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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

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

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

Abstract. The current state of the mineral resource base of Kazakhstan, which has strategic importance for the
country’s economy, is at the high level. It is largely thanks to the inherited powerful mineral resource base, created
by efforts of many generations of Kazakhstan’s geologists under the leadership of Kanysh Imantayevich Satpaev.
However, since the end of XX century, rapidly developing technologies in the mining industry have drastically redu-
ced the time of mining and increased its scale, thus determining the lag behind resource replenishment in many types
of minerals. In this connection, accelerated expansion of prospecting and exploration work (P&E) is required, which
should follow scientifically substantiated recommendations, with continuous scientific support.

Incomparable volumes of mining works over exploration surveys in favour of mining field development have
led to sharp excess of production over replenishment, which in the coming decades may result in a deficit of a num-
ber of minerals, traditional and strategically important for the country: Cu, Pb, Zn, Au, W and other, due to lack of an
acquisition target fund to sustain the targets under exploitation. The authors see the solution in accelerated revival
and reversal of exploration works. In fact, geology has entered the era of searching for hidden deposits, because
easily discovered targets are almost completely exhausted in Kazakhstan and throughout the world. Exploration work
should be carried out using scientifically sound recommendations developed on the basis of new theoretical concepts,
new computer technologies and analytical research.

Key words: mineral resource base, minerals, mining, replenishment, prospecting and exploration (P&E), new
scientific research directions.

In the “golden period” of Kazakhstan’s geology, which started with Kanysh Satpaev, efforts of seve-
ral generations of geologists created a powerful mineral resource base, providing a high impulse to the
country’s economy. The mineral resource complex is of strategic importance to Kazakhstan, accounting
for up to 70% of GDP and most of foreign exchange earnings. Therefore, the main source of economic
growth of Kazakhstan, rich in various mineral deposits, is a powerful mineral resource base (MRB)
providing the economy at present and in the near and far future. Pioneering Satpaev and his associate
geologists meant under this term, apart from already discovered commercial deposits with calculated
balance and off-balance reserves, also a fund of promising areas and ore occurrences, which being studied
further could lead to new discoveries and replenish the existing, ready for development, commercial
reserves (figure 1).

The current state of the republic’s mineral resource base should be assessed as quite good one [1].
Kazakhstan is among the top ten leading countries in the world on main types of available minerals. Its
mineral resource base consists of fuel and energy complex fields (hydrocarbons, coal, and uranium),
ferrous, non-ferrous, noble and rare metals. Kazakhstan’s share in the world reserves includes 18% of
uranium, 10% of chromium, 9% of lead, 8% of zinc, 4% of gold, 5% of silver, 5% of copper, 5% of
manganese, 9% of rare and rare earth elements, and 2% of petroleum (figure 2). Kazakhstan is a large
exporter of energy raw materials, ferrous and non-ferrous metals. In particular, Kazakhstan accounts for
41% of total uranium and 16% of all chromium mined in the world.

Thus, the most significant reserves of hydrocarbons, uranium, coal, ferrous metals, which, if used
rationally, can be the base of the country’s economic and industrial development for a long period of time:
from 50-80 in case of chromium and iron, and to 100 and more years in case of uranium, coal and
manganese.
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Figure 1 — Layout of main deposit fields, transport communications and processing facilities

Deposit fields: 1: 1 - oil, oil-and-gas, 2 - gas, gas condensate, 3 - bitumen;

II: 1 - carbonic, 2 - lignite, 3 — oil shale;

III: 1 - iron ore, manganese iron-ore, ferromanganese, 2 - vanadium, 3 - chromite, 4 — titanium-bearing placers;

IV: 1 - bauxite, 2 - copper, lead, zinc, 3 — nickel-bearing weathering crust;

V: 1 - tin, tungsten, molybdenum, bismuth and beryllium, 2 - strontium, 3 — tantalum and niobium, 4 — rare earth;

VI: gold ore;

VII: 1 - uranium, 2 — lignite and uranium;

VIII: 1 — barite, 2 - phosphorite, 3 - feldspar, 4 — mineral salts;

IX: 1 — technical diamonds, 2 - asbestos, talc stone, 3 - muscovite, vermiculite, 4 - corundum,

5 - kaolin, refractory clay

Processing facilities: X: 1 — concentrators in various industry sectors, 2 - metallurgical, 3 - chemical, 4 — petrochemical
Transport communications: XI: 1 - railroads, 2 — gas pipelines, 3 — oil pipelines, 4 — transportation directions.

