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VORWORT

Klimawandel, CO2 Reduzierung, Ressourcen-effizienz sind nur 3 aktuelle
Schlagworte, die die gegenwartige industriell- 6konomische Situation beschreiben.
Dabei muss der Umbau der Versorgungssysteme mit technisch nutzbaren
Energieformen im nachsten Jahrzehnt erfolgreich gelingen, um die klimatischen
Veranderungen wirksam zu beeinflussen. Das im Jahre 2015 in Baku gegrindete
internationale Netzwerk bundelt die Forschungsaktivitaten auf dem breiten Gebiet von
Energieversorgung und Energieeffizienz.

Diskutieren sie mit den Wissenschaftlern und Experten aus namhaften Universitaten
Uber aktuelle Forschungsansatze und Ergebnisse und verfolgen sie die

Anstrengungen Aserbaidschans, die Energiewende zu realisieren.

Climate change, COz2 reduction, resource efficiency are only 3 current keywords that
describe the current industrial-economic situation. In order to influence climate change
effectively, the conversion of supply systems with technically usable forms of energy
must succeed in the next decade. The international network founded in Baku in 2015
bundles research activities in the broad field of energy supply and energy efficiency.

Discuss current research approaches and results with scientists and experts from
renowned universities and follow Azerbaijan's efforts to implement the energy

revolution.
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1. Testing of Small Scale Tank Prototypes under Cryogenic

Conditions

J. Werner!, P. Kutz', F. Otremba’
(1) Bundesanstalt fiir Materialforschung und -priifung, Berlin, Germany

Abstract

To reduce global emissions of CO2, liquified natural gas (LNG) is increasingly used as fuel.
As there is no global pipeline network, LNG needs to be transported via ship or truck. Double-
walled tanks made of steel with a vacuum insulation are currently used to keep LNG at
cryogenic temperatures (-162 °C; 111 K) to ensure the LNG remains liquid over the
transportation time. The double-walled construction makes the tanks heavy and expensive.
Furthermore, there are some restrictions in carrying out in-service inspection using a double-
wall design. Therefore, alternative tank designs, such as single wall glass fiber reinforced
plastics (GFRP), are of growing interest. This paper investigates the thermal performance of
different tank designs by use of an analytical calculation tool.

Keywords: lightweight design, GFRP, LNG, transportation tanks, cryogenic temperatures

Introduction

The reduction of the emission of greenhouse gases is a key step to the global goal of reducing
the climate change. 2015 the emission in transportation increased about 50% compared to the
year 1990 and about 12% compared to 2007 [1]. Due to the lower CO2-emission compared to
other fossil fuels, liquefied natural gas (LNG) is seen as a medium term solution for this goal.
The German Government’s coalition agreement sets that “LNG, shore power and hydrogen
shall be established as environmentally friendly drive for ships by increasing the funding for
maritime transportation”. Furthermore, “Germany shall be developed into a center of
infrastructure for LNG” [2]. The promotion of LNG is important, which shows that the
optimization of the distribution process is a very relevant research topic.

This paper describes the experimental test setup to determine the thermal performance of
small scale tank prototypes (SSTP), which will be transferred to real scale tanks for the
transportation of liquefied natural gas (LNG) at cryogenic temperatures. The overall goal is to
develop a transportation tank that can transport LNG over a time of 10 h.

Methods

The general structure of the examined transportation tank consists of 3 layers: thermal
insulation, load bearing structure and leakage barrier. PUR-foam is used as thermal insulation,
as previous testings showed promising results [3]. For the load bearing structure, glass fibre
reinforced plastic is used, to achieve sufficient mechanical properties combined with low
density and low costs. Aluminum is used to prevent leakage through matrix cracks of the
GFRP, which occur at low temperatures.

For the analysis of the thermal performance of tank prototypes, an analytical caluclation tool
is used. This tool was developed at the university of appliec sciences Zitta/Gdrlitz and provides
a varitey of parameters, that can be adjusted [4].

The tool is used to run a parameter study. The examined parameters are: heat transfer
coefficient (inner and outer surface), emissivity, heat radiation und its surface area, ambient
air temperature, air velocity.

Afterwards, two small scale tank prototype (SSTP) of different sizes (12,5 |1 and 133 |) are
tested, to determine their thermal performance. The tanks are filled with liquid nitrogen (degree
of filling: 85 %) and then closed, to measure the time until an inner pressure of 4 bar (relative)
is reached (tsar). Both SSTPs are rebuild with the analytical tool. The small SSTP is used to fit
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the tool to the experimental testing and determine the thermal conductivity of the system
(thickness of insulation: 125 mm). The larger SSTP is used to analyse the error of the analytical
tool (thickness of insulation: 140 mm). Next, the tool is used for a prediction of the thermal
performance of a real scale transportation tank (RSTT, 12,5 m?).

For all experimental testings and calculations liquid nitrogen is used as liquid inside the tank
(boiling point at atmospheric pressure: -196 °C).

Results

The parameter study shows that the ambient air temperature and the degree of filling have the biggest influence on
t4bar(

Fig. 1 and Fig. 2).

This means that the main mechanism for heat transfer is heat conduction. For a simple
comparison, radition can be neglected. For the comparison of tank prototypes of different

sizes, the volume, degree of filling, ambient air temperature and relation of the tank’s surface
to volume A/V are important.

Fig. 1: variation of pressure increasing time, depending on the ambient air temperature

degree of filling V'/V

V'V=0,85

V'V=0,7

V'V=0,75

pressure [bar]
w

V'V=0,8

V'V=0,9

pressure [bar]

Fig. 2: variation of pressure increasing time, depending on the degree of filling

The experimental testing of the smaller SSTP gives a time of 87 min until a pressure of 4 bar
(relative) is reached.

Druck, relativ [bar]

Q N ’LQ "DQ N (,_)Q bb ,\Q %Q QQ

Zeit [min]

Fig. 3: increase in pressure of the small SSTP, degree of filling 856%

The parameters of the first experimental test are used to set up an analytical model (Fig. 4).
The value for the thermal conductivity of the insulation is adjustet, until 87 min are achieved in
the calculation as well (Fig. 5).
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Input
inner diameter = 0,154|m
inner length = 0,671/m
thickness load bearing layer 8;=| 0,0025/m
thickness insulation 0, = 0,125/m
radiation q*= 500/W/m?
ambient air temperature Ty = 20|°C
ambient pressure pu=| 1,01325|bar
initial inner pressure pi=| 1,04425|bar
degree of filling V'V = 0,85|-
wind velocity Cy = 10{km/h
thermal conductivity load bearing structy A= 50|W/mK
thermal conductivity insulation A= 0,0333|W/mK
outer heat transfer coefficient a, = 5|W/m2K
inner heat transfer coefficient a = 75|W/im?K
emissivity £= 0,8-
area of radiation As/A; = 0,5-
Fig. 4: Input values for the calculation of the smaller SSTP
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Fig. 5: calculated time and temperature until 4 bar (relative) are reached, smaller SSTP

For the testing of the larger SSTP, the degree of filling is set to 50 %. The pressure increasing
time is measured as for the smaller SSTP. 4 bar are reaches after 133 min (= 2,25h, Fig. 6).
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Fig. 6: increase in pressure of the large SSTP, degree of filling 50%

For the analytical tool, the dimensions of the larger SSTP and the degree of filling are applied
(Fig. 7).
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Input
inner diameter = 0,332|m
inner length i = 1,536|m
thickness load bearing layer o= 0,013|m
thickness insulation 0, = 0,14|m
radiation gt = 500/W/m?
ambient air temperature Tu= 20(°C
ambient pressure pu=| 1,01325/bar
initial inner pressure pi=| 1,21425|bar
degree of filling VIV = 0,5|-
wind velocity Cy = 10/km/h
thermal conductivity load bearing structy M= 50{W/mK
thermal conductivity insulation A= 0,0333|W/mK
outer heat transfer coefficient 0= 5|W/m2K
inner heat transfer coefficient = 75|Wim?K
emissivity €= 0,8-
area of radiation Asr/As = 0,5(-

Fig. 7: Input values for the calculation of the larger SSTP

The calculation shows an increasing pressure time of 2,85 h (Fig. 8). The difference between
the calculation and the experimental testing is 0,6 h. For a simplified and fast analytical
calculation, this degree of precision is sufficient.
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Fig. 8: calculated time and temperature until 4 bar (relative) are reached, larger SSTP

The analytical tool is used for the prediction of the thermal performance of a real scale
transportation tank (RSTT). The dimension are chosen to fit the surface to volume ratio used
in the previous calculations while having a volume of 12,5 m3. The input parameters can be
seen in Fig. 9.

Input
inner diameter di=| 1,7445/m
inner length ;= 5,2335|m
thickness load bearing layer 0, = 0,013|m
thickness insulation 0, = 0,14|m
radiation q*= 500/W/m?
ambient air temperature Ty = 20|°C
ambient pressure pu=| 1,01325|bar
initial inner pressure pi=| 1,21425|bar
degree of filling V'V = 0,85|-
wind velocity Cw'= 10|km/h
thermal conductivity load bearing structy A = 50|W/mK
thermal conductivity insulation A =|  0,0351|W/mK
outer heat transfer coefficient a,= 5|W/m2K
inner heat transfer coefficient = 75|W/m?K
emissivity €= 0,8]-
area of radiation Ase/Az = 0,5-

Fig. 9: Input parameters for the calculation of the RSTT
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The calculation gives an a time to pressure increase limit of approximately 33 h. Considering
the inaccuracy of the analytical tool and the experimental testing, it can be said, that with the
given tank design (insulation up to 150 mm) the goal of a transportation tank up to 10 h can
be achieved.

6 -150
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-180
2 -185
; 190
195

0 -200

pressure in bar
temperature in °C

S N
timeinh
pressure temperature
Conclusion
v' Thickness of at least 100 mm of PUR-foam give satisfying results in terms of thermal
properties.

v" The non-pressure testing methods gives reliable and repeatable results.

v' Thermal testing will be repeated with tanks of different sizes to generate a transfer
function from non-pressure to pressure testing:

e Larger tank prototype made of GFRP and aluminum liner
e 100 mm PUR-foam insulation
¢ Boil-off rate and increase-in-pressure-time
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2. Decarbonisation of industrial processes -
New DLR institute in Cottbus and Zittau

L. Schleuss’, T. Lorenz', D. Wenzke', Ch. Hensel?, P. Stathopoulos',
E. Nicke', U. Riedel’

(1) Institute of Low-Carbon Industrial Processes, Cottbus and Zittau, Germany
(2) Valeo Siemens e-Automotive GmbH, Bad Neustadt a.d. Saale, Germany

Abstract

Environmental protection has gained considerably in importance since climate change has
been recognized as one of the most difficult challenges for humankind. Despite agreed climate
targets, global emissions of Greenhouse gases have actually increased over the last three
decades. " Especially in the energy-intensive industrial sector, there is still great potential for
COq-reduction, which has not yet been exploited. The Institute of Low-Carbon Industrial
Processes dedicates its research efforts to these savings. The present article sheds light on
the most recent and upcoming research topics for reducing or eliminating fossil energy sources
as well as process-related COz-emissions caused by industrial production.

Keywords: high-temperature heat pumps, energy hub, simulation, CO,, optimization, low carbon reducing agents

Introduction

Environmental protection is becoming increasingly important in Germany, and also worldwide.
At climate conferences, such as in Paris in December 2015, ambitious global goals and
strategies were defined. Achieving these goals brings with it many serious challenges that
must be overcome within the next decades. For instance, grid stability has to be guaranteed
at all times, despite the inherently variable power generation of photovoltaics and wind
turbines. Energy storage systems will have to compensate both for short term and long-term
generation fluctuations, specifically in the context of continuous operating industrial processes.
Moreover, renewable power generation is not centralized and must be conducted over longer
distances, preferably without major losses to energy consumers on industrial sites and in urban
centers.

To achieve these very ambitious climate goals, it is mandatory to reduce Greenhouse gas
emissions in all sectors. In spite of various actions, Greenhouse gas emissions have increased
worldwide and have only slightly decreased in Germany. ['! Between 2011 and 2017, the CO-
equivalent emissions reached an average of 913 million tons (Germany) and in 2019, German
Greenhouse gas emissions still amounted to 805 million tons. As one of the main sources of
CO2-emissions, the industrial sector contributed roughly 179 million tons of CO. equivalent
(2012) to Germany’s Greenhouse gas emissions.? This amount even increased in
subsequent years. From 2017, a major goal is to reduce all emissions by 30% until 2030
(see Fig. 1). @
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Figure 1: Industrial Greenhouse gas emissions over the course of 28 years. [l

The emissions of the industrial sector arise mostly through high energy demands and carbon-
based reducing agents (coal, coke, natural gas), e.g. in steel industry, fertilizer and cement
production as well as refineries.

In 2019, the new DLR institute has been founded to develop technologies and strategies for
reducing these industrial emissions. The Institute of Low-Carbon Industrial Processes
focusses on three major fields of research: (i) the development of High-Temperature Heat
Pumps (HTP) (ii) Simulation and optimization of industrial plants, and (iii) the substitution of
conventional reducing agents with low-carbon alternatives. This new branch of research fits
seamlessly into the overall strategy of the DLR and is expected to contribute substantially to
the global reduction of industrial CO, emissions.

Department of the High-Temperature Heat Pump (HTP)

A closer look at the primary energy consumption in 2017 reveals, that process heat accounts
for ~24%, from which 20%-pts. are emitted by the industrial sector, whereas the remaining 4%
originate from Business sector (Business, Commerce and Service). However, only about 14%
of the total primary energy demand in 2017 was covered by renewable energy.

The primary energy demand as well as the overall energy consumption did not change
significantly between 1990 (9,071 PJ) and 2017 (9,472 PJ). In total, industrial sector accounted
for ~28-32% of the energy demand and ~70% of this was covered by fossil fuels (hard coal
and lignite, petroleum products, gases). P! Aimost two-thirds of industrial energy consumption
is currently used to generate process heat. The decarbonization of industrial processes must
thus start with strategies and technologies to reduce process heat-related emissions.

The unsteady energy supply is one of the reasons why renewable energy sources are difficult
to integrate in industrial processes. Process heat usually has to be generated continuously,
reliably and at high temperatures. To compensate for fluctuations, heat storage systems are
needed that potentially increase capital expenditures. However, renewable (especially solar
energy) energy is already generated at a lower price than power coming from fossil sources.
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In this context, high temperature heat pumps are the missing link to electrify the heat
consumption of industrial processes. Conventional heat pumps for domestic and industrial
purposes have coefficients of performance (COP) of up to 5 and deliver heat at tempertures
up to 120°C. ¥ Higher temperatures lead to COPs that are significantly below 5. For instance,
Arpagaus describes, a heat pump with a peak temperature of 160°C achieving an COP of
2,7. ™ In order to decarbonize industrial processes, heat must be generated at temperatures
of 150-500 °C, while maintaining COPs as high as possible. At the same time this must be
done at a levelized cost of heat that is competitive with that of current technologies. If these
challenges can be met through innovative concepts, high-temperature heat pumps will enable
direct use of renewable energies for process heat. The latest developments in the field of high-
temperature heat storage, mainly from concentrated solar power applications, will allow the
decoupling of the continuous heat demand from the varying primary energy source. Moreover,
the combination of high-temperature heat pumps with heat storage, and a back-converting
heat engine can form a very efficient and cost effective energy storage system. B!

Modifications in the power and industrial sector usually involve high technical and financial
risks. Modular control systems are therefore mandatory to ensure flexibility and to control
integrated systems. Flexibility is guaranteed through a large portfolio of drive and control units.
To determine which technology should be used for a given task, some principle questions must
be clarified in advance:

* Which heat pump architecture and thermodynamic cycle are energetically and
economically efficient?

* Which power and shaft speed range of the electrical machines are required?
* Which operating parameters are available as control variables?

+ What are the requirements of the control loop regarding e.g. response time, security,
or precision?

Electric machines and their control units are available in all relevant sizes: From high-precision
servo motors to generators for power plants. For AC drives, there is a wide range of
synchronous and asynchronous machines depending on the requirements for installation
space, efficiency and speed. ! The latest developments in variable speed pumped hydro
power plants can be a starting point in this case. Future regulations may implement even
stricter requirements, which can be met by an efficient interaction of an wide field of different
components: Starting with hardware (e.g. power electronics) and ending with digitalization to
control and monitor the interactions of such complex systems.

In the High-Temperature Heat Pumps (HTP) department, first HTP prototypes are currently
being built at a pilot scale. The very first prototype will operate with the Brayton cycle and air
as the working medium. Here, air is compressed with an electrically driven compressor that
increases both pressure and temperature. Heat is subsequently transferred to the indusrial
process in question with a heat exchanger. The operation with air and a pressure ratio of
approximately 6 can deliver heat at temperatures up to 370°C depending on the cycle
architecture. Subsequently, the air is expanded in a turbine generating electrical energy which
partially compensates for the energy required to operate the compressor of the system. During
expansion, the temperature of the working medium drops below 0 °C. As a result, the heat
pump can also deliver cooling through a second heat exchanger. An additional recuperator
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allows for transferring heat from the outlet stream of the first heat exchanger to the gas stream
entering the compressor. The recuperator adds an additional element of control to the system
enabling to simultaneously increase maximum and decrease minimum temperatures, at which
the heat pump delivers heat. Tests with varying mass flow rates fed to or bypassing the
recuperator will provide initial insights into the performance of the entire system. A 3-D model
of the pilot plant is shown in Figure 2.

generator

[l gearbox
I turbine

B high temperature
heat exchanger
recuperator

dehumidifier

Il heater

, B cold exchanger

engine [l gearbox [l compressor

Figure 2: 3D-model of a High-Temperature Heat Pump.

Results from test runs will be used to verify and validate simulation models. Especially, the
following questions will be addressed:

*  Which working fluids are suitable for use in high-temperature heat pumps?

» Concerning process heat and cooling, which temperatures can be achieved, depending
on the gas composition?

*  Which volume/mass flows and temperatures can be achieved and how much heat can
be transferred to heating or cooling process streams?

* How can HTPs use renewable power sources to deliver heat and cooling in industrial
processes?

* How can HTPs be adjusted and scaled up for implementation in various industrial
processes?

»  Which heat pump concepts are best suited for which industrial processes?

During designing the first Brayton-HTP, calculations and simulations were carried out to
examine the effect of different media on operational parameters. The temperature after
compression was investigated as well as flow characteristics, the required power, and heat
transfered in both heat exchangers. Monatomic gases, such as helium or argon, have no
chemical bonds to which energy could be transferred. The energy absorbed in the compressor
therefore only accelerates the disordered movement of the atoms. Consequently, higher
temperatures can be achieved for the same pressure ratio, when noble gases are used.
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The specific heat capacity of more complex gases increases for higher temperatures. At a
given compressor pressure ratio, the achievable temperature is consequently lower. On the
other hand, the same volume of gas can transfer significantly more energy at a given
temperature. Compared to noble gases, 1 mol carbon dioxide carries 2.5 times the amount of
energy at 200 °C. With sulphur hexafluoride it is even 6.2 times this amount.

The different gases represent one option to adapt HTPs to future applications. Depending on
the type of gas or mixture, different temperatures and efficiencies can be achieved. The same
applies to the quantity of heat stored within the HTP cycle or to how compact heat pumps can
be built. Different temperatures, gas densities and flow rates strongly influence the design of
the HTP and must therefore be taken into account when designing new heat pumps.

Department of Simulation and Virtual Design (SVD)

The reduction of COz-emissions is an extremely complex task, especially for industrial
processes, to which a whole series of further conditions are attached. Jobs need to be
preserved, the environment must be protected, the use of fossil fuels shall be avoided. At the
same time, supply of energy must be secured, and the existing standard of living should also
be maintained. To this end, solutions are urgently needed to enable industry to decarbonize.
The majority of plants and industrial parks are optimized for fossil energy sources. Climate
change, the planned phase-out of coal and later all fossil fuels, and the increasing demand for
green energy sources will impose changes in the decades to come.

In order to adjust and transform individual plants or entire industrial parks, the Department of
Simulation and Virtual Design (SVD) is developing new software solutions to scientifically
examine industrial processes in a virtual environment. In parallel, experiments are carried out
for improving and validating the simulations. Furthermore, models are developed based on
measured data, which helps to achieve simulation results as realistic as possible. With a virtual
plant, a wide class of problems can then be examined and solved in a short time. For example:

* How can the demand for fossil fuels be reduced through the optimized use of renewable
energy sources?

* Can CO; be separated effectively from process gas, to produce basic chemicals such
as methanol?

» What options are available for a plant to react to a fluctuating energy supply caused by
the use of renewable energy sources?

