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Abstract. The article discusses current issues of energy conservation in residential buildings in
Ukraine in the context of rising energy costs and the need to improve the energy efficiency of the
building stock. Particular attention is paid to heat loss through boarding constructions, which is one
of the main causes of energy overconsumption and reduced thermal comfort in residential buildings.
The main factors affecting the effectiveness of thermal insulation are analyzed, in particular outdated
regulatory requirements, low quality of building materials, errors during the installation of thermal
insulation systems, as well as the negative impact of operating conditions on the environment.

The paper reviews current domestic and foreign research in the field of energy conservation
and thermal insulation of buildings, which made it possible to identify key issues and problematic
aspects of the implementation of energy-efficient solutions. An analysis of current regulatory
documents, in particular DBN V.2.6-31:2021, and a comparison with previous editions are provided,
which indicates a gradual convergence of Ukrainian standards with European requirements. The main
types of thermal insulation materials used in modern construction are considered, along with their
advantages and disadvantages, taking into account indicators of thermal conductivity, vapor
permeability, moisture resistance, fire safety, and environmental friendliness.

The prospects for the use of thermal insulation plasters as an effective auxiliary method of
reducing heat loss, particularly in the context of building reconstruction and restoration, are examined
separately. A comparative characteristic of manual and mechanized methods of applying thermal
insulation mixtures using plastering stations is given, their technical and economic advantages and
the feasibility of their use depending on the volume and determination of work conditions. It is
concluded that the comprehensive implementation of energy efficiency measures in compliance with
regulatory requirements, the correct choice of materials and modern installation technologies can
reduce heat loss by 40-60%, increase the energy efficiency of residential buildings and ensure
comfortable living conditions.

Keywords: energy conservation, thermal insulation, insulation, plastering station, thermal
insulation mixtures, heat loss.

Introduction. The beginning of a new era for Ukrainians was marked by repeated increases in
the cost of energy carriers — natural gas, electricity, and even coal and firewood used for heating social
buildings and public residential premises, which hit the pockets of enterprises, budgetary
organizations, and especially citizens hard. That is why the issue of energy conservation has become
so important.

The energy efficiency of buildings and structures, in particular thermal insulation, is one of the
most popular issues in modern construction in our country. With high-quality insulation, heat loss can
be reduced by up to 50%, and, accordingly, the costs incurred. It should also be noted that if the wrong
material is selected or the technology for performing the work is violated, the effect of thermal
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insulation can be reduced to zero. To prevent this from happening, it is necessary to avoid the most
common mistakes: do not skimp on the thickness of the insulation; the thickness of the insulation is
determined by a technological calculation for each region; do not use low-density insulation; do not
use materials from different manufacturers; when using materials from different brands, there is a risk
of incompatibility between the materials; do not install insulation using only dowels or glue;
insulation boards must be installed using a combination of adhesive mixture and special dowels;
choose the right decorative coating; using materials with a lower vapor permeability coefficient than
the thermal insulation board can lead to water accumulation in the system itself, which in turn will
lead to the destruction of the finish when the temperature balance changes. The main problems with
thermal insulation in Ukraine at the moment are: non-compliance with international standards, high
insulation costs, insufficient awareness and correct installation.

Analysis of recent studies and publications. One of the main issues in Ukraine today is heat
conservation in residential buildings and energy conservation in general. Over the past decade, many
Ukrainian and foreign scientists have paid great attention to this issue. Among Ukrainian scientists,
the following issues are relevant for research: innovative potential for energy conservation and energy
efficiency in the residential sector [1]; the influence of material on the thickness of the thermal
insulation layer on the heat flow through a multilayer external wall panel of a residential building [2];
heat exchange between a three-layer wall and a closed cavity that simulates a room [3]; monitoring
the energy efficiency of low-rise buildings [4-6], modern systems for assessing the thermal
modernization of construction objects [7]; the influence of design decisions on the energy efficiency
of a building [8].

