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Abstract. In the field of pig breeding, the main goal is to increase the level of fertility and survival of piglets in 
order to maximize the size of the nest both at birth and at weaning per sow per year. The purpose of this study was 
to determine the features of the long-term dynamics of the main reproductive features of sows of the large white 
breed using time series analysis, as well as the role of climatic factors (primarily, temperature) in the manifestation 
of these dynamics. For the analysis, we used primary data on sows of the large white breed, which were kept in the 
conditions of Tavriyski svini LLC (Skadovsky district, Kherson region, Ukraine) during 2007-2017. The presence of 
a trend was determined using the Spearman rank correlation coefficient. In addition, autocorrelation coefficients 
were estimated for lags from 1 to 45 months. to detect the presence and duration of cycles. It was established 
that during the research period there was a negative trend in relation to the total number of piglets at birth 
and, conversely, a positive trend in relation to the average weight of one piglet at birth and weaning. In addition, 
pronounced cyclicity of changes was revealed for the time series of the average weight of one piglet at birth and 
the average weight of one piglet at weaning. It was established that a higher temperature in the winter months 
led to a decrease in the average weight of one piglet at birth, but contributed to an increase in the number of 
piglets at weaning. Significant temperature deviations from the optimum (in either direction) in March-May led to 
a decrease in the fertility of sows due to an increase in the number and proportion of stillborn piglets in the nest. 
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Finally, higher summer temperatures contributed to an increase in the number of stillborn piglets, and there was 
a tendency for the mean birth weight of one piglet to decrease with increasing air temperatures in summer. Thus, 
the role of three processes was established in the formation of features of long-term dynamics of reproductive 
characteristics of sows: a) long-term trend; b) cyclic processes; c) random seasonal fluctuations associated with 
the reaction of animals to heat stress

Keywords: trend; cycle; nest size; live weight of piglets at birth and weaning; heat stress

INTRODUCTION
Since the beginning of the 1990s, the main goal of the 
pig industry has been to increase the reproductive per-
formance of sows (primarily, the level of multiple fertil-
ity) in order to maximize the size of the litter both at 
birth and at weaning per sow per year (Biermann et al., 
2014). At the same time, it has been repeatedly proven 
that the reproductive characteristics of sows are signif-
icantly influenced by environmental factors, such as air 
temperature (Tantasuparuk et al., 2000; Suriyasomboon 
et al., 2006; Amavizca-Nazar et al., 2019), relative 
air humidity and temperature-humidity index (THI) 
(Suriyasomboon et al., 2006; Tummaruk et al., 2010), 
photoperiod (Chokoe & Siebrits, 2009), season of the year 
(Tantasuparuk et al., 2000; Tummaruk et al., 2010) etc.

High temperatures play a particularly important 
role, since pigs are characterized by a low transpira-
tion rate, which prevents their thermoregulation and 
maintenance of the temperature regime within the lim-
its that ensure a normal level of productivity. Pigs use 
thermoregulation to maintain their body temperature 
within their thermal comfort zone (18°C to 20°C). Thus, 
if the ambient temperature exceeds 25°C, the animals 
will be subjected to heat stress (Wegner et al., 2014).

According to (Tast et al., 2002), in the body of pigs, 
with an increase in temperature, the synthesis of pro-
lactin by the pituitary gland, which is necessary to in-
crease the secretory activity of the corpora lutea, is in-
hibited approximately on the 30th day of puberty. This 
can cause interruption of the normal course of preg-
nancy and irregular sexual cycle of sows.

At the same time, the temperature regime and THI 
are reflected differently on the reproductive function of 
sows and the survival of piglets. Increasing the values 
of these indicators during mating had a positive effect 
on the fertility of sows, but similar conditions during 
farrowing, on the contrary, had negative consequences 
(Wegner et al., 2014).

In addition, a probable joint effect of year and sea-
son of farrowing on the size of the nest and the total 
weight of the nest and individual piglets at birth and 
weaning was established (Ek et al., 2016; Thiengpimol 
et al., 2017). These results may indicate that it is not so 
much the calendar year or the calendar month of the 
year that is important, but the features of the climatic 

characteristics of a certain farrowing year/season/month 
and, first of all, their deviation from the optimal value 
at which the reproductive functions of sows can be re-
alized as much as possible.

