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Summary. The system of assessing reliability of forest ecosystems’ components by means of construction
of successive box models, the reliability theory methods and differential equations has been created and analyzed
in the article. A model for determining the reliability of radionuclide / pollutants content in ecosystems has been
developed. Examples of box models for forest ecosystems with consideration of coefficients / rates of radionuclide
transitions between cameras have been formed. Different variants of radionuclide transport in a system have been
investigated: for natural conditions, for possibility of applying protective measures, for emergency situations. The
reliability assessment of radionuclide transport between cameras of investigated ecosystems is realized by means
of the software MAPLE 5. It has been shown that application of mathematical modeling in the study of natural
ecological systems allows determining the level of their pollution, as well as the levels of pollutants accumulation
in different components of the ecosystem.
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Statement of the problem. Constantly increasing technogenic impact on the
environment results in uncontrolled changes in the natural world. In the environment there are
transformations, the result of which are irreversible changes in biogeocoenoses and loss of
reliability of natural biological systems.

At present there are global transformations of the biosphere including those under the
influence of radiological situation: firstly, as the result of anthropogenic processes in the
biosphere, accumulating amounts of artificial radionuclides not present in the biosphere
previously penetrated and continue to penetrate into the biosphere; and secondly, the flows of
numerous natural radionuclides migrating by abiotic and biological chains are sharply
intensified in the biosphere; thirdly, in modern biosphere, zones of artificial radionuclides
concentration (enterprises of complete nuclear fuel cycle, places of radioactive waste burial,
etc.) have appeared and expanded developing into the sources of radionuclide dispersal, and the
environment is exposed to increased radiation influence.

As the result of the accident at Chernobyl Nuclear Power Plant (ChNPP), about
3.5 million hectares of forest fell under radioactive pollution, and all the forests in Ukraine
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occupy the territory 9.9 million hectares. The largest areas of forests radioactive pollution are
in Zhytomyr (60%), Kiev (52.2%) and Rivne (56.2%) regions. In Volyn, Chernihiv, Cherkassy,
Vinnytsia and Sumy regions, the area of forests radioactive pollution is about 20% [1-3].

The rise of the natural background of ionizing radiation due to technological
environmental impact having the become scale, and the expansion of zones with high radiation
load on the natural environment put forward the task of environmental regulation of radiation
influence and determination of radiation loads on living organisms. Thus, it is necessary to
create the system for estimation the components reliability of environmental systems of various
types, particularly, forestry ones. It is known that transport of radionuclides **’Cs clearly
correlates with the dynamics of transport along the ecosystem of the important potassium
microelement, which practically determines the state of the ecosystem biota welfare. Therefore,
observing the *’Cs dynamics, which is easy to be investigate, allows us to establish
the ecosystem reliability and its well-being according to the criterion of *¥’Cs transport
reliability [4].

Analysis of the available research results. The universal, comprehensive means of
protecting humanity from global climate change, strong earthquakes, hurricanes, floods, and
major man-made disasters really do not exist. An example of this is The nuclear accidents such
as Kyshtymska in the Southern Urals (1957), Chernobyl (1986) and Fukushima-1 (2011) with
global consequences, which have not yet been studied and evaluated [5] are examples of this.

The objective of the work is to develop and apply the methodology of forest ecological
systems condition estimation on the basis of mathematical compartment models, reliability
theory and radio frequency parameters.

Statement of the problem. On the basis of the developed mathematical compartment
models of forest ecosystems, to construct the model of radionuclides transport reliability and to
substantiate the application of the proposed method for the investigstion of radionuclides
distribution and redistribution in the forest ecosystem while estimating the dose loads on living
organisms and human beings.

The results of the investigations. Anthropogenic effects on ecosystems of different
origins are the main factors that determine the biota state and the biological systems reliability.

