt.

loss through heat-conducting inclusions in thermal insulation structures.
| — pipeline length, m.
tin — ambient temperature of the isolated object, °C.
tout — ambient temperature, °C.
G — substance consumption, kg/h.
C — heat capacity, kJ/(kg-°C).

Table 3 — Comparative economic indicators of thermal insulation efficiency

[2, 5, 6]
Parameter Polyurethane Glass wool Foam glass
foam
Thickness, m 0,024 0,042 0,052
Weight, kg 2100 2631 9796
Cost 1p.m., rub. 1470 1070 1065
The cost of
insulation
material per 1000 1 406 720 1 070 000 1 064 585
m, rub.

The cost of thermal insulation of 1000 meters of the pipeline was
calculated without taking into account the cost of installation work.

Thus, analyzing these results, we can draw the following conclusions:

1) These data show the prospects of using foam glass as a thermal
insulation for various heat power facilities.

2) An important property of this material is its low water and steam
permeability.

3) It is necessary to conduct scientific research in laboratory and field
conditions to determine the effectiveness of the use of the materials mentioned
in the article as thermal insulation structures under various climatic conditions.
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AnHoTamusi. B maHHON pabote comepx)uTcs Hamboiee axkTyaiabHas
obmass wuHpopmamms o SCADA-cucremax, a HMEHHO: CTPYKTYpHOH
cocTaBisifOLIeH, (PYHKIHUAX M BO3MOXKHOCTSIX, COCTOSSHUM TPEBOTH, 00JIaCTU
NPUMEHEHUS, a Takke Haubojee mnomyJsapHbix mnpuMmepax SCADA-cucrtewm,
MIPOU3BEJICHHBIX B PA3HBIX CTPAaHAX HA CETOMHSITHUNA JICHb.
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IPOrpaMMHO-aIapaTHBIN KOMILIEKC.

Introduction
In the modern world, enterprises and industry as a whole cannot do
without a number of extremely important functions, such as: prompt and
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accurate collection of information about the state of the technological process,
processing of the information received and automatically directing it to the
required direction, notification of personnel about emergency and emergency
situations, as well as technical problems. The above tasks can be performed
remotely, thanks to the multifunctional SCADA system.

SCADA (Supervisory Control And Data Acquisition — Data Collection
and Operational Dispatch Control System) is a software and hardware complex
used for collecting, scanning, processing and analyzing data in real time.

Structure of SCADA systems

The bulk of modern SCADA systems have a structure of 3 components.

1. RTU (Remote Terminal Block) is a microprocessor-based electronic
device that connects objects in the physical world with a distributed control
system or SCADA system by transmitting data to the main system, as well as
using messages from the main surveillance system to control connected objects.
Low-level data processing increases the capacity of communication lines with
the main control room;

2. MTU (Main terminal block), MS (Main Station) is a control room
(main terminal) that performs high-level data processing and management,
usually in real time. MTU can be implemented in a variety of ways from a single
computer with additional devices for connecting to communication channels to
large computing systems integrated into a local network of workstations and
servers. Sometimes this terminal is called a SCADA server;

3. Communication System (CS) - communication system or
communication channel between MTU and RTU. CS performs a function
without which the operability of the entire SCADA system is impossible — the
transmission of data from remote points (terminal objects) to the central
interface of the operator-dispatcher and the transmission of control signals to the
RTU or remote object, depending on the specific execution of the system. The
role of CS is played by communication lines, cellular networks, telephone lines,
radio networks, digital networks, etc. Several actuators are used to copy and
archive data [1].

Functions and capabilities of SCADA systems

SCADA systems are in demand because of their useful functions:

1. Interaction with the operator (presentation of auditory and visual
information, transmission of operator commands to the system);

2. The possibility of automatic regulation and remote control;

3. Automatic high-speed maintenance of the technological “library” —
database;
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Figure 1. Schematic structure of SCADA systems

4. Automatic signaling of an accident and critical situations that have
occurred (alarm subsystem);

5. Automatic preparation of a report on technical processes;

6. The ability to interact with external devices;

7. Accounting of operating time of technological equipment;

8. Automatic reconfiguration of the automated process control system
algorithms to the changed conditions of the controlled process;

9. Accelerating the development of projects in the field of automated
control systems [2, 3].

Alarm status of SCADA systems

Understanding SCADA systems, one should not miss such a term as
“alarm”, because it provides security in SCADA systems.

An alarm is a notification of personnel about technical failures and
malfunctions, which are strongly worth paying attention to. The importance of
an alarm is determined by the degree of possible consequences that a failure or
interference will lead to.

In SCADA systems, alarms are divided into two types.

1. Discrete alarms inform about a change in the state of a discrete
variable, for example, the opening or closing of valves;
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2. Analog alarms are based on processing the output of variable values
beyond the upper or lower limits, for example, deviation from the required value
[2].

The most popular SCADA systems

Currently, SCADA systems need extremely fast updates and
improvements. Vivid examples of excellent SCADA systems that are in great
demand on the world market:

— FIX (Intellution) — USA,

— Genesis (Iconics CO) — USA,;

— InTouch (Wonderware) — USA;

— Factory Link (United States Data CO) — USA,
— RealFlex (BJ Software Systems) — USA,;

— Cimplicity (GE Fanuc) — USA,

— TraceMode (Adastra) — Russian Federation;

— SARGON (NVT-Automation) — RF;

— Sitex (JADE Software) — United Kingdom;

— Citect (Cl Technology) — Australia [4].

When choosing SCADA systems, it is necessary to compare their
technical, price and operational characteristics.

Scope of SCADA systems
The main areas of use of SCADA systems [5]:
— control of transmission and distribution of electricity;
— industrial production;
— power generation;
— water intake, water treatment and water distribution;
— oil and gas production and exploitation;
— management of space objects;
— transport management (air transport, metro, railway, automobile, water
transport);
— telecommunications;
— military area [6].
Conclusion

Currently, the introduction and use of SCADA systems is the most
promising direction in the field of automated control of complex dynamic
systems (processes) in vital and critical areas from the point of view of safety
and reliability: they allow you to achieve a high level in the collection,
processing, storage of information and management from geographically remote
locations.
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Hydroelectric power plants are the basis of hydrogen infrastructure or
hydropower. Hydroelectric power plants are one of the cheapest sources of
electricity generation, but this is not always, as it seems at first glance. They
provide light not only to cities and villages, but also to factories and mills that
require large amounts of energy every day. Their development potential is
growing every year. So many countries that do not have minerals in their bowels
or have abandoned the nuclear industry may fully cover the energy balance by
hydropower [1].
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A comfortable human life necessarily begins with affordable energy. The
development of new energy sources is inextricably linked with the history of the
development of energy and civilization. Turbines using the power of water flow
as an energy source occupy the second place in the structure of modern energy
after thermal power plants, which represent 62 % of all types of power plants
[2]. Hydropower is an opportunity to generate energy using renewable
resources: the natural capacity of rivers, geothermal waters, and tidal energy.

Despite the economic benefits of operating hydroelectric power plants,
this way to generate electricity has a number of prevailing disadvantages [3].

Starting from the construction itself, hydroelectric power plants show their
disadvantages in economic terms. So, the cost of construction of hydroelectric
power plants is much higher than of familiar thermal power plants. For greater
clarity, we can name the approximate cost of electricity during the construction
of thermal power plants, 1 kW will cost $600 — 700, when the minimum cost of
1 kW during the construction of hydroelectric power plants will be $1100 [4].

When designing stations and their construction, priority is given only to
areas with large water resourses. They are often much further away from
consumers than thermal power plants. In the meantime, other factors are not
always considered. That is, there are colossal expenses for the transportation of
electricity, for all kinds of transformers, power lines, which also significantly
exceeds similar costs in the construction of other types of power plants [5].

It is also indicated that the capital costs are significantly higher compared
to the construction of thermal power plants. When constructing dams, huge costs
are required for the construction of locks to transfer ships to the desired water
level.

Without departing from the construction, it can be said that the
construction of a hydroelectric power station is a very complex process, so it
needs to withstand a huge pressure. Therefore, it takes a little less than a decade
to build a dam, while most of the other power plants can be built literally for 2 —
3 years. The construction of the dam also requires a greater number of craftsmen
than in the construction of other power plants.

A good example of a long period of construction of hydroelectric power
plants can serve as the construction of the Bureyskaya HPP, which began in
1978, and was put into permanent operation only in 2014. The construction of
the Boguchanskaya HPP was carried out from 1974 to 2017. Thus, these are also
many other cases when the construction of hydroelectric power plant takes much
time [6].
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That is, as it becomes clear, only at the stage of construction of a
hydroelectric power station, it already has quite significant economic
disadvantages.

Large hydroelectric power plants cause the biggest danger. For their use,
it is often necessary to flood a large amount of fertile land or entire settlements.
There are many examples of flooding of settlements during the construction of
hydroelectric power plants. Here are some of the most serious:

- In 1956, the Irkutsk hydroelectric power station was launched — the
first Soviet hydroelectric power station in Siberia. During its construction, the
village of Taltsy, the village of Bolshaya Rechka, the village of Mikhalevo and
dozens of other settlements were lost.

- There were 59 settlements in the flooding zone of the Novosibirsk
hydroelectric power station; the city of Berdsk was completely relocated [7].

- When filling the Bratsk reservoir in 1963, about a hundred villages
went under water.

- Because of the filling of the Krasnoyarsk reservoir in 1967, 132
settlements fell into the flood zone, including three regional centers — Daursk,
Novoselovo, Krasnoturansk [8].

- The construction of a dam in California forced ten thousand people
to leave their homes. In addition, it can become an economic threat to this
region, since many residents living near river massifs earn their living by
fishing. According to the BBC, losses can amount to up to $2 billion.

It is even difficult to imagine what economic losses these are, in those
situations we are talking about huge costs for the resettlement of residents of
settlements.

It would seem that obvious problems, such as fish or wood getting into the
turbines, also cause huge losses. For example, a log caught in a turbine can
completely disrupt the turbine impeller, which will lead to its complete failure,
which will entail huge costs for the purchase of a new turbine, or the restoration
of a damaged turbine.

Another common problem for this industry is considered to be siltation of
drains. Silt can collect in the drainpipes and degrade their throughput. On
normal days, such a problem will not affect the operation of the station in any
way, however, if large amounts of precipitation fall, this can lead to serious
problems. For example, in 1975, this was one of the reasons for the destruction
of the Bangiao Dam in China. At that time a large amount of silt clogged into
the drains, and a typhoon with a record amount of precipitation brought with it
thousands of cubic meters of water. The dam simply could not cope with the

load and collapsed.
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As a conclusion, we can say that during the construction of a hydroelectric
power station there are a lot of negative factors and risks that need to be taken
into account and calculated in order for the construction of a hydroelectric
power station to be possible in principle, pay off and start making a profit.
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Abstract. The article reveals a new and emerging direction of labor
emigration from Tajikistan to the OECD countries, as a trend of reorientation of
migrant workers between recipient countries in the future. The paper clarifies
and highlights the internal and external factors that caused the reorientation of
the flow of labor migrants from Tajikistan to a new direction — the OECD
countries in the mid 2010s.
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GOAKTOPBI HEPEOPUEHTAIIUU TAJUKUKCKUX MUTPAHTOB
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AHHOTauMs. B cTaThe packpbITO HOBOE U 3apOrKAaroleecsl HalpaBJIeHUE
TpyaoBor smurpauun u3 Tamxukucrana B ctpanbl ODCP kak TeHaeHIMs
MEePEOPUEHTALIMU TPYIAIIUXCA-MUTPAHTOB MEXKY CTPAaHAMHU-PELUIUEHTAMU B
OynymeMm. B pabGorte ompeneneHbl BHYTPEHHHE U BHEIMIHHE (HaKTOPHI,
oOycnoBuBIme B cepearre 2010-x TO0B MEPEOPUEHTAIINIO TIOTOKA TPYIOBBIX
MUTPaHTOB 13 TaKHKHUCTaHa HA HOBOE HampasiieHne — crpanbl OOCP.

KmroueBbie ciaoBa: ODCP, TamxkukucraH, nepeopueHtanus, Poccus,
TpyAOBasi MUTpaLUA.

A significant increase in labor emigration from Tajikistan began in the
mid-1990s, when the socio-economic situation in the country worsened, which
forced many people to look for work abroad. Unemployment has been a serious
problem for Tajikistan for many years [1]. Despite the relatively low official
unemployment figures, according to experts, about a quarter of the economically
active population of the republic are actually unemployed. Prices and tariffs for
housing and communal services continue to rise in the economy. These trends
force families to change the structure of spending not in favor of improving
nutrition, health or education.

Throughout the post-Soviet period, the main and traditional directions of

Tajik labor emigration were Russia and Kazakhstan [2], but in recent years,
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emigration from Tajikistan to the OECD countries has become increasingly
noticeable as a new direction of labor emigration.

New Tajik communities are being actively formed in the OECD countries,
which may become networks of attraction for new migrants soon. The growing
number of labor migrants from Tajikistan in the OECD countries suggests that
there is an intensification of emigration of Tajik citizens to new, previously
almost undeveloped countries. Such a reorientation was due to a number of
reasons, including difficulties in Russia (the introduction of an exam on the
basics of the Russian language, history, statehood and the legal system for
migrant workers, which, with a low level of educational infrastructure
development, leads to an increase in corruption in this area; a decrease in
income in dollar terms caused by the fall in the ruble exchange rate in 2014 -
2015.; the rigidity of migration policy and the growing competitiveness in the
Russian labor market with citizens of the EAEU countries who do not require
permits to work; operational restrictions on the rights and legitimate interests of
migrant workers who do not have legal grounds for obtaining a temporary
residence permit or residence permit, etc.), the formation of social networks in
the countries of new emigration, the active policy of a number of countries in
the Central Asian region (for example, Japan and the Republic of Korea) [3].

The countries of the Middle East, East Asia, the USA and Canada, and
European countries have become new areas of labor emigration from Tajikistan.
In this study, we study the situation in the OECD countries, which includes most
of the developed countries that have become new destinations for emigration
from Tajikistan.

The active policy of attracting labor migrants from Central Asian
countries carried out in the OECD countries and the intensification of the
activities of intermediaries for the employment of migrants from Tajikistan,
combined with the rigidity of Russia’s migration policy, contributes to the
reversal of part of the flows of labor migrants in favor of the OECD countries.
Therefore, there is a gradual strengthening of the trend of reorientation of flows
of labor migrants from Tajikistan to new directions [4].

Given the volume of labor resources and the importance of Tajikistan in
the Eurasian migration subsystem, the reorientation of migrant worker flows to
new directions in the near future may be fraught with significant losses for the
labor markets of Russia and Kazakhstan [5].
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Abstract. This article is devoted to hydraulic structures, which are
complex engineering structures that have a significant impact on the formation
of the economic and cultural appearance of the regions. In the article, the
authors focus on the technical shortcomings of hydroelectric power plants,
because they are objects of increased danger due to accidents at which
emergencies may occur, leading to significant damage, as well as human
casualties.
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O BECIIEPCIIEKTUBHOCTHU N HEJOCTATKAX
HPUMEHEHUA TNAPOSHEPT'ETUKHA

cTtyneHT UyinkoB IMUTpuii AjleKCaHApPOBHY,
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Hay4. pyKOBOJIUTEIIb: CT. npemnojaBatens JIunatoB Makcum CepreeBuy,
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AHHoOTaums. JlaHHasg  cTaThsl  TOCBSIIEHA  TUAPOTEXHUYECKUM
COOPYXKEHHUSIM, KOTOpbI€ TIPEACTABISIOT COOOM CJIOXKHBIE HMHKEHEPHBIC
KOHCTPYKIIMHM, OKa3bIBAIOIIME 3HAYUTEIbHOE BIUSHUE Ha (HOPMUPOBAHUE
XO3UCTBEHHOTO M KYJIBTYpHOTO OOJHMKa pEruoHoB. B cratbe aBTOpHI
AKICHTUPYIOT BHUMAHUE HA TEXHUUYECKUX HEIOCTATKAX T'UJIPO3JIEKTPOCTAHLINM,
TaK KaK OHM SIBJISIOTCS OOBEKTaMU MOBBIIIIEHHOM oracHOoCTU. M3-3a aBapuii Ha
HUX MOTYT BO3HHUKHYTh 4YPE3BbIYAWHBIC CUTYAllUHd, MPUBOIIIIME K
3HAYUTENIBHBIM yIllep0aM, a TakKe K YEJTOBEYECKUM KEPTBAM.
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Hydroelectric power plants (HPS) are one of the sources of electricity
generation. They provide light not only to cities and villages, but also factories,
plants and concerns, which require large amounts of energy every day. Thus,
many countries that do not have minerals in their depths or have abandoned the
nuclear industry cover up to 100 % of the energy balance thanks to hydropower.
With all the resource wealth of hydropower, there are many problems in this
energy sector, which are discussed by representatives of industry structures and
heads of relevant departments.

Despite all the advantages of hydropower and its significant share in
electricity generation, hydropower is now the only type of generation for which
plans and mechanisms for further development have not yet been determined in
Russia, its impact on industrial and territorial development, as well as other
sectors, has not been assessed. Economy of the Russian Federation. The Energy
Strategy of Russia for the Period up to 2035 does not define specific directions
and indicators for the development of hydropower, and there are no measures
for its development.

For example, large HPS destroy entire ecosystems, which can lead to an
exacerbation of fresh water shortages. Two billion people live in countries with
high water stress. This leads to an uneven distribution of water resources: some
rivers and streams are drained, huge areas are flooded. The construction of large
hydroelectric power plants violates the established balance of ecosystems. Thus,
the Irkutsk HPS, built on the Angara River, 65 km from its source, provoked an
increase in the water level of Lake Baikal by an average of one meter. This led
to the destruction of the banks, landslides and landslides. It took 600 square
meters under the water. Km of land, 127 settlements were flooded and 17
thousand people were resettled [1].

By 2030, due to severe water shortages, up to 700 million people may be
forced to leave their homes. Today, the use of fresh water significantly outstrips
the possibility of natural recovery of its reserves. The scarcity of the most
valuable resource for life is increasing due to the uncontrollable growth of
consumption around the world. Large hydroelectric power plants are costly, are
slowly being built, depend on large sources of demand — industries and cities —
and cannot solve the problem of providing mobile electricity to poor regions and
remote settlements.
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Despite tens of thousands of HPS around the world, almost a billion
people lack access to electricity. In Russia, according to data for 2019, 1,5
million households were deprived of it. Without electricity, poor regions and
low-income segments of the population will not get access to quality healthcare,
education, and jobs.

In Russia, there is no strategic understanding of the use of HPS in the
country's energy system, there is also no infrastructure for connecting to general
grids, the reverse sale of energy and surplus by individuals to the general energy
network, there is no close coordination of the development of regional energy
with industry, and the localization of production of technological equipment is
extremely weak. In addition, there is a conflict of interest with existing regional
electricity suppliers. The ill-considered privatization of generating capacities
since 1991 has significantly reduced the possibilities for administrative
regulation of the energy market in Russia

In addition, HPS are contributing to climate change. Reservoirs trap
organic matter brought in by water streams. When it decomposes, significant
amounts of greenhouse gases are emitted. Flooded plants and soil are also
sources of emissions. The implementation of dam mega projects runs counter to
the conclusions of the report of the World Commission on Dams. The document
examined in detail the “rich heritage” of the constructed hydroelectric power
plants: environmental disasters and large-scale corruption. The report stated that
the construction of large dams should be planned only in cases where there are
no alternative options for solving important socio-economic problems.

Some of the significant barriers are also the need to relocate people, high
costs for the construction of hydropower plants, low construction speed,
dependence on large sources of demand and high environmental damage — all
this means that large hydropower plants are ineffective in terms of meeting
sustainable development goals such as low-cost and affordable energy, reducing
inequalities, combating climate change and preserving terrestrial ecosystems.

Despite the fact that Russia has developed and is operating an Energy
Strategy until 2035, renewable energy sources account for only 12 % of the total
volume of technological measures and initiatives. Small hydropower is
mentioned as one of the promising areas of development, but at the moment
there is no proven mechanism to stimulate its development. Also, there is no
well-developed regulatory framework within which private farms could generate
energy at small hydroelectric power plants and sell surpluses to the general
network.
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There are two options for the effective use of mini-hydroelectric power
plants in Russia. The first assumes their connection to a single power system,
the second provides for autonomous use. Both options have significant
advantages and disadvantages. Since all generating capacities are designed for a
certain optimal load, inevitable deviations reduce the efficiency of the
equipment and lead to increased wear. If the power system is centralized, then
the region can provide excess energy or receive additional capacity. Energy
consumption in a local region always has very strong fluctuations, which means
that an autonomous system without additional means of energy storage, the
ability to quickly turn off part of the turbine units or other means of ensuring
maneuverability will work ineffectively. Power supply by a group of
independent power plants will always have less reliability than an
interconnected system [2].

On the other hand, connecting to a unified system has its own technical,
organizational and economic problems. The scheme for connecting the mini-
hydroelectric power station to the network is determined by the existing power
grid infrastructure in the area. If it is supposed to be connected to a single
network, then the hydroelectric power station must guarantee the performance of
such a network in terms of voltage and frequency. For example, to connect to a
110 kW main transmission line, a small hydroelectric power station must have a
capacity of at least 25-50 MW and is located at a distance of no more than 150
km. The absence of a reservoir at a mini-HPS leads to fluctuations in the water
pressure, and, consequently, to a change in voltage and current frequency.
Maintaining the output parameters requires the use of a rectifier and a voltage
inverter, which increases energy costs. Mini-HPS are often completely
impossible to connect to a single power system, so they have a narrow sector of
use — power supply of pumping stations, ventilation, heating systems and other
facilities with stable energy consumption

Silt of sewage is considered to be another common problem in the
industry. Sludge can collect in the drain pipes and reduce their drainage
capacity. On ordinary days, this problem will not affect the operation of the
station in any way, however, with large amounts of precipitation, this can lead to
serious problems. For example, in 1975, this became one of the reasons for the
destruction of the Bangiao Dam in China. Then a large amount of silt was
thrown into the gutters, and a typhoon with a record rainfall brought thousands
of cubic meters of water with it. The dam simply did not cope with the load and
collapsed.
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One of the largest accidents at hydraulic structures occurred in the United
States in 1976. First, a small leak appeared in the earthen dam that blocked the
Teton River, Idaho. At first, they did not pay much attention to it, then, when the
leak became more noticeable, they tried to eliminate it with the help of
construction equipment [3]. In the end, the bulldozers had to be abandoned to
save lives. Finally breaking through the earthen dam, the water washed it away
in a matter of minutes.

According to Vyacheslav Skulkin, Deputy Director of the Electricity
Development Department of the Ministry of Energy, there are no large projects
in the field of hydropower in Russia due to the presence of a large reserve of
capacity in the energy system. As a consequence, the potential construction and
operation of new large hydroelectric power plants is economically unjustified.

Large hydraulic structures have one unique feature. Unlike a mine or a
quarry, they cannot be abandoned, left to the mercy of the forces of nature.
Either the dam must be kept in working order forever (which is practically
hardly feasible), or after a certain period of time, the hydroelectric complex must
be dismantled, and the reservoir is drained or turned into a closed reservoir. This
Is the only way to avoid the catastrophic consequences of natural destruction.
This, by the way, shows the common features of nuclear energy and
hydropower. The cost of decommissioning a nuclear power plant is comparable
to the cost of its construction. The same goes for hydroelectric power plants.
The dams of hydroelectric power stations built in the USSR are designed to
operate for a hundred years. On the one hand, a century is a lot, but on the other
hand, some hydroelectric power plants, for example the Zhigulevskaya
hydroelectric power station on the Volga, have already worked out about half of
their term, or even more [4]. Thus, the question of what to do with the used
hydraulic structures and how much it will cost to dismantle or overhaul them
will already arise before the living generations. It is obvious that working with
huge masses of water requires competent engineering solutions, technological
discipline and responsibility.
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BIITS CIIOIYIITA,

r. Cankr-IlerepOypr, Poccuiickas denepanus

AHHoTanus. [laHHas cTaThs COAEPKUT O0030p TEXHOJIOTUH, KOTOpas
MO3BOJIAET  PACIO3HAaBaTh CHUMBOJIBI, TaK)Xe IPOBEJIECHO HCCIEI0BaHUE
BO3MOXKHOCTH  HMCHOJB30BaHUs OubOmmorexkn s Python  «Tesseract».
[TpuBeneHbl TOCTOMHCTBA W HEJOCTATKH, a TaK)KE MPHUHIMUIIBI pacro3HABaHUS
TEKCTa C M300paXEHWH TpPHU MOMOIIM JAHHOTO MPOTPAMMHOTO OOECIECUCHUS.
[IpencraBiensl HEOONBIINE MPUMEPHI KCIIOJB30BAHUS JAHHOW TEXHOJOTHHU B
WHTErpaluu ¢ OUOINOTEKON KOMITbIOTEpHOTO 3peHus «OpenCVy.

KuaroueBble cji0Ba: aBToMaTH3aUsl, KOMIIBIOTEPHOE 3pEHUE, ONTHYECKOE
pacrio3HaBanue cumBojioB, OpenCV, Python, oubanoreka Tesseract.

OCR - Optical Character Recognition. In other words, optical character
recognition systems convert a two-dimensional image of text, which may
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contain machine-printed or handwritten text, from its graphical representation to
machine-readable text. OCR as a process usually consists of several sub-
processes that must be performed with maximum accuracy.

Optical character recognition remains a challenging issue when text
occurs in unrestricted environments such as natural scenes due to geometric
distortion, complex backgrounds, and varied fonts. The technology still has
tremendous potential due to various deep learning OCR use cases such as
natural scenes, geometric distortions, complex backgrounds, and varied fonts.

This article will explain the technology behind the most commonly used
Tesseract Engine, which has been updated with the latest OCR research. This
article will also serve as a guide to implementing OCR in Python using the
Tesseract engine.

Tesseract is a program developed by Hewlett-Packard from the mid-1980s
to the mid-1990s. Then the program “lay on the shelf” for about 10 years and in
August 2006 it was bought by Google. Google Opens Source Code Under
Apache 2.0 License To Continue Development.

Today, the library is the coolest solution if you need to read data from any
photo.

Python-tesseract is an optical character recognition engine for Python.
That is, it recognizes and “reads” text embedded in images.

OCR uses neural networks to search and recognize text in images.

Tesseract searches for patterns in pixels, letters, words and sentences
using a two-step approach called adaptive recognition. It takes one pass through
the data to recognize the characters, then a second pass to fill in any letters he
was not sure of with the letters most likely to match the given word or sentence
context.

The first thing to do is to install Tesseract ORC. Tesseract is easy to
install on Mac and Linux. If you are on Windows, you will have to do one more
movement.

You don’t have to interact with the program itself, just copy its location.

From the very beginning of writing the code, you should include the pre-
installed libraries.

#Import pytesseract

#import Cv2

Next, you need to tell the program to the location of the file

img = cv2.imread('C:\\Users\\Vlad\\Downloads\\123.png")

By default OpenCV stores images in BGR format and since pytesseract
accepts RGB format, we need to convert from BGR to RGB mode:

# Img_rgb = cv2.cvtColor (img_cv, cv2.COLOR_BGR2RGB)
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To be able to recognize different languages (default is English), you
should change the lang function belonging to the class image_to_string

#pytesseract.image_to_string(img, config=config, lang="rus+eng')

You can also choose in which format the recognized text will be given to
us.

# Get Searchable PDF

pdf = pytesseract.image _to_pdf or_hocr (‘test.png’, extension = 'pdf’)

c open (‘test.pdf’, 'w + b') as f:

f.write (pdf) # type pdf default is bytes

# Get withdrawal HOCR

hocr = pytesseract.image _to_pdf _or_hocr (‘test.png’, extension = 'hocr’)

# Get withdrawal ALTO XML

xml = pytesseract.image_to_alto_xml (‘test.png’)

Support for OpenCV images / array objects NumPy.

If we want to highlight words on the picture itself and form an inscription,
then we will need to add the following functions:

First, you will need to apply the “image to_date" method — it returns the
found words and their coordinates.

Next, you should create a loop to iterate over the list and display one
element at a time..

for i, el in enumerate(data.splitlines()):

Since the first element is just the field names, it can be truncated.

ifi==
continue
We will split each element by space, to split the line we will use the
method split.
el = el.split()
Now we create variables to store the coordinates of the word, its width
and height..

X, Y, w, h = list(map(lambda x: int(x), el[6:10]))

To draw on pictures, we use the OpenCV library and the rectangle
method, we specify the photo itself, the coordinates where we will draw, the
width and height and add coordinates to get a rectangle, and also specify the
stroke color and thickness.

cv2.rectangle(img, (X, y), (w + X, h +y), (255, 0, 0), 1)

In order for each stroke to display the inscription that we received with
our program, we use the “putText” method, it accepts parameters: photo, text,
coordinates, font format, its size, color and boldness.

40



cv2.putText(img, el[11], (X+x, y-20),
cv2.FONT_HERSHEY_COMPLEX, 1, (255, 255, 255), 1)

The final code of the program and the results of its work are shown in the
Fig. 1-4.

import cv2
import pytesseract

pytesseract.pytesseract.tesseract_cmd = 'C:\\Program Files\\Tesseract-OCR\\tesseract.exe'

img = cv2.imread('C:\\Users\\Vlad\\Downloads\\hgdefault.jpg")
img = cv2.cvtColor(img, cv2.COLOR_BGR2RGB)

config = r'--oem 3 --psm 6'
print({pytesseract.image_to string(img, config=config, lang='rus+eng'})}

data = pytesseract.image_to_data(img, config=config, lang='rus+eng')

for i, el in enumerate(data.splitlines()):
if 1 == 8:
continue

el = el.split()
try:

X, ¥, W, h = list(map(lambda x: int(x), el[6:18]))

cv2.rectangle(img, (x, y), (w + x, h +y), (255, @, @), 1)

cv2.putText(img, el[11], (x+x, y-20), cv2.FONT_HERSHEY_COMPLEX, 1, (255, 255, 255), 1)
except IndexError:

print("Onepaunsa 6ena nponyweHa")

cv2.imshow('Result’, img)
cv2.waitkey(8)

Figure 1. Final program code

My favourite

language 1s
English

Figure 2. The image that was loaded into the program
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Figure 3. Graphical display of text on an image
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\Program Files\Python38\python.exe" C:/python/projects/main.py
Lte

English

Figure 4. Console display of program execution

Python is the undisputed leader in OCR at the moment. And first of all, all
the tools and libraries appear on it. The text reader can always be supplemented
by using various functions of OpenCV. Tesseract library together with OpenCV
Is by far one of the simplest and most convenient ways to recognize text from
images.
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Abstract. This article proposes a control system for an electromechanical
hoist, based on a frequency-controlled asynchronous electric drive using the
vector control method, as well as a safety device that protects the hoisting winch
mechanism from the overlap of the pulling cables.

Keywords: electromechanical cargo hoist, variable frequency
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This article presents a solution to a control system for an
electromechanical hoist (Fig. 1) based on a frequency-controlled asynchronous
electric drive, as the most reliable, cheap and easy-to-use option with a high

load-carrying capacity and accurate positioning in the loading and unloading
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zones. In this case, the lifting cabin can be of a sufficiently large capacity, which
Is important for bulky cargo, and the floor of the cabin can be stationary, with

weight meters placed in blocks.

winch
Figure 1. Control system of a cargo hoist,
arrangement of mechanisms and sensors

== 0 <
roof
= Q@ 1 *Q — top block
<= 2 ° == floor
<= 3 ° — unloading
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2 engine room 1‘"-.___ emergency switch
w&whﬁ_ﬁpotmm block

The proposed block diagram (Fig. 2) of the control system of an
electromechanical cargo hoist can be used for vertical movement of bulky
goods, for organizing intra-warehouse work, including multi-level storage
facilities, garages, etc. A feature of this type of lift is a counterbalanced
kinematic scheme, which makes it cheaper and less overall. This type of lift is a
cargo lift, the transportation of people in it is prohibited.
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Figure 2. General control block diagram
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The main element of the system is a double-drum hoist (Fig. 3) with outlet
blocks with 4 points of attachment of the pulling cables. On each floor there are
electromechanical limit switches for unlocking the entrance doors of the lifting
car. The lifting levels can reach up to 20 m, which is approximately four
technical floors and the machine room; this determines the drum capacity and,
accordingly, the drive power. With sufficient lifting capacity, the speed of the
cab is within 0,25 m/s. The cables are fastened in such a way that it is possible
for the cab to reach the zero level, or the technological roof of the building. This
circuit uses an incremental encoder with 1000 pulses per revolution.

motor
cable
cable branch block
+
1 1

deflection
roller drums drum

speed

Sensor

Figure 3. Hoist winch diagram

The functions of memorizing the position are assigned to the controller. In
the proposed scheme, almost any modern controller (PLC) can be used (Fig. 4),
which has up to 16 inputs — outputs, a counting input (up to 200 kHz), an analog
input of 4-20 mA, load measurement by means of axial strain gauges for fixing
the weight of the lifted (lowered) loads, and an analog output to perform the
function of a smooth approach to the floor by adjusting the speed, acceleration
and deceleration of the winch.

Control functions are performed by push-button stations with the
indication of the cab location zone, which provides for minimizing the volume
of the system as a whole and ensuring ease of operation and equipment repair.

A similar lifting method using hydraulics is much more expensive and
more difficult to operate. Cab speeds can reach 0,3 m/s, which is acceptable for
use in modern production facilities.
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Button functions are as follows:

- blinking button indicates where (floor) cabin is directed,;

- constant glow button indicates where the cabin is.

For commissioning and emergency modes, the controller is duplicated by
an electromechanical relay circuit to control a frequency-controlled electric
drive of the winch. The emergency button makes it possible to stop the
movement of the lift immediately.

Depending on the volume and weight of the payload, the power of the
electric drive can be from 5 to 16 kW. Optimum payload weight is from 1 to 5
tons. In some cases, a loader (electric car) can drive directly into the cab [1].

The control board, as an option of a variable frequency drive, allows one
to control the rotation speed of the hoist winch and disconnect it from the
network in cases of emergency.

In this case, to solve the problems of speed and torque control in an
asynchronous frequency-controlled electric drive, the vector control method is
used, which makes it possible to provide:

- high accuracy of speed control;

- smooth rotation of the engine in the area of low speed values;

- the ability to provide the motor torque rating at zero speed;

- quick response to load changes;

- the possibility of obtaining the maximum moments of the electric drive
in starting and braking modes, exceeding the value of the critical moment of the
asynchronous electric motor.

When moving loads, both vertically and horizontally, situations arise
when the pulling cable gets slack or overlaps on the drum. A safety device was
tested in real conditions, which allows disabling the move instruction of the
lifting mechanism. Insulated plates on spring stops were used as sensory
elements [2]. For the reliable operation of the trip relay for the move instruction
of the lifting mechanism, forming amplifiers HRH-5 were used. When the cable
of the sensor’s element was lightly touched, the relay triggered and turned off
the move instruction of the lifting mechanism. The trip sensitivity of such a
sensor can be set up to 1 mm. This is especially important when operating a
hoist or load handling device in dusty rooms where the cable is covered with
deposits. The relay and amplifier were assembled in a single housing [3]. Thus,
the modified device for disconnecting the command for the movement of the
lifting mechanism or device for moving the load does not require large
investments and is easy to operate. During the prototyping, two duralumin alloy
plates on insulators were used, each of which triggered when the load was raised

or lowered. A diagram of the safety device is shown in Fig. 4.
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Figure 4. Safety device diagram

The prices for the analogs of the lift are quite high. In the context of the
need to solve the problems of import substitution, as well as due to the existing
possibility of using domestic software, the relevance of continuing work in the
field of research and development in this direction seems to be very promising
[2]. Already now we can say that the use of encoder can be considered both as a
positioning element and as a safety element; and a strain-gauge in a winch cable
system can act both as a control element, and as a feedback link in a closed
control system of an electric drive of a hoist. In order to increase the degree of
error-free execution of commands, this system provides for the presence of
push-button control with a corresponding indication of instruction execution, as
an additional factor of reliability [4]. At the same time, it is advisable to consider
the possibility of embedding a touch panel into an existing system, which would
connect it to a high-level control system through an appropriate interface.
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Abstract. The article presents arguments about the need to re-transform
the most valuable human resource — time. The scenarios from earnings received
from employment to receiving a passive source of income from invested funds
are considered. Productive assets are analyzed and how the creative component
of the business is determined, as well as what you can rely on to calculate the
future potential profitability from the selected asset class. The author explains
why investors call the stock market a casino with a positive mathematical
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nepeTpanchopMUpOBaHUS CaMOT0 IICHHOTO YEJIOBEYECKOTO pecypca — BpEMEHHU.
PaccmoTpens! clieHapuu oT 3apa0oTKa, MOJIy4aeMoro oT paboThl MO HalMy, 10
MOJIYYeHUS TACCUBHOTO MCTOYHMKA JTOXOJa OT BIOKEHHBIX JEHEKHBIX CPEICTB.
Pazo0panbl MpOW3BOAUTENBHBIC AKTHBBI W KAaK OMPEICISACTCS CO3UAATCIIbHAS
COCTaBJISTIONIAs OW3HECa, a TAaK)Ke Ha YTO MOKHO OINEPEThCS, YTOOBI MMOCYUTATH
OyayIIyIo MOTEHITMAIBHYIO TOXOIHOCTh OT BBIOPAHHOTO KJTacca aKTUBOB. ABTOD
OOBSCHSET, TMOYEMYy WHBECTOPHI HA3BIBAIOT (DOHAOBBI PBIHOK KAa3WHO C
MOJIOKHUTEIBHBIM MaTEMAaTHUUYECKUM OXKHJAHWEM, U OIMHCHIBACT, KaK Ha ITOM
MO>KHO 3apaboTaTh.
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What abilities should a person have in the modern world to be successful?
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In the XVI century, it was enough to be able to sit perfectly in the saddle
and skillfully wield a sword, so that people of that time considered you quite a
prosperous person. Now these skills are something rather exotic. In the 80s, 90s
of the last century, the ability to use a computer, as well as the ability to drive an
electric train, was just one of the options for continuing professional activity.
Today, without the skill of typing on the keyboard, or the ability to use a mobile
phone, it is extremely difficult to imagine the life of an ordinary person,
especially if it is not about people of the older generation.

Many of us have been instilled from childhood with the idea that in order
to become successful, you need to study well at school, go to college, get a
specialty, get a job at a factory, work hard, become a master of your craft and ...
all this will allow you to have a decent salary and ultimately provide a
comfortable old age for you and your children.

But it often happens that a person spends almost all of his earned income
on consumption, figuratively speaking, he lives “from paycheck to paycheck”.
Unfortunately, this is not enough for many of us, they are eager to own
something much bigger right now. And instead of systematically increasing their
sources of income and accumulating capital, they, on the contrary, get into debt,
use loans, which take a significant part of this old, still unchanged income to
secure [1]. And, as often happens in such situations, there is a kind of force
majeure, a black swan. A person falls under a reduction at work. He or someone
close to him is seriously ill and urgently needs money for treatment, and there is
no monetary “airbag”. Out of desperation, he has to climb more and more into
debt bondage, from which there is no easy way out. He is forced, without raising
his standard of living, to borrow more and more in order to give even more in
the form of interest on the loan. Thus, a person falls into a closed loop, a kind of
trap. He has to work harder and harder to pay off his mounting debts, and this
happens day after day, month after month, year after year. Rat race. A person
becomes dependent on everyone, from the bank, from the employer, from the
state.

In addition, as it turned out, it is not enough to be just a highly paid
specialist and a professional in your field. For example, great artists and athletes
such as Vincent Van Gogh, Paul Gauguin, Garrincha died in poverty.

So, it becomes obvious that one of the most important skills of a
successful person in the modern world is the ability to manage the results of
their work.

Sooner or later, some of us think about savings, about becoming
financially independent, to ensure a comfortable old age for ourselves, our
children and grandchildren. But how to achieve this?
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To some extent, the state will take care of us. We work, some part of the
money we earn goes to the pension fund, and in the future, upon reaching a
certain age (old age) or conditions (for example, disability), these funds are
returned to you back in the form of monthly payments — pensions. The problem
Is that its size is so small that it will not be able to provide even habitual
coexistence, not to mention the transfer of some material values to children and
grandchildren [2].

In developed countries, the situation is completely different. We have all
seen elderly tourists from abroad. They travel the world, rejoice and enjoy life.
These are not some bankers and oligarchs, basically they are the same ordinary
people as you and me. So why do some manage to enjoy the benefits of
humanity, while others have to be content with going to grocery stores, waiting
in line at polyclinics or to receive a pension? What allows some to indulge in
freedom-loving dreams on a well-deserved vacation, and others to think about
how to last until retirement payments or salaries next month?

