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Short-term indices of Heart Rate Variability (HRV) recorded in mine-rescuers men (n=18, mean age 29+1.4
years ranged from 22 to 44 years) before and after the simulated emergency response, organized as a
competition. Within two hours, mine-rescuers used special rescue equipment, administrated the first medical
aid to the conditional victims and performed various tactical tasks. The study group was divided into three
subgroups according to the Stress Index (SI) level. Analysis of time-domain and frequency-domain indices
of HRV was conducted. The biological age, appropriate biological age and ageing rate were evaluated.
1t was found out, that the majority of the study group showed signs of neuro-emotional stress even before
the competition. Emotional and physical loads caused by the simulated emergency response increased the
strain of vegetative adjustment, which grew at the end of the competitions. Rescuers with average levels
of SI demonstrated the most sufficient physiological response, while workers with low and high SI levels
referred to the risk groups for disadaptation and cardiovascular diseases. Biological age significantly
exceeded the population norm. SI and biological age can be recommended to use as additional parameters
during medical examinations by the medical services of mine rescue brigades.
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INTRODUCTION

Mining is the most hazardous industry in
Ukraine, accounting for 18.9% of the country
work-related accidents in 2017, with 936
people injured and 33 killed [1]. The main task
of the State Military Mine-Rescue (Emergency
Rescue) Service is the elimination of accidents
and rescuing people in mines or other potentially
hazardous enterprises in conditions of extreme
temperatures, chemical/radiation/bacterial
pollution, the risk of floods, explosions etc.
This occupation requires rigorous professional
selection concerning physical and mental health,
physical work capacity, thermal tolerance
etc. The work process is characterized by the
high levels of energy expenditure, lifting or
shifting of heavy loads, forced posture, body
bents, usage of personal protective equipment
(self-contained breathing apparatus, chemical
suits), physical strain and nervous-emotional

© I.A. Myshchenko, O.1. Soloviov, K.O. Apykhtin

50

stress, irregular or rotating working shifts, etc.
Performance of such type of work under the
impact of physical and chemical occupational
factors (toxic gases, smoke inhalation, fire,
explosions, noise, changes of atmospheric
pressure, high temperature) can lead to work-
related pathology and occupational diseases
because a body can adapt to such factors only to
some extent. Physiological adaptation to extreme
work conditions heavily depends on individual
characteristics. That is why the assessment of
earlier signs of disadaptation is highly important
for the prediction of all kinds of occupational
pathology and readiness to the work. The
cardiovascular system reacts immediately to
the variation of intrinsic and extrinsic factors.
Heart rate variability (HRV) indices were proved
to be reliable and significant parameters for the
degree of adaptation, diagnosis and prognosis
of pathological states [2]. Mine-rescuers must
commit regular training in order to be prepared
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for potential emergencies and to react optimally
in the real situation. Such training also gives
an opportunity to evaluate the physiological
response of employees’ organisms because in
a real emergency it may not be feasible. Stress
Index (SI), or index of physiological strain,
which is widely used in post-Soviet countries,
is sensitive to the central (sympathetic) chain
which increases during mental or physical stress.
It allows distinguishing groups of people with
different kinds of vegetative regulation as a
response to the stress level.

The aim of the study was to analyze the
direction of changes in heart rate variability in
mine-rescuers with different levels of SI in re-
sponse to physical and emotional stresses caused
by a simulated emergency response for the iden-
tification of workers with risk of disadaptation;
establishing a link between the biological age
and the changes in the HRV; working out recom-
mendations for the mine-rescue medical service.

METHODS

The study group included 18 absolutely
healthy male participants who had undergone
professional selection, including rigorous
pre-employment medical examination. The
competition involved a search and rescue
response exercise between two mine rescue
teams from Myrnohrad and Kryviy Rih cities
(Ukraine), conducted according to the schedule
in June 2017. During tactical training, which
lasted for 2 hours, the workers used special
rescue equipment, provided the first medical aid

to the conditional victims and performed various
tactical tasks. The mean chronological age of the
studied participants was 29 £ 1.4 years ranged
from 22 to 44 years. The total term of service
of the workers was 8.7 + 1.52 years, while the
term of employment in the rescue service was
3.1 +£ 0.56 years. The rescuers surveyed were
divided into three subgroups, depending on the
value of SI[3].

