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Abstract. The number of measures is shown in article, that allow to 
downsize the consumption of thermal energy in the construction, 
rehabilitation, reconstruction and maintenance of buildings, which are 
which are recognized today as monuments of history and architecture. 
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1 Introduction 
The engineering systems that existed in the ancient unique buildings built in the XVII-XX 
centuries almost completely destroyed in connection with the purposeful destruction or lack 
of qualified operation. Along with the tasks of maintaining the required parameters of the 
microclimate, should be considered and thermophysical aspects used in the rehabilitation, 
reconstruction, new construction and the transfer of ancient unique buildings that are 
monuments of the historical and architectural heritage, to year-round operation [1, 2]. 

2 Materials and methods 
Creation and maintenance of the specified microclimate parameters in historical buildings is 
possible only if the seasonal heat balances and the characteristics of the heat supply, heating 
and ventilation systems in the presence of the required heat resistance of enclosing 
structures and their elements for rational energy use and energy-saving [2]. 

As a result of the influence of unregulated external natural factors (annual fluctuations in 
temperature and humidity, the impact of precipitation, soil moisture, groundwater) aging of 
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the materials takes place, leading to a change in the aesthetic, strength characteristics and 
temperature stresses of the supporting structures (Fig. 1) [3, 4].  

 

 
Fig. 1. Type of load-bearing structures of the Cathedral of St. Alexander Nevsky, exposed to 
moisture, before reconstruction. 

 
Many unique buildings constructed in the central part of Russia in the XVII - XX 

centuries, according to the thermal characteristics of the exterior walls, are analogues of 
buildings, which, regulatory requirements should be built with 2003. 

This makes it possible to create and maintain the required microclimate parameters in 
existing, reconstructed and newly constructed buildings, which are historical and 
architectural monuments, with minimal costs (Fig. 2) [4]. 

For the protection of buildings and monuments of ancient architecture from the effects 
of moisture, as well as for more rapid drying walling, exposed to intensive exposure to 
moisture and water vapor, used electroosmotic device [5, 6]. 

As a result of electroosmotic dehumidification, the moisture from the layer is filtered to 
the surface of enclosing structures and evaporated into the volume of the premises, from 
which it is removed by ventilation systems at the expense of the organized regulated air 
exchange [3, 8]. 

3 Researches 
In the process of research, was obtained the economic effect of reducing the drying time of 
thick-walled structures from 1 to 2.5 m thick using the method of electroosmosis, compared 
to natural drying for 5-8 years to the equilibrium air humidity value. 

An important role in the formation of heat and air regimes in unique buildings is 
provided by window openings. The solution of such problems is based on the study of the 
temperature regime of the outer walls near the window openings and the temperature regime 
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of the glazing of the window opening, taking into account the calculated parameters of the 
outside air, as well as taking into account the location of the window openings. We have 
developed an engineering method for calculating the thermal conditions of the outer walls 
near the window opening, depending on the position of the window cover relative to the 
longitudinal axis of the wall and the thickness of the air space between cover of the window 
block [7] (Fig. 3). 

 
Fig. 2. The walls in the ancient unique buildings have a thickness of more than 1 m. 
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Fig.3. Diagram of convective airflow in glazing, depending on the location of the window sash. 

3

MATEC Web of Conferences 144, 04021 (2018) https://doi.org/10.1051/matecconf/201814404021
RiMES 2017



4 
 

With the glazing of the outer fences of ancient buildings, which are monuments of 
history and architecture, a reduction of heat loss is achieved within the range of 10÷30% in 
the process of optimizing the location of window sashes relative to the longitudinal axis of 
the wall of the order of 3.5÷7%, counting from the total heat loss of the building of the 
temple, and about 25÷30%, of the heat loss in the conventional arrangement structure of 
window bindings to ¼ of the wall thickness of the outer surface. 

Before designing engineering systems in historic buildings, should ensure the integrity 
of a building with thermotechnical point of view. 

4 Results 
We obtained theoretical and experimental results on automatic and manual regulation of 
natural ventilation, depending on the season of the year, the number of people and the 
power of the heating system in unique buildings. Gravitational pressure is a self-regulating 
value in unique buildings with a dominant vertical layout [8, 9, 10]. 

For each unique building we studied, which is a historical and architectural monument, 
developed individual card regulation of air exchange on the season of year. Conducting 
energy-saving measures to regulate the air exchange of gravitational ventilation (aeration) 
during working hours and non-working hours, can significantly reduce heatconsumption by 
unique buildings [8]. 

The use of mechanical ventilation systems in buildings of historical and artistic value, 
spoils the interior, and leads to a significant increase in operating costs. 

5 Conclusions 
The unique ancient buildings, unlike modern civil buildings, have a number of design 
features that affect the heat and mass transfer processes in their premises. 

In the design of natural ventilation systems in the unique historic buildings should take 
into account the particular climatic characteristics of the region. 

Calculation of natural ventilation systems is recommended for three accounting periods 
of the year: warm, transitional and cold, taking into account the different occupancy rates of 
the ancient unique building by people and the characteristics of the heating system [9, 10, 
11, 12]. 

We have developed measures to ensure the required controlled gravity air exchange and 
the normalized air permeability of window bindings with seasonal regulation. This saves up 
to 30% of the heat compared to the absence of automatic regulation and more than 50% 
compared to the use of mechanical ventilation. 
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