The thing is that in Western countries, in addition to high pensions, the
investment culture is well developed. Many Americans or Europeans save part
of their wages from an early age, and buy securities with it, whether they are
exchange-traded investment funds or ordinary shares, it does not matter. It is
important that they consciously increase not only the size of their capital, but
also the investment passive income, which over time may far exceed the size of
the official salary.

There are several ways to save and increase your capital — these are
deposits, bonds, real estate and stocks. It is worth mentioning raw materials,
food and other groups of goods, such as gold, oil, cotton and even corn, as well
as jewelry and antiques. All other stock market instruments (such as futures and
options) these are the first and second derivatives of these instruments.

So, what types of assets can you invest your free money in?

| think that first of all it is necessary to divide all assets into two large
groups: productive and unproductive. Productive assets are assets that involve
the creation of added value. These include:

— Business (shares) as an organization whose main purpose of activity
Is to make a profit;

— Deposits and bonds as instruments in which mainly a predetermined
cash flow is a payment for the use of borrowed funds;

— Real estate that, when rented out, brings rental income, and
increases in price at different stages of construction readiness.

Unproductive assets are assets that lack a creative component.
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Commodities and currencies (cryptocurrencies) are assets that do not
generate cash flow, since the very nature of these assets does not imply the
creation of any added value [3].

For example, a person who owns a business (stocks), bonds or real estate
can receive income — cash flow in the form of dividends, coupons or rent, even
if the price of the underlying asset remains unchanged. In the case of investing
money in currency or goods (gold, oil, etc.), a person does not become richer
only from owning these assets, since they themselves do not create added value,
and, as a consequence, cash flow. The whole calculation boils down to the
expectation of an increase in the market value of these assets, which is
determined by volatile market conditions or inflation.

Thus, it turns out that profit-generating assets make it possible for an
investor to earn from the very possession of this asset, unlike assets in which
there is no creative component, and in which it is possible to earn only on
speculation.

In addition, the value of value-added assets tends to grow faster. This is
because in addition to inflation, which increases the cost of goods sold by the
enterprise, an increase in the efficiency of the business itself also works to
increase the company’s revenue.

For clarity, let’s analyze the example of gold.

Often people, in an attempt to save their earned money, invest it in gold
(directly in the form of bullion, coins or through some kind of index fund). An
alternative, which, unfortunately, many do not notice, is to invest the money
earned in shares of a gold mining company.

A person who has bought gold with his savings will make a profit only as
a result of an increase in the value of this metal. Most likely (sooner or later) this
will happen because inflation and the growth of the money supply in the world
devalue national currencies. But at the same time, an investor who has
purchased shares of a gold mining company will make a profit annually, even if
the price of gold has not changed during the year, not to mention the growth of
stock quotes. This will happen due to the fact that the company sells its goods at
a certain margin, while the investor’s profit will be expressed either in an
increase in the value of the company’s shares or in the amount of dividends
paid. Additionally, if this is a high-quality business, but only such, I advise the
investor to choose, because unlike a speculator who plays (wants to make
money) on fluctuations in quotations. The investor chooses, based on the
fundamental indicators of a company that is working to increase the efficiency
of its business (greater production, lower cost, better quality of products, most
likely in the future all this will be reflected in a higher business valuation and,
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consequently, (which by the way does not always happen) more expensive stock
quotes [4].

Thus, investing in shares of a gold mining company, in my subjective
opinion, is more attractive in terms of investment than buying gold. It is much
better to own assets that generate cash flow, since the increase in their value is
much faster than the increase in the value of assets that lack a creative
component.

It has been scientifically proven that stocks are an asset class that ensures
maximum growth of well-being in the long term (I emphasize, in the long term),
and they should form the basis of future pension savings. After all, unlike
casinos and other peculiar lotteries, there is a positive mathematical expectation
of your investments on the stock market here.

But what is an action? And what do you gain by becoming its owner?

A share is a security that assigns the following rights to its owner
(shareholder):

— The right to receive part of the profit of the joint-stock company in
the form of dividends;

— The right to a part of the company's property remaining after its
liquidation;

— The right to participate in the management of a joint-stock
company.

Let’s talk in more detail.

So, by opening a limited liability company (LLC), you become a 100 %
owner of the business, that is, you own the entire profit (loss) of the company,
and you fully manage the daily activities of this company.

In a joint-stock company, all rights are distributed among all shareholders,
in proportion to the number of shares owned by them. In this connection, there
are such concepts as: controlling, majority and minority shareholders.

A controlling shareholder is a major shareholder who manages himself or
together with his affiliates a block of shares, the size of which allows him to
ensure the election of his representatives to the board of directors of a joint-
stock company in the amount of more than half of its composition.

Majority shareholders are owners of large blocks of shares, the size of
which allows them to have a direct impact on the decisions taken on the
management of the company. They usually have the opportunity to nominate
one or more of their candidates to the board of directors, which will
subsequently manage the company’s activities [5].

Minority shareholders are shareholders of the company whose size of the
stake does not allow them to participate directly in the management of the
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company (for example, by forming the board of directors). Such a block of
shares is called non-controlling.

Since most citizens of the Russian Federation do not have the so-called
“commercial vein” and cannot competently manage their own business, it turns
out that the status of a minority shareholder is the only possible status for the
vast majority of the population to invest their money in a working business.
After all, investing in stocks is one of the few ways to protect your savings from
inflation, and the best in the long run.

Of course, we, as minority shareholders, are not able to manage the joint-
stock company directly, and | doubt that we will receive an equivalent
replacement for our investments in the event of liquidation of the joint-stock
company (I understand that you can argue, but what about the P/B ratio. Market
capitalization / Book value, because if it is less than 1, it means that after the
sale of the issuer's property and other assets, shareholders are more likely to be
able to receive the entire amount due to them. But... there are a few nuances.

Have you ever wondered why, if the market value of the company is
cheaper than the book value, the management will not buy part of its shares
from the market, because it is beneficial for shareholders? There are two main
options here, either the price of fixed assets in the reporting is displayed as
historical minus depreciation and may differ greatly from the market value, or
the purchase price was initially clearly inflated, conditional teaspoons for
100,000 rubles. Therefore, as a rule, in the Russian market, most state-owned
companies trade with relatively low P/B multipliers, reflecting the inefficiency
of management, from the investor”s point of view.

For example, Gazprom currently has this coefficient of about 0,6. That is,
the market estimates the company at 60 % of the value of its book capital (pipes,
plants, equipment, etc.). For nothing, and you need to rush to buy before the
market wakes up? Or is there still some reason, since even its own board of
directors has not done anything for so long?

If everything is more or less clear with the right to distribute part of the
company’s property remaining after its liquidation and the right to participate in
the management of a joint-stock company. And in my subjective opinion, an
ordinary investor does not have to count on anything here in case of extremely
negative events. That is, all shareholders without exception, of course, in equal
shares, and in proportion to the number of shares “on hand”, claim to receive
part of the profits of a joint-stock company in the form of dividends (if the
company’s management decides that it will be distributed). That is,
conditionally, Bill Gates will receive $ 10,000 for 10,000 Microsoft shares, as
well as Vasya Pupkin $ 1 per 1 share (here and further we will talk about
ordinary, not preferred shares ... yes, there are also such). The main thing to
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remember is that everyone will receive the same amount of dividends per share
(if they are distributed anyway), and the rest depends on the initial size of the
investment in this company.

I think you have already guessed that the entire market can be divided into
value stocks (these are those companies that already distribute a significant part
of their income among shareholders) and growth stocks (which leave all profits
inside the company and let it go for their further development, for example, for a
store it can be an increase in the range of products, the opening of new outlets,
etc.). This is all done so that someday in the future these same dividends are
significantly more than they could be now. Consequently, the more mature the
company becomes, and the more difficult it becomes to capture the market, the
more likely it is that soon it will begin to share most of its profits with
shareholders.

I have no right to advise you which shares should be purchased if you
want to save or, conversely, increase your capital. I can only express my
personal opinion, which of course is not a recommendation or a plan for action
for you. And all this is a topic for a separate conversation, and is not included in
the scope of this article. Now | want to talk about protection.

After all, protecting the rights of minority shareholders and increasing
confidence in the stock market is one of the main economic tasks of the state.
This ensures the development of the economy, which means an increase in the
standard of living of people.

By increasing confidence in the stock market, the state achieves amazing
synergy: on the one hand, it increases business activity and develops the
economy, which means it increases the standard of living of the population, on
the other hand, it gives people the opportunity to take care of their own well-
being and future pensions, which means to be financially protected and
independent [6].

That's why the American market is so highly developed. Because the
American government has provided everything necessary for this. And instead
of investing our money in our domestic business and developing our economy,
therefore, raising our own standard of living, we prefer to invest in American
stocks, improving their economy and their standard of living. Because we
consider it more financially reliable and secure, and possibly more profitable for
ourselves personally. And this is a huge flaw in our state. | hope that in the
coming decades the state will realize its role and the situation will gradually
change for the better.

How and when is it better to buy stocks?

It seems to be simple, the cheaper you bought and the more expensive you
sold, the more you earned. But, firstly, it makes no sense to look for the
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maximum and minimum points in individual stocks, since on the long-term
horizon, you still won't succeed. Most likely, you will turn into a speculator who
plays on the fluctuations of the exchange rate, and thus feeds the broker. | will
not give an analogy here about shovel sellers who made excellent money during
the boom of gold prospectors.

Investing in stocks is an investment in a business. For example, an
entrepreneur may consider investing in three different businesses: a restaurant, a
store, or an entertainment center. At the same time, he analyzes business plans,
estimates the volume of required investments and possible income streams, after
which he chooses the most profitable business and invests money in it. If, over
time, the expected profitability of one business decreases and the other
increases, the entrepreneur will not be able to technologically exit a less
profitable business and invest money in another, more profitable one. If the
shares of a store, restaurant and entertainment center were traded on the market
and had good liquidity, then an entrepreneur would be able to do it easily and
technologically.

A liquid (stock exchange) stock market is, first of all, an opportunity for
technological entry into and exit from a business, and not a mechanism for
playing on market fluctuations in exchange value.

The cost of each business is determined by two main factors: the ability of
this business to generate income for shareholders and the minimum required
profitability with which investors are willing to invest in it, taking into account
all its risks.

Potential profitability is the main criterion for investing. The future value
of shares is determined based on the forecast of cash flows (profits) generated
by the business for shareholders and the forecast of the minimum required
profitability with which investors are ready to invest in this business in the
future. For each asset traded on the market, analysts calculate its future value
[7].

The future value of the bonds is determined by the size and schedule of
coupon payments, and the forecast of the yield with which investors will be
ready to purchase these bonds in the future. This yield also depends on the
forecast of the issuer’s credit quality, maturity and liquidity of a particular issue,
as well as the level of interest rates in the country.

The future value of real estate is determined by the amount of funds that
will be directed to this market and the volume of supply in the real estate
market.

The current value of the asset, the forecast of the future value, as well as
the forecast period determine the potential return on ownership of the asset. The
forecast of potential profitability for all assets traded on the market allows you
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to evaluate the entire field of investment opportunities and invest only in the
most potentially profitable assets.

If investors plan to invest in a business with a 50 % annual return (that is,
they want the business to pay off in two years), then they will be ready to buy a
business that brings in $100,000 a year for $200,000. If investors plan to invest
in a business with a yield of 20 % per annum (that is, they want the business to
pay off in five years), then they will be ready to buy a business that brings in
$100,000 per year for $ 500,000.

What happens? The business still generates an income of $100,000, but its
valuation has changed 2,5 times. This difference is explained by the different
profitability that investors demand from investing in a business, and it, in turn,
depends on the level of interest rates in the economy.

This is a vivid illustration of how the forecast of interest rates directly
affects the success of investing!

The level of interest rates is the most important macroeconomic indicator.

Each group of assets, depending on the risk measure, corresponds to a
certain range of profitability with which investors are ready to purchase them.
The profitability of the most reliable assets determines the base level of interest
rates. Investors expect higher returns from riskier assets. Changes in the base
level of interest rates affect the profitability of all asset groups [8].

As a rule, the potential yield of stocks is higher than that of bonds, since
stocks are an asset with a higher measure of risk. Risk and profitability are “two
sides of the same coin”. At the same time, each investor strives to get maximum
profitability with a minimum level of risk. Very often, current quotes are subject
to fluctuations in the market. These momentary market sentiments do not always
give grounds for revising future asset prices based on the fundamental economic
performance of companies.

As you have already understood, the company’s financial statements are
of interest to me from the perspective of forecasting specific future economic
indicators and their transformation into the future exchange rate value of the
stock. | want to understand what the company plans to become in the future,
what profit it will generate for its shareholders and what the value of the stock
will be from the perspective of a rational investor. Therefore, | believe that the
financial annual and quarterly reports form the basis of the issuer’s reporting.

In the long term, it is impossible to get a stable profit from playing on
fluctuations in the value of assets (speculation). In addition, the value of assets
that create added value, as a rule, grows faster than the value of assets that do
not create added value. The purchase or sale of derivative financial instruments
(futures, options, etc.) is equivalent to making a bet, the result of which depends

on the change in the underlying asset. Since | do not have the competence in
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guessing the price of an asset on a specific date, and | also believe that this is in
principle impossible on a permanent basis, | do not include this list of assets in
my investment portfolio, but invest only in assets that involve the creation of
added value.

It has been scientifically proven that regular and uniform purchase of
shares is not “another new ideal trading system”. This is the use of the stock
market for its intended purpose and in accordance with its physical meaning.
This is a convenient and technological way to invest your money in a working
business. This is a way to exchange your money, that is, the results of your work
in the present for the work of other people in the future. Of course, not all stocks
give the same result, but portfolio diversification will help here, that is, you do
not need to put all your eggs in one basket.

There is also a useful mental technique: to abandon the measurement of
your well-being in money and switch to its measurement in stocks. It is
necessary to save not money (which depreciates), but stocks — as part of a
business aimed at profit and value creation. Remember that according to
statistics, stocks are growing in the long run, and money is getting cheaper.

The potential return on money is zero, and cash can end up in the portfolio
as an asset only if all other assets have a negative potential return (if you predict
a fall in future prices for all assets without exception). It is unlikely that such a
situation is possible in practice, since there are always at least short-term bonds
or savings accounts / deposits with a minimum yield that will simply be repaid
in the near future [9].

In my opinion, such popularity of deposits is due to the low financial
literacy of the population. The school does not teach how else you can
effectively manage the results of your work. People keep all their savings in the
bank, where they are “eaten up” by inflation from time to time. When a person
decides to take money to the bank, he keeps the following in mind:

“The bank will return the deposit to me anyway”;

“Money will start working in the bank, bringing a stable income”;

“Most likely, I will not need money during the term of the deposit, so | do
not risk much interest”.

But! The bank may go bankrupt and not return your deposit back. In case
of revocation of the license from the bank (or its liquidation), the deposit is
returned to you by the deposit insurance agency (DIA), and only in the amount
not exceeding 1,4 million rubles in one bank. That is, if Vasya Pupkin, who is
already familiar to us, opens a deposit in one bank and puts all the family
savings there — 2 million rubles, and the bank’s license is revoked, Vasya will
get back only 1,4 million rubles — because the DIA no longer returns. At the

same time, Olya, who has accumulated 2 million rubles, but put them in two
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banks — one million each, is in a more favorable position. Even if the license is
revoked from both of these banks, Ole will be compensated for the entire
accumulated amount. Because the limit is set based on one bank, and not on all
the depositor’s money.

At the same time, it makes no sense to compare the reliability of stocks
and deposits and choose between them — it is necessary to combine both types of
investments. The advantages of a deposit are in stability, shares — in long-term
profitability. A person should have a clear idea of how much money he will
need now and in the near future, and what part he can safely and painlessly leave
untouched and invest for a longer period to improve his well-being in the future.
This is a way to exchange your earned money, that is, the results of your work
now — for the work of other people in the future. That is, by buying shares of a
conditional Lukoil or Sberbank, you acquire a piece of this company, that is, you
become the recipient of part of the profit from the labor of all those employees
who work there. Moreover, it no longer matters to you when they retire, and
their working resource will be exhausted, because others will come in their
place, and you will still receive a piece of profit from the pie that the company
earns [10].

The key objective of this article was to create a correct understanding of
investments and the stock market. After all, successful investments require an
understanding of how to be an effective owner. The economy of our country will
be developed, and the standard of living will be high only when the broad strata
of the Russian population become owners of the future of their country. | hope
that | was able to shed some light and raise the level of your financial literacy
and think about your future and the future of your homeland.
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Abstract. The article discusses the main methods of wastewater
treatment, presents the basic requirements for water quality, describes the main
types of pollution, and describes the types of coagulation in water treatment.
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PU3NKO-XUMHNYECKHUE METOAbI OYUCTKH BO/bI
JJIA BBITOBBIX HY K /{

cryaeHt Ilakauna Enxu3zaBera KoncranTtuHoBHa,
cT. npenoaasatenb Cepreesa Kcenus SIkoBJieBHa,

BIITO CIIOI'VIITA,
Cankrt-IletepOypr, Poccuiickas deneparust

AnHoTanusi. B cratbe paccMaTpuBarOTCS OCHOBHBIE METOJIBI OYUCTKU
CTOYHBIX BOJI, MPEACTABJICHBI OCHOBOTMOJATalONMe TPEOOBAHMUS K KAYECTBY
BOJIbI, OINMCAaHbl OCHOBHBIC THWITBI 3arpsA3HCHUM, a TaKKe OIMMCAHbl BHJIbI
KOAryJIsliiA B BOJIOOYHCTKE.

KiioueBble ci10Ba: XUMUKO-(QU3UYECKHE METOMABI, BOJOOYHUCTKA,
KOaryJisiius, aacopOoIusi.

Clean water occupies one of the most important places in human life. The
existence of almost all living organisms depends on it. With the help of water,
the body receives nutrients in the form of vitamins and mineral salts. With the
development of industry, pollution of rivers, lakes and other water bodies with
harmful substances occurs all over the world. Since natural sources of drinking
water are gradually being depleted, water from rivers, lakes and even seas is
increasingly being used today, so it must necessarily undergo certain types of
treatment that can make it drinkable. In nature, the properties of these sources
often do not coincide with the characteristics of drinking water and suitable for
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domestic consumption. In the environment, water is rich in minerals and a
variety of salts. Many of them in high concentrations are harmful to humans.
When a person consumes water, certain difficulties arise. The use of water of
poor quality negatively affects the functioning of vital systems of human organs,
and also contributes to the breakdown of equipment. That is why water coming
from any sources must be treated and disinfected.

The lack of fresh water is already becoming a global problem. The
growing demands of industry and agriculture for water force us to look for
various ways to solve this problem. A significant role in increasing water
turnover can be provided by the introduction of innovative high-performance
water treatment technologies, especially physico-chemical ones, of which one of
the most effective is the use of the reagent method. The use of this method of
wastewater treatment does not depend on the toxicity of the impurities present,
and in comparison with the method of biochemical purification is important.

Accordingly, the protection and rational use of water resources is one of
the links of the global problem of environmental protection. At the present stage,
the areas of water resources management are being determined: wider use and
reproduction of freshwater resources; development of new technological
processes to prevent pollution of reservoirs and reduce freshwater consumption.
Drinking water is an important factor for human health. Almost all of its sources
are subject to anthropogenic and technogenic effects of varying intensity. The
problem of drinking water quality affects many aspects of human society
throughout its history. Among the many areas of modern technologies aimed at
improving people's living standards, improving settlements and developing
industry, water supply occupies a large place. After all, water is an integral part
of all living organisms, whose vital activity is impossible without water.
Pollution of oceans, seas, lakes, rivers is a huge danger for all living organisms,
especially for humans. For the normal course of physiological processes in the
human body and for creating favorable living conditions for people, the hygienic
value of water is very important. Currently, providing the population with high-
quality water has become a real problem.

1. Types of pollution. One of the most important problems of water
supply is the creation and use of such methods that will give the greatest effect
when cleaning surface waters used for drinking purposes. The most common
impurities that impair the quality of drinking water are: suspended solids,
organic substances of natural origin, organic substances of man-made origin,
microorganisms, calcium and magnesium salts of carbonic, sulfuric,
hydrochloric and nitric acids, iron and manganese compounds, nitrogen
compounds, hydrogen sulfide, methane [1].
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The large turbidity of the water indicates its significant contamination
with suspended solids, water of this quality cannot be used for household and
drinking purposes. Water containing organic substances causes unpleasant
odors, increases color and has a negative effect on the human body.
Microorganisms in the water can cause various diseases. The high concentration
of magnesium and potassium salts make the water unsuitable for household
needs. In hard water, the consumption of detergents increases during washing,
dishes and water heaters fail. The content of iron and manganese give the water
a reddish-brown or black color, lower the quality of taste and contribute to the
development of iron bacteria. High iron content in the body increases the risk of
cardiovascular diseases, as well as various liver diseases. Water containing
manganese has an astringent taste, color, and has a toxic effect on the body.
When using drinking water contaminated with nitrates, nitrosamines are formed
in the human body, which have carcinogenic properties that contribute to the
formation of malignant tumors.

The method of water purification is chosen according to several criteria:
the properties and stock of the source water, the required amount of product and
the receptivity of the sewage system to receive pollutants released from the
water.

2. Water quality requirements. The sources of water supply of
centralized water supply systems are ground and surface water, as well as
precipitation. The quality of water from natural sources is determined by the
presence of substances of inorganic and organic origin, as well as
microorganisms and is characterized by various physical, chemical,
bacteriological and biological indicators.

Physical indicators include temperature, smell, taste, turbidity, color,
electrical conductivity.

Chemical indicators of water quality are the total amount of dissolved
substances or dry residue, calcined residue, pH of water, oxidizability,
alkalinity, gas content, presence of nitrogen-containing compounds, chlorides,
sulfates, iron, manganese, calcium, magnesium, some toxic and radioactive
substances [2].

Bacteriological or sanitary indicators characterize the total bacterial
contamination of water.

Biological indicators determine the presence of aquatic organisms located
on the surface and in the water column or located at the bottom of the reservoir,
shores and on the surface of underwater objects.

3. Coagulation of water. Types of coagulation in water treatment. The
particles of the dispersed phase resist sticking together due to different
mechanisms. This ability is due to the formation of a double electric layer on the
surface of the particles of the dispersed phase, which provides electrical
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stabilization of the dispersed system. And the molecular adsorption mechanism
of stabilization also works, which consists in the formation of adsorption layers
around the particles, consisting of molecules of a dispersed medium and
substances dissolved in it. There is a kinetic stability factor — a low frequency of
collisions of dispersed particles.

Sols (colloidal solutions) differ from coarse-dispersed and molecular
systems by aggregative instability, so they change both over time and with the
addition of various substances [3].

The essence of the mechanism of water purification from suspended
colloidal particles consists in disturbing the equilibrium state of the system —
eliminating the balance of forces that do not allow particles to settle. To achieve
this goal, the process of coagulation of colloidal impurities is used.

Coagulation is the process of coalescence of colloids into larger
aggregates, which occurs as a result of their collisions during Brownian motion,
mixing or directional movement in an external force field, the addition of
coagulants. At the same time, precipitation — coagulate occurs.

Coagulants (most often soluble salts of iron or aluminum) enhance the
coagulation process. The introduction of these substances into the water
contributes to the formation of a new poorly soluble phase (as a result of
hydrolysis). Thus, the coagulation process consists in the progressive
enlargement of particles and a decrease in their number in the volume of the
dispersion medium [4].

Coagulation can be slow and fast. With slow coagulation, only a small
part of the collisions of colloid particles leads them to stick together, and the
coagulate does not fall out. With rapid coagulation, each collision is effective
and entails the adhesion of particles, and a precipitate is gradually formed in the
colloidal solution.

The minimum concentration of the dosed substance initiating the
coagulation process in a system with a liquid dispersion medium is called the
coagulation threshold. Under certain conditions, coagulation is reversible. The
process of transition of the coagulate back to sol is called peptization, and the
substances provoking this process are peptisers. Peptizers, being stabilizers of
dispersed systems, are adsorbed on the surface of particles, weakening the
interaction between them, resulting in the disintegration of aggregates. The
return to the primary state is especially effective when surfactants are introduced
into the medium, which reduce the surface interfacial energy and facilitate fine
grinding of solids or liquids [5].

Methods of water purification before drinking is the process of preparing
natural water, which includes various methods of removing pollutants.

4, Adsorption methods. Adsorption methods of water purification are
based on the phenomenon of adsorption from solutions — the process of
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concentrating individual components of a solution on a solid surface of a porous
material. Two types of adsorption are mainly used in water treatment:

- ion exchange — interfering ions are removed from the water during
their exchange to neutral ions associated with functional groups on the surface
of the adsorbent (most often to sodium ion in the case of cation exchange, and
chloride ion in the case of anion exchange). lon exchange adsorbents in water
purification processes are most often porous spherical polymer granules
containing special functional groups for the extraction of cations (cation
exchangers) or anions (anion exchangers).

- physical adsorption (sorption) is interfering components are
removed from the solution due to direct interaction with the surface of the
adsorbent. Sorbents are used to remove organic substances, chlorine, taste and
odor correction. The most famous sorbent of this type is activated carbon. In
water treatment, granular activated carbon is most often used, which is granules
of coal of various origins (anthracite, coal obtained from the shell coconut,
wood, etc.), treated with hot water vapor under special conditions to create a
developed pore system. Polymer sorbents are becoming increasingly popular for
the removal of organic substances of natural origin.

An important characteristic of any adsorbent is its capacity. The capacity
of the adsorbent characterizes the amount of impurities that can be removed
from the water by one liter or kilogram of adsorbent. After filling the adsorbent
with impurities, it loses its adsorption capacity. The adsorption capacity of
polymer adsorbents can be completely restored with the help of special
solutions. The regeneration of activated carbons can be carried out by steam, but
if they are used to remove organic substances of natural origin, this process is
ineffective. Based on the capacity of the adsorbents and the composition of the
source water, the resource of the adsorption water purification plants is
calculated, that is, the amount of water that the filter can purify before the loss
of the adsorption capacity of the adsorbents. Thus, when water comes into
contact with adsorbents of one type or another, the composition of water is
adjusted, the nature and quantitative indicators of which can be calculated based
on the composition of the treated water and the time of its contact with
adsorbents. This contact is made when water passes through an adsorbent layer
created in a cylindrical container, and its time is regulated by the rate of water
flow through the adsorbent layer.

The diverse composition of pollutants provides for the use of different
wastewater treatment technologies. Sewage treatment plants of various types of
treatment are used to purify wastewater from pollution.

Mechanical water treatment is mainly used before further biological
treatment to separate solid particles. With mechanical treatment of urban
wastewater, about 60 % of insoluble pollutants can be stopped. Biological
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methods of water treatment are based on the functioning of microorganisms that
mineralize dissolved organic compounds. Chemical and physico-chemical
cleaning methods are used in most cases for cleaning industrial wastewater. If
necessary, deep cleaning may be necessary, when the concentration of
suspended solids in the wastewater after complete biological purification before
discharge into the reservoir needs to be reduced. The final stage of wastewater
treatment is disinfection, the purpose of which is to remove pathogenic
microorganisms present in the wastewater. After wastewater treatment, sediment
appears, which must be treated to reduce its humidity and volume, after
disposal.
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Nowadays ecosystem is described as a vibrant and constantly evolving
community of companies that bring new value to the table through cooperation
and collaboration. At the same time, the main priority of their development is to
meet the growing demands of consumers.

In recent decades there has been an increasing emphasis on an
evolutionary approach to the analysis of economic phenomena and processes.
The essence of the evolutionary approach is the constant evolution of the
business world, as well as the integration between market actors. This is due to
the fact that the evolution of different types of systems in the economy is
determined by the interaction, variability and adaptation of their parts to each
other, as well as by the processes that arise from the accumulation of technical
knowledge [1, p. 235].

The ecosystem approach to evolutionary development processes is based
on interdisciplinary research, which has led to different interpretations of the
concept of «ecosystem» in economic science. Thus, the ecosystem can be
viewed from different angles (Fig. 1) [2, p. 212].

Ecosystem as a set of stakeholders - actors working with the
organisation and directly or indirectly involved in the «value
chain» (institutions, traders and communities) as well as
consumers

The ecosystem as a marketplace for goods and services is a
platform that offers a multitude of fully integrated products
and services covering a wide range of customer needs of a
particular profile.

Ecosystem as a self-developing organisation - an organisation
that uses innovative management methods and sees the
enterprise as a « living organism»

Figure 1. Characteristics of the concept of «ecosystem»

The first approach views the ecosystem as a group of organisations that
are highly interdependent with respect to inputs and outputs.
The second approach views the ecosystem as a system of interconnected

technologies for a multitude of goods and services to meet customer needs.
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In the third approach, the ecosystem is a self-developing organisation with
innovative management practices.

Table 1 shows the approaches to the interpretation of the concept of
«ecosystem» as understood by various scholars. Innovation ecosystems are seen
as collaborative arrangements in which firms combine their individual offerings
into holistic, customer-centric arrangements [3, p. 5].

The business ecosystem is analysed as a community of organisations,
institutions and individuals that influence the business, its customers and its
offerings [4, p. 2].

A technology ecosystem is a system of interconnected technologies and
interrelated technological developments that influence development.

Table 1 — Interpretation of the concept of «ecosystem»

Scientist Interpretation of the concept of «ecosystem»
Dzhejms Mur A network made up of organisations and
individuals from the business community that
together form a form of mutual support and
evolve together.
Vul'f i Butel' Focuses on how knowledge sharing between
participants is dressed up, examining its
fundamental impact on participants' decision-
making.
Y Ansiti i Levajen The business ecosystem includes resource
providers, consumers and the various firms that
influence a firm's operations.
Kapur i Agarval A structure in which a platform company
coordinates the operation of a business system
by providing a platform for firms producing
complementary products.
Li s soavtorami The role of the business ecosystem in the
context of the start-up lifecycle, considering the
system as a whole as a driving force for
developing the environment and launching
start-ups based on it.
ZHo s soavtorami Ecosystem on the corporate responsibility side.
The ecosystem is understood to be a system
that is woven of the various members of the
business ecosystem and the relationships
between them.
Valkokari An ecosystem refers to a main actor acting as a
platform and providing shared resources to
other actors in the network in order to create
customer value.

The following characteristics of ecosystems are intrinsic to ecosystems in
business as economic entities that create value [5, p. 10].
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1. Stability is the ability of ecosystems to resist or adapt to changes in
the environment and to maintain equilibrium. An ecosystem is a self-regulating
system. Adaptation and self-regulation take place directly at the ecosystem level
— feedback mechanisms, exchange of information, energy and other types of
resources.

2. Dynamism and maturity. The dynamics of an ecosystem is reflected
in the changes that occur as a result of external forces or internal contradictions
in its development. An ecosystem goes through several phases during its life,
with successive phases succeeding one another. Factors influencing changes in
the structure of an ecosystem include exogenous (external) and endogenous
(internal) factors. However, it is only at the stage of ecosystem maturity that it is
common to distinguish patterns aimed at uniting and integrating communities.
Otherwise, the ecosystem may collapse and end in degradation.

3. An effective resource sharing scheme. In general, the ideas of
creating ecosystems have focused on creating a business community or even a
network of suppliers, companies (product creators or developers) and customers
In any economic sphere. A company has to create an ecosystem, develop it and
update it with innovation, otherwise the ecosystem will simply cease to exist.
The participants in the ecosystem are consumers, market intermediaries,
suppliers and the company itself. It may also include owners and other
stakeholders (government, competitors, etc.).

4.  Adaptation. The presence of ecological niches characterises an
ecosystem characteristic such as resilience, i.e. the ability to adapt to any
changes in external conditions. An indicator of ecosystem resilience is the level
of survival of ecosystem members.

An ecosystem can function based on the components below (Fig. 2).

Creating and developing a symbiotic

s ity Increasing «ecosystem productivity»

Creating a cycle of exchange of
energy, substance and other resource
flows between ecosystem members

Figure 2. Basis of ecosystem function
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The creation and development of a society in which there is active
interaction between all its actors. Without the cooperation of all actors amongst
themselves, an ecosystem cannot exist [6, p. 3].

The improvement of an ecosystem's productivity refers to dynamic work
aimed at the development of the company and its organisational units. With this,
all components add new value through cooperation and delegation of
responsibilities [7, p. 1].

Sharing resources will help the company to function adequately in a
dynamic society. Creating a continuous cycle of interaction between all
stakeholders will facilitate the company’s growth in the ecosystem [8, p. 4].

The purpose of the economic system and the effectiveness of participation
in it are evidenced by the following benefits:

— Communication. Once you have an idea, you can start a discussion with
like-minded people who may be interested in the idea itself or know someone
who might be interested in it.

— Being at the forefront of new knowledge: the ecosystem is a melting pot
of ideas from which new information can be drawn.

— Desire and the opportunity to put it into practice. The ecosystem is an
opportunity to create ideas and develop a passion for creating new ideas. Once a
critical mass of ideas has been gathered, one expresses the desire to start a
business.

— Equity participation. The start-up ecosystem can attract qualified help
(e.g. experts, consultants, etc.) who have a stake in the future company.

— Joint effort. With different levels of ownership, company members will
work together to promote the start-up, which increases the likelihood of success.

— Options for finding an investor. There are many investors competing in
the ecosystem.

From the above reasoning, the following becomes clear. As a scientific
category used in economics, ecosystems are mainly characterized by their
internal dynamics and evolution under the influence of internal and external
factors. An ecosystem is seen as a network of elements, some of which are the
largest and determine the health of the ecosystem. Ecosystems can be
distinguished at different levels — national and regional.

As conclusions and suggestions, the following should be noted:

1.  The ecosystem approach to evolutionary development processes is
based on interdisciplinary research, which has led to different interpretations of
the concept of “ecosystem” in economic science. The versatile characterization
of the concept of “ecosystem” enables a clear understanding of the
representation of this object.
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2. The main features of an ecosystem are based on 4 points:
adaptation, stability, dynamic development, exchange of resources. Their
effective development contributes to the development of ecosystems.

3. By taking advantage of being in the ecosystem, member companies
are able to exploit communication channels, enter a new market for goods and
services, and adopt progressive methods for further development.
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Communication or communicative design in an urban environment is
more important than it may seem at first glance. In order to fully cover this
topic, it is necessary to turn to the origins and understand what this concept
means.

The word “communication” originates from Latin communicare, meaning
“to share” or “to be in relation with” [1]. Communication design is a field of
design, the main task of which is to transmit information of any nature to a
person using visual graphics. In an urban environment, it can be an
advertisement, a sign, a pointer, an information plate or a road sign.

The main task of communication design is to allow the user to navigate
easily and quickly as well as get some useful information [2].

The problem of an overabundance of information is becoming more acute.
The world is mired in information noise, and it becomes difficult for a person to
hear and perceive what is important for him or her (Fig. 1). Therefore, there is a
need for the qualitative transformation of information into the most
understandable form.

Figure 1. Information noise

A person gets tired of the subconscious analysis of a large flow of
information, which has a negative impact on his or her general condition and
performance. The task of communicative design is, on the one hand, to rid a
person of unnecessary work, thereby preserving the psyche, strength and energy
for the things, which are important. On the other hand, it is aimed at the
achievement of a more effective perception of information by the audience and a

higher percentage of understanding of the message.
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It is easier to perceive the concept when considering specific situations.
A vivid and practical example is the signs with the addresses of houses in the
city. Previously, they were small, and it was possible to read them only after
coming closer (Fig. 2a). With the advent of a large number of cars, and therefore
the need to perceive information at speed, such signage has become
inconvenient for users. It is much easier to get the necessary information when it
is depicted clearly, in a concise large font, without unnecessary details (Fig. 2b).

299 | s
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a) Inconvenient sign b) Convenient sign
Figure 2. The signs with the addresses of houses in the city

Another example of an information carrier in an urban environment is
outdoor advertising, which has noticeably changed the appearance of cities in
recent decades.

The reason for the “noise” is information fragmentation, which makes it
difficult for a person to grasp the essence in the modern fast pace of life
(Fig. 3a). Therefore, there should be balance in everything (Fig. 3b).

.

a) Inconvenient sign b) Convenient sign
Figure 3. The outdoor advertising
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Thus, we can conclude that the information given to a person in an urban
environment should be clear and understandable, not overloaded with details
and without fragmentation. However, if the designer thinks exclusively about
this function, the world will look like a “robot world” they like to show in
modern cinema. The design of information should also perform the function of
aesthetic comfort. This can be achieved with the help of color, light, shape and a
single style, while maintaining conciseness and ergonomics (Fig. 4).

Figure 4. Application of the principles of communicative design

In the design of modern urban spaces, indoors and outdoors, these
principles are increasingly being applied. With a successful selection of colors
and shapes, it is possible to set the right mood, with the right distribution of
accents, the user will find the necessary information faster. Integral images are
perceived best (Fig. 5). Images are a very successful move for conveying
information, since they are perceived the fastest and, as a rule, translation for
foreigners is not needed.
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Figure 5. Application of the principles ofcomfnunicative design

If you look deeper, at present the problem caused by globalization is
growing with increasing force. Cities become similar to one another; a person
loses a sense of belonging to a particular place and no longer seeks to invest in
it, but works purely in personal interests. As Charles Landry says in his book
“The Creative City”: “What kind of future of the city are we striving for? Which
city will be proudly called “theirs”? What image of the future will become a
motivating factor for the active involvement of citizens in the development of
the city?” [3].

We have come to another important problem that communication design
should solve in the urban environment, which is the preservation of authenticity,
individuality and urban identity.

It is necessary that the residents feel their inclusion in the urban space,
and the visitors feel comfortable and can sensate the special atmosphere of the
city. The space should be properly organized, intuitive and at the same time
correspond to the stylistic concept of the city’s image [4]. This is the creation of
a convenient and comfortable environment for a person to stay, for example,
parks, playgrounds, cafes, as well as convenience in such everyday places as
transport or a store. The form of the embodiment of this comfort should be well-
designed taking into account the character and “image” of a particular city,
especially if it is a city of cultural and historical significance.

Summing up, we will highlight the main properties that the
communication design of the urban environment should have.
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Firstly, it is informative value, since the main goal is to effectively convey
the meaning of the message to the audience.

Secondly, it is aesthetics, which allows one to feel comfortable.

Thirdly, it is maintaining the “image” of the city as a place that its
residents can be proud of and which attracts tourists, investors, and businesses.

It can be concluded that communication design is quite important, as it
sets a special mood and pace of life of the city and its inhabitants.
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Abstract. The effectiveness of the use of condensation equipment in the
production process in order to increase efficiency by heating the replenishing
water is considered in the article. The annual economic benefit is calculated.

Keywords: condensing economizer, efficiency, heat exchanger, boiler
room.
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The Russian Federation has long begun to move towards the efficient use
of energy resources, in this regard, on November 23, 2009, federal law No. 261-
FZ was signed “On energy saving and energy efficiency and on amendments to
certain legislative acts of the Russian Federation” [1]. The law obliges to take
the necessary measures aimed at reducing the level of energy consumption and
ensuring gradual modernization at industrial facilities. At enterprises, this issue
becomes especially relevant, since the cost of energy supply in manufacturing

companies reaches 50 % of the total mass of costs.
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Waste heat recovery is an effective technology to reduce energy costs.
The key to a successful project to return waste heat back to the production cycle
Is the installation of a condensing economizer, schematically shown in Fig. 1,
with which businesses can increase the overall heat recovery and steam system
efficiency by up to 10 %.

Exhaust gas flow
from the boiler

that absorbs
heat from
exhaust gases

3 ( 4 Economizer,

Figure 1. Installing a condensing economizer

A condensing economizer is a flue gas heat exchanger that converts
energy by condensing the water vapor contained in them, as well as reducing the
temperature of other components. The unit reduces losses during utilization of
waste heat by cooling the flue gas below the dew point [2].

The main advantage of the economizer is the reduced fuel consumption
for the steam boiler, since the heat from the flue gases is transferred to the feed
water. For boilers using natural gas as fuel, the lowest temperature to which the
flue gases can be cooled is approximately 120 °C. This avoids condensation and
possible corrosion of the chimney and its inner lining. In addition, the
condensing economizer improves waste heat recovery by cooling the flue gases
to a temperature below the dew point, which is about 55 °C for natural gas
combustion products. The unit also utilizes both useful heat from flue gases and
latent heat of condensation of vapors contained in flue gases. In order to analyze
in detail, the efficiency of a boiler with a condensing economizer installed on it,
it is necessary to consider the equation for the stoichiometric combustion of
methane (CH4) in air, which is the main component of natural gas.
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CH, + 20, + 7.5N, - CO, + 2H,0 + 7.5N,

When one molecule of methane is burned, it produces two molecules of
water vapor. When moles are converted to pound/mole, we find that every
pound of methane fuel combusted produces 2,25 Ib. of water vapor, which is
about 12 % of the total exhaust by weight [3]. Since the gross calorific value of
methane is 55,5 MJ/kg, 19 kg of methane is required to produce 1 J/g of energy,
resulting in 42 kg of high-temperature water vapor. The latent heat of
vaporization of water at atmospheric pressure is 2,257 MJ/kg.

