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Annotation. The article is devoted to development of methods for geofiltration calculations with taking into account
peculiarities of changes of the rock physical and mechanical properties at water saturation. Methods: mathematical
modeling of geomechanical and filtration processes with the help of finite element method and laboratory and
underground studies. A mathematical model was formulated for solving a problem of elasticity theory by the finite
element method, which took into account peculiarities of water-saturated rocks. Pattern of stress-strain state changing in
the fractured water-saturated rocks under the action of critical loads, which occurred around the preparatory roadways
during their operation, were established. In order to improve reliability of results of calculations, it is necessary to take
into account concrete mining and geological conditions through testing minimum number of samples or conducting
limited amount of geophysical measurements. In order to solve the filtration problems, a bank of collected initial data on
physical and mechanical properties of water-saturated rocks was processed with the help of variation coefficients, which
were taken into account by the method, which assumed calculation of the model loading with critical parameters.
Processing of results of instrumental measurements at the stations and comparing the data obtained at watering and
without watering shows that floor displacements increase over time by linear dependencies and feature close correlation.
Water saturation of the floor rocks demonstrates its maximum effect on stability of the roadway floor during the first 20
days; this fact is confirmed by data of laboratory experiments on the time characteristics of reduced strength of watered
rocks. Application of preliminary floor consolidation under the studied conditions reduces relative displacements by 20-
40% depending on the volume of water input and depth of the consolidated zone. Therefore, the following actions should
be undertaken: to regulate water inflow into the floor during technological operations; to make operational assessment of
water effect on the rock strength properties adapted to specific mining and geological conditions and technology; to
develop parameters for methods of the mine workings floor consolidation with taking into account water saturation.

Keywords: water-saturated rocks, physical and mechanical properties of rocks, stress-strain state, floor stability of
mine workings.

Introduction. Underground mining of minerals almost always disturbs aquifers.
However, the undermined aquifers change groundwater behavior, direction and
intensity of water stream flowing into the fracture systems and, as a result, saturates
the rocks, hence, essentially degrading their strength. Such hydro-geomechanical
processes lead to intensive uncontrolled deformation of preparatory roadways, which,
in their turn, become additional contours of the aquifer relieve. Therefore, it is
obvious that study of the processes that occur during the mining activity require
combined solution of geomechanical and filtration problems [1-5]. At the same time,
a reliable prediction of only geomechanical state of the rock massif is complicated by
the use of idealized models and generalized empirical dependencies, which do not
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take into account a number of factors specific for real objects under the study [1, 4].
It is also quite difficult to create a filtration model adequate to real conditions due to
the uncertainty of changes of the following basic filtration parameters: permeability
coefficients, boundary conditions for specifying conditions for aquifer in terms of
area and time, and anisotropy of water-bearing rocks.

Practice shows that researches intended for reducing water inflows into the
roadways under the influence of mining activity have not bring satisfactory results on
preventing roof rock fall and floor heaving because it is rather difficult to determine
in advance rate of water-saturated rock influence on stability of concrete roadway due
to a number of objective reasons. First, despite availability of serious studies on
determining stress-strain state of the rock massif, there are no reliable mathematical
models, which take into account specificity of filtration processes occurred in water-
saturated rocks. Secondly, initial parameters of the rock physical and mechanical
properties can be subjective and do not reflect the real object, hence, leading to
miscalculation. Thirdly, patterns of the stress-strain state changes in the fractured
water-saturated rocks under the effect of critical loads, which occur around the
preparatory roadways during their operation, are not well studied. Therefore,
scientific task aimed at developing methods for geofiltration calculations with
considering specific changes of physical and mechanical properties of water-saturated
rocks, is a pressing challenge for today.

Methods. Research methods: analysis and generalization of literature and
experimental data; mathematical modeling of geomechanical and filtration processes
by the finite element method; underground studies of the rock physical properties by
standard methods and equipment; statistical processing of measurement results.

