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Introduction. About 18% of all health problems in the working population are related to stress,
depression and anxiety. The consequences of industrial stress exacerbated by unfavorable
geomagnetic activity, can manifest itself in an increase in the psychophysiological “price” of
activity, overstrain and depletion of the regulatory mechanisms of functional systems that
ensure the adaptation of the body to vital factors and, ultimately, in a significant deterioration
in the health of workers. Medical workers occupy a special place in the structure of professional
groups of the working population, since they are at increased risk of neuro-emotional overstrain
up to the development of professional burnout syndrome.

The aim of the study is to develop and test a technique that helps to reduce the level of stress
and emotional load affecting the psychophysiological state of a person.

Materials and methods. The study involved 15 relatively healthy medical students aged 19 to
25 years. The algorithm of the study was as follows: the forecast of geomagnetic storms (G3-
5) was tracked on the website of the Laboratory of X-ray Astronomy of the Sun
(https://tesis.lebedev.ru /). During the storm a student was given the graphic task, in the form
of synchronous outlines of stencils with two hands, before and after completing the
experimental task the subject was asked to pass psychological tests: a visual-analog scale of
situational emotional state according to the Dembo-Rubinstein method and the Spielberger-
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Khanin scale of personal and situational anxiety (STAI). The electroencephalogram was
recorded using an electroencephalograph recorder "Encephalan-EEGR-19/26".

Results. The Dembo-Rubinstein technique showed that after passing the experimental task 21%
of the subjects significantly improved their emotional state according to a quantitative
assessment of the visual-analog scale of situational emotional state. The level of personal
anxiety also significantly decreased by 5% and the level of situational anxiety did not change,
the assessment was carried out using the Spielberger-Khanin scale of personal and situational
anxiety (STAI).

Limitations. The obtained results require further verification on the larger experimental groups
with the involvement of medical workers of different age and specialties; lengthening the period
of observation of the recorded indicators after completing of the tactile-graphical task to clarify
the timing of changes in indicators of situational emotional state and personal anxiety.
Conclusions. A simple technique for reducing stress levels in medical students has proved its
effectivity in changing the psychophysiological manifestation of stress, since the level of stress
activity is directly related to the degree of personal anxiety. This technique can be recommended
to medical workers and students as an exercise to improve cognitive activity by reducing stress
and anxiety associated with the influence of geomagnetic storms, which increase sensitivity to
external stress factors, on the psychophysiological state of a person.

Key words: geomagnetic storm, stress, students, electroencephalogram, spiral, Spielberger-
Khanin scale.

Compliance with ethical standards. Informed consent was obtained from all individual
participants involved in the study.

For citation:

Katamanova D.L., Sataieva T.P., Rybalko S.Y., Rebik A.A., Tsapik D.K., Zukow W.
Visual-graphic spiral pattern can reduce medical-associated stress during the
geomagnetic storm. Journal of Education, Health and Sport. 2022;12(7):514-534. eISSN
2391-8306. DOI http://dx.doi.org/10.12775/JEHS.2022.12.07.052
https://apcz.umk.pl/JEHS/article/view/JEHS.2022.12.07.052
https://zenodo.org/record/6844485

For correspondence: Walery Zukow, Nicolaus Copernicus University, Department of Physical
Culture, Faculty of Earth Sciences and Spatial Management, Torun, 87-100, Poland. E-mail:
w.zukow(@wp.pl

Information about authors:

Katamanova D.L., https://orcid.org/0000-0001-5346-3998

Sataieva T.P. ., https://orcid.org/0000-0001-6451-7285

Rybalko S.Yu., https://orcid.org/0000-0001-5346-3998

Rebik A.A., https://orcid.org/0000-0001-5346-3998

Tsapik D.K., https://orcid.org/0000-0001-9185-245X

Zukow W., https://orcid.org/0000-0002-7675-6117

Contribution: Katamanova D.L. — design of experiment, writing a text. Sataieva T.P. —design
of experiment, writing a text. Rybalko S.Yu.— a collection of literature data, writing a text.
Rebik A.A. — record of ECG, writing a text. Tsapik D.K. — statistical data analysis. Zukow W.
— processing of material. All authors are responsible for the integrity of all parts of the
manuscript and approval of the manuscript final version.

Conflict of interest. The authors declare no conflict of interest.

Acknowledgement. The study had no sponsorship.

Received: 06.02.2022. Accepted: 31.05.2022. Published: 16.07.2022.

515


http://dx.doi.org/10.12775/JEHS.2022.12.07.052
https://apcz.umk.pl/JEHS/article/view/JEHS.2022.12.07.052
https://zenodo.org/record/6844485
mailto:w.zukow@wp.pl
https://orcid.org/0000-0001-5346-3998
https://orcid.org/0000-0001-6451-7285
https://orcid.org/0000-0001-5346-3998
https://orcid.org/0000-0001-5346-3998
https://orcid.org/0000-0001-9185-245X
https://orcid.org/0000-0002-7675-6117

Karamanosa JI.J1.!, Caraepa T.I1.2, Pri6anxo C.}0.2, Pebuk A.A.2, Iamuk JI.K.2, XKykos B.>
BusyaabHo-rpaduyeckunii cnupajbHbIA y30p MOXKET YJIYYIIUTh NCUX0(PU3H0I0THIECKOe
COCTOSIHME BO BpeMsi FeOMATHUTHOM Oypu

'AHO "llentp wusydenus xuBbiX cucteMm", yin. Kynem, Cumdeponons, 297570, Ilox
ropucauknueit Poceuiickon ®@enepanuy;

?KpsIMcKkuii henepanbHblii yauBepcHTeT UM. B.M. BepHanckoro, MeauIMHCKas akageMus HM.
C.N. Teopruesckoro, Cumdepornoins, 295006, [Ton ropucnukmueii Poccuiickoit eneparuu;
3Vuusepcuter Hukonas Komepruka, dakynsreT (hU3HUYeckoil KyabTypsl, (GaKkyIbTeT HayK o
3emiie U MPOCTPAHCTBEHHOTO yripaBieHusi, Topyns, 87-100, [Tonpina