94 MJ (0.09 MWh) of the heat of vaporization of water vapor
(42 kg x 2,257 MJ/kg) is discharged into the boiler chimney. This latent heat is
approximately 9 % of the original energy content of the fuel. Most of this latent
heat can be recovered by cooling the exhaust gas to below the dew point using a
direct or indirect condensing economizer. It is possible to heat water up to about
90 °C with an indirect economizer or up to 60 °C with a direct economizer.
Knowing these indicators, you can calculate the economic efficiency of this
installation. The available heat in the boiler flue gas depends on the hydrogen
content in the fuel, the fuel burning rate, the percentage of excess oxygen in the
fuel mixture with air, and the flue gas temperature. Consider a natural gas boiler
that produces 40 t/h of saturated steam at a pressure of 7 bar and an efficiency of
83 %, the total heat output of the boiler is about 30 MW. At its maximum
thermal power, the boiler consumes more than 1945 kg (or approximately 2,5
thousand Nm?) of natural gas per hour (density 0,781 kg/m3), while releasing
4374 kg of high-temperature water vapor per hour [4]. The water vapor in the
flue gas contains more than 2,7 MWh of latent heat. As shown in Table 1, the
total amount of heat actually available for recovery is highly dependent on the
temperature of the flue gases leaving the condenser economizer.

Table 1 — Dependence of the heating capacity on the temperatureof the exhaust
flue gases

Initial flue The amount of heat available for utilization,
MWh
gas temopgrature, Heating capacity of the boiler, MWh
7,5 15 30 60
200 0,4 0,8 1,6 3,1
250 0,7 1,3 2,7 54
300 1,0 1,9 3,8 7,6
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The data indicated in the Table 1 are given under the following

conditions:

— fuel — natural gas,

— excess air 15 %,

— final temperature in the chimney 120 °C

Let us assume that an indirect condensing economizer is installed on this
steam boiler with a capacity of 40 t/nh. The boiler is used to heat 50 % of the
replenishing water from 15 °C to 95 °C, and flue gases to 40 °C. Under these
conditions, the exhaust gases contain a total energy of 3,3 MWh, of which 1,95
MWh will be recovered to heat the replenishing water in the condensing
economizer. More energy can be recovered if additional radiators are available.

Assuming 8000 operating hours per year of the boiler and the cost of
natural gas 5 rubles/nm3 (density 0,781 kg/m3), the annual energy savings will
be:

Saving natural gas consumption

= 1,95 MWh x 3600 / 55.5 MJ/kg / 0.781 kg/m3 / 0.83 (efficiency) = 196 nm?3/h,
Economic effect in monetary terms

= 196 nmd/h x 8000 h/year x 5 rubles/nm? = 7840000 rubles/year [5].

The cost of the economizer together with the installation is
3737500 rubles [6]. Under these operating conditions, it pays for itself within six
months, and then there is a net economic profit. Which indicates a high
economic benefit of the installation. Also, the main advantages of this
installation are a long service life, calculated for 20 years, and the possibility of
installation in new and existing boiler plants. One economizer can be installed
on several boilers, moreover, the installation helps to reduce the level of thermal
pollution of the environment.

From the above, we can conclude that the installation of a condensing
economizer in production contributes not only to an increase in the efficiency of
power boilers, but also to a reduction in financial costs.
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Abstract. After 70 years of development, especially the 18th National
Congress of the China, the development of China’s electric power industry has
entered a critical stage of transformation, adjustment and transformation. The
qualitative development of the electric power industry is a development that
reflects a new development concept, which must be implemented through
qualitative changes in efficiency and capacity changes. It is necessary to deepen
the reform of the electricity market and improve systems and mechanisms for
the qualitative development of the electric power industry, scientifically resolve
contradictions in the development of the electric power industry.
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Annoraumsi. Ilocie 70 nmer pas3Butus, ocooeHHo 18-ro HarnuoHanbHOTO
Konrpecca KIIK, pa3sButue snexrposnepretnkn Kwurtas BcTynuio B
KPUTHYECKYIO CTaJui0 TpaHchopmanmu u KoppeKTupoBku. KadecTBeHHOE
pa3BUTHUE DJIEKTPOIHEPTETUKU OTPAKAET HOBYIO KOHIEIMIUIO Pa3BUTHS,
peann30BaHHYI0 4Yepe3 KadeCTBEHHble u3MEHEeHUs J(OPEKTUBHOCTH U
MomHocTH. HeoOxomumo yrinyonste pedopMy pBIHKA SIEKTPOIHEPTHU U
COBEpUICHCTBOBaTh CHCTEMBI W MEXAHU3Mbl [IJII KAYECTBEHHOTO Pa3BUTHUSA
AIEKTPOIHEPTETUKH, C HAYYHOM TOYKM 3PEHUs pa3peniaTb NPOTHUBOPEYHS B
Pa3BUTHUH JIEKTPOIHEPTETUKH.
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Introduction.

Since the founding of the People's Republic of China 70 years ago,
especially after the 18th National Congress of the Communist Party of China,
China’s electric power industry has achieved rapid development and continuous
breakthroughs, as well as great achievements that attract the attention of the
whole world. These achievements underpin China’s economic development and
the continuous improvement of people’s living standards. China’s energy
industry ranks first in the world in terms of installed capacity, generated
capacity, network scale, voltage class, clean energy production capacity and
market transaction capacity [1].

Opportunities and challenges facing the qualitative development of the
electric power industry.

The development of China’s electric power industry has entered a key
stage of changing the development regime, adjusting the structure and changing
the driving force. The features of new forces, green structures and intelligent
systems are becoming more and more visible, presenting both opportunities and
challenges. The electricity substitution policy represents important opportunities
for the development of China's electric power industry. The development of
China’s electric power industry is facing problems such as slowing demand
growth, excess coal capacity, long-term pressure of clean transformation of the
electric power industry, improving the efficiency of the energy system, as well
as problems with the energy system and mechanisms. China’s energy industry is
still unbalanced and underdeveloped in all aspects of electricity generation,
transmission, conversion and distribution. There are weaknesses in the
construction and management of electrical networks. The imbalance in the
development of the main marketing network, retail network and agricultural
network is obvious.

The pressure of China’s large-scale net transformation is enormous.
Under the influence of coal stocks, the state of resources and the level of energy
technology, coal energy will occupy a dominant position in China’s power
structure for a long time to come. Coal has been dominating China’s power
structure for a long time. Control over the development of coal-fired power
contributes to the development of renewable energy sources, nuclear power and
natural gas electricity generation [2].
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Compared to most industrialized countries of the world, China’s electric
power industry is characterized by large scale and high share of coal-fired
electricity generation, while small scale and low share of gas, electricity and
nuclear energy, which leads to difficulties in providing environmentally friendly
technologies. transformation of China’s electric power industry. The structure of
a country’s energy supply may reflect to some extent the complexity of
converting clean energy. The share of coal-fired power units may reflect the
complexity of electricity conversion in the country. The higher the proportion,
the greater the transformation pressure. In 2018, coal-fired electricity generation
in China was still 66,5 %, which is much higher than the global average
(38,0 %) and much higher than in the United States (27,9 %), the European
Union (20,0 %), Russia (16,0 %) and other countries.

The share of gas-fired electricity generation may also reflect the
complexity of electricity conversion in the country, that is, the lower this share,
the higher the conversion pressure. In 2018, natural gas electricity production in
China is only 3,2 %, which is lower than the level of gas electricity production
in the world (23,2 %), lower than in the USA (35,4 %), Russia (46.9 %) and the
UK (39,4 %), and the European Union (18,9 %), Germany (12,8 %), Japan
(36,8 %) and India (4,8 %) depend on gas imports.

The development of waterless renewable energy sources is a trend of
transformation of the global energy sector. The share of waterless renewable
energy sources in electricity production may also reflect the complexity of
electricity conversion in a country. The lower the ratio, the higher the
conversion pressure. With 9,1 %, China is close to the global average (9.3
percent), slightly below the United States (10.3 percent) and well below the
United Kingdom (31,6 %). China's nuclear power industry is 4,1 % lower than
the global average (10,2 %), much lower than in the USA (19.0 %), the
European Union (25,2 %), the UK (19,5 %) and Russia (18,4 %). This is also
lower than in Germany, which plans to abandon nuclear power (11,7 %) [3].

The coal-rich structure of electricity production in China is directly
related to the long-term growth model of energy supply. The expansion of
China’s production capacity, with the largest increase (72 %) in the period from
1949 to 2012 accounted for coal-fired power plants; Despite the fact that clean
energy accounts for most (57 %) of new energy generation from 2013 to 2018,
the growth of coal-fired power units was significant. This is different from the
United States, which between 1949 and 1983 relied on coal-fired power plants
for most of its economic growth; In the next four years, nuclear power will be
one of the main factors in the growth of U.S. generating capacity; since then,
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natural gas-fired electricity generation has become dominant, and almost all new
generating capacity in the United States from 1990 to 2005 came from gas-fired
power plants. Recently, wind energy has been a major factor in the growth of
electricity production in the United States. years. As of 2018, the United States
generates 7,1 times more electricity from natural gas and 3.0 times more from
nuclear power. The reasons lie not only in the objective reality of the availability
of energy resources, but also in subjective factors, such as the emphasis in
China’s energy development strategy and energy conversion policy. In addition,
there is a large amount of sewage and problems with the landscape. In 2018,
China will give up about 69,1 billion kWh of water, or 5% of water. The
rejection of wind load was about 27,7 billion kWh, while the rejection rate of
wind load was 7 %; the rejection of light lighting is about 5,49 billion kwWh, and
the rejection rate of light equipment is 3 %.

Increasing the efficiency of the power system.

The qualitative development of the electric power industry is primarily
reflected in the high efficiency of the power system. The efficiency of the power
system can be measured by load and other indicators. The level of utilization of
the Chinese power grid is low. Network load speed and line power factor are
important indicators of efficiency on the part of the power supply. Currently, the
problem of low-load transmission lines in China is quite acute, most lines have
been in a low-load state for a long time. (1) The average load of transmission
lines in China is only 8 %, while the reasonable average load of transmission
lines in the conservative case should be about 40 %. (2) China’s power
transmission line capacity factor of 9,72 million kWh/km is lower than that of
the USA (14,86 million kWh/km) and Japan (3,08 million kWh/km) [4].

The load level of the power grid decreases from year to year, and the
difference between peak and minimum values becomes more and more.
Download speed is an important indicator for measuring the effectiveness of
demand management. The load rate is the ratio of the average annual load to the
maximum annual load. The lower the load level, the greater the difference
between the average and maximum load, the greater the difference between the
peak and minimum values, the worse the efficiency and efficiency of the power
system will be. In China, the difference between peaks and troughs is still huge.
With the exception of the power grid of Northern China (32,5 %) and the
Northwestern Power Grid (29,4 %), the difference between the peak and
minimum values of other power systems exceeds 35 %.

Currently, the efficiency of data transmission in China still has something
to work on. The network loss ratio is an important indicator for measuring
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transmission efficiency. In 2018, the level of losses in China’s power
transmission lines was 6,21 %, which is the highest level in the world with the
same load power density. However, there is a gap compared to the countries
with the lowest net loss rates.

The system and mechanism of qualitative development of the electric
power industry.

The existing pricing mechanism for transmission and distribution may
cause an increase in investments in the energy system and lead to excessive
investments. The reform of electricity transmission and distribution prices in
China is still at an early stage, there are many problems in the supervision of
costs and evaluation of electricity transmission and distribution, and the
separation of transmission and distribution is not affected.

The reform of prices for transmission and distribution of electricity is the
main content of the qualitative development of the electric power industry and
an important means of improving the efficiency of the energy system. By
increasing the efficiency of pricing in the transmission and distribution of
electricity, it can direct the development of investments in electricity in a
reasonable and efficient direction. At present, the price of transmission and
distribution of electricity in China is based on the pricing method “permitted
income = permitted costs + income”, which to some extent leads to the
transformation of investments of electric grid enterprises, effective investment,
but also causes the enterprise's energy system to increase investment, expand the
scale of assets, which leads to excessive investment. The data show that after a
new round of electricity market reform, investments in the energy system
continue to remain at a historical maximum. Since 2014, investments in electric
networks have started to exceed investments in electricity supply, and their share
has been increasing annually. The share of investments in the electric grid
complex in the electric power industry was 52,77 %, 52,94 %, 61,44 %, 64,8 %
and 66,4 %, respectively. Investments in the energy system have been increasing
from year to year. In 2018, China's investments in electric grid projects reached
a record level of 537,3 billion yuan. This phenomenon of high investment
growth rates reflects the fact that the problem of distorted resource allocation in
the current energy construction has not been solved and even tends to worsen. It
also reveals internal contradictions in the existing mechanism of electricity
pricing, indicating that the possibilities of state supervision are insufficient, and
the level of monopoly enterprises is low [5].

The experience of building a spot electricity market is insufficient, and the
standardization of electricity trading institutions has not yet been resolved. The
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market reform of electricity sales is a full-fledged game of the market
mechanism and an efficient electricity market, as well as the main content of
high-quality electricity development. The lack of experience in the construction
of the wholesale electricity market, the implementation of the transformation of
the capital of the electricity trading center, the reform of the marketing of retail
electricity supply were not on the agenda.

The purpose of creating a spot electricity market is to optimize the
allocation of resources using a scientific mechanism for managing reasonable
prices, which is an important part of the qualitative development of the electric
power industry. However, due to this round of reforms, such phenomena arise as
the seizure by electric grid enterprises of the creation of electricity trading
institutions and the prevention of the creation of regional electric grid
companies, as well as the delay in the trial operation of pilot areas of energy
flow. Market and energy trading institutions of the unfavorable situation of
reforming non-tradable stocks. All this shows that the promotion of the spot
electricity market is very difficult.

Implementation of the path of qualitative development of the electric
power industry. Stimulating the development of the electric power industry
through technological innovations and institutional innovations.

Strengthening the basic technology of the electric power industry and
investing in the research and development of key technologies, energy storage
technology, ultraviolet radiation technology, nuclear equipment, gas power
generation equipment technology, renewable energy generation technology,
electric vehicles and basic technologies in the field of electric power, such as
applied technologies of the highlands, can turn technical innovation into the
basis of China’s energy development in the future.

It is necessary to break the monopoly and weaken the supervision of the
electric power industry. It is necessary to standardize the energy system by
reforming transmission and distribution prices and improve the efficiency of
investments in the energy system. Creation and improvement of the electricity
market, creation of a market pricing mechanism for electricity and creation of an
electricity market system, including a wholesale electricity market, a capacity
market and an interregional electricity trading market.

Improving the efficiency of the electric power industry.

Thanks to technological innovation and openness, technical efficiency,
resource allocation efficiency and the overall factor productivity of electricity
production, transmission and distribution and electricity consumption are
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constantly improving. The efficiency of the electric power industry is one of the
important indicators for measuring the quality of growth of the electric power
industry of a country or region. On the one hand, compared to developed
countries, technical efficiency, aggregate factor productivity and resource
allocation efficiency in China’s electric power industry are low. A large number
of studies have shown that the ownership structure, the price of electricity, the
price of coal and environmental regulation have a significant impact on the
technical efficiency of China’s electric power industry. The share of state capital
in the electric power industry and the price of thermal coal negatively correlate
with technical efficiency, while the price of electricity positively correlates with
technical efficiency, and environmental regulation has an inverted U-shape.
Technological progress, changes in technical efficiency, economies of scale and
distribution efficiency are important factors affecting the overall factor
productivity in China’s electric power industry. On the other hand, due to the
influence of the intensity of investments, the level of economic development and
the conditions of placement, the technical efficiency of China’s electric power
industry demonstrates an obvious imbalance in regional development.
Therefore, it is necessary to promote the reform of the energy system,
technological innovations and openness to the outside world, as well as to
constantly improve the efficiency of the electric power industry [6].

Establishment of a scheme for the coordinated development of various
energy sources, coordinated development of urban and rural areas, balanced
development of regions.

At present, efforts must be made to solve the structural problems of
unbalanced development in all aspects of “distribution, transportation,
transformation and distribution”. In the electricity generation link, it is necessary
to reasonably control the installed capacity of coal-fired power, as well as
optimize and adjust the structure of power supply. As for the power system, it is
necessary to optimize the structure of the power system, increase the level of
intelligence and efficiency of the power system, as well as solve the problem of
“unbearable” ultra-high voltage power lines. It is necessary to strengthen
planning and reasonable assessment of construction needs, as well as coordinate
the development of large electric networks, distribution networks and rural
power grids. It is necessary to reform the electricity pricing policy, formulate the
science of electricity transmission and distribution prices, create a reasonable
and scientific pricing mechanism in the electricity market, fully use the price
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lever for the supply of thermal energy, gold, silver, copper, promote the
mechanism of load aggregation and other aspects of response measures.

Construction of an industrial system of environmentally friendly energy.

Continuing to increase the level of final energy and electricity
consumption, contributing to the development of vehicles using new energy
sources and the conversion of coal into electricity. The vigorous development of
clean energy production, such as wind, photovoltaic, hydropower, nuclear
energy and gas, and the constant increase in the share of environmentally
friendly and low-carbon energy contributes to the development of the global
energy Internet, the creation of a market mechanism to promote environmentally
friendly electricity exports and increase the level of interregional and
transnational electricity trade.

Conclusions.

Achieving the qualitative development of China’s electric power industry
IS not only a matter of the development of the electric power industry itself, but
also an important issue of China’s economic transformation and modernization,
as well as qualitative development. The qualitative development of the electric
power industry is intensive and efficient development, innovative development,
balanced development, green and ecological development. The overall goal of
the qualitative development of the electric power industry is to make the
transition from large-scale expansion to improving the quality of the power
system, characterized by the establishment of clean, low-carbon and high
efficiency.
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Abstract. The article is devoted to the actual for today problem of
computational complexes for calculation and designing of building structures in
design organizations. At present there are hundreds of specialized and universal
program products, the comparison of AutoCAD and Revit software packages
has been presented in the given article. The main differences between the
software packages, the advantages and disadvantages have been determined, and
conclusions have been drawn about the possibility of joint use.
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OB30P U CPABHUTEJILHBINA AHAJINA3
MMPOI'PAMMHBIX TPOAYKTOB AUTOCAD U REVIT

cTyaeHT A03a0Ba AsinHa 3ukadoBHA,
ctyaeHT JleunueBa Bukropust CepreeBHa,
Hay4. pykoBoauTelb: accucteHT Carora Mapuna QJjieroBHa,

BIITD CIIOI YIITH,
r. Cankr-IlerepOypr, Poccuiickas denepanms

AHHoTanus. CTaThsl TMOCBSIICHA AKTYyaJIbHOM HA CETOJHSIIHHUN JEHb
npo0jieMe  TPOCKTHO-BBHIYMCIUTEIBHBIX  KOMIUIEKCOB  JIJII  pacuera W
MPOEKTUPOBAHUSI CTPOUTEIBHBIX KOHCTPYKIIUN B MPOEKTHBIX OpraHuzamnusx. B
HACTOSAIIEe BPEMsI CYIIECTBYIOT COTHU CHEIUATM3UPOBAHHBIX U YHUBEPCATbHbBIX
MPOrpaMMHBIX TMPOJAYKTOB, B JAHHOM CTaThb€ TMPEJCTABICHO CpaBHECHHUE
nporpaMMHbIX cpesl AutoCAD u Revit. beimu onpeiesieHpl OCHOBHBIE OTIIMYUS
MPOTPAaMMHBIX [aKETOB, JOCTOMHCTBA W HEIOCTATKH, CHACIAaHbl BBIBOJBI O
BO3MOKHOCTH COBMECTHOT'O MCIIOJIb30BaHMSI.
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KiroueBble ciioBa: mporpaMmmHoe o0ecredeHne, HHCTPYMEHT u(poBoTo
pucoBaHusi, UHGOPMAIMOHHOE MOJICIMPOBAHUE, WHTEJJICKTyaJbHbIE MOJICIN
3MaHUH.

At the present time when designing building structures in design
organizations a significant part of calculations is performed on personal
computers with the help of special design-computer complexes, which reflect
and use the most modern achievements in calculation and design of structures.
The market of computer-aided design systems (CAD) software has actually
formed and continues to develop steadily. There are hundreds of CAD software
products, both specialized and universal. In this review, AutoCAD and Revit
software environments are presented.

The first version of AutoCAD was released by Autodesk in 1982. Since
then, AutoCAD has been updated regularly, and recent versions include cloud
storage and compatibility with mobile devices. After nearly four decades,
AutoCAD has positioned itself as the market leader in drafting software.

The first version of Revit software was released in 2000 by Revit
Technology Corporation, and its name is short for “refine”. The Revit software
environment goes beyond simple drafting by allowing you to create intelligent
building models in a virtual environment. Autodesk acquired Revit Technology
Corporation in 2002, realizing the potential of this software package [1].

The main difference between these software packages is that AutoCAD is
a conventional computer-aided design and project development software used to
create accurate 2D and 3D drawings, while Revit is a software with tools for
creating intelligent 3D building models. While AutoCAD is a general purpose
drawing tool with broad applications, Revit is a building-specific design and
documentation solution that supports all the steps involved in a building project.

Also, the difference between these programs is that AutoCAD is a
drawing tool that represents buildings based on their geometry (Fig. 1).

On the other hand, Revit is a modeling tool in which the building
components are identified by their functions, and the model can include
technical specifications and pricing data. Because of these features, Revit can be
used as a BIM tool, which is not possible in the AutoCAD software environment

(Fig. 2).
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Figure 1. AutoCAD software interface

AutoCAD can be described as a digital drawing tool, which means that
projects are depicted geometrically. For the program, all building components
are geometric shapes, and there is no data about their physical properties or how
they interact. For this reason, AutoCAD is effective for 2D drawing and accurate
lines, but strictly speaking, it is not a building modeling tool. AutoCAD can also
create 3D models and renderings, but they are still geometric models without
component information.
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Figure 2. Revit software interface
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Revit is more powerful software that can create 3D models of buildings.
They are not limited to geometry, including the physical properties of
components and their interactions.

Revit also makes it easier to make changes because all design teams work
on the same model. Revit is also useful for material selection or when preparing
a project proposal. Because the model contains specifications and prices for
components, it can automatically generate cost schedules.

Because Revit is a BIM tool, it is useful in the planning, design,
construction, and operation of new buildings. Even after a project is complete,
having a Revit model makes maintenance and future updates easy [2].

Because AutoCAD is almost 20 years older than Revit, it is more popular,
and many engineering firms use it as their default drawing tool. However, the
commercial construction industry is rapidly evolving, and firms that ignore
trends like BIM are doing so at their own peril.

AutoCAD remains a key part of the design engineer's toolbox because of
its versatility and compatibility with older DWG files. Engineering firms tend to
accumulate a large volume of project files, and converting them all to Revit can
be excessively labor intensive. ldeally, Revit should be used as a new design
tool, not as a complete replacement for AutoCAD.

When deploying drawings in Revit, you need to make sure that your
networking capabilities are working at the proper level. Revit as a tool with BIM
capabilities requires more data than AutoCAD.

The main differences between the AutoCAD and Revit software
environments [3, 4]:

- AutoCAD uses the geometric way of CAD, while Revit uses the three-
dimensional modeling way of CAD.

- AutoCAD covers many manufacturing functions, while Revit is focused
on the building design industry.

- AutoCAD is considered best for 2D drawings, while Revit is better for
modeling and getting cost estimates.

- AutoCAD is more flexible to use, while the Revit platform is more
intractable to change.

- AutoCAD is available on both Windows and Mac computers as well as
mobile devices, whereas Revit is only available on Windows operating systems.

- AutoCAD is more complex and time-consuming to modify projects,
whereas Revit makes it easier.

AutoCAD and Revit are compatible and can be used together. Firms can
use AutoCAD in some projects or design details and use Revit to create
Building Information Modeling (BIM).
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AutoCAD and Revit are widely used by architectural and engineering
firms when designing buildings. These software packages can be used to create
building plans. AutoCAD and Revit are often seen as competing products, but in
fact they complement each other.
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AnHoTamusl. B nanHoi pa®oTe paccMOTpeHbl CMOCOObl MPUMEHEHUs
uaTepakTuBHBIX ['MIC-kapT, ciocoObl BHeapenus ['MIC-kapt Ha Web-cTpaHHIIbI
¢ moMolnpio oudimoTek Java Script, APl SIHaekc-kapT.
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For several years a digital revolution has been taking place. Capabilities
of modern devices are growing and users’ needs are growing. GIS technologies
are improving as well. In recent years a lot of tools have appeared to create GIS-
maps and improve existing. In 2021 modern technologies help people to master
the basic functionality of the APl Yandex-map and experienced developers can
use this service to solve various more complex tasks.

In this paper was considered several modern web services related to
geographic information system.

Radio Garden is a non-profit Dutch radio and digital research project

(Fig. 1) [1].
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Figure 1. Radio Garden

The website presents a globe map of the whole Earth with many cities.
Project objective is that everyone can listen any radio station, which located on
any distance from the listener. Advantages of the service: modern and
understandable design, the service is free of charge. The disadvantages are
reduced to the content of the web service. Service has a little information about
the radio stations. Users can’t contact to developers. To create a web page, the
developers used HyperText Markup Language (HTMI), Cascading Style Sheets
(CSS), Java Script programming language, various Java Script language
libraries.
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FigUre 2. Service “Water objects of St. Petersburg”

Web service “Water objects of St. Petersburg” (Fig. 2) allows you to get
information about the spatial boundaries, type, name, identification number,
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length (area) of water bodies located on the area of the city [2]. Information
about water bodies provided by the service was obtained as a result of works on
the inventory of water bodies of the city, commissioned by the Committee for
Nature Management, Environmental Protection and Environmental Safety from
2003 to 2008. Data on water bodies updates every month based on the results of
topogeodesic surveys carried out on the territory of the city and hydrological
surveys. The disadvantages are reduced to the old age of the service, for
example outdated design, long loading time. To create a web page, the
developers used HyperText Markup Language (HTMI), Cascading Style Sheets
(CSS), Java Script programming language.

In total, more than twenty web services were analyzed, positive and
negative sides were identified, and development tools for each of them were
considered. Each service has its own distinctive features that can be used to
create new projects.

Specially for geologists and ecologists of St. Petersburg and the Leningrad
region, a web service was created which can monitor water bodies of the
Leningrad region.

An empty web page was created, in which the GIS map was placed, and
styles for this web page were also written. The map is added by writing part of
the finished function code from the Yandex map API service [3]. After that, the
coordinates of the map center and the approach to it were changed. The village
of Tsvelodubovo was chosen as the center. Then the labels of water objects were
added, and the water objects themselves are highlighted with a translucent red
circle. In total, more than 30 water bodies were applied, information about
which can be added and changed by a user who has access to the web service

(Fig. 3).
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Figure 3. New web service
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The web service is a map with marked reservoirs, points showing
information about this reservoir [4]. Currently, web service continues to be
developed. This service can already be implemented in the tool of any company
engaged in environmental monitoring of St. Petersburg and the Leningrad
region. Cooperation with various organizations will improve the service, the
service will become more thoughtful, later it will be possible to reach the All-
Russian and world level.
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Abstract. The article deals with the different ways of obtaining thermal
and electrical energy. It the reasons for the popularization of green energy, in
solar energy particular describes. The principle of operation of solar thermal and
photovoltaic power plants is considered. On the basis of the work of the given
stations the conclusion about competitiveness in relation to traditional types of
energy is made.
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AnHoTamusi. B cratbe pacckaspiBaeTCs O paszIMYHBIX cHoco0ax
MOJIYYEHHs] TEIUIOBOM M JJIEKTPUYECKOW HHEpPruH. ONUCHIBAIOTCS NPUYUHBI
NONYJISIPU3allMM  3€JICHOM  DHEPreTUKH, B YACTHOCTH  COJHEYHOM.
PaccmarpuBaercss  mpuHUOMII  pabOThl  COJHEYHBIX  TEIUIOCTAaHUUH U
dboTodIeKTpUIecKor cTaHuuk. Ha ocHoBaHMM paOOTHl JaHHBIX CTaHIIMHA
JIeJIaeTCcsl BBIBOJ O KOHKYPEHTOCIOCOOHOCTH 0 OTHOILEHUIO K TPaJuLMOHHBIM
BHJIAM DHEPIETUKHU.
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At present, it is a quite acute issue, devoted to the consumption of fuel and
energy resources. In connection with the technical and scientific-technological
development the humankind needs for energy is increasing annually and there is
a need to increase the production sources for its generation. Basically, the
priority of electricity and heat generation is given to non-renewable energy
resources, which include oil, natural gas and coal [1].

Society has recently begun to pay considerable attention to environmental
safety. Because of unfavorable changes in the world, namely global warming,
pollution of the world ocean, destruction of the ozone layer, reduction of air and
soil quality interest in green energy is increasing every year. There are various
types of renewable resources including solar, wind, hydroelectric, geothermal
and tidal energy, and biomass. The interest in these types of energy is primarily
due to the fact that they are inexhaustible, unlike oil, gas or coal, and when using
alternative resources, we do not observe negative emissions of harmful
substances into the environment [2].

Figure 1. Schematic diagram of a solar thermal power plant

One of the most popular areas of alternative energy is the use of solar
energy to generate heat and electricity. However, many people forget that
generating energy with solar power plants or solar collectors and the absence of
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harmful emissions directly during production are far from the whole picture. If
we look in detail at the life cycle of installations at which the conversion of
alternative forms of energy is produced (using solar as an example) some
questions may arise: is this technology harmless to the environment and is it so
effective to be able to compete with traditional thermal or electric power plants?

Fig. 1 shows a schematic diagram of a solar thermal power plant. Fig. 2
shows a schematic diagram of a photovoltaic power plant.

The process of the sunrays hitting the array of mirrors, called heliostats, is
shown below number 1. The heliostats then direct the sunrays to the top of the
central tower (2). The concentrated rays heat the working medium, liquid salt, to
a temperature of about half a thousand degrees (3). The heated working body
flows into special reservoirs where the heat is stored (4). To heat the final target
— water, which will later become the steam that drives the turbine, salt enters the
steam generator as a result of the process depicted by number 5 [3].

We can thus point out that the operation principle of such a plant is just
the same as that of conventional heat and power plants, but for the solar
radiation as an energy source. Electricity is generated by a steam turbine.

The main disadvantage of such power plants is their dependence on the
time of a day and the weather conditions. At night, in the absence of sunlight,
photovoltaic modules do not produce energy. And a cloudy sky significantly
reduces the level of generation. For the correct operation of the plant, various
expensive automatic control systems are required, which include sensors and
servomotors that help change the position of the mirrors depending on the
position of the sun above the plant. The station also requires periodic
maintenance. Although the station is automated, its equipment needs to be
maintained. To ensure that the efficiency of the solar panels does not decline,
they need to be cleaned of dust and dirt, and in winter, sweep away the snow
from them. It is worth noting that the location of the solar power plant requires
large areas. As for the negative impact on the environment, despite the fact that
we do not have any outgoing gases and at first glance do not harm the
atmosphere in any way, solar power plants cause changes in climatic conditions
in the surrounding areas due to changes in natural thermal balances and
humidity — we shall discuss it later in this paper. At the same time, thermal
pollution from cooling condensate remains, just like in conventional power
plants.
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Figure 2. Schematic diagram of a photovoltaic power plant

Under number 1 the photovoltaic field is shown, which is designed to
convert solar radiation into direct current electrical energy. Further, it is
necessary to charge the battery (7) correctly and correctly, in which the
generated energy from the photovoltaic modules is stored, which is ensured by
the charge controller (2). The conversion of direct current into alternating
current to power the electrical devices at 220 V (8) is carried out by an
autonomous inverter (4). A control panel (3) is connected to the charge
controller and the autonomous inverter by means of cables (5, 6) [4].

The described method of generating electrical energy belongs to solar
photovoltaic power plants. The principle of their work is the generation of
electric current when light hits the silicon elements. Such plants are considered
the most environmentally friendly way of generating energy. If you do not count
the large to be area that is required for the location of solar panels, and artificial
creation of shading, which will not allow the normal existence of living
organisms, it can be recognized as environmentally friendly. The need for large
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areas is taken because of the low density-power, which is measured in W/m2
and characterizes the amount of energy that can be obtained from a unit area.

It is worth noting that it takes 600 kWh to create 1 m? of solar panel. This
energy will be enough for 5000 light bulbs 12 watts, which are now very
common in everyday life, would work for 10 hours. From this it follows that the
solar panel will pay for itself only in a few years [5].

Due to the heating of the panels themselves in the process of generating
electricity, there is an increase in air temperature in their surroundings. After
some time, this increase in temperature leads to a change in the microclimate for
living organisms and plants living in and around the area. Continuous long-term
use of solar panels results in desertification of the area where the station is
located. At the same time, the area around the solar power plant is negatively
affected. For this reason, the use of large, most efficient solar power plants in
the city and its region becomes impossible.

Similarly, the use of large plants is not possible in farms, due to changing
climatic conditions, and the installation of weak units does not allow to obtain
the necessary amount of energy.

If we install a large power plant, then we need to think about how to
transmit electricity over the necessary distance, and, just as in the case of
traditional plants, we can’t do without transformers. In this case, we will need to
translate the direct current generated by solar panels into alternating current,
which creates certain specifics. It is worth noting that solar power plants, as well
as traditional ones, require energy consumption for their own needs, which
complicates the system as a whole.

But that’s not all. The production of solar panels requires the use of many
hazardous chemicals such as arsenic, chromium and mercury. These chemicals
can cause serious damage to the environment if not properly disposed of, which
makes it even more difficult to produce, and any accident on it can cause
enormous damage to the environment.

From all of the mentioned above we can conclude: solar energy has a
place to exist and can be used to generate electrical and thermal energy.
Nevertheless, this type of plants is characterized by:

1.  The irreparable damage to the environment in the process of
production and disposal of exhausted components.

2. Impermanence, due to the natural solar cycles.

3. Low density-capacity, which requires a large area for the station

4, High cost of components and accumulation

Because of the complex technology, which includes many components

that are hazardous to human health and the environment, any accident in
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production would cause irreparable damage to the environment. The use of
traditional sources of electric power generation is more efficient and does not
depend on weather conditions, occupies a smaller area, which makes solar
energy less competitive compared to traditional energy.
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production. They consider in detail the economic advantages of biofuels, which
in the future can ensure the prosperity and further development of bioenergy.
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AHHOTaumMsl. B gaHHOW cTarbe aBTOpPHl  AHAJIM3HUPYIOT  BHUJIBI
OMOPHEPreTUKH, OMUCBHIBAIOT MX JOCTOMHCTBA [0 CPAaBHEHUIO C JIPYTHMH
METOJlaMHU ToJlydeHus 3Hepruu. IloapoOHO paccMaTpUBAaIOT HSKOHOMUYECKHE
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MPOIBETAHUE U JATbHENIIIECe pa3BUTHE OMOIHEPTETHKH.
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Bioenergy is one of the youngest branches of the energy sector, however,
a number of advantages in relation to other methods of electricity generation
have ensured it the status of one of the most innovative and promising areas of
energy development. Over the past decade, the bioenergy market has grown

steadily. At the same time, Russia, despite its significant raw material base, was
109



by no means a market leader in this field. According to the report of the Finnish
company “Poyry”, which specializes in energy engineering, in 2015 the share of
Russian exports in the market of pellets (one of the forms of biofuel) was about
8 % of the world volume [1]. However, from 2015 to 2020, Russia was able to
enter the top five world leaders in the export of this type of biofuel products.
Export volumes grew steadily by about 20 % over the year. If this growth is
retained in the future, Russia will be able to take the second place in the world in
the export of pellets by 2022 [2].

Despite a significant increase in the production of solid biofuels, the
percentage of energy consumption generated by bioenergy in Russia is quite
small. Solid biofuel is mainly produced for export, while the production of
liquid biofuel and biogas remains undeveloped. Recycling is no better, as many
types of waste are not used as secondary raw materials [3]. This lie of the land
opens up an opportunity for the implementation of developments in the field of
bioenergy aimed at the domestic market. Right now, when bioenergy in Russia
IS experiencing such an unprecedented rise, investments in this industry have a
great chance of paying off and bringing significant profits to investors. One
should not forget that the bioenergy industry is actively supported by the state.
The Russian government is currently trying to financially stimulate the use of
renewable energy sources in the interests of the electric power industry.

Bioenergy is considered to be the production of various types of energy
from solid biofuels, biogas and liquid biofuels of various origins.

It would be reasonable to compare biofuel with traditional types of fuel in
economic terms.

The market price of biofuel is approximately the same as the price of
gasoline, nevertheless, biofuel offers more advantages. This fuel is better for
engines, it reduces the overall cost of controlling engine pollution and therefore
requires less maintenance. As the demand for biofuels increases, it is likely that
it will become cheaper in the future. Thus, the use of biofuels will be less
burdensome for the wallet. Gasoline is obtained from crude oil, which is not a
renewable resource. Although today’s fossil fuel reserves will last for many
more years, they will eventually run out. At the same time, biofuels are made
from a variety of raw materials such as manure, crop residues and plants grown
specifically for fuel. Not every country has large oil reserves. Oil imports leave
a significant gap in the country’s economy. If a country begins to lean towards
the use of biofuels, then dependence on imports will decrease [4].

This brings us to the analyses of existing biofuels and their benefits.
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Biofuel is generally classified into solid, liquid and gaseous one.

Solid biofuel mainly includes firewood, wood chips, pellets, as well as
peat. Pellets are solid granules made from agricultural waste. Pellets gained
popularity due to their low cost. At the same time, in terms of heat release, they
are not inferior to coal and other types of fuel. In addition, pellets also have a
minimum ash content, which reduces the need for maintenance of furnaces and
boilers. Furthermore, they have the lowest price compared to other types of
biofuels [5].

Relative carbon savings from pellet-derived electricity ranged from 79 to
85 percent compared to coal power and 59 to 70 percent compared to natural
gas. Across rotation ages, relative savings from pellet-derived were 83 percent
and 68 percent, compared to coal and natural gas respectively [6].

Liquid fuels serve as an alternative to gasoline or as an additive to
traditional automotive fuels. it is easier and cheaper to transport, store and use.
For example, bioethanol is used for stoking fireplaces, since it has a high heat
value and does not form combustion by-products. It can be used as an additive
to automotive fuels as it protects the engine and reduces emissions.

Another type of liquid biofuel is biomethanol. Unicellular algae are used
as raw materials for its production. The cultivation of such algae does not
require either fresh water or land areas, and therefore it is one of the most
promising directions for the development of biotechnology [7].

Biodiesel can be produced from any vegetable oil or animal fat. Rapeseed oilis
the cheapest, so it is used most often. The advantages of biodiesel include the
availability and low cost of raw materials, as waste from any agriculture can be
used in its production [8]. The production of biodiesel in Europe is growing by
40 % annually. Pure biodiesel costs about $1,95 per gallon.

Gas biofuel is represented by biohydrogen and biogas.

The advantage of biohydrogen is its renewability. Organic waste is used
for the raw material; the bacteria involved in the processing of raw materials can
be used repeatedly [7].

Talking about biogas, firstly itis one of the most affordable types of
alternative fuel (in particular for farmers), since the raw material base for its
production is always available and always at hand. Secondly, biogas can be
derived from a wide variety of organic waste, which means it can be produced in
any region or country in the world, regardless of climatic conditions
orgeography [9]. The US has over 2,200 operational sites producing biogas in all
50 states — 250 anaerobic digesters on farms; 1,269 water resource recovery
facilities using an anaerobic digester; 66 stand-alone systems that digest food
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waste; and, 652 landfill gas projects — according to the American Biogas
Council.

They believe the potential for growth in the US biogas industry is huge,
calculating that 103 trillion kilowatt hours of electricity could be produced each
year; while reducing the emissions equivalent of removing 117 million
passenger vehicles from the road [10].

Another type of biofuel is straw biofuel. The production of biofuels from
straw is economical. About a third of the processed straw forms waste, which is
burned. The process of burning releases enough energy to make sugar from the
remaining two-thirds of the straw. Moreover, burning straw produces more
energy than is required for the formation of sugars. It is quite possible to use this
energy for other purposes [4].

