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Abstract. The mechanism of primary cosmic particle transformation into secondary radiation near the ground surface is
analysed. It is known that the main part of secondary cosmic radiation consists of muons. They are formed after nuclear
reactions between primary protons and the nuclei of atmospheric gases. Maximum muon concentrations are formed at
an altitude of 15 km from the ground surface. Because of a short existence time of muons (2 µs), the amount of these
particles near the ground surface depends on variations in the altitude of the above-mentioned atmospheric layer. Therefore, an unstable flux of muons is registered near the ground surface. Their variations are connected with the Suns
radiation instability, geomagnetic field variations, meteorological process changes, etc.
Measurements of the hard cosmic radiation component only near the ground surface are carried out. To this purpose
protection of the detector of gamma-spectrometer was improved. Small gaps between lead plates were made to abolish
the shower phenomenon caused by cosmic radiation and the effect of weak-energy particles and as a result to improve
the measurement accuracy. It is defined that lead protection of the thickness of 9 cm of the detector fully absorbs muons
with 1,6 MeV energy. It is registered that the gamma-quanta of 1,6 MeV energy of radionuclide 232Th lose 70 % of the
initial energy only in the same lead protection.
In 20012002 a study was made of the course of the hard cosmic ray flux (HCRF) near the ground surface in four
energy intervals: 1  0,31,2 MeV, 2  1,21,6 MeV, 3  1,64 MeV, 4  4 MeV and more. Various course of the HCRF
in the mentioned intervals is obtained.
Simultaneous coincidence of the HCRF course in all the energy intervals was observed only from 6,5 to 9,6 % in 2001
2002.
The obtained results indirectly indicate an unstable altitude of the atmospheric layer where maximum concentration of
muons is formed. This instability is connected with the meteorological and geomagnetic field changes affecting the
human health.
Keywords: cosmic radiation, muons, gamma-quanta, energy intervals, lead protection.

1. Introduction
Nowadays an intensive increase of industry, power
engineering, agriculture, etc, influence the environment
and the action on the human organism. The after-effects of the above stated sources occur in the air and
drinking water quality change, contamination of the biosphere by chemical wastes, extra thermal effects, etc.
Influence of the above mentioned effects on the human
health and the reaction of the external and internal action becomes different. Moreover, the anthropogeneous
factors of the action on the human organism, natural
phenomena become also effective in accordance with

natural catastrophes  whirlwind, hurricanes, earthquakes,
etc. Influence on the human organism is also possible
from weak and frequent actions, for instance, by meteorological situation changes, variation of the Suns activity, geomagnetic field change, etc. Naturally, the human
organism in a certain degree adapts to many negative
effects. However, the above mentioned actions in a larger
or less degree cause organism disorders.
In the present paper analysis of external action on
the human organism is limited only to geomagnetic effects which disorder the cardiovascular system [1, 2].
It is found out that the investigation of geomagnetic activity is not necessary because it can be replaced
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by an indirect indicator  the hard cosmic ray flux
(HCRF) [3]. It is determined that the variations of the
absolute values of the HCRF limited by optimum criteria can predict the tendency of cardiovascular disease
(CVD) change in some days [4].
In this case a new important scientific problem
arises concerning cosmic particle energy variations predicting the human health change.
Near the ground surface major part of the HCRF
consists of muons with different energy. The registration of these particles is carried out by a gamma-spectrometer having a scintillation crystal NaI(Tl) [4]. The
change of cosmic particle number per time unit indirectly predicts the influence of geomagnetic field variations on people and its after-effects [1, 2, 4].
The aim of the investigation has two aspects. The
first aspect forms the basis of the technical part of the
experiment. The second one is connected with the investigation of secondary cosmic radiation and mechanism of interaction with the scintillation crystal NaI(Tl),
muons spectrum form, which predicts the variations of
geomagnetic field effect on people.
2. Object of investigation
Cosmic particles near the ground surface are different from those of Galaxy. 90 per cent of primary
cosmic particles consist of protons, therefore, they interact with the nuclei of atmospheric gases. The flux of
primary cosmic particles is isotropic. The majority of
the nuclear reaction of protons with atmospheric gases
takes place at an altitude of 25 km, where the intensity
of cosmic radiation is maximum.
As a rule, the energy of primary proton is in the
range from 100 MeV to 1,6 GeV [58].
It means that before reaching the ground surface it
has to make about 15 collisions with the nuclei of atmospheric gases, i e it must have 15 free paths, therefore, the probability to reach the ground surface is negligible.
Interacting with atmospheric gases, protons form
new particles π-mesons with the maximum concentration at an altitude of 15 km [9]. The life of π-mesons is
26 ns and during this period of time it can move a distance of 125 m in the atmosphere. There are neutral πmesons or they have positive or negative charge. Their
decay schemes are as follows:
ð0 = 2γ,
π+ = µ+ + í ì ,
π– = µ – + íì ,

