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OF THE WEATHER FACTOR UNDER THE SIMULTANEOUS ACTION
OF HELIOMAGNETIC STORMS (HMS) ON THE VEGETATIVE BALANCE
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The ecological role and biological nature of the mechanisms of their interaction remain unclear despite
the extensive scientific data available on the impact of meteorological and heliogeophysical factors
on the health and physiological parameters of the organism. It has been established that the body’s
response to various stressful influences is largely determined by the ratio of the tone of the sympathetic
and parasympathetic divisions of the autonomic nervous system. It is the autonomic nervous system
(ANS) and, above all, its sympathetic division that plays a special role in the formation of adaptive
reactions of the body, the development of meteorological reactions, i.e. the autonomic nervous system is
the primary site of meteorological influences that cause shifts in its balance. Determination of vegetative
status and direction of vegetative activity in girls’ organism was carried out by means of functional
and vegetative diagnostics by V. Makats’ method. We examined 186 girls, including 38 girls aged
7-11 years, 126 — aged 12-15 years and 22 — aged 16-21 years. Since the state of the autonomic
nervous system is decisive in the development of meteotropic reactions, the data of the study
of vegetative tone in sunny and cloudy weather under the combined influence of heliomagnetic storms
(HMS) were analysed, favourable and unfavourable weather conditions for the body were determined
and the state of adaptive health of the examined children was determined. It was found that under
the influence of heliometeorological factors on the organism of practically healthy young girls, age-related
peculiarities of meteorological variability are observed.

It was found that the combined effect of the weather factor and geomagnetic storms (GMS) leads to
changes in the functional activity and homeostasis of the body. The study of systemic age dependence
revealed increased sensitivity to the weather factor with the simultaneous effect of GMS in the group
of girls aged 16-21 years, which is associated with age-related physiological processes. It was also
found that when the body was exposed to sunny weather under the influence of GMS, there was
a significant parallel suppression of the sympathetic nervous system (SNS) (bladder (BL) pacemaker)
and the parasympathetic nervous system (PNS) (spleen and pancreas (SP) pacemaker) in the groups
of girls aged 12-13 and 16-21 years. The opposite reaction was found in the group of 16-21 years
old under the simultaneous influence of cloudy weather and HMS. Normally, the ANS and PNS
are functional antagonists, and when one is activated, the other is automatically inhibited. Only
under the conditions of a super-powerful factor or several simultaneously acting on the body does
a synchronous change in the activity of these autonomic nervous systems occur.
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In the analysis of changes in functional-adaptive health and adaptation coefficient under the influence
of different weather under the influence of HUS, an unfavourable effect of sunny weather under
the influence of HMS was revealed, characterised by an increase in the number of girls in the zone of PS
activity with a simultaneous decrease in the FR zone, which indicates a negative aspect of the effect on
the adaptation system and indicates the depletion of adaptive resources.

The effects of weather on the body, even with the combined effect of HUS, are easily compensated
for, and a special role in this belongs to the autonomic nervous system, whose activity ensures
an adequate response of the body to the effects of environmental factors. Knowledge about
meteosensitivity and meteorological reactions is necessary for the development of both preventive
and therapeutic measures aimed at increasing nonspecific resistance and adaptation mechanisms
of the body, normalising the function of organs and systems as a basis for normal reactions to adverse
environmental changes. Environmental factors, including meteorological factors, are directly related to
human life and health. Each of the meteorological elements has its own biological significance. This
raises the question of the impact of solar activity, weather, atmospheric conditions, and, above all,
anthropogenic pollution and other environmental parameters on human health, which naturally requires
a quantitative approach to risk assessment and the development of necessary management decisions.

Key words: weather, adaptation, functional systems, autonomic nervous system.

EKOAOT'O-ITOPIBHSIABHHM AHAAI3 BIIAUBY ®AKTOPY IIOI'OaH
3A KOMBIHOBAHOTI'O BIIAHBY I'EAIO-MATHITHHX BYPbB (I'MB)
HA BETETATHBHHH BAAAHC OIBYAT PISHOI'O BIKY

