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ENERGY EFFICIENT PROCESS OF DEHYDRATATION,
DISPERSION OF HETEROGENEOUS MATERIALS

A. PAVLENKO?, V. KUTOVYI?

'Kielce University of Technology, Faculty of Environmental, Geomatic and Energy Engineering,
al. Tysiaclecia Panstwa Polskiego 7, 25-314 Kielce, Poland

’National Science Center "Kharkov Institute of Physics and Technology", 1,
Akademicheskaya Str., Kharkov, 61108, Ukraine

Thermophysical processes in thermovacuum plants for dehydration and dispersion
of dispersed materials: zirconium hydroxide; brown coal; graphite; sawdust;
agricultural products are considered in this paper. It is shown that the efficiency of
thermovacuum plants depends on the efficiency of heat input to the wet material,
the intensity of moisture transfer from the inner layers of the dried material to its
surface, and the rate of moisture removal from the material to be dried into the
surrounding space. The kinetics of moisture removal from dispersed materials,
depending on the regime parameters of the thermovacuum installation, has been
investigated. In particular: the continuous process of obtaining a fine powder of
zirconium dioxide from zirconium hydroxide in the thermovacuum installation is
considered. The thermovacuum method significantly reduces the technological
process of obtaining zirconium dioxide from zirconium hydroxide, and the energy
consumption decreases by more than three times in comparison with the existing
heat engineering installations; dehydration and dispersion of brown coal in the
thermovacuum plant reduces the sulfur and nitrogen content of coal, which leads to
a reduction of harmful emissions volume to the atmosphere during its combustion.
At the same time, the amount of electricity spent to produce finely divided brown
coal with a moisture content of less than 5% from the raw material with an initial
moisture content of 40% at a heating element temperature of 250°C and an average
pressure in the heating element of 450 mm Hg is 600 MJh/t; the nanodispersed
graphite with a size (10...40) nm in the thermovacuum installation has been
obtained; the dehydration of woodworking industry waste allows to dry sawdust in
a thermovacuum installation evenly and to a specified humidity. The duration of
dehydration of sawdust is 20 seconds. The process is continuous. The amount of
thermal energy expended for 1 kg of dried sawdust to a humidity of 1% of the
initial humidity of 70% is 370 kJ. On the basis of conducted research on the
kinetics of moisture removal from disperse materials in thermovacuum plants it is
possible to create environmentally friendly, energy-efficient thermal installations
and to determine the optimal heat exchange processes in them. The obtained results
can be used for energy-efficient production of nanomaterials and drying of
dispersed materials.
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ANALYSIS OF THE WORK OF SOLAR PHOTOELECTRIC
INSTALLATIONS IN KIEV

V.I. SHKLYAR, V.V. DUBROVSKA, A.A. VYUKHOV

National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute”,
Institute of Energy Saving and Energy Management

Fuel and energy consumption can be reduced by installing solar photovoltaic
installations.

The purpose of the work is to determine the effectiveness of the use of solar
photovoltaic panels of different types to reduce dependence on the electrical grid.

Calculations and analysis of the incoming solar radiation on the surface of
photovoltaic panels, located on the roof of the two-storey building of preschool
institutions in Kiev were carried out. The building consumes 22000 kWh/year.
Consumers are supplied with electricity from the electricity network and
photovoltaic system. If the photovoltaic installation receives excess energy, it is
sold to the electricity grid at the "Green Tariff" — 5.95 UAH/kWh, and in case of
shortage — is purchased from the network at the rate of 1.8924 UAH/kWh.

Calculations were made on the basis of average monthly values of solar radiation
intensity taking into account the angle of inclination of the solar battery surface to
the horizon, the actual value of cloudiness for the city of Kiev.

The amount of average monthly solar radiation coming to the surface of the
photovoltaic installation acquires its peak at an angle of 45°. As the angle of
inclination increases, its value becomes more even during the year. In terms of cost
savings, the optimal angle of inclination of the solar panel to the horizon for the
city is 35° (increasing sales of electrical energy to the network), and for the
production of electrical energy the angle is 45°.

A photovoltaic installation with an area of 62-65 m” with an installation angle of
40° produces about 15000 kWh/year of electricity, which is 68% of total electricity
consumption.

The payback period of the system ranges from 5.5 years to 7.5 years, depending on
the type of panel.

-12 -



RESEARCH OF ENVIRONMENTAL HAZARDOUS FACTORS
OF AN EMERGENCY RAILWAY SITUATION
WHEN A FLAMMABLE SUBSTANCE BLEEDS

Nikolaj ADAMENKO?, Mikhail KATZMAN?Z, Yevheniia BILETSKA3

!Kharkiv National University named after VN Karazin
2Main Department of Paramilitary Protection PJC «Ukrzaliznytsya»
3Ukrainian State University of Railway Transport

The influence on the environment of the consequences of emergency situations
during the transport of dangerous goods has been investigated. It has been revealed
that there is an antagonistic contradiction between the natural and man-made factors
of the emergency situation, which creates the ecological danger of resolving the
contradiction, and the targeted actions of the liquidation units, the concentration and
organization that still requires certain efforts and time by the management body. The
method of estimating the time dependence on the emission intensity of flammable
substances from the emergency rolling stock is proposed. It is is integrated into the
modern model of atmospheric transport in order to take into account the time
variation of the source of emissions and calculate the time dependence on the
concentration of this substance in the atmosphere at different distances from the
emergency rolling stock. In this work, it has been considered the environmentally
hazardous factors contributing to the emergency railway situation associated with the
flammability of the flammable substance (gasoline A through a damaged drain
device (Sp = 78.5 cm) of a standard tank of V. = 61.2 m’ at one of the railway stations
Southwestern railway with a slope of less than 1% (f'= 5). Other conditions of the
research are the air temperature 7, = 28°C, the air flow velocity V), = 0 m/s. The area
of the drain device S, = 78.5 cm’, the internal diameter of the tank H = 2.8 m, the
degree of filling the tank e = 0.85. In order to simulate the propagation of gasoline
vapor in certain conditions, Lagrangian-Euler models of atmospheric movement of
hazardous substances, which in the world literature are also called models of
Gaussian "clubs" ("puffs"), have been used. Models of such a class include such
well-known models as DIPCOT and RIMPUFF, which are part of European Union
Nuclear Emergency Response System (RODOS), the CALPUFF model, and some
others. The CALPUFF model, adopted by the US Environmental Protection Agency,
is recognized as the best among similar models for assessing the transport of
pollutants and their environmental impact, and is well verified. The calculation of the
long-term emission was made by calculating the sequence of instantaneous emissions
— so-called Lagrangian-Euler particles, whose centers of mass move in the wind. The
difference between the Lagrangian and Euler particles from ordinary Lagrangian
particles of infinitesimal size is that in this case the particles are characterized by the
size and distribution of the concentration in the particle.
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ANALYSIS OF THE USE OF HEAT PUMPS IN SCHOOL
HEATING SYSTEMS

V.V. DUBROVSKA, V.I. SHKLYAR, A.S. KRIVUTSA

National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute”,
Institute of Energy Saving and Energy Management

Due to the high tariffs for heat energy, the use of renewable energy sources, such
as heat pumps in heating systems, is becoming relevant.

The aim of the study is to analyze the operation of a heat pump in a school heating
system.

The calculations were carried out for the school, which was built in 1955 and used
640.32 Gcal of heat energy in 2017. The heat loss of the building is 488 kW, the
heat consumption for heating is 870 Gceal/year and the insufficient heating of the
building is 26%.

After the proposed insulation of the building, the heat load decreased to 175 kW
and the heat consumption — to 311 Gcal/year. This allowed to reduce the maximum
temperature for heating from 90°C to 35°C, which allows the use of low-
temperature heat pump without changing the area of heating devices.

Two heat pumps were compared: air-to-water (5 pumps with capacity of 31 kW,
COP-4,2) and brine-water (2 pumps with capacity of 71 kW COP-4,2) at actual
ambient temperatures for Kiev for different heating seasons. The system works in a
bivalent parallel mode with — 14°C bivalence temperature. As an additional source
of heat, an electric boiler with a capacity of 30 kW was used, which produces about
250 kWh of heat in a warm year, and 3700 kWh in a standard year.

The payback period of the heat pump installation, taking into account the insulation
of the school, will be: air-water — 7 years with the cost of UAH 6.3 million and
brine-water with a ground vertical collector — 8.7 years and UAH 7.8 million.

In order to increase the efficiency of the use of the heat pump by reducing the
frequency of starting and stopping the heat pump compressor and accumulating
heat energy at night, when the "night tariff" for electricity is in effect, it is planned
to install a tank-accumulator.
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DEVELOPMENT OF METHODS
FOR CREATING BIM MODELS USING UAV

Olha DMYTRIV, Serhiy TROKHYMETC
Oleksandr YANCHUK, Ruslan YANCHUK

National University of Water and Environmental Engineering, Rivne, Ukraine

Building information models (BIM) at present become in fact standards while
controlling the construction of new buildings and at the stages of building
maintenance. This is a secure instrument for servicing building investments.

One of the efficient methods of collecting graphic three-dimensional information
about geometric parameters of building constructions and communications in the
process of building is an surveying from UAV. Unmanned aircraft vehicles permit
to obtain video files and aerophoto surveys with high resolution ability which
permits to carry out highly precise 3D-modelling and present data about the initial
state of the building ground before the start of the works. At the stage of building
unmanned aircraft vehicles are ideally suitable for implementing speedy surveys on
the ground with the aim of collecting precise data for reports about the process of
project realization.

The obtained data permit to control the process of works by way of imposing
project plans on orthophotoplans with the image of real state of construction with
possible discovery of discrepancies up to 1 cm and the check-up of information
reports of contractors.

Technology of BIM permits in itself the necessary visualization in 3D-format of all
elements and systems of a building, to calculate variants of their composition in
correspondence with acting norms and regulations, the economic and exploitation
analysis all characteristics of a future building.

Advantages of this method in comparison with the classic methods of on land

surveying consist in the operative reception of materials, in their informativeness
and comprehensiveness, in the possibility of surveying heavily accessible places.

At the example of building sport complex in Rivne (Ukraine) methods are carried
out of processing materials from UAV with the aim of obtaining BIM models of a
structure.
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GEOINFORMATION ANALYSIS AND MODELLING
CONDITIONS FORMING GROUNDWATER RESOURCES
IN THE PRECARPATHIANS (UKRAINE)

Lidiia DAVYBIDA

Ivano-Frankivsk National Technical University of Oil and Gas, 15 Karpatska Str.,
Ivano-Frankivsk, 76019, Ukraine

Groundwater is the most dynamic component of the geologic environment, which
responds quickly to changes in their forming conditions and the impact of
anthropogenic factors. It means that the condition of the underground hydrosphere
may serve as an indicator of the ecological state of the geological environment as a
whole.

The purpose of the research is to develop a methodology for the regional analysis,
modelling and assessment of the conditions of groundwater resources formation
using GIS. The studied area is the Ukrainian Precarpathians (Ivano-Frankivsk
region).

In order to achieve the purpose, the materials on the conditions of the groundwater
formation in the Ivano-Frankivsk region were analyzed, the structure of the
appropriate geodatabase was developed and its filling was made in the GIS
MaplInfo environment, the geoinformation analysis of the hydrogeological
parameters was carried out and the assessment of their interdependence was made.

It should be noted that the Ivano-Frankivsk region has one of the last places by the
drinking water groundwater reserves in Ukraine. Its heterogeneous geological
structure has resulted in a variety of hydrogeological conditions, uneven under the
possibility of using groundwater. The problem of providing sufficient quality
drinking water to the population is complex. Application of modern computer
technologies, first of all, GIS, makes it possible to assets a large number of diverse
information not only in the investigated object but also in the technical issues of
cartographic modelling.
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UTYLIZACJA CIEPLA SCIEKOW POPRODUKCYJNYCH

tukasz JAWORSKI, Aleksander SZKAROWSKI
Politechnika Koszalinska

Odzysk ciepta ze $ciekdw poprodukcyjnych moze stanowic istotne zrédto oszczed-
nosci dla zakladow przemystowych, zwlaszcza w przypadku wysokiej temperatury
odprowadzanego os$rodka. Dla niektérych branz stanowi¢ to moze do 60% bilansu
cieplnego zaktadu.

Celem badan bylo opracowanie koncepcji odzysku ciepta ze $ciekéw produk-
cyjnych zaktadu firmy Homanit w Karlinie, ktory produkuje uszlachetnione ptyty
pilsniowe o roznej gestosci i teksturze. Temperatura Sciekéw linii produkcyjnych
wynosi 90°C. Dodatkowym bodzcem w tym przypadku jest potrzeba obnizenia
temperatury $ciekow w celu zwigkszenia sprawnosci wirowki, ktéra zmniejsza
zawartos¢ szeregu szkodliwych substancji chemicznych przed odprowadzaniem do
kanalizacji. Wymagany efekt wirowania osiggany jest przy temperaturze nie wyzej
40°C. W chwili obecnej do schtodzenia $ciekéw stosuje si¢ chlodnie wentylator-
owe niezapewniajagce wymaganej temperatury. Ustalono, ze strumien s$ciekow
wynosi do 30 m’/h, natomiast $rednia dobowa warto§¢ oszacowano na 8,3 m’/h.
Dla zaktadanego obnizenia temperatury o 50°C s$redni strumien odzyskiwanego
ciepta wynosi 467 kW. Nalezalo opracowa¢ rozwigzania techniczne zapewniajace
wykorzystanie ciepta §ciekow na cele grzewcze i produkcyjne.

Jako pierwszy wariant opracowano odzysk ciepla na cele ogrzewania hali produk-
cyjnej przy pomocy wymiennika ptaszczowo-rurowego. Wybrano wariant z pro-
stymi rurami ze wzgledu na atwos¢ okresowego czyszczenia przestrzeni migdzy-
rurowej, gdzie kierowane majg by¢ $cieki. Natomiast woda schtadzajaca begdaca
nastgpnie czynnikiem grzewczym ptyna¢ ma w przestrzeni rurowej. Wymagana
powierzchnia wymiennika wyniosta 18,5 m’. Konstrukcyjnie taka powierzchnie
zapewni¢ moga trzy oryginalne pigciometrowe sekcje potaczone szeregowo. Kilka
firm zaproponowaty gotowe rozwiazania o odpowiednich charakterystykach.

Nastepnie rozpatrzono wariant odzysku ciepta ze Sciekow na cele podgrzania po-
wietrza wentylacyjnego. Obecnie na te cele wykorzystuje si¢ olej podgrzewany
w kotlowni zaktadowej. Strumief ogrzewanego powietrza wynosi 485 000 m’/h,
a$rednig temperature przyjeto -10°C. Opracowano oryginalng konstrukcje
wymiennika krzyzowego dwurzgdowego, z rurek ozebrowanych. Obliczenia wy-
konano na maksymalny strumien $ciekéw 30 m*/h pozwalajacy odzyskaé ok. 1690
kW mocy cieplnej. Przy takich zatozeniach wymiennik o przekroju 5x5 m i o po-
wierzchni wymiany ciepta ok. 1500 m* zapewnitby podgrzanie powietrza do tem-
peratury 0°C. O wyborze i dalszej realizacji wariantu zdecyduje analiza inwesty-
cyjna, czynniki konstrukcyjne, tatwos¢ i szybkos¢ wykonania w warunkach przed-
sigbiorstwa o catodobowym cyklu produkcyjnym.
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ENVIRONMENTAL FACTORS OF ENERGY SOURCES
IN THE AVIATION

E. LUKATSKY

Institute of Mechanical Engineering of the National Technical University of Ukraine
"Igor Sikorsky Kiev Polytechnic Institute"”, Kyiv, Ukraine

An important factor in developing of modern aircraft is to reduce harmful effects
on the environment through pollution of soils, water objects, atmospheric air, noise
effects and emissions of various pollutants. One of the ways to solve these
problems is to optimize the choice of aircraft power sources.

In our study, we analyzed the possibilities of using different types of propulsion
systems in aviation and their impact on the environment. A comparative analysis of
power plants used in aviation has been carried out.

In recent years, electric motors are becoming increasingly popular in small
aviation. There are two types of aviation electric power plants: electric motors
powered by batteries and electric motors powered by hydrogen fuel cells.

The first type is the most common for electric planes, but has some significant
issues, such as a large mass and size of batteries, the possibility of environmental
impact after using, use of fossil fuels for charging.

The second type of electric motors are systems on hydrogen fuel cells. In our
opinion, it is the best choice on mass-dimensional parameters and on
environmental impact. However, at the moment, hydrogen fuel cells don't mass-
produced, but only being developed in laboratories. So We can't use thay on serial
aircraft now.

Electric motors don’t have a negative environmental impact during operation, with
the exception of indirect effects due to battery recharging and environmental risks
after the end of their use.

Thus, we can conclude that the most promising type of propulsion systems for
aircraft in the environmental friendliness aspect are electric systems on hydrogen
fuel cells. And design and implementation of these systems should be a priority in
the development of electric transport, including aviation.
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GEODETIC ANALYSIS OF LAND RECLAMATION
ON THE EXAMPLE EARTH EMBANKMENT
ON THE CAMPUS OF THE KIELCE UNIVERSITY
OF TECHNOLOGY

Marcin GIL!, Pawet FRACKIEWICZ!, Peter BLISTANZ, Katarina PUKANSKA?,
Rudolf URBANS3, Aleksandra PASEK!

IKielce University of Technology, Faculty of Environmental, Geomatic and Energy Engineering
ZKielce University of Technology, Faculty of Environmental, Geomatic and Energy
Engineering/Technical University of KoSice, Park Komenského 19, 04001 Kosice

3Czech Technical University in Prague

Restoring utility values to areas damaged as a result of human activity is one of the
basic tasks of reclamation and revitalization of the area. Conducting appropriate
measures to restore the natural and non-natural values requires the development of
project documentation, which is increasingly an essential element of geodetic
analysis. The use of appropriate measurement methods and data visualization
algorithms supports the process of transforming degraded areas. The example of
earth embankment on the campus of the Kielce University of Technology presents
methods of graphical and statistical analysis of areas undergoing reclamation. The
most advantageous interpolation algorithms and the possibilities of basic analysis
applications are included. Attention was paid to the need to monitor all stages of
reclamation in order to ensure the safety of facilities within the impact of the areas
covered by the study. The presented methods of analysis should be considered as
indicating the direction of studies. They present the desirability of developing
appropriate measurement networks for various observation methods and modeling
algorithms in order to obtain practical tips and studies for the protection of
reclaimed areas.
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THE SELECTION OF OPTIMUM CONDITIONS OF RECEIVING
CATALYST PROCESS OF THE AVERAGE TEMPERATURE
CONVERSION OF CARBON (II) OXIDE

Bohdan HARMASH, Lidiia KATKOVNIKOVA, Yevheniia BILETSKA
Ukrainian State University of Railway Transport

There is a question of providing the population with products of agricultural
production, increasing its productivity associated with the use of chemical
fertilizers. At present, the advantage is given to the use of nitrogen-containing
fertilizers, for the production of whichtechnical hydrogen is used.

The subject of the study is the technological parameters of the process of
preparation of the average-temperature catalyst by the co-precipitation of the active
components, as well as the properties of the obtained stabilized and revised
samples of catalysts. The scope is the production of ammonia for nitrogen-
containing fertilizers. The solution to the problem of disposal of titanium (IV)
oxide waste products has been proposed, in order to abandon the consumable stage
of desulfurization of the average temperature catalyst.

At the present time, the conversion of carbon dioxide (II) oxide is one of the main
processes for the production of hydrogen on an industrial scale, which is used as a
raw material for the production of ammonia. Since this process is catalytic, its
chemistry can be represented by the following equation of the reaction: CO + H,O =
H, + CO; + 41.2 kJ. It has been established that the use of co-precipitation of all
catalyst components differs favorably from the prevailing separation of
precipitation. This solution allows to obtain a catalyst with an increased activity
and thermal stability. The active component of the catalyst in the process is the
restoration of Fe;O4. For a long time, using this type of catalysts, their base
composition has not changed practically, although the technology and the method
of preparation have undergone significant changes. The raw material for preparing
the average-temperature catalyst for conversion of carbon (II) oxide is iron sulfate
(FeSO, - 7H,0). It is obtained as a by-product in steel manufacture at metallurgical
enterprises. Considering the possibility of using the specified raw material for the
production of the average-temperature catalyst, a detailed analysis of the content of
various micro-impurities was carried out. In this case, special attention was paid to
components, which even in small quantities can significantly affect the properties of
the catalyst. Since the properties of all catalysts depend on the conditions of the
deposition process, therefore, in this work, the experimental studies are aimed at
establishing technological parameters that allow contact with given physico-chemical
characteristics. Consequently, such parameters of the deposition process as the
chemical nature of the deposition agents, the optimal concentrations of the initial
solutions, the temperature, the pH of the deposition, and the hydrodynamic
conditions were determined.
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APARTMENT HOUSE HEAT SUPPLY ITELLIGENT SYSTEMS
I.S. YEREMEYEV?, A.l. YESHCHENKO?

ITaurida National V.I. Vernadsky University, Ukraine, Kiev
ZNational Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Ukraine, Kiev

Apartment house heat supply is examined as a rule in scope of energy saving along
the traditional patterns with traditional energy sources and heat-transfer agents. But
currently, from the one hand, the great attention attends to alternative sources,
agents and heat supply structures and from another — to comfort conditioning by
more complicated algorithms and optimization of air parameters in controlled
premises. These measures assumed the intelligent systems elaboration. The fact of
the matter is that external environment as the apartment houses and heat supply
systems are the inertial objects as a rule with retarded arguments and distributed
constants. Under these circumstances in the automatic control systems shall be
used the accelerated models, alternative patterns, credible reasoning technique.

In private intelligent houses (IH) these principles are realized now. But cost of IH
forbid spreading the derived experience on apartment houses (AH). That is why
apartment house heat supply intelligent systems (AHHSIS) realization must be
extended slowly, step-by-step by using of the easy solutions which ensure the
fulfillment of appreciable energy saving (for example by alternative energy sources
as a solar cells, wind or pyrolysis generators and so on) in order to using the saved
costs for follow-up steps of AHHSIS realization.

In heat supply systems one of the main components is the automated heat supply
unit (AHSU) outlined on Figure 1.

