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IIpoananizosano naseni opzanizayitini ma mexuiuni piwenns 3 nidsuuens enepzemuunoi epex-
muenocmi ykpaincokux O0ydisenv i cnopyd, a maxoic oKpecieno nesupiweni npobaemu y uitl cgepi.
Bidsnaueno, wo cxaadnicmo peanizayii mexuiunoi npoyedypu modepuizauii mpy6onposodie cucmemu
UEHMPATLHO020 B00SH020 ONALCHHS NEPEUKOONCAE NIOBULEHHIO eHeP2eMUUHOT eeKmusHoCmi YKkpain-
cokux oydisenn i cnopyo. He menuwor npobiemoro € neobxionicmv «2py6020» EMpyuanis 6 yice icHyoui

pemonmu, 3pobaeni ecepeduni 6yodisenv i cnopyo.

Kmouosi cnosa: mepmomodepnizauis O6ydisenv i cnopyo, pacadna menioizonayis, modepHisaiyis
mpy6onpo6odie cucmemu yeHmpaiLHozo 8005SHOZ0 ONALCHHSI.

1. Introduction

At the present stage of the society development, the
most energy-intensive sector in most of the industria-
lized countries of the world is the systems for ensuring
a comfortable life of a person. One of the main tasks is
the creation of conditions for the effective operation of
life support systems in stationary and in variable opera-
ting modes. This approach involves exploring a particular
building or structure in a complex and relationship with
its environment, that is, to carry out a system analysis.

According to the conclusion of the World Energy
Commission «..modern buildings have huge reserves of
increasing their thermal efficiency, but the researchers
have not sufficiently studied the features of the thermal
regime, and the designers have not learned to optimize the
heat and mass of the enclosing structures» [1]. It should
be noted that the cost (in terms of money) of heating
and hot water supply has become a «heavy burden» for
the budget of the vast majority of Ukrainian families.
The reason is that existing buildings are built without
proper attention to saving energy, since when this energy
is relatively cheap. Today, its cost is high and its further
growth is inevitable.

According to the state building codes (DBN) [2], ther-
mal modernization is a complex of repair and construc-
tion works aimed at improving the thermal characteristics
of building envelopes, energy consumption indicators of
engineering systems and ensuring the energy efficiency
of the building at least the minimum requirements for
energy efficiency of buildings.

Thus, the essence of the complex thermal moderniza-
tion (thermal sanation) of a multi-storey or private low-
rise building is the development and further application
of energy-efficient technical and technological means (me-
thods and devices) that lead to a significant reduction
in energy consumption.

A by-side positive result of thermal modernization is
the improvement of the thermal engineering parameters
of the enclosing structures of buildings and structures.

As a result, with an optimistic option, with an inevitable
increase in the cost of energy carriers, consumers pay for
utility services decreases, and their quality improves. That
is, the investigated thermal modernization can be consi-
dered as a modern advanced technology both in construc-
tion and for public utilities, confirms the relevance of the
study. After all, according to the estimates of international
experts, in Ukraine, about 300 billion UAH are needed for
the insulation of individual houses, and 400 billion UAH
for multi-family buildings [3].

2. The ohject of research
and its technological audit

The object of research is the complex thermal moder-
nization of a building or structure, namely its heating
system and facade thermal insulation, taking into account
foreign experience.

Usually complex thermal modernization is realized
by additional warming of the building with mandatory
modernization of its heating system [2]. Warming of the
house without upgrading the heating system often does
not give a positive result for saving energy and often
leads even to a negative result — to an increase in energy
consumption.

On the one hand, complex thermal modernization re-
quires considerable financial and material costs. But, with
full identification of all energy-consuming problems of
the building and choosing the correct method for their
elimination, complex thermal modernization leads to a to-
tal reduction in payment for utilities. And the resulting
savings later covers the initial financial costs of complex
thermal modernization.

The main reason for the significant heat consumption
in the heating of buildings, as indicated above, is excessive
heat loss through the outer enclosing structures of the
building. The vast majority of existing buildings initially
have low thermal insulation of building structures, which
leads to significant heat losses through them. Thermal pro-
tection requirements (corresponding to them coefficients)
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in the old building standards (up to 1991), applied to
walls, attic floors, etc., were several times lower than mo-
dern requirements (corresponding to them coefficients).
Therefore, through the construction of old buildings, the
heat is lost several times more than in modern buildings.

