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Total mass attenuation coefficients, u,, effective atomic number, Z g, and effective electron
density, N, of different gases — carbon dioxide, methane, acetylene, propane, butane, and
pentane used in radiation detectors, have been calculated for the photon energy of 1 keV to
100 GeV. Each gas has constant Z g values between 0.10 to 10 MeV photon energies; how-
ever, these values are way far away from ICRU tissue. Carbon dioxide gas shows the closest
tissue equivalence in the entire photon energy spectrum. Relative tissue equivalences of the
mixtures of gases with respect to ICRU tissue are in the range of 0.998-1.041 for air, argon
(4.5%) + methane (95.5%), argon (0.5%) + carbon dioxide (99.5%), and nitrogen (5%) +
methane (7%) + carbon dioxide (88%). The gas composition of xenon (0.5%) + carbon diox-
ide (99.5%) shows 1.605 times higher tissue equivalence compared to the ICRU tissue. The
investigated photon interaction parameters are useful for exposure and energy absorption
buildup factors calculation and design, and fabrication of gaseous detectors for ambient radi-
ation measurement by the Geiger-Muller detector, ionization chambers and proportional

counters.
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INTRODUCTION

The interaction of radiation with the sensitive
medium of a detector produces the state of ionization
and the ions detected are the principle of radiation
measurement. The detector provides measurable pa-
rameters which yield information on the amount of en-
ergy deposited within the detector medium. When the
medium of interaction is gas-filled, the detectors are
classified as gaseous detectors. Ionization chambers,
proportional counters and Geiger-Muller (GM) detec-
tors are widely used for measuring the ambient gamma
radiation level and estimation of radioactivity at nu-
clear power reactors, research reactors, accelerators,
research laboratories, nuclear medical centers, phar-
maceutical industries, cancer treatment facilities and
for the identification of trace quantity of radioactivity
of gases, smoke detection, remote sensing, micro-do-
simetry, efc. Ambient gamma dose rate measurement
inside nuclear facilities is one of the measure aspects
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for radiological protection of the workers engaged in
operation and maintenance and healthiness of nuclear
systems operation. The workplace gamma equivalent
dose rate in nuclear facilities is a parameter for the de-
sign of reactors and accelerator shielding, and for
planning their operation and maintenance. The equiv-
alent dose rate measured by radiation detectors is a di-
rect indication of occupational risks/hazards from
gamma radiation in nuclear facilities. The tissue
equivalent (TE) gas medium of a detector represents
the individual absorbed gamma dose by multiplication
of the workplace dose equivalent rate and the duration
of'availability. The personal dose equivalent measured
by a personal dosimeter is related to the equivalent
dose measured by radiation detectors.

Radiation measurement by detectors is accept-
able when the measuring medium/material is a tissue
substitute for photon interaction, radiation absorption,
and scattering processes. Suitable ways of comparing
the radiation characteristics of human body tissue and
TE substitutes are the photon mass attenuation coeffi-
cient, mass energy absorption coefficient or the effec-
tive atomic number. The equivalence of the detector to
human body tissue is achieved by employing TE mate-
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rials like detector walls and gaseous mediums. Gas-
eous detectors are filled with a variety of gases and dif-
ferent compositions of hydrocarbon, inert gases, etc.
Noble gases and pure or binary mixtures like 90% ar-
gon and 10% methane gas (P-10) and a mixture of95%
argon and 5% methane (P-5), are widely in use in pro-
portional counters. Many other hydrocarbons, such as
methane and ethylene, are also suitable for propor-
tional counters. Gamma-ray exposure measurement is
carried out by air-filled ionization chambers with the
walls air-equivalent made of plastic, aluminum or
stainless steel. Ionization chambers are also filled with
methane for 1.836 MeV and 3.26 MeV photon, ar-
gon/propane [1, 2] and other mediums, such as acety-
lene. GM detectors use inert gases such as helium, ar-
gon, and xenon with common quenching agents
ethanol, propane, butane, ethyl formulate and halo-
gens to prevent continuous ionization. In addition,
GM detectors are also filled with methane, carbon di-
oxide, and a mixture of methane and argon for special
purposes.

