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Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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STUDY OF MINING-GEOLOGICAL CHARACTERISTICS
OF URANIUM DEPOSITS OF KAZAKHSTAN FOR DEVELOPMENT
BY UNDERGROUND WELL LEACHING

Abstract. Existing traditional uranium mining technologies have major drawbacks, do not meet the
requirements of a market economy, are ineffective, require the use of a large number of expensive injection and
pumping wells, low leaching rates, require a large consumption of chemical reagent, sulfuric acid (to produce 1 ton
of uranium concentrate requires a flow of 100 tons sulfuric acid). Here, a productive solution refers to a chemical
solution containing the concentration of the leached therein of various useful components (metals), including
uranium, dissolved therein.

In the practice of exploitation of hydrogenous uranium deposits, the arrangement of technological wells has
been adopted: linear (or in-line), areal (or cellular) and combined.

Our proposed innovative technology for the exploitation of hydrogenous uranium deposits will be developed on
the principle of piston wells using the effect of activation of a chemical solution supplied to the array of a
hydrogenated uranium layer for leaching and other useful components. In the process of activation, the chemical
solution is heated to t = 70 ° C, the water in the solution becomes a good solvent. Pumping wells are used as piston
wells without changing the design, i.e. pumping wells are also used as injection wells.

This article presents the mining and geological characteristics of technogenic uranium deposits in Kazakhstan.
The basis of the raw material base of Kazakhstan's uranium is exogenous type deposits, combined into a subgroup
called “infiltration”. Uranium infiltration deposits are formed by groundwater associated with regional formation
zones and zones of soil-layer oxidation. The development and implementation of the method of underground well
leaching of uranium (UWL) is one of the most important scientific and technical achievements of the mining
industry. The main advantages of the underground leaching method compared to traditional mining methods of
developing deposits are as follows: the possibility of involving poor and off-balance ores in deposits with complex
geological and hydrogeological conditions, but with large reserves of uranium; Significant reduction in capital
investments and terms of commissioning deposits; improving working conditions, reducing the number of miners
and increasing labor productivity by 2.5-3.5 times; reducing the negative impact of uranium mining on the environ-
ment.

Key words: uranium, deposit, exploration, borehole underground leaching, industrial assessment.

Introduction. The Republic of Kazakhstan has the world's largest raw material base of proven
industrial reserves of uranium. Explored reserves in Kazakhstan total about 1 million. 560 thousand tons
uranium. The presence in Kazakhstan of significant reserves, well-explored deposits of uranium,
developed mining and processing capacities of uranium, as well as the current situation on the world
uranium market, determine the prospects for the development of the uranium mining industry in
Kazakhstan. The basis of the raw material base of Kazakhstan's uranium is exogenous type deposits,
combined into a subgroup called “infiltration”. Uranium infiltration deposits are formed by groundwater
associated with regional formation zones and zones of soil-layer oxidation.
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Development of infiltration uranium deposits was started in Kazakhstan from the 70s of the last
century. By the mid-80s, Kazakhstan already provided about 40% of the uranium needs of the former
USSR. To develop the deposits, a new method of uranium mining was used at that time - the method of
underground leaching through a system of wells drilled from the surface, which consists in transferring
uranium to solution at the place of natural ore occurrence.

The development and implementation of the method of underground well leaching of uranium
(UWL) is one of the most important scientific and technical achievements of the mining industry. The
main advantages of the underground leaching method compared to traditional mining methods of field
development are as follows:

- the possibility of involving in the exploitation of poor and off-balance ores of deposits with complex
geological and hydrogeological conditions of occurrence, but with large reserves of uranium;

- significant reduction in capital investments and terms of commissioning;

- improving working conditions, reducing the number of miners and increasing labor productivity by
2.5-3.5 times;

- reducing the negative impact of uranium mining on the environment.

Methods. The basis for the development and implementation in practice of uranium mining of the
method of underground borehole leaching were achievements in the field of geological exploration and
industrial assessment, epigenetic deposits of regional zones of reservoir and soil oxidation, achievements
in the field of hydrodynamics, geochemistry, hydrometallurgy.