The general algorithm for the ecosystems reliability estimation can be carried out in the
following stage manner

1) detailed description of the investigated ecosystem;

2) construction of the optimal compartment model and corresponding block diagram of
this ecosystem;

3) carrying out on the basis of natural and literary data estimation of velocity parameters
of pollutants transition between the compartments of the investigated ecosystem;

4) description of the ecosystem compartment model using the system of differential
equations, taking into account the obtained values for the transition velocities between the
ecosystem compartments;

5) creation of the model for estimation the reliability of the content of radionuclides and
other pollutants in ecosystems on the basis of the theory and models of the ecosystems
reliability through the estimation of radiocapacity parameters. Estimation of radio frequency
parameters is carried out by the formula:

Fi=23, /(Zaij +Zaji)’ 1)

where Zau is the sum of pollutants transition velocities from the various ecosystem
components to the specific element of the landscape or ecosystem (compartment i), according
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to the compartment models, and > "a; is the sum of the pollutants flow down velocities from

the investigated compartment — j — to the other ecosystem components conjugate to them.

The formula functions for a long time after reaching the equilibrium.

6) construction of the reliability model of the investigated ecosystem as system, in the
form of parallel or parallel-series subsystems; and construction of the mathematical model for
estimation the reliability of the radionuclides (pollutants) retension and transport in the
investigated ecosystem;

7) calculation of pollutants transport reliability parameter in the investigated system on
the basis of reliability model [6].

The proposed reliability estimation algorithm is applied to the forest ecosystem. The
compartment model of forest ecosystem is constructed. The reliability of ¥’Cs radionuclide
transport from the forest to the river is calculated using the mathematical program MAPLE 5.
Calculations according to the compartment models reflect *’Cs radionuclide motion dynamics
from the source [7].

The considered model consists of 3 compartments: «forest», «streamy in the forest and
«rivery», into which the stream flows (Fig. 1). It is assumed that 100% of radioactive cesium
137Cs is concentrated in the forest. Let us denote by X (t),Y (t), Z(t) the content of radionuclide

in the compartment «forest», «stream» and «river» respectively. The block diagram of such
compartment model is presented in Fig. 1, where a,,, a,, and a,, are coefficients (velocities)

of radionuclides transition between the compartments.

FOREST STREAM RIVER
(compartment 1) | 912 | (compartment 2) a23 . |(compartment 31__:34
X(®) i Y(t) - Z(t)

Figure 1. Block diagram of the box model of a forest

Estimation of transition coefficients between compartments is carried out. It is known
that the radionuclides runoff from the plain forest is in average about 3% of the total storage,
and another 3% — due to decay and fixation in the soil [§—10]. Consequently, according to the
investigations, ai> = 0,06 (i. e., 6% of the storage). Radionuclides release from the stream into
the river, according to the actual data, really does not exceed 30%, that is, a3 = 0,3. A certain
amount of radionuclides precipitates in the bottom stream sediments. Estimated river runoff is
20% of the radionuclides storage falling into the river, i. e. azs = 0,2.

Thus, the corresponding system of differential equations is as follows:

ax =-0,06 X,
dt

%%:opax-osv, )

4z =0,3Y -0,2Z,
dt

Such initial data are given: X(0)=100,Y(0)=0,Z(0)=0. In the Maple 5 software
environment, the system of differential equations is: sys:=diff(x(t),t)=-0.06*x(t),
diff(y(t),t)=0.06*x(t)-0.3*y(t), diff(z(t),t)=0.3*y(t)- 0.2*z(t):fcns:={x(t),y(t),z(V)};

Let us set the initial data and solve the system: dsolve({sys,x(0)=100,y(0)=0,z(0)=0},
fcns, method=laplace);
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fens = {z(1),x(1),y(1)}

The following functions are its solution:

{z(t):—@e(fm r)+ 75 e(fsuo r)+ﬁe(—3_/50 r)’ y(1) =50 e(79/501) sinh it ’
7 7 25
x(1)=100 ¢ "y

Let us represent the graphs of the dynamics of finding/outflow (% from the initial
storage) of radionuclides in all ecosystem compartments and analyze them (Fig. 2—4):

a) Compartment source «forest» (Fig. 2):
plot([100*exp(-3/50*1)],t=0..100,x=0..100);

It is evident from the graph that «forest» (x) over 100 years drops activity into the stream
and then into the river.

b) Compartment «stream» (Fig. 3):
plot([50*exp(-9/50*t)*sinh(3/25*t)],t=0..100,y=0...20);

Compartment «streamy» (y) rapidly accumulates radioactivity, accumulation peak is
observed in the 8" year and is 13% from the total storage. Then follows the radionuclides
discharge from «streamy to «rivery;

c) Compartment «river» (Fig. 4):
plot([-900/7*exp(-1/5*t)+75*exp(-3/10*t)+375/7*exp(-3/50*t)], t=0..100, z=0...30);

It is evident from the graph that **'Cs discharge into the «river» (z) is maximum in the
18" year and equals approximately 17%.
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Let us consider ¥'Cs retension probability in the forest ecosystem, in each of the
compartments (by formula (1)):

Fx = 1/(1+0,06)=0,94, Fy = 0,06/(0,3+0,06)=0,17, F, = 0,3/(0,3+0,2)=0,6.

