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Abstract: The purpose of the study was to estimate the capabilities of the Gas Discharge Visualization
(GDV) method for detection of effects of geophysical agents (GA) on the human body and to compare
it's advantage with Galvanic Skin Response (GSR), usually applied for detection stress. The studies
were conducted in 2017 and 2018 years on the Spitsbergen archipelago, and in 2023-2024 - in Apatity,
Murmansk region, where daily the GDV and GSR indices were detected along of recruited
participants of the study. For the first time, the daily covariations of GA and the GDV indices,
manifesting the physicochemical properties of the skin, were revealed in these studies. It was found,
that correlations and their signs between the GA and GDV indices were determined by the intensity
of the neutron flux at the Earth's surface, and the variability of the Solar Wind (SW). The correlations
between the GDV and GA indices were reproduced in different years, in the case of comparability of
the neutron level at the Earth's surface in the study period. The advantage of the GDV method, in
comparing with the GSR was shown. The finding evident that GDV indices are indicators of effects
of GA on the human body.

Keywords: geophysical agents; skin state; covariations; detective methods

1. Introduction

Numerous investigations have been devoted to the study of solar and geomagnetic activity
effects on human body, starting with the works of A.L. Chizhevsky [1]. These studies were conducted
in different countries and at different latitudes [2-11], as a result of which extensive data base has
been obtained, indicating the importance of variations in solar (SA) and geomagnetic activity (GMA)
for diverse body systems. It were emerged the effects of SA and GMA on cardiovascular [12-22], on
the central and vegetative nervous system, on the functional state of the brain and other systems [23—
32], to which reviews of various years are devoted [for example, 33]. Along with the effects of SA and
GMA, the peculiarities of the impact of the secondary component of cosmic rays (CR) on biological
systems and the human body were revealed in ground-based experiments [34-38], by comparing
long time series data, including the ascending and the descending phase of the solar cycle [39—42]
and other observations [43-45]. In the result of these studies, it was established that the human body
is “inscribed’ in a multifunctional, complex oscillating physical environment, which is controlled by
the Sun. This discovery is perfectly illustrated by a quote from A.L. Chizhevsky's book [1]: “numerous
functional and organic disturbances in the vital activity and development of biological systems at all
levels of their natural organization, from individual organisms to populations and their communities,
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are caused by a complex of perturbations in the external physical and chemical environment, which
has as its source the physical effects of the Cosmic space, in particular perturbations in the Solar
activity".

However, in spite of many years of research on solar-terrestrial relations and the effects of space
weather [46,47] on various organisms [48], including humans [49,50], there is still a lot unknown in
the possible mechanisms mediating the effects of physical and chemical agents of the atmosphere
and physical fields associated with the SA on the state of biological systems.

Certain opportunities for a better understanding of the effects of Cosmo physical agents on the
human body are provided by studies in high latitudes, where the interaction of the solar wind (SW)
with the Earth's magnetosphere generates many physical phenomena that that have the properties of
biotropic agents. In this respect, Spitzbergen Archipelago occupies a special place.

The Spitzbergen Archipelago is located between 76° 26' and 80° 50' north latitude and 10° and
32° east longitude. The geophysical peculiarity of the Spitzbergen is its location in the region of cusp
[51,52] - a kind of funnel on the day side of the magnetosphere, with a magnetic field value close to
zero, where, under certain conditions, the solar wind (SW) can break through with powerful plasma
jets [53]. The open lines of the Earth's magnetic field in this region are connected with the lines of the
interplanetary magnetic field (IMF), which allows the accelerated plasma of the SW penetrate into
the magnetosphere and into the ionosphere [54]. The unobstructed penetration of solar particles in
the cusp region leads to multiple geophysical phenomena reflected in the structure-energy
characteristics of geomagnetic field variations (GMV) [55-60].

Studies carried out on the Spitzbergen Archipelago with participation of volunteers, have
allowed to reveal the links between variations geophysical agents (GA) and the dynamics of body
state indicators, such as heart rate (HR) variability (HRV), psycho-emotional state, blood coagulation
indices, water redox potential and others [61-64].

A method of the Gas-Discharge Visualization (GDV), detected the skin properties and associated
with psychophysiological state [65-68], for the first time, was tested for emerging the link between
variations of GA and the body state on the Spitzbergen Archipelago. During the research, the skin
state was also assessed by galvanic skin response (GSR), traditionally used for detection of the stress
[69-74], and also, recently for emerging association between stress and emission from human skin in
the sub THz frequency band [75].

Indication of the effects of GA on the human body by assessing the covariation between GA and
skin properties could be make a new contribution to the study of the physical and chemical
mechanisms due to GA, associated with SA, could be influence on the human body.

Human skin is the largest organ of the body and the principal interface between organism and
environment. It is an important component for realizing processes associated with the immune
system, sensory-motor connections, thermoregulation, vitamin production, and emotional
communication. The skin is densely innervated by the autonomic nervous system (ANS), and
autonomic innervation of sweat glands (SG) reflected in measurable changes of skin conductance at
the surface, termed electro-dermal activity (EDA) [69,72,74]. Afferent neurons from the sympathetic
axis of the ANS innervate eccrine sweat (sudomotor) glands, and their activity modulates
conductance of an applied current. EDA incorporates both slow shifts in basal skin conductance level
(SCL) and more rapid transient events, that is, skin conductance responses (SCRs), which have also
been referred to as galvanic skin responses (GSR) [69,76,77].

Skin is excreting organ. Various products of nitrogen and carbohydrate metabolism are removed
through the skin, among them: carbon dioxide, ammonia, urea, water, mineral salts and others. Such
compounds as lactic acid, glucose, and amino acids are also excreted through the skin. [78,79].

The evolutionarily ancient presenters of diffuse endocrine epithelial system, such as
melanocytes, locate in the skin. These cells receive information from the external and internal
environment of the body and realize biogenic amines and peptide hormones, which perform a wide
range of tasks for the body. Their peculiarities makes it possible to consider such cells as an
evolutionarily ancient diffusely organized sensory organ [80,81].
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The frequency of oscillations of the blood flow in the micro vessels correspond to geomagnetic
pulsations of Ultra Low Frequency as ground manifestation of hydromagnetic waves propagating in
the magnetosphere with typically range between f~1 mHz and f=10 Hz [82]. It was revealed that skin
micro vessels oscillate with a frequency of 0.02-0.046 Hz (= 0.03-0.04 Hz) and with a frequency of 0.07-
0.15 Hz (= 0.1 Hz) in dependent on type of regulations. First frequency band associates with
sympathetic thermoregulatory genesis; the second band is due to the participation of local oscillatory
component of the myogenic tone of arterioles, associates with sensory unmyelinated fibers and the
trophic neuropeptides secreted by them [83].

Skin is source of Spontaneous Ultra-Weak Photon Emission [84-87]. Asymmetry between
photon emission in palm and dorsal, left and right locations from human hand were found. It turn
out, that mean values for photon emission were higher for palm and right than dorsal and left
locations [84]. Experimental evidence has indicated that the spectrum is in the wavelength range
between 430 and 650 nm [87-89], corresponding to spectra obtained from carbonyl compounds in the
excited singlet and triplet states and excited dimers of singlet molecular oxygen [87]. Such
compounds are formed during the de-composition of lipid peroxides, which are very common
emitters of ultra-weak low emission [84].

Skin can be considered as complex, variable, and multilayered optical medium [88]. Skin has
four layers, namely, the stratum corneum (SC), epidermis, dermis, and subcutis with different
electromagnetic characteristics [89,90].

The tips of the sweat ducts that expel the sweat from the gland to the pore at the surface of the
skin have a helical structure, that was found in studies of the morphology of the skin by optical
coherence tomography. This, together with the fact that the dielectric permittivity of the dermis is
higher than that of the epidermis it is assumed [91] that the sweat ducts, as electromagnetic entities,
could be regarded as imperfect helical antennas with both end-fire and normal modes. It was found
that sub-THz frequency range is bandwidth for skin [92]. It was proposed that the ac electric current
“activated” in the “duct antenna” would be due to the diffusion of protons via hopping through
distributed H-bond networks, existing in biological structures [92,93]. In bulk water, at 100 GHz, ac
conductivity was measured and found to be ~100 S/m [94]. There is evidence that in the vicinity of a
lipid/water interface, such as on the inner surface of the sweat duct, water is well-structured [95]. In
such layers adjacent to the epithelia cells of the sweat duct, the proton diffusion rate increase by a
factor of 100 in comparison to that in bulk water [96]. Furthermore sweat ducts constitute an active
system, working according to a number of different stimuli (physiological, mental, emotional, or
gustatory), not only due to thermoregulation. Consequently, the sub-THz spectra of the reflection
coefficient (R) are also functions of skin morphology, the distribution of perspiration activity over the
skin surface and the stimuli causing the sweating [91]. It was found, that the skin spectral response
in the sub-Terahertz region is governed by the level of activity of the perspiration system and shows
the minimum of reflectivity in the frequency band of 75-110 GHz. [91,92].

It was shown that the reflection coefficient in the skin of W-band (75-110 GHz) strongly depends
on the physiological stress [97]. Sweat glands are directly controlled by the Sympathetic Nerve
System (SNS) [98]. Therefore, GSR, which is a standard approach for estimation changes in the SNS,
associated with psychological stress, [99] should be manifest the changes in reflection coefficient in
the skin. The results of the study [97] clearly indicate that the reflection coefficient of the human hand
in both W (75-110 GHz) and D (110-170 GHz) bands is correlated to universally accepted indicators
of mental stress [91].

It was shown the quantitative variations in the skin emissivity between locations, gender, and
individuals measured using a 90GHz calibrated radiometer. The mean differences in the emissivity
values between dry and wet skin on the palm of hand and back of hand regions were found to be
0.143 and 0.066 respectively. These results confirm that radiometry can, as a non-contact method,
identify surfaces attached to the human skin in tens of seconds [100].

It was presented a physiologically plausible human skin model that can represent the
electromagnetic role of the human sweat ducts, under the influence of an external impinged
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electromagnetic field in the subTHz frequency band. The model has been demonstrated the value of
the reflection coefficient taken from 13 volunteers in the frequency range of 350-410 GHz. The
estimation of the pattern of the stress, which was measured by GSR, revealed the most probable
values for the ac-conductivity in the sweat duct. The minimum values of ac conductivity do not
exceed the frequency band of sea water and the average and maximal values are correspondent the
known increase in proton concentrations observed during stress stimuli. Circular Dichroism (CD)
(the predominance of right-handed over left-handed polarization) was also revealed in the reflection
coefficient of the palm of the hand [101] CD was demonstrated at 380 GHz but not at 110 GHz [91].

