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Resume. Our study presents theoretical and methodical aspects of the complex experimental
electroencephalographic examination of brain and the electrocardiorythmography of heart, which allow
obtaining the results of measurements that can be used to assess the psychophysiological state of a person
according to the brain-heart system. The investigation emphasizes on the importance of classifying people
according to the level of functional mobility of the nervous processes. This research describes peculiarities and a
sequence of realization of the experimental study of brain and heart in the resting state and during the
performance of mental activity. Multiple approbation of this methodological approach with the participation of
different contingents of surveyed persons suggests that such algorithm of a complex research enables to obtain a
broad information basis for the evaluation of psychophysiological functions of a person and build predictions of
their variability depending on changes of living conditions.

Key words: electroencephalography, cardiorythmography, functional mobility of nervous processes,
processing of information, brain and heart interaction.

MeToauuHui MiAXiZ 10 BUBUYEHHSI MiZKCHCTEMHOIT B3a€EMO/IIT ceplieBo-
CYJHHHOI CHCTEMH Ta MO3KY JIIOJINHU

Jlinig FOxumenko, MukoJsa Makapuyk

KuiBchkuii HarfioHampHUH yHiBepcuTeT iMeHi Tapaca [llesuenka, Kui, Ykpaina
Anpeca juig muctyBanHs: liyukhimenko@ukr.net

Otpumano:12.05.18 ; mpuitasaTo 10 Apyky: 14.06.18; onmy6mikoBano: 25.06.18

Pestome. [lomaHo TeopeTM4Hi Ta MOPAKTUYHI  aCMEKTH  KOMILUIEKCHOTO  €KCIePUMEHTalbHOIo
enexTpoeHuedanorpaiuHOro  IOCHIIKEHHS TOJOBHOIO MO3Ky Ta  €IEKTpOoKapAiopuTMorpadiyHoro
JOCIIKEHHs! Ceplis, 1O A€ 3MOTy OTPUMYBATH pe3yJIbTaTH BUMIipIOBaHb, SIKi MOXKYTb OyTH BUKOPUCTaHI AJIA
OLIiHIOBaHHS MCUX0(i3i0J0riYHOTO CTaHy JIIOAWHU 33 CHCTEMOIO «MO30K-cepley. Haromouryerscst BaXJIMBICTb
knacudikauii groneit 3a piBHEM (yHKIIOHANBHOI PYXJIMBOCTI HepBOBUX mpoueciB. HaBeneHo ocobnuBocTi i
MOCNIAOBHICTh peaizalil eKCIepUMEeHTAIbHOTO MOCHTI[KEHHS MO3KY i cepls B CTaHi CHOKOK Ta MiA 4ac
BUKOHAHHA pO3yMOBOi JHisuibHOCTI. HeonHopasoBa ampoOauisi 1LOrO0 METOAMYHOTO MIAXOAY 3a Y4acTiO
00CTEe)KYBAaHUX PpI3HOr0 KOHTMHIEHTY [a€ MiACTaBy CTBEpMXKYBaTH, IO TakUil airopUTM KOMIUIEKCHMX
JOCIiKeHb Ja€ 3MOTY OTPUMYBAaTH IIUPOKWI iHpopMaliliHuii 6a3uc 1 OLIHKK TcUX0o(i3ionoriyHux
¢yHKUill monuHM Ta OynyBaTH MPOTHO3W X BapiaTMBHOCTI 3alie)KHO Bif 3MiH YMOB JKUTTENISUIBHOCTI.
3acTocyBaHHS LbOrO METOAMYHOrO MiAXOAY CTBOPIOE HaJeXHI yMOBU Ul MPOBENEHHS NETajbHOIo
MOHITOpUHTY ncuxogizionoriynux QGyHKUid, ontuMizauii npodeindopy Ta npogopieHTanil y 6aratbox raimy3sx
KUTTEISTIBHOCTI JIIOWHY, @ TAKOK MOXKe OyTH KOPUCHUM Yy cepi MenuimHu i peadiniTaii 3 MeToro Kopekuii
TMPOSIBiB MATOJIOTii MO3KY Ta CepI.

