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The results of the assessment of the temperature-humidity regime in the modern uninsulated barn in the summer period with 

external temperature fluctuations from +16.6°С to +37.2°С are presented. It was established that the indoor climate was 

significantly related to the state of the environment (r=0.95; p<0.001). Significant differences were found in terms of the 

temperature-humidity index (1.6–5.1 units) in different parts of the building, which may affect the state of comfort of the animals. 

The use of additional (except natural) ventilation in order to normalize the air environment should be carried out taking into 

account the time of day and the area of the room. 
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Introduction 
The combination of physical, chemical and biological environmental factors can affect animals both positively and negatively. If 

external factors in the form of weather phenomena are uncontrollable, but predictable, then internal factors can be controlled, 

creating favorable living conditions for animals (Timoshenko et al., 2017). Temperature, humidity, air velocity and room 

illumination have the greatest influence on the milk productivity and physiological state of cows (Ilin, & Vtoryiy, 2017; Yano et al., 

2018; Hempel et al., 2019; Mylostyvyi & Chernenko, 2019). The content of carbon dioxide, ammonia, hydrogen sulfide, and more 

recently methane as a greenhouse gas, is also subject to control (Poteko et al., 2019; Sanchis et al., 2019). 

The farm structures of lightweight construction (or uninsulated) are considered the most acceptable in terms of both milk 

production and cow health (Teye et al., 2007; Trofimov et al., 2014). Compared with capital buildings, the concentration of harmful 

gases is lower in them and there are the more comfortable conditions for animals to stay (Loshkarev et al, 2018; Jovovic et al., 

2019). Due to the use of lightweight enclosing structures and modern systems of natural ventilation, the cost of one place for 

growing cattle is lower by 24-28% (Gorbachev, 2010), but the cost of the milking and other technological equipment increases 

construction costs by a third. In addition, the concept of lightweight construction is economically beneficial only for large dairy 

enterprises with a population of more than 300 milk cows (Teye et al., 2007). 

The problem of ensuring an optimal microclimate in modern farm buildings is also far from being solved. Due to the large 

dimensions, the ventilation systems provided for in them through side curtains and light and aeration lanterns are able to provide 

the necessary parameters of the air environment only in a narrow range of external temperatures (Fedorenko et al., 2010; Wang et 

al., 2018a). In addition, their distribution is unevenly in area and height of buildings. In one zone, the temperature can meet the 

standards, in the other there is none (Herbut, 2013; Ortiz et al., 2015). Problems in the functionality of such buildings usually occur 

in winter at temperatures below -15°C, when manure passages begin to freeze (Teye et al., 2007), and during the summer heat, 

when the air warms up to +36°C, in the resting place of animals, it rises to +34°C (Voloshchuk & Khotsenko, 2017). 

The reason for the blunders is the active introduction of new foreign technologies and equipment without taking into account the 

climatic features of the region, which leads to unforeseen deviations of the actual parameters of the air environment from the 

calculated ones and unreasonable use of the capacities of ventilation systems. Large-capacity buildings put forward additional 

requirements for microclimate support systems and require new approaches to its assessment and normalization (Vtoryiy et al., 

2018). 

Among current trends in the development of microclimatic equipment (Ilin & Vtoryiy, 2017), automatically controlled processes for 

maintaining a microclimate depending on the time of day and day of the week, intermittent heating (cooling) and ventilation of 

rooms deserve attention, the operation of which is based on numerous simultaneous studies of the parameters of the air 

environment inside and outside. Having a great theoretical value for the further construction of mathematical models and being 

applied due to the effective use of ventilation equipment, such studies require considerable time and effort and are particularly 

valuable in a particular facility, given the possibility of further implementation of their results in production. 
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The aim of the work was to investigate the parameters of temperature and relative humidity of air in the barn, depending on their 

state in the external environment that is necessary for further effective normalization of the microclimate. Given the design 

features of an uninsulated building, we believed that we should expect an uneven distribution of temperatures and humidity in the 

barn. This requires a differentiated approach to ensure their optimal indicators. 

