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COMPLEX ANALYSIS AND MATHEMATICAL MODELING
OF THE INTERNAL EXPOSURE DOSE
OF THE UKRAINIAN POLISSYA RURAL POPULATION

The aim of this research is to determine the socio-economic and environmental factors that influence the formation
of the internal exposure dose of the rural population of the radioactively contaminated territory of the Ukrainian
Polissya. The most important ecological and socio-economic factors influencing the internal exposure dose were estab-
lished and applied to the Group Average clustering algorithm and the principal component analysis. Based on the analy-
sis results, the authors developed a mathematical model and created the appropriate software to form a proper assess-
ment of the internal exposure dose in the human body many years after the Chornobyl accident.
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1. Introduction

People living on radioactively contaminated land
are inevitably at risk due to internal irradiation be-
cause of radionuclides ingested with food [1 - 5].
Recent studies [6] show that the rural population of
Ukrainian Polissya, including children, consumes
food products which contain *¥'Cs contamination
level several times higher than the permissible one.
Milk, edible mushrooms, and berries are most rele-
vant, as they are essential in the region’s diet. There-
fore, correct estimation of internal exposure doses of
a population many years after a large radiation expo-
sure incident is necessary for solving two problems:
the determination of “dose-effect” dependence
(health consequences) with the subsequent radiation
risk assessment, and making decisions on the radia-
tion countermeasures that need to be introduced.

It is well known that almost three-quarters of the
total dose burden of the rural population, caused by
the Chornobyl nuclear power plant (ChNPP) acci-
dent, consists of **’Cs [7 - 9]. **¥'Cs is rapidly incor-
porated into biosystems and is an environmentally
persistent radionuclide. Thus, ’Cs consumption
leads to relatively uniform absorption in almost all
human body organs and tissues [10]. That is why for
decades, the contamination of territories with this
radionuclide has led to the need of removing it from
the land through phytoremediation and other coun-
termeasures to reduce exposure [11]. However, in
some settlements in the Ukrainian Polissya, the
an annual dose of the inhabitants still exceeds

1 mSvl/year [6]. The results of several studies have
shown a clear specificity of the rural residents’ diet
in different parts of Ukrainian Polissya, and also
revealed trends in changing the consummatory be-
havior of the local population in recent years. This
change can be explained by the current economic
rural-specific conditions on radioactively contami-
nated territories and global climate change. In fact,
there are significant differences in the internal expo-
sure dose values in rural areas with both high and
low densities of radioactive contamination, and they
remain steady over time [12, 13].

Another disadvantage of the traditional ecologi-
cal approach in the analysis of internal exposure
doses [10, 14 - 17] is that it is based on *’Cs incor-
poration into the human body mainly from the con-
sumption of milk and potatoes. They represent all
meat-dairy and plant products, respectively. When
calculating the internal exposure dose for certifica-
tion of settlements, soil and traditional food samples
are measured. In this case, the effectiveness of any
countermeasures is not estimated. On the contrary,
direct body-burden measurements with whole-body
counter (WBC) reflect the effect of countermeasures
and self-limitations of people. Massive organiza-
tional, agrotechnical, agrochemical and technologi-
cal countermeasures in the private agricultural sec-
tor, which have reduced radioactivity in the food
eaten by the local residents, have also led to a de-
crease in dose value in products from private farms.
Therefore, existing internal exposure dose model
estimates, based mostly on initial radioactive
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contamination level of milk and potatoes [17], sig-
nificantly exceed the actual dose values calculated
by WBC measurements. Meanwhile, the share of
forest products (mushrooms, berries, and game),
which are significant components of the rural popu-
lation’s diet, increased [4, 7, 18, 19]. Consequently,
in some cases, the internal exposure dose model
estimates are diminished due to the lack of consider-
ation of the consumption of forest products. There-
fore, no matter how correctly radioactive contamina-
tion levels of soil and food are measured, it is im-
possible to fully determine the exact causes of the
rural population exposure doses using only those
measurements. Dose exposure varies due to socio-
economic instability and environmental changes.
Therefore, the objective of this research was to de-
termine the environmental and socio-economic fac-
tors which influence the formation of the internal
exposure dose of the rural population of the Ukraini-
an Polissya radioactive contaminated territory.