These data are based on the deposit field fund, which was established in the Soviet period. Part of
these fields is already in use at an earlier or later stage of development. Given the advance nature of mi-
ning technologies and huge capacity equipment, most of solid fossil minerals will be exhausted in the next
10-20 years. In this regards, prospects of the country’s mineral resource base for solid minerals, except for
the above mentioned ferrous metals, uranium and hydrocarbons, are very uncertain: since the end of XX cen-
turies, the high-tech mining industry sharply increased the production scale, causing unacceptable lagging
of mineral resource replenishment behind their extraction for many types of minerals.

Given the general picture of distortions in subsoil use in Kazakhstan, the need in accelerated actions
to cover the gap between mining and their replenishment became a clear-cut problem. This can be
achieved only by a sharp increase in prospecting and exploration activities (P&E), which, due to focus on
investors, fell to zero.

Thus, the data [1] show extremely uneven distribution of means for mining works and exploration
surveys by investors. Following are sums taken from the total amount assigned to P&E but invested on
mining of: gold (6.8%), copper (1.99%), lead and zinc (1.53%), iron and manganese (0.9%), chromium
(0.74%) (figure 3).

These figures are alarming: such a sharp mismatch between the financing of mining, on one side, and
prospecting and exploration activities, on the other, can only grow the gap between them. Such tendency
in modern subsoil use is dangerous since it causes total depletion of the deposit fund prepared for
development of fields.
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Figure 3 — Investments in mining (blue) vs. P&E (red)
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Besides, the mineral reserve base of Kazakhstan in recent decades experiences additional impacts,
caused by fall of competitive capacity in a large group of fields of minerals, important and traditional to
our country: copper, molybdenum, zinc, gold and other, and we face revaluation of the reserves. The
balance sheet should be thoroughly revised to see clearly the true “face” of the present-day raw mineral
complex. It is quite obvious what should be done: expansion of the country’s prospecting, evaluation and
exploration activities on the base of analysis of numerous ore occurrences and promising areas, enlisted in
various catalogues, compiled upon earlier conducted geological prospecting, surveying and thematic
works. Taking into account the risks and financially intensive costs, it is useless to expect that investors
will carry out the P&E works themselves. It was demonstrated over a quarter of a century of our Indepen-
dence: investors have not done any discoveries both within and outside the limits of their licensed areas.

In most cases, investors finance only P&E works with purpose of specifying the reserves of a licen-
sed object in question and its outlines.

The conclusion to draw from the above is, with support of the state, to accelerate the expansion of
prospecting and exploration activities with subsequent extraction. The fund of easily retrieved deposits is
nearly exhausted both in Kazakhstan and in the whole world, the search for hidden and deep deposits
should be carried out, applying scientific recommendations, in close contact with science. This principle
was earlier in practice in the Kazakhstan’s geology. The idea has been put forward by Kanysh Iman-
tayevich Satpaev for years ahead as “Geology and metallogeny of the most important ore mining districts
of Kazakhstan”. In 1960s-1990s, it allowed employees of the Institute of Geological Sciences - the main
brainchild of Kanysh Satpaev - jointly with miners of all geological departments (West Kazakhstan, North
Kazakhstan, Central Kazakhstan, South Kazakhstan, and East Kazakhstan) to implement a series of
scientific-production works on the following subjects: Geology and Metallogeny of the Uspensky zone,
North Kazakhstan, North-West Balkhash, Mugodzhars, the Ulytau-Dzhezkazgan region, North Balkhash,
Karatau, the Big Altai, the Chingiz-Tarbagatai mega-anticlinorium, the Chu-Ili belt, the Balkhash segment
of the Earth crust and many other thematic studies [2]. It is noteworthy that the works above were not
limited by reporting, but followed by publication of numerous monographs, which can be regarded truly
as “the Golden Fund” of information about the geological structure of the Earth crust of Kazakhstan and
its metallogenic potentials. These works of 1970s-1990s laid grounds to majority of contemporary search
projects. These fundamental publications bear their actuality today; they will be in demand in distant
future [2 and other].

