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Abstract. In designing a natural ventilation system for animal sheds it is necessary to assess the ventilation induced by
thermal buoyancy and wind forces during different seasons and under different animal housing conditions. By applying
analytical and experimental investigation a methodology was prepared to establish ventilation intensity caused by thermal
buoyancy and wind and data were achieved on thermal buoyancy and wind values and their relationship. The innovation
of the methodology can be described by the fact that a simple equation was formed to calculate the air speed in inlet and
outlet openings, a mathematical expression of thermal buoyancy and wind ratio was achieved and the required inlet open-
ing area to let in fresh air compared with the outlet opening area to let out polluted air was substantiated to ensure that all
polluted air is removed through a rooftop open in winter. It was calculated that the average air speed in the rooftop outlet
opening of a typical cold-type cowshed is 1.3 m/s (when there is no wind, this speed decreases to 0.3 m/s), thermal buoy-
ancy and wind ratio is 0.27 and in order to have all polluted air removed through the rooftop open in winter the inlet open-
ing area in the walls must not exceed 40% of the rooftop opening area. The accuracy of the prepared methodology was
tested under natural conditions of barn operation when the distance between air inlet openings and outlet openings was
6.5 m. During the investigation indoor and outdoor temperatures, air speed in the outlet and wind speed were measured.
During the experiments the difference of indoor and outdoor temperatures varied from —2 to +16°C and air speed in the
outlet — from 1.2 to 1.9 m/s. The analytical results reflect the mean values of experimental data under natural conditions of
operation rather accurately. The difference between the experimental and calculated air speed values in the outlet opening

was insignificant and was within 0-8% range.

Keywords: natural ventilation, thermal buoyancy, wind, ratio, parameters.

1. Introduction

Ventilation is a key element in the successful operation of
any animal production facility. There are two basic types
of ventilation system: mechanical and natural. Both re-
quire a good design and management.

Of late years it is stressed that natural ventilation of
buildings can save a lot of energy, CO, emissions are
reduced, therefore, a natural ventilation system is envi-
ronmentally friendly (Allocca et al. 2003). A natural
ventilation system is by half cheaper compared with a
mechanical ventilation, and maintenance makes only one
third of the maintenance of a mechanical ventilation sys-
tem. If natural ventilation is not sufficient, fans have to be
installed for mechanical ventilation to complement the
natural one.

The study of airflow through building inlet and out-
let openings has been the subject of papers by a number
of authors. Natural ventilation is induced by thermal
buoyancy and wind. At least two methods have appeared
in literature to combine the effects of wind with thermal

buoyancy (Natural ventilation...2008). One method su-
perimpose wind and thermally induced pressure differ-
ences across openings, and use Bernoulli’s equation to
develop expressions for the speed as a function of vertical
in the opening. An alternative method is to calculate natu-
ral ventilation due to wind separately and then combine
them using the equation: square of total air flow rate is
equal to the sum of squares of air flow rates induced by
thermal buoyancy and wind forces.

It is proposed that the intensity of natural ventilation
in premises is determined by many factors such as wind
speed, direction and its turbulence, the size of ventilation
openings and their location, heat sources, thermal con-
duction of outer walls, solar irradiance, etc. However, the
most important thing is to evaluate ventilation induced by
thermal buoyancy and wind speed (Li and Delsante
2001). Thermal buoyancy pressure is usually smaller than
wind pressure, therefore, wind induced ventilation is also
greater. However, it is difficult to forecast as wind speed
and direction change invariably.
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Theoretical and experimental research of natural
ventilation of buildings is broadly published in literature
of late years (Zhang et al. 1989; Li et al. 2000; Yang et
al. 2005; Luo et al. 2007; Andersen 2003; Gebremedhin
and Wu 2003). A mathematical model of pigsty ventila-
tion integrating thermal buoyancy and wind was created.
According to this model it is possible to find indoor air
temperature and ventilation intensity depending on out-
door air temperature, wind speed and direction, the size
of wventilation openings and building configuration
(Zhang et al. 1989). Methodology to calculate air speed
in a building depending on wind speed was developed
(Aynsley 1999). A computerized model was formed to
demonstrate the dependencies of a building zone ventila-
tion on wind pressure (Li et al. 2000). The theoretical
analysis of the equations of air movement in a building
suggests that thermal buoyancy and wind are directed
towards one side or directed towards opposite side.
Therefore, depending on the arrangement of ventilation
openings, wind can assist or oppose the thermal buoy-
ancy force in natural ventilation (Andersen 2003). At
proper installation and adequate maintenance of a ventila-
tion system, square of total ventilation intensity is equal
to the sum of squares of ventilation intensities induced by
thermal buoyancy and wind forces (Luo et al. 2007).