An analysis of recent studies and publications by foreign scientists shows that various studies are
being conducted in the field of energy conservation in buildings, namely: changes in the air temperature
field near the surface and the surface energy balance of building complexes under various environmental
conditions [9 -13]; research on the influence of room dimensions on air ventilation, taking into account
heat exchange between the human body and the environment [14]; the influence of the geometric
dimensions of composite aluminum honeycomb panels on the heat transfer process [15]. Given the
variety of thermal insulation materials on the Ukrainian market, questions remain relevant regarding
their selection and correct application methods.

The purpose of the article is to analyze the current state of energy conservation in residential
buildings in Ukraine, identify the main heat losses through enclosing structures, and justify effective
methods for reducing them through the use of modern thermal insulation materials and technologies,
taking into account current regulatory requirements.

Materials and research methods. The work uses methods of analytical review of scientific
publications, comparative analysis of current regulatory documents in the field of thermal insulation
of buildings, as well as a technical and economic comparison of manual and mechanized methods of
applying thermal insulation plaster mixtures.

Thermal insulation problems in Ukraine relate to outdated standards, insufficient
implementation of energy efficiency, high heat losses in old buildings, and difficulties in
implementing modern solutions. After analyzing this issue, we can identify the main problems of
thermal insulation in Ukraine:

1. Outdated standards: until 2016, the standards required R — heat transfer resistance (for
example, 2.8m? - K /Watt for most of Ukraine), which is lower than modern European standards,
leading to greater heat loss.

2. High heat loss: most old buildings (Soviet structures) have low levels of thermal insulation,
resulting in huge heating costs and inefficient energy use.

3. Environmental and operational impacts: high humidity levels, which promote the formation
of mold and mildew on cold walls; insufficient or excessive insulation, leading to significant heat
loss; wear and tear or damage to insulation over time, requiring repair and replacement of individual
sections.

4. Insufficient implementation: despite regulations, the actual insulation of buildings is often
slow, and the quality of work can be low, especially in the housing stock. This is primarily due to
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improper installation:

—uneven or loosely glued insulation boards, creating gaps and "cold bridges";

— 1inappropriate insulation thickness, which does not provide the standard heat transfer
resistance;

— violation of installation technology during the cold season, for example, carrying out work at
temperatures below +5°C;

— leaky seams and joints through which moisture and cold air penetrate.

1. Incorrect use of materials: the use of poor-quality or unsuitable materials for specific
conditions, as well as installation errors (cold bridges) negate the effect of insulation. The use of poor-
quality materials causes the following problems:

— low vapor permeability (e.g., foam plastic), which can cause moisture accumulation in
wooden houses;

— release of harmful substances (e.g., formaldehyde, styrene) when foam plastic is heated;

—high flammability of some materials, such as expanded polystyrene, which leads to the release
of toxic substances during combustion.

2. Financial barriers: insulation is an expensive investment, although it pays for itself through
savings on heating.

Having identified the main problems with thermal insulation in Ukraine, we are considering
how we can avoid these problems.

1. It is necessary to take a responsible approach to the choice of materials. Only materials that
meet the requirements for vapor permeability, moisture resistance, and health safety should be
selected.

2. Strict adherence to installation technology, including the creation of a level base, correct
fastening of slabs, and sealing of all joints and seams.

3. Temperature control. Do not carry out installation work at low temperatures; follow the
manufacturer's recommendations.

4. Insulation thickness. For facade systems using mineral wool boards or expanded polystyrene
with a thermal conductivity coefficient of A = 0.035 — 0.040 Watt /m- K, the required thickness of
the thermal insulation layer to ensure the regulatory heat transfer resistance (R > 3,3 m? - K/Watt
for the first temperature zone) is approximately 120-150 mm, which is determined by a heat
engineering calculation in accordance with DBN V.2.6-31:2021 [16].

5. Monitoring and timely repairs. Regularly check the condition of the insulation and repair any
damage in a timely manner by replacing or sealing problem areas.

