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Abstract

Purpose. Assessment of the effectiveness of using the method of radio-wave geointoscopy of the inter-well space for three-
dimensional mapping of the zone of the leaching solution actual propagation in the process of uranium mining by the
method of underground leaching.

Methods. Experimental-industrial studies of the leaching process are conducted at technological block 68 of the Semizbay
deposit (Kazakhstan). In experimental studies, special equipment is used for conducting radio-wave geointoscopy. Inter-well
measurements are performed using the RVGI-06 equipment. The observations are conducted in a fan pattern within the filter
section. The step between adjacent points along the wellbore is 1 m. At different stages of mining the technological block,
maps of geoelectric resistivity have been compiled, with the help of which a comparative analysis is performed.

Findings. A tendency to an increase in the area of acidic solutions propagation over time has been revealed by comparing
the fragments of RVGI geoelectric map at different stages of mining the block. The influence of a heterogeneous geological
structure on the uniformity of the leaching solutions propagation has been proved. It has been determined that the resolving
power of the radio-wave geointoscopy method is sufficient to detect changes in geoelectric conditions at small monitoring
cycles in time. The spatial-temporal change in the front of the leaching solutions propagation makes it possible to determine
the prevailing directions of solutions propagation and to assess the filtration characteristics of rocks.

Originality. The patterns have been determined of the leaching solutions propagation over time from the beginning of block
acidification to active leaching. The first attempts have been made to use the geophysical well logging method in the prac-
tice of uranium mining by In-Situ Leaching (ISL) method.

Practical implications. Monitoring studies by radio-wave geointoscopy method at the stage of passive acidification can be re-
commended for further experimental and scientific testing at technological blocks of the Semizbay deposit for a quantitative as-
sessment of the filtration characteristics of rocks and the dynamics of the acidification process development, as well as for the
development of well-grounded recommendations on the optimal scheme for mining the blocks in specific geotechnical conditions.
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1. Introduction

The technology of underground uranium leaching was
first experimentally tested in the early 1960s in the United
States. Over the past 20 years, the world has witnessed a
significant increase in uranium mining by bore-hole in-situ
leaching (ISL) method. For example, if in 2000 the share of
uranium produced by ISL method was equal to 16% of the
total world production, then in 2019 this figure became equal
to 57% [1]. Thus, it can be concluded that the underground
leaching technology is of great importance in the global
uranium production at the present time.

Unlike traditional mining methods, in which the uranium
mineral and host rock are recovered to the surface, when
uranium is mined by bore-hole in-situ leaching, the host rock
is not recovered to the surface [2]. The specificity of the ISL
method is to selectively transfer natural uranium into solu-
tion directly in the bowels of the Earth.

Underground leaching is distinguished by a variety of
methods, which are determined, first of all, by the thickness
of the seam itself, its physical-mechanical and physicochem-
ical properties, physical-mechanical characteristics of the
host rocks, as well as the nature of the chemical reaction of
the necessary components dissolution [3], [4]. The bore-hole
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in-situ leaching method involves the use of wells to inject
solutions into the ore zone. This solution is commonly re-
ferred to as a leaching agent. Leaching solution dissolves
uranium as it passes through the uranium-containing host
rock [5]. A solution saturated with uranium is called a preg-
nant solution. Pregnant solution is pumped out to the surface
through the extraction wells, after which it is delivered to the
processing plant, where the valuable component (uranium) is
extracted from the solution. The solution obtained after the
uranium extraction, called the mother liquor, is sent back to
the mining site, where, after additional strengthening with
chemical reagents, it is again pumped into the ore zone [6].

Despite all the advantages, bore-hole in-situ leaching has
the main disadvantage — the lack of complete control over the
valuable components extraction and spreading of the solu-
tion, as a result of which the specific consumption of the
reagent per unit of extracted ore increases.

When uranium is mined by bore-hole in-situ leaching meth-
od, the only source of reliable geological data is the core ex-
tracted during drilling the wells [7]. In practice, core-drill sam-
pling is performed only in a small amount of constructed wells,
and the vast majority of wells are constructed using non-core
methods. This is conditioned by the high cost of core drilling.
The lack of reliable information on the lithological structure of
the productive horizon section during well construction, which
is conditioned by the lack of a sufficient amount of core materi-
al, can be compensated for by conducting a complex of geo-
physical well logging (Geologic Information System, GIS) [8].

