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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, borchole 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 arcas 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 ¢lectro-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
CaCQO:s), 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 /1.

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 >03 0.25-0,3 0,25
of sulfuric acid leaching, o
9. Ore productivity, kg/m* >35,0 3,0-50 <3,0-1,0
10. Groundwater level, m <50 Up to 50 > 50
11. Groundwater pressure
on the horizon roof, m >30 Upto 50 <30
_12. The oxygen content 310 5.6 <5
in formation water, mg/1
_13. The ratio of iron ions et s ot Fedt = ot Fot < et
in produced water
14. The filtration coefficient
of ore-bearing rocks, KF, m/day >1.0 1.0-05 <0,5
15. The rate o_f ﬁltratl_on apisotropy <01 0.1-03 0.7-10
of the productive horizon i

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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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

2to 51/ 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. OpLIHmeal, A.E. Bopoﬁl,eBz, M. Kanrammesa®, I K. Yremes'
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KEH OPHBIH )KEPACTHI YHFBLIATI INAVMAJIAY 9ICIMEH UT'EPY YIIIH
KA3AKCTAHHBIH YPAH KEH OPBIHJAPBIHBIH TAY-KEH-I'EQOJIOTUAJBIK
CHUIIATTAMAJIAPBIH 3EPTTEY

AHHOTAIHSL. YPaH 6HAIPY AIH JSCTYPIl TEXHOIOTHSIAPBIHBIH €10Vip KEMIILTIKTEP O0ap, HAPBIKTHIK SKOHOMHUKA
TaJaNTapblHA >Kayan OCpMeHAi, THIMILUTITI a3, KbIMOAT TYPATHIH KYFO-COPY YHFBIMAJNAPHIH KON KOJJAHYIBI Tajam
eTenl, CUITUICYAIH TOMCH KAPKBIHABLTBIFBI XHMUSIBIK PCATCHT MCH KYKIPT KBIIKBLIBIHBIH KO MOIICPACT] IIBIFHI-
HBIH KaskeT ereai (1 T ypaH KOHIEHTpaThiH ay yoriH 100 T KYKipT KbIIIKBLT IBEFBIHGT). MyHIarel eHIMII epiTiHai —
EpITLIEH CIATICI3AEHTCH TYPIl TMAWJambl KOMIIOHCHTTEPAIH (METalngap), OHBIH IMIIHAC YpPaH KOHICHTPALMACHIH
KAMTHUTBIH XUMIAIBIK CPITiHAL.

YpaHHBIH THAPOTCHAI KCH OPBIHAAPBIH MAHAANAHY TOKIPHOCCIHAC TCXHOJOTHIBIK YHFBIMATAPIBIH OPHATIACY
CXeMAaCHI KaOBLTIAHFAH: KCITUTIK (HEMECEe KaTap), alaHAbIK (HEMECE YAIIBIK) JKOHS KypaMa OOJIBIN CAHATIATIBL.

Bi3 ychIHATHIH THAPOTEH I YPaH KSH OPBIHAAPHIH NAHTANaHy IbIH HHHOBAUMSUIBIK TEXHOJIOTHACH! OHBI CIITICI3-
JEHIIpY *oHE 0acKa Ja maifgansl KOMIOHEHTTEP YINIH YPAHHBIH THAPOTEH I KadaT MACCHBIHE OCPLICTIH XUMHISLIIBIK
epiTiHIIHI OSNCEHAIPY dCEPiH KOJIIAaHA OTHIPHII, MOPIICHbII YHFBIMAIAPIBIH KYMBIC ICTEY KaFMIAThIHAA d3IpICHE .
Bencennipy yaepicinae XuMusuiblk epitinai t = 70 © C aeliH KpI3aabl, EPITIHAIACTI CY MKAKCHI CPITKIMIKE AWHAIAIBL
Coprpmn  KyAbIK KOHCTPYKISIHBI ©3TCPTICCTCH IOPHICHBAIK VHFBUIAD PETIHAC NAHmanaHAibl, SIFHH annay
YHFBIMAIIAPBI COPY YHFBIMAJIAPHI PETIHE ¢ KOITAHBLIAIBL.