where γ  gamma-quantum, µ+ and µ  positive and
negative π-mesons, accordingly, vµ and íì  muon's neu-

trino and antineutrino.
The mass of muons exceeds approximately 200
times that of an electron. The life-time of muons is about
2 µs.

97

Maximum flux of muons is registered at the same
altitude of 15 km coinciding with π-mesons maximum
concentration. The energy of muons is in the range
of 10 MeV  10 GeV, however, the majority of these
particles have energy of 100 MeV. During a short lifetime they lose about 2 GeV of energy because of the
ionization process in the atmosphere. It means that they
never reach the ground surface from an altitude of 15
km. Therefore, muons reach the ground surface from less
altitudes of about some kilometres from the ground surface. Moving towards the ground surface they pass energy to atmospheric gases. The quantity of lost energy
of these particles depends on primary energy, the altitude of formations, geographical location, atmospheric
pressure and other meteorological processes, the geomagnetic field direction, etc.
After the life-time of 2 µs the process of muon decay is as follows:
µ – = e – + ν µ + νe ,
µ + = e + + νµ + ν e ,

where e  electron, e+  positron, vµ, νµ  muon's neutrino and antineutrino, ve and νe  electron's neutrino
and antineutrino, accordingly.
Thus, the formed particles (secondary cosmic radiation) are divided into three groups according to their
energy.
The first group is a soft component  electrons
and positrons of 0,51 MeV energy and gamma-quanta.
The second group consists of muons with an average
energy of 4 GeV  the so-called hard component.
Hence, the majority of these particles have energy of
100 MeV. Muons near the ground surface have a part
of 70 % of the hard component.
The third group consists of protons and neutrons of
a high energy (over 1 GeV) moving towards the ground
surface from altitudes of some kilometres.
It is known that the soft component of secondary
cosmic radiation is absorbed by the lead of 10 cm in
thickness.
3. Measurement installation
A gamma-spectrometer with a scintillation detector
was used to measure the HCRF (Fig 1). The detector
has a scintillation crystal NaI(Tl) which forms the light
flashes of moving muons and gamma-quanta. They are
intensified by a photomultifier and penetrated into an
impulse analyser. The last one distributes the intensified
light flashes by energy which is registered by a computer.
The detector is placed into a lead protection to be
saved from penetration of the mild component of secondary cosmic radiation. The lead protection was improved and constructed in the form of a lead box (Fig 2).
Lead plates of 35 cm in thickness were placed at a
certain distance from one another to stop the develop-
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Fig 1. Scheme of measuring installation: 1  crystal
NaI(Tl), 2  photomultiplier, 3  high-stress generator,
4  analyser of impulses, 5  amplifier, 6  computer
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Fig 3. Distribution of impulse number per hour by the
channels of an analyser with a lead protection of 9 cm in
thickness. The peak is formed by 40K of crystal NaI(Tl)
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Fig 2. Lead protection with a detector inside: 1  crystal
NaI(Tl), 2  photomultiplier, 3  lead screens, 4  metallic constructions, 5  radioactive source

Fig 4. Comptons scattering of cosmic particles in the
detector of a gamma-spectrometer

ment of chain reactions formed by cosmic radiation in
the lead.
The total thickness of the plates in the construction
is 12 cm which absorbs the mild component of cosmic
radiation. The lead protection is covered with iron plates
to save the detector from the radon decay products
moving with the air flow.

tween γ-quantum and an electron is analysed similarly
to interaction between elastic balls. Thus, after interaction with an electron a gamma-quantum of hv0 energy
changes the direction of its motion losing the energy
and continues moving at an angle Θ with energy of hv.
Here v0  initial quantum frequency, v  quantum frequency after the collision, h  Planks constant.
In accordance with the quantum-mechanical calculation [10],

