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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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MICROCLIMATE IN THE BUILDINGS
FROM VOLUME BLOCKS

Abstract. Providing the necessary parameters of the microclimate is one of the necessary conditions in the
modern construction. For these purposes, there is a set of measures and microclimate support systems applicable in
all types of the structural design of buildings. But the features of houses form the modular blocks allow us to move
away from standard solutions and use energy-efficient construction technologies, namely, walls with a ventilated
interlayer. This design allows us to provide the necessary air exchange in the premises while providing the necessary
inlet air temperature. Walls with a ventilated interlayer complement the central ventilation systems or even make it
possible to abandon their use. In this article the issue of using walls with ventilated interlayers in the modular blocks,
with the use of additional heating of the incoming air in the cold season by using film infrared heaters was
considered. The question of the integration of this design with the system of “smart home” was also considered,
which will lead to the possibility of creating an energy-efficient building by ensuring cellular regulation of the
microclimate parameters. The result of the research is the data required for an approximate calculation of walls with
ventilated interlayers and infrared film heating systems, and the possibilities of creating active buildings were also
considered. To ensure the energy efficiency of the building, it is proposed to control air exchange and temperature.
The control will be carried out directly as follows: in the ventilated walls, at the holes, sensors are installed that will
control the speed and temperature of the supply air; a radiant heating film and a recuperator plate that heats the
supply air are mounted in the inner heating layer of the wall panel. If the plate temperature is insufficient, the heating
film is switched on, which increases the temperature of the supply air masses to the desired temperature.

Key words: volume block, building automation, ventilated wall, infrared heating film, heat engineering.

Introduction. Industrialization is one of the important events in construction. After all, construction,
like other industrial processes, has a high energy and material intensity, i.e. it requires a large number of
raw materials and energy to create the final product. They are spent on: the extraction of this raw material
and its processing, production processes. At the same time in construction, there are several types of these
processes.

Production of building materials, i.e. the creation of raw materials necessary for the construction of
buildings and structures, and their engineering systems. As you know, the method of activation of binding
systems [1-4] increases the strength properties of concrete. The composition of aerated concrete [5-9]
affects the mechanical properties of aerated concrete products. In this case, there is a high level of
industrialization, because modern materials are manufactured at specialized factories.

Construction. This point implies processes for the construction of buildings and structures, and the
level of industrialization of these processes ranges from low, in which most processes are carried out on
the construction site, to the high, i.e. installation of sections (parts) of the building that are manufactured at
the factory.
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Building operation - the processes associated with the creation of the necessary microclimate in a
building or a structure.

The high level of industrialization in construction is ensured by transferring most of the processes to
factory conditions by introducing a block type of construction, consisting in dividing a building into
modular blocks and sections, manufactured in factories and house-building factories. The only processes
carried out outside the workshop: transportation of blocks to the construction site and their installation.

When a building is divided into volumetric blocks, they are unified, i.e. blocks have standard sizes.
This unification allows us to create experimental samples that use lightweight materials or non-standard
types of joints, the production of which directly on the construction site is impossible.

But, bearing in mind the above, the engineering systems in block buildings do not differ from the
usual ones: the same ventilation systems are used (natural, by means of windows and doors, or intake and
exhaust systems) and heating. Although the block type of a building itself, using the systems that used in
energy-efficient buildings, makes it possible to apply new schemes to ensure the necessary parameters of
the indoor microclimate.

One type of efficient heating is a radiant heating system. The radiant heating is a system used in
modern houses, consisting of panels or pipes laid in the floor or walls, creating infrared radiation that
heats internal objects and air, and this system also increases the concentration of negative ions by 4 times.
More than 90% of the radiation belongs to the far infrared range (5-20 microns). The water, gas or
electricity is used as a heat-transfer material. The heating elements of this system can be installed in the
walls, while the heat irradiation is from 160 to 200 W/m2.

Also, there are heating elements in the form of a film. These films are low-temperature heaters, up to
1 mm thick, with a surface heating temperature of 40-65.

Radiant heating systems provide electrical energy savings (about 40%) [10-12] provided by
thermostatically controlled elements.

