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Annotation. In Kazakhstan, over the past decades, there have been changes in regulatory
requirements for energy efficiency and energy saving of buildings. A number of regulatory documents
have been adopted related to increasing the energy efficiency of existing and newly erected buildings and
structures, as well as the development and implementation of new principles and life support systems, i.e.
the creation and maintenance of a microclimate. From the analysis of world and domestic experience, it
follows that energy-saving engineering systems for the microclimate of buildings are currently being
actively developed. However, in terms of the implementation of energy-saving solutions, energy-saving
devices and equipment for engineering systems in the construction of buildings and structures, our
country lags behind foreign indicators. From the above, the relevance of the issue follows that, in general,
it is possible to reduce energy consumption by microclimate systems by combining all engineering
devices and technologies to reduce energy consumption to a level at which the required parameters of the
microclimate in the room are maintained. This is possible when assessing the energy efficiency of
microclimate systems and the presence of an automated control system. As a result of calculating the
energy efficiency of the microclimate systems of a five-story residential building in Kyzylorda, the
following was determined: annual heat consumption by heating systems; annual heat consumption by
ventilation and air conditioning systems; annual heat consumption by hot water supply systems (HWS);
annual electricity consumption by the building's power supply systems.

Keywords: energy efficiency, heat consumption, ventilation, heat supply, air conditioning,
microclimate, energy saving.

Introduction. Over the last ten years, the construction industry has focused on two
issues. The first issue is related to increasing the energy efficiency of newly constructed and
operated buildings and structures, and the second issue is related to the development and
implementation of new life support systems and principles, i.e. creating a microclimate and
maintaining it. Nowadays, a modern home is a complex technical system that must take into
account and interconnect not only the energy efficiency requirements of engineering systems, but
also the provision of an internal climate for the premises.

When developing design documentation and constructing facilities, it is easier to solve
issues of increasing energy efficiency when there is an opportunity to justify and select the best
design solutions. Operation of buildings is associated with the consumption of a certain amount
of fuel and energy resources. And therefore, all states form and implement their energy
conservation policies, which include a variety of scientific and technical measures aimed at
reducing energy consumption in newly constructed and operated buildings.

It is possible to reduce energy consumption and increase energy efficiency in buildings
by implementing various energy-saving measures aimed at the efficient use of energy in
buildings and engineering systems of these buildings.

The purpose of the work: substantiation and selection based on scientific research of
optimal energy-saving measures in the design of building microclimate systems. The relevance
of the work is associated with the selection of the most optimal ways to improve the energy
efficiency of newly erected and operated buildings and structures, including the development of
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new principles and life support systems and their implementation (creation and maintenance of
microclimate).

The scientific novelty of the work lies in the calculation of optimal indicators of energy
consumption and energy efficiency of a five-story residential building in Kyzylorda, the
selection of the most suitable energy-saving engineering systems of the microclimate of a
residential building for a given territory, the justification of optimal technological solutions that
allow the implementation of energy-saving measures when designing engineering systems of the
microclimate in a five-story residential building in Kyzylorda. Many foreign and Kazakh
scientists have studied various measures aimed at increasing the energy conservation of
residential, public, industrial and other buildings [1-7].

In a number of the largest cities of Kazakhstan, since 2009, in accordance with [8], work
has begun on the modernization of multi-story residential buildings that were built in the 1970s -
1980s. 11 Within the framework of the above-mentioned program, the following works were
carried out: replacement of windows, additional insulation of walls, modernization of
engineering systems. For a number of reasons (use of the cheapest reconstruction options or the
inability to radically improve the heating system in old-style houses, no possibility of installing a
metering system, no possibility of organizing a ventilation system), the effect of the above works
was very insignificant - it was only possible to reduce specific heating costs by no more than 10 -
15%. Such an effect from the implementation of measures was clearly insufficient. Such results
differ significantly from the results of the modernization of similar buildings in other countries
with similar climatic conditions [9-13].

It can be concluded that the difference in efficiency is most likely due to a more
comprehensive approach of European partners to solving the problem, including more thoughtful
solutions for the reconstruction of old buildings and the construction of new buildings. Energy-
saving measures in microclimate systems are aimed at providing the specified (necessary) values
of the energy indicators of the indoor microclimate with minimal energy consumption. When
designing air conditioning systems, preference should first of all be given to rational types of
systems, then provide for a set of measures to reduce the load on the systems and reduce energy
consumption during operation. The latter can be achieved as a result of using effective control
methods.

