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Abstract. In the climatic conditions of Ukraine, which are characterised by a long heating period, considerable energy
requirements for heating lead to an increase in energy efficiency requirements. A substantial reduction in the energy
consumption of buildings while ensuring comfort conditions will be facilitated by the inclusion of a model of human
thermal comfort in the complex “heat source - fencing” system. The purpose of this study was to find the factors affecting
the internal heat capacity and, accordingly, the thermal inertia of the building and further take these factors into account
upon assessing the thermal condition and parameters of thermal comfort of building rooms. The object of this study was
the educational and administrative building of the National University of Life and Environmental Sciences of Ukraine.
Many studies were carried out, namely full-scale measurements of heat flows and temperatures on the surfaces of samples
of the building’s wall structure were carried out in a special climate complex that allows artificially creating external
and internal thermal conditions of premises. It was found that the insulation of the structure with a layer of expanded
polystyrene PSB-15, 100 mm thick, reduces heat losses through the wall panel by almost half. An algorithm for controlling
the heat release process was developed, considering the internal heat capacity of the building. Compared to the “linear”
dependence, this allows more accurately adjusting the schedule of heat carrier release to the heating system of a public
building during the introduction of the alternating mode of its operation. The temperature deviation range is reduced
by 4-6 °C, which allowed saving up to 10-12% of the consumed heat energy for the heating needs of the research object,
provided that the normalised values of the internal temperature of the premises are maintained. Intermittent operation
of the heating system of public buildings, the expediency of which is justified in this study, can be recommended for
implementation in the structures of higher educational institutions of Ukraine
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INTRODUCTION

Buildings are one of the main consumers of primary energy
carriers in the world [1]. Climatic conditions in Ukraine are
characterised by a long heating period, which causes 85% of
the energy demand for heating [2]. Therefore, energy effi-
ciency requirements are increasing, which is reflected in the
standards [3-5]. Most of the buildings in Ukraine belong to
the buildings of mass development of the 1980s, during the
construction of which the emphasis was placed on minimis-
ing capital costs during construction, while operating costs
faded into the background, and therefore 80% of buildings
do not meet modern energy efficiency requirements [6; 7].
The period from the 1990s to the present day is character-
ised by a constant increase in energy prices, which means
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that during the construction of buildings, considerable at-
tention is already paid to operating costs, which is a late
response to similar trends in Europe and the world.
According to the European Union Directive on the
energy efficiency of buildings [8], a requirement has been
introduced that all new public buildings put into operation
from 2019 must meet the requirements presented for hous-
es with almost zero energy consumption, which leads to an
increase in energy efficiency and the use of renewable ener-
gy sources. Attention is being paid to the growth of thermal
resistance of building fences, the relevance of economic as-
sessment and assessment of its life cycle. This is conditioned
upon the fact that in the EU, 1/3 of energy resources are
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spent on buildings, namely 60% of the energy consumed by
the building is associated with operating costs [9].

Considering global trends in optimising energy de-
mand and ensuring comfortable working conditions, the
calculation of specific energy demand should be determined
based on operating air temperature, or while observing the
comfort indicator in various climatic conditions [10]. The
global community pays special attention to thermal com-
fort issues, especially in the context of the need to reduce
energy consumption. There are sections of the population
that are particularly sensitive to thermal comfort require-
ments - these are children and the elderly; women and
men feel differently under the same conditions. Therewith,
special attention is paid to individual requirements for
thermal comfort issues related to gender, age, etc. Hence,
the transition from the paradigm of centralised microcli-
mate quality assurance to personalised systems [11].

In Ukraine, thermal comfort is defined by several
standards [12; 13]. The inclusion of the human thermal
comfort model in the complex “heat source — fencing” sys-
tem [14; 15] is an essential step towards reducing the energy
consumption of buildings and ensuring a suitable level of
thermal comfort, especially during the introduction of the
alternating heating mode, which is an important step to-
wards sustainable development. Therefore, the purpose of
this study was to assess the impact of the level of thermal
protection (heat capacity of the building) on the feeling of
thermal comfort upon implementing the alternating heat-
ing mode. Such studies are important and relevant both in
the context of improving the level of energy efficiency and
increasing the quality of the microclimate.

LITERATURE REVIEW
Literature analysis has shown that the feasibility of intro-
ducing an intermittent (alternating) mode of operation of
the heating system of a public building has been under-
studied. The available research results cover only a few
isolated cases and do not provide an exhaustive answer
to this question. The results of the study of the influence
of thermal inertia of a room are presented in the paper [16],
where consideration of the indicator of the internal heat ca-
pacity of a building, on the example of the educational and ad-
ministrative building of the National University of Life and
Environmental Sciences of Ukraine (NULES of Ukraine),
avoids energy overspending at the level of about 10-12%.
Therewith, it is also important to determine the operating
time of the system in alternating mode and the depth of
adjustment, provided that the parameters of room comfort
are preserved. In this area, the authors V. Deshko, I. Bilous,
N. Buyak, O. Golubenko, M. Gureev investigated the change
in the comfort conditions of premises from the inertia of
external enclosing structures of a building during the op-
eration of the heating system in energy-saving modes [17],
as well as the dependence of the comfort conditions of pub-
lic buildings with different degrees of thermal protection of
external enclosing structures in the operating conditions of
the heating system of the structure in alternating mode [18],
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its influence on the dynamics of energy demand. Equally
important was the assessment of the impact of ventilation
on the overall energy consumption of the building. Thus,
the authors of [19] studied the thermal environment in the
room, the rate of air exchange, and the concentration of
carbon dioxide before and after the energy modernisation
of apartment buildings in Finland and Lithuania. The au-
thors of the study [20] conducted a survey on the require-
ments and barriers in the implementation of ventilation
systems in residential buildings with low energy consump-
tion, as well as an assessment of operational problems from
seven European countries that may arise in this case. The
authors of the studies: [21] — conducted long-term measure-
ments in recently built schools with low energy consump-
tion in Sweden, [22] — characterised the design features of
residential buildings in China, [23] - substantiated the feasi-
bility of using adaptive thermal comfort methods for Iranian
schoolchildren, [24] — investigated the parameters of resi-
dential adaptive comfort in a humid continental climate —
Tianjin, China. Furthermore, the authors of [25] introduced
the concept of controlling the thermal comfort of a building.
The authors V. Nalyvaiko, I. Radko, A. Zhyltsov, O. Okushko,
A. Mishchenko, I. Antypov studied the thermal comfort of
the building after its thermal modernisation using renew-
able energy [26] and considering the provisions of the rele-
vant standards [12; 13; 27]. However, the results of research
in the studies listed above do not fully solve the problem of
assessing the impact of the level of thermal protection (heat
capacity of the building) on the feeling of thermal comfort
when implementing an alternating heating mode, especially
in terms of optimising the algorithm for controlling the heat
release process considering the indicator of the internal heat
capacity of the building and, accordingly, its thermal inertia,
which is what this research is aimed at.