Input paramefers T, By ¥ This AHSU may be step-by-step
p— Output parameter expanded appropriate equipment

kel of parameters g and information/software
- ; support. AHSU involve the
T programmable controller (PC)

adjusted on the tracking of the

[+ Da= Daa Disglay Alarm temperature (T,), humidity (k)
Lb— | o || M || ™ it and wind velocity (v) on the
— — outside of house and temperature
i @I ’—L‘ Princpal yot ofAHSU | (Ti) in apartment being heated
¢ i (with of accounting of day-time t
and calendar (Cl) as well as the current heat losses Q. The AHSU generates proper
control actions (CA). In this event the system of parameters conditioning may be
considered as a simple heat exchanger.
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MATHEMATICAL MODELING OF THERMAL EFFICIENCY
OF ISOLATION OF PIPELINES AND BUILDING ENVELOPE
WITH ACCOUNT OF THEIR ACTUAL CONDITION

Anton GANZHA, Viktoriia KORNELIUK, Liudmyla Vasylivna SEMENENKO
The National Technical University “Kharkiv Polytechnical Institute”

One of the main problems in the municipal thermal power generation of Ukraine is
the determination and forecasting of heat energy losses to the environment during
the transport of the heat carrier to consumers. Most of the pipelines of heat
networks and their isolation in many localities of Ukraine are worn out. In known
works one-dimensional problems or the definition of a two-dimensional
temperature field and actual heat fluxes in the cross-section to the axis of the
characteristic damaged pipeline insulation area are mainly considered. But does not
take into account the two-dimensional temperature field of the damaged layer of
insulation along the length (along the axis) of the pipeline. During carrying out of
inspection of pipelines (especially heating pipes, constructed in the open air) it is
possible to find out the nature of damage to their thermal insulation. And so it is
possible to construct a geometric model of a site with a damage of insulation.
Another problem of the qualitative heat supply of Ukrainian consumers is the non-
systematic insulation of the building envelope by laying a layer of insulation on
separate sections of the wall of the building, and not on the entire wall. This leads
to redistribution of heat flows on the wall and to the reduction of the planned
thermal insulation efficiency. Therefore, the purpose of this work is to develop a
methodology for determining the heat losses of pipelines of heating mains taking
into account the actual state of their isolation and the distribution of damages along
their length, and actual thermal efficiency of the building envelope considering the
non-systematic application of insulation layers on them. To solve these problems, a
particular mathematical modeling of the temperature state of the damaged
insulation layer or a non-systematically insulated wall with the determination of the
heat flow through them is carried out. The next step is determining of the
coefficients of increasing the heat flow towards the uninjured area or insulated
wall. In case of equal distribution of damage along the total length of the pipeline
or insulated area on the wall if we know the limits of the impact of damage or
insulation, the proportion and amount of damage (insulation) on the pipeline (wall),
it becomes possible to determine the actual heat flow from the outer surface of the
pipelines or wall, including the coefficient of increasing the heat loss toward the
normative. Mathematical modeling is the solution of a two- or three-dimensional
differential equation of thermal conductivity with corresponding boundary
conditions and distribution of characteristics of a layer of building structures and
insulation.
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ANALYSIS OF REOURCE OPPORTUNITIES
OF IVANO-FRANKIVSK REGION FOR IMPLEMENTATION
OF SOCIALLY ORIENTED PROJECT IMPLEMENTATION
IN THE SPHERE OF RENEWABLE ENERGY SOURCES

Hanna KOSHLAK

Ivano-Frankivsk National Technical University of Oil and Gas, 15 Karpatska Str.,
Ivano-Frankivsk, 76019, Ukraine

The rational use of energy resources is a significant component of economic policy
of Ukraine. The reform of the power decentralization, getting authority to use
energy resources locally initiated system transformations and change of priorities
in activities of associated territorial communities (ATC) facing issues of energy
supply and consumption in conditions of sustainable balanced development.
Currently, the housing-and-municipal and budget spheres obtained substantial state
support regarding implementation of energy-efficient and energy-saving activities
[1]. Due to a large portion of energy-consuming sectors and price of energy
resources, Ukraine calls for optimization of its own energy consumption, that is
why, the alternative energy sector projects of energy-saving technologies are
significant for implementation in ATC to provide, primarily, their energy
independence and saving of financial resources. Socially oriented management of
renewable energy sources is considered to be one of the most important tools for
rational and environmentally safe use of fuel and energy resources by consumers.
Promotion of economically attractive profitable projects of RES technology
implementation, information about accessible renewable energy sources among
ATC population will encourage small entreprencurship development.
Implementation of renewable energy sources projects and their environmentally
safe use for sustainable balanced development of associated territorial communities
will allow obtaining social and economic effect of:

— investment promotion;

— reduction of unemployment rate, increase of local employment and profits;

— promotion of the state energy and environmental safety.
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IDENTIFICATION OF LANDS BROKEN AS A RESULT
OF ILLEGAL EXTRACTION OF AMBER BY EARTH REMOTE
SENSING SYSTEMS

Serhiy TROKHYMETC, Andriy PROKOPCHUK
National University of Water and Environmental Engineering, Rivne, Ukraine

During recent years substantially increase the volumes of illegal extraction of
amber on large areas of northern-western part of Ukrainian Polissya. The
unauthorized extraction of amber leads to irreparable damage for economy and the
nature of the region, in particular, causes the violation of the structure of relief and
natural landscapes, worsens the ecological condition of soils, stipulates negative
changes in regime of surface and underground waters and to the destruction of
forests.

The aim of the work is the development of methods and of geoinformation system
of identifying and monitoring of lands broken as a consequence of the illegal
extraction of amber which could permit to carry out the evaluation of the scales of
the illegal extraction of amber, to determine the area of broken lands and the
necessary volumes of recultivation. The work is implemented by the order of
Ministry of education and science of Ukraine, as such which is referred to priority
directions of scientific researches.

During the implementation of research-technical work were used the data of
satellite surveying systems and methods of their processing, modules of
geoinformation systems with an open code QGIS + GRASS, the operating station
with high speed and possibilities of processing substantial masses of data.

The analysis and singling out of areas of illegal extraction of amber were fulfilled
on the basis of deciphering signs of the phenomenon, i.e. the availability of places
of changing open sand heaps and digged pits which have the characteristic spectral
image, small-cell texture of image and the temperature contrast with the
surrounding vegetation, the presence of chaotic network of canals used for
supplying water when using hydropump method of extraction.

The structure is substantiated and the modular geoinformation system is developed
for identifying and time monitoring of broken lands as a result of the illegal
extraction of amber using QGIS with added modules from open libraries of GDAL
and GRASS. Considering the peculiarities of processed data from different types of
surveyed systems block-schemes were created for using GIS modules for
WorldView-2/3, Pleiades-1, Spot-6/7, Planet Scope, Sentinel-2B.
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DEVELOPMENT PROSPECTS OF WIND POWER
ENGINEERING IN LVIV REGION

Tetiana P. KOVALENKQO, Stepan S. LYS, Igor R. GALYANCHUK

Lviv Polytechnic National University, Department of Heat Engineering,
Thermal and Nuclear Power Plants

The purpose of this work is to analyze key indicators and ways of development of
wind energy in the Lviv region, its advantages, and disadvantages. Regarding the
prospects of wind energy development in the Lviv region, it should be noted that
recently the French companies Beten International and Valorem presented an
investment project for the construction of a modern wind power plant with a
capacity of 10.0 MW in the territory of the Drohobych district. In the future, such
plants are planned to be built on the territory of Zhydachiv, Pustomyty and Skole
districts of the Lviv region. For the region, this project is beneficial from the point
of view of environmental safety, the production of environmentally friendly
energy, improving the reliability of energy supply of the territory, attracting
investment and new technologies [1].

The Lviv region has good prospects for wind energy development. In the
mountainous part, the average annual wind speed at a height of 10 m is 5.5-6 m/s;
technically achievable wind potential at an altitude of 30 m — 620 kW/h-m’, at an
altitude of 100 m — 1150 kW/h-m”. This is also confirmed by the work of the
Truskavets wind power plant which was built in 1997 on the Buhiv Mountain
(Skhidnytska WPP) with a capacity of 750 kW. Perspective is also plain territories of
Yavoriv, Mostyskogo and Zolochivsky districts (average annual wind speed at an
altitude of 10 m — 4.5 m/s). The perspective for using RES in the Lviv region by
2020 will involve the construction of wind power plants with a total capacity of
400 MW [1]. The most powerful wind farm on right-bank Ukraine is the station "Old
Sambir-1". The station began its operation in 2015 and consisted of two wind power
stations with a capacity of 6.6 MW, and it has been fully started to operate in 2016
when two more windmills were put into operation. Thus, the total power of the
station has become 13.2 MW.

The wind power is extremely promising, but it has both advantages and
disadvantages in the implementation and use. The advantages are environmental
cleanliness, ergonomics, inexhaustibility, simple maintenance, quick installation,
low maintenance and maintenance costs. The disadvantages are instability, which
consists in unsecured receipt of the required amount of electricity, wind turbines
are ineffective at peak loads, high cost, noise pollution.

Thus, the development of the wind energy in the Lviv region is promising, cost-
effective and cost-effective, which enables to reduce the import of energy
resources, strengthen the economic independence of the state, create new jobs and
ensure the proper environmental condition.
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INTERMITTENT HEATING SYSTEM OPERATION MODES
FOR RESIDENTIAL SPACES

Valerii DESHKO, Iryna SUKHODUB, Olena YATSENKO

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Department of Heat Engineering and Energy Saving

One of the most effective ways to save heat in providing comfortable temperature
conditions is the use of intermittent heating system operation mode. Such mode
reduces the heating system temperature and load during non-working hours. The
main reason for the lack of its wide distribution in buildings is the low level of
disclosure in the literature, as well as a small number of practical results of the
introduction. Scientifically substantiated recommendations that relate to rational
choice of the intermittent heat mode with its specifics is clearly not enough. This
work is aimed at presenting practical data on the analysis of intermittent heating
mode for residential space and confirming its effectiveness.

The daily mode of the intermittent heating system is divided into three periods:

— the beginning of the heating system (heating-up period), during which the room
temperature rises from the minimum allowable to the required internal
temperature;

— period of steady mode, during which indoor air temperature is maintained;

— the termination of the heating system (cooling period), during which the indoor
temperature is reduced to the minimum allowable.

It is known that the speed of achieving of the comfort internal temperature at the
beginning of the heating system is not regulated by norms. Therefore, the length of
the transient processes in the intermittent heating mode can be calculated using a
dynamic approach. This approach takes into account the heat transfer resistance of
the building constructions as well as the dynamic characteristics of the external
walls and internal partitions. In this paper, building model was created in
DesignBuilder software that uses EnergyPlus engine to perform dynamic building
energy simulation. The simulation results were compared with the actual data on
the temperature and energy consumption in the apartment with the intermittent
heating mode.
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NEW DIRECTIONS OF SCIENTIFIC RESEARCHES
OF THE DEPARTMENT OF GEODESY AND CARTOGRAPHY
OF NATIONAL UNIVERSITY OF WATER
AND ENVIRONMENTAL ENGINEERING
AND THEIR INTRODUCTION INTO ACADEMIC PROCESS

Olha DMYTRIV, Oleh LAHODNIUK, Ruslan YANCHUK
National University of Water and Environmental Engineering, Rivne, Ukraine

The department of geodesy and cartography of National university of water and
environmental engineering has over one hundred years history. At present the
department is training bachelors in speciality "Geodesy and land management" and
provides scientific consulting for implementing master's theses in the same
speciality.

The department has a mighty staff potential which includes nine candidates of
sciences in scientific specialities "Geodesy, photogrammetry and cartography" and
"Cadastre and lands monitoring".

The department is provided with up-to-date devices and equipment, that is, total
station (6 pieces), GNSS-systems (3 pieces), photogrammetric stations (4 pieces),
unmanned aerial vehicles (UAV) DJI Phantom 4Pro, etc.

Such uniting of staff potential and material and technical base permits to complete
extent to carry out both scientific research and qualitative training of students.

During last years the department became a leader in Volyn region concerning the
implementation of research and industrial works in the direction of operative
cartography and creation of orthophoto-plans of territories of residential
settlements and 3D models, the use of Earth remote sensing systems with the aim
of discovering and analyzing geo-space processes and phenomena, of scientific
maintenance for forming geo-portals and cadastres, the creation of BIM-models for
building objects.

New syllabi developed by the department with the aim of training bachelors in
speciality "Geodesy and land management” are rather mobile and flexible. They
permit operatively in the block of optional subjects to suggest students new
academic courses and subjects based on results of research-development and
practical works. Such present-day and practice-oriented subjects at present are the
use of UAV in tasks of cartography, the processing of materials of lidar surveying
the analysis and modelling of data of Earth remote sensing systems, 3D modelling
of geo-space objects.
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ANALYSIS OF OBSERVATIONS ON THE RENEWABLE ENERGY
SOURCES EFFECTSIN TOURIST AREAS

Olena Volodymyrivna POBIGUN, luliia Ihorivna IURAS

Ivano-Frankivsk National Technical University of Oil and Gas,
Ivano-Frankivsk, Ukraine

The objects of RES activities influence will be the following: climate; surface and
underground waters; geology and soils; landscapes and biodiversity; population
and socio-economic situation; cultural heritage (UNESCO world heritage sites and
sites on UNESCO world heritage tentative list, registered cultural heritage objects,
unidentified and unregistered cultural heritage objects, intangible cultural heritage
sites). All results should be justified by the additional detailed analysis of
individual projects. The criteria for determining the impact on the tourist
environment relate to the nature of the impacts associated with each scenario of
renewable energy development. The following factors should be taken into account
in the process of determining the nature of these effects:

— probability, duration, frequency and reversibility of the effects;

— possibility of cumulative effects taking into account future basic conditions and
other projects;

— possibility of transboundary effects;

— risks to public health and environment (e.g., accidents);

— strength and spatial coverage of effects (geographic area, number of population
that may be affected);

— valuability and vulnerability of the area that may be affected by the following
reasons: particular natural conditions or objects of cultural heritage, exceeding
over the environment quality standards or regulatory levels of their impact,
intensive land use, impacts on areas or landscapes that have a recognized
protection status, given nationally or internationally.

A monitoring system should be developed for full observation. Determination of
existing conditions of the environment and future ones without regard to RES,
comparison with the conditions during construction and operation for possible
changes trends determining will be important for monitoring. The stages of
developing a system for monitoring the RES effect on the tourist environment will
include the determination of the existing and future basic conditions of the area;
values, vulnerability and sensitivity of influence objects; types of effects; degree of
effect occurrence probability; stage of occurrence, duration and intensity of effect;
spatial coverage.
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MATEMATUYHE MOJEJ/IIOBAHHSA CYMIIIEHOI
TEIIJIONMPOBIAHOCTI B MIKPOITIOPAX IIOPUCTUX MATEPIAJIIB

Anatoliy PAVLENKO'2, Hanna KOSHLAK?

!Kielce University of Technology, Faculty of Environmental, Geomatic and Energy Engineering
“lvano-Frankivsk National Technical University of Oil and Gas Ivano-Frankivsk, Ukraine

JlocmipkeHHST TIPUCBSYEHO pO3B S3aHHIO 3aJladi  y3arajibHEHOTO TEIIOOOMIHY B
nopuctux marepianax (IIM) Ha ocHoBi 3011 bypiuruacskoi TEC. MogentoeTsces mporiec
TEIIONEPEHOCY KOHBEKII€I0, TEIUIONPOBIAHICTIO 1 BHUIIPOMIHIOBAaHHAM B Ta30Biif
MOPO>KHMHI 3 YpaXyBaHHSM TEIUIONPOBITHOCTI CTIHOK. Y NaHil MOJeNi mepeadadaeTses,
0 LIUTBHICTh Ta3y 3aleXUThb BiJ TemImeparypu. Taka 3aleKHICTb BPAXOBYETbCS B
PIBHSHHI KOHBEKLIT U1 MacoBUX cuil. CHcTeMy piBHSIHB MOXHA 3alUcaTy Y BUTTsi [1]:
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be3posMipHi piBHS[HHS[ Byccinecka B 3MiHHI/IX «BHUXOp IIBUAKOCTI — q)yHKuu CTpyMy —
TeMIepaTypay» JJIs TaHoi 3a7a4i B Ta30Bii TOPOKHUHU:
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Po3B’s130K piBHAHB BHKOHAHO y BUINIAAI Kepyrounx (YHKIIH, fKi XapaKTepH3yIOTh
KOHBEKTUBHMI NEPEHOC €Heprii B BUAIIEHOMY 00Cs31 1 Ol MOBEpPXHi 3 ypaxyBaHHIM
PO3MIpIB 1 TEMITEPAaTypH OCEPEIKY JUIS CYMIIIIEHOTO TEIUIO TIEPEHOCY:
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I'pacpiune BimoOpakeHHS MOJENI CHIJIbHOI TEIUIONMPOBITHOCTI B MIKPOIOpaX BH3HAUae
CYTHICTb TIPOIIECY IEPEHECEHHS €HEeprii B 3aMKHEHOMY IMPOCTOpi: Tpadiku po3noziry
TeMIepaTypH MOJI0HI Ul MOp 3 OJHAKOBHMH PO3MipaMH HE3aJIEXHO BiJ] TEMIIEpaTypu
CTIHKH; B TIOpi HE MOXYTb OyTU JOCSTHYTI 3HAa4YHI TPAJi€HTH TEMIEpaTyp, 301IbIICHHS
Tpagi€eHTy MOXKJIMBE 31eOUTBIIOrO 3a paxyHOK (I3MYHHX BIACTHBOCTEH MaTepiaiy;
JIOlaBaHHS 30JM B CHPOBHMHHY CyMiml no3Boiwise crBoputd [IM 3 MakcuMambHHM
TEpPMIYHUM ONOpOM (TPaJi€eHTOM TeMIepaTypH); IUIOIMA MiJA KPUBUMHU Tpadikis
BioOpakye Mipy BIUTUBY METO.y Iepeadi eHeprii (KOHBEKis, a00 TEIUIONPOBIIHICTD).
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CREATION OF MATHEMATICAL MODEL OF EMISSION OF
NITROGEN OXIDES OF DIESEL ENGINES CONVERSED TO GAS

S. KRYSHTOPA, M. HNYP, L. KRYSHTOPA

Ivano-Frankivsk National Technical University of Oil and Gas

The purpose of this work is to develop mathematical model for calculating the
emissions of nitrogen oxides in spent gases of diesel engines and engines converted to
a propane-butane mixture. Calculation methodology is based on basic thermal theory
principles: amount of nitrogen oxides is determined by maximum combustion
temperature and concentrations of nitrogen and oxygen in combustion products;
amount of nitrogen oxides depends on cooling rate of the combustion products;
formation of nitrogen dioxide is more intense in conditions of poorer fuel-air mixture;
oxidation of nitrogen occurs due to chain mechanism in zone of combustion products.
In general mechanism of formation of nitrogen oxides consists of following reactions:

N+0,=NO+0+ 136kl/mol (1) N, +O=NO+N- 316kJ/mol (2); N, +H,0=2NO+H, (3);
N, +0,=N,0+0 (4); N,0+0=2NO (5). The main oxides formed in the exhaust
gases of the ICE are NO and N,O. The rate of formation of NO and N,O proceeding

from (1-5) can be found from the following kinetic equations:
drnvo

dr
2

r r 2 r r
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We apply the principle of stationary concentration for diatomaceous oxide N,O by

dr,
which we assume that the rate of its formation will be equal to zero szO =0. Then the
T
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volume concentration of N,O according to (7) will be equal =

(8). Substituting (8) into (6) we get
divo
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Constant velocities of chemical reactions are based on the analysis of the source [1, 2].
After a series of transformations we get:

r r 2 r
+KV3 'rN'rHZO_K& ‘o Ml +KV4 1o,

B B
o+ 5Bl (2cp(preonst)-L1p hNoto =P
o= (212+ﬂ ) — 2 -e( x ] 14| 2C T J2Ch{greons) (10)

B
+—+ +—+
No Yo B o e B
Developed mathematical model will allow carry out calculations of emissions of

nitrogen oxides in exhaust gases of diesel engines converted to gas at different
operating modes.
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STUDYING THE PROCESS OF FALLING PLUNGER
IN THE WELL IN THE ASCENDING FLUID FLOW

Petro R. HIMER, Andrii V. UHRYNOVSKYI

Ivano-Frankivsk National Technical University of Oil and Gas, 15 Karpatska Str.,
Ivano-Frankivsk, 76019, Ukraine

One of the ways that will prolong the period of fountaining low-pressure oil wells
by using its own energy or feeding part of the gas from the surface is a plunger lift
of the type "flying valve", which consists of a sleeve in the form of a hollow
cylinder and balls. The key issue when operating the wells with a plunger lift is to
study the process of its fall in the ascending flow of fluid to determine the time of
its fall in the tubing string.

K To do this, consider the following problem. Let
the hollow cylindrical body fall with some
constant velocity v, in the ascending flow of

]b’ f /i liquid in a well with a radius R. Suppose that the

m G laminar flow of liquid has been established in the

. AL 2 central channel of the cylinder and in the annular

Io Gy space between the cylinder and the tubing wall.

‘ The corresponding distribution of liquid

P G * velocities in the central and annular channels is
—7 shown in Figure 1.

Figure 1. Velocities diagram in the ~The equilibrium equation of the forces acting on
central and annular channels the plunger in the form of a hollow cylinder is
relative to the moving cylinder in  written as:

the laminar flow of a homogeneous

liquid G=T0+71+Ap(}”12—r02) (1)
The equation of continuity at liquid flow around the plunger has the form:
QZ%"'Qz—Uo‘ﬂ(’iz—”oz) (2)

According to the results of the theoretical researches, it was obtained an analytical
dependence for calculating the fall velocity v, of the plunger in the ascending
liquid flow. This formula takes into account the mass of the plunger and its
geometric dimensions, as well as the velocity and rheological parameters of the
ascending liquid flow.
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EXPERIMENTAL RESEARCHES OF TOXICITY
OF EMPLOYED GAS REPLACEMENT GAS FUEL DIESEL
ENGINES

S. KRYSHTOPA, I. MYKYTI], F. KOZAK

Ivano-Frankivsk National Technical University of Oil and Gas,
15 Karpatska Str., Ivano-Frankivsk, 76019, Ukraine

Conversion of diesel engines to gas fuels in terms of ecology in particular the
reduction of emissions of nitrogen oxides is an important trend. Many works [1, 2]
are devoted to the study of the processes of formation of nitrogen oxides during
combustion of various fuels. But experimental studies of the change in emissions
of nitrogen oxides when converting diesel engines to gas fuels are still limited. The
purpose of experimental research is to check theoretical calculations of nitrogen
oxide emissions in exhaust gases of diesel engines converted to gas fuels. To
accomplish the task, diesel engine of the Opel Astra X17DTL model was re-
equipped to work on a liquefied propane-butane mixture at the Ivano-Frankivsk
National Technical University of Oil and Gas.

To convert specified diesel engine to gas following were done: reduced
compression ratio of the engine; mounted propane-butane gas equipment; installed
original microprocessor DIS-system of inflammation of own development;
optimized engine management system. Engine researches were carried out on the
electric brake chamber KI-8964.

According to results of the experiments it can be noted that using of propane-
butane mixture compared to diesel fuel X17DTL engine of the Opel Astra has
significantly reduced the emissions of nitrogen oxides in exhaust gases in entire
loading mode. Therefore, working on diesel fuel at the power output of 10 kW
emissions of nitrogen oxides in exhaust gases of basic engine of model X17DTL
amounted to 255 ppm, and with the work of the convertible engine on the propane-
butane mixture — 135 ppm or reduction of emissions of nitrogen oxides in exhaust
gases was 47.1%. Working on diesel fuel at the power output of 50 kW emissions
of nitrogen oxides in the exhaust gases of the base engine amounted to 945 ppm,
and when converted engine on the propane-butane mixture — 570 ppm or reduction
of emissions of nitrogen oxides in exhaust gases was 39.7%. Obtained results of
the reduction of nitrogen oxide emissions in the exhaust gases of a diesel engine of
the X17DTL model of Opel Astra vehicle while working on a propane-butane
mixture in comparison with work of engine on diesel fuel depending on the load
change are explained by the decrease in the combustion temperature of the gas-air
mixture during the combustion process in the cylinders engine relative to the
combustion temperature of diesel-air mixture. Obtained results allow to optimize
designs of power systems of internal combustion engines and to reduce emissions
of harmful substances in exhaust gases of automobile engines.