Subgroup I included individuals with low SI
(SI<50 units) - 22% (n = 4); subgroup II - with
average values of SI (50<SI<200 units) - 56%
(n = 10); subgroup III with high SI values
(SI>200 units) - 22% (n = 4). According to the
literature [4], the level of SI<50 units indicates
the prevalence of vagotonia in regulation of the
heart rhythm; individuals with SI within 50-200
belong to the group of normotonia; SI>200 points
on the prevalence of sympathetic nervous system.

There was no significant difference between
the specified subgroups according to the age,
total work experience, work experience in rescue
service, BMI and biological age.

The functional state of the cardiovascular
system based on HRV changes was analyzed
before and after the competition. The Car-
dioMood software system developed by the
Glushkov Institute of Cybernetics of the
National Academy of Sciences of Ukraine with
heart rate sensors Polar H-7 was used to register
cardiograms and to calculate the HRV indices.
The last ones were recorded within 5 minutes
before and after the competition. Heart rate
parameters were analyzed following the Task
Force of the European Society of Cardiology

Table 1. Characteristics of the study group according to the level of Stress Index

SI<50 50<SI<200 SI1>200
Variable units units units
(n=4; 22.2%) (n=10; 55.6%) (n=4; 22.2%)

Age, years 28.3 29.8 29.5
Total experience, years 6.2 9.6 8.8
Experience in mine rescue service, years 4.0 4.9 5.4
Body Mass Index 25.5 25.4 30
Biological age, years 48.3 45.5 43.5
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and the North American Society of Pacing and
Electrophysiology (1996) [5]. 32 time- and
frequency-domain indicators of HRV were
selected for analysis [6,7]. Stress index (SI) was
calculated according to the formula suggested
by Baevsky [8].

The Stress index (SI) was calculated by the

formula: AMo

SI = 2MO) *MxDMn (1)
where: Amo - mode amplitude, Mo - mode,
MxDMn - variation range.

The biological age (BA) and an appropriate
biological age (ABA) of the workers were
evaluated according to the method by V. Voytenko

developed at the Institute of Gerontology (Kyiv,
1984) [9] using the formulas:

BA = 26.985 + 0.215-SP — 0.149 - BH +
0.723-SEH — 0.151 - SB )

ABA = 0.629 - CA + 18.6 3)
where SP - systolic pressure, BH - breath hold-
ing, SEH - subjective estimation of health, SB
- static balancing, CA - chronological age.

The ageing rate was calculated as a differ-
ence between BA and ABA. The significance of
the changes in the HRV indices was calculated
using Student t-test, the correlation was estab-
lished using the Brave-Pearson coefficient, and
its validity was established by Student t-test.

RESULTS

Physiological response to training conditions
was different depending on the type of vegetative
regulation. The average heart rate in group I
was 67.55 + 3.58 beats/min, in II - 79.06 =
3.4 beats/min, in III - 89.49 + 4.5 beats/min,
corresponding to the age norm in 65-80 beats/
min. The significant difference in the average
HR was between I and III groups (P<0.05).

Stress Index (SI) had significant correlations
with the most of studied HRV parameters (Table
2) both before and after the competition. Such
correlation was found for the majority of time-
and frequency-domain indices, as well as for
VLF/HF ratio, which reflect the prevalence
of subcortical sympathetic centres over vagal
activity.

