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Abstract. The accumulation of *’Cs in plants can carry risks to animal and human health due to its
entry into the body through the food chain. The purpose of the study was to estimate the transition
coefficients **’Cs in pasture mixed grasses from the dominant soil types of Ukraine and their dynamics
during the growing season. The experiment was conducted on three types of soils, namely: sod-
podzolic loam, podzolic chernozem, and typical chernozem. Soils for the experiment were selected
in the Kyiv and Zhytomyr oblasts. The density of artificial surface contamination of all soils was the
same and amounted to 336 kBq m™. Radionuclide was applied to the soil surface in a water-soluble
form. The plants were grown in a greenhouse in pots with regular watering without fertilisation. The
results obtained showed that bioavailability of **’Cs is determined by soil conditions and significantly
decreases in the series: sod-podzolic soil > podzolic chernozem > typical chernozem. The obtained
average values of the radionuclide transition coefficients to grass for the first mowing ranged from
50 to 4 (Bg-kg™) /(kBg-m?) and were maximal for sod-podzolic soil. At the end of the growing season,
bioavailability of **’Cs significantly decreased by half for sod-podzolic soil and typical chernozem.
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No significant changes in the bioavailability of radionuclide were observed on podzolic chernozem.
The accumulation coefficients of the stable isotope of caesium (**Cs) are estimated. Compared to the
radioactive isotope, stable caesium is characterised by significantly lower bioavailability for plants,
but the nature of its dependence on soil conditions is identical to that of **’Cs. Since stable caesium
is in the soil in a state of equilibrium, the coefficients of its accumulation by the mixture of grasses
did not change during the growing season. The obtained transition parameters, in accordance with
soil conditions, can be used in radiological models for conservative estimation of radiation doses of
radiation exposure to the population in the first year after radionuclide entry into the environment

Keywords: *’Cs; bioavailability; transition coefficient; caesium; radionuclides; soils, vegetation

Introduction
Technogenic radionuclides enter the environment
with emissions from nuclear fuel cycle plants and
nuclear power plants (NPPs), with global fallouts
after nuclear weapons tests, and as a result of ac-
cidents at nuclear facilities. Examples of such ma-
jor radiation accidents were those at the Chorno-
byl NPP and the Fukushima Daiichi NPP. In both
cases, significant caesium radioisotopes were
released into the environment. In addition, now
there is a real threat of the use of nuclear weap-
ons on the territory of Ukraine, as a result of which
certain territories may be exposed to radioactive
contamination. After a certain time following soil
contamination (usually in the next growing sea-
son), radionuclides begin to enter plants via root,
including cultivated plants, which are used for
food production. With food, radionuclides enter
the human body and irradiate it. One of the radio-
logically significant technogenic radionuclides is
long-lived **’Cs (half-life - 30.08 years), which is
a fission product of 2**U and 2*°Pu and is charac-
terised by a high fission yield of about 6%. This ra-
dionuclide is characterised by high bioavailability
and is one of the main dose-forming radionuclides
among fission products. An important way for this
radionuclide to enter the human body is the pas-
ture-animals-milk (meat) chain. The main part
of internal dose from **’Cs to humans is formed
in this way. Given that “fresh” deposition of this
radionuclide can be nonequilibrium in the soil
environment, information about the dynamics of
its bioavailability is extremely important. Some of

the radioactive isotopes of caesium are irrevers-
ibly absorbed by soil minerals after entering the
soil, and their bioavailability decreases over time.
This process is called “ageing”. It leads to a de-
crease in the accumulation coefficients of this ra-
dionuclide in the soil over time (Park et al., 2019).

