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ENHANCING ENERGETIC AND ECONOMIC EFFICIENCY OF HEATING COAL
MINES BY INFRARED HEATERS

Purpose. To increase the energy and economic efficiency of heating coal mines with infrared heaters through energy saving
measures, taking into account the dynamics of the discount rate. To achieve this goal, the task was to conduct an energy audit of
the heating system of the mine during its reconstruction according to an improved method, taking into account the dynamics of
the discount rate and measures that are not feasible at the same time.

Methodology. When using infrared heating systems, local heating of the working area is provided. As a result, the necessary
temperature conditions in the mines are maintained and there is a possibility of creating a local microclimate. A multifactorial
experiment was performed and the research results were graphically and analytically described. Furthermore, the method of en-
ergy audit, taking into account the effect of complex interaction of factors and the dynamics of the degree of discount, is applied.

Findings. According to the results of the experiment, a nomogram of the temperature regime of the irradiation area with an
infrared heater was constructed, which was approximated by the analytical dependence. The optimal profit from the introduction
of energy-saving technologies during operation is EUR 379.2 under the following conditions: replacement of the heating system
from stationary to variable with automation; installation of a different number of infrared heaters NL-12R with power Q = 1200 W
each; application of the effect of complex interaction of factors.

Originality. The conducted energy audit of the radiant heating system with the use of infrared heaters during the underground
reconstruction showed that non-stationary heating is efficient because it saves energy and has the lowest payback period.

Practical value. The expediency of using infrared heaters in variable mode in both energy and technical and economic aspects

has been proved. These measures will provide comfortable conditions in the mine and have a significant economic effect.
Keywords: heating system, energy saving, energy audit, thermal renovation, infrared heaters, variable mode

Introduction. Issues of energy saving, energy accounting
and improving the ecological situation in the environment are
extremely relevant. In the context of an acute energy crisis and
environmental degradation in general, the careful use of ener-
gy sources and the application of energy-efficient heating sys-
tems are important priorities of economic policy of European
countries. Energy saving tasks in Ukraine appear from a com-
prehensive perspective and cover aspects of both heat and en-
ergy and environmental one and are based on the legal basis
and technical innovations. A large amount of energy is spent
on providing microclimatic conditions in production facilities,
in particular in coal mines. Ensuring regulatory air parameters
that create a comfortable microclimate in a closed isolated
room is an important task in terms of energy, ecology and hu-
man comfort [1, 2]. High concentration of CO, and other
gases in the production room leads to deterioration of health
and reduced efficiency of staff [3].

There is no doubt that the energy consumption for the
needs of heating system of the production premises must be re-
duced as a result of energy efficiency measures. One such mea-
sure is the use of infrared heaters [4, 5], which allow partially
heating different areas of the production facility purposefully.

To achieve the maximum effect, it is necessary to deter-
mine a cost-effective level of thermal protection of the heating
system based on infrared heaters. This level should be optimal
in both thermal and economic aspects. The choice of energy-
saving methods for operating the existing heating systems
should be made taking into account economic factors [6, 7],
which allows establishing the most acceptable options of op-
eration of heat supply system in production facilities.
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In infrared heating of premises, one of the important tasks
is to create an intensive heat exchange [8]. At the same time
the normalized temperature in a working area has to be pro-
vided. This value is normalized for different types of premises,
including for coal mines, and failure to comply with this con-
dition can cause both deterioration of human health and affect
the operation of equipment. The selection of infrared heaters
depends on the purpose of the premises, technological pro-
cesses that occur in them and the design features of external
fences [9].

Literature review. When designing heating systems for coal
mines, the main task is to create comfortable conditions for
people who are there. The microclimate in the production
premises affects the work efficiency and quality of manufac-
tured products. It is known that the dynamic mode in the
premises has a positive effect on human well-being and effi-
ciency of its work. However, in production facilities, such as
coal mines, for the adaptation of the thermoregulation appara-
tus, improving the well-being and reducing fatigue of employ-
ees, it is hygienically justified to change by the periodic law one
of the parameters, for example, air temperature, that is, to cre-
ate a dynamic microclimate.

The use of energy for heating and ventilation is considered
in [10]. When calculating the air temperature mathematically
and by measuring this parameter, they obtained certain results.
This proves the fact that temperature is an important variable
parameter in creating a dynamic microclimate.

