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EXPERIMENTAL STUDIES ON POLYPROPYLENE FILTER RESISTANCE
ACCORDING TO DSTU EN 143-2002

Purpose. To determine maximum dust holding capacity with the set dust-catching efficiency of two successively
adjusted filtering elements made of polypropylene material when being dusted with coal dust.

Methodology. To define resistance of filters and their dust holding capacity, a gravimetric method was used ac-
cording to DSTU EN 143-2002 requirements. The calculation methods consist of two stages. At the first stage the
diameter of pre-filter fibres is calculated on the basis of maximum dust holding capacity for the set ultimate pressure
and dust particle target size. At the same time, thickness and density of fibre packing of a filtering layer are selected by
reference to conditions of the technological process of its formation while producing filtration fabric. At the second
stage the radius of the main filter based on the set dust-catching efficiency is calculated.

Findings. It has been established that dust deposit on polypropylene filtering elements of respirators occurs in the
front layer. It has been defined that dust holding capacity and protective power time of respirators can be increased
while filtering coal dust with a system of two successively adjusted filtering elements with the following parameters:
packing density of 55 and 27 g/cm?; a fibre radius of 2—4 and 6—10 microns and a thickness of a filtering layer of 4 and
3 mm, respectively. This allowed creating an anti-aerosol two-layer polypropylene filter RPA-TD 1.2 which meets the
DSTU EN 143-2002 requirements and can be used for protecting people’s respiratory organs at the site of intensive
coal dusting including stoping face, coal transloading, dressing plants and others.

Originality. Dust holding capacity of filters depends on generation of self-filtering dust layer, which can develop on
the work surface at speeds below 0.04 m/s.

Practical value. Rational parameters of the two successively adjusted filtering elements of polypropylene fabrics
were defined with the protective power time of the proposed system increased by 25 % compared to the used filtering

elements for RPA respirators.

Keywords: respirator, filter, dust holding capacity, pressure drop, air flow resistance, airflow rate

Introduction. Nowadays, mine air dust content dur-
ing the main technological process at mining enterprises
exceeds maximum allowable concentration, which ne-
cessitates use of respiratory protective equipment
(RPE). In stoping and development faces dust content
in the work area achieves 1000 mg/m?, while technically
achievable levels of residual dust content are within the
range of 300—400 mg/m? [1, 2]. Such high levels of dust
content cause short service lifetime of filtering elements
of respirators. Under these conditions regarding highly
intensive work of miners, running time of respirators
with even a large filtering area up to 1000 cm? will make
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only a few hours. That is why enhancing service lifetime
of filters and their dust holding capacity at site of inten-
sive coal dusting, such as working faces of coal mines, is
a topical task.

Analysis of the recent research. Many scientists have
been working upon solving the task of enhancing ser-
vice lifetime of fibrous filters and, consequently, their
dust holding capacity. Among them are A.A.Kirsh,
I. B. Stechkina, V. A. Rirsh, B. 1. Ogorodnikov, A.A. En-
nan, V.N.Kyrychenko, Yu.L.Yurov, O.V.Hryhorieva,
and others. Design engineers distinguish three major
requirements to filters: low initial resistance, maximum
dust holding capacity and compactness. The first two
requirements are provided by low speeds of filtration,
which can be achieved through increasing a filtering sur-
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face. At the same time, the third one reduces itself to a
filter work surface which being unfolded volumetrically
has a compact form [3].

According to certain researchers, increase in dust
holding capacity can be achieved in two ways. The first
one involves pleating of filtering surface [4], while the
second one implies variable packing density and vari-
able fibre radius through the thickness [5]. At the pres-
ent time the second method is difficult to provide while
manufacturing filtering materials. It is easier to produce
filters consisting of two and more layers: the first (pre-
filter) layer is spongier, while the last (main) one is more
compact. Use of a spongy layer with low initial resis-
tance and filtering efficiency will allow increasing the
dust holding capacity of a filter and the following com-
pact layer will provide the necessary dust-catching effi-
ciency [6]. The latter was studied by B.I. Ogorodnikov
and his collaborators in order to develop high efficiency
filter systems of “Shelter” Object [7, 8]. However, his
works study the parameters of Petrianov’s filtering ma-
terials (FM) only, which are limited in use and are not
applied for producing respirator filters.