Underground leaching technology can rightfully be attributed to the revolutionary technology that has
changed the conditions and economics of uranium production.

The successful solution of the complex of technical problems in the development of the underground
leaching method of uranium was associated with the development and implementation of special technical
means and technologies for the construction and operation of wells, instrumentation, as well as with the
development and industrial development in the hydrometallurgy of uranium sorption-desorption
technology using ion-exchange resins.

Over the past years, collectives of Kazakhstani uranium mining enterprises have done a great job to
improve the technology of uranium mining, increase labor productivity, reduce production costs, and
automate production processes. Considerable work has been done in the field of drilling and equipment of
wells, improving the means of raising productive solutions, devices for their sorption-desorption
redistribution.

New deposits are involved in commercial exploitation, including those with complex geological and
hydrogeological conditions, characterized by weakly permeable areas with high carbonate content,
filtration heterogeneity, unstable spatial arrangement of ore bodies in ore-bearing horizons and large
depths of their occurrence, lack of reliable water confines, etc. Expanding the boundaries of the
application of the underground borehole leaching method of uranium requires further improvement of this
progressive mining method and determines its high science intensity.

Based on modern achievements of geotechnological science and practice, the development of
uranium mining by the method of downhole leaching goes along the path of introducing computer-aided
mining technology based on the complete automation of all production processes; optimization of
opening, preparation and mining schemes; the introduction and development of new technical means for
the construction and development of wells, new structural materials; reducing the cost of solvents, ion
exchange resins; the introduction of electrodialysis plants, sorption-desorption concentration apparatuses
such as SDK, polymer washing liquids, hydraulic fracturing and hydraulic washing of formations, new
methods of electro-ultrasonic intensification of leaching and redistribution of productive solutions; the
introduction of effective methods for monitoring the hydro-geochemical parameters of underground
leaching sites and environmental rehabilitation of waste.

The social significance of introducing the method of downhole leaching into uranium mining practice
is extremely great. Fundamentally, for the better, the nature of the work of miners and the radiation safety
of the work have changed.

A further increase in uranium production, based on the introduction of the latest scientific and
technical achievements in the practice of developing infiltration deposits, will allow Kazakhstan to take a
leading place among the world's uranium producers.
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Results. About 25% of the world reliably explored uranium reserves are concentrated in the bowels
of Kazakhstan. Total reserves and resources are estimated at 1560 thousand tons of uranium, including
category reserves (B+C;+C,) of 928 thousand tons.

A unique feature of the republic’s uranium reserves is that about 75% of them are concentrated in
deposits associated with regional zones of formation oxidation. This type of field is not widespread in the
world and is being developed by the most progressive, relatively cheap and environmentally preferable
method of underground well leaching. (UWL).

Geological and industrial types of Kazakhstani uranium deposits: deposits of regional zones of
reservoir oxidation; deposits of soil-bed oxidation zones; organogenic phosphate deposits; vein stockwork
deposits.

Kazakhstan uranium deposits associated with regional formation oxidation zones are formed in the
Shu-Sarysuyskaya and Syr-Darya depressions of the platform cover of the northern part of the Tien Shan
uranium megawatch (Northern, Eastern and Western group of deposits).

Deposits associated with zones of soil-layer oxidation are developed in the Ili River basin, outside the
zone of activity of industrial enterprises and in the Akmola region of Northern Kazakhstan.

Uranium deposits suitable for mining with sulfuric acid leaching through a system of wells drilled
from the surface belong to the subgroup of infiltration (hydrogen). These deposits are the basis of the raw
material base of the uranium industry of Kazakhstan and are concentrated in the Shu-Sarysuyskaya
(Mynkuduk, Inkai, Budenovskoye, Zhalpak, Sholak-Espe, Uvanas, Moinkum, Kanzhugan) and Syrdarya
(Irkol, Karamurun, Kharasan, Zarechnoye, Asarchik Kyl, Zha , Chayan, Lunar) uranium ore provinces.

