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OcobeHHOCTM reMOgUHAMUKKU IOJIOBHOrO MO3ra
U BapuabesibHOCTH CepAevyHoro puT™Ma

Yy MONI0AbIX MY}YMH NPU BbINOIHEHUU

Mo enupyeMod KOrHUTUBHOMU AeATeNIbHOCTH

C HeOAUHAKOBOWU pPe3yNIbTaTUBHOCTDbIO

M. A. Kynarnu™, M. M. Nankuu, E. A. TpyTHeBa

PA3aHCKMI rocynapcTBeHHbIN MeAULIMHCKUIA YHUBEPCUTET MMeHM akageMuKa W. M. [aBnosa, PasaHb, Poccuiickan Oepepauma

AHHOTALUNA

BgedeHue. LleneHanpaBneHHas KOFHWTWMBHaA AEATENIbHOCTb YENOBEKA 3aBUCWUT OT KPOBOCHAbOMEHUA KNETOK Kopbl
ronoBHoro Mo3ra (M), a TakxKe 0T e€ BereTaTMBHOro obecrneyeHus.

Llens. BoifBuTb 0cobeHHOCTM reMoamHaMuku M u BapuabenbHocTu cepaeyHoro putMa (BPC) y Monofbix MyMKUMH,
BbIMOJHAIOLLMX KOTHUTUBHbIE 33[a4u C HEOMHAKOBOM Pe3yNbTaTUBHOCTHIO.

Mamepuanel u Memodel. B uccnegoBaHUM NpUHANK yyacTue 42 NpakTUYECKM 300POBbIX MOMOAbIX MyKUMHbI (CpegHUM
Bo3pact 19,40 + 1,20 roga). F'emoamHaMuky M mnsyyanm ¢ ucnonb3oBaHveM peorpada Peo-Cnektp-2 (000 Herpocogr,
Poccus) B MCXOOHOM COCTOAHWM OTHOCUTENIBHOMO MOKOA W BO BPEMA MOLENMPOBaHMA LiefeHanpaBieHHOW KOrHUTUBHOM
peATenbHocTU. CMHXPOHHO C 3anucbio peo3HLedanorpamMmbl NPOBOAMIM PErUCTPaLMI0 PUTMOKapAMOTPaMMbI C MOMOLLbIO
annapaTtHo-nporpaMMHoro Komnnekca Bapukapg 2.51 (000 PameHa, Poccwn). LleneHanpaBneHHylo KOrHUTMBHYIO
LEeATENIbHOCTb peanu30BbIBaZM MpU MOMOLIM NpOrpaMMbl A NPOBELEHMA NCUXODU3NOIOTUHECKUX WCCNeLoBaHUM
Du3MoTeCT C UCMOSb30BaHMEM NOBeEHUYECKoM Moaenu: TecT «Tabnuubl LLynbTe» B AByxUBeTHOM MoanduKaumm «LLynbte—
lopboBa. [pu cTaTUCTUYECKOM 06paboTKe AaHHBIX UCMONb30BaNMCh KNACTEPHBIA U KOPPENALMOHHDBIA aHanus.

Pesynemamei. lo nokasaTtenaM pesynbtatMBHOCTY TecTa «Tabnuupl LLynste—opboBa» BbIbOpKa MCMbITYEMbIX Obina
pasgeneHa Ha aBa Knactepa (n = 28 v n = 14). Mpn cpaBHEHUM KNacTepoB B UCXOLHOM COCTOSHUM OTHOCUTENLHOTO MOKOS
V1 BO BpEMA KOrHUTUBHOW AEATENBHOCTY BbINM BbIABNEHBI PasNvymA No peo3aHuedanorpagryeckM noKkasatensam, 4to oTpaxkaet
HeoJVHaKOBbIN XapaKTep reMoanHaMuyeckoro obecnedenna M y npefcTaBuTene faHHbIX KNacTepos. BriABneHsl pasnunuma
no nokasartenam BCP, oTparalowme oTnnumA B ypoBHE HAMPAKEHHOCTU GYHKLMOHMPOBAHWA afanTaLMOHHbIX MeXaHU3MOB
Kak B WCXOLOHOM COCTOAHWM, TaK WM BO BPEMA KOTHUTMBHOM [eATeNbHOCTU. Pe3ynbTaTbl KOppenALMOHHOro aHanusa
MPOAEMOHCTPMPOBAaNM HEOLMHAKOBYI0 3aBMCMMOCTb Mexay MoKasaTenAmu peosHuedanorpammbl, BCP 1 nokasatenamu
pe3ynbTaTMBHOCTM BbiNoNHeHus TecTa «Lynbte—TopboBa» y npeacTaBuTenei pasHbix KNacTepos.

