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Abstract. One of the measures used in mines concerning to decrease the outburst hazard of coal seams is their
hydro-loosening with water under high pressure through seam wells. Injection of water and solutions on the basis of
antipyrogens into a coal seam, which is prone to spontaneous combustion, is used to decrease the occurrence of
endogenous fires. It is known that the saturation of coal with liquid changes the properties and mechanical
characteristics, and results to the unloading of the seam of mining tunnel. Therefore, the assessment of changes in
geomechanical parameters in the near-contour zone before and after hydroprocessing of the seam is a very relevant
task. Knowledge of the dynamics of the formation of the stress field around the mine tunnels will allow to improve the
technology of processing the coal seam with antipyrogens. Most of the information related to observations of the process
of water injection in mine conditions is given in different publications of advanced basin institutes.

The purpose of the research is the definition the parameters of liquid filtration when spreading of antipyrogen in the
massif and the corresponding change in the properties of coal processed with a water-foam solution based on the
antipyrogen to prevent explosions and fires of outburst hazard, a tendency to self-ignition coal seams.

The research was carried out in laboratory conditions on stand of two-dimensional filtration of liquid with an
antipyrogen through a coal sample, which was made in the form of cube with hole in the middle of the sample. The
developed method of measurement makes it possible to establish the relative dimensionless filtration coefficient of the
antipyrogen solution to water, with consideration of suffusion and colmatation effects.

The undulating character of the change in hydraulic permeability when the concentration of the antipyrogen
changed within 0+1.5% is established for the first time. At the same time, with a further increase in concentration to 4%
the permeability decreases monotonically. Also, research of changes in the air permeability of samples, that are
processed with antipyrogen solution over time proves that there is no threat of an increase in danger occurrence of a
sudden outburst during the hydro-loosening of the heading face with antipyrogens. It can be noted that the established
the character allows to significantly reduce work expenses when established the optimal hydraulic parameters of
processing seam with antipyrogens.

Keywords: antipyrogen, coal seam, liquid filtration, concentration of the solution, sudden outburst.

1. Introduction

One of the most widely used measures to reduce the outburst hazard of coal seams
is their hydro-loosening with water under high pressure through seams wells [1-5].
At the same time, a large volume of working out the outburst hazard seams, which
are also fire-hazardous and on which various solutions of liquid on the basis of
antipyrogens are also used as prophylactic measures, is performed. Injection of water
and solutions on the basis of antipyrogens into a coal seam that is prone to
spontaneous combustion, is used to reduce the occurrence of endogenous fires [2, 6,
7]. It is known what the saturation of coal with liquid changes the properties and
mechanical characteristics, and resuts to the unloading of the seam of mining tunnel.
Therefore, the assessment of changes in geomechanical parameters in the near-
contour zone before and after hydroprocessing of the seam is a very relevant task.
Knowledge of the dynamics of the formation of the stress field around the mine
tunnels will allow to improve the technology of processing the coal seam with
antipyrogens. Most of it the information related to observations of the process of
water injection in mine conditions is given in different publications of advanced basin
institutes. Thus, the main task of the article is to study the parameters of filtering the
liquid, saturated with antipyrogens in the massif to reduce the danger and prevent
explosions and fires in a coal mine.

© Minieiev S.P., Usov O.0., Naryvskyi R.M., 2023


https://doi.org/10.15407/geotm2023.166.134

ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2023. Ne 166 135

The research of the parameters of liquid filtration when spreading of antipyrogen
in the massif and the corresponding change in the properties of coal processed with a
water-foam solution based on the antipyrogen to prevent explosions and fires.

2. Methods

Methodology of conducting research on filtration of water solution with
antipyrogen.

The research was carried out on the stand (Fig. 1) of two-dimensional filtration of
liquid through a sample — a piece of coal seam. The sample has dimensions of
40x40x40 mm with a hole located in the middle of the sample. [4, §].

1 — pressure pneumohydraulic tank; 2 — rod of a manual pneumatic pump; 3 — pressure hose;
4 — the fitting of the lower hydraulic main to the sample hole; 5 — the lower manometer;
6 — hydraulic camera; 7 — liquid flow meter; 8 — drain hose; 9 — fitting of the upper hydraulic main;
10 — the upper manometer; 11 — drain pneumohydraulic tank; 12 — drainage hydro main

Figure 1 — Stand for filtering antipyrogens

The coal sample was compacted on the stand in two methods — by gluing to metal
plates or by means of elastic gaskets (Fig. 2).

