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Abstract. '*'Cs vertical migration in soil was evaluated using two methods: evaluating migration parameters using the
quasi-diffusion model, and modelling vertical migration using VS2DI software package, which is intended for simulating
transport of pollution in different types of soil. '*’Cs distribution in soil was compared in elevated contamination “spots”
in 1992 and 1999-2000. It was determined that '*’Cs vertical distribution in soil has two maxima caused by the *’Cs
global fallout due to nuclear weapon tests and by the fallout due to the ChNPP accident. '*’Cs concentration simulated by
VS2DI software package is close to the measured '*’Cs concentration, especially to values measured in 1992. This shows
that the software is able to simulate '*’Cs vertical migration due to a single fallout. The quasi-diffusion model is adequate
for description of long-term '*’Cs vertical migration, and the results of measurements and calculations agreed within error
limits. Parameters of long-term vertical migration of '*’Cs in soil, the transfer rate w and the diffusion coefficient D were
found for each region: in the western region of Lithuania (mainly sandy loam) D = 0.12 cm*/year™, w = 0,26 cm/year ™,
in the southern region of Lithuania (mainly loam) D = 0.13 cm*/year™, w = 0.29 cm/year ', and on the Curonian Spit

mainly fine san =0.1 cm“/year , w =0.22 cm/year .
(mainly fi d) D =0.1 cm*/year™ 0.22 cm/year™
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1. Introduction

After the Chernobyl nuclear power plant (ChNPP) acci-
dent in 1986, '*'Cs is considered as one of key artificial
radionuclides in the environment. There were two most
important periods of '*’Cs contamination of the Lithua-
nian territory: the first one was during the period of nu-
clear weapon tests in the atmosphere during 1945-1980,
and the second one was after the ChNPP accident in
1986. This radionuclide contaminates environment, forms
extra human exposure, and it is a tracer of geochemical
and geophysical processes.

After the ChNPP accident Lithuania was directly in
the path of contaminated air masses coming from Cher-
nobyl. In 1987, it was determined that '*’Cs pollution
density ranged from 7.4-10% to 3.0-10* Bqm™. The re-
gions of elevated level of "*’Cs contamination, called
“spots”, ranging from square meters to square kilometres
were observed (Butkus ef al. 1994). The largest amount
of "¥'Cs after the ChNPP accident is accumulated in the
same areas, where fallout anomalies were registered after
nuclear weapon tests (Butkus ef al. 2001). At present,
contamination with '*’Cs is evaluated all over the whole
territory of Lithuania, but the measurements were per-
formed during different time periods.

Studies of distribution of "*’Cs in soils are relevant to
the estimation of the density of contamination of soil lay-
ers, exposure forecast, determining the penetration depth as
well as calculating the rate of natural self-decontamination

(Baturin 1997; Vzpasis ef al. 1998). The content of *'Cs
in soil is mainly influenced by vertical migration, less in-
fluenced — by transfer in the groundwater and in the geo-
sphere, even much or far less — migration in plants, and the
least — by resuspension with wind (IllecromanoB ef al.
2001). In soil with high moisture content radionuclide
migration is significant (decenko et al. 1997). The major
processes of vertical migration are diffusion, convection
transfer with the soil liquid, and migration via the roots of
plants (AxaboB et al. 1999). One of the most important
factors is the presence of certain kinds of vegetation, in
particular, coniferous trees, the litter of which retains ra-
dionuclides for a long time and carries out the role of a
specific filter; or some representatives of berries and
mosses. So, after the initial fallout radionuclides can hardly
get into a soil with moss cover because they are engulfed
by mosses and are kept fixed in them for a long time
(Hrabovskyy ef al. 2004).

