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Abstract. The article is devoted to the influence of the geometric characteristics of the
building products surface on the processes of moisture loss during their drying. Drying of a building
product is considered as an active physical and chemical process and sensitive to the geometric
properties of the moisture transfer flows. The characteristic of these flows is determined, especially,
by the boundary conditions, imposed on the humid composite by the sample shape or structure. Due
to the fact that the drying of any building product is a complex process, determined by the
interrelated changes of the local moisture content, the deformation of the composite and changes at
its physical and chemical characteristics, the total effect of the boundary conditions of the moisture
sample loss rate of the samples was experimentally investigated. The rate of mass loss due to drying
under standard conditions of a series of cubic samples, partly covered with a polymer film is
considered in such a way that the areas of the face sections and parts of the surface, containing the
edges and vertices free for moisture evaporation remain identical. The moisture loss kinetics was
studied using the construction and analysis of the normalized moisture content graph and the
corresponding differential graphical dependencies. On the basis of the differential graphs, the
intervals of constant speed of moisture loss and reduction of the drying rate were distinguished. It is
shown that the interval of constant drying rate in the case of a sample with the isolated edges and
vertices is significantly longer compared with a sample with the isolated faces. The speed reduction
interval of the drying rate is the smallest in the case of a control sample and the largest in the case
of a sample with the isolated edges and vertices. The conceptual interpretation of the obtained
results is given: the moisture loss rate both in the case of the constant drying rate mode and in the
fall of the drying rate is higher for the samples with the free edges and angles than for the samples
with the free faces due to the geometry influence of the sample surface (its curvature) on the
evaporation processes and moisture movement through the capillary network of the material. Thus,
the significant effect of the geometry surface of the samples, its curvature, the presence of the edges
and angles, the nature of moisture loss are demonstrated. The possibility of creating building
products with special geometry (the presence of edges and curvature) is considered to optimize the
drying processes and minimize the effects of moisture destruction of the material.

Keywords: moisture loss rate, moisture transfer, drying, surface geometry.

Introduction The most important task of building materials technology is optimizing the
functioning of the building composite at each stage of its life cycle. The implementation stage of
the material operating ability in the structures is inevitably connected with the processes of
humidifying and drying that occur cyclically. Operating ability of the composite in the process
«humidifying — drying»; the internal stress, strain and ultimate strengths are exposed to change
comprising the periodic component and a trend.

Therefore, it is important to study the mechanisms of moisture processes in materials and the
influence of the shape of products or structures on these processes.

Inside the composite materials and products, having a complex structure, the moisture transfer
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occurs due to the various mechanisms that act very often at the same time. The moisture transfer,
physical and chemical changes in the material and internal deformation are a single process, the
physical changes of which are not divided and considered separate. So, the drying process of the
material consists of moisture moving inside the material, vaporizing and moisture moving from the
material surface to the environment. When a wet material comes in contact with air, the liquid on
the surface evaporates and as a result of diffusion leaves the material surface of the, passing into the
environment [1]. The evaporation of moisture from the material surface creates the difference in
moisture content between the next layers and the surface layer, which causes diffusion-induced
movement of moisture from the underlying layers to the surface ones. During the drying process,
there is a continuous supply of moisture from the inner ones to the surface layers of the material; as
a result the moisture decreases not only on the surface, but also in the depth of the material [2]. In
the simplest case, the evaporation occurs on the surface of the material, and the resulting vapor
diffuses into the environment.

Management and optimization of the above processes can be carried out from different
positions. The increase of moisture resistance and the effect on the vapor permeability of the
material by changing its composition, as well as internal and surface hydrophobization, are
traditional. Another way to influence the processes of moistening and drying is changing the
curvature of the sample surface, creating ribbed and shaped surfaces in order to intensify the
processes of moisture evaporation. Thus, it is possible to optimize the shape of the structure to
speed up the drying processes and the final reduction of the negative effect of humidity on the
strength and structural characteristics of the material.

Analysis of the latest research. The regularities of the development of moisture deformations
are determined by the balance of forces of water coupling with the solid phase and the pore space,
which can develop in the structure of the material when its moisture content changes [3, 4].