There is a long list of challenges that industrial plants will face. Against this background, the
Institute of Low-Carbon Industrial Processes currently develops a novel high-temperature heat
pump, which is expected to become a key component for the heat management of future
industrial plants. The SVD department supports this research by developing a flexible
simulation environment and examining the model depth with which processes can be
virtualized with regard to heat management and material flows. In cooperation with other
institutes and research facilities, the department is working on the further development of
simulation methods that optimize the interaction of all components of future energy systems.

The development of smart energy networks plays a major role in the interconnection of energy
supplies and energy consumers. Such networks utilize decentralized energy sources (wind,
solar, water) and consist of a large variety of power plants, storage systems, residential and
public buildings as well as industrial plants. Atrtificial-Intelligence-based programs will have to
control how the available energy is distributed, stored, converted, or retrieved at any given
point in time. The simulation environment developed by the SVD department enables us to
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realize a low-loss distribution of electricity, mechanical work, heat, and base materials. In the
future, cities and industrial sites will have to use energy much more efficiently. For this reason,
the simulation and realization of these networks are of great importance. They comprise an
essential part of energy research as a prerequisite to a successful energy transition.

The implementation of such a simulation environment is a major challenge in several respects.
First, reduction of carbon comprises the primary goal of the energy transition, and second, the
sum of the costs must also be minimized. Otherwise, the new process cannot be operated
economically. [7] A multi-criterial optimization problem must be solved so that processes
become as efficient as possible in terms of energy consumption, raw material demand,
operating and investment expenditures. The mathematical model describing these
dependencies becomes even more complex, when renewable energies are employed. Wind
turbines and photovoltaics are causing time-dependent fluctuations, which require additional
ways to store energy within the grid. To secure the supply of energy at any time, the energy
system must become even more complex by implementing suitable energy storage. [8] The
same applies to the optimization problem, which is thus expanded to include differential
equations describing charging and discharging procedures. Both, the differential equations
and the equations describing the system and its components are time-dependent and also
non-linear. [9] Furthermore, including energy storage adds more state and control constraints
to the model. For instance, the fill level of any energy storage, can neither exceed a given
maximum nor fall below zero. Another mathematical challenge is the implementation of so-
called on/off-processes, such as switching a wind turbine on and off. In this particular case,
the model include discrete variables resulting in an optimal control problem. [8] The SVD
department develops suitable discretization procedures, which will solve the mathematical
problem with CPU-efficient algorithms.

For future energy grids, a combination of simulation, mathematical procedures and the control
of energy suppliers and -storage technologies is necessary. While electricity transmission
networks are already well regulated, the electricity distribution networks need to become
smarter due to the increasing fraction of renewable energy sources with varying supply and
consumption resulting thereof. This smart grid solutions already available in this context must
focus on optimizing costs and COz-emissions while ensuring grid stability and optimal capacity
utilization of the grids. Therefore the existing control systems have to be transferred to these
tasks. 1%

Department of Low Carbon Reducing Agents (LCR)

In Germany, industry is the sector with the second-highest Greenhouse gas emissions, only
exceeded by the energy sector. Industrial processes, e.g. used in steel, cement, or aluminum
production, which currently utilize natural gas, coal, coke, or graphite as reducing agents,
electrode material or fuel for heating up rotary kilns, are difficult to decarbonize. The
technological gap and the long-term challenges comprise the realization of a cost-effective as
well as energy-efficient production based on alternative reducing agents (CO2-neutral
hydrogen and CO2-neutral carbon).

In general, industrial CO»-emissions can be divided into two major groups:

* Process-related CO2-emissions from the use of carbon-containing energy sources and
other raw materials, whose production or mining also causes CO»-emissions

» Direct energy-related CO; emissions from the use of fuels for the provision of e.g.
process heat or electricity (in industrial power plants) and indirect energy-related CO-
emissions from the upstream generation of electricity used at the industrial site.

These various sources of COz-emissions require sector-specific approaches and measures for
their reduction. Therefore, the department of Low Carbon Reducing Agents investigates
options to avoid process-related CO2-emissions by adapting existing technologies as well as
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by substituting raw materials with ones having a low carbon footprint. Separation and
subsequent use of CO; (Carbon Capture and Utilization (CCU)) are examined in cases where
COz-emissions cannot be avoided otherwise. Furthermore, energy-related CO2-emissions can
also be reduced by improving the efficiency of energy conversion and utilization, as well as by
increasing the share of renewable energy used in the process.

Research topics of the department Low Carbon Reducing Agents currently comprise:

» Decarbonization of steel production using renewable “green” hydrogen as a reducing
agent

* Development of methods and processes for the decarbonization of ammonia and
cement production

» CFD simulations to evaluate the achievable conversion rates with alternative reducing
agents

* Production of synthetic solid reducing agents from biomass by incorporating CO.-
neutral high-temperature heat from renewable electricity (c.f. HTP prototypes)

+ Experimental examination of key technologies at the component level on laboratory
scale

» Emission reduction through utilization of CO, from coal-fired power plants for synthesis
gas production, followed by further process steps yielding synthetic fuels and chemical
base materials

* Comparative techno-economic analysis of decarbonized processes using gaseous and
solid reducing agents

Summary

Still today, industrial processes utilize an overwhelming large quantity of fossil energy carriers.
The Greenhouse gases emitted by the industry represent a considerable proportion of all
emissions in Germany. However, this circumstance also bears the greatest potential for
effectively reducing emissions.

The new Institute of Low-Carbon Industrial Processes — with two sites at Cottbus and Zittau —
commits itself to three important fields of research: (i) development of High-Temperature Heat
Pumps (HTP) (ii) Simulation and optimization of industrial plants, and (iii) substitution of
conventional reducing agents with low-carbon alternatives. In all research topics a techno-
economic analysis will be included and the aspects of the transition period of the energy
system will be taken into account.

These topics lead to complex questions, which will be investigated in detail by the departments
High-Temperature Heat Pump (HTP), Simulation and virtual Design (SVD) and Low-Carbon
Reducing Agents (LCR). By answering these questions, the transition of the energy system —
from a system based on fossil fuels to a sustainable system that uses renewable energy
sources — will be promoted.
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Abstract

In the research paper called “Measuring financial asset return and volatility spillovers, with
application to global equity markets” by Diebold and Yilmaz (2009), an intrinsic measure of
financial asset returns and volatilities interdependence is introduced and in turn, accurate
return and volatility spillover measures have been thoroughly analyzed. The main objective of
the authors is to examine the process of how the proportion of a certain economic, financial,
firm— and country— specific crises from one country or from one financial firm spills over to
another group of countries or financial firms. In their 2009 paper Diebold and Yilmaz mainly
employ vector autoregressive model. Therefore, this paper follows their ambition and uses
commonly known forecast error variances of vector autoregressive models to find out which
factors affect it and thereby build spillover index via decomposing those variances.
Consequently, following the technique by the authors, the paper extends the range of their
analysis and covers wider time period from 2009 to 2020 and examines the
interconnectedness between stock returns and volatilities of those same countries analyzed
by Diebold and Yilmaz (2009). Despite considering a different time horizon, average
connectedness of stock returns has increased only a little; in contrast, average connectedness
of stock volatilities has almost doubled, which presumably stems from the extreme
globalization — great improvements in international relations and connections of countries.

Keywords: forecast error variance decomposition; stock return connectedness; stock volatility
connectedness; spillover table; spillover index.

Introduction

In the research paper called “Measuring financial asset return and volatility spillovers, with
application to global equity markets” by Diebold and Yilmaz [1], an intrinsic measure of asset
returns and volatilities interdependence is introduced and in turn, accurate return and volatility
spillover measures have been thoroughly analyzed. The main objective of the authors is to
examine the process of how the proportion of a certain crisis from one country or from one
financial firm spills over to another group of countries or financial firms.

Before reaching the depths of this research, let us introduce previous literatures related to the
abovementioned topic which have examined the financial market interdependence nature by
considering both returns and volatilities. For instance, Robert F. Engle [2] has created a model
which estimated the average behavior and volatilities of UK inflation with the application of
autoregressive conditional heteroscedastic (ARCH) processes. Consequently, ARCH
estimation process exhibits significant results, such as high degree of volatilities between UK
inflation rates of different time lags. In the following fashion, by applying generalized
autoregressive conditional heteroscedastic in the mean (GARCH-M) model

Chelley-Steeley [3] firstly, estimates the equity returns for UK, and then stock market returns
for the US, France and ltaly. Then, he substitutes the squared error term for UK into the
conditional variance equations for other three countries, and the result indicates that the
shocks to UK equity markets cause the significant increase in stock market volatilities of other
countries. Apart from this, Forbes and Rigobon [4] in their research study the interdependence
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or comovements in financial markets of different countries by using simple cross-market
correlation coefficients being unconditional on market volatility. Their result turns out to be that
there is a high level of market comovement across countries during both crisis and stable
periods, which implies the “interdependence”. In addition to that empirical work, King et al. [5]
conducted an empirical work which accounted for inspecting the time- variation in cross-market
linkages between different stock markets and breaking down this time-variation nature into
observable and unobservable components.

Following abovementioned investigative researches, Diebold and Yilmaz summarize the return
and volatility behaviors into a single spillover index and indicate the importance of the time-
varying property of spillover intensity, emphasizing that this nature of spillovers can be
significantly different for global equity returns and volatilities.

In their 2009 paper Diebold and Yilmaz mainly employ vector autoregressive model. Their
ambition is to use commonly known forecast error variances to find out which factors affect it
and thereby build spillover index. For this reason, they first start with vector autoregressive
model (VAR, hereinafter) with two variables and one lag and then transform it deliberately to
moving average infinity (MA(e)) representation of VAR model, knowing that it would help us
to find impulse responses of variables to each other in our system. As a matter of common
knowledge, usually in VAR models the same period innovation processes are correlated, which
implies that one will be incapable of recognizing the pure responses of variables to a unit shock
in another variable, instead they would simply achieve responses of variables to shocks
contaminated by other shocks in the system. Therefore, the authors apply well-known
Cholesky factorization technique to eliminate such contamination issue. The pleasing fact
about Cholesky factorization is that it orthogonalizes our innovation terms and thus in newly
achieved impulse response coefficients the abovementioned contamination effect disappears.
Next, the authors consider one- step-ahead linear optimal (Wiener-Kolmogorov) forecast of
dependent variable vector and find one-step-ahead forecast errors due to forecasting. As
mentioned earlier, the researchers’ aim is not only to find forecast errors, rather they want to
see which factors contribute to its instability. Hence, they find forecast error variances of both
of the variables and acknowledge two principal contributors to it: variable’s forecast error
variance coming from the shocks to the variable itself and resulting from the shocks to another
variable. The authors define the former as “own variance share” and the latter as “cross
variance share”. In addition, they redefine the term “cross variance share” as “spillover effect”,
since that share of the forecast error variance is due to the effects spilled over from one
variable onto another one. We think it is always useful to explain the rumor with a simple
example: a person can get ill in two different ways, firstly because of his own mistakes and
secondly as a result of getting into contact with someone who is already ill. The former way of
getting ill is analogous to own shocks and similarly, the latter way is related to shocks that are
spilled over to you. Eventually, recapitulating the aforementioned results, the authors build a
spillover index to be able to easily interpret the total spillover of the system (sum of all cross
variance shares) and it is nothing other than the value of the total spillover effects of the system
relative to the total forecast error variance of the system (sum of all own and cross variance
shares). After introducing the results for 2- variable case, the authors provide the general
spillover index for p™- order, N variable VAR using H-step ahead forecasts in the following way:
f—nl Z;}_—mig
S 7 > 100

~H1

> trace(AA))
h=0

At this juncture, we had nothing to do other than admiring what has been done so far by Diebold
and Yilmaz, and taking the advantage of living in 2020 to extend the analysis for some more
years in order to examine those same countries’ connections hitherto. Hence, we obtained the
weekly data for nominal stock returns and stock high-low- open-close prices (to be used to
derive stock volatilities) using the R software package “quantmod”. Due to software related
technical problems the data for Thailand had to be ignored and the data for stock returns
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encompassed only the short period from February 2014 to June 2019. With the intention of
converting nominal returns to real returns, monthly CPI data was collected from IMF database
and used to obtain monthly inflation rates. Furthermore, it was out of reach to get the CPI data
for Argentina, Australia and Taiwan, as Argentina does not provide reliable inflation rates [6],
Australia reports its CPI only for quarterly time frequency which makes it impossible to reach
the monthly CPI data by IMF [7], and finally, Taiwan does not have its own CPI data probably
due to the “One-China Policy” (as a result of current power of People’s Republic of China
(PRC), Taiwan is considered as a “Mainland” part of PRC). Subsequently, following the
aforementioned way of finding weekly inflation rates from monthly inflation rates by Diebold
and Yilmaz, the nominal returns were transformed into real returns. Furthermore, the same
Garman and Klass [8] method was used to find weekly stock volatilities and contrary to stock
returns, it covers a wider period from January 2007 to June 2019 (after exclusion of missing
values).

The interpretations of the elements in spillover tables, Table 1 and Table 2, remain the same
as in Diebold and Yilmaz [1]. Besides, it is no wonder that spillover indices have changed.
Despite considering a different time horizon, average connectedness of stock returns has
increased only a little, reaching roughly 38.4%. In contrast, average connectedness of stock
volatilities has changed drastically, reaching around 70%. As long as one keeps the growing
interdependence of countries and overall globalization in mind, the index for volatilities seems
plausible. Yet again, it does not unveil the dynamic behavior of the index and the events
leading to its fluctuations.

In Figure 1, we considered rolling- sample estimates with a window width of 200. As a matter
of fact, it is worth to mention that due to the great improvements in international relations and
connections of countries — leading to the extreme globalization, differentiating between the
events taking place during a period of interest becomes immensely challenging, if one
considers a smaller window width. If one takes a closer look at Figure 1, some of the major
events resulting in index hikes emerge. From October 2012 till July 2013, the major event was
the amplification of the European Debt Crisis which started in the end of 2009 and developed
thereafter. The contributors to the progress of the crisis were mainly the Great Recession and
the failure of some of the European member states, such as Greece, Spain, Portugal, Ireland
and Cyprus, to repay their government-debts. During the period from May 2014 till December
2015 main memorable event was the uncertainties regarding the Chinese Stock Market,
especially its bubble period and subsequent crash, fortunately it was a short-lived crisis as
Chinese government took immediate action such as devaluating the currency to boost exports;
taking strict control over the Chinese stocks — restricting the sell-off of certain firms’ assets;
and so on [9]. Apparently, the spillover index remained high even after March 2016 — pointing
at the gossips around “Brexit” and the referendum in June. From March 2018 till August 2018
one can see modest spillover index, but obvious jumps, which could be because of the “First
North Korea — U.S. Summit”. Following the rolling- sample analysis of Diebold and Yilmaz [1]
paper and relying on Kanas [10] research on asymmetry of spillover effects, we observe that
on average, negative events affect stock market volatilities more than the positive events;
however, in our analysis, we are of the opinion that vice versa effect holds for the period of
March 2018 to August 2018. From our standpoint, the meeting between U.S. and North Korea
presidents regarding the denuclearization of the Korean Island and many other crucial topics,
should have certainly affected South Korean stock markets positively, assuming that it would
bring peace to the island. Nevertheless, according to Pham et al. [11], the response of South
Korean stock market to the summit was rather ambiguous — having both positive effects,
negative effects and even mixed effects (positive before the summit, negative after the summit;
or vice versa) on certain sectors, yet the effect of negative reactions of returns outweighed the
positive ones. For the rest of the figure after October 2018, rising tensions and tit-for-tat tariffs
of U.S. and China are partly responsible. All in all, as it is obvious from the abovementioned
examples, it is a demanding job to detect the exact event that led to an upward movement in
volatility spillover index and it mainly depends on window width of rolling-sample analysis as
well as distinguishing between positive and negative effects — namely, finding out which effect
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dominates the other one. As a further research on the issues presented, Barunik et al. [12]
serves a good purpose, as they distinguish between “good” and “bad” volatilities (analogous
to “positive” or “negative” volatilities mentioned earlier) using the realized semi- variance
technique. Last but not least, they determine that not always negative effects dominate the
positive ones.

To recapitulate, Diebold and Yilmaz [1] paper provided us a useful toolkit to measure the
spillover effects from one country to other country or group of countries and by this way, it
enables us to see which country in the system is the most exposed to risks when one of the
countries is under distress. Notwithstanding the strength of the model, the major drawback of
this approach is that it uses Cholesky factorization — which is order dependent, in other words,
changing the order of the variables in our system (countries’ stock returns or volatilities, in our
case) would change the impulse response coefficients matrix and thereby changing the
Cholesky factor that orthogonalizes the innovation processes — leading to a change in the
index. Even though to check for the range of spillover index, Diebold and Yilmaz [1] considered
18 rotated and 50 randomly chosen orderings and concluded their estimations to be robust to
VAR orderings, it is crucial to stress that there are 19! or approximately 10" orderings possible,
given 19 countries that were considered by the authors. Therefore, their robustness check for
VAR orderings is apparently implausible. As a solution to the problem Diebold and Yilmaz
applied generalized forecast error variance decomposition (GFEVD) technique in their 2014
paper [13]. On the other hand, as Diebold and Yilmaz [1] technique severely underestimates
the range of spillover index, one can consider the algorithm developed by Wagner and KI6Rner
[14] where they use divide-and- conquer way to find the true range of the spillover index given
all possible orderings.
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4. Entwicklung eines VerschleiBversuchsstands zur langlebigen
und energieeffizienten Auslegung von Dosier-, Forder- und
Transportanlagen

Development of a wear test rig for the durable and energy-efficient design of
dosing, conveying and transport systems

Pa3paboTka ucnbiTatenbHOro cTeHAa Ha U3HOC AN JONTOBEe4YHOMU U
3Heproco6eperarLlen KOHCTPYKLUM CUCTEM AO3UPOBaAHUSA, TPAHCMOPTUPOBKU U
TpaHCNOPTUPOBaHUA

S. Steinert!, R. Schneider?, T. Rieder?, J. Magister?, S. Hernschier?, T. Fritsch?, N.
Danneberg?, K. Frana*, S. Simon?

(1) Kreisel GmbH, Krauschwitz, Germany
(2) Brandenburg University of Technology, Cofttbus - Senftenberg, Germany
(3) Institute for Environment and Recycling Senftenberg e.V. (IURS e.V.), Senftenberg, Germany (4)
Technical University of Liberec, Czech Republic

Abstract

Neubau oder Instandsetzung von Fdrderanlagen ist immer mit dem Ziel verbunden, eine
energieeffizientere Losung zu gestalten. Unter den Aspekten des Product- Lifecycle
Managements werden jedoch Energiekosten bisher nicht immer exakt abgebildet. Um die
Gesamtenergiekosten wahrend des gesamten Lebenszykluses minimal zu halten, sind stehts
auch neue Materialanwendungen notwendig. Fur diese neuen Materialanwendungen gibt es
haufig noch keine Dbelastbaren Verschleissparameter. In dem vorgestellten
VerschleiRssmesstopf koénnen daher schnell erste Verschleissparameter flr neue
Materialparungen ermittelt warden. Dabei wird auch das Verhalten des Foérdergutes mit
betrachtet. Eine anschlielende Siebanalyse des Férdermaterials stellt sicher, das die abrasive
Eigenschaften des Fordermaterials erhalten geblieben sind. Im Rahmen der Neugestaltung
von Foérderanlagen kann auch eine Stromungssimulation zum Einsatz kommen.

New construction or repair of conveyor systems is always associated with the goal of designing
a more energy-efficient solution. However, energy costs have not always been accurately
reflected in the aspects of product lifecycle management. In order to keep the total energy
costs to a minimum during the entire life cycle, new material applications are always
necessary. For these new material applications, there are often no wear parameters that can
withstand high loads. The wear measuring pot presented here can therefore be used to quickly
determine the first wear parameters for new material parameters. The behaviour of the
conveyed material is also taken into account. A subsequent sieve analysis of the material
conveyed ensures that the abrasive properties of the material conveyed are maintained. Within
the scope of the redesign of conveyor systems, a flow simulation can also be used.

Keywords: Anlagenauslegung, Energieeffizienz, Verschleiss, Verschleissermittiung von Schittgiitern, Strémungssimulation,
Product-Lifecycle Management

Plant design, energy efficiency, wear, wear determination of bulk materials, flow simulation, product life cycle management

lpoekmuposaHue ycmaHo8OK, IHEP203GhHEKMUBHOCMb, U3HOC, onpedesieHue U3Hoca Chify4ux Mamepuarnos, MoOenuposaHue
romoka, ynpasneHue Xu3HeHHbIM UUKIoM npodykma

Introduction

The new construction and repair of industrial plants always includes the chance to establish a
more energy-efficient solution. This optimization can also be limited to individual plant
components. However, better results can be achieved if the product life cycle is considered in
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its entirety. In the following consideration, the focus will be on the materials used, which in turn
influence downtimes, maintenance and repair times and thus also costs.