 

Material and methods 

The work was performed in the LLC MVK “Ekaterinoslavskiy” of the Dnepropetrovsk region (48°34'03.1" N, 34°54'47.0" E), which is 

a high-tech innovative dairy complex for the maintenance of Schwyz breed. Cows are situated in modern buildings designed for 600 

head of dairy herd (Figure 1). The buildings are located longitudinally in the direction from northeast to southwest relative to the 

cardinal points. Each of them provides for a two-row placement of cubicles (1.2 m × 2.5 m) in four sections (150 heads each). 

Special rubber mattresses create comfortable conditions for rest in cubicles. The dimensions of buildings in the axes are 240.0 m × 

32.4 m. The side walls with a height of 3.0 m have an armoured concrete base (height 0.4 m) with fastening of canvas curtains. 

Additional day and night (infrared) lighting provides the necessary light conditions in the farm structure. The roof is duplex, made of 

sandwich panels, which allows maintaining the relative constancy of the temperature in the barn, preventing its excessive 

overheating or cooling. The height of the room in the roofing ridge is 9 m. In the hot period, to enhance the air exchange, fans of 

large diameter are included. The storage unit of the milking hall of the company DeLaval, with the herd monitoring system “Dairy 

Comp-350” (parallel type 2 × 20) also has an irrigation system. A common mixed ration, balanced in accordance with the “Nutrient 

Requirements of Dairy Cattle” (2001) feeding standards, is distributed to the feed tables. Balancing diets and selecting the 

components of the feed mixture depending on the body weight and the productivity of the cows is carried out in collaboration with 

representatives of Company Cargill (Cargill AT, LLC). Each process section is equipped with separate feeders with salt, chalk and 

soda, which allows animals to freely consume them as needed. In the interstitial passages there are group car drinkers with heated 

water in winter. Manure from the access passages is removed with a mobile device (Bobcat S250) when the animals are in the 

milking parlor. 

 

 
 

Figure 1. The housing of a lightweight construction for 600 milk cows: а) internal view of cow building from the side of the feeding 

table; b) boxes for resting cows. 

 

Studies were conducted in summer during the longest light period of the year (June 22-23, 2018). The temperature and humidity 

conditions in the farm structure and the environment were assessed using an Ambient Weather WS-10 thermohygrometer 

(Ambient LLC, USA) for more than 30 hours continuously, with sensors recorded every 5-20 minutes. The side curtains in the room 

were constantly open. Its ventilation occurred naturally (powerful fans did not work). Remote sensors (F007TH) were placed at the 

level of animal rest directly between the first and second boxes on the side of the end sections (from the southeast and northwest 

sides) and in the central part as well (between 1st and 2nd boxes), only distantly from the interstitial passage with a group drinking 

bowl. Protective covers for sensors in the form of durable metal grid were fixed in cubicles in advance so that animals could get 

used to them. The WS-10 thermo-hygrometer panel was placed outside in a shade (Figure 2). Before operation, the sensors and 

thermohygrometer were adjusted using an Assman aspiration psychrometer in accordance with GOST 6353-52. During the 

observations, the temperature fluctuations of the outside air were fixed in the range from +16.6°С to +37.2°С, and relative humidity 

- from 19% to 81%. 
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Figure 2. Measurement of temperature and humidity conditions in the uninsulated barn: one of the sensors (F007TH) is located in 

the cubicle for resting cows (a), the Ambient Weather WS-10 thermohygrometer is located outside the barn (b). 

 

The comfort state of the cows was determined by calculating the temperature-humidity index (THI) by the equation: 

THI=1.8 × T−(1 −RH/100) × (T−14.3)+32  (1) 

 

Where THI is the temperature-humidity index, T is the ambient air temperature, °С, RH is the relative air humidity, %. 

 

Mathematical processing of the obtained results was performed using the “STATISTICA 10” software package for statistical analysis 

(StatSoft, Inc., USA). Differences between samples determined by the Mann-Whitney U-test were considered significant at P<0.05. 

