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DYNAMICS OF EEG AMPLITUDE AND FREQUENCY CHANGES IN THE LEFT
AND RIGHT PARTS OF THE BRAIN IN 17-YEAR-OLD STUDENTS WITH SANGUINE
TEMPERAMENT
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The research work was devoted to the change of amplitude and frequency indicators of alpha-, beta-, delta- and theta
waves in the left and right brain regions. First of all, students' temperament type and situational and personal excitement level were
studied in the research. the study was conducted on 17-year-old sanguine type students in 3 stages on a regular day, before and
after the exam. Our results show that the change of the amplitude of the EEG waves in both sections during the first semester exam
in 17-year-old students was on a wavy line. During the examination process, the frequency-amplitude of the waves in the position
of waiting for the result was strongly affected by the level of excitement. Due to the emotional tension of the exam process before
and after the exam compared to the usual school day, the amplitude rhythms of alpha-, beta-, theta- and delta-waves of EEG in the
right and left occipital, occipital, occipital and forehead parts of the cerebral cortex in students with sanguine temperament type a
number of different directional regularities in percentage and range of spectral power are obtained.
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JANHAMIKA 3MIH AMILIITYIU TA YACTOTH EET JIIBOTI'O TA ITIPABOI'O
BIUIJIIB I'OJIOBHOI'O MO3KY VY 17-PIHHUX CTYJAEHTIB CAHI'BIHIYHOI'O
TEMIIEPAMEHTY

Jocnimkerns: Oyno MpUCBSYEHO 3MiHI aMIDTITYJHUX 1 YaCTOTHHX NOKa3HHKIB aib(da-, 6eTa-, AesbTa- i TeTa-XBUIb y
JiBiH 1 mpaBiif 00JacTAX TOMOBHOTO MO3KY. Y IIOCITIIDKEHHI, MEpII 32 BCE, BHBYABCS THII TEMIICPAMEHTY CTYJCHTIB, PiBEHb
CUTYaTHBHO-0COOHCTICHOTO 30y pKeHHs. JIOCIiDKEHHS IPOBOAMIOCE Ha 17-piuHMX CTYAEHTaX CaHTBIHIYHOIO THUITy B 3 €TalH B
3BUYAMHUI JICHb, 110 1 micis icnuty. Harn pesynbTaTd mokasyrooTh, 10 3MiHa aMIutiTyau XBuwib EEI" B 000X Bifminax mia dac
ICIIATY MEPIIOro CeMeCTpy y CTyAeHTiB 17 pokiB BigOyBaiacs XBuiienogiOHo. Y mporeci 00CTe)KESHHs YacTOTa-aMILTITYIa XBHIIb
B TI0JIOXKEHHI O4iKyBaHHS pe3yJIbTaTy CUIIBHO 3ajie)ana BiJl piBHs 30ymKeHHs. Uepe3 eMoLiiiHy HalpyKeHiCcTh eK3aMeHaI[iifHOro
MpoIIeCcy 10 1 MiCIs iCIUTY MOPIBHSAHO 31 3BUYAfHUM HaBYaJbHUM JHEM 3MIHIOIOTHCS aMIUTITYHI PUTMH aibda-, 6eTa-, TeTa- Ta
nensta-xBwib EEIT y mpaBiif Ta miBii MOTHIMYHIN, MOTWIMYHIN, NOTHIMYHIA Ta JOOHMX BiIAUIIB KOPHU TOJOBHOTO MO3KY Yy
CTYJICHTIB i3 CAHIBIHIYHHM THUIIOM TEMIICpaMEHTY OTPHMAaHO HU3KY PI3HHMX CIPSIMOBAHUX 3aKOHOMIPHOCTEHl y BiJJICOTKOBOMY
CHIBBIIHOIICHHI Ta Jiama30Hi CIEKTPAIBHOT MMOTY>KHOCTI.

Kro4oBi cjioBa: CaHrBiHIYHMI THII TEMIIEPaMEHTY, BHIIA HEPBOBA IisUIBHICTh, €K3aMEHALIHHUII Npolec, MO30K,
eMOlliiHe HalpyKEHHSI.

