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Abstract

By means of regional model of development of atmospheric processes in the Caucasian Region and
the equation of a substance transfer the spatial distributions of the radioactive pollution (**I) and zones
of radioactive deposition are investigated. In the model the radioactive decay and aerosols deposition
processes are taken into account. The distribution of radioactive pollution is simulated in cases of the
South, South West and South East background winds. The distribution of only one radionuclide aerosol
311 with diameter 10 2 mis considered.

It is shown, that the relief of the Caucasus significantly influences on the trajectory of the pollution
distribution. The North West orientation of the Main Caucasian Range resists air motion to the north,
constrains the radioactive pollution in the boundary layer to flow around the Main Caucasian Range
from the west or east sides. It is obtained that the 48 hours are necessary for the radioactive cloud to
overflow the South Caucasus and distribute over the territory of the North Caucasus. The radioactive
pollution is falling out mainly in the central, southeast and northwest parts of the South Caucasus. The
zone of the radioactive deposition is extended along the background wind and deformed by the influence
of the relief. The maximum length of the zone of significant deposition of radioactive substance equals
approximately 750 km in case of the background South East wind and 350 km in other cases. The
maximum width of the zone approximately equals 150 km. It is obtained that the surface density of the
deposited radioactive nuclide in the zone of significant radioactivity decreases from 360 a.u./m? down to
1 a.u./m? when the concentration of 10 xm aerosol **I in emission plume during 6 hours are equal to

100 a.u./m°.

1. Introduction

The accidents of the Chernobyl, Fukushima and other power plants show that the nuclear reactors
carry the great potential hazards for population and environment especially when plants are located in
the seismic hazardous regions [1, 3].

The Armenian Nuclear Power Plant (ANPP) is one of such objects. It lies in the South Caucasus in
Metsamor 20 km from the capital of Armenia Yerevan on one of the Earth's most earthquake-prone
terrain. ANPP, as a very dangerous object, was closed after earthquake in Armenia in 1988 but was
reopened in 1995. ANPP has one of just a few remaining Soviet nuclear power reactors that were built
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without the primary containment structures. Consequently, the hazard of the radioactive pollution of the
environment in the Caucasus becomes highly probable event. The neighbouring countries, Turkey and
Azerbaijan, protest the operation renewal of ANPP, and Azerbaijan has called on the UN Security
Council to suspend the operation of the nuclear power plant in Metsamor [4-6].

The radioactive aerosols, emitted in the atmosphere from the nuclear reactors, can be transferred
on the large distance and produce a radioactive contamination of the underlying territory [3, 7].
Therefore, a preliminary determination of the possible trajectories of the radioactive pollution cloud
and nuclear deposition in the various meteorological situations has a practical importance for the
environmental safety services.

A prediction of the dispersion of the radioactive pollution is possible by means of numerical
simulation of the radioactive substances transfer. The accident of the Chernobyl nuclear plant shows
necessity of development of the hemispheric, long- and meso-scale transport models for radioactive
substances. The existing numerical dispersion models of pollution were developed as well as some
new models of transfer of radioactive pollutions were elaborated (ApSimon et al., 1987; Lange et al.,
1988; Alberger at al., 1988; Hass at al., 1990; Ishikawa, 1991, 1995; Ishikawa and Chino, 1991;
Brandt at al., 2002; Khatib, 2008; Winiarek and etc. [8 -17]).

The tasks of the article are the numerical simulation of the possible trajectories of the movement
of the radioactive clouds hypothetically emitted from ANPP and determination of the possible zones
of nuclear fallout in the Caucasus. G. Lazriev considered some issues of this problem [18].

In the present article G. Lazriev’s approach is continued to be investigated on the basis of the use
of the regional model of the atmospheric processes over Caucasus region elaborated at the M. Nodia
Institute of Geophysics; it allows calculate the spatial distribution of the meteorological fields over the
complex relief of the Caucasus [19]. We have simulated the dispersion of the radioactive pollution by
using of the momentum equation.