Results and discussion. In order to solve filtration problems, as well as when
solving elasticity theory problems, area under the study is divided into elements with
finite sizes, preference is given to triangular elements. Within each element, pressure
gradients dH/dx and dH/dy are assumed to be constant, therefore, the pressure
function within one element can be expressed as a linear function of Cartesian
coordinates [6]:

where ay, a», as — are linearization constants. In the matrix form, it is:

H; 1 X Vill&
Hy I oXe Y la , )

where {H} is pressures vector; [4] is coordinate matrix, {a} is vector of parameters.
By differentiating equation (1), we obtain the expression for the pressure gradients:

Let’s write (1) in the matrix form:
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{dH}= [B]{a}’ (4)

010 | . _ :
where B = IS matrix of coupling.
001

From equation (2), we have:

la}=[4"{H}, )
By substituting it into (4), we get
ot }=[B] 4] {H} (6)

Filtration process follows the Darcy law:

{k'f }: [kf ]{dHl} (7)

9

where {Vlf }= {V-X} and {dH |= {SZ?:X} are velocity vectors and, accordingly,
Vy y

_ Co k, 0]. P
pressure gradients along the axes x , Y ; [kf ]_{ o } is matrix of filtration
y

properties; k;(, k'y —are filtration coefficients along main directions.

vij=lClvel, fanr = [cliom) ®

cosa —Sina

where [C]= Lin o cosa

} IS indicative matrix.

9

Vi f=lke JlcleT [B][4] ™ [#] 9)

where [kf ][C][C]‘1 is equal to k; for isotropic medium. By analogy with elasticity

theory, and considering that additional work of external forces is equal to additional
work inside the contour, one connects additional pressure with additional water
inflows through the matrix, which is similar to the system stiffness matrix.

Thus, in isotropic media, formulation of solution of the plane problem of elasticity
theory solved by the finite element method and the program for its implementation
can, with an insignificant correction, be used for solving plane filtering problems
(and similar problems). The essence of this correction lies in the fact that Poisson
ratio p and elastic modulus E (MPa) are changed in elastic matrix [D], which, for the

case of plane deformation, has the form [6]
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[D]:(l 2%(1+ y| vt 0
—2u)(1+p

The Poisson ratio is assumed to be 0.5 (for incompressible medium), and element
€44 0f the deformation matrix is multiplied by two (in this case, form of the matrix

does not matter). Further, let’s assume that all nodes of the area feature zero
movement along the y axis, and let’s apply filtration coefficient ki (or thermal
conductivity in thermal problems) instead of elastic modulus E and nodal inflows and
pressure instead of the given nodal forces and displacements, respectively. Then, as a
result of solving the problem, we obtain nodal pressures instead of nodal
displacements along the axis x, pressure gradients dH/dx instead of deformations &, ,
pressure gradients dH/dy instead of deformations vy,, , filtration rate v, instead of
stress oy, and filtration rate vy instead of stress tyy.

Preparation of initial information is a rather laborious process as each specific
geomechanical and filtration problem requires construction of a new scheme
(model) [7]. Furthermore, elements of subjectivity and randomness are typical
phenomena in mathematical model at its dividing into elements; initial parameters of
the rock strength, as a rule, do not reflect a real object, and often are absent at all,
hence, affecting final results of calculations and their reliability. Geological services
do not always have an opportunity to take samples for testing or they take them in
minimum amount, though variation of parameters of the rock physical and
mechanical properties can reach up to 30 % within one mine roadway. Effect of
fractured rocks is either not taken into account at all, since rocks, when they are
sampled, split along the cracks, or are taken into account indirectly. Therefore, in
order to calculate parameters of the underground roadway stability, it is proposed to
use averaged indicators of the rock physical and mechanical properties with taking
into consideration depth and conditions of occurrence, stage of katagenesis, and,
which is the most important, coefficients of parameter variation. The coefficients of
variation are taken into account by the method, which assumes calculating the model
at critical (minimum possible) and averaged strength parameters. If necessary, with
the view to higher reliability of calculation results, it is possible to bring to
compliance with specific mining and geological conditions basing on testing a
minimum number of samples or conducting a limited amount of geophysical
measurements, though, without relying on high representativeness of the samples
taken.

