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In interplanetary flight, after large solar flares, cosmonauts are subjected to the action of
energetic solar protons and electrons. These energetic particles have an especially strong
effect during extravehicular activity or (in the future) during residence on the surface of
Mars, when they spend an extended time there. Such particles reach the orbits of the
Earth and of Mars with a delay of several hours relative to solar X-rays and UV radiation.
Therefore, there is always time to predict their appearance, in particular, by means of an
X-ray-UV radiometer from the apparatus complex of the Space Solar Patrol (SSP) that is
being developed by the co-authors of this paper.
The paper discusses the far unexplored biophysical problem of manned flight to Mars,
scheduled for the next decade. In long-term manned space flights on the orbital stations
“Salyut” Soviet cosmonaut crews from three of the co-authors (cosmonauts V.V. Kovalenok, A.S. Ivanchenkov, and V.P. Savinykh) had repeatedly observed the effect of certain
geophysical conditions on the psychological state of each crew. These effects coincide with
the increased intensity of global illumination in the upper ionosphere space on flight
altitudes (300–360 km). It is important that during all of these periods, most of the
geomagnetic pulsations were completely absent. Possible ways to study the synergistic
effects of the simultaneous absence of the geomagnetic field, the magnetic pulsations and
the microwave radiation of the terrestrial ionosphere are considered for a flight to Mars.
& 2014 IAA. Published by Elsevier Ltd. All rights reserved.
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1. Introduction
During space flights, the spacecraft instrumentation is
exposed to the extremely negative impacts of radiation [1],
n
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but even more dangerous threats are directed to the cosmonaut crew, especially during long-term flights and in the case
of future landings on the nearest celestial bodies, such as the
Moon, Mars and asteroids. Because plans for manned flights
to Mars are now often discussed in the scientific literature,
the present paper considers important aspects of human
safety during those expeditions. The experience of Russian
cosmonauts obtained during long-term orbital flights is taken
into account [2–7].
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2. The forecasting of solar proton events by the use of
space solar patrol data
In a future interplanetary flight, astronauts will be affected
by high-energy solar protons and electrons at the time of
large solar flares. This exposure to high-energy particles is
particularly strong during a spacewalk or on the surface of the
Moon and Mars (outside of the spaceship) [8]. The problems
with radiation safety at the initial stage of the flight, when the
effect of the radiation belts of the Earth should be taken into
account, were considered in [9]. Currently, circumterrestrial
manned missions are launched into orbits under the inner
radiation belt (which, in the zone of the South-Atlantic and
Brazilian negative magnetic anomalies, descends to the height
of 600 km), where the presence of high-energy proton
fluxes is unlikely. At high latitudes, where protons of solar
cosmic rays may appear through polar cusps, no flights occur,
either. However, a manned space flight, and even more so, a
long-time flight of the International Space Station, are affected
by the combined influence of factors of circumterrestrial
space, which cause the degradation of some structural materials, primarily isolators, cushions, and solar batteries. In this
case, a synergic effect may occur due to the overlap of the
incident flux of rapid atoms of oxygen, UV and X-ray radiation
of the Sun (including that in the time of a flare) and the
“electron cloud”, which primarily consists of high-energy
photo-electrons and secondary electrons in the spells of storm
precipitations from the radiation belts.
In [10], we suggested the use of the data of a permanent Space Solar Patrol (SSP) to warn spaceship crews of
the occurrence of Solar Proton Events (SPEs) both at the
time of the flight and after landing on surface of Mars.
X-ray and extreme UV solar radiation and MeV proton
fluxes during a SPE are the most informative and at the
same time the most effective manifestations of the solar
flare activity. First, the radiation and proton fluxes increase
the most (by several orders of magnitude) during flares.
Second, the bulk of the energy of variability of the solar
activity is concentrated in the radiation and proton fluxes.
From the very start of the flight, after the egress of the
space vehicle from the Earth's magnetosphere (at the
distance of approximately 10 Earth's radii), the astronauts
will undergo the influence of high-energy solar protons
and electrons that emerge during large solar flares. These
bursts may be predicted from the monitoring of solar
X-ray and extreme UV-radiation, as the latter reaches the
Earth's orbit approximately 8 min after the flare, whereas
the particles arrive with a delay of tens of minutes to 10 h
and even more. Therefore, there is some time to predict
the unfavorable influence and to protect the astronauts. In
the case of Mars, this time is increased by a factor of
1.5 times.
Indeed, numerous data confirm the connection between
X-ray radiation of the Sun during flares and the occurrence of
SPE. In [11], the integral intensity of the flare X-ray flux at
wavelengths shorter than 0.8 nm was found to provide the
best indicator for the occurrence of SPE: if the X-ray flux for
wavelengths shorter than 0.8 nm exceeds 1 W/m2, then SPE
are detected in the vicinity of the Earth in 84% of the cases. The
duration and the brightness temperature of the flare are also
important. In [12], the threshold for the occurrence of SPE, for
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the X-ray flux between 0.1 nm and 0.8 nm was found to be
2  10  2 W/m2. It is apparent that the criteria of the appearance of a proton flux, and most importantly, the data of its
intensity (for the energy exceeding 10 MeV) and spectral
composition could be substantially refined if the entire wavelength region of the soft X-ray (to 10 nm) and extreme UV (to
120 nm) of the solar spectrum, instead of only the abovementioned very narrow band of the X-ray spectrum, was
