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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 ps), the amount of these
particles near the ground surface depends on variations in the altitude of the above-mentioned atmospheric layer. There-
fore, an unstable flux of muons is registered near the ground surface. Their variations are connected with the Sun’s
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 2*?Th lose 70 % of the
initial energy only in the same lead protection.

In 2001-2002 a study was made of the course of the hard cosmic ray flux (HCRF) near the ground surface in four
energy intervals: 1 — 0,3-1,2 MeV, 2 — 1,2-1,6 MeV, 3 — 1,6-4 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.
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1. Introduction

Nowadays an intensive increase of industry, power
engineering, agriculture, etc, influence the environment
and the action on the human organism. The after-ef-
fects of the above stated sources occur in the air and
drinking water quality change, contamination of the bio-
sphere 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 ac-
tion 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 meteo-
rological situation changes, variation of the Sun’s activ-
ity, 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 ef-
fects which disorder the cardiovascular system [1, 2].

It is found out that the investigation of geomag-
netic 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 crite-
ria 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 pre-
dicting the human health change.

Near the ground surface major part of the HCRF
consists of muons with different energy. The registra-
tion of these particles is carried out by a gamma-spec-
trometer having a scintillation crystal Nal(Tl) [4]. The
change of cosmic particle number per time unit indi-
rectly predicts the influence of geomagnetic field varia-
tions 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 in-
vestigation of secondary cosmic radiation and mecha-
nism of interaction with the scintillation crystal Nal(T1),
muons spectrum form, which predicts the variations of
geomagnetic field effect on people.

2. Object of investigation

Cosmic particles near the ground surface are dif-
ferent from those of Galaxy. 90 per cent of primary
cosmic particles consist of protons, therefore, they in-
teract 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 [5-8].

It means that before reaching the ground surface it
has to make about 15 collisions with the nuclei of at-
mospheric gases, 1 e it must have 15 free paths, there-
fore, the probability to reach the ground surface is neg-
ligible.

Interacting with atmospheric gases, protons form
new particles m-mesons with the maximum concentra-
tion at an altitude of 15 km [9]. The life of m-mesons is
26 ns and during this period of time it can move a dis-
tance of 125 m in the atmosphere. There are neutral 7t-
mesons or they have positive or negative charge. Their
decay schemes are as follows:

nOZZY,
+ _ .+
T =Wy,
=Rty

where ¥ — gamma-quantum, " and p- — positive and

negative m-mesons, accordingly, Yy and V, — 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 us.

Maximum flux of muons is registered at the same
altitude of 15 km coinciding with m-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 life-
time 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 sur-
face. Moving towards the ground surface they pass en-
ergy to atmospheric gases. The quantity of lost energy
of these particles depends on primary energy, the alti-
tude of formations, geographical location, atmospheric
pressure and other meteorological processes, the geomag-
netic field direction, etc.

After the life-time of 2 pus the process of muon de-
cay is as follows:

W =€ +Vv, +V,,
+ _
nwo=e"+v, +v,,

where e~ — electron, e" — positron, v,, V, — muon's neu-

W
trino and antineutrino, v, and V. - electron's neutrino
and antineutrino, accordingly.

Thus, the formed particles (secondary cosmic ra-
diation) 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 Nal(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 com-
puter.

The detector is placed into a lead protection to be
saved from penetration of the mild component of sec-
ondary cosmic radiation. The lead protection was im-
proved and constructed in the form of a lead box (Fig 2).
Lead plates of 3—-5 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
Nal(Tl), 2 — photomultiplier, 3 — high-stress generator,
4 — analyser of impulses, 5 — amplifier, 6 — computer
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Fig 2. Lead protection with a detector inside: 1 — crystal
Nal(T1), 2 — photomultiplier, 3 — lead screens, 4 — metal-
lic constructions, 5 — radioactive source

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.

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 pen-
etrating 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 Compton’s scattering effect.
Here the peak of “°K is observed because of the con-
tamination of the crystal by this radionuclide.

After the interaction of muons and y-quanta with
the nodes of the crystal’s 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-
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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 “°K of crystal Nal(TI)
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Fig 4. Compton’s scattering of cosmic particles in the
detector of a gamma-spectrometer

tween y-quantum and an electron is analysed similarly
to interaction between elastic balls. Thus, after interac-
tion with an electron a gamma-quantum of /v, energy
changes the direction of its motion losing the energy
and continues moving at an angle © with energy of Av.
Here v,, — initial quantum frequency, v — quantum fre-
quency after the collision, 2 — Plank’s constant.