Maxkanana KazakcTaHHBIH TEXHOTCHIIK YPAaH KEH OPBIHAAPBIHBIH TAy-TCOJNOTHSIIBIK CHIATTAMACH! OCpiireH.
KazakcTanapIK ypaHHBIH MIHKI3aT 0a3aChIHBIH HETi31H «MH()MIBTPANMUIBIKY) JCI aTAJATHIH Killli TOKA OipiKTipiinreH
SK30TCHIIK YITIAETI KEH OPBIHAAPHI Kypaiapl. YpaHHBIH HHYHUIbTPAIMAIBIK KEH OPBIHAAPHI KA0ATTHI OHIPIIK KIHE
TOTIBIPAKTHIK-KAOATTHIK TOTBIFY AaMMAKTApbIMECH OalJIAHBICTHI >KEPACThl CYBl HETI3IHAC KAJBINTACKAH. YPaHIBI
JKCPACcTBl YHFBLIAN MAWMANIAY OTICIH 93ipicy *OHC CHTI3Y Tay-KCH OHCPKOCIOIHIH MAHBI3ABI FRLIIBIMH-TCXHHKATIBIK
JKeTiCTIKTEpiHe >karamgsl. JKepacTel CUNTICI3ACHAIPY OMICIHIH AOCTYpI KCH OPBIHAAPBIH HICPY OHICTCPIMCH
CAJIBICTBIPFAH/IA MBIHAJAH APTHIKIIBLIBIFE Oap: KYPACTI TCOIOTHUIBIK-THAPOTCONOTSITIBIK XKaFJaiaa ipi ypaH KOpsl
6ap KeH OPHIHAAPHIH HANIAP KOHE OATAHCTAH THIC KEH OPBIHIAPHIH MAHNATAHyFa TAPTY MYMKIHZITL;, KYPJACIi CaIbIM
JKOHC KCH OPBIHAAPHIH MaHJaIaHyFa Ocpy MEP3iMiH ¢I0yip KBICKApTY; CHOCK >KaFJalbIH jKaKCapTy, Tay-KCH KYMBIC-
IOBLIAP CAHBIH KBICKAPTY JKOHE CHOCK OHIMALMTIH 2,5-3,5 ece apTTHIPY, YpaH OHIIPYAiH KOPIIAFAH OPTaFa TCpic
OCCpiH a3aiiTy OOJIBIT CAHATATIBL.

Tyiiin ce3jgep: ypaH, KCH OPHBIL, TCOJOTIIBIK Oapiay, YHFBIMAJBIK JKCPACThI IMaiManay, ©HEPKICINTIK
Oaranay.
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HN3YYEHHUE 'OPHO-TEOJIOT'HYECKHUX XAPAKTEPUCTHK
YPAHOBBIX MECTOPOXKJIEHUM KABAXCTAHA JIJIs1 PASPABOTKH
METOJAOM INOBEMHOI'O CKBA’KMHHOTI'O BBIINEJAYNBAHUA

Annortamus, CyIICCTBYIOIIUC TPATUIHOHHBIC TCXHOJIOTHH AOOBIYHM ypaHAa 00Ia7ar0T OOIBITHMH HEAOCTAT-
KaMH, HE OTBEYAIOT TPECOOBAHMSIM PHIHOUHOM 3KOHOMHKH, MANO3((EKTUBHBI, TPEOYIOT MPHUMECHEHHA OOIBIIOTO
KOJIMYECTBA TOPOTOCTOSMIMX 3aKAYHBIX M OTKAYHBIX CKBAXKHH, OOJIBIIOTO PacxoAa XHMHUYCCKOTO PEarcHra, CEpHOH
KHCTIOTHI (U moyueHud | T KOHIEGHTpaTa ypana Tpedyercs pacxon 100 T cCpHOM KUCIOTHI), OTIHYAIOTCS HAZKOH
HWHTCHCHBHOCTBIO BBIIICIAYUBAHAA. 3AECh IO TNPOAYKTHBHBIM PACTBOPOM HMOHUMACTCS XHMHYCCKHH PACTBOP,
COACPIKAIIUI KOHIICHTPALMIO PACTBOPSHHBIX TAM BBIMICTIOYCHHBIX PA3IHYHBIX MOJIEC3HBIX KOMIOHEHTOB (METAIOB),
B TOM YHCJIC YpaHa.

B mpakTHke 3KCITyaTalMH THAPOTSHHBIX MECTOPOYKACHHH yPaHA MPHHATHI CXEMBI PACTIONOKECHHUSA TEXHOIO-
THYCCKUX CKBAYKHMH. THHCHHBIC (MM PAAHBIC), TUIOIMATHBIC (MM SYCHCTHIC) H KOMOHHHPOBAHHBIC.