Often the repair process is also tied to highly specialized experts and their special technology,
who operate worldwide. The associated travel and the energy consumption required for this is
also part of the overall life cycle assessment of a product. Product Lifecycle Management
(PLM) knows many ways of influencing costs, but these do not correctly reflect the associated
energy consumption. Energy efficiency is therefore always a contribution to climate protection

Phase im Product LifeCycle Management

Einfluss der Werkstoffauswahl
Influence of material selection

Produktplanung Product planning
Entwurf Styling
Auslegung und Berechnung X
Design and calculation
Produktherstellung Product manufacturing
| Fertigung Manufacturing |
| Montage Assembly ‘ X
Produktnutzung Product use
Betrieb Operation
Wartung / Instandhaltung X
Maintenance / servicing
Instandsetzung Repair X
Produkt ing Product disposal
| Demontage Disassembly \
| Recycling | X

>

P

Figur 1: Einfluss der Werkstoffauswahl auf die Kosten im PLM — Prozess, Influence of material selection on costs
in the PLM process

The figure shows an example of the individual product life cycle phases and the associated
influence of the materials. The material selection influences the following selected factos

— Procurement costs
— Processing time

— Assembly work

— useful life

— Maintenance effort
— Repair expenses

— Disassembly effort
— Recycling expenses

All these factors include energy consumption and influence the energy efficiency of the
product. It can be stated in general:

The longer a product's service life and the lower the maintenance, repair and overhaul costs,
the more energy-efficient the product solution is [1].

In general, there is no life cycle knowledge for new products, new materials and new transport
goods. Simulation methods can help to determine the optimal design and cable routing, but
direct results are difficult to derive.

Each bulk material also has different wear characteristics, which in turn has a direct influence
on the service life of the components used. With the presented wear test rig, fundamental
trends can be quickly determined to predict service life.

Abrasive wear is generally the loss of material caused by moving bulk material, for example
on the walls of containers, pipelines and rotors. In industry, wear-related downtimes occur,
which have considerable financial consequences for the respective companies. In order to be
able to make predictions regarding the service life of a plant, sufficient analyses of the types
of wear that occur are necessary. A suitable measuring device or measuring method was not
available until now. Based on the necessity to determine and in the best case to predict the
wear, the task was to develop a measuring method / measuring equipment, which as a result
produces a wear matrix in relation to the bulk material and the friction partner.
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Methods

Typical wear measurement methods, which are mainly used for bulk materials with loose grain,
use wear pots. The developed wear test stand simulates the relative movement between the
transported material and the plant components. Each bulk material has different wear
characteristics, which in turn has a direct influence on the service life of the components used
due to erosive wear.

The experimental system consists of a rotor on which replaceable wear plates are mounted.
The rotor rotates at constant speed in a bed of bulk material. The bulk material and the rotor
plates can be varied. The bulk material thus forms the transport material of the real plant. The
rotor plates are made of the material to be evaluated. The result is a wear rate W(m/U), which
can be compared with other bulk material test body combinations. This creates an overview
matrix which can be correlated with real operating conditions and the occurring wear. A
detailed discussion of the results under consideration of the influencing factors serves to
evaluate the gained knowledge and to draw comparisons between the bulk solids. The test
series are very time-consuming. Within the project, limits could be defined which lead to
meaningful results in order to limit the test period and at the same time keep the real conditions
constant.

A general structure of a wear measuring pot as well as the principle structure of the developed
wear measuring device is shown in (Figure 3: Constructional representation of the wear
measuring pot, constructional representation of the wear measuring pot).

==

Figure 2: Schematic diagram of the wear measuring pot Figure 3: Design illustration of the wear measuring pot

The material removal Wm over a test run is measured as wear. This allows analytical
approaches and conversion functions to be set up to evaluate the measured wear under
different conditions. Simplified the wear can be determined as follows:

szAmzmv_mn [g]

Wm/Am - Loss of mass of test plates after one test run [g]
mv - Mass of the test samples before the test run [g]
mn - Mass of the test samples after the test run [g]
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By reference tests with established bulk materials, boundary parameters could be determined
and first experiences could be made to determine the wear. Constant material parameters,
which must be maintained over the entire test period, are absolutely necessary. Until U < 600
the wear rate is constant. In this range the particle destruction is without influence and the bulk
material collective does not yet move with the rotor. Above U > 600 a decrease of the wear
rate is visible. In this circulation number range, parameters such as particle size and particle
shape cannot be maintained.

Figure 4: Schematic diagram of grain wear, left delivery condition, right after 1000 rotations

As can be clearly seen in the figure, the grain is broken and rounded off by the relative
movement.

As an example, the result for quartz sand for a structural steel is shown here.

f(wm/U) =U

1 Quarzsand

M (2..3) mm /
Q

St52-2

wu [Mg]

z %0 my=2kg
3 n o=
§ 0,1
g 1470 min~1
Ar=6,3mm
0,01 dsmar
10 100 1000 10000 100000

Umlaufzahl [U]

Figure 5: Wear of steel St 52-2 in combination with quartz sand

The determination of the particle destruction can be done by sieving. With undamaged
particles there are more sieve residues than with destroyed and thus broken particles. Such a
grading curve must be determined for each bulk material itself.

When screening with different screen sizes/mesh widths, the exact composition of the starting
material and the material can be determined by mass after the wear test. If a certain amount
of material is screened with a given screen width, the result is a first quantity that falls through
the screen and a second quantity that does not fall through the screen, the so-called screen
residue. This results in changes in the quantities before and after the wear test. The second
quantity, the so-called sieve residue, increases.
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Figure 6: Sieve cascade( left ) with sieve of different mesh sizes (top), sieve designation (bottom)

Outlook Simulation

For the design of plants and pipelines, flow simulation can also be used, which uses the particle
flow to map the movement of particles. For example, the flow behavior at different radii of pipe
bends can be simulated. By marking the particles, the movement of a single particle in the
respective pipe can be tracked. If the conveying or flow conditions are the same, the most
energy-efficient and thus most wear-resistant conveying is achieved where the particle travels
the longest distance in the same unit of time.

Figure 7: Simulation comparison for different curvature radii

Conclusion

The presented wear measuring pot provides a good indication of the expected plant wear for
known but also for new conveyed goods and material combinations. Here, 600 rotations are
sufficient, since according to previous investigations, the particle destruction of the conveyed
material influences the result after 600 rotations. The particle size destruction can always be
determined with a sieve analysis. For the test with the wear plug only one pair of rotor blades
made of the material to be tested as well as the composition and particle size of the conveyed
material are necessary.
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5. Unbalance and noise of rollers on conveyor belts

Thomas Rieder', Robert Schneider!, Stephan Hernschier'!, Jan Magister?, Tim Fritsch',
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(1)Maschinenbau, Elektro.-und Energiesysteme, BTU Cottbus — Senftenberg
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Abstract

The further investigation of the effect of unbalance on the sound emission of a conveyor belt
roller uses the help of defined adhesive strips that simulate caked material. The unbalance
resulting from the adhesive strip becomes "balanced" with a second adhesive strip that is offset
by 180° on the roller surface. The proof of a geometry-related excitation to sound radiation is
then provided by a theoretically expected level increase of 3 dB. Depending on the rotational
frequency, the change in geometry of the two adhesive strips doubles the excitation. For
geometry-related changes and the peripheral speed of the test roller selected for the
comparison the conditions must be constant.

Introduction

Lignite opencast mining is important for the Lusatian region. For one thing, this creates jobs in
the region and on the other hand, the lignite secures the supply of energy by generating
electricity in the power plants. Belt conveyor systems are used to transport coal and soil.
Rollers used in the belt conveyor systems have proved to be one of the sources of noise
emissions from belt conveyor systems.

Opencast mine Nochten

roller test track

Belt witdh 2,5 m

Soil transport

Three-part garlands

belt speed 6,1 m/s

Figure 3: conveyor system opencast mine Nochten [Rie-3]

The Lausitz Energie Bergbau AG (LE-B) has developed a roller test bench in cooperation with
the Brandenburg University of Technology Cottbus-Senftenberg (BTU) and other partners.
This offers the possibility to research individual rollers of a high-performance belt conveyor
with regard to the mechanical and acoustic properties. With the help of the roller test bench,
the properties of a roller can be shown depending on its circumferential speed under near-
actual operating conditions. With appropriate rollers, the influence of various parameters, such
as concentricity, unbalance or acting forces, can be examined on the idler test bench. This
information is used to specify the delivery requirements for the assembly, so that the rollers
are quiet and durable, but at the same time manufacture and procurement remain inexpensive.

The VDI guideline 2341 "Belt conveyors rollers and roller spacing" [VDI-1] is based on the
following assumption:
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»conveyor rollers with high unbalances, which are also caused by caked material on the
conveyor roller surface, as well as larger concentricity deviations of the conveyor roller surface
lead to increased running noises in connection with the conveyor belt.”

Up to now the tests on the roller test bench have shown that the excitation and the sound
radiation mainly take place via the roller tube. Only a defective roller bearing additionally
stimulates the roller tube. This leads to a further increase in noise emissions.

According to the VDI guideline the mentioned caked material on the conveyer rollers increase
the unbalance of the rollers and the concentricity. It has been proven by an adhesive strip test
that the greater circularity deviation (part of the concentricity deviation) increases the excitation
of sound radiation [Tas-2]. But what kind of influence has the unbalance on the excitation?

During this investigation, acoustic and mechanical parameters of a noise-reduced roller just
for ground-level belt conveyor systems are considered in order to bring them together.

Research methodology

This investigation examines the acoustic effect of a roller with various unbalances on the roller
test bench. In addition, the effect of caked material will be examined in the form of adhesive
strips. For this purpose, the test roller clamped in by rubber dampers runs by a drive roller.
The test roller has a low eccentricity of the axis of rotation, since the effect of eccentricity and
unbalance in the direction of the conveyor belt or the drive roller of the idler test bench cannot
be separated using simple test methods. The force setting is around 3.5 kN on the contact
zone between the drive roller and the test roller. The tested unbalance pairs are in the two
radial planes (side cover) opposite and additionally offset by 180 degrees. The unbalance is
gradually increased with pieces of weight and the current state of the remaining unbalance
mass and sound power level is determined.

After the unbalance-related noise level has been identified, the two adhesive tape tests follow,
in which the resulting sound emissions are measured. The results relate to the roller test bench
data. The effect of the unbalance, on the service life of the roller bearings, adjacent
components or assemblies, as well as resonances occurring in large devices in opencast
mining, conveyor bridges or overpasses are not considered.

Determination of the unbalance
The BTU laboratory has a test bench available from Schenck type H3 BK to determine the

unbalance (Figure 4). This test bench determines the residual unbalance mass and its angular
position on two levels.

rev counter

testroller

Figure 2: roller test bench for unbalance [Rie-3]
Determination of the acoustic effect

The acoustic effect of roller is determined using the envelope surface method on the roller test
bench (Figure 3).
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microphone
laser
testroller

drive roller

‘ simulating
the load

Figure 5: roller test bench [Rie-3]

Caked material and noise emissions by rollers

4THINTERNATIONAL CONFERENCE ON ENERGY SUPPLY
AND ENERGY EFFICIENCY IN BAKU AZERBAIJAN AND
5 YEARS NESEFF

A series of comparative measurements is carried out with the test rollers (Figure 4). The test
idlers were tested first with and then without caked material. The aim is to investigate the noise

emission in connection with the unbalance caused by the caked material.

- l"
\

Figure 6: Initial state of the roller type A194x380-6310-G1-21-L [Rie-3
e Laboratory conditions

e Test roller with caked material

e Measure unbalance

o Measure sound power level
e A194x380-6310-G1-21-ML
¢ Rotation mass of roller = 20,2 Kg

e Roller speed 10 m/s

o Allowed residual unbalance mass 28,28 g

Investigation results

The results can be tabulated as the difference between the measured values with and without

caked material.
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Table 1: Comparison with and without caked material #2179 till #2187 [Rie-3]

roller number LEAG:| 2179 2180 2181 2182 2184 2185 2186 2187
difference mass [kg]: 0,00 0,00 0,00 0,00 0,00 -0,05 -0,05 -0,05
difference KFA max. [mm]:| -0,194 -0,589 -0,028 -0,071 -0,082 -0,003 -0,890 -0,710
difference Lw [dB(A)]: -19 17 -9 -7 -11 -18 -17 =21
difference balance quality G [mm/s]: 0 0 0 1 0 0 -1 0
difference mu left [g]:| 0,20 -0,60 0,20 0,90 -0,30 0,40 -0,20 -0,92
difference angular position left [°]: 2 3 -2 -1 1 -2 -2 13
difference muright [g]:| 0,20 1,30 -0,20 -0,10 0,07 0,30 -1,10 0,25
difference angular position right [°]: 0 2 -1 0 -1 0 4 -3
difference mu total [g]:| 0,40 0,70 0,00 0,80 -0,23 0,70 -1,30 -0,67

It can be seen that the total mass of the caked material is small compared to the total mass or
the mass of the rotating parts of the roller.

A reduction of the sound power level can be observed for all test rollers from the state with
caked material to the state without caked material. The reduction of the sound power level is
between 7 dB(A) and 21 dB(A).

It follows that the caked material has a direct influence on the sound emission of the test roller.
If the balance quality G is considered, a change can be seen in two cases. After cleaning the
test rollers, idler 2181 shows an increase of 1 mm/s and roller 2186 a decrease of 1 mm/s.

The effect of the mass of caked material on the balance quality of the test roller shows only
minor changes. The unbalance is mainly determined by the mass of the rotating parts of the
rollers. Its proven by a comparison of the remaining unbalance masses and their angular
position. There are no significant changes.

Conclusion

The caked material on the test rollers has only a minor effect to the unbalance of the test
rollers. The removal of the caked material from the surface of a roller is not equal with a
reduction of unbalance. After cleaning the surface of a roller, it is also possible that the
unbalance becomes higher because of the random distribution.

In combination with the reduction of the sound power level for all test rollers after cleaning this
result shows that the main stimulation for sound radiation is transferred over the roller surface.
The caked materials change the geometry (deviation from circular shape - "KFA") of the roller
surface which then increases the stimulation of sound radiation.

A direct connection between unbalance caused by caked material and noise emissions could
not be proven. The influence by a geometry change of a roller surface for the noise emission
of a roller was demonstrable.

This series of experiments can be repeated with any number of appropriate test rollers with
caked material. The disadvantage is that the result cannot be reproduced with an already
tested roller. Because it is impossible to replace the caked material to the start position.

Effect of unbalance and circular shape deviation in the sound emissnion of a roller

For the further investigation of the effect of unbalance on the sound emission of a conveyor
roller the help of defined adhesive strips is used to simulate that caked material. The unbalance
resulting from the adhesive strip becomes "balanced" with a second adhesive strip on the roller
surface that is offset by 180°. The proof of a geometry-related excitation to sound radiation is
then provided by a theoretically expected level increase of 3 dB. Depending on the rotational
frequency the change in geometry of the two adhesive strips doubles the excitation. The
conditions must be constant for geometry-related changes and the peripheral speed of the test
roller selected for the comparison.

This investigation is intended to demonstrate the reproducibility of the results. A different noise-
reduced test roller becomes modified for the experiment.

Investigation process
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For this investigation a  modified, noise-reduced test roller of type
A194x750-6310-G2-18-L is used. The test roller is machined, balanced and without internal
damping. For the experiment threaded rods were welded opposite to the side covers of the
test roller for fastening the unbalanced masses. The test series is used to find out the
acoustic effect of a static and a dynamic unbalance. The imbalance pairs are exactly opposite
one another in the two different radial planes and offset by 180 degrees. In the case of the test
roller the imbalance is gradually increased with pieces of weight.

An increase in the sound power would be expected depending on the increasing unbalance of
the test roller. The increasing sound level differences in comparison to the initial state should
be able to be represented. The adhesive strip tests are carried out for each measurement step.
Regardless of the result of the unbalance - acoustic emission tests, a significant increase in
the noise level can be expected in the adhesive strip tests with an adhesive strip (Figure 5).

Figure 7: Test roller # 0609 with adhesive tape (arrow) and pieces of mass (circle) in roller test bench [Rie-3]

The mass of the adhesive strip with 0,12 g is small compared to the unbalanced mass attached
to the side covers. Attaching the second adhesive strip 180° on the roller surface opposite side
to the first adhesive strip the masses of the "simulated caked material" cancel each other. The
evidence for a geometry-related excitation to sound radiation is proven by a further increase
in the sound emission by 3 dB because of the double excitation by the second adhesive strip.

Investigation results

The detected changes in the sound power level through a gradual unbalance increase occur
within the deviations from the roller test bench. Even after passing the unbalance quality level
G250 no significant increase in the sound power level could be detected.

The results from the adhesive strip tests show an immediate increase in the sound power level
compared to the unbalance sound emission tests (Figure 6).
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difference Lw - mu - adhesive strip diagram #0609 A194x750-6310-G2-18-L
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Figure 8: Differences in the sound power level over the residual unbalance mass of the test roller [Rie-3]

G40 G100

residual unbalance mass [g] G250

X difference Lw [dB(A)] mu O opposite (static
unbalance)

+

difference Lw [dB(A)] mu 0° opposite (static
unbalance) + 1. adhesive strip 0°

*

difference L [dB(A)] mu 0" opposite (static
unbalance) + 2. adhesive strip 180°

X

difference Lw [dB(A)] mu 180° opposite

—— G250

The median of the level differences from the tests with an adhesive strip is 7,5 dB. The
measurement series of unbalance exceeds G250. This corresponds to a residual unbalance
mass of 1.133 g. However, only the adhesive strip (with a negligible weight) increases the
sound power level around 6 dB.

The median of the sound level differences from the tests with the second adhesive strip is
10,5 dB. It means with the adhesive strips on the opposite side there was a further sound level
increase of 3 dB. The expected level increase of 3 dB from doubling the geometry-related

excitation has occurred.

There was no unbalanced-related excitation for sound radiation detectable during the

experiment.
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Summary and outlook

Caked material has a high effect on the noise emissions to rollers. The experiments show that
caked material did not cause "higher" unbalances to rollers. It has been proven that unbalances
up to level G250 did not lead to an increase in the sound power level for rollers.

The combination of the unbalance test with the adhesive strips tests showed a direct
connection between geometry-related excitation (circular shape deviation) and sound
emission. The mass of the adhesive strips is small compared to the unbalance mass attached
to the side cover of the roller. In the tests the mass of the adhesive strips cancel each other
out with two adhesive strips that were attached 180° opposite one another on the roller surface.
The excitation of the sound emission took place from the circular form deviation. It was proven
by the help of the doubling of the excitation and the resulting sound level increase of 3 dB. It
follows that the caked material on the rollers in the opencast mining does not increase the
noise emissions by unbalance. Instead the change in geometry on the roller surface causes
an increase of noise emissions.

The investigation allows the thesis that there is no causal relationship between unbalance and
noise emissions in the case of rollers for belt conveyor systems. It means we must think about
a new formulation of the theory of excitation for sound radiation and noise
reduction of conveyor rollers in the future.

The first results of field tests indicate a validation of the results on the roller test bench. This
means that the compliance with the geometry specifications of low noise rollers follows a
higher tolerated unbalance for rollers at the belt speed up to 7,5 m/s. Cost reductions or at
least simplifications in the manufacturing process for the manufacture of noise-reduced rollers
for ground-level belt conveyor systems are possible.
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Abstract

The article is devoted to assessing the conditions that determine the differentiation of the
implementation indicators of Digital Twins technologies in the Arctic and northern cities.

Today, cities have different conditions for the implementation of Digital Twins technologies.
The article discusses the concept of "digital twin" as a priority area for further socio-economic
development of the urban environment, capable of providing a high quality of life for the
population. The main part of the work analyzes current trends, which in the coming years will
contribute to the intensive development of new management systems, discusses the features
of the digital economy and the use of digital technologies in the ecosystem of Arctic and
northern cities; The advantages of the digital environment of the “smart city” are revealed;
identified the key risks of introducing digital twins.

Aspects of the further development of the concept of a smart city and the tool “digital twin of
the city” as an effective tool for analyzing and improving the performance of the entire
technological system as a whole are considered.

Based on the results of the study, it is recommended that when constructing the digital twins
of the Arctic and northern cities take into account their climatic and socio-economic features
that affect the possibilities of using digital technologies. Taking these conditions into account
will ensure an increase in the quality of life of citizens and an improvement in the social climate,
the development of innovative technologies, and the enhancement of the competitive
advantages and investment attractiveness of the Arctic and northern cities.

Keywords: digital twins, Arctic and northern cities, smart city.

Introduction

Due to general digitalization, the term "digital twin" is increasingly used. The concept of a virtual
representation of a physical object has been in use for decades. However, over the past few
years, the development of information technologies has changed the situation dramatically.
The Digital Twin has not only become one of the leading trends in industry, but also finds
application in everyday life.

