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ABSTRACT: The article explores the possibility of using nanotechnology to improve the efficiency of centralized and autonomous
heating systems on the way to a new technological model. A logical sequence of the development of heat supply and heating is
given, conservative equipment and technologies that are used to supply thermal energy to consumers is marked. In the context
of the urgent tasks of heat supply and heating of buildings, the concepts of the use of nanotechnologies that meet the goals of
maximum heat transfer intensification are considered. Heat conduction analysis, concentration, size, mass and velocity of nanopar-
ticles assesses are the basis for assessing the possibility to use nanofluids as a coolant for improving heat exchangers and to reduce
heat losses in heating systems to maximize efficiency of their work. It is shown that the use of nanostructures affects the saving
of coolant flow as the main task of the qualitative and quantitative regulation of the heat supply system. Attention is focused on
the application of nano-structured materials in low-temperature fuel cells used decentralized heating systems for heating houses.
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INTRODUCTION

In housing and communal services, the main consumers
of thermal energy are building heating systems. Until
the second half of the 17" century, local heating of build-
ings had used, i.e. thermal energy was used at the place
of its receipt. An exception was Ancient Rome, where
water heating systems using thermal waters and under-
ground fire-air heating of palaces from a local source
were used. The beginning of the centralization of heat-
ing systems can be dated to 1818, when the first steam
high-pressure system was installed in England, the system
heated greenhouses group at the most remote distance,
i.e. 127 m. In 1830 there was the first system of steam
heating for buildings with the use of exhaust steam of the
steam engine, which is directly connected with the begin-
ning of the formation of the second technological stage,
the core of which was the steam engine. Centralization

of heat supply using steam from steam engines and trans-
ferring steam to a group of residential buildings for heating
over long distances (1—2 km) began in 1878 in the USA,
and subsequently in Germany and other European coun-
tries. In the first years of the XX century due to the forma-
tion of the third technological stage, that launched mass
production of electric motors, the central water heating
systems for buildings started developing.

MAIN PART

In pre-revolutionary Russia, individual attempts were
made to use heating plants for heating residential and
public buildings. However, in reality, only a few factory-
plant heat power installations that used the exhaust steam
of the industrial enterprises (for example, Tryokhgornaya
manufactory in Moscow) were sparsely applied. Indus-
trialization and housing have caused a continuous in-

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0002-9568-7866
https://orcid.org/0000-0002-1409-0217
https://orcid.org/0000-0003-1984-3035
https://orcid.org/0000-0001-9513-8712

Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonornm B cTpontenbCcTBE: HayUHbIN IHTepHeT-XKypHan

2020; 12 (2):
89-93

Nanobm

THE APPLICATION OF NANOTECHNOLOGY AND NANOMATERIALS

crease in the thermal load. At the same time, there was
a process of concentration of this load in large cities and
industrial areas, which created the basis for the further
development of district heating in the country and al-
lowed the USSR and modern Russia to take first place
in the world in the total length of heating networks and
the capacity of heating plants.

At the same time, heat supply systems are character-
ized by a very pronounced conservatism in terms of the
equipment used and the technologies used to supply ther-
mal energy to consumers. This explains the fact that for
more than 70 years, the main sources of district heating
have been heat plants of combined production of heat
and electric energy with an average radius of 10—20 km.
Moreover, the range of thermal systems in modern large
networks can reach 30—50 km or more — up to 100 km [4].
Despite the fact that heat transport over long distances
reduces the efficiency of heat supply systems, leading to
large heat losses on the way to the consumer, centraliza-
tion is still the main «conservative» direction for improv-
ing heat supply: concentration and combination of heat
production and electric energy (heating).

This is caused to a certain extent by the fact that dis-
trict heating systems based on combined production,
related to the so-called large energy, are associated with
certain industry standards. The system of strict standards
leads to a high degree of technological and organizational
regulation of heat supply, which in turn limit the develop-
ment of innovative schemes [7]. The limited boundaries
of economically feasible heat transfer, especially at low
loads, are the main obstacle to connecting buildings to
centralized heat supply systems in isolated areas. Trans-
port of heat over long distances reduces the efficiency
of heat supply systems, resulting in greater heat loss on
the way to the consumer. Therefore, along with main-
taining the existing positions of large-scale energy, small
distributed energy, including distributed generation sys-
tems, energy management control systems, etc., is begin-
ning to develop at an increasingly intense rate throughout
the world.

Small power focuses on decentralized (autonomous)
heating mainly in those areas where the construction
of thermal power plants by technical and economic in-
dicators impractical due to lack of the necessary con-
centration of thermal and electric loadings. A significant
area of decentralized heat supply with high energy prices
from isolated small-generation sources operating on im-
ported fuel makes the search for prospects for innovative
heat supply options no less relevant than in large energy.
The efficiency of using the heat of large and small energy
with traditional technologies is in many cases insufficient.
The big problem for district heating systems are the heat
losses in the networks.

Increasing the thermal insulation quality is expen-
sive, but still high losses are inevitable, because low

hydraulic stability of heat supply systems determine
the overall over-expenditure of heat and coolant when
one is underheated and other consumers are overheated.
The measures taken to identify and eliminate the main
heat losses in combination with the formation of norms
and rules for energy consumption have exhausted the po-
tential for increasing energy efficiency [1]. Therefore,
the actual tasks of heating include the development and
implementation of innovative technologies in heating
systems to ensure maximum efficiency of these systems,
high efficiency and reliability of their operation, as well
as the normal indoor climate.

The use of nanofluids in heat supply systems as a heat
carrier, which, according to the obtained experimental
data, gives a significant increase in heat transfer [16], is
aimed at increasing the efficiency of heat use.

The heat capacity of the nanofluid is described by
the expression:

Cp = haxp, (1)

where A is the thermal conductivity of the nanofluid,
W/(m+ K);

a — thermal diffusivity, m?/s;

p is the density of the sample, kg/m?.