The ventilation is one of the systems that create normative parameters of the indoor microclimate,
namely, providing the necessary quantity and quality of indoor air. The natural ventilation is carried out
through doorways and window openings, vents in bathrooms and kitchens. The forced ventilation is a
system consisting of a pump and pipes and can be inlet, exhaust or inlet and exhaust. But the greater the
volume of the incoming air, the greater the load on the room heating system, in this case, the rate of heat
loss due to ventilation is 45% of the total heat consumption.

Therefore, in energy-efficient buildings, mechanical ventilation systems with heat recovery systems
are used, ensuring the inflow of the required air volume with the required temperature. These systems
consist of a pump, a piping system, and a recuperator. In this case, in a block building, it becomes possible
to abandon the piping system by using a system like a wall with ventilated devices. This system also
works as mechanical ventilation with a heat exchanger, but there are no bulky pipelines. In this system, the
outside air enters the room through the outer enclosing structures.

Research methodology. In order to study the possibility of using the above systems, let us consider
the design of modern modular blocks.

The blocks are made of various materials and have different structural schemes. The most common
scheme consists of ceiling, floor slabs and walls panels. Also, blocks of steel bearing frame, with hung
external enclosing structures, are produced. Thus, the wall panels are not bearing. Therefore, it is possible
to use walls with ventilated devices. The design consists of a ventilated layer, the inner and outer layers
and insulation. In the outer and inner layers are inlet openings with control valves.

The meaning of the construction is to allow air to pass through the walls. The external air penetrates
into the internal space through the holes in the inner and outer layers of the walls. To heat the supply air,
the heat of the heated wall is used. There are also designs with multiple air movement. For example, to
make a double movement of air masses, the walls of two ventilated interlayers are used, separated by a
partition, which has high heat irradiation ability. The heating of this partition is carried out by the warm air
of the interior space entering the interlayer. Thus, the incoming air is heated to the desired temperature
before entering the room ys. The walls with multiple air movement have several air spaces. During the
production of wall panels with windows, holes are located under the window opening.
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In the warm season, when the air temperature is more than 21 °C, the heat of the incoming air can be
used in the internal systems as an additional source of heat. But in the winter season, when the air
temperature is below -25 °C, it is necessary to apply additional heating of the incoming air.

This construction can be considered a kind of modification of the inlet and exhaust system with a heat
exc hanger, which differs from the latter in that the air flow is carried out naturally due to the difference in
temperature between the internal and external air. To improve the performance of the system, the system
of supply and exhaust ventilation can be used, which increases the flow of air into the room.

This system can be used in panel and block construction: the production of such panels requires
precision and tightness, which can only be ensured through the factory conditions.

According to [11], the thickness of the insulation for the inner layer will be 40-55 mm, at the outside
air temperature t, = —25 ... — 33°C, the outer layer - 60-65 mm, and the thickness of the channels should
be more than 20 mm.

The channels in the thickness of the panel are formed with the help of pipes, void formers or
embedded parts.

The precise calculation of this system is made on a computer. During the calculation, the
temperatures of the inner and outer layers, the change in the air temperature along the height of the
channels, the amount of heat passing through 1 m” of the inner layer per 1 hour are determined.

For the manual calculation of the wall with one layer, the following method is used.

The temperature on the surface of the inner wall of the air gap t,, the temperature on the outer
surface of the air gap 73 and the temperature change in the layer along the height A7, is calculated by the
formulas:

332+25,531+(200+50§—“—233)T3+4B3r2+21§
w

= ZB3+200+50;—;+2‘[3 )
where, By, B3 — the coefficients, determined by the formulas:
Bs = B16,,/24, (2)
By = a,(t; — 7,) + a, (¢, — 7,) 3)
T3 = B3 + 71 — 24/ B3(t1 — 72) 4)
a, = 1,66\/t, — 7, + 3,97 + 0,0245(t, + 7,) 5)
a, = 11,67/u + 3,97 + 0,0245(¢t, + ,) (6)

where, §,, — the air interlayer thickness, m; A, — the coefficient of the air thermal conductivity,
W/(m-°C); a, — the heat transfer coefficient of the inner surface of the interlayer, W/(m - °C);
t, — the outside temperature, °C; t,, — the outer surface temperature, °C; t, — the indoor air temperature, °C;
7, — the inner surface temperature, °C; v — the movement speed of air flows, m/s.