Since the considered system of compartments is in-series, the reliability of radionuclides
transport in it is determined by the product of transport probabilities from each camera to the
next.

Let us consider the probability of radionuclides discharge from the forest to the river
that flows from the forest, and find reliability estimation (P) of radionuclide transport in this
ecosystem (P =1-F):

Px=1-0,94=0,06; P=1-0,17=0,83;P =1-0,6 =0,4.

Then, P (transport) = 0,019

Therefore, only 1.9% of the total storage is able to move to the river from the forest and
further to people through the water used from this ecosystem.

It is possible to limiting the radionuclides flow from the forest to other parts of the
landscape by using protective measures (for example, building the cascade on the river, road
along the stream, etc.). The block diagram of such compartment model will correspond to Fig.
1. The transition coefficients a3 and will change due to the presence of protective
countermeasures preventing the radionuclides transition from one compartment to another:

a2 =a» =0,04; a»3=0,73; azxx=0,7; az4 = 0,23.

Relatively, the system of differential equations is asfollows:

x =-0,04X,
dt

% _ 004X ~073Y, ®)

4 =0,7Y -0,23Z,
dt

In Maple 5 environment, this system of differential equations is:
sys:=diff(x(t),t)=-0.04*x(t),diff(y(t),t)=0.04*x(t)-0.73*y(t),
diff(z(t),t)=0.7*y(t)-0.23*z(t):fcns:={x(t),y(t),z(1) };
dsolve({sys,x(0)=100,y(0)=0,z(0)=0},fcns,method=laplace);

Its solution is function:

800 (*%’J 69 560 [*%f] 28000 (-1256) 560 (*%’]
{Y([):@e Slnh[z()()t),Z(t)Z@G +m€ —ﬁe s

x(1)=100¢" "*"

H

Let us represent the functions graphs and analyze the dynamics of radionuclides entry
into compartments (Fig.5-7).

a) Compartment source «forest» (Fig. 5):

plot([100*exp(-1/25*t)],t=0..100,g=0...100);

It is evident from the graph that there is the smooth radionuclides discharge from forest (x).

b) Compartment «stream» (Fig. 6):

plot([800/69*exp(-77/200*t)*sinh(69/200*t)], t=0..100, y=0...10);

It is evident from the graph that in compartment «stream» the radionuclide discharge is slower
and is not more than 5%, instead of 13%, as in the previous example. Due to the
countermeasures applied, the radionuclides outflow decreases by 2.6 times.
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c) Compartment «river» (Fig. 7):
plot([560/69*exp(-73/100*t)+28000/1311*exp(-1/25*t)-560/19*exp(-23/100*t)],t=0..100,
Z=0...20);

The radionuclides outflow into the river in dynamics does not exceed 12% (while in the
previous version — 6%).

1004 10 14
80 8 12
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0]
4 4
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2
0 2 4 80 100 0 2 4 8 100
t 0 N a0 l 60 80 100 t
Figure 5. Dynamics of Figure 6. Dynamics of Figure 7. Dynamics of
radionuclide outflow from radionuclide outflow from radionuclide outflow from
the chamber «forest» the chamber «stream» the chamber «river»

Hence, the countermeasures significantly reduce the radionuclides outflow into the
stream — in 2,6 times (5% instead of 13%).

Let us consider the probability of *’Cs keeping in the forest ecosystem, as well as in
each of the compartments:

Fx = 1/(1+0,04)=0,96; F,=0,04/(0,04+0,73)=0,05; F,=10,7/(0,7+ 0,23)=0,75.

Then the radionuclides transport reliability of such series ecosystem will be determined
by the product (P=1-F):

P (general on transport) = Px*Py-Pz; = 0,04-0,95-0,25 = 0,0095.

Thus, the radionuclide transport reliability is reduced by 2 times compared with the
previous version, due to protective measures, resulting in decrease in the radionuclides transport
of by ecosystem compartments.

