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Abstract. The peculiarities of polymer mortar application for renovation and restoration are
determined on the basis of priority data integration about the destruction mode of valuable historical
buildings. The possibilities of controlling technological, physical-mechanical, and operational
properties of recovery polymer mortar due to the aggregates of different nature are shown.

For the analysis and optimisation, the quantitative relations between the structure and property
factors of recovery polymer mortars and the factors of recipes and technology determining them
were obtained in the form of experimental and statistical models calculated using the COMPEX
system. The optimisation methods of recipe and technological solutions based on the use of
experimental and statistical models are proposed.

The optimisation of polymer mortar composition according to the package of quality indexes
and property stability at high temperature has been carried out. The package of "mixture-
technology-properties” models has been obtained, with the help of which the change mechanisms of
direct and summarizing indexes of mixture technological properties and mechanical properties of
recovery polymer mortars have been established when changing the type of aggregates (ceramics,
quartz, carbonates, their binary and triple mixtures).

The influence of aggregates on the durability change of polymer mortar under the influence of
various temperature-climatic and operational factors (UV-irradiation, alternate action of
temperature and aggressive aqueous solutions) has been studied.

It is recommended to use quantity and type optimal aggregates to provide the complex of
technological and operational properties of polymer mortar and to reduce the consumption of
imported polymer. The rational compositions of polymer mortar with increased stability of
properties under changing temperature and climatic conditions are proposed for different restoration
technologies.

The series of nomograms have been developed for the initial selection of the "area" of rational
polymer mortar compositions, providing for further correction in relation to a specific repairable
object. Technological and marketing analysis according to the research results are carried out.

Key words: recovery polymer mortar, aggregates, rheological properties, strength, optimal
compositions, operational properties.

Introduction. The preservation of architectural monuments from further destruction is the
goal of a number of international programs performed under UNESCO auspices. One of the main
tasks of restoration procedures is to provide the life of buildings and structures while preserving
their historical and architectural authority [1]. The great amount of restoration and conservation
works, complex nature of structural destruction pose new scientific, methodological, and practical
challenges. To solve these problems the special technological methods and materials are required.
The composite materials in the form of protective and structural polymer mortars, as the world
experience shows, are one of the most long-range materials for repair and restoration of stone and
concrete structures. The introduction of the aggregates allows to change the technological and
operational properties of polymer mortars in a wide range. The development and introduction of
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effective polymer mortars based on the use of epoxy oligomers and aggregates of different nature is
an urgent task while improving the technology of restoration work [2, 3].

Analyses of recent studies and publications. By means of research, as well as on the
materials of international conferences and literature sources, the causes and classification of the
main destructions of stone buildings and structures have been considered [4-8]. The first result was
the classification of the most characteristic destructions to be repaired and restored according to the
following characteristics: loss of monolithicity, delimitation of stone masonry, deep and through
cracks, spalling, weathering, stone failure, etc.

The technological peculiarities of restoration works are determined by the variety of object
destructions (which requires the use of different restoration materials with variable technological
and physical-mechanical parameters), as well as the climatic pattern. The most important
engineering tasks (taking into account the quality of engineering staff) include obtaining materials
with the required properties, saving critical imported materials, as well as the related issue of
decision validity.

According to the world experience, one of the most effective ways of repair, protection and
restoration of building structures is the use of polymer-based composite materials [4-7]. One of the
main prerequisites for the effective use of polymer mortars for the restoration purposes is the
development of the scientific and practical base of polymer composites (V.V. Paturoev, V..
Solomatov, V.L. Chernyavsky, V.A. Lisenko, I. Nikolov, R.A. Veselovsky, B.N. Strelenko, I.M.
Yeshin, etc.).

One of the long-range ways to improve the quality and durability of composite materials and
to save the binder is the use of modifying additives and aggregates, optimal both in concentration
and in their physical and mechanical parameters. The use of the aggregates becomes extremely
important under the conditions of expanding the requirements to the properties of restoration
polymer mortars (RPM) (including the achievement of light and texture similarity), regulating the
speed of the technological process and the variety of restoration techniques.

Based on the analysis results of characteristic destructions of buildings and structures, the
codes and recommendations in the field of restoration of historical monuments, a possible package
of technological solutions for the use of polymer mortars for repair and restoration of structures is
proposed. The possible package of restoration works includes: reinforcement of existing
foundations; monolithicity restoration of structural elements; replacement of destroyed material
with new one; bonding of fallen stones and elements; grouting of delaminated masonry; filling of
the cracks with decorative polymer mortar; grouting of the cracks with the injection, etc.

