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Purpose. To determine the effect of special chemical reagents in the composition of leaching solutions on geotechnological
parameters during uranium well extraction. To study the possibility of applying this method to increase efficiency of well extraction
of uranium ores by intensifying ecotechnological processes of underground uranium leaching. To ensure design capacity of pro-
ducing blocks and the completeness of extracting metal from them, reduce and prevent sediment in porous medium, reduce spe-
cific consumption of sulfuric acid, electric power, labor and other production costs in the process of uranium well extraction.

Methodology. The research includes consistent literature review, laboratory and practical studies in real conditions. The sam-
ples studied in the laboratory by X-ray phase analysis of mineralogical characteristics of sedimentation were taken from Syrdarya
depression. Chemical reagents were selected and tested in geotechnological wells during experimental extraction of uranium. The
resulting geotechnological parameters of wells were compared to experimental data.

Findings. Values of pH parameters of leaching solutions were obtained within the range from 6.5 to 2.3; it was established that
Eh values initially tend to increase sharply to 300—380 mV and then to decrease to 170 mV; uranium content in productive solution
was consistently growing from 29 to 146 mg/1; the values of iron salts (Fe**, Fe?") concentration in the productive solution were
determined in the case when they were affected by chemical multifunctional reagents.

Originality. The method for intensification of uranium well extraction has been developed and justified. It is based on a new
complex of chemical reagents producing a selective effect on uraniferous minerals, which improves performance of producing
blocks.

Practical value. Rationally selected oxidizer and chemical reagents, as well as the scheme of their feeding into the productive
horizon allow intensifying solution of four-valent uranium in complex mining and geological conditions by underground leaching

and improving performance of the producing block.

Keywords: well extraction, uranium ore, sedimentation, X-ray phase analysis, chemical reagents

Introduction. At present, various kinds of minerals are
mined not only by conventional methods of mining [1, 2], but
also — more and more widely — by geotechnological ones, es-
pecially well mining, which is used for the development of low
quality and low-grade deposits [3, 4]. Geotechnological meth-
ods of mining are applicable when developing non-renewable
energy sources, primarily gas and hydrate deposits containing
mammoth volumes of compressed methane [5].

The technology of uranium well extraction involves pump-
ing out productive solutions (PS) from the recovery wells of
the producing block, sorptive extraction of uranium from solu-
tions, lighting the master batch with subsequent fortification
with concentrated sulfuric acid, feeding acidified leaching so-
lution (LS) through injection wells into the ore body of the
block [6]. The unquestionable advantage of such mining
method — in comparison to conventional methods — is pre-
vention of rock waste accumulation on the earth’s surface |7,
8]. The processing waste can be used as a component for so-
lidifying mixtures to fill underground cavities [9]. At the same
time, leaching is the main operation of preparing uranium ore
for extraction, as it determines the quantity and cost of the fi-
nal product. The use of sulfuric acid as a reagent solvent at
enterprises of Kazakhstan is explained by its low cost, avail-
ability, the possibility of relatively complete transfer of urani-
um into the solution [10]. However, the high kinetics of sulfu-
ric acid interaction with feldspar and carbonate minerals of
ore-bearing rocks in difficult geological conditions causes
sedimentation in the form of a geochemical barrier that im-
pedes the leaching process.
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Poorly soluble sediments and dislocated clay particles in
the productive horizon increase hydraulic resistance and form
impermeable areas of the geochemical barrier that overlap the
flow lines of solutions. As a rule, decrease in the filtration
characteristics of the productive horizon leads to decrease in
the uranium content in the PS, reduction in the productivity
and injectivity of wells as a result of a decreased period of un-
interrupted well operation [11]. Hence, the period of adjusting
producing blocks grows, while the consumption of sulfuric
acid and other operating costs increases. These blocks need
frequent repair and restoration and an additional enhance-
ment of the host rocks permeability [12]. In some cases, con-
ducting costly, difficult and complex handling using drilling
installations does not yield a positive result. Difficult geologi-
cal conditions of uranium occurrence such as: deep occur-
rence, clay content (> 20 %) and carbonate content (> 1.5—
2 %) of the host rocks, filtration heterogeneity of the produc-
tive horizon, etc. are characteristic for deposits, confined to
the Syrdarya depression.

