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The article analyzes modern technologies for keeping pigs, in particular the prospects for using
mechatronic systems to ensure microclimate in pig houses. It was determined that deviations in microclimate
parameters negatively affect the health, reproductive functions and growth of pigs, which leads to a decrease
in the profitability of farms. An algorithm for the operation of a mechatronic system with adaptive air
ventilation and energy-saving technical means has been developed, the parameters of which have been
optimized using software modeling. Based on the adopted design and technological scheme of the
mechatronic system for ensuring the microclimate of pig houses and the theoretical and experimental studies
of its elements, an algorithm for its operation has been developed. The developed algorithm is implemented
in the created simulation of the microclimate of a pig house in the Simcenter Star-CCM+ software package.
According to the modeling, the temperature dynamics at each stage of the passage of the air flow through the
developed microclimate system in the pig house throughout the year were obtained. The temperature of the
air flow after passing through the ground heat exchanger and the indirect evaporation type heat exchanger
approaches the values of zootechnical requirements. The process of cooling the air to a given temperature
(22 °C) occurs without the use of additional air conditioning systems, and heating the air t0 a temperature of
18 °C requires additional switching on of heating elements. The dynamics of power consumption of the
developed and classical microclimate systems in a pigsty for 16 machines was obtained. The obtained
annual energy consumption for the developed microclimate system is 17528 kWh, which is 28.6 % less than
the classical system (ventilation with a ground channel and a heating and air conditioning heat exchanger).

Key words: pig housing, microclimate, mechatronic system, energy saving, ventilation, modeling,
resource saving.

Eq. 14. Fig. 11. Ref. 13.

1. Analysis of recent research and publications

According to the State Statistics Service, the total number of pigs in Ukraine is 5,608,800. heads
(excluding temporarily occupied territories). At the same time, 49% are held in the private sector and 51% in
rural areas. enterprises. Most of the livestock is concentrated in enterprises with more than 6,000 livestock.
heads (32%) [1].

The most promising technology for keeping pigs in the world and in Ukraine is the new (Western)
technology, which is characterized by the fact that all livestock are kept on a partially or completely slatted
floor in capital premises, the premises are specialized for different technological groups, divided into isolated
sections, with that is, the maintenance system is free-range, the method of maintenance is floor-stand, the
method of reproduction is year-round-uniform, the method of cultivation is three-phase, microclimate is a
forced system of negative pressure [2, 3].

According to the results of the analysis of the parameters of the microclimate in pig farms and their
impact on the health of pigs, their reproductive functions and growth, it was found that their deviation leads
to a deterioration in the health of animals, a decrease in their number and, as a result, to a decrease in the
profitability of farms [4] .

Resource- and energy-saving cooling and heating systems based on automated and adaptive control
systems are promising directions in creating and maintaining a microclimate in pig farms. However, their
optimal parameters, location, and energy efficiency limits are not sufficiently covered in the scientific and
technical literature [5, 6].

Based on this, the development and improvement of mechatronic systems to ensure the microclimate
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of piggery premises with adaptive air ventilation and energy-saving technical means with rationally justified
parameters is an urgent problem of existing technologies for keeping pigs.

2. The purpose of the study
The purpose of the research is to develop an algorithm for the operation of a mechatronic system for
ensuring the microclimate of piggery premises and to determine its effectiveness.

3. Research materials and methods
Based on the accepted structural and technological scheme of the microclimate system for piggery
premises (Fig. 1) [7] and the conducted theoretical [8] and experimental studies [9, 10] of its elements, we

will describe the algorithm of its work.
Livestack 6 7 8 9 N/ 16 20 3 5

building A

/. | \| {T l ’25

Pen

oV |

‘ 35

| > 30

B v 2
. : C ¢ ‘ 3

5
L
iz Jrre »L T:m“i?ﬁi; 26

U W 27
£ ‘

VTV

4% 4 4 4%
NYYYVY
iy,

{ )
s

™~

NARZZAS

N YYYYY)

[y
[
‘ { a2

7

1

niwen 2 i wa 5 1084 17
Fig.1. Structural and technological scheme of the mechatronic system
for ensuring the microclimate of piggery premises:

