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Changes of heart rate and fractal neurodynamicabiity indicators in the conditions of controlledeathing
in the heart rate oscillations frequency spectruenstudied.

It is shown that controlled breathing whose frequyenorresponds to the frequency of localisatiorthef
maximum peak of heart rate power in the low-frequyefLF) range is a powerful mechanism for contrgli
heart rate and modifying functional state as a whtilis possible to study the properties of tharheate
vegetative control system’s own oscillation proessen the basis of the resonance effect in thet nater
spectrum under controlled breathing whose frequartayesponds to the frequency of localisation @& th
maximum peak of heart rate power in the LF range.
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INTRODUCTION

Of special interest in recent years has been ilgadistg synchronization of biological
rhythms in living organisms whose vital functiong aetermined by interaction of many
complex rhythmic processes [1-3]. A striking examm@f such an interaction among
different physiological rhythms is the functionioba human cardiovascular systeGvg).
The most important oscillation processes determiitgidynamics are basic heart rate (HR),
breathing as well as processes of slow HR and bjwedsure regulation, whose natural
frequency is near 0.1 Hz [4]. The majority of ploysgical oscillations are however not
strictly periodic, with rhythms usually varying egularly under the influence of varying
external factors and noise perturbations [2]. Heare is not an exception. ThHeVS
regulation mechanism mediated by the vegetativeronmer system (VNS) action is
modulated by a number of various external influsnseich as breathing, physical activity,
body position modifications, psychoemotional changgc.) [2]. As a result of their
interaction, these rhythms manifest themselvesiious signals such as electrocardiogram
(ECG), blood pressure, blood stream and hearveaiability (HRV) [5].

It has recently been revealed that @\éS basic rhythms can be synchronised among
themselves [6-9], the finding being in line witlethresent-day ideas about the functioning
of complex systems [2]. Besides, it has been redethat the system setting the basic HR,
or the heart vegetative control system (HVCS), lmaconsidered as a self-oscillator under
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the external influence represented in this casebtwathing [9, 10]. Application of
controlled breathing (CB) can therefore be viewadaa introduction of a periodic
component in the external noise signal enteringt¥€S.

According to the present-day ideas about th€éS vegetative control system
organization, the said system is characterisedhbypresence of a basic self-oscillation
process at the frequency of about 0.1 Hz (low-feeqy spectrum range) [11-16]. This
oscillation process, which varies under externtii@mces and determines the dynamics of
an organism’s vegerative status, is generally demnsd to characterize the basic properties
of the HVCS central part [17-20]. It has been ptbtleat breathing and vascular tonus
regulation rhythms are synchronized at the frequeridd.1 Hz [9]. The choice of a CB
perturbation frequency is therefore often madehenlasis of de Boer's model, where the
presence of a system’s natural oscillations atftbguency of 0.1 Hz allows using the
resonance response in the low-frequency range obstitlations with the period of 10
seconds [11-15]. The resonance effect is in thse caused by physical coincidence of the
frequencies of the two harmonious oscillation psses: exterior respiratory perturbation
and the system’s natural oscillations. Howeveryviddal variability of the wave peak in the
low-frequency range (from 0.05 Hz to 0.15 Hz) isdely known, therefore it is a
shortcoming of the existing approaches that thpinafon rate of 1 inspiration/6 seconds
(0.1 Hz) [11-15] does not always have a resonaggonse in the HVCS.

Hence, the use of the CB method at an individuiitgd frequency [21] has good
prospects. Yet, most commonly used procedures dgrawide any criteria to assess
adequacy and efficiency of using CB parametres filmenpoint of view of the functional
state of theCVS as a whole and interactions among its parts¢hvtiepend on the quality
and concordance of functioning vegetative regutati@chanisms, i.e. while using the CB
method we face a situation which is quite typicakcience, when new ideas are put in
practice before any insights into the action mewdms of the factor underlying these
ideas are reached. Thus, the possibility of modgfyflVCS parameters and an organism’s
functional state as a result of CB at an individuéitted frequency remains unstudied.
The aim of the present research is therefore tectiehanges in the heart rate and fractal
neurodynamics variability indicators under the abods of controlled breathing in the
heart rate oscillations frequency spectrum.

MATERIALS AND METHODS

42 conditionally healthy female students aged betwi8 and 21 have been examined
in the research. All the examinees have volunteteredrticipate in the examination.

