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The results of quantitative investigations of the influence of impurities and structural defects content on the
electrophysical and detector properties of CdgoZngiTesySey, in particular CdggeZng1TeogsS€00, grown by the
Bridgman method and Cdg¢Zng1Te0.93S€0,07 Obtained by the heater traveling method, are highlighted. Studies have
been carried out on the effect of defects on the change in resistivity p, free charge carrier concentration, Fermi level
F, and charge collection efficiency 1 in radiation detectors based on CdZnTeSe:In at the temperature of 25°C. The
dependences of the changes in p, F, and 1 on the content of impurities, cadmium vacancies and secondary tellurium
phases were established. The conditions for maintaining the high-resistance state and response to irradiation in a

detector based on CdggZngTe;.,Sey have been determined.

INTRODUCTION

Semiconductor radiation detectors operating at room
temperature have applied in such areas as medical
imaging, nuclear safety, nuclear non-proliferation
control, astrophysics, high-energy physics, etc. [1-5].
The difficulty in developing new materials for such
applications is explained by the stringent requirements
to their properties. Although significant progress has
been made in the development of alternative materials
for radiation detectors, CdZnTe (CZT) has achieved the
widest application, mainly due to its high energy
resolution at room temperature. However, despite
advances in CZT production technology [6], this
compound has several problems: the Zn segregation
coefficient ranges from 1.05 to 1.6 depending on the
growth method and Zn content [7]; the formation of a
large amount of crystalline defects, such as subgrain
boundaries; a high concentration of tellurium inclusions
[8]. Selenium additive to CZT has proven to be a very
effective way to reduce the above-mentioned challenges
[9 — 13]. The segregation coefficient of Se (Ks) in the
CdTe matrix is close to unity and this element affects
the segregation coefficient of zinc kz, in CZT, changing
it towards unity. That leads to better compositional
homogeneity, as well as a reduction in the concentration
of tellurium inclusions and improved charge transport
properties [14, 15]. It is possible to obtain detector-
grade CdZnTeSe (CZTS) material having a higher yield
of a suitable product and, accordingly, potentially at a
lower cost [16]. At the same time, the addition of Se to
CdzZnTe increases the lifetime of non-equilibrium
charge carriers, electron mobility, and also enables for
the adjustment of the band gap, which also makes it a
promising candidate for use in ionizing radiation
detectors [9, 12, 13, 17, 18].

The specifications of semiconductor detectors are
significantly affected by structural defects, which form
energy deep levels in the band gap, which act as centers
for the capture and recombination of non-equilibrium

charge carriers. One of such harmful structural defects
in detector materials based on CdTe and CdZnTe are
cadmium vacancies Vg and tellurium vacancies V.
[19-21], which can significantly reduce the non-
equilibrium charge carrier lifetime t and the charge
collection efficiency m. To compensate for charged
acceptor defects, the dopants of shallow donors, such as
In, Al [19, 22] are introduced. To reduce noise in the
detector, its matrix must have a high resistivity of at
least ~ 10" Q-cm. That significantly complicates the
experimental study of the influence of the iy energy
levels E; in the band gap, their non-equilibrium charge
carrier capture cross section o; and defect concentrations
N; on the lifetime of non-equilibrium electrons t, and
holes 1, as well as on the detector charge collection
efficiency and its resistivity p. Experimentally studied
detector materials contain impurities and defects in
fixed concentrations, which makes it impossible to
determine their place in the overall picture of changes in
electrophysical and detector properties. Quantitative
model studies of p, L. Te T and 1 using experimentally
determined values E;, o;, N; make it possible to
understand the mechanisms of change in the
electrophysical and detector properties of CZTS-based
materials depending on the characteristic parameters of
impurities and defects, as well as to clarify the intervals
of changes in their concentration within that a detector-
quality semiconductor can be obtained. For a model
study of the effects of selenium additives in CZTS on
changes in the electrophysical and detector properties of
these materials, a material that composition has been
studied experimentally, i.e. with a known content of
defects and parameters of their energy levels, should be
taken as a basis.

The purpose of this work was to determine by
computer modeling the optimal content of impurities
and structural defects in CdznTeSe, as well as the
nature of their influence on the electrophysical and
detector properties, based on the content of the
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experimentally investigated materials
Cdo.9Zng1Te09sS€002 and CdogZng1Tepe3S€007, doped
with indium.

