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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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PROSPECTS FOR APPLICATION OF MULTI-SPECTRAL
EARTH SENSING DATA IN FORECASTING AND SEARCHING
FOR RESERVOIR-INFILTRATION URANIUM DEPOSITS

Abstract. Reservoir-infiltration uranium deposits («sandstone» type) today are the main active source of
uranium mineral raw materials in the world and the only one in Kazakhstan. Their main advantage in the form of
better environmental friendliness, productivity and minimum production costs creates prospects for their further
detection in various parts of the world. It is important to simplify and improve multi-stage, expensive and difficult
geological exploration works for the purpose of forecasting and searching them with affordable innovative solutions.
The available multispectral satellite imagery has opened up new opportunities for the study of uranium ore
provinces. Mapping of uranium ore provinces based on multispectral satellite imagery allows them to be compared
with certain key ore-controlling data from geological and geophysical studies. The near-surface visible nature of
geotectonic structures, climatic conditions and zonal anomalies are more easily and efficiently visualized using
modern space technologies and computer solutions. The explanation of the derived correlations with the geotectonic
and climatic conditions allows the use of multispectral images in order to simplify and improve the quality of
forecasting, prospecting and exploration of reservoir-infiltration uranium deposits. More advanced aerial and space
remote sensing methods make it possible to detect surface anomalies associated with this type of ore. The scientific
explanation of the nature of these anomalies and their role in the geological and genetic model of ore formation
creates a solid theoretical basis for improving the exploration methodology. The convergence of the results obtained,
their theoretical explanation, simplicity and convincingness of the results make it possible to make new predictions
of promising areas of reservoir-infiltration uranium regions for several of the key ore-controlling factors and use this
methodology in conjunction with other data from regional and local studies at all stages of exploration.

Key words: Uranium ores, reservoir-infiltration deposits, geological exploration, prospecting, forecasting,
multispectral sounding, satellite imagery.

Introduction. Reservoir-infiltration uranium deposits («sandstone» «roll-front» type by IAEA classi-
fication) have distinctive geotechnological parameters, due to which today they are among the most
environmentally acceptable, productive and economically viable sources of natural uranium in the world
[1]. The discovery of such deposits in the world is complicated by the relatively small thickness of ore
bodies (usually 5-20 m) and their high depth of occurrence under a thick sedimentary cover (usually from
100 to 700 m and more). In terms of plan, uranium ores look by relatively narrow (several hundred
meters) and extended (tens and hundreds of kilometers) intermittent and winding ribbon-like stripes,
which also significantly complicates their search and forecasting at all stages of geological exploration
[2, 3]. Forecasting and prospecting of such deposits in the main scope of work is carried out by
exploratory drilling of geological exploration and hydrogeological wells with a set of related studies.
When drilling wells, a complex of geophysical studies, core sampling, radiometric sampling, sampling
from core and water for analytical studies and other work is performed. This search method proved to be
the most successful and is used to this day. All previous regional and local geological exploration data,
terrain maps and advanced research data are used to select the optimal drilling network and depth. The aim
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of this work is to improve and simplify the methodology for forecasting, prospecting and exploration of
these types of mineralization by using a modern theoretical base, accumulated experience and innovative
computer, air and space technologies, which will improve the possibility and profitability of expansion
and replenishing the uranium mineral resource base of Kazakhstan and the world as a whole.

