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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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GOLD FINENESS AS INDICATOR
OF PHYSICAL-CHEMICAL CONDITIONS OF MINERALIZATION
AT THE KOKKIYA GOLD DEPOSIT (KYRGYZ RIDGE)

Abstract. The article describes the results of microscopic studies of ores at the Kokkiya deposit. The mineral
composition of deposit's ore is determined with the identification of main, secondary and rare minerals. Fineness of
gold is determined, the variability of which is determined by depth, as well as the processes of mineral formation
from early associations to late ones. The fineness of native gold is accepted as a typomorphic sign by many scientists
of the world and indicating the physical-chemical conditions for the formation of gold deposits. Founding rare
microminerals also carry basic information about the physical-chemical conditions of ore deposition. Causal relation-
ships between the composition of minerals and the characteristics of mineral-forming processes are revealed, which
is the most important task of genetic mineralogy. It is equally important in practical terms for the development of
mineralogical forecasting and evaluation criteria.

Key words: gold probability, pyrite, tellurides, gold-concentrating minerals.

Introduction. The Kokkiya deposit is located on the northern slopes of the Kyrgyz Ridge, within the
Kyrgyz-TerskeiMineragenetic Zone. This zone includes six gold-ore formations in the territory of Ka-
zakhstan: gold-quartz-vein; gold-sulphide-quartz; gold-sulphide-skarn; gold-sulphide-quartz-berezitic;
gold-quartz-propylitic and gold-bearing placers.

The Kokkiya deposit is associated with the gold-quartz-propylitic formation and is confined to the
rocks of the Devonian volcanic-plutonic association (andesites, rhyolites, and their lava-breccias). Their
spatial distribution is controlled by tectonic dislocation and small intrusions of syenites, syenite-diorites,
monzogranodiorites of the Middle Devonian intrusive complex. As a whole, it has a linear-nodal pattern.
Mineralization is confined to lavas and lava-breccias of the Taldysusubvolcanic complex of rhyolite
composition. These zones are overlaid with zones of hydrothermal-metasomatic alterations and veined
silicification.

The Kokkiya field is divided into two sections: Kokkiya block and Yuzhnyi block, they located in
one metasomatic zone. Genetically, these are the same types of ores, but are spatially separated by 2 km.

The northern part of the Kokkiya deposit is located in the zone of intensive hydrothermal alteration.
Area of deposit is broken into numerous blocks by faults. Faults strike is very diverse. The distribution of
gold mineralization in the deposit is immense complexity. Isolation of ore bodies within the outer homo-
geneous zone of quartz-sericite metasomatites is possible only by analysis of samples. Ore bodies are
separate out by the cut-off grade 0.3 g/t. The shape of the bodies is linearly extended in the north-east
direction. The dip of main ore zones is south-west at angles of 65-75°. The thickness of ore bodies varies
from 0.5 to 60 m in the wells, in ditches from 1 to 22 m, with an average thickness of 5-6 m.

The following vertical metasomatic zoning is planned on the ore field of the Kokkiya deposit: the
elevated parts of relief form secondary quartzites, and propylitized rocks bed beneath them. Sericite facies
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are most fully and widely manifested here. The amount of quartz and sericite is variable in the rock.
Transition to monomineralic quartz rocks (monoquartzite) is observed with a decrease in the amount of
sericite. As amount of sericite increases, which is typical for ore bodies, secondary quartzites transform
into sericite-pyrite rocks (sericitolites). Sericite which is an essential constituent of quartzites, often
partially transforms into hydromica and is associated with montmorillonite. Metasomatic and vein silici-
fication, chloritization and carbonatizationare superposed on the sericite facies. Quartz veins contain chlo-
rite, ferrous carbonate, dolomite, carbonate and carry polymetallic mineralization in association with gold.

Microscopic studies have allowed to separate out the following zonal facies from the periphery to the
center: 1) propylitic, combining strongly chloritized, sericitized, albitized, kalishipatized, carbonatized and
pyritized rocks; 2) kaolinite; 3) sericite; 4) diaspor; 5) monoquartz [1, 2].

