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Abstract. The relevance of this study stems from
the need to preserve and extend the service life of a
large number of existing masonry buildings. This
applies both to civil structures with brick walls and
to historical monuments of architectural heritage.
During prolonged use, such structures are subjected
to destructive atmospheric influences, leading to the
degradation of bricks and mortar and a reduction in
their strength. Furthermore, seismic loads pose a
serious threat to their structural stability, inducing
shear forces in load-bearing elements. In recent
years, many buildings with masonry structures in
Ukraine have been damaged as a result of massive
rocket strikes, accompanied by powerful explosive
loads and shock waves. In this view, the
development of effective methods for strengthening
masonry is an extremely important engineering
task. The main objective of this work is to review
and analyse structural and technological approaches
to the reinforcement of masonry structures in order
to select the most effective solutions for further
experimental and theoretical research.

The article examines current trends in the
transition from traditional strengthening methods to
the use of the latest composite materials. A
comparative analysis of various technologies for
walls, columns, piers and beams strengthening and
retrofitting has been carried out. Based on the
literature reviewed, it has been demonstrated that
the use of conventional fibre-reinforced polymers
based on epoxy resins has a number of operational
drawbacks. Organic resins prevent natural air
exchange within walls due to their

Maksym MELNYK
PhD student, Department of
Highways and Bridges

/~

'
.

Ihor MELN'YK

Professor, Department of Highways
and Bridges,

Doctor of Technical Sciences

Oleksandr PANCHENKO
Director of SIKA UKRAINE LLC,
Candidate of Technical Sciences

i

Yuriy SOBKO

Associate Professor, Department of
Highways and Bridges, Candidate
of Technical Sciences

extremely low accumulation and debonding of the
TRM (textile reinforced mortar). They are also
flammable and possess excessive stiffness, which is
poorly compatible with the flexible old masonry.
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To address these issues, the use of a state-of-the-
art strengthening system based on mineral
components is justified. This technology involves
replacing polymer resins with a highly plastic
polymer-cement mortar, into which a reinforcing
mesh is embedded. This solution radically changes
the structural behaviour of the structure: instead of
dangerous brittle failure, controlled plastic
deformation is ensured thanks to the uniform
distribution of stresses. It has been proven that the
use of an inorganic matrix guarantees excellent
compatibility with historical materials, offers high
fire resistance and allows work to be carried out
even on damp substrates.

Keywords: masonry structures; strengthening;
high-strength composites.

An important factor for masonry structures
is seismic activity, which gives rise to shear
forces.
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INTRODUCTION

Currently, a significant number of masonry
buildings with load-bearing brick walls are in
use in Ukraine, and these are widespread in
civil engineering.

Masonry structures are used in numerous
buildings of architectural and historical heritage
in many European cities, as well as in Ukraine
(in particular in Lviv, Kyiv and Odesa).

Over the course of long-term use, brick
structures are subject to the damaging effects of
atmospheric conditions, which leads to a
deterioration in the mechanical properties of the
bricks and mortar (Fig. 1 and Fig. 2).

buildings situated on Rynok Square in Lviv.
Photo by M. Melnyk

Puc. 1. IlomxkomkeHHs MypOBaHUX CTiH OyniBeIb

ICTOPUYHOI CHIIUHK Ha TUTomli PUHOK, M.
JIeBiB. ®oTO M. MenpHuK

Fig. 2. Bernardine Church in Lviv counterforces

and walls structural damages.
Photo by M. Melnyk

Puc. 2. IomxkomkeHHs! KOHCTPYKITiT KOHTpdopCy i

ctin bepHapauncekoro cobopy, M. JIbeiB. doto
M. MenbHHK

In recent years, many masonry buildings in
Ukraine have been damaged as a result of
massive rocket attacks, which are accompanied
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by powerful explosive charges and shock
waves.

For these reasons, masonry structures often
require strengthening.

