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Abstract. Energy-efficient heating systems for
poultry houses are infrared heating systems. With the
correct location of infrared emitters heating occurs only in
the zone where the poultry is located and the need to heat
the entire poultry house disappears. In this way, it is
possible to achieve the necessary zoo-hygienic parameters
in the zone for breeding of young chicken, without
increasing indoor temperature, and if it is possible,
lowering it. On the basis of principle of sectional poultry
breeding the modular breeding of chicken broilers is
proposed. The heating system of the module is a panel
infrared heater, intended for local heating of the growing
zone. To ensure a constant inflow of fresh air and
assimilation of harmfulness in the module provides an
inflow and exhaust ventilation system.

Modular poultry breeding allows to use modules as
well as in industrial poultry farming, and within
individual farms. As the industrial method of poultry
breeding involves the accumulation of a large amount of
poultry in one poultry house, there is a possibility of
emergence and rapid spread of infectious diseases. Due to
the local microclimate provided in the module for poultry
breeding, it is possible to prevent this negative
phenomenon. In addition, there is an opportunity to keep
multi-year poultry categories in one poultry house and to
provide a temperature regime as the growth of poultry.

In this paper the study of temperature regime in the
module at the change of thermal power of a heater was
described. The results of experiment show that the
greatest influence on the value of relative air temperature
have thermal power of infrared heater and air velocity in
module. At constant values of height of a heater
installation and air velocity, and with increasing the heat
capacity of heater twice, value of relative air temperature
will increase by 3.8%.

Due to the use of energy-efficient infrared heating
system, it was possible to reduce annual expenses related
to the purchasing feed by 11.7% and increase cost of final
product of chicken-broiler by 12.8%.

Based on technical and economic calculations, the
use of modular poultry breeding with the infrared heating
system was substantiated. This confirms the wide
possibilities of implementation energy-efficient infrared
heating systems.

Key words: energy-efficient, infrared heating sys-
tem, air heating system, module for poultry breeding,
thermal power, poultry.

Formulation of problem

To maintain high productivity and conservation of
poultry in modern industrial farming parameters of the
optimal microclimate indoor poultry complexes are very
important. The main factor of climate, which influences
on chicken, is the ambient temperature. With the change
of air temperature, consumption poultry feed, water,
moisture allocation, respiratory rate also change and,
consequently, change its performance.

According to the literature [1, 2] at low temperature
in poultry houses, increased consumption of feed by
poultry for implementation of heat transfer processes.
With decreasing air temperature in the premises for
broilers from 20°C to 10°C their growth at the age of 5 ...
8 weeks decreases by 48% that in the calculation for
every temperature degree is about 6%. With increasing
the temperature from 24 to 32°C their growth reduced to
26% or by 2.9% for every temperature degree. When the
air temperature is 27 ... 29°C the heat release is increased
and there is an overheat of the organism, which has
negative affect on the physiological state of the bird.

The main purpose of heating systems of poultry
houses is to maintain the required temperature parameters
in the areas of technological process of poultry breeding.

For breeding of young chicken it is advisable to
provide a limited area by installing local heating systems.
Temperature in heating zone should be 33-35°C. In the
process of broilers™ growing to 30 days parameters of air
temperature in the heating zone should decrease by 3-5°C
every week [3].

At the age of chickens from 31 to 60 days, they are
placed in cages of the poultry premises. The air
temperature in broiler houses is 20°C at ambient
temperature below 10°C [2, 3].

Analysis of recent research results

Energy-efficient heating systems for poultry houses
are infrared heating systems. With the correct location of
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infrared emitters heating occurs only in the zone where
the poultry is located and the need to heat the entire
poultry house disappears. In this way, it is possible to
achieve the necessary zoo-hygienic parameters in the
zone for breeding of young chicken, without increasing
indoor temperature, and if it is possible, lowering it.

From the sanitary-hygienic point of view, infrared
radiation has a positive effect on the physiological state of
the poultry, especially on young chicken. The principle of
infrared radiation is to transfer heat energy in the form of
electromagnetic  waves.  Long-wavelength infrared
radiation, with a wavelength of more than 1.4 microns, is
almost all absorbed by the skin, causing the thermal effect
of the upper layers of the skin. Short-wavelength radiation
with a wavelength from 0.76 to 1.4 microns penetrates
into the deeper layers of body tissues [4].