permanently monitored. This monitoring will be possible with
the equipment of the permanent Space Solar Patrol under
development at the S.I. Vavilov State Optical Institute [13].
In the first stage of the SSP space experiment, in circumterrestrial solar-synchronous orbit with the complete set of
equipment, which includes the filter radiometer and the
X-ray-UV diffraction spectrometers, it will be possible to obtain
the spectrum of short-wavelength radiation that is specific for
the appearance of SPE. Based on these data, we propose to
develop a technique for the identification of dangerous situations for an interplanetary expedition using indications from a
single radiometer. The size and weight of the radiometer
(approximately 3 kg) will make it possible to install it on
board an interplanetary space vehicle.
3. Space solar patrol methodology and apparatus
The main goal of the project titled “Creation of a Permanent Space Patrol for Extreme Ultraviolet and X-ray Solar
Radiation” is the monitoring of the ionizing EUV/X-ray fluxes
from the full disk Sun. This project, known as “Space Solar
Patrol”, is based on utilizing the known experience in the
development, fabrication, and operation of radiometric and
spectral optical–electronic apparatus for the measurement of
the absolute ionizing solar radiation fluxes from satellites,
which has accumulated at the S.I. Vavilov State Optical
Institute since 1956. However, the satellites on which this
apparatus was installed (the second Soviet satellite-spacecraft
launched in 1960, Cosmos-262, 1968/69, and Cosmos-381,
1970/71) did not have solar orientation facilities, and the
patrol measurements were found to be impossible to obtain
[14]. Casual appearances of the solar disk within the field of
view of both the spectral and radiometric equipment demonstrated its normal operation and reliability throughout the
period of the active existence of the satellites and made it
possible to obtain a number of new data on the absolute
ionizing solar radiation fluxes and on the variations in their
intensities during the periods of solar flares [15–20].
Permanent monitoring of the solar spectrum in the
limits of this Project allows for the performance of accurate spectrophotometric measurements of ionizing radiation of solar flares, the determination of the flare classes,
determination of the absolute irradiation in the UV and
soft X-ray spectra, and the prediction of all cooperative
phenomena of solar events related with solar flares: the
formation of solar energetic protons (appearance of proton
events - solar space rays), high-energy electrons, highspeed plasma streams in the solar wind, shock waves,
coronal mass ejection, and, most important, the beginning
of principal geomagnetic storms [14].
The space solar patrol will provide a wealth of important information on the physics of the solar atmosphere.
The analysis of the state of the imbalance, ionization and
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excitation of the solar atmosphere can be performed by
comparing data in the all spectral ranges, i.e., both soft
X-ray and extreme UV radiation. These wavelengths are
radiated in all areas of the atmosphere from the chromosphere to the corona of the Sun. The analysis of time
dependencies of these forms of radiation provides information on the processes in these areas and the energy
transfer from one area to another. Last year, the observations of the solar disk view, including a solar corona, were
performed in the different spectral ranges from soft X-ray
to extreme UV radiation. These observations in the different spectral ranges allow for the reliable selection of
different types of flares, including limb and behind limb
flares. Next, the temporal behavior of the solar ionizing
radiation allows for estimation of the state of the solar
atmosphere during the flares via the absorption of radiation in the solar atmosphere and, correspondingly, the
geo-efficiency of a flare.
These studies are possible only through the use of
permanent registration of the total spectrum of ionizing
radiation of the Sun in the spectral range from X-ray to UV
radiation. Only this project involves such studies. Taking
into account the existence of permanent monitoring, many
other characteristics of solar activity on days of the appearance of such activity via continuous collection of data for a
long period of measurement provides full statistical substantiation for an analysis of the solar activity and flare events
from indirect attributes, such as the flare optical ball, the type
and character of radio bursts, and the solar radio flux, e.g., at a
wavelength of 10.7 cm. This analysis enables estimation of
long-term ground-based optical and radio–physical observations of the Sun.
The techniques of the SOI patrol measurements involve
the simultaneous use of two spectrometers and a radiometer, and a special algorithm is used for separating the
signals from the radiation and charged particles due to the
Earth's radiation belts. In this case, the spectrometers
measure a detailed source function and its variations,
whereas the filter sensors provide reference information
for selecting the signals of the solar radiation and for
obtaining its absolute intensity, allowing for the stray light
in the spectrometer (accounting for the source function
and the presence of 20 wave bands isolated by foil, thinfilm, and crystal filters). The signals of the radiation and
the charged particles are isolated by comparing the readings from a solar sensor with those of another sensor
mounted at a close pitch angle, which detects the charged
particles.
Finally, all of the spectrometers and the radiometer use the
same open secondary electron multipliers (modified by the
State Optical Institute) based on a BeO photocathode, which is
“solar-blind” and characterized by high sensitivity in the EUV
and soft X-ray region. This solar-blind nature allows for the use
of submicron film filters of carbon, boron, and Lexan, which
are characterized by a high value of transmittance in the
visible region. The multiplier has a large dynamic scope of up
to 107. The latter characteristic enables performance of the
measurements both for the quiet Sun and during the very
large solar flares.
The use of the same multipliers for the entire spectral
range considered enables the calibration of the absolute