Thus, economic benefits of biofuels are as follows:

Resource renewability. Fossil fuels are an inexhaustible source of energy
that will eventually run out. Since biofuels are produced from plant substances,
they are theoretically renewable. It allows to reduce production costs, as the
necessary resources are quickly restored.

Economic security. Biofuels can be produced locally, creating jobs in the
same region where they will be consumed, thereby reducing transportation costs
and emissions. In addition, the production of its own biofuels reduces the
country’s dependence on oil supplies from other states. This makes it possible to
obtain fuels from a wide range of raw materials

The durability of the engine. Since biofuels contain fewer impurities
compared to traditional fuels, engines will also be polluted less and fail less
often. With large-scale use, maintenance costs are significantly reduced.

Summing up, it is sensible to say that bioenergy is confidently coming to
the fore in the energy industry. In the very near future, it is unlikely to be able to
completely replace the energy of non-renewable resources; however, a huge
number of advantages over other methods of obtaining energy will ensure
prosperity and further development of bioenergy. Well thought out investment
can help unleash the full potential of this industry and make the energy
environment cleaner.
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In modern society, any company strives to maximize its performance and
become more competitive, as well as to increase the efficiency and quality of the
labor process. In addition, if earlier all this was achieved at the expense of
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human labor, then today automated systems and high-tech equipment play an
important role in achieving these goals. Let us try to understand the concept of
automation of technological processes and production, consider its goals and
means, and consider examples of the use of such systems.

Automation is a complex of methods and technical means, including
computer technology, that allow you to control technological processes and
entire industries without direct human participation or with his partial
intervention. Its basis is the redistribution of energy, information and material
flows in accordance with the accepted management criterion [1, p. 97]. In
accordance with the degree or level of automation, the following types are
distinguished [2, p. 45]:

— Partial — automation of individual devices, technological operations and
machines. It is performed when the control of processes is practically
inaccessible to a person, due to their complexity or other factors. As a rule,
operating equipment is partially automated;

— Integrated — provides for the automation of a separate technological
section, the entire shop or the whole enterprise, functioning as a single complex;

— Full — the highest stage of the level of automation, in which all the
functions of control and management of production are transferred to technical
means. At the current level of development, full automation is practically not
used, since the control functions remain with the person. The organization of the
work of atomic energy enterprises is as close as possible to this type of
automation.

In each of these stages, various specially designed devices and devices are
used, which can be used individually or as an element of a software and
hardware complex and perform a number of tasks without human intervention.
They are called automation tools.

They are usually classified according to the functions they perform. So,
for example, automatic control means provide continuous or periodic monitoring
of the values of technological parameters, means of automatic control realize
stabilization or change according to the given laws of technological parameters
without human intervention, means of protection keep the equipment in off-
design or emergency modes, and control means are responsible for various
commands, for example, turn it on and off.

Let us look at the history of the emergence of automation. This is
necessary in order to better understand what path of development it has gone
through over the long centuries of technological progress, as well as to find out
the names of the great engineers who became pioneers in this area.
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Self-acting devices, which were the ancestors of modern automation,
appeared in distant antiquity, but did not receive wide distribution. A sharp leap
in the level and scale of production took place in the 18-19th centuries and was
called the industrial revolution. It was at this time that active work began on the
introduction of machines and mechanisms into production to replace human
labor. Mechanization was carried out in a wide variety of areas, be it metallurgy,
woodworking or weaving. One of the most important inventions was made by
the Russian mechanic I. I. Polzunov in 1765 — he developed an automatic
regulator for the power supply of a steam boiler, as well as the English scientist
J. Watt, who in 1784 created a centrifugal regulator for the speed of a steam
engine. These inventions became the basis for many future projects [3, p. 45].

After that, already in the 19th century, mechanization and automation
began to be integrated into the most diverse spheres of human life. Therefore,
for example, with the active development of railway transport, automatic speed
control devices appeared which ensured the safety of train traffic, as well as
devices for recording the speed, arrival and departure times of trains. Therefore,
already in the 20th century, all these processes are taking on colossal
proportions and, according to the programs for the development of the national
economy and industry, automation systems are beginning to be actively
implemented in the energy, chemical and oil industries, as well as in mining
enterprises.

All of this today is already commonplace for us, but then these were truly
unique inventions that allow not only to improve the efficiency of the processes
in which they will be used, but also to make them safe for humans, and much
more.

This leads to the logical question of why production automation is needed
and what goals are pursued by enterprises by introducing such systems into their
workflow. APCS have the following functions [4, p. 74]:

— Heavy physical labor is performed by a machine, not a person;

— Reducing the number of defective products, which appeared due to human
errors and shortcomings;

— Increase in labor productivity and production rates;

— Improving the safety of the work process;

— Reducing the number of service personnel;

— Decrease in raw material consumption;

— Improving environmental friendliness.

Having found out what automation is for and what functions it performs,
we will consider some examples of those ACS systems and devices that are used

in modern enterprises:
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1. Robots “KUKA”. The German company “KUKA” offers many
options for industrial robots with different load capacities and ranges. By using
such a technique in production, you can successfully solve the problems of
handling and stacking loads and parts of large mass and volume [5]. KUKA
industrial robotic manipulators are successfully integrated into work processes,
and thanks to their extremely wide operating radius, they can handle large-scale
equipment maintenance and perform operations over a wide range of areas
(Fig. 1).

\#
I

2. CNC machines AMADA. The Japanese company AMADA offers
the best automation solutions, designed and manufactured individually for each
enterprise. Their systems are compact and modular, and can also adapt to all
production needs to get the most out of their turret press.

3. Industrial robots “FANUC”. FANUC offers the widest range of
robots in the world with over 100 models [6]. FANUC equipment covers a wide
range of applications and industries, is easy to operate and offers the widest
operational flexibility with a range of task-specific custom solutions, ease of
integration, lifting capacities up to 1,7 tonnes, and maximum reach up to 4,7 m

(Fig. 2).
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Figure 2. FANUC robots

4, Multifunctional controllers for communication with the “Emikon”
object. MKSO are designed to work as communication devices with a USO
facility in distributed or local automation systems, including facilities with
explosive zones. Scope of MKSO - automated control systems for technological
processes of objects for various purposes, including objects with explosive
zones of classes 0, 1 and 2.

Thus, we can conclude that due to the automation of various production
processes, the speed of the tasks performed increases. In addition, this way it is
possible to exclude the human factor, the number of common errors is
significantly reduced, which makes it possible to improve the quality of the
process. Thanks to the development of new technologies, production automation
contributes to the storage and processing of more data than with a manual
method. This method of organizing production allows you to perform several
tasks in parallel without sacrificing the quality and accuracy of work.
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This article will consider a topical topic concerning modern trends in
sculpture. Sculpture is a reproduction in three-dimensional space of a figurative
or abstract image. Previously, sculpture was perceived as an ancient art form, as
an addition to architecture. But during the 20th century, it experienced a real
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revolution and acquired a new meaning, destroying the old foundations. Various
leaps in culture, industry and society have contributed to the development of
creative thought in a new direction. Renaissance masters created sculptures of
the ideal human body. A man at that time was considered the crown of creation.
Modern sculptors, on the other hand, express actual concepts and meanings in
the form and rarely resort to realistic images of a person, looking for deeper
meanings. Gradually, human consciousness moves to unraveling the laws of
existence and, consciously or unconsciously, searching for the meaning of life
[1].

Architecture has played a significant role in the development of sculpture.
Its principles, namely the management of free space and light with the help of
new technologies, tools and materials, have been adopted by modern sculpture.
Spatial sculpture is currently the most dynamically developing art form.

Next, we will look at the main trends of modern sculpture.

Lack of frames. It is worth noting that the most pronounced feature of
modern art, from which, in turn, other revolutionary moments of its
development will come, is complete freedom. The sculptor decides for himself
what his creation will embody, how it will be made. He can both build a
sculpture in the environment and modify the landscape for sculpture. A very
striking example of the sculptor's creative freedom is the “Column without End”
(1938) in the sculpture complex on Heroes Street in the city of Targu-Jiu,
created by Konstantin Brancusi (Fig. 1). He is considered the founder of abstract
sculpture. Almost a thirty-meter tower of seventeen diamond-shaped blocks
stands literally in an open field. It symbolizes the path by which souls go to
another world. It is worth noting the symbolism that modern artists emphasize.
The symbol is an integral part of modern creativity in general.

Figure 1. Konstantin Brancusi “Column without end”
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Dynamism. Also, modern sculpture is characterized by dynamism. In
addition, due to modern technologies and new materials, it has ceased to be
associated with any special technical skills of the sculptor. Futurists from Italy
tried to portray this dynamic of life. For example, the modern sculptor Umberto
Boccioni conveyed in sculpture the speed of modern life, forward movement
and rapid changes in forms over time. This is clearly seen in his famous
sculpture “Unique Forms of Continuity in Space” (Fig. 2). It depicts a moving
human figure. The sculpture has an aerodynamic and smooth shape. Like a
pedestal, two blocks at the feet connect the figure to the ground. The figure is
also armless and without a noticeable real face. Initially, this form was inspired
by the sight of a football player moving to a perfectly weighted pass.

- —

Figure 2. Umberto Boccioni “Unique forms of continuity in space”

New materials. It can be noticed that over the years people attach more
and more importance to the surrounding space, namely its beautiful
surroundings. Such attention, for example, of the customer to the interior of the
house requires even more attention of the sculptor to his work, to the materials
from which he will create it. Materials such as clay, glass, porcelain, resin,
gypsum, metal, wax and even wire are used [2]. Previously, sculptures were
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created only from stone, wood, bronze and marble, but now the list can be called
countless. The main thing is that the sculpture fits into the exterior. Even the
ways of creating this kind of art are numerous. Sculptures can be sculpted,
modeled, cast, forged, mixed and combined to give the image a certain shape /
small architectural form (bas-relief, free-standing object or element of the
natural landscape). Taking into account the trends of the late 20th century, it is
no longer possible to talk about specific “materials for sculpture”. Modern
sculpture has no frames. Art historians predict that any material, natural or
artificial, will probably continue to be used, including polyethylene, foam
rubber, polystyrene foam, fabrics and neon tubes. Moreover, real objects can be
included in the sculpture, for example, as in the composition of a mixed medium
by Edward Kienholz “History as a planter” (Fig. 3) [3].

Figure 3. Edward Kienholz “History as a planter”

Mass and space. Historically, any sculpture is defined by its two main
elements — mass and space. In the sculpture of the modern style, these elements
lose their former meaning. Monolithic forms give way to light and transparent
structures made of various materials that allow the sculptor to capture the effect
of movement in space [4]. A good example is Rodin White’s sculpture “Fairy
with Dandelion” (Fig. 4). It is made of wire and reflects the moment when the
dandelion develops in the wind [5].
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Figure 4. Rodin White “Fairy with dandelion”

General conclusion. Modern sculpture has gone through many
transformations and has become what we can see it all over the world in
completely different places, be it the city center or some private territory.
Sculpture can become a part of any interior, landscape or landscape. The
possibilities of the master have become so limitless that some previously
important canons go into the background or lose their meaning altogether. She
leaves the external pretentious effects in the past, moves on to the realization of
the innermost that is hidden in the form, sculpture is increasingly becoming an
expression of higher meanings. For example, a figure does not have to be made
of plaster, stone or marble, it can even be made of garbage, and at the same time
it will be considered a work of art, another new approach to its understanding.
Someone will say that art, including sculpture, has come to a dead end, and
someone will say that on the contrary it becomes more multifaceted and more
complex. Everyone can find their own answer to this question, but one thing is
clear for sure: modern sculpture breaks all the once existing frames, takes new
forms and adapts to an endlessly changing world.

Culture flourishes only when the lifestyle of a certain era is so clear and
obvious that it can be directly expressed. Therefore, no matter how the sculpture
changes, no matter how it seems similar to its own past, its essence remains
unchanged. It always shows an attempt to organize a person’s space, it is an
attempt to bring into the spiritless physical world what is inherent in human
nature — reason and feeling, logic and beauty. Art reflects the actual state of
time.
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Abstract. The article examines the trends and imbalances in the socio-
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IMPOTUBOPEYHNS COIIUAJIBHO-SKOHOMMWYECKOI'O PA3BUTHSI
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AHHOTauMsl. B cratee paccMOTpeHbl TEHACHLMU W JUCHPONOPLUUUA B
COLMAJIbHO-DKOHOMHUYECKOM  pa3BuTMU  cTpaH  LleHTpanmpHOl  A3um,
CIACp)KMBAIONIME  TIIYOOKYI0  HMHTETpaluio  MPOU3BOJCTBA,  TOBApHO-
MaTepuaJbHOro obmeHa, (puHaAHCOBOM M TpyJ0oBOM cdep; onucaHbl (HaKTOpPHI,
NPEMATCTBYIOIIME COTPYAHUYECTBY CTPAaH UEHTPAJIbHO-a3MATCKOIO PETHOHA;
BBISIBJICHBI TIO3UTMBHOE BIIMSHHE W YTPO3bl MPOILECCOB Tio0amn3aiuu Ha
perruoHanbHyI0 0€30MacHOCTh B CPEIHECPOYHOW TMepcrekThBe. B craThe
000CHOBaAHBI MEPCIIEKTUBHBIC HAMIPABJICHUS YKOHOMUYECKOW MHTETPAllUU CTPaH
[IA, B pamMKax CYIIECTBYIOIIUX B KaXI0W U3 HUX OJIArONPHUSATHBIX YCIOBUU IS
BeJIeHUs OM3Heca.
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The collapse of the Soviet Union in 1991 led to the creation of five new
states in Central Asia: Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and
Uzbekistan. During the Soviet period, these territories were called “Central
Asia” and Kazakhstan, which corresponded to the geographical location and
economic zoning of a single country. In 1993, at the Ashgabat meeting of the
heads of Central Asian states, the term “Central Asia and Kazakhstan” was
replaced by “Central Asia”. This was primarily due to an attempt to identify a
new subregion in the post-Soviet space. Secondly, it was a definite attempt to
distance himself from Russia.Central Asia is a very heterogeneous region in
terms of socio-economic processes. It is rapidly fragmenting in terms of living
standards, economic growth rates, environmental conditions, quality of social
services and access to infrastructure. Therefore, it is difficult to find common
socio-economic problems that would equally concern a resident of a
megalopolis and a native of a small village [1].

On the other hand, the region is still characterized by numerous
contradictions that pose serious problems for the socio-economic development
of the entire Central Asia. Therefore, it is worth looking at it through the prism
of a combination of very contradictory processes.

Firstly, population growth continues in Central Asia, and the acute
problem of employment is combined with a shortage of qualified personnel and
low quality of human capital. Despite the strong migration outflow, the
population of the region has grown by 47 % over the past 30 years, or more than
23 million people. Against the background of a young population structure (the
average age, according to 2015 data, ranges from 22 years in Tajikistan to 29
years in Kazakhstan) and a large number of children in the family (for example,
in Tajikistan there are an average of 3,8 children per woman), it is obvious that
growth, although slower than before, will continue.

For all countries of the region, the problem of employment of the
population, especially young people, remains extremely relevant. According to
official data, unemployment in Central Asia ranges from 2,3 % in Tajikistan to
9,3 % in Uzbekistan, and the total number of officially unemployed in the
countries of the region exceeds 2 million people. However, experts speak of a
more serious scale of the problem, when a significant part of the unemployed are
not registered, belong to the categories of seasonal workers or self-employed,

and also go into labor migration abroad. Hundreds of thousands of Central
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Asians are not registered as unemployed for several reasons: because of the
complicated and lengthy bureaucratic registration procedure with social security
agencies, because of their legal illiteracy or because they are officially employed
in agriculture or in the service sector. part-time employment and extremely low
labor productivity [2].

It is estimated that the share of unemployed in large cities is 10 — 15 %,
and in rural areas — from 40 to 60 %. Thus, Mardikor bazaars — spontaneous
markets for day laborers — are an integral part of the landscape of regions with
an excess of labor in Central Asia, and more than five million people are abroad
as labor migrants.

At the same time, the countries of the region are experiencing an acute
shortage of qualified specialists in the field of healthcare, education, industry,
transport and housing. That is why Central Asian countries annually attract tens
of thousands of foreign workers and specialists from China, Turkey, Russia,
India and other countries to implement new projects in the field of industry and
construction.

Secondly, Central Asia is characterized by rapid economic growth,
accompanied over the past 20 years by a significant increase in the standard of
living of the population and significant successes in the fight against poverty. At
the same time, poorly diversified local economies depend on external economic
conditions, a small domestic market, weakened by the wave of devaluation of
national currencies in 2014 — 2019, cannot provide the necessary volume of
demand, and new projects are technologically completely dependent for foreign
companies.

Economic growth in Central Asia over the past 15 years has been higher
than that of many of its neighbors: the EU, Russia, Iran or Turkey. In the poorest
country in the region, Tajikistan, the poverty rate decreased from 73 % in 2003
to 31 % in 2015. There have also been major changes in the structure of GDP,
where the share of agriculture has significantly decreased. However, the
economies of the countries of the region still depend either on the export of
minerals (Kazakhstan, Turkmenistan, Uzbekistan), or on the export of labor
(Tajikistan, Kyrgyzstan) [3].

Thirdly, the region occupies a unique geographical position in the center
of the Eurasian continent, but its transit potential is poorly realized due to
undeveloped infrastructure, customs and technical restrictions and a high level
of corruption. For example, in Kazakhstan, the volume of rail transit cargo in
2018 amounted to just over 17 million tons, which is several times less than the
volume of transit cargo of the Trans-Siberian Railway [4].
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There are many reasons for the low level of infrastructure development.
So, at the time of the collapse of the Soviet Union, only Kazakhstan had a
relatively full-fledged railway network connecting all regions of the country. In
the rest of the Central Asian states, movement from one region to another was
tied to transit through the territory of neighbors. For example, in Uzbekistan, it
was possible to get from Tashkent to Termez by rail only through the territory of
Turkmenistan.
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In the 21st century, humanity is faced with a number of environmental
problems that can not only make adjustments to our life, but also end the
existence of us as a species. Now we see climate change, which is pushing us to
develop in the field of ecology.

Since it is almost impossible to reduce our needs, people are looking for
other ways to obtain energy, which will be unlimited and less hazardous to the
environment. Biofuels help with this. Since the fuel we use is depleted and may
run out at any time, we need an alternative that will give us energy and not do
much harm to the environment.
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Bioenergy

This power industry specializes in the production of energy from biofuels.
Biofuels are obtained from raw materials as a result of processing biological
waste. There are also projects of varying degrees of sophistication aimed at
obtaining biofuels from cellulose and various types of organic waste, but these
technologies are in an early stage of development or commercialization.

Biofuel is an alternative type of fuel obtained as a result of processing
biological waste or biological raw materials. Today, waste from the agricultural
and food industries can produce biofuel. Raw materials can be: animal manure,
agaric waste and others.

It is divided into several types, namely: liquid, solid and gaseous.

Solid biofuels are the most common in our lives. The most striking
example is firewood, wood pellets, pellets, etc. are also on the list of solid
biofuels, which are made from sawdust, bark, straw, manure and other
agricultural waste.

Liquid biofuel is typically used in cars. It includes bioethanol,
biomethanol, diesel fuel, second generation biofuels, biobutanol.

The last one is gaseous biofuel, which includes biogas, biohydrogen and
methane. These types appear during the fermentation of biomass.

Second generation biofuels

These are fuels made from straw, sawdust and other biomass that are
affordable and renewable with little maintenance and fertilizers. For example,
biofuel made from algae, which have a simple chemical composition, is
amenable to splitting and processing, and absolutely any water and sunlight are
needed for growth. This makes this fuel one of the ways to solve the energy
crisis.

Advantages of biofuel

1. Biomass is a renewable energy source. Millions of reserves have
already been created by nature itself and are formed as a result of human
activity. It can be processed correctly without polluting the atmosphere and
converts carbon dioxide into energy. This is due to the fact that when new plants
grow, this dioxide is absorbed, which is a consequence of fuel combustion.
Carbon dioxide emissions are reduced by 60 — 65 % when burning biofuels,
which helps to prevent global warming.

2. Many people, choosing a high-quality and full-fledged energy carrier —
biogas in housekeeping, in medium and small enterprises, in heating residential
and industrial premises, are the saviors of nature, because they do not pollute
nature with a lot of garbage and various waste.

132



3 At the time of combustion of this type of fuel, a small amount of sulfur
oxides is released. But compared to other types of fuel, there is one very
important distinguishing feature — it is the minimum pollution of the
environment.

4. 1t is very easy to get biofuels, because they can be produced not only
from waste and garbage, but also from existing resources, for example, from
algae. They have a simple chemical composition, amenable to splitting and
processing, and also for their growth you just need sunlight and absolutely any
water. It is used as a fuel for various types of transport, in the generation of
various types of energy.

5. Biofuels have a positive effect on the fauna. There are plants that are
sources of woody biomass (rod-shaped millet — sorghum, in particular). They
create an environment that is favorable for animals and also has a positive effect
in reducing erosion.

6. Methane and the energy that is produced from biogas can be used to
replace the energy produced from fossil fuels, and therefore to reduce
greenhouse gas emissions, since the carbon in biodegradable material is part of
the carbon cycle.

7. An important advantage of biofuels is that it helps in solving problems
associated with the correct disposal of organic waste. Technologies for
processing such waste are a solution to the problems of environmentally safe
disposal of organic waste. One of which is methane (anaerobic) digestion to
produce biogas. This is the process of anaerobic decomposition of proteins, fats
and carbohydrates contained in biomass, under the action of enzymatic
hydrolysis into the simplest organic compounds.

The raw material is biodegradable waste (waste paper, food residues,
grass trimmings, animal waste), which makes this method as organic as possible
and can solve the problem not only in disposal, but also be used for wastewater
treatment [1].

Prospects and trends in the development of biofuels

1. The development of agro-industrial regions consists in the search for
optimal, as well as affordable technologies for processing organic waste, using
integrated technologies for utilizing biomass through methane digestion with
biogas production.

2. Technologies for generating heat and electricity from biomass can
improve production efficiency.

3. Automation is expected to drive down the cost of bio-based raw
materials, which improves economics and helps the industry grow [2].

Green energy has shown high growth rates for the last 20 years.
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In 2019, global biofuel production exceeded 1.8 thousand barrels, with a
market share of $ 136 billion [3].

Bioenergy pioneers such as Sweden, Finland and Denmark are
successfully introducing capacities operating on biological raw materials into
their energy systems. And the friendly policy of the European Union contributes
to the further attraction of investments in the industry of bioenergy. It does not
have high productivity, but it wins with its environmental friendliness.

The volume of generation of renewable energy sources is growing at a
fast pace, as is its global energy consumption. Most bioelectricity is produced in
North America, Europe, South America and Southeast Asia. Most of all
bioelectricity is produced in such countries as:

1. South East Asia

2. Europe

3. North America

4. South America

According to forecasts of experts, the volume of investments in renewable
energy is growing every year, in contrast to the extraction of oil and gas. In the
next decade, green energy will become the largest energy sector in terms of
investment [3].

Green energy companies

Foreign companies.

1. British Petroleum (BP) invests in renewable energy sources. BP Bunge
Bioenergia is co-founded with Bunge to combine bioenergy and sugarcane
ethanol efforts.

2. Total (TOT). This French company is seriously engaged in the
development of green energy, increasing capacity indicators. They are
increasingly increasing their attention in the field of photovoltaic solar energy,
wind energy, bioenergy, hydropower [4].

Companies in Russia.

1. The Bioenergy Development Center of the All-Russian Research
Institute of Agricultural Mechanization.

2. The Bioenergy Technology Platform at the Kurchatov Institute
Research Center.

Russia, given its wide potential for the production of various types of
biomass, may be a serious exporter of biofuels to the world market. These two
organizations are developing in bioenergy. They create large-scale programs for
the development of bioenergy in the country. Their projects are being
implemented in an industrial biogas power plant in the Belgorod region (two
biogas plants “Baitsury” and “Luchki”), the Kirov plant “Biochemzavod” and a

plant for the production of pellets [5].
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The development of bioenergy, which implies the production of biofuel, is
one of the most important tasks for states in the near future. Green energy has
many advantages, for example, affordability, since it does not often require
additional investments in the extraction of raw materials; environmental
friendliness, because it is not accompanied by carbon dioxide emissions, health
of the population and the state of nature in general. Now humanity is at a stage
when the relevance of this type of energy is high as never before. This requires
the creation of targeted government programs and their funding. This investment
will pay off, as nature will thank us, and as a result, future generations.
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VIII'H ¢ w™monenupoBaHueMm oO0BEKTa  ympaBieHus. B pesymnbrate
MOJICJIMPOBaHUsl OblIa MOJy4YeHa MOJIeJb, HauOoJee TOYHO OIMHMCHIBAIOIIAS
OOBEKT YMpaBJICHUS, a TAK)KE YUUTHIBAIOIIAS BCE OCOOCHHOCTH KOHCTPYKIIMU U
TE€XHOJIOTHYECKOTO MpOIECcCca.
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Kuruessie caoa: ACYTII, MoaenupoBaHWe TEXHOJIOIMYECKUX
IPOLIECCOB, YCTAaHOBKA IITAHTOBBIX TIJyOMHHBIX HAcocOB, He(dTerazoBas
IPOMBIIIJIEHHOCTh, aBTOMAaTU3aLIUs.

1. Introduction.

There are several types of installations and methods of oil production, for
which different approaches in automation are used.

There are more than a million oil production wells worldwide, and
artificial lift technologies are vital for crude oil production. 99 % of oil wells are
not gravity flowing, so oil has to be brought to the surface by artificial methods,
and in 88 % of cases, using specialized automation tools.

Let’s consider using a simulation system for the installation of a sucker-
rod pumping system (SRPS).

2. Main part.

Simulation modeling of automated control systems is an important stage
for the analysis of the control object [1 — 4]. A software package used for
simulation modeling of control objects [5] was used in this work.

Let’s consider one of the options for modeling the LPGC [6]. Fig. 1 shows
the structural diagram of the system. Fig. 2 shows the transfer functions of the
links and the control loop diagram.

7 y
Setpoint PLC —» Engine Control gate valve =  Pipeline —p= Temperature sensor

\J

Figure 1. The structural diagram of the system
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Figure 2. Control loop diagram
In the considered model, the control object is the pipeline section of the

control unit. The system maintains oil temperature inside the oil-filled furnace
above 25 °C. Transient process of the system is shown in Fig. 3.

137



Figure 3. Transient response of the simulated system

The required value of the parameter 30 °C is reached in 12 seconds, the
overshoot is about 3 %. There is a temperature sag at the beginning of the graph,
due to the initial condition (ambient temperature is assumed to be —10 °C). The
system takes into account the electric drive that drives the rocking machine, the
pipeline through which the oil flows, the regulating gate valve and the
temperature sensor. From the disadvantages it can be immediately noted that the
influence of the crank installed on the rocking machine, which directly affects
the load of the electric motor, is not taken into account, and at direct control of
the electric motor it is necessary to consider this influence, otherwise the system
can break down in a relatively short time [7].

The structural and functional diagram of the following variant of the
simulation of the SPRS is shown in Fig. 4.

..............................................................................................

: g

i | Plast- | L Q | GRpS % |Rocking Machine 24| Engine et

: Well_ : Control
|————H G o N system

sht [4

Figure 4. Structure-functional diagram of control object:
Q — supply of the sucker rod; sa — law of motion of the polished rod;

g — angular velocity of the motor shaft rotation; fu — frequency of the control
signal set by the control system; M. — moment of resistance on the electric
motor shaft; Gg, — forces on the polished rod; Hgin — dynamic level of liquid in
the annular space of the oil well; P — the value of average power consumed by
the drive during the balancer rocking
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The control object is a complex system consisting of separate subsystems:
reservoir-well, sucker rod, pumping machine and electromechanical drive.
Parameters of the subsystems are related to each other. Each subsystem in the
work is considered separately to simplify the mathematical description. The
general simulation model of SRPS is shown in Fig. 5.
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Sucker-rod pump

Conventional pumping unit
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Oil well Control system

Wattmeter|

.'*1:1':3 nchronows motor

Figure 5. Simulation model of SDHC with subsystems:
Q - supply of SRPS (flow rate); H_din — dynamic liquid level;
s_A — position of the rod; G_sht — force on the rod, w_d — angle speed of motor
shaft rotation; Mc — moment of resistance on the motor shaft;
f_y — frequency of control signal; P — instantaneous speed value

The model accurately describes each subsystem of the SRPS and allows
the system to be studied under different parameters of the equipment used,
taking into account the well.

3. Conclusion,

Application of simulation modeling systems for SRPS is a complex but
relevant task, the solution of which makes it possible to analyze different modes
of operation for real control objects.
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Abstract. This article is devoted to the impact of motor transport on the
natural environment since one of the main causes of air pollution is cars with
internal combustion engines. One of the important measures for clean air is the
gradual transition to environmentally safe transport. The article discusses issues
related to electric vehicles, their main advantages and disadvantages in the
context of climate change, as well as the difficulties of using electric vehicles
into everyday life.
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SJEKTPOMOBUWIN3AIIAA KAK TPYJIHBIA ITYTh
K OBECHIEYEHMIO SKOJIOTTYHOCTH OKPYKAIOIIEN CPEbBI
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cT. ipenojasaresb JIunmaros Makcum Cepreesuy,
BIITS CIIOI'VIIT/,

r. Cankr-IlerepOypr, Poccuiickas ®@enepanus

AnHoTauus. JlaHHasg CTaThs MOCBSIICHA BJIMSAHUIO aBTOTPAHCIOPTA Ha
MIPUPOJHYIO OKPYKAIOUIYK Cpeay, TaKk Kak OJHOM M3 OCHOBHBIX IPHYHH
3arps3HEHUs] BO3JAyXa SIBISIOTCS aBTOMOOWJIM C JBUTATENSIMHU BHYTPEHHETO
cropanusi. OHOM W3 BaXKHBIX Mep MO OOpbO€ 3a YUCTHIM BO3yX CUMTAETCS
MOCTENCHHBIA MEePeX0]] Ha IKOJOTMYECKH Oe3omacHbI TpaHcmopT. B cratbe
PAacCCMOTPEHBI BOMPOCHI, CBSI3aHHBIE C JJIEKTPOMOOWIEM, WX OCHOBHBIE
JIOCTOMHCTBA M HENOCTaTKM B KOHTEKCTE HW3MEHEHHUS KJIMMara, a TaKkKe
TPYJIHOCTH BHEIPEHHUSI DIIEKTPOMOOUIIEH B TOBCEHEBHYIO KU3Hb.

KiroueBble cioBa: 3JI€KTPOMOOUIIb, 3arps3HEHUE OKPYKAIOIIEH Cpeibl,
BBIOPOCHI, aBTOTPAHCIIOPT, 3JIEKTPOIPUBO/I, SKOJIOTUYHBIE AaBTOMOOUIIN.

142



The transition from gasoline and diesel vehicles to electric cars is a key
strategy for solving global warming issue. The specialists anticipate solid federal
investment to charge stations development and tax concession for electric cars
owners in the nearest future.

Electric drive is the main mover of an electric car. The key parameters of
the vehicle depend on its work efficiency. The electric motor is considered to be
absolutely eco-friendly. It does not emit any toxic substances while working.
However, coal and other energy resources are used for energy production, so
actually the environment suffers indirectly anyway. That is why some countries
like Germany or Netherlands along with electric car program implant the system
of “green” energy, increasing the number of wind and solar power stations.

In order to improve the efficiency and minimize energy loss, it is necessary
to increase power supply voltage of electric motors. According to Ohm’s law,
the current is decreasing proportionally, that is why brushless alternating current
motors are used for electric cars. Eventually the emission from the whole
vehicles pool — from the vehicles of all types and sizes — affects the extent of
environmental pollution [1]. Inability to reduce the emission from gasoline
vehicles burdens the atmosphere with CO, excess for many years ahead.

Electric cars emit less amount of hazardous substances that cause the
climate change than the vehicles with gasoline motors. In addition, electric cars
help to avoid environmental damage caused by oil drilling, refining and
transportation to the gas stations.

Despite the fact that electric cars help to reduce CO; emissions, this does
not affect the overall picture due to increasing popularity of pickups and off-
roaders with high fuel consumption, which neutralize the potential reduction of
CO; emissions from electric cars.

There are Federal Standards of clean air cars, which combine Corporate
Average Fuel Economy (CAFE) standards with standards for greenhouse gas
emission. Both of them are applied to the whole vehicles pool. This means that
the sale of electric cars and other high-efficient vehicles allows the producers to
sell more less eco-friendly vehicles without violation of average limitations of
greenhouse gas emission.

As a result, not every newly sold electric car leads to the reduction of CO;
emissions. Actually, electric cars even provide the producers with extra benefits
without standard violation. Selling the electric cars nowadays increases average
emissions from the whole vehicle pool to the amount that can be a bit smaller
without electric cars [2].

The car producers should acknowledge the importance of electrification.
The most part of car producers are committed to bring more electric cars to the
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market. However, electric cars are still not fully convenient for wide usage
because of high price and unavailability for many consumers.

Even if the price decreases, drive distance and the amount of charge
stations increase, the charge time remains the problem. That is why it is still not
clear if the world is ready for quick transition to the fully electric future.

More than 2 million of electric cars were sold in 2018. By 2025, this
amount should be around 25 million. By the same year, the electric cars will
take 20 — 22 % of the whole car market. In 2018 around 1,3 million of fully
electric cars were bought and 60 % of the market comes on China. The main
producer of the electric cars is Tesla, Inc. which produced and sold 245 249
electric cars in 2018 (Fig. 1). The top three largest producers also include
Chinese companies Beijing Electric Vehicle (BJEV) and BYD. Seven biggest
companies out of ten are located in China.

TESLA | 215 249

BAIC (BJEV) I 151524

BYD I 105237

NISSAN 87875

ANHUI JIANGHUAI 67 683
cHERY 65157

ZHEJIANG GEELY I 54 554
HAWTA 53 042
RENAULT 45 885
DONGFENF [ 46671

- Chinese manufacturers - Other manufacturers

Figure 1. Global sales of electric vehicles, units

Huge development of Chinese market can be induced by governmental
support. According to the Ministry of Industry and Information Technology of
PRC, the government invested 6.64 billion of CNY (one billion of USD) to
motivate consumers for electric car purchase. The province and city
administrations also support the programs of additional financing to make
electric cars more attractive for the population. However, despite this fact,
Chinese government gradually decreases subsidy rates to stimulate car
producers to spend more money for technological development, which can
secure successful future of the field [3].

The Russian market of electric cars is also growing; however, the pace of
growth is slower than in PRC or Europe countries. For example, in the last
quarter of 2018 there were only 3000 electric cars in Russia. Most part of them
are used cars sent from Asia, American or European countries.
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Ecological standards that are getting harsh every year make car producers
to reduce CO, emission from their car pools. Hopefully, this will turn the
technological potential of electric cars to the actual improvements [4].

“Green” social organizations and politicians put many efforts to promote
electric cars; however, these efforts are not enough to stimulate consumers for
eco-friendly car purchase.

To reduce CO, emission as soon as possible it is very important to improve
significantly the efficiency of gasoline cars in the near future. This is especially
crucial for pickups and off-roaders with high fuel consumption. Eventually, the
humanity will leap to the conclusion that electric car is necessary measure for
environmental improvement.
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Abstract. In this paper, the female image in computer games is
considered, how characters are created, how they are made attractive and
interesting for users. The opinions of the creators and editors are also
considered. Visually fixed female images not only reflect, but also form a social
reality. Therefore, it is relevant and important to trace the situation of the
construction of meanings in the visual argument, the dynamics of the
representation of female images.
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®OPMUPOBAHUME OTHOHEHHMSA OBINECTBA K XKEHCKOMY
OBPA3Y B KOMIIBIOTEPHbIX UT'PAX
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Hay4. pyKoBouTelb: accucTeHT Tuxonosa FQuus CepreeBHa,
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r. Cankt-IlerepOypr, Poccuiickas denepanus

AnHoTanusi. B ganHOM paboTre paccMoTpeH IKEHCKMH o0pa3 B
KOMITBIOTEPHBIX HIpax, KAKUM CHOCOOOM CO3/al0TCSl MEPCOHAXH, KaK JEIIar0T
VX MPUBJIEKATEIbHBIMU U UHTEPECHBIMHU JJIS TTOJIb30BaTenei. Paccmarpuarorcs
TaK)K€ MHEHUS Cco3Jaarelied U penakTopoB. BusyanbHO 3adUKCHPOBAHHBIE
KEHCKHE o00pa3bl HE TOJBKO OTPaXarT, HO U (OPMUPYIOT COLHUATBHYIO
peanbHOCTh. [103TOMY akTyanabHO M Ba)KHO IPOCIIEIUTHh CUTYALUIO TOCTPOCHUS
CMBICJIOB B BU3yaJIbHOM JIOBOJIE, AMHAMUKY MPEICTABICHUS )KEHCKIX 00pa30B.
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The current society, becoming post-industrial as well as informative,
transforming into a society of public culture, has “spoken” in the latest styles
and has also seen itself in other visual places. The newest reality actualizes 1
from the concepts of “power” — a conditional, equivalent reality, in which visual
signs and figures also carry out significant significance. Now the phenomena of
visuality are not simply designated as a field of imaginative creativity, but also
as an instrument of ideology, becoming one of the effective elements of
influence on the people. The figures, without exception, more replace reality.
This substitution is carried out in absolutely all areas of existence: in today’s
auction, not real objects, but formed marketing figures, public institutions, in
addition, without exception, include more figures in the fun.

In particular, often in the current visual culture, a statement is made to the
ladies’ types. As well as an aesthetic object, as well as the owner of culture.
Visually marked ladies’ figures in no way only reflect, but also form the social
reality. For this reason, it is also important to track the situation of the
construction of contents in the visual argument, the dynamics of the concept of
ladies' figures.

Computer technological processes have firmly entered into our life
activity with you. Computer-based forms of entertainment have started to
become available as well. They use the maximum popularity about
schoolchildren of the younger generation as well. The type of entertainment
itself forms the community's approach to the ladies’ type.

The development of games proceeded at such a rapid pace, as well as the
formation of computer technical. Because of 2 decades, the language of video
games has developed, the concept of trends and genres has been formed, famous
surnames have also emerged as a form of entertainment, gaming societies and
clubs have appeared [1, p. 260].

The gaming industry is being formed at a rapid pace, and any creator also
strives to bring something into it-in this case, the latest, recruiting the best
experts in order to solve the problems of visual concept, animation, and video
game events. During the study of games, software developers are of significant
importance, but the basis of absolutely all plans is constantly represented by the
category of artists and painters. In their hands lies a significant responsibility
due to the complete formation procedure from the sketches up to the 1st release
[2].

In the course of a whole review of academic, scientific-widespread,
dilettante literature, a number of similar lessons of bard’s advice were selected.
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The result of the search activity began with the basis of the organization of the
Bardic councils in the general educational and methodical manual.

As well as the principle, sense-art is formed during the initial period of the
plan study.

In the base of concept-art there is a theory, in this case there is a concept
of work. The concept of the character as well as his appearance type directly
depends on the local features of the real or fictional society in which someone
“lives” [3].

Often, in the current amusements about any character, his chronicle is also
thought out in detail, as is the general psychological image. This is expressed in
no way only in the feelings of the character, but also in his action as an external
version. This kind of process forces people to “believe” in what is happening,
experience game actions together with him, enjoy or sympathize with the hero.
Some creators publish short videos that tell the biography of the main
characters, a kind of entertainment, a certain background. By this, most affecting
our understanding, our understanding is also an understanding of the heroes. The
fact that he is able to move also into real life.

Girls are traditionally unlucky in computer games. The artists focus on the
teenage audience of the stronger sex — who sees attractive appearance in girls
and is more interested in military-themed games. No one really bothered with
the more complex parts of the wardrobe.

It often happens in this way that the representatives of the stronger sex
prefer to perform because of the ladies' heroes, thus also on the contrary. Of
course, in which place there is a character selection. Who exactly-in this case,
creates in this way only because of what they like, for example, the appearance
of the type or this protection after all?

The main technical editor of the RENDER portal. EN The book of Tsapik
does not observe a rigid connection among the gender of the person also sunken
character. What concerns the conditions, if an individual constantly selects only
ladies’ heroes, the Book of Tsapik observes a number of factors, “starting with
the fact that he just likes beautiful female characters, and ending with an
unconscious identification with a female character. But if it’s not inconvenient
in real life, there’s no problem.”

It is quite difficult to form an impeccable image of a woman in fun. The
conversation is not about this in any way, in order for the beloved to exist
faithful in absolutely everything, good and genuine. The heroines are obliged to
look real, to have specific shortcomings, but at the same time, over time, to
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attract every young person for themselves. Let women have charisma and
attractiveness, but they do not cross the border of obscenity in any way. In
conversations, such ladies have every chance to show erudition, but in difficult
moments to stand up for themselves or, despite the fact, to assist the main hero.
Emotions are formed, the fact that the conversation is about this or that-in this
case, utopia. In fact, in real society it is extremely rare to meet such a lady, as
well as a young man with an impeccable set of data. But look, in fun, this is
completely feasible [4].