-32-



AUTOMATED COMPLEX FOR RESEARCH
OF SEMICONDUCTOR MATERIALS OF SOLAR POWER
OF THE SECOND GENERATION

M.P. MAZUR?, B.S. DZUNDZA?, T.M. MAZUR?, V.V. PROKOPIV2

Ivano-Frankivsk National Technical University of Oil and Gas, 15 Karpatska Str.,
Ivano-Frankivsk, 76019, Ukraine

2Vasyl Stefanyk Precarpathian National University, 57 Shevchenko Str.,
Ivano-Frankivsk, 76018, Ukraine

The problem of measuring electrical and photovoltaic parameters of semiconductor
materials, in particular, II-VI compounds, is actual due to the prospect of their use
for the manufacture of second-generation solar panels. The values of the resistivity
of these materials varies widely and can reach 10°-10° Ohm cm, and the study of
the electrical parameters of such samples requires a precision and expensive
electrometric equipment and is rather time-consuming. In recent decades, there is
rapid development of microprocessor and computer technology, which opens up
new opportunities for automation of technological processes and laboratory
research.

The electric circuit and the computer program, which provides automation of
measurements of conductivity, photoconductivity and volt-ampere characteristics
of semiconductor films with an electrical resistance up to 500 GOhm, and load
characteristics of photovoltaic cells are developed. Measurement of high-resistance
samples is carried out at voltages of 300-1200 V, for other measurements the
amplitude of the test signal does not exceed 0.5 V. Microcontroller
STM32F152C8T6 was chosen as a controller, which is characterized by a well-
developed periphery. Communication with the computer at the hardware level is
carried out via the built-in USB microcontroller, and at the software level — with
the help of the text command interpreter, which provides two-way data exchange
between the control program on the computer and the microcontroller of the
device. Lighting is provided by standard 3W LED light emission spectrum is set by
selecting the appropriate LED. Turning on the LED and setting the required
illumination are carried out by the DAC of the microcontroller via the current
stabilizer on the operational amplifier. The feedback is carried out both via LED
current, resulting from the shunt, and illumination of the alternating digital 12C
light sensor, in particular VEML7700CT, VEMLG6075. The temperature is
measured by the platinum thermistor PT100 and varies in the range of 77-450 K. A
computer program is developed that provides registration and initial processing of
the obtained data with the possibility of preliminary analysis already in the process
of measurement.
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PROSPECTS OF USING SURFACE-BARRIER CdTe-DIODES
IN SOLAR ENERGY

V.P. MAKHNII, M.P. MAZUR?, T.M. MAZUR3, V.V. PROKOPIV3

YYuriy Fedkovych Chernivtsi National University 2, Kotsyubinsky Str.,
Chernivtsi, 58000, Ukraine
2Ivano-Frankivsk National Technical University of Oil and Gas, 15 Karpatska Str.,
Ivano-Frankivsk, 76019, Ukraine

3Vasyl Stefanyk Precarpathian National University 57, Shevchenko Str.,
Ivano-Frankivsk, 76018, Ukraine

The optimal energy gap (1.5 eV at 300 K) and the direct structure of the allowed
zones determine the prospects of cadmium telluride in solar energy. Among the
various types of rectifying structures that are the basis of photovoltaic cells, one
should single out the class of surface barrier diodes (SBD), which have a number
of advantages compared to p-n-homo and heterojunctions. Improving the efficiency
of photoconversion of SBD requires, first of all, the development and use of new
technologies, one of which may be a change (modification) of the physicochemical
properties of the surface layers of the substrates before the application of the
rectifying contact. In that work discusses a number of methods for modifying the
surface of CdTe substrates, which lead to an improvement in the basic electrical
and photoelectric parameters of SBD.

The first one is based on low-temperature (~100°C) processing of substrates in
aqueous solutions of salts of elements I and II of the Periodic Table, leading to the
formation of ultrathin surface layers, the type and amount of conductivity of which
is determined by the ingredients of the solution. The second approach is to create a
quantum-size surface structure (QSSS), which causes not only an increase in the
height of the potential barrier of SBD, but also a significant decrease in the surface
recombination rate. Creation of QSSS is possible by laser pulsed irradiation or by
thermal annealing under conditions under which self-organization processes take
place. A feature of the discussed methods is the possibility of modifying the
surface of semiconductor substrates with prefabricated ohmic contacts. The
efficiency # of photoconversion of SBD on the basis of modified n-CdTe substrates
at 300 K in AM2 illumination conditions reaches 13%, which is noticeably lower
than # Si photocells. At the same time, such high values of # in the absence of
antireflection coatings, optimization of the parameters of base substrates and the
design of CdTe diodes indicate potential opportunities for increasing the
photoconversion efficiency.
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TERRESTRIAL LASER SCANNING AS AN EFFECTIVE TOOL
FOR MEASUREMENT OF ARCHITECTURAL
AND HISTORICAL BUILDING OF CABLEWAY TATRZANSKA
LOMNICA-SZCZYRBSKIE LAKE IN HIGH TATRAS

Katarina PUKANSKA?, Karol BARTOS?, Peter HANCINZ,
Lubomir KSENAK?, Peter BLISTAN?

!Kielce University of Technology, aleja Tysigclecia Pafistwa Polskiego 7, 25-314 Kielce /
Technical University of KoSice, Park Komenského 19, 04001 KoSice

2Technical University of Ko$ice, Park Komenského 19, 04001 KoSice

Terrestrial laser scanning (TLS) is a technique that allows users to directly and
fully automated data collection. Over the last decade, TLS has become a standard
method of measuring objects. Acquiring spatial data with high accuracy requires
obtaining point clouds consisting of millions of points. The modern TLS method
allows for quick measurement, but requires a laborious data filtration step. The aim
of the article is to highlight a wide range of terrestrial laser scanning applications in
the measurement of complex architectural objects. The object of the analysis was a
historic, currently unused cable car building in the High Tatras. From the
architectural point of view, it is not only a historical, but also an artistic object. The
building is waiting for a complete reconstruction with the possibility of use for
utility purposes. The main purpose of the work was to create a Slovak passport-
metric, or a complete drawing documentation of the object, and the final effect was
visualization in the form of a 3D model.
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THE ACCURACY OF SATELLITE POSITIONING
IN THE MEASUREMENT OF SURFACE DEFORMATION

Karol KRAWCZYK, Jacek SZEWCZYK

Kielce University of Technology,
Faculty of Environmental, Geomatic and Energy Engineering,
al. Tysiaclecia Panstwa Polskiego 7, 25-314 Kielce, Poland

The paper presents the problem of the use of satellite observations for deformation
measurement of in landslide areas and in mining areas. It was based primarily on
measurements carried out in 2013-2018 in the landslide areas in Kielce
(Kadzielnia) and in 1996-2015 on the former mining areas of the historic salt mines
in Wieliczka and Bochnia. Based on the results of the observations, the accuracy of
the positioning of the points using GNSS observations was analyzed and the
analysis of the impact of these observations on the reliability of the observation
network (including the values of precision parameters, especially unit error,
average and maximum position error of the network points) was undertaken. The
problem of determining (on the basis of the error of the average and limit
observations determined independently) the statistical criterion of the significance
of determining deformation was taken in account. Statistical analysis of the
distribution of errors and the interpretation of their origins were also carried out.
The usefulness of the use of satellite measurements in determining the size of
surface deformation was demonstrated, provided that the accuracy requirements
were met. Practical conclusions related to measurement technology were also
formulated.
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RESEARCH INTO PRECISION DETERMINATION
OF COORDINATES BY MATERIALS OF AEROSURVEY
FROM UAV DJI PHANTOM 4 PRO

Serhiy TROKHYMETC
National University of Water and Environmental Engineering, Rivne, Ukraine

UAV with each year take the more larger sector in geodetic works. Along with
specialized unmanned aircraft vehicles during recent years still oftener are used
budget unmanned aircraft vehicles of wide use and the actual is the issue about the
precision of materials obtained by such devices. Of particular demanding research
is the problem how is changed the precision of determining coordinates with the
change of height surveying and with different number of datum marks used for
connection with photos.

The aim of the research is the evaluation of the precision determination of planned
and altitude coordinates by materials of surveying by unmanned aircraft vehicles
by way of comparing with controlling values of coordinates determined by earth
satellite observations.

The research was carried out at the training geodetic polygon of NUWEE during
carrying out geodetic practical training. For surveying was used UAV DJI Phantom
4 Pro, for determining coordinates — GNSS-receiver Leica 1200.

In correspondence with the set aim the following tasks were implemented:

— the research into the precision determination with different height of surveying
(100 and 200 meters);

— the research into the precision determination of coordinates with different
number of control ground points used for connection with photos (18 and 5
marks);

— research into the precision determination of coordinates on plain and broken
country.

Research results showed that with the sufficient number of control ground points
the precision determination of coordinates by data of surveying from different
heights both on plain and broken ground differs not substantially and RMS does
not exceed 10 cm. With the minimum number of control ground points and
surveying height of 100 m RMS of height position increased to 12 ¢m on plain and
to 25 cm on broken country. The rest of indices did not exceed 10 cm.

-37 -



RESULTS OF MONITORING THE SIZE OF HORIZONTAL
DEFORMATIONS OF THE URBAN MINING AREA WITH USE
THE GEOMETRIC DESIGN OF THE CENTRAL ROSETTE

Lukasz KAPUSTA
Silesian University of Technology, Faculty of Civil Engineering, Poland

The paper presents the results of monitoring the size of horizontal deformations of
the mining area with the use of classical tacheometric measurements by applying
the geometric design of the central rosette. The aim of the work was to monitor the
changes in the value of the ¢ [mm/m] index describing the extent of horizontal
deformation of the area during the transition of the exploitation front in the areas
where the cave-in exploitation was conducted. The measurements were carried out
in two research zones: in Bytom — inside the exploited field and in Marklowice — in
the area of the commencement of the operation. The obtained results allowed to:
determine the maximum horizontal deformations, visualize the pace and nature of
their changes and assess the risk of horizontal deformations for existing buildings.
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SOURCES FOR RECEIVING ALTERNATIVE FUELS
FOR INTERNAL COMBUSTION ENGINES

B.V. DOLISHNII

Ivano-Frankivsk National Technical University of Oil and Gas,
15 Karpatska Str., Ivano-Frankivsk, 76019, Ukraine

Nowadays most motor cars and special vehicles use oil products as fuel — gasoline
and diesel fuel. If the number of cars increases with the current pace, the explored
oil reserves (according to British Petroleum) will be enough for about 40 years. In
Ukraine today there are such major prospective sources of alternative fuels for
ICEs: biomethane, biodiesel fuel, hydrogen, alcohols [1-7].

At the same time scientific staff of the department of oil and gas technological
transport (Ivano-Frankivsk National Technical University of Oil and Gas)
researched the possibility of using fusel oils (FO) — waste alcohol industry, as an
addition to traditional commodity fuels. At the first stage, there were studied the
basic physical and technical characteristics of fusel oils blends with gasoline A-92
and diesel fuel, such as: octane and cetane number, density, viscosity [6].
According to the results of our research of octane number, there was established
the optimal compositions of fuel mixtures of FO with gasoline A-92: - A-92 + 5%
FO — octane number is increasing to its value for gasoline A-95; - A-92 + 10% FO
— octane number is increasing to its value for gasoline A-98. For mixtures of FO
with diesel fuel for cetane number optimum content of FO in diesel fuel is within
5...10%. But according to the trends in diesel engines development the degree of
its compression increases, thus it allows the use of diesel fuel with a higher cetane
number. Therefore it is possible to raise the content of FO in diesel fuel up to 12%
[7]. Artichoke may be used as a raw material for ethanol production. The culture of
artichoke has several advantages over others that can be used to produce ethanol
[8]: high adaptability and unpretentiousness to growing conditions; high potential
productivity of bulbous and above ground mass and concentration of carbohydrates
in them; insignificant costs of cultivation. Basing on the research of laboratory of
the oil and gas technological transport department there was produced fuel from the
artichoke. To the crushed mass of artichoke there was added grape yeast and all
that was acidified with sulfuric acid to pH = 2. Subsequently, this mixture was
periodically stirring while heating to 96-96°C and maintained in these conditions
until the end of the process. Distillation of alcohol from the fermented mass was
carried out by direct distillation. Therefore, perspective alternative fuels for our
region are biogas and alcohols derived from biological raw materials which also
can be used in ICEs mixturing with commercial fuels without significant changes
in the design of the power system.
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SPATIAL DATA CONCERNING BOUNDARIES PRESENTED
IN GEOPORTALS

Agnieszka CIENCIALA

Kielce University of Technology,
Faculty of Environmental, Geomatic and Energy Engineering,
al. Tysiaclecia Panstwa Polskiego 7, 25-314 Kielce, Poland

Geographic information systems (GIS) are designed to serve for various disciplines
of life making the spatial information easy to present, analyze and share. One of the
interesting issues concerning Spatial Data Infrastructures is the matter of
presentation of boundaries of plots, showing the scope of property rights, as well as
borders of each land use.

Spatial information concerning the extent of the entity's rights to immovable
property (boundaries) play an important role in society. Specific requirements
concerning land tenure types differ in various countries, but they definitely
determine land use practices and regulate the efficiency of agriculture. Property
rights to real estate, including the strongest of them — ownership, require
specification of the scope of rights, that is, determining the boundaries. They define
the possibility of having agricultural land, collecting benefits from them, affect the
value of tax paid and the amount of direct payments.

Boundaries are the key spatial information of national spatial information
infrastructures. Among the presented data on their course there can be cadastral
data of geodetic accuracy, but also data of cadastral character distinguished. The
latter can be used only in terms of approximate dentification and spatial location, as
well as estimation of the area of plots. They do not provide sufficient accuracy for
formal procedures, as they are not the data of cadastre.

For the purpose of this publication, the quality and credibility of data concerning
boundaries of parcels and land use accessible in the spatial data infrastructures
have been analyzed. Moreover, practical rules for the application of the above data
in the current real estate management processes in Poland have been indicated.
Factors that would increase the usefulness of the published data have also been
specified.
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ENHANCEMENT OF THERMAL PERFORMANCE
OF METAL FRAMED WALLS

Olena KUZNIETSOVA
Kyiv National University of Technologies and Design (Ukraine)

The task of the work consisted in evaluation and comparison of thermal insulation
performance of various types of metal stud walls. For that purpose various types of
metal stud walls were simulated, and different levels of insulation were included in
the models for each type of wall.

The thermal properties of the materials were assumed to be uniform for all
simulated walls. The following boundary conditions were set for external and
internal environment: an external temperature equal to 0°C and a convective
surface heat transfer coefficient 4, = 25 W/(m*>-K); the internal temperature was
defined at 20°C and a convective surface heat transfer coefficient 4, = 7.69
W/(m*-K). Thermal transmittance of steel framed walls was analyzed using heat-
transfer simulation program THERM 7.6.

Thermal insulation performance of various configurations of metal stud walls has
been evaluated. Installing additional exterior sheathing insulation is an effective
way to improve the thermal insulation performance of the metal framed walls.
Changing stud spacing as well decreased U-value of the walls. The efficiency of
this change decreases for walls with additional exterior insulation sheathing.
Changing the distance between metal studs from 40 to 60 cm o.c. reduced the value
of the framing effect (caused by steel studs) by about 9.4%. However, the framing
effect can also be lowered by the addition of expanded polystyrene sheathing.

Methods to enhance thermal insulation performance of metal framed walls were
determined.

The work results can be used in designing new energy efficient buildings.
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THE QUASI-PERPETUAL ELECTRICITY GENERATING DEVICE
BASED ON CERAMIC FUEL CELL FOR CLOSED SYSTEMS
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Ceramic fuel cell (CFC), named traditionally as solid oxide fuel cell (SOFC), is
proposing the highest amount of electric energy released at reactions between
chemical elements. As the most impressive are zirconia ones, those may generate
electric energy using hydrogen as a fuel and oxygen from air at ~95% efficiency.
They may operate at 600°C and for above 70 000 hours [1].

Fuel cell is able principally to operate in reverse manner. Being as electrolyzer,
reversible ceramic fuel cell (RCFC) may efficiently produce gaseous hydrogen and
oxygen being supplied by water and electricity [2, 3].

An imagination is painting some quasi-perpetual energy system, which could be
launched with energy produced by CFC from some initial amount of hydrogen and
oxygen. The CFC by-product, water steam, is decomposed for H, and O, with the
CFC electrolyzer to be supplied by electricity produced by solar or thermoelectric
cells. H, and O, gases will be stored and further re-used for production of
electricity with no any water losses in the closed system. In such a way, the
accumulation and the storage of electric power will be solved via gaseous way.
Energy losses would be compensated by Sun, which might gift the required energy
and would do the CFC energy system as quasi-perpetual one.

The cell voltage, E,, relevant to the thermal effect is £, = AH/(n-F), where AH is
the thermal effect of water decomposition, 7 — number of electrons, ' — Faraday’s
constant, at a hypothetic isobaric isothermal reversible process with no any heat
and mass exchange between the cell and environment, and all energy required for
the decomposition process is electrical one. AH is weakly depending on
temperature, £, = const, but for water £,, = 1.48 V and for water steam E,, = 1.25
V. Obviously, the high-temperature electrolysis is favorable thermodynamically
and requires lower voltage. As result, at high-temperature electrolysis, the
considerable economy of electric power occurs and its efficiency to increase.
Expenses of energy diminishes from 4.5 kW-h to 3 kW-h per 1 m’ hydrogen.

The quasi-perpetual energy system based on reversible ceramic fuel cells for closed
systems like planes, vehicles and buildings looks as possible both
thermodynamically and technically thanks to the suitable R&D achievements in
zirconia CFC.
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THE OPTIMIZATION OF THE TANK CONSTRUCTION
OF LABORATORY SETUP FOR THE INVESTIGATION
OF FORMATION AND COMBUSTION OF FUEL EMULSIONS

Victor 0. MELNYK
Ivano-Frankivsk National Technical Univesity of Oil and Gas, Ukraine

In most countries of the world nowadays there are many problems with ensuring
their energy security. They are caused by depletion of deposits, rising costs of
extraction and transportation of oil, as well as related environmental problems. It
forces to constantly search for new ways to increase energy efficiency of using
hydrocarbons and petroleum products. One of these ways is the usage of water-
based fuels (WBF).

6 The significant contribution to the study of the
processes occurring in the emulsification and
combustion of WBF was made by S.Ya. Kornytskyi,
LA. Tuv [1], V.M. Ivanov, I. Cornet, A.T.
Abdelfattch, Y. Ishii, F.L. Dryer [2], etc. Since the
known theories of WBF combustion are
controversial, the study of the features of WBF
combustion is an urgent task and it is impossible to
be solved without the special laboratory
equipment.When designing such equipment it is
necessary to minimize energy and material costs for
its manufacturing, expenses for operation and
maintenance. It can be achieved by preliminary
Figure I. Tank: 1 —bottom, 2~ analysis of the work conditions with the further
body, 3, 4 —flanges, 5 —gasket,  development and optimization of each element of
0 —plug, o — bottom thickness,  |aboratory equipment. One of the setup elements, on
T~ temperature, P~ pressure which the efficiency of its operation depends, is the
tank for heating the oil product (Fig. 1). Due to the fact that this tank will be heated
by an induction cooker, its design, namely the bottom, requires a deformation
under pressure (up to 0.5 MPa) and temperature (within 60-100°C). As it is known,
the peculiarity of the operation of the induction cooker is the need for contact of its
glass-ceramic surface with the bottom of the heated container. However, when
heating the container, its bottom will be deformed, i.e., there will be a convexity
that will not ensure compliance with the initial parameters during the study.
Therefore, to determine the necessary parameters of the tank bottom in accordance
with the above conditions, its 3D model (Fig. 1) was developed in the software
environment SolidWorks [3] and optimization was carried out. As a result of the
carried research of the tank with an external diameter — 159 mm and wall thickness
— 4 mm, the optimal thickness of the bottom is determined, which is equal to 6 mm.

5
4
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PECULIARITIES OF OPERATION AND ADJUSTMENT
OF THE SOLAR POWER PLANT IN THE CONDITIONS
OF THE NORTHERN REGIONS OF UKRAINE
AND THE CARPATHIAN REGIONS OF POLAND

Mykola SOTNIK, Anna CHERNOBROVA, Oleksandr STROKIN
Sumy State University 2, Rymskogo-Korsakova st., 40007, Sumy, Ukraine

The paper presents the results of conducted research on the functioning of a solar
power plant in the conditions of the northern climatic zone of Ukraine, which is
similar to the climate of the Carpathian region of the Republic of Poland. Research
is based on the scientific foundations of electrical engineering, geography, and the
usage and processing of statistical data.

The efficiency of functioning of the power plant, when the location of solar panels
is on the roof of the building, with the usage of tracing of the angle of inclination,
azimuth, and without them is considered. To determine the efficiency of electric
power generation, the coefficient of power generation k., which is determined by
the ratio of the power of the actual generation Py to the nominal power of the panel
P, is used, k., - Py / P,. The dependence of the change in the coefficient of power
generation k. from the angle of the panel is determined.

The possibilities of arrangement of solar panels on the walls of the building are
explored. The efficiency of generation of electric energy by solar panels at
different angles of inclination is determined. The estimation of the efficiency of the
usage of the area of the location of the solar panels is carried out with the definition
of the coefficient K, which is calculated as the ratio of the area of the placed solar
panels S, to the total area of the site of their placement S, K= S,/S.

The usage of solar panels in the northern regions has features that are associated
with the conditions of the winter season of the year. The expediency of using
trackers is estimated applying coefficients K and k.. An increase in the generation
of electricity does not compensate for the loss of generation capacity by reducing
the installed capacity of the power plant located on the roof of the building.
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TO THE QUESTION OF THE ACCURACY INVESTIGATION
OF POINT COORDINATES DETERMINATION USING
A FIXED BASIS FOR HIGH-PRECISION GEODESY BINDING

A.VIVAT, 0. SMIRNOVA
Department of Applied Geodesy, Lviv Polytechnic National University, Ukraine

Today, for example, modern scanners can perform terrestrial topographic survey of
terrain with a resolution of 1 cm and an accuracy of 2 mm in a few minutes at a
distance of up to 200 m. But for terrestrial topographical survey of large territories
or complex industrial objects, it is necessary to lay geodesic traverses and to carry
out their binding to the points of the geodetic basis. One method of coordinate
transfer during scanning is using the method of inverse linear-angular intersection,
which involves measuring the corresponding sides S1, S2 and the angle f between
them. This method is more precise than the classic, which contains the errors of
centering and reduction. The method of linear-angular intersection can also be used
for many applications in engineering geodesy, for laying geodetic traverses, and
also for attaching to points of wall polygonometry.

In previous work we solved the direct problem — "Calculation of optimal values of
measured lengths for accurate determination of small segments", which allowed the
electronic tacheometers (mg =2 mm, mg = 5") to receive lengths of small segments

with an accuracy of 0.2 mm. In the proposed work, the inverse problem is solved:
"Optimization of determining the coordinates of an unknown point on a fixed base
to provide high-precision geodetic binding". This allows one to design a network of
control points to obtain the highest accuracy of the position of the desired point.
Depending on the selected distance between the control points, the accuracy of the
position determination of the point can vary considerably for the same
measurement of the accuracy of lines and angles.

