ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJTTBIK FBUJIBIM AKAJJEMUACBIHBIH
K. U. CornaeB ateiHarsl Ka3ak yITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCUTETI

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Kazaxckuii HallMOHaJIBHBIN NCCIIE0BATENbCKHIM Kazakh national research technical university

texHuueckui yausepcureT uM. K. Y. Catnaesa named after K. I. Satpayev
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

4 (436)

JULY - AUGUST 2019

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

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

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

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

Abstract. In the current paper, an attempt has been made to consider the history of geological development of
the Alakol trough in East Kazakhstan and the Dzungarian trough in China. Reconstruction of commonness and
difference in development of these troughs has been implemented on the base of the analysis of their thickness,
lithological structure and paleographical conditions of rock reservoirs with purpose of determining the prospects of
their oil-and-gas content.

Key words: the Alakol trough, the Dzungarian trough, paleographic conditions, lithology, rocks, the Paleozoic
age, the Cenozoic age, conglomerates, sandstone, clay, carbonate, tectonic movements, oil-and-gas content.

Many researchers see similarity between the two original troughs, emphasising their common
geological features, which are manifesting in the continuity of petroleum strata between the Dzungarian to
the Alakol trough [1, 2].

The article considers works of the pioneers, thus paying the due tribute. References are made to the
works published in recent years, their materials being sufficiently substantiated.

In order to inspect the geological structure of these troughs, we considered the following works:
A.K.Buvalkin (1960), A.K. Buvalkin and V.I.Vlasov (1961), A.K.Buvalkin and M.Ts.Zhaimin (1958),
A Kh.Ivanov (1962), K.V.Kurdukov (1954), V.Ya.Kolubin (2002), G.Zh.Zholtaev and S.M.Ozdoev
(2010), N.S. Abduev, S.M.Ozdoev and R.Kh.Ostapenko (2010) — on Alakol, and A.Kh.Ivanov (1962),
F.S.Maisenko and G.K.Nevsky (1960), V.A.Obruchev (1948), N.M.Saidov (1956), N.P.Tuaev (1963),
L.Chzhan, A.V.Sidnev (2010), Go Ming and A.V.Sidnev (2015), G.P.Kuznetsova, Van Tse and Lu Inzhu
(2017) — on the Dzungarian trough.

The authors of the current paper do not pretend to the exceptional accuracy of the study on history of
geological development of these peculiar structures.

Alakol is a promising oil and gas bearing region, geologically associated with the intermountain
trough of the same name, limited in the north by the Tarbagatai range, in the southwest by the Dzungarian
Alatau range, and in the southeast by the Berlik and Maily ranges. The area of the trough is 25,600 sq.km.

Rocks of the Paleozoic, Mesozoic and Cenozoic ages take part in the geological composition of the
trough. Paleozoic rocks within the trough are not exposed and have been studied only in its framing boun-
daries. They are intensely dislocated, broken by faults and intrusions, and form the Alakol trough’s foun-
dation [3]. According to geophysical data, volcanogenic and volcano-sedimentary deposits of the Early
and Middle Devonian with thickness of up to 4,000 m are supposed to be developed under the trough.

The Dzungarian intermountain trough, located in the western part of China with the area of 130 thou-
sand sq.km, is limited in the northwest by spurs of the Maily-Dzhair range, in the south by the East Tian-
Shan, in the east by the branch of the Karamaily range and in the southeast is framed by the Mechinula
range.
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Recent studies within the Dzungarian sedimentary basin have revealed new additional structural
elements of the second order: uplifts, deflections, depressions, which made it possible to map the complex
geological structure and revise the basin’s structural plan [4, 5].

Paleozoic, Mesozoic and Cenozoic rocks take part in geological structure of the basin; the foundation
is considered by some researchers as heterogenic, by others as composure of Caledonite and Hercynide
rocks.

The Atlas of lithological and paleogeographic, structural, palinspastic and geo-ecological maps of
Central Eurasia, compiled in 2002 with participation of experts from geological services of China, adopted
the Paleozoic age of the foundation, while it is rather confined to the Lower Paleozoic. The base of the
Dzungarian trough is formed by crystalline shale, occurred at depths of 16 km down in the south part and
monoclinal wedging for 2 km to the north [3]. The main capacity of the sedimentary cover rocks is con-
centrated within the Urumgqi trough There is no information on the Alakol trough in the Baikal tectonic
epoch, at the end of the Proterozoic and in the beginning of the early Paleozoic. At that time, the eastern
part of the nascent Dzungarian basin was a land with non-segmented deposits.

Starting from the Ordovician, under marine conditions, deposits accumulate on the continental slope
of the Alakol trough. In the Dzungarian trough, marine conditions are preserved, forming a deep-water
trough, composed of siliceous shale and sandstone rocks of up to 1000 m thick.

In the Silurian and Devonian ages, the sea transgression increased, rock formation took place in the
Alakol trough’s inner shelf zone, with activation of volcanism. Formations of various lithological compo-
sition are represented by tuffy sandstone, siltstone, siliceous shale, conglomerates, limestone, tuffs and
porphyrites of up to 800 m thick.

Deep-water troughs expanded in the Dzungarian basin. Tectonic activation of folding processes led to
deposition of metamorphic shales, argillites and basalts up to 3000 m thick on the continental slopes. In
the Lower Devonian age, a shift occurred along the submeridional fault touching the junction area of the
Alakol and Dzungarian troughs. It was the faults formed in the Ordovician that determined difference in
tectonic conditions and geological development records of the Alakol and Dzungarian troughs. Common
to them is manifestation of horizontal movements, as well as shifts along the two boundary faults of
sublatitudinal strike in the Lower Devonian.

In Early Carboniferous, due to increased tectonic activity in the troughs, differentiation of the litho-
logical-paleographical situation occurred, along with spatial dissociation of rock formation conditions.

In the southern part of the Alakol trough, the inner-shelf marine conditions for formation of coarse-
clastic rocks with thickness of up to 720 m were preserved, while continental volcanic movements in the
northern part, shaping rhyolites, dacites and andesites of up to 1300 m thick, were active.

Minor changes occurred in the Middle Carboniferous age. The northern part of the trough was busily
occupied with orogenic manifestations. Lime deposits with peltsipodic fauna and inclusions of tuffy
aleurolites of total capacity of up to 700 m accumulated on the main part of the trough.

In the Dzungarian trough, rocks formed at the foot of the continental slope, under deep oceanic
conditions; sediments were composed of metamorphic shales and mudstones of up to 2000 m.

In the Middle Carboniferous, the Dzungarian trough experienced regression of the sea, development
of coastal plains, foothills of continental slopes and contrast relief of mature island arcs with accumulation
of limestone, sandstone, tuff sandstone, clay sandstone with organic remains of trilobites, corals and
terrestrial flora. According to the borehole data, thickness of deposits in the Urumgqi deflection is 2375 m.

In the Early Permian age, accumulation of sediments takes place under the plain-coastal paleogeo-
graphic conditions, with formation in the north part of the Alakol trough of continental volcanic mountains
up to 1300 m high. Lithologically, rocks are similar to those of underlying rocks of the Middle Carboni-
ferous with thickness of up to 700 m.

In the Early Permian, the Dzungarian trough undergoes deflecting with development of coastal plains
and lakes. Lithologically, these are green and dark-gray sandstone, conglomerates, shales; their thickness
in the Karamaily district is 1470 m, reaching in the Urumgqi trough 4700 m. Found among the rocks, are
bituminous shale and coal interlayers.

By the end of the Early Permian age, mobility of geodynamic directions of the quasi-platform cover
is exhausted.
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It is believed that in the Lower Permian age the time came for transition from geological development
to the orto-platform stage.

Ascending movements in the platform development process during the Permian age did not construct
significant mountains. Surface of the inspected troughs is characterised by acclivous accidental terrain,
they were not affected by sharp tectonic movements.

In the Triassic age, the entire territory of the Alakol trough was represented by low mountains in the
northeast part of the country, developing elevations in the southwest part, and these landscapes were
separated by an active sublatitudinal fault.

In the lower Triassic, continental coarse-clastic rocks were accumulating in the western part of the
Alakol trough, on the Permian effusive sedimentary deposits with angular disagreement. In the Middle
Triassic age, the planar erosion prevailed.

In the Lower and Middle Triassic ages, conglomerates of violet-red colour, sandstone, and clays of
thickness of up to 700 m deposited in the Dzungarian trough under lacustrine-alluvial conditions.

In the Upper Triassic age, downward movements were noted, especially explicit in the south of the
Dzungarian trough as they favoured accumulation of conglomerates, sand-clay rocks and coal interlayers
in the Urumgqi trough. The general thickness exceeded 1500 m.

In general, the Triassic occupies an intermediate position during the transitional period in geological
development of the Hercynian and Alpian epochs of upward tectonic movements in eastern troughs of
Kazakhstan and Dzungaria.

For the Alakol trough area, the Jurassic period is divided into two epochs, according to paleographic
rock formation conditions. In the Middle Jurassic time, the Alakol trough was a two-part sublatitudinal
space. The northeast side was covered with hills, and the southwest was a scene for formation of foothill
and intermountain troughs with carrying-out of coarse-clastic material with thickness of up to first
hundreds of meters.

In the Dzungarian trough, downward movements which had already started in the Lower Triassic
continued in the Lower and Middle Jurassic ages. At this time, the Dzungarian trough expanded sharply to
east, where sediment accumulation occurred on lowland plains under lacustrine-alluvial conditions. The
lithological composition of rocks includes conglomerates, sandstones, clays, coal interlayers with
inclusions of vegetal residues. Thickness of the rocks increases from north to south, from 130 to 982 m in
the Urumgqi trough.

