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Non-Uniform Distribution of Moisture Influence on
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Abstract: Moisture distribution through the thickness of
plywood is analyzed when the sheet is subjected different
relative air humidity from both sides using one dinensional
diffusion equation. The shape change of plywood sheds
numerically analyzed when moisture influence from bth sides of
sheet is not time — dependent, and also when ondesiof the sheet
is subjected to time-dependent outside moisture-tgmerature
conditions and conditions on other side is not timelependent.
The outdoor moisture-temperature conditions were takn form
national standard LBN-003-01 “Bavklimatologija” and
approximated with third order polynomial using its average
values summed with average amplitude.
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|. INTRODUCTION

Composite sheets with multilayer structure are Widsed
as load bearing constructions. One of the most lpops

oz _ 9 D(m(Z,t),T)—am(Z't) ,—a<Z<a,
ot oz oz

t>0 1)
where
m- moisture content of wood (kg/kg);
D(m(Z,t),T) —bound water diffusion coefficient @),
according to [6] for Red oak (assumed to be theesfambirch
tree) it is

D(m(Z,t),T) = 576- ex;{ 145-m(Z,t) — @j ,(2)

where

t- time (h);

T- temperature (K);

a- half of thickness of the sheet;

Z- coordinate with zero value at mid surface of sheet, on
axis orthogonally to sheet surface .

plywood sheets that are made from birch veneersn Th
veneers that are made by rotary cut log of birch ba The initial condition of partial differential Eql)is
assumed as orthotropic material. Typically comgosiieets m(Z,0) = my,
are made with odd number of veneers with symmétricg,q boundary conditions are
structure in respect to mid-surface of the sheetekample 7-
layer or 9-layer structure.

There are many environmental actions which infléenc D(m(Z,t),T)
behaviour of load bearing sheets. The sheets tleatrade
from wood veneers are significantly affected by rawisture. )
Usually environmental conditions in both sideshsf sheet are where
not the same. The environment could differ with penature, km —surface emission coefficient (m/s), according tpifb
a!r moisture, pressure _cond.itions and others. Assalt of radial direction of wood it is 0.00243(m/h) for $cpine,
d_lfferent conditions of air moisture and temperatfiom each assumed to be the same for birch tree.
side of the sheet the moisture content and temyeratf the
sheet changes through its thickness. Mathematidgatipuld
be described with system of mass and heat traesfeation
[1], [2]. In isothermal case moisture diffusion twbube
modelled by Fick's second law [3]-[6]. As a resflimoisture
gradient through the thickness of the sheet it iobta
asymmetrical structure with respect to its mid acef and
changes initial shape. The flat sheet becomes duirveéwo
directions and as well as linear dimension chamgesome
cases it warps.

®3)

=Kn(M(Z,t)-my), Z=xat>0
4)

om(Z,t)
oz

I1l. DISPLACEMENT ANALYSIS
A. Small displacement analysis

Analytical analysis of mid surface deformationsyvatures
and torsion could be done be method described]#{B]7In
the theory of thin composite multilayer sheetssibeneficial
to replace stress field with equal system of foreewl
moments. The relationship between the system afefand

Il. MOISTURE DIFFUSION moments and strains of mid surfacey,&0,7 %, and

The bound water diffusion in wooden veneer could bgurvatures KO KO and torsion ko are shown in e ®)
modelled by Fick's 2. law [5] (if moisture conteist below XY XY 4-5)-

fibre saturation point (FSP)): Geometrical interpretation of curvatures is shownFig.1.
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From eq. (5) it is possible to calculate straingyatures and torsion if the system of forces anthents are known.

Fig. 1. Geometrical interpretation of curvatureegrative Gaussian curvature, b- positive Gaussiarature

N = Ay + Apsy + Aigryy + Buky + Bioky +Bigky

N\? = A218>(<) + Azzgg + Agayyy + lekg + Bzzk\(() + stkgw
N?(Y = ASlg)? + A328§’ + Agayxy + B:~:1k§)< + Bszk\(() + B33k§)(Y (5)
M% = 31153 + 51253 +Bigryy + D11k§)< + D12k\(() + D13k§)(Y '
M\? = 52183 + B2258 + Bogyyy + D21k§)< + Dzzk\(() + D23k§)(Y

0o _ 0 0 0 0 0
M xy = Bgiéx + Bgogy + Bagyyy + Dagkx + D3oKy + Dagkyy

where

Ng)( , N\?, NQY —forces that act per unit length of mid surfaceinection X Y, XY;

M 2 , M?, M 9(Y — moments that act per unit length of mid surfacdiiaction X Y, XY;
Aj . Bjj, Djj —matrix coefficients that could be calculated acomydo egs.(6).