MATERIALS AND METHODS
The object of this study was the educational and admin-
istrative building of the National University of Life and
Environmental Sciences of Ukraine. More detailed infor-
mation about the thermophysical characteristics of enclos-
ing structures and the operating mode of the building is
given in the source [16].

To fulfil the purpose of this study, the influence of
heat transfer resistance of external opaque enclosing struc-
tures (walls) of the structure on the efficiency indicators of
the building’s heating system was evaluated, considering the
parameters of the external environment and the parame-
ters of the microclimate of premises in dynamic mode. For
this, two types of wall panels were manufactured and inves-
tigated - “with” and “without” insulation on its outer part,
which were carried out in different years: before the introduc-
tion of standards [7], in 2011-2012, and after — in 2018-2020.

Thermophysical studies of the sample of the build-
ing’s wall structure were performed in a special climate
complex, which allows artificially creating external and in-
ternal thermal conditions of premises and comprises three
compartments:
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1. External, which simulates external climatic condi-
tions (Fig. 1). 2. Internal, which simulates the microclimate

of the premises. 3. Operator’s room, which allows placing
control and measuring equipment.

Figure 1. Appearance of the “cold” compartment of the climate chamber

The outer compartment was created based on the
KTBV-8000/2 thermobaroclave, which has a powerful re-
frigerating unit, thanks to which the calculated values of the
outdoor air temperature in the winter mode (-24 °C) were
provided.

In stationary mode, the air temperature in the outer
compartment was maintained by an automatic adjustment
system with an accuracy of 1.5 °C, in the inner compart-
ment — up to *1 °C. Humidity in the warm compartment
of the camera was maintained in automatic mode with an
accuracy of +5%.

Cassette

Sealer

Thermometers

Sample wall panel

The given stationary thermal regime in the internal
compartment was maintained using the EOS-2.00/220 elec-
tric convector and the BK-1500 air conditioner, which were
turned on and off by the PTR-P semiconductor thermostat
and the automatic temperature control system mounted in
a separate unit.

The process of measuring heat flows and tempera-
tures was controlled using the BS-2 Communication Unit,
which has 300 input channels. Between the working com-
partments - external and internal — the tested product was
located, mounted in a special cassette (Fig. 2a).
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Figure 2. Installation diagram of the tested wall structure sample and placement of temperature and heat flow sensors
on it (a) and placement diagram of primary temperature and heat flow converters on the surface of the wall panel
sample tested (b): ® — heat flow sensors; @ — temperature sensors on the inner (“warm”) side of the wall panel;

@ - temperature on the outer (“cold”) side of the wall panel
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The readings of the measuring devices were taken
remotely in the operator’s compartment using the F70-78
measuring signal switch.

Chromel-Copel thermocouples with a relative mea-
surement error of #5% were used as temperature sensors.
Primary temperature converters were tightly attached to
the outer and inner surfaces of products at selected points.
Plasticine with an application thickness of no more than
2 mm was used for fastening thermocouples. Therewith,
the thermometric wire is led from the place of attachment
of the sensitive element along the surface of the enclosing
structure towards isotherms or the minimum temperature
gradient for a length of at least 50 wire diameters. The free
ends of the thermocouples were placed in a thermostat or
Dewar vessel, while the latter must contain ice and water
at the same time.

Thermobattery sensor PTP-1B.11.2.1.P.001.1.16.00.0
is a working tool for measuring surface heat flux density [28].
Since the thermal resistance of the sensor is negligible
compared to the thermal resistance of the wall panel, it was
not considered. For the same reason, the dimensions of the
sensor (10x12x1.2 mm) in the wall plane also do not affect
its temperature field.

The universal voltmeter B7-21A was used as a me-
ter of the DC output signal. The voltmeter is designed to
measure DC voltage in the range up to 10 MV. The accuracy
class of the device is 0.2.

Experimental studies of energy-efficient fencing con-
struction. For experiment No. 1, an experimental light hinged
wall panel with overall dimensions of 760x2600 mm was
manufactured. Panel thickness 6=100 mm.

The experimental panel was a three-layer panel
with differentiation of layers by functions performed. Fac-
ing layers - external and internal — had the functions of
weather protection and protection of insulation from me-
chanical damage. They were made of plywood sheets with
a thickness =5 mm.

When choosing the insulation material, good ther-
mal insulation was the decisive factor. Mineral wool [6]
with a thickness =100 mm was used as insulation.

There was no monolithic connection between the
plywood sheets and the heat insulator, which caused contact
thermal resistances.

For experiment No. 2, polystyrene foam plates PSB-15,
8=100 mm thick, which repeated the dimensions of the wall
panel, were attached to the previous wall panel from the
side of the cold compartment of the climatic chamber using
DRAGON polymer glue.

The conditions of experiment No. 1 and experiment
No. 2 were the same: the temperature of the cold compart-
ment of the camera was -24 °C, the temperature of the warm
compartment was +16°C.

The method of determining the heat transfer resis-
tance is based on the creation of stationary heat exchange
conditions in the enclosing structure and the measurement
of the air temperature in two compartments of the climate
chamber, the heat flow density and the temperature of the
surfaces of the structure under study, which were used to
calculate the heat transfer resistance of the sample.
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Since the wall panel was thermally relatively homoge-
neous (without substantial “cold bridges”), nine areas were
selected for the experimental study, which were least af-
fected by marginal outflows or inflows of heat in the cham-
ber. 9 sections comprised the working zone (Fig. 2b), the
boundaries of which were located at a distance of 50 mm
from the edges of the sample under study. The locations of
the sensors were marked on the sections with dots.

The test product was installed in the slot between
the warm and cold compartments of the climate chamber.
The contact surfaces with external fences were insulated
with an effective heat-insulating material.

After checking the readiness of the equipment, the
warm and cold compartments were isolated from the out-
side air by closing the airtight doors. The air temperatures
in the warm and cold compartments were set on the regu-
lating equipment, including refrigerating, heating, and air
humidifying equipment.

