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INVESTIGATION INTO CROWN STABILITY AT UNDERGROUND
LEACHING OF URANIUM ORES

Purpose. Determination of influence of various factors on crown stability at underground block leaching of ura-
nium ores.

Methodology. Mathematical modeling applying the finite element and analytical methods is used to investigate
into the impact of the ore body dip angle and crown workings on changes in the crown stress-strain state and stability.
On this basis, dependencies of the above factors’ influence on the crown stability are determined enabling their ade-
quate consideration when specifying the appropriate crown thickness. Laboratory studies allow estimating influence
of the reagent used at block leaching of uranium ores on their hardness for the purposes of determining safe crown
parameters.

Findings. The dependencies of the ore body dip angle impact and the degree of crown disturbances caused by
workings on crown stability as well as uranium ore hardness decrease resulted from application of the acid solution
enable adjusting the appropriate crown thickness in determining safe parameters of the technology at the stage of the
design work execution.

Originality. Scientific novelty consists in determining dependencies that consider the impact of the ore body dip
angle and the degree of crown disturbances caused by workings on crown stability. For the first time, influence of the
sulfuric acid solution used in underground block leaching of uranium ores on changes in their hardness has been
studied. Comprehensive consideration of the effect of these factors and the determined dependencies enables specify-
ing safe thickness of crowns and ensures their integrity.

Practical value. Possibility of adjusting crown thickness considering the ore body dip angle, the degree of distur-
bance caused by workings, and the acid solution impact will allow specifying the appropriate crown thickness at the
stage of designing. This will allow avoiding possible failure of crowns caused by negative impacts of the above factors

and ensuring safety of works.
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Introduction. Due to very complicated morphology
of occurrence, mining uranium ores at the State Enter-
prise “SkhidGZK” underground mines by room-and-
pillar methods which are the traditional for the current
conditions with further backfilling of dead areas is char-
acterized by high costs and is economically viable for
deposits with higher uranium content.

Mining lean uranium-containing ores is most advis-
able to be performed from both economic and environ-
mental points of view applying the underground block
leaching technology which consists in shrinkage stop-
ing, treating the muck with sulphuric acid solution and
then harvesting the uranium saturated PR solution. Af-
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ter the sorptive extraction of the useful component the
concentrated solution is taken to a hydrometallurgical
works. Due to this technology, a number of laborious
and environmentally hazardous operations are excluded
from the technological chain. On the one hand, this re-
sults in maximum yield of the useful component and, on
the other hand, helps to avoid considerable material ex-
penditures for preparing the backfill mixture and filling
dead stopes (which is common for the traditional tech-
nology as when applying underground block leaching, a
stope is almost completely filled with the shrunken ore)
as well as for disposal of waste rocks and off-balance
ores.

To decrease expenditures on the above technology
implementation in relevant conditions it is rational to
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place another room under the one filled with muck and
separate it from the above lying room by a temporary
crown pillar. Protected by this pillar, a compensating
room can be created in the block below, and filled with
the muck of the block reserve. After that the temporary
crown pillar can be caved for further leaching of urani-
um ores with sulphuric acid solution supplied from the
workings above the upper block room.

As this technology is distinctly different from the tra-
ditional one, primarily from the point of view of stress
fields development in both major construction units and
the surrounding rocks, the temporary crown is disturbed
by workings and affected by reagents used in under-
ground block leaching, the problem of studying the pro-
cesses and their impact on crown stability gains signifi-
cance.