In the natural environment (earth’s crust,
clay minerals, etc.), there is only one stable iso-
tope of caesium - '*Cs. The average concen-
trations of this element are about 1 mg/kg in
granites and 4 mg/kg in sedimentary rocks. In
soils, the gross concentration of caesium ranges
from 0.3 to 25 mg/kg (International Atomic En-
ergy Agency (IAEA), 2009). As for the behaviour
in the soil-plant chain, the chemical behaviour
of technogenic radioactive isotopes of caesium
is considered identical to that of stable caesium.
H. Tsukada et al. (2023) observed close bioavaila-
bility values of stable caesium and a radioactive
isotope *¥’Cs when they enter potatoes from the
soil. Stable caesium behaviour analysis is used
to understand the long-term behaviour of radio-
caesium and its equilibrium distribution in soils.
Thus, the naturally occurring stable isotope 33Cs,
which is in an equilibrium state in soil, can be a
useful analogue for estimating the accumulation
rates of its radioactive isotope **’Cs.

V. Kashparov et al. (2020) showed that an
important factor affecting the plant uptake of
radiocaesium is its initial physical and chemi-
cal forms in fallout. In the case of the Chorno-
byl accident, a significant part of radiocaesium in
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radioactive fallout in the near-accident zone
(10 km) was in the composition of fuel particles
and was not available for plant assimilation for
some time. The dynamics of the bioavailability
of radiocaesium and radiostrontium in this area
were determined by the superposition of the pro-
cesses of their adsorption by soil and leaching
from fuel particles.

The soil plays an important role in the root
uptake of radionuclides by plants. When plants
uptake radionuclides from an aqueous solution,
radiocaesium is the most biologically available in
comparison with other radionuclides (**’Cs >*°Sr >
> 1#4Ce > 106Ry > %7Zr). According to M. Vanheuke-
lom et al. (2023), when growing plants on soil, the
bioavailability of *°Sr decreases by about 20 times,
whereas **’Cs - by 100-1,000 times. The reason
for this is the absorption of radionuclides by the
soil. In general, the influence of soil is manifested
in a decrease in the bioavailability of radiocaesi-
um with an increase in its content of exchange
cations, organic matter, physical clay, montmoril-
lonite minerals, and absorption capacity (Kang &
Tazoe, 2024). M. Vinichuk et al. (2025) observed
higher accumulation rates on sandy loam and
organic soils, and lower accumulation rates on
soils with a high clay content. In addition, this pa-
per shows that the bioavailability of caesium for
grasses in the first few years after deposition rap-
idly decreased with subsequent plateau release.

The bioavailability of caesium and radiocae-
sium is affected by the presence of other chemi-
cal elements in the soil, especially potassium.The
average concentration of potassium in the soil
solution is about 10 m/l, whereas the concen-
tration of activity *’Cs in a soil solution of 1 Bg/L
approximately corresponds to its concentration of
2-10%, M. Syaifudin et al. (2023) showed that an
increase in the concentration of potassium avail-
able to plants in the soil leads to a decrease in
the intake of caesium into plants.

According to the latest study by Ukraini-
an researchers, despite almost forty years af-
ter the Chornobyl accident, a significant part of
the territory of Ukraine remains radioactively

contaminated (Kyrylchuk & Palamarchuk, 2022),
and radionuclides enter agricultural products
(Snitynskyi et al., 2023). Studies aimed at radio-
logical safety of the population remain relevant.
In general, as numerous studies show, the accu-
mulation of caesium by plants is characterised by
great variability, which is mainly determined by
local soil and climatic conditions. Experimental
parameters that consider these local features on
a national scale are needed to reduce the uncer-
tainty of predictive estimates. In Ukraine, there
are currently no data on the accumulation of **Cs
by grasses in the first growing season after its re-
lease into the environment.

The purpose of the study was to estimate
the transfer coefficients of **’Cs in pasture mixed
grasses from the dominant soil types of Ukraine
and their dynamics during the growing season.

