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Abstract: A discrete-continuous approach was applied to the moisture transfer equation, which made it possible to
obtain an analytical solution for the moisture potential. The new method was applied to study the unsteady-state
moisture regime of the facade heat-insulating composite system with expanded polystyrene insulation and aerated
concrete base. It was found that the mass moisture content of building materials achieved in the walls during the period
of operation is lower than the mass moisture content used in construction regulations, which makes it possible to
increase the accuracy of calculating the transmission heat losses of the building. Calculations of heat losses of a two-
storey building in the climatic conditions of Moscow (Russia) showed a decrease in the heating system load by 5 %,
and the reduction in heat losses for specific premises of the building ranged from 3.6 to 7 %.
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YYET BJAKHOCTHU B ITOBBILIEHUU TOYHOCTHU PACUYETA
TEIJIOBBIX IOTEPDH 3/IAHUA

K.I1. 3ybapes

HarmonanbHbi nccnenoBaTenbekuii MOCKOBCKHIA TOCYIApCTBEHHBIN CTPOUTENBLHBIN yHUBEpcHTeT, I. Mocksa, POCCU S
HayuHo-ucciieoBaTeNIbCKiid HHCTUTYT CTPOUTENbHOM (u3nku Poccuiickoll akaeMun apXUTEKTypPbl B CTPOUTEIBHBIX
Hayk, I. Mocksa, POCCUA
Poccwuiickuit yausepcureT npyx0sl Hapoaos, T. Mocksa, POCCHU S

AnHoTamusi: K ypaBHEHHMIO BlarormepeHoca IPUMEHEH UCKPETHO-KOHTHHYAIBHBI MOIXOM, MO3BOJIMBIINN
TMOJIyYUTh aHAJIMTHYECKOE PEIICHNe TS MOTEeHIMaia BIaXHOCTH. HOBBIM MeTosr ObUT IPUMEHEH JUTS NCCIIeJOBAHNS
HECTAIlMOHAPHOTO  BIAKHOCTHOTO PEXMMA CHCTEMBb (acagHOM TETUIOM3OISIIMOHHOM KOMITO3MIIMOHHON ¢
YTETUTUTENIEM U3 TEHONOJINCTHPOa U OCHOBAaHMEM W3 Ta3o0eToHa. bpulo moiydeHo, YTo MaccoBast BIAKHOCThH
CTPOWTENBHBIX MAaTEepUaIoB, JOCTUraeMasi B CTEHAaX 3a IEPHOJ SKCIUTyaTallid HIDKE MAacCOBOHM BIAXKHOCTH,
HCTIONB3YEMOI B HOPMATHBHBIX JOKYMEHTaX 110 CTPOMTEIBCTBY, YTO AAET BO3MOKHOCTD TIOBBICHTH TOYHOCTh pacdeTa
TPAaHCMHCCHOHHBIX TEIUIOBBIX MOTEPh 31aHus. PacueTsl TEIIOBBIX MOTEPh ABYXITAKHOTO 3[AaHHS B KIMMATHUIECKHUX
ycaoBusx T. MockBbl (Poccust) mokazany CHIDKEHHE Harpy3KH Ha CHCTEMY OTOIUIeHHs Ha 5 %, a Ui KOHKPETHBIX
TIOMEIIEHHH 3/TaHKSI CHHKEHUS TETIOBBIX MOTEPh COCTaBUIIO OT 3.6 10 7 Y.

KuarwueBble cjioBa: orpaxJjaaroniast KOHCTpYKUHA 3JaHus, BJIUAHNUC BJIard Ha TCIJIOMPOBOJHOCTD,
TEIUIO- U BJIAronepeHoc, MaTeMaTuicckKass MOACIb, ,HI/ICerTHO-KOHTI/IHyaIILHHﬁ Ioaxon

1. INTRODUCTION over the thickness of fences has a huge applied
relevance [1]. From a medical point of view, wet
1.1. The role of moisture in construction building material is a breeding ground for

The moisture regime of building envelopes is a  bacteria, which can cause various human diseases,
highly sophisticated scientific problem in such as asthma and allergy. A change in moisture
construction. Research on distribution of moisture  content of a building material directly affects its

154 International Journal for Computational Civil and Structural Engineering



Taking Into Account Moisture in Increasing the Accuracy of Calculating Heat Losses of a Building

thermal conductivity and the heat-shielding shell
of the building. Errors in assessing moisture state
of building fences can lead to condensation and
mold on the internal surfaces of building
envelopes, as well as waterlogging of the wall
material, which is directly related to the durability
of the building [2,3].