The sweat gland is indeed the dominant structure in the skin governing electromagnetic
behavior at these frequencies. Furthermore, the coiled outlet of the eccrine sweat gland acts as a
helical antenna in the higher frequency range of 350 up to 600 GHz, when irradiated by an external
electrical field [92,102,103]. In the recent study [104], the obtained results demonstrate that human
blackbody is having a marked contribution in the sub-mm region, previously not noticed.
Furthermore, this contribution is sensitive to the physiological state of the subject [104-106].
Radiometric measurements of human subjects in the frequency range 480-700 GHz, demonstrate the
emission of blackbody radiation from the body core, rather than the skin surface. The dermis and
epidermis can be considered as an electromagnetic bio-metamaterial, whereby the layered structure,
along with the topology of the sweat duct, reveals a complex interference pattern in the skin. There
is enough evidence to suggest that the combination of the helical sweat duct and wavelengths
approaching the dimensions of skin layers could lead to non-thermal biological effects [107].

Thus, the skin is an extremely complex electrical organ of the body, mediating internal processes
in the body and external effects by changing the properties of its surface. Therefore, it is an ideal
model for studying the effects of GA on the body. Unfortunately, separate data on skin properties
have not been generalized and a single model uniting all its properties into a single whole has not
been created. But separate studies, including those registering fluctuations of skin properties under
the influence of the different agents with known properties, such as GA, will help to contribute to the
understanding of the body's reactions to geocosmic impact.

The purpose of the study was to estimate the capabilities of the Gas Discharge Visualization
(GDV) method for detection of effects of geophysical agents (GA) on the human body and to compare
it's advantage with Galvanic Skin Response (GSR), usually applied for detection stress.

2. Materials and Methods
2.1. Participators of the Studies

The study was conducted in Barentsburg on the Spitzbergen archipelago from July 23 to August
14, 2017 (363 measurements) and from July 30 to August 18, 2018 (162) with recruited volunteers. In
addition, the detection of GDV indices was applied in the short measurement of physiological state
of young people in 2016 years (11.04 -12.05) and in the more time series detection of GDV indices in
2023-2024 in the Apatity city (67.56°N and 33.40° E), Murmansk region. The study adhered to ethical
principles outlined by the UN General Assembly (1992), the Council of Europe Convention on
Bioethics (1997), and the Russian Academy of Sciences Council on Bioethics (January 18, 2017). All
participants of investigation were informed about the purpose and conditions of the experiment and
gave their consent to participate in the study.

2.2. Gas Discharge Visualization

Gas discharge visualization (GDV) method is based on electrical activity of human organism
and single cells [65-78,107], when stimulated electrons and photons from the of the skin surface under
the influence of pulsed electromagnetic field are extracted. Such process is quite well studied with
physical electronic methods and is known as “photoelectron emission” [68,108-110]. The particles
emitted and accelerated in the electromagnetic field emerge as electronic avalanches on the surface
of the glass electrode causing the so-called “sliding gas discharge.” The discharge causes glow due
to the excitement of molecules in the surrounding hydrogen, and this glow is what is being measured
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by the biometric method based on GDV [68]. Therefore, short voltage pulses stimulate the
electrophotonic emission concomitantly intensifying this emission in the gas discharge due to the
electric field created. The data obtained in the process of measuring of extremely weak “biophoton
field” is the scientific information which may reveal the role of some electro-photon processes
underlying the functional state of the body [67,68].The stimulation of electrons and photons in the
GDV method, is intensified by thousand times and thus it enables measurements under normal
environment with ordinary lighting. This plasma emits both light and other electromagnetic fields
over a wide frequency band because of the short electrical impulse used (10 microsec) [65-67]. The
emissions are directly measured by a charge-coupled device (CCD), the state of the art in measuring
low-level light that is used in astrophysics and other scientific endeavors. The CCD registers the
pattern of photons detected over time. These digital data are transmitted directly into a computer for
data processing, and each image (named a GDV-gram) from the light emitted is stored as a graphics
file. The analysis of natural electrophotonic emission is based on intensity, fractality, and area of the
captured images [111]. Also, GDV provides the integral parameters of entropy and autonomic tone,
which are important components in the analysis of human functional state [111]. Entropy is a measure
of chaos/disorder, and an increase in entropy has been postulated on the First International Congress
of Systemic Medicine as a manifestation of sickness, negative impact of chemical, biological, physical,
or emotional stress, and chronic degenerative disease [112]. The GDV, as biometric device is
comprised of five components: a sensor, signal processing unit, data storage, a matching algorithm,
and a decision process [68,113,114].

In our studies the daily GDV registration was carried out using the GDV-compact pulse analyzer
EIOY]1 941 0204 00 00TV, serial production, "Biotechprogress" LLC, certificate of conformity NPOOC
RU.MHO05.H00725, N 0490215. The basis of the analysis is a “snapshot” of the glow that arises around
of a fingertip placed in the chamber, the so-called GDV-gram. The GDV-grams are processed using
the program «GDV Energy Field» (http://www ktispb.ru/en/gdvsoft.htm), which converts GDV-
grams into such glow indices as glow area (S), form coefficient (K), entropy (E) and symmetry (Sim)
indices, presented in three projections: right (r), frontal (f), left (I). The GDV detection was carried out
in the next modes of registering GDV-grams of the fingertips: "without filter" (Sr 1; Sf 1; S1 1; S 1; Er
1, Ef1;El1, E1; Kr1; Kf 1; Kl 1; K 1; Sim 1) and "with filter" (Sr2; Sf2; S12; S2; Er2; Ef2; ElI2, E2; Kr2;
Kf2; Kl12; K2; Sim 2) [61,62]. Three projections of each index were averaged and used in exploration
of co-variations between geophysical and GDV indices. The mode of registration "without filter" give
information about integral characteristic of the body's state, determined by the contribution of the
central and autonomic nervous systems (ANS). The use of a filter under GDV allows to cut off the
contribution of the ANS to the characteristics of the GDV-gram, recording the basic characteristics of
the functional state of the body [113,114].

2.3. Registration of the Galvanic Skin Response (GSR)

Registration of the galvanic skin response (GSR) was carried out using the REACOR complex
[Software, 2014]. The galvanic skin response (GSR) (synonyms: psychogalvanic response, galvanic
skin reflex, psychogalvanic reflex, Tarkhanov phenomenon) is a change in the potential difference
and a decrease in electrical resistance between two areas of the skin surface (for example, the dorsal
and palmar surfaces of the hand) during stimuli associated with the emotional reaction of the body.
Bioelectrical activity on the skin is caused by the activity of the sympathetic nervous system and the
activity of the sweat glands [70,115]. Electrodermal activity (EDA) is now the preferred term for
changes in electrical conductance of the skin, including phasic changes that have been referred to as
galvanic skin responses (GSR), that result from sympathetic neuronal activity. EDA is a sensitive
psychophysiological index of changes in autonomic sympathetic arousal that are integrated with
emotional and cognitive states. The studies of patients with discrete brain lesions and functional
imaging techniques have clarified the contribution of brain regions implicated in emotion, attention,
and cognition to peripheral EDA responses glands [70]. The regulation of sweating is encompassed
within the general principles of autonomic control, which includes autoregulatory processes (body
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temperature, heart rate (HR), blood pressure (BP), and gut motility). These maintain homeostasis of
the internal milieu and dynamically modulates these homeostatic functions. “Autonomic arousal” is
associated with increased sympathetic drive manifested by increases in HR, BP and sweating, and
blood moving from gut toward limb musculature. Sweat gland activity contributes to mechanical
friction and thermoregulation. In many animals, including humans, autonomic responses in the skin
also serve as emotional expressions and social signals. Sympathetic activity is closely linked to
emotion, and EDA is a widely used and sensitive index of emotion-related sympathetic activity
[70,115-120].

2.4. Geocosmic Agents (GA) Data

Geocosmic agents were reflected in a set of indicators characterizing daily values of solar activity
(SA), the state of the interplanetary magnetic field (IMF), the speed and variability of the solar wind
(SW), ground indices of geomagnetic activity (GMA), etc. (https://nssdcftp.gsfc.nasa.gov/). Data on
variations in the intensity of cosmic rays (CR) near the surface, obtained on the basis of recording the
count rate of the ground-based neutron monitor at Barentsburg station, and the calculated CR flux
densities in near-Earth space were obtained in the cosmic ray laboratory at the Polar Geophysical
Institute of the Russian Academy of Sciences (Apatity, Murmansk Region).

2.5. Statistical Analysis

Descriptive statistics (mean, standard deviation, median, minimum, maximum, and 95%
confidence intervals) were computed using STATISTICA 10.0 (StatSoft, Inc., USA) to characterize the
time series data. Normality of distributions was assessed using Kolmogorov-Smirnov, Lilliefors, and
Shapiro-Wilk tests. Central tendencies and the variance of the quantitative characters with an
approximately normal distribution were described using the mean and standard deviation (M+SD).
The significance of differences between the daily average values of the all indicators was assessed
using nonparametric methods (Mann-Whitney U test, Kolmogorov-Smirnov test) as well as the t-test
analysis for independent variable. Correlations between GDV, GA indicator, as significant difference
between time series data were considered statistically significant at the p<0.05 level.

3. Results

3.1. Preliminary Results, 2016, Apatity City, Murmansk Region

The study of the possibilities of the GDV method for assessing the effect of geophysical agents
(GA) on the human body in our studies began in 2016. In April-May 2016, we first used the GDV
method to test the psychophysiological state of the participants in our studies, in which we identified
the bio efficiency of sea urchin caviar preparations, recruiting student volunteers. The study involved
11 young men and 9 girls who lived in Apatity. Despite the short period of the study, we found a
significant correlation between the values of the glow area (S 2) index, in the registration mode with
a filter, in young people and the data of the ground-based neutron monitor in Apatity (neutron
monitor station of the Polar Geophysical Institute in Apatity), Figure 1(1,2). The correlation coefficient
between the GDV indices and the value of the neutron count rate (NCR) in the group of girls, did not
reach the significance level of p<0.05, but, it showed a similar trend in the dynamics of the GDV
indices and the NCR (Figure 1,2).
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Figure 1. Correlation between glow area indices (in the registration mode with filter) (M+SE), red line, in man
(1), in women (2), and neutron count rate near the Earth's surface uncorrected on atmospheric pressure (dash
blue line). On the abscissa axis, dates of the study in 2016; on the ordinate axis, left: glow area indices,

conventional units; right: neutron count rate, counts/s.

Thus, we have assessed the potential possibility of using the GDV method in combined medical-
biological and geophysical studies to reveal the effects of geophysical agents on the human body,
which is especially relevant for high latitudes, where the manifestation of these agents is extreme.

3.2. 2017 Year, Spitzbergen Archipelago, Barentsburg Settlement

In 2017, we conducted a comprehensive study to assess the effects of GA on the human body in
the environment of the Spitsbergen Archipelago, where human body exposure to extreme and
specific clusters of arctic physical agents due to the location of the archipelago in the polar cusp region
[51]. Despite the relatively short period of stay on the archipelago (from July 25 to August 11, 2017),
we were able to reveal a relationship between the daily variations of GA and average daily indices of
the psychophysiological state of the participants of the study [66]. Along with ordinary methods of
physiological monitoring of the body state, including assessment of heart rate variability (HRV),
hemodynamics, questionnaires including assessment of well-being, activity, mood, anxiety and
others, we also estimated the cover skin state, by using the methods of galvanic skin response (GSR)
and GDV. Our goal was to find correlates between indices of cover skin state and
psychophysiological indicators. In addition, we also assessed the closeness of the relationship
between the dynamics of daily average values of indicator of skin state and daily variations of GA.
The advantage of assessing the relationship between geophysical agents and human body state
indicators on the Spitsbergen archipelago was the availability of a scientific base (RSCS) for
measuring meteorological and geophysical indicators of the environment, including the ground-
based neutron monitor of the Polar Geophysical Institute of the Russian Academy of Sciences, based
in the Barentsburg settlement.