The materials moistened and dried in the solid state, have been studied quite well. For such
materials, you can use some models [3]. In the case of wetting with pure water, the materials during
their drying, have the properties similar to homogeneous porous bodies. Porous media [4, 5] can
serve as a pattern model for assessing similarities and differences with real materials. During the
drying process, simple materials show the first constant speed mode, during which the drying speed
is approximately constant. This period lasts up to the level of moisture loss 10-20%. During this
period, the saturation is uniform and the evaporation occurs from the outer liquid surface of the film
close to the free surface of the sample. In this case, the fluid is drained due to the capillary effect
through the film network throughout the sample. Then the drying rate decreases, the under speed
condition is observed. In this mode, the fluid flow, due to the capillary effect, cannot provide fluid
delivery at the sufficient rate to the free surface of the sample, a dry area is formed. It reduces the
drying rate due to the functioning of this region as a diffusion barrier for steam. The size of the dry
area increases as the sample dries. Finally, the last mode occurs when the dry area increases to such
an extent that the moisture flow does not reach the external borders of the sample. Such a
mechanism of drying processes is confirmed with the NMR method [6]. Moisture transfer affects
the transportation and crystallization of salts, which can lead to the formation of structures in
gypsum stone and other porous media, such as glass beads and burnt clay [7-10].

It is necessary to note that moisture transfer and moisture loss during drying should be
considered in close interrelation between mechanochemical phenomena in the material. When the
material is dried, by means of the influence of capillary forces, the significant strain gradients are
created and new interfaces and technological cracks are formed. Some of these elements play an
active role in the processes of strength reducing and material destruction [11, 12].

In our opinion, the processes, associated with moisture loss during drying, taking into account
the specific boundary conditions caused by sample geometry, were studied both experimentally and
theoretically, insufficiently.
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Targets and goals. The aim of the work is to study the influence of the geometric shape of
building products on the drying processes under standard conditions. The tasks are the study of
moisture loss of model gypsum samples under boundary conditions that limit moisture evaporation
from the sample and provide moisture transfer through the surfaces with different geometric
characteristics.

Objects and research techniques. The object of the investigation is a molded composite
material based on gypsum in the process of moisture loss (at t = 20°C, P = 101.3 kPa, W = 40%) under
various conditions on its surface.

Studying the direction of moisture transfer processes in hardened binding materials, the
gypsum binder (gypsum G-5-B-11 (DSTU B B. 2.7-82: 2010) produced by “Ivano-Frankivsk
Cement”) was used. Samples were molded without compaction in triple metal molds with a size of
100 x 100 x 100 mm.

The water content was selected before providing a stable spread diameter according to
Suttard — 18.5 cm. Gypsum binder paste was prepared normally and poured into forms in the room
with an air temperature of 20 + 2°C. The samples were taken and weighed. Then the samples were
saturated with water.

Then, the samples were processed as follows:

a) in the first sample 1 the angles of all faces were sealed with a polymer film (Fig.1, a);

b) in the second sample 2, the ends of the faces were sealed with a polymer film (Fig.1, b).

The surface of the third sample was not processed, it was a control one for weight analysis of
moisture content.

In samples 1 and 2, the areas of the sealed surfaces are equal. With this processing method of
the samples faces, moisture transfer will be carried out along different directions: for sample 1 —
through the surfaces of the faces, for sample 2 — through the rib and angular surfaces.

a) b)

Fig. 1. Diagram of moistened gypsum samples with a partially isolated surface
(sealed with polymer film):
a—angular and rib parts of the surface; b — the central parts of each face

Then the samples were weighed during the process of drying to the equilibrium moisture
under standard conditions (at the temperature 20°C and a relative humidity 40%). The samples
were weighed once a day during 14 days until the complete mass change of the samples.

The results of the research. The results of weighing of three samples are presented in Table 1.
According to Table 1 the samples have lost ~ 20% of the mass by the end of the test period due to
drying, then their mass is stabilized.

Bicauk Onecrkoi AepkaBHOI akaaeMii Oy IiBHHITBA Ta apXiTekTypH, 2019. — Bum. Ne 74

99



BYAIBEJIbHI MATEPIAJIU TA TEXHOJIOT'TI

Table 1 — Samples’ masses during the drying period

1 day 2 days 3 days 4 days 5 days 6 days 7 days
g % g % g % g % g % g % g %
1 506 | 100 | 491 97 477 | 943 | 465 919 451 | 89.1| 437 | 86.4 | 425 84
2 506 | 100 | 479 | 94,7 | 450 88.9 | 427 | 84.4| 417 | 824 | 413 | 81.6 | 410 81
3 516 | 100 | 457 | 88.6 | 421 | 816 | 417 | 80,8 | 415 | 804 | 415 80.4 | 415| 804