Unsolved aspects of the problem. It is possible to im-
prove dust holding capacity of a filter as well as respira-
tor service lifetime by combining the two methods de-
scribed above. Thus, it is necessary to produce pleated
filter elements with different densities of fibre packing
which are adjusted successively. However, solution of
the similar task requires extension studies to define the
parameters of both the pre-filter, which will provide the
most dust holding capacity at the least increase in resis-
tance, and the main filter, designed to provide the set
filtration efficiency.

Objectives of the article. The work aims to define the
parameters of the system of two successively adjusted
filtering elements, which are able to provide maximum
dust holding capacity simultaneously achieving its limit
value at the set filtration efficiency.

Theoretical research. Theoretical studies in this field
have allowed developing a method for identifying effec-
tive radii of fibres of the main and preliminary stage of
fibrous filters [5]. Calculation methods consist of two
stages. At the first stage the diameter of pre-filter fibres is
calculated on the basis of maximum dust holding capac-
ity for set ultimate pressure and dust particle target size.
At the same time, the thickness and density of the pack-
ing of the filtering layer fibres are selected based on con-
ditions of the technological process of its formation
while producing filtration fabric. At the second stage the
radius of the main filter fibre is calculated based on the
set dust-catching efficiency.

The dependence of pressure drop Ap on the filtering
layer, which consists of polypropylene fibres on its dust
holding capacity, can be expressed as follows [4]

3/2
AaZAai+kdp1(P|7(F;2+4DF;j _F;l3 ,
6 F, L dp,o

where Ap, is pressure drop on a pure filtering layer, pas-
cal; d is a fibre diameter, m; p, is loose density of dust
particles, kg/m?; ¢ is the coefficient which considers
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mass variation for a dust layer on the surface of a fibre

depending on its size-consist; F, = 4[3% is the surface

area of fibres, m?; H is a filtering layer thickness, m; B is
the density of particle-particle packing; Fj is the area of
pure filtering material, m?; D is dust holding capacity,
kg/m?; k is the proportionality factor, which depends on
filtration speed (for polypropylene fibres), m*/s?; here v
is the filtration speed, m/s.

Fig. 1 shows a set of curves Ap(D) which were calcu-
lated for typical filtration conditions with different radii
of fibres.

According to Fig. 1, with the same thickness of a fil-
tering layer and density of packing the dust holding ca-
pacity increases along with fibre diameter increasing,
since more time is required for achieving the resistance
which corresponds to the limit pressure drop.

It is well known that the bigger the fibre diameter is,
the smaller the efficiency of filtering material is [5]. That
is why it is necessary to define the dust aerosol concen-
tration after the preliminary stage of cleaning in order to
estimate an increase in pressure drop on the last filtering
layer (the finishing filter) over time and to determine
contribution of each stage to the overall increase in pres-
sure drop. For pre-filters with small fibre diameter, pres-
sure drop increases rapidly due to growing resistance of
a layer of deposited particles on its surface. At the same
time if the fibre diameters is very big, the pre-filter lets
very many particles and rapid growth of pressure drop at
the final stage is essential. Thus, we can conclude that
there exists an appropriate fibre radius of the pre-filter
which provides a proportional in time increase in pres-
sure drop at both stages of cleaning.

Having defined the size of fibres of the preliminary
stage of cleaning, it is necessary to determine the effi-
ciency of its dust catching (filtration)

H
R S LA
p d M,
where K is the coefficient of penetration of aerosol
through the filtering layer, %; #, is the overall coefficient
of capture of acrosol particles.
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Fig. 1. Dependence of pressure drop Ap on dust holding
capacity D of a filtering layer. The curves are calcu-
lated with:
v=15m/s; B =0.05; H= 6 mm; and fibre diameters d =
= 2microns (#); 2.5 (m); 3 (=); 3.5(); 4 (%), 4.5 (e); 10 (+);
15 microns (a)
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The efficiency of capturing aerosol particles decreases
with increasing fibre diameter (Fig. 2), that is why after
defining the dust holding capacity of the filtering layer, it
is necessary to check if filtration efficiency is provided.

The concentration of the dust aerosol after the filter-
ing Ca can be calculated by the formula, mg/m?

Ca = KCbs

where C, is the concentration of the dust aerosol before
the filter, mg/m?.

The dust holding capacity of the filtering layer over
the time 7, with the known airflow rate Q and dust aero-
sol concentration C,, can be defined using the formula,
mg/m?