In accordance with the regulatory requirements DBN V.2.6-31:2021 [16], the thermal
characteristics of enclosing structures must meet the following mandatory requirements:

— Energy efficiency:

RZpr = Rq min» (1)
where Ry, is the reduced heat transfer resistance of an opaque enclosing structure or an
opaque part of an enclosing structure (for thermally homogeneous enclosing structures, the heat
transfer resistance is determined), m? - K/Watt;
Ry min 1s the minimum permissible value of the reduced heat transfer resistance of an opaque

enclosing structure or an opaque part of an enclosing structure, m? - K/Watt , which is determined
depending on the temperature zone of Ukraine (Fig. 1) and the purpose of the building. For residential
and public buildings, the minimum permissible heat transfer resistance values are given in Table 1.

Condition (1) ensures that the building envelope meets the minimum energy efficiency
requirements and limits heat loss through the external elements of the building.

Determining the effectiveness of any thermal insulation solution should be carried out taking
into account the climatic conditions of construction and the minimum permissible regulatory
indicators of heat transfer resistance of enclosing structures. That is why the paper presents the
temperature zoning of the territory of Ukraine (Fig. 1) and the regulatory values of the minimum
permissible heat transfer resistance (Table 1), which are the initial data for further thermal analysis.
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Fig. 1. Map of temperature zones in Ukraine

Table 1 — Minimum permissible heat transfer resistance of the boarding constructions of residential
and public buildings R, yin

Rq min
2,
No Type of boarding construction m” - K/Watt,
for temperature zone
I 1
1 External walls 4.00 3.50
2 Combined coatings 7.00 6.00
3 Roofing for heated attics (technical floors) and mansard- 6.00 550
type roofing
4 Ceilings over unheated basements 5.00 4.00
5 Transparent enclosing structures 0.90 0.70
6 Anti-aircraft lights 0.08 0.70
7 External doors 0.70 0.60

Analysis of the values given in Table 1 indicates a significant increase in the requirements for
the heat transfer resistance of external enclosing structures compared to previous editions of the
standard. In particular, for external walls in the first temperature zone, the minimum permissible value
is 4.0 m? - K/Watt, which requires an increase in the thickness of the thermal insulation layer or the
use of materials with improved thermal characteristics. This necessitates the search for
technologically efficient methods of applying thermal insulation materials, among which mechanized
application of thermal insulation plasters is one of the promising solutions.

In order to assess the dynamics of increasing regulatory requirements for thermal insulation, a
comparative analysis of the provisions of DBN V.2.6-31:2021 [16] with the previous edition of DBN
V.2.6-31:2016 [17] (lost effect on 01.09.2022) was carried out.

The comparison showed that the requirements for the minimum permissible heat transfer
resistance of enclosing structures were strengthened, which indicates the orientation of Ukrainian
norm towards increasing the level of energy efficiency and approaching European standards.

Analyzing the changes introduced in DBN V.2.6-31:2021 [16], comparing them with its
predecessor DBN V.2.6-31:2016 [17] with amendment No. 1 dated 01.07.2013, we see that the
requirements for combined coatings have changed, increasing by 10%, which brings them closer to
international standards. Before performing the thermal engineering calculations in accordance with
DBN V.2.6-31:2021 [16], it is necessary to specify the design indoor microclimate parameters, in
particular the indoor air temperature and relative humidity. For residential buildings, the design indoor
air temperature during the heating period is accepted as tB = 20 °C and the relative humidity of
indoor air is ¢ = 55%. These parameters are used to determine the temperature difference between
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indoor and outdoor air, to check sanitary and hygienic requirements, to assess the risk of
condensation, and to calculate the moisture regime of enclosing structures in accordance with
conditions (2) — (4).

— Sanitary and hygienic comfort:

ATy, < AT, @)
where AT, is the temperature difference between the indoor air temperature and the equivalent
temperature of the inner surface of the building envelope,°C;

AT,, is the difference between the indoor air temperature and the equivalent temperature of the
inner surface of the boarding construction that is acceptable according to sanitary and hygienic
requirements,°C.

Condition (2) prevents excessive cooling of the internal surface of the enclosing structures and
ensures that the microclimate of the room meets sanitary and hygienic requirements.