During the analysis, the specific set of
HRV parameters identifying each group was
established (Table 3). Thus, individuals with
low SI had significantly higher values of all
time-domain indices (the average duration of
RR intervals, SDNN, RMSSD, pNN50, HRVTi,
and mode), except the mode amplitude. Such
a physiological response was provided by the
prevalence of parasympathetic effects in heart
rate regulation at the pre-start stage. However,
the rescuers with high values of the SI showed
an opposite reaction. The values of mode ampli-

Table 2. Values of the correlation coefficients between the Stress Index (SI) and the indicators of the HRV before and
after the competition

Variable Correlation Variable Correlation Variable Correlation
coefficients coefficients coefficients
Before | After Before | After Before | After
HR 0.79  0.63 WN4 -0.59 -0.66 VLF -0.54  -0.75
mRR -0.72 -0.65 WNS5 - -0.74 In(VLF) -0.77  -0.6
SDNN -0.48 -0.72 TP -0.73  -0.62 VLF/HF - 0.72
RMSSD -0.56 -0.64 In(TP) -0.75  -0.71 LF% - -0.47
pNNS50 -0.62 -0.55 HF -0.53  -0.57 VLF% - 0.63
MxDMn -0.56  -0.77 In(HF) -0.53  -0.75 A 0.85 0.89
HRVTi -0.76  -0.8 LF - -0.63 IC - 0.65
WN1 -0.52  -0.72 In (LF) -0.75  -0.51

Coefficients are significant at P<0.05
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tude in the 111 group exceeded the same index in
group I by 2.3 times. On the contrary, the other
time-domain parameters in the III group were
significantly lower than in group I (by 2.8 times
(SDNN), 2.6 times (HRTVi) and even by 22.1
times (pNNS50).

However, considering the spectral charac-
teristics of the HRV in rescuers of Group 1, it
becomes clear that such an adaptation reserve is

of high physiological price. Thus, the frequency-
domain indices of HRV in rescuers with low SI
values were significantly higher. For instance,
the average TP of the spectrum was 8401.5 +
1237.5 ms?, significantly exceeding not only
the corresponding values in groups II and III
(by 2.44 and 7.9 times, correspondingly) but,
also, the physiological norm showing the state
of the vegetative dysfunction. Although the level

Table 3. The levels of HRYV indices in rescue groups depending on the value of the Stress Index (SI) before the
competition, (M+SD)

Mean value in the subgroups with different level of SI

Mean value in the

Index

1 11 111 study group
Time-domain
SI 40.3+4.36* 110.34+18.41%*  318.3+48.68*** 141+£26.6
mRR 908.8+41.15% 784+38.6%* 615.9£26.62%** 744.4+33.78
SDNN 89.7+6.12 75.9+£18.41 %% 3243.73%** 69.2+11.44
RMSSD 51.54£2.14%* 31.6+£3.22%* 19.245.51**%* 33.34£3.5
pNN50 28.6+4.8* 10.542.99** 1.310.70%*** 12.5+2.96
MxDMn 350+25 290+44.6** 162+£10.8%** 275.0+29.74
HRVTi 18.4+0.71%* 12.14£0.89%* 6.910.44*** 12.34+1.05
Mo 912.5£32.47* 755+40.62%* 587.5£32.47%** 752.8435.48
Amo 24.9+1.19* 37.1£1.93** 58.1£5.18%** 39.03£3.10
WNI1 394.5+£22.35 331.3£70.43%* 162.1£21.61%** 307.7£44.17
WN4 121.1+£11.22 116.4£7.9%* 78.1+£2.76%** 108.9+6.43
WN5 56.6+£16.19 90.6+8.1 60.5+£5.07*** 76.4+0.25
Frequency-domain

TP 8401.5£1237.5*  3440.7£350**  1058.6+237.28*** 4,014£1,999
In(TP) 8.940.165 8.3+0.28** 6.8+0.22%* 8.14+0.24
HF 1093.3£214,78* 377.8476.82%*% 138.6+60.88 483.7+£106. 42
In(HF) 6.940.18 6.1+0.5%* 4.5+0.45%** 5.9+£0.35
LF 2591.7£334.8  2883+1201.74%** 457.4£209.53 2,279,25+711.94
In (LF) 7.83£0.125 7.5240.25%* 5.74£0.43*** 7.19£0.25
VLF 4716.54£922.38% 1794.94£527.46%*  462.6+£82.72%** 2,148+505.84
In(VLF) 8.36+0.23* 7.194£0.23** 6.07+0.18%** 7.240.23
LF% 31.842.3* 48.945.26 3849.4 42.7+4.02
VLF% 54.614.9% 35.74+4.59 48.83+10.21 42.9+4.03
A 0.31£0.02* 0.42+0.015** 0.56£0.032%** 0.43£0.023