 

Results 
It is established that the air temperature in the building was different from the external environment. In particular, in the evening, 

night and morning time (from 7:00 pm to 7:00 am) the building was warmer. The difference between the maximum values of the 

average temperature in the room and outside ranged from 0.3°C to 3.7°C. From 9:00 am and until 7:00 pm the room temperature 

remained cool (0.2°C –4.0°C) than outside (when it is quickly heated by the sun). Differences were also found in terms of mean 

temperatures in different parts of the animal building. In particular (Table 1), during the day in its central part (25.5°C) it was 0.3°C 

and 0.9°C cooler than in the southeast and northwest ones. The maximum temperature difference between the individual parts of 

the room was observed at night (at 2:00 hrs): between central and southeast parts it was 1.1°C; between central and northwest 

parts –3.6°C, between the southeast and north-west sides –2.5°C. And in the hot period of the day (from 11:00 to 16:00) the 

temperature difference between the individual sections did not exceed 0.8°C. In general, taking into account the temperature 

dynamics in the building, it was found that it was warmer for 18 hours (from 4:00 pm to 9:00 am) in the northwest part. The 

difference between the average temperatures in the housing (at all observation points) and the northwest side was from 0.1°C to 

2.0°C. From 10:00 to 15:00 in the southeast part, the temperature was slightly higher. It exceeded the average in the building by 

0.2°C–0.4°С. In general, temperature fluctuations in the room took place in the range of +17.7°C to +34.0°С (from southeast side – 

17.7°C –34.0°С; in the central part – 18.3°C –33.2°С; from northwest side – 20.2°C –33.2°С). 

Table 1. Dynamics of air temperature (°С) in the uninsulated barn during the day (n=162, SEX  ). 

 Outside Building 

Time of day In the shade southeast side 1  central part 2 northwest side3 

1:00 18.2 ± 0.08 20.6 ± 0.13*(2,3) 19.6 ± 0.16*(1,3) 21.9 ± 0.32*(1,2) 

2:00 17.5 ± 0.13 19.5 ± 0.19*(2,3) 18.4 ± 0.05*(1,3) 22.5 ± 0.36*(1,2) 

3:00 16.7 ± 0.11 18.7 ± 0.04 18.6 ± 0.07 20.6 ± 0.28 

4:00 16.7 ± 0.14 19.4 ± 0.71 20.2 ± 0.92 20.8 ± 0.21 

5:00 17.7 ± 0.22 20.4 ± 0.15*(2,3) 21.3 ± 0.17*(1) 21.3 ± 0.09*(1) 
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6:00 19.9 ± 0.32 20.7 ± 0.08* 21.3 ± 0.06* 21.2 ± 0.08* 

7:00 22.9 ± 0.62 22.9 ± 0.47 22.5 ± 0.39 23.5 ± 0.43 

8:00 25.9 ± 0.27 26.0 ± 0.39 25.2 ± 0.36(3) 26.2 ± 0.29(2) 

9:00 27.6 ± 0.25 27.8 ± 0.26(2) 26.9 ± 0.28*(1) 27.9 ± 0.35 

10:00 29.2 ± 0.46 29.1 ± 0.41 28.7 ± 0.45 28.7 ± 0.53 

11:00 31.3 ± 0.52 30.9 ± 0.52 30.5 ± 0.53 30.1 ± 0.53 

12:00 33.1 ± 0.60 31.7 ± 0.56* 31.3 ± 0.56* 31.5 ± 0.45* 

13:00 33.8 ± 0.81 31.8 ± 0.69 31.4 ± 0.67* 31.5 ± 0.59* 

14:00 34.3 ± 0.47 31.3 ± 0.46* 31.0 ± 0.41* 31.1 ± 0.38* 

15:00 34.6 ± 0.62 32.4 ± 0.70 31.7 ± 0.66* 32.7 ± 0.56* 

16:00 32.6 ± 0.23 30.9 ± 0.29*(2,3) 30.5 ± 0.24*(1,3) 31.3 ± 0.19*(1,2) 

17:00 31.8 ± 0.18 30.5 ± 0.12 30.3 ± 0.04 31.1 ± 0.11 

18:00 34.3 ± 1.78 30.1 ± 0.15 30.2 ± 0.11 30.7 ± 0.22 

19:00 30.1 ± 0.46 29.7 ± 0.18 30.3 ± 0.19 31.4 ± 0.41 

20:00 27.4 ± 0.51 27.9 ± 0.46(3) 28.1 ± 0.27(3) 29.6 ± 0.08*(1,2) 

21:00 24.5 ± 0.32 25.7 ± 0.18*(3) 26.2 ± 0.26*(3) 27.4 ± 0.42*(1,2) 

22:00 22.3 ± 0.23 24.3 ± 0.21* 24.3 ± 0.22* 24.6 ± 0.31* 

23:00 20.4 ± 0.28 22.0 ± 0.26*(3) 21.3 ± 0.48*(3) 22.9 ± 0.27*(1,2) 

24:00 19.1 ± 0.12 21.3 ± 0.07*(2,3) 20.0 ± 0.19*(1,3) 22.3 ± 0.19*(1,2) 

 

Note: * – Significant difference (P<0.05) between parameters outside and indoors; (1),(2),(3) –a significant difference between the 

separate parts of the building according to the Mann-Whitney U-test. 