Bbigodbl.  «BbICOKOpE3yNbTaTVBHbIE»  UCMBITYEMblE  XapaKTEPU3YIOTCA MEHBbLUMM  BPEMEHEM  PacnpoCTpaHeHMA
peorpauyecKom BoNHbI U 60NbLIMM BPEMEHEM MeL/IEHHOr0 KPOBEHAMOJHEHUA B bacceiiHe NpaBov BepTebpaibHoi apTepum,
a Takwe 60NbLWKMM KOIOPULIMEHTOM acUMMETPUKM peorpaduyeckoro MHOEKca B bGacceiiHe NEBOM BHYTPEHHEW COHHOM
apTepumn u bacceitHe BepTebpanbHbIX apTepuin 060MX MONyLIApUIn BO BPEMA KOFHUTUBHOM LEATENbHOCTM MO CPaBHEHWIO
C  «HW3KOPE3YNbTaTUBHbIMU»  UCMbITyeMbIMK.  Ou3nonorMyeckoe obecrieveHne  LieNeHanpaBieHHON  LeATeNlbHOCTM
YenoBeKa C HEOAMHAKOBOW Pe3yNbTAaTUBHOCTBIO PELUEHWMA KOTHUTUBHBLIX 3afa4 XapaKTepU3YeTCA He TOMbKO PasnvyHbIMMI
YPOBHAMM MOKasaTenei reMoavHaMukn M 1 aKTMBHOCTM PerynATOpHbIX MEXaHW3MOB aBTOHOMHOW HEPBHOW CUCTEMbI,
HO 1 onpefeNieHHbIM XapakTepoM KOppeNnALMOHHbIX B3aMMOCBA3eI AaHHbIX MOKa3aTeNien C napamMeTpamMu LieneHanpaBeHHoro
MoBefleHNA, B YaCTHOCTK, C 06LLMM BPeMEHEM BbINOSIHEHWA 3aaHUA U KOIQOULMEHTOM MOJIE3HOI0 AENCTBUA.

KnioueBble cnoBa: yeseHanpas/ieHHoe nodedeHue;  Pe3ysbMAMUBHOCMb — PeWeHUs  KO2HUMUGBHOU — 3adayu;
peo3Hyepanozpagus; KapououHMePBanoepagus; KAACMepHbIl AHAIU3; KOPPENAUUOHHBIU aHAIU3
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Peculiarities of Brain Hemodynamics and Heart
Rhythm Variability in Young Men in Performing
Modeled Cognitive Activity with Unequal Effectiveness

Pavel A. Kulagin““, Mikhail M. Lapkin, Elena A. Trutneva

Ryazan State Medical University, Ryazan, Russian Federation

ABSTRACT

INTRODUCTION: Purposeful cognitive brain activity of an individual depends on blood supply to the cells of the
cerebral cortex (CC), and on their autonomic innervation.

AIM: To identify peculiarities of the brain hemodynamics and heart rhythm variability (HRV) in young men performing
cognitive tasks with unequal effectiveness.

MATERIALS AND METHODS: The study involved 42 practically healthy young men (mean age 19.40 + 1.20 years). The
brain hemodynamics was studied using Reo-Spektr-2 rheograph (Neurosoft, Russia) in the initial condition of relative rest
and in modeled purposeful cognitive activity. Synchronously with record of rheoencephalogram, rhythmocardiogram was
recorded using Varicard 2.51 hardware-software complex (Ramena, Russia). Purposeful cognitive activity was modeled
in Physiotest program for psychophysiological studies with use of behavioral model: Schulte Table Test in a two-color
Schulte-Gorbov modification. In statistical data processing, cluster and correlation analyses were used.

RESULTS: Based on the effectiveness of Schulte—Gorbov Table Test, the sample of subjects was divided to two
clusters (n = 28 and n = 14). Comparison of clusters in the initial condition of relative physiological rest and during
cognitive activity revealed differences in rheoencephalographic parameters, which reflects unequal hemodynamic supply
of the brain in representatives of the given clusters. Differences in HRV parameter were found reflecting the different
levels of tension of adaptation mechanisms in the initial condition and in cognitive activity. The results of the correlation
analysis demonstrated different dependence between the parameters of rheoencephalogram, HRV and parameters of the
effectiveness of Schulte-Gorbov Test in representatives of different clusters.