Another no less important reason for high heat consump-
tion is the low energy efficiency of old heating systems.
They were first designed with excessive (several times)
heat consumption. Morally and technically obsolete heat
points, the hydraulic mismatch of the heat supply system
as a result of unauthorized user intervention (independent
replacement of radiators, pipelines, etc.), clogged pipelines,
there is no thermal insulation in unheated cellars — this
is not a complete list of the disadvantages of old heating
systems. With such systems, even warming the house,
it is impossible to save energy and create comfortable
living conditions.

The only way to reduce the material and financial
costs of heating today and in the near future is to reduce
the amount of consumed heat. This can be achieved by
optimizing the system of complex thermal modernization
of the building. For example, in numerous cases, poorly
insulated external walls in the apartment remain cold.

Especially it is necessary to highlight the need for
technical modernization of the heating system, which is
due to the following factors. Multi-apartment houses and
public buildings are overwhelmingly equipped with central
water heating systems — single-pipe, with bottom or top
wiring, and with an elevator located in a heating station.
Most often these buildings are connected to the heating
network. Moreover, the existing heating systems of the old
buildings (before 1991) have a number of design flaws,
which initially do not allow to save thermal energy and
provide thermal comfort in the premises during the entire
heating period [2].

For such non-new buildings, the single-pipe heating
system was the most suitable, because, and this was im-
portant, the pipes needed half as much, which meant that
the system cost several times less. However, the single-pipe
system had two significant drawbacks: it was impossible
to regulate, and it is practically impossible to calculate
the amount of heat consumed by one consumer (apart-
ment). And as long as the cost of gigacalorie heat was
low (and more often released to consumers significantly
below its cost price), there was no need to carry out
technical modernization of the existing single-pipe system.

As shown by the research, for the more accurate calcu-
lation of the heat consumption and the regulation of the
heating system, it is necessary to use a two-pipe heating
system [2]. However, with such modernization (transition
from one-pipe to two-pipe system of heating) there is a seri-
ous problem connected with the violation of existing (made)
repairs inside apartments (premises), the vast majority of
which at the time of thermal modernization was privatized
by residents and received the status of private property.

To a certain extent, the high consumption of heat
energy is also due to the lack of its accounting for each
consumer (apartment/user), which also does not stimulate
the individual economical use of heat. Individual heat
consumption accounting, in turn, requires the user to be
able to individually regulate the operation of each heating
appliance (the use of automatic thermostats on radiators),
that is, the ability to influence the reduction of thermal
energy consumption.

The heating systems of the old residential heating sys-
tems do not function as such. Only a building, properly
insulated, and also equipped with automatic temperature
controllers of heating devices and means of individual
accounting, fully provides maximum effect in the form of
reduced energy consumption and utility payments. Partial
application of energy-efficient measures, respectively, gives
a partial result, and then only if there is a modernized
heating system that was able to adequately «respond» to
these technical solutions.

Thus, complex thermal modernization involves the de-
velopment and implementation of innovative technical and
technological solutions that reduce energy consumption
and, ultimately, «<reduce» the size of utility bills. Therefore,
the study of such technical solutions that contribute to
increasing the energy efficiency of Ukrainian (and not
only) buildings and structures is important.

3. The aim and ohjectives of research

The aim of research is analysis of available technical
solutions for increasing the energy efficiency of Ukrai-
nian buildings and structures, taking into account foreign
experience.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To designate unresolved problems in complex techni-
cal solutions for thermal modernization of buildings and
structures relating to the heating system and facade heat
insulation.

2. To substantiate possible ways of solving identified
problems that significantly reduce energy consumption.

4. Research of existing solutions
of the prohlem

4.1. Analysis of the directions for carrying out thermal
modernization. Solution of problematic issues on thermal
modernization of buildings and structures is considered
a lot of scientific works. In particular, the fundamental
paper [4] explores the various aspects of heat transfer that
take place in the implementation of thermal modernization.
Analysis of modern power supply systems for industrial
enterprises is presented in [5]. Basic solutions for the re-
pair and reconstruction of civil buildings are given in [6].
However, these works do not specify both separate and
complex technical solutions for the simultaneous replace-
ment of existing pipelines of the central water heating
system and the implementation of the thermal insulation
of the facade. Also, effective design parameters of the
elements of the thermal modernization system realizing
these solutions are not indicated.