Gold-pyrite mineralization tends to the sericite facies. The wide development of the sericite facies in
the section created favorable prerequisites for manifestation of gold-silver mineralization. The monoquartz
facies develops within the sericite facies, where it forms short lenses or nodular concretions. The thickness
of lenses does not exceed the first meters, and the extension is not more than first tens of meters. Strong
monoquartzite rocks carry an equal impregnation of pyrite and are released in the relief by positive forms.

The main gold-concentrating minerals are pyrite, quartz, sericite. Native gold is a valuable
component. A number of ore minerals that determine the geochemical specificity of ore formation at the
deposit are referred to minor and minor rare occurrences (table 1). Among the rare, special should be
mention tellurides: gold (calaverite), bismuth (tsumoite), gold and silver (petzite).

Table 1 — Mineral composition of ores of the Kokkiya deposit

Mainminerals Secondary and seldom met minerals Valuableandraremicrominerals
Oreminerals
Chalcopyrite, Galenite,
Sphalerite, Pyrrhotite, Gold,
Tetrahedrite, Tennatite, Calaverite,
Goldfieldite*, Rutil, I[lmenite, Tsumoite*,
Pyrite Cassiterite, Magnetite, Petzite*,
(somegeneration) Hematite, Molybdenite, Altaite Bismuthite*,
Scheelite, Arsenopyrite, Tellurobismuthite,
Jarosite*, Covellite, Native Tellurium,
Goethite, Hydrohematite, Mawsonite?*
Leucoxene
Non-metallicminerals:
. Zircon,
Pyrophylhte, Monacite,
Calcite, .
. Crandallite *,
Chlorite,
Quartz . Hornblende,
.- Muscovite,
Sericite . Sphene,
Barite, .
. Zunyite,
Kaolinite, .
Montmorillonite Albite,
K-feldspar
*Minerals established to study the technological sample of primary ore of the Kokkiya deposit.

According to the results of microscopic studies, the most common quartz-sericite metasomatites are
pyritized to a varying degree, down to sericitolites. Chlorite-quartz-sericite metasomatites are very rare.
Sericitolites are most enriched with native gold among them. Visually, they are differed by the presence of
spots or pyrite veinlets of light yellowish color in the mass of sericitolite, which can transform into
densely impregnated pyritic ore. Spots or pyrite veinlet are thickness up to 2.5 cm. Metasomatites are
silicificated in various degrees and partly carbonatized.

Pyrite - is the main ore mineral. It forms scattered impregnation in metasomatites, from rare to dense.
It occurs in the form of nests and lenticular secretions up to 1-2 ¢m in size. Pyrite is represented by several
generations.
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Pyrite I - cubic form in the form of fine scattered impregnation (from 0.01 to 0.05 mm and sometimes
up to 0.1 mm) in a mass of chlorite-quartz-sericite metasomatite of dark green color, confined to chlorite
and sericite (figure 1/1).

Pyrite 11 is sharply subordinate in quantity fine-grained, in the form of vein-like-chain formations. It
is developed, apparently, along unstable marcasite and as a result of recrystallization, transforming into
pentagonal dodecahedron, octahedral, and less often cubic pyrite III (figure 1/2).

Pyrite 111 is a pentagon dodecahedral, octahedral, cubic forms in the form of impregnation and
intergrowths. It confines mainly to sericite, larger grains contain inclusions of rutile (figure 1/3). In pyrite
III, later chalcopyrite, galena, with a size from 0.01-0.015 to 0.03 mm, develop along the cavity. Single
inclusions of arsenopyrite in pyrite III and intergrowth of molybdenite with pyrite in quartz are noted.
Densely impregnated pyrite III in sericitolite, intensely corroded, porous, littered with inclusions of
nonmetallic, preserved pentagonal dodecahedron and cubic faces is noted. The grain size is up to 0.4 mm.
In such a corroded pyrite, gold is found in close intergrowths with tellurides of gold, silver and lead.