THEORETICAL MODEL
AND MATERIALS CONTENT

Model studies of CZTS were carried out using the
values N;, E;, o; published in [20] as initial parameters.
To simulate dynamic changes in material properties,
physical and mathematical models were used, described
in detail and tested for reliability in [23].

To determine the Fermi level F and the
concentration of free charge carriers in the parabolic
zone approximation, a multilevel compensation model
was used for an arbitrary number of impurities and
defects with the compilation and numerical solution of
the corresponding electroneutrality equation. The
electron mobility p, was calculated taking into account
scattering mechanisms at ionized and neutral centers,
and at acoustic, piezoelectric, and optical phonons. The
hole mobility p, was assumed to be constant and equal
to 70cm%(V-s). The band gap width Eg in
Cd;Z,Te;.,Se, depending on the Se content was
studied in [24] and, based on the results of this work,
was calculated according to the formula:

Eq(X, y) = 1.511 — 0.54y + 0.6x. 1)

The specific conductivity was calculated using the
formula enp, + epp, (¢ — electron charge, n and p —
concentrations of free electrons and holes, respectively).
The specific resistance p was calculated as the
reciprocal of the specific conductivity, consisting of the
electron (enp,) and hole (epp,) components. It follows
from the results of the experiment on measuring the

band-to-band recombination coefficients [25], that the
rate of that recombination at room temperature in the
wide-gap semiconductors under study is approximately
by ten orders of magnitude lower than the rate of
recombination at impurity and defect deep levels.
Therefore, Shockley-Reed statistics were used to
calculate the lifetimes of non-equilibrium electrons T
and holes t,. The charge collection efficiency of
detector was determined by the Hecht equation [26,
p. 489]. The distance between the electrodes of the flat
detector was taken to be 5 mm, and the electric field
voltage was 1000 V/cm.

The authors [20] identified point defects in the form
of energy levels within the band gap of crystals in two
types of detectors based on CdZnTeSe grown by the
Bridgman Method (BM) and the Traveling Heater
Method (THM). These energy levels, measured
experimentally, are presented in Table. The values of
the capture cross section o; of non-equilibrium charge
carriers by defect levels given there were determined
using the DLTS (deep level transient spectroscopy)
technique and they were used in the simulation for all
levels except the trap Ec — 0.78 eV. For it, the o value
was adopted, which corresponded to the data obtained
from the results of the experimental method TSC
(Thermally Stimulated Current), published in a number
of papers, for example, in [27]. TSC spectra are usually
processed using the SIMPA (Simultaneous Multiple
Peak Analysis) fitting technique, which is used to
measure capture cross sections, when the contribution of
all levels to the emission of charge carriers into the
corresponding zones is simultaneously taken into
account. Such data make it possible to correctly use the
Shockley-Reed model to calculate . and t, properly.

Content of traps in Cdg9ZNg 1T€0.985€0.02 (BM) and CdTeg 93S€0.07 (THM)

Concentration, cm™ (obtaining methods) .
Cdo.9Zng1T€0.055€0.02 Cdo.9Zng1Te0.935€0.07 Energy I\elvels B Ci, cm? Origin %fothe trap
(BM) (THM) ¢ [20]
5-10%...1-10™ 2-10%...2-107 Ec—0.014 1.6:10% Impurity Incg
6:10™° 6:10™° Ec—0.022 910 Donor impurity
5-10%° 5-10™ Ec—0.058 510" Se-related donor
1-10™ 1.3-10" Ev+0.18 1-10™° A-center
2:10" 2:10™ Ev +0.26 1-10™ Te; — interstitial
4-10%° 0 Ey + 0.37 1107 Cd vacansy: Vg
0 410" Ec-0.78 510" Tecq
4-10M 0 Ey+11 110710 Tellurium secondary
phases Tesp

It should be noted that when processing TSC spectra
by the SIMPA method, the contribution of the dark
current lga(T) is taken into account, which has the

E
form: Iy (T) = Ce%, where C is a constant, Epp is
the deep donor level, k is the Boltzmann constant, and T
is the temperature. A deep donor with Epp energy
ensures a high-resistive state of the materials under
study. It was established in our work that these deep
donors have the energy Epp = Ec — 0.860 eV and
concentration Npp = 6:10*° cm™ for the material grown
by the Bridgman method, as well as Epp = 0.833 eV and
Npp = 2-10™ cm™ for the material obtained by the THM

56

method. In the experiment [20], materials with constant
concentrations of impurities and defects were grown. It
is of interest to comprehensively investigate the
behavior of p depending on the content of tellurium
secondary phases Tesp, doping In, and the deep traps of
Vg and the tellurium interstitial Te; in wide intervals of
changes in their concentrations.

