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The present research is devoted to the study of the relationship between the
oscillations of the electroencephalography (EEG) bands and the level of anxiety
among sixteen youth athletes aged 17-21 using a mobile EEG system. The study
explores the oscillations of brain waves in eyes-open and eyes-closed conditions at
rest. The EEG was recorded using a wireless EEG Headset System with dry non-
contact EEG sensor electrodes designed by NeuroSky, a ThinkGear module, and a
MindCap XL headband. The results of the study demonstrated statistically
significant differences between eyes-open vs. eyes-closed conditions in the alpha
band in the prefrontal cortex (p<0.006). While the correlation between the alpha
band and the state of anxiety in the prefrontal cortex demonstrated a statistically
significant linear relationship with the negative slope in the eyes-closed condition
(p<0.029). The data derived from single-channel wireless system equipment
demonstrated results that are close to those recorded by conventional lab-based
equipment. The different nature of the interrelation between the EEG alpha band
oscillations in the prefrontal cortex, depending on the position of the eyes and the
level of anxiety of youth athletes, can reflect its relationship to the "'inner' world of
the individual and is a plausible neurobiological index of anxiety. These findings
encourage the application of the portable EEG system for the research of brain
functions. Even more, that device may be used for alpha neurofeedback for anxiety
in closed-eye conditions.
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Neurofeedback technologies developed in
the 20th century proved to be a simple but
effective way to regulate physiological
characteristics such as heart rate, vascular tone,
and brain electrical activity [11]. Brain-
computer interface (BCI) technology for
neurofeedback includes prosthetics and control
systems [21] for medical diagnostics [10].
Training brain wave activity can facilitate entry
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into a state of alertness or relaxation [25]. In
addition, neurofeedback is effectively used for
training healthy [14] or paralyzed [4] users of
BCI systems. The study of the EEG band's
characteristics that correlate with the parameters
of neurofeedback has particular interest.
Anxiety and behavior. Anxiety is a
feeling of excitement and restlessness in
response to certain stimuli, which may be of a
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psychological or environmental nature. Anxiety
occurs in response to dangerous or threatening
stimuli and is a triple reaction of the body:
cognitive, physiological, and behavioral [9].
Various forms of anxiety include negative
thinking, excessive worry, restlessness, fear,
and over-emotional reactions [12]. People with
high points of anxiety predominately have
increased points of trait anxiety, but in
estimative states, the state of anxiety increases
too. Anxiety is a psychophysiological difficulty
[30]. In connection with this, systemic
interdisciplinary research analyzes the process
of emergence and consolidation of anxiety as
the result of the complex interaction of different
levels of factors: biological, physiological,
psychophysiological, personal, social, and so
on.

Prefrontal cortex. The prefrontal cortex
(PFC) of the human brain is associated with
various aspects of behavior and Personality
Traits [28]. Thus, these frontal areas of the
cortex are involved primarily in the planning of
behavior, including social adaptation [3]. In
several of the case studies presented above,
some psychological characteristics can reflect
features of spontaneous interactions of neural
oscillations and transpose the organization of
the functional activity of the prefrontal cortex.
While investigating and analyzing the influence
of delta and theta rhythms in components of
event-related potentials, influencing levels of
both extraversion and neuroticism (anxiety) on
the specific character of the interrelationship
between both arousal and inhibition in cortical
and subcortical brain structures [26] was made
available.

In summary, many studies indicate a deep
interest in finding relationships between anxiety
and the mechanisms of changes in the functional
activity of the brain.

The study's hypothesis and aim. We
assumed that qEEG data generated by a single-
channel wireless EEG system is stable and
associated with the psychophysiological basis of
the youth athletes. Thus, we studied possible
EEG oscillations in the prefrontal cortex at rest
and their interrelationship with anxiety.
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MATERIALS AND METHODS

Participants. The EEG records were
carried out on sixteen youth athletes aged 17 to
21 (M =18.29, SD = 1.21). The present results
were achieved through the recording of two
electrodes in positions Fpl-Fp2 of the
NeuroSky Think Gear (USA) single-channel
wireless EEG system. This system includes the
scalp ring «MindCap XL» by Titan Commerce
(Germany), accustomed for application in
neuro-bio-managing in sports studies and other
purposes (Fig. 1).