Pyrite 1V is larger (from 0.1 to 0.3 mm) in the form of intergrowths and aggregative release in the
metasomatic mass. Aggregative pyrite is broken by cavities along which later sphalerite, galena and
chalcopyrite develop (figure 1/3). Intergrowths and aggregate release of pyrite are up to 0.5x1.5 and
0.5x2.0 mm.

3

Figure 1 — Pyrite in several generations:
1 — Pyrite I fine-grained cubic form inchlorite and sericite. Polished section 84; 2 — Pyrite II streak-like and pyrite I1I pentagonal
dodecahedral. Polished section 86; 3 — Pyrites IV aggregative (Py). Its grains are replaced by titanium minerals.
Between the grains, it is galena (Gn), chalcopyrite (Cp) and sphalerite (S1).Polished section 84
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Fineness of native gold attracted the attention of scientists of the world since ancient times. They
have considered it as a typomorphic feature due to the physical-chemical conditions of gold deposits
formation. In particular, Shcherbina V.V. [3] half a century ago gave the Au/Ag relation the value of the
geochemical indicator of gold and silver migratory ability and reasons for their geochemical differen-
tiation in various geological processes. The importance of this parameter is noted in numerous works of
many researchers [4, 5], as a criterium for certain conditions for the formation of specific gold ore and
gold-silver deposits during their classification and formational identification. Classification of gold
deposits has been proposed for six main types for the fineness of native gold. According to their estimates,
for plutonogenic type, the variation range of Au fineness is 650-970%o, for porphyry - 650-1000%o, for
volcanogenic - 520-870%o, for epithermal - up to 1000%o. Selected scholars consider that fineness of gold
increases with increasing temperature and depth of ore formation. In particular, Petrovskaya 1.V. and her
co-authors state that gold in high-temperature deep deposits is high-carat, medium-deep - medium-carat,
and shallow - varies in a wide range and is determined by the temperature regime, although it does not
negatively affect the composition of Au pH and Eh medium. On the basis of detailed studies on the
solubility of Au-Ag alloys, the other consider that fineness of gold is mainly influenced by the acidity-
alkalinity of hydrothermal solutions and sulfur content in them. Only to a lesser extent depends on tempe-
rature, as well as the oxidation-reduction potential, the composition of fluids, pressure, without providing
a sufficient thermodynamic justification [5, 6]. The understanding fineness of gold dependence on the
physical-chemical conditions of ore formation, a significant contribution was made by experimental
studies on the solubility of gold-silver alloys carried out in the last decade and the thermodynamic mode-
ling of joint transport and deposition of Au and Ag compound in chloride, chloride-sulfide and sulfide
hydrothermal solutions [7, 8]. However, basically, they concerned only systems which are in equilibrium
with pyrite-pyrrhotine buffer.

Another approach based on the application of physical chemistry methods is substantiated by
fundamental studies thermodynamics of mineral formation processes by geological scientists [9-11]. They
are based on the results of an experimental study obtained with these thermodynamic constants and mainly
on the electrochemical analysis of oxidation-reduction processes of formation, migration, and destruction
of gold and silver complexes in hydrothermal solutions with different acidity-alkalinity and redox poten-
tial. Calculation of free energy and oxidative potential of noble metals various complexes allow to contour
the fields of their stability in Eh-pH diagrams and to determine the evolution of hydrothermal system
during the formation of gold deposits. Such studies allow considering the direction of various compounds
oxidation-reduction reactions, the stability and reactivity of which is predetermined by Eh- pH of the
hydrothermal system [12, 13].

The composition of minerals serves as one of the main information sources on the physical-chemical
conditions of ore deposition. For that reason, the identification of cause-effect relationships between the
composition of minerals and characteristics of mineral-forming processes is the most important task of
genetic mineralogy. It is equally important in practical terms for the development of mineralogical fore-
casting-estimated criteria.