The tested panel belongs to the non-inertial class,
its exit to the stationary mode took place within three to
four hours. The onset of stationary mode was recorded by
stable indicators of thermocouples and heat meters. The
sampling of experimental data in stationary mode for their
further processing was made from the last six measure-
ments (on six cycles), during which the temperature and
heat fluxes remained practically constant.

Experimental studies of the parameters of thermal
comfort of premises were carried out for five consecutive
days, including Saturday and Sunday. Air temperature and
humidity parameters were recorded by portable data log-
gers — Trotec BL30. Therewith, the measurement error was
as follows: £2°C - in the temperature range from 1°C to
50°C and *3°C - in the range from -18°C to -1°C.

Evaluation of the influence of the resistance of the
opaque enclosing structures of the building on the param-
eters of the thermal comfort of the premises and the energy
consumption of the building using a numerical method. The
total heat transfer and heat input were calculated according
to [29], where dynamic impacts are considered by intro-
ducing the coefficient of use of heating inputs (accepted in
the study) and the coefficient of use of cooling losses. The
effect of inertia in the case of intermittent heating or its
shutdown was considered separately.

The dimensionless coefficient of use of heating in-
puts 7, . is calculated for each month according to [29]
based on the ratio of heat inputs and losses and the numerical
parameter a,, which depends on the inertia of the building:

+ T
Ay = Ao Tho @)
where a,, , is the reference dimensionless numeric parame-
ter, a,, ,=1.0; v is the time constant of the building zone, h;
7,018 the reference time constant, which is taken as 15 h.

The time constant of the building zone t, h, char-
acterises the internal thermal inertia of the conditioned
zone of the building, both for the heating period and for

the cooling period:
Cm
T= )
Htr,adj + Hve,adj + Hve,extra,adj

@)
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where C  is the internal heat capacity of the building or
building zone, W-h/K; H, . is the representative value of
the overall heat transfer coefficient of the transmission,
W/K; H,, ,; is the representative value of the general co-
efficient of heat transfer by ventilation, W/K; H,, ... ., IS
the representative value of the overall heat transfer co-
efficient due to additional ventilation from night and/or
natural cooling, W/K (for heating mode H =0):

ve, extra, adj

24
?zl(Zj:l fve,extra,j,kHve,extra,j,k)

Hue,extra,adj = ¢ , 3

where is the total heat transfer coefficient due to added
ventilation (night ventilation and/or natural cooling) from
the k-th element, W/K, and the share of work for a specific
j-th hour of the day of the i-th day of the month from the
k-th element of added ventilation (if night ventilation and/or
natural cooling works =1, otherwise 0.5); j is the calculation
step in hours, from 1 to 24 h; i=1 to n is the calculation step
in days (n=31 for January).

The building of the object under study belongs to
the class of “massive” buildings — brickwork in two bricks
with a reinforced concrete floor. In this case, the internal
heat capacity of the building is calculated according to [29]:

Cm = CAy )

where C is the internal heat capacity of the build-
ing per unit area, taken according to the Table 15 [29],
W-h/(m*K); A, is the conditioned area of the building, m®.

In the case under study, for intermittent (alternat-
ing) heating mode, the energy consumption for heating

Q. v inter» W-h, was found as follows:
~—H, nd, interm

Qunainterm = Ared QHnd,cont 5)
where Q,, ., is the energy demand for continuous heat-

ing, W-h; qa,, , is the dimensionless reduction coefficient
for intermittent heating mode, with a minimum value a,,

and a maximum value a 1:

red: H, hr H, red ©-°

area =1 = burea(Tuo/T)vu(1 = fin), (6

where f,,, is the share of the number of hours per week with
anormal (permanent) set heating mode (not set on alternat-
ing or switched off); b, ., is the empirical correlation coef-
ficient, b, ,=3; 7 is the time constant of the building zone,
h; 1, is the reference time constant for the heating mode,
h; y,, is the ratio of heat input and loss for the heating mode.

Adjustments for the non-use period. According to the
data [16], it was found that in the building under study, pe-
riods of non-use during the heating period (on weekends

and holidays) lead to a reduction in energy consumption
during heating.
Energy consumption for heating was calculated,
considering the period of non-use, Q,, ., W-h:
a) for the period of use (normal he’ating settings);
b) for setting the non-use period.
Linear interpolation was performed depending on
the time fraction of the non-use mode compared to the
maintenance mode:

QH,nd = (1 - fH,nocg)QH,nd,ocg + fH,nocc QH,nd,nocc (7)

where Q,, .. is the energy demand for heating, W-h, (ei-
ther Q

Q)1 na, cont OF Qi g, incerny)> @SSUMING that on all days of the
month, the adjustment and setting of the automatic air
temperature controller in the room (e.g., the thermostat
on the heating device) correspond to the settings of the pe-
riod of use; Q is the energy demand for heating, W-h,

=H, nd, nocc
(either Qy 4 one O Q ), assuming that on all days of

<H,nd,interm:
the month, the reguﬁltion and settings of the thermostat
correspond to the settings of the period of non-use; f,, . is
the fraction of a month with a period of non-use of heating
(e.g., 10/31).

Additionally, according to the method [29], the in-
fluence of automatic control systems installed at the dis-

trict heating point was investigated:

Qgenout = Qais,in/Mac, (8)
where Q. is the produced/generated energy (output en-
ergy) from the generation (accumulation) subsystem, spe-
cifically based on phase-transition heat accumulators [30];
Q,. ., is the energy input to the distribution subsystem; #__is

the efficiency of automatic adjustment.

RESULTS AND DISCUSSION
Figure 3 demonstrates the nature of changes in heat flows
through the wall panel. Visual analysis shows that for
experiment No. 1, the surface heat fluxes were 1.8 times
greater than for experiment No. 2, at almost the same tem-
peratures on the panel surface in the warm and cold com-
partments of the chamber.

The practical value of the obtained results, in terms
of thermophysical studies of samples of the wall structure
of the building, allows estimating the factual heat loss
through the wall panel with an effective heat-insulating
material [6] and bring the reference values to the opera-
tional values of its coefficient of thermal conductivity, con-
sidering the specific features of the real operating condi-
tions of the structure. It was found that the insulation of
the structure under study with a layer of expanded poly-
styrene PSB-15, 100 mm thick, reduces heat losses through
the wall panel by almost half.
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Figure 3. Graphs of changes in heat flows through the wall panel under study for experiment No. 1 - study of heat-in-
sulating properties of a wall panel without insulation and for experiment No. 2 - study of heat-insulating properties of a
wall panel with insulation - expanded polystyrene PSB-15.