The traditionally established complex of methods for
geophysical well logging, which is performed at the fields,
includes the following types [9]-[13]:

—gamma-ray logging (GR log) — shows natural radioac-
tivity in the seam;

—electrical logging (apparent resistivity, spontaneous po-
larization, induction logging) — used to determine the host rock
filtration properties, the degree of the ore mass “acidification”;

— directional logging — determines the well axis position
in space;

— caliper logging — for determining the average wellbore
diameter.

This complex of GIS methods has been formed for a long
time and is characterized by high information content about
the geophysical and geological parameters of the ore body and
host rocks [14]. Geophysical well logging is the main source
of measuring information on the composition and properties of
rocks of the productive horizon, parameters of ore intervals
and on the progress of the uranium leaching process.

The technology of underground uranium leaching, along
with all its advantages, such as insignificant impact on the
environment, preservation of the natural landscape, low cost,
also has disadvantages associated with the specificity of the
method. When drilling wells, ore acidification and block
mining in conditions of a heterogeneous geological structure
of the subsoil, it is rather difficult to obtain reliable data on
the ore mass state. This is caused by the fact that widely used
methods of geophysical well logging, such as electrical log-
ging, gamma-ray logging, induction logging, and others,
have limitations in the measurement range [15], [16]. The
impossibility of a detailed study of the horizon lithological
structure, penetrated by the well with the use of common
geophysical methods of well survey is conditioned by vari-
ous factors. The use of gamma-ray logging (GR log) for
these purposes is impossible due to the abnormally high

gamma radiation of uranium ores in the productive horizon.
Spontaneous potential logging (SP log) is inapplicable due to
the fact that in the conditions of industrial uranium mining
and constant circulation of technological solutions in the ore
horizon, there are various kinds of interference that signifi-
cantly reduce the measurement accuracy [17].

When mining uranium by bore-hole in-situ leaching meth-
od, technological solutions within the ore horizon may spread
unevenly because of the complex lithological structure [18]. In
the course of mining the block, the valuable component is
extracted unevenly, mainly from the most permeable zones.
Low-permeability zones are less involved in leaching and may
contain unmined reserves, stagnant zones [19]. The size of
these zones and their position in the inter-well space is usually
unknown. Reliable geological data is required in order to regu-
late the technological process in order to maximize the reco-
very of the valuable component and reduce mining costs.
Currently, the only possible method that makes possible to
obtain actual data on the propagation of solutions in inter-well
intervals is the method of radio-wave geointoscopy [20].

The method of radio-wave geointoscopy has shown its high
efficiency during the oil fields development [21][22]. The posi-
tive results of the test surveys performed in oil fields are a
significant contribution to this study. The use of casing pipes
made without the use of shielded materials (metal) has also
contributed to successful experimental-industrial studies [23].

The research purpose is to study the method of radio-wave
geointoscopy for practical application on an industrial scale.

With regard to the purpose set, the objectives of the
research are:

—selection of a test site and study of the mining-and-
geological peculiarities of the deposit;

— installation of a measuring unit for radio-wave meas-
urements and preparation of a tomographic survey scheme;

— conducting experimental-industrial work;

—data collection and processing of experimental-
industrial work.

Experimental-industrial studies of the radio-wave geoin-
toscopy method are conducted at the Semizbay deposit, lo-
cated in the Republic of Kazakhstan, on the territory of Ak-
mola and North Kazakhstan regions. The Semizbay deposit
belongs to the hydrogenous type. The technological blocks of
the deposit are characterized by a complex section. Commer-
cial mineralization is multi-stage. According to the area of
propagation, it is complex and discontinuous [24].