N- number of layers;

N(__ where
A =210 | (z-2za)
Zy,Z_, —bottom and top coordinate on axis of layer

o] beoas) @
k=1 K

Qij — matrix witch coefficient could be calculated aating
to eq. (7)
3 3
(Zk —Zq )

i,
[
Wl NlR
104z
7~ N\
2|

Q.= Cl(El cos® @+ 2(EVvy; + 2G5 (1— Vi ,Vy; ))sin? pcos? ¢ + E, sin? (0)
(322 = Cl(El sin® @ + 2(EyVy; + 2G;, (L— ViV, ))sin? p cos’ ¢ + E, cos’ (0)
612 = Cl((El +E, — 4G, (1- VyoVp1 ))sin? @ cos” ¢ + Evy, (sin® ¢ + cos? (p))

(7
Q.= Cl((El +E, — 2EVp; — 2G;, (1— Vy V51 ))Sin? @ cos” ¢ + Gy, (sin ¢ + cos? (p))

(_?13 = Cl((El — By — 26,1~ V12V21))Sin(0(3053 Q-+ (E1V21 - By +2G, (- V12V21)Sin3 ® COS(/’)

623 = Cl((El — EqVpy — 2G5 (L VyaVyy ))sin® 9 cosp + (Eyy — E; + 2G5 (L VypVyy )sing cos? (/7)
where
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C=r—"7"—;

1-ViVpy

Vy5,V,1 — Poisson’s ratio;

E;, E, — Young’s modulus in axial direction of wood and @mgential direction of wood;

G, — shear modulus of wood in tangential - axial plane;

@ — direction of fibres of each wood layer with axeOther coefficients of matri>Q_ij are obtained using symmetry.

In case of symmetrical structure of sheet and mmest to function\W(Zz), then coefficients of matrik andD are not

d'St;'bet'on thfrough tge th(;cgness of the sheetumf60rm OIzeros because each layer has different elasticepiep and
coefficients of matrixA an are zeros (see €q.(6)) an curvatures and torsions of the sheet are not Zesoce and

‘é‘?"”?’bs Qf CLrJ]rvaturrlei a?lq ktors'of‘ are ze_][o. Iflatrmsgu_re moment system that arise from moisture change atsd peer
istribution through the thickness in not uniforot ccording |, it length of sheet is calculated according to(8}].

[Ne]- %l[@j (W(z))} 8] Wo ~W(2)(2c - Za)

k= K K

1 (8)
YHE ‘{Q., (W(z))} [ﬂu] Wo ~W(2)(z* - 217)

where
W, —value of initial moisture content of the sheet.

In the curvature
analysis is assumed that in each layer the moisture i 2 ]
7 47 ou) 2% 1faul
distribution is uniform and its value iW(M] . % X 2| ox
ol w aud o%ud  1(éeud
B. Large displacement analysis %, 6X§ 2| o%,
The strain- displacement relationship is obtainedmf €= 0
Green-Lagrange strain tensor [10], using Kirchof«#o 0
hypothesis of thin plates and assuming that inglan
displacement of the sheet is small: 0
1 auf+aug Ly o%ud 16u3 oug
BEREI RS T2 % |
o v[q % %
The most convenient way of solving structural peoi _ 1 T = T
with geometrical non-linearity is Finite element thred H_g:l E i{ljg QedA- jljg swdA| (11)
(FEM). Using the FEM for displacement analysis of L X D X3 D
multilayer sheet transverse displacements of mithsa of oIl
sheet ug is approximated by appropriate polynomial (see a_alzo
€q.(10)). Order of polynomial depends on node count oIl
element. Unknown coefficients of polynomial areveal using 8_ =Y (12)
: - a,
typical Finite element procedures [11].
ud = f(ag,ay,a3,..) . (10)
where

The unknown coefficients are obtained using minimurr:EWT =[aX1-AW Uyo - AW O] are moisture caused
principle of minimum of total potential energy fuio: stains;
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N- total number of layers;

lox: 1oy —moment of inertia for flat plate relative to axis x

xi3, xf{l — i-th layer top and bottom coordinates in diresti and y;

of sheets thickness;

I x, 11,y — moment of inertia fot step curved plate relative

a1,y —Material expansion coefficients when moisturgy 4yisx andy;

varies 1 %.