In recent years, in the practice of building
structures strengthening, including masonry
structures, systems made of high-strength
composite materials with appropriate matrices
(adhesives) have been increasingly used. These
systems vary in terms of the materials physical
and mechanical characteristics and are
constantly being improved.

AIM OF THE WORK

The main aim of this work is to review and
analyse existing methods (structural and
technological solutions) for the masonry
structures  strengthening for selection in
subsequent experimental and theoretical
studies.

REVIEW AND ANALYSIS OF
LITERATURE

In [1], defects and diagnostic strengthening
methods and strategies for historic masonry
structures were analysed. It is noted that the
integration of machine learning methods into
diagnostics and the use of compatible
composite materials allows for a significant
extension the architectural monuments service
life. The best results are achieved by combining
traditional steel ties for overall stability and
composite jackets for local strengthening of the
most stressed areas (columns and arch heels).

Article [2] presents the results of
experimental studies and analysis on stone
masonry under the combined action of vertical
and horizontal loads. The article systematises
data on the failure nature of stone specimens
under shear and identifies the decisive influence
of factors such as masonry material, mortar
strength, and the presence of external or internal
reinforcement (carbon  fibre, reinforced
concrete elements, metal ties) on the elements
load-bearing capacity. Analysis of this data
enabled the authors to substantiate a new
kinematically feasible failure mechanism under
diagonal shear, which will serve as a reliable
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basis for calculating the strength of masonry
walls using the variational method in plasticity
theory.

The main objective of the research [3] was
to improve the methodology for calculating the
load-bearing capacity of masonry structures
under the combined action of horizontal and
vertical loads. For this purpose, the variational
method of plasticity theory was employed.

The study of the effect of surface
reinforcement using the FRCM (Fibre-
Reinforced Cement Matrix) system on
compressed aerated concrete masonry is
presented in [4]. It is noted that two-sided
reinforcement is an effective method for
increasing both the load-bearing capacity and
the masonry's ability to deform without brittle
failure. At the same time, single-sided
reinforcement is advisable for improving crack
resistance and deformability, but it does not
provide a significant increase in ultimate
compressive strength.

Despite the high effectiveness of using
innovative materials, the effectiveness of
masonry structures strengthening critically
depends on the quality of workmanship. This
issue is the subject of a comprehensive study
[5], which analyses the influence of local
defects on the effectiveness of fibre-reinforced
cementitious matrix (FRCM) wraps used for
the compression of masonry piers and columns.
The authors note that under real-world
construction site conditions, the ideal
application of the composite is practically
impossible: defects such as uneven thickness of
the mortar matrix, insufficient fibre
impregnation, voids between the masonry and
the mesh, or irregularities in the length of the
overlaps or anchoring frequently occur.

A significant body of experimental data on
the performance of classical polymer
composites is presented in [6], where the load-
bearing capacity of concrete block walls
reinforced with epoxy-based GFRP (Glass
Fibre-Reinforced  Polymer) sheets was
investigated. An investigation into the
mechanical behaviour of the reinforced
specimens showed that epoxy-fibreglass
systems act as effective external tensile
reinforcement. ~ They  bridge  existing
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microcracks, prevent their propagation and
radically alter the behaviour of brittle masonry.
It has been established that the shear strength of
the walls and their resistance to out-of-plane
bending increase several-fold. Furthermore, the
reinforced  specimens  demonstrated a
significant increase in ductility, transforming
the failure mechanism from sudden and brittle
to gradual.

The study of the load-bearing capacity of
masonry elements subjected to bending (in
particular, lintels over openings and beams) is
discussed in [7]. Traditionally, unreinforced
masonry is  practically incapable of
withstanding tensile stresses from bending
moments, which leads to its extremely brittle
failure even with small spans. To address this
issue, the authors of the article propose the use
of glass-fibre-reinforced polymer (GFRP)
composite strengthening. The main conclusion
of this work is the experimental confirmation
that strengthening with GFRP composites
allows the failure mechanism of flexural
masonry elements to be transformed from
sudden to a more ductile and predictable one.
The observed increase in the load-bearing
capacity and  stiffness of  structures
demonstrates the potential of using non-
metallic composite reinforcement as an
effective alternative to traditional strengthening
methods.