The authors of [7] propose a polyoptimal method for
determining schemes for thermal modernization of buil-
dings based on the theory of fuzzy sets. As optimization
criteria, minimization of the total cost of thermal mo-
dernization and maximization of the received energy effect
were taken into account.

In [8] it is noted that prefabricated, with bearing walls,
apartment buildings represent a significant group of ob-
jects, often found in the countries of Central and Eastern
Europe. After all, they were built in the 50’s, 60’s and
70’s of the 20th century. Today, the new environmental
regulations of the European Union make it necessary to
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modernize such buildings, mainly with regard to energy
efficiency. The authors have numerically estimated the
frequencies of natural vibrations of buildings before and
after thermal modernization, which were confirmed by
experimental data obtained for existing structures.

[9] presents test methods and results of estimating the
data needed to determine energy consumption in construc-
tion, based on measurements in a standard single-family
house in Poland. The thermal modernization of the building
and its influence on the internal microclimate are rooted
in the work [10]. The publication [11] is devoted to the
preservation of the historical heritage of buildings subject
to thermal modernization. Effective ways to increase the
energy intensity and thermal modernization of existing
buildings are considered in [12]. An analysis of the op-
tions for thermal modernization of a residential house in
terms of optimal energy requirements is given in [13].
The study [14] highlights the future problem with the
deterioration of the environmental benefits of reducing
energy conservation in buildings in district heating sys-
tems, as the supply side becomes «more environmentally
friendly» and energy efficient.

An analysis of the dynamic behavior of the district
heating system was carried out in [15] using the developed
mathematical model. The model consists of a simplified dis-
trict heating system with three end users and a 9 km pipeline
network. Also, it is advisable to study the thermal mo-
dernization system using structural-parametric models [16],
which is part of the integrated approach, and which makes
it possible to model the relationships between the struc-
tural elements of the investigated system.

4.2. Analysis of patent-protected technical solutions for
thermal modernization. A number of technical solutions
have been devoted to the problem of thermal modern-
ization of buildings and structures, including patent da-
mages, the main ones of which are described below. So,
according to the method of reconstruction of the house
heating system [17], this includes the installation of a sup-
ply and return risers connected to the heating radiators
of individual rooms of the house, while the supply and
return risers are installed outside the house wall. After
that, the heating radiators are connected to riser pipes
with subsequent thermal insulation of the outer surfaces
of the pipe elements.

The disadvantage of this method [17] is the lack of
optimal geometric parameters and ineffective placement of
existing elements of the heat supply system along the front
wall, as well as the complexity of realizing the moderniza-
tion of the pipelines of the central water heating system,
in particular, due to the lack of effective procedures for
implementing the method.

Also known is the (one-pipe) heat supply system, the
pipelines of which are attached to the external wall and
covered with a layer of combined thermal insulation, the
middle of which is foam, and the last one is a removable
panel [18]. The disadvantages of this system is its insuf-
ficient efficiency, as well as the need (if there is an ap-
propriate need) of removing the end panel of the thermal
insulation layer of the combined thermal insulation after
the installation is completed, causes certain difficulties,
especially for multi-storey buildings.

Paper [19] describes the structural fastening of com-
bined heat-insulating fagade elements to the facade wall

with the help of dowels and other fastening elements,
which, however, do not provide for optimal placement of
heat supply pipelines inside them. Namely, in the insula-
tion, there are pipes in the area remote from the outer
facade wall.

In [20], the section of the wall forms lining on the
inner walls of the building, fixed with a solution to the
wall. This section contains a wall and a plate with holes
of equal height and width arranged in parallel. Between
them is a layer of heat-insulating material and a coolant
pipe. The latter is connected between the supply and return
pipes of the central heating system. The disadvantages
of this technical solution are the complicated design of
the thermal insulation layer and the complexity of its
attachment to the front wall.

Another (one-pipe) heat supply system, commonly
used in old apartment buildings, contains at least one
supply and return pipe risers. The latter are designed
to be connected to underground or surface pipelines of
central heat supply and permanently connected to these
pipelines, as well as apartment heating devices connected
to the corresponding risers [21].

