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OPTIMIZATION OF HEATING EFFICIENCY OF BUILDINGS
ABOVE UNDERGROUND COAL MINES BY INFRARED HEATERS

Purpose. To optimize the energy and economic efficiency of heating system of ground structures of coal mines with infrared
heaters due to the rational choice of technical parameters of heating devices and their operating conditions, namely, the irradiation
intensity of the floor ¢, thermal power of the heater Q, blackness degree of the floor surface ¢ and the height of installation H of
infrared heaters. To achieve this goal, the task was to conduct theoretical and experimental studies on infrared heaters NL-12R of
heating system of a building above underground coal mines during its thermal modernization.

Methodology. At applying radiant heating systems, infrared heaters provide local heating of the working area of the buildings
above underground coal mines. As a result, the necessary temperature conditions are maintained in the buildings above under-
ground coal mines and there is a possibility of creating a local microclimate. A multifactorial experiment was performed taking into
account the interaction of factors. The results of the study are presented in graphical and analytical forms. In addition, an analyti-
cal method was used to optimize parameters and operating conditions of the radiant heating system with infrared heaters NL-12R,
and their number in the system of combined heating of buildings above underground coal mines is optimized.

Findings. According to the experimental results, dependence of the relative floor temperature on the intensity of floor irradiation
g, thermal power of the heater Q, blackness degree of the floor surface g, and the height H of infrared heater’s location was deter-
mined. The results are presented in the form of graphs and nomograms, as well as approximated by their analytical equations. The
annual economic effect of the optimal variant of combined heating system due to use the maximum number of infrared heaters NL-
12R is 39.4 Euro/year provided that the installation of infrared heaters NL-12R with a power of Q = 1200 W in the number of 5 pcs.

Originality. Optimization of energy and economic efficiency of heating system of buildings above underground coal mines by
infrared heaters NL-12R, due to the rational choice of technical parameters of heating devices and conditions of their operation,
was carried out by the analytical method.

Practical value. Results of optimization of thermal and economic parameters of operation of the combined heating system of
buildings above underground coal mines with installation of infrared heaters NL-12R with power Q = 1200 W proved the effi-
ciency of combined heating of above-ground structures and the achievement of the annual economic effect of 39.4 Euro/year.

Keywords: heating system, buildings above underground coal mines, energy saving, thermal modernization, infrared heaters

Introduction. Restructuring in the coal industry and the
closure of unpromising mines leads to actualization of the is-
sue of constant reduction of costs for coal mining and mainte-
nance of the mine complex in working order. The price of coal
in the market and the competitiveness of individual enterprises
depends directly on the use of the latest technology and intro-
duction of energy efficiency measures.

The issue of economical use of energy carriers in the cur-
rent energy crisis and the aggravated environmental situation in
Ukraine also arises in the mining industry. Buildings above un-
derground mines and warehouses occupy a large area and re-
quire not only structural modernization, but also the use of
energy-efficient equipment for heating and ventilation systems.

According to a comprehensive analysis of energy con-
sumption, a large amount of energy is spent on providing the
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heat supply system of production facilities with a large volume,
which include aboveground structures of coal mines [1].
Therefore, the current energy efficiency strategy of this indus-
try covers both the legal framework and technical innovations.

Carrying out of thermal modernization of systems and
mechanisms, installation of a set of automation will allow re-
ducing energy consumption of powerful industrial complexes
[2, 3]. The use of continuously operating ventilation systems
and an additional backup ventilation unit on the surface of the
mine leads to the introduction of heat storage devices as a
modern solution to increase the energy efficiency of heating
systems [4].

The issue of achieving maximum air distribution efficiency
also remains relevant. The article [5] gives examples of ventila-
tion systems that increase the efficiency of air distribution in
the premises by means of a swirling air flow, compact air jet,
flat air jet and rectangular air jet. The expediency of using this
type of jets has been proved and the topical issue of eliminating
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damage in ventilation systems has been solved, which will pro-
vide comfortable conditions and increase the energy efficiency
of the coal mine.