*the difference between I and II subgroups is significant at P<0.05;

** the difference between II and III subgroups is significant at P<0.05;

*** the difference between I and III subgroups is significant at P<0.05
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of high-frequency oscillations was significantly
higher than those recorded in workers with an
average and high SI, it is necessary to notice
to abnormally high levels of VLF components
in rescuers of Group I (54.6 = 4.9%). Despite
the fact that the question of the nature of these
fluctuations is still being discussed, they have a
strong association with cardiovascular diseases
prognosis, and mortality [10]. However, the
registered physiological reaction requires further
research.

In general, the initial HRV indexes, recorded
before competitions, do not correspond to the
initial ones in the state of rest [11]. Obviously,
the pre-start reaction in all rescuers effected
significantly the state of the CVS. In this sense,
the physiological response in the group of
rescuers with average SI values comparing with

the I and III groups was more adequate.

The analysis of the HRV indices after the
competitions showed dramatic fluctuations
that affected the difference significance.
Nevertheless, significant difference between
I and III group was found in such indices as
SDNN, RMSSD, HRVTi, Amo, WNS5, TP, In
(TP), In (HF), In (LF) and LF% (Table 4).

Analysis of human functional states and
their prediction should be based on an inte-
grated approach. A comparison of physiological
parameters with the population norm according
to sex and age does not take into account some
individual biological features. One of them is
the biological age (BA). If the chronological age
(CA) of workers ranged from 22 to 44 years and
was 29+1.4 years in average, the BA in this study
group ranged 23.3 to 57.8 years with the mean

Table 4. Values of HRYV indices in rescue groups depending on the level of Stress Index (SI) after the competition,

(M£SD)
Index Mean value in the groups with different level of SI Mean value in the
I 11 111 study group
Time-domain
SDNN 48.849.8 36.2£6.99%* 21.442.04 35.7£4.95
RMSSD 10.7+1.57 7.4£1.00%* 5.31£0.86 20.243.8
pNN50 10.2246.51 4.66+2.35 0.15£0.12%** 4.9£2.13
MxDMn 250+35.35% 174.17£17.5%*  137.5£13.32%%* 182.9+£15.7
HRVTi 89.84+6.48 90.89+14.6%* 60.55+£6.40 7.65+0.80
Amo 43.1145.22 60.57+£6.3%* 77.09£5.8 60.36+4.76
WNI1 214.84483.66 192.32+33.53 95.7+12.75%** 175.94£23.23
WNS5 28.8717.71 21.98£5.18** 60.55£0.59%** 66.4%8.89
Frequency-domain

TP 2,722.37£1030.82 1,804.4£786.13%*  470.67£68.27 1,712+£524.9
In(TP) 7.60£0.41 7.06£0.42%* 6.11£0.16 6,910,28
HF 271.96+146.18 225.09+83.73 31.4446.88*** 192.5+£61.59
In(HF) 5.06%0.5 4.79+0.54** 3.2940.32 4.5£0.37
In (LF) 7.22%0.42 6.231£0.47%* 5.21£0.23 6.2210.32
LF% 68.59+£2.99* 45.62+4 4%* 42.29+6 50+3.77
VLF% 23.14£3.69* 40.69+4.33 50+7.5 38.943.65

* the difference between I and II subgroups is significant at P<0.05;
** the difference between II and III subgroups is significant at P<0.05;
*** the difference between I and III subgroups is significant at P<0.05
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age 45.74+1.8 years. A variety of morphological
and functional changes take place in the course
of body ageing. In the first instance, they involve
the cardiovascular system which exhibits high
lability. From this point of view, the BA reflects
the character of adaptation reactions much bet-
ter than the CA. An appropriate biological age
is the population standard corresponding to the
average ageing rate in the proper chronological
age. The obtained results show that the BA and
the difference between the BA and an appropri-
ate biological age (ABA) correlate significantly
with the HRV indices (Table 5), which allow to
recommend them as additional ones.