Literature review. State-of-the-art research focused on im-
provement of well extraction of uranium ores comprises a wide
range of scientific problems. The authors of [ 13] analyze a set of
issues related to application of geotechnological 3D modelling
for increasing efficiency of uranium underground leaching. To
optimize the patterns of drilling in the ore intervals, it is pro-
posed to use mathematical models describing predictive sce-
narios of adjusting blocks with probable variants of geotechno-
logical processes development for the purpose of analysis and
adopting the most efficient and acceptable flowback option.
Despite the logical structural scheme of geotechnological
modelling, the work is based on standard computing parame-
ters of distribution of pressures, filtration rates and convective
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mass-transfer. The complexity of modelling physical and
chemical parameters in changeable litho-morphological con-
ditions of the productive horizon is not taken into account.

The authors of [14] describe a number of measures to im-
prove underground leaching of uranium by developing the
process of the formation hydraulic fracturing using surface-
active agents (SAA). The method is based on increasing per-
meability of the productive horizon by creating excessive pres-
sure in it and adding SAA. The study revealed that all SAA
solutions reduce surface tension of the solution by 79—96 %
[15]. Pumping mud through the technological well into the
formation results in distribution of pressures and creation of
additional fracturing of matrix rock, which increases geotech-
nological parameters of producing blocks. However, such
method for intensifying uranium underground leaching is ap-
plicable only to uranium deposits whose orebody comprises
hard or solid rocks. The principal ore-bearing rocks of urani-
um deposits in Kazakhstan Republic mined by underground
leaching systems consist of sands with clay veins where the
solution is filtered through capillars and pores.

In [16], the author analyzes the results of experimental re-
search into intensification of uranium leaching with addition
of ammonium bifluoride in conditions of sulfuric acid leach-
ing of uranium. The method is based on feeding sulfuric acid
solution with addition of ammonium bifluoride into the near-
filtering zone of the well, which results in exchange reaction
with formation of hydrofluoric acid. The material presented in
this work is important for considering ammonium bifluoride
as an efficient solvent of sediments in conditions of uranium
ores well extraction. However, the method of cyclic operations
in the well involving the solvent feeding and disposal of the
productive horizon reduces the index of the well utilization
and increases the period of producing blocks operation, which
eventually increases the cost of the final product.

The author of [17] focuses on intensification of uranium
underground leaching using oxidizer (hydrogen peroxide)
added to the leaching solution. Using hydrogen peroxide is ex-
plained by its availability and strong oxidizing effect. However,
using this solvent in formation seepage deposits of Kazakhstan
Republic is not feasible because of the depth of uranium ore-
body occurrence and high pressure of the formation waters.
When hydrogen peroxide is solved in the leaching solution, the
resulting water complex is not stable and its disintegration
causes gas emission.

Methods. To study mineralogical characteristics of sedi-
ments impeding the process of uranium well extraction in
laboratory conditions, we have selected samples of colmatants
from the deposit in the Syrdarya depression. X-ray phase anal-
ysis was used to determine peculiarities of sediments forma-
tion and their qualitative and quantitative parameters which
are presented in Table 1.

Quantitative and qualitative parameters of the main sedi-
mentation are shown in Table 1.

