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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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MINERALOGICAL AND GEOCHEMICAL FEATURES
OF SATPAEYV Ti-Zr PLACER DEPOSIT, EAST KAZAKHSTAN

Abstract. The data of mineralogical and geochemical studies of Ti-Zr mineral sands and heavy fraction of the
mineral concentrate of Placer No. 1 of the Satpaev deposit (East Kazakhstan) are obtained. The mineralogical
composition of the mineral sands: quartz, albite, ilmenite, and feldspar; micro-sized crystals of barite, zircon, mo-
nazite, a mineral of pyrochlore composition, were identified by electron microprobe. Crystal morphology of ore
minerals: ilmenite and zircon and chemical composition of ilmenite were determined. The development of
leucoxenization in microcracks and edges of ilmenite crystals have also been revealed.

Geochemical features of productive horizons include the apparent enrichment of light rare-earth elements
(LREE) in comparison with heavy rare-earth elements (HREE), and pronounced negative Eu anomaly that indicate
high degree of fractionation of source rocks. Granitoids of the Preobrazhensk intrusion are the likely source of the
Satpaev placer deposit.

Results of petrological and geochemical research indicate that localization of ore minerals took place during
chemical weathering, which enabled release of ore minerals of titanium and zirconium with their further redepo-
sition in local continental coastal settings in warm and humid climate.

Keywords: Satpaev Ti-Zr placer deposit, Preobrazhensk intrusion, rare-earth elements, East Kazakhstan.

1. Introduction. Titanium is widely used in the production of pigmentary titanium dioxide, titanium
sponge, titanium ferroalloys, and various compounds used in metallurgy. The main minerals of titanium
ores include ilmenite, rutile, anatase and brookite, leucoxene, loparite, titanite, perovskite and titanomag-
netite. In complex titanium deposits the accompanying elements of economic value include: Fe, V, Zr, Sc,
P, Nb, Ta, Th and rare-earth elements (REE) [1, 2].

Titanium deposits are divided into three main groups: magmatogenic (25.3% of all reserves of
titanium dioxide), metamorphogenic (19.5%), and exogenetic (55.2%) [3]. In the world mineral base of
titanium, exogenetic deposits occupy the leading position in terms of reserves (52.3%), production
(65-70%) and their economic value (67-73% of produced titanium dioxide in concentrates) [4].

The Kazakhstani producer of titanium is JSC “Ust-Kamenogorsk Titanium Magnesium Plant” (JSC
“UK TMP”) that manufactures a wide range of titanium products; the main ones include titanium sponge,
pigmentary titanium dioxide and metallic titanium. Mineral resources of titanium production in Kazakh-
stan are represented by three geological-economic deposits types: coastal (Obukhovsk, Shokash, Kumkol',
Zayach'e, Tobol'sk and other placer deposits), alluvial-proluvial (Satpaev deposit) and proluvial-alluvial
(Karaotkel deposit) [5].

At present JSC “UK TMP” receives ilmenite concentrates from the nearby located Satpaev titanium-
zirconium placer deposit [6]. The Satpaev deposit is located in the northwestern part of the Zaysan
depression, 220 km to the south of Ust-Kamenogorsk city (the regional center of the East Kazakhstan
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Figure 1 — Overview location map of the Satpaev Ti-Zr placer deposit

region) and 40 km to the east of the Kokpekty village (figure 1). Placers are localized within the Preobra-
zhensk multiphase intrusion and are composed mainly of gabbro and gabbro-norites with subordinated
role of granitoids and subalkaline rocks (monzonite, diorites, quartz diorites, syenites), that collectively
comprise the Maksut Late Permian — Lower Triassic gabbro-granitoid complex [7].

Due to poor quality of ilmenite concentrates from the Satpaev placer, JSC “UK TMP” is forced to
import additional high-quality ilmenite concentrates to be able use the technology of a combined thermal
melting to obtain titanium slags of required composition.

Major mineralogical factors that define technological properties of placers include: granulometric
composition of sands and morphological features of ore minerals, the content of economic elements,
impurity elements in ore minerals, presence of deleterious elements for this type of mineral resources, and
physical (technological) features of minerals.

The quality of ilmenite sands is characterized by the content of TiO, and by the mineral form of
titanium, as well as by the content of zircon, furthermore by mineral-carriers of elements that worsen the
quality of sands; first of all, these include chromium, phosphorus and clay content of sands [9]. Technolo-
gical properties of Ti-Zr placers vary depending on conditions of formation, mineral size, isomorphic
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substitutions, and presence of impurity elements. The most harmful impurities influencing technological
processing of Ti-Zr placers are phosphorus and chrome that are often represented by own mineral phases.

Complete replacement of imported high-quality ilmenite concentrates by domestic supply is an urgent
and relevant problem for the titanium industry of East Kazakhstan. One possibility includes improving the
technological parameters of mineral sand processing. In addition, studies of accompanying economic
components are important for the integrated development of the Satpaev deposit, which can contribute to
increased profitability of exploration.

The purpose of this research is to study mineralogical-geochemical features of mineral sands of the
Satpaev deposit and to determine paleogeographic conditions of accumulation of mineral sands. This
paper provides geological characteristics of the wider study region, including mineral sands of the Sat-
payev deposit, as well as the results of mineralogical-geochemical research of mineral sands and ilmenite
concentrate as their end product.

2. Exploration history of the Satpaev Ti-Zr placer deposit. The main regional data on stratigraphy,
tectonics, magmatism and metallogeny of the region of the northwest of the Zaysan depression,
prospecting criteria for Ti-Zr placers, and state of knowledge and prospects of discovery of new deposits
have been summarized in works of V.P. Nekhoroshev, V.S. Erofeyev, B.A. Borisov, A.K. Kayupov,
P.V. Yermolov, V.S. Kuzebny, G.N. Shcherby, A.M. Mysnik, Y.M. Sapargaliyev, M.M. Kravchenko,
B.A. Dyachkov and many others [10-19].

G.I. Sokratov and A.P. Nikolsky carried out the first geological mapping of the region, of 1:200 000
scale in 1952. Later in 1961 N.N. Popova, V.E. Popov and others conducted the geological survey of
1:200 000 scale that allowed the definition of the stratigraphic scheme of sedimentary sequences and
intrusive magmatism of the region [20].

In 1980-82 the exploration crew of nonmetallic raw material division of the Altai geologic-geo-
physical expedition, represented by M.M. Kravchenko and others carried out prospecting and evaluation
works of 1:10 1000 scales and conducted preliminary investigation of the Karaotkel ilmenite-zircon placer
deposit [6, 8].

During 1988-92, the advanced geophysical and geochemical surveys of 1:50 000 scale have been
carried out in the area of northwest Zaysan that led to the discovery of the Bektemir deposit in 1989
(=Satpaev) [21].

In the period of 1990-95 the prospecting and prospecting-evaluation works carried out by N.M. Pa-
kharukov and others led to the discovery of the Placer No. 1. Subsequently, the scientific and technical
Council of “Vostkaznedra” approved C, reserves of the Placer No. 1.

In 1997-99 LLP “Geoincentre” has investigated Placer No.1, calculated reserves and conducted the
feasibility study. The deposit was renamed into the Satpaev deposit. Having considered materials of this
work, the State Commission of Mineral Reserves of the Republic of Kazakhstan has approved evalua-
ting criteria and approved the following C, reserves: mineral sands of 9 269.66 thous. m’, ilmenite of
1 634.1 thous. tons with the average content of ilmenite of 176.29 kg/m’.

During 2000-2003 exploration works at the Satpaev deposit were continued by LLP “Geoincentre”
jointly with the Japanese company "MINDECO" to evaluate the following Ti-Zr placers: Placer No. 1,
Placer No. 3, Southern Bektemir, Northern Site, and Eastern Bektemir. As a result, there were identified
zones with ilmenite mineralization localized in the negative relief forms of Paleozoic basement.

The deposit has been in operation since 2002 [22]. Nowadays, extraction of sands has been conduc-
ted by LLP “Satpaev Gornoobogatitelnoye Predpriyatiye”, which delivers mineral concentrates to JSC
“UK TMP”.

The main data about state of knowledge, geological and economic evaluation and the prospects of
development of the Satpaev deposit in the near future have been published in the monograph on "Mineral
resources of the titanium industry of Kazakhstan and modelling of the development of its mineral base
until 2030" [3].

3. Geological characteristics of the Satpaev deposit. The Satpaev deposit is situated in the
southwestern part of the Maityube syncline at the border between the West Kalba and the Zharma-Saur
metallogenic zones of the Greater Altai that is part of the Central Asian Orogenic Belt (CAOB) [6]. Three
structural levels comprise the geological architecture of the area: (1) rocks of Paleozoic basement repre-
sented by terrigenous and volcanogenic sedimentary rocks, intermediate-mafic lavas with the subvolcanic
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intrusions, which cut through; (2) lateral weathering crust formed as a result of intense reworking of
Paleozoic rocks; and (3) Cenozoic depositions represented by sedimentary rocks of the Neogene-Quater-
nary age, including clays with various sand content, and gravel-pebble sediments [23].

Paleozoic sediments in the region of the Satpaev deposit are represented by the Bukon (C,bk) and
Maityuba (C,;mt) Formations. These sediments are intruded by the Preobrazhensk and the Karaotkel
intrusive bodies. At the southeastern and southwestern flanks of the Preobrazhensk intrusion there are
located five placers with increased ilmenite content, collectively forming the Satpaev (Bektemir) ore field.

Intrusive formations within the Preobrazhensk and Karaotkel massifs are represented by the follo-
wing three independent complexes of different age: 1) Maksut P,-T; (andesite porphyrite), 2) Saykan T,
(diorites, syenites, syenites-diorites and granosyenites), and 3) Delbegetey J, (alkaline granites,
granosyenites). Subvolcanic formations and intrusions of dike series represented by granite-porphyries,
alkaline granite-porphyries, granodiorites and syenites are also widespread within the area. Studies of
interaction between gabbroid and granitoid magmas during formation of the Preobrazhensk intrusion (S.V.
Khromykh, G.N. Burmakina, A.A. Tsygankov and others; [25]) established that rocks of four intrusive
phases participated in the structure of the massif as follows: 1) medium and coarse-grained monzonite and
quartz monzonite; 2) medium-grained gabbro-norite; 3) medium-grained biotite to biotite-amphibole gra-
nite with the facies of leucogranite and leucogranosyenite; 4) monzodiorite (gabbro- monzodiorite) [25].

The Preobrazhensk granitoids are considered to be the source of the Satpaev Ti-Zr placer deposit. The
structural position of the Satpaev deposit is controlled by the Preobrazhensk intrusion (figure 2) as
reflected also by its occurrence along the frame of the intrusion.

Geotectonic epochs of the Zaysan depression include 6 stages: Permian (255-265 and 275-290 mil-
lion years); Triassic (210-230 million years); Jurassic (135-145 and 160-200 million years); Cretaceous
(65-85 and 125-135 million years); Oligocene (23-33 million years) and Neogene - Quaternary (1.2-
7.6 million years ago) [26].

The basic structural elements of the Satpaev deposit include the Northern Terektinsk and Southern
Terektinsk dislocations of the northwest extension and the perpendicularly oriented Bektemir Fault with
series of sub-parallel branches. They occupy a crosscut position and displace sediments of the Bukon and
Maityuba Formations. They are manifested byzones of brecciation, intensive fracturing, linear distribution
of weathering crusts and occurrence of concordant dikes of intermediate and acidic composition. These
faults may have been favorable pathways for the formation of channels for ancient rivers and for fluviatile
transfer of ore material.

Over the entire area of the deposit, the Paleozoic rocks developed a weathering crust with a thickness
of 10-20 m. In the profile of weathering crusts, the following zones (from top to bottom) are distinguished:

a) zone of kaolin clays, representing bleached clay eluvium; the structure of parent rocks is com-
pletely lost;

b) zone of hydromica - clay structural eluvium, composed of clay products of chemical decompo-
sition, retaining the structure of parent rocks;

c¢) zone of disintegration - zone of structural eluvium, consisting of weathered, strongly fractured
bleached rocks; bleaching is caused by partial removal of alkalis and hydration of mica.

The Satpaev deposit includes 5 sites: Placer No. 1, Placer No. 2, Placer No. 3, East Bektemir and
Terektinsk. The lower horizon of the Aral Formation (N,'”ar) is also of economic importance as it
contains Ti-Zr placers. These deposits overlie with angular unconformity the eroded surface of the Paleo-
zoic basement and, in some cases, the weathering crusts. The Aral Formation is overlaid by Quaternary
sediments.

Geomorphologically the area is comprised of the following relief forms:

a) alluvial - the relief forms created by the channel accumulation are represented by gravel-pebble
deposits, sand, loam, silt; the forms of alluvial plains are represented by loams with crushed rock;

b) accumulative-denudational - form weakly inclined surfaces created by a complex of slope
processes and lithologically represented by loess-like loams with clays in the basement;

¢) structurally denudational - form slopes of elevations, predetermined by destructive preparation of
the marginal parts of the intrusion.

Generally, Ti-Zr mineralization in the continental deposits of the Cenozoic in the northwest of the
Zaysan depression is distinguished by nature of their sources. In the Paleogene and Neogene, they are
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Maityuba suite: volcanomictic sandstone of lavas and tuff of andesite porphyte

- Bukon suite: interbedding of clayey, argillaceous clayey aleurolite

Visean suite: polymictic calcareous sandstone, siltstone, siliceous and argillaceous shale,
covers of lavas and tuff of andesite and dacite porphyrite

Delbegetei complex: alkaline granite, granosyenite, syenite

Maksut complex: gabbro-norite, gabbro-diorite, diorite, monzonite

| Siltstone, sandstone, shale

Lava, tuff of andesite porphyrite

Deep faults (regional): a) established; ¢) proposed
Ti-Zr placers

Figure 2 — Geological-tectonic scheme of the Satpaev deposit of Ti-Zr placers.
(Note: Cenozoic cover is removed) [24]
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associated with redeposition of the chemical weathering crust. In the Quaternary period - with redepo-
sition of older sediments enriched with quartz psammites and dilution of polymictic detrital material.

The lithological-formation analysis determines the time for the formation of weathering crusts and
the accumulation of quartz psammites in the Paleogene and Neogene deposits, which coincides with early
Alpine geotectonic movements [15, 23, 27, 28]. The total mass of the accumulated precipitates in the
sediments, variations in their lithologic-petrographic and granulometric compositions depend on the
degree of maturity of the weathering crust, the duration of formation and altitude position of the peneplain
over the basis of erosion, the material composition and geochemistry of the original rocks, climatic data,
the dynamics of geotectonic movements, the participation of organic matter in decomposition of the parent
rocks and many other factors.

Figure 3 shows lithological and paleographic conditions of the Zaysan depression: during periods of
the formation of the Preobrazhensk intrusion (Permian, Triassic, Jurassic); during periods of weathering
crust formation and Ti-Zr placers.

Permian (Cisuralian), 295-276 Ma Triassic (Middle), 240-230 Ma

B; \.

Kazakhstan

 — . China
Mesozoic (Upper), 87-72 Ma
84’.

—— Chin
Jurassic (Middle), I 75-160 Ma

. Kazakhstan

Kazakhstan

T\ | -
QM M China
Eocene, 40-3 Miocene (Middle-Upper), 15.8-11 Ma

‘ 7 7=

Kazakhstan

a8

E Lowland I:l Freshwater lakes
E Highland I:I Continental volcanic mountains

Foothill and intermontane I:I Lakes with increased salinit
depressions and cones of removal SXChWIGLInCIR oD S

|:] High plains, denudation Granitoids
|:| Land plains, lake and alluvial II' Satpaev deposits

Figure 3 — Lithologic-paleographic maps of the Zaysan depression, modified after Fedorenko et al., 2002 [29]
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4. Features of the geological structure of productive deposits. The combination of favorable geo-
logical and geomorphological conditions is facilitated by the formation of productive Ti-Zr placer deposits
in certain epochs of the geologic history of the region, i.e. presence of the bedrock source of metal-bearing
crystalline rocks, shallow occurrence of primary sources, and widespread development of predominantly
chemical weathering processes - reaching to a considerable depth. The lithologic-stratigraphic column of

the Satpaev deposit is shown in figure 4.
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Figure 4 — Lithological stratigraphic column of the region of the Satpaev deposit [24]

In the vertical section, clays are characterized by varying degrees of sand content, and inequigranular
quartz-feldspar sand, more rarely by sand and sand-gravel material with small pebbles. Further down the
column are sandy-clay deposits, which, according to the formation conditions, are alluvial and located on

the weathering crusts of the Paleozoic basement.

In very rare cases, alluvial deposits forming placers are underlined by clays or feather out in clays.
The thickness of productive deposits ranges from 2.4 to 15.6 m, average is 7.8 m. There are two specific
features of the mineralised zone that can be also observed: a) almost everywhere the boundaries of this
zone begin with sand; b) due to presence of ilmenite, the productive strata are distinguished by a darker

color.

Ilmenite mineralization has a very close correlation with the lower sandy part of the deposits of the
Aral Formation (table 1) and ilmenite content is directly dependent on the amount of sand in the stratum.
The intensity of ilmenite mineralization is even greater close to the bedrock. The gradual increase in the
content of ilmenite with depth is visible in the vertical zoning, which is the most important feature of the
internal structure of the placer deposits. Clays overlaying the sands of the ore-bearing horizon contain only
a rare impregnation of very thin ilmenite. According to the mineral analysis it is in the order of 0.1-1 kg/t.
Closer to the boundary of the ore-bearing horizon there are small lenses enriched in quartz-feldspar sand

and ilmenite.
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Table 1 — Average chemical composition of ore-bearing rocks of the Aral Formation
of the Satpaev deposit and calculated petrological parameters

The Aral Formation
# Component
Lower horizon 4 Upper horizon 3
1. Average chemical composition [24]:
1 Si0, 59.81 50.11
2 TiO, 1.39 1.18
3 AlLO4 17.25 14.46
4 Fe,0; 7.69 6.35
5 FeO 0.14 0.16
6 MnO 0.02 0.09
7 MgO 2.11 2.06
8 CaO 3.44 7.39
9 Na,O 0.10 0.10
10 K,0 1.98 1.74
11 P,0s 0.06 0.09
12 > 93.99 83.73
2. Petrological parameters:

13 (AL,O;+TiO,+Fe,05+Fe0)/Si0O, 0.44 0.44
14 Al,05/810, 0.29 0.29
15 Ti0,/Al,0; 0.08 0.08
16 Na,0+K,0/Al,0; 0.12 0.13
17 FeO+ Fe,05+MnO/AL,05+TiO, 0.42 0.42

Sandy-argillaceous deposits are characterized by zonal coloration. In the lower part of the sequence,
they have a darker gray color with a greenish, less often bluish, shade. Higher in the section, clays gra-
dually change the color to a lighter yellowish-gray and light gray shades with a weak greenish tinge. Clays
in the southern part of the placer are often marked by beans of the hydroxides of manganese, iron and the
inclusion of marls.

Sands are represented by clastic material of different granularity. They are of quartz-feldspar com-
position containing ilmenite. Feldspar grains have a light color and can be clearly distinguished on the
common gray background. Feldspar is completely decomposed to clay. Only 15% of feldspars remain in
the light fraction of the concentrates and 85% is quartz. Generally, productive deposits have the appea-
rance of sand and contain 30-65% of clays due to decomposed grains of feldspars.

Clays stand out in sands as lenticular nests and thin interlayers, whereas sandy clays are composed of
greenish-gray clay with lenses and nests of quartz-feldspar sand.

Table 1 shows petrological parameters of ore-bearing deposits of the Aral Formation that indicate the
following:

- the hydrolysis parameter ((AlL,O;+TiO,+Fe,05+Fe0)/Si0,-0.44) [31] shows that deposits are
characterized by average level of maturity, which indicates their formation as a result of predominantly
mechanical destruction of parental rocks with subordinate role of chemical weathering;

- according to the values of the alumosilicate parameter (Al,O3/SiO,= 0.17) [32], the deposits belong
to the class 0.22-0.35, that is typical for clay rocks;

- the increased value of the titanium parameter (TiO,/Al,05=0.8) [33] is characteristic for
sedimentary rocks that accumulate in continental coastal conditions, in humid climate;

- the iron parameter (FeO+Fe,0O;+MnO/Al,05+Ti0,=0.42) and the total alkalinity
(Na,0+K,0/A1,05=0.12, 0.13) characterize deposits as hypo-alkaline and normally-ferruginous.
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5. Sampling and methods of research. Sample B-1 (ilmenite concentrate) was selected to study mi-
neral and chemical composition of a mineral concentrate of Placer No. 1 of the Satpaev deposit. A repre-
sentative stream sample B-2 from the mine site of Placer No. 1 was selected to study mineralogical and
geochemical features of the Ti-Zr placers of the Satpaev deposit. Sampling has been carried out through
the full thickness of the mineral sands sequence.

Sample B-2 is a sandy-clay material (clay - 46% approx., sandy material - 54% approx.), has a
grayish-white color with a red tint, impregnated with iron hydroxides. It contains about 20 minerals, main
ones include quartz, ilmenite, potassium feldspar and kaolinite.

The mineral processing scheme consists of the following stages:

1) filtration of the clay fraction, removal of gravel and pulping of light mineral fraction;

2) concentration to grey sand stage to preserve minerals with low density (zircon, monazite, cassi-
terite, ilmenite, etc.) and to obtain more complete information about mineral composition;

3) weighing of the concentrate and collection of a representative sample.

Study of mineral and chemical compositions of samples has been carried out in the mineralogical
laboratory of the K. 1. Satpaev Institute of Geological Sciences in Almaty. X-ray diffractometric analysis
of samples has been carried out using an automated diffractometer Dron-3 with Cik, radiation, § — filter.
Conditions of obtaining the diffractograms are: U=35 kV; [=20 mA; shooting ENU 2-ENU; detector
2 deg/min. X-ray semi-quantitative phase analysis has been performed on diffractograms of powdered
samples using the method of “equal lots and artificial mixtures”. Quantitative relations of crystal phases
have been determined. Interpretation of diffraction patterns was carried out using the ICDD data of base
powder diffractometric PDF2 (Powder Diffraction File) data and diffraction patterns of pure (from
impurities) minerals.

Chemical composition of micron-sized minerals has been studied by electron microprobe analysis,
using JCXA 733 with the use of energy dispersive spectrometer INCA ENERGY at accelerating voltage
15 kV, probe current of 25 na, using a focused (1-2 pum diameter) probe. For a comparison purposes the
following samples were used: albite (Na), MgO (Mg); ALL,O; (Al); SiO, (Si); adular (K), CaSiO; (Ca);
TiO, (Ti); Fe;03:MnO (Fe, Mn), a metal (Zn); metal Zn, V, Nb, TA, Sn, U, Co (Zn, V, Nb, TA, Sn, U,
Co); ThO, (Th); SrF, (Sr); ZrO, (Zr); CaF, (F), BaSO, (Ba), x(PO,) (x - REE).

The elemental chemical analysis of the sample B-2 was carried out in the laboratory of "Metal
analysis" CPHMA at the Kazakh National University named after Al-Farabi in Almaty. Tracer and rare
earth elements have been determined by mass spectrometry with inductively coupled plasma (ICP-MS
Agilent 7500a, Japan). For calibration of the mass spectrometer and to obtain calibration parameters there
were used standard solutions for ICP-MS. Calibrating solutions were prepared by successive dilution of
standard solutions of 2.5% HNOs;. The error of construction of the calibration plots does not exceed 1-3%.

6. Results of mineralogical and geochemical studies. The Satpaev deposit of Ti-Zr mineral sands
has been the main object of mineralogical study [34]. The bulk chemical composition of deslimed mineral
sands (sample B-2) has been investigated by electron microprobe analysis and results are shown in table 2.

Table 2 — Bulk chemical composition (wt. %) of deslimed mineral sands (sample B-2)

Analysis Element oxide, wt. %
i Si0O, TiO, AlLO; Fe,0; MgO CaO MnO Na,O K,O z
1 52.01 12.83 6.95 12.02 0.36 0.76 0.87 1.30 1.43 88.53
2 46.57 14.53 8.45 13.44 0.22 1.12 0.66 1.93 1.83 88.74
3 52.03 11.56 7.46 11.45 0.27 0.91 0.83 1.75 1.78 88.04
Average 50.19 12.98 7.61 12.30 0.28 0.92 0.79 1.67 1.69 88.43

According to the semi-quantitative X—ray phase analysis the following mineral content in deslimed
mineral sands (%) was identified: quartz — 62.9, albite — 17.2, ilmenite — 11.3, feldspar — 8.5. Crystal mor-
phology of minerals and their composition have been studied using electron microprobe analysis in SEI
and BEI modes (figure 5). The chemical composition of ilmenite from deslimed mineral sands is presented
in table 3. The morphology of crystals is shown in figure 5 (a-c).
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Figure 5 — Crystal morphology of minerals shown by electron microprobe analysis in SEI/BEI modes:
a — ilmenite crystal in the form of a slightly rounded hexagon (table 3, analysis 1), SEI;
b — section of ilmenite crystal. Iron content in light areas is higher than in dark areas,
where as titanium content is dark areas is higher than in light areas (table 3, analyses 3-4). BEI;
¢ — replacement of ilmenite by leucoxene is along cracks and weak zones at the edges of the crystal
(table 3, analyses 5 and 6), BEI,
d — microsized slightly rounded zircon crystal, SEI;
e — rounded shape of the elongated zircon crystal head with diverse composition:
Zr, Si, Al and Fe (table 4, analysis 2), SEI;
f — microsized monazite grain (in the center), SEI.
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Table 3 — Chemical composition (wt. %) of the ilmenite sample B-2

Element oxide

# TiO, V,0;5 MnO FeO z

1 46.93 0.54 1.79 47.45 96.71
2 52.79 0.86 6.27 40.21 100.13
3 54.25 1.19 1.85 39.85 97.14
4 55.64 0.97 1.01 33.15 90.77
5 51.46 0.83 1.63 44.72 98.63
6 58.04 0.46 1.34 35.11 94.95

Zircon from mineral sands (sample B-2) has chemical composition free of isomorphic impurities. A
large number of mineral crystals have prismatic or elongated prismatic form with pyramidal peaks (figu-
res 5d, e).

The sample B-2 also contains micro-crystals of barite (figure 6a) with traces of aluminium and iron in
its composition. It should be noted that previous researchers [34] did not describe findings of barite before.

Presence of microsized (up to 50 um) rounded phosphate crystals (figure 5f) allowed the study of
forms of occurrence of rare earth elements. The qualitative chemical composition of monazite detected in
mineral sands is rather stable and contains apart from Ce, elevated concentrations of Nd and La; with Pr,
Sm, Gd, Ca, Th also present.

Chemical composition of a single grain of the mineral with pyrochlore composition in deslimed
mineral sands (sample B-2) is presented in table 4.

Table 4 — Chemical composition (wt. %) of different areas of the polished section
of the grain of water-containing mineral with pyrochlore composition

Analyses Element oxide
# WO, UO0; Ta,05 Nb,Os SiO, TiO, ThO, CaO FeO K,0 b
1 3.53 30.03 1.11 24.35 0.38 20.06 1.32 1.66 1.73 0.33 84.50
2 2.99 27.92 1.14 24.82 3.61 21.37 1.55 1.78 1.37 0.69 87.24
3 2.28 27.45 1.68 22.93 6.01 19.58 1.33 1.22 1.23 0.69 84.41

Presence of cracks in the mineral and low total sum of elements hints on significant content of water
in the mineral structure.

In figure 6b, numbers 1 and 3 indicate the points of chemical analysis of barite crystals; areas enri-
ched with heavy elements (light gray), areas with lower content (dark gray).

SOmkm ' ! 400mMEm

Figure 6 — The morphology of barite crystals and of mineral of pyrochlore composition:
a — microsized barite grain (center), SEI;
b — variations in water composition of the mineral with pyrochlore composition, BEI.
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Results of semi-quantitative and quantitative analyses of the [ICP-MS are shown in table 5.

Table 5 — Results of elemental chemical analysis of sample B-2

in comparison with the reference content of chemical elements in shale [35]

4 Sample B-2 Content of the 4 Sample B-2 Content of the
Element | Content, g/t sample / Shale clark Element Content, g/t sample / Shale clark

1 Li 5.49 0.084 33 In 0.69 8.41
2 Be 0.78 1 34 Sn 22.6 3.53
3 B 198 1.98 35 Sb 0.73 0.49
4 Na 7291 0.73 36 I 245 128.95
5 Mg 1446 0.10 37 Cs 0.37 0.06
6 Al 7486 0.10 38 Ba 333 0.50
7 K 4316 0.16 39 La 17.1 0.12
8 Ca 2815 0.13 40 Ce 432 0.69
9 Sc 10.7 0.82 41 Pr 4.79 0.75
10 Ti 7 440.00 1.69 42 Nd 19.8 0.73
11 \% 90.7 0.70 43 Sm 3.83 0.59
12 Cr 118 1.26 44 Eu 0.93 0.85
13 Mn 5324 6.66 45 Gd 4.05 0.62
14 Fe 48244 1.09 46 Tb 0.61 0.61
15 Co 66.6 3.51 47 Dy 34 0.71
16 Ni 31.1 0.42 48 Ho 0.76 0.54
17 Cu 83 1.73 49 Er 2.36 0.87
18 Zn 1179 12.68 50 Tm 0.3 1.30
19 Ga 28.2 1.28 51 Yb 2.08 0.69
20 Ge 5.41 3.18 52 Lu 0.33 0.50
21 As 453 3.78 53 Hf 0.43 0.12
22 Se 0.93 1.60 54 W 0.16 0.11
23 Br 815 185.23 55 Ir 0.15 15
24 Rb 15.9 0.11 56 Au 11.1 3363.64
25 Sr 58.1 0.18 57 Hg 0.7 1.67
26 Y 21.7 0.72 58 Pb 44.8 2.24
27 Zr 16.1 0.09 59 Bi 0.35 3.61
28 Nb 1.5 0.08 60 U 5.8 1.57
29 Mo 6.75 2.60 YREE 103.54 0.39
30 Pd 7.34 7340 >LREE 89.65 0.37
31 Ag 2.76 38.33 >HREE 13.89 0.68
32 Cd 0.41 0.98 %Iﬁll{{]gg 6.45

Table 6 — Bulk chemical composition (wt. %) of the ilmenite concentrate (sample B-1)

. Analysis #
Element oxide Average
1 2 3

SiO, 421 4.39 5.22 4.60
TiO, 46.42 48.16 46.09 46.89
AlLO; 0.98 1.30 0.96 1.08
Fe,05 39.35 40.20 38.05 39.20
V,04 0.34 0.24 0.59 0.38
MnO 2.57 2.35 2.79 2.57
CaO 0.25 0.08 0.14 0.15

P 94.12 96.72 93.83 94.87
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The bulk chemical composition of the ilmenite concentrate (sample B-1) was studied by electron
microprobe analysis and results are presented in table 6.

Results of semi-quantitative x-ray phase analysis showed the following elemental concentrations in
the ilmenite concentrate, (%): ilmenite (FeTiO3) - 68.0; quartz (SiO,) - 10.0; hematite (Fe,O3) - 7.9; oxide
Ti, V (Tip.03V0.07)20; - 7.7; leucoxene (pseudorutile) (Fe,Ti;Oy) - 6.4 and a minor feldspar impurity.

7. Mineralogical-geochemical features of the Satpaev Ti-Zr placer deposit. Mineralogical study
of mineral sands by electron microprobe identified, apart from traditional minerals of quartz, albite, ilme-
nite, and feldspar, also microsized crystals of zircon, monazite, barite, and a mineral with pyrochlore
composition. The latter two have not been detected by previous investigators.

Chemical composition of the ilmenite, the main ore mineral, varies from grain to grain, as well as
within individual grains (table 3). Chemical composition of ilmenite is relatively stable and contains iron,
titanium, manganese and vanadium; the ratio of titanium to iron varies. Weakened zones within ilmenite
crystals exhibit substitution of titanium by iron. The substitution of ilmenite by leucoxene is observed in
cracks and weakened areas at crystal edges (figures 5b, c¢). There can be observed progressing isomor-
phism of iron by titanium (or increase of Ti content).

Microsized slightly rounded zircon crystals have a prismatic or elongated prismatic shape with
pyramidal tips (figures 5d, e), indicating the formation of zircon in more acidic environment. Chemical
composition of the main part of crystals contains no indication of isomorphic impurities.

The sample of heavy fraction contains tiny grains of monazite-(Ce) (figure 5f) and of mineral with
pyrochlore composition (figure 6b).

The mineral composition of ilmenite concentrate contains ilmenite, quartz, hematite, oxides of Ti, V,
leucoxene (pseudorutile).

Results of elemental chemical analysis (table 5) show that mineral sands of the Satpaev deposit are
characterized by a predominance of light rare-earth elements (REE) in comparison to heavy REEs. Figu-
re 7 shows REE contents of sample B-2 from the Satpaev deposit normalized to chondrite plotted together
with the Akhmirovsk and Alabaster clay deposits situated about 230 km away and localized within the
same Aral Formation.
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+ Biotite—amphibole granite
* Gabbro and monzodiorites
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Figure 7 — Chondrite normalized REE patterns of the Satpaev Ti-Zr placer deposit (sample B-2) and two clay deposits
also localized in the Aral Formation (Akhmirovsk deposit (sample A73) and Alabaster deposit (sample A79)).
Potential source rocks of the Preobrazhensk intrusion (biotite-amphibole granites, gabbro and monzodiorite,
porphyritic granosyenites) [25] are also plotted. Normalization values are after Nakamura (1974) [36]
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REE patterns of all three deposits show negative Eu anomaly of samples and some tetrad effect,
indicating relatively high degree of fractionation of their source rocks (figure 7). Samples of all three
deposits are enriched in light rare-earth elements (LREE) in comparison with heavy rare-earth elements
(HREE) and have similar LREE patterns compared to granitoids of the Preobrazhensk intrusion. Sample
B-2 of the Satpaev deposit localized within the Aral Formation has REE patterns (both light REE and
heavy REE) nearly parallel to the pattern of granitoids of the Preobrazhensk intrusion, whereas samples
from the Akhmirovsk (sample A73) and Alabaster (sample A79) deposits show different behavior of
heavy REEs. It can be concluded that granitoids and specifically gabbro and monzodiorites of the Preob-
razhensk intrusion can be considered as source rocks of the Satpaev Ti-Zr placer but less likely of the
Akhmirovsk and Alabaster deposits as behavior of heavy REE differs significantly. Therefore, distinct
REE patterns exhibited by the Satpaev deposit can serve also as an exploration tool for similar deposits.

Classification diagram for sandstones (figure 8) shows that horizons of the Aral Formation have a
polymictic composition that is typical for continental margins.
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Figure 8 — Classification diagram for sandstones, after M.R. Bhatia (1983) [37]:
1. Q = SiOZ, F= A1203 + CaO + NaZO + K20, L= F6203 +FCO+MgO+TiOZ;
2. I-IV - sandstone fields: I - quartz, II - oligomictic, III - polymictic, IV - volcanoclastolithic [38];
3. Fields of arenaceous rocks characterizing (a) passive and (b) active continental margins,
(¢) marginal-oceanic and (d) intra-oceanic arcs

8. Conclusions. Mineralogical study of mineral sands from the Satpaev Ti-Zr placer deposit revealed
that apart from quartz, albite, ilmenite and feldspars, also barite and a mineral of pyrochlore composition
have been detected. Mineralogical investigation uncovered as additional mineralogical features the
hexagonal shape of ilmenite crystals and development of leucoxenization processes along microcracks and
crystal edges [39]. Microsized zircon crystals have prismatic or elongated-prismatic shape with pyramidal
peaks.

Sample B-2 from the Satpaev placer is enriched in light rare earth elements (LREE) in comparison
with heavy REEs. Generally, the content of REEs in sample B-2 has a similar range with the Akhmirovsk
and Alabaster clay deposits that are also situated within the Aral Formation. However, their distribution
patterns of heavy REEs are rather different and when compared with granitoids of the Preobrazhensk
intrusion, similarities are evident only in LREE and HREEs patterns of the Satpaev Ti-Zr deposit only
establishing that granitoids of the Preobrazhensk intrusion can be considered as likely source for the
Satpaev placer deposit.
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As a result of studying the geological framework of the Satpaev deposit the following main conclu-
sions can be drawn:

a) geochemical features of the Satpaev deposit and the Preobrazhensk intrusion [24], which also
determines structural position of the Satpaev ore field due to its location along the intrusion margin and in
the areas of local tectonic faults, indicate that the Preobrazhensk intrusion can be considered as a source of
the Satpaev placer deposit (figure 2);

b) REE patterns of sediments of the Aral Formation that contain mineral sands (e.g., Satpaev deposit)
have a very distinctive character compared to barren sediments of the same Formation; therefore it can
serve as an important exploration tool for Ti-Zr placers localized within this Formation;

¢) formation and localization of ore minerals took place in the environment of chemical weathering
caused by the marine transgression that began in the Meso-Cenozoic when the Zaisan depression was
submerged. Sea regression began after the Oligocene, and as the result the clayey Aral Formation has been
formed in the Miocene. All of these factors contributed to release of titanium-zirconium minerals,
followed by their redeposition in local coastal continental conditions of warm and humid climate.

E. C. Cyiieknaes', E. M. Canapraimes"’, I'. K. Bexenoa’,
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I BbIFbIC KASAKCTAHHBIH CATITAEB KEHOPHBIH/IAT'BI Ti-Zr TAY ITAINAJIBIMJIAPBIHBIH
MUHEPAJIOT'UAJIBIK-TEOXUMHUAJBIK EPEKINEJIIKTEPI

Annoranusi. CornaeB keHopHbIHBIH (ILIbiFeic Kazakcran o6ibickl) aysip ¢pakiusuibl Nel [lambsuisiMaap
MUHEPAIIBIK KOHIIEHTPAThl MeH Ti-Zr KeHIi KYMBIHBIH MHHEPAJIBIK-TCOXUMHSIIBIK 3€PTTCYJIEPIHE HAKTHI AEPEKTEP
aneiHael. KeHai KyMHBIH MUHEPAIIBIK KYpPaMbIH 3epTTEy KE3iHJIe Keleci MUHepaigap OeNTiuieHIi: KBapll, albOuT,
wibMenut, K/, 6aput, MUPKOH, MOHAIUAT XOHE MUPOXJIOPIBI KypaMIsl MuUHepan. MuHepamgap 3JIeKTPOHIIBIK
MHKPO30OHATHIK TalJaylapAbl MaiifanaHa OTHIPBHINT 3epTTeNreH. WMIIbMEHHWT XoHE IUPKOHMEH YCHIHBUIFAaH KEH1
MUHEpAIIapAbIH KPUCTAIABI MOP(OIOTHACHIHA MUHEPAIOTHSUIBIK 3epTTeyiiep OaphIChIHAA CHIaTTama Oepiii.
WnpMeHUTTEpIiH MUHEPAIIBIK XUMISUTBIK, KYPaMbl 3€PTTEINII )KOHE KPUCTAAAP KUEKTEPi MEH MUKPO ChI3aTTapIarbl
OJIApIBIH JEUKOKCEHENyl aHBIKTAIABI. OHIMII TOPU3OHTTAPIBIH T€OXUMIUIBIK epEeKIIeTIKTepl ayblp CUPEK Kepai
(HREE) sneMeHTTepMEH XoHE aWKbIH Tepic Eu aybITKyMEH CalBICTBIPFaHIA aJiFaIlKbl >KBIHBICTAPIBIH >KOFAPHI
¢bpakuusiay gopexkecin kepcereTiH xeHn cupek xepai (LREE) snementrepnin aHblK OaiipITybiH KamTuasl. Ilpe-
o0OpakeHKa MHTPY3HSCHIHBIH rpaHuTonaTapsl CaTaeB MalIbIpaHbl KEHOPHBIHBIH BIKTUMaJl Ke31 0O0JIbIT TaObLIa bl
[TeTpoXUMHSIIBIK 3€pPTTEYJIep HOTHKENepi KeH1 MHHEpalJap/AblH OKIIayJaHybl KbUIbl JKOHE BUIFAIIbl KIIUMATTA,
KEHIHHEH KaiTa TY3UIyiMEeH OKIIayJaHFaH KOHTHHEHTTIK jKarajiay KarJailblH[Ia, TUTaH MEH IMPKOH KEHJI MUHe-
pagapapIH 0ocan MIBIFYBIHA BIKIIAT €TETIH XUMUSIIBIK MYKLTY JKaFIaibIHaa OOJFaHBIH KOPCETE Il

Tyiiin ce3nep: Cornaes Ti-Zr kenopssl, [IpeoOpakeHCKHI MHTPY3HACHI, )KEHUI CHPEK JKepiep dJIEeMEeHTTep],
IIerreic Kazakcran.

E. C. Cyiieknaes', E. M. Canapraimes"’, I'. K. Bexenoa’,
M. M. KpaneHKOZ, A. B. loaronoaosa®, P. Cenrmann®

'Bocrouno-Kasaxcranckuii rOCyAapCTBeHHBIN TexHnueckuil yauBepcureT uM. /1. Cepuxdaesa,
VYerp-Kamenoropek, Kazaxcran,
*TOO «Anraiickuii reonoro-skosorunueckuii uuctuty™ AO «HHTX «Ilapacary, Verb-Kamenoropek, Kasaxcran,
*TOO «HcturyT reonornyeckux Hayk uMm. K. M. CarnaeBa», Anmatsl, Kazaxcran,
“Natural History Museum, Earth Sciences Dept, CERCAMS, London, U.K.

MHUHEPAJIOT'O-TEOXUMHWYECKHUE OCOBEHHOCTH Ti-Zr POCCBIIINA
CATHAEBCKOI'O MECTOPOXKIEHHUA BOCTOYHOTI'O KAZAXCTAHA

Annoranust. [TonydeHsl QakThueckue NaHHbIE MHUHEPAIOTrO-T€OXMMHUYECKHX wuccienoBaHuid Ti-Zr pyaHbIX
MIECKOB M TSDKEJIOH (pakiyun MuHepaibHOro KoHieHTtpara Pocceimu Nel CarmaeBckoro mectoposkaenus (Bocrtou-
Helit Kazaxcran). [Ipu n3yueHnn MUHEPaJIbHOTO COCTaBa PYAHBIX IIECKOB YCTaHOBJIEHBI KBapll, albOUT, MIBMEHHT,
KIIII; »51eKTpoHHO30HI0BBIM MUKPOAHAIN30M — MHUKPOpa3MEpHbIe KPUCTaUIbl OapuTa, IIMPKOHA, MOHAIUTA, MUHE-
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pajla THPOXJIOPOBOTO CcOCTaBa. MUHEPATOTHYECKUMH HCCIEIOBAHUSMH BBIABICHA MOP(MOIIOTHS KPHCTAIIIOB,
PYIHBIX MHHEPAJOB MIBMEHHTA M IIMPKOHA, ONPEACTICH MX XMUMUYECKHH COCTaB W YCTAHOBICHO Pa3BUTHE JIEHKO-
KCEHHU3AINH 10 MUKPOTPEIIIHKAM U KpasiM KPUCTAJUIOB WIBMEHHUTA. [ e0OXUMIU4ecKkre 0COOCHHOCTH MPOTYKTUBHBIX
TOPU30HTOB BKIIOYAIOT SIBHOE OOOTaleHne Jerkux peaxo3eMenbHbix dyieMeHToB (LREE) mo cpaBHEHUIO ¢ TSHKEIbI-
Mu peakozemenbHeiMU d5eMeHTamMu (HREE) u BeIpaskeHHYIO OTpHIaTeNbHYI0 aHOMaWIO Eu, KOTOpBIE YKa3hIBarOT
Ha BBICOKYIO CTENECHb (DPaKIMOHMPOBAHUSA MCXOAHBIX mopoA. ['panmronast [IpeobpaskeHCKONH MHTPY3UH SBISIOTCS
BEPOATHBIM HCTOYHHUKOM CarmaeBCcKoro POCCBIITHOI'O0 MECTOPOKIACHMUS. Pe3yﬂbTaTbI METPOXUMHNUCCKUX HCCIIC0BA-
HUH YKa3bIBalOT Ha TO, YTO JIOKAJIU3alHWd PYAHBIX MHUHEPAJIOB IMPOUCXOANJIA B YCIOBHAX XUMUYCCKOT'O BBIBETPH-
BaHUs, KOTOPOE CIOCOOCTBOBAJIO BBICBOOOXKICHUIO PYAHBIX MHHEPAJIOB TUTAaHA M IMPKOHA C UX IMOCJCIYHOIIUM
MEPEOTIOKCHUEM B JIOKAITBHBIX KOHTHHEHTAJIBHBIX MPUOPESIKHBIX YCIOBHUAX, B OOCTAHOBKAX TEILIOTO M BIIAYXKHOTO
KJIUMaTa.

KumroueBsie cioBa: CatnaeBckoe Ti-Zr pocchliHOE MecTOpOXkAeHUE, [IpeoOpakeHCKas MHTPY3HUS, JISTKUE PEeJi-
KO3eMebHBIE 3eMeHThI, BocTounbpi Kazaxcran.
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ANALYSIS OF MODELING AND DECISION-MAKING PROCESSES
FOR DRILLING WELLS UNDER UNCERTAINTY

Abstract. A review of the studies devoted to modeling and decision making in the process of drilling wells
accumulated in recent years has been performed. The review identified the range of issues on which attention should
be focused. In particular, it is noted that in order to solve optimization problems, first of all, data are required. The
next step is data processing and drilling model construction. Then variant calculations are carried out and the deci-
sion-making stage is coming.

The solution of problems of optimization of the drilling process is complicated by the uncertainty of the deci-
sion-making situation, expressed by multifactority, multicriteria, inaccuracy, ambiguity. To successfully solve prob-
lems taking into account the mentioned uncertainties, it is necessary to apply appropriate methods. These methods
should take into account uncertainty. Besides, they should be based on the results of geological and technological
studies that became widely used in recent years. Proceeding from this, ways of perfection of methods of a choice of
bits and drilling modes, as well as interpretation of the results of geological-technological researches are considered
in the present article. The models based on processing and analyzing data of geological and technological researches
have been constructed. Ways of decision-making taking into account uncertainty were shown. The decision is made
using the provisions of the theory of fuzzy sets.

Based on the data of geological and technological studies on several wells, calculations were carried out. The
appropriate program was applied for that purpose. As the result, physical and mechanical and baric characteristics of
the sections were obtained. These calculations were held on the example of some deposits of Azerbaijan and
Kazakhstan. The article shows the change in the indices of the physical and mechanical properties of the rocks of the
Karabakhli deposit. Lithological-stratigraphic characteristics of the section are given. Graphs of the change of
petrophysical (porosity, permeability), strength (hardness, abrasiveness) and elastic (Young's modulus, Poisson's
ratio) characteristics of rocks with depth were constructed. As a result of the analysis, the ways of forecasting well
drilling parameters and making optimal decisions on the data of geological and technological research in the drilling
process are shown. This allows us to find the optimum values of the regime parameters from the condition of ensu-
ring the maximum run speed and the minimum cost per 1 meter of penetration.

Key words: rate of penetration (ROP), run speed, cost per penetration meter, bit, mode parameters, member-
ship function, uncertainty.

Introduction. In the world practice of drilling and scientific research, to date, quite a rich experience
in studying the processes of rock destruction and associated bit work has been accumulated. A long time
has been spent and large funds have been released for these studies. However, as the research results
show, for today there is no scientifically grounded method of searching for the optimal combination of
rock, bit type and regime parameters, which, in our opinion, is explained, in particular by the fact that
during the management of technological processes, including drilling, the most important stage is the
decision-making process, which includes: setting goals, shaping the decision-making task, and finally,
making decisions; while decisions can be made in connection with the goals aimed at increasing the
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efficiency of the drilling process by rising rate of penetration, as well as reducing the costs of drilling,
eliminating the consequences of complications and accidents, etc., and under different kinds of uncer-
tainty; great labor intensity in carrying out bench and field experiments and their high cost and, as a result,
limited volumes of these studies; lack of a reliable theoretical and methodological basis for designing
optimal drilling regimes and choosing the types of bits for highly dissected, heterogeneous in drillability
cuts, which is typical for almost all geological sections [1, 4, 5, 10, 17].

The solving of optimization problems of a choice of bits and parameters of a drilling mode is compli-
cated by uncertainty of a situation of decision-making, expressed by multifactority, multicriteria, inaccu-
racy, ambiguity. To successfully solve the problem, taking into account the mentioned uncertainties, it is
necessary to apply appropriate methods that take into account this circumstance, as well as the results of
geological and technological research received in recent years. Based on the noted, in this article, ways of
improving the methods of selection of bits and mode parameters are considered on the basis of processing
and analysis of geological and technological research data, taking into account uncertainty.

Brief review of recent research. The development of modern technical facilities and technologies
for informational support of the drilling process and their widespread introduction allow improving the
quality of the information received and requires its corresponding analysis. Operational information ob-
tained during drilling is of great importance in drilling wells, especially in poorly studied regions with
complex mining, geological and environmental conditions.

As follows from the analysis of drilling experience in different conditions, the desired result can be
achieved when considering the problem in the form of a system that takes into account the interrelation-
ship between various technical, technological and geological characteristics that affect well drilling
performance. In addition, it is also necessary, in our view, to use the level of development of various ma-
thematical methods and software in the course of the classification of objects, the construction of models,
that allow to make technological decisions that are hampered in the usual conditions by the presence of
uncertainty. This indicates the urgency of the problem of improving decision-making methods when
drilling wells, taking into account the uncertainty of conditions. To date, various systems and tools for
monitoring the drilling process have been developed, which make it possible to solve a number of
geological and technological problems [2]. In all the works, the role of optimization of the drilling process
is noted, which is a very important stage during drilling operations. This is caused by the reason that opti-
mization allows to save time and money spent on drilling a well, achieve a high drilling speed and, thus,
increase profits. Optimization of the drilling process is aimed at selecting the controlled variables during
the drilling process, such as the regime parameters (weight on bit, bit speed, mud flow rate), mud
parameters, bit type, based on the desire to achieve the maximum drilling speed. For many years, so-called
basic models have been developed and used (Badalov R.A., 1958, Fedorov V.S., 1958, Cunningham,
R.A. and J.G. Eenink, 1959; Garnier, A.J. and N.H. van Lingen, 1959; Graham, J.W. and N.L. Muench,
1959; Galle E.M. and Woods H.B., 1963; Bingham M.G., 1965; Bourgoyne Jr., A.T. and F.S. Young,
1974; et al.). These works were further developed in the studies [3,4,8,11,12,13,14,16], on their basis
optimization methods have been proposed, for which patents [5-7] were obtained. For example, in [4],
based on the statistical analysis of information on the operation of bits of cutting action with the
application and development of the basic model of Bingham, a model of rate of penetration is constructed
that takes into account the influence of the rock properties (hardness and abrasiveness), the depth of their
bedding, regime parameters, mud density. Based on the generalization of the studies, the reliability of the
bits and their service life was estimated. The parameters of the model in each case were specified by the
random search method. The method [5] includes the characteristics of rocks selected from drilled wells,
the establishment of the characteristics of at least one drilling rig; iterative modeling of the borehole
wiring. The proposed method involves calculating the economic criterion at each stage of the modeling.
Based on the results of modeling at various stages, a package of proposals is created. Thus, an iterative
drilling modeling system and a corresponding computer program are created. Using the appropriate
information, scenarios of various virtual combinations of equipment, drilling rig, bits, solutions, etc. are
modeled. The company provides a virtual modeling service with logging (geophysical) information from
exploratory wells and information about the rig, and the service, in turn, develops an economic model
based on this information. The flowcharts shown in the work show the input and output (output) infor-
mation. Based on the input geological and technological information, an analysis of the working time and
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bit wear is made, a model of the rate of penetration and an economic model, according to the authors, are
constructed. The bit is selected based on the minimum cost of drilling and the minimum drilling time. The
bit selection model is built by gradual approximation (improvement) using a computer program, which,
according to the author, more accurately describes the process than previously proposed methods, and
thereby provides a more correct economic solution and recommendations for drilling contractors and
operators. In [3], the well-known Burgoyne and Yang model [2] was chosen as the base, taking into
account the influence of several parameters on the rate of penetration. The main factors, such as depth,
pore pressure, equivalent circulating density, bit speed, wear of drilling bit teeth and jet impact force, are
obtained from the drilling report. To study their correlation, a statistical analysis was performed using
multiple regression analysis, and as a result, a model of the rate of penetration for the field was construc-
ted. First, private dependences of the rate of penetration on each of the parameters including the factors
under consideration, which were subsequently generalized to the plural, were constructed. As a result,
using the results of the marked analysis, optimal values of the weight on bit are determined, which provide
the best performance. The optimum weight on bit was calculated for several data points. With the help of
the same approach, the model of the rate of penetration was constructed in the paper [8], the cost of one
foot of penetration, the specific mechanical energy taking into account the values of the weight on bit, bit
speed and rate of penetration were calculated, and expressions are obtained for determining the optimum
values of the weight on bit and bit speed providing the minimum cost. In this case, the authors tried to take
into account a large number of factors, which is the main advantage of the model. A model based on field
observations and statistical analysis of their results, takes into account rock properties for two categories
(soft and hard) at a qualitative level, whereas rocks have a wide variety of hardness and abrasivity, which
are one of the main factors. In this regard, various methods for evaluating hardness and abrasiveness have
been proposed: experimental; using core-slime material; using the results of geophysical studies, For
example, in [9], a method is proposed for using geological and geophysical information on the geological
section of wells in the assessment of rock drillability, which allows one to quantitatively take into account
these important properties of rocks when constructing a model of rate of penetration. In recent years, a
sufficient number of studies have been accumulated.

In [12], in order to compile the drillability model for PDC bits, the entire array of data on the perfor-
mance of PDC bits in the Uzen field is divided into groups by the number of drillhole intervals for the
production string, in which each bit is used up to full working, i.e. before replacement. Then the resulting
variational series were processed by mathematical statistics methods to obtain the average drilling speed
and time of the interval, taking into account the previous bit wear, dispersion, standard deviation and
coefficient of variation. As a result, the technique of the approximate evaluation of the process of gage
wear of PDC bit after the penetration of each interval under the production casing, taking into account its
previous use, has been established. A mathematical model of drillability, taking into account the initial
rate of penetration of the new, unused bit, the rate of decrease in the rate of penetration in time, has been
established. The same model of drillability is also made for roller bits used earlier in the Uzen field. A
comparative evaluation of both tools showed that the PDC bit exceeds the rolling cutter bit by 7 times in
durability, and by 1.6-1.8 times in productivity. In general, the works performed can be divided into four
groups: works devoted to assessing the properties of rocks and associated intervals with complications,
matching the design features of the bit [9, 15], constructing models for rate of penetration and making
decisions. In recent years, methods that take into account the uncertainty of the decision-making con-
ditions when drilling wells, in particular, multicriteria, as well as the classification of geological objects,
have been applied in solving these problems. In this connection, the theory of fuzzy sets has been used,
which allows to make compromise decisions in conflict situations, to classify geological objects taking
into account the fuzziness of boundaries, and to correctly assess the risks of emergency situations in
drilling [2, 8, 9].

It should be noted that while being very useful in solving specific problems, existing methods and
tools for studying the sections in the drilling process due to the lack of comprehensive studies and insuf-
ficient program and methodological support still make it difficult to control the drilling process, optimize
and accurately estimate productive intervals, ecological situation, etc. This is also caused by the fact that
when setting a goal, in addition to tasks solved at one or another stage, there are also unnoticed ones, that
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should consider diversity, different kind of uncertainty of conditions for obtaining the information and
decision-making.

Analysis of geological and technological information about drilling wells. The system of obtai-
ning and using geological and technological information [14], including three main aspects (geological,
technical and technological, ecological), also provides: data collection and processing (information
retrieval); construction of models expressing the relationship between drilling performance and natural,
technical and technological characteristics, forecasting of drilling parameters and the situation of drilling
operations using that; evaluation and provision of optimal values of drilling performance indicators
(information use).

When collecting and processing data, it is necessary to strive to obtain and use the most complete
information, and this work is carried out throughout the decision-making process. As the transition from
one stage to another, if necessary, the need for information can be clarified. The results of the work
performed in the previous stages serve as initial information for the subsequent stages. Wherein, the nature
of the initial information can be different (from previously drilled wells or information coming in during
drilling). Depending on this, the approach to decision-making will be different. Therefore, the obtaining
and proper use of complex geological and technological information for the purpose of prompt decision
making while drilling wells and the problem of the performance of the bits, depending on its nature, is
actual and requires appropriate attention. Very often, there are difficulties associated with the lack of
information about the properties of rocks and its fuzzy nature. In the absence of the corresponding core
material, it is often necessary to use information that is descriptive in nature, i.e. to evaluate the mecha-
nical properties of rocks on the basis of their geological and petrographic description. Such methods exist.
In particular, the well-known technique of VNIIBT [7] allows, using the noted information, to estimate the
parameters of rock properties.

In recent years, the assessment of the properties of rocks and their impact on drilling performance, as
well as the intervals of possible complications, are carried out with the help of geological and tech-
nological studies. As can be seen from the above review, over this period, and especially over the past
20 years, researchers have accumulated considerable experience and proposed various criteria [16], taking
into account also the stressed state of the rocks composing the walls of the drilling well.

Based on the results of the assessment of the influence of these factors on the drilling performance, a
corresponding model is constructed. This model, along with parameters that take into account the pro-
perties of rocks, also includes technological factors and parameters that take into account the type of bit.
In the construction of the model, it should be noted that due to the complexity of the drilling conditions it
is impossible to construct such a universal model that could successfully describe the process in different
geological and technological conditions. The presence of a large number of factors, including factors that
are of a random nature and thus not amenable to recording, clearly demonstrates the difficulty in construc-
ting a model of rate of penetration. Taking into account that the models constructed up to the present time
were constructed for different conditions, we previously carried out their comparative analysis, during
which parameters for the same interval were determined by the random search method. When considering
the methodology for selecting bits and regime parameters, it is necessary, as already noted, to take into
account the nature of the initial information, which can be different. The choice of bits and parameters
depends on the nature of this information. If preliminary information is available from previously drilled
wells, complex information is generated based on the collection and processing of well drilling data, field
observations, and information on rock properties, which is used to identify models. The model is con-
structed within each homogeneous interval. First, private dependencies are constructed, which subse-
quently include unaccounted factors. One of the known basic models, as, for example, in [11, 13, 19], is
used as a basis. Next, the corresponding cost of 1m of penetration is calculated. The best mode parameters
and types of bits are refined (selected) by variant calculations using the provisions of the theory of fuzzy
sets. If such data on previously drilled wells are not available or if they are available in an insufficient
amount, the calculations are carried out according to the data of geological and technological studies in the
process of drilling as they are received. According to this algorithm, the decision-making process is im-
plemented depending on the nature of the initial information. The characteristics of the geological section,
estimated with the help of the above program, allow solving a number of tasks in the drilling process, in
particular, the problem of selecting bits and regime parameters, assessing complications and making
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decisions in complicated conditions. At the same time, the results of geological and technological studies
are of great importance for quick determination of the characteristics of geological sections in the process
of drilling wells [1, 4, 16-18]. Based on the data of geological and technological studies on several wells
with the application of the corresponding program, physico-mechanical and baric characteristics of the
sections of some deposits were obtained. In addition, according to geological and technological studies,
stresses are calculated around the well. Figure 1 shows the change in the indices of physico-mechanical
properties of the rocks of the Karabagly deposit. The figure shows the lithologic-stratigraphic characte-
ristics of the section, the graphs of the change of petrophysical (porosity, permeability), strength (hard-
ness, abrasiveness) and elastic (Young's modulus, Poisson's ratio) rock characteristics with the depth. As a
result of the statistical analysis of geological and technological information on drilling wells at the Kara-
baghli (Azerbaijan), Aktum, Kokmai, Karamandybas, and South Koktau (Kazakhstan), we constructed
models of rate of penetration [14]. The complex of geological-technological and geophysical studies
performed in the wells under consideration allows to have a complete picture of the conditions, technology
and indicators of the drilling process. To make decisions, first, it is necessary to create the initial array.
The approach to decision-making depends on the nature of the initial information (figure 1).
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Figure 1 — Block diagram of obtaining and using information about drilling wells

In the process of analysis, equations for the corresponding bit types in the considered rock were
obtained, expressing the dependence of the initial rate of penetration on the regime parameters and rock
properties, the parameters of which were refined in the course of processing by the random search method
[14].
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The choice of bits and parameters is made by two criteria — the rate of penetration and the cost per
meter of penetration. The solution of this problem is hindered by the presence of uncertainty. In general, t
is often needed to build models in drilling [20], make decisions under conditions of uncertainty [10]. In
the presence of models of rate of penetration, variant calculations are carried out in the same way as was
done in [1, 4, 12]. For the purpose of carrying out variant calculations, the boundaries for changing the
value of the regime parameters and their steps were set. For all these options, calculations of the run speed
and the cost per meter of penetration were made. The best regime parameters according to predictions
were determined using the above two criteria via the theory of fuzzy sets.
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Figure 2 — Changes in the indices of physical and mechanical properties of the rocks of the Karabagli deposit

According to this, the set of solutions is the intersection of sets of goals (to achieve the highest run
speed) and restrictions (with the lowest cost of 1 m penetration). For this purpose, the form of the mem-
bership function of the sets of goals and constraints was chosen. In this case, the membership function for
the run speed increases with the increase in the run speed, which expresses the desire of the person making
the decision to achieve high run speed, that is, the maximum value of the run speed of drilling corresponds
to the value of the membership function close to one, and the minimum value of the run speed corresponds
to the smallest value of the membership function, close to zero. The membership function of the cost per
meter of penetration, on the contrary, decreases with the increase in the cost of the penetration meter, since
in this case we are striving to achieve a low cost per meter of penetration. That is, in all cases, our aspira-
tion is expressed by a result corresponding to the largest value of the membership function, close to one,
and the lowest value of the membership function, close to zero, corresponds to the largest value of the
penetration meter. The membership function of the solution set according to the noted theory was esti-
mated as min (W, L). The greatest value of the membership function of the solution set in the totality of
calculated data corresponds to the best solution. In the same sequence, the algorithm was implemented for
another homogeneous group of rocks. As a result of calculations on models, the distribution surfaces of
the values of the run speed and the cost of the penetration meter depending on the mode parameters are
also constructed, [21]. As an example, figure 3 shows the surface of the change in the membership
function. Via this figure, it is possible to track the change in drilling performance in three-dimensional
space, as well as determine their optimal values.
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Figure 3 — The distribution surface of the membership function of the solution set depending on the regime parameters.

Conclusion. Over the past decades, a large number of studies and data on the interaction of the tool
with the rock have been accumulated, methods and means for determining the physico-mechanical pro-
perties and abrasiveness of rocks have been proposed. The mechanism of destruction of rocks was studied,
the influence of various factors on it, attempts of the mathematical description were made [1, 17, 19]. In
this regard, mathematical models of the drilling process are proposed, the main elements of which are the
rate of penetration, as well as the factors that influence its values; the possibility of using these models to
study the main integral indicators of the drilling process efficiency is shown: the run speed, the cost of one
meter of penetration and bit footage; an improved scheme of predictive calculations of drilling perfor-
mance and decision-making in the selection of bits and regime parameters, taking into account the rock
properties, depending on the nature of the initial information has been proposed; by analyzing and stu-
dying the drilling process, an algorithm has been proposed for predicting the parameters of drilling wells
and making optimal decisions based on data of geological and technological research in the drilling pro-
cess, the use of which makes it possible to find the optimum values of the regime parameters from the
condition of ensuring the maximum of the run speed and the minimum cost of 1 meter of penetration.
When making decisions it is very important to take into account the conditions under which the drilling
process takes place, namely: the heterogeneity, fuzziness and random nature of the factors, for which the
development of methods of control theory and decision-making with insufficient information in recent
years can serve as a reliable basis.

W. A. Iupusepaues’, M. JI. Cap6oneesa’, I. III. AcagoBa’

' O3epGaiikaHHbIH VITTHIK FEUIBIM aKaIeMUSCHIHBIH MYHAl )KOHE I'a3 HHCTHT 161, baky, O3epOaiikaH,
2 2
1. EcenoB aTerHaarsl Kacrinit MeMJIEKETTIK TEXHOJOTHSIIAP KOHE HHXHHUPHHT YHHBEPCHUTETI,
Axkray, ManrsicTay 06mbIch, Ka3zakcTas,
303epbaiikan MeMIIEKETTIK MyHail JKoHe OHepKacin yHuBepenTeti, baky, Osepbaiikan

MOJIEJIAEY YAEPICIH TAJIIAY )KOHE YHFBLJIAPJIbI BYPEBIJIAY JA
AUKBIH EMECTIKTI ECEIIKE AJIA OTBIPBIII HHIEINIM KABBUIJAY

AnHoTanusi. Mozenney MeH YHFbUIApAbl Oyprbulay/Ja IIemliM KaObuLaayFa apHaJiFaH COHFBI JKbULIApa
JKMHAKTaJIFaH 3epTreyiepre moiy opsiHaairaH. [llomy GapeickiHna Hasapnael Oaca aynapy KaXeT Cypakrap asiChlH
aHBIKTAay MYMKiH Oonasl. COHBIH iMIiHAe, OHTAMIaHABIPY MIiHACTTEPIH MICNTy YIIiH OipiHIII Ke3eKTe KaKET MOJIIMET-
TepiH OoNysl atanm KepceTiireH. by ke3eHHEH COH MATiMeTTepAi eHxey, OypFeUIay MOJAETIH TYPFBI3Y XKacajalbl.
OmaH COH HYCKAJIBIK €cenTeyiep >Kacallblll, MemliM KaObUaay Ke3eHi Keei.




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

Bypremay yaepiciH KonaimaHIBIPy MIHASTTEPIiH ISy MIeHIiM KaObUIIay >KaFJailapbIHBIH aiKbIHAaIMAYHI,
KOeI(aKTOPIBIK, KONTAJANTHUIBIK, AOIAIKTIH O0NIMaybl, OipKaKTBUIBIK O0NMaybl cebenrTepiHeH KypaeneHeni. Mace-
JIeH1 TaOBICTHI TYPJE IIENTy YIIiH aHBIKTAIFaH alKbIH €MECTIKTIKTepAl €CenKe ana OTBIPHIN COHKEC omicTep i Komaa-
Hy KaxeT. by onicrepne aiikblH €MeCTIKTI ecelke amy Kepek. bynan Gacka, onap COHFBI JKbuLIapaa OeleH ayFaH
TeOJIOTHSAJIBIK TEXHOJOTHSIIBIK 3€PTTEYJIep HOTI)KECiHEe Ae Herizmenyi Tuic. OchiFaH OalilaHBICTBI, OCHI Makaaajga
KalllayJaap/ibl ®KoOHEe PEXUMIIIK KOPCETKIIITepAl TaHIay dICTEPiH JKETUAIPY JKOJAaphl, COHBIMEH KaTap, I'€0JIOTHs-
JIBIK TE€XHOJIOTUAJIBIK 3C€PTTECYJICP HSTI/I)KeCiH HUHTEpIIpETAllAIay KapaCTbIpbliIaJbl. FCOHOFI/IH.H])IK TEXHOJIOTUAJIBIK
3epTTeyJiepl OHJIeY XKOHE Taj/lay Heri3iHAe MOJEIIep TYPFhI3bUIFaH. AUKBIH €MECTIKTI eCKepe OTBIPHIIN LISHTM Ka-
Oburnay xongapsl kepcerired. lllemiMaep A9 eMec Kolenep TEOpHsICh epeKeNepiH KOIJaHbI KaOblIIaHaIbl.

I'eonorusIbIK TEXHONOTHSUIBIK 3epTTEyep Heri3iHae OipHelle YHFbUIap OOMbIHIIA ecenTeyep Kypriziani. Oun
yLIiH THicTi Garmapiama KoianaHsuabl. HoTikecinae KuManapabiH (QU3NKaIbIK MEXaHUKAJBIK JKOHE KbICHIMIBIK CH-
narTamainapbl anbiHabl. Ecenm sxymbictapbl O3ipbaibkan MeH KasakcTaHHbBIH OipHelle KEHOPBIHAAPBI MBICATIBIMEH
opplHIaNFaH. Maxanaga KapaOaribl KeHOpPHBI KUMacChIHIAFbl Tay JKBIHBICTAPBIHBIH (U3HKAJBIK MEXaHHKAJBIK
KAaCHETTEpiHiIH e3repyl KepceTireH. KuMaHBIH JHTONOTHSIIBIK CTPAaTUTPAQUSIBIK CHUIIaTTaMachl Kenripinren. Tay
JKBIHBICTAPBIHBIH TEPEHIITiHE Kapai MeTpOoPU3UKAIBIK(KEYSKTITIK, OTKI3TIMTIK), OSpiKTIK (KATTBUIBIFBI, aOpa3uB-
tiniri), cepmimainik (FOur momyni, Ilyaccon koddduimeHTi) KacHeTTepiHiH 03repy KHUCBIK ChI3bIKTaphl CalbIHFaH.
Tannay KOpTHIHIBICBIH/IA YHFBUIAPABI OYPFbIIAY KOPCETKIITepiH OobKay koHe OypFblIay YIEpICiHAE MeOIOTHSIBIK
TEXHOJIOTHSIIBIK 3€pTTeysep MoliMeTTepi OOWBIHINA YTHIMABI LIemimiep KaObuinay >KOnmapbl KepceTinreH. by
1 MeTp Kamay Xypici KYHBIH TOMEHJIETY JXOHE PEHCTIK JKbUIIAMIBIKTHIH €H JKOFapbl MOHIH KamMTaMachl3 €Ty
HIAPTTapbl aPKbUIBI PEXKUM/IIK KOPCETKIIITEPAIH OHTAMIIBI MOHAEPIH TadyFa MyMKIHIIK Oepeti.

Tyiiinai ce3mep: MEXaHHKAIBIK >KbUIAAMIBIK, PEHC KbUIIAMABIFBI, CHY KOPCETKIIIiHIH KYHbI, P&KHM Mapa-
MeTpiiepi, Mymeik QyHKuus, 6enrici3uik.

W. A. Iupusepaues', M. JI. Cap6oneesa’, I. III. Acagosa’

'MucturyT HeTH 1 Taza HammoHansHO# AKkanemun Hayk Asepbaiikana, baky, Asep6aiimkan,
? Kacrmiickuit rOCyIapCTBEHHBII YHHBEPCUTET TeXHONOTHI 1 ukuHupuHra uM. 111. EcenoBa, Akray,
Masnrucrayckas obaacts, Kazaxcran,
3 AsepbaiiKaHCKHMiT FOCY 1aPCTBEHHbIH YHHBEPCHTET He(hTH U MPOMbIILICHHOCTH, Baky, Asepbaiimkan

AHAJIN3 TPOIIECCOB MOJIEJIMPOBAHUSA M IPUHATHA PEIIEHANA
ITPU BYPEHUU CKBA’KUH C YYETOM HEOIIPEAEJIEHHOCTH

AnHoTanus. BrmoigHeH 0030p MccaenoBaHui, TOCBAIICHHBIX MOJICIIMPOBAHHUIO U MPUHSATHIO PEIICHUH B IIPO-
mecce OypeHUs CKBa)KMH, HAKOIMBIIMXCS 3a mocieqaue roabl. O030p MO3BONHI ONpEAeTHTh KPYyr BOIPOCOB, Ha
KOTOPBIX HEOOXOAUMO COCPEIOTOUYNTh BHIMAHHE. B 9acTHOCTH, OTMEUYaeTCs, YTO IS pEIICHUs 3a/1a9 ONTHMHU3AITUI
B TIEPBYIO OdYepenb HEOOXOIMMEI NaHHBIE. 32 ATHM 3TalloM clieayeT oOpaboTKa MaHHBIX, MOCTPOCHHWE MOIEIH
OypeHus. 3aTeM IpOBOJATCA BapHaHTHBIE PACUETHI U HACTYIIAeT STAll IPUHATHS PEIICHIH.

Peuienne 3amau onTUMH3ALMK Tpoliecca OypeHHsl YCIOKHSAETCS HEONPEIEICHHOCThIO CUTYalUH TPHHSATHS
PEIICHH, BBIPAYKEHHOW MHOI0()aKTOPHOCTHIO, MHOTOKPUTEPUATBHOCTHIO, HETOYHOCTHIO, HEOJHO3HAYHOCThIO. J[J1st
YCHEIHOTO PEIICHUA np06neM1>1 C YUCTOM OTMCYCHHBIX HeOHpe}IeﬂeHHOCTeﬂ HCO6XO,Z[I/IMO MMPUMEHATL COOTBETCT-
BYHOI[UEC METOABI. 3TI/I METOABI JOJKHBI YUUTBIBATH HEONPECIACICHHOCTD. KpOMe TOTO, OHH JOJIXKHBI OCHOBLIBATHCA
TaKXKE Ha pe3yibTaTax, MOJIYYUBIIMX B TOCIEIHHE TOABI IMUPOKOE PACIPOCTPAHCHUE TEOJIOTO-TEXHOIOTHYCCKIX
uccienoBanuii.  Mcxons U3 3TOr0, B HACTOSIICH CTaThe PACCMATPHBAIOTCS ITYTH COBEPIICHCTBOBAHUS METO/IOB BBI-
0opa IOJOT M PEeKUMHEIX TTApaMETPOB, a TAKXKE WHTEPIPETAUU PE3yIbTATOB I'€0JIOr0-TEXHOIOTHICCKUX HCCIIE0-
BaHUii. [locTpoeHBI MOJENH HA OCHOBE 0OpaOOTKHM M aHalM3a JaHHBIX T'e0JOTO-TEXHOJIOTHYECKUX HCCIICIOBAHHM.
[ToxazaHbI IyTH TPUHATHS PEIICHUN C YIETOM HEONpeAeJIeHHOCTH. Pemenre mpuHIMaeTcs ¢ IPUMEHEHUEM T10JI0-
JKSHUH TEOPUH HEYSTKIX MHOJKECTB.

Ha ocHOBe maHHBIX T'€0JIOTO-TEXHOJOTHYECKUX HCCICIOBAHUI 10 HECKOJIBKUM CKBaKMHAM HPOBOIIIINCH pac-
geThl. [IJI1 3TOro mpuMeHsIach COOTBETCTBYIOIIAs MporpaMMa. B pesynbraTe moirydeHs! (HU3UKO-MEXaHHIeCKHue 1
OGapudeckre XapakTepUCTUKH pa3pe3oB. PacdeTsl BHINIONHEHBI HA MPUMEpPE HEKOTOPBIX MECTOPOXIeHHH A3epOaii-
JoxaHa u Kazaxcrana. B crarhe mokasaHo M3MEHEHHUE MOKa3aTeel (PU3MKO-MEXaHUYECKUX CBOMCTB MOPOJ pa3pesa
MectopokaeHus Kapabariel. [IpuBeneHbl JTUTONOTrO-cTpaTUrpaduyeckre XapaKTepPUCTHKU paspesa. IlocTpoeHb
rpaduky M3MeHeHHs ¢ TIyOMHOH neTpodu3nyueckux (MOPUCTOCTH, MPOHUIAEMOCTH), MPOYHOCTHBIX (TBEPIOCTH,
abpasuBHOCTH) 1 ynpyrux (Moxyns KOHra, koaddunuent Ilyaccona) xapakTepuCTHK OpoJ. B pesyiprate aHamm3a
MOKa3aHbI IyTH MPOTHO3UPOBAHMUS ITOKa3aTelei OypeHHs CKBaXKUH ¥ MPUHSATHS ONITUMAIIBHBIX PEIICHHH MO TAHHBIM
Te0JIOrO-TEXHOJIIOTHYECKAX WCCICIOBAHUN B Tpolecce OypeHHs. DTO MO3BOJSCT HAWTH ONTUMAIbHBIC 3HAYCHUS
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PEKHUMHBIX TAapaMETPOB U3 YCIOBHUS 0OeCIIeYeH st MaKCHMyMa PeHcoBOM CKOPOCTH U MHHIMYyMa CTOMMOCTH | MeTpa
TIPOXOJIKH.

Ki1roueBble cii0Ba: MexaHMUYECKash CKOPOCTb, PEHCOBasi CKOPOCTh, CTOMMOCTb METpa MPOXOJKH, JI0JO0TO, pe-
KHMMHBIE TapaMeTpsl, (PyHKINS NPUHAUIEKHOCTH, HEOTIPEIECICHHOCTb.
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THE REDUCTION SMELTING
OF METAL-CONTAINING INDUSTRIAL WASTES

Abstract. Metal containing scrape accumulation is not only issue of the ecological safety of regions, but is a
new paradigm in development of the black metallurgy (direct production of iron) obtaining the energy and resources
conservation policy.

The purpose of the work: use of metal-containing and carbon-containing industrial waste — converter sludge and
coal sludge of the JSC "ArcelorMittal Temirtau" metallurgical enterprise.

The process structuring chain consists of: 1) ore-coal mixture conditioning from converter and coal slimes;
2) production of ore-coal pellets from the fine ore-coal mixture; 3) metallization of ore-coal pellets; 4) reduction
smelting of metallized pellets and production of natural-alloyed steel.

The solid carbon was used as a reducing agent, while preparing the ore-coal mixture we adhere to the principle
of complete reduction of the net extracted iron and manganese metals. Therefore, the stoichiometric consumption of
prepared coal sludge per unit of iron ore concentrate was determined according to the developed procedure, taking
into account the sequentially phase transformation of oxides. As a result of performed calculations, the coal feed rate
per unit of concentrate in the amount of 0,265 kg/kg was obtained. The ore-coal mixture consisted of the sum of
prepared converter and coal sludges.

On the basis of metal- and carbon-containing sludge of JSC "ArcelorMittal Temirtau" the ore pelletized pellets
with stoichiometric carbon content areobtained. Sequential processing, drying, metallization and reduction smelting
made it possible to obtain metal ingots corresponding to high-quality steel in composition in the final stage.

Key words: metal-containing waste, converter sludge, coal sludge, metallization, pellets, steel, carbon, phos-
phorus, reduction, smelting, crystallization.

The conventional technology of metallurgical production of cast iron and steel is based on the two-
stage complex "Blast furnace-Converter". At the initial stage of the complex, conventionally, agglomerate
oxide materials are used as raw materials in the form of sinter and pellets in predetermined weight ratios to
the mass of coke. The mass fraction of coke in the charge provides the thermal balance of the reduction
smelting process as a source of hot reducing gases (HRG) used to heat the charge column and to reduce
iron, and also to melt the ore portion of the charge.

In addition, the coke layer plays an important role as a nozzle in which counterflow filtration of HRG
and melts is realized, as well as a source of direct reduction of iron and hard-to-reduce metals by solid
carbon. As can be seen, under the conditions of implementation of the reduction-smelting process in the
blast furnace there is a stable excess of coke and the melted metal product is cast iron.

In view of high performance of blast furnaces, the worldwide mass production of structural materials
is based on the oxygen converter processing of pig iron via oxidation smelting into steel. The problem of
oxidation smelting of cast iron in the oxygen converter is metal decarburisation. However, during oxygen
32
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lancing of the iron melt, not only the oxidation of the carbon of the cast iron occurs, but also the oxidation
of a significant part of iron and the complete oxidation of the valuable alloying metals with formation of
metal oxides, which are transported into the converter slag. In converter smelting, not only the formation
of metal-containing slags occurs, but a significant mass of sludges with concentration of metals many
times higher than in slag. They are also accumulated in dumps.

Metal-containing wastes accumulation is a problem nowadays not only for the environmental security
of the regions, but also as a secondary source of raw materials for the production of metal [1].

Pursuance of the most low-cost use of these wastes is associated with their return, if possible,
according to the current scheme of the metallurgical cycle, in particular, to the agglomeration process.
However, the possibility of introducing dispersed metal-containing waste into the sintering charge is
limited and the mass of the incandescent metal-containing waste is expanding every year.

Analyzing new theoretical propositions [2] and the organization of the processes of mini production
of iron and steel [3-5], one may come to the conclusion that the last word of science is related not only to
the existing principle of the preparation of the agglomerated oxide raw material and its reducing melting,
but a new principle of preparation of disperse metal-containing raw materials and its reduction-smelting
processing.

Such an approach opens the prospect of not only the full use of current and accumulated waste, but
also the direct production of high-quality steels and alloys from them.

The principle of agglomerated oxide raw material (agglomerate, pellets) preparation is based mainly
on the use of HRG as a reducing agent, which requires high gas permeability of the burden layer. The very
organization of the reduction processes in countercurrent of the agglomerated charge column and HRG
from the position of the process kinetics has a number of significant drawbacks. The commonly advertised
adsorption-catalytic mechanism (ACM) [6] is not a determining factor in the realization of metal
reduction. On the contact surface between the agglomerated raw material and HRG, the metal reduction
mechanism is associated with a topochemical mass transfer regime [7], by the successive phase transfor-
mation of the oxides into a metallic state from the surface to the center of the pieces. Such a sequence of
the process is limited by the slowest contact-diffusion mechanism.

In the processes of metallization of dispersed metal-containing waste, HRG cannot be used as a redu-
cing agent. The most effective reducing agent is solid carbon, which does not require gas permeability of
the layer, while at the same time provides a high rate of reaction depending on the value of the RSC
coefficient (reaction-contact surface). The value of the RSC in the 1,0 mm thick dispersible waste layers
reaches up to 20,000 m*/kg, and below 1,0 mm can reach up to 30,000 m*/kg.

Conditions for the realization of direct reduction of metals is, first of all, the uniform distribution of a
carbon-containing reagent of a similar reaction in a layer of dispersed oxide waste. Based on this principle
of charge preparation, experimental studies were carried out.

Experimental procedure.In the experimental studies, metal-containing and carbon-containing
industrial wastes - converter sludge and coal sludge chemical compositions of which are presented in tab-
le 1 from the JSC “ArcelorMittal Temirtau” metallurgical enterprise were used.

It can be seen from the composition of the initial slimes that the content of the basic CaO oxide is
almost 4-times higher than the concentration of acid oxides (SiO,+Al,O;) in fluxes. Hence it can be seen
that phosphorus and sulfur with concentration of 0,5 and 0,2% are in the form of chemical compounds of
Ca;3(POy4), and CaS, respectively. Coal sludge also contains rather high concentration of slag-forming
oxides - SIOZI/I A1203.

Table 1 — Chemical composition of initial components

Chemical composition, %
Name
of components Feen | FeO | MnO | SiO, | ALO; | CaO | MgO S P C
Converter sludge 60,3 12,5 1,75 2,54 3,25 22,0 2,32 0,20 0,50 2,65
Coal sludge - - - 18,2 7,65 2,32 0,72 0,18 0,05 52,3
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Therefore, the initial sludge was pretreated to remove a part of the slag-forming gangue. Both sludges
were enriched: converter sludge - by magnetic separation, and coal sludge - by gravity concentration.

In the dry coal sludge the specific weight of slag-forming oxide particles (SiO,, Al,0;, CaO, MgO) is,
on average, five times greater than the specific mass of solid carbon particles. Within respective limits,
their hovering velocities vary, i.e. particles removal rate. These variations were used for separation in
the wind tube, which was charged with dry coal sludge and the layer was purged with air at a rate of 5,0-
6,0 m/s, which corresponds to fine carbon particles hovering velocity. Smaller and lighter particles are
blown through a special vent and enters the second container - dust collector. The trapped dust mainly
contained carbon particles.

The compositions of enriched converter and coal sludges are presented in table 2.

Table 2 — Chemical composition of processed converter and coal sludges

Chemical composition, %
Name
of components Fewn | FeO | MnO | SiO, | ALO; | CaO | Mg S p C
Converter sludge 71,25 14,75 1,93 1,51 1,92 12,75 1,33 0,02 0,12 2,95
Coal sludge - - - 6,36 2,87 0,87 0,27 0,06 0,02 65,74

As can be seen from the results of the analysis presented in table 2, rather qualitative components -
iron ore concentrate with high iron content and a carbonaceous reagent with a carbon content of 65% were
obtained from the initial converter and coal sludges. Only phosphorus content in the concentrate is much
higher than the allowable rate. However, it should be stipulated that high concentration of basic CaO oxide
in converter sludge is associated with the technology of dephosphorization of pig iron in an oxygen con-
verter in which oxidized phosphorus P,Os is bound by calcium oxide according to the following reactions:

2[P]+2,50, = P,0s (1)
P205 +3CaO = Ca3(PO4)2 (2)

As can be seen, phosphorus dissolved in the cast iron, oxidized in P,Os by reaction (1), binds firmly
to calcium phosphate by reaction (2). Considering the high chemical strength of Caz(PO,),, in the organi-
zation of subsequent reduction and smelting processes, it is advisable to regulate the temperature-heat
regime of phosphorus reduction. Based on this formulation of tasks, the following sequence of organiza-
tion of the process was adopted.

1. Preparation of ore-coal mixture from converter and coal sludges.

2. Obtaining ore-coal pellets from the fine ore-coal mixture.

3. Metallization of ore-coal pellets.

4. Reduction smelting of metallized pellets and obtaining nature-alloyed steel.

Since solid carbon is used as the reducing agent, when preparing the ore, the coal mixture is based on
the principle of complete reduction of the useful extractable metals of iron and manganese. Therefore, the
stoichiometric consumption of the prepared coal sludge per unit of iron ore concentrate was determined
according to the developed procedure, taking into account the successive phase transformation of oxides
[8]. As a result of the performed calculations, the consumption of coal cuttings per unit of concentrate in
the amount of 0,265 kg/kg was obtained. The ore-coal mixture consisted of the amount of prepared con-
verter and coal sludges in the amount of 140,265 = 1,265 kg. The resulting dispersed ore-coal mixture was
thoroughly mixed, then ore-carbon pellets were obtained from the pellet granulator. An aqueous solution
of nitrocellulose varnish was used as a binder. Mixing of converter and coal sludges inevitably leads to a
change in the chemical composition of the mixture, in which the mass fraction of ore and coal parts was
determined from the ratio y,=1,0:1,265=0,79 and y,= 0,265 : 1,265 = 0,21. Based on these mass ratios, the
average chemical composition of the mixture was determined, which is presented in Table 3.

Obtained crude pellets with fraction of 8,0-20,0 mm after drying at 400°C have acquired sufficient
strength and have been prepared for metallization.

— 34 ——
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Since the pellets contain an increased concentration of phosphorus and a stoichiometric amount of
carbon in choosing the temperature regime, not only the direct reduction of metals by carbon was taken
into account, but also the possibility of limiting the transition of phosphorus to the metal. Here the favo-
rable effect is due to the fact that phosphorus is completely in the compounds of calcium phosphate, from
which it begins to recover only at temperatures above 1200 °C. Therefore, the metallization process was
limited to heating to 1000-1100 °C.

The dried pellets with a mass of 200 g were placed in a sealed cell made of a quartz tube with a
diameter ¥40 mm and introduced into the tubular furnace SUOL-044 12-M2, preheated to 550 °C, then
heated at a rate of 10 °C/min. At 650 °C, the beginning of expelling of the gas - the reaction products of
CO and CO, was recorded. When temperature reached 1100-1120 °C, a time delay of 25-30 minutes was
observed until the gas expelling ceased, which meant the completion of the direct reduction of metals.

The chemical composition of ore-coal and metallized pellets is presented in table 3.

Table 3 — Chemical composition of ore-coal and metallized pellets

Chemical composition, %

Name of pellets

Feeom | Feme | FEO | Mn | SiO, | ALO; | CaO | MgO S P C
Ore-coal 5629 | -~ | 11,65 | 1,18 | 2,63 | 2,12 | 1025 | 1,107 | 0,036 | 0,10 | 16,13
Metallized 86,6 | 84,0 | 3,34 | 1,81 | 405 | 326 | 1577 | 1,70 | 0,04 | 0,154 | 2,15

Samples of metallized materials together with the cell were removed from the furnace, cooled and
further reloaded into a refractory crucible and installed in a "Tamman" melting furnace. The furnace was
heated at a rate of 15-20 °C/min. In order to avoid secondary oxidation of the metallized pellets, the sur-
face of the crucible was blown with neutral gas - argon. When the temperature reached 1600 °C, the
pellets were completely transferred to the melt, which was drained into a refractory baking sheet.

The yield of metal was 68,0 g. from the initial 200 g. of ore-coal pelletized pellets. Analysis of metals
obtained from two runs is provided in table 4.

Table 4 — Chemical composition of samples of molten metal

Metal Chemical composition, %
samples [Mn] (€] [sil [S] [P]
Test Ne 1 1,20 0,57 0,15 0,02 0,028
Test Ne 2 1,25 0,62 0,12 0,025 0,030

As can be seen from the results of the analysis, melted samples of metal are nature-alloyed steels. The
content of contaminants - sulfur and phosphorus meets the technical requirements of high-quality steel.

Conclusion. On the basis of metal-containing and carbon-containing sludge of JSC "ArcelorMittal
Temirtau", ore pelletized pellets with stoichiometric carbon content are obtained. Sequential processing of
drying, metallization and reduction smelting made it possible to obtain in the final stage metal ingots,
which in composition correspond to high-quality steel.
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KYPAMBIHJA METAJIJI BAP OHEPKOCIITIK KAJIABIKTAPIbI
PEAYKIUAJAII BAJIKBITY

Annoranus. KypambiHma metamn Oap KauIbIKTapIblH JKHHAKTATYBl OYTiHTI TaHZAa TEK OHIpIEpIiH 3KOJO-
THSUTBIK KayiNci3/iri Mocesneci FaHa eMec, COHal-aK YHePTUsl MEH pecypcrapbl YHEM/IEY CasCaThIH eCelKe ajla OThI-
pBII, Kapa MeTaJUlyprusi cajlachl AaMybIHBIH jKaHa IapagurMacbiHa (Tikenedl TeMip eHaipici) OaiiaHbICThI OOJTYBI
KepeK.

KymbicTeiH MakcaThl: «ApceopMurran Temipray» AK MeTaruryprusuiblk KOMOMHATBIHBIH KYPaMbIHAa METaLT
Oap >xoHe KeMipTeri 6ap KajIbIKTap — KOHBEPTEPIIiK 1IUIaM MeH KeMipii OaifbITy Nu1aMIapbiH Nnaijanany.

[TpouecTi ybIMAACTBIPY KE3EKTUIIT MbIHaaal: 1) KOHBEpTEp JKoHE KOMIp HIJIaMAapbiHaH KeH 1 KeMipJli Kocma-
HBI JalibIH/ay; 2) ycak KeH KeMipili KocnaJaH KeH KeMipJli OKaThIIITep aly; 3) KeH KOMipili OKaTBIITEepIi METaIH-
3anysiiay; 4) MeTaJiaHFaH OKaThIIITEPl peayKIHsIan-0alIKbITy )KaHE JIETipJIeHreH Ooar aiy.