On the other hand, non-random components of 
temporal variability (for example, trend and/or cycles) 
may manifest on different time scales exceeding one 
year. In this case, elements of time series analysis (TSA) 
may serve as the most suitable methods.

TSA has previously been used to create stochastic 
models for short-term prediction of milk production in 
dairy cows (Deluyker et al., 1990) and ewes (Macciotta 
et al., 2000). In addition, in the work of R.M. Lark et al. 
(1999) showed that TSA can be used to describe the 
pattern of milk yield variability in the first 48 days of 
lactation among healthy cows and animals with ketosis. 
And in the work of E.A. Goodall et al. (1993) based on 
TSA methods, a mathematical model was built for pre-
dicting the incidence of fasciolosis in cattle.

In the study of M. van Straten et al. (2008) quanti-
fied changes in daily body weight of high-yielding dairy 
cows during the first 120 days of lactation. As a result, 
the presence of 7-day and 21-day cycles of changes in 
live weight was revealed. At the same time, the connec-
tion between the latter and the activity of the ovaries 
suggests that they had a physiological origin and are 
also related to the estrous cycle.

Also, TSA has already been used repeatedly in pig 
breeding, for example, when analyzing the incidence of 
mycobacteriosis in pigs (Carpenter & Hird, 1986), echi-
nococcosis (Adachi & Makita, 2017), ascariasis (Goodall 
et al., 1991) and other diseases, including reproductive 
porcine respiratory syndrome (Arruda et al., 2018). In 
addition, based on the analysis of sound signals using 
TSA, an automated online procedure for recognizing 
and localizing the sounds of a sick pig’s cough was de-
veloped, which allowed early diagnosis of sick animals 
(Exadaktylos et al., 2008). TSA was also used to analyze 
physiological processes in the body of pigs, for example, 
jaw movement and tissue deformation (Liu et al., 2004).

Thus, the main goal of this study was to determine 
the features (presence of a trend and/or cyclicity) in the 
analysis of long-term dynamics of the main reproduc-
tive characteristics of sows of the large white breed 
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using TSA, as well as the role of climatic factors in the 
manifestation of these dynamics.

MATERIALS AND METHODS
For the analysis, primary data on sows of the large 
white breed (BBP) were used, which were kept in the 
conditions of “Tavriyski Swyni” LLC (Skadovsky district, 
Kherson region, Ukraine). In total, data on 860 farrow-
ings from 312 sows during January 2007 – July 2017 
were used.

The following reproductive traits were recorded for 
each farrowing: total number of piglets at birth (TNB), 
multiparity (NBA), number of stillborn piglets (NSB), 
proportion of stillborn piglets (FSB), average weight 
per piglet at birth (AWPB), number of piglets at birth 
weanings (NW), piglet mortality from birth to weaning 
(PWM) and average piglet weight at weaning (AWPW).

All sow farrowing dates were recoded using the 
year/month of farrowing (YMF Code) format, so a code 
of “1” was assigned to sows that farrowed during Jan-
uary 2007 and a code of “127” to sows that farrowed 
during July 2017

A trend in the ACP is considered a statistically prob-
able increase (or, conversely, a decrease) of the char-
acteristic under investigation during the time interval 
under consideration against the background of minor 
fluctuations caused by both endo- and exogenous fac-
tors. Changes in the magnitude of the characteristic 
during the time interval may, in addition, be not just 
random in nature, but contain a relatively regular al-
ternation of increase and decrease. The autocorrelation 
coefficient (AR) is used to determine the presence of 
such cyclicity in the time series. The autocorrelation co-
efficient is an estimate of the pairwise correlation co-
efficient between the values of the original time series 
and the same values, but shifted by a certain number of 
time intervals (in this case, the single time interval was 
one month), which is called lag. If the estimate of the 
autocorrelation coefficient (for a certain lag k) is likely 
to exceed zero, it is assumed that the original time series 
and the same time series, but shifted by k time intervals, 
coincide, that is, cyclicity occurs (Wakchaure et al., 2010).