Let us consider the model with additional radionuclide discharge into the forest with
time (0.05 t from the storage per year) while using countermeasures (for example, plowing,
road). The entry additional source can be predicted by increased drainage, for example, and so
on. The block diagram of such ecosystem is shown in Fig. 8

FOREST STREAM RIVER
(compartment 1) .| (compartment 2) .| (compartment 3)
X(®) g Y() - Z(t)

7y
Additional source

(0,05 1)

Figure 8. Block diagram of the forest box model with additional pollution source

Let us consider transition coefficients as in the previous version with additions:
coefficient az1 = 0,05t, which corresponds to the additional discharge into the forest. The time
unit is assumed 1 year, as in the previous versions.
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The corresponding system of differential equations is as follows:

dX

—~ = 0,04 X +0,05t,
dt
Z—\::O,MX ~0,73Y, (4)
92 o7y —0,232,
dt

In the Maple environment the system is:
sys:=diff(x(t),t)=-0.04*x(t)+0.05*t,diff(y(t),t)=0.04*x(t)-0.73*y(t),
diff(z(t),t)=0.7*y(t)-0.23*z(t): fcns:={x(t),y(t),z(1)};
dsolve({sys,x(0)=100,y(0)=0,z(0)=0}, fcns, method=laplace);

The solution of this system is:
Jens = {x(1),y(1), z(1) }

73
(y(£) = it— 9625 711200 e(*ﬁ’)Jr 175 VB x(1) = gr_ 125 N 525 1D
=7 5329 122567 23 ’ 4 4 4 ’

73 23
350 18051250 995680 (* W’) 12250 (- w25 299040 (’ ﬁ’)

A1) = 1679 '~ 2819041 ' 122567 © t 37 © 10051 ¢

}

Let us construct the graphs of the radionuclides dynamics in compartments (Fig. 9-11).
a. Compartment «forest + additional source» (Fig. 9):

plot([5/4*t-125/4+525/4%exp(-1/25*t)], t=0..100, x=0..100);

It is evident from the graph that the slow discharge and then the pollution increase in
compartment «forest» due to the additional external inflow of radionuclides are observed.
b. Compartment «streamy» (Fig. 10):
plot([5/73*t-9625/5329711200/122567*exp(-73/100*t)+175/23*exp(-
1/25*t)],t=0..100,y=0...20);

Due to countermeasures, discharge into the stream (y) does not exceed 5% (that is,
2.6 times less than in the case without countermeasures), but the radionuclides increase due to
an additional external discharge is observed.
c. Compartment «river» (Fig. 11):
plot([350/1679*t-18051250/2819041+995680/122567*exp(-73/100*t)+12250/437*exp(-
1/25*t)-299040/10051*exp(-23/100*t)],t=0..100,z=0...20);

It is evident from the graph that the radionuclides outflow into the river (z) does not
exceed 12%, and in course of time gradually increases due to additional external discharge.
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dionuclide outflow f Figure 10. Dynamics of Figure 11. Dynamics of
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source of radionuclide

Thus, due to the countermeasures use the radionuclides outflow from the forest into the
stream sufficiently decreases in 2.6 times(5% instead of 13%), and then into the river — instead
of 17%, only 12% at the beginning; in course of time, pollution increases due to additional
radionuclide discharge as the result of increased discharge.

Let us consider the probability of 1¥'Cs keeping in each compartment of the ecosystem
under consideration.

F,=0,05/(0,05+0,04)=0,56; F,=0,04/(0,04+0,73)=0,05; F.=0,7/(0,7+0,23) =0,75.

Let us estimate the probability of radionuclides discharge from the forest further into
the river that flows from the forest, that is, estimate the radionuclides transport reliability in this
ecosystem (P =1-F):

Px=1-0,56=0,44; Py=1-0,05=0,95; P,=1-0,75=0,25.

Then, P (transport) = 0,10

That is, 10% of the initial total radionuclides storage in the forest are able to pass into
the river, and then — through water use to people.

The considered approach is not limited by application for radionuclide transport
simulation under conditions of radioactive pollution source.

Let us consider the following example. We construct the model of the ecosystem
«burned forest» (for example, in case of aircraft crash or explosion on the forest territory with
further fire outbrake).