Beenenue. Oxono 18% Bcex mpobiaeM co 310pOBbEM pabOTAIONIETO HACEICHHS PUXOUTCS Ha
cTpecc, nempeccutrd U OecmnokoiictBo. [locnmencTBus MpPOU3BOACTBEHHOIO CTpecca,
yCYT'yOJieHHBIC HEOJIaronpusTHOW T'€OMArHUTHOW aKTUBHOCTBIO, MOTYT TIPOSBISATHCS B
MOBBILICHUH MICUXO(PU3NOTIOTUYECKON «IIEHBD IeATEIbHOCTH, IEPEHANPSKEHUH U UCTOILICHUN
PETYISATOPHBIX MEXaHW3MOB (PYHKIIMOHAIBHBIX CHCTEM, OOECHEUMBAIOMINX —aJaNTaIHIo
opranu3mMa K ¢akTopaM >KU3HENEATEIbHOCTH U, B KOHEYHOM MWTOre, B 3HAUUTEIHHOM
YXYIIIEHUN COCTOSHUS 370pOBBs padoTaromux. MenuuHcKre pabOTHUKY 3aHUMAIOT 0Cc000e
MECTO B CTPYKTYp€ MpodecCHOHATBHBIX TPYII TPYAOCIIOCOOHOTr0 HaceNeHus, TOCKOJIBbKY OHH
MIOZBEPTAIOTCS MOBBIIIEHHOMY PUCKY HEPBHO-3MOLMOHAIBHOTO NEPEHANPSHKEHUS B TUIOTH 10
pa3BUTHUS CUHAPOMA TPO(HECCHOHAIBHOTO BHITOPAHHUS.

Llenp uccrmenoBanus — pa3paboTka M anpoOamus METOIUKH, CIIOCOOCTBYIONICH CHUKCHHIO
YPOBHS CTPECCOBOM HArpy3KH U yITy4IIaloel NCuXoQpU3n0IOTHIECKOE COCTOSIHIE YEIIOBEKA.
Mertonel. B wmccnenoBaHuy NMpUHSIM ydacThe |5 OTHOCHTENBHO 3HOPOBBIX HCIIBITYEMBIX
CTYIEHTOB-MEJMKOB B BO3pacTe OoT 19 1mo 25 ner. ANropuT™ MpoBEeACHUs HCCIeI0BaHUS ObLI
CJIENYIOIMM: TPOTHO3 reoMarHUTHBIX Oyphr (G3-5) orciexuBaincs Ha caiite Jlaboparopuu
pertreHoBckoit actponomuu Conuna, ®UAH (https://tesis.lebedev.ru/). Bo Bpems Oypu
CTYACHTY JaBaJld TaKTHIbHO-TpapHUecKoe 3aJaHhe B BHUAEC CHHXPOHHBIX OOBEICHHI
TpadapeToB ABYMs pyKamH, A0 U TOCIE BBHIOIHEHUS KOTOPOTO UCIBITYEMOMY MPEAaranoch
NPONTH  TICHXOJIOTUYECKHE  TECThl:  BU3yaJbHO-aHAJOTOBas  IIKaJla  CHUTYaTHBHOTO
HMOLIMOHAIBHOTO COCTOSHUS Mo Metoauke JlemOo-PyOuHIITEelHA M IIKala JTUYHOCTHOW U
cutyatuBHoi TpeBoxkHOocTH Crmibeprepa-Xanuna (STAI). IlpoBogmnack perucrpanus
aNeKTpodHIedamorpaMmMpl  TpU  MOMOLIM  dJeKTpodsHIedanorpada-  perucrparopa
"Junedanan-230'P-19/26".

Pesynpratel. IlpoBeneHne KONMWYECTBEHHOW OIEHKHM  BH3yalbHO-aHAJIOTOBOM  IIIKAJIbI
CHUTYaTHBHOTO AMOIIMOHAILHOTO COCTOSIHUS TI0 MeToanKke JlemOo-PyOuHIITEH MOKa3ano, 9To
MOCIIe TIPOXOXKACHUS HSKCIEPUMEHTAIbHOrO 3amaHusi, y 21% HCOBITYEMBIX JOCTOBEPHO
YIYYIIWIIOCh AMOIMOHAIBHOE COCTOsIHME. Tak jke JOCTOBEPHO YMEHBIIWJICS YpPOBEHB
JUYHOCTHOM TPEBOXKHOCTH Ha 5% W HE U3MEHWICS YPOBEHb CHUTYaTHBHOMW, OIlEHKa
MIPOBOAMIIACH TTPH TIOMOIIH IIKAJIBl IMYHOCTHOW W CUTYaTHBHOW TpeBOXHOCTH Crimioeprepa-
Xanuna (STAI).

Orpanuuenusi ucciaenoBanusi. [lomydeHHbIe pe3ynbTaThl TpeOyIOT BepHpHUKaMA Ha Ooiee
MacIITaOHBIX BEIOOPKAX C BOBICYECHHEM METUITMHCKUX PAOOTHUKOB Pa3HBIX BO3PACTHBIX TPYIII
U CIIEIMAIbHOCTEH; YINTMHEHNsI CpOKa HAOMIOACHNUS 32 (GUKCUPYEMBIMHU TTOKa3aTeIsIMH TTOCIIe
BBITIOJTHEHHUSI TAKTWJIBHO-TPAPUUECKOTO 3a/laHusl JJs YTOYHEHHUS CPOKOB HM3MEHEHHS
MOKa3aresieil CHTyaTHBHOTO SYMOITMOHAIBHOTO COCTOSTHUS ¥ TNYHOCTHOM TPEBOKHOCTH.
3axnmroueHne. MeToauka CHUKEHHS YPOBHS CTpecca y CTY/IEHTOB METUIIMHCKUN BY30B, KOTOpast
OKasaJiacb MpOCTa B NMPUMEHEHHH W 3(PPEKTHBHA B M3MEHECHHH TMCHUXO(PU3HOIOTHICCKOTO
MPOSIBJICHHSI CTPECCa, TaK KaK YPOBEHb CTPECCOBOM AKTUBHOCTH HAMPSMYIO CBSI3aH CO
CTEMEHbIO JIMYHOCTHOW TPEBOKHOCTH. JlaHHy!0 METOIMKY MOXXHO pPEKOMEHJ0BaTh
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MEIMIIMHCKUM paOOTHUKAM M CTyIEHTaM, B KayeCTBE YIPaKHEHUS Ui YIy4IICHUS
KOTHUTUBHOM JICSITEIbHOCTU ITyTEM CHHKEHUSI HANIPSKEHUSI U TPEBOTH, CBSI3aHHBIX C BIUSHUEM
Te€OMarHUTHBIX OYpb, YBEIHMUMBAIOIIUX YYBCTBUTEIbHOCTh K BHEIIIHUM CTPECCOBBIM (DaKTOPaM.
KiroueBble cjioBa: reomarHuTHas Oypsi; CTpecC; CTYIACHTHI; JIIeKTpo3HIedanorpamma;
criipainb; mkana Crnundeprepa-XaHuHa