Continuity of scientific and production activities facilitated the high efficiency of P&E works. Those
years enjoyed discovery of gold ore fields, namely: Vasilkovsky, Varvarinsky, Yenbekshi, Pustynny, Ka-
rierny, Bakyrchik, Bolshevik, Suzdalsky, Akbakai, Dalabai, Arkharly, Yubileiny, and others. The copper
ore fields include the Aktogai field group, Koksai, Benkala, Zhaisan, Koktaszhal, Maksut, Koktas, Borly,
Zhilandy, Avangard, Kundyzdy, 50-yrs of October, Nurkazgan, Kosmuryn, Tesiktas and many others. The
discovery list of the golden period of Kazakhstan’s geology can be extended by many more pages. This
review on efficiency of P&E works of the second half of the XX century has been made to emphasize
once again the high productivity of the alliance of science with production.

Success of the prospecting works of this period was determined in many respects by preliminary
high-level metallogenic research, directly leading to P&E activities.

All geologists of the former Soviet Union associate the birth of the Metallogenic School in Kazakh-
stan with the name of Kanysh Satpaev. During the period of intense development of metallogenic ideas in
1950s, he was one of the first, who was actively engaged in creation of the theory of metallogeny and
principles of metallogenic mapping. In opinion of V.I.Smirnov, E.A.Radkevic and other metallogenists of
the Union, this was largely favoured by diversity of ore deposits in Central Kazakhstan, which provided
large comparative material and allowed for certain generalizations. In addition, the fruitful development of
metallogeny in Kazakhstan was conditioned by practical needs and necessity in scientific justification of
search methods in the richest ore deposit region. Wide range of interests of Kanysh Satpaev, his high all-
geological culture facilitated his successful approach to significant problems, and made him run the
regional Metallogenic Analysis, one of new directions of metallogenic research.

In the course of metallogenic studies in Kazakhstan (1950s-1990s), various theoretical concepts have
been developed: metallogenic analysis from the geosynclines positions, deep faults, tectonic-magmatic
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activization, lineament analysis, stereometallogeny, metallogeny of ore districts, astroblems, new global
tectonics and other.

These studies were centred in the Satpaev Institute of GeoSciences and its Altai Department, the
Kazakh Institute of Mineral Resources (KazIMS), and a number of thematic parties, organized in some
geological departments.

Achievements of these years were highly appreciated by numerous state awards and prizes (the Lenin
prize, the USSR State prize, and the KazSSR prize and others).

Revival of P&E, needed to replenish the exhausted reserve fields, requires mobilization of geological
research forces. To this end, the search works should only be implemented on the basis of scientifically
grounded recommendations and with backup of science. In order to increase its validity, it is recom-
mended to generalise, systematise and analyze the huge arsenal of the predecessors’ materials, followed
by set-up of the digital data base.

It is expected that the studies will result in development of volumetric models of metallogenic zones,
ore fields and deposits with use of modern 3D computer technologies, and improvement of ore forma-
tional and mineralogical-geochemical search criteria.

The geological-genetic modelling of ore objects is especially important for predicting of hidden
mineralisation in industrial ore-mining areas, studied in detail from the surface (Rudny Altai, Central
Kazakhstan and other). Accordingly, it is necessary to develop fundamentally new technologies and
methods of prediction and search for hidden deposits at depths of 500-1000 m in order to cover with
metallogenic forecasts the deeper strata.

It is necessary to carry out more detailed prognostic and prospecting works at the scale of
1:50,000-1:10,000 in promising ore districts, basing on a new theoretical and methodological principles in
order to develop further and strengthen the mineral resources base.

For this purpose, it is necessary to provide access to the sites owned by subsoil users to scientific
institution employees for comprehensive field studies, to ensure obtaining of the most effective forecasts
for allocation of areas and preparation of prospecting works. It is necessary to oblige subsoil users to
allocate financial means for scientific research in those areas and fields in their possession.