1 — ventilation system for intake of polluted air; 2 — ventilation system for injecting clean air; 3 —
indirect evaporative air heat exchanger; 4 — U-shaped vertical soil heat exchanger; 5 — control unit; 6 —
central duct for air intake; 7 — nozzles for air intake; 8 — intake valves with servo drives; 9 — temperature,
humidity and air quality sensors; 10 — electrical wires; 11 — central duct for air injection; 12 — nozzles for
air injection; 13 — discharge valves with servo drives; 14 — temperature and air humidity sensors; 15 —
heating elements; 16 — damper of the indirect-evaporative type heat exchanger; 17 — damper of the soil
heat exchanger; 18 — disposal valve; 19 — external nozzle for working air; 20 — internal nozzle for working
air; 21 — external nozzle for recycled air; 22 — internal pipe for recycled air; 23 — a set of cross channels;
24 — discharge fan; 25 — exhaust fan; 26 — working channels; 27 — wet channels; 28 — dry channels; 29 —
nozzles for water supply; 30 — pipeline system; 31 — water pump; 32 — water intake tank; 33 —
electromagnetic faucet for adding water; 34 — electromagnetic faucet for draining water; 35 — level
sensor; 36 — external temperature and humidity sensors

The first stage of the algorithm is to determine the operating modes of the automatic ventilation
system for the intake of polluted air.

The volume of ventilation can be determined by the amount of gases released by animals. The hourly
volume of ventilation is the volume of air that must be removed from the livestock building per hour so that
the percentage of carbon dioxide does not exceed the permissible limit.

The hourly volume of ventilation from the accumulation of carbon dioxide is calculated according to
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the formula:

Oco, =3 i_ - 1)
1 2

Oco, — hourly volume of ventilation, m*hours.; E — the amount of gas released by all animals per
hour, I/hours.; £,— amount of gas in 1 m® atmospheric air, I/m3; £;— permissible amount of gas in 1 m? air in
the livestock building, I/m®.

Depending on the concentration of gases (carbon dioxide, ammonia, and hydrogen sulfide) located
above the machines, the automatic ventilation system for the intake of contaminated air closes/opens the
corresponding dampers, forming openings with a plane:

(

k(ngi — g norm) N >n
_) 2 wiZ 1 [/APL . Y g~ Tenom
Gi_!ll\/a(pa_pi_pzk 2 |( 4F°—1)(1—1)2+12]) )

0, ngi = ng norm-

k —coefficient of proportionality, m®/(s,-%); ng; —concentration of gases (carbon dioxide, ammonia
and hydrogen sulfide) above the machines, %; i — machine number; ng,orm — limit values of gas
concentration in the piggery, %; p —coefficient of friction through the hole; p — air density, kg/m?;
pa — atmospheric pressure, Pa; pi — pressure in the i-th hole of the air intake pipe, Pa; wi — air speed at the end
of the duct, m/s; N — total number of machines, pcs.; Lo — width of the machine (provided that the geometric
dimensions of all machines are the same), m; F — cross-sectional area of the central duct, m?; P — perimeter of
the cross-section of the central duct, m?,

The total air consumption of the ventilation system for the intake of polluted air is then determined as follows:

— VN _ vN q0+k(ni_n norm)'ni>nnorm
Qs_out - Zi:l qi = Zi:l{ qu, r;ggi < ng norgm- g (3)
qo — volume flow of air through the air intake pipe when the servo-driven intake damper is fully
closed, m%/s.
The power required to pump air through the ventilation system for the intake of contaminated air:

Wi F LOP le 68|J-a 2 2
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Nn — full fan effICIency, Lo — length of the i-th section of the central duct, m; p. — dynamic viscosity of
air, H-s/m?; nee — coefficient of friction resistance of the tee; o — impact mitigation factor for a knee of constant
section; ¢ — coefficient of local constriction resistance; y — equivalent roughness of the walls of the central duct.

