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The question of the spatial distribution of fast and thermal neutrons in the Earth’s atmosphere is considered. The fields of
fast neutrons from a flat radioactive source with a source energy not exceeding 1 MeV are correctly described by the age
theory. The effect of atmospheric in homogeneity affects the height of the source, exceeding 20-25 km. The flux density
of slow neutrons falls almost to zero at a distance of about two parameters of the atmospheric in homogeneity.

Keywords: neutron flux, Earth's atmosphere, heterogeneity, quasi-diffusion.

1. From the point of view of the problem of pollution
of the Earth’s atmosphere and the control of it, it is of
interest to know the spatial-energy distribution of
neutrons in the atmosphere and some of its functional that
determine side effects, such as secondary gamma
radiation, from radioactive sources of various types.

The intensity of the interaction of neutrons with air
depends on the density of air molecules, which is
different at different heights. In this regard, in the upper
layers of the atmosphere, the non-uniformity of the
atmosphere will exert on the distribution of neutrons. The
effect of in homogeneity is significant at those altitudes
at which the neutron mean free path turns out to be
comparable with the characteristic size of the atmosphere
in homogeneity. For the model of an exponential
atmosphere with a characteristic parameter h = 8 km, this
occurs at altitudes of 20-25 km above the Earth’s surface.
By the nature of the interaction with air molecules,
neutrons can be divided into two broad categories: fast
and thermal. The fast neutrons include those neutrons
whose energy significantly exceeds the thermal energy of
the movement of air molecules. In this case, we can
assume that neutron scattering occurs on immobile
molecules. Thermal neutrons are those neutrons whose
energy is comparable to or even less than the thermal
energy of air molecules. In this case, when considering
the scattering of neutrons by air molecules, it is necessary
to take into account the thermal motion of the latter.

2. The neutron flux density at a height z, moving at
a speed in the direction in the stationary case, is described
by the Integral-Differential Boltzmann equation:
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where Zs(z,u’ —>u;f)’—>f)) — twice the differential

cross section of neutron scattering, Zz(z, v) — the total

cross section for the interaction of neutrons with air,

S (z, v, fz) — the density of sources of thermal neutrons.
3. The spatial-energy distribution of fast neutrons
for an exponential atmosphere from a flat mono energetic

source, which are solutions of equation (1) in the age
approximation, has the form [1]:
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where 4; is the atomic weight of the i-th scattering
element, N is the number of elements, and are the integral
cross sections for scattering and absorption, respectively,
is the transport cross section. The density of fast neutron
fluxes in (2) is normalized by the condition that one
neutron occurs at a time unit at the origin (at z = 0).

It is easy to show that for energies much lower than
the energy of the source neutrons, this distribution
follows the well-known Fermi spectrum. Deviations
from this spectrum, exponentially obtained in [2], are
apparently caused by such effects as the non-pointless of
the source in space, the presence of impurities in the air,
and the presence of chemical bonds in the scattering
molecules.

4. Obtaining an analytical solution of the kinetic
equation (1) in the case of thermal energy of neutrons,
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even for the simplest models of scattering is difficult. The
spatial-energy distribution of neutrons in this energy
region was obtained by us numerically using the [3]
program complex, which was based on a nonlinear
iterative method for solving the kinetic equation, called
the [4] quasi-diffusion method. The source of thermal
neutrons is determined from the following physical
considerations. When scattering of fast neutrons with
energy Egr, some of them fall into the thermal region. The
choice of the boundary of the Eg between fast and
thermal neutrons is conditional. The energy Eg should
satisfy the only requirement Eg >> T (T is the equilibri-
um temperature of the medium in energy units). For each
neutron with energy E> Eg there is a certain probability
to pass due to scattering on the atoms of the medium to
the state with E <Eg. The further behavior of neutrons
with E <Eg is determined by the thermalization equation.
The sources in this equation are those neutrons with E
<Egr, which were located in the region E'>Eg before the
last collision. The density of thermal neutron sources is
determined by the total effect over all energies E'>E,.
and is given by the expression:
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where (3) gives both spatial and energy distribution of
thermal neutron sources.

When calculating the source of thermal neutrons, we

will use the expression (2). Substituting (2) into formula
(3), we obtain:

where
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We take out from the sign of the integral in terms of

Umin

speed, since the age of neutrons depends on speed only
through magnitude. The change in u in the region from
Lmin aNd Lmax (Near energies ~ 1 eV) is small, T means the
age of neutrons with energy Egr.

The Earth's atmosphere in the calculations of the

neutron fields was assumed to consist of nitrogen and
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oxygen with a temperature corresponding to the height H
of a flat monoenergetic source of fast neutrons.