Coburo1eHne Y THYECKUX cTaH1apToB: MHpopMupoBaHHOE cortacue ObIIO MOIYY4eHO OT BCEX

OTACTHHBIX YYACTHUKOB, Y4aCTBOBABIIUX B UCCIICIOBAHHH.
[Toctymmna: 06.02.2022. TTpunsta: k medatn 31.05.2022. Ony6nukosana: 16.07.2022.

Introduction

Stress is the process of adapting to circumstances that disrupt or threaten to imbalance the
body [1]. A small stress or the optimal level of stress is necessary for a person's activity to
overcome the obstacles that arise on the way to the goal achievement. This mobilizing, ener-
gizing stress makes a person active, ready for action, increasing the strength and speed of his
physical and mental reactions, sharpening attention, memory, mental activity, etc. [2, 3].

The geomagnetic storms are powerful changes in the Earth's electromagnetic field, which
occur due to the release of a huge number of high-speed streams during increased solar activ-
ity. Storms such as a blow of a stone on the water surface, disturb the established processes on
our planet by creating temporary chaos and affecting circadian rhythms [4, 5, 6]. It was noted
that geomagnetic storms can negatively affect self-motivation, reduce the learning abilities and
sometimes cause depression. Thus, the main targets of solar flares are the cardiovascular and
nervous systems. In healthy people effects can be manifested in time elongation of simple lo-
comotor reaction to the velocity of the visual information processing, worsening of the attention
characteristics, short and long-term memory. One of the reasons for such changes is an increase
in the release of stress hormones (cortisol, adrenaline), which in turn leads to the manifestation
of stressful activity and an increase in the influence of stress factors on the body [7]. This in-
creases a person's susceptibility to stress and also been reported as suicide risk factor [8]. Now-
adays informational and social stress exposure appears to be the most frequent in modern hu-
man reality.

The study of the influence of magnetic storms on living organisms possess a great im-
portance. For the first time the hypothesis of the synchronization of biological rhythms by weak
cyclic variations of geophysical fields was proposed by F. Brown (1964), who discovered the
correlation of certain biological indicators of organisms placed in "permanent” conditions with
the parameters of the external environment. Disturbances of electromagnetic fields in heliobi-
ological connections are usually considered as something that brings disorganization and leads
to functional disorders. It should be noted that L. Chizhevsky, the founder of heliobiology, was
the first to pay attention to this problem [9]. In the process of increasing interest in phenomena
occurring in the space with the development of outer space, interest in studying the relationship
between solar activity and the Earth's biosphere began to increase. At present, a large amount
of factual data has been accumulated on the effect of solar activity on wildlife, including hu-
mans [10]. The idea of the influence of solar activity on the body significantly affects modern
human life. Television, radio, polyclinics warn the population about solar flares, geomagnetic
storms they cause, and about ways to protect themselves from their effects. Numerous experi-
ments show that there is a direct effect of short-period oscillations of the geomagnetic field on
the human body. This fact is of great scientific and practical importance, since during disturb-
ances of the Earth's magnetic field (magnetic storms), short-period oscillations of the geomag-
netic field are recorded, which negatively affects the human body. At present, the term "space
weather" is widely used and unites under this name a number of helio-geophysical phenomena
that develop in near-Earth outer space and actively affect the Earth's biosphere. Electromagnetic
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and infrasonic vibrations are often considered as a mechanism for the impact of solar and mag-
netic storms on a living organism, which are close in their frequencies to the natural frequency
of many internal organs (0.1-10 Hz). These vibrations, emitted by the active magnetosphere
and ionosphere, can resonantly affect a living organism on a cellular basis.

Some authors believe that weak magnetic storms with a 27-day cyclicity can be classified as
“impulse sensors” of biorhythms, and sporadically occurring storms that are responses to solar
flares, on the contrary, are “interference”, a desynchronizing factor. During electromagnetic
disturbances (especially during magnetic storms), when the rhythm-setting organization of the
external environment is destroyed, violations of biological rhythms are observed, which can
cause a violation of the activity of the functional systems of the body [10]. The main targets
affected by solar activity are the heart and the cardiovascular system [11]. The works of T.K.
Breus [9] revealed the presence during geomagnetic disturbances in 85% of patients after my-
ocardial infarction, ischemic-type heart rhythm disorders, sometimes accompanied by episodes
of arrhythmia and increased blood pressure (13 patients); the presence of changes in the rheo-
logical properties of blood and capillary blood flow in 80% of patients with coronary heart
disease and in 30% of healthy people during geomagnetic storms, such as a slowdown in capil-
lary blood flow, erythrocyte aggregation, and an increase in blood viscosity (82 patients and 12
healthy people); an increase in the hormone cortisol and a decrease in the production of the
hormone of the pineal gland - melatonin - in response to geomagnetic disturbances in both
healthy and sick people.

In addition to the cardiovascular system, brain cells are especially sensitive to electromag-
netic effects, which is manifested by an increase in the number of convulsive seizures in patients
with epilepsy on days of magnetic storms. This is due to the direct, rather than reflex (as previ-
ously thought) influence of an alternating magnetic field of low frequency and intensity on the
functional state of the cells of the central nervous system [12]. Though such studies especially
concerning occupational medicine are very limited.

In the modern COVID-19 pandemic conditions doctors, as well as medical workers and stu-
dents in general, experience a significant increase in professional workload, as well as the ag-
gravation of contradictions between the professional and moral duty of a doctor and his ability
to provide highly qualified medical care to the population [13].

The work of most doctors and volunteering medical students is characterized by a significant
intellectual load, in some cases it is accompanied by great physical effort, but always places
increased demands on the volume of operational and long-term memory, attention, endurance,
long-term preservation of working capacity, as well as on the totality of personal qualities of a
doctor that allow him to work in contact with sick people throughout his professional experi-
ence while maintaining the necessary level of professionalism and compassion [14, 15].