Models often used for description of *'Cs vertical
migration are those with Gaussian or exponential distribu-
tion of the radionuclide profile in an undisturbed soil
(Decenko et al. 1997; Hrabovskyy et al. 2004; Schuller et
al. 2002; Isaksson, Erlandsson 1998; BariSic et al. 1999;
Ivanov et al. 1997; Rosen ef al. 1999; Holgye, Maly 2000;
Bossew, Kirchner 2004). Some authors use the exponential
function of depth and experimentally determined parame-
ters (Schuller e al. 2002; Isaksson, Erlandsson 1998). The
authors of (Barisic e al. 1999) describe *’Cs vertical mi-
gration by a logarithmic-polynomial equation, using coef-

ISSN 1648-6897 print / ISSN 1822—4199 online
http:/www.jeelm.vgtu.lt/en

23



24 D. Butkus, M. Konstantinova. Modelling vertical migration of '*’Cs in Lithuanian soils

ficients which can be found by the least-squares method
using the measured cesium activities in the sampled soil
compartment. Compartment models are also used, where
migration is described by rate equations, and the rate pa-
rameters are transfer coefficients which characterize the
rate of migration of a radionuclide between the layers (Ka-
napickas et al. 2005). The authors of (Holgye, Maly 2000)
use both the compartment model and diffusion model and
find the transfer rate ranging from 0.18 cm/year” to
0.99 cm/year. In this work we use the quasi-diffusion
model where the main parameters are transfer rate and
diffusion coefficient (Baturin 1997; ®ecenko et al. 1997,
Hrabovskyy et al. 2004; Ivanov et al. 1997; Rosen et al.
1999; Bossew, Kirchner 2004). In the Ukrainian soils the
diffusion coefficient (D) ranged from 0.06 to
0.69 cm*/year”', and the transfer rate (w) ranged from 0.07
to 0.89 cm/year™' (Ivanov ef al. 1997) as well as the main
values were: D = 0.20 cm*/year”, and w = 0.55 cm/year '
(Hrabovskyy et al. 2004). At the same time in Sweden the
transfer rate value ranged from 0.2 cm/year’ to
0.6 cm/year”' (Isaksson, Erlandsson 1998; Rosen et dl.
1999).

The aim of the present work is to evaluate the long-
term vertical radionuclide migration using two methods:
quasi-diffusion model for vertical '*’Cs migration, and
simulation with VS2DI software package. VS2DI is in-
tended for modelling of pollution transport in varied po-
rous media; thus, it can be used for simulation in different
soil types.

2. Materials and methods
2.1. Sampling and measurement of "*’Cs concentration

In 1999-2000, the soil sampling was repeated in the re-
gions of elevated contamination, (“spots”), where *'Cs
concentration was measured after the ChNPP accident: in
the southern and western regions and the Curonian Spit
(Fig. 1). Each region has a different soil type: the soil in
the southern region is mostly clay loam, in the western
region it is clay and sandy loam, and in the Curonian Spit
it is mostly fine sand.

Soil was sampled in the 0-50 cm depth soil layer, in
flat open places with an undisturbed structure of soil, at
meadow or glade, not closer than 50 m from trees or
shrubbery, and not closer than 100 m from roads. A metal
ring with the 14 cm diameter and 5 cm height was driven
into the soil, and soil samples were cut with a shovel.
Each sample was divided into layers of 2 cm thickness
from 0 to 20 cm depth and layers of 5 cm from 20 to
50 cm depth. 3 profiles were sampled in the southern
“spot”, 4 profiles — in the western “spot”, and 8 ones were
sampled in the Curonian Spit.

The soil samples were transported to the laboratory
in plastic bags, dried and weighed, and their density was
determined. The "*'Cs activity was determined using a
gamma semiconductor Ge(Li) spectrometer with the reg-
istration efficiency of 0.26 % in the standard cells: 1 L
volume Marinelli vessels. The radionuclide was identified
by its radiation energy at 662 keV as well as *'Cs con-

centration (Bq kg ") and deposition density (Bq m™) were
evaluated.
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Fig. 1. Regions of elevated contamination in the territory
of Lithuania: A —southern “spot”, B —western “spot”,
C — the Curonian Spit “spot”

2.2. Evaluation of *'Cs vertical migration in soil using
a quasi-diffusion model

It was accepted that '*’Cs vertical migration was diffu-
sion and directional transfer, and the second-order differ-
ential equation was solved (Butkus ef al. 2001; ®decenko
et al. 1997; Ivanov et al. 1997; Holgye, Maly 2000;
Bossew, Kirchner 2004):

Oq(xt azq xt Oq(xt
%:D(Xﬂ) 6£21)—w (atl)—kq(xlt), (1)

where ¢(x,t) is concentration of BCs in soil, Bq m’3;
D(x,t) is the quasi-diffusion coefficient, m*y™'; A is a
constant of radioactive decay, y '; w is the transfer rate,
my ', x is the depth of penetration, m; 7 is time of migra-
tion, y.

