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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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INNOVATIVE METHODS FOR INTENSIFYING BOREHOLE
PRODUCTION OF URANIUM IN ORES
WITH LOW FILTRATION CHARACTERISTICS

Abstract. The object of research is the technology of borehole uranium production with a low filtration
characteristics.

The purpose of the work is to increase the efficiency of borehole uranium production in complex mining and
geological conditions by developing a new method based on the intensification of geotechnological processes of
underground leaching of uranium, the impact of chemical reagents on the aggregate of sedimentation and
mineralogical composition of ore-containing rocks of the productive horizon. At the same time, operating costs are
reduced by increasing the productivity of the period of uninterrupted operation of geotechnical wells, as well as
reducing the time spent working out technological blocks.

Research methods include x-ray phase analysis, identification and discussion of the features, quantitative and
qualitative parameters of core material and sedimentation from uranium deposits associated with the Syrdarya
depression. Under laboratory conditions, the efficiency of the selected composition for the dissolution of sedimentary
formations that reduce the permeability of layers was established by electron microdifraction.

The applied hydrodynamic methods of well regeneration based on destruction and dispersion of sedimentation
are considered and evaluated. The reagent methods used to increase the permeability of the productive horizon based
on precipitation dissolution were also studied and evaluated. The results of experimental studies are analyzed and
discussed, and a comparative schedule of the period of uninterrupted operation of wells is constructed. The
effectiveness of the applied method for restoring the permeability of the productive horizon with the use of a
complex chemical reagents.

The scientific novelty lies in the fact that mineralogical studies of the core material composition indicate a
complex structure of ores, in complex mining and geological conditions. The practical significance of the study lies
in the high efficiency and applicability of the considered method of intensifying borehole uranium production in
areas with low filtration characteristics.

Key words: Microdifraction, x-ray phase analysis, permeability, regeneration, leaching, uranium,
sedimentation.

1. Introduction. Kazakhstan has 14 % of the world's proven uranium reserves and second ranks after
Australia, 70 % of them are suitable for well development. Borehole development of uranium ores in the
Republic of Kazakhstan is carried out at 26 sites, united in 13 uranium mining companies. The total
volume of natural uranium production is more than 40% of the world's total. Uranium deposits are located
in six provinces: Shu-Sarysu, Syrdarya, North Kazakhstan, Pre-Caspian, Pre-Balkhash, and Ile, the main
production is carried out in the first two. The technology of borehole uranium mining provides for the
dissolution of the useful component at the site of the ore body, followed by the removal of the formed
compounds by a moving stream of solvent from the injection to the pumping well [1,2]. The practice of
operating well systems in the development of uranium ores by borehole method shows that over time there
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is a decrease in their productivity. One of the main reasons for reducing the throughput capacity of
technological wells is an increase in hydraulic resistances and a decrease in reservoir filtration
characteristics due to the formation of colmatation. [3].

Mechanical sedimentation is caused by overlapping of water intake filter holes with sand, clay, gravel
and blockage of pore channels by the formation with solid suspensions. Sand and clay deposited in the
well partially or completely covers the filter. Also, this type of precipitation can be attributed to the
blockage of the filter and the near-filter zone by the formation with drilling fluids containing clay particles
[4]. In this case, the clay material swells in the water environment and changes the structure of the pore
space of the formation.

Chemical, ion exchange and gas types of sedimentation are caused by changes the chemical
composition in reservoir waters as a result the influence of technological solutions used in mining. The
presence of dissolved calcium, magnesium, and iron cationites in water and a violation of the carbon
dioxide balance leads to the formation of insoluble precipitation [5]. There is an intensive release of
carbonate precipitation in the filter zone, by removing it, the intensity of precipitation decreases.