The Institute of Geotechnical Mechanics named by N. Poljakov of National
Academy of Sciences of Ukraine has obtained a great number of factual data as a
result of research of the rock physical and mechanical properties. In Table 1,
averaged basic parameters are shown, which characterize deformation and strength
properties of the rocks: E is elastic modulus, u is Poisson ratio, y is bulk density, C is
adhesion, ¢ is angle of internal friction, o, and o, are limits of compressive and
tensile strength, respectively.
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In order to determine input data for mathematical modeling, dependences of
change of sedimentary rock strength under the influence of pressure and water
saturation were established. Laboratory studies of more than three thousand samples
were systematized. It was determined that rock water saturation led to decrease of
their strength by 1.5-2.0 times (for sandstones and limestones) and 2.5-3.0 (for
siltstones and mudstones) (Fig. 1).

It was established that rock water saturation during 20 days led to disintegration
and complete loss of compression resistance in 89.6 % of mudstone samples, 62.0 %
of siltstone samples, 3.6 % of limestone samples, 12.8 % of sandstone samples. Tests
of mudstones at dry and water-saturated condition showed that increasing of water
content in the sample by 2.5 % reduced its compressive resistance by half, and at
water content of 5 %, many samples lost their ability to resist compression during the
first 20 days. During the same period, more than half of siltstone and limestone are
soaked and completely lost their ability to resist compression. Sandstones, in most
cases, were weakened slightly, and period of their disintegration, more often than not,
exceeded 20 days.

Table 1 — Averaged data on physical and mechanical properties of rocks

E-10* A C, o, Oe, 00,
Rocks MPa H t/m®> | MPa | grade | MPa | MPa

Sandstone’ 3.52 - - - — 147 2.7
Sandstone? 2.0-4.0 0.1-0.3 19 |150| 38 |72-100| -
Sandstone® 4.47 0.28 255 |27.0| 45 74 9
Sandstone* 1.8-2.2 | 0.24-0.25 |2.4-26| 20 | 30-32 - -
Siltstone? 1.0-3.0 0.2-0.3 2.6 30 |40-100 | -
Siltstone® 4.42 0.3 20 | 187 | 33 52 7.9
Siltstone* 0.5 0.15 - 20 25 - -
Mudstone? 1.0-45 | 0.17-0.25 — — 30 [38-110] —
Mudstone® 35 0.29 27 | 136 41 26 6.6
Mudstone* 1.3 0.33 2.4 4 20 - -
Limestone® 4.0-8.0 0.27 — — 27 12-25 | -
Limestone® 5.0 0.2 2.71 - - 84 10
Fractured
limestone® 1.0 0.2 2.1 3 25

According to data: 'Usachenko B.M .;°Baklashova I.V .; °Grebenkina S.S .; *Kirnichansky G.T.

A similar result is shown by B.M. Usachenko on determining speed and shape of
the rock disintegration in water. Ninety eight percent of all tested mudstone samples,
88 % of siltstones, and 26 % of sandstone samples related to canal coals are
completely disintegrated and transformed into a shapeless mass. At the same time,
rocks related to gas coals are more resistant to disintegration: 69 % of siltstone
samples and 87 % mudstone samples were disintegrated. Sandstones, in most cases,
are weakly disintegrated in water. Intensity of clay rock deformation depends on their
mineralogical composition. It should be noted that strength of sedimentary rocks
decreases at water saturation and is linearly dependent on the initial strength. At the
same time, the clay rocks are soaked completely, therefore, in the computational
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methods, their residual strength can be taken as strength of completely disintegrated

rocks (Fig. 1).
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Figure 1 — Patterns of reducing the compressive strength of sandstones (a), siltstone (b)
and mudstone (c) at water saturation with consideration of residual strength of completely
disintegrated rocks

Increase of clay fraction content contributes not only to strength decrease at water
saturation, but also to greater variation of strength parameters (i.e. increase of
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variation coefficient). The coefficient of variation was determined from the ratio

ay =\/1i(xi —>—<)2/>—<
n1 (1)

where x; is i-th element of the sample; n is the sample; X is sample average.