sensitivity of our apparatus in flight on the basis of the
solar short-wave monitoring data, as described in [21].
Fig. 1 illustrates the outline of the process of measuring
the absolute solar fluxes by means of the radiometer and
two spectrometers of the Space Solar Patrol.
The apparatus of the permanent solar patrol system for
monitoring the solar radiation is composed of the following units:
1. A space-based patrol radiometer for the spectral range
of 0.14–157 nm with sequential separation of 20 bands
of different spectral widths using a disk with filters
made from thin metal foils, thin films, and optical
crystals, as listed in Table 1.
2. A space-based patrol spectrometer for measuring the
extreme UV radiation in the spectral range from 57 to
153 nm, with a spectral resolution of 1.0 nm. The
spectral resolution of both spectrometers is determined
by taking into account the possibility of isolation of the
higher-order spectra from the most intense lines in the
solar spectrum. At the same time, the spectral resolution is low enough to enable detection of a high signal
from a faint solar radiation flux (in the region where
the continuous spectrum or low-intensity lines dominate) against a background of the stray light in the
spectrometer from the strongest lines. A 3600 grooves
per mm spherical diffraction grating with a 250 mm
radius of curvature, ruled on a gold layer, is used as
the spectrum analyzer. This spectrometer also uses a
classical arrangement of the entrance and several exit
slits on the Rowland circle at their “middle” positions.
The spectrum is scanned by rotating the diffraction
grating through an angle of 71.91 relative to its middle
position, with the entrance and exit slits being slightly
displaced from the Rowland circle. The spectrometer is
a scanning polychromator that covers a spectral range
from 57 to 153 nm via three channels, each one having
a bandwidth of approximately 35 nm and being
equipped with its own exit slit and radiation detector.