The issue of the physical and mechanical
compatibility of materials during the
strengthening of historic and weakened
masonry is central to the research in [§]. The
test results presented in the article convincingly
demonstrate that the use of highly deformable
adhesives makes it possible to completely avoid
the sudden detachment of reinforcement
elements. Instead, the system demonstrates a
significant increase in its ability to absorb load
energy and a substantial increase in the ultimate
strains before failure. This conclusion is of
great importance for further research, as it
indicates that when selecting materials for
strengthening, the focus should shift from
achieving maximum composite strength to
ensuring its deformation compatibility with the
existing masonry.
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Publication [9] presents the results of
experimental and theoretical studies of brick
structures that were exposed to fire and
strengthened by GFRP (Glass Fibre-Reinforced
Polymer) meshes. The strengthening effect of
the test specimens was 11.5%. The modulus of
deformation of the masonry changes
significantly under the influence of
temperature, which substantially affects the
redistribution of forces.

Comprehensive experimental and
theoretical studies on the behaviour of damaged
and reinforced structures are presented in the
thesis [10]. The work provides a comprehensive
synthesis of existing calculation methods and
experimental data regarding the behaviour of
structural elements with initial defects or
service-induced damage. The author focuses on
how exactly a breach in the material's
continuity (the presence of cracks, loss of part
of the cross-section) affects the redistribution of
internal forces and the change in the overall
structure stiffness under load. The particular
value of this study lies in the detailed analysis
of the stress-strain state of the 'basement-
strengthening' system, taking into account the
physical materials non-linearity. The paper
presents the results of large-scale tests, which
enabled the verification of the proposed
theoretical models and calculation algorithms.
It has been demonstrated that, for an adequate
assessment of residual load-bearing capacity, it
is necessary to consider not only the mechanical
characteristics of the composite but also the
loading history of the element and the extent of
its degradation at the time of repair work.

The conclusions and calculation
assumptions set out in [10] serve as a reliable
methodological basis for further research. They
confirm the need to use modern software
packages (FEM) for the spatial modelling of
complex non-linear processes occurring in
masonry structures strengthened with high-
strength composites. The application of such a
comprehensive approach will enable the
development of more accurate algorithms for
predicting the load-bearing capacity and
deformability of the structures under
investigation.
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For theoretical studies of the strengthening
of masonry piers, the results of a numerical
study [11] may be utilised, which concern the
solution of physically non-linear deformation
problems for massive prismatic bodies.

Article [12] outlines the  general
characteristics and prospects for the use of
composite materials in building structures,
including architectural monuments.

Important issues concerning the design
resistances and strength of masonry materials
are considered in [13].

Article [14] is devoted to addressing the
pressing issue of repairing, retrofitting and
increasing the load-bearing capacity of existing
brick  buildings and structures. Each
strengthening method has its own advantages
and disadvantages and may therefore be
selected for the restoration of brickwork or the
strengthening of the masonry structure as a
whole. The choice of a specific strengthening
method depends on the tasks at hand, and the
feasibility of its use must be substantiated by
appropriate calculations.

Article [15] is a comprehensive literature
review devoted to methods for strengthening
and modernising unreinforced masonry
structures subjected to seismic and other
extreme loads. The subject of the study is
various technical approaches to strengthening,
their effectiveness, economic feasibility,
compatibility with the base materials, as well as
modern methods of numerical modelling of
such structures.

The article [16] provides a comprehensive
review of methods for the seismic
strengthening of masonry walls and piers. The
subject of the study is a comparative analysis of
traditional and modern retrofitting
technologies, with a particular focus on
innovative systems based on FRCM composite
materials with an inorganic matrix. The use of
special mechanical anchors successfully
neutralises the risk of delamination, making
FRCM one of the most effective, reliable and
architecturally acceptable methods of masonry
buildings seismic retrofitting for today.