Methods and solutions. For the study, materials were initially collected on the main sources of
mined natural uranium in the world in the person of the Shu-Sarysu and Syrdarya reservoir-infiltration
uranium ore provinces located in the southern part of the Republic of Kazakhstan. Numerous materials
have been accumulated due to previous direct participation in various types of geological exploration,
cameral and research work in these uranium ore provinces for 13 years in the organization of Volkov-
geology JSC and one year in the Institute of High Technologies LLP of NAC Kazatomprom JSC. The
historical materials of the previous geological exploration works of the Volkovskaya and Krasnokholm-
skaya expeditions were mainly used, with the addition of previous fund and public regional and geo-
physical studies, as well as data from modern geological exploration and research. Based on the materials
of many years of experience, collected and literature data, the main ore-controlling factors on a regional
scale were investigated and their mapping was analyzed. Cartographic information was analyzed from 40
to 50 parallel of North latitude and from 60 to 78 meridian of East longitude, as well as adjacent terri-
tories. Further, using various modern computer solutions and multispectral space sensing data, maps of
these uranium ore provinces were compiled and combined in formats associated with ore-controlling
factors. For the set goals and objectives, a satellite map of the terrain was chosen in combination with a
satellite map of visible RGB light, which displayed the near-surface geotectonic and climatic conditions
precisely at the level of detail that is closely related to ore-controlling factors. When creating a terrain
map, a number of different methods were tried on the basis of publicly available data such as ALOS
AW3D, SRTM, etc., which were easily visualized in software solutions such as Global Mapper, Surfer
and the like, but there were difficulties in choosing the optimal color system for displaying the elevation
level , which took a significant amount of time. To significantly simplify this task and obtain a sufficient
level of quality, a ready-made solution World Relief Map was used in the catalog of ArcGIS online maps,
which was freely exported at a resolution of 5000x5000 pixels, which is quite enough for a small-scale
regional study. When choosing data for satellite maps of visible RGB color, materials of numerous
Internet services with space images such as Google, Bing, Yahoo, Nokia, Yandex, ArcGIS and others
were examined. After a detailed comparison, publicly available ArcGIS Imagery and Google imagery
were selected, which had readily available, more recent, better quality and already processed data for the
surveyed area. When combined with a terrain map, the color gamut of Google maps more clearly matched
the satellite terrain map, and therefore chose the data on Google images. SASPlanet software was used to
create high-resolution satellite maps with coordinate reference, which made it possible to download and
seamlessly paste several thousand satellite images of these services in a matter of minutes [4]. The created
satellite maps were combined with 50% layer-by-layer transparency in the Mapinfo Professional program
and supplemented with thematic data, as well as compared with thematic maps on the data of uranium ore
provinces (figure 3). Based on the compared data, a detailed analysis was carried out for the conver-
gence of the results with ready-made thematic maps and ore-controlling factors, their quality, and detail
(figures 1, 2, 3). After a detailed comparison, a theoretical explanation of the relationship between the
uranium-ore zoning and the obtained mapped data was proposed, which also explains the studied local
anomalies by other methods of remote sensing by other authors.

Results and discussions. According to the infiltration model of ore formation, the hydrodynamic
conditions of the region, the climatic conditions of the ore formation epoch and the geochemical type of
ore-hosting rocks are identified as the main factors necessary for the formation of uranium deposits [5, 7].
For the formation of a favorable reservoir-infiltration system, it is necessary to lay down permeable
deposits between impermeable strata, the formation exit to the area of surface water recharge and the area
of its unloading, which allows the infiltration process to take place for a long time. The formation of such
layers is primarily determined by the geotectonic regime of the area. The uplift of the earth's crust above
sea level leads to its destruction by natural phenomena and the transfer of newly formed loose sediments.
Sedimentation occurs in stages and is characterized by different facies in conditions of activation [6] and
calm, as well as climatic and other changes. The formed formations are universally characterized by the
alternation of various lithological-facies zones with different filtration and geochemical features. The




