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Currently, the construction of residential build-
ings in Russia is rising with high speed. As a 
result, the country's housing stock is being up-
dated. However, a large share in the housing 
stock still consist of buildings built in the 1960-
1980th of the 20th century (up to 45% accord-
ing to Rosstat). These houses were built by ob-
solete requirements for today [4]. For such a 
long period of time, both the external climatic 
conditions and the operating conditions of the 
buildings were subject to changes. All these 
conditions ultimately lead to a significant de-
crease in the heat-shielding characteristics of the 
exterior walls of buildings [9,10,11,12]. Under 
the condition of elevated temperatures and hu-
midity of indoor air in the room, associated with 
domestic heat generation and insufficient venti-
lation of air, there are times when the tempera-
ture of the internal surface of the wall drops be-
low the dew point temperature, i.e. there is a 
moment of condensation, which can lead to the 
formation of mold. 
The basis for the development of new methods 
for determining the actual resistance to heat 
transfer was the method of V.I. Zuev and co-
authors "Method for determining the thermal 
resistance of a structural element area under 
non-stationary heat transfer mode" [5], the es-
sence of which is in determining the conditions 
for the existence of a quasi-stationary heat trans-
fer mode and its criterion ²max. In this method, 
the negative sides were identified, which were 
taken into account when developing a new tech-
nique.

The aim of this investigation is to develop a new 
technique that will reduce the calculation of the 
actual value of the heat transfer resistance to the 
determination of the minimum measurement 
time and the correction for thermal resistance 
³R; development of a local automatic room 
climate control system using a proportional-
integral-differential controller. 
Due to the fact that the constancy of the heat 
flux is an insufficient condition for the station-
ary heat transfer mode, the criterion for deter-
mining the quasi-stationarity of the heat transfer 
mode is the temperature distribution through the 
thickness of the fence in a straight line from 
outside to inside temperature. 
In the case of a quasi-stationary heat transfer 
mode, when determining the actual heat transfer 
resistance, we distinguish two components: the 
heat transfer resistance  and the ´R
amendment caused by the quasi-stationary heat 
transfer mode (1):

(1) 

where is the fact resistance against heat 

"�$!���� ��� "#��/$��F� 0$�", ; is tem-
perature of internal surface with probability of 
����2���A4�� µV; is temperature of external 
surface with probability of ����2���A4��µV;
is heat flow with probability of 0,92(0,98),  ,;
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 is a amendment to heat resistance of the 

/$��F�0$�",
Taking the heat transfer mode close to station-
ary, the value  is calculated by the standard 
formula with the difference that the value of the 
temperature of the inner and outer surface and 
heat flux are taken with a probability of 0.92 
(0.98). The amendment to the heat transfer re-
sistance takes into account the quasi-stationarity 
of the heat transfer mode. The criterion of the 
stationary mode is the linear temperature distri-
bution in the thickness of the outer wall, there-
fore, the amendment depends on the deviation 
of the actual temperature distribution from the 
theoretical (linear) and heat flux passing 
through the outer wall (2): 

(2) 

where  

is theoretical resistance to heat transfer of i-th 
layer, calculated for quasi-stationary mode,

�

 

 

calculated in accordance  sensor readings, 
In Figure 1, the dashed line shows the theoreti-
cal temperature distribution in the thickness of 
the outer wall, the solid one shows the actual 
temperature distribution in the thickness of the 
outer wall. 
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�

In practice, this technique is implemented using 
software, in which it can be put the selection 
criteria for the processed time intervals, the val-
ue of amendment  in fractions of  or ab-
solute values. Measurements are made during 
the entire heating period, which allows us to 
find a set of values with the same criteria for the 
selection of time intervals. On the basis of the 
obtained values, the total value is determined 
with the help of the technique with the required 
probability, which is recommended to be taken 

as the actual value of the heat transfer resistance 
for the heat engineering calculation of the re-
constructed buildings. 
Using the classical formula to determine the ac-
tual resistance to heat transfer without taking 
into account the amendment  deprives the 
meaning of the method using this approach for 
determining . In natural conditions it is 
impossible to create a stationary mode of heat 
transfer. In some techniques to bring the heat 
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transfer mode to the stationary it uses the vari-
ous heating elements, which are located on the 
inner, outer, or on both surfaces. The use of 
such heating elements violates the thermal state 
of the outer wall section, that leads to a large 
error in the measurement results. Also unknown 
is there an affecting of these heating elements 
on the accuracy of data from heat flow and tem-
perature sensors. The only correct solution is to 
conduct a full-scale experiment without chang-
ing the thermal state of the object, taking into 
account the degree of non-stationarity of the 
heat transfer mode. 
The main conveniently controlled parameter of 
the stationary mode of heat transfer is the linear 
distribution of temperatures in the thickness of 
the outer wall during a time interval not less 

than the time of thermal inertia of this outer 
wall. If the temperature distribution in the 
thickness of the outer wall differs more signifi-
cant from the linear one, then the degree of qua-
si-stationarity of the heat transfer mode is great-
er.
The developed technique takes into account the 
conditions of heat transfer at a particular point 
in time, and also amends the final value .
This makes the technique applicable for pro-
cessing the results of experiments and determin-
ing the actual resistance to heat transfer. 
The decision of wall insulation becomes the 
structure, which is a heating element mounted in 
the inner plaster layer of the wall (Fig. 2) [6]. 
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���������g��Y���`;��C
�������������	���Y��������;�����v�z5	����g�

���
{��
�;�������
�X�����5Y��������
�������w5�Y���	;�����u5;�����������������;��;	����5Y�����X�����

���������������;��;	�;��}5��;
���	��=������
�g		
�����ztt���>�����X�;���
�;���C	������
����	���;��zt5���������zz������������;��;	�J�

Such a design not only maintain the difference 
between the wall surface temperature and the 
internal air temperature within the normal range 
2¶*�� ���$���� �!(�"���-�4���ut also help to solve 
the problem of condensate by increasing the 
temperature of the internal wall surface above 
the dew point temperature. In addition, the de-
sign variant with insulation (Fig. 2) increases 
the resistance to heat transfer of the wall enclo-
sure, while the heating element will prevent the 

insulation from getting wet by shifting the dew 
point deep into the wall thickness. 
The operation of the thermostat is based on the 
observance of two parameters: the provision of 
standardized temperature difference and con-
densation on the inner surface. 
The fulfillment of these tasks will lead to the 
solution of other important requirements: the 
prevention of the possibility of mold formation 
on the inner surface of the walls; exclusion of 
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the probability of human contact with heated 
surfaces that are below the level required for a 
0���!F�������"&�$! �"#����"���"��!����/�""�!(�
of the walls and, as a result, the reduction of 
heat loss through the building envelope. 
The mathematical description of the dynamics
of the thermal process of heat transfer to build-
ing structures are partial differential equations. 
For the synthesis of algorithms for automatic 
control of technological processes, when de-
scribing the dynamics of processes, the transfer 
functions of the ratio of the input signal to the 
output type (3) are used: 

(3)           

where X(s), Y(s) are Laplace transformations of 
input and output signals respectively. 

To determine the transfer functions of the 
masonry, the physical model of the control 
object is presented in Figure 3, which 
schematically depicts a heterogeneous masonry 
with a built-in heating element in the form of a 
nickel-chrome alloy heating cable, similar to 
that used in floor heating systems. In the
physical model of the control object (Fig. 3), the 
following descriptions are adopted: Q0 is a heat 
flow in the direction from the heating element to 
the room; Q1 is a heat flow in the direction from 
the heating element to the outside of the 
building; Q2 is a heat flow in the direction from 
the room to the outside of the building; Q3 is a 
heat flow in the direction outside the building to 
the room; t0 is the indoor temperature; t1 is the 
temperature of the inner surface of the building 
wall; t2 is the temperature of the outer surface of 
the building wall. 

