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Abstract: One of the global problems in the world is the protection of humanity from fires, 70% of which occur in high-rise
residential buildings and individual houses. The article presents the application of the methodology of «intellectualization» of
household electrical appliances for split systems to control dangerous factors of fire and explosion (DFFE) from household gas
leaks in apartment buildings and individual houses. The principal difference of the proposed modification is that, firstly, a multi-
split-system with two or three internal blocks is used, one of which is to be installed in the kitchen and is connected to the gas
meter with an electromagnetic valve to block the supply of household gas. Secondly, the «kitchen block» disconnects the power
supply in the apartment/individual house, in the apartment/individual house, when detecting DFFE with help of powerful triac or
magnetic starter, which is mounted in the electrical panel of the apartment/individual house. And thirdly, a battery and converter
are integrated in each indoor unit to ensure their operation when power is turned off, and to charge the unit when power is sup-
plied. Fourthly, in addition to smoke, heat and gas sensors, a thermomagnetic air separator is built into each indoor unit, which is
turned on when detects dangerous fire and explosion factors from the pumped air, separates and removes oxygen to the outside,
returning only inert gas to the room and thereby preventing explosion or fire spread. The controller, including the thermomagnetic
air separator, generates an audible alarm for residents and an SMS call to the corresponding emergency service.

The results prove the effectiveness of nanotechnology of gas separation and detection of DFFE in multi-split-systems, not only
for ventilation and air conditioning of apartments in high-rise buildings and individual houses, but also for their fire protection.
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Pe3stome: OfiHoW 13 rnobanbHbIX MPo6ieM B MMpe ABNAETCA 3alyMTa YesoBeyecTBa OT NoxapoB, 70% KOTOPbIX MPOUCXOANT
B >KVJIbIX MHOTOSTaXHbIX 3AaHUAX U HAUBMAYaNbHBIX XUIbIX AOMaXx. B cTaTbe npefcTaBneHo NpyMeHeHe MeTOA0IOM I KMHTENeK-
Tyanu3aymm» ObITOBbIX SN1EKTPONPUOOPOB ANA CMIMT-CUCTEM Ha MPEAMET KOHTPOSIA OMacHbIX pakTopoB noxapa 1 B3pbiea (ODIB)
OT yTeuek GbITOBOro ra3a B MHOTOKBaPTUPHDBIX XKUSIbIX 30aHWAX Y UHAVBUAYaNbHbIX XUIbIX AoMax. MpuHUMnranbHoe oTinyve npea-
naraemMovi AOPabOoTKM 3aK/YaeTCs B TOM, YTO, BO-MEPBbIX, NCMONb3YeTCA MyNbTW CMUT-CUCTEMA C ABYMSA U TPEMA BHYTPEHHVMY
6710KaMU, OLMH U3 KOTOPbIX B 0653aTeNIbHOM MOPAAKE YCTaHABIMBAETCA Ha KYXHE 1 CTbIKYeTCA C ra30BblM CYETUMKOM, MMEILLMM
3NEeKTPOMArHUTHbIN KnanaH NepeKkpbITyA NoAaum 6bITOBOrO rasa. Bo-BTOpbIX, <KyXOHHbIV 6/10K» OTK/OYaET S11eKTponmTaHue B KBap-
Tpe / HAVMBMAYanbHOM AoMe, Npy 06HapyxeHuy ODIB ¢ MOMOLLbI0 MOLYHOTO CUMICTOPA WMIIM MarHUTHOTO MycKaTens, KOTOPbIN
MOHTUPYETCA B 3NIEKTPUYECKOM LUTE KBaPTUPb! /MHAVNBULYaSIbHOTO oMa. B-TpeTbuix, B Kaxablil BHYTPEHHMIN 6/10K BCTpanBaeTca
aKKyMyNIATOp C COOTBETCTBYIOLMM Npeobpa3zoBaTteniem, 06ecrneyrBalLLmum nx paboTy Npu OTKIIOYEHUN SNIEKTPOIHEPT Y, @ TaKKe
3apAXKaloLyin ero Npu eé Hanmuuu. B-ueTBepTbIX, MOMIMO AbIMOBOIO, TEMIOBOIO 1 Fa30BOrO AaTUMKOB, B KaXKAbl BHYTPEHHUIA 610K
BCTpauBaeTCA TEPMOMArHUTHbIN cenapaTtop BO3AyXa, KOTOPbIN BKtoyaeTca npu obHapyxeHnn OOIB 1 13 npokaunsBaeMoro Bo3ayxa
OTAENAET U BbIBOAUT HAapYKy KUCIIOPOA, BO3BPaLlas B MOMELLEHNE TONIbKO MHEPTHBbIN ra3 1 obecneyrBas Tem CaMbiM NpeaoTBpaLle-
HVie B3PbIBa WM PacNpoCTpaHeHra noxapa. KoHTponnep, BKoyasa TepMOMarHuiTHbI cenapaTopa Bo3ayxa, GopmrpyeT 3ByKOBOI
CUTHas TPEBOTU ANA XKMbLOB U SMS-BbI30B COOTBETCTBYHOLLEN aBAPUINHOW CIYXObl.

MonyuyeHHble pe3ynbTaTbl AOKa3biBaloT 3GOEKTVBHOCTb NPVIMEHEHNA HAHOTEXHOMOT NI ra3opasfeneHus 1 obHapyxeHua OOMNB
B MyJIbTW CMIMT-CCTEMAX He TONbKO AJ1A BEHTUNALMM U KOHANLVIOHVPOBAHUA B KBAPTUPAX MHOTO3TaXKHbIX 3AaHUIA 11 B UHOUBUAY-
anbHbIX XKWJbIX AOMAX, HO U IN1A X NOXKapOB3PblBO3aLLUTHI.

Knioueessbie cnoea: cnnut-cnctema, BHyTpeHHI/IPI 6J10K, TepMOMaFHVITHbIVI cenapatop BO34yxa, onacHblie (baKTOpr noapa
1 B3pbiBa, ra3opasgeneHune, ra3oBblIl CYETUMIK, BHQKTpOMaFHVITHbIVI KnanaH.
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INTRODUCTION

oday, almost every residential building or apartment

(Fig. 1) uses split-systems, which create comfortable
conditions for staying in the rooms where the indoor unit
is installed.

It is obvious that no legal laws, technical requirements
and rules can not anticipate the constantly changing danger
of the objects of the technosphere (fire, electrical, me-
chanical, etc.) and our environment (geosphere, biosphere,
atmosphere, etc.). Only monitoring, i.e. the use of hard-

ware and software that monitors and promptly warns of an
increase in danger above an acceptable level can change
the current global trend of increasing accidents, fires and
other emergencies (ES), as well as losses from them [1].

Statistical studies of fires in southern Russia over
the past 15 years have shown that the largest number
of fires (70%) occurs in the residential sector, 42.41%
of which occurs in rooms, kitchens, corridors and toilet
rooms of apartments and individual houses (Fig. 2) due to
gas and electrical causes and the ignition sources (Fig. 3),
as well as due to the careless handling of fire [2].

Fig. 1. Split system in a high-rise (a) and individual (b) residential building
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Fig. 3. Statistics of sources of fires and explosions

As it follows from the histogram (Fig. 3), about 75%
of fires arise from gas appliances and stoves, housechold
electrical appliances and careless handling of fire. includ-
ing about half of them — for electrical reasons [1, 2].