KiouoBi caoBa: enextpoenuedanorpadis, kapaioputMmorpadis, (yHKIIOHaJIbHA PYXJWBICTh HEPBOBUX
mporeciB, mepepoOka iHpopmartii, B3a€MOIist MO3KY i cepIis.
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Formulation of a Problem and its Value

At the present stage of development of the
science and medicine in designs of complex
investigation of the human organism the non-
invasive tools of registration, monitoring and
diagnosing the human functional states
continue to be the most priority [1, 2].
Electroencephalography (EEQ) and
electrocardiorythmography (ECRG) relate
precisely to such tools that allow us to
investigate brain and heart function without
resorting radical surgical methods [3]. The
results of researches of heart and brain which
we obtained with the help of modern EEG and
ECRG devices, evidence of it’s reliability
because it reflect objectively the qualitative
and quantitative characteristics of the
functioning of the organism [4, 5].

Analysis of Researches of this Problem

The study proved that EEG is a reliable
method for evaluating biocurrents of brain,
which is used to judge both the activity of the
cerebral cortex, subcortex and many internal
organs [6]. ECRG enables to detect rhythm
disturbances, monitor the flow of energy
changes occurring in the myocardium, monitor
the morphological rebuilding of the heart
vessels and its walls, and establish changes in
impulse conduction that can lead to the
cardiovascular pathology [7]. In the first place,
central nervous system controls the activity of
the heart [8, 9]. Due to the rapid growth
of the pace of life, the emergence
of new occupations, the deterioration of
ecology there 1is in the world the
exponential growth of cardiovascular and
neurological morbidity [10, 11]. In our
time, scientists consider the diseases
of the cardiovascular system as the main
cause  of  cognitive  impairment  of
both  vascular and  neurodegenerative
genesis [12, 13]. They note that the violation
of the cognitive functions of the brain
is one of the typical concomitant disorders,
which accompanies chronic heart failure
and manifests by decreasing in memory,

attention, the speed of psycho-motor reactions
[14, 15]. There is a point of view that the
decreasing of cardiac output and stagnant
phenomena of the circulatory system due to
the insufficient pumping capacity of the heart
cause the structural and functional changes in
the brain [16, 17, 18] that greatly affects not
only the quality of life, but also reduces its
duration [19, 20, 21]. This situation causes the
importance of a comprehensive study of
functions of brain and heart, which can open
up a new level of opportunities for timely
diagnosis, rational treatment and rehabilitation
of people with psychoneurological and
cardiological diseases and also contributes
increasing of competence of professional
orientation and qualitative selection of
personnel [22]. Particular importance for the
full account of adaptive human capabilities to
changing environment, based on the innate
properties of the body is to take into account
the typological features of higher human
nervous activity [23, 24].

Selection of Previously Unsettled Parts
of the General Problem

Due to the development of views on the
genetic determinism of the main nervous
processes,  particularly  the  functional
mobility (FMNP), and its role in psycho-
physiological functions of a person [25, 26],
the methods of the one-hour diagnosing of
brain and heart according to the characteristics
of the biosignals obtained during the
EEG and ECRG of a person, require to
follow more precise algorithmic and
detailed procedure. We believe that the
proposed methodological approach to the
complex experimental study of the
cardiovascular system of a man and
cerebral cortex will allow obtaining objective
integral parameters of biosignals, which will
make it possible to judge about the
peculiarities of psychophysiological states of
man, as well as to diagnose and predict their
changes.

Goal: Considering of the methodical aspect
of a complex experimental study.
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Methods and Sequence of the Research

We recorded the biological currents of the
brain according to EEG method with the help
of the computer electroencephalograph
Neirocom of the KhAI Medica. Also we
carried out the fixing of biosignals of
cardiovascular activity due to ECRG method
by the device Cardiolab + (Kharkiv, Ukraine).
We performed the establishment of the
individual-typological properties of higher
nervous activity (HNA) according to FMNP
by the device Diahnost 1M according to the
original method [27]. The total time of the
experimental study was no more than 20
minutes. We carried out the statistical data
processing in accordance with software used
devices, as well as Excel 2010 packages,
STATISTICA 6.0 for Windows, and using
correlation, factor and cluster analysis. We
examined all persons in accordance with the
provisions of the Helsinki Declaration (1975,
later editions 1996-2013). The research
procedure was experimentally implemented on
the basis of the Institute of Physiology named
after M. Bosyi and the Department of
Anatomy, Physiology and  Physical
Rehabilitation of the Cherkasy National
University named after Bohdan Khmelnytskyi.

