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Abstract. Empirical research aimed to reveal the physiological indicators of athlete’s nervous system emergency
mobilization during short and intensive physical activity was carried out. 17 elite athletes took part in this study (9
males, 8 females; rowing, kayaking, canoeing). The results show that standard deviation of heart rate and standard
deviation of RR-interval duration are both the most sensitive indicators of athlete’s functional state changes.

Knroueevnle cnoea: sapuabesibHOCMb cepOevyH020 puMMd, SKCMPEHHAs MobUIU3ayus Hep8HoU cucmemsl, 2pebHbie 8UobI .

AHHomayus. lposedeHo smnupuYyeckoe ucciedoeaHue ¢ yesbio usydeHus pusuosiozuyeckozo obecneveHus co-
CMOAHUA 3KCMpeHHoU Mo6unusayuu HepeHoU cucmembl cnopmcMeHa 8 xo0e 8bINoJIHeHUA UM KOPOMKoUi, HO
UHMeHcueHoli pabomel. B uccnedoeaHuu npuxanu yaacmue 17 cnopmcmeHoa (9 oHowleli u 8 desyulek; akaoe-
muyeckas epebns, epebna Ha 6alidapke/kaHo3). Pesynemamel ceudemenbcmeyiom o mom, Ymo Haubosee 4Yys-
cmeumeibHbIMU NOKA3amenAmMuU, OmpaXkarouwumu usmeHeHue )yHKYUOHATbHO20 COCMOAHUA chopmcmMeHa (npu
nepexode om UCX00HO20 COCMOAHUA K pabome) Aenalomca 08a hokasamensa eapuabenbHocmu pumma cepoya:

cmaHdapmHoe omknoHeHue YCC u cmaHOapmHoe omkoHeHue dnumenibHocmu RR-uHmepeanos.

Introduction. Any sports activity and, in particular,
competitive causes the athlete not only physical, but
alsoemotionaltension.Emotionsactivatethestructures
of the limbic system of the brain and provide additional
mobilization of body resources in extreme conditions.
Researches of a special psycho-physiological state, in
which an athlete can enter in competitions, are often
found in both domestic and foreign literature [1, 7, 13,
15]. According to authoritative experts, in the field of

sports psychology [8], in the context of training an
athlete for competitions, it is more correct to speak not
of the optimal level of activation, but of the optimal
activation state.

This fully agrees with the theoretical concept of
individual zones of optimal functioning, proposed
by Yu. L. Hanin [7]. The author claims that for each
athlete there are certain limits of permissible excitation
(excitement). If the athlete is in his individual zone, he
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acts in the best way. If the level of his excitement is
lower - for an excellent performance he lacks energy,
but if this level is higher than his individual norm
- excessive excitement leads to the appearance of
various negative consequences (too high tension in
the muscles, the inability to concentrate on the task,
negative emotions, toxic thoughts, nausea, somatic
pains of different localization, etc.), which leads
to an inevitable deterioration in the quality of the
performance.

Therefore, it is so important to determine the
individual boundaries of the state of the athlete’s
optimal functioning. This can be done with the help
of modern equipment that produces high-precision
recording of various physiological parameters that
reflect the level of activation of the nervous and other
human systems: heart rate variability, muscle tension,
peripheral body temperature, skin galvanic reaction,
respiratory system parameters, etc. After that, using
the appropriate hardware techniques working on
the principle of biofeedback (BFB), you can teach the
athlete to enter arbitrarily in the zone of its optimal
functioning [3, 10, 14].

Themethodforskingalvanicreactionandevaluating
skin conductivity measuring (or skin resistance) is
widely used to assess the degree of psychoemotional

stress in a person [6], in assessing stress [12], driving
load (Healey & Picard, 2005) . This method has a very
high sensitivity, because at the slightest change in a
person’s state, the sympathetic department of the VNS
activates, which causes an increase in sweating and a
drop in skin resistance (or conduction enhancement).

Another widely used indicator of the functional
state of a person is the variability of the rhythm of
the heart. To quantify the heart rate variability and,
accordingly, the state of regulatory mechanisms, three
main approaches are used: temporal analysis of heart
rhythm, frequency (wave) heart rate analysis and
geometric analysis of heart rhythm [2, 5].

Also in psychophysiological researches, the
measurement of the peripheral temperature of the
phalanges of the fingers of the hand is used to assess
the functional state. The binding between peripheral
temperature and psychoemotional stress is as follows:
under stress, the sympathetic department of the VNS
is activated, its fibers have a vasoconstrictive effect on
the peripheral vessels, the finger receives less blood
and its temperature decreases. With relaxation, the
reverse process occurs.

Thus,the purpose ofthe presentresearch, supported
by FMBA RF, was to study the physiological support for
the state of emergency mobilization and to identify

Table 1 - Mean values and standard deviation of physiological indices in three periods:
«background1», «<work» and «background2» (*- significant changes between background and

work, p<0.05).