The amount of heat penetrating through 1 m* per 1 h through the inner layer of the enclosure Q; is
determined by the formula:

Te—T
Q="— )
Rms
_ T1+t,aeR
Te = 1+agRy, (8)
5,8
Rme - A1 Ay (9)

where, R,,, — heat transfer resistance of the inner layer, (m*°C)/W; &;, 8, — the thickness of the layers of
materials of the inner layer, m; 44,1, - the thermal conductivity of the layers of materials of the inner
layer, W/(m-°C).

The amount of heat penetrating through 1 m* per 1 h through the outer layer of the enclosure Q, is
determined by the formula:
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Q=" (10)
—_ T3+tHaHRmH
Tw= 1+, Ry (11)
1) 1)
Ry = 2+ 32 (12)

where, 4,65 — the thickness of the layers of materials of the outer layer, m; A4, A5 — the thermal
conductivity of the layers of materials of the outer layer, W/(m-°C).
The amount of heat passing through 1 m2 of the outer surface per 1 h, Q,is calculated by the formula:

QH = aH(TH - tH) (13)

where, @, — the heat transfer coefficient of the outer surface of the interlayer, W/(m?-°C)
The change in the air temperature by the height of the layer is determined by the formula:

H as(ta_rl) aH(T3_tH)
AT, = - 14

where, H — the section height, m; W — the airflow, kg/(m*h); C — the specific heat capacity of air , 1010
J/(kg-K); n — the number of the discrete sections, pcs.
The airflow is determined by the formulas [2]. The amount of air W is calculated by the formula:

W = 3600uShy (15)

where, v — the air velocity in the interlayer, m/s; &, & - accordingly, the thickness and height of the air
interlayer, m; y — air volume weight, kg/m’.

During the designing a block building we have several possible positions of the walls with ventilated
interlayers. In the first case, such walls are external, in the second case, such walls are internal (by which
the contact of two blocks occurs).

Let us define the characteristics of the walls in the second case in the cold season. Let us accept
climatic parameters for the city of Kyzylorda: t, = —24°C, t, = 20°C, airspeed 0,2 m/s. The construction
of the wall panel looks like: §; = 0,1.m,6, = 0,8 %,8, = 0,8,55 = 0,1. The mineral wool plates with the
thermal conductivity of 0,04 W/(m-°C) is taken as insulation.

o
R

=i

a)

By using the iteration method, let us define the following values for the panels of external walls: 7; =
—23,4°C,t3 = —23,8°C, 7, = —24°C,t, = —19,6°C. The amount of heat penetrating into the interlayer
through the inner layer of the panel is Q; = 2,14 J/m? - h.

When using panels with two air interlayers with parallel air movement, the inlet mass is heated by 9.6.

In order to determine the required inlet air temperature, let us use [12]:
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’

t, = t, — At, (16)

where, t, - the minimum premises temperature during assimilation of the premises heat, °C; t,, — the
normalized air temperature, 20 °C;

6)

SOOOOOL
SOOOOOK

Toze B='='

& 3

Three-layer ventilated panel: a — with ribs; 6 — on connections; 1 — ventilation duct; 2 — air vents; 3 — valve

N

1 B

At, — the permissible variation of the air temperature,1 °C. t, = 20 + 1 = 21°C

Results and discussion. According to [13-20], this system will require additional heating, separately
from the main heating system. To compensate for the losses, we can use radiant heating.

The scheme is as follows: the heating element is laid in the inner layer of the wall panel in the form of
the heating film, which raises the temperature of the inner surface of the interlayer and inlet air. Since the
duct area is rather small, the film costs are insignificant. For example, according to [19,20], the power per
1 m2 will be 110 watts.