Presentation of the Main Material
and Substantiation of the Study Results

We believed that the study of the brain and
heart functions should have the several
consecutive steps: - registration of passport
and anthropometric data of the surveyed
persons; - classification of the individuals
according to the individual-typological
peculiarities of the high nervous activity
(according to the level of FMNP); -
clarification and observance of conditions for
the examination of psychophysiological
functions; - parallel registration of EEG and
ECRG in two modes: a) record of biosignals
in a resting state (background); b) recording
the biosignals in conditions of a real activity;
- creation of the base of the actual

experimental data and their statistical
processing; - analysis, scaling, integration of
results, forecast, diagnostics, recommen-
dations. We used the following algorithm of
the complex experimental study to obtain the
objective characteristics of the interaction of
brain and heart (fig. 1). In accordance with the
algorithm of the study procedure, in the first
stage, we carried out the familiarization with
the content, the sequence of planned
inspections and their duration, entered the
necessary data into a personal card (social,
anthropometric data, current health status,
chronic pathology, traumas in the past) and
carried out the instructions on further
participation in the experiment. To determine
the maximum possible rate of a movement of
the hand (for 30 seconds, the interval divided
into 6 periods - 5 seconds each), we
determined the profile of manual asymmetry.
Also the authors of the article established the
auditory asymmetry according to the
psychoacoustic test of Movement of clock and
determined the individual peculiarities of
hearing (leading ear). We selected only those
individuals for further research who had the
asymmetric coefficients not less than 51 %.
The research included the study of the current
psychological background according to the
test Feeling, activity, mood [28]. Also the
study took into account the daily activity of
the organism of the examined person. We
worked according to the classical type of
dynamics of a human work capacity, and our
research assumed the observation of the
highest level of psychophysiological functions
in the time interval from 8 till 12—-13 o'clock
[29].

We carried out the research in a special
sound and light-proof chamber, where we
maintained the proper pressure, humidity and
comfortable temperature. The examined
person was in a comfortable armchair in a
semi-lying position. Before conducting the
research, he got 2-3 minutes to get
accustomed to the electrode located on the
head and the body, adjusting to the procedure

124

Dxumenxo JI., Makapuykx M.



HayxoBmri BicHmk CX1OHOEBPONEMCHLKOI'O HAIJ1OHAJBHOI'O yHiBepcurTeTy imeHi Jleci
Yxpainkmu. Cepisg: Biogsmoriuni wHayrkm. 2018. 4(377)

2. Classification

by FMNP

1. Registration
of the surveyed

y

simultaneous (parallel) implementation of eeg and ecrg-studies in two modes:

3.1. background :>

3.2. during activity

7

4. creation of a database

4.1. processing :> 4.2. rating

A

5. result of research

N forecast,

diagnosis ('q

¥ recommendations

Fig. 1. Scheme of the Algorithm Realization of the Complex Procedure of the Brain
and Heart Experimental Study

of research, which contributed to the reduction
of artifacts occurring during EEG and ECRG
records.

At the second stage of the study procedure,
we determined the individual-typological
features according to the characteristics of
FMNP: - for the understanding of the
characteristics of the latent period of
perception of the stimulus by the receptors of
the corresponding analyzer and carried out the

determination of the simple sensory-motor
reactivity on stimuli of different modality
(geometrical figures, sound tones); - to find
out the associative processes, reactions of
choice and differentiation of stimuli after
3-time training and the ability to quickly
switch between excitation and inhibition [23];
- the study included the applying of the
imposed rhythm mode, which allowed the
detecting of the highest speed of the error-free
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response of selection and differentiation of the
stimulus for a limited amount of time; the
research included also the using of the feedback
mode as a criterion for the processes of
autoregulation during the processing of
complex information. We believe that in order
to the modeling of the active work of brain
and heart, a test of 5-minute processing and
differentiation of sensory stimuli of auditory
modality by the Diahnost 1M device should be
used particularly in the feedback mode, which
allows surveyed persons to adjust the pace of
work to individual psychophysiological
possibilities, which helps them to avoid
fatigue [27]. The quantitative and qualitative
parameters which were obtained in different
test modes allowed us to receive an integral
index of the level of FMNP.