Table 1
Mineral composition of sediments of uranium
deposits in Syrdarya depression

Name of the component Chemical formula Amount, %
Ankerite Ca (Mg Fe Mn) (CO,), 10—50
Dolomite Ca Mg Fe (COs), 10—-50
Quartz SiO, 2-30
Aluminum phosphate Al (POy) 2—15
Iron oxide Fe;0, 2—15
Magnesium sulfate MgS 2-25
Calcium aluminum CaAl, ((OH )5 (H,0),) 1-30
hydroxide

Studies of sedimentary formations when mining the
Syrdarya group of deposits show the sedimentation of many
components including calcium, iron, magnesium, and calci-
um and magnesium carbonate hydroxides, sand, and clay. The
predominance of carbonate sedimentation (from 10 to 50 %) is
due to the high content of carbonate rock-forming minerals in
the productive horizon. The presence of quartz, aluminum,
and magnesium in the range of 2—30 % indicates dissolution
and transfer of feldspar and clay minerals by a solvent flow.
The deposition of many components proves the diversity of
the processes taking place in the ore-bearing rocks during the
sulfuric acid leaching of uranium and complex sedimentation
[18].

A complex of multifunctional chemical reagents was se-
lected to intensify the processes occurring during well extrac-
tion of uranium in complex mining and geological conditions
based on the study of the nature of chemical sedimentation
and analysis of the main rock-forming minerals of the produc-
tive horizon. The effectiveness of a complex of chemical re-
agents is determined by its composition and is selected de-
pending on geological features of the productive horizon and
quantitative and qualitative characteristics of the formed sedi-
ments. The chemical reagents included in the complex have
the dissolving ability of the primary carbonate and secondary
sedimentation, contribute to active clay release and the cre-
ation of additional flows in the porous space of the formation,
and also have a high oxidizing ability of Fe>* to Fe** at high pH
values to prevent repeated sedimentation. Intensification of
well extraction of uranium using a complex of chemical re-
agents will allow increasing the rate of mining producing
blocks and reducing the cost of the final product.

The study on the effectiveness of impact of the chemical
reagent complex was carried out on a geotechnological field of
a uranium deposit in the Syrdarya depression during experi-
mental work. The experiments were conducted in geotechno-
logical wells with low time between overhaul (TBO) values and
insufficient production by PS, as well as in wells with low ura-
nium content in the productive solution (PS). During semi-
industrial tests, specifically selected chemical reagents were
fed to the productive horizon through the well collars of se-
lected technological wells with simultaneous injection of
leaching solution (LS) into them, until the calculated spread-
ing radius of the solutions from the well filter was achieved.
Further, after the injection of the required amount of chemical
reagents and LS, compressor pumping was conducted in the
production wells and they were put into service. The injection
wells were in operation under the pressure of LS. The selection
of chemical reagents was carried out according to the charac-
teristics corresponding to the task set for each agent in the
complex geological conditions of the sulfuric acid leaching of
uranium. The effectiveness of the impact of a chemical reagent
on intensification of well extraction of uranium was deter-
mined by the results of monitoring and analysis of geotechno-
logical parameters before and after the experimental work.
The equipment and the outline of supplying chemical reagents
to the productive horizon is shown in Fig. 1.

Equipment for preparing and supplying chemical reagent
solutions consists of a tank and a pump made of corrosion-
resistant material, because they are in contact with LS fortified
with sulfuric acid. The LS simultaneously injected into the
wells ensured the distribution of chemical solutions in the pro-
ductive horizon within the effective spreading radius limited at
the top and the bottom by impermeable rocks. Spreading and
dosing of solutions was carried out and regulated by a pumping
unit and stop valves (Fig. 1).

The intensity of mining opened reserves of producing
blocks depends on the PS productivity of recovery wells and
the content of uranium in the solution, taking into account the
utilization rate of the wells. In this regard, monitoring of geo-
technological parameters of wells before and after conducting
experimental work included daily measurements of average
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Fig. 1. Outline of chemical reagents supply into the productive
horizon:
1 — filter column of extraction well; 2 — chemical reagent solution
spreading in the productive horizon; 3 — colmataged productive
horizon; 4 — filter column of injection wells; 5 — reservoir for pre-
paring chemical reagent solutions; 6 — pump for supplying chemi-
cal reagents

daily well production data for the PS, as well as weekly deter-
mination of the uranium content in the PS, pH and eH levels
of iron salts and residual acidity. After that, the wells were av-
eraged to monthly average values shown in Table 2.