Materials and Methods
Scheme of a vegetative experiment. The assess-
ment was carried out in a laboratory experiment
simulating “fresh” radionuclide deposition in sol-
uble form before the beginning of the growing
season.The study was conducted according to the
Convention on Biological Diversity (1992). To in-
vestigate the accumulation of **Cs by a mixture
of perennial grasses (ryegrass 60%), 4-litre plastic
pots filled with air-dry soil were used. Soil mois-
ture was increased to 60% of their field moisture
capacity by adding the appropriate amount of
water. The experiment used three types of soils
that were selected in Zhytomyr and Kyiv oblasts,
namely: sod-podzolic loam; ordinary chernozem;
and podzolic chernozem. For each soil type, the
experiment included three parallels and a control
(without radionuclide application). Grass sowing
was carried out on 12.04.2024 with the recom-
mended seeding rate of 3.5 g m. After sowing,
9.51 kBq (336 kBq m?) of **’Cs was applied to
the soil surface in each pot. An aqueous solution
(50 ml) of radionuclide was evenly distributed
over the soil surface using a dispenser. During the
experiment, three grass mowing operations were
performed. The grass was cut at a height of 1 cm
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above the ground. The resulting grass samples
were dried at 105°C to a constant mass and ho-
mogenised using a laboratory mill. The obtained
samples were transferred to sealed plastic vials
for storage and subsequent measurement of **’Cs
activity and concentrations of stable caesium.

Analytical methods. Specific activity of *’Cs
in pre-prepared soil and vegetation samples
was measured on gamma-ray Sspectrometers
with semiconductor (GEM-30185, “EG & ORTEC,
USA) and scintillation detectors (SEG-01, ‘AKP”,
Ukraine). The measurements were carried out
in polypropylene containers with a volume of
100 cm® and in Marinelli vessels with a volume
of 1,000 cm?. The spectrometers were calibrated
using certified secondary radionuclide standards
in accordance with the requirements of the stand-
ardised method (ASTM E181-10, 2010). Specific
activity of **’Cs and the concentration of its stable
isotope in grass and soil samples were calculated
for absolute dry weight.

The concentration of stable caesium in grass
and soil samples was determined on a Nexlon
2000b inductively coupled plasma mass spec-
trometer (PerkinElmer, USA). The samples were
prepared using the Ethos Up microwave decom-
position system (Milestone, USA).

Agrochemical properties of soils were
determined by standardised methods (DSTU
4405:2005, 2005; DSTU 7863:2015, 2015; ISO
10390:2021,2021; I1SO/TS 22171:2023,2023) us-
ing appropriate equipment.

Levchuk et al.

To determine the quantitative parameters of
the dependence of the transfer of radionuclide
from soils to a mixture of grasses on soil proper-
ties, the the aggregated transfer factor (T,) was
used. T defined as the ratio of the mass specific
activity of **”Cs in grass (Bq-kg?, dry weight) to
the density of the soil radionuclide contamina-
tion (kBg-m) on which it was grown. For the sta-
ble isotope, the concentration ratio (CR), defined
as ¥Cs concentration in the grass (mg-kg?, dry
weight) divided by that in the soil (mg-kg?, dry
weight) on which it was grown, was used.

Results and Discussion

Before the experiment, the main agrochemical
properties of soils and their contamination with
137Cs were determined. The **’Cs contamination
was formed as a result of nuclear weapons tests
and the Chornobyl accident. Soils are character-
ised by a low level of radioactive contamination
(Table 1). Radioactive contamination of cher-
nozems was close to the level of global fallout.
Such contamination levels will not affect the
experiment, since the introduced activity ex-
ceeds them by 2 orders of magnitude. In gen-
eral, in terms of nutrient supply, sod-podzolic
soil is classified as low, podzolic chernozem is
close to the middle class, and typical chernozem
is to middle class (Table 1). The content of mo-
bile potassium, which affects the accumulation
of ¥*¥’Cs in plants, in this series varies from 70 to
220 mg kg™

Table 1. Main agrochemical characteristics of soils
and their contamination density with **’Cs (for horizon 0-10 cm)