Analysis of the recent research and publications. De-
termining safe parameters of exposures and pillars when
applying the room-and-pillar systems in mining is per-
formed in accordance with corresponding instructions
[1, 2] for uranium mines of the SE “SkhidGZK” and
iron ore mines of Kryvbas. However, the instructions
consider only changes of the stress-strain state (SSS)
and, correspondingly, stability depending on the dip
angle of exposures (vertical, horizontal or inclined), and
do not take into account impacts of dip angles of ore
bodies when determining safe parameters of pillars.
However, effects of this factor are obvious. On the basis
of his research Prof. S. H. Borysenko (Borisenko, S.G.,
Komskyi, Ye.I.) suggested determining minimum per-
missible dimensions of pillars considering not only loads
affecting the pillar and physical and mechanical proper-
ties of the ore, but also the ore body dip through intro-
duction of a corresponding correction factor. Results of
more detailed research into impacts of a dip on the SSS
of crowns are given in [3, 4]. But these research studies
were conducted in relation to iron ore mines of Kryvbas
that significantly differ in both hardness of ores and en-
closing rocks and values of pressure impacting a crown.

Influence of the degree of disturbance of crowns
(pillars, in particular) on their stability is dealt with in
[5] where it is also suggested to consider this applying a
corresponding correction factor whose value mainly de-
pends on the number of workings in the pillar.

As for the chemical reagent used in underground
block leaching of uranium ores (a sulphuric acid solu-
tion of certain concentration), there are no studies of
this kind as this technology is relatively new to Ukraine.
The globally spread hole leaching of various types of
useful minerals (including uranium ores) is a different
technology in principle.

Unsolved aspects of the problem. The current instruc-
tions determining permissible dimensions of major con-
struction units when applying room-and-pillar systems
either do not consider influence of dip angles and a de-
gree of pillar disturbance caused by workings on their sta-
bility (though, as the analysis of the research studies and
publications show, this degree is rather significant and
requires consideration) or are not designed for determin-
ing safe crown thickness. This is absolutely true for the
instructions [1] that are applied at the SE “SkhidGZK”
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underground mines, as the technology of underground
block leaching of uranium ores is new to the mines and
requires scientific support. As for the impact of the sulfu-
ric acid solution on uranium ores hardness, there is no
research on the problem at all.

The investigation is aimed at determining impacts of
various factors (an ore body dip, a degree of distur-
bance of a crown caused by workings and the effect of
the sulphuric acid solution on it) on crown stability
when applying the technology of uranium ores under-
ground block leaching with mining by vertical double
blocks.

Presentation of the main research. Influence of an
ore body dip angle on the stress-strain state and stability
of crowns was studied through modeling the process and
applying the finite-element method. The investigations
were bound to specific conditions of the “Inhulska” un-
derground mine, namely ore body 10 of Michurinske
deposit for blocks 10—2 and 10—3 which are located
within survey axes 86 — 90 + 7 at the level 325—184 m
where the technology of underground block leaching is
to be used. When modeling the process, the uranium ore
hardness ratio varied from 9—11 to 14—16 on the Proto-
dyakonov scale, that of the enclosing rocks — 13—15, the
ore body dip made from 60 to 90° (in increments of 10°).
The changes of the stress-strain state were registered in
crowns of 10 to 14 m thick. For calculating the stress
field characteristics Ansys 18 was used.

Figs. 1, 2 and 3 exemplify results of modeling the
stress-strain state of 10 m thick crowns of ores of various
hardness with the ore body dip angles of 90, 70 and 60°.

As the figures show, the tension stress zone in the
lower central part of the crown is the most dangerous.
This corresponds to the classical concepts of stress field
development in the so called “stress relief arch” that oc-
curs when the massif is undermined by the lower block
room. Under the same conditions (equal crown thick-
ness and ore body dip) absolute values of stress in the
crown decrease slightly (by 0.1...0.5 MPa, i.e. from 1...2
t06...7 %). This can be explained by the fact that weaker
ores are less capable of accumulating stress as they get
relieved through deforming towards a free surface (i.e. a
room) and, on the contrary, harder ores tend to accu-
mulate stress due to smaller deformations. However,
stability of weaker ore crowns decreases due to reduction
of their ultimate strength.