The effective atomic number, Z g, of ICRU tis-
sue, 7.46 [3]; water, 7.9; PMMA phantom, 6.56 [4];
Li,B,O-, 7.23 [5], A-150 plastic [6], and a bio-mole-
cule present in DNA, RNA, and retina showed signifi-
cant variations in the photon energy range of0.001-20
MeV [7]. The underestimation of the personal dose
equivalent of radiation detectors has been investigated
in the high energy bremsstrahlung radiation near the
450 MeV electron storage ring [8] and tissue equiva-
lent proportional counters (TEPC) have been studied
in detail [9-12]. Therefore, the Z 4 of the gaseous in-
teracting medium of detectors is a vital parameter
characterization for various radio-nuclides emitting
gamma radiation.

The photon interacts with the medium by
photo-absorption, Compton scattering and the pair-
production process which depend on photon energy,
and the constituent element atomic number. Photo-ab-
sorption and pair-production are a complete photon re-
moval process, whereas the Compton interaction slows
down photon energy and is then removed by the
photo-absorption interaction. Theoretical values for
mass attenuation coefficients and cross sections of vari-
ous elements, compounds and mixtures have been tabu-
lated by Berger, et al. and given in the form of the
XCOM program at energies of 1 keV to 100 GeV [13].
A similar program, the XmuDat, also calculates the
mass attenuation coefficient, mass energy transfer,
mass attenuation coefficients for elements, compounds
and mixtures in the energy range from 1 to 50 MeV pho-
ton energy range for medical physics purposes [14].

Several authors have investigated photon in-
teraction parameters such as the effective atomic num-
ber and electron densities for various composite mate-
rials at photon energies from 1 keV to 1 GeV [15],
phosphate glass containing Bi,O;, PbO, and BaO at
662 keV [16], total mass attenuation coefficients, ef-

fective atomic and electron numbers for PbO, barite,
colemanite, tincal, and ulexite at 80.1, 302.9, 356.0,
661.7,and 1250.0 keV photon energies [ 1 7], the effec-
tive atomic number of composite materials such as
bakelite, nylon, teflon etc., in the photon energy region
from 280-1115 keV, by measuring the incoherent
scattering cross-section [18], photon interaction pa-
rameters of common solvents [19], effective atomic
numbers and electron densities of solid state detectors
[20], mass attenuation coefficients, effective atomic
numbers, and electron densities of thermoluminescent
dosimetric compounds [21], as well as photon attenua-
tion coefficients and the effective atomic number of
cement [22]. The stopping power of electrons in gases
[23] and beta-efficiency of the gas-flow ionization
chamber have been reported in [24], however, photon
interaction parameters of commonly used gases and
gaseous mixtures in detectors which are needed for
photon spectrum abundance in the range of 0.10-
-10 MeV in a reactor and 4-40 MeV in accelerator op-
erations, have not been investigated. The characteris-
tics of gamma photon interaction with gases are cru-
cial as far as the radiation equivalent dose rate
measurement and their tissue equivalence are con-
cerned.

TE gases based on methane (64.4% CH,, 32.5%
CO,, and 3.1% N,) and propane (55% C;Hg, 39.8%
CO,, and 5.4% N,) are commercially available for use
in radiation detectors [25, 26]. However, gamma radi-
ation measurement by detectors which contain hydro-
carbons and inert-hydrocarbon are not available in lit-
eratures for complete understanding and detailed
study. In the present paper, we have studied the inter-
action of the gamma photon, effective atomic numbers
and tissue equivalence of CO, (carbon dioxide), CH,
(methane), C,H, (acetylene), C;Hg (propane), C,H,,
(butane), CsH,, (pentane), and their gaseous mixture
compositions with inert gases and the like, at an atmo-
spheric pressure of 1 [27]. Our study highlights the
suitable composition of gases for the tissue equiva-
lence for gamma radiation detectors based on Z g sim-
ulations. Recently, the effective atomic numbers and
electron densities of several gases in the range from 1
keV to 1000 MeV have been studied [28].