TOTBIKCHI3AAHIBIPFHIII peareHT PETiHae KaTThl KOMipTeri KaObUTTaHFaH-IbIKTaH, KeH KOMIipI KOCIIaHbI TaibIH-
Jay Ke3iHjge TeMip MeH MapraHell METAIJapblHAH allbIHFaH MaiIaiblIapbl TONBIK TOTHIKCHI3AaHIBIPY IPHHIMIIHE
cyiienemi3. COHABIKTAaH OKCUITEPIiH PETTIK-(a3anblK TYPICHYIH eCKepyMEH d3ipJICHTEH oficTeMe OOMBIHIIA TeMip
pyZassl KOHLEHTpAT OipiiriHe NalblHIanFaH KeMip HIUIAMBIHBIH CTEXHOMETPHSUIBIK IIBIFBIHBI aHBIKTangbl. Ecemn-
Teynepai opbiHaay Hotikecinae 0,265 Kr/kr Mesiiepinae KOHIEHTPAT OipIliriHe KeTeTiH KOMIp IUIaMbIHBIH MOJIIiie-
pi anbiHBl. Kemip keHai Kocra KOHBEPTEPIIiK )KoHE KOMip HITaMIapbIHBIH COMachbIHaH KYPaJabl.

«ApcenopMutran Temipray» AK sxarnalibIHaarbl KypambIHia METall 0ap »aoHe KeMmipTeri Oap 11aMaapbIHbIH
HeTi3iH/Ie KOMIPTETiHIH CTEXMOMETPIIIK KypaMbIMEH KOMIpJIi OKaThIITEep AaiibIHAay YilbIMIacTeIpbuLabl. Onapabl pe-
TIMEH OHJIey, KEeNTipy, MEeTAIaH/bIpy KOHE PEAYKIMsIAN-0aKbITY COHBIH/A callalibl 00JaTThIH KypaMbIHa ColiKec
KEJIEeTIH MeTaJll KYHMachIH aryFa MYMKIHIIUIIK Oepe/i.

Tyiiin ce3mep: KypamblHIamMeTau 0ap KaJabIKTap, KOHBEPTEPIIK HUIaM, KOMip [UIaMbl, MeTanay, OKaThIll,
6ounaT, kemipreri, pocdop, penykuusiay, OaJIKbITY, KPHCTAIIAHY.

C. M. Taeyra6ymnos', /I. K. Poikonkos?,
H. B. Aiit6aes’, I'. M. Koiimmuna', E. Ke6eren®, I'. . Cyaramypat’

'Kazaxckuit HalMOHAJILHBIN HcCieoBaTeNbckuil Texunueckui yuusepeuteT uM. K. . Catnaesa
(CarmaeB Yuusepcuret), Anmartsl, Kazaxcras,
HanuoHanbHBIH HCCIIEN0BATENBCKHMN TEXHOIOTHYECKHUI yausepcureT (MUCuC), Mocksa, Poccus,
*KaparasMHCKHil rOCY1apCTBEHHBIH TeXHUYeCKHil yHuBepcuTeT, Kaparanna, Kasaxcran

BOCCTAHOBUTEJIbHAS IIVIABKA
METAJIJIOCOAEPKAIIUX ITPOMBIIIVIEHHBIX OTXO/J0OB

AHHoTanusi. HakomnneHne MetauicoepKaliux OTXOA0B CETOAHS ABJISIETCS NMPOOIEMON HE TOJNBKO 3KOJIOTH-
4eCKOH 0E30I1aCHOCTH PErMOHOB, HO U JIOJDKHO OBITH CBSI3aHO C HOBOM MapaJurMON pa3BUTHSI YEPHOU METAJLTYprUuu
(npsiMoe nosyueHue Kele3a) C y4eTOM HOJMTHKU 3HEPTo- U PecypcocOepesKeH sl TEXHOIOT Ui,

Ilens paGoOTHI: MCIOIB30BATh METAJUIOCOAEPIKAILNE U YITIEPOACOAEPIKAIE [IPOMBIIUICHHBIE OTXOABI METall-
nyprudeckoro komorHata AO «ApcenopMurran Temupray» - KOHBEPTEPHBIN [IUIAM U [IUIAM yTII€000T allieHHs.

[NocnenoBareIbHOCTH OpraHU3aLMK ITPOLIECCa COCTOUT U3: 1) MOATOTOBKA PYIOYTOJILHOM CMecH U3 KOHBEPTEp-
HOTO M YTOJIbHOTO IIUTAMOB; 2) MOJIyYeHNE PYAOYTOJIBHBIX OKAaThIIIeH M3 MEJIKHH pYyJ0 YrojbHOW cMecH; 3) MeTai-
JM3anusl PyNOYTOJBHBIX OKAaTHIMEH; 4) BOCCTAaHOBHTENbHASA IUIaBKa METAIM30BAaHHBIX OKATHIMICH W ITOIy4YEHHE
MIPUPOAOJIETUPOBAHHON CTaH.

B kauecTBe BOCCTaHOBUTEIBHOTO peareHTa MPHUHAT TBEP/BIN YIIepo, IPH MOATOTOBKE PYyJI0 YTOJBHOH cMecH
WCXOJVUM U3 MPUHINIA TTOJHOTO BOCCTAHOBJICHHS IIOJIE3HBIX M3BJIEKAEMBIX METAJUIOB Kele3a 1 Maprasia. [loatomy
ObUI ONpeNeNeH CTEXMOMETPHUYECKHH Pacxol MOATOTOBIEHHOTO YTOJIBHOTO IIIaMa Ha €AWHHMILY JKEJIE30PYAHOTrO
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KOHIIEHTpATa MO pa3pabdoTaHHON METOMUKE C YYeTOM MOCIEA0BaTeIbHO-(Da30BOro mpeBpalieHus OKCUIoB. B pe-
3yJIbTATE BBIIOJIHEHHBIX PACUYETOB IMOJYYEH PAcXoji YrOJbHOTO IUIaMa HAa CMHUIY KOHICHTpaTa B KOJIUYECTBE
0,265 kr/kr. PynoyrosibHasi CMECh COCTOSIIIA U3 CyMMbI TIOATOTOBJICHHBIX KOHBEPTEPHBIX U YTOJIbHBIX [IUIAMOB.

Ha 0aze metamicomep:kaonmx u yriepoacoaepxarommx nuamoB AO «ApcenopMurran Temupray» opranu-
30BaHa MOATOTOBKA PYIOYTOJIbHBIX OKATHILIEH CO CTEXHOMETPHYECKUM CojiepKaHieM yriepoja. [locnenoBarenbHas
00paboTKa CyllKa, METaIM3alusl U BOCCTAHOBHUTENIbHAS IUIABKA MO3BOJIMIIA MOJYYUTh HA 3aBepliarolieil cTaaun
CJIUTKU METajlia, KOTOPBIC [0 COCTaBy COOTBETCTBYIOT KAYECTBEHHOM CTaIIH.

KiroueBble c1oBa: METaUICOACPKALIUM OTXOA, KOHBEPTEPHBIM IJIaM, YTONBHBIM IITaM, MeTaJUIM3alus,
OKaThlIllI, CTaJlb, yriepos, Gpochop, BoccTaHOBICHUE, TIaBKa, KPUCTAIITH3ALIMSL.
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THE GEANT4 SIMULATION
OF AN ELECTRON-PHOTON AVALANCHE DEVELOPMENT
IN THUNDERCLOUD ATMOSPHERE

Abstract. On the basis of Geant4 toolkit we created a special program for simulation of the electron-photon
avalanche development in a large-size atmospheric electrical fieldunder typical environmental conditions of the
Tien-Shan mountain cosmic ray station. This code is especially aimedat planning and analysis of experimental results
obtained in the frames of thunderstorm investigation program Groza.

The main simulation predictions concerning the electromagnetic components of avalanche: relative abundance
of the electron and gamma ray components (30:1), their energy spectra (approximately, a power law shape with
differential index -1.5-2 in the range of 30-10000 keV), and the anisotropy of their angular distributions occur in a
good agreement with the results of theoretical and experimental studies which have been made so far under mountain
conditions. The predicted value of the gamma ray ox which is of the order of 10°cm?2 at observation level also corres-
pond reasonably well to direct measurements made at Tien - Shan station. These agreements confirm the adequacy of
the used simulation model to real thunderstorm events.

At the same time, the predicted ox of avalanche neutrons seems to be an order of magnitude underestimated in
comparison with data of corresponding experimental measurements; such a rough discrepancy can be an evidence of
the existence of some effectivemechanism of neutron generation in natural atmospheric discharges, besides the fully
electromagnetic photo-nuclear and electron-nuclear interactions which have been applied in simulation.We discuss
the requirements to design of experimental set — ups appropriate for study of thunderstorm connected radiations at
mountain height which follow from presented simulation.

Keywords: thunderstorm, lightning, atmospheric electricity, runaway breakdown, Geant4.

Introduction. An investigation of the processes of atmospheric electric discharge in thunderclouds
(lightnings), and of the role of cosmic rays in discharge initiation is held at the Tien Shan mountain
cosmic ray station during two last decades. The complex experimental installation Groza (i.e.
"Thunderstorm") which has been created especially for this purpose gives a possibility of simultaneous
registration of various types of energetic radiations generated at the time of discharge: the X-ray and
gamma radiation [1 - 3], accelerated electrons [4, 5], the 0.1-30 MHz and 250 MHz radio emission [6-8].
A separate task is registration of the extensive air showers being born in thunderstorm atmosphere by
energetic cosmic ray particles, and the study of their role in the initiation of lightning discharge [5, 9, 10].
Another open question which remains so far unclear is connected with multiple observations of neutron
signal probably associated with lightning discharge, which have been made both at Tien Shan [11, 12],
and reported in publications of other groups [13-18].
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Specificfeature of the Groza experimental complex is its mountain location just at the height of
thunderclouds, so at thunderstorm times its detectors frequently occur being immersed immediately inside
the lower part of active zone of the cloud where intensive electric field is present, and acceleration of
charged particles have its place. Hence, for analysis of the data gained in this experiment, it is convenient
to use the theoretical information concerning expected behavior of the charged particles ow within the
range of a large scale atmospheric electric field. Such information could be obtained by the means of
Monte-Carlo simulation of discharge development in a media which corresponds to characteristic con-
ditions of Tien Shan experiment: the height of detector disposition between 3-4 km above the sea level,
the spatial size of electric field region of the order of some kilometers, a rather low energy threshold of the
used particle detectors (the thresholds about 30-50 keV for gamma-radiation, 1-3 MeV for electrons, and
of the order of thermal energy for the neutrons aretypical for Groza experiment). Also, it is desirable to
use a possibly complete set of existing particle models with precise account for interaction physics in a
wide range of particle energies: from some hundreds of eV for secondary avalanche electrons, and up to
some GeV for initial cosmic ray particles. These demands are met successfully by the modern program
toolkit Geant4 [19] which is commonly used for simulation of particle interaction by analysis of the
results of high energy physics and cosmic ray experiments in the leading centers of modern particle
research: CERN, FERMILAB, IceCube, Auger installation etc.

The subject of present paper is the development of a proper Geant4 model for simulation of the
particle avalanche behavior in thundercloud atmosphere, and the testing of its predictions in comparison
with known theoretical and experimental data on thunderstorm generated particles axes. Later on, the
simulations of this kind are intended for using in quantitative analysis of experimental data and in
planning of appropriate detector design, in particular for the Tien Shan complex installation Groza, and
can be useful in realization of other similar experiments.

Simulation model. Especially for the analysis of the data of Groza experiment, a simulation model
was built on the basis of Geant4 toolkit which takes into account typical characteristics of as it is shown in
figure 1, the spatial region to trace the particle trajectories in is a 5x5x5 km® cube, and its geometrical
center is accepted as an origin of the general coordinate system, with Z axis being directed "vertically" to
the top side of considered volume. The whole space is supposed to be filled by the air with standard gas
composition (75.5 mass percent of N, 23.2% O, 1.28% Arand 0.01% C). The air pressure and temperature
at "bottom" side of model volume are set to 675 mbar and 10°C correspondingly, in agreement with ave-
rage atmospheric conditions at the altitude of Tien Shan station, and with elevation h above this level both
the pressure and air density diminish exponentially (~exp(-h/Hg)) with characteristic scale height
H, = 8,4 km. The temperature decrease with altitude is accepted to be linear with the rate of 6°C/km. of the
local Tien Shan environment.

According to common views, the key role in generationof electric eld in thunderclouds must play the
convection mechanism of charge separation driven by the Farth'sgravitation [20], which generally acts in
vertical direction.Correspondingly, in considered model it is set a uniformelectricfield £ within a 1.5 km®
km high vertical cylinder with its direction parallel to axis, to ensure downward acceleration of the
negatively charged particles (electrons). This supposition agrees with modern data on existence of the
lower positively charged region in thundercloud structure [21]. The geometric center of cylindrical field
region coincides with the center of enclosing cube.Hence, the bottom side of the model cubic space
corresponds to observation level of Groza experiment, andl km above it occurs the lower border of the
electricfieldregion, like a situation commonly met in real thunderstorm events. The value of the field
strength ¢ was kept constantin each simulation run, and have been varied between 0.5-2.0 kV/m in
different calculation series (more on this seebelow in section 3).

As one of the reasons which could trigger an electricdischarge within thundercloud it is often
considered thepresence of charged seed particles in atmosphere, in particular electrons of extensive air
showers (EAS) which areborn abundantly by the 10'*-10'® eV primary cosmic raysnuclei [22, 23].
Following to this mechanism, in each simulation series the seed electrons with fixed energy wereplaced
just in the center point of considered model volume, and the directions of their initial momentum
wererandomly spread inside the 4m solid angle (since the real EAS particles can y into thundercloud
internals from anyside).A number of simulations was made with primary energy varied in the limits of
100-1000 MeV since these are the energies which are typical for the most part of EASelectrons. The
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Figure 1 —Geometry of the Geant4 simulation model.
It is supposed that the "bottom" side of model volume sits at the altitude of Tien Shan mountain station
(3.4 km above the sea level)

subsequent history of the seed particles soas of all succeeding avalanche products was traced in every
simulation run: the energy, momentum direction, 3D-coordinates of the start and final track point, and
arrivaltime to the end of trajectory (counted since the momentof primary interaction) were kept for each
product particlefor further analysis.

The set of Geant4 physical models included insimulation involves the common processes of electro-
magnetic physics: the bremsstrahlung, multiplescattering, and ionization losses for electrons; thephoto-,
and Compton-effects, and pair productionfor gamma-radiation; and the positron annihilation (correspon-
dingly, the modules G4eBremsstrahlung, G4eMultipleScattering, G4elonisation, G4PhotoElectricEffect,
G4ComptonScattering, G4GammaConversion, G4eplusAnnihilation of theGeant4 toolkit [24, 25]).
Electromagnetic interactions ofany charged hadrons were taken into account throughcorresponding model
processes G4hMultipleScattering andG4hlonisation.

Since the presence of low-energy charged particles whichcould be accelerated by the fieldis essential
for the taskwe are interested in, the trajectories of both electrons andgamma-quanta were traced until their
kinetic energy fallsdown a rather low threshold of 100 eV (due to ionizationlosses and photoelectric effect
correspondingly). At thesame time, in the output set of resulting simulation datafor further analysis (e.g. to
make a deposit into distributions presented below) were included only the particleswhich had the energy
above 30 keV in point of theirtrajectory, in accordance with lower registration limit ofsome tens of keV
which is typical for Groza detector complex.

The possibility of neutron production inside the developing electron-photon avalanche was ensured
by the means of photo- and electronuclear reaction models from the standard Geant4 distribution
(G4GammaNuclearReaction, G4ElectroNuclearReaction). Specific feature of neutron secondaries is
chaotic trajectories resulting from a series of elastic collisions with nuclei of surrounding matter. Since we
are interested in distribution of various characteristics of avalanche productsat a number of fixed distances
from the active zone of thundercloud, every neutron born in simulated avalanche was traced completely
along its trajectory through all intermediate elastic interactions, and in the final dataset wereincluded only
its characteristics (the energy, momentumdirection, etc) which happened to be in the most distant points
from the center of model thundercloud” volume (but which can occur being not a final point of the
wholetrack). The simulation module for neutron physics takesinto account the Geant4 models of elastic
coincidences inthe range from thermal and intermediate energies (~10°—4 eV, G4NeutronHPThermal
Scattering) to the high neutron energies (4 eV-20 MeV, G4Neutron HPElastic), andfurther on up to some
GeV (G4LElastic). Correspondingly, the inelastic neutron interactions are presented bythe low-
(~10%eV-20MeV, G4NeutronHPInelastic) andhigh-energy (20 MeV—5 GeV, G4BinaryCascade) reaction
models. Besides, the low- and high-energy neutron capture models (G4NeutronHPCapture and
G4LCapture) aretaken into account.

— 4) ——
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Figure 2 — The probability of an electron-photon avalanche generation in dependence on initial energy
of the seed particle E, and the strength of electric field E (varied from 0.75 up to 1.5 kV/cm)

The necessity to consider rather high energy of theorder of some GeV in present simulation is stipu-
lated bythe need to take into account the product particles of thehigh energy cosmic ray interactions.

For protons, anti-protons, and charged pionstogetherwith analogous processes of elastic and inelastic
hadronicinteractions the models of multiple scattering and ionization losses are considered (for negative
pions-alsothe process of their nuclear capture at rest, and for antiprotons, the annihilation process).
Interaction sets ofall unstable particles include the process of their decay(G4Decay).

Simulation results. Generation probability of a discharge avalanche. The conditions of effective
avalanche generation in thunderstorm atmosphere are the subject of a number of theoretical papers
concerning the theory of runaway breakdown mechanism [26-28] which is connected with energetic
electrons from the tail of thermal energy distribution and seems now to be one of the leading probable
hypothesis on the development of electric discharge in thunderclouds.The main conclusions which follow
from this theory are the following: (1) the development of an electron-photon avalanche is possible in the
field € with the strength above some critical value g., which is about 2.0—2.2 kV/cm at the sea level, and
for the heights of the Tien Shan detector complex €. = 1.3—1.4 kV/cm; (2) some charged seed particles
must be presented within the filed region, e.g. the fast electrons from cosmic ray interaction with typical
energy E > m.c’e./2e (which corresponds to condition of E > 200 — 500 keV for a near-critical field); (3)
the characteristic spatial size of the field region must exceed the typical length of exponential avalanche
development (about 100 m). The geometry of considered simulation model does satisfy all these demands.

In present simulation, the probability of an electron-photon avalanche was defined as a relation of the
events with multiple generations of secondary product particlesto the total number of simulated events. As
a sign ofavalanche development the threshold condition N, > 10000 was applied, where Ny, is the sum
number of secondary particles with the energy above 100 eV born in successive interactions of primary
electron; as preliminarysimulations have shown, in the absence of field this condition gives a correct
(zero) probability of avalanche generation excluding from the count d-electrons and the particlesof usual
low-energy electron-photon cascades.The resulting distributions of the avalanche generationprobabilityare
presented in figure 2 in dependenceonthe strength of electric field € and the energy of primaryparticleg,. It
is seen that the probability of avalanche appearance depends strongly both on the energy of the seed
particle and on the tension of electric fielde.

This probability starts to be noticeable (>10% of the total number ofsimulated events) by the strength
of model field E ~1.2-1.5 kV/cm, just about the value of critical field e.atwhich the discharge development
do occur at the altitude of Tien-Shan station due to the runaway breakdown mechanism (according to [28],
g~ 1.0 kV/cm for the height position of the model “cloud” center, e.~ 1.2 kV/cm atits lower border, and
€~1.4 kV/cm at the altitude ofTien Shan station). On the other hand, the test simulation runs have shown
that any attempts to increase the model field above 1.5 kV/cm lead to exponential growth of the
multiplicity of secondary products even with the seed particle energy g, below 1 MeV, which means an
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excess of the g, threshold and transition into overcritical regime. Such an almost quantitative coincidence
can confirm the principal correctness of the used simulation model.

Since it is well known that in real thunderstorm clouds the field values £>¢. were never observed [29,
30] all simulation results presented below were obtained in the runs with a fixed tension of the model
electric fielde = 1.5 keV/cm.

Electromagnetic components of avalanche.The spatial and energy particle distributions in discharge
avalanche was studied through building the energy spectra of generated secondary particles at different
distances d from the center of the field region. Since in accepted simulation model this center coincides

with the origin of coordinate system, the distance was defined as d =VX?2 + Y2 + Z2, where the coor-
dinates (X, y, z) correspond to the end of simulated particle track.The resulting energy spectra for electron
and gammaray avalanche components are presented in two plots on the top of figure 3. The spectra are
shown separately for various ranges of distance d which correspond both to inside of the spatial region of
electric field: d = 0.75-1 km (curves 1), d = 1.25-1.5 km (2), d=1.5-1.75 km (3); and the space outof the
field: d=2.0-2.25 km (4) d =2.5-2.75 km (5), d=2.75-3 km (6), d=3.25-3.5 km (7).

A characteristic feature of figure 3 spectra is the fast decrease of their intensity at the boundary of
electric field: just at the 2 km distance from center point theparticle intensity is an order of magnitude
below its average value within the field region, and at the distance~2.5 km (which corresponds to
observation level in considered simulation model) it is up to 100-300 times lowerthan in the field center.
Hence, a practical conclusion canbe drawn that for effective registration of the high-energyelectromag-
netic components of a discharge avalanche it isextremely desirable to place the detector system just inside
the spatial region of particle acceleration i.e. at apossibly high altitude above the sea level, just within
thethundercloud region.

Analogous conclusion on rapid recession of the particledensityhas been made in theoretical work [28]
where the equations of kinetic theory were applied to study of therunaway breakdown effect. Also, the fast
absorption ofgamma-radiation emitted by lightning discharges was immediately observed at Tien Shan
installation with a set ofsynchronously operating gamma-detectors distributed in a wide range (~500 m) of
altitudes over a mountain slope [2, 3].

For comparison with situation of the real thunderstormevents, the energy spectra of some transient
radiationbursts which have been registered experimentally in the moments of close lightning discharge at
Tien Shan areshown on the top plots of figure 3 with triangle-shapedmarkers. In these measurements, the
gamma-rays wereregistered with a scintillation detector based on a cylindrical Nal crystal, 110 mm in
diameter and 110 mm in the height, which has been equipped with a number ofthreshold counter schemes
to select scintillation pulses indifferent amplitude ranges, while the electron spectra wereobtained with a
multi-layer absorption spectrometer ona set of ionization counters.

The registration system of signal intensity in these measurements was strictly synchronized with the
moment of atmospheric discharge by aradio-pulse from the lightning and operated with a 160 ustime
resolution, so the pulses of transient radiation wereseen distinctly around the discharge moment, and their
relative excess above the background count level can becalculated. A more detailed description of the Tien
Shandetector system and the current experimental setups canbe found in [31].

In the two upper plots of figure3 it is seen a rather satisfactory agreement both in general form and
slope between the simulated and experimental spectra.The expected angular and time distributions of the
electron and gamma ray intensity are presented in the middle panels of figure 3. Zenith angle of particle

arrival at a distinct distance d by simulation was calculated asb = arcos(z/d = VX? + Y2 + Z?2), where the
(%, y, z) coordinates relate to the final point of particle trajectory. Since in accepted simulation geometry
the electric fieldis supposed to be directed along the Z axis, the angle 6 =180° corresponds to acceleration
direction of the negatively charged particles.

It is seen that angular distributions have an asymmetricshape which is strongly elongated in
backwardhemisphere,i.e. along the acceleration direction of electrons. Such a concentration means that the
scattering processes do notplay any significant role, and the most part of electron andgamma radiations
keep the direction distribution formedinside the acceleration area until the distance up to somekilometres.
Similar anisotropy for distribution of gamma radiation has been obtained also in [28] on the basis ofkinetic
theory, and in a study of the behaviour of highenergy charged particles in a strong atmospheric
electricfield made with the use of CORSIKA simulation package[32].

— 4y ——
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Figure 3 — The simulation results concerning electromagnetic avalanche components. Top plots: differential energy spectra
of the electrons (top left) and gamma-ray quanta (top right) obtained in simulation and seen both in- (curves 1-3) and
outside (curves 4-7) of electric field region (see text); with separate triangle marks are shown the spectra of real radiation bursts
registered experimentally by close lightning discharges [31]. The middle and bottom plots: the angular and time distributions
of the intensity of avalanche electrons (left), and gamma rays (right); the curve numbers and distance intervals in these plots
are the same as for corresponding energy spectra. Error bars correspond to statistical errors of either Monte Carlo simulation
or experimental data points

Two distributions in bottom plots of figure 3presentthe time delay between the beginning of ava-
lanche development and arrival of corresponding radiation particles tothe points placed at the distance d
from the center of thefield region. At observation level (d~2-3 km) both distributions have a prominent
maximum in the region of 10-30 ps, in agreement with characteristic spike-like recordsof the gamma
radiation signal which have been repeatedlyregistered in Tien - Shan experiments [2, 3, 8] held with al100-
200 ps time resolution. This result means that the requirement of a precise timing analysis of signal
intensitywith a better resolution time of the order of some microseconds is essentially desirable by design
of experimental setups aimed to the investigation of thunderstorm connected radiations.
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Figure 4 — The simulation results concerning the neutron component.
From top to bottom: the differential energy spectra of avalanche neutrons both within and out the region of electric field;
the angular and time distributions of the neutrons born
by avalanche curves 1 in both plots correspond to the distance range d=0.5-1.0 km from the field center,
(curves 2 to the range 1.0-1.5 km, 3 - to 1.5-2.0 km, 4 - to 2.0-2.5 km,
5-102.5-3.0 km, 6 - to 3.0-3.5 km, and 7 - to 3.5-4.0 km)

Besides electrons, the trajectories of positron typeavalanche products were traced in simulation as
well, andcorresponding energy spectra, zenith angle, and time distributions were obtained analogously to
the case of electron particles. The shape of all these distributions is quite similar to the shape of electron
ones, but relative intensityof positron component is 2.5-3 orders of magnitude lower. Fromthis one can
state that the positively charged particles do not play any significant role in formation of signaldetectable
in installations of Groza experiment.

Generally, a rather satisfactory agreement achieved between the computation, experimental, and
theoretic results on the electromagnetic avalanche components can beconsidered as an ample correctness
proof of presented simulation.

The neutron component.In the upper plot of figure 4theenergy spectra of the neutrons born by
avalanche development are shown which have been calculated over thevarious distance ranges from the
center of electric field. Incontrast to the case of gamma ray and electrons, the differential energy spectra of
neutron component demonstratetheir practical independence on the distance; all of themhave the same
power law shape with differential index y =-0.92, and the close absolute intensity. Hence, a noticeab-
leneutron signal could be expected at a rather significant distance, up to 2-3 km from discharge region;
and the lowenergy neutrons must absolutely prevail among this signal:it is seen that the intensity of ther-
mal neutrons is up to~10°imes above its value in the MeV energy range.The angular distribution of the
neutron type products in simulated avalanche is shown on the middle plot of figure 4.This distribution is
much more isotropic than in the caseofelectromagnetic component, and both within the fieldregion
(curves 1,2,3) and at a rather significant distancefrom it (curves 4,5) it is practically uniform in a wide
range of zenith angles.
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Figure 4 — The simulation results concerning the neutron component. From top to bottom: the differential energy spectra
of avalanche neutrons both within and out the region of electric field; the angular and time distributions of the neutrons born
by avalanche curves 1 in both plots correspond to the distance range d=0.5-1.0 km from the field center,
(curves 2 to the range 1.0-1.5 km, 3 - to 1.5-2.0 km, 4 - to 2.0-2.5 km, 5 - to 2.5-3.0 km, 6 - to 3.0-3.5 km, and 7 - to 3.5-4.0 km)

The distribution of the neutron arrival times at differentobservation distances is shown in bottom plot
of figure 4.1t is seen that the maximum of neutron signal is achievedat typical times about 1-10 us after
initiation of discharge avalanche. Up to the times of ~30-50 us the relative decrease of neutron intensity
does not exceed an order ofmagnitude, in contrast to electrons and gamma raywhichtend to disappear
completely at this time. The neutronintensity remains at noticeable level (above 1% of its initial intensity)
until the times of 100-300 ps which is theconsequence of a comparatively long life time of thermal-
neutrons in atmosphere. From this, a practical conclusionfollows that any detector system aimed for
experimentalregistration of neutrons born in an atmospheric discharge must have a considerable collection
time of neutron signals,and the duration of data sampling periods of the order ofsome milliseconds besides
the microsecond scale time resolution are desirable. At present time, these requirementsare satisfied in
detector design accepted in Groza experiment.

It should be stressed that the low time delays <10 usbefore registration of neutron signal at a distance
of somekilometers from discharge region predicted by simulationare direct consequence of the accepted
mechanism of neutron production, where relativistic particles: the gammarays and high energy electrons
play an intermediate role,and can be responsible for the fast neutron origin just invicinity to observation
level. In practice, both the momentary and largely delayed (over a time of millisecond order) signals from
neutron detectors have been registeredin Tien - Shan experiments [12].

Relative composition of discharge avalanche. The figure Spresents distribution of simulated events
over the multiplicity M of different types of secondary product particles generated at avalanche
development. For both electromagnetic componentsMwas calculated as a sum number of,correspondingly,
electrons and gamma ray quanta with theenergy above 30 keV which have been found in simulate-
davalanche, for the neutron component the multiplicity was counted without any energy threshold; all
distributions arenormalized to a total number of generated avalanche events.
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Figure 5 — Probability density functionsofmultiplicity distribution of secondary products
in simulated discharge avalanche

In comparison of distribution maxima positions in figure 5 it is seen that electrons do prevail in the
avalanche,while the relative intensity of gamma ray flux must be 20-30 times lower. Obviously, the
significant abundance difference between electromagnetic components in an avalanche driven by electric
field results from acceleration of low-energy electrons, and this is a specific feature ofthis type of atmo-
spheric cascade which principally differs from the cascades of extensive air showers (EAS) initiatedby
cosmic ray particles, where a dynamic equilibrium constantly exists between both the electron and gamma
raycomponents.

According to figure 5, the multiplicity of neutron signals is quite negligible, about some particles per
a simulateddischarge avalanche. Seemingly, this prediction does contradict to existing observations of
thunderstorm relatedneutron signal in experiments mentioned above within the introduction section. This
discrepancy may be caused by a lack in the used list of physical simulation models ofsome neutron
production channel (besides the photo- electronuclear processes) which is significant in the realevents.

A qualitative estimation of the absolute amount of particles participating in a real atmospheric dis-
charge can bedrawn from following considerations. In the frames of hypothesis of a crucial role which
play the cosmic ray particles of 10'*-10'°¢V EAS in lightning initiation [22, 23]the multiplicity of primary
seed electrons N, which simultaneously can give a start to development of the multitude of partial
avalanches inside the electrically chargedregion of a thundercloud must be of the order of showersize, i.e.
N~10-10%for EAS of the said energies [33],and the great part of these particles must have the energy of
the order of critical energy of the electromagnetic cascade theory (about 80 MeV in the air).According to
figure 2, the particles with the energy of such an order mustgenerate an avalanche practically with 100%
probabilitywhen coming into the region of field with the strength about runaway breakdown threshold £,
so the sum multiplicity of the charged particles participating in dischargemust be of the order of N, % hni,
where hni is the mean particles number in a partial avalanche. The distributions from figure 5 predict the
most probable multiplicities about <ne>~ 2000 — 3000 and <n,>~ 100 correspondingly for electron and
gamma ray components in a partialavalanche initiated by a 100 MeV seed particle. After multiplication,
the sum multiplicity of discharge electrons occurs being about ~10°, and that of the gamma ray quanta
~10®. Analogous estimation for neutron component givesthe value about ~10°. Because of their roughness
and awide scattering of conditions in real thunderstorm events,all these estimations must be taken in the
sense of lowerlimit.

Taking into account the tendency to anisotropy of angular distribution which is specific for
electromagnetic components, and supposing the area of the emitting thundercloud region to be of the
order of 1 km* (i.e. 10'%m?),the total gamma-radiation flux from discharge area can be estimated as
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I=10%10"cm ™= 0.01 cm?, andthis flux as a whole is concentrated spot like in a nearlyvertical direction.
In this case, the number of signalsobtained from a gamma ray sensor of Grozaexperimentwhen detecting a
discharge related radiation flash must be n,~ I - S/e, where S is the detector sensitive area, and € - its
registration efficiency. Taking the typical values as S/e~(300/0.5) cm’[31] the resulting amount of detec-
torpulses 7, must be about 1-10. This is just the case oftypical experimental measurements like [2] and [3]
which have been routinely obtained at Tien Shan station. Hence,in spite of its roughness the result of
present estimation is quite reasonable.

Similar estimations concerning neutron component leadto resulting neutron flux about 10 °cm at
observation level, and to signal multiplicity about 7,~0.1 pulses froma neutron detector (for isotropic
angular distribution of theneutron avalanche component, and for a typical effectivearea of neutron detector
about 1000 cm?). In reality, bythe measurements with enhanced time resolution the number of neutron
signals frequently occurs quite comparablewith that of gamma ray, i.e. of some units or tens of neutron
pulses registered from a single atmospheric discharge[12]. This contradiction may be another sign of
essentialdiscrepancy between the models of neutron generation accepted at simulation procedure and with
what does takeplace in real events.e

Conclusion. The program code for as far as possible complete simulation of the processes of particle
acceleration inside a large-scale atmospheric electric field region was createdinthe frames of Groza expe-
riment. The program is basedontheGeant4 simulation toolkit and takes into account thespecific environ-
mental features of the Tien - Shan mountain station. The simulation results concerning observable para-
meters of the electromagnetic component of particleavalanche agree well with the data both of theoretical
andexperimental studies of avalanche development in atmospheric electric fields. This is an evidence of
adequacyofthe set of physical models put into simulation, and gives the reason for using the described
program code by furtherquantitative analysis of experimental results.

From the practical point of view, the simulation resultsconcerning an extremely anisotropic angular
distributionof the electromagnetic avalanche components, and their limited path by realistic atmospheric
conditions mean thatfor effective registration the active region of a thundercloudmust occur just above,
and as close as possible to detector system. Also, a large scattering must be expected inpractise between
the results obtained even in similar environment at different thunderstorm times. For precise registration
of the time profile of excessive electromagneticradiation from an atmospheric discharge the resolution
ofdata acquisition system must be at least of the microsecond order.

At the same time, the intensity of neutron flux predictedby simulation seems to be significantly below
the existingexperimental data. This can be an indication of eitheran existence in real thunderstorm events
of some unaccounted additional channel of neutron generation, besides the mechanisms of photo- and
electron production whichhave been included into simulation physics list, or thiscan be a sign of an extre-
mely high influence of electromagnetic interference on electronics of neutron detectorsfrom nearby
electric discharges which mask or imitate the real neutron signal.Correspondingly, the design of neutron
detector system for the next measurement seasons atTien - Shan now is greatly modified with special
attentionpaid to its electromagnetic shielding. On the other hand,the very fact of a possibility to exist for
some effective mechanism of neutron generation in natural atmosphericdischarges, besides any inter-
mediate electromagnetic channel, is quite interesting in itself, and this problem remainsopen for further
experimental investigations at Tien—Shanstation.

In spite of low intensityprediction whichresultsof simulation, the registration of neutron signal may
occurmorepreferable at a distance of some kilometers from theactive thundercloud region than that of the
electromagnetic components, due to more uniform angular distribution and prolongedlife time of emitted
neutrons. Becauseof latter circumstance, any data acquisition system usedfor neutron registration must
have a rather long samplinginterval, at least of the order of some tens of millisecondsafter a primary
lightning trigger signal, and a microsecond scale time resolution.
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GEANT4 IPOT'PAMMACBHI HEI'BIHJE KYH KYPKIPEYTE BAMJIAHBICTBI
TYBIHJIAUTBIH JIEKTPOH-®OTOH AFbIHBIH ) KOBAJIAY

Annoranus. Tsap-llane Ouik Taymnbl KEHICTIKTITIHIIE OpHAJACKAH FAPBIMITHIK COYJIEIEepAiH FBUIBIMH 3epTTEY
CTaHLMSCHIHBIH JACHIeHiHIe ayKbIMIBI JIEKTP OPICiHAE TYBIHAANTBHIH SJICKTPOH-(OTOH arbIHBIHBIH AaMyBIH MOJEII-
neyre apHanraH Geant4 MHCTpYMEHTapWJIBIK IporpamMma Kypbuiiel. By mHcTpymeHTapumit I'poza mporpammacsl
ayMarblHAa OHJIIPUIreH SKCIePHMEHTAIIBIK HOTIDKENEepHAl Talay SKOHE JKOCTapsay MAaKCaThIMEH IaibIHIAJIbL.
TacKpIHABI TPOLECTiH >IEKTPOMATHUTTIK KYpayIIbUIapblH MOJAENAEyre OalmaHBICTBI OOJDKAyHOTHDKEIEpi: DIIeK-
TPOHABIK KYpayIIbIHBIH IaMMa-coyielepiHe KaparaHIa CaJbICTBHIPMalbl KapKelHIbUIBIFEI 30:1 ecemeil koraphl,
oJIapIeIH 3HepreTuKaiblk crektpiepi (30-10000 k3B apanbiFrsiHaa qudepeHranIbk nHaeKe 1,52 nopexe mama-
chIH/aFbl (DyHKLMS), OYpBIITHIK Tapajlybl TEOPUSUIBIK JKOHE OyFaH JIeHiH Taylbl AEHreiile eHAIPUIreH SKCIepH-
MEHTAJIIBIK HOTHIKEIepre coiikec Kenesi. Bomkay apKbUibl TaGbLIFaH raMma-coyiecinin smuccuscel 10 cm” Tanb-
[Ilanp craHIMACH! AEHIeHiHAE aHBIKTAIFaH TiKeJel oJey HaTiKenepine Tycna-Tyc. COHABIKTaH KYHHIH KypKipeyi-
HEH TYBIHIAWTBIH IIBIHAWBI KYOBIIBICTAP bl MMUTALMSIIBIK MOJIENb apKbUIbI OOJDKay HOTHIXKENEpl IIBIH/BIKKA COlKec
KeJleNli Jem caHayra Heri3 Oap. JlereaMenze, Oomkay OapbICHIHIA KOPCETIITeH HEHTPOHIAp aFbIHBI IaMAaChl KaFbl-
HaH IKCIIEPHUMEHT HOTIDKEIIEPIHEH OH IIAKTHI €ce TOMEH eKeHMIri Oatikanael. OHBIH ceOeOiH Taburu aTMoc]epabikK
paspsin KesiHae maiina OoyiaThIH HEUTPOHIAPIBIH MOJENACY Ke3iHAe KONIAHBIC TalKaH AJIEKTPOMArHUTTIK (oTo-
SIPOJIBIK YKOHE AIIEKTPOHSIPOIIBIK dcepiiecyJiep/ieH 0acka /1a ecKepiiMereH MexaHU3iMiHIH OpbIH allybIMEH TYCIH[Ii-
pyre Gonanpl. COHBIMEH KaTap, MOZEJACY HOTIDKENEpiH Herisre aily apKbpUIbl OWik Tay AEHTrediHAe KYHHIH Kyp-
KipeyiHe OaiIaHBICTBI TYBIHOAWTBIH TYPJ COyJelepll 3epTIeyre KOJaiibl 3KCIEePUMEHTAIABIK KOHIBIPFBLIAPABI
xobayay Maceleci Jie KapacTbIpbUIabl.

Tyiiin ce3mep: KYHHIH KYpKipeyi, Hali3arall, aTMocdepaibIK 3J1eKTp, KAlIKbIH JIeKTpoHAap, Moaenaey, Geantd
KOOACHI.
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MOJEJIUPOBAHUE PA3BUTHUS JIEKTPOHHO-®OTOHHOM JIABUHbI B ATMOC®EPE
OT I'PO30BBIX TYY C IOMOLIBIO ITPOT'PAMMBI GEANT4

Annoranusi. Ha ocHoBe mHCTpymeHTapus Geant4 Opina pa3paboTaHa cIleIaibHAs Mporpamma IUisi MOJe-
JMPOBAHMS Pa3BUTUS 3JIEKTPOHHO-(OTOHHOW JIABMHBI B 3JIEKTPUYECKOM I10JIe OONBIIOro pa3Mepa B THIHYHBIX
YCIIOBHSIX OKpyKaromieit cpenbl TsHb-lIIaHBCKOW BBICOKOTOPHON HAYYHOW CTAaHIMH KOCMHYECKHX Jy4ded. DTOT
WHCTPYMEHTapUil MPEAHA3HAUCH, B YaCTHOCTH, IS IUIAHMPOBAHUS M aHAIM3a 3KCIIEPUMEHTAIBHBIX PE3yJIbTAaTOB,
MOJTyYEHHbIX B paMKax mporpaMmsl 1'po3a. OCHOBHBIE INpEICKa3aHUs MOJICIMPOBAHUS OTHOCHUTEIBHO JJIEKTPO-
MarHUTHBIX KOMIIOHEHTOB JIABUHBI: OTHOCHTEIBHOE NPEBBIIICHUE MHTCHCUBHOCTH 3JIEKTPOHHOM KOMIIOHEHTHI HaJ
ramma-rydamu (30: 1), uX sHEpreTUYecKre CIeKTPhI (MIPUMEPHO, (opMa CTEEeHHOro 3akoHa ¢ AU hepeHIIHATEHBIM
unaexcom -1,5-2 B auanazone 30-10000 k3B), a aHU30TpONUS MX YTJIOBBIX paclpeaeseHuil HaXOIUTCS B XOPOIIEM
corjlacuu € pesylibTaTaMUi TCOPETUUYCCKUX M OKCIICPUMECHTAJIbHBIX HCCJ’IeﬂOBaHHﬁ, KOTOpPbIC 6I)IJ'II/I IMOJYYCHBI 10
3TOr0 B TOPHBIX YCIOBHSX. [IpOrHO3MpyeMOe 3HAueHHEe YMHUCCHH raMMa-H3iyueHus nopsiaka 10° cMm” Ha ypoBHe
HaOIONICHUS TaK)Ke JOCTATOYHO XOPOLIO COOTBETCTBYET NPSMBIM M3MEPEHHSIM, BHIOJHEHHBIM Ha CTAHLIMH TSHb-
[Ianb. DTN HaHHBIE TOATBEPXKIAIOT aJIeKBATHOCTH MCIIOIb3YEMOM MMUTAIMOHHON MOZAENHN JUIsl peajlbHbIX COOBITHH
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rpo3bl. B To e Bpems npelnckazaHHBIC HAMHU JIABUHHBIC HEHTPOHBI, TIO-BUIMMOMY, Ha IOPSIOK HEIOOLEHEHBI 110
CPaBHEHHUIO C JaHHBIMU COOTBETCTBYIOLIMX JKCIICPUMEHTANBHBIX H3MEPEHHH; Takoe Ipyboe HECOOTBETCTBHE MOXKET
OBITh CBHACTENBCTBOM CYILECTBOBAHHS HEKOTOPOTo d((EKTHBHOIO MEXaHN3Ma I'eHepallii HEHTPOHOB B €CTECTBCH-
HBIX aTMOC(EPHBIX pa3paaax, IOMUMO IIOJHOCTBIO 3JIEKTPOMArHUTHBIX (DOTOSIEPHBIX U AIEKTPOH-SIEPHBIX B3aHMO-
JEeHCTBUI, KOTOpBIe OBUIM MPUMEHEHBI B MozaeaupoBaHud. OOCykHaroTcst TpeOOBaHMA K IPOSKTUPOBAHUIO JKCIIe-
PHMEHTAIBHBIX YCTAHOBOK, MOAXOIAIINX Ul M3yYEeHHS IPO30BBIX M3IyYEHUH HA BHICOTE TOPBHI, KOTOPBIE CIEAYIOT
U3 [IPE/ICTAaBICHHOTO MOACIUPOBAHUS.

KiroueBble c10Ba: rpo3a, MOJNHUA, aTMOC(EpHOE IEKTPUUECTBO, YOEraromye 3J1eKTPOHbI, MOAEIUPOBAaHHUE,
nporpamma Geant4.
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STRUCTURAL-NON-ASSURING GROUP
WITHIN THE KINEMATIC CHAIN OF SELF-ALIGNING SPATIAL
THREE-LINK CAM MECHANISMS

Abstract. The degree of mobility specified new three-link assuring and four-link nonassuring structural self-
aligning spatial cam mechanism is defined under the new formula. The named formula easily defines a construction
principle of the given mechanisms.

Key words: non-assuring, three-link, four-link, assuring, self-aligning.

Introduction. Scientific problem: “Building a harmonious theory of structural synthesis, defining
clear boundaries of assuring and nonassuring structures, creating fundamentally new, statically definable -
self-aligning spatial cam mechanisms, designing and implementing promising and innovative technical
solutions of actuators with rational parameters within drives of various working bodies of agricultural
machines, and also machines of other branches of production ” [1, 2].

Relevance. Structural analysis and synthesis are the initial, early and most crucial phases in the de-
velopment of fundamentally new, statically definable - self-aligning spatial cam mechanisms without
hazardous redundant links and unnecessary mobility. The problem tasks of the development of structural
synthesis methods for self-aligning spatial cam mechanisms are important in the theory of mechanisms not
only from a scientific point of view, but also of great practical importance in improving the technical level
and operational qualities of various engineering sectors. The introduction of self-aligning spatial cam
mechanisms in engineering practice is very effective. The latter will significantly improve operational
reliability based on the proposed actuators. Currently in machinery, inter alia: agricultural one urgently
needs to use fundamentally new, statically definable - self-aligning actuators [1-7]. These requirements are
best satisfied by self-aligning spatial cam mechanisms. They have a sufficiently large load capacity,
durability, high efficiency, lower requirements for accuracy of manufacturing. Ways of further develop-
ment of the fundamentals of rational design of spatial cam mechanisms and the creation of an innovatively
new class of general-purpose machines based on self-aligning spatial cam mechanisms of assuring and
nonassuring structures are relevant [8, 9].

The objects of research are fundamentally new self-aligning spatial cam mechanisms of the zero
family, according to the classical classification of mechanisms by families, proposed by L.I. Artobolevskiy
Academician of the USSR SA. Self-aligning - statically definable spatial cam mechanisms with rigid
chains and solid kinematic pairs and of general functionality purpose are technological in manufacturing.

The theoretical development of rational design of self-aligning spatial three-link cam mechanisms is
based on the further development of the classical approaches of the theory of mechanisms — the
fundamental pillars of the structural theory of mechanisms and machines. Development of the proposed
universal engineering methods for rational design of self-aligning spatial three-link cam mechanisms is
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very important not only from a scientific point of view, but also of great practical importance - they open
up a new scientific direction of research work, provide broad prospects for the design and scientific
development of their unified theory of structure, kinematics and dynamics.

Methods. The idea of developing the proposed engineering methodology is extremely important in
theoretical, practical and engineering activity of bachelor, master and doctor (PhD) engineers in creating
the most common methods of structural, kinematic and dynamic research of nonassuring self-aligning
spatial three-link cam mechanisms. The new structural feature is a structural group and will serve as the
basis for the development of the theory of the kinematic chains of self-aligning spatial three-link cam
mechanisms of non-assuring structure of construction. In creating a harmonious theory of synthesizing
chains of self-aligning spatial nonassuring groups, the NRK will serve as a mathematical tool - a single
key structural formula of the modern theory of mechanisms and machines of Professor R. K. Nauryz-
bayev.

This formula has the following entry:

k=m-1

W=m(n+n,+n,—-1)— Z(m—k)Pk’
P )
m=6,5,4,3,2.

"A nonassuring structural group is such a single-link kinematic chain, which, when attached by the
outer free elements of pairs to a rack, will have a zero degree of mobility, i.e. turns into a rigid, self-
aligning (statically definable) spatial fixed mechanical system". /Dr. of Technical Sciences, Professor
R.K. Nauryzbaev, 2001/.

The elementary group is a non-assuring group (figure 1) single-link with the number of moving links.
Its degree of freedom equals to zero. The condition of group structural synthesis is determined by a system
of algorithms of the following form:

Wy =6n=5P —4P, =3P, =2P, — P, =0,

n=I,

R-1,

P, =1P =0, P, =0, (2)
P -1,

m=06,

(n+n,-1)=0.

The formula for the structure of a group is that a non-assuring structural group is defined with an
entry of the following form:

—II(n). 3)

The class of a group — a nonassuring structural group — is determined by the number of kinematic
pairs with which the group joins the rack.

The order of a group — a nonassuring structural group — is determined by the number of kinematic
pairs with which the group joins the rack. For example, a space group — a nonassuring one-link group
(figure 1) belongs to the zero family according to the general classification of kinematic chains of zero
mobility, according to the rank recognized by the structural group, according to the families of Acade-
mician of the Academy of Sciences of the USSR, Doctor of Technical Sciences, Professor I.I. Artobo-
levskiy, (m = 6). The new concept structural group is a nonassuring group in the kinematic chain of a self-
aligning spatial three-link cam mechanism of II"® class of the zero-family (figure 1). This is a very im-
portant structural feature from the position of the modern theory of mechanisms and machines. Thus,
a spatial group is a nonassuring structural group in the chain of the cam mechanism (figure 1), this is a

— 50 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2019

Figure 1 — The single-link structural group is a non-assuring structural group of the 2nd class
and the zero family of the 2nd order

.
VA 2 :
5

Figure 2 — Zero degree of mobility is a rigid self-aligning (statically definable) fixed spatial mechanical system

Table 1 — Fundamental classification of kinematic pairs of A.P. Malyshev in 1923

No. of class of kinematic pair I 1I I v \%
S = No. of superimposed connections of kinematic pair L. 2. 3. 4. 5.
Wkin_ I No. of degrees of freedom of kinematic pair 5 4 3 2 1

single link kinematic chain, which, after connecting the pair to the rack with the outer free elements, will
have a zero degree of mobility, i.e. turns into a rigid statically definable spatial mechanical system (figu-
re 2). In numerous constructive varieties of a single link kinematic chain (figure 1) almost all types of
kinematic pairs may be present according to the classification of Doctor of Technical Sciences, Professor
A.P. Malyshev.

The fundamental classification of kinematic pairs in the form of table 1 was first developed by
A.P. Malyshev in 1923. In the system of algorithms (2) - the condition of the structural synthesis of the
group, the indices of kinematic pairs correspond to the degrees of freedom of this pair construction. In
accordance with the table in the system of algorithms (2) the number of superimposed connections - (S)
corresponds to - (Ne) class of each kinematic pair. Kinematic pairs are of I¥, II"!, IIT", IV", V™" class.

Cam mechanism is the base of the chain of which is single-link group, is a nonassuring structural
group, which called a self-aligning (statically definable) spatial three-link cam mechanism of a nonas-
suring structure of the construction - figure 3.

Self-aligning i.e. statically definable. 1-leading link (cam), modeled by the parameter (n;) - 2-slave
link (rocker) is modeled by the parameter () - 3-rack (bed).

A new principle of formation (of logical formation) of self-aligning (statically definable) spatial
three-link cam mechanisms of nonassuring structure consists in joining the driving link — to the mecha-
nism of the I class and the rack - of nonassuring structural groups. The formula for the structure of the
mechanism (figure 3) will be written as a record of the form:

1 (13)—— 17 (2) )
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n=1,{n+n)=2,

W=6(n+n)-58 - B=1,
B=2,P-1

m=a.

Figure 3 — The self-aligning (statically definable) spatial,
three-link cam mechanism of a nonassuring structure of the II" class and of the zero family.

m=6, (n+n)=2, b=2,P, =1.

From the formula (4) of the structure of the three-link spatial cam mechanism the following is
obvious:

- 1 (1.3) there is a formula for the structure of the mechanism of class I, cam 1 with a pair of P; with a
rack 3. /I (2) - there is a space group of the NRK - nonassuring one-link self-aligning (statically definable)
group of the 1% class and zero family, 2™ order — link of 2 models - with pairs P, and Ps (figure 1).

TSCMNS

H'H1= 1.
Figure 4 — TSCMNS development

SM1 - self-aligning two-link, leading cam mechanism of I - class with the number of degrees of
freedom W = 1. This mechanism consists of a leading link 1-(n1) and a rack 3. The number of degrees of
freedom of a mechanism of I* class is determined by following formula:

W, =6n—-5B=6-1-5-1=1. )

NSG - space group - nonassuring structural group, link 2-kinematic chain from one link (n = 1). The
number of degrees of freedom of the spatial group — NSG — of the nonassuring structural group is
determined, for example, by the following formula:

Wn:6n—5Pl—P5 =6-1-5-1-1=1. (6)

TSCMNS - three-link self-aligning cam mechanism of nonassuring structure. Note that in the
development of the classical structural formula (6) of P.O. Somov - A.P. Malyshev has the following form
of record [1-3]:

W=6(n+n,+n,—1)—5P —4P, =3P, - 2P, — P,

_ (7
m=6.

P.O. Somov (1887) — A.P. Malyshev (1923) — R.K. Nauryzbaev (1991).

Results. Let us highlight some of the fundamental differences between the classical-elementary
Assur group and the nonassuring group, a single-link structural group.

— 54 ——
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Table 2 — Differences between Assur and nonassuring group:

1. The elementary Assur group is two-link with the number | 1. The elementary nonassuring group is one-link with the number

of moving links (n + n,) = 2 (see figure 5). of moving links n = 1 (see figure 1).
2. The Assur group cannot be divided into simpler indepen- | 2. When joining the leading link and the rack of a nonassuring
dent kinematic chains of zero mobility. group, three-link cam mechanisms do not fit into the framework

3. Classically, the principle of the formation of self-aligning | of Assur classical structural theory.
four-link cam mechanisms is attached to the drive link and | 3. The new principle of formation on the basis of nonassuring

the rack of assuring groups of two moving links. groups allows to synthesize nonassuring mechanisms with different
4. Elementary mechanisms of Assur - four-link cam mecha- | design and functional capabilities, in particular, three-link cam
nisms, self-aligning flat and spatial. mechanisms with self-aligning features of the structure (figure 6).

Structural group

Assur Nonassuring

A 4

Classic structural attriburte in kinematic chain of self-alig- | New structural attribute in kinematic chain of self-aligning cam
ning cam mechanisms. mechanisms.
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ENVIRONMENTAL MONITORING ON THE LANDFILL
OF SOLID DOMESTIC WASTES OF THE TOWN KENTAU

Abstract. The article presents the results of an analysis of environmental problems arising from the disposal
and operation of solid domestic waste landfills. The most important of them can be a negative impact of landfill on
the state of environmental medium in the area of its location. The result of this impact is the degradation of the exis-
ting ecosystem, namely soils, groundwater, atmospheric air, vegetation. Pollution of environment can hurt the life of
biological resources, including human resources.

The results of experimental studies have been presented on the qualitative and quantitative composition of
greenhouse gases (methane, carbon dioxide) and other toxic gaseous substances (nitrogen dioxide, nitric oxide, soot,
sulfurous anhydride, carbon monoxide, formaldehyde, hydrogen sulfide, ammonia, xylene, toluene, ethylbenzene)
released to the atmosphere from the landfill surface of the town Kentau . Based on the experimental measurement of
the landfill territory, it was determined that there is no radiation pollution above the maximum permissible level. An
average morphological composition of solid domestic waste is identified. A significant part of the fractional com-
ponents of SDW is represented by a wide variety of organic and synthetic materials. Ashes (46%), manure (20%),
bones of domestic animals (11%), paper and textiles (6%) are considered as basic fractional groups.

A conclusion is made on the expediency of regular environmental monitoring for taking measures to protect the
environment and the rational use of valuable components of waste as secondary raw materials.

Key words: landfill, sanitary protection zone, solid domestic waste, monitoring, greenhouse gases, biogas.

The actuality of the problem. Waste is a source of pollution of atmospheric air, ground and surface
waters, soils and vegetation [1-3]. Initially, the solution of waste problem was mainly in their destruction-
burial in the upper layers of the geosphere or burning, but with increase of environmental pollution more
environmentally acceptable measures for disposal of waste — their sorting and reuse came to the fore, in
other words recycling as well as using low-waste technologies [4]. When harmful impact on the environ-
ment does not exceed the level permitted by sanitary and hygienic norms is considered as low-waste
production, while a part of raw materials and materials are passed to waste which are sent for processing
or disposal. waste minimization in various industries can be achieved with the following ways: improve-
ment of technological processes towards reducing the amount of waste generated; waste recycling,
preferably in the process of their generation, processing of waste into useful by-products; decrease in
volumes and toxicity of waste to facilitate subsequent disposal and processing [5, 6].

In accordance with the Environmental Code of the Republic of Kazakhstan, individuals and legal
entities that generate waste in the course of their economic activities are obliged to provide for safe hand-
ling measures, to comply with environmental and sanitary and epidemiological requirements and to carry
out measures for their disposal, decontamination and safe disposal [7]. Removal of solid domestic waste
ensures sanitation of cities and provides necessary sanitary and ecological conditions for the existence of
the settlement.

At the present time the most common facilities for decontamination of removed SDW from the town
are their storage at specially equipped landfills [8].
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Landfills are a complex of nature conservation facilities designated for SDW storing, isolating and
decontamination, providing protection from pollution of the atmosphere, soil, surface and groundwater,
preventing the spread of rodents, insects and causative organisms of disease.

The objective of this work is conduction of environmental monitoring over environmental compo-
nents in the area of influence of the landfill of Kentau town.

Objects and methods of research. The object of our research is a state of the Kentau town landfill
(area 33.0 ha) and determination of action spectrum on the natural environment. It is designed for recei-
ving and burial of solid domestic waste generated from residential, industrial, commercial, public, etc.
buildings in Kentau. The storage area is the main structure of the landfill. It occupies about 85-95% of the
landfill area.

The nearest settlements are Khanatagi and Kentau located at 6 km and 3 km, respectively to the
western direction of the landfill. In geological consideration, the location area is composed by Upper Qua-
ternary sediments of the left bank floodplain terrace of the Hanatagi River. The soil is represented by
brownish-brown loams with plant roots and light yellow loam with a high content of crushed stone.

The capacity of SDW landfill is 1251152 m’, expected useful life is 20 years. SDW landfill has been
operating since 2010. The service life of landfill is 15 years. The standard of waste disposal for the years
of 2018-2020 is fixed in the volume of 20643,412 tons in 2018; 20643,412 tons in 2019, 20134.3966 tons
in 2020. At the same time, the capacity of landfill is 1111490m’ (646,000 tons). All wastes belong to the
green hazard level with code GO060. According to the sanitary and epidemiological rules and norms
approved by Government decree of the Republic of Kazakhstan on January 17, 2012 No. 93, the sanitary
protection zone (SPZ) of landfill is 1000 m, and I hazard class.

The following main types of work are performed at the site: reception, storage and isolation of SDW.

Reception of solid domestic waste is done:

- in a packless state (i.e. in the same physical state, in which the waste comes from the population and
organizations), the average density is 190-200kg / m®;

- in a packed state: when compacted by garbage truck equipped with compaction mechanisms, the
average density is 500 kg/m’, and sometimes it reaches upto780 kg/m’.

The intermediate and final isolation of the compacted layer of SDW is carried out by the soil. When
storing SDW on open, non-deep plots, an intermediate isolation in the warm season is carried out on a
daily basis, in the cold season - with an interval of no more than three days. The layer of intermediate
insulation is 0.25 m. In winter, a construction waste, waste products (lime, chalk, soda, gypsum, etc.) are
used as an insulating material.

The following parameters and pollutants have been determined for air pollution sources:

- environment and gas temperature;

- barometric pressure and pressure of gas-dust flows;

- geometric characteristics;

- nitrogen dioxide, nitrogen oxide, carbon black, sulfurous anhydride, carbon monoxide, formal-
dehyde, hydrogen sulphide, kerosene, ammonia, methane, xylene, methylbenzene (toluene), ethylbenzene.

To assess the amount of greenhouse gases emitted into the atmosphere by a SDW dump, trap caps
have been installed on its surface near the wells to collect methane and carbon dioxide (metal cubes with
screwed nipples).

When determining the concentration of pollutants, the well-known normative documents [9-13] and
the following measuring instruments were used: combined instrument "TKA-PKM", aspirator "PU-3E",
manometer "DMC-01", pressure tubes RIGAA and PITO, gas analyzer " HANK-4", equal arm labora-
tory weight "VLR-200 g-M", photometric photometer "KFK-3-01-" ZOMZ ", radiometer-dosimeter
RKS-01-Solo.

Results and discussion. Various wastes in composition are stored in the landfill. When they come
into contact with the geological environment, complex chemical and biochemical reactions begin to occur.
A number of toxic substances are released into the environment in solid, liquid and gaseous form from the
waste. As a result of exothermic processes, thermal energy is released, which leads to a fire hazardous
state due to the ignition of the landfill gas of methane and other flammable substances [14].

This year, due to a sharp increase in air temperature up to 40°C and above, there has been multiple
spontaneous combustion of waste in many landfills, including the considered landfill. Taking into account
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this condition, a regular moistening of SDW was carried out at the Kentau landfill in summer during fire-
hazardous periods. Average water consumption for irrigation in this landfill is 10 liters per 1 m® of SDW.

A biothermal anaerobic process of decomposition of the waste organic component takes place under
the influence of microflora in the thickness of solid domestic and industrial waste buried in landfills.
During the initial period (about a year), the process of waste decomposition is characterized by their
oxidation occurring in the upper layers of waste, due to the oxygen of the air contained in the voids and
penetrating from the atmosphere. Then, as natural and mechanical compaction of wastes and their
isolation by the soil are intensified, anaerobic processes are intensified with formation of biogas, which is
a final product of the biochemical anaerobic decomposition of the waste organic component under the
influence of microflora [15-21].

A simplified stoichiometric equation on the reaction of anaerobic decomposition process of organic
matter is as follows: n C¢H;(Os + n H;O > 3n CH4 + 3n CO,. The final product of this process is biogas,
the bulk of which is methane, carbon dioxide. Methane and carbon dioxide are greenhouse gases; they
greatly enhance the effect of global climate change. In order to avoid the negative impact of greenhouse
gases to the state of environment, in the work [22] shown possibility of their use in the mix with natural
gas as a fuel . Co-combustion of natural gas and greenhouse gases leads to a dramatic phenomenon of
harmful emissions into the atmosphere. Along with these components, biogas contains water vapor,
carbon monoxide, nitrogen oxides, ammonia, hydrocarbons, hydrogen sulphide, phenol and in minor
amounts other impurities.

The process intensity and specific volume of gas emissions depend on the environmental conditions,
the age of landfill and the fractional composition of waste. The main factors influencing the intensity of
biological conversion are temperature, humidity, value of hydrogen index, content of organic matter.

Tables 1, 2 present the characteristics of main greenhouse gases and other gases formed in the landfill
area and their volumes.

Table 1 — Characteristics of greenhouse gases (tons/year)

" Name Chemical Number of emissions Numbf?r of greeghouse gas emissions
of greenhouse gas formula by types of greenhouse gases in the equivalent to CO,

1 Carbon dioxide CO, 301.715 301.715

2 Nitrous oxide N,O 0.00253 0.7873

3 Methane CH, 0.0544 1.1421
Total 303,6444

Table 2 — Content of gas emissions (mg/m”)
in the territory of sanitary protection zone of the Kentau landfill

Component name MPC South East West North
Nitrogen dioxide 0,2 0,086 0,087 0,085 0,08
Ammonia 0,2 N/A N/A N/A N/A
Sulphurous anhydride - N/A N/A N/A N/A
Carbon monoxide 5,0 3,0 3,0 3,5 3,0
Methane 1,0 N/A N/A N/A N/A
Xylene 0,2 N/A N/A N/A N/A
Methylbenzene (toluene) 0,6 N/A N/A N/A N/A
Ethylbenzene 0,04 N/A N/A N/A N/A
Formaldehyde 0,035 N/A N/A N/A N/A

In order to prevent unauthorized storage of waste containing radionuclides, when entering the
landfill, the waste passes radiation dosimetric control. For these purposes, the geological prospecting de-
vices CPII-68-01 or CPII-88H are used. Table 3 shows the averaged indicators of radiation measure-
ments carried out at different sites of the landfill’s upper layer.
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Table 3 — Results of radiation measurements

Name of indicators Units Normative values Actual results
Gamma radiation Mk3v/hr 0,2 0,05-0,12
Radon exhalation mBg/(m*s) 80 36-43

Solid domestic waste is a complex heterogeneous mixture. A morphological composition of solid
domestic wastes stored in the landfills, according to the average data of our studies as percentages by
mass, is presented in table 4.

Table 4 — Morphological composition of solid domestic wastes of the Kentau landfill

# Waste Content of components, %
1 Ash 46
2 Manure and litter 20
3 Waste in the form of wood 3,7
4 Plastic masses (bottles, packaging materials, etc.) 5
5 Bones of pets 11
6 Broken glass 5,4
7 Metal 0,5
8 Leather, rubber 1,5
9 Paper and textiles 6,0
10 Stones 0,9

As can be seen from the data in table 4, a significant part of SDW fractional components is represen-
ted by a wide variety of organic and synthetic materials. Ash, manure, animal bones, paper, and textiles
are considered to be the main faction groups. Their ratio depends on a number of factors, which primarily
include the level of economic development of the region, its geographical location and the formed men-
tality. Morphological composition may vary depending on the season, weather conditions. So in autumn,
an increase in the amount of food waste, this is associated with a large consumption of vegetables and fruits
in the food intake. And in winter and spring, the content of small residues (street sweepings) is reduced.

When analyzing the results of waste management works for the last year, the trend on increase of
SDW generation can be clearly traced. The volume of generation of solid domestic waste is directly rela-
ted to the life activity of population and production processes of the enterprises located in the serviced
territory. The quantitative and qualitative content of waste depends on the production factors of enter-
prises, the development of infrastructure in the living territory of the population and the number of people
served.

Based on the development prospects of the town Kentau for 2018-2020, it can be assumed that this
volume of SDW generation will increase by at least 10% each year. Currently, measures are taken to orga-
nize selective collection and disposal of SDW for environmental improvement, as well as lowering of
harmful effects on the environment, For example, there is a separate collection of waste paper, polymeric
waste, plastic bottles, scrap metal, organic waste (manure, bird droppings, sawdust), glassware. These
types of waste are further sent to the relevant enterprises for further utilization with receipt of either
marketable products or secondary raw materials based on a contract. This measure significantly reduces
the technogenic load of the landfill on the environment. Under this approach, pollution of biosphere
objects is prevented to a certain extent, as well as resource-saving is provided.

In such a way, conduction of regular environmental monitoring over the environmental objects in the
area of influence of the landfill will enable to solve the following problems:

a) to receive reliable information on the level of its negative effect;

b) to assess the dynamics of pollution;

¢) to take appropriate actions to protect the environment from pollution and complex rational use of
valuable components contained in waste as secondary raw materials.
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KEHTAY KAJIACBIHBIH KATTBI TYPMBICTBIK KAJIIBIKTAP ITOJIMT'"OHBIHA
3KOJIOTUAJBIK MOHUTOPUHI'

AHHOTanusi. byn Makanajga KaTThl TYPMBICTBIK KaJIJbIKTap/Abl OpHAJACTBIPFaHIA J>KOHE MOJMIOHIAPAbI
naijananFaHia TYbIHAAHTBIH 9KOJIOTHSUIBIK MACeIeNIepAiH Tajliay HOTHXKecl kepceTureH. EH MaHBI3bICHI, TOJIMIOH
OpHaJacKaH aliMaKTap/bIH KOpIIaraH OpTa HbICaHIapblHA Kepi ocepiH Turizyi. OCBIHBIH HOTHXKECIHIE Ka3ipri 9Ko-
JKYHeHiH OeJlikTepi, sSIFHU TOIBIPAK, EpacThl CyJapbl, aTMocdepanblK aya, eCIMAIKTEp Jerpajanysra YIIbIpaiabl.
Kopmaran opraHblH JacTaHybl TIPIIUTIK €TETiH OMOJNOTHSUIIBIK, COHBIH IIIHAE aJaMH pecypcTapra 3UsSH KeNTipyi
MYMKiH. KeHTay KanmaceIHIaFbl MONMTOHHAH aTMocdepara OeiHeTIH KBUTbI )Kall Ta3gapAblH (MeTaH, KOMipPKBIIIKBIT
ra3el) JkoHe 0acKa Ja yJbl Ta3 TOpi3Mi 3aTTapIbiH (a30T TUOKCHAL, a30T OKCHII, KYJI, KYKIpTTI aHTUAPUA, KOMipTeri
TOTBIFBI, (POPMAJIBIAETHUA, KYKIPTTI CyTeK, aMMHaK, KCHJIOJ, TOIYOJ, STHIOEH30II) calajblK KOHE CaHIBIK KYpaMbIHA
KYPri3lireH TOKIpUOEeNiK 3epTTey HOTHKeNepi kopceTinreH. [1oIMron aymarbIHa KYPri3iireH TOKIpuOeriK eey-
Jep HOTIDKECIHJE aliMaKThIH paJualdsuIbIK JIacTaHy AEHIell LIeKTI payanibl MeNIepAeH aclaiThIHbI aHBIKTAJIBL.
KaTThl TYpMBICTBIK KaJABIKTapIblH OpTamia MOp(OJOTHsUIBIK Kypambl 3epTrenai. KarTel KanablKrapibiH (pak-
LUSUIBIK Kypamiac 0ellikTepiHiH Ke0ici OpraHuKalIbIK j)KOHEe CHHTETHKAJIBIK MaTepHalapiaH TYPaThIH/bIFbl aiKbIH-
nmanabl. OnmapablH Herisri (paknusiblK Typiepi perinne kyn (46%), keH (20%), yi skaHyaplapblHBIH CyHeKTepi
(11%), kara3 xoHe TOKbIMa OyibIMaapbl (6%) GOJIBINT caHaIa b

KopbIThiHABLIA Kele, KATThI TYPMBICTHIK KIIBIKTapIaFbl KYHIBI Kypamaac OeIiKTep i eKiHII peTTiK MUKi3aT
peTiHIe KoNIaHy YILiH )XoHe KOpIIAaFaH OpTaHbl KOPFay ic-IIapaJlapblH JKYpPri3yre MakcaTThl TYpIAE TYPAaKThI SKOJIO-
TUSUTBIK MOHUTOPHUHT JKYPTi3y KePEeKTiri KOPHITHIHIBUTAHIBI.

TyiiiH ce3aep: NMONUTOH, CAHUTAPIIBIK KOPFay ailMarbl, KATThl TYPMBICTHIK KaJIBIKTap, MOHHTOPHHT, >KBLIBI
ait razmapsl, 6uoras.
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lMemuyHapo;[Hblﬁ Ka3aXCKO-TypelKuil yHuBepcuTeT uM. Xoxu Axmena Scasu, Typkecran, Kazaxcran,
*Yuusepcuter Myrna Critksl Kouman, Myria, Typxus

3KOJIOr MYECKHUI MOHUTOPUHT
HA IIOJIMT'OHE TBEP/JIBIX BBITOBBIX OTXOJ10B I'OPOJA KEHTAY

AHHOTanusi. B craTbe mpuBeeHBI Pe3yNIbTAThl aHAN3A KOJIOTHUECKUX MPOOIIEM, BO3HHKAIOUIUX IPU pa3Me-
LICHUH ¥ SKCIUTyaTal[ly TIOJIMTOHOB TBEPABIX OBITOBBIX 0TX0/10B. K Ba)KHEHIIINM U3 HUX MOXKHO OTHECTH HETaTHBHOE
BO3/ICICTBUE TIOJIMTOHA HA COCTOSIHHE OOBEKTOB OKPYIXKAIOLIEH Cpelbl, HAXOASANIMXCS B 30HE €ro PacoOKEHHS.
Pe3yﬂbTaTOM TakKoro BOSﬂeﬁCTBHH ABJIACTCA ACrpajanunsd CyIJ.leCTByIOH.leﬁ 9KOCHCTEMbI, @ HUMCHHO ITIOYB, ITOA3CMHBIX
BOJI, aTMOC(EPHOr0o BO3yXa, PACTUTEIBHOCTH. 3arpsA3HCHUE OKPYIKAIOIIEH CPelbl MOKET MPUYMHUTEH BPE KHU3HE-
JIESITEILHOCTH OMOJIOTMYECKUX PECYPCOB, BKIIFOYAs YSIOBEUCCKHIA Pecypc.

[IpencraBneHpl pe3ybTaThl 3KCIIEPUMEHTAIBHBIX UCCIICIOBAaHUNA Ka4YeCTBEHHOTO M KOJIMYECTBEHHOI'O COCTaBa
MAPHUKOBBIX (METaH, YIICKUCIBIN T'a3) U IPYTHX TOKCUYIHBIX ra3000pa3HbIX BEIIECTB (TUOKCH a30Ta, OKCHJ| a30Ta,
ca)ka, aHTHUIPUA CEPHUCTHIN, OKCHUII YIiepona, (GopMalbIerHl, CEPOBOIOPO], AMMHUAK, KCHJION, TONYOJ, STHIOCH-
3011), BBIICISIOMIUXCS B atMoc(epy OT MOBEpXHOCTH mojuroHa ropojaa Kenray. Ha ocHoBe 3kcneprMEHTANIbHOTO
3aMepa TEPPUTOPHUHU TOJIMTOHA YCTAHOBICHO OTCYTCTBHE PAJMAIMOHHOIO 3arps3HEHUs BBIIC MPEICIBHO JOIMyC-
TUMOTO ypoBHs. OmnpejienieH cpeHuii MOP(HOIOTHUECKI COCTAB TBEPABIX OBITOBBIX OTXOJOB. 3HAYUTENIbHASL YaCTh
(pakunonHsx koMmorneHToB THO mpeacraBiaeHa OOIBIIMM Pa3HOOOpa3HeM OPTaHWYECKUX W CHHTETHYECKHX MaTe-
puanos. 3om1a (46%), HaBo3 (20%), KocTH ToManTHUX KUBOTHHIX (11%), Oymara u TexcTmib (6%) paccMaTpHUBalOTCS
KaK OCHOBHbIE (DPAKLIMOHHBIC TPYIIIIBL.

Crenas BBIBOJ O LIEIECOOOPA3HOCTH PETYJIAPHOTO MPOBEICHUS KOJOTHYSCKOr0 MOHUTOPHHTA IS MTPHHSATHS
Mep 0 3alIUTe OKPYKAIOLIEH PUPOTHON Cpebl U PAMOHATILHOTO MCTOIb30BaHUS IIEHHBIX KOMIIOHEHTOB OTXO0/I0B
B Ka4€CTBC BTOPUYHBIX CBIPHEBLIX PECYPCOB.

KuroueBbIe cj10Ba: MOJUTOH, CAHUTAPHAS 3allIUTHAS 30HA, TBEPAbIC OBITOBBIC OTXO/bI, MOHUTOPUHT, TTAPHUKO-
BBIC ra3bl, OMoras.
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THE ORGANIZATIONS OF THE TASKS IMPLEMENTATION
IN THE DISTRIBUTED AUTOMATIC CONTROL SYSTEMS
OF HEAT SUPPLY STATIONS

Abstract. In this article we proposed a data processing technology that provides the ability to form the efficien-
cy indicators of the different processors that implement pipeline plans of data processing systems (DPS) and auto-
mated control systems (ACS) of the heat supply stations in general. The implementation of this technology will have
a significant effect in practice as the internal technology of ACS work is being improved. In addition, the described
approach offers the following advantages: the increase of the capacity of the pipeline data processing system; the
implementation of the functions uniformity of the pipeline data processing system which allows to reduce the re-
quirements for the ACS of the heat supply stations; the reduction of the time and the improvement of the quality of
communications in the system linking and coordinating the work of several heat supply stations.

Keywords: a data processing system (DPS), an automated control system (ACS) with heat supply stations, a
district heating supply system (DHS).

Introduction. Currently distribution and regulation of thermal energy, both inside and outside
buildings, according to demand is considered one of the most fundamental approaches to energy conser-
vation in Kazakhstan, and just as so in all developed countries.

In December 2017 the chairman of Kazakhstan power association, Shaimerden Urazalinov, men-
tioned the following while discussing problems in the heat supply sector [1]:

— there is high intellectual and physical wear of primary and secondary equipment on heat stations, in
boiler rooms, in heat networks and heat consumptions systems;

— the most pressing problem of elimination of excess losses of heat energy is not being dealt with;

— there is a lack of resolution concerning financial and organizational issues that would arise during
reconstruction and modernization of individual components of the heat supply system;

— currently operating centres of heat consumption, used in buildings which are connected to the city's
district heating systems, usually don't have any automatic machinery and only an insignificant amount of
them have heat meters and coolant meters at heat points;

— most consumers connected to district heating systems don't have the capability to regulate the con-
sumption of heat used for heating according to their wishes.

Whereas the use of modern technology for control of heat supply points, connected into a single
network, would allow for significant power savings and smoother heat distribution in living and industrial
spaces.

The advantages of having pipelined task completion machinery in distributed automated control
systems logically follow from the theory of production development and information conversion. In this
work we offer a methodology for typification of tasks in an automated control system of a heat station
with pipelined data processing, since one of the stages of organising data processing technology is the
stage of identifying typical tasks and typical task queues, which are then organized into a pipelined data
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processing plan. It's obvious that organising homogenous task queues into a pipelined plan leads to raised
effectiveness of distributed automated control systems.

Theoretical and methodological aspects of task typification in modular data processing system
are reflected in the works of domestic and foreign authors, such as A.G. Mamikonov [2], V.V. Kul'ba,
S.A. Kosyachenko [3, 4], A.S. Mironov, Ye.N. Sidorov, A.A. Ashimov [5], YU.YU. Kess, V.M. Revako
[6], A.V. Tovmasyan, B. Dyuran, P. Odell [7], Kh. Berzh, O. Ore [8]. Models and methods of data proces-
sing in technical and logistical system are examined in the works of V.V. Voyevodina [9-11], B.A. Go-
lovkina, K.G. Samofalova [12], G.M. Lutskogo, A.B. Barskikh, Ye.L. Shlimovicha [13], A.P. Shabanova,
D. Fillipsa, A. Garsia-Diasa [14], R.V. Konveya, V.L. Maksvella [15], L.V. Millera. Pipelined typical task
completion in distributed automated control systems signifies a new stage in automated control system
design and requires model-algorithmic task completion guarantees and adaptation of task typification
methodology for pipelined data processing system [16].

The technology offered here grants the opportunity of forming the performance identifiers of indi-
vidual processors realising pipelined plans, of the data processing system and of an automated control
system of the heat station in general. Implementing this technology gives significant practical advantages,
since the internal technology of operation of an automated control system is being perfected. Besides that,
the explained approach grants the following advantages: increase in throughput of pipelined data pro-
cessing system; guaranteeing the homogeneity of functionality of pipelined data processing system, which
allows to decrease the requirements to an automated control system of a heat station; the decrease in
latency and improvement of the quality of system communications linking and coordinating the operation
of several heat stations.

Research methodology. Let's examine model-algorithmic procedures allowing to trace back the
influence of data collection process in an automated control system on the effectiveness of task planning
assuming pipelined execution. For a task class in distributed automated control systems, the problem of
the minimization of resources is solvable in general form using the method of estimating the sufficient
capacity of the data processing system.

The method is based on the mathematical apparatus of the queueing theory. The problem of deve-
loping a model allowing to get an estimate of the capacity of a data processing system with data collection
is currently relevant. Said problem is related to the problem of the minimization of resources of the
automated control systems of the heat stations. Using the known mathematical apparatus as an instrument,
let's use the following model of estimation of the influence of the data collection process on the
effectiveness of the pipelined data processing in an automated control system:

L b2 ¢ 2
P(<T)> E(R;,:L (0)+ PEZ(1)+ PRy

where T, is the specified maximum allowed waiting time for a service demand; P(<Tz) is the specified
minimum allowed probability of not exceeding T,; Q is the maximum amount of demands serviced in a
continuous time period (busy period); V(t) is the amount of recorded information. The value of V(t)
changes with time; T [V(t)] is the duration of a single servicing period. It is a dependent quantity of the
amount of information V(t) and is defined as:

s _ TCQ??S! + z-'l-'HI [V{r)]
o[ (t)] = m

M is the amount of processor in a data processing system; Teon 1S the constant component of the servicing
interval, determined mostly by the time directly spent on demand handling; t.,[V(t)] is the component of
the servicing interval dependent on the amount of information.

The parameter of t,,[V(t)] is determined by the time spent on managing information and decision-
making,

k is the ordinal position of the demand in the busy period,

j 1s the waiting period for the demand numbered k expressed in the amount of servicing intervals,

— (4 ——
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Peonst” (0 is the probability that the demand received in the data processing system isn't waiting for
service. In a single busy interval only one demand (k=1) can be such a demand, such that P '(0) for
every Q is a constant of 1,

Peonst 2(0) is the probability that the waiting period of the second, in the order of servicing, demand
(k=2) is equal to one servicing interval. In a single busy interval Pes >(0) for every Q is a constant of 1.

P ;ﬁm;}]] [j' =J ) is the probability that each demand, starting with the third one in the order of

servicing in a busy interval, waits for no more than j servicing intervals,

i=1,2,...,J, J — is the maximum allowed servicing time expressed in the amount of servicing intervals.
The parameter of J corresponds to the parameter of T3ax and is dependent on the parameter of Tt [V(t)].

The model allows to obtain the dependence between the maximum amount of Q demands serviced in
a data processing system during a continuous time interval (busy interval) and the amount V(t) of recorded
information under the assumption of adherence to the given values of waiting time T for servicing de-
mands and probability P(<Tz) that it's not exceeded. The considered model allows identifying the depen-
dence between the capacity of the data processing system and the amount of information, gradually
collected and mastered by processors of pipelined data processing plan. An important application of the
model is selecting a strategy for organising the process of demand servicing with the capability of quanti-
tative assessment of different alternatives during distribution of the major tasks between processors.

Results. Having carried out calculations with real parameters of the network of heat supply stations,
we defined the dependence of the information volume and the duration of the service interval from the
time of information update.

The dependency of the amount V(t) of information on time t is determined based primarily on the
composition of the entities in the production environment of task consumers and on the operating condi-
tions of the data processing system providing such tasks. For example, figure 1 provides the dependency
of the amount of recorded information on its update time in the conditions of organising an automated
control system of a heat station with pipelined data processing.
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Figure 2 —
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Time of the interval service
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The dependence of the variable component 1., [V(t)] of the servicing interval is mostly determined
from the type of processors of the data processing system, from organization of servicing of the demands
being received from task consumers. For example, figure 2 shows the change of variable 1,,[V(t)] as a
function of the data update time.
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Using derived dependencies, we have selected an optimal time for the data update while processing
the next nine parameters at ten heat stations: the temperature of network water in the supply line, the
temperature of network water in the return line, the flow temperature, the flow rate of network water in the
supply line, the flow rate of network water in the return line, the pressure of network water in the
supply line, the pressure of network water in the return line, the indoor temperature, the heat released.
Using four personal computers, each with an i5 CPU (4x4=16 cores) with pipeline processing of all the
parameters from 10 heat stations the optimal update time for the data is 10ms. Adding to that, the time to
receive full information decreased approximately tenfold compared to the current technology of
gathering and processing data from the heat stations.

Conclusion. The developed model of the system with pipelined data processing with data collection
has practical applications most obviously seen in the task of organizing the operation of several heat
stations into a uniform system, where said approach tested.

The obtained results show that it is possible to create information systems with the new architecture
proposed in [17]. In particular, by calculating the duration of the service interval it is possible to set the
optimal switching time between tasks performed by the processor. This will allow creating a software
complex for the management of heat supply stations with pipelined data processing.

M. K. Carpiaranosa’, B. B. Mapkun®

. CepiZKGaeB ateiaaarsl [Ieireic KasakcTan MEMIICKETTIK TEXHUKAIBIK YHUBEpCUTETI, OckeMeH, KazakcraH,
U. Y. TTon3yHoB aTbiHAarbl AsTaii MEMIIEKETTIK TEXHUKANBIK yHUBepcuTeTi, bapHayi, Peceii

KbLTY IYHKTTEPIH YJIECTIPUI'EH ABTOMATTBIH/JBIPBLIFAH BACKAPY JKYWUEJIEPIHJIE
MIHAETTEPAIH KOHBEUEPJIIK OPBIH/IAJTYBIH YUBIMJIACTBIPY

Annotanusi. Makanana, Manimerrepai eHuey xyienepinin (MOXX) sxoHe xKamrbl KbUIBITY IYHKTTEpiHIH Oac-
Kapy O>KyHeJepiHiH aBTOMAaTTaHIBIPBUIYBIH, KOHBEHEpJIIK >KOcmapyapibl iCKe achIpaThIH eKe Ipoleccopiap
JKYMBICBIHBIH THIMJUIIK KOPCETKIIITEPiH KAJIBIITACTBIPY MYMKIHIITIH O€peTiH MaliMeTTepAl OHIeY TEXHOJIOTHACH
ycbIHbUTFaH. by TexHonorusHsl icke acklpy, ABXK >KYMBICBIHBIH iMIKI TEXHOJOTHSCH XKETULNIPUICTIHAIKTEH, TIXKi-
pubene MaHbI3ABI HOTIKE Oepeni. CoHBIMEH KaTap OYJT CHIATTAFaH TOCLI KeJeci apTHIKIIBUIBIKTapFa He: MOJIIMeT-
TepIi eHIEYIiH KOHBEUEPIiK XKYHUECIHIH OTKi3y KaOlIeTiH apTThIpaisl; XKbUIBITY MyHKTiHIH ABX TamanrapsiH Te-
MEH/JIETYTe MYMKiH/IK OepeTiH, MOTIMETTepi OHIeYIiH KOHBEHepIIiK Kyieci KbI3METiHIH OipKeNKiIiTiH KaMTaMachl3
eTe/i; OipHele KbUIBITY MYHKTTEPIHIH KYMBICBIH OaiIaHBICTBIPAThIH JKOHE YHIIECTIPETIH Kyiteeri KOMMYHHUKALUS
CarachlH XKaKcapTy )KOHE yaKbIThIH a3aiTy.

Tyiiin ce3nep: momimertepai exaey xyiteci (MOX), xbury mynkrTepin (ABXK) aBTOMarTHI Gackapy xyweci,
OPTaJIBIKTaHABIPBUIFaH JKbLTyMeH KaMTy xyieci (OXKKIXK)

W. K. Carpiaranosa’, B.b. Mapkun®

'Bocrouno-Kasaxcrasckmii roCyIapCTBEHHBIN TexHn4eckuil yauBepcuter um. J[. Cepukbacea,
VYerp-Kamenoropek, Kazaxcran,
? AnTaiickuii rocy1apCTBEHHBIN TeXHIUecKuii yuusepcuter uM. W. 1. TlomsysHoBa, Baprayin, Poccus

OPTAHU3AIINAS KOHBEMEPHOT O BBIIIOJTHEHUSA 3AJTIAY B PACIIPEIEJIEHHBIX
ABTOMATHU3UPOBAHHBIX CUCTEMAX YIIPABJIEHUS TEIIJIOITYHKTOB

AHHoTanusl. B craTthbe HaMu IpeyIokKeHa TEXHOIOTUSL 00paObOTKH JIaHHBIX, KOTOpasi PEI0CTaBIISIET BOZMOXK-
HOCTH (POPMHPOBAHUS MOKa3zaresei 3pPpeKTHBHOCTH pabOTHI OTAEIBHBIX IPOLIECCOPOB, PEATM3YIOINX KOHBEHEpHbIE
IUIaHbI, cucTeMbl 00paboTky nanHbex (CO/l) u aBTOMaTn3upoBaHHbIe cucTeMbl yipasieHns (ACY) TEIIOMyHKTOB B
nenoM. Peannzanus 5Toi TEXHOJIOTMHU JaCT CyIIECTBEHHBIN 3(p(eKT Ha MpaKTHKe, TaK KaK COBEPIIEHCTBYETCS BHYT-
perrss TexHonorus padborsl ACY. TIoMHMO 3TOTO ONHCAaHHBIN MOIXOMA JaeT CIEAYIOIINE MPEHMYIIECTBA: YBEIH-
YeHHEe MPOIYCKHOW CITOCOOHOCTH KOHBEHEPHOUW CHCTEeMBI 00pabOTKH JaHHBIX, oOecredeHne OJHOPOIHOCTH (YHK-
Ui KOHBEWEPHOH crcTeMbl 00paOOTKH JaHHBIX, YTO TO3BOJISIET CHU3UTH TpeboBanus K ACY TeIomyHKTa; YMEHb-
IIEHHE BPEMEHH M YIIydIlIEeHHE KauecTBa KOMMYHHUKAaLUil B CHCTEME, CBA3BIBAIOIINE M KOOPIAMHUPYIOMIKE PaboTy
HECKOJIbKUX TEIUIONYHKTOB.

KiroueBbie cnoBa: cucrema oOpaborku mansbix (CO/l), aBToMaTH3upoBaHHas cuctema ympasieHus (ACY)
TEIUIONYHKTaMH, CHCTeMa IIeHTpan3oBaHHOro TerutocHadxkenus (CLT).
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FEATURES OF THE CHANGE
IN THE PHYSICAL PROPERTIES OF QUARTZ
IN ALTERNATING ELECTRIC FIELDS

Abstract. The paper presents the results of experimental work on mechano-chemical activation (MCA) of
quartz. MCA was carried out with different duration from 3 to 20 minutes. Polyhydric alcohols were used as cata-
lysts. The magnetic properties of dispersed compositions were measured. It is shown that new properties of quartz
with MCA arise due to the processes of the nanoscale of analysis.

Key words: quartz, mechanochemical activation, properties, magnetic permeability, electric effect.

Crystalline quartz has a hexagonal close-packed lattice with parameters a = 4.913A-L ° and
¢ = 5.405A-L © [1-4]. The pronounced anisotropy of properties in different crystallographic planes is used
in the electrical industry: piezoelectric element, frequency stabilizers, ultrasonic equipment, etc. When
dispersing quartz in conditions of mechanochemical activation (MCA), powders with magnetic properties
of [5-8] were obtained. Moreover, the magnetic properties varied depending on the duration of activation,
the time of aging. Therefore, it became necessary to study these properties when changing external
conditions in order to reveal the mechanism of interaction with the environment [9-15]. Electric fields
superimposed on the test sample are selected as external changing factors in static (0.05 V - 5 V) and
dynamic modes (frequency 5-5000 Hz). According to N.N. Mofa and V.P. Ryabikin [16-20] In activated
quartz, the number of paramagnetic centers varies depending on the milling time, i.e. the duration of the
MCA promotes an increase in the magnetic susceptibility of small quartz particles. Therefore, the behavior
of these particles, structured by surface-active substances (surfactants) of one nature, but with different
structure and density, is of interest. Alcohols are selected as surfactants: one, two and three-atom, i.e.
ethanol, ethylene glycol and glycerin.

