BIMCHbKOBA TEXHIKA I
TEXHOJIOI'Il HOABIMHOT'O TIPU3HAYEHHS

UDC 531:535 Dr. Tech. Sci., prof. Banzak O.V. (SUITC)
Dr. Tech. Sci., prof. Lienkov S.V. (VIKNU)

Dr. Tech. Sci., prof. Sieliukov O.V. (XGTU China)

Ph.D Grabovsky O.V. (SUITC)

DOI: http://doi.org/10.17721/2519-481X/2024/84-01

MODELING DETECTOR FOR RADIATION MONITORING SYSTEMS

The detector characteristics are determined mainly by the physical properties of the semiconductor
crystal as a sensitive element of the primary converter, as well as by the features of the electrical signal
registration process.

The process of registering ionizing radiation (IR) consists of converting a non-electrical quantity
that characterizes it into an electrical signal. In other words, one type of energy — IR energy — is converted
into another, more convenient for processing and storing information. A current or voltage pulse occurs
in the radiation sensor directly as a result of ionization of its active medium — a semiconductor; this pulse
carries extensive information. First of all, it is correlated with the moment in time of the nuclear process.
In addition, the pulse marks the fact of radiation emission within the solid angle at which sensor is visible
from source. The pulse amplitude often serves as a measure of the energy loss of radiation in sensor. The
pulse shape differs for different types of radiation, as well as for different areas and angles of radiation
penetration into the sensor.

Most of the information transmitted by pulses is characterized by a continuous spectrum: a pulse
can appear at any time with different amplitudes. In addition, electrical signals from the detector
generally arrive against a background of interference, which significantly reduces the reliability of the
transmitted information. Interference can be caused by parasitic electrical signals (circuit element noise,
external interference) or extraneous sources of IR. The reliability of measurements increases if the
signals have qualities different from interference.

The paper proposes a structural diagram and creates a multichannel digital amplitude analyzer that
provides selection of the input signal by the pulse shape at high loads, which is not available in existing
devices today. The use of such an analyzer made it possible to increase the energy resolution, stability of
the detector with an even greater increase in the input load of the measuring path.

Keywords: registration of ionizing radiation, nuclear process time, continuous spectrum, energy
resolution

Introduction. Currently, almost all industries and many branches of science use IR sources.
Nuclear power plants, gamma installations of various capacities, flaw detectors, counters and many
other equipment are widely used in the defense industry, medicine and agriculture. However, the
most important branch of IR use in Ukraine after the elimination of the combat nuclear potential is
nuclear energy [1]. The country has five nuclear power plants (NPP) with two types of reactors,
which generate about 40% of the country's total electricity [2].

In this regard, dosimetry problems are becoming increasingly important, which today has
become an independent scientific and technical direction of nuclear physics. Dosimetry essentially
solves the problems of connecting physical quantities with the expected radiation effects of IR use.
The main task of dosimetry - identifying IR sources that pose a danger to the environment and
humans - is today solved using a variety of technical recording means with varying degrees of
efficiency. A comparative analysis of such means and methods of their application for registration
and dosimetry is presented in this section [3]. In addition, the existing variety of terms and
quantities in this field requires some clarification to ensure the reliability of the presented research
results.



Main part

Analysis of initial parameters crystal. Semiconductor material for use in ionizing radiation
sensors must meet the previously specified conditions and be characterized by a set of the following
functional qualities [3].

To obtain a signal in the external electric circuit, in which the sensor is included, the charge
carriers must move quickly enough in the electric field of crystal, and to obtain a signal linear in
energy, its losses on the way to the electrodes must be minimal (absent). In the general case, this
means that it is necessary to ensure the highest value of mobility both types of charge carriers (with
their unipolar collection - mobility of electrons) and the minimum concentration of traps that
capture carriers in the process of their drift to the electrodes.

To register small signals, it is necessary to have minimal loss currents at sufficiently high
voltages applied to the sensor. This means that semiconductor material must be highly resistive. It
must effectively absorb X-ray or gamma radiation quanta in a sufficiently small volume. Therefore,

the greater the density of material and its atomic number Z, the greater absorption cross-section on
an individual atom and the ability of the material to slow down ionizing radiation as a whole. This
quality is fundamental for ensuring significant sensitivity of the sensor with its sufficiently small
dimensions. This quality plays a particularly important role in the case of high-energy gamma-ray
spectrometry, since the efficiency of recording high-energy gamma-quanta strongly depends on the
thickness of sensor and the properties of active medium (cross-section of the photoelectric effect is
proportional to Z°).