_G0r
-

D

Thus, having been given the dust concentration in the
air of the working area we can define the dust holding
capacity of the preliminary layer over the time 7. Accord-
ing to Fig. 1 we find the fibre diameter of the pre-filter,
which will provide the most dust holding capacity. After-
wards, having defined the density of packing and filtering
layer thickness (for polypropylene filters § = 0.05; H =
=6 mm), we calculate dust-catching (filtration) efficiency
and dust aerosol concentration after the preliminary layer.
The fibre diameter of the finishing layer is found based on
the given dust-catching efficiency, while dust holding ca-
pacity of the finishing filter is calculated over the same
period of time 7 on the basis of the diameter value calcu-
lated from conditions of the maximum efficiency. At the
same time it is essential to select the fibre diameter of the
preliminary stage of cleaning so that pressure drop in-
crease for both filters is virtually equal (Fig. 3).

Thus, the suggested methods will allow calculating
effective fibre radii of multilayer filtering materials in-
tended for respiratory protective equipment; this will be
done as the first approximation without considering the
distribution of coal dust over fractions. Their applica-
tion at coal enterprises in stoping faces will allow in-
creasing filter service lifetime with lower impacts on re-
spiratory organs.

Experimental studies. To study the parameters of
multilayer filters, a special universal stand was used
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Fig. 2. Dependence of filtration efficiency E of a layer of
the filtering material on the fibre diameter d
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Fig. 3. Dependence of pressure drop increase Ap on time
tin a two-layer filter:

& — pre-filter; ® — the main filter

(Fig. 4). Its part which provides preparation of newly
generated dust is of particular interest; this sets the stand
apart from other gears of similar purpose, since it imi-
tates the real process of dust formation preserving all its
properties of newly generated dust (surface maturity, no
conglomerates, humidity, or electric charging, etc.). In
this case modes of dispersion of dust-producing materi-
als and blowing off particles are of importance; they will
provide repeatable dust supply of the required size-con-
sist and concentration range.

The unit works in the following way. The pressurised
air is supplied from the compressor through the cleaning
filter / to the pressure regulator 3, which provides con-
stant pressure controlled with a manometer 2. The
amount of air supplied to the unit is regulated with a
valve 4 and is controlled with a micromanometer ac-
cording to the pressure drop on the calibrated dia-
phragm 5. Further, to create dust aerosol, part of the
pure air is supplied with the help of a valve 6 through the
flow-meter (rotary meter) to the vibrational chamber of
dust supplier 9, which is designed as a steel split-type
glass with inlet and outlet fittings. The other part of the
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Fig. 4. The diagram of the unit for testing RPE and con-
trolling dust content of the air:

1 2 3 4

/ 5 6 7 . %
/ o

i

B

1 — preliminary cleaning filter; 2 — manometer; 3 — pres-
sure regulator; 4, 6, 7, 16 — control valves; 5 — diaphragm;
8, 17— rotary meter; 9 — dust supplier; 11— micromanom-
eter; 12 — two-channel aspirator; 13 — testing chamber;
14 — holder of the tested filters; 15 — holder of AFA filters
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pure air is supplied through a valve 7to the testing cham-
ber 13 along with the tested product placed in it. The
filters were adjusted successively into the portafilter /4.
Immediately before the testing chamber, the dusty air
coming from the dust supplier is dispelled with the pure
air to provide the required dust concentration. At the
same time, it is controlled through the gravimetric
method and the sampling is done to the AFA 15 filters.

The dust concentration in the air supplied to the
testing chamber is calculated on the basis of the mass of
the dust settling into the filter of the tested product and
the volume of the air passing through it. Dust accumu-
lation in the tested product is estimated according to an
increase in its pressure resistance, which is defined
based on the readings of a micromanometer /7 of MKB
150 type. The readings were taken every 20 minutes
within the accuracy of £ 1 mm. Streaming the air
through the filters at a rate of 30 1/min was provided by
an aspirator /2 with rotary meters /7 and control
valves 16.

To form the required aerosol, preliminarily crushed
pieces of dust-forming material (for example, coal) are
loaded into the vibrational chamber; their mass makes
about 100 g. With that intensive self-grinding of these
pieces into particulate form occurs resulting from vibra-
tion of the chamber. To accelerate the grinding, loading
of steel balls with a diameter of 10...15 mm into the
chamber is available. Blowing off the dust from the
chamber is provided by supplying the air through the in-
let fitting. The airflow regulation with the valve 6 allows
obtaining aerosol with different size-consist, while the
required concentration is gained with the valve 7 due to
dilution of dusty air with the pure air.