Mining facilities, which currently consume a lot of energy,
contribute to environmental pollution. Therefore, the process
of modernization of these facilities is relevant in the context of
minimizing harmful emissions, as well as the construction of
buildings above coal mines with minimal energy consumption
using automatic control systems. This should take into ac-
count the air quality both inside the mine and in its above-
ground structures, which directly affects human health [6, 7].

The energy consumption associated with the need for qual-
ity heat supply in the buildings above underground mines must
be reduced as a result of energy efficiency measures [§]. An al-
ternative to traditional heating systems for above-ground build-
ings is the use of infrared heaters [9]. Infrared heaters, due to
their features to provide local heating, allow one to directly heat
various areas of buildings above underground mines, warehous-
es, technical complexes and open areas of coal mines [10].

The use of non-flammable, safe electric infrared heaters in
the ground structures of mines and on work areas will mini-
mize the risks associated with increased fire hazard of the coal
industry [11, 12].

Literature review. The key criterion for the selection and
design of heating systems for buildings above underground
coal mines is to provide comfortable conditions for personnel
to perform the production task. Labor productivity depends
on the quality microclimate in the ground structures of mines.

To maintain the normative temperature of the air environ-
ment in the ground structures of mines, the question of qual-
ity operation of the combined heating system arises, which is
based on a complex combination of traditional heating system
of these structures and infrared emitters that provide local
heating. In this case great attention is paid to the correct selec-
tion and installation of heaters, analysis of the overall econom-
ic efficiency of the system as a whole.

Determining the economic feasibility of implementation
infrared heaters together with a traditional heating system is an
urgent task.

In order to establish the most acceptable options for the
operation of the heat supply system based on infrared heaters
in the ground structures of mines, it is necessary to optimize
all the parameters that affect the overall operation of the sys-
tem. Qualitative regulation of these factors will lead to energy
efficient heat consumption of the heating system of mining
facilities [13].

The main feature of infrared emitters is to heat the surface
first, and only then give its heat to the environment. It is a key
point in the formation of the microclimate in the ground
structures of mines, which are mostly open and large volume.
In addition, the effect of irradiation intensity and the black-
ness degree of the irradiation surface takes place. A compre-
hensive approach to solving the problem of achieving optimal
air temperature in the irradiation area will allow choosing cor-
rectly the infrared heaters of a certain capacity and saving a lot
of energy [14].

In [15], the influence of ceramic and tungsten infrared
heating elements on the radiation flux distribution is present-
ed. Experimental results have shown that the change in tem-
perature at the irradiation surface depends on the type of infra-
red heater, namely its short-wave or long-wave radiation. This
proves the fact that the surface temperature of the irradiation is
an important variable parameter in providing comfortable
conditions in the working area.

Widespread use of infrared heaters in industry has been
proven [16]. Their designs are subject to constant improvement,
and working conditions provide radiation efficiency by 70—
75 %. In [17], a comparison of different types of electric infrared
emitters and their ability to generate high radiation power with
a corresponding wavelength range is considered. In addition,
the surface temperature of the irradiation was investigated.

Along with providing comfortable conditions in buildings
above underground mines, the technical and economic assess-
ment of the efficiency of the radiant heating system by infrared
heaters plays an important role, namely the analysis of invest-
ment and operating costs for re-equipment of the heating sys-
tem [18, 19].

Unresolved aspects of the problem. Based on the review of
literature sources, can be generalized that there is a need to
optimize the energy and economic efficiency of the heating
system of buildings above underground mines due to the ratio-
nal choice of technical parameters of heating devices: the in-
tensity of irradiation of the floor surface ¢, thermal power of
the heater Q, blackness degree of the floor surface € and the
height installation of the heater H, to achieve an increase in
the relative surface temperature of the irradiation 7, and as a
result, the air temperature in the building. It is also necessary
to determine the optimal number of infrared heaters NL-12R
in the infrared heating system and their high-quality combina-
tion with the traditional heat supply system of ground struc-
tures of coal mines.

