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The air temperature and relative humidity in the cowshed were examined during summer heat period to
determine the comfort of dairy cows by calculating the temperature-humidity index (THI). These values were
depended on the time of day. The difference in average temperatures inside and outside the cowshed didn't exceed 2 -
3°C. During the summer heat period (+36.9 °C), the uninsulated cowshed was cooler because of the tent (which had
provided shadow against the sunlight) and the continuous work of large diameter fans. The relative air humidity in
the room was on average 1-14% higher than outside, due to the release of moisture by animals and evaporation from
the surrounding equipment. Therefore, THI outside and inside the cowshed differed by 2-3 units (P<0.05). It exceeded
the comfortable value (68) for cows during 18 hours per day, with a maximum increase to 81. The THI in the room
itself was also different. The difference between the central and side parts of an uninsulated cowshed reached 3-4
units (P<0.05). This was depended on its location relatively to the four points of compass (from north to south) and
the time of day, which means, on the degree of warming up the room by the rays of sunlight.
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Formulation of the problem. The environment thermoregulation of animals. The temperature-
affects the well-being, behavior and productivity of  humidity index (THI) is widely used to assess the
dairy cows [1-3]. The borderline of temperature effect of heat on dairy cattle [19]. The methods for its
comfort for cattle depends on the breed and its calculating are varied [20], like degree of heat stress
productivity [4]. For cows comfortable are that it characterizes [21].
temperatures from -13 to + 20-25° C [5]. Cattle Ensuring the comfort of animals in an uninsulated
tolerate lower temperatures more easily than heat. cowshed remains a problem, since the indoor climate
High temperatures lead to changes in the clinical does not different much from the external
condition of animals [6], impaired metabolic environment [8]. Although an uninsulated cowshed
homeostasis [7], reduced milk yield [8-11] and has an advantage over keeping livestock on an open
changes in the components of milk [12-13]. air pasture during the summer heat (regarding the

Heat stress is becoming a serious problem for possibility of using large diameter fans and
dairy farming under conditions of global climate irrigation), the temperature difference inside and
change [14-15]. Studies in the United States [16] outside the cowshed during the warm period of the
show annual economic losses in dairy farming in the  year does not exceed 5° C [22-24]. Therefore, the
amount of $897 million. In the European Union, effect of high temperatures on cows is significant.
losses can reach 422 euros per animal, of which 80% The purpose of the study was to analyze the
are associated with decrease in milk production and  temperature and humidity regime of an uninsulated
20% — with declining health. In Switzerland, Czech cowshed and the possibility for heat stress
Republic and Poland, in the summertime, dairy cows  development in Holstein cows during summer heat.
are exposed to heat stress from 6 to 10 hours per day, Materials and methods of research. The
and in Spain, Italy and the south of France - from 13  temperature (°C) and relative humidity were
to 18 hours, losing from 3.0 to 5.5 kg of milk [17]. In  measured in the cowshed of the dairy enterprise of the
Eastern Europe, duration of the stress period can private joint-stock company Agro-Soyuz
reach 30-60 days, which leads to a decrease in (Dnipropetrovsk oblast’, Ukraine) in August 2018
productivity by 10-35%, and losses due to decline in  during the summer heat. The uninsulated cowshed of
the calves’ birth rate can amount to $120 per cow in  hangar type with an awning covering, has side canvas
a year [18]. curtains, four-row placement of stalls for keeping

Analysis of recent research and publications. It  dairy cows without a leash. The dimensions in the
is important to monitor the high temperatures and axes are 124 x 34.5 m, the height in the skate is 8.25
relative humidity of the air, which together affect the  m. The total area of the premise per cow is 4.3 m2
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(the stall is 2.24 m2). The cowshed is equipped with
a feeding table and group automatic drinking-bowls.

e 2

Fig. 1. Uninsulated cowshed of the hangar type with an awning coating

Remote thermohygrometer sensors (FOO7TH) of
the Ambient Weather WS-10 (Ambient LLC, USA)
were placed directly in the stalls around the edges and
in the center of the premise at the cows resting level,
and separately in the shade outside of the cowshed
(Fig. 2 b, c). Sensor readings were recorded at
intervals of 5-20 min continuously throughout the

a.

day. Protective covers for sensors in the form of
durable metal mesh were fixed in stalls (Fig. 2a), so
that animals could get used to them. Cows are very
curious, and their excessive attention could affect the
accuracy of measurements. Before measurements, the
sensors and the instrument were configured using
Assman aspiration psychrometer by GOST 6353-52.