Therefore, modification of domestic appliances (tele-
visions, refrigerators, air conditioners, etc.) into stand-
alone fire detectors can make it possible to detect 65.93%
of fires in the residential sector at an early stage, and, con-
sequently, to reduce twice the consequences from them
[2, 3], that is:

— to reduce 41.9% of direct material harm,
— to keep intact 33.7% of the areas,
— to prevent the destruction of 31.9% of the areas.

Nanotechnology of intellectualization

Development of nanotechnology «intellectualization
of household electrical appliances» that could detect haz-
ard failures in them and control dangerous factors of fire
and explosion (DFFE) in the premises where they are
installed, started 15 years ago (for refrigerators, televi-
sions, electricity meters, etc.), by developing and using
smoke detectors and modules of thermionic protection
in them, which prevented their own ignition by discon-
necting from the power grid, and provided an alert over
the radio channel of the fire service in case of fire [1—10].

Use of these nanotechnologies in split systems for
these purposes is the most effective way for the following
reasons [11—14]:

— firstly, the internal unit of the split-system «pumps
through itself»> the air from the room where it is in-
stalled, as the fastest aspiration fire detectors do, using
special piping laid to each protected room,

— secondly, the split-system is controlled by a controller
installed in the indoor unit, to which smoke, heat and
gas sensors are easily connected, as well as the GSM
modem, to alert emergency services,

— thirdly, it is easy in indoor units to build in a thermo-
magnetic separator of air (TMSA), which extracts oxy-
gen (paramagnetic) from the «pumped air». Oxygen
can be brought out of the house through the drain-
age channel, and nitrogen and rest inerts gases (dia-
magnetic) can be returned to protected rooms, thus
performing suppression of DFFE by phlegmatization
and lowered oxygen concentration to a level at which
combustion and explosion are impossible, as it is done
by gas extinguishing installations.

As follows from the conducted research [2, 5, 7, 11], this
model of split-system-fire-detector (SSFD) was created,
and included the protection of the device itself from fire-
hazardous failures with the help of thermionic protection
modules and of an autonomous smoke detector (DIP)
with a GSM-modem in the internal unit of SSFD [12—14].

It was proved (tab. 1, 2) that in this case, with a small
decrease in the technical resources of the split-system
units, their fire-safe resources increase by an order
of magnitude and become commensurate with their tech-
nical resources [2—8].
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Thus, for the internal unit a reduction of the techni-
cal resource up to 10 years was obtained, and an increase
of fire-safe resource — up to 40 years (Table 1).

For the external unit, the technical resource decreased
to 8 years, and its fire-safe resource increased to 3 years
(Table 2).

Scientists of Rostov State University, within the frame-
work of the Grant on motor vehicle safety [15], developed
nanotechnology for thermomagnetic air separation [16]
and obtained a RF patent for an invention of thermomag-
netic separator of air (TMSA) [17].

Table 1

TMSA is a pipe coiled into a spiral (Fig. 4), on
the outside of which permanent magnets are installed, and
on the inside — Azarov’s vortex coolers [18]. A nanoparti-
tion made of porous aluminum (Fig. 5) is installed along
the TMSA channel, dividing it into «paramagnetic» (oxy-
gen) and «diamagnetic» subchannels (with inert gases:
nitrogen, carbon dioxide, etc.), preventing the back dif-
fusions of gases [15, 17].

TMSA, which in this case is a «nanogenerator of inert
gas», is based on the gas motion equation (Euler equation)
in a magnetic field, through v is the gas velocity vector

Technical and fireproof resource of the indoor unit with protection

Average value in the product Average intensity in the group Probability in the group of

Product, unit, ——
class and type |Ignition

g q . El
of ERE tem- |Electr. Terminals Numberof | Failures | Failures Inﬂ?m- Firehazard Sl.lor- Breal.cmg break- Inﬂa.m- .Spread- Fire
pera- | load ERE rated actual mations ting of wire down mation | ingof fire
ture
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Indoor unit, 554 oo 125 8,82E-06 2,79E-06 7,22E-09
including:
Diodes 256,3 | 0,35 2 16 2,10E-07 | 2,92E-06 | 1,68E-08 | 2,54E-07 | 0,047 | 0,264 | 0,040 | 1,I0E-06|2,22E-03|2,45E-09
Resistors 253,0 | 0,55 2 58 4,50E-08 | 1,08E-06 | 1,87E-09 | 2,92E-08 | 0,027 0,192 {0,000 |1,23E-07 [2,56E-04| 3,14E-11
Transistors 316,1 | 0,35 3 11 8,40E-07 | 2,56E-06 | 4,20E-09 | 7,87E-07 | 0,077 0,227 | 0,230 |2,76E-07|6,88E-03 |1,90E-09
Capacitors 224,3 | 0,60 2 33 5,20E-08 | 7,06E-07 | 4,57E-09 | 1,45E-07 | 0,130 0,000 | 0,075 {3,00E-07|1,27E-03 | 3,80E-10
Opticalelec- | 56 5 | 35 2 4 2,10E-07 | 7,30E-07 | 4,20E-09 | 6,35E-08 | 0,047 | 0,264 | 0,040 |2,75E-07 |5,56E-04|1,53E-10
tronic devices
Transformers | 316,1 | 0,80 8 1 1,00E-06 | 2,48E-07 | 2,27E-09 | 1,98E-07 | 0,500 0,100 | 0,300 |1,49E-07| 1,7E-03 [2,59E-10
Microcircuits | 368,7 | 0,85 14 1 1,30E-08 | 1,92E-08 | 5,56E-10 | 1,13E-08 | 0,370 0,240 | 0,220 |3,64E-08|9,94E-05|3,62E-12
Ventilator 306,5 | 0,80 2 1 2,25E-06 | 5,51E-07 | 8,08E-09 | 4,41E-07 | 0,500 0,100 {0,300 |5,30E-07 [3,86E-03|2,04E-09
Thermoelec-
tronic protec-
tion modules 12 8,57E-07 2,04E-05 2,24E-09
MT-2, includ-
ing:
— microcir-
cuits 368,7 | 0,85 14 1 1,30E-08 | 1,92E-08 | 5,56E-10 | 1,I13E-08 | 0,370 0,240 | 0,220 |4,87E-069,94E-05 [4,84E-10

— thyristors 507,8 | 0,35 1 5,00E-07 | 1,I18E-07

3,36E-10 | 1,02E-08 | 0,047 | 0,264 | 0,040 [2,95E-06 |8,97E-05 |2,64E-10

— stabilitrons | 256,3 | 0,35 1 2,10E-07 | 1,82E-07

1,05E-09 | 1,59E-08 | 0,047 | 0,264 |0,040 [9,20E-06|1,39E-04 |1,28E-09

1,61E-10 |2,52E-09 | 0,027 | 0,192 {0,000 |1,41E-06|2,21E-05|3,12E-11

3
2

—resistors | 253,0 | 0,55 2 5 4,50E-08 | 9,34E-08
— capacitors | 224,3 | 0,60 2 2 5,20E-08 | 2,18E-08