In the Lower Jurassic time, the Alakol trough area was totally represented by the paleographic
situation of denudated elevations and formation of terrigenous rocks.

In the Upper Jurassic time, the size of the Dzungarian trough slightly decreased. Clayey formations,
sandstones with terrestrial flora and ostracodal fauna were depositing in the remaining trough area.
Sediment thickness varied between 69 m in the north to 683 m in the south.

Nascent in the end of the Upper Jurassic age, upward movements influenced the Alakol trough in the
Early Cretaceous age too, as the denudation space of elevated plains. Processes of land levelling were
taking place during this time.

In the Early Cretaceous age, all deflections of the Dzungarian trough got involved into the uplift. The
trough area reduced a little more, and the formed rocks of sandy-clay composition accumulated with
angular disagreement on the Jurassic deposits. The rock thickness of the Lower Cretaceous is 80 m in the
north, 684 m in the centre of the trough and 526 m in the south of the Urumqi trough.

Accumulated rocks and conditions of their formation indicate that the Lower Cretaceous age was the
time of the least tectonic activity.

In the Lower Cretaceous age, paleographic conditions of lowland plains and uplands with accumu-
lation of lacustrine-alluvial sediments were existent in the Alakol trough. This period is characterised by
some increase in tectonic activity. Downfolds of the Alakol trough, located in the southeast along the
Dzungarian fault, started developing again, according to the inherited plan, laid yet in the Triassic and
Jurassic ages; the sandy clay deposits accumulated there.

In the Upper Cretaceous age, significant reduction of the Dzungarian trough occurred due to
continued development of downward movements in its south part. Sandy-clay deposits with thickness of
70 m and 468 m respectively accumulated in the north and the centre of the trough. In the Urumqi trough,
conglomerates and sandy clay deposits of dark-brown, redbrick-red colours accumulated with maximal

— § —
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thickness of 513 m. Thickness of accumulated rocks in the trough indicates a decline in intensity of
downward movements during the Upper Cretaceous age.

In the Eocene epoch of the lower Paleogene, the sea advance is reinforced with capture of almost the
entire area of these troughs, except for plain stripes of denudation elevations. In the Alakol trough, lakes
with increased salinity accumulated argillites with interlayers of anhydrites 20-100 m thick. Only in the
northeast of the trough, did the coarse-clastic rocks accumulate with clay interlayers.

At this time, the Dzungarian trough developed in the paleographic environment of lowland plains,
where, under lacustrine-alluvial conditions, rocks were accumulated, lithologically represented by sand-
stones in northwest and sandy clay formations with admixtures of tuff lavas throughout the rest of the
trough. Thickness of the rocks varies from 74 m in the north to 300 m in the south.

In the same epoch, the Urumgqi trough experienced elevation, and coarse rocks and conglomerates
83m thick were torn down from the surrounding ridges.

Because of tectonic activation of the region, the sea was getting shallow. In the Miocene time of the
Lower Neogene, shallow marine carbonate deposits accumulated uniformly in the Alakol trough. Encoun-
tered are interlayered argillites with lime sandstones and interlays of ash streams of volcanic zones with
rocks of reddish tint of up to 100 m thick.

The paleographic situation did not change significantly in the troughs; the paleographic conditions of
lacustrine-alluvial sedimentation were preserved. The rocks are composed of greenish-grey clays and
reddish-brown sandstones up to 800 m thick.

In the Dzungarian trough, marine paleographic conditions expanded. In the northern part of the
trough, sandy-clay rocks accumulated to thickness of up to 435m. The central part accumulates lime-
stones, shallow carbonate deposits, clays with fossilized fish fauna, ostracode and gastropod. The deposits
are 196 m thick.

In this time, coarse-clastic rocks with clay interlays of 101 m thick were accumulating in the Urumgqi
trough.

Aktive tectonic movements in Pliocene of the upper Neogene of the Alpian tectogenesis conditioned
sharply differentiated block movements. Accumulated deposits of considerable thickness of 2700 m speak
for intense immersion of some blocks and rise of others. Accumulated sediments include gray conglome-
rates, light-brown and straw-gray aleurolite, sandstone and clay.

The section of the sedimentary cover of the Dzungarian basin is crowned by conglomerates of the
Quaternary system with thickness of up to 100 m.

The oil and gas content of sedimentary strata of the Dzungarian basin is associated to almost all suites
of the Paleozoic, Mesozoic and Cenozoic deposits. Commercial oil reserves have been established in
Carboniferous, Permian, Triassic, Lower-Middle Jurassic, Lower Cretaceous, Paleogene and Miocene
deposits.

In total, around 20 oil fields were revealed in the Dzungarian basin. Chinese geologists lay high
hopes on discovery of new oil fields in Dzungaria.

During 2006-2010, the oil and gas prospecting (with a break of 48 years) was resumed by the
“Remas” company in the Alakol trough. The MOGT-2D seismic surveys were also carried out in the
coastal strip around the lake. Two profiles were located in the water area (across the basin’s spread), 35
km away from each other.

Local structures were identified only on land; 3 of them were deep drilled into four wells. According to
GIS data, only the A-1 well had revealed 3 perspective horizons, but the well was closed without testing.

The wells were drilled without testing; Sm-core was sampled at the intervals of 1917-1922 m,
SKV.72. It should be noted, that sludge from the wells no.1 and no.2 was tested for minerals and bitu-
moids in the Satpaev Institute of GeoSciences. Analyses have shown up to 0,003% of hydrocarbons of the
“MCBA” and “CBA” types of bitumen giving the blue glow.

One of most important indicators in the formation of hydrocarbon deposits are hydrodynamic
conditions of water-bearing complexes in basins’ sedimentary strata, as the outcome of an operation mode
of illusive and infiltration water exchanges.

In our case, in accordance with the geological structure of the intermountain Alakol trough, the
surface and underground runoff from the ridges of the Dzungarian Anaray and Western Tarbagatai drains
towards the zones of active water exchange in the central parts of the Sassik-Kol and Alakol lakes.

— Q —



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

Known data of analyses of hydrogeological conditions of the upper part of the sedimentary cover, the
water chemical composition allow attributing them to surface and infiltration types. They are classified as
waters of free exchange with earth surface, negatively affecting the preservation of hydrocarbon deposits.

In the northern part of the Alakol basin, the water pressure gradient is smaller, and it can be seen as a
result of decreased geostatic load and reduced rock compaction. Therefore, we may think that the role of
the hydrodynamic factor in the formation of oil deposits in the northern part of the Alakol basin was
insignificant.

The situation was different within the southern hydrodynamic area of the Alakol basin, where the
flow lines in the connate water pressure system are directed from the zones of greatest deflection to the
zones with lower pressure.

As a result, the underground force, moving hydrocarbons along the regional uprising of strata, was
added up to water pressure of those reservoirs, where traps, properly locking the anti-current wing, could
hold hydrocarbons [6]. These could be northern wings of local structures that are worth paying attention
to, when planning oil and gas exploration boreholes.

Even basing on the wing amplitude of 35-40 m/km of structures capable of holding hydrocarbons, oil
reserves are to be expected in deposits of the southern part of the Alakol basin with increasing capacity of
the sedimentary cover.

Thus, hydro-geological and geological conditions of Mesozoic and Paleozoic sedimentary strata
especially in the southern part of the Alakol basin do not contradict to the view about the active
participation of hydrodynamic forces in the formation of hydrocarbon deposits.

Thus, the aforesaid, as well as consideration of published papers and geological-geophysical
materials, allow drawing a conclusion that the sedimentary basin of the Alakol trough should be consi-
dered as an independent perspective object for detecting commercial hydrocarbon reserves. Study of
tectonic development of the region and its cover indicates that hydrocarbons could be accumulated in
deposits of stratigraphic levels of the Permian-Triassic, Jurassic and Paleogene reservoir rocks.

It should be assumed that formation of hydrocarbon potential of the sedimentary complex is con-
ditioned mainly by vertical flow of hydrocarbon fluids from the underlying Paleozoic terrigenous and
terrigenous-carbonate deposits.

Common features in tectonic structure of intermountain troughs of the South-East Kazakhstan and
Xinjiang of China, in particular Dzungaria, are in similarity of their sedimentary cover. Deposits’ maximal
thicknesses concentrate in deflections of the southern framing of deep faults, and the cover is monoclinally
reduced towards the north. Such asymmetric development of intermountain troughs is explained in terms
of plate tectonic manifestations, differentiated nature of rise and falls of strata blocks.

Discrepancies between Alakol and Dzungarian troughs are not essential as both developed mainly in
the platform stage. The difference can be attributed to somewhat greater role of duration of downward
movements in case of the Dzungarian trough.

As a result, the capacity of accumulated sedimentary cover in the Dzungarian trough is

16 km [7], while that of Alakol is four times less. The Dzungarian trough area is five times larger
than that of Alakol. This is characteristic to a much lower intensity and differentiation of tectonic activity
which disposed the Alakol trough to ascending movements.

The Alakol trough shows direct and indirect signs of the oil-and-gas bearing capacity. Here, we
observe periods of intense accumulation of multi-meter coal strata in the Carboniferous and Jurassic ages,
which is one of the favourable conditions for the formation of oil and gas source rocks.

Undoubtedly positive signs of oil-and-gas bearing capacity in the region are: mud volcanism, spread
of bituminous rocks, ozokerites, asphaltites, presence of dissolved heavy gases and phenols in water
sources. Significant oil and gas accumulation zones are associated with widely developed mobile struc-
tures of the Dzungarian Alatau range. This is confirmed by debris of Mesozoic formations carried out to
surface through chimneys of mud volcanoes along the Dzungarian Devonian-Carboniferous fault [8]. A
direct sign of oil-bearing capacity can be seen in water self-discharging from a well located 5 km
westward from the Zharbulak village: the water bears a film of oil.