Figure 1. MindCap XL and ThinkGear module.

The MindCap XL with NeuroSky ThinkGear is
a specially tailored band with a mounting
system at the sides and front for sensors and a
Bluetooth radio. The ear electrode on the lobe of
the left ear was used as an indifferent point. This
device uploads EEG data via Bluetooth to the
researcher's computer. [27]. When checking
brain waves based on the international 10-20
system [18], we can use electrodes at Fpl-Fp2
positions on the prefrontal cortex [5] since the
prefrontal cortex is associated with properties of
behavior and personality traits [15]. Using the
NeuroSky single-channel EEG device, the
overall level of mental attention in soccer
players was accurately measured, and eye
blinking did not significantly affect the
measurement [10].

Anxiety test. To assess the competitive
anxiety of athletes, the Sport Competition
Anxiety Test (SCAT) was used. The SCAT [22]
is a 15-item list designed to measure anxiety.
Evidence of the test’s convergent validity comes
from studies that show that it is correlated with
various general anxiety inventories [20].
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Data Collection. Registration  of
potentials of the prefrontal cortex realized
through unipolar output with two (pair) dry
electrodes [23] at the International 10-20
system of electrodes placement referring to as
frontal-polar: Fpl-Fp2 and hardware-assisted
single-channel  wireless system NeuroSky
ThinkGear. These sensors are a significant
technological breakthrough in that they are the
only non-contact EEG sensors [13] ever
developed [17]. In addition, amplified 8000x to
enhance the faint EEG signals were
conclusively sampled at 512 Hz. A standard fast
Fourier transform (FFT) was performed on the
filtered signal, and furthermore, the signal was
double-checked for noise and artifacts in the
frequency domain, again using NeuroSky's own
algorithms. Other procedures and statistical

analyses were demonstrated in previous studies
[15, 29].

RESULTS

Spearman’s rho was used to analyze the
correlation between EEG rhythms and SCAT
data according to a non-normal distribution by
Shapiro-Wilk’s test (p<0.01) among some
rhythms in EO and EC conditions. Thus, the
Spearman correlation analysis showed a
significant linear relationship with a negative
slope between the EC condition of the alpha
band and SCAT (R =-0.55, p<0.029). Together,
the correlation between the EO condition for the
alpha band (R = -0.31, p>0.225) and all other
bands and SCAT would not be considered
statistically significant. The results are provided
in Table 1.

Table 1. Spearman's rho between the EEG rhythms and SCAT.

Eyes-open (EO) condition Eyes-closed (EC) condition
Rhythm Mean SD R P Rhythm | Mean SD R P
Delta 51.27 | 4756 | 0.48 | >0.056 | Delta 45.79 | 45.11 | -0.32 | >0.222
Theta 53.89 |37.60 |-0.26 | >0.314 | Theta 60.44 | 33.91 | -0.42 | >0.099
Alpha 58.90 |29.34 |-0.31]>0.225 | Alpha 118.99 | 97.84 | -0.55 | <0.029
Beta 98.29 |34.01 | 0.06 | >0.799 | Beta 86.09 | 34.55 | -0.22 | >0.400
Gamma 3255 | 743 -0.12 | >0.604 | Gamma | 35.07 | 15.77 | -0.31 | >0.200
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Figure 2. Grand averaged topographic scalp maps depicting differences
between EO (A) and EC (B) conditions to EEG alpha band.

Differences in band characteristics
between EO and EC. Due to the lack of a
normal  distribution, the non-parametric
Wilcoxon signed-rank test was used to test the
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significance in this case. Thus, the result of the
study reveals statistically significant differences
(p<0.006) between the EO and EC conditions in
the alpha band at rest (see Fig. 2 and Tab. 2).
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Table 2. Wilcoxon test to EEG bands between EO and EC.

Rhythm Mean (EO) | SD (EO) | Mean (EC) | SD (EC) VA P

Delta 51.27 47.56 45.79 45.11 -0.5688 >0.568

Theta 53.89 37.60 60.44 33.91 -0.7756 >0.435

Alpha 58.90 29.34 118.99 97.84 -2.7406 <0.006

Beta 98.29 34.01 86.09 34.55 -1.7064 >0.087

Gamma 32.55 7.43 35.07 15.77 -0.2585 >0.794
DISCUSSION "interoceptive™ information already in the brain.