Fig. 1. Scheme for obtaining absolute flux values of X-ray/EUV radiation
of the Sun via the Space Solar Patrol.
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Table 1
Filters for the solar patrol radiometer.
Item no

Material

Wavelength range, nm

Thickness, mm

Size, mm

Range of solar flux measurementsa

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

–
–
–
–
Al-film
Cu-foil
Ge-film
Ti-foil
LiF-crystal
CaF2-crystal
Be-film
Ti-foil
Ti-film
C-film
In-film
Be-foil
Mg-film
Mg-foil
SiO2-crystal
Sn-film
Al-foil
LiF-crystal
CaF2-crystal
B-film

Calibration by Fe55
Calibration by Fe55
Radio signal testing
Zero level testing
17–50
0.14–0.25
20–90
0.25–0.43
105–135
123–135
11–20
2.75–3.55
31–70
4.4–7
70–103
0.3–1.8
22–60
1.0–2.0
4157
52–80
0.8–1.4
105–135
123–135
6.6–12

–
–
–
–
0.1
17
0.1
18
500
500
0.35
2
0.7
1.3
0.2
28
0.2
10
17
0.2
9
500
500
0.7

–
–
–
–
∅ 0.2
46
∅ 0.2
46
∅ 0.03
∅ 0.03
∅ 0.2
∅ 0.3
∅ 0.2
∅ 0.2
∅ 0.2
46
∅ 0.2
26
46
∅ 0.2
26
∅ 0.03
∅ 0.03
∅ 0.2

–
–
–
–
5  10  5–5  101
10  2–104
5  10  5–5  101
10  2–104
2  10  4–2  102
3  10  5–3  101
10  4–102
10  4–10 þ 2
5  10  5–5  101
10  4–102
10  4–10  2
10  2–104
5  10  5–5  101
10  3–103
10  2–104
5  10  4–5  102
5  10  3–5  103
2  10  4–2  102
3  10  5–3  101
10  4–102

a

A magnitude of 100 corresponds to the reference solar spectrum for the mean solar activity.

In addition, three more channels are provided: two for
the spectral regions of 16–34 nm and 28–63 nm to
perform trials of the measuring ability of this version
of the spectrometer in the given spectral range, and an
auxiliary channel for the 195–230 nm spectral region to
align the spectrometer under the normal atmospheric
pressure conditions. In the “middle” position, the angle
of incidence of the input beam is 271, whereas the angle
of the diffracted rays ranges from  22.81 to 1.941 in the
channels for the vacuum UV spectral region from 16 to
153 nm and amounts to 181 in the channel for the “air”
spectral region of 195–230 nm. All five channels for the
EUV spectral region overlap so that all of the most
intense and important lines in the solar flux at 30.4 nm,
58.4 nm, and 121.6 nm are detected twice during a 72 s
measuring cycle. These channels used open secondary
electron multipliers (SEMs), developed at the Vavilov
State Optical Institute. These multipliers are “solar
blind”, i.e., insensitive to UV and visible light.
3. A space-based approach for the scanning slit-less grazing
polychromatic instrument is proposed. This approach
allows for the registration of the spectral distribution of
the solar irradiance in the spectral range of 1.8 nm–63 nm
to be performed over 72 s. A concave grating with 600
grooves per mm and with a radius R¼28080 mm, size
S¼ 30  20 mm2, blaze angle δ ¼11 (λδ ¼ 3 nm) is used. The
variable line spacing enables the focal curve to be placed as
close as possible to the exit slits. The spectral scanning is
performed by means of turning the exit slit together with
the detector of radiation. In this case, the entrance window
and the grating are not moved. The grazing angle is 21.
In the solar patrol equipment described here, several
channels are provided for monitoring the stability of its