One of the stress factors is exam stress. taking the exam is quite an exciting situation. Students lose
themselves under the influence of anxiety, cannot cope with anxiety, and even if they prepare well for
exams, they cannot achieve good results. Therefore, exam stress is considered one of the main reasons for
eliminating anxiety in students. In many cases, the exam becomes a traumatic situation for students, it has
a negative effect on the mental and physiological condition of students.

Exam stress and resistance to stress depend on students' personal characteristics. During the exam
session, compared to the semester period, there are changes in the psychophysiological indicators of
students, which is manifested by an increase in the level of anxiety, a violation of vegetative balance, which
leads to a decrease in the body's ability to adapt [8].

Electroencephalography (EEG) is considered a promising method for studying the mechanisms of
cognitive functions. It is a non-invasive, safe, relatively inexpensive way to study the functional state of
the brain. The characteristics of EEG rhythms recorded under different cognitive loads reflect the processes
of functional modulation of the activity of cortical neural networks, which serve as the neurophysiological
basis of attention, memory and other cognitive processes [7, 11].

The task of teaching staff in higher education today, based on the targets set, is to select from
their methodical achievements all progressive means and thus to change, modernize, and transform the
educational process, ensuring its research and exploratory character [6]. These factors affect the body of
students individually and with multiple components, resulting in the change of several
psychophysiological functions, especially the reactions of the central nervous system against
environmental stressors [12].
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Thus, such cases as violation of the regulation mechanisms in the nervous, vegetative-hormonal, mental
and nervous systems and finally, changes in the dynamics of perception and memory processes, weakening
and breaching of the functions of adaptation to stressful conditions are manifested [13].

Analyzing the opinions of scientists who study anxiety, we can conclude that any change in human
life can cause anxiety, and the high level of adaptation processes and temperament type play an important
role in preventing this. In the case of neurotic excitement, a person cannot assess the real danger. Despite
numerous studies, the mechanisms of neurotic arousal have not yet been fully explored. In this regard, in
the research conducted, 17-year-old sanguine students were tested under the influence of emotional stress
model, psychophysiological testing methods and alpha, beta, delta, theta waves amplitude and frequency
indices in the left and right regions of the frontal, occipital, occipital and occipital lobes of the brain.

The purpose of the study was to reveal the age characteristics of the changes in the bioelectrical
activity of the brain, depending on the temperament type of the higher nervous activity, due to the effect of
the emotional tension created in the exam process.

Materials and methods. In the conducted studies, before starting the experiment, students' ASF
temperament types were first determined by H. Eysenck test [1, 10].

Among the methods of determining the level of excitement, the recording of the electrical activity
of the brain (EEG) is of special importance. During neurophysiological studies on a regular day (ND), EEG
registration before the exam (BE) and after the exam (AE) was carried out in the following areas: in the
right and left areas of the nape, occiput, crown and forehead. In the study, the “neuron spector 4” device
was used to record EEG waves of the brain.

When conducting electroencephalography, the international installation system of electrodes is
used, 8 monopolar leads; in the right and left areas of the nape, chin, crown and forehead. The reference
electrode is placed on the auricle of the ipselateral ear [2].

All numerical indicators obtained during the research were statistically analyzed taking into
account modern recommendations. For this, the statistical analysis of the results of the conducted
experiments was carried out on the basis of statistical-mathematical methods and formulas widely used in
the field of modern biology.

Statistical analysis variation and dispersion was conducted using the methods [5, 9].

The ratio of between-group variance to within-group variance allows us to estimate the influence
of controllable factors on the final outcome. The statistical integrity of the influence of factors was assessed
by the F-Fisher (Fisher) criterion [5, 9]. P-values of <0.05 were considered statistically significant. All
calculations were made in MS EXCEL-2016 spreadsheet and SPSS-22 (3) package program, the results
were summarized in tables and diagrams.