Having these obvious prospects for detecting oil and gas deposits in the Alakol basin, most of the
issues affecting the geological structure and oil-and-gas bearing capacity will have to be clarified by the
upcoming geophysical and exploration work.

— 10 ——
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METAL BLOCK CATALYSTS FOR COMPLEX CLEANING OF
HARMFUL EMISSIONS OF TRANSPORT AND THE INDUSTRY

Abstract. The aim of the work is the synthesis and testing of catalysts on metal block carriers in the processes
of complex gas cleaning of CO, C;Hg, NO and deep oxidation of propane-butane and CO. The active phase of the
catalysts was prepared on the basis of the compounds Pt, Pd, Ir, Au, Mn, Fe, Ni. The washcoat composition was
based on alumina and zeolites. Catalysts prepared from colloids Pt, Pd, Ir, Au, possess high activity in the oxidation
of hydrocarbons (100% in the range 573-773 K) and in the reduction reaction of nitrogen oxides - up to 67.0-69%.
Among the catalysts containing manganese in the active phase, the most active was a catalyst prepared by
introducing an organometallic compound based on polyethylene glycol into a washcoat suspension: the degree of CO
oxidation was 93-100%, hydrocarbons - up to 82-83.2% at 623 K. While studying full-size samples of catalysts
based on platinum on the stand on the basis of a diesel generator the degree of conversion of CO - 100%,
hydrocarbons - above 98-99%, nitrogen oxides - 58-63% was achieved.

Keywords: motor transport, industry, harmful emissions, catalysts on metal blocks, complex gas cleaning, deep
oxidation.

Introduction. The experience of last decades shows that the intensive economic development of
many countries, based on extensive, irrational, and often predatory use of natural resources, leading to an
unfavorable and irreversible phenomena in the environment. The poor state of water and air at the moment
is one of the global problems of today. The deterioration of the state of the environment proceeds because
of the uncontrolled production of performing business and thoughtless spending of natural resources [1-5].
The principal sources of air pollution are industrial plants and motor vehicle exhaust. The level of air
pollution due to the development of industry and transport increases in tens of times year by year. Most
industrial enterprises either do not keep records of emissions or perform it very inaccurately and tentati-
vely. In some cases, it is not known exactly which pollutants come from one or another industrial facility.
Alkanes, CO, NO, organic solvents, sulfur-containing compounds and many others belong to harmful
toxiferous emissions of the industry and motor transport and which negatively influence on human health.
Contamination of soil, vegetation, water bodies, the huge consumption of oxygen, heat radiation, the
burning of associated gas contributes to the greenhouse effect, acid rain and climate change [6-8].

There are 3 main sources of air pollution by toxic substances emitted by vehicles:

- the exhaust gases which are coming out the muffler,

- the crankcase gases coming to the atmosphere from the system of ventilation of the engine,

- the evaporating fuel getting to the environment from fuel system of the engine and a fuel tank
[9-12].
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Constantly increasing growth in car numbers is one of the reasons for the deterioration of the
ecological situation in the cities and towns. Condition of air is particularly important, because in contrast
to other factors of the external environment air comes in direct and fast contact with very large physio-
logically active surfaces of the human body. In the absence of appropriate treatment methods also many
industrial plants contaminate the air with the combustible or odorous compounds. A strong air pollution is
very noticeable to cities with a bad natural ventilation, to which, in particular, belongs a number of indus-
trial cities of Kazakhstan [7, 8]. Deep catalytic oxidation of organic compounds to carbon dioxide and
water is one of the most effective methods of fighting against of the waste gases of industry and the motor
transport. The catalysts-neutralizers of the exhaust (catalytic converter, an afterburner) are the mandatory
option for all cars in the developed countries. Today, the monolithic metal blocks are considered as the
most appropriate catalysts used for the solution of environmental problems [13-17]. High heat conduc-
tivity of metal carriers provides the good thermoregulation preventing an overheat of catalysts and inter-
facing constructional details. Plasticity, the characteristic of metals, allows to manufacture carriers in any
idle time and a form, convenient for operation, with rather high specific geometrical surface area and gas
permeability. The most typical catalysts are the three-way catalysts based on platinum, palladium and
rhodium deposited on the ceramic or the metal blocks coated with alumina. However, the high cost of
these metals and their low resistance to poisons stimulate carrying out of scientific research aimed at the
creation of more optimal from an economic and technological point of view, the compositions and
methods of preparation of the catalytic neutralizers. One of the perspective directions in this area is the
partial replacement of noble metal on the oxide component [18-21]. Application of the low-percentage
supported catalysts on the basis of the colloid metals with the chosen homogeneous particle size and with
the low content of the active phase allows obtaining such examples of catalysts which provide necessary
activity and selectivity. The use of the organometallic complexes instead nitrates and metal chlorides in
the step of preparing of the active phase of the catalyst systems makes it possible to reduce the emissions
of toxic substances formed during the preparation of the catalysts and reduce corrosion of the exploited
equipment.

The purpose of this work was synthesis and test of the efficient and stable catalysts on metal block
carriers with the reduced content of platinum metals in the active phase of catalysts for processes of
neutralization of harmful emissions of the industry and combustion gases of motor transport.

Materials and methods. In this work, the catalysts on the basis of platinum and basic metals have
been created by the technique earlier developed [22-26]. Catalysts on the basis of Pt, Pd colloids (particle
size approx. 15-25 nm) have been produced. Metal block carriers have been made of the metallic foil
(figure 1). The concentration of platinum metals was changed in the range of 0.05-0.2%. Also rare-earth
metals have been added to composition of the active phase for increasing the thermal stability of the
catalysts. The sols of metals have been supported on the block carriers. The samples of catalysts contai-
ning in their compositions Pt, Pd, Ir, Au with a low content (0.01-0.1%, on Pt basis) and 0.05 to 0.2% (on
Pd, Ir, Au basis) have been prepared. In a stage of synthesis of a washcoat alumina with a zeolite additive

Figure 1 — Catalysts on the metallic blocks for tests at the experimental stand on the basis of a diesel generator
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has been used. Different organic compounds for prevention or decreasing coagulation of the produced
colloids have been chosen. Into the aqueous solutions of stabilizers (for example, polyethylene glycol,
PEG) the necessary amount of salts of platinum metals dissolved in water was entered. By results of the
conducted experiments the important technological parameters for preparation stable colloid particles of
Pt, Pd, Ir, Au have been determined.

In the work along with the catalytic systems on the base of platinum metals, catalysts with the active
phase containing of Mn, Ni, Co, Fe have been created and examined. For their preparation formates and
acetates have been used. In the research one- and two-component catalytic systems on the basis of the
compounds of Fe, Ni, Pt, Pd, with the different additives have been created. A wet hydrogel of aluminum
hydroxide (80% humidity) was used as a binder. For preparation the such catalysts ZSM-5 zeolites with
the module 30 and NaY with the module 5.1 were applied. Procedure of deposition of the active compo-
nent have been carried with the use of a method of impregnation on a moisture capacity.

The prepared catalysts were tested in the reactions of oxidation of CO, a mixture of propane-butane
(PB), hydrocarbons (HC) and in the reaction of nitrogen oxides reduction at temperature 423-973 K.
Before testing, the catalyst sample was kept in the reactor for 30 min. in the flow of the reaction mixture at
773 K. After that, the gas temperature was reduced to given values, and the conversion of NO,, CO and
hydrocarbons was determined. The possible formation of CO in the reaction was also noticed. A charac-
teristic activity of the catalyst is the degree of initial reagent (hydrocarbon, carbon monoxide, nitrogen
oxide) conversion (o). The volumetric flow rate of the gas mixture was varied in the limits from 36, 000 to
50,000 h™".

The processes were researched in the flow catalytic installing with an integral tubular reactor type and
with optimized parameters of the catalyst bed (figure 2). In the work also has been made a stand on the
basis of the diesel generator for testing full-size samples of catalysts in the real exhaust gases (figure 3).
The samples before and after the catalyst were selected in all operating modes of the diesel engine (idle
mode-4 Kv) directly from the exhaust pipe with “OPTOGAZ-500.3” gas analyzer. Investigations have
been carried out in the load range 0-4.0 Kv. The temperature in the catalyst zone has been measured with
the help of a chromel-alumel thermocouple and IRT.

Figure 2 — Flow installation diagram:
1 - gas cylinder; 2 - pressure gauge; 3 - valve of a fine regulation; 4 - rotameter;
5 - crane; 6 - mixer; 7 - system of heating; 8 - sample of a catalyst; 9 - thermocouple; 10 - sampling; 11 - IRT

—— |4 ——
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Figure 3 — Stand on the base of diesel generator:
a — schematic drawing of the experimental installation, consisting of a diesel-generator (1), pipe for exhaust gases (2),
a reactor for catalysts’ test (3), sample of a catalyst (4), gas operated probe (5), and 6,7 - valves for sampling; 8 - a gas analyser;
b - general view of the experimental installation

Results and discussions. The tests show that the catalytic activity (efficiency) depends as on the
content of an active metal as on the method of the active metal deposition. The complexing composition
for a colloid preparation also influenced. At the identical technique of platinum introduction into a
washcoat the catalyst activity is increased with increasing of the platinum content in a range 0.05%-0.1%.
The activity of 0.05% platinum-containing catalyst was 18% (at 523 K) and 100% (at 773 K).