A preliminary HRV record made with the help of am&a M hardware-software
complex (HSC) (produced bpynamicaResearch Laboratory, St. Petersburg) revealed
individually typological differences among the exaees, related, among other things, to
stress index values (Si or li intensity index [223) values did not exceed 50 arbitrary
units in 21% of the examinees, were between 50 280t arbitrary units in 50%, and
exceeded 200 arbitrary units in 29%.

Only the voluneers showing Si values between 50 20@ arbitrary units were
admitted to the experiment (n = 21). This kind efestion was made because, first, it
enabled us to form a homogeneous sample of exagarek second, because such values
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prevailed among the examined students, which stgdleat these examinees developed
the most typical reaction to CB.

Examinations were made daily within a 10-day persdwell as 7 days after the
termination of the CB course (17th day of the ekpent) in order to record the
aftereffect at the same time of the day, therebyieating any impact of circadian HRV
variations on the reasearch results [23, 24].

Examinations began with recording an ECG sign#hénfirst standard lead by means
of the Omega M HSC, which had been developed onb#sis of an essentially new
method for discrete dynamic analysis of heart aathlrhythms. Rhythmograms obtained
as a result of processing the electrocardiosigrebasically sequences of time intervals
between contiguous heart excitations. Five rhythwvase identified on the basis of the
electrocardiosignal for the software-hardware immatation of the methodR-R
intervalogram (sequence BfRintervals),R-T intervalogram (sequence BET intervals),
ratios ofR andT wave amplitudes (sequencesRPandT ratio amplitudes) and off-duty
ratio of the electric signal (sequence of ratioshef cardiocomplex period to its duration).
Each rhythm is used as a basis for identifyingt-brsler waves, enveloping the said
rhythms. Thus, a proper transition from rhythmogsamtime functions is carried out.

Recordings were made with examinees sitting analthirey quietly within 5 minutes,
i.e. the time needed to get 300 cardiocomplexesackieve the set goal, we applied the
basic methods of HRV analysis (in the assessmetgsyrecommended by the standards of
the European Cardiological Society and the NortheAcan Society of Pacing and
Electrophysiology [25]): statistical methods (RMSDISDNN, pNN50), geometrical
methods (A0, Mo, Dx), spectral methods (HF, LF, VLF, TOTALEFIHF) and FND (A, B,
C, D, Health), which are explicitly featured ireliature and our previous investigations [26].

It is known that time series oscillations of cardtervals are characterized by self-
similarity, i.e. there is repeatability of theirgperties in different time scales [27]. Since
the humarCVSs is self-organized in such a way that it has haracteristic duration
or time scale, it would be reasonable to expeststitucture to distort as a result of any
deflection in one’s functional state. Thereforecteh analysis of biorhythms provides
moreexhaustive information on the state of biolabigbjects and can be an important
supplement to the traditional methods of HR analysi

The neurodynamic method of processing rhythmogrisnas means of transforming
the signald; (), f> (t), f; (t), &4 (t) andfs (t) into a binary code combination, which consists
of a sequence of impulses whose parameters ddeatical.

On the first day of the experiment background rdsaf HRV and FND indices were
made during spontaneous breathing to obtain com&obrds. The electrocardiogram
records were being monitored against any forcepiraons and breath holdings so as to
eliminate any arbitrary breathing influences onexaminee’sCVS, i.e. examinations
were made in relatively standard conditions.

On the experimental days that followed, recordsl®" and FND indices were made
during CB whose frequency corresponded to the &Bqgu of localisation of the
maximum peak of HR power in the LF range.
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During a CB session, each examinee breathed iortisr individual rhythm set by a
“respiratory sphere”, whose parameters were cakdlan the basis of the rhythmogram
recorded immediately before the breathing sessmth® Omega HSC (fig. 1, 2).

The depth of breathing corresponded to the sizbeotphere: the bigger the sphere
the deeper the inspiration, the smaller the sptieréuller the expiration.
breathing breathing breathing

inspiration pause exspiration
Fig. 1. Controlled breathing phases set by the Qni¢SC.
Intensity
inspiration expiration inspiration expiration and sa(l:u o

Fig. 2. Graph of controlled breathing phases inQneega-M HSC.

The ratio of inspiration and expiration time intelsy was constant — 38%  of
inspiration and 62% of expiration, which complieghathe “golden section” rule [28].
The breathing periods showed exponential growththat beginning and exponential
decrease in the completion phase.