This model is applicable if the following simplifica-
tions may be applied: the vertical component is probably
the dominant one, i.e. the model is purely one-
dimensional; the soil is homogeneous; D and w parame-
ters are considered constant over the soil column as well
as constant over time; sorption of *’Cs is constant; only
mobile form of "*’Cs takes part in the process; the pa-
rameter D combines two different physical processes,
molecular diffusion and hydrodynamic dispersion of the
solute, into a single constant (Bossew, Kirchner 2004).

The mostly used solution of this equation, describing
a single fallout with initial and boundary conditions, is:

q(x,f) =0, when t = 0;
q(x,t) =0, 0q(x,f)/ox = 0, when x—0, ¢ > 0; 2)

DD —4(x,0) = 05(1) when v=0,20,
X

where 8(7) is the delta function; Q is the deposition den-
sity, Bqm ™.
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The solution of the equation is as follows (Butkus et
al. 2001; decenxo et al. 1997; Isaksson, Erlandsson
1998; Bossew, Kirchner 2004):

1 ex (x=w-0)" |
\Nm-D-t P 4-D-t

Wexp(—wj( ’f(x+wt )
2-D D 2. J_
where erf{x) is the error distribution function.

However, the present '>’Cs contamination of Lithua-
nian soils is determined not only by deposition after the
ChNPP accident. It was accepted that distribution of '*’Cs
in the studied regions was formed in two stages. The
fallout took place during 1945-1963 (global) and in 1986
(“Chernobyl”). Thus, the equation was modified, and the
migration of '*’Cs was estimated by solving the equation
(Butkus, Konstantinova 2003):

1 ex (x—w-4)
/n.D.tl P 4.D.;1
W w X+w-4
2Dep( D][ rf(zﬁl)]

1 . (x—w-tp) 3
1“'[’D'f2 exp[ 4D[2 J

_L X+w-tp

Sy

where Q; and #;, are *’Cs deposition density and time
after the global fallout, O, and ¢, are B3¢y deposition
density and time after the Chernobyl fallout.

q(x,1) = 0-exp(—h-1)- »(3)

+

a0 =G -exp(-A-1):

O -exp(—\-tp)-

“4)

2.3. Evaluation of *’Cs vertical migration in soil using
VS2DI software package

For the forecast of *’Cs vertical migration the VS2DI
software was used. VS2DI is a graphical software pack-
age for simulating different pollution transport in satu-
rated porous media. It combines a graphical user interface
with a numerical model to create an integrated, window-
based modelling environment. Users can specify and
change initial information: hydraulic and transport prop-
erties, initial and boundary conditions, grid spacing and
other model parameters (Table) (Hsieh ef al. 2000).

We specified the following parameters: geometry
and boundaries of the initial polluted region (in our
case — the vertical section 10x20 cm); time, mass and
depth dimension; initial hydraulic condition (in our
case — open vertical section); soil type (in our case — clay
loam, sandy loam and fine sand) (Fig.2) (Lietu-

s...1985); relative hydraulic conductivity, porosity,
moisture content; decay constant and initial concentration
of pollution (in our case — "*’Cs), and time of migration
(Hsieh et al. 2000).

3. Results and discussion

It has been obtained that vertical distribution of *’Cs in
all three soil types has two peaks. The first one is in the
topsoil layers (in clay loam and sandy loam in the 2-4 cm
layer, and in fine sand at the 0-2 cm depth). The second
peak was observed at the 6-20 cm depth, depending on
the soil type and landscape. We propose that the first
increase is the result of the ChNPP accident fallout, and
the second one is caused by the global *’Cs fallout as a
result of nuclear weapon tests, when '*’Cs migrated be-
low the 20 cm depth.