The largest of the deposits of the soil-formation oxidation zone and promising for development is the
Semizbay deposit.

The development of vein stockwork type deposits is, in principle, possible with a minimum level of
profitability, subject to selective mining of rich areas in combination with heap leaching. The scale of this
direction of production directly depends on the situation on the natural uranium market.

The development of deposits of organogenic phosphate type is not profitable and is possible only
with the integrated extraction and marketing of uranium, scandium, rare earths, sulfur sulfide and
phosphorus pentoxide. However, global market demand for these types of products is still limited.

A prerequisite for the implementation of underground leaching technology should be good
permeability of the medium containing uranium mineralization for the solution. With sufficiently good
permeability indicators, even deposits of poor uranium ores prove to be profitable for mining. Each
uranium deposit is always individual in its natural features, the technical and economic indicators of the
exploitation of deposits by underground leaching depend on these features. Moreover, the feasibility of
using underground leaching technology for mining a particular uranium deposit is based on the parameters
of two factors: the possible volume of uranium production per unit time and the possible cost of producing
a unit of uranium.

The average concentration of uranium in the productive solutions depends on the productivity of the
ore-bearing stratum and the effective thickness of the ore-bearing rocks involved in the leaching process.

The reagent consumption for underground leaching of uranium depends on the reagent capacity of
ore-bearing rocks, the type and nature of uranium mineralization, rock carbonate, productivity and
effective thickness of formations, hydrodynamic conditions for pumping solutions through ore-bearing
strata.

In the practice of underground leaching of uranium, the specific consumption of the reagent is
50-150 kg per 1 kg of metal, which is due to the reaction of the acid with other minerals and the spreading
of solutions. Carbonates almost completely react with acid (1 kg of sulfuric acid is consumed per 1 kg of
CaCO;), minerals of oxide iron, less intensely ferrous iron and some aluminosilicates (up to 10%) dissolve
well (40-50%) [1,2].

At the stage of formation acidification, the reagent (sulfuric acid) consumption is usually 8-10 g / 1
for ores with high carbonate content and 20-30 g / 1 for non-carbonate ores. At the leaching stage, the
concentration of sulfuric acid in working solutions ranges from 8 to 15 g/ I.

Productivity in productive solutions is determined by the total production rate of pumping wells, and
the metal yield in solutions by its concentration in solutions. The degree of uranium extraction from the
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bowels depends on many natural factors, geotechnological parameters of the deposits of the deposit and
technological indicators of the leaching process. The ratio of liquid to solid L:S is determined by the ratio
of the volume of pumped solutions through the ore-bearing formation to the volume of the rock mass of
the formation [4].

The solution to the question of determining the degree of suitability of a uranium deposit for mining
by underground sulfuric acid leaching in each particular case, first of all, should be based on a study of the
geotechnological parameters of the deposits. In this case, the development of a geotechnological
classification of the suitability of the field for sulfuric acid underground leaching through a system of
wells drilled from the surface acquires practical significance [5,6].

When constructing the classification, the basis can be taken of general geotechnological features that
apply to all infiltration deposits and particular parameters of these features that characterize one or another
degree of suitability of the deposit for sulfuric acid underground leaching of uranium.

The developed classification is given in table 1. The classification allows, according to existing field
exploration data, an aggregate assessment of the degree (class) of suitability of a deposit (deposit) for
underground leaching of uranium.

Table 1 — Classification of signs of suitability of uranium deposits for sulfuric acid leaching

Suitability of the deposit for sulfuric acid leaching
of uranium according to parameters of geotechnological features
Geotechnological features of uranium deposits
High Sufficient Low
(1st class fitness) (2nd class of suitability) (3rd class fitness)