absolute spectral sensitivity. There is a plan to perform
absolute spectral calibration of the apparatus using a
synchrotron radiation source prior to the period of preparation of a spacecraft for its mission. In this case, two
55
Fe isotope radiation sources of different intensities will
be used in the radiometer in the working spectral region of
approximately 0.2 nm. This method of calibration allows
the variation in the absolute calibration at this wavelength
to be checked after launch. An additional possibility to
calibrate both the radiometer and the EUV spectrometer
against the solar radiation with wavelengths longer than
150 nm appears in space. To this end, measuring the solar
flux at λ 4157 nm through a quartz crystal is provided in
the radiometer, and the long-wavelength measurement
channel in the EUV spectrometer is capable of detecting
radiation in the spectral range of up to 153 nm. In addition,
the spectrometer has an auxiliary channel for the 195–
230 nm spectral region, wherein the magnitude of variations in solar radiation flux does not exceed several
percent during the 11-year activity cycle and the 27-day
period of the rotation of the sun. However, this longwavelength auxiliary channel enables monitoring of the
stability of the diffraction grating efficiency without solar
flares because the effect of space factors on a PEM-142
photomultiplier was not found at low orbits, in particular,
during the Mir orbital station mission.
Finally, accounting for the success achieved to date in
the patrol of the ionizing solar radiation at wavelengths
shorter than 0.8 nm and longer than 120 nm, we provide a
regular reference of our patrol to these data as well.
A technology procedure for producing the open secondary electron multipliers of the Vavilov State Optical
Institute was developed during the period of 1960–1970.
The technology was produced to obtain a proper layer of
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BeO on the surfaces of dynodes and photocathode. Beryllium oxide is an effective emitter of photoelectrons and
secondary electrons and maintains its properties for a long
period of time during the operation under a variety of
conditions of atmospheric air and incident electron flux. A
2% Be–Cu alloy was used as the original material for the
manufacturing of dynodes and photocathodes. Stamped
foil workpieces had a proper heat-treatment in vacuum
and were then oxidized at high temperature to form a
layer of BeO on the surface of dynodes [15].
The subject of the work of [13] was to measure SEM
characteristics and to update the technology procedure
used to produce the SEMs. Two setups were used in the
vacuum chambers: a) with the X-ray monochromator [22]
and b) with the radiometer [23]. The first setup covers a
soft X-ray range with the following lines: CKα (4.44 nm),
BKα (6.76 nm), SrMξ (10.865 nm), Rb (12.866 nm), BaNV-OIII
(16.46 nm) and CsNV-OIII (19.03 nm). The absolute number
of X-ray quanta on the photocathode to be investigated
was measured via a proportional counter. The pulsed
quantum yield of photocathodes was measured by the
SEM itself according to a well-known method [24,25]. The
analysis of errors indicated that relative measurements
exhibit an error of 2–4% and that absolute measurements
exhibit an error of 10–15% [22].
The measurements using these two setups provide the
quantum yields of the photocathode made by our technology procedure over a wide spectral range; the quantum
yield results are presented in Fig. 2. Note that the values of
the quantum yield decrease rapidly for wavelengths
greater than 100 nm. This result verifies that our SEM is
insensitive to visible radiation, which has very high power
in this spectral range of the Sun. The present measurements are in good agreement with the results obtained by
other authors [26]; however, the quantum yield of the
photocathode in the soft X-ray range is higher in our case.
This discrepancy can be explained by the change in the
photocathode form (we used a Γ-line photocathode) and
the choice of the proper incident angle for the photon
beam on the photocathode. With consideration of the
entire working range of wavelengths for our apparatus,
we chose an incident angle on the photocathode equal to
 201. For this purpose, special investigations were performed using an X-ray spectrometer.
4. Lack of geomagnetic pulsations during observation
periods of the planetary glow of the ionosphere
Since the beginning of the XXI century, the focus of
manned space flight is primarily on important issues
related to the preparation of flights to the Moon and, most
importantly, to Mars [27].
Among these concerns, most attention is on the investigation of the approaches related to the problem of lifesupport of a cosmonaut crew that consists of six people,
based on current assumptions. The study plans for most of
the duration of the flight from Earth to Mars and for the
landing on Mars to assume that the crew will be separated
from the module for periods exceeding one month. While
the issues of radiation safety of the crew are traditionally
considered as the primary part of the flight, the presence

Fig. 2. Quantum yields of photocathodes from: (1) BeO obtained by
oxidizing the alloy CuBeAl at t¼ 840 1C and (2) BeO obtained as in the
first case but with additional oxidation at t¼ 600 1C. n – our results at the
wavelength range of 100–270 nm,  – our results at the wavelength range
of 0.2–19 nm (on the axes are the same labels).

