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et al., 2012) thinking. There are also a number of studies in which the re-
searchers link certain EEG parameters with the success of cognitive activity
(Karpova & Dikaya, 2014; Sastre-Riba & Ortiz, 2018). Some researchers
point to the dependence of the effectiveness of perception and processing

Introduction

Human intellectual activity is multifaceted and belongs to the tradi-
tional targets of research in psychology. However, the works that combine

a psychological approach with a neurophysiological one (Bekhtereva
etal, 1985; Livanov et al., 1988) are of high value. A comprehensive
psychophysiological approach allows us to approach the understanding of
the basic mechanisms of various cognitive processes, to describe the pat-
terns of their formation in ontogenesis, to investigate the causes of cogni-
tive disorders, to develop methods for correcting the latter. The methods of
electroencephalography and electrocardiography are the most frequently
used to assess the physiological support of human intellectual activity
(Craik et al., 2019). Traditionally, power indicators, as a characteristic of
local activity of neural ensembles and coherence, as coordination of neural
ensembles of different parts of the cerebral cortex, reflect various aspects of
brain activity and cognitive control of left-handed and right-handed people
(Bondarenko et al., 2016; Okhrei et al., 2016; Poruchynska et al., 2016).
Numerous basic studies indicate the relationship of various thythmic
and spatio-temporal parameters of the electroencephalogram with com-
ponents of intellectual activity, such as visual (Yin & Zhang, 2017; Fink
etal,, 2018; Talukdar et al., 2018), logical (Snezhkova et al., 2011; Kupa
& Filimonova, 2014) and intuitive (Vajz, 1998; Geraimchuk, 2012; Wan
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of information on the phase of the menstrual cycle in women (Makarchuk
et al.,, 2010). It should be noted that successful performance is one of the
important factors influencing the state of psychological and emotional
comfort during the education process, which in turn ensures the adequate
performance of professional duties and minimizes the negative impact on
human health. This determines the relevance of the study of physiological
support of intellectual activity in order to identify physiological factors that
contribute to achieving high results.

The problem of development of thinking both as a whole and in
terms of its individual types, the study of the pedagogical conditions of its
formation, has become especially relevant in the context of an innovative
approach to leaming that places high demands on the formation of new
competencies and students’ ability to use productive ways of thinking, re-
flective analysis (Konogorskaya, 2017). Many studies recognize the rela-
tionship and interdependence of personal and cognitive components of
academic performance, which increases the importance of their study both
individually and in combination (Tikhomirova et al., 2015; Samokhin
etal., 2016). The state of evident stress of regulatory systems leads to a

181



violation of the autonomic balance and reduced adaptive capacity of the
body, which affects not only the successful learning, but also the health of
students. Therefore, the in-depth study of the full range of objective indica-
tors that could be used to monitor, predict and, if necessary, adjust the
functional state of the human body is relevant and well-timed. To assess
and predict the functional state of intellectual activity a fairly informative
method of analysis of heart rate variability is used (HRV) (Baevskijj et al.,
2001; Riganello et al., 2010; Kucenko et al., 2013; Lyzohub et al., 2014).

In general, despite the large amount of experimental material, the re-
sults of human EEG research during the performance of various intellec-
tual tasks are contradictory and do not allow us to unambiguously corre-
late the parameters of biopotentials with specific psychophysiological
processes. The researchers often do not take into account that the perfor-
mance of an intellectual task by persons with different background indica-
tors of the global spatial organization of the potentials of the cortex de-
pends on their personal characteristics and skills, and that women of
reproductive age are dependent on hormonal background.

The problem of finding universal electrophysiological indicators that
would be reliably related to successful performance of intellectual tasks for
different types of thinking still remains unresolved. Far from being solved
is also the question of topographic pattemns of activation and inhibition
processes, which form the physiological basis of intellectual actions of
people and ensure the effectiveness of cognitive activity.

Although intuitive thinking is the least understandable of all human
cognitive activities, it is one of the most widely used and powerful ways of
cognition. Most of the decisions we make in life are based on our intuitive
feelings (responses), but the neurophysiological mechanisms of this deci-
sion-making process are still the least studied. At the level of experience,
intuition does not withstand the logical ways of cognition. The authors
(Voss & Paller, 2009) proved that one of the characteristics of memory is
that the retrieval of information from memory can occur in unawareness
and is perceived by a person as guessing (intuitive response). Therefore,
the scientists believe that intuition is based on automatic processes that
are based on the knowledge acquired in the result of leaming. In gener-
al, intuition is an unconscious process that influences the behaviour ba-
sed on implicit knowledge, in which information is actively processed
in the cerebral cortex. Intuition can be understood as the process of
attaching implicit memories to the conscious and subconscious memory
systems.

The study published Voss & Paller (2009) shows that the search for
explicit and implicit memories involves different neural substrates and
mechanisms. In fact, the studies show that encoded and stored stimuli
were memorized better when the subject was distracted compared with
the stimuli that are directly encoded by the will. These studies indicate that
intuition is more likely to be a product of leaming than a mystical innate
“sixth sense”.

There is still no single point of view on what particular characteristics
of HRV are the most adequate correlates of successful intuitive activity.
We suggest that the lability of physiological functions, which is mani-
fested at the peripheral (vegetative indicators) and central (under EEG
parameters) levels may contribute to the productivity of the above men-
tioned type of mental activity. The development and implementation of new
teaching methods involve the transition from a low level of activity to a
higher one, which is based on neurovegetative mechanisms of thinking
processes, the study of the latter determines the relevance of the chosen
topic.

The purpose of the study is to elucidate the neurophysiological me-
chanisms and features of the autonomic support of productive cognitive
activity of female biology students engaged in intuitive type of thinking,

Materials and methods

The research plan was agreed and approved by the Bioethics Com-
mission of Oles Honchar Dnipro National University. All the researches
were conducted in accordance with the principles of bioethical norms of
World Medical Association Declaration of Helsinki on Ethical Principles
for medical research Involving Human Subjects (1964-2000), Universal
Declaration on Bioethics and Human Rights (UN, 1997), Convention on
for the Protection of Human Rights and Dignity with regard to the Appli-

cation of Biology and Medicine (Oviedo, Spain, 1997), Declaration of
Tolerance Principles (1995), the Order of the Ministry of Health of
Ukraine dated Feb.13, 2006 No. 66.

175 female students aged 18-22 of the Faculty of Biology and Eco-
logy, Oles Honchar Dnipro National University, passed the preliminary
survey. The main study involved the female students aged 20-22 years
(n= 93), right-handed people with a regular menstrual cycle lasting 26—
33 days, who were not taking hormonal contraceptives. All the partici-
pants were healthy, were not taking medication at the time of the study,
did not have neurological or psychiatric illnesses, and did not complain of
fatigue or drowsiness. Each participant participated in the study during the
follicular phase (47 days). The research was conducted in the office of
functional diagnostics. According to the results of psychophysiological
testing for intuitive thinking, the subjects were divided into groups with
low and high productivity of the given type of thinking.