COMPUTATIONAL WORK

In the present work, inorganic, hydrocarbon
gases and mixtures of these gases with inert and other
mediums whose chemical compositions are given in
tab. 1 have been chosen. Table 1 also contains ICRU
tissue, A-150 plastic, methane/propane based TE
gases, the PMMA phantom, water, and air. Computa-
tional work on photon interaction with gases for the
mass attenuation coefficient, u,, effective atomic
number, Z - and electron densities, N, are based on
the basic Lambert-Beer law as,
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Table 1. Elemental compositions of tissue substitutes, gases and other interacting mediums

Serial Description Percentage composition of elements

number H C N 0 F Ca Ar
1 ICRU tissue 10.10 11.10 2.60 76.20 — — —
2 A-150 plastic 10.20 76.80 3.60 5.90 1.70 1.80 -
3 PMMA phantom 8.05 59.98 - 31.96 - - -
4 Water 11.20 - - 88.88 — - —
5 Air - 0.01 75.52 23.17 - - 1.30
6 Methane bases TE gas 10.20 45.60 3.50 40.70 - - -
7 Propane bases TE gas 10.30 56.90 3.50 29.30 - - -
8 CO, - 27.29 - 72.71 - - -
9 CH,4 25.13 74.86 — - - — -
10 CoH, 7.74 92.26 - - - - -
11 C3Hg 18.29 81.71 - - - - -
12 CiHio 17.34 82.66 - - - - -
13 CsHip 16.76 83.24 — - - - -

I =1,exp(—H,x) (1) where, 7; is the total number of atoms (with respect to

where, [ and /, are photon intensities of the transmitted
and incident photon of energy £, medium thickness,
and p,,, the mass attenuation coefficient.

Computation of mass
attenuation coefficient

The mass attenuation coefficients for elements
(Z = 1-92) and some additional dosimetric calcula-
tions are provided by Hubbel, ef al., [29]. Using the
mixture rule, the mass attenuation coefficient of differ-
ent gases has been obtained using the following rela-

tion .
I =(”J =S, m @)
PJlGas 1 PJ;

where, w; is the fractional weight and (u/p); is the mass
attenuation coefficient of the /™ constituent element.
The quantity w; is given by,

W= — 3)

Zjnid;

under the condition > w; =1land 4; being the atomic
weight of the i™ element, with #; as the number of for-
mula units.

Effective atomic number

The effective atomic number of gas for photon
can be obtained by mass attenuation coefficient val-
ues. The total molecular cross-section, o, of the gas is
determined by the formula

L [barn” per molecule]  (4)
Ny

()

"1 barn = 10" m?

mass number) in the molecule, 4; — the atomic weight
ofthe i" element in a molecule, and Ny —the Avogadro
number (atom/g).

The average atomic cross-section, o,, is ob-
tained by dividing the molecular cross-section by the
total number of formula units as

o, = Om [barn per atom] (5)

Zin;

Similarly, the average electronic cross-section
o,, for the individual elements is given by

o, :71 zﬁ (”J [barn per electron] (6)
Ny T Zy \p),

1

where, fi = ni/Zjn; and Z; are the fractional abundance
and atomic number of constituent elements, respec-
tively; n; is the number of atoms of constituent ele-
ments, Xin; = n is the total number of atoms present in
the molecular formula. The effective atomic number,
Z.tr, atomic cross-section and electronic cross-section
are related as

—2 [dimentionless ] (7

[§]

Zeff =

Effective electron density

The effective electron density or electron den-
sity, N, (electron per cm?), is related to the effective
atomic number as

N, M
Negr =—A Zeffzni = )
N i (e}

[

RESULTS AND DISCUSSION

We have calculated the u,,, o, and o, for CO,,
CH,, C,H,, C;Hg, C,H,, and CsH,, at energies from
1 keV-100 GeV using the XCOM program. Based on
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these results, we have estimated the effective atomic
number, Z g (i. e. ratio of the atomic cross-section and
electronic cross-section) and effective electron den-
sity, N, at different photon energies, as explained in
egs. (1) to (8). The simulation of gaseous composi-
tions for tissue equivalence, i. e. the tissue equivalent
effective atomic number (TZ ) of various composi-
tions of the gases with argon, xenon, nitrogen, and hy-
drocarbons, are analyzed by the XmuDat program.
The percentage compositions of the gases are found to
vary, so as to achieve the effective atomic number of
gas closest to the tissue equivalent.