Evaluation of the relationship between the average daily values of GDV indices, based on
averaging individual indicators for each date of the study, and daily values of geophysical indices
showed that there are significant (p<0.05) correlations between them (Figure 2, Table 1,2).

On the Figure 2, one can see the association between dynamics of daily average GDV indices
and variations of daily mean of geophysical indicators of the Interplanetary media (IPM) state and
ground-based GA. This follows from the correlations between Glow area index (Sr 1), Coefficient of
form (Kf 1), detected without filter (1,1A), PROT Flux >10 MeV and NCR (r=0.92, p=0.000, r=0.71,
p=0.001, respectively). Also, one can see correlation between GDV indices, detected with filter (2,2A),
Glow area index (S2) (Figure 2,1), Entropy index (E 2) (Fig 2, 2A), Dst index and and ap-index
(r=0.69, p=0.001, r=-0.74, p=0.000, respectively).
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Figure 2. Correlations between daily mean of geophysical (dash blue line) and daily average GDV (red line)
indices, M+SE, detected without filter (1,1A) and with filter (2,2A). 1: Correlation between Glow area index (Sr
1, smoothing data on 5 points) and PROT Flux >10 MeV; 1A —correlation between Coefficient of form (Kf 1) and
count rate of the neutron monitor near the Earth's surface. 2: Correlation between S2 and Dst index; 2A:
Correlation between of Entropy index (E 2) and ap-index. On the abscissa axis - days of the 2017 year. On the
ordinate axis: 1, left - mean of Sr 1, conventional units; right - mean of PROT Flux >10 MeV, 1/(cm? sec ster); 1A,
left -Kf 1 index, conventional units; right- mean of neutron monitor count rate, counts/s; 2, left - S 2, conventional

units; right - mean of Dst Index, nT; 2A, left - mean of E 2, conventional units; right - mean of ap-index, nT.

It turned out that in dependent on the mode of registration of GRV indices (without a filter and
with a filter), the relationship between GRV and GA indices has its own specificity. In particular, at
registration of GRV indices without a filter, significant correlation were found between the glow area
indices (Sf 1 and S 1), shape coefficients (Kr 1, Kf 1, K1 1, K 1) and the NCR near the Earth's surface
(Table 1). The glow area indices have a negative correlation with the NCR, while the Coefficients of
form have a positive correlation. Figure 2(A) illustrates the association between the dynamics of the
daily mean values of the Coefficient of form (Kf 1) and the daily NCR near the Earth's surface. It can
also be seen in Table 1 that the glow area indices are positively correlated with the atmospheric
pressure at Barentsburg, and negatively - with the DST Index, PR. Flux >10 MeV, PR. Flux >30 MeV,
PR. Flux >30 MeV, f10.7index. At the same time, the Coefficients of form indices have a positive
correlation with these geophysical indices.

GDV-grams “without a filter” reflect the characteristics of the body’s state, determined by the
contribution of the Sympathetic Nervous System (SNS) as the branch of the autonomic nervous
systems (ANS) controlling sweet gland. The use of a filter allows to cut off the contribution of the
SNS to the characteristics of GDV-gramm indicators, recording the basic characteristics of the
functional state of the body [113,114].

Table 1. Correlations coefficients between GDV-indices, in the registration mode without filter, and geophysical
indices in 2017 year.

. Uncor, ap- £10.7ind
Indices DST PR. PR.
SD counts/ Pressur index, ex, (10-
of GDV Index Flux Flux
S e, mb, nT, 2W)
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>10 >30
MeV MeV

Sr_1 26988 2226 -0,44 0,50 0,58 -0,84 -0,65 -0,01 0,48
Sf 1 25355 1905 -0,56 0,61 0,53 -0,79 -0,57 0,03 0,45
SI_1 26001 1946 -0,43 0,49 0,62 -0,80 -0,55 0,05 0,46
S_1 26115 2003 -0,48 0,54 0,59 -0,82 -0,60 0,02 0,47
Er_1 3,76 0,08 0,29 -0,33 0,16 -0,20 -0,31 -0,39 0,18
Ef 1 3,78 0,06 0,24 -0,26 0,22 -0,31 -0,46 -0,28 0,19
El_1 3,71 0,07 0,46 -0,48 0,09 -0,12 -0,30 -0,29 0,00
E_1 3,75 0,06 0,36 -0,39 0,17 -0,22 -0,38 -0,35 0,13
Kr_ 1 16,51 1,71 0,42 -0,51 -0,63 0,78 0,54 -0,03 -0,38
Kf_1 19,07 2,27 0,71 -0,74 -0,34 0,56 0,33 -0,07 -0,30
KI_1 16,79 1,89 0,50 -0,59 -0,52 0,61 0,29 -0,13 -0,31
K1 17,46 1,89 0,58 -0,65 -0,50 0,66 0,39 -0,08 -0,34
Sim_1 0,91 0,02 -0,52 0,60 -0,03 -0,10 0,14 0,43 0,06

Notes: correlation coefficients in bold italics correspond to the level of p<0.05. Uncor, counts/s - an unpressure-
corrected neutron monitor account near the Earth’s surface; Pressure, mb,- atmospheric pressure in the
Barentsburg settlement; Dst-index - (Disturbance Storm Time Index), describes the intensity of a geomagnetic
storm, with increasing storm intensity, the Dst index decreases; PR. Flux >10 MeV, PR. Flux >30 MeV - proton
fluxes (number/cm2 sec sr) with energy > 10 MeV, > 30 MeV, respectively; ap-index, nT - used along with the Kp
index, equal to the average amplitude of geomagnetic field variations over the globe per day; f10.7index, (10-
2W) - characterizes the solar radio emission at a wavelength of 10.7 cm (f = 2800 MHz, solar flux units (s.f.u.),
1s.fu. =10 2 Watt).

Considering the fact that glow area is associated with the activity of sweat glands innervated by
SNS, and increasing sweating associates with increase of S1 index, as stress response, the increasing
atmospheric pressure and values of Dst index will mean increasing stress. Indeed, the data obtained
in this study [62] have shown, that S 1 positively correlates with the anxiety index (r=0.59, p<0.05)
and a negatively with the Mood (r= -0.66, p<0.05). On the contrary, the increase of Proton flux with
energies of >10 Mev is associated with a decrease of S 1 index, a decrease in the anxiety and an
increase in the Mood. The correlation coefficients with Proton Flux are r= -0.82, r=-0.59, r=0.73,
respectively, p<0.05. That is, the Glow area coefficient in registration without a filter reflects the effects
of GA variations on the mental state and, in fact, is not inferior in informativeness to such a demanded
indicator as GSR.

Registration of GRV indices in the mode with filter have revealed similarities and differences in
the correlations between GRV indices in registration without and with a filter and GA (Table, Figure
2, B). Thus, the GRV indices (S 1 and K 1) have significant correlations with the ground-based NCR
and the atmospheric pressure (Table 1). At registration with a filter, significant correlations between
GRYV indices and these geophysical indices have not been revealed.

But a significant correlations were found between GDV indices, entropy indices (Er_2 and E 2),
solar wind speed (Bulk speed) and GA indices: Kr - index (r=-0.71, -0.72, respectively, p<0.05, not
shown in Table 2) and ap-index at registration of GRV indices with a filter. The similarity in
correlations between GRV indices at registration without and with a filter and geophysical indices is
that GRV indices at registration with a filter also have significant correlations with DST Index, PR.
Flux >10 MeV, PR. Flux >30 MeV, PR. Flux >30 MeV, f10.7index. Moreover, all the glow area indices
in the registration mode with a filter significant positively correlate with the f10.7 index.

Table 2. Correlations coefficients between GDV-indices, in the registration mode with filter, and geophysical

indices in 2017 year.
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] PROT  PROT £10.7_i

Indices Uncor Bulk ap-
Press, DST Flux Flux ) ndex,
of M SD counts speed, index,

mb Index >10 >30 (10**-

GDV /s km/s nT,
MeV MeV 22)

Sr 2 31043 2117 -0,20 0,25 -0,43 0,69 -0,85 -0,73 -0,16 0,49
Sf 2 30071 1835 -0,32 0,33 -0,40 0,69 -0,87 -0,76 -0,14 0,57
SL.2 30228 1787 -0,38 0,39 -0,36 0,68 -0,87 -0,74 -0,13 0,55
S_2 30447 1899 -0,30 0,32 -0,40 0,69 -0,87 -0,75 -0,15 0,54
Er 2 3,61 0,07 0,24 -0,11 -0,64 0,11 -0,01 -0,11 -0,71 -0,47
E_2 3,58 0,04 0,03 0,05 -0,58 0,24 0,03 0,01 -0,74 -0,28
Kr 2 1248 0,76 0,08 -0,09 0,49 -0,55 0,83 0,82 0,18 -0,45
Kf2 1452 0,83 0,13 -0,15 0,44 -0,51 0,81 0,79 0,15 -0,45
Kl 2 12,12 0,57 0,17 -0,22 0,43 -0,53 0,81 0,74 0,16 -0,35
K 2 13,04 0,71 0,13 -0,15 0,46 -0,54 0,83 0,80 0,17 -0,43
Sim_2 0,93 0,01 -0,36 0,34 -0,18 0,46 -0,73 -0,60 0,12 0,49

*correlation coefficients in bold italics correspond to the level of p<0.05. Uncor, counts/s - an unpressure-

corrected neutron monitor account near the Earth’s surface; Pressure, mb,- atmospheric pressure in the
Barentsburg settlement; Bulk speed -speed in solar wind (km/s), ;Dst-index - (Disturbance Storm Time Index),
describes the intensity of a geomagnetic storm, with increasing storm intensity, the Dst index decreases; PR. Flux
>10 MeV, PR. Flux >30 MeV - proton fluxes (number/cm2 sec sr) with energy > 10 MeV, > 30 MeV, respectively;
ap-index, nT - used along with the Kp index, equal to the average amplitude of geomagnetic field variations
over the globe per day; f10.7index, (10?2W) - characterizes the solar radio emission at a wavelength of 10.7 cm
(f=2800 MHz, solar flux units (s.f.u.), 1 s.f.u. =10 22 Watt).

Since the Coefficient of form characterizes unstable body’s state, it can be concluded that all GA
positively correlating with the Coefficient form index, can be induce an unstable state of the body.
That is, such a state can mean the mental lability or instability.

From this perspective, solar protons that penetrate deeply into the atmosphere in the polar cusp
region can serve as indicators of physical processes at the Earth's surface that could act as physical
agents modulating the psycho-emotional state of high-latitude residents. Effects of such influence
will be dependent on dose of action.