The nonlinear algebraic system of equation (12)lccdoe
solved by using Newton-Rapson iteration method .[T0e
Finite element method (FEM) gives accurate restittgesh is
smooth enough. FEM is inconvenient if it is necegda do
displacement analysis for great number of casesrefbre
further the shape analysis of multilayer sheetisedby using
simplified method produced by authors [12]-[14]mtBned
with previously described equations. This metholased on
following relationship:

n- total number of iteration.

It is necessary to take into account the geométrica
nonlinearity of the sheet with orthogonal structuie
difference between moments of inertia for a flakethand
curved sheet is greater than 5% [13].

IV. RESULTS OF ANALYSIS OF MOISTURE DISTRIBUTION

Moisture distribution through the thickness of #ieeet is
analysed according to equation (1). The sheet stnsif 9
birch layers; its total thickness is 13.5mm. Assdntbat
surface emission coefficient is not dependent oristue
content and temperature. In the first case théainiboisture
level through the thickness of the sheet is 12% femth one
side of the sheet the relative humidifgH) of air is 65% (
wood moistureW=13% according to [3]) form other side
RH=53% =10% according to [3]). Temperature is constant
293.15 K. The obtained results at discrete timesé@vn in
fig. 2

t=10h = =« t=100 h = =400 h

lo
kX (W) _ Z I Iy (13)
kQ(w) | i2 lox |
VLI (w02
I |,X |
where
0,130
0,125
0120 .. T
mkgkg u,usf

0,110

29315 K

T

0,105

0006 -0,004 -0002 0

m

ooz 0004 0004

Fig. 2. The distribution of moisture content thrbube thickness of sheet at varying time periods

Another case was analysed for moisture distributioconditions wood moisture content is about 11% CBher side

through the thickness of sheet. The initial moistoontent of
wood is 12% and from one side relative humidityaf is

RH=56% and temperaturg=293 K. For this environment

is covered with moisture isolation. The results slhewn in

Fig.3.
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Fig. 3. The distribution of concentration of moigtthrough the thickness of sheet after varyingtpariods t time).

6.5%. One side of sheet is above opened water esowuith
distance from it 50mm. Other side of the sheetlfexted to
normal indoor air conditions- temperature 293 K aglative
humidity 60%. The results in experimental and tk&oal
analysis are shown in Fig. 4. It shows that théca#y
obtained results are in good agreement with experiah
Experimental results are with 95% statdti

The moisture diffusion theoretical analysis wasfiest by
experimental results taken form literature [15].eThheet
consists of 7-veneer structure. The first and &heer is made
from modified wood with density 900 kg/m3, afteruigig
process. The thickness of top and bottom veneef &enm.
Thickness of all other veneers are 2 mm. Totakiteéss of the
sheet is 13mm. Veneers are modelled like orthotromterial results.
and mechanical properties of layers are obtaineam fr guarantee.
literature [15]. The initial moisture content ofettsheet is

10
o

—+—time=0 h {exp)

—a—time=1h (exp)
—a—time=2 h (exp)
—w— time=3 h (exp)
——time=§& h (exp)
—+—Ttime=7 h {exp)
— 4+ time=2 h {thear)
— — time=7 h itheor)

T T T T T
-G8 -4.5 -25 -05 15 348
Z mm

Fig. 4. Experimentally and theoretically obtainedisture distribution through thickness of sheet

Analysis of curvature was done for a few cases aiktare-
A. Curvature analysis of sheet in non-time-dependen temperature conditions. The curvature was calctl&e the
sheet showed in fig.5. The sheet consists of nimod lyeneers.

environment conditions _ o ; ! i
Wood fibre direction of five layers is parallel ¥ axis and

V. RESULTS OF CURVATURE ANALYSIS
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others are parallel t&X axis. Total thickness of the sheet is The values of elastic characteristic when moistargent is
13.5 mm. Sheet is square shaped and length of eddg®©0 below FSP could be calculated by following equatifi6]:

mm.