IlpennaracMad HaMH MHHOBALIMOHHASA TEXHOJOTHA 3KCIUIyaTallWH THAPOTEHHBIX YPAHOBBIX MECTOPOKACHHI
Oyaer pa3paboTaHa Ha MPHHOHUIC PA0OT MOPITHEBBIX CKBAXKHH C MPHMCHCHUECM (P (CKTa AKTHBAIIMH XHMHICCKOTO
pacTBopa, MOJABACMOI0 B MACCHB THAPOTCHHOTO IUIACTA YPAHA M €0 BBHIIICIAYMBAHUA U APYTUX IMOJNE3HBIX KOM-
MOHEHTOB. B mpomecce akTHBay XUMHIECCKHH pacTBOp mogorpesaercs 10 t = 70°C, Boma B pacTBOpPE CTAaHOBUTCS
XOpPOIIMM PACTBOPHUTEICM. B KauecTBe MOPIIHEBBIX CKBAYKHH HMPUMCHSIOTCS OTKAYHBIC CKBAKUHBI 0€3 M3MCHEHHS
KOHCTPYKTHBHOTO O()OPMIICHHS, T.€. OTKAYHBIC CKBAXKHHBI HCIOJIB3YEOT M KaK 3aKA4YHbIC CKBAKHHBI.

B aT0# cTatbe JaHBI TOPHO-TEOJOTHYCCKIE XaPAKTEPUCTUKU TEXHOTEHHBIX YPAHOBBIX MECTOpOkIcHHH Kazax-
crana. OCHOBY ChIPbEBOI 0a3bl KA3aXCTAHCKOTO YPaHA COCTABILIIOT MECTOPOKACHIS SK30TCHHOTO THIIA, OOBEINHEH-
HBIC B IOATPYIILY, MOJYUMBIIYIO HA3BAHHC «HH(MHIBTPAUOHHOTO». MH(DMIBTpAIHOHHBIE MECTOPOKIACHHUS YPaHA
c(hOPMHPOBAHBI TOJ3EMHBIMH BOJAMH, CBI3AHHBIMH C PETHOHAJIBHBIMH 30HAMHM IUIACTOBOTO M 30HAMH I'PYHTOBO-
IIACTOBOTO OKHCJICHHUSA. Pa3padoTka H BHSAPCHAUC METOIA MMOA3CMHOTO CKBAKHHHOTO BhIICIaunBanusa ypana (IICB)
OTHOCHTCS K BKHCHIIHUM HAYYHO-TCXHHYCCKUM JOCTIDKCHIIM TOPHOJOOBIBAIOIICH MPOMBIILIICHHOCTH. OCHOBHBIC
MPEUMYINECTBA METOAA IOJ3EMHOTO BBIIMICIAYMBAHHUA II0 CPABHECHHIO C TPATWIHOHHBIMH TOPHBIMH CIOCOOAMH
pa3paboTKH MECTOPOKACHUH 3aKIFOYAIOTCS B CICAYIOIEM: BO3MOXKHOCTD BOBJICUCHHS B 3KCIUIyaTAlHIO OCTHBIX H
3a0amaHCOBBIX PYA MECTOPOKICHHH CO CJIOKHBIMH T€OJIOTO-THAPOTCOTOTHHCCKHMH YCIOBHAMH 3alICTAHUSA, HO
HMMEIOIIMMH KPYTHBIC 3aIaChl YPAHA, 3HAYUTEIbHOES COKPALICHUE KAMMTANBHBIX BJIOKCHHHA M CPOKOB BBOAA MECTO-
POXICHHH B 3KCIUIYaTALHIO, YIVUIICHAC YCIOBHHA TPY A, COKPAMICHHE YHCICHHOCTH TOPHOPAOOYHX W IIOBBIIICHHC
TIPOM3BOAUTEIBHOCTH TPyJa B 2,5-3,5 pas3a; yMEHbIICHUE OTPUIATEIHHOTO BO3ACHCTBHS YPAHOAOOBIMH HA OKpY-
JKAFOIIYEO CPeay.

KimoueBbie cji0Ba: ypaH, MECTOPOKICHHE, TCOJOTOPA3BEAKA, CKBAKHHHOC IOJ3EMHOC BBIMICIAYHBAHHE,
MPOMBINLICHHAA OLICHKA.
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