3.3. 2018 Year, Spitzbergen Archipelago, Barentsburg Settlement

Our investigation on the Spitsbergen archipelago in the Barentsburg settlement was continued
in 2018 from July 30 to August 18. The purpose of the study was to confirm the results obtained in
2017 and to emerge new patterns of effects of high-latitude GA on the human body. As in 2017,
complex psychophysiological studies were conducted to assess the effects of GA on the state of the
human body, which included recording the state of the skin using the methods of GSR and GDV. As
in 2017, a significant relationship was found between variations of GA and the dynamics of the
psychophysiological state of the study participants. Figure 3 and Table 3 present evidence of the
association between skin condition and variations in geophysical agents.

Table 3. Correlations coefficients between GDV-indices, in the registration mode without filter, and geophysical

indices in 2018 year.

Pressur Field DST PROT  ap- f10.7_in
M SD  Uncorr. vector, By,GSE By,GSMBz,GSM  PrT Ind Flux index, dex,
|<B>| ' S60MeV  nT, (10*-22)

Sr_1 28094 1193 0,12 -012 -046 -0,07 -0,09 0,06 -0,43 0,33 -0,12  -0,28 0,31
St 1 27279a 1165 0,27 -0,27  -0,52 0,01 0 0,01 -0,32 0,23 -0,2 -0,15 0,12
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SI.1 27409 956 0,06 -0,06  -030 -0,06 -0,06 0,12 -0,41 0,39 0,2 -0,24 0,42
5.1 27594 1059 0,16 -016 -045 -0,04 -0,05 0,06 -0,4 0,33 -0,06  -0,23 0,29
Er 1 3,74 0,07 0,31 -032 -0,27 0,37 0,36 -0,32 0,35 -041  -0,36 0,22 -0,45
Ef 1 375 0,06 0,39 -039 0,39 0,44 0,43 -0,42 048 -037 -0,37 0,46 -0,55
EL.1 3,68 0,06 047 -048 -046 0,57 0,56 -0,61 04 -047  -0,5 0,35 -0,54
E1 373 0,06 0,43 -043 041 0,51 0,5 -049 045 -046 -045 0,38 -0,57
Kr.1 1578 1,60 0,21 -0,21 0,22 0,28 0,29 -0,23 0,62 -0,54 -0,05 0,39 -0,42
Kf 1 1842 211 0,36 -035 0,05 0,61 059 -067 0,72 -0,74 -054 0,61 -0,53
Kl.1 1572 1,58 0,39 -0,39 0,08 0,40 041 -0,33 0,71 -0,70 -0,29 054 -0,59
K-1 1694 1,67 0,34 -0,34 0,11 0,35 0,36 -0,33 070 -067 -021 050 -0,55

Sim_1 091 0,02 -0,16 0,16 0,07  -0,31 -0,3 0,32 -059 054 -0,01 -0,4 0,22

One can see (Figure 3), that GDV indices in the mode detection without (Figure 3,1,1A) and
with filter (Figure 3, 2,2A) significant correlate with geophysical indicators of the interplanetary
media (IPM) state (Proton temperature, By GSE, Field Magnitude Avg) and ground-based
geophysical indices, Figure 3,2A, (NCR). Co-variations of the GA and GRYV indices are confirmed
by positive correlations between Kf 1 index and Proton temperature (Pr-T) (r=0.72, p=0.000); between
El 1 index and By GSE (r=0.57, p=0.008) and as well as with ap-index (Table 3). The increase of the K
and E indices in parallel with the increase of the Proton temperature in the solar wind (SW) and the
values of By GSE, could mean a decrease in the stability of the psychophysiological state, since the
indices of the entropy (E) and the Coefficient of form (K), as indicators of energy dissipation and
instability, increase.
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Figure 3. Correlations between daily mean of geophysical (dash blue line) and daily average GDV indices (red
line), M+SE, detected without filter (1,1A) and with filter (2,2A). 1: Correlation between indices of Coefficient of
form (Kf 1), and Proton temperature (Pr-T); 1A: correlation between Entropy index (El 1) and By GSE. 2:
Correlation between glow area index (Sf 2) and neutron count rate near the Earth's surface ; 2A: Correlation
between indices of Entropy (Er 2) and Field Magnitude Avg,(FM). On the abscissa axis - days of the 2018 year;
on the ordinate axis: 1, left - mean of Kf 1 index, conventional units; 1, right - mean of Pr-T, Degrees, K; 1A , left
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- mean of El 1 index, conventional units; 1A, right - mean of By GSE, nT. 2, left - mean of Sf 2, conventional units;

2, right - neutron count rate, counts/s; 2A, left- mean of E 2, conventional units; 2A, right - mean of FM, nT.

The importance of the correlations between glow area index (Sf 2) and neutron count rate near
the Earth's surface (r= 0.85, p=0.000); between indices of Entropy (Er 2) and Field Magnitude
Avg,(FM) (r=-0.56, p=0.011), Table 3, it is quite difficult to assess unequivocally. On the one hand, an
increase in neutron intensity near the Earth's surface indicates an increase in density-ionizing and
low-intensity radiation, the bio effectiveness of which is dose-dependent and can induce DNA
damage. On the other hand, low-dose exposure to ionizing radiation may induce hormesis effects
and increase the organism's resistance to other damaging agents. In this study, we can only state the
fact association between variations in neutron intensity near the Earth’s surface and fluctuations in
physicochemical properties of the skin, the indicator of which is the glow area index of the detected
in the mode with filter (Sf 2). But the positive correlation between S 2 and the LF/HF index, which we
found in this research [65], manifesting the relative contributions of sympathetic and
parasympathetic branch of ANS in Heart rate (HR) regulation, evident that with increasing S 2 the
contribution of SNS to HR increases. This means the increase of the tension in HR regulation
mechanisms with increase of values of S2. Then, increase of NCR will accompany the increase in
tension in HR regulation. Indeed, correlation coefficient between NCR and LF/HF indices is r=0.36,
p=0.124. It is likely that with longer time series data, the correlation between NCR and LF/HF index
could reach a p-value<0.05.

The inverse correlation between the Entropy index (Er 2) and the strength of the interplanetary
magnetic field (IMF), characterized by the FM index (Field Magnitude Avg, nT), indicates that with
increasing MF, energy dissipation decreases, as well as the variability of energy states of the body.
Again, in order to unambiguously assess the result of the association of the body's energy states with
the variability of the IMF state indicators, further field studies with more long time series of data are
necessary.

To understand the similarities and differences in the associations between skin state,
characterized by corresponding indices, and geophysical indices in 2017 and 2018 years, we
compared the average values of geophysical indices over the Barentsburg study periods (Figure 4).
In Figure 4, it one can see that solar activity (SA), estimated by Wolf numbers (R), decreased
significantly in 2018, as did solar wind (SW) speed. Meanwhile, the Kp-index did not change
significantly in 2018 compared to 2017. Moreover, in 2018, such an index of solar proton energy as
Proton temperature (PT) decreased significantly in 2018. However, the proton density (PrD) in the
SW and the neutron intensity near the Earth's surface (Uncor) increased. Perhaps, these circumstances
explain the difference in the nature of the relationship between the glow area indices in 2017, in 2018
and the neutron count rate near the Earth's surface. As the intensity of neutrons near the Earth's
surface increases in 2018, there is a clear effect of their influence on the body mediated through the
glow area index in the registration mode with a filter (S 2), which manifested the basic features of the
functional state of the body.
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Figure 4. Comparison of average values of geophysical indices for the periods of research conducted in

Barentsburg.

The characteristics of the links between the indicators of the state of the IPM and ground-based
indices provide the additional information on the geophysical features of the research periods (Table
4).In Table 4, it can be seen that in 2017 SA(R) during the study period, does not significantly correlate
with either the GMA indicators (DST Index and ap-index), or with Proton fluxes in the SW, or even
with another SA indicator - the solar radio emission flux (f10.7_index, (10-22). However, at the same
time, the £10.7_index significantly correlates with Proton density (PrD), with Proton fluxes PROT
Flux> 10 MeV and PROT Flux> 30 MeV, as well as with the DST index. That is, it is with these
geophysical agents that the GDV indices correlate in 2017 year. Such correlation may indicate that
during the period of our studies, bio effectiveness geophysical agents near the Earth's surface can be
modulated by Solar radio emission and associated with it, Proton fluxes with energies >10 MeV and
>30 MeV.

Table 4. Correlations coefficients between GDV-indices, in the registration mode with filter, and geophysical

indices in 2018 year.

Field Field . . ap- f10.7_in
M SD.  Uncorr. Pressure Magnitu vector, Bz, GSM 31glr3n & SlanZla_ 5112 11\:/12;(7 1:5015[1:3 index, dex,
de Avg, [<B>| nT, (10%*-22)

Sr 2 31702 870 0,62 -0,62 -029 -068 -0,5 004 -0,03 -0,53  -0,55 04 -0,43
Sf 2 31149 1392 0,65 -065 -028 -067 -055 0,03 -0,02 -060 -0,58 041 -0,35
SI.2 30614 949 0,56 -057 -031 -063 -0,32 0,01 -009 -050 -043 028 -017
S 2 31155 1029 0,64 -0,64 03 -068 -049 003 -0,04 -0,57 -0,55 038 -0,33
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3,6 0,07 0,32 -0,32 -056 -028 -035 -051 -053 0,05 0,24 -0,2
3,62 0,05 -0,12 0,12 -0,21 0,06 -032  -0,34 -0,32 0,07 0,24 -0,19
3,54 0,06 0,09 -0,08 -0,21 0,15 -0,32 -0,38 -0,27 0,03 0,05 -0,22
3,59 0,05 0,15 -0,14 -042  -0,06 -04 -0,51 -0,47 0,05 0,22 -0,25
12,25 0,30 -0,27 0,27 0,17 0,42 0,20 -0,07  -0,02 0,59 0,55 -0,20
14,45 0,56 -0,25 0,26 0,11 0,34 0,11 -0,09 -0,02 0,46 0,49 -0,23
12,12 0,49 -0,30 0,31 0,22 0,52 0,04 -0,07 0,03 0,51 0,44 -0,18
12,94 0,43 -0,29 0,30 0,17 0,45 0,11 -0,08 0,00 0,54 0,51 -0,22
0,94 0,01 0,43 -0,43 0,05 -026 -0,25 0,21 0,34 -0,35 -0,69 0,53

d0i:10.20944/preprints202502.1122.v1

0,2
0,01
0,17
0,16
0,22
0,01
0,07
0,08
-0,38

Notes: correlation coefficients with significance level p<0.05 are in bold italics.

The correlation coefficients between geophysical agents in 2018 indicate a change in the state of
the IPM due to changes in the characteristics of SA, and emerging in the Solar wind (SW) indicators.
In particular, Figure 4 shows that the SW velocity (Bulk speed) decreases as well as the proton energy
(Proton temperature index) in the SW, but the Proton density increases.