Experimental studies [17] have shown that
the method of combined masonry structures
strengthening by using CFRP (Carbon Fibre
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Reinforced Polymer) together with cement-
sand mortar is a highly effective and cost-
effective engineering solution. It allows for a
significant improvement in both the load-
bearing capacity and the ductility of walls made
of cement-clay interlocking bricks. The use of
traditional mortar as an intermediate layer not
only significantly reduces the cost of the
retrofitting process but also creates favourable
conditions for the materials to work together,
preventing premature brittle failure of the
building. The authors of the study note that such
approaches have significant potential for
improving the seismic resistance of buildings;
however, further testing on solid bricks and
concrete blocks is required for wider practical
implementation.

The paper [18] notes that traditional FRP
(Fibre-Reinforced Polymer) wrapping has
certain drawbacks: low fire resistance, high cost
and physical incompatibility of materials. The
study compares two alternative techniques for
brick columns strengthening: the use of basalt
fibres in a BFRCM (Basalt Fibre-Reinforced
Cement Matrix) and the placement of high-
strength steel wires in horizontal mortar joints.

Article [19] examines the current state and
prospects for the development of existing and
novel methods for masonry structures
strengthening. A review of current approaches
to masonry strengthening indicates rapid
technological development in this segment of
the  construction industry.  Traditional
intervention methods, despite their proven
practical significance, often prove
insufficiently effective under conditions of
intense dynamic loads and strict requirements
regarding the preservation of architectural
heritage. Innovative systems based on high-
strength composites (fibre-reinforced
polymers) open up broader prospects for the
restoration of wall elements, guaranteeing a
significant increase in load-bearing capacity,
resistance to  corrosion and minimal
encumbrance on the existing structure. From an
engineering perspective, the use of FRP
materials is the optimal solution for enhancing
the reliability of structures in earthquake-prone
regions and during the restoration of historic
buildings. At the same time, TRM (Textile
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Reinforced Mortar) systems are best suited
where physical and chemical compatibility with
the original masonry is a priority, whereas
FRCM matrices demonstrate the highest
operational efficiency in environments with
high humidity.

In article [20], based on the results of finite
element method calculations, accurate stress
distribution diagrams relative to the principal
axes were obtained both on the surface and in
any cross-section of the model under study. The
simulation results scientifically substantiated
the feasibility and high efficiency of using steel
hoops to strengthening damaged brick columns,
which is a critically important condition for the

Table 1. Structural types and primary research findings.

ISSN 2522-4182

safe installation of built-in civil defence
structures in existing buildings.

Article [21] is a review study devoted to
methods for strengthening composite (framed)
masonry structures with the aim of increasing
their resistance to loads acting in the plane of
the wall. The subject of the study is a variety of
technical approaches to retrofitting, covering
the use of both traditional materials (e.g.
ferrocement and steel mesh) and modern
polymer composites reinforced with various
types of fibres.

The main types and systems of masonry
structures strengthening using high-strength
composites, along with the main research

findings, are presented in Table 1.

Taon.1. Tunu KOHCTPYKIIIi Ta OCHOBHI PE3YJIbTATH JIOCHiKCHb.