The purpose. The aim of the work is to optimize the energy
and economic efficiency of the heating system of ground struc-
tures of coal mines with infrared heaters due to the rational
choice of technical parameters of heating devices and condi-
tions of their operation, namely the intensity of floor irradiation
g, thermal power of the heater Q, blackness degree of the floor
surface € and the height of installation H of infrared heaters.

To achieve this goal, the task was to conduct theoretical
and experimental studies on infrared heaters NL-12R of heat-
ing system of the ground structures of mines during their ther-
mal modernization.

Materials and methods of research of infrared heaters. It
should be noted that infrared heaters NL-12R with a maxi-
mum thermal power of 1200 W are quite attractive for use in
ground structures of mines.

In their application, local heating of the surrounding sur-
faces in the working area of the premise is provided (Fig. 1). In
addition, the air is heated from the heated surfaces in the ir-
radiation area, which has a positive effect on the human body
which is in the heating area. As a result, the required tempera-
ture conditions are maintained at the location of the emitters.

Results. Experimental studies were performed to deter-
mine the radiation temperature of the irradiation area with an
infrared heater NL-12R. In addition, the main attention was
paid to the study on floor surface temperature as the largest
surface area of irradiation. Thermal comfort in the irradiation
area and further formation of the temperature regime in the
ground structures of mines depends exactly on the tempera-
ture of the floor surface.

To ensure the universality of the obtained calculations, the
following factors of influence on this temperature were taken

|
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Fig. 1. Infrared heater placement scheme:

1 — infrared heater; 2 — irradiation zone; 3 — irradiation surface;
H, m — the height of installation of the heater
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into account, namely: the intensity of irradiation of the infrared
heater ¢, its thermal capacity Q, the height installation of the
device H and the blackness degree of the floor surface €. Ac-
cording to the obtained results, graphs of the dependence of the
temperature of the heated floor surface at different heights of
the heater were built. Measurements were performed on the
thermal capacity of the device Q=400, Q=800 and Q=1,200 W
and the height installation of the heater H=1, H=1.5and H =
2 m for the floor surface with the following indicators: €= 0.92
(black metal sheet), e=0.75 (surface covered with sawdust) and
e=0.3 (peat surface). Fig. 2 shows the results for the blackness
degree of its surface £, which was accepted as permanent, name-
ly e=0.75 (surface covered with sawdust).

The study was aimed at determining the relative floor sur-
face temperature, as this value takes into account the ambient
temperature, which affects the floor temperature. It is the rela-
tive temperature that allows obtaining universal results and is
determined by the formul
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Fig. 2. The dependence of the relative temperature of the irra-
diation surface on the intensity of irradiation of the floor q,
W/m? and thermal capacity of the heater Q, W at the height
of its installation:
a—H=1m;b— H=15m;c— H=2 m (the blackness degree of
the floor surface is constant €= 0.75)

where £, and #,, are respectively the floor surface temperature,
°C and air temperature in the ground structure of a mine, °C.

The graphs (Figs. 2, a, b, c¢) are respectively approximated
by the following empirical dependences

7,=0.45+(0.0024+0.750)-¢; (1)
7,=0.425+(0.0024+0.750)¢; )
7,=0.35+(0.0024+0.750)-q. 3)

On the basis of (1—3) the universal dependence (4) is re-
ceived, which expresses the dependence of the relative floor tem-
perature on three values: intensity of floor irradiation g, W/m?,
thermal capacity of the heater Q, W, and the height of its installa-
tion H, m

7,=0.35+0.2H -0.1H>+(0.0024+0.750)-q.  (4)

Equation (4) is obtained for a constant value e = 0.75. To
generalize the results for other values of €, a universal graphical
dependence in the form of a nomogram is constructed, Fig. 3.
This nomogram (Fig. 3) is approximated by an empirical (5).