An example is the game Tomb Raider: Lara Croft. Initially, the main
character of the Tomb Raider game, according to the developers from the Core
Design studio, was supposed to be a man. A muscular macho man in a hat and
with a whip. Of course, such an undisguised law under Indiana Jones would
hardly cause any serious attitude to the game in the public, so it was decided to
change the hero. Toby Gard, the main artist of the game, took advantage of this
moment to push his idea — to make the main character a woman. The first option
was Laura Cruz — a hot Latin American.

However, the idea had to be screwed on — in the USA, the attitude of the
majority of the population towards Latinos is somewhat ... specific. They are
associated primarily with street criminals, illegal migrants and dumping migrant
workers, so the developers were afraid that such a heroine would reduce sales of
the game in this market, the largest in the world. As a result, the heroine was
transformed into a British Lara Croft. However, her face on the promo materials
for the first part of the game still has noticeable Latin American features — dark
skin, prominent cheekbones.

Although Toby Gard, when inventing Lara, emphasized that she should
attract the player primarily with a strong character, and not with physical
articles, concerned schoolchildren could not explain this.

Also, an example is Tifa Lockhart, the heroine of Final Fantasy VII and
Advent Children, a non-player character. She is an excellent fist fighter; thanks
to training from teacher Zangan Tifa, she is able to cope with almost any
opponent with her bare hands. Thanks to her impressive appearance and
provocative way of dressing, Tifa has had no end of fans almost since
childhood.

The girl really amazes with the shapes of her body, but this is only a
pleasant appendage. She is distinguished by kindness, tries to treat the actions of
loved ones with understanding, is ready to support in difficult times. She is no
stranger to negative emotions, such as anger and a desire for revenge. More
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importantly, Tifa will never betray, on the contrary, he tries to repay the good
with the same coin.

The founder of the computer game developer Stepgames, Yuri Matveev,
Is sure that the game is always an attempt to play a role: “A person wants to try
himself as a football player, killer, special forces, interplanetary explorer,
Sherlock Holmes, strategist. One of these roles can be a woman.”

Video games are a variation of the well-known art based on the numerous
manufacture of a figurative product (there is no creator around the games — the
beloved is constantly being formed by a creative team, a small factory).

The imaginative domain of computer games is dictated by aspects of the
film genre as well as the standards of widespread culture. In addition, visual
impersonation is the only one with more significant components of the trading
attractiveness of computer games. The visual “beauty” of games stands out from
the painting of cinematography as well (undoubtedly, to represent their heiress).
Almost everything is drawn from the final one: the probability of replacing the
project, compositional decisions, the use of effects, melodic maintenance (for
example, in simulators, the probability of looking from the edge into your own
aircraft is also taken into account the implementation of flight components).

In this way, an area aimed at fun as well as peace has transformed into a
significant also large industry driving growth in the future.

The games are also ladies’ figures in their repetition of these negative
plots, what are also other works of art. Such figures have an impact on global
understanding and also fix malicious standards. For this reason, it is necessary to
cause the reviewer, including in this case, what they like. Also, especially in this
case, what you like.

References:

1. Kamankina M. V. Videoigry: obshchaya problematika, stranitsy istorii, opyt,
interpretatsiy6a [Video games: general issues, pages of history, experience,
interpretation]. M.: Publishing house of the State Institute of Art Criticism,
2016. 340 p. (in Russian).

2. Burlakov I. V. Homo gamer. Psikhologiya komp'yuternykh igr [Homo gamer.
Psychology of computer games]. M.: Publishing house of the Class, 2009. 144
p. (in Russian).

3. Video games as a sphere of graphic design [Electronic resource]. — URL
access mode: https://moluch.ru/archive/233/54139/

150



4. Pronskaya Ya. O. Filosofskij, esteticheskij, vospitatel'nyj i mirotvorcheskij
potentsial kontsept-arta v sozdanii personazhej dlya komp'yuternyh igr [The
philosophical, aesthetic, educational and peacemaking potential of concept art in
creating characters for computer games]. Mezhdunarodnyj nauchnyj zhurnal
“Simvol nauki” [International scientific Journal "Symbol of Science"]. 2016.
Nel(1-4), 171 p. (in Russian).

Cnmcok UCnoIb30BaHHOM JIUTEPATYyPHI:

1. Kamankuna M. B. Buneourpsl: o0mas npobiemMaTika, CTpaHULbl UCTOPUH,
ONbIT, HHTEepHpeTanus. — M.: W3A-BO TOCYyIapCTBEHHOIO HWHCTUTYTA
ucKyccTBoBenenus, 2016. — 340 c.

2. bBypnakos U. B. Homo gamer. [Icuxonorusi KoMnproTepHbIX urp. — M.: U3n-
Bo «Kiacc», 2009. — 144 c.

3. Buneourps! kak cepa rpaduyeckoro amszaitHa [DIEKTpOHHBINH pecypc]. —
Pesxxum noctyna mo URL: https://moluch.ru/archive/233/54139/

4. lIlponckas . O. ®unocodckuif, >CTETHUUECKHUI, BOCIHUTATEIbHBIA WU
MUPOTBOPYECKWN MOTEHLMAJ] KOHLENT-apTa B CO3JaHUHA MEPCOHAXKEH IS

KOMIBIOTEPHBIX UTp // MexnyHapoaHbIil HaydHbIN KypHal1 « CUMBOJ HAyKH». —
2016. — Nel(1-4).-171c.

© C. M. bexunaposa, 0. C. Tuxonona, 2021

151



YK 380
HIGHER EDUCATION: PARADIGM SHIFT

student Klyuchko Izabella Igorevna,

academic adviser: Senior Lecturer Dedik Olga Pavlovna,
IGD SPbSUITD,

Saint Petersburg, Russian Federation

Abstract. The paradigm of higher education has changed the long-
established system of education. Education is a constant stage of human
development. And even the usual traditional system has every right to succumb
to changes. In 2019, there was a massive change in the world, it was time for a
new one, which was facilitated by the strongest disease that took on a massive
character, the COVID-19 pandemic. There was a paradigm of education, new
striking differences from the previous system of education were introduced. This
period influenced every stage in education, their goals, principles, strategies for
the implementation of educational activities, and even more so, the methods of
interaction of students with the educational program. A changed yesterday is a
new tomorrow, behind which stands the future development of our country.
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BBICHIEE OBPA3OBAHUE: CMEHA ITAPA/IUT'MbI

ctynaeHt Kirouko U3abemna UropeBna,

Hay4. pyKOBOJHUTENb: CT. penogasarens Jdeauk Ouabra [laBiaoBHa,
U CIieI' VIIT/A,

r. Cankr-IlerepOypr, Poccuiickas denepanms

AnHoTanusi. HoBas nmapaaurma Boiciiiero o0pa3oBaHusi CriocoOCTOBOBaJIa
M3MEHEHUSIM B JIaBHO YCTOsBIICHCs cucteme oOyuenus. OOpa3oBaHue —
MOCTOSIHHAS CTYIICHb Pa3BUTHS YEJIOBEKa, HO JaKe MPUBBIYHAS CHCTEMa MMEET
BCe IpaBa nojgaThcs uamMeHeHusM. B cBs3u ¢ manpemueit COVID-19 B 2020
rojly B TPaJUIIMOHHYIO MapagurMy oOpa3oBaHUs ObUIM BHECEHBI HOBBHIE SPKHE
OTIWYMS. DTOT TMEPUOJ MOBIWSI HAa KaXAbIA dTal B 00pa3oBaHWM, Ha IIEJH,
INPUHIUIBI U CTPATETUU OCYILECTBIICHUS YUYEOHOU NESITENIbHOCTH, a TeM Oolee
METOJbl B3aUMOJICHCTBUS YYEHHUKOB ¢ 0Opa3oBaTeIbHOM MPOrpamMMOi.
H3meHeHHOE BUepa — 3TO HOBOE 3aBTpPa, 33 KOTOPHIM CTOUT OYJyIllee pa3BUTHE
HallleX CTPaHBL.
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In the age of modern technologies, development and new
communications, nothing stands still, all the time there is a movement forward.
This also applies to the field of education, which would seem to be the most
permanent stage of a person. Higher education, as before, is considered a
valuable and important stage in a person’s life, but even without it there are
many ways to implement and acquire skills.

The modernization of knowledge changes with the appearance of new
circumstances in it. Training a couple of years ago had a completely different
character. With the arrival of the COVID-19 pandemic, the mass closure of
institutions, the teaching format had to be drastically changed. Higher education
has shown its resistance to these conditions [1].

Education until 2020 had a stable, unshakable format. Full-time students,
regardless of their specialty, went to classes, listened to lecture material,
answered and prepared seminars. Teachers went to the university buildings
every day and told the same material to different groups several times, based on
the curriculum.

With the beginning of the 2nd semester of the 2020 academic year, all
universities were transferred to the distance format. All classes were attended
via a network, mobile device or PC Students and teachers studied the program
without leaving home. For many, this has become a challenge. Many teachers
took short courses on the study of digital devices. Students were not equipped
with software, equipment, access to digital packages necessary for training.

There was a radical change in training, for that period of time it seemed
that they were temporary. Having appreciated the risks and the quality of
knowledge, many higher educational institutions now (as of October 2021)
continue to use the distance format, but not for all disciplines, because there is
no need, but only those where there is a possibility of mass congestion of people
and the spread of viral infection. So, in universities, most lectures are held for
students remotely, as well as teaching classes where technical equipment is
required. The paradigm has caused controversy, someone approves of this
system now, having felt its advantages, there are also those who speak out
against it — these are mainly parents of students who, based on personal
experience of twenty years ago, judge the system and the educational process
now [2]. Universities provide a complete educational program, both within the
walls of the educational institution and behind them — remotely, only here, as
with a full-time visit, the student chooses whether to receive this knowledge or
not. No one will monitor the performance of tasks, everyone is responsible for
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himself, and makes a choice on the way to knowledge. The main, disturbing,
Issue today is communication with the teacher, but even here no one remains on
the sidelines. Teachers are open to the interest of students, give their contact
details, respond and conduct a dialogue during the lesson, many spend their
extra-working time on additional information for students. All this concerns
educational programs, where it is possible to partially or completely replace
disciplines with a remote format. The combination of mixed learning was given
the name HyFlex (hybrid flexible) since, based on experience, she is able to
change and bend under forced conditions [3]. Only higher educational
institutions have reached this level of the educational program, and this has not
affected everyone.

Medical universities and military schools, after two quarantines, have not
suffered any changes in training. The usual full-time format, visiting couples
and practical work require personal presence in the study of this profession.
Specialties where chemical and biological processes are studied try to attract
students to personal study of the material as much as possible. In schools, in
order to fence off and reduce the risks of morbidity, it was recommended that
everyone be vaccinated without fail. They have a high risk of morbidity because
cadets spend most of the time together, spending the night in barracks, and
attending classes daily. For such educational institutions, they do not even
consider changes in the training format, and the students themselves voted
against changes in full-time classes in these areas.

A survey of their views on the paradigm of higher education in 2021 was
conducted among students and graduates of the university this year, 42 students
from different universities of Russia took part in it. To the question: “Has the
format of education at your institution changed in the last 2 years?” 100 %
voted: Yes.

Before trying out the remote format for 2019, most of the participants had
a negative attitude to such a system. To date, when remote classes have already
become familiar, only 22 % of the percent did not approve of this format; of
which 12 % are students of the biology and chemistry department and 6 % are
cadets of the flight school and 4 % of students in the direction of graphic design.
Changes in the approach to education only sound scary at first glance, if the
training takes place in a mixed mode, now it facilitates the work process, both
for teachers and students, there is more time to do homework, time on the road
can be spent on completing tasks or in-depth study of the material [4].

Changes are always scary, there is a step before the unknown, how these
innovations will be perceived and spread, obstacles that prolong traditional
foundations. And only certain conditions of a mass nature could become an
impetus for transformation in educational institutions. The higher education
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paradigm was gradually and very slowly moving towards the introduction of IT.
Over the past two years, there has been a complete revolution towards the 21st
century of information and innovative technologies. Having overcome the stage
of changes, we can say that the education system has been ready for the new
system for a long time, “insurmountable obstacles” have shown their flexibility
and creativity. To keep up with the times, to get relevant knowledge for your
era, and there is a developed future, behind which stands the abandoned
yesterday and the new today.
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Abstract. The article deals with the ecological impact of the energy
industry. It directly addresses the issue of air pollution by exhaust gases from
thermal and electric power plants. As a solution to this environmental problem
it is proposed to modernize the existing plants by transferring from coal to
gaseous fuel combustion, which is a cleaner energy resource. To assess the
effectiveness and feasibility of this proposal the results of calculations are given.
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MEPEBOJ KOTEJbHOI YCTAHOBKH HA HEIMPOEKTHOE
TOILIMBO C LHEJbIO CHUKEHUS HETATUBHOT'O
BO3JIEMICTBUS HA OKPYKAIOILIYIO CPEJY
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AHHOTamus. B cratee paccMaTpuBaeTCs BO3ACHCTBUE DHEPIETHUUYECKOU
OTPAC/IM Ha OKpYXarolyro cpeay. HemocpencTBeHHO 3aTparuBaeTcsi BOIIPOC
3arpsi3HEHUs] BO3JYLIHOro OacceiiHa YXOIAUIMMM Tra3aMH OT TEIUIOBBIX U
NIEKTPUYECKUX CTAaHIMK. B KadecTBe peleHus OaHHOM 3KOJIOTHYECKOU
npo0JieMbl TpeIaraeTcsi MOJAEPHM3ALMs CYLIECTBYIOIIUX CTaHLMM, IyTeMm
NepeBojia YrojbHBIX KOTJIOB Ha Ta3000pa3HOE TOIUIMBO, KOTOPOE SIBISETCS
Oosiee YMUCTBIM SHEPreTHUecKUM pecypcoM. s oueHkn 3¢Qp@exkTuBHOCTH U
BO3MOKHOCTH JJAHHOTO IIEPEBOJIA IPUBOIATCS PE3YJIbTATHI PACYETOB.
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The environment is a generalized concept that characterizes the natural
conditions of an area and its ecological state. Unfortunately, technological
progress development and the constant desire of mankind to improve life
conditions lead to negative environmental consequences, which are manifested
in significant pollution of the atmosphere. If we take the energy industry as an
example, it becomes difficult to imagine the life of a modern man without
centralized water supply, heating and widespread electrification systems. But
this industry causes significant and irrecoverable damage to the air basin. A
large number of thermal power plants, combined heat and power plants and
boilers, every second burning different fuel, emit into the atmosphere flue gases
containing products of chemical underburying, carbon oxides, vanadium, sulfur,
nitrogen, benzapyrene and ash [1].

But it worth noting that every year the awareness of the population
increases, people begin to understand and sincerely accept the fact that it is
necessary to protect our planet. An important principle of a modern society is a
conscious consumption — a way to meet its needs in an environmentally friendly
way, finding a balance between personal comfort and benefit for the planet.

About 25 % of electric power in Russia is generated by coal-fired thermal
power plants. The predominance of this particular energy resource is primarily
due to its abundance and high calorific value (which reaches 8000 kcal per kg)

One of the ways to save air basins is to convert operating plants
(originally designed for solid fuel) to gas combustion.

In energy and environmental terms natural gas is a more profitable source
of energy, which as an energy raw material has a low production cost and a
fairly high calorific value (which can reach 10000 kcal per kg). Also, at the
moment gas is the cleanest type of mineral fuel [2].

Also, the undeniable advantage of gas over coal is that gaseous fuel tends
to burn easier and more efficiently. When a boiler is converted to use gaseous
fuel, there is no dependence of the plant operation on the timing of coal supply,
coal quality, quantity and assortment, as well as the need to store and deliver
fuel stocks. While using gaseous fuel working conditions improve, the
efficiency and productivity of plants increase and utilization of waste heat from
exhaust gases is easier, as the flue gas is not polluted with solid particles and
aggressive sulfur compounds.

To assess the efficiency and possibility of conversion from coal to gas,
theoretical calculations were carried out for a two-drum steam boiler PK-10,
U-shaped layout, vertical water-tube with natural circulation, steam capacity of
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tons

230

The furnace chamber of 1210 m3 volume is fully shielded. The boiler design
includes a two-stage steam superheater. In the convective shaft there is a tubular
air heater made in a split with a water economizer.

To perform the calculations, 2 types of fuel have been selected. The first
one — coal from the Kuznetsk basin with the lower heating value equal to

Wlth parameters of superheated steam 510 °C and pressure 100 bar.

23,571:—;. Fig.1 shows the composition in % by mass of individual chemical

elements. The second type of a fuel is natural gas from the Urengoy-
Novopskovsk pipeline with the lower heating value of 35, 59 Flg 1 shows

the % composition of volume fractions to the volume of a dry gas in the mixture
under normal conditions [3].

In order to calculate the efficiency and the required fuel consumption, a
thermal balance and a thermal calculation were made. For a solid fuel a
constructive thermal calculation was made, the purpose of which was to
determine the heat exchange surfaces (which should provide reliability,
efficiency of the boiler, as well as the nominal steam capacity). In the case of a
gaseous fuel, a verification calculation was carried out to assess the possibility
of this conversion and determine the main indicators. For ecological assessment
of the conversion efficiency, calculation of harmful emissions entering the
atmosphere together with flue gases was carried out [4].

Oxygen Humldlty
7,9% I_-':"—'- 8 5%

Nitrogen — Ash content
2,0% 16,9%

Carbone
dioxide
0,08%

Figure 1. Composition of coal (left) and gas (right)
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According to the results of thermal balances, it can be argued that the
transfer from coal to gaseous fuel has a favorable effect. Firstly, at operation on
gaseous fuel heat losses with flue gases and mechanical underburning are
reduced that leads to the increase of boiler efficiency from 93,1 to 94,8 %.
Secondly, due to the increase in efficiency and combustion heat the total fuel

consumption is significantly reduced from 7,2 %to 3,4 %.

The analysis of thermal calculations showed us the following changes
when running on gaseous fuel: water temperature at the outlet of the 2-nd stage
water economizer decreased from 296 to 267 °C. The hot air temperature after
the 2-nd stage air heater decreased from 300 to 255 °C, the heat capacity of the

furnace volume slightly decreased from 138,0 —to 1374 , the adiabatic

temperature increased from 1997 to 2036 °C.

According to the results of verification calculations, in order to comply
with the specified parameters, it is required to reduce the heating surfaces in the
superheater and water economizer of the 2nd stage. This can be achieved by
removing the rows along the flow path. Consequently, it is necessary to remove
8 rows in the 2nd stage of a superheater, 10 rows in the 1st stage of a
superheater and 10 rows in the 2nd stage of water economizer. Also, it is
required to dismantle ash collector and dust collection system and to install a gas
control point.

Fig. 2 shows a graph of temperature distribution, which shows that when
working on a gas, there is a decrease in temperatures throughout the gas path of
the boiler.

CHANGES IN THE TEMPERATURE OF FLUE GASES BY SECTIONS OF THE
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Figure 2. Gas temperature distribution along the gas path
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To assess the environmentally friendly effectiveness of the transition
process, calculations of harmful emissions were performed, which showed that
emissions of nitrogen oxides and benzopyrene are reduced when switching to
gaseous fuel. And due to the fact that the flue gas does not contain solid particles
and aggressive sulfur compounds, it is obvious that the emissions of solid
particles, unburned products and sulfur oxides will not pollute the environment.

Thus, it was proved that the conversion of the boiler PK10, designed for
coal combustion, to combustion of the gas is a sustainable solution leading to the
following main changes. One and for most, the amount of harmful substances
emitted with flue gases into the environment is significantly reduced, which will
lead to an ecological situation improvement. Also we obtain a reduction of the

total fuel consumption by 3,8 %, therefore the annual fuel savings will be

AB=3,8-3,6-24-360=118195 t/year with an increase of boiler
efficiency by 1,7 %.
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Abstract. The article discusses the concept of reflection. Its functions are
presented. Its process, components, benefits and significance are described. It
also tells how to reflect using the methods “Start, Stop, Continue”, “Quick
Retrospective”, “Mad, Sad, Glad”.
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meTo0B «Start, Stop, Continue», «Quick Retrospective», «Mad, Sad, Glad».
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Reflection is a person’s ability to turn inside himself and his thoughts, the
ability to analyze his behavior.

All of you, for sure, one way or another, have encountered this condition
when questions appeared in your head: “why did | do this?”, “what does upset
me?”, “what do | feel right now?” You can not ignore these questions, it is
important to answer them to yourself and answer honestly. By finding answers
to such questions, we learn to see the connection between our actions and the
results of these actions.
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Reflection allows the brain to pause in the midst of the fuss, unravel its
observations, sort them out and look at everything more meaningfully. This is a
convenient tool that you need to learn how to use. Today we will talk about
personal reflection, that is, one during which you yourself explore your
personality. Also, reflection is the ability to competently evaluate other people,
to make comparisons between them and yourself [1].

Reflection functions:

— Control of consciousness, which includes awareness of one's own
thoughts and actions, actions. Formation of logical thinking.

— Understanding your strengths and weaknesses — self-criticism. The ability
to recognize the relationship between events, successes, failures and actions
performed.

— Finding the keys to solving complex problems and tasks. The ability to
plan your steps to achieve goals.

— Getting rid of destructive, destructive attitudes.

— Finding opportunities to make thoughtful, correct, useful decisions.

— ldentification of hidden abilities, talents and resources.

The process of reflection:

During the process of reflection, a person reflects on his inner world,
compares himself with other people and looks at himself from the outside. This
IS an opportunity to accept yourself in the “here and now” state. The specialist
encourages you to look at yourself “from the outside”, as if at the hero of the
series from the TV screen.

Self-observation can be different: Ordinary reflection is when a person
thinks about his actions, arranges a “debriefing” to himself, but does not dwell
on it. Deep reflection is when a person analyzes his actions on the scale of
society and the response of society. This includes reflections on the universe and
the norms of morality.

Any human action can become reflexive. For example, feelings, actions,
words, impulses, emotions. They become reflexive if a person turns to his
consciousness and makes attempts at introspection. Thanks to reflection, a
person feels like a part of reality, begins to feel like a certain person and acts in
society according to their attitudes.

Reflection is the search for answers to all existing questions related to a
person’s personality. With its help, you can solve all personal problems.
Periodically considering his attitude to life and people, conducting introspection,
a person sees his own shortcomings and can correct them, depending on moral
values [2].

There are several forms of reflection, depending on the situation in which

a person's reflections begin:
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- Situational reflection is an analysis “right now”, a reaction to the
situation that a person is facing at the moment. Can you give examples?

- Retrospective reflection — a look into the past, an analysis of events that
occurred in the past. What situations can there be?

- Perspective reflection — thoughts about the future, a person builds,
dreams and sets certain goals. Do you have any examples of such reflection [3]?

Benefit:

There are a lot of benefits in regular reflection that a person may not even
realize. In the process of reflection, personal growth is observed. The habit of
asking yourself questions at the end of the day positively affects a person's
ability to be attentive in communication, with his confidence in his effectiveness
and ability to quickly understand tasks, and also increases productivity.

Reflection is also useful because it helps to get rid of thoughtless surface
reactions and take a step towards awareness. In other words, reflection is related
to a person's ability to be in the current moment, to track their states and
experiences. Reflexive activity opens up new opportunities for a person.
Thinking over his actions and deeds, he learns to live correctly. It becomes
possible to control your thinking. Reflection contributes to the emergence of
healthy self-criticism, which allows you to see your own disadvantages, analyze
them and work on mistakes. Introspection allows you to get rid of obsessive
negative and oppressive thoughts that interfere with a person's life. The analysis
of experienced life situations begins, with subsequent conclusions. Being aware
of past mistakes, a person cultivates a strong personality and acquires his own
position. A person changes and learns from his mistakes without repeating them
in the future. But if a person lacks reflection, then he repeats similar mistakes
and does not understand the reason for the recurring negative scenario.

The process of reflection helps to bring our conscious goals and
unconscious motives closer together. We begin to take a closer look at
ourselves, adjust our moral portrait and even the general course. And the
German scientist Oliver Schultheis proved that the better our conscious goals
and unconscious motives are connected, the happier we are [4].

What is reflection:

In the age of the ever-increasing pace of life, information noise and the
tendency to continuous education, it is increasingly difficult for a person to slow
down, exhale and be alone with himself. Performing automated mechanical
movements has long been a habit. Therefore, most people are not inclined to
constant or at least situational introspection. And, as we have already
established, very much in vain.

There are several ways to develop reflection and look at the world

differently. To analyze the day spent. The analysis must be done down to the
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smallest details, up to random meetings, individual dialogues, unpleasant
situations and joyful events. Read the relevant literature. Take a little time to
think. Write a gratitude diary or a few important issues that need to be resolved.
Try to think of a possible way out. Plan tomorrow, talk about yesterday,
celebrate your achievements.

Nevertheless, one of the key ways to develop reflection is communication.
By contacting the outside world, experiencing positive and negative moments, a
person learns introspection. After a long and eventful day, you should think a
little about what you have experienced, structure and benefit from it.
Somewhere here lies the path to self-knowledge.

Parts of reflection:

We have divided reflection into three parts:

1. Self-knowledge.

2. Self-awareness.

3. Self-criticism.

Self-knowledge (how do you invent what it is?) — this is a search for our
innate and acquired qualities, a regular analysis of our behavior in various life
situations, a process when we try on various life roles, try to feel how close they
are to us. In the process of self-knowledge, information accumulates. It cooks in
our head for a long time and slowly it becomes clear what kind of people we are,
self-awareness comes.

Self-awareness is an understanding of what | am, | am like this. And there
are other people, and they are different, not like me. The development of self —
awareness occurs in several stages:

By one year, there is a discovery of one’s own “I”.

At the age of two or three, a child has the opportunity to separate the
results of his own actions from the actions of others and clearly realize himself
as a doer.

The ability to self-esteem develops in the period from 7 to 8 years.

Self-criticism The more we understand ourselves, the more we realize that
we are not perfect, we have both strengths and weaknesses. It’s good when we
can admit our weaknesses to ourselves. But it’s even cooler when we can
recognize them in front of others.

How can you develop reflection in yourself?

Reflection lends itself to independent training. One of the basic exercises
for the development of reflection is to paint on a piece of paper the moments
that cause special excitement and are of the greatest importance to you. After
they are collected in one place, you can highlight the most important ones. Such
an analysis helps to get rid of shortcomings and self-doubt, to become better, to

adapt.
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Practical recommendations:

After the decision has been finally made, it is necessary to analyze its
consequences and effectiveness. You need to be able to see other ways out of
the situation and learn to anticipate the final results.

At the end of each day, it is necessary to return mentally to the events that
have occurred and analyze in detail the negative aspects that need to be
corrected in the future.

It is necessary to analyze your opinion about others, try to draw objective
conclusions. It is important to communicate with dissimilar people who share
different beliefs and views on life. Thus, it will be possible to develop empathy,
mobility of thinking and the ability to reflect.

How to reflect?

There is no universal approach to reflection — everyone is groping for the
path that suits him, and there may be an uncountable number of them. You can
start with:

- constructive mental conversations with yourself while walking or
traveling in transport;

- sitting in a secluded place, preferably with your eyes closed;

- writing practices — keeping diaries and drawing mental maps;

- discussing the experience with a psychologist or mentor — in a word,
with someone who is able to formulate the necessary questions.

Experts advise you to choose a time for classes when no one pulls you and
you are as honest with yourself as possible.

The “Start, Stop, Continue” method

This method is based on three questions:

— What should | start doing?

— What should | stop doing?

— What should | keep doing?

After such an analysis, you can create a kind of checklist in which all the
revealed facts will be spelled out. Next to each item, you can put a check mark
after its completion, so it will be easy to track progress, and you will be able to
understand exactly when your goal (to become more perfect) will be achieved.

The “Quick Retrospective” method

This quick way of reflection is perfect for analyzing any of your skills. It
can be done several times a week. It is enough just to answer a few questions:

— What was good?

— What are the problems?

— How can we fix the problem?

— What ideas can | offer for future development?
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Example:

Start Stop Continue
1. Running in the 4. Eat sweet 7. Sleep 8 hours a day
morning 5. Go to fast food 8. Counting calories
2. Drink 2 liters of water | restaurants 9. Cook yourself
a day 6. Skip workouts
3. Eat healthy food

| want to learn how to draw and draw a house. After that | answer the
questions:

10. What was good: smooth lines, harmoniously matched colors.

11. What are the problems: the perspective is broken.

12. How to fix the problem: look at the real house and understand how to
keep the perspective.

13. What are the ideas for development: watch a video on the Internet
about the varieties of paper and paints.

The “Mad, Sad, Glad” method.

The essence of this method is to distribute your observations (moments,
events) into 3 groups: mad (mad), sad (sad), glad (joyful). Thus, you will be able
to track how certain events affect your mood, and in the future, you can do
everything possible to avoid “crazy” and “sad” moments and multiply your
happiness with “joyful” events [5].

Examples of questions for analyzing a specific situation:

— What exactly made me feel this way and not otherwise?

— What did my act look like from the outside?

— What guided me in making such a decision?

— How did it affect other people/others?

— What do | need to do to prevent this from happening again? (if

something turned out badly)

— How can I fix the situation?

— How do I convert my weaknesses into strengths?

The meaning of reflection:

Reflection allows a person to feel, think, analyze. It is the ability of a
person to go beyond his own prejudices, to carry out a deep introspection, to
draw appropriate conclusions from the experience. Unlike useless digging into
the past and accumulating resentments, reflection allows you to rethink and
improve your standard of living in general [6].
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Abstract. The purpose of the article is to show the interaction of such
industries as wind power and design. The relevance of this topic is dictated by
the growing popularity of “green” wind energy, which requires more and more
resources — territorial and human ones. Land alienation is one of the
environmental disadvantages of wind power. However, there are some projects
that make it possible to avoid this disadvantage and the task of this article is to
consider these concepts.
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AnHoTauus. Llenb cTaTbu — MOKa3aTh B3aUMOJIECTBUE TAKUX OTPACIICH,
Kak BETPOBasi DJICKTPOAHEPreTUKAa M JW3alH. AKTYyaJIbHOCTb HTOH TEMBI
JTUKTYETCS HapacTaloUEed TMOMYJIPHOCTBIO «3E€JECHOW» BETPOIHEPIETUKH,
KoTopasi TpeOyeT Bce OOJIBIINX PECYPCOB — TEPPUTOPUATIBHBIX U YEIIOBEUECKHUX.
OtuyxeHue 3eMeb — 3TO OJUH U3 IKOJIOTUUYECKUX MUHYCOB BETPO3HEPTETUKHU.
OnHako ecTh HEKOTOphIE MPOEKTHI, KOTOPHIC MO3BOJSIOT H30€KaTh ASTOTO
HEJIOCTATKA, U 3a]1a4a 3TOU CTaTbU — PACCMOTPETH TaAHHBIE KOHIIEILINH.
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Nowadays, in comparison with the past 30 years, the problem of ecology
Is considerable, its solutions are at the peak of popularity. Any decision made
related to construction, production or utilization is considered from the point of
view of its environmental friendliness. This article will provide design proposals
aimed at solving modern environmental problems as well as the ways of
implementing these projects on an industrial scale for street lights, personal
wind turbines, self-sufficient buildings from an energy point of view. In
addition, another interesting point will be touched on which is kinetic art [1].

The current world leader in self-sustaining energy using WPPs (wind
power plants) is Denmark. But they have decided to go further and combine
wind energy, solar panels and architecture in the Dutch Windwheel project

(Fig. 1).

bad

Figure 1. Dutch Windwheel

In 2015, the architects of Rotterdam proposed the concept of a wind
turbine that uses the EWICON (electrostatic wind energy converter) technology
developed by engineers at the Delft Institute of Technology in 2015. This
method of generating energy works like this: a steel frame structure that holds
horizontally arranged tubes, each tube containing several electrodes and nozzles
(a nozzle is a channel of variable or constant cross-section of a circular,
rectangular or other shape, designed to supply liquids or gases at a certain speed
and in the required direction), which, under the influence of the wind, release
positively charged water droplets into the air. When droplets fly out of the
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turbine, the voltage changes in the device and it starts generating an electric
field. The water needed for the turbines is taken from the reservoirs surrounding
the building, as well as from sediments. It is planned to place solar panels on the
surface of the wheel. The building will be residential, which means that we are
no longer talking about the alienation of land. Also, unlike conventional wind
turbines, the EWICON system does not make noise and will be able to fully
provide itself with energy and several areas around it [2, 3].

Another interesting development in this field is O-Wind Turbine (Fig. 2)
from the James Dyson Award winner for 2018, developed by students of the
University of Lancaster in the UK, Nicolas Orellana and Yaseen Noorani. This
miniature wind turbine is designed for dense urban environments. Unlike
standard wind turbines tens of meters high, located in open areas where the wind
flow is constant, O-Wind Turbine is able to use randomly directed wind,
reflected from skyscrapers and located on the balcony.

Figure 2. O-Wind Turbine

The creators of the O-Wind Turbine claim that their development will
help residents of high-rise buildings generate their own electricity for
themselves, and therefore reduce the amount of utility bills. They also believe
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that this way of generating electricity will help more people play a greater role
in saving the planet and switching to green energy sources [4].

Berlin student designer Tobias Tribenbacher has developed the Papilio
light (Fig. 3), a street lamp that generates electricity for street lighting using
renewable wind energy.

Figure 3. Papilio light

Papilio light can be positioned either on the wall or on a free-standing
post. Ideally, it should be located 3 — 6 meters above the ground, where the wind
IS strong enough to rotate the turbines. Diagonally inclined, complex turbines
can exploit chaotic air currents in urban environments. “We urgently need to
tackle light pollution and the loss of biodiversity coming along with it. This can
only happen if cities generate energy themselves — through locally embedded,
decentralised systems and ‘prosumer’ products in huge quantities spread all over
urban spaces. In this context, wind represents an often underestimated yet
constantly growing potential.” — says Tobias Triibenbacher [5].

Agreeing with the German student designer, we can only add that wind
energy and its potential can and should be used in conjunction with such
renewable energy sources as solar energy and biofuels, as was done in the Dutch

Windwheel project. However, it is worth remembering that the transition from
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conventional energy sources to alternative ones may take some time. And even
when this starts to happen, the alternative clean energy may have opponents. For
example, in wind power, these are bird watchers and Norwegian reindeer
herders [6]. What does it mean? It is necessary to prepare the ground for large-
scale “green” projects, using design to make them beautiful and interesting,
include useful functionality, etc.

The idea of clean wind energy can be also promoted to the masses using
contemporary art. So since 1990, the artist Theo Jansen has been creating
Strandbeest — “beach animals” that can move under the influence of the wind on
the sand. These creations are going through a kind of evolution, from simple
mechanisms at the beginning of the artist's activity, to complex *“organisms”
today. Now Theo Jansen’s “Beasts” store wind energy by inflating their
“stomach” consisting of plastic bottles, know how to determine the type of soil
on which they walk, and drop anchors if the wind blows too hard. They succeed
in all this without the involvement of complex electronics. “There are few
people in any field today who are crossing art and science as beautifully as
Jansen has been doing for nearly 30 years,” says Honor Harger, executive
director of the Art Science Museum. And this certainly draws attention to wind

energy (Fig. 4) [7].

A L

I'_:_igure 4. “The Beast” on the beach of Holland

Summing up, we would like to note that industrial and landscape
designers, architects and artists dealing with solving environmental problems
presented in this article not only competently used wind energy and came up
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with an interesting and functional concept, but also brought their idea (or are in
the process of bringing it to fruition in case of Dutch Windwheel) to its logical
conclusion, that is consumer use. Which means it’s not just scientists, ecologists
and inventors who can help our planet survive the transition from the centuries
of fossil fuels use. An important part of this task — visuals, ergonomics,
aesthetics and submission of the project for public approval — is the task of
designers.
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Abstract. Today, automation of technological processes is very
widespread in absolutely all spheres and areas and is one of the decisive factors
in increasing productivity and improving working conditions. The main
problems in the operation of power equipment automation systems are the need
to establish communication and determine the optimal and sufficient amount of
information exchange between them, as well as the principles of control and
management. In order to solve these problems a unified automated process
control system for thermal and electrical equipment on the basis of a single
software and hardware complex was created.

Keywords: software and hardware complex, process automation,
diagnostic system, control system.

ABTOMATHU3UPOBAHHASA CUCTEMA YIIPABJIEHUA
TEXHOJIOTHMYECKHUM ITPOIIECCOM IOI'0O-3AIIAJTHOM TJII

CT. IpenoiaBaTeib, acnupadnT Amuxvmuaa UpuHa AjlekcaHIpoBHA,
accucteHt, acnupadT Ciarora Mapuna QJierosHa,

BHITD CIIGIYIIT/,
r. Cankr-IlerepOypr, Poccuiickas denepanus

AHHOTanMs. ABTOMATHU3alMsl  TEXHOJIOTMYECKUX  IPOILIECCOB  HAa
CETOJIHSIIHUN JICHb OYEHb pacIpoCTpaHEeHa aOCONIOTHO BO Bcex cdepax H
o0JlacTSIX W SBISETCS OJHMM M3 pemaroiux (akTOpOB  IOBBIIIECHUS
MPOU3BOUTEIILHOCTH M YIYUIICHUS YCIOBHUI Tpyna. OCHOBHBIMHU MpoOIieMaMu
IpU SKCIUTyaTallud CHUCTEM aBTOMAaTH3allMHd SHEPreTUYeCcKOro 00O0pyA0oBaHUS
SBJISIIOTCS. HEOOXOJMMOCTh CO3/JaHUS CBS3U M OIPEACICHHUS ONTHMAIbHOTO H
JOCTAaTOYHOr0 00bemMa oOMeHa HHpOpMaluend MEeXAy HHUMH, a TaKxKe
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NPUHIIMIIOB KOHTPOJIA W ynpasieHus. Jljig pelieHust AaHHBIX MmpodsieM Oblia
CO3/laHa €IMHasi aBTOMATU3UPOBAHHASI CHUCTEMA YIPABICHUSI TEXHOJIOTMYECKUM
MPOLIECCOM TEIIOMEXAaHUYECKOTO U JJIEKTPOTEXHUYECKOTr0 OO0OpYAOBaHHS Ha
0a3e eAMHOro MPOrPaMMHO-TEXHHUYECKOT0 KOMILIEKCA.

KioueBnbie cJI0Ba: IPOrpaMMHO-TEXHUYECKUI KOMILJIEKC,
aBTOMATHU3alUsl TEXHOJIOIMYECKUX IMPOIECCOB, JIUArHOCTUYECKAas CHUCTEMa,
CHUCTEMa yNpPAaBIICHHUS.

The main problems in operation of automation systems of heat-
mechanical and electrical equipment (HMO and ETO) at South-West CHPP,
implemented using different technical and software means, are the need to create
communication and determine the optimal and sufficient amount of information
exchange between them, principles of control and management. To solve these
problems a unified automated process control system (APCS) of heat-
mechanical and electrical equipment on the basis of a unified software and
hardware complex (PTC) was created.

Proceeding from the set task, a set of necessary control and monitoring
algorithms has been implemented in the APCS of the South-West CHPP, which
includes:

— collection, primary processing and distribution of information received
from various sources;

— providing information to operator stations electronically and in hard copy;
— automatic control systems ensuring equipment control in standard,
transient and emergency operation modes;

— process protections and safety interlocks;

— monitoring and self-diagnostics of the software and hardware of the PTC,;

— archiving of information;

- calculation of technical and economic indicators of CHPP operation [1].

Unified APCS of heat and mechanical and electrical equipment is based
on software and hardware complex SPPA-T3000 company Siemens.

Control systems for power plants must provide control, display and
documentation of all critical production processes. Failure of the control system
or any of its components can lead to very costly downtime of power generating
equipment. The use of fault-tolerant components in the control system increases
the availability of the control system, which minimizes the risk of downtime.
The use of redundant components guarantees the overall resilience of the system

and thus a high availability of the control system. This means that all active
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components of the critical process control system must have redundant / standby
components in continuous operation that are simultaneously included in the
process with the main components. In this case, if one of the components fails,
the fail-safe standby component ensures that the control system continues to
function correctly without impact. Switching over to the standby component
must be automatic (user intervention must be excluded).

The diagnostic system must notify the operator of faulty/failed
components in order to ensure a quick response by maintenance personnel. Such
measures reduce equipment downtime. Siemens' support of the principles
discussed above provides a high degree of fault tolerance for the SPPA-T3000
control system.