The main Semizbay deposit structure is the erosion-
tectonic depression with the same name, which is an ancient,
long-developed valley formed by terrigenous Mesozoic-
Cenozoic sediments of the alluvial-proluvial genotype. The
ore-bearing sediments of the Semizbay Formation are a com-
plex heterogeneous stratum characterized by alternating hori-
zons of permeable and water-resistant rocks in a vertical sec-
tion and a distinct areal facial-geochemical zoning. Uranium
mineralization at the deposit is widespread in terms of areal
propagation and concentrated in two aquifers: Lower Semiz-
bay (NRG) and Upper Semizbay (VRG), separated by an
intermediate aquiclude, up to 15-20 m thick, composed mainly
of clays and siltstones. The ore deposits of the field are a series
of contiguous ore bodies with uneven uranium mineralization,
located at the same hypsometric level [25], [26].

The productive stratum, which includes the NRG, the in-
termediate aquiclude and the VRG, occurs at a depth of
25-100 m from the surface and has, depending on the posi-
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tion in the depression, a variable thickness from 30 to 100 m.
These conditions significantly complicate the control over
the technological process of mining.

2. Methods

The method of radio-frequency surveying the inter-well
space is based on the study of the intensity of electromagne-tic
waves absorption by rocks located along the path of their prop-
agation. A sufficiently high contrast of the electrical properties
of the initial fluid and technological solutions usually contrib-
utes to the study of the leaching process by electromagnetic
methods. The acid concentration in the technological solutions
is 20 g/l with the mineralization of the initial fluid 2-5 g/l
which is reflected by a decrease in the electrical resistivity of
permeable rocks of the ore horizon by 5 or more times.

The inter-well measurement scheme is shown in Figure 1.
Well 1 includes a radiating element, loaded on an isolated elec-
trical antenna, and well 2 contains a receiver with an antenna of
a similar design. With a fixed position of the radiating element
in the well 1, the amplitude of the axial component of the elec-
tric field is measured along the wellbore of the adjacent well,
after which the radiating element is shifted by a certain step and
the measurements are repeated. Numerous overlapping of
gamma-rays in different directions (tomographic survey) pro-
vides a high level of detail during the inter-well space study.

/6 5 /4
no -/ .

Figure 1. Measuring unit for radio-wave measurements and
tomographic survey scheme: 1-antenna; 2 — retrans-
mission unit; 3 —optical isolator block; 4 — computer;
5 — retransmission unit; 6 —logging hoister; 7 — radia-
ting element; 8 — gamma-rays

Inter-well measurements are carried out using RVGI-06
equipment. The observations are performed in a fan pattern
within the filter section. The step between adjacent points along
the wellbore is 1 m. For a visual assessment of the detailed
RVGI studies, Figure 2 schematically shows a vertical section
of the RVGI measurement procedure. The black dashed lines
indicate the gamma-rays connecting each station of the radiat-
ing element with the measurement points in the adjacent well.

Technological wells of block 68, selected for experi-
mental-industrial work, are arranged in row-based network
with a distance between wells of about 25 meters, both in the
row of wells and between the rows of wells. With this con-
figuration of the row-based network, the uniformity of the
observation network is adhered, which is an important criteri-
on for the conditions of inter-well radio-frequency surveying.

Well 1

Figure 2. Detail of fan-type survey by RVGI method (vertical
section with gamma-rays)

At technological block 68, studies are carried out at the
stage of passive acidification. The scheme for the RVGI study
at the stage of passive acidification is shown in Figure 3.

0 10 Scale 100m

Conventional signs

68-1-1 Injection wells = 68-2-2 Extraction wells RVGI section

Figure 3. Scheme for the RVGI study at the stage of passive
acidification

The passive acidification stage precedes the active leaching
stage. In case of passive acidification, injection solutions are
supplied to the wells of the block in bulk or under pressure.
When filling, in the absence of a pressure gradient, solutions of
sulphuric acid (H2SO.) spread within the ore-bearing horizon
under the impact of liquid column pressure in the wells and the
action of gravity. Then the block is settled for about a month,
after which the wells are involved in the pumping mode.

At technological block 68, starting from September 24, 2019,
H2S0, solutions have been supplied to the extraction wells. The
concentration of the solutions increased smoothly from 4 to
25 g/l. From September 3, 2019, the H,SO4 concentration in the
supplied solutions was maintained at the level of 25 g/I.