— Protection against "cold bridges":

TB min = Tmin' (3)
where T ,in 1S the minimum temperature of the internal surface in areas of heat-conducting
inclusions in the boarding construction,°C;

Tonin 1S the minimum permissible value of the internal surface temperature at the calculated
values of internal and external air temperatures,°C . For tB = 20 °C and = 55%, tp = 10,7 °C.

Condition (3) ensures the minimum permissible temperature of the inner surface in areas of
heat-conducting inclusions and is aimed at preventing the formation of "cold bridges".

— Protection of the structure against moisture:

AW < AW, 4)
where AW is the increase in material moisture in the thickness of the structure layer in which
moisture condensation may occur during the cold season, % by mass;

AW}, is the permissible increase in material moisture content, in terms of thermal insulation
characteristics, in the layer in which moisture condensation may occur, % by mass.

Condition (4) limits the permissible accumulation of moisture in enclosing structures during
the cold season and ensures that the thermal insulation properties of materials are maintained
throughout their service life. The combination of conditions (1) — (4) allows for a comprehensive
assessment of the energy efficiency, thermal comfort, and moisture regime of enclosing structures in
accordance with current regulatory requirements.

Research results. In the fight to conserve thermal resources, manufacturers are constantly
developing new types of insulation and energy-saving building materials, as well as improving
existing ones.

Most of the heat, almost 40%, is lost through windows and doors, about 20% through the roof,
and the rest through the walls. Today, there are many methods of residential insulation, but wall
insulation deserves special attention. It should be noted that insulation using thermal insulation facade
plaster is an effective auxiliary method of insulating interior walls. Unlike other insulation methods,
this method does not cause dampness in the walls, condensation buildup, or expensive repairs. The
fact is that when thermal insulation plaster is applied to a prepared wall, there is no sharp temperature
drop that causes condensation to form. The relatively thin layer of this insulation does not take up
space in the room being insulated. This is an excellent solution when, for example, other types of
insulation are not possible. All components of the plaster mixture are designed to lighten the plaster
layer, thereby increasing its thermal insulation properties. One of the main qualities of plaster is that
it is a breathable material that allows air to pass through and does not allow moisture to pass through,
and does not weigh down the structure.

Thermal insulation plaster is one of today's insulation materials — it is a universal thermal
insulation. It is an ideal aid for architects involved in the restoration of urban architecture. Until
recently, it was difficult to imagine that plaster could be used as insulation. However, research and
experiments by German scientists have proven the opposite. Now it is possible to confirm the thermal
insulation and operational qualities of plaster.
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Thermal insulation plaster can be applied in two ways: traditionally (by hand) and using a
plastering station. Let's compare these methods (Table 2).

Table 2 — Comparative analysis of manual and mechanized application technologies for plaster
mixtures

Criteria Manual plastering (traditional) Machine plastering (with station)
Application Low. Takes significantly more time, |Very high. The application process is 4-
speed especially on large areas, as it requires|8 times faster. Ideal for large objects
careful effort from the craftsman (from 100m?)

Material Higher. Greater loss of mixture due to | Economical. Due to uniform application
consumption lower efficiency of manual application {under pressure and high plasticity of
machine mixtures, material
consumption is often lower

Quality and Depends on the craftsman. Quality|High quality. Pressure application
evenness directly depends on the skill and physical | ensures better adhesion to the substrate
effort of the specialist. Defects are|and a more uniform layer structure. The
possible due to the human factor surface is ready for finishing.

Cost (total) Higher for large volumes. No|Lower for large volumes. Although
equipment costs, but high labor costs|renting/purchasing equipment IS
due to the labor-intensive and time-|expensive, savings on labor and materials
consuming nature of the process make the final price per m?> more favorable
Equipment and | Minimal equipment (tools, containers). | Requires expensive equipment, access to
logistics No network requirements a 3-phase network, and water. Requires
maintenance. Inconvenient to move

Type of mixtures | Any mixtures (gypsum, cement, lime).|Preferably gypsum mixtures, which
Cement-sand mixture is often used,|harden faster and do not shrink. Cement
which is necessary for damp rooms mixtures can also be used.