Alkaline

Exchange Mobile
. 137Cs, kBq pH Exchange hydr.
Soil type i (H,0) pH (KCI) LOI*,% K, mg kg' Cili(, Tg nitrogen, phospho:us, mg
g mg kg™ 9
sod-podzolic gleyed 6.411.9 6.6 5.6 2.7 70 420 66 30
podzolic chernozem 1.610.5 57 4.5 5.9 104 1620 94 99
typical chernozem 0.710.2 7.8 7.1 71 222 2,250 95 167

Note: * — Loss on Ignition
Source: compiled by the authors

The radionuclide specific activity in samples
of grass grown on sod-podzolic soil was the high-
est and 10 times higher than in grass grown on

typical chernozem. Grass contamination on
podzolicchernozemwastwiceas highasgrass con-

tamination on typical chernozem. The maximum
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standard deviations between parallels were about
10%. Over time, there was a significant decrease
in accumulation of ¥*’Cs in perennial grasses (Ta-
ble 2). During the growing season, the specific ac-

tivity of radionuclide decreased in grass grown on
sod-podzolic soil and typical chernozem by about
2 times. No significant decrease was observed for
podzolic chernozem.

Table 2. Specific activity of '¥’Cs in grass samples (for completely dry weight)

Soil type Repeatability Cs, B kg™
Cutting 29.05.24 Cutting 16.07.24 Cutting 01.09.24
control 2917 24+15 3316
, 1 15,390+ 920 15,040+ 750 8,400+750
S“J;‘;‘é?"c 2 17,050+1,200 136104820 7,070+710
3 18,040+ 1,260 11,000830 7150720
Mean+SD 16,830+ 1,340 13,520+1,570 7,540+750
control <4 <5 <4
, 1 2,940+270 42904390 2,950+ 470
Podzolic 2 3,000£270 38804310 3,450+ 520
3 2,860+140 4,710+380 5,300 850
Mean+SD 2,930+70 4,290+420 3,000+1,240
control 28116 18+8 21+9
. 1 1,6504130 1,420+140 730490
Chgﬂ'g;ém 2 1,250+ 150 910£90 810160
3 1,540+ 150 760+40 650110
Mean +SD 1,480+210 1,030+340 730110

Source: compiled by the authors

The results showed a significant difference
in accumulation of **”Cs in perennial grasses
from different soils (Fig. 1). The highest values
of aggregated transfer factors were obtained for
the first mowing on sod-podzolic soil. This soil is
characterised by the lowest content of exchange-
able potassium, organic matter (Table 1), and the
dispersed composition is dominated by coarse
fractions of physical sand. Such characteristics
are favourable for high bioavailability of caesium
(Sinchenko, 2021). The value of the average Tag
value for sod-podzolic soil was 50 (Bq kg?)/(kBq
m2) and exceeded the value obtained in 1987 for
the sown grasses hay by averaging a large array
of data, by ten times (Ukrainian Institute of Ag-
ricultural Radiology (UIAR), 1998). Handbook of
parameter values for the prediction of radionu-
clide transfer in terrestrial and freshwater envi-
ronments (International Atomic Energy Agency
(IAEA), 2010) recommends using a concentra-
tion ratio of 0.084 to estimate the transfer of

radiocaesium from sandy soil to grasses, which
is approximately equaltoa T, of 0.750 (Bq kgt)/
(kBg m2). This recommended value is significant-
ly lower than the parameters obtained, and its
use for forecasting may lead to an underesti-
mated evaluation of the radionuclide uptake by
vegetation. The average value of the *’Cs aggre-
gated transfer factor for the grass obtained for
typical chernozem in the first mowing was at the
level of 4 (Bq kg')/(kBgq m%), which also differs
by an order of magnitude from the data of 1987
(Ukrainian Institute of Agricultural Radiology
(UIAR), 1998).Y.Khomutinin et al. (2022) present-
ed current results on the accumulation of *’Cs in
pasture vegetation in natural meadows (mead-
ow-swamp soils). In such landscapes, this radi-
onuclide is still characterised by high bioavail-
ability (T, 5 (Bq kg™)/(kBq m~)). But even this
value of the transition coefficient is significantly
lower than those obtained in the experiment for
sod-podzolic soil.
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Tag, (Ba/kg)/(kBq m?)
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Figure 1. Dynamics of '*’Cs intake into a mixture of grasses from different soils in a laboratory
experiment during the growing season
Note: surface contamination of the soil after sowing grass (336*34 kBq m-?)