RESULTS AND DISCUSSION

For effective registration of ionizing radiation by a
detector, it is necessary that the resistivity p of the
detector material be at least 10" Q-cm. Authors of paper
[20] were obtained the two semiconductor materials:
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CdgoZng1Tep9sSe002» — CZTS (BM) possessing the
resistivity p= 1'1010 Q-cm and Cdo_gzno_lTeolggseolm —
CZTS (THM) with p = 2-10° Q-cm. It should be noted
that the resistivity values of 10*° Q-cm measured in [20]
were in full agreement with the values of p for
CZTS (BM) calculated according to the adopted model,
where the N; concentrations and energy levels E;
determined by the DLTS method served as the initial
parameters. In contrast, when substituting the measured
values N; and E; for the CZTS (THM) sample into the
modeling program, a low-resistance state of ~ 10* Q-cm
was obtained. As it is known, the high-resistance state
of CdTe and CdznTe (10°..10"°Q-cm) leads to
significant difficulties when attempting to accurately
determine their defect concentrations. It is likely such
an inaccuracy occurred for the Ec — 0.022 and E¢ -
0.058 eV levels, which were represented in amounts of
4-10" and 3-10™ cm?, respectively, that is about by an
order of magnitude higher than for the CZTS (BM)
material. Reducing their content by approximately an
order of magnitude (see table) led to complete
agreement between the measured p=2-10° Q-cm and the
calculated model resistivity values. On the other hand,
comparing the p values of the two materials, it can be
argued that CdggZngi1Teo0sS€002, grown by the
Bridgman method, is more suitable for recording X-ray
and y-radiation. According to the authors, the one-order
higher resistivity of CdggZng1Teg9sS€0.02 IS €Xplained by
the higher concentration of secondary tellurium phases
init.

Fig. 1 shows the behavior of the resistivity as a
function of the concentration of doping indium and the
content of cadmium vacancies V¢q () and the
secondary tellurium phase (b) for CdggZng1TegesS€0.02
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grown by the Bridgman method. It can be seen from
Fig.1 that with increasing V¢4 concentration,
p decreases, while with changing content of secondary
phases of tellurium Tegp the resistivity does not change.
In other words, the resistivity does not depend at all on
the content of tellurium precipitates at any concentration
of doping indium. This result can be explained by the
fact that the acceptor energy level Ey+1.1 eV of Tegp in
the high-resistance state is located significantly above
the Fermi level. Therefore, it always lacks trapped
electrons that could move between atoms, contributing
to the hole current. For this reason, this level has no
effect on the resistivity. It should be noted that in the
majority of works investigating materials based on
CdznTe, this energy level is attributed to the donor
defect V1. or Tesp with the energy Epp = Ec — 1.1 eV.
However, even in this case, the resistivity should also
not depend on the content of this defect, because the
Fermi level F is much higher than the Epp energy level,
which remains neutral in the high-resistance state and
does not give electrons to the conduction band and,
thus, does not affect the conductivity of the material.
This contradicts the conclusion of the authors [20],
who believe that the smaller value of p=2-10° Q-cm for
Cdg.oZng1Tep93S€007 compared to p=(1...2)-1010 Q-cm
st Cdo.gZng 1 Teg.08S€0.02 IS €Xplained by the presence of
Tegp in the last in the amount of 4-10™ cm™ (see Table).
In our opinion, the smaller value of p for
CdgeZng1Teg93Se0,07 i explained more simply, namely
by the smaller width of the band gap Eg, which
according to formula (1) for this material is equal to
1.533eV, which is less than 1560eV for
CdggZng1Te098S€002. That is, the smaller value of p is
determined by the larger amount of selenium additive.
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Fig. 1. Dependences of the decimal logarithm of the resistivity on the content of indium and cadmium vacancies (a),
as well as indium and tellurium vacancies (b) for Cdg¢Zng 1 T€0.985€0.02

Fig. 2 shows the change in the Fermi level F in
Cdp9Zno1TepesSe0 02 as a function of the concentrations
phases

of indium impurity and secondary

(precipitations) of tellurium. The wide inclined plane
that crosses the middle of the band gap refers to the
high-resistance state of this material.
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Fig. 2. Behavior of the Fermi level F for
Cdg.eZNng 1 Teg 98S€0.02(BM) depending on the content of
doping indium and the tellurium secondary phases