It is established that coefficients of rock strength variation depend on the rock
water saturation (Fig. 2). At water saturation, rocks have a greater variety of average
values of the variation coefficients than in dry state. For mudstones and siltstones,
change of this coefficient is approximately 48-58 % and for sandstones and
limestones is about 44-52 %. That is, an increase of rock strength up to 60 % is
observed at water saturation in comparison with variation of rock strength in the dry
state. Values of variation coefficients allowed carrying out calculations with critical
parameters of rock strength (minimum strength) both in dry and water-saturated state.
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Figure 2 — Changes of variation of rock compressive strength depending on the rock water
saturation with taking into account residual strength of completely disintegrated rocks

The method of geomechanical calculations based on parameter average values
with taking into account variation coefficients was used by the author of [8] in order
to develop an information system for the safety underground mining activity.

According to the proposed method, initial data for modeling stress-strain state of
the rock mass are averaged indicators of the rock physical and mechanical properties.
Under consideration was underground roadway located in a transversely isotropic
medium at the depth of 1280 m. Imitation of sequential watering of rocks in the
underground roadway was achieved by a gradual decrease of strength properties of
the model elements, which corresponded to the disintegrated and water-saturated
areas of the rock massif. Filtration features of rocks and open porosity coefficients
were taken into account. Values of acting principal stresses were determined (Fig. 3).

Investigated the stress-strain state of the soil during pre-hardening of rocks,
which, if applied before the start of watering, significantly changes the nature of the
deformations. The unloading zone is replaced by a zone of increased stresses at the
hardening sites and indicates an increase in the carrying capacity of the array and a
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decrease in its filtration properties. Deformations are distributed more evenly across
the width of the excavation. Application in the studied conditions of pre-hardening of
the soil generation reduces the relative displacement by 18-42 %, depending on the
volume of water input and the depth of the hardened zone.
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Figure 3 — The calculated maximum principal stresses around the preparatory roadway with bolt-

and-arch support using yielding pack (a) and rigid rib-side pack (b): 1 — preparatory roadway; 2 —
deformations of roadway floor after water saturation; 3 — roof bolting; 4 — auxiliary measures to
protect the roadway

It is established that the stress-strain state of the rock massif below the level of the
soil generation is unevenly distributed and is characterized by unloading zones in the
middle and stress concentration from the sides. Extremely strained soil rocks with
Increasing water saturation quickly lose their bearing capacity in layers.

The floor stress-strain state is investigated during preliminary rock consolidation,
which, if it is applied before the watering starts, significantly changes nature of
deformations. Relieve zone is changed into zone of increased stresses at areas of
consolidation, being the witness of the fact that carrying capacity of the massif is
increased while its filtration properties are degraded. Deformations are distributed more
evenly across the width of the roadway. Application of preliminary floor consolidation
under the studied conditions reduces relative displacements by 20-40 % depending on
the volume of water input and depth of the consolidated zone.

Underground studies were conducted in the field gas gathering roadway of the seam
ms in the A. Zasyadko Mine at the depth of 1280 m. Displacements of the roadway floor
in the dry (station 23) and water-saturated (station 36) states were measured.
Observations show that intensity of heaving is increased significantly due to the floor
rock watering during the drilling operations (Fig. 4, Diagram 1). The studies were
conducted in similar mining and geological conditions, so the conclusion that difference
between the two displacement diagrams is closely connected with the roadway watering
during the technological processes (in our case, flushing of the drilling wells with water)
Is obvious. This fact necessitates consideration of hydrogeological factors when planning
technological operations in preparatory roadways.
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Figure 4 — Dependences between the changes in floor rock displacements (a) and relative rate of
heaving change (b) and time period obtained by underground experiments in the field gas gathering
roadway of the seam mj3, horizon of 1280 m: 1 — at water saturation (measuring station Ne 23);