2. Overview of applied methods for improving the filtration characteristics of ores. Depending
on the type of sedimentation in the work areas of the geotechnological field, various methods of RRW
(repair and restoration work) are used to improve the filtration characteristics of the productive.
Hydrodynamic methods, such as compressor pumping and well flushing under the influence of pressure
difference, are mainly aimed at destruction and dispersion of mechanical sedimentation [6]. The cost of
these methods is relatively lower due to the use of technological equipment, inexpensive fuels and
lubricants, etc. Chemical methods of exposure to dissolution are mainly aimed at destruction and
elimination of precipitation formed as a result of the interaction of technological solutions with the host
rocks of the productive horizon [7]. Combined methods include complex operations using drilling rigs and
auxiliary equipment that combine well flushing with subsequent chemical treatment, swabbing, and
compressor pumping [8]. This method is the most expensive due to the use of a large number of
equipment, chemicals, maintenance personnel and a long duration of work.

2.1. Radiographic studies of host rocks. When leaching solutions interact with ore-containing
rocks, the liquid phase accumulates (in addition to ore) a number of elements that are part of the main
rock-forming minerals. The amount and kinetic transition of these elements to productive solutions
depends on the type of leaching reagent, concentration, granulometric composition, and rock-forming
minerals. Table 1 shows data on the mineralogical composition of ores from the Syrdarya Deposit.

Table 1 — Mineral composition of the Syrdarya Deposit

Mineral, mineral aggregate Content, %

Quartz 65,7
Feldspar 8,6
Rock fragments 5,2
Carbonates 2,3
Montmorillonite 11

Muscovite 0,8
Fine-grained aggregate of silt-mica-clay composition, white, light gray color 1,6
Aggregate couplings with calcite, calcite 0,3
Iron sulfides 1,5
Carbonated organic matter 33

As can be seen from table 1, the most common clay mineral in the Syrdarya Deposit is
montmorillonite, with an average content of 11% in some places. Feldspars are found everywhere, with an
average content of 8.6%. The content of carbonates does not exceed 2.3 %. The main mass of carbonates
is represented by calcite and ankerite.

X-ray studies of sedimentation. Solving problems with restoring the natural permeability of the
productive horizon, first of all, it is necessary to determine the type of precipitation formed during sulfuric
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acid leaching and establish the mineralogical composition of sedimentation. The study of quantitative and
qualitative characteristics of sedimentary components will allow us to determine the reasons that reduce
the permeability of filtration characteristics, which increase the productivity and duration of uninterrupted
operation of geotechnical wells. The results of quantitative mineralogical composition of sedimentary
formations of the Syrdarya province are shown in table 2.

Table 2 — Mineralogical composition of sedimentation in the Syrdarya depression

The component name Chemical formula Content, %
Quartz Si0, 2
Aluminium phosphate Al (POy) 11
Iron oxide Fe;0,4 14
Magnesium sulphate MgS 11
Calcium aluminum hydroxide CaAl, ((O H )z (H,0),) 1
Ankerite Ca (Mg Fe Mn) (COs), 51
Dolomite Ca Mg Fe (CO3), 6

2.2. Laboratory experiments on the selection of chemical reagents for RRW wells. To restore the
permeability of the near-filter zone of the formation in order to increase the efficiency of borehole
uranium production, the authors conducted work on the development of a complex of chemical reagents.
The basis adopted one of the technologies of increasing the efficiency of wells used in oil and gas industry
— specific acid treatment of ore-bearing rocks with a special solution for cleaning of the pore space and to
create new channels of traffic solutions and enlarge the existing, and to well clearing [10].

Under laboratory conditions, the effectiveness of the selected chemical reagents on precipitation was
studied. We consider the change in the equilibrium of the system and the transfer of insoluble compounds
to the liquid phase, or to turn solid sedimentation into easily soluble compounds. A number of analytical
and experimental studies were carried out on samples of sedimentation and ore-containing rocks to select
the most effective solution. As additives to the sulfuric acid solution, ammonium bifluoride (NH4HF,) and
surfactants were used to loosen sedimentation.

