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Abstract

Purpose. Improving the efficiency of borehole uranium mining and the selection of special decolmating solutions to im-
prove the filtration characteristics of the seam due to effective destruction, as well as by preventing the sedimentation in the
productive horizon, depending on the mineralogical composition and structure of sediment-forming materials.

Methods. The advantages and disadvantages of the main methods used for improving the filtration characteristics of the
productive horizon, when mining the uranium deposits by the borehole method, have been studied. Samples of sedimenta-
tion from the productive horizon are taken at the uranium deposit of the Shu-Syrasu depression. The quantitative and quali-
tative parameters, as well as the peculiarities of the mineral compositions have been determined by the X-ray phase method.
A methodology has been developed and laboratory experiments have been conducted on the treatment of sedimentation
samples by the drop method using various compositions of selected decolmating solutions. The microscopic method is used
to determine the structure and peculiarities of sedimentation before and after treatment with various decolmating solutions.

Findings. The effectiveness of the main methods used to improve the filtration characteristics of seams in the uranium depos-
its, mined by the borehole method, has been determined. The structure and composition of sedimentation, which causes a de-
crease in the filtration characteristics of the productive horizon, have been determined. To destroy and prevent the sedimentation
in the productive horizon, an effective composition of a special decolmating solution using ammonium hydrogen fluoride with
the addition of sulphuric acid and surfactants has been selected. An effective method for increasing the filtration characteristics of
the productive horizon with the use of special decolmating solutions has been developed and scientifically substantiated.

Originality. The use of special decolmating solutions based on ammonium hydrogen fluoride with the addition of sulphuric
acid and surfactants according to the developed methodology allows to effectively destroy and prevent sedimentation in the
productive horizon of borehole uranium ore mining.

Practical implications. The use of the developed decolmating solution and a special methodology for the intensification of
borehole uranium mining can reduce the operating costs of its production. This increases the ecological and industrial safety
of the work to intensify the leaching of uranium ores.
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1. Introduction

Uranium is the most representative element of the actinide
series and is of fundamental importance in the nuclear fuel
cycle. It is expected that the nuclear energy market will grow
substantially over the next 20 years, for example, in the Unit-
ed States alone, according to forecasts, by 2030 it will grow
by 50%, and global electrical energy consumption, according
to the Ministry of Energy, will double by 2030 [1]. Intergo-
vernmental Panel on Climate Change (IPCC) stresses the
urgent need to use all available low-carbon technologies to
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prevent climate change. International Energy Agency (IEA)
and Nuclear Energy Agency (NEA) predict that nuclear ca-
pacity will have to double by 2050 [2], [3]. [3]In combination
with the expected growth in nuclear power, uranium demand
will also rise sharply in the future [4]. Kazakhstan has 14% of
the world’s proven uranium reserves, 70% of which are suita-
ble for borehole mining, and ranks second after Australia
(Fig. 1). Borehole mining of uranium ores in the Republic of
Kazakhstan is conducted at 26 sites united in 13 uranium
mining companies. The total volume of natural uranium pro-
duction is more than 40% of the global volume (Fig. 2).
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Figure 1. Uranium reserves explored by countries
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Figure 2. Share production of uranium by countries of the world

Uranium deposits in Kazakhstan are localized in six pro-
vinces: Shu-Syrasu, Syrdarya, North-Kazakhstan, Pre-
Caspian, Pre-Balkhash, and lle. The main production is car-
ried out in the first two Kyzylorda and Turkistan regions.
They are schematically shown in Figure 3.

North-Kazakstan

Pre-Balkhash

Pre-Caspian Shu-Syrasu

Syrdarya

Figure 3. Location map of regions with explored uranium deposits
in Kazakhstan

The process of mining uranium from ores by the borehole
method consists of three conventional stages. The first stage
involves the uncovering of the ore interval with a network of
geotechnological wells, preparation of the ore mass for min-
ing by supplying to the subsoil of a sulphuric acid solution
with an increased acidity of 25-30 g/l. The second stage of
mining consists of supplying the leaching solutions (LS) to
injection wells with a minimum acidity of 5-7 g/l and pumping
out productive solutions (PS) from production wells using
submersible pumps. The final third stage consists of addition-
al leaching of uranium from ores with mother solution, wash-
ing-out of the ore interval from residual acidity and reclama-
tion of the technological block after mining [5], [6].
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A decrease in the rate of mining with the use of sulphuric
acid solutions occurs due to a decrease in the productivity of
production wells and intake of the injection wells, as well as a
decrease in the uranium content in the productive solutions. This
is caused by the interaction of sulphuric acid with carbonate and
clay minerals, resulting in settling-out of a number of elements,
a decrease in the filtration characteristics of the productive hori-
zon and the formation of impermeable areas [7], [8].