N E W S of the Academy of Sciences of the Republic of Kazakhstan

sedimentation process in many cases leads to the formation of strata of the syneclisous type, and the
violation of this structure, as a rule, creates other areas of aquifer recharge and unloading. For this reason,
continental mountainous areas, which are well observed on satellite images, almost always form
infiltration artesian basins in the immediate vicinity, and their scale largely depends on their type. The
humid climate is favorable for the formation of organic sorbents and uranium reducing agents, but thereby
prevents its migration in the waters, and the arid climate is favorable for the penetration of formation
waters carrying uranium over long distances and depths, but not favorable for the formation of a powerful
reducing barrier that allows the formation of a rich and contrasting deposits [7]. Zonal and periodic
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Figure 1 — Uranium mineralization of the East Turan province
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climate changes from arid to humid and vice versa create geochemical boundaries with different oxide-
tion-reduction potentials of sedimentary deposits favorable for the formation of uranium mineralization.
But the formation of uranium mineralization is possible only during periods of a sufficiently long arid and
subarid climates allowing uranium-dissolving surface waters to penetrate with a rich oxidizer over long
distances and depths to transfer a significant amount of reservoir-infiltration ores to the reduction barrier
[5]. Therefore, at the current time, the most promising for predicting potential reservoir-infiltration
uranium provinces are desert and semi-desert zones in the vicinity of continental mountain ranges and
uplifts, as well as adjacent areas. In such systems, extended zones of formation oxidation have formed, the
fronts of pinching out which are the main ore-controlling factor in deposits of this type. The Shu-Sarysu
and Syrdarya uranium ore provinces together represent the East Turan uranium ore megaprovince divided
by the relatively young Karatau uplift. In a schematic form, the mineralization of these provinces
according to the published data of Volkovgeology JSC and the IAEA [8] shown in figure 1. A more
detailed display of them based on the data of deep geological mapping at a scale of 1: 1,000,000 [based on
the base http://wms.vsegei.ru/] and the results of geological exploration for uranium are shown in figure 2.
Near-surface geotectonic and climatic conditions are the most important factors necessary for the forma-
tion of a uranium ore province and its main ore-controlling factor. The creation of a combined satellite
elevation map and the visible spectrum of colors with the overlay of thematic data allowed us to compare
the convergence of the results (figure 3). The result surpassed all expectations, the resulting map, based
on multispectral satellite images, perfectly displayed the near-surface geotectonic environment of the
area, absolutely similar to the data of deep geological mapping at a scale of 1: 1,000,000, and displayed the

Figure 2 — East Turan uranium mineralization on map of deep geological mapping
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Figure 3 — East Turan uranium mineralization on map of multispectral satellite imagery

climatic situation of aquifer recharge area emerging to the surface in desert areas. The main source of
sedimentation is the southern, southeastern and eastern continental uplifts from the side of the Tien Shan
and the Kazakh shield towards the retreating Aral and Caspian seas. The East Turan province is divided
into the Shu-Sarysu and Syrdarya by the younger Karatau uplift, the sharp uplift of which approximately
occurred at the end of the Pliocene epoch [5]. The listed uplifts set the main directions of all ore-forming
stratal water flows. Special attention should be paid to the Inkai-Mynkuduk ore arc (and its continuation)
in the Upper Cretaceous deposits more than 100 km long, the shape of which exactly repeats the observed
structure a few tens of kilometers north of the Sarysu-Teniz watershed, which directs the discharge area.
To the east, in the area of the Zhalpak deposit, the ore strip unfolds by the uplift of the Kazakh shield.
South of the Budennovskoe deposit, the ore strip is broken by the Karatau uplift and continues to the west
of Karatau in the Syrdarya province (Karamurunskoe ore field, Zarechnoye, Asarchik, Zhautkan. [9]).

The nature of the ore zones in the Paleogene deposits is more complicated by the Karatau uplift, but
otherwise practically repeats the character of the Cretaceous deposits, only a few hundred kilometers to
the south-east, closer to the feeding zones near the Tien Shan zones. Continuing the topic of the use of
multispectral data of remote sensing of the earth, more detailed specialized studies should be noted. On
November 7, 2019 in Almaty at the IX International Scientific and Practical Conference "Actual Problems
of the Uranium Industry" a report was presented (vol. 1, pp. 55-63) on the data obtained using the RMP
method at the Mynkuduk Vostochny deposit [10]. In a discussion with colleagues, the method was
perceived skeptically, since the high convergence of the results obtained with the explored ore strip was

—— g4 ——
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left without theoretical explanations, and thermal anomalies could be caused by the result of operating
enterprises. But personal attention was exacerbated by the predicted undiscovered ore strip, the prere-
quisites for which, by professional accident, were noticed earlier in some single wells of the neighboring
area "Central Mynkuduk". Despite the fact that the ore strips themselves could not be detected by the
infrared and color radiation used in the method due to the powerful (several hundred meters) roof
sedimentary cover, this method could fix their inherent surface soil anomalies. In 2010, at the International
Scientific and Practical Conference "Actual Problems of the Uranium Industry-2010", a joint report by the
employees of JSC "Volkovgeology" I.A. Shishkov, T.Ya. Chesnokova and FSUE "VIMS" A .E.Bakhur,
T.M. Ovsyannikova in which the obtained results of isotopic soil anomalies 2'°Po and *'°Pb were presented
at the surface of stratal-infiltration uranium deposits. Their theoretical explanation was given by means of
an independent migration of elements upward through the zones of water exchange to the water surface
and further penetration into the soil by capillary-diffuse rise, which was previously clearly explained in the
thesis by A.E. Bakhur. [11]. In addition, at uranium deposits of this type, surface anomalies of methane,
hydrogen and the amount of heavy hydrocarbons are everywhere noted [5].