The duration of a CB session was about 5 minutes.riext rhythmogram record was
made not earlier than 5 minutes after the endefB session.

Changes in the HRV and FND indices against therobrecord obtained on the first
(background) day of the experiment were considei®a criterion of efficiency of the
method applied. Statistical treatment of the daéa warried out with the help of Omega-
M and Statistics 6.0 software packages. Reliabiiftthe differences between the obtained
data sets was assessed by means of Wilkoksoresianit

RESULTS AND DISCUSSION

Statistical methods of HR analysis showed a redighl<0.05) increase of PNN50,
RMSSD and SDNN indices in the examinees duringnadsg individually fitted frequency
CB course, starting from thé“23“ and %' observation days, respectively (fig. 3).
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Fig. 3. Modifications of the heart rate statisticahalysis indices induced by
controlled breathing at an individually fitted fregpcy in examinees in different stages of
the experiment (percentage wise agaist the initihles taken as 100 %).

Note: * - reliability of differences i <0.05 according to Wilkokson'’s criterion against thitial
values of the indices under study.

On the 10th day of our examination the values of S8, SDNN and PNN50
indices increased by 30% 0.05), 28% and 71%p(<0.01) respectively against the
background values.

It is known that SDNN is a cumulative index showwmyiability of ranges of R-R
intervals over the entire period under considematighich describes the HRV as a whole
[29], and an increase of the SDNN suggests inteasin of autonomic regulation. Values
of the RMSSD index are calculated on the basi®@ftimes series of value differences of
consecutive pairs of cardiointervals and do notaiarany slow-wave HR components [26].
Any augmentation of the difference between theioari@rvals results in an increase in the
RMSSD value, which suggests activization of thegampathetic VNS.

Along with stabilisation of SDNN and RMSSD indicgtairting from the 8 or 6" day
of the observation, we registered the earliestcésithe I' controlled breathing session)
and most significant increase of the pNN50, mogteat on the 8 day (by 73% <0.05)
against the initial values). The pNN50 index preddnformation similar to the one
offered by RMSSD. Yet, since we take into accounly difference values exceeding 50
ms when calculating it, this index is more sensitte high-frequency HR respiratory
oscillations and therefore reflects the activitytlod autonomic regulation circuit and the
VNS tonus more efficiently.

Thus, the increasing values of HRV statistical @edi (SDNN, pNN50 and RMSSD)
testify to the effect that the CB course inducdénsification of the autonomic circuit, in
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particular intensification of the parasympathet&rtpof HR regulation, and therefore
optimized regulation of living functions.

Besides, it should be noted that 7 days after éhmibation of the CB sessions the
values of HRV statistical indices remained relialfligher than the initial values,
suggesting that the course in question had a pramolaftereffect.

The obtained data are further proved by HR geonatanalysis data, which show
that realiable changes in the studied indices oeduas early as after th& EB session
(fig. 4), and on the Tbday of our observation Dx index values were 17ghéi p <0.01)
and Amo index values were 19% lowgr<0.05) than their initial values.
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Fig. 4. Modifications of the heart rate geometrieadalysis indices induced by
controlled breathing at an individually fitted fregpcy in examinees in different stages of
the experiment (percentage wise agaist the iniéihles taken as 100 %).

Note:the notations are identical to the ones in fig. 3.

It is known [22] that geometrical methods of HRVablsis are basically mathematical
analysis of histograms of R-R interval distribusohus, dilation of the R-R histogram
base and flattening of its dome are characterigddlling Amo values and growing Dx and
Mo values and can suggest activation of the parpagmtic VNS and decreased impact of
its sympathetic part on HR as well as be indicatwveincreased activity of th€VS
autonomic regulation circuit regulation [25], asswagistered in our examinees undergoing
the CB course at the frequency within the HR cetbilh low-frequency range.

Furthermore, seven days after the CB course, bmdbgesponses were reliably
different from the initial valuesAmo - 83%, Dx - 114%7{ <0.05; fig. 4).

Geometrical analysis data can be expressed quavaiyain terms of variational
pulsometry indices, the most common and informatnethod of variational pulsometry
being analyzing the Si stress-index of an orgarssegulatory systems.