2. Formulation of the problem

2.1. Basic equations

The main equations of the model describing variations of the meteorological fields are
(a) for the troposphere
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b) for the active layer of soil

2
EZiD(C)ﬁ_aE(C)’ aTSO” = Rsoil d ngil at 50 >1Z >Zsoil ; (2)
ot 0z 0z 0z ot 0z
c) for the layer of sea water
oT, o°T, 1 0l
— =K+ —, at g, >1>7Z,, 3)
ot 0z Con Psa 01

where t is time; X,Y, and Z are the axes of the Cartesian coordinate directed to the east, north
and vertically upwards, respectively; ¢ =(z—0)/h is the dimensionless vertical coordinate;
0 =0,(X,y)+50m is the surface layer height; o, is the height of the relief, H(t,X,y) is the height of
the tropopause; h=H —¢; u, v, w, and W are the wind velocity components along the axes X, Y,
z,and ¢, respectively; $=T'/T, and ¢=P'/P(z) are the analogues of temperature and pressure,

respectively; T =300K ; T’ and P’ are the devotions of temperature and pressure from the standard
vertical distributions

T'%Y,2) =T&XY,2)-T +7 2-T(t,%,Y,2), P'(t,%,y,2)=P(t,x,y,2) —P(2) - P(,X,,2);

T and P are the temperature and pressure of the atmosphere, respectively: T —y z and P(2)
are the standard vertical distributions of the temperature and pressure, respectively; » is the standard
vertical temperature gradient; T and P are the background deviations of the temperature and pressure
from standard vertical distributions; ¢ and 6 are the mesoscale and background components of the

analogue of temperature, respectively; ' =9—-6; q and Q are the mass fraction of water vapour and
the background mass fraction of water vapour, respectively; q'=q—-Q; m and M are the mass
fraction of cloud water and the background mass of cloud water, respectively; m'=m—-M ; T, and
T, are the temperatures of soil and seawater, respectively; C is the volume content of soil water;
p (@) and p,, are the standard vertical distributions of the densities of dry air and seawater,
respectively; o =—p ' dp/dz; g is the gravitational acceleration; R is the universal gas constant for

dry air; C, and C, are the specific heat capacities of dry air at constant pressure and seawater,

respectively; S is the thermal stability parameter; L is the latent heat of condensation; ¢, is the

con
condensation rate; ON / 0t is the intensity of prescription;
ON/ot=(m-m,)/ot whenm>m_ and =0 whenm< m

mass fraction of a cloud water; J't is the time of setting out of a surplus cloud water; D is the diffusion

; m_, is the critical magnitude of the

cro

coefficient of water in soil; E is the filtration coefficient of water in a soil; |, is the total solar

radiation flux in sea water; K ; and K, are the thermal diffusivity coefficients of soil and sea water,

a

respectively; ¢ and v are the horizontal and vertical turbulent diffusion coefficients.
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The equation of transport of the radioactive nuclide is
o0 oCon,i

acon’l +u acon’l +V6C0n’| +(W_id)@:)UACOn,| +—v _acon,| , (4) Where, Con,l 1S
ot X oy h oc oc  Og

the concentration of radioactive nuclide i; the index o =1In2/T,,, is the radioactive-decay constant;
T,.41s a decay period; W, is an aerosol deposition velocity. The equation (4) shows that any
functions that equal to Con,i (t,x,y,¢)xconst also obey the equation (4). Therefore we will consider
Con,i (t,x,y,¢) as unit value and then in order to obtain the real magnitude of concentration we are to
multiply the calculated field ofCon,i by const . The set of equations (1) and (2)-(4) are solved in the
coordinate systems (t, X, y,¢)and (i, X, Y, z), respectively.The initial and boundary conditions, the

values of background fields, and methods of parameterization of the separate meteorological processes
are selected in accordance with specific objectives of modeling.

2.2. Initial and boundary conditions, main parameters of the regional problem The initial
and boundary conditions for the set of equations (1) - (4) are

The initial conditions at t = 0we have
a) for the system (1)
=q'=m'=0,u=0(0, X, ¥,&), v=v(0, X, ¥,¢);,h= ﬁ(o, X, ¥)=9000-5(X, )
b) for equations (2) and (3)
C=C(X% Y, 2), Tea=Tow(X ¥, 2), Ty =To (XY, 2), )

c) for equation (4)
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it (xy,0)eQ
The vertical boundary conditions

d)  for the system (1)
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e) for equations (2) and (3)

oT
p.C.K, 2 = —pC,A|V|(T-T,)/ AL, —pL A|V|(q—q,)/ AL, =1,

Z

1
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oz p 0
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0z Oz

f) for the equation (4) the concentration of radioactive pollution In the area of emission
during an interval of time 0 —t is given by the formulae