To ensure stable atmospheric pressure in the area of the machine, it is necessary that the amount of
exhaust air is equal to the amount of supply air per unit of time. Therefore, the volume flow of air after the
discharge dampers of the ventilation system for the injection of clean air should be equal to

qi = qi, ®)
qi  — volume flow of air through the open i-th discharge valve with a servo drive, m¥/s; q; — volume
flow of air through the open i-th intake damper with a servo drive, m*/s.
The total air consumption of the ventilation system of clean air injection is then determined as follows:

N
Qs_in == QS_Out = Z {qo + k(ngl - ng I‘lOI‘m)l ngl > l’lg norm (6)

= o, Dgi =< Ngnorm-
The power required for pumping air through the ventilation system for injecting clean air:

VYV (yN vi)? p(wi)? 2 2
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nn — full fan efficiency; o;" —area of the hole formed as a result of opening the discharge valve of the

ith nozzle for air injection, m? wy" — air speed at the entrance to the i-th nozzle for air injection, m/s;

do” — width of the gap near the closed end of the nozzle for air injection, m; F* —cross-sectional area of the
nozzle for air injection, m?; H* — height of the nozzle for air injection, m; V" —air speed, m/s.

(4)

()
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The second stage of the algorithm is the determination of the operating modes of the mechatronic
system for ensuring the microclimate of the piggery premises, depending on the temperature and humidity of
the ambient air and in the livestock building in the area of the intake of polluted air and zootechnical
requirements. For this purpose, a technological diagram of the mechatronic system for ensuring the
microclimate of piggery premises was drawn up, which is shown in fig. 2.

In fig. 2 marked supporting elements of the microclimate system of piggery premises: ventilation
system of intake of polluted air, ventilation system of intake of clean air injection, indirect-evaporative type
heat exchanger, vertical soil heat exchanger. Also listed are three flaps Zi, Z2, Zs,which move in a relative
value from 0 to 1, changing their position between the two directions. Thus, the position 0.4 corresponds to
the fact that the areas of the holes between the two directions correspond to 40 % : 60 %, and 0 to 0 % :
100 %, 1 to 100 % : 0%. The fourth valve Zsdesigned to turn off (position 0) and turn on (position 1) the
supply of water for moistening the channels of the indirect-evaporative type heat exchanger.

T cutds 4 Heat exchangerside- g L8
Xex out 2 | evaporation type Xex_in
|
Te:\'_out_l'
e xex_out_l
Ventilation system » Ji e
for polluted air « o ! fomatg — L7, =0
intake T 8 73 010 0.
N7
X, ZS— 1
Heating elements Vertical ground
heat exchanger
Ventilation system for

supplying clean air \

~N/
I

Fig. 2. Technological scheme of the mechatronic system for ensuring the microclimate of piggery
premises

In fig. 2 marked temperatures T (°C) and humidity x (g/kg) for the air that is removed from the
livestock building (index s_out), supplied to the livestock building (index s_in), supplied to the external
environment (indexes ex_out_1, ex_out_2), which is taken from the external environment (index ex_in).
Temperature Tex in and humidity Xex in the air of the external environment is variable and fluctuates.
Temperature Ts in (18-22 °C) and humidity xs in (70 % — 8,9-11,4 g/kg) of the air supplied to the livestock
building must meet zootechnical requirements [4]. Temperature Ts o and humidity Xs ot air depend on many
uncontrolled factors, which are determined by animals and can be within certain limits: 12-30 °C, 80-95 %
(6.9-24.8 g/kg), respectively.

To determine the most effective algorithm, it is necessary to consider the obtained patterns of change
in the output temperature of the heat exchanger of the indirect-evaporative type and the vertical soil heat
exchanger depending on the input temperature and air flow rate. For the soil heat exchanger, it is also
necessary to take into account the change in soil temperature depending on the season.