Monitoring of geotechnological parameters and detailed
analysis of the content of uranium, iron salts, pH and eH val-
ues in the PS, before and after processing, shows the actual
state of the production process in the selected well. The con-
tent of uranium in the PS before processing does not exceed
30 mg/l, at high pH values of the solution (5.9—6.6), due to
clogging of the porous space of the productive horizon, neu-
tralization of sulfuric acid and the influx of formation water.
Stable well flow rates within the design value of 8.0 m3/h con-
firm this assumption. A stable and continuous increase in the
uranium content in the PS from 36 to 146 mg/l and a decrease
in the pH of the solution (2.3—4.8) caused by exposure to
chemical reagents are observed after the well treatment. How-
ever, during the ninth month of monitoring, the uranium con-
tent in the PS began to decrease gradually from 120 to 38 mg/I,
returning to the previous pH values of the solution, caused by
neutralization of the introduced chemical reagents due to re-
peated clogging of the porous space in the productive horizon
by sedimentation.

Gradual intensification of uranium well extraction pro-
cess and an increase in the duration of the well non-inter-
rupted operation is due to the gradual destruction of the geo-
chemical barrier under the synergistic effect of chemical re-
agents in a porous medium. The synergistic effect of a chem-
ical reagent complex allows increasing the rate of mining a
producing block and reducing the specific consumption of
sulfuric acid for uranium leaching in difficult geological con-
ditions.

Results. Redox reactions and filtration processes occur-
ring in the formation largely determine the efficiency of
well extraction of uranium mining technology, the com-
pleteness of metals extraction into the solution, the specific
consumption of chemical reagents, energy consumption
and overall technical, economic and environmental indica-
tors of production [19]. According to the obtained results,
Fig. 2 shows the graph describing the dynamics of uranium
concentration changes over time depending on the pH level
in the PS.

As can be seen from Fig. 2, the initial pH values of the
solution were at a high level of 6.55, which indicates the dilu-
tion of productive solutions by formation waters, because of
the creation of a geochemical barrier in the formation imped-
ing the leaching solution flow lines. Low values of uranium
content in PS confirm the assumptions of the solvent block-
ing by colmatage. After feeding solutions of multifunctional
chemical reagents into the productive horizon, a noticeable
decrease and fluctuation in the solution pH values occur
within the level of 2.33—5.54 caused by the interaction of
multifunctional chemical reagents in the formation. Fluctua-
tions in the pH level in the solution are caused by the influ-
ence of the LS front movement in the porous space of the
productive horizon. The first pH decrease is caused by the
approach of LS containing chemicals delivered to the forma-
tion through the well collar, the second decrease is caused by
the LS front effect from injection wells. The two-stage in-
crease in the uranium content in the PS is due to the restora-
tion of filtration characteristics and the flow line of the pro-
ductive horizon. Subsequent well testing shows a gradual in-
crease and stabilization of the previous (pre-experimental)
pH value of 6.21, which confirms the termination of the inter-
action of the chemical reagent complex in the productive ho-
rizon and restoration of geochemical barrier and clogging of
the formation.

Dynamics of uranium content change over time depend-
ing on the Eh level in the PS during the period from the first
to the fourth month of the well parameters monitoring testi-
fies that Eh values were stable at the level of 300—308 mV,
while the increase in uranium content in PS is caused by tran-
sition of uranium soluble minerals into the solution. During
the fifth month of monitoring, there is an increase in Eh level
to 380 mV due to the approach of LS front from the injection

Table 2
Data from monitoring of geotechnological parameters of wells before and after conducting experimental research
Before treatment After treatment
Parameter Month
1 2 3 4 5 6 7 8
CU, mg/l 28 20 14 102 96 146 120 38
0, m*/h 8.0 7.8 7.8 8.0 8.0 8.0 8.0 7.8
pH 6.6 6.4 5.9 4.8 5.5 2.78 5.6 6.2
Fe**, mg/l 76 76 84 84 226 167 279 195
Fe, mg/l 200 200 140 140 112 28 307 446
SO7, g/l 8.38 7.42 8.88 7.44 6.72 6.48 12.48 14.64
eH 300 300 305 308 380 167 140 140
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Fig. 2. Dynamics of uranium content change in PS depending
on the pH, Eh, Fe**, Fe? level

wells and intensification of redox processes in the productive
horizon. Further monitoring shows decrease in the solution
Eh values from 380 to 167—140 mV, which is the evidence of
the redox process attenuation in the formation due to col-
matage.