1,AIE-10 | 4,48E-09 | 0,130 | 0,000 | 0,075 |1,24E-06|3,92E-05 |4,86E-11

— plug and

. 358,2 | 0,65 4 1 1,00E-06 | 1,90E-07
socket units

5,20E-11 | 1,81E-08 | 0,095 | 0,000 | 0,000 |4,56E-07 1,58E-04|7,22E-11

— pozistor 507,8 | 0,65 5 1 1,25E-06 | 2,32E-07

3,31E-11 | 2,20E-08 | 0,095 | 0,000 |0,000 |2,90E-07|1,93E-04|5,61E-11

Wiring 232,5 | 0,65 1 12 1,50E-08 | 6,60E-08

9,41E-10 | 1,27E-08 | 0,192 | 0,027 {0,000 |6,17E-08 |1,11E-04 |6,85E-12

Soldered

. . 274,6 | 0,65 1 331 2,00E-08 | 1,60E-06
unctions

2,49E-08 | 8,02E-07 | 0,400 | 0,400 | 0,100 |1,63E-06|7,01E-03|1,14E-08

For the
product 149 1,13E-05
as a whole:

2,49E-05 2,09E-08

Standard

deviation 8,7E-07

2,7E-09

Reliability /
fire resistance:

0,89843329

0,99999998

Technical/
fire-safe life 9,34 -i- 10,89
time (years):

2.4 | -:- | 549
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Table 2
Technical and fireproof resource of the external unit with protection

Average value in the product Average intensity in the group Probability in the group of
Product, unit, T
class and type |18n1tion L
ofEREtyp tem- | Electr. q Number | Failures | Failures Inflam- Fire Shor- | Breaking El Inflam- Sp.r ead q
Terminals A A i break- A ing Fire
pera- | load of ERE rated actual mations hazard ting of wire d mation £ i
ture own of fire
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
External unit, | 555 59 181 1,03E-05 3,86E-06 2,03E-07
icluding:
Resistors 253,0 | 0,55 2 86 4,50E-08 | 1,61E-06 | 2,77E-09 | 4,34E-08 | 0,027 0,192 | 0,000 |2,57E-07 |3,80E-04|9,78E-11
Capacitors 224,3 | 0,60 2 63 5,20E-08 | 1,70E-06 | 1,10E-08 |3,48E-07 | 0,130 | 0,000 | 0,075 |1,02E-06|3,04E-03|3,10E-09
Transistors 316,1 | 0,35 3 7 8,40E-07 | 1,63E-06 | 2,67E-09 | 5,01E-07 | 0,077 | 0,227 | 0,230 |2,48E-07|4,38E-03|1,09E-09
Diodes 256,3 | 0,35 2 13 2,10E-07 | 2,37E-06 | 1,36E-08 | 2,06E-07 | 0,047 0,264 | 0,040 | 1,27E-06 | 1,81E-03 |2,29E-09
Pozistor 507,8 | 0,65 5 7 1,25E-06 | 1,64E-06 | 2,34E-10 | 1,56E-07 | 0,095 0,000 | 0,000 |2,17E-08 | 1,36E-03 [ 2,96E-11
Relay /Starter | 507,8 | 0,65 5 1 1,25E-06 | 2,73E-07 | 3,89E-11 | 2,59E-08 | 0,095 0,000 | 0,000 |3,61E-09 |2,27E-04 |8,21E-13
Opticalelec- | 56 5| 35 2 3 2,10E-07 | 5,47E-07 | 3,15E-09 |4,76E-08 | 0,047 | 0,264 |0,040 [2,92E-07 |4,17E-04 | 1,22E-10
tronic devices
Ventilator 306,5 | 0,80 2 1 2,25E-06 | 5,51E-07 | 8,08E-09 | 4,41E-07 | 0,500 0,100 | 0,300 |7,50E-07 |3,86E-03 (2,89E-09
Thermoelec-
tronic protec-
tion modules 13 1,21E-06 2,07E-07 1,05E-10
MT-1, includ-
ing:
— transistors | 316,1 | 0,35 3 2 8,40E-07 | 4,66E-07 | 7,64E-10 | 1,43E-07 | 0,077 0,227 0,230 |7,09E-08 | 1,25E-03 | 8,89E-11
— stabilitrons | 256,3 | 0,35 2 1 2,10E-07 | 1,82E-07 | 1,05E-09 | 1,59E-08 | 0,047 0,264 | 0,040 |9,74E-08 |1,39E-04 | 1,36E-11
— resistors 253,0 | 0,55 2 7 4,50E-08 | 1,31E-07 | 2,26E-10 |3,53E-09 | 0,027 | 0,192 {0,000 |2,09E-08 |3,09E-05 |6,48E-13
— capacitors | 224,3 | 0,60 2 1 5,20E-08 | 1,09E-08 | 7,06E-11 |2,24E-09 | 0,130 | 0,000 | 0,075 |6,56E-09|1,96E-05 |1,29E-13
—plugand | 4505 | s 4 1 1,00E-06 | 1,90E-07 | 5,20E-11 | 1,81E-08 | 0,095 | 0,000 | 0,000 |4,83E-09 |1,58E-04|7,64E-13
socket units
;;ftleary/ 507.8 | 0,65 5 1 1,25E-06 | 2,34E-07 | 6,39E-11 |2,22E-08 | 0,095 | 0,000 |0,000 |5,93E-09|1,95E-04 |1,15E-12
Wiring 232,5 | 0,65 1 7 1,50E-08 | 3,85E-08 | 5,49E-10 |7,39E-09 | 0,192 | 0,027 {0,000 |5,09E-08 |6,48E-05 |3,30E-12
;‘;{S;Ler‘lis 274,6 | 0,65 1 405 | 2,00E-08 |3,59E-06 | 1,33E-07 | 1,79E-06 | 0,400 | 0,400 | 0,100 |1,24E-05 |1,56E-02|1,93E-07
For the prod- 201 1,52E-05 3,95E-07
uct as a whole:
Standard 1,0E-06 4,7E-08
eviation
geliabi_lity / ' 0,86794895 0,99999956 2,7E-09
re resistance:
Technical/
fire-safe life 7,06 -i- 8,06 2,26 -i- 2,87
time (years):
Technical/
fire-safe life 9,34 -- 10,89 42,4 -i- 54,9
time (years):

Fig. 4. TMSA:
a) single turn;
b) separator assembly
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Fig. 5. Layout of magnets, coolers and nano-bulkheads

field, its density is p and pressure is p, o is magnetic po-
larization and H is magnetic field strength [16, 17]:

P (0V/0t+(veV)ev) =
—grad(p)—p *grad(—(o.H*/2m)). (1)

Substituting the equation of state of an ideal gas pV'=
NKT into formula (1), and expressing the density of the gas
through its pressure p = nkT = pkT/m, we obtain the ex-
pression for the density of gas molecules in the form of the
Boltzmann distribution

o = p,exp(at’/2kT) = pexp(—(U/kT)), ()

where U = —a.H?/2 potential energy of a single gas
molecule with paramagnetic or diamagnetic properties
located in an external inhomogeneous magnetic field

Oxygen is the paramagnetics, in connection with that,
the magnetic polarization of the individual molecule is
a-positive (+3396« 10-°), and the rest atmospheric gases
are diamagnetics, including nitrogen (N2 = —12+10°°),
into which the magnetic polarization of molecules is nega-
tive. Therefore, the oxygen density increases in the region
of a strong magnetic field, and the density of the nitrogen
component decreases, in accordance with equation (2),
and to accelerate the separation of oxygen, the tempera-
ture difference between the «paramagnetic» and «diamag-
netic» sub channels is maintained using Azarov’s vortex
air coolers [2, 18].