Methods of research. The actuality of the work is conditioned by a large number of contaminants
arising during the production and transportation of oils. For elimination of large volumes of oil waste,
appropriate devices have been developed and used, the operation of which is cost-effective at specified
volumes. For small-scale contamination, such devices are not available. Hence, there is a need to search
for new cost-cutting ways to solve problems associated with the restoration of disturbed soils. In this work
we investigate the properties of quartz subjected to MCA.

Figures 1 and 2 show the experimental data on the change in the magnetic permeability of quartz
milled during 20 min placed in a variable field of different voltages (0.5, 5 V). For low-energy action (u =
= 0.5 V), a change in the magnetic permeability p was observed as a function of the frequency of the
action with maximum values near 30, 50, and 500 Hz, where the amplitude of p increases with respect to
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EXPERIMENTAL PROCEDURE
Quartz activation 20 min
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Figure 1 — Change in the magnetic permeability of quartz in variable fields (u = 0,5 V)
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Figure 2 — Change in the magnetic permeability of quartz in variable fields (u =5 V)

the background to 500-800%. The increase in the impact potential by 10 times (5 V) at the same
frequencies showed the reverse effects, i.e. the magnetic permeability decreased sharply at all frequencies,
and its maximums were detected near 36, 100 and 300 Hz. These facts indicate a shift in the balance
between the electrical and magnetic components of the milled quartz structure.

Milling with surfactants (figure 3) leads to an acceleration of MCA and the samples show the
maximum values of p after a 5-minute milling, increase in the milling time leads to a sharp decrease in
magnetic activity. All samples have maximum near 10 Hz and 50 Hz, and samples with a minimum MCA
time (5 min) show a sharp increase in p at 400 and 800 Hz. The absolute values of p range between 0 and
2.7. An increase in voltage in the same experimental conditions up to 5 V (figure 4) leads to a redistri-
bution of the maximums on the frequency scale and a decrease in the absolute values of 0<u<0.78. Here
the samples with the maximum MCA time (20 min), which showed maximum at 50, 70, 300200, 900 Hz
are most active.

A change in the form of surfactant (ethylene glycol) leads to an increase in the absolute values of p at
the extreme points, which are distributed for low-energy effects near 10, 50 Hz. There is also a special
maximum near 500 Hz for a sample with Tyca=15 min. The increase in voltage helps to reduce the
absolute values of 1, and the maximums arise for samples with a higher activation time near 50, 200 and
900 Hz.

Quartz activated with glycerin shows the highest values of p, which for a low-energy variable effect
are 0<u<0.32, and for u =5 V 0<u<5.4. Frequency maximums in the first case occur near 10, 50 Hz, and
foru=5YV -near 500 Hz.

Due to the fact that all quartz samples activated in different conditions show maximums near the
frequency - 50 Hz, we conducted an additional experiment in which the external action was performed at a
frequency of 50 Hz, and the voltage in the range of 0.05 <u < 5 V varied. The results of this experiment
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Quartz activation 20 min.
Quartz + ethanol 0,5V
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Figure 3 — Magnetic permeability of quartz + ethanol in a low-energy variable field (u= 0,5 V)
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showed that the highest values of p correspond to the minimum voltage u = 0.05 V, here: 3.59<u< 17.93.
As voltage increases it can be observed that at this frequency there are abrupt readings near 0.5; 1.0; 3.0 V
for samples with surfactant - ethanol. Zero values are observed for samples with 5-minute activation near
5V, with 15 minutes - near 4.5 V, and 20 minutes - 0.15; 0.25; 0.4 V.

In the same conditions, but with surfactant-ethylene glycol, quartz samples showed the highest
p=17.93 with a 5-minute MCA. As voltage increases, p falls as in the previous case, showing jumps near
0.45; 2.5; 3.5 and 4.5 V. Zero values were shown in samples with Tyca=10 min at 0.1; 0.25; 0.3;
0.4 -1.0V, with Tyica=15 min: at 0,1 — 0,15; 0,25 -0,3 V.

The highest magnetic properties showed quartz samples activated with glycerin, here 7.17<u<39.45.
With an activation time of 15 minutes, it reaches its limit value and then, as the duration of the MCA
increases, begins to decrease. Here we also see jumps in properties near u = 0.5; 1.5-4.5 V. Zero values are
only shown by samples with Tyax = 5 min near 0.1; 0.25-0.35, 3-3.5 V.

The presented experimental facts altogether indicate that the behavior of quartz in alternating fields
depends both on the frequency and the magnitude of the applied voltage. In order to identify the
mechanism of interaction in these conditions, it is necessary to know the algorithm for the correspondence
of dynamic attributes of the external field and the form of the dynamic response to this effect. For this
purpose, it is necessary to develop a compliance matrix for quartz and the surfactants used.

The obtained experimental data make it possible to make the following conclusions:

1. It is shown that in the MCA process quartz acquires the ability to attract oppositely charged
particles, especially of organic origin. This effect is proposed to be used in the liquidation of small-scale
oil waste.

2. Mechano-chemical activation of quartz with different milling duration has shown that the
achievement of maximum dispersion depends both on the milling time and on the selection of the quality
of the catalytic active substances. The optimal mode for conducting an MCA shall be determined
experimentally.

B. K. Bek6aesa', A. T. Kanaes', Jlowsin 3br%, I'. II. Meraxca®, H. )I(anrac¥ﬂbl3

'Kasak y/ITThIK arpapIislk yHHBepeHTeTi, AnMaThl, Kazakcran,
Kymka negararukansik yausepeureti (KXP),
3]1. A. Konae atsiaarsl Ken ictepi mHCUTYTHI, AnMathl, Kazakctan

AYBICHAJIBI JIEKTP OPICIHAE KBAPHTBIH ®U3UKAJIBIK KACUETTEPIHIH
O3I'EPY EPEKIIEJIIKTEPI

Annotanusi. J)KyMmbicTa KBapuThl MexaHOXUMHUaIBIK Oencenaipy (MXB) GoiibIHIIa *Kypri3iireH SKcrepruMeH-
TaJIBI )KYMBICTApPABIH HOTIOKeepl YChHBUIIEL. MXDB opTypii y3akreieH 3-teH 20 MUH apajibIFbIHIA KYPTi3UIAi.
Karanusarop periHie Kell aTOMIbI CIIUPTTEP KOJIJAHBUILABL ¥ CaKTaIFaH KOMIIO3HIMSIIAPIbIH MarHUTTIK KacueTTepi
emmenni. Kepcerinrenneit, MXb ke3iHae KBapUTHIH jKaHa KAaCHETTEpi HAHOIEHIEHIIIK MPOIECTIK Kapay eceOiHeH
naiiga 60spl.
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OCOBEHHOCTHU U3MEHEHUS ®U3UYECKHUX CBOMCTB KBAPIIA
B IEPEMEHHBIX QJIEKTPUYECKHX ITOJIAX

AnHotanusi. B pabore npencraBieHsl pe3yabTaThl IKCIIEPUMEHTAIBHBIX Pa0OT 110 MEXaHO-XUMHYECKOW aKTH-
Baiu (MXA) kBapua. MXA npoBoauii ¢ pasHoil MpoJOIDKUTENLHOCTBIO OT 3 1o 20 MuH. B kadecTBe kartanuza-
TOPOB HCIOJIb30BAJII MHOIOATOMHBIE CHHMPTHL. V3MepeHbl MarHUTHBIE CBOMCTBA JAMCHETHMPOBAHHBIX KOMITO3HLIMH.
ITokazaHo, 4yTO HOBBIE CBOICTBa KBapua npu MXA BO3HHKAIOT 3a CUET MPOLIECCOB HAHOYPOBHS PACCMOTPEHHSL.

KaroueBble ci10Ba: KBapl, MEXaHO-XMMHUYECKas aKTUBALMs, CBOWCTBA, MarHUTHAsI IPOHULIAEMOCTb, ICKTPH-
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DOPING OF FLUORINE OF TIN DIOXIDE FILMS SYNTHESIZED
BY SOL-GEL METHOD

Abstract. Optical properties, surface resistance, adsorption sensitivity to ethanol vapor and the structure of
SnO; nanofilms synthesized by the sol-gel method are considered in the article. An increase in the adhesion of films
to the surface of a glass substrate with the addition of NH4F has been observed. Films obtained from the sol with the
addition of NH4F have a 4-5% higher transparency than the films obtained from the sol without additives. An in-
crease in the adhesion of films, synthesized with the addition of NH,F, to the surface of the glass substrate was
observed. The presence of F ions in the SnO, matrix is shown as additional sources of free charge carriers. Films
obtained both from the sol and with the addition of ammonium fluoride exhibit a nonlinear dependence of the
resistance on temperature characteristic of SnO,. The film obtained from the sol consists of globules, separately
standing or grouped. The addition of ammonium fluoride to the sol leads to the formation of a dendritic structure of
the films. Films obtained both from the sol without additives and with the addition of NH4F can be used as a sen-
sitive element in gas analyzers to determine small concentrations of ethanol vapor. An important technical result that
is a decrease in the response time to 2 seconds for ethanol vapor for both films with addition of NH4F and without
additives, is obtained. However, in order to determine concentrations from 0.1 to 0.6 mg/l, films synthesized from a
sol with the addition of NH4F are more preferred.

Key words: fluorine doping, sol-gel technology, tin oxide, structure, thin films, sensitivity to ethanol.

Introduction. Sol-gel technology is used in the production of foam for firefighting [1], the creation
of continuous refractory fibers [2], to produce porous materials that are used as sorbents, catalysts or
catalyst carriers [3]. The conversion of sols to gels is the basis of the latest nanotechnologies for the pro-
duction of ceramic ultrafiltration membranes, optical and anticorrosion coatings, photographic materials,
highly dispersed abrasives and other materials with unique properties and controlled structure [4-9].

Composite systems based on tin dioxide are a promising material for the creation of film coatings for
use as active layers in gas analytical equipment [10-14]. To improve the functional properties, the films
are doped. The decisive influence on the energy of surface centers is made by the defectiveness of the
crystal structure (the degree of deviation from stoichiometry) [15]. Doping leads not only to the introduc-
tion of the necessary element, but also to a change in the structure and morphology of the surface of the
films [16].

In this paper, the main functional properties of thin films of tin dioxide obtained from finely divided
sol are investigated. The effect of the addition of NH4F on the transparency, surface resistance, structure,
and adsorption sensitivity to ethanol vapor of thin SnO, films is considered.

Experiment. Microscope glass slides with the following dimensions were used as the substrate for
the deposition of films: length - 7.6 cm, width - 2.6 cm, height - 0.1 cm. These slides were washed with a
liquid detergent, then with running water, and after that they were rinsed with distilled water. They were
washed in rubber gloves to avoid contamination from contact with the skin of the hands. Then glass slides
were air dried.
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Ethanol (96%) was chosen as the solvent for the preparation of solutions, since it wets the glass
surface better than water, has a low evaporation temperature and a high dielectric constant to ensure the
dissociation of precursors. Anhydrous tetrachloride of tin was used as a reagent.

The sol of tin oxide was prepared from a solution of SnCly in ethanol. Tin acid was completely preci-
pitated by the addition of NH,OH. The resulting tin-acid gel was stirred at a speed of 160 rpm and heated
in parallel to 100°C to remove solvents and tin-oxide-bound water. The procedure lasted 11 hours. A
white powder was obtained.

The powder of tin oxide was mixed with ethanol. Tin dioxide concentration in the solution was
0.13 mol / 1. The contents of the vessel were stirred at a speed of 100 rpm (revolutions per minute) without
heating until the precipitate completely transferred into solution. The procedure lasted 4 hours.

The fluorinating agent-ammonium fluoride (NH4F) was added to the sol of tin oxide. The ratio of tin
ions to fluorine ions was 10/4. The NH4F crystals in the ethanol of tin dioxide were dissolved during
2 hours of stirring at 140 rpm with 35°C heating. The resulting sols started to coagulate 30 minutes after
the stop of the flask rotation. Before applying each layer, the flask was shaken until its contents became
uniform and transparent.

The sols were applied to the entire surface of the glass substrate and rotated by a centrifuge rotor to a
speed of 3000 rpm for 3-5 seconds. Substrates with the remaining thin layer of sol were dried using an
infrared emitter at a temperature of 80°C for 2-3 minutes. Then the sample was placed in a muffle furnace
and annealed at a temperature of 400°C for 15 minutes to fix the layer on the substrate. After cooling, the
next layer was applied. In total, 15 layers were applied.

Results and discussion. The thickness of the films after application of 15 layers was estimated from
the change in the mass of the sample. When calculating the film thickness, the following formula was
used:

d _ msample - msub

; (1

pSn02 : Ssub

where d is the thickness of the film, 71, is the mass of the sample, m,; is the mass of the glass substrate,
is the density of cassiterite taken as 7,0 g/cm3 , Squp 1s the area of the glass substrate.

The calculated thickness of the films obtained from the sol was 60+7 nm. The films synthesized from
the sol with the addition of ammonium fluoride had a larger design thickness of 90+7 nm. Since the
conditions for the deposition of films on the surface of the glass substrate were the same, it is possible to
assume an increase in the adhesion of the film to the substrate when NH4F is added. In the previous work
[17], films synthesized from a solution of stannous tetrachloride in ethanol were considered, their calcu-
lated thickness was 2504+7 nm, under equal conditions of precipitation. It can be concluded that the
formation of tin acid in the form of a gel directly on the surface of the glass substrate leads to a denser film
with stronger adhesion properties than films obtained from sols containing individual dispersion particles.

Optical properties. Glasses coated with a film synthesized both from sol without additives and with
the addition of NH4F are transparent, with a white tinge and uniform throughout the surface. A photograph
of the samples is shown in figure 1.

Figure 1 — Photo of samples of glasses with deposited SnO, films.
Left — film obtained from the sol without additives. Right — film synthesized from the sol with the addition of NH,F
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Figure 2 shows the transmission spectra of the investigated films. As can be seen from figure 2, in the
visible part of the spectrum, the transparency of the films obtained from the sol varies from 58.1% at a
wavelength of A = 380 nm to 74.4% at A =780 nm. Transparency of films synthesized from sol with the
addition of NH4F is 57.5% at A =380 nm and 77.1% at A =780 nm. At maximum sensitivity of the human
eye to electromagnetic radiation (A=555 nm), the films have a transparency of 70 and 71%. Transparency
of films with increasing wavelength increases to 85 and 86%. Films obtained from the sol with the
addition of NH4F in the wavelength range from 550 to 2300 nm have a transparency 4-5% higher than the
films obtained from the sol without additives. Optical excitation of electrons in a semiconductor thin-film
structure does not have any noticeable effect on the semiconductor [18]. However, determination of the
optical parameters of the layer and its thickness is possible, if the transmission spectrum demonstrates
interference fringes. As the thickness of the films decreases, the interference extrema are removed from
each other [19]. In our case, interference fringes on transmission spectra are not observed, which may be
due to the absorption in the film or to the scattering of electromagnetic radiation from uneven sur-
faces.

100 - 1
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0 1000 2000
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Figure 2 — Transmission spectra of tin dioxide films:
1 — glass substrate; 2 — film obtained from sol without additives; 3 — film synthesized from a sol with the addition of NH,F

Surface resistance. The surface resistance of the films was measured at room temperature by the
Van der Pauw method. The films obtained from the sol had a surface resistance of 78.9+6.9 kQ/square.
Films synthesized from the sol with the addition of ammonium fluoride had a surface resistance of
69.448.3 kQ/square. The decrease in the surface resistance confirms the inclusion of F ions in the SnO,
matrix [20] as additional sources of free charge carriers. The high resistance of the samples can be due to
the small calculated film thickness. Belousov et al. [21] noted an increase in the resistance of films
synthesized from solutions after gelling.

The dependence of film resistance on temperature, which is used in thin-film thermistors, is of prac-
tical importance. Figure 3 shows the temperature dependence of the resistance of the investigated films. It
can be seen that the films obtained both from the sol and with the addition of ammonium fluoride exhibit a
nonlinear dependence of the resistance on temperature, which is characteristic of SnO,. When heated, the
kinetic energy of the valence electrons rises, a disruption of individual bonds occurs, and the number of
electrons that are released increases, and the resistance decreases (the initial part of curves 1.2 in
figure 3).

At a temperature of 120°C, adsorption and chemisorption of oxygen from the air by the oxygen
vacancies of the SnO, film begin to predominate. The formation of chemisorbed oxygen molecules (O;’,
O, O%) requires the transition of electrons from the conduction band to the surface states, which leads to a
decrease in the concentration of free charge carriers, and so the decrease in resistance stops (a flat section
on curves 1 and 2 in figure 3).With a further increase in temperature from 260°C and higher, the scattering
of free charge carriers on structural defects is affected, and the resistance begins to grow.
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Figure 3 — Dependence of resistance on temperature:
1 — film obtained from sol without additives; 2 — film synthesized from a sol with the addition of NH4F

Structure of the films. Figure 4 shows the surface images of the investigated films. It can be seen
that the film obtained from the sol consists of globules separately standing or grouped. The size of
separately standing globules is of the order of Sum. It can be assumed that this type corresponds to the
dispersed phase of SnO, obtained in solution. The presence of free space between globules can cause high
resistance of the films, as well as it can be a source of light scattering. The addition of NH4F led to the
formation of the dendritic structure of the films. Separate globules are not observed. The free space
between the structures reaches 10-15um. The resulting structures do not exclude the presence in the film
of many chaotically oriented crystallites of SnO,.

25KV X1,000

Figure 4 — Surface topography of SnO, films:
a — film obtained from sol without additives; b — film synthesized from sol with the addition of NH4F

Sensitivity to ethanol vapor. The sensitivity to ethanol vapor was determined as the ratio of film
resistance in pure air to the film resistance in the presence of ethanol vapor of a certain concentration and
it was carried out in two stages. At the first stage, the sample temperature T was set, at which the maxi-
mum sensitivity of the film under study to ethanol vapor was achieved. At the second stage, at the tem-
perature found, the change in film resistance was measured under the action of various concentrations Cey,
of ethanol vapor.

Figure 5a shows the temperature dependence of the sensitivity of thin SnO, films to ethanol vapor at
a concentration of 1mg/l. Films obtained from sol without additives begin to exhibit sensitivity
(R¢/R =1.02) at a temperature of 160°C.
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Figure 5 — Sensitivity of thin SnO, films to ethanol vapor:
1 — film obtained from sol without additives; 2 — film synthesized with the addition of NH,F;
a) on different sample temperatures at the ethanol concentration of C.,=1mg/l;
b) on different concentrations of ethanol at the sample temperature of T,=230°C

Fluorine doping led to a decrease in the temperature, at which a change in the resistance of the films
was detected in the presence of ethanol vapor, and it was 150°C. At this temperature, the horizontal
section of the curves of the film resistance versus temperature begins (figure 3). This indicates the reaction
of chemisorbed oxygen molecules on the surface of films with ethanol molecules. Further increase in
substrate temperature leads to an increase in sensitivity. The maximum sensitivity was observed at a
substrate temperature of 230°C.

An increase in substrate temperature above 230°C leads to a decrease in sensitivity. The sensitivity of
films synthesized from the sol of tin oxide without additives was 2.7+0.1 rel. units at a temperature of
230°C. For films with the addition of ammonium fluoride, it was 3.0+0.1 rel. units. The increase in film
sensitivity may be due to an increase in the amount of SnO, particles on the surface of which adsorption-
desorption reactions occur, due to an increase in the contact between individual sol particles and the
formation of a dendritic structure.

Figure 5b shows the sensitivity versus the concentration of ethanol vapor. It can be seen that films
obtained from sol without additives do not have sensitivity to ethanol vapor of 0.1mg/l, and films doped
with fluorine have a sensitivity of 1.5 rel. units. An increase in the concentration of ethanol vapor leads to
an increase in sensitivity. When ethanol vapors of concentrations of 0.6-0.7mg/1 and above are used, the
sensitivity of the films varies within the limits of measurement accuracy.

The effect of the same change in the film resistance for various gas concentrations is related to the
"saturation" of the active centers on which adsorption-desorption reactions occur. That is, all the centers of
chemisorbed oxygen, which are on the surface of the film, are already involved in the interaction with
ethanol, and so a further increase in the concentration of ethanol does not lead to an increase in the
released electrons.

Thus, films obtained both from the sol without additives and with the addition of NH4F can be used
as a sensitive element in gas analyzers to determine small concentrations of ethanol vapor. However, in
order to determine concentrations from 0.1 to 0.6 mg/l, films synthesized from a sol with the addition of
NH,F are more preferred.

One of the important parameters for the gas analyzer equipment is the response time of the sensor.
Serially produced breathalyzers (in particular: Pft-838 digital, Breathalyzer at65s, Breathalyzer 2017,
Professional Breath Alcohol Tester, Pft-642s 2017 popular mini) have a response time of about 5 seconds.
The response time is 90% of the time for which the film resistance reaches a minimum value when ethanol
vapor is released. Films obtained both from the sol without additives and with the addition of NH4F have a
response time to ethanol vapor absorption of 1mg/l in concentration of less than 2 seconds. Thus, an
important technical result is obtained, that is a decrease in the response time to 2 sec.
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Conclusion. An increase in the adhesion of films to the surface of a glass substrate on the addition of
NH,F into sol has been observed. Films obtained from the sol with the addition of NH4F are 4-5% more
transparent than the films obtained from the sol without additives. The presence of F™ ions in the SnO,
matrix is shown as additional sources of free charge carriers. The film obtained from the sol consists of
globules, separately standing or grouped. The addition of NH4F led to the formation of the dendritic
structure of the films.

The technical result is consisted in decreasing the response time to 2 seconds to ethanol vapor for
films obtained both from the sol without additives and with the addition of NH4F. Films obtained from sol
with the addition of NH4F are more preferable for use as a sensitive element in gas analyzers, for
determination of ethanol vapors from 0.1 to 0.6 mg/1.

The work was carried out with the financial support of the Ministry of Education and Science of the
Republic of Kazakhstan in the framework of the project of BR05236404.
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DuznKa-TeXHUKAIBIK HHCTHTYTHI, CaTOaeB yHuBepcureTi, Anmarsl, Kazakcran

30J1b-TEJIb 9 JICIMEH CUHTE3/IEJTEH KAJAMBI IMOKCUII KABBIPIIAFBIH
®TOPMEH JIETIPJIEY

AnHotanus. Makanana 307b-TeNb dIiciMeH cuHTe3aenreH SnO, HaHOKAOBIPIIAKTHIH JKOHE ATAHONIBIH OYBI-
HBIH aICOPOIUSUITBIK CE3TIIITIT1, YCTIHT KaOAThIHBIH KEAEPTici )KOHE ONTHKAJIBIK KaCHETTepl KapacThIpbULAbl. [IIbIHBI
teceHimTiH 6erine NH4F KocnacsiMeH Kocy GapbIChIHIa, KaOBIPIIAKTHIH aAre3UsCHIHBIH YIIFalobl aHBIKTanAbl. NH4F
KOCTIACBIMEH aJIbIHFaH KaOBIpIIakTap, KOCIACh3 alblHFaH KaOsIpmakrapaad 4-5% j>korapFbel MeJaipii KacHeTi Oap.
SnO, marpunaceiHnarel F~ MoHAapbIHBIH OONybI, €pKiH 3apsi TachbIMalaylIbUIapbIHBIH KOCBIMINIA KO3l peTiHje
KepceTUIi. 30JbMEH aJIbIHFaH KOHE aMMOHUHN (hTOPHUIBIHBIH KOCIIAChIHAH ajibiHFaH SnO, KaObIpIIarsl, TEMIIEpaTypa
OolibIHIIA KEAEPTIHIH CBI3BIKTHI €MEC TOYEIALIIrT CHIIaTTaMachlH KopceTe/li. 30IbMEH aJIbIHFaH KaObIPIIAK, JKEKEeJIeH-
TeH HeMece TONTACTBIPBUIFAH IIIOOYIIaH Typaasl. 30JbMEH Kocmachl3 skoHe NH4F kocmackiMeH anbiHFaH KaOBIp-
IIAKTApJAbl, 3TaHOJ OYBIHBIH INAFBIH KOHIICHTPAIMACHIH aHBIKTAY VIIiH, Ta3fbl aHAIW3aTOPAa CE3TIiIlTi 3JIEMEHT
petiaae Konmanyra Oonanel. NH4F KocmacsiMeH %oHE KOCIACHIHCHI3 allbIHATHIH KaOBIPIIAKTaPhl YIIiH,3TaHOI OYBI-
HBIH K€My YaKBITBIHBIH dcepi 2 ceKyH[ O0JaThIH, MaHBI3IBl TEXHUKAIBIK HOTIKeC anbHabel. Anaiina, 0,1-0,6 mr/ax
apanbIFbIHIAFbl KOHIEHTPALMSHBl AHBIKTAY YIIiH, 30JdbMeH jxoHe NH4F KocmachiMeH anblHFaH KaObIpIIAKTaphI
KOJIAMJIBI OOJIBIN KEJEM.

Tyiiin ce3mep: ¢ropMeH Jieripiey, 30Jb-rejlb TEXHOJIOIHSCHI, Kalailbl OKCHI, JKYKa KaObIpIIaKTap, STaHOJFa
Ce3riITiri.

E. A. lImutpuesna, /. M. Myxamenmuna, K. A. Muts, U. A. Jledenes,
N. U. I'upuna, A. U. ®enocumoBa, E. A. I'pymeBckas

OuI3NKO-TeXHNUECKUI HHCTUTYT, CaTmaeB yHuBepcuTeT, Anmarsl, Kazaxcran

JEI'MPOBAHUE ®TOPOM IVIEHOK JJUOKCHUJIA OJIOBA
CHUHTE3UPOBAHHBIX 30JIb-I'EJIb METOJIOM

AnHoTanus. B cTatbe paccMOTpPEHBI ONITHYECKHE CBOMCTBA, TOBEPXHOCTHOE COMPOTUBIICHHUE, aICOPOIIMOHHAS
YyBCTBUTEIHHOCTH K MapaM 3TaHOJA M CTPYKTypa HaHOIUICHOK SnO,, CHHTE3UPOBAaHHBIX 30Jb-T'ellb MeTOAOM. [11eH-
KH, TIOJTy49eHHBIE U3 30714 ¢ JobaBnenueM NH,F, nmerot Ha 4-5% Gosee BEICOKYIO MPO3PavyHOCTh, YeM IJICHKH, MOy~
YeHHBIE U3 30111 0e3 1o6aBok. OOHAPY)KEHO YBEINYECHUE aAre3UH IJICHOK, CHHTE3UPOBaHHEIX ¢ gobaBnerneM NH4F,
K TIOBEPXHOCTH CTEKJITHHOHN Mo i10KKH. [Tokazano Hanmmuue noHoB F~ B maTpuiie SnO, B Ka4eCTBE AOMOJHUTEILHBIX
HCTOYHUKOB CBOOOIHBIX HOCHTENeH 3apsma. [lneHku, moiyueHHbIC KaK W3 30Ji, TaK U ¢ A00aBiieHHEeM (GTopuaa
aMMOHHUS IEMOHCTPUPYIOT XapakTepHyio ans SnO, HETHMHEHHYI0 3aBUCHMOCTb CONPOTHBIEHHS OT TEMIIEPaTyphl.
[lnenka, mojgy4eHHas U3 30J151, COCTOUT W3 IIIOOYII, OTACIBHO CTOSIIMX WM CrpynnupoBaHHbIX. JoOaBneHue ¢ro-
pUIa aMMOHUSI K 30JIF0 TIPUBEJIO K 00pa30BaHMIO JCHIPUTHON CTPYKTYPHI IUICHOK. [IIeHKH, TTOTyYeHHbIE KaK 13 30711
0e3 no0aBok, Tak U ¢ qobaBieHrueM NH4F, MOTYT OBITh HCIIONIE30BaHBI B KAaUYECTBE YyBCTBUTEILHOIO 3JEMEHTA B
ra30aHaNIN3aTopax, JUIA ONpPEICICHUS MallbIX KOHIICHTPAIlMii MapoB 3TaHoNA. [IOJTy4YeH BaXKHBIA TEXHUYECCKHN
pe3ynbTaT — YMEHBIICHHE BPEMEHN OTKIIMKA 10 2 CEKYH] K IapaM 3TaHoJa Kak s IUIEHOK ¢ mobaBienuem NH,F,
Tak u 0e3 nobaBok. OmgHAKO, 17 onpeneneHus KorueHTparuit ot 0,1 mo 0,6 Mr/im Goee MpeaNOYTUTENBHBI IDICHKH,
CHHTE3UPOBaHHBIE U3 30111 ¢ fobaBnerneM NHF.

KuaroueBble cioBa: nerupoBanue GTOpOM, 30J1b-Te€lIb TEXHOJOTHS, OKCH]| 0JIOBA, CTPYKTYpa, TOHKUE TUICHKH,
qyBCTBUTEIHHOCTH K ITAHOITY.
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OBTAINING AND RESEARCH OF PHYSICAL AND
CHEMICAL PROPERTIES OF CHELATED POLYMER-CONTAINING
MICROFERTILIZERS ON THE BASIS OF TECHNOGENIC WASTE
FOR RICE SEED BIOFORTIFICATION

Abstract. The way of obtaining the chelated polymer-containing microfertilizers on the basis of technogenic
waste is developed. The optimum conditions of their obtaining with the use of water-soluble polyelectrolytes are
established. Element composition of the cottrell dust and brown coal was studied by mean of scanning electron
microscope ISM-6490-LV (JEOL, Japan). The mechanism of formation of chelated polymer-containing microfer-
tilizers by elemental analysis and electron microscopy was studied. It was found that mainly in microfertilizers,
structure formation occurs in the form of an amorphous structure with a small inclusion of metals. The characteristics
of microelements and their physiological significance before and after biofortification in the cultivation of rice grain
have also been studied. At the same time it is established that the resulting microfertilizer, along with potassium and
sodium humates, also contains Ba, Fe, Mn, Ti and Mg. These trace elements are involved in the formation of the
crop and determine its qualitative and quantitative components, i.e., are rich in trace elements that activate the action
of enzymes, hormones and vitamins.

The received microfertilizers are characterized by the high content of humic substances which participate in
structurization of the soil layer which is around the biofortified of seeds, accumulation of nutritious elements and
minerals in a form, available to plants, promote regulation of geochemical streams of metals in water and soil eco-
systems. In the end, all this provides a living organism with mineral substances and vitamins, which affects the
protective functions of a living organism, to a large extent, activates its immune properties.

Keywords: chelate polymer-containing microfertilizers, technogenic waste, cottrell dust, humic acid, esterified
derivatives of the hydrolyzed polyacrylonitrile.

Introduction. In accordance with the norms, which developed by the Kazakh Academy of Nutrition,
the annual demand of the Republic of Kazakhstan for rice is 132.6 thousand tons per year (8.5 kg/year for
1 person). The statistics for 2008-2013 shows growth tendency in consumption of rice, and the percentage
ratio of production of the peeled rice annually decreases in the ratio with the imported volumes. Therefore,
in the near future not only remain, but the deficiency of this major food product even more will amplify
[1-4]. It is also necessary to note that the satisfaction of the growing need of the population of the globe
for food is the main problem of the present. This problem gains more and more acuity in developing
countries where the increase in population advances a production gain. Due to small opportunities of
expansion of acreage of crops now by further increase in agricultural production his comprehensive
intensification is only. Today search of new nontoxical and highly effective mineral fertilizers and the
chelate of microfertilizers which can be used successfully at cultivation of agricultural raw materials and
also for the solution of narrower, but very important problem - receiving materials with the increased
contents the essential of minerals is extremely relevant.
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Along with this, some plants show the increased need for certain minerals, and microfertilizers
provide a balanced set of minerals for requirements of various cultures [1, 2].

Nutrition of modern man is characterized by an increased content of cereals, potatoes, confectionery,
and insufficient intake of milk, meat, fish, fresh vegetables, fruits. This indicates an insufficient supply of
the body with vitamins and minerals. Mineral compounds affect the protective functions of a living
organism, largely providing its immune properties. Microelements, primarily activate the action of enzy-
mes, hormones, vitamins and thus participate in all types of metabolism [5-7].

From positions of the classical theories stated by Frenkel Ya.l. and Landau L.D., [8, 9] the absence of
anions in solution have to change qualitatively mobility of cations and it is essential to change processes
of formation of interfaces of a liquid and firm phase in respect of essential decrease in coefficient of a
superficial tension that in turn will create thicker adsorptive layer of the dissolved connections on an
interface (the surface of the parenchymal tissues of the leaf plate, the meristem membrane, the seed coat,
etc.). In this regard, use of the amphoteric polyelectrolytes with complex-forming groups i.e. hydrolyzed
and the modified polyacrylonitriles promote the formation of stable helated complex compounds with
metal ions [10].

The presence of water-soluble polyelectrolytes in the system leads to the formation of thick films at
the interface, causing an increase in the chemical potential gradient, which in turn forms directed flows
into plant tissues and then through the membranes of the plasmolemma into the cytoplasm.

Methods. The way of obtaining the chelated polymer-containing microfertilizers of the Helafos
series [11, 12] on the basis of technogenic waste is developed for the cardinal solution of the above-stated
tasks: cottrell dust and brown coal of the Lenger field.

Element composition of the cottrell dust and brown coal was studied by mean of scanning electron
microscope ISM-6490-LV (JEOL, Japan).

Chemical composition was calculated on the basis of elemental composition which was obtained
from the spectra of scanning electron microscopy.

Results. The chemical composition of the cottrell dust is shown in table 1.

Table 1 — Chemical composition of cottrell dust

Composition, % Specific
. face
The substances which are . Na,O surtace,
a part of cottrel dust sqm/g | CaO | MgO Si0; | ALOs F K,0 Fe,0; z sq.m/g
Rich slime 37,5 8,0 3,0 26,0 10,1 2,1 10 1,52 98,22

Element and mineralogical composition of withdrawal of brown coal of the Lenger field are given in
figure 1, in table 2.

Cnextp 1

3
onHaA wxana 11373 wan, Kypcop: 0,000 k3B

1mm FNEXTROHHOE naobpakenine 1

Figure 1 — Elemental composition and microstructure of a sample of brown coal of the Lenger field
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Table 2 — Element and mineralogical structure of a sample of brown coal of the Lenger field

Element Weight, % Oxides Elemental composition, converted to oxides, %
(0] 55,17
Na 0,23 Na,O 0,31
Mg 0,36 MgO 0,59
Al 10,60 Al O; 20,03
Si 21,11 Sio, 45,15
S 3,34 SO; 8,35
K 1,31 K,0 1,58
Ca 1,85 CaO 2,59
Ti 0,67 TiO, 1,12
Fe 5,39 Fe,0; 7,41

From the figure 1 and from table 2 it is visible what in element structure of a sample of brown coal of
the Lenger field contains in %: Al - 10,6, Si - 21,11, Fe - 5,39, Mg - 0,36, Ti - 0,67, etc. Such maintenance
of elements as a part of brown coal is enough for his use as initial raw materials for receiving humic acids
and on their basis of microfertilizers. Receiving humates is carried out from dumps of brown coal of the
Lenger field by oxidation by 1% KOH or NaOH solution (environment 12,0 pn) [13, 14]. The oxidation of
brown coal is carried out at a reaction mixture temperature of 80 °C for 2 hours, the weight ratio of alkali
to crushed coal being 0.125 + 0.150: 1. To produce humic acid, humates were precipitated with a 5%
solution of hydrochloric acid, then filtered in a nutch filter (the pH of the filtrate was 0.85).

As a part of the emitted humic acid, besides organic compounds, contain as well mineral substances.
For definition of an inorganic component the received humic acid was exposed to calcination at 500 °C.
The element and mineralogical structure of the received cindery rest was analyzed on a raster electronic
microscope. Results of researches are given in table 3 and in figure 2.

Table 3 — Mineralogical composition of a sample of solution of the evaporated humic acid

Element Weight, % Elemental composition, converted to oxides, % Weight, %

(¢} 23,68 - -
Na 1,06 Na,O 1,43
Al 2,70 Al 04 5,1

Si 1,28 SiO, 2,74

S 1,51 SO; 3,77

Cl 34,52 - -

K 34,97 K,0O 42,14
Fe 0,28 Fe,0; 0,40

SnexTpoHHoe weobpakeHne 1

1 2 3 4

k3B

Figure 2 — Elemental composition and microstructure of a sample of the evaporated humic acid

— g2 ——
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From figure 2, it is visible that the investigated ashes have difficult and crystal mineral structure.
Colourless detrital and fragmental crystals of a rhombic and cubic gabitus are characteristic of potassium
and sodium chlorites. The intermediate fine-grained structure with some isometricity of tabletless color-
less crystals is characteristic of aluminosilicate potassium compounds. Fine granular clusters of crystals
characterize the presence of insignificant inclusions of aluminum silicates in the microstructure of the test
sample, and dark, fossil, diffuse structures are characteristic of insignificant inclusions of iron silicates.
Availability of sulfur up to 1.2% is obligatory for all humic acids that is confirmed in this case. The lack
of phosphorus which content usually reaches 0,5%, is explained by the fact that initial raw materials for
receiving humic acids were coal mining waste. Rather large amount of potassium and chlorine is
explained by the fact that when leaching initial raw materials potassium hydroxide was used, and the
humates received at the same time were acidified by hydrochloric acid.

To increase in content of the general phosphates and enrichment of finished product minerals are
added to initial raw materials 1% of boric acid, 1% of sulfate of copper, 1% of sulfate of iron, 0,5% of
sulfate of manganese, 1% of ammonium molybdate. Process is carried out in the temperature-controlled
reactor from stainless steel with the mixer and a shirt at a temperature of 60 °C within 60 minutes. The
received mix is filtered in the Nutsche filter and for receiving the chelating microfertilizers it is used a
liquid component. Then add 0.2% of esterified derivatives of the hydrolyzed polyacrylonitrile (EPPAN) to
the received solution of 25 cm’® (pH = 4.16).

To increase the content of total phosphates and to enrich the finished product with microelements, 1%
of boric acid, 1% of copper sulfate, 1% of ferrous sulfate, 0.5% of manganese sulfate, 1% of ammonium
molybdate are added to the feed. The process is carried out in a thermostated stainless steel reactor with a
stirrer and jacket at a temperature of 60°C for 60 minutes. The resulting mixture is filtered in a nutch filter
and a liquid component is used to prepare the chelating microfertilizers. Then 0.2% of the ethylenated
derivatives of hydrolyzed polyacrylonitrile (EPPAN) are added to the resulting 25 cm’ solution
(pH =4.16).

The chemism of process of decomposition of cottrel dust in acidic environment of water humic acid
can be described by the following equation:

Cas(POy)sF + 8 humic acid + 4H,0 = H;PO,4 + 4Ca(humate), + Ca(H,PO,), + HF

Use of humic acid for decomposition of mix of cottrel dust and also EPPAN will allow to exclude
sulfuric acid from process and to reach contents of assimilable phosphates in a finished liquid product to
10%, in a firm product up to 12,5%. Element and mineralogical compositions of chelate polymer-
containing microfertilizers are presented in table 4.

Table 4 — Elemental and mineralogical composition of a sample of chelate polymer-containing microfertilizer

Element Weight, % Oxides Weight, %
C 28,75 - -
(0] 36,64 - -

F 1,89 - -
Na 1,23 Na,O 1,66
Mg 0,74 MgO 1,22
Al 0,76 AlLO; 1,44

Si 3,58 SiO, 7,66

P 13,34 P,0:s 30,56

S 0,22 SO, -
Cl 8,65 - 10,42

K 3,40 K,0 4,76
Ca 0,11 CaO 0,14
Mn 0,42 MnO 0,60
Fe 0,28 Fe,0; 0,35
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From table 4 it is visible that the developed polymer-containing chelate microfertilizer also has in
structure minerals and minerals necessary for the normal growth and development of plant (K,O — 4.76%,
P,Os — 30.56%). The element composition and a microstructure of a sample of chelated polymer-
containing microfertilizer are presented in figure 3.

MonHas wkana 7241 wan. Kypcop: 0,000 k3B

—_—
Tmm FnexTporHoe naofpawerne 1

Figure 3 — Element composition and microstructure of a sample of chelated polymer-containing microfertilizer

Results of microscopic pictures (figure 3) reflect the results received when carrying out the element
analysis. At the same time presence of the hydrolyzed polyacrylonitrile provides formation of granular
crystal structure the chelated of microfertilizers.

Rice seed biofortification process before crops on fields of LLP "I.Zhahaev Kazakh Research
Institute of Rice" is carried out and also process of influence of chelated microfertilizer throughout a stage
of growth of a plant and its blossoming (rice) on the subsequent productivity of culture has been inves-
tigated. For biofortification of seed of rice connections complex the chelated polymer-containing of
microfertilizers are chosen.

The following operational stage the chelated polymer-containing of microfertilizers is spraying of
plants during growth and blossoming. Results of field tests on identification of efficiency complex the
chelated polymer-containing of microfertilizers received on the basis of phosphoric slime, cottrell dust
have been received. Results of field tests have shown that the productivity of seed of rice increases by
3 times, i.e. from 25 to 75 grain/vessel.

The element composition and the microscopic picture of samples of rice before introduction of
microfertilizers are given in figure 4 and in table 5.

In table 6 and also in figures 4 there are presented element composition of grains before crops of rice
after biofortification with application the chelate of microfertilizers. From figure 4 it is visible that after
biofortification of seed rice is dispersed and as a result becomes more small granular with increase in an
amorphous part.

Cnektp 1

NonHaa wkana 7241 wan, Kypcop: 0,000 k3B

1mirm INEETHOH GpacseHng 1

Figure 4 — Element composition and microstructure of grains before crops of rice after biofortification
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Table 5 — Element composition of a sample of rice before biofortification

Element Weight, % Oxides Weight, %
o 51,81
Na 0,62 Na,O 0,83
Mg 1,56 MgO 2,59
Si 32,19 SiO, 68,85
P 6,00 P,0s 13,75
S 0,44 SO; 0,48
6,18 K,0 7,45
Ca 1,18 CaO 1,65
Table 6 — Element composition of grain before crops of rice after biofortification
Element Weight, % Oxides Weight, %
o 46,79
Na 0,22 Na,O 0,29
Mg 4,16 MgO 6,9
Al 3,31 Al O, 6,25
Si 11,57 SiO, 24,75
P 5,96 P,0s 13,65
S 0,29 SO; 0,72
K 1,84 K,0 2,22
Ca 19,30 CaO 27,00
Ti 0,47 TiO, 0,78
Mn 0,24 MnO 0,31
Fe 5,69 Fe,0; 8,14
Ba 0,14 BaO 0,16

The element and mineralogical composition and also rice seed sample microstructure after harvesting
with use of the chelated polymer-containing microfertilizer is presented in table 7 and in figure 5. From
figure 5 it is visible that the rice seed sample microstructure after harvesting is condensed and as a result
of which gets a crystal form with reduction of an amorphous part. It is explained by the fact that probably
the large role is played by presence at composition of seed of rice of various minerals: Na — 0.40, Mg —
1.76, A1-0.14, Si—31.80, P -5.29,S—-0.84, K- 6.77, Ca— 0.93, Mn — 0.17, Fe — 0.09.

Table 7 — Elemental and mineralogical composition of rice grain after harvest
with the use of chelated polymer-containing microfertilizer

Element Weight, % Oxides Weight, %
o 51,80 - -
Na 0,40 Na,O 0,54
Mg 1,76 MgO 2,92
Al 0,14 Al,O4 0,26
Si 31,80 SiO, 68,02
P 5,29 P,O;s 12,12
S 0,84 SO, 2,1
K 6,77 K,0 8,16
Ca 0,93 CaO 1,3
Mn 0,17 MnO 0,22
Fe 0,09 Fe,04 0,13
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lonHaa wkana 14436 wwan. Kypcop: 0.000

1mm 3nexTpomMHoe wIohpakexus 1

Figure 5 — Element composition and microstructure of sample of rice grain
after harvest with the use of chelated polymer-containing microfertilizer

Besides the presence of humic acid and polyelectrolytes leads to the formation of crystal structure of
more condensed type and confirms the previous microstructures (figures 3, 4). Thus, colourless detrital
and fragmental crystals of a rhombic and cubic gabitus are formed, are characteristic of chlorites of
potassium and sodium. The intermediate fine-grained structure with isometricity of tabletless colorless
crystals is characteristic of aluminosilicate potassium compounds. Small granular clusters of crystals
characterize the presence of insignificant inclusions of aluminum silicates in the microstructure of the test
sample, and dark, fossil, diffuse structures are characteristic of insignificant inclusions of iron silicates.

Element composition of rice seed before biofortification (figure 4, table 5) following (%): Na — 0.62,
Mg - 1.56, Si—32.19, P-6.0, K- 6.18, Ca— 1.18.

Mineralogical composition of seed of rice after biofortification (figure 5, table 6) the following: Na —
46,79, Mg — 4,16, Al - 3,31, Si - 11,57, P - 5,96, S — 0,29, K — 1,84, Ca — 19,30, Ti — 0,47, Mn — 0,24,
Fe — 5,69, Ba — 0,14. From figure 6, table 7 it is visible that the maintenance of elements of seed of rice
after assembly of a harvest with use of changes a little Na — 0.40, Mg — 1.76, Al — 0.14, Si — 31.80,
P-529,S-0.84, K-6.77, Ca— 0,93, Mn — 0.17, Fe — 0.09.

It is visible that the developed microfertilizer contains humates of potassium and sodium with
additive Fe, Mn, Si, Mg, K, Sa, Al, P. These minerals participate in formation of a harvest and define its
qualitative and quantitative components that are rich with the minerals intensifying effect of enzymes,
hormones and vitamins. Finally, all this provides with mineral substances and vitamins a live organism
that influences his protective functions and substantially makes active its immune properties.

Data of vegetative experiment on rice of a grade of Marzhane on production crops and the experi-
mental site of LLP "I.Zhahaev Kazakh Research Institute of Rice" are presented in table 8. At the same
time the productivity of rice increases within 65-74 g/a vessel.

Table 8 — Data of vegetative experiment on rice of a grade of Marzhane

Options Productivity (g/vessel) on repetitions S-sum M-average D from
# - M
experience I I I v harvests harvest helofos-1
1 Without fertilizers 33 31 20 20 104 26 - -
2 N-Na 54 53 50 43 200 50 - -
3 NP-Na, Pc- background 68 65 55 50 240 60 B B
4 Biofortified seeds
of Chelafos-1 (100 ml) 76 76 74 70 296 74 74 14
5 Biofortified seeds
of Chelafos -2 (500 ml) 76 74 70 72 292 73 73 13
The sum of harvests on
repetitions 307 299 269 269 1132 56,6 Mul~57
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On the basis of the above, the developed technology of receiving the chelated polymer-containing
microfertilizer can be recommended at cultivation of grain crops, in particular, of rice.

Discussion. The way of receiving the chelated polymer-containing microfertilizer on the basis of
technogenic waste - cottrell dust, brown coal of the Lenger field is developed and optimum conditions of
their receiving with use of water-soluble polyelectrolytes are established.

Rice seed biofortification by chelated polymer-containing microfertilizer before crops on the
experimental site of LLP "I.Zhahaev Kazakh Research Institute of Rice" is carried out.

The mechanism of formation of chelated polymer-containing microfertilizers by elemental analysis
and electron microscopy was studied. It was found that mainly in the presence of chelated polymer-
containing microfertilizers, structure formation occurs in the form of an amorphous structure with a partial
appearance of sections of the crystallization structure. The characteristic of minerals and their physio-
logical value before biofortified at rice seed cultivation is studied.

The received microfertilizers are characterized by the high content of humic substances which
participate in structurization of the soil layer around the biofortified of seeds, accumulation of nutritious
elements and minerals in a form, available to plants, promote regulation of geochemical streams of metals
in water and soil ecosystems.

Influence of the microfertilizers developed the chelated polymer-containing on growth and produc-
tivity of a stalk of rice is investigated.

At the same time it is shown that increase in productivity of rice within 65-74 g/vessel demonstrates
that in the initial stage the main role is played by oxides of manganese and magnesium as a part of che-
lated polymer-containing microfertilizers that provides high viability and germination of seeds due to rice
seed biofortification. Contents as a part of microfertilizers of iron regulate breath of plants, cellular
exchange, photosynthesis and resistance to chlorosis when spraying pesticides.

Thus, on the basis of the above, it can be concluded that the chelated polymer-containing micro-
fertilizer actively participates in biochemical processes, i.e. activates enzymes, exhibits photosynthetic
activity, participates in the biosynthesis of chlorophyll, affects carbohydrate and nitrogen metabolism,
increases resistance to diseases, accelerates the growth and development of plants. All these processes
ultimately contribute to higher yields and, especially, the quality of the rice grain.

The developed microfertilizer containing humates of potassium and sodium with additive Fe, Mn, Si,
Mg, K, Sa, Al, P in a chelated form of the improved structure has shown excellent operational properties,
and it can be recommended to application at cultivation of rice in the southern regions.
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KYPIII BUO®OPTUOPUKALIUSICBIHA TEXHOT'EHAI KAJIIBIKTAPIAH AJIBIHATBIH
XEJATTBI HOJITMMEPKYPAMJIAC MUKPOTBIHAUTKBIIITAPIbIH
OU3NKA-XUMUAJIBIK KACUETTEPIH 3EPTTEY

AnHoTanus. TexHOTeHIi KaJIBIKTap HETI31HAe XeNaTThl MOJUMEPKYpaMIac MUKPOTBIHANTKBIIITAPIB! ATy IbIH
TEXHOJIOTHSUIBIK 9JIiC1 931pJICHICH JKoHE CYJIbl MOIMAICKTPOIUTTEP Il MalJanany apKbUIbl alyIblH OHTAMIIBI XKaFaai-
Japbl OpHaATBUIFaH. bacTanke! WKKi3aT OONbIN TAOBUIATHIH KOHBIP KOMIp MEH KOTPEJb/i IIaHHBIH JIEMEHTTIK Kypam-
nmapel ISM-6490-LV (JEOL, JKamonust) cepusuibl 2JIEKTPOHIBI MEKPOCKOI KoMeTiMeH aHbIKTasiFaH. COHBIMEH KaTap
JIEKTPOHBI MUKPOCKOTIMSUIBIK JKOHE 3JIEMEHTTIK TaJI[ay 9/1iCIMEH XeNaTThl MOJUMEPKYPaMIaC MUKPOTHIHAWTKBIIII-
Tappl Kypary MeXaHu3Mi MEHTepii.

MUKpOTBIHAMTKBIIITAPIBIH KYPBUIBIMBIHAA aMOp(Thl KyHae OoylaThiH OipiiamMa MeTaygaplbl i1ecyi sKypemi.
Conpaii-ak KypimTi ecipy Ke3iHAe HaiJalaHbUIATEIH MUKPOTHIHAWTKBIITAPABIH KacHeTTepl MeH (DPU3HOIIOTHSIIBIK
MoHIepi OnodopTuduKausIFa JeiiH KoHe KeHiHT1 XKaFaaiiapbl KapacTbUIFaH. AJBIHFAH MUKPOTHIHANTKBIII TAPIBIH
KypaMBbIHJa HATPHUH KOHE Kalllil TyMaTbIMeH Koca Ba, Fe, Mn, Ti, Mg cusaKTHI anmeMeHTTep Ke3necemdi. by Mukpo-
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AIIEMEHTTEP OCIMIIKTIH OCil, eHyiHe KoHE CaHIBIK KYPaMBIMEH OHIMIUIITIH aHBIKTAHAbI, SFHA 0aifi MUKPOTHIHANT-
KBIITap GepMEHTTEp, TAPMOHIAP KOHE AOPYMEHAEP i OelICeHACHIIpYTe OpeKETTeHAIPE .

AJBIHFaH MUKPOTHIHAMTKBIIITAD KYPAMBIHAAFI JKOFApPhl MOJIIepAe OOJaThIH TYMUH KBIIIKBUIIAPBI TOIMBIPAK
KabaTblHAaFbl OHOGOPTU(HUKALMSIIAHFAH IOHACPIIH KYPBUIBIMABIK Ty3UIyiHE KaTbICaabl Na, >KUHAKTAJIFaH dJe-
MEHTTEpP MEH MHKPOJIEMEHTTEpP OCIMIIKTepre KOJaiibl Kyiie OOJbII, CyJIbl )KOHE TOMBIPAKTHI SKOXKYHeneri MeTai-
JTApIBIH TEOXMMHUSIIBIK aFbIHBIH peTTeyre KaTeicambl. KopbiTa kenrenne OapibiFsl 6CIMAIKTI MUHEPaIABl 3aTTapMeH
JIOPYMEHIICPMEH TOJBIKTBIPHIN, Tipi ©CIMIIKTIH KOPFAHBIC KBI3METIH JKarmail »kacaml, OHbIH MMMYHIIBIK KACHETIH
Oenriai Oip mopexene OeceHaipyre acep eTe/i.

Tyiiin ce3mep: XenaTThl MOJUMEPKYPAMIAC MUKPOTHIHAMTKBII, TEXHOTSH/I KaJIABIKTap, KOTPENIb/Ii IIaH, Ty-
MUH KBIIIKBUTBI, TOJHAKPIOHUTPIIIAIH STEPUPUIHAPICHISH THAPOIH3/i TYBIH B
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MNOJYYEHME U HCCIIEJOBAHUE ®U3NKO-XUMHNYECKHUX CBOI/‘ICTB
XEJATHBIX IOJIUMEPCOAEPXKAIINX MUKPOYJOBPEHUU
HA OCHOBE TEXHOI'EHHBIX OTXOA0B VIS BAO®OPTUPUKALINN 3EPHA PUCA

Annotanusi. PazpaboTan cnoco0 moiydyeHus! XeJaTHBIX MMOJMMEPCOoIepiKalllnX MUKPOYAOOpPEHUH Ha OCHOBE
TEXHOTCHHBIX OTXOIOB W YCTaHOBJCHBI ONTHMAJbHbBIC YCIOBUS WX IOJNYYEHHs C HCIOJIb30BaHWEM BOIOPACTBO-
PHMBIX MTOJIM3JIEKTPOIUTOB. DIIEMEHTHBIH COCTAaB KOTTPEILHOM NMBUIN M OypOTO YISl 0TX0Aa OB N3y4eH PacTPOBBIM
ANEeKTPOHHBIM MHUKpockonioM ISM-6490-LV (JEOL, AAnonus).

W3y4yeH MexaHU3M 00pa30BaHMs XeNAaTHBIX MOJMMEPCOAEPIKALIMX MHUKPOYIOOPEHUH METOAOM 3JIEMEHTHOIO
aHaJIM3a U AJIEKTPOHHON MUKpOCKONHH. IIpu 3TOM yCTaHOBJIEHO, YTO B OCHOBHOM B MUKPOYAOOPEHHSIX IPOUCXOINUT
CTPYKTypooOpa3oBaHHE B BUAE aMOP(HON CTPYKTYpbl ¢ HEOOJBIINM BKIFOUCHHEM METAJUIOB. Takke M3yueHa Xa-
PaKTEepUCTHKa MUKPOIJIEMEHTOB M MX (PM3MOJIOTMYECKOE 3Ha4eHHEe JI0 M 1ocie OMopOopTU(HKALUK MPH BBIPAILU-
BaHHUU 3epHa puca. [Ipu 3TOM yCTaHOBJIEHO, YTO MOJIYYEHHOE MUKPOYJOOpPEHHUE, COIEPKUT Hapsily C TyMaraMy Ka-
nust v HaTpus Takke Ba, Fe, Mn, Ti, Mg. DTu MUKPO3JIEMEHTBI YYaCTBYIOT B (DOPMHUPOBAHUH YPOIKAS U OMPEICIIIOT
€ro Ka4eCTBEHHbIE U KOJIMYECTBEHHBIE COCTABIIIONINE, T.€ OOraThl MUKPOdJIEMEHTAMH, aKTHBU3UPYIOIINMH AeHCT-
BU€ (DEPMEHTOB, TAPMOHOB ¥ BUTAMUHOB.

[onmy4eHHble MHUKpOYIOOpPEHMSI XapaKTEPH3YIOTCS BBICOKMM COZIEP)KaHWEM T'yMHHOBBIX BEIIECTB, KOTOpbIC
YYacTBYIOT B CTPYKTYypOOOpa30BaHWHU IMOYBEHHOTO CIIOS HAXOJSIMIETOCS BOKPYT OMOGOPTHPHUINPOBAHHBIX CEMSH,
HAaKOIUICHUHN IIUTATENbHBIX 3JIEMEHTOB U MUKPOAJIEMEHTOB B IOCTYITHOH JUIA pacTeHuil popme, CIoCOOCTBYIOT pery-
JMPOBAHHIO TEOXUMHYECKHUX TIOTOKOB METAJUIOB B BOJHBIX M MOYBEHHBIX HKOCHCTEMaX. B KOHEYHOM HMTOTE BCE 3TO
obecrieynBaceT KMBOH OPraHU3M MUHEPAIbHBIMHU BELIECTBAMU M BUTaMHHAMM, YTO BJIMSIET HA 3aIIUTHBIC (QYHKIIUU
’KHMBOT'O OPTraHNW3Ma, B 3HAYUTEIILHOHN CTEIICHN aKTUBU3UPYET €ro UMMYHHBIE CBOICTBA.

KaioueBble cjioBa: xejaTHble MOJUMEPCOJEpIKAIINE MUKPOYIOOPEHUs, TEXHOT€HHBIE OTXObI, KOTpellbHas
IbUIb, T'YMHWHOBAsA KUCJIOTA, 3Tepl/l(l)I/ILIl/Ip0BaHHble MPOU3BOJAHBIC TUAPOJIU3ZOBAHHOI'O MMOJHMAKPUIIOHUTPUIIA.
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CURRENT CONDITION AND OUTLOOKS OF SUSTAINABLE
DEVELOPMENT OF CHROMITE UNDERGROUND MINING
AT LOWER HORIZONS OF MINES OF THE DONSKOY MINING
AND PROCESSING PLANT

Abstract. The article considers the issues of current condition and outlooks of development of underground
mining of Donsk chromite mines. With the transition of mining operations to deeper levels, the geomechanical situa-
tion is getting considerably more complicated, especially for the development of stope sills that poses the need to
solve the issues of developing measurements ensuring the increase in working stability. One of the most radical mea-
sures is the development of designs of artificial stope sills according to the option of development systems accepted
for lower horizons of the “Ten Years of Independence” mine.

Based on the analysis of the methods for the creation of artificial stope sill on the draw and delivery level, it is
proposed to develop the design with reinforced concrete stable support platform of the artificial stope sill made of
concrete consolidating stowing in systems of uncontrolled block caving. At the draw and delivery level there is a
bearing structure of the element of the development system that can bear extremely high mine pressure and ensure
enhanced stability and reliability of transport crosscuts for the delivery of ore mass with the use of self-propelled
equipment. The targeted solution of the development issue is essential at the development of chromite reserves with
combined geotechnology for safe and sustainable development of underground ore mining at deep levels of deposits
Millionnoye and Almaz-Zhemchuzhina of the Donskoy mining and processing plant.

Keywords: development field, technogenic collapses, underground technology, the extraction of chromium,
uncontrolled caving, mass, mine technical and mining geological conditions, geomechanical conditions of the massif.

Introduction. Donskoy mining and processing plant develops chromite deposits of the South-
Kempirsay massif in Western Kazakhstan, which ranks second with the reserves and is one of a kind in
terms of quality, thus totally providing for the Republic’s own needs in chromite raw materials and the
needs of the post-Soviet countries and exporting the ore and its concentrate to foreign countries.

At present, the main volume of ore at the Donskoy mining and processing plant is produced under-
ground at mines “Molodezhnaya” and “Ten Years of Independence” commissioned in 2001. The “Ten
Years of Independence” mine hosts 84% of chromite ore of the Donskoy mining and processing plant.
Only its small part occurs at the depth of from 250 to 400 m from the surface. According to the existing
classification, the major volume is located at medium (up to 600 m) and deep (from 600 to 1,500 m) levels
[1-3].

Taking into account geomechanical and geotechnical particularities of mining of ore deposits at deep
levels and especially ore bodies of the mines “Millionnoye” and “Almaz-Zhemchuzhina” of the mine “Ten
Years Of Independence”, the important factors are the study of the mass behavior in the process of sto-
ping, pattern of formation of caving areas, development of geomechanical processes, formation of
pressure on supports of mine workings as well as the selection of the most rational process charts of ore
deposits mining.

Great thickness of ore bodies of chromite deposits developed underground and weak stability of the
ore mass and host rocks once determined the selection of the system of uncontrolled caving of ore and
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superincumbent rock. At present, it is applied at both mines. However, the major reserves of the “Ten
Years of Independence” mine occur at deeper levels that of “Molodezhnaya” and their development is
related to high pressure in less stable rocks. As mining operations go deeper in the deposits of Donsk chro-
mites and nears 400 ~ 600 m, the ore and rock masses with high fracturing are classified as unstable [4-6].

In these conditions, one of the significant drawbacks of the used method of technology unavoidably
results in the worsening of the geomechanical situation and distribution of mine pressure in stope sills.
Due to this reason, the structural elements of draw workings of the mined block are located in the zone of
high (bearing) mine pressure arising and rising with the increase in the development depth and length of
the stoping front. And this complicates and raises the price of maintenance and operation of the draw level
[7-9].

The methods of research. In harmony with the further development of underground mining at the
Kempirsay chromite deposit, there is an interest in generalization of the current condition of the chromite
ore mining at the mines. For underground mining of chromite ore, the Donskoy mining and processing
plant uses the technology of ore uncontrolled caving [10-12] (figure 1), which is classified as class two of
the development system according to Prof. V.R. Imenitov’s classification [10].

Figure 1 — Classical option of the system of ore uncontrolled block caving:
1 — Dome of the uncontrolled caving area; 2 — cutoff holes; 3 — lateral raises; 4 — drilling cuts;
5 — discharge cones; 6 — scraper drift; 7 — connecting crosscut; 8 — haulage crosscut

In spite of rather typical requirements within the technology, it provokes great interest among mining
production engineers in its application due to its cheapness and simplicity since there is no need to drill
holes for breaking, driving sublevels and lifting drilling and other equipment onto them. At that, it allows
saving on explosives and materials, on supports of workings, ventilation and other expenses. Therefore,
this technology in modern conditions remains the most appropriate and low-cost in terms of economy,
efficiency and safety.

The case history of the technology at underground mines of the company De Beers (South Africa)
revealed that the cost of mining is commensurate with the open-cast mining cost. In addition, of special
interest is the practice of those working using this technology and belonging to the authors [11], as well as
the description of experience of efficient operation of several foreign mining companies: diamond mines
“Finch”, “Premier” and “Koffiefontein” (South Africa), copper-nickel mine “North Sparks” (Australia),
copper-molybdenum mine “Henderson” of the company “Climax” (USA) and mine “El Teniente” (Chili)
as well as iron deposits in Ukraine in the Krivoy Rog basin.

With the transition of mining operations to deeper levels of ore mining at “Millionnoye” mine, the
KAZGIPROTCVETMET project has corrected the procedure of preparation and development of reserves
of the deposits of the second order of construction at the Millionnoye and Almaz-Zhemchuzhina mines.
From the border of separation of applied development systems it will be mined using the system of down-
rising horizontal layers using cut-and-fill stoping and self-propelled equipment.

With regards to the development system involving uncontrolled ore caving, the KAZGIPRO-
TCVETMET project provides for the creation of artificial (concrete) stope sill (figure 2) at the height of
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Figure 2 — System of ore block caving with artificial stope sill made of consolidating filling

12 m for the system of block caving by means of developing the reserves of the stope sill with three 4-m
high filling layers. This is done with the purpose of reducing mine pressure and conserving all reserves of
the block of development and face headings in the period of mining [13].

To drive and maintain development headings driven in the filling mass and to examine the strain-
stress state of the filling mass and stability of headings there is very little information today related to the
mining practice (at underground mines of the Arctic branch of joint-stock company “GMK” Norilskiy
Nickel” in Talnakh and Octyabr deposit) [14].

One of the perspective directions of development and improvement of process charts of preparation
for blocks is allocation of development headings in the filling mass. To this end, a 1,000 m deep working
was driven in the filling mass at mine 2 of the Octyabrskiy deposit, which is around 248 m long.

The deformation process of the contour mass of the heading at the development of underworking
span is progressive. And as the driving increases, the deformation intensity of contour mass of workings
also rises, especially in the 50-m second zone. This is accompanied with the fracturing in the concrete.
Shears at the contour of the working increase and reach around 40-50 mm. In the third zone, which is
around 120 m long in the filling mass, there is a sharp displacement up to 80 and more mm at the contour
of the working and in the concrete there starts a process of fracture emergence and extension, fractures of
layers of the filling mass. Destruction of the filling mass come in the form of sloughing zones in the sides
of the working, earth spring, slip formation in the layers of the filling mass and caving of detached con-
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crete slabs. Such kinds of destructions took place mainly at the sections of the working fixed with a
combined support.

There are also destructions of the working walls driven in the filling mass at the mine “Taymyrskiy”
of the Arctic branch of joint-stock company “GMK” Norilskiy Nickel” [15]. The most part of destructions
in the working walls driven in the filling mass were in the middle of the working wall. At that, the wall
bent inward the mass, which is evident from the wooden pole the lower part of which rests against unde-
stroyed working wall. Figure 3a shows the initial stage of destruction of the working wall. The change of
the form is accompanied by the destruction of the contour part of the filling mass. The depth of the wall
destruction is around 40 cm, which is seen by the length of parts of anchors protruding from the wall
(anchors are 1.8 m long). Fractures are formed in the lower part of the wall which has not yet detached
from the main filling mass. Figure 3b shows on a larger scale the subsequent stage of the wall destruction
with a net of large and small fractures parallel to the sidewall of the working.

Figure 4a shows “final” stage of the wall destruction in the filling mass of the working driven far
from junctions. If the mine technical situation changes, the destruction of the filling mass in this place of

a b

Figure 3 — Stages of destruction of the working wall driven in the filling mass:
a — Initial stage of destruction of the working wall; b — Subsequent stage of the wall destruction

a b

Figure 4 — Final stage of destruction of the filling mass in the wall of the working:
a— Workings driven far from the junction; b — Workings driven in the filling mass
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the wall can continue. At that, the depth of the wall destruction is around 2 m, which is evident from the
wooden pole set at the initial contour of the wall.

Figure 4b shows the destruction of the filling mass at the section of junctions of the mine workings
along the whole contour of the wall where only the roof with the incumbent lump of the filling mass is not
destroyed. Besides, it was noted that staged destruction of concrete filling took place despite the fact that
this exposure was fixed with horizontally established concrete bars and is inefficient since the bars turned
out to be parallel to the layering. They did not connect the layers and did not enhance the stability of the
concrete scour.

Based on the above-given illustrations of destruction of the filling mass and operational practice of
driving the working in the filling mass at the underground mines of “Norilsk Nickel” in the Talnakh and
Octyabr deposit, at the present time it is possible to mention only just-begun scientific research and
practical works.

Field of application of research results. It is necessary to note that based on the research results, the
most complicated in terms of geomechanics in the system of uncontrolled ore caving is workings driven in
the stope sill [16-18].

In spite of a three-layer support of scraper workings, SVP 27 (interchangeable special profile) with
quite dense setup of frames has not always been reliable and stable. Therefore, in the conditions of mining
at lower levels of Donskoy mining and processing plant it is necessary to go over to the creation of
artificial concrete stope sill [19, 20].

Widespread development of thick fractured fields resulted in the urgent need to improve the designs
of stope sills with the view of considerable enhancement of their strength characteristics, stability, able to
bear high dynamic loads posed by large volumes of caved ore mass. As previously noted, conventional
funnel-shaped and then trench designs of stope sills in the system of uncontrolled ore caving do not
demonstrate reliable resistance to both caved mass and mounting mine pressure.

At the same time, there was a need in alternative to gravity ore drawing through funnels and draw
points, which is a bottleneck in highly productive caving systems. With the purpose of intensification of
ore drawing process domestic mining companies have adopted vibrating mechanisms that played positive
role in the growth of mining productivity.

To tackle the issues of designing artificial concrete stope sills, the staff of the Mining Institute after
D.A. Kunayev developed the design of artificial concrete stope sill [21] on a stope sill-support basis ensu-
ring sufficient reliability, stability and operability of scraping drifts.

To illustrate the process of erection of support structural elements and subsequent analytical cal-
culations, the major working of the stope sill was considered - scraping drift with the optimal clearance of
2,:~2.0 m situated at the depth of 800 m. At the first stage, in harmony with the mine technical conditions
of the ore deposit development as well as thickness and accepted parameters of stopes, in particular their

Figure 5 — Principle diagram of the concrete stope sill and sequence of its erection
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height hx, the value caved rock arch ho6 is calculated, which form the load on the support of workings in
the stope sill. To this end, functional dependence h..~f (h,,) is used based on the relation:

Next, based on the established plastic range of stress, the advisability of erection of artificial stope sill
is established using the parameter hy,s > 90-100 m.

The principle diagram of the concrete stope sill and sequence of its erection are represented in figu-
re 5 with a side cut for clarity of processes [22].

Discussion of results. At the erection of the design, at first service roadways I and II are driven
stagewise for subsequent erection of support structures by means of filling the working s with concrete
mixture with estimated bearing capacity. The design width of roadways I and II is accepted based on
maximum probable loads (which will be mentioned later), namely m=2 meters or rB=1.0 m. In line with
table 1, specific pressure at kH=1.0 for this working driven at the depth of H=800m in the rock mass will
amount to q,,=15.9 t/m”, and for solid ore qyn=20.4 t/m’. As a result, the number of framer per running
meter in the first case will equal NII=1.0 pc/running meter, in the second case NII = 1.36 pc/running
meter. This is true in the tough operating conditions of support SVP 22 (interchangeable special profile).
The need to ensure such conditions is explained by the possibility of preliminary relief of excessive
pressure caused by the formation of plastic range of stress by activating the yielding units. Later, this
process favorably affects the operation of concrete supports. Thus, depending on the host rock mass (ore
solid and rock mass) the permissible density of installed support frames of interchangeable special profile
SVP-22 is 1.5-1.0 pc/running meter.

After driving and supporting the roadway I, it is filled with concrete mixture. At that, straight arches
are installed in places of design location of draw points for the formation of the cavity of required
dimension. To perform subsequent analytical calculations the following parameters have been accepted:
the length of one support section=5.0m, the distance between the axis of draw points = 7.0 m (figure 4.1).
Operations in roadway II are performed according to the similar chart.

After completing the operations on the workings of the first and second stage and on concrete curing
during 28 days, it is possible to start operation on working III (third stage) with base width n = 6.2 m. The
calculations of the support reveals that in this case to support the working it is necessary to setup a two-
layer support made of interchangeable special profile SVP-27. For rock mass — 6 pc/running meter, for ore
solid - 7 pc/running meter. It is necessary to note that at this stage an experimental option is considered
with maximum height of caved rocks equaling h,s = 500 m. At lesser values of ho6 within 250-
300 meters, structural parameters of the stope sill significantly change. The developed methodical chart
allows hands down designing of calculations for real conditions.

After erecting the support, it is necessary to thoroughly cleanse the base of the working from the sides
of roadways of stages I and II, to lay metal screen and lay and fasten bars of rolled steel to improve
strength of ceiling of stage IV roadway (scraping drift) and improvement of connection with bearing
supports [23].

Conclusions. With the transition of mining operations to deeper levels, the geomechanical situation
is getting considerably more complicated, especially for the development of stope sills that poses the need
to solve the issues of developing measurements ensuring the increase in working stability. One of the most
radical measures is the development of designs of artificial stope sills according to the option of
development systems accepted for lower horizons of the “Ten Years of Independence” mine.

Based on the analysis of the methods for the creation of artificial stope sill on the draw and delivery
level, it is proposed to develop the design with reinforced concrete stable support platform of the artificial
stope sill made of concrete consolidating stowing in systems of uncontrolled block caving. At the draw
and delivery level there is a bearing structure of the element of the development system that can bear
extremely high mine pressure and ensure enhanced stability and reliability of transport crosscuts for the
delivery of ore mass with the use of self-propelled equipment.

The targeted solution of the development issue is essential at the development of chromite reserves
with combined geotechnology for safe and sustainable development of underground ore mining at deep
levels of deposits Millionnoye and Almaz-Zhemchuzhina of the Donskoy mining and processing
plant.
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. K. Bexoeprenos, I'. K. lzkanryJosa, b. K. Bextyp
. A. Konaes atbiHgars! Tay-KkeH icTepi HHCTHTYTHI, AnMatbl, Kazakcran

JAO6H KBK IAXTACBIHJAYBI JKEPACTBI TAY-KEH ) K¥MbICTAPBIHbBIH
KA3IPI'T )KAFJIAUBI MEH JAMBITY MOCEJIECI

AnHoranus. Makanaga JIOH XpoMHUTTI mIaXTachIHBIH JKEPACThl Tay-KCH YKYMBICTAPBIHBIH Ka3ipri jKaFJaibl
MeH OoJlaliaKTa JaMbITy Maceseci KapacThlpblIraH. JKepacTbl Tay-KeH >KYMBICTApBIHBIH TEpeH JEeHIrelKueKTepe
TOPU3OHHTApAA KYPTi3ilyiHe OaiaHbICTHI T€OMEXaHUKANBIK JKaFjail KypIelieHe Tyceli, acipece OJIOKTHIH TYIKi
Ka30anapeIH/ia, TYBIHAAFaH MOCeIeNIep i ey MaKCcaThIHAa Ka30anapAblH OpPHBIKTBUTBIFBIH apTTHIPYIbI KAMTaMachl3
€TeTiH ic-mapanxapabl OHIAacTRIPY KaXETTUIIr TysIHIaWasl. EH paanukanmsl mapanapabH Oipi )KacaHIB! TYII Ka30aibl
OJIOKTBIH KOHCTPYKIMACHIH 93ipiey OonbIll TaOBUTafgsl, KaOBUITaHFaH Ka3y JKyieciHiH Hyckacsl «Kazakcran
TOYEJICI3AIriHE OH JKbUD» HIAXTACHIHBIH TOMEHT1 ACHIeiDKUEKTEpiHEe apHAIFaH.

Herisri Tanuayra cyiieHe OTBIPBII, ACHIEIDKHEKTE yKacaH/Ibl TYI Ka30asbl OJIOKTBIH KEH IIbIFAPY MEH JKETKI3y
TOCUTACPIH Kypy OOMBIHIIIA MOCcEJeNeH] Mmiemyre OCTOHIBI-KATIANbl TOJTHIPMAJIbl TEMipOCTOHIbI MIaT(hopMabl
TYPaKTHI-TIpEK KOHCTPYKIMSCHIH d3ipiiey YChIHBUIAbl, KEHHIH KabaTapajblK ©3/iriHeH Kyjiay KyieciHne, KeH LIbl-
Fapy MeH JKeTKi3y JIeHI'eiKMeriHAeri Ka3y »KYHeciHiH cajMaK TYCeTiH KOHCTPYKUMSJIBIK AJIEMEHT PEeTiHIe KoJjaa-
HBLIAJBI, ©3/ITIHCH JKYPETIH JKaOIBIKTapIbl KOJIIaHYMEH KEH JKETKi3y Ke3iHIle, KONIKTIK KBEepIUIarTepIiH >KOFaphl
TYPaKTBUIBIFBI MEH CEHIMIIITIH KAMTaMAachl3 €Te/i.

JOH, maxraceiHbiH AnMaz-)KemuyxuHa jkoHe MWIIHOHHOE KEHOPBIHIAPBIHBIH TEPEH JACHIeiKHeKTepiHaeri
TOPU3OHTTAPBIHAAFEI KEH/II KEePaCThl TOCUTIMEH Kayilci3 jKoHe TYpaKThI OHIIPIM alyasl JAMBITY OOWBIHIIA XPOMHUT
KOpJIapBIH apajac TeOTEXHOIOTUSIMEH MBICHIKTayFa OaFbITTAIFaH ©3€KTi MOCENICHI IIeNIyTe apHaIIFaH.

Tyiiin ce3aep: Ka3y xyiieci, TEXHOTCHIIK OIBIPbUTY, KEPACThI TEXHOJIOTHSCHI, XPOM OHAIPY, ©3IITIHEH KyJiay,
clieM, Tay-KeH TeXHHKAChI, Tay-KeH I'eOJIOTHsUIIbIK KaF/al, ClIeMHIH reoMeXaHHKaJIbIK JKaFaibl.

. K. Bexdeprenos, I'. K. /Izkanrynosa, b. K. Bekryp
WuctutyT roproro aeno um. /1. A. Kynaesa, Anmatsl, Kazaxcran

COBPEMEHHOE COCTOSIHUE U IEPCINEKTUBbI YCTOMYHUBOI'O PA3BUTHUS
MOJ3EMHOM JOBBIYY XPOMUTOB HA HUKHUX 'OPU3OHTAX IIAXT JIOHTOKA

Abstract. B cTaTbe paccMaTpHBarOTCsl BOIPOCH COBPEMEHHOT'O COCTOSHHS U NEPCIEKTUBBI PAa3BUTHA IOJ3EM-
HBIX TOPHBIX paboT max JOHCKHX XpoMHTOB. C Imepexo oM ropHBIX paboT Ha TTyOOKHe TOPH30HTHI T€OMEXaHUIEC-
Kasi CUTyaIlusi 3HAYUTEILHO OCJIOKHSCTCsI, OCOOCHHO JIJIsl BBIPAOOTOK JTHHMINA OJIOKA, YTO MPEIONPEICTUT HEOOX0-
JIMMOCTB pEIIEHUE BOIPOCOB 0 pa3pabOTKe MEPONPHATHH 00eCHeYMBAIOIINX MOBBIIIEHHE YCTOHUYMBOCTH BBIPAOO-
Tok. OHUM U3 HauboJiee paJuKaIbHBIX MEp SBJSIETCs pa3paboTKa KOHCTPYKLMI UCKYCCTBEHHOTO IHUIIA OJIoKa, 1o
NPUHATOMY BapHaHTy CHCTEM pa3pabOoTKH JJIsl HIKHUX TOPU30HTOB IIAaxXThI «JlecsTh jieT HezaBucuMocTH Kazaxcranay.

Ha ocHoBe ananmm3a criocoOOB 1O CO3/IaHMIO HA TOPU30HTE BBIYCKA M JJOCTaBKHM HCKYCCTBEHHOTO JHUINA K
peLIeHUIO TaHHOW TPOOIIeMbI IpesIaraeTcst pa3padoTKa KOHCTPYKIMU C yCTOWYHNBOOIIOPHOH Kelle300eTOHHOH IuiaT-
(hopMoOif MCKYCCTBEHHOTO THUINA OJOKOB M3 OETOHHO-TBEPACIOUICH 3aKIIAAKH, IPU CHCTEMaX 3TaXHOTO caMooOpy-
IICHUS] PYIBl, HA TOPU3OHTE BBITYCKA M JOCTaBKU HCIIONB3YETCS KaK HeCyllas KOHCTPYKLHS DJIEMEHTa CHCTEMBI
Pa3paboTKH, BBIAEPKUBAIOILNE SKCTPEMAIILHO BHICOKOE TOPHOE JaBJeHHE, 00EeCIIeYBAOINE OBBIICHHYIO YCTOMN-
YHUBOCTBH M HaJISKHOCTH TPAHCIIOPTHBIX KBEPIILIATOB, JUIS JOCTABKU PYAHON MAcChl C HCTIOIb30BAHMEM CaMOXOIHOTO
obopynoBanus. HanpasnenHoe penieHre npooiaeMbl pa3paboTKH aKTyalbHO IIPH OTPabOTKE XPOMHUTOBBIX 3aIIacoOB C
KOMOWHUPOBAHHOW T'€OTEXHOJOrHeH IJIsi 0S30MacHOr0 M YCTOHYMBOrO Pa3BUTHS MOJ3EMHON MOOBIYM Pyl Ha
rIIy0OKUX TOPU30HTaX MECTOpOXKAeHUH MuiumronHoe 1 Anmas-XKemuyxuHa maxtel JJon'OKa.

KaroueBble ciioBa: cucrema pa3pabOTKH, TEXHOTEHHbIE OOPYIIEHHMsI, OJ3eMHAasi TEXHOJIOTHS, JOObIUa XpoMma,
caMo00pyIIEHHEe, MacCUB, TOPHOPY/AHAs TEXHHWKA, T'OPHO-TEOJOTHYECKHE YCIIOBHS, I'€OMEXaHHYECKOE COCTOSHHE
MaccuBa.
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THERMODYNAMIC MODELLING CALCIUMCARBIDE AND A FERROALLOY
FORMATION FROM A SYSTEM OF THE DAUBABA DEPOSIT BASALT — CARBON - IRON

Abstract. The present article contains results ofthermodynamic modelling the temperature (from 900 to
2500°C) and iron content (from 0 to 8%) effect on interaction of the Daubaba deposit basalt (40,88% of SiO,,
19,58% of CaO, 13,36% of Al,Os, 15,25% of FeO, 6,68% of MgO, 1,74% of Na,0, 0,98% of TiO,, 0,41% of MnO,
0,55% of SO,) with carbon and formation of calcium carbide and a complex silicon and aluminium-containing
ferroalloy. The investigation has been fulfilled using a software package HSC-5.1 based on a Gibbs energy mini-
mum. It was found, that transition degree of calcium into CaC, at 2000°C and 45% of C at increase in iron content
from 0 to 8% decreases from 54,6% to 42,4%, and transition degree of silicon into the alloy increases and makes
88,1%. Silicon and aluminiumconcentration in the alloy and the calcium carbide capacity decrease at increase in iron
quantity.87,4-89% of silicon and 50-52% of calcium can be extracted into the alloy and calcium carbide respectively
from the basalt in the presence of 45% of carbon, 0-1,9% of ironand temperature of 2028-2043°C. The ferroalloy
formed contains 55-56% of X(Si+Al);the calcium carbide is characterised by capacity of 240-248 1/kg. The alloy
containing silicon and aluminium is a complex ferroalloy — ferrosilicoaluminium of a FS45Al15 grade; the calcium
carbide is related to 2-3 grades.

Keywords: basalt, reduction, carbon, temperature, thermodynamic modelling, calcium carbide, ferroalloy.

At present calcium carbide is produced in electric furnaces out of lime and coke at temperature of
1900-2100°C according to the reaction:

CaO + 3C = CaC, + CO. (1)

The process is characterised by electric energy consumption of 2980-3350 kW-h per 1 t of calcium
carbide [1, 2]. A siliceous ferroalloy is obtained at 1600-1800°C from quartz-containing raw materials by
a carbothermal way in ore-thermalfurnaces. This process is characterized by power consumption from
2200 to 4750 kW-h per 1 t of a ferroalloy (depending onsilicon content in it, which changes from 25 to
45%) [3-5]. At the calcium carbide production thermal and electric losses make to 14% from the maxi-
mum power [1], and at the siliceous ferroalloy manufacture these losses make 11-14% [6]. Combination
of both these processes in one electric furnace permits to reduce the thermal losses in 2 times. The com-
bined processes have been developed for chloride sublimation of off-grade oxide ores [7-9] and processing
of oxidized zinc-containing ores [10, 11]. Simultaneous production of calcium carbide and a siliceous
ferroalloy may be realized from the raw materials containing SiO, and CaO. This raw material group
includes 64,1 million tonne of Kazakhstan basalts (Daubabadeposit (19,4 m. t), Tashkursay (15,7 m. t),
Dormensay (5,9 m. t), Karauzek (5,7 m. t), Kozyrevsky (3,8 m. t), Chernaya Mazarka (2,8 m. t), Dubersay
(10,8 m. t)) [12]. The basalts contain 39-43% of SiO,, 18-21% of CaO, 12-15% of Al,O3, 14-17% of FeO.
Now these basalts are mainly used for manufacture of a fibre and a cast stone material [13], which
technology is constantly improved [14-17], and also for manufacture of other production [18]. Being used
the program HSC-5.1 (Reaction Equations subprogram) [19] we have preliminary calculated AG and
found that a condition AG=0 for joint reduction of Ca, Si, Al oxides on the reactions
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CaO + 2Si0, + ALLO3 + Fe203 + 15C = CaC, + 2FeSi + 2Al + 13CO; 2)
CaO + SiO, + ALO; + Fe + 8C = CaC, + FeSi + 2Al + 6CO; 3)
is satisfied at 1738and 2092K respectively (table 1).

Table 1 — Temperature effect on AG (kJ) for the reactions of joint carbothermal reduction of the oxides

. Temperature, K
Reaction
1173 1373 1673 1738 1773 1873 2073 2092 2173
2 1123,0 724,1 132,3 0 -71,0 -274,6 -679,3 -716 -879,8
1057,7 827,9 486,4 429,1 369,7 2533 22,6 0 -91,9

Studying the possibility of simultaneous production calcium carbide and a silicon and aluminium-
containing ferroalloy out of the Daubaba basalt comprising 40,88% of SiO,, 19,58% of CaO, 13,36% of
AlLOs, 15,25% of FeO, 6,68% of MgO, 1,74% of Na,0, 0,98% of TiO,, 0,41% of MnO, 0,55% of SO, has
been realized by us by means of thermodynamic modelling with use of the HSC-5.1 software package, in
particular the Equilibrium Composition subprogram [19]. The Daubababasalt initial weight was 100 kg.
Calculation of the equilibrium is made on the basis of a Gibbs energy minimum principle taking into con-
sideration activities of substances. The developers of the HSC-5.1 program have based on an ideology of a
SGTE consortium (Scientific Group Thermodata Europe) which develops, supports and distributes the
high-quality databases intended for calculation of an equilibrium composition of chemically reacting
systems. The SGTE structure includes specialized scientific centers in Germany, Canada, France, Sweden,
the Great Britain and the USA [20]. The error of the calculations made by means of the HSC-5.1 program
makes no more than 4-6%.

Thermodynamic modelling influence of temperature (from 1000 to 2300°C) and iron content (from 0
to 8% from the basalt weight) (at 45% of carbon from the basalt weight) on the equilibrium silicon distri-
bution degree in a system of Daubababasalt (DB) — carbon — iron was carried out at pressure of 0,1 MPa.
The results of quantitative distribution of the silicon and calcium-containing substances are represented in
figures 1 and 2.

Judging by the figures, silicon and calcium in the system are as CaSiO;, Al,SiOs, MgSiO;, TiO,,
Si0O,, FeSi, Fe;Si, TiSi, CaSi, Si and SiOy,, CaO, CaC,, Cagys, and aluminium as Al,SiOs, Al,Os and Al
The information about the initial temperature of formation of the compounds (T;, °C) is given in table 2.
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Figure 1 — Temperature effect on quantitative distribution of the Si and Ca containing substances
in the system of DB-45%Cat absence of iron:
A —silicon-containing substances, B — calcium-containing substances




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

A B
kg kg
50 50
45 45
o FESiO CaSiO
. 40 ~
35 \ 35 \
30 30
25 FeS 25
A12Si0 \ _— \
20 % 20
/ | |
B |mesio 15 . x\ o
10 T — Si__| 10 / CaC //
0 Si \\ 4/r/r— // \>(><\
5 Na2SiO / X CaS SiC SiO(g 5 / 7 N\ Cas
) | BN TS = N

1000 1200 1400 1600 1800 2000 2200 2400 01000 1200 1400 1600 1800 2000 2200 2400

Temperature C Temperature C

Figure 2 — Temperature effect on quantitative distribution of the Si and Ca containing substances
in the system of DB-45%C at presence of 8% of iron:
A — silicon-containing substances, B — calcium-containing substances

Table 2 — Initial formationtemperature(T;, °C)

Substances SiC TiSi CaSi Si CaC, Cagys Al Fe;Si SiOyqs FeSi
T, °C
(8% of Fe) 1900 1500 1700 1400 1800 1800 1700 1300 1500 1300

As follows from the table 2 the simultaneous formation of a ferroalloy on the basis of FeSi, Fe;Si,
TiSi, Si, SiC, CaSi, Al occurs at temperature above 1800°C.

The calculation results of equilibrium transition degree (o, %) of Siand Al into the alloy (aSi (alloy)
and oAl (alloy)) and calcium into calcium carbide (aCa (CaC,)) depending on temperature and iron
amount are represented in figures 3 and 4.
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Figure 3 — Temperature and iron content effect onaCa(CaC,) at 45% of C:
1 -0% of Fe, 2 —2% of Fe, 3 — 4% of Fe, 4 — 8% of Fe
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Figure 4 — Temperature and iron content effect onaSi(alloy) andaAl(alloy) at 45% of C: 1 — 0% of Fe, 2 — 8% of Fe

As follows from the figure 3, the increase in iron content from 0 to 8% from the basalt weight (at
45% of C from the basalt weight) decreases o Cainto CaC, from 54,6% to 42,4% at 2000°Caccording to
the equation:

aCa(CaC,) = 54,44-1,5114 Fe. 4

The decrease in aCa (CaC,) at temperatures above 2000°C can be caused by the CaC, decomposi-
tion [21]:

CaC, = Cag+ 2C. 5)

The inverse picture is observed for aSi(alloy) (figure 4). The increase in iron content from 0 to 8% at
45% of C allows to raise aSi (alloy) in the temperature interval of 1600-2000°C and to achieve 88,1-

90,24% at 2000-2200°C.
An important technological parameter of the developed technology is silicon and aluminium content
in the produced ferroalloy (Cs;, Caj) and CaC, content in the technical carbide (Ccac,). From the figure 5 it
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Figure 5 — Temperature and iron content effect on Si and Al content and total Si+Alcontent in the ferroalloy
in the system ofDB-20%C-nFe: 1 — 0% of Fe, 2 — 4% of Fe, 3 — 8% of Fe
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Figure 6 — Temperature and iron content effect on Si and Al content and total Si+Alcontent
in the ferroalloy in the system ofDB-45%C-nFe: 1 — 0% of Fe, 2 — 2% of Fe, 3 — 4% of Fe, 4 — 8% of Fe

is obvious, that at 20% of carbon in the system the increase in iron amount from 0 to 8% reduces alumi-
niumconcentration and total silicon and aluminiumconcentration (Cssiia)in an alloy. Maximum Cggjya)
(45,6%) is reached at 2000°C in absence of iron. With growth of the carbon quantity to 45% the influence
pattern of iron on Siand Alconcentration in the alloy does not change. However the pattern of temperature
effect on Cg; and Cy is a little bit other (figure 6). The increase in temperature to 1900°C raises Cs;. Then
we see the minimum Cg; at 2000-2200°C and its increase at temperature above 2200 °C. Aluminium
contentin the alloy during the temperature growth passes through a maximum at 2100°C and makes13,1%
at 8% of Fe. With increase in the temperature the totalSi and Al content in the alloy increases. In the
temperature interval of 2000-2200°Cand 2-8% of ironCss;:o; makes 49-58%.