‘
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Fig. 2. Measurement of temperature and humidity regime in an uninsulated cowshed: protective
covers for sensors made of durable metal mesh (a), one of the sensors (FO07TH) located in the cow rest
stall (b), thermohygrometer Ambient Weather WS-10 outside of cowshed (c).

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

by the equation:
THI =1,8+T — (1—%) « (T — 14,3) + 32,

@)

where THI = temperature-humidity index; T = air
temperature, °C; RH = relative humidity, %.

Mathematical processing of the obtained results
was performed using the Statistica 10 software
package for statistical analysis (StatSoft, Inc., USA).
Differences between samples were determined using
ANOVA and were considered significant at P <0.05.

Presenting main material. Studies were carried
out in the range of external temperatures from +19.2
to +36.9° C. The temperature in the cowshed was
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depended on the environmental state. Large diameter
fans worked in the room around the clock (the speed
of air movement in the animal resting place was on a
level was on level 0,5-0,9 m/s). The correlation
between the air temperature inside and outside the
cowshed amounted to r = 0.962 (R2 = 0.93). The
average temperature inside and outside the cowshed
differed slightly (Fig. 3). With an external
temperature of +20-23° C (at night and in the early
morning) the temperature difference inside and
outside the room did not exceed 0.3° C. From the
morning and until noon,

when the external

38

temperature warmed up to +32°C, it was 1.5-2.0° C
warmer in the cowshed. We associated this with the
ability of the room to retain the heat which produced
by animals. During the summer heat, when the
outside air warmed up above +35 °C, the tent of the
cowshed appeared as a shadow protection for
animals. Indoors was cooler. The difference in
average temperatures was up to 1.9° C. When the
temperature decreased to +32 °C in the evening and
until midnight, in the uninsulated cowshed it was 1.5—
2.5° C cooler. Which we connected with faster
cooling of the room where the fans were worked.
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Fig. 3. Dynamics of average temperatures inside (green line)
and outside (red line) the uninsulated cowshed

The temperature in different parts of the room,
having a north-south location relative to the cardinal
directions, differed significantly (Tab. 1). From 7:00
a.m. to noon in the southeastern part of the room it
was warmer by 0.5-3.0 ° C than in the northwestern
part. This is due to the warming up of the cowshed by

the rays of the rising sun. In the afternoon and until 6
p.m., the north-west side warmed up greater. The
temperature was higher by 0.3-1.2 ° C. The
temperature difference in the center and the end faces
of the cowshed during the day was 0.1-3.7 ° C.

Table 1

Air temperature dynamics in an uninsulated cowshed during the day, Mean (+SE)

Outdoors Cowshed
Time of the day in the shade, n=134 SOUt:_ff;zSIde' central part, n=134 northr;rllegs;yde,
1 2 3 4 5
1:00 22.3+0.207 22.1+0.311 22.6+0.234? 21.8+0.2591
2:00 21.2+0.07¢ 21.1+0.1491 21.6+0.29¢91 20.940.1241
3:00 20.7+0.257 21.3+0.2441 20.9+0.51¢? 20.8+0.241
4:00 20.0+0.40° 20.2+0.5491 19.8+0.79%! 20.0£0.411
5:00 19.6+0.23¢ 20.3+0.58%1 19.0+0.5492 19.8+0.38%1
6:00 20.2+0.17° 20.0+0.40%1 19.3+0.23%1 20.4+0.2492
7:00 22.1+0.25¢ 25.7+0.44b1 22.0+0.5092 22.740.4492
8:00 24.0+0.40° 26.610.2201 24.8+0.36%2 25.6+0.38b1
9:00 26.6+0.39¢ 28.8+0.371 28.1+0.42b1 27.8+0.31%1
10:00 29.6+0.437 32.0+0.4601 31.940.65%1 31.0+0.381
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Continuation of the table 1