So natural ventilation is an effective measure to save
energy consumed in buildings and improve indoor air
quality. This increased use of mostly fossil-based energy
leads to atmospheric pollution and global warming. It is
important to fully understand and analyse animal shed
ventilation under combined wind and thermal buoyancy
effects in order to make its design more effective. This
paper reports our efforts in providing such an information
to designers.

The objectives of this study were: first to work out a
methodology for establishing ventilation intensity in-
duced by thermal buoyancy and wind in designing an
animal shed ventilation system, then to test the method-
ology in production situation of animal shed.

Analytical and experimental investigation was ap-
plied.

2. Methods
2.1. Concepts and theory

Natural ventilation is induced by thermal buoyancy and
wind (Fig. 1).

Due to thermal buoyancy air comes through the
openings in both side walls of a building and is removed
through the opening installed above. Wind forces air to
come through the openings of one side wall and the air is
removed through the higher opening and through the
openings of the opposite side wall.

It was established that the total value square of
building ventilation intensity is equal to the sum of
squares of ventilation intensities induced by thermal
buoyancy and wind (Luo et al. 2007). By analogy it can
be written that mass resultant air discharge in inlet and
outlet openings is:

2 2
Gi2) =/Gii2) T G2y » )]

where Gy — mass total airflow rate induced by thermal
buoyancy and wind in inlet opening (Index 1) or outlet
opening (Index 2), kg/s; Gy(2)— mass airflow rate induced
by thermal buoyancy in inlet or outlet opening, kg/s;
G2y — mass airflow rate induced by wind in inlet or
outlet opening, kg/s.

Fig. 1. Schematic view of animal shed with inlet opening
(1) and outlet opening (2): P;, P,, P;—wind pressure on
windward wall, leeward wall and indoors

By applying Bernoulli’s equation it is found out that
mass airflow rate induced by thermal buoyancy in inlet
and outlet openings are respectively:

H At
G = 4Ca1P,,| S )
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where: 4, A, — total area of inlet and outlet openings, m’;
Cyq1, Cqp — air discharge coefficient for inlet and outlet
openings; p, p; — outdoor and indoor air density, kg/m’;
g — gravitational acceleration, m/s*; H — height from mid-
point of air inlet opening to air outlet opening, m; Af —
difference between indoor and outdoor temperatures, °C;
T, T; — thermodynamic indoor and outdoor temperature, K.
While calculating wind-induced ventilation intensity
it is taken that outdoor and indoor air densities are the
same and they are indicated by p, kg/m’. By using Ber-
noulli’s equation it is achieved that wind-induced air
discharge in inlet and outlet openings is, respectively:

Gy = A4Cy\2p(A-F); “4)
Gyy = 4Cyr+2p(F, - P) , )

where Py, P,, P; — wind pressure on inlet and outlet open-
ings and indoors, P,.

As air discharges in inlet and outlet openings are
equal, i. e. G,; = G,,, and after solving equations (4) and
(5) it is achieved that wind pressure induced indoors is:

2 42 2 2
_CadiR+CanAH P
2 42 2 2
Cadi +Cardy
Wind pressure on wall P is directly proportional to
pressure coefficient £, i.e.

P

1
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where v, — wind speed, m/s.
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By applying dependence (7), equation (6) is solved
as follows:

2 2 2 2

_hCa Al +kCar 4
2 2.2 2
Cardi +Can 4

where k; k, ki —coefficient of wind pressure on the wall

near inlet and outlet openings and indoors.
Solution of equations (4), (5), (7) and (8) results in

k -k
le = sz = Cdlcd2A1A2pvv ﬁ . (9)
\ Cardi +Canda

When all indoor ventilating air circulates through the
openings of the ventilation system, Cy;4; = Cg4,, and
equation (9) is simplified:

ki —k
Gy1 =Gy = Cai2) A12)PVy 4|~ 5 = (10)