Under the influence of CB, on th& Hay of the experiment Si decreased sharply by
31% (p <0.05) against the background values ofitlaiex (fig. 5).
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Fig. 5. Si modifications (arbitrary units) inducdy controlled breathing at an
individually fitted frequency in examinees in diféat stages of the experiment.
Note:the notations are identical to the ones in fig. 3.

It should be noted that after the subsequent CBi@es the values of this index
remained in the range between 75 and 80 arbitraig,usuggesting that Si values had
reached a “plateau” (fig. 5). Si still remainedlfas level 7 days after the termination of
the CB course.

As is known [30], Si characterises a degree of @medance of sympathetic effects
over parasympathetic ones as well as a stress @dvetgulatory systems [22]. The
decrease of Si values as a result of CB at thaiémecy of maximum peak localisation in
the LF HR range is therefore yet another evideridaareased vagal actions on HR and
reduced stress levels of examinees’ regulatoryemyst

The fact that examinees show a significant decrefiSé values as early as after tHe 5
CB session opens up possibilities for practicalliegiion of this method to reduce stress
caused by psychoemotional or physical exertiocart be mentioned that Si increases 1.5 to
2.0 times under physical sress [31.], 1.1 to 3r@$i under emotional pre-examination stress
in students and schoolchildren [32], 1.4 to 1.7e8nn cosmonauts during a magnetic storm
[33], and 20 to 30 times in sportsmen during sparents such as games and single combats,
suggesting a grave functional stress state “omehge of adaptation breakdown” [34].

Spectral analysis of drive characteristics of l@otlc signals, which is widely used as
a noninvasive method in heart vegetative regulai@aminations, revealed reliable changes
of the studied indices in the examinees, startiogifthe 2° or 3 day of the experiment
(fig. 6). Yet, maximum value increases of the iedicnder study were registered on th& 10
day of CB, when spectrum power values in the LFHdRHR ranges had grown by 112 and
69% (p <0.01) respectively against the backgrowaides of these indices. It must be noted
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that this growth was mostly accounted for by graypower of the LF-component of the
spectrum. Changes in the VLF-component of the gjpagbroved to be unreliable.
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Fig. 6. Modifications of heart rate spectral compuis power (nf$ induced by
controlled breathing at an individually fitted fregpcy in examinees in different stages of
the experiment.

Note:the notations are identical to the ones in fig.1.

There are numerous experimental data showing tleaHRV spectrum obtained by
analyzing short (3-to-5-minute) rhythmogram fragtsehas a solely neurogenic nature,
for the high-frequency component as well as thé baiv-frequency components of the
HRV spectrum disappear after heart denervation, [86 missing in transplanted heart
patients [36] as well as in anencephalic foetu3& |

It is nowadays generally acknowledged that HF-camepts of the spectrum (0.15 —
0.4 Hz) are related to respiratory movements afieatehe HR vagal control whereas LF-
components characterize the condition of the syhgat VNS [25], and, in particular,
that of the vascular tonus regulation system (agtof the vasculomotor centre). Besides,
some authors have shown that increased power diifh&F-component is indicative of
improved baroreflex regulation of haemodynamicg.[19

Furthernore, the sympathovagal LF/HF interactioeffocient showed a tendency
(p>0.05) to change under the CB influence. Thustisg from the % day of our reserach
we registered an increase in the LF/HF coefficiamtich reached its maximum values by
the 9" day — 2.57 arbitrary units, or 135% against thetrab values.

It is known that the dynamics of this index is ative of changing balance between
the sympathetic and parasympathetic parts of th& Y29]. Yet, under the CB influence,
the LF/HF ratio in the spectrum approached 3, sstijgge predominance of low-frequency
rhythms, intensified baroreflex regulation and msiéed sympathetic effects on our
examinees’ HR.

Consequently, the obtained data revealing incregpseder of both LF- and HF-
components of the HR spectrum as well as the LFEbtHficient in examinees practising
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CB at a frequency within the low-frequency HR sp@&tt component can suggest
intensifying vagal effects and intensifying bartegfregulation of the HVCS.

Along with changes in the power of individual HRyYestrum components, CB
induced an increase in the aggregate power ofpbetram (TP) (fig. 7).
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Fig. 7. Modifications of the aggregate spectrum @ovndex (m$ induced by
controlled breathing at an individually fitted fregpcy in examinees in different stages of

the experiment.
Note: the notations are identical to the onesgn3i

Thus, on the 10th day of CB our examinees regidteraximum TP values, which
made 177% (p <0.001) against the background valie same index.