The obtained data indicate that CA correlate
with HRV after the competitions, reflecting the
body response to the two-hour emotional and
physical activity, while the BA correlate with
the spectral components of the HRV before the
beginning of the competition, which can be used
in practical work to assess the adaptive reserve
of the body.

DISCUSSION

The profession of mine-rescues belongs to
jobs with high physical and psycho-emotional
stress. After a rigorous professional selection,
only absolutely healthy people are admitted
to such work. Nevertheless, the examination
conducted by Tomaskova H. et al. [12] in the

group of 685 mine-rescuers which included
electrocardiography at rest, basic anthropometric
and biochemical tests allowed the authors to
conclude that the prevalence of cardiovascular
diseases in this study group is comparable with
that one in the general population. Taking into
account that the mean term of service of rescues in
the mentioned study was quite high, the obtained
results can be explained by the impact of working
conditions. This point of view is confirmed by
our results. In general, cardiovascular risk is
associated with low or excessive fluctuations
of N-N intervals. Considering changes of
time-domain indices caused by the elimination
of a simulated emergency, it is necessary to
underline, that significantly increased heart rate
after the competition indicates a reduction in
the effectiveness of the heart muscle. As heart
rate rises due to a decrease in the duration of
a general cardiac pause and a decrease in the
duration of diastole, this impairs the blood
supply to the myocardium. A significant
decrease in the average duration of RR (m
RR) intervals at this background (Table 3)
points to increasing sympathetic effects in the
regulation of the heart rate. This was confirmed
by significant reduction in other time-domain
indices, namely SDNN, RMSSD, pNNS50,
MxDMn after the competition. In 2010 Nunan et
al. [11] published normal values for short HRV
records obtained in 21,438 healthy participants.

Table 5. Correlation coefficients between HRV and chronological (CA), biological (BA) age and ageing rate

Chronological | mR-R | SDNN | HRTVi | WNI WN4 WNS5 TP VLF LF
age after after after after after after after after after
0.46 0.54 0.50 0.49 0.677 0.589 0.589 0.62 0.59
P<0.05 | P<0.05 | P<0.05 | P<0.05 | P<0.01 | P<0.02 | P<0.02 | P<0.01 | P<0.02
Biological age | VLF, % | VLF/LF | InLF
before before before
-0.55 -0.55 0.50
P<0.02 | P<0.02 | P<0.05
Ageing rate LF/LF In LF
before before
-0.47 0.50
P<0.05 | P<0.05
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Comparing initial values in the study group of
mine-rescues with normal values suggested by
Nunan et al. it becomes clear, that such indices as
mRR and RMSSD were significantly lower than
physiological norms for healthy people while
SDNN exceeded the norm. At the same time,
the standard deviation of NN intervals (SDNN)
after the competition below 20 ms was registered
in 16.6% of participants. It can be considered
as the prognosticator sign of cardiovascular
complications and pathology [13]. The mode
amplitude (Amo) was reported to be one of
the most important indexes [14] because of its
resistance to artefacts and sensitivity to the
functional state of the body. The initial values
of Amo were quite high. The value of Amo
more than 50%, which regarded as a reaction to
high nervous-emotional stress, was registered
in 16.6% of the participants before and in
77.8% of employees after the competition. The
absolute value of mode decreased significantly
to 145.8 ms against the substantial increase in its
amplitude, indicating a stabilization of the heart
rhythm under the influence of the sympathetic
nervous system.