Prior to the experimental work during the four months of
monitoring, the content of Fe** was consistently low at the
level of 200—140 mg/1, due to sedimentation of Fe?* in the for-
mation caused by dilution of PS formation water and an in-
crease in pH. During the fifth and sixth months of observa-
tions, the content of Fe>* decreased from 140 to 28 mg/l,
caused by the action of a complex of multifunctional chemical
reagents in the formation and massive oxidation of Fe** to
Fe**. During the ninth month of control, we saw a sharp in-
crease in the content of Fe?* to 446 mg/1, due to the termina-
tion of Fe?* oxidation in the formation. A further decrease in
the content of Fe* in the PS to 84 mg/I indicates the deposi-
tion of iron in the productive horizon and clogging of the po-
rous space.

The schedule of changes in the uranium content over time
depending on the content of Fe* in the PS shows that its con-
tent in the solution remains unchanged during four months of
testing. During the fourth — fifth months of monitoring, there
is a noticeable increase in the content of Fe** in the PS to the
level of 223 mg/l, caused by the effect of a multifunctional
chemical reagent complex in the formation and massive oxida-
tion of Fe?* to Fe**. From the fifth to the sixth month of obser-
vations, there is a sharp decrease in the concentration of Fe**
in the PS to 167 mg/l; however, during the eighth month of
control, we observed a noticeable increase in the content of
ferric iron in the solution to 279 mg/I, due to the massive oxi-
dation of Fe?* to Fe*. A further decrease in the iron content in
the PS indicates a drop in the redox activity of the solution in
the productive horizon, caused by the re-clogging of the pro-
ductive horizon.

Leaching of uranium under conditions of natural permea-
bility depends on a number of factors, including the primary
and secondary mineralization of uranium, the average side
concentration of uranium in the formation, the composition
and grain size of sand, the average carbonate content in the
formation, as well as the conditions of opening, acidification
and leaching of the productive horizon. Values of mining
blocks and geotechnological parameters of wells do not reach
design values, due to the low uranium content in the PS and
frequent well shutdowns for remediation in difficult mining
and geological conditions. It can be seen from Fig. 2 that at the
beginning of the experiment, the uranium content in the PS
was in the range of 20—30 mg/l, and the pH level was high —
6.55, the content of Fe** and Fe* was low 84—140 mg/l, re-
spectively, and the Eh level was at a stable level of 305 mV,
which indicates the formation of a geochemical barrier that
impedes the flow of the leach in the seam. The subsequent sup-

ply of a chemical reagent complex showed the restoration of the
initial permeability and a steady increase in the Fe*/Fe?* ratio
which has a directly proportional effect on the concentration
of uranium in the PS at high pH values. A steady increase in
the uranium content in the productive solution from 30 to
146 mg/1 indicates oxidation of U* to U®" and high efficiency
of the used complex.

Conclusions. The results of X-ray phase analyses indicate
that clogging deposits are of chemical type, which are multi-
component and may contain calcium, iron, magnesium salts
and their hydroxides, calcium and magnesium carbonates, as
well as sand and clay. They precipitate on the surface of filters
and in the pores of adjacent aquifers due to gravity, or are
adsorbed due to the impact of surface tension forces. Precipi-
tation of chemical formations on the filtering path of the
leaching solution negatively affects the leaching process,
blocking the access of LS. Formation of a geochemical bar-
rier in the productive horizon deteriorates the process of
mining producing blocks, thereby increasing the cost of the
final product. The intensification of uranium well extraction,
using an effective complex of chemical reagents, is based on
the effective destruction of the geochemical barrier and the
subsequent increase in exchange reactions of the porous me-
dium.