Results of the study and their discussion. The percentage ratio and spectral power of the
amplitude-frequency rhythm of all waves increased in the left and right frontal lobes of 17-year-old
sanguine students compared to normal days due to the effect of exam stress before and after the exam. In
the left-right frontal lobes, EEG has the same effect on the amplitude rhythm of the waves before and after
the exam. The amplitude of alpha waves increases honestly (p<0.005). Compared to the normal day after
the exam, the amplitude of the EEG delta waves in the left forehead increases honestly (p<0.005) —32.5 %,
the amplitude of theta waves — 11.6 %, the amplitude of alpha waves — 17.7 %, and the amplitude of beta
waves increases by 12.3 %. Compared to the usual day, the amplitude of the EEG delta waves in the right
forehead after the test honestly increased (p<0.005) by 31.7 %, theta waves by 10.7 %, alpha waves by
19.7 %, and beta waves by 16.8 %.

Therefore, the EEG of both Exam processes has both a strengthening and a slowing effect on the
amplitude of the waves. It is very likely that at this age, it shows that the process of adaptation to the first
exam process in students is not fully formed.

The frequency of alpha waves in the left forehead before the test was 10.0+0.4 Hs on a normal day,
and honestly increased to 12.6+0.7 Hs before the test (p<0.01). After the exam, this amount was honestly
11.8+0.4 Hs. The frequency of beta waves in the left occiput was 17.94+1.9 Hs on a normal day, and increased
to 19.4+0.8 Hs before the test. After the exam, it decreased to approximately the normal day level and was
18.3+0.8 Hs. Meanwhile, similar regularities were observed in the frequency of beta waves in the right
occipital region, 16.0+1.1 Hs on a normal day, before the exam, it honestly increased to 18.6+0.5 (p<0.01)
Hs, and after the exam, it decreased. It was 16.9+0.8 Hs. The frequency of beta waves in the right parietal
region was 15.8+1.2 Hs in AG, 20.6£1.1 Hs in IE, 17.3+£0.7 Hs in IS. The frequency of beta waves in the
right parietal region changed according to the frequency of beta waves in the left parietal region (Fig. 1).

Before and after the exam, the frequency-amplitude of the delta-theta-alpha waves in the left-right
occipital lobes increases, while the frequency-amplitude rhythm of the beta waves decreases. The change
of the absolute and relative values of the amplitude of these waves is similar.

135



ISSN 2079-8334. Ceim meouyunu ma oionozii. 2024. Ne 2 (88)

25 A 30
20 -
15 END 20 uND
mBE mBE
10 10
5 A mAE = AE
0 A 0 T T T
alpha  beta theta delta alpha beta theta delta
A B
20 20
15 uND 15 mND
10 = BE 10 EBE
5 w AE 5 w AE
0 T T T T 1 O T T T
alpha beta theta delta alpha  beta theta delta
C D

Fig. 1. Dynamics of EEG wave frequency changes (Hs) in the left and right forehead (A — left, B — right), occiput (C — left, D —
right) parts of the brain in sanguine type 17-year-old students in connection with IPEG.

Thus, the changes in the right occipital lobe are more noticeable in sanguine type students. Before
and after the exam, the rhythm of the frequency-amplitude of delta-theta-alpha-beta waves in the left
hemisphere increased. When the EEG delta rhythm decreased before the exam in the right parietal lobe,
the amplitude of theta-alpha waves increased, while the amplitude of beta waves did not change. After the
examination, only the amplitude and frequency of the EEG delta waves in the right lobe of the brain
decreased, while the amplitude of other waves increased.

The changes in the amplitude of the EEG waves of the left and right occipital lobes of the brain
were studied. These results show that before the exam, the amplitude of EEG delta waves in the left
hemisphere of the brain before the exam was 34.1 % higher, theta wave amplitude was 19.7 %, alpha wave
amplitude was 23.8 %, and beta wave amplitude was 5.3 % increased (Fig. 2 ).
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Fig. 2. Dynamics of EEG wave frequency changes (Hs) in the left and right vertex (A — left, B — right) and occiput (C — left,
D - right) parts of the brain in sanguine type 17-year-old students in connection with IPEG.