Therefore, it was decided to integrate the TMSA in
SSPI, as well as to pair it with a household gas meter with
an electromagnetic valve (Fig. 6), which, in addition to
controlling from its sensor of household gas leakage, can
also to shut off the supply of household gas by the control-
ler’s signal of SSPI [14].

However, an analysis of the modified SSPI, which was
modified in this way, showed that the model does not fully
perform the fire and explosion protection of an apartment
in a high-rise building /individual residential house, for
the following reasons [19]:

— firstly, it is impossible to carry out the early detection
of the DFFE with the leakage of household gas in
the kitchen by one indoor unit installed in the living
room;

— secondly, without disconnecting the power supply
of the apartment / individual house at the time of the
DFFE detection, it is impossible to guarantee that
the spark from the electrical installation products will
not cause an explosion from the leakage of household
£as;

Fig. 6. Gas meter with solenoid valve:

1 — Keyboard; 2 — Liquid crystal indicator; 3 — GSM
antenna connector; 4 — Analog-digital unit; 5 — Shut
off valve; 6 — Card slot; 7 — Case
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Fig. 7. Planning of an individual house with a multi SSPI

— thirdly, the indoor unit located in the room in which
the TMSA is installed does not have time to lower
the oxygen concentration in all rooms of the apart-
ment / individual house to a level at which the explo-
sion or propagation of fire becomes impossible.

To eliminate the above disadvantages, taking into ac-
count the release of multi-split-systems with 2 or more
internal units with one — external, the model of SSPI was
modified as follows (Fig. 7):

— for the implementation of early detection and suppres-
sion of DFFE, one of the indoor units with TMSA
and sensors of DFFE is installed in the kitchen, and it
provides for the control of a triac module or magnetic
starter, which is mounted in the electrical panel and
turns off the power supply in the apartment/individual
house, when it is detected by DFFE;

— to provide continuous work of all the internal blocks
(with sensors and TMSA), including those installed

in the other rooms, when power is lost or turned off,
a battery with an appropriate converter is installed
in each of them, ensuring the operation of internal
blocks, when power is lost and its charging, when
power is available [19].

CONCLUSION

«Intellectualization» of multi-split-system by nano-
technology for the detection and suppression of DFFE,
allows you to create a reliable and autonomous system
protect of fire and explosion in an apartment in a high-
rise residential building or in an individual house [6, 11,
19]. Moreover, the invention of a magnetic refrigerator
[20] suggests that nanotechnology for magnetocaloric
cooling will allow it to be integrated into the internal
blocks in the future and to «get rid of» the external blocks
that spoil the building facades.
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BBEJIEHNE

€TOIHS TIPAKTUIECKN B KaXKIOM XXUJIOM JJOME VT
KBapTHupe (purc. 1) NCIIONB3YIOTCS CIUTAT-CUCTEMEI,
KOTOpEBIe cO31al0T KOM(MOPTHBIE YCIIOBUS TTPEOBIBAHUST
B IIOMEIICHMSIX, TII¢ YCTAHOBJICH BHYTPEHHMIT OJIOK.
He TpebyeT ocoObIx 10Ka3aTeIbCTB, UTO HUKAKUE
IOpUIMYEcKe 3aKOHBI, TEXHUYECKIE TpeOOBaHUS 1 TTpa-
BHWJIA HE MOTYT IIPEIBOCXUTUTD EKEMIHYTHO M3MEHSIIO-
IIYIOCST OTTACHOCTH 00BEKTOB TeXHOCHEPHI (TTOKAPHYIO,
SIICKTPUUICCKYIO, MEXaHUUICCKYIO 1 T.1I.) ¥ OKPYKaroIIei

Hac cpensl (reocdepsl, 6mocdepsl, aTMOCchepH! 1 T.10.).
TonpKO MOHUTOPUHT, T.€. IPUMEHEHNE TEXHUUECKIX
U TIPOTPAMMHEBIX CPEICTB, CICOSIINX U CBOCBPEMECHHO
MIPEAYTIPEKIAIOIINX 00 YBEIMICHUH OITACHOCTH BBIIIIC
JIOTTYCTUMOTO YPOBHSI, MOTYT U3MCHHUTD CYIIIECTBYIONIYIO
MHPOBYIO TCHACHIINIO POCTA aBapHii, ITOXapoB U IPy-
rux upe3BbryaifHbIx cutyanuit (HC), a TakKe mMoTephb
oT Hux [1].

CraTrcTieCcKre McCIemoBaHmsI TToxkapoB Ha FOre
Poccuu 3a nocnennue 15 et moxkasanau, YTo HAMOOIb-
1Iee KOJn4ecTBo 1moxapos (70%) IpOUCXOAUT B KUIOM

Puc. 1. CimMT-cHCTEMBI B MHOTO3TAXKHOM (2) M HHANBUAYAJIHHOM (0) JKHJIOM J0Me

CtpouTenbHbie BankoH, BepaHaa
TToaco6HbIe
KOHCTpYKUUM 4,97%
: nomelueHus
9,38%
3,66%

KpbIwa, yepaak
6.22%

Jlect.knetka,
Mycoponposoa,
IUepT
1,42%

Bap,
KypUT.KOMHaTa,
Tyaner u 1.A.

7,20% OcHoBHbIe

rometieHus
24,98%

Hapyx. TexH.
YCTAGHOBKA
0,33%

Bectubrons, lapax

Koppuaop 1,86%

1,80%

MecTta BOSHUKHOBEHMSA NOXapoB
Ha KOre Poccum,
8 m.4. momyuweHsbl unu caopenu 6e3 IIC - 25,33%

Tloasan
2,69%

TTpoure nomeuieHus
9,43%

CanoH, Ky3os,
BAroH
4,93%
OcTanbHbre
1,57%

Puc. 2. CraTtucTuka
MOKApPOB 10 MECTAM
HX BO3HUKHOBEHHS
Ha IOre Poccuu
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200000.,0 33,32%

1800000
160000.0 - 32,12%
1400000
120000.0 - TEE%
1000000
80000,0
60000.,0 —
40000,0

20000,0

0,0
O.mpubop sl 1 Kabemn

16,34%

12,48%
15,719

ITeun 1 razoBsIe Ip HOOP BI

m MNpsAvon yuiep6, toic. pyd. m MNoBpexaeHo, KB M

34,20%

28,91%

19,20%

33,48%

30,51%

CHI/I‘IKI/I, CBEYN, ITNP OTEXHIIKA

IIpoune np exMeTH OGbITa

YHUYTOXEHO, KB M W [oxapbl

Puc. 3. TiucrorpaMma npuvuH 1 MICTOYHUKOB MOXKAPOB 1 B3PbIBOB B 3kiioM cektope FOra Poccun

cekTope, 42,41% 13 KOTOPbIX BO3ZHMKAET B KOMHATAX,
KYXHSIX, KOPUIOPAxX U TyaJeTHbIX KOMHATaX KBapTUP
U MHIMBUAYAIbHBIX JOMOB (PHC. 2) 10 Ta30-3JIEKTPOTEX-
HMYECKUM ITPUYMHAM U UCTOYHMKAM UX BO3HUKHOBEHUSI
(puc. 3), a TakKe M3-3a HEOCTOPOXKHOI'O OOpalleHUs
c orHeM [2].