CONCLUSIONS: (1) ‘High-effective’ subjects are characterized by shorter time of propagation of the rheographic
wave and longer time of slow blood filling of the right vertebral artery basin, and by higher rheographic index asymmetry
coefficient in the basin of the left internal carotid artery and of vertebral arteries of both hemispheres during cognitive
activity compared to ‘low-effective’ subjects. (2) Physiological support of purposeful activity of an individual with unequal
effectiveness of salvation of cognitive tasks is characterized not only by different levels of brain hemodynamics and
activity of autonomic regulatory mechanisms, but also by certain type of correlation relationships of these parameters
with parameters of purposeful behavior, in particular, with the total time of fulfilment of the task and efficiency coefficient.

Keywords: purposeful behavior; effectiveness of salvation of cognitive task; rheoencephalography; cardiointervalography;
cluster analysis; correlation analysis
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OPATHATIBHBIE MCCTIEAOBAHNA

LIST OF ABBREVIATIONS

AA — ratio of amplitude of maximal systolic value of venous component
to maximal wave amplitude

C — rheographic index asymmetry coefficient

D — dicrotic index

DIA — diastolic index

EC — efficiency coefficient

Fmd — right fronto-mastoid lead

Fms — left fronto-mastoid lead

HR — heart rate

HRV — heart rate variability

MT — mean time of number selection

Omd — right occipito-mastoid lead

Oms — left occipito-mastoidal lead

pHF — spectrum power in high frequency range
pLF — spectrum power in low frequency range

INTRODUCTION

One of tasks of modern physiology of human
behavior is investigation of the role of physiological
support of purposeful activity in formation of unequal
effectiveness [1-3].

Cognitive activity of a human is directly related to
functioning of cells of cerebral cortex, whose adequate
vital activity depends of the level of their supply with
blood [4, 5]. A widely known inexpensive noninvasive
method of studying regional cerebral circulation is
rheoencephalography (REG) [6-8].

Besides, according to the modern data, important
factors that determine the effectiveness of human
purposeful activity are its autonomic support
and physiological cost reflecting consumption of
physiological resources [9-11]. One of methods to
evaluate the physiological costs of human activity, is
mathematical analysis of heart rate with evaluation of
its variability [12]. Heart rate variability (HRV) may serve
as a parameter of tension of adaptation mechanisms in
realization of different forms of behavior with different
effectiveness [13, 14].

The aim of this study to identify peculiarities of
hemodynamics of the brain and variability of heart rate
in young men performing cognitive tasks with unequal
effectiveness.

MATERIALS AND METHODS

The study involved 50 practically healthy young
men. All participants gave written Informed consent to
participate in the study (the study Protocol was approved
by the Local Ethics Committee of Ryazan State Medical
University (Protocol No. 2 of 2020, October 07).
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PP — performance power

pVLF — spectrum power in very low frequency range
pvo — parameter of venous outflow

REG — rheoencephalography

Rl — rheographic index

RU — relative units

S| — stress index

TPT — total performance time

V,, — average slow filling velocity

V,..c — maximal rapid filling velocity

a — time of rising edge of wave

al — rapid blood filling time

a2 — slow blood filling time

Q_x — time of propagation of rheographic wave

Exclusion criterion was deviation of more than two
REG parameters from average standard values (M + 2SD).
Based on this criterion, a final sample of 42 male
individuals aged 18 to 23 years (average age 19.40 + 1.20
years) was formed.

The hemodynamics of the brain was studied in
the first half of the day in the sitting position of a test
subject using a Reo-Spektr-2 computer multifunctional
rheograph (Neurosoft, Russia) in the initial state of
relative rest and during modeling of purposeful cognitive
activity. The positions of the head, neck and torso of the
subjects were controlled and did not change throughout
the study. The rheoencephalogram was recorded in the
fronto-mastoid leads on the left (Fms) and on the right
(Fmd) and in the occipito-mastoid leads on the left (Oms)
and on the right (Omd), which permitted to assess the
state of blood flow in the systems of the internal carotid
and vertebral arteries [15]. The obtained data were
automatically analyzed and interpreted using software
Reo-Spektr.NET (Neurosoft, Russia). In the analysis, the
following REG parameters were used:

- time of propagation of rheographic wave (Q_x, s);

- time of rapid blood filling (a1, s);

- time of slow blood filling (a2, s);

