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Annotation. The article is devoted to improvement of methods of physic-chemical destruction (PCD) of coal with the
purpose of its production intensification. The objective of the research is to study the mechanism of coal dispersion when
exposed to various chemical solutions. Laboratory experiments to study the PCD of coal in different liquids were
conducted. According to the results, kinetic curves of swelling coal in them fransition LF-G stamps is presents. It is
established that condition of the realization of a principle possibility of spontaneous dispersion of coal is to reduce its
surface energy by 40-60 J/m?2. It was established that the most intensive physical and chemical destruction of the coal to
a particle size from tenths to tens of millimeters occurs in solutions of methylamine and hydrochloric acid. The most
severe swelling of the coal was noted in those environment as well. The intensity of swelling is not significantly
associated with the characteristics of wetting. The influence of various effects on the PCD parameters of coal was
studied by physical simulation. The total time the chemical destruction of coal on the treated area was calculated. The
physic-chemical method of destruction of various liquids based on the action of the stresses of swelling, adsorption
reduction of strength of the coal, chemical oxidation and subsequent leaching of the oxidation products at the border of
the coal blocks was tested in the laboratory. It was proposed method PCD for coals occurring in the clay rocks of various
stages of catagenesis. The scientific novelty of the presented results lies in the justification of the thermodynamic
conditions of spontaneous dispersion of coal in which there is a decrease the free energy of the system due to
compensation of the increase of free surface energy in the formation of particles with well-developed surface. The results
can be used as a pre-preventive effects in technological processes of coal extraction (physic-chemical effects on rock mass
as with the aim of strengthening and weakening or destruction) using a variety of chemical solutions that can make a
significant contribution to work safety in the coal mining industry.

Keywords: physic-chemical destruction, swelling of coal, physical modeling.

Introduction. Physic-chemical influence methods on the coal seams and host
rock with the aim of improving the safety and efficiency of mining operations was
widely spread in the development of coal deposits [1]. Various chemical solutions
aimed at strengthening rocks, and on their softening are used as working fluids [2].
At the same time, the mechanisms of interaction of coals with these substances still
were no insufficiently studied, which greatly hinders the search for new environments
and the development of methods of physic-chemical effects on rock mass array.
Therefore, the study and understanding of these mechanisms, and further their use as
a control action (physical-chemical influence on the rock mass massif with the aim of
strengthening and weakening or destruction) with the use of different chemical
solutions could make a significant contribution to the development of the coal
industry and mining industry as a whole.
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The prospect of physico-chemical destruction of the coal due to its colloidal-
chemical properties, namely, strains and stresses of swelling, which can reach tens of
megapascals. Therefore, the search for and study of different chemical solutions that
are able to cause these phenomena in coal, is quite a topical area of research.

Methods. One of the possible ways of physic-chemical destruction of coal is the
use of spontaneous dispersion, based on the Rebinder effect. The process of
spontaneous dispersion are divided into two different in their nature phenomena: a
true spontaneous dispersion of particles of colloidal dimensions with the formation of
the thermodynamically equilibrium lyophilic colloidal systems and dispersion
guasimonopolies resulting in the formation of a relatively stable, prone to collective
recrystallization, and coarse systems [3].

The thermodynamic condition for the occurrence of true spontaneous dispersion is
the decrease in free energy of the system due to compensation of the increase of free
surface energy o in the formation of particles with well-developed surface.
Compensation is caused by the increase of entropy of the system as a result of the
involvement of the produced particles in Brownian motion. True spontaneous
dispersion of bulk phase on the particle size o is possible if the value of the specific
free surface energy of the interface of a solid matter with a surface-active medium
will satisfy the condition Rehbinder and Shchukin [3, 4]:

6, <0, = q(kT/ES2 (1)

where y — a numerical multiplier of about 10; k — the Boltzmann constant, J/K; T —
the absolute temperature, K.

