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Some features of the recombination of charge states generated in organic solid scintil-
lators for different densities of radiation excitation, as well as the effect of the polariza-
tion mechanisms on this process are studied. The estimations are made for single crystals
of stilbene and p-terphenyl, and a plastic scintillator. The influence of anisotropy of the
dielectric characteristics on the processes under investigation is considered for an anthra-
cene single crystal. The estimated values of the average distance d between the centers of
charge pairs (M,, M ), generated in a charged particle track, are compared with the value
of the radius of stable polarization environment r,, created by an excess charge carrier in
an organic condensed medium. It is shown that an influence of the polarization on the
recombination mechanism of the charge state pairs, which is produced by the ionizing
radiations with different specific energy loss dE/dx, grows for high local density in the
track volume. The estimations that we obtained are in a good agreement with the results
of the light yield measurements of organic solid scintillators.

Paccvmorpersl ocobeHHOCTI PEKOMOMHAIIMHN 3apPsSLOBLIX COCTOSAHWII, reHEPUPYEMBIX B Op-
raHNYEeCKOM TBEPAOTEIbHOM CIIMHTUJJISATOPE, IPU Pa3AHYHBIX ILIOTHOCTAX PaIUAIllMOHHOTO
BO30OYKAeHNUs, & TAKIKe BIHSHNE IIOJAPH3ANNOHHBIX MEXaHH3MOB Ha 9TOT Iporecc. OmeHKH
IPOBeeHbl I/ MOHOKPHUCTAJJIOB CTUIbOEHA, n-repdeHnia, IaCTMACCOBOTO CIIMHTHJIATO-
pa. Bausguue aHM30TPOINN IUSIEKTPUUYESCKUX XaPAKTEPUCTUK HA M3ydaeMble IIPOIeCCHl Pac-
CMOTPEHO [JA MOHOKPHCTA/JIa aHTpameHa. IIpoBeieHbl OIEHKU CpPeIHEr0 paccTosAHUs d
MexIy HeHTpamu 3apagoseix nap (M,, M ), remepupyeMEBIX B TPeKe 3apAMEHHOI UaCTHUILEL,
U CPaBHEHWA 3HAUYEHUA d ¢ PACUETHBIM 3HAUEHUEM PALUyCa YCTONUHBOIO IIOJNAPUIAIUOHHOTO
OKDYKEHHUHA I',, CO3JABAEMOT0 M30BITOUHEIM HOCHTEJIEM 3aPANa B OPTaHMYECKOH KOHIEHCHPO-
BaHHOU cpege. IlokazaHo, UTO CTeNeHb BAMSHNS MHOJAPHU3ANNN Ha cHelupuKy peKomOuHA-
UK [Iap 3apALOBBIX COCTOAHMNI, CO3JaBA€MBIX HMOHUSHUPYIOUINMU UIIYUEHUSAMH C PASHBIMU
YAEJbHBIMU dHepreTudeckuMuy norepamu dE/dx, oupepensercda MX JOKAJIbHOI ILJIOTHOCTBHIO
B o0beMe Tpeka. BrillenprBegeHHbIE OMEHKN HAXOMATCH B XOPOIIEM COOTBETCTBUHU C PE3YJib-
TATaMH WCCJIELOBAHUII CBETOBOTO BBIXOA OPraHUYECKUX TBEPAOTENbHBIX CIUHTUAJIATOPOB.
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1. Introduction

Previously [1], we examined the aspects
of generation and energy exchange of
charge states which arise as the result of
interaction of an ionizing radiation with an
organic molecular system. The estimations
were carried out for the stilbene single crys-
tals excited by the ionizing radiations with
low (gamma photons) and high (alpha parti-
cles) specific energy loss dE/dx. The analy-
sis was based on a comparison of the aver-
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age distance d between charge pairs gener-
ated in the ionizing particle track and the
radius of stable polarization environment
r.. Strong polarization interactions increase
the speed of the charge state recombination
when d <r,. In this paper we extended the
range of objects. We have considered the
single crystals of anthracene, stilbene and
p-terphenyl, the polystyrene plastic scintil-
lator. Additional analysis for the anthra-
cene crystal allowed us to take into account
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the anisotropy of the dielectric and optical
properties and to estimate its contribution
to the mechanism of energy exchange of
charge states generated in an organic solid
under ionizing radiations of various types.