Having solved equations (1), (2), (3) and (10) the in-
door ventilation intensity G is achieved, which is induced
by thermal buoyancy and wind and which is equal to air
mass discharge in inlet and outlet openings:

k.
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Air speed in inlet (Index 1) and outlet (Index 2)
openings vy, m/s is:

gHAt 2 kl —k2
I(2) =Cd1(2)\/ T e
o1

For a traditional animal shed (building is one-storey,
T;=283 K and k= 0.7, k, = —0.3) equation (12) is simpli-

fied:
vi(2) = 0.19C 12y HAL +14v7 (13)

Thermal buoyancy pressure is lower than wind pres-
sure. Perhaps the ventilation intensity induced by wind is
higher than that induced by thermal buoyancy. The ratio
of ventilation intensity induced by thermal buoyancy and
ventilation intensity induced by wind is;

(12)
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VHAt

B=0.27 .
v

Due to thermal buoyancy air comes through the inlet
openings located in both side walls of the building and is
removed through the outlet openings above. Wind forces
air to come only through the inlet openings of one side
wall. In order to avoid draughts at cold weather, it is rec-
ommended to have all polluted air removed from the
building’s upper outlet openings. To achieve that the
ventilation intensity induced by thermal buoyancy has at
least to be equal to the amount of air blown in by a win-
dow through one side, i.e. G>0.5G,;. By solving equa-
tions (2) and (10) we find out how much inlet openings
have to be reduced in winter compared with outlet open-
ings to have air flow upwards in a stable way:
C 2N HAt

Carvy

Equation (15) shows that air flow stability increases
with an increase of the vertical distance between inlet and
outlet openings.

Fig. 2 shows dependence of calculated values of the
air speed in the outlet on temperatures between indoor
and outdoor air difference and wind, when the distance
between the inlet and outlet openings H = 4 m and air
discharge coefficient Cyq, = 0.5 (equation 13). At normal
wind (speed 3.5 m/s) and increase of the difference be-
tween indoor and outdoor air temperatures from 0 to
20 °C, air speed in the outlet increases from 1.26 to
1.52 m/s, i. e. by 21%. However, if the wind speed in-
creases from 0 to 10 m/s (when Az = 3 °C), air speed in
the outlet increases from 0.33 to 3.6 m/s, i.e. 11 times.

It was calculated that in a typical animal shed (when
At=3°C,H=4m, C4;=0.5, Cy=0.65, v,= 3.5 m/s) air
speed in the outlet opening of the rooftop is 1.3 m/s
(when there is no wind, this speed decreases to 0.3 m/s),
the ratio of ventilation intensity induced by thermal
buoyancy and wind — 0.27; and in order to have the entire
air removed through the outlet opening in the rooftop in
winter, the area of inlet openings in the walls does not
have to exceed 40% of the rooftop opening area.

(14)

A <0,54, (15)

4
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Fig. 2. Analytical dependence of air speed in outlet on indoor-outdoor temperature difference and wind speed v, .
Distance between air inlet and outlet openings is H = 4 m, coefficient of discharge of opening is Cg,= 0.5
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2.2. Experimental testing of air flow rate through
ventilation system openings

The objective of the experimental investigation is to
evaluate the influence of thermal buoyancy and wind
while ventilating animal sheds and test the accuracy of
the equations obtained.

The experiments were carried out in a pigsty with
fattening pigs. The number of pigs was 600. In the pigsty
animals were grown from 30 kg up to 110 kg. The pig
stall was scattered with straw. The room width was 18 m,
length — 60 m, and height — 3.5 m. The pigsty was ori-
ented in a longitudinal south-north axis.

The pigsty was naturally ventilated. Clean air flows
in the pigsty through gaps (inlet) of 30 mm width at the
top of longitudinal wall boards, and the polluted air is
removed through one chimney (outlet). The distance
between inlet and outlet (top of the chimney) was 6.5 m.
The total area of the inlet in winter was 3 m”. When the
average outdoor temperature increased over 5 °C, the
windows were opened. Cross-sectional area of the chim-
ney was 4 m’.

During the experiments measurements of air speed
at the outlet, wind speed, temperature indoors and out-
doors were carried out. Air speed and temperature were
measured by the instrument ALMEMO 2290-3. The val-
ues of air speed gained were analysed statistically and
compared with the results calculated according to equa-
tion (12).

3. Results and discussion

The measuring results are given in Fig. 3.