Kak ciemyeT U3 ructorpaMmEbl (puc. 3), OT TIeUeit,
OBITOBBIX JIEKTPOIPUOOPOB M HEOCTOPOKHOIO 00pa-
LIEHMS C OTHEM BO3HUKAET 0KO0J10 75% 1oXapoB, B T.4.
OKOJIO ITOJIOBMHBI U3 HUX — I10 JEKTPOTEXHUYECKUM
npuanHawm [1, 2].

CiieqoBaTelIbHO, €C/IM IIPEBPATUTh OBITOBBIE DJIEK-
TpONpPUOOPHI (TEJIEBU30PhI, XOIOIWIbHUKNA, KOHIU-
LIMOHEPHI U T.A.) B aBTOHOMHBIE IOXapHbIE M3Bella-
TeJIU, TO MOSBJIIETCSA BO3MOKHOCTb 00HAPYKHTD 65,93%
MOKAPOB B JKUJIOM CEKTOpe HA paHHei CTaauu, a, CJIeIo-
BaTeJIbHO, YMEHbBIINTh HATIOJIOBUHY IIOCIEACTBUS OT HUX
[2, 3], TO ecTh:

— cokpaTtuthb 41,9% npsiMOro MaTepuabHOIO yiuepoa,

— COXpaHWUTh HEMOBpeXaeHHBIMU 33,7% rturomnia-
neif,

— IpenoTBpaTUTh yHU4YTOXeHUe 31,9% ruiomaneii.

Hanotexnojoruu HHTE/VICKTYAJIU3 AN

Pa3paboTKy HAHOTEXHOJIOI A «MHTEJUIEKTYAIA3aLIAN
OBITOBBIX JIEKTPOIIPUOOPOB» Ha TIPEIMET OOHAPYKCHUS
TI0XXapOOITACHBIX OTKA30B B HUX M KOHTPOJISI 3a Orlac-
HBIMU (DaKkTOpaMu noxapa u B3peiBa (OPIIB) B mome-
IIEeHUSX, TI¢ OHM YCTAaHOBJICHBI, OBIIM HAYaTHl 15 JIeT

Haszaa (11T XOJOIUIBHUKOB, TEJIEBU30POB, 3JIEKTPO-

CYETYMKOB U T.J.) TTyTeM pa3paboTKU W TIPUMEHEHUS

B HUX JIBIMOBBIX ITOKAPHBIX U3BeIIaTe el U MOIyJIei

TEPMO3JICKTPOHHO 3aIUThI, KOTOPBIE MPEIOTBPAIIIATI

WX COOCTBEHHOE BO3TOPaHUe OTKJIIOUEHUEM OT BJIEKTPO-

CeTH U 00GeCITeYnBaIi OMOBEIICHHUE TT0 paTroOKaHay

TTOXKapHOH CITYKObI B CJTydae BOHUKHOBEHUS TIoKapa

[1-10].

Hcnonp3oBaHMe yKa3aHHBIX HAHOTEXHOJOTHIA

B CTUTAT-CHUCTEMaX JIJISl 9TUX 1ieJield sIBIsieTcs HanboJee

a(hdheKTUBHBIM 1O ClieAyIOIUM puduHaM [11—14]:

— BO-TIEPBBIX, BHYTPEHHUI OJIOK CIIJIUT-CUCTEMBI
«IIPOKAYUBAET Yepe3 ceOs» BO3MYX U3 IIOMEIIECHNS,
T7Ie OH YCTAaHOBJICH, KaK 3TO JIEJIAl0T caMble OBICTPO-
JIeCTBYIOIIME aCTTMPAIlMOHHbBIE TTOKapHbIe U3Bela-
TeJM (C TIOMOIIIBIO CIIEIMAIbHBIX TPYOOIIPOBOIOB,
TTPOKJIAIBIBAEMBIX B KXIO€ 3allIUIIIaeMOoe TIOMellIe-
HHE);

— BO-BTOPBIX, PabOTOM CIIUT-CUCTEMOM YIpaBIseT
KOHTPOJIIeP, YCTAHOBJICHHBIN BO BHYTPEHHEM OJIOKE,
K KOTOPOMY JIETKO TIOAKJTIOYAIOTCST TLIMOBOM, TETIIIO-
BO M ra30BbIi JaTYMKH, a Takxke GSM-MoneM, 1uis
OTIOBEIIIEHUST aBAPUITHBIX CITYXKO;

— B-TPETbUX, B BHITTYCKAeMbIe CETOIHSI BHYTPEHHUE
6J10kM (ITOTOJIOUHBIC, HACTEHHBIE W HAIOJBbHBIC)
JIETKO BCTPOMTH TEPMOMArHUTHBIN cerapaTrop BO3-
nyxa (TMCB), Beiiensioninii n3 «poKaunBaeMo-
ro BO3ayxa» KMCIOpo (IlapaMarHeTHK), KOTOPbIii
0 ApEeHaXXHOMY KaHaJly MOXKHO BBIBECTH HapyXy
JloMa, a B 3alUIIaeMoe MoOMeIlleHHe BEPHYTh a30T
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C OCTaJbHBIMU WHEPTHBIMU Ta3aMU (AMaMarHETH-  a TakKe YyCTAaHOBKY MLIMOBOTO M3BEIIATENS TIOKAPHOTO
Kammn), ocymecTBisist momasienne OPIIB myrem  (JAWIT) ¢ GSM-monemoMm Bo BHyTpeHHeM 010ke CCITU
(ermaTu3ayM ¥ MOHKEHUS KOHIIEHTPAIMY KHC- [12—14].
JIOpoia 10 YPOBHSI, TIPU KOTOPOM TOPEHUE U B3PHIB Bbruto mokazano (tad. 1, 2), 94TO B 9TOM Ciiyyae Tipu
HEBO3MOXHBI, KaK 3TO JEJAIOT Ta30BbIe YCTAHOBKU  HEOOJIBIIIOM CHUXKEHUN TEXHNUECKUX PECYPCOB OJTOKOB
TOXapOTYIICHUSI. CIUTUT-CUCTEMBI MX TT0XXapo0e30TacHbIe Pecypchl yBe-
Kak cremyer 3 MpoBeNeHHBIX UCCAEMNOBAHU [2, 5,  TUYMBAIOTCS HA TTOPSIIOK U CTAHOBSITCSI COM3MEPUMBIMU
7, 11], Takast MOAeJb CIIJIUT-CUCTEMBbI TTOXXAPHOTO 13- C X TEXHIYECKUMU pecypcamu [2—8].
BemaTenss (CCIIM) Obuta co3maHa U BKiIodaia B ceOst Tak, m1st BHyTpeHHero 6;10Ka ObLIO MOJy4eHO CHU-

3aIIATY CaMOTO IIPUOOpa OT TOXKAPOOITACHBIX OTKA30B  XKEHHME TEXHUUYECKOro pecypca a0 10 1eT, a yBemumdeHne
C TTOMOIIbIO MOJYJIEU TEPMOIJIEKTPOHHOM 3allIUThI, rmoxxapoo6e3oracHoro — 1o 40 et (Tabu. 1).