 

Humidity in the uninsulated farm building also differed from the outside air. In particular, from midnight until 7:00 am the relative 

humidity in the cattle-breeding housing was lower. The difference between its average values in the room and outside was from 

0.7 to 6.8%. In the morning (after 8:00) and by night (24:00) the humidity in the room was 0.2–11.4% higher. It is established (Table 

2) that during the day, the average value of the relative humidity (54.2%) from the northwest side was higher by 1.1 and 2.4% than 

in the central and southeast parts. The maximum difference between individual areas of the room in this parameter of the air 

environment was observed in the evening (from 7:00 pm to 10:00 pm): between the central and southeast parts –10.6%; between 

the central and northwest parts –6.8%, between the southeast and northwest sides –11.8°C. In the heat period from 11:00 to 

16:00, the maximum difference in humidity between the indicated parts of the animal-breeding building was only 5.4; 6.7 and 

7.8%. Taking into account the dynamics of relative humidity, it can be argued that for 13 hours of the day (from 8 am to 9 pm, 

inclusive), the air from the southeast side of the building was drier than in other parts of it. The difference between the average 

relative humidity in it and separately in the southeast part increased to 6.4%. In general, its value in the air of the farm structure 

ranged from 27 to 76% (outside the variation ranged from 19 to 81%). 

Table 2. Dynamics of relative air humidity in the uninsulated barn during the day (n=162, SEX  ). 

 Outside Building 

Time of day In the shade southeast side 1 central part 2 northwest side3 

1:00 73.1 ± 0.50 71.1 ± 0.80(2,3) 68.9 ± 0.37*(1) 68.3 ± 0.47*(1) 

2:00 74.9 ± 0.15 70.9 ± 0.28*(3) 71.1 ± 0.55* 66.5 ± 1.08*(1) 

3:00 77.7 ± 0.41 70.1 ± 0.03 72.7 ± 0.41 70.6 ± 1.87 

4:00 80.0 ± 1.41 74.5 ± 2.12* 74.5 ± 0.71* 74.5 ± 0.71* 

5:00 78.8 ± 0.34 74.2 ± 0.66 75.2 ± 0.44 73.8 ± 0.52 

6:00 73.6 ± 1.13 70.3 ± 0.51* 69.4 ± 0.46*(3) 71.6 ± 0.32(2) 

7:00 65.3 ± 2.09 64.3 ± 1.83 65.8 ± 1.25 63.8 ± 2.52 

8:00 51.5 ± 0.97 52.3 ± 0.92 54.7 ± 1.32 54.7 ± 1.15 

9:00 44.0 ± 0.47 47.4 ± 0.52* 48.3 ± 0.65* 48.4 ± 0.78* 

10:00 39.6 ± 0.78 43.9 ± 1.04* 44.1 ± 1.13* 43.7 ± 0.56* 

11:00 35.2 ± 0.75 37.7 ± 0.82(2,3) 43.1 ± 2.38*(1,3) 43.4 ± 0.52*(1,2) 

12:00 29.4 ± 0.64 34.3 ± 0.56*(3) 35.4 ± 1.74*(3) 41.3 ± 0.63*(1,2) 

13:00 25.9 ± 1.01 32.7 ± 1.37* 35.6 ± 2.13* 37.1 ± 1.37* 

14:00 23.8 ± 0.82 31.6 ± 0.74*(2,3) 35.8 ± 1.53*(1) 38.2 ± 0.74*(1) 

15:00 23.1 ± 1.23 30.9 ± 1.72(3) 32.0 ± 2.30*(3) 38.7 ± 1.05*(1;2) 

16:00 27.7 ± 0.91 37.5 ± 1.81* 39.4 ± 1.21*(3) 37.9 ± 0.36*(2) 