About 18% of all health problems of the working population are related to stress, depression
and anxiety. With regard to doctors, the authors are most concerned about the widespread prev-
alence of chronic fatigue syndromes and professional burnout, which experts associate with the
social essence of the doctor's profession, that is, the need for constant emotional impact when
working with sick people [16].

It should be noted that studies on the assessment of working conditions of doctors of various
specialties and their impact on health have been carried out for a long time, mainly in the 70s
and 80s of the last century. However, they paid primary attention to the traditional factors of
the production environment and the labor process of physical, chemical and biological nature,
while the complex of psychosocial factors affecting the formation of the health of these spe-
cialists remained less studied [17]. In recent years, domestic studies devoted to the work of
doctors have been isolated, and as before, they focus on traditional factors of the working en-
vironment and occupational morbidity of medical workers, while the problems of patterns of
formation and prevention of stress at work remain poorly studied [18].
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At the same time, it is obvious that the professional activities of doctors can not only be the
cause of the formation of occupational diseases, but also play an important role in the pathoge-
netic mechanisms of the development and progression of other pathologies, including chronic
fatigue syndrome and burnout syndrome, which most authors regard as clinical signs of chronic
stress at work [19, 20].

Therefore, the creation of simple affordable quick and effective antistress trainings and ex-
ercises is quite an urgent task, especially if the trainings are relatively simple and adapted to the
intensive rhythm of modern life. Over the past decade numerous health psychologists have cau-
tiously begun looking at how the art therapy might be used in a variety of ways to heal emotional
stress injuries, increase understanding of oneself and others, develop a capacity for self-reflec-
tion, reduce symptoms, and alter behaviors and thinking patterns. Given the ubiquity of creative
expression, as well as the relative ease of engagement, the extent to which psychological and
physiological effects are sustainably health enhancing is an important area for public health
investigation. Certain graphical symbols can be a refuge from the intense emotions associated
with chronic stress. There are no limits to the imagination in finding creative ways of express-
ing grief. For example, even a molding clay can be a powerful tool to help people express these
feelings through tactile involvement at a somatic level, as well as to facilitate verbal communi-
cation and cathartic release and reveal unconscious materials and symbols that cannot be ex-
pressed through words [20].

The aim of this research is to evidence the hypothesis that working with visual-graphic
spiral pattern can reduce stress symptoms and improve the cerebral activity in medical students
during the severe geomagnetic storm.

Materials and methods

The experiment was conducted on 15 relatively healthy students of both sexes aged 19 to
25 years living in Crimea, who had experience of working in hospitals. Written informed con-
sent was obtained from all subjects for the participation in the study.

The research algorithm was as follows: severe geomagnetic storms were traced on the
website of Laboratory of X-ray astronomy of the Sun, Lebedev Institute, Russia
(https://tesis.lebedev.ru/).

The students were requested to use thin transparent plastic plates in the form of rectangles
measuring 30 x 20 cm with slits in the form of symmetrical straight and smooth lines having a
configuration of movement in a certain direction and sequence (RF Patent No. 149915 of
12/17/2014 "Harmonization of the function of both cerebral hemispheres™) for the accomplish-
ment of the experimental antistress task. In particular the subjects were asked to outline the
stencil No.12, which has slots in the form of two mirror-symmetrical spirals (Figure 1) for 5
minutes.

Each participant was circling both spirals from the center to the outside simultaneously with
the fingers of both hands, randomly alternating fingers, the degree of pressing and the speed of
circling. Provided exercise with the involvement of two hands synchronously allows to inte-
grate the activities of both cerebral hemispheres along with the gentle self-massage of finger-
tips.
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Figure 1. Antistress mirror-symmetrical spirals for simultaneous tracing with both hands.
Jlo6aBuTh MEpeBOABI HA PYCCKHM SI3bIK Ha3BaHWUH M BCEH TEKCTOBOM YacCTH PHUCYHKOB (ITO
COOTBETCTBYIOLIEH  TEKCTOBOM  4YacThl0O HAa  AHIIMMCKOM, C  HOBOW  CTpPOKH).
Pucynoxk 1. AHTHCTpECCOBBIE 3€pKaJbHO-CUMMETPUYHBIE CIMPAIM JUIsl CHUHXPOHHOIO
00BesIeHUS] 00EUMU pyKaMHu.

During the storm student was given graphic task, before and after completing the
experimental graphical task, the subject was asked to pass psychological tests: a visual analogue
scale of the situational emotional state and the Spielberger-Khanin scale of personal and
situational anxiety (STAI). The Spielberger-Khanin method consists of a questionnaire in
which there are 40 statements. Positions 1 through 20 are focused on determining the level of
situational anxiety. Positions numbered 21-41 will characterize personal anxiety. The State-
Trait Anxiety Inventory (STAI) is a commonly used measure of trait and state anxiety
(Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). It can be used in clinical settings to
diagnose anxiety and to distinguish it from depressive syndromes. It also is often used in
research as an indicator of caregiver distress. Its form has 20 items for assessing trait anxiety
and 20 for state anxiety. State anxiety items include: “I am tense; I am worried” and “I feel
calm; I feel secure.” Trait anxiety items include: “I worry too much over something that really
doesn’t matter” and “I am content; I am a steady person.” All items are rated on a 4-point scale
(e.g., from “Almost Never” to “Almost Always”). Higher scores indicate greater anxiety.

The electroencephalogram was recorded by the encephalograph Encephalo "Poly 6" for
1 minute before and after the experimental task in open/closed eyes state, 16 electrodes were
used and placed according to the international scheme "10-20". The 10-20 system is based on
the relationship between the location of the electrode and the main area of the brain, in particular
the cerebral cortex. The 10-20 system is recommended by the International Federation of Elec-
troencephalography and Clinical Neurophysiology. Each electrode position (lead) is identified
by a letter (to identify the lobe of the brain) and a number (or other letter) to determine the
location of the electrode within the lobe. Any electrode is located from other electrodes at a
distance equal to 10 or 20% of some individually measured distances. The names of the elec-
trodes include the first letter of the Latin name of the area on which the electrode is placed, and
a number indicating the side and location of the electrode within this area.: pre-frontal (Fp),
frontal (F), temporal (T), parietal (P), occipital (O), central (C), midline (Z). Odd numbers in-
dicate the left hemisphere, even numbers indicate the right.