Outlet temperature Twm (°C) from the indirect-evaporative type heat exchanger (when the width of the

initial part is related to the total width of the heat exchanger I‘;’ =0,125):

Ty = 0,07828471875 + 0,00088195 Q;, + 0,657823875 t;, + 0,000308571 Q;,, Ty, —
0,00562184 T;,2 + 0,160149 x;, — 0,000259552 Qi Xiy, + (8)
+0,0144164 Ty, x;, - 0,00693641 x;,2,
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Tin — primary air temperature at the inlet, °C; xi» — absolute air humidity at the heat exchanger inlet,
g/kg; Qin — flow rate of air at the entrance to the heat exchanger, m*/hours.
The power required to pump air through the indirect-evaporative heat exchanger is determined by the formula:

_ [p(v)? Nka PiAT 4 /17uaPk vicPx Nka 21 | p(vV)? _
Ny = ( 2 nl ) + 011Nk 4Fk | Fe'V'p + 4Fi T, (1 ) ] + 2 | (1 )
Nka PyB 4 [17p4Px 4 Yk P PkBT 4[17paPy \Vk Pk Nka v
)+011Nk /Fkv I Gy + O 1INy /Fkv PR ) Dnn"

Na — full fan effrcrency, N1 — impact mitigation factor N1 =0,5; Nk — number of channels Fr — cross-
sectional area of the inlet duct, m?; Fy — cross-sectional area of the canal, m? Py — perimeter of the channel
section, m; Ar — length of the working channel, m; yx — equivalent roughness of the walls of the working
channel; pa — dynamic air viscosity; n. — impact mitigation factor; Ckso” — coefficient of local resistance for
spatial (circular) rotation at 180°; Bt — length of dry and wet channels, m; yx~ — equivalent roughness of the
walls of dry and wet channels; V" — air speed, m/s.

Let's use the dependencies for a U-shaped vertical soil heat exchanger.

Outlet temperature T (°C) from the soil heat exchanger:

Tg = Tip + AT,y = Tip + (7,81976 - 0,00955501 Q;, — (10)
—0,42689 Ty, + 0,000105189 Q;, Ty, + 0,018366 T, %),

Tin — primary air temperature at the inlet, °C; Qin — flow rate of air at the entrance to the heat
exchanger, m*hours; «+» — for Tin < 9,73 °C; «» — for Tin > 9,73 °C.

The power required for pumping air through the soil heat exchanger is determined by the formula:

. 273puy Ly ( 4qin \2 17uTD 2730pyy. ([ 4qin \?
Ng = Qin 0,11 Hy U( QmZ) X (4 [ Ui v ) +2 Hy ( QmZ) +
U 2TDy; \mDyz 273qinPuy. Duz T mDy1
273py (Ly—L 4qiy \2 (4 [170THD 273puy. [ 4qin |
0’11 Hy \MU™HU1 x ( QmZ) (4- 1 U1 + v )_|_ Hy( QmZ) + (11)
2TDy1 mDy1 273QinPuy. Dui T mDy1
273puyLuz [ 44qin 2/, 17uTnDy, W
0,11 > +—11,
2TDy, mDy1 273QinPuny. Du1

Nn — full fan efficiency; puy. — air density under normal conditions; L — duct length, m; T — air flow
temperature, K; D — duct diameter, m; qin — air flow input costs, m%s; p — dynamic air viscosity;
v — equivalent roughness of the duct walls; { — coefficient of local resistance for spatial rotation by 180°
during injection; o — impact mitigation factor for a knee of constant cross-section.

In case of temperature value Ts in less than the zootechnical requirements (< 18 °C), the heating

elements should be turned on (Fig. 2, Zs = 1 — are on, Zs = 0 — off), while consuming additional energy:

273
N qlnmpﬂyca(lg sm) (12)

puy. —air density under normal conditions; Ts_m— inlet air temperature, °C; c, — Specific heat capacity
of air; qin — air flow input costs, m%/s.

4. Results of the researches

Taking into account the obtained dependences for temperature (8) and (10) and conditions for
temperatures, we will develop an algorithm for the operation of the mechatronic system for ensuring the
microclimate of piggery premises, the block diagram of which is shown in Fig. 3.