It can be concluded that the difference in efficiency is most likely due to a more
comprehensive approach of European partners to solving the problem, including more thoughtful
solutions for the reconstruction of old buildings and the construction of new buildings.

Energy-saving measures in microclimate systems have a great influence on energy
consumption. Architectural planning solutions and thermal protection parameters, which
determine the heat load on heating, ventilation and air conditioning systems, have a great
influence on energy consumption.

In addition to thermal protection of the building, economic optimization of the structural
elements of the building can increase the energy efficiency of providing a microclimate. Heat
gain from solar radiation depends on the degree of glazing of the facades, the presence of sun
protection devices, as well as the aspect ratio of the building and the orientation of the building
facades. An increase in the degree of glazing leads to an increase in heat consumption for heating
and cooling the building.

The shape of the buildings affects energy consumption. For buildings with an elongated
shape, you can choose an orientation in which the heat consumption for heating will be the
lowest.

The area S of the external enclosures and, consequently, the amount of heat loss depend
on the ratio of the building height and the sides of the building.

An effective way to reduce heat loads on air conditioning systems is to combine the
functions of enclosures and systems. For example, ventilated windows, which utilize the heat of
exhaust air in cold weather, and remove the heat absorbed in the window from solar radiation in
warm weather.



One of the most commonly used means of increasing energy efficiency is the utilization
of exhaust air heat. In the heat exchanger, the heat of the air removed by the exhaust systems is
transferred to the supply air, which reduces the heat consumption of the air heaters of the
ventilation and air conditioning systems.

In order to increase the potential of secondary renewable energy sources, it is necessary
to use heat pumps, which are a reversed refrigeration machine that can extract heat from an
environment with a relatively low temperature, i.e. low-potential heat. One of the inexhaustible
sources of heat is solar energy, which is used in solar installations.

Energy-efficient operating modes can reduce energy consumption by microclimate
systems. This is a periodic operation of heating systems, in which, during the period when the
premises are not in use, a lower temperature is maintained in it, with periodic ventilation.

In general, it is possible to reduce energy consumption by microclimate control systems
by combining all devices and technologies for reducing energy consumption to a level at which
the required indoor microclimate parameters are maintained. This is possible with an automated
control system.

The strategy of reducing heat loads by using energy-efficient lighting, enhanced thermal
insulation, high-quality roof glazing with a reflective surface, etc. are the main elements of the
strategy [14].

The diagram for reducing the capacity of HVAC systems is shown in Figure 1. The
results showed that roof insulation provides the greatest effect among energy-saving measures
(about 25%). Although the total capacity of HVAC systems was reduced by only 35...45%,
depending on the geographic location of the facility.

100

sacramento

palm springs

80 —— oakland
D\_\
o~ \\'\_\\\
60 —

i\ A ’ ) & @ &
& N & 5 ° <
@ <® N 8} & O o o \q\ N
éo 00\ \‘31'\ 'a'é\ \«5‘»' 'b'l) e \\00 oo v
A @ z
© ¢ S & 5 S ¢ @ &o 3©
& & <
& o
,&e 00
>
O
¢
tb

Figure 1 — Reduction in the capacity of HVAC systems as a result of the implementation of energy-
saving measures

Materials and methods of the study. For the selection of energy-saving engineering
systems of the microclimate of a five-story residential building in Kyzylorda, the software
package «POTOK» was used.

The POTOK program [15] is designed to perform a thermal-hydraulic calculation of 1-2
pipe, central water heating with a coolant or collector (skirting, radial) heat and cold supply
systems - water or solution, with a constant or sliding temperature difference (in cases of
connecting consumers via a single-pipe system) in buildings of any purpose with centralized or
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separate heat metering. Heat/cold is transferred to the premises by local heating devices, air
heaters, fan coils, with organized and unorganized heat metering in the system. Systems with
complex configurations (single-pipe, bifilar and double-pipe risers, etc.) can be divided into
separate calculation blocks with subsequent automatic unification for the purpose of hydraulic
coordination and obtaining a general equipment specification in MS Word and AutoCAD
formats.