4. Physical principles of cosmic particle registration
An example of the HCRF spectrum is illustrated in
Fig 3. This spectrum is formed by hard particles penetrating through a lead protection of 9 cm in thickness
into a detector. It means that the spectrum is formed by
the total interaction of the mentioned particles with the
crystal of the detector and Comptons scattering effect.
Here the peak of 40K is observed because of the contamination of the crystal by this radionuclide.
After the interaction of muons and γ-quanta with
the nodes of the crystals grid, the scattering effect has
place, i. e. the particles loose energies and change the
direction of their motion (Fig 4).
According to the quantum theory, interaction be-

hν =

1+

hν 0
m0c

hν0

,

(1 – cos Θ)
2

where m0  mass of an immovable electron, c  light
velocity. This formula is changed by dividing the numerator and denominator by m0c2/hv0 and expressing m0c2
by MeV (0,51 MeV):
hν =

0,51
.
0,51
1+
– cos Θ
hν 0

The calculation results according to this formula
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Fig 5. Connection between the energy of cosmic particles (MeV) and the angle of the Comptons scattering

Table 1. Maximum energy of cosmic particles (MeV) and scattered particles (MeV) because of the Comptons effect in the
crystal of a detector
0 ,5 1

1 1 ,5

1 ,5 2

2 2 ,5

More than 2,5

0 ,4 6 0 ,8 6

0 ,8 6 1 ,3

1 ,3 1 ,7

1 ,7 2 ,2

2,2 and more

show the back scattering (Θ = 180°) of quanta with a
high energy (hv 0 >>0,51 MeV) approximating to
0,25 MeV, and at an angle of Θ = 90°  to 0,51 MeV.
The calculation results of connection between
gamma-quanta of a different energy and the angle of
scattering is presented in Fig 5.
The energy values of initial particles and those of
particles after the Comptons scattering in the detector
of a gamma-spectrometer are illustrated in Table 1.
Hence, the energy of initial particles is summed up
with that of particles after the Comptons scattering in
the crystal of a detector and form a gamma-spectrum.
The effect of muons in the gama-spectrum (Fig 3) practically consists of the Comptons scattering.
5. Observation results
During the last 25 years the monitoring of the HCRF
was carried out in Vilnius. The obtained results were
averaged by hours, days, months, years. The instability
of the HCRF in the mentioned time intervals and changes
in meteorological processes were investigated [4], including cardiovascular disease changes in Vilnius. Thus,
variations in the integral spectrum of the HCRF were
used as an indirect indicator of geomagnetic field variations influencing the above mentioned effects.
To make a detailed investigation of the HCRF
course near the ground surface an integral range of 0,3
4 MeV and more was divided into four parts: I  0,3
1,2 MeV; II  1,21,6 MeV; III  1,64 MeV; IV  4
MeV and more. Measurements were carried out in the
mentioned ranges of energy. Such an example is pre-
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Fig 6. Course of averaged day integral values of the HCRF
in July 2002 in Vilnius

sented in Figs 6, 7. Here a gradual decrease of the averaged day values of the HCRF in the integral range (Fig
6) and in the energy range of 0,31,2 MeV (Fig 7a)
was observed on 120 July 2002.
In the other spectral intervals the course of the
HCRF is different (Figs 7b, c, d); here the minimum of
the HCRF values was observed in other days. Coincidence of the HCRF course in the integral and the first
spectral intervals is the most probable (Figs 6, 7 a) because the majority of particles belong to these spectral
intervals and in addition major part of cosmic particles
of a high energy are formed after the Comptons scattering effect.
The next part of the investigation of cosmic radiation was carried out at different energy ranges and different thickness of the lead protection (Fig 8). Decrease
of the intensive particle number was observed at an energy range of 0,31,2 MeV and a small thickness (3 cm)
of the lead protection. Decrease of the HCRF becomes
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Fig 7. Course of averaged day values of the HCRF at different energy ranges: I  0,31,2 MeV, II  1,21,6 MeV, III  1,6
4 MeV, IV  4 MeV and more in July 2002 in Vilnius

gradual at all the energy ranges increasing the lead protection.
Lead thickness of 912 cm practically does not
absorb particles of a high energy (4 MeV and more).
Under the lead protection of 9 cm decrease in the
number of muons with energy of about 1,6 MeV is
stopped. This conclusion is real for the mentioned particles as far as 70 % of the HCRF particles near the
ground surface consist of muons [6]. It means that particles with an initial energy of 1,6 MeV are absorbed by
the lead protection of 9 cm. Hence, to register the muons
of 1,6 MeV energy under this lead thickness, the latter
has to possess an initial energy of 3,2 MeV. Therefore,
muons with this energy form the lower limit of hard
cosmic radiation.