It is known, that with increasing of SW, the density of Galactic cosmic rays (GCR) fluxes
decreases, which is manifested near the Earth's surface by a decrease in the intensity of the neutron
component of secondary CR. This situation is probably characterizes of 2017 year. The decrease in
the SW and Proton energy in 2018 leads to an increase in the GCR and, consequently, to an increase
in the neutron intensity near the Earth's surface. We see confirmation of this in the inverse sign of
the correlation between the NCR and the Proton flux with energies >10 MeV. We can also see that, in
contrast to 2017, in 2018 year, CA (R) significant has correlated with the MMF intensity, with the
intensity of high-energy protons (Proton temperature), with Bulk speed, with DST, and with the ap-
index. However, there is no significant correlation with the Solar radio flux (f10.7_index, (102), as in
2017 year.

Comparison of the correlations between GRV and geophysical indices in 2017 and in 2018 years
shows that they, to some extent, reflect the correlations between geophysical indices in these years.
Thus the NCR and CA(R) indices in 2017 year have no significant correlations with any of the
geophysical indices presented in Table 5. Similarly, GRV indices at registration with a filter,
manifested the contribution of the physical component of the body state to the glow indices, have no
significant correlations with either the NCR or the CA(R) indices.

Table 5. Correlations coefficients between geophysical indices in 2017 and in 2018 years.

PR PR
Indices M SD Une FM PrT b BS R DS >10- >30 ap fio.
or D T Me Me 7

vV Vv

2017

counts/ 1628 379 1,00 03 - 02 - - 00 017 006 00 -
4 1 00 5 02 03 2 4 01
4 1 8 4
FM 533 194 031 10 05 08 00 02 03 - - 06 03
0 1 6 8 3 2 017 020 8 8
PrT 1064 6002 -004 05 10 01 08 02 - 018 023 08 01
54 5 1 0 6 4 6 03 6 9
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PrD 534 305 025 08 01 10 - 01 06 - - 04 05
6 6 0 0,2 4 0 035 03 0 0
4
Bulk speed 4602 994 -021 00 08 - 1,0 01 - 030 039 07 01
8 5 8 4 0,2 0 3 0,5 3 0
4 6
Kp*10 16,00 868 005 05 08 02 08 01 - 009 015 09 03
7 5 9 1 7 0,2 8 4
2
R 11,83 446 -038 02 02 01 01 10 02 - - 02 02
3 6 4 3 0 7 019 015 1 2
DST Index -3,44 926 0,02 0,3 - 0,6 - 02 1,0 - - - 04
2 0,3 0 0,5 7 0 060 042 01 9
3 6 6
PR >10 023 0,09 0,17 - 01 - 0,3 - - 1,00 091 0,0 -
MeV 0,1 8 0,3 0 01 06 2 0,6
7 5 9 0 4
PR >30 0,10 0,01 0,06 - 0,2 - 0,3 - - 091 1,00 00 -
MeV 0,2 3 0,3 9 01 04 5 0,5
0 5 5 2 8
ap-index 717 515 004 06 08 04 07 02 - 002 005 10 03
8 6 0 3 1 0,1 0 7
6
f10.7_inde 73,71 220 -014 03 01 05 01 02 04 - - 03 1,0
X 8 9 0 0 2 9 064 058 7 0
2018
counts/ 172,8 10,9 1,00 - 0,3 - 06 02 - - - 0,3 -
7 0 0,3 7 04 4 0 05 055 036 9 04
2 4 4 4
M 48 150 -032 10 04 05 01 04 - 011 017 05 -
0 4 7 0 6 0,0 7 01
8 8
PrT 5728 3433 037 04 10 - 07 05 - - - 0,7 -
3 8 4 0 0,1 7 4 07 023 039 7 04
7 9 0
PrD 8§17 317 -044 0,5 - 1,0 - - 05 029 029 01 02
7 0,1 0 04 00 8 9 4
7 9 6
Bulk speed 382,1 524 064 01 07 - 1,0 05 - - - 0,6 -
0 5 0 7 04 0 2 08 049 032 7 0,5
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Kp*10 1410 677 o040 0 07 02 06 05 05 09 0,4
8 2 8 4 0 029 024 7

6 5

R 420 589 020 04 05 - 05 10 - - - 05 -

6 4 00 2 0 04 009 003 3 02

6 8 6

DSTIndex -135 943 -054 - - 05 - - 10 037 052 - 06

00 07 8 08 04 O 06 2
8§ 9 8§ 8 5

PR >10 027 00l -055 01 - 02 - - 03 100 026 - 04

MeV 1 02 9 04 00 7 02 4
3 9 9 9

PR >30 017 000 036 01 - 02 - - 05 026 100 - 04

MeV 7 03 9 03 00 2 03 3
9 2 3 6

ap-index 600 320 039 05 07 01 06 05 - - - 10 -

7 7 9 7 3 06 02 03 0 05

5 2

107 inde 70,87 114 -044 - - 02 - - 06 044 043 - 1,0

X 01 04 4 05 02 2 05 0
8 0 1 6 2

Notes: correlation coefficients with significance level p<0.05 are in bold italics.

However, the correlations between the GRV indices and geophysical indices changes with the
change in the values of geophysical indices, emerging the change in the characteristics of the IPM
state in 2018 year. In particular, the S indices (S 2) at registration with a filter significantly and
positively correlate with the NCR, and also with the IMF vector (Magnitude of Average, nT, Field
vector, |<B>l, nT) with its Bz component, and with Proton flux with energies >10 MeV. Such
correlations, to some to some extent, indicate co-variations between GA and GDV indices and they
are evidence effects of GA on the human body. Further studies have been conducted in the Apatity
city, Murmansk region in 2023-2024 years.

3.4.2022-2023 Years, Apatity City, Murmansk Region

The possibility of using GRV indices as indicators of the effects of GA on the human body was
also tested in 2023-2024 years in Apatity city. However, it was not possible to obtain continuous time
series data of GRV indices without gaps, as it was in 2017 and 2018 years, during the study period
due to problems with the recruitment of study participants. Nevertheless, we obtained time series
data corresponding to 91 dates of GDV indices registration in 5 study participants. The geophysical
indices were selected in accordance with the dates of GRV indices registration that has allowed us to
assess the covariance between the daily mean values of GRV indices and daily values of variations
of GA. Table 6 and Figure 5 show the results of the estimation of the covariance between GA and
GRYV indices.
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Figure 5. Concordance between daily values of geophysical (dash blue line) and daily mean values of GDV
indices (red line), detected without a filter (1A, 1B, 1C) and with a filter (2A, 2B, 2C). 1A: Glow area index (Sl 1)
and Dst Index; 1B: Coefficient form (KI 1) and sigma-phi-V-index; 1C: Entropy index (El 1) and By GSE. 2A:
Glow area index (S 2) and neutron monitor count (NCR); 2B: Coefficient of form (Kl 2) and f10.7_index, (10%);
2C: Entropy index (Er 2) and index of Long. Angle of avg. Field vector. On the abscissa axis — conventional
designations of the days of the year corresponding to the dates of GRV indices registration: numbers from 1 to
49 correspond to period from 29.09.2023 to 25.12.2023; numbers from 50 to 91 correspond to period from
09.01.2024 to 25.04.2024. On the ordinate axis: 1A, 1B, 1C, left - mean of SI 1, K1 1, El 1, conventional units; right
- mean of Dst Index, nT, sigma-phi-V, deg index, By GSE, nT, respectively. 2A, 2B, 2C, left - mean of S 2, Kl
2, Er 2, conventional units; right — mean of neutron monitor count rate (NCR), counts/s; £10.7_index, (10-??),

Watts/meter sq/hertz, Angle of avg. Field vector, Deg (GSE Coords), respectively.

Table 6. Correlation coefficient between geophysical agents and GDV indices in 2023-2024 years.

M SD Uncor Press Cor LA By,GS ByGS sigma R DST f£10.7_
avg., E M -phi- Index index,
n=91 FV \%

Sr 1 28808 1446 020 -0.22 0.05 -0.07 0.02 0.04 -0.19 -0.07 019  -0.04
Sf 1 28229 1509 016 -0.17 008  -0.01 -0.04 -003 -019 -0.04 019 -0.04
SI1 27993 1511 0.11 -0.11 0,08  -0.06 0,00 000 -018 -0.04 0.31 -0.01

S1 28343 1406 017  -0.17 008 -0.05 -0.01 000 -020 -0.05 025  -0.03
Er 1 3.64 0.12 0.02 0.01 016  -0.15 0.20 0.19 008  -0.04 012  -0.07
Ef 1 3,57 0,14 0,02 0.01 017  -0.13 0,24 0.26 028 -008 -0.06 -013
El 1 3,61 013  -0.04 0.04 003 -0.26 0.31 0.33 026 -0,05 002 -0.10
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El 3.61 0.11 0.00 0.02 014 -0.21 0.30 0.31 0.26 -0.07 0.03 -0.12
Kr1 1242 1.54 0.01 0.01 0.08 -0.05 0.10 0.09 0.23 0.03 -0.13 -0.01
Kf1 1534 2,27 0.00 0.01 0.03 -0,04 012 0,11 0.27  -0.02 -0.12 -0,05
Kl1 1273 196  -0,06 0.06 -0.01 -0,04 013 0.12 0.30 -0.04 -017  -0.07

Kfl  13.50 1.87  -0.02 0.03 0.03 -0.05 0.12 0.11 0.28 -0.01 -0.14 -0.05
Simf 1 093 0,02 0,04 -0.04 0,02 010 -025 -0.27 -0.37 0,05 0,11 0.09

Sr 2 30166 1146 027  -0.29 0.02 -0.01 0.13 012  -0.05 -0.24 020 -0.16
Sf 2 30218 1102 0.25  -0.26 0.01 0.08 002 -002 -014 -0.25 018  -0.24
Sl 2 29746 987 0.28  -0.28 0.07 013 -001 -001 -011 -0.35 025 -0.33
S2 30043 1006 029 -0.30 0,03 0.07 0.05 004 -010 -0.29 022  -0.26
Er 2 3.55 014  -0.02 0.04 017  -0.32 0.28 0.29 0.21 015  -0.03 0.08
Ef 2 3.52 0.12 0.04 -0.02 019  -0.16 0.15 0.18 0.25 0,05 -0.01  -0.03
El 2 3.55 0.14 0.02  -0.01 024 -0.24 0.16 0.16 0.23 0.06 0.14 0.03
E2 3.54 0.11 0.01 0.00 024  -0.30 0.24 0.25 0.27 0.10 0.04 0.03
Kr2 1146 0.61  -007 0,08 013  -012 0,04 0,05 0.20 016  -0.14 0.11
Kf 2 1328 069 -0.14 0.14 007 -0.02 -0.02 0.01 0.25 014 -013 0.18
Kl 2 1133 0.60  -0.03 000 -0.06 -0.10  -0.02 0.00 0.21 033 -0.11 0.41
Kf2 12,02 055  -0.09 0.09 0.06  -0.09 0.00 0.02 0.26 024 -0.15 0.27
Simf 2 0.94 0.01 0.09  -0.10 0.00 016 -017 -021 -0.18 -0.06 0.09  -0.06
Notes: correlation coefficients with significance level p<0.05 are in bold italics.