The results of experimental research into uranium well ex-
traction intensification using a chemical complex of multi-
functional reagents indicate the effectiveness of the method.
Gradual intensification of the uranium leaching process and
the increase in the uranium content in solutions is due to the
gradual destruction of the geochemical barrier, the restoration
of the initial permeability of the productive horizon under the
synergistic effect of chemical reagents. The use of a chemical
reagent complex with a synergistic effect allows increasing the
rate of mining producing blocks and reducing the specific con-
sumption of sulfuric acid for uranium leaching in difficult geo-
logical conditions.

Intensification of uranium well extraction in complex min-
ing and geological conditions should be carried out using a
complex of multifunctional chemical reagents depending on
the composition of ore-bearing rocks. The supply of effective
concentrations of chemical reagents to the leaching solution in
combination with traditional methods of well regeneration in-
tensifies uranium leaching process.
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Meta. BctaHOBUTU BIUIMB CHELiaIbHUX XIMIYHUX pea-
TeHTIB, 1110 MOJAIOThCS Y CKJIali BUJIYTOBYIOUMX PO3YMHIB, Ha
TeOTEeXHOJIOTiYHI TapaMeTpu TPU CBEPIJTOBUHHOMY BHIO-
OyTKY ypaHy. BUSIBUTM MOXIIMBICTh 3aCTOCYBAaHHSI METOIY
IJIST THABUILEHHS e(eKTUBHOCTI CBEPIJTOBUHHOI PO3POOKM
ypaHOBUX Py, 110 3aCHOBaHWI Ha iHTeHCcHUiKallii reoTex-
HOJIOTiYHUX TIPOLIECIB TIiN3eMHOTO BUJIYTOBYBaHHSI ypaHy.
3abe3neynuT MPOeKTHY MPOMYKTUBHICTh €KCILTyaTallilitHUX
OJIOKiB Ta MOBHOTY BIWJIYYEHHSI METaly 3 HUX, 3MEHIIUTH i
MOMepeIUTH YTBOPEHHS OCaay B MOPUCTOMY CEpedOBUIII,
3HU3UTHU MMUTOMI BUTPATH CipyaHOI KUCJIOTHU, €JIEKTPOEeHEP-
rii, TPyIOBUX 3aTpart Ta iHILIKX BUPOOHUYUX BUTPAT y MpoLeci
CBEPUIOBUHHOTO BUAOOYTKY ypaHy.

Meronuka. Bkiioyae mociioBHe TpOBEIEHHS JiTepa-
TYPHOTO TIOLIYKY, JIAOOPATOPHUX i MPaKTUYHUX POOIT B pe-
aTpHUX yMoBax. BinGip mpo6 Ta BUBYUEHHS B JIaAOOPATOPHUX
YMOBaxX peHTreHO(a30BUM METOIOM MiHEPaJIOTIYHUX XapaK-
TEPUCTUK OCANTKOYTBOPEHHSI 3 popoBuill Cupaap’ THChKOI jie-
npecii. [1in0ip XiMiYHMX peareHTiB Ta OIPOOOBYBAHHSI Ha Te-
OTEXHOJIOTIYHUX CBEPUIOBUHAX IPU MPOBENEHHI eKCIepu-
MEHTQJIBHUX POOIT B yMOBaX CBEPMUIOBUHHOTO BUA0OYTKY
ypaHy. 30ip BUXiTHUX pe3yJIbTaTiB T€OTEXHOJOTIYHUX Mapa-
METPiB CBEP/UIOBUH 3 HACTYITHUM MPOBEAECHHSIM MOPiBHSIb-
HOTO aHaJIi3y 3 eKCIePUMEeHTATbHUMU TaHUMU.