The subsequent step was to develop a mathemati-
cal model and to create appropriate software to ob-
tain a proper assessment of the internal exposure
dose of the Ukrainian Polissya population many
years after the Chornoby! accident.

2. Materials and methods

2.1. Data, study sites,
and internal exposure dose-measuring

WBC-measurements carried out by the scientists
of the Institute of Agroecology and Environmental
Management of National Academy of Agrarian
Sciences (NAAS) during 2005 - 2013, as well as the
state dosimetry passportization data from 2005 -
2012, have been used as an information base for
average annual effective dose estimation for inhabi-
tants living in the radioactively contaminated rural

areas [20 - 22]. The *¥'Cs activity in human bodies
was assessed with the whole-body gamma spec-
trometer “Scrinnner-3M” (WBC) according to the
appropriate recommendations [23]. The minimum
detectable activity (MDA) for WBC «Screener-3M»
is 0.3 kBq of *¥'Cs for an adult based on 300 s of
measurement time. The limit of the permissible rela-
tive error of the incorporated **’Cs activity detection
in a 3 min exposure does not exceed 30 %, P = 0.95.
WBC-measurements were converted automatically
using appropriate software, developed in NRCRM
into weight-normalized body-burden (Bg/kg) in
order to use the internal effect dose by the
ICRP dose conversion coefficient for ’Cs of
0.0025 mSv/y/Bg/kg. The *’Cs mode of intake was
set to chronic with an intake period of 365 days with
measurement occurring one day after the last intake.
Model evaluation was performed on the basis of
WBC-measurements of rural residents of the Vysh-
gorod district (Study Site 1, SS1) and the Naroditsky
district (Study Site 2, SS2), which are in the Kyiv
and Zhytomyr regions, respectively (Table 1), from
39 settlements in total. These districts were chosen
because of their somewhat representative nature of
the Ukrainian Polissya countryside. This allows one
to consider as many characteristics of the region as
possible when modeling. In SS1, the population of
32 settlements was surveyed: during the spring and
autumn of 2005 (1949 measurements) and the au-
tumn of 2013 (294 measurements). In SS2, 7 settle-
ments were surveyed: during spring and autumn of
2008 (357 measurements) and autumn of 2013 (393
measurements). Among the SS1 population sur-
veyed, the teen group (10 - 20 years old) was pre-
dominant (48 %), for SS2 — the group of 30 - 40
years (25 %) was predominant. The proportion of
people surveyed over the age of 50 was 10 and 20 %
for SS1 and SS2, respectively.

Table 1. Brief description of countryside settlements of Study Sites

Indicator SS1 SS2
Average annual effective internal exposure dose, | max 0.64 3.30
mSv/year min MDA? MDA?
mean 0.06 0.18
The average number of people in the village, persons 1575 778
Forest area within of 3 km radius from the settlement®, km? 9.44 8.62
137Cs deposition density [19 - 21], kBg/m? 48.88 230.33
Radioactive contamination zone® - 2,3
Predominant soil types sod-podzolic sod-podzolic, meadow
Average distance to the nearest local center?, km 1.31 24.35
Average distance to the nearest forest, km 13.35 1.89

2 MDA — below the minimum detectable activity of WBC, we took the radiation dose as 0 mSv/year.
b Forest area is not always located within 3 km around the settlements included in SS1.
¢ According to the Ukrainian legislation, 2 — zone of unconditional (obligatory) resettlement, 3 — zone of guaranteed

voluntary resettlement.

d Administrative center of a given or neighboring district or a settlement close to its size that is the nearest to a

certain settlement.
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Information on the *'Cs deposition density was
obtained from the State Institution “National Re-
search Center for Radiation Medicine of National
Academy of Medical Sciences of Ukraine”
(NRCRM) [20 - 22] for the corresponding year of
the WBC-measurement for each settlement. For
2013 data from 2012 was used. Information on the
number of residents and the predominant soil types
were provided by local administrations.

2.2. Data analysis and modeling using neural networks

Experimental data were analyzed
OriginPro 9 and Microsoft Excel 2016.