2 — at dry condition (measuring station Ne 36)

Processing of results of instrumental measurements at the stations and comparing the
data obtained at watering and without watering shows that floor displacements increase
over time by linear dependencies and feature close correlation (linear models with water
saturation u=0.026t — 0.08, and without water saturation u=0.01t — 0.04, R*=0.95, Fig.
4, a). Water saturation of the floor rocks demonstrates its maximum effect on stability of
the roadway floor during the first 20 days (Fig. 4, b); this fact is confirmed by data of
laboratory experiments on the time characteristics of reduced strength of watered rocks.
Ratio of heaving rate when water gets the roadway floor to the displacement of the dry
preparatory roadway increases 1.5-4.5 times during the first 20 days. Then decrease
relative rate of heaving change was observed, and after 60 days of observation, the
intensity was stabilized.

Conclusions.

On the basis of the research findings, the following scientific results are obtained:

- a mathematical model was formulated for solving problems of elasticity theory by
the finite element method, which differs by taking into consideration deformation of
water-saturated rocks. In order to estimate the rock massif stress-strain state, it is
proposed to use average values of bank of collected initial data on the rock physical and
mechanical properties with variation coefficients, which are taken into account by the
method, which assumes calculation of the model loading with critical parameters. In
order to improve reliability of results of calculations, it is necessary to take into account
concrete mining and geological conditions through testing minimum number of samples
or conducting limited amount of geophysical measurements;

- analytical methods establish and underground experiments confirm patterns of the
stress-strain state changes in the fractured water-saturated rocks under the effect of
critical loads, which occur around the preparatory roadways during their operation.
Water saturation of the floor rocks demonstrates its maximum effect on stability of the
roadway floor during the first 20 days. Ratio of heaving rate, when water gets the
roadway floor, to the displacement of dry preparatory roadway increases 1.5-4.5 times
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during the first 20 days. Then decrease of heaving intensity was observed, and after 60
days of observation, the intensity was stabilized;