The temperature and iron amountinfluence on the calcium carbide capacityis shown in figure 7. As
follows from the Figure the iron content increase leads to the capacity reduction. So, if at 2100°C in ab-
sence of iron the calcium carbide capacity makes 265 I/kg, then at 8% of Fe it decreases to 244,1 l/kg.

For determination of the optimum temperature and iron amount we have fulfilled researches by a
rototablematrix planning method in respect to a bifactorial experiment [22]. The optimization parameters

300 -

O T T T T
1800 1900 2000 2100 2200 2300
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Figure 7 — Temperature and iron content effect on the CaC, capacity:
1 — 0% of Fe, 2 — 2% of Fe, 3 — 4% of Fe, 4 — 8% of Fe
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are aSi (alloy), aCa (CaC,), Cssi+a) in the alloy, calcium carbide capacity L, and independent factors are
iron content(from the basalt weight) (Fe, %), temperature (T, °C). We habe obtained the following
regression equations:

0Siaiioy) = -1700,11 + 1,738-T + 5,036-Fe — 4,226-10*-T* - 0,223-Fe* — 1,433-107-T-Fe (6)
Ocacaca) = -5904,185 + 6,018-T — 14,002-Fe — 1,519-107-T> — 0,141-Fe’ + 6,539-10°-T Fe (7)
Cssiral = -199,967 + 0,223-T — 2,764-Fe — 4,8-10°-T> — 6,964-10%-Fe* + 1,131-10>-T-Fe (8)
Lcacs = -28470,14 +27,323-T + 184,5-Fe — 6,493-10°-T> — 0,605-Fe* — 8,916-10>-T-Fe 9)
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Being used the MathCad program [23] on the basis of the equations 6-9 we have constructed response
surfaces and their horizontal sections (figure 8). Judging by figure 8, aSi from 80 to 90% is in the area
abcdef (1880-2050°C and 0-8% of Fe). The extraction degree of Ca into CaC, from 50 to 56% is in the
area kit (1918-2006°C and 0-3,7% of Fe). The total Si and Alcontent in the alloy from 50 to 58% is in the
area nms (1860-2100°C and 0-4,2% of Fe). The calcium carbide with capacity of 240-271 /kg is formed in
the area fkd (2070-2100°C and 0-6,15% of Fe). From figure 8 it is follows, that aCa(CaC,) is substantially
less, than aSi (alloy). Therefore the optimum should be searched proceeding from the maximum aCa
(CaC,). Figure 9 represents the superimposed information about influence of temperature and iron amount
on aSi(alloy), aCa (CaC,), Cssi+a1 in the alloy and capacity L. At the construction the minimum limiting
indices were calcium carbide capacity of 240 I/kg (calcium carbide of 2 and 3 grades),aCa (CaC,) >50%,
aSi(alloy) >87%, Cssi+ar>55%.

The plane abcd in figure 9 is the technological area respective toset limits. Values of temperature and
iron content in the border points of the abcd area are represented in table 3.

3
2\
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.
(&
1 *
55% N\, R
-
/\ ,‘\ = 56%)
s o & -1
0 I\ \n l d
d C
1975 2000 2025 2050

Temperature | 0C

Figure 9 — | Superimposed information about temperature and iron amount effect

on aSi(alloy) - ( — —— ), aCa(CaC,) — ( ) Cssival (===-- )and L ( )
Table 3 — Technological parameters in the border points
Point Technological parameter
in figure 9 aSi, % aCa(CaC,), % L, l/kg Cssisal T, °C Fe, %
a 88,6 50,8 240 55,0 2028 1,8
b 89,0 50,0 242 55,0 2032 1,9
c 88,0 50,0 248 56,0 2043 0
d 87,4 52,0 240 55,3 2031 0

Thus from the Daubaba basalt at presence of 45% of carbon and 0-1,9% of iron at 2028-2043°Cit can
be simultaneously extracted 87,4-89,0% of silicon into the ferroalloy and 50-52% ofcalcium in calcium
carbide. In this case thecalcium carbide has capacity of 240-248 1/kg, and the total silicon and aluminium
content in the alloy makes 55-56%. Such the alloy concerns to ferrosilicoaluminium ofa FS45Al15
grade[24], and the calcium carbide to 2-3 grade.

Conclusion. On the basis of the results obtained at the thermodynamic modelling the Daubaba basalt
— carbon interaction at presence of iron we may draw following conclusions:

- formation of calcium carbide in the system occurs at 1800°C, iron silicides — at 1300°C, silicon and
aluminium — at 1400-1700°C;

- transition degree of calcium into CaC, at 2000°C and 45% of C at increase in iron content from 0 to
8% decreases from 54,6% to 42,4%, and transition degree of silicon into the alloy increases and makes
88,1%;
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- silicon and aluminiumconcentration in the alloy and the calcium carbide capacitydecrease at
increase in iron content;

- from the Daubaba basalt at presence of 45% of carbon and 0-1,9% of iron at 2028-2043°C it can be
simultaneously extracted 87,4-89,0% of silicon into the ferroalloy and 50-52% of calcium in calcium
carbide; the calcium carbide formed has capacity of 240-248 1/kg, and XSi+Alin the alloy makes 55-56%;

- thealloy containing silicon and aluminiumis a complex ferroalloy — ferrosilicoaluminium of
aFS45Al5 grade, and the calcium carbide formed concerns to 2-3 grade.

The research has been fulfilled under the support of the Ministry of Education and Science of the
Republicof Kazakhstan on the basis of grant financing on the theme“Combined technology for production
of ferroalloys and calcium carbide from unconventional natural raw material and technogenic formations
containing high-clark elements”.

B. M. Illeexo', JI. K. AﬁTKyHOBZ, JI. 1. Amanos', A. JI. Baaukosa', M. A. TyneeB1

M. Oye3oB atbiHaarel OHTyCcTiK Kasakcran memiiekertik yHuBepeuteti, [lIsimkent, KazakcraH,
2K. . CotbaeB aTeiHIars! [ '€0MOTHSITBIK FRUIBIMAAP WHCTHTYTHL, AnMaTsl, Ka3akcTan

JIAYBABA KEHOPHBIHBIH BA3AJIbTHI-KOMIPTEK-TEMIP )KYHECIHEH ®EPPOKOPBITIIA
KOHE KAJIBIIMU KAPBUJAIHIH TY3LJIYIH TEPMOJUHAMUMKAJIBIK MOJAEJIBJAEY

AnHotanusi. Makanazna Si sxoHe Al KypalThiH, KellleH Al peppOKOPBITIIA MEH KaJIbIIMK KapOUIiHIH TY3UIyiMeH
kemiprerimen [lay6aba (40,88% SiO,, 19,58% CaO, 13,36% AlL,Os, 15,25% FeO, 6,68% MgO, 1,74% Na,0, 0,98%
Ti0,, 0,41% MnO, 0,55% SiO,) keHOPHBIHBIH Oa3aJIbThIMEH dcepiecyine Temip (0-meH 8%-Fa aeiiiH) xKoHe TeMIepa-
typanslH (1000-zen 2500-ra neiiin °C) acepiH TepMOJMHAMMKAIBIK MOJIEIbJICHY1 OOMBIHIIA KYMBIC KOPBITHIH/IBICHI
kenripiireH. 3eprrey ['MO0C SHEPTHSICHIHBIH MUHUMYMBIHA HerizgenreH, HSC-5.1 kemenni 6araapiraMaHbl KoImaHa
oThIpbIn Kyprizingi. Hormkecinge 2000 °C xone 45% C, temip Memmepin 0 nen 8% sxorapsitatkanga Ca-nin CaC,
oty mopexeci 54,6% man 42,4% -ra ToeMeHIeH I, an Si OanKbIMara eTy aopexeci 88,1% yrrasasr; TeMip MeNIIepiHig
apTyblHAa OanmKpIMazarbl Si jkoHE Al KOHIEHTPAIMACH! KOHE KAIBLHUKA KapOWIIHIH JUTpaxsl TeMeHaennai; 45%
KeMipreri KaTeicybiHna OazanprTan 0-1,9 % Fe xome 2028-2043 °c 0ip meszerte OankpimMara 87,4-89% Si skoHe
50-52% Ca xanbluit kKapOuiHe Oeuim anajabl; Ty3iireH ¢peppoxopsitia 55-56% X Si skoHe Al kypaca, 242-248 n/kr
JUTpa)KOCH KaablMid KapOugiMeH cumartanaabl. Sixone Al Kypammac OaaksiMa KerreHai GpeppoKophITIara KaTabl,
saran DC45A15 mapkais! heppocHIrKoaTMUHINTE, ajl KaJlbLUi Kapoui 2-3 copTka ue 60Jaibl.

Tyiiin ce3mep: 0azanbT, KajIbIHA KENTIPY, KOMIPTEK, TEMIEpaTypa, TEpPMOANHAMUKAIIBIK MOJIENbCY, KAIbIHN
Kapoui, heppoKophITA.

B. M. Illeko', JI. K. Aiitkys08%, JI. 1. Amanos’, A. JI. Baaukosa', M. A. Tyuees'

'FOsxH0-Kazaxcranckuit rocyapcTBeH bl yHuBepcHTeT HM. M. Ay»308a, IlIbivkenT, Kazaxcras,
*UuctutyT reonornyeckux nayk uM. K. M. Carnaesa, Anmatel, Kasaxcran

TEPMOINHAMUYECKOE MOAEJIUPOBAHUE OBPA3OBAHUA KAPBUJIA KAJIBIIUA
N ®EPPOCIIVIABA U3 CUCTEMbI BA3AJIBT JAYBABUHCKOI'O MECTOPOKIEHMUSI —
YI'JIEPOJ-XEJIE30

AnHoTanusi. B crathe npuBOAATCS pe3ynbTaThl paboThl 110 TEPMOANHAMHUYECKOMY MOJICIIUPOBAHHIO BIMSHUS
temmepatypsl (o 900 o 2000°C) u xene3a ( ot 0 mo 8%) Ha B3anmoaelicTBue OazanpTa MecTopoxkaeHus [laydabda
(40,88% SiO,, 19,58% CaO, 13,36% ALOs;, 15,25% FeO, 6,68% MgO, 1,74% Na,O, 0,98% TiO,, 0,41% MnO,
0,55% SO,) c yrneponom ¢ o0pa3zoBaHHEM KapOuaa KaJlblMs M KOMIUIEKCHOTO (peppociiaBa, colepiKaIiero Kpem-
HUH ¥ amoMuHUM. MccrieqoBanus MPOBOIMIIN € UCTIOIB30BaHUEM MporpaMmMHoro komiiekca HSC-5.1, ocHoBaHHOTO
Ha MUHEMYyMe 3Heprun [ nb6ca. Haiineno, uto crenens nepexoxa kansiust B CaC, mpu 2000 °C u 45%. C npu yBe-
JUYeHNH KoJmdecTBa kenes3a oT 0 1o 8% ymenspmaercs ot 54,6% mo 42,4%, a cTeneHs nepexoaa KpeMHHS B CILIaB
Bo3pacraet, coctaniss 88,1%. KoHIleHTpaluss KpeMHHUST U aJIFOMUHESI B CIUIABE M JIUTPAK KapOmka KaJIbI[Usl CHH-
JKAIOTCS TIPH YBETHUCHHH KOJIMYECTBA JKelesa; B mpucyTcTun 45% yriaepoaa, 0-1,9 % Fe mpu 2028-2043 °C u3
0a3zayibTa MOXKHO OJHOBPEMEHHO B cIuIaB m3Biedb 87,4-89% Si u 50-52% kanpums B kapoun kanenus. O0pasyro-
muics GpeppociiiaB coaepkuT 55-56% X ; , a1, KapOUI KabLHs Xapakrepusyercs Jutpakom 240-248 n/kr. Crunas,
CoJIeprKaIllMi KpeMHHUH M allFOMMHUA OTHOCHTCSI K KOMIUIEKCHOMY (eppocmiiaBy - GpeppOCHINKOUTIOMIHUIO MapKU
DC45A15, a kapOup xambiwst o0mamaet 2-3 COPTHOCTHIO.

KiroueBsble cjioBa: 0a3anbT, BOCCTAHOBIICHHE, YIIIEPOl, TEMIEpaTypa, TEPMOAUNHAMIYECKOE MOICITHPOBAHNE,
KapOuz KamsIws, GeppoCIUIaB.
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MICROPROCESSOR CONTROL SYSTEM
FOR SOLAR POWER STATION

Abstract. In this article, there has been developed a microprocessor control system that provides synchronous
operation of a solar power station with an electric grid. It is shown that, in practice, the voltage in the mains does not
correspond to a pure sinusoid and has distortions to which the output voltage of the inverter must be adapted.

Keywords: microprocessors, control system, solar power station, inverter, power network, synchronization,
voltage.

Currently, the electricity voltage does not correspond to a pure sinusoid and has distortions that occur
when using semiconductor converters (controlled rectifiers, power converters, converters and other
devices). Therefore, inverters of solar power plants must be adapted to the power grid.

The scientific novelty of this work is the development of a microprocessor-based inverter control
system for a solar power plant that transforms electricity into an energy grid. It should be noted that the
microprocessor control system of the inverter reacts instantly to changes in the mains voltage, excluding
emergency modes. At the same time, solar cells are saved and the maximum transformation of the electric
power of the solar power station into the power grid. Thus, the development and practical application of
the microprocessor control system is an actual problem.

In most inverters existing to date, the output voltage is formed by a circuit that produces rectangular
pulses in the form of a meander at the output. This is sufficient for working in an autonomous mode, but
not suitable for working together with the power grid. To correct this shortcoming, there are two principal
ways to improve the inverter output voltage curve by the circuit:

- the pulse width modulation of the output voltage curve;

- the amplitude-pulse modulation of the output voltage curve.

Figure 1 shows a stepped voltage form close to a sinusoid with amplitude-pulse modulation [1].

In this work, there was developed and presented [2, 3] a scheme of a multilevel inverter with
amplitude-pulse control, where each of n sources of direct voltage (solar cells) are connected in series and
through n switching keys are connected to a bridge inverter with a common load. In this work it is used
amplitude-pulse control in such a way that a multilevel voltage is provided at the output of the inverter,
which is close in shape to the sinusoid (figure 1).

Figure 2 shows a block diagram of the organization and connection of a multilevel inverter that
allows tracking and synchronizing the output voltage of the inverter with the voltage of the city network in
order to maximize the energy of solar cells in the grid.

To connect a power inverter to an industrial network it is very important to achieve synchronous
operation of the inverter with the power network. For this, it is necessary to fulfill all the requirements for
parallel operation of electric power sources (generators, inverters) and the power grid, which are expressed
by the following conditions:

fi=fo U =Ug x=m, (D
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where f; and f. — respectively, are the frequencies of the source of electrical energy and the power system;

U; and U, — respectively, are the voltages of a source of electrical energy and a power system; X — is an
angle between the vectors of voltages U; and Uc and the order of rotation of the phases of the sources of
electrical energy must be the same.
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Figure 1 — Stepped voltage form close to sinusoid
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Figure 2 — The block diagram of the inverter's synchronization with the power grid

To fulfill the condition of synchronization of the inverter voltage with the mains voltage, a pulse
former was developed. Sync pulses have a periodicity equal to the period of the AC network and are
designed to control the frequency and phase of the AC voltage at the output of the inverter.

To synchronize the mains voltage with the voltage of the inverter, there has been developed a device
that generates the front of the synchronization pulse at the time of alternating current polarity in the
industrial network. A scheme for converting and matching the network voltage level with the level of the
multistage inverter voltage has also been developed.

Figure 3 shows the developed circuit of the microcontroller control system of the inverter. For the
inverter control system, it was decided to use the Atmel microcontroller of the Mega family. This micro-
controller has three 8-bit data I / O ports, which meets the management requirements. The control system
was developed in the software environment Code Vision.
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Figure 3 — The scheme of the microcontroller control system

For accuracy of compliance with the commutation angles, the minimum performance is 12 MIPS that
the microcontroller AVR of the ATMEGA series can be made by connecting to a 12 MHz crystal oscil-
lator. Programming was performed in the AVR Studio 4 environment, in the programming language C.

Figure 4 shows the scheme of the synchronization block of the inverter with the power grid. The
microcontroller synchronizes with the external network and calculates the sine period. For this, the
microcontroller reads pulses from the synchronization block. In this case, it uses two blocks with
optocouplers to calculate the timing of the synchronization. The input SYNCRO 2 receives pulses from
the optocoupler U10, which is connected to the external network through the lowering resistance R63
(figure 4). At the input SYNCRO _2, a pulse is produced for each half-period of the input voltage.

In the scheme of the synchronization block of the inverter with the power grid, there is determined
the time point of the positive and negative half-cycle of the mains voltage. In order to calculate the exact
time of the sinusoid transition from the positive half cycle to the negative half and back, there are used
pulses arriving at the input SYNCRO 1.

In addition, the block calculates the time of the positive and negative half-cycle of the sinusoid. After
calculating the time of the input voltage period, the step-on time is calculated. To do this, the analogue
comparator inputs compare the voltage of the stage and the voltage of the external network and when the
external voltage becomes greater than the step voltage, the value of the timer counter is recorded. Taking
into account the value of the counter in the timer, the next voltage stage of the inverter is switched on in
subsequent counts.
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Figure 4 — The scheme of the synchronization block

After completion of reading and comparing, the inverter goes into the basic mode of operation strictly
according to the countdown timer. In this case, the external voltage is monitored by the comparator. If the
interrupt of the comparator occurred before the timer has tripped, then the step countdown time decreases,
otherwise the run time of the step increases. In order that no false alarms occur, the minimum operating
time of the stage is set.

RIGOL

CH1 2.00v CH2Z 2.00v 2.000ms

Figure 5 — The oscillogram of the output voltage of the inverter and the power grid during synchronization

In this work there have been made a microcontroller control system circuit and a synchronization
block circuit. There have been carried out experimental studies of the operation of the inverter with the
power network. Figure 5 shows an oscillogram of the output voltage of the inverter and the power grid
during synchronization. As can be seen from the voltage oscillogram, the microcontroller control system
ensures full synchronization of the output multistage voltage of the inverter with the power grid. In this
case, six voltage levels are used. Thus, it was possible to realize the theoretical positions (figure 1) in
practice (1) of synchronization of the output multistage voltage of the inverter with the power grid.
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H. T. Ucembeprenos, K. H. TaiicapueBa, ¥. O. Ceiinanuesa, B. B. Jlannjibuenko
K. 1. Corbae arsinnarsl Kazak yITTHIK TEXHUKAIBIK 3€pTTEy yHUBEpCHTETIO Anmatbl, Kaszakcran
KYH DJEKTPCTAHIIUSACHIH BACKAPYFA APHAJIFAH MUKPOITPOIIECCOPJIBI )KYWUE

AnHoTanusi. FeuibiMu Makaaga MUKpOIIPOLIECCOPIIbI Oackapy xkyiieci exuenred. O xyiie KyH 2JIEKTp CTaH-
LUSICBIH JJIEKTXKeTIciMeH Oipre CHHXPOHIBI JKYMBIC iCTEyiH KamTamacchl3 ereni. Toxipubene KepceTireHuei,
ANEKTPIKENTICl Ta3a CHHYCOMJAaHbl OepMeiijii oHele KeITereH OypMmanaHynapbl Oap, sSFHH MHBEPTOPABIH LIBIFBIC
KEpHEYyiH CHHYCOUaFra KeNTIpy KaXKeT.

Tyiiin ce3mep: Muxpormpoueccopiap, Oackapy Xyieci, KyH SJIEKTp CTaHLHUSCHI, WHBEPTOP, JHEProxedi,
CHUHXPOH/IAY, KEpHEY.

H. T. Ucembeprenos, K. H. TaiicapueBa, ¥. O. CeiinanueBa, B. B. JlannjibueHko

Kazaxckuil HallMOHAIBHBIN HCcen0BaTeNbCKUil TexHuueckuii yausepcuteT uMm. K. M. Carnaesa,
Anmartsl, Kazaxcran

MHUKPOITPOIIECCOPHASI CHCTEMA YIIPABJEHUS 1)1 COJTHEYHOM JEKTPOCTAHIIUM

AnHoTanusi. B crarbe pa3paboraHa MHUKpOIPOLIECCOPHAs CUCTEMa YIPaBICHHUS, KOTOpas OOECIeunuTh CHH-
XPOHHYIO PabOTy COJIHEUHOH 3JIEKTPOCTAHIIMH C 3JIEKTPOCceThI0. [loka3aHo, YTO Ha MPAKTUKE B DIIEKTPOCETH HAIPs-
JKCHHUEC HE COOTBETCTBYET ‘il/ICTOﬁ CUHYCOMJEC U UMECT UCKAXKCHUSA, K KOTOPBIM HeO6XOZ[I/IMO alaliITUpOBATH BbIXOA-
HOE HANpsHKEHUE HHBEPTOPA.

KaioueBble ci10Ba: MUKPOIPOLECCOPBI, CUCTEMA YIIPABICHHS, COJIHEUHAsI DJIEKTPOCTAHIINS, HTHBEPTOD, SHEPIo-
CeTh, CHHXPOHHU3AIIHS, HATIPSHKEHHE.
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TO THE QUESTION OF RECOVERY OF URANIUM
FROM RAW MATERIALS

Abstract. The problem of extracting uranium from difficult-to-hide ores can be attributed to the most important
scientific and technical problems facing the modern uranium mining industry.

One of the areas of modern scientific and technological progress in the development of radioactive ore deposits
is using of a practically non-waste method of mining uranium — underground leaching (UL). A great interest to the
method of underground leaching is determined by the positive experience of its application and high technical and
economic indicators.

In Kazakhstanin underground uranium leachinga sulfuric acidis used as a leaching reagent. In this case, the
degree of transition of uranium to the productive solution can be due to a variety of reasons, primarily related to the
physico-chemical properties of uranium-containing minerals.

Thus, the use of sulfuric acid as a leaching reagent allows the extraction of only uranium (VI) compounds, since
uranium compounds (IV) in sulfuric acid do not dissolve. To convert uranium (VI) to uranium (IV), oxidizers are
used in industry, most often-ferric compounds. In this regard, the main problem of increasing the extraction of
uranium in underground leaching is the transfer of uranium (IV) to a soluble state.

Analysis of scientific and technical literature has shown that recently one of the main directions for increasing
the extraction of uranium from poorly soluble ores is the use of intensifiers that allow the most complete transfer of
uranium from one valence state to another.In the article, the catalyst "M-1", which is a compound of transition
metals, is considered as an intensifier. Comparative data are given for the study of agitation leaching of uranium
from ore in the presence of a number of oxidants. Priorityuseofthe"M-1" catalystwasnoted.

Sorption methods are used to extract uranium from productive solutions. Ion exchange has certain advantages
over others, since it allows to extract uranium from solutions of various concentrations.

Comparison of the kinetic dependencies of the sorption extraction of uranium by the ionites of Purolite A-500
and Ambersep-920 from the productive solutions of leaching of uranium-bearing ore in the presence of the «M-
I»catalyst showed that they differ insignificantly. The values of activation energy for sorption of uranium on these
ion exchangers and diffusion coefficients are calculated. Their magnitude is characteristic of a mixed external and
internal diffusion process type.

In the literature, there are data on the use of natural sorbents for the extraction of uranium from productive
solutions with low content of uranium. The advantages of such sorbents are their low cost. Within the framework of
the present work, the possibility of sorption of uranium from productive solutions by natural zeolite and schungite in
comparison with synthetic sorbents is investigated.

Key words: uranium, leaching, sorption, intensifier, catalyst, sorbent.

Introduction. Kazakhstan ranks second in the world in terms of natural uranium reserves and the
leading positions in its production. Uranium is present in ores as part of a large number of mineral forma-
tions that differ in their physicochemical properties. According to the literature, the main uranium ores are
the minerals of the tetravalent uranium: oxides (nasturan, uranium black) silicates (coffinite). The most
common in the ores of almost all genetic types are simple oxides of U (IV). Minerals of hexavalent
uranium are of lesser industrial importance [1-3].
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Specificity of technological schemes for processing uranium ores is determined by the composition
and properties of raw materials. Usually, the content of uranium in ores varies from tenths to hundredths
of a percent. Because of the fine impregnation of uranium minerals in ores, the latter are not amenable to
mechanical enrichment and the extraction of uranium from ores is in most cases carried out chemically
[4, 5].

Depending on the composition and properties of the initial ore, one or another method of chemical
processing is used.

Meanwhile, the method of underground well leaching finds an increasingly wide application in the
development of uranium deposits, which, due to complex bedding conditions, as well as high specific
investments and operating costs, cannot be worked out by traditional methods. In Kazakhstan, under-
ground well leaching is the only effective method of uranium mining. Sulfuric acid is used as a leaching
reagent [6, 7].

Minerals of tetravalent uranium do not dissolve in sulfuric acid, unlike to hexavalent. To dissolve the
minerals of tetravalent uranium in dilute solutions of sulfuric acid, leaching is conducted with the addition
of oxidizing agents. It is believed that the main problem of increasing the extraction of uranium from ore
during underground leaching using existing technologies is the conversion of uranium (IV) to a soluble
state. Therefore, at the heart of the overwhelming majority of research works is the question of the most
complete transfer of uranium compounds into a soluble state, i.e. uranium (IV) in uranium (VI) [8-10].

In this connection, the purpose of this work was to study the effect of the "M-1" catalyst on uranium
leaching and to assess the extent of its subsequent extraction from the resulting productive solutions.

In accordance with the complex chemical composition of uranium-containing solutions of under-
ground well leaching and low uranium content, the most acceptable method of their processing is sorption
methods, which are based on the use of ion exchange.lon exchange has certain advantages over other
methods (precipitation and extraction) since it allows to extract uranium from solutions of various
concentrations [11-15].

In the literature, there are data on the use of natural sorbents for the extraction of uranium from pro-
ductive solutions with low content [16-18]. The advantages of such sorbents are their low cost. Within the
framework of the present work, the possibility of sorption of uranium from productive solutions by natural
zeolite and schungite in comparison with synthetic sorbents is investigated.

Experimental part. As a raw material for experimental purposes, uranium-containing ore was used,
in which the main uranium-containing mineral is coffinite. The composition of the ore is given below.

Sulfuric acid was used as the reagents which has the qualification "technical", GOST 2184-77, am-
monium nitrate of the qualifications " Reagent", GOST 20478-75, sodium peroxoborateof the qualification
"reagent", GOST 22567.10-93, ferric chloride (III) six-grade of the qualification "pure", GOST 4147-74,
as well as the synthesized “Muhamedzhan-1” (M-1) catalyst [19, 20].

Experimental technique. Experiments on the leaching of uranium ore were conducted in a thermo-
stated reactor according to a generally accepted procedure. Stirring of the pulp was carried out with a
Stirrer-BS stirrer with a variable speed. The stability of the temperature was stabilized with a thermostat
of the brand "TERMEX MO1M". The maximum duration of the process was 48 hours. The ratio of S:L =
=1:4.

Sorption of uranium was carried out on the anionites Purolite-A500 and Ambersep-920 in a static
mode according to the procedure described in [21] from the productive solution from leaching of uranium-
bearing ore. The composition of the solution is given below. There were used the anionitesPurolite-A500
andAmbersep-920 and natural materials — zeolite and schungite.

Methods of analysis. The quantitative content of uranium was determined by chemical methods of
analysis.

Results and its discussion. As mentioned above, the main task of the vast majority of research works
is the question of the most complete transfer of uranium compounds into a soluble state, i.e. uranium (IV)
into uranium (VI).In this connection, we chose the initial ore, in which the main mineral is U [SiOy],
which makes up about 95 % of the total uranium mineralization balance.Uranium-containing minerals are
also represented by leucoxene, accompanying - native selenium, cobalt-nickel pyrite (bravoite) and
sphalerite. The composition of different rocks: quartz - 70-80 %, feldspars - 10-20 %, siliceous rocks -
5-10 %. The average content of uranium is 0.031 %.
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At the first stage of the research, the effectiveness of the "M-1" catalyst's influence on the uranium
extraction degree by agitation leaching with sulfuric acid was evaluated.

Agitation leaching is a preliminary stage in the study of technological properties of the ore, it makes
it possible to estimate its excavation with an optimal concentration of leaching reagents, as well as assess
the effectiveness of the effect of some additives on the process.The investigations were carried out in the
presence of the "M-1" catalyst. Further, for comparison, in the presence of traditional oxidizing agents:
ferric iron, ammonium nosulphateand sodium peroxoborate.

To date, great interest is, along with the study of the effect of traditional oxidants on the process of
leaching of difficult-to-hide uranium-bearing ores, as well as the search for new intensifiers for increasing
the extraction of uranium from persistent raw materials. In this regard, the leaching of uranium-bearing
ore in the presence of the "M-1" catalyst was studied in comparison with the traditional oxidants: ferric
iron, ammonium nosulphateand sodium peroxoborate.

Preliminary studies of the catalyst "M-1" are presented in [20]. The catalyst "M-1" is a mixture of
nitrates, sulfates, chlorides, bromides and iodides of transition metals (Fe, V, Cu, Mn).The total concen-
tration of metals in the catalyst was 0.3 g/dm’. Data characterizing the extraction of uranium by sulfuric
acid in the presence of a catalyst are presented in table 1.

Table 1 — Results of sulfuric acid leaching of uranium in the presence of "M-1" catalyst

Catalyst content, pH ORP, Extraction U, The acid consumption (Cypsos = 5.0 g/dm3),
g/dm’ mV mg/dm’ g/g of uranium
0 2,00 378 35 39.1
0,3 2,01 388 80 14.2
0,6 1,99 396 82 12.8
0,9 1,98 402 84 11.1
1,2 2,00 408 86 9.7

From the data presented, it can be seen that the use of the "M-1" catalyst in the leaching process leads
to an increase in the extraction rate of uranium from the ore. The maximum increase in the concentration
of uranium in the solution is observed at the site of the change in the catalyst content in the range
0-0.3 g/dm’.

Figure 1 shows the leaching of uranium-bearing ore by sulfuric acid in the presence of a catalyst in
comparison with oxidants.
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Figure 1 — Results of sulfuric acid leaching of uranium in the presence of the catalyst "M-1" and oxidants:
1 — sulfuric acid without oxidants and catalyst; 2 — “M-1" catalyst; 3 — ferric ion; 4 — ammonium nosulphate; 5 — peroxoborate
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It can be seen from the table that the uranium content in the leaching solution without catalyst and
oxidizers was 35 mg/dm’ after 12 hours of the experiment and increased to 38 mg/dm? after 48 hours after
the beginning of the leaching. In the case of using traditional oxidants, an increase in uranium extraction
was also observed with increasing leaching time. The use of ferric chloride during the leaching process
allowed to increase the concentration of uranium in the solution from 50.8 mg/dm’ for 12 hours of
leaching to 58.2 mg/dm’ for 48 hours, and for ammonium nitrate and sodium peroxoborate from 48.3 and
39.2 to 51.8 and 40.9 respectively. When the "M-1" catalyst was used after 12 hours of the experiment,
84 mg/dm’ of uranium extraction was achieved, with increasing leaching time this value varies
88 mg/dm’.

Thus, the highest concentration of uranium in the solution is achieved when the ore is leached with
sulfuric acid in the presence of a catalyst and decreases in the series: the catalyst "M-1" - ferric chloride III -
ammonium perchlorate - sodium peroxoborate - sulfuric acid in the absence of oxidants and catalyst.

It should be noted that the catalyst "M-1" was successfully tested under production conditions and
recommended for use.

The technological cycle of uranium mining by the method of underground borehole leaching includes
the following interrelated technological processes: the actual underground uranium leaching, sorption-
desorption of uranium and the production of concentrate. In accordance with the complex chemical
composition of productive solutions and the low content of useful components, the most suitable variant of
uranium concentrating is the sorption methods.

Unlike other methods, uranium sorption is characterized by the possibility of achieving high puri-
fication factors and a degree of concentration, high selectivity, the possibility of flexible regulation of se-
lectivity by changing pH, oxidation-reduction conditions, complexation, simplicity and compactness of
instrumentation, and a wide variety of artificial and natural sorbents.

Sorption of uranium together with the process of leaching is a kind of indicator of its extraction from
this type of raw material.

Sorption of uranium was carried out in a static mode on Purolite-A500 and Ambersep-920 anion
exchangers. The selected anion exchangers - strongly basic macroporous Purolite-A500 anioniteon the
basis ofstyrenedivinylbenzene matrix and macroporous strongly basic anionite Ambersep-920 based on
cross - linked polystyrene are effectively used in uranium mining enterprises of Kazakhstan.

At the first stage, comparative studies were conducted uranium sorption studies were carried out
according to the above procedure. In the course of the experiment, a productive solution was used from
the leaching of uranium-bearing ore with sulfuric acid in the presence of the "M-1" catalyst. The
characteristics of the productive solutions are given in table 2, and the kinetic curves of sorption are shown
in figure 2.

From the data given, it can be seen that the degree of uranium sorption most rapidly increases during
the first hour, then the extraction rate decreases. The maximum degree of uranium recovery - 89.13% was
achieved from the productive solution from ore leaching using the catalyst "M-1". From the leaching
solution of uranium ore in the presence of an oxidizer-ferric chloride, uranium extraction amounted to
76.35%, and in directleaching with sulfuric acid (without additives) it was 63.31%.

Further, we determined the kinetic dependencies of uranium extraction from solution Nel by Purolite
A-500 and Ambersep-920 ion exchangers in comparison. The results of the experiment are shown in
figure 3, from which it can be seen that the ion exchangers practically equally sorb uranium from the
solution. The degree of extraction of uranium on ion exchanger Ambersep-920 reaches 87.6%, Purolite
A-500 - 89.0% for 8 hours of contact.

Table2 — The characteristics of the productive solutions

" Productive solutions U, , Concentratior}l pH Oxidation-re.duction
mg/dm H,S0,, g/dm potential

1 | With the use of the catalyst "M-1" 86.0 5.0 2.0 408

2 | With the use of an oxidizing agent (trivalent iron chloride) 65.0 5.0 1.6 550

3 | Productive solutions(without oxidizers and catalysts) 53.9 5.6 2.1 480
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Figure 2 — The degree of extraction of uranium from solutions 1-3. The characteristics of solutions are given in table 2
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Figure 3 — Kinetic curves of sorption of uranium from the productive solution on anion exchangers:
1 — Purolite-A500; 2 — Ambersep-920

In addition, studies have shown that increasing the duration of the process beyond 8 hours is
ineffective.

It is known from literature sources [16-18] that at low concentrations of uranium it is possible to use
natural sorbents - shungite, zeolite - to extract it.

During the research, sorption extraction of uranium was tested with natural sorbents. The main con-
stituents of the natural zeolite that we used are chabasite - (Ca, Na)[Al,Si40,,]-6H,0, desmin (stilbite) -
Ca[Al,Si;045]-7H,0, analcite - Na,[AlSi,O]-2H,0 and the harmonic - Ba[AL,SicO1¢]. The composition of
schungite for the main components is given in table 4. It should be noted that in the microquantities the
composition of schungite includes such elements as:Sr, Co, Zn, Y, Cu, Sn, Mo, Ba, Ni, Mn, V, etc.

Table 3 — Chemical composition of schungite

Sorbent Content, % wt.
C SIOZ A1203 FezO3 MgO CaO NaQO KQO
Shungite 10 26.01 6.55 3.81 2.5 13.5 0.6 1.46
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The results of uranium sorption from productive solutions are presented in table 4.

Table 4 — Results of sorption of uranium from productive solutions

Sorbent Loading U Uranium content The extraction of Calculated content of U
4 | Sorbent weicht with a in the mother uranium into the sorbent | in the sorbent without taking
et productive liquor of sorption, . into account sorbed impurities,
& solution, mg mg/dm’ mg % % wt.
1 | Shungite 10 21.25 0.85 19.3 90.9 0.193
2 | Zeolite 12 22.0 0.97 19.8 90.1 0.165

It states in the table that the degree of extraction of uranium by natural sorbents is quite comparable
with the synthetic ones (T: F for synthetic sorbents 1: 500, and for natural sorbents 1-1.2: 25), but their
sorption capacity is low. The main disadvantage of synthetic sorbents is their high cost, and therefore, the
use for uranium sorption from solutions with low concentrations (usually for pre-extraction) is unrea-
sonable. To extract uranium from productive solutions, or from liquid waste of uranium chemical-
metallurgical industries, it is more profitable to use natural sorbents. However, due to the low sorption
capacity, their use is limited. At present, we are working to increase the sorption capacity of natural ion
exchangers for uranium.

Conclusions. At the heart of the hydrometallurgical method of extracting uranium from ores in the
industry of Kazakhstan is the method of underground leaching with sulfuric acid.

The tendency in the development of the world uranium mining industry in the development of the
world uranium mining industry has also affected the uranium mining industry of the republic, which
necessitated the involvement of persistent uranium-bearing ores. The minerals of tetravalent uranium
insoluble in sulfuric acid represent such ores, as a rule. Therefore, at the heart of the overwhelming
majority of research works is the question of the most complete transfer of uranium compounds into a
soluble state, i.e. uranium (I'V) into uranium (VI).

When poorly soluble uranium ores containing mainly tetravalent uranium bysulfuric acid is leached,
the main task is the most complete oxidation of uranium (IV) to uranium (VI). Uranium (IV) in sulfuric
acid is insoluble. In this connection, the study of the effect of new intensifiers on the process of uranium
leaching is of great interest.

The influence of "M-1" catalyst on uranium leaching from persistent uranium-containing ore is
studied and its advantage over traditional oxidants is shown.

Sorption methods are used to extract uranium from productive solutions. The concentration of ura-
nium on Purolite-A500 and Ambersep-920 ion exchangers and natural sorbents - zeolite and shungitewas
studied. In view of the low cost of natural sorbents, their priority use is considered for the extraction of
uranium from productive solutions and liquid waste of uranium chemical and metallurgical industries.

The present work was carried out within the framework of the state order for the implementation of
scientific and technical projects on the budget program "Grant financing of scientific research"” on the
topic: "Development of innovative technologies for selective uranium mining from uranium-containing
solutions using new modified sorbents based on natural minerals of Kazakhstan", funded by the Scientific
Committee of the Ministry of Education and Science of the Republic of Kazakhstan.

B. K. Kemxamunes" %, T. FO. Cypkosa', A. H. Bepkun6aesa', 3. JI. loceimbaeBa’, M. T. UykmanoBa' >

'«Metamtyprus xoHe KenbaiibTy HHCTHTYTh AK, Anmarer, Kazakcras,
*«K. U. CorGacBarhinarsiKa3sakyITThIKTeX HUKATbIK3epTTeyyHuBepcuTeTi» KEAK, Anmatsr, Kazakcran

MUHEPAJIABI IUKIBATTAPJAAH YPAHABIBOJIIII AJTY MOCEJIECI

AHHoTauMs. PannoakTuBTI KeH OpBIHIApbIHAH YpaH eHIIpyAe3aMaHayH FRIIBIMU-TEXHOIOTHSUIBIK MTPOTPECTIH
GarsITTapBIHBIH 0ipi iC XKY3iHIE KaNABIKCHI3 Urepy oaici xkepactsl maimanay (JKIII) 6ombim Tabbuiaab.

KyKIpT KbIIKBUIBIH IIaliMajiay peareHT periHue KojaaHy Tek ypanHblH (VI) KochuibIcTapblH allyFa MyMKIHJIK
Oepeni.YpauubiH (IV) KocbuibicTapbsl KYKIPT KbIIKbUIbIHAA epimerni.Uunyctpusina, ypaugst (VI) ypanra (IV)
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alfHaNABIPY YIIiH TOTBHIKTHIPFRIITAp KeOiHece, KypaMbIHAA TeMip 06ap KOCBUIBICTap KoimaHbanel. OchiraH Oaiina-
HBICTHI J)Kep acThI MaiMalnayaa ypaHabl eHIipydl apTTHIPYIBIH Heri3ri Moceneci - ypas (IV) epirim kyiire aysicy.

Maxkaraga eTrmeni MeTanaapAblH KOCHIHIBICH OOJNBIT TaObUIATHIH «M-1» KaTanm3aTophl KYIIEHTKIII peTiHme
KapacThlpbutaabl. CasBICTBIPMalbl JepeKkTep pylajaH ypaHIbl YAeTHeN MaiManayapl OipHelle OKCHAAHTTHIH
KaTBICYbIMEH 3epTTEYIEePKYPri3iareH. «M-1» KaTannu3aTopbIHBIH 0aCHIMIBIKTHI Al lalaHbUTY bl OaiiKaIabl.

VYpaHzs! epiTiHALIEpAeH aly YIIiH COPOLMSIBIK 9licTep KoylgaHbuIaasl. « M-1» KaTaau3aTOPBIHBIH KaThICYBIMEH
ypaHbl 0ap KeHaepai makManay epitinaiiepiner ypanasl Purolite A-500 xone Ambersep-920 nonurTepiMeH copo-
LUsUIAY/IbIH KMHETHKAIBIK TOYEIAUTIKTEpl OJaplblH adblpMallbUIBIFBIHBIH [IaMalibl €KEeHIH KepceTTi. OnelOuer
Ke3/IepiH/ie YPaHHBIH a3 MeJIIepIMeH OHIMIII epiTiHAIepAeH ypaH aly YUIH Ta0uFu COpOCHTTEp.l mainanany Ty-
pansl ManmiMeTTep Ke3peceni. MyHnail copOeHTTepiH apTHIKIIBUIBIKTaphl ONapAblH KYHBIHBIH ap3aHJIbIFbl OOJIBII
TaObla6l. TaOMFU LIEOINT NEH NIYHTUTIEH YPaHHBIH COPOLMSIIaHYbl TYPalbl MaJIIMETTEp OepiliireH.

Tyiiin ce3nep: ypaH, maiimanay, COpOIMs, KYIIEHTKIII, KaTalu3aTop, COPOEHT.

b. K. Kemxamues" %, T. ¥O. Cypkosa', A.H. bepkuntaesa', 3. JI. locbim6aea’, M. T. Uykmanoa'”

'AO Wuctutyt Metamtypruu u oboramenusi, Anmatsl, Kazaxcras,
’HAO Ka3axckuii HAMOHAIBHBII HCCIIEI0BATEIBCKII TeXHIUecKuil yanBepentet nm. K. U. Carmaesa,
Anmarel, Kazaxcran

K BOITPOCY OB U3BJIEYEHNHN YPAHA N3 MUHEPAJIBHOI'O CbIPbA

Annotanusi. OJHMM U3 HalpaBlICHHH COBPEMEHHOTO HAyYHO-TEXHHYECKOro Iporpecca B pa3paboTke
MECTOPOXKICHUH paJliOaKTHBHBIX PYA SBILIETCS IPUMEHEHHE MPAKTHYECKH OE30TXOAHOr0 Crocoba NoObuH ypaHa —
no3emMHoro BoimenaunBanus (I1B).

[IprmMeHeHne cepHON KUCIOTHI B KaYECTBE BBIIIEIAUMBAIONIETO PEAreHTa MO3BOJISIET M3BJICUb TOIBKO COCIH-
HeHns ypaHa (VI), Tak kak coenuHenus ypana (IV) B cepHoii kucnote He pacTBopsitoTcs. s nepeBona ypana (VI) B
ypa# (IV) B nmpOoMBINUIEHHOCTH HCIIONB3YIOT OKUCIUTENH, Yalle BCETO — COSAMHEHUS] TPEXBAJIEHTHOTO Xkene3a. B
3TOW CBA3M OCHOBHas IpoOjeMa MOBBILCHUS W3BJICUCHUS ypaHa IIPU NMOJA3EMHOM CKBa)KHOM BBILIECTAYUBAHUM -
nepeBon ypasna (IV) B pacTBopumMoe COCTOSHHE.

B crarbe B kauecTBe MHTEHCU(HKATOPA paccMaTpUBaeTcsi KaTaau3atop «M-1», KOTOpBIH MpejcTaBisieT co0on
COCIMHCHUSA NNEPEXOAHBIX METAJIJIOB. HpI/IBeZ[eH])l COIIOCTAaBUTCJIbHBIC JaHHBIC UCCIICAOBAHUSA aruTallMOHHOI'O BBIIIIC-
JIaYMBaHUsI ypaHa W3 PyAbl B MPUCYTCTBUU psifa okuciutenaed. OTMEUEHO NMPHOPUTETHOE HCIIOJIb30BAaHUE KaTallH-
3aropa «M-1».

Jnist u3BIIeUeHns ypaHa U3 IPOAYKTHBHBIX PacTBOPOB IMPUMEHSIOT COPOIMOHHBIE MeToibl. CpaBHEHHE KHHETH-
YECKUX 3aBUCHUMOCTEH COpPOLMOHHOrO W3BJIeUeHHs ypaHa noHHTamuPurolite A-500 m Ambersep-920 u3 mpomyk-
TUBHBIX PaCTBOPOB OT BBIIIEIAUYMBAHNS YPaHCOAEpXKAIIEH pybl B IPUCYTCTBUH KaTanu3aropa «M-1» mokazao, 9to
OHH OTJIMYAIOTCS] HE3HAYUTEIBHO.

B nutepatype mmeloTcs cBeAEHHS O NPUMEHEHUHM HPUPOAHBIX COPOEHTOB IJIS M3BJICUCHHUS ypaHa M3 IPO-
JIYKTHUBHBIX PaCTBOPOB C HU3KUM €T0 cojep:kaHueM. IIpenmyInecTBa Takux COPOCHTOB — UX HEBBICOKAsi CTOUMOCTb.
[TpuBeneHsl JaHHBIE O COPOLMK YpaHa MIPUPOJAHBIMH LIEOJUTOM U LIYHTUTOM.

KiroueBble cjioBa: ypaH, BhIIEIaYlBaHUE, COPOLIMS, HHTEHCH(DUKATOP, KATAIM3aTOP, COPOCHT.
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MODELING OF DYNAMICAL REACTION-DIFFUSION SYSTEMS
WITH MULTISTAGE AND NON-PERFECT KINETICS

Abstract. The paper deals with the problems of dynamical models describing reaction-diffusion systems cha-
racterizing by the multistage and non-perfect kinetics. The main types of dynamical behavior of such systems using
two typical examples have been considered. As a result of the research it was concluded that multistage and non-
perfect kinetics can strongly influence on the reactor regimes and change their main characteristics. It wasalso
concluded that non-perfect kinetics in the case of high diluted solutions doesn’t change types of rest points and
reactor regimes. However, velocity of wave front which generates from transient oscillatory regimes differs from the
velocity of wave front in a perfect system.

Concrete values of regimes characteristics have undergone changes too. It was shown that the rate of reagents
supply not only controls an output of the reactor but also can essentially change a set of stationary and transition pro-
cess regimes. Usually engineers connect such transformations with heat phenomena. The mentioned above factors
can also cause regime transitions. In addition the set of parameters controlling the regime stability and describing the
system bifurcations has been obtained.

The main types of possible dissipate structures caused by these factors as well as cases of their formation have
been also determined. Besides, transition regimes are determined by a system non-linearity. However in the case of
strong solutions the situation may be different. This problem needs an additional study. The results of the research
are feasibly to be useful for calculating the intensity of mass transfer processes in chemical reactors.

Key words: dissipate structures,multistage kinetics, non-perfect systems, reaction-diffusion systems.

Introduction. Multistage kinetics and non-perfectness of reaction-diffusion systems have an essential
influence on the process regime in chemical reactors [1]. It is well-known that multistage kinetics can
stimulate the origin of multiplicity of stationary points in system dynamics. Besides, chemical oscillations
are observed only in the multistage reaction-diffusion systems [2].

Non-perfectness is also very important aspect that can play an essential role under generating
dynamical regimes in the point of view of chemical thermodynamics [3]. And concrete values of regimes
characteristics can undergo changes too.

However engineers often do not give due attention to these aspects of chemical processes and its
impact on the apparatuses design. They usually connect such transformations only with heat phenomena.
But the mentioned above factors can also cause regime transitions.

In our work this problem has been theoretically investigated and illustrated by means of two model
auto-catalytic reactions as examples.

Model systems with multistage kinetics. Firstly we consider the following model scheme with the
main reagents X, Y and intermediate products 4, C, despite the first stage is supposed to be an auto-
catalytic reaction [3]:
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x+v—hsx x4 v 5,
where ki, k», k3 are the reactions rate constants.

(M

Let’s assume that the component Y enters the reactor continuously with constant supply rate ¢, and

the reagent X is the initial priming-tube.
Thus the system of kinetic equations for main reagents reads [4]:

dt
dy
—=q -k XY -kY.
i q—K 3

Here X > 0 and Y > 0 denote concentrations of reagents X and Y.
Provided the rate ¢ satisfying the inequation

there is the only stable rest point of the system (2)

0 _ 49
Xor=0; Yo ="
k3
But when this rate exceeds the critical value

>q =—=
q9-4 K,

the system acquires yet another rest point:
_qkl_k2k3. Y, _k_z
02 — ek ’ 02 — k .
172 1

Jacobians of the linearized system of kinetic equations at the rest points have the following
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Provided ¢ > ¢ the rest point (4) becomes unstable. And the springing up rest point (6) becomes

stable on the contrary and it has a type of stable node or stable spiral.
The regimes analysis gives the following results:
1) for (ks/k;) = 1 at any g the rest point (6) is a stable node, and oscillations donot exist;
2) for (ks/k,) < 1 at g exceeding the critical value ¢ rest point (6) can be a spiral.

At (ks/ky) < 1 we have
2
g < &{1 - 1- k—3} :
kl
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From this it follows that provided (ks/k;) < 1 and g > ¢~ the rest point (6) is a stable spiral, and
appropriate transition regime goes on in the form of oscillations at the rate range

q91<9<49>, (10)
262 [k |
==21- [1-2 (11)
q1 K, kz_
22 [ ks |
=—=1+_[1-—=|. (12)
= kl k2_

where

-

Virtual rest point
(physical
*
<
Y 1<49 A Y q>q"
k3/k2 >1
(Xo1-Y01)
- o701 (Xo1.Y01)
/
/ X02,Y02)
\\,| X X
Y
A q>q*
k3/k2 <1
(Xo1,Y01),
(X02,Y02)
®

v <

Phase curves near the rest points of the system (2)

Thus the system has the control parameter

gk (13)
k,

The value @ =a =1 is the bifurcation point, and for the transition regime we can obtain the
frequency of oscillations @ and the logarithmic fading decrement v':

2
wz\/Zq 2k2k4 ﬂ (14)
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ky
V=—— 15
> (15)
The second example is the auto-catalytic reaction of the following type [2, 3]:
ky
—1
A+ X 2X +C. (16)
k
2

In the perfect thermodynamic system the following relation is true
u=u" +RTInX, (17)

where 1 is a chemical potential and 4 - its standard value, R is gas constant, T is a temperature.
Impact of system non-perfectness. Let’s consider the case of non-perfect reaction-diffusion system,
where the chemical potentials of reagents read [5].

p=p" +RTInX + w4y (1-X). (18)
Here

©4x = K26 g — (644 +Exx)], (19)
and &,,, &,,, &,y are energies of interaction between molecules of reagents, x is a parameter

depending on the model of liquid state [6-8].
Supposing X << 1 we obtain the following approximate relation

pu=u"+RT X+, (1-2X). (20)

According to thermodynamics of diluted solutions, the diffusion coefficients determine by the
derivatives of chemical potentials over the concentrations [9].
Thus we obtain:

ou RT RT
—=— 20,4y =—(1-204vX), 21
X X AX X( Ax X) 2y
From this it follows
D=D;(1-2w 4y X), (22)

where D; is the diffusion coefficient in perfect system, D is the one in a real system [10-12].

And so, the mass transfer equation for the reaction (15) proceeding in a tubular through-reactor can
be written as follows

oX 0X 0 oX
L g == D.(1-2w,,X)— X), 23
X g2 az[ (=20, >6Zj+f< ) @)
where
f(X)=kAX -k, X*. (24)

Using method of an auto-model variable the equation (23) can be reduced to the following ordinary
differential equation [13]

d*’X  g-c  dX 2o, (deer X o s
ds? D(1-2w,,X)ds 1-20,X\ds) D(1-2w,)

where s = x — ct, c is a phase velocity or a velocity of wave front.
Equations of the appropriate dynamical system read
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dX
= -y,
dt
(26)
ﬂ: qg-—c 20y y2 _ f(X) —
dt D(1-2w,X) 1-20,X D;(1-2w 4 X)
There are two rest points of the system
ks
Jacobians of the linearized system (26) at the rest points (27) read
0 1
Jo=|_kd g-c| (28)
0 1
Jo =| k4 g—c | (29)
D(1-y) D1-7)
where
ky 30
ky
As for diluted solutions @ 4 <<1 the following inequation is correct
y<l. (31)

From detail analysis which is analogous with the analysis of system (2) we conclude that non-perfect
kinetics in the case of high diluted solutions does not change types of rest points and reactor regimes. At
the same time, concrete values of regimes characteristics have undergone changes [14-17].

Particularly, the velocity of wave front which generates from transient oscillatory regimes differs
from the velocity of wave front in a perfect system [18].

The appropriate relation reads
Cor =Co + vy kiD; A . (32)

Here ¢ is the wave front velocity calculated for the perfect system:

o= ‘q —2.Jk,DA|, (33)
and <1 is the special amendment coefficient for which we obtain the following relation
k
y =20, —-A. (34)
ky

Conclusion. It can be concluded that rate of reagents supply not only controls an output of the reactor
but also can essentially change a set of stationary and transition process regimes. Usually engineers
connect such transformations with heat phenomena [19]. At the same time the mentioned above factors
can also cause regime transitions.

As regards the non-perfection of systems its influence for high diluted solutions manifests only in
increasing the wave front velocity under transition regimes [20]. Incidentally, transition regimes-
themselves are determined by a system non-linearity. However in the case of strong solutions the situation
may be different. This problem needs an additional study [21].
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JTAHAMMKAJIBIK PEAKITASIIBIK-TA® D Y3USIIBIK )KYHUEJEPII KOIICATBLIbI
KOHE UJEAJIJIbI EMEC KHHETUKAMEH MOJEJIBJIEY

AHHoTanus. JKyMBIC KOl CaThUIBI )KOHE UACAIIBI eMEC KHHETHKAMEH CUMATTANIAThIH PeaKUHsIbIK-TUPdy3usi-
TBIK JKYHenepi CHIaTTalThblH AUHAMHKAIBIK YITIepaiH Macenenepine apHanrad. OCbIHIal KyHelIepaiH AMHaMHU-
KaJIbIK MIHE3-KYJIKBIHBIH HETi3rl TYpJepi €Ki TUNTIK MBICAIIb KOJNJaHy apKblIbl KapacTBIPBIIIBL. 3epTTEYAiH HOTH-
JKECIHJIE KOIT CAaTBUIBI KOHE UACANIBIK eMeC KHHETHKA PeakTop pekKUMIEpiHe KATTHI oCep €Tyl KOHE OJIAp.IBIH HeTisri
cUIIaTTaMallapblH ©3repTyl MYMKIH JereH KOPBITBIHABI kacanubl. CoHIai-aK, »KOFapbl OOpexkeNi CYWBUITBUIFaH
epiTiHAiNep KaFJalbIHIA UACAIBl €MeC KHHETHKA THIHBIIITHIK HYKTelIepi MEH PeakTop PeKUMIEPiHiH TYPIICPiH 03-
TepTIeHi AereH KOPBITHIHABI XKacaiabl. JlereHMeH, yakpITIIa aybITKy PEXHUMIECPIHEH TYBIHAAWTBIH TOJKBIHIBIK
Maiaan (GpoHT) KBULAAMIBIFE TONKBIHABIK MaiinaH ((GpOHT) >KbUIJaMABIFBIHAH MACANABI XKYiene epeKileleHes.
Pexxumuep/iH cunaTTamMaiapbiHbIH HaKThl MOHJIEpI A€ e3repai. PeareHTrepain Oepiny *KbUIAaMABIFBI TEK PEaKTOp-
JIbIH, IIBIFYBIH OaKblIaln KaHa KoiMaii, COHPIMEH KaTap CTallMOHAPJIBIK XKSHE OTIIENI MPOLECTep PEKUMIEPIHIH KUBIH-
TBHIFBIH alTapIIBIKTal e3repTe alaThIHABIFBl KOPCETLI. OJeTTe HHKEHEpJIep MYHal e3repicTep/Ii )KbUTYJIBIK, KYObI-
JpicTapMeH OaiimaHbicThipansl. JKorapbina atanFaH (akTopiap eTheni peskUMIepIi TYAbIpYybl MyMKiH. PexxuMHIH
TYPaKTBUIBIFBIH OacKapaThIH JKOHE JKYHeHIH OM(ypKalUsChlH CUMATTAWTHIH MapaMeTpiiep KHUbIHTHIFBI 1a aJbIH/BL
Ocpbl (hakTOpiapra OailIaHBICTEI MYMKIH JHUCCHUIATHUBTI KYPBUIBIMAAPIBIH HETI3Ti TypJsiepi, COHAai-aK oyapisl
KaJIBIITACTHIPY XKaraaiiapsl aHbIKTaFaH. COHBIMEH KaTap, OTIeNl pexXuMIep KYHECHIH ChI3BIKTHIK €MECTIr1 apKbUIbI
aHBIKTANAbl. AJaiia, KOHICHTpAIMUIAHFAH epiTiHaurep OoiraH Kes3nme, Karmai Oackamia OOdysl MYMKiH. by
Mocele KOCBIMIIIA 3epTTEY/i Tajal eTedl. 3epTTey HOTIKENepl XUMHUSUIBIK peakTopiapaa JKammai TackMaiay mpo-
LeCTepiHIH KapKbIHBUIBIFBIH €CENTeY YIIIH Naiaibl 00Iybl MyMKIH.

Tyiiin ce3aep: DMCCUIATHBTI KYPHUIBIMAApP, KOI CaThUIbl KMHETHKA, WACAJABl eMeC XKyHenep, peakuusuIbIK-
T dy3usIBIK Kylienep.

JI. M. Myca6ekoBa', A. T. Kan6aesa', B. B. lnasman®, H. C. Kymaraes®, C. JI. Kypak6aesa', b. P. Tayacapos*

'FOsxH0-Kasaxcramckuit rOCyJapCTBEHHBIH yHUBepcUTeT uM. M. Aya3oBa, llIeivkenT, KazaxcraH,
2I/IHCTI/ITyT o0bmeit u Heopranuueckoit xumuu uM. H. C. KyprakoBa PAH, Mocksa, Poccus,
3[0sxH0-Ka3axCTaHCKUIA e jaroruaecKuit yuuBepcuret, [llbiMkent, Kazaxcran,
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MOJIEJIUPOBAHUE TUHAMHWYECKHX PEAKIINOHHO-IA®®Y3UOHHBIX CUCTEM
C MHOTOCTAJUMAHON U HEUJAEAJBHOM KUHETUKOM

AnHOTanusA. Pabora mocesmeHa mpodieMaM JHHAMHYSCKUX MOJENICH, OMMCHIBAIONINX PEAKIMOHHO-TUDDY-
3MOHHBIE CHUCTEMBI, XapaKTEPHU3YIOIINECS MHOTOCAAIUMHON W HEUJIeaTbHONW KMHETHKON. PaccMOTpeHBI OCHOBHBIE
THITBI THHAMUYECKOTO TOBEACHHS TaKMX CHCTEM C HCIOJBb30BAaHHWEM JBYX THIMUYHBIX MPHUMEpPOB. B pesynbrare uc-
cleJoBaHus ObLI CIENIaH BBIBOJ O TOM, YTO MHOIOCTAIMMHAS ¥ HEHMEAIbHAs KHHETHKA MOXET OKa3bIBATh CHILHOE
BIIMSHUE Ha PEXUMBI PEaKTOpa U M3MEHITh WX OCHOBHBIE XapaKTEPUCTHKHU. Takke ObUIO CIENaHO 3aKITIOYCHHE O
TOM, YTO HeUJeallbHasl KWHETHKA B CIIy4ae CHJILHO pa30aBIeHHBIX PACTBOPOB HE MEHSET THUIIOB TOYEK IMTOKOS U PEKH-
MOB peaktopa. OJHaKO CKOPOCTh (DPOHTA BOJHBI, KOTOpas BO3HHKACT M3 MEPEXOIHBIX KOJCOATCIHHBIX PEIKHUMOB,
OTJIMYACTCS OT CKOPOCTU (PpOHTA BOJHBI B MJICANBHOW cucTeMe. KOHKpETHBIC 3HAYCHUS XapaKTCPUCTUK PEKHMOB
TaKKe IpeTeprenu u3MeHeHusl. bpljio moka3aHo, 4TO CKOPOCTh TOJa4M PEareHTOB HE TOJIBKO KOHTPOJIUPYET BBIXO]
peaKTopa, HO TaKKE MOXCET CYIIECTBCHHO W3MCHHUTH HAOOp PEKMMOB CTAIMOHAPHOTO W TMEPEXOIHOTO MpPOIIeC-
coB. OOBIYHO WHKCHEPHI CBS3BIBAIOT TAKUE MPEOOPa3OBaHUS C TCIUIOBEIMHA SIBICHUSIMA. Y Ka3aHHBIC BBITIC (PaKTOPHI
TaK)kKe MOTYT BBI3BIBATh IEPEXOTHBbIC PEKUMBL. BBUT MOMydYeH Takke HaOOp MmapaMeTpOB, YIPABISIOMNX CTaOWIIb-
HOCTBIO DPEKMMa W ONHCHIBalOMUX Oudypkamuum cucteMbl. OnpenencHsl TakKe OCHOBHBIC THITHI BO3MOXKHBIX
JIUCCUTIATUBHBIX CTPYKTYP, BBI3BaHHBIC 3TUMHU (DakTOpamu, a Takke ciaydan uX oOpazoBaHus. KpoMe Toro, mepexo-
HBIE PEKHUMBI ONPEACIIIOTCS CUCTEMHON HEIMHEHWHOCTHIO. OTHAKO B ciydae KOHIEHTPHUPOBAHHBIX PAacTBOPOB CH-
Tyanusi MOXET ObITh MHOM. DTa MpobjieMa HYKIAeTCS B IOMOJHUTEIBHOM HCCICIOBAaHHH. Pe3ynbTaThl HCCIEIO0-
BaHHs MOTYT OBITh IOJIE3HBI JUIsl pacyeTa HHTEHCUBHOCTH MPOLIECCOB MAaCCOMEPEHOCa B XUMHUYECKUX PEaKTOpax.

KiroueBble c10Ba: AUCCUMATUBHBIE CTPYKTYPHI, MHOTOCTaIMiHAsT KWHETHKA, HEHUJCAJbHBIC CUCTEMBI, peak-
UOHHO-IM ()P Y3UOHHBIC CHCTEMBI.
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HIGHLY SENSITIVE METHODS
FOR DETERMINING TRACE AMOUNTS OF MERCURY
IN THE ENVIRONMENTAL OBJECTS

Abstract. The studies for the development of highly sensitive methods for determining heavy metals in the
environmental objects have been carried out, using the example of determining mercury by the inversion voltam-
metry method, based on the investigation of the regularities of mercury electro-deposition and electro-oxidation on a
solid electrode.

Key words: toxic substances, mercury, indicating electrodes, inversion voltammetry, environment.

An increased interest to the problem of determining mercury in the environmental objects is caused
by the wide occurrence of this element, its greater toxicity in comparison with the other heavy metals, and
its ability to bioconcentration [1]. The major part of mercury, reaching the environment, is of a techno-
logy-related character [2]. Maximum permissible concentrations (MPC) of elemental mercury in the
atmospheric air are standardized at the level of 0.3 pg/m’, in water bodies — at the level of 0.0005 mg/l,
and in soils — at the level of 2.1 mg/kg, and MPC of the alkyl derivatives of mercury, most dangerous by
their physiological effect, make up 00.1 pg/l in water bodies [3].

The issues of global environmental monitoring include monitoring the pollution levels not only in the
industrial, but also in the relatively environmentally clean areas for detecting the so-called natural
background [4]. The concentration of mercury in the atmosphere varies from 0.005 to 50 ng/m’, and in
waters from 2 ng to 2-3 pg/l. In the contaminated rocks, sand and soil an average content of mercury is
0.1-0.5 mg/kg [5].

The data of analytical control alone may offer people a thread to managing the environmental purity
and indicate the moment of the required intervention to protect it from the accumulation of toxic
substances and environmental poisons, whereto heavy metals and mercury, in particular, are directly
related.

Procedure for carrying out an electrochemical analysis. Voltammetric measurements were carried
out on a PI-50.1.1 potentiostat, which made it possible to work in the mode of cyclic and inversion
voltammetry with different potential sweep rates [6]. An analysis was carried out in a three-electrode cell
upon stirring the solution (V = 25 ml) due to the electrode rotation at the rate of 900-960 rpm. Nickel
electrode and mercury-film, nickel-based electrode, with a visible surface area from 0.03 to 0.013 cm’,
served as working electrodes.

Voltammograms were recorded on a two-coordinate self-recording potentiometer UI-21 with a
potential sweep rate of 100-200 mV/s. A silver-chloride electrode EVL-1M3.1, the potential of which in
relation to the saturated hydrogen electrode in a saturated solution of KC1 at 20 °C was equal to 0.237 V.
Pt - wire was used as an auxiliary electrode. Removal of oxygen from the solution was achieved by pur-
ging with argon for 15 min. The studied solutions were prepared from the salts of CP and AR grades. The
solutions of lower concentrations were obtained by diluting the initial solutions with the background
electrolytes.
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For increasing the efficiency of the study and optimizing the process through the implementation of
the step-by-step principle, moving towards the optimum, the Box-Wilson mathematical planning method
(the steepest ascent method) was applied [7].

Experimental. Mercury is one of the most toxic elements, widely used in various fields of science
and technology. A great interest in the issue of determining mercury is caused by its wide occurrence in
the environmental objects, its greater toxicity in comparison with the other metals, its ability to accumu-
late in living organisms and migration in the environmental objects.

High toxicity of mercury stipulates its low MPC value, which requires using the sensitive methods of
analytical chemistry. One of the methods, meeting the requirements for determining the detection limit
and concentration range is inversion voltammetry. A large number of works are devoted to mercury
determination by the inversion voltammetry method.

Most of the published works are mainly related to the development of procedures for quantitative
determination of mercury on various electrodes. The physical and chemical regularities of the process of
mercury electro-deposition are insufficiently studied, and the results of the conducted studies do not
provide a complete picture of the initial stages of electrochemical isolation of mercury on the electrode.
The most promising and modern methods of analysis are electrochemical ones (inversion voltammetry),
the value and significance of which are characterized by rapidity of chemical analysis, high sensitivity and
good reproducibility of the results, which is determined by the quality of the indicating microelectrodes
used.

With the purpose of further developing mercury inversion voltammetry, a more detailed study of the
regularities of the electro-deposition and electro-oxidation of mercury is required.

The developed indicating microelectrodes, which may be safely attributed to the new means for
controlling toxic substances, were proposed as means for controlling heavy metals [8].

The physical and chemical characteristics of these electrodes and the mechanism of the processes,
taking place at the electrode-solution interface at the stages of preparing their surface and subsequent
amalgamation, were studied. The optimal parameters of their functioning were determined. The factors
influencing the sensitivity and resolution of the film microelectrode were studied. As noted in [9], when
carrying out an electrochemical analysis of the compounds of toxic metals, the nature of the indicating
electrode matrix, the background composition and the presence of other components produce a great
influence upon the cathode-anodic processes. The factors influencing the sensitivity and resolution of the
film electrode were studied. The prospects of using new electrodes, made of refractory materials, in an
electrochemical analysis for controlling toxic and heavy metals in the technology-related and mineral raw
materials of Kazakhstan were shown.

The indicated circumstances determine the necessity to solve a complex problem - the development
of highly sensitive methods for the determination of heavy metals, using inexpensive and available
materials with the valuable physical, chemical and electrochemical properties. Metals of iron series may
be related to such materials.

We studied the processes of Hg reduction and oxidation on the nickel electrode, determined the clear
maxima of the cathodic (Ey, =+ 0.29 V) and anodic (Ey, = + 0.76 V) peaks. As it can be seen from Figu-
re 1, the recovery of Hg (II) on the nickel electrode begins at a potential of -0.25 V with the formation of a
single cathode wave, reaching a value of the limiting current of 0.925, 0.65 and 0.35 for the concentrations
of 10,107 and 10 mol/l, respectively.

At the polarization curves of mercury oxidation two waves are expressed: at E = +0.60 V and
E =+0.85 V. This testifies to the complex character of the process of mercury oxidation. In our opinion,
the effect of a possible formation in the process of cathodic reduction of mercury of oversaturated amal-
gams, containing cluster forms of nickel compounds with mercury of non-equilibrium composition, with
an increased electrochemical activity, upon the course of the anodic polarization curves, is not excluded. It
is also seen from the curves of figure 1, that a concentration dependence of the cathode waves is observed,
which may be used for the quantitative determination of bivalent mercury in the solution.

As for the anodic curves, in view of their complex nature, for quantitative accurate analysis it is better
to use the cathodic reduction waves (figure 2). However, in case of a less accurate analysis and with the
very low mercury content in the analyzed objects, the anode currents may be also used, since they surpass
by their value the cathode currents.
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Figure 1 — Cathode-anodic voltammograms of mercury on a nickel electrode horizontal axis:
potential (E), V; vertical axis: current strength (I), uA; Cygqry, mol./I: 1 — 10%2-10%3-10"

TTTTT T T T TT1TTT

il 1 Lol L Lo il
-6 -5

10 10 10

Figure 2 — Calibration chart for determining mercury on a nickel electrode horizontal axis: concentration (C), mol/l;
vertical axis: current strength (I), pA

With the purpose of finding the optimal conditions for the determination of low mercury contents by
the method of inversion voltammetry, the method of mathematical planning of the experiment (the Box —
Wilson method) was used [7].

The study of the single-factor dependencies of the completeness of mercury isolation upon a number
of factors (the concentration of ME, the nature and concentration of the background electrolyte, the
surface area of the film and solid electrodes, the solution volume and rate of mixing) showed, that the
most significant factors were the concentrations of Me and the background electrolyte, the surface area of
the indicating electrode, and the remaining factors were insignificant and stabilized subsequently.

Therefore, when determining mercury by the inversion voltammetry method, the planning matrix 2°
was used. The results of the experiment, related to choosing the optimal conditions for mercury deter-
mination by the inversion voltammetry method are presented in table.
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Experiment planning matrix 2* for mercury determination

Factors Cu(Hg?) C(H80,) Selcetr.

Dimension mol/l mol/l cm’

Basic level 10° 0.75 0.09

Varying interval 10" 0.25 0.04

Upper level 10* 1.0 0.13

Lower level 10 0.5 0.05

Code X, X, X5 Y Y s? y y?
80.7

Experiment 1 10 0.5 0.05 82.0 81.4 0.43 80.5 0.80
81.5
83.4

Experiment 2 10 0.5 0.05 87.0 83.5 0.43 82.65 0.72
88.0
83.4

Experiment 3 10° 1.0 0.05 83.7 83.5 0.43 82.65 0.72
84.4
90.2

Experiment 4 10 1.0 0.05 91.0 90.2 0.56 91.2 1.00
89.5
83.6

Experiment 5 10 0.5 0.13 84.8 84.0 0.52 84.4 0.16
83.5
93.5

Experiment 6 10 0.5 0.13 93.0 93.2 0.37 92.95 0.06
93.1
85.3

Experiment 7 10° 1.0 0.13 85.0 85.1 0.03 86.55 2.10
85.2
97.0

Experiment 8 10 1.0 0.13 96.8 96.6 0.28 95.1 1.21
96.0

Step 0.09 0.03

Supposed experiments 1 10 0.84 0.12

Implemented experiments 2 10° 0.93 0.15 85.3

Supposed experiments 3 10° 1.02 0.18

Implemented experiments 4 10° 1.11 0.21 97.7

Implemented experiments 5 10 1.20 0.24 98.8

Implemented experiments 6 10° 1029 0.27 97.2

Supposed experiments 7 10° 1.38 0.30

Optimum 10° 1.2 0.29

The calculated regression coefficients for mercury determination have the following values:

bo =87.8

b] :4275
b,=1.075
b3 =1.95

The regression equation is as follows:

Y =87.8+4.275X,+ 1.075X,+ 1.95X,
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Checking:

1. reproducibility of the experiment

S* {y} =Y SN =2.75/8 + 0.34

2. dispersion homogeneity

G =S .S” = 0.565/2.75 = 0.205

Gupe =051 atfj=2and f, =8

Guabie>Gexp. - dispersion is homogeneous

3. the values of the regression coefficients:

S? {bj} = S* {y}/ N =0.34/8 = 0.0425

bj} =V S?{bj} =0.0425 = 0.206

Ab= £ t-{bj} =2.12-0.206 = 0.44

Ab= 0.44

0.44 <3.26 (1.53; 2.76) — all coefficients are valuable.

4. adequacy of the model:

Szad. = Zyz/ fi

Ay =yi=yi

fi=N-(k+1)=8-(3+1)=4

S*a=1,695/4 = 0.42

F (fi; £) = S%a/S*{y} = 0.42/0.34 + 1.25

Fipe = 3.0 at f; =4 and £,=16,

where f,= N(n-1) = 8(3-1) =16.

Fexp. < Frabie— the model is adequate

The calculations testify to the fact, that the dispersion of the optimization parameter is homogeneous,
the model is adequate, i.e. the steepest ascent method can be applied. The component gradients were
calculated by regression. Moving to the optimum was performed by adding the factors, constituting
the gradient, to the basic level. Since the determination of small mercury quantities of the order of
10°-107 mol/l on the surface of the film and solid electrodes is of a practical interest, so while calculating
the step-by-step procedure, moving to the optimum, we stabilized the mercury concentration by the lower
level of the factor (10°M), and we carried out the step-by-step procedure by only two factors: the
concentration of the background solution and the electrode surface area.

From the implemented experiments of the step-by-step procedure the optimal conditions were
established for the quantitative determination of low mercury concentrations on the film electrode:

1 — the concentration of mercury at 10 mol/l;

2 — the concentration of the background solution — 1.2 M;

3 — the electrode surface — 0.24 cm’.

Thus, as a result of the conducted studies, the methods for analytical control of mercury in the
technology-related raw materials were developed by the inversion voltammetry method on the nickel
indicating microelectrode in the concentration range of 10°—10° mol/l, ensuring the selectivity of metal
determination.

A. C. Mycuna, I. V. BaiitameBa, H. O. MbIp3axmeToBa,
M. A. Konmaran6eroBa, J. M. ImanoBa, A. A. CapraeBa

'Ka3a1< MEMIICKETTIK KbI3/1ap MeIaroruKajblK yHUBEpcuTeTi, AnMatel, Kazakcran

KOPIIAFAH OPTA OBBEKTIJIEPIHAEI'T CBIHAII KAJIABIKTAPBIH AHBIKTAY IbIH
7KOFAPBI CE3IMTAJI 9 AICTEPI

Annotanusi. CpIHaNThl WHBEPCHOHBI BOJIBTAMIIEPMETPHS SIICIMEH OHBIH KATTHI AJIEKTPOATA TyHOara TycCy
JKOHE TOTBIFY 3aHJIBUIBIKTApBIH 3€pPTTEY HETri3iHAe KOpIIaraH OpTajarbl OOBEKTIEpIeri ayblp MeTalaapbl aHBIK-
TayZIbIH KOFaphl CE31IMTall 9[IICTEPiH aHBIKTayFa apHaJIFaH 3epTTeyJIep KYpri3iireH.

TyiiiH ce3aep: ybITTHI 3aTTap, ChIHAI, HHIUKATOPIIBIK SIEKTPOATAP, NHBEPCUS BOJABTAMETP, KOPIIAFaH OpTa.
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AnHoTanus. [IpoBeJeHbl UCCIIeNOBaHUS 1O pa3paboTKe BHICOKOYYBCTBUTEIBHBIX METOJOB OMpPEACIICHUS Tsi-
JKEJIBIX METAJUIOB B 00BEKTAX OKPY>KAIOIICH Cpebl Ha MPUMEPE OMPEACIICHUS PTYTH METOJOM HHBEPCHOHHOM BOJIBT-
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ANEKTPOLIE.
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GEOLOGICAL INPUT DATA ANALYSIS FOR BASIN MODELING
OF THE SOUTH PART OF KARAGANDA COAL DEPOSIT

Abstract. Geological and geophysical data were analyzed to perform basin modeling of the south part of
Karaganda coal basin. In this regard, the basic material was selected, including geological structure (stratigraphy,
lithology, facial analysis of folded and faulted structures, geodynamic modeling, depositional environment).

Karaganda coal basin experienced multi-stage deformation, during the geological evolution. It is expressed in
the multiple kinds of the structural forms, which described for southern and eastern parts of the Karaganda coal
basin, in the areas of Alabass anticline, Maykuduk uplift and Spasskaya suture area. The main stages of the de-
formation, followed with orogenesis occurred in Late Paleozoic-Early Mesozoic time. The region experienced the
multi-stage development, which is observed by lithological, paleogeographical, paleotectonical and geodynamical
reconstructions.

The age of the layers was clarified using the existing biostratigraphic study results. During the modeling, initial
geological information was calibrated with coal maturation and porosity variation with the depth data. Basin
modeling allowed minimizing the geological uncertainties, such as geological reconstructions, depositional environ-
ment and enriching the database on the Karaganda coal basin geology.

Karaganda coal basin is located in the Central Kazakhstan (figure 1). It’s one of the biggest coal
basins in Central Asia with proven reserves of 41.3 billion tons. There are 11 coal mines operating and
producing 11 mln. tons of coal annually [1-3]. Moreover, there is significant potential for coal bed
methane (CBM) production. According to KazEnergy report [4], the gas content in Karaganda basin’s
coals reaches 20 cubic meters per ton of coals located up to 500 meters, 27 cubic meters for deeper coals.
The estimate of reserves of CBMis 8 trillion cubic meters. This amount is enough to supply the local
industry with gas for more than 100 years.

Understanding of the geological processes occurring in the territory of Karaganda coal basin is
essential for commercial production start. The data on the basin are abundant and were obtained in
previous studies [5]. New methods of basin analysis were developed [6]. The basin modeling is necessary
to arrange the abundant information, and identify the zones which are prolific for CBM production.

The basin modeling is the one of the methods, which utilizes the simulation of heatflow and regional
tectonics to reproduce the evolution of the basin, since its formation. The process of organic matter
maturation occurs under the influence of temperature and time, while rock compaction under the pressure.
Thermal modeling assesses the quality of geological concepts, reduces uncertainties in geological con-
ditions and ages and finally gives the input data about physical properties and maturity of rocks through
the time.

The most of Kazakhstan continent (accretionary collision paleo continent) was the extensive shelf sea
basin with terrigeneous deposition in Famennian — Early Carboniferous (figure 1, 2). In the second half of
Early Carboniferous the area was divided into Teniz, Zhezkazgan and Karaganda deposition basins with
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small isolated troughs on the north. The first two forms cupriferous and saliferous complexes, while to the
west coal-bearing complexes were formed in Karaganda, Ekibastuz and other coal fields [1-3, 7, 8, 10].

Karaganda coal basin (figure 1), located in central part of Caledonian Segment, belongs to the
intracontinental area. Carbonate-terrigencous deposits with total thickness up to 4000 meters were
accumulated in Famennian — Early Carboniferous (table 1). Famennian — Middle Carboniferous deposits
are conformable and forms single structural stage. The depositions below and above are separated by
sharp unconformities, which unites them in a single quasi-platform complex [7, 8].
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Figure 1 —Location of Karanda coalba sinrelative to Central Kazakhstan Paleozoics.
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The composition and thicknesses Famennian — Middle Carboniferous stratigraphic units are shown in
table 1. They are represented by interbedded green marine carbonate deposits, followed by grey lacustrine,
terrigeneous and coal layers with presence of the reddish continental sediment [10]. Since the Middle
Carboniferous up to Late Carboniferous terrigeneous clastic deposits are formed.

The Devonian and Late Paleozoic the subduction of Zhunghar-Balkhash oceanic crust under the
Kazakhstan continent tend to the formation of volcanic belts in the south part of Kazakhstan continent.
Zhungar-Balkhash paleo ocean’s active continental margin adjoined to the south of Karaganda coal basin.
Active magmatic events formed two continental margin type volcano-plutonic belts: 1) Devonian Central
Kazakhstan and 2) telescoped Late Paleozoic (Carboniferous-Permian) Pribalkhash-Ili (figure 2). Kara-
ganda basin was backarc basin next to active continental margin, where Devonian and Late Paleozoic
magmatic events took place. Subduction was directed from south-east to north-west in Karaganda basin
direction [7-10].

Devonian volcano-plutonic belts are heterogeneous structures of massive Emsian and Frasnian
rheolitic-granite series type volcan over intrusion. The composition of volcanic association is represented
by porfiric tuffs, lavas and ignimbrites. Among the volcanic intrusions, there is calc-alkali series, which
are shown by associations with reduced alkalinity and associations with high potassium shoshonite series
and continental molasses [7, 8]. The thickness of volcano-plutonic structures reaches 2000-3000 meters
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Table 1 — Stratigraphic column of Karaganda Basin. Bold borders show the unconformities
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Figure 2 — Paleogeographic (1) and palynpascial (2) schemes
of Central Eurasia, Early Carboniferous — Visean-Serpukhovian [7, 8].

Continental environment: 1 - uplands, 2 - lowlands, 3 - fluvial-lacustrine, 4 - carbonaceous basins, 5 - evaporite basins,
6 - rift and orogenic volcanics, 7 - marginal continental volcanic belts and mature island arcs. Marine and oceanic environments:
8 - shelf, 9 - carbonate platforms, 10 - island arcs, 11 - accretion prisms, 12 - continental slope, bathyal, 13 - deep sea (deposits of
black shales), 14 - abyssal. Tectonic and other signs: 15 - climatic boundaries (STH - subtropical humid, TRH - tropical humid,
TRA - tropical arid, EQU - equatorial), 16 - facies boundaries, 17 - subduction zones, 18 - sutures, 19 - shifts, 20 - thrusts,
21 - grabens, 22 - uncertain faults, 23 - spreading axes and transform faults, 24 - shelf shelves, 25 - carbonate platforms,
26 - modern geographic coordinates direction, 27 - paleomagnetic vectors and paleolatitudes, 28 - presumed and controversial
conditions, 29 - Main faults (figures in circles): Spass (1) Central Kazakhstan (2) Irtysh (3) Main Chingiz (4).

Microcontinent arrays: Ustyurt (UST). Sedimentary basins: Karaganda (KGB), Chu-Sarysu (CSB), Syr Darya (SDB); island
volcanic arcs and marginal continental volcano-plutonic belts: Valerianovskaya (VAA), Ili (ILA), Pribalkhash (PBA), Jarma-
Saurskaya (JSA), Bogdanshanskaya (BGA), North Pamir (NPA).

within the structure and hundreds meters outside. The belt is subdivided into Betpakdala, Sarysu-Teniz,
Bayanaul (North-Kazakhstan) and Chingiz segments laterally from the west to the east [11]. Frontal and
rear petrochemical zones exist within the belt. The zones are characterized by development of magmatic
series on the edge of high-alkali series (rear zone) in the inner part of Kazakhstan continent. Active margin
of the continent is marked by the change of petro-chemical composition in the zones between the
Zhungar-Balkhash and Ob’-Zaisan paleo oceans. In Betpakdala, Sarysu-Teniz and Bayanaul segments the
magmatism was active continental in Early Devonian — Famennian. Asymmetric magmatic zonation is
associated with the suprasubduction area [11].

In the second part of Early Carboniferous main features took place on the border between Kazakhstan
continent and Zhungar-Balkhash oceanic basin. Balkhash-Ili volcano-plutonic belt of continental margin
type is formed as the result of subduction of oceanic crust under the Kazakhstan continent. In the modern
structure of Kazakhstan paleozoics it has the shape of arc and divided into the segments (volcanic
depressions): Ili, Ketmen, Tokrau, Kalmakemel, Bakanas, Alakol. Peculiarity of the volcanism in the belt
is the equal proportion of basalt-andesitic and laparite-dacite series, but the composition changes in other
segments. Plagiolaparite-dacite series was formed in early stage of belt development in conditions of
ensialic island arc. It represented by Karkaraly suite (North Pribalkhash area). Lower Carboniferous
basalts and andesitic basalts belong to sodium and calc-alkali series with high aluminum silicate content.

Abovementioned chemical characteristics show the affiliation to the volcanic series of ensialic island
arc. The eruption of great amount of predominantly acidic volcanic rocks occurs in Middle-Late
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Carboniferous and Permian. The rocks consist of rhyolites, rhyodacites, trachyriolitesand their tuffs and
the intrusions of subalkalinegranitoids. Areas of basalt-andesitic volcanism related to suture zones, while
acid series distributed in distal parts, forming volcano-tectonic depressions, complicated by uplifts [7-10].

Karaganda segment was located on shelf marine basin attached to Spassk thrust to the south, Central
Kazakhstan fault to the east and Irtysh fault to the north-east (figure 2).

At the end of Carboniferous and Early Permian collisional stage is started. It’s related with granitoid
magmatism. Drainless intermountain depressions was formed in the Central Kazakhstan with its arid
climate. Intracontinental sea replaced the Zhungar-Balkhash oceanic basin, connected with the ocean to
the west.

Central Kazakhstan orogen growthwas terminated in Early Permian, followed by complication of the
structure in Late Permian — Triassic by slip movement, caused formation of large amplitude fault systems
(up to several hundred kilometers). Central-Kazakhstan fault with arc shape was formed on the more
ancient Ordovician-Devonian transform fault. North-East directed left-side slips was active in Spass shear
zone. Formation of the «pool-apart» type basin on the territory of Karaganda coal field was related to the
system of Early Mesozoic faults in Spass shear zone.

Collisional events caused the formation of complicated thrust and slit forms, especially on the south
part of Karaganda basin. Taldykuduk block, located there, has a border with Spass shear zone, with
distance 10-30 km from it.

As the result of the speed of orogenic process reduced and area transformed into foreland basin.
Orogenic processes tend to the formation of uplift to the south of the basin, which was the source of mo-
lasses. Most of the sediment was deposited in the south part of Karaganda basin where the depression was
the most. Part of these molasses then was eroded during Permian-Triassic erosion on the most of Kara-
ganda basin (table 2).

Table 2 — Main structural complexes within Karaganda basin and their position within the crust

Structural complex Age, lithology Position

Neogene-Quaternary

Gravel, pebble, sand, loam, sandy loam
Triassic - Jurassic

sandstones, siltstones, marls with coal Karaganda basin
Middle Carboniferous

molasses (conglomerates, sandstones, siltstones)
Famennian — Lower Carboniferous

carbonate and terrigenous deposits with coal

Upper platform

Lower platform

Quasi platform

LowerDevonian — Frasnianstage The rim of Karaganda basin, monoclines.

Oceanic continental | contrast composition of the volcanic series - rhyolites, On the south, next to the Spass shear zone.
rhyodacites, dacites and their tuffs Has complexities in folds and faults
Silurian

Wackes, greywackes, turbidites
Middle — Upper Ordovician
andesibasalts, andesites and their tuffs
Oceanic Cambrian — Lower Ordovician North-west border of the basin and basin
jasper; flint basement

Ensial island arc The rim of Karaganda basin

Mesozoic rocks of Karaganda basin was formed in Rhetian — Lias and Dogger time. The deposition
rate increased in Rhetian — Lias was reduced to Dogger. In Rhetian the thick layer of molasses was
deposited. Lias deposits were partially eroded in the Middle of Dogger, when area relief stabilized. Cli-
mate aridization in Late Jurassic caused the termination of coals formation, which is manifested in Dogger
deposits (up to 150 meters) consist of reddish terrigeneous rocks (figure 4).

The area was uplifted and eroded by the Late Jurassic. The tectonic movements was caused by the
Late Cimmerian phase of Cimmerian orogenesis. Hercynian thrusts reactivated and new set of thrusts like
Akzhar thrust was formed. The area was exposed to denudation up to Late Jurassic — Early Paleozoic.
After the erosion, the area became covered by unlithified fluvial deposits of Neogen and Quaternary Ages.
The sediments sources were hills located to the south and supplied by the modern rivers Nura and Sarysu.
The area get its final appearance in the Middle of Neogene [7].

— 137——



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

........ L. AR AR MO .. . TN e A .. S T - . TR At % k1
13359 13360

5508.5
55080+
5507.5
5507.0

5506.5- 210E

¥ Tkn]

E
i Southern sea60]
Block s
e _NTT-
\ 55055
Cenrral Black s
5505.04
21043
s T +
T 5504.5-
I e aganda Site {Nanmmian- Westphalis) Northern Block Bt
s Jtesz
[ T e Karaganda Suite K 10-20 (Nasmrian) -
I Lo Kaganda Suite K1-10 (Narmian) | L 25 L] 1 @

Figure 3 — Schematic cross-section and map of wells representing the modeled southern bound of Karaganda basin.
Two major thrust (North-Taldykuduk ThrustNTT and Thrust 2T2) divide the model into 3 main maturation blocks.
Small amplitude faults are not shown

Karaganda basin is divided into 4 zones. They are Tentek, Sherubay-Nura, Karaganda and Verkhne-
sokurskaya. Within the basin, there are structural complexes contain Cambrian, Ordovician — Silurian,
Devonian, Carboniferous, Jurassic and Cenozoic rocks. Taldykuduk block (figure 4) suffer significant
structural transformation. It has overthrusts, thrusts and other faults, which are related to Spass shear zone.
Fault-blocked structure of the region results the formation of cleats within the coals. Therefore the area is
interesting from the CBM production point of view.

There are four stages of Carboniferous rocks deformation [6-8].

The first stage (Asturian phase) is the commencement of the collision or initial orogenesis stage,
when the depression was subdivided into Karaganda, Shiterdy, Pavlodar and Teniz synclinories (figure 2).
New thrust, including modeled North Taldykuduk thrust and Thrust 2 was originated since (figure 5). The
basin had western border with Teniz depression, and pinched out to the east.

The second stage (Pfalzian phase) is the collisional stage, which caused the compartmentalization of
coal beds by basement movement. As the result, Karaganda coal basin was subdivided into 3 parts:
western part with Zaviyalov and Samara graben-synclines, central part with Karaganda basin and eastern
part with Ashisu syncline (figure 6, 7). Zaviyalov graben-syncline and Teniz depression are separated by
Zhaksykart horst-anticline. Zhailmin horst-anticline is the border between Karaganda basin and Ashisu
syncline.