1.2. Influence of moisture on heat losses of a
building

It is a common knowledge that moisture content
rise of a building material causes an increase in
its thermal conductivity, which negatively
affects thermal protection of buildings [4—7].
The dependence of thermal conductivity on
moisture is described by the formula [4-7]:

A, =2 +w-AA,. (1)

where A is a coefficient of thermal

w
conductivity of the material at moisturew,
W/(m-°C); w is mass moisture content of the

material, kg/kg; 4, is a thermal conductivity

coefficient of dry material, W/(m-°C); A4, is
change in the thermal conductivity of the
material when its mass moisture changes by 1 %,
W/(m-°C -%).

There is a variety of methods for calculating the
heat loss of a building.

In the general case, heat losses of the building
premises are a sum of transmission and
infiltration heat losses:

0=0,+0,,- @)

where Q is total heat loss of the building

premise, W; Q,. are transmission heat losses of

the building premise, W; me is infiltration

heat loss of the building premise, W.
Transmission heat losses through a certain
enclosing structure are estimated using the
following expression [4—7]:
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Q,=k-F-At-n-(1+Xp). 3)

where k& is a heat transfer coefficient,
W/(m?-°C); F is a heat transfer surface area, m?;
At is a temperature difference on different sides
of the building envelope °C; n is a coefficient
that depends on the position of the building
envelope in relation to the outer air, °C; £ are

additional heat losses that are dependent on the
orientation of the building envelope over the
cardinal points.

The heat transfer coefficient in equation (3) is
the reciprocal of the reduced resistance to heat
transfer [4-7]:

(4)

where R, is reduced heat transfer resistance,

m>°C/(W).
The reduced resistance to heat transfer of the

enclosing structure of the building wall is
calculated with the formula [4-7]:

1
Ract = 1 (5)
—+le W +20, 1
where R 1s conditional heat transfer

con

resistance, (m>-°C)/W; [ ;W are specific heat

losses through a linear thermal inhomogeneity
of the j-th type, W/(m?*°C); n, - y, are specific
heat losses through point thermal
inhomogeneity of the k-th type, W/(m?-°C).

Conditional resistance of heat transfer for the

outer wall of the building is determined by the
formula [4-7].:

1
R = . 6
con 1 5]_ 1 ( )
-+ Zi 4+
ain /Il. aext
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where @, 1s a coefficient of heat transfer
between outer air and the outer surface of the
wall, (m*°C)/W; «,, is a coefficient of heat
transfer between the indoor air of the room and
the inner surface of the wall, (m*°C)/W; 0, is

the thickness of i-th material of the wall, m; 4,

is a coefficient of thermal conductivity of the i-
th material of the wall, W/(m-°C).

So, an increment of the calculation accuracy of
mass moisture content w in the building wall
will make the thermal conductivity coefficients
of building materials by equation (1) more
precise, which according to equations (2)-(6)
will refine the heat loss of the building.

2. THE PROBLEM

Assessment of the impact of the building
material operational humidity determined using
the proposed method on the heat losses of the
building.

3. MATERIALS AND METHODS

The mathematical model for the joint moisture
transfer of vaporous and liquid moisture was
proposed by V.G. Gagarin and V.V. Kozlov.
V.G. Gagarin derived a necessary and sufficient
condition for the potentiality of a vector field
during the water vapor and liquid transfer,
which thereafter allowed V.G. Gagarin and
V.V. Kozlov to develop a formula for the
moisture potential F [8]:

F(w,t)=E,(t)'¢(W)+%Jﬂ(C)dC. (7)

where F is moisture potential, Pa; E,is saturated
water vapor pressure, Pa; ¢ is relative air
humidity, %; u is vapor permeability
coefficient, kg/(m-=s-Pa); [ is moisture
conductivity coefficient, kg/(m- s- kg/kg), which
depends on moisture, ¢ is temperature,’C; w is
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material moisture , % by weight (1 kg/kg = 100
% by weight).