The assumptions and conclusions about the prob-
able distribution law of internal exposure doses are
based on the results of the descriptive statistics of
WBC-measurements of the SS1 and SS2 populations
and the approximation of distribution types. The
similarity of the internal exposure doses of the rural
populations was studied by cluster analysis of each
settlement of SS1 and SS2. We obtained 5 clusters,
each of which was characterized by a certain value
of the four most variable indicators: internal expo-
sure dose, specific forest area for 1 person within of
3 km radius from the settlement, **’Cs deposition
density, and the distance to the nearest local center.
Thus, the first cluster is characterized by the average
values of all aforementioned indicators. The second
cluster is characterized by a high specific forest area.
The third cluster is also characterized by a low spe-
cific wooded terrain, but also a comparatively large
distance to the local center. The settlements of the
fourth cluster have a low distance to the local center
and the forested area of the adjoining territory, but a
high density of *’Cs surface contamination and
dose. The last cluster settlements are characterized
by a favorable situation regarding the radiation fac-
tor, but they have a relatively large distance to the
local center.

The analysis of the main factors that influence
the internal exposure doses of the rural population
was performed by principal component analysis
(PCA) in order to reduce and interpret data sets with
underlying linear structures. The indirect factors
include the settlement population, the distance to the
nearest forest, and the forest area around the settle-
ment. These factors make the biggest contribution to
the internal exposure doses, because of the proximi-
ty of the forest. Poorly developed infrastructure
forms a certain type of management in small and
medium-sized rural settlements. Eventually, all of
them affect food behavior.

We analyzed the following indicators:

a) quantitative: age of the person at the time of
the WBC-measuring (birth year, BY), years; forest
area fraction within of 3 km radius from the settle-

using
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ment (FA), %; specific forest area for 1 person with-
in a 3 km radius from the settlement (SFA),
km?/person; **'Cs deposition density (CsC), kBg/m?;
distance to the nearest local center (DLC), km; dis-
tance to the nearest forest (DF), km; year of WBC-
measuring (YM); month of WBC-measuring (MM);
population (P); internal exposure dose (D);

b) qualitative: predominant soil type in the set-
tlement (ST); profession (Pr); education level (EL);
radioactive contamination zone (CZ).

Multilayer recurrent neural network (multilayer
perceptron, MLP) was selected for the prediction of
the internal exposure dose. The software for the
mathematical model of internal exposure dose re-
ceived by the rural population due to the Chornobyl
accident was developed using the Python program-
ming language and the PyQt shell for the graphical
user interface.

3. Results and discussion

3.1. Evaluation of the dose forming factors
and the modeling indicators

The dose distribution law shows a generalized
characteristic of the formation of the internal expo-
sure dose of the rural population of the area of inter-
est. In the many years after the ChNPP accident, a
lognormal distribution of doses of internal radiation
was observed in the vast majority of inhabited rural
areas affected by the accident. Most recently, results
on the exponential distribution of internal exposure
doses for some settlements that have been obtained
are observed [24 - 26]. This indicates a change in the
pattern of the formation of the internal exposure dose.

When studying the dose for groups of inhabitants
of the same social behavior type in the countryside
settlements, the concept of Skryabin [27, 28] was
taken as a basis. Its essence lies in the fact that a
person or a group of people with a certain person
and land socio-economic characteristics interacts
with the surrounding living environment, contrib-
uting to the dose. The internal exposure dose of a
person is formed depending on the public awareness
of the radiation danger and the public’s socioeco-
nomic status, which is related to professional activi-
ty and social status. Therefore, the dose distribution
in the settlement is determined by the personal char-
acteristics of each of its inhabitants [12, 13]. Moreo-
ver, a direct dose-forming factor such as contami-
nated food consumption is determined by a number
of indirect factors associated with the socio-
demographic and economic characteristics of each
family [24, 28, 29]. Consequently, each family is
characterized by “its” dose. Since the family deter-
mines the dose, then the dose is the attribute of the
family as a kind of social system [30, 31].
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It is well-known that the social and economic
living conditions of rural residents in different set-
tlements are variable and diverse. It is necessary to
examine the characteristics of the locations of the
settlements in each individual case. Thus, numerous
studies have established an extremely important role
in the “forest” factor in dose formation [4, 15, 18,
25, 29, 32]. It is also clear that the smaller the set-
tlement and the further it is located from the local
center, the worse the social and economic conditions
of its inhabitants. The demographic composition of
the population is also different. There is a depend-
ence of the average internal exposure dose of rural
residents on the number of inhabitants in the settle-
ment [33].