Tabauya 1
TexHUYeCKHii 1 MOKAPOOE30MACHBIH Pecypc BHYTPEHHEro 0JI0KAa ¢ 3aIUToil
Haumenosa- Cp. 3HaYEHHSA B M3/IeIHH Cp. MHTEHCHBHOCTD B Ipymne BepostHocTh B rpymnme
HHe U3JIeJHs,
Onoka, Kracca zer:c__ Pexk. BuBoIoB Kon-so | Ortkasos | Ortkasos | Bocmiame- g::::‘ Kop. Obpbsa Ipo- | Bocnna- | Pacnp-s | IToxapa
u Tuna BPY |P Harp. # ) C] HOMHH. | (aKTHd. HeHHst ° | 3aMBIK. P 0051 | MeHeHusi | OrHS ) 2C]
niam. 0TKa30B
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
;':f’ly?pﬁ"m" 250,90 125 8,82E-06 2,79E-06 7,22E-09
won 256,3 | 0,35 2 16 2,10E-07 | 2,92E-06 | 1,68E-08 |2,54E-07 | 0,047 | 0,264 |0,040 |1,10E-06|2,22E-03|2,45E-09
pesucTop 253,0 | 0,55 2 58 | 4,50E-08 | 1,08E-06 | 1,87E-09 | 2,92E-08 | 0,027 | 0,192 | 0,000 |1,23E-07|2,56E-04|3,14E-11
tpansuctop | 316,1 | 0,35 3 11 8,40E-07 | 2,56E-06 | 4,20E-09 | 7,87E-07 | 0,077 | 0,227 | 0,230 |2,76E-07 |6,88E-03|1,90E-09
KkoHzeHcatop | 224,3 | 0,60 2 33 |5,20E-08 | 7,06E-07 | 4,57E-09 | 1,45E-07 | 0,130 | 0,000 | 0,075 |3,00E-07]|1,27E-03 |3,80E-10
onTpoH 256,3 | 0,35 2 4 2,10E-07 | 7,30E-07 | 4,20E-09 | 6,35E-08 | 0,047 | 0,264 |0,040 [2,75E-07|5,56E-04]1,53E-10
pocceh 316,1 | 0,80 8 1 1,00E-06 | 2,48E-07 | 2,27E-09 | 1,98E-07 | 0,500 | 0,100 | 0,300 |1,49E-07 | 1,7E-03 |2,59E-10
MuKpocxema | 368,7 | 0,85 14 1 1,30E-08 | 1,92E-08 | 5,56E-10 | 1,13E-08 | 0,370 | 0,240 | 0,220 |3,64E-08 [9,94E-05|3,62E-12
perTwsTop | 306,5 | 0,80 2 1 2,25E-06 | 5,51E-07 | 8,08E-09 | 4,41E-07 | 0,500 | 0,100 | 0,300 |5,30E-07|3,86E-03 |2,04E-09
Monyas
TepMO3aIIHTHI 12 8,57E-07 2,04E-05 2,24E-09
MT-2, B T.u.:
C‘xz;‘:lp"' 368,7 | 0,85 14 1 1,30E-08 | 1,92E-08 | 5,56E-10 | 1,I3E-08 | 0,370 | 0,240 | 0,220 |4,87E-06|9,94E-05 [4,84E-10
— tupncropsr | 507,8 | 0,35 3 1 5,00E-07 | 1,I8E-07 | 3,36E-10 | 1,02E-08 | 0,047 | 0,264 | 0,040 |2,95E-06 |8,97E-05 |2,64E-10
;pf;fg””“' 256,3 | 0,35 2 1 2,10E-07 | 1,82E-07 | 1,05E-09 | 1,59E-08 | 0,047 | 0,264 | 0,040 |9,20E-06 |1,39E-04|1,28E-09
— pesnctopst | 253,0 | 0,55 2 5 4,50E-08 | 9,34E-08 | 1,61E-10 |2,52E-09 | 0,027 | 0,192 {0,000 |1,41E-06|2,21E-05 |3,12E-11
T‘Oggl“ﬂema' 224,3 | 0,60 2 2 5,20E-08 | 2,18E-08 | 1,41E-10 |4,48E-09 | 0,130 | 0,000 | 0,075 |1,24E-06|3,92E-05 |[4,86E-11
— pasbembr | 358,2 | 0,65 4 1 1,00E-06 | 1,90E-07 | 5,20E-11 | 1,81E-08 | 0,095 | 0,000 |0,000 [4,56E-07 |1,58E-04|7,22E-11
—nosucrop | 507,8 | 0,65 5 1 1,25E-06 | 2,32E-07 | 3,31E-11 |2,20E-08 | 0,095 | 0,000 |0,000 [2,90E-07 |1,93E-04|5,61E-11
TMposona 232,5 | 0,65 1 12 1,50E-08 | 6,60E-08 | 9,41E-10 | 1,27E-08 | 0,192 | 0,027 {0,000 |6,17E-08 |1,11E-04 |6,85E-12
MoHTaXHbIe
coenunerms | 274,6 | 0,65 1 331 |2,00E-08 | 1,60E-06 | 2,49E-08 |8,02E-07 | 0,400 | 0,400 | 0,100 |1,63E-06|7,01E-03 | 1,14E-08
(maiKku)
2;"0 1o 149 1,13E-05 2,49E-05 2,09E-08
OKY:
Cranaaprioe 8.7E-07 2,7E-09
OTKJIOHEHHE
Be3oTkas-
Hocts, / 0,89843329 0,99999998
noKapHas
YCTOIYHUBOCTD:
Texnuue-
CKMii / moxa-
po-0e3onac- 9,34 -i- 10,89 42,4 -i- 54,9
HBIH pecypc,
J1eT:
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Tabauya 2
TexHu4eCKHii 1 NOKAPOOE30MACHBII Pecypc BHEIIHETO 0JI0KA C 3aIUTOI

Haumenosa- Cp. 3HAYEHUSA B M3/IETHH Cp. MHTEHCHBHOCTD B Ipymne BeposTHocTh B rpymme
HHe u3eNmsl,
0u10Ka, Kracca zer:c__ Pexk. BuBoIoB Kon-so | Orkasos | Ortkasos | Bocniame- g::'c“ Kop. Obpbisa TIpo- | Bocnna- | Pacnp-s | IToxapa
uTuna BPD |P Harp. % ) C] HOMHH. | (aKTHd. HeHHst ° | 3aMBIK. P 0051 | MeHeHHsi | OTHS ) 2C]
niam. 0TKA30B