8 days 9 days 10 days. 11 days. 12 days. 13 days. 14 days.
g % g % g % g % s % g % g %
1 419 | 82,8 | 413 81.6 | 408 | 80.6 | 406 | 80.2 | 405 80 404 | 79,8 | 404 | 79,8
2 409 | 80,8 | 408  80.6 | 406 | 80.2 | 405 80 404 | 79,8 | 404 | 79,8 | 404 | 79,8
3 415| 804 | 415 804 | 415| 80.4 | 415 | 80.4 | 415 80.4 ( 415| 80.4 | 415 | 80.4

No

The analysis of moisture loss processes during drying is conveniently carried out on the basis of
the normalized graphic of moisture content, plotted following the data in Table 1 (Fig. 2).
Normalization was carried out taking into account the maximum moisture loss (the conventional
value W = 0 %). It should be remembered about the presence of capillary bound water, physically
bound water in the form of adsorption layers and, finally, hydration water.
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Fig. 2. Dependence graph of normalized moisture from sample drying time
(1-3 — number of samples)

The results presented in Table. 1 and Fig. 2, show that sample 2 dries faster than sample 1, in
other words moisture transfer through the angle and rib areas of cubic samples occurs faster than
through the surfaces of the faces. Qualitative ratios are also retained for the modes of constant
drying rate. The fitted differential curve, plotting the dependence of the drying rate on time, shows
it clearly (Fig. 3).
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Fig. 3. Differential curves of drying processes (1-3 — number of samples)

For sample 1 the drying mode with constant speed is limited by 5 days. For sample 2 and 3
(without polymer coating) the intervals of linear drying are close (3.5 days). The interval of
decrease in the moisture loss rate for the examined samples (from the end of the linear drying
section to the saturation range) is also different. For sample 1, it is 7 days, for sample it is 2-3 days,
for the control sample — 1.5 days.

Theoretical concept of the material’s drying processes and nature at the process at the
different stages allows to highlight the following interpretation of obtained data. In the control
sample, the constant drying rate corresponds to the evaporation process, accompanied by the
simultaneous transfer of free water to the surface from the central areas of the sample along a
capillary network of micropores (Fig. 4, a).
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Fig. 4. Diagram of the processes during the drying of the cubic sample No.3:
a— constant drying rate; b —underspeed drying condition. The area of low moisture content is
highlighted with grey colour, capillary moisture transfer — the solid arrows, hollow — arrows show
the intensity of evaporation

The underspeed condition corresponds to the formation of the area region of low moisture
content on the sample periphery, near its surface (Fig. 4, b). The nature of this area and the time of
the corresponding periods substantially depend on the material properties and, particularly, its
porous structure.

Similar processes occur in samples 1 and 2, partially coated with a polymer film. In the case
of constant drying speed mode capillary transfer is carried out both from central and neighboring
isolated areas of the material. The moisture transfer here is partially limited and complicated by the
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boundary conditions set experimentally. It has a particularly strong effect on the durations of the
corresponding periods for sample 1, with sealed rib and angle areas (Fig. 5).
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Fig. 5. The nature of the processes occurring during the drying of sample 1:
a — constant drying speed mode; b — speed reduction stage. Shaded areas at the corners of the
squares are an insulating coating. The area of low moisture content is highlighted with gray color,
the solid arrows show capillary moisture transfer, and hollow ones show evaporation rate

The geometrical character of the areas of low moisture content seems to be more complex,
associated with local flows of moisture transfer along the capillary network. The process nature of
moisture transfer will be affected by the anisotropy of through-porosity, which often occurs in the
composites during the period of structure formation.

In the case of sample 2, the intervals of constant drying rate increase in comparison with the
control one are not so significant.
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Fig. 6. The processes occurring during the drying of sample 2:
a — constant drying mode; b — speed reduction stage. The dark areas at the corners of the squares
are insulating coating. The area of low moisture content is highlighted with gray color, the solid
arrows show capillary moisture transfer, and hollow ones show evaporation rate

This is explained by several reasons, primarily by the geometric characteristics of the free
surface of the samples. In the case of sample 1, the evaporation occurs from the surface of the cube
faces, in the case of sample 2, from the edges and angles, that means, if you summarize and take
into account the real geometry of the sample, from the areas of higher curvature. The capillary
leakage of the moisture to the corner parts also occurs faster (this factor is substantially determined
by the characteristics of the material).