Source: compiled by the authors

During the growing season, T,, values for
sod-podzolic soil and typical chernozem signifi-
cantly decreased by half. The results of the ex-
periment for podzolic chernozem showed that the
average THg value in the first cutting for podzolic
chernozem was 9*4 (Bq kg*)/(kBg m?) and in the
future, its decrease was not observed (Fig. 1). This
behaviour of ¥’Cs in the soil-plant chain may be
related to the acidity index of this soil (Table 1).
T,, values were also calculated for the control
variants. They characterise the bioavailability of
the radionuclide (its ageing), which has been in
the soil for about 40 years. Unfortunately, these
values are characterised by great uncertainty, as
grass contamination was very low for all soils. But
even this information indicates that the process of
absorption of fresh deposition occurs quite slow-
ly (Fig. 1), especially for soils of light mechanical
composition. M. Vinichuk et al. (2025) assessed
the dynamics of *¥’Cs transfer coefficients from
different soils in Sweden to natural and cultivat-
ed grasses. According to the researchers, in loamy
soils,Tag values decreased from units to plateaus
below 0.01 (Bq kg)/(kBq m?) approximately 3-5
years after radioactive fallout, whereas in soils
with an intermediate clay content, this process
took approximately 12-15 years. These data cor-
relate well with the results obtained.

The concentration of the stable isotope of
caesium **Cs was also determined in soil and
grass samples. The gross concentration of *33Cs
was the lowest (0.6 mg kg?') in sod-podzolic
soil, and in podzolic chernozem - the highest
(2.2 mg kg). Stable element transfer parameters
are usually used when radionuclide data are not
available. For example, if it is necessary to deter-
mine the values of transport parameters in areas
of low radionuclide contamination, where radio-
nuclide concentrations in food or wildlife are be-
yond detection. C.L. Barnett et al. (2020) conduct-
ed a study in this area and showed that the intake
of ¥’Cs and stable Cs in plants are characterised
by a good correlation, but has some differences.
A number of studies have shown that the *’Cs
accumulation coefficients were several times
higher than for stable 3*Cs, despite a fairly long
presence of »*’Cs in the soil (Guillén et al., 2022).
Stable Cs is mainly retained in primary and clay
minerals, so the coefficient of its accumulation
by plants may be lower than that of **’Cs, which
is of man-made origin. To correctly compare the
bioavailability of radioactive and stable caesium,
it is necessary to use not their gross concentra-
tions in the soil, but the concentrations of their
exchange forms. H. Tsukada et al. (2023) proposed
an approach based on the following relations for
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estimating accumulation parameters: *"Cs/Cs
in the exchange fraction of soil and concentra-
tions of stable Cs in plants and showed that the
approach allows more accurately predicting the
concentration of *¥’Cs activity in cultures com-
pared to methods based on accumulation coef-

ficients. The main disadvantage of this method is
that it cannot be used with a low level of soil con-
tamination with **’Cs. Using the concentrations of
this isotope in grass samples and the correspond-
ing values of soil concentrations, its bioavailabil-
ity was estimated (Fig. 2).