The third stage (Early Cimmerian phase) is the postcollisional stage refers toearly epeiric platform
orogenesis, which expressed in thick deposition of molasses at the end of Lias. Sediment sources were
uplifted and area was depressed. After that, the area was eroded up to Middle Dogger, when relief became
flatten. Complete isolation from Paleotethys resultedaridization of the climate.

The final stage (Late Cimmerian phase) is the postcollisional stage refers to late epeiric platform
orogenesis, followed the dogger succession, caused the territory uplift and erosion. Furthermore, the
deformation reactivates existing and generates new (Akzhar thrust) faults and thrusts. In addition to these
stages, insignificant deformation occurred in Neogene and Quaternary.

Input data, required for thermal modeling, according to [12] is following (figure 2-4):

— Structural model, including layers thickness, unconformities, faults, thrusts;

—Conceptual geological model (stratigraphic column, sedimentation settings, lithologies);

— Thermal and burial history;

— Tectonic history of the basin — tectonic model (burning, uplifting, erosion etc);

— Calibration data (vitrinite reflectance, temperature and porosity);

— Boundary conditions of water depth, heatflowand surface temperature.
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Conceptual geological model includes several parameters. Rock ages were defined by biostrati-
graphic dating and represented in table 3 as bold text. Absolute ages of those rocks were taken from
International Stratigraphic Column. Rest of layers ages were defined considering their thicknesses and
relatively even deposition rate [9].

The territory of Karaganda basin experienced the following deformation stages during its geological
evolution: Saurian, Asturian, Pfalzian, Early Cimmerian and Late Cimmerian orogenic phases. These
stages are expressed in multiple observed faults and thrusts, synclines and anticlines (figure 4). The
tectonic model, used for basin modeling is shown in table 4.
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Figure 4 — Tectonical scheme of Karaganda basin
Carboniferoussediments, suiteswithsufficientcarbonation: 1 — Tentek; 2 — Dolin; 3 — Karaganda, 4 — Ashlyarik; without
coal: 5 — Shahan (Cssh), Nadkaraganda (Cin-Cyndk) Akkuduk (C,v,ak); 6 — Tournai and Famennian deposits; 7, 8 — Givetian-
Frasnian sediments (upper substage) of south (7) and north(8) basin rims; 9 — Koblenz-Givetian volcanic successions(middle
substage); 10, 11-Lower Devonian,effusive and their tuffs of north (10) and south (11) basin rims; 12 — Silurian flysch;
13 — Ordovician volcanic deposits; 14 — Cambrian terrigineous siliciclastic deposits; 15 — Mesozoic sediments contour; 16 — over-
thrusts and thrusts; 17 — other faults.

Thus, input data for basin modeling includes a geological concept, a tectonic model of the area
geological evolution, and their thermobaric depositional conditions. The geological concept contains
information about the age of the rocks, their thickness, erosion processes.

The structure of the Karaganda basin involves the rocks of six structural-material complexes. The
basement is composed of the following complexes: 1) Cambrian-Lower Ordovician oceanic, 2) Middle-
Upper-Ordovician island arc and Silurian pre-arc and back-arc terraces, 3) Devonian marginal continental.
The cover consists of the following complexes: 4) Famennian-medium-quarry quasi-platform, 5) Triassic-
Jurassic platform (lower structural stage), 6) Neogene-Quaternary (upper structural stage). Saurian,
Asturian, Pfalzian, Early Cimmerian and Late Cimmerian orogenic phases influenced the formation of
coal rock and created complex multi-stage formed folded and discontinuous shapes. The uncertainties of
the geological concept were calibrated using data on maturity and rock deformation.
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Table 3 — Absolute ages of layers and their thicknesses