Reference Type of sT}slgemasng ¢ Main research results
Ne | number, structure Y R’ ‘
[Ne] studied remtorcemen Experimental Theoretical
material
Kinematic models of
CFRP, GFRP, Strength increase: from | plastic failure have been
2], [3] Masonry walls FRCM, steel composites: 30-100%; | developed, the three-line
1 [l 6’] ’ and butt};esses ties/stirrups, from steel tendons: | behaviour of FRCM has
shotcrete 90%; transition to | been described, and the
concrete ductile failure. anchoring mechanism has
been substantiated.
Strength: FRCM: The mechgmcs of brick
FRCM, steel o . clip behaviour have been
Masonry L +44%;  for  wires: X
[5], [14], wires in joints, o . described, and a non-
2 columns and . . +25%:; deformation | |.
[18] . brick stirrups . .| linear model of
pillars . properties for wires: .
with anchors deformation has been
+101%.
developed.
Shear resistance
Historic FRCM., SRG, 1pcrea?sesl by 1.1-3 | Models have beqn apphe(:)d
o times; axial strength up | for crack detection (98%
buildings and | FRP, shotcrete o .
3 1 [1],[15] . to +200%; spatial | accuracy) and the masonry
unreinforced concreate, metal . :
masonry and timber fies stiffness and structural | reinforcement contact
integrity of the | zone has been modelled.
building are improved.
\Xgilss?tiiilgg Significant increase in | Strength equations have
l(jaera ted the strength of concrete | been developed,
[4]. [6] concrete FRP on an (5-10 times) and brick | calculations have been
4 [17’] ’ concrete’ epoxy or cement | (up to +171%), as well | performed according to
blocks matrix, FRCM as a 50% increase in the | Eurocode, and combined
interlo::kin transverse deformation | reinforcement  schemes
bricks) & of aerated concrete. have been justified.

ByniBenbHi koHcTpyKuii. Teopis i npakTuka * 18/2026

221



ISSN 2522-4182

Table 1. (continued)
Ta6u.1. (mpooBKEHHS)

. . Reduction of stress
Flexible adhesive concentrations  usin
: . Natural and FRP | increases adhesion by : . &
Brickwork using . 7 | flexible adhesives and
. . fibres on flexible | 76%; ECC — +250% in
5 | [8],[21] | highly elastic . a balance of strength
composites adhesive, strength, WRCM —up to | .4 deformability in
0/ . 1
WRCM, ECC _150 %0; energy absorption WRCM  and FRP
increases significantly.
systems.
. Pronounced plastic nature The actual agreement
Combined . . between the
. of  failure, effective 3
6 | 7] Masonry reinforcement utilisation of the strength experimental and
ceramic beams (A400+A1000) + design  load-bearing
reserves of both types of .
GFRP reinforcement capacity of the beams
' is within 8.8%.
In this table: FRP (Fibre-Reinforced wire), which is nailed to the wall and

Polymer) - Fibre-reinforced polymer (adhesive,
most commonly epoxy resin). These are
divided into:

e CFRP (Carbon  Fibre-Reinforced
Polymer) — carbon fibre-reinforced;

e GFRP (Glass Fibre-Reinforced
Polymer) — glass fibre-reinforced,

e BFRP (Basalt Fibre-Reinforced
Polymer) — reinforced with basalt fibre;

e BBFRP (Bamboo Fibre-Reinforced
Polymer) — reinforced with bamboo
fibre.

The main drawback of FRP is that epoxy
resin does not “breathe”; systems have
therefore been developed that use a special
cementitious or lime-based mortar instead of
chemical resin:

e FRCM (Fibre-Reinforced Cementitious
Matrix) — a  system based on an
inorganic matrix. This is a special
plaster into which a strong mesh is
embedded. This system is perfectly
compatible with old brickwork and
allows the wall to 'breathe".

e SRG (Steel Reinforced Grout) — steel
reinforcement in the mortar. Instead of
composite mesh, strips woven from
ultra-strong microscopic steel cables are
embedded into the cement mortar.

e WRCM (Wire Reinforced Cementitious
Matrix) — ferrocement. This is the
traditional and oldest method: ordinary
welded metal mesh (made of rebar or
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covered with standard cement-sand
mortar.

e ECC (Engineered Cementitious
Composites) engineered (or high-tech)
cementitious composites. This is
commonly referred to as “flexible
concrete”. It is a special cement mixture
into which millions of tiny polymer
fibres (microfibres) are mixed. Whereas
ordinary concrete develops a single
large crack and splits under load, ECC
stretches, forming thousands of
microcracks (as thin as a hair), and does
not fail.