Suitability Small areas, curved elements, slopes,|Large areas (apartments from 100-120
as well as rooms with difficult access|m?, commercial facilities, high-rise
or no 3-phase power supply buildings)

Here is an example of the technology for applying plaster mixtures offered by the manufacturer
"Teplover" — the Ukrainian scientific and production enterprise NVP "Ukrvermikulit". They are
specialized in the production of ultra-light thermal insulation mixtures, such as plasters and screeds,
using vermiculite and perlite. Their distinctive feature is the use of natural fillers, such as vermiculite,
to create lightweight and warm materials.

"Teplover" mixtures are applied mechanically using continuous plastering stations. Plastering
stations are designed to process industrially manufactured dry mixtures. They mix, pump, and
continuously spray the mortar mixture. The recommended delivery range of "Teplover" mortar
mixtures through a hose with an inner diameter of 35 mm is up to 25 meters for horizontal surfaces
and up to 10 meters for vertical surfaces. The delivery range of the mortar mixture depends on the
consistency of the mixture, the delivery pressure adjustment, and the inner diameter of the delivery
hoses.

When using PFT G5 and PFT G4 plastering stations (Fig. 2 and 3) offered by this manufacturer,
it is necessary to strictly adhere to the technology. Namely, the amount of water on the regulator must
be set at 350-370 liters per hour. The output of the finished mortar mixture must not be less than the
amount specified in Table 3. For mixtures with a large amount of light fillers, pumps with screw pairs
for lightweight plasters are recommended. They have a larger outer diameter of the stator. For
example, for PFT equipment, these are the R8-1.5, R8-3, and T10-1.5 pumps [18].
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Fig. 2. PFT GS5 plastering station

Fig. 3. PFT G4 plastering station

Table 3 — Amount of water required for preparing mortar mixtures and mortar yield from 1 package
of "Teplover" product

Values for "Teplover" thermal insulation products
Unit of ) g g o | ~ > o
Indicator measutreme -§ % é é g —‘;: § § gg § % g
n 5 — = < <
S 7 & & |7 52|57
Weight of 1 kg 9-10 | 7-8 | 9 |10-11| 12 | 12 | 13 | 20 | 15
package
Amount of
water per liters 11 10-11 | 4-45]4.5-5| 10 15 9 8 6
package
Amount of .
; liters 25 25 25 25 25 35 24 22 17
mortar mixture

The approximate composition of the heat-insulating plaster mixture for mechanized application

includes:

* Portland cement — 18-25%;
* expanded vermiculite (fraction 0.5-2 mm) — 55-65%;
« fine-grained mineral fillers — 5-10%;
» modifying additives (plasticizers, stabilizers, water-retaining components) — 1-3%;
* polymer additives to increase adhesion — up to 2%.
The high content of light porous aggregate (vermiculite) reduces the bulk density of the mixture
to 400-600 kg/m3, which reduces the load on the pumping equipment. The optimal granulometric
composition and the introduction of plasticizing additives ensure the necessary rheology of the
mixture, its stable supply through the screw pair of the plastering station without delamination and
clogging of the hoses.
The 4-8-fold increase in productivity with mechanized application is due to:

* continuous preparation of the mixture in the plastering station;

* stable supply under pressure;
* no manual mixing;

* uniform application without re-leveling;

* less labor-intensive process.
At the same time, the composition of the mixture is adapted to the mechanized application method,
which ensures the constancy of rheological characteristics throughout the technological cycle.
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Comparison of physical and mechanical indicators (Table 4) shows that vermiculite "warm
plaster" has a thermal conductivity of 0.055-0.070 Watt/m-K, which is inferior to classic slab
insulation (mineral wool, EPS), but significantly lower than that of standard plaster solutions.