Hardly soluble sediments and displaced clay particles in
the productive horizon increase the hydraulic resistance and
form impermeable areas of geochemical barriers that block
the flow lines of solutions. As a rule, a decrease in the filtra-
tion characteristics of a productive horizon leads to a decrease
in the uranium content in the productive solution, a decrease
in the yield and the duration of the uninterrupted operation of
wells. This extends the period of mining the technological
blocks, thereby increasing the consumption of sulphuric acid,
electrical energy and other operating costs [9], [10]. The wells
in these blocks are often stopped for repair and restoration
work, and also need an additional increase in the permeability
of the near-filter zone of the seam. In some cases, cost-
intensive, heavy complex treatments with the use of drilling
rigs, including flushing, chemical treatment, swabbing and
compressor pumping, do not give a positive result [11], [12].

The study of geotechnological parameters and analysis of
the main production, technical-and-economic indicators of
uranium mining makes it possible to distribute the main costs
and estimate the approximate production cost. Analysis of
the costs distribution for uranium mining shows that at the
deposits of the Syrdarya depression, the average duration of
block preparation is 8 months, and mining is 62 months. In
this case, the main expenses — 41% of the production cost —
relate to general workshop costs, which include costs for the
current maintenance of equipment in working order, the
salaries for company personnel, tax deductions, and others.
General workshop costs start when the block is put into
production and cease when production stops, wells are tem-
porary closed or abandoned, and equipment stops operating.
Sulphuric acid costs account for 22% of the production cost
and continue from the moment the sulphuric acid is fed into
the subsoil (acidification) and last on average 24 months,
until the acidification of the sorption mother solution is
completely stopped. The expenses on mining and preparato-
ry operations amount to 20% of the production cost, provide
for the drilling and construction of technological blocks,
geophysical surveys of wells, the purchase of equipment and
expendable materials necessary for putting a geotechnologi-
cal field into operation. The expenses on repair and restora-
tion work amount to 12% of the production cost and con-
tinue from the beginning of block acidification to complete
mining-out of the block and shut-in of wells. Also, the con-
stant expenses include the cost of electrical energy, which is
5% of the total production cost. They begin when submersi-
ble electric pumps and technological equipment are put into
operation, until the block stops operating and the electric
power supply is turned off.

The efficiency of borehole uranium mining largely
depends on the methods used to restore the initial filtration
characteristics of the seam and the ability to increase the
yield and the period of uninterrupted operation of wells. The
main methods for restoring the permeability of rocks in the
near-filter zone during recovery operations are physical,
chemical and combined types of recovery operations.
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The choice of a method for restoring the productivity of
production well or intake of injection well depends on the
characteristics of each individual method, budget, design of
equipment and wells, hydrogeological and other peculiarities
of the field. Table 1 gives a brief description of the main
methods for restoring the permeability of the seam and their
average production cost.

Table 1. Methods of repair and restoration work applied at urani-
um mining enterprises

Produc-
Nature of Implementa- . -
exposure tion method Main purpose tion cost,
usD
Removal of clay mud, me-
Compressor chanical suspended particles
: - - 142.5
Hydrody- pumping a'nd impurities from the near-
)rqamic filter zone
. .. Removal of fine dust parti-
Flushing with -
cles and clay materials from 112.3
process water ;
the near-filter zone
Sulphuric  Dissolution of ferrous and
. .- h - 225.0
acid aluminium chemical deposits
Chemical Dissolution of carbonate and
Clay-acid silicon chemical and me- 397.5
chanical deposits
Removal of sand plugs from
the casing and filter zone of
trFé:?r%‘Z?lis the well, dissolution of
Combined _ . chemical deposits, intensifi- 2250.0
with mechan- ~_ - e
. - cation by swabbing, clarifi-
ical action