We carried out estimations for electrons
with the energy E,=0.622 MeV
(dE/dx = 101 MeV/ecm), for protons in the
range of Ep from 1 to 10 MeV
(dE/dx = 101-102 MeV/cm), for alpha parti-
cles in the range of E, from 0.5 to 10 MeV
(dE/dx = 103 MeV/em) [2]. Such a choice of
types and energies of ionizing radiations is
not accidental. It is well known [2, 3], that
organic scintillators are effective detectors
both short-range ionizing radiations and
fast neutrons (the edge of the recoil proton
spectrum is analyzed [2]). In other words,
organic scintillators are mainly used for de-
tection those types of ionizing radiations,
for which the processes of generation and
energy exchange of charge states in the par-
ticle track have a determinate effect on the
radioluminescence energy yield [2, 4]. In ad-
dition, such a range of dE/dx of an ionizing
particle gives a possibility to compare the
data of estimates with the results of light
yield measurements of solid organic scintil-
lators for practicable laboratory sources of
ionizing radiations [2].

2. Theory

2.1. Polarization and
recombination of charge states

Suppose that as the result of ionization
of a molecule an electron has thermalize at
a distance ry from it. In such a case the
probability that the electron leaves his
geminate molecular ion and its polarization
surrounding, and as the result of this the
recombination of this geminate pair does
not occur, is proportional to exp(-ry/r.),
where the critical Coulomb radius r, [2, 5]:

. (1)
¢ dmee kT’

In (1) € is the average relative permittiv-
ity of a material, k is a Boltzmann constant,
T is a temperature, £, is a dielectric con-
stant. The value of r, (1) is determined by
equality of the energy of thermal motion in
a medium and the energy of the Coulomb
field which holds the charges [5, 6]. This
parameter determines the radius of the sta-
ble polarization environment for the excess
charge. In a molecular matrix a quasi-free
electron rapidly localizes on any molecule,
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forming a negative quasi-ion M_. A mole-
cule that has lost an electron becomes a
positive quasi-ion M,. During the time
T, ~ 10716-10715 5 the process of electronic
polarization of the molecular m-orbitals of
the neighboring unionized molecules by ex-
cess charge carriers takes place. According
to [7], about 7000 molecules around the mo-
lecular quasi-ion are polarized, that is are
involved in its polarization environment.
Polarons Mp+ and M, are formed and sepa-
rated by some average distance from each
other. If this distance is less than the ra-
dius of the stable polarization environment
r. (1), then a molecular-polaron pair, or a
bipolaron (Mp+, M,") is created [2, 5].

Polarons can occur around quasi-ions M,
and M_, which locate on small (less than r,)
distances from each other. The charge-
transfer (CT) state is forming [2, 5]. At fur-
ther approach of the bound states with high
vibrational energy the excess vibrational en-
ergy is lost, and the total energy of the
CT-state becomes smaller than the width of
the energy gap. It prevents a dissociation of
the pair. Then, the CT-state decays to a
vibrationally excited Frenkel exciton and a
molecule in a vibrationally excited ground
state. After that, these states lose their vi-
brational energy and transfer to the ground
state. The bound CT-state can also use the
excess energy, resulting in the nuclear re-
laxation, for further separation. Further
separation of charges can takes place when
the CT-state relaxes to the CP-state (the
state of a charge pair [2, 5]).

Thus, the recombination of polaron pairs
should occur through the formation of the
bipolaron, which is the CT-, or the CP-state.
It follows thence, in particular, that the
generation of charge states by an ionizing
particle should be accompanied by the ap-
pearance of the polarization interactions be-
tween the excess charge carrier localized on
the molecule and its environment [2]. Ac-
cording to [6], the probability of separation
of a thermalized electron-hole pair in an
isotropic medium with ¢ = 8.02 weakly de-
pends on the direction of the external field,
that does not exceed 103 V.em~!. With field

strength inecreasing up to 10% Viem™1 the
probabilities of thermalized electron-hole
pair separation along the field and in the
direction opposite to the applied field, are
approximately as 1 to 6. For very strong
fields (E = 10% V/cm), reaching the values
of the local field strength inside the polaron
pair [5], the charge carrier scattering time
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Table 1. The relative permittivity € of solid organic scintillators and the calculated value of the
radius of stable polarization environment of an excess charge r, for these systems