1 2 3 4 5
11:00 31.9+0.38¢ 34.240.311 32.740.25%? 33.040.31%2
12:00 35.0+0.54¢ 34.9+0.2741 34.0+0.1492 34.5£0.2141
13:00 35.0+0.54¢ 35.040.13b1 34.2+0.09? 34.540.21b1
14:00 36.2+0.16° 34.3+0.05%1 34.0%0.09%2 34.610.15b3
15:00 35.9+1.41¢ 34.7+0.234 34.8+0.28%1 35.2+0.214
16:00 34.7+0.19¢ 34.0+0.214 34.2+0.35%1 34.2+0.35%
17:00 34.3+0.28¢ 33.8+0.214! 34.3+0.21%! 34.0£0.2841
18:00 33.4+0.31¢ 32.5+0.4071 34.2+0.65% 33.7+0.434
19:00 32.4+0.52¢ 30.0+0.3491 30.20.47%1 29.6+0.33%1
20:00 29.1+0.29¢ 27.3+0.55b1 27.5+0.25b1 27.140.24b1
21:00 27.2+0.28¢ 25.9+0.4791 25.30.49%1 25.4+0.35%1
22:00 25.9+0.37¢ 23.9+0.32b1 24.6+0.12b2 24.7+0.1292
23:00 25.8+0.73¢ 23.740.1241 23.8+0.1291 22.840.41%1
24:00 23.3+0.30¢ 23.3+0.174 23.6%0.25¢% 23.5+0.49

Note: different Latin characters in the rows indicate samples that are significantly different from one another (P <0.05) according
to the Mann-Whitney U-test. Different numbers indicate significant differences in the values inside the cowshed

The relative air humidity in the cowshed was
depended on the environmental state (Fig. 4). The
correlation between the relative humidity inside and
outside the cowshed amounted to r = 0.954 (R2 =
0.91). Its average values in the cowshed were the
highest (48.2-55.9%) at night and in the early
morning before sunrise. The difference between
relative humidity values indoors and outdoors was
small (0.7-3.4%). In the noon hours and until 4:00
p.m. with maximum warming up of atmospheric air,

60

its humidity decreased to 13.5%, however in the
cowshed it remained higher on average by 7.9-
11.7%. The difference was significant in the evening
and until sunset (6.1-12.4%), and only after sunset
and until midnight, it was only 3.4 - 4.1%. During 24
hours, the relative air humidity in the cowshed was
higher than outside. This is due to the release of
moisture by animals and evaporation from wet
surfaces of enclosing structures.
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Fig. 4. Dynamics of average relative humidity values outside (green line) and inside (brown line)
uninsulated cowshed, n=402

The relative air humidity differed in different parts
of the lightweight cowshed (Tab. 2). From 9:00 a.m.
to 6:00 p.m. it was higher in the central part of the
room by 0.5 - 7.2% than in the end parts of the
uninsulated cowshed. In the morning and evening

hours, as well as at night, the air humidity in the
south-eastern part of the room was 0.5 - 6.2% higher.
During the day, the relative air humidity in the north-
western part of the cowshed was lower.
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Table 2