One sample dimensions are 40x40x35 mm. It was compacted by elastic gaskets,
because the equality of its lower surface was not ideal. The first sample was glued to
steel plates.

The research was carried out on two different samples with a minimum diameter
of the central hole of 4 mm. Since the main task of the research was to evaluate the
influence of concentration of antipyrogen on the filtration coefficient, the
experiments were conducted in this way:

First, clean water was passed through the sample. Water was supplied from the
hydraulic cameras of the stand through the outer walls of the sample to its central
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hole, and from there — through the lower hydro mains — to the flow meter, which was
connected to the fitting.

-l

1 — coal sample; 2 — upper plate; 3 — hole; 4 — lower plate; 5 — basis;
6 — tightening screw; 7 — drainage faucet

Figure 2 — Fastening the coal sample to the base of the stand

The working pressure in the hydraulic camera (0.1 MPa) was provided by a
pneumohydraulic tank, which was connected by a hose to the fitting of the upper
hydro main, pressure control was carried out by the upper manometer.

After that, as through the sample passed about — 2+11 ¢m?® of water, the water
with the camera of the stand and hydro mains drained. After draining the water, it
was filled with solution of antipyrogen of a certain concentration.

For the gradual change the concentration of the antipyrogen in the water, which
was in the pores and cracks of the sample, it was subjected to backwashing — the
solution was submitted to the central hole. For this, the lower hydro main and the
central hole were filled with liquid with antipyrogen through the drainage main. After
removing the air from the central hole the drainage main was closed, the stand was
returned to the starting position, the flow meter was being filled with liquid and
connected with a hose to the pneumohydraulic tank. The value of the back pressure
was monitored by the lower manometer and was supported at the level of
0.02+0.03 MPa.

After feeding into the central hole ~ 1 cm?® of the solution, which flowed into the
camera of the stand with liquid, the backwash was stopped and, in the future, the
liquid was again fed from the periphery of the sample to the central hole under a
nominal pressure of 0.1 MPa. At this stage, the consumption of the solution through
the sample was measured. After the end of the measurements, the cycle was repeated
for another concentration of the solution.

The research was conducted with antipyrogen «Pirocool» in the form of a solid
cylinder, which was packed in standard paper and film shells. When testing the first
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coal sample, the antipyrogen was dissolved in water to a concentration of 0.4%. After
the end of the measurement, the solution was drained from the camera of the stand
and hydro mains. A solution of antipyrogen was prepared with a concentration — of
1% and 2%. And after definition the consumption of 1% of the solution, the sample
was left in the dry camera of the stand for definition the dynamics of its air
permeability.

3. The results and discussion

The results of the research of two-dimensional filtration of a solution of
antipyrogen in water.

Tests of sample Ne 1 were carried out at a constant excess pressure in the camera
of the stand (on the outer surface of the sample) in the amount of 0.1 MPa. The hydro
main of liquid removal with the central hole to the flow meter was located under
atmospheric pressure. At first, clean tap water was pumped through sample No 1.
Measurements of the pumping time of each 1 cm?® of water were carried out without
breaks. Its pumping the volume for the all period of flow measurements reached
11 cm®. After that, the water from the stand was drained and he was filled with a
solution of antipyrogen «Pirocool» with a concentration of 0.4% and the
measurements were resumed. Their results are given in Figure 3.

25

i3

Y
I RN v =23 413
= 2
mglﬁ "‘inh__“ 1 R? =081
=} ¢ h#“"‘—*—____"___‘_‘-
e
0
1 3 5 7 9 11 13 15

the volume of pumping, o

1 — water; 2 — antipyrogen solution «Pirocool» with a concentration of 0.4%

Figure 3 — Dependence of the flow rate on the volume of liquid pumping through sample Ne 1 under
a pressure of 0.1 MPa

In contrast to previously conducted research [3-5, 8, 9], along the horizontal scale
did not postponed the time which passed from the beginning of debit measurements,
but the volume of liquid what passed through the sample. The dependence of the
debit on the volume of pumping expands our knowledge about the filtration process.