The maximum peak was observed in the western re-
gion (sandy loam soil). In western Lithuania, in 1983, the
7Cs surface activity density reached 1040 Bq m ™2, and in
the territory of Lithuania it was not higher than
780 Bq m~ (Butkus, Konstantinova 2003). In the south-
ern region and the Curonian Spit, before the ChNPP acci-
dent, the surface activity density of *’Cs was not very
high relative to the western region. Non-identical vertical
distribution of "*’Cs in the regions could be explained by
different physical and chemical parameters depending on
the properties of soil. In particular, it may be the soil
composition (loam prevails in the southern region, there
is loam and sandy loam in the western region, and fine
sand on the Curonian Spit), the soil moisture content, or
landscape characteristics and vegetation (Lllectonanos et
al. 2001; Hrabovskyy et al. 2004; BariSic et al. 1999;
Holgye, Maly 2000).

As the forest litter retains caesium, the migration
rate decreases significantly. On the Curonian Spit, most
of the samples were taken in forests covering most of its
territory. So, in this “spot” parameters of *’Cs vertical
migration are lower than in other regions.

For modelling of the quasi-diffusion coefficient and
the transfer rate, Q; and Q, values were selected for each
“spot”. Modelled Q; and Q, values were based on real
deposition density values determined in 1979-1984 and
in 1992-2000, and they were extrapolated using the val-
ues taken in 1963 and in 1986, respectively (Butkus et al.
2001). Modelled #; and ¢, values represent time after the
global fallout (37 y) and time after the Chernobyl fallout
(14 y). Consequently, the modelled parameters of the
quasi-diffusion coefficient D and the transfer rate w for
each region and soil type are as follows: in the western
“spot” (mainly sandy loam) D =0.12cm’y’, w=
026cmy’, in the southern “spot” (mainly loam)
D=0.13cm’y"’, w=029cmy", and in the Curonian
Spit “spot” (fine sand) D = 0.10 cm2 1 w=022cmy’
(Butkus, Konstantinova 2003).

These values are within the ranges given in the re-
ferred works, determined in the Ukraine and Sweden
(AxxaboB et al. 1999; Isaksson, Erlandsson 1998; Ivanov
et al. 1997; Rosen et al. 1999).

Fig. 3 shows comparison of the results of two mod-
elling methods and the measurement results of '*'Cs dis-
tribution in 1992. "*’Cs concentration at different depths
was measured only in the southern “spot” and the
Curonian Spit.
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Fragment of calculations of VS2DI software

MASS BALANCE SUMMARY FOR TIME STEP 35
PUMPING PERIOD NUMBER 1
TOTAL ELAPSED SIMULATION TIME = 1.700E+01 year

TOTAL THIS RATE THIS
VOLUMETRIC FLOW BALANCE TOTAL TIME STEP TIME STEP
cm **3 cm **3 cm **3/year

FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 0.00000E+00 0.00000E+00 0.00000E+00
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES ~8.59969E+06 —2.97984E+03 —2.56621E+03