TP is known to reflect aggregate vegetative effect$i®. VVagal activation is usually
accompanied by a TP increase [25]. Therefore, nGifease in examinees practising CB
at an individually fitted frequency can be put doteractivation of the vegetative circuit
and decreased action of the central circuit of HVY&glation.

At the same time, it is known that the higher thgragate power of the spectrum is
the more pronounced the organism’s adaptive cdpebilare [25]. A conclusion can
therefore be made that CB increases examineestiaglggotential, which agrees with the
reference literature data [21].

Since applied physiology and clinical medicine w$RV not only for studying
HVCS, but also for assessing an organism’s funatioeserves, regulation characteristics
and adaptive reactions, the next stage of our reflseeas analyzing CB-induced changes
in HRV derivative parameters — integral FND indicetich make it possible to pool all
information about different levels of body regubeti

The CB course resulted in growth of all studied FiN8ices in our examinees by 17
to 23% f < 0.01) on average against the background vakessthe Table).

Of particular interest are findings obtained agsult of analyzing dynamic changes
of HRV and FND indices depending on the CB counsetibn. Differences were found
in most HRV and FND indices. Reliable changes ef parameters under consideration
were recorded as early as after tHeCB session although the maximum effects of the CB
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course were registered by th8 & 10" day. Thus, our research shows that at the early
stages theCVS and the organism as a whole respond to CB ratlmavly, but their
response intensifies under repeated exposure aswbtsefor a long time, which suggests
the presence of a cumulative CB effect at the LFftéBuency.

Table
Dynamics of integral indices of examinees’ functical state
Indices
Days
A B C D Health
1 61,21 + 2,83 66,94+4,33 56,42 +3,58 57,94+2 /5 ,6%@3,10
69,48+4,03 66,62+3,53
L 1 ) ’ 1
2 <0,05 70,70+4,82 62,41+3,31 63,91+3,12 p<0,05
65,03 +3,37| 74,38%4,52 64,52 +2,62 66,85 +2,86
3 1<0.05 020,05 63,47 2,69 1<0.05
4 | 66082474 | 7433549 5097402 62384410 20
5 70,07+ 3,83 | 79,64+ 3,91 65,67 +4,16 66,24 +3,48 | 70,41 +£3,63
p<0,05 p<0,05 p<0,05 p<0,05 p<0,05
6 72,06£3,53 | 81,53+3,38 65,98+3,35 67,18+2,98 | 71,69+3,04
p<0,01 p<0,01 p<0,05 p<0,05 p<0,01
7 70,08+2,87 77,24+,21 66,30 £3,44 68,53+2,91| 70,54 +2,83
p<0,01 p<0,01 p<0,05 p<0,01 p<0,01
8 71,44+£3,26 | 81,42+3,28 65,59+2,65 68,15+2,74 71,65+2,62
p<0,05 p<0,01 p<0,05 p<0,05 p<0,05
9 73,80+£3,05 | 82,44+3,21 69,48+2,62 69,97+£2,10 73,92+2,37
p<0,01 p<0,01 p<0,01 p<0,01 p<0,001
10 71,87 £3,26| 80,14+ 4,60 69,07 £2,88 71,13 £3,20 | 73,39 £3,29
p<0,05 p<0,01 p<0,01 p<0,01 p<0,01
17 74,05+ 3,74| 81,53+ 3,74 71,48 £3,49 72,08 £3,66 | 73,60 £3,61
wfteractia p<0,01 p<0,05 p<0,01 p<0,01 p<0,01

These data largely refute the ideas of those asi{f2@} who have proved that CB can
be effectively used for the purpose of raising éim@erobic threshold and obtaining the
“doping effect”. The said “doping effect” is howeviansient and fails to produce the
long-term aftereffect obtained when using the metboder study and therefore fails to
bring about any persistent changes in the orgasifunctional state.