Layer name Event age Base absolute age, Ma Top absolute age, Ma Av. Thickness, m
Ql Pleistocene-Holocene 0.13 0.00 3
J _Eroded 2 Oxfordian 185.32 154.00 900
J Eroded 1 Doggerian 202.72 185.32 500
J Liasian — Doggerian 203.00 202.72 8
C_Eroded 2 Stephanian — Westphalian 313.00 295.00 2800
C Eroded 1 320.94 313.00 1500
Nadkaraganda 322.37 320.94 271
K20 322.85 322.37 90
K19 323.41 322.85 106
K18 323.85 323.41 83
K17-1 324.11 323.85 50
K16-K17 Namurian 324.21 324.11 19
K15 324.45 324.21 45
K14 324.77 324.45 60
K13 324.93 324.77 30
K13-base 325.03 324.93 20
K12-3 325.48 325.03 84
K12 325.71 325.48 45
K11 326.00 325.71 54
K10 326.17 326.00 25
K9 326.22 326.17 8
K8-1 326.30 326.22 11
K7-K8 ) 326.49 326.30 27.8
K6 Late Visean 326.72 326.49 34
K5 327.08 326.72 54
K4 327.35 327.08 40
K3 327.55 327.35 28.75
K2 328.00 327.55 67
K1 . . 329.00 328.00 64
- Middle Visean
A-suite 329.00
Table 4 — Tectonic model of Karaganda basin
Age Lithological anfl facial depositional Tecton.ic mpvement Orogenic phase
environment direction
Neogene - Quaternary Continental Uplift ~~~ Alpine
Jurassic (eroded) Uplift . .
Continental ~~~ Late Cimmerian
Doggerian Platform Immersion
- Arid . ~~~ Early Cimmerian
Liasian Immersion
Late Carboniferous - Permian Cot;tl;lizntal Uplift . if:tluzrlgi
Visean — Namurian
- Continental, shallow marine, boggy-lacustrine ) )
Visean Immersion ~~~ Saurian
Tournai - Famennian Continental, shallow marine
Early Devonian - Frasnian Andean type active continental margin Uplift ~~~ Akkadian

~~~ Unconformity
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P. M. Canpikos', B. B. Kopo6xun®

'Ka3axckuii HalMOHABHBIH HCCIEIOBATENLCKH TeXHIHUecKkuii yHuBepeutet uM. K. U. CaTnaesa,
Anmarsl, Ka3zaxcran
?KazaxcraHcko-BpuTanckuii TexHudecknii yHuBepcutet, Anvatsl, Kasaxcran

AHAJIN3 UCXOJHBIX 'TEOJIO'MYECKHUX JAHHBIX
. JJIs1 BACCEMHOBOT'O MOJAEJIMPOBAHUSA
IOKHOU YACTHU KAPATAHJIUHCKOI'O YI'OJIBHOI'O MECTOPOX/JEHUSA

AHHOTanusi. BrInonHeH aHanu3 reonoro-reou3NUecKux MaTepHalIoB U MPOBEACHUS OacceifHOBOro Mojie-
JTUPOBaHUS FOKHOU dacT KaparaHIWHCKOTO YTOJNBHOTO MECTOPOXKIeHHS. B 3Toi cBsa3u mogoOpaH HEOOXOIUMBIH
0a3uCHBIN MaTepual, BKIOYAIONINA JaHHBIE 110 TEOJIOTHIECKOMY CTPOCHHIO (CTpaTurpaduul, JIUTOJIOTHH, (arnnuaib-
HOMY aHQJIM3y CKJIaI4aThIM M Pa3pbIBHBIM CTPYKTypaM, T€OAMHAMUYECKOMY MOJAEINPOBAHUIO, TEPMOOAPHUECKUM
YCIIOBHAM OCaJIKOHAKOIIJIEHHS) PACCMAaTPUBAEMOT0 OOBEKTA.

B xone reosoruyeckoit sBomonuu KaparaHIuHCKUN yrojbHbIA OacceiiH UCHbITAl MHOTOATamHble aedop-
Malli{, BEIPAXKEHHBIC B MHOTOYHUCIICHHBIX COYETAHMAX CTPYKTYPHBIX (POPM, KOTOpPBIE ONMHUCAHbI AJIS I0XKHOH U BOC-
ToyHO# wactell Kaparanmuuckoro OacceifHa B 30Hax Auabacckoil aHTUKIMHAIM, MaiKyayKCKOTO MOIHSTHS U
Criacckoii oBHO# 30HBI. [J1aBHBIE 3Tanbl AeopMalMi COIPOBOXKAAEMbIE aKTHBHBIM OPOT€HE30M MPHUXOAATCS Ha
MO3THETIAJIC0301CKO-paHHeMe30301ckoe BpeMs. Haumnnas ¢ ¢hameHa, U 1o HacTosIee BpeMsl PETHOH IPOLIENT CIIOXK-
HYIO0 MHOTOJ3TAITHYIO UCTOPHIO Pa3BHUTHSL, HA YTO YKa3bIBAIOT JIUTOJIOTO-(harranbHble, najeoreorpaduieckue, maneo-
TEKTOHMYECKNE U T€OMHAMUIECKUE PEKOHCTPYKIIUH.

BospacT paccMaTpuBaeMBbIX TONIII TOPHBIX MOPOJ OB yTOYHEH Ha OCHOBAaHWH OMOCTPATHTpadMIeCKUX JaHHBIX
MPEABIIYIINX HCCIIeoBaHuM. VicxoqHas reonornyeckas nHGpopManus B MPOIECCe MOASIUPOBAHNS YBA3aHA C KaJlH-
OpOBOYHBIMH TaHHBIMH 3PEJIOCTH YIJIEH M BapHAIMsIMHU X ITOPUCTOCTH MO IiyOomHe. bacceitHoBoe MoaennpoBaHne
MO3BOJIMJIO CYIIECTBEHHO MMHUMH3UPOBATH I'€OJIOTMYECKUE HEONPENENICHHOCTH, TaKUEe KaK I'eO0JUHAMHUYECKHUE pe-
KOHCTPYKIIMH, YCJIOBUSI OCaJKOHAKOIUICHUS U MOMNOJHUTH 0a3zy 3HAHUI O reosioruyeckoMm crpoeHun Kaparanmus-
cKoro OacceiiHa.

P. M. Caubnconl, B. B. Kopoﬁmm2

'K. W1. Cor6aeB athinarsl Kaszak yITTHIK TeXHUKANBIK 3ePTTEy yHHBEpCHTETI, Anvatsl, KasakcTaH,
2Ka3aKCTaH—BpI/ITaH TEXHUKAJIBIK YHUBEpCcUTeTi, Anmmatel, Kasakcran

KAPAFAH/IbI KOMIP BACCEMHIHIH OHTYCTIK BOJITTH BACCEHHIK MOJEJBAEY YIIITH
HET'I3I'1 TEOJIOTMSIJIBIK JEPEKTEPII TAJIJIAY

Annoranusi. Kaparanjpl kemip OaccelHiHIH OHTYCTIK OeliriH OacceiHIIK MOJeNbAey YIIIH T'eOJOTHsIIbIK-
reoU3UKANBIK AepekTep Tainmauabl. OChiFaH OalIaHBICTHI HETi3Ti JACPEKTEPTEp IPIKTENII, OHBIH INIHIAC 3epTTCY
00BEKTICIHIH T€OJOTHSUIBIK KYPBUIBIMBI (CTpaTUrpadus, JIUTOIOTHS, KaTIapibl jKoHE Y3UTIMII KYpbUIBIMAApIs! (a-
LUSUIBIK Taay, Te0IMHAMHUKAJIBIK MOJICNBACY, IOTTHUIEPAiH )KUHATYBIHBIH TEPMOOAPUKAIIBIK, KaF Iaibl).

Kaparanapl kemip GacceifHi reooTHsUTBIK BOJIIOMS Ke3iH/Ie KON caThbulbl fedopMarnusHbl Oactad kemri. O
Kaparanner keMip OacceiHIHIH OHTYCTIK OHE IIBIFBIC OelikTepiHae, Anadac aHTUKIMHANG aylaHAapbiHaa, Maii-
KYJBIK KeTepinicinge >koHe Criacck IIeTKI aylaHbIHAa KYPbUIBIMABIK MITHACPAIH TYPIl )KUBIHTHIKTAPbIHAH KOPiHIC
Tabanel. bencenmi oporeHe30eH KaTap >KYpreH AeOpMalusSHBIH HETI3ri Ke3eHaepi KeHiHTi Maneo30d KoHE epTe
Me30301 yakpITBIHAA 00mbl. @amMeHHeH OacTar OYTiHTI KyHre Aeiiin Oyt aitMak Kypzeli KepcaThUIbl 1aMy TapUXbIH
Kewipai. Byt allMaKThIH JTUTONOTHSIIBIK, ITaneoreorpadusuIbIK, MaJeOTEKTOHNKAIIBIK JKOHE TeONHAMHKAIBIK PEKOH-
CTPYKLMS HOTWKECIHEH OaliKaapl.

byran neitin xacanran OunocTaturpadusuibIK 3epTTeyJIepIiH HOTHXKENEPiH Maiijanana OThIPBIN KadaTTapablH
’Kachl aHBIKTAJIBl. MoJieNbiey Ke3iHae 0acTarKhbl FeoJIOTHSIIBIK aKaparT KeOMIp.IiH Micin-KeTilyi OOHbIHIIA Kamruop-
Jiey HOTWXKEJNepiMeH KoHe KeMip KabaTTapbIHbIH TEPEHJIKIICH KEYeKTUIriHIH e3repyiMeH colkecteHnipinni. bac-
CEHHIK MOJIENIb/ICY T'EOJIOTHSIIBIK PEKOHCTPYKIMS, IOTIHIUIEPAiH XKUHATYBIHBIH JKaFJalbl ChIHABI MaceJelep/e
TCOJIOTUSIIBIK TYPJIAYCHI3ABIKTHL a3aiTyFa MYMKIHTIK Oepmi, »xoHe Kaparanmel keMip OacCEeHWHIHIH T€OJOTHICHI
OolibIHIIIA JEPEKKOPIBI KEHEHTTI.
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PATTERNS OF DISTRIBUTION OF RARE METAL DEPOSITS
IN CENTRAL KAZAKHSTAN

Abstract. The article considers the main patterns of location in Central Kazakhstan of greisen-quartz-vein
tungsten, molybdenum and beryllium deposits, as well as copper-molybdenum-porphyry deposits from which mo-
lybdenum is mined as a co-component. We analyzed the patterns of deposit location mainly from three perspectives:
1) magmatic control; 2) distribution over time; 3) structural control. Magmatic control of Cu-Mo-porphyry deposits
is determined by their genetic connection with sodium-type orogenic granitoids (K,0/Na,0<0.85) or kalium-sodium
ones (K,O/Na,O = 0.85-1.15). The ore-bearing intrusives are specific "porphyry" differentiates of the granodiorite
phase, the additional intrusives. Magmatic control of rare metal deposits is determined by their genetic connection
with the leucogranite-series intrusives. Both classes of deposits, Cu-Mo-porphyritic and rare-metal ones, are mani-
fested in Central Kazakhstan in multiple occasions: the first class at six age levels (Oy, Os, S,, D3, Cy, Cs), the second
class at six levels likewise (S, S, D,, D3, C;, Py). Structural control of Cu-Mo-porphyry deposits is determined by
their connection with the granodiorite formation bodies, whereas rare metal deposits are located in two tectonic
positions: essentially molybdenum deposits are in connection with the late orogenic leucogranite formation, and the
most of complex rare metal deposits are confined to synorogenic tectonomagmatic activation zones.

Keywords: Central Kazakhstan, magmatic, structural control, age of rare metal deposits.

Introduction. The article deals with the patterns of location of greisen quartz-vein tungsten, molyb-
denum and beryllium deposits in Central Kazakhstan. Since only molybdenum is produced from among
the named metals in the Central Kazakhstan region during the development of copper-molybdenum-
porphyry deposits, a number of deposits of this type are involved in the analysis.

Altogether these types of deposits constitute the vast majority of all rare metal deposits in Central
Kazakhstan. Beyond the completed analysis there were individual deposits of tin, niobium, tantalum, and
zirconium. All of these are small deposits (rarely up to medium), and often these are large shows of ore
classified as small deposits for the future perspective. The deposits considered in the article are shown in
figure 1.

We considered the patterns of location of deposits mainly from three perspectives: 1) magmatic cont-
rol; 2) distribution in time; 3) tectonic association.

1. Magmatic control of mineralization. As will be shown below, each fold system witnesses the
formation of Cu-Mo-porphyry deposits (orogenic stage), and after that rare-metal deposits (late orogenic
sub-stage) are formed. We will consider the deposits in this priority.

1.1. Genetic relations of Cu-Mo-porphyry mineralization with magmatism. Based on the study of
about 40 Cu-Mo-porphyry objects, this issue was considered in [1]. It was established that Cu-Mo-por-
phyry mineralization is genetically related to orogenic calc-alcalic granitoids of predominantly sodium
series (K,O/Na,O < 0.85), more rarely to potassic-sodium granitoids (K,O/Na,O = 0.85-1.15). These
connections are established not with the granitoids themselves, but with specific differentiations of the
second, granodiorite, phase of the intrusive massifs, which are extremely porphyraceous rock of additional
intrusives that complete the second phase and are commonly referred to as "porphyrites". In fact, these
ore-bearing rocks can be called porphyrites only figuratively due to their sufficient crystallization. For
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Figure 1. Diagram of location of rare metal deposits of Central Kazakhstan
Compiled by V.I. Serykh and A.N. Kopobayeva. Tectonic zoning according to [2].

Legend: 1 - projections of Precambrian basement. 2-7 - Paleozoic folded areas (figures in circles):
2 - Salair (Bozshakol - 1, Yereymentau-Burubaitalsky Rift - 2, etc). 3 - Early Caledonian (Stepnyakskaya - 3, Chingiz-
Tarbagatay - 4, Chu-Balkhash - 5), 4 - Middle Caledonian (Central Kazakhstan - 6),
5 - Late Caledonian (Zhamansarysu - 7), 6 - Early Hercynian (Zaisanskaya - 8, Dzungaro-Balkhashskaya - 9),

7 - Late Hercynian (South Teniz -10, Zhezkazgan-11, Sayak-12), 8 - zones of tectonomagmatic activation (TMA)

(figures in rhombuses): a) Caledonian (Kokshetau - 1, Arganatanskaya - 2, Ulytauskaya - 3), b) Early Hercynian
(Spasskaya - 4, Uspenskaya - 5, South-Chingiz - 6, East-Zhamansarysu - 7, Akbastau-Akzhal - 8,

Zhailma-Karaobinskaya - 9, Uitas-Zhezkazgan -10, Kenzhebai-Zhamanaybat-11)

¢) Late Hercynian (Chaglinskaya - 12, Koitas - 13, Bayanaulskaya - 14, Tleumbetskaya - 15). 9 - the main faults.

10 - platform cover. 11 - deposits: 1) molybdenum, 2) tungsten, tungsten-molybdenum, complex;
12-3 - copper-molybdenum, 12-4 - placers, 12-5 - beryllium,
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example, the grain size in the rock of the Kounrad ore-bearing stock is 0.02-0.10 mm, and those in the
Baysky stock is even 0.05-0.20 mm. Of course, these are not volcanic and not subvolcanic porphyrites. If
we still call it "porphyrites", then only adding the definition "plutonic porphyrites". This is confirmed by
geological relations (mineralization intersects post-ore aplite veins), the same absolute age of the ore-
forming intrusive complex and ore-bearing porphyraceous rocks, the same petrochemical type (sodium
granodiorites - sodium "porphyrites", potassic-sodium granodiorites - potassic-sodium "porphyrites"), the
greatest water content of granodiorite magmas [3], wide development of acid leaching processes in the
abovementioned and other types of rocks and by other common features.

The study [1] assumed the possibility of the connection between individual Cu-Mo-porphyraceous
occurrences with subalkaline granitoids. However, further elaboration on the composition of such rocks
and their bonds with Cu-Mo-porphyraceous ores did not confirm these assumptions.

1.2. Genetic relations of rare metal deposits with magmatism. Due to the fundamental paper [4], a
fairly stable opinion was established that the Hercynian rare metal deposits are genetically related to the
ultra-acidic intrusives (SiO, > 73%); in today's nomenclature they are subgranites, leucogranites, and
alkali-feldspar leucogranites (table 1).

Table 1 — The average chemical composition of leucogranite family rocks, weight % [5]

Rocks SIOZ T102 A1203 F6203 FeO | MnO MgO CaO NaZO Kzo P205 C02 Loi

Orogenic granitoids *

Diorites 5529 | 0.84 | 16.90 292 | 523 | 017 | 438 | 741 | 3.09 | 1.44 | 0.20 | 0.23 | 1.67
Quartzitic diorites | 60.86 | 0.67 | 16.45 222 | 397 | 011 | 274 | 475 | 3.61 | 234 | 0.20 | 0.14 | 1.31
Grano-diorites 65.47 | 0.53 | 15.77 1.67 | 318 | 0.09 | 1.76 | 3.71 | 3.84 | 2.56 | 0.16 | 0.18 | 0.96
Plagio-granites 70.14 | 0.31 | 14.81 127 | 215 | 0.06 | 099 | 2.12 | 449 | 248 | 0.12 | 032 | 0.73
Granites 70.54 | 0.33 | 14.52 096 | 228 | 0.06 | 084 | 1.97 | 3.73 | 3.77 | 0.12 | 0.11 | 0.58

Late-orogenic granitoids

Subgrani-tes * 73.94 | 0.20 | 13.50 0.85 1.47 | 0.05 | 0.45 1.16 | 337 | 450 | 0.06 | 0.10 | 0.36
Leucogra-nites 75.20 | 0.15 | 13.04 0.63 144 | 0.05 | 023 | 0.73 | 3.52 | 466 | 0.04 | 0.10 | 0.24

* Subgranites are intermediate rocks between granites and leucogranites.

Table 2 — The average chemical composition of granitoids of tectonomagmatic activation resonance zones, weight % [5]

Rocks Si0, | TiO, | ALO; | Fe,O; | FeO | MnO | MgO | CaO | Na,0 | K,0 | P,Os | CO, | Loi

Granitoids, synchronous, orogenic stage

Diorites 5529 | 0.84 | 1690 | 292 | 523 | 0.17 | 438 | 741 | 3.09 | 1.44 | 020 | 023 | 1.67

Quartz monzo- 61.68 | 0.66 | 1579 | 220 | 3.95 | 0.10 | 2.66 | 4.40 | 3.26 | 3.59 | 0.20 | 0.10 | 1.09

diorites

Monzo- 65.83 | 0.51 | 1526 | 1.69 | 283 | 0.07 | 1.92 | 347 | 320 | 4.03 | 0.18 | 0.55 | 0.65

granodiorites

Monzo-granites 70.89 | 032 | 1429 | 1.09 | 2.09 | 0.05 | 0.71 | 1.81 | 3.22 | 430 | 0.11 | 0.16 | 0.57
Granitoids, synchronous, late orogenic stage

Leucogranites 7520 | 0.15 | 13.04 | 0.63 | 1.44 | 0.05 | 023 | 0.73 | 3.52 | 4.66 | 0.04 | 0.10 | 0.24

Alkali-feldspar 7555 | 0.12 | 12.77 | 0.41 | 1.00 | 0.04 | 021 | 041 | 3.66 | 4.59 | 0.04 | 0.09 | 0.31

leucogranite

Over time, the opinion on the connection of rare metal deposits with ultra-acidic magmas in Balkhash
region solidified and was confirmed by facts. It was found that mineralization is associated with each
intrusive phase of leucogranite complexes, i.e. it actually got inside the intrusive complex and its connec-
tion with the complex became obvious. The correlation of intrusive phases and rare metal mineralization is
shown in figure 2.
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Table 3 — Periodicity of occurrence of copper-porphyry and rare metal deposits

Figure 2 —
General sequence of formation
of leucogranite plutons [6].
I, II, III — the main intrusives;

1-1, II-1, ITI-1 — additional intrusives;
[-2+4, 11— 2+4, 111 - 2+4 —
sheet-like bodies, dikes and

veins of aplitoid leucogranites and aplites;
F — dikes of fluid-saturated granite-porphyrites
and microcline-albite granites;
Mo, W — ore deposits

in the polycyclic folded area of Central Kazakhstan (according to [7], with some additions and clarifications)

Orogenic stage

Synorogenic activation of the consolidated

frame
orogenic stage late-orogenic sub-stage synchronous with synchronous with
orogenic stage late-orogenic sub-
@ stage
s
g Cycle The ore-bearing Rare-metal intrusive The ore-bearing Rare-metal
g intrusive complex complex (subgranites, intrusive complex intrusive complex
= (q. diorites, leucogranites), age; (sq. monzodiorites, (leucogranites,
Na-granodiorites, Rare-metal deposits K-Na and alkaline-feldspar
plagiogranites), age; (age) K-granodiorites, leucogranites), age;
Cu-Mo-porphyry K-granites), age; Rare-metal
deposits (age) Cu-Mo-porphyry deposits (age)
deposits (age)
Initial (Salair) | Bozshakolsky, Oy; N 9 0
Bozshakol (0)) ) ) ’
Early Krykkuduksky, O;; Karabulak Zerendinsky, O;3-Sy; Zolotonoshsky, Sy;
Caledonian Koktaszhal, Kyzyltu (Zhamankoitassky),S; Cu-Mo ore Bayan — W, Mo, Sn,
(Taconian) 03 ore occurrences W, Mo, occurrences in Shat- Syrymbet — Sn,W ,Bi
- Bi (Sy sky anticlinorium (S;) | (S,)
.g Middle Karamendinsky, Kilchinsky, Korneevsky,
.S | Caledonian chetsky (S»-Dy); Dy;
= | (Erian) Nurkazgan (Sy) Shalgiya, Bugul-Mo, * *
O Ulyanovskkoye —
W, Mo; an others (Dy)
Late Zhangeldinsky, Ds; Kyzylespinsky, Ds;
Caledonian Shetshoky (D3) ore occurrences Mo,Sn, * *
(Breton, Bi (D3)
Telbessky)
Early Balkhashsky, Cy; East Kounrad, C,-3; Toparsky, Cy.p; Kaldyrminsky,
Hercynian Konyrat, Borly, East Kounrad-Mo, Almaly, Bayskoe, Kuinsky, C3-Py;
(Saursky) Besshoky and others | North Kounrad — Be, Mo, | Ozernoe — Cu-Mo Upper Kayrakty - W,
(Cy) Zhanet, Karatas -1V — Mo | (C,) Katpar - W, Mo,
,§ (Cs3) Koktenkol - Mo, W,
% Karaoba — W,Sn,Bi,
E Be; and others (P;)
Late Kungeysayaksky, Besobinsky, Py;
Hercynian Cy.3; ore occurrences Arkharly * *
(Sayaksky) Berkara (Cs) - W,Mo (Py)
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Table 4 — List of rare metal deposits

No. on Name, The main Age |No. on Name, The main Age
the category (associated) the category (associated)
diag- of the deposit components diag- of the deposit components
ram ram
Copper-molybdenum porphyry deposits 32 | Volframovye Sopki —S Mo, W GC;
8 Almaly - M * Cu (Mo, Bi, Au) C, 20 Vysotnoye — S W (Bi, Be, Mo) C;-P;
14 Altuayt - S Cu, Mo (Pb, Zn, Bi, Ag)| C, 19 | Dolinnoye (Sarybyurat) — S W (Mo, Be, Bi) C;-P,
26 Anomaly-6 Cu (Zn Mo Au) C? 29 Karaoba — L W (Mo, Sn, Be) C;-Py
(Karatas-6 C) -S
16 Auyzbaky - S Cu, Mo (O 8 North and North-East W, Mo (Bi, Cu, Be) | C;-P;
Katpar — L
6 Bayskoe - M Cu, Mo C, 9 North Katpar \\% P,
23 Berkara-S Cu, Mo (W, Bi) C, (residual ) — S
12 Besshoky - S Cu, Mo (Pb) C, 12 | Koktenkol South, North | Mo, W (Bi, Be, Cu) | C3-P,
and Intermediate — L
2 Bozshakol - L Cu (Mo, Au, Ag, Co) 0O, 13 Koktenkol Intermediate W (Bi, Cu) P,
(in the weathering crust) — L
20 Borly 3. -S Cu (Mo) C, 30 North Kounrad— M Be, Mo (W, Bi) Cs
21 Borly - M Cu (Mo, Ag, Au, Re) C, 33 South Kounrad — S Mo, W C,
25 Zhambas C. - S Cu (Mo, Au) Cs 27 Kuu - M \\% Cs-P;
15 Zhekeduan - S Cu (Mo, Ag, Au) C, 21 NW Kyzyltau — S W (Mo, Bi) C5-P;
9 Zapadnoye - S Cu, Mo C, 24 SE Kyzyltau — S W, Mo (Be, Bi, Mo) | C5;-P;
27 Karatas-1,2 - S Cu, Mo (Fe) C,? 4 Nurataldy — S W (Bi) Cs-P,
28 Karatas-4 - M Mo (Cu) Cs 7 Saran - M W, Mo (Bi) Cs-Py
19 Kaskyrkazgan - S Cu, Mo (Au) C, 18 Seltey — S Mo (W, Bi) Cs-P;
18 Kenkuduk - S Cu, Mo (W) C, 31 Scorpion — S W, Be (Mo,Bi) C;
17 Kepsham - S Cu, Mo C, 28 Solnechnoye — S W (Be, Bi, Mo, Sn, f) | C5-P,
4 Koktaszhal - M Cu (Mo, Au) 0O; 1 Syrymbet — L Sn (Ta, Nb, Zn, Cu, D3
Bi, W)
5 Tayshek — M Bi (W, Be, Mo) Py
11 Korgantas — S Cu, Mo (Pb, Ag, Au) C, 17 Uzynbulak — S Mo, W (Bi) Cs-P;
22 Kounrad- L Cu (Mo, Au, Re, Se, Te)| G, 3 Ulyanovskoye — M W, Mo (Bi) D,
1 Kyzyltu — S Cu, Au (Mo, W) 0O, 15 South Zhaur— M W (Mo) Cs-Py
24 Moldybay—S Cu (Co, Mo) P, Placers
32 Nurkazgan — L Cu, Mo (Ag, Hg) D;-S, 6 Akchatauskaya — S W
5 Ozernoe — M Cu (Mo, Bi, Ag) C, 3 Baynazarskaya— S \\% Q4
7 Olginskoye — S Cu (Mo, Bi) C, 2 Upper Kayraktinskaya — w Q24
M
29 Pribrezhnoye — M Cu, Mo (Au, Re) C, 7 Karaobinskaya— S Sn, W Qs4
31 Saryshagan — M Cu D, 1 Nurataldinskaya — S \% Qs4
30 | Sokurkoy Mednoye | Cu, Mo (Zn, Pb, Au) C, 5 Selteyskaya— S W Qs4
-S
13 Tolagay — S Cu, Mo Cs-Py 4 South Zhaur— S W (Mo) Qi
10 Shatyrsha — S Cu, Mo C, Molybdenum deposits
33 Shetshoky — S Cu, Mo D; 7 East Akkuduk — S Mo (Cu, W) P,
Essentially tungsten, tungsten-molybdenum, 8 West Akkuduk — S Mo (Cu, W) P,
complex deposits
22 Akbiik — M W (Bi, Mo) Cs-P, 6 Biryuk Molibdenovoye— Mo (Cu, Pb, Zn) P,
S
10 Akmaya — M W (Bi, Mo) Cs-Py 2 Bugul - M Mo D,
25 Aksarly — S W (Be, Bi, Mo) Cs-P; 5 Zhanet — L Mo, Be (W, Bi, fl, TR)| C,
23 Akchatau — S W (Mo, Be) P, 1 Iyulskoye — S Mo (W, Cu, Pb, Ag) | C5-P;
26 South-East W (Mo, Be, Sc, Li) P, 9 East Kounrad. — L Mo Cs
Akchatau—S
14 Bainazar - M W (Mo, Bi) Cs-Py 3 Sarytas — S Mo D,
16 Batystau — L W, Mo (Be, Sn) Cs-Py 4 Shalgiya— S Mo D,
2 Bayan W, Bi, (Mo, Cu, Ag) D, Substantially beryllium deposits
6 Belkoytas — S W (Bi, Be) C;-P,; 2 Darat — S Be (W, Mo) C;-P;
11 | Upper Kairakty — L W (Bi, Mo, Be) Cs-Py 1 Nurataldy — L Be (Mo, Bi, W) Cs-Py

*Deposits: L — large, M — medium, S — small.
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The vast majority of leucogranite plutons, sufficiently exposed by erosion, are two-phase ones, while
in the last decade of the 20th century several three-phase plutons have been mapped: Kyzyltau, Karaoba,
Kuu, Donetsky [4]. A specialist in rare metal deposits in Kazakhstan G.N. Shcherba at first considered
only the II-nd phase to be ore-bearing, but later he and his staff came to the conclusion about the possi-
bility of a two-fold occurrence of the postmagmatic process: in the plutons of Akchatau and Zhanet, quartz
veins and veinlets with molybdenite were identified, which complete the I-st phase, but the main ore-
generating capacity was considered to be of the II-nd phase. The established correlations of ores with the
main intrusive phases indicate that each phase may be ore-bearing. The I-st phase suggests really signi-
ficant molybdenum mineralization. In particular, molybdenum mineralization in the pluton Karaoba
(Molybdenum site) and Kuu (Komsomolskoye show of ore) is intersected by aplite dykes of the 2nd
phase. Intrusives of the second phase are inherent with complex rare metal deposits (in Kuu pluton the
main vein of the Kuu field is intersected by the II phase intrusive and its vein differentiations, aplites). The
third phase of the plutons Kyzyltau, Karaoba and Kuu is associated mainly with tungsten deposits. Under
favorable conditions (above the protrusions of the mantle) tin is added to these rare metals.

2. Distribution of mineralization in time. Academician of Kazakh Academy of Sciences
G. N. Shcherba believed that these deposits were associated exclusively with the Hercynian cycle, and this
opinion dominated for a long time. However, subsequent accumulation of information about the age of
rare metal deposits and ore-bearing intrusives did not confirm this conclusion essentially, although in
terms of the number of rare metal objects the Hercynian cycle proved to be the most abundant (> 65% of
the total).

Table 3 shows the cyclic distribution of rare metal deposits in Central Kazakhstan with ore-bearing
complexes and examples of typical deposits.

Table 4 contains a complete list of deposits examined in this paper, indicating their scale and specific
age. The age of the deposits is determined by the radiological data of mineralization, but most often by
geological and radiological data for ore-bearing intrusives, the nature of the relationship of rare metal
mineralization with which is described in Section 1.

3. Structural control of deposits

3.1. The tectonic association of copper-molybdenum-porphyry deposits is completely determined by
their magmatic control, a genetic bond exclusively with the orogenic granodiorite formation (see Section
1). This formation is associated with the formation of each fold system, which was repeated six times in
the history of geological development of the region (see table 2).

3.2. Primary rare metal deposits are located in two tectonic positions, in connection with late
orogenic ultra-acidic granitoids and in tectonomagmatic activation zones.

3.2.1. The structural association of essentially molybdenum deposits is determined by their connec-
tion with the leucogranite formation of the late orogenic sub-stage. This formation is known in 5 tectonic
cycles (see table 2). Essentially molybdenum deposits are found in two cycles, Middle Caledonian
(Shalgiya, Bugul, Sarytas, etc.) and Early Hercynian (East Kounrad, Zhanet, West and East Akkuduk,
etc.). In the remaining three cycles, Early Caledonian, Late Caledonian, and Late Hercynian, there are
only shows of ore.

3.2.2. Structural control of the distribution of rare metal deposits. The overwhelming majority of rare
metal deposits and, above all, essentially tungsten and complex deposits (W, Mo, Be, Bi), are associated
with the synorogenic zones of tectonomagmatic activation. Such TMA zones are found in two cases and
are associated with the beginning of Caledonian and Hercynian megacycles, when as a result of destruc-
tion of the Karelian platform, and then after destruction of the epicaleldon platform, the interiors of the
platforms were most deeply opened and maximum release of endogenous energy occurred. As a result, the
Caledonian and Hercynian TMA zones were formed (figure 1). Caledonian deposits Bayan and Syrymbet
are spatially confined to the Chaglinsky TMA zone located within the Precambrian Kokchetavsky
protrusion. However, the age of these deposits requires further refinement.

Most of the deposits are located in the Early Hercynian TMA zones. In Uspenskaya TMA zone:
Belkoytas, Upper Kayrakty, North Katpar, Koktenkol, Nurataldy, Saran, Tayshek, Dolinnoye, Vysotnoye;
in East Zhamansarysu TMA zone: Akchatau, Bainazar, Batystau, Seltey, Uzynbulak, South Zhaur,
Iyulskoye; in Akbastau-Akzhal zone of TMA: Aksarly, North-West Kyzyltau, North-East Kyzyltau, Darat;
in Zhailma-Karaobinskaya zone of TMA: Karaoba, Solnechnoye, Kuu.
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Conclusion. The study found that rare-metal deposits of Central Kazakhstan are in three tectonic
positions: 1) orogenic (Cu-Mo-porphyry) in connection with the orogenic granodiorite formation; 2) late
orogenic (essentially molybdenum) in connection with the ultra-acidic granites of the late orogenic sub-
stage; 3) activating (essentially tungsten, complex, essentially beryllium) in connection with the ultra-
acidic granites of the synorogenic Early Hercynian tectonomagmatic activation zones.

1. The maximum number of indigenous rare metal deposits is concentrated in the synorogenic Early
Hercynian tectonomagmatic activation zones (about 70% of the known deposits), which is due to the most
favorable combination in these zones of all ore-controlling factors: magmatic, structural factor and host
medium factor [4, p. 182-197].

2. We recommend conducting further forecasting and prospecting aimed at expanding raw materials
in Central Kazakhstan within the tectonomagmatic activation zones, primarily in the synorogenic Early
Hercynian zones.

B. . Cepsix, A. H. Konodaepa

Kaparauabl MEMIICKETTIK TEXHUKAIBIK YHHBEPCHUTETI,
Kaparannel, Kazakcran

OPTAJIBIK KA3SAKCTAHJIATBI
CUPEKMETAJIJIbI KEHOPBIHJAPABIH OPHAJIACY 3AHJIBLIBIKTAPBI

Annoranus. Makanaga Optansik KazakcTaHgarsl Tpe3eH-KBapI-KeIliK BOJIbppaM, MOITHOCH, OCpIILIHH,
COHBIMEH KaTap MOJHMOJEH KOCHIMIIIA KOMIOHET PETiHAE OHAIPUIETIH MBIC-MOJIMOCH-TTIOPGHPIII KEHOPBIHAAPBIHBIH
OpHaJacy 3aHABUIBIKTapbl KapacThIpbUiFaH. KeHOpBIHAAPAbIH OpHAJIACy 3aHbUIBIKTAPBIHBIH aHAIN31 HETi3iHeH YII
TYPFBUIBIKTaH KapacThIpbUIFaH: 1) MarManblk Oakpuiay; 2) yakbITTa Tapajiybl; 3) KypbUIBIMIBIK Oakputay. Cu-Mo-
nopdupii KEHOPBIHAAPABIH MarMaiblK OakpUIaybl OporeHAi rpaHuTTik Harpuim kKarapmed (K,O/Na,0O < 0.85)
HeMece kanuitHatpuita karapmeH (K,0O/Na,O = 0.85-1.15) reHeTukanbIK OaillaHBICIICH aHBIKTANIAIbI. O31HIIK KCH-
TacyIIbl HHTPY3USUIAD — TPAHOTUOPUTTI e3reme (a3zaHblH «ophupii» AuppepeHIuaTTsl KOCHIMIA HHTPY3UsIap
Oonpin canananpl. CHpeK Ke3leceTiH MeTajjap KEHOPBIHIAPBIHBIH MarMaliblK Oakpulaybl JEWKOTPaHUTTI MHTPY-
3USJIAPBIMEH TEHETHKAIBIK OalnaHbIChIMEH aHbIKTanaabl. KeHopbiHAAapablH eki kiackl — Cu-Mo-nopdupai xoHe
IIBIH CHPEK Ke3JeceTiH Metanaap KeHopbiHaapsl Opranbik Kazakcranna OipHelne peT TaHbLIagbl: OipiHIII Kiacc —
anthl kacThIK ke3eHme (O, Os, S, D3, Cy, Cs), ekiHImici — TaFbl 1a aJIThIIA KaCThIK Ke3eHue (S, S, Dy, Ds, Cs, Py).
Cu-Mo-nopdupii KEHOPBIHIAAP KYPBUIBIMIBIK OaKbUIay TPAHOIHOPUTTI (opMarius ACHENIepiMEH OalTaHBICBIMEH
aHBIKTaJaabl. AJl CUpEK Ke3[IeCeTiH KeHOPBIHIAp €Ki TeKTOHUKAJIBIK MMO3ULMIAa OpHAIacaibl: alTapIbIKTail MOIno-
JICH]II KCHOPBIHIAp KCIIOPOTCH Il JICHKOrpaHUTTI (hopMarmsiMeH OaiiyiaHpIcTa OOJaabl, ajl KeMICH I CUPEKMETaI/IbI
KEHOPBIHJAP/IbIH K60iCi CHHOPOT€H/li TEKTOHUKAIBIK-MarMablK aKTHBH3AIMSIIBIK ayAaHlapFa TYTacThIPbLIaIbL.

Tyiiin ce3zmep: Opransik Kazakcran, MarMasblk, KYpbUIBIMIBIK OaKpLiay, CHpEKMETaNbl KEHOPBIHIAPIbIH
KAaCBL.

B. H. Cepnix, A. H. Kono6aesa

'KaparasauHCKHil ToCyIapCTBEHHbII TEXHHUECKUIT YHHBEPCUTET,
Kaparanna, Kazaxcran

3AKOHOMEPHOCTH PASMEIIEHUSA PEJJKOMETAJUIBHBIX MECTOPOXJIEHUI
HEHTPAJIBHOI'O KA3AXCTAHA

AHHOTauus. B cTarbe paccMOTpEHbI OCHOBHBIE 3aKOHOMEPHOCTH paszMenienust B LlenTpansHoM Kaszaxcrane
Tpeii3eHOBO-KBAPIIEBOKIIBHBIX BOIb()PAMOBBIX, MOIMOJEHOBBIX U OEPHIIIMEBBIX MECTOPOXKACHHUH, a TAKKE MEIHO-
MOJIHOIEeH-TOP(UPOBBIX MECTOPOXKICHNH, U3 KOTOPBIX JOOBIBAECTCS MOMUOAEH B KaYECTBE ITOIIyTHOTO KOMITIOHEHTA.
AHanmn3 3aKOHOMEPHOCTEH pa3MeIeHNsT MECTOPOXKICHNH OCYIIECTBIIEH, B OCHOBHOM, C TpeX MO3WIMi: 1) marmartu-
YECKUI KOHTPOJIb; 2) paclpeieieHne BO BpeMEeHH; 3) CTPYKTYPHBIH KOHTpoib. Marmarudeckuii KoHTposb Cu-Mo-
MOP(GHUPOBBIX MECTOPOXKICHUH OINPEAEISIETCSI NX TEHETUYECKON CBS3bIO C OPOT€HHBIMH TPAHUTOHMJAMU HATPOBOTO
psana (K,0/Nay0<0.85) mnmm xanmuHarpoBoro psna (K,O/Na,0=0.85-1.15). CobcTBeHHO pyJOHOCHBIMH HHTPY3USIMHU
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SIBISIFOTCST crielu(uyeckue «rmoppupoBbiey AUPPEpeHIIaThl TPAaHOAUOPUTOBON (a3bl — JOTOIHHUTENBHBIE UHTPY-
3UBbl. MarMaTHYeCKuil KOHTPOJIb PEAKOMETAJUIBHBIX MECTOPOXKIECHUM OIPEAEIAETCS MX INEHETHYECKOH CBS3BIO C
MHTPY3USIMH JIHKOTpaHUTOBOrO cemeiictBa. O0a kiacca mecropoxaeHuii — Cu-Mo-noppupoBsie 1 cOOCTBEHHO
pelnKoMeTaJIbHbIE — MposiBiIeHbI B LeHTpansHoM KazaxcraHe MHOTOKpaTHO: MEPBbIN KJ1acc — Ha IIECTH BO3PACTHBIX
ypoBH:X (O, O3, S,, D;, Cy, C;), BTOpOIt — Toke Ha miectH (S, S,, D,, D3, Cs, P;). CtpyxTypHbIif KoHTpos Cu-Mo-
HOP(HHUPOBBIX MECTOPOKICHUH OIPEeNsIeTCA UX CBS3BIO C TeIaMH IPaHOIMOPHUTOBOI (GopMaryu. A peAKOMeTalIb-
HBIE MECTOPOKICHHS PACIIONararoTcs B ABYX TEKTOHHMYECKUX MO3MIMAX: CYLIECTBEHHO MOJMOAEHOBBIE MECTOPOX-
JICHUS] HAXOJSITCSL B CBSI3U C TO3JHEOPOTEHHOM JICHKOrpaHUTOBOM (popmariueii, a OOIBITMHCTBO KOMIUIEKCHBIX Pell-
KOMETAJUIbHBIX MECTOPOKACHUH MPHYPOUCHBI K CHHOPOT'€HHBIM 30HaM TEKTOHO-MarMaTu4ecKoi aKTUBU3ALIUH.

KaroueBsble ciaoBa: Llentpanpueiii Kazaxcran, MarMaTHYeCKHi, CTPYKTYpHBIH KOHTPOJb, BO3pPACT PEIKOMeE-
TaJUIbHBIX MECTOPOXKIEHUM.
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THE METHOD OF LIMITING SPEED WHEN PASSING TURNOUTS
OF RAILWAY VEHICLES WITH BOGIES OF MODEL ZK1

Abstract. To improve the safety of freight trains traffic, regulatory documents of railway administrations estab-
lish the maximum permissible speeds when passing small radius curves and, including, transferable curves of
switches of the most common brands. Transferable curves have a number of features — the absence of transferable
inserts, elevation of the outer rail, blind intersections of the combined track, which causes the need for a sharp reduc-
tion in speed when entering the station through the transferable curve of the directional on the side track. To deter-
mine the maximum speeds, it is necessary to take into account the vertical, horizontal and transverse forces trans-
mitted from the crew to the cores of the crosspieces of the turnouts, the coefficient of vertical dynamics, the value of
the frame forces arising in the crews, in order to determine the ratio of these forces to the static load and the level of
dynamic impact on the turnouts.

The task is solved by a combined method: analytical-computational and experimental. To solve the problem, an
analytical method is used to draw up a calculation scheme, which takes into account the stiffness of spring sets, fric-
tion coefficients, angles of rotation of the body and wheel sets with respect to the transverse, vertical and longitudinal
axes. On the basis of the calculation scheme and the assumptions, using the method of d'alembert were the equations
of the second order. Additional dynamic forces of reaction and communication spring kits recorded through an
additional equation. The solution of the equations was carried out by the numerical method of step-by-step integra-
tion. The experimental phase of the work was carried out on the stage of the Bel station of the Shuya branch of the
road. Initially, the dynamic parameters of the vertical dynamics coefficients and frame forces arising during the
passage of switches with different speeds were determined. Measurements of the level of impact and check the stres-
ses in the edges of the foot rail of the switch. The estimated values of the processed processes were defined as the
most probable values of the measured values for each individual velocity. The estimated values were estimated with
a probability of 0.9985.

Keywords: railway carriage, railroad switch configuration, frame strength, stability, dynamic performance.

One of the criteria for establishment of the allowed speeds are the sizes of the vertical and horizontal
forces which are transferred from wheels of crews to cores of blunt and sharp frogs.

The solution of the put objective was carried out by means of the spatial calculated scheme "carriage-
way" submitted in figure 1. The scheme allows to investigatethe interaction of a way and the rolling stock
in the vertical and horizontal planes in cases when roughnesses are both on one, and on both rail threads.

The carriage is presented by the four-axis freight gondola car of model 12-9920 manufacturing in the
People's Republic of China on carts of model 18-9996 by ZK1 type in the calculated scheme, with conic
cassette bearings. The movement of one cart of the gondola carisconsideredin details as the mutual
influence of wheels of various carts is insignificant.

In work [1] it is shown that the division of mass of a wheel into various quantity of elements is not
affectedon the sizes of dynamic forces. It allows to consider a wheel in the form of one mass.The transfer
curveis simulated in the form of the concentrated masses connected by elastic connections and specified to
the points of contact of wheels with rail threads. The lateral impact on a curve of the switch transfer is
considered by movements of rail threads and elements of crews in the vertical and horizontal planes and
the corresponding rigidity.
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Figure 1 —The calculated scheme of cucrems «crew-ay» system

In the calculated scheme the following designations are accepted: m, - the mass of a cushioned part of
the car; mg; - the mass of the wall falling on one wheel; m,,; - the mass of the wheel couple; n,; - the mass
of the way specified to i-of a cart wheel; arc; - rigidity of springs of spring sets; a; - coefficient of viscous
friction of spring knots; orc2 - rigidity of contact of a sidewall and wheel; a, - coefficient of viscous fric-
tion on contact of a sidewall and wheel; orc3 - contact rigidity of a wheel and way; a; - coefficient of
viscous friction on contact of a wheel and way; orc4 -rigidity of the basis; a4 - coefficient of viscous
friction of the basis; a«c5 - in pairs contact rigidity of rail threads; as - coefficient of viscous friction in the
place of contact of a wheel and rail thread in the cross direction; arics - flexural rigidity of springs of a
spring set; as - coefficient of viscous friction of spring sets at a bend; m,,;, - the specified mass of the
second cart falling on i- rail thread and relating to it the concentrated mass of a way; y,, 0, ¢, - angles of
rotation of a body concerning cross, vertical and longitudinal axis; @y, - angles of rotation of wheel
couples concerning the axis parallel to a longitudinal axis of thecarriage; X, y, z - respectively, longitudinal
cross and vertical movements; P; - additional dynamic forces in the corresponding elements of «carriage-
way» system.

The accepted calculated scheme consists of 13 solid bodies and has seventy eight degrees of freedom.

We make imposing and we find out connections:

X = Xg1 = Xg2 = X63 = Xpa = Xgn1l = Xun2 = Xp1 = Xp2 = Xp3 = Xpg = xnpl = xan =0
Yn1 = Vn2 = Yn3 = Yna = ynpl = yan =0
lpxnl = lpKl’lZ = 1p[J61 = 1p[J62 = 1p[J63 = 1,054 = lpnl = l»an = lpn3 = lpn4 = 1pbnpl = lpan =0

_ _ _ _ _ _ _ _ _ _ > €Y
Vo1 = Po2 = P53 = Pa = Pp1 = Pz = Pn3 = Pna = Pup1 = Pup2 = 0
051 =052 =053 =054 = 0,1 =0, =0,3=0,4, = 9np1 = 9np2 =0
9Kn1 = 9Kn2; lpxnl =Yo1 = Y625 Yin2 = Y63 = V645 Yin1 = Yin2; /

There were 21 degrees of freedom: z, Zs1, Zs2, Z63, Zo4> Zinils Ziw2s Znls Zn2s Z3s Znds Zipls Zup2s Yo Yo Wi
Oxs Pxnls Pxm2, 91(7 em;rﬂeym:(pknl,Z u em:elcrll,2~
In the calculated scheme the following assumptions are accepted:
- forces arising in connections are functions of the compressed spring and speeds of
compression of shock-absorbers;
- rigidity between sidewalls and wheels are defined by deformations of sidewalls, axle-box
knots and necks of axes of wheel couples and also deformations in a zone of their contacts;

— 152 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2019

- the rigidity between wheels and the specified mass of a way is defined by deformations of
wheels and frogs (necks of rails) and also deformations in a zone of contact of wheels and frogs [2, 3];

- forces operating in the contact plane in the presence of a gap between the crests of wheels
and rail threads are determined by the theory of pseudo-sliding [4, 5]; after the choice of a gap there
appears the cross forces of interaction depending on the size and speed an space of rail threads [6, 7]. At
the same time the space of rail threads take place, both in the presence of gaps, and at their absence;

- the connection between the rail threads is carried out only through a wheel couple;

- the connection between the specified mass of a way is carried out by introduction of
coefficient P which considersmutual influence of the adjacent wheels of the cart on each rail thread. This
connection is expressed by dependence:

Pi:ﬁ'Pi+1 (2)

where P; - force operating on the considered specified mass of a way; £ - the coefficient of influence of the
adjacent wheels considering the rigidity of railways; P;+; - force which is transferred on the adjacent one
with considered the mass of a way.
- there are no gaps between axle boxes and jaws of sidewalls, i.e. it is assumed that the
angles of turns of axes of wheel couples and an axis of carts are equal: 0,;;=0,=0mn.
Proceeding from the calculated scheme and considering the given assumptions, on the basis of
Dalamber's principle we will write down the differential equations of «carriage-way» system:

m,Z, = —P; — P, — Pyg — Pyq;
L@ = Pily = Poly + Pigly — Pagly — Pazlg + Pyl — Pasle + Pagls;
Jabe = =Pily = Pyly + Pioly + Pooly;
JZ0 = Pazly — Pauly — Pasly — Pygly;
M, Y = —Pp3 — Py — Pa5 — Pag;
m512'51 = 05P1 - P3;
m522'52 = 05P1 - PS;
MyaZss = 0.5P, — Pg;
mKn12Kn1=P3+P4_P7_P8; \ (3)
Jin2@un2 = Pely — Psly + Poly — Pyoly;
My1Z,1 = P; — P11 + Py — Pi3f3;
M2, = Pg — Py + P1off — Praf;
My3Z,3 = Pg — P13 + P7 — P11 fB;
M4 Zys = Pro — Prg + Py — P2f;
(2mgy + 2mg) Y = —Py1s—P1e—P17—P1g—Pa3—Pas;
J£0 = Pyslz + Pigls — Pigls — Pigly + Py7ly — Paogly + Pagly — Paoly;
Myp1Zup1 = Pro — Pay;

Myp2Znp2 = Pag — Paa;

The accepted designationshave the following physical sense: Z; - vertical movements of the
corresponding mass of the system; y; - horizontal movements of mass of the system; J¥ - the moment of
inertia of a body of the car concerning an axis x, passing through the body center of weight; J - the
moment of inertia of a body of the car concerning the cross axis at; JZ - moment of inertia of a body of the
car concerning the vertical axis z; /%1 , - themoment of inertia of a wheel couple, concerning an axis x;
JZ - the moment of inertia of the cart concerning the vertical axis passing through the center of its weight;
21, - the distance between the centers of axle-box sets of wheel couples; 2/, - the distance between the
circles of driving of wheel couples; 2/; - rigidbase of the cart; 21, - the distance between the axes of pintles
of a cart of the car; Ls - the distance from the center of weight of a wheel couple to an over spring beam,;
I - the distance from the body center of weight to an over springbeam.

The characteristics of the calculated «carriage-way» system are defined by selection at the solution of
a problem of the movement of a carriage on the roughnesses received experimentally. The vertical forces
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determined in the course of the solution are transferred from wheels of the four-axle gondola car to cores
of frogs, are compared at the same time with the similar forces received experimentally (figure 2). From
figure 2 it is visible thatthe sizes of forces and also the nature of change on length of cores practically
coincide with the forces received experimentally.

P, kN o
200 |
100 B=-———— U
6 cm
B—————
o 2 4 6 3 N sections'

experimentally obtained forces
— — — = forces obtained by calculation

Figure 2 — Vertical forces of interaction of a wheel of the four-axle gondola car
with the core of the frog of blind crossing

The oscillograms of primary measurements of the dynamic processes registered on railroad switches
are provided on figures 3, 4.

Dynamic indicators of gondola cars on railroad switches are determined by the measurements
executed at the passage by gondola cars of railroad switches Nel3 of brand 1/9 and Ne29 of brand 1/11 on
the rails of P65 which are on the Bel.station. For a forward stroke of gondola cars it was accepted the
direction when gondola cars 12-9920 moved forward by the 1st wheel couple from the station towards the
entrance arrows.

The registration of dynamic processes in gondola cars in all arrivals began and came to an end on
direct sites of a way.

The frame forces were measured by means of the graduated tensometric schemes pasted on side
frames of carts of gondola cars.

The estimated values of the machined processes were defined as the maximum probable values of the
measured values at each speed separately. The estimated values were counted on with probability 0,9985.

By the results of data processing at the given speed for each measuring scheme separate expanses of
data were formed. According to these expanses there were estimated values of indicators. All the
measurements were brokenon speeds and in the directions of the movement. In each arrival one maximum
amplitude value of dynamic process was chosen. The values of frame forces were accepted taking into
account a quastatic component, values of accelerations were processed without a quastatic component. For
the assessment of size of frame forces the relations of frame forces to static load from a wheel couple of
rails are considered. The indicators of influence of gondola cars on the way.

The tests on measurement of a level of influence of gondola cars on the way and railroad switches
were made on the same sites of a way as testson the definition of dynamic indicators.

Forthemeasurement of a level of influence of gondola cars on the way and railroad switches the
chosen sites have been equipped with tensoresistors for the measurement of tensions arising in the edges
of a foot of rails, the vertical and side forces transferred from a wheel to rails. For measurement of tension
in the lower edges of a foot of rails and the curvilinear pointed and forces transferred from a wheel to rails,
the tensoresistors by base of 10 mm and with a nominal resistance of 100 Om which were gathered into
measuring schemes have been pasted on rails. Signals from measuring schemes were given to the entrance
of a measuring complex and were registered on the laptop.
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Figure 3 — Coefficient of vertical dynamics of the first step of spring suspension of gondola cars 12-9941
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Figure 4 — Coefficient of vertical dynamics of the second step of spring suspension of gondola cars 12-9941
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The semi-bridge scheme, side and vertical forces from a wheel to rails — the bridge scheme is applied
for the registration of tension in the lower edges of a foot of a rail. At the same time, the tensoresistor of a
compensation run was pasted not on a rail, but on a separate steel plate and settled down near the rail
section where the tension was measured in rail foot edges. The side forces from a wheel on rails were
registered according to the bridge scheme by Schlumpf's method. The special load device with dynamo-
meter sensors was used for graduation of tensometric schemes of measurement of side and vertical forces.

At testing on railroad switches the tensions in the lower edges of a foot of a rail were measured in a
front extension of frame rails, in the curvilinear acute and in a switched curve. Forces transferred from a
wheel to rails in the horizontal and vertical direction were measured in a front extension of frame rails and
in a switched curve.

When calculating the following values of parameters of the gondola car have been accepted:
u - friction coefficient between a crest of the running wheel and a rail, p =0,25; f - slope forming a wheel
crest to the horizontal plane, = 60°; Yp - frame force taking into account a quasistatic component in curve
sites of a way - the instant values registered at each measurement, kH; Q - the weight of a springed part of
the gondola car coming to a neck of an axis of a wheel couple, Q=24,4 of kN for empty, Q=116,4 of kN
for loaded; KK - coefficients of vertical dynamics in the first step of suspension (without dissipative
forces and taking into account a quastatic component in curve sites of a way) respectively on the running
and not running wheels of a wheel couple are the instantaneous values registered at each measurement;
(' - friction coefficient between the surface of driving of the running wheel and a rail, p' =0,25; g - force of
weight of the uncusioned parts falling on the wheeled couple, g=18,78 of kN; 26 - distance between the
points of application of vertical loading to the necks of an axis of the wheeled couple, 2b = 2,036 m; a; -
distance between the point of application of vertical loading to the neck of an axis on the running wheel
and a contact point on a crest,a;= 0,265 m; a, - distance between the point of application of vertical
loading of an axis neck on not running wheel and a contact point on its surface of driving, a, = 0,228m;
r - wheel radius around drivings, = 0,479 m.

The dependence of the relation of frame to static load from the wheel couple to rails from the speed
of movement is given in figure 5, a, b, c, d.

Here and in the subsequent figures it is designated:

. — the measured values of indicators;
== — estimated values (the maximum probable);
— m — —an average from 3 maximum (for reference);figures on the schedules — estimated values.

In figure 5 it is visible that the relation of frame forces to static load from the wheeled couple to rails
at the movement of gondola cars on railroad switches are in limits of admissible values. Also the big
dynamics of the empty car is traced considerably.

On instant values of frame forces and coefficient of vertical dynamics of the first step of spring
suspension values of coefficient of a stock of stability against a wheel descent from a rail have been
calculated (further in figures and in tables — KZU).
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Figure 5 — Relation of frame forces to static loading
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The minimum value of coefficient of stock of stability against a wheel descent from a rail at moving
railroad switches is given in table 1.

Table 1 — Stability stock coefficient against a wheel descent from a rail

a) in railroads witches with a frog of brand 1/9

KZUminimumvalue

Movementto a side ‘ On a direct moving
At a speed, km/h
15 | 25 | a0 | 5o | 60 | 80 [ 90 [ 100 | 10 | 120

Moving direction

Empty gondola car
Direct move 2,31 2,30 2,00 2,09 2,72 2,52 2,48 2,38 2,30 2,21
Return move 2,43 2,16 2,22 2,43 2,84 2,72 2,70 2,64 2,59 2,54

Loaded gondola car

Direct move 2,27 2,48 2,36 2,53 3,16 3,00 2,80 2,72 2,61 2,49
Return move 1,83 1,70 1,82 1,65 3,13 2,74 2,58 2,39 2,20 2,02
The allowed value 1,4

b) in railroad switches with a frog of brand 1/11

The minimal value of KZU

Movement to a side ‘ On a direct moving

Moving direction
At speed, km/h

15 | 25 ‘ 40 ‘ 50 ‘ 60 | 80 | 90 ‘ 100 ‘ 110 ‘ 120

Empty gondola car

Direct move 2,71 2,77 2,24 2,26 2,79 2,75 2,73 2,71 2,69 2,67

Return move 2,84 2,68 2,93 2,87 2,91 2,72 2,63 2,53 2,44 2,34

Loaded gondola car

Direct move 2,93 2,92 3,19 3,07 3,89 3,77 3,71 3,65 3,59 3,53
Return move 2,20 2,05 1,73 2,06 2,93 2,86 2,83 2,79 2,76 2,72
Admitted value 1,4

The received dependences of coefficient of a stock of stability against a wheel descent from a rail
from the speed of the movement are given in figure 9, a, b, ¢, d. The coefficient of a stock of stability was
estimated on the minimum calculated value. In figure 9 it is designated:

. — the measured values of indicators;

— M — —estimated values; figures on the schedules — estimated values.

The data provided in table 2 and in figure 6 show that the stability stock coefficient against a wheel
descent from a rail at transportation by gondola cars of railroad switches to the side up to the speed of 50
km/h and in the direct direction up to 120 km/h are in the admissible limits, i.e. accept the values not less
than 1,4. The given results show that dynamic indicators of the gondola car of model 12-9920 in an empty
and loaded state at moving railroad switches meet the requirements of "Norms of the allowed speeds of
movement of locomotives and cars on railway tracks of a track of 1520 (1524) mm of railway transport of
the Republic of Kazakhstan" (further Norms of the allowed speeds of movement).
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b) at moving by the loaded gondola car of model 12-9920 of the railroad switch with the frog of brand 1/9 to a side
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Figure 6 — Stability stock coefficient against a wheel descent from a rail

Conclusions. As the conducted researches show, the sizes of the vertical and horizontal forces, which
are transferred from the wheels of carriages to the cores of blunt and sharp frogs are one of the main
criteria for designation of the maximum speeds of the movement on blank crossings of the combined
track. And the spatial scheme used in calculations is rather reliable and can be used for carrying out
analytical researches of interaction of a way and the rolling stock in the vertical and horizontal planes,
including, in cases when roughness both on one, and on both rail threads. The executed pilot studies show
that stability stock coefficient against a wheel descent from a rail at transportation by gondola cars of
railroad switches to a side up to the speed of 50 km/h and in the direct direction up to 120 km/h are in the
admissible limits, i.e. accept values not less than 1,4.

In the result of the executed researches it is proved that the dynamic indicators of the gondola car of
model 12-9920 in the empty and loaded state at moving railroad switches meet the requirements of
"Norms of the allowed speeds of movement of locomotives and cars on railway tracks of a track of
1520 (1524) mm of railway transport of the Republic of Kazakhstan" (further Norms of the allowed
speeds of movement). Therefore, the speed of the movement on railroad switches according to Norms of
the allowed speeds of movement on assessment of dynamic indicators is limited of 40 km/h at the
movement on railroad switches to a side and constructional speed at the movement on railroad switches on
a direct move.

B.T. Cononenxo, H. M. MaxmetoBa, 7K. C. Mycaes, C. E. bBex:kanoa, M. 1. Kpamnun
M. TheinbinbaeB atbiHaarbl Kazak keJik )koHe KOMMYHUKAIsUIAp akaaeMusichl, Anmarel, Kazakcran

ZK1 MOJEJb/II APBAIIAJIAPBIMEH TEMIPKOJI DKUIIAKIAPBI
BAFBITTAMAJIBIK BYPMAJIAPIbI OTKEH/IE
IIEKTI )KBLIJAM/IBIKTAP/IBI AHBIKTAY SJICTEMECI

Annoranus. JKyk moe3gap KO3FaNBICHIHBIH KayilCI3MITiH JKOFAPBUIATY VIIIH Killli PaaiyCTaFbl KUCHIKTapIbl
OTKEH/Ie JKOHE COHBIH iIIiHIe KEHIHEH TapajFaH MapKaJarbl OaFbITTaMallbIK OypManapIbslH aynapMaiblK KACBIKTa-
PBIH OTKEH Ke3/I¢ PYKCAT €TUINeH IIEKTI KBIIIAMIBIKTAp TEMIPKOJI OKIMIIIITIHIH HOPMATHUBTIK Ky)KaTTapbIMEeH OelI-
rineHeni. AynapMaiblK KHCHIKTap/blH OipKarap epekiienikTepi 0ap — ayaapMasblK eHIipMenepiiH OoiMaybl,
CBIPTKBI PEINbCTIH >KOFapblIaMaybl, OyHip Koijia ayldapMaHbIH OYpMaibIK KUCHIFBI apKbUIbI CTAaHIMAFAa KipreHue
KBUITAMIBIKTBI IIYFBUT TOMEHACTY KOKETTUIIMH MIapTTalThIH OipIKKEeH JK0JITa0AHHBIH TYHBIK KUbUIBICTAPHI. 11IexTi
KBUITAMIBIKTApAbl AHBIKTAY VIIH OaFbITTaMalIbIK OypMasapiblH aiKacThpMa ©3CKTEpiHe SKHUMMaxaaH OepiieTiH
BEPTUKAJ/IbI KOHE TOPU30HTAIABI-KOJIIEHEH KYLITEP.i, BEPTHKAJIIbl AWHAMUKA KOA(PQUIMEHTIH, OChl KYILITEPAiH
KATBIHACHIH aHBIKTAY MAKCAThIMEH JKHUIMAXIap[a naijga OOJNaThIH paMaiblK KYIITEPIiH NIAMACHIH JKOHE OarbITTa-
MaJIbIK OypMasiapra JUHAMUKAJIBIK 9Cep JACHTEiliH eCKepy KaxKer.
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Koiiburan Macene Kypama SICHeH HISHIIe/l: aHATMTUKAIBIK — €CENTIK KOHE THKIPUOETIK-IKCIIEPUMEHTTIK.
AHATUTUKANIBIKSICIICH LISy YIIIH peccopyiap *KMHAFBIHBIH KAaTTBUIBIFBI, YiKkenic koadduimeHTTepi, KenaeHeH,
BEPTHUKAILABI XKoHE OOMIBIK OChTEpre KAaTBHICTHI LIAHAK XKOHE NOHFaJaKTap >KYObIHBIH OYpbUIy OypbIIITaphl ecKepi-
JeTiH ecentik cyiba Kypbuiansl. Ecentik cynba jxoHe KaObuinanraH Ooipkampaap Herisinne, [lamamOep aiciH Koi-
JlaHa OTBIPBII, SKIHIII PETTIK TeHJeY Kypbullbl. KochIMIla AUHAMUKAIIBIK PEAKIUs KYIITEP] KOHE PECCOPIBIK JKH-
HakTap OailaHBICTapbl KOCHIMIIA TEHAEYJIEP apKbUIbI Xa3pUIFaH. TeHueynep IIemiMi Ke3eH-Ke3eHMEH HHTerpal-
Jay/bIH CaHMBIK omiciMeH Kyprizinai. JKyMbIcTbIH 3KcriepuMeHTTIK ke3eHi ben Iy Oekeri >xon GenmiMIleciHiH
OTKeNiHAC Kypriziiai. bacrankpiia TMHAMUKAIBIK KOPCETKIIITEP: BEPTHKAIBI AUHAMUKA KOI(PPHUIUCHTTEP] HKOHE
TYPJl KBUIAAMIBIKTapMEH OarbITTaMalblK OypManapabl ©TKeHAe Naina OOJaThIH paMajblK KYIUTEP aHBIKTaJIbI.
barpITTamanblk OypMaHbIH peNbC TabaHAAPBIHBIH JKHEKTEpIiH/AE KEepHEYJepaAiH dcep €Ty JACHIeiliH oJiey MXoHe
TipKey KYpri3iireH. OHIeNiHeTiH npouecTep/iH OaralaHaThIH MOHZAEP] 9pOip jKeKe KbUIIAMIBIK YIIIH OJIICHIeH
MOHJEP/IiH MaKCUMAaJ/Ibl BIKTHUMAJl [IaMaNapbl peTiHae aHbIKTanabl. baratanatein MoHaep 0,9985 bIKTHMANIBIKICH
OarajaH/bl.

Tyiiin ce3mep: TeMIp)KOJ SKUMAXKbI, OarbITTaMajlbIK OypMa, ecemik cyjiba, paMaliblK KYIITEpP, TYPAKTBUIBIK,
JIMHAMHKAJIBIK KOPCETKIIITEP.

B. I'. Cosionenko, H. M. MaxmertoBa, K. C. Mycaes, C. E. bexxkanosa, M. 5I. KBamunun

Kazaxckas akagemust TpaHCcopTa B KOMMYHUKaIuii uM. M. TeiHbIIIIaeBa,
Anmarsl, Ka3zaxcran

METO/IMKA ONPEJEJIEHUA PEJEJIbHBIX CKOPOCTEN .
ITPU IMTPOXOXKJAEHNUHU CTPEJIOYHBIX ITIEPEBOJOB KEJIE3HOJOPOKHbBIX 9KHITAYKEHN
C TEJIEXXKAMHU MOJIEJINA ZK1

AnnHoranus. s moBBIIIEHUS 0€30IaCHOCTH IBIDKEHHSI TPY30BBIX I0€37I0B HOPMATHBHBEIMH TOKYMEHTAMHU
JKEIIE3HOIOPOKHBIX aIMHHHUCTPAIMNA yCTAHABIMUBAIOTCS MPEICIFHO IOMyCTUMBIE CKOPOCTH MPH MPOXOKICHUN
KPUBBIX MaJlOTO pajmyca W, B TOM YHCIE, TIEPEBOAHBIX KPHUBBIX CTPEIOYHBIX IEPEBOJOB Hambollee pacipocTpa-
HEHHBIX Mapok. IlepeBoHbIe KPUBBIE HMEIOT Pl 0COOEHHOCTEH — OTCYTCTBHE TIEPEBOJHBIX BCTABOK, BO3BEHIIICHHS
HApY>KHOTO PeIbca, TIyXHe MepecedeHs] COBMEIICHHOMN KojeH, 9To 00yclIaBInBaeT HEOOXOAUMOCTh PE3KOT0 CHH-
JKEHHUST CKOPOCTH TIPH 3aX0/i¢ Ha CTAHIHUIO Yepe3 MEPEeBOAHYI0 KPHUBYIO CTPEIOYHOTO MEepeBOAa Ha OOKOBOM IYTH.
Jns ompeneneHus: MpeAeTbHBIX CKOPOCTEH HEOOXOIMMO YYHUTHIBATH BEPTHKAIBHBIC, TOPH30HTAIBHO-TIOTIEPCYHBIE
CHUIBI, TIepeaBaeMbIe OT HKUTIaXKa Ha CEPIICIHNKH KPECTOBHH CTPEIOYHBIX TIEPEBOIOB, KO3 (PHUIIMEHT BepTUKAIBHOM
TUHAMPKH, BEIIMYWHY PAMHBIX CHJI, BO3HHKAIOMIMX B JKHIAXKaX, C IEIBI0 OMPENCeIICHUs] OTHOIICHHUS STHX CHI K
CTaTHYEeCKOH Harpy3Ke ¥ YPOBEHb JMHAMHYECKOTO BO3ACUCTBHS HA CTPEIIOYHBIE TIEPEBOIBI.

[locraBieHHas 3amava pemraeTcss KOMOMHHPOBAHHBIM METOIOM: AHAJNUTHYCCKH - PACUCTHBIM W OIBITHO-
AKCIEPUMEHTANBHBIM. JIJIS1 pelIeHus] aHATUTUHIECKUM METOAOM COCTABIISICTCS pPAacyeTHAasl CXeMa, TIe YIUTHIBAIOTCS
JKECTKOCTH PECCOPHBIX KOMIUIEKTOB, KOA(PQPHUIMEHTH TPEHHS, YTJIBI MMOBOPOTA Ky30Ba M KOJECHBIX ITap, OTHOCH-
TEIBHO NMONEPEYHON, BEPTUKAIBHON M NPOAOJbHBIX oceil. Mcxonsd U3 pacueTHON CXEMbl U NMPUHATHIX JOMYLIEHHH,
UCTONB3ys Meton JlamamOepa ObUIM COCTaBIICHBI YpaBHEHHSI BTOPOTO MOPSIKa. J|OMOTHUTEIRHBIE AUHAMIYECKUE
CHITBI PEaKIINU M CBS3H PECCOPHBIX KOMIUIEKTOB 3alMCaHbl Yepe3 JOMOTHUTENbHBIC YpaBHEHUS. Penenne ypaBHeHUH
MPOBOIMIIOCH YHCICHHBIM METOJIOM MOATAIMHOTO MHTETPUPOBAHUA. DKCIEPUMEHTAIBHBINA 3Tan paboThl POBOIHUIICS
Ha neperone cranuuu bens Ilyiickoro otnenenus noporu. IlepBoHadanbHO ONpeAesiInCh TMHAMUYECKUE MTOKa3a-
Tenmn K03(p(PUIIMEHTHI BepTUKAIbHON TUHAMUKHA M PAMHBIC CHJIBI, BOSHHUKAIOIUINE MPHU MPOXOKACHUN CTPEIOYHBIX
MEPEBOJIOB C PA3IUYHBIMUA CKOPOCTAMHA. [IpoBeneHBI 3aMephl YPOBHS BO3ICHCTBHSA M PETUCTPAIHSI HANPSDKEHUH B
KpOMKax IIOOIIBEI pellbca CTPENoYHOro mepeoia. OIEHOYHBIE 3HAUYEHUS 00padaThIBaeMBIX IPOIECCOB OIpe-
JIEJBITACh KaK MaKCHMAaJbHO BEPOSTHBIC BEIMYMHBI M3MEPEHHBIX 3HAUCHHWH I KaXKIOW OTHEIBHONH CKOPOCTH.
OreHOYHbIC 3HAYCHUS OLEHUBAJIICH C BepOSTHOCTHIO 0,9985.

KiroueBbie cjI0Ba: JKEIE3HOIOPOKHBIN SKUIAXK, CTPEIIOYHBIN ITEPEBOM, pacueTHas CXeMa, paMHBIE CHIIBI, yC-
TOWYUBOCTD, JUHAMUYCCKHE ITOKA3ATEIIN.
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GEOMETRIC MODELING
OF LAYING GEODETIC LINES
ON RULED SURFACES

Abstract. Geodesic lines find interesting applications during solving most tasks of the fundamental sciences
(mathematics, physics and other) and engineering practice. In differential geometry, the geodesic lines are typical
lines for determination of the inner properties of the surface. However, the formation of the geodesic line on the sur-
face envisages certain difficulties, and are solved generally by methods of the computing mathematics and descrip-
tive geometry.

In this article, the development of simple and convenient algorithm of formation of the geodesic line on ruled
surfaces are considered. In common case, the three-dimensional model of the geodetic line formation algorithm on
the ruled surface is expressed in following: the ruled surface we replace by sided surface, and at any position of the
consideredside, the intersection point of the geodesic line with the edge of fracture (curvature of the two-sided angle)
will be identified as the cross point of the adjacent generatrix with the surface of the cone of revolution — congruence
of geodesic line laying directions with the peak at initial point, rotation axis, incident to the considered generatrix,
and angle at the cone peak, equal to the doubled angle between rotation axis and geodesic line laying direction. Next,
as the initial parameters the adjacent with mentioned generatrix, upper determined point, laying on it, and direction
of the geodesic line — angle between section of the obtained geodetic and adjacent generatrix, are accepted. Thus,
multiply repeating the described cycle, we obtain mass of points, which composes the desired geodetic line. Hereby
the mathematic description ofthis algorithm is provided.

Key words: descriptive geometry; ruler surface; generatrix; laying direction; direction congruence; geodetic
line; point of intersection.

When solving many problems of fundamentalsciences (mathematics, physics, etc.) and of engineering
practice, the creation of a mathematical model of an object or process is reduced to the construction of
networks of special lines (curvature, asymptotic, geodesic, level, the maximum slope, etc.) belonging to
curved surfaces of objects, surfaces describing the dependence of "composition-property", etc. Families of
geodetic lines occupy a worthy place among them and have great theoretical and applied value.

In differential geometry, geodesic lines are characteristic lines for determining the internal properties
of a surface, and by drawing geodesic lines and measuring their lengths, you can determine all the internal
properties of a surface (for example, Gaussian curvature). This is explained by the fact that any
sufficiently small arc of the geodesic line represents the shortest line on the surface among all the lines
connecting the ends of this arc that can be drawn on the surface [4]. However, the construction of a geo-
desic line on the surface is a certain difficulty, which is solved mainly by methods of computational
mathematics and descriptive geometry.

In differential geometry the geodesic line is specified by differential equation of the 2™ order with
ordinary derivative [4]:
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where T - Cristoffer’s symbols of the 2nd order. They expressed only through the coefficients of the first
quadratic form and its’ derivative.

From the properties of the differential equations, it is observed that through each point on each
direction one and only that one geodesic line permeates. Therefore, geodesic lines form the two-parameter
plurality. These parameters are determined from the initial conditions, which are specifiedas below:

- with point A(u,, v,) and direction t of curve(du/dt = p) in this point A;

- with two points A(u,, v,) and B(u,, vi),incident to that curve.

Problems solved with these initial conditions are formulated as:

1) build on the surface the geodesic line through the point in specified direction;

2) connect by geodesic line two points of the surface.

Differential equation (1) of geodesic line in common cases is not possibleto be integrated, even in
case of unarysurface, therefore it is solved mainly by numerical methods [4]. The technical surfaces in
general cases are constituent, therefore it is necessary to elaborate a simple and convenient algorithm,
designated for the geometric modelling of the geodesic lines on composite surfaces.

In the area of the applied geometry the rank of authors elaborated the graphic ways of solving the
problems of building the geodesic line on surface with usage of the descriptive geometry. These works are
G.E. Pavlenko [9], V.V. Vanin [2], IvanovaL.S. [6], Elkin L.M. [11],Kovalev V.N., Harchenko A.L [7],
Scheffers [12], Glagolev N.A. [5], Ryzhov N.N. [10] and others.

Known methods [2, 5-7, 9, 10-12] of building a geodetic line on the surface do not provide
thefulfillment of the condition of equality to zero of the geodetic curvature of the obtained line, and as a
consequence, the accuracy of laying a geodetic line in a given direction is not provided. Increasing
accuracy by reducing the iteration step results in a large amount of computing operations. Also,
insufficiently developed issues that take into account the features arising when overcoming the geodetic
line of points and lines of the junction of the compartments of composite surfaces. Therefore, one of the
components of the tasks of mathematical support of automation of some technological processes is the
development of algorithms that provide high accuracy of laying a geodetic line on the technical
(composite) surface.

In order to eliminate these shortcomings as much as possible, the author [13] proposed a method of
constructing a geodetic line on a technical surface based on the following property of the geodetic [4]: the
g line, described by the middle M of arc AB, is geodetic for a given surface F, if an infinitely small arc AB
of the curve 1 on this surface always moves "straight", i.e. the trajectories of movement of points A and B
have equal length and are perpendicular to the arc AB.

In the paper [13] it is shown that the proposed method of constructing a geodetic line has a significant
advantage. The main advantage of the developed method is a strict adherence to the specified direction of
laying geodetic, as well as the exclusion of unnecessary operations - construction of the involute. The
error of the method is accumulated only by the error of approximation of the arcs of geodesic triangle by
the corresponding line segments. Thus, the relative error of the method at the iteration step of 2 mm
amounted to 0.11%. With an increase of the iteration step to 3 mm, which for modern high-speed
computers is a relatively high value, the error of the method increased to 0.823%.

This article discusses the development of a simple and convenient algorithm for a particular case, the
construction of a geodetic line on ruled surfaces.

The linear surfaces, formed by move of the straight line through the specified law, make a largeclass
of surfaces of zero and non-zero Gausse’s curvature, which are unrolling and not unrolling. Solving of the
problem of construction of the geodesic line on unrolling surfaces comes to the identification of one-to-
one concordance between surface and its’ involute.Then the straight line, connecting two specified points,
is reflected in geodesic line on the surface. In case of non-developablesurface such method is inapplicable.
Therefore the elaboration of simple and convenient algorithm of construction of geodesic line on the ruler
surfaces is an important task. The developed method can be used not only for ruler surfaces. The
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curvilinear surfaces can be approximated ruled lines for simplification of construction the geodesic lines
on them.

During the elaboration of the method the ruler surface was considered as approximated by sided
surfaces (exposed to triangulation), where the rectilinear generatrixes of the ruler surface — are the essence
of curvature of the sided surface.

Due to this, the method of construction of the geodesic line on the ruler surface was found on the next
property of the geodesic line [5]: in case of compound surface the respective angles of the adjacent arcs of
geodesic line to the junction line of composing ones are equal.

The proposed algorithm, based on the given property of geodesic line, consists of the following
operations:

We have ruler surface @, formed by move of the straightforward generatrix/ per the advanced
specified law. Let specify on this surface @ the initial point Mg,belonging to some generatrix/y. We know
also the initial direction ¢#, of laying the geodesic line g, coming from the initial point M,.Generatrix/ on
the surface @ in each its’ position is uniquely defined. Therefore, the choice or identification of the point
M location, belonging to that line, is not difficult.

In common case, the spatial model of the algorithm of the geodesic line construction on the ruler
surface, is expressed in following: when replacing the ruler surface by sided surface, at any disposition of
the considered side, the point ofintersection of geodesic line with the edge of fracture (curvature of the
two-sided angle)will be determined as the point of intersection of adjacentgeneratrix /;+; with the surface
of cone of revolution — congruence of directions #; with the peak in point M,, axis of rotation, incident to
the generatrix/; and to the angle at cone peak, equal to the doubled angle between axis of rotation /; and
direction # (figure).

L

Figure

Let imagine the mathematic description of the suggested algorithm.

Problem: it is required to determine the coordinates of points of intersection of the straight line with
the surface of cone.

Equation of the straight line in space, passing through the two specified points, is defined by the
formula:

= = ) (M

wherea = x, —x1,b =y, —y{,¢c =2, — 7.
Equation of surface of the straight circular cone with peak at the origin of coordinates, while axis of
rotation coincide with the z-axis, is expressed by formula:

k?z? = x% + y? ()

where k = tgo, andp — half of the angle at peak of cone of revolution.
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Let solve the system of given equations. For this we express x and y by z

a b
X=X +E(Z_Zl):YZYI +E(Z—Z1)

and put in (2)

a a? b 2

k?z% = x? + 2;x1(z —zy) + Z(z —z1)%2+yi+ ZZyl(z —z) + c_Z(Z —7;)?
grouping the terms of the same name, we obtain the expressions for solving the quadratic equation
xz24+2Bz4+y=0
«= (a? + b?) — c%k?,
p=c (ax,+byy) -z;(a* + b?),
v = c2(x? + y?) — 2cz, (ax;+by,) +z2 (a? + b?).

—Bi,/ﬁz—wy

2«

Z12 =

For preparation of the mathematic provision for compiling the program of calculation on computer
the trajectory of geodesic line laying, we perform the analytic description of the proposed algorithm of
solving the problems in space.

For simplification of the analytical expressions, we execute the conversion of rectangular coordinate
system with transfer of origin of coordinates to the point M;of the sought geodesic line and superposition
of z-axis with generatrix direction ;OM;.

Formulas of conversion of the rectangular coordinates of the point in general case are expressed with
the help of Euler’s angles (ip—angle of precession, 8—angle of saltation, ¢—angle of pure rotation)

x = xo + (cosypcosp — simpcosOsing)x’ + (—cosypsing — simpcospcosp)y’ + simpsind * z,
y = yo + (simpcos@ + cosypcosfsing)x’ + (—cosypsinh + cosycospcosp)y’ + cosysind * z,
Z = zy + sinfBsing * x' + sinfcosg * y' + cosf * z..

In our case the rotations are performed only twice, therefore all mathematic expressions are slightly
simplified.

x = xo + (cosyp)x’ + (—sinp)y’ + sinpsing = z',
y = yo + (sinp)x + (—cosysind + cospcospcosp)y’ + cospsing * z,
z=12zy+sind *y + cosf xz.

Since, the position of each generatrix/; is determined, then the Euler’s angles can be reckoned as
known.

_ (YB —YA)
Y = arctg m,
(ZB — ZA)

0= arcty  (XB — XA + (VB YA

Thus, multiple repeating the described cycle, we obtain the plurality of points M;, composing the
geodesic line g.

Afterward, we assume the making of computer program and execution of calculations of geodesic
line laying on different ruler surfaces. Based on calculation results we can perform the comparative
analysis of degree of accuracy of geodesic line laying.
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H. C. Ymoeros', K. K. Kana6aes', I'. C. UBanos>

'M. Bye3os atbinarsl OuTycTik KazakcTan Memnexertik yHusepenreri, LlIsiMkenT, Kasakcran,
’H. Bayman aTbiHgarel Mockey MEMIIEKETTIK TEXHUKAIIBIK YHUBepcHuTeTi, Maockey, Peceit

TY3Y CBI3BIKTbI BETTEPJAE 'EOJE3USAJIBIK CBI3BIKTAPAbI
KYPI'Y3YAIH TEOMETPUSJIBIK YJII'ICI

AHHOTanusi. ['eoe3nsuIbIK ChI3BIKTAp TYOereini FeulbIMAap (MaTeMaTHKa, (U3HMKa XKoHe 0acKa) sKoHe MHKe-
HEpJIIK TOKIpUOEHIH KOINTereH ecenTepiH MbIFapyia KbI3bIKTHl KoiaaHbIc Tabanbl.Anddepennuanisl reoMeTpusiia
TE€0/IC3USUIBIK, ChI3BIKTAp OCTTIH IMIKi KaCHEeTTepiH aHBIKTAUTBIH €peKIle ChI3BIKTap OO TaOblIaasl. Anaiina O6epii-
TeH JeHeHIH OeTiH/Ie Te0Ie3UsUIBIK CHI3BIKTHI TYPFBI3Yy KONTETeH KUBIHIBIKKA KEIM Tipeledi, COHABIKTAaH HeTi3iH/e
ecenTey MaTeMaTHKACHI )KOHE ChI30a TeOMETPHS dIiCTepiMEeH MIeTIiIe .

YCBIHBUIBII OTBIPFaH Makajaga Ieole3MsUIBIK CBI3BIKTHIH TY3y CBI3BIKTBI OCTTepAe TYPFBI3YABIH KapamaidbiM
’KOHE NaiifialaHyFa BIHFAMIbl alrOpUTMI KapacThIpbUIFaH. JKaimel skarmaiina, reofe3nsuIbIK ChI3BIKTBIH TY3Yy ChI-
3BIKTBI OETTEp/Ie TYPFHI3YAbIH aITOPUTMIHIH KEHICTIKTIK YITICIH Keleciiel TYKbIpbIMIayFa O0JIa/ibl: TY3Y ChI3bIKTBI
0eTTi KeIl >KaKThl OETIEeH alMaCThIPaMbI3, KApaCTHIPBUIBIN JKaTKAH JKaThlH Ke3-KeNreH jKardaibIHIa Ieolle3HsIIbIK
CBI3BIKTHIH CHIHY KbIPBIMEH (€Ki J)KaKThl OCTTIH OpTaK KbIpbl) KMBUIBICY HYKTECI KOPII jKacaylIbIHBIH aifHaTy KOHYC
OeTiMeH KUBUIBICY HYKTeci O0JIBIN aHbIKTaNanbl. by skepae aitHany kKoHyc Oeti - ToOeci OacTankbl HYKTe/Ie OpHaJac-
KaH, OCl arbIMJIaFbl KacaylIbl Ty3yMEeH OeTTECKEH, Te0Ie3UsUIBIK, ChI3BIKTHIH OarbITTaphIHBIH TOOBI. KoHyc Tebecinin
OyphINIbI aifHAITy OCi MEH I'eOe3USUTBIK CHI3BIKTHIH OarbIThl apachIHAAFbl OYPBIIITHIH €Ki €CEJICHI'eH IIaMachlHa TeH.
Apbl Kapail KeplIi jkacaymsl OacTamlKbl >Kacaylibl PeTiHJe, aHbIKTaIFaH HYKTe OacTamkbl HYKTE peTiHae (keieci
KOHyC Tebeci) KaObUImaHAABI Ha, Keieci HYKTeHI Taly YVINiH KEeNTipuUIreH alropuTM KaWramaHaael. Ocbuiaiimia,
JKa3bUIFaH LUKl KOIl PeT KaiTaay apKbUIbl 134ENIHIeH T'e0AC3HsIIBIK ChI3BIKTHI KYPANTBHIH KOIT HYKTEJIep SKUBIHBIH
aHBIKTaitMBI3. OCHI aTOPUTMHBIH MaTEeMaTHKANBIK jka30achl KENTipiireH.

Tyiiin ce3mep: cbi30a reoMeTpusi; Ty3y ChI3BIKTBI O€T; jKacayllbl, CHI3BIKTAPAbIH OarbIThl; OaFbITTapbIH
KOHTPY3HIUSCHI; T€OAE3USIIBIK CHI3BIK; KMBLIBICY HYKTECI.

H. C. Ymberos', XK. XK. I:xana6aes’, I'. C. HUBanos>

'FOxmH0-KasaxcraHckuii rocyiapcTBeH bl yEuBepcuTeT M. M. Ayesopa, IlIsivkent, Kasaxcran,
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TF'EOMETPUYECKOE MOJEJIUMPOBAHMUE ITPOKJIAJIKHA 'EOJAE3NYECKUX JIMHUU
HA JIMHEMYATBIX IOBEPXHOCTSX

AnHoTanus. ['eome3nueckue JTUHUM HAXOIAT MHTEPECHBIC NMPWIOKEHHS NPU PEIIeHHH MHOTHX 3a1ad QyH-
JIAMEHTAIBHBIX HayK (MaTeMaTHKH, (U3MKWA M Jp.) U MHXXEHEpHOH npakTuku. B nnddepeHumanbHoi reoMeTprn
reoIe3NYEeCKUe JIMHUU SABJISIFOTCA XapaKTEPHBIMU JIMHUAMM 7Sl ONpeNieleHUs] BHYTPEHHUX CBOWCTB MOBEPXHOCTH.
OnHaKko MNOCTPOEHHE IE0AEC3MUECKON TMHNUN Ha OBEPXHOCTH MPEACTABIISAET ONPEIEIICHHBIE CII0KHOCTH, PEIIAETCS B
OCHOBHOM METOJIaMH BBIYHCIIUTEIIEHOW MaTeMaTHKH U HAUePTaTeIbHON TEOMETPUHL.

B crarse paccmatpuBaercst pa3paboTKa IIPOCTOr0 M yJOOHOTO alrOpUTMa MOCTPOSHUS T'€0Ie3MYECKON JIMHUN
Ha JIMHEHYAThIX MOBEPXHOCTSIX. B 0o0miem ciydae, MpoCTpaHCTBEHHAsT MOAETH alTOPUTMAINIOCTPOSHHS Te0Ie3nUec-
KOM JIMHUU Ha JTUHEWYATOWIOBEPXHOCTH, BBIPAXKAETCS B CICAYIOIIEM: JIMHENUATYIO IOBEPXHOCTh 3aMEHSIEM TPAaHHOU
MIOBEPXHOCTBIO, IIPH JIIOOOM PacIo0KEHHH paccCMaTpUBAEMON TPAaHH, TOUKA MEPECEUECHHS T€0Ie3UIECKOl ¢ pedpom
u3joMa (JMHUS M3ruda JABYrpaHHOro yria) OyAeT ONMpenessiThesl Kak TOYKa IepeceueHus CMeXHOW o0pasyloleil ¢
MOBEPXHOCTHIO KOHYCa BpAIllEHHUs — KOHTPY?HLIUH HalpaBICHUH MPOKIAJKU Fe0Ae3UUECKON ¢ BEPIINHOI B UCXOA-
HOW TOYKe, OCH BpallleHHs], MHIUACHTHON paccMaTpuBaeMoi 00pa3yromle, 1 yriioM Ipu BEpIIMHE KOHYyca, paBHON
YABOEGHHOMY YITIy MEXAy OCBIO BpAIlleHUS U HalpaBJICHUEM MPOKIAIKU reoae3nyeckoi. Jlajgee 3a MCXOMHBIN mapa-
METpbl IPUHUMAIOTCSI CMEXKHasl C pacCCMOTPEHHOM oOpasyromias, Onpee/ieHHas BBIIIE TOYKa, JIeKalas Ha Heil, u
HaIIpaBJICHUE TEOAE3MYECKOH — YroJl MEXAY OTPE3KOM IIOJIydeHHOH Treolie3MdecKoil U CMEeXHOH oOpasyromieil.
TakuM 06pa3oM, MHOTOKPATHO TTOBTOPSISI ONMMCAHHBIN IUKJI, OJXYYUM MHOXKECTBO TOYEK, COCTABIISIOIIEE HCKOMYIO
reoJIe3NUECKYI0 TUHUI0. [IpuBOIUTCA MaTEMaTHUECKOE ONUCAHKE NaHHOTO aJlTOPUTMA.

KiroueBble cjioBa: HauepTareslbHas TeOMETpHUs; JIMHEHYaTas IOBEPXHOCTh; 0Opasylomias; HarpaBieHHUE
MIPOKJIA/IKN; KOHTPY3HIMS HAIIPABICHUH; T€0C3MIECKast JIMHMUS; TOUKA MIEPECEUCHHSL.
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DRILLING TOOL WITH NEGATIVE DRILLING FORCE VALUE

Abstract. Unstableprices for good sintheextr active industry dictate reduction in the cost of used technologies.
However, in the modern subsurface management industry, use of innovations in drilling technologies conversely
increases the cost of work, complicating operating conditions. The research carried out by scientists is aimed at
modernizing the drilling technology and creating new drilling tools of the same type used at the given time. In all
used drilling methods, curving of drill pipes is laid in the technological process in advance, as a blunt drilling tool,
before cutting into the ground, resists a drill pipe. The authors of the article have developed a new geometry of the
drilling tool, which has negative drilling force values, which draws down the drill pipe. Taking into account the ne-
gative values of the drilling force P, it becomes possible to exclude the heavy weight drill pipes from the compo-
sition of the drill string. Naturally, when tensioning the drill string, there should be no curving process. If such theory
is confirmed in industrial trials, there may not be a need for a bent housing. The absence of the borehole curving
during drilling allows to exclude stabilization mechanisms in the borehole arrangement. The exclusion of some
mechanisms from the drilling complex will obviously reduce the cost of drilling. The creation of such drill chart will
undoubtedly reduce the cost of drilling works.

Key words: drilling, curving of drill pipes, drilling tool, drilling force, drill string rotation, borehole, drilling
bit, bottom, centralizer, stabilization device, drilling fluid, drill chart, drill pump, criteria of drilling capacity.

Introduction. With the development of techniques and technology, technological processes should
be cheaper and easier to use. However, the drilling process with the use of innovations is becoming more
expensive and more complicated in operation.

In this regard, the group of scientists is exploring the drilling process in order to develop a drilling
tool and drill charts, since the drilling process is used in various economic sectors and various types of
drilling tools are used. The oil and gas industry is prevailing and resonant for the economy. Reducing the
cost in the oil and gas production will significantly affect the economy of any country in a positive way.

In practice, rotary drilling (about 80%) is widely used for formation of boreholes in oil and gas
deposits, where vertical, directional and horizontal drilling methods are used. It is expected to increase the
volume of rotary drilling and drilling with screw downhole motors. In Europe and the USA, the main
method is rotary drilling, in particularthe rotary drilling expands the volume of drilling by downhole
motors [1-5].

It is necessary to pay attention to the fact that in the rotary drilling method, the work is performed due
to the rotation of a rock destruction tool (drilling bit, boring head) applied against the bottom, to which the
axial stress and rotation torque are transmitted. Not insignificant aspect in the drilling technology is
translation of motionto drill pipes and rotation of drilling tool, since the drilling effort directly depends on
this process [7, 8].
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The principle of operation of the drilling process in all methods is similar, where rotor receives
rotation from electric motor or internal combustion engine through driving shaft [9-11]. The shaft rotation
by conical rotor gear train is transformed into rotation of the rotary table relative to the borehole axis.
Drivinginsertion pieces are installed on the rotary table, to which the rotary table rotation is transmitted.
Drivinginsertion pieces (of smaller sizes) are installed inside the drivinginsertion pieces, the inside dimen-
sion of which corresponds to the section of upper carrier pipe of the drill string. The section of the drill
string’s carrier pipe can have square, hexagon, cross and other forms. The inside dimension of the
drivinginsertion pieces should have a similar form, rotating the drill string’s upper carrier pipe.

The main body of the drill string is drill pipes [12-15]. Heavyweight drill pipes (HWDP) are installed
between them and drilling bit, which weight should provide necessary load on the drilling bit during rotary
drilling and operation of pipes in the stretched state [9-15].

The main task when borehole drilling is to prevent curving of the borehole and bring the borehole to
the vertical in case of its curving.

When borehole drilling, the following basic methods are used to ensure the bore verticality [5-10]:

- use of the “pendulum” effect due to creation of maximum possible deflecting force on the drilling
bit, directed to the side opposite to the direction of the borehole curving and increase at that in the
borehole wall cutting intensity by the lateral face of the drilling bit;

- preservation of existing minor inclination angle of the borehole due to centering of the lower part,
i.e. by the bottom hole assembly (BHA) by arrangement of support-centering element (SCE) at the
optimal distance from the drilling bit;

- active reduction of the borehole curving due to the deflecting force or change in the direction of the
drilling bit axis.

These methods of laying the vertical borehole are implemented by appropriate technical means:
pendulous BHA; rigid BHA; stepped BHA; rotary controlled systems (RCS).

An important technological factor determining the vertical borehole curving is pitch stability of the
drill string located above the drilling bit. In the drill string’s stability loss, the deflecting force appears on
the drilling bit, under the effect of which the drilling bit will destroy the bottom at some angle to the axis
of the borehole and cut the borehole wall in the transverse direction, which will lead to the borehole
curving.

The above brief analysis on the study of the borehole curving shows that in addition to the drilling
tool, there are a number of technological aspects that affect the drilling process. However, the main reason
for its curving is the drilling chart itself.

The main part. In the applied drilling charts, where the cutting wedge of the drilling tool crashing
into the ground faces a heavystress [10-15]. In these drilling charts, direction of speed and direction of the
resulting drilling force have opposite values. As a result, axial stresses are fully transmitted to the borehole
of the drilling machine. Considering the length of the borehole and discontinuity of operation of the active
drilling tools, the transmitted stresses have a resonant nature, which leads to the destruction of the cemen-
ting elements. In order to prevent such situations, such safety elements as a bent housing, centralizer,
stabilization device, etc. are provided in advance in the borehole.

The research of the scientists to improve the drilling process and increase productivity is concentra-
ted in:

- creation of a new geometry of drilling tools, which use expensive hard alloys, increasing resistance;

- in order to increase the service life of the drilling complexes, new mechanisms, devices and
equipment are created that increase the cost of drilling equipment;

- development of new drilling fluid compositions that improve the drilling process and simulta-
neously increase the costs of the drilling process;

However, despite the improvement of the process in all used methods, great efforts are being made in
the drilling zone [16]. In addition to the cutting pattern, an important reason for the occurrence of large
values of the drilling effort is the drilling tool geometry. Since basically the drilling tools are equipped
with blunt cutting or raker teeth. The teeth wedge angle sometimes exceeds 90°.

The entire weight of the heavyweight drill pipe is attached from above on the blunt drilling tool.
During drilling, the ratio of the applied force and value of the drilling tool rotation are significantly
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Drilling tool for rotary drilling: 1, 2, 3, 4 — cutting teeth in the form of a disk;
5 —body; 6 — boring bit for crashing into the ground or rock; 7 — damper

different. In these cases, the teeth are pressed into the ground or rock, and the concentrated force acts in
the opposite direction, curving the drill pipes [17-27].

Analysis of the drilling methods shows that in the existing technologies the case of “pipe curving” is
laid in advance. To exclude this case, it is necessary to change the drilling tool geometry with the
appropriate drilling method.

The proposed drilling method and drilling tool work perfectly according to the different drilling
pattern. The geometry of the drilling tool being created allows manage the drilling process, i.e. set amount
of emerging drilling forces in advance (figure).

Preliminary tests of the proposed drilling tool design on the layout showed that the cutting teeth at the
point A touching the wall of the hole on the ground made by the rotary bit 6 begin to crash into the ground,
raising the cut ground to the top. In turn, the cut ground layer, opposing, begins to press down the cutting
tooth of the drilling tool. In this case the resultant force P will have negative values. If combine the arising
forces on each tooth of the drilling tool, it can be assumed that during the drilling process the resultant
drilling force value will be sufficient to draw the drill pipe down. In this case, it may be possible to make
the drilling tool draw the drill strings down, rather than push them off. Having achieved this, it is possible
to radically revise the role of constituent elements in the drilling process.
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Conclusions. Based on the initial studies carried out, it can be concluded that for the proposed
drilling pattern and design of the drilling tool:

1. The acceptable drilling method is rotary.

2. When drilling, it is better to use the drilling fluid for the cut ground with necessary technical
means: drill pump; earth storage; rotary hose riser; filter; swivel; swivel sub; sludge separator; travelling
block; hook; hose, etc.

3. To set rake of the cutting tooth (figure) in order to force the drilling tool to be drawn down the well
within 25+50° with respect to the criteria of the ground drilling capacity according to the classification of
Academician V.V. Rzhevsky.

4. Possibly, to except from the drilling complex composition the mechanisms of the safety elements
for the borehole curving:

- curving mechanism;

- stabilization device. However, after a series of experimental demonstrations.

5. Taking into account that the forces are consumed minimally with a pure shear of a rigid body and
discontinuity occurs at 45° [28]:

- it is necessary to choose geometrical values of the cutting wedge so as to destruct solid rock at 45°;

- the wedge angle values should not exceed 95°. In this case, taking into account difference in the
geometric values of the cutting wedge in statics and kinematics, carry out the sharpening taking into
account the kinematic values. It should be noted that the rear angle in kinematics acquires negative values.

6. Install copper or plastic plates between the cutting teeth and bushings (figure) to extinguish impact
loads of the drilling process. The thickness of the plates should be chosen in the ratio of the drilling tool
tooth geometry:

- prepare the cutting teeth from carbide blades by baking and with subsequent mechanical processing
of their plates, applying wear-resistant coatings;

- prepare the cutting teeth from high-speed steel by cutting, hardening and grinding;

- arrange the cutting teeth and bushings on the body and fasten them by isolating connection, i.e.
thread. Cut the inside thread on the drilling tool body, and the outer thread on the neck of the bit in the
form of a rotary bit (figure). The thread must be left, against the drilling tool rotation.

7. Provide for damper in the drilling tool construction instead of the centralizer on the drill pipe
(figure). The damper must be made of structural steels by cutting, hardening and thread connection in the
drilling tool body.

The damper will serve as a centralizer, preventing oscillations arising during the drilling process by
extinguishing then in the drilling tool location, and at the same time will serve as the drilling tool guiding
elements.

8. The drilling mode parameters should be average for solid ground, and high for soft ground.

The research carried out within the framework of the grant theme: “AP0513118 Creation of drilling
tools for borehole drilling in the production of solid, liquid and gaseous minerals (Contract No. 164 dated
15.03.2013)” showed that the drill chart being developed should be worked out in such values of the
drilling mode to exclude some elements in the borehole. For example, taking into account the negative
values of the drilling force P, exclude from the borehole composition the HWDP. Naturally, when
tensioning the borehole, there should be no curving process. If such theory is confirmed in industrial trials,
there may not be a need for a bent housing. The absence of the borehole curving during drilling allows
exclude stabilization mechanisms in the borehole arrangement.

The exclusion of some mechanisms from the drilling complex will obviously reduce the cost of
drilling.
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TEPIC BYPFBLIAY
KYIII BAP BYPFBIJIAY KYPAJITAPBI

Annoranus. Ken eHnmipy eHepkociOiHmeri TayapiapAblH TYpPaKChI3 Oarachl KOJAAHBUIATHIH TEXHOJOTHSIIAP-
IbIH KYHBIH TOMEHJETYTe alblll Keneai. JlereHMeH Kasipri 3aMaHfbl HHAYCTpHsAAa OYpFbUIAY TEXHOJIOTHACHIHIAFBI
WHHOBAIMIIAP/BI Kep KOMHAYBIH MalganaHy, KepiciHIle, oHIipic KYHBIH apTTHIPHIN, OHIIPICTIK XKaFaalapl KUbIH-
naransl. FameiMoapaslH oKyprisreH 3epTreysiepi Oyprbliiay TEXHOJOTHSCHIH JKAHFBIPTYFa KOHE COJl YaKbITTa KOJI-
JAaHBUIATHIH JKaHAa THUNTEri OYpFbUIay KYpalIapblH jkacayra OaFbITTaiFaH. Byprbiiayna KONIaHBUIATBIH OapiibIK
smicrepne OyprpuIay KyOBIpIaphIHBIHKHACAIOBI, TEXHOJOTHSUIBIK ITPOLIECTE ANbIH-ajla KOWBIIFaH, cebebi moramr Oyp-
FBUIAY Kypanbl, >kepai kecinm OomMaii, Oypreutay KyOBIPBIH Kepi uTepemi. MakalaHBIH aBTOpJapbIMEH OYpreUIay
KYOBIPBIH TOMEHTE TapTaThIH, Kepi OypFbUIay KYIIiHe ne OYprbuIay KOHIBIPFRICH d3ipierni. bypremay kymi P Tepic
MOHJIEPIH €CKepe OTBIPHIM, OYpFBUTay TONTaMachIHAH ayblp OYpFUIAY KYOBIpIIaphIH aNbIl TacTayFa 0oJaabl. OpHHE,
Oypreuiay OaraHAAapBIH TapTKaHAA, KUCHIKTBHIK TIporecci Oonmaysl kepek. Erep MyHmai Teopusi ©HEPKOCINTIK
CBIHAKTapJa pacrajica, OHIa KHCHIKTHIK MEXaHU3MIiHIH KaKeTTUIri Ooimaysl MYMKiH. Bypreuiay OapbIChIHIA
OaraHmap KHUCHIKTBIFBIHBIH OOJNMAaybl, OaraHmapIbl KypacThIpy Ke3iHAe TYpaKTaHABIPY MeEXaHU3MAEPIH aibIln
TacTayra MYMKiHIIK Oepeni. Bypreuiay kemieHiHeH KeiOip MeXaHM3MACPIHI albIl TacTay, OYpFBUIAyABIH ©31HIIK
KYHBIH aTapiblKTail TemeHaereni. bypreutaynelH MyHOai cyi0acklH jkacay, OypFrbUIay KYMBICTAPBIHBIH ©31HAIK
KYHBIH TOMCHCTE]I].
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BYPOBOM UHCTPYMEHT
C OTPUIATEJIBHBIM 3HAYEHHUEM CHJIbI BYPEHUS

AnHoTtanusi. HectaOmimbHbIE LEHBI TOBAapOB B JOOBIBAIOMIEH MPOMBIIUICHHOCTH IUKTYIOT CHIDKEHHE cede-
CTOMMOCTH B HCIIOJIB3yEMBIX TeXHOJOTHsX. OJHAKO B COBPEMEHHOW OTpaciy HEIPOIOJIb30BAHUS MPUMEHEHHE
HOBUIECTB B TEXHOJIOTHAX OypeHHsi, HA00OpOT, MOBBIIIAET CEOECTOMMOCTh PAaOOTHI, YCIOKHSIS YCIOBHS JKCILTya-
taiuu. [IpoBoaMMbIE yYEHBIMU HCCIIEAOBAHUS HAIPABICHBI JJIsI MOJICPHU3ALUH TEXHOJIOTUU OypeHusl M CO3AaHMs
HOBBIX OYpOBBIX MHCTPYMEHTOB, aHAJOTHMYHBIX HCIONB3yEeMbIM B JaHHOE BpeMs. Bo Bcex mpuMeHseMBIX criocodax
OypeHust HCKpHBIIEHHE OypHIIBHBIX TPYO 3apaHee 3aJI0)KEHO B TEXHOJIOTHYECKOM IIPOLEcce, TaK Kak TyHoi OypoBoit
WHCTPYMEHT, HE yCIIeBast Bpe3aThCs B TPYHT, OTTAIKHUBACT OypuibHYI0 TpyOy. ABTOpaMH cTaTbu pa3paboTaHa HOBas
reomeTpusi OypoBOro MHCTPYMEHTA, UMEIONIAsl OTPUIIATENIbHbIC 3HAUCHUSI CHIIBI OypeHHs, KOTopas BTSATMBAacT BHU3
OypuibHyIo TpyOy. C y4eToM OTpHIATEeNbHBIX 3HAYEHUH CHIIbl OypeHus P mosBiseTcs BO3MOKHOCTH MCKIIIOUCHHUS
U3 cOCTaBa OypHIIbHBIA KOJIOHHBI YTSDKEJICHHBIX OypUIIbHBIX TpyO. EcTecTBeHHO, py HaTsHKeHHH OYPUIIBHOTO CTBO-
Jla He JOJDKHO OBITH Ipoliecca MCKpUBJIEHUS. Ecnu Takyro TEOpHIO MOATBEPIUTH B MPOMBIIIICHHBIX UCIBITAaHUAX,
BO3MOXHO, OTNAaJeT HaJOOHOCTh NPHMEHEHHS MEXaHW3Ma HCKpHBIeHHs. OTCyTCTBHE HCKPHBIEHHS CTBOJA MNPH
OypeHnn IaeT BO3MOXKHOCTh HCKJIIOYHTH MPU KOMIIOHOBKE CTBOJA M MEXaHM3MOB crabmmmsanuu. MckmodeHue
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HEKOTOPBIX MEXaHHW3MOB M3 OYPHIBHOTO KOMIUIEKCA, OUYEBUIHO, CHH3HUT ce0eCTOMMOCTh OypeHus. Co3manne Takoit
cxeMbl OypeHust, HECOMHEHHO, CHU3HUT Ce0eCTOMMOCTb OypHIIbHBIX padoT.

KioueBsie ciioBa: OypeHue; UCKpUBIIeHUE OYpHIIBHBIX TPYO; OYpOBOH MHCTPYMEHT; cuila OypeHHst; BpalleHHe
OypHIIbHOM KOJIOHHBI; CKB2)XKMHA; JI0JIOTO; 3a00M; LIEHTPaTOp; CTaOWIN3UpYIOIIee YCTPOHCTBO; OypOBOM pacTBOp;
cxema OypeHust; OypoBOii HACOC; KpUTEPUI OYPUMOCTH.
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INFLUENCE ON THE MODE OF GRAIN DRYING
IN THE HEAT GENERATOR AND COMBUSTION PRODUCTS

Abstract. This article examines the heat generator impacton the drying regime of the grain and on the toxicity
of the combustion products, with its operation modes, different variables and under different conditions. Timely and
correct implementation of the procedure for drying grain is an extremely important aspect. We proposed several
options for obtaining the optimal result. As a result of the research, the proposed method of grain drying contributes
to the improvement of its quality, reduces the ripening time of the grain, and adjust the grain mass in terms of
moisture content and grain maturity. It should also be noted, that this method contributes to the improvement of the
grain's characteristics, and its appearance. The proposed method suspends the vital activity of microorganisms and
pests. The practical and theoretical importance of this work lies in the possibility of applying the obtained data both
in practice and in studies on the matter of grain drying.

Keywords: grain drying, Heat generator, Toxicity of combustion products, Drying mode, Grain moisture con-
tent, Formula, Temperature mode.

Introduction. By its nature, the grain is colloidal, and by structure it is a capillary-porous body with
a complex chemical composition. General patterns of water distribution in such material were developed
by S.M. Lipatov (1933), G.A. Rebinder (1933), A.V. Lykov (1968) and Yu.A. Kazakov (1973). In recent
years, the teachings on the forms of the connection of moisture in the grain, the processes of internal
moisture transfer, have been extended by the works of A.S. Ginzburg (1967), E.D. Kazakov (1973) and
G.A. Egorov (1985).

The first Russian studies of the drying process of grain were carried by Demidov P.G. (1938) and
Egorov G.A. (2000). They paid attention to the fact that grain under the action of high temperatures loses
its germination. They also noticed that high temperatures are particularly detrimental to raw grain. As the
drying of grain, high temperatures are also less dangerous.When drying the grain is going on, not only the
temperature of the grain heating, but also the duration of the heat exposure are of great importance. The
most important characteristic of grain are its thermos physical properties. Until recent time, methods of
mathematical calculation of drying processes have not been properly developed, which is largely due to
insufficient information about the heat-physical properties of the grain. Studies of Egorov G.A. (2000),
Kazaryan Sh. (1934) and others were devoted to studying this issue. Investigations of the thermos physical
characteristics of a single grain and a grain layer showed the level of value.We get grain with excess mois-
turecontent during harvesting. Wet grain is notsubject for long-term storage, as it quickly deteriorates.
Timely and correctly carried out drying procedure not only increases the resistance of the grain during
storage, but also improves its quality, accelerates the ripening of the grain, smooths the grain mass
according to the moisture content (at the level of the conditioned value) and the degree of maturity (at the
full ripeness level), improves color and appearance, and stops microorganisms and pests (Zhidko,
Rezhchikov & Ukolov, 1982).
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The most important characteristic of the grain is its thermal stability, which is determined by its
humidity, the heating temperature, the duration of heating, and the temperature of the drying agent. During
the drying, temperature-controlling and cooling the grain undergoes a number of profound changes
associated with biochemical and physical chemical transformations, changes occur in its colloidal and
capillary-porous structure. Saving and improving of grain quality during drying is provided by the use of
various technological schemes and drying modes. At the same time, these are common processes for all
technological systems of high-temperature grain drying:

1. receiving and storing of the grain before drying in amounts.It ensure stable operation of grain
drying equipment;

2. preliminary cleaning of grain and the formation of lots of grain, homogeneous in their value and
purpose;

3. the formation of grain transport flows that provide the technological scheme of grain drying
(direct flow, recirculation, with or without grain preheating);

4. preparation of the drying agent for the specified parameters and its distribution along the drying
zones;

5. preparation of cooling air, including the usage of artificial cold;
conducting heat and mass exchange processes (preheating, ripening, drying and grain cooling);
unloading grain with the formation of lots of grain with the specified parameters;
active grain ventilation, including additional cooling and its drying during cooling;

. grainstorage (Geansburg, 1973).

Method of system analysis application makes it possible to determine the main criteria of techno-
logical flows during grain drying and their interaction with the external environment. In this case, only a
combination of the above operations can ensure the drying of the grain and the preservation of its quality,
i.e. the technological flow is an integral system of processes. The level of integrity is a characteristic
feature of the technological flow, reflecting the measure of its organization and the technology systemic
nature determined after diagnostics.

To quantify the various levels of technological processes organization and calculate the level of
integrity of the technological system in terms of the stability indicators of its components, it was possible
to objectively assess the reliability of the functioning of technological systems for grain drying.

At present time, there are four ways of convective grain drying: high-temperature drying; high-
temperature drying with the use of active ventilation (two-stage drying); combination of high-temperature
and low-temperature drying; low-temperature drying by active ventilation (Tsuglenok & Manasyan,
2005). An important element of the technological system is the heat generator, which ensures the tempe-
rature mode of drying and ecological compatibility of the system. We propose to use an air nozzle with
blade adjustment outlet of recirculation zone amplifier for the heat generator. It will provide the necessary
combustion intensity in the technological system of heat generator, as well as reduce the formation of
toxic NO, 45°is an optimum ZRC, which is positively affected by the intensification of the combustion
process. In this case, there is a high temperature, so it can be seen some NOx growth.The completeness of
combustion has the highest value at 45° for all types of corners. This is due to the developed ZRC and
good mixing, especially with perforation. The decrease in the completeness of combustion at 90° is due to
the rapid displacement of the products of incomplete combustion from ZRC that are sucked by the fuel
stream. At 15° with perforation, this displacement is insignificant, since the mass of the sucked air is
insignificant. Due to this, the fuel is burned to the end of the experimental setup. The lower completeness
of combustion at the usual angle can be explained by the insufficiency of oxygen in the ZRC. The increase
in the length of the corners leads to low values of the completeness of combustion. At angles below 45°
due to insufficient development of the ZRC, and higher due to low temperatures and due to the more air
capture in the ZRC.

Methodology. Improvement and prospects for the heat generator development are associated with the
possibility of regulating the parameters of the outgoing gas, improving their aecrodynamics and reducing
toxicity. As a result of generalization of the experimental data and the use of the foundations of the theory
of combustion, the following basic principles of the organization of the working process constitute the
design of a compact heat generator:

0 %0 N o
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1) Working volume separation of the combustion chamber into two zones of combustion and mixing.
At present, the average temperature of the exhaust gases T. = 750+950K and the total value of the air
excess ratio oy = 4+10. In the space bounded by the body of (1) heat generator, (2) flame tube, isolated
volume combustion zones I and mixing II (figure 1). The primary part of the volume of the flame tube
(combustion zone) is directed to the primary air G; — such part of the total air flow G, which ensures the
formation of a highly reactive mixture that rapidly burns at a sufficiently high average process tem-
perature.

Figure 1 — Heat Generator Circuit

To the combustion zone I into the primary air flow Gy is supplied with fuel G; by nozzle (5). The rest
of the air G;; — secondary air, bypassing the combustion zone at a speed (w;), through special opening
enters the mixing zone II of flame tube. Mixing with combustion products which leaving the combustion
zone I, and cooling them, it ensures the set temperature of the gas at the heat generator output.

2) Gradual (stepwise) supply of primary air along the length of the combustion zone. For liquid fuels,
a gradual dispersed supply of primary air into the combustion zone is even more necessary in contrast to
natural gas.So, for example, a drop of liquid fuel before combustion should warm up and evaporate. In
order to burn rapidly evaporating of the smallest drops at the very beginning of the combustion zone, a
small amount of primary air Gy is required, which is expediently supplied at the injector orifice 5 through
the front device 3, providing the temperature necessary for the chemical reaction in this zone.

With a step-by-step approach of the side jets of the primary air, small and burning evaporating me-
dium and large droplets also burn out under optimal temperature conditions. In addition, the total flow is
additionally turbulization, the process of mixing and combustion in general is intensified. To completely
burn out the fuel, in the ideal case, a definite amount of air should be supplied to the combustion zone. As
already noted, excess air is needed to facilitate and guarantee mixture formation, to prevent chemical fuel
burn-up and to reduce the level of dissociation high at elevated process temperatures. When designing on
the basis oftheoretical concepts of the combustion process and accumulated experience, a certain pattern
of air distribution is determined, often as shown in figure 1 with a dashed line.

Gr
GrLo
its excess of heat generator, the type of fuel and the organization of the work process. Ensuring the
turbulization of the flow in the combustion zone affects the efficiency of the combustion process. As a
result, heat and mass transfer processes intensify, mixture formation improves and the flame propagation
velocity increases. Turbulization of the flow is achieved by installing, in the front device 3, the front endof
the flame tube 2 of the air nozzle 4 with the blade air recirculation zone amplifier, and also by arranging
the radial flow of the air jets leaving through the holes in the walls along the length of the flame tube.
Since the significant forcing of the flame tube working volume of the heat generator determines the
average flow velocity much higher than the turbulent velocity uithe spread of the front of the flame, to
hold the torch in a certain area of the front of the combustion zone, it is necessary to carry out special
measures. To stabilize the flame front, use blade recirculation zone amplifier located in the front device of

Primary air flow rate in the combustion zone G; and, consequently, the coefficient of a; = a, =
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the flame tube. The zone of return currents (ZRC) behind them with reduced static pressure at the chamber
axis, which is caused by the gas ejection by the ring jet flowing from the blade recirculation zone
amplifier into the expanding channel, and the centrifugal effect, stabilizes the position of the flame front,
which ensures ignition of the whole fuel-air mixture. Scheme of fields of axial speeds w, in different
sections along the length of the flame tube in the combustion zone (without taking into account the effect
of the side air jets) is given in figure 2.

Figure 2 — Scheme of Gas Flow in the Combustion Zone.
Cconventions: 1 —nozzle; 2 — fuel cone; 3 — opening; 4 — possible flow separation zone;
5 — zone boundary of reverse flows; 6 — shell of a flame tube; 7 — body; 8 — slot for cooling air

The radial and tangential velocities depend on the construction of the front-line device and the flow
parameters. For example, using a blade recirculation zone amplifier from the angle ¢ oftilt blades in
relation to the axis of the chamber. As usual, ¢ = 45+65° depending on the design of the front-mounted
device. In the case of large angles ¢ the efficiency of the blade recirculation zone amplifier is reduced due
to the increase in pressure loss.

3) The optimal distribution of the concentrations (4) of fuels along the sections of the combustion
zone. It is expedient, for example, to feed a hollow cone (3) of fuel in the flow region adjacent to theback
current region, where the gradient of the axial velocities w, flow is maximal, which ensures a good mixing
of fuel with air. Under such a mixture formation scheme, the fuel ingress onto the wall of the flame tube
and inside the zone of the reverse currents must be eliminated.

The noted basic principles of the organization of the working process, the design and calculation of
the heat generator in each specific case are supplemented by other provisions related to the features of the
heat generator being designed. Thus, for example, with high air inlet parameters in highly heat-stressed
high-temperature combustion chambers (o = 2+3 and less) the provision on the division of the working
volume into the combustion and mixing zones can be replaced by a more promising principle of ensuring
uniform micro flame combustion of fuel in a small (especially along the length) volume. The fulfillment
of this principle is possible if preliminary prepare the combustible mixture for combustion, evaporate fuel,
partially mix it with air, etc.

The principle of ensuring flame stabilization is often associated with the need to create not one but
several stabilization zones along the cross-section and the length of the combustion zone, which contri-
butes to the realization of the principle of micro flame combustion, ensuring greater process stability, and,
consequently, increasing the heat stress of the working volume of the combustion chamber.

Finally, the requirement to reduce the level of gas toxicity may necessitate the organization of not one
but two combustion zones in a two-stage combustion of fuel, with controlled excess air or the creation of
homogeneous combustion chambers with a preliminary complete mixture. Therefore, when creating an
engineering methodology for the estimation of NO, emissions, it is necessary to determine the dependence
of the residence time of gases on the geometry of the micro flame front device and the conditions for the
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distribution of air in the combustion zone. In the chamber under consideration with MFD (micro flame
front device) the twisting of the flow at the inlet leads to the formation of reverse current ashes (RCA)
which ensures stable operation of the camera in a wide range of parameters. In these conditions RCA
reaches 30-40% of the total volume of the primary zone of the combustion chamber. Recirculation of
gases through RCA increases the residence time of combustion products in the high-temperature zone,
which, naturally, must be taken into account by the procedure for calculating the yield of nitrogen oxides.
Unlike micro flame devices (MFDs) for gas, the design of liquid-fuel multifunction devices must provide
preliminary preparation of the combustible mixture in the pre-chamber zone, special nozzles or in the air
supply channels, and also provide dispersion of the front surface in the form of a multitude of micro flame
along the input section of the combustion zone (Pchelkin, 1984). One of the approaches for coming micro
flame combustion is the arrangement of a perforated cone with an air nozzle. In air (or pneumatic)
nozzles, the kinetic energy of the air flow is spent on crushing the fuel jet, so a large amount of air is re-
quired to obtain a high quality spray. As part of the combustion chamber GTD with front perforation, an
air nozzle stabilizer was investigated (Sudarev & Maev, 1968). The air entering the burner, twisting in the
blades of the input register, picks up the fuel jets that flow out of the fuel tube at excess pressure and mix
with it. Then the fuel-air mixture, flowing through the cone of stabilization and passing through the output
register, exits a swirling flow into the combustion zone of the chamber,the perforated front cone of the
chamber (Dostiyarov, Tumanov & Umyshev, 2016). At the same time, there is a developed micro flame
combustion along the front. In this part, the role of stabilizers is performed by shaded perforation sectors.

The combustion chamber was investigated on an experimental test bench by burning Kerosene TS-1
(at the stand of Moscow State Technical University named after N.E. Bauman) (Dostiyarov, 1999) and
natural gas (at the stand of AUES (Almaty University of Energy and Communications)) (Dostiya-
rov,2000c¢) in several stages:

1. assignment of blades optimum angles for input and output recirculation zone amplifiers of air
nozzle;

2. accurate grinding of micro flame front device of GTD combustion chamber while natural gas
combustion.

The angle choice of assignment of the recirculation zone amplifiers blades affects the quality of
mixing of the fuel-air mixture and the hydraulic losses in the burner device (Sudarev & Antonovskiy,
1985). Figure 3 shows dependence of the coefficient of resistance on the angle of installation of the
blades.

Figure 3 — Dependence of the Coefficient of Resistance on f3,
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Dependence of the coefficient of resistance &, on the assignment angle (B;) is given in the works
(Narezhniy & Sudarev, 1973), which show, that when f>40° hydraulic losses increase dramatically, and a
decrease of B; to 30°and less reduces the generation of turbulence in the burner chamber. For the
combustion of heavy fuel draws can be used an air-stabilizer nozzle, but it should be performed as shown
through (Buhman, 1994) a central hole (8) for ejection of high-temperature combustion products into the
fuel-air mixture preparation chamber.

Plate perforating has certain advantages when used in combustion chambers with a preliminary
preparation of a lean mixture.

The quality of the mixing was determined from the results of the experiment on the dependence
N = f(oy) and Cnoy = f(agr) (figures 4, 5).

The effect of the air flow twisting by the structural elements of the vortex burners on the burning rate
of the fuel and the NO, output has been repeatedly confirmed by experiments (Dostiyarov, 1983). The
same effect was clearly traced in experiments with "air" nozzles (Ahmedov & Tsirulnikov, 1984). This
circumstance made it possible to determine the significant influence of the installation angles of the pro-
files in the MFD on the NO, emission. In order to test this assumption, special studies were carried out on
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Figure 4 — Dependence of the Completeness of Combustion in the Air Nozzle on the Total Excess Air Factor
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Figure 5 — Dependence of the NO, Output on the Excess Air Factor in the Combustion Zone
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the combustion chamber options equipped with an "air" stabilizer nozzle (ASN), performed by the authors
(Lefebvre & Ballal, 2010) with different angles of output flow twist of the fuel-air mixture. Figures 6 and
7 show the influence of setting the output register items angle of ASN [,- for two variants of the com-
bustion chamber with different angles of output of the front portion of the flame tube (8 = 70° and 120°).
From the studies carried out at the corners 3, = 20°; 30°; 40° and 60° it follows that for the chamber
version with 6 = 70° the smallest output of NO, was observed at 3, = 20°, and for variant 8 = 120°, with
B2 = 30°.The explanation of the obtained results can be given by analyzing the flow structure in the head
section of the flame tube, which determines the distribution of the temperature field and significantly
influences the parameter of the residence time of the combustion products in the fire zone, as noted in the
studies (Umyshev, Dostiyarov, Tumanov & Wang, 2017).

100
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Figure 6 — Influence of the Installation Angles of the Input and Output Recirculation Zone Amplifier
and the Angle of Front Opening Flame Tube on the Output of NO,
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Figure 7 — Influence of the Installation Angles of the Input and Output Recirculation Zone Amplifier
and the Angle of Front Opening Flame Tube on the Output of NOy
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Thus, increasing the flow twisting angle in ASN increased the size of ZRC and hence the share of
circulating gases, which increased the "residence time" in the high-temperature zone. In accordance with
this emission NOy with B,= 40° became larger than, in the case of 2= 30°. Here it should be noted that for
small values of B,in the case of flame tube as 6 = 120° was a separation of the flow from the walls of the
transition cone, while the amount of gas circulating here considerably exceeded that in the center of the
chamber, i.e. actually in the ZRC which also increased the total "residence time" and predetermined the
increased NO, output in combustion products.

The largest emission of NO, during the experiments was observed at , = 20°, which was explained
by the increased size of recycling zones (including in the peripheral sections of the transition cone). In
general, the deterioration in emission results in NOy with B, = especially, in comparison with the ASN