There are definite prospects for using nanofluids for
improved heat exchangers and reduce heat loss [21].
The results of heat conduction analysis, concentration,
size, mass and velocity of nanoparticles allows to assess
the possibility of using nanofluids in heating systems
as a coolant, to choose the most effective nanofluids
by studying the dependence of heat transfer coefficient
nanofluids of the Reynolds number and the heat transfer
coefficient from bulk concentration [10]. This dependence
shows an increase in the heat transfer coefficient with an
increase in the Reynolds number. The degree of increase
substantially depends on the concentration of nanopar-
ticles and their speed, although a significant increase in
the thermal conductivity of nanofluids is possible even at
low particle concentrations.

For example, when 1%, 2%, and 3% of the volume
of nanofluid is added to the coolant, the heat transfer co-
efficient increases by 100%, 200%, and 300%, respectively
[16]. The dependence of thermal conductivity on the mass
of nanoparticles is quadratic and can be represented as

AN = (rh/p)?, (2)

where rh is the density of the material of the nanopar-
ticles.

The results show that nanofluids heat capacity is
significantly higher than when water heating without
the addition of nano-additives in the coolant. The most
effective to improve the heat transfer the use of a heat
nanofluids with carbon nanotubes because of their high
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heat conduction systems (for comparison — eight times
higher than that of copper by more than four orders
of magnitude greater than the same amount for the base
liquid, which can lead to significant changes in ther-
mophysical properties of nanofluids and enhance heat
transfer processes) [12].

Another promising direction for reducing heat losses
in heating networks due to nano-structured materials
is low-temperature fuel cells used by autonomous (de-
centralized) heat supply systems in mini-thermal power
plants with a built-in heating part for single-apartment
and multi-apartment residential buildings.

In the development of the production of low-tem-
perature fuel cell technology can play an important role
of nano-structured materials, including catalysts based
on nanoparticles, they provide high efficiency, envi-
ronmental friendliness and reliability [15]. In fuel cells,
the chemical energy of the fuel (hydrogen, natural gas)
is converted into electrical (30—50%) and thermal (up
to 40—50%) energy.

Due to the high efficiency of fuel cells, the total ef-
ficiency of mini-thermal power plants on fuel cells using
catalysts consisting of 1—5 nm metal nanoparticles in
a carbon matrix can reach 80%. The most promising el-
ements are nano-manganese, nano-alanate manganese,
nano-titanium.

The use of nanotechnology in heat supply systems
can meet the goals of maximizing heat transfer. Heat
supply systems are an interconnected complex of heat
consumers, differing both in character and in heat con-
sumption. The modes of heat consumption by mul-
tiple subscribers are not the same. The thermal load
of heating systems varies depending on the outdoor tem-
perature, which requires artificial regulation. Analysis
of global trends reduce heat losses in heating systems
shows reduction in the maximum temperature supplied
by the heat source in the network. The temperature dif-
ference between the heating and the heated side is re-
duced every decade by several degrees.

Regulation of the heat load leads to a change in pa-
rameters and energy consumption in accordance with
the actual need. The essence of control methods follows
from the heat balance equation [4]:

Q = Ge(t,~t,)n/3600 = kF(t —t )n, 3)

where Q is the amount of heat received by the device
from the energy source and given to the heated medium,
kW/h;

G is the energy carrier consumption kg/h;

C is the heat capacity of the energy carrier kJ/kg;

k is the heat transfer coefficient;

F is the heating surface of the heat exchanger (a de-
vice that transfers heat from one heat source to another,
excluding direct contact of the heat transfer media);

t,, t, — heat carrier temperature at the inlet and outlet
of the heat exchanger;

n is the time.

From the heat balance equation that the change
of heat transfer coefficient is inversely proportional to
consumption of energy. Studies show that the value of the
heat transfer coefficient on modified heaters does not
depend on the height of the resulting structures. There-
fore, when using modified surfaces with different heights
of nanostructures, an increase in the heat transfer coef-
ficient and an increase in the critical heat flux are possible
at the same time, which leads to savings in the flow of heat
carrier as the main task of the qualitative and quantitative
regulation of the heat supply system.

Changing the heating capacity of a heat exchanger is
derived from the general equation and describes the regu-
lation of the dependence of the form:

q=Q/N, 4

where q is thermal performance of the device at 1°
of the maximum temperature difference between the heat-
ing and heated medium at the inlet e to the heat exchanger
(v), kW/°C

An increase in the thermal performance of the heat
exchanger is possible due to an increase in the heating
surface or due to an increase in the heat transfer coef-
ficient due to the intensification of heat transfer. How-
ever, an increase in heat production due to an increase
in the heating surface inevitably entails an increase in
the cost of the heat exchanger. That is why the issue
of heat transfer intensification in heat exchangers to
increase the heat transfer coefficient is relevant from
an economic point of view. The solution to the prob-
lem of maximum heat transfer intensification can be
obtained by creating arrays of regular micro- and nano-
structures of various geometries [11]. The lithography
method, which is the basis of micro- and nano-elec-
tromechanical systems (MEMS/NEMS technologies),
is used for layer-by-layer formation of the topological
pattern of micro- and nanostructures, which allows
to obtain a structured surface of the heat exchanger,
characterized by the term “sub-roughness”, i.e. micro-
relief of the smallest surface relief elements involved in
the formation of its roughness.

One should note that although the micromechanical
system does not formally meet the range of nanotechnol-
ogy, many features of micromechanics can be transferred
to nano-sizes [8].