Various schemes of infrared heating systems in industrial
premises and their efficiency are given in [9]. However, the
analysis of the provision of regulatory parameters in the pro-
duction facilities showed that this is a rather difficult task.

There are a large number of different designs of heaters
and emitters with high heat transfer, which are infrared heaters
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[11]. In [9] the question of radiation power entering the work-
ing area is considered. The efficiency of radiators without or
with poor insulation of the radiating screen is 45—55 %. As a
result, the installed heating capacity must be twice as big as the
calculated heating load. The influence of the reflector as an
additional structural element of the infrared heater was con-
sidered in [12, 13]. The reflector not only refocuses the direc-
tional radiant flux of the burner, but also participates in heat
exchange with flue gases and emits additional infrared flux.

In coal mines, the issue of exhaust ventilation and the use
of exhaust air heat remain relevant. It is recommended to use
low-temperature heat for further needs of the mine heating
system [14]. The article [15] considers methods of waste heat
utilization and its use for industrial processes. When choosing
the design of the infrared heater, attention should be focused
on the combination of infrared heating and exhaust ventila-
tion, whose work is regulated by a complex of automation.

When choosing the type of infrared heaters, one must take
into account the geometric dimensions of the room, the geo-
metric location of the equipment, heat sources, location of
working areas [16, 17]. However, the issue of automatic regula-
tion of the radiation temperature of all surfaces by changing
the thermal power of the heater remains unresolved.

Usually for production premises there are difficulties in
maintaining the air temperature in the working area at a stable
level [18, 19]. In this case, heaters with a high heat transfer
coefficient and a sufficient heat transfer surface are effective.
Due to the use of radiant heating, it is possible to increase the
intensity of heat transfer [20].

Along with providing comfortable conditions in the coal
mine, the technical and economic assessment of the efficiency
of the infrared heating system plays an important role. The lat-
est concept of the economy is developed in the UNIDO rec-
ommendations (United Nations Industrial Development Or-
ganization) [6], which presents a modern method for assessing
the economic efficiency of thermal renovation measures.
However, these recommendations provide an algorithm only
for those measures that can be applied simultaneously and
does not take into account the effect of complex interaction of
factors, as well as the dynamics of the discount rate.

Unsolved aspects of the problem. Based on a review of the
literature, it can be generalized that there is a need to increase
the energy efficiency of the heating system by creating a dy-
namic microclimate when installing automation, as well as
improving the methodology of energy audit of the heating sys-
tem of the production facility during its reconstruction, taking
into account measures that are not implemented simultane-
ously, and the dynamics of the discount rate.

Purpose. The purpose of the work is to increase the energy
and economic efficiency of heating coal mines with infrared
heaters due to energy saving measures taking into account the
dynamics of the discount rate.

To achieve this goal, the task was set to conduct an energy
audit of the heating system of the coal mine during its recon-
struction according to the improved method, taking into ac-
count the dynamics of the discount rate and measures that are
not feasible simultaneously.

Materials and methods of research on infrared heaters in sta-
tionary and variable mode. 1t should be noted that infrared
heaters (Fig. 1) have a characteristic design feature.

When using infrared heating systems, local heating of the
working area is provided. As a result, the necessary tempera-
ture conditions are maintained in coal mines and there is a
possibility of creating a local microclimate.

The infrared heater for coal mines works as follows. After
the device is switched on from the surface of the rectangular
ceramic plate /, heat fluxes are emitted. In this case, with the
help of a reflector 2 made of a mirror metal sheet, the heat rays
are directed to the working area. Simultaneously with heating,
polluted air is localized and removed from the working area by
the exhaust outlet 3. It is removed from the working area

Fig. 1. Infrared heater:
1 — ceramic plate; 2 — reflector; 3 —exhaust outlet; 4 — exhaust pipe

through the exhaust pipe 4, which is connected with the air
duct to the exhaust ventilation system.

A model for creating a dynamic microclimate in the room
with the help of automation has been developed. This makes it
possible to change the thermal power of the device. This pro-
vides a dynamic microclimate in the working area, which
makes it possible to improve sanitary and hygienic conditions
in the premises (Fig. 2).