In fig. 3 Tm=9,79 °C —the soil temperature at the depth of the soil heat exchanger is not variable;
ATe = 9,3 °C —the temperature difference at which the U-shaped vertical soil heat exchanger is effectively
used; Tmin =18 °C, Tmax =22 °C — minimum and maximum temperature values according to zootechnical
requirements.
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Fig. 3. Block diagram of the algorithm for the operation of the mechatronic system
for ensuring the microclimate of piggery premises

The developed algorithm is implemented in the created simulation of the microclimate of the
livestock building in the Simcenter Star-CCM+ software package [11, 12]. Appropriate 3D models of the
areas where heat and air flows move were built for the adopted piggery premises. The description of the
elements, the geometric dimensions and the generated grids of premises for pigsBare shown in fig. 4.

Fig. 4. Grid model of a premises for keeping pigs with a developed microclimate system
T"i —nozzles of the clean air injection system; D’; — nozzles of the contaminated air intake system;
H" — machine enclosure; WO™ — outer wall surface; WI" — the inner surface of the wall; RO - roof; Rl —
ceiling; S™ — slatted floor; P*i —pig skin; O’i —air outlets; O; —air inlets; M"i — indirect evaporative type
heat exchangers; G'i — U-shaped vertical soil heat exchanger
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In fig. 5 shows the distribution of premises temperatures, which were obtained by the results of
numerical simulation. Also in fig. 5 marked intersection planes, which were studied in more detail.
The obtained visualizations provide an opportunity to visually assess the distribution of temperature

(Fig. 5, a), air velocity (Fig. 5, b) and humidity level (Fig. 5, c) in the livestock building where the developed
mechatronic system for providing microclimate is used.

Winter period

X0Z, Wi

X0Z, “ 3
Temperature, °C ®%\¢ S\ Temperature, °C :
& - [ |
18 40 w11 40

a)

Summer period Winter period

Summer period

Winter period

Fig. 5. Distributions of temperature (a), air flow lines (b) and pressure (c) in the premises of the
piggery with a developed microclimate system

Analyzing the temperature field in the area where the pigs are located, it was found that the
temperature fluctuates between 18.4 and 21.8 °C in summer and winter, which fully meets zootechnical
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requirements. In other areas of the pigsty, the temperature is different: in summer it is more than 22 °C, and

in winter it is less than 18 °C. The presence of solid partitions in the machines protects animals from warm
air in summer and cold air in winter (Fig. 6).

Summer period Winter period

20N

=2
=
==
SL)‘
e 5
2o

—

Fig. 6. Temperature distributions in a piggery with a developed microclimate system

When conducting a study of the vector field of velocities in the premises of the piggery (Fig. 7), the
presence of a turbulent flow in the area of the animals was revealed. The process of air movement is
interesting: from the ground channel, it goes around the partition of the machine and rises up near the walls
into the air intake system. At the same time, the air speed in the area where the animals stay is up to 0.5 m/s
and is sufficiently uniform. This indicates comfortable conditions of stay.

Summer period

Winter period

0 Speed, m/s =2
— .

Fig. 7. Speed distributions in a piggery with a developed microclimate system

As for humidity (Fig. 8), it is important to note that in the summer there is a significantly increased
level of humidity. The highest value in this area, where the animals are, reaches 14 g/m?, which in the
context of an air temperature of 22 °C corresponds to 71.6 %, which is quite a significant indicator. In
winter, the moisture content in the air near the animals is from 10 to 12 g/m?, which at a temperature of
18 °C corresponds from 64.9 % to 77.4 % and satisfies zootechnical requirements.
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Fig. 8. Distribution of humidity in a piggery with a developed microclimate system

A general analysis of the ventilation system of the above-ground channel indicates a sufficiently
effective provision of the microclimate. This is manifested in the uniformity of the distribution of air flow
speed, which does not exceed normalized values (up to 0.5 m/s), temperature conditions (18.4-21.8 °C) and
air humidity (64.9-77.4 %) .