Let’s rate the value op,. If the coal structure with point contacts and effective size
of about 3-10° cm is imagined, then o, will be approximately 10™* J/m®. If we take
the upper limit of the particle size in true spontaneous dispersion equal to the size
limit of particles that can be involved in Brownian motion & = 5-10* cm, then the
calculations of equation (1) give oy, ~ 10® J/m®. Thus, thermodynamic calculations
show, that the possibility of a genuine spontaneous dispersion, it is necessary to
reduce the surface energy to 10™ — 10° J/m*.

Kinetic analysis of the process of spontaneous dispersion of solids in the medium
of surfactants is given in paper [5]. Surface-active environment, that is similar in
molecular nature to a solid, reduces its surface tension and already at low tensile
stresses, brittle rupture is observed. The surface energy of a solid body can be
reduced so, that not condensed, but colloidal condition becomes more
thermodynamically stable, and the body begins spontaneously, without external stress
get dispersed apart.

The kinetics of this type of fracture is determined by the presence of structurally
weakened the boundaries between micro areas and the internal stress of the second
kind on those borders. The only decrease the surface tension is not enough so that the
gap occurred, it is necessary to have tensile stress in the top of the cracks. According
to the paper [5], spontaneous dispersion of solids is possible, if the total tensile stress
at the top of the microcracks exceeds the safe stress in this environment. In turn, the
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total voltage is the sum of existing on the border of the blocks of internal stresses of
the second kind and the incremental stresses due to pressure of the adsorbed layer.

Kinetic calculations based on the mechanism of microcracks growth [5], show
that

0, =Koy / (2 + kl) (2)

where oy — the specific surface energy of the body in surface-inactive medium; k; —
coefficient determined by the geometry of the microcracks and equal to 0.3-2.0. For
other coals oo ~ 102 J/m? [6], om = 13-60 J/m*.

Thus, the results of a thermodynamic and kinetic analysis show that the surface
energy of the coal must be reduced by 40 to 60 J/m? for the realization of the
principal possibility of spontaneous dispersion. Such a reduction cannot be achieved
using only the Rebinder effect. Thus, for agueous solutions with a surface tension of
the order of 10™ J/m? and contact angle of wetting, close to zero, reducing the surface
energy during wetting is only 10 J/m? i.e. three orders of magnitude smaller than
required.

The quasimonopolies dispersion through the cracks formation of destruction
under the combined action of the strongly adsorptive media and internal tensile
stresses is practically impossible, mainly due to the inability of a significant
adsorption reduces surface energy and low level of residual internal stresses in the
coal.

Results and discussion. As it is shown by experiments, the manifestation of the
effect of physic-chemical destruction of coals by using agueous solutions of a number
of known surface-active substances is possible only for a very the prepared carbons,
which have a degree of natural disturbance is so great that they cannot be considered
solid.

The kinetic curves of swelling of the coal transition LF-G brands in various
liquids are shown in Figure 1. The characteristics of coal wetting with these solutions
are shown in Table 1.

As it is shown in Table 1, the most intense physical and chemical destruction of
the coal to a particle size from tenths to tens of millimeters occurs in solutions of
methylamine and hydrochloric acid. The strong swelling of the coal is noted in them
as well. The intensity of swelling is not significantly associated with the
characteristics of wetting. So, water has more wetting energy, than a solution of
methylamine (see table 1), and coal swells in it order of magnitude weaker. Liquids
with almost the same wetting energy (isopropanol and acetone) differ the deformation
of swelling almost two orders of magnitude.

The investigation of influence of different effects on the PCD parameters of coal
was carried out by the method of physical modeling. The conditions and criteria of
similarity for modeling these processes, which should describe both hydrodynamic
and mechanical parameters is defined further. The movement of reagents that cause
PCD coal in its fractured-porous structure, is described by the following
hydrodynamic criteria [7]: Reynolds, characterizes the ratio of inertia forces to
viscosity forces; Bond, characterizes the ratio of gravity forces to the capillary;
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Weber, characterizes the ratio of inertial forces movement of the reagent to the
capillary. In the experiment the values of the criterion Reynolds had the value of
about 10™ — 10°.
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1 — water; 2 — 25 % solution of ammonia; 3 — acetone; 4 — isopropanol (right axis);
5 — 25 % solution of methylamine; 6 — 36 % hydrochloric acid
Figure 1 — The dependence of the relative linear deformations of the coal swelling ¢ in various
fluids from time

Table 1 — Characteristics of coal wetting with various liquids.