Further comparison of the electrophysical properties
of CZTS(BM) and CZTS(THM) will be carried out by
the content of the interstitial tellurium defect Te;, which
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is present in both detector materials under study. Fig. 3
shows the dependencies p[N(In), N(Te)] for
Cdy.9Zng1Teq.5S€0.02 (BM) (@ and
Cdo,gznollTeolg;gseo_m (THM) (b) The value of the band
gap for calculating the resistivity of
Cdy.eZNg1Te0.93S€0.07 (THM) was taken to be 1.43 eV to
agree with the experimental results of measuring p.

Both dependencies are characterized by extended
resistivity maxima, which the conditions of mutual
compensation of acceptor defects Te; and donor
impurities of doping indium are fulfilled for. The same
behavior is characteristic of the extended resistivity
maximum in Fig. 1,a, where the ionized acceptor
cadmium vacancies are compensated by impurities of
the shallow indium donor. However, despite the fact
that a signal was recorded in CZTS (THM), unlike
CZTS (BM), the detector based on it is not suitable for
ionizing radiation spectroscopy due to the low
resistivity (2:10° Q-cm) and, as a result, large noise in
the pulse height spectra.
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Fig. 3. Dependences of the decimal logarithm of resistivity on the concentration of indium and interstitial tellurium
for Cdo.sZNo.1Teo 985€0.02 (@) and Cdo 9Zng 1Te0.935€0.07 (b)

Model calculations of the resistivity depending on the concentration of doping indium were performed for

different selenium contents (Fig. 4).
P, Q«cm
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Fig. 4. Dependences of the resistivity of Cdg ¢Zno 1 Te;.,Sey on the concentration of doping indium at the temperature
25 °C and different selenium contents, y: 1 —0.01,2 —0.02, 3-0.03,4 -0.04, 5-0.05, 6 —0.06, 7 — 0.07,
in the entire studied range (a); in the high-resistance state (b)
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The dependences in Fig. 4 were calculated for the
initial defect composition of the CZTS(BM) sample, but
for different selenium additions varying within the
range 0.01 <y < 0.07. The band gap Eg for various Se
additives was calculated using formula (1) and
gradually decreased from 1.5656 eV for y=0.01 to
1.533 eV for y=0.07. Fig, 4,a demonstrates the behavior
of p over the entire studied range of changes in the
concentration of the indium dopant. In Fig. 4,b shows
only the upper, high-resistance part of the dependences,
where the differences between the curves are noticeable.
In the lower part of the graph, the dependencies almost
coincide. In addition, it can be seen that the maximum p
values for all y magnitudes are above 10%° Q-cm and
vary from ~3.8:10% for y=0.01 to 2-10'° Q-cm for y =
0.07. This result of model calculations contradicts a
number of experimental results that resistivity decreases
noticeably with an increase in the selenium content to
0.07 at.%.

For example, it is reported in [28] that for
CdgoZng1TesySe,, when selenium was added in
amounts of y=0.015 and 0.02, a material with p =
(1...3)10" Q-cm was obtained, and at y = 0.04 p =
1-10%, and also at y = 0.07 the resistivity was already
within (2...5)-10° Q-cm. Moreover, in
CdgeZng1Teg9sS€002, @ Signal was recorded with the
high energy resolution of 0.77% of the main peak at
662 keV from the **Am source (measured without
charge loss correction algorithms) at room temperature
[12]. On the other hand, the calculations of resistivity
change dependencies were carried out using classical,
proven models, so their discrepancies with the
experiment can be explained as follows. It is likely that
an increase in the selenium content leads to the ingress
of its atoms into the interstitial spaces, with the
subsequent appearance of secondary Se phases, which
can form throughout the entire volume of the CZTS
crystal. As is known, selenium exists in various
allotropic modifications, including in the form of a
crystalline hexagonal structure, which has a resistivity
of ~ 10° Q-cm [29] that is significantly less than the
value of ~10'° Q-cm for CdgoZn, Te. Therefore, when
measuring p, the current passes not only through the
basic crystal, but also through the selenium secondary
phases which are limited by certain boundaries. Thus, a
kind of shunting of CdZnTeSe matrix occurs and the
measured resistance decreases.