According to the conducted modeling, the temperature dynamics (Fig. 9) were obtained at each stage
of the passage of the air flow through the developed system of ensuring the microclimate in the pigsty
throughout the year. The resulting dependence is built on the basis of the proposed algorithm (Fig. 3).
Therefore, the passage of air flow through heat exchangers and heating elements depends on the air
temperature.

o [ =g
T, °C . . . . . . .
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developed system for providing a microclimate in the pigsty throughout the year:

Tex in — ambient air temperature; T — air temperature after passing through a U-shaped vertical
soil heat exchanger; Tm — air temperature after passing through the indirect-evaporative heat exchanger;
Tn — air temperature after passing through the heating elements; Tmin = 18 °C, Tmax = 22 °C —minimum
and maximum temperature values according to zootechnical requirements

Fig. 9 shows that the temperature of the air flow after passing through the soil heat exchanger and the
heat exchanger of the indirect-evaporative type approaches the values of zootechnical requirements. The
process of cooling the air to the set temperature (22 °C) takes place without the use of additional air
conditioning systems, and heating the air to a temperature of 18 °C requires additional switching on of the
heating elements.

For further comparison, consider the microclimate system of the piggery with an above-ground
channel with a classic heat exchanger for heating and air conditioning. The flow of air that enters from the
external environment is heated and cooled directly (Fig. 10).
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Fig. 10. Temperature dynamics at each stage of the passage of the air flow through
the classic system of providing a microclimate in the pig house throughout the year:
Tex in— ambient air temperature; Ty — air temperature after passing through a classic heating and
air conditioning heat exchanger; Tmin = 18 °C, Tmax = 22 °C — minimum and maximum temperature
values according to zootechnical requirements

To determine the power consumed by the developed microclimate system in the piggery, we will use

the formula:
Nsem = Ns_out + N jn + (1 —Z3)Ng + (1 — Zz)Ny + ZsNq. (13)

To determine the power consumed by the classic microclimate system in the piggery, we use the

formula:
0: Tmin < Ts_in < Tmax

NQ' Ts_in < Tminr Ts_in = Tmax.

According to fig. 8-9 and formulas (13)—(14), we obtain the dynamics of power consumption of the
developed and classic microclimate support system in a 16-stall piggery, which is shown in Fig. 11.

Nyn = l\Is_out + Ns_in + { (14)
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Fig. 11. Dynamics of power consumption of the developed
and classic microclimate systems in the piggery throughout the year

Having integrated the dependencies of fig. 11, we get the annual energy consumption for the

developed (17528 kWh) and classic (24559 kwh) microclimate support systems. The annual energy
consumption of the developed system is 28.6% less than that of the classic system.
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5. Conclusions

According to the accepted structural and technological scheme of the mechatronic system for
ensuring the microclimate of piggery premises (Fig. 1) and the conducted theoretical and experimental
studies (2)—(12) of its elements, the algorithm of its work was developed (Fig. 2-3). The developed
algorithm is implemented in the created simulation of the microclimate of the livestock building in the
Simcenter Star-CCM+ software package. According to the conducted modeling, the temperature dynamics
(Fig. 9) were obtained at each stage of the passage of the air flow through the developed system of ensuring
the microclimate in the pigsty throughout the year. The temperature of the air flow after passing through the
soil heat exchanger and the heat exchanger of the indirect-evaporative type approaches the values of
zootechnical requirements. The process of cooling the air to the set temperature (22 °C) takes place without
the use of additional air conditioning systems, and heating the air to a temperature of 18 °C requires
additional switching on of the heating elements. The dynamics of power consumption of the developed and
classic microclimate support systems in a piggery with 16 machines were obtained (Fig. 11). The obtained
annual energy consumption for the developed microclimate maintenance system is 17,528 kWh, which is
28.6% less compared to the classic system (ventilation with a ground channel and heat exchanger for heating
and air conditioning).

References

1. Derzhavna sluzhba statystyky (2022). Ekonomichna statystyka / Ekonomichna diialnist / Silske, lisove
ta rybne hospodarstvo. URL: https://ukrstat.gov.ua/ [in Ukrainian].

2. Lykhach, V.la., Lykhach, A.V. (2020). Tekhnolohichni innovatsii u svynarstvi [Technological
innovations in pig production] : monograph. Kyiv : FOP Yamchynskyi O.V. [in Ukrainian].