Liquid Surface tension, Edge angle, | The wetting energy,
o -10° J/m? deg 4-10° Jim?
Isopropanol 20 0 20
Water 72 65 41
25 % ammonia 50 52 31
Acetone 23 0 23
36 % hydrochloric acid 70 27 62
25 % methylamine 42 47 29

The coal, which was used in model experiments, is real object of PCD, so the
equality criteria of the Bond and Weber for the processes of PCD is respected inside
the blocks of coal in the array and models.

The value of the dimensionless complex was taken to achieve similarity
parameters of mechanical loading as a dimensionless similarity criterion, as it is
normally used for such purposes:

2
(e)

EA, 3)

where o — stress, Pa; E — the modulus of elasticity destructible environment, Pa; Ay —
work of coal destruction, J. The values of E and of A, for the model and the coal seam
are accepted in the first approximation the same.
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If the energy of the explosion is used as an impulse mechanical stress, initiating
the process of PCD, then the well-known criterion of geometric similarity will be

L
W @

where L — the characteristic size, m; W — the energy of the explosion, J.

Preliminary softening of coal under the action of any solution significantly
reduces the size of pieces by crushing. If the destruction of low-strength coal
produced mainly under the influence of the expanding gaseous products of the
explosion, then the shock wave passes for a time that longer than the time of
formation of plastic zone of cracks fracture.

The low acoustic stiffness weakening coal contributes to the effects of this
damage mechanism. In this case, the average lump volume by crushing will be

determined as [8]
-2z
G, Gy )’

where E — the modulus of elasticity destructible environment, Pa; e — energy required
to form unit surface cracks, J; o; — the maximum stress in the blast wave, Pa; ¢y —
initial compressive stress in the coal, Pa.

The softening of coal reduces its modulus of elasticity in two to three times, and
reduces the energy required per unit of surface cracks in three-four times. Thus,
softening of coal for the same explosive charge leads to a decrease in the size of
pieces after fragmentation 6-12 times, facilitating the excavation of coal at a constant
o and oy.

The experiments were carried out in the apparatus for uniaxial compression of a
flat sample with a size 12x8x2 cm. The hole for the discharge of a 25 % solution of
methylamine was drilled right in the center along the length of the sample to a depth
of 8 cm and a diameter of 0.5 cm. From 3.2 till 4.7 liter of solution was injected only
for 230-280 hours.

The averaged results of the experiments are given in table 2.

Table 2 — The PCD parameters of the coal in the clamped flat sample.

The time of | Movement of the The count rate of
discharge, sample end face, acoustic emission,
hr mm impulse/s
5 0.18 24
25 0.44 18
50 0.84 16
75 1.07 27
100 1.59 23
150 2.08 19
200 2.14 6
225 2.16 0-2
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It shows that over time the swelling slows down, this reduces the number of
microcracks formed recorded by the acoustic emission method. Through 230-280 hours
discharge pressure in the sample reduced drastically, and the filtration speed increased
repeatedly due to the formation therein of macro cracks detection.

After removing the sample cracks was recorded predominantly perpendicular to the
injection hole. Samples lost integrity. The peeling of coal with the formation of more
fines was on the borders of macro cracks detection. The maximum size of the
separateness is the order of the sample thickness, the smallest of the formed particles is
dust dispersion (Table 3).

Table 3 — Fractional composition of destroyed coal.