To date, there are several methods for evaluating the accuracy of an inverse linear-
angular intersection. We have proposed a method for determining the position of
an unknown point P, which provides an opportunity to predict the accuracy of
determining its coordinates depending on the distance between the control points,
the distance to the desired point and the accuracy of the device used.
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STUDY ON STRENGTH OF A TWO-LAYER COLUMN,
CONSTRUCTED WITH POLYMER-FILLED CONCRETE

Olha MALYSHEVSKAZ, Andrii VELYCHKOVYCH?

Ivano-Frankivsk National Medical University, Department of Hygiene and Ecology,
Halytska 2, Ivano-Frankivsk, Ukraine

2Ivano-Frankivsk National Technical University of Oil and Gas,
Department of Constructuion, Karpatska 15, Ivano-Frankivsk, Ukraine

The authors have proposed to use pre-prepared polymer waste as fillers for cement-
sand mixtures in order to improve the environmental situation, in particular
regarding the household polymer waste accumulation. Previous studies showed
expediency of polymeric waste introducing into concrete mixtures to improve their
physical and mechanical properties. The mechanical recycling technology of
polymeric household waste utilization has been developed. Polymer filler optimal
sizes, its amount, the required mixing time and the vibration compaction of the
concrete mixture [1] have been stated.

This paper considers a two-layer concrete column, which consists of a concrete
core and a shell of light PET-concrete. The column was presented by a piecewise
homogeneous calculation model to carry out the planned studies. A cylindrical
body with a through hole smoothly stubborn into a rigid obstacle (the shell of light
PET-concrete) was considered. Cavity of the shell is densely filled with an elastic
deformable cylinder (a concrete core of the column). Bilateral ties are established
between the outer surface of the cylinder and the inner surface of the shell [2]. The
light PET-concrete shell was simulated by a continuous isotropic medium with
averaged constants of elasticity and strength. The upper end of the columns was
presented as a flat smooth surface. The external load was considered applied to the
upper end of the column through a rigid stamp. The cylindrical coordinate system
were used to describe system’s stress-strain state and the final strength assessment
was carried out according to the energy criterion. The developed mechanical and
mathematical two-layer column model made possible to take into account influence
of the all elasticity and strength significant parameters on the studied object
behavior; and thus boundary contact problem was formulated in a form suitable for
analytical solving. The obtained analytical results were tested by the two-layer
column with concrete core of M 300 (C 18/22.5). There were specified three
variants for the light PET-concrete shells with differ amount of reinforcing filler —
polyethylene terephthalate (4%, 10%, 15% by weight of sand). The axial, contact,
ring, and equivalent stresses in the column material were determined. Their bearing
capacity were evaluated and recommendations for layered composing were
developed.
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APPLICATION UAS AS AN EFFECTIVE TOOL
FOR MAPPING NATURAL HAZARDS

Peter BLISTAN?, Monika BLISTANOVA?, Katarina PUKANSKA?,
Ludovit KOVANIC2, Matej PATERA?

'Kielce University of Technology, al. Tysigclecia Panistwa Polskiego 7, 25-314 Kielce, Poland
/Technical University of KoSice, Park Komenského 19, 04001 Kosice

2Technical University of Ko$ice, Park Komenského 19, 04001 KoSice

Unmanned aircraft systems (UAS) is a modern technology used in recent years to
map the surface of objects, including landslide hazard. The obtained data allow to
generate orthophotomaps, topographic maps or 3D terrain models. The article
discusses the use of UAS for documenting geo-hazards and photogrammetric data
collection and data processing methods.

Aerial Photogrammetry from UAS and monitoring of dangerous geological areas
by means of UAS is a new technology for monitoring surface objects and
phenomena, which is gradually being used to monitor natural threats which include
the most common ones — floods and landslides. Floods and landslides are a
phenomena whose incidence in Slovakia is significant. These phenomena have a
significant impact on urbanization and landscape use.

The main impact on their occurrence is: loss of vegetation, changes in climatic
conditions and negative human activity. There are several sites in Slovakia where
these phenomena occur and thus limit the urban use of the landscape.
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JUHAMIKA BIIJIUBY TEINJIOI30JIALIAHOT OBOJIOHKH
bYZIBJIIl HA EHEPTOIIOTPEBY TA YMOBH
KOM®OPTHOCTI

Valerii DESHKO, Inna BILOUS, Nadia BUYAK
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

MeTtoro poOOTH € aHali3 3acTocyBaHHs nuHamiuHoro BEM mopentoBaHHS mpu
PO3paxyHKy HalOUIBII TMOIIMPEHHX 3aXOAiB 3 TepMocaHaulii OyZiBenb pi3HOT
MacUBHOCTI Ta Koe(]illieHTy 3acKJieHHsS Mpu 3a0e3nedeHi KoMmpopTHuX ymoB. Ha
OCHOB1 JIMHAMIYHOTO MOJIETIOBaHHS B MporpamHOMy mponykTi EnergyPlus
JOCTIDKEHO  EHEpPreTWYHi  XapaKTepUCTHK  OyZiBIi  MpH  BCTaHOBIEHI
eHepro3oepiralounx CKIOMAKETIB Ta yTEIUIeHI 30BHILIHIX CTiH. BcTaHOBIEHO, 110
JBOKAMEPHUI CKJIOMAKET 3 aprOHOBUM 3allOBHEHHSM 3 CEJIEKTUBHHUM IOKPUTTIM
Ha 30BHIIIHBOMY Ta BHYTPIIIHBOMY CKJi JO3BOJISIE 3MEHIIUTH €HEPromnoTpedy B
cepeaHboMy aisi Oyaisii Ha 8-10% B MOPIBHAHI 3 ABOKAMEPHHUM CKJIONIAKETOM 0€3
CEJIEKTUBHOTO IIOKPUTTSI Ta 3allOBHEHHS KaMmep IOBITPSAM A OIOpY
OTOPOJIKYBATBLHUX KOHCTPYKIIIH XapaKTEPHOI'0 MacoBii 3a0yI0BI.
[IpoananizoBaHO 3MEHIIEHHSI €HEPrOCHOXUBAaHHS MPH YTEIUJICHHI 30BHIIIHIX CTIiH
3a pi3HOI MOYAaTKOBOI MACHBHOCTI NMPH TOCTIHHOMY IiITPUMaHHI HOPMAaTHBHOI
TEMIIEPaTypy Ta NPH TMOHMKEHI B HEpoOOUl TroguHH. MaKCHMaabHO MOXKJIUBUI
EeKOHOMIUHHMH eQeKT 1 KiiMatThuHux ymoB KwueBa cranoButes 25%, 3
BpaxyBaHHSIM IEpioiB MiXKCE30HHS (OCiHb/BECHa), [ic ONMAJICHHs MPALIOE MEHIIE
(BMUKaETHCS/BUMUKAETHCS TTI3HIIIE) 32 YMOBHU 301UTBIIEHHS KOS(DIlli€HTY 3aCKICHHS
Ha [In. [IpoBeneHo aHami3 3MiHM cepeAHBOI pamialiiiHoi Temmeparypu ta PMV
(moka3HUKa TEII0BOi KOM(OPTHOCTI) Ui JMHAMIYHOI 3MiHM apaMeTpiB JOBKIILISA
Ta pI3HMX BapiaHTIB OTOpPO/KEHb OymiBmi. BcTaHOBIEHO niama3oH 3MiHU fHa
NPOTS31 POKY JUTS PI3HUX BapiaHTiB OTOPOKEHb 3HAXOAUThCS B Mexkax 18-28,8°C,
a PMV, sk OCHOBHOIO TOKa3HMKa TeruioBoro komdoptry Big -0,6—1,2. danuii
aHaJi3 NOKa3ye IIMPOKHUHN Jiana30oH 3MiHH 00’ €KTUBHHUX MapaMeTpiB Ta MOKa3HUKIB
TEIIOBOTO KOM(OPTY, Ta MOMIIMBOCTI IOJO 3HIDKEHHS EHEProCHOXHBAaHHS 3a
PaxyHOK 3HIDKCHHS TEeMIIepaTypH MOBITpS y MPHUMIIIEHHI y TepioA BHUCOKHX
3Ha4YeHb CepeIHbO1 pajialiiiHol TeMnepaTypH.

Takox MpoaHai30BaHO BIUIMB OTOpPOpKeHb Ha 3MiHy PMV, BcTaHOBIEHO, 10 32
PaxyHOK 3MiHU apaMeTpiB OrOpOIKEHb MOXHA 3MiHUTH PMVnpaktuuHo BaBiui,
0 BKa3y€ Ha HEOOXiTHICTh KOMIDIEKCHOTO IIAXOMY [0 OIIHKH TEIJIOBOTO
KoMQopTy. A caMe Ha BaXXJIHMBICTh BpaxyBaHHS JUHAMIYHOI 3MiHM THapameTpiB
JTIOBKIJIJISL Ta MOKIIMBO1 TEPMOMO/IEpHI3aIlii.
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EHEPTETUYHA CTPATETI'IA A1 PEAJII3ALI
COLIA/IBHO-EKOHOMIYHOT'O ITIOTEHLIAJIY
Ob’€EJHAHUX TEPUTOPIAJIbBHUX TPOMA/L

Jlrogmuaa MukosiaiBHa APXHUITOBA

Ivano-Frankivsk National Technical University of Oil and Gas,
15 Karpatska Str., Ivano-Frankivsk, 76019, Ukraine

Bigmosimao no0 Eneprermunoi crparterii Yipainum mo 2035 p., 3aTBepmKeHOI
nocranoBoto KabGinery MinictpiB Ykpaiau Big 18 cepmas 2017 p. Ne 605-p.
«JlexapOoHnizaliis eHepreTukn HaOyBa€ OUIBIIIOrO BIUIMBY 3 TOYKH 30Dy
3amo0iraHHst  3MiHI  KJimMary, IO BIMBae Ha (QOpMyBaHHS  OajaHCy
EHEepProreHepyoUunx MOTY)KHOCTeH. BaknuBy posib y BUKOHAHHI I[bOTO 3aBJAHHS
OyayThb BimirpaBaTH ...BiJHOBIIOBaHI JKepella €Heprii 3 HailMEeHIIMM piBHEM
BUKUAIB MApPHUKOBUX Ta3iB». OOHAK, IUPOKE BIPOBAIKCHHS 3a3HAYCHUX KEPET
eneprii B Kapmarcekomy perioni Ha piBai OTI crpuMyerbcs BiACYTHIM
iHpopmaniiinuM  3a0e3neveHHs M BrpoBamkeHHs BJIE.  Jlns  mocsrHeHHS
MOCTaBJICHOT METH IUJIaHYEThCSl BUPIMICHHS HACTYNMHUX 3aBAaHb: PO3POOJICHHS
HAyKOBO-METO/IONIOTIYHMX 3acaj crpaterii BukopuctanHs BJIE B mexax OTI;
Jeramizamis oOMexeHb BukopucranHs BJIE mo mapamerpam pecypcHOTO
NOTEHIIaNy, E€KOJOT1UYHOi Oe3MeKH, peKpealiiHO-TYpPUCTUYHOTO BUKOPHUCTAHHS
TepUTOPii, cTanoro 30aJaHCOBAHOTO PO3BUTKY PErioHy Ul TPHOX CHOPMOBAHUX
OTI' B mexax IBano-®pankiBcbkoi 00macti; crBopeHHs ['IC-kapt pesymbraTiB
MOJICITIOBAHHSI, TIPOTHO3YBaHHS 1 MOHITOPHHTY OOMEKEHb, IIOB’SI3aHUAX 3
NPOEKTaMH PO3BUTKY BiIHOBIIOBAaHOI E€HEPIreTHKH, BPaxOBYIOUM IMPHUPOIHO-
3amoBigHUA (HOHA (B T.4. MICIIEBOTO 3HAYEHHS), I[iHHI TPYHTH Ta E€KOCHUCTEMH,
HeOe3NeuHi TeoJNOoTiuHI  MpOLEeCH, TEePUTOpii, IO MiJISTalTh 3aTOILICHHIO
naBogkamMu 1% 3a0e3meveHocTi, TYpUCTHYHI 30HM (B T.4. TEPCHEKTHBHI),
peKpealiiiHi  KOMIUIEKCH, pO3TallyBaHHA JIHIA  elleKTpolepenady  TOIIO;
oOrpyHTYBaHHS HaWKpamx JOCTYMHUX JUIi BUKOPUCTAHHS  TEXHOJOTIH
BUKOPUCTaHHsI JBOX-TPbOX BH/IB BiJIHOBIIOBAHOI CHEPTeTUKH PIi3HOTO PIBHA
NOTYKHOCTI  Bil BHUKOPUCTaHHS B IHAMBIAyaJIbHHX TOCIIOAApCTBaX 10
IHBECTHIIIIHOT MPOITO3UIIil MPOMHUCIOBOI MOTY>KHOCTI B CTPATETil0 €KOHOMIYHOTO
po3Butky OTT. [lepenbadaerpes po3poOKka MPOrpaMHOTO MPOAYKTY €KOJIOTIHHOTO
MEHE/DKMEHTY  BiIHOBIIOBAaHMX JDKEpen CeHeprii ske Oa3yBaTHMEThCS Ha
BpaxyBaHHI OOMEXeHb ITOKa3HWKIB €KoOe3lekn Ta TmependadaTuMe oOpaHHS
nustakn - posramysanHs BJIE B mexax OTI, ekobesnedHoi IMOTY>KHOCTI
BUKOpuUCTaHHs Jukepena BJIE; TecTyBaHHS NpOrpaMHOro IpOAYKTY ISl TPbOX
copmoBannx OTI" B mexax IBano-DpankiBchkoi obnacti. Peamizamis 3aBmaHb
HiATBEPOUTHCS MO3UTUBHUMHU pe3yJbTaTaM{ MiJBUILEHHS PiBHSI BUKOPHUCTAHHS
€KOJIOT1YHO YHCTHX TEXHOJOTiH mporHo3Ho Ha 30% B HACTYMHI 5 POKiB.
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HYBRID SYSTEMS OF ELECTRIC AND HEAT SUPPLY
OF MULTI-STOREY BUILDINGS

N. FIALKO, N. TIMCHENKO, Ju. SHERENKOVSKI],
N. MERANOVA, 0. MALETSKA

Institute of Engineering Thermophysics of NAS of Ukraine,
2a, Zhelyabova Str., Kyiv, 03057, Ukraine

The features of the hybrid systems of electric and heat supply of multi-storey
buildings based on the sharing of electricity and traditional energy resources and/or
alternative and renewable energy sources are considered.

Use these systems as active consumers of intelligent electrical networks is aimed at
combining the advantages of the two heat supply subsystems. This will lead to a
certain synergistic effect in all links of the infrastructure chain: generation —
transmission — consumption of electrical energy.

The considered hybrid systems include two basic circuits, the first of which is the
electric heating circuit, the second one — the heat supply. These circuits in a certain
way interact with each other, providing high-quality and comfortable heating and
hot water supply. In heating systems, thanks to the second circuit, as a rule, the
necessary temperature condition of the room is ensured, at which its standard
technical condition is maintained. Further heating of the room to a comfortable
temperature is carried out at the expense of the first circuit in accordance with the
requirements of the user.

Different configurations of hybrid systems are determined by the specifics of the
construction of their basic contours. There are two main options for the realization
of the electric heating circuit. The first circuit assumes the existence of the electric
heating circuit in each apartment. In the second option, the electric heating circuit
is general house. Various combinations of these options form a variety of basic
modifications of these systems.

Hybrid systems, as active consumers, can provide a seal for the daily load pattern
of power systems by maintaining its nightly dip. Along with this, the functioning of
hybrid systems in the respective modes allows to increase the energy efficiency of
heat supply and its quality and comfort.
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BIIJIUB 3APAIHUX IPUCTPOIB EJIEKTPOMOBL/IIB
HA 3ATAJIBHITAPMOHIYHI CIIOTBOPEHHA
B PO3MOAI/ILHIA MEPEXI

A.B. BOCAK

HauioHanbHuM TexHIYHUH YHiBepcuTeT YKpaiHu
«KuiBcbkuii nosiTexHiyHUM iHCTUTYT iMeHi Iropsa Cikopcbkoro»

Enextpuuni Oarapei 3apsmkaloTbess OOPTOBHMH 3apsATHUMHU TPUCTPOSMH, SKi
MIKTIOYAIOTECA 70 PO3MOAUILY0T Mepexi uepe3 3apsiiHi IpuUcTpoi (CIIoTH).
TeputopianbHUM 00'€AHAHHSIM CJIOTIB AJIS MIiAKIIOUEHHS 10 €JUHOI Mepexki 3
3arajJbHUM MiAKIIOYEHHSIM 10 CITKM € 3apsaHuil myHKT. [loTykHicTh 3'enHaHHA
o0OMeXeHa BUMOTaMH €NIEKTPHYHOI MEPEexKi.

OcHOBHa MeTa TaHUX JOCIIKEHb MOJIATAE B TOMY, 1100 MOKa3aTH BILUTUB TAPMOHIK
HAIpPyTd Ta CTPYMYy Ha MEpEXY HH3bKOI HANpyr MmiJ 4dac 3apsmkanHs EM. Sk
BijoMo, akymysitop EM noTpebye mocTiiHuid cTpyM JUisl 3apsiKaHHs. [HBepTOpH
ta DC-DC mneperBopioBaui (HenmiHiifHE HaBaHTa)KCHHS) IEPETBOPIOIOTH 1
PETYNIOI0Th MOCTIHHUN CTpyM 31 3MiHHOTO. CaMe TOMOJIOTIS CXeMH 3apsSaHOTO
NPUCTPOIO BHKJIMKA€E HENiHIMHICTh CIIOKUBAHOTO CTpyMy. EKcliepuMeHTalbHUMA
3apsIHUM  TPUCTPIH € HAaWOpPOCTIIIMM  HEKOHTPOJBbOBAaHMM  OTHO(pA3HUM
BUTIPSIMIITIEM, 1 TOMY HasBHI BETHKI TapMOHIKK CTpyMy Ta HHU3BKUH KOe(illieHT
MOTY>KHOCTI.

Bucoka HemiHiliHa dYacTKa NPWU3BOAWTH 10 HENMIHIMHUX MaAiHh HANPYTH Ta
CIIOTBOPCHHA HAIIPYTU. He IMPU3BOJUTH 10 TaAKUX HETAaTUBHUX peqefx'l, SIK 3HUXKXCHHS
e(heKTUBHOCTI MPUCTPOIB, IEpeHANPYTH a00 MepeBaHTAKEHHS.

Cursan cTpyMy Ta Hanmpyrd Moke OyTH MPENCTaBICHUH K CyMa CHHYCOIZaJbHUX
¢opM Ha pI3HUX TapMOHIMHUX YacTOTaX. 3JaraJlbHUM pIBEHb CIOTBOPEHb —
3araqpHUN Koe(ilieHT rapMoHiiHuX crnorBopeHb (Total Harmonic Distortion,
THD).

Jlnst 3MEHINeHHsT TapMOHIKM CTPyMy MOXKHAa BHKOPHCTOBYBATH PIi3HI METOJH.
HaiiGinpn mommpeHuMu € JIiHIAHI  QUIBTpH  (BUKOPHCTOBYIOUM —ITaCHBHI
KOMIIOHEHTH: I1HOYKTOPHM Ta KOHIIEHCATOPH) Ta AaKTUBHI EJNEKTPOHHI CXEMH.
3MEeHIIeHHs 3 TOTIOMOTOI0 MTACHBHUX KOMITOHEHTIB 3a0e31edye BUCOKHM iMIeaHc
JUIE TapMOHIK 1 BHUPIBHIOE KpHBY BXimHOro cTpyMmy. lllo cTOCyeThCs akTHBHOI
€JIEKTPOHHOT CXEMH, TO 3MEHIICHHS TAPMOHIYHOTO CTPYMY 3IIMCHIOETHCS NUISIXOM
3MIHH BXiHOTO CTPyMy €JEKTPOHHOTO OONaHAHHSA TWPOTOPIIHHO IiHIAHII
Harpy3i. lle npu3BoauTh 10 BUIA4i CHHYCOIJallbHOTO BXiJHOTO CTpyMy y ¢asi 3
HaNpyrolo JiHii.

BusiBiieHo BIUTHB 3apsJHOTO MPUCTPOIO HA SIKICTh eNeKTpoeHeprii. BeraHosieHo,
10 KoeQilieHT e(eKTUBHOCTI CTAHOBHUTH OJHM3BKO 55%.
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OPPORTUNITIES FOR THE PRODUCTION
AND USE OF BIOMETHANE IN UKRAINE

M.V. PANCHUK, I. MANDRYK, A.M. PANCHUK

Ivano-Frankivsk National Technical University of Oil and Gas,
15 Karpatska Str., Ivano-Frankivsk, 76019, Ukraine

Biomethane is the biogas that has passed purification and enrichment in accordance
with the technical requirements for motor fuel or gas in the transmission network.
Recently, the world practice has seen the significant increase in the number of
projects aimed at producing and pumping biomethane into natural gas transmission
networks, which opens up new opportunities for biogas technologies. Ukraine is
located at the intersection of gas and oil transportation systems of the European and
Asian continents and thus plays a specific role in the fuel and energy markets of
Europe. The total length of gas distribution networks is about 246 thousand
kilometers, and more than 70% of Ukraine’s population has access to natural gas.
Thus, in most regions of Ukraine there is the technical capability to connect
biomethane producers to medium and low pressure gas distribution networks for
the local consumption of biomethane, and the existing unique system of main gas
pipelines raises the possibility of exporting the biomethane, produced in Ukraine,
to Western European countries. The use of biomethane as a motor fuel provides
significant saving of fuel and energy resources. The experience of filling cars with
biogas as motor fuel proves that it can be used in traditional car designs. Due to a
simple, reliable and proven technology, biogas has all necessary characteristics to
become one of the most efficient and economically viable fuels from renewable
resources. Ukraine is the country with the conventional use of compressed natural
gas as motor fuel. In 2011, there were 200 thousand cars running on compressed
natural gas and about 300 gas filling stations in the country. The use of biomethane
as motor fuel is practically unlimited. Since the properties of biomethane are close
to the properties of natural gas, it is possible to use biomethane as motor fuel in all
proportions with natural gas.

The peculiar feature of biomethane producing technologies is that they are not
purely energy based, but are the complex that helps to solve energy, agrochemical
and environmental problems. Thus, the state can increase its level of economic and
environmental security by means of solving energy problems, stimulating the
production of electricity from biogas, the production of biomethane, pumping it
into the natural gas transmission network and using it to fuel motor vehicles.
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BU3HAYEHHA EHEPTOE®EKTUBHUX PEXXUMIB POBOTH
BIOTEIIVIOTEHEPATOPA 3EPHOCYIIAPKH HIJIAXOM
IMITAHIMHOI'O MOAE/JIIOBAHHA

B.C. PEJIOPEWKO, P.I. 3ATOPO/IHIN, I.C. ICKEPCbKUH,
L.B. JIVLIUK, M.I. PYTUJIO

TepHoNiJbCbKUU HallioHAJbHUY NefaroriyHui yHiBepcuTet iM. B. [HaTioka

3a0e3rneyeHHsT EHEProeeKTUBHUX PEKUMIB pOOOTH CTALliOHAPHOI CYIIAPKH
0a3yeTscsi Ha BH3HAYEHHI ONTHUMAIbHOI  TOTYXXKHOCTI  €IEeKTPONPUBOJIIB
OloTeryiorenepaTopa, siki 0 3MOTJIHM MiATPUMYBATH TEeMIlepaTypy B CylIapii i3
BpaxyBaHHSIM BOJIOTOCTI 3epHa 1 3a0e3meuuTH HEOOXiJHI MPOIYKTHBHOCTI
BEHTHJIATOPA T0JIa4i MOBITPSI B KOTEN Ta IIHEKa-103aTopa 0ionainBa B 3aJIe)KHOCTI
BiJl BMICTY KHCHIO B ITUIMOBUX Ta3ax.