17:00 30.7 ± 0.41 36.7 ± 0.41 40.7 ± 0.41 39.3 ± 1.08 
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18:00 34.3 ± 1.78 38.7 ± 1.08 42.5 ± 0.71 44.7 ± 3.08 

19:00 39.0 ± 1.41 39.7 ± 0.41 50.3 ± 2.16 48.3 ± 0.41 

20:00 46.6 ± 0.84 43.2 ± 0.55*(2,3) 48.2 ± 0.42(1,3) 55.3 ± 2.74*(1,2) 

21:00 48.8 ± 0.47 49.3 ± 1.12(2,3) 51.8 ± 0.65*(1,3) 56.4 ± 0.84*(1,2) 

22:00 52.1 ± 0.44 58.1 ± 1.50* 55.3 ± 0.21* 55.6 ± 0.57* 

23:00 57.7 ± 1.02 63.9 ± 1.78*(2) 56.9 ± 0.57(1,3) 65.6 ± 2.05*(2) 

24:00 67.2 ± 1.59 70.3 ± 0.23(2,3) 65.2 ± 1.95(1) 66.7 ± 0.88(1) 

Note: See table one. 

 

During the day, fluctuations in THI outside the room occurred in the range from 61.4 to 80.6 units. In a uninsulated barn, this figure 

ranged from 63.7 to 82.8 units. At the same time, the difference between the average value of indoor and outdoor THI was 1.5 

units (Table 3). The maximum difference in the magnitude of THI was observed at night and especially in the morning. This figure in 

the room was higher by 3.2-5.1 units than outside. However, in the period of heat (from 12:00 to 16:00.), the differences in the 

rates of external and internal air were only 0.1–1.5 units, while the value of THI was the highest outside the building. In building 

itself, the maximum difference in this indicator between the individual parts of the room during the day was: at night (0:00-2:00)–

5.1; in the morning (3:00-11:00)–1.7; at the afternoon (12:00-15:00)–1.6 and in the evening (16:00-23:00)–3.2. Although the 

average value of the index in the southeast, central part and northwest did not differ significantly and was respectively 72.5 ± 0.96; 

72.4 ± 1.03 and 73.9 ± 0.90 units. That is, in the northwest part the THI by 1.4–1.5 units was higher than in other parts of the 

building. 

Table 3. Dynamics of the temperature-humidity index in the uninsulated barn during the day (n=162, SEX  ). 

 Outside Building 

Time of day In the shade southeast side1 central part 2 northwest side3 

1:00 63.7 ± 0.11 67.3 ± 0.17*(2,3) 65.6 ± 0.25*(1,3) 68.9 ± 0.49*(1,2) 

2:00 62.7 ± 0.22 65.6 ± 0.28*(2,3) 63.9 ± 0.07*(1,3) 69.3 ± 0.48*(1,2) 

3:00 61.6 ± 0.15 64.5 ± 0.04(2,3) 64.3 ± 0.11(1) 67.2 ± 0.36(1) 

4:00 61.6 ± 0.21 65.7 ± 1.25 66.8 ± 1.48 67.7 ± 0.28 

5:00 63.2 ± 0.35 67.1 ± 0.23*(2,3) 68.8 ± 0.27*(1) 68.6 ± 0.18*(1) 

6:00 66.3 ± 0.44 67.4 ± 0.09*(2,3) 68.2 ± 0.13*(1) 68.2 ± 0.12*(1) 

7:00 70.2 ± 0.75 70.1 ± 0.52 69.7 ± 0.47 70.9 ± 0.59 

8:00 73.0 ± 0.39 73.2 ± 0.42 72.4 ± 0.34(3) 73.8 ± 0.35(2) 

9:00 74.2 ± 0.28 75.0 ± 0.36(2) 73.8 ± 0.30(1,3) 75.2 ± 0.42(2) 

10:00 75.6 ± 0.51 76.2 ± 0.43 75.5 ± 0.44 75.6 ± 0.64 

11:00 77.3 ± 0.55 77.2 ± 0.52 77.7 ± 0.83 77.1 ± 0.62 

12:00 78.3 ± 0.64 77.6 ± 0.59*(3) 77.3 ± 0.39(3) 78.6 ± 0.48(1,2) 