The digital twin of the city is a trained system consisting of a set of mathematical models of an
object of different level of complexity, predicting its behavior on the whole life cycle, it is a set
of IT-systems, with the help of which constant monitoring, planning and development of the
most important structures of the city is carried out: Roads, bridges, tunnels, metro, airports,
ports, communications, water, power, land buildings and underground urban infrastructure,
road construction, transportation, ecology, affordable environments, smart technologies and
energy efficiency.

The city’s digital twin is a prototype of a real city in digital reality. It is created on the basis of
data received from various sensors, monitoring systems and resource meters. With the help
of such a twin, specialists can analyze the life cycles of the city and its reaction to possible
changes and external influences at the design stage, so the probability of error in reality is
minimal (see Fig.2).

Google Maps "features for viewing streets and 3D buildings can be seen as a starting point in
creating the city 's digital twin. But demand is growing not only for a three-dimensional image
of cities. Various types of modeling help to create a digital description of the city, to set
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parameters of future buildings, roads, engineering networks, natural objects, places of
residence and applications of labor, to calculate the ecological model of the city.

The formation of a unified information network will allow not only to control and protect vital
systems of cities and individual buildings, but also to operate on big data - that is, to engage
in predictive analytics - to anticipate and prevent potentially dangerous situations. After careful
computer analysis it is possible to calculate where to build additional junctions, expand roads
and even look into the future, determining what will happen to a particular road in 15-30 years,
as it will be loaded.

The Arctic zone is characterized by extreme environmental conditions: low temperatures
throughout the year, long polar night and day, frequent magnetic storms, strong winds and
blizzards, dense fogs, monotonous species of Arctic deserts and tundra, permafrost; High,
significantly faster than the global average, dynamics of climate change in recent decades.
Natural extremeness is enhanced by the negative effects of socio-economic factors - transport
inaccessibility, high production costs and cost of living, underdeveloped economy and trends
towards its monopolization, isolation and dispersion of settlement.

Living conditions in the Arctic zone are very different from conditions in other territories,
including due to difficult climatic conditions, and also due to the great remoteness of
settlements from each other. And to solve the everyday problems of the inhabitants of the
Arctic, advanced technologies are also needed.

Elements of a smart city that can be used in digital twins exist now, for example, the
introduction of payment systems, car sharing and taxi services.

Digital models of the city are used to control the construction and development of the urban
environment. They demonstrate all the features of the landscape, help predict future
development, understand the location of buildings and roads. 3D models of the city are used
in construction, geodesy, cartography.

A sufficiently large number of information systems provide the functional verticals of the city
and use the level of databases. Often, to create innovative solutions in the field of smart cities,
it is necessary to integrate information between these information systems, and so the task of
integration and management arises.

It is in solving the problem of coordination of urban work and services that the main task of
digitalization lies. Everyone suffers from duplication of functions: municipal services create and
maintain the same products, without knowing what the neighboring service is doing.
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DIGITAL TWIN CREATION STEPS

1

Professional aerial survey using modern UAVs (shooting of buildings,
streets, spatial objects) to create a digital twin

3D Modeling and Digitalization

iyl

Building visual, accurate three-dimensional digital models of objects

1L

Regularly build an object model to obtain visual information on changes

ays

Professional calculations based on 3D model analysis

L

Preparation of calculations for the volume of materials and changes that
occurred at the site

iyl

Building a three-dimensional model of the city, district, region, quarter,
and individual buildings

ays

Creating digital spatial layouts with precise reference to GEO-
coordinates

iyl

Processing of received data using professional software

iyl

Creating a Smart city

Fig. 1. Digital twin creation steps Source: developed and compiled by the authors
When creating digital twins, it is necessary to observe the principle of excessive use of
resources - we are talking about the use of data and infrastructure of some urban areas to
solve the problems of other areas. For example: information from road video cameras is used
not only to identify violators of traffic rules, but also to monitor snow removal on the streets or
to control urban transport.
Another obstacle is the lack of a single data format. Certain types of data can be difficult to
combine, so an important principle is cross-platform. Each system should easily exchange
information with any other system. And for this we need a single technological platform,
common standards and protocols for data transfer.
Thus, in order to more coherent development of digital twins, the following steps are needed.
- Unification of data and model standards. Production data should be standardized and
presented in common formats. A universal design and development platform for digital twins
should be developed.
- Exchange of data, models. A publicly accessible digital twin exchange database should be
created.
- Innovations in the service sector. Companies need to develop products and services to help
digital twins. For example, Siemens NX software combines design, simulation, and production
tools in one package.
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At present, a global reproduction system of the sixth technological order is being formed. This
requires a review of traditional approaches to Arctic development. In addition to large-scale
resource extraction and trans-Arctic shipping in the region, there is an opportunity to develop
innovative directions of the digital economy with greater environmental and social
sustainability.

Smart technologies that meet modern requirements for energy-efficient and innovative
engineering solutions that have been tested in practice to date:

» automated heating control systems;

* energy-saving smart lighting for common areas (using sensors of local automation);
» smart street energy-efficient lighting;

* smart energy-efficient elevators;

» smart metering of energy resources.

In Siberia, Krasnoyarsk and Novosibirsk have the greatest potential for the development of
Smart City, according to experts. During the preparation for the student university games in
Krasnoyarsk, a single digital platform was created, which will be used for "Smart City," control
centers and a large number of telecommunication devices.

On the basis of the system it will be possible to model and analyze various scenarios of urban
processes: to monitor the migration of the population, to predict the adequacy of transport
junctions, urban infrastructure, to assess the tourist potential of the territory and to ensure the
public safety of the region. At the same time in the city the technology can be used not only for
automation of collection of meter indicators, but also for control of parking space, control of
street lighting, accounting of urban transport and harvesting equipment, etc. The project
provides for digitalization of urban management systems, housing and communal services,
medical sphere, transport, safety systems and energy efficiency.

After the first successful implementations, the time has come for the further development of
the smart city concept and the "digital twin of the city" tool is becoming an effective tool for
analyzing and increasing the productivity of the entire technological system. In the Arctic, all
aspects of digital twin cities can be used in terms of technology, usage options, benefits,
technology provider profiles and case studies, deployment challenges and deployment
forecasts.

Typical uses include flood risk modelling, power management in multiple buildings, renewable
energy and traffic flow optimization, employment tracking and evacuation modeling, and urban
space design.

Digital copies of buildings and utilities, infrastructure and structural elements will help to
improve the quality of services in the sphere of housing and utilities and save energy
consumption. These solutions should first be tested on a digital twin, and only after successful
virtual tests launch in a real city.

Among its other applications is the ability to analyze the potential for solar power generation,
and it can also provide insight into how environmental temperatures and sunlight change
during the day, allowing urban planners to visualize the effects of new construction.

The set of capabilities depends on the data that will be integrated into the system and on the
goals of the city administration. Cities capable of using digital twin technology will be more
environmentally, economically and socially sustainable.

Digital copy of the city will help solve acute issues of urban environment (see Fig.2).
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[ Government ] [ City residents ]

énsuring and monitoring the safety of the urbah
» environment
GE) Saving resources, including natural resources
re) Energy consumption
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= Waste management
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[e) A comfortable environment for business growth
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\Lsnfcurity of doing business j
\ ) proving mobility

Fig. 2. Users and topics of solved problems of digital twins Source: developed and compiled by the authors.

Speaking about the peculiarities of digitalization of urban economy and housing and utilities in
Arctic cities, it should be noted that this region has similar tasks, problems and barriers,
multiplied by more severe climatic conditions. In Arctic conditions, issues of strength and
reliability of housing and utilities systems come to the fore, so digital algorithms could predict
possible problems (with accidents on thermal networks, delays in the movement of public
transport, etc.).

In the Arctic, digital twins should cover many other areas: telemedicine, e-government, e-
service delivery, online education, etc. In the Arctic, all these opportunities offered by digital
technologies are particularly relevant. This is due to reasons such as the long distance
between cities, difficult transport and harsh climate.

It should be noted the special role of energy efficiency for the northern and Arctic regions,
which is due to two groups of factors. In difficult climatic and geographical conditions, energy
production requires high costs, as well as its transportation. On the other hand, increased
specific energy consumption both in the economy and in the social sphere determines the
need for more active measures to reduce energy losses in all areas.

In the Development Strategy of the Arctic Zone of the Russian Federation for the period until
2020, the main risks and threats are high energy intensity and low efficiency of natural resource
extraction, and an insufficiently active energy conservation policy in the social sphere. The
most important strategic task is to increase energy efficiency, as well as expanding the use of
renewable energy sources, ensuring the energy independence of remote small towns,
developing and implementing projects in the field of energy conservation and energy efficiency,
including through international cooperation.

The policy of improving energy efficiency in the Arctic should be based on the coordination of
the interests of all sectors of activity and various levels of government, including in such
strategic areas as the introduction of new generation heat supply systems with a significant
reduction in losses, the use of energy and transport facilities operating on alternative fuel, and
etc.

Among the many areas of alternative energy, the most promising for the Arctic macroregion is
wind energy based on wind-diesel installations of medium capacity. Their application is
relevant in small localities of the decentralized energy supply sector and is expected to lead
not only to a reduction in the consumption of non-renewable fuel and energy resources and
reduce the environmental burden, but also to savings on fuel delivery.
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First of all, there should be technical specifications and a base. Today in the region the main
communication - satellite, which means very slow and expensive Internet and limited
opportunities for development of different "smart" programs.

During the construction and reconstruction of Arctic residential buildings, the requirements to
create quality living conditions in difficult climatic conditions come first, and for this purpose
advanced approaches are needed. Norilsk 's digital twin will help to renovate the city at a
qualitatively new level.

Norilsk is one of the most developing Arctic cities. Thousands of professional teams are
involved in the implementation of development programmes, which require a significant
increase in the city 's housing stock. Moreover, global warming of the climate has led to the
degradation of long-standing soils, as a result of which some residential buildings are in an
emergency or pre-emergency condition. Climate dictates approaches that are not described in
the normative literature, and therefore it is necessary to build housing not according to the
norms, but such, which will be comfortable, more precisely multi-comfort for people. This is
possible only in complex solution of problems, where volume-planning and structural solutions
are deeply connected with automation and robotics of buildings.

In the future, various services can be gradually integrated into the digital architecture of Norilsk:
housing and communal services, healthcare and transport management, forecast of snow
transfer, heat supply, security and control over the execution of municipal services.

In cities with a polar night, the role of lighting is especially important in creating an architectural
appearance. Usually, with the onset of darkness, business life in cities ceases; at night, traffic
on the streets subsides. In northern cities during the polar night, the intensity of public life
persists.

Living people and the work of manufacturing enterprises in the Far North are characterized by
huge transportation costs and isolation. Almost all fuel for generating heat and electricity has
to be delivered over long distances during the short northern summer, which forces the
development of energy-saving technologies.

This is, firstly, the automatic regulation of the thermal regime of buildings and the use of
alternative, including renewable energy sources (solar panels, heat pumps, etc.).

The goal of the project to create the digital twin of Norilsk is to increase the quality of life of
citizens and improve the social climate, develop innovative technologies, increase the
competitive advantages and investment attractiveness of the city.

The following five main components stand out:

1. Technogenic safety - ensuring the protection of citizens and urban facilities from the effects
of hazardous processes caused by damage and destruction of structural, thermal, water,
energy systems, operational errors and unauthorized influences:

- control and management of water supply, sanitation,
- control and management of gas supply,

- monitoring of mechanical deformations of housing and communal services objects, social
objects,

- fire alarm,
- control of elevator equipment.

2. Environmental safety - monitoring the ecological state of the air environment and the water
basin to ensure the protection of citizens and the environment from the possible negative
impact of economic activity:

- control of outdoor temperature, wind strength and direction, rainfall,

- control of snow cover,

- control the movement of vehicles for the disposal of household waste,
- control the movement of snow removal vehicles.
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3. Transport security - ensuring the protection of citizens on transport, transport infrastructure
and vehicles from illegal interference:

- radio frequency identification of vehicles,
- information support for stops, parking lots.

4. Public safety - ensuring personal protection of citizens in places of residence, in places of
mass recreation, at cultural and architectural-historical objects:

- video surveillance of house and house territories,
- panic button ("citizen-policeman") on social objects,
- control and management of access to social facilities.

5. Energy efficiency and resource saving - ensuring the optimization of costs and consumption
of energy resources, water resources, heat resources by social, housing and communal and
other objects:

- control and management of house and street lighting,
- control of electricity supply.

Today many cities acquire their digital twins. One of the first was Singapore, French Rennes
and Indian Jaipur. A virtual copy of all the physical objects of the city allows you to manage it
remotely, as well as solve city problems. For example, in Singapore, the main task that is
solved with the help of digital twins is water management. For this, all water supply systems,
water quantity control, meters and so on were digitized.

Each country is experimenting digitally depending on its priorities. In the world there are about
30 options for “digital twins” of cities and approaches to their use and content.

The Spanish company Bismart Bigov has developed for Barcelona the digital panel biGov
Better City Indicator, which controls about 200 urban development indicators. In this case, both
indicators created within the framework of the standard related to the sustainable development
of territories and indicator sets developed by the nonprofit community City Protocol Society are
used. Information is taken from existing urban systems, urban infrastructure, sensors, the
Internet of things and allows you to analyze various indicators and trends [2].

Berlin's Bismart Urban Planning system uses Big Data Analysis technology to plan and
develop urban areas and social infrastructure. In the construction of social facilities, it can take
many years from the idea to readiness, and the demographic situation can change. Urban
Planning uses the technology of machine learning and big data analysis to make more
informed decisions about the placement or change of the functional social infrastructure
(schools, kindergartens, clinics, hospitals, information centers, etc.) [2].

The Urban Strategy solution from the Dutch company TNO is designed for the planning and
development of urban areas. It contains a large number of mathematical models that allow you
to quickly make a miscalculation of options - for example, what happens if you build a specific
road junction, how this will affect the traffic of the surrounding territory, child safety, economic
development in this territory, etc. Models are integrated via the bus, and as a result, urban
planners have a tool to help them quickly view different options for territorial development and
make informed compromise decisions [3].

One of the earlier providers of urban digital twin software is CityZenith. Their Smart World
platform is already being used for projects in more than 100 cities, including Chicago and
London. Their latest 5D Smart City software platform has been adopted for use by Amaravati
in India. This is the ideal concept of the digital twin, because the physical city has not yet been
developed [4].

One of the main representatives of digital twinning is Dassault, which has teamed up with
Singapore to create Virtual Singapore. Prior to that, in 2013, they acquired a three-dimensional
GIS modeling company in Rennes called Archivideo and used GIS software in conjunction with
their own PLM lifecycle management software to provide a platform for a digital city, using
Rennes as evidence of their concepts for 3DExperiencity, their digital double platform [5].
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Microsoft is gradually expanding its capabilities in the loT world, using Azure as a platform for
managing loT. Now the company has reached a new level thanks to the recently released
product Azure Digital Twins.

Over the past two years, several enterprise technology vendors such as IBM, Oracle, and SAP
have launched digital twin offerings; various loT and engineering simulation software vendors
such as Dassault Systemes, GE, PTC, and Siemens have acquired tools to build or expand
digital twin capabilities.

An exact virtual copy is created by special programs of the world leader in software products
Bentley Systems. Today it is represented by a number of products in the line of one vendor:
ContextCapture, OpenRoads Designer, OpenPlant Modeller, AECOsim Building Designer,
ProStructures, etc [6].

The digital model of the city demonstrates all the features of the landscape, helps to predict
future development, to understand the location of buildings and roads. Current global trends
suggest the construction of models of large cities using photogrammetry - a method based on
the construction of three-dimensional models based on the results of UAV photography. Such
virtual layouts are used in construction, surveying, and cartography. For example, models of
Singapore, Helsinki and California were built using photogrammetry.

The increased pace of digital twin creation is partly due to progress in the technologies on
which they are built.

- Collection of operative data becomes cheaper and easier. The loT sensors continue to
decline in price, reducing the cost of collecting and transmitting operational and environmental
data from the physical twin.

-Analytic and simulation can give a deeper understanding. Ever-improving cloud offerings and
advances in machine learning make it easier to learn about large amounts of loT and
contextual data for risk forecasting and solution modeling.

- Human-computer interfaces increase ease of use. Chat bots, speech recognition, virtual
assistants, and augmented reality make it easier for workers to interact with digital twins.

In Russia, informatization has long been aimed at creating common databases: cadastral,
taxation, not so long ago there was a unified base of housing and communal services (GIS
housing and utilities). At the same time, each region develops systems of electronic
governments, where online it is possible to submit almost any application to the authorities,
pay fines and check social payments. Also, an example of the implementation of Smart City
technology throughout the country should be recognized as a large-scale system of photo-
recording of traffic violations with subsequent information of drivers about fines.

There are few examples of Russia. A map of energy efficiency was launched in Lipetskaya
region. The specialists assessed the heat consumption of more than 5,800 apartment
buildings, for each of them there was an energy audit: a comparative analysis of the estimated
and actual consumption of heat energy in each month over the last two heating periods. And
now anyone can go to the site and see: if his house is marked red, then energy efficiency is
low and you can save on payments. And the information card of the house immediately
indicates the amount of possible savings. Accordingly, if a resident has a desire to pay less,
he is explained what needs to be done. For example, isolate internal networks, install
automated heat points, wash utility networks, insulate the building, etc. [7].

In March 2019, Russia approved the Smart City standard, one of the components of which
was "digital twins." Within a few years it is planned to create "digital twins" of all cities of Russia.
It is practically possible to realize the twin only by linking and agreeing on a whole set of
technological, organizational and financial solutions [9].

The document includes activities in eight areas: urban management, "smart" housing and
utilities, innovations for the urban environment, "smart" urban transport, intelligent systems of
public and environmental safety, infrastructure of communication networks, tourism and
service.
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For all activities, the Standard identifies specific effects to be achieved by 2024. This includes
improving the efficiency of urban infrastructure management, reducing accidents and losses
on utility networks. The predictability and manageability of urban infrastructure should be
improved, and the number of emergencies should be reduced. The efficiency of urban
transport systems will increase, as will the efficiency of municipal tax collection.

In addition to the standard, the Ministry of Construction of Russia has formed an open base of
technologies and developments "Bank of Smart City Solutions," where projects have been
placed, which have already proved their effectiveness and can be replicated. The National
Competence Center of the Smart City Project has also been established, whose tasks include
the development, introduction and popularization of technologies, equipment and programs
aimed at increasing the level of digitalization of urban economy.

Investment is necessarily needed to launch this project, and it will be required by the authorities
at the start-up stage. Their purpose is to build a unifying infrastructure, integrate
heterogeneous data, create common technological protocols, etc. The development of such
universal standards will make subsequent investments in the project from the business more
meaningful, effective, able to implement the key principle of data and infrastructure reuse.

Conclusion

For the development of the digital economy, digital government, smart cities and regions, you
also need your own infrastructure with data centers and intelligent cloud computing.

The implementation of digital twin projects of cities and regions will contribute to the
achievement of such important goals as:

» economic development of territories;

* enabling sustainable development;

» environmental conservation;

* improving the quality of life of citizens in the territory where smart technologies are introduced.

Today, the digitalization process is actively taking place, many devices are being
dematerialized, taking the form of applications on smartphones, products supplemented by
digital applications for providing digital services are popularizing - all these factors are
becoming a new reality for consumers and the basis for the development of digital twin
technologies.

In order to develop scientifically based measures to counter the growing economic threats to
the Arctic and northern cities, to create a comfortable living environment, it is necessary to
provide the ability to receive and comprehensive analysis of the very large volumes of detailed
spatio-temporal, primarily economic, information about the region, as well as building on the
basis of this information reliable models of the state of its urban environment, creating a set of
new technologies, software and developing analytical methods use data of digital twins.
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7. Gross violations of the Charter of the Russian Academy of
Sciences (RAS)

Kulichikhin V. V.!
(1) Moskauer Energetisches Institut, Universitat Moskau

Abstract

24.07.2016 a large group of academicians of the Russian Academy of Sciences (RAS) wrote
a letter to the President of the Russian Federation V. V. Putin, in which they gave an
unfavorable assessment of the current state of Russian sci-ence. The letter listed a number of
measures aimed at correcting the current state of science, and noted that "the time of political
correctness is over, it is high time to speak out openly calling things by their proper names".
Meeting with a group of academicians of the Russian Academy of Sciences in December of
2016, the President of the Russian Federation V.V. Putin stressed the timeliness of setting the
above problems and the need to eliminate the noted deficiencies, drawing attention to the fact
that only outstanding scientists of international standing with significant scientific achievements
should be elected as academicians of the RAS.In connection with the critical assessment of
the current state of Russian science in its various fields, expressed in the aforesaid letter of
the academicians, it is of some interest to analyze the scientific activities and scientific
achievements of some Russian scientists, in particular, in the field of thermal power
engineering. For this analysis, articles were used published in the Teploenergetika (Heat
Power Engineering) journal as well as a Report prepared under agreement No.
14.574.21.0017 with the Ministry of Education and Science of the Russian Federation
(hereinafter — MoE&S) on im-proving the thermodynamic and technical-economic efficiency
of trigeneration plants at distributed and small-scale power generation facilities.As follows from
this analysis, the authors of the aforesaid publications mislead the scientific community and
the MoE&S concerning the alleged increase of thermodynamic and technical-economic
efficiency of trigeneration plants considered by them. There are no grounds for such
conclusions, since the listed materials contain no specific results of experimental and/or
calculation studies of thermodynamic and technical-economic efficiency of trigeneration plants.
It is therefore very strange that a Committee of the MoE&S signed an Act certifying “proper”
implementation of Agree-ment No. 14.574.21.0017.