SUBSTANTIATION OF THE NOVELTY
AND ADVANTAGES OF THE SIKA
MONOTOP-722 MUR + SIKAWRAP-340G
GRID AR SYSTEM

This system belongs to the class of FRCM
(Fibre-Reinforced Cementitious Matrix) or
TRM (Textile Reinforced Mortar) composites.
It has been specifically designed to address the
issues that arose when using traditional FRP
systems (fibre-reinforced polymers based on
epoxy resins) on masonry structures [26,27].

A detailed analysis of its differences,
innovations and advantages is provided below:

Fundamental difference: an inorganic
matrix instead of epoxy resin
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What is new: traditional composites (FRP)
use organic polymer matrices (epoxy resins).

In contrast, the SIKA system uses an
inorganic cementitious matrix, Sika MonoTop-
722 Mur — a single-component fibre-reinforced
mortar with reactive pozzolanic additives.

Why is this better: as noted in previous
articles (for example, in review [16]), epoxy
resins are vapour-impermeable, which is
critical for old brick walls, as moisture becomes
trapped inside, leading to the deterioration of
the substrate and delamination of the
strengthening. The SIKA matrix has high
vapour permeability. This allows the masonry
to 'breathe and ensures excellent physical and
chemical compatibility with brick, tuff and
natural stone.

Specialised protection for the reinforcing
fibre

What makes it different: the system uses
SikaWrap-340G Grid AR mesh. This is a
bidirectional mesh made of alkali-resistant
(AR) glass.

What's new: Glass fibre is vulnerable to the
alkaline environment of cement mortars. To
solve this problem, SIKA coats its mesh with a
special SBR latex coating (SBR-Latex coating).

Why it is better: This ensures that the
reinforcement mesh will not degrade over time
within the cement matrix of the mortar,
retaining its high mechanical properties.

High deformability (plasticity)

What's the difference: Epoxy adhesives are
extremely rigid. Sika MonoTop-722 Mur is
classified as a high-ductility cementitious
mortar.

Why it is better: According to previous
studies (in particular, article [8]), the use of
rigid adhesives on weak masonry -creates
dangerous stress concentration peaks, leading
to premature detachment of the composite
together with the brick layer. SIKA's ductile

ByniBenbHi koHcTpyKuii. Teopis i npakTuka * 18/2026
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mortar distributes stress more evenly between
the mesh and the wall, preventing brittle failure.

Thermal stability and fire resistance

What's the difference: Organic resins in FRP
systems soften and lose strength at relatively
low temperatures (often as low as 60-80°C) and
are also flammable.

Why it is better: SIKA's inorganic matrix is
classified as Euroclass A2 for reaction to fire. It
performs consistently across a wide operating
temperature range from -20°C to +100°C,
making it significantly safer and more durable.

Technological installation and resistance to
humidity

What's the difference: Epoxy resins require
a perfectly dry surface for application and
complex chemical mixing processes.

Why it's better: SIKA MonoTop-722 Mur
can be easily prepared and applied using
traditional  plastering  techniques. = Most
importantly, it can be applied even to damp
surfaces, making it ideal for the restoration of
old buildings, basements or structures in
challenging climatic conditions.

Seismic resistance

This system has been successfully tested for
seismic retrofitting. It provides the necessary
shear and flexural strength to withstand loads
both in-plane and out-of-plane, whilst adding
virtually no weight or stiffness to the structure
(the system is only about 10 mm thick).

Thus, the main advantage and innovation of
the SIKA FRCM system lies in the synergy of
the high strength of modern fibres and the ideal
compatibility of traditional cementitious
materials, which eliminates the main
drawbacks of classic polymer reinforcement.