While burning, the forest rapidly starts to «throw off» radioactivity, which acts as the
indicator of the ecosystem condition. This is reflected in a significant increase in the coefficients
of transition between the compartments «forest» and «stream» [11—12].

Block diagram of compartment model is shown in Fig. 1. The values of the transition (speed)
coefficients are different: a2 = a21 = 0,36; a3 =0,5; a2 =0,4; ass =0,2. The compartment
model is described by the system of differential equations:

ax =-0,36 X,
dt

% =036 X —0,5Y, (5)

9z =0,4Y -0,2Z,
dt
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The system in Maple 5 and its solution are as follows:
sys:=diff(x(t),t)=-0.36*x(t),diff(y(t),t)=0.36*x(t)-0.5*y(t),
diff(z(t),t)=0.4*y(t)- 0.2*z(t):fcns:={x(t),y(t),z(1)};
dsolve({sys,x(0)=100,y(0)=0,z(0)=0},fcns,method=laplace);

-1/ 2400 (-12 4500 (-925 -9/25
( ’)+—7 e( ”——7 e( I),x(r)=100e( I),

1800 (-124) 1800 (-9250)
y(t)=—Te +Te }

{z(1)=300¢

Let us analyze the radionuclides dynamics in compartments (Fig. 12—14)

a. Compartment source «forest» (Fig. 12): plot(J100*exp(-9/25*t)],t=0..100, x=0..100);
It is evident from the graph that in course of 20 years “forest” dramatically discharges
radioactivity into the stream.

b. Compartment «stream» (Fig. 13):

plot([-1800/7*exp(-1/2*t)+1800/7*exp(-9/25*t)],t=0..100,y=0...40);
The stream quickly discharges radioactivity, with maximum discharge during the 8th year and
accounts 32% from the stockpile of radioactive pollution storage in this compartment.

c. Compartment «river» (z):

plot([300*exp(-1/5*t)+2400/7*exp(-1/2*t)-4500/7*exp(-9/25*1t)],t=0..100, z=0...50);
Discharge into the river during the 17th year is approximately 34%.
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Figure 12. Dynamics of Figure 13. Dynamics of Figure 14. Dynamics of
radionuclide outflow from radionuclide outflow from radionuclide outflow from
the chamber «forest» the chamber «stream» the chamber «river»

Thus, in the considered situation, the processes of radioactivity transition from
compartment to compartment are significantly accelerated.
Let us consider the probability of *3’Cs keeping in the forest ecosystem in each compartment.
Fx = 1/(1+0,36)=0,74; Fy = 0,36/(0,5+0,36)=0,42; F, = 0,4/(0,4+0,2)=0,67.
Let’s estimate the probability of radionuclides discharge from the forest to the river. Such
estimation of the radionuclide transport reliability in the given ecosystem (P =1 - F):

Px=0,26; Py=0,58; P =0,33;
P(transport) =0,05.
Hence, only 5% of the total radionuclide storage in the considered ecosystem can
move from the forest to the river, and then — to people through water use.
Conclusions. The principal possibility of mathematical ecosystems modeling and the
countermeasures influence consideration (due to the corresponding change in the parameters of
the compartment model), as well as the additional radionuclides entry (due to the introduction
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of additional terms in the system of differential equations) are shown in the proposed models,
based on the developed method of applying the reliability theory of complex systems. The wide
opportunities of such modeling and use of reliable approach to the analysis of forest ecosystems
in different states are shown.

Analysis of the radioecological state of forest ecosystems by means of mathematical
models and methods of reliability theory is an effective method for radiological situations
estimation and modeling, as well as estimation of efficiency of real protective measures
application after accidents, particularly fires. Mathematical modelling application in the forest
ecosystems (and other types of ecological systems) investigation makes it possible to determine
the level of pollution and accumulation of radionuclides/pollutants in them.