CR, (mg/kg)/(mg/kg)

0.6

sod-podzolic
0.5

podzolic chernozem
0.4

mtypical chernozem
x 03
0.2 I
0.1 T T
1th cutting 2nd cutting 3" cutting
Yield

Figure 2. Dynamics of '33Cs (stable) intake into a mixture of grasses from different soils in a
laboratory experiment during the growing season

Source: compiled by the authors

In this case, the concentration of '*3Cs ac-
id-soluble forms in soils was used to calculate
the concentration ratios . The concentration ratios
correlate with the aggregated transfer factors for
the radioactive isotope depending on soil type -
for sod-podzolic soil, they are maximal, and for
typical chernozem, they are minimal. The finding
does not contradict the studies by C.L. Barnett et
al. (2020) and J. Guillén et al. (2022). The parame-
ters obtained at the end of the growing season for
the transfer of radiocaesium from soils to grasses
are more than 10 times higher those obtained for
its stable isotope. Moreover, such differences were
observed for all soils (Fig. 1, 2). Since stable cae-
sium is in the soils in a state of equilibrium, the
values of the concentration ratios do not change
significantly during the experiment (Fig. 2). It was
these data that were necessary to confirm the ab-
sence of external factors during the experiment
that could affect the bioavailability of caesium.

The results of the experiment on the bio-
availability of caesium reflect the features of the

behaviour of this element in the soil-plant chain
in relation to the dominant soils of Ukraine. Nu-
merical values of transfer factors can be used for
conservative assessment of *’Cs contamination
of pasture vegetation, and, accordingly, contami-
nation of livestock products in the first year after
radionuclide enters the environment.

Conclusions
Experiments have shown that the bioavailability
of ¥*¥’Cs and its stable isotope is determined by
soil properties and fall significantly in the follow-
ing series: sod-podzolic soil > podzolic chernozem
> typical chernozem. Differences in the accumula-
tion of **Cs by a mixture of perennial grasses be-
tween contrasting soils under experimental con-
ditions reached one order of magnitude. The data
obtained showed that during the growing season,
the bioavailability of *’Cs in sod-podzolic soil and
typical chernozem significantly decreased by half.
The values of aggregated transfer factors of **’Cs
for the grass mixture at the end of the growing
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season significantly exceeded the corresponding
parameters recommended by the International
Atomic Energy Agency for predictive estimates
of radionuclide contamination of vegetation. This
finding confirms the fact that the bioavailability
of *’Cs depends on its residence time in the soil.
The use of the radionuclide transfer parameters,
which were obtained in the distant period after
a radiation accident, for predictive estimates of
plant contamination in the first vegetation period
will lead to underestimated results.

For more information on the behaviour of
caesium in the soil-plant chain, the accumulation
rates of the stable isotope caesium in perennial
grasses were estimated. The gross concentration
of this trace element in soils varied in the range
of 0.6-2.2 mg/kg. Compared to the radioactive
isotope, stable caesium was characterised by sig-
nificantly lower bioavailability for plants, which
did not significantly change during the growing
season. This confirms that stable caesium is in

Levchuk et al.

a certain equilibrium state in the soil. A strong
linear relationship was observed between the
parameters of vegetation accumulation of stable
and radioactive caesium isotopes, but the propor-
tionality coefficient was different from one.