O. B. €pmimes

He3ssaxkarouu Ha HAsI8HI 0OWUPHL HAYKOBL OAHL NPO 8NIUS MEMEOPOJIOIUHUX MA 2e/1102e0PIB3UUHUX
garxmopie Ha cmaH 300p08’°st ma pizioN02IUHI hapamempu Op2aHismMy, eKo02iuHA poab ma 6io02iuHA
CYMHICmb MeXaHiZMI8 IxX 830eMO0ii 3ANUUAEMBCS NOKU U0 HesicHow. HeobxioHicmb subopy KomnieKcHozo
nioxody 0o eusueHHs cucmemu «Koemoc-3emns-AroourHar ouesuoHa ma 06TPYHMOBAHA, MOMY U0 8 1io20
OCHO8I J1exKUmb i0est BUKOPUCMAHHS CYUACHUX MEXHO02il I KAHAI8 OMPUMAHHS MA NOWUPEHHS IH¢hop-
MAUii NPo 8NAUE KOCMIUHOT N0200U, MIHAUBICMb CMAHY AMMOCHepU, eneKMpPOMAHIMHUX ma 2pasima-
YITIHUX NOAi8, AHMPONOEHHUX 3a0pYOHEHb MA THWUX Napamempie Ha8KOJIUUHBbO20 cepedosua, UL0
nompebye egpeKmueHo20 ma UuleuoKo20 supiuleHHs. BcmaHoeieHo, wo peakyis opeaHiamy HA pi3Hi cmpe-
€081 8NAUBU 3HAUHOI MIPOH0 BUSHAUAEMBCS CNIBBIOHOWEHHSIM MOHYCY CUMNAMUUHO20 i NAPACUMNAMUY-
Ho20 8i00inie sezemamugHoi Hepeogoi cucmemu. Came gezemamugHill Hepeosili cucmemi (BHC) i, nepwt
3a 8ce, il cumnamuuHoMy 8i00LY HANEIKUMb 0COOAUBA POib Y POPMYBAHHI NPUCMOCYBANILHUX Pearuyiil
0p2aHI3MY, PO3BUMKY MEMEOMPONHUX peaKyill, mobmo eezemamueHa HeP8o8a CUCMeMA € NePEUHHUM
Micyem 00KNAOAHHSL MEeMeOPOSIOTUHUX 8NIIUBI8, UL0 BUKAUKAIOMb 3pYULEHHS 8 il pieHoea3i. BusHaueHHs
gezemamueH020 cCmamycy ma HanpaeieHiCmes 8e2emamueHoi AKMUBHOCMI 8 Op2aHi3Mi 0iguam Npoeo-
ounu 3a 00NOM02010 PYHKUIOHANIbHO-8ezemamueHol diaeHocmuku 3a memodom B. Maxaya. Hamu 6yso
obcmexceHo 186 disuam, 3 sikux 38 — disuama eikom 7—11 poxkis, 126 — gikom 12-15 pokie ma 22 — sikom
16-21 pix. OckinbKu cmaH eezemamueHoi Hep8oeoi cucmemu € BUSHAUAILHUM 8 PO3BUMKY Memeompon-
HUX pearyiil npogedeHo aHali3 0AHUX O0CTIOXKEHHS. 8e2emamueH020 MOHYCY Y COHSIUHY, MA XMAPHY
noz00y 3a KOMOIHO8AHO20 8NUBY 2enio-MazHImHuX 6yps (TMB), 8u3HAUEHHS. CNPUSMAUBUX I HECNPUSIMILU-
8UX NO20OHUX YMO8 OISl OPeaHIZMY MA BUSHAUEHHS. CMAHY a0anmauyiliHozo 300pog’s obcmexeHux oimel.
Byso 8usieneHo, Uio 3a 8NIUBY 2eAI0MEMEOPOJIOIUHUX (haKmopie HA OpeaHi3M NPAKMUUHO 300PO8UX
MON00UX 0igUuam cnocmepizaomusCst 8iKo8l 0co6UB0CMT npoaeie MemeonabiibHoCMi.

Byno susigneHo, uio KomobiHo8aHUlL 8niue paxmopy no2odu ma eeomazHimHux 6yps (I'MB) npuzeodumb
00 3MiH cpyunmouaﬂbuoz axmusHocmi i 20meocmasy opearismy. Ilpu 0ociOxeHHT cucmemHo-6iKk0801
3anexHocmi 6yna eusigneHa nidgueHa uymausicms 0o gpakmopa nozodu 3 o0HouacHorw Oieto 'MB
8 epyni disuam 16-21 poky, wo noe’si3aHo 3 ikosumu ocobaugocmamu izionoiuHux npoyecis. Taxoxk
6Y10 3’51C08AHO, WO 3 8BNAUBY HA OP2AHI3M COHAUHOI hoeoou 3a 0ii 'MB cnocmepizaniocs 3HAUHE napa-
JleslbHe npuzHiueHHs cumnamuuHoi Hepeosoi cucmemu (CHC) (neticmetikep ceuosuii mixyp (BL) ma napa-
cumnamuuHoi Hepeosoi cucmemu (ITHC) (neticmetixep cenesinka i niouLtyHkosa 3anosa (SP) e epynax
oisuam 12-13 ma 16-21 poxis. [IpomunerxHy pearxyiro 6ys10 susieneHo 8 epyni 16-21 pokie 3a o0Houac-
Ho20 enaiugy xmapHoi noeodu i 'MB. B Hopmi CHC ma I[THC € pyHKUYIOHANbHUMU AHMAZOHICMAMU 1 NPU
axmueayii 00Hiel asmomamuuHo e8i0bysaemobcest npueHiueHHs iHwoi. TinbKu 3a ymos 0ii Hadnomyi#cHo20
YUHHUKGA YU 0eKLIbIKOX 00HOUACHO HO OP2aHi3M 8i00Y8aembCst CUHXPOHHA 3MIHA AKMUBHOCMI YUX 8ezema-
mueHux HC. IIpu aHanizi 3miH PYHKUIOHANLHO-A0ANMUBHO020 300p08°sk ma adanmauyilinozo KoegiyieHmy
3a enwusy pisHoi noeodu 3a 0ii 'MB 6y/10 8usi81eHO Hecnpusmaugull 8Niue Ha ix hopMYy8aHHS COHSU-
Hoi nozodu 3a 0ii 'MB, wo xapaxmepusyemsbcst nideuweHHAM Kitbkocmi oiguam 6 30Hi IIC axmueHocmi
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3 00HOUACHUM 3MEeHUEeHHAM 8 30HL PP, wo ceiduums npo HezamusHUl achekm 0ii Ha cucmemy adanma-
yii ma cgiouumsb NPo BUCHAIKEHHS adanmauyiliiux pecypcie. B 300pogomy opeaHizami amiHu ¢pizionoeiu-
HUX npouyecis i PYHKYIOHANbHOL aKmugHocmi cucmem nio 8NAUEOM MaKo20 (paKmopy, ik 3MIHA N0200U,
Ha8imb 3a KOMOIHOBAHO020 enaugy I'MB sie2k0 KOMNeHCYombest i 0c06IUBA. POSIL 8 YUbOMY HANEeIKUMb
gezemamuaHiii Hepeoezu cucmemi, dislibHicmb Kol 3abe3neuye adexeamuy peaxyiro opzamsmy Ha enaug
parxmopie 308HIULHB020 cepedo8UULA. SHAHHS NPO Memeouymaugicms i Memeonamuyuti peaxyii HeobxioHi
0151 pO3pOOKU SIK NPOPLIAKMUUHUX, MAK | JUKYBATLHUX 30X00i8, CNPSLMOBAHUX HA NIOBUULEHHS HECheyU-
cpitmoi' pe3ucmeHmHocmi ma a0anmMayiliHux MexaHiamie 0p2aHizmMy, HA Hopmcmisau,iro pyHKUIl opeaHis
i cucmem sk 0CHO8Y 0151 HOPMASIOHUX pea;cu,lu NpU HECNPUSMAUSUX 3MIHAX 308HIULHBO20 CepPedo8ULULA.
YuHHUKU 008K, 30KpPEMA | MEMEOPOSIO2IUHI, MAOMb 6e3nocepedHe BIOHOULEHHSL 00 3a6e3neueHH s
sKummedisiteHocmi ma 300poe’st atodetl. KoxeH i3 MemeoposoeiuHUX eflemMeHmis Mae ceoe biooziuHe
3HAUeHHs. B ybomy sunadky 8UHUKAE NUMAHHS NPO 8NIUE COHSUHOT aKkmugHOCmi, no2o0uU, CmaH ammoc-
gepu, i, Hacamnepeo, AaHMPONOzeHHUX 3a6pYOHEHb MA THUWLUX napamempie cepedosuiia Ha 300p08’st
J00eti, Wo, NPUPOOHO, BUMARAE KIbKICHO20 Ni0X00Y 00 OUIHKU PU3UKI8 ma 8UpobieHHs HeOOXIOHUX
YNpaeniHCbKUX pilleHb.