When calculating and designing
reinforcement for eccentrically compressed
walls, it is necessary to identify the zones of
maximum compressive stresses (Fig. 3).
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Fig. 3. Calculation scheme for eccentri-

cally compressed walls.
Puc. 3. /1o po3paxyHKy I03aIleHTPOBO-
CTUCHYTHX IPOCTIHKIB

+ =

(&) Axial load (b) Moment

Under these conditions, the wall may
function under eccentric compression, but only
within the combinations of axial loads and
bending moments in the section that remains
under compression [27].

With a small bending moment acting on the
wall (i.e. when the eccentricity is small), the
entire element will be in compression, but the
stress on one side will be greater than on the
other. The maximum compressive strain in the
wall will be 0,35%, and failure will occur either
due to crushing of the compressed zone of the
masonry, or due to decompression of the
partition on the opposite side.

As the axial load applied to the wall changes,
the moment that the wall can withstand also
changes. Therefore, the effect of the axial load
is extremely important, as it will alter the
maximum permissible bending moment.
Consequently, several combinations are
possible (axial bending).

All these combinations can be calculated in
accordance with the compatibility of
deformations and the equilibrium of forces and
moments, and plotted as an interaction diagram.
The interior of the diagram will show the
various combinations of axial loads and
bending moments that the panel can withstand.

CONCLUSIONS

1. In the practice of reinforcing masonry
structures (walls, buttress, columns, etc.),
high-strength composites and adhesives
made from various materials are
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(c) Axial Joad and
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increasingly being used, including in
Ukraine.

2. The literature review conducted has
enabled the grouping of various
reinforcement systems and the analysis of
their positive and negative aspects for
consideration in future research.

3. One of the most suitable systems for
masonry structures reinforcing is the new
FRCM composite system from SIKA,
which possesses a few important
structural and operational characteristics
and can be used for new experimental and
theoretical studies of the stress-strain
state with various types and nature of
damage to brickwork.
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oA Cl1IOCOBIB NIICUJIEHHA
MYPOBAHHUX KOHCTPYKIIN
BUCOKOMIIITHUMHU KOMIIO3UTAMH

Maxcum MEJIBHUK,
leop MEJIPHUK,
Onexcanop ITAHYEHKO,
IOpint COFKO

AHoTalisl. AKTyalbHICTh IBOTO JIOCIIKEHHS
3yMOBJIEHa  HEOOXimHICTIO  30epexeHHs  Ta
MIPOIOBKEHHS JKUTTEBOTO ITUKITY BEJIUKOI KiJTIBKOCTI
ICHYIOUMX MypoBaHUX OyniBenb. Lle crocyeThes sk
CHOpYA IMBIIBHOTO TIPU3HAYCHHS 3 LETISTHUMH
cTiHaMH, Tak W  ICTOpHYHUX  IaM'TOK
apxiTeKTypHO1 cmaammuan. [IpoTsroMm TpuBamoi
eKCIUTyaTalii Taki 00'€eKTH 3a3HAIOTh PYWHIBHOTO
arMOC(epHOTr0  BIUIMBY, IO MNPHU3BOAUTH [0
Jerpajarii Mer Ta PpOo3YHHY 1 3HIKEHHS IXHBOT
MmingHocTi. KpiM Toro, cepilio3Hy HeOe3meky s
iXHbOI ~ MPOCTOPOBOI  CTIHKOCTI  CTAHOBIISTH
CeiicMiuHI HaBaHTa)KEHHS, SIKI BUKJIMKAIOTH 3CYBHI
3yCUIUIS Y HECYYHX €IeMeHTaX. B ocTaHHI pokH B

Vkpaini Oarato  OyxmiBenb 3  MypOBaHUMH
KOHCTPYKIIISIMU TMOTITKOJIKEHO BHACJTIZIOK
MacOBaHUX paKeTHUX yaapis, 110
CYNIPOBOKYIOTBCS ~ TOTY)KHUMH  BUOYXOBUMH

HaBaHTXEHHSAMH Ta JI€I0 yIapHOT XBUIL. 3 OIS Iy
Ha 1Ie, OOTPYHTYBaHHS JTIEBUX METOIIB 3MIITHEHHS
MypyBaHHS € BKpail B@XIMBUM IHXKCHEPHHM
3aBIAHHSIM.