Material Formula T, K Frequency, € Notes r., nm
Hz
Pyrene Ci6H10 290 8.10° 3.21 [10] 17.7
Phenanthrene Ci4Hqo 290 8.10° 3.0 18.59
Cyclohexane CgHyo 168 1-10° 2.52 22.13
Polystyrene [-CH,— - - 2.6 [11] 21.45
C(CeHH-],-
Anthracene Ci4Hqo 290 8.10° 3.46 [10] 16.11
— 5.5.1014 3.55 [7] (n, = 2.22; 15.71
n, =1.816; n, = 1.557)
- 5.1-.1014 3.24 [7] (n, = 2.04+0.08; 17.21
n, = 1.7810.01;
n, = 1.5510.01)
- - 3.2 [7] 17.43
- - 3.23 [7] 17.26
Naphthalene CioHs 300 1-103 2.85 [10] 19.57
- 5.5-1014 3.02 [7] (n, = 1.945; 18.46
n, =1.792; n_ = 1.525)
p-Terphenyl CigH1a 300 7.5.-1014 2.86 [12] (n, = 1.655; n, = 19.50
27)
- - 3.2 [18] (e(=<)) 17.43
trans-Stilbene Ci4Hqo 300 7.5.1014 3.62 [12] (n, = 2.018; 15.40
n, = 1.778)

1T is a very small value, estimated as 10714 s
[8]- This value is comparable with the time
T of molecular polaron formation [7].

The above will show that the ionizing
radiation exchange energy in organic mo-
lecular systems proceeds through the stage
of rapid (< 10713 s) primary recombination
of charge pairs accelerated by the polariza-
tion interactions. Features of this process
depend both on the initial concentration of
charge pairs (and hence, on the specific en-
ergy loss of a particle) and on the dielectric
properties of a substance (see (1)).

2.2. The relative permittivity of
organic solid scintillators

The relative permittivity € of the me-
dium is a dimensionless physical quantity
characterizing the properties of the insulat-
ing (dielectric) medium. It is associated
with the effect of polarization of an insula-
tor under an electric field. The force of in-
teraction between two electric charges in a
medium is € times as many than in the vac-
uum. The relative permittivity € much de-
pends on a frequency of electromagnetic
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field [9]. It should always be considered be-
cause reference tables usually contain data
for a static field or low frequencies up to
several kHz. At the same time, there are opti-
cal methods to determine the relative permit-
tivity of the medium by a refractive index.
The value of € obtained by the optical method
(frequency of 1014-101% Hz) may differ sig-
nificantly from standard reference data.

Table 1 gives the overview of the experi-
mental data on the magnitude of the rela-
tive permittivity € of solid scintillation ma-
terials [7, 10—13]. In addition, the e-value is
the function both of a temperature T of the
sample and of the applied pressure. The
notes in Table 1, in addition to the refer-
ences, show the values of the refractive in-
dexes of anisotropic crystals. These values
are used for the direct calculation of the
average value of the relative permittivity
€4, Using the formula:

2 2 2
_ng+nm+np (2)

8av - 3 ’

where ¢,, = n? is the average relative permit-

tivity of a crystalline material; ng2, n,2, np2
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Table 2. The principal components of the dielectric tensor (according to [14]) and the calculated
value of the radius of stable polarization environment of an excess charge r, for anthracene

single crystal

& €3 Notes
2.62 £ 0.03 2.94 £ 0.03 4.08 £+ 0.08
r., nm 21.28 £ 0.24 18.97 13.67 £ 0.26 T = 300°K,
+—B5R RAI] 0.20 atm. pressure
200 2.
18 rc=195nm[12] 7777777777777777777777777777777777 20F r =21.45nm[11] Polystyrene
16F r,=17.43nm[13] p-Terphenyl 18 L
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Fig. 1. The calculated average distance d be-
tween the centers of charge pairs (M,, M_) in
the track of the alpha particle with energy
E, for a p-terphenyl single crystal. The fol-
lowing values of cylindrical track radius r

are used: I — r, =10 nm, 2 — ry = 20 nm,
3 —rp=380mm, 4 — ry=40nm, 5 — ry=
50 nm.

are the principal components of the dielec-
tric tensor along the direction of optical
indicatrix axes g, m and p [7].