of the radiation zones as well as the destructive role of
fluxes of solar energetic protons in interplanetary space
flight must be taken into account. These protons are
known to appear in the form of solar proton events (SPEs)
after strong solar flares.
Previously a new but very important for long interplanetary expeditions problem regarding the psychophysical state of the crew in the absence of alternating
electromagnetic fields and radiation, including the ionosphere one, was first raised for evolutionarily adapted
humans [8]. However, to date, this subject, in particular
during the long simulation experiments, such as “Mars
500”, which eliminates much of their value and contribution to the Mars mission, has received almost no attention.
Indeed, the results have clearly shown that the cosmonaut
crews in orbital flight, even deep within the geomagnetic
sphere, may experience severe psychological discomfort,
the nature of which is fully defined [8]. This discomfort
occurred during the appearance of such rather unusual
geophysical periods of different durations (ranging from
minutes to days) that were in the form of an almost
complete lack of geomagnetic pulsations on Earth.
Geomagnetic pulsations (P) are the ultra-low frequency
electromagnetic waves with a period of 0.2–600 s or more and
are divided into stable continuous (periodic) pulsations (Pc)
and irregular ones (Pi). The effect of such waves is known via a
geo–biological correlation study and has strong biophysical
arguments [28,29]. It is obvious to assume that due to
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permanent effects of the natural rhythms of the external
synchronizer, i.e., those of geomagnetic pulsations, these
rhythms are related to the rhythms of the electrical activity
of certain brain structures. Indeed, the super slow fluctuations
of potentials (SSFPs) in the brain cerebral cortex were discovered, described and studied by Aladjalova et al. [30–32]. In
this case, the field of subsonic frequencies from 10  5 to 0.5 Hz,
e.g., oscillations with a period of a few seconds to tens of
minutes or hours, is coupled with the regulatory activities at
different levels of the central nervous system (CNS). SSFPs are
the result of the redistribution of electric charges on the cell
membrane of an excited formation, thereby changing its
membrane potential. These processes occur on the surfaces
of opposing glial and neuronal cell membranes.
The aim of this paper is to confirm the need to consider
possible pathological effects of the complete lack of
rhythm formation, which is inherent to the effects of the
terrestrial environment geomagnetic pulsations on the
psychological and physical state of the cosmonaut crew,
for the preparation and conduct of manned flights beyond
the Earth's magnetosphere, particularly to Mars.
Recently, Sterlikova [29] presented new experimental
data on the relationship between periods of extreme
tension irritability and inappropriate behavior of patients
with neurological diseases with the absence of highfrequency types of geomagnetic pulsations. The author
investigated the influence of the presence of different
types of geomagnetic pulsations recorded by the Geophysical Observatory “Borok” of the Joint Institute of Physics of
the Earth after O. Yu. Schmidt, Russian Academy of
Sciences, on the statistics of the manifestations of various
diseases for Murom City, located in the same region at a
distance of approximately 50 km. The period of the
absence of pulsations was observed to be typical for the
maximum number of events in the manifestation of the
diseases, especially nervous system diseases. Highfrequency pulsations of frequency similar to the basic
human biorhythms were absent in 60–100% of the cases
for neurasthenia and 100% of the cases for neurosis and
psychosis.
One of the co-authors (cosmonaut V.V. Kovalenok),
during his 140-day mission from June to November 1978,
had recorded increased nervous irritability and conflict
relationships between cosmonauts through the visual and
instrumental observations of night emissions of the upper
atmosphere of the Earth at mid-latitudes (on a planetary
scale) [33,34].
It should be emphasized that the visual and instrumental studies of Soviet cosmonauts conducted during
most flights on manned space crafts and orbital research
stations provided an abundance of new data on various
large-scale events and objects in the Earth's atmosphere
and ionosphere on the surface and in the depths (up to
several hundreds of meters) of the oceans [3–7,33,34].
Particularly important were the results on the impact of
the factors of the increased solar–geomagnetic activity on
atmospheric optical and meteorological phenomena.
Registration of the variations in the upper atmosphere
(ionosphere) glow and the changes in the cloud characteristics globally after such solar events, such as flares, and
following geomagnetic storms provided a new
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interpretation of the causes of the current phase of global
warming and its relation to the solar activity [35,36].
Interpretation of the results concerning observations of
the optical radiation pattern in the upper atmosphere of
the Earth on board the orbital manned space station
“Salyut-6” indicated [5,37] that one of the unusual facts
in geophysical weather, relevant to all of these cases, was
the absence of geomagnetic pulsations, always 1–2 days
before a change in sign of the sectors of the interplanetary
magnetic field (IMF) occurred. The discovered planetary
glow was interpreted as a new geophysical phenomenonthe reaction of the night upper atmosphere to ultraviolet
solar flares [5,37,38].
In a personal diary, Kovalenok noted that in the period
of registration of the planetary night glow of the upper
atmosphere, the crew was experiencing increased excitability, which was expressed in the conflicts in radio
communication with the Mission Control Center. It is
certainly surprising that the sensitivity to very low levels
of the amplitude of geomagnetic field variations persists,
even within the metal shell space station, although there
are windows. Perhaps this behavior is due to the lack of
effect for the absorption of this type of pulsation in the
ionosphere because the orbital station was located in the
upper part of the main peak of the ionization of the
ionosphere [5]. Therefore, the presence of pulsations is
usually perceived by a cosmonaut's body as a stable, taken
for granted, ordinary factor, while its disappearance creates the crew's discomfort. It should be emphasized that
these results are consistent with a serious analysis of the
notorious problem of “unfavorable days” [39] and confirmed to be promoted by the impact of “space weather”
on the human state through a study of the reaction to
geomagnetic pulsations.
Information on the observation periods of psychophysical
instability and the presence or, more typically, a lack of
geomagnetic pulsations is presented in Table 2 [8]. Table 2
also presents the main characteristics of the pulses [40]: the
period (frequency) and amplitude. The information about the
manifestation of geomagnetic pulsations in Table 2 was
obtained by measurements of the Geophysical Observatory
“Borok”. In the first six dates (see Table 2), cosmonauts
Kovalenok, Ivanchenkov, and Savinykh recorded in such cases
the “planetary glow of the second emissive layer,” i.e., emissive
radiation of the night F-region of the Earth-bound ionosphere
at the time, in the mentioned periods. The four events are tied
to the time on the basis of the data of the strong emission light
of the night F-region (the red emission of the oxygen atom630 nm); according to the Abastumani Astrophysical Observatory, Georgian Academy of Sciences (Georgia) [38], the cosmonauts in the period from the 6th to the 9th of July, 1978,
observed a “planetary glow” at almost every turn (to its
dark side).
Table 2 shows the information regarding the four types
of geomagnetic pulsations of the following considerations.
Ripple Pi1C, similar to all irregular pulses, usually characterizes periods of geomagnetic disturbance. However, in
times of global emission monitoring by cosmonauts, its
visual pattern was radically different from the pictures of
auroras, which could also be observed on the middle and
lower latitudes; however, this observation was performed
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Table 2
Geomagnetic pulsations during the observation periods for the phenomenon of the reaction of the night upper ionosphere to solar flares [8].