Fig 8. Change of impulse number per hour at different
energy ranges after penetration of the HCRF through
various thickness of lead protection

Another situation is observed for gamma-quanta as
part of cosmic radiation. Moving through lead of 9 cm
in thickness, gamma-quanta of 1,6 MeV energy lose
70 % of the initial energy. So to register a quantum of
1,6 MeV energy under a lead protection, its initial energy has to be 2,7 MeV, i e less than that of muons
(3,2 MeV). As an after-effect, cosmic particles of a
higher energy of 1,6 MeV under a lead protection of
9 cm form a spectrum as a straight line (Fig 3).
Graduation of the gamma-spectrometer by energy
was carried out by the 232Th radioactive source irradiating gamma-quanta as follows: 0,73, 0,92, 1,6, 2,11,
2,62 MeV. Three of the above presented initial energy
quanta are fully absorbed by lead of 9 cm in thickness.
Therefore, a gamma-spectrum can be formed by quanta
of a maximum energy of 2,62 MeV.
The number of registered impulses after the passing of cosmic particles through different layers of lead
during one hour is presented in Fig 9. Here decrease of
the particle number of radionuclide 232Th with a background and the background only increasing the protection is observed. The particle number of a radioactive
source is approaching the background value (Fig 9).
The number of gamma-quanta of a high energy near
the ground surface is decreased, that is why in the background formation of a gamma-spectrometer the main role
is played by muons with energy of 34 MeV and more.
Analysing the tendency of the HCRF course at various energy ranges in Vilnius in 20012002, it is found
out that the course of averaged HCRF day values from
the previous to the next day in the majority of cases is

HCRF, imp/h
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Fig 9. Change of impulse number per hour for the background and a 232Th source of 2,62 MeV energy of gamma-quanta and
the background of a gamma-spectrometer only after passing various thickness of lead protection
Table 2. Course of the HCRF at four energy ranges in Vilnius in 20012002.
Nr

Course of the HCRF

2001

2002

Ab solute value

Per cent

Ab solute value

Per cent

1

Decrease at all the energy ranges

24

6 ,5

31

8 ,5

2

Increase at all the energy ranges

24

6 ,5

35

9 ,6

87

2 4 ,0

95

2 6 ,0

136

3 7 ,2

110

3 0 ,1

94

2 5 ,8

94

2 5 ,8

3
4
5

Decrease at three and increase at
one energy range
Decrease at two and increase at two
energy ranges
Decrease at one and increase at
three energy ranges

different, including the impulse number and process direction.
The same simultaneous course of the HCRF at all
the energy ranges was rarely observed in 20012002.
The everyday course of the HCRF at four energy
ranges is presented in Table 2.
The obtained results given in Table 2 confirm approximately the same results of a simultaneous decrease
and increase of the HCRF at all the energy ranges in
2001 and 2002. It is probably connected with changeable action of the geomagnetic field on the flux of primary cosmic particles, that is why it increases or decreases the secondary HCRF near the ground surface. In
practice it means that the altitude of atmospheric layers
is also changed where muons are formed, and they reach
the ground surface from different distances.
The most probable situation occurs in the case of a
simultaneous increase and decrease at two energy ranges
of the HCRF (Table 2). Thus the HCRF variations near
the ground surface indirectly define the geomagnetic
instability in the upper atmosphere which influences the
human health.