Reagents included in the multifunctional complex:

- Sulfamic acid;

- Ammonium lignosulfonate;

- Ammonium bifluoride.

The choice of ammonium bifluoride to influence precipitation is due to its ability to exchange
reactions with mineral acids (sulfuric, hydrochloric, nitric acids). The formation of hydrofluoric acid
occurs:

NH,HF, + HAn = NH,An + HF (1)

where — HAn (H,SO,4; HCI; HNO:s).
Hydrofluoric acid, formed as a result of the reaction, easily interacts with aluminosilicates and
siliceous compounds, which are a component of ore-containing rocks according to the formulas:

CaALSiOg + 16HF = 2AIF; + 2SiF, + 8H,0 + CaF,, ©)
6HF + SiO, = SiF, + 2 HF + 2H, O, 3)
CaSO, -2 H, O + 2HF = CaF, + H, SO, + 2H, O, 4)

As a result, both the main sedimentation and part of the terrigenous component of the sands are
dissolved. In general, the effective porosity of the ore block increases. In this case, hydrofluoric acid is
completely utilized due to the large amount of quartz contained in the sands.

Microdifraction images of the sedimentation surface before and after treatment with a solution and
obtained information about the composition, structure and other properties of the surface layers confirm
the effectiveness of the selected chemical reagents. Figures 1 and 2 show electronic microdifraction of,
selected sedimentation before and after treatment with special solutions
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Figure 1 — The electronic microdiffraction Figure 2 — The electronic microdiffraction
selected colmatant before treatment. selected colmatant after treatment.

As can be seen from the image (figure 2), precipitation before processing has a dense cellular
structure with a rhombic frame structure, without breaks and cavities in the body. After processing this
sample with a special solution, a second electron microscope image was taken (figure 2). From figure 2,
you can see that the sample has flushed and additional space and cracks in the structure. The results of
laboratory studies indicate the possibility of using ammonium bifluoride as an additive to a solution of
sulfuric acid for effective chemical treatment of technological wells.

3. Development of intensification methods for uranium mining. To increase the efficiency of
borehole uranium mining by improving geotechnological processes and restoring the permeability of the
near-filter zone of the formation, the authors developed and tested a method for chemical treatment of
wells with a special solution. This method of influence on the formation provides for the supply the
solutions of complex chemical reagents to the filter zone, pressing into the productive horizon for its
reaction with sedimentation, dissolution and removal of reaction products outside the well by airlift
pumping. Figure 3 shows a scheme for the intensification of borehole uranium production.

As can be seen from figure 3, the main mass of sedimentation 3 occurs in the productive horizon 1,
directly in the zone of unloading solutions and increasing the speed of movement of solutions from
injection wells 5 to pumping wells 4. Chemical treatment with the use of complex chemical reagents
provides for the preparation of solutions on special equipment 6, and supply through the hose 7 to the
filter part of wells 4. In this case, the prepared special solution is fed from the tank capacity 8, by a
pumping pump 9. The supply of a complex of chemical reagents directly to the filter part of technological
wells reduces the consumption of chemical reagents and increases the penetration capacity for greater
destruction and dispersion of precipitation.

1 — productive horizon; 2 — impenetrable rocks; 3 — sedimentation; 4 — pumping wells; 5 — injection wells;
6 — special equipment for the preparation of solutions ; 7 — hose; 8 — tank; 9 — pumping pump.
Figure 3 — Scheme for the intensification of borehole uranium production
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Conclusions. Features of uranium production in the fields of Kazakhstan are considered. The
mineralogical composition study of host rocks samples confirms the high presence of carbonate minerals-
ankerite > 2.3 %, the presence of montmorillonite clay > 11 % of the total weight of the core sample. Data
from x-ray phase analysis of sedimentation confirm the precipitation of carbonate compounds that make
up > 51 % of the total mass of sedimentation that belong to the chemical type of sedimentation. These
sedimentary formations interfere with current lines and hinder the processes of borehole uranium mining,
and increase operating costs for restoring the permeability of the productive horizon.