The aim of this study is to develop the compositions of recovery polymer mortar with the
required complex of technological, physical and mechanical, and operational properties when using the
aggregates of different nature and determination of the range of rational compositions that meet the
requirements: effective viscosity within 50 < nmax < 900 Pa-s, compressive strength feim > 90 MPa,
bending strength f., >60 MPa, stability coefficient of RPM properties to temperature Ki=100 %.

Objects and methods of research. Epoxy resin ER-20 was used as a binder in the
experiments; its parameters are similar to the common foreign analogues (Araldite, Epicol, Epoxy);
an amine-type hardener and plasticiser dibutyl phthalate (DBP) were used in the experiments.

The optimisation was carried out using "mixture-technology-properties” models [9]. The
properties of filled epoxy polymer mortars were determined by:

Vi— the aggregate fraction of a certain (I-st) kind, with a fractional composition corresponding
to fine quartz sand:

V3 — the ceramic aggregate; V, — the carbonate aggregate; Vs — the quartz aggregate; > Vi = V;
+ V, + V3 =1, i.e. the factors are interdependent and form a "mixture™;

X1 — the amount of plasticiser DBP (wt.h) — X;=30+10 (20, 30, 40);

X, — the aggregate degree — X,=200+100 (100, 200, 300); the factors X; and X, are
interdependent and can be referred to the term "technology”. The experiment was implemented
according to a specially synthesized plan (Table 1) [9] in the COMREX system.
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Table 1 — Experimental plan

Fillers, part The amount of | The filling

N ceramic | carbonate | quartz plasticiser DBP, | - degree,

(wt.h) (wt.h)
Vl V2 V3 X1 X2
1 0.33 0.33 0.33 1 0
2 0 0 1 1 -1
3 0 0 1 -1 0
4 0 0 1 1 1
5 0 1 0 1 -1
6 0 1 0 1 1
7 0 1 0 -1 -1
8 1 0 0 -1 0
9 1 0 0 1 -1
10 1 0 0 1 1
11 0 0.5 0.5 -1 1
12 0 0.5 0.5 0 -1
13 0.5 0 0.5 -1 -1
14 0.5 0 0.5 0 0
15| 05 0.5 0 0 1

The models in the form of reduced polynomials were obtained for the technological parameters
of mixture quality and physical and mechanical properties of hardened polymer mortars, including the
effective viscosity, flexural and compressive strength, and dynamic modulus of elasticity. The effective
viscosity n was determined with the rotational viscometer "Polymer RPE-1M", which provided
viscosity measurement in the range of 1.8x10°...3.75x10* Pa's. Bending strength ., and
compression strength f.sm (MPa) were determined with test beams 4x4x16 c¢cm; one set of test
beams was tested after 10 days after manufacturing, the other one after 60 days stored at the
temperature T=80°C. The modulus of elasticity E was determined from the initial linear section of
the "load-s" diagram obtained according to step loading with the highest possible average velocity,
which provided that strain readings were taken using two lever strain gauges mounted on the
opposite edges of the test beams.

Research results. Based on the literature data, the main requirements for recovery polymer
mortars were determined. Thus, the viscosity of technological mixtures should vary in a wide range.
Its choice depends, first of all, on the method of polymer mortar introduction into the caverns,
cracks or open surfaces (injection, hand patching, coating or spraying with the aggregates) [10]. As
a rule, the polymer mortars with the bending strength not less than 50-83 MPa and compressive
strength 80-100 MPa are used. The important parameters determining the behaviour of polymer
mortar in the structure include the bond strength of the RPM with the permanent material, the ratio
of elastic moduli and other parameters. The properties of RPM due to the polymer aging can be
irreversibly changed under the influence of temperature, humidity, wind loads, ultraviolet
irradiation, and other climatic factors [11-14].

Under the conditions of insufficiently studied mechanism of structure formation and
destruction of composites and multicriterionality of accepted engineering decisions the most
effective approach to the optimisation of their properties is the application of experimental and
statistical models (ES-models) [9, 15-17]. There is considerable experience in the application of ES-
models in the study and optimisation of composites for various purposes, including polymer
mortars for protection, repair and restoration.