Pesyabratn. OTpuMaHi 3HaueHHs mapaMmeTpiB pH Buy-
TOBYIOUMX PO3UMHIB y [iama3oHi Biz 6,5 10 2,3; BUsIBIICHE TT0-
MiTHe MiABUIIEHHS 3 HACTYIHUM 3HMXXEHHSM 3HaueHb Eh
Bim 300—380 mo 170 mBT; BcTaHOBIEHO cTabiIbHE 301/IbIIIEH-
HsI BMICTY ypaHy B IPOAYKTUBHOMY pO34MHi 3 29 o 146 mr/;
BU3HAUYEHi 3HAUCHHS KOHLEHTpaLlii coseii 3amiza (Fe’*, Fe?")
y NIPOAYKTUBHOMY PO34MHI ITiJ Ti€t0 XiMiYHMX peareHTiB Oa-
raro(pyHKIiOHAJIbHOTO MPU3HAYEHHS.

Haykosa HoBu3Ha. Po3po0seHMit Ta 0OOrpyHTOBaHUI Me-
TOJ, iHTeHCU(iKallil CBepIJIOBUHHOTO BUAOOYTKY ypaHy, 3a-
CHOBAaHUII Ha 3aCTOCYBaHHI HOBOTO KOMILIEKCY XiMiUYHUX
peareHTiB CeJIEKTUBHOTO BILIMBY Ha YPAaHOBMIiCHiI MiHepasu,
o 3abesrnevye MiABUIIEHHS MPOAYKTUBHOCTI eKCIUTyaTa-
LiTHKUX OJIOKIB.

IIpakTyna 3HaummicTs. PartioHanbHO MimiOpaHi OKMCTIO-
Bayi Ta XiMiUHi peareHTH, a TaKoX po3podJieHa cxeMa iX mojaayi
B TPONYKTUBHUN TOPU3OHT, NO3BOJISIIOTH iHTEHCUGIKyBaTU
PO3UMHEHHST YOTUPHOXBAJICHTHOTO YpaHy B CKIIaTHUX TipHM-
YO-Te0JIOTIYHUX YMOBAX LIUISIXOM Mi3€MHOTO BUJIYTOBYBAaHHS
Y MIBUILUTY NPOMYKTUBHICTb €KCILTyaTalliiiHOTO OJIOKY.

KutouoBi cioBa: ceepdrosunnuii 6udodymok, yparosa pyoa
0Ca0KOymMeEopeHHs, PeHMeeHOPA308 ULl AHANI3, XIMIUHI peaceHmu
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eab. YcTaHOBUTDH BIMSIHUE CIIELMATIbHBIX XMMUYECKUX
peareHToB, IMOJaBaeMbIX B COCTaBE BBIIIEIAYMBAIOIINX pac-
TBOPOB, Ha F€OTEXHOJOTUYECKUE TTapaMeTphl MPU CKBAXKIH-
HOI1 TOOBIYe ypaHa. BeISIBUTH BOBMOXHOCTb IPUMEHEHUSI Me-
ToIa IS MOBBIIEHUS 3G (MEKTUBHOCTU CKBaXKMHHOM paspa-
OOTKM YPaHOBBIX Py, OCHOBAHHOI Ha MHTEHCU(UKALIMY Te€0-
TEXHOJIOTMYECKUX TPOIIECCOB MOA3EMHOTIO BhIIIETauMBaHUS
ypaHa. O6ecrneyuTh MPOEKTHYIO MPOU3BOAMTEIBLHOCTD 3KC-
TUTyaTallMOHHBIX OJIOKOB M TTOJTHOTY M3BJICUCHUS MeTalia 13
HUX, YMEHBIIUTh U MPEeAynpeanTh 00pa3oBaHKE OCAIKOB B
TIOPUCTOM Cpefie, CHU3UTh YAETbHbIE PACXOIBI CEPHOI KMCIIO-
ThI, JIEKTPOSHEPTUU, TPYAOBBIX 3aTPaT U APYTUX MTPOM3BO/I-
CTBEHHBIX PACXOIOB B MPOIIECCe CKBAXKUHHOM JOOBIUM ypaHa.