0.00000E+00 0.00000E+00 0.00000E+00
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES 0.00000E-+00 0.00000E-+00 0.00000E-+00
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES 0.00000E-+00 0.00000E+00 0.00000E-+00
TOTAL FLUX INTO DOMAIN —8.59969E+06 —2.97984E+03 —2.56621E+03
TOTAL FLUX OUT OF DOMAIN 0.00000E+00 0.00000E-+00 0.00000E+00
EVAPORATION 0.00000E-+00 0.00000E-+00 0.00000E+00
TRANSPIRATION 0.00000E+00 0.00000E-+00 0.00000E+00
TOTAL EVAPOTRANSPIRATION 0.00000E+00 0.00000E-+00 0.00000E+00
CHANGE IN FLUID STORED IN DOMAIN —8.59969E+06 —2.97984E+03 —2.56621E+03
FLUID VOLUME BALANCE
SOLUTE MASS BALANCE Bq Bq Bq /year
FLUX INTO DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES 0.00000E+00 0.00000E+00 0.00000E+00
FLUX OUT OF DOMAIN ACROSS SPECIFIED PRESSURE HEAD BOUNDARIES —1.80275E+12 —4.19014E+08 ~3.60850E+08
FLUX INTO DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES 0.00000E+00 0.00000E+00 0.00000E+00
FLUX OUT OF DOMAIN ACROSS SPECIFIED FLUX BOUNDARIES 0.00000E+00 0.00000E+00 0.00000E+00
DIFFUSIVE/DISPERSIVE FLUX INTO DOMAIN 2.95558E+12 4.20849E+08 3.62430E+08
DIFFUSIVE/DISPERSIVE FLUX OUT OF DOMAIN 0.00000E+00 0.00000E+00 0.00000E+00
TOTAL FLUX INTO DOMAIN 2.95558E+12 4.20849E+08 3.62430E+08
TOTAL FLUX OUT OF DOMAIN ~1.80275E+12 —4.19014E+08 —3.60850E+08
TOTAL EVAPOTRANSPIRATION 0.00000E+00 0.00000E-+00 0.00000E+00
FIRST ORDER DECAY ~2.70156E+07 —1.83586E+06 —1.58103E+06
ADSORPTION/ION EXCHANGE 0.00000E+00 0.00000E-+00 0.00000E+00
CHANGE IN SOLUTE STORED IN DOMAIN 5.27009E+04 —1.03892E+03 —8.94710E+02
SOLUTE MASS BALANCE 1.15280E+12 —8.28197E-02 —7.13235E-02

M 1:1 200 000

granulometric composition:

sands

loamy sands
light loams

heavy loams

clays

- peat
ponds

Fig. 2. Map of granulometric composition of Lithuanian soils (Lietuvos... 1985)



Journal of Environmental Engineering and Landscape Management, 2008, 16(1): 23-29 27

@  180F —m— Results of measurements
E 1o} T —— Resultsof modelling using exponential distribution
o . .
I —o— Results of modelling using VS2DI software
mO
~ 120}
& 100}
®
= 80
)
® e}
&
8 4t
& 20t
5
~ oF J
0 12
Depth, cm
a

®  eoof —m— Results of measurements

IS —— Results of modelling using exponential distribution

@ so00f —0— Results of modelling using VS2DI software
mC)

. 400}

C

°

T 300t

T

8 200f

c

8

» 100}

O
~
° ok )

0 12
Depth, cm
b

Fig. 3. Distribution of *’Cs volume concentration in soil in 1992: a — Curonian Spit “spot”, b — southern “spot”
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Fig. 4. Distribution of '*’Cs volume concentration in soil in 1999—2000: a — Curonian Spit “spot”, b — southern “spot”, ¢ — western “spot”

Comparison of "’Cs concentration measured and
modelled using VS2DI software shows (Figs. 3, 4) that
this software is good for evaluation of pollution after a
short fixed time period. However, the vertical migration
of the radionuclide in soil is a complex process which
depends on a significant number of natural factors. Be-
sides, multiplex deposition was not taken into account.

In 1992 it was observed that *’Cs vertical distribu-
tion was exponential (Lietuvos... 1985). At such a time
“Chernobyl” "*’Cs was mainly in the first (top) soil layer
(0-2 cm), so, exponential approximation was used for
description of '*’Cs vertical migration.

Fig. 4 shows comparison of the results of two meth-
ods of modelling and measurement of "*’Cs distribution
in 1999-2000. “’Cs concentration in soil profile was
measured in the southern, western “spots” and the
Curonian Spit “spot”.

What can be the causes for some disparity observed
between the measured '>’Cs concentration in soil and that
calculated using both models? Even though the soil used
in the experiment was not cultivated, it might be dis-
turbed, for example, by wild animals as well as by worms
and insects. Irregularity in the distribution of the radionu-
clide could result from changes in the soil moisture, ir-
regular drying out of soil and by roots of plants.
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Fig. 4 shows that equation (4) is sufficiently ade-
quate for the description of the long-term '*’Cs vertical
migration, and the results of measurements and calcula-
tions coincide within the limits of error.