Dynamics of relative humidity in an uninsulated cowshed during the day, Mean (+SE)
Outdoors Cowshed
Time of the day | inthe shade, n=134 south-east side, n=134 central part, n=134 north-west side, n=134
1:00 49.3+0.29¢ 49.5+0.75 50.8+0.73b2 52.3+0.29b2
2:00 49.3+0.557 51.0+0.47¢1 51.5+0.75% 55.0%0.47b2
3:00 49.5+0.49¢ 51.5+0.45b1 51.9+0.43b2 55.3+0.3953
4:00 52.5+1.207 52.5+0.6191 55.0+1.1491 57.1+0.74b2
5:00 54.1+0.64¢ 52.7+0.65¢1 56.1+0.96%2 57.4%0.74b2
6:00 53.5+0.79¢ 53.5+0.3791 56.5+0.24b2 57.8+0.44b3
7:00 51.0+0.357 50.2+1.9891 55.0+0.71b1 55.6+0.45b1
8:00 48.8+0.774 46.8+0.66%1 51.3+0.67b2 52.8+1.00b2
9:00 47.5+0.62¢ 45.0£0.49b1 50.2+0.34b2 49.5+0.37%2
10:00 40.4+1.71¢ 40.8+0.8371 44.3+1.2192 42.6+1.67%1
11:00 34.0+1.75¢ 35.9+1.4741 40.4+0.97b2 37.6+1.5792
12:00 26.1+1.757 30.9+1.1091 38.1+0.48b2 32.9+1.48b3
13:00 16.6+1.35¢ 25.9+1.26b1 29.9+1.6162 29.1+0.98b2
14:00 15.3+0.23¢ 22.7+0.371 27.3+0.37b2 26.8+0.52b2
15:00 14.0+1.41¢° 22.5+0.7191 28.0+1.4191 25.5+0.7191
16:00 13.5+2.12¢ 23.0+0.5191 27.0+1.411 24.5+0.7191
17:00 15.0+0.51° 23.0+0.49¢1 28.5+0.71¢1 25.5+0.71¢2
18:00 20.5+2.13¢ 25.2+0.5291 28.8+1.18b2 25.7+1.9391
19:00 21.8+0.78¢ 30.1+0.65b1 36.1+0.8272 36.30.83b2
20:00 27.0+1.25¢ 36.0+1.15%1 38.3+0.5601 39.940.50b2
21:00 37.5+0.33¢ 39.8+0.29b1 40.3+2.4291 44.3+0.29b2
22:00 39.4+1.52¢ 41.0+1.541 44.,60.97b1 45.0£0.61b1
23:00 44.0+0.71¢ 46.0£1.2291 48.0£0.511 48.3+0.411
24:00 45.0+0.94¢ 47.3+0.99%1 49.5+0.33b1 50.5+0.75b2

Note: see Table 1.

Temperature and air humidity regime in an

uninsulated cowshed significantly changed during the  was high r = -0.884 (P <0.05).
day (Fig. 5). The correlation coefficient between the

Fig. 5. Indicators of temperature and air humidity regime inside an uninsulated cowshed
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The construction of a linear regression model (Fig. 6) shows their high mutual conditionality (R2 = 0.78).
As the temperature in the cowshed raised by 1° C, the relative air humidity dropped by 1.7%.

R2=0.7819
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Fig. 6. Correlation between air temperature
and relative air humidity in an uninsulated cowshed, n=402

To evaluate the effect of air temperature and
humidity on animals in such conditions is rather
difficult without the use of an integral indicator which
would take into account their combined effect on the
dairy cows organism. The temperature-humidity
index (THI) has long been used to assess the comfort

of livestock in conditions of heat. In the external
environment, it was within 64.9-79.7. In an
uninsulated cowshed, the THI value was 64.1-81.0.
The difference between the THI outside and inside
uninsulated cowshed, depending on the end of the
building was 0.1-2.7 (Tab. 3)

Table 3
Dynamics of the temperature-humidity index in an uninsulated cowshed during the day, Mean (+SE)
Outdoors Cowshed
Time of the day in the shade, n=134 south-east side, central part, n=134 north-west side,
n=134 n=134
1 2 3 4 5
1:00 68.1+0.26¢ 67.810.411 68.6+0.23¢71 67.6+0.3191
2:00 66.6+0.10¢ 66.7+0.161 67.3+0.367 66.7+0.1971
3:00 66.1+0.31¢ 67.0+0.31 66.5+0.6791 66.5+0.33¢91
4:00 65.3+0.617 65.610.7191 65.0+1.0571 65.60.6071
5:00 64.9+0.287 65.7+0.7371 64.1+0.6771 65.310.4791
6:00 65.7+0.217 65.4+0.5291 64.5+0.32b2 66.1+0.3372
7:00 67.9+0.32¢ 72.5+0.65b1 68.1+0.6392 69.1+0.5992
8:00 70.3+0.45¢ 73.0£0.21b1 71.620.4792 72.7+0.41b1
9:00 73.5+0.47¢ 75.9+0.44b1 75.740.54b1 75.2+0.37b1
10:00 76.2+0.267 79.0+0.43b1 79.6+0.71b1 78.2+0.24b2
11:00 77.8+0.247 80.8+0.25b1 79.9+0.19b2 79.7+0.19b2
12:00 79.7+0.287 80.610.3271 81.0+0.12b1 80.5+0.1292
13:00 78.9+0.17¢ 79.610.311 79.610.3571 80.010.17%2
14:00 78.6+0.17¢ 78.2+0.0371 78.80.169? 79.4+0.21b2
15:00 78.1+1.63¢ 78.7+0.2141 79.9+0.0571 79.8+0.35%
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Continuation of the table 3