Knrouoei cnoea: nozooa, adanmauis, pYHKUIOHANLHI CUCEeMU, 8e2emamueHa Hepeosa cucmem.

Introduction

The ecological role and biological nature of
their interaction mechanisms remain unclear
despite the extensive scientific data available
on the impact of meteorological and heliogeo-
physical factors on health and physiological
parameters of the organism (€pwmimen Ta iH.,
2017; Berrang-Ford et al., 2021; Campbell-
Lendrum et al., 2023). The need to choose an
integrated approach to the study of the Space-
Earth-Human system is obvious and justified,
since it is based on the idea of using modern
technologies and channels for obtaining and
disseminating information about the impact of
space weather, variability of the atmosphere,
electromagnetic and gravitational fields,
anthropogenic pollution and other environ-
mental parameters, which requires effective
and rapid solution (Davis et al., 2018; Lenton
et al., 2023).

Heliophysical factors influence the course of
important and widespread physical and chem-
ical processes in the biosphere, they affect
many aspects of biological phenomena, which
is reflected in the corresponding changes in the
vital activity of most living organisms. Cosmic
radiation of the hard range of the electromag-
netic spectrum and high-energy particles have
had a powerful impact on the biosphere in the
past, often changing the course of evolution
of living organisms. The main external, abiotic
factors of the Earth’s biosphere stability are
undoubtedly solar radiation, the Earth’s own
magnetic field and oxygen in the atmosphere.
The Sun is the main supplier of energy to our
planet, and it drives most of the processes in
the ecosphere. Solar energy is of the utmost
importance for the Earth’s biosphere as it
drives the movement of the atmosphere and
ocean currents and supports all life processes.

Changes in solar radiation are responsible for
climate cycles (Davis et al., 2018).

The role of cosmogeophysical factors in the
evolutionary adaptation of living systems is
very diverse. Cosmogeophysical factors act as
a weak training factor for adaptation-resistant
members of the population; serve as a channel
for rejecting non-viable members of the pop-
ulation; ensure synchronisation of individual
times of biological objects in interaction with
each other; are a synchroniser of the general
rhythms of the population; create conditions
for the generation of new information in the
process of evolutionary adaptation of biosys-
tems in general (Maxkarr Ta iH., 2017; Davis et
al., 2018).

It is known that active processes on the
Sun cause an increase in solar wind flows
and coronal mass ejections, which lead to the
development of magnetic storms in the Earth’s
magnetosphere, one of the main elements of
space weather. There are indirect signs of the
impact of variations in solar and geomagnetic
activity on weather and climate (Davis et al.,
2018). Heliogeophysical factors and human
heliometeorological reactions significantly
affect the health potential both at the individ-
ual and population levels and largely deter-
mine the balance of ‘human consumption’ and
‘human production’ — a generalised indicator
of population well-being (€pmime Tta iH.,
2017; Chmura et al., 2018; Davis et al., 2018).
This task is even more urgent in relation to the
so-called environmental health, i.e. the health
of the population dependent on the state of the
environment, so the problem of establishing
cause-and-effect relationships between the
state (quality) of the environment and pub-
lic health is one of the leading environmen-
tal and socially significant tasks (€pwmimeB
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Ta iH., 2017; Furdychko et al., 2020; Abbasi
et al., 2023). Environmental factors, includ-
ing meteorological factors, are directly related
to the life and health of people. Each of the
meteorological elements has its own biological
significance. This raises the question of the
impact of solar activity, weather, atmospheric
conditions, and, above all, anthropogenic pol-
lution and other environmental parameters
on human health, which naturally requires a
quantitative approach to risk assessment and
the development of necessary management
decisions (Henderson et al., 2018; Furdychko
et al., 2020).

The aim of the study. To carry out an ecolog-
ical and comparative analysis of the influence
of meteorological factors under the combined
action of HMS on the tone of the autonomic
nervous system and the functional state of the
body of PSA and ASA boys and to assess their
impact on the human body.

Analysis of recent research and publications.
The impact of the weather on the human body
is multifaceted and not yet fully understood,
but unfortunately, almost 70% of people today
react to weather changes. It is known that
meteorology, which is also considered a syn-
drome or a new disease, affects our psycholog-
ical and physiological health. Meteosensitivity
is already appearing even in healthy people.