cation of solutions by com-
pressor pumping

As can be seen from Table 1, the methods used for re-
pair and restoration are divided by type into hydrodynamic,
chemical and combined, aimed at the effective removal of a
certain type of sedimentation. Hydrodynamic methods,
such as compressor pumping and flushing of wells with
process water, are based on the pressure difference effect
and are aimed at the destruction and dispersion of mechani-
cal sedimentations [13]. The costs of these methods are
comparatively lower due to the use of high-performance
technological equipment. Chemical methods of stimulation
by dissolution are mainly aimed at the destruction and re-
moval of sediments formed as a result of the interaction of
technological solutions with the host rocks of the produc-
tive horizon [14]. The expenses on these methods are rela-
tively higher due to the use of technological equipment and
the consumption of chemical reagents. Combined methods
include performing complex operations using drilling rigs
and auxiliary equipment, combining well flushing with
subsequent chemical treatment, swabbing and compressor
pumping [15], [16]. This method is the most cost-intensive
due to the use of a large number of equipment, chemical
reagents, maintenance personnel and a long duration of the
works. However, these methods are ineffective in difficult
mining-and-geological conditions, as multicomponent sed-
imentations are accumulated in the near-filter zone and
form cemented impermeable areas that are not amenable to
conventional stimulation methods [17], [18].

The objective of the research is to develop an effective
technology for restoring the permeability of the productive
horizon, effectively destroying and preventing sedimenta-
tions in difficult mining-and-geological conditions of bore-
hole uranium mining. This is achieved by sampling the se-
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dimentations from the uranium deposit of the Shu-Syrasu
depression, by the method of X-ray phase analysis of their
quantitative and qualitative characteristics and structure.
Selection of effective parameters for decolmating solutions
of chemical reagents for dissolving and preventing sedimen-
tations. Treatment of sedimentation samples with various
decolmating solutions in laboratory conditions and the de-
termination of effective parameters of the decolmating solu-
tion using a high-resolution analytical scanning electron
microscope. Development of a technology for the preparation
and supply of air and decolmating solutions of chemical
reagents into the productive horizon for the intensification of
borehole uranium mining.

2. Research methods

The phase composition of sedimentation is controlled by
X-ray phase analysis, which is performed using an X-ray
diffractometer X’Pert MPD PRO (PANalytical). Surveying
conditions: CuK, — radiation, Ni — filter, U=30KkV,
I =10 mA, rotation velocity 1000 imp/s, time constant
=55, 20 =10-90°. The intensities of the diffraction maxi-
ma are estimated by a 100-point scale as a percentage rela-
tive to the highest line. The experimental database and inter-
planar distances are processed using the Wulff-Bragg’s con-
dition. The phase analysis of the colmatage material chemi-
cal composition is performed in accordance with the X-ray
data of the International Union of Crystallography. Table 2
shows the results of X-ray phase analysis of sedimentation
from the deposit of the Shu-Syrasu depression.

Table 2. Mineralogical composition of sediments from the deposit
of the Shu-Syrasu depression

Compound name C;hemlcal SemiQuant, %
ormula
Quartz, syn SiO2 14
Chalcocite, high,
copper (1) sulf?de CuzS 27
Berlinite HP, syn AIPO4 22
Dolomite CaMg(COs)2 27
Ankerite CaMgFe(COs3)2 10

It can be seen from data of Table 2, that the basis of the
sample 27% and 10% by weight is made up of chemical
compounds (CaMg(COs), and CaMgFe(COs),), minerals —
ankerite and dolomite, related to the chemical type of sedi-
mentation. The rest of the sample is quartz 14%, copper
sulphate 27%, and berlinite 22%. For effective destruction
and prevention of such sedimentations, it is necessary to
develop a decolmating solution with the use of hydrofluoric
acid and adding a surfactant in the form of a complex former.

