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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.
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not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Aim: The purpose of the research is to study and comparatively
evaluate the changes in HRV indicators in functional tests of
various directions.

Methods: HRV was studied in 50 elite athletes (athletics,
wrestling, judo, football) , at age 20-26 years old. The research
was held in the scientific research laboratory of the Armenian
State Institute of Physical Culture and Sport using the hardware
- software complex "Varikard 2.5.1, Iskim — 6.2. The studies
were carried out in the morning, in the preparatory phase of
the training process, at rest and during functional testing. In
orthotest HRV was recorded at rest 5 min supine followed by
5 min standing. 20 minutes later, a treadmill test was carried
out on Treadmill Proteus LTD_ 7560 with a gradually increasing
load (1 km/h per minute) until exhaustion. The duration of test
was 13-15 minutes, HRV recorded after test 5 min supine.
HRV time indicators - HR(b/m), MxDMn(ms), SI (un) and
frequency (spectral) indicators - TP (ms2), HF (ms2), LF (ms2),
VLF(ms2) are analyzed.

Results and conclusion: The degree and direction of changes
in HRV indicators are connected with the different type of stress
factors, their intensity and duration. The HRV time indicators
in both tests change unidirectionally: sympathetic activation
causes an increase in heart rate, a decrease in the variation range
MxDMn and an increase in the stress index SI, with the greatest
degree of shifts in the treadmill test. The spectral indicators of
HRYV in both tests vary in different directions. In orthotest, the
vasomotor center is activated, expressed by an increase in LF
wave amplitude against the background of a decrease in the HF
wave, but without a significant reaction from the total power
of the TP spectrum and the humoral-metabolic component
VLF. With the treadmill test, there is an energy-deficient
state, expressed by a sharp decrease in TP wave amplitude
and all spectral indicators reflecting the activity of individual
management levels of heart thythm control.

The picture of correlation links emphasizes the balanced
functioning of the autonomic nervous system at rest, increased
sympathetic activity and regulation centralization in orthotest,
as well as an imbalance of autonomic regulation in treadmill
test.

Key words. Heart rate variability, autonomic regulation,
functional testing, athletes.

Introduction.

Assessment of the autonomic mechanisms of heart rate
regulation is one of the intensively studied problems in sports
physiology and medicine [1,2], since the state of the adaptive
and reserve capacity of the athletes' body is associated with the
degree of tension and functioning level of regulatory systems
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[3-7]. The heart rate variability (HRV) is an integral indicator of
the body's homeostasis and reflects autonomic regulation of the
body and balance of the autonomic nervous system (ANS) [2,8].

Currently, HRV assessment is the most informative method of
rapid control of the functional state of the athlete's body [9-11].
This method is many times superior to heart rate monitoring,
traditionally used to monitor exercise in sports. HRV studies
have shown that various individual features of the autonomic
regulation of the circulatory system are revealed at the same
heart rate (HR) in athletes [12], and HR is not an indicator
that fully characterizes the effect of physical activity on the
functional state of the body [13]. A characteristic feature of this
method is its non-specificity in relation to nosological forms of
pathology and high sensitivity to a wide range of influences.
The cardiovascular system (CVS) reacts to the slightest changes
in the needs of organs, providing them with sufficient blood
supply and is a universal indicator of the adaptive activity of the
whole organism [14].

Functional testing is an important part of HRV research, as
it allows to determine the adaptive reserves of the CVS. In
this regard, the study and assessment of the functional state
of athlete's body and cardiovascular autonomic regulation
are always relevant, because they help to identify the level of
functional fitness of athletes, which is one of the important
determinants of training adaptations of athletes [8,15].

The value of HRV indicators obtained as a result of functional
testing are often assessed by researchers in different ways [16-
18], since they depend on the position of the body, the direction
of the study, the form, intensity, and duration of influence of
stress factors.

At the same time, qualitative and quantitative characteristics
are given, but no clear idea is created about the degree of
tension in the functioning of regulatory systems, the expense of
functional reserves and the range of response to various stress
factors.

Purpose of the research is to study and comparatively evaluate
the changes in HRV indicators in functional tests of various
directions.

Material and methods.