7. =(0.35+0.2H —0.1H2 +(0.0024 +0.750) - ) x
% (0.98—0.35¢+0.5¢2).

The analysis of Fig. 3 and (5) shows that with increasing
intensity of floor irradiation ¢, thermal power of the heater Q
and the blackness degree of the floor surface ¢, the relative sur-
face temperature of the irradiation 7, increases, and with in-
creasing height of the installation H, it decreases. The relative
temperature increases more intensively at large values of the
blackness degree of the floor surface ¢, and at its small values,
the temperature rise is insignificant.

Optimization of parameters of infrared heaters NL-12R of
different thermal productivity. The obtained graphical and
analytical dependences confirm the fact that the floor surface
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Fig. 3. Universal nomogram of the dependence of the relative
temperature of the irradiation surface s on the intensity of
irradiation of the floor q, W/m?, thermal power of the heat-
er Q, W, the height of its installation H, m and the black-
ness degree of the floor surface ¢
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temperature is affected by the thermal power of the heater,
the height of its installation and the blackness degree of the
floor surface.

Since the intensity of irradiation ¢ corresponded to the val-
ues recommended for ground structures of mines, the surface
temperature of the heated floor did not exceed the permissible

values, i.e., &, <2. Therefore, for simplification, it is advisable
to cite the multifactor experiment to a three-factor one, as-
suming the irradiation intensity ¢ as a constant value. When
processing the results of the three-factor experiment, the cal-
culated dependence (6) was obtained

7,=(0.058+0.18-5)-(0.002-0~37 +5.2)" +

6
+(0.3+0.45-¢)(0.002-0 37 +5.2). ©

Analyzing (6), we come to the conclusion that it must be
investigated to the extreme. For this purpose, it is expedient to
allocate a simplex y =—-3H + 0.002Q + 5.2 and constant quanti-
ties C; =0.18¢ + 0.058 and C, = 0.45¢ + 0.3.

We convert expression (6) to the form

Z: Clyz + Czy
We differentiate this expression
Zl = 2C1y + Cz.

Since the values of C, and C, are positive, the expression
Z! is also positive, never turns to zero, and the function Z
grows monotonically. This means that to maximize it, it is
necessary to maximize the simplex

y=-3H+0.0020+5.2.

This simplex is a two-factor function, i.e. the value of y
depends on two quantities y = f(H; Q).

It should be noted that to determine the simplex y, it is
necessary to know the value of its maximum. For this purpose,
in turn, it is necessary to investigate a simplex y-function on an
extremum whose necessary conditions are like this: if the
function y = f(H; Q) reaches an extreme at H= H, and 0= Q,,
then each partial derivative of the first order from y becomes
zero at these values of the arguments. Let us differentiate by
partial derivatives

D _ s
oH
D _0.002.
o0

In general, we obtain a system of two equations with two
unknowns (7)

: (7
>,
00

Solving the system of equations (7), we find the required
values H = Hy and Q = Q, on a certain segment of these argu-
ments, respectively [H,; H,] and [Q;; Q,]. Therefore, as a re-
sult of calculations, we would receive coordinates of a station-
ary point M(H,; Q).

Since there is no preliminary confirmation of the exis-
tence of the maximum of the y-function, additional re-
search is needed, i.e., sufficient conditions for the extre-
mum should be established. If the y-function has continu-
ous partial derivatives of the second order in a certain envi-
ronment of point M(H,; Q,), and if at this time the neces-
sary conditions are met, then in the case where the second
differential

)AH,AQJ
bl

2 ) %y o
y_ggaﬂlﬁQj( 0>=0

is a positive definite quadratic form, then the function y = f( H;
Q) has a maximum at this point. Under these conditions, the
y-function will have a stationary value at the point M(H,; Q,),
and point M will be called stationary.