All quantitative data were represented as mean + SD. The software SPSS Statistics 22.0
(SPSS, Chicago, IL) was used to perform the statistical analysis. Wilcoxon test was applied to
compare the results of psychological testing. One-way ANOVA (analysis of variance) was used
to verify the differences between groups. Value of p < 0.05 was regarded as statistically sig-
nificant.
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Results

We have detected the changes influenced by the increased solar activity which affected the
autonomic balance and the level of performance and reactive anxiety caused by the effects of
magnetic storms on nonspecific systems and autonomic centers located in the structures of the
limbic-reticular complex of the brain. The obtained data demonstrated that the subjects'
emotional state significantly improved by 21% (Figure 2) from the initial value. The level of
personal anxiety also significantly decreased by 5,0% (Figure 3).

The electrophysiological study showed that after completing the task the subjects showed an
increase in the alpha rhythm in the occipital O2 lead, which might indicate the relaxation of the
visual analyzer and the optimization of the perception mechanisms. A significant increase in
the power of the theta rhythm in both hemispheres of the brain evidenced the improvement in
the work of the visual analyzer associated with a decrease in the level of anxiety.
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Figure 2. Comparison of changes in the general emotional state before and after the
completion of the graphic task. N = 15. * p<0.05 (Confidence level t-Wilcoxon test)
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Pucynoxk 3. CpaBHeHHME W3MEHEHHUS CHUTYaTUBHOM W JIMYHOCTHAs TPEBOXKHOCTHU
COOTBETCTBEHHO /IO U TOCJE BBIMOJHEHHs Tpaduueckoro 3amanus. N = 15. 3Hakom «*y
BBIJICTICHBI JJOCTOBEpHOE M3MeHeHue nmokasarenei p<0,05 (t-kpurepuit Buikokcona)

A significant increase in the power of the beta rhythm occured in lead P4 (Table 1), this lead
corresponded to the right parietal lobe of the brain.
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Table 1. Comparison of changes in the power of brain rhythms before and after performing a
graphic task with open eyes

Rhythms
Lead | Alpha Beta Delta Gamma Theta
?c?r-e after before | after before | after before | after before | after
116, | 156,5 | 1029,2 | 1111,4 | 494,21 | 402,65 | 428,93 | 529,85 | 132,48 | 220,67
P4 65+7 | 7899, | 6£269, | 1269, |+£87.2 |+67,9 | +£123,4 | £383,4 | £126,1 | £60,4
2,52 |01 62* 41* 9 9 8 6 1 3
134, | 166,0 | 1048,1 | 1134,8 | 312,17 | 439,54 | 429,31 | 530,23 | 132,04 | 235,09
01 1242 | 3£21, | 44£277, | 9£266, | £78.6 | £96,5 | £120,8 | £380,6 | 4+18,3 | +66,8
3,55 | 22 21 56 6 7 3 1 6* 1*
122, | 161,6 | 1045,6 | 1130,7 | 315,83 | 449,03 42974 530,75 | 132,06 | 246,08
Oz 677 | 8£22, | 1£272, | 34266, | £77,2 | £55.,0 121’80 +381,6 | £17,82 | £91,6
2,63 |91 91 33 5 3 ’ 7 * 4*
éjiz 171,3 | 1050,0 | 1136,8 | 316,41 | 448,40 | 429,17 | 530,91 | 132,44 | 237,95
02 321 7+24, | 1£273, | 4£265, | £82,5 | £58,3 | £120,6 | £379,2 | £19,11 | £76,9
- 74* 371 83 9 2 3 6 ** 5**

Note: mean + SD, unit of measurement pV *. Wilcoxon t-test. * p<0.05, **p<0,01

Tabnuua 1. Cpasrenue uzmeHeHUss MOWHOCTNU PUMMOS 20708HO20 M0O32d 00 U NOCHe 8bINOTHEHUs
2paghuyeckoeo 3a0aHus. npu OMKPbLIMbIX 21A30X

Orge Putmbl
ACHI | A rpdha bera JenbTa 'amma Tera
e
710 nocie | 1o nociie 710 nocie | 1o nocie | 1o IMociie
116 1029,26 | 1111,41 428,93 | 529,85 | 132,48
~ | 156,57 ' ’ 494,21 | 402,65 ’ ’ ’ 220,67
P4 65+7 ’ +269,6 | £269,41 ’ ’ +123,4 | £383,4 | £126,1 '
2.5 +99,01 o - +87,29 | £67,99 8 6 1 +60,43
or | 1aep | 10608 | Lt 1wsese |aaar fasese | B 20 | TR B0
+21,22 ’ +266,56 | £78,66 | £96,57 ’ ’ ’ ’
3,55 1 3 1 * *
o |22 |1onsn [ 10988 v |arssn s | o [s2070 | 12205 200
+22.91 ’ +266,33 | £77,25 | £55,03 | £21,80 ’ ’ ’
2,63 1 7 * *
133, 171,37 | 1050,01 429,17 | 530,91 | 132,44 | 237,95
64+2 ’ ’ 1136,84 | 316,41 | 448,40 ’ ’ ' ’
02 2121 f24,74 ¢i73,3 126583 | +82.59 | +58.32 ;120,6 35379,2 il?,ll ::16,95

[TpuBeneHo cpeaHee 3HAUCHUE W OMIMOKA CPETHEr0, CIUHUIA U3MEPECHUS MkB?. t-kputepuit
BunikokcoHa. «*» BBIICIECHBI TOCTOBEPHOE M3MeHeHue mokazatenei p<0,05. «**) BbiIeneHbl
JIOCTOBEpHOE M3MeHeHue nokasarenei p<0,01
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At the same time in a state with closed eyes there was noted a significant increase in the
alpha and decrease in the delta rhythm (Table 2).