The first important characteristic of the time series, 
for which the presence of non-random fluctuations is 
proven, is the first value of the lag, at which positive 
estimates of the AR coefficient gradually turn into neg-
ative estimates (k1). The values of k1 correspond to the 
moment when the time series moves from the zero 
value (that is, the arithmetic mean for all values of the 
time series) to the largest or, conversely, the smallest.

The second important characteristic of the time se-
ries is the first value of the lag, at which the lowest neg-
ative estimates of the AR coefficient (k2) are achieved. 
The value of k2 corresponds to the moment when the 

time series passes through a complete cycle – from the 
zero value to the largest (or smallest) and again to zero. 
Thus, this value is equal to half the duration of a com-
plete cycle (Chatfield, 2003).

The presence of a trend was determined using 
Spearman’s rank correlation coefficient (Rs) for esti-
mates calculated on the basis of the method of least 
squares (LSE – least squares estimates) of the main 
reproductive characteristics of BBP sows. The General 
Linear Model (GLM) was used to calculate LS-estimates:

𝑌𝑌𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  =  µ + 𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖  +  𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖  +  𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ,   � (1)

where Yijk – a sign of reproduction; µ – the overall av-
erage value; Pi – the fixed effect of the ith farrowing 
(i=1, 2, . . . , 10); YMF Codej – fixed effect of the jth code 
“year/month of farrowing” (j=1, 2, ..., 127); eijk – an error.

All calculations were performed using the “Gen-
eral Linear Model” module of the MINITAB Release 13.1 
software package (MINITAB Inc. 2000).

For traits for which the null hypothesis regarding 
the absence of a trend was rejected with a significance 
level of P<0.05, the LS-estimates calculated according 
to model (1) were subsequently adjusted (ie, detrended) 
using the formula:

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  =  𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 – (𝑎𝑎𝑎𝑎 +  𝑏𝑏𝑏𝑏 ∙  𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶),  � (2)

where LSEadj – the adjusted LS score; LSE – LS-estimate 
obtained on the basis of model (1); a, b – linear regres-
sion coefficients.

The presence of a non-random component of time 
series variability was assessed using estimates of au-
tocorrelation coefficients for lags from 1 to 45 months. 
using the “Time Series Analysis” module of the STATIS-
TICA v. application program package. 6.0 (StatSoft Inc.).

To explain the patterns of temporal variability of 
LS-estimates of the reproductive traits of the stud-
ied sows, three climate indicators were used for each 
calendar month of the year: average monthly air tem-
perature (AMT), deviation from the long-term average 
temperature (DAT) and absolute deviation from the 
long-term average temperature (ADAT). All temperature 
values were obtained for the weather station located 
in the city of Kherson and were listed in the archive for 
the years 2007...2017 (Meteopost..., n.d.).

The influence of these climatic parameters on the 
variability of the reproductive traits of BVP sows was 
assessed using the Spearman rank correlation coef-
ficient separately for each season of the year: winter 
(December-February), spring (March-May), summer 
(June-August) and autumn (September-November).

All procedures were carried out in accordance with 
the ethical considerations regarding the involvement of 
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animals according to the recommendations of ARRIVE 
(n.d.). The authors of this study assure compliance with 
all ethical standards in research involving animals.

RESULTS
Presence of a trend. Probable estimates of Spear-
man’s rank correlation coefficient were found only for 
three reproductive traits of WBP sows, namely TNB 
(Rs=-0.214; P=0.016), AWPB (Rs=0.607; P<0.001) and 
AWPW (Rs=0.345; P<0.001). Thus, there was a negative 
time trend for TNB and a positive time trend for AWPB 
and AWPW during the study period (ie, January 2007 to 
July 2017). Accordingly, only LS-adjusted scores (LSEadj) 
of these traits calculated using formula (2) were used 
in further analysis.