This approach explains some of the factors af-
fecting dose, but they involve a laborious collection
of indirect data about individuals or their groups
with similar behavior. Both selected Study Sites are
characterized by a specific set of various environ-
mental and socio-economic factors, which determine
the peculiarities of the internal exposure dose of the
population and should be taken into account during
modeling.

Thus, it is expedient to use model representations
that account for both direct and indirect factors af-
fecting the internal exposure doses in order to esti-
mate the population doses where there is a lack or
shortage of WBC-measurements data. The direct
dose-forming factors include soil types and their
surface contamination because they determine the
1¥7Cs transfer intensity from the soil to the main
agricultural and forest products.

These indicators were chosen in terms of the de-
gree of their influence on the internal exposure dose
value and the availability of such data without addi-
tional research. Each selected indicators influence
the population’s diet and level of radioactive con-
tamination of the diet’s products. For example, the
forest area around the settlement and the distance to
the nearest forest affects the probable amount of
available mushrooms and berries which are known
to have high specific radioactive contamination. The
person's age determines the diet as well. Children
consume more milk and dairy products, while pota-
toes and locally produced vegetables and forest
products prevail in adults’ diets [17, 24, 25]. The
distance to the nearest local center determines the
availability of products outside the radioactive con-
tamination area for local residents. The profession is
an indicator of particular interest, because it is de-
termined somewhat by education, and therefore,
defines the individual’s attitude towards the dangers
of radiation. Research [31] has shown that the inter-
nal exposure dose of the rural population is influ-
enced not only by the level of each individual’s edu-
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cation but also by the heads of each individual fami-
ly. Finally, indicators such as the density of *¥Cs
surface contamination; the radioactive contamination
zone, the predominant soil type, and the time that has
passed since the Chornobyl accident determine the
probable contamination of local food products.

We constructed clusters on the base of the simi-
larities between the studied indicators using the
Group Average clustering algorithm (Fig. 1).
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According to the analysis results, we obtained 5
clusters, each of which differed in several indicators

(Fig. 2).
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Fig. 2. Similarities of rural settlements
with the characteristics of the main clusters.

The PCA method was used to clarify the relation-
ships between the selected factors and their influ-
ence on the internal exposure dose. This method
describes the dataset variance by linearly indepen-
dent variables (Fig. 3).

It was found that the internal exposure dose (see
Fig. 3) mostly depends on the density of *'Cs sur-
face contamination (r = 0.51) and the specific forest
area for 1 person (r = 0.60). Dependence on the ra-
dioactive contamination zone (r = —0.42), the age of
the person (r=-0.32), and the soil type (r =0.30)
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Fig. 3. Biplot of principal components by the main radio-
ecological and socio-economic factors and their influence
on the internal exposure dose.

was also observed, as well as the year of measure-
ment (r = 0.49), which can be explained by the radi-
onuclide half-life and the specific weather condi-
tions and yield of crops. Age dependence can be
explained by the diet peculiarities for people of all
ages.

Principal component analysis of the clusters
showed some differences in the rural settlements
(Table 2).

There was no significant professional effect on the
internal exposure dose. The education level influence
on the dose value for cluster 2 is logical. The educa-
tion level determines the awareness of the risk associ-
ated with the consumption of the most contaminated
products, such as wild mushrooms and berries.

Table 2. Comparison of clusters by the correlation between the investigated factors
and the internal exposure dose of the rural population (r)

Factor
Cluster

BY YM MM P FA SFA EL CsC cz ST? DLC DF
1 — — - 051 | 058 | 0.65 - 0.80 | -0.55 | |0.59] | 0.64 -
2 — 0.59 0.77 -0.79 | 081 | 0.83 0.59 | 0.77 - |0.54] | 051 -0.52
3 — — - — — - - 0.50 - |0.85] | 0.63 0.65
4 — — - -0,54 — — - 0,57 | -0,53 - - -
5 -0.55 0.80 0.99 -0.58 — 0.84 - 0.72 - [0.89] | 0.71 -

2 |s given in absolute value because ST is a qualitative indicator, therefore the correlation direction is not important.