For instance, with the ore body dip angle oo =90° and
hardness of 14—16 points, the value of tension stress in
the lower part of the crown reaches 10.1 MPa (Fig. 1, a).
Howeyver, ultimate strength of such ores is about 11 MPa,
these stresses will not cause failures. When the crown is
made of ores of 10—11 points (Fig. 1, d), the tension
stress level makes 9.9 MPa. With the ultimate tensile
strength of the ores of 7.7 MPa this will cause rock falls
of about 100...150 m?® (according to “Instructions...”
used at “SkhidGZK” mines [1], rock falls of over
250...300 m? are considered critical). With the dip angle
o = 70° and ores of 14—16 points crown failures hardly
occur (Fig. 2, a), with a. = 60° small rock falls (3—5 m?)
may occur even in crowns of ores of the same hardness
(Fig. 3, a). In crowns of ores of 10—11 points with
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b Fig. 2. Stress field development in 10 m crowns with the
ore body dip of 70°, MPa:

a—b — the crown of ores of 14—16 and 10—11 points re-
spectively

Fig. 1. Stress field development in 10 m crowns with the
ore body dip of 90° (MPa):
a—e — the crown of ores of 14—16, 13—15, 11—13, 10—11
and 9 points respectively

o =70° (Fig. 2, b) and o. = 60° (Fig. 3, b) the volume of
rock falls will make from 150 to 200...220 m?, sometimes
to 400...450 m? respectively. These values testify to the
critical condition of the crown at angles about a = 70°, at
about o = 60° the crown will fail.

Thus, the obtained results testify to the considerable b
impact of the ore body dip angle on the stress-strain Fig. 3. Stress field development in 10 m crowns with the
state of crowns and their stability. On the basis of the ore body dip of 60°, MPa:
research conducted, to be sensitive to this impact we a—b — the crown of ores of 14—16 and 10—11 points re-

suggest applying the correction factor K, whose numer- spectively
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ical values are given in Fig. 5. So, when determining the
minimum permissible thickness of the crown in particu-
lar conditions, its value obtained without this factor
should be corrected through multiplying it by a corre-
sponding value K,

As to the impact of workings in a crown on changes
in its SSS, it is a well-known fact that any workings in
rocks result in changes in the initial stress fields to the
distance three times as large as the size of the working.
Due to it, when determining dimensions of exposures
and pillars and their technological parameters, they are
corrected by relating them to a relevant stage of the room
mining order according to their conditions (e.g. as stipu-
lated in NIGRI instructions [2]) or applying a relevant
correction factor to initial, so to say standard, condi-
tions (as suggested in [3]).

Similarly, we suggest correcting thickness of the

crown /. disturbed by workings using the expression, m
hcf,r = hcr' Kdisl’

where 4, is thickness of the undisturbed crown, m; K,

is the factor considering the degree of the crown distur-

bance resulted from mining, unit fraction.

As the disturbance degree of the crown depends on
the number of workings in it, their geometrical dimen-
sions (height in particular) both of each of them indi-
vidually and the general thickness of the crown, we sug-
gest determining the numerical value of K, as the prod-
uct of individual factors K, each of them differentially
taking into account the impact of each working in the
crown, as follows, unit fraction

K=K, - K- ... - K,

where 7 is the number of workings in the crown.

Numerical values of these factors calculated indi-
vidually for each working can tentatively be determined
as follows

K, = J1+(h" /h,,),

where A" is the i working height (width), m.

For instance, with the necessary (minimum permis-
sible) thickness of the crown not disturbed by workings
h.,= 10 m and with workings of 2.5, 3.0, 3.5 and 4.0 m, the
correction factors for each of them will equal 1.12, 1.14,
1.16 and 1.18 respectively. That is, the crown thickness
must be increased to 11.2, 11.4, 11.6 and 11.8 m, respec-
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tively. If there are 2 workings of 3.0 and 3.5 m in the
crown, the correction factor will make K, = 1.14 - 1.16 =
= 1.32 and correspondingly, the disturbed crown thick-
ness should make 13.2 m. In case of 3 workings of 2.5, 3.0
and 3.5 m in the crown, the correction factor will make
K;,=1.12- 1.14 - 1.16 = 1.48 and under such conditions the
crown thickness should be half as much and make 14.8 m.