NeuroSky ThinkGear test reliability. The
qEEG data is frequently used in summarizing
the assessment of the functional status of the
brain [20]. The current study extends that work
by demonstrating convergent results in the
youth athlete population. The ThinkGear system
was sensible to index variability and produced
resting state power spectrum values by EC
versus EO compatible with previous EEG
reports using traditional lab-based systems.
Finally, the stability of qEEG received from the
ThinkGear system is an eventual sensible
biological marker [23]. As the results of our
study showed, these differences are statistically
significant. At the time when the eyes opened,
the power of the alpha oscillations decreased,
whereas faster oscillations with a smaller
amplitude occurred. The transition between
these two eye states (closed versus open) may
provide an interesting index of alpha rhythm
reactivity and may help to report to the medical
staff about the global resting state activity of the
process in the human brain. It can be interpreted
as a factor expressed in a significant difference
between the values obtained using NeuroSky
Think Gear in the position of open and closed
eyes. The data derived from single-channel
wireless system equipment demonstrated results
that are close to those recorded by traditional
lab-based systems [31]. Therefore, the
ThinkGear chip can detect differences in such a
characteristic. In addition, in the state of EO, the
functional systems of the brain are reconstructed
into the perception of information as
"exteroceptive"”, in contrast to the state of EC,
when attention is focused on working with
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Therefore, the result suggests that the
topological organization by the spectral power
of the brain dynamically  switches

corresponding to the information processing
modes as we open or close our eyes.

The data on alpha oscillations and
anxiety. Simplified EEG devices will be able to
be widely used for health care, which includes
levels of anxiety. The current study
demonstrated a  statistically  significant
interrelationship between the EC alpha band and
the anxiety of youth athlete participants.
According to several findings, the activity of the
alpha rhythm in high-anxiety subjects is smaller,
while the powers of the slow (delta) and
fast/high-frequency (beta) waves are higher than
those in individuals characterized by low
anxiety. In this instance, the power of the alpha
rhythm negatively interrelates with the indices
of various types of anxiety [8]. Thus, our result
is in line with the conventional approach of the
anxiety and alpha relationship theory and refutes
Knyazev's claims [19], requiring that alpha
rhythm in healthy subjects at rest conditions is
positively correlated with personal and
situational anxiety. Knyazev connected their
results with "evolutionism™.

Finally, this study reported the
effectiveness of one of the available wireless
EEG devices for neurofeedback for anxiety,
which  had a statistically  significant
interrelationship with the EC condition of the
alpha rhythm. Therefore, EC condition data
from the alpha band from a single-channel EEG
device is used to control the level of anxiety.
Furthermore, this study could be used as
additional  information about a direct
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relationship between alpha oscillations and
neurofeedback. This has been borne out by
many studies, including the study on the
prefrontal cortex [24]. However, a single
channel of data does not offer the possibility of
asymmetry methods [6], and future research has
evidence of inconsistencies in  frontal
asymmetry studies [7].

CONCLUSION

Consequently, our result suggests portable
devices may provide a viable alternative to
conventional stationary EEG recording systems
for assessing changes in EEG oscillations and
their further application to the study of brain
functions for health care and other purposes.
These findings support using single-channel
gEEG data in behavior research and expand
existing data on depressive disorder [1, 2].
Furthermore, the high intensity of alpha rhythm
in youth athletes with closed eyes is inversely
proportional to the level of anxiety. At the same
time, the different nature of the interrelation
between the alpha activities of the EEG of the
prefrontal cortex, depending on the position of
the eyes (closed or open), and anxiety may
reflect its relationship to the "inner" world of a
person. The NeuroSky ThinkGear module and
MindCap XL may be regarded as neurofeedback
purposes [16] for anxiety and alpha band with
EC condition.