The investigation was carried out from July to De-
cember. During the experiments the air flow in the outlet
was stable. Outdoor air temperature varied from —7 to
+24 °C, and indoor air temperature was 9 — 22 °C. Thus
temperature difference between indoor and outdoor air was
from —2 to +16 °C. The average wind speed varied from
3.6 to 4.2 m/s and was higher in the cold season, i.e. when
the indoor and outdoor temperature difference was higher.
Air speed in the outlet v,, m/s, and the dependence on the
indoor and outdoor temperature difference At, °C, are ex-
pressed by the following regression dependence:

vs =0.042 At +1.25 R*=0.45, (16)
when indoor-outdoor air temperature difference At = -2 —
16 °C, wind speed v, = 3.6 — 4.2 m/s, and distance be-
tween air inlet and outlet openings H = 6.5 m.

In the warm season, when indoor and outdoor tem-
peratures were equal (A = 0 °C), air speed in the outlet
was 1.15 m/s. In the cold season, when indoor and out-
door temperature difference increased up to 16 °C and
wind speed increased from 3.7 to 4.2 m/s, air speed in the
outlet opening increased up to 1.92 m/s, i.e. 1.5 times.

Comparison of experimental and analytical air speed
in the inlet, when indoor and outdoor temperature differs
and wind speed is 3.6 (Ar =0 °C) —4.2 (At =16 °C) m/s, is
given in Fig. 4. The difference between the experimental
and analytical values varies from 0 to 8%. When A¢ =3 °C,
this difference is equal to 0. It can be stated that the predic-
tive results reflect the experimental data rather accurately.
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Fig. 3. Experimental dependence of air speed in outlet opening on indoor-outdoor temperature difference.
Distance between air inlet and outlet openings is 6.5 m and wind speed — 3.6—4.2 m/s
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When air speed in the outlet is known, the required
total area of outlets (Kavolélis and Bleizgys 2006) is:

)
4y 2&(M_%j, (17
cpivy At

where X0, — total heat of animals flow rate, kW; ¢ — spe-
cific heat capacity of air, kJ/(kg.K); p; — indoor air den-
sity, kg/m3; ¢ — ratio of sensible and total animal heat;
X, — total module of heat losses through building parti-
tions (walls, roof, floor and foundations), 1/K; x — partial
module of heat losses through building walls and roof,
1/K; m — coefficient that evaluates solar irradiance, m>.
K/W (about 0.022 m*. K/W); I — average density of sun
energy flow towards the building surface, W/ m* Ar —
permissible difference between indoor and outdoor air
temperature, °C.

2

—
(6]

L—"

= = Analytical

Air speed, m/s

experimental

0 T T T T T T T T
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Temperature difference, °C

Fig. 4. Comparison of experimental (equation 16) and
analytical (equation 13) data of air speed in outlet opening
for various indoor-outdoor temperature differencies (dif-
ference between experimental and analytical values does
not exceed 8%)

The total heat loss module (Kavolélis and Bleizgys
2006)

. _ZUA+yF

, 18
o 0, (18)
the partial heat loss module
v XUA ’ (19)
20,

where: U — heat transfer coefficient of partitions (walls
and roof), W/(m>.K); 4 — partition area, m% Y- specific
heat losses through floor and foundations, W/(m.K); F —
perimeter of foundations, m.

When foundations and floor are insulated, the spe-
cific heat losses ¥ = 0.9, and when they are uninsulated
¥ =1.5 W/m.K (Albright 1990).

For an uninsulated animal shed, to avoid condensa-
tion of water vapor on the internal surface of the outer
partitions, the permissible difference of indoor and
outdoor temperatures is the following (Kavolélis and
Bleizgys 2006):

260
At = _Tlg 9;» (20)
where U — heat transfer coefficient of partition on which
vapor condensation is not allowed, W/(m* K); ¢; — indoor
air relative humidity, parts of unit.

Natural ventilation can efficiently provide year-
round ventilation for animals. Air exchange is caused by
thermal buoyancy- and wind-induced forces. Both of
them are dependent on uncontrollable weather. The inlet
and outlet openings are adjusted to control the air ex-
change rate. There are methods to calculate the parame-
ters of air inlet and outlet openings of an animal shed
ventilation system at the design stage (Albright 1990;
Caenegem and Wechsler 2000; Stolpe 1985; Sallvik
1989). But the main problem is that these methods do not
reveal the accuracy of predicted wind forces.