Research on studying the dynamics of radio-
nuclide intake from fresh radioactive fallout into
pasture vegetation will continue with the exten-
sion of the observation period to 2-3 vegetation
periods. In addition to **’Cs, the experiment is
planned to include another long-lived and radi-
ologically significant radionuclide *°Sr.
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AHoTauif. HakonuyeHHs *’Cs y pociMHax MOXe HECTU pU3MKM A5 340pOBs TBAPUH i Ntodei yepes
MOro HaAXO[)KEHHS B OPraHiaM Mo XapyoBOMY NlaHLOXKY. MeTolo poboTu 6yna ouiHka KoedilieHTiB
nepexody **’Cs y MacoBWILHE Pi3HOTPABAM 3 AOMIHYOUMX TUMIB IPYHTIB YKpaiHM Ta iX AWMHaMiku
Ha npoTa3i BereTauiinHoro nepiody. EKcnepMMeHT MpoBOAMBCA Ha TpbOX TUMAX [PYHTIB, a came:
[EPHOBO-NiA30/IMCTOMY CYFIMHUCTOMY, YHOPHO3EMI OMiA30/IEHOMY Ta HYOPHO3EMI TUMOBOMY. [PYHTU AN
ekcnepuMeHTy Bigbupanuc B KuiBcbki Ta XXutomumpcbkin obnactax. LLinbHiCTb WTy4HOro NoBepXHEBOrO
3abpyaHeHHs yCix rpyHTiB Byna ofHaKoBo i cknana 336 Kbk M2 PafioHyKNiL BHOCMBCS Ha NMOBEPXHIO
I'PYHTY Y BOAOPO3UYMHHIM hOpMi. POCIMHM BUPOLLYBaNUCh B TEMJML B TOPLUMKAX 3 PETYASPHUM NMOIUMBOM
6e3 BHeceHHs fLo6puB. OTpUMaHi pe3ynbTaTy nokasanu, Wwo 6ionoriyHa LOCTynHicTb 37Cs BU3HAYAETHCS
IPYHTOBMMM YMOBaMM i AOCTOBIpHO CNAfa€E B psiAy: AEepHOBO-MiA30AMCTUI FPYHT > OMig30/MeHui
4YopHO3eM > TUNoBMI YopHo3eM. OTpMMaHi cepefHi 3Ha4YeHHa KoedilieHTiB nepexoay pajioHykniga B
TpaBy A/15 NepLIoro YKOCy KonMBanuch B Mexax Big 50 go 4 (bk-kr)/(kbk-M2) i 6ynu MakcMManbHUMU
ANs [epHOBO-MiA30/MCTOrO FpyHTY. B KiHLi BereTauiiHoro nepiogy 6ionoriyHa mocTynHicte *37Cs
[OCTOBIPHO 3MeHLWMNacb B ABa pa3u ANs AEepPHOBO-MiA30MCTOro rPyHTY Ta TUMOBOrO YopHo3eMy. Ha
0nif30/1eHOMY YOPHO3€EMi LOCTOBIPHOI 3MiHM 6i0NOriYHOI AOCTYMHOCTI pafioHYKAi4y He CNoCTepiranoch.
OuiHeHo KoedilieHTH HaKoMUYeHHs cTabinbHoro i3oTony uesito (**Cs). Y NopiBHSHHI 3 pafioakTUBHUM
i30TOMOM CTabiNbHMIA Lie3il XapaKTepU3YETbCS 3HAYHO HMKYOHK BiONOrIYHOK LOCTYMHICTIO AN POC/NH,
ane xapakTep ii 3a1eXHOCTi Bif, rPYHTOBMX YMOB TOTOXHMM Takin ans *’Cs. Ockinbku cTabinbHui Lesii
3HaXoAMTbCS Yy FPYHTI B CTaHi PiBHOBArM Koedili€HTWM MOro HAKOMMYEHHS CyMIilW TPaB NpPOTAroM
BereTauiHoro nepiofly He 3MiHoBanucb. OTpMMaHi nNapameTpu Nepexoay, BiANOBiAHO LO FPYHTOBUX
YMOB, MOXYTb BUKOPUCTOBYBATUCh B PAAIONONYHUX MOLENSX AN KOHCEPBATMBHOI OLHKM pafiauiiHuX
[103 OMPOMIHEHHS1 HAaCeNEeHHS B NepLIMI piK NiCNS HAAXOMKEHHS pafioOHYKidy B OTOUyloUe cepefoBuLLe

Knioyvosi cnoBa: *’Cs; 6ionoriyHa AOCTYMHicTb; koedilieHT nepexoay; Le3ii, pafioHyknian; rpyHTu;
POC/UHHICTb
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