It is now recognised that solar activity
(SA) affects a wide variety of processes in the
biosphere, including the state of the human
body (Davis et al., 2018). The main trans-
mission link between solar flare activity and
the state of living systems is the geomagnetic
field (GMF) variations, the amplitude of which
can increase by several orders of magnitude
during ‘solar storms’ at high latitudes (Davis
et al., 2018). This phenomenon results in a
maladaptation syndrome in the human body,
especially in meteorologically dependent peo-
ple. The mechanism of development of mete-
orological reactions disrupts the stability of
cell membranes, thereby affecting metabolic
processes, energy balance, activation of lipid
peroxidation, changes in quantitative indica-
tors of blood cell structures, leading to exac-
erbation of chronic diseases, in particular the
most vulnerable cardiovascular system. The
tension arising in its operation can provoke
the development of many pathologies (Liithi et
al., 2023). It is the sharp fluctuations in the
HMS that are one of the reasons for the deteri-
oration of the health of certain groups of peo-
ple and the increased risk of death (Davis et
al., 2018; Luthi et al., 2023).

It has been proven that high SA and geo-
physical activity during intrauterine develop-
ment and at birth reduces life expectancy by
8.4 years and increases the risk of mortality
from cardiovascular diseases, in fact ‘program-
ming’ the degree of vulnerability of the cardio-
vascular system, which is especially true for
men (Zareba et al., 2021). As a rule, high SA
is accompanied by HMS, which are predictors
of disorders in the child’s heart: disturbances
in the synchronisation of daily fluctuations
in the contractile force of the ventricles of the
heart, a drop in the absolute values of the con-
tractile force of the heart and blood pressure,
and changes in the ultrastructure of heart
cells (Zareba et al., 2021). These changes are
likely to be ‘Tremembered’ (heliogeophysical
imprinting) and create prerequisites for high
sensitivity of the cardiovascular system not
only to heliogeophysical effects, but also to
other traumatic agents, which can lead to a
decrease in life expectancy as a result of pre-
mature ‘wear and tear’ of the cardiovascular
system. That is why the main target of the
human body, which is affected by helio-geo-
magnetic activity, may be the heart and car-
diovascular system in a state of pathology.
The data obtained in the studies indicate that
geomagnetic storms cause desynchronisation
of cardiac biorhythms. Changes in the chrono-
structure of biorhythms are an indicator of the
functional state of the body, one of the most
important criteria for human physiological
adaptation.

At the same time, patients with meteorop-
athy often have elevated levels of adrenocorti-
cotropic hormone (ACTH) and catecholamines
(epinephrine and norepinephrine), which
are stress hormones that are a humoral fac-
tor that stimulates the body’s sympathetic
activity, with symptoms such as palpitations,
anxiety and irritability (Vicedo-Cabrera et
al., 2021). For example, in healthy people,
norepinephrine levels significantly increase
2 days before a magnetic storm, remain ele-
vated during the storm, and increase again
during the storm recovery phase (2 days after
the storm). Adrenaline levels behave similarly.
Conversely, endorphins, known as ‘happy hor-
mones’, decrease, lowering the pain threshold
(dopamine concentration decreases 2 days
before and during the storm, and more than
doubles 2 days after the storm). Another
hypothesis suggests that the vagus nerve
plays a role in meteorology, and its stimula-
tion reduces weather-related symptoms in
humans (Vicedo-Cabrera et al., 2021).
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During periods of heliogeophysical distur-
bances, the haemorheological characteristics
of the body tend to increase. Under the influ-
ence of the GMS, the average value of erythro-
cyte aggregation in humans is 1.6 times higher
than on calm days, and platelet aggregation
activity increases 1.4 times. An increase in
the amount of catecholamines, blood viscos-
ity, and the tendency to haemostasis forms
internal factors of exacerbations of cardiovas-
cular and circulatory system pathologies and
increases the risk of mortality.

The combination of the following meteoro-
logical parameters: low average temperature
and low sunshine, high humidity and high
wind speed, all of these increase the risk of
stroke in winter (Romanello et al., 2023).

Most often, the adverse effect of meteoro-
logical factors on the course of hypertension
was detected in January, February and March
against the background of low atmospheric
pressure. In the winter-spring period, patients
with hypertension with manifestations of
meteorological variability showed an increase
in sympathetic and mixed activity according
to cardiac rhythmogram data (Morrison et al.,
2022).

In addition to affecting human health,
weather also has a significant impact on phys-
ical daily activity, which is one of the main fac-
tors in health. Thus, a meta-analysis showed
that higher temperatures were associated with
an increase and intensity of physical activity,
while lower temperatures and heavy precipita-
tion were associated with a decrease (Rahman
et al., 2019; Zheng et al., 2021).

The study of the influence of helio- and
meteorological conditions on the state of auto-
nomic regulation of heart rate revealed a shift
in the ratio of sympathetic and parasympa-
thetic activity which has multidirectional
changes and can be characterised by both rel-
ative sympathicotonia and relative parasym-
pathicotonia. It is this multidirectionality of
changes in the state of the autonomic nervous
system in unstable weather conditions that is
a specific pacemaker and can provoke exac-
erbation of most diseases of the cardiovascu-
lar system (€pwmimes Ta iH., 2017; €pwmiies,
2020; Berrang-Ford et al., 2021).

According to the literature review, the auto-
nomic nervous system (ANS) is one of the
main participants in the process of adaptation
to any impact (Jdnig, 2008; €pwmiies Ta iH.,
2017; €pwmimes, 2020). Disruption of the auto-
nomic regulation of the body inevitably occurs
in cases of climatic maladaptation against the

background of heliogeophysical factors. These
changes are especially pronounced in people
with a history of vegetative-vascular disor-
ders. There are several points of view in the
scientific literature on the impact of meteo-
rological factors on the human body. Often,
researchers believe that the human body is
affected by the sum of all meteorological fac-
tors, while in other cases, one leading factor is
singled out from the complex of meteorological
factors which determines the entire complex
of changes in the human body (Gosling et al.,
2017).

Considering a person as an open energy
information system that is in continuous
interaction with the external environment, it
seems most relevant to study the impact of a
set of meteorological and climatic factors on a
person.