1. The length of ore deposits, km >1,0-20 1,0-2,0 <1,0
2. Depth width, km 50-100 30-50 <10
3. Depth of mineralization, m 100 - 200 200 — 400 > 400
4. Mineralization power, M >3-5 3-5 <1,0
5. The content of clay-silt fractions, % <20 20-30 > 30
6. Uranium content in ore, % >0,05-0,1 0,05-0,1 <0,05
7. Content CO;, % 1,0-2,0 >2,0
8. Type of ore mineralization: Oxide Mixed Coffinite
Activation energy, E, kJ / mol; <10 10-20 >20
The order of the reaction >0,3 0,25-0,3 0,25
of sulfuric acid leaching, o
9. Ore productivity, kg/m> >5,0 3,0-5,0 <3,0-1,0
10. Groundwater level, m <50 Up to 50 > 50
11. Groundwater pressure
on the horizon roof, m >30 Up to 50 <30
}2. The oxygen content 310 5.6 <5
in formation water, mg/1
_13. The ratio of iron ions Fotts Fet Fott = Fet* Fo't < o’
in produced water
14. The filtration coefficient
of ore-bearing rocks, KF, m/day >10 1,0-05 <05
15. The rate of ﬁltrat{on apisotropy <01 0.1-03 0.7-1.0
of the productive horizon

The analysis of table 1 shows that the parameters of geotechnological features can have a significant
impact on the conditions and indicators of leaching of uranium.
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Depending on the parameters of geotechnological features of the fields, each of the fields selected for
leaching can be classified as high, sufficient and low suitability for sulfuric acid leaching through a system
of wells drilled from the surface.

During the operation of two equally-produced wells (pumping-out), a sufficiently high rate of
movement of the solution is ensured, however, the leaching process is carried out with significant
spreading of the solutions outside the zone of interaction of the wells. Working solutions are almost
always diluted with produced water, but this does not affect the amount of uranium removed and the
effluent, since a decrease in concentration corresponds to the same increase in the flow rate (volume) of
the pumped liquid. The true concentrations of uranium and solvent in the leach solutions are equal to their
values in the pumped liquid, multiplied by the unbalance coefficient. The dilution ratio of solutions is
equal to the unbalance coefficient. In practice, due to the need to maintain a balance of pumped and
injected solutions, it is rather difficult to reliably determine the contours of the leached volume. For this,
hydrodynamic grids obtained in various ways (electro-analog modeling, calculations, etc.) are used with
the results of laboratory or experimental work on metal extraction superimposed on them.

Figure shows the grid current of the solution and the position of the boundaries of its distribution with
a linear (in-line) arrangement of technological wells [2-5].

In this case, leaching occurs in a linear section limited by a pair of technological wells.
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The grid current of the solution and the position of the boundaries of its distribution during the operation of two wells in an
unlimited aquifer. 1- streamlines; 2 - equal pressure lines (numbers indicate filtration resistance); 3 - the boundaries of the
distribution of the leach solution (the numbers show the dimensionless relative time the solutions reach the boundaries)

The accumulated experience in the exploitation of deposits of zones of formation oxidation allows us
to group natural geological and hydrogeological factors and the conditions of occurrence of deposits in
favorable and unfavorable conditions for the use of underground downhole leaching of uranium (table 2).
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Table 2 — Geological and hydrogeological factors and conditions determining the operating conditions
of uranium deposits by underground leaching

Natural factors determining
the in-situ leaching process

The conditions of operation of the deposit by underground leaching method

favorable

unfavorable

1. Mineralization position in
the ore-bearing aquifer

Compact, there are no barren interbeds
inside the ore deposit

Complex, with frequent alternation of
mineralization and barren rocks in the aquifer

2. Lithological and filtrational
features of the ore-bearing
aquifer section

Mineralization uniformity, low thickness
(up to 20 m) of the aquifer, filtration
uniformity of rocks

Mineralization heterogeneity, increased
thickness (over 20 m) of barren aquifers, the
possibility of spreading and dilution of
productive solutions

3. Tectonic environment in
the ore zone

Faults and vertical displacements of the
ore zone are absent; formation
hydrodynamics is stable

The presence of faults and displacements along
the faults of mineralization and aquifers, a
complex hydrodynamic situation, which makes
it difficult to control the process of leaching of
uranium

4. The presence of water
storage

Apertures are available; ore bearing
aquifers are located between mature
aquifers

There are no mature aquifers; there are
hydrodynamic windows between productive and
barren aquifers

5. The composition of ore-
bearing rocks

Quite homogeneous, mainly quartz-
silicate, easily soluble ballast impurities
are absent, low content of clay particles,
carbonates, sulfides.