The archiving system in the SPPA-T3000 provides storage of analog and
binary values, alarms, event sequence, protocols, and operator actions. All data
are stored in a centralized real-time database. This ensures that all system users,
both inside and outside the power plant, have access to the same data. The
archive can continuously collect and store data over the entire life cycle of the
power plant without data loss. The archived data is stored on the local hard drive
of the application server in files with hourly, daily and monthly data sets.

The architecture of the South-West CHPP PTC represents the presence of
three levels of hierarchy (Fig. 1).
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Figure 1. Architecture of the ACSPP software and hardware complex
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The lower level (data acquisition level) ensures operation of measuring
components, cyclic interrogation of primary measuring devices, reception,
measurement and conversion of current signals from pressure, temperature and
flow sensors into digital code, as well as transmission of the received measuring
information by remote input method to the middle level in the software and
hardware complex controller. This level is implemented on the basis of ET-200
input/output stations, intermediate relay cabinets and cross cabinets.

The middle level is the level consisting of redundant S7-400 automation
servers, each controlling its technological zone, as well as two redundant
application servers.

The automation servers level provides:

— performing collection, accumulation, calculation, processing, control,
storage of measuring information about volume flow, temperature, pressure
based on accurate and promptly received measuring information from primary
measuring instruments;

— providing security of storage of measuring information.

— Upper level is responsible for provision of information, operational
control and management, analysis of current and retrospective information.

Upper level PTC consists of [2, 3]:

— Simatic NET OPC Server, a redundant server for the collection of
measurement and other information;

— Engineering station, providing loading and changing of theTC software
during the setup and its engineering support;

— workstations, providing visualization of measurement information and
operation of technological equipment of the power unit.

To enhance reliability of operation of the complex of technological protections
and safety interlocks the following solutions have been applied:

— the main volume of monitored parameters, which take part in
technological protections, is realized on analogue sensors;

— Input signals from primary measuring instruments are distributed to
different modules, having independent electric power supply;

— Information from discrete sensors, involved in technological protections,
Is fed to independent input modules;

— degradation principle is realized — exclusion of faulty sensor from
protection scheme and its transition to the lower level.
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At the moment the South-West CHPP successfully operates the unified
APCS of power equipment, implemented on the basis of PTC SPPA-T3000 with
unified principles of monitoring and control, upper level, data archive and
technical means. The implemented system provides reliable operation of
equipment in the entire range of loads and in all modes due to the developed
algorithms of automatic protections, interlocks and logical control programs,
also a high degree of automation of technological processes, electrical
equipment and maintenance procedures of the TPP APCS equipment was
achieved.
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YIIK 527
USING THE RANKINE CYCLE WITH ORGANIC BODIES

student Glazkov Artem Albertovich,
Assistant Morozov Grigory Alekseevich,
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Saint Petersburg, Russian Federation

Abstract. The use of low-potential heat is currently not widely used. The
organic Rankine cycle will allow the most efficient use of fuel energy. Low-
potential heat obtained in the form of solar energy, energy released during the
combustion of biomass and energy from geothermal sources, will reduce the
emission of harmful substances and increase the efficiency of using fuel energy.

Keywords: organic Rankine cycle, organic working fluid, solar energy,
biomass, low-potential heat sources.

NCITIOJIb3OBAHUE IIUKJIA PEHKUHA C OPTAHUYECKUMU TEJIAMH

ctyaeHt I'1askoB Aprem AJibOepToBHY,
accucteHT Mopo3os I'puropuii AsnexkceeBnd,

BIITO CIIOI' VIITA,
r. Cankr-IlerepOypr, Poccuiickas denepanus

AHHoOTanusa. lcnonp30oBaHuMe  HU3KONOTECHIIMAJIBHOW  TEIJIOTHI B
HACTOSIIIEE BPEMSI HE HAXOJUT IIMPOKOro NMpuUMeHEeHHsl. OpraHuyeCKA LUK
Penknna mo3BOMMT MakcuMaidbHO J(PGEKTUBHO HCIOJIB30BATH DHEPTHIO
ToIuiuBa. Hu3KOMOTeHUMabHAA TEIJIOTa, MOJIYYeHHas B BHUJIE€ COJHEYHOMU
DHEPIUM, SHEPTUM, BBIJICTUBIICHCS TPU CHKUTAaHUU OUOMACCH, WM JHEPTrUH
reoTepMaIbHBIX MCTOYHUKOB, TTO3BOJUT CHU3UTH BHIOPOC BPEIHBIX BEIIESCTB U
MOBBICUTH A(PHEKTUBHOCTH UCIIOJIB30BAHUS YHEPTUH TOILIURBA.

KaruyeBble cjoBa: oOpraHnyeckud ULWKI PeHKWMHaA, OpraHudeckoe
pabodee TeI0, COJIHEUHAs DJHeprusi, OumomMacca, HHU3KOMOTEHIIMAIbHbBIC
HCTOYHMKH TEIIa.

The process of the organic Rankine cycle differs from the classical
Rankine cycle in that organic substances with a low boiling point are used as
working agents. The use of organic working bodies provides a number of
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advantages, such as: no risk of erosion of the blades, no supercritical pressure.
This process allows us to reduce the level of enthalpy drop, remove the need for
overheating. This will help us to use less costs for bringing the working fluid to
the boiling point, as well as to make the energy environmentally friendly.

Steam Rankine cycle Organic Rankine cycle

Temperature

I_
N\
M le

’ >
Entropy Entropy
Figure 1. Comparison of Rankine steam cycle with organic

In this process, the organic working fluid is heated by an external heat
source: steam, hot water, flue gases, air. That is, the energy that is inefficiently
used in enterprises [1].

The organic working fluid, which is low-boiling, is heated through a heat
exchanger from a low-potential heat source, evaporates, and then used to rotate
turbine blades mounted on a shaft that is connected to an electric generator.
Further, the spent steam of the organic agent is cooled by passing through the
mains water or also giving heat to organic bodies, thereby being condensed and
reused.

As a source of low-potential heat, solar energy, energy released during the
burning of biomass, geothermal energy can be used.

To realize the maximum efficiency of obtaining heat from solar energy, it
Is possible by concentrating sunlight on the surface of the heat exchanger, which
will directly heat the working fluid, and when it reaches a low boiling point, it
will evaporate, driving the turbine into motion, thereby rotating the rotor of the
electric motor to generate electricity [2].
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The most interesting source of low-potential energy is the utilization of
biomass. Since when it is burned, a small amount of heat is released, which does
not turn into useful work and is most often not used. But when using low-boiling
agents, that is, organic bodies, it will be possible to use effectively. The problem
Is the small density. What affects transportation costs, it is advantageous to burn
it directly where it is obtained: at agricultural and industrial enterprises.

There are geothermal sources in Russia, some are used to source steam in
a turbine. But sometimes the water temperature is not high enough and the
organic Rankine cycle helps here. Water enters the heat exchanger-evaporator
with the help of a pump, where it transfers heat to the organic body, it heats up
and evaporates. And the water returns back to the ground [3].

Vaporizer

Pump
|rj ;.;" /! \"-. )

--'-'_f '\= . .
‘ | | ‘ - Capacitor

Pump
Source Stock

Figure 2. Diagram of an installation with a CRO using geothermal energy

To choose a working fluid, it is necessary to understand that it must be
sufficiently liquid to minimize friction losses. It should also have a high thermal
conductivity in order to maximize the heat energy to the heat exchanger.
Therefore, do not forget about such a value as pressure, it must be of certain
parameters. Due to the low pressure, the process will not start, and an excess of
pressure can destroy or damage the fittings used and reduce the strength of the
pipelines [4].

Since the process involves an organic product, it is important to
understand that when heated, an organic compound can chemically change its
properties, which should be taken into account.
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RESEARCH ON THE INTENSIFICATION OF WORK
EVAPORATIVE BATTERIES
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Abstract. In order to study the intensification of the work of evaporation
batteries, it is necessary to develop a new hardware and technological scheme
for the evaporation of black liquor based on its reconstruction with output to a
power of 1.5 times or more in comparison with the one achieved at the existing
evaporation plant. The problem of import substitution is also being solved by
mastering new competitive technical solutions and extending the service life of
existing evaporation plants.

Keywords: evaporative batteries, black liquor, heat exchangers.

NCCIEAOBAHUE IO UHTEHCU®UKAILIMU PABOTBI
BBITIAPHBIX BATAPEH

accucteHT Py3anoBa ExaTtepuHa AJieKCaHIPOBHA,
BHITS CIIOIYIITH,
r. Cankr-IlerepOypr, Poccuiickas denepanus

AnHoranusi. llenpio wuccrnegoBaHUsT MO MHTEHCHU(PUKALMH PAOOTHI
BBIIAPHBIX ~ Oarapeil  sABisieTcss  pa3paboTka  HOBOM  ammapaTypHO-
TEXHOJIOTUYECKOW CXEMbl YIIAPUBAaHUsS YEPHBIX IIEJIOKOB HA OCHOBE €€
PEKOHCTPYKIMHU C BBIBOJOM Ha MOIIHOCTh B 1,5 pa3za u Oosee B cpaBHEHUU C
JOCTUTHYTOW Ha CYIIECTBYIOIIEW BBINAPHOM yCTaHOBKE. Takke pemaercs
npoOiemMa UMIOPTO3aMEILEHUS TyTEM OCBOEHHUSI HOBBIX KOHKYPEHTOCIIOCOOHBIX
TEXHUYECKUX PELICHUHN U MPOJJIEHHS CPOKOB CITY>KObI I€MCTBYIOIIMX BBITAPHBIX
YCTaHOBOK.

KiroueBble  cjoBa:  BbimapHble  Oaraped,  YEpHBIM  IICJIOK,
TEMJI000MEHHUKH.

Evaporation is the process of thickening a solution, in this case black
liquor, by turning water into steam. The main sources of water in black liquor
are: wood; vapors condensed during cooking; white liquor and water used for
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washing pulp. The purpose of the residue is to increase the concentration of dry
substances of the spent liquor to a level that ensures its effective use.

The evaporation of black liquor is carried out in a multi-body evaporation plant,
the number of housings of which varies from 5 to 7. The evaporation apparatus
IS a heat exchanger in which heat is transferred to the solution through a metal
surface heated by steam.

There are three types of evaporators:

- with a rising film;

- with falling film;

- with forced circulation.

Currently, evaporators with a falling film and forced circulation are used
to achieve the final concentration of dry substances [1].

The configuration of the evaporator must meet the established
requirements and have:

- simplicity of the device;

- reliable in use;

- high performance and activity of heat transfer with the smallest possible
volumes of the device and the consumption of metal for its production;

- easy cleaning of the heat exchange surface;

- convenience of inspection, repair and replacement of individual parts.

The choice of the material of the evaporation device and its configuration
is also determined in each individual case by the chemical and physical
properties of the evaporated solution itself:

- crystallizability;

- temperature depression;

- thermal resistance;

- chemical aggressiveness;

- viscosity, etc.

High heat transfer coefficients and productivity are obtained by increasing
the circulation rate of the solution, but as a side effect, the energy consumption
for the evaporation process increases and the necessary temperature difference
decreases, since with a constant temperature regime of the heating steam with a
simultaneous increase in hydraulic resistance, the boiling point of the solution
also increases. And these contradictions must necessarily be taken into account
in the economic and technical comparison when choosing the type of device [2].

The most important problem in the production of cellulose is to increase
the performance of evaporating batteries of black liquor. Currently, many
domestic pulp mills operate up to 50 % of the design capacity when evaporating
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black liquor. This forces us to make a decision on the purchase of new
expensive equipment for the evaporation of black liquor.

The objective is to develop a new hardware and technological scheme for
the evaporation of black liquor based on its reconstruction with output to a
power of 1,5 times or more in comparison with the achieved on the existing
evaporation plant.

Currently, mixing heat exchangers are widely used in industry, in which
heat and mass transfer between heat carriers occurs without a dividing wall
between them. According to the principle of operation, these are mostly
continuous-acting devices [3].

The essence of the proposed heat technology is that the process is a mixed
evaporation scheme consisting of evaporation from weak to medium liquor
(countercurrent branch) and a branch consisting of evaporation to strong liquor
(direct-flow branch). This approach allows, on the one hand, to reduce the
physico-chemical depression of strong liquors, on the other hand, to reduce the
intensity of scale formation on the boilers of evaporators. Surface solution
heaters, which are equipped with existing evaporation plants, are replaced by
mixing heat exchangers of the original design. Heat exchangers operate on the
principle of controlled cavitation erosion [4]. This allows these heat exchangers
to work without overgrowing, suck out part of the steam-gas mixture from the
boilers of the evaporation apparatus housings and stably heat the solution with
low underheating to the temperature of the steam heating the liquor. Despite the
dilution of the solution with heating steam condensate, the efficiency of the
circuit as a whole compensates for this disadvantage. Another feature of the
scheme is the transfer of evaporators to a falling film, with the circulation of the
solution providing optimal speed. As studies have shown, this rate is 1,5 — 2,0
times higher than accepted in foreign schemes. Distribution devices of the
solution in devices with a falling film other than in foreign schemes are also
accepted. All these technical solutions provide a higher KTP, and consequently,
the performance of the evaporating battery.

The proposed technology of heat in the process of evaporation of
solutions of black sulfate liquors of cellulose production makes it possible to
increase the productivity of the evaporation plant by 1.5 — 2.0 times in
comparison with the achieved productivity of evaporated water at the
Arkhangelsk Pulp and Paper Mill.

The achieved effect is ensured by increasing the evaporation performance
by reconstructing the evaporation equipment unit: heaters, evaporators and their
strapping scheme. To a large extent, on the basis of the development of new

technical solutions, the problem of import substitution is solved by mastering
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new competitive technical solutions and extending the service life of existing
evaporation plants.

References:

1. Grigoray O. B., Ivanov Yu. S., Komissarenko A. A., Smolin A. S.
Pererabotka chernykh shchelokov sul'fatnogo proizvodstva: uchebnoe posobie
[Processing of black liquors of sulfate production: tutorial]. SPb.: SPbGTURP,
2012. 106 p. (in Russian).

2. The evaporation process. Types of evaporators [Electronic resource]. — URL
access mode: https://ence-gmbh.ru/tech_evaporation/

3. Heat exchangers of mixing type [Electronic resource]. — URL access mode:
https://helpiks.org/6-52947.html

4. Development and application of evaporators with forced circulation
[Electronic resource]. - URL access mode:
https://www.ctec.su/info/articles/razrabotka-i-primenenie-vyparnykh-apparatov-
s-prinuditelnoy-tsirkulyatsiey/

Cnucok ucnosib30BaHHOM JIMTEPATYPbI:

1. I'puropaii O. b., UBanoB 1O. C., KomuccapenkoB A. A., Cmomun A. C.
[TepepaboTka yepHBIX MIEIOKOB CYIh(HAaTHOTO MTPOU3BOACTBA: yaeOHOE TToCOOue.
— CII6.: CIII'TYPII, 2012. - 106 c.

2. Ilpomecc BwimapuBaHus. TUmbl BBIMAPHBIX anmaparoB [DIEKTPOHHBIM
pecypc]. — Pexxum nocryma mo URL: https://ence-gmbh.ru/tech_evaporation/

3. TennmooOMeHHBIE anmapaThl CMEIIMBAIOLIETO TUIA [DJIEKTPOHHBIM pecypc]. —
Pesxxum noctyna mo URL: https://helpiks.org/6-52947.html

4. Pa3paboTka M TPUMEHEHUE BBIMAPHBIX aNmapatoB C NPUHYIUTEIbHOM
HUpPKyJsIuel  [DnekTpoHHbll  pecypc]. — Pexum pgocrynma no URL:
https://www.ctec.su/info/articles/razrabotka-i-primenenie-vyparnykh-apparatov-
s-prinuditelnoy-tsirkulyatsiey/

© E. A. Py3aHoBa, 2021

188



V]IK 629.4

BASICS OF APPLICATION AND DESIGN OF SYSTEMS
WITH PNEUMATIC EQUIPMENT

master student Voropanova Mariya Andreevna,
Senior Lecturer Novikov Alexandr Igorevich,
HSTE SPbSUITD,

Saint Petersburg, Russian Federation

Abstract. This article discusses the advantages and disadvantages of
pneumatic automatic control systems, their main components, standards and
rules for drawing up basic pneumatic circuits. The classification of types of
converters and their designations according to accepted standards, description
and principle of operation of pneumatic cylinders are also given.
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OCHOBBI IIPUMEHEHHUSA U ITPOEKTUPOBAHUSA CUCTEM
C IIHEBMATHYECKHUM OBOPYAOBAHUEM
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AHHOTauMs. B [aHHOW cTaThbe paccMaTPUBAIOTCA MPEUMYILIECTBA U
HEIOCTATKM TTHEBMATUYECKUX CHUCTEM aBTOMATHUYECKOTO YIPABJIEHUS, UX
OCHOBHBIE KOMIIOHEHTBI, CTAHJAAPTHI U MPABUJIA COCTABJICHUS MPUHIUITMAIBHBIX
MHEBMAaTUYECKUX  cxeM. Takke TpPUBOAUTCA  KiaccH(UKaiMs  BHUJIOB
npeoOpa3oBareieil M WX O0003HAUYECHMSI COTJIACHO NPHUHSTHIM CTaHIApTaM,
OIMCAHWE U NPUHLHUI ICHCTBUS THEBMATUUECKUX LIUIUHIPOB.

KiroueBble cj10Ba: THEBMATUYECKUE CHCTEMBI, [MHEBMATUUYECKUN
pacupenennTelb, MTHEBMATUYECKUN TUIIMH/IP, IPUHIUIIHAIBHAS CXEMA.

It is impossible for a modern person to imagine his life without automated
control systems. They are found everywhere, from residential buildings to large-
scale industries. Depending on the set of requirements for the system, its
operating conditions, requirements for the manufactured product, etc., one or
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another type of automatic control system is selected. One of these classification
features is the type of energy used. In accordance with this feature, automatic
control systems are divided into: electric, hydraulic, pneumatic, electrohydraulic
and electropneumatic.

Currently, pneumatic systems occupy a strong place among other
automation tools [1]. The most popular pneumatic devices are SMC (Japan),
FESTO (Austria) and CAMOZZI (ltaly).

Pneumatic systems are systems in which gas under a certain pressure is
used as an energy carrier [1].

The properties of pneumatic systems include:

- high ratio of the developed power of pneumatic actuators to their own
weight;

- simplicity of the equipment, its reliability and durability;

- the possibility of achieving various types and high speeds of movement of
actuators;

— resistance to adverse effects and insensitivity to overload,;

— fire and explosion safety;

— environmental friendliness;

— availability of atmospheric air, the possibility of accumulation and ease of
storage of compressed air;

- cost.

The latter advantage is somewhat conditional. This is due to the fact that
the pneumatic equipment itself is relatively inexpensive and does not require
special maintenance for a long time. However, when compressing air, preparing
it and transporting it, there is a need for large energy costs. So, for example,
when air is compressed, a significant part of the energy passes into heat and then
dissipates.

Other, already unambiguous, disadvantages of pneumatics include:

— uneven movement at low speeds;

— complexity of regulation;

- the need to constantly maintain the tightness of the system;
- noise.

All the advantages and disadvantages of pneumatic systems stem from the
properties of gas compressibility. Therefore, it should be borne in mind that for
the same reason, pneumatics is competitive at a pressure of up to 10 bar.

Pneumatic automation systems are widely used in various industries, from
food to heavy, as well as in special automatic systems, such as medical devices
and mobile robotics. It is difficult to imagine the modern construction and
mining industry without pneumatic automation tools [1].
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The main components of pneumatic systems are:

1) compressor;

2) drive;

3) pipe contour between compressor and drive;
4) check valve (one or more);

5) air collector (receiver, reservoir);

6) pipeline (main line);

7) steam trap;

8) compressed air preparation unit;

9) the consumer.

The first five points relate to the subsystem of compressed air production
and its transportation to the consumer. The remaining items relate to the
subsystem of compressed air consumption.

The compressor takes air from the atmosphere and compresses it to the
required pressure in order to further supply air to the pneumatic system. Then,
along the contour of the pipes, the air is directed to the drive. With the help of a
check valve, air flows from the compressor to the air collector necessary for
storing compressed air. Next, the air enters the main line, arranged in the form
of a pipeline with a slope of 1 — 2 %, from which there are pipeline branches. At
the bottom point of each such diverted pipeline, a condensate trap is installed,
usually automatic, in order to remove condensate. And immediately before the
air supply to the consumer, special compressed air preparation units are
installed, which purifies the air and, if necessary, can add oil to the air.

In addition to the listed components, pneumatic systems must also have
various filters for air purification, dehumidifiers and other technical means
necessary to ensure the proper operation of the main equipment.

The main elements of pneumatics for the end user are pneumatic
distributors, actuators and speed control devices.

A pneumatic distributor (pneumatic distributor) is a device that distributes
compressed air flows from sources to actuators [2], usually by an electrical
signal from the controller.

There are a large number of types of pneumatic valves. Classification is
made according to the following parameters:

- by the number of lines (line — distributor port): two-, three-, four- and
five-line;

- by the number of positions: two-, three- and four-position;

- by the number of basic positions (positions in which the distributor can
remain indefinitely in the absence of a control signal): monostable (one basic
position) and bistable (all basic positions);

191



- according to the basic position (for monostable, two-three-line): normally
closed (air does not enter the outlet in the main position) and normally open (air
enters the outlet in the main position);

- by type of control: pneumatic, mechanical, electromagnetic (electric);

- by type of control: direct (mechanical switching of the distributor) and
indirect (action by the control body on the pilot air line, which should switch the
distributor);

- by central position (only for three-position): with an open center, with a
closed center, with a center under pressure;

- by design: spool, valve and crane.

The actuators are designed to convert the potential energy of compressed
air into mechanical work. These are pneumatic cylinders, grippers, rotary
actuators, pneumatic tools.

The most commonly used pneumatic cylinders. They can be two-sided
and one-sided, two-position (have two extreme fixed positions) and multi-
position (can fix the position in the intermediate between the extreme positions).
The design of a one-way pneumatic cylinder is shown in Fig. 1.

Figure 1. Design of a one-way pneumatic cylinder [3]:
1 —rod; 2 — dirt-removing ring; 3 — rod cuff; 4 — guide sleeve; 5 — sleeve;
6 — piston; 7 — rubber ring; 8 — piston ring; 9 — piston cuffs; 10 —
pneumatic cylinder caps; 11 — rubber rings; 12 — nut; 13 — back cover; 14 — stud,

15 —nut
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The principle of operation of a pneumatic cylinder can be described as
follows. The piston performs a pushing or pulling motion, moving together with
the rod when compressed air is supplied to one of the cylinder cavities and the
other cavity is connected to the atmosphere [4].

Speed control devices in pneumatics are chokes and quick exhaust valves
that allow you to smoothly change the speed of movement of actuators.

When developing an automatic control system using pneumatic
equipment, as in the development of any other automated system, schematic
diagrams must first be constructed.

The schematic diagram defines the complete composition of the elements
in the system and the relationships between them. There are certain rules for
drawing up basic pneumatic circuits, which are set out in:

GOST 2.701 — 2008. Schemes. Types and types. General requirements for
implementation;

GOST 2.704 — 2011. Rules for the implementation of hydraulic and
pneumatic circuits.

The elements in the diagrams are designated by special graphical symbols.
The rules for composing these designations are given in:

GOST 2.780 - 96. Conventional graphic designations. Working
environment air conditioners, hydraulic and pneumatic tanks;

GOST 2.781 — 96. Conventional graphic designations. Hydraulic and
pneumatic devices, control devices and instrumentation;

GOST 2.782 — 96. Conventional graphic designations. Hydraulic and
pneumatic machines

ISO 1219. Hydraulic and pneumatic actuators and their elements. Graphic
designations and schematic diagrams.

Taking into account these standards, Table 1 has been compiled, which
shows the most commonly used pneumatic valves [5].

The elements in the diagrams must necessarily have alphanumeric
designations (in accordance with GOST 2.704 — 2011). The scale and spatial
arrangement when performing schematic diagrams is not required to be
observed. The main thing is that the graphic elements and the connections
between them are arranged so that the diagram is readable and visual.

Fig. 2 shows an example of a schematic pneumatic circuit [6]. It is divided
into subsystems in order to further improve readability.
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Table 1 — “Conditional graphic designations of pneumatic valves”

Designation Constructive scheme Function

Pneumatic distributor 2/2 (two-line, two-position, without
vl N exhaust).
T To turn on and off.

[*]

Pneumatic distributor 3/2 (NC) (three-line, two-position, normally
closed).
To supply or release air through the outlet «2».

w

Pneumatic distributor 3/2 (NO) (three-line, two-position, normally
open).
To supply or release air through the outlet «2».

w
-

R
ok
=

I 42 A4 Pneumatic distributor 4/2 (four-line, two-position).
>{ N\ -l=|==' OD To switch the air current between the outlets «2» and «4» with a
J L] !E_-_..a . = common outlet.
2 4 Pneumatic distributor 5/2 (five-line, two-position).
 — f To switch the air current between the outlets «2» and «4» with a
I /rin\ Y separate outlet.
315
WTd j f m Pneumatic distributor 5/3 (closed center, five-line, three-position).
/ \ The middle position completely cut off from the pneumatic
e A A system.
315
2 4 i Pneumatic distributor 5/3 (open center, five-line, three-position).
M f y It is possible to release air in the middle position.
[ A Wl T\ ¥
315
2 4 m— Pneumatic distributor 5/3 (the center is under pressure, five-line,
M f LH b 2o i eol three-position).
=iy ; ; 75 T\ [ — '-~~——-?;'3 r }-,5_,“_:3”_ It is possible to apply pressure in the middle position.
1.0 K1 K2

Executive subsystem:

I I E .

I . Speed control subsystem:
1.01 5 5% 1.02 speed control devices

throttles, quick exhaust valves
q
11 4] |2 Distributing subsystem:

L ‘F - main pneumatic distributors
\ 12 1.3 (control pneumatic distributor)

Information subsystem:
——— information and measuring devices

Drive activation subsystem:
| W drive actuation devices

@ Power supply system:
; (compressor, air preparation efc.)

Figure 2. Schematic pneumatic diagram

There is often a logic-computing subsystem missing from this scheme
located between the distributing and information subsystem. It includes various
logic elements, time relays, etc.
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Thus, the advantages and disadvantages of pneumatic automatic control
systems, their main components, standards and rules for drawing up basic
pneumatic circuits were considered in the article.
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Home automation in modern conditions is an extremely flexible system,
which the user constructs and configures independently depending on his or her
own needs. This implies that each owner of a smart home independently
determines which devices to install and what tasks they will perform. In recent
years, the growing popularity of automated home control systems is promoted
by its high affordability, as well as by the intensive development of portable
electronics and the Internet. The concept of “Internet of Things” has combined
modern technical devices with the ability to control them remotely. Not
infrequently, automation control systems combine various home devices in the
house with each other.
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The most common examples of automatic actions in a smart home are
automatically turning lights on and off, automatically correcting the heating
system or air conditioner, and automatically notifying of an intrusion, fire, or
water leak. Home devices can be united by a computer network and controlled
by a personal computer, the access to which is realized through the Internet.
Smart home automation systems cope with the control of household appliances,
as well as the internal lighting system. If such alternative energy sources as solar
panels are used in the house, controllers can successfully automate their work.
Such devices provide the ability to determine the maximum capacity of the
batteries, thereby allowing you to effectively use the energy they generate [1].
By integrating all the systems inside the house, the interaction and control of
them is greatly simplified, and the efficiency and safety increases. Sometimes
incompatibility problems arise during the integration of different systems. In
recent years, however, the unification of international standards has become
increasingly universal.

A smart home is a combination of three main directions: increasing the
level of safety of life, as well as improving living comfort, efficiency and saving
on resource consumption.

The concept of “comfortable” life is too subjective, and each family
member may have his or her own. But this is an advantage of the technology — it
IS possible to adjust the implementation of the laid-down scenarios for everyone,
for weekdays and weekends. The monitoring system transmits online video
information, as well as information about health and well-being, about missing
medications, about lack of sleep. Special bracelets are used for this purpose. The
computer and TV will shut off in time, preventing the child from overstressing.
And animals will not stay hungry with automatic bowls [2]. Safety of life in the
smart house is provided by round-the-clock video surveillance, limiting the
number of people who are allowed into the house. Settings will help to limit not
only the passage of a particular person, but also set a time interval, when this
person is allowed to be in the house. During a long absence of the owners of the
house the system is able to simulate the presence of a person (turning on lights,
closing blinds). Comfortable microclimate is created by combining the work of
four systems: cooling, heating, humidification and dehumidification. Thanks to
the use of various sensors (light, motion, sound), energy savings with smart
home technology reaches 20 to 40 % monthly [3].

An important question: what is the reliability of such systems, combining
many "smart" devices, how confident can you be that after you command it via
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your smartphone to close the front door, the lock will really latch? All the
systems in the house, such as lights, heating and security, are subsystems of a
single automation system. The advantage of this system is that it provides very
reliable control and integration of all subsystems. And almost always, when the
automation system fails, the subsystems continue to work. This will only cause
you some inconvenience. For example, you can't turn off 20 light bulbs at the
same time with the push of a button, but you can still do it one at a time and in
the usual way.

The home automation system has a number of advantages.

Firstly, there are significant savings in electricity. Despite the impression
that the entire system consists of technical equipment, it is its use that makes it
possible to save on costs by applying various ways of reducing electrical traffic.

Secondly, the technology is a reliable security system, which will inform
not only about the penetration of strangers into the house, but also about the
occurrence of fire, flooding, as well as about leaving the house of a person at an
unspecified time.

Thirdly, in the house, which is served by technology of the smart house, it
is always comfortable, in summer the house keeps cool, in winter it is warm, the
air is not overdry from the central heating. Routine household activities will no
longer take as much time, the work will be taken care of by the system, freeing
up your time for personal matters.

Finally, simple maintenance as well as smart home management is
available to every adult member of the family, no special knowledge or
experience is needed.

When studying this topic, it is also necessary to consider its downsides.
The main disadvantage of installing a smart home system is the cost of
equipment. The disadvantage is very subjective, because the system can consist
of a different number of engineering solutions for each house. But a fully
equipped and automated house will cost the owner millions of rubles.

The possibility of system failure is not excluded, because the technology
depends on the equipment and its maintenance. To reduce the risks, choose
proven manufacturers who give a full warranty on devices.

Another theoretical disadvantage is the leakage of information embedded
in the system and its fall into the wrong hands (including personal information,
health and other information that can be used to harm). Use modern security
systems, and remember that every Internet user is exposed to this risk to a
greater or lesser degree.
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Electrofiltration is increasingly used to remove dust from the air. The
advantages of this type of cleaning include: the ability to obtain a high degree of
cleaning (up to 99 % or more), low hydraulic resistance (100 — 300 Pa);
independence of work from gas pressure; insignificant power consumption
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(0,1 - 0,8 kWh per 1000 m3 of gas instead of 2 for other dust collectors); the
ability to clean gases at high temperatures and their aggressiveness; a wide range
of dust concentration (from fractions of a gram per 1 m3 to 50 g/m3); full
automation of work [1].

Electric cleaning of gases from suspended particles (dust, fog, smoke) is
based on the following. In the process of ionization of gas molecules by an
electric discharge, the particles contained in the gas are charged, then, under the
action of an electric field, these particles are deposited on the electrodes and
released from the gas flow.

The particles are electrically charged in the field of a corona discharge that
occurs in an electric field between corona (high voltage) and precipitation
(grounded) electrodes. When a high voltage is applied to the corona electrodes,
an electric field arises between the corona and collecting electrodes, the intensity
of which can be changed by regulating the supply voltage (Fig. 1).

When the voltage increases to a certain value, a corona discharge is formed
between the electrodes, as a result of which a directed movement of charged
particles to the electrodes occurs [1].

Y — Insulators
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electrodes Purified gas
NIV =l
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Precipitation '
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Figure 1. Particle movement in an electrostatic precipitator
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When designing the parameters of an electrostatic precipitator, it is
important to determine the velocities and trajectory of particles moving in the
field of the electrodes. The movement of electrons occurs under the action of the

force of the electric field of the electrode, as well as the resistance force [2]:
F +F = md—v,
" dt

—

moreover
F,= 47‘5880I"ZE2
F. =6nnrv
where ¢ is dielectric constant of a particle,
go — electrical constant,
E — the intensity of the electrical fields,
n — coefficient of dynamic viscosity of the medium,
r — particle radius,
v — particle speed.

dv
4rge r°E* — 6mnrv = m
dv  4neg,r’E®  6mnrv
= - (1)
dt m m
The mass of a particle can be represented in terms of the volume of the
sphere and the density of the substance:

m = ﬂnr?’
3" P
Then equation (1) takes the form:
2
dv_3egE” 912] v, 2
dt rp 2r°p
The coefficients are introduced to solve the differential equation (2)
2
g 3eg,E b M |
rp 2r’p
Let us write equation (2) in the form:
v a—bv
dt
dv
= dt 3
a—bv ()

By integrating expression (3)
—%In|a—bv|+c:t,
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where the notation for the constant of integration is introduced:
1
c==Inja—bv,|...
b

a—bv, ot
a—bv
a—bv, =(a—bv)e”

a—bv, =ae” —bve”
bve™ =ae”™ —a+bv,

From here we express the speed:
bt
ae” —a+bv, a a _ bt @ _ _
V= —0=———e ™ tyve=—(1-e")+ve™
be b b b

At zero value of the initial particle velocity:

v:%(l—e‘bt)... (4)

Thus, the dependence of the particle velocity in the electric field of the
electrostatic precipitator on the parameters of the medium, the electric field and
the particle itself has been obtained [3].

A numerical simulation of the change in the velocity of particles in an
electrostatic precipitator was carried out depending on the radius of the particle
(Fig. 2) and electric field strength (Fig. 3).
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Figure 2. Calculated dependence of the change
in the particle velocity depending on the radius
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Figure. 3. Calculated dependence of the change
in the speed of particles depending on electric field strength

The calculation results show that small particles reach the steady-state
speed of movement faster even at high electric field strength.
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caused by the use of fossil fuels, the transition to alternative fuels has become an
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IKOJOI'MYECKHUE ITPOBJEMBI NPOU3BOACTBA BUOTOIIJINBA

ctyneHT Ilapbiruna Auna QuieroBHa,
ctyaeHT KosiockoBa AHacTacusi AJieKCaHJApPOBHA,
Hay4. PyKOBOJMTEN: CT. npenoaaBarens Cemuyk Ejgena BiaagumupoBHa,

BIITD CIIOIYIITH,
r. Cankr-IlerepOypr, Poccuiickas denepanms

AnHoTaumsi. B Hacrosimiee Bpemsi u3-3a  YBEIMYCHHS BBIOPOCOB
MAapHUKOBBIX Ta30B U MOCIEJICTBUN TIJ100AbHOTO TOTEIUICHUS, BBI3BAHHOTO
MCIIOJIb30BaHUEM HMCKOINIAEMOIr0 TOIUIMBA, OCTPO BCTANl BOIIPOC O IMEPEXOJAE Ha
albTepHATUBHBIE BHUJIBI TOIUIMBA. [IpM AOCTATOYHOM KOJIMYECTBE ILIFOCOB
OMOTOIUIMBA, €r0 WCIOJb30BAaHHE CTABUTCS TOJ OOJBIIUM BOMPOCOM H3-3a
BO3MOYKHOT'O HETaTUBHOI'O BJIMSHUS HA OKPYXKArOLIYIO cpelay. B naHHOM cTarhe
paccMaTpHUBAIOTCS CMOCOOBI TMOMY4YEHUsT OMOTOIUIMBA, a TAKXKE BUIBI CHIPHS,
UCIIONIb3yeMble i 3Toro. Takum o0Opa3oM, Ha OCHOBaHMUM aHAJINA3a
CYIIECTBYIOIIMX JaHHBIX O BJIMSIHUW MPOU3BOJCTBA OMOTOIUIMBA HA KOJIOTHIO
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MOJKHO cJeJaTh BBIBOJ O TOM, 4YTO OMOTOIJIMBO HE SBIISCTCS IOJHOM
aNbTEPHATUBON MCKOTIAEMOT'0 TOILJIMBA.

KaioueBble c¢jioBa: OHMOTOILUIMBO, SKOJIOTHS, OHOITAHOI, OHOIU3EIb,
po0JIeMbl SKOJIOTHH.

Biofuel is a fuel of plant or animal origin. It is expected to replace
traditional fuels from exhaustible resources with those produced from renewable
raw materials. One of the main reasons for biofuel production is to reduce
greenhouse gas emissions and mitigate the effects of global warming caused by
fossil fuels.

A potentially promising alternative source of energy is biofuel energy.
Biofuel is commonly referred to as fuel obtained from biological raw materials.
It can be in liquid, solid, or even gaseous form. Often in today's context, the
term “biofuel” is usually used to refer to liquid fuel for internal combustion
engines, usually derived from the processing of sugar cane, rapeseed, corn,
soybeans or other crops. Two types of biofuels are used in practice. The first
includes bioethanol (alcohol that can be made from anything that contains
cellulose), as well as mixtures based on it, and the second is biodiesel (alcohol
derived from oilseed crops). Generally speaking, the use of alcohol as a fuel
dates back to the dawn of the automobile era. However, commercial interest in it
appeared relatively recently. This was due to rising oil prices and worsening
environmental problems.

Analysis of the global biofuel industry shows that, on the one hand — there
IS an increase in production, on the other — increasing criticism from
environmental organizations. For example, the share of biodiesel in the total
volume of biofuels in the EU is 80 %, and on the market of diesel EU reaches
1,5 %. The share of biofuels on the transport market of Europe can be increased
up to 5,75 % by 2010, and can be increased up to 8 — 10 % by 2020. At the same
time, the environmental friendliness of ethanol production is questioned [1].

At the same time, the ethanol industry, which just recently was predicted
to have a bright future, is threatened by a structural crisis. Experts are
questioning the environmental friendliness of bioethanol. Until recently it was
considered that for countries not rich in hydrocarbons, ethanol is a better
alternative to oil not only economically, but also ecologically as plant products
(rye, barley, corn, oats, millet and potatoes) are mainly used in ethanol
production. But the NRC report says that increased cultivation of corn, one of
the main feedstocks for ethanol in the USA, as well as expansion of areas under
crops in areas not prepared for it, can “have a serious negative impact” on US
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water resources. The fact is that growing corn in the northern and southern states
of the USA requires more water than growing traditional soybeans and cotton in
these states.This can have a negative impact on local water resources already
used for drinking, power generation, fish farming, etc. Moreover, production of
ethanol from bio-raw materials also requires quite a lot of water: according to
calculations of American scientists, a plant producing 100 million gallons (378
million liters) of ethanol a year needs as much water as a city with the
population of 5 thousand people. Biofuel production hurts developing countries
because it raises the price of food and harms the environment by forcing
deforestation. Even if we exclude the problem of water consumption, growing
the same crops (monocultures) will deplete the soil and increase the number of
pests. Chemical pesticides will be used to control them, resulting in reduced soil
fertility and loss of biodiversity.

There is an opinion that it is possible to use algae — thus, there is no need
to cut down forests and take up land that could be used for food production. At
the same time, environmental organizations warn that carbon dioxide emissions
from processing algae may be higher than from using algae as an alternative
fuel. In addition, there is the possibility that algae cultivation will limit
freshwater supplies, as reservoirs will dry up and have to be filled with water.

The general concept is that growing crops for biofuels offsets greenhouse
gas emissions because the plants directly remove carbon dioxide from the air.

However, the FAO (Food and Agriculture Organization of the United
Nations) in its 2008 State of Food and Agriculture report states that scientific
research has shown that different raw materials grown for biofuels have
different impacts on the environment. He warns that nitrous oxide, or better
known to all as “laughing gas” N20, released from fertilizers that can be applied
to the ground to help grow crops, will have 300 times more of a global warming
effect than carbon dioxide [2].

FAO says the impact is at the beginning of the production cycle, and any
change in land use can take years to correct, and in some cases may show that
fossil fuels are more efficient than biofuels. Studies have shown that in some
cases, converting arable land used to produce biofuels will emit more carbon
than producing the fuel itself.

“If the goal of policies supporting biofuels is to mitigate global warming,
then fuel efficiency and forest conservation and restoration would be better
alternatives,” the report says. It concludes that energy efficiency and
conservation are just as important and can be more cost-effective than biofuel
production.
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The FAO warns that there could be a negative effect of growing crops,
especially as feedstock for biofuels. This could displace other crops and create
more demand for new land to grow new raw materials. In Australia, Canada, and
the United States this has been seen as land that is currently being used as non-
crop land, in the EU it is set aside land, and in Latin America it IS new
uncultivated land. This takeover of land for biofuel crops could result in large
tracts of land changing its use [3].