So it turned out, that the falling dependence of the debit from the volume of water
pumping (curve 1 Fig. 3) is described by the correlation dependence of the static
form, just as before received dependences of debit and consumption from the time of

pumping.
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From the side of the «physics» of the filtration process, which in coal samples has
significant suffusion and colmatation components, it is more appropriate to correlate
the debit, or consumption with volume of pumping, because these effects are
determined by it. Therefore, in the future, it makes sense to use the dependences of
debit (rate) from the volume of liquid pumping through the samples under constant
pressure.

In addition, it should be considered the results of before conducted at the IGTM
of NAS of Ukraine of research on assessment of the physico-mechanical properties of
coal with different influences, in particular, with wave influences and the injection of
liquids with different surface active substances (SAS) into the coal [10, 11]. As for
influence of antipyrogen on the permeability of the solution through the coal sample,
then this first series of tests looked quite logical — the addition of antipyrogen to
water, for sure, reduced its viscosity. This led to a decrease debit of the solution
almost twice (curve 2 Fig. 3) compared to water. You can also pay attention to the
change in the slope of line debit of solution (2) compared to water (1). These data
fully confirm the research performed earlier by the IGTM of NAS of Ukraine [11].

The research of sample No 1 were renewed almost a day later. By this time, the
antipyrogen has fully dissolved and the concentration of the solution has reached 1%.
First, the sample was pumped again with water in a volume of 4 cm?, and then with a
1% antipyrogen solution in a volume of 3 ¢cm?. The results of the research are given
in Figure 4.
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Figure 4 — Dependence of the flow rate on the volume of liquid pumping through sample Ne 1
under a pressure of 0.1 MPa

If at the concentration of the solution is 0.4%, the permeability of the sample is
decreases almost twice, then when the concentration is increased, the permeability
increases again and also almost twice. That is, a liquid with a concentration of 1% in
terms of hydraulic properties corresponds to pure water, while the solution of a lower
concentration (0.4%) is worse than water. On this hydraulic experiments with sample
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Ne 1 were stopped, and for a more detailed study the phenomenon the was observed,
experiments were conducted with coal sample Ne 2.

After research the sample Ne 1, we note that repeated pumping of water, after its
saturation carried out, changed (not significantly) the character of the dependence of
the debit from the volume of pumping from static to exponential (Fig. 3, 4).

Tests of sample Ne 2 took place during several days under the same conditions of
liquid movement with the same pressure parameters as sample Ne 1. Their results are
given in Figure 5.
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1 — water; 2 — antipyrogen solution «Pirocool» with a concentration of 0.4%;
3 — concentration 1.2%; 4 — concentration 2%; 5 — concentration 3%; 6 — repeating the
measurement with a concentration of 3% on the next working day; 7 — concentration 3.75%;
8 — clean water on the next working day

Figure 5 — Dependence of the flow rate on the volume of liquid pumping through sample No 2
under a pressure of 0.1 MPa

The difference consisted in the fact that the concentration of the solution varied in
a much wider range (0.4+3.75%) than when testing the sample Ne 1.

This given it possible to monitor the influence of the antipyrogen concentration on
the magnitude of debit through the sample.

The debit has a pronounced extreme character. The zone of maximum debit
corresponds to the concentration of antipyrogen «Pirocool» within the limits of
1+1.2% (the range is indicated with consideration the tests of sample Ne 1). At this
concentration of debit of the solution even slightly exceeds the debit of pure water.
Although outside the limits this zone, as with smaller ones and as well as with larger
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ones antipyrogen concentrations, the debit of the solution is significantly decreases
compared to the debit of pure water.

This is the behavior of debit can be explained by the corresponding extreme
dependence of the viscosity of the solution from its concentration. This assumption
has a somewhat hypothetical character at the moment, because at the moment it is not
possible to determine the dependence of viscosity on the concentration of the
solution.

It is likely that they encountered a manifestation of the physic-chemical
interaction of the antipyrogen solution with coal samples. In favor of this assumption
a change in character of the dependence of debit from the pumping volume from
static for pure water to logarithmic for the antipyrogen solution. These trends are
given for the upper and lower lines of Figure 5.