Thus, according to our research results, a ten@gourse at an individually fitted
frequency brings about reliable changes in the HRices under study as well as its
derivaties. It is known [30] that HRV is an intelgradex showing interactions of three HR
regulating factors: reflex sympathetic factor, eégflparasympathetic factor and humoral-
metabolic-mediator medium. Changing HR is a una&kepompt response of the whole
organism to any external stimulus and characterzéslance between the sympathetic
tonus and the parasympathetic tonus. Therefordimidings showing reliable changes in
HRV and FND indices suggest that CB at the maxinpgak frequency in the HR LF
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range normalizes examinees’ sympathovagal balartte.CB course had a pronounced
effect on the activity of both the parasympath&thdS (RMSSD, pNN50, Dx) and the
sympathetic VNS (Amo) as well as contributed to twenulative effect of vegetative
regulation (SDNN). The CB course also effected m@rable changes in the stress-index
of regulatory systems (Si), which is indicative aifaptive changes in the examinees’s
organisms. It is important to emphasize that CB dlought about significant changes in
the HRV wave indices reflecting the internal stanetof a number of cardiointervals and
providing insights into the mechanisms underlying observed final effect of regulatory
influences. The mentioned changes concerned bethHRV spectrum aggregate power
indices (TP) and its components (HF and LF), irgomomic and segmenal HR regulation
levels. The most significant increase of the spmeatpower (if compared to the same
indices during sponteneous breathing) occurredhénlt- HR range on the frequency of
about 0.1 Hz as a response to CB. According to Kidelyov et al. [38, 39], HRV
spectral components characterize the HVCS stasnynparticular time point, the low-
frequency (LF) range of the HRV spectrum beingsaulteof functioning of central SVUS
mechanisms and the high-frequency (HF) range t&ilgcinteractions between the
cardiovascular and respiratory regulation centrging spontaneous breathing. It seems
fair to suppose that the recorded phenomenon ofcdrRponent increasing more
significanly than the HF component under CB carmpbiedown to central and vegetative
respiration-dependent synchronization between é¢spiratory system and thi&/S and
suggests increased baroreflex regulation baseldeoresonance effect in the HR spectrum
under CB at frequencies corresponding to osciltefiequencies of the said spectrum.

Thus, the LF-component of the HRV spectrum is akeraof the HVCS functional
state, which should be investigated under CB ateguency that corresponds to the
frequency of localisation of the maximum peak of ptiRver in the low-frequency range.

It must be noted that the reliable increase of HieYivative indices, which have been
obtained using the FND method, indicates that CRratindividually fitted frequency
ensures regulation of HR controlling functions dtedent levels (autonomic, vegetative,
hypothalamohypophysial and central ones) and, hehefps to improve adaptive
capabilities of the organism as a whole.

Consequently, the dynamics of HRV and FND indexagests that an individually
fitted frequency CB course can selectively modifysic HR regulation mechanisms
important for adaptation, restoring intersystemnemtions (largely due to normalization
of vegetative regulation), which brings about aaion of the organism’s inner reserves,
nonspecific resistance mechanisms, neuroendocrireglulation optimisation and
enhancement of physiological reserves as well s e normalize the functional state of
the organism as a whole.

This can probably be explained by the fact thateedback system is of great
importance for proper functioning of any oscillgtarontrol circuit, and HVCS is an
oscillatory control circuit, too [10] The nature ah efferent signal will depend on the
characteristics of the afferent information entgrthe oscillatory circuit control centre.
Qualitative diversity of afferent information, whicis related to manifold factors
surrounding the system, generates an efferentlsign@esponding to specific conditions,
which is an optimum way of functioning of a conteyistem. Introduction of a harmonic
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component whose frequency coincides with the basiguency of the control centre
oscillations into an afferent signal causes cersaémdardization of afferent information
during a time interval in this circuit, i.e. synohization of control mechanisms in line
with environment conditions is possible. It is #fere possible to modify characteristics
of the organisms’s own oscillatory processes basethe resonance effect in the HRV
spectrum by means of CB in the HR oscillation frty range.

Thus, using CB at a frequency selected individualtythe basis of the previously
made HRV record can be viewed as introduction pér@odic component into the external
signal for the purpose of harmonizing a human Bsiwvggetative control system, and
reliable positive changes in examinees’ HRV and FNdlices take place due to the fact
that endogenous rhythms adjust themselves to ttegnex CB-set rhythm. Indeed, many
investigations show cardiorespiratory synchronatii.e. synchronization between the
basic HR and the respiratory rhythm [6]. Meanwhihereasing synchronization of heart
and respiratory rhythms is viewed as an improveroéaidaptive capabilities of tHevS
and the organism as a whole. Yet, it will be pdssito make any final conclusions
regarding synchronization changes of the rhythmigc@sses under study only when
simultaneous records of the HRV and the pneumogu@mmade and the crosscorrelation
coefficient is calculated, which is the object aof subsequent research. If synchronization
is detected, it will be evidence of adequate imtoa of CVS functinoal components
when adapting to CB at an individually fitted fremay.