Experiments on the treatment of sedimentations are con-
ducted on specimens from one sample with various composi-
tions of chemical reagents of decolmating solutions in order
to determine the effective composition of a solution that has
the highest dissolving properties. Experiment No. 1 includes
treatment with a solution of hydrofluoric acid 10%, sulphuric
acid 1.0% by weight, the rest is process water. Experiment
No. 2 includes treatment with a solution of ammonium biflu-
oride 10%, sulphuric acid 10% and with the addition of sur-
factants 1% by weight, the rest is process water. Experiment
No. 3 includes treatment with a solution of sulphuric acid
10% by weight, the rest is process water.
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Experiment No. 1. The decolmating solution HF — 10%,
H2SO4 — 1.0%, the rest — process water is prepared from a
half-finished product of hydrofluoric acid with a concentra-
tion of HF — 38.3%, H.SO4 — 3.3% by weight. The choice of
a half-finished product of hydrofluoric acid is conditioned by
its high reactivity with aluminosilicate and silicon com-
pounds, which are an integral part of ore-bearing rocks and
colmation sediments according to Formulas 1 and 2, availa-
bility for sale and low cost.

CaAl;SiOg + 16HF = 2AlFs + 2SiF4 + 8H,0 + CaFy; (1)
6HF + Si0, = SiF4 + 2 HF + 2H, O. @)

Experiment No. 2. The decolmating solution is prepared on
a basis of ammonium bifluoride, sulphuric acid and with the
addition of a surfactant for the experiment at ratios of NHsHF
— 10%, H;SO4 — 10%, surfactant — 1.0%, the rest is process
water. The choice of ammonium bifluoride as the main com-
ponent is conditioned by its ability to exchange reaction with
mineral acids (sulphuric, hydrochloric, nitric acids) and to
form hydrofluoric acid according to Formula 3. A reagent with
complex forming properties is used as a surfactant.

NHsHF,; + H,SO4 = NH4SO4 + HF. (3)

As a result of the interaction of hydrofluoric acid with
sedimentations, both the bridging agent and part of the terri-
genous component of the sands dissolve, generally increas-
ing the effective porosity of the ore block mass. The addition
of a surfactant provides an increase in the interaction of hy-
drofluoric acid with sediment-forming minerals. In this case,
hydrofluoric acid is completely utilized due to the large
amount of quartz contained in the sands.

Experiment No. 3. The choice of decolmating solution
based on sulphuric acid H,SO, — 10% and the rest — process
water, is conditioned by its low cost, availability at mining
enterprises and reactivity with ferrous oxide according to
Formula 4.

FeO + H,S04 = FeSO;4 + H20. ()

3. Results and discussion

After performing laboratory experiments with samples
treated by the drop method with decolmating solutions of
various compositions, sedimentations are dried at room tem-
perature to conduct surface studies on a scanning electron
microscope. A detailed study of the sample surface and a
comparative analysis of the images after treatment with one
or another solution, as well as its comparison with the origi-
nal image, make it possible to visually determine the effec-
tiveness of the composition of the decolmating solution.

The image of the sediment surface before and after treat-
ment with various solutions is obtained using a high-
resolution analytical scanning electron microscope for a wide
range of research tasks and quality control at the submicron
level Tescan MIRA 3 FEG-SEM. SEM TESCAN MIRA
electron column, electron source: field emission cathode of
the Schottky type. The range of electron-beam energies inci-
dent on the sample is from 200 eV to 30 keV (from 50 eV
with BDT beam deceleration option). To change the beam
current, an electromagnetic lens is used as a device for
changing the apertures. Beam current from 2 to 400 pA is
continuously adjustable. The maximum field of view is more
than 8 mm at WD = 10 mm, more than 50 mm at maximum
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WD. Electron column resolution, high vacuum mode is
1.2 nm at 30 keV, SE detector 3.5 nm at 1 keV, In-Beam SE
detector 1.8 nm at 1 keV, BDT beam deceleration option.
Figure 4 shows images of samples with a resolution of
20 um: (a) — in the initial state; (b) — after treatment with
solution 1; (c) — after treatment with solution 2; (d) — after
treatment with solution 3.