In some cases, it is also important to be able to create blocking contacts that would prevent
the transfer of free carriers into the working area of sensor, i.e. such contacts when the positive
electrode does not inject holes into the semiconductor, and negative electrode does not inject
electrons. The problem of creating blocking contacts is solved, as a rule, either by selecting
appropriate metals as contact materials, or by creating n*- and p*-regions in the semiconductor by
diffusion or ion doping with appropriate impurities. In this case, n*-contact is used as a positive
electrode, and p*-contact as a negative one. Such structures are called pin-structures [4, 5].

The listed requirements apply both to the quality of sensor material and to its design.

The structural diagram of the semiconductor sensor and circuit diagram of secondary
converter preamplifier, i.e. the entire detector, are shown in fig. 1.

To ensure the directed movement (drift) of the charge carriers created by IR, a forward bias
voltage is applied to the contacts of sensor D through the load resistance Ry (fig. 1.a). The resulting

pulse voltage drop ;_Q is in most cases not proportional to the energy lost by y-quantum. The
C

difference in the charge collection time leads to a spread in the duration, and therefore in the
amplitude of pulses. In addition, capacitance of the sensor itself does not remain constant.
Therefore, it is necessary to use a charge-sensitive preamplifier 1 in the detector circuit (fig. 1.b).

The equivalent circuit of the semiconductor sensor contains, in addition to the diode D itself,
depletion zone capacitance C,, parasitic capacitance Cs, leakage resistance R. and "trajectory”
resistance Rs. The latter is a combination of the resistances output electrodes. The diode capacitance
also depends on the voltage and quality of crystal.
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Figure 1 — Structure of the sensor (a) and equivalent circuit (b) for the semiconductor
detector: designations — in the text

This dependence can be approximately represented as [6]:

C, =2110A(pU, ) 2: PF, )
where 4 — is the area of sensor, sm?;
p — is the specific resistance of the semiconductor material;
Ub —is the blocking voltage.

The given dependence can be used for comparative evaluation of the sensor switching
modes.

One of the important characteristics of the sensor is the level of parasitic components of the
signal - noises not related to the physical processes of interaction of the crystal with IR. The noise
level determines the minimum threshold for recording IR energy.

The conversion of the energy lost by particle in sensor into an electrical signal of the
corresponding amplitude occurs with an accuracy characterized by the resolution of system[6]. The
latter depends on many factors, in particular, on the properties of the amplifier. Indeed, since the
amplitude of signal generated by semiconductor sensor is small, the distortion of amplitude
spectrum is caused, first of all, by modulation by noise pulses arising in it and in the resistances.
Chaotically adding up with useful signals, the noise "washes out" original amplitude spectrum. The
distribution of noise by amplitude is Gaussian:

U, -0)?

1 .e 20 2 (2)

oA\ 27

— is the dispersion or mean square deviation of the amplitude U; from the mean

pU)=

where o2

value U .

Let us assume that all other factors distorting the signal amplitude spectrum are negligibly
small compared to influence of noise and register monochromatic charged particles leaving all the
energy in the sensor. In this case, the measured signal amplitude spectrum (fig. 2) is also

determined by expression (2). However, now U - is the average signal amplitude, and o is

determined by noise, where Ui =U,, s equal to the root-mean-square noise voltage . The
9



1
width of the curve at half-height is called the resolution EA (FWHM). Substituting the value into

equation (2), it is easy to obtain p(U) _1 p(U)- Having measured the resolution in energy units (in
2

electron volts), it is possible to determine what part of the energy corresponds to the noise level
recalculated to the input of a given amplifier [7].

The absolute value of the capacitance C, as well as the parasitic capacitance Cg, largely

determines the noise level, and with it the energy resolution of charge-sensitive preamplifier. The
current flowing through leakage resistance R, is another source of noise, which also leads to
deterioration in the energy resolution.