Figure 5, 1A, shows the covariations between Sl 1 and Dst indices (r=0.34, p=0.001), which
confirms the correlations between these indices in 2017 (Table 1). The same correlation between of
Coefficient form (Kl 1) and sigma-phi-V-indices (r=0.30, p=0.005), detected in 2023-2024 years, was
found in the previous studies, when sigma-phi-V-indices index was excluded from consideration due
to the level value of significant of correlation coefficient with KI p >0.05. However, the correlation
between Entropy index (El 1) and By GSE (r=0.30, p=0.004) found in 2023-2024 years (Figure 5, 1C)
has been revealed between the same indices in 2018 year (Table 3, Figure 3, 1A). The correlation
between Glow area index (S 2) and NCR (r=0.29, p=0.005), Figure 5, 2A, has been also found between
the same indices for 2018 (Table 4, Figure 3, 2). Only the correlations between the Coefficient form (KI
2) and f10.7 (10%2) indices (r=0.41, p=0.000), and between the Entropy (Er 2) and the Long. Angle of
avg. Field vector indices (r=0.32, p=0.002) (Figure 5, 2C) have not emerged in the correlations between
GRYV and geophysical indices in 2017 and 2018 years.

Compearisons of the significant of the differences between the GRV indices, as well as between
the GA indices for the study periods in 2017, 2018 and in 2023-2024 years are presented in Table 7.
One can see (Table 7), that differences between the Glow area indices (S 1), in registration without a
filter, detected in different years and in different groups of the study participants are significant with
p<0.05. The Glow area (S 1) indices increase from 2017 to 2023-2024 years. A pairwise comparison of
the corresponding Glow area indices, detected in registration with a filter (S 2) in different years has
revealed an opposite trend in the values of these indices. The S 2 indices were the lowest in 2023-2024
years, in comparing with values of corresponding indices in 2017 and in 2018 years. Significant
differences between these indices were found only for the Sf 2 indices based on the only t-criterion,
in 2017 and 2018 years.

Table 7. Comparison of the significance of differences between the indicators of Gas Discharge Visualization
(GDV) in participators of the studies and geophysical indices characterizing the physiological state and "space
weather" during the periods of the studies conducted in 2017, 2018 (Barentsburg settlement, Spitsbergen
archipelago) and in 2023-2024 (Apatity city, Murmansk region).

M, M,

M, M, M, SD, M, SD,
Indices 2017, 20[1)’7 2018, 250[1)5 p 2017, ;0[1)’7 igii' 2023 p 2018, 250[1);3 igii' 2023-  p
n=18 n=20 n=18 129 1’ 2024 n=20 =9 1’ 2024

Sr_ 1 26988 2226 28094 1193 0,0609 26988 2226 28612 1993 0,0025 28094 1193 28612 1993 0,2663*
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0,1647%,

* %

Sf 1 25356 1906 27279 1165 0,0005 25356 1906 27986 2189 0,0000 27279 1165 27986 2189
0,0068,

*

S.1 26115 2004 27594 1059 0'0266' 26115 2004 28142 1928 0,0001 27594 1059 28142 1928

SL.1 26002 1947 27409 956 26002 1947 27827 1847 10,0002 27409 956 27827 1847 0,3286*

0,2221%,

* o
Er1 38 008 374 007 06323 38 008 365 014 00028 374 0,07 365 0,14 0,0047
Ef1 38 006 375 006 01944 38 0,06 358 016 00000 3,75 006 358 0,16 0,0000
0,1121%,

* %

EL 1 37 007 368 006 01714 3,7 0,07 3,62 015 00218 3,68 006 3,62 0,15

E_1 37 006 373 006 02638 3,7 006 362 013 00001 3,73 006 362 0,13 0,0005
Kr_ 1 16,5 1,71 1578 1,60 0,1822 16,5 1,71 12,67 2,29 0,0000 1578 1,60 12,67 229 0,0000
Kf_ 1 191 227 1842 2,11 03683 19,1 2,27 1564 3,01 0,0000 1842 2,11 1564 3,01 0,0002

0,0652*

*

Kl 1 16,8 1,89 15,72 1,58 16,8 1,89 12,87 2,17 0,0000 1572 1,58 12,87 2,17 0,0000

K1 175 1,89 1694 1,67 03751 17,5 1,89 13,72 241 0,0000 16,94 1,67 13,72 2,41 0,0000
0,0899*,

%ok

Sm1 09 002 091 002 09429 09 002 093 0,04 0,909 0,02 0925 0,04 0,0831

Sr_ 2 31044 2118 31702 870 0,2098 31044 2118 30189 1177 0,0174 31702 870 30189 1177 0,0000
Sf 2 30071 1835 31148 1392 0,0477 30071 1835 30244 1169 10,6077 31148 1392 30244 1169 10,0031
0,1490*,

%%

SI_2 30228 1787 30614 949 0,4046 30228 1787 29768 1092 30614 949 29768 1092 0,0018

S_2 30448 1900 31155 1029 0,1567 30448 1900 30067 1076 0,2380** 31155 1029 30067 1076 0,0001
0,0723,*

*

Er_2 36 007 360 007 05653 36 007 355 014 360 007 355 014 0,1392

Ef 2 36 004 362 005 08242 36 004 352 012 00012 3,62 005 352 012 0,0005
0,3479,*

*

El_2 35 005 354 006 03293 35 005 355 014 354 006 355 0,14 0,6817

0,1128%, 0,0792%,
7 359 005 354 011 ..
Kr 2 125 0,76 1225 0,30 0,2181 12,5 0,76 11,47 0,64 0,0000 1225 030 11,47 0,64 0,0000
Kf 2 145 0,83 14,45 0,56 0,7435 14,5 0,83 13,28 0,73 0,0000 1445 056 13,28 0,73 0,0000
K1 2 12,1 057 1212 0,49 09990 12,1 0,57 11,32 0,62 0,0000 12,12 049 11,32 0,62 0,0000
K 2 130 0,71 1294 043 05904 13,0 0,71 12,02 0,59 00000 1294 043 12,02 0,59 0,0000
0,0516*,
*ok
Uncor 162,84 3,79 172,87 10,90 0,0007 162,84 3,79 176,70 17,31 0,0010 172,87 10,90 176,70 17,31 0,3462

Pressure 10048 3,37 1000,7
6 6
Cor 168,59 1,20 173,46 0,68 0,0000 168,59 1,20 161,43 2,23 0,0000 173,46 0,68 161,43 2,23 0,0000
FM Avg 53 1,94 4,82 150 03650 5,3 1,94 596 246 03100 482 1,50 5,96 246 0,0491

MFV|I<B> 34 124 281 140 01644 34 124 388 166 02653 281 1,40 3,88 1,66 0,0083*

E_2 36 004 35 005 0892 36 004 354 0,11

Sm2 09 001 094 001 01532 09 0,01 0937 0,01 00027 0937 0,01 0941 0,01

8,55 0,0648 1004,86 3,37 988,11 12,57 0,00 1000,76 8,55 988,11 12,57 0,0000

PrT 106454 60025 57283 34338 0,0034 106454 60025 89955 59599 0,2862 57283 34338 89955 59599 0,0200

516%
PrD 53 305 817 3,17 0,0084 53 3,05 630 395 03334 817 3,17 630 3,95 0’0**6'
s]i)zlel; 460,3 99,45 382,10 52,45 0,0040 460,3 99,45 411,04 77,45 0,0208* 382,10 52,45 411,04 77,45 0,1147

FP 1,9 1,16 208 073 06526 19 116 196 1,24 09469 208 0,73 196 124 0,6782

Kp*10 16,0 8,68 14,10 6,77 04543 16,0 8,68 17,66 927 04848 14,10 6,77 17,66 9,27 0,1075

1,1883%,
*

*

R 11,8 446 420 5,89 0,0001 11,8 446 11811 52,77 420 5,89 118,11 52,77 0,0000
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I]I?jzx 34 926 -135 943 04951 -34 926 -12,58 1430 0,0107 -135 943 -12,58 1430 0,0011
PrF:\llOM 02 009 027 001 0,0490
PrE>30M 00 001 017 0,00 0,0000

eV
PIFZSOM 01 000 012 000 0,0000
apindex 72 515 600 320 04017 72 515 853 684 04257 600 320 853 684 0,1101**
ﬂoz;md 737 220 70,87 114 0,0000 73,7 220 153,84 2791 0.0000 70,87 1,14 153,84 27,91 0,0000

Notes to Table: The significance of differences between the indicators marked in bold italics corresponds to the

level of p<0.05, assessed using three criteria: Mann—Whitney test (*), Kolmogorov-Smirnov (**) and the t-

criterion. In case of insignificance of differences according to the t-criterion, the corresponding markers (¥, **) are
given next to the significance level p, indicating the significance of the differences according to correspondently
criteria. Indices of GDV: S- glow area indices, K -Coefficient of form, E — Coefficient of entropy, Sim — symmetry
index, which detected in the right (r), frontal (f) and left(l) projections by mode of registration without filter
(marker 1) and with filter (marker 2), conventional units. Geophysical indices: Uncor —neutron monitor count
rate near the Earth’s surface uncorrected on the atmosphere pressure, count/s; Pressure —atmospheric pressure,
nPa; Cor - corrected neutron count rate, count/s; FM Avg - Field Magnitude Avg, nT; MFV |<B>| - Magnitude
of Average -nT Field vector, |<B>I, nT; PrT - Proton temperature, Degrees Kelvin; PrD - Proton density (PrD),
#N/cm?; Bulk speed —solar wind speed, Km/sec; FP - Flow Pressure, nPa; Kp*10 - 3-hr Kp index of geomagnetic
activity (GMA); R - Daily New sunspot Number; DST Index - The disturbance storm time index is a measure
in the context of space weather, it gives information about the strength of the ring current around Earth caused
by solar protons and electrons, nT; PrF>10MeV, >30MeV, >60MeV - PROT Flux >10 MeV, PROT Flux >30
MeV, PROT Flux >60 MeV, - protons of solar wind, 1/(cm? sec ster); ap-index - 3-hr ap index of GMA, nT;
f10.7_index - £10.7_index, (10??), - characterizes the radio emission of the Sun at a wavelength of 10.7 cm (f =
2800 MHz, solar flux units (s.f.u.), 1 s.f.u. = 10 2 Watt), Watts/meter sq/hertz.

In pairwise comparison of E and K indices detected in 2017 and in 2018 in registration modes
without and with a filter, significant differences were found only between Kl 1 indices based on the
Kolmogorov-Smirnov criterion. However, pairwise comparison of these indices values detected in
2017 and in 2023-2024, in 2018 and in 2023-2024 has revealed significant differences between the all
compared indices. Moreover, the Entropy indices values and the Coefficients of form indices were
the lowest in 2023-2024.