This system is effective in the modular block housing. By production of blocks, especially with the
frame scheme, it is possible to apply this system in wall panels. The efficiency is that during designing
blocks, they are considered as autonomous cells, and, depending on the type of block (residential or
technical premises), each cell requires its own microclimate parameters. By combining ventilated walls
with a radiant heating system and a smart home system, it is possible to create a comfort regulation system
in each cell of the building.

The smart home system (automation of microclimate control) is a complex of devices that make up
the overall control system that controls the following parameters: heating, ventilation, fire alarms, lighting
control, pumping stations (if heat pumps are used), emergency situations, power consumption, and others.

The system works as follows. Special sensors (temperature, speed of a movement of air masses)
connected to the automatic control system are installed in the wall panels and in the room itself, with
which the microclimate parameters are adjusted and controlled in all cells of the building. The
interrelation of various systems is carried out according to standard, general protocols, and according to
certain scenarios. The scenarios are the algorithms for the operation of these systems, i.e., they support the
necessary parameters of the internal microclimate under the varying environmental conditions.

During designing the ventilated walls, we are faced with a dynamic system, the parameters of which
periodically change. And in order to ensure energy conservation and increase the energy efficiency of the
system, automation systems should be used.

The “Smart Home” implements a cellular climate control system, the purpose of which is to create
the necessary temperature, airflow, air's quality through special programs, and this system will ensure the
building’s energy efficiency.
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Thus, the control of air exchange and temperature will be carried out as follows: in ventilated walls,
sensors that control the speed and temperature of the inlet air are installed in the ventilated walls; in the
inner, heating layer, the radiant heating film and recuperator plate are installed, that raises the temperature
of the inlet air masses to the required temperature.

Conclusion. The districts with such "smart" block buildings are combined into "smart" districts. The
system of this districts works the same way as in a “smart” house, while its area of influence is much
greater: control of traffic, waste, power supply systems and other public services. The optimization of the
district’s work affects the operation of buildings. Such a system increases the efficiency of using the city’s
infrastructure through the mutual influence of every citizen and the city’s electronic system and the ability
of the system to continuously learn.

Thus, the "smart home" is one of the main factors of energy-efficient construction, giving the
building flexibility - the necessary quality of effective systems.

C. C. Yaepo6aes!, K. A. bBucenos!, H. A. Cakraranosal, H. A. Mamkun?, U. C. lynaes!

'KopkerT ATa aremnars: Keseutopaa yausepenrerti, Keissutopaa, Kazakcran;
ZHoBocibip MEMJIEKETTIK TEXHUKANBIK yHUBEpcuTeTi, HoBocibip, Peceit

KOJIEMJI BJIOKTAPJAH )KACAJIFAH FUMAPAT MUKPOKJIMMATbBI

AHHOTanusi. MUKpPOKIMMAT TapaMeTpliepiH KaMTaMachl3 eTy — 3aMaHayH KYPbUIBICKA KQKETTI MAapTThIH Oipi.
FumaparrapabIH KypbUIBIMIIBIK CXeMallapbIHbIH OapJibIK TYpiH/Ie KOJJAAHBUIATHIH [Iapajiap KUBIHTIFbI )KOHE MUKPO-
KJIMMAaTThI KOJiay xkyiienepi Oap. bipak kesxemi OJoKTapaaH jxacaiFaH yil epeKIenikTepl CTaHAapTThI HeniMaep i
KoJIIaHOayFa JKOHE JSHEeprusi YHEMJCHTIH KypbUIbIC TEXHOJOTHSIIAPbIH, aTan alTKaHJa, )KeJJeTUIeTiH KabaTel 6ap
KaObIpranap KoJJaHyFa MyMKiHAIK Oepeni. Bys1 au3aiin aya aFbIHBIHBIH KaXXETTI TEeMIIEpaTypachblH KaMTaMachl3 eTe
OTBIPBIIN, OeyiMenepie KKETTI aya anMacyJbl KamTamachl3 eTyre MyMmKiHmik Oepeni. JKennmerinerin xabatbr Gap
KaObIpFraiap OpTaJIbIK JKEJACTY XKYHEIepiH TONBIKThIPAIbl HEMeCE TIIITI oylapbl naiiananyaas 60ac TapTyFa MyMKiH-
Ik Oepeni.