To obtain the similar or close to it distribution of the
size-consist of the dust, there were selected four modes
of operation of the unit whose parameters are given in
Table 1.

The modes corresponded to the volume flow rate of
dm®/min. At the same time, created limiting concentra-
tions depended on the flow rate of the air passing through
the dust generator and changed approximately from
350 mg/m?® at the volume rate of 1 dm?/min to 1600 mg/m?
at the rate of 4 dm?/min. Lower values of dust concentra-
tions could be obtained by increasing the pure air supply.
Test samples of the size-consist were taken from the dust
settling on the filter of the tested respirator and were anal-
ysed using the Coulter device. Selected results of the size-
consist analysis are given in Table 1.

Polypropylene filters for RPA respirators of FFP2
brand with different packing density and fibre radius
(the parameters are given in Table 2) were stidued. The
main characteristics of the tested filters were defined ac-
cording to DSTU EN 143 requirements and the results
are given in Table 3.

The area of the filters made about 500 cm?. The air
was blown off with the volume of 30 1/min. The coeffi-
cient of penetration was defined by test-aerosol of paraf-
fin oil with a particle diameter of 0.08—1.8 microns, with
the mean weighted diameter of 0.6 microns.

The dust concentration in the testing chamber was
defined by formula [9], mg/m?
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C= IOOOM,
Ot
where M, is the mass of the dust filled quantitative AFA
filter paper, mg; M,is the mass of the pure AFA filter,
mg; Q is the rate of airflow through the filter, dm?/min;
tis the time of filter dusting, min.

The coefficient of penetration of the dust acrosol of
the filter was defined by the formula [9]

K, - M, —-M,, ’
M 1~ M 2

where M, and M,,stand for the mass of dust filled and

clean AFA filters after testing the samples, mg.

The results of studying the successively adjusted fil-
ters are presented in Figs. 5—8.

The analysis of the obtained data shows that given
the equal density of fibre packing of both filters, almost
all the dust settles on the first one, which results in its
increasing resistance. As for the latter, the pressure drop
kept stable (Fig. 5). In the second experiment, at the be-
ginning of the dusting process the main filter resistance
increased by 15 % within 60 minutes, and then kept con-
stant till the end of studies. At the same time, pressure
drop at the pre-filter was increasing constantly; howev-
er, by the end of the studies total resistance of the filter
system was by 10 % lower than that in the first case. This
is explained by the fact that part of the dust penetrated
into the main filter and, therefore, dust load in the pre-
filter, which mainly contributed to the resistance, de-
creased. It is worth noting that generation of dust on the
pre-filter surface resulted in increasing its filtration effi-
ciency and, thus, decreased the flow of aerosol particles
to the following filter.

An interesting result was obtained in the third series.
The increase in resistance both in the first and second
filters was proceeding practically simultaneously for two
hours. Afterwards, the change of pressure drop in the
main filter started slowing down, while in the pre-filter,
conversely, it began increasing faster (Figs. 9, 10). This
id explained by formation of a self-filtering dust layer on
the pre-filter surface; this dust layer enhanced its effi-
ciency and, thus, decreased the dust flow to the main
filter. Many researchers also point out a possibility of its
formation [10, 11]. With the aerosol flows through the
filtration fabric, disperse particles settle on the fibres. In
the process of aerosol deposition the disperse particles
accumulate as dendrites between fibres occluding pore
channels. On the surface of the filtration fabric there is
formed a layer of aerosol particles, the so-called auto-
filter, which is a highly effective filtering environment
almost completely catching disperse particles out of the
aerosol flow. Its formation features low filtration speed
up to 0.04 m/s, which occurs when respirators are used
taking into account the area of filters of 500 cm? and air-
flow rate of 30 dm?/min. Further increase in filtration
speed results in increasing response rate of a particle and
in weakening electrostatic and diffusive mechanisms of
catching aerosol and, therefore, in fewer prerequisites to
formation of dust self-layer.