OCHOBHOIO METOIO POOOTH € OIIAN Ta aHaji3
KOHCTPYKTUBHHMX 1 TEXHOJIOTIYHMX MiIXOMIB [0
MiACHJICHHS] MyPOBaHUX KOHCTPYKIHU Ui BUOOPY
HaileQeKTUBHIMMX  pilleHb Y  MOJANbIINX
eKCIePUMEHTAIBHHX Ta TEOPETUIHNX
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JOCIIDKEHHAX. Y CTaTTi PO3MISAalOThCS CydacHi
TEHJICHIIIT TIepeXoJy BiJ| TPAIMIIMHUX CHOCOOIB
TiICUJICHHS 10 BUKOPUCTAHHS HOBITHIX KOMIIO3HT-
HUX Marepiais.

[IpoBeneno MTOPiBHSUTHHUHA aHami3
PI3HOMAaHITHUX TEXHOJIOTi! TOCHUJICHHS CTiH, KOJIOH,
ctoBmiB Ta Oanok. Ha ocHOBI ompamboBaHOl
JiTeparypu  JIOBEACHO, 110  BUKOPUCTaHHS
KJIACHIHUX TOJIIMEPiB, apMOBaHUX BOJOKHAMH Ha
OCHOBI  CMOKCHJIHUX  CMOJ, Ma€  HHU3KY
eKCIDTyaTaIlifaux HemomikiB. OpraHigdi  cMoIn
YHEMOXJIUBIIIOIOTh MPUPOAHUHI MHOBITPOOOMIH Y
CTiHaX Yepe3 BKpail HU3bKY MapONpPOHHUKHICTH, 1110
MIPOBOKY€ HAKOIMYECHHS BOJOTH Ta BiIIapyBaHHS
MiCHIIIOIOUOro Iapy. BOHU TakoX € TOpIHoYMMU i
MaloTh HaJIMipHY JKOPCTKICTh, SIKa IIOTaHO CyMiCHa
3 MOJIATIIMBUMHU CTAPUMH MYPYBaHHSIMH.

Jns BupimeHHd mHX TpoOieM OOIPYHTOBAHO
JIOLJTBHICTh  3aCTOCYBaHHS HOBITHBOI CHCTEMHU
TMiICUJICHHS] HA OCHOBI MiHEpPAbHUX KOMIIOHEHTIB.
Lls TexHoyoOTiA Tependavac 3aMiHy MOJIMEPHUX
CMOJI Ha BHCOKOTUTACTUYHHM TIOJiMEP-IIEMEHTHHAM
pO3umH, y KU BKIIAAA€ThCS apMyroda citka. Take
pIMICHAS KapAWHAILHO 3MIHIOE MEXaHIKy poOOTH
KOHCTPYKLIi: 3aMicTb HeOe3MeYyHOro KPHXKOro

pyUHYBaHHST ~ 3a0€3MEUYEThCS  KOHTPOJILOBAaHE
IUIACTUYHE 1e(OpPMYBaHHS 3aBISKH PIBHOMIpHOMY
posmoairy HaIpy>XeHb. JoBeneHo, 110

BUKOPHCTaHHS HEOPTraHiYHOi OCHOBU TapaHTye
BiZIMiHHY CyMICHICTb 3 iICTOPUYHUMH MaTepialaMH,
Ma€ BHCOKY CTIMKICTb 1O BOTHIO Ta JI03BOJISIE
BUKOHYBaTu poOOTH HABITh HA BOJIOTUX OCHOBAX.

KnawuoBi caoBa: MypoBaHi  KOHCTpYKIIi;
M ICUJIEHHS; BACOKOMIIIHI KOMIIO3UTH.
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