We established the level of the investigated
individual-typological property after
determining of the absolute values of the
FMNP. The maximum rate of presentation and
processing of signals was considered as the
indicator of the level of FMNP in which the
surveyed person did not exceed 5,0-5,5 % of
errors at the highest speed. Detection of the
individual-typological features of HNA
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according to FMNP allows taking into account
the quantitative and qualitative characteristics
of information processing and
psychophysiological features of a man [25],
manifested in both brain and heart functions
[30, 31]. The third phase of the research was
to implement the simultaneous fixation of the
brain and heart biosignals initially in a resting
state (background), and then during the
performance of activities for the assessment of
stationary and transient processes of the brain-
heart system. We placed electrodes in
accordance with the generally accepted
scheme of 10-20 for unification of the
research and possibility of comparing the
obtained indicators [5, 32]. We began the
recording of the heart biological currents from
the first minute of the loading test and fixed
them till the end of the 5 minute processing of
information with subsequent spectral analysis
of the heart rate variability [32, 33]. In our
studies, the background record was designed
for measurement of EEG and ECRG in the
resting state of the examined individual. The
recording of transient processes was
represented by bioelectric oscillations in the
form of a wave or a complex of waves which
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Fig. 2. Example of EEG (4) and ECRG (B) Background Recording of Operator With High Level
of FMINP
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were generating in a response to stimuli
during an active work. This article presents the
results of the examination of operators of the
mobile communication in order to visualize
the practical implementation of the research
algorithm. We presented the fragments of the
complex registration of EEG (in the leads of
Fz, Cz, Pz) and ECRG in the background and
during the activity (computer processing of
information) of two operators with different
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level of FMNP. Firstly according to the study
scheme we carried out the fixing and
analyzing of the one-hour background
recording of EEG and ECRG of an operator
with a high level of FMNP (fig. 2).

Then we were reordering and analyzing the
complete recording of EEG and ECRG of the
same operator during the performance of the
work (fig. 3).
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Fig. 3. Example of EEG (4) and ECRG (B) Recording of Operator With High Level of FMNP
During the Performance of Work

Similarly, we performed the registration
and analysis of the biocurrents of the brain and
heart of an operator, which had, for example,
low FMNP under background -conditions
(fig. 4) and during the information processing
(fig. 5).

Subsequently, we carried out the statistical
analysis of the actual data of a complex study
of the brain and heart of the surveyed persons
with different gradations of the investigated
typological properties in the resting state and
during the processing of information.

Earlier we carried out the survey of
operators and used the same methodological
approach which showed that the results of the
comparison of EEG and ECRG records

indicated that there were no significant
differences between the indices of individuals
with different levels of FMNP obtained in the
resting state (P>0,05). In contrast, the
comparative analysis of the brain and heart
parameters, which we were recording during
the processing of information in individuals
with different gradations of the investigated
typological properties of HNA, detected
differences in the spectral power of the heart
rate, activation of the frontal and parietal
portions of the cerebral cortex and the power
of a-, - , B-ranges of waves of the frontal,
temporal and occipital regions of the cerebral
cortex (P < 0.05-0.01). The authors of the
article found out that the operators with a
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Fig. 4. Example of EEG (4) and ECRG (B) Background Recording of Operator with Low Level
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Fig. 5. Example of EEG (A) and ECRG (B) Recording of an Operator with a Low Level of FMNP
During the Performance of Work
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high level of FMNP achieved more quantity of
the processing of stimuli (which indicated on
the higher effectiveness of the performed
activity) by increasing the tension of
neurodynamic, neurophysiological and
autonomic mechanisms of the cardiac
regulation [34, 35, 36, 37]. We received the
similar data, which were recorded by the same
study procedure of the examination of students
that confirmed the results that we were getting
during the research of the mobile
communication operators. Thus elucidation of
the neurovisceral features of the processing of
the sensory information of students with
different levels of FMNP allowed us to
identify the individual-typological
peculiarities of interactions in the brain-heart
system, which pointed on the existence of
different strategies for their autoregulation
[34, 38, 39].