Thus, considering the existing conditions in a min-
ing block the crown thickness can be corrected by the
value of its decreased stability due to its current workings
that weaken it and, in doing so, avoid its possible failure.

One of the main components of underground block
leaching of uranium ores is shrinkage stoping with fur-
ther sulphuric acid treatment. When placing another
room under the one filled with muck and separating it
from the latter by a temporary crown pillar, the crown
will be affected by the sulphuric acid solution. Based in
the data on the physical and mechanical properties of
rocks of Michurinske deposit provided by the engineers
of the SE “SkhidGZK”, the authors assume that the
longstanding (from 3—4 to 6 months) exposure to the
sulphuric acid may negatively impact strength of the ore
massif which forms “the body” of the crown. According
to the above mentioned data, the average compressive
resistance of rocks, e. g. albitites and migmatites, in their
natural humidity conditions and when water-saturated
makes 164.4 and 127.5 MPa for albitites and 153.1 and
112.4 MPa for migmatites, respectively. That is, if com-
pared with the natural state, water saturation of rocks
reduces their compressive resistance by 22...27 %.

To confirm or deny the impact of the sulphuric acid
solution on the crown stability the authors conducted
the following investigation. Forty ore cubes with 50 mm
sides were divided into two groups. The first group of
10 cubes was used to determine strength in the natural
conditions (that is not affected by the sulphuric acid so-
lution), the remaining cubes were used for determining
the degree of the sulphuric acid solution impact on their
strength. To keep natural conditions and provide condi-
tions of the ore contacting the acid solution, only one
face of an ore sample contacted the acid solution, the
other faces of the cubes being covered with two coatings
of paraffin. The other group of cubes was placed in a
vessel with the sulphuric acid solution which is used for
spraying the shrunk muck in underground mines of the
SE “SkhidGZK”. To determine the impact of the ex-
posing time on the uranium ore strength, the second
group was tested 2.5, 4 and 6 months after dipping that
corresponds to the minimum and maximum time of the
reagent impact in real conditions.

The laboratory bench for the research was equipped
with a hydraulic press able to produce pressure up to
50 t, i.e. in relation to the cubes’ surface S = 25 cm? the
corresponding pressure makes about 2000 kg/cm?, or
200 MPa. The press is coupled with a computer that sets
the loading rate for the samples and forms the loading
diagram for each of the samples with the automatic re-
cording of the current load and maximum pressure at
the moment of their destruction. During the tests the
minimum loading rate of 1 kN/s was set according to
corresponding standards (from 1 to 5 kN/s).
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Tests of the first group of the samples demonstrated
that the average value of the uniaxial compressive resis-
tance made about 128 MPa that is, according to the in-
structions [6], corresponds to the rock hardness ratio of
11 points. For 10 samples exposed to the sulphuric acid
solution during 2.5, the average value made about
82 MPa (according to [6], this corresponds to rocks with
the hardness ration of 8 points), i.e. their strength de-
creased by 36 %. Tests of the samples exposed to the so-
lution during 4 months showed further decrease in their
strength by 5 % (to 79 %). That is, in general, strength
decrease made 38.5 %. Strength of the samples exposed
to the sulphuric acid solution during 6 months decreased
to 77 MPa, i.e. it decreased by 40 % as compared with
the uniaxial compressive resistance values of the first
group samples.

Thus, the performed investigations confirmed our as-
sumption about the considerable impact of the acid solu-
tion on the hardness of uranium ores treated by it and on
stability of exposures and pillars (crowns, in particular).
That will, no doubt, influence the stability of exposures
(rocks) and pillars. This factor must be considered in de-
fining the safe crown thickness when applying the tech-
nology of underground block leaching of uranium ores.