High content of harmful readily soluble
compounds, carbonates, phosphates, sulfides,
the presence of clay minerals of the
montmorillonite group

6. Explosiveness of mineral
forms of uranium

Easy opening with slightly acidic aqueous
solutions, low acid consumption

High persistence of mineral forms of uranium
by dissolution with acid solutions, the need for
oxidizing agents, high acid consumption

7. Ore Productivity

High enough (more than 4-5 kg /m?)

Low (1-3 kg/m?)

8. The ratio of productivity to
the effective power of the ore-
bearing horizon

From 1: 5 to 1:10, allows you to maintain
a high concentration of uranium in
solutions

More than 1:10, has a negative effect on the
concentration of uranium in solutions

9. Achieved in exploration
flow rates of pumping wells

2to51/s or more

Lessthan21/s

10. Form of deposits

Elongated wide deposits with good
permeability of ore-bearing rocks

Irregular complex shape with low permeability
of ore-bearing rocks

The data in tables 1 and 2, the data can be used in the evaluation of deposits for the use of
underground borehole leaching [6-10].

Discussion. The developed classification system for signs of the suitability of infiltration uranium
deposits for leaching is recommended for use in the design of PSV technology in Kazakhstan deposits.
The possibility and effectiveness of applying the technology of underground leaching of uranium with
sulfuric acid solutions through a system of wells drilled from the surface is determined by a combination
of a number of geotechnological and economic factors and parameters [11].

The determining factors and parameters for the use of underground leaching of uranium include the
availability of reserves for the organization of work on UWL; parameters of water cut and permeability of
ore-bearing rocks; mineralization depth; type of ore mineralization; the material composition of ore-
bearing rocks; parameters of carbonate and sulfuric acid solubility of minerals; parameters of occurrence
and groundwater pressure; presence of water storage; expected uranium mining costs. The degree of
suitability of the field for efficient exploitation by underground leaching depends on specific combinations
of parameters of natural and production conditions [12-22].

Based on the results of this work, an assessment was made of the existing technology for exploitation
of hydrogenic uranium deposits in Kazakhstan to select the object of study; an analysis is made of existing
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production technologies for the exploitation of hydrogenous uranium deposits that do not meet the
requirements of a market economy: low labor productivity, high cost per unit of production; a comparative
analysis of boreholes with the main technical facilities providing the injection of a chemical or
biochemical solution was made; An alternative method for supplying chemical solutions to an array of
hydrogenous uranium reservoir has been developed; losses and dilution of chemical solutions are
determined.

The work was performed according to the results of study No. AP05130987 "Development of
innovative technology for exploitation of hydrogen deposits of uranium for industrial and energy
development of the contra”

E. E. Opbmf(mcal, A.E. Bopoﬁbesz, M. )I(aﬂrannesa3, I. %K. Yremwres'

' AnMate sHEpreTHKa xoHe GaiinaHbic yHHBepeHTeTi, AnMaThl, Kazakcran;
2Peceit xanbIkTap H0CThIFbI yHHBepcHTeTi (PY [IH), Mockey, Peceii;
3 J1. A. KoHaeB aThIHIaFbl Tay-KeH ici HHCTUTYTHI, AnMatbl, Kazakcran

KEH OPHBIH JKEPACTHI YHFBLIAII TAMMAJIAY SJIICIMEH UTEPY YIIITH
KA3AKCTAHHBIH YPAH KEH OPBIHJAPBIHBIH TAY-KEH-I'EOJIOTI' USIJIBIK
CUITATTAMAJIAPBIH 3EPTTEY