From Petrovskaya N.V. [3], temperature effect on the occurrence of Ag in the structure of crystallized
gold is not decisive. There are also no reliable grounds for inferring the significance total Ag concentra-
tion in the upper parts of hydrothermal activity zone, that is, there is no direct dependence of gold alloy on
the wealth of deposits with silver. In addition, a large amount of factual material is accumulated, which
contradicts the well-known conclusion of Fersman A.E. on the regular purification of minerals in the late
stages of ore deposition (autolysis principle). Another factor in the literature is the degree of solutions
supersaturation, at which the crystallization of this mineral [14]. On the basis of typomorphic features
detailed study of gold ore deposits main minerals, authors of this work concluded that between the
parameters of hydrothermal solutions and the final result (composition of minerals), solutions
supersaturation degree takes place, which regulates the behavior of isomorphic impurities.

Notions of low-carat and high-carat gold took root in the lexicon of mineralogical and technological
descriptions, replacing the digital notations of silver content in the mineral (table 2). Sometimes the
boundary of such content is determined differently by different researchers. At the same time, electrum is
excluded, as a special mineral form.
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Table 2 — Fineness of gold (from Petrovskaya N.V.)

Borders content Fineness of gold, %o
Very high-carat, almost pure 998-951
High-carat 950-900
Moderately high-carat, medium fineness 899-800
Relatively low-carat 799-700
Low-carat 699-600
Very low-carat, high-silver <600

Fineness of native gold is in the Kokkiya deposit. In figure 2 gold is contained in the pentagonal-
dodecahedral pyrite III (depth 60-61 m) chlorite-sericite quartz metasomatite. In close association with
pyrite III on the deposit there are rare occurrence high-temperature molybdenite and arsenopyrite. Gold is
bright yellow color, reflecting it can be attributed to high-carat gold (approximately 950%o).

Tellurides of gold, silver, lead appear in sericitolites with depth (140-143 m), which are closely
associated with native gold and developed in intergranular spaces of intensely corroded pyrite II1.

Gold was found in the polished section Nell: 1) vein-shaped (0.01x0.05 mm) in sericite along the
edge of a large corroded pyrite grain; 2) small irregular forms in sericite (0.01 mm); 3) in intergrowth with
fine grains of pyrite in sericite (0.01x0.1); 4) in intergrowth with fine grains of vein-shaped pyrite and
tellurides (0.01x0.1 mm); 5) in sericite - 0,005x0,025 mm; 6) in sericite intergrowth with tellurides and
pyrite (8 grains of irregular shape - 0.01-0.02x0.03 mm); 7) along the edge of pyrite grain (0.01 mm);
8) 3 in the grain of pyrite (0.005-0.01 mm); 9) gold (2 grains - 0.01-0.02 mm) in intergrowth with
tellurides between pyrite grains, cementing pyrite; 10) gold veins (0.01x0.1 mm) in the interval of pyrite
grains in sericite; 11) 2 veins-shaped separate out of gold in sericite (0.01x0.05 mm); 12) in intergrowth
with telluride and sericite in pyrite (0.01x0.02 mm); 13) veins-shaped in sericite next to pyrite grain
(0.01x0.06 mm); 14) in intergrowth with pyrite and between pyrite grains (2 grains 0.01-0.005x0.01 mm).
Figures 4-7 show gold and tellurides.

Figure 2 — Gold (Au) in the pentagonal Figure 3 — Gold (Au) vein-shaped
dodecahedrongrain. Polishedsection 38 in the interval of grains of pyrite or
along the edge of pyrite grains (Py) in sericitolite

Calaverite and altaite - develop between pyrite grains, veins-shaped, oval, prismatic. Occur
separately in the mass metasomatite, in intergrowths with gold and pyrite, penetrate into the pyrite,
corroding it. Dimensions - up to 0,04x0,07 and 0,03x0,1 mm (figures 4, 5). Minerals are confirmed analy-
tically. In addition, altaiteis found in corroded grains and intergrowth of pyrite, sometimes in association
with galena.
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Figure 4 — Gold (Au) in intergrowth with altaite, calaverite (1) Figure 5 — Gold (Au) in conjunction with altaite (1)
and pyrite (Py) in sericitolite. Polished section 11 and pyrite (Py) in sericitolite. Polished section 11

The fineness of gold (figures 3, 6) is given in table 3 and performed by Popov Yu.V. ("Center for
Studies of Mineral Raw Materials and the State of Environment" of the Southern Federal University).
Scanning electron microscope Tescan Vega LMU with X-ray fluorescent microanalysis systems INCA
Energy 450, INCA Wave 700 (from OXFORD Instruments Analytical). Iron is determined from the
calculation results. Gold refers to the high-carat (940-944%e).