KEYWORDS: RAS Charter, thermal power engineering, analysis, agreement, requirements,
research, results, unreliable information

B cBeTe n3noxeHHoro cnegyet o6paTnTb BHUMaAHME Y- TaTeNen Ha pag NoNoXeHun Ycrtaea
denepanbHOro rocy- AapCTBEHHOro OmKeTHOro yypexaeHus «Poccuickas Akagemus
Hayk» (PAH), koTopbin yTtBepxaeH [loctaHoB- neHuem [lpaButenbctBa Poccunckon
®epepauun ot 27 noHs 2014 r. No 589. B YcTaBe, B 4acTHOCTU, B NyHKTe 22 yKa3blBaeTCH,
yto «Akagemukamu Akagemun uM3bupaloTca  yyeHble, oboraTuBLUME HayKy TpyAamu
NepBOCTENEHHOIO HAy4YHOrO 3HAYEHUSI».

B nyHkTe 24 YcTaBa ykasblBaeTcsl, UTO «[MaBHOM LieNblo gesaTenNbHOCTM YneHoB Akagemum
aBnsaeTcs oboralleHme Haykm HOBbIMW 3HAaHUAMUN N OOCTUKEHUSMUY.

B nyHkTe 31, e) YcTaBa ykasbiBaeTcs, 4To «YneHbl Akage- Mun 0643aHsbl... cobntogaTe HOPMbI
Hay4YHOW OTUKW, NWUY- HbIM MPUMEPOM COAENCTBOBATL MOBLILEHUIO MPECTMXa Hayku U
aBTopuTETa YneHa Akagemum».

Ho BepHemcs k nucbmy akagemukos PAH lMNpesnpgenty PO B. B. MNyTuny
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B HeM OHM ceTOBanu Ha To, YTO HabnAaeTCa «peskas akTMBM3auna NPOXOAMMLEB OT HaYKUy.
M3BMHMTE, HO UYTO OHU camuK-TO denatT? N3bupaloT B akageMukn cneumanm- CToB, KOTopble
He TONbKO He «oboraTunu Hayky Tpydamu MepBOCTEMEHHOrO Hay4YHOro 3HA4YeHUsi», He
«oboratunm HayKy HOBbIMW 3HAHUSIMU U OOCTUXKEHUSIMU», HO U HE UME- 0T CKOMbKO-HNBYAb
CYLLLECTBEHHbIX Hay4HbIX AOCTWXXEHWI, NPU OTCYTCTBUW Y HUX SNEMEHTAPHbIX 3HAHWUI B
obnactv TepMoanHaMuKKn, Teopun TypboMaluMH U TENNOTEXHUKK, KOTOopble He cobniogatoT
HOPMbl Hay4YHOW 3TUKM N NIUYHBIM NPUMEPOM HE COAEWCTBYIOT MOBLILLEHUIO NPECTUXKA HayKu
N aBTopuUTETa YneHa Akagemuu.

Apkum  npumepom gaBnsieTca mn3bpaHve B akagemukn PAH  KnuvmeHko AnekcaHapa
BukTtoposunya. OueBngHo, 4to akagemukn PAH, ronocosaBline «3A» nsbpaHue Knu- mMeHko
A. B. akapemukom PAH, He o3Hakomunucbk ¢ ero ctatbamu n Otyetom B MMHOBPP® no
cornaweHnio No 14.574.21.0017 n He npoaHannsanpoBanun nx cogepxaHue.

BocnonHum aToT npoben.

[Ons noaoTBepxaeHWs  BblleykasaHHOro BbiBO4A [[OCTa- TOYHO MpoaHanuanmpoBaTtb
codepxaHue ctaten akageMu- ka KnumeHko A. B. ¢ coaBTopamu, obnagarowmmMm, Kak n cam
KnumeHko A. B., connaHbiMu y4eHbIMU CTENEHAMU U 3BaHMAMU. OTMETMM NOMYTHO, YTO 3TU
cTtatbk Obinn ony- 6nMKoBaHbI B XXypHane «TennosHepretukay, rge OH, Kcta- TW, YNCnnTcs
rmaBHbiM pegaktopom [1, 2]. [dononHuTtenbHo uenecoobpasHO npoaHanuanpoBaTb
cogepxaHue OTtyeTa no cornawenuto ¢ MMIHOBPP® No 14.574.21.0017.

Kak n3BecTHo, 4ns oueHKn TEPMOAMHAMMUYECKON 3h- DEKTUBHOCTM Pa3fNYHbIX YCTAHOBOK U
CUCTEM [aBHO Yyxe pa3paboTaH M ycnewwHo ncnonb3yeTcsa nccrnegosarensamm kak B Poccun,
Tak 1 3a pybexxom aKcepreTm4ecknin MeTog TepMognHammyeckoro aHanmaa (OMTA) [3 — 9].

B cooTBeTCcTBMM C 3TUM METOAOM KPUTEPUEM TEpMOAM HaMUYecKon 3EKTUBHOCTU
asnsetcs akcepretndeckmi KMAd. Tonbko mccnegoBaHus, NpoBeAEHHbIE C NMPUMEHEHW- EM
3TOro MeToga, NO3BOMSAT AaTb HAY4YHO 0OOCHOBAHHOE 3aKIOYEeHNEe 0 TePMOANHAMUNYECKON
3P PEKTUBHOCTN TOM UNN NHOWN YCTAHOBKN UITU CUCTEMBI.

Akagemuk KnumeHko A. B. ¢ coaBTopamu B ykasaHHbIX cTatbsax [1, 2], Hanpumep, B [2, ¢. 39]
npeanovnTaoT TEP- MUH «XapaKTepUcTUKa.

OTmMeTVM, YTO K HacTOsILLEMY BPEMEHU HeKOoTopble Up- Mbl psga Bedylwux CTpaH BBenu
OMTA B ka4decTBe 005s13a- TENbHOM COCTaBNALWEN YacTu pa3pabaTbiBaeMbIX NPOeK- TOB, a
TaKke NnaHoB MoAepHu3aumm nponssoacTs [9].

M3 TekcToB cTatbu [1, €. 42], ctatbm [2, c. 39, c. 43] cneay- eT, 4To akageMuky KnnmeHko A.
B. ¢ coaBTOpamu M3BECTHO O CyLLECTBOBaHMM TaKOro MeToAda, OHM HEeoOHOKpaTHO ero
YNOMUWHAIOT, HO TONbLKO YNOMUHaoT. Tak, B cHOcke Ha c. 39 ctaTtbu [2] akagemuk KnumeHko A.
B. c coaBTOpamu ykasbl- BalOT (4OCNOBHas uuTaTta):

«dns  ©Oonee [peTanbHOrO  MCCNegoBaHUSA  HeobXoOuMMO  MpUMEHeHMe  MeToda
9KCEepreTM4EeCcKoro aHanuaa, no3Bo- NSHOLWEro y4eCTb Pas3fUYHyl0 LIEHHOCTb pasHbIX BUOOB
3HEepruun (3NeKTpoaHeprus, Tenno, xonog). OgHako aTO UC- CnefoBaHUE BbIXOOUT 3a paMKu
HacTosawen ctatbm» (?!).

OueHb cTpaHHas, ecnn He ckasaTb Oonblie, nornka aka- gemumka Knumenko A. B. ¢
coaBTOpaMy B AaHHOW cTaTbe. [lpu3HaloT HeobGxoaumocTb wucnonb3oBaHuss 3MTA, Ho
noYyemMy-To ero UrHOPUPYHOT HE TOSLKO B 3TOM CTaTbe, HO 1 B APYrnx onybrMKoBaHHbIX paboTax
[1,10-13].

B cBasn ¢ atum BbiBoAbl akagemuka KnumeHko A. B. ¢ co- aBTopamu O MOBbILEHUN
TepMoAMHaMMyecKon adPPeKTUB- HOCTU PACCMOTPEHHBIX CXEMHbIX peLleHnin B [1, 2] mkeHa-
YYHbl U HECOCTOATESbHbI.

Bonee Toro, B ctatee [2, ¢. 40] akagemuk KnumeHko A. B. ¢ coaBToOpamu CHMTAKOT, YTO BMECTO
OMTA ans oueHKn Tep- MoguHaMMYeckon 3PEKTMBHOCTN PACCMOTPEHHbBIX MMU CXEMHbIX
peweHnin AOnd  TpUreHepauuoHHbIX YCTAHOBOK WX «aHanua3, Kak MnpaBuno, [OOSKeH
npoBoanTbLCA Ha Gase cu- CTEMHOro noaxoda, MO3BOMSKLWIEro onpedenutb addekt oT
BHEOPEHUS C y4eTOM €ro BO3OENCTBUSA Ha paboTy BCEX COCTaBMSAKOWIMUX 3MEMEHTOB
TpUreHepaumoHHOro KOM- NIIeKca, BKIHOYaoLEero n notpebureneny.
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OpHako, KpomMe pgekrnapauui O LenecoobpasHOCTU MNpu- MEHEHUSI TakK Ha3blBAEMOro
CUCTEMHOro nogxoga, npeano- xxeHHoro B [10] ewe cemHaguaTtb neT Hasag, He ObHapyXu-
BaeTca HW ogHon nybnukaumm akagemuka KnnmeHnko A. B. ¢ coaBTopamu ¢ peanbHbiM
CBMAOETENBCTBOM 3(P(PEKTUBHO- CTU NPUMEHEHUSI 3TOrO0 Noaxoda, KPOME MX TONIOCNOBHbLIX
3aABMNeHNIN, He NOATBEPXKAEHHbIX KOPPEKTHBIMU 3KCNEPU- MEHTAMW N pacHeTamu.

Bwmecro skceprernueckoro KIIJI, ucnonbszyemoro B OMTA, u pazpekiaMupoBaHHOTO
CHUCTEMHOTO MOoax0/a B cTaThe [2, ¢. 39] akagemuk Kinmenko A. B. ¢ coaBropamu B
KAaueCTBE «XapaKTEPUCTUKN» TEPMOTUHAMUIECKON (- PEKTUBHOCTU HEOKUIAHHO
MpUMEHSIOT K03 hurmeHT ucnois3oBanus Teria Tommsa (KUTT). Oxnako ero npu-
MEHEHHE ISl JAaHHOM LIeTIM JDKEHAYYHO, OH B HAyKe HU- KOT'/1a paHee HE UCIOJb30BaJICS U B
HACTOSIIIIEE BPEMS HE UCIIOJIb3YETCSl B KAUECTBE TAKOM «XapakTepucTukm» [8, 9]. Ero
HUCIIOJIB30BAHUE B TAHHOM aCIIEKTE CBUJICTCILCTBYET O cabblx 3HaHUAX akajeMuka KiuMeHko A.
B.c COaBTOpPaMH B TEpMOJAWHAMUKE U TEIlJIOTEXHHKE.

B ctatbe [1, c. 44] akagemuk KnumeHko A. B. ¢ coaBTopa- M1 yTBEPXOAKOT, YTO «AeTaHaep-
reHepaTtopHble arperatbl» (OFA) MoOryt cnyxuTb Ans CO34aHUA  TpUreHepauMOHHbIX
YCTaHOBOK.

Mexay Tem, akagemMuk KnumeHko A. B. ¢ coaBTopaMu [OSMKHbI Obinn Obl 3HATb, YTO
TPUreHepaLMoHHbIE YCTaHOB- KM NpedHasHayeHbl AN OAHOBPEMEHHOW BblpaboTkM Tpex
BMUAOB 3HEPIUN: SNEKTPO3HEPrnM, TENNOThbI U Xoroaa.

OgHako [I'A moryT BblpabaTtbiBaTb TOSNIbKO ABa BuAa SHEPrMX, @ UMEHHO, 3NEKTPOIHEPTMIO U
xonopg, a Tenno- Ta gns nogorpesa npupogHoro rasa (MM nepen, 3a nnun 0gHOBPEMEHHO
nepea u 3a AMA notpebnserca MMn M3 NOCTOPOHHEro (BHELUHEro) UCTOYHWKA, €Criv OH
nmeetca B Hanuumn. M3 3TOro BbITEKaeT MPUHUMNMAnNbHBLIA U O4HO- 3HaYHbIA BbIBOA O
HEBO3MOXXHOCTUN CO30aHNS TPUreHepa- LMOHHbIX YCTaHOBOK C ncnonb3oBaHnem [OrA.

B ctaTbe [1, c. 43] akagemuk KnnmeHko A. B. ¢ coaBTopa- Mn yTBEPXAaOT, YTO C MOMOLLIbIO
aByx [OIA, BKMOYEHHbIX NapanfenbHo WM nocrnefoBatenbHO, MOXHO «OpraHu3o- BaTb
OAHOBPEMEHHOE LiEHTpanmM3oBaHHOE CHabXXeHMEe Mo- TPebUTENEN 3NeKTPOSHEPINEN, TEMIOM
1 XONOOOMY.

OpHako 93TOT BbIBOA NPOTUBOPEYUMT OCHOBaM TepMO- AWHAMWKM W ONpoBepraeTcs
pesynbTaTaMu pacyeToB no- kaszaTtenen [OIA B obwwupHbix Tabnuuax 1, 2 u1 3 B cTaTbe
akagemuka Knumenko A. B. ¢ coasTopamu [1, c. 41 — 43]. I3 HUX cnegyeT, 4To, HECMOTPSA Ha
3HaumTenbHbln nogorpes MM nepea OrA, Bnnote go 120°C, temnepatypa NI Ha Bbl- Xoae n3
OrA Haxogutcs B gnanasoHe ot 6,10 go 31,70°C. O4eBMAHO, YTO TAKOW TENSIOHOCUTEND (ra3)
C TakMuMM HU3- KUMWN TeMnepaTypamMm He MOXET ObiTb MCMONb30BaH HU B 06PaTHOWN, HKU, TEM
Gonee, B NPAMON NUHUM TENNOCETU LLEHTPANM30BaHHOrO TennocHabxeHuns. Ecnu xe yctaHo-
BUTb 3a nepebiM [I'A nocrnegoBatensHo BTOopon A, TO Ha BbIXOA4e M3 HEro Temneparypbl
M 6yayT 3HauMTenbHO oTpuuaTesnibHbIMU. [TpUMEHEHNE Takoro TEMNSOHOCUTENA NpUBEaET K
«pasMopo3Ke» CUCTEM LIEHTPANM30BaHHOIo TennocHabxeHuns

B [1, 2] akagemuk KnnmeHko A. B. ¢ coaBTopamu Mon- 4anmeo 00XoaaT CTOPOHON BOMPOCHI O
TOM, M3 KaKOro e UCTOYHMKA B MX pacyeTax u cxemax AofmkHa 6biTb B3ATa Te- nnota Ang
OCYLLECTBIIEHNSA 9KCNIlyaTauum pPacCMOTPEHHbIX AeTaHAEPHbIX W TpUreHepauMOHHbIX
YCTaHOBOK, KakoBa €€ BeNn4MHa, MMEETCs N 3TOT UCTOYHUK TennoTbl Heob- xoammoro
noTeHuMana Ha pekoMeHOyeMbIX MMU OObeKkTax BHELPEHUS yKa3aHHbIX YCTAHOBOK, Kakow
TEeNnnoHOCUTENb M C KakMM pacxodoM WUCMNONb3yeTCsl B 9TUX YCTaHOBKax M Kyga OH 3aTteM
OTBOAMTCS.

Tak, Hanpumep, B cTaTtbe [2, c. 42] akagemuk KnumeHko A. B. ¢ coaBTopamin ykasbiBatloT, YTO
B PAcCMOTPEHHbIX CXeMax TpureHepaumoHHbIX YCTAHOBOK npeaycMmoTpeHa nogada B MNKTT
(MapOKOMMPECCUOHHLIN TepMOTpaHcopMaTop) A0- MOSHUTEMNBHONO HU3KOMOTEHLMANbHOro
Tenna u3 BHEeLHe- r0 UCTOYHMKA, HO YTO 3TO 3a UCTOYHUK, KaKOBbl €ro Xxapak- TEPUCTUKN B
cTaTbe He yKasblBaeTcs.
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bes oTBeta Ha BbllL€yKa3aHHbl€ BOMNPOCbI peKoMeHda- uuMn aBTOPOB HEeHay4YHbl W
HEeCOCTOATES1bHbI.

B ctaTbe [1, c. 43 — 44] akagemuk KnumeHko A. B. ¢ coas Topamu yTBepxaatoT, 4to A moryT
HaWTW NPYMEHeHMe B Manon 3HepreTuke. OTOT BbIBOA CAenaH Ha OCHOBaHWM pacyeToB
napameTpoB Takux arperatoB ¢ pacxogom NI 1000 HM3/.

OpgHako, ecnu 6bl akagemuk KnumeHko A. B. ¢ coaBTopa- My MO M3BECTHBIM METOAMKAM B
Teopun TypOGoOMalMH NpPO- M3BENU pacyeT NPOTOYHOW 4YacTm ocesoro [AIA B WMpOKOM
AnanasoHe u3MeHeHun AaeneHun u Temnepatyp I ona ykasaHHOro pacxoga, TO OHU
nony4yunu 6ol BECbMa UHTE- PECHbIV pe3ynbTaT: AfiMHa COMSI0OBOM NonaTkM NepBOn CTy- NEHU
ocesoro [1I'A Ha yacToTy BpalieHmsa 3000 06/MuH He npeBbiwana 6bl 1,2—2,08 mm. OyeBnaHo,
YTO TaKyld MpPO- TOYHYH YacTb HEBO3MOXHO M3roTOBUTb Ha CamMOM COBpe- MEHHOM
TexHornorn4yeckoM obopygosaHun. W rosoputb o Kl Takon npoToyHOM 4actu Boobule He
nMeeT cMblicna.

Kak nokasbiBaloT pacyeTbl, BbINOSIHEHHbIE aBTOPOM OAHHOW CTaTbW, AMs NOMyYeHMs OMNHbI
nonatku xoT4 6bl B 15 mm pacxog NI B A gormkeH cocTaenaTb okono 12.000 Hm3/u.

CniegyeT y4ecTb, UTO C uenbio obecne- YeHus HagexHon paboTbl 06opynoBa- HUSE 0ObekTa
Marion 3HepreTUKn, Ha KO- TOPOM MOXET ObITb NpouseedeH MoHTax [OIA, pacxoa NI B ArA
06bI4HO NpuHK- MaeTcsa paBHbiM 30 — 40% ot pacxoga I, noctynatowiero Ha ob6bekT. Torga
HOMM- HanbHbIN pacxod I Ha obbekTe gomkeH coctaBnAate oT 30.000 go 40.000 HM3/u.
HanomHum, 4TO, HanpuMep, B LUMPOKO pacnpoCTpaHEHHbIX BO4OrperHbIX KOT- nax Tuna KBIMM-
11,63-150 pacxog I co- crtaBnsieTr 1.290 HM3/4. DTO O3Ha4aeT, UTO Ha 0ObekTe Marnom
3HepreTUKM (Hanpu- Mep, B KOTENbHOM) AOIMKHO ObIThb YCTa- HOBMEHO oT 23 Ao 31 KoTna aToro
TMna. OgHako Takmx KoTenbHbIX B Poccun Bo- obLue He cyllecTByeT.

B cratbe [2, c. 42 — 43] akagemuk Knu- meHko A. B. ¢ coaBTopamu yTBEpPXKOAKT, 4TO
NpevMyLLeCTBOM PaCCMOTPEHHbIX UMW TPUreHepauUmoOHHbIX YCTaHOBOK SBNSETCS NOBbILLIEHMEe
TepMoAMHaMM- YeCKOWN 3PPEKTUBHOCTN SHEPrOCHAB- XeHNsA. Ho kak 3TO MOXHO yTBepXaaTb,
€Cnn aBTOpbl HE MPOBOAWMMNN WCCREAOo- BaHWs OTOM CaMOW TepMOoAaMHaMU4e- CKOW
adpekTMBHOCTM Ha ocHoBe OMTA wunu paspeknammpoBaHHOrO MMM TaK Ha3blBAEMOIO
cucTtemHoro noaxoaa?