It is very interesting that one logarithmic trend almost perfectly describes the
behavior of the debit at different concentrations of the solution, with the exception of
1.2% concentrations of extreme debit.

The interruptions in the experiment process do not much effect on location of the
experimental points relative to the logarithmic trend line. This is evidenced by the
comparison of the debits of groups of points 5 and 6 under the concentration of 3%.
After this, the concentration of the solution was increased to 3.75% and point 7 was
obtained.

After this measurement, the solution was drained from the camera and hydro
mains of the stand, then the measurement of two points 8§ for pure water was
conducted. They are located slightly higher than point 7 and the logarithmic trend
line, but quite near to it. The difference between the absolute debits of pure water (the
first of points 8) and 3.75% solution (point 7) is not very large 0.6 mm?/s. But against
the background of the low the value of the debit of 3.75% of the antipyrogen solution
(0.75 mm?/s), the relative increase of debit of pure water (to 1.35 mm?>/s) — reaches
1.8. At the same time, the influence of suffusion and colmatation effects at the
beginning of pure water injection is minimal. Analogous comparison of the debits of
0.4% antipyrogen solution (3.2 mm?®/s) and pure water (13 mm?/s) during the tests of
sample Ne 1 (Fig. 2, 3) showed an excess of the debit of pure water at 4.1 times. And
comparison of the debits of pure water through sample No 1 before injecting the
solution (12.7 mm?®/s) and after injecting the solution (13 mm?/s) showed their
practical coincidence, despite the fact that some time had passed between these
measurements and was pumped 4 cm® of solution. These facts testify to the complex
character of the filtration of antipyrogen solutions, which is hardly reduced only to a
change in their viscosity.

Despite on the imperfection of our ideas about the mechanisms of filtration of the
antipyrogen solution in the coal massif, the developed method of measurement makes
it quite easy to establish the relative dimensionless filtration coefficient of the
antipyrogen solution to water, with consideration suffusion and colmatation effects.

The relative filtration coefficient is determined by separation the experimental
value of the expenses of the antipyrogen solution on a conditional value of the
expenses water, which is calculated by its elongated correlation static line of
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experimental expenses for the corresponding points of the horizontal axis of the
pumping volumes. The curve received in this way is shown in Fig. 6.
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Figure 6 — Dependence of the filtration coefficient relative to water of water solution of antipyrogen
«Pirocool» with different concentrations

The analysis of this graph shows that the debits through the sample at
concentrations of 2+3% change very little within the limits of pumping 5 cm?® of the
solution (groups of points 3 and 4). Some more the run-up has in these limits a group
of point 2 — mainly through to the last point. Points of group 1 have the greatest slope
to the horizontal axis. Here, the deviation of the maximum or minimum debit value
from the medium reaches ~ 20%. Within such the limits of error, it is possible to use
one medium value of the debit for a certain concentration, without paying attention
on the change depending on the volume of solution pumping. Data processed in this
way from fig. 6 supplemented with the obvious value of the filtration coefficient
relative to water, which is equal to one at zero antipyrogen concentration, allowed to
get an approximate dependence of the filtration coefficient relative to water from the
concentration of the antipyrogen of «Pirocool» within of 0+3.75%. The approximate
dependence is given in Figure 7.
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Figure 7 — Dependence of the filtration coefficient of water solution relative to water on the
concentration of the antipyrogen «Pirocool»
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The revealed not trivial wavy character of the dependence of the relative filtration
coefficient from the concentration of the antipyrogen has in addition to scientific
novelty and a certain practical significance. They confirm the results of previously
performed practical research, obtained by other authors when the injection of liquid
into the layer and when the evaluation of fire prevention measures, that are performed
in the mines [12-14].

It should be noted that established by the authors the character allows to
significantly reduce work expenses when establishing the optimal hydraulic
parameters of processing seam with antipyrogens by means of research injections in
mine conditions.

Laboratory research of the safety of processing coal with antipyrogens from the
side of possible provocation a sudden emission.

The actuality of these researches is conditioned those to the considerations, that a
certain amount of coal seams is characterized as a tendency to spontaneous
combustion, so and the outburst hazard. When developing them, it is desirable to
perform corresponding prophylactic measures. In order to prevent sudden emissions
during conducting preparatory seams elaboration, it is recommended to use hydro
loosening of the heading face — injection through anticipatory wells of water under
high pressure. And to prevent spontaneous combustion the same injection under
pressure of water solutions of antipyrogens is recommended.