Results. An experimental study was performed to deter-
mine the radiation temperature of the irradiation area with an
infrared heater. It was based on research on the floor surface’s
temperature as the largest surface of the irradiation area. To
ensure the universality of the obtained calculations, the factors
influencing this temperature were taken into account, namely:
the intensity of irradiation of the infrared heater, the height of
its installation and the blackness degree of the floor surface.

Graphs of the distribution of temperature fields on the sur-
face of the heated floor with different blackness degrees of the
surface ¢ floor WEIE demonstrated. Measurements were per-
formed for the floor surface made of black metal sheet — &, =
= 0.92; for the surface with sawdust — &,,, = 0.75 and for the
peat surface — g, = 0.3 (Fig. 3).

The research results were summarized to determine the rela-
tive temperature of the floor surface. The relative temperature
allows taking into account the value of the ambient temperature
t.m» €xploring its impact on the value of the studied temperature.
The relative value makes it possible to obtain a universal value of
surface temperature. It is determined by the formula

4
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Fig. 2. Scheme of the system of providing the microclimate pa-
rameters in the coal mine:
1 — coal mine; 2 — irradiation area; 3 — infrared heater; 4 — ex-
haust outlet; 5 — exhaust air duct; 6 — exhaust fan; 7 — gate; 8§ —
air removal; 9 — measuring device
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Fig. 3. Temperature distribution on the floor surface, t4,,,, °C at
the power of the emitter Q = 800 W and at:
@ =ty = 17.5 °C, €00y = 0.92; b — £, = 21 °C, £, = 0.75; ¢ —
tam =24 °C, £700,=0.3

_ t
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where #4,,, is the surface temperature of the heated floor, deter-
mined experimentally, °C; t,,, is air temperature in the coal
mine, °C.

According to the experiment results, a monogram was
constructed, shown in Fig. 4. It was approximated by an ana-
Iytical dependence.

Ty =(0.18-€ 1, +0.058)-(~-3H +0.002-Q+5.2)" +

(2)
+(0.45-2,,, +0.3)-(~3- H+0.002-0+5.2).

From the graph (Fig. 4) it is seen that the thermal power of
the infrared heater NL-12R Q, W has the greatest influence on
the value of the relative temperature of the irradiation surface.
At constant values of the height of the heater, the blackness
degree of the irradiation surface, and when the thermal power
of the heater is doubled, the relative temperature of the irra-
diation surface will increase to 10 %.

Energy audit of the heating system using infrared heaters.
During the reconstruction of the heating system, two alterna-
tive options for the use of infrared heaters NL-12R with a
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Fig. 4. The dependence of the relative surface temperature of
the heated floor on the thermal power of the heater NL-12R
Q, W, the height of its installation H, m and the blackness
degree of the underlying surface & ,,,

power of Q = 1200 W were selected: in the number of 1 piece
and 2 pieces. The following three energy saving measures were
considered, taking into account the effect of integrated inter-
action of factors: A — changing the mode of operation of the
heating system from stationary to variable when installing au-
tomation; B — installation of infrared heaters NL-12R in the
amount of 1 piece with a total power Q = 1200 W; C — installa-
tion of infrared heaters NL-12R in the number of 2 pieces with
a total power of Q = 2400 W.

The following solution algorithm is proposed:

1. Determination of annual energy consumption for the
needs of the heating system Q,,, MJ /year for the basic version.

2. Selection of a list of simple thermal renovation measures
for this system.

3. Determination of energy efficiency AQ; of each of the
simple thermal renovation measures, as AQ; = Q, — Q,, and
hence — annual savings K;, Euro/year. The cost of thermal en-
ergy (value of P) in Ukraine is 2000—2400 UAH per 1 Geal,
[7],i.e. P,= 17 Euro/GJ (2350 UAH/Gcal). The cost of elec-
tricity P, is 194 kop/kWh (voltage class II up to 27.5 kV for in-
dustrial and similar consumers with a capacity of up to
750 KVA). P, = 16.3 Euro/GJ. When installing infrared heaters,
savings are obtained due to the difference between the cost of
heat and electricity.

The results of the calculations are given in Table. 1.

4. Determination of indicators of each measure (Table 2)
under different values of the discount rate in Ukraine: »=0.18
(2019), and = 0.11 (2020).

Table 3 illustrates the dynamics of funds by years for the
period of 15-year operation of measure A: “change in the op-
erating mode of the heating system from stationary to variable
when installing automation” taking into account the discount
rate »=0.11 and r=0.18.