Let us investigate the positive definiteness of the quadratic
form

0%y 0%y
0H?* 06HoQ
%y oy |
000H  0Q*
It is advisable to enter these notations
%y %y %y
oH? 7 8Q* T 0HAQ

Taking into account the property of the order of differen-
tiation in partial derivatives

0z 0%z

oxdy  oyox’
the Jacobian (/) differential determinant will look like this
A C
C B

J=

5

after the disclosure of the determinant, we obtain
J=A-B-C~.

Let us find the derivatives of the second order at a station-
ary point M(H,; Q,) and determine its nature

_0%
0H?
_o
oQ?
%y Yy
_%_@_ .
In this case, Jacobian
J=AB-C?*=0.

Considering that J = 0, we state that the function y = f(H;
Q) has neither a maximum nor a minimum. Therefore, there is
no stationary point M. Under this condition, the simplex y at
the ends of the argument intervals should be defined [H,; H,]
and [Q,; O,]. This means that it is necessary to determine the
largest value of y; at four points, namely: y, = f(H;; Q)); ¥, =
=f(Hy; 01); y3=1(H,; Q); ya=f(Hy; Oy).

The obtained results showed that the largest value is y =
=f(1 m; 1,200 W), which is optimal.

This means that the relative floor temperature at this point
is optimal, i.e., this value is optimized.

Optimization of the combined system of heating of ground
structures of a mine with use of several infrared heaters NL-
12R. Of interest is the application of the combined heating
system of the ground structure of the coal mine, namely, the
combination of a traditional heating system with radiant infra-
red heaters. In addition, it is advisable to consider alternatives
to use infrared heaters NL-12R with the thermal power Q =
= 1200 W, which compensates for the share a of heat load of
traditional heating system.

The following optimization technique is proposed:

1. Annual energy consumption for the needs of a tradition-
al heating system Q,, MJ/year is accepted as the initial data.

2. Energy saving 4Q; of each of the alternatives was defined
as AQ;= Q, — Q;, and hence the annual savings K;, Euro/year.

3. The cost of heating energy [20] (value Pyg), which is in
Ukraine 2,000—2,400 UAH per 1 Gecal is accepted Py =
= 17 Euro/GJ (2,350 UAH/Gcal). Annual operating costs
with a traditional heating system make Cy = Py Q, Euro/year.

=0;

B =0;
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4. The cost of electricity Pgg, which is 194 kop. for 1 kW-
year (II voltage class up to 27.5 kV for industrial and similar
consumers with a capacity of up to 750 kVA), is accepted P, =
=16.3 Euro/GJ. Annual operating costs for heating with infra-
red heaters make C = PzQp, Euro/year.

5. During installation of infrared heaters due to the differ-
ence in the cost of thermal and electrical energy, savings are ob-
tained, which is associated with the capital cost of these devices.

6. Carrying out of technical and economic estimation of
installation of infrared heaters and substantiation of their eco-
nomically expedient quantity.

The heat load of a traditional heating system is g,, W. At this
thermal capacity, the annual heating needs will be Q,, GJ/year

QO = 3.6(]02411076,

where z is duration of the heating period, days.

Thermal power of the infrared heater NL-12R is gz, W,
and its cost K, Euro. At this thermal capacity, the annual heat-
ing needs will be Q,, GJ/year

Qp=3.6qm247107,

where # is the number of devices NL-12R to compensate for the
proportion o of the heat load of a traditional heating system.
Annual heat savings make, GJ/year

AQ=0Q,- Qp=(1-0)0,.

Annual savings due to the difference between the cost of
heat and electricity AB)" make, Euro/year

ABY" =qp -n-(Pyp — Pgp),

where Py and Py are respectively the cost of heat and elec-
tricity, Euro/GJ.