The influence of technogy-related factors on the environment depends on and varies
from many factors: season (what season the pollutants discharges take place), the discharges
intensity, the dynamics of living organisms biomass growth, their species structure, etc. Such
indicators should be taken into account in mathematical modelling and carrying out
investigations and calculations.
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MATEMATHYHE MOJEJTIOBAHHS TUHAMIKH
PAJIOEKOJIOITYHUX ITPOLECIB TA HAAIMHOCTI
TPAHCIIOPTY HOJIFOTAHTIB ¥ JIICOBIA EKOCUCTEMI

Basnenruna I'po3a; Ipuna MarBeeBa

Hayionanvnuti agiayitinuii ynieepcumem, Kuis, Ykpaina

Peztome. B HaABKOMUWHLOMY cepedosuwi ni0 6NAUBOM MEXHOZEHHUX YUHHUKIE 6i00)68alombCs
nepemeopeHHs, HACIIOKOM SIKUX € HeoOOpOmHI 3MIHU 6 OI0NO2IYHUX Y2PYNOBAHHAX MA 6mpama CMiluKocmi
npupooHux cucmem. CmeopeHo Ui NPOAHANI308AHO CUCHEM) OYIHIOBAHHA HAOIUHOCMI KOMNOHEHMI8 NiCO8UX
€KOJI02IUHUX cucmeM 3d 00NOMO20I0 N00Y008U NOCAIO0BHUX KAMEPHUX MoOeell, Memooie meopii HadiliHocmi ma
oughepeHyianbHUX PieHAHb. 30 00NOMO2010 ANOPUMMY OYIHIOBAHHS HAOIUHOCTIE eKONOSIHHUX CUCMEM NPOBEOEHO
amaniz paodioekonociyHo20 CMany exKocucmemu Jicy, pPo3noodil ma nepepo3nodil padioHykidie YHACTIOOK
mpancnopmy nonomanmis ii komnonenmamu. Ha ocnosi meopii ma modeneii Hadiinocmi ekocucmem uepes
OYIHIOBAHHS NaApaMempié padioEMHOCMI CMBOPEHO MOoOeb O0Jil  OYIHIOBAHHS HAOIUHOCMI  YMPUMAHHS
paodionyknidie/noniomanmie 6 exocucmemax. OYinio8anHs napamempie padioEMHOCMI NPOBEOEHO 3a POPMYI0I0
Fi = >ai/ Qaij + Yaiji ), de Y aij — cyma wsuokocmeti nepexody nOIOMAHMIG 3 PI3HUX CKAAO0SUX eKOCUCEMU 00
KOHKDEemHO20 elleMeHma Jnanowagmy abo exocucmemu (kamepy i), Y.a@j — cyma weuUOKOcmell GIiOMOKY
ROAOMAHMIB 3 00CHI0NCYBAHOI Kamepu () 00 IHWUX CKIA008UX ekocucmemu, cnpsicerux 3 numu. Cpopmosaro
NPUKIAOU KamepHux Mmooenell 1iCo80i exocucmemu 3 Ypaxy8aHHaM Koegiyicumie/uiguoxkocmeii nepexoois
paoionyknidie mixc kamepamu. JocriodxiceHo sapianmu mpaHcnopmy paoioHyKaioie y cucmemi: 3d 36U4AUHUX
VMO8, NpU 3ACMOCY8AHHI 3AXUCHUX 3aX00I8 (30i1bUeHHs. CMOKY PAOIOHYKIIOI6 ma 3acmocy8aHHs I0N0BIOHUX
0yOisenbHUX KOHCMPYKYIil), npu cmeopeHui agapininoi cumyayii (noocedci). Haoiinicme mpancnopmy
PAOIOHYKNIOI8 MidIC Kamepamu eKocucmemu, wo O00CHIONHCYEMbCSL, 0OYUCTEHO 3a OONOMO2010 MAMEMAMUYHOT
npoepamu MAPLE 5. Ompumani pospaxynxu 8i0obpadicaroms OUHaMiKy miepayii padionyknioie 6i0 euxionozo
Odicepena 00 iHWUX KomMnonenmie cucmemu. Ilokazano, wo 3acmocy8ants MamemamuiHo20 MOOeNI08aHHs Npu
BUBYEHHI CMAHY NPUPOOHUX EKONO2INHUX CUCMEM 003609€ 6CMAHOSUMU CMAH iX 3aOpYOHEHHS, d MAKOIC
BUBHAYAMU PiBHI HAZPOMAOICEHHS NOIOMAHMIG Y PISHUX KOMNOHEHMAX eKOCUCEMU.

Kniouoei cnosa: mamemamuune MoOen08ANHSA, KAMEPHI MOOENi, Mpancnopm padioHyKioie, Hadiunicme
JiC060I exocucmemu.
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