It is of interest to investigate and clarify the specific
reasons for the degradation of the detector properties of
CdgoZng1Tep9sSe002 (BM). The processes of capture
and recombination of non-equilibrium electrons, which
mainly form the signal in the pulse height spectrum, are
determined by deep levels of acceptor defects.
Comparing the content of both materials (see table), we
can see that the main difference between them is the
presence of two acceptor defects: cadmium vacancies
and secondary tellurium phases Tegp in CZTS (BM).
Thus, it is necessary to perform model calculations of
the charge collection efficiency m in the detector
depending on the V¢4 and Tegp content. As a result of
modeling studies, it was found that in a detector based
on CZTS(BM), the signal is reliably recorded at
N(Ev+1.1) = 410" cm™® and o(Ey+1.1) =

=1-10°...1-110cm?  The characteristics of the
remaining levels are shown in the table, and the capture
cross section o(Ey+1.1) is taken to be even larger:
3-10° cm? The simulation result is shown in Fig. 5
which demonstrates the behavior of 11 in a flat detector
depending on the concentration of doping indium for
different cadmium vacancy contents. It can be seen
from Fig. 5, that changing the V¢4 content does not
affect the maximum charge collection value, but only
shifts the n(In) curves when N(V¢q) changes, and the
width of the high-resistance region does not alter. So,
you can always choose the concentration of indium to
get the maximum signal amplitude.
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Fig. 5. Dependences of charge collection efficiency n on
the indium content at different concentrations of
cadmium vacancies, cm™:

1-410" 2-4510%;3-510" 4—6-10";
5-7-10"; 6 — 8-10%; 7-9-10'%; 8 — 1-10™

The simulation also showed that the resistivity
correlates with the value of charge collection: the larger
p, the larger the magnitude of 1. Therefore, at maximum
charge collection, a high-resistance detector material
with minimal leakage currents and low noise in the
spectrum should be obtained.

Thus, it can be assumed that the complete
degradation of the registration properties of the
CZTS (BM) detector recorded by the authors [20] is
somehow related to the Te secondary phases. Before
performing model studies of the influence of the content
of secondary phases Tegs in the matrix on the signal
magnitude, certain features of these defects should be
taken into account. Tellurium secondary phases can be
quite large (over 30 um) and very extended [20], and an
increase in their measured concentration is probably
accompanied by an increase in their size. The increase
in size necessarily causes a decrease in the average drift
length of charge carriers, primarily non-equilibrium
electrons caused by irradiation with gamma quanta from
a radioactive source. As the size of these defects
increases, the frequency of their capture of non-
equilibrium charge carriers should also increase. That is,
it is quite likely that such an important characteristic as
the capture cross section of non-equilibrium charge
carriers increases. We assume that the position of the
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Tesp energy level remains unchanged or changes
slightly. The result of model studies taking into account
the described assumptions is presented in Fig. 6, where
in addition to the dependences n(In) (left vertical axis),
the dependence of the resistivity on the indium content
(right vertical axis) is also shown, which is the same for
all variable parameters that determine different n
curves.

p.,cm
1,0 =
0,9 - o 1101
0,8 S
0,7 —
0.6 ’s5\ 110°
0,5
0,41 110°
0,3
0,2 :
4 4107
0,1 Y
A
0,0 - . B
4,0x10'° 6,0x10'° 8,0x10'° 1,0x10"" 1,2x10"!
N(In), cm™

Fig. 6. Dependences of charge collection efficiency and
resistivity of a CZTS(BM)-based detector on the indium
concentration for different concentration values
Tesp, cm™: 1 — 410" 2 - 810" 3 - 1-10*; 4 — 2-10™,;
5-3-10";6—3.510"; 7 —4-10"

That demonstrates the fairly good correlation
between the values of 1 and p mentioned above. The
Tegp concentration varies from 4-10'° cm™ to the value
4-10™ cm recorded in the experiment [20]. The capture
cross section o gradually increases from 1-10™ cm? (for
dependence 1) to the value o=110"cm* (for
dependence 7) measured in the experiment [20]. In
addition, the drift length d, measured from the anode,
for non-equilibrium electrons gradually decreases from
d=4.9 (curve 1) to d = 0.1 mm (curve 7). Since modern
experimental research methods are not yet able to
determine accurately the characteristics of defects in
high-resistance materials, then all results of model
calculations based on experimental data can only be of a
qualitative nature. It can be seen from Fig. 6 that the
charge collection efficiency decreases markedly with an
increase in the content and size of the particles of the
tellurium secondary phase and, accordingly, with a
decrease in the drift length of non-equilibrium charge
carriers, while maintaining the concentrations of the
remaining defects given in the table unchanged.