Annual operating costs for a traditional heating system EC
are, Euro/year

ECHE: PHEQO-

Annual operating costs for the radiant heating system EC
are, Euro/year

ECEE = PHEQO-

According to these data, we build a graph (Fig. 4). Fig. 4
shows the dependence on the number of n infrared heaters
NL-12R of investment costs /C for their purchase, exploitative
costs EC (line 2) and annual combined costs CC for these ma-
terials. Fig. 4 shows a geometric interpretation of finding the
optimal point for different numbers of # infrared heaters NL-
I2R. Values n,, and CC,,, are determined analytically after dif-
ferentiating the expression for the combined costs and equat-
ing it to zero.

To obtain a solution, it is necessary to reduce the values
to the same dimension using the normative coefficient of re-

IC
EC A
CcC
3
ce Aopt )/
ST 1
B
| N2
Nopt Vn

Fig. 4. Dependence of different financial costs on the number of
n infrared heaters NL-12R:

1 — investment costs IC, UAH;, 2 — annual exploitative costs EC,
UAH/year; 3 — combined costs CC, UAH /year

duction of different time costs Ey and investigate the func-
tion of combined costs CC for the presence of a minimum
point.

CC= E,IC + EC, (8)

where Ey is the normative coefficient of reduction of different
time expenses, 1/year.

This value is inverse to the normative payback period Ty,
years.

In this case, the terms of the (8) are investments accord-
ingly (total annual cost of infrared heaters NL-12R) and ex-
ploitative costs (specific annual cost of thermal and electric
energy to maintain the set temperature in the room #,,, °C).

After differentiation of expression (8) and replacement of
variables we obtain economically expedient quantity of infra-
red heaters NL-12R

N )

where a and b are respectively, numerical coefficients that ex-
press the cost of thermal energy and the cost of electricity.

The analysis of (9) shows a partial case: this expression is
not equal to zero, the function is monotonic, the critical
point is absent. The largest and smallest values of the func-
tion are at the ends of the numerical interval. Therefore, it
should be noted that the rise in price of thermal energy leads
to an increase in the optimal number of infrared heaters
NL-12R. A similar consequence is a decrease in the cost of
electricity, but there is usually a tendency to increase its
price. Therefore, the ratio of the coefficients @ and b is deci-
sive, that is, the cost of thermal energy to the cost of elec-
tricity. This factor must be taken into account when design-
ing heating systems for ground structures of coal mines for
the future.

The question arises, what are the numerical indicators of
the use of a combined heating system? To solve this problem,
we represent the fraction « of radiant heating by infrared heat-
ers NL-12R within 10—50 %, that is a.=0.1—0.5. Value a.=0.1
means the minimum number of infrared heaters NL-12R, i.e.,
1 psc., with their maximum thermal output of 1,200 W. There-
fore, the total thermal capacity of the heating system is g, =
=12 kW, and annual thermal capacity is Q, = 192 GJ/year. So,
we consider the following four options:

- traditional heating system (no infrared heaters g,= 12 kW,
0, =192 GJ/year);

- combined heating system with the number of infrared
heaters 1 psc. (g, = 10.8 and gz = 1.2 kW, Q, = 172.8 and Qy =
=19.2 GJ/year);

- combined heating system with the number of infrared
heaters 3 pcs. (g, = 8.4 and gz = 3.6 kW, Q, = 134.4 and Qy =
=57.6 GJ/year);

- combined heating system with the number of infrared
heaters 5 pcs. (g, = 6.0 and gz = 6.0 kW, Q, = 96.0 and Oy =
=96.0 GJ/year).

The results of the calculations are given in Table.