The significance of the latter most likely explains the formation of sufficient recovery barriers
directly above the oil and gas bearing areas (in spite of the assignment of the provinces to detritus), which
is a topic for a separate discussion.

Conclusion. Modern computer solutions greatly simplify data processing, improve their quality and
open up new opportunities. Space and airborne remote sensing technologies have provided geological
services with highly justified public and commercial solutions for forecasting and prospecting for ores.
The obtained convergence of the results is theoretically substantiated and the use of this method should
bring forecasting and prospecting of reservoir-infiltration uranium deposits to a new level, simplifying and
improving the quality of geological exploration at all stages. To carry out the first steps in predicting new
uranium ore zones with the auxiliary use of this method, it was decided to build in this way and analyze
the world map. According to the results obtained, the most promising were the territories of the Arabian
Peninsula, the prospects of which are expected in the sediments of the Meso-Cenozoic artesian basins near
the area located above the oil and gas bearing area of the Ghawar field. The visualized territories have
large-scale areas for the formation of similar systems of penetration of ore-forming infiltration flows over
long distances and depths, and the underlying oil and gas areas should create powerful recovery sources
communicating with the overlying horizons to meet the infiltration flows, which can form large sandstone
uranium deposits of the Kyzyl Kum and Australian types [12, 13].
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YPAHHBIH KABATTBIK-UHONJIbTPAIIUAJIBIK KEHOPBIHIAPBIH BOJIZKAY
7KOHE I3/IEY KE3IHJAE )KEPAI MYJIbTUCHEKTPJII 30HATAY JEPEKTEPIH
KOJIJAHY NEPCIIEKTUBAJIAPBI