3. The course of the HCRF in 8085 % of cases is
different at various energy ranges during a year.
4. It is found out that for registering gamma-quanta
with 1,6 MeV energy of 232Th under a lead protection
of 9 cm, initial energy of 2,7 MeV is required.
5. The most probable course of the HCRF near the
ground surface is simultaneous increase and decrease at
two energy ranges.
6. Simultaneous decrease of the HCRF in all energy ranges makes 6,58,5 % and increase  6,59,6 %.
7. Variations of the HCRF near the ground surface
indirectly characterize the effect of the geomagnetic field
on the flux of primary cosmic rays and human organism.
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KIETOSIOS KOSMINËS SPINDULIUOTËS VARIACIJØ
YPATUMAI PRIE ÞEMËS PAVIRÐIAUS DËL
GEOMAGNETINIO AKTYVUMO SVYRAVIMØ
D. Styra, J. Gaspariûnas, A. Usovaitë
Santrauka
Analizuojamas pirminiø kosminiø daleliø virtimo antrine
spinduliuote prie Þemës pavirðiaus transformacijos mechanizmas. Ið publikacijø þinoma, kad antrinës kosminës spinduliuotës pagrindinæ dalá sudaro miuonai. Jie atsiranda dël branduoliniø reakcijø tarp pirminiø kosminiø protonø ir atmosferos dujø
branduoliø. Didþiausios miuonø koncentracijos atmosferos
sluoksnyje formuojasi apie 15 km aukðtyje. Dël trumpos miuonø egzistencijos trukmës (2 µs) jø kiekis prie Þemës pavirðiaus
priklauso nuo ðio sluoksnio aukðèio svyravimø. Todël prie Þemës pavirðiaus registruojamas nepastovus miuonø srautas. Jo
variacijos susijæ su meteorologiniø procesø kitimais, Saulës radiacijos nestabilumu, geomagnetinio lauko svyravimais ir t. t.,
o minëtieji procesai turi poveiká þmogaus organizmui.
Prie Þemës pavirðiaus atlikti tik kietosios kosminës spinduliuotës komponentës matavimai. Tam tikslui buvo patobulintas gama-spektrometro jutiklio apsauginis sluoksnis: padaryti tarpeliai tarp ðvininiø plokðteliø liûèiø efektui ðvine sumaþinti, veikiant kosminei radiacijai, ir maþø energijø daleliø átakai iðvengti
bei pagerinti matavimø rezultatø tikslumà.
Nustatyta, kad jutiklio 9 cm storio ðvininis apsauginis
sluoksnis visiðkai sugeria 1,6 MeV energijos miuonus. Uþregistruota, kad radionuklido 232Th 1,6 MeV energijos gama kvantai praranda 70 % energijos tame paèiame apsauginiame sluoksnyje. 20012002 m. atlikta kietosios kosminës spinduliuotës
srauto (KKSS) eigos prie Þemës pavirðiaus analizë. Tirta keturi
energiniai intervalai: I  0,31,2 MeV, II  1,21,6 MeV, III 
1,64 MeV, IV  4 MeV ir daugiau ir gauta skirtinga KKSS
eiga. 20012002 m. vienu metu ji visuose intervaluose buvo
nuo 6,5 iki 9,6 %. Gautieji rezultatai netiesiogiai rodo atmosferos sluoksnio aukðèio, kuriame formuojasi didþiausios miuonø