AHHOTanmsi. YpaH eHIIpyIiH JoCTYPJIl TEXHOJIOTUSUIAPBIHBIH €oyip KeMIIUTIKTepl 6ap, HAphIKTHIK SKOHOMHKA
TajanTapblHa jkayan OepMeiini, THIMIIr a3, KeIMOAT TYpaThlH KYIO-COPY YHFBIMAJIApBIH KON KOJIaHYIbl Talall
eTeni, CUITiIeyIiH TOMEH KapKBIHABUIBIFBl XUMHUSUIBIK pPEareHT MeH KYKIPT KBIIIKBUTBIHBIH KOIl MOIISPET] IIbIFbI-
HBIH KaxeT erefi (1 T ypaH KOHIEHTpaThH axy yiiH 100 T KYKipT KBIIIKBUT IIBIFBIHEI). MYHIAFBI OHIMII epiTiHAL —
epITUITeH CULITICI3Z€HIeH TYpJl Naijgansl KOMIIOHEHTTEpPIiH (MeTainap), OHbIH iMIiHAE ypaH KOHLIEHTPALMSICHIH
KAMTUTBIH XUMHSIIBIK SPITIH/II.

VYpaHHBIH TUAPOTEH I KeH OpPBIHAAPbIH NalijanaHy TKIpUOECIHEe TEXHOJIOTHSIBIK YHFbIMAlIAPAbIH OpHAIACy
cXxeMachl KaObUIIaHFaH: KeIUTK (HeMece KaTap), alaiablK (HEMece YAIIBIK) J)KOHE KypaMa OOJIbII CaHasIa bl

Bi3 yCBRIHATEIH THAPOTEH I YpaH KeH OPBIHAAPHIH NaiaaHyJbIH HHHOBAIIUSIIBIK TEXHOJOTHICH OHBI CLITICI3-
NEHIpY XKoHe 0acKa Ja maiaansl KOMIOHEHTTED YINiH YpaHHBIH THAPOTeH I KabaT MaccuBiHe OepiIeTiH XUMUSIIBIK
epiTiH/iHI OeNICeHAIpY ocepiH KoJiaHa OTHIPHIIN, MOPIISHBIl YHFBIMAIapAbIH )KYMBIC iCTE€y KaruJaThIHAA 3ipIIeHe Il
Bencennipy yaepicinae xuMusuiblk epitinai t = 70 © C meiliH KbpI3abl, €piTiHAIACT] CY KaKChl €pITKILIKe aiHaIa/bl.
Coprbilll  KYJBIK KOHCTPYKLMSHBI ©3repTIECTeH IOPIIeHBIK YHFbUIAP pETiHAE NaijanaHajibl, sSFHU aijgay
YHFBIMaJIapbl COPY YHFBIMAJIapbl peTiHAE JIe KOJIIaHbLIAIbL.

Maxkanana KazakcTaHHBIH TEXHOTCHJIK YpaH KEH OpBIHIAPBIHBIH Tay-IeOJOTHSIBIK CHUIIATTaMachl OepiireH.
KasakcTranapIK ypaHHBIH OIMKi3aT 0a3aChIHBIH HETi3iH «MHOWIBTPANMSIIBIKY e aTANTaThIH Killll TONKa OipiKTipinreH
9K30TeHIK YJTiAeri KeH OpbIHAAphl Kypaiasl. Y paHHBIH HHQMIBTPAMSIIBIK KEH OpBIHIAphl KaOaTThl OHIPIIK XKoHE
TOIBIPAKTHIK-KA0ATTHIK TOTHIFY aiiMakTapbIMEH OailylaHbICTBI JKEPacTbl Cybl HETi3iHAE KalbINTacKaH. YpaHIbl
JKEepacThl YHFBUIAN IIaiiMaliay OJICiH d3ipJiey JKOHE CHTI3y Tay-KeH OHEPKICIOIHIH MaHBI3Ibl FHUIBIMH-TEX HUKAIBIK
KeTicTikrepiHe karaapl. JKepacTbl CINTICI3ACHAIPY OMICIHIH JOCTYpJl KEH OpBIHIAPbIH Wrepy oicTepiMeH
caJIbICThIPFaHa MbIHAAl apTHIKIIBUIBIFEL 6ap: KYpAesi reoJIorHsUIBIK-THAPOr €00 HSIIBIK JKaFAaiaa ipi ypaH KOpbl
Oap KeH OpBIHIAPBIH HaIIap oHe OalaHCTaH ThIC K€H OPBIHAAPHIH MaiianaHyFa TapTy MYMKIHAIT; Kypaeli caabiM
JKOHE KEH OPBIHAAPHIH Maiiananyra 0epy Mep3iMiH e13yip KbICKapTy; eHOEK JKarAaiblH jKaKcapTy, Tay-KeH KYMbIC-
IIBUTAP CaHBIH KBICKApPTY JKOHE €HOSK OHIMAUIriH 2,5-3,5 ece apTThIpy; ypaH OHIIPYAIH KOpIIaraH opTara Tepic
9CepiH a3aiTy OOJIBII CaHAIAIbI.