options. Also, preliminary twist of the flow is being performed at the input recirculation zone amplifier
By = 22° and 40° (figures 6 and 7), which was caused by a significant decrease in the quality of the
preliminary preparation of the combustible mixture along the ASN path. The latter once again indirectly
confirmed the need for such "preparation" in MFD structural elements.

Findings. Analysis of the results shows that the correct perforation increases the efficiency of the
combustion process, increases the completeness of combustion of the fuel and reduces the formation of
nitrogen oxides, especially when the chamber is operating in the design mode. In air burners, it is very
important to choose the correct ratio of mass flow rates of air and fuel (for liquid fuels it can vary from 3
to 5). The angle of conicity of the front part of the flame tube exerts a significant effect on the quality of
combustion. Therefore, for a detailed study of the effect of the angle of installation of blade recirculation
zone amplifiers, as well as the perforation of the front and the stepwise supply of cooling air, it is
necessary to perform numerical simulation of the process in the burner and in the primary zone of the
combustion chamber [8].

For a long time, nitrogen oxides were not given enough attention. The presence of nitrogen oxides in
the air is one of the reasons for the formation of smog in industrial regions of Kazakhstan and large cities.
But even today in the Republic of Kazakhstan, car toxicity is measured only onCO content in the exhaust
gas (Dostiyarov, 2000). Analysis of the main reasons for the formation of nitrogen oxides in various
devices and prospects for the development of energy showed that traditional methods of burning fuel do
not provide the required parameters.

Increasing the efficiency of fuel combustion can be obtained with the use of micro flame combustion
(Dostiyarov, 2000).Despite the limited amount of experimental data on the use of micro flare incineration,
various authors (Dostiyarov, Userov & Maisutov, 2006) noted the following positive qualities of this
method: low losses of gas head, reduction of structural dimensions, low temperature field unevenness at
the outlet from CS, low yields of nitrogen oxides with products combustion, reduced radiation losses
(Lebedev, 1984; Kibarin, 1991; Maisutov, 2008). It was known from the middle of the twentieth century
(Patent FRG No876936, 1953), that the technology of micro flare combustion has begun to attract scien-
tists' attention relatively recently. At present, there are several main directions of micro flame combustion,
but all have one thing in common: the "smearing" of the flare along the front and the volume of combu-
stion (Dostiyarov, 2000). For calculation the concentration of nitrogen oxides taking into account the
above, the following procedure was proposed. In the combustion zone, are distinguished forward flow and
zone of reverse currents. The direct stream is divided into i-belts, which are bounded by the surfaces of the
carp tube, the zone of the reverse currents and the cross-sections of the aperture passing through the axes
for supplying secondary air perpendicular to the carousel axis. With a distinguished distribution of air
flows, the volume concentration of nitrogen oxides in the combustion zone can be determined by the
equation:

(Cyo)i = X(i=1)"n(Cnodi + 2Ggp * Xity® (Cno)i + Gogp * (Cno)30T/Gy; (1)

n — belts count; G; — air flow consumption throughi — belt, kg/sec; G,,;, — consumption of recycled gases
through ZRC, kg/sec; G; — total air flow through the combustion zone, kg/sec; (Cyg)i — volume con-
centration of nitrogen oxides in i-belt, whirl/%; (Cy)ZRC — volume concentration of nitrogen oxides in in
i-belt, whirl/%.

The volume concentration of nitrogen oxides NOy in each zone is calculated by the equation:
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. . 65000 P
(Crno)i =37 10%/(Coy; * (Cu, )i - exp (— ) - [0.1- Rt 2)

where j=n+1 — count of zones (count of belts + ZRC); T,,; — the residence time of the combustion
products in j-zone, (sec); T.; — the effective temperature in j-zone chamber (K); P, — air pressure at the
input to the combustion chamber, (mPa); (Co,)(Cy) — volume concentrations of oxygen and nitrogen in
j-zone.

For micro flame combustion it is reasonably possible to assume uniform distribution of air-fuel ratio
in the combustion zone. In this case, it can be assumed that there is an average effective temperature that
determines the release of nitrogen oxides, which depends on the quantities a, and Ty, heat loss and the
coefficient of completeness of combustion. For these conditions, formula (1) and (2) for chambers with
one row of holes can be formed:

—~1)13 .
(Cno)k=13- 1011 "‘2("‘2—1)’“0] 0,5 - exp <_ 65000) . /%PB . I{[qup -7, + 2Koop(t, + 15) + Kogp 'T30T] .
a.cp

(1+a,'Ly)3 Togp.cp
—; ]
where a, — coefficient of excess air in the combustion zone; L, — stoichiometric coefficient; ay  — the
total coefficient of excess air from the combustion chamber; Ky, % — relative air flow through the front
device combustion chamber; 74, T,, T307 — the residence time in the zones, respectively, up to the secon-
dary air intake opening, afterthe opening and in ZRC; K,5,= C;fp — relative air flow through the back-flow

zone.

For calculation it is necessary to know the size of the zone of reverse currents and the number of
gases recirculating in it. These values depend on the geometry of the front device, the flow parameters and
the dimensions of the hole along the length of the carpal tube. The results of calculations on the proposed
method and comparison with the experimental data are shown in figures. The discrepancy of data does not
exceed 12% in the whole range of parameters of the regimes studied, which allows us to recommend this
technique for use [9].

The proposed method for calculating the concentration of nitrogen oxides, taking into account the
structure of the flow, allows us to select the geometry of the front of the combustion chamber at the design
stage, not only from the point of view of ensuring minimum hydraulic losses and stability.

Conclusion. An analysis of the causes of the toxic substances formation in the combustion of natural
fuels was concluded. General principles of the combustion process and chain reactions were considered.
Various options and approaches for reducing and suppressing the formation of toxic substances
werepresented. Technological methods of suppression were considered, which include: injection of water
and steam, recirculation of combustion products, optimal air distribution, intensification of the mixture
formation, stepwise combustion, catalytic combustion.

Devices based on poorly flowing bodies in view of their simplicity and high environmental para-
metersare of particular interest. It is shown that the use of poorly flowing bodies allows to provide com-
bustion in a wide range of air consumption. One of the options for using poorly flowing bodies are the
angle stabilizers. The analysis of the methods of the micro flame combustion method and various devices
based on the MFS makes it possible to draw the following conclusions:

the supply of fuel to the combustion zone, the placement of injectors, fuel nozzles, the location of
obstacles in the form of well-worn or poorly flowing bodies greatly influence the combustion process, its
characteristics and the release of toxic substances, in particular nitrogen oxides;

the main principle of micro flame combustion is the "smearing" of the flare along the combustion
volume, however, the implementation of such a principle can be different. In some cases, multiple nozzles
are used, others use perforated surfaces or poorly flowing bodies;

the principle of micro flame combustion has a great potential. On the basis of the principle, various
devices have been developed in which the gas burns both diffusively and kinetic;

the closest to the idea of the dissertation are jet-stabilizing burners based on poorly flowing
bodies.
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As a result of research, the conceptual principles of creating highly efficient methods of drying grain,
aimed at intensifying processes and rational use of material and energy resources were formulated, which
is achieved by modeling and optimizing the perspective designs of heat generators. Also, the hydrody-
namic, kinetic and heat mass-exchange regularities of the grain drying process are identified and ma-
thematically described. Numerical values and range of variation of the main kinetic and hydrodynamic
characteristics with variable heat supply are determined. Mathematical model of the process of grain
drying was developed. A mathematical model of stabilization of material and heat flows has been deve-
loped. Balanced distribution of thermal and material flows allows you to achieve the fullest possible use of
energy. The minimization of thermodynamic losses by 20% from the effective inside of the cyclic and
external regeneration of the "heat sinks" of the main and auxiliary outfits has been achieved.
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'Caken CetidymmH ateiHIarsl Ka3akarpoTeXHUKAIBIK YHUBEpCHTETI, AcTaHa, KasakcraH,
*TamlYarbiumarst . Kapumosa, TamkeHT, O30ekcTaH,
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KbLTY TEHEPATOPBIH/IA ’KOHE JKAHY OHIMJEPIHJE
ACTBIKTHBI KENITIPY PEXXUMIHE 9CEPI

AnHOTanusi. Makanaaa bUly TeHEpaTOPBIHBIH 9CEp €Tyi, OHBIH OpPTYpJl alHBbIMAaJbl )KOHE Sp TYpJi XKar-
Jlaiiapa skaHy eHIMIEPiHiH YBITTBUIBIFBIHA 9CEp €Tyl KapacThIPbUIaAbl. ACTBIKTBI KENTIpY MPOLEIYPAChIH YaKThUIbI
JKOHE JTYPHIC OpBIHIAY ©Te MaHBI3IbI acleKT Oounbln TaObutanbl. OHTAWMIBI HOTHXKE aJyAblH OipHeIe HYCKachl
YCHIHBULABL. JKYPTi3iireH 3eprreysiep HOTIKECIH/AE aCTBHIKTBI KENTIPY/iH YCHIHBUIFAH TACUII OHBIH CallachlH Kak-
capTyfa BIKHNAJ €Telli, aCTBIKTBIH IiCy YaKbITBIH KbICKApTalbl, COHAANH-aK ACTHIKTHIH BUIFAIIBUIBIFBI MEH JKETiTyl
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TYPFBICBIHAH aCcTHIK MaccachiH Ty3ereni. CoHmani-aK, Oyl o/lic aCTHIKTHIH CHITATTAMACHIH JKOHE OHBIH CBIPTKBI TYPIH
JKaKCapTyFa BIKITaJ TETIHIH aTal ©TKeH JKOH. ¥ CBIHBUIFaH 9J[iC MUKPOOPTaHU3M/ICP MEH 3USHKECTEPAiH TipPIILTITiH
ToKTaraasl. JKYMBICTBIH TPAaKTHKAIBIK >KOHE TEOPHSUIBIK MaHBI3IBUIBIFBl ANBIHFAH JEPEKTEPIi acTBIKTHI KENTipy
Moceresepi OOMbIHIIA TPaKTHKaA )KOHE 3epTTeyJiepAe KOIIaHy MYMKIH/AIrHe Heri3Ienei.

Tyiiin ce3mep: acTbik KenTtipy, JKblly TeHepaTopbl, KaHy ©HIMJCPIHIH YBITTBUIBIFBI, KENTIPY PEXKHMI, aCThIK
BUIFAJIABUIBIFEI, POpMyIIa, TEMIIEPaTypaIbIK PEXKUM.
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BJIUSAHUE PABOTHBI TEIIVIOTEHEPATOPA HA PEKUM CYIIKHU 3EPHA
N HA TOKCUYHOCTDB NIPOAYKTAX CI'OPAHUA

AnHoTanusi. B cratbe paccmarpuBaeTcsl BIMSHHE TEIUIOTCHEPATOpPa, PEKMMOB €ro paboThl C pa3IMuHBIMU
HNEPEMEHHBIMU U MPH PA3IMUYHBIX YCIOBUSIX HA PEXKHUM CYIIKH 3€pHAa U Ha TOKCHYHOCTb IIPOTYKTOB cropanusi. CBoe-
BPEMEHHOE U MPaBUIIBHOE BBINOJIHEHNE MPOLETYPhI CYLIKU 3€PHA SBJISETCS YPE3BbIYaliHO BaXKHBIM acnekToM. IIpen-
JIOKEHO HECKOJIBKO BapUaHTOB MOIYy4YEHUs] ONTHMANIbHOIO pe3yibTaTta. B pesynbTare MpoBENEHHBIX UCCIEI0BAHUN
MIPEATIOKEHHBIH CIIOCO0 CYIIKHM 3€pHA CIIOCOOCTBYET YIYYIICHHIO €r0 KadecTBA, COKPAINACT BPEMs CO3PEBaHMS
3€pHA, a TaKXKe KOPPEKTHPYET 3EPHOBYIO MacCy C TOYKH 3PEHHs BIArocoAEpKaHWs M 3penocTu 3epHa. Crexyer
TaKk€ OTMETUTbH, YTO IAHHBIM METOM, CIIOCOOCTBYET YIy4YIICHHIO XapaKTEPHCTHK 3€pHA M €r0 BHEIIHETO BHIA.
[Tpennaraemslii ciocod MPUOCTAHABIUBACT )KUZHEIESATEIBHOCTh MUKPOOPTraHU3MOB U Bpeauteneit. [Ipaktuueckas u
Teoperndeckast 3HaUMMOCTb PaOOTHI 3aKJII0YAETCA B BOSMOXHOCTH IPUMEHEHUS MOTyUCHHBIX IaHHBIX Ha MPAKTHUKE
U B UCCIIEJOBAHMAX O BOIPOCAM CYIIKH 3€pHa.

KiroueBble c1oBa: cylika 3epHa, TEIJIOTEHEPaToOp, TOKCUYHOCTh MPOAYKTOB CTOPaHHUS, PEKUM CYIIKH, BIaX-
HOCTb 3epHa, PopMyna, TEMIIEPaTyPHBII PEKUM.
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ESTIMATION OF THE PHYSICAL-MECHANICAL PROPERTIES
OF THE ROCKS ON THE DEGREE OF COAL METAMORPHISM

Abstract. This article discusses the physical-mechanical properties of Karaganda basin coal seam wall rock,
depending on the degree of metamorphism, which is determined by a maturity parameter of the reflectivity of orga-
nic matter - vitrinite. This method is significant in connection with the increase of geological exploration for coal, as
well as methane, in connection with the preparation of new minefields at deep depths, when the coal core is the only
substance to determine the properties of coal and their rocks. The determination of the physical and mechanical
properties of coal seam wall rock, taking into account the stage of coal metamorphism, is great practical importance
in the mining industry. Based on previous years’ materials and laboratory data, which we conducted together with
our Chinese colleagues in the State Key Laboratory of Coal Resources and Safe Mining, China University of Mining
and Technology (Beijing, China), and based on M.A. Ermekov (1990) mathematical model of metamorphism
describes the degree change of coal metamorphism and physical-mechanical properties of coal seam wall rock by a
depth. This research contributes to the solution of problems related to the roof stability of coal seams in mines since
the physical and mechanical properties of rocks are one of the main criteria for mining and technical works.

Keywords: vitrinite reflectivity, coal metamorphism, physical and mechanical properties of rocks, coal seam,
roof stability, methane.

Introduction. Karagandy coal basin is located in Central Kazakhstan. In terms of coal reserves and
quality, it occupies a leading position among the largest coal-bearing basins in the world. In the basin
extended in the latitudinal direction for 120 km with an average width of 60 km, four coal-bearing areas
are distinguished: Tentek, Sherubajnura, Karagandy, and Verhnesokur (figure 1).

Carboniferous coal-bearing sediments with a total thickness of about 4,000 m are divided into seven
formations according to coal saturation, lithological composition, fauna, flora, and other characteristics:
akkuduk, ashhylyajryk, karagandy, nadkaragandy, dolinka, tentek, shahan.

The karagandy, dolinka and partly ashhylyajryk and tentek formations are productive in the
Carboniferous sediments. In this series, there are up to 80 layers and seams of coal with a total thickness
of up to 110 m. The thickness of coal seams increases in the basin from west to east, and within each
region from north to south [1].

Accounting for the coal metamorphism in solving mining and geological problems is of paramount
importance. Metamorphism in the Karagandy basin is manifested in an increase in its degree: 1) with
stratigraphic depth of formation according to the Hilt-Skok law; 2) with increases ofthe coal-bearing strata
thicknesses; 3) in a section through the dip of layers with an increase in the modern depth of their
occurrence [2].

In the Karagandy basin, taking into account the influence of the post-inversion component of
metamorphism, it was possible to refine the predictions of the distribution of coal by grades to its deep
horizons.
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Figure 1 — Schematic geological map of the Karagandy basin:

1 — pre-Carboniferous deposits; 2 — lower border of the ashhylyajryksuite; 3 — boundaries of the karagandy suite;
4 — faults; 5 — borders of coal-bearing areas and sites; 6 — operating mines, in numbers — old name.
Coal-bearing areas: [ — Tentek; II — Sherubaynura; III — Karagandy, IV — Verkhnesokur.

Basin areas (numbers in circles): 1 — Manzhin; 2 — Tentek; 3 — Karagok; 4 — Sasykkol; 5 — Taskamys;

6 — Karazhar-Shahan; 7 — Dolinka; 8 — Kolpak; 9 — Kishkenekol; 10 — Southern; 11 — Central,

11 — Northern; 13 — Alabas; 14 — Saran; 15 — Promyshlennyi; 16 — Maykudyk; 17 — Taldykudyk; 18 — Dubovka

Studying the degree of coal metamorphism allows solving problems related to predicting the roof
stability of coal seams in mining, which in turn depends on the physical and mechanical properties of
rocks.

Research methods. The task of the study is to assess changes in organic matter, in this case, vitrinite,
to establish relationships between quantitative petrographic features, properties of coal and the physico-
mechanical properties of coal seam wall rock. To quantify the degree of metamorphism of coal seam wall
rock, on which their physicomechanical properties depend, we used the indices of reflectivity of vitrinite
and its refractive indices, measured in immersions. We carried out such studies together with our Chinese
colleagues in the State Key Laboratory of Coal Resources and Safe Mining, China University of Mining
and Technology (Beijing, China).

As noted by J.T. McCartney, M. Teichmuller (1972), M.A. Ermekov (1990), the degree of coal meta-
morphism, estimated by the reflectivity of vitrinite, serves as a "geological thermometer" and allows reco-
vering the geological history of evolution, in particular, the depth of the rocks and the duration of their
stay at the maximum depth [3-5]. A mathematical model of coal metamorphism, created by Professor
M.A. Ermekov (1990) based on the topokinetic Kolmogorov-Erofeev equation, has the form:

I=100[1 — e~ Ztexp(B-4/D)] (1)
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here I — the impulse of metamorphism according to M.V. Golitsyn (1975), °C/billion years; t — the dura-
tion of the stay of coal (coal seam wall rock) at a given depth, billion years; T — an absolute temperature of
coal in the depths, °K.

For the process of regional coal metamorphism in the Karagandy coal basin, the coefficients of
equation (1) take the following values: A=7300, B=21,6. The results of Professor M.A. Ermekov’s
calculation of (1990) lead to the following conclusions: coal metamorphism began at the beginning of the
Upper Carboniferous after 30-35 million years from the beginning of the ashhylyajryk formation, i.e. after
deposition of the completely coal-bearing stratum. At the same time, immersion of the lower part of the
sequence was accompanied by an increase in temperature to 70°C. The process of further metamorphism
was intense and was completed by the beginning of the Upper Permian when the depression exceeded
5 km, and the temperature reached 135-140°C. After inversion at the end of the Upper Permian, the lower
boundary of the coal-bearing strata rises to a value of 3 km and the decrease in its temperature to 80-85°C
sharply slowed down the process of metamorphism. The impulse of metamorphism was at the same time
85 %.

Adopted by M.V. Golicyn (1975) the correspondence of temperatures of regional and contact-thermal
metamorphism to the stages of metamorphism of Carboniferous coals of Central Kazakhstan is preserved
[6]and according to calculated impulses of metamorphism for the duration of regional metamorphism,
taken equal to 10 million years, and thermal — 5 thousandyears (tablel).

Tablel — Temperature and impulse values at regional and thermal metamorphism

Regional Thermal
Stage of C(_)al Rank Average Estimated Average Estimated
metamorphism of coal temperature, °C impulse, % temperature, impulse,%
(Golicyn, 1975) (Ermekov, 1990) °C(Golicyn, 1975) (Ermekov, 1990)
I LF 60 0,7 - -
i G 85 33 up to 300 3.3
111 Ft 110 11,9 325 53
v C 130 279 412 24,6
\% Fg 148 50,7 475 50,0
VI Cc 163 72,4 525 72,2
VIL-VIII A 185 94.4 575 88,8
IX-X A 250 100 695 99,8
LF - long-flame coal, G - gas coal, Ft - fat coal, C - coking coal, Fg - forge coal, Cc - carbonaceous coal, A - anthracite.

According to the proposed model, a change in the reflectivity index of vitrinite (R[J) from the

metamorphism stage was established (/) (table 2).

Table 2 — Indicators of coal metamorphism

Stage of coal vdat RO, 10R,, 1,
metamorphism % % unit. %
L - 0,58 73,5 0,72
G 32 0,79 80,5 3,3
Fat 25 1,07 88,5 11,9
C 17 1,40 96,5 27,9
F 12,5 1,80 104,0 50,7
CC 9 2,37 114 72,4
A - 2,77 121 94,40

As a result of research, it was established that with the depth of the coal seams the volatile yield
decreases, the reflectivity of vitrinite increases, and rank composition of coal changes from lignite to
anthracite accordingly (figure 2) [3, 4].

According to ISO 11760 the physical and chemical properties of coal are determined by its geological
maturity (rank), petrographic composition and quantity (as well as the nature and form of association) of
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Figure 2 — Dependence of volatile yield, reflectivity indicators on the “impulse” of metamorphism (after M.A. Ermekov, 1990):
1—Vv*** 2 R0, 3 — 10RC conditional units (c.u.).

the mineral substance present. Thus, for simplicity, this classification for coal is based on the following
properties of coal: vitrinite reflectance, expressed as a percentage: mean random reflection, R,, which is
directly determined or calculated from R,x.

According to this standard, the coals are divided into three ranks: low (lignite and sub-bituminous
coals), medium (bituminous coals) and high (anthracites) [7, 8]. According to GOST 25543-88 based on
the vitrinite reflectivity indicators, coals are also divided into three types: lignite, bituminous coals, and
anthracites or, which, depending on their genetic characteristics, are divided into 50 classes according to
the average vitrinite reflectivity R[], determined according to GOST12113-94. Lignite coals are cha-
racterized by an average vitrinite reflectivity R[] less than 0.60 %, bituminous coals — R[1=0,40-2,59 %,
anthracites — 2,20 and more [9, 10]. Dedicated 50 classes of coal characterize the degree of post-sedimen-
tation transformation of their host rocks from the stage of initial catagenesis to the stage of metagenesis,
inclusive [5, 11, 12]. The Hy,, parameter, which shows the stratigraphic levels of the occurrence of terri-
genous rocks according to the degree of their post-sedimentation transformation, in this case, increases
from late metagenesis to initial catagenesis, acquiring values accordingly Hy, = 1...10.

Mathematical processing of field and laboratory research results, taking into account the cumulative
effect of all selected petrographic and geological [2, 13, 14] features, allowed the creation of universal
geological and mathematical models of the physical-mechanical properties of rocks in terrigenous
formations. So, multidimensional geological and mathematical models of ultimate strength under uniaxial
compression (c.) for the main lithological types of terrigenous rocks expressed as follows:

for fine and medium grained sandstones:
o. = 166,46 — 0,37X; + 0,06X4 + 0,123X;5 + 0,652X4 — 0,42X; + 0,23CM; + 0,45CM, + 0,52CM; —
-0,01C, -0,16C, + 0,26C5 + 0,017H — 2,99Hy,,, R =0,99; 2)

for fine grained sandstones:
6. = 65,75 -0,06X; + 0,156X, + 0,7X5 + 0,24CM, + 0,2CM, + 0,41CM; —
—-0,027C; - 0,033C;, + 0,69C; + 0,032H — 2,24Hy, R=0,98; 3)

for siltstone:
0. =47,74 +0,1X, + 0,286X, + 0,012CM, + 0,0470M, + 0,067CM; —
—0,06C; +0,034C, +0,32C;5 + 0,05H — 1,28Hg, R =0,96; 4

for argillite:
o.=35,4+0,29X, +0,157C, + 0,515C5 + 0,004H — 0,52H, R =10,92. (5)

where fractions, mm: X; — 0,01-0,05, X, — 0,05-0,1, X5 - 0,1-0,2, X4 — 0,2-0,3, X5 — 0,3-0,4, Xc — 0,4-0,5,
X7 = 0,5-1,0; clastic material: CM; — quartz, CM, — amount of feldspar, CM; — the amount of rocks;
cement: C; — clayey, C, — carbonate, C; — siliceous; H, m — depth of terrigenous rocks.
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The coefficients of multiple correlations, which is a measure of the cumulative effect of all the
geologic-petrographic factors cited, have values from 0.92 to 0.99, i.e. their connection with the strength
properties of rocks approaches functional. Often, the layers of rocks of the same lithological composition,
occurring in different geological and structural parts of the field, due to the difference in thermodynamic
conditions of formation characterized by variability of physical and mechanical properties. An example of
this is the drastic changes in the properties of rocks and the coal metamorphism in the zone of deep faults
and in various modern geological and structural areas that were at the same level in the pre-inversion
period of the basin development. For example, along the southern border of the Karagandy coal basin in
the zone of influence of the sub latitudinal Zhalajyr deep fault (thrust), the coal metamorphism degree
corresponds to CC rank, whereas these same stratigraphic horizons outside the zone of influence of the
deep faults include layers of coal of Fat and C ranks.

The results of a wide-scale study of rockphysical-mechanical properties of the basin minefields lo-
cated in various geological and industrial areas, coal-bearing formations and depths of occurrence are
summarized in the research. The averaged values of the physical-mechanical properties of the main litho-
logical types of the coal-bearing formations of the basin, obtained as a result of generalization and analysis
of previous studies and new data on deep horizons (depth up to 900-1000 m), are given in table2 [2, 15, 16].

Table 2 — Physical-mechanical properties of rocks in the Karagandy coal basin

Structural Lithological Depth, oA P, W, G, Gy, Softening
block types m glem® | % | % MPa | MPa | difficult | medium | easy
Ashhylyajryk and karagandy formations
Up to 50 249 | 14| 5 33 2,7 64 15 21
sandstones 50-100 2,51 11 3 48 3,7 71 19 10
Ifrlllézlfgd 100-300 255 [ 9] 3 | 6 | 50 94 4 2
grained 300-600 2,58 8 2 78 6,0 96 4 -
More than 600 | 2,60 | 7 2 85 6,3 100 - -
The north
wing of the Up to 50 235 [ 20] 6 23 1,5 30 27 43
Karagandy 50-100 247 | 13| 4 32 1,8 33 27 40
and east wing siltstones 100-300 2,52 11 3 45 2,6 46 18 36
of the 300-600 255 | 10| 3 50 3.4 54 26 20
Sherubainura More than 600 | 2,58 | 9 | 3 52 4,0 60 30 10
syncline
Up to 50 225 |19 7 15 1,0 13 5 82
50-100 241 |13 ] 4 32 1,8 33 27 40
mudstones 100-300 252 | 11| 3 45 2,6 46 18 36
300-600 255 [ 10| 3 50 3.4 54 26 20
More than 600 | 2,55 9 3 40 3,0 40 30 30
Dolinka and tentek formations
Up to 50 231 |17 ] 6 21 1,9 47 20 33
sandstones 50-100 247 | 11 4 38 3.2 69 18 13
fine- and 100-300 251 | 9 | 3 58 43 85 8 7
medium-
grained 300-600 2,55 8 3 72 5,5 93 6 1
More than 600 | 2,58 8 2 78 5.8 96 4 -
The northern Up t050 225 |20 8 15 0,9 23 17 60
half of 50-100 245 | 12| 4 28 1,9 33 14 53
S;If;“hgzmura siltstone 100-300 25 | 10| 4 42 2,5 46 14 40
(Tentek 300-600 2,54 | 9 3 47 3,1 54 20 26
region) More than600 2,56 | 9 3 50 3.8 60 24 16
Up t050 222 | 23| 11 11 0,7 13 5 82
50-100 240 [ 17 ] 6 17 1,5 18 12 70
mudstone 100-300 246 | 14| 5 30 1,8 28 18 54
300-600 2,52 | 11| 4 36 2,3 33 22 45
More than600 255 [ 10| 3 38 2,6 40 30 30
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As can be seen from table 2, the physical-mechanical properties of coal seam wall rock naturally
change depending on their lithological types, depth and stratigraphic level of occurrence. The most stable
rocks are medium-grained sandstones of lower coal-bearing formations, lying on deep horizons, for
example, they have values of compressive strength 6.=90-140 MPa and tensile strength 6=5-10 MPa at
depths of more than 600 m. With a decrease in grain size, the content of a clastic material, an increase in
clay material in cement and a deterioration in the degree of lithification, the strength of sandstones de-
creases. Of all lithological types of coal seam wall rocks, mudstones have the lowest strength.

The sharp decrease in strength and density, the increase in porosity and the natural moisture of rocks
at depths of up to 100 m are associated with the evolution of a weathered zone of coalstrata. The water
resistance of rocks also naturally increases with depth. At depths of more than 600 m, sandstones of all
coal-bearing formations are practically non-softable, non-softable also up to 60% of siltstones and up to
40% of mudstones. The geological nature of the regular variability of the physical-mechanical properties
of rocks allows them to be estimated from geological studies of the coal-bearing strata [16].

Discussion of the results. Different paleotectonic and paleogeographic conditions at different stages
of the tectonic evolution of the Karaganda basin led to a change in the character of coal content and the
quality of coal. At depths of more than 1000 m, the metamorphism of coals is greatly enhanced and fat
coals practically disappear, the areas with coking coals are sharply reduced. Forge coal hasmain
distribution. Coals of the ashhylyajryk formation and the bottom of the karaganda formation are high-ash,
hard-cleaning, belong to theC, Fg, Ft ranks. These coals are used for coking. Coals of the dolinka and the
bottom of the tentek formation are fat, partially coking stage of metamorphism, are characterized by easy
washability of coal and serve as valuable coking chemical raw materials. Coals of the upper horizons of
the tentek formation mainly relate to G rank, difficult washability of coal, energetic.

In the basin, predominantly carbon-coking coals are being developed, representing 82.2% of the total
production in the basin. Karagandy basin explored to a depth of 500-700 m. The mining industry has
developed the depth of 400-500 m.

Conclusions. The ability to assess the properties of coal by the vitrinite reflectivityis an important
factor in the petrographic analysis since it can be used not only for coals but also for their host clay and
sandy rocks. This method of evaluation is also important in connection with the increase of a volume of
geological exploration for associated methane, with a preparation of new minefields at deep depths, when
a coal core will be only coal substance for judging the properties of coal.

Therefore, the determination of the physical-mechanical properties of coal seam wall rock, taking into
account the stage of coal metamorphism in terms of the vitrinite reflectivity, is of great practical
importance in geological prospecting and mining.
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TAYXKBIHBICTAPABIH ®U3NKAJIBIK-MEXAHUKAJIBIK KACUETTEPIH
KOMIP METAMOP®U3MIHIH, IOPEXKECI BOMBIHIIIA BAFAJIAY

AnHoranus. Makanana Kaparauael TackeMip anaObIHBIH KOMip ChIMBICTBIPYIIBI TAyKBIHBICTAPABIH (HU3HKa-
MEXaHUKAIBIK KaCUCTTECPIHIH OpPraHUKAJBIK 3aT — BUTPUHHUTTIH MIAFBUIBICY KAOLICTI KOPCETKIIi apKbLIbl aHBIKTA-
JaThIH KOMip MeTaMOop(hU3Mi JIopeKeciHe TOyeJILIIrT KapacThlpbulraH. MyHJall 9/1ic KeMipreXxoHeinecne MeTaHFa
TCOJIOTUSUTBIK Oapiiay JKYMBICTAphl KOJEMIiHIH apTybIHIA, TCPEHICTI jKaHAa IIaXTa alaHJapblH MaibIHAayIa Kemip
YKOHE CBHIHBICTBIPYIIIBI TAy)KBIHBICTAP KACHETTEPl OOMBIHINA KOMIp KEPHI JKaJIFbI3 FaHA aKIapaT Ke3i O0JFaH xaraanaa
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MaHpI3/1bl 00MbIT caHanaapl. Kemip MetaMmopdu3Mi Ke3eHIepiH eCKepe OTHIPBII, KOMIP ChIMBICTBIPYILBI TaYXKbIHBIC-
TapblH (PU3HNKAIBIK-MEXaHUKAIIBIK KACHETTEPIH aHBIKTAy KEH-TEXHUKAIBIK dKYMBICTAp/IbI KYPridy Ke3iHze aca 30p
MPaKTHKAJIBIK MOHTe ue. BypbIHFbI Kyprizinren xymbictap MeH State Key Laboratoryof Coal Resources and Safe
Mining, China University of Mining and Technology (beiixin, KpiTail) 3epTXaHacsiHia KbiTail apinTecTepMeH Kyp-
ri3iired 3eprreysep, consiMer koca M.A. EpmekoBthiH (1990) MeTaMoppu3MHIH MaTeMaTHKAJIBIK MOJIEINI HETi3iH/Ie
KeMip MeTamop(hu3Mi J9pexKeci MEH KOMIp CBHIHBICTHIPYIIbI TAYKBIHBICTAPABIH (PU3NKAIBIK-MEXaHUKAIIBIK KACHET-
TEpiHIH TepeH/IIK OOMbIHIIA ©3repyi KenTipiireH. MyH/al 3epTTeyiiep Typi KeH-TeXHUKANBIK XXYMBICTaparbl HET13r1
KepceTKilTepAiH Oipi OOJIBIN TaObUIATHIH TAYKBIHBICTAPABIH (HU3UKAIBIK-MEXaHUKANBIK KaCHETTepi OOJFaH/IBIKTaH,
KEH YHIiIMelepiH/ieri KeMip KabaTTapbl )KaObIHbI TayKbIHBICTAPbIHBIH OPHBIKTBUIBIFBIMEH OaiilaHbICTBI Moceseaep i
HIelIyre MyMKIiHAIK Oepei.

Tyiiin ce3mep: BUTPUHUTTIH LIAFBUIBICTBIPY KaOlIeTi, KOMIip MeTaMOp(H3Mi, Tay>KbIHBICTAP/IbIH (H3UKAIBIK-
MEXaHUKaJbIK KACHETTepPl, KoMip KabaTbl, saObIH OPHBIKTBUIBIFbI, METaH.

A. B. Baii6atma', Cynun Ilen’, C. B. Catnéexona’

'Ka3axckwuii HalMOHANBHEIN MCCIIEIOBATENBCKHIT TeXHIUecKnii yHuBepcuter uM. K. U. Cat6acsa,
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OIIEHKA ®U3UKO-MEXAHUYECKHUX CBOMCTB T'OPHBIX IIOPO/]
11O CTEITEHU METAMOP®U3MA YI'JIEU

AnHoTaumusl. B cTaThe paccMOTpeHbI (PU3MKO-MEXaHMYECKHECBOMCTBA yriaeBMemaromux nopox Kaparanmu-
CKOTO KaMEHHOYTOJIbHOro0acceiiHa B 3aBUCHMOCTH OT CTEIEHH MeTaMop(u3Ma, KOTopasl ONpeieIieTCs Mo IOKa-
3aTeNI0 OTPaKaTeNbHON CIIOCOOHOCTH OPTaHUYECKOrO BELIECTBA — BUTPHHUTA. JJaHHBIH CrIOCcO0 SBIAETCS 3HAUYMMBIM
B CBS3H C YBEJIMYECHHEM O00BEMareojoropa3BefOYHBIX pabOT HA Yroib, a TAakKe Ha IOMYTHBI METaH, B CBS3M
CIIOJrOTOBKOH HOBBIX IIAXTHBIX ITOJIEH Ha OONBIINX IIIyOMHAX, KOrga KepH yrisOyaeT eIUHCTBEHHBIM BEIECTBOM
JUISL CYXKIICHUS O CBOMCTBAX YIJIA M MXBMEIIAIOIUX 1TopoA. Onpenenenne GU3HKO-MEXaHHYECKHX CBOMCTB yIIeBMe-
IAIOMMX TIOPOA C YYETOM CTaguu MeTamopdu3Ma yriied uMmeeT OOJbLIOCHPAKTHYECKOE 3HAUCHHE NPH TOPHO-
TeXHHYECKHUX paboTax. OCHOBBIBAsCH HA MaTepHaax IPEKHHX JIET U Ja0OpaTOPHBIX JaHHbIX, NPOBEJCHHBIX HAMU
COBMECTHO C KUTaWCKUMHU Koiuleramu B Jiaboparopum State Key Laboratory of Coal Resources and Safe Mining,
China University of Mining and Technology (ITekun, KpiTaif), a Takoke Ha OCHOBE MaTeMaTHYECKOW MOJIENN MeTa-
mopduzmMaM.A. Epmexosa (1990) npuBoauTcst MI3MEHEHHE CTENIeHn MeTamopduiMa yriieit npru3nko-MexaHn4ecKux
CBOWCTB YIJIEBMEIIAIOIINX TOPOJ € TIyOMHOWNOrpyXeHus. Takod BWJA HCCIEHIOBAHUI CIIOCOOCTBYET PEIICHUIO
3a1a4,CBA3aHHBIX C YCTOHYMBOCTHIO IIOPOA KPOBJIH YTOJIBHBIX IIJIACTOB B TOPHBIXBBIPAOOTKAX, TAK KaK (PH3HKO-MeXa-
HUYECKHe CBOWCTBA MOPOJ ABJIAIOTCS OJHUM H3IJIaBHBIX KPUTEPHEB IIPU FOPHOTEXHUYECKHX paboTax.

KaroueBble ciioBa: oTpakaTesbHasi CIOCOOHOCTh BHTPHHHUTA, METaMOP(U3MYTIIS, (U3MKO-MEXaHHYECKUE
CBOMCTBA I'OPHBIX MIOPOJ, YTOJbHBIN IIJ1ACT,yCTONYMBOCTD KPOBJIH, METAH.
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DEVELOPMENT OF ABRASION SHORES OF ALAKOL LAKE
ACCORDING TO THE FIELD RESEARCH MATERIALS

Abstract. In recent years, Alakol Lake is becoming a center of recreation and tourism, its infrastructure is
developing with a pronounced man-made load on the coastal areas. In addition, the nature of shore formation
becomes aggravated under the impact of instability of natural-anthropogenic conditions, which leads to the
destruction of infrastructure facilities, loss of land reserves, material damage. A review of scientific papers revealed
that the latest studies were conducted fifty years ago. Therefore, the obtaining of new monitoring data with the use of
modern measuring instrumental devices is relevant. The identification of effective methods for obtaining accurate
parameters made it possible to understand and analyze shore formation. Sites for conducting field studies were
allocated using a regional approach with the application of satellite images. The method of instrumental measure-
ments of distances from reference benchmarks was used in the field researches. As a result, the dynamics of the
marginal erosion over a three-year period on the south-western and eastern shores of Alakol Lake was determined.
6 monitoring sites were established on the southwestern shore. The results of observations of the dynamics of erosion
of the cliff in the active zone were from 3 to 9.9 m over a three-year period. The change in the height of the coastal
cliff from 5-6 meters (1964) to 9 meters was identified. Two monitoring sites were organized on the eastern shore.
The dynamics of erosion of the coastal cliff in the active zone ranged from 3.7 to 14 m over a three-year period. We
assume that there is a disturbance of the alongshore transport of sedimentary rocks at this site by a 168-meter
breakwater, which enhances the dynamics of abrasion.

Key words: ficld studies, monitoring of shoreline erosion, coastal cliff, abrasion, dynamics of relief formation.

Introduction. Field studies of relief formation of the shores of Alakol Lake were carried out by the
Laboratory of Geomorphology and Geoinformation Mapping and the works were partially continued in
2016 in order to monitor the dynamics of abrasion shores. As a result, it becomes possible to preliminarily
analyze and determine the dynamics of the development of abrasion coastal cliffs on the basis of field and
cameral studies.

The coastal zone of the lake under study is a place of active manifestation of unfavorable exogeo-
dynamic processes. Dynamics of destruction of abrasion-denudation shores in places of economic and
recreational development, in some places reaches a retrogression of more than 3 meters per year. Several
residential streets of the Koktuma village on the south-western shore of Alakol Lake (Almaty region) were
lost as a result of erosion of the cliff. Similarly, the capital structures of recreational facilities on the
eastern shore of Alakol Lake were submerged (East Kazakhstan region).

Over the last years, the shores of the lake are experiencing a high anthropogenic load associated with
a sharp increase in comprehensive tourism to Alakol Lake. A fertile climate, comfortable beaches,
curative properties of the lake water, transport accessibility required the development of the routing of
passenger transportation by railroad and improving the quality of highways. Accordingly, a rapid deve-
lopment of construction of various necessary kinds of infrastructure (sanatoriums, rest homes, etc.) is
observed in the coastal territory, unfortunately, not always taking into account the factors of relief
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formation of the above-water part of the coastal zone. The solution of this problem requires a compre-
hensive research, which is impossible without detailed field monitoring. The obtained data of field studies
will allow to make an effective analysis and to elaborate a system of measures for the sustainable
development of the Alakol Lake shore in the future.

Review of previous scientific works. Studies of the coastal zone of Alakol Lake began quite long
ago. General characteristics of the structure of the Alakol Depression, climate, water resources, soil cover,
vegetation were given in the 12th edition of the Questions of Geography of Kazakhstan “Alakol Depres-
sion and its lakes” edited by N.N. Palgov (1965) [1]. Studies of the morphology and dynamics of the
shores of Alakol Lake were conducted by Ye.A. Kazanskaya (1961-1964). During the study, it was
recorded by her that denudation processes prevailed over accumulative ones in the shore formation over
the most part of the entire shore, due to the increase in the water level in the lake. A cumulative classi-
fication was made by the types of shores of the entire study area. The morphology and structure of the
shores and islands were considered in detail. According to Ye.A. Kazanskaya, the south-western,
southern, eastern, north-eastern, northern, north-western, western coastal areas of Alakol Lake were dis-
tinguished with detailed explanation of the geomorphological conditions of each of them and the proposal
of applied methods of shore protection measures taking into account transverse and longitudinal shore
depositions [1, 2].

T.N. Dzhurkashev studied the history of the formation of the Balkhash-Alakol Depression in the
Quaternary period. His monograph “Anthropogene history of the Balkhash-Alakol Depression” gives
geological-geomorphological characteristics of the Balkhash-Alakol Depression, including a description
of the territory under study [3]. It is necessary to note the papers of K.V. Kurdyukov (1952) [4], Z.A. Sva-
richevskaya (1952) [5] from earlier works on the study of the geology of the territory under study.

Geological-geomorphological conditions were later studied by L.K. Didenko-Kislitsina (1964-1966,
1971) [6], Yu.A. Tverdislov [7], N.I. Mikhailova [8], A.N. Mitrofanova and R.Sh. Kalita [9]. The study of
morphometry using the SRTM digital terrain model, monitoring of the formation of shores according
to the data from different-time satellite images were performed by A.G. Valeyev, F.Zh. Akiyanova,
A.D. Abitbayeva [10, 11].

The analysis of published scientific literature showed that valuable material has been accumulated,
including the classification of the Alakol Lake shore according to the leading exogenous processes.
However, recent data on the study of the negative impact of the development of exogeodynamic processes
in the coastal zone are fifty years old. During this time, the hydrological situation has changed, recrea-
tional and economic loads have increased, climate change has been occurring and, most importantly, new
effective methods of research have appeared. Therefore, the relevance of obtaining new monitoring data
using modern measuring instrumental devices is beyond doubt.

Methods. The different-time satellite images of medium resolution (landsat, Alos and Sentinel) were
used for the regional identification of monitoring sites [12]. The most active areas of shoreline erosion
were identified by the method of interpretation and comparison of the results of the remote sensing data
processing [10]. The following criteria were developed in order to select the monitoring sites: active exo-
geomorphogenesis within the above-water part of the coastal zone, the risk of negative impact of
exogeodynamic processes of shore formation on the socio-economic and recreational infrastructure, the
availability of facilities of engineering protection of the shores (breakwater, pier, cut-waters, etc.), location
of objects of technogenic impact, enhancing the dynamics of relief formation of the shores.

There are several methods of monitoring the dynamics of the abrasion cliff in field studies:

1) measurement of the distance of the planned displacement of the edge of the shore along a
previously marked section line for a certain period of time;

2) determination of the position of the line of the cliff with the help of the theodolite and comparing
of'its planned position with the position of the shore edge determined earlier;

3) investigation of erosion of abrasion cliffs using a ground-based laser scanner. The main stages of
data processing: georeferenciation and stitching point clouds; interpolation of data to create a digital
elevation model; creation of a digital terrain model (DTM) [13-15] and etc.

Methods for measuring and documenting the dynamics of erosion of the cliff in the papers of T. Su-
namura (1992) include sequential aerosurveying, analysis of historical maps, field instrumental studies
(measuring distances from benchmarks) [16]. Methods of research of A.Sh. Khabidov [17] pay special
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attention to the analysis of the geomorphological conditions of the coastal zone — the morphometry of the
shore is determined, soil samples are taken from the cliffs to determine the mechanical properties of rocks,
the dynamics of the displacement of the coastal cliff toward the land is determined using special
equipment.

In the studies of the shores of Alakol Lake, we used the method of instrumental measurements of
benchmarks along the transversal profile. The method of instrumental measurements along the profile is
reasonable and does not require special expensive equipment. Profile lines are marked on the terrain when
organizing observations with the help of this method. First, parallel lines of the profile are laid to the cliff,
and then perpendicular lines of the alignment along the magnetic azimuth to the shore cliff are determi-
ned from the set benchmarks with the compass. Benchmarks with the use of concrete and reinforcement
(12 mm in diameter, 50-60 cm in length) are set as the initial ones. In addition, stationary objects (trees,
corners or supports of capital embankments, foundations of buildings, towers, wells, concrete supports,
lighting pillars, etc.) can be used as a benchmark, since the working group had experience in the loss of
benchmarks as a result of active shoreline erosion on the territory under study.

Depending on the length of the profile between the main benchmarks, additional intermediate
benchmarks are set to fix the direct profile and to exclude the loss of information in the case of the
accidental loss of one of them. Measurements are done after a period of time using a laser rangefinder or
measuring tape, determining the distance between the benchmark and the edge of the cliff along the line of
the perpendicular alignment. The retreat of the edge is the difference between the two measurements. In
order to display the monitoring profiles in the GIS programs and determine the location of the benchmark
in the future, GPS coordination of all benchmarks of the profile is carried out [18]. The accuracy with such
measurements is 1 cm for every 20 m of the line being determined. In order to proceed to dynamic indi-
cators, it is necessary to obtain an average retreat of the edge across all section lines of the station for the
selected time interval [14]. Documentation of the obtained data was carried out in the form of filling in the
passports of the monitoring site with the introduction of all the main quantitative and qualitative data.
Drawings and description of the site, schemes of transverse coast profiles are recorded in field logs in
detail, preliminary granulometric composition is described, photo-fixing of benchmarks, profiles, coastal
zone, infrastructure facilities of the shores, etc. is carried out.

Results and discussion. The interpretation and comparison of the results of the processing of satellite
images allowed determining the monitoring sites at the regional scale for carrying out field studies in
accordance with the developed criteria (figure 1) [19].

Figure 1 — Alakol Lake,
A — south-western abrasion shore (Koktuma village),
B — eastern abrasion shore (recreational zone
of Kabanbai village) [12]

A @ South shore (Kok village)

" . Ejo Eastern shore (Kabanbai village)
ey N
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South-western shore (Koktuma village). The leveled section of the south-western coastal zone of
Alakol Lake stretches from the Zhamanty river delta and its turning to the east (the length of 14 km). The
development of the shore is conditioned by abrasion-accumulative processes. The land is a train of debris
cones, formed by rivers and temporary channels, flowing down Zhetysu Alatau. The space from the lake
to the mountains is occupied by a foothill gently-sloping, debris-stony plain with elevation marks of 600-
700 m at the mountains, and 350 m at the lake. In other words, the shore is composed of proluvial-alluvial
sediments of Quaternary age [20].

According to Ye.A. Kazanskaya, a cliff with a height of 5-6 m, accompanied by a narrow pebbly
beach with a width of up to 10 m stretched to the north and south of the Koktuma village in 1961-1964.
Nowadays, the width of the beach remains unchanged, while the height of the cliff in the mentioned places
reaches more than 9 m.

The cliff is the natural boundary of the residential area of the Koktuma village. Six monitoring sites
were established within the coastal cliff near the Koktuma village in 2013-2014. Repeated instrumental
measurements were carried out in November 2014 and 2016. The results of observations of the dynamics
of the reformation of the cliff in the active zone were from 3 to 9.9 m over a three-year period. It should be
noted that there is uneven shoreline erosion at the monitoring sites. However, there is a steady movement
of the edge of the cliff toward the land according to all the benchmarks.

The monitoring site Ne 4 (figure 2) was founded in 2013. Two main benchmarks were installed at it,
and geographic coordinates from two concrete supports were taken as additional benchmarks. According
to the 1st and 2nd benchmarks, the dynamics of the retreat of the edge of the cliff toward the land is 9.4 m
for three and a half years. At the 7th benchmark, located in the southern part of the monitoring site, the
three-year values amounted to 9.9 meters. Residential buildings and infrastructure facilities are located in
50-60 meters from the coastal cliff. Local residents state the fact of the annual approaching of the coastal
cliff to their houses. The asphalt road is cut off by the cliff in the south direction. The analysis of the
obtained results showed an increase in the rate of shoreline erosion at the reference site from north to
south.

Two main benchmarks were installed at the monitoring site Ne 5 in 2014 (figure 3). According to the
Ist and 2nd benchmarks, the distance to the edge of the cliff at the time of the laying was 43 and 25 me-
ters, respectively. When carrying out repeated observations in 2016, anthropogenic disturbance of the

Monitoring site No. 4 Koktuma village
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Figure 2 — Data of the monitoring site Ne 4, Koktuma village, Almaty region
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Monitoring site No. 5 Koktuma village

% ” Kesilgen agash 3
£\

134 GPs || Benchmark

45 51 49.5 northern latitude
81 39 18,5 eastern longitude
Am (11+3) =40°

L (11+3) =25 m (2014)

L (I1+3) =22 m (2016)

lake

Alakol

p138

p137
Angle of fence

S

B {133 6ps | Benchmark |p132
House |45 51 47,1 northern latitude
81 39 20.7 eastern longitude
Am (1+1) =30
L (1+1)= 43 m (2014)
L (I+2)= coastal cliff
artificially smoothed cliff (2016)

Artificially
smoothed

cliff

Figure 3 — Data of the monitoring site Ne 5, Koktuma village, Almaty region

coastal cliff was revealed opposite the buildings of the recreation center. The underlying soil with a
volume of more than 1000 m® was removed from the surface of the cliff to the beach with the help of
heavy equipment. The dimensions of the disturbed coastal area were the following: width - 25-30 meters,
length - 20 meters, depth - up to 8-9 meters at the beach bottom.

Therefore, the data for the first benchmark were not measured, and the dynamics for the second
benchmark was 3 meters in 2 years. The corners of this section were tied to the coordinate system for
further monitoring. It is assumed that this technogenic effect pursued 2 objectives. The first was to reduce
or exclude the dynamics of shoreline erosion in order to keep the summer recreation centers from
destruction, and the second was to make the access to the beach area of the shore convenient. Further
development of shoreline erosion will be clarified with regular field studies.

The monitoring site Ne 3 was laid in 2013 (figure 4). The reference site is located in the central part of
the coastline of the settlement. Four benchmarks were set along the profile at a distance of an average
length of 33 meters from the edge of the cliff. The territory is an undeveloped open area. Dynamics of
displacement of the edge of the cliff for three and a half years at the 1st benchmark was 6.7 m, at the 2nd
benchmark - 7 m, at the 3rd benchmark - 4.1 m, at the 4th benchmark - 4.8 m. The average rate of the
retreat of the abrasion cliff was equal to 1-2 meters per year. Samples were taken from the steep wall of
the coastal cliff for physicochemical analysis. The granulometric composition of the main strata of the
coastal cliff and their thickness were determined visually.

Eastern shore (Kabanbai village). According to Ye.A. Kazanskaya, the site under study is gradually
rising to the south of the base of the Zharbulak spit (the cape to the north of the recreational zone of the
Kabanbai village), a low loamy cliff appears, relative height of which opposite to the Kabanbai village
reaches 5 meters. In the outcrops of the cliff, there are clay loams and thin-sandy clays, buried soils,
indicating that the shore has repeatedly experienced a transgression of the water body. The cliff of the
coast is prone to intensive abrasion, various forms of destruction of the shore - erosion niches, columnar
remains, etc. can be observed here. A narrow pebble beach stretches as an almost continuous strip along
the shore. Its height is up to 1 m, the average width is up to 7 m, the prevailing sizes of pebbles are 1-4 cm,
less often - up to 7-10 cm. In some places, the beach strip is still flooded with water, which is washing the
bottom of the cliff [20].
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Monitoring site No. 3 Koktuma village
Date of the survey: 28.05,2013;10.11,2016
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Figure 4 — Scheme of the monitoring site Ne 3, Koktuma village, Almaty region

Monitoring sites were organized on the abrasion shore in the western part of the recreation area of the
Kabanbai village. In 2013, two sites were laid and the first instrumental survey of the shore profile along
the line gauges was carried out. The nearness of recreational and infrastructure facilities to the active zone
of shore reformation was a criterion for the selection of reference sites, taking into account the coast-
protecting engineering structures on the abrasion shore. The site under study is located three kilometers to
the west of the Kabanbai village. In recent years, the territory of the summer recreational center has
increased in area. Capital construction of summer holiday homes and infrastructure facilities is carried out
both along the shore in the southern and northern directions, and deep into the land. These lands need
additional backfilling of soil, since salinization of soil is observed everywhere due to the close occurrence
of groundwater to the surface.
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Figure 5 — Scheme of the monitoring site Ne 1, recreational center of the Kabanbai village, East Kazakhstan region

Four benchmarks were installed along the profile at the monitoring site Ne 1 in 2013 (figure 5). The
group had no data on the current dynamics of erosion of this shoreline when choosing a profile at a
distance of 5 to 17 meters from the edge of the cliff. The abovementioned short distances turned to be
unacceptable for the laying of reference sites and conducting monitoring. It was recorded that a bench was
developed on the place of the profile along three benchmarks during repeated instrumental measurements
in 2014. The coastal cliff was destroyed together with the benchmarks. Only one benchmark Ne 1 was
preserved. Thus, the dynamics of the retreat of the edge of the coastal cliff amounted to 12.8 m for the
benchmark Ne 1, more than 10 m for the 2nd benchmark, more than 6 m for the 3rd benchmark, more than
14 m for the 4th benchmark for three and a half years. The data for the last three benchmarks are appro-

Ximate.
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In 2016, during the reconnaissance of the territory adjacent to the reference point Ne 1, the relevant
stationary objects were identified as new line gauges. Binding of three benchmarks was carried out using a
satellite navigation device, two of them were the foundations of buildings, and the third line gauge was
the base of the water-pumping station. Instrumental measurements of the distance from the benchmark to
the edge of the cliff were carried out. Samples were taken from the steep coastal cliff for physicochemical
analysis. The granulometric composition of the main strata of the coastal cliff and their thickness were
determined visually.

According to the data of field observations, the south-west wind “Saikan” and the spring eroding of
the shores by surface ice actively participate in the marginal erosion. Disburdening water points were
recorded, they were found in the coastal zone of the lake as a result of the retreat of the shores.

Field observations made it possible to assume than one of the reasons for the active dynamics of
shoreline erosion is the disturbance of the longshore transport of sedimentary rocks due to anthropogenic
engineering and technical activities in the coastal zone of the lake. In 2009, a transversal breakwater with
a length of 168 meters was built on the site to protect the coastal cliff from the destructive effects of waves

Monitoring site No. 2 recreation area of the Kabanbai village,
East Kazakhstan region, Aigerim Recreation Center
Date of the survey: 26.05,2013;10.11,2016
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Figure 6 — Scheme of monitoring site Ne 2, recreational center of the Kabanbai village, East Kazakhstan region
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[21]. The analyses of field observations and satellite images revealed the accumulation, growth of the
beach zone, composed of pebbles and sand on the territory located to the south of the breakwater. On the
contrary, on the shore to the north of the breakwater, the dynamics of the shoreline erosion has intensified,
and there is an active displacement of the cliff towards the land. According to the studies of Jeffrey H.
List, one of the causes of shore erosion is the disturbance of the longshore transport of sedimentary
deposits in the littoral zone. There is a disturbance in the balance of the arrival, consumption and the volu-
mes of the reserve of sediments within the littoral zone, in which the longshore and transverse transport,
river runoff, anthropogenic interference, and etc. participate [22].

Three benchmarks were installed along the profile on the monitoring site Ne 2 in 2013 (figure 6).
Distances from the edge of the cliff to the benchmarks were from 3.5 to 7 meters. There is a metal fence of
the private rest house parallel to the cliff at the indicated distances. Only two benchmarks along the lines
of the profiles Ne 2 and 3 were kept when carrying out instrumental measurements in 2016. The first
benchmark was destroyed by abrasion. In May 2013, the distance from the benchmark to the edge of the
cliff was 3.68 m. Dynamics of development of shoreline erosion at the reference site Ne 4 was determined
for each benchmark with a perpendicular direction to the cliff. At the 1st benchmark, it is presumably 4 m
for three and half years, at the 2nd benchmark — 4.24 m, at the 3rd benchmark — 3.7 m.

New benchmarks were installed to fix the dynamics of the abrasion process for further field
monitoring of the abrasion process. Three street lamps located on the territory of the summer recreation
center were selected as benchmarks. They are located at a considerable distance from the edge of the cliff
and are oriented along the shoreline. The coordination of new benchmarks, fixing the distances to the edge
of the cliff in the west direction relative to all three lamps, was carried out.

Conclusion. The conducting of monitoring field studies of denudation-abrasion shores was caused by
the need to solve the problems of sustainable recreational development of the coastal territory of Alakol
Lake in order to reduce the threats and negative impact of exogeodynamic processes on valuable
recreational areas, agricultural lands and residential areas. In order to solve the tasks of preserving the
coastal abrasion cliff and increasing the recreational potential of Alakol Lake, the research group adapted
the field method for monitoring the transformation of the relief of the shores. The method was tested in
field studies. The experience of monitoring field works showed the need to install benchmarks along the
profile at the distance of at least 20 m from the edge of the cliff.

The results of field studies showed a high rate of reformation of the abrasion cliff of the south-
western and eastern shores. Areas with the dynamics of more than 3-4 meters per year were revealed.
Uneven relief formation is observed in the coastal zone with functioning engineering shore protection
structures, for example, accumulation occurs on one side of the breakwater, and there is an active denu-
dation on the other side. Additional desktop and field studies are necessary for studying and understanding
the current circumstances.

Abrasion refers to the processes that require careful study of its conditioning prerequisites, moni-
toring the state of the shoreline and conducting shore protection works in places where this process is
particularly pronounced. The main attention should be paid to the abrasion development of the lake
terrace, cliff, wave-cut notch and the relevant re-deposition of rocks of the coastal zone [19]. The obtained
results of the field studies will contribute to a deep understanding of the processes of shore formation of
internal lakes, arid zones, the accumulation of quantitative data, as well as the development of effective
methods of shore protection and management of coastal territories.

Funding. project Noe AP05134437 “Monitoring studies of unfavorable exogeodynamic processes in
the coastal zone of Alakol Lake — the territory of intensive recreational development” under the agreement
Ne120 dated March 5, 2018
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AJIAKO.JI KOJII JKAFAJIAYBIHJIAYBI ABPA3HSA TAMYbIHbIH
JAJIAJIBIK 3EPTTEYJIEP BOUBIHIIIA MOJIMETTEPI

AnHoTtamusi. COHFBI XKbUIIAPbI AJAKeN KOJi TYpU3M KOHE JeMajlbic OPTaJbIFbIHA aifHANIBI, HHPPAKYPHUTBIM
KCHIHEH NTaMBbIJIbl, JKaFajay arbl ayJaHaaplaa aiKblH TEXHOTCHAI aHTPOIOTeHIIK )KYKTeMe maiaa 6onapl. COHbIMEH
Oipre, TaOMFU-aHTPONOTEH/IK JKaFJaiIapIblH TYPaKCHI3AbIFB CEPIHEH JKarajayIblH KaJbINTacybl Oipa3 e3repicke
ymbIparn, 0y HHOPaKYpbUIBIM HbICAHIAPBIH KUPAIl KOWBLTYbIHA, Kep TeIIMACPIHIH a3aloblHA KOHE MaTEpHAIBIK
IIBIFBIHIAPIBIH YWIFAYBIHA OKEI COKTHIPABL. FruthiMu eHOSKTep IiH MIOMyBI ey JKbUT OYpPBIH JKYPTi3iUIreH 3epTTey-
nep exeHi aHbIKTanApl. Con cebenTi, 3aMaHayd eNIIeMIi-HHCTPYMEHTANBIR acllanTap XaHa Oakpuiay, Kaxarajay
aaHIapblHAH aJlbIHFAaH MOJIMETTEepIi oHJey MaHBI3Abl penre ue. JKaramayablH KalbIITACYBIH capanTama Xyprizy
HaKThI TTapaMeTpliepAl adyAblH THUIMII OICTEPIH aHBIKTay TYCIHyre MyMKiHAIK Oepai. JlanajiblK 3epTTeyiep xKyp-
ri3iIreH Tenimaepae OenriieHreH FaphIThIK TYCIplTiMIepAl naiaananya alMakTbeiK Tociaepai Konaany. Jlananpik
FBUIBIMHU 3€pPTTEYJIEPIH/E ClITEeMe HYKTENepiHeH apaKallbIKTHIKTBI aCHANTHIK OJIIIey 9/ICi MaiJanaHblUIIbl. 3 KbLI-
JIBIK Ke3¢H OOMBIHINA AJIaKeJ KOJiHIH HIBIFBIC )KOHE OHTYCTIK-0aThIC JKaFranay OeiKTepiHiH OHJCITCH XKaraiay e3re-
picTepiHiH HOTIKeNepi aHbIKTanAbl. OHTYCTIK-0aThIC kKaraJlayblHIa 6 OakpLiay alaHmapbl OpHATHUIABI. BenceHmi
JKYpreH OeNiKTeri eHACNTeH JKarajay KapKaOaKTapbIHbIH €3repreH TUHAMHUKACHIH Oakbliay HOTHIKENepi YII JKbUI-
IIBIK Ke3eHHEH 3-TeH 9,9 M-re nmeiiin e3repmi. 5-6 MetpaeH (1964) 9 merpre JeifiH jxaraigayaarbl dKapTacThIH OUIKTi-
riHiH e3repyi aHbIKTanabl. LLIBIFbIC jxaFanayblHaa 2 OaKpUIay anaHbl YHBIMIACTBIPBULABL. 3 JKBUIABIK Ke3¢H OOMbIHIIA
JKaFanayablH OCIICeHII OHAeNIN e3repicke yisiparad Oemirinae 3,7-nen 14 m-re geiid xetti. Ochl anaH OOMBIHIIA
JKaFaayiarel [MeTiH/I JKbIHBICTEIAPBIHBIH JKaFanay OOWBIMEH IAMBUIBIT OY3bUTYHI 168 METpiiK KYHBUIFaH CYIBIH
a0pa3usSHBIH YIFANBI 63repicKe YIIBIpaybIH KaKCapTaThIH O1Tyre 0oambl.

Tyiiin ce3mep: Hananblk 3epTTEyNep, Karajaylbl eHACyINl Oakpuiay, Karamay jkapbl, aOpasus, xep Oenepi
KaJIbINTaCybIHbIH ©3repici.
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PA3ZBUTHUE ABPABUOHHBIX BEPET'OB O3EPA AJIAKOJIb
IO MATEPHAJIAM MOJIEBBIX UCCJEJTOBAHUM

AHHoOTanusi. B mocnenHue rojsl 03epo ANakoib CTaHOBUTHCS LIEHTPOM OTIbIXa M TypuU3Ma, pa3BHBaeTCA
UH(}paCTPyKTypa, C BBIPLKEHHON TEXHOTEHHOW Harpy3kodl Ha OeperoBble TeppuTopuu. [Ipu 3TOM o0OOCTpsieTcs
Xapakrtep 6eperoodpa3oBaHHUs 1101 BO3ACHCTBHEM HECTAOMIBHOCTH MPUPOTHO-aHTPONIOI€HHBIX YCIIOBUH, YTO MTPUBO-
JUT K pa3pylIeHHI0O MH(PACTPYKTYpHBIX OOBEKTOB, IMOTEpe 3eMenbHOro (onna, MatepuansHoMy yiiepOy. O0630p
HAaYYHBIX PabOT BBISBHJI ISATHIACCATHICTHIOIO IaBHOCTh MCCIEIOBAaHMUN MPOBOAMMBIX paHee. [loaTomy mosiydeHue
HOBBIX MOHHUTOPHHI'OBBIX JTaHHBIX C MCIOJBb30BAaHUEM COBPEMEHHBIX MHCTPYMEHTAJIBHO-U3MEPHUTEIBHBIX PHOOPOB
SBISIETCSl akTyanbHbIM. Ompenenenne 3()(EKTUBHBIX METOJOB JUIS TOJyYEHHS TOYHBIX MapaMeTPOB IO3BOJIIIO
TIOHSITh Y TIPOAHAIIM3UPOBATh OeperooOpazoBaHue. PerHOHaIBHBIM MOIX00M C IPUMEHEHHEM KOCMOCHUMKOB OBLIH
BBIJIEJICHBl YYACTKH UIsl MIPOBEACHMUS MOJIEBBIX MCCIECAOBAHUHI. B IMONIEBBIX MCCIEIOBAHUSX HCIIOIB30BAJICS METON
WHCTPYMEHTAIBHBIX U3MEPEHUH PacCTOSHUM OT penepoB. B pesynbrare ObuIa ompenencHa TUHAMHUKa IepepadoTKu
OeperoB 3a Tpex JIETHUH NMEpHo]] Ha Or0-3ara HOM U BOCTOYHOM Oepery o3epa Anakois. Ha roro-3anagHom Oepere
ObUTM YCTaHOBJICHBI 6 MOHMTOPHMHTOBBIX IUIOLIAOK. Pe3ynbraThl HaOMIONEHHUH 3a AMHAMUKOW nepepaboTku Oepe-
TOBOTO YCTyINla B aKTUBHOM 30HE cOCTaBMIM OT 3 10 9,9 M 3a TpexJeTHHH nepuol. BoIIBICHO U3MEHEHHE BBICOTHI
6eperosoro kiuda ot 5-6 Metpos (1964 r.) no 9 metpoB. Ha BocTouHOM Oepery ObLIM OpraHU30BaHbl 2 MOHUTOPHH-
TOBBIE TUIOMIAAKK. JJMHaMuKa repepaboTku OEperoBoro yCTyna B akTHBHOW 30HE COCTaBUIIM OT 3,7 1o 14 M 3a Tpex-
nerHuil nepuon. Ha nanHol miomanke mpeanosaraeM HapylIeHHE BJOJILOEPEroBOro MEPeHoca 0CaJ0UYHBIX HOPOJ
168-M1 METPOBBIM BOJTHOPE30M, KOTOPBIN YCHIIMBAET JUHAMUKY aOpa3uH.

KitioueBble cioBa: 1oJieBble MCCIIEIOBaHUS, MOHUTOPHHT IepepadoOTKH Oeperos, OeperoBoil ycryt, abpasus,
JMHAMHKa pesibe)ooOpa3oBaHusl.
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RESULTS OF SURVEY WORKS ON GOLD MINERALIZATION
REVALUATION FOR THE ZHUNGAR-BALKHASH FOLD BELT

Abstract. The article contains results of surveys carried out by the authors in a period from 2012 to 2014 under
the Grant Project “Analysis of the epithermal gold-silver mineralization of the Zhungar-Balkhash region and
allocation of promising areas for discovery of a new type of industrial deposits”. Object of research is the epithermal
volcanic mineralization of the North-Western, North-Eastern and Southern sectors of Zhungar-Balkhash region. The
gold content of almost all 48 objects of research was confirmed through surface litho-chemical testing and classical
metallogenetic analysis. Also,the forecast estimate was given to the region's industrial prospects for profitable gold-
silver deposits.

Key words: gold, epithermal gold-silver deposits, volcanic-plutonic belts, pre-study, forecast.

In recent decades, in many countries of the world (Russia, the United States, Japan, Brazil, etc.), a
breakthrough in the gold mining industry is attributed largely to epithermal gold deposits of volcanic-
plutonic belts (VPB) (figure 1) [1-4, etc.]. A new impulse of the increased interest of gold producers to
this type of gold mineralization is due to a number of known factors. Firstly, this group contains large and
unique deposits (USA, Round Mountain - 300 tons Comstock - 266 tons, Papua New Guinea, Porgera -
555 tons, etc.)along with exceptionally wide development of small objects with bonanza nature of
mineralization, which allows make work without significant expenditures. Secondly, a possibility of using
the open cut mining for these objects, involving highly efficient modern ore processing methods (heap and
tank leaching, etc.). Thirdly, the associated extraction of silver, bismuth, tellurium, mercury and other
components. Fourth, and most important, finding and involvement in development the deposits with low
Au content (up to 1 g/t) with large volumes of ore mass, the so-called large-volume (large-tonnage)
objects [3].

The article of V.A. Narseev and V.M. Shashkin [4] states that “the large-volume deposits of squalid
concentrations are on a rise and represent new direction of gold mining. According to the US Mountain
Bureau, the number of deposits with gold content less than 1 g/t as of January 1, 2007 was as follows:
Brazil - 2 objects, 236 tons, cont.= 0.43 g/t; Indonesia - 2 objects, more than 3000 tons, cont. = 0.84 g/t;
Chile - 2 objects, 758 tons, cont. = 0.7 g/t; the USA - 7 objects, 557 tons, cont. = 0.44 g/t. The Argentine
deposits are close to the abovementioned ones: 1 object, 346 tons, cont. = 1.09 g/t, Peru - 5 objects, 1400 t,
cont. = 1.11 g/t. As of January 1, 2012, the number of such facilities has been doubled”.

The priorities noted for this type of mineralization are the basis for making an application to the
Ministry of Education and Science of the Republic of Kazakhstan in 2011 for the project: “Analysis of
the epithermal gold-silver mineralization of the Zhungar-Balkhash region and allocation of pro-
mising areas for discovery of a new type of industrial deposits” [5].

The authors did not doubt in timeliness of the statement of this topic on Zhungar-Balkhash fold belt
(ZBFB), since 75% of its territory is represented by extensive areas of volcanic-plutonic associations of
rocks, forming the marginal continental coal and inland continental coal-Permian volcanic-plutonic belts
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Figure 1 — Placing of large gold-silver deposits in volcanic-plutonic belts of the Pacific ore belt [1].

1 - Late Jurassic-Early Cretaceous mineralization; 2 - Late Cretaceous mineralization; 3 - Paleogene-Neogene
mineralization; 4 - Neogene-Quaternary mineralization; 5 - the boundaries of different age-old metallogenic zones
(bergstrich to the age decreasing);6 - boundaries of the Pacific belt segments: I - New Zealand, II - Papua New
Guinea, III - Indonesia, IV - Philippine; V - Japanese, VI - Sikhote-Alin, VII - Okhotsk-Chukchi; VIII - Kuril - Kam-
chatka, IX - North American, X - Mexican, XI - South American;7 - individual deposits (in parentheses the average
age of mineralization, million years):1 - Waihi (4.0), 2 - Tavua (4.0), 3 - Mizima (10), 4 - Ladolam (0.3) , 5 - Porgera
(6.0), 6 - GunungPongkor (20.0), 7 - Kelian (20.0), 8 - Akupan (1.5), 9 - Chinquashi (1.0), 10 - Hishikari, Kushikino
(1,0), 11 - Konomai (10), 12 - Agin (8), 13 - Amethyst (40), 14 - Mnogovershinnoe (65), 15 - Hakanja (71), 16 - Du-
kat (80), 17 - Kubaka (160), 18 - McDonald (35), 19 - Slipper (23), 20 - McLaughlin (2), 21 - Round Mountain (25),
22 - Cripple Creek (28), 23 - Komstok (13), 24 - Telluride-Silverton (22), 25 - Tonopa (20), 26 - Goldfield (20),
27 - Mesquite (25), 28 - Ocampo, 29 - Parral (30), 30 - Sunset (20), 35 - Yanacocha (15), 36 - Kori-Kollo (20), the
United States of America, 37 - La Coipa, 38 - Nevada, 39 - El Indio (10).

(VPB), which are very promising for studying and searching the deposits of such geologic-industrial type
(GIT) [6, etc.].

Recommendations of the predecessors on additional study of the gold content [6-9 and others] and
presence of the main ore mineralization factors attributed to the world's known typical epithermal deposits
(Wyehi-New Zealand; Cripple Creek, Telluride-Silverton, Goldfield-USA, El-Indio-Chile, Yanacocha-
Peru, etc.) [1, 2, 6 other] are the main issues for inclusion of certain objects in the program of works.

For the three years of the Grant Project performance, the workers carried out field work at 48 points
of mineralization in the North-West, North-East and Southern sectors of the ZBFB (see figure 2) [5].

In selecting objects for pre-study, first of all, the Map of Prospective Gold-ore spots and areas of
ZBFB was used inthe scale 1: 1000000 (figure 3), which was based on the data from the “Registration
chart of gold ore occurrences in the south of Central Kazakhstan”, made by results of helicopter searches
conducted during the period from 1968 to 1973 by B.S. Zeilik, V.A. Efimenko [10], and the data from
Maps of ZBFB gold content of the scale 1: 500000, compiled by E.Y. Seitmuratova, P.X. Zhukov in 1998 [6].

Finally, this map shows about 2000 manifestations and points of gold mineralization, of which, in
addition to well-known deposits and ore manifestations, 364 gold mineralization points with a content of
0.01 to 0.1 g/t; 453 points with a gold content of 0.5 to 1.0 g/t; 257 points with gold content from 1.0 g/t to
5.0 g/t and 90 mineralization points with a gold content of more than 5.0 g/t.
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Espe Meyerman, 23. Moldybai, 24. Bektau-Ata East, 25.

Itlai Uzhtobe, 26. Targyl South. SITES OF NORTH WEST SECTOR OF ZBR

SITES OF NORTH EAST SECTOR OF ZBR

Morth-East sector of Zhungar-Balkhash Region

27. Taskora, 28. Orta Deresin, 29. Ulken Tabak Kalkan, 30.
Kishkene Tabak Kalkan, 31. Aulie, 32. Altynkazyk, 33.
Akshoky East, 34. Kokdala, 35. Uzuntas, 36. Muzbel North,
37. Zhilandy East.

SITES OF SOUTH SECTOR OF ZBR

STANDARD SECTOR OBJECTS
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Figure 2 — Location scheme of the epithermal gold-silver mineralization of the Zhungar-Balkhash region

It should be noted that not only the objects of Au-Ag mineralization were included in the pre-study
program, but also volcanogenic Cu-porphyry, Pb-Zn and Pb manifestations, where single significant Au
contents were previously noted and their gold content was not specified further (SokurBirksi, Symbhil,
Sargul, Kurgantas, Ktay, Akgirek, Kokdala, Bizhe, etc.) [5-10 and others]. Inclusion of not only gold ore
occurrences into the study is caused by the fact of existence a number of cases when copper mineralization
points (Mystobe, Sambyl, Sokurka, Birksi), polymetals (Zhosabai, Sargul, Akgirek, etc.) and others turned
out to be gold ore occurences after additional study. This indicates that the final scale of the gold-bearing
nature of the stiffness has not been revealed yet. The noted cases also bear witness to the complex nature
of epithermal mineralization.

During the field research of the objects included in the field programs of the next year of work on the
project (201-2014), the following tasks had to be solved:

1) mapping of objects with compilation of geological maps: 1: 25000-1: 10000;

2) identification and detailing of the previously and newly identified areas of metasomatically
reprocessed rock propagation and conduct of an area litho-geochemical testing.
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1-4 Extent of mineralization (number of dots perunitarea, equalto 78 square meters): 1-2-3;
5 - indigenous deposits: a- medium, b - small, 6a - placer depaosits, 6b - placer ore

7 - estimated rootore occurrenceswithAuy[ton content:

"| 8-01-05,b-0.5-5, ¢->5;

8 - manifestations with the content of Auy / ton:

a-»5, b-0.5-5, 8-0.1-0.5, r- mineralization points, ore samples, concentrates;

9-10 content at the points of the manifestations of Aring / m; a-5-10, b-10-30, 8-> 30; 11 -
guantitativeassessment of mineralization:

54 - the numberofthe ore node, inthe
numerals-the conditional density of
pointsin points, in the denominator -
the forecastresourcesintons;

12 - evaluation of deposits in points;
13 - the amountof gold reserves;

14 - boundaries of structural and
formation zones;

15 - established faults;

16 - suspected faults;

17 - boundaries of folded areas.

Figure 3 — Map of prospective gold ore spots and areas of the Zhungar-Balkhash fold belt.
Made by: E.Y. Seitmuratova, P.K. Zhukov, F.F. Saidasheva [6]

Areal sampling is due to the fact that this type of mineralization is characterized by an extremely
uneven distribution of Au content within ore-bearing areas, which is well illustrated by the drawings of the
Silverton-Telluride gold deposits, the USA - 245 tons, Tau-Wua Polo, Fiji Island-120 tons, gold province
Kivatin (figure 4a, b, ¢) [2, 6].

So, the first two large deposits are in common structures of the caldera type with numerous non-
industrial manifestations: in the first case - with 37 objects, in the second —with 23 of them [6].

A. Silverton-Telluride Ore Field

1- granites; 2 - ancient crystalline rocks; 3 - young
lavas and pyroclasts of andesite, dacite-rhyolite
and quartz-latite formations; volcanics, quartz-
latite-rhyolite formation; 5- subvolcanic bodies of
rhyolites; 6 - stocks and dikes of quartz porphyry;
7 -ring faults: a - tracked, b - assumed; 8 - some
ore-controlled radial faults; 9-radial gold ore veins
and ruptures: a- main, b - secondary; 10- ring
faults with tubular gold ore bodies; figures in the
circles - deposits: 1- Camp Bird, 2 - Sunnyside, 3 -
Idarado, 4 - Gold King, 5 - American - Tonnel, 6 -
Terri-Tonnel, 7 - Shenando, 8 - Silver Peak;
discharges: Bonita (B), Ross-Basin (R), Will-of-
Fortune (in); Dome-uplift - Sneffele (c)
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ore deposits: a - main, b - other.

B. Vatukuol and the placement of gold ore deposits (according to Denholm). 1 - trachybasalts;
2 -intrusive agglomerates; 3 - andesite conical deposits; 4 - biotite andesites; 5 - basalts; 6 -
magmatic reservair; 7 - the outline of the caldera; 8-dikes; 9 - major zones of schists; 10 - gold

B. Location of gold fields in the eastern part of the province
Kivatin (according to Goodwin) - subvolcanic rocks of acidic composition, 2 main faults, 3 -
industrial gold deposits, 4 - ore occurrences of gold, 5 - boundaries of ore fields.

50 10

Figure 4 — Examples of uneven distribution of gold mineralization in gold ore structures and fields [6]
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Consequently, when searching for epithermal deposits in VPB, there should be no limit to revealing
only one or two manifestations that are within a promising ore-bearing structure, but it is necessary to
estimate the potential ore-bearing capacity of the entire area that is allocated by hundreds in ZBFB. At the
present time, within the framework of the Kargaly volcanic-tectonic structure (VTS), the litho-chemical
sampling was carried out on indigenous rocks (G.T.Skublov, 1965-1968), which allowed discover 3 small
gold-silver deposits - Slushoky, Ily and Zhosabai and large quantities of mineralization points for gold and
silver, which require additional study [6, etc.].

The geological additional study of ZBFB gold ore allows state the following [5] most important
results:

- The complex geological structure of all volcanic-tectonic structures revealed during the mapping
process, to which the most of the studied gold ore areas are associated (Sokurkoi, Nauryzbai, Kuder-
Akgireksk, Sambyl, Sargul, etc.) to, characterized by the complex heterogeneous composition of the
basement of these structures and intensively manifested discontinuous tectonics established during
interpretation of aerial and cosmic materials (figures 5, 6) [6].
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Figure 5 — Geological map of copper-porphyry with gold deposits of Sokurkoi, scale 1:25000.

1 - alluvial and lacustrine-alluvial, dry-type playa; 2 - alluvial-deluvial deposits; 3 - acidic volcanics of the Keregetas suite
(Cby-mkg); 4 - sub-volcanic intrusion of the Keregetas suite; 5 - basalts of the Kalmakemel suite (C;s,-b;kl); 6 - andesibasalts of
the Kalmakemel suite (C;s,-bikl); 7 - andesites and their tuffs of the Kalmakemel suite (C;b,-m;); 8 - andesidicites of the
Kalmakemel suite; 9 - volcanogenic-sedimentary deposits of Silurian; 10 - Proterozoic; 11 - y&nPstr; 12 - granite-felsite-por-
phyry of the ventral facies of the keregetas suite; 13 - uydP,kk; 14 - y3C,; 15 - yDsks; 16 - monoquartzites breccia along the vent
facies; 17 - the body of monoquartzites; 18 - sericitequartzites; 19 - secondary quartzites with a limonite, sericite-kaolinite-alunite;
20 - secondary kaolinite-dickitequartzites.
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Figure 6 — The cosmogeological map (A) and the geological map (B) of the copper-gold ore manifestation Korgantas [5].
1 - fine-grained leucogranites (P); 2 - granite-porphyry (C); 3 - tuffs of the acid composition of the Keregetas suite (C2kg);
4 - tuff-conglomerates, sandstones, siltstones, sills of andesites of the Kalmakemel suite (C1-C2kl); 5 - andalusite-quartz metaso-
matites; 6 - metasomatitesandalusite-quartz-sericite and kaolin-quartz; 7-metasomatites quartz-sericite and quartz-kaolinic; 7- geo-
logical and facies boundaries; 8-breaking disorders

- Distribution break down formetasomatic formations, which form extensive fields in all areas
studied, which were previously identified by a number of geologists, and definition of their facial va-
rieties. The largest number of metasomatites facies was established on the Kuder-Akgirek area (figure 7).
These are secondary quartzites of the following mineral types: monocrystal, quartz-sericite, quartz-
sericite-dickite, quartz-hematite-kaolinite, alunite-kaolinite, quartz-dickite-zunite, jarosite-kaolinite.

- Confirmation of a previously noted fact of widespread distribution of the secondary quartzite
metasomatic formation, to which the most of the epithermal gold-silver mineralization is associated to.

- Also identification of the dependence of ore content of the secondary-quartzite metasomatic
formation of its structural position. In the case when it is manifested in the center of the volcanic
construction, fixed by the products of the muzzle and prichargalfacies, the probability of revealing
relatively large ore objects is most significant [4, 5, 10].

- It has also been confirmed, that peripheral zones of volcanic structures, radial and annular faults are
no less favorable for the ore deposition.

- After processing the results of analytical studies, it was revealed that the elements-indicators of
gold mineralization in ZBFB are Pb, Cu, Mo, Bi, and the subphonic elements are as follows: Co, Ni, V,
Sn, and they are characterized by negative correlation ratios to the gold.

Schemes of geochemical haloes made on all areas and geologico-geochemical sections by profiles
also allowed reveal:

1) geochemical specialization for each area;

2) close positive correlation between Au- Pb-Mo-Bi-Ag-Cu;

3) According to the correlation analysis, a productive geochemical association of elements (Au, Ag,
Pb, Cu) is determined, which is supplemented with bismuth at the upper ore and ore levels, and Bi
occupies the position of Mo in the positions of remotely-peri-ore and lateral wedging.

Data on the geological structure, spectral and atomic absorption analyzes allowed the authors to
compute the predicted schemes for a number of gold ore areas studied (Symbhil, Akgirek, Sargul,
Nauryzbai, etc.), with allocation of sites according to the prospects degree as the primary and secondary
(figure 8 A, B, C). On the basis of the same data, the gold reserves were estimated at a depth of 10 m, for a
number of studied gold ore deposits which may be interesting for investors.

According to the analysis of these data, the following gold-ore areas and objects are promising:
Sokurkoi-61,074 tons, Symbhil-38,066 tons, Kuder-Akgirek-86.814 tons, Akshoky-10.639 tons,
Kosshoky-18.096 tons, etc. [5].
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Figure 7 — Cosmogeological map of prospective gold-ore area Akgirek, the scale 1: 10000.

1 - quaternarysediments (dry-type playa, white alkali, alluvial deposits); 2 - paleogeneclays with fragments of rocks
(rolledan-dacute); 3 - “iron hats” with fragments of rocks — red-colored paleogene clays with fragments of secondary quartzite;
4 - “iron hats” without fragments of rocks; 5 - intrusive bodies type of porphyritic granosienites; 6 - dykes of granosienitporphyry;
8 - dykes of rhyolite porphyry and felsite porphyry; 9 - dykes of diabases; 10 - quartz vein; 11 - andesi-basalts; 12 - quartz-bearing
andesites; 13 - andesites (aphyric and porphyritic); 14 - automagmatic breccia of andesite composition; 15 - lithic-crystal tuff of
andesite composition; 16 - crystallotuff of andesite-dacite composition; 17 - a pack of volcanic sedimentary rocks; 18 - propyliti-
zedandesites; 19 - epidotizedandesites; 20 - chloritizedandesites; 21 - fluid lavas of rhyolite composition; 22 - spheriolite lavas of
rhyolite composition; 23 - ash crystallotuff of rhyodacite composition; 24 - caked tuff of rhyodacite composition; 25 - ignispu-
mites of trachyriolite composition; 26 - ignimbrites of trachyriolite composition; 27 - polymineral secondary quartzites with

unindentified facial associations; 28 - monoquartzites on brecciated rocks; 29 - monoquartzites granular; 30 - monoquartzites
secondary quartzites “sound” for pressure (aphyric); 31 - quartz-sericite-diccite(kaolinite secondary quartzites).

atl
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Thus, the conducted studies showed a high prospectivity of the studied areas and manifestations of
epithermal Au-Ag mineralization. It has also been established that some of them can be considered as
large-scale deposits with poor ores that have been successfully developed in many countries by the open
cut mining method, using new technologies for extracting gold (heap, vat leaching, etc.) [3, 4, etc.].The
works carried out at the first stage of search for epithermal Au-Ag manifestations in ZBFB convincingly
substantiate the high prospects and the extreme necessity of setting up detailed prospecting and appraisal
works to verify the manifestations to the depth and recommending conduct further exploration and
subsequent extraction.

The authors are grateful to the Ministry of Education of the Republic of Kazakhstan for support of the
grant 0520 for 2012-2014, results of which again confirm the prospects for the epithermal gold-silver
mineralization of the Zhungar-Balkhash fold belt.
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Figure 8A — Forecast scheme for the gold ore area Symbyl, the scalel: 25000.

1 - known deposit, 2- primary prospect sites, 3 - prospect secondary sites, 4 - prospect third turn sites
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Figure 8B — Forecast scheme for the Akgirek prospective gold-ore area.
1 - primary prospect site, 2 - secondary prospect site,
3 - third turn prospect site, 4 — faults, 5 - points with significant Au content
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Figure 8B — Forecast scheme for the Sargul prospective gold ore area.

1 — quaternarysediments (dry-typeplaya, whitealkali, alluvialdeposits), 2 - shangelbay suite — ignimbrite-ignispumite series
of the trachyrhyolite composition, 3 - sub-volcanic intrusion of the rhyolite porphyry of the karkarala suite(C,v,-s kr), 4 - sub-
volcanic intrusion of the rhyolite porphyry of the karkarala suite(C,v,-s kr),5 - dykes of the microgranite-rhyolite- and felsite-
porhyry of early carboniferous, 6 - heterochronouspersilicic volcanic neck, 7 - heterochronoussubsilicic and medium volcanic
neck, 8 - the karkarala suit(C;v,-s kr)lithocrystalloclastic tuff of rhyolite composition with rare interbed of tuffites, tuffaceous
sandstone,9 - the kemelbek suit (C;v,-s;km) — volcanogenic-sedimentary series of andesite basalt, andesite, rhyodacite with
interbed of tuffites, tuffaceous sandstone, limestones, ferruginous quartzites, carbonaceous-argillaceous aleurolite and coal, 10 -
secondary quartzites, not dissected into mineral facies, developed in the Early Carboniferous rocks of the karkarala and kemelbek
suites, 11 - ferruginization zone, 12 - quartz vein,13 — crust of weathering of quartz-kaolin profile, 14 — quartzous and sericitized
volcanic rock, 15 — faults: a) linear of variety order, b) ring and arcuate, 16 — primaryprospectsite, 17 — secondaryprospectsite

9. 10. CeiitmyparoBa', B. C. T'opsiea', 5I. K. Apmamos?,
P.T. BapaTonl, 1. O. layréekos’, @. @. Caiigamesa’, I1I. A. CeiiT:kanos'

. U. CorbaeB aTbIHAarsl TE€OJOTHSIIBIK FRIIBIMIAP HHCTUTYTHI, AJIMATHI, KCTaH,
K. UI. Corbaes a a €0JI0 aj C Anma a3akcTa
2CorGaes Yuusepcureri, Anmarsl, Kazaxcran

JKOHFAP-BAJIXAIII KATITAPJIBI JKYUECIHIH AJITBIHKEHILJIITTH
KAHUTA BAFAJIAY BOUBIHIIA KYPTT3IVI'EH KOJIJAHBAJIBI
FBIJIBIMU-3EPTTEY ) K¥YMbBICTAPBIHBIH HOTU/KEJIEPI ’KOHIHIIE

AnHotanmsa. Makanana 2012-2014 >xpuigapsl apanbiFblHAa opbiHIaFaH <«OKoHrap-bankam aiiMarbiHIaFs!
SMUTEPMaIbJIbl ANTHIH-KYMIC KEHOPBIHJAPBIH TaJ[ay XKOHE JKaHAa THUITI OHEPKICINTIK KEHOPBIHAAPHIH Taly YIIiH
MepPCIEKTUBAJIBIK aiMaKTapasl 0eiy» TpaHTTHIK K00a aBTOPJIApBIHBIH KYPIi3reH 3epTTey XKYMBICTAPbIHBIH HOTH-
Kenepi KentipinreH. 3eprrey HbicaHbl JKonrap-banxamm aiimarsiaeiH Conrycrik-barsic, Contyctik-1IbIFbIC jxoHE
OHTYCTiK O6mniKTepiHJeri SNUTepMalbIbl BYJIKAaHOTEH/I KeHAEHY aiiMakTapbl OOJbBIT TaObUIABI. ApANbIK JUTOXH-
MISUTBIK ChIHaMajlay MEH KJIACCHKAJBIK METAJUIOTCHMIIK TaliayIblH HOTIDKENIEpiHE CYHEHE OTBIPBII, 3€PTTEIIHICH
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GapibIK 48 HBICAHHBIH AJNTBIHKEHAUTITT TONIEIICH I KOHE SIMTUTEPMAIbIBI AlITBIH-KYMIC KEHOPBIHIAPBIH OHIIPY YIIiH
OHEPKICINTIK MePCIIeKTUBANBI aiiMaKTapra O0KaMIbIK OaFa Oepimi.

Tyiiin ce3aep: anTbiH, STUTEPMAITB/IbI ANTHIH-KYMIC KEHOPBIHIAPHI, XKaHAPTAY-TUTYTOHBIK OelieM, KOChIMIIIA
3epTIey, OomKaM.

3. 10. Ceiitmypatosa', B. C. T'opsieBa’, 51. K. Apmamos’,
P.T. BapaTOBI, . O. I[ayTﬁeKOBI, ®@. ®. Caiinamesa’, I1I. A. CeiiT:kanos’

"MuctuTyT reonoruueckux Hayk um. K. U. Carnaesa, Anmarsl. Kazaxcran,
’Cor6acs Yuurepcureri, Anmatel, Kazaxcran

O PE3YJIbTATAX NPOBEAEHUA NPUKJIAJHBIX HAYYHO-UCCJIEJOBATEJIBCKUX PABOT
IO NEPEOLEHKE 30JI0TOHOCHOCTH
KOHT' APO-BAJIXAIICKOU CKJIATYATOU CUCTEMBI

AHHoOTanus. B cTatbe M3nm0XKEeHBI pe3yibTaThl MCCIENOBaHUI, MpoBeAeHHbIX aBTopamu B 2012-2014 rr. mo
TPaHTOBOMY ITPOEKTY «AHAIIU3 SMUTEPMAILHOTO 30JI0TO-cepeOpsiHoro opyneHeHus JKoHrapo-banxarickoro pernona
W BBICICHHE MNEPCIEKTHBHBIX IUIOMAACH Uil OOHapy>KeHHS MPOMBIIIIEHHBIX MECTOPOXKIACHUH HOBOTO THIIAY.
OOBEKTOM HCCIIeIOBaHUH SIBIJIOCH SIIUTEPMANbHOE BYJIKaHOTeHHoe opyneHeHne Ceepo-3amanHoro, Cesepo-
Boctounoro u IOxHoro cexropoB Xonrapo-banxamickoro pernona. Ha ocHOBE pe3ynbTaToB ILIOLIAJHOTO JIUTO-
XHUMHYECKOTO ONPOOOBAHUS M KJIACCHYECKOTO METATIOT€HHYECKOTO aHaIn3a ObUIa MMOJATBEP>KACHA 30JJI0TOHOCHOCTh
MoYTH BceX 48 MCCIEAOBaHHBIX OOBEKTOB M JIaHA IPOTHO3HAS OIIEHKA MPOMBIIUICHHBIX MEPCIIEKTHB PETHOHA Ha
oOHapyXeHHe PEeHTA0CTBHBIX IS OTPAOOTKH SMUTEPMATBHBIX 30JI0TO-CePeOPSIHBIX MECTOPOKIACHUH.

KinroueBble cj10Ba: 30J10TO, SIUTEPMAJIBbHBIE 30JI0TO-CEPEOPSHbIE MECTOPOKICHUS, BYJIKAHO-IUTyTOHHYECKHE
osica, 10M3y4eHHe, IIPOTHO3.
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ON THE CLOSING DATE
OF THE JUNGAR-BALKHASH PALEOBASIN

Abstract. Analysis of materials on the Southeast of Kazakhstan and the adjacent region of China shows that the
development of the Paleoasian ocean occurred through the formation of island arcs and separate sedimentation
basins. Dzhungaro-Balkhash sea basin existed from the early Ordovician to the middle of the Permian period, as
evidenced by the presence of marine fauna in its individual parts. Stratigraphic materials adjacent to the East of
Alakol area of China show that most young marine terrigenous deposits, Jungar-Balkhash basin are of Famennian-
tournaisian the tournaisian age and overlap-cannabischarlie regional volcanic volcanic belt. This is followed by a
break corresponding to the rise of the area, the subsequent accumulation of ground molasses of the Gzhel century,
and then the contrasting lower Permian volcanic series. The youngest ophiolites in the area are of early Devonian
age. These data indicate the autonomous time of laying the pools that make up the paleo-ocean and the close time of
their closure (probably early Permian). Closing method-a collision in combination with a simple filling sedimentary
material. The active edge of the Dzhungaro-Balkhash basin is the Ili plate separating It from the South Tien-Shan
paleocean. Volcanic accumulation of the Devonian, Carboniferous and Permian periods are part of a volcanic belt
that framed Jungar-Balkhash sea basin on the part of the Kazakhstan continent, talking about the geological and
petrochemical data.

Key words: Paleoocean, ophyolites, island arc, active margin, Gzhel age, petrochemical data.

Introduction. Late Paleozoic history of South-East Kazakhstan and Tien Shan is connected with
development of the Paleo-Asiatic ocean and adjoining areas of the Kazakhstan continent. Initial stage of
subsidence the Paleo-Asiatic ocean was connected generally accepted opinion, with disintegration
paleocontinent Rodiniya and the most further his(its) development was shown in shaping the row of the
insular arcs and in accordance with them Ural, Obi-Zaysan, Kirghiz-Terskey, Dzhungaro-Balhash basins
[1, 2]. Time of the closing the Paleo-asiatic ocean is a subject to discussions and is taken within late
Carboniferous to Permian period.

Axial for that ocean is Dzhalair-Nayman ophiolite zone, terminated its development in early
Ordovician [3]. The Second ophyolite zone, Itmurundy in North Balhash area- is taken as ensimatic island
arc, torn right-side shift on Itmurundin and Tekturmas branches. Her(its) development was terminated in
medium of Silurian period. The Large island arc system, separated Dzhungaro-Balhash and Obi-Zaysan
basins, was Chingiz-Tarbagatay ensimatic insular arc, existed in Cambrian and Ordovician [4, 5]. From
located south-west Dzhungar-Balhash basin she is separated with large Chingiz shift; northeast border of
the insular arc was not well-marked, it was facial, with change island-arc sediments into ocean ones to
axial for Obi-Zaysan paleoocean Char-Gornostaev ophyolite suture.

Dzhungar-Balhash paleobasin occupied the space to south-west from Chingiz-Tarbagatay arc and
from Ili plate to northward. In modern cut he has a wedge-shaped outlines and is framed with three sides
by volcanic belts. In the opinion of leading kazakhstan specialist Bespalov V.F, Afonichev N.A., Zaycev
Yu.A., V.Ya. Koshkin and others Dzhungar-Balhash sea pool was gradually narrowed and migrated in
south-east direction [4-7]. Right behind for basin and in the same side framing his(its) marginal volcanic
belts moved.
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The contour of Dzhungaro-Balhash sea basin is outlined it enough clearly. Inwardly it composed
powerful sedimentary, mainly terrigenous and siliceous-terrigenous sediments of Devonian and
Carboniferous systems. Devonian, Carboniferous and Permian volcanic accumulations surrounded the sea
pool with north, west and south, on measure of the removing behind it with local develop changed with
terrigenous by red-colour postponing intracontinental zone [6, 7]. The time of existence Dzhungar-
Balhash basin from formation of marginal rifts at the beginning Ordovician to infilling by the end of
Paleozoic [8-10].

Time of the full closing Dzhungar-Balhash paleoocean on that moment is object of discussion. In
his(its) Kazakhstan part by majority of geologists it is taken as early Permian or as border early and late
Permian period[11]. The Reason for such dating serves presence of Permian sea fossils in layers of
Durnorechen suite beside north bottom of Main Dzhungar range [12]. Here V.A.Bush and others are des-
cribed sea Low Permian sediments (the sandstones and siltstones with lenses of limestone, power 220 m,
containing briozoa and rugosa). The last is presented by forms Artins complex similar known on Ural.

Northward from town Zharkent, near southern bottom of Dzhungar Alatau and in Toksanbay range it
is known outcrops of different-colour conglomerate-sandstone of the postponing Jamanbulak suite,
containing fauna brachiopodes, and foraminifers, the remainders of the flora and palinocomplexes of late
Carboniferous age. In most top of her(its) sequence L.N.Sergeev was described late Carboniferous
brachiopodes, but after M.M.Marfenkova — Hemifuzulines of upper part of the Moscow stage [13].
Palinocomplex is presented by forms typical of bottom, but from sequense of Toksanbay range - by a
typical upper Carboniferous forms: Florinites luberae Samoil., Cordaitina rotata Samoil., nigritellus (Lub)
Shurk and others.

Carboniferous sequence of the sediments of the south part Dzhungar Alatau within active margin of
paleobasin Kugaly suite presented lake grey-yellow sandstone, siltstones, argillites,tuffites, flint and algae
limestones with the remainders of the flora, palinocomplex and imprint amphibious crowns. The
Remainder of the flora in her(its) is typical of upper Carboniferous and bottom mepmu. Palinologic
determinations Potoniesporites novicus Bhar., Punctatisporites granifer Pot., Shophipollenites principalis
Lub. Cordaitina sp and others give the narrower age interval of the accumulation of the sediments: late
Carboniferous [13]. The Imprint of amphibian Protriton Brochiozaurus Gredu from these sediments in
Kurty region also have late Carboniferous or early Permian age [14]. Thereby, we have given on different
parts of the region about existence sea Dzhungar-Balhash basin in late Carboniferous and, may be in early
of the Permian.

Sedimental and geohronological materials of chinese geologist, studied upper Paleozoic volcanic-
sedimentary sequence in mountain Barleyk West Dzhungary (the Northwest China) helped to restore time
of the closing Dzhungaro-Balhash ocean in his(its) the most east, chinese part [15] Upper Paleozoy
sequence of this region includes from below upwards litoral sedimentary layers, containing glauconite
sandstones of shallow shelf (Famen-Tourneous),volcanic rocks of orogenic belt of Tournaisian - Early
Bashkir age, sandstones and conglomerates of Gzhel stage of with gradational bedding unrepresentative
for sea sediments. The sequence has been terminated by bimodal volcanic assotiation, on
geochronological data corresponding to Asselianian and Sakmarian stages of lower Permian.

Northward from Zharkent town, beside south bottom of Dzhungar Alatau and in Toksanbay range
known outcrops of different-colour conglomerate-sandstones of the postponing Jamanbulak formation,
containing fauna brachiopods foraminifer, the remainders of the flora and palinocomplexes of late
Paleozoic age. In most top of her(its) sequence L.N.Sergeeva was described late Carboniferous
brachyopodes, and M.M.Marfenkova — hemifusulines of bottom the Moscow stage [13]. Palinocomplex is
presented by forms of bottom upper Carboniferous, but from Toksanbay sequence - a typical Late
Carboniferous forms: Florinites luberae Samoil., Cordaitina rotata Samoil.,Nigrisporites nigritellus (Lub)
Shurk and others.

Carboniferous sequence of the south part Dzhungar Alatau within active margin of paleobasin
Kugaly formation presented with lake grey-yellow sandstones, siltstones, tuffites, flints and limestones
with the remainders of the flora, palynocomplexes and imprints of amphibious. The remainder of the flora
in her(its) layers are typical of upper Carboniferous and bottom Permian formes. Palinocomplex includes
Potoniesporites novicus Bhar., Punctatisporites granifer Pot., Shophipollenites principalis Lub., Cordaitina
sp. and others forms give the narrower age interval of the accumulation of the retinue: late Carboniferous
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[13]. The Imprint amphibian Protriton Brochiozaurus Gredu from these postponing in Kurty region also
are Carboniferous or Early Permian age [14]. Thereby, we have data on different parts of the region about
existence sea facet Dzhungar-Balhash pool in late Carboniferous and, may be in early Permian.

Sedimentology and geochronology data of Chinese geologist, who have studied [ate Paleozoic
volcano-sedimentary sequense in mountain Barleyk of West Dzhungary (the NorthWest China) helped to
restore time of the closing Dzhungar-Balhash paleoocean in his(its) the most east, chinese part [15]. Upper
Paleozoic sequense of this region includes from below upwards litoral sedimentary rocks, containing
glauconitic sandstones of shallow shelf(Famenian-Tourneous age), volcanic serie of orogenic belt
Tourneous-Early Bashcirian age,sandstones and conglomerates of Gjhelian stage which have gradational
layers unrepresentative for sea sediments. Bimodal volcanic assotiation terminates that sequence, on
geochronological data corresponding to Asselian and Sakmar grade of Lower Permian.

The most young age of detrital zircon from sandstone and U|Pb age of the volcanic rocks said that
these rocks sedimented in Famenian-Tourneisian, Tourneisian — Early Bashkirian , in Gjhelian and
Asselian-Sakmar stages accordingly. Tourneisian Early Bashkirian age of volcanic rocks and their
overland look point to their probable attribute united with Pribalhash-Ili volcanic belt, his(its) east con-
tinuation. The Absence of Upper-Baskirian, Moscow and Kasimov of the postponing, in the opinion of
chinese authors data, is obliged tectonic to ascent Dzhungar Alatau. Dzhungar-Balhash paleobasin, upon
their opinion, was definitively closed before Gjhelian stage, close on time with others ocean pools of the
south part of Paleo-Asiatic ocean [15]. The tops of that sequense composed with the Early Permian basalts
and riolite-dacitic ignimbrites. One sample of dacite from this serie gave on zircon U-Pb age ~298 min
years [15] that is indicative of Asselian stage of time to crystallizations poured.

Alongside with stated stratigraphic material reliable paleomagnetic data show that Paleo-asiatic ocean
was not an united broad ocean, but included several pools, prepared by volcanic arcs and continental
blocks [15, 17]. In particular, as of Bo Liu , Bao-Fu Han and others [16], narrow age interval of the
shaping ophiolites shows that between Boschekul and Zaysan arcs Early Ordovic ocean pool have been
existed, too as a part of Paleo-asiatic ocean. Besides, on near-border of the territory of China, adjoining to
Zharma-Saur and Chingiz-Bakanas Kazakhstan systems, there else row of the zones of ophiolite mélange
were revealled. Some of they include the Cambrian gabbro blocks and are overlayed with Middle
Ordovician chert rocks, but then unconformable — with an Low Carboniferous sediments [15]. In central
part of West-Dzhungar block, verging with orient to Alakol trough, ophiolites associate to Late Devonian
chert rocks of ocean bottom, overlapped by Low Carboniferous sedimentary rocks and is torned by
Carboniferous granitoids with geochemical signs of subductional zones [15]. Thereby, probably, different
basins, being included in Paleo-Asiatic ocean, were formed and developed enough autonomous, but their
closing occurred by simple filling of sedimentary material.

Time of existence Dzhungar-Balhash sea pool in Chinese West Dzhungar covers the length of time
from beginning of Devonian period to beginning or mediums Tourneisian centure [15]. In kazakhstan part
of region it is more vast: from low Ordovician riftogenezis in Tekely zone to accumulation Low Permian
Durnorechen suite of the retinue Alakol region [18]. The border Dzhungar-Balhash pool and paleocon-
tinent, referred in chinese publications Ili plate, is facial, with gradual transition overland, mainly volcanic
rock of the active margin in coastal ones, containing more significant share terrigenic material and then,
on removing from coast line inside pool - in sea sedimentary with gradually decreasing admixture ash
[18, 19]. Dzhungaro-Balhash pool within north part Dzhungar Alatau before medium Carboniferous
period was an arena of the accumulation mainly siliceous and terrigenic sea sediments. Followed time of
accumulation of carbonates was short, has occupied the Bashkirian stage and occurred only in Borotal
region [5]. For Moscow stage characteristics of local accumulation variegated sandstones of Jamanbulak
suite in coast part of pool[6]. The Internal space Dzhungar-Balhash basin in the second half of
Carbononiferous period presented itself area, removed from the sources of the demolition with very faded
clay-chert accumulation.

Relatively recently appeared the publications on Tien-SHan [8, 10, 11, 19] and others], characterizing
South Eeast Kazakhstan and North Tien-SHan as active margin not Dzhungar-Balhash ocean, but located
to south of it Turkestan (South-Tien-Shan ocean, which developed on background subduction ocean crust
with south under Ili plate [11]. To such conclusion authors of enumerated publications come, outgoing
from proximity Ili segment of the volcanic belt with South-Tien-SHan ocean basin, but without regard
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petrochemical zones composition of the volcanic rocks of Ili belt. The Authors were repeatedly indicated
on asymmetric petrochemical zones composition of the rocks of Ili volcanic belt fragment, first of all on
growing potassium on measure of the removing from Dzhungar-Balhash sea in south direction on all
his(its) length from Kurty region to China[20]. The most enriching potassium Devonian, Carboniferous
and Permian volcanic rocks formed the rear synclines on narrow band along south edge paleocontinent in
Kirghiz range, near Issykkul lake and in Karatau Ketmen. On the contrary, calc-alkaline, more sodium-
volcanic rocks are typical of adjoining to Dzhungar-Balhash basin of the north edge of the belt, where they
form the extensive fields, having transition to coast-sea facies. On figures 1, 2 there are brought compa-
rison coeval main rocks of lower Carboniferous Dzhungar Alatau (the Guantobe suite, 145 samples and
Altynemel series, 149 samples) and ranges of North Tien-Shan (the Ketmen, 161 samples and Kuluktau
series, 60 samples). Distinctly more high contentses of alkaline are seen in Djungar volcanites contentses
ferric and lowered in contrast with alkalinity. For greater contrast Si0,:100, but Al,05:10 (in mass %).

The South border of Ili plates, presenting hercinides an active margin of Dzhungar-Balhash
paleobasin, tectonic, passes on Atbashi-Inylichek shift, southward from which sea faces South-Tien-Shan
sea basin are presented [19, 21]. Petrochemical materials on volcanic formations of Ili plate are indicative
of growing in south direction of the powers of the eath crust[20].Usually on active Andy type margin
her(its) growing occurs on measure of the advancement deep into continent and only large rifting breaks
exist in rear parts these volcanic belt and are formed zones powerful basalt volcanism type to Provinces
Pools and ranges of North America. The Similar situation existed in Carboniferous period on Ili plate,
allowing to speak of possible take-off in medium Visean stage her(its) south edge (Issykkul block) from
the main part on rear North-Kungey high angled fault. The torning away block with large Sonkul and
Sarydzhaz batolites belonged inland part of Ili plate - the zone overland volcanic outlying-continental
type. With south she was limited North-Kungey fault, providing in contact volcanic belt and synchronous
him terrigen-carbonate sequences of rear Karatau-Nothern Tien-Shan- basin.

Saur phase of tectogenezis has caused the manifestations basalt volkanizm (basalt Satin suite of
Kungey-range Dalashik and calcareous-basalt-rhyolitic series along Kokpak-river. It was formed subla-
titudinal graben, during Visean and beginning of Serpuhov stages of Carboniferous period, filled with
basalt, lenses and horizon organic limestones, arcoz and quartz sandstones, which the source served the
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Figure 1 — Comparison of composition Tournaisian-low Visean basalts Dzhungar Alatau (Juantobe series, 145 samples)
and Ketmeni range (Ketmen series,161 samples)
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Figure 2 — The Comparison of composition Visean basalts Dzhungar Alatau (Altynemeli series, 149 samples)
and Ketmeni range (Kuluktau series,60 samples)

salients precambrin sediments and granites of Sarydzhas batolit. The Width of graben is more 10 km,
visible extent is of the order 200 km. Southward from it wide-spread shallow calcareous sediments, inclu-
ding thin bedding/oncolitic limestones of Central Tien SHan, but here in after southward - a gneisses and
eclogites,forming powerful zone of metamorphic rocks , belonged to South-Tien-Shan paleobasin.

Degradation of Karatau-North-Tyanishan rear basin was expressed in his(its) salting, appearance
gypsum and shallowing By the end of Carboniferous period dominating his(its) sediments become the red
coloured sandstones and siltstones with the remainder of overland flora (Tekes suite) and Late Cardoni-
ferous complex spores and pollens. They formed outcrops in Kopyl range and along Karkara-river, where
rumpled; creased in steep folds, places are pulled over on Low Carboniferous-bashkirian grey coloured
complex [21].

Disappearance of the last sea basin and the beginning of accumulation continental the red coloured
molass at the end of Asselian - the Sakmar century marks the beginning of a rigid collision on the Sou-
thern Tien Shan [11, 22]. Possibly, and for the North Tien Shan continent the beginning of a rigid collision
with Tarim is necessary on Asselian-Sakmara centuries of Permian period.

Work is performed with assistance of Committee of Science of Ministry of education and science
Republic Kazakhstan at the expense of resources of the agreement Ne 189 of 15.03.2018. "Scientific
ensuring complication and expansion of mineral raw material resources of Republic Kazakhstan".

JI. . Ckpunnuk, P. P. I'aeen
«K. I. CorbaeB aTbIHaFbI Te0NOTHsIIBIK FhUTBIMIAP HHCTUTYTHI» JKCI, Anmarel, Kazakcran

JKOHFAP-BAJIKAIII ITAJTEOBACCEWHIH KABY
YAKBITBI TYPAJIBI CYPAKTAP

Annoranus. OHrycrik-1Isreic Kazakcran xone KpiTaliMeH 1mekapaiac o0ipIcTap OOHBIHIIA MaTepUATIAPIBI
Tanmay apkpUTbl [lajeoa3swaTThIK MYXUTTHIH JaMybl apajll JTOFalaphl MCH OKIIAyJaHFaH OacceHHAepIiH CEeIUMCH-
TAIMSUTBIK KAJBINTACY JKOJBIMEH KEIUN INBIKKAHIBIFBl alKeHaamael. JKoHrap-bamxam TeHi3 OacceiHmepi eprte
OpIOBHUK IIeH IepM Ke3eHiHIH OpTachlHA ACWiH KaJBINTACKaH, OHBIH IIOTiHIUIEpiHAEe TEHI3 (ayHaIapbIHBIH OOIYbI
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OCHIHBI Jonmenneiimi. Amaken aymaHbIMeH miekapanac Keitail TeppuTopuscsl OOMBIHIIA cTpaTerpadusuIbIK MaTe-
puangap XKonrap-banxam maneoOacceifHiHIH €H Kac TEHI3MIK TeppUTEHAl IMeriHaiurepi (gaMeH-epTeTypHEH Kese-
HiH/Ie eKCH/ITIH JKOHE IIETKI BYJIKAHIBIK OelIeyIiH TypHeH-epTe OAIKBIPIIBIK BYIKAHUTTEP] KAYBII KATKAHIBIFBIH
alikpIHIAiapl. Opl Kapail coiikecTi KeTepuliMai aydaHAapia Y3uIicTep JKalFachlll, DKENIIK ASYIpIHIAET] COHFBI
’KUHAJIFaH KepYCTi MOJIAcChl, OJJaH KeiliH KOHTPAcThl TOMEHT1 IepM BYJIKAaH/BI CEpHUCH JKajFacyna.byn aynaHHbIH
eH kac o(hMOJIUTTEPI epTe JeBOH JAdyipiHe *kartanbl. byn gepekrep 6accelHAEp/IiH KaThIChl, KYpaylibl MaJeOMyXHUT-
TBIK JKOHE OJIAPJIbIH JKaObLTY YaKBITHI (epTe mepM OOJybl MyMKIiH) TypaJibl OPTYPJIi Adyipiepai alKeiHaai e Kommm-
3Ms apaJlaCKaH 9JIETTer] MOTiHAl MaTeprualliapMeH TOITHIPY >KaObLTy >KOJIBI OONBIN TaObUIAIBL.

Konrap-banxam 6accelininin Oencenai meri — ousl OHTYCTIK TsHb-11lanp maneoMyXuThIHAH OOl TypaThIH
Ine mmTacer Gonbin TaObiIagsl. J[€BOH, TacKeMIp >KoHE IepM Ke3CHAEPiHIH BYJIKaHIBIK KMHaKTamybl KazakcTan
KOHTHHEHTI >karbiHaarbl JKonrap-banxam TeHi3nik 6accceiiHi Kopmian TyYpFaH BYJIKaHABIK OenaeM i 6eiri 60Ibim
TaObIIa b1, OYII TYpaIbl T€0JIOTHSUIIBIK YKOHE IMETPOXUMUSIIBIK MAJIIMETTEp e aiThUIa bl

Tyin ce3aep: maneoMyxur, oQHOIUTTED, apATABIK T0Fa, OCJCEeH Il meTi, (payHa, HKEIbIIK SpyC, TETPOXUMUSI-
JBIK TapaMeTpIIep.

JI. 1. Cxpunnuk, P. P. I'ageen
Wnctutyt reonorndeckux Hayk uM K. . CatnaeBa, Anmartsl, Kazaxcran

K BOITPOCY O BPEMEHH 3AKPBITUS
JUKYHI'APO-BAJIXAIICKOTI'O ITAJIEOBACCENHA

AHHOTauMs. AHAIN3 MaTepPHaJoB 10 Or0-BOCcTOKY Kazaxcrana m mpuieratomieit oonactu Kuras mokaspiBaer,
yTto pasBuTHe llanmeoasmaTckoro okeaHa MPOUCXOIMIO MyTeM (POPMHPOBAHMS OCTPOBHBIX IyT M 000COOIEHHBIX
OacceitHOB cemuMeHTan. J[yHrapo-banmxamckuii MOpcKoi 6acceifH CyIecTBOBall ¢ paHHETO OPIOBHKA JI0 cepe-
JUHBI TIEPMCKOTO MEpHOJa, O YeM CBUACTENLCTBYET HAM4YME MOPCKOH (ayHBI B ero orioxkeHusx. Ctparurpadu-
YecKHe MaTepuajbl IO Ipuilerapomeil Kk AJakoiIbCKOMy paioHy Teppuropuu KuTas mokasslBaioT, 4TO Hambosee
MOJIOJBIE MOPCKHE TeppHUIeHHbIe OTIOoXeHus [xyHrapo-banxamckoro maneobacceliHa MMEIOT (haMeH-paHHETYp-
HEWCKUII BO3pacT W MEpEeKphIBAIOTCS TYypHEHCKO-pAaHHEOAIIKUPCKUMH BYJIKAHUTAMH KpPaeBOTO BYJIKAHUYECKOTO
nosica. Jlanee cieyeTr mepepslB, COOTBETCTBYIOLIMM IOAHSATHIO palioHa, MOCIEIYIOLIee HAKOIJICHHE Ha3eMHOU
MOJIaCChl T’KEJIBCKOTO BEKa, a 3aT€M KOHTPAcTHOM HIDKHENEepMCKOM BylkaHuueckod cepuu. HambGonee momnonsle
0oHONHUTEI 3TOr0 paiioHa MMEIOT PaHHEICBOHCKHN BO3pacT. JTH JIaHHBIE TOBOPST O Pa3HOM BPEMEHH 3AJIOKCHUS
0acceiHOB, COCTABIISIOMINX MaJICOOKEaH M OJM3KOM BPEMEHH HMX 3aKpBHITHS (BEpOSTHO, paHHAsA mepMb). Criocod
3aKpBITUS — KOJUIM3HS B COYETAHUH C TIPOCTHIM 3aIIOJTHEHUEM OCAJOYHBIM MATEPUATIOM.

AxtuBHOW okpamHoi [[xyHrapo-bamxamickoro OacceiiHa sBnsietcs Mimiickas IomTa, OTHENAIOMAs €ro OT
IOxHO-TstHB-11TaHCcKOTO Maneookeana. BynkaHnyeckrne HaKOIUICHHS I€BOHCKOTO, KAMEHHOYTOJIBHOTO U TIEPMCKOTO
MIEPUOJIOB SBJLSIFOTCSA YaCThIO BYJIKaHUYECKOTO Tosica, oOpamsiBiiero JKyHrapo-banxamickuit Mopckoi 6acceitH co
cTopoHbl Ka3aXxCTaHCKOro KOHTUHEHTA, O Ye€M IOBOPSIT T€0JOTHYECKHE U METPOXUMHUYECKUE JaHHBIE.

KinroueBble cj10Ba: najgeookeaH, oQUONNTHI, OCTPOBHAsA Iyra, aKTUBHAs OKpauHA, (ayHa, DKEIbCKUH spyc,
METPOXUMHUUYECKHE apaMeTphl.
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BIOTECHNOLOGICAL ASPECTS OF FERMENTED DRINKS
PRODUCTION ON VEGETABLE RAW MATERIALS

Abstract. Fermented drinks are considered as the optimal form of a food product, used to enrich the diet with
biologically active substances that have a beneficial effect on the metabolism and immunoresistance of the human
body, which are provided not only by extraction, but also are formed as a result of the vital activity of various types
of microorganisms. The latter, in turn, produce vitamins, amino acids, organic acids, etc., which gives fermented
drinks a higher biological value. Drinks technology with the use of tea fungus (Medusomyces gisevii) is oriented for
home cooking and it is not possible to apply it in an industrial environment. The relevance of this research work is to
develop the technology of the drink, enriched with biologically active substances in the most accessible form to
expand the range of functional beverages aimed at maintaining the health of various population groups. In order to
solve this problem a combined yeast and lactic acid bacteria ferment was chosen, the optimal composition of the
nutrient medium based on green tea and barley malt wort was determined, and the amino acid and vitamin activator
was selected to reduce the fermentation process. The developed technology made it possible to obtain a drink with
mixed leaven, harmonious in organoleptic characteristics, with a high content of amino acids, especially essential
ones, which made it possible to recommend this functional drink for various groups of the population.