The students performed the test tasks during 5 minutes. After each
test there was a 15-minute-break. The state of health of the subjects was
recorded. At the end of the study, the performance of the task was deter-
mined as a percentage. Photographs of plants, animals, fingi, and human
muscles and bones with the figure captions in Latin were used in the study
of intuitive thinking, The students had to choose intuitively the correct
answer from the suggested ones. All the objects were selected from the
program material for self-study from the disciplines of the general block,
which were taught in the first year of study.

Using the complex for registration and processing of EEG and the
evoked potentials DX-NT32.V19 (Kharkiv, Ukraine) in the process of
mental activity the multi-channel registration of EEG activity according to
the scheme 10-20 with a signal quantization frequency of 250 Hz on each
channel was carried out and SP and coherence were determined. The
EEG was taken from the symmetrical pairs of the following leads: Fp1,
Fp2, F3, F4, C3, C4, P3, P4, Ol, O2, F7, F8, T3, T4, T5, T6. The com-
bined electrodes fixed on the earlobes were the referent. The neutral elec-
trode was located on the forehead. Each student participated in the re-
search twice: in a preliminary examination for the absence of pathology,
and in the experiment itself. Five-minute EEG intervals were recorded.
During the Fourier implementation, the analysis epoch was 500 ms. The
sampling frequency of the analog signal was 2 ms; input resistance for in-
phase signal was more than 100 MOhm. High-pass filters were installed at
50 Hz, low ones — at 0.5 Hz. The limits of possible relative error when
measuring voltage and time intervals of EEG signals were + 5%.
The removal of EEG artifacts was performed by an expert method in the
mode of viewing the record, according to the program of the device.
The minute record was analyzed, for which the average values of norma-
lized SP and coherence for symmetrical hemispherical and interhemis-
pheric pairs of leads in the frequency bands corresponding to delta- (1—
4 Hz), theta- (4-8), alpha- (8-13), betal- (13-20) and beta2- (20-30 Hz)
rthythms were calculated.

During the cognitive tests performance, 5-minute recordings of cardio
intervals were recorded using a 12-channel electrocardiograph “‘Sphere-4”
(RPC “Diagnostic Systems” Ltd., Nizhny Novgorod, Russia). The ECG
processing was performed on the basis of the Sphere-4 software package,
which performs HRV analysis in accordance with the recommendations
of International Standard. Statistical and diagnostic indicators of cardio-
intervalography and spectral indicators of HRV were analyzed: the mean
square deviation of all normal sinus R-R intervals (SDNN), the value of
the length of the R—R interval, where mode is the most common (Mo, s),
the number of R—R intervals, corresponding to the values of Mo, which is
expressed as a percentage (AMo,%), the coefficient of variation of the
duration of R-R intervals — CV (%), the variation range (AX, RVU),
which is the difference between the maximum and minimum values of
the duration of cardiocycles, the secondary integral indicator, which re-
flects the degree of centralization of heart rate control, that is stress index
(SI, RVU), voltage index of regulatory systems (IN, RVU), which charac-
terizes the degree of functional adaptive-compensatory mechanisms of the
body, autonomic thythm (VPR, RVU), the index of autonomic balance
(IVR, RVU) which indicates the relationship between the activity of the
sympathetic and parasympathetic divisions of the ANS, the adequacy of
regulatory processes (ARP, RVU) which reflects the correspondence bet-
ween the activity of the sympathetic ANS and the leading level of sinus
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node functioning, the activity of adrenergic or cholinergic mechanisms of
the humoral regulation channel, the value of the square root of the mean
squares of the intervals between heartbeats, number of pairs — tMSSD
cardio intervals that differ by more than 50 ms — pNN50%. The accurate
quantitative assessment of periodic heart rate processes was performed
using the spectral analysis, which allowed us to assess the activity of sepa-
rate levels of heart rate control. The names of the spectral components
according to European-American standards reflect the frequency compo-
sition of the total power spectrum (Total power — TP) of neurohumoral
regulation: high frequency oscillations (High Frequency — HF), low fre-
quency oscillations (Low Frequency — LF), “very” low frequency oscilla-
tions — VLF). Spectral analysis was used to calculate the following: abso-
lute spectral power (HF, LF, VLF), average power in the range (HF%,
LF%, VLF%); centralization index (IC, RVU) and heart rate frequency
(HRF) were registered.

Statistical analysis of the data was performed using the package Sta-
tistica 6.0 (StatSoft Inc., USA, 2001). Since the distribution of the vast
majority of indicators was different from normal one (according to the
Lilliefors test), the Wilcoxon T-test was used to compare the dependent
samples, and the Mann-Whitney U-test was used to compare the inde-
pendent samples. The critical level of significance in testing of statistical
hypotheses was taken as equal to P <0.05. The medians of both the lower
and upper quartiles (Me [25; 75]) were indicated to describe the sample
distribution. The empirical correlation coefficient was calculated, and the
correlation with the level of P <0.05 was considered reliable.

Table 1

Results

The transition from rest (closed eyes) to cognitive activity was ac-
companied by depression of the alpha- and the dominance of betal-
rthythm (Table 1). At the same time, the indicators of theta components of
EEG and asymmetry strengthening were high.

In the process of intuitive problem solving in both groups there was a
decrease in absolute SP of alpha oscillations, but with increasing produc-
tivity of tests performance it was more pronounced: inhibition of SP of
alpha components of EEG covered all the parts of the cerebral cortex of
both hemispheres, which is characteristic of mental activity. The results of
comparing the values of the spectral power of the EEG showed that with
increase in the effectiveness of intuitive thinking SP in the alpha range
decreased in the parietal, occipital and temporal loci of both hemispheres
and in the central zone of the left and anterior F8 zone of the right hemi-
sphere, and in the betal band there were lower values in the central, pa-
rietal and occipital loci of both hemispheres of the brain (Fig. 1). In con-
trast to betal activity associated with alpha rthythm, beta2 components of
the EEG are relatively independent, and their power in intuitive thinking
increased in individuals of both groups, especially in high-productive
ones. The results of comparing the values of SP delta and theta oscillations
in the students with different productivity of intuitive thinking indicate a
probable increase in power in the above ranges of EEG in the anterior
areas of the cortex in individuals with higher productivity of intuition task
performance.