In table 1 the results of studying activity of the catalysts synthesized by introduction of colloids of
platinum metals to an alumina-oxide matrix by various methods are shown. It is visible, that activity
depended on the contents of active metal and a method of introduction. At an identical method of intro-
duction of platinum to the secondary carrier of the block metal catalyst (a washcoat) with increase in the
contents of platinum from 0.05 % up to 0.1 %. activity of 0.05 % of the platinum catalyst was reduced
from 100 % at 773 K up to 18.0 % at 523 K while with increase in the contents of platinum in 2 times
activity grown and was 89.3 % at 523 K and 100% at 623 K.

At transition to Pd catalysts their activity at the contents of a palladium equal of 0,1 %, below, then
platinum (No5 and Nol). At preparation of the colloid Pd catalyst with use in quality complex former No2
activity increases to 94.2-100% at temperatures 623-773 K.

In the process of the complex cleaning of gases (table 2) was also demonstrated the high activity by
the catalysts on the basis of colloids of palladium (with different concentrations) deposited on alumina.
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Table 1 — Influence of concentration and a method of introduction of active metal

on activity of catalysts in the reaction of HC oxidation and NO, reduction

No Catalyst The active metal Conversion, % at different temperatures, K
(metal+No of complex former) concerol/'iratlon, 773 623 523 423
1 Pt+1 0.05 100 76.9 18.09 0
2 Pt+1 0.1 100 100 89.3 10.7
3 Pt+2 0.1 100 88.0 40.0 0
4 Pt+3 0.1 100 87.3 11.5 0
5 Pd+1 0.1 92.0 82.1 6.0 0
6 Pd+2 0.1 100 94.2 11.6 0
7 Pd+1 0.05 93.0 79.2 5.4 0

Table 2 — Influence of concentration of palladium on activity of catalysts in the processes of HC oxidation and NOy reduction

Pd ) The degree of conversion HC/NO, gases (%) at different temperatures, K
concentration,
wt. % 773 623 523 473
0.2 100/40.8 98.0/42.6 31.5/30.4 18.0/15.6
0.1 100/38.0 60.0/23.0 21.6/18.3 13.0/9.2
0.05 100/24.8 58.0/21.0 19.2/16.8 8.0/9.4

The degree of HC conversion on catalysts containing Pd-0,2%, with a decrease in the temperature from
773 to 623 K is reduced slightly - from 100% (773 K) to 98.0% (623 K), for catalysts on the basis of 0.1%
and 0.05% Pd conversion decrease more sharply: from 100% to 60.0% (for 0.1% of Pd-contacts) and
58.0% (0.05% of Pd). For catalysts with the content of 0.2% of Pd in the field of temperatures 623-773K
conversion degree of HC was equal to 97.4-100%, and NOy - 40.8-42.6%. With decrease of content of
palladium to 0.1% an activity of catalysts is decreased, for example, at 623 K conversion degree of HC is
decreased to 60.0%, nitrogen oxides - to 23.0 %. With a decrease the content of palladium in catalysts to
0.05% are required higher temperatures (773 K) for the deep oxidation of hydrocarbons, at 523 K the
degree of hydrocarbon conversion is reduced to 19.0-25.0%, and the conversion degree of nitric oxide is
reduced slightly (to 16. 8%).

The method of introducing and the magnitude of dispersion of colloidal metal affected the activity of
the catalysts based on the colloids of Pt, Pd, Ir, Au. So, on the catalyst on the basis of Pd when using as a
complexing-PEG, the catalytic activity at change of ways of introduction is ranged between 69.0% to
94.2-100% in the temperature interval 623-773K. With increasing concentration of the metal in the
catalyst is increased its activity depending on the nature of the metal and a complexing. When the palla-
dium content 0.2% in the temperature interval 623-773K the catalyst activity was equal to is 98.0-100%
on a methane. With the reduction of the noble metal content up to 0.1% activity of the samples - by
methane is reduced to 60.02% at 623K. With the further decrease of the palladium content up to 0.05% the
total methane oxidation was carried out at a higher temperature (623-773K), and at 523K the catalyst acti-
vity was decreased to 19.0-25.0 % by hydrocarbons, for nitrogen oxides the catalyst activity was not
substantially changed. Thus, by results of the performed researches it is found that the synthesized on the
basis of colloids of noble metals (Pt, Pd, Ir, Au) catalysts have high activity in oxidizing reaction of
hydrocarbons (100% at 573-773 K) and reduction of nitrogen oxides - to 67.0-69.0%. On the catalytic ac-
tivity in reaction of the complete oxidation of the propane - butane mixture the catalysts on the basis of
colloids of noble metals form a series: Pt > Pd » Ir (Au), in the reaction of complex cleaning of exhaust
gases of the motor transport: on CO-conversion degree on all noble metals almost identical (98-100%,
depending on the process conditions), for nitrogen oxides the most efficient catalyst — on the basis of Pt.

The effectiveness of catalysts containing manganese in the composition of the active phase was
determined during the deep oxidation of CO+CH, in the temperature range 373-773 K (table 3). The con-
tent of CO in the mixture with air was 1%, propane-butane (PB) - 0.5%, the volumetric rate - 50,000 h™". It
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Table 3 — The oxidation reaction of CO (1%) and PB (0.5%) over the different manganese catalysts,
volume flow rate =50, 000 h™!

Conversion degree (%) at the different catalysts

Templegature, Manganese nitrate Manganese acetate PEG-manganese oxide
CcO PB Cco PB CcO PB
773 85.8 29.5 100 38.0 100 95.4
623 68.9 0 95.5 12.1 100 83.2
523 53.8 0 74.7 9.0 94.6 10.0

473 34.9 - 39.9 - 63.0 -

423 0.3 - 7.0 - 9.7 -

was established that catalytic systems, the active phase of which was prepared on the basis of manganese
nitrate and acetate, showed low activity in the oxidation of CO and oxidation of the propane-butane
mixture. The maximum degree of CO conversion was 85.8-100%, and the propane-butane mixture was
29.5-38.0% at 773 K. Adding the same compound of manganese with polyethylene glycol (PEG) contri-
buted to increasing the efficiency of the catalyst. When use this catalyst the carbon monoxide and hydro-
carbons begin to be oxidized with the sufficiently high activity at low temperatures. Thus, at 523 K carbon
monoxide is oxidized to 94.6%, and hydrocarbons - up to 83.2% at 623 K. On this catalyst 100% CO
oxidation is achieved at a temperature of 623 K, and the maximum conversion of PB (95.4%) is observed
at 773 K.

The catalyst on the basis of PEG containing 5.0% of oxide of manganese was tested in oxidizing
reaction of 1% CO and 0.5% of propylene in the air at the volume speed 35,000 h™' (table 4). At lower
volume rate of gas flow (35,000 h™") and in the presence of a propylene the catalyst begins to demonstrate
activity already at 423 K, and the complete oxidation of CO is observed at 503 K. It should be noted a
high activity of the catalyst in the reaction of propylene oxidation: at 503 K conversion degree is 86.7%
and 100% of propylene oxidation proceeds at 573 K.

Table 4 — Activity of 5% Mn-containing catalyst in the oxidation reaction of 1% CO and 0.5% propylene in the air
(the gases volumetric flow rate - 35,000 h™")

The temperature of test, Conversion degree, %

K CO propylene in air
403 5.7 0
423 443 1.7
443 89.1 33
463 98.6 18.3
483 99.4 56.7
503 99.9 86.7
523 100 96.7
553 100 99.1
573 100 100

In the case of systems on the basis of Fe, Ni, Pt, Pd with additives of zeolites irrespective of the
nature of introduced zeolite, the noticeable transformation of NO, began at temperature over 473 K,
gradually increased with increase of temperature and reached a maximum value at T=773 K. Among the
Fe-containing catalysts the biggest activity at reduction of nitrogen oxides by propylene was revealed for
the sample, modified by NaY zeolite. The catalyst with the same composition was the most effective also
for C;Hg oxidation. At 473 K the degree of C;Hg conversion on this catalyst was 35.8%, and complete
conversion is observed at 573 K. The degree of conversion of CsHg at 573 K on the catalysts of this series
decreased in the series: Fe/NaY>Fe/ZSM-5>Fe/Al,0;. Oxidation of propylene at the Ni-containing
zeolites happened, in comparison with the Fe-containing block catalysts, with lower degrees of conver-
sion: 100% transformation of C;H¢ was observed on Ni/HY catalyst only at 773 K. The other samples of
Ni-based catalysts are less active and the degree of CsHg conversion at them was little varied depending on
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the zeolites nature. Noticeable NO conversion at Ni-containing zeolites was observed at temperatures
above 473 K. Depending on the nature of the modifying zeolite activity of the Ni-containing zeolites in
reaction of reduction of NO at 573 K is decreased in the series: Ni/HY>Ni/NaY>Ni/ZSM-5.

Effectiveness of the Ni, Fe/zeolite catalysts was determined by heat stability at T=973 K during 50 h
in the gaseous environment. It is appeared that the most stable sample at all temperatures was Ni/HY, at
673 K degree of NOy conversion was equal to 67.0% and the conversion of propylene - 100%.

Activity of prepared catalysts has been defined at the experimental installation, consisting of the
diesel-generator with 4 Kv (figure 3). Dimensions of catalysts were the following: d - 30 mm, h - 90 mm,
V - 63.4 mm’. The data of experiments in the bifunctional mode at various loadings of operation of the
engine are shown in table 5. The catalyst containing 0.1% of Pt is effective already at 540 K, transforma-
tion degree of CO was 99.6 %, hydrocarbons - 80.7% and nitrogen oxides - 44.4%. When engine capacity
was increased to 3-4 Kv than conversion degree of NO, to 58-63% was reached.