OnHMM 13 METOAIB 3HWKCHHS BHUTPAT € BIPOBAIKCHHS YACTOTHO-PETYIHOBAHUX
ACHHXPOHHUX EJICKTPONPHUBOIIB JJIs ONTUMI3allli €HEProCIOKUBAHHS.

3 MeTO0 BH3HA4YCHHA €HEepProe()eKTUBHUX DPEXKUMIB (PYHKIIOHYBaHHS CHCTEMHU
PO3p0o0JICHO IMITAIIiHY MOJENb, sSKa J03BOJISE BIATBOPHUTH ajIrOPUTM POOOTH B
Yaci Ipy pi3HOMaHITHUX MMOEAHAHHIX 3HaUYeHb TapaMeTPiB CUCTEMH i 30BHILITHBOTO
cepenopuma. KomriekcHa imiTarliiiHa Mozens peaiizoBaHa 3acobamu Simulink 3
BUKOPHCTAaHHSIM €JIEMEHTIB BOyZOBaHMX O0i0JIOTEK 1 MICTUTh CKOHCTPYHOBaHIi
MiICKCTEMH CyIapky Ta OioTerioreHeparopa 3 CUCTEMOIO KepyBaHHs. Takox, 110
CKJIany Li€l MOAET BXOIATH HACTYITHI MOAYJNi: MOJENb LIHEKa-103aTopa MajluBa,
BEHTWJIATOPY Ta BIAMOBITHUX 0 HAX MOJENI aCHHXPOHHUX IABUTYHIB 1 MiACHCTEM
YaCTOTHHX TePETBOPIOBAUIB.

TexHomnoris BuU3HAa4YeHHS €HEProe(eKTHBHHUX PEXHMIB POOOTH € HACTYIHOIO: B
3aJIeKHOCTI Bifi BOJIOTOCTI MaJWBa, TEMIIEPaTypyd Ta BOJOTOCTI MOBITpPS
PO3paxoBYETHCS MPOAYKTUBHICTH BEHTHIIATOPA MOJayi MOBITPS Yy KaMepy TOpiHHS
Ta TNPOAYKTHUBHICTP IIHEKa mHojauyi mnamuBa.  YacTOTHO-peryJibOBaHHUM
CJICKTPONPUBIJ IIHEKA JI03aTopa 3arpy3Kd 3epHa Yy Cylapky 3a0esmnedye
KOHTPOJIbOBaHY pETyJbOBaHY 3arpy3Ky 3epHa y CYIIMIbHI IMAaXTH, HIISIXOM 3MiHH
YaCTOTH CTPYMY JKHBJICHHS aCHHXPOHHUX ABUTYHIB y Mexkax 5-50 ['m.

Po3pobiiena Mojens qae 3MOTy JOCTIIUTH TapaMeTPH CYIIapKU y Pi3HUX pEKUMax
po0OTH Ta TpW CYIIIHHI PI3HUX BHIIB 3€PHOBUX, a TaKOX IEPEBIpUTH pPOOOTY
CHCTEMH Y HOPMAJIbHUX T4 KPUTUYHUX YMOBAX.
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FEATURES OF TRANSPORTATION OF HYDRATES
IN A FLUID FLOW

Lidiia V. VOZNIAK, Galyna M. KRYVENKO

Ivano-Frankivsk National Technical University of Oil and Gas,
Karpatska Str., 15, Ivano-Frankivsk, 76019, Ukraine76019

Transportation of hydrates in a fluid flow is one of the options for a possible
solution to the problem. Temperature and pressure influence the stability of
crystalline hydrates, that is, their presence in a solid state. The influence of solid
particles during the flow of liquid on the loss of pressure was investigated at the
Ivano-Frankivsk Institute of Oil and Gas. These research results had been used to
analyze the influence of natural gas hydrates on pressure losses in the pipeline. The
rubber crumb was used for experiments. The influence of crumb of different
concentrations and granulometric composition on the loss of head was investigated.
The dependence of the friction factor on the Reynolds number for different
concentration and granulometric composition of the rubber crumb was constructed.
Reduction of hydraulic resistance is observed at a certain concentration of crumb
and granulometric composition. The results allow us to predict the distribution of
pressure along the pipeline and to provide a stable state of crystalline hydrates in
the flow of liquid. Studies of the results showed that solid particles of longitudinal
shape, the concentration of which is equal to 0.25% and 0.5%, in the size from
2 mm to 3.5 mm, are moving in a straight line. Solid particles break the vortices
and reduce the loss of head in friction. Reduction of hydraulic resistance is not
observed, if the concentration of solid particles increases to 1% and above. The
analysis of influence of hydrates of natural gases on hydraulic losses are carried
out. The results are confirmed experiments conducted by Yu.P. Korotayev with the
flow of air with a small amount of liquid in vertical pipes, that impurities in the
turbulent flow can significantly affect its structure. Investigations with solid
particles are coincided with the results obtained by Yu.P. Korotayev for a small
amount of fluid in the air flow. Studies are confirmed the decrease of the friction
factor of air at a certain concentration of fluid in the flow. Toms and Yu.P.
Korotayev were one of the first researchers of this phenomenon. This is called the
Toms effect. The Toms effect has caused great scientific and practical interest.
Many hypotheses are proposed in which attempts are made to explain the effects,
but there is no generally accepted theory of resistance reduction by impurities. This
is due to the complexity of studying a phenomenon, which, from the standpoint of
hydrodynamics, has a number of anomalies. At certain concentrations, hydrates can
move in a straight line, breaking the vortices, which leads to a reduction in
hydraulic losses, and, accordingly, a reduction in energy costs for transportation.
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3HUKEHHA BUKUAIB BYTJIEKUCJIOT'O T'A3Y
HA TOP®OBPUKETHHUX 3ABOJAX

J1.4. KYJIAKOBCbKHI

HauioHanbHuM TexHIYHUN YHiBepcuTeT YKpaiHU « KMIBCbKUM NOMITEXHIYHUH IHCTUTYT
imeHi [ropsa Cikopcbkoro»

B Oaratpox nepxaBax cTtBopeHHI HamioHanbHi eHepreTwuHi crparterii B SIKHUX
OMMCYETHCS BAXKJIUBICTh IMIJBUIINCHHS OOCSIIB BUPOOHMIITBA MICIIEBOTO IajMBa,
30kpemMa Topdy. OQHAK HAPOIIYBAaHHIO OOCATIB BUPOOHUIITBA TOPPOOPUKETIB B
OaraTboX KpaiHax 3aBakae, 30KpeMa, 3HayHe 3a0pynHEHHS aTrMocdepu
topdozaBomamu. [lomryk mmsxiB 3HWKEHHA 3a0pyIHEHHS HaBKOJIHUIIHBOTO
CEpeIOBHIIA B Pe3ysIbTaTi POOOTH TOPPOOPHUKETHUX 3aBOIIB € TOCUTh AKTyaJIbHOIO
3agadero. BupoOHuui nani BupoOHMUTBa 3aBoAy JlepiHjoy HagaHi KOMIIAHIEO
bopn Ha Mona (Ipmannisi) BKa3yioTh, IO B TOJMWHY Ha 3aBOJi 3 MTHEBMOBOJISHOIO
CYIIApKOIW BHUPOOJSEThCs Juine Ou3bko 18 ToH OpukeTiB i3 45 ToH Topdy.
3HayHa YacTUHAa TOp(y BTPAUAETHCS y COKOBOMY Mapi, IO HANpaBIIETHCS B
OUKJIOHA 1 B NOJANbIIOMY BHUKHIAaeThbca B atMoctepy (monax 5300 kr/ron).
Hocnimkenns nposeneni Ha 3aBoii Tyorci (EcToHis) mokaszaiw TakoX 3HAYHY
KiTBKICTh IITAMOBOI BOH — 36 M/TOJI, a KOHLEHTpaIlist Topdy B HUX — 9,3 M’/rox
[2]. Ximiununii aHami3 Topdy pi3HHX POJOBHILI IOKa3aB BUCOKHUH BMICT KHCHIO,
Byrnemo 1 mirHiny [3]. HasBHuit ximiuHuii ckiam Topdy HO3BOIISE TPOSBUTH
BUCOKY pEaKIiiHy 3AaTHICTh TOp(dy MiJ BIUTMBOM BUIPHHX PaJUKAIiB TUIA3MH.
Tomy Boja, IO HampaBIsSETbCA B KaHAMI3ALil0 1 COKOBa Mapa MOXKe
BUKOPHCTOBYBATHCSl SIK CYCIIEH3isl [UIi OTPHMaHHS CHHTETHYHUX Ta3iB B
pe3ybTaTi IIa3Mo-KaTaiThaHoi razudikaiii. Tomy 1uist 3MeHINeHHs 3a0py JHEHHS
TOp(HOOPUKETHUMH 3aBOJIaMU HEOOXiHO Ha BUPOOHHUIITBI CTBOPHUTH JTOJATKOBUI
MOJIYJb 3 IJIa3MO-KaTaTiTHYHUM PEaKTOPOM 31aTHUM HepepoOIATH TEXHIYHY BOLY
y Burini cycnensii (Boam i Topdy) 1 BYIIIEKHMCIOro ra3y TMIiCHS JOAATKOBOI
OYUCTKM B KOPHCHI €HEpreTH4YHi NpPOAYKTH — CHHTE3 Ta3, MeTaH, METaHOI.
BusBrneHo, 1m0 iCHYHOTH MOXIIMBOCTI 3MEHIICHHS 3a0pyIHEHHS JIOBKUIISA
TOpOOpUKETHIMH 3aBOJAaMH [UIAXOM TPOBEACHHA Tasudikamii Topdy Ta
BUKOPHUCTaHHSI TUIA3MO-KATAITHYHOTO peakTopa sl PO3KIIaJaHHS BYTJIEKUCIOTO
ra3y B €JICKTPHYHOMY pO3psji Ta BUPOOHHUITBI HOBUX €HEPreTHUYHHUX MPOAYKTIB,
TaKuX SIK CAHTETUYHUH ra3, METaH, METaHOJL.
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DETERMINING OF STRESS-STRAIN STATE OF THE CASING
STRING ACCORDING TO THE DIRECTIONAL SURVEY DATA
DURING THE WELLBORE CONSTRUCTION

Igor I. PALIYCHYK

Ivano-Frankivsk National Technical University of Oil and Gas,
15 Karpatska Str., Ivano-Frankivsk, 76019, Ukraine

The casing string in the curvilinear borehole is represented as a long elastic rod, for
which a non-uniform system of differential equations is constructed and integrated
taking into account its own weight and friction. Formulas for the distribution of
axial forces and bending moments in the body of the column, as well as the
reactions of the walls leading the column to the actual well profile are obtained. To
calculate these force factors, a method for numerical integration of inclinometric
measurements data and software for numerical analysis of a real well are
developed. This technique allows to detect the areas of local increase of the
curvature and difficult passage of the curvilinear well and calculate the parameters
of the stress-strain state of the casing column in it.

The stress-strain state of the casing in the curved well can be determined by the
non-uniform system of differential equations, which describes the bending of a
long elastic rod under the action of distributed forces of its own weight, the
reaction of supports and friction. Having the shape of the well with a known
function of the zenith angle, we can find the solutions of the system in the form of
functions of the distribution of axial forces and bending moments in the body of the
column, as well as the reactions of the walls, which lead the column to the actual
well profile.

Parameters of the stress-strain state of the casing in an actually drilled well can be
determined by the developed methods of numerical integration of the data of
inclinometric measurements of the well and the software of their numerical
analysis. This allows us to identify areas of local increase in curvature and
obstructed passability of the curved well.
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RESEARCH ON THE PERFORMANCE
OF BIOGAS-POWERED CARS
IN THE MOUNTAINOUS TERRAIN

T.V. DYKUN, L.I. HAIEVA, F.V. KOZAK, Ya.M. DEMIANCHUK

Ivano-Frankivsk National Technical University of Oil and Gas,
15 Karpatska Str., Ivano-Frankivsk, 76019, Ukraine

In the world structure of alternative energy, biomass energy makes up to 13%.
Scientists predict that by 2040, the share of renewable energy and biomass will rise
to 47.7% and 23.8%, respectively. The potential of low-calorie gases, in particular,
biogas, which Ukrainian agriculture and industry produce in significant quantities,
is almost never used here. The number of available domestic facilities for recycling
such gases is scanty, although, in most developed countries, the significant number
of such factories is operating. Landfill biogas is one of the promising energy
sources, still, today, it is either emitted into the atmosphere, polluting it, or burned
in flares. The use of biogas as fuel in automotive internal combustion engines is not
sufficiently studied. However, the substitution of gasoline for biogas reduces
engine power and increases fuel consumption. Especially this should be taken into
account when operating vehicles in mountainous terrain under the conditions of
reduced atmospheric pressure and temperature. Nevertheless researching how
mountain conditions can influence the performance of biogas-powered automobile
engines is not given enough attention yet in Ukraine and in the world. Operation of
cars on the mountain roads of the Carpathian region at the altitudes of 1000-2000
m above sea level with rises and descents up to 12% and the section length up to
10-15 km is difficult. The higher is the level of the terrain above the sea, the lower
become the atmospheric pressure, air density and temperature, which deteriorates
the filling of the car engine cylinders. The engine cooling rate decreases because of
the air dilution and small speeds on steep slopes. Simultaneously, running engines
on an excessively enriched fuel-air mixture and moving mainly in lower gears lead
to engine overheating. Under the mountainous terrain conditions, Air to Boil
temperature decreases. As we know the blend composition of biogas, it is possible
to calculate its combustion value as well as the combustion value of the gas-air
mixtures. Based on analytical research, we have plotted some graphs that reflect
the dependence of the changes in the effective power and effective specific biogas
consumption on the changes in ambient temperature and atmospheric pressure.

Adding natural gas to biogas can reduce the impact of these factors. As a result of
adding 20-50% of natural gas to biogas, the specific effective fuel consumption of
engines grows by 2.5-3.5%, compared to gasoline.
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RESEARCH OF POLLUTANTS EMISSIONS INTO
THE ATMOSPHERE BY STATIONARY SOURCES

Galyna M. KRYVENKO, Lidiia V. VOZNIAK

Ivano-Frankivsk National Technical University of Oil and Gas,
Karpatska Str., 15, Ivano-Frankivsk, Ukraine, 76019

Based on the urgency of the issues of reducing pollutant emissions and minimizing
their impact on the environment, it is necessary to analyze the change of emissions
for a certain period of time. This will allow to predict emissions of pollutants and
take measures to minimize them. To assess the emission of harmful substances into
the air, one of the regions of Ukraine, where there is a considerable amount of
recreational resources, was taken. According to statistics, in 2017, 198.3 thousand
tons of pollutants got into the atmosphere of the region. This is by 0.8% more than
in 2016. Ukraine is a member of the Energy Community. Therefore, Ukraine is
obliged to abide by the terms of the Treaty Establishing Energy Community and its
annexes. Due to non-compliance with the requirements of Ukrainian environmental
legislation, the wvast majority of large combustion plants should be
decommissioned, which will reduce existing capacities in the national energy
system and reduce production of electric and thermal energy. To analyze the
existing emissions of thermal power plants (TPPs) and compare them with the
maximum permissible concentration (MPC), ground-level concentrations of
pollutants at the boundary of the sanitary protection zone are calculated in
accordance with the methodology set forth in the regulatory document OND-86.
Investigating TPP belongs to the second category of danger with a standard width
of the sanitary protection zone of 500 m. A forecast estimation of further emissions
of pollutants has been constructed without taking into account the measures for
installation and reconstruction of the flue gas cleaning systems for TPP. Ground-
level concentrations of pollutants at the boundary of the sanitary protection zone
have been calculated to analyze the existing emissions of the TPP and compare
them with the maximum permissible concentrations. The results indicate an excess
of the MPC for some pollutants. By defining an index of toxicity that takes into
account both the hazard class of a substance and the degree of exceeding the MPC,
it is possible to make recommendations for reducing of certain substances
emissions, as well as for choosing of fuel with less content of such substances.
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MAINTENANCE OF INNOVATIVE ACTIVITIES
IN THE FIELD OF RENEWABLE ENERGY

0. KOFANOV

National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute”,
Department of Environmental Engineering,
Institute of Energy Saving and Energy Management

Development of renewable energy technologies currently is one of the most
promising scientific and entrepreneurial directions. In particular, biofuel and bio-
additives production are of special interest because of the growing anthropogenic
influence of the automobile sector on ecosystems.

However, even considering the importance of this direction in terms of the
environmental problems solution and ensuring sustainable development of society,
economy and biosphere, funding levels remain relatively low. This can be
explained by the high risks bound up with the quite low success levels of such
projects, especially when they are based on radical innovations with the high
complexity of implementation.

The creators of the innovative projects need to understand, what key marketing and
management activities and tools at each stage of the development process they
have to use. They should take into account the relationships with investors and
potential customers; define ways to attract the most suitable resources, as well as
measures for product commercialization and business expansion. It is also
important to consider joining to the accelerator or incubator for innovative projects,
connecting with the venture-capital and angel investors and launching
crowdfunding campaigns.

The correct entrepreneurial maintenance of the innovative projects and activities in
the field of renewable energy can make the development process more structured
and clear and, in turn, reduce risks and encourage the creation of such projects. At
the same time, the more rapid development of the eco-friendly technologies will
increase the environmental safety.
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3MIHA HAIIPYKEHO-AE®OPMOBAHOI'O CTAHY
FPYHTOBOI'O MACUBY B ITIEPIO/I EKCIIIYATALII
BYIBEJ/Ib

JI.B. LIAUJIELIBKA

HauioHanbHuM TexHIYHUH YHiBepcuTeT YKpaiHu
«KuiBcbkuii nosiTexHiyHUM iHCTUTYT iMeHi Iropsa Cikopcbkoro»

B ymoBax minpHOI MichKOT 3a0yZI0BH 3 4aCOM y TPYHTOBOMY MacHBi B 30Hi BILUTUBY
Oynmisii BinOyBaroThCs aedopmallii, SKi 3 4aCOM MOXYTh 3araCHyTH a00 HaBIIaKH
po3BunyTHCs. [l 3a0e3meucHHst Oe3aBapiiiHOi ekcrutyaTamii OynmiBenb Ha pasi
3aCTOCOBYEThCSA 0€3I1i4 KOHCTPYKTUBHUX PIillleHb, OJHUM i3 MOMIUPEHUX METOIB
3aXUCTY € BIIAIITYBAaHHS OTOPOKYIOUMX KOHCTPYKIH Yy BHUIJIIAI mMaimb, abo
IIITYHTIB.

B mepmry depry MOKHAa BHKOPHCTOBYBAaTH BEPTHUKAJIbHY 3aXHCHY CTIHKY, SKa
BJIAIITOBYEThCS 13 3alli300€TOHY. Po3ramryBaHHs Takoi KOHCTPYKIlT HE3HAYHUM
YUHOM BIUIMBAa€ HA OCAJKy IIJ3eMHOI CHOPYIH, aje 3MIiHIOE HampyKeHO-
neOopMOBaHMN CcTaH TIPYHTOBOTO MAacCHBY HABKOJIO IIJ3€MHOI  CIOPYIH
MPUIMAIOYU  BIUIMBH TOPH30HTAJIBHUX HABAaHTAXKEHb HE JOMYCKAKYH IX JI0
CIIOPY/U 1 y TOM camuii yac cTabimi3ye TUCK BiJ| CTiH MiBaJbHOTO MPUMIMIEHHS Ha
OTOYYIOYi IPYHTH OCHOB.

Ha ocHoBi 3i0paHux [JaHMX BUHMKIA 1€ TPOBEIACHHS PO3PaXyHKY
3aJ1i300€TOHHOTO MITTYHTOBOTO OTOPOKEHHS il KyTOM Haxwmiy y 30°.

B npomy Bumangky po3paxyHKOBiI 3yCHIUISA, 301IBIIYIOTHCS, aje iX KOHLEHTpAaLlis
Oyna crpsiMOBaHa y TJIMOWHY MAacHUBY, IO J]a€ MOXJIMBICTh 332 PaxyHOK Mig0opy
KyTa Haxwily 3axHCHOI CTiHKM YpiBHOBa)XyBaTH HaBaHTaXEHHS CQOpPMOBaHi
O1YHMM THCKOM.

Bepyuun 10 yBarm CyTTEBI HEINOJIKH 3ali300€TOHHE IIMTYHTOBE OTOPOKEHHS
3aMiHAMO WOTO YMOBHHM CTAJIEBUM IIITyHTOBUM.

B nmopiBHsHHI 3 yciMa [ONEpeIHIMH BUAAMH KOHCTPYKLIA  3aXHCTY
JIEMOHCTPYETHCA, IO MiAiOpaBIIA MPABWIBHUN KyT HaxXwiy, MaTepiai i TOBXKHHY
IIMTYHTOBOTO OTOPO/KEHHST MOXHA KOHTPOJIOBATH HAarpyXeHo-aedopMoBaHuii
CTaH TepuTopii mijy yac OyJIBHMITBA YK eKCIUTyaTailii 00’€KTa 3aJIeHO BiJ
MOYaTKOBUX YMOB, @ TaKOX CYTTE€BO 3MEHIIYBaTH MaTepiaJOEMHOCTI SIK
KOHCTPYKIIii MA3EMHOI CIIOPYAH, TaK 1 3aXMCHUX EIEMEHTIB 33 PaxXyHOK BipHOTO
MEepepo3NOALTy TOPH30HTAIBHUX HABAaHTAXEHb y THUX BUMAAKaxX, € pilIeHHS
nofibHoro Ty OyJe BiANOBIAATH YCIM MMOCTaBICHUM YMOBAM.
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MATHEMATICAL PREDICTION OF THE THERMAL
CONDUCTIVITY COEFFICIENT OF A POROUS INSULATION
MATERIAL WITH A KNOWN GEOMETRIC STRUCTURE

A. PAVLENKO?, A. CHEILYTKO?

'Kielce University of Technology, Faculty of Environmental, Geomatic and Energy Engineering,
al. Tysiaclecia Panstwa Polskiego 7, 25-314 Kielce, Poland

®Zaporozhye State Engineering Academy, Zaporozhye, Ukraine

In the article the mathematical description of heat transfer through the body with a
closed porous structure was given. Effective thermal conductivity for closed porous
structure was retrieved by analytical method. For the first time the coefficient of
thermal permeability for porous structures was mathematically found. The authors
have proved, that in the porous material thermal conductivity reduction, by the
pores, depends on the thermal permeability coefficient and porous structure
geometric characteristics. It is also proved in the article that knowing the
geometrical characteristic of the porous structure of heat insulating materials, one
can calculate the thermal conductivity of this material.

Thermal permeability of porous material

1
¢ =—"

"y
The dimensionless value ¢ is a thermal permeability of thermal channel.