As a result of appearance of a thermal effect in the
body, infrared emitters have become widely used for the
heating of young poultry in the cold season of the year. In
the long-term stay of poultry under the infrared heater,
biological processes in the body are accelerated,
metabolism is improved, tone of the autonomic nervous
system is normalized, and conservation, growth and
productivity of poultry are increased.

Chicken broilers are less mobile than other chicken,
so badly oriented in searching of food. In the first weeks
of growth poultry it is important to create such conditions
that it moves less, as a result of gaining weight. For this
purpose, sectional retention of poultry in the form of
barriers is used, reducing the area of movement of
chicken. An electric lamp with infrared emitters is used as
a heating system for local heating of growing zone [5].
Limited area of the section and the dynamic regulation of
thermal regime as the poultry grow contribute to a
significant accumulation of weight of chickens at lower
specific feed costs per unit of products.
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Purpose of research

On the basis of principle of sectional poultry
breeding the modular breeding of chicken broilers is
proposed. The heating system of the module is a panel
infrared heater, intended for local heating of the growing
zone. To ensure a constant inflow of fresh air and
assimilation of harmfulness in the module provides an
inflow and exhaust ventilation system.

Modular poultry breeding has several advantages.
First of all, it is an opportunity of using modules as well
as in industrial poultry farming, and within individual
farms. As the industrial method of poultry breeding
involves the accumulation of a large amount of poultry in
one poultry house, there is a possibility of emergence and
rapid spread of infectious diseases. Due to the local
microclimate provided in the module for poultry breeding,
it is possible to prevent this negative phenomenon. In
addition, there is an opportunity to keep multi-year
poultry categories in one poultry house and to provide a
temperature regime as the growth of poultry.

The purpose of this publication is to develop module
for poultry breeding with an infrared heater and conduct
research concerning temperature regime in the module at
the change of thermal power of a heater. Also the purpose
was to investigate the impact of improving the microcli-
mate parameters in module on increasing weight gain of
the poultry and reducing the feed costs.

Research results
On the basis of certain rational parameters of module

for poultry breeding an experimental installation was
installed in full size (Fig. 1).

()

Fig. 1. Diagram (a) and photo (b) of experimental installation for studying parameters of thermal regime in
technological area of module for poultry breeding: 1 - exhaust fan; 2 — air supply fan; 3 - exhaust air duct; 4 - supply air
duct; 5 - exhaust outlet; 6 - infrared heater QH 1500; 7 - static pressure chamber; 8 - air distributor; 9 - module for
poultry breeding; 10, 11 - gate; 12 - thermo-anemometer ATT — 100.

The installation works as follows. Electric infrared
heater 6 QH 1500 with variable thermal capacity of 500,
1000 and 1500 W was appointed for heating module for
poultry breeding 9 [6, 7]. An exhaust outlet 5 was

installed above the heater, with total dimensions of
0.9x6.6 m. Exhaust fan 1 was connected to the exhaust
outlet 5 by the exhaust air duct 3. Amount of air that was
removed by exhaust outlet was changed by gate 11. Air
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supply fan 2 is connected to the static pressure chamber 7
using supply air duct 4. Air supply consumption was
changed by the gate 10. Inflow air was supplied to the
module through the air distributor 8. Temperature and air
velocity in module for poultry breeding were measured by
a thermo-anemometer 12 ATT-1004.

Research was carried out at the change of height of
heater installation (1.5 m - 1.0 m) and at various heat
capacities (500 W, 1000 W, 1500 W).

The temperature of internal air in the module for
poultry breeding is influenced by heat capacity of infrared
heater Qnear, W, height of the heater H, m, and air velocity
of inflow air flow in the module Vo, m/s [8]. These values
were the input parameters of the experiment planning.
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Output parameter is the relative air temperature in
the module for poultry breeding t;:tair/to; tair — air

temperature in the module, °C; to — temperature of the
inflow air flow, °C [8].

The scope of definition of input parameters varied
within: Qpeax = [500...1500] W; H = [1.0...1.5] m;
Vo=[0.1...0.3] m/s.