REFERENCES

[1] Bachmann M, Lass J, Hinrikus H. Single
channel EEG analysis for detection of
depression. Biomedical Signal Processing
and Control. 2017 Jan 1;31:391-7.
https://doi.org/10.1016/j.bspc.2016.09.010

[2] Bachmann M, Péeske L, Kalev K, Aarma K,
Lehtmets A, Odpik P, Lass J, Hinrikus H.
Methods for classifying depression in single
channel EEG using linear and nonlinear
signal analysis. Computer methods and
programs in biomedicine. 2018 Mar
1;155:11-7.
https://doi.org/10.1016/j.cmpb.2017.11.023

29

[3] Baron-Cohen S, Ring HA, Wheelwright S,
Bullmore ET, Brammer MJ, Simmons A,
Williams SC. Social intelligence in the
normal and autistic brain: an fMRI study.
European journal of neuroscience. 1999
Jun;11(6):1891-8.
https://doi.org/10.1046/].1460-
9568.1999.00621.x

[4] Birbaumer N, Murguialday AR, Weber C,
Montoya P. Neurofeedback and brain—
computer interface: clinical applications.
International review of neurobiology. 2009
Jan 1,86:107-17.
https://doi.org/10.1016/S0074-
7742(09)86008-X

[5] Bos DO. EEG-based emotion recognition.
The influence of visual and auditory stimuli.
2006 Mar;56(3):1-7.

[6] Coan JA, & Allen JJ. Frontal EEG
asymmetry and the behavioral activation and
inhibition  systems.  Psychophysiology.
2003;40(1):106-114.
https://doi.org/10.1111/1469-8986.00011

[7] Cole C, Zapp DJ, Nelson SK, & Pérez-Edgar
K. Speech presentation cues moderate

frontal EEG asymmetry in socially
withdrawn young adults. Brain and
cognition. 2012;78(2):156-62.

https://doi.org/10.1016/j.bandc.2011.10.013

[8] Enoch MA, Rohrbaugh JW, Davis EZ,
Harris CR, Ellingson RJ, Andreason P, &
Goldman D. Relationship of genetically
transmitted alpha EEG traits to anxiety
disorders and alcoholism. American journal
of medical genetics. 1995;60(5):400-8.
https://doi.org/10.1002/ajmg.1320600510

[9] Ferndndez-Blazquez MA, Avila-Villanueva
M, Lopez-Pina JA, Zea-Sevilla MA, &
Frades-Payo B. Psychometric properties of a
new short version of the State-Trait Anxiety
Inventory (STAI) for the assessment of
anxiety in the elderly. Neurologia (English
Edition). 2015;30(6):352-8.
https://doi.org/10.1016/j.nrleng.2015.05.00
2

[10] Fong SSM, Tsang WWN, Cheng YTY, Ki
WY, Ma AWW and Macfarlane DJ. Single-
channel Electroencephalographic Recording
in Children with Developmental


https://doi.org/10.1016/j.bspc.2016.09.010
https://doi.org/10.1016/j.cmpb.2017.11.023
https://doi.org/10.1046/j.1460-9568.1999.00621.x
https://doi.org/10.1046/j.1460-9568.1999.00621.x
https://doi.org/10.1016/S0074-7742(09)86008-X
https://doi.org/10.1016/S0074-7742(09)86008-X
https://doi.org/10.1111/1469-8986.00011
https://doi.org/10.1016/j.bandc.2011.10.013
https://doi.org/10.1002/ajmg.1320600510
https://doi.org/10.1016/j.nrleng.2015.05.002
https://doi.org/10.1016/j.nrleng.2015.05.002

Mobile EEG systems for alpha neurofeedback and anxiety control

Coordination  Disorder:  Validity and
Influence of Eye Blink Artifacts. J Nov
Physiother. 2015;5:270.

[11] Gruzelier JH. EEG-neurofeedback for
optimising performance. Ill: a review of
methodological and theoretical
considerations. Neuroscience &
Biobehavioral Reviews. 2014;44:159-182.
https://doi.org/10.1016/j.neubiorev.2014.03
.015

[12]Harris, H. L., & Coy, D. R. Helping
Students Cope with Test Anxiety. ERIC
Digest. 2003 Sep :1-4.