The sample consisted of 50 elite athletes from different
disciplines (athletics, wrestling, judo, football). The mean age
was 22.6 years (range 20—27). The research was held in the
scientific research laboratory of the Armenian State Institute
of Physical Culture and Sport using the hardware - software
complex "Varikard 2.5.1, Iskim — 6.2. for cardiointervalogram
processing and HRV analysis. A prerequisite for the correct
assessment of HRV indicators and the state of autonomic
balance at rest is the presence of a sinus rhythm.

23



The studies were carried out in the morning, in the preparatory
phase of the training process, at rest and during functional
testing, including orthotest and maximum treadmill test until
exhaustion. All athletes gave their written consent to participate
in the study.

Orthotest was carried out in accordance with the standard
scenario (HRV recorded at rest during 5 min supine followed
by 5 min standing). 20 minutes later a treadmill test was carried
out on Treadmill Proteus LTD 7560 with a gradually increasing
load (1 km/h per minute) "to the point of failure". The duration
of the test was within 13-15 minutes, HRV was recorded after
test during 5 min supine.

The following indicators are analyzed: time indicators
- HR(b/m), MxDMn(ms), SI (un) and frequency (spectral )
indicators - TP (ms2), HF (ms2), LF (ms2), VLF(ms2).

MxDMn, variation range, reflects the degree of dispersion of
cardio intervals in the studied dynamic series. This indicator
corresponds to the TINN, adopted in Europe and USA.

SI, stress index, reflects the degree of tension of regulatory
systems, the activity of the mechanisms of sympathetic
regulation and the state of the central circuit of regulation.

TP, the total power of spectrum, reflects the total activity of
neurohumoral influences on the HR .

HF, respiratory wave, is the high-frequency component of the
spectrum, reflects the level of parasympathetic influences on
the HR.

LF, the low-frequency component of the spectrum, reflects the
level of vasomotor center activity.

VLF, the very low-frequency component of spectrum, reflects
the level of activity of the sympathetic link of the regulation,
characterizing the influence of suprasegmental higher autonomic
centers on the cardiovascular subcortical center.

The mentioned autonomic indexes indicate the level of
activity of autonomic regulatory systems.

Statistical data analysis was performed using the PYTHON
2022 software program. We used Student’s t-test and selected
p-value as a criterion of significance. Regarding correlation
checking, we used Pearson correlation.

Results and Discussion.

To obtain reliable information about the state of regulatory
systems, we carried out a study of autonomic balance at
rest and autonomic reactivity during functional testing. In
order to test the capabilities of the HRV method in assessing
the autonomic reactivity of athletes, along with the generally
accepted orthotest, a maximum stress test on a treadmill was
used. At the same time, we were interested in the question of the
direction and degree of shifts in HRV indicators that occur in the
response to various functional tests.

As can be seen from Table 1 the HRV indicators obtained at
rest reflect the picture of the autonomic balance between the
sympathetic and parasympathetic arms of the ANS. HR value
corresponds to the average level of heart rate in athletes. The
magnitude of MxDMn and SI indicators are also in the range of
optimal levels [15]. The stress index adequately reflects the total
effect of cardiac regulation, which follows from its formula (SI
= AMo/2Mo x MxDMn). The Mo and AMo indicators reflect
the activity of the sympathoadrenal system, and the MxDMn
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indicator reflects the level of parasympathetic regulation. Thus,
the degree of tension of regulatory systems is revealed.

As can be seen from Table 1 and Figure 1, during the tests,
there is a natural increase in the HR and SI index, most expressed
in the treadmill test. It should be noted that small changes in
heart rate hide a different degree of tension of cardio regulatory
systems, since HRV is associated not only with the tonic
influence of the nervous system, but also with the inclusion of
suprasegmental structures. Variations of the SI value in various
states are significantly nonlinear. With increasing stress levels
this indicator begins to increase on an ever-increasing scale,
reflecting the degree of predominance of the activity of central

regulatory mechanisms over autonomous ones.

TIME INDICATORS OF HRV AT REST, IN ORTHOTEST AND TREADMILL
TEST IN ATHLETES.

mHR mMxDmMn S

REST ORTHO TREADMILL

Figure 1. Time indicators of HRV at rest, in Orthotest and Treadmill
test in athletes.