Evaluating the influence of the resistance of the
opaque enclosing structures of the building on the thermal
comfort parameters of the premises using the numerical
method according to [31], it was established that the used

model considers the dynamic change of heat flows through
the wall panels under study (Fig. 3), which were made of
different structural materials. The results of calculations
for [31] are presented in Figure 4.
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2
12
t,
10
4 8 12 16 20 24

Figure 4. Temperature change on the inner surface of the wall of the room during the day: 1 - the enclosing structures

made of multi-layered wall structures with insulation; 2 — the

Analysis of Figure 4 shows that when the operating
mode of the heating system of a public building is intro-
duced in the alternating mode, a substantial temperature
change is observed on the inner surface of the enclosing
structure. In the case of external walls made of multi-layer wall
structures with insulation, the temperature drop reaches
#5°C, which meets the requirements [7], in contrast to the

enclosing structures made of brickwork without insulation

building’s enclosing structures made of brickwork without
insulation. The latter indicates a substantially lower indicator
of the internal heat capacity of such a building.

The above (Fig. 3), in contrast to the results of re-
search given in papers [17; 18], wherein, upon assessing the
change in the comfort conditions of the premises from the
inertia of the external enclosing structures of the building
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during the operation of the heating system in energy-sav-
ing modes [17], as well as the dependence of the comfort
conditions of public buildings with different degrees of
thermal protection of the external enclosing structures in
the operating conditions of the building heating system in
the regular mode [18], calculated (standardised) and not
experimental (operational) values of the thermal conduc-
tivity coefficient were accepted. The results obtained in this
study allow more accurately determining the factual tem-
perature values on the inner surface of external enclosing
structures (Fig. 4) and compare them with the minimum
permissible ones [7] upon assessing the comfort conditions
of the premises, which complements the results of the
study [19], considering national standards [7; 12; 13].

Quasi-stable heating. For the object under study,
the mode of intermittent (alternating) heating, as constant
heating considering the set temperature value, in mode A and
mode B was considered and investigated.

Mode A: the set temperature for calculation is the time
average of the set temperature values for periods of constant
heating and periods of alternating heating, since the time
constant of the building is less than 0.2 of the duration of the
shortest period with the alternating heating mode.

Thus, it was experimentally confirmed that an essen-
tial factor in the implementation of the regular heating mode

t,.°C

N

110

100

80

60

40

20

is the thermal inertia of the building, which determines the
time interval and the depth of adjustment [16] under the
condition of maintaining the comfort parameters of the
premises. When switching from constant mode to alter-
nating mode, the average decrease in the temperature of
the coolant and indoor air (from 18:00 to 4:00) was 8-10°C
and >16°C (at the allowed 12°C), respectively. The recorded
outdoor temperature was -3°C. Considering the structure of
the external walls of the object under study, the “warm-up”
time of the building, the heating system of which has been
working for a long time in regular mode, with the achieve-
ment of the parameters of thermal comfort of the premises,
was established. Thus, the duration of the heating of the
“A” type building, when the heating system was operating
in the “forced” mode, was 6.5 hours [16]. Savings in the con-
sumed heat energy during the operation of the building’s
heating system in alternating mode amounted to 6-8%,
the air temperature during this period was maintained at
12°C. An algorithm for controlling the heat release process
was developed, considering the internal heat capacity of
the building. Compared to the conventional “linear” de-
pendence (inherent in type A buildings), this allows more
accurately adjusting the schedule of heat carrier release (Fig. 5)
to the heating system of a public building during the intro-
duction of the alternating mode of its operation.

At_=4-6°C

-50 -40 -30 -20 -10

+20

Figure 5. Temperature schedule of heat carrier release to the building’s heating system, considering the outdoor air
temperature and the internal heat capacity of the structure

Source: compiled by the author based on [16]

The temperature deviation range is reduced by 4-6°C,
which allowed saving up to 10-12% of the consumed thermal
energy for the heating needs of the educational and admin-
istrative building of NULES of Ukraine under the condition
of supporting the normalised (for the alternating regime)
values of the internal temperature of the premises.

Mode B: the set temperature for the calculation is

the set temperature for the normal (continuous) heating
mode, since the time constant of the building is more than
three times the duration of the longest period with the al-
ternating heating mode.

Comparing the data of the factual consumption by
the educational and administrative building of the NULES
of Ukraine with the calculated reduced to the factual
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number of degree-days of the heating period (for March
2019, Table 4 [16]) and the parameters of the comfort of
the premises (temperature and air humidity), it was estab-
lished that with an insignificant (+1.3°C) deviations of the
indicators of the factual values of the internal air tempera-
ture in the premises of the building from the normalised
values (18+2°C), an excess of the level of factual consump-
tion of thermal energy was observed compared to the cal-
culated value adjusted to the factual number of degree-days
by 3.73 Gceal [16]. Thus, during the operation of the heating
system of a public building in constant mode (Fig. 6a), there

0.0 = Energy consumption of hot water supply systems 0.0

a)

® Energy consumption of heating systems

= Energy consumption of ventilation systems
® Energy consumption of lighting systems

= Energy consumption of cooling systems

Ie. Antypov et al.

was an overspend of consumed thermal energy by 7.4% for
the heating period of 2018-2019.

Given the structure of the enclosing structures of the
object, the influence of heat transfer resistance on the perfor-
mance indicators of the building heating system was investi-
gated considering the parameters of the external environment
and the microclimate of the premises in dynamic mode, a com-
parison was made of the specific energy consumption indica-
tors of the building “before” the implementation of the heat
release process management algorithm considering the indi-
cator of its internal heat capacity (Fig. 6a) and “after” (Fig. 6b).

0.0

b)

Figure 6. Specific indicators of the building’s energy consumption “after” (a) and “before” (b) the implementation of
the heat release process control algorithm, considering the indicator of its internal heat capacity, kW-h/m?2.

Therewith, the inclusion of the human thermal
comfort model in the complex “heat source - fencing” sys-
tem [14; 15] is an essential step towards reducing the energy
consumption of buildings and ensuring a suitable level of
thermal comfort, especially during the introduction of the
alternating heating mode. The results obtained in this study
regarding the assessment of the influence of the level of
thermal protection (heat capacity of the building) on the
feeling of thermal comfort of a person during the implemen-
tation of a regular heating mode, in contrast to the results of
studies given in the papers [23-25], where the feasibility of
using adaptive methods of thermal comfort is substanti-ated
[23], and not the algorithms for its achievement, also consider
the influence of the thermal inertia of the building, which
determines the time interval and the depth of regula-tion,
provided that the comfort parameters of the premises are
observed and preserved, and not only their control [25]. This
allows adjusting the coolant release schedule more ac-
curately, according to the developed algorithm (Fig. 5) into
the heating system of a public building during the intro-
duction of the alternating mode of its operation, considering
the outdoor air temperature and national standards [2; 29].