The high availability of these products is com-
mon for the population of settlements of cluster 2,
due to the large area of the forest nearby. For clus-
ters 3 and 5, the effect of soil type is significant,
since the distance to the nearest local center (DLC)
value is relatively high and the population in these
settlements consumes mostly local food. The lack of
a significant radioactive contamination zone (CZ)
effect for the 2", 3, and 5™ clusters is obvious. The
inhabitants of the settlements included in these clus-
ters consume a significant proportion of food prod-
ucts of non-local origin (cluster 2), or the level of
soil surface contamination with **’Cs is low (clusters
2, 3, 5). The probability of consumption of the most
contaminated products (forest mushrooms and ber-
ries) is also low (clusters 3 and 5). The effect of the
month of WBC-measurement is probably deter-
mined by the consumption of local plant products
depending on the season for the 5" cluster, and the
fraction of forest mushrooms and berries in the local
inhabitant’s diet for the 2" cluster. Confirmation of
the 2" cluster is also the correlation between the
dose burden and the distance to the nearest forest.
However, this same correlation for the 3™ cluster is
not as obvious. For this group of settlements, the
distance to the nearest forest (the source of the most
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contaminated food products — mushrooms, berries,
and game), as well as to the nearest local center (the
source of radiologically safe food products), is rela-
tively high. Consequently, vegetables and milk are
the main source of radionuclides for the local popu-
lation. Therefore, in this case, the correlation coeffi-
cient reflects not only the effect of the distance to
the forest on the dose burden but also the combina-
tion of the influence of the other aforementioned
factors. For assessment of the soil type effect on the
internal irradiation dose level only the tightness of
the link, but not its direction, matters because this is
a qualitative indicator rather than a quantitative one.

Thus, we used all the above factors in further
internal exposure dose modeling in order to increase
the accuracy of the results, because each of these
factors is important for one or more of the rural set-
tlements.

3.2. Modeling of the internal exposure dose

It is expedient to use approaches based on the
artificial neural network (ANN) generation. This
article refers to Multilayer Recurrent Neural Net-
works (Multilayer Perceptron, MLP).

The generated system was trained on a sample of
2687 data rows with cross-validation and tested on

401




H. CHOBOTKO, L. RAICHUK, A. CHERNIAVSKYI ET AL.

the 299 data rows sample. The hidden ANN layer
contains 12 neurons. The next hidden layer has a
dropout rate of 0.5, in order to form the unique sub-
sets of the dataset. The training was held for 16
epochs, and the data was packet-transmitted with 8
data rows.

The appropriate software was developed both to
create a mathematical model of the internal exposure
dose obtained for a population due to the Chornobyl
accident using current data, and to predict the dose
value using data that will be collected in the future.

It enables the user to train the ANN and save the
received weights, predict the internal exposure dose
value using an existing file with ANN weights, and
display the corresponding plots.

Testing of the developed software was conducted
on a file containing 200 (Fig. 4) datasets rows, which
were not used in the ANN training. The data are pre-
sorted by age in descending order. There are outliers
in the set that are significantly different from the
others. In this case, the ANN smooths out the value.

Prediction
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o °
= N
Ul o
T T

Dose, mSv/y

0.30F A mdrrva (W W

Predicted data
Experimental data

0.05+

0.00+

0 25 50 75 100 125 150 175 200
Data number

Fig. 4. Comparison of the predicted and real internal exposure dose values.

The ANN has trained better to predict the internal
exposure dose for elderly people. This is because the
food and behavioral habits of older people are more
stable than those of younger people. The prediction
accuracy on the test datasets was 89 %. The devel-
oped software is unique for the subject domain in
guestion.

4. Conclusions

This means that the inherent socio-economic fac-
tors in the Ukrainian Polissya countryside are be-
coming increasingly important in generating a dose
burden for the rural population. It was established
that currently rural settlements can be differentiated
by dose. This can be explained by the socio-demo-

graphic, ecological, and economic factors inherent in
each settlement. Using cluster analysis, the settle-
ments were grouped into 5 clusters. The PCA results
showed that the most important factors influencing
the internal exposure dose were the density of *¥'Cs
surface contamination and the specific forest area for
one person. However, the influence of factors varies
for different clusters. The mathematical model de-
veloped in this paper and software adapted to the
subject domain in question provides an opportunity
to reduce the time and finances required for the cor-
rect assessment of the internal exposure dose of the
population. The software allows the user to adjust
the ANN parameters and provides a graphical repre-
sentation of the error values at each stage.
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KOMILIEKCHUM AHAJII3 TA MATEMATUYHE MOJIEJTIOBAHHSA
JIO3W BHYTPIIIHHOTI'O OITPOMIHEHHSI CLUIbCHKOI'O HACEJIEHHS MOJIICCS YKPATHU