At the second stage, the quantitative dependences of the main RPM properties were
investigated using ES-models package. Their analysis allowed to choose rational concentrations of
the aggregates of different nature for RPM range. The choice of specific types of aggregates (fine
brick rubble, limestone grits, fine sands) was determined on the basis of literature data.
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The values of effective viscosity n (Pa-s), which characterises the structure-forming ability of
the aggregates and was obtained at constant strain (é=const=1¢™), were comparable characteristic of
aggregate surface activity.

The obtained experimental-statistical dependences of the effective viscosity are plotted in Fig. 1
in the form of multicomponent diagrams-tetrahedrons, which were combined with the concentration
space "amount of DBP plasticiser — degree of filling".

Inm = 6.29V; + 2.73V1V3; — 1.29Vi1x; + 1.88Vixy, + 0.32x,°
+4.73V, — 0.61Vyx; + 1.49Vox, + 0.23X1X
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Fig. 1. Nine mixture triangles for the effective viscosity (Pa-s) of the filled
polymer mortar constructed according to the model

The base element is a mixture triangle, on which the viscosity isolines # are shown. The
"high-viscosity” (7max>900 Pa-s) or "low-viscosity” (7max<50 Pa‘s) areas of polymer mortars are
shaded inside each of the nine triangles.

From the analysis of the diagram there are the following technological conclusions. They are
necessary for the choice of ways to regulate the technological properties of mixtures:

— to obtain technological mixtures (50 < 7max < 900 Pa-s) it is necessary, as a rule, to use
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average concentrations of aggregates and plasticiser; the working area is limited "at the top™ by
high-viscosity mixtures with the ceramic aggregate, and "at the top™ by low-viscosity mixtures with
the quartz aggregate;

— maximum viscosity 7max achieved by varying the aggregate type (mixtures do not flow
practically) is determined by the ceramic aggregate Vi, which is explained by high surface activity of
this aggregate and, as a consequence, by more complete formation of oligomer supramolecular
structures;

— the increase of the quartz aggregate proportion leads to a sharp decrease of the viscosity; for
the mixtures V;+V,, the concentration increase of the carbonate aggregate causes a significant
viscosity increase of polymer solutions (on the triangles I-111);

— the interaction of ceramic and quartz aggregates makes it possible to regulate the rheological
properties of polymer mortars within the wide limits; the analysis of the model coefficients » shows
that the greatest effect of structure formation is achieved with the interaction of V; and V.

The sensitive shift of viscosity to the variation of aggregate type was investigated using the
composite indexX =Nmax/Mmin-

The isolines of the model on the supporting square (Fig. 1) indicate a sharp increase of the
system sensitivity to the variations of the concentration and aggregate type — ceramic and quartz.

According to the results of the experiment in 15 experimental points (marked in Fig. 1) the
models for the mechanical properties of hardened compositions were calculated. The models
described the change of bending strength f.m,, the compression fus, and the elastic modulus E of
polymer mortars depending on the type and amount of considered aggregates. In the whole range of
investigated concentrations, with the increase of aggregate degree, the strength factors increase for
RPM with ceramic aggregate; they decrease or do not change for RPM with the carbonate, quartz
aggregates and their mixture. This difference is explained by the unequal rate of polymer transition
from the bulk state to the film state depending on the surface activity of aggregates.

As follows from the analysis of viscosity fluctuation in Fig. 1, the ceramic aggregate has the
highest surface activity in the polymer matrix, since —max. At the same time, it provides the
highest compressive strength. Thus, in comparison with quartz, the introduction of the ceramic
aggregate into RPW (X;=30, X,=200 wt.h.) increases the strength by more than 1.3 times, which
follows from the analysis of the mixture triangle in Fig. 2, a. Its mixing with the quartz aggregate is
very effective to increase the bending loads resistance; in particular, fommax for the same
compositions corresponds to the binary mixture V1+V3 (53% + 47%).

The elasticity modulus decreases with increasing DBP plasticiser amount, firstly for RPW
containing carbonate aggregate. It increases when the quartz aggregate is used. The difference
between deformative and elastic properties of permanent materials and polymer mortars
significantly affects the workability of RPW. Thus, it is necessary to take into account that at
E—min, the polymer mortars have plastic properties which are necessary to reduce internal stresses.
Such stresses arise, for example, at the difference between temperature coefficients of the linear
expansion of polymer mortar and the construction material (concrete, stone). The stiffening effect
(E—max) reduces the difference between the elastic modulus of the materials, which contributes to
the reduction of stress concentration in the contact zone “polymer-permanent material".