Material and methods

Using functional and vegetative diagnostics
(FVD) according to the method of V. Makats,
we examined 186 girls, including 38 primary
school age (PSA) 7-11 years old, 126 adoles-
cent school age 12-15 years old and 22 girls
of youthful school age 16-21 years old, who
underwent sanatorium rehabilitation in san-
atoriums of Ukraine. The FVD was performed
twice in the morning (10:00-11:00). We stud-
ied the bioelectrical activity of 12 symmetrical
pairs of functionally active skin zones (24 FAZ),
12 on the arms and 12 on the legs, which reflect
the functional activity of the sympathetic and
parasympathetic nervous system (€pwmimes Ta
in., 2017; €pmimes, 2020). FVD according to
the method of V. Makats and devices for its
implementation are officially authorized by the
Ministry of Health of Ukraine “New Medical
Equipment and New Diagnostic Methods”
(Ne 5 0f 25.12.91; Ne 1.08-01 of 11.01.94) and
the Academic Council of the Ministry of Health
of Ukraine (Ne 1.08-01 of 11.01.94) (EpwmimeB
Ta i"., 2017; €pmimes, 2020).

VITA 01 M device is used for PVD, the volt-
age in the closed circuit of which does not
exceed the levels of membrane potentials
(1-5 pA; 0.03-0.6 V) and which does not
require external energy sources for its oper-
ation. It has 2 diagnostic electrodes, a base
electrode (electron acceptor) - a convex plate
made of a special alloy, pre-coated with an
oxide film (5x7 cm) and a paired diagnos-
tic electrode (electron donor) in the form of
a silvered pair, which are located in ebonite
cups with a diameter of 1 cm and wrapped in
foam pads. The base electrode is fixed with
a special belt through a wet pad (moistened
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with saline) in the umbilical region (central
mesogastric area (0-zone) with medium den-
sity tension to create stable examination con-
ditions. Diagnostic electrodes are also moist-
ened with saline. The procedure is performed
in an orthostatic position. During testing,
diagnostic electrodes at right angles with
low pressure (at the level of touch), simul-
taneously contact each pair of symmetrical
phases (left-right on each limb) for 1-4 sec-
onds until stable readings in microamperes
are obtained. After every 3 contacts with the
FAZ, the electrodes are rewetted with saline.
The data obtained in pA are converted to rel-
ative values. The obtained data are compared
with the norm and a conclusion is made about
the degree of deviation from it and the level of
functional health disorder (Epwmimen O. B. Ta
in., 2017; €pwmimen, 2020). Changes in the
physiological state of the body are manifested
by the transformation of electrocutaneous
resistance in certain functionally active zones
(FAZ) of the skin, which topographically coin-
cide with the course of 12 classical acupunc-
ture meridians (functional systems) — lungs
(LU), pericardium (PC), heart (HT), spleen
and pancreas (SP), liver (LR) and kidneys (KI),
which form the parasympathetic orientation
of the ANS. The sympathetic orientation of
the ANS is formed by the small intestine (SI),
the state of the lymphatic system (TE), the
large intestine (LI), the bladder (BL), the gall-
bladder (GB) and the stomach (ST). For diag-
nostics, correlations between changes in elec-
trical conductivity in 24 representative FAZ
(characterizing the state of the meridian as
a whole) and the state of classical acupunc-
ture meridians, “determining” the functional
state of their corresponding internal organs
and body systems, are used (€pwmimues Ta iH.,
2017; €pwmimesn, 2020). The relative ratio of
the sum of the indicators of total sympathetic
activity to parasympathetic activity deter-
mines the direction of the autonomic balance.
The numerical result of this ratio is the adap-
tation-vegetative coefficient kAV (autonomic
nervous system coefficient). For functional
and ecological assessment of the impact of
environmental factors, vegetative disper-
sion (scattering) is used in 3 critical zones:
parasympathetic activity (PA) kAV — < 0.86;
functional-vegetative balance (FVB) kAV -
0.87 — 1.13; sympathetic activity (SA) kAV — 2
1.14, which are markers of functional health
(adaptive potential) (€pwmimeB Ta iH., 2017;
€pmimes, 2020). The mathematical and sta-
tistical analysis of the empirical results of the

observations was carried out in the Statistica
12 package. To test for the normality of the
distribution of the results of the sample
observations, the Kolmogorov-Smirnov and
Shapiro-Wilk criteria were applied, accord-
ing to which there are no grounds to reject
the hypothesis of a normal distribution of
samples. This indicates that it is possible
to use Student’s t-test for independent vari-
ables to test the reliability of the difference
in the results (p>0.2 by Kolmogorov-Smirnov
test and p>0.05 by Shapiro-Wilk and Lillifors
test). The hypotheses about the normal dis-
tribution of the samples are also confirmed
by the histograms of the distribution. The
application of Student’s t-test for indepen-
dent variables to test the reliability of the dif-
ference in the results obtained showed that
the samples have standard deviations that do
not differ statistically (p-Variances20.05) and
mean values that also do not differ statisti-
cally from normal values (p20.05) at the sig-
nificance level of a=0.05.

Results and discussion

Numerous effects of the space environment
on the biosphere are most clearly manifested
during magnetic storms (Davis et al., 2018). In
the mid-90s of the last century, a hypothesis
was put forward that:

1) heliogeomagnetic rhythms, together with
illumination and temperature, are the basis for
the formation of the circadian (daily) endoge-
nous biorhythm.

2) heliogeomagnetic perturbations — “fail-
ures” of heliogeomagnetic rhythms — cause an
adaptive stress response in biological objects,
especially in a state of instability.