Calculations show that for the structured surface of the
heat exchange apparatus due sub-roughness growth char-
acteristic value of heat transfer coefficient as compared
to a smooth surface without a substantial increase of the
hydraulic resistance and increasing the size of the appa-
ratus-analogue [11].
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CONCLUSION

The main incentives for the development of nanotech-
nology in anticipation of a new technological structure
is the ability to integrate various types of nanostructures
and create nanodevices based on them [9]. Since the in-
novative potential of nanotechnology application contains
all the primary sources of energy sources, mass technical

re-equipment in the field of heat supply and heating will
be accompanied by multiplier effects [5], which determine
the solution to the problem of increasing the efficiency
of centralized and autonomous heat supply systems due to
an increase in the heat transfer coefficient and the inten-
sification of heat transfer due to the use graphene nano-
coating, the creation of nanostructures, the use of nano —
liquids [18, 20], micro/nano-modified surfaces [11].
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PE3IOME: B ctaTtbe ncanenyroTca BO3MOXKHOCTU NPpUMEHEeHNA HAHOTEeXHONOrnM AnA noBbllWeHNA 3¢¢QKTI/IBHOCTI/I CNCTEM LeHTpa-
JIN30BAHHOIO 1 aBTOHOMHOTO TEMIOCHAOXeHUs B ycnoBumax nepexona K HOBOMy TeXHONOIrM4eCckomy yknagy. ,El,aeTcn normn4yeckas
nocnenoBaTesibHOCTb Pa3BUTUA TENNOCHAGXEHNSA 1 OoTOonNeHnA, ykasbiBaeTcA Ha KOHCEPBATUBHOCTb B YaCTW NCMNOJIb3yemMoro
O60py,EI,OBaHI/IF| N NpuMeHAEeMbIX TEXHOJIOT I npun noctaBke I'IOTpe6VITeJ'IF|M TennoBoun SHeprun. B KoHTeKkcTe aKTyaJlbHbIX 3aa4
TEMNJIOCHAGXeHUS 11 OTOMNEHUS 3ﬂaHI/IVI PaccMaTprBalOTCA KOHUEeNTYyallbHbi€ OCHOBbI MPUMEHEHNA HaAHOTEXHONOr NN, oTBeYarwnx
uenam MaKC/ManbHOM I/IHTeHCVI(bI/IKaLWII/I TennoobmeHa. Ha ocHoBe aHanusa TENIONPOBOAHOCTU, KOHUEHTPaLWKN, padmepa, MacCbl
N CKOPOCT HaHOYaCTUL OaeTCA OUueHKa BO3MOXXHOCTU NMprMeHeHNA HaHO)KVI,EI,KOCTeVI B KayecTBe TernJioHocuTenAa anAa copepLieH-
CTBOBaHUSA TEMNTOOOMEHHbIX annapatoB U CHUXXeHNA TEMJIONOTEPDb B CUCTEMAX TeI'IHOCHa6)KeHI/Iﬂ, obecrneyeHnss MakCMManbHOM
SKOHOMUYHOCTU UX pa60TbI. MNokasaHo, uTo NMPUMeEHEHNE HAHOCTPYKTYP BNNAET Ha SKOHOMUIO pacXoda TENJIOHOCUTENA KaK
OCHOBHOW 3aayn Ka4eCTBEHHO-KOINYECTBEHHOIO perynmpoBaHna CMCTeMbl TENNOCHAGXeHMA. yﬂ,eﬂeHO BH/MaHME BONpPOCamMm
NPUMEHEHNA HAHOCTPYKTYPUPOBAHHbBIX MaTepranoB B HASKOTEMMEPATYPHbIX TOMJIMBHbIX 3JIEMEHTAX, NPUMEHAEMbIX CUCTEMaMI
AeueHTpann3oBaHHOIo TENNoCHabXeHNA ANA OTOMNIEHNA XXNJblX 4OMOB.
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BBEJEHUE

KIJTAIITHO-KOMMYHAJTEHOM XO3STICTBE OCHOBHBIMU

TIOTPEOUTEIIIMU TETUTOBOI SHEPTUU SIBJISTIOTCS CHCTE-
MBI OTOTUIEHMST 30aHuii. 1o BTopoii mojoBuHbl X VII Beka
TIPUMEHSITOCh MECTHOE OTOIUICHNUE 3MaHUI, T.€. TeTUIOBAsT
SHEPrus NUCITONIb30Balach Ha MeCTe e¢ TTorydeHusI. Kc-
KJTIOYeHUE COCTaBIIsLI dpeBHmit PuM, rme mpuMeHsSIIICh
BOISTHBIC CHICTEMBI OTOTUICHUS C MCITOJIb30BAaHUEM Tep-
MaJIbHBIX BOJ U TIOATIOJIBHOE OTHEBO3IYIITHOE OTOILIC-
HHE TBOPIIOB OT JIOKAJIBHOTO NCTOYHMKA. Hagaom 11eH-
TPAIM3aIUN CUCTEM TETIIIOCHAOXKEHUSI MOKHO CUNTATh
1818 rom, xorna B AHTTIUM ObIJTa CMOHTHUPOBAaHa TiepBast
TapoBasi CCTeMa BBICOKOTO TaBJICHMSI, OTAILIMBAOIIIAsT
TPYIIITY OpaHXepeil ¢ pacCTOSTHUEM HamboJjee yaaaeH-

HBIM, TO ecTh 127 M. B 1830 r. TTosiBMIIach nepBast crucreMa
ITapOBOTO OTOILICHUS 3MAHUIA C MCITOJIb30BaHUEM BHI-
XJIOITHOTO TT1apa MapoBOil MAIIIMHBI, YTO HETIOCPEACTBEHHO
CBSI3aHO C HAYaJIOM CTAHOBJICHUSI BTOPOTO TEXHOJIOTHIC-
CKOTO YKJIana, SIIpoM KOTOPOT'O CTaJl ITAPOBOI TBUTATEITb.
LleHTpanmm3aums TEIUIOCHAOKEHUS ¢ MCITOIb30Ba-
HHEM T1apa TTapoBEIX MAIIMH U Tepeaadcii mapa rpyIme
JKIJTBIX TOMOB TSI OTOTIICHUST Ha 3HAYUTEIIBHBIC PACCTO-
sHUS (B Tipenenax 1—2 kM) Hadanach B 1878 1. B CILIA,
a BIIOCJICACTBUU B ['epMaHWU U OIPYTUX €BPOTECHCKIAX
cTpaHax. B nmepsbie roabsl XX BeKa B CBSI3U ¢ (hOPMU-
pOBaHUEM TPETHETO TEXHOJOTMUECKOTO YKIIaaa, IoJIo-
JKUBIIIMM Ha4vajio CepUITHOTO MPOM3BOACTBA 3ICKTPO-
IBUTATEJICH TTOTyJacT pa3BUTHE IEHTPAIbHOE BOMSTHOE
TETJIOCHAOXEHUE MIJIST OTOTUICHUS 3MaHWA.
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OCHOBHAA YACTb