Brazil's sugarcane area is expected to nearly double to more than 10
million hectares over the next decade, and along with the expansion of Brazilian
soybeans, this could lead to the displacement of land for cattle grazing and other
crops. After all, it is a load on uncultivated land [4].

Other significant load on land will be the intensification of crop
production through new technologies and the impact on soils through water use
and potential water scarcity. This could be a limiting factor in biofuel crop
production, and producing more biofuel crops would also affect water quality.

Domestic government policies need to be better informed about the
international implications of biofuel development. International dialogue, often
through existing mechanisms, can help formulate realistic and achievable
mandates and goals for biofuels.

Recently, experts have increasingly noted the downside of mass
production of biofuels. The downside of the biofuel boom is opening up — more
intensive farming and therefore environmental damage. Most ethanol is made
from grains, especially corn. And of all field crops, nothing compares with corn
in terms of environmental damage. We cannot assume that biofuels have
become a completely successful alternative to oil. But the world and
technological progress does not stand still, so maybe in the future we will be
able to find the most successful alternative.
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Automation of the main stage technological divisions of a manufacturing
enterprise is one of the most difficult issues facing both developers of automated
control systems and a company engaged in production activities. Currently, it is
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quite difficult to create an effective competitive production without automation
of all stages of the technological process.

Automation of equipment significantly facilitates the operation of
machine tools; this can also be attributed to the use of machines equipped with
numerical control (CNC). The presence of a numerical control system allows
you to increase the accuracy of workpiece processing and achieve high
productivity in production.

Further development of production systems focuses on developments
reflecting flexible production systems, including levels of monitoring,
automation, planning and production management.

The subject of the study is an integrated production system designed for
remote monitoring, signaling and control of the operation of CNC machines.

Over the past five years, the direction of modernization of lathes with the
introduction of an add-on to the machines of the numerical control system has
been increasingly determined in matters of automation of processes in metal
cutting.

Attention is drawn to the issues of operational remote monitoring and
diagnostics of industrial equipment, optimization and accounting of costs for the
use and maintenance of machines. A comprehensive solution to these issues can
be the creation of an integrated production system, which will allow combining
heterogeneous automated equipment, such as CNC machines, etc., into single
controlled systems designed to perform joint coordinated actions, including
remote administration of technological programs on CNC machines.

Production process control systems or MES-systems are used to solve
problems of synchronization, coordination, analysis and optimization of output
within a production. MES systems belong to the class of workshop-level control
systems, but can also be used to manage production at the enterprise as a whole.
To do this, they integrate with top-level systems of the ERP class [1].

At the same time, the issue of remote control of the operation of industrial
equipment in modern reality is becoming more and more relevant. And in case
of absence of the same level at the enterprise, changes are required to the
structure of the management of the production process and directly to the
structure of management and control of the work of workshops equipped with
CNC machines and other similar equipment.

The creation of an integrated production system for monitoring and
controlling the operation of equipment will allow for the exchange of data
between the top-level system “1C: ERP” and the equipment monitoring system
“Dispatcher” adapted for production tasks to obtain information that allows
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analyzing the actual load of production equipment, identifying the reasons for
the deviation of the reporting indicators from the planned ones. In terms of
information, it is required to provide the Dispatcher system with the necessary
information to accumulate an array of data on the actual loading of equipment.
And in the opposite direction, transmit data on the actual loading of equipment
into the 1C: ERP system to generate analytical reports based on the data
received.

The operation of the remote monitoring and control system of the
equipment includes two-way data transmission: from the machines via a local or
wireless network to the server, followed by data processing and visualization to
the specified users in real time, generation of reports on the condition of the
equipment, its efficiency, causes and downtime, the results of work for any
accumulated period of time.

The implementation of such a system implies the use of hardware or
software technologies, as well as their combination.

The hardware implementation includes sensors and special terminals that
are connected to machine automation to register its basic states (for example,
on/ off, duty cycle/idle, error/accident signal, etc.) [2]. In the case of
hardware implementation, it is possible to collect signals from almost any
equipment, which allows the monitoring system to cover the vast majority of
equipment in production. The operator servicing the machine, using the
information received, can interactively bring it to the attention of departments at
all levels of the enterprise's general system in order to resolve problematic
situations, connect the necessary services to work and coordinate actions with
the top-level system.

The software level of implementation is carried out by direct switching of
the monitoring server and the CNC device via a local network/Wi-Fi, which,
through an automated approach, allows you to: fix the basic states of the
machine, read the memory of the CNC devices, collect details about the current
operating parameters: feed, RPM, control program number, load, error code, etc.
Monitoring of such complexity requires connecting a network card to the
Ethernet network to the CNC devices. All the variety of equipment of the
enterprise in the form of various machines, installations, furnaces, etc. it must be
provided with appropriate communication devices, which is not always feasible
and possible.

212



Optimization of machine tool maintenance costs, accounting for the
intended use of equipment, operational remote monitoring of equipment work
are tasks that arise before modern managers of enterprises.

The qualitative and quantitative composition of data related to the current
operation of the equipment requires certainty in the choice of monitoring
technology, which directly depends on the level of the user of the product and
the emerging production problems. In other words, in the systems of the upper,
middle and lower levels of management of an enterprise and production
processes, the information needs differ.

Practice shows that:

- the director and chief engineer should have reports on the overall efficiency of
the equipment and the reasons for downtime (in the form of reports);

- the head of the workshop and the master will need operational information
about the status of the equipment, i. e. what happens to the equipment in real
time;

- the chief mechanic should receive notifications about alarms and the actual
operating time of the equipment;

- the repairman should have access to a list of machine error codes;

- the technologist is responsible for the stage and mode of processing, the
information about the execution is operational and regular;

- the programmer is responsible for the transfer of control programs to the
machine;

- the economist provides data on the cost of manufacturing each assortment unit
of products, etc.

At the workshop facility under study, it is necessary to supplement the
existing top-level information system “1C: ERP” with an expansion — the
monitoring system for the work of industrial equipment MDA
(MachineDataAcquisition).

According to the peculiarities of the production process of metallurgical
enterprises and the main tasks required for the solution of the remote-control
system, MDA-class monitoring systems were identified to varying degrees
satisfying the tasks set. Systems [3] were accepted for consideration: adaptive
management and monitoring of Omative ACM (lsrael), monitoring of the
operation of the equipment “Intent” (Russia, Belarus), control of the operation
of industrial equipment and program administration on CNC machines
“Dispatcher” (Russia).
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The systems considered are similar in capabilities and in monitoring
production, have been successfully tested in practice and have shown their
efficiency.

However, none of the considered systems is able to solve all the tasks
facing the enterprise without additional improvements. Therefore, it will require
the development of additional modules and the adaptation of existing
applications to the necessary functionality, and, as a result, integration [4].

If you choose a foreign system, language difficulties may arise when
further configuring the hardware and software product and working in it.
Foreign programs have a high cost of automatization of production. This entails
a large financial investment in comparison with the unit cost of products and an
increase in the payback period of automation.

The Dispatcher monitoring system, developed by a Russian company, has
the largest integration area. In terms of its capabilities and functional
application, it is not inferior to foreign analogues, in the price segment it wins
over other systems. It should be noted that in the current economic and political
situation in Russia, the Dispatcher system can support the solution of import
substitution issues, the relevance of which has increased recently.

Based on the above, the conclusion follows: when creating an integrated
production system for remote monitoring and control of the operation of CNC
machines, the basis should be taken to use the Dispatcher system, which today
more successfully monitors the operation of industrial equipment and program
administration on CNC machines. With the technical improvements of this
system, it is possible to implement the tasks set.

Creation of an integrated production system for remote monitoring and
control of equipment operation at the enterprise, allows you to perform:

- integration of machines into a local network, which will include various
models, regardless of the year of manufacture;

- control of equipment operation, including, if necessary, Internet and Wi-Fi;

- use of remote administration of technological programs on CNC machines;

- to generate reports promptly in the form of necessary forms, depending on the
requirements of the management level links, containing a range of operating
parameters of machines and the reasons for their downtime.

Since the working condition of the machines directly depends on the
activities of the operators servicing the local network of the considered
equipment of the enterprise. This requires an effective organization of the work
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of these specialists, taking into account the use of the information environment,
which will change the attitude to official duties and increase labor productivity.
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The quality of electricity is an aspect of the electric power industry that
has been known to us since the creation of energy systems. Nevertheless, topics
in the field of electricity quality have risen to the fore since the advent of
powerful semiconductor switches, transmission networks. In addition, the trends
in modern power engineering are to maximize the benefits of the existing
installed system and this has focused attention on the accuracy of the sinusoidal
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waveform, the absence of high and low voltage conditions and other distortions
of the AC waveform.

A decrease in the quality of electrical energy can lead to noticeable
changes in the operating modes of end consumers of electrical energy and, as a
result, to a decrease in the productivity of working mechanisms, a deterioration
in product quality, a reduction in the service life of electrical equipment, and an
increase in the likelihood of accidents. The quality of electrical energy can vary
depending on the time of day, weather and climatic conditions, changes in the
load of the power system, losses during transmission over a distance, the
occurrence of emergency modes in the network, etc.

The quality of electrical energy is the degree to which the parameters of
electrical energy correspond to their established values. In turn, the parameter of
electrical energy is a quantity that quantitatively characterizes any property of
electrical energy. The parameters of electrical energy are implied voltage,
frequency, and the shape of the electric current curve.

Since it is impossible to achieve perfect compliance with the declared
parameters, deviations are provided for in the normalization of indicators. The
main indicators of the quality of electricity are the following parameters: voltage
deviation, voltage fluctuations, temporary overvoltage, voltage failure, pulse
voltage, voltage asymmetry in a three-phase system and non-sinusoidal shape of
the voltage curve [1].

The parameters of the quality of electricity affect the duration of operation
of the connected devices; this often becomes critical in production. In case of
serious deviations from the norm, the performance of the lines decreases, energy
consumption increases. Thus, the torque on the motor shaft decreases when the
values of the supply network indicators fall. The service life of lighting lamps is
shortened; the luminous flux of lamps becomes smaller or flickers, which affects
the products, for example, in greenhouses. A significant influence is exerted on
the processes of other biochemical reactions. According to the laws of physics, a
decrease in voltage with a constant load on the motor shaft leads to a rapid
increase in current. This, in turn, leads to failures in the operation of protective
switches. As a result, the insulation melts, at best the fuses burn, at worst the
motor windings and electronics elements irretrievably deteriorate. Under similar
circumstances, the electric meter begins to rotate at a higher speed, which leads
to losses [2, 3]. Thus, there is a problem of the need to improve the quality of
electricity supply.
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The most effective ways to improve the quality of electricity are:

— rationalization of power supply, which consists, in particular, in
increasing the power of the network, in powering non-linear consumers with
increased voltage;

— Improving the structure of the first level, for example, ensuring the rated
load of motors, the use of multiphase rectification circuits, the inclusion of
corrective devices in the consumer;

— the use of quality correction devices — regulators of one or more indicators
of the quality of electricity or related parameters of power consumption. This
method is the most preferable from an economic point of view, since changing
the structure of the network and consumers requires serious costs.

Reduction of voltage losses in supply lines or cables can be realized by
reducing the active and (or) reactive resistance. Resistance reduction is achieved
by increasing the cross-section of wires or by using longitudinal compensation
devices.

The longitudinal capacitive compensation of the line parameters consists
in the sequential inclusion of capacitors in the dissection of the line, so that its
reactance decreases. Voltage fluctuations in the power supply system of an
industrial enterprise are caused by reactive power surges of loads. Unlike
voltage deviations, voltage fluctuations occur much faster. The frequency of
repetition of voltage fluctuations reaches 10 — 15 Hz at rates of reactive power
up to ten and even hundreds of MV Ar per second.

It follows from this that in order to reduce the scope of voltage
fluctuations, it is necessary to reduce the short-circuit resistance at the point of
connection of the load or the reactive power surges of the load, to reduce which
high-speed reactive power sources should be used that can provide the rates of
reactive power surges commensurate with the nature of the load change.

The connection of reactive power sources leads to a decrease in the
oscillation amplitudes of the resulting reactive power, but increases their
equivalent frequency. With insufficient speed, the use of reactive power sources
can even lead to a deterioration of the situation.

To reduce the impact of a sharply alternating load on sensitive electrical
receivers, a load separation method is used, in which double reactors, three-
winding transformers with split winding, or feed loads from various
transformers are most often used.

The reduction of voltage asymmetry is achieved by reducing the
resistance of the network to the currents of the reverse and zero sequences and
by reducing the values of the currents themselves. Considering that the

resistances of the external network are the same for the forward and reverse
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sequences, it is possible to reduce these resistances only by connecting an
unbalanced load to a separate transformer.

In addition, the reduction of asymmetry is achieved, for example, by
connecting powerful single-phase loads through its own transformer to 110 —
220 KW buses. Reduction of systematic asymmetry in low voltage networks is
carried out by rational distribution of single-phase loads between phases so that
the resistances of these loads are approximately equal to each other. If the
voltage asymmetry cannot be reduced using circuit solutions, then special
devices are used.

If the asymmetry changes according to the probabilistic law, then
automatic balancing devices are used to reduce it, in the circuits of which
capacitors and reactors are recruited from several small parallel groups and
connected depending on the change in current or voltage of the reverse
sequence. A number of devices are based on the use of transformers, for
example, transformers that allow for phase-by-phase voltage regulation.

The reduction of non-sinusoidal voltage is achieved by:

— allocating nonlinear loads to a separate bus system;

— dispersing loads across various power nodes with electric motors
connected in parallel to them;

— grouping converters according to the phase multiplication scheme;

— connecting the load to a system with higher power;

— using filter devices — switching on narrow-band resonant filters in parallel
with the load;

— switching on filter-compensating devices; using filter-balancing devices;

— using reactive power sources containing filter-compensating devices.

The development of a modern base of power electronics and high-
frequency modulation methods has led to the creation of devices that improve
the quality of electricity — active filters, divided into serial and parallel, current
and voltage sources.

Based on this, filter-compensating and filter-balancing devices
simultaneously affect several indicators, such as non-sinusoidality, asymmetry
and voltage deviations. The expediency of developing such devices lies in the
fact that sharply alternating loads cause simultaneous voltage distortion in a
number of indicators, which required a comprehensive solution to the problem
[4].

Thus, it can be concluded that in order to improve the quality of
electricity, the primary task is to determine parameters that do not comply with
the norm. After that, a set of organizational and technical measures should be

carried out. It is aimed at identifying and eliminating the causes, as well as
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sources of violations and consisting in individual and centralized suppression of
interference with increased noise immunity of distortion-sensitive electrical
receivers. This set of measures is based on the required troubleshooting method.
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Abstract. Human existence in the modern world is inherently connected
with household activities and production that require energy consumption.
Energy production, in turn, is impossible without the use of water. Thus, the
water-energy connection is expressed and water can be considered as an energy
resource. To conserve natural resources, water must be thoroughly purified and
returned to natural sources, which is not feasible without the use of innovative
approaches to purification. One of the enterprises using the achievements of
modern technologies to improve the condition of the water is the State Unitary
Enterprise “Vodokanal of St. Petersburg”.
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paccMaTpuBaTh Kak »HEpreTuyeckuit pecypc. s coxpaHeHUs TPUPOIHBIX
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pecypcoB BoJa JOJKHA OBITh TINATETLHO OYMWINEHA W BO3BpAllleHa B
€CTECTBEHHbIE  MPUPOJHBIE  HCTOYHMKH, YTO  HEOCYHIECTBUMO  0e€3
UCIIOJb30BaHUsl HWHHOBALMOHHBIX MOAXOAOB K ouuctke. OpHuM U3
NPEANPUATUNA, HUCHOJIB3YIOUIMX JOCTHKEHUS COBPEMEHHBIX TEXHOJOTHM I
yiydiieHust coctossHust Bojwl, siisiercst I'YIT «Bonokanan Cankr-IlerepOypray.
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DHEPreTUYecKass CBs3b, BOJOCHAOXKEHHME, BOJOOTBEICHHUE, WHHOBAIIMOHHBIN
MOJXO.

Water and energy management systems are very closely linked. Energy
resources are all sources of various types of energy available for industrial and
domestic use in the energy sector. Energy resources are divided into non-
renewable, renewable and nuclear. One of the first studies on the relationship
between water and energy was a life cycle analysis conducted by the American
scientist Peter Gleick in 1994, who initiated the interdependence and joint study
of water and energy. The main purposes of water use are: household and
drinking needs, cultural and household needs, extraction and production of
energy

Water used for energy production

All types of energy generation consume water either for the processing of
raw materials used at the facility, or for the operation and maintenance of the
plant, or simply for the generation of electricity itself. Renewable energy
sources such as photovoltaic solar and wind energy, which require little water to
produce energy, require water to process raw materials for construction. Water
can be used or consumed and can be classified as fresh, terrestrial, surface, blue,
gray or green. Water is considered to be used if it does not reduce the supply of
water to downstream consumers, i.e. water that is taken and returned to the same
source (using instream), for example, in thermoelectric installations that use
water for cooling and are by far the largest consumers of water. While the used
water is returned to the system for downstream use, it is usually destroyed in
some way, mainly due to thermal or chemical contamination. And the natural
flow was damaged, which does not affect the estimate if only the amount of
water is taken into account. When assessing water use, it is necessary to take
into account all these factors, as well as spatial and empirical considerations that
make it difficult to accurately calculate water consumption.

In the first years of this century, the following situation developed: the
main production funds of enterprises were severely worn out, tariffs were
constantly increasing without improving the services provided, the population
increasingly switched to bottled water, not trusting tap water. The company’s
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management realized that the time had come for big changes, without which the
company would not only not make a profit, but could also go bankrupt. A
“breakthrough” was needed, a fresh look at all aspects of the functioning of
Vodokanal. It was not individual improvement measures that were required, but
a different development concept.

The company has developed an “Innovative Development Program”. It
included the introduction of new technologies and tools in all areas of the
company’s activities. The goals were set both material and non-material, such as
preserving the environment and fostering a careful attitude to water among the
population. A separate very important goal was the introduction of digital
technologies in accordance with the State Program of Digitalization of the
Russian Federation.

Water treatment innovations

To date, water purification in St. Petersburg consists of two stages:
chemical purification and subsequent UV treatment. St. Petersburg VVodokanal
was the first to refuse to purify water with liquid chlorine at the first stage, now
sodium hypochlorite is used for this purpose, which is safe for the end user. In
addition, in St. Petersburg, for the first time, all water began to pass the second
stage for the destruction of viruses. Another innovative technology allows you to
remove unpleasant odors from the water and remove the remnants of petroleum
products is the powdered activated carbon dosing system [1]. The latest
developments implemented at the enterprise also include water ozonation and
gravity filters with activated carbon and sand. An example of their use is the K-6
block at the Southern Station.

Biomonitoring

In 2005, the development of scientists from St. Petersburg on the use of
bioindicator animals: crayfish and snails to determine water quality was
implemented. Its main idea is that a living organism reacts to changes in the
composition of the liquid instantly, significantly saves the time needed for
analysis, in case of an emergency, it is possible to influence the situation
immediately.

Innovations in water disposal technologies

One of the innovations was the method of phosphorus deposition by
chemical means. By adding reagents to the water, phosphates precipitate and are
removed. Now the “total phosphorus” in the drained waters is no more than
0,5 mg/l, which corresponds to the recommendations of HELCOM [2].

For the first time in St. Petersburg, membrane cleaning technology was
put into operation at the sewage treatment plants of the village of Molodezhny.

This made it possible to reduce the area of cleaning facilities, since there was no
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need to settle twice. The pore size of hollow fiber membranes is 0,2 microns,
which allows wastewater to meet all the requirements of Russian legislation.

Sludge treatment and disposal

Currently, high-speed centrifuges are used to separate sediment and
liquid, the solid component is subsequently burned, which is recognized
worldwide as the safest method of disposal and allows you not to arrange zones
for its storage. In addition, methods for the production of secondary resources
obtained during combustion were introduced.

Surface water, snow and flue gases

A number of technologies have been implemented that have made it
possible to purify the surface runoff of water and gases from the combustion of
sediment much more efficiently, as well as to melt the snow mass. These
include: the technology of three-stage gas purification at solid sludge
incineration plants, automatic control and dosage of reagents, the use of
ultraviolet light for disinfection of surface runoff, snow melting due to the heat
of wastewater, which reduces the impact on the environment.

Interaction with the consumer

One of the main innovative achievements of VVodokanal over the past
years has been a radically changed system of interaction with the end user of the
product. The company meets people halfway, tries to become closer and clearer
to them, for which, first of all, a new service was launched on the official
website — “Personal Account” for subscribers. The user gets the opportunity to
quickly receive settlement documents and information about the volume of
water consumption, independently submit readings of individual metering
devices, as well as submit an application and receive technical specifications.
Instagram and Vkontakte pages have been created for the convenience of
responding and attracting the younger generation with a new concept of caring
for water resources. It is possible to leave a request on the website portal about
various emergency situations, for example, about an open manhole.

Water supply complex management system

The creation of an innovative management system will allow the city to
be the first to automatically adjust the characteristics of the supplied water and
instantly obtain the necessary quantities of water consumption. The first
swallow of this project was the Uritskaya pumping station, where pumping
equipment was replaced with more energy-efficient [3]. Pressure monitoring
was fully automated, thanks to the new network equipment. Water quality
control has been implemented in the networks. All consumers of this station
were provided with the latest meters, which made it possible to automatically

receive data on water consumption without the participation of the subscriber.
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The result of the pilot project was a forty-three percent reduction in energy
consumption, a thirty-nine percent reduction in unaccounted water losses, and a
thirty-two percent reduction in damage. By now, the project has been put into
operation in the Southern zone of St. Petersburg, the number of people provided
with new generation meters has reached one and a half million [4, 5].

In recent years, SUE Vodokanal of St. Petersburg has achieved a lot on its
path of innovative development. This happened thanks to new technologies that
the management was not afraid to look for, develop and implement. However,
Vodokanal is not going to stop there, it is still in search of new ideas and
technical innovations. The company has set itself a very high goal — to become
the best company, both in the field of water supply and in Russia as a whole.
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A synchronous electric motor is an AC electric motor in which, at steady
state, the rotation of the shaft is synchronized with the frequency of the supply
current; the rotation period is exactly equal to an integral number of AC cycles.
Synchronous motors contain multiphase AC electromagnets on the stator of the
motor that create a magnetic field which rotates in time with the oscillations of
the line current. The rotor with permanent magnets or electromagnets turns in
step with the stator field at the same rate and as a result, provides the second
synchronized rotating magnet field of any AC motor. A synchronous motor is
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termed doubly fed if it is supplied with independently excited multiphase AC
electromagnets on both the rotor and stator [1].

Either a DC electromagnet or permanent magnets are placed on the rotor.
For small power ratings (up to 10 kW), these motors are mainly designed with
permanent magnets on the rotor. In the following article we will only consider
this type of motor, so by synchronous motor we will understand that it has
permanent magnets on the rotor [2].

Valve motors, commutatorless DC motors are all synchronous motors and
the control method discussed in this article applies to them. At the moment, this
type of motor is the most promising for regulated electric drive applications.
They have a number of advantages over induction and DC motors, namely:

— High power characteristics (efficiency over 90 %);

— Smaller weight and dimensions with the same power;

— Large speed variation range;

— High overload capability in terms of torque;

— Long service life and high reliability.

— The only disadvantage of synchronous motors is their relatively high cost,
which is due to the high cost of permanent magnets. Because of this, until
recently, these motors were mainly used in high-precision applications (e. g.
CNC machine feed drives, industrial robots, military technology, precision
mechanics). However, there has been a downward trend in the cost of
synchronous motors in recent years due to the advent of cheaper production
technologies for high-coercivity permanent magnets. And this is leading to an
increasing adoption of this type of motor in domestic and industrial applications
such as compressor drives in refrigeration engineering, circulation pump drives,
ventilation systems. This allows, first of all, to reduce the size of the drive and
make it controllable. There are tendencies of gradual replacement of
synchronous motors by their asynchronous predecessors and collector motors. In
addition, asynchronous motors have a significant drop in efficiency when the
speed drops below 40 % of nominal speed. With synchronous motors this
disadvantage is less pronounced. These factors make synchronous motors almost
ideal for energy-saving drives with a wide control range. Unfortunately,
synchronous motor control systems currently occupy a small segment of the
drives market. Most frequency inverters are only designed for use with induction
motors and manufacturers who use synchronous motors in their products
produce highly specialised drives for their own needs which are difficult to
adapt to third-party solutions. Engineers who use synchronous motors in their
designs often have to design the drive themselves [3].
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In developing integrated control systems, it is often necessary to integrate
the drive into the overall control system. An example of this is a heat pump
control system which can consist of a top level system and local actuator
systems — compressor, fans, valves. All these must form part of a single unit.
Consequently, the actuator must be flexible and adaptable to the specific system.

This makes the task of developing a synchronous motor control system
that can be adapted to the specific application and easily integrated into more
complex automatic control systems all the more important [4].

There are several ways to control synchronous motors. Classical is the
principle of control as a function of rotor position. Here the rotor position sensor
IS mounted on the motor shaft and the windings are commutated at certain
positions of the rotor, thus producing a rotating magnetic field. The control
system in this case is relatively simple, but it increases the complexity of the
motor design and requires a larger number of wires between the motor and the
drive. This reduces the reliability of the system. In order to increase the
reliability of the system, control methods without rotor position sensors are
applied [5]. This is primarily a scalar control method where the motor windings
are switched at a certain frequency without tracking the rotor position, but the
motor may fall out of synch and stop. This is a disadvantage that the counter
electromotive force pulse based control method does not have this disadvantage.
The current flows through 2 motor phases and the third phase is used to follow
the counter EMF. In this case the maximum motor torque, and therefore the
power output, is reduced. The vector control method lacks most of the
disadvantages of the above methods. This method is widely used in AC
asynchronous drives. However, it is also applicable to all other three phase
motor types.

Vector control is a method of controlling synchronous and induction
motors that not only generates harmonic phase currents (as in scalar control) but
also controls the magnetic flux of the rotor, or in other words, the position of the
magnetic flux vector in space. Vector control of a three-phase motor allows it to
be controlled in the same way as a DC motor.

We will consider the control of a motor with an implicit pole rotor. It is
well known that the stator inductances of such a motor are equal along the d and
g axes. Therefore, the expression for the torque of such a motor will be
simplified:

3
M = > ZplsqWr.
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This expression shows that with a constant rotor flux (permanent magnet),
the motor torque depends only on the g-component of the stator current. The d-
component is parasitic, does not create torque and only causes additional losses.
The motor torque can therefore be controlled by controlling the g-component of
the stator current, keeping the d-component equal to zero.

To implement vector control, the instantaneous currents in the three motor
phases are measured. Then a conversion is performed first from the three-phase
system to a Cartesian system (Clark, PC conversion in the diagram) and then
from the Cartesian to the rotary system (Park conversion, PP). The result is two
current signals, Id and Ig. For both currents, the proportional-integral regulators
(in the diagram, PTqg and PTd) are constructed. The signals from the outputs of
the regulators are converted back to the Cartesian coordinate system (Inverse
Park Transformation, RPD). The space vector modulator (VM) calculates the
necessary switch-on durations of the power switches as well as the switching
sequence to realise the calculated current vector in space, i.e. directly in the
motor windings. The speed controller (PC), which maintains the motor shaft
speed setpoint, is a parallel Pl controller. The speed reference signal is an
external signal set by the user or a higher-level control system. The speed
feedback is a signal proportional to the current motor speed calculated by the
state observer (NS) as a derivative of the rotor angle. The output signal from the
speed controller is the motor torque reference signal. This system implements
what is called a slave coordinate control system. A so-called state observer (NS)
IS used to determine the rotor angle of rotation. It calculates the current rotor
angle of the motor based on the measured instantaneous motor currents and
voltages [6]. At the same time, it calculates the speed and torque of the motor.
All calculations are based on a mathematical model of the motor. The state
observer is one of the most complicated units of vector control system and its
development is not considered in this article.

It is obvious from the above mentioned that the principle of vector control
allows to control three-phase synchronous motor as easily as a direct current
motor, i.e. by regulating only one quantity — motor current (torque). Vector
control also gives better motor performance than other control methods. The
modern element base enables a low-cost, yet high-quality drive that can be
easily adapted for specific control tasks.
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In recent decades, there has been a rapid development of a new generation
of materials called “smart” or “smart” materials. Such materials have additional
properties that expand their structural capabilities when external influences
change. External factors include mechanical, temperature, light effects, the
effects of electric or magnetic fields, changes in the parameters of the medium in
which the material is located.

Smart materials include alloys with shape memory, which have the
property of restoring significant deformations when heated, and with significant
counteracting forces. This ability of materials with shape memory is used in
devices and structural elements for various purposes: temperature and pressure
sensors, converters of thermal or electrical signal to mechanical, etc. Elements
made of alloys with shape memory may have the shape of a spring, plate, rod or
a more complex configuration. Such elements are characterized by a nonlinear
dependence of large displacements on external forces, while the deformations of
the material itself remain small and the material works elastically [1, 2].

Plates made of titanium nickelide, the most famous shape memory alloy,
are used in medicine for fixing bone fractures. In engineering, there are
structures in which a rod or a thin strip bends strongly when the material is
working within the limits of elasticity, for example, flexible current leads to
moving parts in electromechanical systems (in gyroscopic devices), valve parts,
flexible elastic connections, moving elements (potential energy accumulators),
mechanical sensors of nonlinear dependencies or rectifiers of nonlinear
dependencies. In the process of bending a thin part, its initial configuration
changes greatly, and the movements during bending become commensurate with
the dimensions of the part itself.

The shape memory effect is manifested due to phase austenitic-martensitic
transitions with a reversible change in the size of crystals of a new phase with a
change in temperature or mechanical stress. Experimental studies of the
temperature-deformation behavior of elements made of alloys with shape
memory are of particular interest, since theoretical models of products from
shape memory are built on the basis of experimental data, and the calculated
results obtained are verified [3, 4].

In this paper, an experimental study of the flat bending of a rectangular
plate with a thickness h = 0.60 + 0.05 mm, width b = 18.31 + 0.08 mm and
length | = 77.16 £ 0.08 mm, made of equiatomic titanium nickelide
with phase transition temperatures M, = 62 °C, M, = 30 °C, 4, = 44 °C, A, = 72
OC, was carried out. The moments of inertia of the rectangular cross-section are

JX:bh3/12= 0,33 mm* and Jy =hb3/12 = 306,93 mm*, therefore, the smallest
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and greatest stiffness of the plate section for bending with the elastic modulus of
martensite £, = 30 GPa are equal, respectively, EJ, = 0.01 Nm? and EJy= 9.21
Nm2,

The plate was pre-annealed at a temperature of 500 °C for an hour in a
salted state between flat iron bars.

Then experiments were performed on thermal cycling of the plate in the
temperature ranges of martensitic transitions under constant load. To do this, the
plate was pinched rigidly on one of the short sides, heated in a free state to a
temperature of 900C, loaded with a constant concentrated force P applied to the
opposite loose end, and cooled under load to a temperature of ~ 24 °C. The load
values in the experiments were P: 0,2; 0,4; 0,6; 0,8; 1,0 H. Subsequent heating
of the plate to 90 °C was performed using an infrared lamp with an electric
power of 250 W (Fig. 1). When cooled under load, the plate bent in the vertical
plane, changing the curvature (Fig. 2), when heated under load, the flat shape
was restored. The displacement of the loose end of the plate vertically Ymax

and horizontally Zygx was measured during thermal cycling, and the maximum
displacement from the initial position of the plate was calculated

Mmax =\ Y2y * 22 (Fi9- 3).
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Figure 1. Installation diagram Figure 2. Temperature-deformation

hysteresis of the plate under load

233



The dependence of the maximum displacement of the loose end of the plate
on the applied load is shown in Fig. 4 and shows that even with small loads
P = 02 N, the maximum displacement has a significant value

Mmax =\ Y2ay * Zay With @ plate length L = 77,16 mm
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Figure 3. Temperature dependence of Figure 4. Dependence of the maximum
the displacement of the loose end of the displacement of the loose end of the
plate during thermal cycling under load plate on the applied load

! max

Vineee

Figure 5. Graph of plate bending changes

With a subsequent increase in the load in the thermal cycle, the maximum
displacement reaches the highest value and does not increase further (Fig.5).
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Abstract. A numerical study of the aerodynamic structure of the flow
arising from the transverse injection of a series of circular jets into a wall-
bounded stream washing a flat obstacle of finite length has been carried out.
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A free jet is a flow of a liquid that is not limited by solid walls and flows
out into the environment with a significant absorbing or gaseous phase.

The jet flowing from the landing, gradually expanding, disperses in
another environment. but, as is known from experience, the jet takes place on
the surface or represents the probability of occurrence between its structure and
its consequences [1].

The outflow velocities of the jet from the nozzle are high enough,
therefore, its flow has a turbulent character, while pulsations of all parameters
are observed in the flow core and in a turbulent boundary state.
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Under the influence of transverse pulsating velocities, an intensive
exchange of particles of the jet and its environment occurs. As a result, the
momentum is exchanged, the jet expands and drags the particles of the medium
along with it at a speed that decreases. The zone in which the main exchange of
energy takes place is called a turbulent sublayer.

The results of the experiments show that the non-flooded consists of a
compact, crushed and sprayed part.

The compact part consists of the jet material and is located at a relatively
large distance from the nozzle orifice.

The shape of the jet and its continuity in this part do not change.

In the fragmented part of the jet, it expands and breaks down into separate
large parts.

In the sprayed part, the jet consists of an ensemble of polydisperse
droplets, the distribution of which generally obeys the normal law.

With the sweat of the jet and the force of inertia, gravity forces, the
resistance of the air medium and the forces within the core of the jet, explained
by turbulence and the heaving-wave motion of the structure of the liquid in the
jet, act on it [2]. It is possible that this also includes the forces causing
deformation of the jet shape.

The combined action of these forces causes the jet to disintegrate. The
droplets formed after disintegration are under the action of interfacial or surface
tension.

Jet use in industry.

Hydro-jet jets used for excavation should have a compact part of the
maximum possible length, since this part has the necessary power. For this
purpose, the design of the water jet at the outlet should have a surface that
maximally suppresses the initial intensity of turbulence and the possibility of
significant suppression of internal oscillations in the jet. The optimal length of
the component jet of the water jet with the power required for soil development
ends from the outlet section at a distance [3]

| =0,4153/H*d, cos &

Where: do — outlet diameter

H — head in front of the outlet

6 — the angle of inclination of the trunk to the horizon

This formula belongs to N.P. Gavyrin.

Also used are vertical, like sprinkler, sprinkler and sprinkler impulse jets.
Sometimes water injections are used to clean internal combustion engines.
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Jet and wall dynamics

The force of action of a free non-submerged jet on the wall is determined
in the following way.

Consider a conical wall, the axis of which coincides with the axis of the
jet. Consider 2 sections: 1-1 and 2-2, respectively, inlet and outlet. The pressures
in these sections are equal to atmospheric, therefore the corresponding pressure
forces are equal to zero, and the weight of the liquid y in the considered section
of the flow is neglected.

Then the static reaction of the flow will be equal to:

F.=FR+F+7=0 (1)
where F, — cross-sectional pressure force 1-1; F, — cross-sectional pressure

force 2-2; y — fluid weight between sections 1-1 and 2-2.

Dynamic reaction from the side of the obstacle wall:
F

oun

where p— fluid density, W — volumetric flow rate.

Neglecting the difference in heights in section 2-2 for its various points
and hydraulic resistance, we obtain from the Bernoulli equation written for these
sections that the velocities », and , are the same [3].

=W *p*a -W*p*a,

o, =0, =0 (2)
Due to the axial symmetry of the flow and the wall, the force of its action

Is directed along the axis. By projecting the force vectors on this axis from
equation (1), we obtain:

F..=W*p*a, -W*p*w,*cosa =W * p*w(l-Ccosa)

where « — taper of the mesh relative to the axis of symmetry.

Consider special cases:

1. The dynamics of a jet and a flat wall perpendicular to the flow
(=90 °)

F

OuH = W * IO * @
2. Concave walls (cup-shaped)

She turns on « =180 °. In this case:

F =2W*p*w

oun

3. Curved wall (cup-shaped)
F =W*p*w*(1-cosa)

oun

The greatest value of the jet pressure is on the concave bowl-shaped wall.
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4. Consider a flat stationary wall located at an angle to the jet axis.
Obstruction and jet are on the same axis.

Let us assume that the liquid spreads out in two streams over the wall
surface with mass flow rates W, * p*w,and W,* p*w, respectively. The wall is

shaped like grooves so that the liquid does not spread over the surface
perpendicular to the plane of the drawing. We neglect friction forces due to their
insignificance. In this case, the force of action of the jet on the wall is directed
perpendicular to the wall [4]. Let us consider sections 1-1.2-2.3-3, in which the
pressure forces are equal to zero, and the static reaction of the flow as a whole is
equal to zero, and then the force of the action Fdin of the flow on the wall will
be equal to:

F

o =W * p* 0 =W, * p* 0, -W,* p* o,
Having projected the vector of forces included in equation (2) on the y-

axis and on the x-direction parallel to it, we write:
F., =W, *p*o *sina

Oun

F

o =W T pFay T eosa =W, * p* w, ~W,* p* @, (2)
Neglecting losses due to friction of the fluid against the wall, we assume
that the velocities in sections 1-1, 2-2, 3-3 will be equal.

Then from equation (2) we obtain:

W, * p*cosa —W,* p-W;* p =0 3
According to the equation of costs, we get:
W *p =W, " p+W;* p (4)

Using equations (3) and (4), we determine the costs W,* pand W, * p.

The stated theoretical information is supplemented by an experimental
work with the title “force of action of a free non-submerged jet on an obstacle».
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Energy conservation is one of the important tasks of the XXI century,
since energy consumption is a necessary condition for human life and the
creation of favorable conditions for his life. Improving the competitiveness,
financial stability, energy and environmental security of the Russian economy,
as well as the growth of the level and quality of life of the population is
impossible without realizing the potential of energy conservation and energy
efficiency through modernization, technological development and transition to
rational and environmentally responsible use of energy resources. The place of
our society among economically developed countries also depends on the results
of solving this problem.

The technological breakthrough in the field of energy management is
based on the use of the SmartGrid concept [1] and intelligent energy networks,
marketing logistics related to the reasonable and rational redistribution of energy
flows in domestic and industrial energy systems. The implementation of key
requirements based on the basic approach can be guaranteed by combining
traditional development with the creation of new attributes of its key element of
the energy system.

Reducing the level of electricity losses generates the expected profit of
energy companies, and for the state this parameter allows you to build an energy
efficient society. The improvement of energy system management processes
satisfies the condition for the development of energy systems from the
perspective of stakeholder groups.

Management decisions on the introduction of energy saving technologies
at industrial enterprises are implemented in the Russian Federation under
conditions of risk and uncertainty. The expert discussion within the framework
of the meeting with representatives of legislative and executive authorities is
aimed, as a rule, at improving the dialogue at the interdepartmental level with
development institutions with an entrepreneurial association to launch new
solutions, primarily the need to use the capabilities of Blockchain technology in
energy conservation [2].

Currently, the current centralized power supply system in the electric
power industry is experiencing significant drawbacks: electricity losses,
according to various estimates, reach 30 — 40 % per year [3], the cost of services
Is constantly growing, the debt of the population and the total costs of ensuring
the operation of the unified energy system of Russia are increasing, remote
regions of the country lack electrification, and the quality of energy supplied

does not meet the established values.
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The main causes of these problems are outdated technology, faulty
metering devices, errors in taking readings, incorrect receipt filling and illegal
connections. Experts see the main vector of development of the domestic
electric power industry in the transition to distributed generation and the
construction of the Internet of energy. The introduction of smart meters and
other Internet of Things technologies forms a huge data market. Improving the
efficiency of energy infrastructure directly depends on its reliability. Validation
and data security functions can best be implemented on the basis of a distributed
registry. The Erachain blockchain platform allows automated accounting of the
entire supply chain of electricity from generating companies to end consumers
and provides deep protection against unauthorized access to data at all levels.
The system allows you to make records not just by the amount of energy
resources, but also for a certain time interval.

The platform can be integrated into the infrastructure of the city, region
and the whole country. Erachain allows you to create authenticated profiles of
participants of the Internet of Electricity ecosystem. This gives control over
making any changes to the software of metering devices and changing their
settings from below. The construction of distributed generating capacities
creates new market models. Where consumers can also be electricity producers,
and all participants freely exchange energy resources.