(b)

SEM HV: 1004V
View feid: 98.4 pm
SEM MAG: 5.17 kx _ Date{midy): 070421

SEM HV: 1000V
View fild: 106 pm
SEM MAG: 4.7 kx _ Date(midy): 07101121

WO; 929 mm

Figure 4. Surface image: (a) initial sample; (b) experiment 1 samples;
(c) experiment 2 samples; (d) experiment 3 samples

Figure 4a shows that the surface of the initial sample is
formed of dense crystals of various sizes from 2 to 30 um
with a characteristic frame structure without breaks and frac-
tures in the body. Crystal shapes are elongated with a chaotic
arrangement and uneven surface relief. Figure 4b shows that
after treatment with decolmating solution 1, there is a notice-
able structure destruction and a change in the crystal shapes,
with a decrease in their sizes and with the formation of small
loosened flakes. The rounding of the crystal edges and the
formation of fractures in the sample body can be seen. More-
over, the arrangement of the crystals has become less dense
with the formation of voids and pore space. Partial dissolu-
tion of the sample is noticeable; the sizes of the crystals have
significantly decreased from 30 to 15 pm. Figure 4c shows
that after experiment 2, the sample structure change is more
noticeable, there is a dissolution of sedimentation with a
decolmating solution and the formation of rills and large
fractures along the path of the solution movement. Deformed
shapes of crystals are noticeable with a change in shape and
structure. Figure 4d shows that after experiment 3, the sam-
ple structure after treatment with decolmating solution 3 is
practically unchanged. The crystal shapes have retained their
structure and shape, without changing their sizes.
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The decolmating solution should be applied according to
a special method using special technological equipment. The
innovative method provides for treatment with a decolmating
solution directly in the filter zone of the well to maximize
destruction and prevent the sedimentation in the seam. The
method provides an increase in the productivity of operating
blocks and the completeness of metal extraction from them,
helps to reduce and prevents sedimentation in a porous me-
dium. In addition, a reduction is achieved in the specific
consumption of sulphuric acid, electrical energy, labour costs
and other production costs in the process of borehole urani-
um mining from various mining and geological blocks.
Figure 5 presents the developed scheme of works on the
intensification of borehole uranium mining.

Figure 5. Scheme of works on the intensification of borehole
uranium mining: 1-productive horizon; 2 - imper-
meable rocks; 3 — sedimentation in the near-filter zone;
4 — pumping-out well; 5 — injection well; 6 — equipment
for performing chemical treatment; 7 — pressure hose;
8 — container — tank; 9 — transfer pump

As can be seen from Figure 5, the bulk of sedimentation 3
occurs in the productive horizon 1, directly in the zone of
solution discharge and increasing velocity of solutions
movement from injection wells 5 to pumping-out wells 4.
When performing chemical treatment using a complex of
chemical reagents, it is possible to provide for the prepara-
tion of solutions on special equipment 6, and supply through
the pressure hose 7 to the filter zone of the wells 4. In this
case, the prepared special solution is supplied from the con-
tainer of a tank 8 by the transfer pump 9. The supply of de-
colmating solutions based on ammonium bifluoride 10%,
sulphuric acid 10%, and the addition of a surfactant 1.0%
directly to the filter zone of technological wells makes possi-
ble to reduce the consumption of chemical reagents and in-
crease the penetrating ability for greater destruction and
dispersion of sediments.

4, Conclusions

The performed quantitative and qualitative research on
the sedimentation composition from the deposit of the Shu-
Syrasu depression indicates that carbonate minerals 27 and
10% dolomite and ankerite, respectively, constitute the bulk
of the sample. The rest of the sample are quartz — 14%, cop-
per sulphate — 27% and berlinite — 22%. The results give
evidence of a complex sedimentation structure, the predomi-
nance of the chemical type of sediments, as a result of the
interaction of sulphuric acid solutions with carbonate mine-
rals and their subsequent settling-out in the discharge zone.
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The experience of restoring the productive horizon permea-
bility with an obvious chemical type of sedimentation shows
the low efficiency of hydrodynamic methods and the com-
plexity of mining out technological blocks. This is condi-
tioned by a decrease in the productivity of production wells
and an intake of the injection wells due to the deterioration of
the seam filtration characteristics. This leads to additional
costs for restoring the productive horizon permeability and
an increase in the productivity of production wells and an
intake of the injection wells, and also increases the operating
costs of mining the blocks.

It has been determined in laboratory conditions, that the
preparation of a decolmating solution based on ammonium
bifluoride 10%, sulphuric acid 10% and with the addition of
surfactants in small amounts increases the dissolving ability
and prevents sedimentation in the seam for a longer time.