Con,i’ if (x,y,0)eQ and t<t°
Con,i = acao;’l=o if x,y,0)eQ, =0 and t<t® , (8)
oni_o ir - and t>t°
¢
aconi o ip o,
¢

The lateral boundary conditions

u=ad, x, y,&), v=y(t, x, y,&), h:ﬁ(t, X, ¥),%=q=m=0,
ow/on=0oh/on=0Con,i/on=0,if x=0, X; y=0,Y,

aca(;n,l =0, if x=0, X; y=0,Yand v, directedinwardof the domain ©)

Con,i=0, if x=0, X; y=0,Y, and v, directedoutwardof the domain

1/2
where |V|: (u2 +Vv° ) ; ¢ 1s given function of time and coordinate and shows the magnitude of

the pressure in the tropopause; A, is non-dimensional thickness of the atmospheric surface layer; X
and Y are the coordinates of lateral boundaries; n is a unit normal vector; w =(u,v,%,q’,m"); index
,,0” indicates the value of the function at the level z=06,; q,=0,—0, on the sea surface and

dy =(dy — 0 )C / C,, on the soil surface; C . is the porosity of the soil, index ,,e” indicates either

,sea” or ,,s0il” for the sea and soil surfaces; Qis a rectangular prism area in vicinity of the lower
boundary; Con,i” is a known initial magnitude of emitted radioactive ingredient; t,is duration of a
radioactive emission;C_; and p,; are the specific heat capacity and soil density, respectively; C

To.a and T, are average monthly values for the June of functions C, T, and T

soil »

0>
respectively; A

and A(, are constant parameters; U,V , and h are the background values of the wind velocity
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components and atmosphere thickness, respectively; U and V are calculated by means of geostrophic
wind and quasi-static equations using the known background values of temperature and pressure at the

tropopause level g(t,x, y,¢) and ¢ (t,Xx,y,1), respectively. By varyh, 0 and @, it is possible to
obtain the necessary background winds.

Coefficient of vertical turbulence is decreasing in the vertical direction from the value at the
surface layer from Sm”-s™' up to 0.001 m”-s™' at a height of 3-4 km above the Earth’s surface. At
more high altitudes it equals to 0.001 m’-s™'. Coefficient of the horizontal turbulence is equal to

5000m?-s~'. Background value of the relative humidity is equal to 40%, the background value of the
water content mass concentration equals to zero.
Other meteorological parameters are the well known values characterizing middle latitudes.

3. Analyze of results

Numerical integration of equations (1) and (2)-(4) with the initial and boundary conditions (5)-
(9) are carried out using both the explicit and implicit schemes. In the modelling domain the
rectangular finite-difference grid is used with 108x90x17 points having 10 km horizontal steps and
the non-dimensional vertical step equalling 1/17. In the soil and sea the number of levels is equal 20,
the vertical step equals 10 cm. The temporal step equals 4 min.

The background fields of temperature and pressure are selected in such a manner that they form
the South, South-East and South-West background stationary geostrophic winds.

Since we limited ourselves by the Caucasus Region, the calculations were performed for a
period up of 48 h. The transfer of the radioactive nuclide "*'T was modeled which during 6 h was being
emitted in the atmosphere into rectangular prism area Q (10 km> 10 km>1.5km) in vicinity of ANPP
(Fig.1). The initial concentration Ccon,i’=100 arbitrary units (a.u.). The radius of the particles equals
10 gmand corresponding fall-out velocity calculated by Stokes formula is equal to W, = lem/s [21],

the decay period T,,,=8,02 day.

Figures 2, 3 and 4 show the distribution of the concentration of I'*' and the wind field obtained in

case of the background south wind on the surface level z = delta = 5(X, y)+100 m and on the altitudes
z=1,2,4, 6,8 km at the moment of the time t = 6, 24 and 48 h, respectively. In Fig. 2 we can note that
during 6 h the radioactive emission forms the radioactive cloud over ANPP that by wind and
atmosphere turbulence is stretched to the north along the direction of the background wind. The
radioactive cloud is located into ellipsoid columns area with maximum horizontal sizes 100 km and
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Fig. 1. The Caucasus Region relief and topography (heights in km) and the location of the
ANPP (the red circle)
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170 km along x and y coordinates, respectively, and with vertical width approximately equal 9
km. The magnitude of the concentration is equal to 100 a. u. into the emission plume in the 4 km layer
and exponentially decreases on the periphery of this area.