Keywords: tea, wort, microorganism cultures, yeast food, secondary fermentation products.

Introduction. Drinks are rightfully considered to be the most rational form of a food product for
enriching the diet with biologically active substances and creating special-purpose products [1, 2]. The
high popularity of beverages among the population suggests the constant development of technical,
methodological, technological bases, including in the framework of the fight against fraud [3-7]. In recent
years, the problem of their excessive consumption is actualized [8].

One of the priorities of the state policy of the Russian Federation in the field of healthy nutrition is
the development of fermentation drink technologies, based on the use of plant raw materials and micro-
organism cultures, that produce a complex of substances with significant potential of useful properties [1].
According to many scientists, the use of fermentation drinks contributes to the correct metabolism and
strengthens the immunoresistance of the human body, which are formed as a result of microorganism vital
activity [1, 2, 9-11, 26].

One of the urgent tasks in the production of fermented drinks is the search for fermentation micro-
organisms, producing biologically active substances, which are necessary for the normal functioning of
mankind during their life. The latter are most fully accumulated in the case of the symbiotic cultures use,
which can be a single organism (for example, Medusomyces gisevii) or a cultures combination (for
example, yeast and lactic acid bacteria) [1].

Literature review. The drink, obtained with use of Medusomyces gisevii, which consists of yeast
cells and acetic acid bacteria, contains glucuronic, folic and citric acids, vitamins B, B,, B3, B¢, B1s, as
well as difficult to determine substances with antibiotic action, including medusin. The viability of using
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bacterial cellulose, obtained from Medusomyces gisevii as a hemostatic agent in veterinary medicine and
humane medicine was confirmed [12]. A necessary condition for the life of this microorganism is the
presence of tea in the raw materials composition.

Analysis of scientific and technical information suggests, that the creation of industrial technology,
based on the use of cultures of microorganisms with known properties, that allow to control the process of
drink production, is promising and relevant. At the same time, the conditions for obtaining a homemade
drink described in the literature and patents for a method for producing a drink, based on tea fungus and
attempts to create analogues with Medusomyces gisevii have not been continued [13-16].

Methods. To assess the effectiveness of technological methods, research methods used in the indus-
try were used: determination of the volume fraction of alcohol - GOST 12787-81, the arbitration method,
which is the separation of the alcohol fraction of a drink from extractive substances by distillation [17];
determination of titratable acidity - GOST 12788-87, which is a method for the titration of the acid content
by neutralizing them with a 0.1 sodium hydroxide solution [18]; determination of the mass concentration
of volatile components - a gas chromatography method with the Kristall 5000.1 flame ionization detector
("Khromatek", Russia) equipped with an automatic information collection and processing system [19];
determination of the mass concentration of organic acids — high-performance liquid chromatography with
an "Agilent Technologies 1200" ("Agilent", USA) diode array detector [20]; determination of the mass
concentration of sugars and glycerol - a method of high-performance liquid chromatography with a refrac-
tometric detector "Agilent Technologies 1200" ("Agilent", USA), equipped with an automatic system for
collecting and processing information [21]; determination of the mass concentration of amino acids is a
high performance liquid chromatography method with an "Agilent Technologies 1200" ("Agilent", USA)
diode array detector, equipped with an automatic information collection and processing system [22].

The replication of experiments at all stages of the experiment - not less than 3. The results of experi-
mental studies were processed by methods of mathematical statistics using Student's criterion.

In order to conduct a study on the production of fermented drinks, the following materials were used:
barley malting brewing malt; brewing tricyclic malt light; black tea and green leaf; mixed ferment on the
basis of dry brewing yeast S. cerevisiae and lactic acid bacteria Betabacterium breve.

Results. As part of the study, the following tasks were set: to investigate the possibility of using va-
rious plant raw materials and mixed cultures of microorganisms traditional for the brewing and non-
alcoholic industries in the technology of fermented drink; select the optimal fermentation conditions; get a
drink with stable performance over a long shelf life without loss of compounds, responsible for the
functional orientation of the finished drink.

To identify the optimal composition of the nutrient medium, allowing to obtain a harmonious drink
from the point of organoleptic and physicochemical parameters view, provided that yeast and lactobacilli
are used, the following plant materials were used in the study: leaf tea (black and green), barley based
wort and tritium-potassium malt brewing, as well as granulated sugar, in various ratios, and the fermen-
tation was carried out by making mixed yeast brewer's yeast and lactic acid bacteria d at the rate of 4% by
volume of the nutrient medium.

During the experiments, the duration of fermentation, controlled by loss of dry substances, using
black and green tea coincided and amounted to 141 hours with barley malt wort and 114 hours with
triticali wort, which is explained by the rich amino-acid composition of triticali malt wort, which accele-
rates enzymatic processes associated with the activity of yeast. However, the organoleptic evaluation of all
analyzed samples using a 25-point system showed, that the most balanced indicators were fermented drink
using a carbohydrate-tea base (based on green tea) and barley malt wort, in particular, a variant of the
nutrient medium, based on green tea and wort from barley malt in a ratio of 75% and 25%, the data are
presented in table 1.

In all other samples, the alcohol content and acidity were at 5-10% higher than the optimal sample,
but an autolysis tone was present, which is unacceptable.

However, the duration of cultivation was quite long, so the next stage of our work was the use of
various activators to shorten the process. For this purpose, the most productive amino acid-vitamin
activator (AVA), obtained according to the technology [23] and containing 40-42% of soluble protein,
including 13—15% of amine nitrogen, and vitamins (thiamine (B,), pantothenic acid (B3), pyridoxine (B),
biotin (B;), inoside (Bsg) - 17 mg/kg. The share of AVA was 2.5-10 ml/hl or 0.5-2% by volume of the
fermented wort (table 2).
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Table 1 — Organoleptic and physicochemical indicators of the fermented wort optimal variant

Indicators Characteristics of Fermented Green Tea and Barley Malt Wort

Organoleptic Indicators

Taste fermented drink with slightly sour
Colour straw
Aroma pleasant aroma of a well fermented fruit drink

Physicochemical Indicators
Alcohol content, vol.% 3,30+0,2
Acidity, a.u. 11,00+0,3

Table 2 — Applied feedings doses for fermentation

Nutrient medium variant
Indicator name Control with Feedings of AVA, £0,05
1 11 111 v \'
Applied feedings doses, % - 0,5 1 1,5 2,0

The dose of dressing with the use of selected nutrient medium (75% of tea and 25% of barley malt
wort) is presented in table 2, the dynamics of acidity accumulation during fermentation - in figure 1, the
content of secondary fermentation products — in the table 3. It should be noted that we previously studied
other supplements, but they did not show any tangible effect [24].

Table 3 — The Content of Organic Acids (OA), Sugars and Glycerin in the Drink

Component Comemg Component Content}, Component Conte“t;
mg/dm mg/dm mg/dm
OA+5,0%** Amino Acids + 5,0%**
Oxalic acid 0,070 Aspartic 27,0 Tryptophan* 25,5
Wine acid 0,104 Glutamic 29,2 Isoleucine* 36,0
Malic acid 0,303 Asparagine 36,8 Phenylalanine* 17,5
Lactic acid 4,614 histidine* 20,0 Leucine* 65,0
Citric acid 0,147 Serine 48,0 Lysine* 5,0
Succinic acid 0,257 Glutamine 22,0 Alanine 22,0
Arginine* 17,5 Tyrosine 16,8
;rclfi :Tﬁ?:ﬁ:;?ﬁfc 0,1842% Threonine* 126,5 Valine* 41,0
Glycine 40,0 Methionine* 49,0
Sugars and Glycerin + 4,0%**
Fructose 10,480 Glucose 5,310 Sucrose 2,7000
* - irreplaceable amino acids; ** - method reproducibility.

The data in table 3 show, that the resulting drink had a wide range of functional compounds, respon-
sible for functional orientation, and more significant accumulation of lactic acid occurs, as compared with
the control, since the lactic acid bacteria Betabacter breve was used during fermentation. Sugar and
glycerin in the finished drink is formed less than in the control, which is explained by a more intensive
activity of microorganisms that consume sugar for reproduction. The composition of amino acids are also
essential in 2 times more, than the control, which is explained by the most active metabolism of micro-
organisms.

— 225 ——



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

Acidity, a.u.

16
14
12

=]

6

+I

12 24 4 67 92

114 164 168 207

1

Fermentation Time, h.

Figure 1 — Dynamics of acidity accumulation
in the samples when adding feedings to the nutrient medium during fermentation
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Comparative studies have been carried out on fermented drink with use of tea fungus and mixed tea-

based leaven.

The composition of volatile compounds and sugars are presented in tables 4, 5. It should be noted that
the higher alcohols in the resulting drink, compared with the drink on the tea fungus, accumulate much
more (except for I-propanol), and the content of esters is not so different.

Table 4 — Content of volatile compounds, organic acids and sugars
in drink with use of the microorganism medusomyces gisevii

Component 1?1(;1/1:1:1% Component Content mg/dm’ Component 5121/1:1:1%
Ethers, mg/dm3 +10%** Amino Acids £ 5,0%**
Ethyl acetate 2,89 Aspartic 10,9 Valine* 1,44
Ethyl lactate 5,79 Glutamic 1,8 Methionine* -
Organic Acids, g/dm® + 5,0%** Acnaparun Asparagine Tpunro-dan* Tryptophan*
Oxalic acid - histidine* 0,8 Isoleucine* -
Wine acid - Serine 1,6 Phenylalanine* 2,0
Malic acid 0,021 Glutamine - Leucine* 0,9
Lactic acid 0,059 Arginine* 1,0 Lysine* 0,8
Citric acid 0,0083 Glycine 1,2 Tyrosine -
Threonine* 4,5 Totally 11,4
Succinic acid 0,061 Irreplaceable
Alanine 1,3
Sugars, mg/cm’® = 4,0%%**
Fructose 3,39 Glucose 2,74 Sucrose 17,33
* - irreplaceable amino acids; ** - method reproducibility.

According to the content of amino acids, more intensive accumulation occurs in the drink with use of
mixed yeast leaven and lactic acid bacteria, including irreplaceable bacteria, accumulates 36 times more
compared to the drink on the tea fungus.
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Table 5 — Content of volatile compounds, organic acids and sugars
in the drink with use of mixed yeast leaven and lactic acid bacteria

Component Content}, Component Conteng, Component Content},
mg/dm mg/dm mg/dm

Ethers, mg/dm3 +10%** Amino Acids £ 5,0%**
Ethyl acetate 1,3 Aspartic 27,0 Valine* 41,0
Ethyl lactate 33 Glutamic 29,2 Methionine* 49,0
Organic Acids, g/dm?® + 5,0%** Asparagine 36,8 Tryptophan* 25,5
Oxalic acid histidine* histidine* 20,0 Isoleucine* 36,0
Wine acid 0,373 Serine 48,0 Phenylalanine* 17,5
Malic acid 4,83 Glutamine 22,0 Leucine* 65,0
Lactic acid 0,059 Arginine* 17,5 Lysine* 5,0
Citric acid 0,12 Glycine 40,0 Tyrosine 16,8

L Threonine* 126,5 Totally 403
Succinic acid 0,331 Irreplaceable

Alanine 1,3
Sugars, mg/cm’ + 4,0%**
Fructose ‘ 19,9 ‘ Glucose 11,97 Sucrose 2,36
* - irreplaceable amino acids; ** - method reproducibility.

Particular attention should be paid to the threonine amino acid, which accumulates 3 times more than
in the drink with tea fungus (table 4, 5). From the point of view of the functional load, threonine is very
useful for the body, since it is responsible for the protein metabolism in the body, is part of collagen,
elastin and tooth enamel protein, positively affects the person's psycho-emotional state [25]. We assume
that this drink, obtained by us with the help of a mixed leaven, can be recommended for a wide range of
the population of Russia.

The third task to get a drink with stable performance over a long shelf life without losing the
compounds, responsible for the functional orientation of the finished drink was solved using pasteurization
techniques at a maximum processing temperature of 72 °C, due to which it was possible to extend the
shelf life of the drink for 6 months.

Analysis of the secondary fermentation products in mixed leaven in a drink showed, that their
concentration differs from that in a drink made on the basis of a tea fungus, which is explained by a dif-
ferent metabolic set of enzymes in two cases.

On the basis of the data, obtained in the study, the optimal organoleptic and physicochemical indica-
tors of fermented drinks, prepared from pasteurized fermented bases were determined, which made it
possible to develop a draft regulatory documentation for fermented drinks on plant raw materials.

Conclusions. Studies have allowed picking up planting materials and microbiological cultures,
working out the technological parameters of the process, including fermentation modes - the optimal
composition for the drink technology was the ratio of green tea extract and barley malt wort 3:1, as well as
the use of an additive ava in the amount of 1%, which made it possible to reduce the fermentation time to
93 hours and to obtain a drink with high organoleptic and physicochemical parameters.

On the basis of a comparison of the drink we developed, with based on tea fungus drink, at the main
functional components, it was concluded that the content of amino acids was 4 times higher than the total
amount and 3 times threonine, which is probably the basis recommend a drink for food of various groups
of the population of the Russian Federation.

Discussion. The conducted literary search on the studied problem revealed a diverse composition of
vegetable raw materials in order to apply it in the drink technology. This type of raw material is traditio-
nally used in fermented drinks, based on the microorganism Medusomyces gisevii [1-3, 18]. However, this
microorganism did not find wide application in industry due to insufficient knowledge of catabolic
reactions.
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Therefore, we were faced with the task of developing a technology for a drink, that would be an
analogue of the "Kombucha" drink. For this purpose, were used yeast and lactic acid bacteria, traditionally
used in the production of kvass.

The use of plant materials, in particular tea, and barley malt wort and mixed microbiological cultures,
made it possible to obtain a fermented drink enriched with functional compounds such as organic acids,
amino acids, ethers and other volatile compounds in quantities exceeding drinks with use of tea fungus
culture. This fact is explained by the difference in the metabolism and the set of enzymes of the two
microorganism cultures, since the in technology were used lactic acid bacteria together with yeast, which
is characterized by its own set of secondary products of metabolism compared to the culture of
Medusomyces gisevii [19].

The obtained data on the composition and content of alcohols in the drink confirm the correctness of
the choice of the malting wort as a source of nitrogenous nutrition for yeast, since it is known that it is the
amino acids, that participate in the formation of higher alcohols as a result of catabolic reactions. The use
of yeast and lactic acid bacteria, as well as a balanced plant substrate (tea and malt wort) made it possible
to obtain a harmonious drink, rich in functional compounds. Accelerated fermentation metabolism was
promoted by the use of an amino acid activator in the above-mentioned concentration, since the activator
influenced the growth and reproduction of yeast. This is of great importance, since the duration of
fermentation has decreased to 93 hours. The use of pasteurization techniques has made it possible to
increase the shelf life without loss of useful compounds.

This fact allows to introduce this technology in the enterprises of the beer and non-alcoholic industry,
since the microorganisms used are well studied and their livelihoods can be regulated, that is, they are
technological.

M. B. T'epuer’, U. H. Ipuékona’, K. B. KoGesen'
1. E. Hypmyxan6erosa®, J. K. Aceméaena’

'Bykinpeceiinik chipa KaifHaTy, alKOTONCI3 KOHE IIAPAIl OHEPKACIOi FHUIBIMH-3€PTTEY MHCTUTYTHI —
B. M. T'op6artoB aTbiHIaFs! « A3BIK-TYJIIK OHIMIEPiHIH (eaepanablK FEUIBIMU OPTAJIBIFBD)
DenepanIbik MEMIICKETTIK OFO/DKETTIH FRUTBIME MeKeMeciHiH ¢umuansl PFA, Mackey, Pecei,

2 AJIMATBI TEXHOJIOTHSUIBIK yHHUBepcHuTeTi, Anmatsl, Kazakcran

OCIMIK IINKI3ATBIH KOJJAHBIIT AINBITBIIATBIH
CYCBIHIAP OHAIPICIHIH BUOTEXHOJIOI'UAJIBIK ACIHHEKTIJIEPI

AnHoTanusi. OepMEHTTENreH CYChIHAAp OUONOTHSUIBIK OCNICeH Il 3aTTapMEH TaFaM PAalOHBIH OaibITy YIIiH
naijanaHblIaThIH TaMaK OHIMJICPiHIH OHTAHIIBI TYpi OOJIBIN TaOBUIA/BL, OJIAp aJlaM aF3achIHBIH 3aT alMacyblHa KOHE
UMMYHJIBIK TYPaKThUIBIFbIHA OH SCEPiH TUTI3eAl, 0Jap SKCTPaKIMs apKbUIbl FaHa eMec, COHai-aK Typili MUKpoopra-
HU3MJICpAIH OMipIiKk OelceHIuIiri HoTWXeciHAe naiaa Oomanel. Onap €3 Ke3eriHae BUTAaMHMHAEPIl, aMHUHKBIII-
KbULIapbIH, OPTaHUKAJBIK KBIIKBULIAP JKOHE Tarbl Oacka 3aTTapAbl Ty3eal, Oyl (epMEHTTENreH CYCHIHIap/IbIH
OMONOTHAIBIK KYHIBUIBIFBIH apTThipansl. Lait cansipaykymarsl (Medusomyces gisevii) KONIaHBUIFaH CYCHIHIAp
TEXHOJIOTHSACHl Yi/Ie alyFa apHaJFaH JKOHE OHBI OHEPKACINTIK jKaFiaia KojgaHy MyMKiH emec. OCBl FBUIBIMH-
3epTTey JKYMBICHIHBIH ©3€KTLIIr OpTYpIi XallbK TONTAPBIHBIH JCHCAYJIBIFBIH CaKTayra OarbITTanFaH (QyHKITHO-
HAIIBIK CYCBIHIAPABIH ayKbIMBIH KEHEUTY YIIH OaphIHIIAa KOJDKETIMAI Typle OHMOJOTHSIBIK OeJICEeHIl 3aTTapMeH
OalBITBIIFaH CYCBIHHBIH TEXHOJIOTHSCHIH jKacay Oonbll TaOblnazasl. by MoceneHi menty yIIiH apajnac albITKbUIap
MEH CYT KbIIIKbUIAAPB! OaKTepHsIapbIHBIH YHBITKBICH TAHIAIl albIHIBI, KOK IIai jkoHE apIa YBITHI Heri3iHaeri Ko-
PEKTIK OPTaHBIH OHTAMJIbI KYpaMbl aHbIKTabl, AMUHKBIIIKBUIBI MCH BUTAMHUHI aKTUBATOP aLIbITY YPAICIH a3alTy
YILiH TaHAAIAbl. AJIBIHFaH TEXHOJIOTHS KYpaMbIH/a aybICTHIPBUIMANTHIH aMHUH KBIIIKBUIIAPBIHBIH KOl MeJIepi 0ap,
OpTaHOJIENTUKAIBIK KOPCETKIITepi YHleciMIi apanac allbITKbl HETi3iHAEri CYChIH allyFa MYMKIHIIK Oepni, Oyi
XaJIBIKTBIH TYPJIl TONTAph! YIIiH OChl (DYHKIIMOHAJIBIK CYChIHIAPbI YChIHYFa MYMKIHAIK Oepi.

Tyiiin ce3aep: mai caHpIpayKyJIarbl, apna YbIThI, AIIBITKBIIAP MEH CYTKBIIIKBUIAB OaKTepusuiapbIH Oipik-
TIpIJIreH YHBITKBICHI.
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M. B. I'epuer’, U. H. I'pudrora’, K. B. Koﬁe.ﬂeBl,
JI. E. Hypmyxan6erosa®, J. K. AceméaeBa’

'Beepoccniickuii HayuHO-HCCIIEI0BATENLCKUIT MHCTUTYT TMBOBAPEHHOI, 6E3aIKOr0NbHOM N BHHOIEIBYECKOI
HPOMBIIUIEHHOCTH — puiman PenepanbHOro rocyJapcTBEHHOr0 OI0HKETHOTO HAYYHOTO YUPEKICHHS
«DenepanbHblil HAyYHBIH LEHTp NHIIEBbIX cucteM uM. B. M. I'opbarosa» PAH, Mocksa, Poccus,

? AIMaTHHCKHH T€XHOTOTHIECKHH yHHUBepcHuTeT, Anmatsl, Kazaxcran

BUOTEXHOJIOTHYECKHE ACITEKTBI TIPON3BO/ICTBA HAITMTKOB BPOKEHUSA
C IPUMEHEHHUEM PACTUTEJIBHOI'O CbIPbA

Annotanusi. Hanutkn OposkeHnst paccMaTpuBaloTcs Kak ONTHMalibHast opMa MUIIEBOTO MPOJIYKTa, UCTIONb-
3yeMOro Ayt 00OTalIeHuUs pallioHa MUTAHU OMOJIOTHIECKH-aKTUBHBIMHU BELIECTBAMH, OJIarOTBOPHO BIIHMSIOLUIMMH Ha
00MEH BeIecTB 1 MMMYHOPE3HCTEHTHOCTh OPTaHU3Ma YEJIOBEKA, KOTOPBIE 00ECTIEYMBAIOTCS HE TOJIBKO 3a CUET IKC-
TPaKLUH, HO ¥ GOPMHUPYIOTCS B PE3YJIbTAaTE KU3HEACSITEIFHOCTH PA3IMYHBIX BHIOB MUKpoopranu3MoB. [locnennue,
B CBOIO OYepeab, NPOAYLUPYIOT BUTAMUHBI, aMUHOKHCIIOTHI, OPIraHUYECKHE KUCIOTHI M IIp., YTO M Mpuaaer dep-
MCHTHUPOBAaHHBIM HAIHUTKaM IOBBIIICHHYIO OMOJOIMYECKYI0 LIEHHOCTh. TE€XHONOTHsl HAINHUTKOB C IPUMEHEHHEM
vaiiHoro rpuba (Medusomyces gisevii) npenHa3HayeHa Al AOMAIIHEro NPUTOTOBJICHUS M HE IPEACTABIIAECTCS
BO3MOXXHBIM TIPHUMEHHUTh €€ B TPOMBIIUICHHBIX YCIOBHAX. AKTYallbHOCTh JaHHOM HCCIIEIOBAaTENbCKOM paboThI
3aKJIF0YaeTCsl B Pa3pabOTKE TEXHOJIOTMU HalWTKa, 000ralieHHOro OMOJIOTMYECKH aKTHBHBIMH BEUIECTBAMHU B HaW-
Oomee mocTynHOW (opMe IS pacIIMpEeHHs] acCOPTHMEHTa (DYHKIMOHAJIBHBIX HAIMTKOB, HAIIPABJICHHBIX HA TOA-
Jiep>KaHHue 3/I0POBBSI PAa3IMYHBIX Ipynn HaceneHus. C Lenbio pelleHus JaHHOW 3ajnadu Oblia BHIOpaHa KOMOWHU-
pOBaHHAs 3aKBaCKa JPOOKEH M MOJIOYHOKHCIBIX OakTepHil, ONpEeaeseH ONTUMAIbHBIA COCTaB MUTATEIBHON CpeJIbl
Ha OCHOBE 3€JIEHOTO Yas M SIMEHHOTO COJIOJOBOTO Cycia, Ul COKpAaIIeHHUs Ipolecca OpoxeHus Obl1 momgoOpaH
AMHHOKHCIIOTHO-BUTAMHUHHBIN akTHBaTop. PazpaboTaHHAas TEXHOJIOTHS MO3BOJIMIA MOJYYUTh HAIIMTOK HA CMEIIaH-
HOH 3aKBacKe, TapMOHHYHBIA MO OPraHOJETITHYECKUM ITOKa3aTeNsiM, C TIOBBIIICHHBIM COAEPKaHUEM aMHHOKHCIIOT,
0COOEHHO HE3aMEHHUMBIX, YTO MO3BOJIMIO PEKOMEHIOBATH 3TOT (DYHKIMOHAJIBHBIA HAIIUTOK IJIS PAa3IMYHBIX TPYIII
HaceJeHHUs.

KuaroueBble ciioBa: yaiiHblii rpud, cycio, KOMOMHUPOBAaHHAs 3aKBACKa JAPOAOKEH U MOJIOYHOKHCIIBIX OaKTepHii.

Information about authors:

Gernet M. V., Head of Brewring department , Professor, Doctor of technical Science, All-Russian Research
Institute of Brewing Non-Alcoholic and Wine Industry - branch of the Gorbatov’s Federal Research Center of Food
Systems of RAS, Moscow, Russia; institut-beer@mail.ru; http://orcid.org/0000-0003-0277-7318.

Gribkova 1. N., Researcher of Brewring department, Candidate of technical Sciences, All-Russian Research
Institute of Brewing, Non-Alcoholic and Wine Industry - branch of the Gorbatov’s Federal Research Center of Food
Systems of RAS, Moscow, Russia; institut-beer@mail.ru; http://orcid.org/0000-0002-4373-5387.

Kobelev K. V., Deputy directore of Scintific research institut of Brewring, Candidate of technical Sciences, All-
Russian Research Institute of Brewing, Non-Alcoholic and Wine Industry - branch of the Gorbatov's Federal
Research Center of Food Systems of RAS, Moscow, Russia; k.kobelev55@mail.ru; http://orcid.org/0000-0002-3619-6282.

Nurmukhanbetova Dinara Erikovna, candidate of engineering sciences, acting associate professor, Almaty
Technological University, Department of Food safety and quality; dinar2080@mail.ru; http://orcid.org/0000-0002-
8939-6325.

Assembayeva Elmira Kuandykovna, Almaty Technological University, Department of Food Biotechnology,
Master of Technical Sciences, Senior Lecturer; elmiraasembaeva@mail.ru; http://orcid.org/0000-0001-7964-7736.

REFEREVCES

[1] Shenderov B.A., Doronin A.F. (2001). Perspectives of Functional Drinks for Various Population Groups on the Tea and
Coffee Basis. Materials of the Ist International Specialized Exhibition "Tea and Coffee Magic Aroma". Moscow. Russian
Exhibition Center (VVC). P. 58-60 (in Rus.).

[2] Pilipenko T.V., Korotysheva L.B. (2016). Study of Tea-Based Drinks Quality and Functional Properties, South Ural
State University Bulletin. Series "Food and Biotechnology", 4: 1. P. 87- 94 (in Rus.).

[3] Khanferyan R.A., Vybornaya K.V., Rajabkadiev R.M. (2017). Frequency of consumption of sugary carbonated drinks
by the population of different age groups of the Russian Federation. Nutrition Issues, 3. P. 55-58 (in Rus.).

[4] Bessonov V.V., Khanferyan R.A., Galstyan A.G. (2017). Potential Side Effects of Caffeine Consumption in Healthy
Adults, Pregnant Women, Adolescents and Children (A Review of Foreign Information). Nutrition Issues, 6. P. 21-28 (in Rus.).

— 229 =——



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

[5] Khanferyan R.A., Rajabkadiev R.M., Evstratova V.S. et al. (2018). Consumption of Carbohydrate-Containing Drinks
and their Contribution to the Total Caloric Intake. Nutrition Issues, 87: 2. P. 39-43 (in Rus.).

[6] Oganesyants L.A., Panasyuk A.L., Kuzmina E.I. (2016). Determination of the Carbon Isotope 13C/12C in Ethanol of
Fruit Wines in Order to Identification Characteristics, Foods and Raw Materials, 4:1. P. 141-147. DOI: 10.21179/2308-4057-
2016-1-141-147 (in Eng.).

[7] Zyakun A.M. et al. (2012). Mass Spectrometry Analysis of Prevalence of 13C/12C Isotopes Ratios in Grape Plants and
Wine in Dependence on Climatic Factors (Krasnodar Territory and Rostov Region, Russia), Mass Spectrometry, 9:2. P. 16-22.
DOI: 10.1134/S106193481313011X (in Eng.).

[8] Petrov A.N., Khanferyan R.A., Galstyan A.G. (2016). Current Aspects of Counteraction of Foodstuff's Falsification,
Nutrition Issues, 85:5. P. 86-92 (in Rus.).

[9] Sergeeva 1.Yu., Unschikova T.A., Rysina V.Yu. (2014). Improvement Directions of Kvass Fermentation Technology
Based on the Analysis of Modern Scientific and Technical Developments, Equipment and Technology of Food Production, 3.
P. 69-78 (in Rus.).

[10] Budaeva V.V., Gladysheva E.K., Skiba E.A., Sokovich E.V. (2016). The Method of Obtaining Bacterial Cellulose
[Metod poluchenija bakterial noj celulozi]. Patent of Russian Federation [Patent Rosijskoj Federacii] (in Rus.).

[11] Agbo F., Spradlin J.E. (1995). Enzymatic Clarification of Tea Extracts. Patent of USA (in Eng.).

[12] Khachatryan V. (2012). Tea Fungus: Sober Way Out. ISBN 978-5-88503-985-7. P. 99-101 (in Rus.).

[13] Shkitina E.N. (2012). Healing Fungi from All Diseases. ISBN 978-5-386-03870-0. P. 32-38 (in Rus.).

[14] Khachatryan V.Kh.,, Ivanova T.V. (2000). Drink, Method of Tea Fungus Liquid Culture Production and Method of
Drink Production [Napitki. Metod proizvodstva I poluchenia kulturi chajnogo griba]. Patent of Russion Federation [Patent Rosuj-
skoj Federacii] (in Rus.).

[15] GOST 12787-81 Beer. Methods for Alcohol Determination, Actual Extract and Calculation of Dry Substances in the
Initial Wort (in Rus.).

[16] GOST 12788-87 Beer. Methods for Acidity Determining [GOST. Pivo. Obschie tehnicheskie uslovija] (in Rus.).

[17] Methods for Measuring the Mass Concentration of Volatile Components in Fermented Products by Gas Chromato-
graphy (Certificate of Measurement Method Attestation no. 01.00225/205-45-11) [Hromatograficheskie metodi izmerenija
masovoj koncentracii letuchih komponentov] (in Rus.).

[18] Methods of Measuring the Mass Concentration of Organic Acids in Fermented Products by High Performance Liquid
Chromatography (Certificate of Measurement Method Attestation no. 01.00225/205-49-12) [Hromatograficheskie metodi
izmerenija masovoj koncentracii organiceskih kislot metodom visokoafektivnoj zhidkostnoj hromatografii] (in Rus.).

[19] Methods for Measuring the Mass Concentration of Sugars and Glycerin in Alcoholic and Non-Alcoholic Drinks by
High Performance Liquid Chromatography (Certificate of Measurement Method Attestation no. 01.00225/205-54-12) [Hromato-
graficheskie metodi izmerenija masovoj koncentracii saharov I glicerina v alkogolnih I bezalkogolnih napitkah metodom visoko-
afektivnoj zhidkostnoj hromatografii] (in Rus.).

[20] Methods for Measuring the Mass Concentration of Amino Acids in Alcoholic and Non-Alcoholic Drinks by High
Performance Liquid Chromatography (Certificate of Measurement Method Attestation no. 01.00225/205-48-12) [Hromatogra-
ficheskie metodi izmerenija masovoj koncentracii aminokislot v alkogolnih I bezalkogolnih napitkah metodom visokoafektivnoj
zhidkostnoj hromatografii] (in Rus.).

[21] Shaburova L.N., Ilyashenko N.G., Sadova A.lL [et al.] (2000). Yeast Activation Method [Metod aktivacii drozhej].
Patent of Russion Federation [Patent Rosijskoj Federacii] (in Rus.).

[22] Gernet M.V., Kobelev K. V., Gribkova I.N., B.R. (2016). Development of Functional Fermented DrinksTechnology
with Use of Tea. Part II. Formation of Main and By-Products of Fermentation during the Cultivation of Microorganisms
[Issledovanie tehnologii funkcional nih napitkov brozhenija na osnove chaja. Chast II. Obrazovanie osnovnih pobochnih
produktov brozhenija v hode kul tivirovanija mikroorganizmov]. Beer and Bevereges [Pivo I napitki], 2. P. 12-16.

[23] Shterman S.V. (2017). Sports Nutrition Products Moscow, Moscow. ISBN 978-5-906955-07-4(in Rus.).

[24] Fu C.,, Yan F., Cao Z. et al. (2014). Antioxidant Activities of Kombucha, Prepared from Three Different Substrates and
Changes in Content of Probiotics during Storage, 34:1. P. 123-126. DOI.org/10.1590/S0101-20612014005000012 (in Eng.).

[25] Jayabalan R., Malini K., Sathishkumar M. (2010). Biochemical Characteristics of Tea Fungus, Produced during
Kombucha Fermentation, Food Sci. Biotechnology, 19:3. P. 843-847. DOI/10.1007/s10068-010 (in Eng.).

[26] Oganesyants L.A., Khurshudyan S.A., Galstyan A.G., Semipyatny V.K., Ryabova A.E., Vafin R.R., Nurmukhanbeto-
va D.E., Assembayeva E.K. (2018). Base matrices — invariant digital identifiers of food products News «Series of Geology and
Technical Sciences». N 6. P. 6-15. ISSN 2224-5278 https://doi.org/10.32014/2018.2518-170X.30.

——230——



ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2019

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 1, Number 433 (2019), 231 — 241 https://doi.org/10.32014/2019.2518-170X.28

UDC 641.56:004.9
M. A. Nikitina', I. M. Chernukha', D. E. Nurmukhanbetova®

'V. M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia,
?Almaty Technological University, Almaty, Kazakhstan.
E-mail: m.nikitina@fncps.ru, imcher@inbox.ru, dinar2080@mail.ru

PRINCIPAL APPROACHES TO DESIGN AND OPTIMIZATION
OF A DIET FOR TARGETED CONSUMER GROUPS

Abstract. The nutritional status is one of the main factors determining health and preservation of the nation’s
gene pool. Experts consider 76% of people’s deaths to be caused by noncommunicable diseases namely cardiac
diseases (56,7%), different types of tumors (14,4%), lung diseases (3,7%) and diabetes (1,5%). Great part of the abo-
venamed diseases are associated with a deficiency or excess of certain components in the daily diet of a person.
About half of the people deaths under the age of 70 linked to inadequate nutrition. One of the main prerequisites for
the human health is its optimal diet, which should contain essential amino and fatty acids, vitamins and various trace
elements. It is upon achievement of the optimal nutrition structure that high performance capabilities and primary
prophylaxis of many diseases are ensured, immunoresistance is increased and organism defense against an impact of
unfavorable environmental factors is strengthened. A solution to the problem of proper nutrition that corresponds to
the requirements and possibilities of the human organism and is balanced by all indicators of nutritional and
biological value is linked with the development and processing of big data and knowledge bases. They contain infor-
mation that reflects the choice of individual (or personalized) diets and nutrition regimes with consideration for age
factors, physiological status, medico-biological requirements, regional conditions, peculiarities in food consumption
as well as for sources of disorders of the immune status. Difficulties in optimal decision-making solution is linked
with many different factors. Firstly, with the probabilistic dispersion of characteristics and properties of biological
raw material. Secondly, with individuality of the physiological peculiarities of the organism requiring in each case
individual selection and correction of ration models taking into account structural relationships and restrictions at the
component, elemental and monostructural levels. The paper shows the use of the information technologies realized
by the methods of multi-criteria optimization and mathematical programming, which allow structuring the obtained
set of alternatives, correct and/or construct an optimal diet.

Key words: diet, information technologies, computer programs, optimal diet, healthy nutrition.

Introduction. Nutrition is one of the main conditions of human existence. Quantity, quality and an
assortment of consumed foods as well as timeliness and regularity of food intake decisively affect human
life in all its manifestations.

Proper nutrition is the crucial factor of human health, performance capabilities and active life.

Among the environmental conditions that constantly affect the human body, nutrition, without doubt,
has the highest specific weight. However, food has a principle difference from the other environmental
factors as food is converted in the process of nutrition from the external factor into internal, and moreover,
its elements are transformed into the energy of the physiological functions and structural elements of the
human organs and tissues. That is why nutrition is the main factor in assurance of the normal growth and
development of the human organism, its working capacity, adaptation to an exposure to different environ-
mental agents and, finally, it can be considered that the nutrition factor has a determining effect on human
longevity and activity [1].

It is well-known that the human organism is constantly negatively affected by different chemical,
physical, social and other factors of a habitat, which leads to deterioration of a health condition on the
individual level and an increase in morbidity, disability and mortality.
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Diseases leading to high social costs, resulting in early deaths and depriving many people of full-
value life, such as stroke, hypertension, cardiac ischemia, many types of cancer, diseases of oral cavity,
anemia, goiter, liver cirrhosis, diabetes, presence of bile stones, obesity, diseases of the locomotor system
in the elderly, can be prevented by proper nutrition, even if the detailed mechanism of the relationship
between excessive or insufficient nutrition and these diseases is still unknown. According to the estimates
of the WHO experts, the resources that are allocated to the treatment of these diseases significantly exceed
the expenses necessary for their prevention [2].

According to the WHO data, in the Western European countries, noncommunicable diseases account
for 77 % of all diseases, and they are the cause of deathin 86% cases with cardiovascular diseases
occupying the first place [2]. The same trend is observed in Russia. For example, in 76% cases, the causes
of death are noncommunicable diseases, among which are the circulatory system diseases (56.7%),
neoplasms (14.4%), respiratory diseases (3.7%) and diabetes mellitus (DM) (1.5%).The main risk factors
influencing mortality of the population of the Russian Federation are: arterial hypertension (35.5%),
increased cholesterol level (23%), smoking (17.1%), insufficient intake of vegetables and fruit (12.9%),
obesity (12.5%), excessive consumption of alcohol (11.9%), low physical activity (9%). It is obvious now
that a decrease in mortality and an increase in life expectancy in Russia are possible, first of all, due to
prevention of chronic noncommunicable diseases [3].

Several main noncommunicable diseases, including cardiovascular diseases, type 2 diabetes and
certain cancer types, which accounts for more than half of deaths, diseases and disabilities, were identified
as alimentary-dependent, that is, they can become more severe or be corrected by corresponding nutrition.

However, WHO identifies overweight (body mass index (BMI=25-29.9) and obesity (BMI=30 and
higher) as the biggest unacknowledged problem of the public health in the world [2].

About half of deaths under the age of 70 are associated, to one extent or another, with malnutrition [4].

Several diseases are associated with deficiency or excess of certain components in human daily diets.
The associations have been traced between fluorine and caries, iodine and goiter; essential fats and cardio-
vascular diseases; dietary fibers and gastrointestinal diseases; calcium, fluorine, vitamin D and diseases of
the locomotor system; iron, folic acid and anemia [5].

A degree of assimilability of diet components to a large extent depends on the accompanying sub-
stances. For example, calcium is a substance that is hard to assimilate. Calcium is found in foods, mainly,
in the form of poorly soluble salts (phosphates, carbonates, oxalates and others). Solubility of calcium
salts increases in the acidic environment of the stomach; however, dissolved ions, to some extent, are
again bound and precipitate in jejunum and ileum, where pH is closer to neutral. A deficiency of protein
and an excess of dietary fibers and phytic acid negatively affect a degree of assimilability of calcium that
is consumed with foods. Oxalic acid often prevents calcium absorption. Binding with oxalic acid, calcium
gives water insoluble compounds, which are the components of kidney stones. These are dock, rhubarb,
spinach and beet. Phytic acid (which is especially abundant in cereals) binds calcium to the insoluble
form. An increase in the need for calcium upon increasing dietary fibers in a diet raises the risk of osteo-
porosis [6, 7]; a growth in aggressiveness is possible upon decreasing fat consumption [8], which is
necessary to consider when developing and adapting an individual diet (personalization in nutrition).

The human stomach at the age of 60 can produce only 25% of the gastric juice that it produces at the
age of 20. With that, a proportion of consumption of cereals (rye, wheat, oat), which are rich in fibers,
increases. Therefore, a need for calcium increases with age. Products with low content of oxalic acid
(green head cabbage, broccoli, turnip) are good sources of calcium. Calcium assimilability from cabbage
is as high as from milk.

A significant contribution to the mentioned problems can be made by the use of the modern infor-
mation technologies, which allow prompt assessment of person’s psycho-physiological peculiarities,
including technological treatment and raw material preparation [9]; selection with consideration for this
assessment of the individual full-value diets based on the optimized procedure; individual health nutrition
education and dissemination of knowledge in this field using data (generalized and formalized in a form of
databases/knowledge bases) about relationships between nutrition, health, age, individual characteristics
of a person and ecological conditions; and control over the process of the diet use.

For human health, not only the full value of nutrition is important, but also its prophylactic, curative,
detoxifying and geroprotective function. This, to a large extent, determines the modern requirements for
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the structure of rational nutrition. At present, it is difficult to meet these requirements using the traditional
approaches to formation of diets based on the dietitians’ expert analysis as, when solving this problem, a
person deals with quite a difficult combinatorial task of multi-parametric and multi-criteria optimization of
a diet, which potentially can consist of many several hundreds of food products with different composition
and properties. It is even physiologically difficult to a person to solve this task. In the general case, this
task often does not have a solution and, therefore, there is a need for a step-wise iterative procedure of
optimization in the course of the “human-computer” dialog [10].

The paper describes approaches to the development of the structural parametric models of adequate
nutrition, formalization of the knowledge data and creation of the expert system of analysis and correction
of the daily diet and nutrition regime for a certain group of people according to the scientifically substantia-
ted norms and medico-biological requirements from available traditional food products in a particular region.

Principles for developing adequate human diet. It is known that human food should contain six
hundred substances that are necessary for normal vital activities of the organism and occupy their place in
the complex harmony of the biochemical processes. With that, 96% of the organic and inorganic com-
pounds that come with food have certain curative properties [11]. Therefore, a human health condition
ultimately depends on the quantity and ratios of these substances in a diet.

General approaches and methods for organization of nutrition are based on the principles of balance,
individuality, rationality, functionality and adequacy [12].

The main tasks in organization of nutrition are:

- assurance of rational and balanced nutrition according to the age and physiological requirements in
nutrients and energy;

- assurance of quality and safety of foods used in diets;

- prevention (prophylaxis) of communicable and noncommunicable diseases linked with the nutrition
factor using enrichment of diets with main micronutrients (to prevent their deficiency).

Rational nutrition, which is adequate by quantitative and qualitative norms, as well as medico-
biological requirements, is one of the main factors that predetermine health condition.

When formulating a diet, it is necessary to adhere to the principles of the rational, balanced adequate
nutrition, which implies:

- satisfaction of the human needs for nutrients and energy, including macronutrients (proteins, fats,
carbohydrates) and micronutrients (vitamins, microelements and others);

- balance of a diet by all nutrients, including amino acids, fatty acids, carbohydrates, vitamins,
mineral substances;

- maximum variety in a diet, which is achieved by the use of a sufficient product assortment and dif-
ferent methods of cooking;

- adequate technological (culinary) processing of products that ensure high palatability of products
and preservation of their nutritional value;

- consideration for the individual characteristics of a person (including intolerance to certain types of
food products and meals);

- formation of a diet by qualitative and quantitative composition separately for different age groups in
a population.

As was mentioned above, healthy food not only should be balanced by the content of proteins, fats
and carbohydrates, but also should contain the whole complex of necessary minerals and vitamins. For
creation of a proper diet, not only the presence of all nutrients is important, but also their compatibility,
interrelatedness, synergism and so on.

Available variety of products leads to entropy of their choice. Among the main and most often used
foods are bread, grits, pasta and sausages. Being mainly the suppliers of protein, they, at the same time,
contain many co-occurring excessive ingredients that favor the development of obesity and alimentary-
dependent diseases.

Difficulties in optimal decision-making are conditioned by the probabilistic dispersion of charac-
teristics and properties of the initial components of the biological raw materials, individuality of the phy-
siological peculiarities of the organism, which require in each case an individual choice and correction of
diet models taking into account structural ratios and constraints on the component, element and mono-
structure levels. Therefore, the development of the computer technologies for the structural parametric
modeling and optimization of the adequate nutrition system will allow knowledge-based selection of an
optimal solution from a set of possible alternatives.
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Intellectual component of the software. When developing software for assessment and optimization
of a diet, it is necessary to take into account several requirements:

- addition of products and meals to a menu, and a possibility to edit a chemical composition;

- the use of the reference values for different population groups (healthy, curative, curative-pro-
phylactic, dietetic nutrition and so on).

The functional structure of the developed system (figure 1) consists of the information database and a
set of program modules that realize the control system of the information database, modeling and analysis
of a diet, and the highly developed object-oriented user interface.

Information database

Foods < Norms of physiological requirement
A A
Diet <
A
Y

Programming Environment

Module of organization of an access to the information database
A A
Y Y
Module of diet analysis Module of diet development
v v
Interface

Figure 1 — The functional structure of the system

The information basis of the system is a database that reflects, in the structural manner, the physico-
chemical indicators, functional-technological and structural-mechanical properties of products of animal
and plant origin in a meal, atherogenic index of a food product, dietetic diets and menus, criteria of opti-
mization and adequacy assessment, recommendations and norms of the physiological requirements in
energy and nutrients for different population groups.

The main task of the system is the development and optimization of the nutrition menu for diffe-
rentiated population groups according to the scientifically substantiated norms and medico-biological
characteristics from available traditional products in a certain region of the Russian Federation. The
decision is made in the module “Diet”, which is intended to create new diets and correct the existing ones
by addition of new meals and/or foods.

Figure 2 presents the dialog window of the database visually reflecting the group of products in the
dropdown menu.

I~ Products
Product groups

Muon B

Products
Product groups

Dishes from potatoes Zhereh

Dishes from curd Zuban

Borscht Catfish spotted

Bgef Flounder

Pink salmon Green head cabbage

Jelly Sauerkraut

Zhereh _ . ] Cauliflower %
a) b)

Figure 2 — Window of the database with the list of the product groups:
a) “Mutton” group; b) “Jelly” group
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When choosing the necessary group of products in the following box (text field), the products and
meals of this group will be presented (figure 3).

Products Products
Product groups Product groups
|Mutton ﬂ |Je||y LI
Product Product

Minced-meat cutlets from mutton (recipe 353) - Jelly from cranberry (recipe 507) -
Minced-meat cutlet from mutton (recipe 353) Jelly from cranberry (recipe 507)

Stewed mutton (recipe 302) Jelly from black current (recipe 507)

Schnitzel from mutton (recipe 330) Jelly from red current (recipe 507)

a) b)

Figure 3 — Window of the database: choice of products (meals) from the chosen product category:
a) Choice of meals from the “Mutton” group; b) Choice of meals from the “Jelly” group

The development of an optimal diet comes down to the dialog algorithm (figure 4) [13] of detection
of the product composition, their quantity and ratios by the set criteria and constraints. The first stage

begins with entering information about existing daily diet of a patient with consideration for taste cha-
racteristics, ethical traditions, region of residence and so on.

Norm of consumption and
parametric description of an
adequate diet

Adequacy
assessment

Y

¢ Parametric description of

an individual product Optimal diet

Assessment and structural
optimization of the used diet + *
Search for possible
components of individual g
products

Recommendations on
the nutrition regime
and menu

v v

Multi-criteria structural-
parametric optimization
of a product at

different levels ‘

Diet is
adequate

Structural-parametric
optimization of nutrition

Expert analysis of disbalance
and selection of additional products
for a diet composition

v

Structural-parametric optimization
of the changed diet composition

T

Optimal regime, form and menu
of individual nutrition

Adequacy
assessment

End

Recipe of an individual product

Figure 4 — Dialog algorithm of the structural-parametric optimization of the adequate nutrition

Using the described medico-biological status of a person, a parametric model of his/her adequate
nutrition is formed in the expert system as specific parameters, norms and ratios of the nutrients and
components that are required daily. On this basis, the assessment and structural optimization of the
existing daily diet is carried out, which is linked with changes in the ratios and proportions of consumed
foods by the criteria of the minimum deviation from the normative parametric structure of the indicators of
the adequate nutrition.

The hierarchy of the quadratic criteria [14] of the minimal deviation from the reference structure of
the set of indicators for nutritional, biological and/or energy values, as well as the criteria of the protein
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digestibility, adequacy of protein intake, deficiency of albumin, transferrin, lymphocytes and others is
used as a targeted function.

Minimization of the possible noncoincidence between parameters of the “standard” and proposed
diets is linked with multi-criteria optimization and formation of the Pareto-optimal set of solutions by
formalized criteria.

By the diagnostic algorithm for the medico-biological status of a person (figure 5), a vector of devia-
tion of specific parameters of nutrients and components that are required daily is formed in the expert
system relative to the established norms and ratios of adequate nutrition that allows to carry out the initial
selection of products into the recommended diet that compensate existing deviations with consideration
for individual characteristics of a person and social conditions (personal perception of one or another
product, allergy, as well as availability of certain products due to a financial or geographical factor).

Upon insufficient compensation of deviations by selection of desired products and meals that are
constituents of a diet, a search for their optimal qualitative ratios (structural optimization) is then carried
out by possible incorporation of additional products and meals dependent on current deviations of

( Beginning ’

A 4
Xi, i=1, 69 | Xi - physiological indicators of a patient
Xj, =129, 134 Xj — indicators of the external factors
Y

PER — prognostic risk index
PIR, EQO, DRE | EOO — main energy exchange
DRE - actual energy expenditure

Y
Potr_Belki, Potr_Zhir,
Potr_Uglevodi

Potr Belki — protein requirements
Potr_Zhir — fat requirements
Potr_Uglevodi — carbohydrate requirements

Y

Xii, i=1, 69; The cycle of the diagonal movement over the matrix
=129, 134 of the structural parametric characteristics
v Comparison of the matrix indicator value with the

value of the element of the vector of deviations from
reference values

| Xio — initial value of the reference interval
D Xi — pdifference between the initial and ultimate
value of the reference interval
Le., in this block, the values of the physiological
indicator is compared to the normal level

Xii < Xio
or
Xii > Xio + DXi

no

Xij, 1=const;
J.=|= 69; | In case of nonconformity of a value to the norm, the
=129, 134 cycle is opened by the row for searching all values of
indicators, with which the current element is linked
no
Y | Check of existence of links
MAS_RECOM
Conclusion of the human health condition.
yes On its basis, it is possible to move to the algorithm
for selection of a method and type of curative
MAS CON nutrition (nutritional support).

End

Figure 5 — Algorithm of diagnostics of human health condition
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parameters from norms (the 3™ stage) or the development of the individual combined product (the
4™ stage) that minimizes residual deviations.

To assess adequacy and quality of a diet, a functional [13] is proposed that reflects the average
weighted total deviation of actual values of condition parameters from the norm. With consideration for
weighted coefficients and selection of certain groups of factors, the quality functional has a form:

0

1 i X. — X,
Flx)=1-_|— »p | L1 1
(x) n;a,; l]( A J—)max (1)

0

where n — is the number of combined indicators; Xjjs Xjj — the actual and desirable value; Axl-]; — the

extreme deviation from the desirable value for the k™ level of quality; b;; — the weighted coefficient of the

j™ parameter in the i™ group; a; — the coefficient of group significance.

The value of quality coefficient changes from 1 in case of full coincidence of the obtained values with
the recommended (the best quality) to 0 when reaching the boundary of the quality level (the ultimate
value), so that at negative values of the functional, a diet does not correspond to the targeted quality level.

To detect the weighted coefficients, the method of the full factorial experiment can be used, at which
the following values are entered into the columns of the response function y,,. of the ' replicate in the k™

experiment: 1-0.7 — when assigning a product to a very good quality level; 0.7-0.3 — to good; 0.3-0 — to
satisfactory; 0-(-0.2) —to bad; lower than (-0.2) — to a very bad quality level.

The mathematical model and algorithm for individual menu formation with consideration for taste
preferences of people, their financial possibilities as well as individual physical and physiological
characteristics come down to minimization of the discrepancy between taste preferences of a person and
prescriptions of a dietitian by the criterion:

Z (DKP + Dy, )5k — max (2
%

., G

where Dyp — the score value of the functional of patient’s “taste” preferences of the k™ meal; Dyp — the
. . 0 . .
value of the functional of “curative” preference by the k™ meal; S = {1} — logical variable of the com-

ponent inclusion into the meal or diet composition upon constraints:

- for non-repeatability of meals in a daily diet

- for financial possibilities of a patient

- by mass of the k™ meal

- for the ultimate caloricity at breakfast, dinner and supper

- for the ultimate volume of breakfast, dinner and supper

- by the upper and lower limits of the content of the i chemical element

At the first stage, an assessment and analysis of the existing dietis carried out linked with calculation
of the nutritional value (moisture, protein, fat, carbohydrates), vitamin and mineral composition (A, p-ca-
rotene, By, B,, PP, C, Na, K, Ca, Mg, P, Fe) and the energy value of each /™ meal/product in a diet.

After consecutive calculations for each component, all determined indicators for the first meal are
obtained. Then, the value of the i variable is increased by one i+1/; that is, we turn to the following meal in
the menu. At each transition, the file is checked for its end.

After meeting this condition, we turn to the following stage linked with analysis and assessment of
the existing diet.

At this stage, a gender and age group of a respondent (a person, patient, individual) is determined and
the physical activity level is chosen. On the basis of the presented data, the norms of the physiological
requirements in energy and nutrients for different groups of the population of the Russian Federation
adopted by the Federal Service for Supervision of Consumer Protection and Welfare (Rospotrebnadzor)
are uploaded.

The obtained calculated data on the physico-chemical indicators are compared with the regulatory
indicators at two levels — minimum and maximum.

— 237 ——



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

When there is a deficiency of one or more basic indicators (protein, fat, carbohydrates), the percent
deviation from the norm is calculated and a product and/or meal that contain the lowest value of this
indicator is found in a respondent’s diet. In case of excess, a deviation from the limit for this indicator is
calculated in a similar manner and a product and/or meal that contains the highest value of this indicator is
found.

“Correction of a diet” is associated with replacement of an “undesirable” product by a similar one
from this category of meals in order not to disrupt the balance of meals in a menu. A request to the data-
base is made with the condition to display all meals in the same group category as a meal intended to be
replaced. Among them, a meal with the maximum or minimum value of the targeted component is chosen.

Then, the other indicators of a diet are checked in terms of the correspondence to the minimum and
maximum norms of consumption, and in case of misbalance, similar recalculation of products and meals
in a diet is carried out.

As a result of the performed mathematical operations, the results are displayed showing the main
physico-chemical indicators of a diet as well as the comparative analysis of deviations and options of their
elimination.

Figure 6 presents the results of analysis of deviations from the reference norms and the proposed
methods for diet improvement.

Diet analysis:

Content Water: +435 98%

Content Protein: +82.19%

Content Fat: norm

Content Carbohvdrate: norm
Content Organic acid: +34.43%
Content Sodium (Na): +247.17%
Content Potassium (K): norm
Content Calcium (Ca): -72.98%
Content Maznesiom (Mz): +23.31%
Content Phosphorus (P): +131.46%
Content Iron (T): +203.21%
Content Vitamin A: -30.60%
Content of beta-carotene: +82.18%
Content Vitamin B1: +486.97%
Content Vitamin B2: +268.69%
Content Vitamin PP: +150.93%
Content Vitamin C: -12.053%
Energy valoe: norm

We snggest vou to make the following replacement
tg replace cacao with milk (recipe 534) with tea with sugar (recipe 523)
to replace fried liver (recipe 331) with heart in savce (recipe 3 138

Figure 6 — Results of the program execution.

Analysis of IT solutions for human diet in the market. At present, several programs that are simi-
lar to the program under development are available on the market.

For example, the program “Assessment of actual nutrition by the Institute of Nutrition RAS” permits
calculating a level of the main metabolism, giving recommendations on caloricity and the structure of
nutritional value indicators by product groups, as well as visually reflecting nutritional value characte-
ristics relative to norms. However, the proposed program does not allow taking into consideration a level
of assimilability of food substances and a volume of actually consumed products, as well as product
compatibility.

The apparatus-program complex “Health Sources” [15] (certificate of Rospatent No. 2004610012)
consists of 4 modules (health assessment; analysis of factors influencing health; analysis of nutrition;
dynamics) and allows screening a level of psychophysiological and somatic health, functional and adap-
tive reserves of the organism, assessing parameters of the physical development, making recom-
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mendations on nutrition correction, physical activity, sport, sleeping regime, living, working and resting
conditions. Analysis of the program complex showed that the main target audience is sportsmen, people
having difficult professions (engine drivers, military personnel, shift workers). APC “Health Sources”
allows giving a qualitative assessment of the health reserves that are taken into consideration upon deve-
lopment of the health improvement and training programs for correction of the revealed adaptation
disorders. The system also allows assessing the actual diet by 27 nutrients and giving recommendations
with consideration for gender and age groups. A diet is not corrected automatically by the program, but a
dietitian makes changes in the current diet and nutrient composition of daily nutrition.

In the United Kingdom, the program DietPlan [16] was developed , which is integrated with the
databases of McCance and Widdowson, USDA NDB, Australian NUTTAB, Danish, Canadian and New
Zealand nutrient databases. In several databases, the nutrient composition exceeds a hundred of indicators.
The developers of the software ensured harmonization of the nutritional value characteristics allowing the
use of the initial data from significantly different sources. However, the English interface requires special
learning and an unprepared user cannot use all options of the software without assistance. The program
allows forming the individual and group reports, editing reference values for a category of patients under
investigation.

The program NutriSurvey(Germany) [17] realizes the classical reference frequency method of
consumption surveys, contains the database of products and nutritional value characteristics and normative
values by different food categories. The program NutriBase (USA) [18] is intended for executing indi-
vidual plans for clients of fitness centers or clinics and contains the nutrient databases USDA SR (USA)
and CNF (Canada).

The output data of the program are graphs and tables about the condition and dynamics of consump-
tion. The NUT program (USA) [19] contains the data about 8194 products and 146 nutrients, and enable
execution of different nutrition plans, including ketogenic, low carb and other diets.

The principle disadvantages of the foreign computer programs are the following: they do not take into
consideration the specifics of diseases, peculiarities of the organism and mentality of the Russians; there is
no information about Russian foods and meals, they do not take into consideration the requirements of the
Russian legislation for the composition, quality and safety of foods and meals. In additions, the interface
in the Russian language is not envisaged in these programs.

Conclusions. At present, when constructing diets, it is necessary to take into account not only nut-
ritional and biological values, but also other multiple factors: medical, technological, economic, social and
so on. The solution to the problem of individual (personalized) adequate nutrition of a certain person
should be considered trough many different factors. Status parameters, alternatives and criteria, different
constraints and conditions should be taken into account. Information technologies for data and knowledge
processing and formalization by optimal decision-making processes based on the complex models of
multi-criteria structure-parametric optimization and objective assessment of the suggested options should
be applied.

Information technologies can play a special role for representatives of different professions,
population in the ecologically unfavorable regions, people with increased emotional and intellectual bur-
den as they can not only present reliable and comprehensive information about peculiarities of nutrition,
but also select an individual diet.

In contrast to the Russian and foreign analogues of computer programs for analysis of actual nutrition
that are available on the market, the program under development enables simple and easy assessment and
correction of a diet for a certain person with consideration for the physiological requirements, regional
peculiarities of life and curative and prophylactic properties.

M. A. Hukuruna', U. M. Yepnyxa', /. E. HypmyxanGerosa’

'«B. M. T'opbaToB aTEIHIAFEI TaFaMIBIK XKyHenepaiH peaepanaslk FeuTbiMEA opTanbiFe» PFA, Mackey, Pecei,
2 AJIMATBI TEXHOIOTHSLITBIK yHEBepcuTeTi, AnMatsl, KazakcTan

TYTBIHYHIBIJIAPIBIH HBICAHAJIBI TOIITAPBI YINIH TAFAM PAIIMOHBIH /KACAY
JKOHE OHTAMNJIAHJIBIPY ITPUHIIATITEPI

AnHoTanusi. TamakTaHy skaFaaifbl — JICHCAYIIBIKThI AHBIKTAUTBIH JKOHE YJIT TeHIIK KOPbIH CAKTaHThIH MaHBbI3-
Iel (pakTopaapabiy Oipi. Peceitme 76% >xarmaiina eniMHIH ceOenTepi )KYKMaIbl eMeC aypyiap eKeHi KOpCeTUIreH,
ONIap/bIH apachlHAa KaH alHaJIbIMbI XYHeciHiH aypynapsl (56,7%), icikrep (14,4%), THIHBIC almy OpraHIapbIHBIH
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aypynapsl (3,7%), kaut guabderi (K) (1,5%). bipkarap aypynap KYHAETIKTI aJaMHBIH TaMakTaHy paldOHBIHAA
Oenrinmi Oip KOMIIOHEHTTEPiH >KETKITIKCI3IiriHe Hemece apTHIK MeJepnae OoiFaHbIHA OaimaHbICTHL. 70 >Kacka
JIEHIHT1 oM KaFaalIaphIHBIH JKApTHICHIHBIH KYBIFBI Oenrim Oip mopekene Aypbic TamMakKTaHOayFa OalTaHBICTHI
AzaM JeHCayJIBIFBIH CaKTay YIIiH 0acThl anFblapTTap OOJIBIN KYPaMBIHIA aF3ara KaXeTTi aMHMH KbIIIKbUIIAp, Maii
KBIIIKBIIAAP, BUTAMUHIIEP JKOHE 9p TYPJl MHUKPOAJIEMEHTTEp Oap OHBIH OHTAWIIbI TAMAaKTaHy PalllOHBI TaObUIaJIBI.
TaMakTaHyIbIH OHTAMIIbI KYPBUIBIMBIHA 9T )KETKEH Ke3JIe, )KOFaphl )KYMbIC KaOUJICTTUIIN KaMTaMachl3 eTilel JKoHe
aIFalIKpl KONTEreH aypyiaplblH alAbIH anajbl, UIMMYHJIBIK PE3HCTEHTTUIIK >KOFapbLIal/bl, ar3aHbl KOpIIaraH
OpTaHbBIH KOJIAHCHI3 (haKTOPJIAPBIHBIH dCep €TYiHEH KOpFay Kymieiemi. AlaM aF3achIHbIH THICTI KaKETTUIIKTEpPiHE
JKOHE MYMKIHJIIKTepiHe CoiKec, TaFaM/IbIK JKOHE OMOJIOTHSUIIBIK KYHABUIBIKTApAbI KepceTKimTep OOWbIHIA TEHJIeC-
TIPUITEeH aJleKBaTThl TaMaKTaHy MOCEJECiH IIEIly YJKEeH JepeKTep MeH OuniM 0a3achblH KYpyMEH KOHE OHIeYMEH
GaimanbicTel. Onapaa xeke (HeMece apHaibl) paroHIapAbl JKOHE JKac epeKIlelNikTepi OOWbIHIIA (hakTopIapIs!
€CKepe OTHIPBII TaMaKTaHABIPY PEKHUMIEPIH TaHAAYbIH KOPCETETiH, COHBIMEH KaTap (M3HOJIOTHSUIBIK Kail-KyHizi,
MEIHULHAIBIK-OHONOTHSIIBIK TalanTapAbl, alMaKThIK TalanTapibl, TaFaMIbl TYTBIHY EPEKIICNIKTepIOl JKoHe e
UMMYHIBIK JKYHeHIH Oy3pUIFaH Ke3iH KepceTeTiH axmapar Oap. BipiHmi ke3ekTe, cHUmarTamMaiapAblH IIAIIbBLTy
BIKTUMAJIBUIBIFBIMECH JKOHE OMOJOTHSUIBIK MIMKI3aTTHIH OacTamKel KOMIIOHCHTTEPiHIH KacHeTTepiMeH. EKiHmIiaeH,
ar3aHblH O31HIK (DU3HOJIOTHSJIBIK epeKIIeTiKTepiMeH apOip HaKThl XKaFnaiaa jkeke TaHAaylbl Tallall eTeTiH JKOHE
KOMIIOHEHTTI, JIEMEHTT] >KOHE MOHOKYPBUIBIMIIBI AEHTel/Ie IEKTeyIep MEH KYPBUIBIMIBIK KaThIHACTApIbl ecKepe
OTBIPBIN palMOHAAP YJTUIEPIH TY3€TYMEH epekiieneHelni. Makanana KenKpuTepHsiiapibl OHTAMIaHIBIPY SAicTe-
pIMEH >KoHE MaTeMaTHKaJbIK OaraapiiamManayMeH achIpbUIATHIH aKIapaTThIK TEXHOJOTHSIApAbl KOJIAHy Kepce-
TIJITEH, OJ1 KONTEreH ajlbiHFaH OalaMaHbl KYphUIBIMIAyFa, TaMaKTaHyIbIH OHTAWIbl PAllMOHBIH TY3€Ty MEH OpHAaTyFa
MYMKIHZIK Oeperi.

Tyiiinai ce3nep: TaMakTaHy palMOHBI, aKMAPATTHIK TEXHOJOTHWsIIAP, KOMIBIOTEPIIK OaraapiamMaiap, HaKThI
TaMaKTaHy/bl Oarajnay, aepekrep 0a3acel, O6iiiM 6azachl.

M. A. Hmmnmal, Hn. M. ‘-Iepnyxal, A. E. HpryxaHﬁeTOBa2

'®I'BHY «®DenepanbHblii HaydHbIi IEHTp MUIIEBBIX cucTeM uMm. B. M. Top6arosa» PAH, Mocksa, Poccus,
? AJIMATHHCKH# TEXHONOTMYECKHH yHHBepCcHTET, Anvatsl, Kasaxcran

IIPUHIAIIBI PABPABOTKH U OIITUMHUA3ALIUAA PATMOHOB IIUTAHUS
JJISA IEJIEBBIX I'PYIIIT HIOTPEBUTEJIEN

Annotanusi. CoCTOSIHIE MUTaHKUS — OJIUH U3 BaXKHEHIINX (DaKTOPOB, ONPEEISIONINX 37I0POBbE U COXPAHEHHE
reHoonna Hatmu. B Poccun B 76% ciiyyaeB mpuYMHAMU CMEPTH OKa3bIBAIOTCS HEMH(EKLUMOHHBIC 3a00JIeBaHMs,
CpeIu KOTOPBIX OOJIE3HM CHCTeMBbl KpoBooOpamieHus (56,7%), HoBooOpasoBaunus (14,4%), OOJC3HH OPTaHOB JIbI-
xanus (3,7%) u caxapueiii quader (C) (1,5%). Psn 3a0osneBaHuil CBA3aHBI ¢ HEAOCTATOYHOCTHIO MIIH M30BITKOM
OMpPEJIEICHHBIX KOMITOHEHTOB B KaXKOJHEBHOM pAaIlMOHE MUTAHUS 4eioBeka. OKOJIO MOJOBHHBI CIIy4aeB CMEPT-
HOCTH B Bo3pacTe 10 70 JeT B TOW WM CTENEHH CBA3aHBI C HEMPABWILHBIM MuTaHueM. OHON U3 IIABHBIX MPEIIO-
CBUIOK COXPaHEHHUs 370POBbs UEIOBEKA SIBISICTCSI €r0 ONTUMAJIBHBIA PAIlMOH MUTAHUS, COACPKAIIMN HEOOXO0JUMBbIE
JUTsl OpraHU3Ma aMUHOKHUCIIOTHI M KHUPHbIE KUCIOTHI, BATAMUHBI M PA3JIMYHbIC MUKPOIIEMEHThI. IMEHHO MpHU JI0CTH-
JKCHUH ONTHMAIIBHOW CTPYKTYPHI HMHUTaHUS OOECIIEYMBAIOTCS BBICOKAs pabOTOCHMOCOOHOCTh M TEpBUYHAS Tpodu-
JIAKTHKAa MHOTUX 3a00JeBaHHi, MOBBIIIAETCS MMMYHHAs PE3UCTEHTHOCTh W YCHIIUBACTCS 3all[MTa OpPraHU3Ma OT
BO3/IeiCTBUSI HEOMAronpHUATHBIX (PaKTOPOB OKpYIKatollel cpe/bl. PerieHre Bonpoca aleKBaTHOrO MUTAHUsI, COOTBET-
CTBYIOILIETO MOTPEOHOCTSIM M BO3MOXKHOCTSIM OpraHM3Ma 4eJioBeKa M COalaHCHPOBAHHOTO MO BCEM IOKa3aTeNsiM
MUIIEBOI M OMOJIOTMYECKOM LIEHHOCTH, CBSI3aHO C CO3/IaHMeM M 00paboTKOM OoNbIIMX 0a3 JaHHBIX U 3HaHUH. B HUX
COJIEPIKUTCS MHPOPMAIIKS, OTPAKAIOIIAs BBIOOp MHAWBHIYAIbHBIX (MM MEPCOHATM3UPOBAHHBIXK) PAIMOHOB U Pe-
JKMMOB MTUTAHHS C YYETOM BO3PACTHBIX (DAaKTOPOB, (PH3HOIIOTHUECKOTO COCTOSHHS, MEAUKO-OMOIOrMYECKHX Tpebo-
BaHWH, PETMOHAIIBHBIX YCIOBHH, OCOOEHHOCTEH MOTPEOICHHS MUIIH, 4 TAKKE MCTOYHHUKA HAPYIICHHS WUMMYHHOTO
craryca. CI0XKHOCTh MPUHSTHS ONTUMAIIBHBIX PEIICHUN O00YCIaBIMBAETCS MHOXECTBOM (hakTopoB. B mepByio
ouepe/ib, BEPOSITHOCTHBIM Pa30dpOCOM XapaKTEPUCTHK U CBOWCTB MCXOJHBIX KOMIIOHEHTOB OHOJIOTHYECKOTO CHIPHSI.
B0-BTOPBIX, UHAMBUIAYATBHOCTHIO (DU3HONIOTHUECKUX OCOOCHHOCTEW OpraHu3Ma, TPEOYIOUMX B KaXIOM KOHKPET-
HOM CIy4ae MHAMBHIYaIbHOTO BHIOOpA M KOPPEKIMH MOJEICH PAIllMOHOB C YYE€TOM CTPYKTYPHBIX COOTHOIICHUH U
OTpaHMYCHUII Ha KOMIIOHEHTHOM, 3JIEMEHTHOM U MOHOCTPYKTYPHOM YpOBHSX. B cTaThe MOKa3aHO MpUMEHEHHE
MH(OPMAIMOHHBIX TEXHOJOTHH, peaTl3yeMbIX METOJaMU MHOTOKPUTEPHAILHON ONTUMHU3AIMU U MATEeMATUIECKOTO
MPOrpaMMHUPOBAHUS, TIO3BOJIIIOIINE CTPYKTYPUPOBATh MOIYYEHHOE MHOXECTBO aJbTEPHATUB, CKOPPEKTUPOBATH U
YCTaHOBUTBH ONTHUMAJIbHBIA BAPUAHT PallMOHA MTUTAHMS.

KaroueBble ciioBa: panyoH NMUTaHus, UHOOPMALMOHHBIE TEXHOJOTHH, KOMIBIOTEPHBIE MPOTPaMMBI, OICHKA
(hakTHUeCKOTo MUTaHusA, 0a3a TaHHBIX, 0332 3HAHUA.
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PROBLEM ON THE DISTRIBUTION
OF THE HARMONIC TYPE RELAY WAVE

Abstract. In this paper, we study the class of flat problems on the effect of moving loads on the surface of a
laminated plate. The problems of this class are of great practical interest and in addition, can serve as a benchmark
for the development of certain numerical algorithms for solving dynamic problems.

Among various periodic and non-periodic motions of deformable medium, plane waves of simple harmonic
type, distributed along the surface of a body or half-plane, whose influence is limited by the vicinity of this surface,
are of great importance. Therefore, we consider the problem of the distribution of the relay wave.

Key words: stratified plates, live-load, waves of Relay, wave equalization.

The equation of motion of a half-plane material in potentials ¢ ,  is described by wave equations.

Op 09 _10%p
ox* 0z a® ot

Oy Oy _ 10y

= ) (1)
ox*  0z° b or
where a and b are the distribution speed of the longitudinal and transverse wave, respectively.
We assume that the boundary of the half-plane z=0 is stress-free, i.e.
0.=0.=0 (2=0) )

Let there be an elastic half-plane z <0.
Suppose that a flat harmonic wave propagates in the medium, i.e. potentials ¢ u

the form of [1]

will be given in

o(x, z,t) = (I)O(z)exp[z' (pt— qx)]; wlx, z,t) =Y, (z)exp[z' (pt— qx)], 3)
@, and ‘¥, satisfies the equations
2 2
Df - [q2 —%}Do = 0; ‘Pé'—[ ’ —Z—ZJ‘PO =0. “)

Considering oscillations dacaying with depth z — —o0, there must be met condition

2 2

2 P 2 P
—==>0; —==>0; 5
= 4 =z (5)
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But since the speeds a and b satisfy the inequality a > b , it suffices to fulfill one condition instead of
conditions (5)

Ly (6)
q

Therefore, solutions of equations (4), dacayed at infinity z — —o0, have the form

2 2
®,(z) = AeXp[w/qz —% -Z}; ¥y(2)= Bexp(w/qz —z—z -Z], (7)

and for potentials ¢ u y we get expressions

2 2
o= Aexp{i(pt —qx)+¢’ —%Z} = Bexp{i(pt —qx)+4/q’ —%Z} ®)

where A and B are arbitrary constants of integration.
Putting solutions (7) into the boundary conditions (2), we obtain

2 2 2 2
A 2_(£j +2iB 1—(£] =0; —2i4 1—(£J + B 2—(£j =0. )
gb \/ gb \/ qa qb

In order for the solution of the problem to be non-zero, it is necessary that the determinant of system
(9) be non-zero, i.e. to make the relation [2]

ORI CO

The ratio ( p/ q) is called the propagation velocity of the relay surface wave.

2
Denoting & = (ﬁbj and introducing the Poisson's ratio 1/, from relation (10) we obtain the equation
q

for the dimensionless velocity of the relay surface wave \/E :

2—v 1
—-8—=0. 11
1-v 1-v (b

& -85 +8¢8

Equation (11) has a single real positive root [1, 3,4].
If through z, u z, and designate the depth of penetration at which the amplitude of the voltage drops
in e times due to the longitudinal and transverse wave, respectively, then for them we get the expression

! _ !

Z = =
Yoagficaie’ 7 2mfi=¢

at the same time / = l - the wavelength. For example, with v = 0,5 we have

q
[ V10
zZ =——j Z, = ——.
27 27
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Let the normal and tangential load intensity — E(x + Dt) u —F, (x + Dt) be distributed on the
surface z = 0 with constant speed D i.e. when z =0 we have boundary conditions

o.=—-F(x+Dt) o_= —Fz(x + Dt). (12)

X:

Initial conditions for such a problems are absent. [2, 47-50].
We introduce moving coordinates

x'=x+Dt; y' =y,

and the strokes in the future for simplicity will be omitted. Then for potentials ¢ and y we get the
equations

o2 g _ g _
2 2
ox 0z

vy Dy
2

=0;
p ox* oz

o’ =(D/a) —1; p*=(D/b) —1. (13)
General solutions of equations (13) are d'Alembert method and have the form

o(x,2)= g (x+ z)+ o, (x — az);

w(2) =yt 2) (7). (9

By virtue of the absence of reflected waves from the lower infinitely distant boundary of the function
@, and Wy, should go to zero and for ¢, and y/, from the boundary conditions (12) we obtain the
functional relations [5]

(5 oio)-260i(s) =~ o)

(15)
2agie) (6 -t =~ g o)
From relations (15) we get
o)=L 2 g -2 e
10)= 22 par(v)- (5 - DRl
A =4ap+(p> -1f. (16)

Using dependencies (16) for stress values, we obtain the expression
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Ao = —(,6’2 -2a’ + 1)|_(ﬂ2 - l)Fl(x + az)+2ﬂF2(x + az)]x
X H(x + az)+ Zﬂ[ZOCFl(x + ,Bz)— (,6’2 — l)Fz(x + ﬂz)]H (x + ,Bz),

Ao, :—( : IX(ﬂ —1)F(x+az)+2,8F (x+az)]H(x+az)—
—Zﬂ[ZaF (x+ Bz)- (B> - 1)F,(x + pz)|H (x + Bz ) (17)

Ao, = —2a[(,6’2 - I)Fl(x +az)+2pBF,(x + az)]H (x + az)+

+ (B2 - 1)2aF, (x+ pz)- (B> - 1)F, (x + Bz)H (x + Bz )

e)={y 20

0, ¢<0
and for shift # and w accordingly

u = D“ (52 ~1)F, (x + az)+2 BF, (x + az)JH (x + az) +
p
L+

ny pDzAl RaF,(x+ pz) - (8> —1)F, (x + pz)H (x + =)

w=-a p+1 [(ﬁ2 —1)F3(x+ az)+2BF,(x + az)]x

pD A
xH(x+az)— ﬁ; A1[2aF (x+,Bz ( I)F x+,6’z ]H(x+ﬂz) (18)
where F, (x jF  Fy(x)= [ F(e)de

Let it be F, =0 and consider the stress o on the boundary z = 0. We obtain
Gxx = F(V’DO)F;(X)’ DO = D/a’

4 (VaDo )_ 4, (V: D, )B(Vs Do).

here F(v,D, )=
where (V, 0) AI(V’DO)—AZ(VaDO) ’

A, =(1-20)" (D2 =1)1-v)-(1-2v);
4, =[D3(1-v)-(1-2v)}

=D (1-v)-(Dg - 1)1-2v)]
Let an elastic layer 0>z > —h |x| <o lie on the half-space z < —h, over the surface of which the

normal load is distributed, i.e. when z =0 we have boundary conditions

oV =—F (x + Dt); o =o. (19)

zZ Xz
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The sizes and parameters of the layer will be denoted by the index "0", and the half-space - by the
index "1".
At the contact boundary z = —/, you can set the conditions: hard contact

50 = 5

zz zz 2 Xz xz 2

Uy =u; W, =Ww; (20)
perfect contact

Can be set other conditions for z = —A.

In moving coordinates, solutions of equations for potentials in a layer and a half-plane have the form
[3, 171-176].

282(/’./ _ az(p.z —0; B 82'/’./ _ oy, —0
T oxt ozt T ox? 0z* ’
,_X+Dt , y. P . v
(X = Ta y = Z: ¢0 = h_ga l//o = h_gj (22)

Putting (22) into the boundary conditions (20), we obtain a system of functional equations which
using in expressions for displacements u;,w; and stresses 0;;, we obtain the solution of the problem.

A. A. AnmaramGerosa', C. III. Tiﬂeyﬁaﬁl, JLY. TaﬁmypaTOBaz,
A. K. Ceiirmypatos', K. Kanu6aiikpizer'

1KomeT Ara aterHIarsr Kei3soiopa MmeMiiekeTTik yHuBepeuteti, Kesutopaa, Kazakcran,
’[1I. EceHoB aThiHaaFbl Kacmuii MEMITEKETTIK TEXHOIOTHS JKOHE WHKHUHUPUHT YHHBepcuTeTi, Aktay, Kazakcran

TAPMOHMKAJIBIK TUIITEIT PEJIEA TOJIKBIHJIAPBIHBIH, TAPAJTYBI ZKAWJIBI ECEIT

Annotanus. JKyMbIcTa KaTHapiibsl IUNIaCTUHKAIApIbIH OeTiHe KO3FajMallbl KYKTEMEJIEpIiH acepi Typaisl Oip-
Hellle JKa3bIK ecenTep Kiachl 3epitrenesni. OChl THNTEC JUHAMHUKAIBIK €CeNTep MpobdaeManapsl Xalilbl cMacesenepai
HIENIyre apHAJFaH OeNTiTl CaHIBIK aIrOPUTMICPAl AAMBITYABIH HETi3ri OarbIThl 00J1a ATybIMEH KBI3BIFYIIBUIBIK TY-
neIpazapl. ledopManysiaHaTBIH OPTaHBIH 9PTYPIIi MEPUOATH KHE MPEHOATTHl eMeC KO3FaIBICTApBIHBIH apachlH/Ia
IIEKTENTeH AeHEeHIH OeTiHe HeMece JKapThl JKa3bIKTHIKKA TapalTHIH KaparnaibiM TapMOHUKAIBIK YITiAeT *Ka3bIK TOJ-
KbIHIap ocep ereni. CoHABIKTaH 1a Peneil TONKBIHBIHBIH TapalyblH 3ePTTEHTIH O0TaMBbI3.

Tyiiin ce3aep: KaTmapisl INIACTHHKAIAP, KO3FAIMAIIEI XKYKTeMe, Penelt TONKBIHAapsl, TOMKBIHAAp TCHIICYI.

A. A. Anmaramberosa', C. I1L. Tuiey6aii', JI. Y. Taiimyparosa’,
A. XK. Ceiitmypatos', K. Kanu6aiikpizpr'
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* Kacrmiickuii rocy1apCTBEHHBIN YHHBEPCHTET TEXHONOTHI 1 HEkuHupunra uM. 111 Ecenosa, Akray, Kasaxcran

3AJJAYA O PACITPOCTPAHEHHWU BOJIHBI PEJIEA TAPMOHMNYECKOI'O THITIA

AnHotanus. B pabore mccienyeM Kiace IJIOCKHX 33/ad O BO3ICHCTBUY IOABIDKHBIX HATPY30K HA TOBEPX-
HOCTbh CJIOMCTOM TUIACTHHKU. 3a/1a4M JaHHOTO KJIacca MPE/ICTABISIIOT OOJNBIION MPUKIIAHON HHTEPEC U, KpOME TOTO,
MOTYT CIYXHTh 3TAJIOHOM JUIs Pa3pabOTKK TeX WIIM MHBIX YHUCICHHBIX AITOPUTMOB JUIS PELICHUS] AMHAMUYECKUX
3agau. Cpenu pa3inuHbIX MEPUOANIECKUX U HENEPHOANIECKHIX JIBMKEHHH 1e(hOPMUPYEMBIX Cpell BAXKHOE 3HAUCHHE
HMMEIOT IJIOCKHE BOJHBI MPOCTOTO TAPMOHUYECKOTO THIA, PACIPOCTPAHSIOUIUECS O MOBEPXHOCTU Tela WU TOJy-
MJIOCKOCTH, BIUSTHUE KOTOPHIX OTPAHUYUBAETCSI OKPECTHOCTBIO 3TOM MOBEpXHOCTU. [[03TOMY paccMOTpUM 3aady o
pacnpocTpaHeHuH BoJHbI Penest.

KuroueBbie cjioBa: CIOUCTHIC IDTACTUHKY, MTOJIBHKHAS HArpy3Ka, BOJHEI Peresi, BOMTHOBEIC ypaBHCHHE.
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ASSESSMENT OF THE IMPACT OF ANTHROPOGENIC FACTORS
WATER RESOURCES OF KAZAKHSTAN

Abstract. Water is one of the most important natural resources that support the ecosystem and the daily lives of
people. Water resources are considered renewable, how fast are they recovering and to what extent is their scarcity
threatening the earth's ecosystem? The article describes the current state of water resources in the world in general
and in the Republic of Kazakhstan in particular. Explicit reference was made to the challenges posed by recovering
of fresh water. Main areas to increase the available of fresh water capacity with detailed description. The structure of
the strategic management of the water resources presented.

Key words: water resource, fresh water, groundwater, pollution, anthropogenic changes of environment, water
resources management.

Introduction. Water is a tremendous value, a national treasure. The decision of all the most actual
ecological and hydrogeoecological problems depends on the state of water resources. This is due to the
unique properties of water, its presence in all spheres of the Earth, its important role in the physical,
chemical, biological and geological processes that form these areas, and, finally, its irreplaceability in all
kinds of human life. Any changes in the environment affect water resources [1], and, vice versa, changes
in the quantity, regime and quality of water - one of the main factors of environmental transformation. To
date, a number of complex and acute problems have accumulated in the use and protection of water
resources of the Republic of Kazakhstan. The main reason for their occurrence is the mismatch of the
economic mechanism, financial capacity and management system of water use and protection of the
modern economic system.

Seas and oceans comprise over 96% of the hydrosphere, about 2% - groundwater, about 2% - of ice
and snow, about 0,02% - surface water [2]. The largest part of the earth's fresh water is about 85-90%,
contained in massifs of ice in polar regions and glaciers. Fresh water is also formed in rivers and streams,
fresh lakes and clouds. In general, water, continuously moving on the globe in the global hydrological
cycle under the influence of solar energy, as shown in the figure below, keeps its total amount unchanged,
existing in three aggregate states [3].

There are about 85,000 rivers and temporary water courses in the territory of Kazakhstan; 8,000 of
them are longer than 10 km. The average area of river basin is about 30 km”.

Many rivers belong to the internal closed basins of the Caspian and Aral Seas and Balkhash, Alakol
and Teniz lakes. Only the Yertys River belongs to the basin of the Arctic ocean (Kara Sea). The higher
drainage network density is registered in highlands such as Altai, Zhetysu, Alatau and lle, and less density
is registered in the areas of sandy deserts of Pre-Aral and Pre-Caspi (less than 0.03 km per km?). The
largest rivers of the country are Yertys with a length (in Kazakhstan) of 1700 km, Syr-Darya — 1400 km
and Zhaiyk —1082 km. Six larger rivers of Kazakhstan have water flow rates in the ranges from 30 to
900 m*/sec (average annual values), 7 rivers — from 50 to 100 m*/sec and 40 rivers — from 5 to 50 m*/sec. [4].
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Distribution of river runoff in the territory varies. Large runoff volumes are formed in the Yertys and
Balkhash-Alakol basins (73-86% of the total resources). There is almost no local runoff in the Nura-
Sarysu, Yessil and Tobyl-Torgai basins in the years of low water. The river runoff of the country is charac-
terized by significant interannual variability: maximum and minimum values of an annual runoff three
times the norm and two times below the norm, respectively. Alternation of groups (low water by 5-7 years
and abounding in water by 1-3 years) is also common for the river runoff. Due to the climatic features of
the country, up to 90% of the annual runoff accounts for spring, and up to 70% of the mountain river
runoff accounts for summer periods [4].

In the formation of groundwater is of great significance climatic factors. The continentality and
aridity of the climate and the extremely uneven distribution of water resources typical for the territory of
Kazakhstan. The air masses coming from the Atlantic Ocean [5], from the Arctic, Siberia or Central Asia,
which bring with them heat or cold, moisture or dryness, play a large role in formation the climate of the
Republic.

Currently, the surface water of all rivers in Kazakhstan are estimated to total 102.3 km3/year [6], of
which 57,6 km’/year is formed in the territory of the Republic and in the neighboring countries
44,7 km’/year.

Surface and underground waters are genetically interconnected and play an important role in
economic and ecological relations of the Republic. Taking into account the high degree of vulnerability of
the natural environment and industries of Kazakhstan’s economy to possible changes in water supply,
several factors need to be taken into account, including climatic changes in local runoff and anthropo-
genic reduction in runoff of transboundary. With these factors in the future, there are threats of a decrease
in river flow resources in general throughout Kazakhstan and in the world as a whole [7].

To this end, there are, again, a lot of factors and environmental problems around the world, because
every year, every day in large industrial areas not only surface water is polluted, but also underground [8-
13]. Sources of groundwater pollution are very diverse. Pollutants can penetrate to groundwater in various
ways: during the drainnage of industrial and domestic wastewater from storage, ponds, sedimentation
tanks, borehole and karst funnel. The natural sources of pollution include highly mineralized (saline and
brine) groundwater or sea water, which can be inserted later into fresh, uncontaminated water during the
operation of water intake facilities and pumping water from wells.

For example, characteristic pollutants in water of the majority of water bodies of Russia are mineral
oils, phenols, organic substances, copper, zinc, iron compounds, biogenic substances, mercury com-
pounds, formaldehyde. The content of pesticides in surface waters, as well as polychlorinated biphenyls,
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which are carcinogens that are not allowed to be dumped into water bodies is a cause and particular dan-
ger [14].

Water ecosystems are being degraded all over the world due to various environmental issues and
factors. The change [15] in the geochemical cycles of elements in the system "watershed-reservoir” causes
a widespread increase of mineralization and salinization of waters, increased turbidity, which entails the
violation of metabolism in aquatic invertebrates and etc [14].

Every year since 1972, the United Nations has held conferences on environmental problems of the
human environment [16]. One of the conference was devoted to the principles of water resources [17].
Special attention was paid to the problem of reducing the number of people with access to drinking water
[18]. One [19-21] of the main subjects in the scenarios of the future was the aggravation of the shortage of
fresh water. The World Bank estimates that, a significant change in the situation in the next 50 years could
be no expectation: by mid-century of the XXI century already 40% of the world's population will expe-
rience increased water stress, 20% - to severely suffer from it. This bleak forecast does not take into
account global climate change [22], which is likely to exacerbate the situation. Prophecies of water wars,
the grand projects of the redistribution of river runoff. Measures to overcome water scarcity are actively
discussed [23] not only within the borders of national economies, but also in the international aspect.
Water more been a topic of debate in all the major forums of the world for the last 20 years.

We feel that anthropogenic change to the environment began since the post-industrial era, but [24]
believes that it began 45 thousand years ago. Currently, worldwide attention is increasingly on increasing
the greenhouse effect due to emissions of carbon dioxide, methane, nitrogen oxides and other greenhouse
gases, which leads to a change in regional conditions of precipitation, an increase in the number of
droughts [25], floods, storms and other adverse natural phenomena, an increase in the average global sea
level, a reduction in freshwater resources and, as a consequence, an increase in economic and social costs
to overcome them.

Changes in the climate system lead to uncertainty in water resources management. The intergo-
vernmental Panel on Climate Change [19] forecasts an increase of 2-4 degrees over the next 100 years.
Increased temperatures will interfere on the hydrological cycle, directly increasing the evaporation of
surface water sources [26].

While the global demand for food and world population is mounting rapidly [27], land potential for
agriculture is steadily declining due to various soil degradation processes, one of which is soil salination
[15, 28-30]. And this trend is not just in one country, but in one area, the problem is all over the world.

Potential adverse environmental impacts of increased agricultural production include unsustainable
depletion and pollution caused by nitrates in groundwater [31]. As well as the depletion of soil resources
associated with the excessive use of nutrients and pesticides, which leads to health problems [32].

New approaches are needed to implement proper source management and remedial measures, thus
[33] developed the methods for risk assessment of groundwater flow.

In different sources [34-36] believe that a methodology and model for the application of planning and
integrated water resources management [37-40] in the use and conservation of groundwater is needed.

Denmark is taking made continuous efforts to ensure the sustainable management of groundwater
[41-44].

[45] offers a comprehensive approach for assessing the vulnerability of groundwater to climate
change to successfully address environmental and geo-economic challenges.

To reducing the impact and restore the function of natural ecosystems of these reservoirs requires a
three-level approach [46]. Such activities are costly and therefore it is necessary to costly special attention
to the comprehensive programs that offer many advantages.

Based on the review of the research carried out, it can be concluded that in many countries of the
world are faced with environmental and economic problems in the field of water resources. Whose main
goal is correct, purposeful management and groundwater resources planning.

Accordingly, it can be considered that the study of groundwater requires an ecosystem approach [47],
reflecting the processes of their interaction with the environment.

Methods. Water supply shortages, humanity is familiar almost since its inception, but its current scale
where a variety of water sources each year selected more than 4,000 km3 of water, by weight an order of
magnitude more than other natural resources in the aggregate; in the process of economic activity uses
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much more water-9000 km?® [48], returning to the global hydrosphere annually 2000 km® of wastewater.
No wonder that almost all the rivers of the world are polluted to some extent, not counting the upper layers
of groundwater. According to [49], about 17 thousand km® of water is currently polluted, which is half of
the maximum estimate of its available volume for use.

In the conditions of anthropocentrism, the depletion of fresh water resources has a dual nature,
associated with both the intensive melting of glaciers of mountain countries in the conditions of global
warming, and with global pollution of the environment and the hydrosphere as a whole.

The relationship between underground and surface runoff is based on a known water balance equation
[50].

Consequently, the ratio of fresh and polluted water is determined by the balance equation reflecting
the law of conservation,

Q(t =0) = Q(t) ms T Q(I) 385

where O -, — initial the quantity of freshwater of the hydrosphere; O(f)us, O(f):s — 00bEMBI IPECHON U
3arpsi3HEHHOM BOZBI Kak (yHKIMM BPEMEHU aHTPOIOLEHTpU3Ma, located, in O, ) = const, in the inverse
relationship.

However, care for the environment is gaining, both around the world and in Kazakhstan. Sustainable
water supply of the Republic implies harmonization of ecosystem approach to water use, dictated by
environmental standards, providing both environmental protection and socio-economic development.

Taking into account the genetic relationship between surface and groundwater, it is extremely
important to establish a normalized environmental potential for underground runoff in terms of its use in
the exploitation of its natural resource. This is essential in the conditions of forced replacement of surface
water resources with underground in the future, ensuring the preservation of biodiversity and sustainable
development of Kazakhstan.

Conclusions. At the current level of study of the surface water, the standard of runoff of all the rivers
of Kazakhstan is estimated at a value of 102.3 km’/year. Consequently, the potential of the underground
flow of the Republic is 51.15 km*/year [51].

Optimization of using water resources in the sectors of economy should be based on the introduction
of the water-saving technologies of the negotiable and closed water supply in all branches of industry, and
a reduction in unproductive water losses during distribution.

As in other countries, and in the Republic of Kazakhstan is expected to increase the population
(thousand people) [52]:

Projected population

Human settlements, people (%) 2020 year 2030 year
For the Republic, including: 18 698 400 20 585 800
Urban population 11 219 040 (60%) 13 380 770 (65%)
Rural population 7 479 360 (40%) 7 205 030 (35%)

Global climatic changes and intensification of technogenesis significantly affect the resource
potential of groundwater and associated ecosystems, which leads to a deterioration of hydrogeoecological
conditions in Kazakhstan. This is manifested, both in climate-driven and, above all, man-made depletion
of groundwater resources, accompanied by the formation of depression pit and subterranean backwater
zone, pollution of groundwater, significantly influences the natural environment and human habitat.

Climate change in arid conditions of Kazakhstan may cause a decrease in water resources, increases
risks of droughts and a reduced agricultural yield, the increased incidence associated with the consumption
of contaminated water, changes in the state of natural and climatic conditions of the territory of the
Republic according to the degree of favorability for the population.

Groundwater depletion refers to the reduction of natural and artificial groundwater resources due to
the excess of groundwater consumption over their groundwater recharge. The causes of such depletion
may be deforestation, tilling of wild land, the straightening and river passing, groundwater sampling with-
drawals, drainage system, etc. At the same time, depletion may be temporary (seasonal) and permanent
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(due to economic activity). Technical replenishment of groundwater resources is carried out by the
creation of dams, ponds, atmospheric runoff, by pumping water from pressure horizons, snowmelt delay,
the use of biochemical treated wastewater, reducing evaporation, improving irrigation methods and
irrigation of farmland.

Consequently, the natural resource of fresh water must be maintained, guaranteeing the necessary
requirements for the sustainable functioning of the biosphere and its ecosystems, the services of mankind
and its technosphere, which are provided by the resource of fresh water. Since water is needed for different
purposes, functions and services, water management must therefore be ecosystem-based and integrated,
taking into account both the demand for the resource and the threats to its conservation from pollution and
depletion.

All this requires integrated management decisions [53] to prevent these negative phenomena through
an ecosystem approach.

An integrated approach to water resources management, which many countries, including Ka-
zakhstan, have introduced into their national policies, is the basis for groundwater management in the
Republic.
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THE DEVELOPMENT OF A MINI WORKSHOP OF OBTAINING
MIXED FERTILIZERS NEW RANGE BASED ON «ZHAMB-70»

Abstract. Analysis of data presented in the state program for the production and sale of agricultural products
processing.The main reasons for the situation, determined the purpose and objectives of further research and
implementation of the objections of improvement and production of new range of mixtures.

Provides technical information and materials on the way out of the situation by establishing mini workshops for
production of ecologically pure and safe mixtures of the new range.The necessity of using modern means of labor
protection and life safety in industrial conditions is shown.

The factors and risks of ensuring safety through the use of devices and equipment to reduce the psychophysical
load of the personnel of the mini-workshop are considered.The production process is associated with many factors,
the dominant of which is the lighting, climate and the dangers arising in the production environment.The kinds and
types of risks are given, of which the most dangerous technogenic risk and emergency situations.Threats of dangers —
professional, technical and ecological are shown. The factors of internal and external hazards, which are divided by
the properties of their impact and potential threat.

Keywords: efficiency of fertilizer mixtures, mini shop, equipment, signaling and alerting means, illumination,
temperature regime, microclimate, industrial sanitation, labor protection.

Introduction. At present, the composition of mineral fertilizers available on the market (nitroammo-
phoski, sulphoammophos, etc.) does not fully satisfy the needs of crop producers in obtaining the right
batteries. Using such mixtures, the farmer is forced to inseminate or reinforce one or another nutrient
element of fertilizers, which affects the yield and quality of crops and products.

The way out of the situation is the use of environmentally friendly fertilizer blends - dry granular
mineral fertilizers, made to order with the choice of the ratio of nutrient components. The main advantage
of fertilizer is the ability to give the plant only those elements of nutrition that are necessary for it during
development and fruiting. This excludes the possibility of overdosing on other components and besides,
the constituent parts of the fertilizer are easier to store, since they are more resistant to caking and are not
hygroscopic.

In modern conditions, partial and complete replacement of conventional fertilizers with mixtures is
hardly possible because of the need to obtain them from different single fertilizers, obtained in most cases
in the field [1-11].

Therefore, it is best to produce them in mini-shops of different regions of our country, which leads to
the economy of material resources of agricultural producers and transport costs.

Properties of sorption substances. Based on the physico-chemical properties of glauconite accor-
ding to the works of the authors [2-16], it was established that they reduce the content of heavy metals As,
Pb, Mg and other elements from 64% to 99% and more, and radionuclides by 95-97% from aqueous
solutions and are good feed additives for various animals.
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The purpose of the first research direction is to develop the optimal technological compositions of
fertilizer mixtures based on the difficult mixed fertilizer “ZHAMB-70 containing a moisture retaining
substance, trace elements and humates[17-19].

This allows, along with the mechanochemically activated properties of the phosphate part of the
fertilizer mixture, to produce a new range of mineral fertilizers that provide by the introduction of glauco-
nitesorbing heavy metals and radionuclides, as well as zeolite.

Zeolite is permeated with a system of channels and has a well-developed surface for selective
sorption of elements and molecules. This system of channels plays the role of a «molecular shield» for the
sorption of nitrates, ammonium, alcohols and other substances. Therefore, the environmental safety of
agricultural products is carried out due to the ability of glauconite and zeolite to adsorb radionuclides,
heavy metals, alcohols and nitrates from aqueous solutions, and vermiculite to retain moisture and ensure
its root system, leading to water savings for irrigation [18,19].

Ecologically mixtures "ZHAMB-70" of obtaining issues safe. Along with the above, the issues of
obtaining environmentally friendly fertilizer, positively affecting the safety of life not only the surroun-
ding animal and plant world, but also the development of technical bases of modern production of mix-
tures were raised.These issues include the organization of the enterprise in the form of a mini-workshop,
equipped with modern devices and equipment, allowing compliance with the safety standards of the
operating personnel of the production line.It is accompanied by the creation of not only sanitary and
hygienic, but also other technical aspects of the temperature in the working mix, compliance with safety
standards, ventilation, lighting and fire safety, requirements for the maximum permissible concentration
and maximum permissible emissions of waste into the environment and their reuse in the process [20].

Therefore, in the second direction of research, research is being conducted on the development and
creation of a small enterprise at the modern level with the comfort of the service personnel.

Speaking about the system "man — habitat — mechanical means", it is necessary to remember that here
there is a mobilization of psychological and physiological functions of the personnel serving technological
process. The speed of technological processes and their relationship with the human reaction in the current
situation, associated with external sources of irritation, depending on the information received, requires
more attention and reaction to the received signal information.

Human labor in any modern automated and mechanized production is the process of interaction
between man and the production environment associated with the main and working capital, which
include equipment and machines, raw materials and fuel and energy resources, etc.

A person who manages a certain technological process must quickly and accurately navigate in the
current situation, ensure constant monitoring of actions to perform the cotrolling duties entrusted to him
and ensure uninterrupted operation and the system and incoming signals, without forgetting self-control.

The foregoing requires increased attention to human security not only in production conditions, but
also the culture of its provision. The safety of the workplace includes the organization of the workplace
serving them and such working conditions that, if possible, affect the service personnel of hazardous and
harmful production factors or their impact not exceeding the requirements of regulatory and technical
documents and labor protection legislation. Therefore, the provision of safe working conditions is one of
the most important requirements to the workplace to ensure the safety of the staff in its environment,
affecting the level of industrial injuries and the safety of basic and auxiliary means of any enterprise.

Influence factors LS in the industrial cond. It is well known that a number of factors ensuring
safety and smooth operation are necessary to create favorable working conditions for the personnel of the
enterprises for the production of fertilizers and mixtures.

These factors include the following:

- lighting;

- ventilation;

- electrosecurity;

- fire safety;

- explosion safety;

- vibration and noise;

- the earthing and neutral earthing;

- health and safety;
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- microclimate;

- firing;

- industrial sanitation, water and sanitation, other information and communication systems.

A threat to the safety of a production facility can be professional, including the protection of main-
tenance personnel, technical protection of buildings, structures, machines, equipment and devices, as well
as environmental protection — including environmental protection.

In our case, which has all three threats to the safety of the production facility. The most important is
the professional, since the object of protection is the service personnel, the individual who provides the
output of certain products with certain qualitative and quantitative indicators.Therefore, the organization
of safety of working conditions and the production cycle for the production of mixtures must comply with
the current legislative and regulatory documents, with the use of modern means of automation and control
of the process, devices, reactors, devices and auxiliary means of protection and support of the production
process.

One of these production processes is the production of a fertilizer mixture, which is associated with
the use of dust-releasing raw materials, such as man-made, phosphoric and carbon-containing raw
materials, natural aluminosilicates, and fuel-energy resources.

To obtain products of appropriate quality, the danger of the production environment plays an
important role, which depends on the degree of complexity of the work performed; exclusion from the
process of traumatic equipment; timely and quality maintenance, repair, testing, inspections, technical
inspection of equipment and machines, in the order and terms established by operational documents; state
standards and specifications for equipment of specific groups, types, models, rules of arrangement and
safe exploitation, and legislative acts; use equipment only as intended, in accordance with the require-
ments of the operational documentation, the organization of the manufacturer; the operation of machinery,
apparatus and equipment by employees or service personnel having appropriate qualifications to the
profession; having passed in the prescribed order training, training and testing of knowledge on labour
protection; introduction and use of devices, machines and equipment of more advanced designs, brake
devices of automatic control and alarm systems, remote control, warning signals of fire danger, stopping
devices and equipment, etc.; the use of legal and regulatory documents in ensuring safety, assessment of
the intensity of the labor process, assessment of occupational risk by classes of working conditions,
assessment of occupational risk according to the formula Fayka-Kinna, etc. [21-30].

The implementation of all these provisions will ensure uninterrupted and high-quality production of
target products and safe life of the entire production cycle, economic and ecological well-being of the
population and the environment, including living organisms.

So, for example-the microclimate and lighting are one of the most important components of a
comfortable environment of human work. Light has a strong impact on the human body, physiological and
emotional state.Insufficient and uneven lighting, as well as pulsations affect the functioning of the visual
apparatus, the performance and the psyche of the personnel serving the technological process.

Therefore, the design of lighting elements in industrial enterprises, including in mini-shops, in addi-
tion to meeting the requirements of various state Standards and rules of safe operation, must meet two
basic requirements:

- provision of sufficient lighting (light);

- effective and safe performance of tasks by the service personnel in the conditions of the illuminated
workplace and industrial stirring.

The choice of the types of lighting devices and installations providing the required illumination in the
production room shall be made on the basis of the following factors:

- presence of dust, moisture, chemical aggressiveness, fire and explosion hazard of the operating
environment and service areas;

- architecture and technological design of the production process, the presence of differences in
heights, farms, technological bridges, reflecting the properties of walls, ceiling, floor, working surfaces of
technological and auxiliary equipment, the size of building modules;

- requirements for the quality of lighting, including the rate of lighting, rational use of light flux, high
efficiency and sufficient lighting power.
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Therefore, on the basis of economic and aesthetic considerations, on the design, light distribution and
limitation of blinding action, specific types of lamps will be selected, taking into account artificial and
natural lighting, high-altitude differences of production facilities, their purpose and other factors.

The next aspect of sanitary standards is the temperature in the working space and the air circulation
system with ventilation systems.

Speaking of light, don't forget about the main aspect of project and installation work- the device of
individual protection of personnel from electric shock, in addition to the grounding and earthing devices.

The elements of the structure of technogenic risks. Any industrial, technological and technical
object on which danger can arise is a direct object of danger. Therefore, the amount of damage caused by
it can also serve as a potential threat even in normal operation and even more so in emergency situations.

Concerning to the industrial technological object, its danger can be determined by the following sign:

- the number of generated and accumulating hazardous and technogenic wastes and energy sources;

- the mechanism of damage in the normal conduct of the process and emergency situations;

- by type of danger-mechanical, thermal, electromagnetic, radiation and other;

- by the nature of possible emergencies.

Exposure to the above hazards may result in the following damages:

- health of the servicing device or equipment on which technological processes occur as mechanical
damage in the form of risk, occupational diseases and possible death;

- violation of the state of the industrial enterprise of the technosphere in whole or in part resulting in
damage or even destruction;

- environmental consequences and damage to the environment, which generally affects the economy
of any state in which the industrial technological facility is located.

The qualitative and quantitative effects of hazards cause the above effects with a certain probability
after exposure and are characterized by risk. Which are divided into radiation, technological, technical,
environmental, economic, technogenic, social and others.

The main elements of the structure of man-made risk to human health and life of maintenance
personnel in the performance of their professional duties, as well as the population living near the indus-
trial facility are shown in figure.
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Conclusions. Safety, this is the state of normal, uninterrupted and effective activity of an industrial
technological facility in which vital interests of production personnel are launched from internal and
external threats arising at the enterprise to external safety factors include man-made and environmental
disasters, diversions and terrorist acts.In particular, by heavy metals through the assay the spectra of
consumption of organic substances by bacterial communities [33].

The sources of the technogenic emergency include dangerous man-made accidents due to which an
industrial emergency occurred on the industrial technological site or on its specific territory. Therefore,
when it occurs, the probability of damaging effects of a particular kind of character associated with death,
disability, moderate trauma and minor injuries is possible, with the realization of a certain hazard called
individual risk. In many industrial plants, a technogenic emergency may arise, which is a violation of
normal working conditions and the activities of the staff who serve, and entails a threat to human life and
health.
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'M. Oye3os ateiaarsl ORTYCTiK Ka3akcTan MEMIIEKETTiK yHHBEPCHTETI,
[IsmmkenT, Kazakcran,
*Canxkt-ITeTepOypr MEMJIEKETTIK TEXHONOTHAIIBIK HHCTHTYTHI (TEXHUKAJIBIK YHHBEPCHUTET),
Cankr-IlerepOypr, Peceit

«KAMB-70» HEI'I3IHJAE ’KAHA ACCOPTUMEHTTIH
TYKOKOCIACBIH AJTYJAbIH INATBIH NEXBIH K¥PY 93IPJIEMECI

Annoranusi. AOK kaliTa eHIENTeH eHIMACPIH OHJIIpy MEH OTKi3y OOMbIHIIA MEMIICKCTTIK Oarmapiamasna
YCBIHBUIFAH JepeKTepai Tanmay. KajapimTackaH araaijblH HeTi3ri ceOenTepi olaH opi 3epTTeyJIepIiH JKOHE jKaHa
ACCOPTHMEHTTIH TYKOKOCTANAPhIH JKETULAIPY MEH alTyJIbl J)KY3€Tre achIpyIblH MaKcaThl MEH MIHISTTEpiH aJJbIH aja
AHBIKTA]IbI.

’Kana accCOpPTHMEHTTIH SKOJIOTHSUIBIK Ta3a jKOHE KayillCi3 TYKOKOCHAJIapblH aly[blH IIAFbIH LEXTAPHIH Kacay
apKbUIBI Takaa OOJIFaH >KarmaiaH IIbIFy OOWBIHINA TEXHUKAJBIK MAJIMETTEP MCH MaTepHalIap KeNTipimi. OHmi-
PICTIK KaFainapaa eHOCKTI Kopray jKoHE KayilCi3MiKTiH Ka3ipri KypallapblH Maiianany KaXeTTiIir KOpCeTuIIi.

[larplH HEXTHIH KbI3MET KOPCETYILI MEPCOHAIBIHBIH IICUXO(QHU3UKAIBIK )XYKTEMECIH azaiiTyra MYMKiHIIK Oe-
peTiH ammapartap MeH >KaOAbIKTapabl KOJJaHy HeETi3iHAe eHOeK KayilCi3firiH KaMTaMachl3 eTeTiH (akropiiap MEeH
ToyeKeJAep KapacThIpbuIIbl. OHIPICTIK yaepic KenTereH (akropiiapMeH OailylaHbICTBI, OJapAbIH iHIiHAE eH Oac-
TBICBI JKapBIKTAHJBIPY, MHUKPOKIMMAT JXOHE OHMIPICTIK >KarjaiyiapJa TYBIHIAWTBIH KayinTep OOJBIN Kejemi.
ToyekennuepiH yAariiepi MeH Typiepi OepiireH, oapAplH ilIiHAE eH KayinTiiepi TEXHOTCHAIK ToyeKell MEH TOTEHIIEe
xarmaninap. KocinTik, TeXHUKAIBIK JKOHE SKOJIOTHSUIBIK KayilTepJiH Karepiiepi KepceTUIreH. [mki jkKoHEe CBIPTKBI
KayinTepiH (akTopiapsl KENTIpireH, ojiap acep €Ty KacCHeTTepi MEH aJieyeTTi Karepi OoWbIHIIA OOJiHTeH.

Tyiiin ce3mep: TyKOKOCHAHBIH THIMJIUIIT],IIAFBIH [IEX, KAOBIK, CUTHAI JKOHE Xabapiay Kypaiaaphbl, Kaphbik,
TEMIIEPaTyPaIbIK PEKUM, MUKPOKIIUMAT, OHEPKACINTIK CAHUTAPHsI, EHOEKTI KOpFay.

—— 259 ——



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

K. T. ’Kanracos', B. A. JIaBPOBS, JI. M. JKanracosa',
K. C. I[ocaJmeBI, b. A. I/ICMal/IJIOBl, K. T. )KyMa):[mIOBa1

'HOxn0-KasaxcTanckuii rocynapcTBeHHbII yHIBepcHTeT MM. M. Ay»30Ba, IlIbivkenT, KazaxcTas,
Canxr-ITeTepOyprekuii rocy 1apCTBEHHBINH TEXHOMOTHYECKHiT HHCTHTYT (TEXHHUECKHiT yHHBEPCHTET),
Cankrt-IlerepOypr, Poccus

PA3PABOTKA IO CO3JAHUIO MUHHU HEXA ITOJYYEHHUA TYKOCMECH
HOBOI'O ACCOPTUMEHTA HA OCHOBE «KAMB-70»

AHHOTanMs. AHaIU3 JaHHBIX, IPEACTaBICHHBIX B TOCYIAPCTBEHHON NpOrpamMMe 1o IMPOU3BOACTBY U pealn3a-
in poaykToB nepepaborku AITK. OcHOBHBIE IPHYKMHBI CIOXKUBIINXCS CUTYAINH, TIPEAONPENEIIII 1elb U 33/1a41
JATBHEHIINX WCCICIOBAaHWN M pealn3alliil B JKU3Hb BOCIIPOCOB COBEPIICHCTBOBAHHS M MOIYyYEHHS TyKOCMEcCEH
HOBOT'O aCCOPTUMEHTA.

[IprBeneHb! TEXHUUECKHE CBEACHHSI M MaTEpPHANbI IO BBIXOAY W3 CO3AABIIECTOCS MOJOXKEHHS ITyTEM CO3AaHHA
MHHH [IEXOB MOIYYEHHS 3KOJOTMYECKH YHCTHIX M O€30IMacHBIX TyKOCMecel HOBOro accopTuMeHT. [lokazana HeoO-
XOIUMOCTb HCIIOJIb30BaHMSI COBPEMEHHBIX CPEJICTB OXpaHbl TpyJda M OC30MAaCHOCTH KU3HEAESTEIbHOCTHB MPOU3-
BOJICTBEHHBIX YCIIOBHUSX.

PaccMoTpens! (akTophl M prckH o0OecrieunBarome 6e30MacHOCTh TPyAa Ha OCHOBE MPUMEHEHHS! alnapaToB U
000pyJOBaHUM, MO3BOJAIOIIMX CHHU3UTHh IICUXO(U3UYECKYH HAarpy3Ky OOCIY>KHBAIOILETO NepCOHana MHUHUIIEXA.
[Tpon3BOACTBEHHBIH MpoIEcC CBA3aH CO MHOTMMH (pakTOpaMH, TTIaBEHCTBYIOIIMMH M3 KOTOPBIX SIBIISIETCS] OCBEIIe-
HUE, MUKPOKIIUMAT U OMACHOCTH BO3HMKAIOIIUE B IMPOM3BOJACTBEHHBIX YCIOBUSX. JIaHBI THUIBI U BUIBI PUCKOB, U3
KOTOpBIX HamOoJiee OMacHbl TEXHOTEHHBIM PUCK M 4Ype3BblUaiiHble cuTyanuu. [loka3aHbl yrpo3bl OMacHOCTEH —
po¢eCCHOHATBHON, TEXHHYECKONH W dKoJormueckoi. [TpuBeneHbl GpakTopsl BHYTPEHHUX W BHEIIHHUX OMACHOCTEH,
KOTOpBIE pa3JeNICHbI 110 CBOMCTBAM UX BO3ACHUCTBUS U NOTEHIUAILHOM yrpo3e.

KitroueBble ci1oBa: 3 (eKTHBHOCTh TYKOCMECEH,MHHH LI€X, 000PYAOBaHUE, CPEACTBA CUTHAIN3ANHI 1 OTIOBE-
IIEHHs], OCBELLIEHHOCTb, TEMIIEPATYPHBIH PEXXUM, MUKPOKIMMAT, IPOMCAHUTAPUs, OXpaHa TpyJa.
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