The results obtained by Munn with co-
authors [14] are extremely important in the
context of our studies. The complete dielec-
tric tensor of anthracene single crystals has
been measured in [14] by a low-frequency
capacitative technique at temperatures be-
tween 235 and 335 K and at pressures be-
tween 1 and 3000 bar. In the range studied,
the temperature reduces the anisotropy of
the dielectric tensor, individual components
changing by amounts of the order of 2 %
per 100°K. Table 2 shows the principal com-
ponents of this tensor measured at 300°K
and used in our estimations.

3. Estimations

To study the aspects of the recombina-
tion of charge states arising in the tracks of
ionizing particles, and the effect of polari-
zation mechanisms on this process we use in
this paper the approach developed in [1,
15]. According to this approach, the track
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Fig. 2. The calculated average distance d be-
tween the centers of charge pairs (M, , M_) in
the track of the alpha particle with energy
E, for a polystyrene scintillator. The symbols
are the same as in Fig. 1.

has the form of a cylinder whose length is
equal to the range of the particle with a
definite wvalue of dE/dx. The wvalue of
dE/dx is supposed to be constant through-
out the particle range. The various methods
in allied sciences used for studying the
tracks of ionizing particles and theirs struec-
ture, in particular, give appreciably differ-
ent estimations of track cross-sections (see
the analysis of literature data in [1]).
Therefore, in our calculations we vary the
radius of the cylindrical track ry within the
range of the above-mentioned estimations.
For organic crystals and plastics the
most probable energy of plasmon creation
Epjasm is usually assumed to be about 20 eV
(see the review of papers in [2]). The num-
ber of pairs of charge states (M,, M_) fi-
nally arising by a decay of plasmons is as-
sumed to be equal to the number of the
initial plasmons N = E/E,;,,,. The volume
V, occupied by one pair in the track, is
calculated as the track volume divided by
the number of pairs N. The average dis-
tance d between the centers of pairs is esti-
mated as V1/3. This value is directly com-
pared with the calculated value of the radius
of the stable polarization environment r, (1),

Functional materials, 19, 4, 2012
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r,=19.5 nm [12]
S r =17.43 nm[13]

c
!
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Fig. 3. The calculated average distance d be-
tween the centers of charge pairs (M, M) in
the track of the proton with energy E_for a
p-terphenyl single crystal. The following val-
ues of cylindrical track radius r, are used: I —
ro=15nm, 2 — ry = 25 nm, 3 — ry = 35 nm,
4 —ro=45nm, 56 — ry =55 nm, 6 — ry =
65 nm.

which an excess carrier creates. The ranges of
an alpha particle with energy E, and a proton
with energy E_ are calculated basing on the
standard reference database of the National
Institute of Standards and Technology (NIST)
for the specific energy loss in hydrogen and
carbon [16]. After that, the calculations of
the ranges for aromatic hydrocarbons under
investigation were carried out.

Figs. 1 and 2 show the results of calcu-
lations of the average distance d between
the centers of charge pairs (M., M.),
which are formed in the track of an alpha
particle with energy E, for a single-crys-
tal of p-terphenyl and a polystyrene scin-
tillator. Figs. 8 and 4 show similar calcula-
tions for the case of the track is a proton
with energy Ep. For easy of comparison, the
dashed line in the figures denote the values
of the radius of the stable polarization envi-
ronment r, (1), calculated from the known
values of the relative permittivity € of solid
organic scintillators (see Table 1).

The results shown in Figs. 1-4 demon-
strate the tendencies similar to those that
we have obtained earlier for the stilbene
single crystal [1, 2]. In the case of the exci-
tation by alpha particles with energies up to
10 MeV for all the varying values of the
radius of the particle track ry the average
distance d between the centers of charge
pairs (M,, M_) is always less than the pa-
rameter r, (1). It means that in the alpha
particle track (dE/dx =103 MeV/cm), the
polarization environments, both pairs of
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Fig. 4. The calculated average distance d be-
tween the centers of charge pairs (M, , M_) in
the track of the proton with energy Ep for a
polystyrene scintillator. The symbols are the
same as in Fig. 3.

charge states, as well as adjacent pairs will
effectively overlap. Thus, the polarization
interaction will significantly accelerate the
fast recombination of charge states in an
organic molecular system.