The fractions size, The average fractions size, Composition,

mm mm %

20-50 35 714

10-20 15 11.8

7-10 8.5 2.1

3-7 5 6.5

1-3 2 4.2

0.5-1 0.75 2.9
0.25-0.5 0.375 0.8
0-0.25 0.125 0.3

Physical and chemical destruction of the coal can be achieved by forcing the layers
of oxygen-containing oxidizers as well, and then the aqueous solutions with an alkaline
reaction. The process of the PCD in this case is follows. Through wells in the coal seam
oxygen-containing oxidizing agents such as nitric acid, solutions of potassium
permanganate, chromic and sulfuric acid, ozone, hydrogen peroxide, air, etc., or such
oxidizing agents to initiate the oxidation process as pyridine, benzoyl peroxide, cumene
hydroperoxide, etc. are injected. During the injection of coal seam of oxygen-containing
oxidizers or oxidizers to initiate the oxidation process of coal, the oxidation of organic
part of the latter occur with the formation of oxygen-containing groups (peroxides, coal-
acids complexes, a hydro carboxyl, carbonyl), as well as various organic acids, primarily
humic [9, 10]. The oxidation of coal occurs at the boundaries of macro - and micro-
cracks and macropores that divide the coal into blocks, including oxidized unbroken
contact blocks, giving the coal seam a holistic, coherent character. Then aqueous
solutions with alkaline reaction, such as solutions of potassium hydroxide, liquid glass,
etc. are injected in the coal seam. Alkaline solutions dissolve the formed humic and
other acids and obtained by oxidation of coal oxygen groups contribute to the solubility
of humic acids in these solutions [10].

Dissolution at the contacts and the block boundaries of acidic products of coal
oxidation causes the loss of the last integrity, transfer in non-cohesive in nature, i.e.
chemical degradation. This purely chemical destruction is practically independent from
the forces of rock pressure and occurs throughout the volume of the treated area of the
massif (Fig. 2).

The implementation of this method practically does not lead to deterioration in the
quality of extracted coal due to oxidation.



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexHiuna Mexanika. 2019. Ne 146 75
I
W{‘} ‘/ :
;ﬁ@’*“¢
KXY B

)

&

/

1

1 — cracks, which divide the coal into blocks; 2 — coal, which dispersed (or dissolved)
at the surface of cracked; 3 — blocks unchanged, one piece of coal

Figure 2 — The coal structure after its physic-chemical destruction

Because of the developed coal seams are usually full of methane, and it dramatically
reduces the ability of the coal to oxidation, so the latter will take place on the contacts
and the boundaries of the coal blocks, which are gas-free by injection of oxygen-
containing oxidants in the first place, while the bulk of the coal remains not gas-free and
unoxidized. The products of oxidation of the coal are dissolved and carried out of the
reservoir of the filtration flow by injection of aqueous solutions with alkaline reaction.

It is expedient to use oxidizing agents that cause embrittlement (antipathetical) coal:
oxygen, ozone, etc. Thus the process of mechanical destruction of coal including on
contact blocks becomes easy.

Computational example of this method implementation is presented below. The
wells are drilled, that stripped the coal seam, and the injection of oxygen-containing
oxidizing agent for example an aqueous solution of chromic acid is conducted through
them. The radius of one well aqueous solution of chromic acid processing is 20 m.
Filtered by macrocracks and macropores, acid causes oxidation of borders and contacts
of coal blocks to form various products, mainly humic acids.

The oxidation time of the coal layer of 1 mm thick, which occurs in the diffusion
mode is calculated below.

The famous analogy in the mathematical description of thermal and diffusion
processes is used to calculate the time of penetration of the oxidation front t, according

to the following formula [7]:
T
T, = A\/T)’ (5)

where A — the thickness of the oxidized layer, 10 m; 7, the period of relaxation for the
process of masstransfer, has the order of 10° s; D — the diffusion coefficient of oxidizer
in a solid body, that has the order of 10" m?/s.

The calculation gives a value of t,, that equal to 10*s, or about 3 hours.

Then a solution of alkaline reaction, such as a solution of potassium hydroxide is
injected in the coal seam. The alkaline solution dissolves the formed humic and other
acids, while coal loses its integrity, coherence, chemically separating into blocks.

The dissolution time of layer thickness 1 mm is calculated below.
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The mass of the oxidizing layer with a thickness of 1 mm per 1 cm? of the coal is
M=0.15 glcm?, assuming a coal density and the density of its oxidized products
approximately the same and equal to 1.5 g/cm®. The dissolution time of layer t, are
defined as:

T, = ? , (6)
where M — mass of the oxidized layer, 0.15 g/lcm?; & — stream solution, g/(cm?/s).