This site has been chosen for a number of reasons. Hetero-
geneous filtration structure. According to radio-wave geointos-
copy, before the acidification occurrence in the space around
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the well 68-4-1, in the upper part of the section, there are low-
permeable terrigenous rocks in the upper part of the filter set-
ting interval. Well-permeable rocks occur in the space around
the 68-4-3 extraction well in the lower part of the filter setting
interval. In the well 68-5-0 in the middle part of the filter set-
ting interval, a seam of carbonate rocks with a thickness of
about 1 m is noted. The selected site is characterized by a het-
erogeneous filtration structure, which can affect the propaga-
tion of leaching solutions (LS) in the process of passive acidifi-
cation and offers opportunities for determining the permeability
coefficient for rocks of different lithological-filtration types.

At the selected test site, between the rows of injection
wells 68-3 and 68-5, at the stage of technological drilling, the
survey is carried out both along a row-based network (25 m)
and on discharged observation networks using the radio-
wave geointoscopy method. This makes it possible to have a
reliable comparison base for monitoring studies by RVGI at
the stage of passive acidification.

The intervals for setting the filters of extraction wells
68-4-2 and 68-4-3, to which sulphuric acid (H.SO4) solutions
are supplied at the passive acidification stage, are located above
the filters of the injection wells. At the selected site, there is a
total immersion of the filter setting interval in the north direc-
tion. Thus, between wells 68-4-1—68-5-2 in the interval of
setting the filters, the distance is 22.7 m, and between wells 68-
4-3 —68-5-4, the distance is 36.8 m (with a design distance of
25 m). Therefore, at the selected site, it is possible to assess the
effect of uneven network of wells and filter setting intervals on
the spreading of leaching solutions during passive acidification.

3. Results and discussion

The research is performed in 4 cycles with a frequency of
5 days (between the day of the beginning of each cycle) at
the stage of passive acidification, as well as in 1 cycle with a
duration of 5 days at the stage of active leaching.

@

The periods of the research cycles are shown on the graph
and marked in blue, the changes in the sulphuric acid con-
centration in the solution over time at the stages of block
mining are shown in Figure 4.
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Figure 4. Graph of changes in the concentration of the supplied
H2SO4 solutions over time

According to the graphs presented in Figure 4, during the
research periods, the concentration of sulphuric acid in the
solution remains at the level of 25 mg/l at the stage of pas-
sive acidification and 17-18 g/l at the stage of active lea-
ching. Strict adherence to technology regulations for the
sulphuric acid concentration of at the stages of passive acidi-
fication and active leaching is a mandatory factor for creating
stable and optimal research conditions in order to reduce
measurement errors and improve their accuracy.

The research methodology provides for the preparation
of maps of the effective geoelectric resistivity for
the block (Ref).
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Figure 5. Fragments of 3D geoelectric map by RVGI at the stage of technological drilling: (&) prior to the acidification; (b) 14 days after
the start of acidification; (c) 24 days after the start of acidification
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Such maps, compiled at different stages of mining, make
it possible to track changes in the area of solutions propaga-
tion over the block over time.

Figure 5 shows fragments of 3D geoelectric maps accor-
ding to RVGI data before the occurrence of acidification,
after 14 days and after 24 days of passive acidification —
horizontal plans at a depth of -30 m of absolute mark.

By comparing the fragments of the RVGI geoelectric
map at different stages of block mining (Fig. 5), it can be
conclu-ded that there is a tendency to increase the area of
acidic solutions propagation over time. After 14 days from
the beginning of passive acidification, according to RVGI
data, a significant decrease is recorded in the effective
resistance values along the line of wells 68-4, which were
supplied with H,SO4 solutions. According to the research
data, after another 10 days, a further decrease in the level of
effective resistance is noted, which indicates the replace-
ment of the natural solution by the supplied H;SO4
solutions. Arrows indicate wells from which leaching solu-
tions containing sulphuric acid are propagated. With
increasing depth, the volume of leaching solutions increases
due to the action of gravity.

This is most clearly seen on the 4D geoelectric map in the
acidification rate isolines for a period of 14 days of passive
acidification (Fig. 6a). At the initial stage of the passive
acidification process, the most actively supplied solutions fill
the space between wells 68-4-1 — 68-4-2 — 68-4-3.