It makes sense to combine these measures and conduct hydro loosening of the
heading face with a solution of antipyrogen. The established scheme for the location
of wells for hydro loosening provides the processing of coal near the sides of the
tunnel to a depth of 1+2 m.

In connection with this, there is a question regarding the effectiveness of
saturation of the near-contour zone of the seam with antipyrogen through wells in the
heading face, taking into account the further change in the stress-deformed state of
the sides of the tunnel. That is, does not such a situation occur when the pores and
cracks that were filled with liquid during the processing of the face will expand after
its advancement forward, as a result of which again the air migration channels into
the depth of the massif will be released?

The answer to this question is given by the research of our Institute on the
dynamics of changes in the stress state of the regional part of the seam during the
time [3, 9]. The classic form of the distribution curve of the maximum stresses by
distance from the face tunnel, which is given in numerous publications already for
about 50 years, is not formed immediately, but over time. So, through 27 hours (i=10)
after the excavation cycle, the maximum stresses are reach the magnitude of
everything of 1.1 yH, and the magnitude of 1.45 yH is reached only through
135 hours (5.5 days). From this follows the conclusion about that the common value
of maximum stresses ~ 2yH is reached no earlier 1-2 months after the rock mass
excavation cycle. And during all this time, the stresses of the entire edge part of the
seam only increase.

Comparison of the air permeability of the sample was conducted in this way. The
air pressure in the working camera of the stand was quickly increased by the manual
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compressor of the pneumohydraulic tank. After that, the pressure drop time was
recorded. The pressure drop from 1 to 0.9 bar (one division of the manometer scale)
for a dry sample was one minute 50 seconds (1.83 min.). Right after saturating the
sample with water, it was not possible to record a noticeable decrease in air pressure
in the working camera of the stand during ~ 5 minutes on the manometer scale. The
same picture was observed and after pumping a 0.4% antipyrogen solution through
the sample. That is, immediately after hydroprocessing with water or a solution, the
sample can be considered no permeable to air at a pressure of 1 bar.

After that, the solution with a concentration of 0.4% was drained from the camera
of the stand and hydro mains into a beaker for additional dissolution of the
antipyrogen in order to increase the concentration to 1%. The sample was in this state
to the beginning of measurements on the next working day, about 18 hours. This
interval corresponded to the interval between two cycles of processing of the heading
face in the repair shifts. After that, its air permeability was made measurement. The
pressure drop time from 1 to 0.9 bar made up 14 minutes 11 seconds (14.18 min.).
That is, about through of 18 hours, the air permeability of the processed sample was
in 8 times less than of the dry. Right after the repeated saturation of the sample as
water so and a solution of antipyrogen with a concentration of 1%, its air
permeability again became almost zero.

In the future, the hydroprocessing of sample Ne 1 was stopped, and its air
permeability was monitored for 5 days. The results of observations for this time are
shown in Figure 8.
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Figure 8 — The results of observations of the dynamics of the pressure decline of air filtered
through a coal sample after processing with a 1% solution of antipyrogen:
a) initial excess pressure of air 1 bar; b) initial excess pressure of air 2 bar

At an initial excess air pressure of 1 bar, the tempo of its decline predictably
increased over time. A significant slowdown in the tempo of pressure drop began
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after two days of observations. This is evidenced by the almost is full coincidence of
the pressure drop tempo lines 4, 5 on Fig. 8, and respectively through two and five
days. But for higher value of excess air pressure of 2 bar, the predictability of the
tempo of decline over time was broken. The pressure drop tempo immediately after
saturation of the sample with antipyrogen (line 2 Fig. 8 b) was greater than through a
day (line 3 Fig. 8 b).

The obtained data indicate about that the character of the change in air
permeability of the sample depends not only from the passage of time, and also from
air pressure. In the future, this effect will be researched more thoroughly.