In accordance with the quantum-mechanical calcu-
lation [10],

hvo

hv = ,
1+ hv02 (1—cosO)
myc

where m, — mass of an immovable electron, ¢ — light
velocity. This formula is changed by dividing the nu-
merator and denominator by mc*/hv, and expressing mc>
by MeV (0,51 MeV):

0,51

hV —
1+O—51—cos@
hvg

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 Compton’s scattering

Table 1. Maximum energy of cosmic particles (MeV) and scattered particles (MeV) because of the Compton’s effect in the

crystal of a detector

Maximum energy of the HCRF particles, MeV 0,5-1 1-1,5 1,5-2 2-2,5 More than 2,5

Energy of the HCRF particles after the 0,46-0,86 0,86-1,3 13-17 1722 | 22and more

Compton's scattering, MeV
show the back scattering (@ = 180°) of quanta with a 4600
high energy (hv,>>0,51 MeV) approximating to 4500 1
0,25 MeV, and at an angle of ©® = 90° — to 0,51 MeV. < 4400 1

. . Q
The calculation results of connection between £ 4300 1
gamma-quanta of a different energy and the angle of W 42001
scattering is presented in Fig 5. Q 4100 ~
4000 +—+—T—r—rr—r—T"TTrTTr T T T T T

The energy values of initial particles and those of
particles after the Compton’s 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 Compton’s scattering in
the crystal of a detector and form a gamma-spectrum.
The effect of muons in the gama-spectrum (Fig 3) prac-
tically consists of the Compton’s 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], includ-
ing cardiovascular disease changes in Vilnius. Thus,
variations in the integral spectrum of the HCRF were
used as an indirect indicator of geomagnetic field varia-
tions 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; 11 — 1,2-1,6 MeV; Il — 1,64 MeV; IV — 4
MeV and more. Measurements were carried out in the
mentioned ranges of energy. Such an example is pre-

1 3 5 7 9 11131517 19 21 23 25 27 29 31
days

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 aver-
aged day values of the HCRF in the integral range (Fig
6) and in the energy range of 0,3-1,2 MeV (Fig 7a)
was observed on 1-20 July 2002.

In the other spectral intervals the course of the
HCREF is different (Figs 7b, c, d); here the minimum of
the HCRF values was observed in other days. Coinci-
dence of the HCRF course in the integral and the first
spectral intervals is the most probable (Figs 6, 7 a) be-
cause 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 Compton’s scat-
tering effect.

The next part of the investigation of cosmic radia-
tion was carried out at different energy ranges and dif-
ferent thickness of the lead protection (Fig 8). Decrease
of the intensive particle number was observed at an en-
ergy range of 0,3—1,2 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 — 0,3-1,2 MeV, II — 1,2-1,6 MeV, Il — 1,6—

4 MeV, IV — 4 MeV and more in July 2002 in Vilnius

gradual at all the energy ranges increasing the lead pro-
tection.

Lead thickness of 9—12 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 par-
ticles as far as 70 % of the HCRF particles near the
ground surface consist of muons [6]. It means that par-
ticles 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.
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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 en-
ergy 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 irradiat-
ing 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 pass-
ing of cosmic particles through different layers of lead
during one hour is presented in Fig 9. Here decrease of
the particle number of radionuclide 2*2Th with a back-
ground and the background only increasing the protec-
tion 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 back-
ground formation of a gamma-spectrometer the main role
is played by muons with energy of 3—4 MeV and more.

Analysing the tendency of the HCRF course at vari-
ous energy ranges in Vilnius in 2001-2002, 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
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Fig 9. Change of impulse number per hour for the background and a 2*2Th 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 2001-2002.

2001 2002
Nr Course of the HCRF
Absolute value Per cent Absolute value Per cent
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
3 Decrease at three and increase at 87 240 95 26,0
one energy range
4 Decrease at two and increase at two 136 372 110 30.1
energy ranges
5 Decrease at one and increase at o4 258 04 258
three energy ranges

different, including the impulse number and process di-
rection.

The same simultaneous course of the HCRF at all
the energy ranges was rarely observed in 2001-2002.

The everyday course of the HCRF at four energy
ranges is presented in Table 2.

The obtained results given in Table 2 confirm ap-
proximately 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 change-
able action of the geomagnetic field on the flux of pri-
mary cosmic particles, that is why it increases or de-
creases 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.