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 2
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Table 1

Characteristics of the unit operation mode

. . Dust concentration Dispersive particle size, micron .
Unit Rate of airflow in the chamber, mg/m? | (mass fraction of particles in samples at different Mean median
operation | through the dust. during air supply modes of blowing off, %) size pf dust,
mode generator, dm?/min 3 micron
of 60 dm”/min below 5 5-10 10-30 over 30

1 1 300—350 9 12 49 30 21

2 2 500—550 8 11 48 33 22

3 3 850—900 4 45 41 27

4 4 1500—1600 3 30 62 36

Table 2

Parameters of filtering materials for producing filters

Number of the sample Area density of samples, g/cm? | Filtering layer thickness, mm Mean fibre radius, micron
The pre-filter
1 50 5 2—4
2 40 4 3-5
3 27 4 5-9
4 17 3 6—10
The main filter
1 55 4 2—4
Table 3
The main characteristics of filters
Values of filters with the density of packing, g/cm?
Factors
50 40 27 17
Coeflicient of penetration by paraffin oil, with the air volume of 30 1/min 0.5 3 12 35
Pressure drop at the filter, Pascal, with the air volume of 30 1/min 275+ 1.5 | 22.6+24 13.7+19 6.1+1.7
AP, Pa N AP, Pa
L 3
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0 30 60 90 120 150 t, min 20 F —
Fig. 5. Change of pressure drop when dusted by coal dust
with concentration of 300 mg/m?: 0 i

® — in the main filter with density of 55 g/cm?; B — in the
pre-filter with density of 50 g/cm?

Let us note that the overall resistance of the filter sys-
tem was by 20 % lower than that in the first case, which
indicates higher dust holding capacity of the system. For
example, comparing the figures of pressure drop change
of this filter system with similar figures of a filter with a
density of 55 g/cm?, we can see that despite higher initial

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 2

0 30 60 90 120 150

Fig. 6. Change of pressure drop when dusted by coal dust
with concentration of 300 mg/m?:
® — in the main filter with density of 55 g/cm?; m — in the
main filter with density of 40 g/cm?

resistance of the two-stage system, the operational life-

time resource is by 25 % higher. This is explained by the
increasing resource of the main filter due to elimination
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Fig. 7. Change of pressure drop when dusted by coal dust
with concentration of 300 mg/m?:
® — in the main filter with density of 55 g/cm?; B — in the
pre-filter with density of 27 g/cm?
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Fig. 8 Change of pressure drop when dusted by coal dust
with concentration of 300 mg/m?:
® — in the main filter with density of 55 g/cm?; W — in the
pre-filter with density of 17 g/cm?

of coarse fraction dust getting on it and uniform distri-
bution of acrosol particles inside the filtering layers apart
from the surface. Moreover, after achieving the critical
value of resistance, it is possible to decrease it for the
two-stage system by removing the pre-filter and, there-
fore, to increase the resource of protective power time.
The analysis of the parameters of dust filled filters tes-
tifies that the ratios of the density of packing of the main

AP, Pa *

80 o

60

40 +

20

0
0,0 30.0 60.0 90.0 120,0 150,0 t, min

Fig. 9. Comparison of pressure drop change when dusting:
B — a single-layer filter with packing density of 55 mg/m’;
® — a two-stage system with packing density of a pre-filter
of 27 mg/m? and that of the main filter of 55 mg/m’

AP, Pa
*
80 ' B
[
- 3
60 Cl
] * [ ]
[ ] * -
40 B 8
.
L ] ¢
20
0 .
0 30 60 90 120 150 t, min

Fig. 10. Comparison of pressure drop change when dusting:
® — a single-layer filter with packing density of 55 mg/m?;
B — a two-stage system with packing density of a pre-filter
of 27 mg/m? and that of the main filter of 55 mg/m? with the
pre-filter removed after 120 minutes

filter and pre-filter of 55 and 27 g/cm? correspondingly,
have the smallest increase in resistance; at the same time
the amount of dust was 40 to 60 %; (experiment 3).

The parameters of dust filled filters are given in Ta-
ble 4.

Conclusions.