Makanana >xenfieTKimn Kabarrapbl 6ap KaObIpranap/bl YIKEeH KejeMeri OJ0KTap/a naiaaiany api Kbl Me3ri-
JiHJE KipeTiH ayaHbl WH(PAKBI3bUI JKbUIBITKBIILITAPMEH KOCHIMIIA JKbUIBITYIbl KOJIIAHY MOCEJNeCi KapacThIPbUIIBL.
Bysl KOHCTPYKIMSHBI MHKPOKJIMMAT MapaMeTpiepiH >KacyllIalblK PETTey]l KamMTaMachl3 €Ty apKbUIbl JHEpPrus
YHEMICHTIH FUMapaT KypyFa MYMKIHZIK OepeTiH «aKbUIIbl Yi» iKyileciMeH OipiKTipy Moceleci e KapacThIPbUIIbL.
3epTTey HOTKECI KEJJETKIIl KaOblprajJapMeH joHe MH(PaKbI3bLI IUICHKAMEH KbUIBITY Kylenepi 6ap kaObipra-
Jap/ibl IaMaMeH eceNTey YIIIH KaXETTI JepeKTep aHbIKTa/Ibl, COH/ail-aK OelceH i FuMaparTapasl Kypy MYMKiH-
JUKTEp1 KapacThIPbLI/IBI.

Fumaparteiy sHeprusi THIMALICIH KaMTaMachl3 €Ty YIIIH aya aybICTBIpY JKOHE TemIlepaTypaHbl Oakpuiay
yChIHBLIA(bl. bakpiiay Tikesel Kejeci OJIMEH JKY3ere achIpblUIaibl: JKEIJICTUIETIH KaObIprajapia, TeCik OpbIH/Ia-
pbiHIa, OepiieTiH ayaHblH JKbUIAAMIBIFBI MEH TEMIIEpaTypachlH OacKapaThblH JATYUKTED aHBIKTAIAJbl; KaObIpFa
MaHEeNiHIH 1IKI KBUIBITY Ka0aThlHIA COylelll KbI3IbIpYy IUICHKAChl KOHE KOPEKTEHIIPETiH aya KbI3IbIPaThiH
pekyneparop Tabakuiacel OpHaThUIaAbl. Erep ruacThHa TemrepaTypachl JKETKUTIKCI3 0oJica, KbI3IBIPY ILICHKACHI
KOCBUIBII, aya MAacCAaChIHBIH TEMIIEpaTypachlH KQKETTI TeMIeparypara JIeiiH apTThIpaibl.

Tyiiin ce3mep: xesemai 070K, «aKbLIABI YiD», JKEIACTUICTIH KaObIpranap, HHOPAKBI3bLUT TACIAIbl KbI3IBIPFHIIIL,
KBUTY TEXHUKACHI.

C. C. Yaepo6aes!, K. A. bBucenos!, H. A. Cakraranosal, H. A. Mamkun?, U. C. lynaes!

'Keeuopauackuii yansepentet uM. Kopkeit Ata, Keiseutopna, Kaszaxcran;
HoBocuOUpCKuii rOCYIapCTBEHHBIN TEXHMYECKHH yHuBepcuTeT, HoBocubupcek, Poccust