The program allows calculating heating systems in series - connected by coolant, systems
with pre-connected heating devices.

The designed systems can be: heating; warm floors; refrigeration; heat supply (heaters,
process equipment); with manual and automatic regulation of heat consumption and hydraulic
stability; with the installation of balance valves, thermostatic valves; heating with local devices
combined with elements of heat supply, warm floors; intra-site heating networks.

By the method of accounting for heating costs: unorganized heat metering; per-apartment
- each apartment (office, store, etc.) has its own heat source and hydraulically the heating
systems are not interconnected - count separately without combining; systems with separate heat
metering by owners (apartments, offices, stores, etc.) - count separately and combine.

By connection of heating devices when forming risers: single-pipe; double-pipe; bifilar.

By arrangement of main lines: with upper wiring; with lower wiring with conventional
and I1-T-shaped risers; with "inverted circulation”; with a single lower main line with sequential
connection of IT-shaped risers.

By direction of water movement: vertical or horizontal; with dead-end movement in main
lines; with concomitant movement in main lines; radial; collector; with bifilar movement in
devices;

By instrument (one-way or two-way) units: flow-through; adjustable; HERZ thermostats;
with mixing modules for Oventrop heated floors; flow-through and adjustable; with reducing
inserts.

By heat carrier: network superheated water from a thermal power plant (with elevator
selection); local heat source; non-freezing solutions.

By the source that causes circulation: pumping; gravity.

The heating system can use heating devices of previous years, manufactured by the CIS
industry or supplied by German companies. In addition, the heating system with local heating
devices can be combined with heat supply of air heaters and/or electric air heaters of the FC-
205C — FC-805C type, heat supply of process equipment. In this case, a joint calculation of the
system is carried out, the necessary design materials are prepared. When designing new systems,
it is recommended to install thermostats at the devices, and automatic balancing valves on the
risers. This will avoid the installation of throttle washers, eliminate design, calculation and
installation flaws, ensure heat savings for the entire heating period, which will very quickly
offset some increase in capital costs. The use of a two-pipe layout also leads to a significant
reduction in operating costs.

Results and Discussion. The heating solution is innovative. A water heating system with
forced circulation, with a lower distribution and a closed expansion tank. The heating devices are
connected by a two-pipe piping system. The system is designed for a supply pipe temperature of
90°C, and a return pipe temperature of 70°C. Operation occurs without interruptions, but with a
decrease in temperature at night using a boiler control controller that receives signals from an
external temperature sensor.

The low-temperature part of the heating system of a residential building includes heating
circuits located in the walls and floors. The conventional placement of warm floors and warm
walls in a residential building is shown in (Figure 2). The power supply to individual circuits is
carried out through collectors located under the plaster, and regulation is carried out using zone
regulators. The parameters of the internal microclimate in the building are accepted according to
the existing sanitary and hygienic standards depending on the category of the main functional
premises or their groups and the customer's requirements for the quality of microclimate
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provision while meeting the sanitary and hygienic safety conditions. When assessing an already
adopted design solution, these parameters are accepted according to the working project; when
calculating energy efficiency at the design stage and (or) in preliminary multi-variant
calculations, it is allowed to select uniform values for a typical (representative) room. The object
for calculation is a five-story residential building in Kyzylorda.

We calculate the total specific annual energy consumption of the building per 1 m® of
heated volume Vheated, kW'h/(m3 -@) using the formula

q.;t’"emf — (Qgeﬂt’?‘ﬂf + Qtl;ent[rv] + er;p + E) . lﬂsfvo'r (l)

QP enerar = (394 + 272+ 818 + 43,14) - 103/7925,4 = 99,8 kW-h/(m® g)

Next comes the calculation of the building's energy efficiency coefficient using the formula
55
Nyita = [Q.'I:'eat + Q;erm-'-Qvent{r‘v}.f(l - ke‘f) + QZhv : At + E] .f Qprr'r:lz.f:as.' (2)

Where err’m.ﬁas.' = (Q;Eﬁﬁ' * Qi‘-entfrv-) + Q::r)'{rlthsrnm.' + E/rlq.'qr-r is the energy Consumption Of the

building per year in terms of primary fuel, MW-h/g.