The relative power of the thythmic components of the EEG in female biology students with different productivity of intuitive thinking (%)

Indicators of female students with low productivity

Indicators of female students with high productivity

Relative power of intuitive thinking, n=47 of intuitive thinking, n =46
of EEG components background values (eyes closed) during intuitive thinking background values (eyes closed) during intuitive thinking
Me erQ75 Mi erQ75 Me erQ75 Me, Zo erQ75
Delta activity 38 3341 93 8899 35 3.1-40 103 92-118
Theta activity 213 19.1-252 246 235250 193 17.0-243 2647 256274
Alpha thythm 503 448563 102™ 93-10.7 535 47.0-56.4 247 20-29
Betal activity 242 203-287 404" 384-425 26 19.6-37.8 497" 486-515
Beta2 activity 05 0.1-14 155™ 139-15.1 12 08-19 112" 102-124
The value of the indicator 66 5772 92" 84-104 89 7992 1137 105-124
of interhemispheric asymmetry

Notes: probably relative to background values, at * P <0.05, ** P <0.01, *** P <(.001; relative to the indicators of female students with low performance, at #P<005,%P<

0.01 by Mann-Whitney U test.

Fig. 1. EEG lead points at which probable changes in spectral power occur with increasing productivity of intuitive thinking: a — alpha- frequency range,
b—Dbetal - frequency range, ¢ — beta2- frequency range, d — delta-frequency range, e — theta-frequency range; the triangle with the top down —a decrease,
and the triangle with the top up — an increase in spectral power of EEG components in the students with high productivity of intuitive thinking (n=46)
in comparison with the students with low productivity (n =47), at level of significance P <0.05

Due to the use of methods of mathematical analysis of multichan-
nel registration of electrical activity of the brain, computer topographic
mapping of electrical activity of the brain became possible, which is
used to analyze complex mental phenomena such as unconscious men-
tal acts, including those related to parapsychology. Thus, in terms of size
and number of coherent connections, we tried to assess the degree of
functional connection based on the results of electrical processes record-
ing on the surface of the cerebral cortex during irrational intuitive res-
ponses of the female biology students. In the students with low perfor-
mance of intuitive thinking in the alpha range of the EEG significant
coherent relationships of medium (Cog = 0.62-0.64, P <0.05) and high
(Cog =0.74-0.86, P < 0.05) degree in the anterior parts of the left and
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posterior loci of the right hemispheres, symmetrical short and long
connections between the two hemispheres were found. The high cohe-
rences in the central-parietal-temporal loci of both hemispheres and
between them were especially noteworthy (Table 2). In the students with
high productivity of intuitive thinking, in the alpha range of the EEG the
number of significant coherent connections is increased: significant cohe-
rence (Cog = 0.62-0.94, P < 0.05) in the anterior and posterior parts of
both hemispheres, significant interhemispheric (Cog = 0.63-0.76, P <
0.05) connections in the anterior cortex, interhemispheric short ones bet-
ween all symmetrical leads. However, the number of central-parietal-
temporal coherences in the right hemisphere and between the two hemis-
pheres is reduced, compared to low-productive individuals (Table 2).
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Table 2
Functional connections of the cerebral cortex in different ranges of EEG in female students with low productivity of intuitive thinking when performing tasks

Alpha-range connections Betal-range connections Beta2-range connections Delta-range connections Theta-range connections

Fpl Rz

Fp2
o F
¢ o™
P
02

Notes: n =47, thin line — coherent connections of medium degree (Cog = 0.60-0.67, P < 0.05), thick line — coherent connections of high degree (Cog = 0.70-0.96, P < 0.05);
types of coherent connections: a — connections in the anterior parts of the right and left hemispheres; 5 — connections in the posterior parts of the right and left hemispheres; ¢ —
short and long interhemispheric connections between symmetrical leads; d— central-parietal-temporal connections of the right and left hemispheres; e — intethemispheric central-
parietal-temporal connections ; f— intrahemispheric long connections between the anterior and posterior parts of the left hemisphere.

Table 3
Functional connections of the cerebral cortex in different ranges of EEG in female students with high productivity of intuitive thinking during task performance

Alpha-range connections Betal-range connections Beta2-range connections Delta-range connections Theta-range connections
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Alpha-range connections Betal -range connections Beta2-range connections Delta-range connections Theta-range connections

J

Notes: n = 46, thin line — coherent connections of medium degree (Cog = 0.60-0.67, P < 0.05), thick line — coherent connections of high degree (Cog = 0.70-0.95, P <0.05);
types of coherent connections: @ — connections in the anterior parts of the right and left hemispheres; & —in the posterior parts of the right and left hemispheres; ¢ — interhemispher-
ic connections in the anterior cortex; ¢ — short and long interhemispheric ones between symmetrical leads; e — central-parietal-temporal connections of the right and left hemis-
pheres; f— intethemispheric central-parietal-temporal connections; g — intrahemispheric long connections between the anterior and posterior parts of the right hemisphere; /2 —
interhemispheric diagonal connections between the anterior parts of the left hemisphere and the posterior parts of the right; i — interhemispheric connections in the anterior parts of

the cortex; j —between the frontal leads and other points of both hemispheres.

It should also be noted that in the alpha range when performing tasks
on intuition in both groups probable connections in leads F3-F4, C3—C4,
P3-P4, and in high-productive students — also high coherence in Fp1-Fp2
and O1-O2 pairs of leads were established. In the EEG of the female
students with a low level of productivity of intuition tasks’ performance,

significant coherences in the betal-range in the anterior zone of the right
and posterior areas of the left hemisphere were marked; central-parietal-
temporal connections in the left hemisphere and interhemispheric central-
parietal-temporal synchronizations were established (Table 2). In the
students with high productivity of intuitive thinking, the number of proba-
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ble coherent connections in the above-mentioned EEG band is increased.
Significant coherent connections were established (Cog = 0.60-0.85, P <
0.05) in the anterior parts of both hemispheres, probable intethemispheric
synchronizations appear in the anterior parts of the cortex. Productive
individuals also had short and long interhemispheric connections between
symmetrical leads, and synchronization in the central parietal-temporal
zone increases. The appearance of probable intrahemispheric long cohe-
rences between the anterior and posterior parts of the right hemisphere
should be noted particularly (Table 3).

When performing tests, the synchronization of oscillations in the be-
ta2-frequency range of the EEG between short symmetrical interhemis-
pheric leads in the low-productive female students and between short and
long symmetrical interthemispheric leads in the successful ones when
performing intuition tasks took place (Table 2). Probable synchronizations
in the central-parietal-temporal zones of both hemispheres in less produc-
tive female students were also established, which with increasing efficien-
cy persist only in the left hemisphere (Table 3). Both groups are characte-
rized by interhemispheric central-parietal-temporal relationships.

Having assessed the synchronicity of the brain during intuitive res-
ponses in the students with low scores, a probable level of intethemispheric
coherence in the delta range between symmetrical leads of brain structures
and in the central parietal-temporal areas of both hemispheres, and in the
same loci between the two hemispheres of the cerebral cortex was estab-
lished (Table 2). With the increase of productivity, there was an increase in
the number of significant connections in the delta range. The obtained data
indicate that in most cases the success of the activity was accompanied by
the emergence of synchronization loci in the anterior parts of the left and
right hemispheres and in the posterior regions of the right hemisphere.
Also the interhemispheric diagonal Cogs between the anterior parts of the
left hemisphere and the posterior parts of the right were significant and
short interhemispheric connections between symmetrical leads (and cen-
tral parietal-temporal ones) were preserved. At the same time, new syn-
chronization centers were recorded (Table 3).