The developed methodology for restoring the productive
horizon filtration characteristics based on the treatment of the
filter zone of the wells makes it possible to reduce the specif-
ic consumption of chemical reagents and to increase the
efficiency of the decolmating solution. The decolmating
solution supplied directly to the filter zone of the wells allows
to increase the efficiency of production in difficult mining-
and-geological conditions. In addition, it effectively restores
the productivity of production wells and an intake of the in-
jection wells in ores with increased carbonate content > 2.0%
and clay content > 25% of host rocks, and also increases the
period of uninterrupted operation of wells by 30%, thereby
reducing operating costs of production and ensuring the com-
pliance with ecological and industrial safety requirements.

Further research on the issues of increasing the efficiency
of dissolution and prevention of the productive horizon sed-
imentation in various conditions using physical and chemical
methods of stimulation will reduce the cost of finished prod-
ucts and increase labour productivity.
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Metoau inTeHcupikanii cBepJIOBHHM BUAOOYTKY YPaHy Ha POAOBHINAX
3 HU3bKUMH (PUILTpaniiiHIMM XapaKTepUCTHKAMHU Py

K. Kemwxketaes, M. HypOekosa, K. Torizos, M. A6apaimosa, b. Tokrapyiu

Mera. [ligBumieHHS €(EeKTUBHOCTI CBEPAJIOBHHU BUAOOYTKY ypaHy i miadopy cHelialbHUX AEKOJIbMATYIOUUX PO3YUHIB JUIS ITiJBHIICH-
Hs QUIbTpalifHUX XapaKTEPUCTHUK IIACTa 32 PaXyHOK e()eKTHBHOTO PyHHYBaHH:, a TAaKOX 3ar00iraHHS YTBOPEHHIO BiIKIAACHb y MPOIYK-
TUBHOMY TOPH30HTI 3aJIEKHO BiJl MIHEPAIOTIYHOTO CKIIAAY 1 CTPYKTYpPH OCaJKOYTBOPIOIOYHX MaTepiaiiB.

Metoauka. BuBueHo nepeBaru Ta HEIOJIIKH OCHOBHUX 3aCTOCOBYBAaHHX METOJIB MiABHIIECHHS (QiIbTpalifHUX XapaKTEPUCTUK MPOIYK-
THUBHOTI'O TOPU3OHTY IIPY PO3pOOLI YPaHOBHX POJOBHI CBEPUIOBUHHUM CIIocoOoM. Binibpano nmpobu ocaikoyTBOPEHHs 3 MPOILYKTHBHOIO
TOpU30HTY Ha ypaHoBoMmy pojosuili Uy-Capucyiickkoi aenpecii. PeHTreHoda3oBuM MeTOJJOM BCTAHOBICHO KUIBKICHO-SIKICHI XapaKTepHc-
THKU Ta OCOOJIMBOCTI CKIIaJiB MiHepaliB. Po3po0iiecHO METOMMKY Ta MpOBENeHi 1abopaTopHi A0ocian 3 00poOKH Mpod 0CaaKOyTBOPEHHS
KpamnejgbHHM METOJIOM i3 3aCTOCYBAHHIM DPi3HMX CKJIAJIB MiJiOpaHNX NEKOIbMATYIOUMX PO3YHMHIB. MIKpOCKOMIYHMM METO/IOM BH3HAYeHa
CTPYKTYypa Ta OCOOIMBOCTI OCAJKOYTBOPECHHS 110 1 Micist 00pOOKH PiI3HUMHU JIEKOJIbMATYIOUNMHU PO3UYHHAMH.