For the subsequent devices of the detector to operate - the amplitude analyzer, discriminator,
coincidence circuit - an amplifier with a high gain is required. Usually, the amplifier consists of two
separate units: the preamplifier and the main amplifier. This division is due to the desire to
minimize the input capacitance C, which affects the resolution, while the preamplifier is located
next to the sensor. The signal, amplified by the first unit to a level at which the noise of the
subsequent amplifier has practically no effect, is transmitted to the second unit via a matched cable.
Particular attention should be paid to obtaining a minimum of noise in the preamplifier [8, 9].
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Figure 2 — Energy line expansion due to noise

To analyze the noise, let us consider in more detail the equivalent circuit of preamplifier.
Noise, like the signal, can be expressed numerically in units of voltage, charge, or energy. With

£
p

energy losses E, electron-hole pairs are formed N = , giving a charge Q on the total input

capacitance C. If TeszC is large compared to the charge collection time, then the signal

amplitude y- :%. For further consideration, we will take into account the action of the forming
circuits. As a result of passing through the differentiating and integrating circuits with 7,, =7, =T
(this case is often used in practice), the signal will decrease by a factor of ¢ = 2,72, i.e. will be

U __Q . Similar reasoning can be carried out for noise, only starting with voltage UW, then
Ce

10



_Qu

moving on to charge Q =U (-e, the number of charge N, =" carriers, and finally to the
w w q
equivalent noise energy [10]:
U, CeW,
wo q :
Often, when evaluating the noise properties of amplifiers, the signal-to-noise 7 :L ratio
Um
is used. Knowing and the signal, it is easy to determine y and 1 4.
“ 2
The spectral density of the parallel noise current is:
&7
i
B7_2ql'4 rp N €©)
Af R,

where | — is the sum (in absolute value) of all currents acting parallel to the sensor; Rp —is

the resistance of all resistors connected parallel to the sensor; Af _isa fragment of the spectral
characteristic; 7 — is the absolute temperature.

This spectral density can be expressed by one equivalent noise resistance R,, the value of
which is determined by the relation:

Sy 1 @)
R, 2kT Rs

Parallel noise is frequency independent, but the voltage it creates on input capacitance C,
just like the input signal, depends on frequency inversely proportional to:

=2
u
i:4k'|'i 1

. (5)
Af Rp (&C)?

Another source of input stage noise is determined by the input amplifier device and its
amplification principle. This noise does not depend on the input elements, so it is convenient to take

it into account by the equivalent noise resistance RS , connected in series with the amplifier input.

For a field-effect transistor, the series equivalent noise resistance is Rq ~1,where S— is the slope
S

of the transistor's input characteristic. The intensity of the series noise is also frequency-independent

and is:
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U2
=S —4KTRg- (6)
Af

In some cases, especially when registering X-rays, the noise component of transistors of

1
type T plays a significant role. This noise can be determined by the formula:

—2 Af

Us "1, (7)
Af @
where Af — is a constant coefficient depending on the transistor manufacturing technology
a=l.
The total noise voltage of the noise sources at the amplifier input is equal to:
_ A 8
U2 =(kT =L L aKTR + ~T)Af =N (w)Af. ®
p @ C f
where N () - is spectral density of input noise; Af — is the narrow differential frequency
bandwidth f = ;.
2r

The frequency response K(w) of spectrometric amplifiers extends from low to high
frequencies and the noise U, level at the amplifier output is determined by the integral expression:

U2 =21”Ig°°‘N(w)HK(a))‘2dw. (9)

The limiting effect of the amplifier bandwidth K(w) also affects the signal shape. The
dependence of amplifier output signal on time can be determined using the inverse Fourier
transform formula:

Sz(t):zlﬂifooS(a))K(a))ej“’tda).

Selecting the best frequency response of spectrometric path in order to obtain the maximum
signal-to-noise ratio is the essence of optimal filtering [10].

According to this theory, the square of the maximum possible signal-to-noise ratio is equal
to [11]:

2 _2TU%(w)
2 H
70U, (w)
where U (@)and U, (w) — are the spectrum of the signal and noise at the amplifier input,
respectively.