CONCLUSION

1. Controlled breathing whose frequency correspondbddrequency of localisation of
the maximum peak of heart rate power in the lowiency range is a powerful
mechanism for controlling heart rate and modifyfmgctional state as a whole.

2. ltis possible to investigate HVCS own oscillatgnmpcesses based on the resonance
effect in the HRV spectrum during controlled bréaghat a frequency corresponding
to the frequency of localisation of the maximumlpe&heart rate power in the low-
frequency range.

3. Increased values of indices obtained by meansatistal analysis of HRV SDNN
(by 28%), pNN50 (by 71%p <0.01) and RMSSD (by 30%;<0.05) suggest that, as a
result of a CB course whose frequency correspamtiset frequency of localisation of
the maximum peak of heart rate power in the lowiency range, the activity of the
autonomic circuit and the parasympathetic regutatieystem intensified and
regulation of living functions was optimized.

4. HRV geometrical analysis methods showed that Cahandividually fitted frequency
caused an increase in the values of Dx index (I#;%¥ <0.01) accompanied by a
decrease in the values of Amo index (by 19p%0.01), indicating activation of the
parasympathetic VNS, activation of the autonomigufation circuit and reduced
centralization of heart rate control.

5. The CB course at an individually fitted frequenawumht about a significant Si
decrease (by 26 %), which suggests increased effgats on the heart rate as well as
reduced stress level of regulatory sustems.
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10.

10.

An increase of the aggregate spectrum power (b%7@ <0.001) induced by CB at
the frequency coinciding with the frequency of heate spectrum LF-component
oscillations is evidence of intensified vegetatefeect on heart rate. The increase of
the LF spectrum component power (by 112%) is mudrensignificant than the
increase of the HF component power (by 69p%:0.01), which can be put down to
central and vegetative respiration-dependent spmiration between the respiratory
system and the cardiovascular system and suggesesased baroreflex regulation on
the basis of the resonance effect in the heartgeetrum under CB at frequencies
corresponding to oscillation frequencies of thel sgiectrum.

The LF-component of the HRV spectrum is a markethef functional state of the
heare rate vegetarive control system, which shbaldnvestigated during controlled
breathing at a frequency that corresponds to thquency of localisation of the
maximum peak of heart rate power in the low-freqyeaange.

The reliable increase of HRV derivative indices ahhhave been obtained by means
of fractal neurodynamics method, indicates thattralled breathing ensures
regulation of heart rate controlling functions dfetdent levels (autonomic, vegetative,
hypothalamohypophysial and central ones) and, henelps to improve adaptive
capabilities of the organism as a whole.

Changes in the indices of heart rate variabilitg Biorhythms fractal neurodynamics
in examinees practising controlled breathing at lieart rate spectrum oscillation
frequency depend on the duration of the contrdieghthing course: reliable changes
were registered in the parameters under study aftéy the 3 CB session and the
maximum effects of the CB course were recorded bylthe 9" or 10" day.

A CB course has a marked aftereffect, as is suggjesta reliable change in the indices of
heart rate variability and fractal neurodynamidiays after the termination of the course.
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Yysn E.H. U3menenne noxasaresieil BapuadebHOCTH PUTMA cepAna H (PaKTaJbHOI HeiipoAnHaAMHUKHU
B YCJIOBHSIX YIPABJISIEMOr0 IbIXaHHs HA YacToTe KoJebaHuii cnekTpa cepaeunoro putma / E.H. Uysn,
E.A. bupokoBa, T.B. 3asitunukoBa // Yuenble 3anicki TaBpHYECKOTO HAIMOHAIBHOTO YHHBEPCHTETA HM.
B.H1. Bepuanckoro. Cepust «buonorust, xumusi». — 2012. -T. 25 (64),Ne 2. —C.176-190.