As we can see, VS2DI software does not give the
second peak which appears using measuring and equation
(4). The results of modelling and measurement coincide
approximately to 7 cm depth. "’Cs vertical migration
modelled using VS2DI in the topsoil is close to *’Cs
concentration values measured in 1992. However, this
program is not adequate for the description of the long-
term "*’Cs vertical migration (in 1999-2000). Hence, we
conclude that VS2DI software can be used for the de-
scription of the radionuclide vertical migration only in the
case of a single fallout.

4. Conclusions

1. P7Cs vertical distribution in the soil of the stud-
ied regions (in three types of soil — clay loam, sandy loam
and fine sand) has two peaks: the first one is in topsoil (in
clay loam and sandy loam it is from 2 to 4 cm depth, in
fine sand — from 0 to 2 cm depth), and the second one is
at a depth from 6 to 20 cm, depending upon the soil type
or landscape. We suppose that the first one is the result of
the ChNPP accident fallout, and the second one is caused
by the global '*’Cs fallout as a result of nuclear weapon
tests, when '*’Cs migrated deeper than to 20 cm depth.

2. Variations of "*’Cs concentration in time mod-
elled using VS2DI software are close to measured ones,
particularly in 1992. This proves suitability of VS2DI
software for simulation of '*’Cs vertical migration in the
case of a single fallout.

3. The quasi-diffusion model is adequate for de-
scription of long-term *’Cs vertical migration, and the
results of measurements and calculations agreed within
the limits of error. The parameters of long-term vertical
migration of '*’Cs in soil, the transfer rate w and the dif-
fusion coefficient D, were determined for each region: in
the western region of Lithuania (mainly sandy loam) they
are: D =0.12cm’/year’, w=0.26cm/year'; in the
southern region of Lithuania (mainly loam)—
D =0.13 cm*/year', w = 0.29 cm/year'; on the Curonian
Spit  (mainly fine sand)— D =0.1 cm®/year’,
w =0.22 cm/year .
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137Cs VERTIKALIOSIOS MIGRACIJOS LIETUVOS DIRVOZEMIUOSE MODELIAVIMAS
D. Butkus, M. Konstantinova
Santrauka

137Cs vertikalioji migracija dirvozemyje buvo jvertinta, matuojant jo savitaji aktyvuma dirvozemyije ir taikant du metodus:
radionuklido vertikaliosios migracijos jvertinimas pagal kvazidifuzini modelj ir jos modeliavimas, naudojant VS2DI kom-
piutering programa, kuri skirta tar§os sklidimui jvairiy tipy dirvose modeliuoti. '*’Cs pasiskirstymas dirvozemyje buvo pa-
lygintas su "*’Cs didelés uztarSos plotuose (,.karstose démese™) 1992 ir 1999-2000 m. Buvo nustatyta, kad "*’Cs vertikalu-
sis pasiskirstymas turi dvi smailes, pirmoji atsirado dél *’Cs globalios iskritos, sukeltos branduolinio ginklo bandymais,
antroji — dél Cernobylio avarijos iskritos. *’Cs savitasis aktyvumas, sumodeliuotas naudojant VS2DI kompiutering pro-
grama, yra artimas i§matuotam *’Cs savitajam aktyvumui, ypa¢ imatuotam 1992 m. Tai rodo, kad &i programa tinka
vienkartinés tar§os '*’Cs vertikaliajai migracijai modeliuoti. Tatiau ilgalaikei '*’Cs vertikaliajai migracijai aprasyti labiau
tinka kvazidifuzinis modelis, ir jo rezultatai bei matavimo rezultatai sutampa nevirsydami paklaidy riby. Ilgalaikés *’Cs
vertikaliosios migracijos dirvoZemyje parametrai, kryptingos pernasos greitis w ir kvazidifuzinés pernasos koeficientas D
buvo nustatyti kiekviename regione: Vakary Lietuvos regione (vyrauja priesmélis) D = 0,12 ecm*m™", w = 0,26 cm/m ™",
Piety Lietuvos regione (vyrauja priemolis) D = 0,13 cm*m™", w = 0,29 cm/m™", o Kursiu nerijoje, kur vyrauja smulkus
smelis, D = 0,1 cm*’m™}, w = 0,22 cm/m ..