Table 4 — Physical and mechanical characteristics of modern thermal insulation materials

. . Strength, Density, Water absorption,
Material A, Watt/m- K MPa ke/m’ o
Vermiculite "warm plaster" | 0.055-0.070 0.5-1.2 400-600 10-15
Mineral wool (slabs) 0.035-0.040 - 30-80 low
Polystyrene foam EPS 0.032-0.038 | 0.15-0.35 15-30 almost
nonexistent

EPPS 0.030-0.035 0.35-0.70 30-50 low
Ceramic thermal insulation | 5 495 0.7-1.5 800-1200 high
plaster

When determining the thermophysical characteristics of vermiculite thermal insulation plaster,
the difference between the thermal conductivity of expanded vermiculite as separate porous filler and
the effective thermal conductivity of a composite solution based on it was taken into account.
According to the requirements of DSTU 9191:2022 [19], the thermal conductivity coefficient of
expanded vermiculite in bulk is 0.055-0.070 Watt/m-K depending on the fraction and average
density. However, in the composition of the plaster mixture (18-25% Portland cement, 55-65%
expanded vermiculite, mineral and polymer additives), contact zones are formed between the
aggregate grains and cement stone, which causes an increase in the effective coefficient of thermal
conductivity of the hardened material. Therefore, in the work for thermal insulation plaster, calculated
values of A were taken, taking into account its average density and operational humidity, which
exceed the indicators of bulk vermiculite and correspond to the composite material.

This makes it an effective solution for increasing the heat-shielding properties of enclosing
structures without the use of separate insulation slab materials.

Mechanized application provides a uniform layer and reduces the impact of "cold bridges"
compared to separate layers of slabs and glue.

Compared to:

» mineral wool — vermiculite has a higher A, but better plasticity and adhesion in the plaster layer;

* EPS — better heat-shielding properties in EPS, but vermiculite has higher vapor permeability;

« traditional plasters — vermiculite mixture shows a reduction in heat loss of up to 30-45%.

As a result of the analysis of the current state of thermal insulation of residential buildings in
Ukraine, it was established that the main sources of heat loss remain external enclosing structures, in
particular walls, coverings, and joints of structural elements. According to generalized literature data
and regulatory requirements of DBN V.2.6-31:2021 [16], the share of heat loss through external walls
can reach 30—40%, which confirms the feasibility of their thermal modernization.

A comparative analysis of current regulatory requirements has shown that increasing the minimum
permissible values of heat transfer resistance of enclosing structures in the new edition of DBN contributes
to reducing the specific heat loss of buildings and brings Ukrainian standards closer to European ones. It
has been established that compliance with conditions (1) — (4), which regulate energy efficiency, sanitary
and hygienic comfort, protection against "cold bridges" and moisture in structures, is a necessary
condition for ensuring the durability and stable thermal characteristics of enclosing elements.

An analysis of the properties of modern thermal insulation materials has shown that the
effectiveness of insulation depends to a large extent not only on the thermal conductivity coefficient,
but also on vapor permeability, moisture resistance, and correct installation. It has been established
that violations of thermal insulation installation technology, in particular insufficient insulation
thickness, the formation of "cold bridges” and leaky joints, can lead to a 20-30% reduction in the
expected energy saving effect.

The study found that thermal insulation plasters are an effective means of reducing heat loss,
especially in the context of building renovation and restoration, where the use of slab insulation is
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limited or impossible. The use of such materials improves the thermal performance of boarding
constructions without significantly increasing their thickness or reducing the usable floor space.

A comparison of manual and mechanized methods of applying thermal insulation plaster
mixtures showed that the use of plastering stations increases productivity by 4-8 times, ensures
uniformity of the layer, and reduces material consumption. It has been established that for large
volumes of work, the mechanized method is more economically feasible, as it reduces the labor
intensity of the process and the cost of work per 1 m? of treated surface.

Within the framework of this study, it is proposed to apply vermiculite-based thermal insulation
plaster mainly on the outside of the enclosing structures as an additional thermal insulation layer as part
of the facade system. The external location of the layer allows to shift the zone of possible condensation
formation towards the external environment and reduce the risk of wetting the load-bearing wall.