Moisture transfer differential equation based on
the moisture potential F' can be formulated as:

OF (w,t) 1 op(w) 1 0°F(w,t)

— = (— + U E () (8
P (ﬂﬂ(W) = f())yo P (8)

The equation (7) can be solved in the following

form using discrete-continuous approach [9—
11]:

F=p-((E-4)" " —c-(E-4)" ~(E,-4)")-

t t
L+(E,-A) (""" ~E)-B+e"""-F,. (9

4. RESULTS AND DISCUSSION

4.1. Application of a discrete-continuous
approach to assess the unsteady-state moisture
regime of a facade heat-insulating composite
system with external plaster layers

The developed method for assessing the
unsteady-state moisture regime was applied to
study the facade heat-insulating composite
system with external plaster layers with a 300
mm thick aerated concrete base and 120 mm
thick expanded polystyrene insulation built in
Moscow.

The change in the mass humidity of the building
envelope along the wall thickness is presented
(Figure 1).

6

w

-

Moisture, % by weight

0 0.1 0.2 0.3 0.4 0.5]
Coordinate x, m

Figure 1. Change in the mass moisture content
of the building envelope across the wall
thickness
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The change in the humidity of the insulation
layer during the year was obtained according to
the proposed method for assessing the unsteady-
state moisture regime (Figure 2).
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Figure 2. Change in the moisture of the
insulation layer during the year according to
the proposed method for assessing the unsteady-
state moisture regime

As a result of the research, it was discovered
that maximum moisture for the facade heat-
insulating composite system with aerated
concrete base and expanded polystyrene
insulation will be observed at the beginning of
January (Figure 2), which corresponds to the
maximum temperature difference on different
sides of the fence. This result is explained by
the low inertia of the insulation layer.
Consequently, it was discovered that for facade
heat-insulating composite systems, the period of
maximum moisture differs from the period of
maximum moisture for enclosing structures that
do not contain insulation.

4.2. Comparison of the operational moisture of
the building wall obtained using the discrete-
continuous approach with standard values

To evaluate the effect of the proposed method,
the operating humidity was compared according
to the proposed method for assessing the
unsteady-state moisture regime with the values
given in the official regulatory document Set of
Rules 50.13330.2012 "Thermal protection of
buildings" (Russian regulatory document).

The construction of the wall illustrated in Figure
1 was taken for the study.
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Comparison of the operational moisture of a
building wall with a base made of aerated
concrete (aerated concrete layer thickness 0.3
m) and expanded polystyrene insulation
(insulation layer thickness 0.12 m) obtained
using the proposed calculation method based on
a discrete-continuous approach with standard
values (Table 1) was carried out.

As we can see from Table 1, the actual values of
the operating moisture content of building
materials obtained by the proposed formula are
significantly lower than the moisture content of
building materials taken according to the
standards. According to the formula (1), a
decrease in the mass moisture content of
building material leads to a decrease in its
thermal conductivity. Thus, it gives a possibility
to save energy when determining the exact
amount of mass moisture in the building
envelope materials by taking into account the
refined thermal conductivity coefficient.

Table 1. Comparison of the operational
humidity of a building wall with aerated
concrete base and expanded polystyrene

insulation obtained using the proposed
calculation method based on a discrete-

continuous approach with standard values

The result of
Regulatory calculating the
values for unsteady-state
Material operating moisture regime
humidity, % by according to the
weight proposed formula
(9), % by weight
Aerated 12.0 34
concrete
Expanded 10.0 1.8
polystyrene

4.3. Increasing energy savings by improving
the calculation accuracy of heat losses of a
building

To assess the reduction of heat losses in the
building envelope, two calculations of heat
losses were made for a two-storey cottage
building in Moscow (Russia). The first
calculation was carried out at standard values of
humidity, whereas the second one was carried
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out in agreement with the calculated values that
were obtained during the modeling of the non-
stationary state of the enclosing structure of the
building wall (Table 1).

The temperature of the coldest five-day period
was set as the outside temperature according to
the climatological data of the construction area.

Kirill P. Zubarev

Comparison of the composition of the

transmission heat losses of the wall of a cottage
house building according to the standard values
and according to the proposed method for
defining the unsteady-state moisture regime
with the aid a discrete-continuous approach is
presented (Figure 3).