After the examination, the amplitude of EEG waves in the left parietal lobe decreased slightly by
25.9 %, the amplitude of theta waves increased by 12.7 %, the amplitude of alpha waves by 15.8 %, and
the amplitude of beta waves by 15.6 %. in the left parietal lobe, compared to before the exam, the amplitude
of only beta waves increased by 9.7 % after the exam, while the amplitude of other waves decreased by
5.9-6.3 %. While the amplitude of alpha waves decreased by 13.7 %, the amplitude of delta waves
increased by 6.6 %, theta waves by 1.1 %, and beta waves by 8.7 %. The difference during the examination
process was 10.5 %.
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Delta waves amplitude increased 40.8 % as honest P<0.005, theta waves 95.6 % as honest P<0.005,
alpha waves 25.7 % increased 13.7 % as honest (p<0.005) compared to normal day , the amplitude of beta
waves did not change. Compared to the normal day after the exam, the amplitude of EEG delta waves
increased by 33.6 %, the amplitude of theta waves by 14.5 %, the amplitude of alpha waves by 29.3 %, and
the amplitude of beta waves by 14.7 %.

As it can be seen, after the exam, the amplitude of EEG delta waves decreased by 5.1 %, theta
waves by 4.2 %, alpha waves by 2.9 %, and beta waves by 1.1 % due to the emotional stress of the exam
process in both parts of the brain, and the amplitude of beta waves increased slightly by 15.3 %.

Thus, the changes in the right occipital lobe are more noticeable in sanguine type students. Before
and after the exam, the rhythm of the frequency-amplitude of delta-theta-alpha-beta waves in the left
hemisphere increased. When the EEG delta rhythm decreased before the exam in the right parietal lobe,
the amplitude of theta-alpha waves increased, while the amplitude of beta waves did not change. After the
exam, only the amplitude and frequency of the EEG delta waves in the right lobe of the brain decreased,
while the amplitude of the other waves increased.

In the studies of Berger and other scientists, the alpha and beta components of EEG recordings
were clearly separated. When people feel relaxed, focused and calm, alpha waves accumulate in large
quantities; in addition, beta-spleen is generated in large amounts when people are angry, agitated, and
agitated [15].

Electroencephalography (EEG) is a noninvasive method for measuring electrical activity in the
cortex of the brain. Because of this capacity, the EEG has become a powerful tool to predict and assess
comfort levels, epilepsy, and depression [3, 14]. Additionally, previous studies have shown alterations
in the frequency of EEG activity during stress [4]. In the week before examinations, medical students
were found to have increases in the frequency of their beta activity when compared to their baseline
EEG.

Our results show that the change of the amplitude of the EEG waves in both sections during the
first-semester exam in 17-year-old students was on a wavy line. During the examination process, the
frequency-amplitude of the waves in the position of waiting for the result was strongly affected by the level
of excitement.

% .

1. Due to the emotional tension of the exam process before and after the exam compared to the
usual school day, the amplitude rhythms of alpha-, beta-, theta- and delta-waves of EEG in the right and
left occipital, occipital, occipital and forehead parts of the cerebral cortex in students with sanguine
temperament type a number of different directional regularities in percentage and range of spectral power
are obtained.

2. However, after the examination, there is a partial decrease in the amplitude of most waves in the
percentage of rhythms and in the range of spectral power.

3. Compared to the usual school day, due to the effect of the emotional tension of the exam process
before and after the exam, the frequency of the alpha-, beta-, theta- and delta waves of EEG in the right
and left occipital, occipital, occipital and frontal parts of the cerebral cortex in the percentage of rhythms
and spectral causing a number of changes in the power range.

4. After the examination, changes in the percentage of frequency rhythms of most waves and the
range of spectral power are observed.
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THE IMPACT OF ENDOCRINE PATHOLOGY ON THE OUTCOMES
OF IN VITRO FERTILIZATION PROCEDURE
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The purpose of the study was to find out the influence of endocrine disorders of women on the results of in vitro
fertilization procedure. We observed 191 patients undergoing treatment for infertility. Of these, 146 (76.4%) were aged 20-35
years, 45 (23.6%) were aged 36-50 years. The presence and structure of endocrine pathologies and the outcomes of in vitro
fertilization were analyzed in the patients. In the structure of somatic diseases in women underwent in vitro fertilization procedure,
endocrine pathology predominated: in total 14 of 20 (70 %), 12 (60 %) women had hypothyroidism, 2 (10 %) had type 2 diabetes
mellitus. Almost all women with endocrine pathology (12 cases of 14-85.7 %) demonstrated unsuccessful IVF results: a higher
IVF failure rate based on absence of transfer was observed in women with hypothyroidism, and based on cycle disruption—in
persons with type 2 diabetes mellitus.