1 2 3 4 5
16:00 76.8+0.42¢ 78.0+0.2141 79.0+0.0741 78.5+0.21¢41
17:00 76.8+0.21¢ 77.8+0.21%! 79.4+0.074! 78.5+0.4291
18:00 76.9+0.51¢ 76.8+0.37%! 79.30.512 78.2+0.579?
19:00 76.2+0.45¢ 75.0+0.30%! 76.20.42b2 75.6+0.26%!
20:00 73.5+0.16¢ 72.8+0.53%! 73.3£0.25% 73.1+0.23%
21:00 72.9+0.34¢ 71.7+0.5741 70.9+0.794 71.5+0.42¢91
22:00 71.6+0.42¢ 69.3+0.40%! 70.6+0.092 70.7+0.10%?
23:00 72.0+0.92¢ 69.6+0.2491 69.9+0.16 68.7+0.57%1
24.00 69.0+0.30¢ 69.1+0.219! 69.8+0.329! 69.7+0.629!

Note: see Table 1.

In different ends of the uninsulated cowshed,
depending on the time of day, the greatest difference
in THI value was 2.5-4.4 (Fig. 4) exceeding the

comfortable values for dairy cows even in the
morning and evening hours.
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Fig. 7. Temperature-humidity index in different ends of the uninsulated cowshed (south-east side -
red line; central part - green line; north-west side - blue line), n=134

Therefore, the differences in the indicators of the
temperature-humidity index in different ends of the
uninsulated cowshed can significantly affect the state
of comfort of the animals.

Discussion. “Cold” or “uninsulated” cowsheds are
usually referred to that one with natural ventilation,
the barrier structures of which are made with minimal
thermal insulation or without it. A well-built cowshed
should work as a tent in the summer, protecting
animals from rain and sun. The difference between
the indoor and outdoor air temperature in it usually
doesn't exceed 5° C [25].

The air temperature in modern lightweight
cowsheds depends on the ambient air temperature,
which directly affects the animals living conditions.
Therefore, to prevent the loss of milk, it is necessary
to implement effective methods of heat diffusion and
temperature stabilization in cowsheds [18].

Many researchers [8, 14, 20] had been calculating
the THI, using meteorological data (temperature and
relative humidity) which were obtained at stations

located near farms. This is a very convenient and
affordable way. However, even in an uninsulated
cowshed, the difference in THI values inside and
outside the room can be significant. As well as in
different places of the room, the indicators of THI
were different too. In particular, in the central part of
the cowshed with natural ventilation [26], THI was
higher by 2.33 than in the end parts.

The authors [14, 27, 28] were tend to think that
THI at level 72 is the beginning for reducing milk
yield in dairy cows, and for the content of milk fat and
protein its threshold values are even lower. Thus, the
differences we obtained in the THI value of 2—4 units
in different parts of the non-insulated cowshed could
affect the milk yield and milk composition of
individual animals.

It should be noted that the studies were carried out
with large diameter fans operating around the clock.
The air speed at the animal resting site was low (up to
0.9 m/s), and only near the feeding table its maximum
speed was 2.8-3.6 m/s. There were no significant
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differences in the air speed in the ends of the cowshed
and its central part.