The Task Force of The European Society
(1996) suggests normal values of frequency-
domain parameters for the short-term recording.
According to them, TP should be at the level
3,466=1,018 ms?, which is comparable with
our results obtained before the competitions
(4,014£1,999.2 ms?). The initial values of TP in
22.2% of rescuers exceeded 6,000 ms?, which is
considered to be a state of autonomic dysfunc-
tion. According to existing classification [13],
the value of TP which exceeds 6,000 ms?, points
on increasing of the functional reserve (the state
of excessive reaction that requires recovery of
the energy balance). In our opinion, this can
partly be due to the pre-starting reaction and
high expectation of the competition’s results
(motivation to win was encouraged by a gener-
ous financial incentive). It should be noted that
the power of HF fluctuations was lower than
the norm suggested by The Task Force while LF
and especially VLF exceeded them. According

56

to the literature [8, 13] in a healthy person, the
part of the VLF power does not exceed 30-45%.
Although the nature of this component is still un-
der discussion, most scientists associate it with
the most ancient evolutionary way of regulation
- the humoral one. In fact, if other mechanisms
do not work, the body uses its last reserve. The
amplitude of these waves correlates also with the
psycho-emotional tension and functional state of
the cerebral cortex. It several studies it is shown
that VLF power is more strongly associated with
all-cause mortality and may be fundamental for
health [10, 15, 16].

According to the literature [17], reduced
HRV caused by the inhibition of parasympa-
thetic activation increases vulnerability to future
stress. These results allow us to refer workers
with high SI to the group with risk of the failure
of adaptation processes.

The comparison of average levels of time-
and frequency domain measures between these
subgroups has shown an inadequate physi-
ological response caused by the elimination of
simulated emergency in rescuers not only with
very high levels of SI but those ones who had
SI<50 units (Tables 3, 4). The obtained results
contradict the theory that low levels of the SI
indicate a stable adaptation [18]. On one hand,
it was shown [19] that emotionally, vagotonia
could reflect a reduced fear response and in-
creased control over the emotional reactivity.
On the other hand, the most important question
is what physiological price an organism pays for
it. The analysis of time- and frequency-domain
parameters allowed to conclude that rescuers
with low SI had higher variability of the heart
rhythm. For instance, SDNN, RMSSD, Mx-
DMn, TP, VLF were significantly higher than a
physiological norm. In an overview, published
by Shaffer F. and Ginsberg J.P. in 2017 [6] it is
mentioned that higher HRV is usually associated
with pathological states and is strongly linked
with mortality. In contrast to group with very
low SI, the rescuers with SI>200 were found
out to have decreased HRV and prevalence
of sympathicotonia even before the competi-
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tions. According to the obtained results, both
subgroups of rescuers should be included in
the risk group of disadaptation. The last one
can be explained by the theory proposed by D.
Vaillancour and K. Newel [20]. They suggested
that healthy biological systems exhibit spatial
and temporal complexity whereas a disease can
involve either its loss or increase. Based on the
obtained results we can recommend the assess-
ment of the SI in periodical medical examina-
tions for distinguishing of groups of rescuers
with the risk of disadaptation and cardiovascular
disorders. In addition, biological age and ageing
rate which were found to be closely related to
different HRV parameters (Table 5) can be used
as additional indices for the complex assessment
of the workers’ health state.

CONCLUSIONS

Emotional and physical loads caused by
performance of standard competitive operations
for the elimination of a simulated emergency
situation by rescuers led to an increase in
the sympathetic effect in the regulation of
cardiac rhythm and to the growth of the strain
of vegetative regulation. the signs of neuro-
emotional stress were found in the majority of
the study group even before the competitions.
The Stress Index was the most sensitive
component, correlating with the majority of
HRYV parameters; rescuers with average levels
of ST (50<SI<200 units) demonstrated the most
sufficient physiological response, while workers
with low and high values of SI were referred to
the risk groups of disadaptation, cardiovascular
diseases and mortality. Biological age and the
Stress Index can be recommended as additional
parameters to the medical service of rescue
brigades for assessing adaptive reserves of the
body in periodical medical examinations
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BAPIABEJIBHICTbh CEPIIEBOI'O PUTMY
T'IPHUYOPATYBAJBHUKIB B YMOBAX
JIKBIJAILIT 3MOJIEJTbOBAHOI HAJI3BU-
YAMUHOI CUTYAILIL