3. Povod, M., Bondarska, O., Lykhach, V., Zhyzhka, S., Nechmilov, V., Dudin, V. (2021). Tekhnolohiia
vyrobnytstva i pererobky produktsii svynarstva [Technology for the production and processing of pig
products]: Textbook. Kyiv: Naukovo-metodychnyi tsentr VFPO. [in Ukrainian].

4. Samokhina, Ye.A., Povod, M.H., Mylostyvyi, R.V. (2018). Parametry mikroklimatu v svynarskykh
prymishchenniakh vlitku za riznykh system ventyliatsii ta yikhnii vplyv na produktyvnist laktuiuchykh
svynomatok i rist pidsysnykh porosiat [Microclimate parameters in pigsties in summer with different
ventilation systems and their influence on the productivity of lactating sows and growth of suckling piglets].
Visnyk Sumskoho natsionalnoho ahrarnoho universytetu. Seriia: Tvarynnytstvo, 2, 218-223. [in Ukrainian].

5. Vidomchi normy tekhnolohichnoho proektuvannia [Departmental standards of technological design].
Svynarski pidpryiemstva. VNTP-APK-02.05. (2005). K.: Ministerstvo ahrarnoi polityky Ukrainy
(Minahro-polityky Ukrainy). [in Ukrainian].

6. Revenko, I.1., Brahinets, M.V., Zabolotko, 0.0. (2012). Mashyny ta obladnannia dlia tvarynnytstva:
posib.-praktykum [Machinery and equipment for animal husbandry]. 2-he vyd. Kyiv: Kondor. [in
Ukrainian].

7. Kaletnik, H.M., Yaropud, V.M. (2021). Mekhatronna systema zabezpechennia mikroklimatu
tvarynnytskykh prymishchen [Mechatronic system for providing a microclimate for livestock
premises]. Pat. No 127795 UA, IPC (2023.01) A01K 1/00, F24F 3/00, F24F 3/044 (2006.01), F24F
3/14 (2006.01), F24F 6/12 (2006.01), F24F 7/007 (2006.01), F24F 11/00; Ne a202102134; stat.
22.04.2021; publ. 03.01.2024, Bul. Ne 1. [in Ukrainian].

8. Yaropud, V. (2021). Analytical study of the automatic ventilation system for the intake of polluted air from
the pigsty. Scientific Horizons, 24 (3), 19-27. DOI: 10.48077/scihor.24(3).2021.19-27. [in English].

9. Kaletnik, H., Yaropud, V. (2021). Theoretical studies of air losses of air heat exchanger of indirect-
evaporative type of livestock premises. Machinery and Energetics, 12 (4), 35-41. DOI:
10.31548/machenergy2021.04.035. [in English].

10. Yaropud, V., Kupchuk, I., Burlaka, S., Poberezhets, J., Babyn, 1. (2022). Experimental studies of
design-and-technological parameters of heat exchanger. Przeglad Elektrotechniczny, 98 (10), 57-60.
DOI: 10.15199/48.2022.10.10. [in English].

11. Kaletnik, H., Yaropud, V. (2023). Research of pressure losses and justification of forms of side-
evaporative heat exchangers channels in livestock premises. Przeglad Elektrotechniczny, 99 (7). 247-
252. DOI: 10.15199/48.2023.07.46. [in English].

12.  Aliiev, E.B. (2023). Chyselne modeliuvannia protsesiv ahropromyslovoho vyrobnytstva [Numerical
modeling of agricultural production processes]: Textbook. Kyiv: Ahrarna nauka. ISBN 978-966-540-

46


https://ukrstat.gov.ua/

Ne3 (126)/2024 TEXHiKa, €HEepreTuka,

% TpancnopT AIIK
E & Vol. 126, No 3 / 2024

584-9. DOI: 10.31073/978-966-540-584-9. [in Ukrainian].

13.  Yaropud, V., Hunko, 1., Aliiev, E., Kupchuk, I. (2021). Justification of the mechatronic system for
pigsty microclimate maintenance. Agraarteadus, Journal of Agricultural Science, XXXII (2), 341-351.
DOI: 10.15159/jas.21.23. [in English].