Frequency, Hz
Period, second
Amplitude, 10-5E
Date
14.08.78
16.09.78
28.10.78
28.10.78
03.05.81
03.05.81
06.07.78
07.07.78
08.07.78
09.07.78

Time, UT
00.45–00.50
20.00–03.00
20.30–21.16
22.44
00.38
15.52–15.56
23.30–01.00
18.00–20.30
20.00–22.30
18.20–20.10

Irregular

Continuous (periodic)

Pi1C

Pc2

Pc3

More than 1
2  10 1C6  10  2
6C2  10 2
1C40
5C15
15C45
0.02
0.6
0.6
Pulsation's recorded by geophysical observatory “Borok”
Very weak Pi1C
No
Yes
No
No
From 00.40–yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No

during strong geomagnetic storms [3–5,7]. Avakyan et al.
[5] examined in detail the characteristics, according to
(Ref. [41]), of the observed glow of the red emission of
630 nm with the appearance of the class Pi1C oscillations.
This glow was not observed for the dates covered in
Table 1. Therefore, the phenomenon of “planetary glow
of the second emissive layer” is different from the nature
of auroras. The remaining ripple Pc2 - Pc4 are of a stable
type and usually regularly recorded.
It follows from Table 2 that over the observation period
(such as the periods of “planetary glow” and the periods of
increased conflict among cosmonauts), there were no
recorded geomagnetic fluctuations of the stable type or
irregular ones.
An important factor to ensure the adequate results for
the allocated special periods in geophysical weather (without pulsation of Pi1C type, according to the Geophysical
observatory “Borok”) is that the observations of planetary
glow of the upper ionosphere (i.e., it describes the pattern
of the reaction night-time ionosphere to solar flares
[5,37,38]) by the station “Salyut-6” are usually performed
at night in the Borok time zone (Table 2). As a result, the
observed lack of Pi1C is quite an unusual phenomenon
because this type of daily maximum ripple falls exactly on
23.00–1.00 UT.
Earlier, Nikolaev et al. [42] proposed a hypothesis regarding the decisive role of the disappearance of geomagnetic
pulsations (short-period variations of the geomagnetic field),
especially Pc2 - Pc4, with periods ranging from 5 to 150 s, in
disorders of human CNS. Another point of emphasis is the
special influence of polarity changes in IMF sectors (most of
all, under the change from a negative polarity to a positive
one) was marked experimentally. To explain this phenomenon, it is proposed to take into account that the patient's
(and in our opinion, in the case of space flight, a cosmonaut
subjected to stress, gravity and other factors) body needs
almost constant exposure to the electromagnetic field quasi
sinusoidal oscillations of a certain frequency from external
sources to synchronize the operation of its various systems
[42]. Therefore, such external factors may affect the geomagnetic field, sometimes disappearing all over the Earth simultaneously [42].