Presented graphic results show a qualitative picture
of distribution of temperature fields in the radiation zone
by infrared heater. For scientific substantiation of air
temperature dependence on the above-mentioned factors,
the nomogram was built (Fig. 2).
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Fig. 2. Dependence of relative air temperature t,; =t,, /t, on the heat capacity of heater Qnea, W, height of its
installation H, m and velocity of the inflow air flow in the module Vo, m/s

At the received intervals of variation for input factors
on the basis of constructed nomogram an empirical
dependence was obtained for finding the relative air

temperature tair in the module for poultry breeding at 500
W<Q,, <1500 W, 1.0 m <H<15 m, 0.1 m/s
<V, <0.3 mis.
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The results of experiment show that the greatest
influence on the value of relative air temperature have
thermal power of infrared heater and air velocity in
module. At constant values of height of heater installation
and air velocity, and with increasing the heat capacity of

heater twice, value of relative air temperature will
increase by 3.8%.

The main technical and economic indicators which
determine the efficiency of using modular breading of
poultry with infrared heating is to reduce costs of food
purchasing and an increase the weight gain of the poultry
due to the high quality of heating system in the zone of
poultry breeding. The calculations are presented for air
heating system of poultry house in cage breading of
poultry and infrared heating system of modular breading
of poultry. The calculations are presented with prices for
products in Ukraine in Euro.

Costs for food purchasing at air heating system with
breading poultry in cages were:

=Cc'n-j-Z~1073,€/year, 3)

where C; - the cost of feed for feed units in Ukraine, € / t;
n - the number of poultry units.; j - daily feed
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consumption per 1 kg of live poultry weight is 2.1 kg [9];
z - length of period, days.

The cost of food purchasing for the proposed
application of modular breeding of poultry with infrared
heating system, were determined:

E? =Cc-n-j-z-(1—1k.#20)-103,€/year, 4)

where k; — coefficient of reduction of feed costs for
poultry, is 3.9 - 5.1 % [9].

Calculations were performed taking into account the
increase in the weight of poultry as it grows during
growth process from 1 to 60 days. Results of calculations
the costs of food purchasing for comparable versions of
systems are presented in the table (Table 1).

Table 1. Comparing the costs of purchasing feed for
different heating systems.

E;r:Cpr-n'l-k-Z,elyear, (5)

where: Cy - average price per unit of product in Ukraine,
€ / kg; | - average daily increment of the broiler, kg; k -
average annual number of poultry in the room is 0.9 [10].

Cost of final product for the proposed modular
breading of poultry with infrared heating system was
determined:

I
E;r=cp,-n-z-k-z-(1+m)-km0,e,e/year,(e)
where: i - annual percentage increase in poultry
productivity thanks to the improvement of the

microclimate through the energy efficiency of the heating
and ventilation system, is assumed to be equal to 20%
[11]; kmore - the coefficient reflecting the additionally
stored livestock of the poultry in the room is equal to 1.05

[a].

. The results of calculation the cost of final product by
_ Feed Al Infrared weight gain for comparative variants are summarized in
Age Live efficiency | heating | heating the table (Table 2). Increase of mass of poultry per day,
poultry, | weight, | kg/kg system, | system, depending on the duration of technological process was
days kg live thousand | thousand considered.
weight €/year | €/year
1 ... Table 2. Calculation the cost of final product by
10 days 0.08 0.152 0.47 0.46 weight gain for different heating systems.
11 Air
30 days 0.25 0.475 3.0 2.61 Broiler heatin Infrared
31 Age Live dail g ste heating
ol 14 2.66 25.8 22.8 poultry, | weight, | &2 Y31 system,
60 days gain, m,
- days kg thousand
Total costs of technological kg/day thous € / vear
150 and € y
period, Y E, thousand € / | 29.3 25.9 / year
o b 100508  |8033 [222 |23
period days
Total expenses for the year, L 25102 | 6.44 | 743
O 1172 | 1035 days ' ' ' '
ZEK thousand € / year 31...60 |, , 1406 361 | 416
i=1 days
Total costs of technological 448 514
Figure 3 shows the graphical dependence of costs of period, € / period ' '
purchasing feed during whole process of growing poultry 179.0
from 1 to 60 days. The total cost per year, € / year 6 205.4
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M Air heating system,
15 thousand € / year

M Infrared heating system,
10 thousand € / year
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Fig. 3. Graph of the cost of purchasing feeds
throughout the process of poultry production.

Then was made a comparison of the costs of final
product for comparable variants. Cost of final product to
air heating system with breading poultry in cages
determined by the formula:

The table shows that the total cost of final product
when using an energy efficient heating system based on
an infrared heater with an exhaust umbrella will increase
by 26.34 thousand Euro.