In the theta range in the low-performance female students, the syn-
chronization of EEG oscillations was observed in the left hemisphere,
covering the anterior-posterior and central-parietal-temporal divisions and
in the central-posterior divisions of both hemispheres (Table 2). Signifi-

cant coherences (Cog = 0.60-0.84, P < 0.05) were recorded between the
symmetrical leads of both hemispheres. In the female students with high
productivity of intuitive thinking, increased intrahemispheric and interhe-
mispheric synchronizations of theta-derived EEG were observed in the
posterior cortex. There were significant (Cog = 0.66-0.88, P < 0.05) inter-
hemispheric connections between symmetrical leads and diagonal cohe-
rences between the anterior parts of the left cortex and posterior — right,
short and long ones, and central-parietal-temporal-occipital synchroniza-
tions in both hemispheres, as well as significant synchronization between
the frontal Fp1 and Fp2 leads and other points of the cortex (Table 3).

Thus, although the mechanisms of intuition are not fully known, it
is clear that at the frequency of theta waves there is a significant differ-
ence in the spatial organization of electrical processes depending on the
effectiveness of the task. Also noteworthy is the fact of high (Cog =
0.81-0.83, P < 0.05) coherence coefficients in the leads of Fpl-Fp2
(Tables 2, 3). Thus, it can be stated that in people with higher productiv-
ity of performing intuitive thinking tasks more pronounced loci of in-
creased activity (synchronization) of biopotentials are registered, espe-
cially in the frontal areas of the cortex, while in the less successful ones
activation is diffuse or insignificant.

In various types of work, including training, the success of work de-
pends largely on the functional state of the organism, so the next stage of
the study was to assess the autonomic tone and activity of the regulation
mechanisms, which was carried out by the method of heart rate variability
(according to statistical analysis of the time series of cardio intervals)
during the performance of tasks on intuitive thinking. Important criteria for
rapid assessment of the predominant type of heart rate regulation (central
or autonomous one) during physical or mental activity are the following
indicators: SI (stress index), TSP (total spectrum power) and VLF (power
“VERY” low-frequency components of the spectrum). In our study it was
found that against the background of the tendency to decrease the spectral
power of VLF in female biology students of both groups, divergent pro-
bable changes in SI and TSR were observed: decrease in TSR and in-
crease in SI in the low-productive students, increase in TSR and decrease
in SI in high-productive students, which suggested different types of regu-
lation of the cardiovascular system in persons with different efficiency of
task performance (Table 4).

Table 4
Determining type of regulation of heart rate during intuitive thinking based on the analysis of the assessment of the functional state of the body's regulatory
systems
. Groups
Indicators Low-productive High-productive
SLy.o. >100 <100
VLF, m¢’ >1000 >1000
Statistical parameters of HRV increase in heart rate, decrease in R—R interval decrease in heart rate, increase in R—R interval
and CV coefficient of variation and CV coefficient of variation
Humoral balance does not change increase of Mo
Diagnostic indicators of HRV:
—sympathetic department of the ANS increase of AMO, SI, IN, IVR decrease of AMO, IN, SI, IVR
— parasympathetic department of the ANS decrease of SDNN, pNN50 increase in AX, SDNN, tMSSD, pNN50
Adequacy of regulatory processes PAPR increase PAPR decrease
HRY spectral indices moderate decrease in absolute values of TP, predominance of moderate increase in absolute values of TR, HF.
LF-waves over VLF and HF. An increase in the relative moderate predominance of the relative amount
amount of LF and a decrease in HF of HF over LF waves
Characteristic type of spectrum LF>HF>VLF HF>LF>VLF
Balance between activity of segmental and IC within the background values IC within the background values

suprasegmental contours of vegetative management

Interpretation of the obtained data moderate predominance of sympathetic and central regulation - moderate predominance of parasympathetic activity the
of heart rhythm, decrease in activity of autonomous contour of optimal state of the body's regulatory systems displays the
regulation. moderate stress of the body's regulatory systems normal level of response to exercise
Type of heart rate regulation high level of central regulation high level of autonomous regulation

The results of our study show that during mental load the autonomous
regulation of the cardiovascular system occurs due to the coordinated
work of many links. A systematic approach to the consideration of a com-
plex mechanism of physiological functions’ regulation, which can be jud-
ged from the analysis of HRV, allowed us to identify the features of these
processes in the female students depending on the performance of intui-
tion tasks. Low-productive female students showed not only lower per-
formance, but also lower functional and adaptive capabilities of the body.

The reaction of HVS when performing intuitive thinking tasks was mani-
fested in them in increasing heart rate and reduction in R—R-interval, re-
duction in the coefficient of variation (CV), Mo, tMSSD, pNN50, SDNN
and increasing AMO, stress index, vegetative index [IVR), PAPR. All this
indicates a moderate stress on the body’s regulatory systems. In high-
productive individuals, the heart rate probably decreases, the R—R interval
and its coefficient of variation increase, and Mo increases. Indicators of
sympathetic and parasympathetic links of regulation indicate the predo-
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minance of the latter. Spectral indicators of HRV with intuitive ones indi-
cate a moderate increase in the absolute values of TR, HF, LF. There is
moderate predominance of HF% over LF% waves and the increase in the
centralization index. The next step in our study was to identify the rela-
tionship between EEG scores and heart rate variability in intuitive thin-
king: a correlation analysis was performed to identify the relationship
between mental performance and EEG characteristics and HRV scores in
groups of students with different levels of intuition task performance. In
the girls with low productivity of intuitive thinking, two interhemispheric
significant positive relationships were found between performance and
EEG coherence in the alpha range in the temporal-parietal area, two di-
vergent correlations between performance and coherence in the frontal
pole and occipital loci in the left hemisphere, and three different sign cor-
relations between performance and coherence centered in the parietal
abduction of the right hemisphere. With increasing productivity of intui-
tive thinking, a decrease in interhemispheric coherence in the betal range
of EEG in pairs Fp2-T3 and P4-T5 was recorded, three left-hemispheric
and two right hemispheric connections were recorded. Significant correla-
tions between productivity and intethemispheric and right hemispheric
coherence of different areas in the delta range and left hemisphere in the
theta band of EEG with location in the lead Fp1 were recorded.