Reik§miniai ZodZiai: '>’Cs, modeliavimas, vertikalioji migracija, CAE avarija, dirvozemis, kryptingos pernasos greitis,
kvazidifuzinés pernasos koeficientas.

MOJIEJIMPOBAHUE BEPTUKAJBHON MUT'PAIIAY '¥'Cs B IOUBAX JINTBBI
. Bytkyc, M. Koncrantunona
Pezome

BeprukansHas Murpamust - Cs B mouBe Gblla HCCIEIOBAHA IPH H3MEPEHHH €r0 KOHIIEHTPALMH B TOYBE, @ TAKKE MPH
MIOMOIIIM IBYX METOJIOB: OIIEHKH MapaMeTpOB MUTPAIMH C TIOMOIIbI0 KBa3uIM((Hy3MOHHOTO METOAA U C MCIOIB30BaHHEM
KoMIbroTepHO# mporpammbl VS2DI, npenHasHaueHHOH A1 MOAEIMPOBaHUS NIEPEHOCA 3arpPsI3HEHUs B Pa3IMUHBIX TUIAX
noyB. CpaBHMBaeTCs pacnpeneneHue 7Cs B 06MaCTAX MOBBIMIEHHOM 3arpsA3HEHHOCTH (,,ropsuux nATHax) B 1992 r. u
1999-2000 rr. YCTaHOBNEHO, 4TO BepTHKANTbHOE pacmpegeneHue - 'Cs HMeeT JBa MAaKCHMyMa, OOYCIOBICHHBIX
rnoGanbHBIM BbimaneHueM °'Cs B pe3ysbTaTe sIEPHBIX MCIHBITAHHA H BCleACTBHE UepHOGHUIBCKOH —aBapHu.
Konrentparmst >'Cs, CMOJIEIHpOBAaHHAS C TOMOIIBI0 mporpammbl VS2DI, Gnm3ska K HM3MEPEHHOH, OCOGEHHO K
3HAYEHUsIM, U3MEpeHHBIM B 1992 1. DTO CBHIETENBCTBYET O TOM, YTO MPOTpaMMa MOXKET OBbITh HCIOIb30BaHA IS
MOJIETHPOBAHHS BEPTHKANBHON MUTPAIMK OTMHOYHOr0 Bhimagenus °'Cs. Keasuauddy3uonnas MoxeIs mpremMiema s
ONHUCaHMsl JOJITOCPOYHOH BEPTHKAIBHOM MUIpAlMH, NMPUYeM pe3yJbTaThl M3MEPEHHH W BBIYMCICHHH COBIAIAIOT B
IpefeNnax MOTpelIHOCTH. BbUTM HaiifieHBl MapaMeTpbl JOITOCPOYHOM BEPTHKAIBHOW Murpauup ''Cs, HampaBieHHas
CKOpPOCTb TIepeHoca w ¥ koddduuueHt auddysun D s KaKAoro M3 perdoHoB: B 3amanHoil Jlutee (nmpeobnamaer
cynecuanas mousa) D =0.12 cM’r, w=0,26 cmr ', B OxHoii Jlutee (mpeobnamaer cyrmmuok) D =0.13 cm 1,
w=0.29 cMm ' n Ha Kypmickoit koce (mpeoGmaaaer Menkuii mecok) D = 0.1 em’ 1, w =022 cm 1.

KoueBble c1oBa: ' Cs, MOJEIHPOBaHHeE, BEPTHKATbHAS MUrpaLys, aBapus Ha YADC, MoUBa, HANPABIEHHAS CKOPOCTD
nepenoca, koddduuuent quddy3uu.
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