It is necessary to carry out geochemical mapping of the entire area of exposure to daylight surface of
the Kazakhstan’s Paleozoic, using modern analytical methods. The effectiveness of this technique is
proved by the geochemical survey carried out in the 2000s in the Chu-Ili region at a scale of 1:5,000,000,
which facilitated identification of new, previously unknown ore nodes of copper, rare and rare-earth
elements.

It is advisable to continue studies of geological conditions of formation and placement of large and
superlarge fields of copper, polymetals, gold, rare metals and other minerals, which form the basis of the
country’s mineral and raw material complex. Such giant deposits contain majority of raw material reserves
in a number of countries (Russia, Uzbekistan, USA, Canada, China, etc.).

It is also recommended to intensify scientific research and practical assessment of non-traditional
field types, which may represent an additional source of mineral resources. These are deposits in
weathering crust (Cu, Ni, Co, Au, Ti, Zr, Sn, etc.), gold ore deposits in ancient and young conglomerates,
apocarbonate deposits (Jasperoids) and stockwork deposits in granite plutons (the Fort Knox type),
stratiform polymetallic and rare-metal sites, jewellery diamonds, platinum group metals and other. Uncon-
ventional field types should be studied within the framework of national programmes in the process of
systemic study of the Kazakhstan’s subsoil.

Another promising area for metallogeny is the study of reserve territories, covered by the loose
Meso-Cenozoic sediments. These areas have capacity of buried deposits and residual weathering crusts of
various minerals (Cu, Ni, Co, Au, Ti, Zr, Sn and others). Their evaluation requires mapping of subsurface
geology (I'TK-200), including a complex of drilling, geophysical, geochemical works, and remote sensing
materials.

Kazakhstan's hydrocarbon reserves were secured for a long term after discovery of three giant fields:
Kashagan, Tengiz and Karashiganak. However, the problem of replenishing reserves in old on-land oil-
producing regions with developed infrastructure is still acute. In addition, it is necessary to strengthen oil
exploration in the southern, eastern and northern regions of Kazakhstan with promising oil and gas sedi-
mentary basins.
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Digitalization of P&E activities and the unified geological databases of research institutions and
subsoil users could create conditions for prompt update of cartographic and other geological information,
improved P&E prediction quality, more effective monitoring of the mineral resource base and P&E
projects, which in turn would increase the investment attractiveness and efficiency of subsoil use in
Kazakhstan.

Specialists occupied in mineralogy and petrography should be regularly trained to secure knowledge
of material composition of mineral raw materials which affects the quality of the technological production
chain.

Modern technologies and ideas open up a lot of new benchmarks for geological exploration, and
geologists have no doubt that their implementation in the above mentioned directions will lead to new
discoveries. However, this is only possible if prospecting and exploration work is adequately funded, in
accordance with the objectives set before scientists and producers.

I'. K. Koaraes, . 0. CeiitmypaToBa, H. M. )KykoB

Corb6aeB Yuupepcureri, K. 1. CorbaeB aThIHIAFBI TCOJIOTHSIBIK FEUTBIMIAP UHCTUTYTHI,
Anwmatsl, Kazakcran