- time of rising edge of the wave (a, s);

- rheographic index (RI, relative units (RU));

- rheographic index asymmetry coefficient (C, %);

- maximal velocity of rapid filling (V ., Ohm/s);

- average velocity of slow filling (V,,, Ohm/s);

- dicrotic index (D, %);

- diastolic index (DIA, %);

- ratio of amplitude of maximal systolic value of
venous component to maximal wave amplitude (AA, %);

- parameter of venous outflow (pvo, %).
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Synchronously  with  rheoencephalogram,
rhythmocardiogram was recorded using Varicard
2.51 hardware-software complex (Ramena, Russia).
Rhythmograms were processed and analyzed by the
following parameters using the included ISKIM 6.1
software:

- heart rate (HR, 1/min);

- stress index (S, RU);

- spectral characteristics of the curve enveloping a
dynamic row of cardiointervals:

« spectrum power in high frequency range (pHF, %);

« spectrum power in low frequency range (pLF, %);

« spectrum power in very low frequency range
(pVLF, %).

Duration of record of REG and rhythmocardiogram
in the initial condition of relative rest was 5 minutes; in
modeling the purposeful cognitive activity record was
limited by the time of performing cognitive activity and
was on average 2.20 + 0.90 minutes.

Purposeful cognitive activity was realized using a
program for psychophysiological studies in Physiotest
system (Russia) [16] with a behavioral model: Schulte
Tables Test in Schulte-Gorbov two-color modification.
In analysis of the effectiveness of cognitive activity, the
following parameters were used:

- total performance time (TPT, s);

- average time of number selection (AT, s);

- efficiency coefficient (EC, %, calculated by the
formula: EC = ((total presented numbers—errors)) / (total
presented numbers);

- power of performance (PP, RU, calculated by the
formula: pp = (EC x total performance time ) / (60 sec).

Accumulation, correction and primary descriptive
statistical processing of the initial data were carried
out using Microsoft Office Excel 2016 spreadsheet
(Microsoft, USA). Statistical analysis was performed
in Statistica 13 program (Stat Soft Inc., USA, license
JPZ8111521319AR25ACD-W). The obtained results were
visualized in GraphPadPrism 8.0.1 program (GraphPad
Software Inc., USA). Quantitative parameters were
evaluated for correspondence to the normal distribution
by using Shapiro—Wilk test. Due to the absence of signs
of normal data distribution, nonparametric statistical
methods were used. Cluster analysis was used to
identify homogeneous groups based on the criterion of
different effectiveness of cognitive activity. Differences
between the two compared paired samples were checked
by Wilcoxon's W-test. Mann—Whitney U-test was used
to compare independent totalities (groups). To study
the relationship between the parameters, correlation
analysis was performed using Spearman's rank
correlation method. The data are presented in the form
of median (Me), lower (LQ) and upper (UQ) quartiles. The
critical significance level was considered to be p < 0.05.
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RESULTS

By parameters of efficiency of Schulte-Gorbov
Test, the sample of subjects was divided to 2 clusters
(Figure 1a) using cluster analysis by method of k-means:
cluster 1 (n = 28) and cluster 2 n = 14). In comparison of
clusters by effectiveness, the differences in all criteria
were statistically confirmed (Figure 1b).

In realization of the cognitive activity, the subjects
of the first cluster showed reduction of the time of
rapid blood filling in Fmd, Fms, Oms leads; reduction
of the time of slow blood filling in Oms lead; reduction
of the rheographic index in Oms lead; reduction of the
average velocity of slow filling in Omd lead (Figure 2) in
comparison with the initial level.

In the cognitive activity, the subjects of the second
cluster showed reduction of the time of propagation of
the rheographic wave in Emd and Omd leads; increase in
the diastolic index in Oms lead; reduction of time of slow
blood filling in Omd and Oms leads (Figure 3).

In comparison of clusters by hemodynamic
parameters of the brain in the initial condition of relative
rest and in cognitive activity, differences in a number of
parameters of REG were found (Table 1).

The subjects of the first cluster, relative to the
second one, demonstrated a shorter time of propagation
of the rheographic wave in all four leads at rest, and
also in Omd lead in cognitive activity; a longer time of
rapid blood filling in Fms, Omd, Oms leads at rest; a
longer time of slow blood filling in Omd lead in cognitive
activity; a higher diastolic index in Oms lead at rest; also
a higher rheographic index asymmetry coefficient in Fms,
Omd, Oms leads in cognitive activity.