Metoauka. BxirouaeT mocienoBaTesbHOE TMPOBEAEHUE
JINTEPATYPHOTO TTOUCKA, JJAGOPATOPHBIX U TTPAKTUUECKUX pa-
00T B peaJibHBIX yciaoBUsX. OT60p Mpod 1 UX U3ydyeHHUeE B Jia-
OOpPATOPHBIX YCIOBUSX PEHTIeHO(MA30BbIM METOIOM Ha IMPH-
Mepe MectopoxkaeHuit CeipaapbuHCKOM aenpeccuu. [Togdoop
XUMUYECKUX PEareHTOB ¥ OTTPOOOBAaHNE HAa TCOTEXHOJIOTHYE-
CKMX CKBaXKMHaX MPU MPOBEACHUU dKCIIEPUMEHTATbHBIX pa-
00T B YCIIOBUSIX CKBaXXMHHOI H0ObuM ypaHa. CO0op BBIXOI-
HBIX PE3yJIbTaTOB T€OTEXHOJOIMUYECKHX TapaMeTpoOB CKBa-
KWH C TOCJICIYIOIINM TTPOBEICHNEM CPAaBHUTEIBHOTO aHa-
JIN3a C OKCMEePUMEHTATIbHBIMU TAHHBIMU.

Pesyabrarbl. [lonyyeHbl 3HaueHus: napametrpoB pH BbI-
IIeJIAYMBAIOIINX PACTBOPOB B IUaIa3oHe oT 6,5 mo 2,3; BbI-

SIBJICHO 3aMETHOE TTOBBIIICHNE C TIOCIEAYIOIIUM ITOHKEHH -
em 3HauyeHuit Eh ot 300—380 mo 170 MBT; yctaHOBJIEHO cTa-
OMJIbHOE YBEJIMYCHUE COMEpKaHUS ypaHa B MPOAYKTUBHOM
pactBope ¢ 29 10 146 Mr/i1; onpeneieHbl 3HaYeHMsT KOHIIEH-
Tpauuu coneii xene3a (Fe3*, Fe?*) B mpooyKTMBHOM pacTBO-
pe 1o/ IeiiCTBUEM XMMUYECKUX PeareHTOB MHOTO(MYHKIINO-
HaJIbHOTO Ha3HAYeHUsI.

Hayunasa HoBu3na. Pa3paboTtaH 1 000CHOBaH METOJ MH-
TeHCU(DUKAIIMY CKBAXXUHHOM TOOBIYM ypaHa, OCHOBAaHHBIN
Ha MPUMEHEHUU HOBOTO KOMILIEKCAa XUMMUECKHX PEareHTOB
CEJIEKTMBHOTO BO3IENCTBUST Ha ypaHOCOAepXKallue MUHepa-
JIbI, 00eCTeuMBaIOLINii TMOBBIIIEHUE TTPOU3BOIUTEIBHOCTH
9KCILTyaTallMOHHBIX OJIOKOB.

IIpakTHyeckas 3HAYUMOCTb. PalimoHaabHO mogoOpaHHbIe
OKMCIIUTENTb U XUMUIECKUX PeareHThl, a TakXkKe pa3paboTaH-
Hasl cxeMa UX Mo/layy B MTPOIYKTUBHBIN TOPU30HT, ITO3BOJISI-
10T MTHTEHCU(bUIIMPOBATh PACTBOPEHME YEThIPEXBAIEHTHOTO
ypaHa B CJOXHBIX TOPHO-TE€OJIOTMYECKUX YCJIOBMSIX MyTeM
TTO/I36MHOTO BBITIETAYUBAHUST U TIOBBICUTH MIPOU3BOAUTETb-
HOCTb 9KCILTyaTallMOHHOTO OJIOKa.

KimoueBbie ciioBa: ckeajcunnas 000biua, ypanogvle pyovl,
ocadkoobpazosanue, peHmMeeHOPA306bli AHAAU3, XUMUHECKUe
peacenmul
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