Conclusions. Thus, the investigation conducted en-
abled determining the degree of impact of the ore body
dip, the degree of the ore body disturbance by workings
and the acid solution effects when applying under-
ground block leaching of uranium ores. These factors
must be considered when determining safe dimensions
of crowns and exposures by applying corresponding cor-
rection factors. As a result, in particular conditions of
mining blocks this will enable correcting the crown
thickness by the value of its stability decrease caused by
unfavorable factors, and thus avoiding the crown failure
and providing safety of works. The determined depen-
dencies can then be corrected considering practical ex-
perience of the SE “SkhidGZK” underground mines.
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JocaimKeHHs: CTIMKOCTI CTEJIMH MpH
MiI3eMHOMY BHJIYTOBYBAHHI YPAHOBHX Py

M. I. Cmynnik, B. O. Kanainiuenxo, M. B. @edvko,
O. B. Kaainiuenxo
Jlep>xaBHMIT BUILMI HaBYaJIbHUI 3akian ,, KpuBopizbKuii
HauioHanbHUM yHiBepcureT”, M. Kpupuii Pir, Ykpaina,
e-mail: prrkk@mail.ru

Meta. BusHaueHHS BIUIMBY pi3HMX (haKTOpiB Ha
CTIMAKIiCTb CTEJIMH IPU BUKOPUCTAHHI TEXHOJOTII Mii-
3¢MHOT0 0JIOKOBOTO BWJIYTOBYBaHHSI YPAHOBUX PYII.

Metomuka. I1l1s1xoM MaTeMaTUYHOTO MOJIIEIIOBAH-
H$1 3 BAKOPUCTaHHSIM METOY KiHIIEBUX €JIEMEHTIB Ta i3
3aCTOCYBaHHSIM aHAJiTUYHOIO METOMY MOCTiIKEHO
BILJIMB KyTa MaliHHS pyAHOTO MOKJIaay i MpoiaeHUX y
CTeJIMHI BUPOOOK Ha 3MiHEHHS ii Hampy>KeHo-aehop-
MOBAHOIO CTaHy Ta cTiiikocTi. Ha wiit mincraBi BcTa-
HOBJICHi 3aJIEXXHOCTI BIUIMBY 3a3Ha4eHUX DAKTOPiB HA
CTIHKICTh CTEJIMH, IO HAIOTh MOXJIMBICTh aleKBaTHO
BpaxoBYyBaTH iX MpY BU3HAYEHHI HEOOXiIHOI TOBLIMHU
crenuHU. JlabopaTOpHUMM AOCHIIKEHHSIMU TaKOX
BCTaHOBJICHA CTYIiHb BIUIMBY PEarcHTy, IO 3aCTOCO-
BYIOTh TIpM ITiI3eMHOMY OJIOKOBOMY BWJIYTOBYBaHHi
YPaHOBUX DY, Ha 3MiHEHHS iX MIlIHOCTi, Ky TaKOX
HEeoOXiJHO BpaXOBYBaTU IpU BU3HAUYEHHI OE3MEUHUX
rapaMeTpiB CTEJIMH.

Pe3yabTaTu. BcTaHOBIEHI 3a/1€3KHOCTI BIUTMBY KyTa
MaliHHg PYIHUX TOKJIAMiB i CTYMeHs IMOPYLIEHOCTI
CTeJIMH MPOMIeHUMU BUPOOKAMU Ha 1X CTiliKiCTh, a Ta-
KO 3MEHIIIEHHsI MillHOCTi ypaHOBUX Py Mpu il Ha
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HUX KACJIIOTHOTO PO3YMHY, TaI0Th MOXJIUBICTb CKOPH-
TryBaTU HEOOXiTHY TOBIIMHY CTEJIMHU IPU BU3HAYEHHI
0Oe3rneyHrX napamMeTpiB 1aHOI TeXHOJIOTII Ha eTarli BU-
KOHAaHHS MPOEKTHUX POOIT.