B crtatbe [2] npuBOAATCS TOMbKO OMU- CaHWS CXeM pPasfiMyHblX YCTAHOBOK W MNepeveHb
HeobXxoaUMOro TexXHONorn- 4eckoro obopyaoBaHuA (pUCYHKM 1 M 2 B JaHHOW cTaTbe),
yKasblBalOTCA CTpen- KamMy HanpaeneHust OBWXKEHUA Tenno- HocuTenem u paboumx Ten
(xnapgoHa, npsimon n obpaTHon ceTeBOM BOAbI U T. 4.).

MpeonoXeHHble aBTOPaAMW CXEMbl TPUreHepaUMOHHbIX YCTaHOBOK Ha pucyHkax 1 m 2 oT-
NNYaKTCA  3HAYUTENBHOW  CMOXHOCTBLI — M3-3a  Hanuumg  BGonbLIOrO  KonMyecTBa
TexHororm4eckoro obopyaoBaHusa pasHoro Ttuna. Tak, Hanpumep, Ha puUcyHke 2 nokasaHa
cxema TpUreHepaunoHHOW YCTaHOBKM, B KOTOPOM MMEIOT- CA NnapoTypOuHHas yctaHoBka 3 (B
ee coctaB obgsatenb- HO [OOMKHbl BXOAUTb 3HEpreTU4eckuin KoTen W napoBas
TennogukaunoHHas TypbuHa), NMUKOBbLIN BOAOrperHbIn Koten 19, TepmoTpaHcdgopmatop
NapOKOMMNPECCUOHHOrO TUNa 7. MHOrOYMCHEHHbIE TPYOONPOBOAL! PA3NMYHOrO Ha- 3HAYEeHUS
1,2,4-6, 8-14, 16—18 (ansa xnagoHa, npsiMon n obpaTHON CETEBOW BOAbI, TOMMNBA, YXOAALLNX
rasoB, 40- NONHUTENbLHOrO Tenna). Ha cxeme 06bEKT reHepauun 060- 3HayeH uudpon 20, a
undppont 21 — 6nok noTpebutenen (BolgeneHbl TOHKUMU LUTPUXOBLIMU NnHMAMM). B 6rok 21
BXoauT obopynoBaHue, NoTpebrstowee COOTBETCTBEHHO 3NEKTPOIHEPTMIO 22, xonog 23 u
Tenno 24. N3-3a cnox- HOCTU CxeMbl BpsiA 1 nogobHasa TpureHepaumMoHHas ycTa
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Figure 1. CmpykmypHas cxema 3Hep20oCHabxeHus nompebumerssi om obbekma
2eHepayuu ¢ eazomypbuHHOU ycmaHo8KoU U mepMompaHcgopmMamopom
abcopbyuoHHO20 mura (3aumMcmeo- 8aH u3 [2]).
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Figure 2: CmpykmypHas cxema 3Hep20cHabxeHusi nompebumerisi om obbekma manol
3Hep- eemuKu ¢ napomypbuHHOU ycmaHo8KoU mernioguKayuoHHo20 muna u
apoKOMMPEeCCUOHHbIM mepMompaHcgopMamopom (3aumMcmeosaH us [2]).

HOBKa MOXeT ObITb OCyLLeCTBIEHa B AENCTBUTENBHOCTU. KpoMe Toro, B Cxeme NnpeaycMOTpeH
MCTOYHUK gonorn- HuTenbHoro Tenna 15. Ho mo Heu3BecTHOW npuyMHe OH BbiBeAEH 3a
npegensl obbekta reHepauun 20. He ykasaHO, 4TO 3TO 3@ WCTOYHWK, KaKOBbl €ro
xapaktepuctukn. [lpy  oTcytcTBUM Ha OObekTe BO3MOXHOIMO BHEAPEHUS  OaHHOW
TPUreHepaLMOHHOW YCTaHOBKN UCTOYHUKA SONOSNTHUTENb-

HOro Tenna cxema HepaboTtocnocobHa.
Takum obpasom, akagemmkom KnumeHko A. B. ¢ coaBTo-

pamu B [2] He npuBoAMTCA abCOMOTHO HUKAKMX OaHHbIX MO napameTpam pabouyux Ten u
TennoHocuTenen (No pacxo- Aam, TemnepaTypam, aBneHUsMm).

Takaa Gennetpuctuka BpsSiA N yMeCTHa ANS CTaTbM B HAYYHO-TEXHUYECKOM XXypHane
«TennosHepreTukay, KOTO- pasi, K TOMY Xe, SBnseTcs 3asepLiatowmmes atanom OTyeTa (Kak
ykasblBaloT akagemuk KnmmeHnko A. B. c coaBTopamu B cHocke Ha ¢. 37 B cTaTbe [1] u B CHOCke
Ha c. 37 B cTaTbe [2]) no cornaweHunio No 14.574.21.0017 c MUHOEPP®).

CxeMbl TpUreHepaLMOoHHbIX YCTAaHOBOK (PUCYHKM 1 1 2) aBTOPbI CyMENU-Takn HapncoBaTb, HO
13-3a MX CIOXXHOCTU OKa3anucb He B COCTOSIHUM BbIMOSTHUTL pacyeTbl TEPMOAU- HAMUYECKOM
N TEXHUKO-9KOHOMMYECKON 3PMDEKTUBHOCTN STUX YCTAHOBOK.
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B ctatbe [1] akagemukom KnumeHko A. B. ¢ coaBTopamu npmsogutcsa cxema AA (pucyHok 1,
c. 38), B KoTOpoW B TENNOOOMEHHUK 8 TeNNOHOCUTENb NogaeTcsl No AByMm Tpy- 6onposogam
ogHoBpemeHHo. O6 3TOM CBMAETENLCTBYOT CTpenika Ha HuxkHem TpybonpoBode w
obo3HayeHne Haco- ca 7 Ha BepxHem Tpybonposoge. OtcytcTByeT Tpybonpo- BoOf,
OTBOAALMM TenrnoHocuTenb U3 TennoodbmMeHHnka 8. OpgHako Takon TenrnoobMEeHHUK
HepaboTocnocobeH (pu- CyHOK 3 B [JaHHOM cTaTbe). HasBaHMe 3TOro pucyHka CBU-
AeTenbCcTByeT O TOM, YTO B CTaTbe peyb MAEeT TOMbKO O re- Hepauum xonoaa ¢ nomolubto A,
W, crnegoBaTenbHO, OHA HE WMEET HMKAKOro OTHOLWIEHUS K TeMaTuKe CcornawieHus ¢
MNWHOBPP® 06 nccnegoBaHumn adheKTUBHOCTU TPUTEeHE- PaLMOHHbIX YCTaHOBOK.

B aTow xe ctatbe [1] B Tabnuue 3 (c. 43) akagemuk Knu- meHko A.B.. c coaBTopamu npusoaaT
BMEpBble B MUPEe HOBYIO, OO HACTOAWEro BPEMEHW HEU3BECTHYKD B Hayke W MnpakTuke
pa3mepHOCTb Ansa auTanbnum M, a umeHHo, kKx/(kr.K).

Hanuune Ttakux «nan» roBopuT O XanaTHOCTW MpuU NoA- roTOBKE PYKOMUCK CTaTbM K neyaTu
akagemuka KnumeHn- ko A. B. ¢ coaBTopamu, B TOM YUCIIE U €0, KaK MMaBHOro peaakropa, a
TaKkKe 0 XanaTHOCTU PELIEH3EHTOB, WTAaTHbIX PEeAaKTOPOB.

My6nukauma craterl ¢ HerpaMOTHbIMW PEeKOMeHAAUMsMU MO BHEAPEHUIO AeTaHAEepHbIX U
TpUreHepaumoHHbIX YCTa- HOBOK B XypHarne «TennosHepretukay CBUOETENbCTBYET TaKkKe O
HWU3KOM YPOBHE 3HaHW B TEPMOAMHAMMKE pe- LIeH3EHTOB, KOTOpble Aanu MosNoXUTENbHbIE
OT3bIBbl HA 9TW CTaTbM.

CnepnyeT OTMETUTb, YTO XypHan «TenrnosHepreTMka» NepeBOAUTCS Ha aHMMUMNCKUIA A3bIK, U
nofobHbIe «NSMNbl», CHUXKAIOLWME PEVTUHT XypHana, NpocTo HEAOMNYCTUMBbI.

XoTtenocb 6bl OTMETUTL, YTO CTaTbM akagemuka KnumeH- ko A B. ¢ coaBTopamu 0 BbICOKUX
OOCTOMHCTBax geTaHaep- Hon TexHonormm nosisunuce B 2016—2017 rr., XoT4 BCE

2

- S/

<2
/ A

12

Figure 3: MNpuHyunuanbHas cxema ycmaHoeku Ha base A dnsi eeHepayuu xonolda (3aumcmeosaH u3 [1])

yetbipe AMA Ha T3OU-21 n TOU-23 MocaHepro Obinn BbiBe- A€Hbl U3 3JKCnyaTauum no
peweHno pykosoactea Moca- Hepro ewwe B 2010 r. n3-3a KparHe oTpuuaTesnbHbIX pe3yrib-
TaToB WX 3aKcnnyatauuun (NoTeps MOLUHOCTU y TypOWHbI, U3 KOTOpown oTbupanca nap Ans
nogorpeea [l nepeg [MAIA, 3HaunTenbHble nepexorn [T B SHepreTmdeckux KoTnax,
pacrnonoXeHHbIX B COOTBETCTBUM C Tenmnoson cxemon 3a [IA). OgHoBpemeHHO Obina
NOSTHOCTLHIO 3aKpbiTa paHee paspaboTaHHasi B 2007 r. nporpamma coopyxeHus B Moc- aHepro
Ha pa3nuyHbix TOL, A cymmapHon mowHocTbio 100 MBT B Tedenme 2007 — 2012 rr.

EomHcTBEHHBIM 00bsAcHEHMEM dhakTa nybnvkaumm B 2016 r. ctatenm [1, 2] B XypHane
«TennoaHepreTnka», rae, HanoMHWUM, [NaBHbIM pedakTop akagemuk KnmmenHko A. B.,
SIBMANOCH cTpeMneHune akagemmka KnmveHko A. B. ¢ co- aBTopamMu XOTb Kak-TO U XOTb YeM-
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TO OTYUTATLCS 3a NOMy- YeHHble N noTpadeHHble cybenaun MUHOBPP® no corna- weHutio
No 14.574.21.0017. OTmeTm MNOBTOPHO, YTO cTaTbs [1], B KOTOpOW paccmaTpuBanucb
BO3MOXHble napameTpbl A, BoobLe He OTHOCUNach K TeEMaTUKe 4aHHOro Corna- WeHus, B
KOTOPOM [OJSPKHbI paccMaTpuBaTbCsi BOMPOCbI  CO3[4aHUS TOMbKO TpUreHepaunoHHbIX
YCTaHOBOK.

ABTOpYy [aHHOW cTaTbu C OonblwMM TpyaOM ydanocb 03- HakomuTbcss ¢ OTyeTOoM noO
cornawenmntio No 14.574.21.0017, HanpaBneHHbiM B MMHOBPP®. B OtueTte akagemuk Knu-
MeHko A. B. aBnsnca HaydHbIM pykoBoamuTenem, a A.T.H., npodeccop Arababos B. C.1 —
OTBETCTBEHHbIM UCMNONHKU- Tenem. AHanu3 cogepxaHusi atoro OTdeTa nokasan, YTo akagemMuk
KnnmeHnko A. B. n npodeccop Arababos B. C.

1) He npeacraBunm abcomntoTHO HMKAKMX pe3ynbTaToB AKCNEPUMEHTANbHbIX U/UNN pacyeTHbIX
nccnenoBaHmn

TEepMOANHaAMNYECKOM u/nnm TEXHUKO-9KOHOMUYECKOMN 3 eKkTUBHOCTH
TepMoTpaHchopMaTOpPOB MAPOKOMMPEC- CMOHHOIO TUNa C pasnuyHbiMU pabdoynmm Tenamm
(xnapa- reHTamm).

B artane 1 Otueta akagemuk KnnmeHnko A. B. n npodec- cop Arabatbos B. C. ykasanu, 4to
«NOArOTOBMEHbLI  3KCMEe- pPUMEHTarnbHble CTeHObl AONS  NpoBedeHud  unccrnefoBaHui
apPeKTUBHOCTU TepMOTpaHCcopMaTopoB MNAPOKOMMPEC- CUOHHOMO Tuna C pasnUYHbIMK
paboynmu Tenamu (xnag- areHtTamm)y.

Cnepyet oTMeTUTb, 4TO akagemuk KnumeHko A. B. 1 npo- peccop Arabatbos B. C. ansa cnosa
«CTEHO» NCNOMNb3YHT MHOXECTBEHHOE YNCINO. DTO O3HAYAET, YTO CTEHAOB OOSMK- HO ObITb, MO
MEHbLLEN Mepe, ABa.

OpHako B OTyeTe He NPUMBOAATCHA CBEAEHUSI O HAa3HAYe- HUN KaXX4Ooro U3 HUX, O KOHCTPYKLMK
TepMOTpaHcopMa- TOPOB  MApPOKOMMPECCUMOHHOr0  Tuna W Opyrux  y3roB  9KC-
nepyMeHTanbHbIX CTEHAOB, UX TEMNSIOBbIX CXeMax, CXeMax dKCMepMMeHTanbHbIX U3MEpPEHUN,
NCMNONb30BaHHbIX W3- MepUTenbHbIX nNpubopax, nepedyHe MCCNeAoBaHHbIX «pa3- JNNYHbIX
paboumnx Ten (xnagareHToB)», MCCNEOOBAHHbIX pe- XXMMax paboTbl 3TUX YCTAaHOBOK.

OtcytctBre B OTyeTe M cTaTbsx akagemuka KnumeH- ko A. B. ¢ coaBTOopamu cBegeHun o
«MOArOTOBMEHHBIX CTEH- Aax» W pe3ynbTaToB IKCMEepPUMEHTarnbHbIX WCCrefoBaHWA Ha
CcTeHdax MO3BONSIET C BbICOKOM BEPOATHOCTbIO MPEAno- MOoXWUTb, YTO TakMe CTeHObl B
JeNCcTBUTENBbHOCTU BOODLLE HE ObinNu co3aaHbl.

ABTOp AaHHOM cTaTbu obpaluarncs ¢ npocbbon K 3ame- cTuTento gmpektopa [enaptameHTa
Hayku un TexHonormi MuHmnctepctea obpasoBaHusa 1 Haykn A. B. AHukeeBy Bble- xaTb B HNY
«M3W» ons 03HaKOMMEHUs C 3KCNepuMeHTanb- HbiIMW CTeHgamMu. Ho OH KaTeropuyecku
oTKasarncs. OToT 0TKa3 roBOpus O MHOIOM.

CTtepunbHas YuctoTa: HUKaknx ceegeHumn o6 apekTnB- HOCTAX TepMoTpaHcopmaTopos (Mo
TepmoguHamuke, 3koHomuke), o KI[, pacxogax, TemnepaTypax, OaBfieHUsAX XnagoHa,
npsiMor 1 o6paTHOW CeTeBOW BOAbI, TOMMMBA, YXOOALNX ra3oB U T. 4.

M B TOM uncne no paspeknammpoBaHHOMY akageMmnkom KnumeHko A. B. ¢ coaBTOpamu
CUCTEMHOMY noaxony.

B cBA3M C OTCYTCTBMEM pe3ynbTaToB 3KCNEPU- MEHTasbHbIX U pacyeTHbIX UCCnesoBaHUN
BECb- Ma CTpaHHbIM BbIrnsant nognucanne Komucen- e MMUHOBPP® AkTa O BbINOHEHUN
cornawenns No 14.574.21.0017, B kOTOpoM «0bBs3aTenbCTBa MO COrfa- LWEHUI0 MPU3HaHbI
BbIMNOMHEHHbLIMW Haanexalmm obpa- 30m».

2) B Otuete atan 3 akagemuk KnumeHnko A. B. n npodec- cop Arababoe B. C. npocto-
HaNpoCTO nepenucanu 13 ata- na 2. [ina gokasartenbcTBa 3TOro dakrta NpuBeAem TOSNbKO
YyacTb TeKcTa 13 atanos 2 n 3.
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«3T1an 2. OCHOBHbIE pe3yrbTaTbl:

— paspaboTaHa lMporpamma 1 MeToauka NPoBeAEeHNS pacyeTHbIX UCCreoBaHUin TepMoanHa-
MUYeckon  3PMEKTUBHOCTU  TPUreHepaLMOHHbIX  YCTaHOBOK,  BKM4Yawwmx  cebs
aHeproreHepupytouiee 060- pyaoBaHME W TepMOTPaHCHOPMATOPbl Pa3NUYHbLIX TUMOB,
npoBedeHbl  pacyeTHble  UCCNedoBaHUst  TepMoaMHa-  MuYeckon  3hdEKTUBHOCTU
TPUreHepaLMoHHbIX YCTaHO- BOK, BKMYawwmx B cebs aHeproreHepupytoliee 060-
pyAOBaHWE 1 TpaHcopMaTopbl PasfNYHbIX TUMOB NPY PasfUYHbIX pexumax paboTbl,

— MNpOBeAEeHbl 3KCMEepUMEHTanbHble UcCneaoBaHnss 3d- (EKTUBHOCTU MPUMEHEHMS B
TepMoTpaHccopMaTopax  NapOKOMMPECCUMOHHOrO  Tunma  pasnuyHbiXx  paboumx  Ten
(xnapareHTOB) (?),

— paspaboTaHa [lporpamMma M MeTOAMKA pacyeTHbIX WC- CreAoBaHW pacnpepeneHus
TEMMepaTypHbIX Mofeil B OTKPbITbIX TEPMOAUHAMUYECKUX CUCTEMAX MPU pelleHnn 3adaum
MOJENUPOBaHNS  pacrpefeneHnss TemnepaTypHbiX Mone B obractu  YCTaHOBKU
reoTepmarbHbIX TEMNmnoBbIX HACOCOB,

— npoBeaeHbl pacdeTbl TeMnepaTypHbIX nonemn B OTKPbI- TbIX TEPMOANHAMUNYECKUX CUCTEMAX
npu peweHnn 3agayvymn MoaenmimpoBaHuA pacnpeaeneHna teMnepaTtypHbIX nonen B obnactu
YCTaHOBKUM reocTepmMalibHbIX TEMNNOBbLIX HACOCOB,

- paspaboTaHa [lporpaMMa W MeTOAMKa 3SKCMEPUMEH- TarbHbIX WCCReaoBaHWin paboTbl
TEPMOTPaHCOPMaTOPOB MAPOKOMMPECCUOHHOIO TUMa MPU UCMONb30BaHUM pPa3- JUYHbIX
paboyunx Ten (xnagareHToB)».

«3Ttan 3. OCHOBHbLIE pe3yrnbTaTbl:

— paspaboTtaHa [lporpamma ¥ MeTOAMKA NPOBEOEHUS paCYETHbIX UCCreaoBaHwUi
TepMoAMHaMUYecKon addeK- TMBHOCTU TpUreHepaLMOHHbIX YCTAaHOBOK, BKIOYAOLWNX B cebs
SHeproreHepupytollee o60pyaoBaHNE U TePMO- TPaHCHOPMATOPbI Pa3NNYHbIX TUMOB,

- MpoBedeHbl pacyeTHble WCCNEedoBaHUs TepMoAMHAMU- Yecko  3PEKTMBHOCTM
TpUreHepaLMoHHbIX YCTaHOBOK, BKItOYatoLLMX B cebsi aHeproreHepupytoLee o6opynoBa- H1e
1 TpaHcopMaTopbl PasnuyHbIX TUNOB NPY Pasnny- HbiX pexumax paboTol,

— MNPOBEAEHbl 3KCMepUMEeHTanbHble UuccneaoBaHust 3ad- (EKTUBHOCTU MNPUMEHEHMS B
TepMmoTpaHchopmaTopax  MapoOKOMMPECCUMOHHOIO  TUMa  pasnuyHbIX  paboumx  Ten
(xnagareHToB) (?),

— paspaboTtaHa [lporpamma ¥ MeToOuKa pacyeTHbIX MC- CreaoBaHWuiA pacnpeaerneHus
TeMnepaTypHbIX MOMel B OT- KPbITbIX TEPMOANHAMUYECKUX CUCTEMAaX MpWU peLleHun 3ana-
YyuMoenMpoBaHusipacnpeaeneHuaTemMnepaTypHbIXnonem
BOGNaCTMyCTaHOBKUreoTEPMasbHbIXTEMOBLIXHACOCOB,

— NpoBefeHbl pacyeTbl TeMnepaTypHbIX NOMeln B OTKPbI- TbIX TEPMOAMHAMUYECKMX CUCTEMAX
npu peLleHnn 3agayy MoaenupoBaHus pacnpenerieHnss TemnepaTypHbIX nonei B obnactu
YCTaAHOBKW reoTepmMarbHbIX TEMMOBbIX HACOCOB,

— paspaboTtaHa [lporpamma n MeToAMKa SKCMEPUMEH- TarbHbIX MCCNeaoBaHMN paboTbl
TepMoTpaHcopMaTopoB MapPOKOMMPECCUOHHOIO TUMa MNpU UCMONb30BaHUM pas- NUYHbIX
pabounx Ten (xnagareHToB)».