6. Conclusions

1. A lead protection of the detector of a gamma-
spektrometer is improved. The protection consists of
many lead plates which are placed at a certain distance
among one another to stop the development of muon
shower in the lead.

2. Limited energy of 1,6 MeV needed for a muon
to pass through the lead thickness of 9 cm is defined.

3. The course of the HCRF in 80-85 % 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 en-
ergy ranges makes 6,5-8,5 % and increase — 6,5-9,6 %.

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 organ-
ism.
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KIETOSIOS KOSMINES SPINDULIUOTES VARIACIJU
YPATUMAI PRIE ZEMES PAVIRSIAUS DEL
GEOMAGNETINIO AKTYVUMO SVYRAVIMU

D. Styra, J. Gaspariiinas, A. Usovaité

Santrauka

Analizuojamas pirminiy kosminiy daleliy virtimo antrine
spinduliuote prie Zemés paviriaus transformacijos mechaniz-
mas. I§ publikacijy zinoma, kad antrinés kosminés spinduliuo-
tés pagrinding dali sudaro miuonai. Jie atsiranda dél branduoli-
niy reakcijy tarp pirminiy kosminiy protony ir atmosferos duju
branduoliy. Didziausios miuony koncentracijos atmosferos
sluoksnyje formuojasi apie 15 km aukstyje. Dél trumpos miuo-
ny egzistencijos trukmés (2 us) ju kiekis prie Zemés pavirsiaus
priklauso nuo $io sluoksnio auks&io svyravimy. Todél prie Ze-
més pavirSiaus registruojamas nepastovus miuony srautas. Jo
variacijos susij¢ su meteorologiniy procesy kitimais, Saulés ra-
diacijos nestabilumu, geomagnetinio lauko svyravimais ir t. t.,
0 minétieji procesai turi poveiki Zzmogaus organizmui.

Prie Zemés pavirsiaus atlikti tik kietosios kosminés spin-
duliuotés komponentés matavimai. Tam tikslui buvo patobulin-
tas gama-spektrometro jutiklio apsauginis sluoksnis: padaryti tar-
peliai tarp Svininiy ploksteliy lit¢iy efektui Svine sumazinti, vei-
kiant kosminei radiacijai, ir mazy energiju daleliy jtakai i§vengti
bei pagerinti matavimy rezultaty tiksluma.

Nustatyta, kad jutiklio 9 cm storio §vininis apsauginis
sluoksnis visiSkai sugeria 1,6 MeV energijos miuonus. UZre-
gistruota, kad radionuklido 232Th 1,6 MeV energijos gama kvan-
tai praranda 70 % energijos tame pac¢iame apsauginiame sluoks-
nyje. 2001-2002 m. atlikta kietosios kosminés spinduliuotés
srauto (KKSS) eigos prie Zemés pavirsiaus analizé. Tirta keturi
energiniai intervalai: I — 0,3-1,2 MeV, II — 1,2-1,6 MeV, III —
1,64 MeV, IV — 4 MeV ir daugiau ir gauta skirtinga KKSS
eiga. 2001-2002 m. vienu metu ji visuose intervaluose buvo
nuo 6,5 iki 9,6 %. Gautieji rezultatai netiesiogiai rodo atmosfe-
ros sluoksnio aukscio, kuriame formuojasi didziausios miuony

koncentracijos, pokyti laike. Sis pokytis priklauso nuo meteo-
rologiniy ir geomagnetinio lauko pokyc¢iy, ir tai turi itakos zmo-
niy sveikatai.

RaktaZodZiai: kosminé spinduliuoté, miuonai, gama kvan-

OCOBEHHOCTH KOJIEBAHUSA MIOTOKOB
KECTKOIrO KOCMUYECKOI'O U3JIYUYEHUA Y
3EMHOI MOBEPXHOCTH BCJIEJCTBUE
KOJEBAHUI TEOMATHUTHOM AKTUBHOCTH