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
3 puewit | 555,59 181 1,03E-05 3,86E-06 2,03E-07
11, B T.4.:
Pesucrop 253,0 | 0,55 2 86 | 4,50E-08 | 1,61E-06 | 2,77E-09 | 4,34E-08 | 0,027 | 0,192 | 0,000 |2,57E-07|3,80E-04|9,78E-11
Konzencarop | 224,3 | 0,60 2 63 5,20E-08 | 1,70E-06 | 1,I0E-08 | 3,48E-07 | 0,130 0,000 | 0,075 [1,02E-06|3,04E-03|3,10E-09
Tpanzucrop 316,1 | 0,35 3 7 8,40E-07 | 1,63E-06 | 2,67E-09 | 5,01E-07 | 0,077 0,227 | 0,230 (2,48E-07 |4,38E-03|1,09E-09
Juon 256,3 | 0,35 2 13 2,10E-07 | 2,37E-06 | 1,36E-08 |2,06E-07 | 0,047 0,264 | 0,040 | 1,27E-06 | 1,81E-03 |2,29E-09
MO3UCTOP 507,8 | 0,65 5 7 1,25E-06 | 1,64E-06 | 2,34E-10 | 1,56E-07 | 0,095 [ 0,000 | 0,000 |2,17E-08 | 1,36E-03|2,96E-11
pene 507,8 | 0,65 5 1 1,25E-06 | 2,73E-07 | 3,89E-11 | 2,59E-08 | 0,095 0,000 | 0,000 |3,61E-09(2,27E-04|8,21E-13
OITPOH 256,3 | 0,35 2 3 2,10E-07 | 5,47E-07 | 3,15E-09 | 4,76E-08 | 0,047 0,264 0,040 |2,92E-07 [4,17E-04 | 1,22E-10
BEHTUJISITOD 306,5 | 0,80 2 1 2,25E-06 | 5,51E-07 | 8,08E-09 | 4,41E-07 | 0,500 0,100 | 0,300 |7,50E-07 |3,86E-03 (2,89E-09
Monys Tep-
MO3aIIUThI 13 1,21E-06 2,07E-07 1,05E-10
MT-1, B T.u.:
C‘ngifm' 316,1 | 0,35 3 2 8,40E-07 | 4,66E-07 | 7,64E-10 | 1,43E-07 | 0,077 | 0,227 | 0,230 |7,09E-08 |1,25E-03 |8,89E-11
— cTabwIn-
TpOHBI 256,3 | 0,35 2 1 2,10E-07 | 1,82E-07 | 1,05E-09 | 1,59E-08 | 0,047 0,264 |0,040 |9,74E-08 | 1,39E-04 | 1,36E-11
— pesuctopsl | 253,0 | 0,55 2 7 4,50E-08 | 1,31E-07 | 2,26E-10 | 3,53E-09 | 0,027 0,192 {0,000 {2,09E-08|3,09E-05|6,48E-13
T‘Oggl"’le“ca‘ 224,3 | 0,60 2 1 5,20E-08 | 1,09E-08 | 7,06E-11 |2,24E-09 | 0,130 | 0,000 | 0,075 |6,56E-09|1,96E-05 |1,29E-13
—passemi | 358,2 | 0,65 4 1 1,00E-06 | 1,90E-07 | 5,20E-11 | 1,81E-08 | 0,095 | 0,000 | 0,000 |4,83E-09|1,58E-04|7,64E-13
— pese 507,8 | 0,65 5 1 1,25E-06 | 2,34E-07 | 6,39E-11 |2,22E-08 | 0,095 0,000 | 0,000 |5,93E-09[1,95E-04 | 1,15E-12
TMposoxa 232,5 | 0,65 1 7 1,50E-08 | 3,85E-08 | 5,49E-10 | 7,39E-09 | 0,192 | 0,027 [0,000 |5,09E-08 |6,48E-05 |3,30E-12
MouraxHble
coemnmermst | 274,6 | 0,65 1 405 | 2,00E-08 | 3,59E-06 | 1,33E-07 | 1,79E-06 | 0,400 | 0,400 | 0,100 |1,24E-05 |1,56E-02 |1,93E-07
(maiiku)
Deero 1o 201 1,52E-05 3,95E-07
JI0KY:
Crarnaprioe 1,0E-06 4,7E-08
OTKJIOHEHHE
Besorkas-
Hocts / 0,86794895 0,99999956
noxapHas
YCTOHYMBOCTD:
Texuuye-
CKHii / moXKa-
po-0e3omac- 7,06 -i- 8,06 2,26 -- 2,87
HbIi pecypc,
JeT:

Puc. 4. TMCB:
a) — eIMHUYHbBIN BUTOK;
0) — cemapaTop B coope
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Puc. 5. Cxema pacnosioxkeHnsi MATHUTOB, OXJIAUTe el H HAHOIEPEropoOaKH

s BHEITHETO 0JI0KA TEXHUIECKUI pecypc YMEeHb-
mwIcs 10 8 JIeT, a oXapoOe30acHBIN pecypc yBeI-
qures 1o 3 neT (Taba. 2).

YyeHBIMI POCTOBCKOIO TOCYIapCTBEHHOTO YHU-
BepcHUTETa B paMKax I'paHTa Mo 6e30MacHOCTH aBTO-
TpaHcnoprta [15] ObuIa pa3paboTaHa HAHOTEXHOJIOTUS
TEPMOMATrHUTHOM cerapainy Bo3ayxa [16], v Ha Tepmo-
MarHuTHBIN centapatop Bo3ayxa (TMCB) 6b1 monyuen
nateHT P®D Ha nzobperenue [17].

TMCB npencrasisii codboii TpyOy, CBEpHYTYIO B CITHU -
paitb (puc.4), Ha BHEIITHE# CTOpOHE KOTOPOI OBUIH yCTa-
HOBJICHBI TIOCTOSTHHBIC MAarHUTHI, & Ha BHYTPECHHEH —
BUXpeBbIe oxanuTean Azaposa [18].

Brnonb kanana TMCB 6bl1a ycTaHOBIeHa HaHOTIEpe-
TopoaKa U3 MOPHUCTOTO ATIOMUHMUS (pHC. 5), pa3nesio-
IIIast ero Ha «ITapaMarHUTHBIN» (KUCIOPOIHBIN) 1 «Ira-
MAarHUTHBI» TTOOKAHAIBI (C MTHEPTHBIMU Ta3aMM — a30T,
YIJICKUCIIBINA Ta3 W AP.) ¥ IPEISITCTBYIOIIAs 00paTHOM
nuddy3un pa3aensieMbix razos [15, 17].

TMCB, gpnsforuiicss B JTaHHOM CJIyJae «HaHOTe-
HEpaTOPOM MHEPTHOTO raza», 0a3supyeTcs: Ha ypaBHe-
HUU IBYDKCHUS Ta3a (ypaBHeHME Difjiepa) B MATHUTHOM
T10J1e, Yepe3 v — IoJjie BEKTOpa CKOPOCTEl Ta3a, ero IUIoT-
HOCTh — 0 ¥ JaBJICHHUE — p, O, — MATHUTHYIO TIOJIIpHU3ye-
MOCTb M H — HanpspKeHHOCTb MarHUTHOTO 1oJ1s [ 16, 17]:

P (0V/0t+(veV)ev) =
—grad(p)—p *grad(—(o.H?*/2m)). (1)

IMoncraBmsst B popmyny (1) ypaBHEHHUSI COCTOSTHUS
nmeaabHOro rasa pVl = NkT n BbIpaXast TDIOTHOCTB Ta3a
yepe3 ero JaBiieHue p = nk1 = pkT/m, IOITyIUM BBIpa-
JKeHUe IIJIs TUTOTHOCTH MOJICKYJI Ta3a B BUIE pacIipeie-
nenus bonbumana

0 = pexp(aH’/2kT) = pexp(—(U/KT)), ()

rne U= —oH?/2 — moTeHIInambHast SHEPTHS OTIEITb-
HOI1 MOJICKYJIBI Ta3a, 00JIafaloleii mapa— WIN JraMar-
HUTHBIMH CBOMCTBaMU, HaXOISIIEICS BO BHEIITHEM He-
OIHOPOTHOM MaTHUTHOM ITOJIE.