The disadvantage of the above-mentioned heat supply
system is the need for a complete reconstruction of the
building with intervention in existing repairs, previously
made inside the premises, as well as the complexity of
its implementation.

There is also a heat supply system for a multi-storey
house, including the supply and return main collectors of
the coolant, at least one pair of supply and return risers
connected to main collectors, as well as apartment heaters.
At the same time, at least one approaching pair of feed
and return risers is installed in each approach section. In
any given apartment there are direct and return collectors
of inter-apartment wiring, to which all apartment heating
devices of this apartment are connected. The apartment
registration unit has also been installed, with the help
of which the collectors of the apartment building of this
apartment are connected to the approaching pair of the
supply and return pipes adjacent to this apartment [22].

The disadvantage of the above system is its limited
functionality, that is, the impossibility of using the complex
thermal modernization of buildings, taking into account
the fact that there is no possibility of laying pipelines
inside the premises with already completed repairs.

A well-known heat supply system for an apartment
building [23], which contains at least one supply and
return risers, apartment heaters connected to the respec-
tive risers, central heating pipelines, two locking elements
intended for connecting the supply and return pipes to
the central heating pipelines. This system also contains
a controller for automatic control of the heat supply pro-
cess, two additional locking elements and at least one roof
or stand-alone gas heating boiler plant. The power of the
latter does not exceed 3 MW. The installation includes
a gas boiler, a circulation pump, an expansion tank and
a control valve, designed for the controller’s controlled
gas supply to the boiler. In this case, the output of the
gas boiler via one additional locking element is connected
to the supply riser. The output of the circulation pump
is connected to the inlet of the gas boiler. The input
of the circulation pump is connected to the expansion
tank and through another additional locking element with
a reverse stand. The above-mentioned controller is de-
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signed to automatically close some of the locking elements,
disconnect the circulation pump and open the shut-off
elements intended for connecting the supply and return
pipes to the central heating pipelines [23].

The disadvantage of the above-mentioned heat sup-
ply system is its insufficient efficiency when performing
complex thermal upgrading of the house due to the lack
of optimal geometric parameters and the location of the
elements of the heat supply system along the front wall.

A method of providing energy for a building with
a closed thermoregulation cycle during the heating of
a building is known [24], which involves obtaining heat
from a low-potential source from which the heat of the
circulating heat transfer medium is transferred to the bulk
radiator systems of the channels located in the n-layer
wall. In addition, it is stipulated that the receipt of heat
from a low-potential source is additional, and the main
source of heat generation is a high-potential source, in-
stalled inside the building. For this, the temperature of
the coolant of the volumetric radiator system is regulated
by the capacity of the circulation pump, depending on the
set temperature inside the building and the fluctuations
in the outside air temperatures.

The disadvantage of the known method [24] is its
limited functionality.

The most known system and the image of the ther-
mal modernization of a residential building that realizes
it are described in the Danfos catalog, which are based
both on a single-pipe and two-pipe residential heating
system [25]. This system of thermal modernization in the
case of a two-pipe system consists of a facade insulation
system of the external walls of buildings and structures.
The latter is made in the form of a ventilated facade,
or one- or multi-layer construction of a heater, or in
the form of a «wet» facade. In this case, the facade is
made, for example, in the form of slabs or coils. They
are attached with polyurethane foams or glue mixtures
and dowels to the existing outer wall and covered with
a layer of plaster on the reinforcing mesh. The latter is
made of high-strength and simultaneously inert material,
for example, glass wool.

The heating system for buildings and structures of
the thermal modernization system is made as a part of
heat sources, for example, in the form of an autonomous
boiler house, an individual heat point, a combined heat
and power plant or renewable energy sources, a central
water heating system. The heaters are connected verti-
cally and in series in the riser through the shut-off and
regulating valves. These devices are made in the form of
registers of smooth pipes or radiators located in heated
rooms and connected to a central water heating system
through thermostatic valves. In this case, the vertical central
heating system is connected with the top or bottom wiring
to a heat source that is connected to a local or central
heating network by a dependent or independent scheme.