Figure 3. Comparison of the transmission heat losses composition of the wall of the cottage house
building: A — distribution of heat losses in the wall obtained in the calculation at the moisture
content of materials taken according to the standard values,; B — distribution of heat losses in the
wall that were obtained when making calculations at the values of the moisture content of materials
determinated from the results of the assessment of the unsteady-state moisture regime (1 — heat
losses of the wall along the surface of the wall through dry material; 2 — heat losses of the wall
through heat engineering inhomogeneities, 3 — heat losses of the wall due to moisture; 4 — energy
saving achieved by taking into account the unsteady-state moisture regime)

As may be inferred from Figure 3, taking into
account the unsteady-state moisture regime led
to energy savings of 1600 W due to a decrease
in transmission heat losses.

Transmission heat losses through building walls
are not the only source of building heat losses.
In order to estimate the overall reduction of heat
losses in the total costs of the building for
heating and ventilation, it is also essential to
determine the transmission heat losses through
the floor, ceiling, windows and doors of the
building as well as heat losses for heating the
infiltrated air.

The comparison of the results of the calculations
of heat losses at the moisture content of the
building wall materials taken according to
standard values as well as at the moisture
content of the building wall materials gained
from the results of the assessment of the
unsteady-state moisture regime using the
proposed method is presented (Table 2).
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Table 2. Comparison of the results of heat loss
calculations at the moisture content of the
building wall materials taken according to
standard values as well as at the moisture
content of the building wall materials gained
from the results of the assessment of the
unsteady-state moisture regime using the given
method is presented

Heat loss
Heat loss according to the
Building according to the g
o calculated
envelopes standard humidity -
humidity values,
values, W W
Walls 10980 9380
Windows 8470 8470
Roof coating 3030 3030
Doors 1070 1070
Floor 1405 1405
Infiltration 6075 6075
Total heat 31030 29430
losses
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Thus, for the building under consideration,
energy saving when calculating heat losses by
taking into account the unsteady-state moisture
regime of the building wall using the method for
calculating the unsteady-state moisture regime
suggested in this article is 1600 W (5%).

To illustrate the reduction of heat losses in each
separate room, a plan of the second floor of a
two-storey cottage house is presented with heat
losses calculated at the temperature of the
coldest period of five days (figure 4).

As can be noticed from Figure 4, the reduction
of heat losses of the building is large for each
room and can be presented as a table 3.
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Figure 4. Plan of the second floor of a two-
storey cottage house with heat losses calculated
at the temperature of the coldest period of five
days (1 — room number; 2 — purpose of the
room, 3 — table with parameters of the room;
4 — indoor air temperature in the room during
cold season (winter), 5 — heat loss of the room
determined at the normative humidity of the
building materials of the wall; 6 — heat losses of
the room at the moisture content of the building
materials of the wall determined by the
calculation of the unsteady-state moisture
regime, 7 — the outer wall of the building;

8 — the window of the building; 9 — stairs)

5 - Bed-room

122
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Table 3. Reduction of heat losses due to the
assessment of the unsteady-state moisture
regime by the suggested method

Heat loss Heat loss
. . Percentage
according | according
of heat
Room to the to the
No. loss
name standard | calculated .
.. L. reduction,
humidity | humidity o
values, W | values, W ?
1 Bedroom 1260 1180 6.3
2 Study 550 530 3.6
3 Bedroom 1450 1370 5.5
4 Living- 1610 1530 5.0
room
5 Bedroom 2150 2000 7.0
6 | Bathroom 550 530 3.6
7 Sitting- 2070 1930 6.8
room

As 1is obvious from Table 3, the actual heat
losses obtained during the modelling are from
3.6 to 7.0 % less than those calculated for
different rooms from, which is significant when
projecting buildings.

5. CONCLUSIONS

The assessment of the unsteady-state moisture
regime made allows us to make a conclusion
that moisture content in the thickness of the
building envelope materials is lower than is
accepted according to regulatory documents.
The energy saving of the building was assessed
by applying the proposed methodology by
calculating heat losses of the building.
Comparative calculations for the studied two-
storey building showed a total reduction of the
building's heat demand for heating and
ventilation in the amount of 5 %. At once, the
reduction of heat loss can reach from 3.6 to 7 %
depending on the room.

REFERENCES
1. Zaborova D., Musorina T. Environmental

and energy-efficiency considerations for
selecting building envelopes //

159




160

Sustainability. 2022, Vol. 14, No. 10. P.
5914.

Kotlyarova E. Improving the methodology
for assessing the level of environmental
safety of urban areas as the basis of their
life cycle // E3S Web of Conferences, 2023,
Vol. 389, No. 09062.