Table 2. Comparison of changes in the power of brain rhythms before and after performing a

graphic task with closed eyes

Rhythms
Lead | Alpha Beta Delta Gamma Theta
before | after ?e- after before | after before | after be- after
ore fore
97,48 | 125,4 | 1066, | 1365,91 | 118,54 | 94,52 | 463,14 | 536,55 | 56,55 | 58,51
C3 +23,6 | 216, | 29+7 | +£593,8 | 45,6 |=£29,0 | £175,3 | +425,3 | £36,8 | £22,7
5 34 05,03 |5 2* 7> 7 8 3 3
84,94 | 108,2 | 1062, | 1360,24 | 116,41 | 97,49 | 462,48 | 536,24 | 61,40 | 62,26
Cz +19,6 | 7£59, | 54+6 |+589,6 | 35,6 |£29,7 | +173,3 | £+424,6 | +£28,0 | £23.5
3 21 98,48 | 3 9* 6> 4 2 2 1
92,51 |119,7 | 1065, | 1359,07 | 119,02 | 94,96 | 462,23 | 535,49 | 56,66 | 58,19
C4 +19.8 | 8+64, | 08+7 | +£587,6 | £38,2 |=£81,0 |+£172,7 | £+423,5 | £26,4 | £25,7
4 38 01,93 |5 2* 4* 6 2 9 8
252,7 | 321,3 | 1084, | 1376,49 | 142,42 | 114,64 | 463,09 | 536,67 | 72,14 | 77,91
P3 1+£75, | 5+£21, | 53+£7 | £595,2 | +£63,7 | £19,7 | £172,0 | £423,0 | £35,3 | £36,6
76 76 07,06 | 4 8 2 4 5 7 2
210,5 |282,9 | 1077, | 1371,23 | 139,23 | 191,19 | 463,14 | 536,91 | 73,53 | 92,35
Pz 851, | 5421, | 08+7 | +597,6 | +57,5 | =+£18,5 | £172,3 | £423,6 | +46,8 | 41,8
25 92 01,20 | 3 6 9 1 4 4 2
251,4 |349,4 | 1083, | 1377,85 | 214,74 | 116,63 | 464,39 | 538,58 | 73,54 | 80,41
P4 4+109 | 4+£65, | 82+7 | +601,0 | £61,6 | £83,4 | +£175,1 | +428,2 | +48,6 | 64,8
43 84 11,95 | 6 1 6 2 5 1 2
314,9 |407,4 | 1102, | 1389,35 | 214,74 | 213,43 | 463,81 | 538,14 | 82,27 | 117,13
01 3+119 | 8488, | 49+7 | £367,2 | £35,2 | +£52.4 | £169,5 | £1424, | £59.2 | £87,1
,43* 33* 49,74 | 1 9 4 6 15 8 7
283,5 |365,9 | 1095, | 1390,54 | 166,52 | 227,65 | 463,96 | 539,03 | 84,47 | 85,37
Oz 7492, | 1£59, | 14+7 | +£614,1 | +£94,2 | +29,1 | £168,7 | £425,5 | +£53,1 | +47,3
91* 35* 34,29 |7 5 1 9 9 5 5
332,6 |446,7 | 1094, | 1392,98 | 169,26 13492 462,83 | 539,38 | 83,64 | 88,79
02 3+140 | 1£53, | 71£7 | £609,2 | £95,2 9 9’4 +165,6 | £127,0 | +48,5 | £51,2
,89* 08* 30,83 | 6 4 ’ 9 5 5 6

Note: mean = SD, unit of measurement puV 2. Wilcoxon t-test. * p<0.05, **p<0,01
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Tabnuya 2. CpasHenue usmeHeHUs MOWHOCMU PUMMOE 20106HO20 MO032d 00 U NOCIe 6blNONHEHUs
epaghunecko2o 3a0aHus npu 3aKPLIMbIX 21A30X

Purmbl
OtBe
nenn | Anbsga bera HenbTa I'amma Tera
c
o I10CJIC 0 I10CJIC 0 I10CJIC pa(o) TI0CJIC o TI0CJIC
g | 9748+ | 12542 ;giio 1365,91 i}ég‘z‘ 04,52+ 1?3;’51‘3‘ 536,55+ 5’3652 58,51+
2365 | 41634 | g |+59385 | 0% |20.07% | D13 a5z | 0% | 2273
o, | 8494 (10827 ﬁgié’g 1360,24 ggg 97.49+ 1?3342 536,24+ iig‘g 62.26+
19,63 | +59.21 | oo | 458063 | 00 {2076 |17 azage |50 | 2351
s | 9251+ | 11078 égiio 1359,07 gggg 04,96+ 1%223 535,49+ igfi 58,10+
19,84 | 6438 | 0000 |assres | 0% | s10ar | 1P azss2 |70 | 2578
oy | 25271 | 32135 igi‘;’o 1376.49 | 142,42 | 114,64 i‘i’:’;fg 536,67+ 1_%)’51‘3‘ 77.91%
47576 | 42176 | 230 | 459504 | 263,78 | w1972 | 20 42305 |37 | 3662
o, | 21058 | 28295 (1)21;’0 137123 | 139,23 | 191,19 1?37”21‘3‘ 536,91+ 13652 92,35+
+5125 | 42192 | 150 | 4597.63 | +57.56 | 18,50 |7 42364 |40 | 4182
o i?%)’;j 349,44 égil 1377.85 | 214,74 | 116,63 i?‘;f? 538,58+ B;‘é 80.41+
5 0% sessa | 3201 | 60106 | 6161 | 8346 | 5! 42825 | [*P0 | 6ag2
o1 iﬁggi igg’gg 411335’4 138935 | 214.74 | 213,43 i?‘zfg 538,14+ iigzg 117,13
o ST L a361a1 | 3500 | 5244 | 51O 142405 | 0| w707
T e T [arn | 550 o |7
SRR A w6147 | oans | saon | 51007 Jazsse | P 4735
o iﬁgﬁ i‘;g’gé %?i% 1392.98 | 169,26 | 134,22 1?2’582 539,38+ iig‘; 88,79+
g 0808 T 60006 | 195,24 | 9,04 | 100 12705 | £*° | 5126

IIpuBeaeHO cpefHee 3HAUEHHE M ONIMOKA CPEIHETO0, eAMHNNA M3MepeHns MKBZ. t-kputepwuit
BunkokcoHa. «*» BbIJIeTIEHBI IOCTOBEPHOE U3MEHEHUe TTokazareneit p<0,05.