In more productive students, the number of correlations between per-
formance and coherence in the alpha range of the EEG was greater: seven
interhemispheric (two of them negative ones) and three right- and lefi-
hemispherical ones, mostly positive with the center in the frontal leads of
both hemispheres. In addition, in these students the negative coherence
between performance and absolute SP at points F3, O1, F8, P4 was recor-
ded. Close negative relationships were found between performance and
absolute spectral power in the central and parietal leads in the betal and F7
points in the beta2 bands of the electroencephalogram. Between perfor-
mance and coherence in beta 1, 2 ranges were registered: 8 interhemis-
pheric, 1 left hemispheric, 3 right hemispheric and 5 interhemispheric, 2
left hemispheric and 3 right hemispheric connections, both positive and
negative ones. High-productive female biology students were characteri-
zed by a significant number of positive correlations between performance
and coherence in the low-frequency EEG ranges: in 4 interthemispheric
and 6 right hemispheric and 7 interthemispheric (in the anterior cortex of
both hemispheres), 2 left hemispheric and 3 right hemispheric respectively
(in the anterior and central areas of both hemispheres).

The obtained correlation coefficients indicate the presence of a much
larger number of close relationships (mostly positive ones) in high-produ-
ctive female students, which to a greater extent coincide with certain cohe-
rences. It was also determined that in low-productive students (group II)
the success of the intuition task was negatively correlated with the R—R
interval of the CIG and with the over-low-frequency (VLF) component of
the spectrogram and positively — with the low-frequency (LF) component
of HRV. In group I students, higher performance had negative correlations
with LF and positive ones with HF and rtMSSD. Upon successful comple-
tion of the cognitive task, certain indicators interacted intensively with
coherence in the delta range. Thus, between the LF, which characterizes
the level of mental effort, and coherence in the above-mentioned EEG
band, 6 negative correlations were recorded, and between the index of ac-
tivity of the parasympathetic link of autonomic regulation (tMSSD) — 12
positive correlations. The most intense interaction there was between the
HF spectrogram, which characterizes the activity of the vagus, namely
24 positive connections, which cover almost the entire cerebral cortex.

Discussion

Due to the fact that the relationship between the productivity of intui-
tive thinking and the peculiarities of cerebral cortex activation has almost
not been studied, to describe and justify the results, we will refer to the
existing studies of irrational human mental functions such as sensitivity —
intuition, defined by K. Jung’s psychoanalytic model and the data on the
study of different types of cognitive activity and creativity. The compari-
son of the electroencephalogram components characteristics revealed
certain features in the spectral power of the alpha components of the EEG
in the groups of female biology students with low and high productivity.
In less successful individuals at the beginning of the mental task, a short-

term increase in alpha thythm in most areas of the cortex could be obser-
ved. We associated this reaction with the adjustment of cortical processes
of excitation and inhibition to a certain type of mental activity and the
choice of thinking strategy. Higher values of SP in the alpha range of the
occipital areas of female students with low productivity in the testing of
intuitive thinking indicate the participation of these systems of neural
generators in the cortical analysis of visual pattems and the increase of
attention concentration. In effective intuitive thinking, the differences in
the spectral activity of the cerebral cortex are presented mainly in the
posterior and temporal cortex in the alpha frequency range and are asso-
ciated with irrational cognitive style of task performance. The decrease of
alpha rhythm in the above areas can be considered a kind of characteristic
of a certain functional state of the brain during a spontaneous intuitive
thinking process. Razumnikova & Ashanina (2017) point to the same
features of desynchronization of alpha rthythm in persons with dominance
of intuitive thinking over sensory when performing cognitive tasks of
divergent type, linking these data with the correlates of decision strategies
that arise on the basis of spontaneous responses as a result of memory
TESOUrce use.

One of the functions of active synchronization in spontaneous EEG is
the filtering of sensory information that enters the brain. This mechanism
regulates perception, enhancing the processing of stimuli in one informa-
tion flow and weakening it in the other one. In other words, it allocates
brain resources by retaining the relevant channel to ensure both the effec-
tive reception of the desired stimulation and the response to it, which
brings it closer to the functions of attention (Novikova, 2015). During
stable visual attention, the synchronization of alpha activity reflects the
work of active mechanisms of the cerebral cortex regulation system,
which provide both local activation (reduction of alpha activity synchroni-
zation) of individual areas of the cortex and their local inactivation (in-
crease in alpha amplitudes). It is assumed that all these mechanisms are
based on the control system of local activation of the cerebral cortex (Guil-
lery & Harting, 2003). This brain system, which includes the frontal neo-
cortex and its projections on the reticular nucleus of the thalamus, is able to
control the activation or inactivation processes of individual neural en-
sembles of the cortex, which is reflected in local changes in spectral ampli-
tudes of alpha thythm (Suffczynski et al., 2001). It is noteworthy that the
neurophysiological maturity of the cerebral cortex is evidenced by the
coefficient of interhemispheric coherence of the alpha rthythm in the pair
Fp1-Fp2, which has to be in the reference corridor 0.6-0.8 (Gazenkampf
et al., 2015), which is quite characteristic of our subjects and indicates the
neurophysiological maturity of the cerebral cortex and characterizes the
ability to master the material successfully. Female students with low re-
sults of intuition tests in the pair Fpl-Fp2 had low values of coherence at
the frequency of alpha rthythm, which corresponded to the minimum
activity and interhemispheric integration in the above type of cognitive
activity. However, in the subjects with high productivity, the synchronous
operation of neural ensembles in the anterior zones of the right hemisphere
and between the anterior zones of the right hemisphere and the frontal and
temporal areas of the left one was noted. Synchronization of neural activity
in the alpha range in the frontal and prefrontal areas in the subjects of both
groups during mental activity is due to the fact that the tests required not
only the consideration of the drawings, but also the involvement of inter-
nal representation, and the prefrontal cortex is an important structure for
this type of cognitive function (Fuster, 2001). The effectiveness of perfor-
mance of the intuition task is associated with the formation of functional
connections in the prefrontal areas of both hemispheres. Our data, as well
as the data from the other researchers (Lutzenberger et al., 1992) suggest
that the complexity of changes in the frontal lobe of the brain at alpha
frequency may indicate less orderly activation of the associative nodes in a
creative approach to solving imaginative tasks and may reflect more vi-
gorous competition between the cells, especially in situations where exter-
nal stimulation is stopped or inhibited and is not taken into account.
In general, the prefrontal cortex is a key structure through which cognitive
activity is realized. It has extensive bidirectional cortico-cortical connec-
tions with the associative sites, and is also associated with limbic structures
and has extensive connections to the projection areas. Our results are
consistent with the data (Schupp et al., 1994), which indicate the role of
the frontal lobe in the generation and retention of neural activity, that is
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based upon imagery, which is necessary for the formation of connections
during cognitive activity. The presence of high functional connections in
the alpha range in the posterior parts of the cortex is noteworthy, especially
in the occipital-parietal areas in the individuals with high productivity of
intuitive mental activity, which may be associated both with the increased
occipital blood flow during viewing of the visual image and with creativity.
Similar results were obtained by other researchers (Jausovec, 2000), who
showed that creative problems are solved with greater bilateral power and
coherence of alpha rhythm in the frontal and parieto-occipital regions. Pro-
nounced short interhemispheric connections indicate the possibility of
solving the problem with the help of rapid analysis through the corpus
callosum that contributes to the speed, ease and productivity of cognitive
tests, and, according to Karpova & Dikaya (2014) such functional connec-
tions are formed as a result of professional training,