The research is conducted in the article on the main indicator of the two-
dimensional filtration process — the hydraulic permeability of antipyrogens through
coal samples — revealed a non-trivial wavy character of the dependence from the
concentration of antipyrogen. This is not mentioned in the results of previously
performed research by other authors on liquid injection into the seam, and in the
assessment of fire prevention measures performed in mines [12—14]. This, most
likely, can be explained by the chemical properties of the relatively new antipyrogen
«Pirocool». But and the impact of our two-dimensional filtering research
methodology, which is applied for the first time, is also possible. In all previous
works, only one-dimensional filtration was researched.

It should be noted that the character established by the authors allows to
significantly reduce the expenses of work when established the optimal hydraulic
parameters of seam processing with antipyrogens «Pirocool» by means of research
injections in mine conditions.

In the experiments also showed a significant discrepancy the experimental data
the theoretical for two-dimensional filtration by to a linear law, which was previously
established for the movement of water from the side surfaces of the sample to its
central hole [4, 8]. Now it is confirmed and for the case of the movement of water in
the reverse direction — from the central hole to the side surfaces. As it was
established, such a tendency to decrease over time the expenses of water into the
central hole, which is most likely explained by sufosis and colmatation [4, 8], was
preserved and for antipyrogen solutions. This factor, which is still not taken into
account in theoretical models, makes it difficult to search the form of the law of
liquid filtration in coal seams. It should also be noted that the wavy character of the
change in hydraulic permeability at change the concentration of antipyrogen within
the limits of 0+1.5% has been established. At the same time, with a further increase
in concentration to 4%, the permeability decreases monotonically.

But, the question arises of the safety of such a combination of hydro-loosening
and antipyrogenic processing of the heading face by the factor of excessive blocking
of seams gas. If such a blocking leads to a significant increase in seams pressure, it
can provoke a sudden ejection during conducting heading works.

For the primary answer on this question, we conducted comparison the air
permeability of coal sample Ne 1 after the first saturation with water, and then after
saturation with an antipyrogen with a concentration of 0.4%.
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Thus, repeated release of air migration channels into the depth of the sides of the
heading tunnel during the first 3 days after processing with an antipyrogen of its face
is unlikely. In the future, it is possible to additionally process the sides of the tunnel
by spraying with an antipyrogen for a more guarantees of hindering air access in the
depth of the massif.

4. Conclusions

1. Conducted research of the main indicator of the two-dimensional filtration
process — the hydraulic permeability of antipyrogens through coal samples.

The significant non-compliance of the experimental data with the linear law
during two-dimensional filtration, which was previously established for the
movement of water from the side surfaces of the sample to its central hole, was
confirmed and for the case of water movement in the reverse direction — from the
central hole to the side surfaces.

2. The tendency of water expenses into the central hole to decrease during the
time, which is most likely explained by suffusion and colmatation, was preserved and
for solutions of antipyrogen. This factor, which is still not taken into account in
theoretical models, makes it difficult to find the form of the law of liquid filtration in
coal seams.

3. For the first time the wavy character of the change in hydraulic permeability
was established when the concentration of the antipyrogen «Pirocool» changed
within of 0+1.5%. With a further increase in concentration to 4% the permeability
decreases monotonically.

4. Research of changes in the air permeability of samples, that are processed with
antipyrogen solution, over time prove that there is no threat of an increase in danger
occurrence of a sudden ejection during the hydro-loosening of the heading face with
antipyrogens.
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OOCNIMKEHHA ®INbTPALI PIOMHU NMPU OBPOBLI BYrINMNA BOOO-MHHUM PO34YMHOM HA
OCHOBI AHTUMNIPOTEHY
Minees C.I1., Ycoe O.0., Hapuecbkuti P.M.