Comparison between the GRV indices for the study periods showed that the level of stress in
2023-2024 increased compared to 2017 and 2018, as can be seen from the increase in the S1 indices. At
the same time, the decrease in the S2 index most likely indicates a decrease in the body's internal
‘energy resources’ in 2023-2024, compared to 2017 and 2018. This is also evidenced by lower values
of the Coefficient of form and the Entropy indices in 2023-2024 than in 2017 and 2018. In fact, the
values of the Coefficient of form and the Entropy indices signify not only the level of instability of
the body, but also its capacity for adaptation. Thus, when assessing Heart Rate Variability (HRV), the
criterion of good adaptation of the body to changing environment is a high level of such HRV
indicator as the standard deviation of all RR intervals (SDNN). Narrowing of the range of this index
serves as an unfavorable prognostic sign. Decrease in the values of the Coefficient of form and the
Entropy indices in 2023-2024, in fact, the variability of these indices, can also be regarded as a decrease
in adaptation reserves. Thus, on the basis of a comparative assessment of GRV indices we can judge
about the reserve capabilities of the body in different periods of time. Since we have revealed
covariations between GDV and GA indices, the GA could contribute to the body state and its adaptive
capabilities.

Thus, it can be seen that the mean values of GDV indices depend more on the characteristics of
the study period when their detection occurred, than on the place of registration and the study
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https://en.wikipedia.org/wiki/Space_weather
https://en.wikipedia.org/wiki/Ring_current
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https://en.wikipedia.org/wiki/Electron
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participants. Evidence for this statement is the absence of significant differences between E indices
and K indices, recorded in 2017 and in 2018 in the Svalbard archipelago, in the different age-gender
groups, and similarity in the correlations between identical GDV and geophysical indices, detected
in different years, at different locations and with different study participants. This conclusion is
supported by the similarity in the correlations between GDV and geophysical indices, manifested by
significant positive correlations between SI 1 and Dst indices, detected in 2017 and in 2023-2024 years;
between El 1 and By GSE indices and between S 2 and Uncor indices, detected in 2018 and in 2023-
2024 years.

The results of the comparing of the GDV indices in different study periods allow us to assert that
difference in the indices is due to the peculiarities of GA effects on the body in the different span of
time. Effects of GA on the body manifest in the physicochemical properties of the skin detected by
using the GDV method. Hence, it follows that GRV indices are indicators of the impact of GA on the
body.

Comparison of the significance of differences between the values of geophysical indices for the
study periods in 2017, 2018, in 2023-2024 allows us to explain to some extent the similarities and
differences between the GRV indices presented in Table 7. Thus, in Table 7 we can see a significant
difference in the values of the NCR (Uncor) in the Spitsbergen archipelago in 2017 and in 2018, which
was lower in 2017, than in 2018, and, accordingly, the neutron monitor count rate in Barentsburg in
2017 was also lower, than the neutron monitor count rate in Apatity in 2023-2024.

However, the NCR in Barentsburg in 2018 was not significantly different from that in Apatity in
2023-2024. Comparison of the significance of differences between other geophysical indices in
different years within the research periods, shows that the highest SA (R) was recorded in 2023-2024,
and the lowest in 2018, while the highest Bulk speed (BS) was found in 2017 year. In 2018 and 2023-
2024, there were no found significant differences between the BS within the study periods. The study
periods in 2017 year was also characterized by fluxes of high-energy protons (Pr temperature), whose
energetic indicators were not significantly different from the proton energies in the SW in 2023-2024.

Thus, we believe that similarities and differences in the doses of GA exposure in different
periods of time determine similarities and differences in the GRV indices, which are indicators of the
impact of GA on the body.

3.5. Co-Variations of GDV, GSR Indices and GA Revealed in Spitzbergen Archipelago

During the research on the Spitzbergen archipelago in 2017 and 2018, we also recorded the GSR
in the study participants, in parallel with the detection of the GDV indices. It turned out that
correlations between the GDV and GSR indices were similar in 2017 and 2018 years (Figure 6). Both
the Glow area indices in the registration without a filter (S-1) had an opposite correlation signs with
the GSR indices in 2017 (Figure 6, 1, 1A) and in 2018 years (Figure 6, 2, 2A), (Figure 6, 1, 2). The
Coefficients of form (K 1), on the contrary, positively correlated with the GSR indices (Figure 6, 1A,
2A). Moreover, it turned out that both the GDV and the GSR indices have similar correlations with
identical indices of GA. An example of covariations between the KGR, GRV indices and the values
of the Proton energy index in the SW, expressed through the Proton temperature (Pr T) index, are
shown in Figure 6, 3, 3A.


https://doi.org/10.20944/preprints202502.1122.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 February 2025 d0i:10.20944/preprints202502.1122.v1

22 of 33
130 B S S e S LEE I T T T T T
[ ]
b [ ] 1A 417
L] e o
120 4 ° @ {3000 1204 !
\ \ ! ° 416
1104 ° / P 110 4 0‘ ! \
el i f o A
) ) \ 4 28000 °o \ A 418
100 < / /e 1004 / \./ ®
B *— o o o \-. s
! 0 / - 27000 SR \E
004 ! r=-0.79, ® %0 r=0.75, ® "o : 414
& p=0.006 . p=0.012
T T T T T T T T T T 26000 T T T T T T T T T T 1
213 214 215 216 217 218 219 220 221 222 223 24 213 214 215 216 217 218 219 220 221 222 223 224
180 T T T T T T T T T T 30000 180 T T T T T T T T T T
L ] ~ - 24
160 4 " 160 -
° $x 4 \ o 29000
R o
140 e o /\ | 1404 422
2 ! o\ 28000
120 ” os | o/ o 120
2 o | e : 12
A R “ 3 ; ° o
1004 g \ : 427000 100
LA . = o'e
80+ ./..‘. ° ° 80 .»,C. <18
A ° N 1 L ../‘ s
60 o 8 A
r=-0.52 u %] NN {16
.\/ ‘ b 4 25000 o/ *r=0.85
404 ¢ p=0.027 N 1 e
“7 =0.000
—————————————T———— p=0. -
212 214 216 218 220 222 224 226 228 230 232 PR PR, [ P ST RO e PR T %S PO
212 214 216 218 220 222 224 226 228 230 232
180 T T T T T T T T T T
il = ——————T—T—T—T——T——T——T
-4 140000
160 .,/: 3 244 .‘ 3A
° ] \ <] 120000 ./ | B
bl F. 224 )/ \a
; \. o 100000 . S Uesses
1204 4.\ Ji }H { °
° ° \ ! H{e0000 204 /E oo eo000
® : ee o o /i
1001 ‘\ H AN 0 4
0:0 o-® ! IR °;
o /.o e 0@ : { e0000 . ® ; / » .o\ : J 60000
80 x g N \ . 1 3 -® \ \ '
\ o g / \ : \ 0\ L :
P 7 ) : : P ¥ :
., 9.e'N 1+ & ¥. 4 <0000 W ;
\ -0 L e o A S L o . | 40000
] ‘o’"/ ° N ¢ 5 / °-® s
= N . 16 4 .’ \ !
.\./ r= 0.69, { 4 20000 v ®r=0.74, 4 20000
40+ =
p=0.001 p=0.000 >
T T T T T T T T T T 0 14 . . r . . . . . r . 0
212, B 20 2 2 2R N N A AW W 22 214 216 218 220 222 24 26 28 20 232

Figure 6. Correlation between galvanic skin response (GSR), GRV indices in 2017 (1, 1A), in 2018 (2,2A) years,
between GSR (3), GRV (3A) indices and Proton temperature (3,3A) in 2018 year, detected in Barentsburg
settlement, Spitzbergen archipelago. 1,1A - red line: GSR, dash line: 1- glow area indices (Sr-1) and 1A -
Coefficient of form (Kl 1), detected without filter (1,1A, correspondently). 2, 2A — red line: GSR, dash line: 2-
glow area indices (SI-1) and 2A — Coefficient of form (Kf 1), detected without filter. 3 — red line: GSR; 3A -red
line Kf1; 3,3A —dash line: Proton temperature (Pr T). On the abscissa axis - days of the years: 1,1A -2017; 2,2A,
3,3A -2018. On the ordinate axis: 1, 1A; 2,2A; 3 — mean of GSR indices relatively average values (100%) of data
set GSR, %; 3A left — mean of Kf lindex, conventional units; 1,2 right - mean S1 1 index, conventional

units;1A,2A right - mean of Kl 1and Kf-1 indices, conventional units; 3,3A right — mean of Pr-T, Degrees, K.

Thus, we have revealed, for the first time, a correspondence between the dynamics of the GDV
and GSR indices, detecting the skin state. It should be emphasized, that such a correspondence was
found only for the GDV indices, registered without a filter. Significant correlations between the GSR
indices and the geophysical indices indicate the influence of variations in GA on the functional
activity of the sympathetic nervous system, since the values of the GSR indices depend on its activity.

We believe that the similarity and difference between GA, characterizing the SA, SW parameters,
IMF characteristics, proton energies and densities, terrestrial GMA indicesand NCR explain the
similarity and difference in GRV and GSR indices emerging the physicochemical properties of the
skin, changing under GA effects. In other words, fluctuations of physicochemical properties of skin
covers are coupled with variations of GA and are a ‘mirror’ of complex processes generated and
modulated by SA in the IPM, in the atmosphere, and on the Earth's surface. Our studies are the
natural observations the dynamics of skin state, detected by two methods in high latitude, where
variations of GA express by extreme manner. We have tested the capabilities of the GRV and KGR
methods to indicate the bio-effectiveness of GA. Our finding allow us to state that the GDV method
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can be used to detect the effect of GA on the human body. As for the possibilities of such detection
by the GSR method, further research is required to give a definite answer. Thus, the conducted
studies have revealed that co-variations of GA and of physicochemical properties of the skin, emerge
effects of GA on the human body. The concordance between solar activity (SA) and GDV indices is
determined by the level of SA and SW parameters modulating GMA and variability of the intensity
of the secondary component of CR near the Earth's surface, expressed in NCR. Under equal
conditions of the IPM state and identical characteristics of GA, the character of the correlations
between these agents and GDV indices is reproduced irrespective of the time and place of of GDV
indices detection. The significant correlations between similar GRV indices and geophysical indices
found in studies conducted in the Spitzbergen Archipelago in 2017 and 2018, as well as in Apatity in
2023-2024 support this a statement.

4. Discussion

Studies conducted on the Svalbard archipelago in 2017 and in 2018 years, and in Apatity city in
2023-2024 years allowed us to emerge covariations between geophysical agents (GA) and
physicochemical properties of skin in the study participants living in high latitudes. The covariations
were revealed by comparing the dynamics of daily mean values of the GDV indices emerging
physicochemical properties of skin and variations of daily values of geophysical indices. GDV
indices, expressed through glow area (S), Coefficient of form (K) and entropy (E), were registered in
the mode without a filter (S 1, K 1, E 1) and with a filter (S 2, K 2, E 2). The difference between values
of GDV indices in registration without and with a filter dependent on the ratio of contributions of
chemical and physical components in skin properties.