13:00 78.3 ± 0.73 77.4 ± 0.73 77.4 ± 0.55 77.9 ± 0.67 

14:00 78.5 ± 0.35 76.6 ± 0.39*(3) 77.2 ± 0.23* 77.5 ± 0.37*(1) 

15:00 78.7 ± 0.41 77.8 ± 0.47* 77.2 ± 0.36* 78.8 ± 0.68 

16:00 77.5 ± 0.19 77.2 ± 0.24 77.1 ± 0.12(3) 77.8 ± 0.26(2) 

17:00 77.1 ± 0.23 76.7 ± 0.08 77.1 ± 0.11 77.8 ± 0.29 

18:00 77.0 ± 0.07 76.5 ± 0.11 77.2 ± 0.04 78.1 ± 0.32 

19:00 76.5 ± 0.32 76.1 ± 0.15 78.2 ± 0.58 79.6 ± 0.45 

20:00 74.3 ± 0.54 74.5 ± 0.51(3) 75.4 ± 0.35(3) 78.4 ± 0.41*(1,2) 

21:00 70.9 ± 0.38 72.5 ± 0.13*(3) 73.1 ± 0.27*(3) 75.7 ± 0.67*(1,2) 

22:00 68.3 ± 0.28 71.6 ± 0.23*(2) 70.8 ± 0.33*(1) 71.7 ± 0.42* 

23:00 66.2 ± 0.33 68.8 ± 0.25*(3) 67.3 ± 0.62(3) 70.3 ± 0.48*(1,2) 

24:00 64.8 ± 0.11 68.3 ± 0.12*(2,3) 66.1 ± 0.39*(1,3) 69.5 ± 0.35*(1,2) 

Note: See Table 1. 

 

Environmental parameters such as temperature and relative humidity are closely related. The correlation coefficient between them 

was negative (r=-0.939; P<0.001) with a high interdependence (R2=0.88). In the air of the building, this relation increased (to r=-

0.972; R2=0.94), and therefore it is absolutely obviously that using THI to jointly evaluate their influence on the state of animals is 

very convenient. In general, the indoor climate was largely related to the state of the environment (r=0.95; R2=0.90). However, the 

highest correlation between THI of the environment and the value of this indicator indoors was observed on the southeast side 

(r=0.98; R2=0.96). 
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Discussion 

When developing modern climate control systems, the main task is to study the dynamic characteristics of temperature and 

relative humidity in the barn (Vtoryiy et al., 2018). Such information is needed to create mathematical models that reflect the 

reaction of animals to the action of environmental factors and are able to independently choose an algorithm for the effective 

operation of ventilation equipment (Vtoryiy et al., 2016; Wang et al., 2018b; Yi et al., 2019). For a successful process of such 

modeling, it is necessary to have a sufficient amount of information about the dynamics of the microclimate parameters in light-

weight farm structures in different parts of the room for a certain period of time, since they differ significantly and depend on the 

temperature-humidity state of the external environment. In particular (Sofronov et al., 2016), in the central part of the building the 

temperature was 2-3°C higher than at the faces of the barn. The relative air humidity in this part of the building exceeded the 

standard value by 7-12%, while at the ends it was within the normal range. The most favorable zone for animal habitat was the 

zone at the entrance to the building, however, information on the barn location relative to the cardinal points and the windrose is 

not indicated, and therefore it is difficult to draw conclusions about what factors positively influenced the state of the air 

environment in it. It is reported (Martyinova & Yastrebova, 2013), that the “critical points” of the deterioration of the microclimate 

were the northern and southern sides in the barns during the winter period, and in summer the southern and central ones, but 

there are no data on the placement of buildings in this publication as well. 