a������J�bYX;���
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V.S. Tkachev, A.V. Kostenko [1,8] proposed to 
represent the transfer function of heterogeneous 
masonry in the form of the sum of the transfer 
functions of its layers, that is, consider the ma-
sonry in layers. In this case, in the physical 
model of a masonry with a heating element, it is 
possible to distinguish two main layers: 1 is a
layer from the heating element into the interior, 
through which the heat flow Q0 passes; 2 is lay-
er from the heating element to the outside of the 
building, through which the heat flux Q1 passes. 
Taking into account the small depth of installa-
tion of the heating element in the wall relative to 

the inner side of the wall (no more than 5 cm), 
this layer can be considered conventionally ho-
mogeneous and describe it as one transfer func-
tion of the aperiodic link of the first order of the 
following form (4): 

(4) 

where ] is time constant; ; is Laplace operator. 
The purpose of the operation of the automatic 
control system is to maintain the temperature 
difference inside the room t0 and the tempera-
ture of the inner surface of the building wall t1
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$"�$���+����������E�$��"��*�� ����/#��#��!���s
the spatial shift of the dew point inside the 
building wall [2]. This protects the interior sur-
face of the wall with decorative trimming from 
condensation, the spread of fungus and ensuring 
a comfortable location of the person inside the 
room. 
In order to control the indoor temperature t0 and 
the temperature of the inner surface of the build-
ing wall t1, it is necessary to install two primary 
transducers - resistance thermometers. To pre-

vent the possibility of self-oscillations in the 
automatic control system caused by abrupt 
changes in the readings of the thermometer of 
resistance of the internal temperature in the 
room t0, it is necessary to ensure its sufficient 
inertia by using thermal screens or installing 
away from the main air flow caused by short-
term opening of doors or windows in the room. 
The block diagram of the automatic control sys-
tem is shown in Figure 4. 

a�����wJ�H
	�W���������	���Y����	�������	���	
�;X;���J�
�

The basis of the automatic control system is a 
controller made according to the scheme of a 
classical proportional-integral-differential 
controller (PID controller), the operation of 
which is described by the expression (5): 

(5) 

where t is time, K, Ti, Td are proportionality 
coefficient, integration constant and 
differentiation constant respectively. 
A signal on the mismatch ´x (t) of the measured 
air temperatures inside the room x0(t) and the 
inner layer of the wall x1(t) is sent to the input 
of the PID controller. The output control signal 
U(t) is formed according to expression (5), 
while the proportional coefficient, the integra-
tion constant and the differentiation constant are 
chosen experimentally from the point of view of 
minimizing the transition process or the over-
shoot value. The output control signal U (t) is 
actually the power control signal of the heating 
element built into the wall and takes values 
from 0 to 100 as a percentage of the maximum 
power of the heating element.

The transient graph obtained during simulation 
in VisSim is shown in Figure 5 and describes 
the temperature change t1 of the inner wall sur-
face with an abrupt change in indoor tempera-
"���� ����� ���  � �� "�� �
�  � �� $"� "���� 1� §� .��
minutes. As can be seen from the graph, the use 
of the PID controller allows us to significantly 
reduce the time of the transition process. 
For maximum reliability of the results, it is de-
cided to conduct research in natural conditions 
(Figure 6). A residential dormitory is chosen as 
an object of study, in the corner rooms of which 
mold formations are observed. 
Characteristics of the dormitory building: year 
of construction - 1975, number of floors - 9, 
building volume - 26,708 m3, total area - 
6,335.9 m2, external walls made of silicate 
bricks of 640 mm thick, plastered on the inside 
and outside with a cement-sand mortar 20 mm. 
To improve the accuracy of the results, experi-
mental facilities were located in several problem 
dormitory rooms located on the north-west side 
on different floors of the building (Fig. 7). 
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