Blockchain technology allows you to establish direct contractual relations
between consumers and electricity producers. The essential advantages of
performing an operation through a Blockchain transaction is that all electricity
supplied to the power grid can be clearly attributed to the accounts of specific
consumers in the shortest period of time up to several minutes. At the same time,
the calculation for all electricity produced and consumed can be very accurately
made at variable prices. A simplified settlement process will lead to a reduction
in the amount of balancing energy on which market participants are billed.

The use of Blockchain technology provides consumers with a higher level
of transparency of transactions. Consumers will be able to track where the
electrical energy they purchased was produced. As part of the transition to a
more complex intelligent distributed energy model, the Erachain platform has
been integrated into the electricity metering and remote data collection program
“l am a power engineer”. The use of blockchain in conjunction with the Internet
of Things, big data and machine learning in the concept of the Internet of energy
will allow to obtain the following system-wide effects:

1) building civilized relations between all participants in the process of
generation and transfer of energy sales;

2) verification of the reliability of the amount of energy resources

presented by the supplier for payment;
243



3) increasing the flexibility and efficiency of the country’s energy system;

4) saving budget funds and consumer funds to pay for resources.

Building an energy management system model based on the use of
Blockchain technology capabilities will contribute to the decentralization of
energy production and supply based on renewable and traditional sources. In
this regard, it is proposed to analyze the technical side of this technology as a
software for monitoring, measuring the energy of an energy transmission device
with the function of remote data transmission online. This will significantly
reduce financial costs, costs for the purchase /sale of energy resources, the
transfer of ownership of permits for the emission of greenhouse gases that
guarantee clean electricity generation.
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HEBO300HOBIISICMBIMH, JUIICHHBIX ITaHHOTO HejoctaTka. Llenas 3akimrodaeTcs B
yKa3aHUM Ha HEBO3MOXXHOCTh OBICTPOTO TMepexoja Ha TMOJHBIA MK
BO300HOBIISIEMOCTH B CYIIIECTBYIOIIEH KOHBIOHKTYPE.

KiroueBble ¢JjI0Ba: ajnbTepHATMBHAA HOHEPreTHKA, TPagULIMOHHAA
SHEPreTHKA, SKOJIOTHS, dJIeKTpocTanuu, BIUD.

Nowadays, alternative energy is strongly popularized because of its
environmental potential compared to traditional power generation. Undoubtedly,
alternative energy prevails in this regard, but despite all its positive aspects, it is
worth considering its disadvantages. The essence of alternative energy is the use
of renewable or inexhaustible sources, such as wind, solar and geothermal
energy. Unlike non-renewable sources such as fossil gas, coal and oil, which in
combustion emit into the atmosphere various oxides, dioxides and carbon
dioxide, which, in turn, cause the greenhouse effect.

The main problem with alternative energy is the dependence on variable
weather or geographical limitations, in other words — the inability to regulate the
capacity of generation to cover the uneven daily consumption of a community.
For example, during the dark hours of the day, electricity consumption increases
due to city illumination and the mass use of household appliances by city
dwellers.

Solar power plants are powered by electromagnetic radiation from the
sun. Undoubtedly, a huge plus of solar energy is its inexhaustibility, zero
emissions and low costs of use. This technology can be used both on a regional
scale and on the scale of a single site. Also, on the plus side, there is the relative
ease of installation and subsequent use of solar panels, as there is no need for its
frequent maintenance or even its absence in case of installation of solar panels in
private households in a mainly continental climate. The leaders in the use of
solar energy are Germany, China and Italy with 25,5 %, 14,3 % and 12,5 % of
the world's solar generation, respectively [1]. But there are many disadvantages
of this technology. Firstly, its inefficiency in places where the annual number of
sunny days is low. Secondly, the sensitivity of solar panels to dust and
precipitation reduces their efficiency. Thirdly, their low efficiency: in order to
pay off the cost of solar panels, it is necessary to install a large number of them
and this, accordingly, will take up a lot of space that could be given to pastures
or agricultural land. In addition, for the greatest efficiency solar panels must be
installed on flat terrain, which narrows the possibility of providing solar energy
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to mountainous areas. The main problem with this type of energy is its
seasonality. Since, for example, most of the energy is produced in summer,
when, as in winter, the demand for energy increases and the length of the day
shortens, respectively, the use of solar energy at this time of year will be
inefficient. There is also uneven daily consumption of electricity by humans. At
the moment this problem is trying to be solved with the help of battery stations
to provide electricity at night, but this solution has a certain number of
disadvantages, such as a large amount of toxic emissions into the atmosphere
during mining the necessary lithium and, in fact, the production of battery
stations. It is also necessary of replacing the batteries themselves due to aging
and further disposal [2].

Another type of power generation exploits the power of wind, which man
has been using for a long time. One of the advantages of this type of alternative
energy is the inexhaustibility of resources. And compared to solar power plants,
it does not take up much space. Terrain pattern and duration of the day are not
such an important factor, in contrast to solar energy. Also, wind power has a
higher efficiency than solar power. An important advantage is that wind farms
can be located in the vicinity of arable land. The undisputed leaders in wind
energy are China, the United States and Germany. The downsides of wind
energy include the high cost of manufacturing wind farms, the difficulty of
transportation from the point of production to the site of installation and
assembly. Bird mortality increases in regions where wind farms are located.
Inefficiency of this energy in regions with low wind potential, cannot cover the
daily surges in energy consumption, and increased noise has a negative impact
on nature and human psychological condition; therefore, it is necessary to install
them away from human settlements.

There are also plants that use geothermal sources to generate electricity.
They are at the stage of development as part of the transition to alternative
energy. The advantages include environmental friendliness and availability in
regions of volcanic activity, low cost of energy produced, renewability, high
efficiency compared to other types of alternative energy, the ability to produce
energy regardless of environmental conditions and the season. The negative
side of this type of alternative energy is geographical limitations and the high
cost of constructions. It is not reasonable to build this type of plants in places
with insufficient temperature of geothermal water [3]. Other disadvantages
include expensive construction of geothermal power plants in comparison with
other types of energy, possible depletion of geothermal reservoirs, excessive

247



consumption of fresh water by the plant, which may lead to its shortage, release
of large amounts of toxic chemicals and geothermal gases during drilling.

Hydroelectric power plants use the natural currents of water resources,
converting them into electricity with the help of turbines. Their share of global
distribution is higher than that of solar and wind energy. The advantage is the
large amount of generated power and its cheapness for the end user and the
absence of harmful emissions into the atmosphere. The negative sides of
hydroelectric power plants are the following: they are expensive and difficult to
build, flooding of settlements and agricultural land above the level of the dam,
the risk of landslides and a strong negative impact on the ecosystem due to the
formation of lakes and the lack of soil moisture downstream from the power
plant, reducing fish and bird populations. The leaders in absolute values of
hydropower generation are China, Canada, Brazil, and per capita — Norway,
Iceland and Canada. There are also Small Hydro Power Plants working on the
same principle. The distinctive feature of SHPPs from HPPs is their smaller size,
hence they are characterized by the lower cost, lower complexity of construction
and lower impact on the ecosystem as there is no need to flood livable and
irrigated areas, lower risk of landslides, though the production of electricity in
accordance will be lower than that of large hydropower plants [4]. Other
positive aspects include the high efficiency factor, the cheapness of generated
electricity for the end user and the absence of harmful emissions into the
atmosphere. Special types of hydroelectric power plants include tidal and wave
power stations. They also use the natural currents of water masses. One of their
advantages is that they can be used as wave breakers to protect coastal areas. In
addition, the specific generated power is higher than that of wind power, and
this can be a profitable support. The disadvantages of this technology include
interference with the fishing industry and the movement of water transport.

An important subject of debate is nuclear power, which raises the question
of its environmental friendliness, as there is a possibility of man-made disasters,
which can severely affect not only the ecosystem, but also the settlements near
the plant. Despite this disadvantage, this type of energy is widespread in
developed countries, because nuclear power is a highly efficient way of
generating electricity. The world leader in installed capacity is the United States
(20 % of the country’s total energy mix). The leader in terms of the share of
total generation is France (72 % of the country’s total energy mix). Nuclear
power plants operate on the principle of thermal power plants, but their
distinctive feature is the absence of carbon dioxide emissions. However, the
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negative environmental factors are thermal pollution, radioactive waste and
radiation as well as accidents. There is a global trend to abandon the “peaceful
atom,” and the first country to completely abandon nuclear power plants was
Italy.

The main type of traditional power generation is thermal power
generation, which uses the chemical energy of fossil fuels. It leads in the
generation of electricity around the world. The incomparable advantage of this
type of power over alternatives include the power output and the ability to
regulate it, that is, the ability to generate more electricity when needed, which is
not possible with solar or wind energy; the possibility of building a power plant
close to a settlement, due to which the cost of power transmission is lower, and
the small financial costs are also an undeniable advantage [5]. However, thermal
power plants are one of the least environmentally friendly types of electricity,
because the burning of fuel emits large amounts of toxic substances, which
negatively affects the atmosphere of the globe. Moreover, the extractive
industry, the development of which also destroys the ecosystem, depletes the
reserves of minerals, and affects landscapes of the earth, not intended for
mining.

Considering the pros and cons of alternative energy, we can conclude that
to replace the traditional power generation at the moment is not possible due to
difficulties connected with the infrastructure, its optimization, the dependence of
alternative energy on the environment. On the other hand, although nuclear
power plants are a more environmentally friendly version of thermal power
generation, they also have a number of disadvantages, due to which they are less
common than thermal power plants. Geothermal energy is a different matter. It
is a relatively efficient and harmless type of power generation, but its
advantages are outweighed by the geographical limitations of its use. In the end,
it all comes down to the inability of today’s energy industry to completely
switch to more environmentally friendly types of power generation.
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AHHoTanusi. B nanHoif pa®oTe paccMOTpeHBl TEOPETHUYECKHE OCHOBBI
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The main engine of thermal and nuclear power plants nowadays is a steam
turbine. It follows from this that in the study of turbine construction, a bias is
being made to increase the efficiency and efficiency of steam turbine
installations, as well as to increase the turbine power. One of the factors
affecting the efficiency of the installation is the blade profile, which depends on
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its purpose. Blade profiles can be characterized by the following geometric
characteristics: chord, middle or axial arc, maximum thickness and concavity.
The final form for working out the blade profile can be taken after conducting an
experimental study. The theory of profile lattices is used to describe the
hydrodynamic process of the blade profile flow [1].

If the studied blade profile is located at an angle or has an asymmetrical
shape, then the pressure distribution along the convex and concave contours of
the profile turns out to be unequal. Due to the difference in the flow velocity
along the considered channels, the pressure on the concave part of the profile
will have a greater value than the pressure on the concave one in accordance
with the Bernoulli equation. Based on this, it can be noted that the asymmetry of
the pressure distribution will lead to the appearance of a resultant force that will
affect the blade. This force of influence can be determined by the sum of all the
forces that act on each elementary site based on the analysis of pressure
distribution plots on the profile surface, it is possible to calculate the force acting
on this profile [2].

The turbine grid is a set of blades installed at the same angle and located
relative to each other at the same distance

The question of the spatial flow of turbine gratings is extremely complex
and can be solved only for some of the simplest cases, speaking of qualitative
and quantitative dependencies between individual quantities, when flowing
around the gratings with a compressible medium, only the experimental material
can serve as reliable.

When setting up an experiment on a running turbine, you may encounter a
number of specific conditions that complicate the experiment. In practice, when
studying the turbine array, they follow the path of simplifying the model under
study, as a result of which, it becomes possible to study particular issues for a
general task.

One of the simplified turbine models is a flat grid. It is possible to study a
number of phenomena characteristic of the operation of real turbine gratings; the
influence of the angle of attack, to estimate the magnitude of edge and profile
losses, to study the development of the boundary layer, to study the development
of the boundary layer in the inter-blade channel.

By the distribution of static pressure and velocity, it is possible to
determine whether the flow in the lattice is confusory or diffusory, and to find
the force acting on the blade. At the same time, the flow analysis by the lattice
flow is significantly simplified. This allows you to calculate the characteristics
of the boundary layer and the place of its separation.
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In work [3], pressure changes along the profile for a working blade with a
small channel confusability are given (Fig. 1).
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Figure 1. Pressure distribution along the contour of the profile
of the working blade

Fig. 1 shows that the flow branches, that is, the velocity is zero, and the
pressure is maximum. Beyond the pressure branching point, the flow
accelerates.

Further, the pressure distribution depends on the shape of the profile and
the interscapular canal. An area with positive, negative and zero pressure
gradients is formed on the concave surface and back.

Fig. 2 shows the pressure distribution along the blade profile.
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Figure 2. Pressure distribution along the profile of the working grid (a) and the
projection in the circumferential direction of the pressures on the concave and
convex (b) surfaces of the profile
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As can be seen from Figure 2, the pressure on the concave surface is much
higher than on the back. The efficiency of the grating is directly proportional to
the Ru force.

To conduct the experiment, an installation was assembled, the main
components of which are shown in Fig. 3. This is a simplified wind tunnel, a
fan, a guide device that allows you to change the angle of entry from 15 to 45 °,
a replaceable flat grating with a height of 20 mm from standard profiles P3-2-35
and P1-1-20 with appropriate installation angles, measuring fittings.

Figure 3. The main components of the experimental installation:
1 — simplified wind tunnel; 2 — fan; 3 — guide device; 4 — blade profiles

To study the contour of the pressure distribution law, the profile must be
equipped with special holes for pressure sampling, the location of which can be
seen in Fig. 4.

To determine the angle of attack, we use the following formula:

1= B — Pin
To plot graphs, we need to find:
Pressure drop at the i-th sampling point (Ry) and behind the profile (HO)
APi = Pi — Po

During the experiments, pressure readings were taken — full pressure,
static Rs in the wind tunnel to the grid, and the dynamic pressure was calculated
by the formula:

P, =P, -P..
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Figure 4. Profile of blades with special holes: B, is the input angle of the
blades; B1, is the angle of the flow entrance to the grid

Pressure coefficient at the i-th sampling point (P,) we find by the formula:

AP;
A

Pressure measurements Pi were carried out for each point on the blade

profile from 1 to 12. The pressure PO did not change during the experiment. The
experimental data obtained are presented in Fig. 5. It shows the distribution of
the relative pressure Pi along the blade profile. The abscissa axis shows the
numbers of the selection points.
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Figure 5. Distribution of the pressure coefficient Pi
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The experimental data obtained are in good agreement with the theoretical
ones and fully confirm the data of other researchers.
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When calculating the thermal circuit, the parameters and costs of the
media are determined, which are found in all elements of the circuit (heat
exchangers for various purposes, including regenerative and network heaters,
pumps, ejectors, turbine compartments, etc.), as well as installation capacity and
thermal efficiency indicators.

For the construction of a new turbine installation, the results of such a
calculation under normal operation are necessary for design developments or
selection from catalogs of circuit elements, including pipelines. If the turbine
unit is designed, the calculations are given for other possible modes of its
operation other than the nominal one. The results of this calculation are also
necessary to determine the possibility of operation of all circuit elements in the
range of specified modes, indicators of thermal efficiency, as well as for the
selection of various regulating equipment and fittings [1].

The calculation is based on the equations of thermal balances, material
balances of energy carriers. First of all, this is the working fluid of the turbine
installation, as well as equations for determining the flow pressures at various
points of the circuit. The latter is not possible if design developments of
elements are not carried out in parallel; in this case, approximate dependencies
or data on similar schemes and devices are used.

The first stage of the calculation is the preparation of the design scheme of
the installation. At this stage, the type, turbine power and initial steam
parameters are set. When drawing up a design scheme based on existing design
experience or from approximate dependencies, choose:

1. pressure in the condenser;

2. scheme and main parameters of intermediate turbine systems;

3.  the number and types of regenerative heaters (as well as a
deaerator), the scheme of their inclusion;

4.  feed water temperature;

5.  type of feed pump, type and circuit of the drive turbine in the case
of a turbo drive;

6.  the water temperature after the heating stages and the values of the
minimum temperature pressures for surface-type heat exchangers;

7.  the scheme of heat release to the consumer;

8. method and scheme of preparation of additional water;

9.  the place of inclusion of evaporators and vaporizers;

10. schemes for the use of heat from various elements of the station
(turbine seals, generator, station's own needs, steam generator purge, evaporator,
etc.).

The choice of all or part of these parameters may require optimization
calculations.
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The second stage of the calculation consists of constructing the h-s
diagram of the steam expansion process in the turbine. For the calculated mode,
first, according to the available dependencies, the following are determined:

1. pressure losses in the steam intake devices of the turbine

2. pressure losses during steam bypass between cylinders (including in
turbine intermediate devices, if any);

3. losses with the output speed and pressure recovery in the outlet
pipe, as a result of which the heat transfer in the central heating system can be
increased with superheated and weakly moist steam for an axial design.

4, internal relative efficiency of compartments, taking into account the
peculiarities of their execution and steam parameters.

On the h-s diagram of the steam expansion process, the values of the
selection parameters are applied. If, in the calculated mode, a slight change in
steam consumption in the turbine compartments is expected compared to the
normal one, then the available h-s diagram is usually not recalculated. In the
case, for example, of calculating the thermal scheme of a turbine installation at
partial loads, the parameters of the steam expansion process in the turbine
should be clarified [2].

The third stage of the calculation is the determination of steam
consumption for circuit elements and turbine power. It can be executed in the
following sequence.

The material balance of the working fluid for the turbine plant as a whole
Is compiled.

The total flow rate of all flows from elements external to the calculated
installation (including the flow rate of fresh steam, additional water) must be
equal to the total flow rate of flows from this installation (feed water
consumption, loss of working fluid, selection for other installations of the
station, for own needs)

The values of flows that are not related to the operation of the heat
exchange equipment of the installation are set.

These include, for example, steam flows through turbine shaft seals, valve
rods. The exact values of these costs are determined by the calculation of the
corresponding devices. They can be estimated on the basis of data on existing
turbine installations.

Based on the information about the heat load given to each of the external
heat consumers and the parameters of the corresponding heat carriers, steam
extraction points from the turbine are selected for these purposes.

The necessary pressures of the condensate-feed tract pumps are
determined.
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If the installation of condensate pumps of the 1st and 2nd lifts is provided,
calculation equations are compiled for each, and the initial pressure for
calculating the pump pressure of the 1st lift is the required pressure on the
suction pipe of the pump of the 2nd lift.

The parameters of steam and water are determined at various points of the
circuit.

According to the known pressure values in the turbine selections, the
steam pressure in the corresponding heaters is determined.

The temperature of the heating steam condensate for heaters without
drainage coolers is equal to the saturation temperature at the appropriate
pressure. The flow rates of steam and water are calculated.

The basis of the calculation is the equations of material and thermal
balances. For a mixing type heater, into which N streams are supplied
D R1,D r2,...D_rnc by enthalpy h_rl,h r2,...,h_rn, and the total flow with
enthalpy h_gnac is diverted.

Steam and water costs are calculated in absolute values Dr or in fractions
of steam consumption per turbine ar. In the first case, the electrical power of the
Ne installation is determined by a given steam consumption per turbine DO, in
the second case, the inverse problem is solved. It is convenient to summarize the
results of determining the parameters and flow rates according to the turbine
installation scheme in a table.

The indicators of thermal efficiency of the steam turbine installation are
determined.

For condensing steam turbine plant:

- absolute electrical efficiency of the turbine unit (gross):

n, = Na/QO; (1)
- efficiency of the turbine unit (net):
775“ = (Na - NC.H)/QO; (2)
- specific steam consumption:
do = Do/N,; (3)

- specific heat consumption, kJ/kW or kW/kW, is the inverse of n,.

For a steam turbine heating plant (for example, for a thermal power plant),
in which thermal power Q, is consumed and Q2, is released to external
consumers, the heat consumption @, can be defined as the sum of
Wi + QK + QT'

Usually the following indicators of thermal efficiency are calculated:

- Efficiency of electricity production:

n, = Na/(QO - QT); (4)
- Efficiency of heat energy release:
M = Q2/Qx; (5)
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- total efficiency (estimating total thermal efficiency):

Mar = (N, + Q2)/Qo; (6)
- specific generation of electric power on thermal consumption:
3 = Ny/Qr, (7)

where NJ- is the electrical power developed by steam flows that do not
pass into the condenser, but are output from the turbine to generate Q..

If auxiliary drive turbines are used in the scheme, their power N, must
be added to the power N, in the equations (1), (3), (4) and (6) [3].

Summing up, we can say that the calculation of the thermal scheme of a
steam turbine installation is carried out in three stages: drawing up a design
scheme of the installation, constructing a h-s diagram of the steam expansion
process in the turbine and determining the steam consumption for the circuit
elements and turbine power. In each of the stages, separate calculations are
carried out, the values of water and steam flows are set, different steam
parameters are determined, the necessary water consumption, efficiency
coefficients are calculated, etc.
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The organization of automation of technological processes is one of the
most important tasks of any modern industrial production, and requires an
integrated approach, for the implementation of which systems containing the
necessary components and nodes for the organization of an effective automated
process control system (automated process control system) are increasingly
used.

The Valmet DNA measuring and computing automation complex allows,
using the design tools included in the system, to develop an automated process
control system and visualize the main stages of technological processes. The
Valmet DNA automation complex is a development of the Finnish company
Valmet, which is a world leader in the pulp and paper industry and energy. In
2013, Valmet separated from Metso Corporation into a separate conglomerate.

Since the understanding of the current state of the technological process
by operators and employees of the enterprise is one of the most important tasks,
one of the applications of Valmet DNA is the provision of dispatching and
control achieved by using mnemonic circuits and displaying parameters in real
time, and audible alarms. In addition to designing operator screens, the complex
has the possibility of modeling the contours of technological processes, which
allows you to develop a training program that does not rely on a real
technological process, and use an automation complex for operator training, in
relation to the required technological process.

The training program may include a visual part designed to familiarize
operators with the progress of the technological process and display changes in
key measured parameters. It is important to be able to track changes in one
parameter and its effect on another. For example, the effect of the degree of pulp
grinding on the density of m? of paper web in a paper machine. Understanding
how a change in some parameters will lead to the reaction of others allows you
to increase the efficiency of real production and prepare personnel to work with
the control object.

Another possible application of this system may be the prediction of
economic benefits by achieving and maintaining optimal process parameters for
the fulfillment of a certain order. Thus, it is possible to achieve greater
production efficiency by determining the effective limits of the parameters by
selecting them and evaluating the result using Valmet DNA.

The Valmet DNA automation complex consists of hardware and software.
The key element of the hardware is a programmable logic controller (PLC). This
device collects information from sensors, processes programs downloaded by
automated process control system developers, and distributes control signals.
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The PLC is also a link for operator workstations. Fig. 1 shows the PLC of the
ACNCS model manufactured by Valmet.

Figure 1. ACNCS model PLC

In addition to the PLC and operator workstations, the hardware part of the
complex includes 1/0 groups for connecting sensors and actuators, as well as a
server with which the system is debugged.

The measuring and computing automation complex Valmet DNA includes
a variety of software components and tools necessary for access to process data,
data collection, data processing, emergency prevention and control action
formation. Among the tools, the following should be high lighted [1]:

— DNA Process Explorer. This tool increases the productivity of the
process due to the fact that it allows you to display information about the
technological process in a form that will be convenient and intuitive to use.

— DNA Summary. This tool is designed for conducting statistical analyses
and creating reports. For example, if a non-standard situation is observed in the
technological process, then the trends created with the help of this tool (up to 10
monitored parameters in one trend window) will be able to present information
to the operator in an understandable form.
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— DNA Total. This tool is necessary for compiling a cumulative report on
the necessary process variables, as well as for building diagrams for a more
visual presentation.

— DNA Runtime. This tool is designed to calculate statistics and process
trends in the condition of equipment, which simplifies the performance of
maintenance work. Using the information provided by statistics, it is possible to
optimize service intervals and resource efficiency.

— DNA Replay. The tool is necessary to determine the causes of
malfunctions and evaluate a large array of data for a fairly short period of time.

— DNA Alarm Browser. This tool is one of the main ones providing
security in the measuring and computing automation complex. It allows you to
view and process accident signals, compile reports that can be sorted by a large
number of criteria (time interval, variable, event text, etc.), as well as combine
accidents into groups for easier analysis.

— DNA Alarm. This tool works together with DNA alarm Browser and
collects information about accidents from various sources and stores it in a
single database. The information collected by this method is used to find out the
cause of the accident and to prevent an accident of the same type in the future.

— DNA Log Report. The tool is necessary for the preparation of simple
reports and reports on general characteristics and allows you to create them
easily and quickly without knowledge of special programming languages.

— DNA Spc. This tool is an important part of monitoring, as it is designed
to provide operators and engineers with special statistics on the state of the
process in real time. Statistics can be displayed in the form of tables, graphs,
diagrams with control limits, standard deviation diagrams, change range
diagrams, histograms, etc.

— DNA Multivariate. This tool is multitasking and is designed to develop
complex models, deploy them, as well as to identify, diagnose malfunctions and
build an effective process model.

— DNA Event. The tool is designed to manage events, track the values of
variables, and combine process data with events.

— DNA Batch Reporting. This tool is used when processing information
about processes during production for continuous monitoring and analysis.

— DNA Calc. The tool is a powerful and flexible tool for calculations
working with data from a single Valmet DNA database. DNA Calc can be useful
in calculating efficiency, mass balance, averages, etc.

The measuring and computing automation complex Valmet DNA is
successfully used in the production of Segezha Pulp and Paper Mill, a
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papermaking enterprise located in the city of Segezha in the Republic of Karelia.
The automated control system includes the control of the Kamur digester and its
flushing, as well as a cooking optimization system [2].

In relation to the paper-making machine, a distributed control system is
implemented that provides grinding at low concentration, sorting, machine
circulation, pressure box with dilution, mesh, pressing parts, steam condensate
system, automated rolling [3].

The introduction of the Valmet DNA measuring and computing complex
in modern conditions made it possible to ensure the maximum possible
performance at low resource costs and to change the grade of the pulp produced
depending on the needs of the enterprise.
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Currently, simulation software complexes for various technological
processes are widely used [1, 2, 3, 4]. Consider the options for the use of
simulation modeling for booster pumping stations (DNS).

DNS is a technological part of the system of oil and gas failures in the
fields and their subsequent transportation. The DNS is designed for degassing
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and pretreatment of oil coming from well bushes and pumping partially
decomposed oil to the central oil collection point.

One of the variants of the simulation modeling of the DNS is the
modernization of the automated system of the booster pumping station of the gas
condensate field by installing an electric dehydrator [5]. For the correct
operation of the electrodehydrator, the phase separation level should not be
higher than the set one, respectively, it must be constantly maintained. The
control object in the work under consideration [5] is an electrodegridator. The
adjustable parameter of the technological process is the section level. With the
operator's automated control system, the required level for the electric
dehydrogenator is set, after that the pressure is brought to a unified current
signal and fed to the PLC. The PLC is fed a value from the pressure sensor, the
values are compared and an output signal is generated, which is fed to the PID
controller of the internal circuit. The output of the external signal is the setpoint
for the internal one, the internal one is set first, and only then the external one.
This is necessary in order to work out the setpoint as quickly as possible without
overshooting.

Mathematical model in the form of a system of differential equations:

Frequency converter: T, % +f=Kxl,

Electric drive: T, % +w=K;*I,

Gate valve: & =

dt

Conversion of opening to liquid: p = K3 * x

Incoming fluid flow rate: V =p — g

Level: T3% +h=V

where f is the output frequency from the frequency converter, w is the
rotational speed of the actuator shaft; x is the movement of the valve stem, p is
the amount of liquid, g is the amount of liquid, V is the flow rate of the fluid

entering the input.
Fig. 1 shows a model of the system.

1 1
()P0t PR 0ls+1 [ *] 057s+1
zadanie

[Py,

vozmush

Figure 1. System model
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As a result of simulation modeling, a graph of the transition process is
obtained (Fig. 2): the process is monotonous, the transition time is about 25
seconds, there is no overshoot, at 38 seconds a disturbing effect occurs in the
system.

Figure 2. Timeline of the transition process

The next variant of the DNS simulation considers the stabilization of the
given technological modes.
Transfer function for fluid flow rate:

1 2Lfc? L
W(S) = Tp+1e_TOS = gc To = Ef; €= %«fz;ﬁag’

where L is the length of the pipeline section between the measuring point
and the control point, p is the density of the liquid, d is the diameter of the pipe,
f is the cross-sectional area of the pipe, AP is the pressure drop on the pipeline,
1 0 1is the delay, T is a time constant.

Fig. 3 shows a model of the system.

1 7 NG N 1

Tl 0as+1 7 5 = Tl 0007s +1

PID(s) 1 4 PID(s)

vozmush1

Figure 3. System model

As a result of simulation modeling, a graph of the transition process is
obtained (Fig. 4): the transition time is about 7 seconds, the overshoot is less
than 10 %.
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Figure 4. Timeline of the transition process

Conclusion: the considered options for the use of simulation modeling for
booster pumping stations make it possible to analyze the operating modes of the
DNS and compare them with the operating modes of real objects.
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Coal has always been considered the dirtiest fuel, but due to the latest
developments in the field of its combustion and flue gas removal and the interest
of countries in supporting the environmental situation, it is worth paying
attention to highly efficient stations operating on supercritical and super-
supercritical steam parameters.

Nowadays, the issue of increasing efficiency is acute, and the issue of
increasing the efficiency of vocational schools is no exception. Having studied
the analysis of the thermal efficiency indicators of a steam turbine installation, it
Is possible to come to a way to increase efficiency. An increase in efficiency can
be achieved by increasing the efficiency. One way is to increase the initial
parameters of the steam. For example, for a cycle on superheated steam with an
increase in the initial temperature and at constant pressure, the thermal
efficiency is constantly increasing. The higher the initial parameters, the closer
the pair is in values to the critical point and, accordingly, to the critical
parameters [1].

Critical parameters are the parameters at which the boiling liquid and dry
saturated steam are in an equilibrium state and are 22,1 MPa for water at 374 °C.
The point with critical parameters at which the lower and upper boundary curves
intersect is marked with the index K (Fig. 1).
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Figure 1. Diagram of water vapor in pressure — volume coordinates

Therefore, it is important to design steam turbine installations at high
initial steam parameters, including super-critical and super-critical.

What are supercritical and super-supercritical steam parameters and why
are stations on these parameters highly efficient? The values that are above
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critical are supercritical, at values from 24,5 MPa to 28,5 MPa and from 540 to
580 °C, super-supercritical — from 28 MPa and at a temperature of 600 °C
[2, p. 23].

The capacity of stations on such parameters can increase from 6 to 7 % —
which is significant for the energy sector. Such stations have existed for quite a
long time, and recently they are beginning to gain wider popularity due to their
high efficiency. In England and Europe, attempts to create boilers with such
parameters were made as early as the 30th year of the last century, but they were
in vain, and it is still impossible to accurately determine which station first
started working on supercritical parameters. The Philo plant in Ohio (USA) with
a capacity of 1300 MW was commissioned in 1957 with operating parameters:
31 MPa and 621 °C. This station is considered the first station operating at
supercritical parameters. Nowadays, the number of such stations only in Japan
and China reaches several dozen. Such stations are very popular in countries
with large coal reserves, because this type of fuel is the most affordable and
does not contain sulfur. Electricity generation on this type of fuel is not so
expensive compared to nuclear fuel [2].

It is worth noting that such steam turbine units operating at supercritical
and super-supercritical parameters are also produced in Russia. For example, a
steam turbine installation To-800-240-5 (Fig. 2), manufactured at the Leningrad
Metal Plant. This PTU has the following initial steam parameters: pressure
23,5 MPa and temperature 540 °C. The values of the fresh steam of this turbine
are supercritical.

=y

Figure 2. Schematic thermal diagram of a turbine installation To-800-240-5
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Not only LMZ produces steam turbine units operating at supercritical
parameters. Some installations of the turbo-engine plant also have in their
catalog technical equipment, which, we can say, work on supercritical steam
parameters. Such installations as T-250/300-240-3 and T-260/300-240 operate
on these parameters of fresh steam: pressure — 23,5 MPa, temperature — 540 °C.
Turbines have the same design, differ only in power.

If stations with such vocational schools are more efficient, why haven't we
completely switched to these installations yet? Special conditions are required,
under which long-term operation of the steam turbine unit on supercritical and
super-supercritical steam parameters is possible. Since the parameters are high,
the materials must correspond to them. Special high-pressure fittings must be
used: gate valves, check valves, rotary disc valves [3]. Fittings will also be
needed in the feed water systems of high-pressure steam boilers, the supply and
removal of steam from medium and low-pressure turbines, the supply of steam
from medium and low-pressure turbines, a condensate cleaning system. Each of
these systems consists of several subsystems, which also need special
equipment. The fittings must be made of non-rusting carbon, chromium-
molybdenum and stainless steels of such grades as: 10X2M, 10X2M1Au others,
which are designed for operation at high temperatures.

There is another engineering and design problem. At the present time, it is
formally accepted to believe that for high speeds of steam flows, fittings of large
passages are necessary. In this regard, customers often set the condition for the
valve “full passage”, while in the design of the valve it is necessary to take into
account the limitations on the output speed of steam. Currently, this problem can
be solved by special calculations, with the help of which it is possible to
accurately calculate the picture of exit velocities [2].

In conclusion, we can say that this type of steam turbine installations has a
great future, as it already allows to increase the efficiency of thermal power
plants. Some countries with huge coal reserves are already building stations on
supercritical and super-supercritical parameters [4]. With the development of
metallurgy and environmental cleaning technologies, this type of power plants
will open up with increasing potential.
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Abstract. Reducing and stabilizing carbon dioxide (CO;) emissions is the
main task for the world community in the fight against climate change and its
negative consequences. The article presents the main measures to mitigate the
effects of climate change, taking into account the reduction of carbon dioxide
emissions, as well as sequestration (capture and storage from the atmosphere) of
carbon.
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CEKBECTPALIIUA JIMOKCHUJIA YIVIEPOJA (CO2) BATMOC®EPE —
OJIVH U3 CIOCOBOB NPOTUBOJAENCTBUA I''TIOBAJIBHOMY
INOTEINVIEHUIO KIIMMATA 3EMJIN

ctyaeHt Kasu Niona Max0y0yJioBHA,
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Cankr-IleTepOyprckuii rocy1apCTBEHHBIN JIECOTEXHUUECKUI YHUBEPCUTET
umenu C. M. Kuposa,
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Annoranusi. CokpanieHue U CTadMIM3alus dYMUCCUN YIJIEKUCIIOTO rasa
(CO») saBsieTcst OCHOBHOM 3a7a4yeil /i1 MUPOBOM OOIIIECTBEHHOCTH B OOPHOE ¢
U3MEHEHHEM KJIMMaTa M €ro OTPHUILATEIbHBIMU MOCJIENCTBUAMU. B craThe
IPEJICTAaBICHBl OCHOBHBIE MEpbl 10 CMATYECHUIO TOCHEACTBUA H3MEHEHUS
KJIMMaTa C Y4Ye€TOM YMEHBIIEHUS BBIOPOCOB VYTJIEKHUCIOrO rasza, a TaKxKe
cekBecTpalus (yJIaBIuBaHUE U XpaHEHHUE U3 aTMocdephl) yriiepoa.
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Global warming of the Earth’s climate is a real threat to the human
existence. At the same time, it is human activity that makes the main
“contribution”, exhausting the reserves of ecosystem restoration. The
development of industry, mining, deforestation, overpopulation of the planet, the
formation of landfills — all this contributes to the release of large amounts of
greenhouse gases, which, in turn, leads to an increase in the temperature of the
planet’s surface.

Many world communities, political and public organizations are actively
participated in the elaboration, coordination and adoption of international
climate agreements. Reducing and stabilizing CO, emissions is one of the
priorities for the world community. The main role in combating climate change
and its negative consequences should be played by industrialized countries and
countries with economies in transition. They account for the largest share of
anthropogenic greenhouse gas emissions. Carbon dioxide is the most significant
long-lived greenhouse gas in the Earth’s atmosphere. The main measures to
mitigate the effects of climate change can be confidently called the reduction of
carbon dioxide emissions through the development of the following projects:

1. Search for alternative energy sources.

2. Reduction of CO, emissions, subject to the improvement of existing
production facilities and transport.

3. Planting trees.

4. Extraction of carbon dioxide from the Earth's atmosphere.

Carbon capture and storage or sequestration is one of the approaches that
can be used to neutralize the increasing amount of CO, emissions. Carbon
capture and storage or sequestration is one of the approaches that can be used to
neutralize the increasing amount of CO, emissions. These technologies are
actively evolving in more than 30 countries around the world (more than 300
projects for CO2 capture and disposal), and relate to various sectors of the
national economy, however, this issue is practically not covered in the domestic
literature, which makes this study certainly relevant [1, p. 1781].

In world practice, there are the following basic concepts of CO, capture:
post-combustion, pre-combustion, and oxy-combustion.

Post-combustion processes separate CO, from burning exhaust gases. CO;
can be captured using a liquid solvent, such as an aqueous solution of amine.
When absorbed by a liquid solvent and then heated, CO; is released, forming a
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clean stream. This technology is used to capture CO,, but on a relatively small
scale in the food and beverage industry.

Pre-combustion processes convert fuel into a gaseous mixture of hydrogen
(H2) and carbon (CO;). The hydrogen is then separated and can be burned
without the formation of CO; in the exhaust gases. The remaining CO, can be
compressed for transportation. The pressure and concentration of CO, in post-
combustion processes are relatively high, which facilitates the achievement of
separation and opens up opportunities for the use of new capture technologies,
such as membranes (a material that is selectively permeable to one or more
chemical species and therefore can be used to separate this species from the gas
stream) [2, p. 462]. The stages of fuel conversion required for pre-combustion
are more complex than the processes associated with subsequent combustion.
This makes the technology more difficult to use in existing power plants. Pre-
combustion capture is used in industrial processes, but has not been
demonstrated in much larger coal gasification concepts.

In oxygen fuel combustion processes, oxygen, not air, is used to burn fuel.
This leads to the formation of exhaust gases, which are mainly water vapor and
CO,, which are easily separated to produce a clean CO, stream. Oxygen fuel
combustion systems are being developed on a small scale, in laboratory or pilot
projects. This process can be applied to existing power plants. These processes
mostly capture carbon emissions from power plants, factories, oil and gas
complex enterprises, etc. Then there is the stage of CO, disposal — injection into
deep salt formations, into developed oil and gas fields and into undeveloped coal
seams. [2, p. 464] (salt-bearing formations — having in their composition a
significant amount of various salts that are in certain ratios with each other and
their accompanying carbonate, less often volcanic rocks).

Scientists at the Humboldt University of Berlin are also engaged in the
study of carbon dioxide control mechanisms [3].

Researchers at the University of Southampton (England) have proposed a
method of “mineralization” of carbon dioxide and its removal from the
atmosphere using basalt rocks in Iceland, which actually instantly absorbs CO,
and turns it into carbonates [4, p. 1312].

Bio sequestration or carbon sequestration through biological processes also
affect the global carbon cycle. In many works it is noted that an increase in the
concentration of carbon dioxide and an increase in the air temperature in the
atmosphere can influence an increase in the biomass content of plants [5, p. 14].

The largest biomass is represented in forest ecosystems. Temperate forests
and rainforests cover twice as much land area as boreal forests, but boreal

forests contain 20 % more carbon than the other two combined. Soil, swamps,
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peatlands in boreal forests are also significant carbon sinks in the world
[6, p. 13].

According to the results of research over the past 15 years, carbon
absorption by the biomass of boreal forests in Russia significantly exceeds its
losses associated with forest fires and logging, as well as other negative
phenomena. These statistical estimates confirm that the boreal forests of Russia
remain an ecological donor of our planet and play an important role in
mitigating climate change [7, p. 107].

Another very important aspect of carbon dioxide sequestration is the
contribution of biofuels. Bio coal or biochar is coal produced artificially from
biomass or any other organic matter. In the process of carbonation, practically
all the carbon of organic biomass is converted into bio-coal. Wood contains up
to 50 % carbon (an absolutely dry substance), which, when carbonized, turns
into a bio-coal, capable of being in the environment for several thousand years
without noticeable decomposition. Thus, carbon dioxide absorbed as a result of
photosynthesis is converted first into plant tissue, and then into biocarbon. Such
a sequence of transformations provides a real possibility of removing carbon
dioxide from the atmosphere. The main advantage of bio-coal is the fact of its
greater biological safety as a fuel and an increase in the stability of CO,.

There are still many issues in the study of CO, sequestration, quantitative
characteristics of the interaction of biochar with other greenhouse gases have not
been determined, despite the active research activities of scientists around the
world. In the future, it can be assumed that large-scale projects will appear that
have important environmental and social significance in this direction.
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