MUKPOKJ/IMMAT B 3JAHUAX U3 OBPbEMHBIX BJIOKOB

AnHotanusi. O0ecrieueHre HEOOXOAUMBIX MMapaMeTPOB MHKPOKJIMMATa — OIHO M3 HEOOXOIUMBIX YCIOBHU B
COBPEMEHHOM CTPOMTENBCTBE. J[JIsl 3THX Lieleid CylecTBYeT KOMIUIEKC Mep U CUCTEM 00ECIeYeHUs] MUKPOKIIMATa,
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NPUMEHSEMBIH BO BCEX BHIAX KOHCTPYKTHBHBIX cxeM 31aHuil. Ho 0coOeHHOCTH OJIIOYHBIX IOMOB IIO3BOJISIOT HAM
OTOWTH OT CTaHAAPTHBIX PEIICHUH M HCIIOIb30BaTh TEXHOJIOTUH 3HEProd(p(eKTHBHOTO CTPOUTENLCTBA, & UMEHHO
CTEHBI C BEHTWIMPYEeMOU npocioiikoi. Takas KOHCTPYKIHsI TO3BOJISIET 00€CHeYrTh HEOOXOAUMBIN BO3JyX000MEH B
MOMEIICHUSAX MpU OOECHeUeHNH HEOOXOAMMOH TeMIepaTypbl IPUTOYHOTO Bo3Ayxa. CTEHBI C BEHTWIMPYEMOH
MPOCIONKON JOMONHSIIOT LEHTPAJIbHBIE CHUCTEMbl BEHTHILIIMH WM JAaXK€ JAI0T BO3MOXKHOCTH OTKA3aThCs OT HX
UCTIONIb30BaHMA.

B nanHOI1 craThe OBLT pacCMOTPEH BOIPOC MPUMEHEHHUS CTEH ¢ BEHTHJIMPYEMBIMH NIPOCIONKAMU B 0OBEMHBIX
650Kax ¢ IPUMEHEHHWEM JOIOJHUTEIBHOIO 000TrpeBa MPHUTOYHOTO BO3AyXa B XOJOAHOE BpeMsl roja IyTeM
UCTIONB30BaHMA IICHOYHBIX MH(pPaKpacHbIX HarpeBaTenei. Taxke ObUI pacCMOTPEH BONMPOC MHTETPAMU JaHHON
KOHCTPYKIHUH C CUCTEMOH «YMHOTO J0Ma», YTO IPHBEAET K BO3MOXKHOCTU CO3IaHHS SHEProd(p(PeKTUBHOTO 34aHM,
IMyTeM OOECIEUEHHsI MOSUEHCTOr0 PEeryIHpPOBaHMS MapaMEeTPOB MMKPOKIMMATa. Pe3ylbTaToM HCCIEIOBAaHUS SB-
JSIFOTCS ITaHHbIE, HEOOXOMMBIE TSI TPUOIM3UTENBLHOTO pacieTa CTEH C BEHTHIMPYEMbIMU MPOCIIONKAMH U CHCTEMBI
MH(PAKPACHOTO IUICHOYHOTO HATrPeBa, a Takxke ObUIN PACCMOTPEHBI BOBMOXKHOCTH CO3[aHMs AKTHBHBIX 3/1aHUH.

Jnst oGecnieyeHus 3HEPro3pGpeKTUBHOCTU 3[aHUS NMPEAIaraeTcsi KOHTPOJIMPOBATh BO3IYX000OMEH M TeMIepa-
Typy. KoHTpons Oyzmer ocymiecTBISTBCS ClEAyOIIUM 00pa3oM: B BEHTHIMPYEMBIX CTEHAaX B MECTaX OTBEPCTHH
YCIIAaBIUBAIOTCSI AATYUKH, KOTOpbIe OyIOyT KOHTPOJIMPOBAaTb CKOPOCTh M TEMIEpPATypy NPUTOYHOIO BO3AYyXa, BO
BHYTPEHHUI, HarpeBaOLIMN CJI0i MaHeNn CTEeHbl MOHTUPYETCS TUIEHKA JIy9HUCTOrO OTOIUICHUS U MJIACTHHA PEKyIe-
paropa, OCYLIECTBIIAIOIIEr0 HarpeB MPUTOYHOTO Bo3Ayxa. IIpum HenoCTaTOYHOW TemmepaType IUIACTHHBI B paboOTy
BKJIFOUA€TCs] IJICHKA OTOIUICHWS, IOBBIMIAIOINAS TEMIIEPAaTypy HPUTOYHBIX BO3IYLIHBIX MAacC O HYXHOH TeM-
HepaTypsl.

KiloueBble caoBa: oO0beMHBIN OJOK, «yMHBIH IOM», BEHTHJIHUPYEMbIE CTE€HBI, WH(PPAKPACHBIH IJICHOYHBINA
HarpeBaTesb, TEIUNIOTEXHHUKA.
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