In order to develop an effective method for intensifying uranium production, laboratory studies were
conducted and special chemical reagents were selected that can dissolve and prevent sedimentation. The
effectiveness of chemical reagents in the destruction and dispersion of sedimentation during borehole
uranium mining was confirmed by the method of electronic microdifraction. A new method of
geotechnical processes intensification was developed and experimental studies were performed using the
developed complex of chemical reagents.

As a result of experimental work, the effectiveness of intensification with the use of complex
chemical reagents was established. The duration of the uninterrupted operation of wells increased from
16 to 84 days, and the well utilization rate increased from 0.74 to 0.98. The use of a new method for
intensifying borehole uranium production makes it possible to increase the efficiency of processing
technological blocks in difficult geological conditions and reduces the material costs of operating blocks,
increases the period of uninterrupted operation of geotechnical wells and reduces the cost of chemical
reagents for repair and restoration work.

B.P. PaKnmeBI, M. M. MaTaeBZ, XK. C. KemKeTaeBI, A. X. H_IaMHI(IKOBal, b. TOKTap¥J1]>ll

'Satbayev University, Anmmarer, Kasakcra;
*JKorapb! TEXHOIOTHsIAP HHCTUTYTH, AnMatsl, KasakcTan

TOMEH CY3I'JIIK CHIATTAMACHI BAP KEHJIE YPAH OH/IIPY
YHFBIMACBIH KAPKBIHJATY IbIH HHHOBALIUSLIIBIK OIICTEPI

AHHOTanus. 3epTTey 00BEKTICI — ypaHIbl YHFBIMANIBIK OHAIPY TEXHOJIOTHSICHI.

JKyYMBICTBIH MaKcaThl — ypaH/Ibl )KepacThl FEOTEXHOJIOTHUSUIIBIK MPOLIECIH KAPKBbIHIATYFa HETI3/IENITeH jKaHa dIic
a3ipIiey, XUMUSUIBIK peareHTTepIiH MeTiH/l )KUBIHTHIFBIHA KOHE OHIM/II TOPU3OHTTHIH K€H CHIMBIMIIBI KBIHBICHIHBIH
MHUHEPAJIOTHSUIBIK KypaMmbIHa ocep €Tyl eceOiHeH KypJell Tay-TeoJOrusuIbIK JKaraaiblHIa ypaHIbl YHFBIMAJbIK
OHJIIPYAIH THIMIUIICIH apTThIpY. Byl peTTe reoTeXHOJOTHSUIBIK YHFBIMAIAPIBIH Y3IIKCI3 KYMBIC iCT€y KE3CHIHIH
OHIMJIUIICIH apTThIPYy, COHAAN-aK TEXHOJOTHSUIBIK OJOKTap/blH JKYMBIC ICTEY YaKbITBIH KBICKApTy eceOiHeH
naiianany MIBIFBIHBIH a3aliTyFa MYMKIHJIIK Tyapbl.

3epTTey omicTepi peHTreHoda3aiblK Taiaay, KepH MaTepHalbIHBIH CaHJBIK-CAIlalblK MapaMeTPIICPiH JKOHE
Chlpfiapusi IENpPECcCHsICHIMEH MICKTEIreH YpaH KEH OpPBIHIAPBIHAH MIOTiHAI TY3UTIM aHBIKTAy MEH TaJIKbLIayabl
KaMTUABl. ¥YHFBIMAaHBI JEKONbMATAIUIIAy JKOHE KYpIeNi Tay-KeH TeOJOTHSIIBIK JKargalblHAa YpaH THIMIUTITIH
apTTHIPY YIIIH CHHEPIeTHKAJIBIK 9CeP STETIH XUMUSUIBIK PEareHTTEP/IiH KYPaMbl TaHJaIbl. 3epTXaHAIIBIK XKaFaaiina
ANEKTPOHABl MHUKPOAUMPAKIHAS ONICIMEH pPe3epBYapIblH OTKISTIIITITIH TOMEHICTETIH IIeTiHAl epirimTiri ymIiH
TaHJAIFaH KYPaMHBIH THIMIUTITT aHBIKTAJBI.