In intuitive thinking, the coherence of cortical structures in the betal-
subband of the EEG in the students with low productivity was observed
between the long interhemispheric between symmetrical leads, and in the
students with high productivity — in the interhemispheric anterior cortex
respectively. The work of neurons in the central-parietal-temporal loci of
the right and left hemispheres and in the interhemispheric central-parietal-
temporal ones was synchronized in the students of both groups. Thus,
desynchronization is associated not only with a decrease in alpha thythm,
but also with an increase in beta activity. With successful cognitive activity
at the beginning of the acquaintance with the task, there was a sharp in-
crease in the relative power of the entire beta range, which indicates the
rapid activation of brain mechanisms and the activating of areas responsi-
ble for productive thinking. The obtained data are consistent with the facts
about the pronounced high-frequency betal-thythmic component, which
may indicate a rapid functional organization of brain structures with the
inclusion of automated components of mental processes in successful indi-
viduals.

In intuitive thinking, the absolute SP of betal components in the stu-
dents with low productivity was within the background values, except for
the T6 zone, and the students with high productivity had lower values in
the central, parietal and occipital loci of both hemispheres of the brain.
Some researchers point to an increase in the power of betal-band waves
under mental workload (Allahverdiev et al., 2018). But there are data that
show that mental workload is associated with a decrease in the power of
the betal component of the EEG, for example, such changes are asso-
ciated with the increased levels of brain activation (Bogomolov et al.,
2015). The possibility of participation of betal-thythm in the processing of
high-order information, during which it is necessary to compare new and
old information, or to integrate information coming from different modali-
ties was pointed out by (Kopel et al., 2010). Unfortunately, there is little
information about this, and the data on the neurophysiological mechan-
isms of intuitive thinking are missing.

Although in the literature available to us we have not found any data
on the synchronization of EEG at betal frequency in intuitive thinking and
this requires further in-depth study, we can assume that intuition is accom-
panied by optimization of the interaction of cortical neurons in the betal
range, which leads to higher performance of this cognitive activity. Re-
garding the functional significance of the beta rhythm, there is no single
point of view. It is considered as an indicator of brain activation due to
various effects on reticular formation. As a rule, with increasing levels of
brain activation in the EEG there is an increase in the power of beta fie-
quencies. This is shown in the development of an indicative reaction, in
terms of solving problems of various complexity, when reading texts, etc.
However, sometimes researchers report that in similar conditions, the
power of beta frequencies may not only not increase, but even decrease.
This is shown, in particular, in the precentral areas when performing
movements and in the parietal areas when reading texts. A number of
researchers note a decrease in beta-thythm in the frontal areas after pro-
longed cognitive load (Jap et al., 2009), but some scientists, on the con-
trary, note an increase in beta-thythm in the frontal leads F3, F4 during
long-term cognitive tasks (Boksem et al., 2006).

In intuitive thinking of the female students with low productivity, the
EEG synchronizations in the betal-range in the anterior zone of the right
and posterior parts of the left hemisphere, in the central-parietal-temporal
leads of the left hemisphere and interhemispheric ones, were recorded.

In the students with high productivity of this type of thinking, the number
of probable coherent connections in the above EEG band increased, there
were probable intrahemispheric long coherences between the anterior and
posterior parts of the right hemisphere and interhemispheric synchroniza-
tions in the anterior cortex, but the coherences disappeared in the central-
parietal-temporal areas, which is a sign of more formed and coordinated
one. They also have short intethemispheric connections between the sym-
metrical leads of both hemispheres, which may indicate a rapid and fami-
liar analysis of information to each person in the task. Desynchronization
in mental activity was expressed in the growth of high-frequency beta2-
index of the EEG, which was more pronounced in the students with high
productivity with the intuitive type of thinking, In addition, the individuals
with high productivity in this range had a higher average spectral power
and the asymmetry with dominance in the right hemisphere was marked.

The SP of beta2 components probably increased in the anterior cortex
in the female students of both groups, which is associated with the partici-
pation of the latter in the regulation of active functional level and attention,
in the analysis of visual information and processes of “nonverbal categori-
zation” and the response to new stimuli. In intuitive thinking, the occipital
point T5 of the left and central hemispheres of the right hemisphere was
activated in the students with low productivity, and the whole cerebral
cortex was activated in the high-productive ones. The increase in the po-
wer of the waves of the above range was also found by Razumnikova
(2017) in women — “intuitionists” with divergent thinking.

In general, a comparison of the features of the organization of cortical
areas in people with different productivity of cognitive activity shows that
this activity is achieved due to different options for activation of the cortex.
In intuitive thinking, the effective performance of the task corresponds to
larger values of the spectral power of beta2 and less SP alpha activity,
while in people with low productivity of the task performance there was a
less significant decrease in SP alpha and a tendency to increase beta2
activity. In intuitive thinking, the changes in the beta-2 range were less
significant.

In intuitive thinking, the central-parietal-temporal zones of the right
and left hemispheres and interhemispheric central-parietal-temporal loca-
tions worked synchronously in low-productive biology female students,
while in high-productive students the central-parietal-temporal locations
remained in the left hemisphere and the interhemispheric central-parietal-
temporal coherences appeared. In intuitive thinking, the value of the SP in-
dex in the delta range increases significantly. Our data are consistent with
the data (Femandez et al., 1995) which also found an increase in delta
activity when performing different types of mental tasks. If we talk about
the specific “foci” of delta oscillations, in the students with low productivity
of intuitive tasks a slight but probable (P < 0.05) increase in P4 and in the
occipital loci of the cerebral cortex was noted, while in people with high
productivity — in Fpl, F7, O1, T3 assignments of the left hemisphere and
the majority of assignments of the right one. Thus, the increase in the
productivity of intuitive thinking is accompanied by a probable increase in
the delta components of the EEG in the anterior parts of the cortex. Vajz
(1998) notes that the emergence of an intuitive response is associated with
hyperactivation of delta waves on the EEG together with higher frequen-
cies, and, in her opinion, it is the brain response that distinguishes intuitive
thinking from the other types of cognitive activity (Geraimchuk, 2012).
According to the concept of Vajz (1998), “enlightenment” and “inspira-
tion” in cognitive activity are associated with hyperactivation of delta
waves on the EEG together with higher frequencies of the brain. This, in
her opinion, distinguishes the above conditions from the usual ones (Ge-
raimchuk, 2012). In our opinion, such synchronization of delta activity of
the EEG, on the one hand, may reflect the activation of inhibitory
processes on extemnal stimuli tasks, and,on the other hand, it may be asso-
ciated with a special state of the cerebral cortex during intuitive thinking,
which reflects the degree of “tuning” to the activities related to the
processes of information selection and awareness.