AKAJIEMHUK K. U. CATBAEB )KOHE
KA3AKCTAHHBIH MUHEPAJIABI-IIUKI3AT BA3ACHI

Annoranusi. Kazakcran PecryOiauKachlHbIH HSKOHOMHUKACHIHIA CTPATETHSUIBIK MaHbI3Fa HE MHHEpPaIIbI-
HIKMKi3aT 0a3achIHBIH Ka3ipri JKaFJdaibl ©Te JKOFaphl JeHreiae. MuHepaaabl-HKi3aT 0a3aChbIHbIH OCBIHIAN JKOFaphl
neHreiti, Herizinen, Kanbim Mmanraityner CoTOaeB RKETEKIIUTIK €TKEH KONTEreH Ka3aKCTaHIBIK FaIbIMIApAbIH KY-
IIiMeH KypbUIFaH. Anaiiia tay-keH oeHepkaciOinae XX rachIp/blH asFblHaH Oepi KapKbIH/bI 1aMbIIT KeJle KaTKaH KeH
OHJIIPY TEXHOJIOTUSUIAPBIHBIH MUHEPAJABl IIUKI3aTThl OHIIPYTe KAKETTI YaKBITTHI KYPT KBICKAPTTYHI JKOHE OHBIH
KeJIEMiH YIFaUTTYBI, MaiIanbl Ka30amap sl KOITEreH TYpJIepiHIe MUHEPAIABI-ITNKI3aT KOPIapBIHBIH a3aiblyblHa
ceben 60p1. OchIFaH OalIaHBICTHI FEUTBIMU HET13/ICNITCH YCHIHBIMIAP MEH FBUTBIMU OaFbIT-0aFrap HETi31He reoo-
TUSITBIK 13/1€y-0apiay >KYMBICTaphl JKY3ere achIPBUTYHI THIC.

Maxkaraga xepceTinreHaeH, maigansl Ka30a KEHOPBHIHAAPHIH OHAIPY MaKCaThIHAA TaWbIHOAIFaH KEH OHIIPY
JKOHE TEOJIOTHSUIBIK Oapiay )KYMBICTAPBIHBIH apachIHIAFbl KOJIEMAIK alBIPMAIIBUIBIFEl K€H OHIIPIiCiHIH KYPT TOMEH-
neyiHe oken cokThl. OchlFaH Opail MEepCHeKTUBTI OHEPKACINTIK HbICAaHIApAbIH OOJMayblHA OaiJIaHBICTBI aJJaFrbl
10 >KBUIIBIKTA MEMJIEKET YIIiH JSCTYPIIi XKoHE CTPaTErHsUIbIK MaHbBI3bI Oap maiinansl kazoanap — Cu, Pb, Zn, Au, W
xoHe T.0. xeticrieyl MymkyH. Tek Kazakcranma emec, COHBIMEH KaTap OYKiJl aJeM/e OHail aIlbuIaThIH KEHOPBIHIAP
KOPBIHBIH TayChUIybl CaJlIapblHaH, F€OJIOTHs CalachIHBIH JKAChIPbIH Maijanbl Ka30a KeHOPBIHAAPBIH i1ey AdyipiHe
OTIN KETYIH eCKepe OTHIPHII, aBTOPJIAP FeOJIOTHSIIBIK Oapiiay >KYMBICTAPBIH JKbUIJIaM KaJllbIHA KEJITIpyre *oHe Kal-
MbIHA KEJITIpyAeri allKbIH XKafFIaiifa epekiie Hazap aynapaibl. [ oNorusuibiK Oapiay >KyMBICTaphl )KaHa TCOPHUSIIBIK
TYKBIpBIMIIAMaap, jkaHa KOMITBIOTEPIIIK TEXHOJOTHIIAD JKOHE aHAIMTUKAIBIK 3epPTTEyJNiep HETi3iHAe d3ipJIeHTeH
FBUIBIMH HET13/ICITeH YCHIHBICTAPABIH KOMETIMEH KY3€Tre achIPhUIYBI THIC.

Tyiiin ce3aep: MUHepalbI-IIUKi3aT 0a3ackl, maiinanel Ka3danap, KeH OHAIPY, TOMBIKTEIPY, TEOIOTHIIBIK Oap-
Jay KYMBICTAPBI, )KaHa FEUTBIMH 3€PTTEY OarbITTaphI.

I'. K. Koaraes, . 10. CeiitmypaToBa, H. M. KykoB

CartnaeB YHuBepcurer, IHcTUTyT reonorndeckux Hayk uM. K. . Carnaesa,
Anmarel, Kazaxcran