Kotlyarova E. Basic Scientific Principles
of Improving the Methodology for the
Assessment of the Level of Environmental
Safety of Urbanized Territories // AIP
Conference Proceedings, 2023, Vol. 2560,
No. 020010.

Gamayunova O., Gumerova E,,
Miloradova N. Smart glass as the method
of improving the energy efficiency of high-
rise buildings // E3S Web of Conferences,
2018, Vol. 33, No. 02046.

Gamayunova O., Radaev A., Petrichenko
M., Shushunova N. Energy audit and
energy efficiency of modular military towns
// E3S Web of Conferences, 2019, Vol. 110,
No. 01088.

Zaborova D., Vieira G., Musorina T.,
Butyrin A. Experimental study of thermal
stability of building materials // Advances
in Intelligent Systems and Computing.
Cham, 2018, Vol. 692 pp. 482-489.

Vieira G.B., Petrichenko M.R., Musorina
T.A., Zaborova D.D. Behavior of a
hollowed-wood ventilated fagade during
temperature changes // Magazine of Civil
Engineering, 2018, Vol. 79, No. 3, pp. 103-
111.

Gagarin V.G., Kozlov V.V., Zubarev
K.P. Determination of maximum moisture
zone on enclosing structures. // Cold
Climate HVAC  2018:  Sustainable
Buildings in Cold Climates, 2019, pp. 925-
932.

Zubarev K.P. Derivation of the equation of
unsteady-state moisture behaviour in the
enclosing structures of buildings using a
discrete-continuous approach /l
International Journal for Computational
Civil and Structural Engineering, 2021,
Vol. 17, No. 4, — pp. 83-90.

Kirill P. Zubarev

10. Sidorov V.N. Matskevich S.M. Discrete-

11.

analytical solution of the unsteady-state
heat conduction transfer problem based on
the finite element method. // IDT 2016 -
Proceedings of the International Conference
on Information and Digital Technologies
2016. 2016, pp. 241-244.

Zolotov A.B., Mozgaleva M.L., Akimov
P.A., Sidorov V.N. Ob odnom diskretno-
kontinualnom podkhode k resheniyu
odnomernoy  zadachi teploprovodnosti
[About one discrete-continual method of
solution of  one-dimensional  heat
conductivity problem]. // Academia.
Architecture and Construction (Academia.
Arkhitektura 1 stroitelstvo), Iss. 3, 2010, pp.
287-291.

CIIMCOK JIMTEPATYPbI

1.

Zaborova D., Musorina T. Environmental
and energy-efficiency considerations for
selecting building envelopes //
Sustainability. 2022, Vol. 14, No. 10. P.
5914.

Kotlyarova E. Improving the methodology
for assessing the level of environmental
safety of urban areas as the basis of their
life cycle // E3S Web of Conferences, 2023,
Vol. 389, No. 09062.

Kotlyarova E. Basic Scientific Principles
of Improving the Methodology for the
Assessment of the Level of Environmental
Safety of Urbanized Territories // AIP
Conference Proceedings, 2023, Vol. 2560,
No. 020010.

Gamayunova 0., Gumerova E.,
Miloradova N. Smart glass as the method
of improving the energy efficiency of high-
rise buildings // E3S Web of Conferences,
2018, Vol. 33, No. 02046.

Gamayunova O., Radaev A., Petrichenko
M., Shushunova N. Energy audit and
energy efficiency of modular military towns
/I E3S Web of Conferences, 2019, Vol. 110,
No. 01088.

International Journal for Computational Civil and Structural Engineering



Taking Into Account Moisture in Increasing the Accuracy of Calculating Heat Losses of a Building

6. Zaborova D., Vieira G., Musorina T.,
Butyrin A. Experimental study of thermal
stability of building materials // Advances
in Intelligent Systems and Computing.
Cham, 2018, Vol. 692 pp. 482-489.

7. Vieira G.B., Petrichenko M.R., Musorina
T.A., Zaborova D.D. Bechavior of a
hollowed-wood ventilated fagade during
temperature changes // Magazine of Civil
Engineering, 2018, Vol. 79, No. 3, pp. 103-
111.

8. Gagarin V.G., Kozlov V.V., Zubarev
K.P. Determination of maximum moisture
zone on enclosing structures. // Cold
Climate HVAC  2018:  Sustainable
Buildings in Cold Climates, 2019, pp. 925-
932.