In analysis of cardiorhythmograms, S| parameter
in the initial condition and in cognitive activity and pLF
parameter in cognitive activity in the representatives of
the first cluster were lower than in those of the second
cluster (Figure 4).

Differences in the character and expression of
correlation relationships between parameters of the
purposeful activity and its physiological support in
subjects of clusters 1 and 2 are presented in the form of
correlation pleiads (Figure 5).

DISCUSSION

In the conducted study, the subjects of the
first cluster demonstrated shorter total time of test
performance, shorter average time of number selection,
lower performance power and higher efficiency
compared to the subjects of the second cluster, which
permits to characterize them as ‘high-effective’. The
representatives of the second cluster can be considered
‘low-effective’ in solving the given cognitive task.
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Ipathvk cpegHUX 3HAYeHWW ANA KaXAO0ro Knactepa
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Fig. 1. Comparison of clusters by effectiveness of performing Schulte-Gorbov Test.
Notes: ** — p < 0.01 for Mann-Whitney test; EC — efficiency coefficient; PP — performance power.
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Fig. 2. Dynamics of results of rheoencephalography in representatives of cluster 1 in performing Schulte-Gorbov Test in comparison

with the initial level.
Notes: a1 — time of rapid blood filling; a2 — time of slow blood filling; Rl — rheographic index; Vav — average velocity of slow filling; Fms — left fronto-mastoid lead;
Fmd — right fronto-mastoid lead; Oms — left occipito-mastoid lead; Omd — right occipito-mastoid lead; * — p < 0.05 — for Wilcoxon W-test.
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Fig. 3. Dynamics of results of rheoencephalography in representatives of cluster 2 in performing Schulte-Gorbov Test in comparison

with the initial level.

Notes: al — time of rapid blood filling; a2 — time of slow blood filling; Rl — rheographic index; Vav — average velocity of slow filling; Fms — left fronto-mastoid lead;
Fmd — right fronto-mastoid lead; Oms — left occipito-mastoid lead; Omd — right occipito-mastoid lead; * — p < 0.05 — for Wilcoxon W-test.

Table 1. Initial Differences in
(Me (LQ; HQ))

Parameters of Rheoencephalography at Rest and in Cognitive Activity Between Clusters

Parameter Cluster 1 Cluster 2
Condition P
n 28 14
Q_xFmd 0.15(0.13; 0.16) 0.16 (0.16; 0.17) 0.00765
Q_xFms 0.14(0.13; 0.16) 0.17(0.16;0.17) 0.00886
Q_x0Omd 0.14(0.13;0.16) 0.16 (0.15;0.17) 0.01165
Q_xOms 0.13(0.13;0.15) 0.16 (0.15;0.16) 0.00689
Initial level
alFms 0.07 (0.06; 0.07) 0.06 (0.05; 0.07) 0.03399
a10md 0.06 (0.05; 0.07) 0.05 (0.05; 0.06) 0.01289
alOms 0.06 (0.06; 0.07) 0.06 (0.05; 0.06) 0.04572
DiaOms 65.00 (58.75; 75.25) 55.50 (50.00; 63.75) 0.00526
Q_xOmd 0.13(0.12; 0.14) 0.15(0.14;0.15) 0.02525
a20md 0.06 (0.05; 0.07) 0.05 (0.05; 0.05) 0.00605
Cognitive activity KFms 26.5(10.75; 37.00) 9.50 (1.50; 18.50) 0.02947
KOmd 35.00 (16.75; 69.75) 5.50 (-2.00; 20.00) 0.00732
KOms 35.00 (16.75; 69.75) 5.50 (1.25; 22.25) 0.03065
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Fig. 4. Comparative analysis of the parameters of heart rate variability between clusters.
Notes: SI — stress index; pLF — spectrum power in the low frequency range; * — p < 0.05, ** — p < 0.01 for Mann-test.
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Fig. 5. Correlation pleiads reflecting interrelations of the parameters of rheoencephalography and heart rate variability with
parameters of efficiency of cognitive activity of representatives of the compared clusters.