The secondary analysis allowed to find out the dependence between the recipes and the
kinetics of internal stresses development. The studies were carried out on a special measuring
complex, which allows to perform simultaneous measurements on 24 samples with the deformation
fixation using MI-2 microscope (“cantilever method").

In particular, it was found that regardless of the composition and structure of the polymer morar,
the first 4-6 days from the moment of preparation are characterised by a sharp stress increase. In the
following 6-10 days a relative stress stabilisation is observed, after which for different compositions the
value of internal stresses decreases by 10-50 %. At the age of polymer mortar more than 25 days the
level of stresses remains practically unchanged, which indicates the completion of the process of
polymer solution structure formation. The compositions, in which quartz sand was used as an aggregate,
are characterised by a lower value of internal stresses than compositions with other aggregates.
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Fig. 2. Complex analysis of aggregates influence on the properties of RPW:
(a) compressive strength feim in the mixture diagram; (b) property stability
coefficient "K" when going from ceramic (V) to carbonate (V) aggregate;
(c) compressive strength stability coefficient K for the aggregates Vi, V,
and Vs; d) optimal region of quartz-filled PRP; e) optimal area with ceramic
aggregate; f) fraction change of fm, under UV-irradiation (1 — unfilled PRM,
2 — quartz aggregate; 3 — ceramic aggregate)

The properties of restoration polymer mortars must meet the necessary requirements. Since
the properties of RPM during the operation can irreversibly change, and this will be reflected on the
durability of structures. The most significant external effects include high temperature of the
environment. Under the influence of temperature, there are the irreversible physical and chemical
transformations, leading to decrease the performance criteria of the material.

In order to assess the resistance of RPM properties to temperature, the comparative analysis of
polymer mortars of the initial state (Pg) and after 60 days at the temperature T=80°C (Pt) was
carried out. The stability index was determined as:

K =2T100%.
Po
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In Fig. 2, b there is K coefficient variation for polymer mortars containing ceramic and
carbonate aggregates, as well as their mixtures. The greatest variations of RPM properties under the
influence of temperature occurred for those compositions in which the carbonate aggregate was
used. The analysis of the isolines of K coefficient on the mixture triangle (Fig. 2, c) allowed to
conclude from the effectiveness of mixing ceramic and carbonate aggregates to increase the
stability of the compressive strength f., of the polymer mortar under the prolonged temperature
effect. In the unshaded area (K>100 %), the polymer mortars are characterised by stable strength.

The joint analysis of the “stability" index models fon u fosm allowed to determine the
compositions of polymer mortars that keep the required quality level under the influence of
temperature. The appropriateness of mixing aggregates, first of all, ceramic and carbonate
aggregates, to increase the stability of RPM properties is shown.

In order to select optimal compositions (Fig. 2. d, e), the isolines of "desirable™ viscosity,
strength and the boundary isolines of stability of strength parameters were superposed on the general
diagrams, in particular, for the polymer mortar with quartz (Fig. 2, d) and ceramic (Fig. 2, e)
aggregates. In the field of rational compositions the polymer mortars meet the following
requirements: technological mixtures — viscosity 50...900 Pa.s; hardened composites: f., =60...80 MPa,
feirm =80...100 MPa, E=1.3...1.6 MPa, K=100 %.

The saving of polymer binder due to simultaneous introduction of two aggregates while
maintaining the specified quality and reducing the impact on temperature factors is achieved by
increasing the amount of quartz aggregate from 150 to 300 wt.h. (Fig. 2, d) or ceramic aggregate
from 100 to 280 wt.h (Fig. 2, e). The narrower variation range of quartz and plasticiser aggregate
(20...25 wt.h) increases the requirements to materials proportioning. The characteristic variation
ranges of RPM compositions are shown in Table 2.

Table 2 — Variation ranges of RPM compositions

Type of filler Mixture Content wt.h.

(equal parts in the mixture) viscosity filler plasticiser
carbonate average 200...300 23...25
ceramic + carbonate increased 100...200 30...40
carbonate + quartz reduced 150...250 20...25
ceramic + quartz average 100...230 20...25

As follows from the performed analysis, the nomograms for the initial reasons of the recovery
polymer mortars recipes with complex filling were developed, which are oriented towards further
refinement in relation to specific objects.