Given the factual indicators of savings in consumed
heat energy during the operation of the building’s heating
system in alternating mode at the level of 6-8%, as well as the
deviation of the factual values of the internal air temperature
in the building from the normalised values, the total indicator
of savings in consumed heat energy was 14-16% (Fig. 6),
which complements the results of studies [14;15; 32].
Considering the above, the intermittent (alternating) operation
of the heating system of public buildings, the expediency of
which is justi-fied in this study, can be recommended for
implementation in the structures of higher educational
institutions of Ukraine.

CONCLUSIONS

When assessing the thermal state of the building and the
thermal comfort parameters of the rooms, those factors that
affect its internal heat capacity and, accordingly, thermal
inertia, are determined and considered. Reasonable expe-
diency of implementing an intermittent (alternating) mode
of operation of the heating system of public buildings and
facilities of higher education institutions, namely:

1. It was experimentally confirmed that an essential factor
in the implementation of the regular heating mode is the
thermal inertia of the building, which determines the time
interval and the depth of adjustment under the condition
of maintaining the comfort parameters of the premises.
When switching from constant mode to alternating mode,
the average decrease in the temperature of the coolant and
indoor air (from 18:00 to 4:00) was 8-10 °C and >16°C (at
the allowed 12°C), respectively. The recorded outdoor tem-
perature was -3°C.

2. Considering the structure of the external walls of the
object under study, the “warm-up” time of the building, the
heating system of which has been working for a long time
in regular mode, with the achievement of the parameters
of thermal comfort of the premises, was established. Thus,
the duration of the heating of the “A” type building, when
the heating system was operating in the “forced” mode,
was 6.5 hours. Savings in the consumed heat energy during
the operation of the building’s heating system in alternat-
ing mode amounted to 6-8%, the air temperature during
this period was maintained at 12°C.

3. Evaluating the influence of the resistance of the en-
closing structures on the thermal comfort parameters of
the premises using the numerical method, it was estab-
lished that the used model considers the dynamic change
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of heat flows through the wall panels under study, which
were made of different materials, including in the alter-
nating mode. Thus, in the case of external walls made of
multi-layer wall structures with insulation, the tempera-
ture drop reaches +5°C, in contrast to the building’s en-
closing structures made of brickwork without insulation.
4. An algorithm for controlling the heat release process
was developed, considering the internal heat capacity of the
building. Compared to the conventional “linear” depen-
dence, this allows more accurately adjusting the schedule
of heat carrier release to the heating system of a public
building during the introduction of the alternating mode
of its operation. The temperature deviation range is re-
duced by 4-6°C, which allowed saving up to 10-12% of the
consumed thermal energy for the heating needs of the edu-
cational and administrative building of NULES of Ukraine
under the condition of supporting the normalised values of

5. Given the factual indicators of savings in consumed
heat energy during the operation of the building’s heating
system in alternating mode at the level of 6-8%, as well as the
deviation of the factual values of the internal air temperature
in the building from the normalised values, the total indica-
tor of savings in consumed heat energy was 14-16%.

In summary, intermittent (alternating) operation of
the heating system of public buildings, the expediency of
which is justified in this study, can be recommended for
implementation in the structures of higher educational in-
stitutions of Ukraine. Therewith, the issue of establishing
the limit time for cooling and “warm-up” of the building in
the “forced” mode, considering the factual value of its thermal
inertia under the operating conditions of the controller of
the individual thermal point according to the developed al-
gorithm for controlling the process of releasing heat into
the building’s heating system, requires further research.

the internal temperature of the premises.

(1]

(2]
(3]

(4]
[5]
(6]

[7]
(8]

(9]

REFERENCES
2020 Global status report for buildings and construction. Towards a zeroemission, efficient and resilient buildings and
construction sector. (2020). Retrieved from https://wedocs.unep.org/bitstream/handle/20.500.11822/34572/GSR_ES.pdf.
DSTU-N B V.1.1-27:2010 “Building climatology”. (2011). Kyiv: Derzhspozhyvstandart Ukrainy.
EN 13790:2008. Energy performance of buildings — Calculation of energy use for space heating and cooling. (2008).
Brussels: European Committee for Standardization.
EN 15217:2007. Energy performance of buildings — Methods for expressing energy performance and for energy
certification of buildings. (2007). Brussels: European Committee for Standardization.
EN 15603:2008. Energy performance of buildings — overall energy use and definition of energy ratings. (2008).
Brussels: European Committee for Standardization.
DSTU B V.2.6-189-2013 “Methods of choosing thermal insulation material for building insulation”. (2013). Kyiv:
Derzhspozhyvstandart Ukrainy.
DBN B.2.6-31: 2016 “Thermal insulation of buildings”. (2016). Kyiv: Derzhspozhyvstandart Ukrainy.
Wang, Z., de Dear, R., Luo, M., Lin, B., He, Y., & Zhu, Y. (2018). Individual difference in thermal comfort: A literature
review. Building and Environment, 138, 181-193.
2021 Global status report for buildings and construction. Towards a zeroemission, efficient and resilient buildings
and construction sector. (2021). Retrieved from https://globalabc.org/sites/default/files/2021-10/GABC_Buildings-
GSR-2021_BOOK.pdf.

[10] Lu, D.B., & Warsinger, D.M. (2020). Energy savings of retrofitting residential buildings with variable air volume
systems across different climates. Journal of Building Engineering, 30, article number 101223.

[11] DSTUBEN 15261: 2012 “Calculation of microclimate parameters”. (2012). Kyiv: Ministry of the Region of Ukraine.

[12] DSTU B EN ISO 7730: 2011 “Ergonomics of the thermal environment. Analytical definition and interpretation of
thermal comfort on the basis of calculations of PMV and PPD indicators and criteria of local thermal comfort”. (2012).
Kyiv: Derzhspozhyvstandart Ukrainy.

[13] DSTUBEN 15251: 2011 “Calculated parameters of the microclimate of the premises for the design and evaluation
of energy performance of buildings in relation to air quality, thermal comfort, lighting and acoustics”. (2012). Kyiv:
Derzhspozhyvstandart Ukrainy.

[14] Ding, Y., Zhang, Q., Yuan, T., & Yang, K. (2018). Model input selection for building heating load prediction: A case
study for an office building in Tianjin. Energy and Buildings, 59, 254-270.