AKAJEMHUK K. U. CATIIAEB
N MUHEPAJIBHO-CBIPBEBAS BA3A KABAXCTAHA

Annoranus. [TokazaH 10CTaTOYHO BEICOKHI yPOBEHb COBPEMEHHOT'O COCTOSHISI MUHEPAIBHO-CHIPhEBOI 0a3bl
(MCB) Kazaxcrana, UMEIOIIEH CTpaTeTHUECKOE 3HAYEHHE IS SKOHOMHUKH CTpaHBl. JIaHHBIA BBICOKHHA YPOBEHB
00yCITIOBIICH B 3HAYUTENBHON CTETNIeHN yHacienoBaHueM MomtHoit MCB, co3maHHON yCHIMSAMH MHOTHX MOKOJCHUH
reonoroB Kazaxcrana mox pykoBonctBoM Kanmwmmma MmantaeBnda CarmaeBa. OQHAKO, CTPEMHTENBHO pPa3BHUBAIO-
IMecss B TOPHOM NPOMBIIUICHHOCTH C KOHIIA XX BeKa TEXHOJOTHH JAOOBIYM PE3KO COKPATHUIHM CPOKH OTPabOTKH
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MECTOPOXKICHHUHN ITOJIE3HBIX HCKOIAEMBIX, YBEIHUMWIN €€ MAaCIITa0bl, OTPENeINB TeM CaMbIM OTCTaBaHUE BOCIIOJN-
HEHHS MUHEPAIBHBIX PECYPCOB MO0 MHOTHM BHaM IIOJIE3HBIX HCKOMAaeMbIX. B cBs3M ¢ 4em, Tpedyercss yCKOpEeHHOE
pacmmpeHe MOMCKOBBIX M Pa3BEIOYHBIX PadOT, KOTOPHIE JOIDKHBI IIPOBOIUTHCS Ha 0a3e HaydHO-OOOCHOBAHHBIX
PEKOMEHAALNH U C HAyYHBIM COMIPOBOXKICHUEM.

[Toka3zaHHBIE B CTaTbe HECOMOCTABUMBIE COOTHOIIEHHS OOBEMOB JOOBIYHBIX M TEOJOTOPa3BEIOYHBIX PadOT
(I'PP) B mosb3y pa3paOOTKH MOATOTOBIEHHBIX I 3TOI'O MECTOPOXICHHH MOJIE3HBIX HCKOIMAEMBIX TPHUBEIH K pe3-
KOMY MPEBBLILICHUIO [lO6]>I’-Il/I HaJl BOCIIOJIHCHHUECM, YTO MOXCT B 6n14>1<a1711u14e ACCATHUIICTUA TTPUBECTU K ,ue(bnunTy B
CTpaHe psijia TPAIUIMOHHBIX U CTPATETUUCCKU BaXKHBIX IS HEE MOJIe3HbIX UckomaeMmbix — Cu, Pb, Zn, Au, W ap., B
CBSI3H C OTCYTCTBHEM (hOHIA MEPCIICKTUBHBIX 00BEKTOB B MOJCTABKY K OTpadaThiBaeMbIM. VICKITIOUEHHE OTMEUCHHOM
CUTYaIlMl aBTOPHI BUIAT B YCKOPCHHOM BO3POXKICHUW M PA3BOPOTE IeOJOrOpPa3BEIOYHBIX Pa0OT. YUMTHIBas, YTO
reoJIOTHs BOLILIA B 3MOXY MOUCKOB CKPBITBIX MECTOPOXKIIEHUH MOJIE3HBIX NCKOMAEMBIX, TaK KaK JIETKOOTKPbIBAEMbIE
00BEKTHI HE TONBKO B Ka3axcrane, HO u BO BceM Mupe NOYTH TOJTHOCTHIO ucuepranbl. [ PP HempeMeHHO TOJIKHEI
MIPOBOJIUTHCA C HMCIOJIB30BAHNEM HAYyYHO-OOOCHOBAaHHBIX PEKOMEHMAINH, pa3pabaThiBaeMBIX Ha 0a3e HOBBIX TEO-
pETHYECKUX KOHIENINN, HOBBIX KOMITBIOTEPHBIX TEXHOJOTHIA U aHATUTHICCKAX UCCICIOBAHIN.

KiroueBble c10Ba: MIHEPaIbHO-CHIPbEBas 0a3a, MOJIEe3HbIE UCKOIAeMble, T0ObIUa, BOCIIONHEHHE, T€0I0T0pas-
BeJI0YHBIE PaOOThI, HOBBIE HAyYHBIE HAIIPABJICHUS MCCIIEIOBAHUI.
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