The data in Table 3 show that increasing the discount rate
leads to an increase in the payback period, where NPVR =0,
when r=0.18. This value exceeds SPBT = 1.2 years (Table 2) at

Table 1
Characteristics of energy saving measures
g .
-2 = £y d o~
B2 | S | 2L | ¥S
25 £ 23 g L
No g 2% & = ES o
§ 8 ? g — E — a N =] IS S
S| w398 | SE | aSE| 892
S ES%S TS §@§ = Hg
S | @gF0 <0 030 S0
1 A 100 90 10 170
2 B 100 80 20 14
3 C 100 60 40 28
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Table 2
Economic indicators of thermal renovation measures

NPVR,
r=0.18

NPVR,

4 K r=0.11

SPBT;
No | Measures

Euro | Euro/year | year Euro Euro

1 A 200 170 1.2 +12.5 | +332.9
2 B 26.6 14 1.9 -9.1 +17.3
3 C 58.8 28 2.1 -23.8 | +29.0

r=0. The maximum value of NPVR =+398.8 Euro (r=0.11) is
obtained at 7 = 10 years.

Based on Table 3, a graph is constructed (Fig. 5) to visual-
ize the current dynamics of funds.

The Net Present Value Ratio (NPVR) is determined by
formula

npvR-— KX

-1, 3
(1+r)t ®

where Kis the cost of energy saving from annual savings, Euro;
I is investment costs, Euro; r is the discount rate; 7 is time,
years.

Let us denote it as a function of Y. As can be seen from
Fig. 5, the nature of the function Y provides a point of maxi-
mum. To find this point, let us differentiate the function Y by
determining its derivative with respect to time 7 at the discount
rate r = const

K(1+r) =(1+r) In(1+r)Ke

Y= “
(1 + r)2’
Equating the result to zero (¥’ = 0), we can obtain
In(1+7r)t=1. ®)

The function has a maximum at a point with the following
coordinate

It is interesting to determine the maximum degree of dis-
count at which a certain measure will be profitable, not un-
profitable. This value is called the Internal Rate Ratio (/RR)
and is determined by formula

1
15
g (B ®

1

From (8) we obtain the value /RR,. If the value of r is less
than /RR;, then this thermal renovation measure is profitable,
and if it is greater, then such a measure is unprofitable (Table 2).

Based on this, it is possible to draw a conclusion if the
measure of “change in the mode of operation of the heating
system from stationary to variable when installing automa-
tion” is profitable. This statement is valid for the cumulative
effect of measures, that is, for each option, including the effect
of the complex interaction of factors (Table 4).

5. Carrying out optimization of aggregate thermal renova-
tion options (Table 4). Given the effect of complex interaction
of factors in Table 4, four thermal renovation variants with the
corresponding marks + and — are composed. It should be not-
ed that thermal renovation measures: B — “installation of in-
frared heaters NL-12R in the number of 1 piece with a total
power of Q=1200 W” and C — “installation of infrared heaters
NL-12R in the number of 2 pieces with a total power of Q =
=2400 W” are independent (options II and III). This demon-
strates the effect of complex interaction of factors. That is,
their combined effect is taken into account as a thermal reno-
vation option IV.

An option with a positive NPVR value is profitable, and a
negative option is unprofitable. The final choice is the choice
of the thermal renovation option in which the value of NPVR
is maximum. In Table 4 it is indicated in bold.

Analyzing Table 4, it should be noted that the effect of
complex interaction of factors leads to an increase in the value
of SPBT. The choice of the final option is significantly influ-
enced by the value of . At r = 0.11 all options are profitable,
and at » = 0.18 profitable ones are options I and II, options 111
and IV are unprofitable.