HaykoBa HoBu3Ha. [lojisirae y BCcTaHOBJICHHI 3a/1€X-
HOCTe1, 1110 BpaXOBYIOTb BIUIMB KyTa MaliHHS PyIHOTO
MOKJIaAy Ta CTYIEHs MOPYIIEHOCTi CTeJIMH BUPOOKaMu
Ha CTilKiCTb cTeJIMH. YTieple ToCTiIKeHO BIUIMB PO3-
YUHY CipYaHOI KMCIIOTH, 110 3aCTOCOBYEThCS TIPU ITif-
3eMHOMY OJIOKOBOMY BUJTYTOBYBaHHi ypaHOBUX Py, Ha
3MiHeHHs iX MinHocTi. KoMmIiekcHe BpaxyBaHHS [ii
1ux (akTopiB i3 BUKOPUCTAHHSIM BCTAHOBJICHUX 3a-
JIESKHOCTEH Ta€ MOXIIUBICTh BU3HAYATH O€3IIEYHY TOB-
LIMHY CTEJIMH i rapaHTyBaTUMe X LIICHICTb.

IIpakTiyHa 3Ha4nMicTb. MOXIIMBICTh KOPUTYBAHHS
TOBIIMHMU CTSJIMHU 3 YpaxXyBaHHSIM KyTa MamiHHS pyI-
HOTO TIOKJIady, CTYMEHsI MOPYLIEHOCTI MPOiIeHUMU
BUpPOOKAMU, il KUCIOTHOIO PO3YMHY JO3BOJUTH Ha
eTari BUKOHAHHS MPOEKTHUX pOOIT BUZHAYUTU HEOO-
XimHy 1i ToBIIMHY. Lle nacTh Harony yHUKHYTU MOXKJIV-
BOro pyHYBaHHS CTE€JWHU Bill HETaTUBHOI Mii BUIIE-
3a3HayeHUX (hakTOpiB i 3a0e3neun T Oe3meKy pooir.

Kmiouosi ciioBa: ypanosi pyou, niozemne baoxoee eu-
NY208Y8AHHS, HANPYICEHO-0epOpMOBAHUL cmaH, CMili-
Kicmb. napamempu cmeaunu

HccaenoBanne yCTOWYMBOCTH MOTOJOYHH TPH
NO/3¢MHOM BBIIIEJIAYHBAHAH YPAHOBBIX Py

H. U. Cmynnuk, B. A. Kaaunuuenxo, M. b. @edvko,
E. B. Kaaunuuenko
T'ocynapcTBeHHOE BhICIIee yueOHoe 3aBeneHue ,, KpruBopoxk-

CKMIi HaLIMOHAJIbHBIN yHUBepcutet™, r. Kpusoii Por, Ykpa-
nHa, e-mail: prrkk@mail.ru

Hean. OnpeneneHue BIUSHUS Pa3IUYHbIX HaKTO-
POB Ha YCTOMYMBOCTH ITOTOJIOYMH TIPU UCTIOTh30BAHUY
TEXHOJIOTUU TIOJ3EMHOTO OJIOUHOTO BHIIIEIaYNBAHUS
YPaHOBBIX Py/.

Mertoauka. [1yrem MmareMaTHueCKOro MOAECIUPOBa-
HUSI C UCTIOJIb30BAaHUEM METOa KOHEUHBIX 3JIEMEHTOB,
a TakKe ¢ MPUMEHEHUEM aHAIUTUYECKOTo METo/1a 1c-
CJIENOBAHO BJIMSHME YIVIa MaAcHUs PYTHOM 3aIeXU 1
MPOMICHHBIX B MIOTOJOYUHE BEIPAOOTOK HAa U3MEHEHUE
ee HaIpssKeHHO-Ie(OPMUPOBAHHOTO COCTOSTHUS W
ycroiymBocTH. Ha 3TOM OCHOBaHUY YCTaHOBJICHBI 3a-
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BUCHMOCTH BJIIVISTHUSI YKa3aHHBIX (haKTOPOB HA YCTOM-
YUBOCTh ITOTOJIOYMH, KOTOPBIC OAIOT BO3MOXKHOCTH
afIeKBaTHO YYUTHIBATh MX IIPU OIPEACICHUN HE00X0-
IUMOM TOJIIIMHBI MOTOJOYUHBI. JJabopaTOpHBIMU UC-
CJIEIOBAaHUSIMU TaKXKe YCTAaHOBJICHA CTETIEHb BIMSIHMS
peareHTa, KOTODBIA TPUMEHSIOT IIpU IOA3EMHOM
0JIOUHOM BBILIETaYMBAHNU YPAHOBBIX PYII, Ha U3MEHE-
HHUE MX IPOYHOCTH, YTO TaKKe HEOOXOOMMO YUMThI-
BaTh IIPU OIpeneeHN 6e30IacHBIX TTapaMeTpoB MO-
TOJIOUMH.