As a result of many years of research, it
has been found that the characteristic targets
of geomagnetic and meteorological influences
are the circulatory system; cardiovascular
system; autonomic nervous system and lungs.
Therefore, the “risk groups” for geomagnetic
and meteorological influences are the popula-
tion with cardiovascular pathology, especially
those who have had myocardial infarction;
healthy people with functional overstrain of
the adaptive system; children in the period of
rapid development with an unformed adaptive
system and the adult population with numer-
ous endogenous causes of maladaptation of
the body (Myhre et al., 2019; Ripple et al.,
2022).

Monitoring of young children has shown the
presence of all “solar” periods in their spectra,
with newborn infants beginning to detect the
circadian rhythm (the most powerful in the
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mother’s body) at 5-10 months of age, while
in the first month they are dominated by the
7-day rhythm. When monitoring an infant for
26 months, the spectra of its vital signs show
the presence of all period’s characteristic of
the period of the Sun’s own rotation, about
28 days, and its harmonics. The period of
1 day begins to appear only at the Sth month
of monitoring (Hoxha et al., 2023).

Failures of the external synchronizer
rhythms - geomagnetic storms - lead to
adaptive stress such as the reaction in case
of failures of the circadian rhythm phase
(stabilization of the heart rate, increased blood
viscosity, and a drop in the contractile force
of the heart) and to meteotropic reactions
characterized by changes in vascular tone
(Hoxha et al., 2023). However, space weather
is not the only biotropic factor affecting human
health and well-being. Usually, its influence
occurs in conjunction with the influence of
terrestrial weather factors, and the impact of
atmospheric pressure surges P, temperature
T and geomagnetic activity surges (K-index) is
distributed as follows: T: K: AP = 5:4:7 (Davis
et al., 2018).

According to the literature review, the auto-
nomic nervous system (ANS) is one of the main
participants in the process of adaptation to any
impact (Makar ta iH., 2017; €pwmiies Ta iH.,
2017; €pwmimes, 2020). Disorders of the auto-
nomic regulation of the body inevitably occur
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in cases of climatic maladaptation against the
background of heliogeophysical factors. These
changes are especially pronounced in people
with a history of vegetative-vascular disor-
ders. The scientific literature today contains
several points of view on the impact of mete-
orological factors on the human body. Often,
researchers believe that the human body is
affected by the sum of all meteorological fac-
tors, while in other cases, one leading factor is
distinguished from the complex of meteorolog-
ical factors, which determines the whole com-
plex of changes in the human body (Hoxha et
al., 2023). Considering a person as an open
energy and information system that is in con-
tinuous interaction with the environment, it
seems most relevant to study the impact of a
complex of meteoclimatic factors on a person.

In the study of systemic-age dependence in
the female group (FG) of PSA aged 7-11 years, it
was found that the combined effect of the weather
factor and geomagnetic storms (GMS) leads to
changes in functional activity and homeostasis
of the body (Fig. 1). It can be clearly seen that
the indicators of activity of functional systems
(FS) under the influence of weather and geo-
magnetic storms duplicate the line of normality,
differ in amplitude and have the same direction.
Moreover, the presence of significant changes in
the studied parameters of the FS activity indi-
cators with the normal line indicates that dif-
ferent weather under the influence of HMS was

SP LR KI BL GB

---- Cloudy + GMS

ST

Fig. 1. Systemic-age dependence in the female group of primary school age (PSA) 7-11 years
old in different weather conditions with simultaneous exposure to GMS, p < 0.05
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characterised by the specificity of the effect on
the body. In sunny weather, under the influ-
ence of HMS, there is an overstrain of the body’s
adaptation systems. Sunny weather under the
influence of HMS stimulates the activity of the
small intestine (SI), lymphatic system (TE) and
stomach (ST). A decrease occurs in the FS of
the lungs (LU), pericardium (PC), heart (HT) and
large intestine (LI).

In cloudy weather under the influence of
GMS, the systemic-age dependence in the LH
of PSA was characterised by an increase in the
activity of the FS of the lungs (LU), lymphatic
system (TE), spleen and pancreas (SP) and gall-
bladder (GB). It inhibits the activity of the large
intestine (LI), kidneys (KI) and stomach (ST).

The organism of children aged 7-11 years is
characterised by physiological and functional
immaturity of adaptation processes and the
speed of their formation and stabilisation
(€pmimes, 2020). The rapid pace of
morphological and functional development
of all organs and systems, immaturity of the
immune system during this period contribute
to increased sensitivity of the children’s body
to changes in environmental factors, both
environmental and physiological, as well as
pathological ones.

Adolescence is a transitional stage from
childhood development to the adult stage
of ontogenesis. The transitional process of
adolescence involves absolutely all levels of
the adolescent’s biological organisation, from
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changes in the structure of the skeleton,
respiratory system, blood circulation to
the reproductive system, its functional and
structuralsupport. The pituitary gland becomes
more active, physical and physiological
development intensifies, and the motor system
and neurohumoral relations are restructured.
In adolescence, children experience sharp
fluctuations in hormonal status, as well as
active growth. Therefore, their meteorological
sensitivity can be pronounced (Fig. 2).

In the study of systemic-age dependence
in the FS of adolescent school age (ASA)
of 12-16 years, it was found that weather
changes under the influence of HMS lead to
changes in functional activity and homeosta-
sis of the body (Fig. 2). It was found that the
obtained indicators of FS activity duplicate
the normal line, differ in amplitude and have
the same general direction. Thus, under the
influence of sunny weather on the female body
under the action of HMS, an increase in the
studied parameters of the FS activity indica-
tors relative to the age norm was found in the
lungs (LU), pericardium (PC), heart (HT), small
intestine (SI) and lymphatic system (TE). The
activity of the FS of the large intestine (LI),
liver (LR), kidneys (KI) and gallbladder (GB)
was characterised by a decrease. There is also
a parallel suppression of the sympathetic ner-
vous system (bladder (BL) pacemaker) and the
parasympathetic nervous system (spleen and
pancreas (SP) pacemaker) (Fig. 2).