M3 conocTaBneHns TEKCTOB 3TanoB O4YeBMAHO, YTO aTan 3 nepenucaH u3 atana 2. Ho 3gech
MOXHO OT- MeTUTb onpederneHHbin nporpecc. Ecnn npodeccop Arababoe B. C. B cBoer
OOKTOPCKOW guccepTauumn 3anm- cteoBarsuernbleab3aubiTeKCTa,pUCyHKMNGOPMYIIbING HyXKOW
KaHgugaTtckon aucceptaumm, 1o Tenepb B OTyeTe akagemuk KnumeHko A. B. u npodeccop
Arababos B. C. nepenucbiBatoT TEKCT yxe camn y cebs.

3) B OT4yeTte akagemuk KnumeHko n npodeccop Araba- 6os B. C. coobLumnmn HegocToOBEPHbIE
CBeAEeHNs 0 Npea- CTaBneHHbIX goKnagax no 3asasreHHon Teme cornawenns ¢ MMUHOBPPO®
No 14.574.21.0017 Ha HECKONbKNX MEeXAyHa- pogHbIX KOHepeHumax. OgHako:

— Ha CeabMOW MeXOyHapOOHOW LUKONe-CEMMHApE MOMO- AblX YYEHbIX W CMeunanvcToB
«HeprocbepexeHne — Teo- pusa u npaktnka» 13 — 17 oktabpsa 2014 r. KnumeHko A. B. (B TO
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BpeMsi YneH-koppecnoHaeHT PAH) orpaHnynncsa Tonbko NPUBETCTBEHHLIM CITOBOM — A0KNaz
He ObIn NpeacTaBneH.

— Ha XX|I MexBy30BCKOM Hay4yHO-NPaKTUYECKOM KOH- (pepeHunn MOonoabIX YYeHbIX WU
cTyaeHToB B I. Bormkckom 25 — 29 masa 2015 r. — goknag He Obin npefcTaBrieH,

— Ha Bcepoccuiickon koHdepeHumn «3IAHepretmka Poc- cum B XXI Beke. MHHOBaLMOHHOE
pasBuTne n ynpaene- Huey, r. Upkytck, 2015 r. — goknag He 6bin npegcraBneH.

OTucBefeHMANerkoMoryTobITbnony4yeHbinpuo3dHa- komneHnn ¢ Nporpammamm KoHdepeHunin
nnmn co cbop- HUKaMn JOKNaAoB, NPEACTABNEHHbIX HA HUX.

B [2] akagemuk KnnmeHko A. B. n npodeccop Araba- 6os B. C. npeanoxunm Tak HasbiBaeMblii
MeTOo[ Ka4eCTBEH- HOro aHanm3a pasnuyHbIX BapyaHTOB TEXHNUYECKUX peLle- HU Nnpu Bblbope
TOr0O WM MHOIO COYEeTaHus JMeKTpPo- W  TenmnoreHepupyowero obopyooBaHus U
TepmoTpacdop- maTtopoB. CyTb €ro COCTOUT B TOM, YTO, UCXOAS U3 NNYHbIX NpeacTaBneHuni
O KayecTBe TOM MUAN UMHOWM CXEMbl U JIMYHbIX NpegnoyTeHun akagemuk Knumenko A. B. un
npodgeccop Arababos B. C. 3apaHee BbIOMpatloT NpeanoyTUTENbHbIN BapUaHT NO «KapTUHKE»
N TONbKO 3aTeM OnpenenstoT ero TEXHUKO-IKOHOMUYECcKne nokasatenun. Ho aToT metog ka-
YEeCTBEHHOr0 aHanu3a BapuMaHTOB BecbMa [Janek OT HaykM M HanoMuHaeT LeNCTBUS
3KCTpaceHCcoB Ha TenekaHane THT.

B gaHHOWM cTaTbe AokasaHo, YTo akagemuk KnumeH- ko A. B., kak Hay4HbI pykoBOAUTENb
TeMsbl, B ctaTtbax M OTtyeTte no cornawenuio No14.574.21.0017 ¢ M- HOBPP®:

He npeacTaBun pesynbTaTbl «NEepPBOCTENEHHOro Hay4y- HOro 3HaveHusa» (Boobuwe He
NpeacTaBuIl Kakux-nmbo pe- 3ynbTaToB MCCNEAOBaHUN TEPMOANHAMUYECKON U TEXHU- KO-
3KOHOMUYECKON 9 HEKTUBHOCTU TPUTEHEPALIMOHHBIX YCTAaHOBOK),

— He «oboraTun HayKy HOBbIMW 3HAHWUSIMU Y OOCTUXKEHMW- AMWY,

— nepenucan TeKCT U3 oaHoro atana OTyeTa B ApYrou,

— NpeacTaBun HEAOCTOBEPHbIE CBEAEHUS O AOKNaAax Ha psae KoOHepPeHLWA,
— 1, TEM caMbIM, He cobnoaan HopMbl Hay4YHON ITUKU

— 1 He coaencTBOBar NMMYHbIM MPUMEPOM MOBbLILLEHMIO MPECTMXKA HAayKN N aBTOpUTETA YneHa
Akagemuu.

B gononHeHue K 3Ton HeraTMBHOM XapakKTEPUCTUKE Hayy- HOro YPOBHS U MOpParibHbIX KAa4eCcTB
akagemuka KnumeHko A. B., a Takke OT4eTa, HanpaeneHHoro akagemmkom Knm- meHko A. B.
B MMHOBPP®, aBtop AaHHoM cTatbu Hanpasun 18.12.2019 r. obpaweHue PekTtopy
HaunoHanbHOro uccrne- AoBaTenbCKoro yHueepcuteta «MOCKOBCKMI 3Hepretuye- CKUK
nHeTUTy™ (HNY «M3W») A.7.H., npodeccopy Poranesy H. [l. ¢ npocbbon aaTb OUeHKy ero
Hay4yHON OeATENbHOCTH

Pektopom HUNY «M3W» 6bina cosgaHa Komucecus BO rna- Be € HayarbHUKOM NPaBoOBOro
ynpaeneHna benoson O. A., koTopasd npegcrasuna Pektopy HUY «M3W» [oknagHyto
3anucky ot 10 aHBapsa 2020 r.

MpuBeoem BblAepPXKM K3 9TOM [OKNagHOW 3anucky, Ka- calowmecs HenocpenCcTBEHHO
akagemuka KnumeHko A. B. (umtaTa):

«Komucceuns Boiwna Ha npoeepky B nogpasgenenHne HAO HTUL 3TT, B kotopoe BxoguTt HAJI
«Hay4yHo-meTOogmye- cknx npobnem 9aHeproadpeKkTMBHOCTMY, A€ Henocped- CTBEHHO
0bOpMIEH M OCYLLECTBISIET CBOIO TPYAOBYIO Ae- ATeNbHOCTb KnmumeHko A. B.

KnumeHko A. B. Ha MOMEHT NPOBEpPKWN yKa3aHHOrO MoA- pasgeneHus Ha paboyem mecTe
OTCyTCTBOBAJI, TPYAOBOM QOrOBOP C HUM 3aKito4YeH N0 OCHOBHOMY MeCTY paboThbl B 4aHHOM
nogpasgeneHuun Ha 0,5 ctasku.

KnumeHko A. B. kak rnaBHbI HayyHbIi coTpygHuk HUJT «HayyHo-meToamyecknx npobnem
3HeproadEeKTUBHO- CTU» (PaKTUYEeCKM CBOMX 0Osi3aHHOCTEW He wucnonHseT. Ero
TPYOOYCTPOMCTBO MO haKTy SIBMASIETCA NPUTBOPHBLIM, TaK Kak HWKaKUX 3agjady u TpygoBow
OYHKLMM OH He BbINOMHs- eT. MNonyyaeT 3apaboTHyto nnaty KnumeHko A. B. n3 cBo- 60aHbIX
cpencTs YHuBepcuteTar.
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B cootBeTcTBUMM C pekomeHaaumnamu Komuccum Knumen- ko A. B. npukasom PekTopa yBoneH
n3 HAY «M3N».

N3 npeactaBneHHbIx hakToB cneayeT, 4to KnumeH- ko A. B. BoobLie He uMeeT HUKaKnx
Hay4HbIX OOCTUXEHWUA B OTEYECTBEHHOW TEnnoaHepreTuke W, Kak pas, ABNsSeTcs OAHUM U3
«MNPOXOAMMLEB OT HayKu», O KOTOpbIX B o6patue- Hum ot 24.07.2016 r. MNpesnaeHty PO B. B.
MyTuHy coobua- na 6onblias rpynna akagemukos PAH.

Bpﬂﬂ, JIN C TaKUMN akagemMnkammn MOXHO obecneynTb npo- pbiB B Hayke, B 4YaCTHOCTU, B
TENNO3HEPreTuke, Ha KOTOprI7I HDGSVI,D,GHT P® paccynTbiBaeT B eXXeroaHbix MNocnaHusx.

B mHTepBbio (HOs16pb 2019 r.) MNMpesngeHta PAH koppe- cnoHaeHTy «Poccuinckon rasetbi»
(«PI'») coobwanock, 4to akagemukn PAH exemeca4yHO nony4aloT BbinnaTbl B pas- mMepe
100.000 py6nen.

Takue exemecsiyHble Bbinnatbl KnvumeHko A. B. npu oT- CyTCTBUN Y HErO Hay4HbIX AOCTUXEHUI
(dbakTnyeckn «HW 3a YTO») BbIMMSAAAT BECbMa KOLLYHCTBEHHO MO CPaBHEHMWIO C BbinNnatamu,
Ha3HayeHHbIMK Yka3om [NpesvageHta PO B. B. MNyTtnHa megmumHckum paboTHUKaMm, KoTopble
CaMOOTBEpP- XEHHO 6OopITCA exeOHEeBHO C KOBapHbIM KOPOHABMPYCOM (HamoOMHK, BCEro
mMakcumansHo rno 80.000 pybnen u Tonb- KO B Te4EHUE TPeX MecsLEB).

A mexgy Tem KnumeHko A. B. nony4yaeT Bbilleyka3aHHble BbINaThl yxke 6onee Tpex ner.

Ha ocHoBaHWM N3NOXEeHHOro aBTOp AAHHOW CTaTbW He- OAHOKPATHO Hanpaensan obpalleHus
MpeangeHty P® B. B. lNMytuHy u lMpesngenty PAH, akagemuky Cepreesy A. M. ¢ npockbou
npuHATL Pewerns o nuweHun KnumeHko A. B. 3BaHusa akagemuka PAH 1 o npekpaweHun
BbINMaT emy 3a AaHHOe 3BaHue.

OpHako OHM B TeYEHMe ANUTENbHOro NeprMona BPEMEHN HE paccMaTpMBatoTCA MO CyLecTBy
6e3 ob6bAcHeHus npuyunH. MNMpumevaHume. Kak yxe ykasaHO Bbllle, aBTOP [aHHOW CTaTbk
HeodHOKpaTHO Hanpaensan obpaileHus MNpesu- geHty PO B. B. MNyTuHy o co3paswencsa 8 PAH
cuTyauuu.

CoTpyaHukamn YnpasneHus [NpesugeHTa no paccMoTpe- HUKD obpalleHuin rpagaH 3Tu
oOpalLleHnst nepeHanpas- NSUCb B pa3nnuyHble opraHn3aunm, B 4HacTHOCTU, B MnHK- cTepcTBo
obpasoBaHusa n Haykn PP, B PAH, MNpokypatypy r. Mocksbl.

OpOHako YMHOBHMKM YKa3aHHbIX TOCYAapPCTBEHHbIX Y4Y- pPeXOeHWA He BbICTYNUNM Kak
3alMUTHUKN FOCYOAPCTBEH- HbIX MHTEPECOB, HE MNPEANPUHSINTN Mepbl MO BO3BPALLEHUIO B
rocGrookeT BrooKETHBIX CPeACTB, BbinnadveHHbiX MUHK- cTepcTBOM 06pa3oBaHns 1 Hayku PO
3a «OT4YeT-NyCTbIW- Ky», OTManyMBanucb UNn Hanpaensnu B agpec aBTopa AaH- HOW cTaTbu
«MUCbMa-OTMMUCKMY.

A mexay Tem, s NonyvyeHust OTBETOB Ha BONPOCHI O TOM, Oblnn nn co3gaHbl KnumeHko A. B.
9KCMepuUMeHTanb- Hble CTeHAbl ANA WCCMeAOBaHWUS XapakKTEePUCTUK Tpure- HepauWoHHbIX
YyCTaHOBOK C TepMoTpaHcdopMaTopamn NapoKOMMNPECCMOHHOro Tuna, 6uinm N NnpoBeaeHbl
Knu- meHko A. B. nx akcnepvmMeHTarnbHble nccnegoBaHus (3a 4To 6binm nonyyeHsl cyéenanm
MwuHucTepTCcTBa), 4OCTa- TOYHO 6bINO HanpaBuTb 3anpoc B HAY «M3WM» ¢ uenbto nonydeHns
onpeaenstoLLen nHpopmauuu:

— Kakas opraHusaumss paspabaTbiBana 4epTexu pgeta- nen, Yy3noB, COOPOYHLIX U
KOMMOHOBOYHbIX YepTEXEN, TeN- NOBbIX CXEM U CXEM U3MEPEHUI Ha CTeHaax?

— KaKasi opraHu3aumsa Nnpon3Boania n3rotoBrneHme y3- noB 1 getanen cteHaos?
— Kakas opraHm3auums NponsBoania MOHTaX SKCNepPU- MEHTarNbHbIX CTEHO0B?
— Kakasi opraHn3auus nponsBoanna nocTaeky pasnuy- Heix paboumx Ten (xnagareHToB)?

— UMEeKTCA NN JOKYMEHTbI, NOATBEPXAAloLMe BbINOM- HEHWE NepeyvncneHHbliX paboT n mx
onnarty? nT. g.

Ho noyemy-To HM oOgHa M3 BblWENEPEYNCTIEHHbIX Opra- Hu3auum K, B OCOBGEHHOCTU
MpokypaTtypa, He N3bsABWIA XXeNaHne 3anpocnTb 3Ty MHOPMaLMI0. DTO HEXENaHWe, a TaKkke
oTka3 rocnoguHa A. B. AHnkeea nocetutb HNY «M3OW» cknagbiBatoTcst B 06LLYHO [OBOSIBHO
CTPaHHYIO U HENPUTNAOHYIO KapTUHY.
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BbIBOAbI

1. AHanu3 pab6ot [1, 2, 10 — 13] no geTaHOepHOW U Tpure- HepaLMOHHOW TEXHOMNOrUsiM
No3BONAET 3aKNK4YNTb O crna- 6o TeopeTnYeckor NoaroToBke akagemmuka Knnmenko A. B. n
ero coaBTopoB B o6nactn TepMoanHaMuKku, Teopun TypbomallmH 1 TENNOTEXHUKN, HECMOTPS
Ha Hanuymne y HMUX BbICOKMX YYEHbIX CTENEeHen 1 3BaHUN.

2. Akagemuk KnumeHko A. B. 1 coaBTopbl He BfiagetoT U3BECTHBLIM 3KCEPreTUYECKUM METOLOM
TEpMOOVHAMMYE- CKOFO aHanus3a, W, cnegoBaTeNnbHO, WX BbIBOAbI O  BbICOKON
TepMmoauHaMmmyeckon  3EPEKTUBHOCTU  PACCMOTPEHHBIX  CXEM  AeTaHOEpHbIX W
TPUreHepaLMOHHbIX YCTAHOBOK He- Hay4Hbl N HECOCTOSITENbHbI.

3. Akagemuk KnnmeHko A. B. n COaBTOpbI pekoMeHayT
ONS0LEHKUTEPMOANHAMNYECKONNTEXHNKO-3KOHOMUYE- CKON 3GDHEKTUBHOCTU YCTAHOBOK U
CUCTEM TakK Ha3sblBae- Mbli CUCTEMHbI Noaxoa, npeanoxeHHbir B [10] ewle cem- HaguaTtb net
Ha3ad, ogHako He obHapyXmBaeTcs HWM ofgHoW nybnukaumm akagemuka Knmumenko A. B. u
COaBTOPOB C pearibHbiM CBUAETENLCTBOM 3(PEKTUBHOCTU NPUMEHE- HUSA 3TOro Nogxoga,
KPOME UX rOSIOCIOBHbIX 3asiBMIEHUIA, HE NOATBEPXKAEHHbLIX KOPPEKTHBIMWN 3KCNEPUMEHTAMN U
pacyeTamum.

4. Axagemuk KnumeHko A. B. ©“ coaBTOpbl B KayeCTBe «XapaKTePUCTUKN»
TEPMOANHAMUNYECKON 3EEKTUBHO- CTU NPUMEHSIOT KOIPMDULMEHT MUCNONL3OBaHUSA Tenna
Tonnuea (KWUTT), ogHako npuMeHeHue 3TOoro Koadduuu- eHTa Ana onpegerneHns
TepMogMHamMmmyeckon adhPeKTnB- HOCTU TPUreHePaLMOHHbIX YCTAHOBOK HEHAY4YHO, OH B Hayke
HWKOrfa paHee He MCMOoNb30BariCs U B HACTOsILEe BPEMS HE UCNONb3YeTCs B Ka4eCTBE Takon
«XapakTepu- CTUKUY».

5. Akagemuk KnumeHko A.B. n npodeccop Araba- 6o B. C. npegnoxunm HeHay4HbIn MeToq
KayeCTBEHHOro aHanusa, npuM KOTOPOM BbIOOP OMTUMANbLHOrO BapuaHTa TEXHUYECKUX
PELLEHNN AN 3NEeKTPO- U TENNoreHepupy- Lero obopynoBaHMa NPOM3BOANTCHA HA OCHOBE
NWYHBIX NPEACTaBNEHUI U NIUYHBIX NPEeANOYTEHU aBTOPOB, U NULWb 3aTEM ONPenensoTCs
TEXHMKO-3KOHOMUYECKME MNO- Ka3aTenu BblopaHHOro BapuaHTa.

6. Akagemuk KnumeHko A. B. n npodeccop Araba- 6o B. C. B OTuyeTe, HanpaBneHHOM B
MMWHOBPP® Bo wuc- nonHeHne cornaweHns No 14.574.21.0017, He npeactaBu- nu
abCoOMTHO HUKAKUX pe3ynbTaToB IKCMEPUMMEHTANbHbLIX W/MAM pacyeTHbIX MCCneaoBaHWN
TEpMOANHAMUNYECKOM n/nnu TEXHMKO-3KOHOMMYECKOMN apheKTUBHOCTH Tepmo-
TpaHCOPMATOPOB MNApPOKOMMPECCUOHHOrO TWNa C pas- NMYHbIMKM  pabounmn  Tenamu
(xnagareHTammn), 3aHMManucb NepenucbiBaHMEM cogepaHna nocneayouwero atana OT- yeTa
13 npegblgyLwero, coobLmnm HegoCTOBEPHbIE CBE- AeHWUS O NPeACTaBNEeHHbIX UMW JoKNnadax
no 3asBNEHHON TeMe Ha HECKOJTbKUX MeXAyHapOAHbIX KOH(pepeHLmsaX.

7. Akagemuk KnmmeHko A. B. n coaBTopbl B ctatbsax [1, 2] u B OT4eTe No cornaweHuio ¢
MNWHOBPP® No 14.574.21.0017 He oGOCHOBanM HOBblE TEXHUYECKME pe- LUEHUSI U He
onpefenunu MNepcrnekTUBHbIE HarnpaereHus AOns MNOBbIWEHNd TepMOoAUHaAMUYECcKon W
TEXHUKO-3KOHO- MUYeCKom 3¢pPEKTMBHOCTM OOBHEKTOB pacnpeneneHHon U Marnon SHEPreTUKN.

CnepoBatenbHo, akagemuk KnumeHko A. B. n npodeccop Arababos B. C. He BbInOnHUNM
obsa3aTenbcTBa MO 4aHHOMY COrfaLleHuto.

8. B cBA3K € N3noxeHHbIM BECbMa CTpaHHbIM Bbirmsant nognucanHue Komucenen MMIHOBPPO
AkTa o BbinonHeHun cornaweHnss No 14.574.21.0017, B koTopom «obsA3atenb- cTBa nNo
cornalleHno Npu3HaHbl BbIMOMHEHHLIMI Haae- XalymMm obpasomy».