Conclusions

1. The design of module for poultry breeding with an
infrared heater has been developed. The proposed design
is energy-efficient and recommended for installation in
poultry houses.

2. A study of temperature regime in the module at
the change of thermal power of a heater was carried out.
The results of experiment show that the greatest influence
on the value of relative air temperature have thermal
power of infrared heater and air velocity in module. At
constant values of height of a heater installation and air
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velocity, and with increasing the heat capacity of heater
twice, value of relative air temperature will increase by
3.8%.

3. Due to the use of energy-efficient infrared heating
system, it was possible to reduce annual expenses related
to the purchasing feed by 11.7% and increase cost of final
product of chicken-broiler by 12.8%.

4. Based on technical and economic calculations, the
use of modular poultry breeding with the infrared heating
system was substantiated. This confirms the wide
possibilities of implementation energy-efficient infrared
heating systems.
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MOAYJIBHE BUPOIITYBAHHS TTTULII
B [TPOMUCJIOBUX YMOBAX
3 BUKOPUCTAHHSM EHEPT'OE®EKTUBHUX
CHUCTEM OITAJIEHHS
H. A. Cnoountox
AHoTtauisa. ExeproepexTHBHUMH CHCTEMaMH OIa-
JICHHS! JUIsl ITAIIHKUKIB € iH(padepBOHI CUCTEMHU OlaJieH-
Hi. Ilpm mpaBunbHOMY po3TanryBaHHI iH(padyepBOHUX
BUIIPOMIHIOBAaYiB HarpiBaHHS BiJOyBa€ThCs JMIIE B Tid
30Hi, Jie PO3TAlIOBaHa INTHI, NPU L[LOMY 3HHMKaE HEOO-
X1THICTB 00IrpiBaTH BeCh NTAIIHUK. TaKUM YHHOM MOXHA
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JIOCATTH HEOOXiHUX 300TITi€EHIYHUX IapameTpiB y 30Hi
JUTSL PO3BEJICHHS MOJIOZHSIKA TITHULIl, HE MMiBUIIYIOYN TEM-
TepaTypy B IPUMIIIEHH], a TI0 MOXIIUBOCTI, 3HIKYIOUH 1i.
Ha ocHOBI npwHOHITY CEKI[IfHOTO pO3BENEHHS MTHII
3alpONIOHOBAHO  MOAYJIbHE  PO3BEICHHI  Kypuat-
OpoiinepiB. CructemMa onaqeHHS MOIYJS - 1€ MaHEeTbHHUHA
iH(ppauepBoHUil 00irpiBay, NpU3HAYECHUH JUIS JIOKAJIBHOTO
00irpiBy 30HHM i1 BUpONIyBaHHs nrtulli. Jlns 3abesre-
YEeHHs. IIOCTIHHOTO MpPUIUIMBY CBDKOTO TMOBITpPA Ta
acHMULALIT MIKIJUIMBOCTI B MOAYJIi mepeadadeHa cucreMa
MIPUIUTHBHO-BUTSKHOT BEHTHIISLIIT.

MonynsHe BHPOILYBaHHS NTHILI I03BOJISIE BUKOPH-
CTOBYBAaTH MOZYIM, SIK Y IPOMHCIOBOMY ITaXiBHHUIITBI,
TaK i B MeXax OKpeMHX rocromapctB. OCKiIbKH TPOMH-
CIIOBHII METOJ] pO3BEeNEHHS NTHUIl Iependadae HAKOMHU-
YeHHS BEJIHMKOI KUTBKOCTI NTHII B OJHOMY MTAITHUKY,
ICHy€ MOXKIIMBICTh BUHUKHEHHS Ta MIBUAKOTO MOIIMPEHHS
IHQEeKIfHNX ~ 3aXBOPIOBaHb. 3aBISKA  JIOKAJHHOMY
MIKpOKJIiMaTy, nepenoaueHoMy B MOZYJ BUPOIYBaHHS
NTHIN, MOXKHA 3amo0irTH IIbOMY HETaTUBHOMY SIBHIILY.
KpiM TOro0, € MOXKJIMBICTh YTPUMYBATH Pi3HOBIKOBI rpynu
NTHLI B OJHOMY NTAIIHUKY Ta 3a0e3leuyBaTH TeMmIlepa-
TYpPHHUH PEKUM IO Mipi 3pOCTaHHS NTHLI.