- application of preliminary floor consolidation under the studied conditions reduces
relative displacements by 20-40% depending on the volume of water input and depth of
the consolidated zone. Therefore, the following actions should be undertaken: to regulate
water inflow into the floor during technological operations; to make operational
assessment of water effect on the rock strength properties adapted to specific mining and
geological conditions and technology; to develop parameters for methods of the floor
consolidation with taking into account water saturation.
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AHortauia. CtaTTs npucesyeHa po3BUTKy METOZIB reodinbTpaLliiHuX po3paxyHKiB 3 ypaxyBaHHsSM 0COBIMBOCTEN 3MiHM
(hisuKo-MeXaHiuHMX BNACTUBOCTEN rpChbKX NOpig Npy BogoHacuyeHHi. MeToau: MatemMaTyHe MOLENOBaHHS reoMeXaHiuHuX i
(inbTpauiiHMX NpOLECiB METOOOM CKIHYEHHMX €NeMEHTIB, nabopaTopHi Ta wWaxTHi gocnimkeHHs. CdopmynboBaHa
MaTeMaTuiHa MOZENb BUPILLEHHS 3adadi Teopii MPYXHOCTI METOAOM CKIHYEHHWX eNeMEHTIB, WO BpaxoBye OCOBNMBOCTI
BOAOHacMYeHUx nopig.  BCTaHOBMEHO  3aKOHOMIPHOCTI  3MiHM  HanpyXeHO-4ePOPMOBAHOTO  CTaHy  TpiLLWHYBaTUX
BOLOHACKYEHVX NOpiZ B YMOBAX MPAHUYHIX KPUTUYHWX HaBaHTaXKeHb, SKi BUHUKaIOTb HABKOMO MIAroTOBYMX BUPOBOK B Nepiog
ix ekcnnyarauji. [ns nigBuLLEHHs JOCTOBIPHOCTI pe3ynbTaTiB po3paxyHKiB, 3AIMCHIOETLCS NPUB'A3KA 40 KOHKPETHUX ipHUYO-
reonoriyH1X YMOB Ha OCHOBI BUNPOOYBaHb MiHIMANEHOI KinbkocTi npob abo obmeskeHoro obesiry reodisuiHMX BUMIPHOBAHb.
[ns BupilleHHs inbTpaliiHux 3agad 0bpobneHi mokasHuki 3ibpaHoro GaHKy BMXIOHMX LaHUX  (i3VMKO-MEXaHIYHMX
BMaCcTUBOCTEN BOAOHACMYEHMX MPCbKUX MOPIG 3 YpaxyBaHHAM KOedilieHTiB Bapialii, siki BPaxoBYHOTbCS METOAMKO, ska
nepenbayae po3paxyHOK HABAHTAXEHOCTi MoZeni Npu KpUTUYHKX napametpax. OBbpobka pesynbTaTiB iHCTPYMEHTANbHMX
BMMIpIOBaHb Ha CTaHLjisX i 3iCTaBMEHHs OTPUMaHWUX AaHuX npu 06BOAHIOBaHHI i 6e3 06BOAHEHHS MoKasanu, WO 3MiLLEHHS
MigowBsmM BUMPOBOK 36iMbLUIYOTECA B Yaci MO MiHIHUM 3aneXHOCTAM i MatoTb TiCHUA KOpensuinHuA 3B'a30K. [lonepeaHe
3MILIHEHHS! NiAOLLBM BUPOBOK 103BONSIE 3HU3UTY BiAHOCHI 3MILLIEHHS MiAOLLBM TipHWYOI BUPOOKK Ha 20-40% B 3anexHOCTi Bif
00csriB HAOXOMKEHH BOAW | TMMOMHKM 3MILHEHOI 30HM. TOMy B MMHUCTKX MOpPoAax NOTpedyioTb BUPILLEHHS MUTAHHS:
pernameHTaLlii HagXOMKEHHS BOAM Ha MigowWwBY BUMPOBOK NPW TEXHOMOMYHMX OnepaLisX; eKCrnyaTauiiiHoi OLHKM CTyneHs
BMIMBY BOAWM HA BRACTMBOCTI MILHOCTI nopid, L0 afanToBaHi 4O KOHKPETHMX TPHWUYO-re0NOriYHMX YMOB i TEXHOIIONIN;
po3pobKK NapameTpiB cnocobiB 3MiLHEHHS! NIAOLBM BAPODOOK 3 ypaxyBaHHSM BOAOHACUYEHHS.

KntouoBi cnoBa: BogoHacuyeHi ripCoki nopoau, disnko-MexaHiuHi BnacTMBOCTi nopig, Hanpy»KeHo-4edopMOoBaHMiA CTaH,
CTIlKICTb MiQOLUBM TiPHUYNX BUPOBOK.