Pure gases of radiation
detectors

Mass attenuation coefficient

From fig. 1, we have found that the variation of
the mass attenuation coefficient, i1, can be explained
by basic radiation interaction principles in terms of
three energy regions: low, intermediate and high pho-
ton energy. In the low photon energy region, it under-
goes photoelectric absorption where the cross-section
is proportional to the atomic number, Z*>, and in-
versely proportional to photon energy, £ y7 "2 where E
is the energy of the photon. The atomic number of the
constituents (carbon and hydrogen) of all gases such
as CH,, C,H,, C;Hg, C,H,, and CsH,, are the same,
except for CO, and, therefore, the u,,, values of the
gases are near to similar within the photoelectric ab-
sorption region. In the intermediate energy region, the
Compton scattering is the dominant interaction and
the cross-section is proportional to Z and inversely
proportional to energy E,, . Finally, in the high photon
energy region, the pair-production process plays a
dominant role and its cross-section is proportional to
72. The u,, values of the gases reduce gradually in en-
ergies from 0.1 to 10 MeV, whereas they begin to grad-
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Figure 1. Mass attenuation coefficient vs. photon energy
for COz, CH4, C2H2, C3Hs, C4H10, and C5H12

ually rise and become invariable in the high photon
energy region.

Effective atomic number

We have estimated the Z 4 for CO,, CH,, C,H,,
C;Hg, C4H,, and CsH , by calculating the total atomic
cross-sections, o,, and electronic cross-sections, o, at
energies from 1 keV to 100 GeV, shown in fig. 2. The
figure shows that the Z ¢ of the gases is approximately
constant in the low-energy photon region, reaching the
minima at the intermediate photon energy. The Z  for
CO, gas is comparatively high at all energies of the pho-
ton region, whereas the minimum for CH,, the Z 4 of
CO, gas, is more or less constant above 100 keV, with-
out a significant reduction exhibited by other gases. We
found that the Z g of CO, for the entire photon energy
region nearly equals the human tissue equivalent, i. e.
that it is between 7 and 8. Other hydrocarbon gases
show a sharp reduction of the Z 4 at the photon energy
of 10 keV and constant Z ¢ values between 100 keV to
10 MeV. Also, in the intermediate photon energy re-
gion, these hydrocarbon gases are lesser Z ¢ (=1.65 to
5), which is far from the ICRU tissue value.

We have found the Z. of CO,, CH,, C,H,,
C;Hg, C,H,, and CsH,, values for the photon energy
range of 1-10 keV to be 7.61-7.67, 5.95-4.23,
5.98-5.39, 5.96-4.66, 5.99-5.69, and 5.99-4.76. The
Z . of the gases sharply goes down as the photon en-
ergy exceeds 10 keV and reaches the minima of 7.33,
1.65, 2.87, 1.92, 5.0, and 1.99 for CO,, CH,, C,H,,
C;Hg, C,H,, and CsH,,, respectively. The value of
Z from 10 keV to 1.22 MeV is invariable and in-
creases as the photon energy exceeds 1.22 MeV be-
cause of the dominant pair-production interaction pro-
cess. We have also found that the Z g values of all
gases become constant above 100 MeV. The Z g of the
above cited gases has also been compared with the av-
erage single value, <Z > by the XmuDat program and
was found to be 7.58, 5.19, 5.74, 5.41, 5.43, and 5.45
for CO,, CH,, C,H,, C;Hg, C,H,,, and CsH,,, respec-
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Figure 2. Variaton of effective atomic number vs. photon
energy for COz, CH4, Csz, C3Hs, C4H10, and C5H12
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tively. Therefore, CO, is the most suitable gas for
gamma radiation detection, as far as tissue equiva-
lence is concerned.

Effective electron density

The variation of electron density, N, of the se-
lected gases with photon energy is linearly dependent
on Z.q and therefore follows the variations of the Z.
The N, of the gases is shown in fig. 3 which shows that
the N4 of the CO, gas is observed approximately in-
variable and lower compared to others. The N 0f CH,,
C,H,, C;Hg, C4H,, and CsH, in the photon energy
range of 1 to 10 keV are 11.15-10%3-7.93-10%,
5.53:10%%-4.99-10%, 8.95-10%3-7.00-10%, 8.68-10%-
8.24-10%, and 8.64-10%3-6.75-10%3, respectively. The
N, value of the gases reaches the minima above the
photon energy of 50 keV. We have also found that the
effective electron densities of all hydrocarbon gases
gradually increase above 10 MeV and become stable af-
terwards. The Ny of the gases calculated by the
XmuDat program were found to be 3.55-10%°, 2.50-
-10%0,3.52-10%, 1.63-10%°, 8.78-10%°, and 2.20-10% for
CO,,CH,, C,H,, C;Hg, C,H o, and CsH,,, respectively.