3epTTey HOTIXKeNepi KYKIPT KBIIIKBIIBIH EPITKIIT peTiHAe KONJaHa OTBIPHIN, YpaH KeHiH YHFBIMAIIBIK OHIIpyIe
KYPETiH IpoIecTepi 3epTrey, coHmai-ak Ka3akcTaH KeH OpHBIHAAFBI KypZeli Tay-KeH TeOJOTHSIIBIK JKardaiaa
ypaH eH/ipy YHFBIMACBIHBIH I€OTEXHOJIOTHSJIBIK apaMeTpIIEPiHiH TOMEHIEYiHe acep €TeTiH cebenTep i KapacTepy
00BN caHaNabl. By3buTy JKOHE MUCTIEPTUPJICHYre HETI3ICITeH YHFbIMAIAP/bl KAJMbIHA KEATIPYIiH TUAPOIHHA-
MHUKAJIBIK OJiCTepl KapacThIPbUIbIN, Oarananabl. KoabMaTaHTTBIH epy YICpICIHE HETI3ZCAreH OHIMII TOPH30HT
OTKI3TIIITITiH XKOFAPBUIATYIBIH KOJIAHBUIATEIH PEAreHTTIK 9MIICTepi KAPACTHIPBUIALL. Y PaHIbl YHFBIMAIBIK OHIIPYIL
KapKBIHIATy/la CHHEPTeTHKAJBIK OCEp CTETiH IPIKTEITeH XHMHUSUIBIK pearcHTTEepHAl KOJJAaHy OOWBIHINA dmicTeMe
93ipIICH/II J)KOHE IKCIIEPUMEHTTEP KYPTi3iai. DKCIIEPUMEHTTIK 3€PTTEY HOTIKEIICP] TaaIaHbII, TAKBUIAHIbI, YHFbI-
MaJapbIH Y34iKCi3 JKYMBIC iCTey Ke3eHiHIH CalbICTRIpMAaITBl KecTeci xacanmbl. CHHepTeTHKAIBIK 9cep eTeTiH XIUMUs-
JBIK peareHTTep KeIleHIH KOJJaHa OTBHIPHIN, OHIM/iI TOPH30HT OTKI3TIITITiH KaJIIbIHA KENTIPY OMiCIHIH THIMILTIri
AHBIKTAJIIBI YKOHE KOPCETIIII.

Foutbimu sxananbirbl KepH MaTepuanbiHbIH KYPaMblH MUHEPATIOTHSIIBIK 3€PTTEY KYPJeli Tay-KeH reoIOTrUsUTbIK
KarIaiiblHIa Tay KBIHBICHI MEH ypaH MHHEPaIJaHyblH KAMTUTBIH KEHHIH KypJeli KYPbUIBIMBIH KaMTHIIbI, all
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TY3UTIMiHIH O€NTiIeHTeH KYPBUIBIMBI MEH CaHIBIK-CallalIbIK IapaMeTpiiepi ypaH OHIIPYMiH KYKIPT KHIIIKBUIIBI
YHFBIMACHI KaFTalbIHIa KapOOHATTHI KOHE Ca3Ibl MUHEpAIIBIH TyHOaFa TYCETIHIH pacTaiabl. 3epTTEYIiH MPaKTH-
KaJIBIK MaHBI3IBUIBIFBI CY3TiJIey CHIIaTTaMajIapbl TOMEH ydacKeneplie ypaHIbl YHFBIMAIBIK OHAIPY Il KapKbIHAATY JbIH
KapacThIPBUIBI OTBIPFaH SAICIHIH JKOFAphl THIMALIITT MEH KONJaHBUTYBIHA HET13/1ee .