After six hours the radioactive cloud increases step-by-step in size because of the movement
along the wind and atmospheric turbulence; simultaneously the concentration of the pollutant
substance decreases in result of the processes of dispersion, deposition, and radioactive-decay. The
radioactive cloud in the surface layer at t = 24 h is obtained over the central part of the South Caucasus
mainly up of the territory of the north part of the Armenia and the east part of Georgia. Over this
surface layer the size of the polluted atmosphere volume gradually increases up to 6 km; the zone of
the higher concentration is displaced from the South Caucasus to the North Caucasus (from the East
Georgia to the Stavropol Kray). The magnitude of maximal concentration during the 24 hours is
decreased down to 0.48 a. u. In the upper troposphere z > 6 km, the size of the polluted area and
concentration of radioactive pollution is decreased, and the zone of pollution is wholly located over
the North Caucasus.
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Fig. 2. The spatial distribution of the concentration Con,i and wind fields at t = 6h.
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During two days (Fig. 4) the radioactive cloud mainly moves over territory of the North Caucasus
and localizes over the Stavropol Kray. In the South Caucasus the radioactive cloud is obtained over a
small territory of the central part of Georgia. The concentration there is small varying between 0.001 -
0.006 a.u. The maximal value of concentration in the plume of pollution caused by the processes of
dispersion, deposition, and radioactive-decay is decreased about 2000 times from 100 a. u. to 0.05a.u.
The spatial distribution of the radioactive deposition on the earth surface is shown in Fig. 5. As it is
shown here, the main part of the radioactive dust falls on the territory of Armenia and Georgia into the
stripe of 100 km in width and about 400 km in length. The radioactive ingredient up to 12 h falls out
only on the territory of the South Caucasus. After this time the process of fallout begins also on the
territory of the North Caucasus. After 20 h from the beginning of emission the radioactive fallout
happens mainly on the territory of the North Caucasus and at t = 48 h the surface density of °' I on the
territory of the north slope of the Main Caucasus Range reaches 10 a.u. on 1 m*. The radioactive
deposition on the territory of the South Caucasus ends after 30 h.
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Fig. 3. The spatial distribution of the concentration Con,i and wind fields at t =24 h.
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The results of the numerical modeling of the radioactive diffusion when the background south-east
wind is considered are shown in Fig. 6. The calculation shows that the radioactive pollution moves to
the north firstly on the territory of Armenia and then over the central and north-west parts of the
Caucasus Region. At t = 24 h the main part of atmosphere over Georgia is polluted by radioactive
ingredient. Further the radioactive cloud falls over the Main Caucasus Range, splits in two parts and at t
= 48 h we obtain two zones of the radioactive pollution. One of these zones is located over the Black
Sea and another over the north slope of the Main Caucasus Range. The radioactive deposition obtained
at t =0, 24 h and 48 h are also shown in Fig. 6. We see that in 48 h the radioactive fallout mainly
happens on the territory of the north part of Armenia, the south, central, and north-west parts of Georgia.
The small amounts of the radioactivity are also deposited on the territories of Turkey and Russian.

The maximal magnitude of he surface density at t = 48 h is equal to 360 a.u./m” and is obtained in
vicinity of source of emission.

When the background south-west wind blows, the radioactive pollution diffuses in the atmosphere
over the north-east part of Armenia, whole territory of Azerbaijan, Republic, Dagestan, and the Caspian
Sea (Fig. 7). The atmosphere in vicinity of east border of the Georgia will be polluted also.

4. Discussion
This article is our first investigation about of the possible radioactive pollution of the Caucasus
territory in case of the accident takes place in ANPP. In this article, the problem of distribution of the
radioactive element 'l with diameter 10 zm is discussed. Such modeling can be made for other

radioactive radionuclides.
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Fig. 4. The spatial distribution of the concentration Con,i and wind fields at t = 48 h.
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Fig. 5. Distribution of the surface density of the radioactive
deposition at t = 6, 24 and 48 h
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Fig. 7. Concentration of the radioactive substance in the atmosphere (upper six figures)
and a surface density of radioactive deposition of "*'I (lower three figures) in case of the
south-west background wind

It is evident, that the sum of obtained concentrations and radioactivities will give us the main
picture of the possible radioactive contamination.