Spectrum 2

Figure 6 — Gold (Au) vein-shaped in the interval of grains of pyrite or along the edge of pyrite grains (Py)
in sericitolite. Polished section 11
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Table 3 — Gold composition from a scanning electron microscope (wt.%)

Elements i
Polishedsection 11 Sum Fmenesos of gold,
Au Ag %0
Analysis 1 — Gold (Au) vein-shaped 93,57 6,0 99,57 940
Analysis 2 - Gold in intergrowth with altaite between grains of pyrite 92,60 5,47 98,07 944

The results obtained from the microprobe according to the fineness of gold in the intergrowth with
tellurides were close to those performed on a scanning electron microscope (figures 3—5, table 4). Gold
refers to the high-carat and very high-carat (941 and 977%o).

Table 4 — Gold composition according to micro-X-ray spectral analysis (wt.%)

Polished section 11 — Gold in intergrowth with tellurides (altaite and calaverit) between grains of pyrite, (wt.%)

Au Ag Fe Sum Fineness of gold, %o
97,04 2,27 0,69 100 977
92,23 5,77 2,0 100 941

*Analysts Levin V.I. and Kotelnikov P. E. The analysis was performed on a microprobe JCXA-733 (Japan).

Chemical composition of ore and veined minerals was studied using a scanning electron microscope
"S-3700N" equipped with an energy dispersive X-ray spectrometer (EDS) with a microanalyzer in the
laboratory of the Adam Mickiewicz University, Poland (figure 7).

Figure 8 — Gold (Au) light yellow in galena streak (Gn).

Py is pyrite. Polished section 94/2

Figure 7 — Gold (Au) in the grains of pyrite (Py). Polished section 11
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Vein-impregnated pyrite-polymetallic ore in the quartz-sericite metasomatite appearance on the
deeper horizons of the deposit (175-176 m), in which gold is closely associated with galena. Galena with
gold encased in it develops in the form of thin veins between grains of aggregate pyrite [V (figure 8). Gold
refers to a medium, moderately-high-carat (810%o).

At shallow depths (6-8 m), finely-dispersed gold is encased in impregnated of pentagonal
dodecahedral pyrite III in sericitolites is distinguished by a decrease in the fineness (table 5). Gold refers
to the base and relatively low-carat (634-717%o).

Table 5 — Gold composition according to micro-X-ray spectral analysis (wt. %)

Polished section 199 — Gold in pyrite, (wt.%)

Au Ag Sum Finenessofgold, %o
71,66 28,34 100 717
63,39 36,61 100 634

*Analysts Levin V.I. and Kotelnikov P.E. The analysis was performed on a microprobe JCXA-733 (Japan).

Pyrite III is susceptible to oxidation at such shallow depths (6-10 m), and the gold contained in it is
purified and becomes high-carat (figure 9).

Conclusions.

1. Sericitolites with impregnation of pentagonododecahedral pyrite III are the most gold-bearing
minerals. Gold concentrates in both pyrite and sericite.

2. Gold associated with pentagonododecahedral pyrite III is high-carat, but with a decrease in depth
(6-10 m), silver content as the main impurity element of native gold increases.

3. With depth (140-143 m) pyrite III is subjected to intense corrosion, becomes porous and native
gold in close association with tellurides of gold, silver and lead penetrates into it. Gold is high-carat and
very high-carat.

4. The content of silver in native gold, enclosed in late galena veins in aggregate pyrite IV, naturally
increases and is characteristic of many gold deposits.