Since the filtration of alkaline solutions in the cracks of coal occurs in laminar flow
to determine the flow of dissolution the equation of Levich [11] is used for laminar flow
In the pipe in the area of diffusion of the input area:

= 0.67C0D[ [?ngjg | @)

where C, — the concentration of a saturated solution of humic acid in alkali, 0.2 g/cm® D
— the diffusion coefficient of humic acid in alkali, 10* cm%s; U, — the speed of the
alkaline solution in a crack of 0.1 cm/s; R — the equivalent radius of the cracks, 107 cm:
x — the average distance from the borehole, that will be taken equal to half the radius of
the treated area 10° cm.

The calculation yields a value of &= 6-10" g/(cm*s), and accordingly T, =
2.5-10%s, or about 1 hour.

Thus, the total time of the coal chemical destruction on the treated area willbe t =
7+ 1, =3+ 1 =4 hours.

The use of this process is possibly on the coals occurring in argillaceous rocks as
well. If shale is quite high stages of catagenesis, and is not prone to significant soaking,
then the contact failure of coal — rock can hold the impact of solutions, chemically
destroying such formations, for example 2-5 % solution of urea. In this case, the coal
will "slide™ on the substrate of sodden rocks. By specifying certain of urea concentration
and time of exposure, it is possible to obtain a thin film of sodden rocks, that adjacent to
the reservoir, without disintegration or breaking of rock mass of the roof.

If clay rocks are low stage of catagenesis (mudstones, siltstones), then it is possible
to obtain a thin film sodden rocks without soaking deep into the underlying array,
pumping solutions, inhibitors of hydration of clay minerals, for example 2-5 % solution
ferrochromolignosulfonat.

Conclusions. Thus, the results of a thermodynamic and kinetic analysis show that
the implementation of the principle possibility of spontaneous dispersion of coal, its
surface energy must be reduced from 40 till 60 J/m> Such a reduction cannot be
achieved using only the Rebinder effect. Thus, for aqueous solutions with a surface
tension of the order of 10" J/m* and edge angle of wetting, close to zero, reducing the
surface energy during wetting is only 10 J/m? i.e. three orders of magnitude smaller
than it is required. The physic-chemical method of destruction of various liquids based
on the action of the stresses of swelling, adsorption reduction of strength of the coal,



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2019. No 146 77

chemical oxidation and subsequent leaching of the oxidation products at the border of
the coal blocks was proposed and tested in the laboratory.