Equals to the ratio of pore cross section line length to material surface area in the
context of the pore
YOAS
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The effective thermal conductivity coefficient for closed porous structure
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AOCAIAKEHHA EKOJIOTTYHUX XAPAKTEPUCTHUK
CTPYMEHEBO-HIIIEBOI CUCTEMH CIIAJIIOBAHHA
ITAJIMBA

M.3. AB/IYJIIH, 0.A. CIPUH, 0.B. BAPAHIOK, A.I0. PAUMHCKHI

HauioHanbHuM TexHIYHUH YHiBepcuTeT YKpaiHu
«KuiBcbkuii nosiTexHiyHUM iHCTUTYT iMeHi Iropsa Cikopcbkoro»

3aBmaHHSAM JOCHTIIKEHHS € MMPOTHO3YBaHHS yTBOPEHHs OKucHiB a3ory (NOy) mpu
CHaJIIOBaHHI Ta3iB B CTpyMeHeBO-HileBomy crabimizatopi nomym's (CHC), sxwit
ABJISIE COOOI0 CHCTEMY MEPIEHAUKYJSPHUX J0 TOTOKY OKHCIIOBada CTPYMEHIB
nagyBa, PO3TALIOBAHMX IEpel MOTNMHOJNICHHAM Yy KaHajl — HIIIeBid MOPOXXKHHUHI
pizHuX KoHirypamid [1, 2]. AKTyaiapHICTH pOOOTH IOB’S3aHa 3 HETaTUBHUM
BIUIMBOM MPOAYKTIB CHAIIFOBAaHHSI OPTaHIYHUX MAJMB Ha HABKOJIMILIHE CEPEIOBHILE,
a TaKOX Ha 3JI0POB'S IIOJIUHH B TII00ATFHOMY MacHITaoi.

JocnmikeHHsT BHUKOHYBAJIOCH 32  JIONIOMOTOI0  YWCENBHHX METOIIB  MpH
BUKOPUCTAaHHI makeTa mnpukiagHux nporpam  Ansys-Fluent. IIpenmerom
nocaimkers oopano CHC 3 rasopo3mozinom manuBa KPYTIIHMU CTPYMEHIMH, AKi
MOJAIOTBCS Y TMOTIK OKHCIIOBaua MEPIEHANKYISPHOIO CHUCTEMOIO CTPYMEHIB.
MogentoBanucs npouecy TigpoANHaMIKH 1 TEIUIOOOMiHY, Ha MiJCTaBi aHai3y SKUX
otpumana monenb rerepariii NOy 8 CHC.

MakcuManpHa TEIUIoBa HOTYXHICTh JabopatopHoi ycraHoBku 200 kBT.
PozpaxynkoBa obOmacte sBimsia coboro mpsamokyTHmii kaHanm 3 CHC nme
BiI0OYBa€ThCs MMOYATKOBA CTaiis TOpiHHS MajuBa Ta crabimizamis dakeny. Jpyra
YacTHHA PO3PaXyHKOBOI 001acTi — L€ BOTHETPUBKA IUISHKA AJSl JOCIHIIKEHHS
TEMIIepaTyp MPOLECy Ta MPOBEICHHS Ta30BOI0 aHaIi3y NMPOAYKTIB CIATIOBAHHS.
MarematnyHa  MOJENb  JIOCHIUKYBAaHOTO  MPOIECY  MICTHTh  CHCTEMH
JuQepeHLialbHUX PIiBHAHb PyXy, HEPO3PHBHOCTI i MEPEHOCY i-T0 KOMIIOHEHTa
CyMillll Ta BUPILIYETHCS 32 TOTIOMOTOI0 YHCEIbHUX METOIB B cepeloBUII Ansys-
Fluent.

AHaui3 MpOBENeHNX OCIiKEHB IMiTBEP/HKYE HASBHICTh HUPKYJAIIAHOI Tedii B
HIlIEBil TOPOXKHUHI 1]l CTPYMEHSIMH T'a30BOTO MOTOKY, & TAKOX aBTOMOJICIBHICTb
MPOIIECY CYMIIIOYTBOPEHHS, TOOTO CTAOUILHICTh KOHIICHTPALIHHOTO OIS MAJIBHOT
CyMillli y MIMPOKHX Mexax pexxumHux napamerpis CHC. Cnix 3a3HauuTH, 10
KOMIT'IOTEpHE MOJEIIOBAHHS J03BOJSIE IPOBOAUTH JOCUTH TOYHY OLIHKY
eMICIHMX XapaKTePUCTUK MAJTMBO CIIOKUBAIOUOro oOJyiaqHaHHs. [laHi YucenbHUX
PO3paxyHKiB ~ BHUKOPHCTOBYIOTbCS IIPM  HPOEKTYBaHHI €HEProe()eKTUBHOTO
ra3onajJbHUKOBOrO 00IaHAHHS.
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ENVIRONMENTALLY ORIENTED DEVELOPMENT
OF THE MOTOR TRANSPORT COMPLEX IN THE CONTEXT
OF THE CLIMATE CHANGES PREVENTION

0. KOFANOVA

National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute"”

In the contemporary world the environment changes because of the rapid
development of the industrial and motor transport complexes, which leads to the
growing anthropogenic influence on the climate of the planet. So these changes
cause irreversible and dangerous impacts both for natural and urban ecosystems.
According to the scientists’ estimations, increasing of the average annual
temperature for the value greater than 2°C will amplify many natural hazards, for
example, extreme temperatures, floods, storms, etc.

This is especially true for the large metropolitan areas, such as Kyiv city. So, it is
important for Ukraine to develop strong national decarbonization strategy that will
take into account the necessity of eliminating the pollution problems caused by
motor transport complex.

The research was focused at the long-term prediction of the climate changes in
Kyiv city region with the help of the IPSL-CMS5A and bcc-csml-1 AR 5 climate
models and Climate Time Series Browser software complex. It was found that the
average annual temperature in this region will reach the value up to 23.8°C
according to the RCP 8.5 high-emission future scenario.

So, the widening of the Ukrainian decarbonization strategy with green motor fuel
additives is the perspective way of national economy development. Depending on
the fuel type, the additives of biological and non-biological origin can significantly
reduce carbon monoxide, smoke, nitrogen oxides, and other emissions. As the
result, the proposed measures will improve the environmental safety of the
metropolitan areas and will prevent dangerous climate changes.
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DEVELOPMENT OF THE METHOD OF EXAMINATION
OF FIRE RESISTANCE OF STEEL CONCRETE BEAM
ELEMENTS WITH CONSIDERATION OF ACTUAL
CHARACTERISTICS OF MATERIALS

Ivan DOBRIANSKYY?, Liubov DOBRIANSKAY, Oleksii DOVHANYCH?,
Andriy HRYTSEVYCH?

Ivano-Frankivsk National Technical University of Oil and Gas,
Department of Construction, Karpatska 15, Ivano-Frankivsk, Ukraine
2Lviv National Agrarian University, Faculty of Civil Engineering and Architecture,
80381,V. Velykyy Str., Dublyany, Zhovkva district, Lviv region, Ukraine

Temperature impact, forced by fire under conditions of a fire accident, is caused by
heating of concrete and stripped armature in sections of steel reinforced beam.
Such conditions create a front of evaporation, an area with considerable
temperature gradients, pressure, moisture, and force thermal and excessive stresses.
Taking of a stretched stripped armature on external heated edge of a beam also
makes some corrections in a thermal engineering design. Such design should be
done with consideration of a variable position of the line of separation of dry and
humid layer of concrete under conditions of continuous emission and absorption of
hidden heat of vapor generation and condensation. It provokes non-linear
problems, aiming to detect dependences for distribution of temperature in phases
(solid and liquid), and speed of moving of the boundaries of phase distribution
(melting and evaporation) [1-4]. Thus, there is a problem of development and
application of a combined, experimental-theoretical method of determination of a
thermal field. To determine a free temperature curve it is necessary to concern
actual distribution of temperatures, particularly with consideration of a curvilinear
profile, as well as physical and mechanical characteristics of constituents of the
system under conditions of actual exploitation thermal stresses. Accuracy of such
calculations depends on segmentation of a beam into parts by the height and width
of section; it is assumed that minimum it is divided into 4 parts. Contrary to the
existing recommendations concerning design of fire-resistance limits, the work
develops methods, which secure more precise figures of stresses in concrete and
armature, as well as beam deflections in total. According to the developed
methods, precision of the calculations considerably depends on adequacy of
identification of physical and mechanical characteristics under effect of excessive
levels of temperature, i.e. consideration of thermal sensitivity of construction
materials, as well as limits of application of the model of heat and mass
conductivity.
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MOJAE/JIIOBAHHA EHEPTETUYHHUX
TA TEIIVIOTEXHIYHUX XAPAKTEPUCTHUK BY JIBJII
3 YPAXYBAHHAM TEIVIOIIPOBIAHUX BK/IIOYEHD
TA OOIHKOIO AOTPUMAHHA CAHITAPHUX BUMOT

M.M. IOBKAJIIOK

HauioHanbHuM TexHIYHUH YHiBepcuTeT YKpaiHu
«KuiBcbkuii nostiTexHiyHUM iHCTUTYT iMeHi Iropsa Cikopcbkoro»

B xoni nocnmimpkeHHsI TPOBEJCHO MOJCIIOBAHHS CHEPrOCIOXHBAHHS KHUTIOBOI
cepiitnoi Oyxiem y M.Kuesi 1974 poky Ha 112 kBaptup 3a gonomororo ENSI EAB
Ta mporpamHoro mpoaykry Ha 0a3i EXEL, a Takoxx yTOYHEHO TEIIOTEXHIYHI
XapaKTePUCTHUKH By3J1a OTOPOIKEHHS.

BuxigHi gani anst mporpaMHoro 3a0esledeHHs:: TeOMETPUYHI XapaKTEPUCTHKH
OymiBii; TONEpeTHRO poO3paxoBaHi 3a craHmapToMm [l] mapaMerpu OOOJOHKH
OymiBmi (3 ypaxyBaHHSM TEIUIONPOBIAHAX BKIIOYEHB); Tpadik IPUCYTHOCTI JIIOJIEH,
YMOBU BHYTPILIHBOTO MIKPOKJIIMaTy; MOTY>KHICTh Ta KiJBbKICTh TOIMH POOOTH
eJIEKTPOOONIalHAHHSA Ta OCBITJICHHSA; MapaMeTpyd pOOOTH CHCTEMH MeEXaHIdHOi
BEHTHJIAMIT; moTpeba y Tapsyiii Bojl 1 mapamMeTpH TEIUIOHOCIS; TONepeIHbO
BU3HAYCHI 3HaUeHHS e(DEKTHBHOCTI CUCTEM T'eHeparlii, pO3IoAlTy, aBTOMaTUYHOTO
VIpaBIJIiHHS Ta TEIUIOBiAgadi 3a pPEeKOMEHAOBAaHMMH METOAMKaMH. B pesynbrari
MOJICTIOBAaHHS 3a METOAWKOI0 [2] OTpHMaHO CKJIAaJOBi BTpaT; PO3PaXyHKOBY
eHepromnoTpedy s  (PakTHUYHOro, 0a30BOr0 PiBHs; BH3HAueHO e(EKT BifJ
BIIPOBAKCHUX KOMIUIEKCY 3axofiB Ta ET-kpuBy. IlopiBHAIbHMI aHAami3 MOKa3aB
BIIMIHHICTb y pe3yjbTaTax 3a JBOMa IPOrpaMHUMHU NIPOAYKTaMHU B Mexax 7%.

TennoTexHiUHi XapaKTEPUCTHKH 3 YpaxyBaHHSIM pPIi3HUX CHOCOOIB yTEIUICHHS
OropopKeHb CKJIAAHOI ¢GopMu OyJO MONEPEAHBO PO3PAXOBAHO 3a JONOMOIOI0
nporpamu THERM, npu3HadeHoi Ui MOJICIOBAaHHS MPOIIECiB TeIuI00oMiny. [Ipu
OBOMY BH3HAYAIMCS HACTYIHI MapaMeTpH: TEIUIOBI MOTOKH 3 30BHIIIHBOI Ta
BHYTPIIIHBOI CTOPOHM KOHCTPYKII(; TemrmepaTypa IMOBEpXHI OTOPOKEHHS
3Cepe/IMHU Ta 330BHI; OMIOPHU TEIUIONepeadi Oropo/KeHb Ta BUKOHYBAJIacs OIliHKa
JOTPUMAaHHS ICHYIOUHX CaHITapHO-TIri€HIYHUX BUMOT [3].

Mogens, po3pobiena B cepenmopuini EXEL, Brimouyae TexHiuHy, (iHAHCOBY i
€KOJIOTIUHY OLIIHKY Ta A03BOJISIE MIBUIKO CTBOPIOBATH BiTH 3 €HEPTOAYAUTY IS
pizHMX THiB OyxmiBens. DiHAHCOBHWI aHali3 3aXoMAiB AN 00’€KTY MOCIiIKEHHS
BKIIIOYaB BU3HAUCHHS HACTYIHUX IIOKAa3HWKIB: IIEPBUHHI 1HBECTHIIii, YHCTa
€KOHOMIsI Heprii, MPOCTHIA Ta JUCKOHTOBaHMH TepMiH okynHocTi, NPV, NPVQ.
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HEAT EXCHANGE WITH THE SURFACES OF ENVELOPE
STRUCTURES OF CYLINDRICAL SHAPES

Marta MARTYNYAK-ANDRUSHKO

Lviv Polytechnic National university,
Department of Heat Engineering and Thermal and Nuclear Power Plants

The mathematical model was suggested whose task was to measure the
temperature of external envelopes and the environmental heat loss provided that
the air temperature inside the facility was constant. The model suggested can be
used for the investigation of the heat-mass exchange, and comfortable conditions
for various structures and facilities with different heating systems.

Today, the modes of the release of heat energy by functioning systems are not
flexible enough and give no way to the maneuvering; these fail to take into account
different external factors that influence their operation. The proposed mathematical
model to solve the problem in which provided the air temperature is constant
within the object (premises), it would be possible to determine the temperature of
the external fences and the loss of heat to the environment, depending on the set of
external factors. The aim of the work was to show the features of heat exchange on
cylindrical insulating constructions of the thermal consumer in non-stationary
conditions that arise as a result of daily changes in the temperature of the
environment.

a) b)

o

Fig. 1.a) Schematic representation of the temperature during the heat exchange with the
environment for cylindrical tube; b) The section of an insulated cylindrical tube

iz

Taking into account heat transfer to the environment according to the equation.
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BIOTESTING OF THE ANTHROPOGENIC LOAD CAUSED BY
MOTOR TRANSPORT COMPLEX ON URBAN ECOSYSTEMS

[. RABOSH, 0. KOFANOVA
Igor Sikorsky Kyiv Polytechnic Institute

Influence of industrial enterprises and motor transport complex causes degradation
of natural ecosystems. Consequently, anthropogenically transformed zones and
technogenic geochemical anomalies are formed. Moreover, not only ecosystems
that are located near the motor transport complex objects but also territories that
are located at distant distances from the pollution sources, suffer from the increased
anthropogenic load. Thus, using bioindication methods in terms of the urban
ecosystems, it is possible to conduct an effective comprehensive assessment of the
impact of the motor transport infrastructure on the environment.

The purpose of the study was to conduct the bioindicative assessment of the
ecosystems state in the park areas of the Kyiv city using lichen bioindication.

So, the following tasks were accomplished: the state and diversity of lichen flora in
the park areas of the Kyiv city were studied, the number of lichen species, the
frequency of their occurrence, as well as the projective coverage of tree trunks in
each experimental area were determined.

Many lichen species not only have an ability to accumulate harmful substances but
also can react to relatively low concentrations of such pollutants as sulfur dioxide,
carbon dioxide, nitrogen oxides, ozone, fluorides and others. In particular, the
species diversity of epiphytic lichens can be considered as an indicator of pollution
by nitrogen compounds.

It was found that with the decrease of the distance to highways on the experimental
sites, the number of nitrophilous lichens and their projective coverage is increasing.
On the basis of the index of the relative air purity, it was determined that the level
of pollution of the park areas in Kyiv is medium and high.
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EXPERIMENTAL RESEARCHES OF THE MASS-EXCHANGE
PROCESSES DYNAMICS IN THE PROPANE HYDRATE
SYNTHESIS

B. KUTNYI?, A. PAVLENKO?

Ivano-Frankivsk National Technical University of Oil and Gas,
15 Karpatska Str., Ivano-Frankivsk, 76019, Ukraine
ZKielce University of Technology, Faculty of Environmental, Geomatic and Energy Engineering,
al. Tysiaclecia Panstwa Polskiego 7, 25-314 Kielce, Poland

The work is devoted to the experimental studies analysis of various factors
influencing the rate of mass transfer processes under the propane hydrate synthesis
conditions. For research, the experimental facility has been built (Fig. 1.) that
enables to control thermobaric conditions both in the field of hydrate formation and
beyond. The working pressure range was 0.1 + 0.5 Maps and the working
temperature range was 0 ~ +12°C.

Fig. 1. Installation for the mass transfer during hydrate formation study: 1 — insulated housing,
2 — capacity for high pressure stainless steel; 3 — manometer, 4 — cylinder with compressed (or
liquefied) gas; 5 — electronic temperature sensor; 6, 7 — electrodes;, 8 — thermometer, 9 —
electronic scales; 10 — water displacement tank; 11 — dimensional capacity; 12 — capacity for
refueling water, 13 — electronic thermometer

Conclusions. The scientific novelty of the work is in obtaining quantitative
dependences of mass transfer intensity on the interfacial surface in the presence of
GH. Based on the experimental studies results, a comparison of a low-speed
mechanical agitator work and a high-speed agitator has been performed. SAS
action mechanism on the hydrate formation rate is determined.

The investigation results practical importance is in determining the gas handler
operation quantitative dependencies of various designs on the mass transfer
processes speed in the presence of propane hydrate formation. Prospects for further
scientific developments in this direction are the gas handler design optimization to
obtain smaller gas bubbles.
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MODELING OF TRAUMATIC AND HAZARD SITUATIONS
AT CONSTRUCTION WORKS ON BUILDING SITES

Ivan HORODETSKYY, Vasyl TYMOCHKO,
Natalia HORODETSKA, Thor MAZUR

Lviv National Agrarian University,
Department of Occupational Safety and Project Management,
1, V.Velykoho str., Lviv-Dubliany, Ukraine

A prerequisite for graphical and logic simulation of traumatic and hazard situations
at construction works on building sites is the analysis of the schemes for the
development of dangerous processes, namely, the probability of admitting the
dangerous actions, the entry of workers into dangerous circumstances at
construction site, and in such circumstances, the impact on the worker of hazardous
factors under different hazardous conditions. This creates another event called a
dangerous situation. All phenomena forming a dangerous situation have certain
reliability of occurrence, i.e. dangerous conditions, dangerous actions, dangerous
situations, as well as the consequences of such situations: an accident (damage to
the mechanism, construction site hoist, construction etc), injury (damage to the
anatomical integrity of the human body) and a favorable event belong to random
phenomena [1, 2].

During the graphical and logical simulation modelling of the formation of
dangerous situations in the construction the safety status of working places and
jobs are analyzed and the compliance with standards, safety, installation of
disagreement with the project specifications, requirements instructions, building
legislation, operating conditions, etc are assessed. At the same time the existence
and nature of hazardous factors (availability conditions, sources of dangerous
substances, etc.) are determined and recorded including also those that may arise in
the process, during the emergency and other traumatic situations. In this case, the
dangerous levels of factors are determined. After that, for each manufacturing
hazardous factor, the hazards are determined by the conditions under which it can
act on the employee. Such conditions are fixed in tables. For each hazardous
conditions using the logical relationships a possible dangerous actions of the
operator are found (the one that has taken place, or what might happen), and other
conditions that may have some connection with the first condition. Then, the
factors which form the dangerous situation are set and analysed. This allows
constructing a graphic diagrams and logic models of processes of formation and
occurrence of possible dangers on a building site. The models consist of basic
(initial), intermediate and main events that are related with logical information and
material connections. The main event of the model is injury or accident. If one
determines the probability of basic and intermediate events, then the probability of
the main event could be calculated.
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THERMAL CONDUCTIVITY OF THE GAS
IN SMALL SPACE

Anastasiia PAVLENKO
Dnieperovskii State University, Ukraine

Convective heat exchange arising in the pores of the material dominates the
elementary components of heat exchange in porous materials. That is why
theoretical analysis of convective heat transfer is the actual problem, which comes
to development a methodology for quantitative evaluation of convective heat
transfer in the pores of heterogeneous systems.

Traditional methodology of evaluation the nature of heat transfer in enclosed space
is based on the calculated Grashof number (Gr) and Prandtl (Pr) for particular
environment.

Correlation of these numbers in a given range of values makes it possible to
establish the presence of convection currents in the heated surface. One may judge
about the accuracy of such assessment from the change of intensity of heat transfer
under the conditions of heat conditions change. Such qualitative characteristic of
heat transport process in our view does not reflect real physical processes occurring
in confined space. The intensity of gravitational convection current is determined
not only by thermophysical characteristics of contacting media, scaling factors, but
also by orientation of the heating surface in space. Heat is transferred from the
surface in the near-wall region, the thickness of which is sufficiently small. If one
takes it as a scale factor for Grashof’s equation, the number of Gr will not exceed
the critical value corresponding to a heat transfer conduction. But when heating the
space through the side surfaces the convection currents are always present. And the
question of what they contribute to the heat transfer remains relevant.

The figure shows that along the walls of the layers with relatively high flow rate are
forming. Isolines in the center tend to a horizontal position. Such current distribution
was more typical for all calculated cases. When large numbers Gr gasflow from the
heated surface is formed. It is for these cases in the literature critical numbers Gr are
shown, which formalize the heat transfer process in closed area.
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MODELING TRANSITIONAL PROCESSES
IN ELECTRIC MOTORS

Alexander M. SYANOV, Elena S. KOSUHINA,
Roman M. POLYAKOV, Alexey V. KOSUHIN

Dnieperovskii State University, Ukraine

The mathematical model of direct current electric motorin the field setting was
provided in the paper, taking into account the circuit diagrams for conducting
research of dynamic and quasi-static conditions of engine mode. When designing a
mathematical model, assumptions were made: the engine model is considered to be
flat; the current density in the winding is distributed evenly across the intersection
of the groove; simplified design details; anchor and excitation windings are
powered by a constant current source of infinite power. Then the mathematical
model in a rectangular two-dimensional coordinate system can be represented as
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The magnetic potential graphs and the DC motor characteristics in the triggering
mode were obtained and based on a numerical calculation.