In addition to high temperature, the most significant factors causing RRM destruction include
sun effect (for exposed surfaces), as well as alternating temperature effect and aggressive aqueous
solutions (for building pedestals, foundations, etc.).

The experimental studies to assess the effect of aggregates on the durability of polymer
mortars with the rational composition (Fig. 2. d, e) were carried out: a) under UV irradiation for 6
months; b) under moistening in aqueous solution (concentration of sulfate ions — 20 g/l.) and drying
under hot blast for 300 cycles. To simulate solar radiation, the irradiation stand of the Agrophysical
Institute with the ultraviolet and fluorescent lamps was used, providing the irradiation level of the
samples up to 160 W/mt2.

As the conducted researches have shown, under the influence of UV-irradiation the polymer
mortars undergo almost the same changes as under the action of repeated temperature and humidity
loads. The decrease of the factors is explained by a very significant role of thermo- and photo-
oxidative processes in changing the supramolecular and chemical structures of the polymer. After
some increasing during the initial exposure period, the bending strength of unfilled polymer mortar
decreases sharply thereafter (curve 1, Fig. 2, €). The short-term process of "burst” strength was
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explained by the continuing binder hardening processes under the influence of temperature. The
rapid strength decrease may be due to the oxidative breakdown of the polymer binder and aging of
the polymer. The introduction of ceramic (curve 2) and quartz (curve 3) aggregates into the polymer
mortar prolongs to the strength retention under UV irradiation.

At the same time, the lightfastness of the tested samples was investigated. The most
noticeable changes of the colour and gloss after UV-irradiation were in the samples containing
carbonate aggregate, to a lesser extent — ceramic and quartz. The samples with carbonate aggregate
quickly lose their appearance; "spider lines", as well as chalking, appear on the surface, which is
due to intensive destruction of polymer bonds in a thin surface layer.

The use of the studied aggregates allows to stabilise the properties of polymer mortars under
the combined effect of temperature and aggressive liquid media. Thus, the tests have shown that the
introduction of carbonate aggregate stabilises the elastic modulus E more than ceramic aggregate.
The process of properties changing also has an extreme character. The appearance of the extremum
depends on the type of aggregate. Some strength increase of polymer mortars during the initial
period of exposure is explained by temporary relaxation and more uniform distribution of internal
stresses in the material amount.

Conclusions. The source and special features of damage have been determined and a possible
package of typical technological solutions for the use of polymer mortar for repair and restoration
of damaged structures has been considered.

The model of adjustment nomograms have been developed, which are oriented on further
specification of rational compositions of recovery polymer mortars in relation to a specific object of
repair — renovation.

The influence of aggregates with different nature on the complex of technological and
physical-mechanical properties of recovery polymer mortar has been determined; the possibility of
controlling the polymer mortar properties by using aggregates of different nature has been shown.

The rational compositions of technological polymer mortars are proposed for restoration
works, in particular, with the compressive strength 80-100 MPa and the bending strength 60-80
MPa at minimum internal stresses, with increased stability of mechanical properties under the
influence of high environmental temperature.

The positive influence of rational aggregates on the polymer mortar resistance to the
temperature and climatic factors, including UV-irradiation, alternating effects of temperature and
aggressive aqueous solutions is shown.
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AHoTanifa. Ha OCHOBI TNpIOPUTETHOTO Yy3arajlbHEHHs [aHUX IMPO XapakTep Ta CTYMHiHb
MOIIKO/DKEHHST  I[IHHUX  ICTOPUYHUX  OyAiBeNb  BU3HAYEHO  OCOOTMBOCTI  3aCTOCYBaHHS
MOJIIMEPPO3YMHY UL PEMOHTY Ta  pecrtaBpamii. [loka3aHO  MOMXJIHMBOCTI  KepyBaHHS
TEXHOJIOTIYHUMH, (PI3UKO-MEXaHIYHUMH Ta E€KCIUTyaTalllfHUMH BJIaCTUBOCTSIMU pECTaBpalliiHOTO
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MOJTIMEPPO3YNHY 32 PaXYHOK HAITOBHIOBAYIB PI3HOT TPUPOIH.