So, the geometric characteristics of the surface of model samples (particularly, its curvature),
and, consequently, the shape of building structures significantly affect the processes of moisture
transfer. This mechanism allows to choose under other equal conditions, the form of the structural
elements, providing the maximum speed of moisture loss during drying (with the presence of rib
and corner surface areas).
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Conclusions. The interrelated processes at moisture loss of the material during the drying
process under different boundary conditions are examined in the research paper. The significant
influence of the nature of the free surface, its curvature, the presence of rib and corner sections on the
rate of moisture loss are found. The presence of these features leads to the increase of the rate of
moisture transfer and moisture loss.

High quality maintenance of plaster compositions and other building materials is carried out by
regulating of their structure formation at various scale levels . Most often, the optimum selection of
composition and technological factors that have a significant impact on the macro-, meso- and
microstructure. In recent decades, another nano-level has been involved in the optimization process of
materials. Carrying out different-scale effects on the structure, leading to the formation of particle-
particle packings of aggregates and new formations, reducing porosity and, influencing the mineral
components of the material at the submolecular level, it is possible to improve significantly not only
the strength, but also the moisture characteristics (moisture resistance) of the composites. It is
necessary to examine the problem of product shape or design, optimizing the operational
characteristics of the material and particularly moisture-resistant together with these directions of
construction material engineering.

Choosing the composition of the material, by the impact on moisture flows structure during
drying due to boundary conditions and forming of special elements of the outer surface (edges,
angles), it is possible to provide a moisture mode, characterized by the least destruction effects
formed in the material design. Such tasks may be the subject of further investigations in this
direction.
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Qoecckas 20cy0apcmeeHHas akademus CmpoumenbCmed U apxXumexnmypbl