PesyabTaTu. BctanoBiieHO e(heKTHBHICTH OCHOBHUX 3aCTOCOBYBAaHMX METOIIB IMiABUIICHHS (UIBTPAIlIfHUX XapaKTepUCTHK IUIACTIB Ha
YpaHOBHX POJOBHIIAX, K BiANPAIlbOBYIOThCS CBEPATIOBUHHHUM CIIOCOOOM. BH3HAYEHO CTPYKTYpY Ta CKJIaJ 0CaaKOYTBOPEHHS, 1[0 BUKIIMKA€E
3HIDKCHHS (UTBTpAifHIX XapaKTEPUCTUK MPOIYyKTUBHOTO TOpU30HTY. OOpaHO epeKTUBHHI CKIIaJ CIEIialbHOTO JEKOIbMATYyIOUuoro pPo3-
YUHY U pyHHYBaHHS Ta 3aI00iraHHs 0CaIKOYTBOPEHHIO y MPOAYKTHBHOMY TOPU30HTI 13 3aCTOCYBaHHIM 01)TOpUIA aMOHIIO 3 JT0IaBaHHSIM
cipyaHOT KHCIIOTH 1 HOBEPXHEBO-aKTUBHUX PEYOBHH. BupoOienuii i HaykoBo 0O0rpyHTOBaHMH e()eKTUBHUIT METOA MiABUIEHHS (iabTparii-
HHUX XapaKTePHUCTHK MPOILYKTHBHOTO FOPU30HTY i3 3aCTOCYBAHHSM CIIELIAIbBHAX IEKOIBMATYIOUNX PO3YHHIB.

HaykoBa HoBM3HA. 3aCTOCYBaHHSI CHELiaJIbHUX JEKOJIBMATYIOUYMX PO3YMHIB HA OCHOBI OidTopHaa aMOHIIO i3 H0JJaBaHHAM CipYaHOi KH-
cioru Ta [TAP 3a po3po6ieH0I0 METOANKOIO 103BOJIsIE €PEKTHBHO PYHHYBATH 1 3a1100iraTi 0caJKOyTBOPEHHIO y MPOIYKTHBHOMY TOPH30HTI
TIPU CBEPAJIOBUHHOMY BHIOOYTKY YPaHOBHX Y.

[pakTH4Ha 3HAYUMICTb. 3aCTOCYBaHHS PO3POOICHOTO JEKOIBMATYIOUOTO PO3UYHHY 1 CHEHialbHOI METOAWKH TIPH iHTEeHCH(iKaii cBep-
JUTOBHHHOTO BHIOOYTKY ypaHy O3BOJISIE CKOPOTUTH EKCIUTyaTalliiiHi BUTPATH Ha HOro BUI0OYTOK. [Ipy IbOMY ITiIBUIIYETHCS €KOJIOTIUHA Ta
BHpOOHMYA Oe3meka podiT 3 iHTeHcu(iKkalii BUITyroByBaHHS YPaHOBUX PYA.

Knrouosi cnosa: ceeponosunnuii 6u006ymox, ocaokoymeopenns, 0ekoibmMamayis, iHmencugixayis, penmeenoghazoeuti ananis, Mikpo-
CKONIUHI 00CNIONHCEHHS

MeToabl HHTEHCH(PMKAIMHI CKBAKUHHOI 100bIYM YPaHA HA MeCTOPOKAEHUSAX
¢ HU3KUMH GUIbTPALUOHHBIMH XapPaKTePUCTHKAMU PYA

K. Kemxetaes, M. HypOekoga, K. Tornzos, M. A6apanmoBa, b. Toktapyisr

Ieub. IToBbimenne 3G(HeKTHBHOCTH CKBAKUHHOM NOOBIYHM ypaHa W MOAOOpa CIENUATBHBIX JIeKOJIbMATHPYIOIINX PAaCTBOPOB JUIS TIOBBI-
nIeHusT GUIIbTPAMOHHBIX XapaKTepPUCTHK IUIacTa 3a cyeT 3((GEKTHBHOrO pa3pylICHHs, a TAKXKEe IPEAOTBPALICHUS 0CaJKO00pa30BaHUs B
MPOAYKTHBHOM T'OPU30HTE B 3aBUCHMOCTH OT MUHEPAJIOTHYECKOTO COCTaBa M CTPYKTYPHI 0CaIK000pa3yOIINX MaTepUaIoB.