The radioactive pollution falls out mainly on the central, southeast, and northwest parts of the
South Caucasus. The zone of radioactive deposition is extended along the background wind and
deformed by influence of the relief. In case of the background southeast wind the maximal length of the
zone of significant deposition of radioactive substance is approximately equal 750 km and — 350 km in
other cases. The maximal width of this zone equals approximately 150 km. The concentration of
deposited radioactive element in the zone of radioactive fall-out decreases from 360 a.u./m” down to 1
a.u./m’.

For the reason of the absence of the observation data it isn’t possible to estimate a quantitative
reality of the obtained results. But, having compared the trajectory and shape of the radioactive cloud
obtained in this article and in other works [1, 10, 15-17], it may be concluded that the obtained results
properly describe the main features of the radioactive dispersion process in the Caucasus. Therefore, the
model and results obtained here can be considered as first approximation for the further investigation
and practical use. In addition, in our opinion, the spatial grid step 10 km is rather large for adequate
description of studied process over complex terrain of Caucasus. We intended simulating the diffusion
processes of radioactive pollution with the horizontal step approximately equal to 1-5 km in the
atmosphere of the Caucasus.
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YucaeHHoe UCCaeI0BaHUEe MOIeJILHOI0 PACIIPOCTPAHEHHUS M OCAXKACHUS
paauoakTuBHoro 3arpsizuenus (' I) B ciyuae
TUIIOTeTHYECKON aBAapHM HA APMSIHCKOM aTOMHOM JIEKTPOCTAHLUU

A. A. Cypmaga

Pestome

C nomoIIbI0 pernoHaIbLHON MOJAETH Pa3BUTHA aTMOC(EPHBIX mpoleccoB B KaBka3ckom pernone
U ypaBHEHHUS IMEpEeHOca MPUMECH HUCCIIEOBAHO MPOCTPAHCTBEHHOE pAaclpeesieHue PaJu0aKTUBHOTO
sarpssaennst (C'1) B armocdepe B CIydae BO3MOXKHOM THIIOTETHYECKON aBapuu Ha  ApPMSHCKOl
aTOMHOH 3JIEKTPOCTaHIMU. B MoJenu ydreHsl MPOLEcChl PaJMOaKTUBHOTO pachaia M OCAXICHHUS Ha
MOJICTUJIAIOIIYIO TIOBEPXHOCTh. PacnpocTpaHeHue pajMoakTUBHOTO 3arpsi3HEHUSI CMOJAEIMPOBAHO IS
CJIy4aeB H0XKHOTO, I0r0-3aMaJHOr0 M F0r0-BOCTOYHOT'O BETPOB U PAZ0AKTHHOIO a3p030Jisi C JUAMETPOM
10 MKMm.

[Tokazano, uto penved KaBkaza B mpu3eMHOM cloe aTMOC(Epbl CYIIECTBEHHO BIIMSAET Ha
TPACKTOPHIO PACIpPOCTPAaHEHHs] pPagUOAKTHBHOW mnpumecH. OpHUEHTOPOBAHHBIN Ha CeBEpo-3amaj
Bonbmioit kaBka3cKuil XpeOeT, MpensTCTBYs MEePEMEIICHUI0 BO3AyXa Ha CeBep, 3aCTaBIsET OCHOBHYIO
4acTh 3arpsi3HEHUs] 00TEKaTh MPEMSITCTBUE C CEBEPO-B3aMaJHON MM C CEBEPO-BOCTOUYHOIN CTOPOHBI, U
Janee pacrpocTpaHuTbess Haj TepuTopueir CeBepHoro kaBkaza. [lomyueHO, 4TO paauOaKTUBHOMY
00yaky HeoOX0IMMO MPOOIM3UTENbHO 48 yacoB st meperekanus dyepes FOxHbii kaBka3z. OCHOBHas
4acTh PaIMOAKTUBHOTO 3arpsi3HEHUS BBIMAZAET Ha/l IICHTPAIbHOM, CEBEPO-3aMaTHON U I0T0-BOCTOYHOM
gactssMu HOHOTO KaBKasza. 30HBI PaJMOAKTUBHOTO OCAKICHHUS BBITSIHYTHI BJOJH (DOHOBBIX BETPOB U
gacTUYHO JAedopMHpOBaHbl MMOJA BIUSHUEM penbeda Tepputopund. MakcuMmanbHas [UIMHA 30HBI
3HAYUTEIBHOTO BBIMAJACHUS PATUOAKTUBHOTO BEIIECTBAa NMPHOIM3HTENBHO paBHAa 750 KM B ciydae
(hOHOBOTO IOT0-BOCTOYHOTO BeTpa U - 350 KM [uIs Apyrux HampasieHui (GpoHoBBIX BeTpoB. [lomyueHo,
9TO KOIZId B TEUEHHE MEPBBIX 6 YaCOB KOHIGHTPAIHS 4acTHIl ¢ auamerpom 10 Mk pasra 100 me./m’
(IIpOM3BOJIBHAS SAMHUI[/M’ ), TOT/Ia TOBEPXHOCTHAS [TOTHOCTH BBIIABIIETO PAAHOAKTHBHOTO BEIICCTBA
B 30;—16 MAKCHMAJTbHOTO 3arpsI3HEHMS YMEHBIIASTCS OT MAKCHMATBHOTO 3HadeHns 360 m. e./m> 1o 1 1.
e./M".