Jns aHamizy Ta onTHMi3amii KijgbKICHI CHIBBIJHOIIEHHS MIX IMOKa3HHUKaMHU CTPYKTYpH Ta
BJIACTUBOCTEH PEMOHTHO-BIJHOBIIOBAILHUX MOJIMEPPO3YHHIB Ta BU3HAYAJIBHUMHU iX (paxTopamu
pelenTypu Ta TEXHOJIOTii OynM OTpUMaHi y BUTJISAII €KCIEPUMEHTAIbHO-CTATUCTUYHUX MOJeNeH,
po3paxoBaHux 3 BukopucTtanHsM cuctemun COMPEX. 3anporoHoBaHo MeToaw ONTHMI3aIil
PELEenTYPHO-TEXHOJIIOTIYHUX PIillleHb, MIO0 TIPYHTYIOTHCSI HAa BHUKOPUCTaHHI EKCIIEPUMEHTAIbHO-
CTaTUCTUYHUX MOJEIIEH.

[IpoBeneHO omTHMI3AIlIO CKJIATy TMOJIMEPPO3YMHY 32 KOMILIEKCOM IMOKA3HHKIB SIKOCTI Ta
CTaOUIbHOCTI BIACTUBOCTEH INMpH MiABHILEHIH Temmeparypi. OTpUMaHO KOMIUIEKC MOJIENIEH THITY
"CyMIII-TEXHOJIOTIS-BIaCTUBOCTI", 3a JIOMOMOTOI0 SIKMX BCTAaHOBJICHO 3aKOHOMIPHOCTI 3MiHH
NpsIMHUX Ta y3arajbHIOIOYMX MOKA3HUKIB TEXHOJIOTTYHUX BIIACTUBOCTEH CyMIlIed Ta MEXaHIYHHUX
BJIACTUBOCTEH PEMOHTHO-BIHOBIIOBAJILHUX IOJTIMEPPO3YMHIB TIPU 3MiHI BHJY HAIIOBHIOBAYiB
(kepamika, KBapI, kKapOoHaTH, IX OIHAPHI Ta MOTPIHHI cymimIi).

JlocImipKeHO BIUTMB HANOBHIOBAYiB Ha 3MiHY CTIHKOCTI MOJIMEPPO3YMHY MpH i Pi3HUX
TEeMIIepaTypHO-KJIIMAaTHYHUX Ta eKcIuTyaTtauidHux (akropiB (Y P-onpoMiHEHHS, MONEpeMiHHHUHA
BILJIUB TEMIIEpaTypH Ta arpeCUBHUX BOJHUX PO3UHHIB).

Jlnsa  3a0e3nedeHHs KOMIUIEKCY TEXHOJOTIYHHMX Ta eKCIUTyaTalliiHUX BJIACTHUBOCTEH
MOJIIMEPPO3YMHY Ta  3HUKEHHS  BUTPATH  IMIOPTOBAHOTO  IMOJIIMEPY  PEKOMEHIOBAaHO
BUKOPHCTOBYBAaTH ONTHMAJIbHI 32 KIJBKICTIO Ta BUAOM HAmoOBHIOBadi. {7 pi3HUX TEXHOJIOTIH
pecTaBpariiHuX poOIT 3ampONOHOBAHO PAIliOHATBHI CKIAJAHM IOJIMEPPO3YHMHY 3 TiIBUIICHOIO
CTaOUIBbHICTIO BIACTUBOCTEH 3a 3MiHU TEMIIEPATypHO-KIIMAaTUYHAX YMOB.

Po3pobrieno cepii HomMorpam sl IEpBHHHOTO BHOOpY "oOsacTi" paiioHaNbHHUX CKIAIIB
MOJIIMEPPO3YNHY, IO TMependadaroTh MOAANbIIe YTOUYHEHHS CTOCOBHO KOHKPETHOTO O0'eKTa
peMoHTy Ta pectaBpauii. I[IpoBegeHO TeXHONOriYHI Ta MAapKETUHIOBI OMpAIIOBaHHS 32
pe3yJibTaTaMu JIOCIiKCHb.

KiarouoBi ciioBa: peMOHTHO-BITHOBHHIA IOJIMEP, HAIOBHIOBAYl, PEOJIOTIYHI BIACTHBOCTI,
MIIHICTh, ONTUMAIbHI CKIIAH, EKCILTyaTaIliiiHi BIACTUBOCTI.
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