The following elastic characteristics for birch éay were E, (W) = E, (L2%)— 200- (W —12)
used in analysis [16]:
e E. (12%) = 1640(MPa E (W) = E; 12%) - 25- (W ~12) (14)
a =
E; 2%) = 530MPa Gy (W) = Gy, 12%)—30- (W -12)
where

G,, (12%) = 890MPa

a- axial direction of wood fibre;
t- tangential direction of wood fibre.

a) b)

@(0/\ Az

13.5mm

£ S

LrE) '\6Q \‘9

e 1

o X '\/ X

&6\0
74
LY ¢ > LY
1500 mm _@é@ L 1500 mm

Q\

Fig. 5. Structure and dimensions of the sheetheetswith symmetrical- orthogonal structure, b-estvéith asymmetrical- orthogonal structure.

Values of curvature analysed according to initiad a with symmetrical-orthogonal structure (see fig) ®arvature
boundary conditions shown in Fig. 2. In case ifsheet is analysis results are shown in Fig. 6.

0.05
o045 =
0.04 - -
0.035 - _ -~ Kx
003{ — —Ky
§_ 0.025 - /
0.021 /
0.015 1/

0.01 ~
0.005

0 \ \ \
0 50 100 150 200

time, h

Fig. 6. Values of curvatures depending on time afing to moisture distribution shown in Fig. 2. fbe sheet with structure shown in Fig.5.a.

Values of curvature is analysed according to ihiiad with asymmetrical - orthogonal structure (see figb)
boundary conditions shown in Fig. 2. In case if fireet is obtained results are shown in Fig. 7.
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Fig. 7. Values of curvatures depending on time ating to moisture distribution shown in Fig. 2. fosheet with structure shown in Fig.5.b

Values of curvature calculated according to initesld with asymmetrical- orthogonal structure (see fidh)Fesults
boundary conditions shown in Fig. 3. In the cagbéfsheet is are shown in Fig. 8.

time, h
1 10 100 1000 10000
0.2 ‘ ‘
s T
0.15 -
Ve
0.1 1 y g
£ 0.05 1 _ 7 — — Kx
;L 07______'_____——// _Ky
-w5§‘-§—\\\\\\\\\\\\____
-0.1
-0.15 -

Fig. 8. Values of curvatures depending on time ating to moisture distribution shown in Fig.3 foskeet with structure shown in Fig.5.b.

The analysis of curvature was verified by experitaedata five layers are made from non-modified alder woddhe
that is obtained from literature [15]. Curvaturealysis was thickness of first and last layer is 1.5mm thiclsether layers
done for the square shaped sheet with length of edgal to is 2mm. The initial moisture content of the shee®.b %. The
480mm and total thickness 13mm. The sheet has ef-laycurvature analysis is done at discrete time acogrdio
structure. Outside layers are made from modifielbralvood, moisture distribution curves shown in Fig. 4.
that has density about 900 kd/mifter gluing process. Other
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Fig. 9. Experimentally and theoretically obtainesvatures for 7-layer sheet according to [15] V%6 statistical guarantee.

B_. Curvature ang_lysis of sheet in time-dependent RH = 0877+ 0.000587 + 446-10°%t2 — 179.1078t3
environment conditions (15)

Another numerical experiment was done to simule t T =— 9418+ 0146-t+0.000236t% - 18*107° -t°
behaviour of the sheet that is shown in Fig.4.ather case (16)
when one side of the sheet is subjected to outdonditions where
and other side of the sheet is in indoor conditiois293.3 t- time in days #=0- first Januaryt=365- 31. December);
K, RH=50%. The maximal outdoor relative humidityigs of T- temperature in (K);
average humidity and its amplitude) and averagepéeature RH-relative humidity (%).
are taken from national standard LBN-003-01
“Bivklimatologija” for the Riga. In the calculation relative ~The moisture content of birch wood could be apprated
humidity (RH) and temperature of the outside ardy following equation depending on relative hunyidif air
approximated by third order polynomial: and temperature [3]:

m(p,T) = 0.0638+ 0.1096- RH + 0.0001947T + 0.1219- RH? - 9810 -T?-0.00017.RH-T.  (17)

Moisture distribution curves through the thickne$sheet explained by smallest average relative humidityainfin the
at discrete time are shown in Fig. 10. Offset ofignwe winter months (December- January). The resultsuofature
distribution curve at the time about 50 week coldd analysis in different month are shown in Fig. 11.