The spatial distribution of slow neutrons, obtained
with allowance for the thermalization effect, for height
H = 40 km is shown in Figure.
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1 - the result of the calculation of this work;
2 - the result of 1[5]1, excluding the thermalization effect

Figure. The spatial distribution of slow neutrons

The distribution of thermal neutrons obtained in [5],
without taking into account energy exchange in
collisions, is also given there for comparison.

The large difference in the results is explained by the
overestimation of the effect of neutron absorption in
work [5]. Compared to this distribution, our graph is
shifted to higher energies. This is due to the strong
absorption of slow neutrons by nitrogen molecules. The
average energy of slow neutrons in the Earth’s
atmosphere was approximately constant in space and
equal to 0.2 eV.

5. Conclusions. The fields of fast neutrons from a
flat radioactive source with a source energy not
exceeding 1 MeV are correctly described by the age
theory. The effect of atmospheric in homogeneity affects
the height of the source, exceeding 20-25 km.

The fields of slow neutrons are essentially determined
by the thermal motion of air molecules.

The thermalization effect in an inhomogeneous
atmosphere can be described in the one-group
approximation if the average neutron energy is set equal
t0 0.2 eV.

The flux density of slow neutrons falls almost to zero
at a distance of about two parameters of the atmospheric
in homogeneity. The asymptotic value of this density in
the direction of the Earth’s axis is significantly different
from zero. The maximum of the spatial distribution is
shifted in the direction from the source to the Earth by a
value of the order of h = 8 km.
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AHBIKTAJIMAFAH PAJJUOAKTHUBTI KO3JEPJAEH )KEP ATMOC®EPACBIHA
HEWTPOHJAPIBIH TAPAJTYBI

DX.III. A6ayaaaes, 2 B.A.Haxados, V) E.A. Macumos, V) X.E. I'yceiinzane, Y B.A. Mamenon

D Baky Memnekemmix ynueepcumemi
2 Ozipéaiscan ¥nmmuoix Fornvin Akademusacoinoty Paouayusnvix macenenep uncmumymol

XKep armocdepacpiHa IIammiaH >KOHE SJKBUTYJBIK HEHTPOHAAPABIH KEHICTIKTI Tapaly Moceieci KapacCTBIPBUIIHL.
Heitrporgapapie xac teopusceiHa 1| M>B acmaiiTeiH sHEpTHs Ke3i Ke3iHZeTi )Ka3blK PagioaKTHBTI KO3ICH IIaNaH
HEHTpPOHZAp OpICTEepiHiH AyphIC cHmarramacel Oepimerni. ATMocdepanblk opTekTiik ocepi ke3miH 20-25 kM actam
OuikririHe bIKnai erezi. basty HeHTpOHIAP aFBIHBIHBIH THIFBI3ABIFB aTMOC(EPaNbIK OPTEKTUTIKTIH €Ki apaMeTpiHe KYbIK
KaIIBIKTHIKTA HOJITE ICHiH TOMEHACHII.

Kinm ce30ep: nelitpoHnap arbinbl, JKep arMocdepackl, reTeporeH ik, KBa3u-1namsipay.

PACHPEJIEJIEHUE HEUTPOHOB OT HEOIIPEJIEJIEHHBIX PAJMOAKTUBHBIX HICTOYHUKOB
B ATMOC®EPE 3EMJIN

D Agayanaes X.III., 2 Haxados B.A., ) Macumos E.A., D T'yceiinzage X.E., ) Mamenos B.A.

D Baxunckuii Focyoapcmeennviii Ynueepcumem
2 Hucmumym paduayuonnwix npobnem Hayuonanvnoii Axademuu Hayk Azepbaiioncana

PaccMoTpeH BOIPOC MPOCTPAHCTBEHHOI'O PACIPEACICHUS OBICTPHIX M TEIUIOBBIX HEHTPOHOB B aTtMmocdepe 3emiu.
Teopueit Bo3pacta HEUTPOHOB Aa€TCs KOPPEKTHOE OMHCAHUE TOJIEH OBICTPHIX HEUTPOHOB OT TJIIOCKOTO PaHOAKTHBHOTO
HCTOYHUKA MPH SHEPTHHM MCTOYHHMKA He mpeBbimaronieid 1 MaB. Dddekr atmochepHoil HEOMHOPOTHOCTH BIUACT HA
BBICOTY HCTOYHWKA CBbIEe 20-25 kM. IIMOTHOCTH MOTOKa MEIJIEHHBIX HEUTPOHOB CHIKAETCS MOYTH J0 HyJS Ha
PacCTOSHUU OKOJIO IBYX MapameTpoB aTMOC(HEpHON HEOJHOPOJHOCTH.

Knrouegvie cnosa: NoTox HEHTPOHOB, aTMOcdepa 3eMiTH, TeTepOreHHOCTh, KBa3U-pacceBaHUeE.
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