For the case of proton tracks and for the
investigated energy range Ep (dE/dx =~ 101-
102 MeV/cm), the situation is more compli-
cated (see Figs. 3 and 4). Here, the calcu-
lated values of the distance d between the
centers of charge pairs (M., M_) strongly
depend on the proton energy Ep and the
selected values of the track radius ry.
Therefore, the d-value can be both larger
and smaller, than parameter r, (1). This
means that the overlap of the polarization
shells of excess charge states arising in the
track of a proton is not so dominant and
determining mechanism, as in the case of
the alpha particle track. In this situation,
the recombination of the charge states will
proceed through both the polarization inter-
actions (the recombination of hot carriers in
the time 1<10713 s [1, 2, 17]), and the
slower process of charge state transport
(t>10"12 ).

Figs. 5 and 6 present the results of simi-
lar calculations of the average distance d
between the centers of charge pairs (M.,
M_) in the track of alpha particles and pro-
tons, respectively, for an anisotropic single
crystal of anthracene. The dashed lines in
Figs. 5 and 6 represent the values of the
parameter r,, calculated according to (1) for
the principal components of the dielectric
tensor of anthracene (see Table 2). These re-
sults demonstrate weak influence of the an-
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Fig. 5. The calculated average distance d be-
tween the centers of charge pairs (M,, M_) in
the track of the alpha particle with energy
E

same as in Fig. 1.

o for an anthracene single crystal. The symbols are the

isotropy of the dielectric properties on the
processes occurring in the tracks of ionizing
particles with large values of dE/dx.

Comparison of the results presented by
Figs. 1-6, as well as the results obtained
previously [1], indicates proximity of the
nature of charge states energy exchange in
the track of an ionizing particle with high
specific energy loss dE/dx for all solid or-
ganic scintillators under investigation.

It is interesting to compare the results of
the estimations of the average distance d
between the centers of charge pairs (M,,
M_), generated by a particle with high spe-
cific energy loss dE/dx, with similar calcu-
lations for the case of the radiation with
low dE/dx. Let us make such a comparison
for an electron with energy E, = 0.6 MeV
(this value corresponds to the energy of
conversion electrons of a source 137Cs: E, =
0.622 MeV, dE/dx =101 MeV/em [2]),
using the ESTAR online program of NIST
[16]. The continuous slowing down approxi-
mation range [2] of an electron with energy
E,=0.6 MeV is equal to 0.189, 0.191,
0.192 and 0.221 cm for anthracene, p-ter-
phenyl, stilbene and polystyrene, corre-
spondingly. Assuming, as before in the case
of the radiation with high dE/dx, that
20 eV is needed to create a charge state pair
(M,, M_), we can estimate the average dis-
tance d between the centers of the pairs
(M,, M_) for the case of electronic excita-
tion. This calculation gives the d-value in
the range from 68 to 74 nm. It is 8-4 times
greater than the radius of the stable polari-
zation environment r, (1) of an excess
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Anthracene

r () =21.28 nm[14]

r.(g) =18.97nm[14] | (¢)=13.67 nm [14]

o 1.2 3 4 5 6 7 8 9 10
Ep,MeV

Fig. 6. The calculated average distance d be-
tween the centers of charge pairs (M,, M) in
the track of the proton with energy Ep for an
anthracene single crystal. The symbols are
the same as in Fig. 3.

charge carrier. Thus, in contrast to the
above discussed case of the radiations with
high dE/dx, in the track of the particle
with low dE/dx (an electron with energy
E, = 0.6 MeV), the overlap of the polariza-
tion environments created by adjacent pairs
of the charge states (M,, M_) has to be
extremely rare event.

4. Conclusions

In this paper we have estimated the mean
distance d between the centers of charge
pairs (M., M_), arising in the track of a
charged particle. After that, we compared
the d-value with the calculated value of the
radius of the stable polarization environ-
ment r,, created by an excess charge carrier
in an organic condensed medium. Such the
approach allows us to study the specificity
of the recombination of the charge states
for different densities of radiation excita-
tion and the effect of the polarization
mechanisms on the recombination process.

The analysis of the estimations made in
this paper, their comparison with the re-
sults of earlier studies testifies proximity
of the nature of charge states energy ex-
change in the track of an ionizing particle
with the same dE/dx for all solid organic
scintillators that we studied. The influence
of anisotropy of the dielectric properties on
the recombination processes is extremely
negligible.