Notes: Solid line shows positive (direct) relationships, dotted line shows negative (inverse) relationships. Line thickness reflects the strength of correlation relationship
(on Chaddock scale) [17]. AA — ratio of the amplitude of maximal systolic value of venous component to maximal wave amplitude; pvo — parameter of venous
outflow; PP — performance power, EC — efficiency coefficient; Fms — left fronto-mastoid lead; Fmd — right fronto-mastoid lead; Oms — left occipito-mastoid lead;
Omd — right occipito-mastoid lead; a2 — slow blood filling time; V,, — average velocity of slow filling; V,,, — maximal velocity of rapid filling.
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In comparison of hemodynamic parameters recorded
under different conditions, significant changes were
revealed in both clusters. However, the nature of the
changes is different. A common change is a decrease in
the time of slow blood filling in the left occipito-mastoid
lead (a20ms), which is probably due to a change in the
tone of medium- and small-caliber vessels in the left
vertebrobasilar system. The identical phenomenon is
confirmed in the works of other authors [18].

When comparing clusters in the initial state
of relative rest and in cognitive activity, significant
differences were revealed in a number of REG parameters,
which reflects the unequal hemodynamic support of the
brain in representatives of these clusters. The shorter
propagation time of the rheographic wave at rest in all
four leads and in Omd lead during cognitive activity in
subjects of the first cluster is probably associated with
a higher tone of extracranial vessels. The longer time
of rapid blood filling in the representatives of the first
cluster in Fms, Omd, Oms leads at rest may reflect the
higher elasticity of the walls of large cerebral arteries:
the left internal carotid artery and vertebral arteries. It
is also worth noting that ‘high-effective’ subjects are
characterized by a higher coefficient of asymmetry of
the rheographic index during workload, which indicates
significant asymmetry of blood filling (C > 26%).
However, a number of previous studies demonstrated
asymmetry of blood filling in subjects with low-effective
performance of a cognitive task on Stroop test model [4,
5], which does not agree with the results of our study
and confirms the need for further research in this area
on different behavioral models.

The obtained results also indicate a possibility of
determining parameters of the cerebral blood flow with
high-frequency probing current used in REG research.

The identified differences in HRV parameters
demonstrate a lower level of tension of the regulatory
mechanisms of the sympathetic division of the autonomic
nervous system in representatives of cluster 1 both in
the initial state and during cognitive activity. High pLF
values during cognitive activity in representatives of
cluster 2 seem to show relatively higher activity of the
sympathetic division of the autonomic nervous system.

The results of the correlation analysis reflect
unequal dependences between the parameters of REG,
HRV and the parameters of effectiveness of Schulte-
Gorbov Test in representatives of different clusters. It
is worthy to note peculiarities of the relations between
the parameters of the maximum velocity of rapid filling
(V.0 reflects the tone of large arteries), the average
velocity of slow filling (V,,, reflects the tone of medium
and small arteries) and the efficiency coefficient. In
cluster 1, a weak negative correlation was found
between V__0Omd and EC (r = -0.38) and a moderate

max

negative correlation between V, 0md and EC (r = -0.56).
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The representatives of cluster 2 showed a strong
positive correlation between V,_,,.0ms and EC (r = 0.71),
and between VavOms and EC (r = 0.72). It is also
important to note the direct correlation between the
velocity of slow filling in the occipito-mastoid right
lead (V,,0md) and the total time of Schulte—Gorbov
Test performance (r = 0.39) in representatives of
the ‘high-effective’ cluster. This parameter in the
subjects of the given cluster reliably decreased in
the test compared to the initial level. E. S. Olenko,
et al. in their work (2021) also revealed direct
correlations of V,, parameter with the time of performing
Stroop test, but these correlations were found with V,
parameter recorded in the fronto-mastoid right and left
leads (V,,Fmd and V,Fms, respectively) in individuals
with low performance of cognitive tasks [5].

CONCLUSIONS

1. The effectiveness of cognitive activity of an
individual is associated with the peculiarities of cerebral
hemodynamics, in particular, with changes in velocity
characteristics of blood filling: maximal velocity of rapid
filling and average velocity of slow filling, and also with
peculiarities of the autonomic regulation of heart activity.

2. 'High-effective’ subjects are characterized by
shorter time of propagation of rheographic wave and a
longer time of slow blood filling in the system of the
right vertebral artery, and also by a higher coefficient
of rheographic index asymmetry in the system of the
left internal carotid artery and the system of vertebral
arteries of both hemispheres in the cognitive activity,
compared to ‘low-effective’ subjects.

3. Physiological support of the purposive activity
of humans with unequal effectiveness of performing
cognitive tasks is characterized not only by different
levels of cerebral hemodynamic parameters and activity
of autonomic regulatory mechanisms, but also by certain
relationships of these parameters with parameters of the
purposeful behavior, in particular, with the total time of
task performance and efficiency coefficient.
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