Table 5 — Results of the analysis of toxic emissions on the diesel generator on the block platinum catalyst at various loads

The consumed capacity, Temperature of the exhaust gases, Degree of the exhaust gases cleaning, %
kv K Co CH, NO,
Idle motion 293 90.6 21.5 3.0
2 540 99.6 80.7 44.4
3 581 100 95.6 61.1
4 700 100 99.3 63.0

The prepared catalysts were examined by different physical and chemical research techniques (figure
4-6).

The study of Pt and Pd - containing catalysts for thermal stability was carried out by holding the
chosen catalyst during 5 hours at T = 673 and 773 K in the reaction gas mixture with a content of 0.5%
propane-butane with further analysis of the reaction products. Duration of the such test was 100 hours.
The catalysts obtained from Pt acetates proved to be the most stable, while those based on Pd acetates
were less stable.

X-ray phase analysis of tested catalysts has been performed on X-ray diffractometer DRON-4-0.7
with a copper anode. It was revealed scattering of the spectrum for Pt- and Pd-catalysts, and this fact con-
firmed the high dispersion of metals [26]. Catalysts have been examined on TEM on EM-125 K by the
single-step replica method (figure 4, 5). At zoom 33,000 there were found semi-transparent regions of
polymer bunches filled with dispersed particles 3 nm in size in the case of Pt-, Pd-catalysts. At zoom
62,000 times the small sparse clusters of denser particles 5 nm in size have been also revealed (figure 5).

a b

Figure 4 — TEM-images of catalysts on the base of platinum metals: a - Pt-containing catalyst, b - Pd-containing catalyst
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Figure 5 — TEM images of fragments of metal clusters:
a - Pt-particles, b - clusters of denser Pd particles 5 nm in size

The thermostability of the prepared catalysts was calculated by definition of activity of the initial
catalyst on the diesel engine - generator working under loading in 3 Kv, with the subsequent fractional
calcinations of the neutralizers at 873 K with an interval of 5 hours in the muffle furnace. During 100-hour
test the high thermostability was shown.

The characteristics of some samples of catalysts on the basis of Pt and Pd obtained with use of the
TPD NH; method are shown in table 6. The total concentration of acid sites of Pt- and Pd-promoted cata-
lysts of nickel and manganese oxides is higher than that of the initial alumino-platinum and palladium
catalysts. Pt- and Pd-containing catalysts have similar values of the total concentration of acid sites 620-
660 pmol/g, but they are characterized by different ratios of centres of different force, and it apparently
determines the differences in their catalytic properties. The catalysts based on Pt/Ni-Mn/Al,O; have a
greater concentration of strong acid sites (280 umol/g) and for Pd/Ni-Mn/Al,O; catalyst is revealed the
highest concentration of weak acid sites - 250 umol/g (figure 6).

Table 6 — TPD data of Pt- and Pd-catalysts

Pore structure of catalysts The total concentration
Catalyst sample - 3 3 AP
The specific surface area, m”/g Pore volume, cm’/g of the acid sites, pmol/g
Pt-containing 200 0.348 240
Pd-containing 205 0.356 110
Pd/Ni-Mn/Al,03 350 0.274 620
Pt/Ni-Mn/Al,04 370 0.290 660

It was found by the TPD method of ammonia that in case of catalysts on the basis of basic metals
introduction to the carrier of Co and Mn oxides led to small increase in a share of the retained volume of
ammonia, i.e. force of the acid centers of the catalyst is slightly increases. Possibly, activity of the oxide-
coated catalyst is influenced by the structural changes arising at introduction of oxides of cobalt and
manganese into the carrier. For catalysts based on the colloids of Pt, Pd, Ir, Au revealed high dispersion
(25.0-30.0 nm), colloids demonstrated good stability over 1-1.5 months at room temperature. XPS and EM
data showed that the platinum metals in the starting monodisperse catalysts are in an oxidized state with
uniform distribution of the metal particles on the carrier and they are characterized by high thermal
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concentration of acid centers, micromol's

0 2 10 15 catalysts

Figure 6 — Acid centres’ share for different active phases of catalysts:
A - on the basis of platinum, B - on the basis of palladium, C - on the basis of platinum, nickel and manganese,
D - on the basis of palladium, nickel and manganese; 1 - weak centers, 2 - medium centers, 3 - strong centers

stability. By the EM and RFA methods it is found that in the Mn-containing catalysts on the basis of PEG
are formed the particle which are finely divided, evenly distributed on a surface of the carrier. The cata-
lysts prepared from acetate and also on the basis of manganese nitrates, had larger particles, which causes,
may decrease the activity of manganese catalysts in hydrocarbon and CO oxidation.

Results of physical and chemical research of catalysts prepared confirmed literature data [6, 13, 14,
27-30].

Conclusion. Thus catalysts on the basis of colloids of noble metals and compounds of basic metals
on block metal carriers were prepared. Catalytic efficiency of the prepared catalysts was tested in the
reactions of complex cleaning of gases from CO, C;Hg, NO and in the oxidizing reactions of propane-
butane mixture and CO. The catalyst activity prepared with the noble metals depends on the active metal
content and on the deposition method of the active metal (complexing composition for preparing of the
colloid). The catalysts synthesized on the basis of colloids of noble metals (Pt, Pd, Ir, Au) catalysts have
high activity in oxidizing reaction of hydrocarbons (100% at 573-773 K) and reduction of oxides of
nitrogen - to 67-69%. It was found that in a series of manganese-containing catalysts the introduction of
the Mn-compound with PEG increased a catalytic activity. So, at CO is oxidized to 93-100% (at 523-623 K,
and hydrocarbons are oxidized to 82-83.2% at 623 K. On this catalyst the maximal transformation of
propane-butane mixture (95.5%) is observed at 773 K. The full-size samples of the catalysts on the basis
of platinum were tested on the stand on the basis of a diesel-generator. The degree of conversion of CO
was equal to 100%, hydrocarbons — more than 98-99%, nitrogen oxides — 58-63%.

JI. P. Cachixopa', C. Cenannsenan’, E. A. Oy6okipos', )K. X. Tammyxaméerona’,
A. A, BaTmpﬁaeBal, P. H. Amnrynonal, . H. Kyﬁelcona3, K. O. ]J.Iapmlon“,
P.T. Pblcxannena', b. b. TIOC]OI[OBal, M. A. Capmﬁaen'
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’K. 1. Cor6aeB aTbingarsl Kasak YITTHIK TEXHHKAJIBIK 3€PTTEY YHUBEPCUTET,
Huctutyt xumuaeckux u ouonorundeckux texnonormii KasHUTY um. K. U. CarnaeBa, Anmarsl, KazaxcraH,
*C. 1. Acdennuspos atsiEnars Kazak yITTHIK MeIMIMHANBIK yHUBEpCHTETI, AnMatel, Kazaxcran

KOJIIK KOoHE OHJAIPICTEH IIbIFAPBIJIATBIH 3UAH/IbBI
3ATTAPABI KEHNEH/I TAZAJIAY/JBIH METAJLJI BJIOKTAT'BI KATAJIN3ATOPJIAPBI

AnHoTauus. JKyMBICTBIH MakcaTbl METaJT OJIOKTHI TACHIMANIAFBIIITAFbl KATAIU3ATOP/IbI CHHTE3/ICY KOHE Ta3-
neiH Kypambiaaarsl CO, C3Hg, NO kemrenai tazanaymeH npornan-0yTanipl skoHe CO TepeH TOTBIKTBIPY MPOIECcTe-
pinze ceiHay. KatamusaTopnasie Oencerni ¢asaceir Pt, Pd, Ir, Au, Mn, Fe, Ni KocbUIBICTaphl HETi31HIE TaibIHIAIIBL.
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Pt, Pd, Ir, Au KomiouaTapsl HeTi3iHAET1 KaTalnu3aTopiaapsl KemipcyTekrepAi ToTeIKThIpyaa (100% ,573-773 K tem-
nepaTypa apaibIFbIHIA) J)KOHE a30T OKCHIIHIH TOTHIKCHI3AHY peaknusachiHaa 67,0-69 % neifin sxorapbl OeICeHILUTIK
kepcerTi. Karanmuzaropmap apacbiHma OipiHIIUTIK TaCKIMANIAFbII CYCHEH3HMSICHIHA MOMUATHICHTIINKONb HETi3iHAeT]
METaJJIOpPraHUKaIIBIK KOCBUIBICTHI €HTI3y apKbUIbl JaibiHaanFal Oencenai ¢a3a KypamblHIa MapraHen 0ap kartajiu-
3arop Oenceninik kepcerti: 623 K temneparypana CO-HbIH TOoThIFY Adpexeci 93-100%, koMIpCyTeKTEep/IiH TOThIFY
nopexeci - 82-83,2% neitin Oonapl. [lnaTiHa HeriziHAEr KaTaau3aTOP/bIH TONBIK OJIIEM/ YIATIepiH KaOblpraibiK
nu3senb-reneparopaa seprrerenae CO-HbIH KOHBepcus nopexeci - 100%, kemipcyTektep - 98-99% xorapbl, a30T OK-
cuarepi - 58-63%.