VY miid poboti OyII0 omHMcaHO AOCIiIKEHHS TeMIIepa-
TYpHOTO PEXHUMY B MOIYJI IPH 3MiHI TEIUIOBOI MOTYX-
HOCTI HarpiBaya. Pe3ynpTaT €KCIEepHMEHTY ITOKa3yIOTb,
10 HaHOIMBIIWI BIUIMB Ha 3HAYCHHS BiTHOCHOI TeMIiepa-
TypH TIOBITPS MalOTh TEIUIOBA IMOTYKHICTH iH(padepBo-
HOTO HarpiBaya Ta MIBUIKICTH TOBITPS B Moxayii. [Ipu
MOCTIMHUX 3HAYEHHSX BHCOTH BCTaHOBJICHHS HarpiBauda
Ta IIBUAKOCTI PyXy MOBITPS Ta NpH 30UIbIICHHI Tem-
JIOEMHOCTI HarpiBaya B JiBa pa3M 3HAUEHHS BiJJHOCHOI
TeMmIepaTypu HoBiTps 3pocte Ha 3,8%.

3aBIAKH BUKOPHCTAHHIO €HEProe(eKTUBHOI CHCTe-
MU iH(QpauepBOHOIO OMAaJEHHS BAAJIOCS 3MEHIIUTH
IOpiYHI BHUTpPATH, MOB'A3aHI i3 3aKyIiBICI0 KOPMIB, Ha
11,7% Ta 301IbIIKUTH BapTiCTh KIHIIEBOTO MPOAYKTY Kyda-
TH-Opoiinepa Ha 12,8%.

Ha ocHOBI TEXHiIKO-€KOHOMIYHUX pO3pPaxyHKiB
00IpyHTOBaHO BUKOPHCTAHHS MOJYJIFHOTO BUPOIYBaHHS
OTHII 3 CHCTeMOIo iH(padepBoHOro omameHHs. lle
MIATBEPIKYE  LIMPOKI  MOXIIMBOCTI  BIIPOBAPKEHHS
eHeproe()eKTUBHUX iHPPaUESPBOHUX CHCTEM OMAJICHHSI.

Kawuosi cioBa: eneproedexktuBHa cucrema iHdppa-
YEpPBOHOI'0 OIIAJIEHHS, CHUCTEMa MOBITPSHOIO OIaJeHHS,
MOJYJb Ul BHPOILIYBaHHS ITHI, TEIJIOBA EHEepris,
TITHIIS.

MOJVYJIbHOE BbIPAIIIMBAHUE ITTULBI
B [MPOMBIIJIEHHBIX YCJIOBUAX
C UCITOJIb3OBAHMEM SHEPTOED®EKTUBHUX

CUCTEM OTOIUIEHUA
H. A. Cnoounrox
AHHoTauusi. DHeprodp(HeKTHBHBIMH CHCTEMaMHU

OTOIJICHHUSI ITUYHUKOB SIBJISIIOTCS MH(paKpacHbIe CHCTE-
MBI oTOoIieHus. [Ipy TpaBUIIBHOM pacHoONOKEHUN WH-
(bpakpacHBIX H3JIydaTeieil HarpeB MPOUCXOAHUT TOJIHKO B
TOH 30HE, TIe HAaXOJUTCS MTULA, MPU ITOM HCUE3AET
HE00XOIUMOCTh 000TpPEeBaTh BeCh NITUYHUK. TakuM o0pa-
30M MOXXHO JOCTHYh HEOOXOIHMMBIX 300TUTHCHHYECKUX
mapaMeTpoB B 30HE IJIS Pa3BEJCHUS MOJOIHSKA ITHIIEL,
HE TMOBbBILIAs TEMIepaTypy B NOMELIEHUH, a 10 BO3MOX-

HOCTH, CHMXas ee. Ha oCHOBe NMpMHNOMIA CEKIIMOHHOTO
pa3BeICHUS NITUIBI MPEITIOKESHO MOIYJIBHOE Pa3BelCHUSA
IBIUIAT-OpoinepoB. CHcTeMa OTOIUICHHS MOIYJS - 3TO
MaHeIbHBIN HH(paKpacHBI oOorpeBaTeNb, IMpenHa3Ha-
YEHHBIN AT JIOKAJIBHOTO 000TpeBa 30HBI JUIS BBIpaIUBa-
HUS nTunsl. s oOecredeHHs IOCTOSHHOTO IIPUTOKA
CBEXKETO BO3/lyXa W aCCUMWIIALUM BPEOHOCTEH B MOJyIe
NpeyCMOTPEHa CHCTEMa IPUTOYHO-BBITSXKHOW BEHTHIIS-
LML