The physical simulation of the process physic-chemical destruction of the coal in
stress state in terms of internal filtration, the total time the chemical destruction of coal
on the treated area is calculated. The method PCD for coals occurring in the clay rocks
of various stages of catagenesis is proposed.
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AHortauia. Crarra cripsAmoBaHa Ha YOOCKOHaneHHs MeTodiB (hisvKo-XiMiYHOrO pyiHyBaHHS (OXP) Byrinng 3 MeTo
iHTeHendbikaLi oro BuaobyTky. 3aBaaHHAM JOCTMKEHb € BUBYEHHS MEXAHI3MY MCTIEPryBaHHS BYrNNs Npy Gii Ha HbOrO PisHNX
XiMiyHMX posumHiB.  [poBeaeHi nabopaTopHi excnepuMeHTM no gocnimkeHHto OXP Byrinns B pisHux piguHax. 3a ix
pesynbTatami NPeaCTaBreHi KIHETUYHI KpuBi HabyxaHHs B HUX Byrinns nepexigHoto - mapku. BCTaHOBMEHO, WO yMOBOIO
3MINCHEHHS MPUHLMMOBOI MOXITMBOCTI CAMOBIMNbHOMO AMCMEPryBaHHA BYriNns € 3MEHLLEHHS 110ro noBepxHEBoI eHepril Ha 40-60
[Dx/M2, BCTaHOBNEHO, LU0 HaMBinbLL iHTEHCMBHE (i3VKO-XIMIYHE PyiHYBaHHS BYTiNAs Ha YacTKy pO3MipOM Bif AECATUX YaCTOK 40
[ECSTKIB MiMIMETPIB BiOYBaETLCS B PO34MHAX METUMAMIHY | CONSHOI KUCTOTK. Y HWX BiA3HAYEHO i HaMbINbLL CuibHE HabyxaHHs
BYTNNS. IHTEHCUBHICTb HabyXaHHS ICTOTHO He NOB'A3aHa 3 XapaKTepuCTUKaMy 3MO4yBaHHs. MeTomom ¢hianiHoro MogentoBaHHs
JOCTIIpKEHO BMAMB PisHUX i Ha napameTpn OXP Byrinng. Po3paxoBaHO CyMapHW Yac XiMIYHOTO pyiHYBaHHS BYrinns Ha
0bpobntoBaHiin AinaHLj. AnpoboBaHuin B TabOpaTopHUX YMOBaX (iaVKO-XiIMIYHWIA CMOCIH pyiHYBaHHS PI3HUMM piguHaMu, skil
3aCHOBaHWA Ha Aii HanpyxeHb HabyxaHHs, aacopBLIMHOMY 3HKEHHI MILIHOCTI Byrinns, XiMYHOMY OKUCTEHHi i NoAanbLIOMY
BUITYTOBYBaHHI MPOAYKTIB OKWCHEHHS HA KOPHOHI ByTinbHMX GriokiB. 3anpornoHoBaHo cnocio ®XP ans Byrinns, Wo 3ansrae B
TMUHUCTUX MOpOdax pisHOI CTagii KaTareHedy. HaykoBa HOBWM3HAa HaBEAEHWX pe3ynbTaTtiB nonsrae B OBPYHTYBaHHI
TEPMOAMHAMIYHUX YMOB MUMOBISIBHOrO AVCMEPryBaHHS BYrinns, npu sikux BiAOYBAETHCA 3MEHLLEHHS BiNbHOI eHEprii cucTemu
BHACTOOK KOMMEHCALLi MPUPOCTY BIMbHOI NMOBEPXHEBOI EHEPril MPW YTBOPEHHI YaCTWHOK 3 [0Ope PO3BMHEHO MOBEPXHEN.
HaBeneHi pesynbTtat MOoXyTb GYTi BUKOPUCTaHI B SKOCTI NonepeaHboro npoinakTuYHoro BrvBy B TEXHOMOMYHMX NpoLecax
BuOoOyTky Byrinns ((iavko-XiMIYHOTO BMMIMB Ha BYTMENOPOHMIA MacvB SIK 3 METO 3MILHEHHS, TaK i 3HeMiUHeHHs abo
PYIHYBaHHS) 3 BUKOPUCTAHHSM Pi3HUX XIMIYHUX PO34MHIB, LIO 3AATHE BHECTU ICTOTHWA BHECOK y Gesneky pobiT y
BYrNeBMA0BYBHIN ranyai.

KntouoBi cno.a: ¢hiaviko-ximMiuHe pyitHyBaHHS, HabyxaHHs Byrinns, disuyHe MOOENOBaHHS.