It is interesting to note that due to the predominance of
sympathetic activity, the magnitude of the variation range
MxDMn almost does not change during the orthotest, but
significantly decreases in the treadmill test. The increase in
sympathetic regulation during a heavy stress is revealed by the
stabilization of the rhythm, a decrease in the dispersion of the
duration of cardio intervals and an increase in the number of the
same type intervals.

SPECTRAL INDICATORS OF HRV AT REST, IN ORTHOTEST AND
TREADMILLTEST IN ATHLETES

BTP mHF WLF mVLF

REST

ORTHO TREADMILL

111,49*

Figure 2. Spectral indicators of HRV at rest, in Orthotest and Treadmill
test in athletes.

Figure 2 shows the data of the spectral analysis of HRV, which
gives quantitative assessment of periodic processes in the heart
rhythm. Using the mathematical convert Fourier (Fast Fourier
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Table 1. Average HRV indicators at rest, in Orthotest and Treadmill Test in athletes.

Indicators HR b/m MxDMn ms SI un

Rest 64,30 + 1,2 311,89 £ 15,3 100,52+ 17,7
Orto 82,68 + 1,8** 301,68 +23,0 159,96 + 23 ,4*
Reliability between Rest and Orto

Treadmill 92,30 £ 1,5%** 103,01 & 6,4%** ggzzz:

Reliability between Rest and Treadmill

TP ms2
3589,89 £352,3
3550,54 £516,8 669,94 + 137,1*%* |1664,07 +203,5 447,83 +£32,8

317,61 + 38%**

HF ms2 LF ms2 VLF ms2
1274,13 +£152,9 [1328,78 + 185,7 451,97 £32,8

57,37 £10,6%** 111,49 + 14,8%** 74,65 + 10,6***

Note. *-reliability(p<0,05); **- reliability (p<0,01); ***- reliability (p<0,001)

Transform), it becomes possible to study the wave structure of
the HRV in the form of the total power of the TP spectrum with
its components: HF, LF and VLF waves. The wave frequency of
the rhythm reflects the influence of the central and autonomous
regulation circuits on the sinus node.

The total power of the TP spectrum in the physiological sense
is a reserve of adaptive energy, and its components reflect the
activity of separate levels of heart rhythm control and can be
distributed differently. This mainly concerns HF and LF waves.
As mentioned above, the respiratory component HF reflects
the level of parasympathetic influences on the heart rate and
the activity of the "autonomous" regulation circuit [3,19],
the LF wave reflects mainly sympathetic influences, but the
parasympathetic tone also affects its formation [19].

Usually, the HF wave amplitude is more than LF. According
to our data, the predominance of LF over HF is visible, which
indicates some tension of the sympathetic arm of the ANS in
our sample of athletes. However, the actual values of HF and
LF, as well as all spectral indicators, are within normal limits.
The VLF wave reflects the influence of the psycho-emotional
and functional state of the cerebral cortex and its significance
is associated not with sympathetic catecholamines, but with the
activity of the renin-angiotensin-aldosterone system (RAAS)
[20].

As it follows from Figure 2, in orthotest there is no visible
change in the spectral parameters TP and VLF and there is an
expressive decrease in the respiratory wave HF.

At the same time, a small unreliable increase in the LF wave
with an increase in its predominance over HF is noted. These
changes indicate a clear decrease in parasympathetic activity
against the background of some increase in sympathetic activity
and activation of the vasomotor vascular center.

It is noteworthy, that in the maximum stress test, there is
a significant reliable decrease in the values of all spectral
indicators. A decrease in the amplitude of the TP wave represents
a progressive increase in sympathetic activity, an increase in the
centralization of heart rate control, and a decrease in the reserve
of adaptive energy. The predominance of the LF wave over HF
remains.

The analysis of changes in the size of the VLF wave during
functional testing shows a significant decrease in its amplitude
during the treadmill test, which is associated with the
predominance of central control mechanisms and developing
energy shortage. However, it is noteworthy that the amplitude of
the VLF wave prevails over the HF wave, which was observed
neither at rest nor in orthotest. The observed changes, indicate
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that in case of treadmill test increased VLF share in the reduced
total spectrum , in our opinion, reflects the participation of
the humoral-metabolic system in regulating the adaptation to
prevent complete energy shortage. VLF waves, reflecting the
influence of supra-segmental higher autonomic centers, are a
sensitive indicator of the control of energy-metabolic processes.