This work reveals the designers’ practical knowl-
edge on the behaviour of natural ventilation due to wind
and thermal buoyancy forces acting in animal housing
sheds during different seasons and under different animal
housing conditions. By applying analytical and experi-
mental investigation a methodology was prepared to es-
tablish ventilation intensity, caused by thermal buoyancy
and wind, and data on thermal buoyancy and wind values
and their relationship were achieved. The innovation of
the methodology can be described by the fact, that a sim-
ple equation was formed to calculate the air speed in inlet
and outlet openings, a mathematical expression of ther-
mal buoyancy ventilation and wind ventilation ratio
achieved and the required inlet opening area to let fresh
air in compared with the outlet opening area to let pol-
luted air out was substantiated to ensure all polluted air
be removed through a rooftop outlet opening in winter.

4. Conclusions

The key data to design a natural ventilation system for an
animal shed were substantiated. They can be summarized
as follows:

1. The ratio of thermal buoyancy ventilation and
wind ventilation was established and a methodology was
prepared to forecast ventilation intensity based on the
calculations of air speed in inlet and outlet openings. An
equation was formed to calculate the ratio of the inlet and
outlet areas.

2. The accuracy of the methodology was approved
by experimental investigation under natural conditions of
shed operation. The difference between the experimental
and analytical air speed values in the outlet opening was
insignificant and ranged 0—8%.

3. According to the analytical and experimental in-
vestigation results, it was calculated that in a typical ani-
mal shed air speed in the outlet of the rooftop was 1.3 m/s
(when there is no wind, this speed decreases to 0.3 m/s),
ratio ventilation rate of thermal buoyancy and wind
forces — 0.27; and in order to have the entire air removed
through the rooftop outlet opening in winter, the area of
inlet openings in the walls does not have to exceed 40%
of the rooftop outlet opening area.
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NATURALUS TVARTO VEDINIMAS VEIKIANT GRAVITACINEI IR VEJO TRAUKAI

B. Kavolélis, R. Bleizgys, J. Césna

Santrauka

Projektuojant tvarto natiiralaus vedinimo sistema, reikia jvertinti gravitacinés ir véjo jégos skirtingais mety laikais bei
skirtingomis gyvuliy laikymo salygomis sukelta traukq. Taikant analizinius ir eksperimentinius tyrimus, sudaryta meto-
dika gravitacings ir véjo traukos sukeltam védinimo intensyvumui nustatyti, gauti duomenys apie gravitacinés ir v¢jo trau-
kos reikSmes bei ju santykj. Metodika yra nauja. Sudaryta paprasta lygtis oro greiciui j¢jimo ir Salinimo angose skaiciuoti,
gauta gravitacinés ir véjo traukos santykio matematiné iSraiska, pagristas angy plotas, reikalingas $vieziam orui i patalpa
jeiti. Sis plotas lyginamas su angy uZter$tam orui alinti plotu, nes visas uZteritas oras Ziema turi biiti $alinamas per kraigo
plysi. Apskaiciuota, kad tipiskoje neapsiltintoje karvidéje vidutinis oro judéjimo greitis kraigo plySyje — 1,3 m/s (kai véjo
néra Sis greitis sumazéja iki 0,3 m/s), gravitacinés ir véjo traukos santykis — 0,27. Tam, kad ziema visas Salinamas oras
iSeity per kraigo plys$i, angu orui jeiti sienose plotas turi nevirsyti 40 % kraigo plySio ploto. Sudarytos metodikos tikslu-
mas patikrintas tvarto nattiralios eksploatacijos salygomis, kai atstumas tarp oro j¢jimo angy ir $achtos virSaus — 6,5 m.
Tiriant matuota patalpos ir lauko oro temperatiira, oro greitis Sachtoje. Tyrimy metu patalpos ir lauko oro temperatiiry
skirtumas kito nuo —2 °C iki +16 °C, o oro judé¢jimo greitis Sachtoje — nuo 1,2 m/s iki 1,9 m/s. Analiziniai rezultatai
pakankamai tiksliai atspindi eksperimentiniy duomeny vidurkj tvarto nattralios eksploatacijos salygomis. Eksperimentiniy
ir apskaiciuoty oro judéjimo $alinimo angoje greiiy reik$miy skirtumas buvo nezZymus ir svyravo nuo 0 % iki 8 %.