In turn, during the implementation of the procedures for
the above-mentioned method of thermal modernization of
a residential house [25], an analysis of the technical state
of the thermo-modernized building is carried out on the
basis of a set of pre-assembled technical parameters. After
that, an energy audit of the thermo-modernized building
is carried out, for example, by using a thermal imaging
survey. As a result, the places of leaks in the building
structure are detected, and as a result, the thermal losses

from the heated rooms of the thermo-curved building out-
side, as well as the temperature of the building structure,
are increased, in comparison with the normative indices.

Next, there are design procedures of individual elements
and the entire system of complex thermal upgrading of
buildings and structures. In doing so, when designing, take
into account the design or pre-defined temperature regime
for the operation of a thermo-modernized building. This
includes the design temperatures used to calculate the load
of the central water heating system in the study region,
as well as the thermo-technical condition parameter, the
material and the wall thickness of the thermo-modernized
reconstructed building.

Further, a structural and technological relationship is
established between the individual elements of the system
and the entire system of complex thermal modernization
of buildings and structures as a whole is arranged. After
this, the complex thermal modernization of buildings and
structures is carried out by installing the parameters and
materials of the components of the structural components
of the system, which are defined at the previous stage of
design, on the existing building of the elements of the
complex thermal modernization system.

However, the lack of the above system and the image
of the thermal modernization of the residential building
that realizes it is their insufficient efficiency in carrying
out the complex thermal modernization of the said house
due to the lack of optimal composition, optimal geometric
parameters and ineffective placement of existing elements
of the heat supply system along the front wall. No less
important is the geometric parameters of the placement
of window openings, the presence of decorative elements
and rainwater on the external wall of the facade, as well
as the thickness and material of the equivalent facade
thermal insulation. These parameters are determined, as
a rule, by calculation and experiment in each specific case.

4.3. Aspects of research of facade thermal insulation
of huildings and structures. The study of facade thermal
insulation of buildings and structures is an important
part of the system of thermal modernization, a number of
works are devoted. For example, in [26] it is emphasized
that there is a need for a global view of the building,
in particular, that it is sometimes sufficient to use an-
other insulating material (which allows air to diffuse).
The authors of this work note that such approach will
help reduce heat loss while maintaining thermal comfort
and avoid the disease syndrome for residents.

In work [27] the current state of thermal insulation
of walls without expanded polystyrene and existing win-
dows of Alipasino polje buildings in Sarajevo, Bosnia and
Herzegovina, where K-5 boiler is operating due to its
substation, and current fuel consumption are analyzed. [28]
describes a new approach to image-based modeling based
on thermographic images, and which is used to study the
energy efficiency of building facades. This approach is
automated and allows to obtain thermographic 3D-models
and ortho-images.

The results of [29] show that the most effective solution
for thermal insulation is a ventilated facade in combination
with the most shockproof insulation materials, for example,
from stone wool and polystyrene. Also the most suitable
facade in all climatic zones is an external thermal insula-
tion system in combination with any type of insulation.
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The methodological basis for assessing the importance of
the local activity of the external heat-insulating composite
system is investigated in [30]. From the point of view of
consumers, the use of this facade system provides high
thermal stability and can be applied quickly enough with
the help of simple operating methods.

In work [31] the expanded use of a double facade in
buildings of various types associated with energy consump-
tion and thermal comfort is explored. For this purpose,
a simplified mathematical model is developed for dynamic
modeling of thermal characteristics, in particular, calcula-
tion of thermal energy due to loss of convection from the
outer facade layer, solar energy and internal loads. It is
noted in [32] that the so-called «green» facades can be
a sustainable solution for the construction of new buildings
and for the modernization of buildings. This is done to
reduce the energy needs of cooling systems, reduce the
urban «thermal island» (greenhouse effect) and improve
the thermal characteristics of buildings.

[33] considers radiating panels representing energy-
efficient sensor heating systems and suitable for low-energy
houses. The results of studies on the optimization of heat
insulation layers of a house heated using radiant heating
systems are described. A new model of a switchable in-
sulating so-called U-element is introduced in [34] consis-
ting of a double-glass block with a translucent insulating
panel installed inside. The model is used for parametric
analysis, where the influence of various thermo-physical
properties on U-values is investigated.

Investigation of the physical and mechanical proper-
ties of effective heat-insulating materials from fiber hemp
is carried out in [35]. The main components that can
be obtained when processing fibrous biomass are hemp
fibers and spikes characterized by low density and porous
structure. That is, they are suitable for the production of
heat-insulating composites. A model for a building with
a ventilated facade is studied in [36]. The authors analyze
the heat flux of the outer wall, with large temperatures
on the outer layer and inside the cavity. The model allows
to calculate the energy demand of the building facade,
offering and evaluating passive strategies.