koncentracijos, pokytá laike. Ðis pokytis priklauso nuo meteorologiniø ir geomagnetinio lauko pokyèiø, ir tai turi átakos þmoniø sveikatai.
Raktaþodþiai: kosminë spinduliuotë, miuonai, gama kvantai, energiniai intervalai, ðvininis apsauginis sluoksnis.
ÎÑÎÁÅÍÍÎÑÒÈ ÊÎËÅÁÀÍÈß ÏÎÒÎÊÎÂ
Æ¨ÑÒÊÎÃÎ ÊÎÑÌÈ×ÅÑÊÎÃÎ ÈÇËÓ×ÅÍÈß Ó
ÇÅÌÍÎÉ ÏÎÂÅÐÕÍÎÑÒÈ ÂÑËÅÄÑÒÂÈÅ
ÊÎËÅÁÀÍÈÉ ÃÅÎÌÀÃÍÈÒÍÎÉ ÀÊÒÈÂÍÎÑÒÈ
Ä. Ñòûðî, É. Ãàñïàðþíàñ, À. Óñîâàéòå
Ðåçþìå
Àíàëèçèðóåòñÿ ìåõàíèçì ïåðåõîäà ïåðâè÷íûõ êîñìè÷åñêèõ ÷àñòèö âî âòîðè÷íîå èçëó÷åíèå ó çåìíîé ïîâåðõíîñòè. Èçâåñòíî, ÷òî îñíîâíóþ ÷àñòü âòîðè÷íîãî êîñìè÷åñêîãî èçëó÷åíèÿ ó çåìíîé ïîâåðõíîñòè ñîñòàâëÿþò ìþîíû.
Îíè îáðàçóþòñÿ â ðåçóëüòàòå ÿäåðíûõ ðåàêöèé ìåæäó ïåðâè÷íûìè ïðîòîíàìè è ÿäðàìè àòìîñôåðíûõ ãàçîâ. Ìàêñèìàëüíîå êîëè÷åñòâî ÷àñòèö ìþîíîâ îáðàçóåòñÿ â àòìîñôåðíîì ñëîå, ðàñïîëîæåííîì íà ðàññòîÿíèè 15 êì îò çåìíîé
ïîâåðõíîñòè. Èç-çà ñðàâíèòåëüíî íåïðîäîëæè-òåëüíîãî âðåìåíè æèçíè ìþîíà (2 µêñ) êîëè÷åñòâî ýòèõ ÷àñòèö ó çåìíîé
ïîâåðõíîñòè çàâèñèò îò èçìåíåíèÿ âûñîòû ýòîãî ñëîÿ.
Ïîýòîìó ó çåìíîé ïîâåðõíîñòè ðåãèñòðèðóþòñÿ íåïîñòîÿííûå ïîòîêè ìþîíîâ, êîëåáàíèÿ êîòîðûõ ñâÿçàíû ñ
èçìåíåíèåì ìåòåîðîëîãè÷åñêèõ ïðîöåññîâ, íåñòàáèëüíîñòüþ
ñîëíå÷íîé ðàäèàöèè, êîëåáàíèÿìè ãåîìàãíèòíîãî ïîëÿ è ò.
ä., à óïîìÿíóòûå ïðîöåññû âîçäåéñòâóþò íà ÷åëîâå÷åñêèé
îðãàíèçì.
Ó çåìíîé ïîâåðõíîñòè ïðîâîäèëèñü èçìåðåíèÿ ïîòîêà
æ¸ñòêîé ñîñòàâëÿþùåé êîñìè÷åñêîãî èçëó÷åíèÿ. Ñ ýòîé
öåëüþ áûëà óñîâåðøåíñòâîâàíà çàùèòà äåòåêòîðà ãàììàñïåêòðîìåòðà: ñîçäàíû íåáîëüøèå ðàññòîÿíèÿ ìåæäó
ñâèíöîâûìè ïëàñòèíêàìè, ÷òîáû óìåíüøèòü ëèâíåâûå
ïîòîêè â ñâèíöå, âûçûâàåìûå êîñìè÷åñêîé ðàäèàöèåé è
âîçäåéñòâèåì ÷àñòèö ìàëîé ýíåðãèè äëÿ ïîâûøåíèÿ
òî÷íîñòè èçìåðåíèé.
Óñòàíîâëåíî, ÷òî ñâèíöîâàÿ çàùèòà äåòåêòîðà òîëùèíîé 9 ñì ïîëíîñòüþ ïîãëîùàåò ìþîíû ñ ýíåðãèåé 1,6
ÌýÂ, à ãàììà-êâàíòû ðàäèîíóêëèäà 232Th òåðÿþò 70 %
ýíåðãèè ïðè ïðîõîæäåíèè ÷åðåç òó æå ñàìóþ ñâèíöîâóþ
çàùèòó.
Ïðîâåäåí àíàëèç õîäà ïîòîêà æ¸ñòêîãî êîñìè÷åñêîãî
èçëó÷åíèÿ (ÏÆÊÈ) â ÷åòûð¸õ ýíåðãåòè÷åñêèõ èíòåðâàëàõ:
I  0,31,2 MýÂ, II  1,21,6 MýÂ, III  1,64 MýÂ, IV 
4,0 MýÂ è áîëåå â 20012002 ãã.
Îáíàðóæåí ðàçëè÷íûé õîä ÏÆÊÈ â ýòèõ èíòåðâàëàõ.
Îäíîâðåìåííîå ñîâïàäåíèå õîäà ÏÆÊÈ âî âñåõ èíòåðâàëàõ
ïîëó÷åíî òîëüêî â 6,59,6 % ñëó÷àåâ â 20012002 ãã.
Ïîëó÷åííûå ðåçóëüòàòû êîñâåííî îòðàæàþò
íåïîñòîÿíñòâî âûñîòû àòìîñôåðíîãî ñëîÿ âî âðåìåíè, â
êîòîðîì îáðàçóåòñÿ ìàêñèìàëüíàÿ êîíöåíòðàöèÿ ìþîíîâ.
Îäíàêî ýòî íåïîñòîÿíñòâî ñâÿçàíî ñ èçìåíåíèåì ìåòåîðîëîãè÷åñêèõ ïðîöåññîâ è êîëåáàíèÿìè ãåîìàãíèòíîãî ïîëÿ,
÷òî âîçäåéñòâóåò íà ñîñòîÿíèå çäîðîâüÿ ÷åëîâåêà.
Êëþ÷åâûå ñëîâà: êîñìè÷åñêîå èçëó÷åíèå, ìþîíû,
ãàììà-êâàíòû, ýíåðãåòè÷åñêèå èíòåðâàëû, ñâèíöîâàÿ çàùèòà.