AHHoTaums. Cratbs HanpaeneHa Ha YCOBEPLUEHCTBOBAHWE METOZO0B (PU3MKO-XMMIUYECKOrO paspyLueHus (GXP) yrna ¢
LieNbl0 MHTEHCUMMKaLMW ero foObluW. 3aKaden UCCrenoBaHuin SBNSETCS M3yYeHMe MexaH13Ma AMCTIEpTPOBaHUS YIS npu
BO3AENCTBAM Ha HETO PasnuuHbIX XMMUYECKVX pacTBOPOB. poBeaeHbl nabopaTopHble SKCIEPUMEHTLI MO MccrneaoBaHno OXP
YIS B PasnuuHbIX XuaKocTsX. o x pesyrnbtatam NpeacTaBneHbl KMHETUYECKIE KpvBbIe HabyxaHus B HUX YIS nepexoaHomn [-
[ Mapku. YCTaHOBMEHO, YTO YCIOBMEM OCYLLECTBIIEHWS MPUHLMMAIBHOM BOMOXHOCTY CaMOMPOM3BOIBHOMO AUCTIEPrMPOBaHIS
YIS IBNSETCS YMEHbLUEHWE ero NoBEPXHOCTHOM 3Hepriv Ha 40-60 [hi/m2. YCTaHOBMEHO, YTO Hanboree MHTEHCUBHOE (P13NKO-
XMMUYECKOE pa3pyLLEHVE YIMS Ha YacTuLYy pa3viepoM OT AECATbIX A0Nel A0 AECATKOB MUMMMMETPOB MPOMCXOAMT B pacTBOpax
METUNaM1Ha W COMSHON KUCTOTbI. B HMX e oTMeyeHo 1 Haubonee cunbHoe HabyxaHue yrnsi. MHTEHCMBHOCTL HabyxaHus
CYLLECTBEHHO He CBf3aHa C XapaKTepucTikaMu cmaumanms. MeToaoM (P1an4eckoro MOAEenMpoBaHns UCCeaoBaHo BIUSHUS
pa3nMyHbIX BO3OEMCTBAA Ha napameTpbl ®XP yrns. PaccynTaHO CymmapHOe BPEMSI XUMMYECKOrO paspyLLeHust Yms Ha
obpabartbiBaemoM yyacTke. AnpobuposaH B 1abopaTopHbIX YCHOBUSX (HM3MKO-XUMUYECKMIA CMOCOD paspyLLeHUs pasnuyHbIMM
KWAKOCTSIMM, OCHOBaHHBIN Ha LEICTBIAM HanpsikeHU HabyxaHus,, aacopOLVMOHHOM MOHVKEHUM MPOYHOCTU YITIS, XMMUYECKOM
OKVCTIEHMI W MOCNEAYHOLLEM BbILLENa4MBaH NPOLYKTOB OKUCTIEHUS Ha rpaHuLe yronbHbIX 6r1okos. MpeanoxeH cnocob GXP
ANS YITen, 3aneraioLLyx B rMHUCTBIX NOPOAaX PasnnyHoN CTaguu KatareHesa. HayyHast HOBI3Ha NpuBELEHHbIX pesyrbTaToB
3aKnoyaeTcs B 060CHOBaHMW TEPMOLAMHAMMUYECKVX YCIIOBUM CamMOMPOW3BOMBHOMO AMCNEPrPOBaHNSA YT, NpU KOTOPbIX
MPOMCXOANT YMEHbLUEHWe CBOOOOHON SHEPrMM CUCTEMbI BCMEACTBME KOMMEHCALUWM MPUpOCTa CBOBOAHON MOBEPXHOCTHON
3Heprvn npu 06pa3oBaHUM YacTHL, C XOPOLLIO pa3BIUTON MOBEPXHOCTLIO. [prBEAEHHbIE pe3ynbTaTbl MOryT BbITb MCMONB30BaHb
B KauyecTse NpemBapuUTENbHOMO MPOMIAKTUHECKOTO BO3LENCTBIAS B TEXHOMOMMHYECKUX mpoueccax Aobbln yms (dusuko-
XMMUYECKOrO BO3LENCTBIE Ha YITENOPOaHbI MaccuB Kak C LIEMbIO YKPErneHus, Tak 1 — pasynpoyHeHns uiv paspyLueHis) ¢
MCNOMb30BaHNEM Pa3MYHbBIX XUMUYECKVX PacTBOPOB, YTO CNOCOBHO BHECTM CYLLECTBEHHbIN BKMag B 6e3onacHocTb pabot B
yrneno0bIBaroLLel oTpachu.

KntoueBble cnosa: huavKo-XMMUHECKOe paspyLueHme, HabyxaHue yrms, (rsanieckoe MogenpoBaHme.

Cmamms Haditiwna 0o pedakuii 02.07 2019
PexomerdosaHo do Opyky 0-pom mexH. Hayk C.[1. MiHeegum
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