Mertoto nocmimkeHHs OyIIo BU3HAYSHHS COIiaTbHO-eKOHOMIYHHX Ta €KOJIOTIYHUX YHHHHKIB, IO BIDIMBAIOTH HAa (O-
PMyBaHHS 103 BHYTPIIIHEOTO ONPOMIHEHHS CLTBCHKOTO HACEIIEHHS pPaliOakTHBHO 3a0pyaHeHOi TepuTopii YKpaiHCh-
koro Ilomiccs. Byno BcTaHOBIEHO HaWBa)KJIMBIIII €KOJIOTiUHI Ta COIiaIbHO-€KOHOMIYHI YMHHUKH, IO BIUTUBAIOTH HA
(opMyBaHHS 03U BHYTPIIIHBOTO ONPOMIHEHHS, SKi OyJO IpOaHANi30BaHO 3a JOMOMOTOI0 KIACTEPHOTO aHAIi3y 3a
METOJIOM CEepPEIHBOT0 3B’SI3KY Ta aHali3y OCHOBHMX KOMIIOHEHT. Ha OCHOBI pe3ynbTaTiB aHanizy OyJi0 CTBOPEHO MaTe-
MaTU4Hy MOJIENIb Ta BIANOBIHE MporpamHe 3a0be3nedeHHs At GOpMyBaHHS KOPEKTHOI OLIHKH JI03UM BHYTPIIIHBOTO
OIIPOMIHEHHs HACEJICHHS Ha BiIajeHoMYy eTari JikBijarii HacinkiB aBapii Ha YopHoOunbchkiit AEC.

Kniouoei croea: cinbebke HaceseHHs [loices, 103a BHYTPINIHBOTO onpoMiHeHHs, *3'CS, coliaqbHO-eKOHOMIYHI Ta
€KOJIOT1YHI YNHHUKH, IITyYHa HEHPOHHA Mepexa.
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3 Kanszacckuii 2ocyoapcmeennuiil ynusepcumem, Manxammen, CLLIA
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KOMILIEKCHBI AHAJIN3 U MATEMATUYECKOE MOJIEJIMPOBAHUE
JAO03bI BHYTPEHHEI'O OBJIYUEHHUSA CEJIBCKOI'O HACEJIEHUSA ITOJIECHhSA YKPAUHBI

Ienbio paboThl OBLIO OHpE/IeiCHHE CONUATLHO-IKOHOMUYECKUX M IKOJIOTHUECKUX (DAKTOPOB, BIHUSIOIUX HA (QOp-
MHUPOBAHHE J03bl BHYTPEHHETO OOJIyYCHHUS CENbCKOI0 HACENCHUS PAJMOAKTHBHO 3arpsA3HEHHON TEppUTOPHUU Y KpauH-
ckoro [Tonecksi. BbUTH yCTaHOBIICHBI BaXKHEHIIIHE YKOJIOTMYECKUE U CONMATLHO-O9KOHOMUYECKHE (haKTOPbI, BIHUSIOIINAE
Ha (HOpPMUPOBAHHUE 03Bl BHYTPEHHETO O0IyUeHHUs, KOTOPbIE OBLTH MPOaHATM3UPOBAHBI C TOMOIIBIO KIIACTEPHOTO aHa-
JIU3a TI0 METO/y CpPEJHel CBS3M M aHalin3a OCHOBHBIX KOMIIOHEHT. Ha ocHOBe pe3ynbTaroB aHann3a Obuia cO3/IaHa
MaTeMaTu4eckas MOJIEb U COOTBETCTBYIOIEE MPOrpaMMHOE obecreueHue Ajsi GOPMUPOBAHUSI KOPPEKTHOM OICHKH
JI03bI BHYTPEHHETO OOJIyYeHHUS HACEJICHHSA Ha OTJAJICHHOM JTalle JIMKBHIAIMU MOCICACTBUN aBapuu Ha UepHOOBLIB-
ckort ADC.

Knioueevie cnosa: cenbckoe HaceneHue Ilonechs, n03a BHyTpeHHero obmyuenus, 3'Cs, coluanbHO-2KOHOMHYECKHE
U DKOJIOTHYECKHE (haKTOPBI, HICKYCCTBCHHAS HEHPOHHAS CETh.
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