AnHoTanus. KabarTel-uHQUIBTPAIMSIIBIK YpaH KEHOPBIHAAPH! Ka3ipri Ke3/le oNeMIETi ypaH MIMKi3aTBIHBIH
Heri3ri xoHe Kazakcranma >kanrbl3 ke3i Oonbin TaObLIambl. OmapAblH SKOJIOTHSUIBIK Ta3aJIbIFBI, OHIMIUIIK >KOHE
MUHUMAJIBl OHAIPICTIK IMIBIFBIHAAP TYPiHAETi 6acThl apTHIKIIBUILIFEI OJIAPABI SJIEMHIH op TYKIIIpiHAE oxaH opi
aHBIKTayFa MYMKiHAIK Oeperi. Kem caThuibl, KBIMOAT jKOHE KUBIH T€OJOTHSIIBIK Oapiay >KYMBICTapbIH KO KEeTiMIi
WHHOBAIIMSUIBIK IICNTIMAepMeH O0JpKay JKOHE 137y MaKcaThIHIa OHANIaTy jKoHE JKeTUaipy MaHbI3asl. Ko xetimai
MYJIBTUCTIEKTPAIIIbI FAPBILITHIK CypeTTep ypaH KEHJI MPOBUHIMSUIIAPBIH 3€PTTEY YIIiH j)KaHa MYMKIHIIKTEp allThl.
MynpTHCIIEKTPAIBIBI FAPBIITHIK TYCIPUTIM HETi3iHAE ypaH KeH/I IPOBHHIUSUIAPBIHBIH KapTaJlapblH jkKacay OJapAbl
TeOJIOTHSUIBIK JKOHE Te0(U3UKAIBIK 3epTTeyNepaiH Oenriii Oip Heri3ri pyAanblk 0akbliay MOIIMETTEpIMEH cablc-
TBIDYFa MYMKIiHAIK Oepeni. ['€OTEKTOHMKANBIK KYPBUIBIMIAPIbIH, KIMMATTHIK JKaFlaillap/blH JKoHE OesmemIiK
ayBITKyJIap/bIH Kep OeTiHe JKaKblH KOPIHETIH TaOMFAThl 3aMaHayH FapbIIITHIK TEXHOJOTUSUIAD MEH KOMIIBIOTEPIIiK
HISIIMACPIiH KOMEriMEH OHai opi camajibl TypAae KepiHemdi. | €OTeKTOHHMKAJBIK JKOHE KJIMMATTBIK JKaFaaiiapMeH
0aiinaHbICThl KOPPENSALUIHbI TYCIHIIPY ypaH KaOaTThl-MH(OWIBTPAUMSUIIBIK KEHOPBIHIAPBIH OoJbKay, i3[ey JKoHe
Oapnay camachlH KEHIUIAETY JKOHE apTThIPy MakKCaThIHIA MYJbTUCIEKTPAIb/bl KECKIHIEPAl KOJJaHyFa MYMKIHJIK
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Oepeni. Oye MeH FapbIILThl KAUIBIKTHIKTAH 30H/IbLIAYIbIH aHAFYPJIBIM JKETUINIPIIreH oicTepl KEHHIH OChl TYpiMEH
OaiinaHbICThI XKep OeTiHAeri aybITKyJapibl aHbIKTayFa MyMKIHIIK Oepeni. OCbl aybITKYJIaplblH TaOUFATBIH JKOHE
ONIAp/BIH KEH TY3Y[iH TeoJIOTHSIIbIK-TeHETHKAIBIK MOETIHICT1 POJIiH FhUIBIMU TYPFBIIAH TYCIHAIPY T'€OJIOTHSUIIBIK
Oapnay oicTeMEeCiH KETULAIpyre CeHIMII TEOPHSIIBIK HETi3 jKacai/ibl. AJBIHFaH HOTHIKEIEP/IiH KUHAKTAIYbI, Oap-
JIbl TEOPHSUIBIK TYPFBIZAH TYCIHAIPUTYl, HOTHXKENEPIH KapanaibIMAbUIBIFEI MEH CEHIMIUIITT YpaHHbIH Oakbpliay aii-
MarbIHBIH OipHEIIe Heri3ri pakropiiapsl yiliH KabaTThIK-UHOWIBTPALMSIIBIK YPAHHBIH ayAaHIapbiHa jkaHa 0oJbKaM-
Jlap jkacayra yKOHE OChI 9JIiICHAMAHBI ['€0JIOTHSIIBIK 0apiiay »KYMbICTAPbIHBIH 0apJIbIK Ke3eHIepiHIer] allMaKThIK JKoHE
KEPriliKTI 3epTTeyiIepiniH Oacka aa MaiMeTTepMeH Oipre KoanyFa MYMKIH/IK Oepe/i.

Tyiiin ce3aep: ypan keHziepi, KabaTThl-MHOHILTPALMIIBIK KEH OpPBIHAApP, EOJIOTHSIIBIK Oapiay, i3aey, 0o-
Kay, MyJIbTHCIIEKTPAIIbIbIK 30HIbUIAY, FAPBIIITHIK CYypPETTEp.
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HNEPCIHHEKTHUBBI IPUMEHEHUSA JAHHBIX
MYJIbTUCHEKTPAJIbHOI'O 30HAUPOBAHUS 3EMJIN ITPU TIPOTHO3UPOBAHUN
N NOUCKAX IINTACTOBO-UHO®NJIBTPAIIMOHHBIX MECTOPOXIEHHUHU YPAHA