Also, to explain the obvious contradiction between the increase in delta
waves during performance of mental tasks and the fact that this activity is
the main characteristic of slow sleep, V. Vogel and co-authors postulated
the existence of two types of “behavioral inhibition”, which are represen-
ted by slow waves in the EEG. They attributed “Class I inhibition” to the
gross inactivation of the entire process of arousal as a result of relaxation,
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as in a dream. “Class II inhibition” selectively suppresses inappropriate or
insignificant neural activity during the performance of a mental task. Du-
ring slow sleep, a progressive change in the EEG (increased delta activity)
occurs by reducing the activation of thalamo-cortical cells by reducing the
activity of cholinergic and monoaminergic neurons of the posterior hypo-
thalamus and basal ganglia of the forebrain, and by reducing glutamater-
gic activation of climatergic corticosteroids. The results observed during
performance of mental tasks cannot be explained by such progressive
deactivation. Thus, a mechanism initiated by a mental task may exist, but
it is currently unknown. One possibility is that when performing cognitive
tasks that require attention during internal information processing, the
corticofugal pathway suppresses the thalamocortical cells, and thus acti-
vates the functional disconnection of the cortex from stimuli for selective
processing of intemal information. This will be “class II inhibition”, which
is characterized by the presence of slow activity in the EEG. In their study
Fernandez et al. (1995) described similar changes in solving arithmetic
problems and associated them with an increase in the internal concentra-
tion of subjects when performing tasks, with the complexity of tasks and
emotional factors (Inouye et al., 1993). Increased delta activity has been
reported in the studies (Femandez et al., 1995) when performing different
types of mental tasks.

In the range of delta waves of the EEG, as in the other ranges, in most
of the studies involving mental loads short and long interhemispheric syn-
chronization between symmetrical leads were observed. The greatest
integration of cortical zones in the delta range was observed: in the low-
productive individuals — in the central-parietal-temporal zones of the right
and left hemispheres and between the two hemispheres; in the high-pro-
ductive ones — in the anterior parts of both hemispheres and in the posteri-
or part of the right hemisphere, between the anterior and posterior parts of
the right hemisphere, interhemispheric in the anterior parts of the cortex,
interhemispheric diagonal between the anterior parts of the left hemisphere
and posterior parts of the right, central-parietal-temporal ones.

An increase in the theta-thythm index may, on the one hand, indicate
some pathology, and on the other hand, it can reflect certain fnctional sta-
tes associated with either a decrease in brain activity, or, conversely, with
attention concentration, cognitive and emotional activation (Zvyozdoch-
kina, 2014). This is the activation reaction we observed under cognitive
workload, and the largest values of relative spectral power in this range
were recorded in high-productive female students in intuitive thinking,
Zone-averaged spectral power in this low-frequency high-amplitude range
probably increased in female students of both groups, especially in high-
productive ones.

When performing the task on intuition, the power of theta compo-
nents of the EEG in the polar, occipital and some temporal leads of both
hemispheres increased in low-productive individuals. The increase in task
performance was associated with an increase in SP in the theta range, es-
pecially in the anterior areas of the cortex (by the way, like in the previous
delta range). We have to note that the theta system, on the one hand, is
associated with the implementation of behaviour that determines the rela-
tionship between intemal enlightenment processes and life experiences
(Knyazev, 2011), and, on the other hand, it is involved in emotional infor-
mation processing (Aftanas, 2000). Given the nature of the tasks being
performed, we tend to believe that the increase in SP in the theta range is a
reflection of the response that is formed as a “trust of experience”, or the
first solution. We also add that the theta system is also associated with the
delta system, but, unlike the latter, implements the behaviour more flexi-
bly, “comparing” the internal drivers of delta systems with the accumu-
lated life experience (Knyazev, 2011).

The students of two groups with an intuitive type of thinking were
characterized by intrahemispheric short synchronization in the posterior
parts of both hemispheres. In low-productive students there were high co-
herences in the anterior parts of the left hemisphere and interhemispheric
central-parietal-temporal ones, and high-productive students demonstrated
intethemispheric central-parietal-temporal-occipital, interhemispheric dia-
gonal ones between the anterior parts of the left hemisphere and the poste-
rior parts of the right and multiple ones between the frontal leads and the
other points of both hemispheres. The increase of long coherent bonds in
the theta band suggests that when performing cognitive tasks there is an
inverse control between the supposed images and the real illustrations or
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the text, and the concentration of attention increases. The subjects con-
stantly referred to the image, checking the created images, or the formed
answers, and this was especially characteristic of less successful persons.
We believe that the above changes also reflect the emotional component
(Shemyakina & Dan’ko, 2004), which is associated with the satisfaction
of highly successful students when testing for intuitive thinking, and the
presence of short intethemispheric intersymmetric connections indicates
the usual mental strategies used by the subjects in task performance.

If intuition is based on neurological processes of perception and lear-
ning, then we must be able to improve decisions based on “intuition”.
Wan et al. (2012) demonstrated this during the training of beginners in the
game Shogi (Japanese chess). The researchers believe that the knowledge
of the “next move” in the game indicates the knowledge that we usually
call “intuitive knowledge”. In the process of training, these cycles are
organized to gain knowledge and experience, and the processes of crea-
ting the best next move (at least in the game Shogi) become fast and au-
tomatic, namely, intuitive (Wan et al., 2012). The other studies show that
intuitive generation of subsequent moves in board games is based on the
rapid perception of pattems (Gobet, 2001). Activation of the parietal re-
gion of the cerebral cortex by retrieving information from episodic me-
mory was shown in the studies (Cabeza et al., 2008). The researchers
(Wan et al., 2012) found that there is a strong correlation between the
head of the caudate nucleus and the prefrontal and premotor areas of the
cortex during the rapid generation of the best next step in the game. The
scientists suggested that in professional players this part of the basal
ganglia effectively coordinates prefrontal and premotor schemes to
achieve a specific goal.

The increased synchronization of EEG components in the prefrontal
areas and in the loci of the motor cortex found in our studies, suggests that
such neurophysiological mechanisms may underlie the intuitive thinking,
and the performance of tests is associated with more experience and better
knowledge of the material. Thus, the topographic signs of synchronization
of electrical processes of the cerebral cortex, which are detected during
their mapping, can serve as objective criteria for the success of intuitive
thinking, which allow prediction of both individual abilities and the state
that contributes to its implementation. This opens up the prospects for
controlling the intuitive component of cognitive activity in the process of
vocational training. Neurophysiology shows us that intuition is a scientific
set of skills and knowledge, so we must leamn intuition, which leads to
better and faster decision-making. Knowledge of intuition becomes both
an individual and public good.