[13] Haynes JD, Rees G. Decoding mental states
from brain activity in humans. Nat Rev

Neurosci. 2006 Jul;7(7):523-34.
https://doi.org/10.1038/nrn1931

[14]Hwang HJ, Kwon K, Im CH.
Neurofeedback-based = motor  imagery

training for brain-computer interface (BCI).
J  Neurosci  Methods. 2009  Apr
30;179(1):150-6.
https://doi.org/10.1016/j.jneumeth.2009.01.
015

[15] Ismailova K, Sultanov M, & Kazimov A.
Relationship between
electroencephalographic  oscillations and
competitive anxiety in male youth soccer
players. African Journal for Physical
Activity and Health Sciences.
2023;29(2):193-203.
https://doi.org/10.37597/ajphes.2023.29.2.

[16] Johnstone SJ, Roodenrys SJ, Johnson K,
Bonfield R, Bennett SJ. Game-based
combined cognitive and neurofeedback
training using Focus Pocus reduces
symptom severity in children with diagnosed
AD/HD and subclinical AD/HD. Int J
Psychophysiol. 2017 Jun;116:32-44.
https://doi.org/10.1016/j.ijpsycho.2017.02.0
15

[17] Kamini KP, & Sathishkumar P. OPC Based
Remote Patient Monitoring System with
Android HMI. International Journal of
Research in Engineering & Advanced
Technology. 2016;4(1):102-5.

[18] Klem GH, LuEders HO, Jasper HH, &
Elger C. The ten-twenty electrode system of
the International Federation.

30

Electroencephalogr  Clin
1999;52(3):3-6.

[19] Knyazev GG, Savostyanov AN, & Levin
EA. Alpha oscillations as a correlate of trait
anxiety. International Journal of
Psychophysiology. 2004;53(2):147-160.
https://doi.org/10.1016/j.ijpsycho.2004.03.0
01

[20] Lavallee D, Kremer J, Moran A, Williams

Neurophysiol.

M. Sport Psychology: Contemporary
Themes. London: Palgrave Macmillan.
2012. 350 p.

[21] Loudin JD, Simanovskii DM,
Vijayraghavan K, Sramek CK, Butterwick
AF, Huie P, & Palanker DV.

Optoelectronic retinal prosthesis: system
design and performance. Journal of Neural
Engineering. 2007;4(1):S72.
http://dx.doi.org/10.1088/1741-
2560/4/1/S09

[22] Martens R, Vealey R, Burton D.
Competitive Anxiety in Sport. Leeds:
Human Kinetics. 1990.

[23] Miranda RA, Casebeer WD, Hein AM,
Judy JW, Krotkov EP, Laabs TL, .. &
Weber DJ. DARPA-funded efforts in the
development of novel brain—computer
interface  technologies.  Journal  of
Neuroscience Methods. 2015;244:52-67.
https://doi.org/10.1016/j.jneumeth.2014.07.
019

[24] Nicholson AA, Ros T, Frewen PA,
Densmore M, Théberge J, Kluetsch RC, ... &
Lanius RA. Alpha oscillation neurofeedback
modulates amygdala complex connectivity
and arousal in posttraumatic stress disorder.
Neurolmage: Clinical, 2016;12:506-16.
https://doi.org/10.1016/j.nicl.2016.07.006

[25] Ramsay JR. Nonmedication treatments for
adult ADHD: Evaluating impact on daily
functioning and well-being. American
Psychological Association. 2010; 236 p.
http://dx.doi.org/10.1037/12056-000

[26] Robinson DL. The technical, neurological,
and psychological significance of ‘alpha’,
‘delta’ and ‘theta’ waves confounded in
EEG evoked potentials: a study of peak
amplitudes. Personality and Individual
Differences. 2000;28(4):673-93.


https://doi.org/10.1038/nrn1931
https://doi.org/10.1016/j.jneumeth.2009.01.015
https://doi.org/10.1016/j.jneumeth.2009.01.015
https://doi.org/10.37597/ajphes.2023.29.2
https://doi.org/10.1016/j.ijpsycho.2017.02.015
https://doi.org/10.1016/j.ijpsycho.2017.02.015
https://doi.org/10.1016/j.ijpsycho.2004.03.001
https://doi.org/10.1016/j.ijpsycho.2004.03.001
http://dx.doi.org/10.1088/1741-2560/4/1/S09
http://dx.doi.org/10.1088/1741-2560/4/1/S09
https://doi.org/10.1016/j.jneumeth.2014.07.019
https://doi.org/10.1016/j.jneumeth.2014.07.019
https://doi.org/10.1016/j.nicl.2016.07.006
http://dx.doi.org/10.1037/12056-000

Sultanov M.B., Ismayilova Kh.Y.

https://doi.org/10.1016/S0191-
8869(99)00130-0

[27] Sengupta K. Comparative Analysis of Real

Life Driving vs. Simulator Driving.
2014.59p.