AnHoTanus. [1nacToBo-uHOUILTPALMOHHBIE MECTOPOXKACHHS YpaHa Ha CETOAHSIIHUIA JIEHb CIYXKAT [JIABHBIM
JIEHCTBYIOIINM HCTOYHHKOM yPaHOBOTO MHHEPAJIBHOTO CHIPhS B MHUpE U eIUHCTBEHHBIM B Kazaxcrane. [ maBHOE mx
JIOCTOMHCTBO B BHJE JyYIICH 3KOJOTHYHOCTH, MMPOU3BOAUTEIIEHOCTH I MUHUMAJIBHON CE0ECTOMMOCTH JOOBIYH CO-
31aéT MEePCIEeKTUBHI K WX JNalbHEeimeMy o0Hapy>KEHHIO B Pa3lIWYHBIX yToJKaxX IIaHETHl. MHOTOCTaJAniHBIE, TOPO-
TOCTOSIIIME W TPYTHOBEIIIOIHUMBIE T€0JI0TOPa3BeI0YHbIe pabOTHI C IETBI0 WX MPOTHO3HPOBAHUS M TIOMCKOB MO3BO-
JSIOT aKTyaJbHO YHPOLIATh M yINydINaTh B KAa4eCTBE INOCTYMHBIMH HWHHOBAIMOHHBIMH pemICHUAMHU. JlOCTyITHBIE
MYJIBTHCIIEKTPAJIbHbIE KOCMHYECKHE CHUMKH OTKPBUIM HOBBIE BO3MOXHOCTH JUIS MCCIIEAOBAHHSA YPaHOBOPYIHBIX
npoBuHIMKA. Co3laHue KapT ypaHOBOPYAHBIX NMPOBHHIMHA MO JAHHBIM MYJIBTHCIIEKTPAIBHBIX KOCMOCHHMKOB IO-
3BOJISIET COIMOCTaBUTh MX C OINpPENENCHHBIMH KIIOYEBBHIMH PYAOKOHTPONHPYIOUINMU JAHHBIMH T€OJIOTHYECKUX M
reo(u3NIecKuX uccienoBaHuN. [IpHIIOBEpXHOCTHBIM BUANMBIA XapaKTep T€OTEKTOHHUECKUX CTPYKTYp, KIMMATH-
YecKue 0OCTAaHOBKM M 30HAJbHbIC aHOMAIMK 00Jiee JIETKO U KaueCTBEHHO BH3yaJM3HPYIOTCS C IOMOILBIO COBpE-
MEHHBIX KOCMHYECKHX TEXHOJIOTHH M KOMIBIOTEPHBIX pemieHnil. OObICHEHHE BBIBEICHHBIX KOPPEISAINHA C Te0TeK-
TOHWYECKOH M KIMMAaTHYECKOW OOCTAaHOBKOW IO3BOJIIET HCIOJIB30BATH MYJBTHUCIEKTPAIFHBIE CHUMKH C IIEIBIO
YOPOIIEHHS U TOBHIIIEHHS Ka4eCTBa MIPOTHO3UPOBAHNS, TIOUCKOB U Pa3BEIKU IUIACTOBO-UH(MIBTPAITMOHHBIX MECTO-
poxnenuii ypana. boiee nmpoaBUHYTBIE a3p0O- M KOCMO — METO/BI AUCTAHIIMOHHOTO 30HANPOBAHUS 3€MJIIH ITO3BOJISIOT
BBISIBIIITH COITYTCTBYIOININE TaHHOMY THITY PYZ IOBEPXHOCTHBIE aHOMannu. HayuHoe 00bACHEHHE TPUPOIBI JAHHBIX
QHOMAJIM{ U MX POJIA B T€OJIOTO-TeHETHYECKOW MOIenn 00pa30BaHus Pyl CO3MAET MPOYHYIO TEOPETHUECKYIO OCHOBY
JUISL YCOBEPILIEHCTBOBAHHSI T€OJIOTOPa3BEIOYHON MeTOH0JorHH. CXOOMMOCTh IONYyYEHHBIX pPe3ylbTaToB, UX TEO-
perudeckoe 00bsCHEHHE, IPOCTOTa U yOEIUTEIBHOCTh PE3YJIbTATOB MO3BOJISIFOT C/AEIATh HOBbIE MPOTHO3bI IIEPCIeK-
TUBHBIX PaliOHOB IIACTOBO-MH(DHMIBTPAIIMOHHBIX YPAaHOBBIX PAalflOHOB MO HECKOJIBKHM M3 KIOYEBBIX PYJOKOHTPO-
nUpyromuXx (HaKkTOpOB U UCIIOIb30BATh JAHHYIO METOJOJIOTHIO B COBOKYITHOCTH C JJPYTHMH JIaHHBIMU PErHOHAIBHBIX
1 JIOKQJIbHBIX HCCIIEZIOBAaHUI HA BCEX CTAAMSAX T€0JIO0r0pa3BeI0OUHBIX padoT.

KiwoueBble ciioBa: ypaHOBBIE py/bl, IUIACTOBO-UH(MIBTPAIIMOHHBIE MECTOPOXKICHUS, TI'e0JIOoropa3Be/Ka,
MTOWUCKH, IPOTHO3UPOBAHHUE, MYIBTUCIEKTPATEHOE 30HANPOBAHIE, KOCMOCHUMKH.
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