Tyiiin ce3mep: aBTOTpaHCIOPT, OHAIPIC, 3USAHIBI 3aTTap, METAJUl OJOKTBHI KaTajau3aTopiiap, ra3jibl KelleHi
Tazanay, TepeH TOTHIFY.
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KATAJIM3ATOPBI HA METAJJIMYECKHUX BJIOKAX JJIs1 KOMILIEKCHOM OYUCTKH
BPE/IHBIX BBIBPOCOB TPAHCIIOPTA 1 ITPOMBIIVIEHHOCTH

AHHOTEIIIHH. LICJ'H)IO pa60TI)I ABJACTCA CHUHTC3 W HMCIHBITAHUC KaTajln3aTOPOB Ha METAJUIMYCCKUX OJIOYHBIX
HOCHUTEIIAX B Mpoleccax KoMmiuiekcHoit ounctku razoB or CO, C3Hg, NO u riy0oKoro okucieHus nponaH-OyrtaHa u
CO. AkTuBHYIO (ha3y KaTaJIu3aTOPOB FOTOBIJIM Ha OCHOBe coeauHenuit Pt, Pd, Ir, Au, Mn, Fe, Ni. CocTtaB nepBu4-
HOTO HOCHTEJsI OBLT HA OCHOBE OKCHJIA AFOMUHUS U [EOAUTOB. KaTamnu3aTopsl, IPUTOTOBICHHBIC U3 KOJUIOMIOB Pt,
Pd, Ir, Au, obnangaroT BBHICOKOH aKTMBHOCTBIO B OKHCIEHHH yrieBojoponoB (100% B unrtepBane 573-773 K) u B
pEaKIK BOCCTAHOBIICHHSI OKCHIOB a30Ta - o0 67,0-69 %. Cpenu Katanm3aTopoB, COIEpKAIIUX B aKTHBHOH (hase
Maprasell, HanooJiee aKTHBHBIM OBUT KaTaJM3aTOpP, MPUTOTOBICHHBI BBEACHUEM METAIUIOOPTaHUIECKOTO COEIIHE-
HUSI HA OCHOBE IOJIM3THIICHTIIMKOJIS B CYyCHEH3MIO TMIEPBUYHOTO HOCHUTENS: cTenieHb okuciernns CO 6buta 93-100%,
yrieBoopoaos - 1o 82-83,2% mnpu 623 K. IIpn u3ydyeHnn monHopa3MepHBIX 00paslioB KaTalM3aTOPOB Ha OCHOBE
IUTAaTHHBI Ha CTEHJE Ha OCHOBE AM3ENb-TeHepaTopa AOCTUTHYTa cTeneHs KoHBepcun CO - 100%, yriieBomopoioB -
BhIle 98-99%, okcuaoB a3zoTa - 58-63%.

Ki1roueBble ci10Ba: aBTOTPAHCHIOPT, IPOMBIIIIEHHOCTD, BPEIHBIE BEIOPOCHI, KaTaIN3aTOPH HA METAJUTNIECKUX
0JI0Kax, KOMIUIEKCHAs! OYMCTKA Ta3a, [y00KOe OKHCIICHHE.
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Abstract. The article is devoted to solving problems of creating methods for situational management of Com-
plex Structures Operation Modes. The general principles of obtaining situational estimates of the operational status
of power plant equipment are considered. The division of the situational management process into the main stages
related to the operational reliability of the plant blocks was accomplished. When estimating a larger (almost unli-
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General principles for obtaining situational assessments of the operational status of power plant
equipment can be summarized in a series of symbolic expressions by means of which it is possible to
describe the process of controlling the power plant (1-5), allows us to approach the assessment of the
operational state of the equipment operating on it from the point of view of the situational approach. The
current situation at the stations SOt and S is determined by a number of economic parameters and
reliability parameters Ra* and Re* which characterize the actual state of the operating equipment at time
t. In this connection, a natural question arises about the dimension of the regime parameters, the control of
which makes it possible to determine R>* and RH * and to obtain on their basis estimates of the situations
SOt and SHt according to (1).

S:St X SOt X SHt U - SCt + 1, (1)

where S is the complete situation (by definition);

St is current situation in the PP, formulated in the form of requirements that are required for the
operation of the power plant under the conditions of covering the active and reactive loads; S",S° are
current situations associated with the actual mode of the plant, which are determined by the economy and
reliability of equipment operating on it; U * is vector of multipurpose management; SCt + 1 is the new
current situation at the plant as the Cartesian product of the preceding ones.

Under normal PP operation conditions, a cartesian product will be understood as a conjunctive
convolution of current situations:

SCtﬂQ Six Sat>< SHt: inf (S, SalaSHl)' 2

Since the change in the current situation is made in this case by changing the composition of the
power plant equipment, then the projection of these situations takes place in the general, regime space Q,
ie.

Proj(S€.:1)> Proj(S,) M Proj(S>) M Proj(S™)). (3)

—— 4 ——
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The format of the projections is determined both by the type of management U *, and the information
level of the description of current situations, as noted above. The formation of the multipurpose mana-
gement of vector U * within the framework of the described process is a multipurpose convolution of the
form:

U*: DE(KSB KS3t, KSHt), (4)

where DE are defined by some logical-multiple operation, with the help of which the goals or criteria KSt,
KS?, and KS", are rolled up.

In the decision making process we usually consider as binary [1,2], we rewrite (4) in the following
form:

U= DE,[DE, (KS?, KS"), KS,]. (5)

Here it is important to note that the convolutions DE1 and DE2 in (5) can in general be different. The
system of expressions (1-5) is a formalized description of the process of managing a power plant from the
standpoint of a situational approach. Change of the current situation at the plant is carried out in this case
by changing the composition of the equipment running on it as one of the phases of operational mana-
gement. In the very designation of the system of operational control of the number and composition of
hydroelectric units, two interrelated aspects of management are objectively laid. On the one hand, this is
an automatic regulation of the aggregate mode by working out the number, composition and distribution
of the load between the units, this regulation is undoubtedly an integral part of the regime automation of
the HPP. On the other hand, it is operational dispatch control, which is determined by the current changes,
both the modes of the hydrounit and the plant. Here the main means of control is not so much the regime
automatic (which carries out the process of regulation), but the ability of the person to make decisions.
This duality was reflected even in the name of these devices: an automatic operator and rational mana-
gement of the composition of aggregates. Both these names speak of the hybrid nature of such a mana-
gement system. The first is in the immediate compound title, the second is through the concept of rational,
that is, weighted effective.

The main characteristic, by means of which the economic work of the unit at the station is estimated,
is the amount of energy resource consumption (water flow at the hydraulic unit or fuel consumption at the
thermal unit) or its efficiency, which can be recalculated into cost parameters, for example, the costs
associated with the production of energy at the plant [1]. Thus, if the actual efficiency of the block at time
t is determined (#t), then an economic evaluation of its operation mode can be obtained in the form

R, = nt. (6)

Such a characteristic as the efficiency of the block based on the construction of its economic
characteristics has been worked out quite fully, although the practical implementation encounters a
number of intractable problems [2 ... 7]. Using a situational approach allows them to be successfully over-
come. In contrast to the economy, the regime parameters characterizing the operational reliability of the
unit are quite numerous. They form a multidimensional space of the form

Ri'= (R, R, Rus', Ry, Ruy), (7)
where Rm*, RB*, Ran*, Ry*, R,, are parameters of temperature, vibration, electrical states, parameters
characterizing the deviation of water and oil levels, air pressure at the monitored units of the unit, and a
number of others. In principle the current deterioration of the unit can be used as a universal parameter
characterizing the operational reliability of the unit operation, similar to the efficiency in assessing its
efficiency. However, this complicated problem has not yet been solved methodologically. Absence of
strict models for calculating the current wear of the power block makes it necessary to take an indirect
account of operational reliability on the basis of control, and to change the numerous parameters in
accordance with (6). This requires the development of special procedures for obtaining them, bringing the
parameters to a single dimension, as well as ranking the monitored parameters, since the degree of their
information value for decision making in the operational management loop is generally different.

Assessment of the importance (weight) of the monitored parameters of the unit, regardless of the
current situation, but determined only by the degree of responsibility of control, behind a separate unit of
the hydrounit. Such an assessment can be called "basic":
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B(IL)= (R, ,i=1, ..., n), (8)

where i is the number of the monitored parameter I, which determines the operational reliability of the
unit R, .

Obtaining "current" estimates that characterize the degree of operational reliability of the unit at the
time of acceptance of t. Obviously, these estimates are directly determined by the current situation at the
plant.

TAL)= Ry ,j =1, ..., K), 9)

where j is the number of the monitored parameter I1, the value of which at current time t deviates (or does
not deviate) from the nominal value.

Determination of "resulting" estimates of operational reliability for each currently operating hydraulic
unit. They can be obtained by imposing "current" estimates of controlled parameters on their "basic", in
particular, as a product:

JIL)= (R, , B(IL)  T(I)),i=1, ..., n). (10)

This will mean the formation of a certain level of description, which is the projection of the map f in
the general information space of the plant's regime parameters. Based on J (I1;), the DMO can make a
decision related to changing or not changing the mode of the equipment running on the plant. In order to
implement these steps, which are related to the operational reliability of the plant units, it is necessary to
determine those sources of obtaining primary information, on the basis of which the above-mentioned
indicators can be calculated, and subsequently used in the operational dispatching management of the
plant from the positions of the situational approach. By methods of control and value, the information
obtained on the operational status of the main equipment of a hydroelectric station can be divided into
3 main groups [1-8]:

a) automatic control for the operational state of HPP equipment using relay protection and automation
devices;

b) periodic monitoring of the operational status of the equipment by semi-automated means by plant
personnel or using an automated control system;

c) control checks and tests of units, elements and parts of the main equipment of hydroelectric power
stations.