Qpita = {394”{??81'8} + 43;4 = 879 MW-h/g.

Where nmner and 71t are the efficiency factors of the sources of thermal and electrical
energy, respectively, servicing the building, using the accepted methods of producing these types
of energy. When connecting to sources that do not use primary organic fuel (hydro- and nuclear
power plants, solar, wind and other installations), the corresponding term in the brackets of
formula (2) is ignored.

Npua = [394 + 59,5 + 272/(1 — 0) + 81,8 - 55/55 +43,14] / 879 = 0,88

The results of calculating the annual energy consumption may be used in the technical
and economic comparison of design solution options and the selection of the optimal option.

To determine the actual energy consumption of the building and to verify the fulfillment
of design indicators 1-2 years after its commissioning, an inspection is carried out based on the
readings of heat and electric energy meters at the building inputs.

The readings of the meter (Qf.q: + Quens) + @np OF thermal energy Q', MW-h/g, are
compared with the sum from vent (kV) gv for the final version of the project, reduced to the
actual value of the outside air temperature by recalculation using the formula

(Qheat * Qhansirwy + Q) = Qhear * Qhonsir) * ( 2222) + Qf, ©

where theatseason 1S the actual average outdoor air temperature for the heating period in

question, °C, taken from the meteorological station data. In buildings where a lower temperature

Is maintained during non-working hours, the conventional internal temperature t should be taken
instead of tint.temp-

The readings of the electric energy meter E' are compared with the value of E, MW-h/g,
for the final version. In case the actual values of Q' and E' exceed the design values,
recommendations are developed for additional reduction of energy consumption. The bathrooms
and kitchens are equipped with heated floors, and the living rooms are equipped with radiators.
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Figure 2 — Water wall heating system

The idea of such a solution is based on the following provisions:
— absence of heating devices and elimination of the effect of local heating of walls;
— improvement of thermal comfort, creation of a healthy microclimate in the premises;
— energy savings due to a high share of radiant heat exchange;
—an optimal solution for a condensing boiler due to a lower supply temperature (45-55°C);
— the possibility of using the system for cooling in the summer.

The heating modules, appropriately selected in terms of power and dimensions,
connected according to the Tichelman system, were primarily placed in the partitions between
the windows, and the rest of them — on the internal walls.

The high-temperature part of the system consists of heated towel rails in the bathrooms.
The same circuit supplies the heating devices in the stairwell. All devices are equipped with
thermostatic head valves and air release valves.

The problem of temperature regulation is solved by installing a weekly room programmer
in each apartment, which controls the zone regulators of the heating circuits in the walls and
floors of this room.

Ventilation systems. Scientific research and calculations of the air regime of the building
made it possible to identify general trends in the change of air balance components with
changing weather conditions for different buildings.

An increase in wind speed does not affect the flow rate of air removed from the
apartment on the windward fagade, but with poor entrance doors, the inflow into them decreases
through the windows and increases through the entrance doors. Due to the installation of tight
windows in the building, the installation of only an exhaust system turns out to be ineffective.
Therefore, to supply the inflow to the residential building, ventilated windows with a valve are
used, which have a fairly high aerodynamic resistance and do not let in street noise, and supply
valves in the external walls, and mechanical recuperative ventilation is also provided. The
conditional placement of ventilation valves in the windows and walls of the residential building
is shown in (Figure 3).

The window areas and their air permeability in the building correspond to the standards,
as does the air permeability of the doors (the air permeability of the windows on the 1st floor
was 6 kg/h-m?, and of the doors 1,5 kg/h-m?). The main channels are provided with the same
diameter along the height, made of metal. The diameters of the side branches are also made the
same. Throttle valves were selected for the side branches, equalizing the exhaust air flow rates
by floors.
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Figure 3 — Conventional placement of ventilation valves in windows (a) and walls (b) of a residential
building

The calculation determined the air flow rates that make up the air balance of each room
of the frail house at different outside temperatures, wind speeds and with open and closed vents.
In addition to the adjustable natural ventilation system, mechanical heat recovery of the exhaust
air is used. The points of fresh heated air inflow are located in the rooms of long-term stay: in
bedrooms, private rooms. The points of exhaust of used warm air are located in the kitchen
(independently of the local exhaust above the electric stove). The diffusers are placed in the
ceiling structures. The spiral recuperator together with the fans, collector and system of control
dampers is mounted in the attic. The supply shaft passes through one of the end walls, and a free
vertical ventilation duct is used as an exhaust shaft.