The cardiovascular system (CVS) is one of the most important life
support systems of the body. The reaction of CVS, its neurohumoral regu-
lation, to internal and external influences depends on the activity and inter-
action of parasympathetic and sympathetic elements of ANS. The nature
of the changes that are determined by observations at rest and in response
to physical or mental stress can be judged on the functional state of the
CVS and the body as a whole. It participates in all adaptive reactions of
the whole organism, reacting to even minor influences, while maintaining
homeostasis.

Comparative analysis of the results of vegetative support of mental
activity indicates the peculiarities of the mechanisms of regulation in peo-
ple with different productivity of intuitive thinking. In low-productive fe-
male biology students, the response of the CVS to intuitive thinking was
expressed in an increase in heart rate, a decrease in the coeficient of varia-
tion (CV) and a reduction in the R-R interval, and the latter reflects the end
result of numerous regulatory effects on sinus thythm. There is a decrease
in modal value (Mo) and increase in mode amplitude, voltage index of
regulatory systems, increase in autonomic balance index (IER), the latter
indicator is a sign of humoral channel activation with increasing advantage
of adrenergic regulatory mechanisms. Decreases in tMSSD, pNN50,
SDNN indicate a shift in the autonomic balance towards the sympathetic
division. The increase in ARP also reflects the advantage of the sympathe-
tic ANS in the regulation of the sinus node under cognitive load.

The spectral method of analysis is the most adequate for the assess-
ment of parasympathetic and sympathetic activity in a short period of
time. Spectral parameters are consistent with the above conclusions and
reflect the contribution of cerebral ergotropic zones in the regulation of
cardiac arthythmia during mental activity. Intuitive thinking revealed a

189



moderate decrease in the absolute values of TP, the predominance of LF-
waves over VLF and HF, a decrease in HF-waves, an increase in the rela-
tive amount of LF% and a decrease in HF%. The index of centralization
(IC) is within the norm, which indicates that in this case there is a balance
between the activity of segmental and suprasegmental circuits of vegeta-
tive management.

Thus, the performance of tests for intuitive thinking by low-productive
students is accompanied by a moderate predominance of sympathetic and
central regulation of heart rate and a decrease in the activity of the auto-
nomic control circuit. We attributed this type of heart rate regulation to a
high level of central heart rate regulation. At high productivity of intuitive
thinking, the changes of HRV indicators indicate the advantage of a para-
sympathetic link of regulation. In general, in female biology students with
high-productivity in intuitive thinking we noted the optimal state of the
body’s regulatory systems, which reflects the adequate energy-saving
level of response to stress and demonstrates the body’s fitness and con-
stant use of these cognitive activities in the leaming process (Shlyk &
Zufarova, 2013). High contribution of the parasympathetic division to the
regulation of cardiac activity in students was noted in the other works
(Cherbakov, 2011; Govoruhina et al., 2017). Thus, summarizing the re-
sults of changes in the parameters of CIG, we can say that in the students
with a predominance of intuitive thinking, the usual mental load is accom-
panied by the activation of the parasympathetic division of the ANS.

Analyzing the features of the interaction of lability of spectral-cohe-
rent characteristics of EEG potentials and heart rate variability, it was
found that the successful performance of intuition tests was facilitated by
the formation of positive relationships between the coherence in the delta
range and the power of high-frequency HF component of the heart
thythm wave structure and between the indicator of activity of a parasym-
pathetic link of autonomic regulation (rMSSD). Also, the coherence of
bioelectrical activity in the delta wave range was negatively correlated
with LF. Thus, the task performance with the involvement of intuition was
accompanied by a coordinated synchrony of the EEG in the delta range
and the increase of parasympathetic regulation mechanisms of the cardio-
vascular system. There is a special role of delta rhythm in situations in-
volving the prediction of events and the effectiveness of responding to the
proposed stimuli (Stefanics et al., 2010). The authors suggest that low-
frequency activity plays a functional role in prediction mechanisms by
modulating synchronized fluctuations in the activity of large populations
of neurons and by facilitating contacts between the areas of the brain re-
sponsible for sensory processing and response realization. In addition,
delta activity of the frontal cortex modulates the occipital alpha thythm,
thereby facilitating selective visual perception (Helftich et al., 2017). Ef-
fective work also depends on a calm, focused state, which is achieved
through vegetative effects on HRV and activation of the parasympathetic
link of regulation and is a characteristic of people who use intuition in
everyday life.

Summarizing the results of the last series of studies, we can conclude
that productive mental activity of the intuitive type is due to the specific
integration of cortico-visceral processes, namely, that productive intuitive
thinking is associated with activation of autonomic regulation of HRV and
the coherence in evolutionarily older delta and delta-theta brain systems.

Conclusion

The lability of physiological functions, manifested at the peripheral
and central levels, facilitates the productivity of the intuitive type of think-
ing. High productivity of mental type of cognitive activity is provided by
speed and accuracy of the tests’ performance.

The productivity of intuitive thinking is associated with increasing the
spectral power of beta2-, delta-, theta-components of the EEG. The syn-
chronization of the activity of most frequency bands is manifested in the
frontal and motor areas of the cortex, which have close connections with
the basal ganglia, responsible for the formation of skills. In the betal-band
there are probable intrahemispheric long coherences between the anterior
and posterior parts of the right hemisphere, and large cellular ensembles
are combined at betal, 2 frequency and theta-bands of EEG, which cover
the central-parietal-temporal loci of the cortex. Synchronization of biopo-
tentials in the delta-band covers large areas of the cerebral cortex.

Comparative analysis of the results of vegetative support of mental
activity indicates the peculiarities of the mechanisms of regulation in peo-
ple with different productivity of intuitive thinking;

— in individuals with low productivity, cognitive activity is associated
with a predominance of central and sympathetic influences in the mana-
gement of the cardiovascular system.

— in individuals with high productivity, intuitive thinking is accompa-
nied by a moderate predominance of autonomic regulation of HRV,
which reflects the optimal state of the body's regulatory systems and is a
sign of lower energy consumption of the body's regulatory systems to
maintain homeostasis while increasing the effectiveness of this type of
cognitive activity and connected with the state of training of the female
students and the constant use of this type of thinking in the leaming
process.

Correlation analysis found that productive and mental activity is cau-
sed by the specific integration of cortico-visceral processes: productive
intuitive thinking is associated with the activation of autonomic regulation
of HRV and coherence in the evolutionarily older delta and delta-theta
systems of the brain.

The obtained results make it possible to predict the individual success
of intellectual activity. They can be a scientific basis for the development
of training programs for specialists in the field of natural sciences, for the
development of individual curricula, as well as monitoring the effective-
ness of their use in the process of adaptation of students to educational
activities and be taken into account in cognitive psychocorrection.
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