5. Native gold of high assay is found in oxidized pseudomorphs of pyrite III and in iron hydroxides.
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A. B. Baiiarma’, A. Myuchan, .M. OMapOBa', K. III. TiocemGaena’, A. T. KacenoBa'

1K. . CotbaeB ateiHgarsl Kazak yITTHIK TEXHUKAIBIK 3epTTEY YHUBepcUTeTi, AnMatel, KazakcraH,
2A;[aMa MurikeBuY aThIHAAFE YHUBEepcHTETi, [lo3Hanb, [Tonpma

KOKKUA AJITBIHPY JAJIBI KEHOPHBIHBIH (KBIPFbI3 ’/KOTACHI) AJITBIH CBIHAMBI MUHEPAJI
KAPAJTYABIH ®N3UKAJIBIK-XUMUAJIBIK ’KAFJAUJIAPBIHBIH KOPCETKIIII PETIHAE

Annotanusi. Makanana Kekkust antelH KEHOPHBIHBIH pyJaJlapblH MUKPOCKONTHIK 3€PTTEy HATIKEIepl CHIaT-
TasraH. KeHOPBIH pyAanapblHBIH MUHEPAIIBIK KYPaMbl, CKiHIII JOpeKelll jKoHe CUPEK MUHepajiaphbl aHBIKTAJFaH.
ANTBIH CBIHAMBIHBIH ©3TepTillTiri KEHOPHIHHBIH JKaifFa Cy TEpeHMIri, COHIai-ak MHHEpas apaily IpOoIecTepiHiH
OacTankbl]aH COHFBIFA JCHIHI CaThIChl OOMBIHINA AHBIKTANAIbI. AJITHIH ChIHAMBIH QJIEMHIH KOITEr€H FalbIMIaphl
ANTBHIH PyJAJIbl KEHOPBIHIAP KAPATYbIHBIH (U3HUKATIBIK-X UMHUSUIBIK JKaFJaliIapblH aHBIKTANTBIH THITOMOPQTHIK Oeri
perinze kabbuLnaiabl. Pyna sxapanynbiH GpU3NKaNbIK-XUMHSIIBIK JKaFAaiiaphbl Typaibl HEri3ri aknapar OepeanarbiH
CHpEeK MUHepaJiap Ja aHbIKTaFaH. MUHepanaap/AblH KYpaMbl MEH MUHEpAJ sKapally IpOLECTEPiHIH CUIaTTaManapbl
apanbIFbIHIAFbl CEOCNTIK-caNJapIiblK OailaHbICTap CHUMATTANFaH. byl aHbIKTANFaHIAp NPAKTUKANIBIK IKaFbIHAH
MUHEPAIOTHSUIIBIK 00JIKaMIBIK-0aFaM IbIK KPUTCPHIIEP/Ii 93ipJiey YIIiH JIe MaHbI3IbI.

TyiiiH ce3aep: aiaThIH CBIHAMBI, IUPUT, TEJUTYPUATED, AJITHIH MIOFBIPIAHABIPYILIEI MUHEPAJIAAD.

A. B. Baiiéarma’, A. MyH]HHCKl/lz, I'. M. Omapoga', K. III. TiocembaeBa’, A. T. Kacenopa'

'Kasaxckuii HALMOHATBHBIN HCCIIEIOBATEIBCKHII TEXHHUECKHUIA yHuepcuret uM. K. U. Carnaesa,
Anmartsl, Kazaxcran,
2YHMBepcheT uM. Anama MunkeBuua, [To3nans, [Tonbima

IMPOBHOCTD 30JI0TA KAK HHJIUKATOP ®U3UKO-XUMHUUYECKHUX YCJIOBHI MHHEPAJIO-
OBPA30BAHUMS HA 30JI0TOPYJJTHOM MECTOPOX/JIEHNHN KOKKMUS (KbIPTBI3CKUU XPEBET)