44



G5005JG09B0 ©5806d9Mg30L (1) gog@39egdol s
Eomgdzol Mogbgomo asdmggerggs Lmdbgmol SEMEyE@O
940 9J@Omboa @0l d03mmgdg@o sgs®ools dgdmbgggsdo

>. Ley®dogs
@9boydy

35845b05do  5@Imbggdhymo 30mi3gbgdols gobgomsdgdols Ggaombsgy®o  @oibgomo
doegamobs s  dobodggol gog@Egemgdols  gobGmangdols  asdmygbgdom  IgLfsgaognos
Lmdbgmol  sGmIg@o  gargddOmbopa@osh o5@Inbgygamdo Jodmmgdy®o  dgbsdgom
535000l dggyom  SImR@Jggnmo  @spomsGoyg®o  gangdgb@ols Bl ot 35303980900
Qoby®o  Lodb®gmol, Lsdb@gm-sbogegmol s Ladb@gm-s@dmbsgangmols  Jo®gdols
‘dgdmbgggsdo.  aomgomolifobgdygeos  @somsddoygdo  wosdaobs s sgHmbmenols
sagdzol  30miEglgdo. gobbogymos  dbmeme 10 339 ©0s3gH®ol  @opomsdBoygdo
bagmool 53039 g0

bohggbgdos, @md 3oggolool @gaombol Mgeogxno daog@se dmddgogol dobs®gggdols
35303980 g05bg. 3o@ s geools oL gMog 096G 0Mgd@o 3°83>bombols Jogwo,
9V 0bos@dwgagds  @s  3dogdol  hOogmgmom  dod@smdsl, sodgegdl  @somsd@oyg®o
603009Mgdols  dodomse  bsfoenl,  ao®ldgdmgeobmls  dmoge®  goggolombol gl
©obogangomols  ob  s@dmbsgamgmol  dbGowsb ©s  Dgdpamd o303 gl hMwogrmgm
35845b0sdo.  asdmmgagdom  bobggbgdos,  @md  osbegrmgdomn 48 Loswos  Lododm
0dolomgol, M @soms@oy®o 0OYOJ0  Aoog3eml  Lodb®gom  goggobosl o
2030399l hOommgmn 3og3oLosdo. Gowomsmoyg®o bogmogdgds do@omspaw o gdgds
Lodb@gm  3oggolool  hOomM-slogamgm, (39bGH®omy®d  ©o  hOPogm-s@dmlsga gom
boFoagdbdo gmbydo  Lodb@gm-s@dmbsgangmol, bsdb®gmol ©s  bodb@gom-pslogmgmols
Jodgdol dgdmbggggddo, dglosdsdobow. oo MomEgbmbdomn ©segdgol bmbol Loymdyg
ssbermgdom 750 33-0l Geognos Ladb@ge s@dmlsgagmols gmby®o Jo@ol @M, ©s —
350 3d-ob ULbgs dgdmbggzgodo. o3 bmbol Lopoby @osbgomgdoon 150 33-U go@ob.
domgdygaos, M3 GeEglsig 10 333 bmdol sgBHmbmaol sdmbog@gggol 3mbigb@Msios
530mb55@ 393 koger@o 6 Lo-ol gobdogamds@o 100 3.9/F—o0l (30G@domo  g@mgxeo/d3)
Aeo@os,  35Tdob  omgJogo  @sposGoy®o  bogmog®gdol  bgpsdodyeo  Lodjg@mogyg
doJLodosemyydo oengdgol bmbsdo dzoMmwgds 360 3.3./82'5906 1 3.3./32-&93-

45