Let us dwell on each of these groups. Specific diagnostic information on the state of the elements of
the nodes of the unit block is provided by relay protection and automation devices that monitor deviations
(within the limits of permissible or emergency), temperature, electrical, chemical and other parameters of
the regime from their normal value. The monitoring of the condition of relay protection devices is carried
out automatically, according to the principle of "yes-no", that is a certain parameter of the regime deviates
from the norm. The emergency deviations of the parameters of the regime are characterized by the une-
quivocal action of the relay protection devices to disconnect the equipment, which allows to stop the
further development of the accident on it. Deviations of parameters close to emergency settings, but not
exceeding them, are fixed by a warning signal. The appearance of a warning signal indicates abnormal
operating conditions of the equipment and forces operational personnel to make a specific decision aimed
at eliminating the cause of the signal.

Since the warning signal is not emergency, control aimed at preventing an emergency may be called
preventive control in normal modes. The warning signaling covers almost all the elements of the aggregate
block and its auxiliary equipment, which means that it is possible to obtain a practically complete volume
of diagnostic information, its operability [1-8]. In addition to Relay Protection and Automatic Equipment,
periodic monitoring of the state of assemblies and elements of the main equipment is carried out by means
of standard measuring sensors in a semi-automated way by plant personnel, or by means of an automated
control system. With its help it is possible to carry out not only check of the facts of functioning of equip-
ment elements (for example, as the fact of operation of preventive protections), but also to receive an
objective volumetric quantitative estimation on average size and dispersion of the measured parameter.
This is due to the fact that the measuring sensors are installed at many points of the monitored element and
their number, as a rule, considerably exceeds the number of RPA sensors. The value of information

— 26 ——
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obtained on the basis of periodic monitoring is both in quantifying the current state of the equipment, and
in the possibility of using it for forecasting the state in future periods of operation.

Questions of methodology and practice for assessing the state of equipment for a system of control
checks and tests have been developed quite thoroughly. Control checks and tests are carried out after the
vibration state of the hydraulic unit as a whole and its individual components and parts. In contrast to
periodic monitoring, inspections and tests are much less frequent: when starting up and adjusting the
hydraulic unit, preventive and diagnostic tests, in the output for repair to clarify its volume and commis-
sioning after repair to assess its effectiveness, as well as for special tests. It should be noted the special
importance of vibration control. In particular, with its help it is possible to increase the reliability of the
diagnosis, i.e. identification of the place, nature and extent of damage to the generator. Despite the attrac-
tiveness of obtaining the most accurate and complete characteristics of the operational state of the equip-
ment, with the help of tests, it is first and foremost necessary to further improve and develop operational
methods and standard monitoring tools, in order to detect the faults that have arisen with quite high
accuracy at early stages of their development. In addition, the diagnostic information obtained as a result
of control checks and tests, quickly becomes obsolete, which requires its current refinement and correc-
tion. Thus, the system of existing control, due to the operational reliability of the unit, allows obtaining
diagnostic information about the state of the equipment that can be used in the preventive management of
the equipment operating at the plant [1-8].

Basic estimates of operational reliability of hydraulic units, determined on the basis of the fact of
operation of preventive protection. Sufficiently objective information about the current operational status
of the equipment is provided by the operation of relay protection and automation devices. To account for
the condition of the equipment in the normal mode of operation can be limited to information obtained on
the fact of the warning alarm on the hydraulic units. Therefore, if a system of information analysis of the
fact of the operation of preventive protection is created, it is possible to obtain estimates of the operational
state on the basis of sufficiently representative information.

The idea of such an analysis is as follows. Any precautionary protection, when triggered, causes a
different response in the DMO. This is because the importance of the information obtained for DMO
depends on which or what protection has worked. In other words, each preventive protection has its own
"information weight". Therefore, to implement the analysis, it is necessary to weigh all preventive protec-
tions in terms of their effect on the operational reliability of the entire aggregate unit. As a procedure
allowing to carry out the process of "weighing", you can use the method of expert assessments [6-9].

At a number of hydro power stations, studies were carried out aimed at obtaining "weights" of war-
ning signaling using the emergency assessment procedures [6-8]. Let us formulate the purpose of such an
examination. Using the proposed list of protections, operational personnel should assess the importance of
each protection, in terms of deciding whether to stop or replace hydraulic units [6-9]. For example, if from
the DMO point of view, the signaling about the rise in the temperature of the footplate of the hydro-
generator affects the operational reliability of the generator to a greater extent than the signaling about the
inclusion of a reserve oil pump, then the weight of the first protection should be higher. The degree of
difference in "weights" in the general case is determined by experience and established norms of mana-
gement, as well as the procedure used to obtain expert estimates.

Table 1 shows the total "weights" of precautionary protection in percentages of the elements of the
aggregate block. Total "weights" of elements such as turbine, turbine bearing and so on, were 2-3 times
less than those allocated. The allocated elements of the aggregate block made it possible to determine the
most important operational factors (by the "weight" of the preventive protection included in them), charac-
terizing the operability of the main units of the hydrounit and the block transformer. To the same group of
factors, undoubtedly, it is necessary to include the vibrational state of the hydroelectric unit, the influence
of which was not considered here due to the absence of standard vibrating sensors at the present time. The
analysis of the received information showed that more than 60% of the "weight" of all preventive
protections is related to the operating conditions of the block transformer, thrust bearing, bearing and
winding of the generator. It is obvious that such a control method, under the operating condition of the
hydraulic unit, provided that the "weight" scale of specific factors is obtained, allows using them in the
decision-making process of the DMO on changing the operation mode of HPP [12].
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Table 1 — Total "weights" of precautionary protection for the elements of the aggregate block in percent

Element of the aggregate block — HpP -
Novosibirsk Krasnoyarsk Votkinsk

Block transformer 24,17 26,48 22,43
Winding of the generator 13,12 20,64 17,31
The thrust bearing of generator 18,21 17,01 14,31
Bearing of the generator 11,48 9,05 10,01
The amount of "weight" 66,98 73,18 64,06
Turbine 5,8 6,74 5,61

Turbine bearing 4,27 3,77 6,34

Other elements and ancillary equipment in the amount of 22,95 16,31 23,99

Let us dwell on the procedures for obtaining expert estimates and on the possibility of their adap-
tation to the conditions of operational management of the plant regime. Expert assessments relate to the
class of heuristic information and give the opportunity to obtain various factors of importance or weight,
using both the accumulated experience of the DMO, as well as a deep knowledge of the specifics of the
equipment used. Therefore, the information obtained in this way has great managerial value, since it
represents its qualitative characteristic, which can be expressed by a numerical measure called the weight
[18]. The resulting group assessment of factors should be characterized a sufficient degree of agreement
among experts on the parameters being evaluated. At the heart of expert estimates of the acquisition are
some common properties.

Each event or factor corresponds to a real nonnegative number V, which is regarded as the true
significance (value, utility) of this event (factor) 0, i.e. some number corresponds to some V. If the event
(factor) Oj is more important than the factor Oy, then V>V, If the factors considered are equivalent, then
Vi=V.. If the estimates V; and V\ correspond to the factors O; and O,, then (V;+Vy) corresponds to the
general result of Ojand O,. This is a property of additivity of estimates.

First of all, it should be noted that the use of a procedure is determined by the number of factors
assessed, provided that the expert group meets all the requirements: the number and competence of
[10-12]. In the case of a significant number of factors considered (> 20), it is advisable to use either a
paired comparison procedure or its interpretation (for example, a three-point evaluation procedure). If the
list of factors does not exceed 15 ... 20 titles, the most effective weighing procedure is the successive
preference procedure (the Churchman-Akoff procedure).

The procedure of pairwise comparisons of all factors is performed in pairs in order to establish the
most important factor in each pair. If the factor A; is more preferable than the factor A;, then the estimate
Viis 1, and V;jis 0.

The results of the comparison are recorded in the matrix of paired comparisons, table 2. The matrix is
square with an unfilled main diagonal, since the comparison of the factor with itself does not make sense.
The expert evaluates the factors horizontally, the matrix corresponds to the following comparison results:
factor A, is less preferable than A,, A;, A4 and is more preferable than As; factor A, is more preferable
than Aj, As, As factor A; is more preferable than A4, As factor A4 is more preferable than As.

Table 2 — Matrix of paired comparisons for five factors

Factor A A, As Ay As Sum of scores
A - 0 0 0 1 1
A, 1 - 1 1 1 4
As 1 0 - 1 1 3
™ 1 0 0 - 1 2
As 0 0 0 0 - 0

— 28 ——
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The results of the comparison show that the expert assigned the highest score to factor number 2 (the
sum of points is 4), and factor 5 was, in his estimation, generally insignificant (the sum of points is 0). It
should be noted a special case when, according to the expert, none of the factors considered in the pair has
a preference, i.e., the i-th and j-th factors are equivalent. Then the estimate for them can be formed as
follows:

Vi=V;=0,5. (11)

The formalized procedure for obtaining expert estimates by the method of successive preferences,
based on the interpretation of the Cherchmen-Akoff procedure (the procedure of successive preferences),
specially developed for computer implementation. It should be noted that expert evaluations are more
qualitative in terms of information completeness, if the weighing is carried out by the method of
successive preferences. This procedure makes it possible to obtain "weights" taking into account that the
weight of the highest priority protection can be less (more) of the sum of the "weights" of less priority.
Thus, the received "weights" possess property of the integrated estimation that is their main advantage at
decision-making at plant.