The leaching solutions propagation in the process of
passive acidification can be observed by 4D geoelectric
maps in the isolines of the monitoring coefficient, which
characterizes the change in effective resistance between
research cycles (Fig. 6b). It can be seen from Figure 6b that
in the process of research there is a significant change in
the effective resistance between measurement cycles, which
indicates a gradual replacement of groundwater with
technological solutions.

(b)

0 29 48 62 80 H2SO; concentration, g/l
1]

I 2 3 4 5 Acidification rate, relative units 1 L1 1.2 1.3 Acidification rate, relative units

Figure 6. Fragment of 3D geoelectric map by RVGI:
() monitoring coefficient after 14 days of passive acidi-
fication; (b) monitoring coefficient after 24 days of pas-
sive acidification

4, Conclusions

The experimental-industrial work performed at the
Semizbay deposit at the main stages of mining the technolog-
ical blocks testifies to the feasibility and efficiency of using
the RVGI technology for solving the following main tasks.

At the stage of technological drilling (before the acid
solution is supplied):

— identification of the lithological-filtration structure of
the studied block;

— drawing up a spatial 3D map of the filtration properties
distribution of rocks in the ore-bearing horizon;

— identification and localization of zones with
permeable rocks.

These data can be used to adjust recoverable reserves,
improve the scheme for mining the subsequent technologi-
cal blocks.

At the stage of active leaching:

— obtaining a reliable three-dimensional pattern of lea-
ching solutions actual spreading in the inter-well space for a
given period of time;

— quantitative assessment of the acidification degree, both
in individual zones and of the block as a whole;

— distinguishing and localization in the inter-well space of
weakly permeable zones and zones of leaching solution
excess concentrations (stagnant zones);

— identification of zones where the leaching solution
spreads outside the contour, both vertically and laterally;

—assessment of the dynamics of the acidification process
development in space and time.

The obtained research data confirm the uneven spreading
of leaching solutions during passive acidification both in
plan and in depth. The resolving power of the radio-wave
geointoscopy method is sufficient to detect changes in geoe-
lectric conditions in time during small monitoring cycles.
The spatial-temporal change in the front of the leaching solu-
tions propagation makes it possible to determine the prevail-
ing directions of solutions propagation and to regulate the
technological process in order to maximize the extraction of
valuable component, reduce the cost of production.

The presented materials make possible to note the fol-
lowing peculiarities in the lithological structure of the blocks
and the heterogeneity of their acid processing.

1. The results of processing the RVGI data on technolog-
ical block 68 before acidification with geological materials
and the results of logging (apparent resistivity, induction
logging) have been compared, as well as the peculiarities in
the lithological-filtration structure of the block have been
revealed. Block 68 has quite inhomogeneous geoelectric and,
consequently, the filtration structure. According to RVGI
data, in the inter-well space in interval of setting the filters,
areas of reduced Re values are distinguished, confined to
low-permeable and impermeable rocks, such as clays and
siltstones, mainly in the upper part of the filter intervals and
the peripheral parts of the site. There are areas of increased
Res values, which are composed of well-permeable sand-
gravel deposits, mainly in the lower part of the filter inter-
vals. Also, according to the highest R level, zones com-
posed of impermeable carbonate rocks are localized.

2. At the stage of active leaching, 45 days after the occur-
rence of acidification, the results of RVGI studies before the
occurrence of acidification are compared, 4D geoelectric
maps are calculated in the isolines of the acidification rate

low-
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(Ky) and the sulphuric acid concentration in the leaching
solution. The comparison is accompanied by the analysis of
geological materials and the results of induction logging at
the stage of active leaching.

Both in the horizontal and vertical directions, a number of
large anomalies of increased and decreased values of K, are
noted, which indicates to uneven leaching solutions propaga-
tion in the space of the block. In the vertical direction, there
is a significant gradient of K, values. In the lower part of the
studied interval, in relation to the upper one, the acidification
of rocks is significantly higher. This effect is conditioned by
sinking the leaching solution, due to well-permeable rocks,
into the lower part of the filter setting interval and, possibly,
below the ore-bearing horizon, which can lead to the loss of
uranium and non-production excessive consumption of sul-
phuric acid solutions.