It is known that parameters of the
biosignals of EEG and ECRG which are fixed
with the help of an electroencephalograph and
an electrocardiogram have the relevant
features which reflect a certain physiological
meaning [40]. It should be assumed that the
actual material, collected during this
procedure of the integrated study of human
brain and heart, can be the basis for assessing
the psycho-physiological functions of people
of different functional states (resting state and
real activity) and also has the differences of
the level of the individual-typological
properties of HNA. The results of our studies
showed that the signals of biocurrents of brain,
in so-called a-, B- and 6-ranges of frequencies
in all leads that had the generally recognized
characteristics of frequency and power of the
rhythm spectra (a-rhythm of 8-13 Hz,
30-70 pV; B-thythm 14-35 Hz, 5-30 puV;
0-thythm 4-7 Hz, 25-35 pV), zonal activity
(for every rhythm), amplitude and frequency
of asymmetry carry an important information
and were required for inclusion [5, 8]. Their
fixation and analysis makes it possible to
judge about the involvement of the cortical
and subcortical structures in the creating of an

emotional background and the support of
attention due to 6O-rhythm indices [41],
activating memory mechanisms according to
the changes of a-rhythm [42], as well as to
take into account the effects of nonspecific
systems of the central nervous system
according to the activity of the cerebral cortex
at PB-rhythm fluctuations [43], which lasted
directly during the processing of information.

Analysis of biocurrent of the heart due to
SDNN and spectral characteristics of the
cardiac rhythm (very low frequencies
of 0-0,04 Hz (VLF), low frequencies
of 0,04-0,15 Hz (LF), high frequencies
of 0,15-0,4 Hz (HF), general oscillation
power of 0-0,4 Hz (TP), as well as weight-
sympathetic balance (LF / HF) [32, 33, 44],
allowed us to identify different strategies of
adaptive reorganization and differences in the
tension of regulatory mechanisms of
individuals with different levels of FMNP in
conditions of a real activity.

Conclusions and Perspectives
of the Further Research

Consequently, the proposed experimental
study procedure with the wuse of the
typological approach to the brain-heart system
was repeatedly approbated and proved the
possibility of the obtaining an objective
information about the psychophysiological
state of man and the individual characteristics
of the interaction of brain and cardiovascular
system in real conditions of activity. Due to
the subsequent statistical processing of the
brain and heart biorhythms with using factor
and cluster analysis it becomes possible to
realize with certain authenticity the diagnostic
and prognosis of the psychophysiological
functions of the organism.

The development of the differential scales
for assessing the work of the brain-heart
system according to the basis of the individual
neurodynamic and neurovegetative charac-
teristics, which should be used as a criterion
for the diagnostic or prognosis of the
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psychophysiological functions of a person, is
one of the prospects of our further research.
In our opinion, the information, obtained as a
result of experimental research, will serve as
the basis for an expert assessment that will
have a genetically determined basis according
to the individual-typological peculiarities of a
person and will allow the detailed monitoring
of the psychophysiological functions, optimize
the professional selection in many areas of the
human life and will be useful in the field of
medicine and rehabilitation in order to correct
the manifestations of the brain and heart
pathology.

So we have considered the methodical
approach of the complex experimental study
of the brain's and heart's interaction for the
determining  objective  quantitative  and
qualitative characteristics of the biosignals, as
well as the necessity of classification of
people, according to the level of their
individual-typological features (functional
mobility of nervous processes). Also we have
analyzed the peculiarities of realization of
experimental research during background
conditions and real activity and have proposed
the complex procedure of implementation the
integrated experimental research according to
the basis of the typological approach which
has allowed the creating of a powerful
information basis for the evaluation of the
psychophysiological functions of a person.
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