Table
Economic characteristics of combined heating
Capital costs, | Exploitative costs, | Combined costs,
Number
No | of infrared K EC, CC,
heaters thousand thousand thousand
UAH UAH /year UAH/year
1 0 0 107.7 107.7
2 1 1.1-2.2 107.3 107.5—-107.6
3 3 3.3-44 106.5 107.0—107.2
4 5 5.5-6.6 105.6 106.4—106.6
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Taking into account the fact that capital costs are consid-
ered as the cost of infrared heaters NL-12R, and the cost of
their installation, which depends on various factors, it is advis-
able to present these data as a gap. Therefore, the values of the
reduced costs are similarly given.

As the analysis of the results of the table shows, there is a
tendency to reduce the combined costs with an increasing
number of infrared heaters NL-12R. This means that it is ad-
visable to increase the share a of radiant heatingto a.=1, i.e.,
to the maximum possible 100 %. Therefore, it is advisable to
use radiant heating of ground structures of coal mines and the
reconstruction of traditional heating systems in the future. The
payback period of infrared heaters NL-12R is 1.9 years, that is,
when the heating system is reconstructed, these devices will be
profitable in less than 2 years.

In summary, we argue about the feasibility of using infra-
red heaters NL-12R in the maximum possible quantity with
the optimized parameters of their operation both in power,
and in technical and economic aspects. These measures will
provide comfortable conditions in buildings above under-
ground mines and get the maximum economic effect.

The research results can be used in the development of
mathematical models and design of energy-saving radiant
heating systems of buildings above underground mines with
the use of infrared heaters NL-12R.

Conclusions. On the basis of the conducted research, we
assert:

- the optimal number of infrared heaters NL-12R with a
combined heating system of the building above underground
mine is the maximum possible;

- the method for determining the optimal combined costs
and the optimal number of infrared heaters NL-12R at con-
stant prices is given;

- the rise in price of thermal energy leads to an increase in
the optimal number of infrared heaters NL-12R;

- the maximum economic effect is received at the expense
of installation of infrared heaters NL-12R in the maximum
possible quantity.
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Mera. OmnrTumizaiiisi eHepreTMYHOI Ta EKOHOMITHOL
e(EeKTUBHOCTI CUCTEMH OTMAJIEHHSI HA3EMHUX CIIOPYJL BYTilb-
HUX IIaXT iH(ppayepBOHUMM OO6irpiBayamMu 3aBIOSIKKM pallio-
HaJbHOMY BHUOOpDY TEXHIYHUX MMapameTpiB OMaTlOBATbHUX
MPUCTPOIB i YMOB IX eKcCIUlyaTallii, a came iHTEeHCUBHOCTI
OIPOMiHEHHS IMi[UTOTH ¢, TETUIOBOI MOTY>KHOCTi Harpiaua Q,
CTYTIeHST YOPHOTH TTOBEPXHI MIIJIOTH € i BACOTU PO3TAIITyBaH-
Hs1 H iH(ppayepBoHUX o0irpiBauiB. [l HOCSITHEHHS MeTU
OyJI0 TIOCTAaBJIEHO 3aBIAHHS IMPOBECTU TEOPETUYHI Ta eKCIIe-
PUMMEHTAaNIbHI JOCTiIKEeHHS iH(ppayepBoHUX 00irpiBauyiB NL-
12R cucteMu omayeHHsI HagIIaXTHOI OYmiBJIi Imim 4ac ii Tep-
MOMOJIepHi3allii.