Experiments in the climate chamber [29] showed
that the normalization of the animals clinical-
physiological parameters (respiration rate, pulse, skin
temperature) directly depended on the fan speed and
the time of airflow impact, the higher they were, the
faster clinical parameters returned to the limits of
physiological standards. Comfortable environment in
the rest and feeding areas of animals was achieved
when the fans were located at a height of 2.5-3 meters
from the floor at an angle of 12-17 © and the distance
between the fans was 14 m.

However, the opinion of researchers on this
subject was different. One of the author [23] as a
positive influence on the behavior of dairy cows
during the summer heat recommended to increase the
air speed to 3-4 m/s, while in the recommendations
of others [29], its mobility should not exceed 1.5-2.0
m/s. This is quite enough to reduce the temperature of
the skin by 5 © C with increasing heat dissipation due
to convection and evaporation.

Apparently, the use of large diameter fans alone in
uninsulated cowshed, in our case, was insufficient,
since the value of the temperature-humidity index
exceeded the rate (68) that was comfortable for cows
for 18 hours per day.

In the results which were published in 1988 [30],
it was shown that a combination of wetting and forced
ventilation can reduce the daily increase in rectal
temperature by 0.3 ° C, increasing cows milk yield by
3.6 kg per day. However, in conditions of low air
mobility, excessive humidity when using sprinklers

may cause animals overheating due to impairment of
heat loss. The suggested technical solution [31-32],
allowed to adjust the temperature and maintain the air
relative humidity in livestock buildings by creating
micro-droplet water mist (the droplet size up to 30
microns) in the animals area. Due to the water
evaporation, the livestock building is cooled up to
4...10° C. The advantage of this system is the
automatic maintenance of the microclimate (humidity
/ temperature), the elimination of dust and pathogenic
bacteria, the neutralization of unpleasant odors and
volatile compounds (ammonia, methane, carbon
dioxide, etc.), as well as dry litter, which is preferred
[33]. We consider those systems to be the most
acceptable in the period of a significant increase in
THI indoors.

Conclusions and future prospects research. The
indoor temperature and humidity regime in an
uninsulated cowshed was similar to the external
environment. Differences in THI indicators inside
and outside the room, as well as in its different parts,
were due to the location and design features of the
uninsulated barn. This can affect the comfort of
individual animals during summer heat. Large-
diameter fans did not provide effective cooling of the
air at the cows resting place for a long time during the
day. This should include the use of additional
technical solutions in periods of significant increase
in THI, possibly through irrigation. The effectiveness
of various methods of normalization of the
microclimate in an uninsulated room during the
summer heat will be the subject of further research.
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P.B. MunoctuBuid. OniHka WMOBIPHOCTI TemJIOBOrO CTpecy B KOpPiB Yy
Hei30/IbOBAHOMY KOPiBHHMKY B NepioJ JIiTHbOI ClIEKHU

Hocaidxcysanru memnepamypy i ¢i0HOCHY 80102icmb nog8imps 8 KOPIBHUKY 8 nepiod cneku, ujob ausHa4yumu
KoM@opm MO/AOYHUX KOpI8 W/ASIXOM PO3PAXYHKY memnhepamypHo-e8o/0zicHozo iHdekcy (TBI). Li nokasHuku
3asexcanu 8id yacy dobu. PisHuys cepedHix memnepamyp ecepeduHi i 308Hi kopisHuka He nepesuwysana 2 ... 3 °C. Y
nepiod cneku (+36,9 ° C) 8 Hei30.1608aHOMY KOpPiIBHUKY 6Y./10 NPOX0100HIWe 3a paxyHOK meHmy (siKuli cmeopiosas
miHbogull 3axucm 8id COHAYHUX NpoMeHig) | 6eanepepsHoi pobomu seHmuasimopie eeaukozo diamempa. BioHocHa
8o/102icmb nogimps 8 npumiwjeHHi 6yna suwe 8 cepedHbomy Ha 1-14%, Hixc 308Hi, 3a paxyHOK 8udi/eHHs 80/102U
meapuHamu [ sunapo8ys8aHHs 3 omoyyrouux koHcmpykyiil. Tomy TBI 306Hi | ecepeduHi KopieHuka 8i0pi3HABCA HA 2-
3 odunuyi (P <0,05). Bin nepesuujysas komgpopmHe 3HayeHHs (68) 0451 kopie npomsizom 18 200 Ha do6y, npu
MAKCUMaibHoMy 3pocmatmHi do 81 00. TBI 8 camomy npumiujeHHi makoxc 8idpizHsascs. Pi3HUYs mixc yeHmpaabHUMU
i 6IYHUMU YaCMUHAMU HEl30/1b08aH020 KopisHUKa cs2aaa 3 ... 4 odunuyi (P <0,05). l]e 3a1excano 8id po3mawyeaHHs
liozo 8idHocHO cmopiH ceimy (3 nigHoui Ha nigdeHb) i yacy dobu, mobmo 8i0 cmyneHs1 Npo2piaHHS NPUMIWEHHS
NpOMeHAMU COHAYHO20 C8ImAd.