(njjakc )
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It has been theoretically shown that the maximum signal-to-noise ratio in this case is
achieved with equal integration and differentiation 7 ~p=7rc =7 time constants. In this case, the

noise level is minimal at some optimal time constant 7y

70 =C RS Rp . (20)
Then noise level at the amplifier output is determined by integral expression:

_ 2.2 A
U2 =L [oN(w) 27 dp=dkT Rs . AKTT  Af (11)

“oar? 1+ w%c?)? 8r 8C2R, 2

As can be seen from (11), serial noise depends inversely, parallel noise — proportionally, and

noise of type : does not depend at all on z. The minimum noise =7 value at is equal to

2 _KT |Rs (excluding noise of type 1). Considering that with CR-RC formation the

amplitude of the output signal does not depend on 7, the minimum noise corresponds to the
maximum signal-to-noise ratio:

RC SZMch 2 Q Rp 2 (12)
T waxe Uy o (e) akTC Re (e)77

This formula shows the ratio of output voltage amplitude to root-mean-square voltage of the
output noise. The input signal of the spectrometric amplifier is a charge Q or energy E released by
ionizing radiation in the sensor, so in practice it is common to express noise level also in units of

charge or energy. Taking 77452{0 =1, we find the equivalent root-mean-square noise charge for CR-
RC formation:

ok¢ :(;)\/4ch 4/25 1360, (13)
P

where o, is the minimum possible noise charge.

The presented model of the primary converter allows, taking into account the real properties
of the crystal, to calculate the dependences of the energy equivalent noise on the time constant of
the input stage of the preamplifier (fig. 3).

When designing the analyzer, a comparison was made of two methods for determining the
amplitude, differing in resolution and computational costs: first is determining difference between
local minima and subsequent maximum; the second is determining difference between successive
maxima.

Figure 3 shows an out-of-scale image of a typical segment of the preamplifier output signal,
containing two pulses [12, 13]. The duration of the leading edge of individual pulse is — At=20 ns,

constant of the trailing edge is — & =2020 ps. The amplitude is expressed in ADC discretes. The
simplest first method for determining the pulse amplitude in such an input sequence is finding the
difference between the local minimum and the subsequent local maximum. Let us introduce the
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following notations for the input signal: fl(t) — function describing the decay of the first pulse;

f, (t) — function describing the decay of the second pulse.
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Figure 3 — Analysis of structure typical fragment input pulses of preamplifier
Then, according to the first method, the amplitude of the second pulse is found as:

True pulse amplitude:

Time, s

A=, lts)- f1lt)
where t3 and t2 — are the moments of time indicated in figure 3.

A= f,(ts) - filts).

Hence, the error in determining amplitude is:

dA=A— A*= fy(t,) - fi(ts).

(14)

(15)

(16)

Since the pulse decay constant is determined by the physical characteristics of the sensor
and preamplifier, it has a constant value for all input pulses [13]. Then absolute value of the input
signal at a given time t; can be expressed as follows:

o0

f1(t1): 2 Ane_‘”n ’

Similarly for the moments of time:

o0

n=0

fl(t2)= > Ane—a(rn +4t) _paot, fl(tl)’

n=0
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fl(tB): Eo Ane_a(fn +T) _g-aT . fl(tl)’ (19)

where 8t =t, —t;, T =t3 —1;.

Substituting (18) and (19) into (16), we obtain:
dA= fl(tl)'(e_ ad —-e at ) . (20)

Because

St=(t3 —t;)—(t3 —t,)=T — At, (21)
where At =t3 —t, — is the duration of the leading edge, then:

dA=fy(t)- e T . (e—O‘At —1). (22)

From expression (22) it is evident that the error in determining the amplitude using the first
method depends on last maximum of the signal fl(tl) (sum of amplitude last pulse and the dips

from previous pulses), the time between the last and determined pulses T and the duration of the
leading edge of determined pulse At[14, 15]:

dA=o(f,(t,),T,At). (23)

For a qualitative analysis of the obtained dependence on the spectrometer load value (the
number of pulses recorded in 1 s), we will assume that pulses of the same amplitude A are received
at the input. Then the mathematical expectation at ADC input:

&2 ol

=3 Ae M" :L, (24)
n=0 ]__e_aTM

where T, — mathematical expectation of the pulse repetition period; 7; =1/F3 , where

F3; — loading frequency.

amnii

Substituting (23) into (21), we obtain:

e

aAt _1
eaTM _1

Figure 4 shows a graph of the dependence mathematical expectation error on the loading
frequency for 4=700, At=20-10_93, a=20-10"% s. It is evident from the graph that the
magnitude of the error at a loading frequency of about 10°c™* can reach 1-2%.