AHnHoTtaumsa. CraTbsl NOCBSLLEHA Pa3BUTUI0 METOZOB reoUIbTPALMOHHBIX PacyeToB C Y4eTOM OCOBEHHOCTEN
M3MEHEHNS  (DM3MKO-MEXAHMYECKNX CBOMCTB TOPHbIX MOPOA MpW  BOAOHACbieHWn. MeToabl:  MaTematndeckoe
MOLENUPOBaHNE TEOMEXaHUYECKUX W (PUMbTPALMOHHbBIX MPOLECCOB METOLOM KOHEYHbIX 3MEMEHTOB, nabopaTopHble K
LWaxTHble uccneposanus. CgopMynuMpoBaHa matemaTuyeckas MOZEMb PELIeHUs 3aaadqn TeopuW YMmpyrocT MEeTOLOM
KOHEYHbIX SMIEMEHTOB, Y4WTbIBAOLLAS OCODEHHOCTM BOAOHACHILLEHHBIX NOPOA. YCTaHOBMEHbI 3aKOHOMEPHOCTU U3MEHEHMS
HanpsPKeHHO-AehOPMUPOBAHHOTO  COCTOSIHWS  TPELLMHOBATbIX  BOAOHACHILLEHHbIX NOPOL4 B YCNOBUSX  MpeaenbHbIX
KPUTMYECKIMX Harpy3oK, KOTOpble BO3HWMKAIOT BOKPYT NOArOTOBWTENbHbIX BbIpAbOTOK B Nepuoa WX akcnnyatauwu. [ns
MOBbILLIEHNS [OCTOBEPHOCTW pPe3ynbTaToB PacyeToB, OCYLIECTBNSAETCS MPMBS3KA K KOHKPETHbIM TOPHO-TEONIOrMHECKIM
YCTMOBMSIM Ha OCHOBE WCTbITaHWI MUHUMANBLHOTO KONYecTa Npob mnn orpaHMyeHHoro obbema reoduanieckinx aMepeHu.
Ons pelenns UNbTPAUMOHHBLIX 3agad obpaboTaHbl mokasaTen CobpaHHOrO OaHka WCXOAHbIX [AaHHbIX  OM3MKO-
MEXaHMYECKNX CBOWCTB BOAOHACHILLEHHBIX FOPHbIX NMOPOL C YYETOM KOI((MUMEHTOB BapuaLym, KOTOPbIE YYMTLIBAKOTCA
METOAMKOM, NpeayCMaTPUBALOLLEN pacyeT HarpyeHHOCTI MOLEenu Npu Kputuyeckux napameTpax. Obpabotka pesynbraTos
WHCTPYMEHTAbHbIX M3MEPEHMIA HA CTAHLMSX U COMOCTABIIEHME MOMyYEHHbIX AaHHbIX Npu 06BOAHEHUM 1 6e3 06BOaHEHMS
nokasanu, YTo CMeLLEeHNs NoYBbl BbIpabOTOK YBENMYMBAIOTCS BO BPEMEHW MO NIMHENHBIM 3aBUCUMOCTSM U UMEIOT TECHYHO
KOPPENALMOHHYHO CBSA3b. peaBapuUTENbHOE YNPOYHEHE NOYBbI BbIpabOTKM NO3BONSET CHU3UTL OTHOCUTENbHBIE CMELLEHNS
no4Bbl ropHon BbipaboTki Ha 20-40 % B 3aBMCAMOCTW OT OBBEMOB MOCTYNNEHUS BOAb! W MMYyOUHbI YNPOYHEHHOWM 30HbI.
MoaToMy B IMMHUCTLIX NOpOAaX, TPEOYIOT peLleHrs BOMPOChI: pernamMeHTaLmy nocTynneHus Bogbl Ha NoYBy BbIpaboTok npu
TEXHONOrMYECKWX OnepaLmsiX; AKCryaTaLMOHHON OLEHKW CTEMEHW BO3OENCTBIMS BOAbl HA MPOYHOCTHbIE CBOWCTBA MOPOA,
afanTMpoBaHHble K KOHKPETHbIM TOPHO-Te0NOrMYeckAM YCMOBUSM 1 TEXHOMOrMsIM; pa3paboTki napameTpoB Ccrnocobos
YNPOYHEHIS NOYBbI BbIPABOTOK C y4ETOM BOAOHACHILLEHMS.

KnioueBble crnoBa: BOJOHACLILLEHHbIE FOPHbIE MOPOAbI, (PM3MKO-MEXaHMYECKME CBOWCTBA NOPOM, HAMPSHKEHHO-
AehopMUPOBAHHOE COCTOSIHIE, YCTOMYMBOCTL NOYBLI FOPHbIX BbIPAOOTOK.

Cmamma Hadiliwna 8o pedakuii 25.06. 2019
Pekomer0osaHo Ao Opyky 0-pom mexH. Hayk B.I". LLleg4eHkom
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