-71-



CYCLIC INFLUENCE OF FREEZE-SAW TEMPERATURE
ON THE METAL SHEET SHEAR BETWEEN CONCRETE
IN STEEL-CONCRETE BEAMS

Andriy HRYTSEVYCHY, Ivan DOBRYANSKYYZ, Ljubov DOBRYANSKAZ

1Lviv National Agrarian University, Faculty of Civil Engineering and Architecture,
80381, V.Velykoho Str., Dublyany, Zhovkva district, Lviv region, Ukraine

2[vano-Frankivsk National Technical University of Oil and Gas,
Department of Construction, Karpatska 15, Ivano-Frankivsk, Ukraine

The main reason of the material destruction under the influence of low
temperatures is expansion of water filling the material pores during freezing,
corrosion processes and cracks formation in the area of adhesion of metal sheet and
concrete in steel-concrete beams. The concrete stability to the influence of freeze-
saw temperature depends on the material structure: the higher is the relative
volume of pores available for water penetration, the lower is the stability.
According to recently conducted researches concrete load bearing capacity changes
under the temperature influence. In addition, the freeze-saw temperature affects
elastic-plastic properties of concrete [1]. The ratio of change in physical and
mechanical properties of concrete depends on the value of temperature influence,
the concrete composition, filler, water-cement ratio, the rate of freezing-thawing.
The reasons causing changes in physical and mechanical properties of concrete
under the influence of freeze-saw temperatures have been studied sufficiently and
the processes occurring in steel-concrete beams (as an element in general) have been
studied little. According to many researches the change in physical and mechanical
properties of concrete is due to microcracking caused by the difference in
temperature deformation [2], but under conditions of cyclic influence of freeze-saw
temperature on a steel-concrete or reinforced concrete beam it is necessary to take
into account the presence of reinforcement with different modules of heat conduction
as well as the number of reinforcement in the beam (its percentage of
reinforcement),and the loss of adhesion of reinforcement with concrete as a result of
changing physical and mechanical properties of concrete. Testing of concrete cubes,
cylinders, prisms does not precisely determine the negative influence of freeze-saw
temperature on the bearing capacity and deformation of steel-concrete beams.

The researches carried out on testing of steel-concrete beams as a structure in
general on the influence of freeze-saw temperature determined the negative
influence of freeze-saw temperature on the shearing processes in the steel-concrete
beam and described the processes occurring in it more accurately [3].
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METO/JUKA AKTYAJI3ALI CKJIAIOBUX
JIBOCTABKOBOT'O TAPU®Y HA NMOCJIYTH
TEIJIONIOCTAYAHHS

A.A. MAJIIHOBCHKMH, B.I'. TYPKOBCbKHH, A.3. MY3UYAK
HanjonanbHuit YHiBepcuTeT «J/IbBiBCbKa MOJiTEXHIKa», YKpaiHa

HamionanmpHa KOMIcCis, IO 3IIHCHIOE JEpXKaBHE pETyMOBaHHSI Y cdepax
eHepretuk Ta KomyHanpHMX nociayr (HKPEKII), npomonye moBcronHO
3ampoBaUTH ABOCTaBKOBUI Tapu( Ha TEIUIOBY €Hepriro, SKWd 3a0e3medye
piBHOMIpHIIlIE HAAXO/HKEHHS KOIITIB TMIANPHEMCTBY Ta OLIBII MPOTHO30BAHY
poOOTY MiITPUEMCTB TEILIOMOCTAYaHHSI.

[TowatkoBO mependadanocs, MO CyMapHa OIUIaTa 3a OTPUMAaHI IOCIYTH B KiHII
KOXXHOTO POKY OyJle KOPHTYBAaTHUCS 3a TOKa3aMM JIIYHWJIBHUKA TEIJIOBOI €Hepril,
yuM Oyzae 3abesredeHo crHpaBeNMBUN TpuWHOWN ormatd. [Ipote Big MomeHTy
BIIPOBA/DKCHHS M J0OCI yMOBHO-TIOCTiIHA Ta 3MIiHHI CKJIaJ0Bi Tapudy €
HE3aJICKHUMU.

Metoro miei poOOTH € PpO3pOOJICHHS METOJUKH YTOYHEHHS TETUIOBOTO
HaBaHTa)KEHHsI aDOHEHTIB TEIIONOCTavYaNbHOI OpraHizamii. Y TOYHEHHS! TeTI0BOro
HaBaHTa)KEHHS O/HIi€i OyMiBIi BHPINIYEThCI BUKOHAHHAM €HEPTETUYHOTO ayAUTy
it Hei. I{omo Bciel cUCTeMH TEIUIONOCTa4aHHS, BHKOHAHHS EHEPreTHYHOTO
ayJuTy s ycixX ii aDOHEHTIB BUMarae BEJMKHX OOCSTiB BXimHOT iH(oOpMarrii Ta ii
OMpauioBaHHS 13 3aly4yeHHSAM 3HAYHUX JIIOJACBKHX pecypciB. 3a3Buyaidl y
TEIUIONOCTAaYaIbHIX OPTaHI3alisgx 3a PO3paxyHKOBI 3HAUEHHS MPUHHATO BETHUYNHU
aKTyallbHI Ha 4ac cropy/keHHa Oyaisens me 30-50 pokiB Tomy. 3 TOro dacy
MEILIKaHISIMKA OyJI0O BHECEHO 3HAYHI 3MiHHM y 30BHILIHIO OOOJIOHKY OYZiBII, a OTXKe
MoTpiOeH MexaHi3M, KU O JO03BOJSIB 3 MiHIMAIBHHMHU 3aTpaTaMH PECypcCiB Ta
Yacy aKTyaji3yBaTH TEIUIOBE HAaBaHTAXXEHHS aOOHCHTIB.

Hamm ompampoBaHa MeTonWKa 3 BUKOPHCTAHHIM KPHUTEpIiB IMOAIOHOCTI, sKa
nepeadavae MmoAll ycix OyjaiBeab aOOHEHTIB Ha TIPyNmH 33 OCHOBHHUMH
XapaKTePUCTUKAMH: IIOBEPXOBICTh, 00’€M, PIK CIOPYDKEHHS Ta Marepianl
BUKOHAHHS CTiH. 3 KOXHOI Trpymu OyAiBemb CiIi BHOpaTH pernpe3eHTATUBHY
KUTBKICTh, €KCIpec-ayAuT SKOI O3BOJUTH OI[IHUTH 3MiHH B OTOPOKYBAJIbHHUX
KOHCTPYKUisIX Oy/AiBeNb Ta iX HACTIIKH.

3rigHO i3 IIi€f0 METOAMKOI0 a0OHEHTH He IeperuiadyBaTUMYTh 3a OTPHUMYBaHi
MOCIyTH, a WiANPUEMCTBA TEIUIONOCTauYaHHS OOIPYHTOBAHO BH3HAYATHMYTh
Tapudu Ha HalaBaHi TIOCTYTH.
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INFLUENCE OF OPERATIONAL FACTORS ON FUEL
CONSUMPITION SAVING BY MOBILE STEAM AND GAS
INSTALLATIONS OF THE OIL AND GAS INDUSTRY

.M. BOGATCHUK]3, I.B. PRUNKO?, M.I. BOGATCHUK?

!Ivano-Frankivsk National Technical University of Oil and Gas
2Qpen Joint Stock Compani "Ukrnafta", Ivano-Frankivsk city

The preparation of feed water for steam generating units in technological and
technical terms is quite complicated and financially expensive, due to which some
operating organizations neglect the rules of steam generating units operation
(preparation of feed water) and use technical water that is used at facilities of the oil
and gas industry [1]. The operating instructions do not regulat the time of
determining the need to eliminate (clean) scale from the coil of the steam generator,
there was a need to set the moment of acidizing the coil of the steam generator
according to the available physical parameters of the steam generator installation.

It is established that at 1.5 mm discale layer thickness (Fig. 1) fuel over
overconsumption is increased up to 20%, which will be 22 kg/h for installation of
PPUA 1600/100. This creates an additional ecological impuct thet is applied on the
environment.
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Fig. 1. Dependence of fuel consumption on the thickness of the scale

At the thickness of the scale layer up to 1 mm in the hydraulic system of the boiler,
the pressure difference at the inlet and outlet of it will be 0.04 MPa.

Guided by these calculations, the operator of the installation will receive
information on the need for intervention into hydraulic system of the boiler steam
generator and, if necessary, stops or continues the work of the steam generator.
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IMPROVING THE EFFICIENCY OF COMBUSTION
OF ORGANIC FUEL WITH AIR WITH INCREASED OXYGEN
CONTENT

Taras KRAVETS, Marta KUZNETSOVA, Igor GALYANCHUK

Lviv Politechnic National University
Department of Heat Engineering and Thermal and Nuclear Power Plants

Environmental problems of energy generating facilities of thermal power in Ukraine
can be solved not only by using value dust and gas cleaning equipment, but also by
improving the efficiency of combustion processes of organic fuel in boiler plants.
This paper describes the combustion of solid milled coal with air, which contains an
increased oxygen content compared to atmosphere (21% O, /79% N,) up to
combustion in pure oxygen (100% O,). As a result of such combustion process, the
temperature in the burning area increases, and accordingly, the amount of heat
transferred to the working medium. This is due to the reduction or complete
exclusion from the combustion process of the ballast component — nitrogen
contained in the atmosphere. As a result of such combustion, there is an increase in
the efficiency of solid fuels combustion, and therefore increasing the efficiency of
the boiler unit. It should be noted that combustion in the air with high oxygen
content will lead to a corresponding decrease in the mass flow of the air and,
consequently, to mass flow reduction of waste flue gases. Reduction of the mass
flow of flue gases (2-3 times) with respect to stoichiometric ratios relative to the
main oxidant, also leads to a decrease in the required power of dust-cleaning
systems, and therefore to reduction of power consumption for the company's
requirements. Enrichment of atmospheric air with oxygen is proposed to be
conducted by extraction at the enterprise itself or by procurements from an external
supplier. On the basis of the analysis of currently available methods for obtaining
oxygen in significant quantities, it is appropriate to allocate the use of membrane
technologies. Such technologies for oxygen allocation from the air provide the
formation of a mixture with the content of oxygen in the air of 28-50% vol. and
even a bit higher. Also, the electrolysis process is used in powerful power plants to
obtain hydrogen from water for the purpose of its further use in cooling systems of
electric generators. During this process, oxygen is obtained which is released into
the atmosphere. The oxygen thus obtained can also be used during combustion of
fuel in boiler units. Currently, the considered methods for obtaining oxygen with its
further use for combustion of organic fuels are quite expensive, however, in the
future, with the growing environmental problems, in particular, when the payment
for emissions of harmful substances into the atmosphere will increase, this option
will become more and more economically viable.
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BYT'UVIbHI TEC B YMOBAX CTAJIOT'O PO3BUTKY

Hanna KOSHLAK, Iryna DMYTRENKO, Vasyl NESPLYAK

Ivano-Frankivsk National Technical University of Oil and Gas,
Ivano-Frankivsk, Ukraine

3 HEBIIMHHUM 3pPOCTaHHIM €HEPTronoTpeOd JIF0ICTBA OJIHIEIO 3 TII00ATBHUX TIPOOIeM

XXI cromitTs € HaniiiHE eHepro- Ta pecypco3adecnedeHHs. Ha cboromHinHii 1eHb

MO/JIENTb CTAIOT0 PO3BUTKY CYCITIIBCTBA € TIEPETyMOBOIO 30aJJaHCOBAHOTO PO3BUTKY

[UBLTI3aIil, KOJMM TOpsAJ 3 IHTEHCUBHHUM €KOHOMIYHHUM PO3BUTKOM KpaiH

MMO3UTUBHO BHPIMIYIOTBCSA THTAHHS 30€peKEHHS TOBKUUII Ta COIMaJIBHOI

CIpaBeIMBOCTI. PO3BUTOK 1MBIII3aLIl HEMOXKIUBUI 0€3 HaIIHHOTO 3a0e3eueHHS

eHepreTHYHUX noTped cycmiiberBa. [IpioputeTHrM 3aBaanHsM CrTparterii cTanoro

po3BUTKYy «Ykpaina — 2020», sixka cxBanena Ykazom llpesunenta Ykpainu Bim 12

ciuast 2015 poky Ne5/2015, e peanizamis [Iporpamm eHeproHesayiexHoOCTi. 3a

JAaHUMHU 1HO3eMHHX €KCHEpTIiB 3 eHepreTHkH [1] BUKOpPHCTaHHS BYTLUIS B SKOCTI

EHePreTUYHOTO Pecypcy il BUPOOHMIITBA €HEprii € 30MTKOBHM Ta €KOJIOTiYHO

HeHeOe3meuHnM. Ykpaincbki ByrinbHI TEC crnoxwBaroTh Oinbime 35 MITH. TOH

Byruurs. CrHaitoBaHHA 3HAYHUX KITBKOCTEH HH3BKOSKICHOTO BYTUIISL Mae

HETaTUBHI HACIIJIKU: BiI0OYBAIOThCS CTAI[iOHAPHI MPOIIECH TEIUIOBOTO Ta XiIMI4YHOTO

3a0pyaHeHHs: AoBKUDIS BuKuaamu TEC, mo BKpail HEraTWBHO ITO3HAYA€THCS Ha

310pOB’1 HaceNeHHs MPUJIETINX TepuTopiii. B octanHi pokn ans ykpaincekux TEC

JIy’e TOCTpO MocTajia MmpobjemMa CKOPOUYeHHsS BUKHIIB. [lokpalieHHs eKoJIoriqHOo1

curyanii B 30Hax BBy TEC Ta 30epexkeHHS MOBKULIS MOMIJIMBE MPH YMOBI

JOTPUMAHHS 1 BUKOHAHHS HAIlIOHAJIBHOTO IUIaHY CKOPOYEHHS BUKHIIIB OCHOBHHX

3a0pyJHIOBAILHUX PEYOBMH B YKpaiHi BiJi BEIUKHUX YCTAaHOBOK CIIATIOBAaHHS

BinoBinHO 10 pimenHs ExeprernuHoro cmiroBapuctBa D/2013/05/MC-EnC Bin

24 xoBtHs 2013 poky, nupextus 2001/80/€C Ta 2010/75/€C.

OcHoBHUMU 3axofamu [y po6oTu ByTinbHUX TEC B KOHTEKCTI CTAJIOTO PO3BUTKY:

— TPOBEACHHS MOJEpHi3allii TEIUIOCHIOBUX YCTAaHOBOK, OOMEXEHHS TOJIUH
pOOOTH MOpATLHO 3aCTapiIMX EHEProOJIOKIB 3 MOJAIBIIAM iX BHBEICHHIM 3
eKCIUTyaTailii, OCHAIICHHS MOJICPHI30BAHUX MOTYXHOCTEH 3 TPOIOBXKECHUM
pobouum pecypcom Oubmn Hixk 15-20 pokiB BUCOKOS()EKTHUBHUM T'a3004YUCHUM
00JIaTHAHHSM;

— 3aJlydeHHA IHBECTHIIf BIPOBA/DKEHHA Cy4YaCHHX €HEPreTUYHHX Ta
pecypco30epiratounx TEXHOJIOTIH, SKi 31aTHI 3a0€3MeUYUTH CTAIUNH PO3BUTOK 1
SHEePreTUYHY HEe3aICKHICTh KpaiHu;

— MacmTabHe 3aCTOCYBaHHS ITOHOBITIOBAHUX  JDKEpeEl eHeprii  Ta
eHeproeeKTUBHIX TEXHOJIOTIH, BimMoBa Bif Oyaisauitea TEC Ha ByTiIIi.
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THERMAL STATE OF BUILDING WITH A SYSTEM
OF ACTIVE THERMAL INSULATION

R.V. MORDAS, N.L. LEBED, A.Yu. RACHYNNSKY]I

National Technical University of Ukraine
"Kyiv Polytechnic Institute named after Igor Sikorsky", Ukraine, Kyiv

Since a system of active insulation-heating compensates for heat losses, it is
necessary to estimate the temperature state of premises when applying such
systems. Results of solving this task are given in this work. The object that was
investigated is acting part of a building at "KPI named after Igor Sikorsky" with a
system of heat supply. The building's heating system that employs a system of
active insulation includes a low-potential heat source, an evaporating-condensing
cycle, solar collectors, a buffer heat accumulator, which offsets the operating mode
of the heat pump at night time. A compulsory node of the circuit is the reverse unit,
which makes it possible to align a temperature gradient at the facade of the
building. A system of active thermal insulation is mounted onto the non-insulated
fagade of the building and is covered with a layer of thermal insulation outside.
The heat exchange circuit is a plastic pipe, laid at a certain step on the aluminum
thermosetting grid. These circuits are hydraulically connected according to
Tichhelmann's scheme to main pipelines, which ensured the same consumption in
each of them. In order to study the thermal state of the building that used the
system of thermally-active insulation, we employed the software module
EnergyPlus with a DesignBuilder interface [2]. With respect to recommendations
from [3], we set permanent boundary condition of the second kind at surfaces. The
key point of simulation is an "operational mode" of the building, which was limited
by work of the thermal stabilization system of from 8:00 to 18:00 5 days a week.
During remaining hours, temperature inside the premises was lowered to +12°C in
winter and +28°C in summer. We accepted as input parameters the annual
distributions of temperature, solar insolation, wind speed, barometric pressure over
2016 [4]. An analysis of the acquired data shows that the lowest air temperature
was observed in the region of translucent fencing structures. Medium temperature
integral in the premises where people stay permanently is maintained within the
permissible limits of 20°C. In the premises where people stay temporarily
(corridors, hall) the temperature is set to 17.35°C, which is permissible according
to acting norms [3]. In addition, the result of our study is the determined energy
costs on heating for the two systems (standard and proposed); the result shows that
the system of thermally-active insulation consumes 8 times less energy in
comparison with the standard system. Thus, the system with a thermally-active
insulation is the optimal solution for the renovation of heating systems that have
exhausted their resource because it does not require the intervention in the "life
activity" of the building and provides comfortable conditions in the premises
throughout the year.
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THE ANALYSIS OF THE PROVISIONS OF THE SPECIAL
HOUSING ACT IN THE LIGHT OF AVAILABLE GEODETIC
DATA

Matgorzata ROMANYSZYN
University of Agriculture in Krakow

Spatial planning, which constitutes the starting point of a variety of endeavours, is
of a foundational nature in relation to real estate management and building
processes. In previous legal order, only the assignations within the Local Spatial
Development Plan of the Commune or, in the absence thereof, the decision on
building conditions, were binding for the authorities issuing the building permit.

However, the long-standing discussions on the reform of the investment and
construction process, which would enable its acceleration, have contributed to
legislative changes in this area. The Act on the facilitation of the preparation and
implementation of housing investments and accompanying investments
(hereinafter referred to as the Special Housing Act), that has been in force since 22
August 2018, is another tool for space management in the commune, while
enabling acceleration of the construction process in the area of housing and
accompanying investments.

The standards of localization and investment implementation introduced in the
Special Housing Act make the possibility of constructing multi-family buildings
contingent upon the fulfilment of many conditions. A detailed analysis of these
conditions revealed a number of inaccuracies related to their imprecise definition.
The attempted interpretation the provisions of the Special Housing Act made
possible the selection of geodetic data that will be essential in performing spatial
analysis, which constitute the basis for the optimization of the location of newly
designed objects.
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INTEGRATED ASSESSMENT OF THE PARK FOREST
ECOSYSTEMS STATE

N.V. MIROSHNYK

Institute for Evolutionary Ecology NAS Ukraine
37, Lebedeva str., 03143, Kiev, Ukraine

Park forest ecosystems are complex in structure natural and semi-natural
ecosystems characterized by simple (additive) and complex (non-additive)
properties. Their condition is an indicator of the ecological balance of the urban
environment. Its evaluation requires a systematic and multi-factor analyses.

The structural diversity index of Hstr indicates the variability of forest ecosystem
structure as an indirect indicator of forest species diversity and environment
conservation (Bednova, 2012) and the direction of processes in it. Forest stand
status index (Voron, 2010, 2011) is an integral indicator of forest ecosystem
assessment, which reflects the resistance to a certain impact, the productivity of the
forest stand (with an increase in diameter and height). As a characteristic of the
abiotic component of ecosystems determine the levels of acoustic and
aerotechnogenic pollution (Monitoring and improving stability..., 2011; Bednova,
2012).

An important place in the analysis of large data sets is occupied by integral indices
of the state of the studied objects or systems. The integral index is a way of
informative hierarchical convolution of the set of initial indicators into one, which
allows to simplify the work with the data by accelerating the calculation and
simplifying the interpretation and improve the quality of analysis, evaluation,
comparison of complex systems on a set of initial indicators, both individually and
together (Kostina et al., 2014). In comparative ecology for comparison of different
characteristics of ecological objects systems of integral and complex indicators
characterizing various structural components of natural ecosystems are used
(Gelashvili, Zaznobina, 2003; Didukh, 2011, 2012). This allows us to characterize
the development of processes in time and space, to identify changes in the structure
of intra-and inter-system relationships and the role of certain factors in the
dynamics of complex systems (Kostina et al., 2014). Indicators of integrated
assessment of the state of Park forest ecosystems must meet the following
requirements: content — to describe the essence of the phenomena, to be not
difficult to define, logically understandable; versatility — should be suitable for the
evaluation of different parks within any urban ecosystem, suitable for automated
accumulation and processing; informative — the minimum number of indicators
should provide the most complete and reliable description of the park state;
comparability — all characteristics of the park must be comparable.
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DEFINING THE GAS FLOWRATE THROUGH THE BURNERS
OF BOILER FOR HEATING BITUMEN

Fedir MATIKO, Halyna MATIKO, Rostyslav SAPELIUK
Lviv Polytechnic National University, 12 Bandera street, Lviv, 79013, Ukraine

The purpose of this paper is to define the flowrate of natural gas through
nonstandard burners of boilers for heating bitumen for one of the enterprises for the
next certification of the gas equipment of this enterprise. In order to define the gas
flowrate through a nonstandard burner a flowrate equation based on Saint-Venant-
Wantzel’s dependence has been developed taking into account the conditions of the
subcritical and critical modes of gas flow. This equation includes a flowrate
coefficient, the value of which is known only for individual design of the nozzle. In
particular, the results of research on gas leakage through conical and profiled
nozzles are presented in scientific and technical sources. From these sources one
can see that the flowrate of the nozzles depends on the angle of the nozzle inlet, the
nozzle shape, the ratio of the downstream and upstream pressures of the nozzle and
other parameters. Therefore, it is impossible to calculate the flowrate coefficient
with high accuracy using the theoretical dependencies. In order to define accurately
the flowrate through the nonstandard nozzle it is necessary to define the flowrate
coefficient experimentally. The authors have developed the experimental facility
and have carried out the experimental research to determine the air flowrate
through the burner. The measuring complex CWR-1 is the basis of the facility. It
includes a rotary gas meter and a microprocessor corrector of gas volume which
makes it possible to record the parameters of the gas during the measuring and to
transfer the archives of parameter values to the computer for their further
processing. Based on the results of experimental research the flowrate coefficient
of the burner nozzle was defined for the range of the ratio of downstream and
upstream pressures of the burner from 0.51 to 0.77. An analytical dependence of
the flowrate coefficient of a jet on the ratio of pressures has been developed. The
expanded uncertainty of calculating the flowrate coefficient by this dependence
does not exceed 1.5%. An analysis of the operating conditions of boilers burners
for heating bitumen has been carried out in this paper. The ranges of gas
parameters during burners operation have been determined. The gas flowrate for all
modes and operating conditions of the burner is calculated using the developed
equation for gas flowrate and the obtained equation for the flowrate coefficient of
the burner nozzle. Applying the research results make it possible to define
accurately the gas flowrate during the operation of boilers for heating bitumen, to
make conclusions on the correctness of the technological regime of the equipment
as well as on the choice of metering equipment for natural gas.
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AHAJII3 BIVIUBY MACIITABY JIOKAJIbHUX PUHKIB
TEIVIOBOI EHEPT'II HA IX BITHOCHY E®EKTHUBHICTDb

B.I. JELIKO, A.C. KAPTIEHKO
HauionanbHuit TexHiyHuM yHiBepcuTeT Ykpainu «KIII im. I. Cikopcbkoro»

Po3paxyHkoBa e(eKTHBHICTh JIOKATBHHX PHHKIB TEIUIOBOI eHeprii mepenm ix
BIIPOBAKCHHSIM B ICHYIOUMX CHCTEMaXx IIEHTPANi30BaHOTO TETUIONOCTAaYaHHS MiCT
HanpsMy 3aJIeKUTh Bil MacIuTaly pHHKY, A€ OCHOBHHUMHU HOTO XapaKTepHUCTUKAMH
€ 00’eM CTHIOXXMBaHHS TEIUIOBOI €HEPrii Ta 3aranbHa JOBXUHA TEIUIOBUX Mepex [1].