Effective intensifying method of manufacturing facade
heat-insulating materials from polymer composite materials
is low-frequency ultrasonic treatment. The procedure for
calculating the structural and technological parameters of
an ultrasonic device with a rectangular radiating plate is
investigated in [37]. The results of this work should be
extended to the manufacture of heat-insulating elements.

4.4. Energy audit and technical and economic aspects
of thermal modernization. Technical and economic aspects
of thermal modernization of residential buildings are ana-
lyzed in [38]. The paper [39] describes the main methods
of thermal modernization from the point of view of the
authors and the economic efficiency of their implementa-
tion, as well as a methodology for their application. The
authors made an analysis of existing energy audit methods
and identified their shortcomings, as well as a graphical
dependence of the change in the thermal resistance of
the wall, depending on the type of insulation and thick-
ness. The need for a number of further experiments and
a technical and economic analysis of the use of energy
systems in general is noted. However, the tandem of tech-
nical solutions «replacement of existing pipelines of the

central water heating system + implementation of thermal
insulation of the facade» and its effectiveness in this work
were not considered.

Many works are devoted to the study of various as-
pects of thermal modernization, carried out, in particular,
in Poland. Selected directions for increasing efficiency
in supporting the thermal modernization of buildings at
the expense of state funding, based on the example of
the Republic of Poland, are considered in [40]. In [41],
a technical and economic analysis of the work done on
thermal modernization in multi-storey houses and com-
munal facilities built in Poland by 1990 is presented.
1441 buildings are analyzed in 7 cities of this country.
At the same time, both traditional and industrial tech-
nologies (prefabricated multilayered concrete, zeran brick)
were used. Energy efficiency and economic analysis of the
thermal modernization of forest houses in the National
Park of Swietokrzyski are given in [42]. The study of the
environmental benefits of investments in thermo-moderni-
zation using the example of cooperative housing in the
West Pomeranian Voivodeship is explored in the study [43].
The estimation of thermal modernization using the glo-
bal expenditure method is given in [44]. The problem of
managing energy consumption in buildings by modeling
and controlling basic electrical appliances is considered
in [45]. A simulator is developed that simulates the en-
ergy consumption of the load and helps to understand
how they contribute to the maximum demand for thermal
and electric energy.

In [46], a method for estimating environmental ef-
fects for investment is presented, based on the thermal
insulation of the exterior walls of the building, taking
into account the sensitivity of the selected variables. The
assessment methodology takes into account the variables
that are the result of the type of the external wall of the
building, the sources of heating, the type of used thermal
insulation material, and the climatic zone in which the
building is located.

5. Methods of research

During the execution of the work general scientific
and special research methods were applied:
— economic analysis — in determining the relevance
of the research topic;
— statistical analysis — to identify and summarize the
trends of changes in the conduct of thermal moderniza-
tion based on the world experience in its implemen-
tation;
— analysis and synthesis of results and retrospective —
to study the features, the state of development of ther-
mal modernization of existing buildings and structures
in Ukraine;
— historical, evolutionary and logical — for the imple-
mentation of theoretical generalizations of scientific
approaches to the use of logistic principles for impro-
ving the energy efficiency of Ukrainian buildings and
structures;
— systems theory and system analysis — to identify
strategic prospects for a significant reduction in ener-
gy consumption of existing Ukrainian buildings and
structures and dissemination of the results obtained
to foreign buildings and facilities with similar energy
efficiency problems.
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6. Research resulis

The analysis of the above information sources makes
it possible to identify a number of unresolved problems
in the complex thermal modernization of residential buil-
dings and structures, in particular, its tandem as part
of a central water heating system and facade thermal
insulation. This, in particular, can be solved by introdu-
cing new elements in the form of new transit pipelines
of a two-pipe central heating system into the system of
complex thermal modernization. No less important task
is the optimal placement of new transit pipelines of
a two-pipe system of central water heating with reference
to the locations of existing heating appliances.