5. Recommendations

The results obtained make it possible to recommend
experimental-industrial tests of the RVGI technology at the
main stages of mining the Semizbay deposit in order to
increase the efficiency of mining operations.

The results of performed 4 cycles of RVGI regime obser-
vations at the stage of passive acidification of block 68 have
confirmed the expediency of a detailed and comprehensive
analysis of the obtained materials for the development of a
method for quantitatively determining the actual filtration
properties of rocks and the rate of acidification process de-
velopment in the inter-well space to optimize technological
schemes for drilling and mining technological blocks in
specific conditions of Semizbay deposit.

Monitoring studies by RVGI at the stage of passive acidi-
fication can be recommended for further experimental and
scientific testing at technological blocks of the Semizbay
deposit for a quantitative assessment of the filtration charac-
teristics of rocks and the dynamics of the acidification pro-
cess development, as well as for the development of well-
grounded recommendations on the optimal scheme for min-
ing the blocks in specific geotechnical conditions.
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3acTocyBaHHSI METO1Y PAliOXBHJILOBOI FeOiHTPOCKOMIi JJIs1 TOCHiIKEeHHS XapaKTepy
PO3TiKaHHA PO3YMHIB Y mpoueci MiA3¢eMHOro BUJIYTrOBYBaHHSI ypaHy

B. Loi, C. Mup3axmeros, €. S3ikoB, A. bekboraepa, O. bamriosa

Mera. Oninka e)eKTHBHOCTI 3aCTOCYBAaHHS METOLY PaliOXBHIBOBOI T€OIHTPOCKOIiI MIKCBEPIJIOBUHHOTO MPOCTOPY LISl 00’ €MHOTO
KapTyBaHHs 30HH (paKTUYHOTO PO3IOIiTY BHIYTOBYIOHOTO PO3YHHY B IpoLieci BUAOOYTKY YpaHy METOZOM IiI3EMHOTO BHITyTOBYBaHHS.

MeTtoauka. [IpoBeseHO TOCITITHO-TIPOMHCIIOBI JTOCIIKEHHS IIPOLleCcy BIJIYTOBYBAaHHS Ha TEXHOJOTiYHOMY Oiormi 68 pomosumma Cemis-
6ait (Kasaxcran). Y mporieci ekCepuMEeHTAIBHIX JOCIIKEHb BUKOPUCTOBYBaacs ClelliabHa anapaTypa Ui IpOBEIeHHS PaliOXBHILOBOT
reoiHTpocKomii. MiXKCBepIIOBUHHI BUMIPIOBAaHHS NpoBoaMIHCs anapatypoto PBI'T-06. CriocTepe)keHHs IPOBOAMIIUCS 32 BiSJIOBOIO CXEMOIO
B Mexax (uIbTpoBoi yacTUHU. Kpok MiXk CyCiTHIMH TOYKaMH o cTBONy ckiaB 1 M. Ha pi3HHX eramax po3poOKH TEXHOJOTIYHOTO OJIOKY
Oynu moOyoBaH1 KapTH T'€0EJIEKTPUIHOTO MUTOMOTO OIIOPY, 3@ TOMOMOTOI0 SIKUX OyJI0 IPOBEICHO MOPIBHAIBHUI aHATi3.

Pe3synbTaTn. BusBieHo HUIIXOM MOpiBHAHHS (parMeHTiB reoenekTpudnoi kaptu PBIT Ha pi3HuX cTafisx BiAmparoBaHHs OJOKY TeH-
JICHIII0 301IBIICHHS DO MOIIUPEHHS KUCINX PO3YMHIB 3 TUIMHOM 4Yacy. JloBeIeHO BILIMB HEOTHOPIJHOT T€0JI0riYyHO1 OyI0BH HA PiBHOMI-
PHICTH PO3MOALTY BIIYTOBYHOUYOTO pPO3YMHY. BCTaHOBICHO, IO PO3IUTBHOI 3JaTHOCTI METOAY PaliOXBHIBOBOI T€OIHTPOCKOIIl TOCUTH IS
BHUSIBJICHHS 3MiH T'€0CIEKTPHYHNX YMOB IIPU MaJHX LUKJIAX MOHITOPHHTY B 4aci. [IpocTopoBo-THMYacoBa 3MiHa ()POHTY IOLIMPEHHS BUITY-
TOBYIOYOT'O PO3YHHY JJO3BOJISIE€ BCTAHOBUTHU JOMIHYIOWi HANIPSIMKH TTOIIMPEHHS PO3YHHIB 1 OI[IHATH QiIbTpaIiiHi BIaCTUBOCTI ITOPIiL.