Physiological Index Std. Dev. Std. Dev. Std. Dev.
Pulse signal magnitude 9.8 33 11.1 44 10.9 33
Heart rate, bpm 81.6 6.8 88.7 14.3 84.2 6.4
St. deviation heart rate 24.8 7.1 30.2% 25 26.6 74
I;‘;}:nr:'spﬁﬂ‘ufni heart | 087 0.031 0.082 0.031 0.078 0.034
SDNN 197.6 63.2 237.5* 32.8 219.6 553
VLF, % 24.6 8.63 244 6.1 241 9.3
LF, % 35.1 8.2 34.8 7.6 31.5 10.6
HF, % 40.25 10.51 40.81 7.54 38.51 12.02
VLF total 990.6 855.4 1244.7 813.5 1150.8 1026.7
LF total 1287.7 801.1 1747.9 896.1 15114 1040.1
HF total 19135 922.5 2377.8 741.8 2174.6 1140.1
LF/HF 0.798 0.472 0.746 0.332 0.651 0.275
EMG amplitude, pv 529 89.4 8.3 8.8 27.4 459
Skin conductivity, uSimens 4.83 421 5.65 423 5.39 421
Finger temperature, 0C 31.53 2.95 31.28 2.79 31.45 2.74
Respiratory rate, tpm 12.69 5.91 13.29 5.349 12.48 6.09
Amplitude of breathing 3.84 3.27 3.64 2.10 3.39 2.08
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Figure 1 - Dynamics of changes in the
indicator standard deviation of heart rate

the most sensitive indicators for the development of
biofeedback protocols for training arbitrary entry into
this state.

Materials and Methods. The research involved
17 athletes (9 men and 8 women): candidates for
masters of sport, masters of sports, masters of sports
of international level, members of the Russian national
teams, champions and record-holders of Europe and
the world in rowing and canoeing.

Physiological indicators were recorded in the
initial state (background1) with closed and open
eyes, then during work on the rowing machine (work)
corresponding to the sport and in the recovery period
(background2). Printing equipment and software
Biographinfinity of ThoughtTechnology (Canada)
was used. The following parameters were recorded:
photoplethysmogram (for measuring heart rate and
calculating heart rate variability), skin conductivity
(for assessing the tone of the sympathetic part of
the autonomic nervous system and the degree
of psychoemotional stress of the athlete), finger
temperature (for assessing the tone of the peripheral
vessels and the sympathetic department of the VNS),
pneumogram (for measuring the frequency and
amplitude of respiratory movements).

Results. In our study, we studied the dynamics
of athletes’ physiological indices (rowing, kayaking
and canoeing) in the process of performing a short
but intensive work, their usual sporting activity (in
the corresponding rowing simulator). Physiological
indicators of the activation level (heart rhythm,
respiration, skin conduction, finger temperature)
were recorded on a polygraph before the work
began, during the 1-minute load and during the
recovery period after the load. The mean values and
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Figure 2 - Dynamics of changes in SDNN

work bg2

standard deviations of the obtained indices are given
in Table. 1.

In this sample, only two indicators changed
reliably from the background state to the work: the
standard deviation of the heart rate (HR) and the
standard deviation of the duration of the RR-intervals
(SDNN). Both these indicators statistically significantly
increased during work on the simulator by all criteria
(p=0.013 and p=0.031 respectively, according to the
t-test).

Then during the recovery period (background?),
these indicators decreased, but remained slightly
higherthan the originating values (in the background1).
The standard deviation of HR and SDNN reflects such
a phenomenon as heart rate variability: the higher
their values, the higher the heart rate variability.
A sufficiently high level of heart rate variability is
considered an indicator of the favorable state of
regulatory mechanisms in the human body [4] and
good adaptive capabilities of the cardiovascular system
[11]. In this regard, we can say that in highly skilled
athletes in our sample, in the habitual situation for
them, emergency psychophysiological mobilization
leads to adequate activation of the cardiovascular
system with an increase in the variability of the heart
rhythm in some indicators.

It should be noted that not only these indicators,
but also all the rest of the recorded during the
experiment, therewerenosignificantchanges between
background1 and background2, so we can speak of
the rapid restoration of the physiological resources of
highly skilled athletes after a brief and rather familiar
work . And also the absence of changes between the
background1 and the background2 indicates that
the revealed changes in the state of work are caused
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precisely by the load and the psychophysiological
mobilization of the athlete.

A small number of reliable changes in the group
as a whole made it possible to assume pronounced
individual differences between the athletes. An
example of the individual dynamics of physiological
indicators is shown in Fig 3.

The study of the individual characteristics of the
response to work on the simulator showed that the
athletes did respond to the mobilization in different
ways. So, as for the dynamics of finger temperature,
for 5 athletes it grew, for 7 it remained unchanged,
for 4 - it decreased during the load. The respiratory
rate grew for 5 athletes, for 3 remained unchanged,
and for 6 had a decrease. Amplitude of respiratory
movements and skin conduction increased in all
athlete.

Conclusion. The analysis of empirical data lets
us conclude that for highly trained sportsmen,
emergency psychophysiological mobilization leads to
an adequate activation of the cardiovascular system

with an increase in the variability of the rhythm of
the heart. The most sensitive indicators reflecting the
change in the functional state of a person (in transition
from the initial state to work) were two indicators of
heart rate variability — the standard deviation of heart
rate and the standard deviation of the duration of
RR-intervals.

Identified large individual differences in the
dynamics of physiological indicators in emergency
psychophysiologicalmobilizationallow ustotalkabout
the need for an individual approach to developing
trainings based on the biofeedback method for
training athletes to manage their own condition.
Unambiguous dynamics was observed only in skin
conductivity indices (growth during mobilization)
and amplitude of respiratory movements (growth
during mobilization). Thus, in the absence of the
possibility of an individual approach, BOS-training
aimed at achieving adequate mobilization can be
carried out according to SDNN, skin conductivity, and
respiratory amplitude.
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Figure 3 - Individual dynamics of physiological indicators in an athlete (rowing) at rest
(with closed and open eyes) (background1), while working on the simulator and during
the recovery period (background2)
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