Pe3yabraTbl. YCTaHOBJIEHHBIE 3aBUCUMOCTHU BIIUSI-
HUS YIJIa TTaAeHUS pyIHBIX 3aJlexkKel M CTeTICHN Hapy-
IIEHHOCTU TMOTOJIOYWH MPONIEHHBIMUA BBIPAOOTKAMU
Ha MX YCTOMYMBOCTH, a TAKKE YMEHBIICHUS TIPOYHO-
CTU YPAaHOBBIX PYJ MPU BO3ACUCTBAU HA HUX KUCIIOT-
HOTO pacTBOpa, 1al0T BOBMOXHOCTh CKOPPEKTUPOBATh
HEOOXOAMMYIO TOJIIIMHY TMOTOJOYMH IIPU OIpeaesie-
HUU 6€30MacHbIX TapaMEeTPOB NAaHHOUW TEXHOJOTUU Ha
9Tare BhIMOJHEHUS MTPOSKTHBIX padoT.

Hayuynas HoBu3HA. 3aKkJjloyaeTcss B YCTaHOBJIEHUU
3aBHUCUMOCTE, YYUTHIBAIOIIUX BIVSTHYE YIJIa TTaIcHMST
PYIHOM 3aJ1eXX¥ 1 CTETIEHN HapyIIIEeHHOCTHU IMOTOJIOYMH
BBIPAOOTKAMU, HAa YCTOMYMBOCTBH ITOTOJOYMH. Brmep-
BBIEC MCCJIEIOBAHO BIMSHUE pAacTBOpPA CEPHOM KHUCIIO-
THI, IPUMEHSIEMOTO MPU IMOA3E6MHOM OJIOYHOM BEIIIIC-
JIAYMBAaHWU YPAHOBBIX Py, HA U3MEHEHNE UX MIPOYHO-
ctu. KoMIUIEKCHBIN y9eT BO3IEeCTBUS 3TUX (PaKTOPOB
C HCHOJIb30BAaHMEM YCTaHOBJCHHBIX 3aBUCUMOCTEH
JIaeT BO3MOXKHOCTb ONIPEIEISATh O€30IMaCHYIO TOIIIUHY
MOTOJIOYMH U O0ECIIeUUTD UX LIETOCTHOCTb.

IIpakTHyeckas 3HaYMMOCTb. BO3MOXXHOCTH KOppeK-
TUPOBKY TOJIIWHEI TIOTOJIOYMHBI C YIETOM yIJa Taje-
HUS PYIHOM 3ajieXKW, CTeNIEHW HapYIIEHHOCTH TPOi-
IEHHBIMM BBIPAOOTKAMM, JEUCTBUS KUCJIOTHOTO pac-
TBOpa, MO3BOJUT Ha 3Tarie BBHIITOJIHEHUS MPOSKTHBIX
paboT OIpeNeUTh HEOOXOOMMMYIO €¢ TONIINHY. DTO
JIACT BO3MOXHOCTh M30eXaTh BO3MOXKHOIO pa3pyIie-
HHS TIOTOJOYMHBI OT HETaTUBHOTO BO3ICUCTBUS BBI-
LIEYITOMSIHYTBIX (DaKTOpPOB M 0OecneyuTh Oe3omac-
HOCTb paboT.

KioueBble ciioBa: yparogwvie pyosl, nodzemHoe 6104~
Hoe @bluesauusanue, HanPANCeHHO-0eopMuposanHoe
coCmosiHue, yCMouuyu80Cmo, NAPAMEmMpPbl NOMOAOYUHbBL
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