MeToauka. V3ydeHbl MperMyLIecTBa M HEJOCTATKH OCHOBHBIX IPHMEHSIEMbIX METOJIOB TOBBIICHHS (DUIBTPALOHHBIX XapaKTEPUCTHK
MPOJIYKTHBHOTO FOPU30HTA MPH pa3paboTKe YyPaHOBBIX MECTOPOXKACHUI CKBAKHHHBIM criocoboM. OToOpaHsl IPOOkI 0caIk000pa3oBaHus U3
NPOJIYKTHBHOTO TOPH30HTA Ha ypaHOBOM MectopokaeHuu Uy-Capricyiickoil nenpeccuy. PeHTreHo(a30BbIM METO/IOM yCTaHOBJICHBI KOJIH-
YECTBEHHO-KAYECTBEHHBIC XapaKTEPUCTUKM M OCOOCHHOCTH COCTaBOB MUHEpaoB. PazpaboTaHa MeTOIHMKa M MPOM3BEIECHBI J1aOOpaTOpHbIE
OMBITHI 10 00paboTKe MPoO 0caaKo0Opa30BaHMs KarelbHBIM METO/IOM C MPUMEHEHHEM Pa3IMYHBIX COCTABOB MOJOOPAHHBIX JEKOIbMATH-
pyromux pacTBOpoB. MHKPOCKOIIMYECKMM METOJIOM OIIpEe/esieHa CTPYKTYpa U OCOOCHHOCTH 0CaaK0o0oOpa3oBaHUs /10 U Iocie 00paboTku
Pa3IHIHBIMH AEKOJIbMATUPYIOMUMH PACTBOPAMH.

Pe3yabTatsl. YcraHoBieHa A()(EKTHBHOCTE OCHOBHBIX IIPUMEHSIEMBIX METOIOB MOBBIIICHNS (HIBTPAIOHHBIX XapaKTEPUCTHK IIACTOB
Ha YPaHOBBIX MECTOPOXKICHMSX, OTPa0aTHIBAGMBIX CKBAKHHHBIM criocoboM. OmpenencHa CTpyKTypa U COCTaB 0CaaKOOOpa30BaHUsl, BBI3bIBA-
IOIMIT CHIKEHHE (MIIBTPALMOHHBIX XapaKTEPUCTUK TPOJyKTHBHOTO TOPU30HTA. BeIOpan 3d)(ekTHBHBII cOCTaB CIEUUANBHOTO JEKOIbMATH-
PYIOILET0 PacTBOpa A PaspyLIeHHs U IIPeIOTBPALIECHUs 0CaKO00pa3oBaHUs B MIPOAYKTHBHOM T'OPU30HTE ¢ NPUMEHeHueM OudTopuia am-
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MOHHS C JOOABICHHEM CEPHOW KHCIOTHI M MOBEPXHOCTHO-aKTUBHBIX BELIECTB. BripaboTan u Hay4HO 060CHOBaH 3()(EKTHBHBII METO MOBBI-
1reHns QUIBTPAIMOHHBIX XapaKTEPHUCTUK MPOIyKTHBHOTO TOPH30HTA C IPHUMEHEHUEM CIICLMATBHBIX IeKOJIBMATHUPYIOIINX PACTBOPOB.

Hayunasi HoBu3Ha. [IpuMeHeHHe CIeHANBHBIX IEKOJIbMATUPYIOIINX PACTBOPOB HA OCHOBE OM(TOpHIA aMMOHUS C 100aBICHHEM Cep-
Hoii kucnotsl U [TAB 1o pa3pabotanHOi MeToMKe MO3BOJSIET 3P (PEKTUBHO pa3pyliaTh U MPeAOTBpaIaTh 0CAJAKOOOpa30BaHUE B MPOIYK-
TUBHOM TOPH30HTE TIPU CKBXKUHHOM TOOBIYE YPAHOBEIX PY/I.

IpakTHueckasi 3HAYMMOCTB. [IprMeHEeHNE pa3pabOTaHHOTO JIEKOJIBMATHPYIONIETO PACTBOPA U CIICIHANTEHONW METOJIMKH MPH WHTCHCH-
(buKaIKMy CKBOKUHHOW JOOBIYM ypaHa IMO3BOJISIET COKPATUTh KCILTYaTAlMOHHBIC PACXObI Ha ero A00buy. [Ipu 3TOM HOBBIIACTCS SKOJIOTH-
Yyeckast ¥ IPOU3BOICTBEHHAs! 6€30IIaCHOCTh PadOT MO MHTEHCU(HKAIIMH BBIIIETaYHBaHHS YPAHOBBIX PYA.

Kniouesvie cnosa: cksascunnas 000viua, 0caokoodpazosanue, 0eKOIbMamayusi, UHMEHCUPUKAYUS, PEHM2eHODA306bIU AHANU3, MUKDO-
CKOnu4ecKue uccie008anus
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