This linkage is carried out depending on many fac-
tors, in particular, the thickness of the existing external
walls, the geometric parameters of the placement of win-
dow openings, the presence of decorative elements and
rainwater on the external wall of the facade, from the
specified temperature regime of operation, physical and
heat engineering parameters, material of execution and
thickness of existing external walls of a thermal moder-
nized building. No less important is the optimization of
design parameters and the mutual arrangement of new
transit pipelines of a two-pipe system of central water
heating, the choice of the optimum thickness and effective
material of equivalent thermal insulation.

The solution of these tasks on thermal modernization,
in particular, will allow:

— to provide an opportunity to take into account and
regulate the consumption of heat by consumers, taking
into account the operational factors of maintaining
the specified temperature regime within the heated
premises;
— to increase the coefficient of heat transfer resistance
of the existing external wall to the minimum required
value, determined in accordance with DBN;
— the possibility of jamming existing pipes of the cen-
tral water heating system and simple replacement of
heating devices in case of such technical need without
loss of efficiency of the entire proposed central water
heating system;
— to improve the hydraulic regime of the coolant mo-
tion and ensure the possibility of using both high- and
low-temperature coolant;
— to prevent the freezing of the used coolant even if
the engine stops completely during the set time;
— to increase the efficiency of using heat energy in
the proposed system of central water heating of pre-
mises and to reduce the consumption of thermal energy
for maintaining optimal temperature conditions in the
living quarters;
— will improve the efficiency of the process of complex
thermal upgrading of buildings and structures with the
ease of improving the system [47] and the implementa-
tion of the method [48], in addition, without actually
disturbing the existing repair in the premises located
inside buildings and structures;

— to apply the developed innovative solutions in vir-

tually all climatic zones, where there is a need for

thermal modernization, especially housing, mainly the
period of construction until the 90s of the last century.

It is these directions that form the vectors for the
further development of research.

7. SWOT analysis of research resulis

Strengths. In comparison with analogues, the positive
effect of the research object in the form of a thermal
modernization system on its internal factors (constituent
elements) is the long-term optimization of organizational
and technical solutions for improving the energy efficiency
of Ukrainian buildings and structures.

Weaknesses. The weaknesses of the proposed complex
of organizational and technical solutions for thermal mo-
dernization can be attributed to the need for initial capital
investments in the system of new transit pipelines for water
heating and facade thermal insulation, and also for their
installation at the location of buildings and structures. Also,
the weaknesses of the proposed organizational and technical
solutions can be attributed to their locality with respect
to the entire complex system of thermal modernization
and the lack of consideration of the interaction of all the
constituent elements of the thermal modernization system.
After all, the latter also includes translucent structures,
automation systems, heat points, combined heat and power
plants or renewable energy sources and other elements.

Opportunities. The final result of the practical application
of the proposed complex of organizational and technical
solutions for improving the energy efficiency of buildings
and structures is the receipt of profit in the form of
a reduction in the amount of utility payments for heating
both for the population and for industrial enterprises.
And it is possible without intervention in already made
repairs inside the premises. This profit is projected to be
obtained in about 2-3 years, depending on the number
of thermal modernized objects.

Threats. The enterprise or the operating organization
will require initial capital investments in the system of
new transit pipelines of water heating and in the facade
thermal insulation, and also in their installation at the
location of thermal modernized buildings and structures.

The negative impact on the object of research of ex-
ternal factors in the form of the external environment is
due to the standard operating life of the facade insulation
and the system of new transit pipelines for water heating,
which depend on the used materials and the climatic
zones for the placement of thermal modernized buildings
and structures. However, this period is at least 20 years,
which is more than enough for self-sufficiency of thermal
modernization. The proposed set of organizational and
technical solutions for thermal modernization is protected
by patents of Ukraine for the method and device, and
a patent-information search has been carried out to con-
firm their innovativeness.

1. The state of the problem is investigated and the
available organizational and technical solutions for impro-
ving the energy efficiency of buildings and structures are
analyzed. It is noted that the main shortcomings of existing
technical solutions for the system of thermal modernization
are the lack of effective composition, optimal geometric
parameters and ineffective placement of existing elements
of the heat supply system along the front wall.