Mertoro poOOTH € BU3HAUEHHS XapaKTepy BIUIMBY MaciuTaly JOKAIbHOTO PUHKY
TEIUIOBOT eHeprii Ha Horo e(heKTHBHICTS.

B aBtopcekomy mporpamHomy 3abe3neueHHi «Thermal Energy Market» [2], B
OCHOBi SIKOTO JIEKHUTH MOJENh JIOKATHHOTO PHHKY TerutoBoi eHeprii [3], Oyio
MPOBEJCHO PO3PAXYHOK PiBHS e€(hEeKTUBHOCTI JOKAJIBbHOTO PHHKY TEILIOBOI €Heprii
B M. IpmiHpP TpHm pi3HUX yMOBaX MacmTady puHKY. CXeMH CcHCTeM
TEIIOTIOCTAYaHH TPU Pi3HUX MaciITadax puHKY IpeCcTaBiIeHO Ha puc. 1.

1 ) 2
b, / /}Zw’/

Pucynok 1. Cxemu cucmem menionocmavauHs npu pizhux macwmabdax punky: 1 — 00’em
cnoorcusants oopisuroe 42000 I'kan/pik, 2 — 06 ’em cnosxcusanns oopisrioe 84000 ['kan/pix

3a pe3ynbTaTaMH MOJENIOBaHHS BH3HAU€HO, MIO Npu 30iMbLIEHHI 00’eMy
CHOXMBaHHS TEMJIOBOI €Heprii Ha JIOKaJbHOMY pHUHKY, NUTOMa BiJHOCHA
e(heKTUBHICTh PUHKY TEIUIOBOI eHeprii miaBumryetbes 3 27% mo 33%. Takum
YMHOM, ICHYIOYi CUCTEMH LIEHTPaJli30BaHOTO TEIUIONOCTa4aHHs 3 OiIbII BHCOKOIO
TYCTUHOIO TEIUIOBMX HAaBAaHTQXEHb MArOTh OUIbII NPUBAOIMBI yMOBH IS
CTBOPCHHSI JIOKAJTFHUX PUHKIB TEILIOBOI CHEPT 1.
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NIABUINEHHA EHEPTOEKOJIOTTYHUX IIOKA3HUKIB
BIONAJIMBHOI KOTEJ/IbHI

1.0. HASAPOBA

HauioHanbHUi TexHIYHUM YHiBepcuTeT YKpainu
«KuiBcbkuii nosiTexHiyHuM iHCTUTYT iMeHi [rops Cikopcbkoro»

3rinno Eneprernunoi crparerii Ykpaiau no 2035 poky [1], Ykpaina mae Hamip
CKOPOTHUTH CIIOKMBAHHS BUKOITHOTO MAJIMBA Ta 30UIBIINTH YaCTKy BiTHOBIFOBAHUX
Jokepen eneprii 3 6% (y 2018 p.) mo 25% (y 2035 p.) Big 3araibHOrO 0OCSTY
NOCTayaHHs MEPBUHHOI eHeprii. B YkpaiHi, B ocTaHHi pokH, 4acTka 0ioMacu Bix
yCiX BiJHOBIIOBAaHUX Kepen eHeprii ctaHoBuTh 8§1%, i 3rigHO [2], 1A HacTka
3aJMIIATHCS OCHOBHOIO 1 B MaiOyTHhoMy. OTKe, NPOEKTH, MO 3aMilIyIOTh
BUKOIHE MaNMBO (BYriUId, NPUPOJHUKA ra3) 0iOMacol € aKTyaJlbHUMU JUIS
VYkpaini. [Ipy BupoBamKeHHI TaKUX MPOEKTIB BUHUKAIOTh IMUTAHHS TOKpAICHHS
€KOJIOTIYHOCTI ~ KOTeNbHMUX  YCTAaHOBOK Ta  MiABUINEHHS  e()eKTHBHOCTI
BUKOPHCTaHHS B HUX nanuBa. L[i muTaHHS JOCHIKCHI HA NPUKIANl aHaJi3y
SHEePreTHYHOl 1 eKOJIOTiuHOi epEeKTUBHOCTI PoOOTH OlOHaJMBHOI OMAIOBAIBLHOI
KOTeINbHI, B AKiii BCTAHOBJIEHO BOJOTPIMHMN TBEpAOMANMBHUN KoTed. BusHaueHi
MOKa3HUKU €HePreTHYHOI e()eKTHBHOCTI KOTJIA Ta CHCTEMH «KOTEJI-eKOHOMaMH3ep».
Bcranosneni 3anexnocti KKJ| xornma, KKJ cucremu «xorten-ekoHOMan3ep» Ta
BATPAaTH TMajuBa BiI pi3HOI Bojorocti mammea. OTpuMaHO, MmO 3a PaxyHOK
BCTaHOBJICHHsI €EKOHOMaii3epa: BTpaTh TEIIOTH 3 JUMOBHMH Ta3aMU 3MEHITYIOThCS
Ha 14,6%; KKJI xorenwHi 30inbmyerbcs Ha 13,6%. BceraHoBiieHi 3alie:HOCTI
MOTY)KHOCTI €KOHOMaif3epa BiJ MOTY>KHOCTI KOTJIA, TEMIEpaTypH BXiAHOI BOAH B
eKOHOMai3ep, PI3HUIl TeMmIlepaTyp BOAM HAa BXOAlI Ta BHXOJi 3 €KOHOMai3epa,
3aJIeKHOCTI TeMIlepaTypH y MpsSMOMY Ta 3BOPOTHOMY TpyOompoBojgax Bix
TEeMIIepaTypH HAaBKOJIHUIIHBOTO CEPEOBUIIIA.

P03paxyHKOBI/IMI/I Ta CKCIICPUMCHTAJIbHUMH METOAAaMU, BI/I3HaHCHi BaJ'IOBi BUKHU U
3a0pyJHIOIOYHX PEYOBHH Ta iX KOHIEHTpaIlii. 3apONOHOBaHI IUIAXH 3MEHIIEHHS
TPAHWYHO JOITyCTHMUX KOHIICHTpAIliil BUKHU/IIB TBEPANX YACTHHOK.

Ha 6a3i mporpamuoro 3a6esnedenHss Solid Works moOymoBana reomerpuyHa
MOJENTh €KOHOMaii3epa, mepeBipeHa KOPEKTHICTh KOMIT IOTEPHOTO MOJICTIOBAHHS,
JOCTI/DKEHUI TPOLEC TEIIOOOMiIHY MK TOTOKaMHU pIiJUHH B EKOHOMam3epi
BUSIBJIEH] YaCTHHM €KOHOMaii3epa, B SIKUX IHTEHCUBHICTH TEMJIO0OMiHY MOXe OyTH
30inbpIlIeHa, BUKOHAHA KOHCTPYKTHBHA 3MiHA B €KOHOMaW3epi IJisl 30UThIICHHS
IHTEHCUBHOCTI TEIJIO0OOMiHY Ta OLIHEHI Pe3yIbTaTH MOJCIIOBAHHS.
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THERMOANEMOMETRIC MEASURING DEVICE
OF PULSE FLOW OF THE TWO-PHASE MEDIUM

Vasyl DMYTRIV, Oleksiy LANETS, [hor DMYTRIV
Lviv Polytechnic National University, Ukraine

Primary converters of thermoanomometric type are widely used in measuring the
consumption of one-component media. The principle of thermoanemometric
measurement of the mass flow of the medium is based on the influence of the flow
of the liquid (in most cases, the gas flow) on the heat transfer of the heating
element. The thermal flow sensor typically contains a thermoresistant element
which is heated by an electric current, which provides a temperature rise of the
sensing element in relation to the measuring medium. A constant temperature
difference between the perceiving element and the measured medium (flow of
liquid or gas) is supported by the bridging scheme of activating the sensor, which
provides a change in the heating power depending on the mass output of the
measured medium.

The construction of the thermoanemometric measuring device of the pulsating flow
of a two-phase medium contains a bridge circuit for measuring the voltage change
and transforming it into a discrete-time digital signal. Thermistors operate in the
mode of the given voltage imbalance of the bridge circuit. The imbalance in the
voltage resulting from the heat removal is measured and the resistance of the
elements due to changes in the quantity and velocity of the pulsating flow of a two-
phase medium is changed.

The results of the research showed that when the bridge scheme of the thermistor
sensors with a voltage of 4 V is powered, the duration of the heating mode is
49.6 ms for one work cycle of the scheme at the intensity of 0.39 kg-min™ flow,
and with the intensity flow of 3.042 kg-min, the 215.8 ms accordingly. The nature
of the change in power consumption of the measurement scheme of the intensity of
flow is nonlinear at the 4 V supply voltage of the bridge circuit.
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MATHEMATICAL MODELING
OF THE BIOFUEL’S GASIFICATIONS

Anna Maria SLOWAK

Kielce University of Technology
aleja Tysiaclecia Panstwa Polskiego 7, 25-314 Kielce

The article presents the results of experimental studies of biomass heat treatment.

The method of mathematical modelling of the biomass gasification process is

improved on the basis of the thermodynamic model of Gibbs free energy

minimization. In most countries, their energy strategies involve an increase in the

share of renewable energy sources, including using a sufficiently large biomass

potential. One of the most effective technologies for using biomass is its

thermochemical processing and the production of combustible gas (generator gas).

The use of biomass through gasification has several advantages over direct

combustion, such as:

— the possibility of using a wide range of biomass and combustible waste,
including those with a high moisture content;

— asignificant reduction in atmospheric pollution;

— the possibility of increasing the efficiency of equipment for this process.

The solution of the Lagrangian function made it possible to determine the
composition of the generator gas and the efficiency of the process. The accuracy of
the proposed mathematical model is estimated. The obtained results can be used to
determine the optimal conditions for gasification in the development of biomass
gasification technologies.
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10 CJIEJAM OIHOU ABAPUU
B FA3OPACIIPEJIEJIMTE/JIbHON CUCTEME

Maructp Maueit KOTYJIA, Anexcauap IIKAPOBCKUH

[Tonbckas 'azoBas Komnanus, CankT-IleTepbyprckuii 'ocyapcTBeHHBIN
ApXUTEKTYPHO-CTPOUTENbHBIN YHUBEPCUTET

KoHnenuusi 1 OCHOBHBIE 3JIEMEHTHI CHCTEM Ta30CHAOKEHHSI B OONBLIMHCTBE CTPaH
noxoxu. [loaToMy MOXoku W aBapuu — MX MPUYIHUHBI, MPOTEKAaHWE W TTOCIEACTBHSL
Amnanusupyemas aBapust npousonuia Beuepom 30 Hosopst 2010 r. B moJabCKOM TOpoe
Zielona Gora. B3pbIBbI ra3a BbI3BAIM HOXKAphl B TpeX 3AaHusIX. OJMH YeToBeK Moruo,
Oomee 6 THICSY KUTENEeN ABaKyHpoBaHo. /s crenuaincToB ObUIO OYEBHIHO, YTO B
ra30pacrpee-IMTENbHYI0 CHCTEMY HU3KOTO JIABJICHUS OT Ta30PETYIATOPHOTO IyHKTa
(I'PII) B ynmuHyIO CETh, a 3aT€M BO BHYTPEHHME CHCTEMBI 3JaHUI Havall IOCTYIaTh
ra3 cpernHero nasieHus. Ho a1 TOYHOro ycTaHOBIECHHMS HPUYMH ObLT HEOOXOAUM
Hay4HbIH aHamm3. CinenctBue ycranoBmiio, uto B ['PII mpom3zomnnia aBapust peryistopa
naBneHus. HenomycTnMO BBICOKOE JaBlIEHHE Tra3a BBI3BAIO pa3repMeTH3aLUIo
BHYTPEHHUX CHCTEM M HEKOHTpOJIMpyeMble yTeuku rasza. Ho B mr00oit cTpane
koHcTpykuus 1'PI1 nmpemxycmarpuBaet, 9To0bI Ta3 CPEHETO AABJICHHS B TIPHHIIUIIE HE
MOI' OKa3aTbCAd B BBIIYCKHOM TrazonpoBoie. Kak MHHUMYyM Tpu ycTpoiicTBa He
JOIYCKalOT 3TOr0: caM PpEryJsiTop IaBleHHMS W JABa KiamaHa O€30MacHOCTH —
npenoxpanuTtebHo-3anopHbiid (I13K) u nmpenoxpanurensHo-copocHoi (IICK). Bomee
toro, I'PI1 OpLT CKOMITOHOBAH IO CXEME C ABYMS PeAyKIIMOHHBIMHE JIMHUAMH.

[Ipobmemsr B pabore I'PIl mosBumuchk B mpoliecce MOAEPHU3AIMN OOOPYIOBAHMS,
BBIITOJHSBIIEHCS COOCTBEHHBIMU criamu. OKa3anoch, 4TO Ha TJIABHOW PeTyKIIMOHHON
muann He nerictByer 13K, On Obul cHAT M OTnpaBiieH B Hanaaky. Padora I'PII Obuta
Ha JUIMTENFHOE BpeMsl TIepeBe/ieHa Ha PEe3EePBHYIO JIMHMIO. VIMEHHO Ha 3TOW JIMHUHU
MPOM30IIUIA aBapus perymaTopa nasineHus. Ho modemy He cpabortamm oba KiamaHa
OezomacHocTn? Okazanock, uTo mocie nepeBoga ['PII Ha pesepBHYIO NHMHHIO OHA
gacTo BBIKIIOYagack — cpabareBan [I3K, m momada rasza mpekpamanack. UToOb
n30exaTh HeOOOCHOBAHHBIX TIEPEPHIBOB B ra30CHA0XKEHNH, CITyCKHOHM MexaHm3M [13K
ObUT 3a0JIOKMPOBaH B HAJEXKJC HA JIOCTATOYHYHO 0E30MACHOCTh, 00ECICUMBACMYO
IICK. Ilpnunna necpadarsiBanus [ICK Taroke Obuna ycraHoBieHa. DTO OOBSICHIET
nHpopMmarms o U-o0paszHoi mpokiagke cOPOCHOTO TPpyOOIIpoBOia, HE3AIUIIIEHHOTO
ot armochepHbIx ocanakoB. CH(MOH CIyXHI KOHICHCATOCOOPHUKOM, 3aIlHIIA-IOIIIM
o0opynoBaHie OT IomagaHus Biard. Pacuer Obul Ha TO, 4YTO mpu cpabaThIBaHUH
KJIaraHa Boja OyJIeT MpOCTO BHITOJKHYTA B «CBEUY», HO TEMIIE-paTypa TpH aBapuu
coctaBisuia —11°C. Tak 3aMbIKaeTCsl IEMOYKAa HMPUYHUH «JEJIOBEUICCKOTo» (hakTopa,
npuBeAIIMX K aBapuu: dkcrutyaranus ['PI1 Ha pesepBHO# anHMM — Gnokuposka 113K
PE3EpBHOM JIMHUM — HE3aKOHHOE «CHU(OHHOE» BBHINOIHEHHE COPOCHOW JMHUH —
TIOTIa/IaHye BiIard B cu(oH — ee 3aMep3aHne B pe3ysibTare HU3KOi Temmeparypbl. 1
TOJBKO WHHULMUPYIOMIUM (AaKTOpOM aBapul CTajla [0 HACTOSIIEMY TEXHHUYECKas
MIPUYMHA — aBapHysl peTYIATOpa AaBieHus pesepBHOH JmanM ['PIL.
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MMPOBJIEMHY PO3BUTKY MAJIOI I'IPOEHEPTETUKU
B YKPAIHI

Mupocaas 3IHb
TepHONiNbCbKUH HallilOHa/IbHUN TexHIYHUH yHiBepcuTeT iMeHi IBaHa [lystos, Ykpaina

B VYxkpaiHi € BeIHKi MOXJIMBOCTI JUII PO3BUTKY OJHi€] 3 ramy3eil BIJHOBIIOBAHOI
CHEPreTHKH — MaJol TrifpocHepreTuku. J[lepkaBa Ja€e BUPOOHHKAM «YHUCTOI»
e”eprii 3a nomomororo Manux I'EC minsrosuii «3eneHuit» tapud Ha BuUpoOieHY
HUMH €HEpriio, a TaKOX 1HIII nepeBaru. B YkpaiHi € Benuka KiIbKICTh CTBOPIB Ha
Cepe/IHIX 1 MaMX pivuKax, e MOXYTbh OyTH BiAHOBIIEHI cTapi ab0 CIOPYAXKEHi HOBI
mam ['EC. Kpim Toro, Mu MaemMo Bech HEOOXiMHWH IUIsi PO3BUTKY Ili€l ramysi
HAyKOBO-TEXHIYHWH Ta iH)KEHEPHHH IEepPCOHAN, BiIIOBITHI MPOMHUCIOBI pPeCcypcH.
BiTum3HsHA TIPOMHUCTIOBICT MOKE BHITYCKATH Ha 3aMOBJICHHSI TipoTypOiHHE Ta
iHme oonagHanag A Manux 'EC 3 Oyap SKUMH HallopaMu Ta BUTPaTaMH BOJIH.

Y TepHONIBCHKOMY HAIlOHATFHOMY TEXHIYHOMY YHiBepcuTeTi imeHi IBana
[Tymtos chopmyBasiacsi HAyKOBa ILKOJIA, KA 3aMAETHCS] BUPILICHHAM aKTyaJbHUX
mpo0JIeM MaJioi TiapoeHepreTHKH. MU BHBUYAEMO TiIpPOCHEPTETHYHUHN ITOTEHINAI
CepeJIHIX 1 MaNuX pidok 3axigHoro periony Ykpainu ta [Toxims, 6epemMo yyacts y
npoektryBanHi Manmux [EC i1 rigporyp0iH, HamaeMo KOHCYJbTAIlil 3 HayKOBHUX,
TEXHIYHMX Ta CKOHOMIYHMX IIHTaHb IMANPHEMCTBAM, SKi 3aiMaloOThCA
CHopy/UKeHHAM 1/a00 ekcruiyarariero Manux ['EC. OauH 3 HpPOEKTIB, KU MU
po3po0MIM 1 SKWH BOPOBAaAMIO OJHE 3 NPUBATHUX MAIUX MIiANPHEMCTB —
Mikpo EC motyxnocti 105 Bt nHa p. 3omora Jluma B M. bepexanu
TepHominecekoi oOmacti. Hapasi me X caMe MiAIPUEMCTBO BIIPOBAIKYE
HacTynHui Ham mpoekT — Mikpol EC motyxxHocti 70 kBT Ha p. Ceper B c.
MumkoBuyi TepHominbebkoro p-Hy TepHoninecbkoi 00:1. (craHOM Ha Kinens 2018
POKy BUKOHaHO TiprOim3Ho 50% HEoOXigHOTO 00CsTY poOiIT).

OcHOBHE Halle 3aBIaHHS MOJISATA€ y MiABUIICHHI €HEPreTMYHOi H eKOHOMIYHOi
eextuBHOCTI Magux 'EC 3 Hamopamu m0 5 MeTpiB i BUTparamu Boau g0 5+10
m°/c. TlepeBaskKHO JOBOMMTHCS IPALIOBATH 3i CTBOPAMH, Jie HAIIp — 10 3+4 MeTpiB,
a BUTpaTa — Ao 2+3 M/c.
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AJIbTEPHATHUBHI JIXKEPEJIA EHEPTII.
I'PO30BA EHEPTETHUKA

Cranicias JYKHUM?, Apocnas APCEHNY?, Poman APCEHNY?,
Apocnas JEM’SAIHUYK?, I'anuna CTEJIbMAXOBHY!

Ivano-Frankivsk National Technical University of Oil and Gas,
15 Karpatska Str., Ivano-Frankivsk, 76019, Ukraine

2Bume xymoxHe npodeciiine yunaume Ne3 m. [Bano-®OpaHkiBcbKa

CTaTTiO NPHUCBSIYEHO BUBUYEHHIO BIJHOBIIOBAJIBHUX KEpPEN €HEprii, 0 MOXYTb
CTaTH aNbTEPHATHUBOIO TPAAULIWHUM JKepemaMm eHeprii. IlepcrmexTtuBa maHOTrO
NUTaHHS TOJIATa€ Y HEBUUEPITHOCTI JKepell eHeprii, o MpecTaBiIeHi, a TAaKoX iX
BIIHOCHIN eKoJoTiuHiii gncToTi. JlaHWiA HampsMOK € TEepCHEKTHBHHM B cdepax
BiTHOBITIOBAJILHOI €HEPTETUKH Ta eKOJIOT1i.

OcHOBHa IIiIb CTaTTi — BHUKOPIHEHHS €Heprii, o 3a0pyaHIOE HaBKOJHIIHE
CEpeNIOBUINE Ta 3a0XO0YCHHS HAYKOBIIB 10 OUTBIN TOTIMOJIEHOTO BWUBUYEHHS Ta
JIOCTI/DKEHHS  allbTEPHATUBHUX JDKEpENl €Heprii 3 MeTOI iX IOAaJbIIoro
BUKOPHUCTaHHS.

3po0ieHO TOPIBHSIBHY XapaKTePHCTUKY albTEPHATUBHUX JDKEped eHeprii Ta
3alpOMOHOBAHO OCHOBHI IMIXOMW IMOAO BiJJIOBIIOBAHHS YHCTOI eHeprii 3
OJIMCKABOK.

JlaHe MUTaHHS PO3MIIAAANocs OaraThMa HAyKOBIIIMH, ajie BIEpIIIe 3arpOIIOHOBAHO
3amacaTtd €Hepriro OJUCKaBKM B MOMEHT, OJIM3bKHUN 10 1 yTBOpEHHs. 3aBASKH
HOBIlM TEXHOJOril, BiAJIOBIIOBaHHS OJIMCKABOK MOXE CTaTH IMPOBITHOKI TEUi€r0
CydacHOi BiJHOBIIOBaJIbHOI E€HEPreTHKH, OCKUIBKA 3a BIAJIOTO PO3MIIEHHS
TpO30BOi €NEeKTPOCTaHIii OJHAa Taka CTaHIsf 34aTHa Oyae 3a0e3nedyBaTH
EJICKTPOCHEPTIEI0 1Ty IUIAaHEeTy, a KOHKYpPEHTO3[aTHA IliHA €Heprii 3maTHa Oy/e
BUTICHUTH 3 PHUHKY TPaJUIliiHEe BUKOITHE NMANUBO )i HAKOMMYECHHS JAaHOT eHeprii
MOXKHAa BHKOPHUCTOBYBATH KOHJICHCATOPH. 3alIMIIAETHCS TMHUTAHHS 3HAXOJKEHHS
HUISXiB 11 TPaHCIOPTYBaHHS, IO 3HAXOIUTHCS Ha CTalil pO3pOOKH.
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