=10 week = = ' =20 week

02 [ =) week
{ | = t=50 week

0,204

0,184

mkgkg 0,16

0,14

RH{t)

RH=
T=T{t}

0,12+

0,104

_0006 -0004 -0002 O 0002 0004 0006
Z
Fig. 10. Moisture distribution through the thickees sheet at varying time.

63



Scientific Journal of Riga Technical University
Construction Science

2010

Volume 11

0.16
120% =
0.14 00% | 5_//{——-\\
a0
0.12 —
:_% 01 4 — Ky 1m s
- —_— 3, 1m W% 1
= . ime , da
0.08 - e, days
o o0 200 300 00
0.06 1 293
T,K
0.04 4 1
283
0024 _ — ‘
273 time, daws
O T T T T T T T T T T T ‘ 400 200 o0 20
| I L L I I L D S A
Month ‘253'
Fig. 11. The average values of curvature depenaiingonth for a sheet with structure shown in Fig. 5
CONCLUSIONS 7. Reissner, E., Stavsky, 1.Bending and stretching of certain types of
. . . . . . heterogeneous aleotropic elastic plafeans. ASMESer. E, 1961, Vol.
Numerical analysis of moisture diffusion process in 28 N 3, p. 402-408.
plywood sheet is done and moisture distributionvesr 8. Rocens, K. Steiners, K. Stiffness and ductability analysis for
through thickness of the sheet when there are rdifte unbalanced monoclinic composit®lechanic of polymerRiga, 1976,
. " . . . Vol. 6, p.1030-1035.
moisture conditions in each side of the she_et btaioed. _ Skudra, AM., Skudra, AA. levads sizaino materilu mekanika.
Values of curvature of the sheet with symmetrical - Riga: RTU, 2002. p. 116.
orthogonal structure and asymmetrical - orthogatalcture 10. Bonet, J., Wood, R.D.Nonlinear continuum mechanics for finite
with respect to sheet mid-surface were calculatec fvarious element analysidJK: Cambridge university press, 1997. p. 283.
ist distributi th h the thicknekthe sheet 11. Zienkiewicz, O.C., Taylor, R.L. The Finite Element Method. Vol. 2.
moisture aistri u Ion Cur_ves roug ethic e S eet. Solid MechanicsLondon: McGraw-Hill, 2000. p. 459.
The sheet obtains maximal curvature when equilibretate 12 siiseris, J., Rocens, KCurvature analysis for asymetical multi-layer

in moisture diffusion process occurs.
numerical curvature analysis of 7-layer sheet conéa to
experimental results.

Calculated values of curvature when one side oétsise
subjected outdoor time-dependent
conditions where average relative humidity (sumnveth
average amplitude) and average temperature oh@iughout
the astronomic year
polynomials. Maximal displacements of the sheeupet the
middle of summer.
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Janis Sliseris, Karlis Rocéns. Mainiga mitruma ietekme uz sinpainas koksnes matetilu formu

Noteikts mitruma saturs pa sa#pa loksnes biezumu pie &ifga mitruma loksnes ab puss, risinot difizijas vieradojumu. Apgkina apskaiti gadjumi, kad
loksnei alas puss ir nemaiigi mitruma refmi un vienngriga temperata, ka af gadjums, kad loksnei viena puse ir ieSaskag arartelpu, idz ar to mairgu
temperairas-mitruma reimu, Sis reims noteikts kK vidgjais temperdiras un vidja gaisa mitrums, kam pieska# videja mitruma ampliida Ec bivnormaiva
LBN-003-01 “Bavklimatologija”, approksingjot vidgjas \ertibas ar trefs pakipes polinomu, otra loksnes puse atrodas apiuwéintelpa ar nemairgu
temperairas-mitruma reimu.

Teoftiski apkinatais mitruma sadglms pa 7-¢lnu loksnes biezumu ioti tuvs eksperimeali iegatajam. Liekumu @rtibas, kas atrastas eksperinaéinir
tuvas teogtiski apiekinatajam vertibam.