Metoauka. [Ipu 3acToCyBaHHi CHUCTEM MPOMEHUCTOTO
oInaJieHHsl iH(ppauyepBOHUMU OOirpiBauamMu 3a0e3MeuyeThCs
JIOKaJIbHE OTaJieHHsI po00YOoi 30HM HAIIAXTHOI OYIiBIi.
YHacnimok Hboro y Ha3eMHUX CIopyaax BYTiIbHUX IAXT Mig-
TPUMYIOThCSI HEOOXiIHI TeMIepaTypHi YMOBU Ta iCHY€E MO-
BipHICTb CTBOPEHHS JIOKAJbLHOTO Mikpokiimaty. Byio peaiti-
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30BaHO 0OararoakTOpHUIl EKCIEPUMEHT 3 YpaxyBaHHSIM
B3aemoii akropis. Pe3yabTatnt mocmimkeHHS MpeacTaBlIeHi
y rpadiyHOMy Ta aHaJliTMYHOMY BULIsni. KpiM 1iboro, 6ysio
3aCTOCOBAHO aHAJITUYHUI METOJ ONTMMi3allil mapaMeTpiB i
YMOB eKCIlTyaTallii CUCTEMU MPOMEHUCTOro onajeHHs iHb-
payepBoHUMHU obirpiBadamu NL-12R, a Takoxx onTuMi3oBa-
Ha 1X KUJIbKICTh Y CUCTEMi KOMOIHOBAaHOTO OMAJIEHHS Ha3eM-
HUX CITOPYH BYTUTbHUX ILIAXT.

Pe3yabTaTu. 3a pe3yabTaTaMu €KCIIEPUMEHTY BU3HaUeE-
Ha 3aJIEXKHICTh BIIHOCHOI TeMMepaTypy MiAJOry Bil iHTeH-
CUBHOCTiI OMPOMiHEHHS MiIJOTU ¢, TEMJOBOi MOTY>XHOCTI
HarpiBaya Q, CTYIIeHs] YOPHOTHU IOBEPXHI MiIJIOTHU &y, 1 BU-
COTU posTtaillyBaHHd H iHbpayepBoHMX obOirpiBauiB. Pe-
3yJIbTaTHU MPEICTaBIeHi Y BUTJIALI rpadikiB i HOMoTrpaMu, a
TaKoOX anpoKCUMOBaHi aHAJIITUYHUMM PiBHSIHHSIMU. Piy-
HUI eKOHOMIYHUI e(eKT 32 ONTUMATHHOTO BapiaHTy KOM-
O0iHOBaHOI CUCTEMM OIaJIEHHS 3a PaxyHOK 3aCTOCYBaHHS
MaKCUMAaJIbHOT KiJIbKOCTi iH(payepBoHMX obirpiBauyiB NL-
12R cknanae 39,4 Euro/pik 3a yMOBUM BCTaHOBJIEHHS iH(pa-

yepBoHUX 00irpiBauiB NL-12R motyxnictio Q = 1200 Bty
KiJIbKOCTI 5 1IT.

Haykosa noBu3na. OnTumizallisi eHepreTM4HO1 Ta EKOHO-
MiYHOI e(PEKTUBHOCTI CUCTEMU OIAJICHHSI HA3eMHUX CITOPY.L
BYTUIbHUX IIAXT iH¢dpauepBoHUMU obOirpiBayamu NL-12R,
3aBISIKM palliOHAJIbHOMY BHUOOpY TEXHIYHMX IlapaMeTpiB
OnasoBaJbHUX MIPUCTPOIB i YMOB iX eKCIUTyaTallii, mpoBee-
Ha aHAJTITHYHUM METOIOM.

IIpakTiyna 3HayumicTh. Pe3ynbrat onTuMisanii Temio-
BUX i €KOHOMIYHMX MapaMeTpiB poOOTH KOMOIHOBAHOI CHC-
TEMM ONAJIEHHS HaAllaXTHUX OyniBesab 3i BCTAHOBJIEHHSIM
iHdpavyepBoHux obirpiBadiB NL-12R notyxnictio Q = 1200
Bt 3acBinuniiv epeKTUBHICTh KOMOIHOBAHOTO OIMaJ€HHS Ha-
36MHUX CIIOPYA BYTUIbHMX LIAXT i JOCSITHEHHS PIYHOTO €KO-
HoMiuHoro edekty 39,4 Euro/pik.

KimowoBi cioBa: cucmema onanenns, nadwaxmui 6yoieni,
eHepeooulaoHicms, mepmomooepHizayis, inghpauepeoHi obiepieaui
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