Tyiiin ce3nep: Mukpoaudpakiusi, peHTreHo(pa3anblK Tanaay, OTKI3TILITIK, pereHepalusl, ypaH.
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B.P.P LM.M.M 2 K. C. K LAX I !, B. Tokrapy.n:'

1Satbayev University, Anmmatel, Ka3axcras;
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WHHOBAIIMOHHBIE METO/bl UHTEHCU®UKAIIMN CKBAKUHOM TOBbIYY YPAHA
B PYJJAX C HUBKUMU ®UJIIBTPAIIMOHHBIMU XAPAKTEPUCTUKAMUA

AnHoTanus. OOBEKTOM HCCIEIOBAHUS SBIAETCS TEXHOJIOTHS CKBRXKWHHON MOOBIYM ypaHa Ha MECTOPOXK-
JICHUSIX C HU3KUMH (HIbTPALIMOHHBIMU XapaKTePHUCTHKAMHU.

Henp pabotel — noBbimeHne 3((HEeKTUBHOCTH CKBOKHHHOHM J0OBIYN ypaHa B CIOXKHBIX TOPHO-TEOIOTHIECKIX
YCIIOBHSIX 32 CUET Pa3pabOTKH HOBOTO METOJ1a, OCHOBAHHOTO Ha MHTCHCH(HKAIINU IC€OTEXHOJOIMYESCKIX MPOIECCOB
MMOJA3CMHOTI'0O BbILIC/IAYMBAHWA ypaHa, BOSHCﬁCTBHﬂ XUMHUYECKUX pCarcHTOB Ha COBOKYITHOCTb 00az11<006pa3OBaHI/1171 n
MHUHEPAIIOTUYECKOTO COCTaBa PYJOBMEMIAIONINX MOPOJ IPOIYKTHBHOTO TOpu30HTAa. [IpM 3TOM mocTuUraeTcs
CHIDKEHHE JKCIUTYyaTal[MOHHBIX 3aTPaT 33 CUET MOBBIIICHIE POU3BOJUTEIBHOCTH IepHoaa OecriepeOoiiHoi paboTh
TEOTEXHOJOTHYSCKUX CKBAXKHH.

Merto/ipl UCCIICIOBAHUN BKJIIOYAIOT PEHTICHO(])A30BbIC aHAIM3bI, YCTAHOBJICHHE U 00CYKACHHE OCOOCHHOCTH,
KOJIMYECTBEHHO-KA4eCTBEHHBIC MapaMeTpbl KEPHOBOTO Marepualia U 0CaJKo00pa30BaHUil U3 MECTOPOXKACHHUI ypaHa
npuypoueHHbIx ChIpAapbuHCKO# jernpeccun. [logoOpaH COCTaB XHUMHUYECKHUX PEAreHTOB CHHEPreTHYeCKOro
JIEMCTBHSA ISl IEKOJIbMATAlMK CKB2KMH U NOBBINICHHS 3()()EKTUBHOCTH BBIILIEIIAYMBAHUS yPaHA B CIIOXKHBIX TOPHO-
re0JIOTMYECKUX YCIOBHAX. B 1a00paTopHBIX YCIOBUSIX METOJIOM 3JIEKTPOHHON MUKPOAU(PAKINK ycTaHOBIeHA S dek-
TUBHOCTb BHIOPAHHOI'O COCTABA 0 PACTBOPEHHUIO 0CaAKO00pa30BaHU, CHIDKAIOLIUX TPOHUIAEMOCTb TUIACTOB.