Izmantojot iegto mitruma sad@umu pa loksnes biezumu, noteikti loksnes liekukaid loksnei ir simetriski ortogafa struktira un kad tai ir nesimetriski
ortogorila struktira. Loksne ar simetriski ortogaln strukfiru, mainoties mitrumam pas biezumu, var iag pozitivu vai nulles Gausa liekumu ¢taloksne ar
nesimetriski ortogoiiu strukfiru var iedit pozitivu, negatvu un nulles Gausa liekumu. Loksne malkdirparveidojas, kad iedfies mitruma majas idzsvars pa
tas biezumu. Loksne, kas no vienas pusedapa#t apkrtejas vides maifgajam temperatas un mitruma réham, un no otras puses — telpas tempeaatin
iek&jam mitrumam, satur 12% mitruma, maksii® parveidojumi un izliekumi notiek vasarassnesos.

SAnuc Hliucepuc, Kapauc Pouenc. Biausinne u3MeHeHusl BJaru Ha (popMy CJI0MCTBIX IpeBeCHbIX MaTepHAIOB

ITytém pemenns A y3HOHHBIX ypaBHEHHH U1 OJJHOOCHOTO CIydasi ONPEACISeTCs PaclpeiesicHHe BIark Mo TOJIHHE JucTa BO BpemeHu. IIpu pacuere
paccMaTpUBAIOTHCS CITydad, KOTAa 1Mo 00CHM CTOPOHAM JIHCTA BIAYKHOCTD M TEMIIEPATypa IIOCTOSHHBI, 4 TAKXKE CIy4Hii, KOr/a OJHA CTOPOHA JINCTA HAXOIUTCS B
KOHTAKTE C OKPY)KaIOIIeil CPEeIoi, T.6. M3MEHSCTCS BO BPEMEHH BJIQKHOCTh M TeMIleparypa, ¢ yuérom crpourtensusix Hopm LBN-003-01 ,Bavklimatologija”, a
BTOpasi CTOPOHA JINCTA HAXOAUTCS B IIOMEIICHNH C [IOCTOSIHHBIM PEXHMOM BIIQXKHOCTH M TEMIICPATYPbI.

PacCantaHHBIC PACIIPEACICHHUS BIAKHOCTH Yepe3 TONIIKHY 7-CIIOHHOTO JIMCTA TOATBEPIKAACTCS IKCIICPUMEHTAIBHBIMY TaHHBIMU. BennuuHb! n3rubda, KOTopsIe
OIIPEICICHBI OKCIIEPUMEHTAIBHO, IPAKTUYECKU HOATBEPXKAACT PACCINTAHHBIC BETHINHBL.

Hcnonb3yst MOydeHHbIE PACHpPEICNCHHs BIAKHOCTH 110 TOJIIMHE JIMCTA, ONpPEACICHbI M3rHOBI JIMCTA, B CIydYasX KOr[a IUIACTHHA HMEET CHMETPHYHO-
OPTOTOHAIBHYIO CTPYKTYPY M KOTZA OHA MMEET HECHMETPHYHO-OPTOrOHANBHYIO CTPYKTYpY. JIMCTBI C CHMETPHYHO-OPTOrOHAIBHOM CTPYKTYpOil B Ipoiecce
M3MCHEHMS BJIQKHOCTH MOTYT MOJYYHTH MO3UTHBHBIA WM HyJIEBOH BeIrHO I'ayca, HO JINCTBI C HECHMETPHUYHO- OPTOrOHAIBHOI CTPYKTYPOH MOTYT MOIYYHTH
MO3UTHBHBIN, HEraTWBHBIH W HyseBOW BbIrnG ['ayca. MakcHMalbHbIC MEPEMELICHHs IUIACTHHA JOCTHUraeT B TeX Clydasx, KOrJa HACTYNaeT PaBHOBECHE
BJIQYKHOCTH JINCTA C BIQYKHOCTBIO OKPYXKAOIIEH Cpebl. YCTAaHOBIICHO, YTO IUTacTHHA ¢ 12%HbIM COAEpIKaHUEM BIIard, KOTOPast C OJHOM CTOPOHBI MOABEPTHYTa
JICHICTBHIO TEMIIEPATYPhI M BIAKHOCTH OKPYXKAIOLICH Cpe/bl a C APYroii- MOCTOSHHOM BIQKHOCTH M TEMIICPATyPhl IIOMELICHHUS, MAKCHMAIIbHBIC IEPEMEIICHHS 1
M3rUObI JOCTUIAET B JISTHHE MECSILIBI TO/IA.
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