In order to ensure general air exchange between the rooms of the apartment of the
residential building, 7 mm gaps were left between the door leaf and the floor.

In accordance with the purpose and parameters of the ventilation and recuperative
system, the following elements were selected:

— a recuperator with a spiral heat exchanger with a capacity of 1000 m*/h, with an efficiency
of 85-92%;

— one supply and one exhaust fan;

—a speed controller for fan electric motors;

— flexible insulated air ducts;

— rotary and deflecting dampers according to the number of supply channels;

— supply and exhaust diffusers.

The ventilation and recuperative system control provides for equipping the exhaust air
secondary heat utilization system with a standard speed controller that controls the performance
of the exhaust and supply fans. A programmable temperature controller is provided for the
purpose of additional optimization of the residential building ventilation process.

Hot water supply (HWS) systems. The control of the entire residential building heat
supply system is designed based on its ease of operation. Widely available microprocessor
temperature controllers and time-programmable controllers are used as control elements.
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The control of the heat generation and accumulation system is based on the standard
boiler automation system, which regulates the coolant temperature and controls the heating of
water for HWS. Microprocessor temperature controllers successfully interact with this main
system.

The automation of the heating circuit power supply system is combined. Water heating in
the HWS water heater is controlled by a thermostat and a programmable controller installed on
it. The hot water circulation circuit is equipped with a threshold temperature regulator and a
programmable controller. The heating circuit with heating devices receives the coolant directly
from the heat accumulator and is controlled by a programmable controller. Heat distribution
between individual rooms is regulated by valves with thermostatic heads installed on the devices.
The wall heating circuit and warm floors, taking into account the technological temperature
limitation up to 55°C, are equipped with a pump group with a mixing unit, which is controlled
by a temperature regulator.

Conclusion. The selection of microclimate engineering systems for a five-story frail
building in Kyzylorda and energy-saving measures with their optimal combination was made.
The following technological solutions were adopted in the work:

— wall heating and warm floors, which, in addition to saving energy, create a healthy
microclimate in the premises and a comfortable feeling of radiant heat;

— use of a wall heating system and warm floors for cooling premises in the warm season;

— use of individual temperature regulators of heating circuits in each living space;

— use of programmable controllers, increasing the efficiency of the system, due to the ability
to regulate the operating time of the systems (gaps);

— ventilated windows with a valve and supply valves in the external walls were used to supply
natural air to the residential building;

— a recuperation system, which, in addition to saving energy, allows for the delivery of cool
fresh air in the summer through a supply shaft located in the shade;

— water heating in the DHW water heater is controlled by a thermostat and a programmable
controller installed on it;

— the hot water circulation circuit is equipped with a threshold temperature regulator and a
programmable controller.

The theoretical and practical significance of the obtained results is intended for scientific,
engineering and technical workers, postgraduate and master's students involved in the
development and creation of energy-saving measures. Summing up, it can be said that the
obtained results of scientific research of the dissertation work contribute to the expansion of
knowledge and their application in the design of energy-saving microclimate systems of
buildings, expressed on the example of a five-story residential building in Kyzylorda.
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FUMAPATTBIH DHEPTUSI TUIMALIITT KOPCETKIIITEPIH ECENTEY
"KOHE EH THIMJI ’)KOBAJIBIK HIEIIIMII TAHJAY

/KanaxoBa A.Y., TeXHHKa FBUIBIMAAPBIHBIH KaHAWAATHI, KAYBIMAACTHIPBUIFaH Npodeccop
Mycrada 9.H., 7TM07365 — Kypsuisic BEB-HEIH 2-Kypc MarucTpaHThbl
Ceiitmarander H.C., 6B07365 — Kypsuibic BBB-HBIH 2-Kypc cTyaeHTi