The recommended thickness of one layer of thermal insulation plaster is 20-30 mm. If it is
necessary to achieve a greater thermal effect, it is allowed to apply in 2 passes with a total thickness
of 40-50 mm. The maximum layer thickness is determined by the technological characteristics of the
mixture, adhesion to the base and the manufacturer's requirements.

It should be noted that thermal insulation plaster with a thermal conductivity coefficient of
0.055-0.070 Watt/m- K cannot completely replace traditional 120-150 mm thick slab insulation to
ensure regulatory heat transfer resistance, but it is an effective additional or alternative solution in
cases of reconstruction, limited facade thickness, or complex surface configuration.

Based on the generalization of the research results, it was determined that the comprehensive
use of modern thermal insulation materials, including thermal insulation plasters, in combination with
mechanized application technologies and compliance with regulatory requirements, allows reducing
heat loss in residential buildings by 40-60% and significantly increasing their energy efficiency.

Scientific novelty of the results obtained:

1. It was determined that mechanized application of heat-insulating plaster allows to increase
the productivity of work by 4-8 times while maintaining the uniformity of the layer and reducing
material consumption.

2. An estimate of the additional heat transfer resistance provided by a layer of vermiculite
plaster with a thickness of 40-50 mm was obtained.

Conclusions. The analysis has shown that the issue of energy conservation in residential
buildings in Ukraine is extremely relevant and requires a comprehensive approach to its solution. A
significant part of the housing stock is characterized by high heat loss, which is due to outdated design
solutions, insufficient thermal insulation, non-compliance with modern regulatory requirements, and
violations of insulation technology.

Problems with thermal insulation in buildings include poor-quality materials, installation errors
(gaps, inappropriate thickness), environmental influences (moisture, low temperatures), and materials that
are unsuitable for the operating conditions, leading to heat loss, condensation, mold, reduced energy
efficiency, and discomfort. To solve these problems, it is necessary to carefully select materials and adhere
to installation technology, including the correct choice of insulation thickness and sealing of joints.

Modern thermal insulation materials have been analyzed and it has been determined that their
correct selection, taking into account thermal, vapor permeability, operational, and environmental
characteristics, is a key factor in ensuring the durability and reliability of insulation. The feasibility of
using thermal insulation plasters, which reduce heat loss without significantly increasing the thickness
of enclosing structures, prevent condensation, and ensure a favorable microclimate in rooms, is justified.

It has been established that the mechanized method of applying thermal insulation mixtures
using plastering stations is an effective solution for objects with large volumes of work, as it ensures
high productivity, uniformity of the layer, savings in materials, and a reduction in the cost of work
per 1 m?. At the same time, the manual method remains appropriate for small volumes and specific
working conditions.

Summarizing the results of the study, it can be concluded that the introduction of modern
energy-efficient insulation technologies, strict compliance with regulatory requirements, and the
correct choice of materials and installation methods can reduce heat loss in residential buildings by
40-60%, with comprehensive insulation of buildings, increase energy efficiency, and ensure
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comfortable living conditions amid rising energy costs.
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AHoTauis. Y cTarTi po3mIsSHYTO CydacHi MpoOIeMu eHepro30epekeHHS JKUTIOBUX Oy/IiBENb B
VYkpaiHi B yMOBax 3pOCTaHHS BapTOCTI CHEPrOHOCIIB Ta HEOOXITHOCTI  MiJABHUINEHHS
eHeproedexTuBHOCTI OyniBeabHOro (onay. OcoOnuBYy yBary MpHALIEHO MUTAaHHSAM TEIUIOBTPAT
4yepe3 OropoKyBaslbHI KOHCTPYKIII, sIKI € OJHI€I0 3 OCHOBHUX INPUYUH IEpPEeBUTpPAT €Heprii Ta
3HWKEHHS PIBHSA TEIUIOBOTO KOM(OPTY B JKUTIOBHX MNpHuMilleHHAX. [IpoaHanizoBaHO OCHOBHI
YMHHUKY, 110 BIUIMBAIOTh HA €()EKTUBHICTH TEIUIOI30MIAIIi1, 30KpeMa 3acTapijai HOpMaTHBHI BUMOTH,
HU3BKY SKICTh OymiBEJIBPHUX MarepiajiB, MOMUJIKU I YaC MOHTAXY TEILIOI30JAMIMHUX CUCTEM, a
TaKO)K HEraTUBHUI BIUIMB YMOB €KCIUTyaTallii Ha HAaBKOJIMIIHE CEPEIOBUILIE.