[28] Shin J, Miiller KR, & Hwang HJ. Near-

infrared spectroscopy (NIRS)-based eyes-
closed brain-computer interface (BCI) using
prefrontal cortex activation due to mental
arithmetic. Scientific Reports.
2016;6,36203.
https://doi.org/10.1038/srep36203

[29] Sultanov M, & Ismailova K. EEG rhythms

in prefrontal cortex as predictors of anxiety

[30] Vitasari P, Wahab MNA, Othman A,

Herawan T, & Sinnadurai SK. The
relationship between study anxiety and
academic performance among engineering
students. Procedia-Social and Behavioral
Sciences. 2010;8:490-497.
https://doi.org/10.1016/j.sbspro.2010.12.06
7

[31] Xu P, Huang R, Wang J, Van Dam NT, Xie

T, Dong Z, ... & Fan J. Different topological
organization of human brain functional
networks with eyes open versus eyes closed.
Neuroimage. 2014;90:246-255.
https://doi.org/10.1016/j.neuroimage.2013.

among Yyouth soccer players. Translational 12.060
Sports  Medicine,  2019;2(4):203-208.
https://doi.org/10.1002/tsm2.72

MOBHWJIBHBIE 33T CUCTEMBI 1151 AIb®A HEVPOBHUOYIIPABJIEHUS U
KOHTPOJIAA TPEBOXHOCTH

Mypan Bana6ek orabl Cyaranos 12, Xaauaka FOcud kpizbl Uemaiisosa !

L Unemumym gusuonozuu um. axademuxa A6oynnw I'apaesa, Munucmepcmeo nayku u
obpaszosanus Azepoatiodcanckou Pecnyonuxu, baky, Azepoatiodcan
2 Azepbationcanckas Iocyoapemeennasn Axademus @uzuueckoii Kynomypor u Cnopma, Baxy,
Asepbatiodcan

JlaHHO€E McceoBaHMEe MOCBSIIEHO M3YUYEHHIO B3aHMOCBSI3M AJIEKTpOdHIEdatorpapuuecKux
(O9T") octmAnMi C ypOBHEM TPEBOXXHOCTH IIECTHAAIATH IOHOIIEH-ciopTcMenoB 17-21 roga €
ucnoib30BaHueM MoOmiIbHOW D3I cuctemsl. B nccnenoBannu U3y4aauch OCHMUISIIIMN TOJOBHOTO
MO3Ta B YCIOBHSX (PU3HOIOTHYECKOTO IOKOSI C OTKPBITBIMH W 3aKpbITBIMH Thazamu. OO0
PEruCTpUpPOBANIACH NMPH MOMOIIH OECITPOBOIHON CUCTEMBI C CYXUMHU O€CKOHTAKTHBIMU CEHCOPHBIMU
aneKTpoaaMu, pazpadoranabiMu NeuroSKy, a takxkxe momaysem ThinkGear u o6pydem MindCap XL.
BbIsiBIIEHO CTaTMCTUYECKH 3HAUMMOE pa3jiMyhe MEX]y MOJIOKEHHUEM C OTKPBITBIMU U 3aKPBITBIMU
riiazamMy B anb(a-auana3one npedpoHTaabHONU KOpbl rojoBHOro mosra (p<0,006). Hapsny ¢ atum,
KOppelsiusl Mexay aib(a-Iuana3oHoM M TPEBOXKHOCTBIO B NpepOHTAIbHOM KOpe BbISABHIIA
CTaTUCTHUYECKH 3HAYMMYIO OTPUIATEIHHYIO CBSI3b B MOJIOKEHHUU C 3aKpBITBIMU Titazamu (P<0,029).
JlaHHbIe, BBISBICHHBIE C OJHOKaHAIBbHOM OecmpoBomHON I3I'-cucTembl, MPOJEMOHCTPUPOBAIN
pe3yabTaThl CXOXKHE C JaHHBIMH PETHCTPUPYEMBIE MOCPEICTBOM CTAIIMOHAPHOTO J1a0OpaTOPHOTO
330I' obopynoBanus. Pa3nuuHblii XapakTep B3aMMOCBS3M OCIWUIALMN ainbga-nuana3oHa B
3aBHCUMOCTH OT TTOJIOKEHUS TJ1a3 C YPOBHEM TPEBOXKHOCTH FOHOMICH-CIIOPTCMEHOB MOXKET OTPaKaTh
€e CBSI3b C «BHYTPEHHHM» MHPOM JIMYHOCTH U  TIO3MIMOHHUPOBATHCS B  KAauecTBE
HEHpOOMOIOTHUECKOro UHJEKCa TPEBOXKHOCTH. [laHHbIE pe3ynbTaThl MOATBEPXKIAIOT NPUMEHEHHE
nopraTUBHBIX DDI-cuctem s u3ydyeHus QyHKuuMi mosra. boiee Toro, mogoOHbIe yCTpoMHCTBa
MOTYT HCIIOJIb30BaThCsl U M ajb(a HeHpoOHOYyNpaBIeHUS COCTOSHUS TPEBOTH B IMOJIOKEHHU C
3aKpPBITHIMHA TJIa3aMH.