SP LR KI BL

---- Cloudy + GMS

GB ST

Fig. 2. Systemic-age dependence in the female group of adolescent school age (ASA)
12-15 years old in different weather conditions with simultaneous exposure to GMS, p < 0.05
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In the FG of the PSH, cloudy weather under
the influence of HMS caused an increase in
the studied parameters of the parameters of
the activity of the FS relative to the age norm
in the lungs (LU) and heart (HT). A decrease in
F'S activity was recorded for the FS of the liver
(LR), kidneys (KI) and stomach (ST) (Fig. 2).

In the study of systemic-age dependence
in the group of young schoolchildren (YS)
aged 16-21 years, it was found that weather
changes under the influence of HMS lead to
changes in functional activity and homeosta-
sis of the body (Fig. 3). It was found that the
obtained indicators of F'S activity duplicate the
normal line, differ in amplitude and have the
same general direction and high variability of
the obtained systemic results.

Thus, under the influence of sunny
weather on the female organism of YSA
under the action of HMS, an increase in the
studied parameters of the indicators of FS
activity relative to the age norm was found
in the lungs (LU), pericardium (PC), heart
(HT) and small intestine (SI). A decrease was
observed in the FS activity of the lymphatic
system (TE), large intestine (SI), liver (LR),
kidneys (KI) and gallbladder (GB) and stom-
ach (ST). There is also a parallel suppression
of the sympathetic nervous system (bladder
(BL) pacemaker) and the parasympathetic
nervous system (spleen and pancreas (SP)
pacemaker) (Fig. 3).

13
12
11

10

LU PC HT SI TE LI

------- Sunny + GMS

In FG YSA, cloudy weather under the influ-
ence of HMS caused an increase in the stud-
ied parameters of FS activity indicators rel-
ative to the age norm in the lungs (LU) and
small intestine (SI). Cloudy weather under the
influence of HMS stimulates the activity of
the sympathetic nervous system (bladder (BL)
pacemaker) and the parasympathetic nervous
system (spleen and pancreas (SP) pacemaker).
A decrease in FS activity was recorded for the
FS of the pericardium (PS), liver (LR), kidneys
(KI), gallbladder (GB) and stomach (ST) (Fig. 3).

It has been shown that under the influence
of HMS there is an overstrain of the body’s
adaptation systems in sunny weather, which
are characterised by the simultaneous sup-
pression of the sympathetic nervous system
(bladder (BL) pacemaker) and the parasympa-
thetic nervous system (spleen and pancreas
(SP) pacemaker), which was found in the FG
of the ASA and the YSA. Normally, the sympa-
thetic nervous system (SNS) and the parasym-
pathetic nervous system (PNS) are functional
antagonists and when one is activated the
other is automatically inhibited. Only under
the conditions of a super-powerful factor or
several simultaneously acting on the body
does the activity of these autonomic nervous
systems change synchronously.

To more accurately determine the deviations
of the numerical indicators of the activity of
the body’s FS in different seasons of the year,

SP LR KI BL

---- Cloudy + GMS

GB ST

Fig. 3. Systemic-age dependence in the female group of young school age (YSA) 16-21 years
old in different weather conditions with simultaneous exposure to GMS, p < 0.05
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Table 1
Deviation of FVD values from the norm + 10% in FG groups of different ages
Weather
FS Norm £ 10% Sunny + GMS Cloudy + GMS
PSA ASA YSA PSA ASA YSA PSA ASA YSA
LU 7,29-8,91 | 7,79-9,53 | 6,93-8,47 l = 1 1 = i)
PC | 6,49-7,93 | 6,94-8,45 | 6,48-7,92 = = D = = =
HT | 6,86-8,38 | 6,87-8,39 | 7,10-8,68 = 1 1 = 1 =
SI |8,49-10,37 | 8,58-10,48 | 7,09-8,66 1 = 1 = = 1
TE 6,02-7,36 | 6,25-7,63 | 6,74-8,24 = 1 = 1 = =
LI 6,97-8,51 | 6,84-8,36 | 6,91-8,45 1 = 1 | = =
SP |10,3-12,67 | 10,2-12,74 | 9,41-11,51 = = = = =
LR 6,61-8,07 | 6,62-8,09 | 7,51-9,17 = = = = = =
KI 7,45-9,11 | 6,89-8,41 | 7,54-9,20 = = | | = [
BL 10,5-12,89 | 10,8-13,20 | 9,45-11,55 = ! ! = = =
GB | 5,92-7,24 | 5,67-6,93 | 7,02-8,87 = = | D = |
ST 7,01-8,86 | 6,84-8,36 | 7,83-9,57 = = = = ! =

we compared them with the numerical value of
the norm (mV) for each FS with a deviation of £
10%. We determined the values that go beyond
this physiological corridor in the direction of
increase or decrease, marking them with the
signs 1’ and ‘|’, respectively. Table 1 shows
the results of deviations of FVD values from
the norm £ 10% in the FG groups of PSA, ASA
and YSA.

The analysis of the results of deviations
of FVD values from the norm + 10% in the
PSA group revealed 8 deviations from the
physiological corridor of the norm, among
which 3 occurred in sunny weather during the
HMS exposure and 5 in cloudy weather during
the HMS exposure. Analysis of the results of
deviations of FVD values from the norm + 10%
in the PSA group revealed only 5 deviations
from the physiological corridor of the norm,
among which 3 occurred in sunny weather
during the HMS 2 and cloudy weather during
the HMS. Analysis of the results of deviations
of FVD values from the norm + 10% in the YSA
group revealed only 12 deviations from the
physiological corridor of the norm, of which
8 occurred in sunny weather during the HMS
and 4 in cloudy weather during the HMS.