1
t=——. (6)
In(1+r) NPVR
400 +398.8
It is obvious that as the discount rate r increases, the pay- 250 ,(*F I~
back period decreases. This is confirmed by the results ob- . r=0.11
tained by (6): at »=0.11 = 10 years, and at »=0.18 = 6 years, ’
which is satisfactorily consistent with the graph (Fig. 5) and 250
Table 3. 200 / ;i:l\ =018
Since the standard service life of the equipment before 150 / /|
overhaul is 15 years, there is a marginal discount rate, at which 100 / \~\
the function Y will still have a maximum point. 50 // \\
Given a value of 7 = 15, determine the marginal discount // ™N
0 2 (3 |4 |5 |16 |7 (8 |9 [0 |11 |12 |13 14 (15 ¢
rate s
504
1
r=els—1. (7) o
-150
According to the result (7), » = 0.07. This means that at a 200
discount rate of less than » = 0.07, the function Y will grow
monotonically and there will be no maximum point. Fig. 5. Current cost dynamics
Table 3
Dynamics of funds by years
t 0 1 2 3 4 5 6 7
NPVR (r=0.11) =200 -46.8 +76.0 +172.8 +248.0 +304.5 +345.5 +373.2
NPVR (r=0.18) -200 -55.9 +44.2 +110.4 +150.7 +171.5 +177.8 +173.6
t 8 9 10 11 12 13 14 15
NPVR (r=0.11) +390.1 +398.1 +398.8 +393.7 +382.9 +369.6 +352.2 +332.9
NPVR (r=0.18) +161.8 +145.0 +124.8 +102.8 +79.9 +57.0 +34.6 +13.0
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Table 4
Optimization of aggregate thermal renovation options

No Measures Options

I 11 111 v
I 1A + + + +
2 | B - + - +
3 |C - - + +
1 | 7(Euro) 200 226.6 | 258.8 | 285.4
2 | K(Euro) 170 184 198 212
3 | SPBT (year) 1.2 1.23 1.3 1.35
4 | NPVR (Euro) r=0.18 +12.5 +3.4 | -10.7 | -19.7
5 | NPVR (Euro) r=0.11 | +332.9 | +350.2 | +361.9 | +379.2
6 | IRR 0.186 | 0.182 | 0.178 | 0.175

The maximum value of NPVR = 379.2 Euro is obtained
from the introduction of energy-saving technologies under
option IV. The effect is obtained through the introduction of
the following thermal renovation measures: changes in the op-
eration of the heating system from stationary to variable, in-
stallation of infrared heaters NL-12R in the amount of 3 piec-
es with a total power of Q = 3600 W.

Thus, the feasibility of using in the energy and technical
and economic aspects of the use of infrared heaters NL-12R in
variable mode is proved. These measures will provide comfort-
able conditions in the coal mine and get an economic effect.

The research results can be used in the design of energy-
saving radiant heating systems using infrared heaters for coal
mines.

Conclusions.

1. The use of infrared heaters NL-12R, equipped with au-
tomation, will allow designing energy-saving radiant heating
systems for coal mines with provision of normative parameters
of air in a variable mode.

2. The technique of energy audit has been improved taking
into account the effect of complex interaction of factors and
the dynamics of the discount rate.

3. An energy audit of the radiant heating system with the
use of infrared heaters during its reconstruction was carried
out. The event showed that non-stationary heating is efficient
because it saves energy and has the lowest payback period. The
optimal profit from the introduction of energy-saving tech-
nologies during operation is EUR 379.2 under the following
conditions: replacement of the heating system from stationary
to variable with automation, installation of infrared heaters
NL-12R in the number of 3 pieces with a total power of Q =
=3600 W.
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Mera. [ligBuIlleHHSI €HEPreTMYHOI Ta E€KOHOMIYHOI
e(eKTUBHOCTI OMAaJIeHHS BYTUJIbHUX LIAXT iH(pauepBOHUMU
obirpiBayaMu 3a JIOIMOMOIOI0 €Hepro30epiraroymx 3axofiB 3
ypaxyBaHHSIM IMHAMiKV TUCKOHTHOI CTaBKU. s MOCSITHEH-
HS Li€l MeTH OYJI0 TTOCTaBJIEHO 3aBAaHHsI MPOBECTU eHepre-
TUYHUMN ayIUT CUCTEMM OMAJIEHHS 1IAXTH Mif Yyac i peKOH-
CTPYKIIii 3a BIOCKOHAJEHOIO METOAMKOIO 3 YypaxyBaHHSIM
MWHAMiKV TUCKOHTHOI CTaBKU Ta 3aXO/IiB, 1110 HE € OTHOYAC-
HO 3/1ilICHEeHHUMU.