AHHOTanusi. B cratbe M3M0XKEHBI Pe3ynbTaThl MUKPOCKOIMHMYECKUX HCCIEIOBAHUN Py Ha MECTOPOKACHUU
Koxkkust. YcTaHOBIIEH MUHEPAIBHBIA COCTAB Py MECTOPOXKICHUS, C BBIBICHHEM ITaBHBIX, BTOPOCTEIIEHHBIX U Pel-
KX MuHepasoB. OmnpezeneHa MpoOHOCTh 30J10Ta, M3MEHUYMBOCTh KOTOPOH ONpeAensercs IIyOMHOU, a Takke Ipo-
LeccaM MHHEPAJIo00pa3oBaHus OT PaHHHUX aCCOLMAIMH K 1M031HUM. [IpoOHOCTH CaMOPOHOTO 30J10Ta TPUHUMAETCS
MHOTMMH Y4€HBIMH MHUpa, KaK THIOMOP(HBIA MPU3HAK, YKa3bIBAIOIIUA Ha (DU3MKO-XUMHUYECKUE YCIIOBUSI 00pa3o-
BaHMS 30JI0TOPYIHBIX MECTOpOXKAEHWH. HalineHHble penkne MUKpPOMHHEpalbl TakKe HECYT OCHOBHYIO HHQOp-
Manuio 0 (GU3UKO-XMMHUECKHX YCIOBHUSX PYIOOTIOKEHHS. BBISBICHBI MPUYNHHO-CIIEICTBEHHBIE CBS3H MEXJIY CO-
CTaBOM MHHEPAJIOB M XapaKTEPUCTHKAMH MHHEPAIIOOOPa3yIOIIMX MPOIECCOB, YTO SIBISIETCS BayKHEWIIEH 3amadei
TeHEeTHYEeCKOH MUHepaiornu. He MeHee BaXKHO 3TO M B NPAKTUYECKOM OTHOIIECHHWHU AT pa3pabOTKM MHHEPAIOTH-
YECKHX MPOTHO3HO-OIIEHOYHBIX KPUTEPHUEB.

Ki1roueBble ¢j10Ba: MPOOHOCTH 30JI0Ta, TUPHT, TEJUTYPHUABL, 30JI0TOKOHIICHTPUPYIOIINE MUHEPAIBI.

Ceenenusi 06 aBtopax: baiibatma AmuibxaHn bekmwipnaeBud — JOKTOP T'eo.-MHUHEp. Hayk, mpodeccop
kagenpsl «['eonornyeckoil creMkr, NOUCKOB U pa3Benku MIIM» Kazaxckoro HaMOHaILHOTO MCCIIEA0BATEILCKOTO
TexHuueckoro ynuepcurera uMm. K. M. CatnaeBa, AmaThl.

MymmackE AHIKEH — JOKTOp TEOJIOTHUECKHMX Hayk, mpodeccop YHuBepcutera mM. Anama MurkeBuua,
ITo3nank, Ilonpma.

Owmaposa ['ynmeHapa MarayBesiHOBHA — TOKTOpaHT Kadenpsl «[€onorndeckoil CheMKH, TIOUCKOB U Pa3BeaKH
MII», teioTop Kazaxckoro HaIMoOHAIBHOTO MCCIIEI0BATENbCKOTO TeXHHIeckoro yauBepcuteta uM. K. 1. Catmae-
Ba, AJIMaThl

HrocembaeBa Kyns IllapaHoBHa — KaHIUIAT reojl.-MHHEp. HayK, acCOLMUPOBaHHBIA npodeccop kadeapsl
«["eonornyeckoil creMku, OUCKOB U paszBenkun MIIN» Kazaxckoro HallmoHaJLHOTO HMCCIEI0BATENBCKOTO TEXHHU-
yeckoro ynuBepcutera um. K. M. CarnaeBa, Anmatsl

KacenoBa Aiimxan TypanbaeBHa — KaHIUAT reoJl.-MUHEpP. HAYK, aCCUCTEHT npogeccopa Kadeaps! «I eonoru-
4ecKol cbheMKH, NMouckoB U passeaxu MIIM» Ka3zaxckoro HalMOHAIBHOIO MCCIENOBATENBCKOTO TEXHUYECKOIO
ynusepcurera uM. K. M. CarnaeBa, AnMarsl.
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