B mopeBomonimonHol Poccnu mpeanmpuHIMAaINCh
OTIEIbHBIC TIOIBITKI MCITOIb30BaTh TEIUIO(DUKAITNOH-
HBIC YCTAaHOBKM IIJIST OTOIICHUS KIJIBIX M OOIIIECTBCH-
HBIX 3paHUi. OgHAaKO B peaJbHOCTH HEKOTOPOE pac-
TIPOCTPaHEHUE TTOYIMIIA TOJIbKO HEMHOTOUNCIICHHEIC
(habpuIHO-3aBOACKIE TETUIOCUIIOBEIC YCTAHOBKH, MC-
TOJIb30BaBIINE OTPAOOTABIINIA TTap IIPOMBIIIJICHHBIX
npennpudTuii (Hampumep, TpexropHas MaHydaKkTypa
B Mockse). MHIyCcTpranm3aius 1 KUJIAIITHOE CTPOU-
TEJIbCTBO BBI3BAJIM HETIPEPHIBHBIN POCT TEIUIOBOI Ha-
rpy3ku. OTHOBPEMEHHO IIIEJT TIPOllecC KOHIICHTPAIIUHN
3TOM HATPy3KHU B KPYITHBIX TOPOIAX W IIPOMBIIIIJICHHBIX
paitoHax, 4To co3aano 0a3y It JATBHEHIIIETO pa3BUTUS
LEHTPAIM30BAaHHOTO TEIUIOCHAOXKEHUS B CTpaHe U I10-
3Bommio CCCP 1 coBpeMeHHOI Poccum 3aHSTH TTepBoe
MECTO B MHpPE IO OOIIEeH MPOTSKEHHOCTH TETIJIOBBIX
ceTel 1 MOIITHOCTH TeTIOUKAIIMOHHBIX YCTAHOBOK.

BMmecte ¢ TeM TSI cCrCTEM TEIUTOCHAOKEHUS XapaK-
TepHa BeChMa BBIpakeHHass KOHCEPBATUBHOCTD B Ya-
CTH HCITOJIb3YEMOTO 000PYIOBAaHUS M IIPUMEHSIEMBIX
TEXHOJIOTUII TIPA TTOCTAaBKE MOTPEOUTEINISIM TETIJI0OBOM
SHEPIUH. DTUM OOBSICHSICTCS TOT (PaKT, UYTO Ha TIPOTSIKE-
HuHM 6011ee geM 70 JIeT OCHOBHBIMHU MCTOYHUKAMM IICH-
TPaIM30BAaHHOTO TEIIOCHAOXKEHMS SIBJISTIOTCS TETUTOBEIC
CTaHIIMHA KOMOMHNPOBAHHOTO ITPOM3BOICTBA TETUIOBOM
u snekTprueckoit sHeprun (TOLI) co cpemHUM paguy-
com netictBus 10—20 kM. ITpu 5TOM DaNTbHOCTH TEMCTBUS
TEIUTOBBIX CHCTEM B COBPEMEHHBIX KPYITHBIX CETSIX MO-
ket gocturath 30—50 kM 1 6omee — mo 100 km [4].

HecMmoTpst Ha TO, 9TO TPaHCIIOPT TEILIA Ha OOJIbIITE
PaCCTOSTHUS TTOHIDKACT 3KOHOMUIHOCTH PAOOTHI CHCTEM
TETTIOCHAOXKECHMUS, TIPUBOMIS K OOJIBIITNIM TEILIOTIOTEPSIM
Ha IIyTH K TTOTPEOUTEITI0, OCHOBHBIM «KOHCEPBATUBHEBIM»
HaITpaBJICHHEM COBEPIIICHCTBOBAHMS TEIIJIOCHAOXKECHIS
TIO-TIPEXKHEMY SIBIISIETCS LICHTPATA3AIHST: KOHIICHTPALIMS
¥ KOMOMHUpPOBaHNE TIPOU3BOACTBA TCILIOTH M 3JICK-
TPUIECKOU dHepTUH (TeIUIOMUKAINSI). DTO BHI3BAHO
B OIIPEIeICHHON Mepe TeM, YTO CUCTEeMBbI IICHTPAIH -
30BAaHHOTO TEIIOCHAOXEHMS Ha Oa3e KOMOMHMPOBAH-
HOTO TIPOM3BOICTBA, OTHOCSIINECS K TaK Ha3bIBaeMOit
OOJIBIION HEPTEeTUKE, CBSI3aHBI C OMpPeAeICHHBIMU
TIPOMBIIUICHHBIMU cTaHmapTaMu. CHUCTeMa XeCTKHIX
CTaHAAPTOB MPUBOIUT K BEICOKOM CTEIICHU TEXHOJIO-
TUYECKON M OpraHU3allMOHHON 3apeTyInpPOBAaHHOCTH
TEIUTOCHAOXEHMS, KOTOPHIE, B CBOIO 04YepeIb, OrpaHN-
YMBAIOT pa3BUTUE MHHOBALIMOHHBIX cXeM [7].