The obtained array of data on the state
of functional health of the population of a
certain territory and the averaged information
on the autonomic nervous system deviations
can be used to analyse the impact on
humans of both abiotic factors and possible
environmental problems of the territory and
its degree of environmental disturbance.
As a result of the research, it was found
that the main characteristic reflecting

the negative impact of environmental and
internal factors is a decrease in the number
of people surveyed in the zone of functional
balance and an increase in the zone of
parasympathetic activity. According to the
criteria developed by us, the functional
health of people is in the zone of conditional
normality, when 50-70% of the population
is in the zone of functional balance (FB) and
15-20% in the zones of sympathetic activity
(SA) and parasympathetic activity (PA).
When analysing the impact of different
weather under the influence of HMS on the
functionaland adaptive health offemale groups
of the Ukrainian population of different ages
in comparison with the age norm, results were
obtained that indicate age-related differences
in the reactivity of the surveyed population.
Sunny weather under the influence of HMS
has the most unfavourable effect on the
formation of adaptive health of the majority
of the surveyed groups. The combination
of these impacts increases the number of
people in the PA zone and decreases in the
FB zone, which indicates a negative aspect
of the impact on the adaptation system
and indicates the depletion of adaptation
resources. With the ideal value of 15-20% of
the population of compact residence being in
the PA zone, we found a significant increase
in this indicator, especially in the age group
of the ASA population, which is 40.8%, with
a simultaneous decrease in the FB zone to
44.9%. At the same time, the group of PSA
girls was affected by the sunny weather under
the GMS in the opposite way, increasing the
number of examined children in the SA zone

226



Ukrainian Journal of Natural Sciences Ne 8

Yrpairnceruil okypHan npupooHuuux Hayk Ne 8

to 40.0% with a simultaneous decrease in the
FB zone.

In the analysis of the adaptive (functional)
health of FG of the PSA and ASA groups under
the combined effect of cloudy weather under
the influence of the GBS, it was found that
these age groups are quite adaptive to the
above environmental factors. At the same
time, the combined effect of cloudy weather
under the influence of HMS on the age group
of YSA leads to an increase in the number of
people examined in the PA zone to 31.8% with
a simultaneous decrease in the FB zone to
40.9% (Table 2).

When analyzing the effect of different
weather under the influence of HMS on the
organism of girls of different age groups by
the vegetative coefficient, it was found that
all groups reacted most sensitively to the
combined effect of sunny weather under the
influence of HMS.

Under the influence of these factors,
in the FG of PSA, there is an increase in
the adaptation coefficient from the norm
of 0.95-1.05 to 1.09, which indicates the
predominance of the SNS in the body with the
formation of sympathicotonia. In the FG of the
ASA and YSA, a slight parasympathicotonia
was detected, characterised by a decrease in
the k-AV index to 0.92 and 0.94, respectively.
Under the influence of these factors, in the FG
of PSA, there is an increase in the adaptation
coefficient from the norm of 0.95-1.05 to
1.09, which indicates the predominance of
the SNS in the body with the formation of
sympathicotonia. In the FG of the PSA and YSA,
a slight parasympathicotonia was detected,
characterised by a decrease in the k-AV index
to 0.92 and 0.94, respectively (Table 3).

Table 2
Adaptive (functional) health of women of
different ages under the combined influence
of weather and geomagnetic storms

Age Seasons

groups | Sunny + GMS | Cloudy + GMS
PSA 40,0 21,0
a5 [asa 14,3 22,6
= YSA 0 27,3
'?'g B PSA 40,0 55,3
:E % ’ ASA 44,9 56,5
5 YSA 77,8 40,9
PSA 20,0 23,7
o | ASA 40,8 20,9
YSA 22,2 31,8

Table 3
Values of the adaptation (vegetative)
coefficient k-AV under the combined
influence of weather and geomagnetic storms

(GMS)

Weather + YSA
GMS PSA ASA

Sunny + 1,09 0,92 0,94
GMS

Cloudy + 0,99 1,01 1,00
GMS

Conclusions

There are three phases in the development
of meteotropic reactions: the first is the phase
of clinical and physiological adaptation of
the body to the effects of atmospheric and
physical factors; the second is the phase
of increased sensitivity to these factors,
manifested by changes in neuropsychological,
immune and allergic reactivity; the third is
the phase of maladaptation to the weather,
which is manifested in healthy people by
various functional syndromes. In patients it
is manifested by the appearance of clinical
and subclinical reactions and exacerbations
of diseases, i.e. meteotropic reactions lead
to structural and functional changes in the
human body, disruption of compensatory
reactions which are manifested by various
symptom complexes. Cells, tissues and the
body as a whole mobilise mechanisms aimed at
mitigating and stabilising processes that lead
to the strengthening of adaptive mechanisms.
It is known that the body’s reaction to the
weather is determined by gender, age, height,
body weight, physique, temperament, diet,
etc. With prolonged and repeated exposure
to weather and meteorological factors, a
reaction of the endocrine system occurs,
which is considered as a ‘stress reaction’ of
the general adaptation syndrome. Under their
influence, enzymatic processes, the intensity
of glycolysis, the level of basic metabolism
change and the structure of blood and tissue
colloids are disturbed. When determining the
degree of climate impact on a person, it should
be borne in mind that the body’s response
to its influence depends on the success of
adaptation to weather and climate conditions.

Thus, the study of the influence of
meteorological factors under the combined
effect of HMS on the body of practically
healthy girls of different ages gives grounds
to talk about the age-related peculiarities
of meteorological variability. It was also
confirmed that in a healthy body, changes in
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physiological processes and functional activity
of systems under the influence of such a factor
as weather changes with the simultaneous
action of HMS are easily compensated. In
these compensatory mechanisms, a special
role belongs to the autonomic nervous system,
whose activity ensures an adequate response
of the body to the influence of environmental

factors. Knowledge about meteosensitivity and
meteorological reactions is necessary for the
development of both preventive and therapeutic
measures aimed at increasing nonspecific
resistance and adaptation mechanisms of the
body, normalising the function of organs and
systems as a basis for normal reactions to
adverse environmental changes.
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