HaykoBa HOBH3HA. BCTaHOBJICHO 3aKOHOMIPHOCTI PO3MOALTY BUIYTOBYFOUOrO PO3UMHY 3 IIMHOM Yacy Bill MOYATKY 3aKHCICHHS OJOKY
JI0 aKTUBHOTO BHJIYTOBYBaHHs. BHkoHaHO mepii cripoOM BUKOPHUCTAHHS METOAY reoi3nuHHMX NOCIIDKEHb y MPAKTUI[ BUAOOYTKY ypaHy
METOIOM ITi/[3EMHOT'0 BUITyTOBYBaHHS.

IpakTnyHa 3HAYUMicCTh. MOHITOPHHIOBI JOCIIIKEHHS METOIOM DPaJioXBUIbOBOI I'€OIHTPOCKOMIi Ha eTalli MaCHBHOTO 3aKUCIICHHS
MOXYTh OyTH PEKOMEHIOBaHI [UIs MOJAbBIIOrO EKCIICPHMEHTAIbHO-HAYKOBOTO BHMIPOOYBaHHS Ha TEXHOJOTIYHHMX OJIOKaX pOJOBHUIIA
Cemiz0aii Uil KUTBKICHOT OLIHKH (QLUIBTPAIlIfHAX XapaKTEPUCTUK MOPiJ i JUHAMIKH PO3BUTKY IMPOILECY 3aKHCICHHS, pO3pOOKH OOTpYHTOBA-
HHUX PEKOMEHJAMii 3 ONTHMAJIbHOI CXeMH BiNpalloBaHHs OJIOKIB y KOHKPETHHX I'€0JIOr0-TEXHOJIOTIYHUX yMOBax/

Knrwwuosi cnosa: niosemue sunyeo8yeanHs, eeopizuuni menmoou, padioxeuiboea 2e0iHMPOCKONIs, YPaH, MIdiCCEEPOI0GUHHUL NPOCID

HpI/IMeHeHI/le MeToaa pazmono.lmonoﬁ TCOMHTPOCKOIINH IJIA UCCIICIOBAHHUA XapaKTepa
pPacTeKkaHusl paCTBOPOB B IpoLecce MOJA3¢MHOT0 BbIICJIAYABAHUA YpaHa

B. Lloi, C. Meip3axmeToB, E. f3ukoB, A. bekboTaesa, E. bammiosa

Heas. Onenka 3¢)(eKTUBHOCTH MPUMEHEHUS METOJa PaJOBOTHOBOI F€OMHTPOCKOINHI MEKCKBaXXHHHOTO MPOCTPAHCTBA I 00BbEMHO-
ro KapTUPOBAaHMS 30HBI (DAKTHYECKOTO PACIpPE/IeICHHs BBIILEIAUYUBAIONIEr0 PacTBOpPa B IpoLEecce JOOBIYM ypaHa METOAOM MOA3EMHOrO
BBIIIENAYNBAHHA.

MeTtoauka. [IpoBeieHbI OIBITHO-TIPOMBIIUICHHBIE HCCIIEAOBAHMS NIPOIEcca BEHIINIENAYNBAHUS HAa TEXHOJOTMYECKOM Oioke 68 mecTo-
poxnaenus Cemmsbait (Kazaxcran). B mpomecce skcrieprMeHTaIbHBIX HCCIIEIOBAHII UCIIONB30BATACh CHEHATbHAas anmapaTrypa Ui IpoBe-
JICHUSI PaIMOBOTHOBOM T€OMHTPOCKONMH. MeXCKBa)XXMHHBIE U3MEPEHHs MPOBOAMIHCE anmaparypoii PBI'M-06. HaGmoxenus mpoBoauinch
10 BEEpHOH cXeMe B mpejenax GuibTpoBoi yactd. lllar Mexxay coceHUMHU TOYKaMH IO CTBONY cocTaBwi 1 M. Ha pasHbIX stamax paspa-
OOTKH TEXHOJIOTUYECKOro OJI0Ka OBUTH MTOCTPOEHBI KapThl Ie03JIEKTPUUECKOrO YICIFHOTO COMPOTUBIICHHUS, C TOMOIIBI0 KOTOPBIX OBLT Mpo-
BEJICH CPABHUTEIIbHBIA aHAIN3.