Previously, in the work of Southwood & Kennedy 
(1991), a probable positive trend was established in 

relation to NW (0.051±0.021 piglets/year) of first-born 
piglets of the landrace breed during 1977-1987. A prob-
able, but negative trend was found when analyzing the 
signs of reproduction of BBP and Landrace sows on two 
farms in Nebraska (USA) during 1988-1994 – for NBA it 
was 0.09-0.11 piglets, and for litter weight – 0. 29...0.80 kg 
in a 6-month period (ten Napel & Johnson, 1997).

In this study, LS scores for TNB decreased by 
0.0085±0.0035 piglets per month, i.e., by 0.10 piglets/
‌year. For AWPB and AWPW, in contrast, LS estimates in-
creased by 0.0032±0.0004 and 0.0246±0.0058 kg/‌month, 
respectively, that is, by 0.038 and 0.295 kg/year.

Presence of cyclicity. It was established that for TNB 
(detrend series) and PWM, the nature of the dynamics 
of the time series was characterized by a random alter-
nation of positive and negative LS-estimates, which are 
completely stochastic in nature (Fig. 1; Fig. 2).

Figure 1. (A) Detrended time series of LS estimates of the total number of piglets at birth from January 2007  
to July 2017; (B) Estimates of the autocorrelation coefficient (AR) of the LS estimates  

of the total number of piglets at birth
Notes: the dashed line marks the 95% confidence interval of the autocorrelation coefficient
Source: author’s development

5.0

4.0

3.0

2.0

1.0

0.0

-1.0

-2.0

-3.0

-4.0

LS
E,

 %

YMF Code

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97 10
1

10
5

10
9

11
3

11
7

12
1

12
5

0.20

0.15

0.10

0.05

0.00

-0.05

-0.10

-0.15

-0.20

AR

lag

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 361  2  3  4  5  6  7  8  9  10

A

B



Analysis of long-term dynamics of reproductive characteristics of sows of the large white breed68

Ukrainian Black Sea Region Agrarian Science, 27(1), 64-73

On the other hand, for AWPB and AWPW, the periods 
of increase and decrease of LS-estimates replaced each 
other with a certain regularity. For example, probable 
positive estimates of the autocorrelation coefficient 
for AWPB were noted for lags of 1...8, 10...12, and 15 
months, while probable negative ones were found for 
lags of 30, 33, and 36 months. (Fig. 3A).

For the time series of LS estimates for AWPB, the value 
of k1 was 21...23 months, and the value of k2 was 41...42 
months. (Fig. 3A). Thus, the time interval of a complete 

cycle of increase and decrease of LS-estimates for AWPB 
was approximately 82...84 months, i.e., 6.8...7.0 years.

For AWPW, probable positive estimates of the auto-
correlation coefficient were noted for lags of 1, 2, and 
5 months, while probable negative ones were noted for 
lags of 16, 18, and 19 months. (Fig. 3B). Thus, estimates 
of k1 and k2 for this time series were 9 and 18 months, 
respectively. The time interval of a complete cycle of 
increase and decrease of LS-estimates for AWPW was 
approximately 36 months, that is, 3 years.

Figure 2. (A) Time series of LS estimates of piglet mortality from birth to weaning from January 2007  
to July 2017; (B) Autocorrelation coefficient (AR) estimates  
of LS estimates of piglet mortality from birth to weaning

Notes: the dashed line marks the 95% confidence interval of the autocorrelation coefficient
Source: author’s development
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were previously noted in the analysis of temporal 
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On the other hand, short cycles correspond to the 
duration of the seasons of the year (during which me-
teorological characteristics are relatively constant), and 
thus environmental conditions (primarily air tempera-
ture) are able to influence the processes of formation 
of reproductive characteristics of sows.

Influence of air temperature. It was found that for 
farrowings in the winter months, there were probable 
relationships between the following parameters of tem-
perature and reproductive traits of sows: AMT and AWPB 
(Rs=-0.377; n=32; P=0.033), DAT and AWPB (Rs=-0.364; 
n=32; P=0.040), AMT and NW (Rs=0.353; n=32; P=0.047), 
DAT and NW (Rs=0.447; n=32; P=0.010). Thus, a higher 
temperature in the winter months led to a decrease in 
the average weight of piglets at birth, but contributed 
to an increase in the size of the nest at weaning.