The degree and direction of changes in HRV indicators
during functional tests are connected with the various types
of stress factors. The transition from a supine position to a
standing position in orthotest is not a noticeable burden for
a healthy person, however, it has a mobilizing effect since
there is an autonomic support for changing the body position
and maintaining a new position. The transition to a standing
position causes a gravitational rearrangement of blood. It
leads to a change in the vascular tone of the lower and upper
parts of the body and to the activation of the vasomotor center,
which performs a specific function of controlling vascular tone,
receiving information both from the periphery and from higher
levels of control.

At the same time, as we see, the activity of the sympathetic arm
of the ANS increases, which is expressed by different degrees
of increase in HR, SI, LF and a decrease in HF.

In other words, adaptation to orthostasis is achieved by
increasing the sympathetic and decreasing the parasympathetic
components and with internal shifts of the HF and LF spectral
components, but without a significant reaction from the
overall power of the TP spectrum and the humoral-metabolic
component VLF.

During the period of intense physical activity in the maximum
stress test on treadmill, a considerable mobilization of energy
resources, cardiovascular, respiratory, and other systems occur.
In this situation, homeostatic indicators can deviate greatly
from their rest level, as if carrying out a process opposite to
maintaining homeostatic balance, but necessary for carrying
out activities in an extreme state. At the same time, as we see,
autonomic reactions are expressed by a distinct increase in
sympathetic regulation, the mobilizing effect of which is shown
by the stabilization of the rhythm, a decrease in the variation
range of cardiac intervals, a sharp increase in the amount of the
stress index. A sharp decrease in the amplitude of the TP wave,
which shows the reserve of adaptive energy, reflects an energy-
deficient state. This is evidenced by the unidirectional decrease
in the amplitude of all spectral indicators.

For a more thorough comparative assessment of the results
obtained, we conducted a correlation analysis between various
HRYV indicators at rest, in orthotest and treadmill tests. Analysis
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oftheresults showed that at rest (Figure 3) a considerable positive
and reliable correlations were found between a number of HRV
indicators. The highest level of positive correlation is observed
between the time indicator MxDMn and the spectral indicators
TP (r = 0,85; p<0,01), HF (r =0,84; p<0,01), as well as between
the spectral indicators TP and HF (r =0,87; p<0,01), which
reflects the predominance of parasympathetic regulation at rest.
The correlation between MxDMn and spectral indicators LF (r
=0,59; p<0,01), VLF (r =0,61; p<0,01), as well as between Tp
and LF (r=0.75; p<0,01), VLF (r=0.51; p<0,01) is expressed to
a less degree. On the same level, there is a negative correlation
between SI and MxDMn (r=-0,65; p<0,01), ST and TP (r=-0,51,
p<0,01). The level of correlation between HRV indicators shows
how balanced the functioning of the autonomic nervous system
is between its two arms— sympathetic and parasympathetic.

Correlation analysis between HRV indicators at rest

-0.28 -0.3 EWKipy -0.34

S MxDmn  HR

T

HF

WLF

HR MxDmn Si kS HE LF WIF

Figure 3. Correlation analysis (heatmap) between HRV indicators at rest.

The picture of correlation links in orthotest and treadmill test
is of great interest (Figures 4 and 5). In orthotest, the degree
of correlation links increases between MxDMn and spectral
indicators LF (r = 0,85; p<0,01), VLF (r = 0,7; p<0,01),
reflecting sympathetic activation. Though the physiological
meaning of MxDMn is associated with the activity of the
parasympathetic arm of the ANS [15,21], however, it is closely
related to the state of the regulatory systems of the organism.
Any functional changes in the body are immediately reflected
primarily in the value of MxDMn. It reflects the total effect
of heart rate regulation by the ANS, which is confirmed by
the data of correlation analysis in orthotest. The relation also
increases between the SI stress index, which characterizes the
activity of sympathetic regulation mechanisms and the state
of the central regulation circuit, and the LF indicator (at rest
r = -0.35; p<0,05; in orthotest r = - 0,49, p<0,01), as well as
between SI and VLF (at rest r = -0.45; p<0,01, in orthotest r
=-0,71; p<0,01), intraspectral connections increase too. All the
observed changes indicate in favor of strengthening sympathetic
activity and centralization of regulation.