[15] Deshko, V., Buyak, N., Bilous, 1., & Voloshchuk, V. (2020). Reference state and exergy based dynamics analysis of
energy performance of the “heat source — human - building envelope”. Energy, 200, article number 117534.

[16] Antypov, L.A., Mishchenko, A.V., Shelimanova, O.V., & Tarasenko, S.E. (2021). Analysis of the influence of the
internal heat capacity of the ZVO building and weather-dependent regulation of ITP on the efficiency of the
heating system in the next mode. Energy and Automation, 5,46-61. doi: 10.31548/energiya2021.05.045.

[17] Deshko, V.I., Bilous, LY., Buyak, N.A., Golubenko, 0.0., & Gureev, M.V. (2019). Influence of heat-inertial features
of protections on comfort conditions at introduction of energy-saving modes of heating in buildings. Scientific and
Technical Collection “Utility Management of Cities”, 3(149), 44-50.

[18] Deshko, V.I., Bilous, LY., & Buyak, N.A. (2019). Influence of intermittent heating modes on the dynamics of energy

consumption and comfort conditions of buildings with different levels of thermal protection. Scientific News of
NTUUKPI, 4, 7-16.

Machinery & Energetics. Vol. 13, No. 2




[19]

(20]

(21]

(22]

(23]

(24]

[25]

[26]

[27]

(28]
[29]

[30]

[31]

[32]

(1]

(2]
(3]

(4]
5]
(6]

(7]
(8]

(%]
(10]

[11]
(12]

Ie. Antypov et al.

Leivo, V., Prasauskas, T., Du, L., Turunen, M., Kiviste, M., Aaltonen, A., Martuzevicius, D., & Haverinen-Shaughnessy,
U. (2018). Indoor thermal environment, air exchange rates, and carbon dioxide concentrations before and after
energy retro fits in Finnish and Lithuanian multi-family buildings. STE, 621, 398-406.

Zukowska, D., Rojas, G., Burman, E., Guyot, G., Bocanegra-Yanez, M.C., Laverge, J., Cao, G., & Kolarik, J. (2020).
Ventilation in low energy residences — a survey on code requirements, implementation barriers and operational
challenges from seven European countries. International Journal of Ventilation, 20, 1-20.

Simanic, B., Nordquist, B., Bagge, H., & Johansson, D. (2019). Indoor air temperatures, CO, concentrations and
ventilation rates: Long-term measurements in newly built low-energy schools in Sweden. Journal of Building
Engineering, 25, article number 100827.

Gou, S., Nik, V.M., Scartezzini, ].L., Zhao, Q., & Li, Z. (2018). Passive design optimization of newly-built residential
buildings in Shanghai for improving indoor thermal comfort while reducing building energy demand. Energy and
Buildings, 169, 484-506. doi: 10.1016/j.enbuild.2017.09.095.

Haddad, S., Osmond, P., & King, S. (2019). Application of adaptive thermal comfort methods for Iranian
schoolchildren. Building Research and Information, 47(2), 173-189.

Yangrui, S., Yuexia, S., Shugang, L., Zhe, T., Jing, H., Jungsoo, K., Parkinson, T., & de Dear, R. (2018). Residential
adaptive comfort in a humid continental climate - Tianjin China. Energy and Buildings, 170, 115-121.
doi: 10.1016/j.enbuild.2018.03.083.

Esmaeilzadeh, A., Zakerzadeh, M.R., & Koma, A.Y. (2018). The comparison of some advanced control methods
for energy optimization and comfort management in buildings. Sustainable Cities and Society, 43, 601-623.
doi: 10.1016/j.scs.2018.08.038.

Nalyvaiko, V., Radko, 1., Zhyltsov, A., Okushko, O., Mishchenko, A., & Antypov, I. (2020). Investigation of thermal
modernized building’s microclimate with renewable energy. ICoRES 2019, 154, article number 07011.

Directive (EU) 2018/844 of the European Parliament and of the Council “Amending Directive 2010/31/EU on the
energy performance of buildings and Directive 2012/27/EU on energy efficiency”. (2018, May). Retrieved from
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L0844 &from=IT.

DSTU 3756-98 “Energy Saving. General Purpose Thermoelectric Heat Flow Converters. General Technical
Conditions (61163)”. (2020). Kyiv: Derzhspozhyvstandart Ukrainy.

DSTU B A.2.2-12: 2015 “Energy Efficiency of Buildings. Method of Calculating Energy Consumption for Heating,
Cooling, Ventilation, Lighting and Hot Water Supply”. (2015). Kyiv: Derzhspozhyvstandart Ukrainy.

Gorobets, V., Antypov, 1., Trokhaniak, V., & Bohdan, Y. (2018). Experimental and numerical studies of heat and
mass transfer in low-temperature heat accumulator with phase transformations of accumulating material. MATEC
Web of Conferences, 240, article number 01009.

Chernykh, L.F., Rodionova, T.Yu., Gorbonos, N.N., & Dats, P.A. (2006). Method for determining the heat transfer
resistance of enclosing structures. Kyiv: NULES.

Tsysar, M. Zakora, O. Babak, A., Ivakhnenko, S., & Zanevsky, O. (2021). Dependence of the Static Strength of Type
Ib Single Crystal Diamonds with Octahedral Habit on Their Size. Scientific Herald of Uzhhorod University. Series
"Physics”, (50), 25-30.