PesynbraTamMu UCCICIOBAHHUN SBISIOTCA H3YYCHHE IMPOIECCOB, MPOTEKAIONIUX IPH CKBAXXUHHOW JTOOBIUE
YpaHOBBIX pyad ¢ HPUMCHEHUEM CepHOﬁ KHCJIOTBI B KQUCCTBC PAaCTBOPUTECIIA, a TAKKC paCCMOTPCHUC ITPUYUH, BJINUAIO-
UX Ha CHUIKCHUE I'COTEXHOJIOTUUCCKUX IMapaMETPOB CKBOXKUHOM [lO6l)I‘iI/l YpaHa B CJIOKHBIX TOPHO-TI'COJIOTHYCCKUX
YCIIOBHSIX Ha MecTopoxkaeHussx Kazaxcrana. PaccMOTpeHBI U OLleHEHBI TPUMEHSIEMbIC THAPOJUHAMUYCCKUAE METOIBI
pereHepanyu CKBaXXHH, OCHOBaHHBIC Ha Pa3pyLICHUU M JUCIICPTHPOBAHUU OCaJKO0Opa3oBaHuid. Takke HM3Y4CHBI U
OIICHCHBI NMPUMEHSEMBIC PEarcHTHHIC METOJbI MOBHINICHUS MPOHUIIAEMOCTH MPOAYKTUBHOTO TOPU30HTA, OCHOBAH-
HbIE Ha PACTBOPEHUH 0CaJKOB. Pa3paboTaHa METOIUKA U MPOBEICHBI IKCIIEPUMEHTAIBHBIC OTBITHI 10 IPUMEHEHHUIO
MOJI00pPaHHBIX XUMHYECKUX PEAreHTOB CHHEPreTHYECKOro ACHUCTBUS MPH MHTCHCU(PHUKAIMH CKBOKHHHOU TOOBIYN
ypana. [IpoaHanu3upoBaHbl U 00CYKACHBI PE3yIbTAThI IKCIIEPUMEHTAIBHBIX UCCIICIOBAHUM, MOCTPOCH CPABHUTEIb-
HBIHA TpaduKk meproaa OecrepeOoiiHol paboThl CKBakuH. OmnpeneneHa u mokasana 3pGeKTUBHOCTh TPUMEHIECMOIO
METO/Ia BOCCTAHOBIICHHSI IPOHHIIAEMOCTH IMPOAYKTHBHOTO TOPH30HTA C MPUMEHEHHEM KOMILIEKCa XHMHUYECKUX
peareHTOB.

Hayunas HOBH3HA 3aKiII0YaeTCs B TOM, YTO MHHEPAIIOTHYECKHE HCCIIEIOBAaHHUS COCTaBa KEPHOBOIO MaTepHaja
CBHUJICTENIBCTBYET O CJIOXKHOHN CTPYKTYpE Py, BMEIIAONIUX TOPOI U YPAHOBOM MHHEpAIU3AIMK B CJIOXKHBIX TOPHO-
TCOJIOTHIECKHUX YCIOBHUAX, a YCTAHOBJICHHAs] CTPYKTYpa M KOJHMYSCTBEHHO-KaYECTBEHHBIC ITapaMeTphl 0CaaKoo0pa-
30BaHUI MMOATBEPKIACT BHIMAJICHAC B OCAJIOK KaPOOHATHBIX U TJIMHHUCTHIX MHUHEPAJIOB B YCIOBUSAX CEPHOKUCIOTHOMN
CKBXHHOH J0OBIYM ypaHa. [IpakTudeckas 3HAYMMOCTh MCCIICIOBAHUS 3aKITFOUACTCS B BBHICOKOW 3PQEKTHBHOCTH U
MPUMEHUMOCTH PACCMATPUBAEMOTO METO/Ia MHTEHCH(DMKAIIMK CKBAKUHHOM JOOBIYM ypaHa Ha y4acTKax ¢ HU3KHMHU
GIIBTPALIMOHHBIMU XapaKTEPUCTHKAMHU.

KawueBbie cioBa: MuUKpoaupakiusi, peHTreHo(ha30BbIil aHAIH3, IPOHUIAEMOCTh, PEreHePALHsl, BhIIICIauH-
BaHHE, ypaH, 0CaIKoo0pa3oBaHue.
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