OrpaHMYeHHOCTh TPAHUI] SKOHOMIUYECKHA 000CHO-
BaHHOU Tlepegavyy TeIUIOHEPTUH, OCOOCHHO TIPU Ma-
JIBIX HAarpy3Kax, SIBIISICTCS OCHOBHBIM IIPEITSITCTBHEM JIJIST
TIOOKJTIOUCHUS 3MAHUH K IICHTPATN30BaHHBIM CUCTEMaM
TETIJIOCHAOXKEHNST Ha M30JIMPOBAHHBIX TEPPUTOPHSIX.
TpaHCITOPT Terua Ha OOJIBIINE PACCTOSHUS TOHMKACT
SKOHOMUYHOCTB PAOOTHI CUCTEM TEITIOCHAOXKEHMSI, TIPU-

BOISI K OOJIBIIIMM TETUIOIIOTEPSIM Ha ITyTH K TTOTpeOuTe-
0. [ToaToMy Hapsmy ¢ COXpaHEHUEM CIIOKMBIITNXCST
ITO3UIINI OOJIBIIION HEPTETUKU BCe O0Jice MHTCHCUB-
HBIMH TEMITaMH BO BCEM MHPE HAaUYMHAET pPa3BUBaTh-
csI Majiasl pacIipefic/ieHHasI SHepreTrKa, BKIIFOUArOIIast
B CcOSI CCTeMBI pacTIpeaeICHHOM TeHepallli, CUCTEMBI
VIIpaBJICHUS TTOTPeOJICHNEM SHEPTUH U AP.

Mairast sHepreTKa OpUEHTUPYET Ha ICLICHTPATH-
30BaHHOE (aBTOHOMHOE) TEIUIOCHAOKEHIE TIPEUMYIIIC-
CTBEHHO B TeX paiioHax, rue coopyxerue TIII mo tex-
HUKO-3KOHOMMYECKUM TTOKa3aTelIsIM HelleJiecooopas-
HO BBUIY OTCYTCTBHSI HEOOXOTMMOI KOHIICHTPAIIUN
TEIUIOBOM M 3JICKTPUIECKOI HArpy30K. 3HAUMTEIbHAS
IUTOIIANb TEPPUTOPUM ACLICHTPATN30BAHHOTO TEILIO-
CHaOXEHUs ¢ BRICOKMMU IIeHAMU Ha SHEPTUIO OT M30-
JIMPOBAHHBIX ICTOYHMUKOB MaJIOi TeHepalni, paboTaro-
IIMX Ha TIPUBO3HOM TOILIMBE, Ie/IaeT aKTyaIbHBIM, KaK
1 B cchepe OOIBIIOI SHEPTeTUKH, TIOVCK TTEPCIICKTUB TSI
WHHOBAIIMOHHBIX BAPUAHTOB TETUIOCHAOXKCHUS.

Db GEKTUBHOCTH UCITOIB30BAHNS TETUIOTHI OOJIBIION
1 MaJIO¥ SHEPTCTUKU TIPH TPATUIINOHHBIX TEXHOJIOTHSIX
BO MHOTHX CITyJasXx HegocTaTouyHa. bobiroii mpobire-
MO IIJIST CUCTEM LIEHTPAIM30BaHHOTO TEIIOCHAOXKCHUS
SIBJISTIOTCSI TEIUTOBBIC TTIOTepH B ceTax. [1oBhImeHmne Ka-
YeCTBa TEIUIOBOI N3OSN O0OXOIUTCS TOPOTO, HO TIPU
5TOM BBICOKHE TIOTEPH BCE PABHO HEM30EKHEI, T.K. HI3-
Kasl TUAPABINICCKasl yCTOMIMBOCTh CUCTEM TEILIOIO-
TpeOJICHNS 00YCIaBIMBAIOT OOIIIIA ITepepacXo TETUTOTHI
1 TCIUIOHOCUTEJIS TIPU HeIOTPeBe OTHUX U IEPEerpeBe
IpyTHX TTOTpeduTeseii. Peanmm3yemblie MepOTIpUsITHS,
HaImpaBJICHHBIC Ha BEISIBJICHNE U YCTPAaHEHNE OCHOBHBIX
TETJIONOTEPh B COUCTAaHUM ¢ (hOPMUPOBAHUEM HOPM
1 TIPAaBUJI SHEPTOMOTPEOICHNS, NCUePIIAIN TTOTCHIIN-
aJl TIOBBIIIEHUSI SHEepreTuYeckKon adexTuBHOCTH [1].
[TosTOMy K aKTyaldbHBIM 3amadaM TEILUIOCHAOXKCHUS
OTHOCUTCS pa3pabOTKa U BHEIPEHUE B CUCTEMAX OTO-
IUICHWS] THHOBAIIMOHHBIX TEXHOJIOTH, 00cCcIIeYnBa-
FOIINX MaKCUMaJIbHYI0 SKOHOMHUIHOCTh PAOOTHI 3THX
CHCTEM, BBICOKYIO 3(p(EeKTUBHOCTb M HANCXKHOCTh UX
SKCIUTyaTallid, a TaK:Ke HOPMaJTbHBIIT MUKPOKJIMMAT
B ITOMEIICHUSIX.