We are inclined to believe that the uneven distribution of temperatures and humidity in wide-sized buildings that we found may be 

related to their design features (Marciniak, 2014). We came to the conclusion (Timoshenko et al., 2017), that in buildings made of 

sandwich panels reinforced on load-bearing reinforced concrete structures and in buildings made of metal structures with a 

warmed roof, more comfortable conditions for animals are created than in buildings made of prefabricated semi-frame reinforced 

concrete structures and metal structures without warming of the roof. In particular (Trofimov et al., 2014), in summer, in the face 

area of the building with a warmed roof it was 1.6°C (+27.5°C) cooler than in the room without it (+29.1°C), and the relative 

humidity was lower by 2, 8% (50.3%). In the central part of the building from metal structures with a warmed roof it was 1.6°C 

(+28.3°C) cooler, and humidity was 4.5% lower (50.7%) than in the building without roof warming (+29.9°C and 55.2%). The 

difference in temperature and relative humidity in some parts of these rooms was 0.8°C and 2.1-0.4%, with a higher difference in 

indicators in the building without a warmed roof. More comfortable conditions of the microclimate in a farm structure with a 

warmed roof contributed to the fact that cows spent more time in a stall lying (5.3%). 

It is claimed (Fedorenko et al., 2010), that in wide-sized buildings out of the three possible modes of natural convection, the regime 

of stochastic (turbulent) convection is realized, which is characterized by indiscriminate gas flows with intensive mixing. It is 

reported (Vtoryiy et al., 2018), that the temperature difference in the lightened animal building and outside was 4.9°C-8.4°C, and 

regarding the relative humidity of the air it was 2.5-5.1%. Just as in our study, scientists measured the temperature and humidity of 

the air in real time using electronic sensors that were situated directly above the animal cubicles at a height of 2.5 m. The location 

of the recorders above the floor at such a distance was motivated by their inaccessibility to animals and operating staff (they 

should not interfere with the implementation of technological processes and operations). At the same time, the parameters of 

external air were fixed at a height of 2 m above the ground. Such an arrangement of sensors, although it was convenient for data 

collection, however, did not fully reflect the state of the environment in the place of stay of animals, which directly affects them. 

We understand that in our case, the animals' stay near the sensors could have influenced their measurements during direct contact 

(licking, etc.). However, the advanced (for several days) fixing of covers from a metal grid without sensors in the boxes should warn 

“excessive interest "of cows to the placed equipment. The single data given by the authors (Trofimov et al., 2014; Sofronov et al., 

2016; Voloshchuk & Khotsenko, 2017) on the dynamics of the indicators of temperature and relative humidity in the buildings, 

without taking into account their integral effect, do not fully reflect the state of comfort of the cows, to evaluate which in hot 

period the temperature-humidity index is used (Vtoryi et al., 2018; Mijic et al., 2019; Pinto et al., 2019; Mylostyvyi et al., 2019). 

Researchers believe (Hammami et al., 2013; Herbut et al., 2018) that the index value below 68 corresponds to comfortable 

conditions for animals and is the limit above which they are prone to heat stress. The THI value at the level of 68-71 corresponds to 

a slight stress, within 72-79 – to moderate stress, while at 80-89 cows are in a state of severe, and 90-99 very strong (hard) stress. 

The differences we obtained in the indicators of this index both indoors and outdoors, as well as in individual parts of the barn, can 

directly affect the animal organism and their productivity, as reported by other researchers. (Bertocchi et al., 2014; Schüller & 

Heuwieser, 2016; Mylostyvyi & Sejian, 2019). Based on the data presented by us, during the day cows that were in the central and 

southeast parts of the room could experience discomfort for 18 hours, in the northwest part for 22 hours. At the same time, THI 

indices that corresponded to the stress state of animals outside the room (in the shade) lasted only 16 hours. We associate the 

revealed differences in the uneven distribution of temperature and humidity in the room with its design features and location 

relative to the cardinal points. The data obtained indicate the need for additional application of active ventilation, not only during 

the hot period, but also other hours of the day, depending on the area of the room. 
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Conclusion 

The temperature-humidity state in the uninsulated barn was different from the external environment. The difference in average air 
temperatures in the building and outside during the day was 0.2°C –4.0°C. Relative air humidity differed by 0.7–6.8%. The 
distribution of these microclimate parameters in the barn was uneven. Differences in temperature and relative air humidity in its 
individual parts were 1.1°C –3.6°C and 6.8–11.8%. The difference between the average THI value in the room and outside was 1.5 
units, with a maximum difference between its individual parts during the day of 1.6–5.1 units. A high correlation was found 
between the temperature and humidity conditions in the room and its position in the environment (r=0.95). The high coefficient of 
determination (R2=0.90) indicates the possibility of using mathematical modeling methods for predicting and normalizing the 
microclimate in light-weight buildings. 
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