Kurouesble ciioBa: MmoOmibHass D3I -cuctema, 6€CKOHTAKTHBIE CEHCOPHI, allb(a-auamna3oH,
TPEBOKHOCTb.
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ALFA NEYROGERI 9LAQO VO HOYOCANI IDARD ETMOK UCUN MOBIL EEQ
SISTEMLORI

Murad Balabay oglu Sultanov 12, Xadica Yusif qiz1 ismayilova !

! Akademik Abdulla Qarayev adina Fiziologiya Institutu, Azarbaycan Respublikasi Elm va Tahsil
Nazirliyi, Baki, Azarbaycan
2 Azorbaycan Déviat Badan Torbiyasi Vo Idman Akademiyasi, Baki, Azarbaycan

Todgigat mobil EEQ sistemindon istifado edorok 17-21 yashi on alti gonc idmangida
elektroensefalografik (EEQ) salinimlar va hoyacan saviyyasi arasindaki alagenin dyronilmasinag hasr
edilmisdir. Tadqiqat agiq va gapali gozlorls fizioloji istirahat soraitinds beyin salimimlarint 6yrandi.
EEQ NeuroSky torofindon hazirlanmis quru kontaktsiz sensor elektrodlart olan simsiz sistemdan,
homginin ThinkGear modulundan vo MindCap XL bas bandindan istifade etmoklo geyds alinib.
Prefrontal korteksin alfa diapazonunda agiq vo qapali gozlarlo movqe arasinda statistik shomiyyatli
forq askar edilmisdir (p<0.006). Bununla yanasi, prefrontal korteksdo alfa diapazonu ilo hayacan
arasindaki olago, gapali gozlorlo vaziyyotdo statistik shamiyyatli monfi olageni ortaya goydu
(p<0.029). Taok kanall1 simsiz EEQ sistemindon askar edilon molumatlar stasionar laboratoriya EEQ
avadanligr ilo geydo alinan noticoloro oxsar naticolor gostordi. Gonc idmangilarda gozlorin
movqgeyindon Vo hoyacan soviyyssindon asili olaraq alfa diapazonunun salinimlari arasindaki
olageanin forgli tobisti onun soxsiyyatin "daxili" diinyast ilo alagasini oks etdira bilor vo hayacanin
neyrobioloji gostaricisi kimi yerlosdirilo bilor. Bu naticalor beyin funksiyalarini 6yronmak tigiin
portativ. EEQ sistemlorinin istifadosini tosdigloyir. Bundan olava, bu ciir cihazlar qapali goz
vaziyyatinda hoyacanin alfa neyrogeri alags ti¢iin ds istifads edils bilor,
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