Ha nosermenne 3(ppeKTUBHOCTH MCTIOTB30BaHUS
TeTJIOTHI HAaIIPaBJICHO IMMPUMEHEHNE HAHOXUIKOCTEH
B CHCTeMaX TeTUIOCHAOKEHMS B Ka4eCTBE TEIUIOHOCH-
TeJIsI, JAIOIINX, TT0 TIOJIyYeHHBIM 3KCIIepUMEHTATBHBIM
JAHHBIM, CYIIIECTBEHHOE MOBBIIIEHKE TeIutooTaauu | 16].
TemroeMKOCTh HAHOXKUIKOCTH OITMCHIBACTCS BBIpasKe-
HUEM:

Cp = AaXxp, (1)

rme A — TEMJIOIPOBOIHOCTh HAHOXUIKOCTH,
Br/(M* K);

QL — TEMIIEPATyPOIIPOBOAHOCTb, M%/C;

0 — IUIOTHOCTDH 00OpasLa, Kr/m>.
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HMmMeroTcs ompeaelieHHbIC TIEPCIIEKTUBEI IIPUMe-
HEHMs HAaHOXMIKOCTEH IUIST COBEPIICHCTBOBAHUS TeE-
TUIOOOMEHHBIX aIlllapaToB W CHIDKCHMS TCIUIOMOTEPh
[21]. Pe3ynbTaThl aHaaM3a TETUIOTIPOBOIHOCTU, KOH-
HEeHTpaIlnK, pa3Mepa, MacChl U CKOPOCTH HAHOYACTHIT
TIO3BOJISTIOT JATh OIIEHKY BO3MOXKXHOCTU TIPUMEHEHUS
HAHOXMIKOCTEH B CCTeMax TEIUIOCHAOXCHMS B Kaue-
CTBE TEIUIOHOCUTEIS, BBIOpaTh HauboJee 3¢ GeKTUBHBIS
HAHOXWIKOCTH ITyTeM U3yYeHUS 3aBUCUMOCTH KO3(-
(buImeHTa TeTUIO0TIAYN HAHOXUIKOCTH OT uncia Peii-
HOJIbICA U KO3 (UIIMEHTA TeTIJIO0TIaYN OT 00 BbEMHOI
koHueHTpaunu [10]. Takast 3aBUCMMOCTD TTOKa3bIBAET
yBeImIeHNEe KO3 PUIIMEeHTa TeIUIOOTAAYN TIPH YBEIIIC-
Hun yncia PeitHombaca. [1pu 3TOM CTeIIeHb YBEIMUCHUS
CYIIECTBEHHO 3aBUCUT OT KOHIICHTPALIMU HAHOYACTHUIT
¥ X CKOPOCTH, XOTSI 3HAYUTEIIEHOE BO3pacTaHUE TEILIO-
TIPOBOTHOCTH HAHOXUIKOCTEH BO3MOXKHO Haxke TIpH
HEOOJBIIMX KOHIICHTpausaX yactu. Hammpumep, mpu
n06aBIeHNN B TeIutoHocuTens 1%, 2% u 3% oobema
HAHOXUIKOCTH KO3 GUIINCHT TEIIOOTIAYN YBEININ -
BaeTcs coorBeTcTBeHHO Ha 100, 200 1 300% [16]. 3a-
BUCHMOCTH TETUIOIIPOBOTHOCTH OT MAacChl HAHOYACTHIT
SIBIISICTCST KBAIPATUYHOMN 1 MOXET OBITh TIpeACTaBIcHA
B BUJIC

AL = (pu/p)?, 2

TIe pY — IDTOTHOCTh MaTepurajia HaHOYACTHII.

[ToryaeHHBIE pe3yIbTaThl ITOKA3BIBAIOT, YTO TEILIO-
€MKOCTb HAHOKUIKOCTH CYIIIECTBEHHO BHIIIIE, YeM TP
BOISTHOM OTOIUIEHUU 0€e3 mo0aBieHUsI HAaHOL00aBOK
B TerioHOocHuTeNb. Hamboee a(pheKTMBHO 171 TTOBBI-
ILIEHUS TEIUIOOTAAYM MCIT0JIb30BaHUE B CUCTEMAaX Te-
MJI0CHA0XEeHUsI HAHOXKUAKOCTE ¢ yraepoaAHbIMU Ha-
HOTPYOKaMM B CHJIY WX BBICOKOM TCTUIOIIPOBOTHOCTH
(m1st cpaBHEHHMST — B BOCEMb pa3 BBHIIIE, YeM Y MEIIH,
1 00JIee YeM Ha YeThIpe IMOPSIIKA TIPEBhIIIaeT aHAIOT Y -
HYIO BeJIMIMHY TSI 0a30BOIM JKMIKOCTH, YTO MOXKET ITPH-
BECTHU K 3HAYNTEIIEHBIM N3MEHEHUSM TeTUTODU3MICCKIX
CBOMCTB HAHOKMIKOCTEH M YCHJICHHIO TETITIOOOMEHHBIX
npoieccos) [12].

Hpyrum mepCcIrieKTUBHBIM HaIlpaBICHNEM CHUKCHUS
TETLIONIOTEPh B TETUIOBHIX CETSIX 3a CYET HAHOCTPYKTYPH-
POBaHHBIX MaTEPUAJIOB SIBJISIIOTCST HU3KOTEMITepaTypHEIC
TOIIMBHEIC 3JIEMEHTHI, TIPUMEHSICMBIC CHCTEMaMH aB-
TOHOMHOTO (ICIICHTPATN30BaHHOT0) TeTUIOCHAOXKECHUS
B ycTaHOBKaxX MUHH-TDLI ¢ BCTpOeHHOIT OTONUTEIHHOM
YACTBIO IJIT OMHOKBAPTUPHBIX 1 MHOTOKBAPTUPHBIX KI-
JIBIX TOMOB.