A coherent analysis of the connection between the frequency characteristics of the analyzed
leads was used to reveal the patterns of connections between processes in the brain of the
subjects before and after the performance of the tactile-graphic task. The analysis took into
account only those relationships that are significant at p<0.05. As a result we have found that
in the states with open or closed eyes prior to performing the experimental task, the indicators
of interhemispheric connections when performing coherent analysis corresponded to the normal
values.

After completing the experimental task in a situation with open eyes it can be noted that
there is an active displacement of interhemispheric connections to the frontal area, connections
appear that were not there before the task was completed, and connections become less
pronounced in the occipital lobe (Figure 4). An increase in the number of interhemispheric
connections of coherent waves of delta and gamma rhythms, with a decrease in the strength of
these connections, indicates a decrease in general or personal anxiety, which was previously
confirmed by the results of psychological testing. The involvement of both sides of the frontal
lobe of the brain is noted in the study of theta rhythm, which may indicate the beginning of the
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manifestation of a relaxed state or a state of consciousness close to a similar one during the
process of creative activity.
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Gamma (30-60 Hz) Theta (4-8 Hz)

Figure 4. Coherent analysis, the relationship of frequency characteristics between the hemi-
spheres of the brain in a situation with open eyes after completing the task. Only significant
interhemispheric connections are shown at p<0.05 (ANOVA).
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Anbda (8-13 ') Beta (13-30 'y) 1.0

Famma (30-60 'u) Teta (4-8 'u)

Pucynoxk 4. KorepeHTHbII aHaIU3 CBA3EH 4aCTOTHBIX XaPaKTEPUCTUK MEXTy MOTYLIAPHIMY FOJOBHOIO
MO3ra B CUTYallHt C OTKPHITHIMH [T1a3aMH T10CIIE BBIIOJIHEHHs 3a1aHus. I10Ka3aHbl TOLKO J0CTOBEPHBIE
mesxrnonymapssie caszu npu p<0,05 (ANOVA).

The analysis of the electroencephalogram obtained after performing a sensory-tactile task
with closed eyes demonstrated an active displacement of interhemispheric connections from
the frontal region to the prefrontal and post- and precentral regions of the brain (Figure 5). Such
displacement can occur due to the process of visual and mental relaxation. The interhemispheric
connections formed by the alpha rhythm were redistributed in such a way that the Fp 1, F 4 and
P 4 connections were activated. The generation of coherent waves of the beta rhythm increased
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with narrowing of the generation area with a shift in emphasis to the central region of the brain,
which indicated the transition of the information processing process from a more conscious
level to a subconscious level. Indicators of the gamma rhythm have not changed significantly,
since closing the eyes always increases the level of situational anxiety.

INION

Gamma (30-60 Hz) Theta (4-8 Hz)

Figure 5. Coherent analysis, the relationship of frequency characteristics between the
hemispheres of the brain in a situation with open eyes after completing the task. Only significant
interhemispheric connections are shown at p<0.05 (ANOVA).
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Pucynok 5. KorepeHTHBIN aHaln3 CBSI3€i YaCTOTHBIX XapAKTEPUCTUK MEKY MOIYIIAPUSIMHU
TOJIOBHOTO MO3Ta B CUTyalluH C 3aKPBITHIMU INIa3aMU OCJE BbINOJHEHUS 3a1aHus. [lokazaHbl
TOJIBKO TOCTOBEpHBIE MeKoyIrapHbie cBszu mpu p<0,05 (ANOVA).

Discussion

In past years the problem of biosphere and information stress is one of the topical issues of
modern society. Our century is considered the century of the "information explosion™. Medical
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practice has been identified as one of the most stressful professions within the healthcare sys-
tems. The global prevalence of workplace stress among nurses was reported to be around 9%—
68%, varying across different countries and specialty sectors within healthcare institutions [14,
18, 19]. Stress does not only affect the level and quality of people’s vital functions, but also has
a negative effect on the cognitive functioning, as a result of which cognitive abilities deteriorate
[17, 18]. The stressful work environment has been reported to cause negative consequences to
most healthcare institutions, with hospital managers having to deal with a high number of cases
on workers absenteeism, turnover intentions, medical errors, and impaired job performances
[13]. Such situations were prone to compromise the quality of health service delivery and pa-
tient satisfaction.

Factors associated with perceived psychological stress among medical workers can be exac-
erbated by another nonoccupational risk factors. Stress awakens negative emotions such as
fear, anxiety, irritability which can be additionally exacerbated by geomagnetic storms [20, 21,
22]. It is known that the point of application of geomagnetic fields are the regulatory systems
of the body, the main of which are the integrative apparatuses of the brain. Apparently, magnetic
storms primarily affect the nonspecific systems of the brain, i.e. structures of the limbic-reticu-
lar complex, responsible for the "tuning" of higher mental functions, emotional reactions and
autonomic regulation for the implementation of the current activity of the body. [4, 5, 6].

The neurological state of medical students before the beginning of the research observed
during severe electromagnetic storm was characterized by high level of anxiety and decreased
function of analyzers. This differentiation manifests itself in the stress of the brain processing
information. In this case mainly the left hemisphere is involved. At the same time, the right one
is idle, thereby violating the interhemispheric balance. Undoubtedly such students could
demonstrate relatively poor learning abilities.

This experiment can represent the negative effect of severe geomagnetic storm on brain ac-
tivity that might lead to various neuropsychiatric disturbances such as anxiety and mild depres-
sion. Due to the influence of magnetic fields on the pineal gland, it is possible that these effects
are mediated through alterations in melatonin production. Phase advance in pineal circadian
rhythms of melatonin synthesis may be a possible mechanism of causation, or be present as a
consequence of 5-hydroxytryptamine or adrenergic system dysfunction associated with geo-
magnetic disturbances. Increased cell membrane permeability and calcium channel activity are
suggested as possible underlying biochemical mechanisms of geomagnetic storm effects [21,
22].

It is also known that people and particularly medical workers experiencing chronic stress
due to different reasons are reported to be at a higher risk of making poor decisions; display
hostile attitude toward patients; make more medical errors; and have difficult relationships with
co-workers. Burnout due to stress among doctors also increases risk of depression; anxiety;
sleep disturbances; fatigue; alcohol and drug misuse; marital dysfunction; premature retirement
and perhaps most seriously suicide. Nowadays many health care workers experiencing chronic
stress are also reported to be at greater risk of making poor judgment or errors in patient care,
disengaging from work, demonstrate hostility toward patients, have diminished commitment
and dedication to productive, safe, and optimal patient care as well as have difficult relation-
ships with co-workers [15]. Therefore geomagnetic storm and daily work stress can summarize
their negative effects, that multiple stress situations require more detailed studies.