The experiments conducted allow making the fol-
lowing conclusions:

Table 4
Dust accumulation and resistance increase in filters
Numper Filter Dens.ity of the2 Dust mass, g Ampuqt of the dust 1ncrease i.n
of experiment material, g/cm settling into filters, % | resistance, times

1 The main filter 55 - - 0
Pre-filter 50 6.8 100 4.1

2 The main filter 55 0.4 6 1.2
Pre-filter 45 6.5 94 4.0

3 The main filter 55 2.9 40 2.6
Pre-filter 27 4.3 60 3.5

4 The main filter 55 5.7 80 34
Pre-filter 17 1.6 20 2.5
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- dust accumulation in polypropylene filters mainly
occurs in the front layer, that is why to increase dust
holding capacity and protective power time it is essential
to adjust a pre-filter consisting of coarse fibres with low
packing density;

- filtration of the air flow containing coal dust while
using the system consisting of two successively adjusted
filters in an RPA respirator allowed defining maximum
dust holding capacity with the following parameters for
the filters: packing density of 55 and 27 g/cm?; the fibre
radius of 2—4 and 6—10 microns and the filtering layer
thickness of 3 and 4 mm, correspondingly. This result
was achieved due to generation of a self-filtering dust
layer, which can be formed on working surface at the
speed below 0.04 m/s;

- application of the main filter and pre-filter, corre-
spondingly, allowed designing an anti-aerosol two-layer
polypropylene filter RPA-TD 1.2 which meets DSTU
EN 143-2002 requirements and can be used to protect
workers’ respiratory organs at sites of intensive coal
dusting including stoping face, coal transloading, dress-
ing plants and others;

- the resource of the suggested filter system increases
by 25 % compared to filters used for RPA respirators.

Further studies on the parameters of polypropylene
fabrics within a wider range of packing densities are re-
quired to use them as filtering elements while designing
filters for respiratory protection from mine coal dust.
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ExcnepumeHTAaIbHI A0C/IIIKEHHST ONOPY
noJiinponiJieHoBUX (hiJbTPIiB BiANOBITHO
1o sumor JICTY EN 143-2002

10. I. HYebepsuko, H. A. Ixonuikosa, 1. M. Yebepsuxo,
A. A. IOpuenko,
Jlep>xaBHMIT BUIIMI HaBYaJIbHMUI 3aknan ,,HalioHanbHuUit
rippuumnit  yHiBepcurer“, M JlHinpo, VYkpaina, e-mail:
cheberiachkoyi@ukr.net

Meta. BuszHaueHHsI MaKCHUMaJIbHOI MUJIOEMHOCTI
MpU 3aJ1aHiil e(DeKTUBHOCTI MUJIOBJIOBIIOBAHHS TTOC/Ti-
JIOBHO BCTAHOBJIEHUX JBOX (hibTPYIOUUX €JIEMEHTIB i3
TMOJITPOITIJIEHOBUX TKAaHWH TIPU 3allWJIEHHI iX BYTib-
HUM TTWJIOM.

Metoauka. BusHaueHHs oropy bibTpiB i ix nuo-
€MHICTb BUKOHYBAJIOCS TPaBIMETPUYHUM CHOCOOOM
BimnosigHo 1o BuMor JICTY EN 143-2002. Metonuka
pO3paxyHKiB CKJIaAa€Thcs 3 IBOX eTamiB. Ha mepiio-
MY — PO3PaxXOBYETHCS TiaMeTP BOJIOKOH ITOIIePETHHOTO
¢inbTpa BUXOASYN 3 MAKCUMAIBLHOI TIMJIIOEMHOCTI JIJIS
3a1aHOTO TPAHUYHOI'O THUCKY ¥ 3aJaHOTO PO3Mipy Yac-
ToK mwiy. IIpu iboMy TOBIIMHA ¥ IIIBHICTH YIAKOB-
KU BOJIOKOH (DiIbTPYIOUOTO ILI1apy BUOMPAETHCSI BUXO-
JISIYM 3 YMOB TEXHOJIOTIYHOTO Mpoliecy ioro cdhopmy-
BaHHS MPU BUPOOHULITBI (DiNBTPYBAIBHOI TKAHWHHU.
Ha npyromy erani — po3paxoByeTbcs pajiiyc BOJOKHA
OCHOBHOTO (QifibTpa, BUXOIASYM i3 3amaHOl e(peKTUB-
HOCTI TTMJIOBITOBJTIOBAHHSI.