B pa3BuTHmM TEXHOJOTUH TIPOU3BOACTBA HU3KOTEM-
TIepaTypPHBIX TOTUIMBHBIX 3JIEMEHTOB BaXKHYIO POJIb CITO-
COOHEI CBITPAaTh HAHOCTPYKTYPHUPOBAHHBIC MaTePUAIIHI,
B T.4. KaTaJn3aTOphl HA OCHOBE HAHOYACTHII, OHU 00e-
CITEYMBAIOT BBICOKYIO 3(P(DEKTUBHOCTD, SKOJIOTMIHOCTh
1 HagexXHOCTh [15]. B TomnmuBHBIX 3J1eMeHTaX XUMU-

yecKasl SHepTUs TOIUIMBA (BOIOPOI, TIPUPOIHEIN ra3)
rpeo0pasyercs B anekrpuueckyio (30—50%) u TerioByio
(mo 40—50%) snHepruto. biaarogapst BeICOKOM 3(pdek-
TUBHOCTU TOIJIMBHBIX 3JIEMEHTOB cymmapHbiit KIT/
MuHHI-TOL] Ha TOIUIMBHBIX 3JIEMEHTaX C MCITOJIb30Ba-
HUEM KaTaJ3aTOPOB, COCTOSIINX U3 METAJUTMICCKIX
HAHOYACTHUI] pa3MepoM 1—5 HM B YIJIEpOTHOU MaTpH-
e, Moxet gocturath 80%. HaubGoiee nepcrnekTuBHbIE
5JIEMEHThl — HAHOMAapTraHell, HaHOaJlaHAT MapraHIa,
HaHOTHUTAaH.

I[TpuMeHeHNE HAHOTEXHOJIOTHIT B CUCTEMaX TEIlI0-
CHaOXeHUS CITOCOOHO OTBEYATH IIEISIM MAKCHUMATbHOM
WHTCHCU(PUKAINK TermoooMeHa. CHUCTEMBI TETLIO-
CHAOXEHUS MPEICTaBIISIIOT CO00I B3aMMOCBSI3aHHBIM
KOMITJIEKC TTIOTpeOUTENCH TeIlIa, OTIIMIAIOIINXCS MEXKIY
co00i1 KaK XapaKTepoM, TaK 1 BEIMINHOU TEILIOIO-
TpebaeHUs. PeXXnMBI pacXoaoB TeIljla MHOTOYHCIICH-
HBIMU a0OHEHTAaMH HEOOMHAKOBHL. TeItoBast Harpys3ka
OTONUTEIBHBIX YCTAHOBOK M3MEHSIETCS B 3aBUCUMOCTH
OT TeMITepaTyphl HAPY>KHOTO BO3AyXa, YTO TpeOyeT 1c-
KYCCTBEHHOTO PeTyIMPOBaHNA. AHAIN3 O0IIIEeMUPOBEIX
TEHICHIINI CHIDKCHMS TeILTOMOTEPh B CHCTEMaX TEILIO-
CHaOXEHMS TIOKA3hIBACT CHIDKCHIE MAKCUMATBHOM TeM-
TepaTyphl, IIOAaBacMOl OT MICTOYHHNKA B TCTUIOBBIC CETH.
Pa3HOCTE TEMITepaTyp MEXKIy Ipelolleil 1 HarpeBacMO
CTOPOHOIT COKpallaeTcs KaxXIoe IecITUJICTHIE Ha He-
CKOJIBKO TpamycoB. PeryiampoBaHue TeIUIOBOIT HATPY3KHU
IIPUBOIUT K M3MEHCHMIO ITApaMeTPOB U PACXOIOB SHEP-
TOHOCHUTEJICH B COOTBETCTBHUU C (PAKTUIECKOI TTOTPEO-
HOCThIO. CYIITHOCTh METOIOB PETYyIMPOBAHUS BBITCKACT
13 YpaBHEHMUS TEIUIOBOTO OanaHca [4]

Q = Ge(t,— t,)n/3600 = kKF(t, ~t)n, &)

rme Q — KOJIMYECTBO TEIUIOTHI, ITOJIYICHHOE TIPH -
0OpPOM OT SHEPTOHOCUTEJISI U OTITAHHOE HarpeBaeMoit
cpene, KBt/4;

G — pacxom SHeproHOCUTEIST KT/4;

C — TemI0eMKOCTh 3HeproHOCHTeNI KX/ KT;

K — koa(dpumeHT Terionepenayun;

F — mmoBepxXHOCTH HarpeBa TeIIO0OMEHHOTO arTapa-
Ta (YCTPOICTBA, TIEPEAAFOIIETO TETUIOSHEPTUIO OT OMHOTO
HMCTOYHMKA TeTUIOTHI APYTOMY, MCKITIOUAs TIPU 3TOM He-
ITOCPEACTBEHHBIN KOHTAKT TCTDIOHOCHUTEICH);

t,, t, — TeMIiepatypa TEIJIOHOCUTEIS Ha BXOJIE Y BbI-
XOII¢ M3 TCIJIO0OOMEHHUKA;

n — BpeMsl.

W3 ypaBHEHUS TEILTOBOTO OajlaHCa CICMyeT, 9TO M3-
MeHeHme Koadduimenra teruronepenaunt (KTIT) oopat-
HO TIPOTIOPIIMOHAIBLHO pacXody dHeproHocutens. Kak
ITOKA3BIBAIOT MCCICIOBAHMS, BeTMINHA Ko puiimeHTa
TeIUToNepenayr Ha MOAU(UIIMPOBAHHBIX HATPEBATESIX
HE 3aBHCHUT OT BBICOTHI TTOJIy4aeMBbIX CTPYKTYp. [ToaTomy
IIPY UCITOJIb30BaHNY MOIU(UIINPOBAHHBIX TTOBEPXHO-
CTeil ¢ pa3IMIHOM BEICOTOI HAHOCTPYKTYP OMHOBPEMEH-
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HO Bo3MoxeH pocT KTII u yBennueHue KpuTU4eCKOro
TETIOBOTO ITOTOKA, YTO IIPUBOIUT K SKOHOMHUH pacxona
TETUTOHOCHUTEIIST KaK OCHOBHOM 3aIau KaueCTBEHHO-
KOJIMYECTBEHHOTO PETYJINPOBAHUS CUCTEMBI TEILIO-
CHaOXeHUSI.