In treadmill test, the degree of correlation between MxDMn
and spectral indicators LF, VLF increases approximately to
the same extent as in orthotest, however, the correlation links
between MxDMn and HF (at rest r =0,84; p<0,01; in treadmill
test r = 0,65; p<0,01), MxDMn and SI (at rest r = -0,65; p<0,01;
in treadmill test r = -0,55; p<0,01) decreases noticeably, and
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the correlation links between SI and HF almost disappears (at
rest t=-0,45; p<0,01; in treadmill test r = -0.08; p<0,01), which
reflects the complete dominance of the centralization of control
process and the disbalance of autonomic regulation. There is
also a difference between intraspectral links. The correlation
link between HF and TP (at rest r = 0,87; p<0,01; in treadmill
test r = 0.69; p<0,01) visibly reduces, and the link between TP
and VLF (at rest r = 0,51; p<0,01 in treadmill test r = 0,84;
p<0,01) significantly increases, which once again emphasizes
the high degree of activation of central regulatory mechanisms
due to the activity of the RAAS system.

Correlation analysis between HRV indicators in Orthotest
10
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Figure 4. Correlation analysis (heatmap) between HRV indicators in
Orthotest.

Correlation analysis between HRV indicators in Treadmill test

Figure 5. Correlation analysis (heatmap) between HRV indicators in
Treadmill test.

Conclusion.

In stressful situations, there is a regular decrease in regulatory
and adaptive capabilities, an increase in the intensity of all
organs and systems functioning. At the same time, the degree of
changes is related to the form, intensity, and duration of stress
factors.

As shown by a comparative assessment of HRV indicators,
activation of the sympathetic arm of the ANS during tests is
revealed, firstly, as a non-specific unidirectional mobilizing
reaction to various stressors, which is expressed in changes in
time indicators. This is an increase in heart rate, a decrease in the
variation range of MxDMn and an increase in the stress index
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SI with the greatest degree of shifts in treadmill test. Secondly,
sympathetic activation is revealed by a specific multidirectional
reaction, expressed in changes in spectral indicators, which is
related to the peculiarity of the factors causing stress reactions.

During orthotest, in response to a change in body position, the
vasomotor center is activated, which is expressed by an increase
in the amplitude of the LF wave against the background of a
decrease in the HF respiratory wave. And with the treadmill
test, in response to strenuous physical activity until exhaustion,
an energy-deficient state arises, which is expressed by a sharp
decrease in the amplitude of all spectral HRV indicators
reflecting alarm response to stress. The above-mentioned
changes reflect the physiological meaning of spectral analysis,
which is to assess the activity of individual management levels
of heart rhythm control.

HRV has a significant potential for assessing the role of
autonomic mechanisms of heart rate regulation in athletes.
Further longitudinal studies are necessary to determine the
sensitivity and predictive value of HRV in various functional tests.
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PE3IOME

Ieabio wmccienoBaHus ABIACTCS H3yYCHUE U CPaBHUTEIbHAS
oIleHKa m3MeHeHnt mokasareneit BCP npn ¢yHKunoHaIpHBIX
mpo0ax pa3Mu4HON HAPaBICHHOCTH.