Also, the reasons preventing the increase in the energy
efficiency of buildings and structures include the difficulty
of implementing the technical procedure for upgrading the
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pipelines of the central water heating system. And also
the need for «rough» intervention in the existing repairs
carried out inside buildings and structures.
2. As an alternative, it is proposed:
— introduction into the system of complex thermal
modernization of new elements in the form of new
transit pipelines of a two-pipe system of central water
heating;
— the mutual arrangement of new transit pipelines
with reference to the locations of existing heating ap-
pliances.
This linkage must take into account a number of tech-
nical factors, among which:
— thickness, physical and thermo-technical parameters
of the front wall;
— material of execution of existing external walls of
buildings and structures;
— geometric parameters of the placement of window
openings;
— presence of decorative elements and rainwater on
the external wall of the facade;
— specified temperature operation mode;
— effective material and thickness of equivalent pipe
thermal insulation;
— optimum thickness and effective material of equiva-
lent facade thermal insulation.
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BBLIEOP K OEOCHOBAHME HAMPABNEHHHA NMOBLILUEHHA
3HEPTETHYECKOH 3®EKTHBHOCTH YKPAMHCKHMX 3AHKKA
K COOPYMEHHH

ITpoanannsnpoBaHbl UMEIONMECS OPraHM3alMOHHBIE U TeX-
HUYECKHE PEHIEHHs IO MOBBIIIEHHIO dHEpPreTnueckoil adderTs-
HOCTH YKPAaMHCKUX 3/aHUil U COOPYKEHMUI, a TakKe 0003HAUEHDI
HepeleHHbie mpodseMbl B 9T0i chepe. OTMEUEHO, YTO CJI0KHOCTD
PeATI3AIIN TEXHITIECKOH MPOIeyPhl MOAEPHU3AIINH TPYOOIIPOBO-
JIOB CHCTEMbI IEHTPAIBLHOTO BOJSHOTO OTOIUICHUSI HPEISTCTBYET
TIOBBITIEHNIO 9HEPTeTNYeCKOi 3 (HeKTHBHOCTH YKPAMHCKNX 3aHnit
u coopykernii. He Menbiieit mpo6siemoii sissietcst HeoOXOANMOCTh
«rpybOTO» BMEINIATETBCTBA B YK€ CYI[ECTBYIONINE PEMOHTHI, CJie-
JIAHHBIC BHYTPU 3JIaHUI M COOPYIKEHHIL.

Kmiouesste cnoBa: TePMOMOJIEPHUSAIMS 3/JAHUIT 1 COOPYIKEHHUI,
(bacarHast TEMITON3OISINISL, MOAEPHUSAINISI TPYOOIIPOBOIOB CHCTEMBI
LEHTPATIBHOTO BOJSTHOTO OTOIJICHHUS.
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INCREASING THE ACCURACY
OF THE NON-CONTACT TEMPERATURE
MEASUREMENT IN THE CASE OF ENERGY

AUDITS OF DIFFERENT OBJECTS

Busnaueno uunHuKu, wo 6NAU8aOmy Ha MmouHiCmy nPposedeHHs eHepzoayoumy 3a 00nomMozo10 menio-
gizopis. Ouyineno cmyninb 6NAUGY KONCHO20 (AKMOPY, WO BNAUBAE HA PE3YIbMAM BUMIPIOBAHNS, MA
cymapuy memoouuny noxuodxy 6i0 00HouacHoi 0ii Ycix enausayux gaxmopis. 3anpononosano cnoco-
Ou nidsuweHHs MOUHOCME NPOBEOEHHS eHep2oayOumy, SKi 00360158Mb SMEHUUMU MEMOOUUHY NOXUOKY
WSIXOM 3MEHUeHHs. cmynetst 0ii 6nausalouux Gaxmopis Ha mouHicms nposedenns enepzoayoumy.

Kmouosi cnosa: erepzoayoum 3a 00nomozor meniogizopis, MAmpiuHuil NPUUMAY GUNPOMIHIOBANS,
KOe@iyienm GUNPOMIHIOBAHNS, MOYHICTb GUMIPIOBAHHSL.

1. Introduction

In conditions of high energy costs, with a large share
of energy-consuming buildings, energy conservation is one
of the priority tasks for development of the municipal

economy in accordance with the Law of Ukraine «On
Energy Saving» [1]. Increasing the energy efficiency of
buildings and facilities begins with an energy audit that
identifies sources of heat loss, shortcomings in thermal
insulation, thermal bridges, insufficient insulation density
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