AHHOTanusi. B cratbe paccMaTpuBaeTCs BIMSHHE T'E€OMETPHYECKUX —XapaKTEPHCTHK
MOBEPXHOCTH CTPOUTEIBHBIX W3JCIHMIA Ha TIPOIECCHl BJIATONMOTEPU TIPH MX BBICYIIUBAHUHU.
BricymmBanue CTPOMTENBHOTO H3JIENUS PACCMATPUBACTCS KAaK AKTHBHBIA (DU3MKO-XUMHYCCKHIA
MPOIIECC, YYBCTBUTEIBHBIA K T€OMETPUISCKUM CBOMCTBAM ITOTOKOB BJIaronepeHoca. XapakTeprucTHKa
3THX IIOTOKOB OMPEACISICTCS, B YaCTHOCTH, TPAHUYHBIMH YCIIOBUSIMU, HAJTATAEMBIMHU HA YBJIQKHCHHBIH
KOMIIO3UT ()OPMOH M3TOTOBJIICHHOTO M3 HEro oOpasia Wik KOHCTPYKIUHU. [T0CKONBKY BBICYIIMBAHUE
CTPOMTEIIBHOTO  M3JCNHs  TPEICTAaBIICT  COOOM  CIIOKHBIA — Tpolecc,  OOYCIOBIICHHBIN
B3aMMOCBSI3aHHBIMH WM3MCHEHHSIMU JIOKAJIBHOTO BJIArOCOJIEpXKaHUs, JeGopMaluy KOMIIO3UTA H
WU3MEHEHHS €r0 (PU3UKO-XUMHUECKUX XapaKTEPHCTHK, SKCIIEPUMEHTAIBHO HCCIICIOBAHO CYMMAapHOE
BJIMSIHUE TPAHWYHBIX YCIIOBUH Ha CKOpPOCTh BIIAronoTepy 0oO0pasioB. PaccMaTpuBaeTcs CKOpPOCTb
MOTEPH MACChl 332 CYET BBICYIIMBAHUS B CTaHIAPTHBIX YCIOBHSIX CEpUU KyOWYEeCKHX OOpasIloB,
YaCTHYHO TOKPBITHIX MOJIMMEPHOM IJICHKOW TaKMM 00pa3oM, YTO CBOOOHBIMU JJISl MCTIAPEHHUS BIIaru
OCTAOTCSI OAMHAKOBBIC MO IUIOIIAAM YYaCTKH TPaHEH M 4acTH TOBEPXHOCTH, COZepiKaiue pedpa u
BepumMHbl. KuHeTHKa Biaromorepu HcCieAoBajlach C  IMOMOIIBIO TIOCTPOCHUS M aHAIHM3a
HOPMHPOBAHHOTO TpaduKa BIATOCOIACPKAHMS U COOTBETCTBYIOIIMX  JTU(QepeHIHaTbHbIX
rpadudeckux 3aBucuMocted. Ha ocHoBe muddepeHnuanbHbIX rpaUKoB BBIACTSUIMCH WHTCPBAIBI
MTOCTOSIHHOW CKOPOCTH BJIArONOTEPH M CHHXKCHHUS CKOPOCTH CyIikH. [loka3zaHO, 4TO WHTEpBaT
MOCTOSIHHOW CKOpPOCTH CYIIKM B ciiydae oOpaslia ¢ H30JMPOBaHHBIMH pedpamMu U BepIIMHAMHU
CYIIECTBEHHO OOJIBbINIE IT0 CPABHEHHUIO ¢ O0PA3IOM C W30JMPOBAHHBIMH TpaHsMu. VHTepBa maieHus
CKOPOCTH CYIIKM HaWMEHBIIMA Yy KOHTPOJBHOTO oOpasiia W Hauboiplmii y ofpasma ¢
W30JIMPOBaHHBIMM ~pebpamu ¥ BepimiMHamu. [IpuBereHa KOHIENTyaldbHAas WHTEPIPETAIIHS
MOJTYYCHHBIX PE3y/IbTaTOB: CKOPOCTh BJIArONOTEPH, KaK B CIy4ae PEKHUMa IMOCTOSIHHOW CKOPOCTH
CYIIKH, TaK U B YCJIOBHUSIX MaJICHUS] CKOPOCTH CYIIKH, BbIIIE Y 00pa3IoB cO CBOOOIHBIMU pedpaMu U
yIJIaMu, 9eM y o0pa3IioB cO CBOOOMHBIMHU T'paHSAMH, Onarofapsi BIMSHUIO TEOMETPUHU MOBEPXHOCTH
oOpa3na (ee KpWBHU3HBI) Ha TPOIECCHI MCIAPEHUs M TEPEMEIEHUS] BJIArH IO KAMUIIPHOW CETH
Matepuana. Takum 0Opa3om, MPOAEMOHCTPUPOBAHO CYIIECTBEHHOE BIUSHUE T€OMETPUU TTOBEPXHOCTH
0o0pa3IoB, € KPUBU3HBI, HaJIWuusi pedep W YIJIOB, Ha XapaKTep BIAromnoTepb. PaccmarpuBaercs
BO3MOXKHOCTh CO3/[aHUSI CTPOUTENBHBIX KOHCTPYKIIMN CHENUAIbHOW TeoMeTpuu (Hamuuue pedep u
KPUBHU3HBI) JIJIsI ONTUMHU3AIUH TPOIECCOB BBICYIIUBAHUS U MUHUMH3ALUHU d(PPEKTOB BIKHOCTHOTO
pa3pyIIeHs MaTepraa.