Kopxoim Ama amvinoazel Kvi3viiopoa ynusepcumemi, Koisvinopoa, Kasaxcman

Angarnma. KaszakcraHna COHFbl OHXBUIIBIKTapJa FUMapaTTapAblH SHEPrus THIMIUII MEH
SHEPTHSHBI YHEMJICYiHe KaThICTHI HOPMATHBTIK TajanTtapra e3repicrep eHri3inmi. KoimaHbICTarbl jKoHE
JKaHaJlaH TYPFBI3BUIATBIH FUMapaTTap MEH KYPBUTBICTAP/AbIH JHEPTUs THIMJIUIITIH apTThIpyFa, COHIai-aK
TIPIIUTIKTI KaMTaMachl3 E€TYMIH jKaHa NMPHHIUITEPI MEH XYHENepiH o3ipieyre j>KoHe eHri3yre, SFHU
MHKPOKJIMMATTHI KYPYy MEH KOJIIayFa KaThICThI OipKaTap HOPMATHUBTIK Ky)KaTTap KaObUIIaHIbL.

OJeMIiK JKOHE OTaH[IBIK TKIPUOEHI Tannay HOTHXKECIHIE Kas3ipri yakpITTa FUMapaTTaplblH
MHUKPOKJIMMAThIHA apHAJIFaH YHEPTHUSHbI YHEMJICHTIH WH)XESHEPIIIK XKyHenep OeJiceHal TYpAe 93ipiieHy/Ie.
JlereHMeH, FUMapaTTap MEH KYpBUIBICTApIbl cajlyla HWHXEHEpNIK OKyieJepre apHaJFaH OSHEpPrus
YHEMICHTIH IemiMAep i, SHEPIysl YHEMACHTIH KYpbUIFbIIAp MEH KaOAbIKTapAbl €Hri3y OOMbIHIIA eTiMi3
HIETEIIK KOPCETKIIITepAeH apTTa Kajbll oThip. JKorapbima adThUIFaHIapAaH MOCEJEHIH ©3€KTiIIri,
TyTacTail anraHja, OeiMeneri MHKPOKIMMATTBIH KaKETTI MapaMeTpiepl cakrail OTBIPBIN, SHEprus
TYTHIHYZIBI a3alTy YLIH OapiiblK MHXEHEPIK KYPBUIFBLIAP MEH TEXHOJIOTHSUIapIbl OIpiKTIpYy apKbLIbI
MUKPOKJIMMAT JKYHeJepi apKpUIbl DSHEPrHsHBl TYTHIHYJbl a3aiiTyra OONATBIHBIH KepceTeni. by
MUKPOKJIMMAT JKYHENepiHiH JHepPrus TUIMIUICIH XOHE aBTOMATTAHIBIPHUIFAH OacKapy XYHeciHiH
OoysIH Oaranay Ke3iHae MyMKiH OOmafbl.

Kp3puiopa KanaceiHnarbl Oec KaOaTThl TYPFBIH YHIIH MHKPOKIMMAT >KyHelepiHiH sHeprus
THIMJUTITIH €CenTey HOTHXKECIHIE MbIHAJIAp aHBIKTAJIbL: JKbUIY JKyHesaepi OOMBIHINA >KBUIABIK KbLTY
UIBIFBIHBL, JKENJIETY JKOHE aya OanTay skyienepi OONBIHINA KbUT CAHBIHFbI JKbITY HIBIFBIHBL, BICTBIK CYMEH
xabapikray xyHenepiMern (CXOK) >KplablK SKbUTyIObl TYTBIHY; FUMapaTThIH JIEKTPMEH KaOABIKTay
KYHenepiHiH KbUIBIK JJIEKTP SHEPTUSICHIH TYTHIHYHI.
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Tipek ce3aep: dHEPryus THIMIUIITI, )KBUTYIBI TYTBIHY, KEIIETY JKYHenepi, KbUTyMeH jKa0IbIKTaY,
aya OanTay, MUKPOKJIHMAT, JHEPTHUs YHEMJICY.