Metoasl. [IpomsBeneHo uU3ydYeHHE BCP vy 50
BBICOKOKBATH(DAITUPOBAHHBIX CIIOPTCMEHOB (athletics,
wrestling, judo, football) 20-26 net. MccnenoBanme mpoBeIeHO B
HAy4YHO-HCCIIEIOBATENBCKOM TabopaTtopun I'ocynapcTBEeHHOTO
WHCTUTYTa  (U3WYECKOW KyNbTYpbl M CIOpPTa ApPMEHHH
C TOMOIIBIO ANMMAPATHO — NMPOTPAMMHOI0  KOMILIEKca
«Bapukapn 2.5.1, Uckum — 6.2 . VccrnenoBaHus IPOBOAMIACH
YTPOM B TOATOTOBUTENHEHOM IIEPHOJIE TOATOTOBKH B ITOKOE H
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npu ¢yHIMOHaNEHOM TectupoBanuu.llpn oprompobe  BCP
perucTpupoBajach B T€UEHHE 5 MUHYT JIeXKa M 5 MHHYT CTOS).
UYepes 20 muH BeInonHsuIcs Tpenmuirect Ha Treadmill Proteus
LTD 7560 cocryneHuaTo-Bo3pacTaroleii Harpy3koii (rmo 1 km/a
B MHHYTY) «I0 OTKa3a». JJIMTeNbHOCTh Harpy3KH B Ipenenax
13-15 mun. BCP  peructpupoBagach B TE€UYEHHE 5 MUHYT
Iociie TecTa B IIOJIOKESHUM Jieka. BbUTH NpoaHann3upoBaHbI
BpemenHsle  rnokazarenu BCP: HR(yn/mun), MxDMn(mc2),
SI (mMc2), a Takxke crniekTpanbHble mokazarenu BCP: TP (mc2),
HF (mc2), LF (mc2), VLF( mc2).

PesyabraTsl n 3akiaiodenne. CTeleHb W HalpaBIeHHOCTH
n3MeHeHui mokaszarened BCP pu IIPOBEIEHHBIX
(YHKIIMOHATBHBIX Tpo0ax CBS3aHbI C PAa3IMYHON NPUPOIOH
CTPECCOPHBIX ()aKTOPOB, UX HHTEHCHBHOCTBHIO 1 JUTUTEIILHOCTHIO
Bo3JciicTBUs. Bpemennrsie nokazarenu BCP B oboux Tecrax
W3MEHSIOTCS OJHOHAIIPABJIEHHO: CHUMITaTHYeCKasi aKTHUBAIMs
Bb3bIBaeT ydameHune UCC, yMeHbIIeHHE BapHAIlMOHHOTO
pazmaxa MxDMn wu yBenuueHue crpecc-uHipexca SI, ¢
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HauOONbIIEH  CTENEHBIO CIABHIOB TP TPEAMMIITECTE.
Crexrpanbhbie moka3atenu BCP B 000ux TecTax H3MEHSIOTCS
pasoHampasieHHo.  [Ipu  oprompobe  aKTHBHU3UpYETCS
Ba30MOTOPHBIN IIEHTP, YTO BBIPAXKAETCS POCTOM aMIUIUTYJbI
BonHb! LF Ha ¢oHe cHmwxeHus apixarensHod BonHbl HF, HO
0e3 CYIIeCTBEHHOH pEakIMi CO CTOPOHBI OOIICH MOIIHOCTH
criektpa TP M ryMopaibHO-METa0OIMYECKONW COCTABISIONICH
VLF . Ilpu TpeaMuirecte BO3HHMKaeT SHEProJeHIUTHOE
COCTOSIHHE, BBIPAXAIOIIEECs] PE3KUM CHUXKEHUEM aMIUIUTY/bI
BosIHBI TP M BCeX CHEKTpaslbHBIX MOKa3aTesel, OTpaXarolux
aKTUBHOCTb Pa3/INYHBIX YPOBHEW yIpaBIeHUsI pUTMOM CEpALA.

KapTuHa KOppEnsSIUOHHBIX B3aMMOCBS3€H MOAYEpKHUBAET
cOaaHCHPOBAaHHOCTh ~ PalOOTBHl  BETeTATMBHOW  HEPBHOU
CUCTEMBl B MOKOE, YCUJIEHHE CHMIATHYECKOH AaKTHBHOCTU
U LEHTpaTu3alUM peryasiuu IpH OpTOTECTe , a TaKke
JrcOaTaHC BEreTaTUBHOM PEryJsIUY IPH TPEAMHUIITECTE.

KaioueBble cioBa: BapnaOelbHOCTH CEPIEYHOTO PHUTMA,
BEreTaTUBHAsl PETyJsinus, (YHKIMOHAILHOE TECTUPOBAaHUE,
CHOPTCMEHBI
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