The model calculations of the electron mobility p.
and the lifetime of nonequilibrium electrons t, were also
carried out for the studied CdggZng;Te;.,Se, materials
provided that there are no precipitates or secondary
phases in their matrix. As a result, it turned out that in
ideally homogeneous materials p. =970 cm?(Vs),
te'Te = 9-10° cm?V. In the experiments described in
[28], the CdgoZnyiTey,Sey-based (0.015 <y <0.07)
samples were obtained, and measured values of pete
turned out within the range of (1...6.6)-10° cm?V.

Increasing the size of secondary phases should affect
drift and electron mobility in detector materials. Studies
have been performed on the effect of electron mobility
on the resistivity of CZTS (BM). To do this, the capture
cross section of secondary phase clusters was increased
from 1-10°° to 8:10”° cm?. At the same time, the electron
mobility p, decreased from 1023 to 420 cm?/(V-s). As a
result, it was found that the maximum resistivity
increases  slightly, namely from 2.7-10° to
4.25:10" Q-cm, that is, only by one and a half times.
Note that a material with pe = 420 cm2/(V's) is not
suitable for creating ionizing radiation detectors at all.

CONCLUSIONS

The main reason for the significant decrease and
complete degradation of the signal in the detector based
on CdoeZng;Tey.,Sey is the increase in the content and
size of the particles of the secondary tellurium phase,
which reduce the average drift length of non-
equilibrium charge carriers within the interelectrode
gap.

The main reason for the higher resistivity p for
CdpgZno1Teo0sS€002 grown by the Bridgman method
compared to CdygZngiTeggesSepq; Obtained by the
moving heater method is the addition of a smaller
amount of selenium to it, but not the presence of
secondary tellurium phases Teg in it. The addition of
selenium to the CdZnTe matrix in an amount of up to
0.07 at. % leads to the formation of interstitial Se atoms
with the subsequent formation of its secondary phases
which have a lower resistivity. It leads to a decrease in
the resistivity of the entire detector material and, as a
result, an increase in leakage currents in the detector
based on CdgiZnoeTes,Sey. It is desirable that the
selenium content does not exceed 0.04% to preserve the
detector quality of the material.

The resistivity value depends little on the content of
interstitial tellurium and Tegp due to the large difference
between the energy levels of this defects and the Fermi
level in the high-resistance state of CZTS (BM). A
reduction in electron mobility of more than two times
has little effect on the resistivity of the detector material.

An increase in the content of cadmium vacancies
does not lead to a decrease in the maximum value of the
charge collection efficiency n, but only to a shift in the
dependences of 1 on the concentration of doping In.
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BIIVIMB 1OBABOK CEJIEHY HA EJIEKTPO®I3UYHI TA PEECTPYBAJIbHI
BJACTUBOCTI JETEKTOPIB HA OCHOBI CdZnTe

O.1. Konopukx, /1.0. Cononixin

BucBitineHo pe3ynbTaTH KiNBKICHHX JOCH/DKEHb BIUIMBY BMICTY JOMILIOK Ta CTPYKTYpHHX nedekTiB Ha
enexkTpodizuyni Ta gerexTopHi BnactuBocTi CdggZngiTe;ySey, 3o0kpema CdogZNg1T€09s5€002, BUPOIIEHOMY
MetogoM bpimkmena, i CdggZNg;T€093S€007, ONEpKAHOMY METOJOM IIEPECYBHOTO HarpiBaya. BukoHaHO
JOCIIDKSHHS BIUIMBY Ae(EKTiB Ha 3MiHy IUTOMOTO OIOPY P, KOHIEHTpaLil BUIBHUX HOCIIB 3apsany, piBaa @epmi F
Ta e()eKTUBHOCTI 300py 3apsaiB 1| y HdeTeKTOpax BHIpoMiHIOBaHb Ha ocHOBI CdZnTeSe:In mpu Temmepatypi 25 °C.
BcranoBieHo 3aneXHOCTI 3MiH p, F, 1] Big BMicTy JOMIIIOK, BaKaHCii KaaMiro i BTOpUHHEX (a3 Tenypy. BusHaueHo
YMOBH 30€epeKeHHs BHCOKOOMHOTI'O CTaHy Ta BiIyKy Ha ONPOMiHEHHs B JieTekTopi Ha ocHOBi CdgeZNng1Te;Sey.
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