PACYET IIOKA3ATEJIEMA SHEPTO3®®EKTUBHOCTH 3JIAHUS U BBIEOP HAUBOJIEE
IOOEKTUBHOI'O IPOEKTHOI'O PEIIEHUSA

KamaxoBa A.Y., KaHAUIaT TEXHUYESCKUX HAYK, aCCOIIMUPOBAHHKIN Ipodeccop
Mycrada 9.H., Maructpanrt 2 kypca OIl 7M07365 «CTpouTenscTBOY
Ceiitmaran0et H.C., cryznent 2 kypca OIl 6B07365 «CtpouTenbcTBO»

Koizvinopounckuil ynusepcumem umenu Koprxoim Ama, e.Keizvinopoa, Kazaxcman

Annorauus. B Kazaxcrane 3a mocnenue AecsSTHICTUS TPOU30LIIN H3MEHEHHS B HOPMATHBHBIX
TpeOOBaHMAX K 3HEProdh(HEKTUBHOCTH W dHeprocOepexkeHnto 3maHui. [IpuHATO psSm HOPMATHBHBIX
JIOKYMCHTOB CBSI3aHHBIX C TOBBIIICHUEM DHEPreTHYECKON 3(P(PEKTHBHOCTH SKCILUTyaTHPYEMBIX U BHOBb
BO3BOJMIMBIX 37JaHUH M COOPYKEHUH, a TaKKe C pa3pabOoTKON 1 BHEAPCHUEM HOBBIX MPUHIIUIIOB U CHCTEM
JKU3HEOOCCTICUCHHS, T.€. CO3AHMS U MOIICPIKAHIS MUKPOKINMATA.

W3 ananu3a MUPOBOTO W OTEUECTBEHHOT'O OMBITA CIEAYET, YTO B HACTOSAIICE BPEMsI IPOUCXOIUT
AKTUBHOE Pa3BUTHE HSHEProcOCpEerarolinX HHXCHEPHBIX CHCTEM MHKPOKIMMaTa 3aaHuid. OmHaKo 1o
BHE/IDCHUIO JHEProcOeperamux pelleHnid, dSHeprocOeperaommx yCTpoucTB U 000pYyJOBaHUS
WHXXEHEPHBIX CHCTEM B CTPOUTEIBCTBO 3[AHWH M COOPYKCHHH HAIlla CTpaHA OTCTAeT OT 3apyOeKHBIX
nokazatened. 3 HM3I0KEHHOTO BBITEKAET aKTYaJIbHOCTh BOMPOCA, YTO B LIEJIOM SHEPromnoTpedicHue
CHUcCTeMaMu O6CCHC‘-ICHI/I$1 MUKPOKJIMMaTa MOKHOCHU3UTD, O6T>CI[I/IHI/IB B KOMIUICKCE BCC HMHKXCHCPHBIC
YCTPONCTBA M TEXHOJOTHU MO CHIDKCHHIO 3HEPrOMOTPEONICHUS IO YPOBHS, MPU KOTOPOM COXPAHSIOTCS
TpeOyeMble MmapaMeTpbl MUKPOKIMMATA B MOMENICHUH. DTO BO3MOXHO TMPH OLCHKE SHEPreTHUSCKON
3(1)(1)GKTI/IBHOCTI/I CHUCTEM O6CCHC‘ICHI/IH MHKPOKJIMMAaTa W HaJIW4YHUU CUCTEMbl aBTOMATHU3WPOBAHHOI'O
YIIpaBJIEHHUSL.

B pesymbraTe pacdera OIEHKH JSHEpPreTHUeckoil 3(QeKTHBHOCTH cHcTeM oOecredeHus
MUKPOKJIMMATa MATHATAKHOTO JKUIIOTO JoMa B T. KBI3BIIOpIE OnpeAesieHo: roJJ0BOe TEIIONoTpeOIeHHe
CHUCTEMaMH OTOIUJICHHUS; TOJIOBOE TEIUIOMOTPEOICHHE CHUCTEM BEHTWISIMU M KOHIUIIMOHHPOBAHHS
BO3/lyXa; TOJIOBOE TEIUIONOTpebieHne cuctemMamu Topstuero BogocHaOxkenust (I'BC); romosoe
AIIEKTPOTIOTPEOTICHUE CUCTEMAMH SJICKTPOCHAOKEHHS 3/IAHHS.

KaroueBbie cJjoBa: »Heprerudeckas 3()QPEKTUBHOCTh, TEIIONOTPEOICHUE, BEHTHIISALINA,
TEIIOCHAOXKECHUE, KOHIUITMOHUPOBAHKE BO3/IyXa, MUKPOKIIUMAT, JHEProCOePEIKEHHE.
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