MonynsHOe BBIpaliMBaHUS NTHUIBI MO3BOJISET HC-
MOJIb30BaTh MOAYJIM, KaK B NPOMBIIUICHHOM ITHLEBOA-
CTBE, TaK U B IIpeJiesiaX OTACIbHBIX X03HCTB. [locKoIbKy
MPOMBIIIICHHBI METOA Pa3BEICHUs MTHIBI Ipeanonara-
€T HaKOIUIEHHE OOJIBIIOro KOJHMYECTBA NTHUIBEI B OJHOM
NTHYHUKE, CYIIECTBYET BO3MOXKHOCTh BOZHHKHOBEHUS U
OBICTPOTO paclpoCTpaHeHHsT WHQEKIIMOHHBIX 3a0o0JeBa-
HuM. brnaromaps NOKaJbHOMY MUKPOKIMMATY, HpENy-
CMOTPCHHOM B MOJAYJIE BBIPAIIMBAHMUS INTHIBI, MOXXHO
NMpEeAOTBPATUTL 3TO HETaTUBHOC SABJICHUC. KpOMe TOTO,
€CTh BO3MOXKHOCTh CO/IEP)KAaTh Pa3HOBO3PACTHBIC I'PYIIIHI
ITHUIBI B OJHOM IITUYHHUKEC U 06ecnethaTL TEeMIICpaTyp-
HBI PEXUM 10 MEpe POCTa ITULLBL.

B 3710i1 paboTe OBLIO ONMUCAHO UCCIICIOBAHUS TEMIIC-
paTypHOTO pexuMa B MOJYJe NPU M3MEHEHHH TETJIOBOH
MOIIHOCTH HarpeBarensi. Pe3ymbTaThl 3SKCHEpHMEHTA
MOKa3bIBAIOT, YTO HamOoJbIllee BIWSHUE HAa 3HAYCHHC
OTHOCHTEJIFHON TeMIepaTypsl BO3IyXa MMEIOT TEIIOBas
MOIIIHOCTh H3JIydaTelii W CKOPOCTh BO3AyXa B MOIYIIE.
ITpn NOCTOSIHHBIX 3HAYEHUSIX BBICOTHI YCTAHOBKH HArpe-
BaTCJIsi 1 CKOPOCTHU ABMKCHUA BO31AYyXa U IPU YBCIUYC-
HUM TEIUIOEMKOCTH HarpeBaTelsi B J[Ba pa3a 3HaucHHE
OTHOCHUTEJIHLHOMU TEMIICpATYpbl BO3AYyXa BBIPACTET Ha
3,8%.

bnarogapst ucronb3oBaHHIO 3HEProdhHeKTHUBHON
CHCTEMbl HMH(PaKPaCHOTO OTOIUICHHs YAAlOCh yMEHb-
IINTH €XKErO/IHBIE PacXObl, CBS3aHHBIE C 3aKYIKOH KOp-
MOB, Ha 11,7% ¥ yBenH4YUTH CTOUMOCTb KOHEUHOIO MpO-
JIyKTa LOBIUIATEI-Opoiinepa Ha 12,8%.

Ha ocHOBe TEXHMKO-?KOHOMHUYECKHX pPAaCUETOB
000CHOBaHO HMCIIOJIb30BAHHE MOJIYJIBHOTO BBIPAIIMBAHUS
NTHIBI C CHUCTEMOH WH(]pPaKpacHOrO OTOILIEHUS. OTO
MOJATBEPIK/IACT IIUPOKHUE BO3ZMOXHOCTH BHEIPEHHS DHEP-
roa(dexTUBHBIX HH]PAKPACHBIX CHCTEM OTOILICHHUSL.

KiroueBble ciioBa: 3HeprodpQeKTHBHAS CHUCTEMa
nH(paKpacHOro OTOIUIEHHS, CHCTEMa BO3/AYIIHOTO OTOII-
JICHUA, MOAYJib JJid BbIpalllUBaHUA TTHIBI, TCIJIOBasd
SHEprHs, NTHIA.
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