AHortauis. OgHMM i3 3aCTOCOBYBaHMX Ha LUaxTax 3axXOAiB LOAO 3HWKEHHS BMKMOOHEDE3NeuHOCTi BYriNbHUX
nnactiB € ix rigpopo3nyLlyBaHHa BOZOK Mif BWCOKUM TUCKOM 4epes NracToBi CBEPANOBUHW. HarHiTaHHs Boau Ta
PO34YMHIB HA OCHOBI aHTUMIPOreHiB Yy BYMMbHWA MNAcT, SIKMA CXUMbHWA [0 CaMO3alMaHHsl, 3aCTOCOBYETHCA AJ1A
3MEHLUEHHS BUHUKHEHHS! E€HOOTEHHWX MOXexX. Bigomo, WO HacuyeHHs Byrinns PigWHOI 3MIHIOE BnacTMBOCTI Ta
MeXaHi4Hi XapaKTepuUCTUKW, | MPU3BOAWTL A0 PO3BAHTAXEHHS Nnacta ripHUMYMX BMpoBOK. TOMy OLiHka 3MiHK
reoMexaHiYHUX napameTpiB Y MPUKOHTYPHIA 30HI A0 Ta nicns rigpoobpobku nnacta € fyxe akTyarbHOW 3adayeto.
3HaHHsA AuHaMikn OpPMYBaHHS MONS HAMPY)XEHHS HABKOMO FipHUYOI BMPODKW [O3BONWUTH BAOCKOHANMTM TEXHOIOTiO
06pobku ByrifbHOro nfacta aHTuniporeHamu. binbla YacTuHa iHopmaLi BiGHOCHO 4O CMOCTepeXeHb 3a NMPOLEecoM
HarHiTaHHS BOAM B LIAXTHWUX YMOBaX HaBOAMTLCS B PidHMX NybnikaLisax nepenoBux 6acenHoBUX IHCTUTYTIB.

MeTow AocnimKeHb CTano BU3HAYEHHS NapameTpiB (inbTpaLii piauHU NpWU PO3NOBCIOMKEHHI aHTUNIPOreHy B
MacuBi Ta BiAnoBIgHOI 3MiHM BNacTMBOCTEN BYrinns, 06pobneHoro BOAO-NIHHUM PO3YMHOM Ha OCHOBI @HTUMIPOreHy Ans
3anobiraHHs BUOYXiB Ta NOXeEX BUKMAOHEOE3NEUHNX, CXUMBbHIIA O CaMO3aliMaHHs! BYTifbHWX NNacTiB.

JocnigpxeHHs npoBoaunuCch y nabopaTopHUx yMOBaxX Ha CTeHAi ABOBUMIPHOI (inbTpaLii piduHU 3 aHTUMIPOreHoM
yepe3 BYriNbHWN 3pa3ok, skui ByB BUrOTOBREHWI y popMi Kybuka 3 OTBOPOM, L0 PO3TALIOBaHWA NO CEpPeamHi 3paska.
Po3pobrieHa metoauka BUMIpIB JO3BOMSIE MErkO BCTAHOBMOBATU BIAHOCHWA 6e3po3MipHUA KoediLieHT dinbTpaLyi
PO34MHY aHTUNIPOreHy [0 BOAM 3 ypaxyBaHHAM CY(dO3iNHIX Ta KonbMaTaLiinHuX edekTiB.

BrepLue BCTAHOBMNEHO XBUAACTUI XapaKkTep 3MiHM rigpaBniYHOl NPOHWUKHOCTI NPKW 3MiHi KOHLEHTpaUii aHTMNiporeHy
B Mexax 0+1,5 %. Mpu usomy 3 noganbwnm 36inNbLUEHHAM KOHLEeHTpaLii 40 4% NPOHUKHICTE MOHOTOHHO 3HUXKYETLCS.
TaKkox AOCTIMKEHHS 3MiHW MOBITPSIHOI MPOHWMKHOCTI 3paskiB, WO 0OpOONEHi po3YMHOM AHTUMIPOTEHy, 3 MAMHOM 4acy
[OBOASATb BIiACYTHICTb 3arpo3n MigBULLEHHS Hebe3nekn BUHMKHEHHSI panToOBOrO BMKMAY Mif Yac rigpopo3nyLuyBaHHs
NPOXIigHMLBKOro BUBOKO aHTUMiporeHamu. MoxHa 3a3HaunTy, L0 BCTAHOBNEHUIA XapaKTep A03BONSE CYTTEBO 3MEHLLNTM
BUTPATW NMpaLji NPy BCTAHOBEHHI ONTUMANbHUX rigpaBnivyHNX napameTpi 06pobku nnacta aHTUNIporeHamu.

Knto4oBi cnoBa: aHTUNIporeH, ByrifbHUIA NNacT, inbTpawis pignuH1, KOHLEHTPaLis PO34MHY, pPanToBi BUKMAMW.
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