15
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Figure 4 — Dependence of the expected error on the loading frequency when determining the pulse
amplitude by directly measuring it between minimums and maximums

This error can be avoided if we assume that the coefficient depends on the sensor and
preamplifier, i.e. is a constant value for a specific spectrometer and can be determined empirically.
In particular, using the notations in figure 4, we obtain:

o In(f (1)) - In(fy(t2)) (25)
ot

Then the formula for the second method of determining the amplitude takes the following
form:

A= fz(ts)—e_aT fl(tl) (26)

The price paid for increasing the accuracy in this method is an increase in the volume of
calculations. This should be taken into account when constructing spectrometers operating in real
time.

Mathematical expectation of the amplitude maximum sample:

Mg=A-"=A . (28)

The variance of the error in amplitude will be:

X X _
Dg=—="({l-e . 29
ST 12 12( )2 (29)
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The dependence of the maximum sample amplitude on the sampling frequency is shown in
figure 5, where for definiteness the true amplitude input pulses is taken to be equal to 700 ADC
quantization levels. The graph of the mathematical expectation of the maximum sample amplitude
shows the location of the peak on energy spectrum. With an increase in the sampling frequency
from 10 to 100 MHz, the magnitude of peak decrease from the true value (700) decreases from 1%
to 0.1%. The deviation limits characterize the peak width in spectrum, which affects the resolving
properties of spectrometer.

The amplitude of input pulses corresponds to 700 channel

Upper limit of deviation
700 R -
Mathematical - A
698 expectation amnauTyapl - i
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Figure 5 — Dependence of sampling error on its frequency

For a more complete comparison of the resolution methods described above, the process of
measuring pulse amplitude was simulated based on the model developed above [12,13].

At same time, the use of digital signal processing technique proposed in this work allows
both methods to obtain an energy resolution not exceeding 40 keV. This is sufficient to create a
dosimeter with compensation of the energy dependence sensitivity (EDS). In addition, these results
show that second method is optimal for creating high-resolution spectrometers - less than 10 keV.

Thus, a comparison of the two methods for determining the amplitude showed that at a low
loading frequency (<10° s™), first method is preferable: it is characterized by a smaller volume of
calculations with the same accuracy characteristics. At high loading frequencies (about 10° s™* and
more), preference should be given to the second method, which retains its accuracy and resolution.

Thus, the obtained model allows us to estimate the effect of sampling frequency on the
magnitude of shift peaks of the energy spectrum and resolution properties of the spectrometer when
choosing parameters of its hardware implementation.

Therefore, for the effective use of ADC bit depth, the constant component must be
subtracted from its input signal. The dynamic range of signal change must be matched with the
diagnostic range of ADC. To solve this problem, a corresponding circuit of the digital spectrometer
is proposed, shown in fig. 6.
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Figure 6 — Block diagram of digital spectrometer: ~ — adder; BA - buffer amplifier; DAC —
digital-to-analog converter

In this diagram, the processor, based on the analysis of signals from ADC, sets the required
gain factors of the first buffer amplifier and offsets for adder.

The maximum gain factor in BAL is selected so that when measuring the minimum
background, the signal at ADC input corresponds to its dynamic range. The minimum value of the
gain factor should match the input signal with the dynamic range of ADC at the maximum
frequency of loading pulses maximum possible amplitude and zero offset value.

For example, in order to improve the energy resolution, the sensor uses such a feature of
CdZnTe as a large difference in the mobility of electrons and holes. Thus, the use of digital signal
processing allows us to achieve a result similar to changing the configuration of the electrodes. This
allows us to create dosimeters that solve an important practical problem — compensation for the
energy dependence of sensitivity.

Conclusions. The paper presents a model of primary transducer — gamma-radiation sensor.
It is based on the following properties of a semiconductor crystal: maximum quantum efficiency;
maximum carrier mobility; minimum density of structural defects; maximum values of specific
resistance and density. The combination of these properties provides significant sensitivity of the
sensor with minimum crystal dimensions. The inconsistency of such a combination must be
eliminated both in the process of crystal manufacturing (for example, a high-resistance crystal can
be obtained by simultaneously using cleaning, components and compensating doping) and by
subsequent processing using the methods proposed in this paper (thermal field method, ionization
annealing).