ReikSminiai ZodZiai: natiralus védinimas, gravitacija, véjas, santykis, parametrai.

BO3YXOOBMEH )KUBOTHOBOJUYECKOI'O IOMEIIEHHUS 1O AEICTBUEM TEILIOBBIX
MN3BBITKOB U BETPA

b. KaBoaeauc, P. Baeiisruc, M. Yecna
Pestome

[Ipy mpoeKkTHpOBaHUM CHUCTEMBI BO3MYyXOOOMEHA 3aHUS HEOOXOAWMO YUHMTHIBATH BO3IYyXOOOMEH, MPOUCXOASIINI 1O
JICHCTBMEM TEIUIOBBIX M30BITKOB M BETPa B pa3HbIe CE30HBI I0Ja W MPU Pa3HBIX YCIOBHUSX COJAEPKAHUS *KHUBOTHBIX. B
pe3ysbTaTe aHAIMTHYECKUX M 3KCIEPMMEHTAIbHBIX HCCIIC0BaHMI pa3paboTaHa METOAMKA JUIS pacuera INapaMeTpoB
CHCTEMBI BO3IyX000MEHAa XMBOTHOBOAYECKOrO MOMEIIECHMS, KOTOpash o0ecrnednBacT CTaOWiIbHYIO TSIry. B Meromuke
MPUBEAEHBI MPOCTHIE (JOPMYIIBI ISl pacdeTa CKOPOCTH BO3IyXa B MPUTOYHBIX M BBITSHKHBIX MPOEMAX, AJISI OMPEIEICHUS
paLMoOHATEHOTO COOTHOIISHHMS! TIOIAIN IPUTOYHBIX U BBITSHKHBIX ITPOEMOB, JUISl OTACIBHOTO yueTa AeHCTBHS TEMIOBBIX
M30BITKOB M BETPA HA MPOU3BOJUTENHHOCTE CUCTEMBI BO3AyX000MeHa. COriaacHoO pacderaM B TUIIMYHOM HEYTEIIEHHOM
KOPOBHMKE HIMPHUHOI 21 M CpeaHss CKOpOCTh BBITSDKHOTO BO3AyXa B KOHBKOBOW mienn cocraBmsieT 1,3 m/c (ipm
orcyrcTBum Betpa — 0,3 M/c), COOTHOIIEHNE TPABUTAIIMOHHON W BeTpoBoii Tsru — 0,27. Jlnst obecriedeHus cTabuIbHOM
TATH B XOJIOJIHBIN MEPUO T0Ja IUIOIAIb MPUTOYHBIX CTEHOBBIX MPOEMOB JIOJDKHA COCTaBILATH He Oosee 40% mutomanu
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KOHBKOBOI0 TpoemMa. TOYHOCTh METOJMKM IPOBEPEHa B YCIOBHUSX HATYPAJbHOM SKCIUIyaTalldd >KMBOTHOBOAYECKOrO
MOMEIIEHHS, B KOTOPOM DPAcCTOSIHME MEXIY LEHTPaMM MPHUTOYHBIX M BBHITSDKHBIX MPOEMOB paBHO 6,5 M. Bo Bpems
UCCIIEZIOBAaHMI M3MEpsIach Hapy)KHAsi M BHYTPEHHSSI TEMIIEpaTypa BO3/lyXa, CKOPOCTh JBMIKEHHS BO3/yXa B BBHITSDKHOM
MpoeMe M CKOPOCTh BeTpa. TemmepaTypHbIii nepenan MexX Iy BHYTPEHHIM M HapY»KHBIM BO3ILYyXOM m3MeHsuics oT —2 °C
0 +16 °C, a ckopoCTh IBWKEHMSI BO3[yXa B BHITSDKHOM mpoeme Obima 1,2—1,9 m/c. Pasnmma mexay pesyiapraramu
pacdera M HKCIIEpUMEHTAIBHBIMHU JaHHBIMU He mpeBbimana 8%. IlosToMy MOXXHO yTBepXKIaTh, YTO TOYHOCTH pa3pado-
TAQHHO METOJMKHU JOCTATOYHA.

KitoueBble ci10Ba: €CTECTBEHHBIN BO3IyX000OMEH, TEIIOBbIC U30BITKH, BETEP, COOTHOLICHHUE, ITAPaMETPBL.
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