CNMNCOK BUKOPUCTAHUX OXKEPEI
2020 Global status report for buildings and construction. Towards a zeroemission, efficient and resilient buildings
and construction sector. URL: https://wedocs.unep.org/bitstream/handle/20.500.11822/34572/GSR_ES.pdf.
IOCTY-H B B.1.1-27:2010 «bygiBenbHa Kiimartosorisi». Kuis: Jepxkcrangapt Ykpainu, 2011. 130 c.
EN 13790:2008. Energy performance of buildings — Calculation of energy use for space heating and cooling. Brussels:
European Committee for Standardization, 2008. 53 p.
EN 15217:2007. Energy performance of buildings — Methods for expressing energy performance and for energy
certification of buildings. Brussels: European Committee for Standardization, 2007. 31 p.
EN 15603:2008. Energy performance of buildings — overall energy use and definition of energy ratings. Brussels:
European Committee for Standardization, 2008. 43 p.
JOCTY B B.2.6-189-2013 «MeTony BMOOPY TEIUIOi30/SILITHOTO MaTepiary AJisl yTeryieHHs 6yiBenb». Kuis: lepskcTaHmapT
Vkpainu, 2013. 55 c.
IOBH B.2.6-31:2016 «TerioBa isonsiis 6ymiBenb». Kuis: Iepskcranmapt Ykpainu, 2016. 33 c.
Individual difference in thermal comfort: A literature review / Zh. Wang, et al. Building and Environment. 2018. Vol. 138.
P. 181-193.
2021 Global status report for buildings and construction. Towards a zeroemission, efficient and resilient buildings
and construction sector. URL: https://globalabc.org/sites/default/files/2021-10/GABC_Buildings-GSR-2021_BOOK.pdf.
Lu D.B., Warsinger, D.M. Energy savings of retrofitting residential buildings with variable air volume systems across
different climates. Journal of Building Engineering. 2020. Vol. 30. Article number 101223.
OCTVY B EN 15261: 2012. «Po3paxyHOK nmapamMeTpiB MmikpokaimaTy». Kuis: Minperion Ykpainu, 2012. 81 c.
OCTY B EN ISO 7730:2011 «EproHomika TeIJIOBOTO CepefOBMILA. AHAJiTMYHE BM3HAuUeHHS Ta iHTepIpeTalis
TeII0BOro KoMbopTy Ha OCHOBI pO3paxyHKiB rMmoka3HuKiB PMV I PPD i kpuTtepiiB 10KaJIbHOTO TEIIJIOBOTO KOMGbOPTY».
Kuis: MinperioH Vkpainu, 2012. 74 c.

Machinery & Energetics. Vol. 13, No. 2




Analysis of the influence of the internal heat capacity...

[13] OCTY B EN 15251:2011 «Po3paxyHKOBi TapameTpy MiKpOKIiMaTy IpUMillleHb IJis TPOeKTYBAaHHS Ta OL[iHKU
eHepreTUYHMX XapaKTePUCTUK OyiBesb M0 BiTHOIIEHHIO 10 SIKOCTi TOBIiTPSI, TEIIIOBOTO KOMMOPTY, OCBIT/I€HHS Ta
axkyctuku». Kuis: Minperion Ykpainu, 2012. 71 c.

[14] DingY., Zhang Q., Yuan T., Yang K. Model input selection for building heating load prediction: A case study for an
office building in Tianjin. Energy and Buildings. 2018. Vol. 59. P. 254-270.

[15] Deshko . ., Buyak N., Bilous, ., Voloshchuk V. Reference state and exergy based dynamics analysis of energy
performance of the heat source - human - building envelope. Energy. 2020. Vol. 200. Article number 117534.

[16] AnTunos .O., ieHKo A.., enimaHoBa O.., TapaceHKoO .. AHaji3 BIVIMBY BHYTPilIHbOI TEIIOEMHOCTI
6ynisii O Ta morogo3anesxxHoro perymoBaHHs TII Ha eheKTUBHICTb POOOTY CUCTEMU OIATeHHS! B 4epProOBOMY
pexxumi. Enepeemuxa i agmomamuxka. 2021. N2 5. . 46-61. doi : 10.31548/energiya2021.05.045.

[17] ewKo .., imoyc .., ysk H.A., Tony6eHko O.0., T'ypees .. IUB TeIUIOiHEPLiiTHMX 0COOIMBOCTE
OTOpO/IKeHb Ha YMOBM KOMGMOPTHOCTI MPpY BIIPOBaKeHHI €HePTroOIIaHNX PEXXMMIB OMaleHHST B OYIiBJISIX.
Haykoso-mexHiuHuti 30ipHuk «KomyHanvHe 2ocnodapcmeo micmy». Cepisi: mexHiuHi Hayku ma apximekmypa, 2019. T. 3,

149. C. 44-50.

[18] emIKo .., im0YC .., ySIK H.A. TUIMB MTepepuBYACTUX PEKMMIB OTIAJIEHHSI Ha IMHAMIKY eHepronotrpeou ta
yMOBU KOMGOPTHOCTI OyZiBesb 3 pi3HUMM piBHEM TerioBoro 3axucty. Haykoesi eicmi HTYY KIII, 2019. 4. . 7-16.

[19] ndoor thermal environment, air exchange rates, and carbon dioxide concentrations before and after energy retro fits
in Finnish and Lithuanian multi-family buildings / V. Leivo et al. STE. 2018. Vol. 621. P. 398-406.

[20] Ventilation in low energy residences—a survey on code reuirements, implementation barriers and operational
challenges from seven European countries / D. ukowska et al. International Journal of Ventilation. 2020. Vol. 20.

P.1-20.

[21] Simanic B., Norduist B., Bagge H., Johansson D. ndoor air temperatures, CO, concentrations and ventilation rates:
Long-term measurements in newly built low-energy schools in Sweden. Journal of Building Engineering. 2019. Vol. 25.
Article number 100827.

[22] Passive design optimization of newly-built residential buildings in Shanghai for improving indoor thermal
comfort while reducing building energy demand / S. Gou, et al. Energy and Buildings. 2018. Vol. 169. P. 484-506.
doi: 10.1016/.enbuild.2017 .09.095.

[23] Haddad S.,Osmond P .,King S. Application of adaptive thermal comfort methods for ranian schoolchildren . Building
Research and Information. 2019. Vol. 47, No. 2. P. 173-189.

[24] Residential adaptive comfort in a humid continental climate — Tianin China /. Song, et al. Energy and Buildings.
2018.Vol. 170. P. 115-121. doi: 10.1016/.enbuild.2018.03.083.

[25] Esmaeilzadeh A., akerzadeh M.R., Koma, A.Y. The comparison of some advanced control methods for energy
optimization and comfort management in buildings. Sustainable Cities and Society. 2018. Vol. 43. P. 601-623.
doi:10.1016/.s¢s.2018.08.038.

[26] nvestigation of thermal modernized building’s microclimate with renewable energy / V. Nalyvaiko, et al. ICoRES
2019. 2020. Vol. 154. Article number 07011.

[27] Amending Directive 2010/31/E on the energy performance of buildings and Directive 2012/27/E on energy
efficiency: Directive E ~ 2018/844 of the European Parliament and of the Council. RL: https://eur-lex.europa.eu/
legal-content/EN/TT/PDF/uriCELE:32018L0844fromT

[28] TV 3756-98. «<Hepro3bepeskeHHsI. [lepeTBOPIOBaUi TEJIOBOTO IIOTOKY TEPMOEJIEKTPUYHI 3araJIbHOTO ITPU3HAYEHHSI.
arasibHi TexHiuHi yMOBU 61163». uiB: epxkcranmapt Yrpainu, 2000. 54 c.