Pe3ynbTaT. BcTaHOBIIEHO, 110 OCHOBHE HAKOMU-
YeHHS ATy Ha TTOJMPONiIEHOBUX (PiIbTPYIOUMX eJie-
MEHTax OO pecHipaTopiB BigOyBa€eTbcsi B J1000BOMY
mapi. BusHaueHo, 1110 MMJI0EMHICTb 1 Yac 3aXMCHOI il
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pecripaTopiB MOXHa 30iUTBIINTY TIpU (inbTpallii By-
TUTBHOTO IMIJTY 32 TOITOMOTOI0 CUCTEMMU i3 TBOX ITOCITi-
JIOBHO BCTAaHOBJIEHUX (DiIIBTPYIOUMX €JIEMEHTIB 3 Tlapa-
MeTpaMu: LIUIbHICTIO yHakoBKU 55 i 27 r/cm?; paniy-
COM BOJIOKOH 2—4 i 6—10 MKM Ta TOBLIMHOIO (PiIbTPy-
1oyoro 1mapy 4 i 3 MM BianosigHo. Lle m1o3BoMIIO CTBO-
PUTHU TIPOTUAEPO30JIbHUI ABOIIAPOBUI TOJIIPOITiie-
HoBuii ¢inbtp PITA-T]I 1,2, 1110 Binnosigae BUMoram
OCTY EN 143-2002, sskuit MOXXHa BUKOPUCTOBYBAaTU
TSI 3aXUCTY OPTaHiB NUXaHHS MEePCOHATY B MiCLISIX iH-
TEHCUBHOTO YTBOPEHHSI BYTLIBHOTO TWJIY, TaKUX SIK
OYMCHI BUOOIi, IEPEeBAHTAXXEHHS BYTULIS, HA 30arady-
BaJibHUX (padpUKax i iHIINX.

HaykoBa HoBu3Ha. [luioemHicTh (inbTpiB 3aie-
KUTb BiJi YTBOPEHHS aBTOMIIBTPYIOUYOTO IIapy IHILY,
o Moxe (opMyBaTHUCSI Ha poOOOUIll MOBEpXHi IMpu
mBuaKocTsax Hkue 0,04 m/c.

IIpakTuuna 3HaunMicTh. BcTaHOBNIEHI pallioHanbHI
MmapaMeTpu ABOX IMOCIiJOBHO BCTAHOBJIEHUX (PiIBTPY-
IOUMX €JIEMEHTIB i3 MOJINMpPOINiJeHOBOI TKAHWHU, TIPU
1LIbOMY Yac 3aXMCHOI Ail 3alPOITOHOBAHOI CUCTEMU i~
BMILYETbCS Ha 25 % y MOpIiBHAHHI 3 GiTbTpaMu, 1110
BUKOPUCTOBYIOThCS [IJ1s1 pecripaTtopiB Tuny PITA.

Kmouosi cioBa: pecnipamop, ginemp, nusoemuicms,
nepenao mucky, onip NOGIMPSIHOMY NOMOKY, 8UMpPama
nogimps

DKcnepuMeHTa/IbHbIE MCCJIe0BAHNUS
CONPOTHBJIEHHUS TOJTMNPONUIEHOBBIX
(UILTPOB B COOTBETCTBHH C TPeOOBAHUSAMHU
JCTY EN 143-2002

10. U. Yebepsiuxo, H. A. Hxonnuxosa, U. M. Yebepsuxo,
A. A. FOpuenko

T'ocynapcTBeHHOE BbIclliee ydyeOHoe 3aBeneHue , Haimo-

HaJIbHBI TOpHBIA yHuUBepcuter”, r. JHemnp, VYkpauHa,

e-mail: cheberiachkoyi@ukr.net

ean. OnpeneneHre MaKCMMAaIbHOM MBUIEEMKOCTU
npy 3amgaHHON 3(D(EKTUBHOCTU TIbLIEYJIaBIMBAHUS
MOCJIe0BAaTEIbHO YCTAHOBJICHHBIX ABYX (QUIbTPYIO-
IIMX 3JIEMEHTOB U3 TMOJUIIPOIMICHOBBIX TKaHEeH Mpu
3aIbIJIEHUH UX YTOJbHOU MbLIbIO.