Mixture of gases in radiation detectors

A biological tissue equivalence gas composition
mixture consisting of 64.4% methane, 32.9% carbon
dioxide and 3.2% nitrogen is recommended for
dosimetric purposes [30]. Monatomic gases operating
at a high value of gas multiplication require a quench
gas for stabilizing the additive. Noble gases, viz. ar-
gon, krypton and xenon, are useful proportional gases
which require additional polyatomic quench gases to
reduce instabilities and proportionalities losses. High
atomic number gases are utilized for obtaining a high
efficiency of detectors for gamma-ray photon mea-
surement. We have, therefore, studied different com-
positions of these gases, so as to establish suitable
compositions for gamma radiation measuring detec-
tors based on the tissue equivalent effective atomic
number.
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Figure 3. Variation of effective electron density vs. pho-
ton energy for COz, CH4, Csz, C3Hs, C4H|0, and CsH]z

Effective atomic number of the
gaseous mixture

The average effective atomic number <Z > val-
ues for methane, acetylene, propane, butane and
pentane were found to be 5.19, 5.74, 5.40, 5.43, and
5.45, respectively. The <Z > of the mixtures of: (a)
argon and methane, (b) argon and carbon dioxide, (c)
xenon and carbon dioxide, and (d) methane and
pentane, are shown in fig. 4 (a-d). In fig. 4, the percent-
age composition of a gas has been plotted on the ab-
scissa and the <Z > value on the ordinate. Figure 4 (a)
shows that the <Z_g> of a mixture of argon with meth-
ane increases with the increase in the percentage com-
position of argon in the mixture. Similarly, in fig. 4 (b),
and fig. 4 (c), the value of <Z > increases with the in-
crease in the percentage of xenon and argon in the
composition. In all three cases, <Z.g> i, 1 close to the
TE value and, hence, the minimum value of the inert
gas is suitable for composition. However, a mixture of
hydrocarbons such as methane with pentane shows
that <Z ;> decreases from 5.45 to 5.20 as the percent-
age composition of the methane increases, if only
slightly. As the percentage composition of a noble gas
increases in the mixture, the <Z > drifts further away
from tissue equivalence. The Z of mixtures of argon
(4.5%) + methane (95.5%), 7.44; argon (0.5%) + car-
bon dioxide (99.5%), 7.76; xenon (0.5%) + carbon di-
oxide (99.5%), 11.98; and methane (0.5%) + pentane
(99.5%), 5.45 were observed. We have found that a
minimal percentage contribution of noble gases is suit-
able for the TE gas mixture and that the reduction of
hydrocarbon contents increases the average effective
atomic number of the mixture.

We have also investigated the composition of
more than two gases for nitrogen, methane and carbon
dioxide gases. The <Z ;> of the mixture of nitrogen
(5%) + methane (7%) + carbon dioxide (88%) and ni-
trogen (3.2%) + methane (64.4%) + carbon dioxide
(32.4%) was found to be 7.41 and 6.16, respectively.
The mixture of nitrogen (5%) + methane (7%) + car-
bon dioxide (88%) is a suitable combination of the
gases for radiation detectors. Relative tissue equiva-
lence of the gases with respect to the ICRU tissue
shows that air, argon (4.5%) + methane (95.5%), argon
(0.5%) + carbon dioxide (99.5%) and nitrogen (5%) +
+ methane (7%) -+ carbon dioxide (88%) are within the
range of 0.998-1.041. Therefore, these gases are suit-
able for gamma radiation detectors in radiation protec-
tion. The gas composition of xenon (0.5%) + carbon
dioxide (99.5%) shows a 1.605 times higher tissue
equivalence as compared to the ICRU tissue.

Electron densities of gaseous mixtures

The average effective electron density, <N &>,
of the mixture of selected gases is given in tab. 2. Elec-
tron densities of gas mixtures examined were noted in
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Table 2. Electron densities and relative tissue equivalence of various mixtures of gases