XapaKTepHuCTHKa TETUIOOOMEHHOTO arlapaTa BEIBO-
IUTCS U3 O0IIETO YpaBHEHUS PETYINPOBAHMS 1 OTTMCHI-
BacTCS 3aBUCHUMOCTBIO BHIIA:

q=Q/, “4)

rme q — TeIuIoBas IIPOM3BOAUTEIFHOCTD aIlllapaTa
Ha 1° MaKCMMaJIbHOM pa3HOCTH TEMIIEPATyp Tperomeit
¥ HarpeBaeMoli CpelIbl Ha BXOJIE B TEIDIOOOMEHHUK (V),
kBt/°C.

[ToBBITIICHIE TETUTOBOI TIPOM3BOIUTEIIBHOCTH TETLIO-
OOMEHHOTO ariapaTa BO3MOXKHO 3a CUCT YBEITMICHUS
MOBEpPXHOCTU Harpesa miu 3a cuet pocta KTII Bcnen-
CTBHE MHTeHCU(UKANHU TeTuioooMeHa. OTHAKO TTOBBI-
IIICHNE TeTUIOIIPOM3BOINUTEIPHOCTH 32 CUCT YBETMICHUS
TIOBEpXHOCTH HarpeBa HEM30EXKHO BJICUET 3a CO00It yIo-
poskaHMe TEIIO0OMEHHOTO armmapaTta. UMeHHO ImoaToMy
BOIIPOC MHTCHCU(PUKAIINK TEIUIO0OOMEHA B TEIIO00-
MeHHBbIX annapatax ajas ypeandeHust KTII gaBasgercs
aKTyaJIbHBIM C SKOHOMMYECKOM TOUKH 3PCHMUSI.

Pemrenue 3amaun MaKCMMaaTbHOM MHTCHCU(DUKALINHT
TEITOOOMEHA MOXKET OBITH ITOTYICHO 3a CUCT CO3MaAHUS
MAaCCHBOB PETYISIPHBIX MUKPO- M HAHOCTPYKTYP pa3-
JnmuHoM reometpuu [11]. Meton autorpaduu, nexa-
U B OCHOBE MUKPO- M HAHOBJIEKTPOMEXaHNICCKIX
cucteM (MOMC/HDMC-TeXHOJIOTHIT), UCTIOIB3YeTCS
IJIST TIOCJIOMHOTO (DOPMUPOBAHUS TOIOJIOTUIECKOTO
pUCYHKA MUKPO- M HAHOCTPYKTYpP, UTO ITO3BOJISIET
MOJIYIUTh CTPYKTYPUPOBAHHYIO TTOBEPXHOCTD TEILJIO-
OOMEHHOTO amIapara, XapaKTepU3yIIIyIocs TCPMU-
HOM «CyOIIIEpOX0OBaTOCTh» (OT aHTJI. «subroughness»),

CIINCOK JIMTEPATYPLI

T.€. MUKPOpPEThe(hOM METhUANIIIIX 3JIEMEHTOB pelibeda
ITOBEPXHOCTH, YYACTBYIOIINX B (hOPMHUPOBAHHU €€ IIIe-
POXOBATOCTH.

3aMeTHM, YTO XOTSI MUKPOMEXaHNICCKIE CUCTEMEBI
(opmMarbHO HEe OTBEUAIOT THAIIa30HY HAHOTEXHOJIOTUIA,
MHOTHE 0COOCHHOCT MUKPOMEXaHUKH MOTYT OBITh TTe-
peHeceHBl B HAaHOAMAIIa30H [§].

PacueTsl TOKa3bIBAIOT, YTO IJISI CTPYKTYPUPOBAH-
HO¥1 IMTOBEPXHOCTH TEIIJIO0OOMEHHOTO aIfapaTa 3a CUeT
CcyOIlIIepOX0OBaTOCTU XapakTepeH pocT BeanunHbl KTTI
110 CpaBHEHUIO C TJIAIKOUW MOBEPXHOCTHIO O€3 cyIIe-
CTBEHHOTO POCTa TUAPABINYECCKOTO COIPOTUBIICHUS
U yBEJIMUCHMS pa3MepoB amnraparta-aHauora [11].

3AK/IIOYEHUE

IToCKOIIBKY CHCTEMBI TEIIOCHAOKCHISI I OTOTUICHIST
JKVUTBIX Y TIPOMBIIIUICHHBIX 3MaHUH SIBIISTIOTCST HAanboJIee
3HAYUTEIIBHBIM IO PACXOAY IIEPBUYHBIX TOIUTMBHO-3HEP-
TeTUICCKHIX PECYPCOB CETMEHTOM B SHEProo0ecIIeYeHUN
Ha TeppUTOpUH Beeil Poccum, TO MyTbTUTUIMKATUBHEIC
5 dEKTH peIIeHNS 3aJa9 UX MaCCOBOTO TEXHUIECKOTO
IIepeBOOPYKEHMS B (popMaTe CTpaHBI BBIXOMIST 3a Ipejie-
JIBI OTPACTICBEIX 3a1a4 TT0 TIOBBIIICHIIO 3(D(EeKTUBHOCTH
BeIpaOoTKu Teria [11]. MHHOBaLIMOHHBIN MOTEHIIMA
IIPUMEHEHUSI HAHOTEXHOJIOTHI COICPXKUT BCE TIEPBUY-
Hble KICTOYHUKU MOJIy4eHusI TeruioHocuteneii [6]. Cra-
HOBJICHIE HOBOTO TEXHOJIOTMYECKOTO YKiIaaa, pa3BUTHE
OITHOTO M3 ero KIIF0UYEeBBIX (DaKTOPOB — HAHOTEXHOJIO-
T'Mii — 00YCJIOBIMBAIOT PEIICHUE 3aIauy ITOBBITIICHUS
5(hGEKTUBHOCTH CUCTEM LIEHTPAIM30BAaHHOTO W aBTO-
HOMHOTO TeriocHaoeHus 3a cuet pocta KTTI v uHTeH-
crUKaIIIK TEITIO0OMEHA BCICICTBIE UCIIOIH30BAHUS
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