KiroueBble c€j10Ba: CKOpPOCTH BIIAronoOTEepH, BIATONEPEHOC, BBICYIIMBAHHE, TEOMETPHS
MTOBEPXHOCTH.
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AHoTanifg. Y cTarTi poO3MNISJAETbCs BIUIMB TIEOMETPUYHUX XapaKTEPUCTUK IOBEPXHI
OynmiBenbHUX BHPOOIB HA TPOIECH BOJOTOBTpAaTH NpU iX BUCYyIIyBaHHI. BucynryBaHHs
OyZiBeTbHOTO BHPOOY PpO3IISAAETHCS K AKTUBHMNA (I3MKO-XIMIYHMN MpOLEC, YYTIUBHHA 10
IrE€OMETPUYHUX BJIACTUBOCTEH IOTOKIB BOJIOTONEPEHOCY. XapaKTepUCTHKAa IMX IOTOKIB
BU3HAYA€THCS, 30KpeMa, TPAaHUYHHUMH YMOBAMH, L0 HAKJIAJAlOTbCSd HA 3BOJIOKECHHH KOMIIO3UT
(hOpMOIO BUTOTOBJIEHOTO 3 HBOTO 3pa3ka ab0o KOHCTPYKIi. OCKUIbKHA BHCYIIyBaHHS OY1iBEIIBHOTO
BUPOOY sBIIslE COO00 CKIIQAHUIN Ipoliec, 00YMOBIIEHUH B3a€MOIIOB'3aHUMH 3MiHAMU JIOKAJIbHOT'O
BMICTY BOJOTH, jAedopMaliii KOMHO3UTY 1 3MiHM HOro ¢i3uKo-XIMIYHUX XapaKTEPUCTHK,
eKCIIEPUMEHTAIBHO JOCIIIPKEHO CyMapHUIl BIUIMB I'PAaHUYHUX YMOB Ha LIBUJIKICTh BOJIOTOBTpPAaTH
3pa3kiB. Po3risgaeTses MBUIKICTH BTPATH MacH 3a paXyHOK BHCYIIYBAaHHS B CTAaHJAAPTHUX YMOBAxX
cepii KyOIYHUX 3pa3KiB, YACTKOBO MOKPUTHX MOJIMEPHOIO ILIIBKOIO TAaKUM YHUHOM, IO BITbHUMHU
JUI. BUIIAPOBYBAHHS BOJIOI'M 3aJIMLIAIOTBCA OJHAKOBI 3a IUIOLICK JUISHKM TpaHed 1 YacTHHHU
MOBEPXHI, 10 MICTUTH pedpa i BepmmHu. KiHeTHKa BOJIOTOBTPATH TOCIIIKyBajacs 3a JOMOMOTOI0
noOy/IoBM 1 aHamizy HOPMOBAHOTrO rpadika BOJOTOBMICTY 1 BIAMOBIAHUX AHQepeHIiaTbHIX
rpadgiyaux 3anmexHocTel. Ha ocHOBI qudepeniianbHux rpadikiB BUIUISIIMCS THTEPBAIH MTOCTIHHOT
IIBUKOCTI BOJIOTOBTPATH 1 3HMDKCHHS IIBHIKOCTI CymiiHHS. [Toka3zaHo, 1m0 iHTEpBall MOCTIHHOI
IMIBUAKOCTI CYIIIHHSA y 3pa3ka 3 130JbOBaHMMH peOpamMu 1 BepIIMHAMHU ICTOTHO Ouiblle B
MOPIBHSTHHI 3 3pa3KOM 3 130JJbOBAHUMH TPaHAMU. [HTEpBaT MaiHHS MBUAKOCTI CYIIKH HAMMEHIINN
y KOHTPOJIBHOTO 3pa3Ka i HaiOLIbImnii y 3pa3ka 3 i30;1b0BaHUMU peOpamiu 1 BepmmHaMu. HaBeneHo
KOHIIENITyaJIbHY IHTEpIpeTalil0 OTPUMAHHUX pPE3yJIbTaTiB: IIBUIKICTh BOJOIOBTPATH y BUIAAKY
PeKUMY TOCTIHHOT HMIBUAKOCTI CYHIIHHS, TaK i B yMOBaX MaJiHHS IIBHIKOCTI CYIIKH, BHIIA Yy
3pa3KiB 3 BUILHUMH peOpaMu 1 BepIIMHAMH, HIXK Y 3pa3KiB 3 BUIBHUMH TPaHSMH, 3aBISKH BILUTUBY
reomeTpii moBepxHi 3pa3ka (ii KpUBU3HM) HA MPOLIECH BUIIAPOBYBAHHS 1 MEPEMIIIEHHS BOJIOTH I10
KanuisipHiil Mepexi marepiany. TakuM 4MHOM, HPOAEMOHCTPOBAHO CYTTEBUM BIUIMB T€OMETpIi
MOBEPXHI 3pa3KiB, il KPUBU3HU, HAABHOCTI pedep 1 KyTiB, Ha XapakTep BOJIOTOBTpaT. Po3risgaerscs
MOJKJIMBICTh CTBOpPEHHs OYJiBEJIbHUX KOHCTPYKIiHM crewnianbHoi reoMmerpii (HasBHICTH pedep i1
KpUBM3HM) JJI1 ONTHUMI3alli MpOIECiB BHUCYLIYBaHHS 1 MiHiIMI3alli e(QeKTiB BOJOTICHOTO
pyHHYBaHHS MaTepiaiy.

KurouoBi cjioBa: MIBHIAKICTH BOJOIOBTPATH, BOJIOTONEPEHOC, BUCYIIYBaHHS, TI'€OMETpIis
MTOBEPXHI.

Crarrg Hangiiinuia 13.03.2018

Bicauk Onecrkoi AepkaBHOI akaaeMii Oy IiBHHITBA Ta apXiTekTypH, 2019. — Bum. Ne 74

105