The electrophysiological study showed that after completing the graphical task the ECG of
subjects showed an increase in the alpha and theta rhythms which may indicate the relaxation
state and the significant improvement in the work of the visual analyzer associated with a
decrease in the level of anxiety [23].

Application of the visual-graphic therapy does not contradict the medical view in bringing
emotional, somatic, artistic, and spiritual dimensions to learning. Rather, it complements the
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biomedical view by focusing on not only sickness and symptoms themselves but the holistic
nature of the person. It was found by numerous studies that those patients who were engaged
in art therapy demonstrated statistically significant decreases in symptoms of physical and emo-
tional distress during treatment. In addition to the introduction of self-care through guided im-
agery, the art-making therapy involved the women drawing complete pictures of themselves
and engaging in meditation [24]. The relaxation and symptom reduction produced by creative
expression opened pathways to emotional healing as it was partially observed in our experi-
ment.

A significant increase in the power of the beta rhythm was noted in lead P4, such kind of
change can be interpreted as an intensification of the processes of spatial perception of time and
the flow of a conscious thought process [25, 26]. With closed eyes there was a significant in-
crease in the alpha and decrease in the delta rhythm, which may indicate the acceleration and
facilitation of the analysis of previously obtained visual information [27, 28].

After completing the experimental task with open eyes there was traced an active displace-
ment of interhemispheric connections to the frontal area, connections appeared that were not
there before the task was completed, and in the occipital lobe the connections became less pro-
nounced. Such changes indicate the activation of the thinking process associated with analytical
activity. The interhemispheric connections formed by the alpha rhythm were redistributed in
such a way that the right hemisphere became the accent hemisphere, and the connections be-
tween the occipital leads were mainly activated, which demonstrates a relaxing effect on the
process of visual analysis. A new connection appeared between leads Fp 1 and F 4 probably
due to the activation of the mental process of processing visual information against the back-
ground of a decrease in anxiety. The generation of coherent waves of the beta rhythm with a
shift in emphasis on the frontal lobes has intensified and enlarged, which indicates an increase
in the awareness of the perception of reality [26, 29].

The electroencephalograms obtained after performing a sensory-tactile task with closed eyes
demonstrated an active displacement of interhemispheric connections from the frontal region
to the prefrontal and post- and precentral regions of the brain. Such displacement can occur due
to the process of visual and mental relaxation. The interhemispheric connections formed by the
alpha rhythm were redistributed and some connections were activated. This indicated the
manifestation of a relaxing effect on the more active left hemisphere (which is active, since all
the subjects are right-handed), which evidenced for the decrease in cognitive load and the
extinction of internal stress self-dialogue [30]. The generation of coherent waves of the beta
rhythm increased with narrowing of the generation area with a shift in emphasis to the central
region of the brain, which indicated the transition of the information processing process from a
more conscious level to a subconscious level. This situation is typical for the relaxation process
and an improvement in the rate of assimilation of information flows. A decrease in the number
and strength of interhemispheric connections of coherent delta waves may indicate a decrease
in the level of personal anxiety [21]. Parameters of the gamma rhythm have not changed
significantly, since closing the eyes always increases the level of anxiety, this phenomenon is
associated with human evolutionary development, in the absence of visual control over the
situation since an individual feels more vulnerable to environmental hazards [31].

Many medical professionals are beginning to recognize the role that visual therapy play in
the healing process, increasingly, artistic applroaches in medicine programs are emerging
worldwide. Analyses of the result indicated that the visual graphic therapy intervention
intervention enhanced experimental group participants' psychological well-being by decreasing
their negative emotions and enhancing their positive emotions. It is possible to assume that
future studies involving better methodology and more consistent assessment of outcomes will
demonstrate the ability of visual-graphic therapy to improve psychological and physical well-
being and quality of life. As can be seen from our analysis, it is likely that creative engagement
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contributes to many aspects of physiological and psychological conditions typically associated
with improved health status.

The experiment described in this article was carried out on a limited number of students
therefore the obtained data should be verified by additional research involving the greater
number of subjects.

Conclusion

Fluctuations of the Earth's geomagnetic field should be monitored in the hospitals and
considered as significant nonoccupational stress factors primarily affecting the activity of the
central regulatory systems of the body, which include, first of all, the higher cortical
mechanisms of regulation and subcortical integrative apparatuses responsible for organizing the
current activity of the body and adaptation to environmental changes, functional tension of the
body's regulatory systems, reduced tolerance to mental and physical stress. Strong geomagnetic
storm can negatively affect not only physical but mental state of working or studying person
and require adequate management.

Observation of the certain visual-graphical patterns can be a refuge from the intensive
emotions associated with routine stress and can rapidly improve the emotional state and the
brain function due to graphomotor activity.

The obtained psychological testing data showed that as a result of the experimental task
which was the spiral circling, the emotional state of the subjects significantly improved by 21%
of the initial value. The level of personal anxiety also significantly decreased by 5%.

Electrophysiological examination also showed that the subjects' anxiety levels decreased and
signs of relaxation appeared. Performing an experimental task has a relaxing effect on the
subjects and reduces the level of personal anxiety.

We have evidenced the efficacy of affordable method for reducing the level of stress in
medical students, which can be also applicable for the other healthcare workers and seems to
be effective in changing the psychophysiological manifestation of stress, since the level of
stressful activity is directly related to the degree of personal anxiety. It has been proved that the
fulfillment of the experimental task reliably reduces the level of personal anxiety aggravated
with the influence of geomagnetic storms.

The advantage of the proposed visual-graphical technique as the effective tool for the
reduction of the routine and occupational stress is the simplicity of its application, the
possibility of use in different age groups, the absence of contraindications to use and high
efficiency in a short period of time (5-10 minutes per day). It can be easily implemented during
the breaks in the production process and can provide significant assistance in improving labor
productivity by regularly reducing the level of personal anxiety and possibly contributing to a
prevention of poor quality of care delivered to patients, increased medical errors and poor
retention due to chronic stress in healthcare workers.
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