The influence of the polarization ef-
fects on the recombination of charge
states increases with increasing specific
energy loss dE/dx of a particle. Thus, for
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electrons with dE/dx = 1071 MeV/em, the
probability of overlapping of the polariza-
tion environments of adjacent charge pairs
(M,, M_) is negligible. This probability be-
come greater in the track of a proton with
dE/dx ~ 101-102 MeV/em, and the polariza-
tion interactions will have a significant im-
pact on the recombination of charge pairs.
In the case of alpha particles with energies
up to 10 MeV (dE/dx = 103 MeV/cm), the
average distance d between the centers of
charge pairs (M,, M_) is always less than
the parameter r, (1). In this situation, the
polarization interaction will be the determi-
native mechanism of fast recombination of
charge states in organic molecular system.

The above estimations are in a good
agreement with the results of the light yield
measurements of organic solid scintillators
excited by ionizing radiations of different
types and energies. It is known that the
energy yield of luminescence decreases in
going from the photoexcitation to the radia-
tion excitation with low specific energy loss
dE/dx (gamma photons, electrons, medium
and high energy) and then, sequentially,
with increasing of dE/dx for protons, alpha
particles and heavy ions [1-8, 15, 17]. Thus,
the study of the physical processes on the
early stages of ionizing radiation exchange
energy should take into account the effect of
the polarization mechanisms in organic con-
densed matter. The influence of the polariza-
tion on the recombination of charge state
pairs, produced by ionizing radiations with
different dE/dx, is determined by their local
density in the track volume.

The obtained results are intermediate and
evaluative in nature, because they do not take
into consideration the actual distribution of
charge states, both throughout the track vol-
ume, and in the isolated excitation regions of
the substance. The energy used for the direct
production of excited states (bypassing the
intermediate charge states) both by the pri-
mary particle and by secondary electrons is
not taken into account as well.
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Ocob6auBocTi pekoMOiHAIlil 3apAMOBUX Iap Y TPEKOBUX
TIAAHKAX OPraHiYHMX TBEPAOTIIBHUX CIMHTUIATOPIB

O.A.Tapacenko

Posrasmyro ocobauBocTi pekoMbiHalii 3apaAgoBUX CTAHIB, IO TeHEePYIOTHCA B OPTAHIUHO-
MY TBEPAOTIILHOMY CIIMHTUJAATOPi, mpu pisHiil ryctuwi pagiamifinoro 30y :KeHHS, a TAKOXK
BILIUB TIOJAPUIAIiHIX MexaHisMiB Ha 1eil mporec. OMiHKKY TPOBeIEHO AJA MOHOKPHUCTATIB
CTUILOEHY, n-TepdeHiny, MIacTMACOBOTO CIMHTUAATOPA. Bnane aHizoTpomii miereKTpuuHUX
XapaKTepUCTUK Ha IMpollecy, AKi AOCHIMKYIOThCSA, POSTIAAHYTO a8 MOHOKDPUCTAJa aHTpalle-
uy. IIposeseno ominku cepefnboi BifcTami d Mis meHTpamu sapagosux map (M., M_), axi
TeHEPYIOThCA Y TPEKY 3apAKeHOl YACTUHKY, 1 MOPIBHAHHA 3HAUYEHHS d 3 POSPAXYHKOBUM
SHAUEHHAM pajiycy CTIAKOTO TMOJAPUBAIINHOIO OTOUEHHA I',, AKE YTBOPIOETHCA HAMJIUIIKO-
BUM HOCieM 3apany B OpraHiuHOMY KOHJAeHcOBaHOMY cepemoBuini. Ilorkasano, 110 cTyminb
BILIUBY Tosisapmuaaltii Ha cmenmudiky pekombinarii map 3apsAgoBUX CTaHiB, AKi reHepyoOTHCA
ioHisynOUMMHN BUTPOMIHIOBAHHAMU 3 PISHUMHN NMUTOMUMU e€HepreTUUHUMU BTpatamu dE/dx,
BUBHAUAETHCA iX JIOKAJLHOI TYCTHMHOIW B 00’eMi Tpery. Bumenamezeni ominku pobpe
BiITTOBITAIOTH Pe3yJabTATAM JOCHIKEHb CBITJIOBOTO BUXOAY OPTAHIUHUX TBEPAOTIIBHUX
CIMHTUIATOPIB.
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