Tyiiin ce3mep: ypaH, KeH OpHBI, I'€OJOTHSIBIK Oapiay, YHFBIMAIBIK JKepacTbl IlaiMaiay, eHepKoCINTiK
Oaranay.
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' AnmaTuHCKuit YHUBEPCHUTET PHEPIeTUKH U CBsI3U, AnMaThl, Kazaxcran;
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MN3YYEHUE 'OPHO-TEOJIOTMYECKUX XAPAKTEPUCTHUK
YPAHOBBIX MECTOPOXKJEHUM KABAXCTAHA JIJIS1 PA3PABOTKH
METO/JOM IHOJA3EMHOI'O CKBA’KUHHOT O BBIIINEJTAYNBAHUSA

AnHoTanusa. CymecTBylomye TPaAULHOHHBIE TEXHOJIOTHH J0OBIYM ypaHa 001agaroT OOJBIIUMH HEIOCTAT-
KaMH{, HE OTBEYalOT TPEOOBAHWSAM PBIHOYHON SKOHOMHUKH, MaN03(p(EKTHBHBI, TPEOYIOT MPUMEHEHHs OOIBIIOTro
KOJIMYECTBA JIOPOrOCTOSIINX 3aKAUYHBIX U OTKAYHBIX CKBaXKUH, OOJIBIIOrO pacxojia XUMHYECKOTO pPearecHTa, CepHOM
KUCJIOTHI ([J1s1 OJTydeHust 1| T KOHIeHTpaTa ypaHa TpeOyercs pacxoz 100 T cepHOIt KUCTIOTHI), OTIMYAIOTCS. HU3KOH
MHTCHCUBHOCTBIO BbIIICIIaYMBAHUAA. 3,[[60]) noJg MNpPOAYKTHBHBIM PACTBOPOM IOHHUMACTCSA XUMUYECKHUI pacTBop,
couepmamnﬁ KOHICHTpalU0 paCTBOPCHHBIX TaM BbILHICIOUYCHHBIX PA3JIMYHBIX MMOJIE3HBIX KOMIIOHCHTOB (MeTaHHOB),
B TOM YHCJIE ypaHa.

B mpakTuke SKCIUTyaTaliy THIPOTSHHBIX MECTOPOXKACHHM ypaHa MPHHATHI CXEMbl PACIHOJIOKEHUS TEXHOIO-
TUYECKUX CKBaXXWH: JIMHEHHBIE (WIN PSIHBIC), TUIOMAIHbIC (M SYCUCTHIE) 1 KOMOMHHPOBAaHHBIE.