AJITOPUTM POBOTHU MEXATPOHHOI CUCTEMM 3ABE3NNEYEHHS MIKPOKJIIMATY
CBUHAPCBKUX TIPUMIILIEHDb

Y cmammi npoananizosano cyuacmi mexnonozii ympumanHs CeuHel, 30Kpema NnepCcnekmueu
BUKOPUCTNAHHA MEXAMPOHHUX cucmem 011 3a0e3neyenHs MIKPOKIIMAMY 6 CEUHAPCLKUX NPUMILEHHSX.
Busnaueno, wo 6ioxunenHa napamempie MIKPOKIIMAMY HE2AMUBHO 6NAUBAE HA 300P08'Sl, penpoOyKMUBHI
@yuryii ma npupocmu ceunel, wo NPU3B00UNMb 00 3HUJICEHHS peHmabenvHocmi 2ocnodoapems. Pospobneno
aneopumm pooomu MexamponHoi cucmemu i3 a0anmueHoI0 GeHMUNAYIEIO NOGIMps ma enepeo3bepiearouumu
MeXHIYHUMU 3acobamu, napamempu sKoi ONMUMI308AHO 3d OOHNOMO20I0 NPOSPAMHO20 MOOEN08aHHA. 3a
NPULIHAMOIO KOHCPYKIMUBHO-MEXHOI02IUHOI CXEeMOK MEeXAMpPOHHOI cucmemu 3a0e3neyeHHs MIKpOKIMamy
CBUHAPCOLKUX NPUMIWEHb mMa NPOBEOCHUX MEOPEeMUYHUX | eKCHEePUMEHMATbHUX 00CTIOdHCeHb ii enemenmia
po3pobneno ancopumm ii  pobomu. Pospobnenuti aneopumm peanizoganuii 'y CMEOpeHill CUMYAAYIL
MIKpOKIMAmy C8UHAPCbKO20 NpuMiujeHuss y npocpamuomy naxemi Simcenter Star-CCM+. 3ziouo
NPOBe0eH020 MOOETIO8AHHS OMPUMAHO OUHAMIKY MeMRepamypu Ha KOJHCHOMY emani npoxo0diCcenHs NOmoKy
nogimps. yepe3 po3pobleHy cucmemy 3a0e3nedenuss MIKpOKIMamy y CEUHAPHUK 6HPOO0BIC BCbO2O POK).
Temnepamypa nomoxky nogimps nicisi NpOXOONCEeHHs uepe3 IPYHMOBUL Menjio0OMIHHUK | meniooOMIHHUK
NOOIUHO-6UNAPHO20 MUNY HADIUNCAEMBCS 00 3HAYEHb 300MeXHiuHuX umoe. Ilpoyec oxonodocenns nogimps
00 3a0anoi memnepamypu (22 °C) 6i0bysaemvcst 6€3 3acmocy8ants 000AMKOBUX CUCTHEM KOHOUYIOHYB8AHHS,
HaepieanHs nogimps 0o memnepamypu 18 °C nompebye 000amK06020 BMUKAHHA HASPIBANLHUX elleMeHMIB.
Ompumano OUHAMIKY CHOJMCUBAHOI NOMYHCHOCMI PO3POONEeHOI ma KIACUYHOI cucmem 3a0e3nedeHHs
MiKkpoxkimamy y ceuHapHuxy Ha 16 cmankie. Ompumani piuni eumpamu enepeii 0t po3pobieHoi cucmem
3abe3neueHHss MIKpoxaimamy ckaaoaiome 17528 kBm-2o0, wo 6 nopieHauHa i3 KIACUYHOI CUCMEMON
(6eHmuAYIs i3 HA3EMHUM KAHAAOM [ MEeNI00OMIHHUKOM 00iepi8aHHs ma KOHOUYIOHy8aHHs) Ha 28,6 %6 meHue.

Knwwuoei cnosa: ympumanusi ceunell, MIiKpOKIiMam, MeXampoHHA CUCMEMA, eHepeo30epedceHs,
BEHMUTAYISL, MOOETIOBANHHS, PECYPCO30EPEIHCEeHHsl.
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