Pc4
2  10  2C6  10 3
45C150
up 10
No
No
No
No
No
No
No
No
No
No

In general, the natural electromagnetic field of the
Earth is an entire spectrum of electromagnetic “noise”
covering a wide frequency range from 10  3 Hz to 109 Hz
[40]. Recently, attention was drawn to the higher frequency range, the microwave radiation of the ionosphere
[43,44]. Because of the existence of wave motions in the
upper atmosphere in the form of acoustic-gravity and
infrasound waves, this radiation of the ionosphere is
modulated in amplitude just in subsonic frequencies, from
10  5 Hz to a few Hz, in the area of the SSFP in the brain
cerebral cortex [30–32]. Thus, the background of electromagnetic waves that always exists on the surface of the
Earth is generated by several sources. Among these
sources are micro-pulsations of the geomagnetic field,
very-low-frequency (VLF) radiation of the magnetosphere
and ionosphere, and atmospherics (low-frequency part of
the spectrum of lightning charges). The oscillation amplitude (field intensity) is maximal in the VLF range (less than
5 Hz), where the magnetic component is usually recorded
as short-period variations of the geomagnetic field (micropulsations). These micro-pulsations as well as the fluctuations in the high frequencies (kHz) are generated in the
magnetosphere or on its border.
Different types of pulses mainly appear at certain times
of day. In times of disturbances (magnetic storms), excitations of global micro-pulsations are observed and can be
recorded during dozens of hours in a row around the Earth.
The top of the storm is preceded by the appearance of
oscillations in the band Pc1-called pearl. The main frequency of 370.3 Hz for these oscillations is amplitudemodulated with a period of 2–5 min.
All of these electromagnetic waves are usually the background for the earthling to escape with the travel of the
interplanetary spacecraft beyond the magnetosphere, and
after a few days of flight, the cosmonauts will be out of the
usual electromagnetic “noise”, as well as outside of the
geomagnetic field. As shown in (Ref. [45]), the hypogeomagnetic field also affects humans. The person may feel
pain as the impact of 1000 times the weakened field, as well
as an increased amount of pain at approximately the same
time. It is unknown, however, if the simultaneous absence of
the geomagnetic field and electromagnetic waves over a wide
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range of frequencies, from low (including in the field of brain
rhythms, heart, etc.), to the highest including the extremely
high frequencies, affects the human organism due to resonance effects in the cells of the body [43,44]. Therefore, in the
coming years, during the preparatory stages of the first
interplanetary flight, the study must be performed on the
synergistic effects of exposure to the fields on humans under
the expected absence of the usual “sets” of oscillations of
electromagnetic fields, especially geomagnetic pulsations,
when the real background of a hypo-magnetic field exists.
The problem of Mars missions and stay at the planet
[47] need thorough investigation of geomagnetic effects on
humans and comparing it with Mars environment. It
should be emphasized that the flights and landings on
the Moon cannot be analogous to the situation considered
above, as those flights continued outside the magnetosphere of the Earth for less than a week. Most importantly,
the Moon during each lunar month (29 days) is trailing the
geomagnetic sphere for several days.
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5. Conclusion
This paper discussed the primary issues for ensuring
the safety of manned flights to Mars:
– total monitoring of the flux level and of the character of
the spectrum of solar short-wavelength activity, including the use of a compact X-ray-UV radiometer, such as
the one used in the complex of the Space Solar Patrol
apparatus, installed directly on board the interplanetary space ship;
– a study of the situation in which there is no natural
electromagnetic “noise” on the background of geomagnetic fields, especially the geomagnetic pulsations that
have accompanied human evolution.
The core of the study is the situation of the psychological state of the crew of cosmonauts when there is
completely no natural electromagnetic “noise”, which
has accompanied the entire evolution of mankind. A part
of the study can be realized on the International Space
Station by the same scenario as in the observation made by
the orbital manned space station “Salyut-6” [8]. This study
can be performed, for example, in the framework of the
European Space Agency – “Roscosmos” Agency Joint Program, as the detection and study of the potential hazards
for interplanetary flight. The study should use just the
technique of visual detection of an elevated emission of
the upper atmosphere on a global scale [5]. The rest of the
program will require a special experimental study with the
construction of a chamber with a hypo-magnetic field
while shielding the microwave radiation generated in the
Earth's ionosphere [43,44,46]. Technical solutions for these
problems could be developed in the institutions of the
National Academy of Science of the Republic of Armenia.
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