Key words: assisted reproductive technologies, hypothyroidism, diabetes mellitus, pregnancy.

A.®. Cajdapona

BILJIUB EHJIOKPUHHOI ITATOJIOI'Il HA PE3YJIBTATH IIPOLIEYPU
EKCTPAKOPIIOPAJIBHOI'O 3AIIVIIIEHHHSA

Mertoto pociipkeHHs Oyi0 BCTAaHOBJICHHS BIUIMBY EHIOKPUHHOI NAarToyorii y jKIHOK Ha pe3yJbTaTH HPOLELYpU
€KCTpaKopropaibHOro 3ariiguenss. [1in Harsgom nepedyBana 191 marieHTka, sika IpoOXo/riia JiKyBaHHs 1oA0 Oe3rurians. 3
Hux 146 (76,4 %) Oymm y Bimi 20-35 pokis, 45 (23,6 %) — y Bini 36-50 pokiB. Y mamieHTOK NpoaHaIi30BaHO HASBHICTH Ta
CTPYKTYPY EHIOKPMHHOI MAaToJIOTii, a TAaKOoX pe3yJbTaTH EKCTPaKOPIOPAILHOTO 3aIUTHEHHS. Y CTPYKTYpi COMaTHYHMX
3aXBOPIOBAHb Yy JKIHOK, SIKi TIEPEHECIIN IPOLIEYPY €KCTPaKOPIIOPAILHOTO 3aIUTiIHEHHS, TepeBakaa eHJOKpUHHA aToioris: y 14
1320 (70 %), y 12 (60 %) xinok OyB rinotupeos, y 2 (10 %) — mykposuii niabet 2 Tumy. [IpakTHdHO y BCiX KIHOK 3 €HAOKPHHHOIO
narouiorieto (12 Bunanxis (14-85,7 %)) Bin3HaueHO HEBJATI PE3yJIbTATH €KCTPAKOPIOPAIBHOIO 3aILTiIHEHHS: BUIIMH BiIICOTOK
HEBJa4 EKCTPAKOPIIOPaJbHOIO 3aIUIAHEHHS Yepe3 BIJCYTHICTh IEPEHOCY CIOCTepiraBcs y JKIHOK 3 TillOTHpPEOo30M, a 3
MOPYIICHHSM IIUKITY — y 0Ci0 3 IyKpOM J1ia0eToM 2 THIIH.

Kuro4oBi cj10Ba: 10OMIXKHI penpoAyKTHBHI TEXHOJIOT1, TIMOTUPEO3, IyKPOBHil NiabeT, BariTHICTb.

Infertility still remains one of the problematic fields of modern medicine. Assisted reproductive
technologies (ART), mainly intrauterine insemination and in vitro fertilization (IVF), have already helped
many couples overcome infertility. According to statistics, millions of children have been born through
ART worldwide, currently accounting for >4 % of births in several European countries. It must be
remembered that the ultimate goal of ART, in particular in vitro fertilization, is the birth of a living child.
As with natural conception, pregnancy failure following IVF may occur, including early miscarriage,
ectopic pregnancy, intrauterine fetal death, or stillbirth. In addition to the physical and financial burden,
any abortion has a destabilizing emotional impact on couples undergoing IVF cycles [2].

In this regard, the impact of any group of factors that can change the outcome of pregnancy during
the process of IVF and its stages should be the subject of close study in order to minimize adverse outcomes.

Some researchers include endocrine factors in the list of such factors. With age, there is an increase
in the incidence of endocrine diseases, which can have a further negative impact on fertilization rates.
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