[Ipennaraemasi HaMM WHHOBALMOHHAS TEXHOJIOTHS IKCIUIyaTallid T'MAPOTCHHBIX YPAHOBBIX MECTOPOKACHHN
Oyaer pa3paboTaHa Ha MPUHIUIEC PA0OT MOPIIHEBBIX CKBAXHH C MPUMEHEHUEM 3P (deKTa aKTUBAIIMH XUMHUYICCKOTO
pacTBopa, 1oJjaBaeMoro B MaCCUB I'MPOTEHHOI0 IUIACTa ypaHa JUIsl ero BhIIIEeIauyBaHuUsl M APYTUX IOJIE3HBIX KOM-
MOHEHTOB. B mpolecce akTHBaK XUMUYECKUI pacTBOp mojorpesaercs 1o t = 70°C, Boja B pacTBOpe CTaHOBUTCS
XOPOILUM pacTBOpUTENieM. B KauecTBe MOPIIHEBBIX CKBAXKHH MPUMEHSIOTCS OTKAYHBIC CKBAKUHBI 0€3 W3MEHCHUS
KOHCTPYKTUBHOTO O()OPMIICHHS, T.€. OTKAUHbIE CKBAYKUHbBI UCTIONB3YIOT U KaK 3aKa4HbIC CKBAYKUHBI.

B aTo0li cTaThe 1aHBI TOPHO-TEOIOTHUECKHE XapaKTEPUCTUKH TEXHOTEHHBIX YPaHOBBIX MecTopokaeHui Kazax-
crana. OCHOBY ChIpbeBOI 0a3bl Ka3aXCTaHCKOI'O YpaHa COCTABIISIFOT MECTOPOXKACHUSI SK30T€HHOTO THITA, 00bEMHEH-
HBIE B MOATPYIILY, IMOJyYHBIIYIO Ha3BaHHE «MHOUILTPALUOHHOTO». MHOMIBTpalMOHHBIE MECTOPOXKICHUS ypaHa
c(hOpMHUPOBAHBI MMOJI3EMHBIMU BOJIAMH, CBSI3aHHBIMH C PETHMOHAIBHBIME 30HAMH ILJIACTOBOTO M 30HAMHU I'PYHTOBO-
TUTaCTOBOTO OKUCIeHUs. Pa3paboTka 1 BHEIpEHNE METO1a TIOA3EMHOTO CKBXKHHHOTO BhIMIeTaunBanus ypana (IICB)
OTHOCHUTCSl K BOXHEHIIIUM HAYYHO-TEXHUYECKUM JOCTHIKEHHUSIM TOPHOI00BIBAIOIIEH MPOMBIIUIeHHOCTH. OCHOBHBIC
NpEerMyIIEecTBa METO/a ITOJ3EMHOTO BBILIEIAYMBAHKUS O CPaBHEHHWIO C TPAAMLIHOHHBIMU TOPHBIMHU cIIOcOOaMu
pa3paboTKK MECTOPOXKACHHH 3aK/IIOYAIOTCS B CIIEAYIOIIEM: BO3MOXKHOCTh BOBJICUEHHSI B OKCIUTyaTalMI0 OCAHBIX U
3a0aJaHCOBBIX PYJ MECTOPOXKAECHHH CO CJIOKHBIMH T'€0JIOTO-THIPOTEOJIOTHYECKHMMHU YCIOBHSMH 3aJleraHusi, HO
MMEIOLIMMH KPYIIHBIE 3aI1achl ypaHa; 3HAUYUTENbHOE COKpAIlEHNE KAIUTAIbHBIX BIOKEHUH W CPOKOB BBOJIA MECTO-
POXICHUI B 9KCILTyaTAlMIO; YIYUIICHHE YCIOBHIA TPY/Aa, COKPAIICHHUE YUCICHHOCTH TOPHOPA0OUNX U TTOBBIICHHE
MPOM3BOUTEIBHOCTH Tpyaa B 2,5-3,5 pa3a; yMeHbIICHHE OTPHUIATEILHOTO BO3JCHCTBHS YPAHOJOOBIYM HA OKPY-
JKAFOIIYIO Cpexy.

KioueBble cioBa: ypaH, MECTOPOXKAEHHE, TI'€OJIOTOPA3BElKa, CKBXXMHHOE ITOJ3€MHOE BBbIIIEIAUMBaHUE,
IMPOMBINICHHAs OILICHKA.
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