Meroauka. [1pu BUKOpUCTaHHI iH)payepBOHUX CUCTEM
OMaJIeHHsI TependavyaeTbesl JOKaJIbHE OMaJeHHsS poboyoi
30HM. Y pe3yJibTaTi Ha IIaxTaxX IMiATPUMYIOTbCSI HEOOXimTHi
TeMIIepaTypHi YMOBHU Ta iCHYE MMOBIPHICTb CTBOPEHHSI MiC-
neBoro Mikpokiimaty. ByB mpoBeneHmit 6ararodakTopHUIA
eKCIIEPUMEHT, i pe3yJIbTaTh TOCiIXKeHHsT Oyau rpadiyHo Ta
aHAJIITUYHO oOMucaHi. A TakoxX OyB 3aCTOCOBaHMUII METO[
€HEepreTUYHOro ayIuTy 3 ypaxyBaHHSIM e(eKTy CKJIaIHOI B3a-
emoii akTopiB i TMHAMIKM CTaBKU AMCKOHTYBaHHSI.

PesyabraTu. 3a pesyabTaTaMu eKCIiepuMeHTY OyJia mooy-
OBaHA HOMOTpaMa TeMIIePaTypHOTO PeXUMY 30HU OTPOMi-
HeHHS iHdpayepBOHUM HarpiBauyem, 1o 0yjia anpoKCMMoBa-
Ha aHAJIITUYHOIO 3aJICXKHICTI0. ONTUMaIbHUM TPUOYTOK Bil
YIIPOBAIKEHHST €HEPro30epiratoymx TeXHOJIOTil il yac po-
60Tu ctaHoBUB 379,2 €BpO 3a TAKUX YMOB: 3aMiHa CUCTEMU
OIaJIEHHS 3i cTallioOHapHOI Ha 3MiHHY 3 aBTOMAaTUKOIO; yCTa-
HOBKa Pi3HOI KiJIbKOCTI iH(ppauepBoHUX 06irpiBadiB NL-12R
notyxHictio Q = 1200 Bt koxeH; 3acTtocyBaHHsSI edeKTy
CKJIagHOI B3aemojii (pakTopiB.

HaykoBa HoBusna. [IpoBeneHuii eHepreTUYHUIN ayauT
CUCTEMU ITIPOMEHEBOI0 OIAJICHHS 3 BUKOPUCTaHHAM iH(bpa-
YepBOHMX 00irpiBayiB IMiJ Yac PeKOHCTPYKILil IAaXTU MOKa-
3aB, 110 HecTallioHapHe OMnajieHHs € e(eKTUBHUM, OCKiJib-
K BOHO €KOHOMWTH €HEPTil0 Ta Ma€ HAWHWKIMI TepMiH
OKYITHOCTI.

IIpakTyna 3naunMicTh. JloBeneHa NOLILHICT BUKOPUC-
TaHHS iHppayepBOHUX 00irpiBaviB y 3MiHHOMY PEXUMi SIK B
E€HepPreTUYHOMY, TaK i B TEXHIYHOMY Ta eKOHOMIUHOMY ac-
nekTax. Lli 3axonu 3abe3rneyarb KOMMOPTHI YMOBM Ha IIaXTi
1 1O3BOJISIT OTPUMATHU 3HAYHUI €eKOHOMIUYHU I eeKT.

KunrouoBi cioBa: cucmema onanenus, enmepeosbdepedcents,
eHepeoayoum, mepmMopeHosauis, inghpauepeori obiepieaui, 3min-
HULl pecum

IloBblmenne 3HepreTHIECKOM
U 3KOHOMUYECKOI 3(h(EeKTUBHOCTH
OTOIIEHHUS YTOJbHBIX MAXT UH(PAKPACHBIMH
oborpesare/siMi
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Hensb. [ToBbllIeHNE SHEPTETUUECKON U SKOHOMUYECKON
93 EeKTUBHOCTU OTOTUIEHMSI YTOJBHBIX IAXT MHQpaKpac-
HBIMU 00OTpeBaTESIMA C MOMOILIBIO SHEProcOeperaromx
MEPOTIPUSATUN C YYETOM TUHAMUKM CTaBKU TUCKOHTHUPOBA-
HUs. A5t TOCTVKeHUST 3TOM Lieu Oblla MocTaBIeHa 3ajajya
TPOBECTU YHEPTETUIECKUI AyTUT CUCTEMBI OTOTIEHUS TITaX-
ThI BO BpeMsI €€ PEKOHCTPYKIIMK 110 YCOBEPIIIEHCTBOBAHHOMI
METOAMKE C yIeTOM TUHAMUKU CTaBKU TUCKOHTUPOBAHUS 1
MEPOIIPUSTHIA, KOTOPBIE He SIBISIIOTCS OMHOBPEMEHHO OCY-
IECTBUMBIMU.