[29] TY A.2.2-12:2015 «Hepr eTnuyHa eheKTUBHICTD GyZiBesb. €TO I PO3PaXyHKY eHeProCIIOKMBAHHS IIPY OTaIeHHi,
OXOJIOIXeHHI, BEHTUJIALIi1, OCBIT/IEHHI Ta rapsi4oMy BOJIOTIOCTAaYaHHi». UiB: epskcTaHgapT Ykpainu, 2015. 140 c.

[30] Gorobets V., Antypov ., Trokhaniak V., Bohdan Y. Experimental and numerical studies of heat and mass transfer in
low-temperature heat accumulator with phase transformations of accumulating material. MATEC Web of Conferences.
2018. Vol. 240. Article number 01009.

[31] YepuuxJI.., PomioHoBa T.., Top6oHoc H.H., [Tt IT.A. MeToaMKa BU3HaYeHHS OIIOPY TeIUIONepefadi OrOPOKYBaTbHMX
KOHCTpyKUin. uis: HYIIl, 2006. 12 c.

[32] Tsysar, M. Zakora, O. Babak, A., Ivakhnenko, S., & Zanevsky, O. Dependence of the Static Strength of Type Ib Single
Crystal Diamonds with Octahedral Habit on Their Size. Scientific Herald of Uzhhorod University. Series "Physics". 2021.
Vol. 50. P. 25-30.

Machinery & Energetics. Vol. 13, No. 2




Ie. Antypov et al.

€sreH OsnekciioBuu AHTUIIOB, AHaTOJil BacuaboBuu MillieHKO,
Onena BitaniiBua lllerimanoBa, CBiTiiana €EBreHiBHa TapaceHKO

HarionanpHuit yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHS YKpainu
03041, Byn. l'epoiB O60opounu, 15, M. Kuis, Ykpaina

AHani3 BNNuMBY BHYTPILWWHbOI TENJIOEMHOCTI FPOMaAcbKoi 6yaiBni
Ha NapaMeTpu TernJIoBoro KoMpopTy NpUMilleHb Npu po6oTi
CUCTEMM ONaJieHHs B YeproBoMy peXXuMi

AHoTaUif. Y KTiMaTUYHKX yMOBaX YKpaiHM, sIKi XapaKTepU3yI0ThCs JOBTVIM OTIa/TIOBAIbHMM [TEPiOI0M, 3HAUHi eHeprornoTpetu
Ha OTIJIEHHSI TIPU3BOASITH O 3POCTAHHS BUMOT 10J0 eHeproedekTUBHOCTI. CyTTEBOMY 3HMKEHHIO €HeproCIIOKUBAHHS
6yzniBenb mpu 3abe3rneueHHi YMOB KOMGOPTHOCTI CIPUSITMME BKJIIOUEHHSI MOZENi TelaIoBOro KoMdbOpTy JIOIUHU IO
CKJIaJHOI CUCTeMU «JIKePeJIo Telljia — OTOPOyKeHHSs». MeTa 11b0ro JOCIifyKeHHs] — BU3HAUeHHS] YMHHMKIB, SIKi BIUIMBAIOTh
Ha BHYTPIIIHIO TEIUIOEMHICTh Ta, BiATOBiIHO, TeMIOBY iHepIilo OyHiB/i i momaibline BpaxyBaHHS LMX (akTOpiB mpu
OIiHI]i TEIUIOBOTO CTaHy Ta MapaMeTpiB TersioBoro KoMdopty kKiMHaT OymiBiai. O6’€KT HOCTiAKEHHSI — HaBUYaIbHO-
agMiHicTpaTuBHMIt Kopryc HYBIIl Ykpaiun. IIpoBemeHo psifl HOCIiIKeHb, 30KpeMa HaTypHi BUMipy TeIJIOBMUX ITOTOKIB
i TemmepaTyp Ha MOBepXHSX 3pasKiB CTiHOBOI KOHCTPYKIii 6yiB/i BMKOHYBAINUCh B CIeliaIbHOMY KJIiMaTUUYHOMY
KOMIUIEKCi, IKMii N03BOJIsI€ IITYYHO CTBOPIOBATM 30BHIIlIHI Ta BHYTPIIIHI TeNjaoBi yMOBM NpumilieHb. [Toka3aHo, 10
yTeIUIeHHsST KOHCTPYKIii mapom miHonomictupony I1CB-15, ToBmmHow 100 MM, 103BOJISIE 3HUM3UTU TEIUIOBI BTpaTH uepe3
CTiHOBY TaHeJb Majike BIBiui. PO3p0o6/ieHO aJITOPUTM yIIPaBIiHHS IIPOLIECOM BiAITyCKY TEIUIOTH 3 ypaxXyBaHHSIM MOKa3HMKa
BHYTPIIIHbOI TeIJIOEMHOCTI 6yziBii. [TOpiBHSIHO 3 «IiHIHOIO» 3aJIEXKHICTIO 1€ A03BOJIsIE O1/TbII TOUHO KOPUTYBATU Tpadik
BiZITTyCKy TEIUIOHOCISI B CMCTEMY OTIaJIEHHSI IPOMaJIChbKOi GYIiBIi il yac BIPOBAAKEHHS Y€PTrOBOTO PEXUMY il po6OTH.
Miama3oH BigxuieHHS TeMIepaTyp 3HIKYEThCSl Ha 4—6 °C, 110 f103Boauio 3aomanuty 1o 10-12 % crnoxuToi TemnynioBoi
eHeprii Ha MOTpe6yM OmaJieHHs] OO’€KTY HOCTiMKEHHS TMpKU YMOBi 30epeskeHHS HOPMOBAHMX 3HAUEHb BHYTPIIIHBOI
TeMIepatypu npumiiieHb. [lepepuByacTuii pexuM pobOTU CUCTEMU OIaJeHHsS TPOMAAChKUX Oy/iBesb, HOLITbHICTb
SIKOTO OOIPYHTOBaHAa B JAHOMY HOCIIIPKeHHi, MOXe OyTM peKOMeHJOBaHWii 0 BIIPOBAIKEHHS Yy CIOPYyAaX 3aKaaiiB
BMILIOI OCBiTM YKpaiHu

Knio4oBi cnioBa: TerioBa eHepris, eHepromnoTpedu, eHeproeeKTUBHICTb, ONATIOBATbHMIL Tepiof], TeIIoBa iHepIlis,
aJArOPUTM YIIPaBJliHHS, CMCTeMa OIaJeHHSs
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