Serial Gas mixture composition T <N , Relative tis_sue equivallence with
number (electron/cm™) ICRU tissue (Zesr = 7.46)
1 |Air 7.77 3.62:10° 1.041
2 | Argon (4.5%) + methane (95.5%) 7.45 2.54-10% 0.998
3 | Argon (0.5%) + carbon dioxide (99.5%) 7.76 5.54-10% 1.040
4 | Xenon (0.5%) + carbon dioxide (99.5%) 11.98 5.56-10%° 1.605
5 Methane (0.5%) + Pentane (99.5%) 5.45 386-10% 0.730
6 Nitrogen (5%) + methane (7%) + carbon dioxide (88%) 7.41 4.90-10% 0.993
7 Nitrogen (3.2%) + methane (64.4%) + carbon dioxide (32%) | 6.16 2.99-10% 0.826

the range of 4.90-10%° to 5.54-10%° electron per cm?,
except for the mixture of pure hydrocarbon gases,
amounting to 3.86-10%2. The relative tissue equiva-
lence of various mixtures of gases shows that the mix-
ture of argon (4.5-5%) with methane and carbon diox-
ide (95.5%) is the best possible combination of gases
for radiation detectors known at present.

CONCLUSIONS

The mass attenuation coefficient of the selected
gases decreases with the increase in the incident pho-

ton energy. Effective atomic numbers of CO,, CH,,
C,H,, C;Hg, C,Hyy, and CsH;, show a sudden de-
crease within the 10 keV-10 MeV photon energy
range, afterwards gradually becoming constant in the
high energy photon region. CO, gas shows the closest
tissue equivalent in the entire photon energy spectrum
of 1 keV to 100 GeV. The average effective atomic
number of a mixture of argon (4.5%) + methane
(95.5%), argon (0.5%) + carbon dioxide (99.5%) and
nitrogen (5%) + methane (7%) + carbon dioxide
(88%) showed tissue equivalence. It is, therefore, safe
to conclude that the said mixtures are a suitable combi-
nation for gamma radiation detectors, as far as dosime-
try is concerned.
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BumBanat II. CUHT, Harana M. BAJIUT'EP

E®EKTUBHU ATOMCKU BPOJEBU, I'YCTUHE EJIEKTPOHA N
EKBUBAJEHTHOCT TKNBA HEKHUX IN'ACOBA N1 CMEIIA IIPUA
JOBUMETPUIN NETEKTOPA 3PAYEIbA

ToranHu MaceHu KOoe(ULUjEHT aTeHyauuje i, €(PeKTUBHUA aTOMCKU OpOj Z .4, U €(peKTUBHA
I'YCTHUHA eJIeKTPOHA N pa3iIMINTHX racoBa: YIIbCeHANOKCH/A, METaHA, alleTUICHA, IponaHa, OyTaHa, u
[IEHTaHa, KOjH Ce KOPUCTE Y IETEKTOpUMA 3paderha — CpAuyHATH Cy 3a eHepruje porona oy 1 keV o 100
GeV. Cpaku rac uMa KOHCTaHTHY BPEAHOCT 3a Z.; Ha eHeprujama of 0.1 mo 10 MeV; mebytum, ose
BpengHocru focra ofcrynajy of Bpegocty ICRU tkuBa. I'ac yribeHpnokcup nokasyje Hajsehy cinuunoct
TKHUBY Yy ILIEJIOM OIICeTy eHepruja (poToHa. PenaTnBHEe TKWBHE €KBHBAJCHTHOCTH MEIIaBUHE TacoBa Y
onanocy Ha ICRU TtkuBo cy y oncery ox 0.998 o 1.041 3a Ba3nyx, apros (4.5%) + metaH (95.5%), apron
(0.5%) + yrmeuguokenp (99.5% ), u azot (5%) + mertan (7%) + yrmeuguunokeuy (88 % ). CMelia KCeHOHA
(0.5%) + yriverpuokcupa (99.5%) maje 1.605 nyrta Behy BpeqHOCT TKUBHE €KBUBAJICHTHOCTH y TIopehemby
ca ICRU TkuBoM. McnutuBann mapamMeTpu mHTepaknuje (hOTOHA Cy KOPHCHHU 3a IMpopadyHe (hakTopa
n3narama (QakTopa HAaroMmiIaBamkba TacHHX [eTEeKTopa 3a Mepeme aMOWjeHTallHOT 3padermba
I'ajrep-MunepoBuM 6pojauM, jOHU3ALMOHOM KOMOPOM U NPONOPIUOHAIHUM OpojadeM.

Kwyune peuu: egpexitiustu aitiomcku 6poj, Zama OeitleKiiop, KU8HA eK8UBANCHIUHOCI, PeaKitiop,
Y208000HULU, UHEPIIHU 2ACO8U