Metoauka. [lpu ucrnosb3oBaHUM MHOPAKPACHBIX CHU-
CTEeM OTOTUICHUSI MPEITOIAraeTcs JOKaIbHOE OTOIIICHUE pa-
6o4eii 30HBI. B pe3ybTaTe Ha IaxTax IMOIIepXKUBAIOTCS He-
00XOMMBbIEe TEMIIEPATYPHbBIE YCIOBUS U CYLIECTBYET BEPOSIT-
HOCTh CO3MaHUsI MECTHOTO MUKpOKJIMMara. Bbln mpoBeneH
MHOTO(DAKTOPHBII IKCTIEPUMEHT, U Pe3yIbTaThl UCCIET0BA-
HMsI ObUTA TpadUUecK U aHAJIMTUIECKU OTUCAHBI. A TakKe
ObLT IPUMEHEH METOJ DHEePreTUUECKOro ayauTa, C y4eTOM
addekra ci0XHOro B3auMoaeicTBUS (GaKTOPOB U IMHAMMU-
KU CTaBKU TUCKOHTHUPOBAHUSI.

Pesyabratel. [1o pesynabTaTam skcrepuMeHTa Obula MO-
CTpoeHa HOMOTrpamMMa TeMIepaTypHOTro pexkuMa 30HbI 00Ty~
yeHUsT MH(paKpacHBIM HarpeBaTesieM, KOTopas ObUta ar-
MPOKCMMUPOBAHA AHATUTUYECKON 3aBUCHMMOCTbIO. OnTu-
MaJbHas IPUOBUTH OT BHEAPEHUST SHEPTrOocOeperalonux Tex-
HOJIOTHIA Mpu padoTe cocTaBuaa 379,2 eBpo MpH CIEAYIOLINX
YCJIOBUSIX: 3aM@Ha CUCTeMBbI OTOTIICHUST CO CTAllMOHAPHO Ha
MEePeMEeHHYIO C aBTOMATHKO#, yCTAaHOBKA Pa3IUYHOIO KOJIU-
yecTBa MHGpakpacHblx oborpeBareneii NL-12R MourHo-
ctbio Q = 1200 Br kaxablil, npumMeHeHne apdeKTa CI0KHO-
TO B3aMOJIEHCTBUST (DaKTOPOB.

Hayunaa HoBusHa. [IpoBeqcHHBIN dHEPreTUYECKUIl ay-
TIAT CUCTEMBI JTyYUCTOTO OTOTUIEHUSI C UCTIOIb30BAHUEM MH-
¢pakpacHbIX oborpeBaTesieil BO BpeMsi PEKOHCTPYKIIUU
[IaXTHI TIOKA3aJl, YTO HECTAllMOHAPHOE OTOTUICHUE SIBIISIETCSI
3 deKTUBHBIM, TOCKOJIbKY OHO 9KOHOMUT SHEPTUIO U UMe-
€T HU3KUI CPOK OKYIaeMOCTH.

IIpakTiyeckas 3HaumMocTb. JloKazaHa 1iesecoodpas-
HOCTh WCITIONB30BaHUsI WH(MpPaKpacHBIX oborpeBaresieil B
CMEHHOM DEXMMe KaK B 9HEPTeTUUECKOM, TaK U B TEXHUYE-
CKOM WM 3KOHOMUYECKOM acleKkTaX. DTW Mepbl obecriedaT
KOMGOPTHBIE YCIOBMSI HA IIaXTe U MO3BOJISIT MOJYYUTh 3HA-
YUTETbHBI 9KOHOMUYECKUI 3(DhEKT.

KmoueBble cioBa: cucmema omonaenus, snepeocoepedice-
Hue, dHepeoayoum, mepmopenosayuu, ungpakpactole oboepe-
8amenu, CMEHHbIU PeNCUM
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