Pe3yabTaThl. BoriBieHo myTeM cpaBHEHHS (parMeHTOB reodniekTpudeckorr kapTel PBI'U Ha pasnuuHbIX cTaguax oTpaboTku Oioka
TEHJCHIINIO YBEJIMUCHUS TIIOIAN PACIIPOCTPAHEHUS KUCIBIX PACTBOPOB C T€UEHHEM BPEMEHH. JI0ka3aHO BIHMSHHE HEOAHOPOJHOTO I'e0JIo-
THYECKOTO CTPOEHHS Ha PaBHOMEPHOCTH PACIIPEENICHUS BBHIIEIAUMBAIONINX PAaCTBOPOB. YCTAHOBIECHO, YTO pa3pemIaromei criocoGHOCTH
MeToJ]a PaJHOBOIHOBON F€OMHTPOCKOINH JOCTATOYHO JUTS BBISBICHHUS M3MEHEHHI T'€03ICKTPUIECKUX YCIOBUII IPH MAaNbIX IUKIAX MOHH-
TOpPHMHTa BO BpeMeHH. [IpocTpaHCTBEHHO-BpEMEHHOE HM3MEHEHHe (DPOHTAa pPacHpOCTPAHEHHUS BBIIENAYMBAIONINX MO3BOJSIET YCTaHOBHUTH
Ipeo0iIaJaloue HalpaBIeH!s PaclpoCTPAaHEHHsI PACTBOPOB M OLICHNUTD (DHIIBTPAMOHHBIE XapaKTEePUCTHKU ITOPOJI.

HayuHasi HOBM3HA. Y CTaHOBJIEHBl 3aKOHOMEPHOCTH paclpeIeNICHNs BhILIIEIauyNBAIOLINX PAaCTBOPOB ¢ TEUCHHEM BPEMEHHU OT Hayaja 3a-
KUCJICHHs OJI0Ka J0 aKTHBHOTO BBIIIENaYMBaHUs. BBIMONHEHBI MEPBbIC MOMBITKH MCIIOIB30BAaHUS MEeTOa Te0(H3MIECKIX UCCIICAOBaHHUN B
MIPaKTHKE JOOBIYM ypaHa METOAOM IOJ3EMHOTO BBIIIEIaUHBAHMS.

IIpakTHyeckasi 3HAYUMOCTb. MOHUTOPHHTOBBIE HCCIIEOBAHNS METOIOM PaJHOBOIHOBOI T€OMHTPOCKONMH Ha 3Tale MacCHBHOTO 3a-
KHCJICHUSI MOTYT OBITh PEKOMEH/IOBAHbI ISl JATbHEHIIIET0 SKCIIEPIMEHTATbHO-HAYIHOTO OIPOOOBAHMS Ha TEXHOJIOTHUECKIX OIOKaX MecTo-
poxaenus Cemus0ait A1 KOJIMYECTBEHHOH ONEHKH (QMIBTPAIIMOHHBIX XapaKTEPUCTHUK ITOPOT M AMHAMHKH Pa3BUTHUS TIPOIIecca 3aKUCICHHS,
pa3paboTKn 000CHOBAHHBIX PEKOMEHIAINH 110 ONTUMAJIBHOM cXeMe OTpabOTKH OJIOKOB B KOHKPETHBIX I'€0JIOr0-TEXHOJIOTMUECKHX YCIOBHSX.

Kniouesvie cnosa: noosemnoe svlujenauusanue, 2eopusuyeckue memoobl, paouosoIHO6As 2e0OUHMPOCKONUS, YPAH, MEICCKEANCUHHOE
npocmpancmeo