Metoauka. OrnpenesnieHUe COMPOTUBICHUS (DUIIb-
TPOB U MX MTBUIEEMKOCTH MTPOU3BOIMIOCH TPABUMETPH -
YEeCKUM CIIOCOOOM B COOTBETCTBUU C TPEOOBAHUSIMU
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JCTY EN 143-2002. MeTonnka pac4eToB COCTOUT M3
JByX 3TanoB. Ha mepBoM — paccuuThIBaeTCsl AUaMeTp
BOJIOKOH TIPEIBAPUTENIBHOTO (PUIIBTPA UCXOMS U3 MaK-
CHUMaJIbHOW MbUIEEMKOCTH JUISI 33IaHHOTO TIPeesIbHO-
rO JaBJICHUS U 3a[JJaHHOTO pa3mepa yactuil rnbuin. [Tpu
3TOM TOJIIIIMHA U IJIOTHOCTb YITaKOBKHU BOJIOKOH (DUJIb-
TPYIOLIETO CJI0SI BBIOMPAETCST UCXOMISI U3 YCIOBUI TeX-
HOJIOTMYECKOTOo Ipoliecca ero (hopMUpOBaHUSI TIPU
MPOM3BOJICTBE (PUIBTPOBAILHON TKaHW. Ha BTOpOM
aTane — PacCUUTBHIBACTCS PaalyC BOJIOKHA OCHOBHOIO
¢unbTpa, ucxons U3 3anaHHoN 3(PHEKTUBHOCTU TbLUIE-
yJaBJIMBaHUSI.

Pe3ynbrathl. YCTaHOBIEHO, YTO OCHOBHOE HAKOILJIe-
HME TIbUT Ha TIOJIUTIPOTNTUIICHOBBIX (DUITBTPYIOIIMX BJIe-
MEHTaX K pecruparopam MPOUCXONUT B TOOOBOM CJIOE.
OrnpeneneHo, YTO MbUICEMKOCTh U BpeMsl 3allUTHOTO
JIEUCTBUSI PECITMPATOPOB MOXKHO YBEIUUYUTh MPU (DUTb-
TpalMK YTOJIbHON MbUIA C TIOMOUIbIO CUCTEMBI U3 NIBYX
MOCJIENIOBATEIBHO YCTAHOBJICHHBIX (DMIIBTPYIOIINX BJIe-
MEHTOB C MapaMeTpaMu: TUIOTHOCTbIO YMaKOBKU 55 U
27 r/cM?%; pannycoM BOJIOKOH 2—4 1 6—10 MKM 1 TOJILLM-
HoWi uibTpytomero ciaosi 4 1 3 MM COOTBETCTBEHHO.
OTO MO3BOJIAJIO CO3MATh MPOTUBOAIPO30JbHBIN ABYX-
CJIOMHBIN monunpornuieHoBblid Gunstp PITA-T/ 1,2,
cootBeTcTBYIoNMA TpedoBanuaMm JCTY EN 143-2002,
KOTOPBII MOXHO HCITOJIb30BaTh ISl 3alIUThl OPTaHOB
JIBIXaHWSI TIEPCOHAJIA B MECTAX MHTEHCUBHOTO 00pa3oBa-
HUSI YTOJIbHOM TbLTU, TAKUX KaK OYMCTHBIE 3a00U, repe-
IPY3KH YIJis, Ha 000TaTUTEIbHbBIX (DaOpUKaX U IPYTUX.

Hayunas HoBusHa. [IbuieéMKOCTh (DUIBTPOB 3aBU-
CUT OT 00pa30BaHUsT aBTOMUIBTPYIOLIETO CJI0S MBUIH,
KOTOPBIII MOXeT (hDOPMUPOBAThCS Ha paboyeil ToBepX-
HOCTH TIpU ckopocTsix Hike 0,04 m/c.

IIpakTUyeckas 3HAYUMOCTb. Y CTAHOBJIEHBI pPallUO-
HaJIbHbIE TTAPAMETPhI IBYX MOC/IEI0BATELHO YCTAHOB-
JIEHHBIX (DUJIBTPYIOIINX 3JIEMEHTOB U3 TIOJUTIPOTINTIE-
HOBO# TKaHU, MPYW 3TOM BpeMsI 3alllUTHOTO ACHCTBUS
MPEUTOXKEHHOW CHCTeMbI TIOBBIIIaeTcss Ha 25 % 1o
CPaBHEHUIO C UCIOJb3YIOIUMUCS (PUIBTPYIOIIUMU
aJIeMEHTaMM 1151 pecniupaTtopoB Turia PIIA.

KioueBble cioBa: pecnupamop, guavmp, nolieém-
Kocmb, nepenad dasaenus, conpomueieHue 8030yYUHOMY
nomoky, pacxod 6030yxa

Pexomendosano 0o nybaixauyii dokm. mexH. Hayk

B. €. Konecnuxom. Ilama  HaoxoOdxucenHs — pyKonucy
15.01.17.
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