KopoTKoXBHIEOBHI 3alnc NMOKAa3HUKIB BapiabelbHOCTI
cepuesoro purmy (BCP) 6yB 3poGienuit y rpyni ripau-
qopsATYyBaJIbHUKIB (n=18, cepenniii Bik 29+1,4 pokiB, KU
KOJUBaBCs Bix 22 1mo 44 pokiB) 1O Ta micis JIiKBimarii
3MOJeIb0BaHOl HaA3BHUalHOI cHTyalii, opraHi3oBaHOi
y BHTIIAI 3Maranb. BpoJoBK IBOX TOAMH INpaliBHUKH
BHKOPHCTOBYBAJIM CIIeliaJibHE PSTyBajJbHE OOJIaAHAHHS,
HaJlaBaJ¥ IepIly MeJUYHy JOIOMOTY IJIsi YMOBHHX IIOCT-
paKIaJNX Ta BUKOHYBAJIM Pi3HOMAHITHI TAKTUYHI 3aB/aHHS.
JlocnimkyBana rpyna Oyia mojijieHa Ha 3 MiATpymH
BIZIMOBIZHO 0 piBHsA cTpec-inaekcy (SI). [IpoananizoBaHo
CIIeKTpasibHi Ta 4acToTHI nokasHuku BCP, po3paxoBaHo
3Ha4YeHH 010JI0TIYHOT O BiKY, HAJIEKHOT0 010JIOTYHOTO BiKy Ta
IIBUJIKOCTI ITOCTApiHH IpaniBHUKIB. [Toka3aHo, o nepeBak-
Ha OUIBIIICTh TiPHUYOPSATYBAIBGHHKIB IEMOHCTPYBaJIa O3HAKH
HEPBOBO-EMOIIHOT0 HAIPY KEHHSI I JI0 II0YaTKy 3MaraHb.
Emortiiini Ta hi3udHI HAaBaHTaKCHHS, BUKIIMKAHI JTIKB1 Tl €0
3MOJIeJIbOBaHOT HaA3BHYAiHOI cuTyamnii, 301JIpIIyBann
HaNpYXXEHHS] BET€TaTUBHOI PEryysinii i Mpu3BOAMIM 10 il
3pOCTaHHs HAIPHUKIHI 3MaraHb. Y pATYBaJIbHHKIB 3 CEPeTHIM
piBaeM SI crioctepiranacs HaiO1IbII aieKBaTHA (i3ionoridHa
BI/ITIOBi/Ib, Y TOW Yac K OOCTEKEHI 3 HU3BKUM Ta BHCOKHM
3HaYeHHSM IbOTO MOKa3HHWKa Oy BiJHECEHI 10 Tpym
PH3HKY 3 Ae3aJanTanii Ta ceprieBO-CyANHHUX 3aXBOPIOBAHb.
BionmoriuHuii Bik MpaIOOUYUX IOCTOBIPHO TEPEBUINYBAB
MOMYJISAIIHY HOPMY 1 pa3zoM 3 SI Morke OyTH peKOMEHIOBaHHI
JUTSl BAKOPUCTAHHS ITiJ] 9ac MepioANIHUX MEIUIHUX OTJISIIB.
Kiro4oBi citoBa: ie3aanTartis; BapiabenbHiCTh pUTMY Ceplis;
TipHAYOPSITYBATBHUKY; (DAaKTOPH PU3HKY; CTpEC-IHAEKC.
Tano-®panKiBChKMiA HALliOHATLHUI MeTMUHUI yHi-
BepcuteT; e-mail: kolg.ira2 1 @gmail.com;

2JlepxaBHa ycTaHoBa “IHCTHTYT Me Uy npari AMH
Vxpaiui im. 10.1. Kynniesa”, Kuis
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