Kawouvoei caoea: Heiz01b08aHUUl KOpPIBHUK, MOJI0YHI KOpOBU, 308HIWHE cepedosuwje, xcapkull Kaimam,
memnepamypHo-80/102icHUll iHOeKc.

P.B. MwuiaoctuBbid. OLeHKa BepOATHOCTH TeEIUIOBOrOo CTpecca y KOpPOB B
HEU30/IMPOBAHHOM KOPOBHHKE B IEPUOJ, XKapbl

Hccaedosanu memnepamypy u 0mHOCUMEABHYIO 8/1AHCHOCMb 8030yXA 8 KOPOGHUKE 8 Nepuod xcapbsl, 4¥mobb!
onpedeaums KoM@boOpmM MO/A04HbIX KOPO8 NymeM pacuema memnepamypHo-8aAaxcHocmuoz0 uHdekca (TBH). Imu
nokasameau 3asuceau om spemeHu cymok. PaszHuya cpedHux memnepamyp 8Hympu U CHAPY*CU KOPOBHUKA He
npeebiwana 2...3 °C. B nepuod 3Hos (+36,9 °C) 6 HeuU304up08aAHHOM KOPOBHUKe 6bl/10 NPOoX/AaAdHee 3a cuem meHma
(komopulii co30asas1 meHesyo 3aujumy om Co/IHe4HbIX aAy4ell) U Henpepbl8HOU pabombl 8eHMUASIMOPO8 60.1bUWO020
duamempa. OmHoCUmMeNbHAsl 8AANCHOCMb 8030YXA 8 NOMeWeHUU Oblia sbluie 8 cpedHeM Ha 1-14%, ywem cHapyxcy,
3a cuem @bldeseHUsl 8/1a2U HUBOMHBIMU U UCNAPEHUs C oKpyxcarouux koHcmpykyuil. llosmomy TBH cHapyscu u
8HYmMpU KOPOBHUKA omauvascs Ha 2-3 eduHuyst (P<0,05). OH npegbiwan komgopmHoe 3HaveHue (68) das kopos 8
meveHuu 18 4 8 cymku, npu MakcumaabHoM go3pacmaruu do 81 ed. TBH e camom nomewjeHuu makice omauva/cs.
PasHuya mesxcdy yeHmpaasHulMu U 60KO8bIMU YACMSIMU HEU30/AUPOBAHHO20 KOposHUKA docmuzaa 3...4 eduHuybl
(P<0,05). 3mo 3as8uces10 om pacno/10x%ceHus e2o 0MHOCUMebHO CMOPOH ceema (¢ cegepa HA 102) U 8peMeHU CYMOK,
mo ecmb 0om cmeneHu npozpesaHusl NOMeweHus 1y4amu COAHEYHO20 ceemd.

Kawuesvle caoea: Heu301upo8aHHbIli KOPOBHUK, MOI0YHbIe KOPOBbL, BHEWH SISl cpeda, dHcapKull Kaumam,
memnepamypHo-8/AaMCHOCMHbLI UHOEKC.
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