For farrowings in the spring months, a significant ef-
fect of ADAT was found on NBA (Rs=-0.393; n=31; P=0.029), 

NSB (Rs=0.438; n=31; P=0.013) and FSB (Rs=0.530; n=31; 
P=0.002). Thus, significant temperature deviations from 
the optimum (in either direction) in March-May led to 
a decrease in the fertility of sows due to an increase in 
the number and share of stillborn piglets in the nest.

Finally, for farrowings during the summer months, a 
significant effect of AMT was found on NSB (Rs=0.380; 
n=32; P=0.032) and AWPB (Rs=-0.346; n=32; P=0.052). 
Thus, a higher summer temperature contributed to an 
increase in the number of stillborn piglets, and, accord-
ingly, there was a tendency for the average birth weight 
of piglets to decrease with increasing air temperature 
in summer. It is characteristic that, both in the winter 
months and in the summer, a significant increase in air 
temperature led to similar consequences – a decrease 
in the average weight of piglets at birth, which can be 
explained by the manifestation of heat stress of sows 
during farrowing.

Figure 3. (A) Estimates of the autocorrelation coefficient (AR) of the detrended time series of LS-estimates of the 
average birth weight of one piglet; (B) Estimates of the autocorrelation coefficient (AR) of the detrended time series of 

LS estimates of the average weight of one piglet at weaning
Notes: the dashed line marks the 95% confidence interval of the autocorrelation coefficient
Source: author’s development
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DISCUSSION
In the study of Tantasuparuk et al. (2000) showed that 
air temperature in the first four weeks after mating of 
sows had a significant negative effect (P<0.001) on their 
litter size at farrowing – the number of piglets born de-
creased by 0.07 piglets as the maximum temperature 
increased during this 4-week period by 1°C.

Similar regularities were found in the work of 
Suriyasomboon et al. (2006) – high temperature and 
relative air humidity had a negative effect on sow nest 
size indicators. These results are consistent with the re-
sults of an experimental study (Omtvedt et al., 1971) in 
which it was shown that sows exposed to heat stress 
during late pregnancy gave birth to fewer live piglets 
and, accordingly, had more stillborn piglets in the litter. 
than sows kept at a comfortable temperature.

High temperature, high relative humidity, and/or 
high THI during brooding significantly reduced the to-
tal number of piglets in the nest. At the same time, 
this negative effect was manifested to a greater ex-
tent among gilts than among adult sows (Tummaruk 
et al. , 2010).

Heat stress during the period from 7 days before 
successful insemination to 12 days after it had the 
greatest effect on the total number of piglets born. 
Therefore, the temperature regime during effective 
insemination of sows can be used as a reliable predic-
tor of heat stress in commercial pig farms (Bloemhof 
et al. , 2013).

In the work of Wegner et al. (2014) found that high 
values of air temperature and THI before farrowing led 
to a decrease in sow fertility (NBA). On the other hand, 
increased temperature and THI values after farrowing 
were associated with more piglets at weaning (NW). 
Piglet birth-to-weaning mortality (PWM) decreased sig-
nificantly with increasing temperature and THI values 
after farrowing (P<0.05).

In the study of Brito et al. (2022) investigated the 
effect of heat waves (HW), defined as three consecutive 
days with ambient temperature ≥25°C and THI>74, on 
reproductive traits in sows. It was found that sows that 
were exposed to significant heat waves during farrow-
ing gave birth to more mummified and stillborn piglets 
than sows that reproduced under optimal conditions.

According to the recently published results of a me-
ta-analysis (Guo et al., 2018), conducted to identify the 
negative effects of heat stress on the reproductive func-
tions of sows, it was established that heat stress, first of all, 
had a negative effect on the live weight gains of piglets 

from birth to weaning, but was manifested to a lesser 
extent on nest sizes and live weight of piglets at birth.