W3yuyeHbl nM3MEHEHWs IOKa3aTenell BapuaOelbHOCTH CEpACYHOr0 PUTMAa M (PAKTATBHON HEHPOJHMHAMHKH B
YCIIOBHSIX YNPABISAEMOTO [bIXaHUS Ha dacToTe KoinebaHui crmekTpa cepaeuHoro purma. Ilokaszano, uTo
yIpaBiIsieMOe JbIXaHHE, YacTOTa KOTOPOTO COOTBETCTBYET YacCTOTE JIOKAIH3ALUKM MAaKCHMAJIbHOTO ITHKA
MOIIIHOCTH CEepICYHOro puTMa B HH3Kko4yacToTHOM (LF) nuamasone siBisiercss MOIHBIM MEXaHH3MOM
YIpaBJIECHUSI CEPICYHBIM PHUTMOM M H3MEHEHHEM (YHKIMOHAIBHOTO COCTOSIHUSI OpraHH3Ma B IETIOM.
W3ydenne cBOMCTB COOCTBEHHBIX KOJICOATEIBHBIX IPOIECCOB CHCTEMBI BETCTATUBHOTO YIPABICHUS PUTMOM
ceplla BO3MOXKHO Ha OCHOBE d(dekTa pe3oHaHCa B CIEKTpEe CEpAEYHOr0 pUTMa IpH BO3AEHCTBHU
YNpPaBIEMOTO JBIXaHUSI C YacTOTOM, COOTBETCTBYIOIIEH YAcCTOTE JIOKAIU3ALUM MaKCHMAJIbHOTO ITHKa
MOII[HOCTH CEpIEYHOro putMa B Hu3kouactotHoM (LF) nuamnasone.

Knroueevte cnoea. ynpaBnsiemMoe JAbIXaHHWE, BapHa0ENbHOCTb  CEPACYHOIO pPUTMA, (paKTalbHas
HEeHpOJMHAMUKA, CHCTEMAa BET€TATUBHOTO YNPABIECHHUS PUTMOM CEPAIA.

Yysn O.M. 3miHa noka3sHUKIB BapiaGeabHOCTI puTMY cepud i ppakTanbHOl HelipOAUHAMIKH B yMOBAX
KEePOBAHOI0 AUXAHHS HA YACTOTi KOJIMBaHb CeKTPY cepuesoro putmy / O.M. Uysn, O.0. Bipiokosa,
T.B. 3asiunikoBa // Bucni 3amucku TaBpificbkoro HaiioHanpHOro yHiepcurery iM.B.I. Bepraacekoro. Cepist
w»biomoris, ximist”. — 2012. —T. 25 (64)Ne 2. —C. 176-190.

BuBueHi 3MiHM MOKa3HHKIB BapiaOelbHOCTI CEpIEBOro PUTMY 1 (pakTaibHOi HeHWpoaiHaMiKu B yMOBax
KepOBAHOTO JMXaHHS Ha 4YacTOTi KOJMBAaHb CHEKTPY cepueBoro purMy. ITokazaHo, 110 KepoBaHE AUXAHHS,
YacToTa SIKOTO BIIIOBiNa€ 9YacTOTI JIOKaNi3amii MAaKCHMAJIBHOTO IIKy HOTYKHOCTI CEpIEBOIO PHTMY B
Hu3bKo4acToTHOMY (LF) miamasoHi € MOTY)XHMM MEXaHi3MOM YIPaBIIiHHS CEpPLEBUM PUTMOM 1 3MiHOO
(YHKIIOHAIBHOTO CTaHy OpTaHi3My B IIJIOMY.

BuUBYCHHS BJIACTHBOCTEHl BJIACHHX KOJMBAIBHUX IPOLECIB CHCTEMH BErETATHBHOIO YIPABIIHHS PHTMOM
cepll MOXKJIMBO Ha OCHOBI €()eKTy PEe30HAHCY B CIIEKTPi CEpLEBOr0 PUTMY HPH [ii KEPOBAHOTO AMXaHHSA 3
YacTOTOIO, BIiJMOBIJHIA YAacTOTI JIOKami3alii MaKCHMaJbHOTO IIKYy IIOTY)KHOCTI CEpLEBOr0 pHUTMY B
Hu3bKouacToTHOMY (LF) mianasomi.

Knrouogi cnosa: xepoBaHe IuxaHHs, BapiabenbHICTh CEpPLIEBOr0 PUTMY, (pakTanbHa HeifipoarHamika, cucTeMa
BErCTATHBHOIO YIPABJiHHS PUTMOM CEpLIs.

Hocmynuna 6 pedaxyuro 14.05.2012.

190