VY poboti 3mificHEHO OIS CyYacHHX BITUM3HSHUX Ta 3apyObKHHMX IOCHIKEHb y cdepi
€HEepro30epeKEHHS Ta TEIIO130JIAIli Oy/miBeNb, M0 TO3BOIMIO BU3HAYUTH KJIIOYOBI TEHJICHIIT Ta
npoOJIeMHI aCleKTH BIPOBADKEHHS €HEeproeeKTUBHUX pilieHb. HaBemeHo aHami3 IFOYUX
HOpPMAaTUBHHUX JOKyMeHTiB, 30kpema JIBH B.2.6-31:2021, Ta mopiBHsAHHS iX i3 HONEpeAHIMU
penaKiisiMy, 1110 CBITYUTH PO MOCTYNOBE HAOIMKEHHSI YKPATHChKUX CTaHAAPTIB IO €BPONEHCHKUX
BUMOT. PO3TIISIHYTO OCHOBHI THUITH TETUIOI30MIAIIIHHAX MaTepialiB, SKi 3aCTOCOBYIOTHCSI B CY4aCHOMY
OymiBHMLTBI, IXHI TpeBaru Ta HEAONIKM 3 YypaxyBaHHSAM IIOKa3HUKIB TEIUIONPOBITHOCTI,
MapOIPOHUKHOCTI, BOJIOTOCTIMKOCTI, MTOXKEKHOI OE3MEKH Ta €KOJIOTTIHOCTI.

OkpemMo JOCHIKEHO TMEpPCHEKTUBU 3aCTOCYBAaHHS TEIUIOI3OMSALINHUX MITYKaTypoOK —SK
€(EKTUBHOTO JIOMOMDKHOTO CIIOCO0Y 3MEHILIEHHS TEIUIOBTPAT, 30KpeMa B yMOBaX PEKOHCTPYKLIi Ta
pectaBparii OyaiBens. HaBeneHO MOpIBHAIBHY XapaKTEPUCTHKY PYYHOTO Ta MeEXaHi30BaHOTO
CIoCcOo0IB HAHECEHHS TEeIUIOBOALINHIX CyMillel 13 BHUKOPUCTAHHSM IITyKaTypHUX CTaHLIHN,
BHU3HAUCHO iX TEXHIKO-€KOHOMIYHI TepeBaru Ta JOIUIbHICTh 3aCTOCYBAHHS 3aJIEKHO BiJl OOCSTIB 1
YMOB BUKOHAHHSI poOiT. 3p00JeHO BUCHOBOK, 110 KOMITJIEKCHE BIIPOBA/IKEHHS €HEProe(eKTUBHUX
3axX0/iB 13 JOTPUMAHHSIM HOPMAaTUBHUX BUMOTI, NMpaBWJILHUM BHOOpOM MarepiajiiB Ta Cy4acHHX
TEXHOJIOTIH MOHTaXy JO3BOJISIE 3HU3UTH TerioBrpath Ha 40 — 60 %, WiABUIIUTH
eHeproepeKTUBHICTh KUTIOBUX Oy/liBeNb Ta 3a0e31meunTi KoM(OPTHI YMOBH NPOKUBAHHS.

KawuoBi cioBa: eneproz0epekeHHS, TEIUIOI3OJAIIS, YTEIUTIOBadY, INTYKAaTypHa CTaHIIiL,
TEIUIO130JIS1I1MHI CyMillll, TETJIOBTPATH.
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