9. Zubarev K.P. Derivation of the equation of
unsteady-state moisture behaviour in the

enclosing structures of buildings using a
discrete-continuous approach /!
International Journal for Computational
Civil and Structural Engineering, 2021,
Vol. 17, No. 4, — pp. 83-90.

10. Sidorov V.N. Matskevich S.M. Discrete-
analytical solution of the unsteady-state
heat conduction transfer problem based on
the finite element method. // IDT 2016 -
Proceedings of the International Conference
on Information and Digital Technologies
2016. 2016, — pp. 241-244.

11. 3oaoroB A.Bb., Mo3raiesa M.JI., AkumoB

IILA., CugopoB B.H. OO0 ogHom
JMCKPETHO-KOHTUHYAIbHOM  TOJXOJIE K
PELICHUIO OJTHOMEPHOM 3aa4n
TETIONPOBOIHOCTH. / Academia.

ApXUTEKTypa M CTPOMTENBCTBO, Iss. 3,
2010, pp. 287-291.

Zubarev  Kirill  Pavlovich, Ph.D. (Candidate of
Engineering Sciences), Associate Professor, Associate
Professor at the Department of General and Applied
Physics of the Moscow State University of Civil
Engineering, 129337, Moscow, Yaroslavskoe shosse, 26;
Lecturer at the Department of Heat and Gas Supply and
Ventilation of the Moscow State University of Civil
Engineering, 129337, Moscow, Yaroslavskoe shosse, 26;
Senior Researcher at the Laboratory of Building Thermal
Physics of the Research Institute of Building Physics of
Russian Academy of Architecture and Construction
Sciences, 127238, Moscow, Lokomotivny proezd, 21;
Associate Professor at the Department of Civil
Engineering, Academy of Engineering, the Peoples'
Friendship University of Russia (RUDN University)
117198, Moscow, st. Miklukho-Maclaya, 6; Leading
Researcher at the Scientific Center of Engineering and
Construction Technologies, Academy of Engineering, the
Peoples' Friendship University of Russia (RUDN
University) 117198, Moscow, st. Miklukho-Maclaya, 6;
e-mail.: zubarevkirill93@mail.ru

Volume 20, Issue 1, 2024

3ybapes Kupunn [lasnosuy, KaHIUIAT TEXHHYCCKUX HAYK,
JIOLICHT, JOLEHT KadeIpbl o0mel 1 NpUKIaIHONH QHU3NKN
HannonaJlbHOTO — MICCIIEIOBATEIBCKOTO  MOCKOBCKOTO
rOCyIapCTBEHHOTO CTPOHTEIBHOTO YHHUBEpPCHUTETA
129337, r. MockBa, SpocnaBckoe —1miocce, 26;
npenoaasatesab  Kadeapbl  TEIIora3ocHaOXeHus U
BEHTWISAIIMK  HalnoHambHOTO  HCCIIEeNOBATEIBCKOTO
MoOCKOBCKOTO roCyJapCTBEHHOTO CTPOUTEIHLHOTO
yauBepcuteta 129337, r. Mocksa, SIpociaBckoe miocce,
26; crapumMii Hay4yHBIH = COTPYAHUK JlabopaTopHuu
CTPOUTEITEHOM TETUTO(PH3UKHI Hayuno-
HCCJICIOBATEIILCKOTO HWHCTHTYTa CTPOHMTEIBHOW (DH3HKH
Poccuiickoif akageMuu apXUTEKTYpbl U CTPOUTEIHHBIX
Hayk 127238, r. MockBa, JlokomoTuBHbII mpoe3n, 21;
JOLICHT JlemapTaMeHTa CTPOUTEILCTBA HHKCHEPHOM
akageMuu Poccuiickoro YHUBEpCHUTETa APYKOBI HAPOIOB
117198, r. MockBa, yi. Mukinyxo-Makmas, 6; BexymIuit
HAy4YHBIH COTPYOHWK HAYYHOTO IIEHTpAa TEXHUKA U
TEXHOJIOTUH CTpouTeNbcTBa Poccuilckoro yHuBepcuTeTa
npyk0sl HapomoB 117198, r. MockBa, yia. Mukiyxo-
Makmas, 6; e-mail.: zubarevkirill93@mail.ru

161