The model of the primary transducer (sensor) allows calculating dependence of the energy
equivalent of noise on the properties input stage of preamplifier, taking into account the real
properties of the crystal. It is shown that:

— increase in the crystal volume, bias voltage and sensor capacitance increases the noise
level;

— results of the analysis in relation to CdZnTe crystals used in this work indicate the
possibility of sensor operating without cooling.
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MOJIEJIIOBAHHS JETEKTOPA JUISI CACTEM PATIALIIITHOTO KOHTPOJTIO

Xapakmepucmuku 0emeKkmopa GU3HAYAIOMBCA 20106HUM YUHOM (DIBUYHUMU 61ACHUBOCHIAMU
Kpucmana HanignpogioHuKa AK YYMAUBO20 e1eMEeHMa HEePEUHHO20 NepPemeopiosaia, a makxodxtc
0CO0IUBOCMAMU NPOUECY PEECMPAUil e1eKMPUYHOZ0 CUZHAITY.

Ilpouyec peecmpauii ionizyrouozo eunpominrweannsa (IB) nonazae y nepemeopenni HeeneKmpuunoi
GeIUYUHU, W0 XaApaKmepusye 1020, ejleKmpuynuil cuznain. Inakwe eucnoeniowuucy, y ceoiil
nepemeopocmubca 00UH 6U0 enepzii — enepeia IB — ¢ inwiuil, 3pyunimiuii ona o6podKu ma HAKORUYEHHA
inhopmauii. Y oamuuxy eunpominio6anHs 6UHUKAE IMRYILC CIMPYMY YU HARPY2U Y pe3yibmami ioHi3ayil
11020 AKMUBHO20 CePedosUa — HANIGNPOBIOHUKA, Yell IMRYIbC Hece senuKy ingopmauiro. Hacamnepeo,
GiH KOpeneEmvca 3 MOMEHmoM 4acy adepHozo npoyecy. Kpim mozo, imnynvc nazonouiye na ¢paxmi
GUNPOMIHIOGAHHA paldiayii € Mmedcax minecHo20 Kyma, Ri0 AKUM OamuuK 6UOHO 6i0 Oycepena.
Amnaimyoa imnyavcy wacmo € miporo eHepzemMUYHUX empam GURpomiHloeanHus 6 oamuuxy. Dopma
iMnyavcy iOpi3HAEMbCA 01 PI3HUX 6UO0I6 BUNPOMIHIOSAHHA, A MAKOJC 0151 PI3HUX obdnacmell ma Kymie
HONAOAHHA GURPOMIHIOGAHHA 68 OAMYUK.

binvwicme ingpopmauii, nepeoana imnynvcamu, XapaKmepusycmoca 0e3nepepeHuUM CHeKmpom:
iMnyabC MOdHCe BUHUKHYMU Y Hac 3 Pi3HOI0 amniimyooto. Kpim mozo, enekmpuuni cuzHanu 3 oemexkmopa
6 3a2a1bHOMY 6UNAOKY HAOX00AMb HA MJI HEPeuKod, W0 3HAYHO 3HUINICYIOMb O00CHIOGIpHICMb
inpopmauii, wo nepedacmuca. llepewikoou mosxcyms dOymu cnpuiuneni RApasumuumMu eaeKmpuiHuMu
cuzHanamu (Wymu enemeHmie cxemu, 306HIWHI HABeOeHHs) abo cmoponnimu Odicepenramu IB.
Haoitinicmp eumiproeans 30i1buLycmscs, AKWLO CUCHATIU MAIOMb 6]1ACHUBOCII, 8BIOMIHHI 8I0 nepeuiKoou.

Y pobomi 3anpononosano cmpykmypuny cxemy ma cmeopeno 0a2amoKaHAIbHUN WUPpPosuil
aAMRAIMyOHUll AHATI3amop, W0 3a0e3neuye CeneKuily 6Xi0OH020 CUZHANy 3a (opmor imnyavcy npu
6eNIUKUX 3ABAHMAMNCEHHAX, W{0 HEOOCHYNHO HPUNAOAM, W{0 ICHYIOMb. 3ACMOCYBAHHA MAKOZ0
ananizamopa 0036071UN0 30iNbUUMU  eHeP2eMUYHY PO30iNbHY 30aGmMHICHb, CMAOLIbHICMbL podOmU
Oemexmopa npu wie 0i1buiomy 30i1bWeHHI 6XIOHO20 3A8AHMANCEHH BUMIPIOBAILHO20 MPAKMY.

Knwouoei cnoea: peeccmpauisa ionizyiouo2o 6unpominioeanns, yac a0epHo20 npoyecy, beznepepeHuii
cnexkmp, enepzemuyHuIl 0036i1
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