JI. Creipo, M. Tacnapionac, A. Ycopaiite

PeszomMme

AHanmm3upyeTcs MEXaHHU3M Iepexofia IEPBHYHBIX KOCMH-
YECKHX YaCTHI[ BO BTOPUYHOE HM3IYYCHHE Y 3€MHOU IMOBEPX-
HoCTU. MI3BECTHO, YTO OCHOBHYIO YacTh BTOPUYHOTO KOCMHYEC-
KOTO M3JIy4eHHs Y 36MHOH MOBEPXHOCTH COCTABJISIOT MIOOHBI.
OHH 00pa3yloTcs B pe3yJbTaTe SIICPHBIX PeaKkIi Mexay mep-
BHYHBIMU MPOTOHAMH W SIIPaMH aTMOC(HEPHBIX Ta30B. Makcu-
MaJbHOE KOJMYECTBO YaCTHUI] MEOOHOB 00pasyercsi B aTMocdep-
HOM CIIO€, PacIlOJIOKEHHOM Ha PacCTOSHUH 15 KM OT 3eMHOU
MMOBEPXHOCTH. 13-32 CpaBHUTENBHO HEMPOAOKU-TEIFHOTO Bpe-
MEHH JKU3HH MIOOHA (2 |LKC) KOJMYECTBO ATUX YAaCTHLl y 3€MHOMN
MIOBEPXHOCTH 3aBUCHT OT W3MEHEHHs BBICOTBHI 3TOTO CJIOS.

IToaToMy y 3€MHO# OBEPXHOCTH PETUCTPUPYIOTCS HEMOC-
TOSTHHBIC TIOTOKH MIOOHOB, KOJICOaHHS KOTOPBIX CBSI3aHBI C
HM3MCHEHHEM METEOPOIIOTHUYECKHX MPOLIECCOB, HECTAOMIBHOCTHIO
COJIHEYHOHU pajHalud, KojeOaHHSIMH T€OMAarHUTHOTO TOJIS H T.
1., @ YIOMSHYTBIE IPOLIECCH BO3/EICTBYIOT Ha YeJIOBEUCCKUH
OpraHU3M.

YV 3eMHON MOBEpXHOCTH MPOBOAMINCH U3MEPEHUS ITOTOKA
KECTKOM COCTaBIAIONICH KOCMUYECKOTO u3nmydeHus. C aToi
[enblo OblTa YCOBEPIICHCTBOBaHA 3aIllMTa JETEKTOpa raMMa-
CIIEKTpOMETpa: CO3JaHbl HEOONBIINE PACCTOSHUS MEXIY
CBUHIIOBBIMH IIACTUHKAMHU, 4YTOOBl YMEHBIIUTH JIMBHEBBIE
MOTOKH B CBUHIIE, BBI3BIBAEMbIC KOCMHUYECKOHW paauanued u
BO3JE€HCTBHEM YacTHUL Majoil »HEpPruM MJis HOBBILICHUS
TOYHOCTH M3MEPCHUH.

YCTaHOBIEHO, YTO CBHHIIOBAas 3allWTa JETEKTOpa TOJ-
IIMHOW 9 CM TIOJHOCTBIO IOTJIONIAET MIOOHBI ¢ 3Hepruen 1,6
M5B, a ramma-kBaHThl paguonykmuaa 2>>Th tepsror 70 %
SHEPIuu MpH NPOXOXKICHUU Yepe3 Ty K€ CaMylo CBHHIIOBYIO
3aLIUTY.

IIpoBenen aHamu3 Xoma MOTOKAa JKECTKOrO KOCMHUYECKOTO
mnydenus (IDKKHW) B 4eTpIpéx dHEPreTHYECKUX HHTEpPBANIaX:
1-0,3-1,2 MaB, II - 1,2-1,6 M»3B, III — 1,64 MaB, IV —
4,0 M3B u 6onee B 2001-2002 rr.

Oo6napyxen pasznuunblii xon [DKKHW B aTuX mHTEpBanax.
Onnopemennoe cosnagenue xona IDKKHM Bo Bcex uHTepBanax
MOJTy4eHO TONBKO B 6,5-9,6 % cmydae B 2001-2002 rr.

I[lonydeHHBIE pe3ynbTaThl KOCBEHHO OTPaXXaloT
HEMOCTOSTHCTBO BBICOTHI aTMOC(HEPHOTO CIIOS BO BPEMCHH, B
KOTOpOM 00pa3yeTcss MakCHUMajlbHasi KOHLEHTpalMs MIOOHOB.
OnHaKO 3TO HEMOCTOSIHCTBO CBA3aHO C U3MEHCHHEM METEOpo-
JIOTUYECKHX IIPOLIECCOB M KOJCOAHHSIMH T€OMarHUTHOTO OIS,
YTO BO3JCHCTBYET Ha COCTOSIHUE 3J0POBbBS YEIIOBEKA.

KiioueBble c¢/10Ba: KOCMHYECKOE HU3J1y4YCHHUE, MIOOHBI,
raMma-KBaHTBI, DOHEPIr€TUYCCKHUE MHTEPBAJIbl, CBUHIIOBAasA 3allUTa.