9. Akagemunk KnmmeHko A. B. n coaBTopbl Npeasioku- NM CXembl LEHTPanu3oBaHHOMO
TennocHabxeHna Ha 6ase [IA, KOTOpble HEOCYLWEeCTBMMbl M3-3a HapyLeHWA 3aKOHOB
TEPMOOMNHAMUKMN.

10. N3bpaHne KnumeHko A. B. akagemunkom PAH 1 HasHayeHue ero rnaBHbIM pPeaakTopoM
XypHana «Te- nnosHepreTvka», coydypegutenem kotoporo senda- etca PAH, aensioTtcs
rpyoenwmmn owmbkamm PAH.
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Mpwn n3bparHmm Knumenko A. B. akagemukom PAH Hapy- weHbl NyHKTbl 22, 24 1 31, e) YcTaBa
PAH.

11. MNpw Hann4Yumn Taknx «akagemmnkosy» B PAH HeBO3MOXXHO obGecneynTb NpopbIB B HayKe, Ha
KoTopbii paccun- TbiBaeT [lpesmageHT Poccunckon Pepepaumm B. B. TytnH B cBOMX
exeroaHblx MNMocnaHusx.

Cnucok ncnonb3oBaHHbIX UCTOUYHUKOB:

1. M'eHepaums xonofa ¢ NpuMeHeHneM getaHgep-reHepatopHbix arperatos/ A. B. KnumeHko,
B. C.Arababos,A. B.Kopsruh, KO. O. banga- koBa//TennosHepretuka 2016, 5: 37 — 44

2. CxeMbl TpyreHepaumoHHbIX YCTAaHOBOK ANS LeHTpanu3oBaHHO- ro aHeprocHabxeHms/ A. B.
Knumenko, B. C. Arababos, W. T. UnbuHa, B. [. PoxHatoBckun, A. B. BypmakunHal//
TennoaHepreTuka 2016, 6: 36—43.

3. AngptowteHko A. . TepmogmHaMmnyeckme pacyeTbl ONTUManbHbIX NapaMeTpoB TEMMNOBbIX
anekTpoctaHuun / Mocksa, Beicwas wkona 1963 r.

4. BpoagsiHckun B. M. JkcepreTudeckun metoa TepMoanHaMmnyecko- ro aHanmsa / Mocksa.
OHeprua 1973 r.

5. Cokonos E. A., bpoasiHckun B. M. BHepreTuyeckme OCHOBbI TpaHC- hopmaumm Tenna u
npoueccoB oxnaxaeHus. / Mockea, QHeprounsgat 1981.

6. bpoasHckun B. M., dnewTep B., Muxanek K. SkcepreTuyeckmin me- Tog 1 ero npuroxeHus
/ MockBa, QHeproatommsgat 1988 r.

7. MaptbiHoB A. B. YcTaHOBKM Ang TpaHcdhopmauuu Tenna u oxnax- geHus/ Mocksa,
OHeproaTommagat 1989r.

8. OkcepreTtudeckuin KM — ocHoBHOM kpuTepuin acbPeKTUBHOCTU SHEPreTUYECKUX YCTAaHOBOK
n netpotepmManbHbix TOC/ A.B. MapTtbiHOB, H. E. KyTibko, C. B. 'puropbes, [1. B. Hukudgoposa
/ HagexxHocTb 1 6e3- onacHocTb aHepreTukn 2014, 2: 52 — 55.

9. BO3HWKHOBEHME N pa3BUTUE IKCEPreTUYecKoro MeToaa TepMo- AUHAMUYeCKoro aHanmsa. /
A. B. MapTtbiHoB, B. B. KynuunxuH, H. B. Ka- nunuH, A. . PoxkoBa/ GHeprocbepexeHune n
BogonoarotoBka 2016: 6: 39 — 44.

10. Arababos B. C. BnusHue petaHOep-reHepaToOpHbIX arperatoB Ha TennoBYyH
3KOHOMUYHOCTL TOL. / JuccepTaumsa Ha comckaHue y4eHOW CTEMNEHN OOKTopa TEXHUYECKUX
HayK. // Mocksa, MOW (TY) 2003 r.

11. Araba6os B.C. K Bonpocy aHanusa a¢dekTMBHOCTU UCMONb30Ba- HUs TypboaeTtaHaepoB
B CXemax TEMSOBbIX 3MneKTpocTaHuun // AHep- rocbepexeHne n sogonogrotoeka 2017, 2: 71
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8. Hygrothermal evaluation of half-timbered walls with bonded
facing brickwork when retrofitted with interior insulation

Torsten Bark', Dr.-Ing. Andrea Staar’
(1) Brandenburg University of Technology, Cofttbus - Senftenberg, Germany

Abstract

This abstract evaluates the hygrothermal behavior of a special outer wall construction, the half-
timbered wall with a %2 stone thick facing. The aim is to show the history of architecture and
the characteristics of the construction method for the preservation of cultural assets and to
evaluate the potential of an energetic renovation.

This construction method was documented during restoration work on the individual monument
Drebkau Castle. There was a need for clarification in dealing with special design features and
the potential for energy-efficient renovation through the use of interior insulation.

Initially, it was not possible to find any instructions for handling the construction method in the
current standards. A publication by the authors Krause and Ahnert is dedicated to building
constructions in old buildings, including half-timbered buildings with 2 Stone strong walling.

Further research in the historical specialist literature of the 19th century mentions the
application of the 1-stone wall with a framework wall bond designand the brick in of the timber
framework. The development is mainly due to design and functional aspects. The castle lost
its function with the changes in military technology and slimmer constructions replaced vaults
and defensive walls in the baroque era. In rural areas, the visible timber framing is preserved,
but the representative castle is given the appearance of a massive building to demonstrate
social inequality. The devastating city fires with half-timbered buildings and the desire for an
indoor climate with significant temperature differences to the outdoor climate also result in
changes in the visible framework. The problems resulting from the building moisture as well
as the different drying behavior and the labor-intensive implementation are known at an early
stage. With the industrial revolution and a gain in knowledge in masonry construction, the
design methods are losing importance in favour of a monolithic wall construction. The design
principle of coupling timber and masonry remains valid for parts of the roof structure and timber
frame construction until the middle of the 20th century. In other buildings of the 18th and 19th
century, such as Rheinsberg Castle, the construction method could be documented.
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Figure 1 - Rheinsberg Castle in Brandenburg

As characteristic for the 1 stone thick wall is a latent arrangement of the wooden structure with
a Y2 stone strong walling. Local resources were available for the building materials used. It was
not possible to document a uniform dissemination. with the visual framework. The joints
between the wood and the masonry were made with lime and clay mortar and as an air gap.
At Rheinsberg Castle, during renovation work in one area a coupling of the masonry to the
wooden supporting structure via wall anchors was documented. In connection with a wall
thickness of 30 cm - 36 cm, which is slim for the construction period, this is an indication for
the application of this construction method. Thermography was used as a method to
investigate a damage-free localization of the half-timbered framework at Rheinsberg Castle.
Due to different thermal conductivities of truss and masonry, the supporting structure could be
well mapped.

One focus of this work was the evaluation of moisture conditions. The strength properties such
as the modulus of elasticity, the damage potential for mold growth on the wall behind the
interior insulation as well as the fungal growth of wood-destroying fungi on the framework and
frost damage to the mineral building materials were considered. The limits were determined
on the basis of regulations as well as current knowledge and own investigations. The
assessment of the zero damage timber structure is of particular importance. An allocation of
the damage areas is essentially based on the fibre saturation range, which is so important for
the assessment of wood. It was determined for pine wood from Drebkau Castle with a felling
date of 1698. For this purpose, the sorption isotherm up to énv = 97 % was determined
exclusively by weighing the test specimens and for the range ¢énH > 97 % by weighing and
measuring the change in length based on the material property of shrinkage. The beginning of
the length change and the sample mass during drying were determined. When the fibre
saturation range is reached, there is a great danger to the serviceability and stability of the
construction, depending on the duration and temperature. The moisture required on
component surfaces for mold growth is below that required for wood-destroying fungi and is
considered a hygiene problem. In an experiment in which the moisture transport within the
construction was investigated by diffusion across an air gap, mold growth was confirmed.

On the basis of a replica of the historical wall construction, the influence of building moisture
on the wood moisture of the wooden components integrated in the masonry was investigated
and documented. A comparison of the execution with a loam joint and an air gap shows that
the wood moisture dries much faster into a safe area when the timber frame is executed with
a loam joint. There is a risk of damage to the wood and masonry in the first year after
construction. A significant influence of the wall anchor on the wood moisture content cannot
be documented.
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For homogeneous exterior wall constructions, experiences already exists in the application of
interior insulation. There is still a need for heterogeneous construction methods in combination
with wood. In the castle Drebkau a room for the creation of reference areas was separated
from the construction site for this purpose. Experiments with influencing measures were carried
out on 3 interior insulation systems with wall temperature control, which have the same
construction thickness of d = 11 cm. The construction was examined with regard to its
resistance to driving rain and an indoor climate with a temporary room air humidity ¢; > 60 %.
Two methods were used to determine the moisture content of wood, which were compared on
a reference stem. Taking into account the isotropic and heterogeneous wood properties for
the directly measured wood moisture and the wood moisture determined by the relative pore
humidity, good similarities were found in the course of the moisture

With a wetting of 689 I/m* water on the fagade, sufficient driving rain resistance for a
conventional plaster finish in P Il could be confirmed for a crack-free fagade. In the area of a
crack, the driving rain experiment resulted in a significant increase in wood moisture. Drying
could be achieved by wall tempering, but priority is given to constructive measures in order to
avoid the penetration of precipitation water.

With the application of the 3 interior insulation systems, which differ in capillary conductivity
and thermal conductivity as well as water vapour diffusion resistance due to their building
physics properties, the relative pore air humidity measured in wood is ¢nn < 85 % for all
surfaces. With regard to the hygrothermal influence on the timber frame construction with
facing brickwork, it should be noted that the moisture level introduced dries out and in the long
term no critical values of wood moisture are achieved in the timber components. Uncontrolled
air exchange via convection between the area of use and the construction has to be strictly
avoided. This requirement is intensified by the potential for temporary mold growth within the
construction. The evaluation of a cooling system requires further investigations.

On the basis of the numerical simulation the course of temperature and relative pore air
humidity were compared and evaluated with measured values of the reference surfaces from
Drebkau Castle using the Delphin software. Based on a 2D model and the material database
implemented in the software, a horizontal section through the wall with truss stem was
simulated. The masonry was realistically depicted with bricks and joints. The temperature
curve shows a good similarity for all surfaces. There are significant deviations for the relative
pore air humidity, which become apparent when comparing the maximum values in the plane
of the levelling plaster. Good similarity between calculated and measured values is achieved
in the courses of the relative pore air in the wood, which also confirms an assignment to the
measured risk area. The implementation of climate protection goals increasingly requires the
inclusion of the existing building fabric in renovation work. The main focus here is on winter
thermal insulation to save energy. An increasing role will result from the effects of climate
change for summer thermal insulation. Further investigations will show to what extent predicted
climate data are taken into account in planning and construction compared to the current
statistical weather data of previous years.

59
Neseff 2020 | Baku [TU AZ| Aserbaidjan | 28 Sep — 04 Okt 2020



‘g‘ N eSEff 4TH INTERNATIONAL CONFERENCE ON ENERGY SUPPLY
AND ENERGY EFFICIENCY IN BAKU AZERBAILJAN AND
5 YEARS NESEFF

network for energy supply and energy efficiency

9. Effective use of heat energy in the buildings

Hasanov Vagif('), Mammadova Shirin?, Aliyev Yashar®

(1) Azerbaijan State Marine Academy, Baku, Azerbaijan,
vgasanov2002@yahoo.com

(2) Azerbaijan State Marine Academy, Baku, Azerbaijan,
shirin.hayat@yahoo.com

(3) Azerbaijan University of Architecture and Construction, Baku, Azerbaijan,
yasharholding@gmail.com

Abstract

World energy reserves today are more than one trillion (ton of standard fuel (680 billion tons
of coal, 200 billion tons of gas and 220 billion tons of ail). In terms of resource consumption in
2018, these reserves will last for 65-70 years.

Modern thermal energy is characterized by the high efficiency, because it is based on more
advanced technologies that usage of fossil fuels, and sources of "green" energy, which
provides a significant reduction in the technogenic load on the environment. The conceptual
principles underlying the world’s heat and energy strategy in the 21st centuryisbased on the
need to simultaneously solve three interrelated tasks:

e uninterrupted provision of consumers with high-quality thermal energy, necessary
parameters and relevant energy services;

e availability of thermal energy (in terms of price and efficiency);
e environmental friendliness (on environmental impact)

This article analyzes the possibilities of optimal design and management of thermal energy
consumption for residential buildings. Effective and efficient methodology and specific
recommendations of energy and resources management of the system are clearly expressed.

Keywords: residential buildings, energy resources, thermal energy, operational management,
environmental friendliness.
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10. Buildings’ new methodology of energetic audit
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vgasanov2002@yahoo.com

(2) Azerbaijan University of Architecture and Construction, Baku, Azerbaijan,
geyssirajli@ddlar.com

Abstract

The article is devoted to the methodology for conducting energy surveys for newly built and
reconstructed residential buildings.

Currently, special attention is being paid to energy audit issues for residential buildings. The
main purpose of the energy audit of buildings is a comprehensive analysis of all energy supply
systems to determine the potential for energy conservation and to develop measures to
eliminate excess energy resources. It is known that in order to eliminate irrational heat losses
and increase the energy efficiency of buildings, as well as to objectively assess the
consumption of heat and electric energy, regular energy audits are required. These surveys
should be carried out on the basis of regulatory documents and they allow you to develop the
best option for technical and organizational measures in order to determine possible savings
in energy and energy resources. However, as a rule, many audit companies in practice use
their own methods, which do not always characterize the actual state of energy consumption
of the building. For an accurate and comprehensive examination of the energy consumption
of buildings, as well as to reduce the time for processing data and preparing optimal measures,
we propose using technological systems that contain databases structured in a specific way
and special programs that implement energy consumption calculations. Based on the data
obtained, an energy passport of the building is compiled.

Keywords: energy audit, energy efficiency, energy saving, energy resources, visual
inspection.
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11. Prompt control mode of thermal energy distribution in
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Abstract

The growth of housing construction, an increase in quality and improvement of sanitary
conditions of the population leads to a significant increase in the consumption of thermal
energy. Therefore, the designers and operators of buildings are faced with the task of finding
energy reserves. To manage the engineering systems of the modern buildings, it is necessary
their design is carried out by taking into account the reliability and controllability, guaranteeing
the necessary supply of band and the possibility of rapid changes in the structure and
parameters of heat distribution networks. From the point of view of the modern theory of
systems, the mode of consumption of thermal energy can be represented as a complex system
of interaction of a large number of three types of subsystems: sources of thermal energy,
pipelines for transportation and consumers. Obviously, subsystems also have their own
complex structure and can be considered as a set of interacting subsystems. On the other
hand, the heat supply systems of buildings belong to the class of continuously evolving
systems, the development of which is carried out both in time and space. This development is
due to the fact that the main functional purpose of the heat consumption process is to provide
consumers with thermal energy in the required quantities and under specified parameters. The
heat consumption mode is an unsteady stochastic process containing deterministic
monotonously increasing trends that characterize the general tendency to increase, as the
number of consumers, consumption and parameters of thermal energy. This article is devoted
to solve problems in an operational control of the thermal energy distribution by taking into
account these requirements.

Keywords: thermal energy, operational management, consumption of thermal energy,
engineering systems.
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12. Azerbaijan's experience in the energy auditing of school

buildings on the case study of Ujar and Lankaran regions
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(2) Azerbaijan University of Architecture and Construction, Baku, Azerbaijan,
Samira.akbarova@azmiu.edu.az

Abstract

Nowadays energy consumption decrease in the construction industry is essential for the
Azerbaijan Republic in order to reach reducing Greenhouse gas emissions up to 30% by 2030
taking 1990 as a base year for all major energy usages: construction sector, transportation
and industry. In pursuit of this goal, the analyzing energy issues in school buildings at the
operational stage and the offer of recommendations by the implementation the energy-efficient
arrangements are crucial. This article makes research to find energy efficiency opportunities
in school buildings in three different climate regions of Azerbaijan on the based on the full-
scale experiment results. There had been performed energy auditing of three school buildings,
the results were processed by software. The outcomes involved some energy-efficient
arrangements and retrofits for each building apart. Measurements of the air velocity in the
natural ventilation shafts and branches had been carried out by the multi-function measuring
instrument Testo 435. All introduced arrangements can be divided into three parts concerning:
first- the building enclosure, second- ventilation and heating systems, third- others. The main
results are the following: building envelope improvement which includes roof extra insulation
and some windows replacement. For southern orientated windows using special shading
devices for preventing from overheating is preferable. Natural ventilation shafts and grilles
should clean and control properly and permanently at least twice during the year, exploitation
of mechanical ventilation and heating systems should provide by the specialist, all radiators
ought to be purified before the heating season; LED must be used for lighting, measurement,
monitoring and control of all energy demand should be implemented regularly and so forth.
The article offers a valuable resource for practitioners. Findings can be used for fulfilling a
multi-disciplinary energy audit of the school buildings. The authors are confident that the
search for optimal energy auditing of the educational buildings is necessary and it will be further
developed.

Keywords: energy auditing; energy efficiency; energy efficient arrangements;
recommendations; school buildings.
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13. Some aspects of buildings' energy supply
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Abstract

Energy conservation is one of the priority tasks of the 21st century, since energy consumption
is one of the main conditions of people's life. Improving energy and environmental safety and
the economy of the republic is impossible without realizing the potential for energy
conservation, as well as improving energy efficiency through modernization of the construction
industry and housing and communal services. Republic of Azerbaijan has a great potential in
conservation of energy. This article suggests some alternative measures to save energy and
improve the energy efficiency of buildings. These measures can provide a reduction of energy
resources and costs for their payment. Some of them can eliminate the obvious over use of
thermal energy and can be implemented without prior investment. Events with small
investments may have short payback periods. Assessment of the technical feasibility of
implementation of the proposed measures must be carried out for each branch of the
construction industry, housing and communal services, as well as taking into account local
climatic and operational characteristics.

Keywords: energy conservation, energy efficiency, environmental safety, construction
industry, housing and communal services.
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14. RESEARCH ON WEAR AND TEAR OF THE MUD PUMP
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Abstract

The article tells about the research on wear and tear of mud pump liners, namely: main
characteristics that distinguish ceramic liner from the other ones used on the units equipped
with the hydraulic system for washing out the drilling wells from cuttings, design of ceramic
liners, calculation of the wear rate of ceramic liners, and the positive contribution they made
on the modern drilling process. Besides, the research is made on the simplicity of the structure
of ceramic liners, a short amount of time consumed to assemble and replace the liners, safety
of the work, cost-effectiveness, wearing and corrosion durability, and also compliance with
other requirements.

» HP design to prevent friction-free wear « High competitiveness of use -30%

The main features that distinguish ceramic liners from others are as follows.
* High strength metal outer casing
* Perfectly polished, glossy interior

* Intermediate layer with a minimum hardness of -62RC
» HP design to prevent friction-free wear
* High competitiveness of use -30%

As with all mechanical parts, equipment downtime increases as a result of wear due to friction
on the liners. Therefore, the research of the friction process of particular importance. The wear
of liners is a complex process and by its nature combines all three types of mechanical wear:
mechanical, molecular-mechanical and corrosive. The inner and outer layers of the cylinder
liners are pressed, which leads to "corrosion due to plastic deformation”, "adhesive erosion"
when the temperature of the working fluid increases to 110 ° C, more than 12 chemicals and
a highly active layer composition in the drilling mud. As a result of the presence of impurities,

the process of "wear and tearing under the influence of surface-active substances."

Figure 1. Ceramic liners of the mud pumps.
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One of the parameters characterizing wear is the wear rate. It is defined as J;, the ratio of the
thickness of the worn cylinder jacket hy, to the friction path (length of the piston travel path) L.

hy,
]h—f

Since friction occurs as a result of periodically repeated contact of the external polystyrene
surfaces of the liner and piston, instead of L, it is necessary to write how many times coincides
the following point into the contact area or the number of strokes of the mud pump, N;

h

]NS = %

S
Here hNs - is the thickness of the layer that wears after contact with the number of strokes N
of the piston rod, from the point of view of the inner liner layer. Since the wear surfaces of the
liners are not lubricated and are exposed to various mixtures, saline water and chemicals are
taken, so m=3 is obtained. In our dissertation, the main goal is to minimize wear and increase
the durability of the liners, therefore it was recommended to replace the solution of the cooling
system of the casing with emulsion solution, as a result, has been got m=1 and durability has
been increased.
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