Kucmopon sBisieTcsT mapaMarHeTUKOM, B CBSI3U
C YeM MaTrHUTHasl TTOJISIPU3alus OTACITHHOM MOJICKYITBI
o — mostoxuTesibHa (+3396+ 107°), a ocTasibHBIC aTMOC-
depHBIe ra3sl IBISIOTCS TMaMarHeTMKaMU, B T.49. a30T
(N2 =—12+¢107%), y KOTOPBIX MATHUTHAsI TTOJISIPA3ALIVS
MOJIEKYJI oTpuIiaTesbHa. [103ToOMY IIIOTHOCTH KMCIOPO-
IIa Bo3pacTacT B 00JJACTH CHJILHOTO MAarHUTHOTO TIOJIS,
a TUIOTHOCTD a30THOI KOMIIOHEHTHI YMEHBIIIAETCS B CO-
OTBETCTBMU C YpaBHeHHEM (2), a IUIST YCKOPEHMST OTIIe-
JIEHHS KUCJIOPOIA MEXIY «[TapaMarHUTHBIM» U «I1a-
MAarHUTHBIM» ITOAKAHAIAMHU IOAIEPXKUBAETCSI PA3HOCTD
TEMITEPaTyp C TIOMOIIBIO BUXPEBBIX BO3MYXOOXTaTUTe ICH
A3zaposa [2, 18].

IMoatomy Ob110 pereHo uHTerpupoBath TMCB
B CCIIH, a Tak:Ke OCYIIIECTBUTD €TO COMPSIKEHIE CO CUET-
YHKOM Ha OBITOBOI1 T'a3 ¢ 3JICKTPOMArHUTHRIM KJIallaHOM
(puc. 6), KOTOPBIii, TOMUMO YIIPABICHUSI MM OT COOCTBEH-
HOTO JaTYMKA YTeUKHU ra3a, MOXKET IepeKPBITh TT0Aavy Ta3a
u 110 curHay Kontpoiepa CCITU [14].

OnHako aHAIU3 MOIM(PUIIMPOBAHHOMN TaKUM 00-
pazom CCIIHM moxkasai, 94To MOIEIb HE BBITIOJHSICT
B TIOJTHOM 00BEMeE ITOKAapO-B3PHIBO3AIINTY KBaPTUPHI
B MHOTO3TaXXHOM 3HaHUM/UHINBUAYATHFHOM XUJIOM
JIOMe, TI0 CIeAYIONIUM npuanHam [19]:

— BO-TIEPBBIX, OMHUM BHYTPEHHNM 0JIOKOM, KOTOPBIMA
YCTaHaBJIMBACTCSI B KIJIOM KOMHATE, HEBO3MOXKXHO
OCYIIECTBUTH paHHee OOHAPYKEHUE OIMACHBIX (paK-
TOpoB Toxapa u B3peiBa (OPIIB) mpu yreuke ObI-
TOBOTO Ta3a Ha KyXHE;

— BO-BTOPHIX, 0€3 OTKITIOUCHMS JICKTPOCHAOKCHMUS
KBapTUPBl/UHINBUAYAIBHOTO JOMa B MOMEHT O0OHa-
pyxenus OPIIB HeBO3MOXHO rapaHTUPOBATh, UTO
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Nanob

Pasbem GSM-aHTeHHb

3anopHslii knanad

Ananoroeo-undposoi Bnox

Pasbem ana cma pr-Kapibl

Kopnyc cqetHuka
C NPUCOSANHUTENEHLIMKW NaTpyBKamu

Puc. 6. I'a30Bblii cCY4eTYHNK € 3TEKTPOMATHUTHBIM KJIANIAHOM

OT UCKPBI B 2JIEKTPOYCTAHOBOYHBIX U3AEIJINSIX B3PHIB
OT YTeUKH OBITOBOTO Ta3a He TIPOU30MICT;

— B-TPETBUX, PACIIONOXEHHBIA B KOMHATE BHYTPEHHUA
010K, B KoTopoM yctaHosieH TMCB, He ycrieBaeT
TIOHU3UTH KOHLIEHTPALIUIO KACJIOPO/IA BO BCEX ITOME-
MIEHUSIX KBAPTUPHI/ MTHAUBUAYATHHOTO IOMA 10 YPOB-
H$1, TIPYU KOTOPOM B3PbIB WY PACIIPOCTPAHEHUE OTHS
CTaHOBSTCSI HEBO3MOXHBIMMU.

st ycTpaHeHUST YKa3aHHBIX BEIIIIE HEIOCTAaTKOB,
IIPUHUMAsI BO BHUMAHHE BBITTYCK MYJIBTU CILUTAT-CUCTEM
¢ 2-s 1 60JIee BHYTPEHHUMH 0JI0KaAMU TP OTHOM BHEIII -
HeM, moaeab CCIIU 6b11a mopaboTaHa CIeIYIOITNM
obpasom (puc. 7):
— IIJIST OCYIIECTBIICHUSI paHHETO OOHapYKEeHUS U T10-
maBrenuss ODIIB oguH 13 BHYTpeHHUX O0JI0KOB
¢ TMCB u matynkamu O®PIIB ycranaBimmBaeTcs

SRF

Puc. 7. IInannpoBka unauBuayaisHoro noma ¢ mynstu CCITN
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Ha KyXHE, ¥ B HEM MpeAyCMaTpUBAETCS yIIpaBlIeHUE 3AKITIOYEHHE

CHUMUCTOPHBIM MOIYJIEM YU MAaTHUTHBIM ITyCKaTe-

JIeM, KOTOPBII1 MOHTUPYETCS B 3JCKTPOIINTE U OT- «MHATEIIeKTYamM3aus» MyJIbTH CIUTUT-CUCTEMbI Ha-

KJTIOYAET 3JICKTPOCHAOXKEHNE B KBAapTUPE/MHANBN-  HOTEXHOJOTHSIMM OOHapyxKeHMs 1 mogasicHust ODIIB

IyaabHOM nome pu ooHapyxeHnn OPIIB; ITO3BOJISICT CO3/IaTh HAACXKHYIO U aBTOHOMHYIO CUCTEMY
— JUIST TOTO, YTOOKI Bce BHYTPEHHHE OJOKM (C JaTYM-  ITOXKAPOB3PBHIBO3AIINUTHI KBAPTUPHI B MHOTOTAXKHOM KH-

kKamu 1 TMCB), B T. 4. B Ipyrnx KOMHAaTaX MpoI0JI- JIOM 3JAaHMM WIM B UHOIUBUAyaabHOM aoMme [6, 11, 19].

JKaJIu paboTaTh MPU MIPOINASaHUU WIN OTKIIIOYeHU  bojiee Toro, n3o0pereHre MarHUTHOTO XOJ0AUIbHUKA
BJICKTPOSHEPTUH, B KaXIblii U3 HUX BeTpauBaeTcss  [20] maeT oCHOBaHME YTBEPXKIATh, YTO HAHOTEXHOJIOTHSI
AKKYMYJISITOP C COOTBETCTBYIOIINM IIpeoOpa3oBaTe-  MarHUTOKAJOPHUYECKOTO OXJIAKICHUS ITO3BOJIUT B OYIy-
JieM, 00eCIIeunBaIOIIMM PabOTy BHYTPEHHEro GJIoKa  IeM MHTEIPUPOBATh €r0 BO BHYTPEHHUE OJIOKU U «Ha-
[IpU MPOIaJaHUK DJIEKTPOIHEPIUU U €ro 3apsiaKy  Bceraa M30aBUTLCS» OT BHEIIHUX OJIOKOB, IMTOPTSIIMX
npu ee Haymauwm [19]. dacanbl 3naHU.
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