CONCLUSIONS
It was established that during 2007-2017 there was a 
negative trend in relation to TNB and, conversely, a pos-
itive trend in relation to AWPB and AWPW. LS estimates 
during this period decreased by 0.10 piglets/year for 
TNB, while for AWPB and AWPW, on the contrary, they in-
creased by 0.038 and 0.295 kg/year, respectively. In addi-
tion, a somewhat pronounced cyclical nature of changes 
was found for AWPB and AWPW. The time interval of a 
complete cycle of increase and decrease of LS-estimates 
for AWPB was 6.8...7.0 years, and for AWPW – 3 years.

It was established that a higher temperature in the 
winter months led to a decrease in the average weight 
of piglets at birth, but contributed to an increase in the 
size of the nest at weaning. Significant temperature 
deviations from the optimum (in either direction) in 
March-May led to a decrease in the fertility of sows due 
to an increase in the number and proportion of still-
born piglets in the nest. Finally, higher summer tem-
peratures contributed to an increase in the number of 
stillborn piglets, and, accordingly, there was a tendency 
for the average piglet weight at birth to decrease with 
increasing air temperature in summer. It was noted that 
a significant increase in air temperature both in winter 
and summer led to similar consequences - to a decrease 
in the average weight of piglets at birth, which can be 
explained by the manifestation of heat stress in sows 
during farrowing.

Thus, the role of three processes has been estab-
lished in the formation of the features of the long-term 
dynamics of the reproductive characteristics of BBP 
sows: a) a long-term trend; b) cyclic processes; c) ran-
dom seasonal fluctuations associated with the reaction 
of animals to heat stress. To the greatest extent, all 
these processes were manifested in the average weight 
of piglets both at birth and at weaning.
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Анотація. В галузі свинарства головною метою є підвищення рівня багатоплідності та збереженості поросят 
для максимізації розмірів гнізда як при народженні, так і при відлученні в розрахунку на одну свиноматку 
за рік. Метою даного дослідження було визначення особливостей багаторічної динаміки головних ознак 
відтворення свиноматок великої білої породи за використання аналізу часових рядів, а також ролі кліматичних 
факторів (насамперед, температури) в прояві цієї динаміки. Для аналізу було використано первинні дані щодо 
свиноматок великої білої породи, які утримувалися в умовах ТОВ «Таврійські свині» (Скадовський район, 
Херсонська область, Україна) протягом 2007-2017 рр. Наявність тренду було визначено із використанням 
коефіцієнта рангової кореляції Спірмена. Крім того, було оцінено коефіцієнти автокореляції для лагів від 1 
до 45 міс. для виявлення наявності та тривалості циклів. Встановлено, що протягом періоду дослідження мав 
місце негативний тренд у відношенні загальної кількості поросят при народженні та, навпаки, позитивний – у 
відношенні середньої маси одного поросяти при народженні та відлученні. Крім того, виявлено виражену 
циклічність змін для часових рядів середньої маси одного поросяти при народженні та середньої маси одного 
поросяти при відлученні. Встановлено, що більш висока температура в зимові місяці призводила до зниження 
середньої маси одного поросяти при народженні, проте сприяла підвищенню кількості поросят при відлученні. 
Значні відхилення температури від оптимальної (у будь-який бік) у березні-травні призводили до зниження 
багатоплідності свиноматок за рахунок підвищення кількості та частки мертвонароджених поросят у гнізді. 
Нарешті, більш висока літня температура сприяла підвищенню кількості мертвонароджених поросят і мала 
місце тенденція до зниження середньої маси одного поросяти при народженні при підвищенні температури 
повітря влітку. Таким чином, при формуванні особливостей багаторічної динаміки відтворювальних ознак 
свиноматок встановлено роль трьох процесів: а) довготривалого тренду; б) циклічних процесів; в) випадкових 
сезонних коливань, що пов’язані з реакцією тварин на тепловий стрес

Ключові слова: тренд; циклічність; розмір гнізда; жива маса поросят при народженні та відлученні; тепловий стрес
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