At registration GDV indices without a filter, the integral characteristics of skin surface are
determined by contributions of sympathetic nervous system (SNS), regulating skin perspiration
through activity of sweat glands [70,121,122], excretion of the body’s metabolism products [78-81],
and also physical properties of skin including surface charge and body emission in different
amplitude-frequency range of EMF, including in subTHz range [84-86,89-92,100]. It is assumed [91]
that the sweat ducts, as electromagnetic entities, could be regarded as imperfect helical antennas with
both end-fire and normal modes. It was found that sub-THz frequency range is bandwidth for skin
[92]. It was proposed that the ac electric current “activated” in the “duct antenna” would be due to
the diffusion of protons via hopping through distributed H-bond networks, existing in biological
structures [92,93].

When GDV indices are detected with using a filter, the contribution of the chemical component
to the glow area indices (S 2) is practically cut off, and the glow area indices are determined by the
physical properties of the skin. Apparently, it could be electromagnetic radiation in a wide frequency
range emitted by the whole body [123,124]. Radiometric measurements of human subjects in the
frequency range 480-700 GHz, demonstrate the emission of blackbody radiation from the body core,
rather than the skin surface. The dermis and epidermis can be considered as an electromagnetic bio-
metamaterial, whereby the layered structure, along with the topology of the sweat duct, reveals a
complex interference pattern in the skin. There is enough evidence to suggest that the combination
of the helical sweat duct and wavelengths approaching the dimensions of skin layers could lead to
non-thermal biological effects [104].

It can assume that GDV indices, in dependent on mode their registration (without or with a
filter), will detect changes in different properties of the body, but as a single whole. These properties
can be manifested both in the chemical composition of substances and emanations on the skin surface,
and in the character of emission from the skin surface, determined by deep electro-chemical processes
in the body [123-125]. Accordingly to correlations between GDV indices, detected with and without
a filter and GA indices, it is possible to study the body’s response on the GA effects.

The study period on Svalbard in 2017 differed from other study periods (in 2018 and in 2023-
2024) by minimum values of intensity and variability of neutron flux near the Earth's surface (Figure
4), minimum variability of Wolf numbers as indicators of solar activity (SA), high solar wind speed
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(SW) and high values of proton temperature (PrT ) (Figure 4). The correlations between the glow area
indices in registration without filter (S 1) and the neutron count rate (NCR) were negative during this
period, while between K1 indices and NCR were positive (Table 1). At the same time, no significant
correlations between NCR and glow area indices at registration with filter (S 2) were found. However,
correlations between GDV indices, both at registration without (Sr1, 5f1, Sl1, S1) and with a filter (Sr2,
Sf2, S12, 52), were found with the Dst-index, with Proton fluxes with energy >10 MeV and >30 MeV,
and with the Solar radio-emission indices (f10.7_index, (1022), These correlations may evident that
body state are modulated by ground-based agents, associated with high Solar flux in the
radiofrequency range, with high speed of SW, and with Proton temperature to a greater extent, than
by neutron flux of low intensity in this study period. The positive correlation between values of the
Kf1, K1, K1 indices and NCR may emerge the stochastic effect of the low-intensity neutron flux on
in the skin surface properties, manifested by more in the detected glow variability, then in its
intensity.

However, when the situation changes due to the increase in the intensity of the secondary
component of the Galactic cosmic rays in result of the increase in the proton density and the decrease
of speed in the SW, the signs of the correlation between GA and GRV indices, detected without and
with a filter have changed. The mean value of Wolf numbers (R) becomes in 2018 year even lower,
than in 2017, but the neutron intensity near the Earth's surface increases. Such changes in values of
GA have led to changes in signs of correlations between S1, S 2 indices and NCR. Correlation
coefficients between Sr2, Sf2, S12, 52 indices and NCR have reached the significance level of p<0.05
(Table 4).

From the point of view of physiology, these data can be interpreted as a change in the functional
state of the body, expressed through the physical and chemical properties of the skin in a result of
changes in the qualitative and quantitative effects of GA on the body. For more deep interpretation
of these data, it is necessary involve physiological correlates between GRV indices and
psychophysiological state of the body, which were emerged in the studies on the Spitsbergen
archipelago in 2017 and 2018 years [61-64,126]. In this study, it is important that skin properties,
manifesting in the values of GRV indices, are indicators of the effects of GA on the body. Under
changing of the characteristics of geophysical agents, the GRV indices change synchronously with
GA, emerging fluctuations in the physicochemical properties of the skin.

Studies conducted in 2023-2024 in Apatity have confirmed the objectivity of data relatively the
covariations of GA and GRV indices as signatures of the GA effects on the human body. The
advantage of the studies conducted in 2023-2024 were a longer time series data, in comparing with
one obtained in 2017 and in 2018. The disadvantages were separate gaps in registration, small number
of the study participants and more variable social and physical environment under living on territory
with a high level of electromagnetic anthropogenic pollution. Nevertheless, the data obtained in
Apatity in 2023-2024 confirmed the main results of the previous studies. In particular, the correlations
between the GRV indices (Sr2, Sf2, S12, S2) and the NCR have reproduced the same correlations for
data have obtained in 2018 in the Spitsbergen archipelago. The similar in the intensity of neutron
fluxes in the Apatity (2023-2024) and in the Barentsburg (2018), probably, has determined correlations
between GA and GDV indices in 2023-2024 years, despite on dramatic increase of R-index by a factor
of 28 and the Solar radio flux by a factor of 2 in 2023-2024 in comparing with 2018 (Table 7). The
increase of SA in 2023-2024 has manifested in the significant correlations between indices of SA (R
and f10.7_index, (10-22)) and glow area indices in registration with a filter (5r2-S2). That is, it can
assume that the dramatic increase in SA was accompanied by changes of physical characteristics of
the whole body, since correlations were significant only between SA and the glow area indices,
detected with, but not without a filter. In this case, it is important that under equal exposure to the
neutron flux in the Apatity and in the Barentsburg, correlations between the same GRV indices and
NCR were reproduced, irrespective of the fact that the studies were carried out at different times, in
different location and with different groups of the study participants. Thus, the changes in the
exposure to GA change the character of correlations between GA and GRYV indices.
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A good correspondence was found between GRV and GSR indices [61]. The revealed
correlations between GRV and GSR indices make a certain contribution to the understanding of the
mechanisms linking the psychophysiological state of the body and the features of the GRV gram.
GSR, like GRYV, is registered from the skin surface. However, the SNS contribution to the GSR, in case
of GRV application, are registered only at registration without a filter. Additional information, which
is obtained during registration with a filter, makes the GRV method more informative, than CGR
[91,97-99,127,128].

In the phenomenon of finger glow, as well as in GSR, a significant contribution is made by
biological molecules, the excretion of which by the skin is controlled by SNS. If we turn to the
structure of the skin and its functions, we can see that the skin is a source of emissions of various
molecules and compounds, the spectrum of which reflects the state of the organism Through the skin
various products of nitrogen and carbohydrate metabolism are removed, including those toxic to the
organism: carbon dioxide, ammonia, urea and others. In addition to these end products of
metabolism, substances necessary for the organism are also excreted through the skin [129,130]. The
intensity of the excretion of such molecules depends on the general level of activity and the balance
between the ANS links. The parasympathetic and sympathetic links of HR rhythm regulation
determine the adaptation resources of the body. We assume that the integral characteristic of the total
metabolic processes in the body is manifested in the GRV indices registered with the filter. And
moreover, perhaps it is the registration with a filter that characterizes the basic energy level of the
body, the variations of which are emerged in the registration of HGV indices without a filter.

It is assumed [131] that in the process of GDV a certain sequence of information transformations
is formed in the state of a biological object (BO). These states are characterized by physiological
processes, among which physicochemical and emission processes play a determining role, as well as
gas emission processes, which depend on changes in the total impedance of the BO, impedance of
surface areas, structural and emission properties of the BO. The inhomogeneity of the surface and
volume, the processes of emission of charged particles and/or gas emission influence the parameters
of the electromagnetic field, due to which the parameters of the gas discharge change. The
characteristics of the gas discharge critically depend on the presence of impurities in the gas [132], so
this factor also makes a significant contribution to the glow parameters [111,113]. The GRV method
is likely to manifested qualitative and quantitative variations in the composition of biological
molecules on the skin surface when recorded GDV-gramm in registration without a filter, and the
energetic characteristics of the body as whole manifest in the GRV index values recorded with a filter.

Geophysical agents, as physical environmental factors, can influence the course of
physicochemical processes in the body, which, in turn, determine the processes of skin emission of
biologically active molecules and integral energy characteristics of the body as whole.

The obtained results present a high informational significance of GRV indices as indicators of
the effects of GA on the body. Our research for the first time has revealed the phenomenon of
covariation between geophysical agents and physicochemical properties of the skin. This gives the
possibility to use the GRV method for indication the effects of GA on the human body in the further.
Such studies would be help to reveal the molecular, biochemical, physiological and psycho-emotional
correlates between GRV indices and the mechanisms due to the GA modulate the functional body
state. The using of GDV method expands the possibilities of the forecast influence of space weather
on the healthy and sick human body.

5. Conclusion

The purpose of the study was to estimate the capabilities of the Gas Discharge Visualization
(GDV) method for detection of effects of geophysical agents (GA) on the human body and to compare
it's advantage with Galvanic Skin Response (GSR), usually applied for detection stress. Our studies
were conducted in 2017 and 2018 years on the Spitsbergen archipelago, and in 2023-2024 - in Apatity,
Murmansk region. In course of the studies, the following finding were obtained:
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1. The dynamics of average daily values of the GDV indices and variations in the daily values
of the GA indices were coupled in the study periods.

2. The correlations and their signs between the GDV and GA indices in different periods of the
study were determined by the intensity of the neutron flux at the Earth's surface, as a secondary
component of Cosmic Rays (CR), and the variability of the Solar Wind (SW), largely than SA.

3. The correlations between the GDV and GA indices in studies conducted in different years,
with different locations and different groups of study participants were reproduced, in the case of
comparability of the neutron level at the Earth's surface, as a secondary component of CR in the study
period.

4. The specificity of the correlations between the GDV and GA indices depended on the method
of recording GDV: without a filter or with a filter. Similarity between GDV indices and GSR
manifested in the cases of GDV registration without a filter.

5. GDV indices could be used instead of the GSR, since the increase of the glow area indices, in
registration without a filter, indicates on stress, that usually detected by GSR. Higher possibilities of
the GDV method than the GSR concludes in the obtaining of additional data: the glow area index, in
registration with a filter, emerges the energy signature of the body, and the Coefficient of form and
Entropy indices provide additional information about the adaptive capabilities of the body.

6. The emerged covariations of the GDV and GA indices allows us to consider the GDV indices
as informative indicators of the GA effects on the human body.

7. The non-invasiveness of the GDV method, its high informative possibilities, the concordance
of the change in the GA and GDV indices allow to use the GDV indices as indicators of the GA effects
on the body, and as sources for the physiological interpretations of the GA effects.

6. Limitations

The main limiting circumstances are the duration of the studies, which in the case of the studies
on the Spitsbergen archipelago was determined by the duration of the expeditions. In addition, the
recruitment of the study participants, who, as a rule, do not have the opportunity to participate in
the measurements on a daily basis, is a difficult task. This makes it difficult to obtain long and
continuous data series with a sufficient number of participants. Unfortunately, these limitations are
a common attribute in observational studies involving volunteers.
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