Suppose there are n factors that need to be weighed: Oy, O,, ..., On. One of the factors is assigned a
baseline score (weight). Let the factor O, be assigned V. Factors are placed in order of priority, where the
first priority is the most priority factor, and the latter is the least priority. For the sake of simplicity of the
subsequent arguments, we assume that the ranked series of factors is the series O;, O,...0n, i.e. so they
were placed by an expert. The expert compares each priority factor with the sum of other, less priority
ones. As a result of this consideration, the following inequalities are formed (in the particular case this
may be equality). Suppose we have received such a set of conditions:

O0><0;+0;+... + Oy,
0,>< 03+ 04+ ...+ O,, (12)
On-l ﬁon

At this point, the expert's work ends and computer processing takes place, consisting of two calcu-
lation procedures. Procedure 1. Inequalities of the form (11) are replaced by the equalities:

01:OZ+O3+ +On,
02:O3+O4+...+On, (13)
On—l:On;

26-13 From the system of equations (13) is the weight of the least priority factor, which we call a,
equal in this case to the weights of the factors O, and O,., i.e. a=V,= V.. Solving this system, we can

obtain the value
_Vs 14
a="% ka2 (14)

where V5 is base estimate; k is the number of factors considered. Weights of other factors are determined
by the formula:

xp=a 2" (15)

where b is the ordinal number of the factor in the back-ranked series.

Procedure 2. The received estimates are adjusted in accordance with the conditions (15). Conside-
ration of inequalities necessarily holds from below - upwards. The correcting term for the i-th factor is
determined from expression

AVi=Vieg +Via + .4+ V) /C (16)

where C is an integer that scales the difference in the estimates of the weights obtained. Further, the
estimation of the i-th factor is corrected.
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If the inequality has the form V;> Viy; + Vi, + ...+ V), then it is replaced by an equality of the form:
Vi= Vi + Vi + o+ V, + AV (17)
If the inequality has the form V; < Vi, + Vi, + ...+ V,,, then it is replaced by the following equation:
Vi=Vieg ¥ Vieo + .+ TV, -A ;. (18)

Consistently going from bottom to top, we pass to the following inequality of the form (18). Then
these assessments are checked for statistical reliability, normalized and used in further work.

Procedure of a three-point evaluation. The processing of the results of the examinations carried out
according to the formalized procedure of consecutive preferences for the Novosibirsk, Votkinsk and
Krasnoyarsk hydropower stations made it possible to construct histograms — the distribution of weights for
the list of factors (preventive protection) in question, which are shown in figure. Analysis showed that
weight estimates can be assigned to one of three groups: priority, equal-priority and non-priority [6].
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Graph of changes in the density of weight indicators

The weightings of the priority and non-priority groups have the lowest density of estimates. This
suggests that the weights in these groups differ sharply. The density of the weights in the equal-priority
group is much higher. From this it follows that the priority (weight) of factors in different groups is felt by
experts in different ways: for the priority and non-priority groups, the experts' assessments are more
delineated, for the equal priority, they are more blurred. Thus, when estimating a larger (almost unlimited)
number of factors, a modified method of obtaining weights using a three-point system can be used:
priority factors receive a score of 3, priority factors are rated at 2, and non-priority ones score 1. This me-
thod was used to assess preventive protection at Votkinsk HPP (39 items ). Based on these considerations,
and considering that these estimates should be recalculated periodically, the general procedure was
adopted as a one-step procedure. The developed software package allows you to obtain expert estimates
on the factors of interest to the DMO, as well as to calculate the qualitative characteristics of the expertise.
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lKazpaFaHz[LI MEMJICKETTIK TeXHUKAaJIbIK YHUBepcuTeTi, Kazakcras,
HoBoci0ip MeMIIEKETTIK TEXHUKANIBIK YHUBEPCHUTETI, Peceit

KHbIH KYPBLIIBIM/ bl OBBEKTIJIEP/IIH K¥PbIJIT' bIJIAPBIHBIH
IKCITYATAIIMOH/IbI KYUATHIH, JKAF JAMJIBIK BAFA AJIYBIHBIH
7KAJIIBI MIPUHIUIITEPI

AHHOTanusi. Makana KUbIH KYpbUIbIMIBI O0OBEKTiIEpl Oackapy oIiCTepiH KYpY CypakTapblHa apHaJFaH.
DJIeKTPOCTAHIUS KYPBUIFbLIAPBIHBIH KCILTyaTAllMOH bl KYHIIEpiHE KaFnailiblk 0ara Oepy MPUHIMITEPIHIH Kbl
cypakTapsl KapacTeIpbuiasl. CTaHIMA OJOKTapBIHBIH AKCIUTYyaTallOHAbI OCpIKTiNIriH eCKepe OTBIPHIIN, >KaFIailIbIK
Oackapyibl mpoliecci Herisri OesikTepre Oeminai. baranay ke3inje ocep eTeriH (pakTopiaap/AblH CaHbl THIM KoIl 0oJica,
yir Oasmel sKkyiie OoibIHIIA MOAM(UKAIIMSUIEI dMiC KoJmaHblIanel. KoMmberoTepmen icke acatein YepumeH-Akohd
mporexypaceiHbIH (Ti30ekTel Kamaiimap mporexypachl) MHTEPIPHUTAIFSICHI HETi3iHAE Ti30ekTedl Kamaynap ofici
apKbUIBI IKCIEPTTIK Oara aiy MpoleIypachl aHbIKTAJ b

Tyitin ce3nep: daxropnap, 6ackapy, *Karaii, 3JIEKTp CTaHLMACHI, KarIaiablK Oackapy, 6ackapy 0ObBeKTici,
KYMBIC ICTey THIMILIIr, 6ackapy Mpoueaypacsl, OepikTiiik, 6ackapy napameTpliepi.

A. A, KOBTyHl, A. . Mextues', B. B. IOraii', A. JI. Anbkuna', ¥O. A. Cexperapes 2

'Kaparaumuuackuit roCyIapCTBEHHBIN TEXHUYECKU YHUBEpcUTeT, Ka3axcran,
2H013001/161/1p01<1/w”1 roCcyAapCTBEHHBIM TEXHUUECKUN YHUBEpCUTET, Poccus

OBIIME NPUHOMUIIBI TIOJTYYEHUS CUTYAIMOHHBIX OHEHOK
IKCINTYATAIIMOHHOTI'O COCTOSHUA OBOPYJ1OBAHUSA
CJIOXKHBIX 11O CTPYKTYPE OBBEKTOB

AnHotanus. CTaTbs TOCBSIIEHA PEIICHHIO BOIPOCOB CO3MAaHUS METOJOB CHTYAIIHOHHOTO YIPABICHUS
00BEKTaMH CO CIOXKHOM CTPYKTypoi. PaccMOTpeHs! 00Ine IpUHIMITE TOTYyYSHHUS CUTYAI[IOHHBIX OIICHOK IKCILTya-
TAIIOHHOTO COCTOSIHUSI 00OPYAOBaHMS 3JIEKTPOCTAHLWI. BBIIOTHEHO pa3meneHre mpolecca CHTYallHOHHOTO YII-
paBJIeHUS HA OCHOBHBIE 3Tallbl, CBA3aHHBIE C YIETOM JKCILUTyaTAaI[HOHHON HaJIe)KHOCTH OJ0KOB cTaHImuu. [1pu onenke
00JbIIero (MPaKTUYECKH HEOTPAHMYCHHOTO) Yrcia (DAKTOPOB MOJXKHO HCIOJIH30BAaTh MOAM(DHUIIMPOBAHHBIA METOL
MOJIy4eHHs: BecoB 1o TpéxOaiuibHol cucteme. ChopMyupoBaHa MpoLeypa MOJyYeH s SKCIEPTHBIX OLEHOK METO-
JIOM TOCJIE/IOBATENIbHBIX MPEANOYTEHHH Ha OCHOBE HMHTeprperanus mpoueaypbl Uepumena-Axodda (mporenypa
MOCJIEIOBATENBHBIX MPEANOYTEHH) C KOMIIBIOTEPHOHN peann3aliei.

KaroueBble cioBa: GpakropoB, ynpaBlieHHE, CUTYaIHs, JIEKTPHUYECKasi CTAHIIUSI, CUTYallMOHHOE yIPaBJICHUE,
0o0bekT ynpaBieHus, d(QGeKTUBHOCTH (YHKIMOHUPOBAHMUS, MpPOLEAypa YIPaBICHUS, HAAEKHOCTb, MapaMeTphl
KOHTPOJIS.
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LANDSCAPE-GEOCHEMICAL ANALYSIS
OF STEPPE ZONE BASIN ZHAIYK

Abstract. The need to study the landscape-geochemical analysis of steppe Zhaiyk river basin area has arisen
because of human impacts on the landscape of the steppe zone, pollution Zhaiyk river basin. For the study was taken
steppe zone, as the steppe zone - this is one of the most favorable areas for human settlement, and this study is very
relevant today. These experiments allow describing the landscape of steppe Zhaiyk river basin area and showing the
landscape and geochemical characteristics of the study object. The aim of the study is to describe the landscape,
exploring the nature and landscape-geochemical analysis of the steppe zone Zhaiyk basin. The article shows a
landscape-geochemical analysis of the steppe zone Zhaiyk basin. For this purpose was drawn landscape mapofsteppe
zone Zhaiyk river basin and characteristics carried out geochemical state of landscapes on plant and soil samples,
water in key areas in the zone of anthropogenic impact. Established chemical elements such contamination in plant
samples as a Cu, Ni, Cd and Co, soil Zn, Cu, Ni, total phosphorus in water, Mg, Pb, K, Na, chlorides, water hardness
and pH.

Keywords: basin, geochemistry landscape, landscape-geochemical analysis of chemical compounds.

Introduction. Geochemistry of the landscape as well as geophysics of landscape, has roots that go
back centuries, but as an independent science landscape geochemistry was formed only in the 30-40-ies.
of XX century[1]. Chemistry - Geochemistry - Geochemistry of the landscape - such is the way of forma-
tion of landscape geochemistry[2]. From domestic scholars a prominent role in the development of
geochemistry belongs V.I. Vernadsky and his disciple A.E.Fersman [3]. The first, which laid the foun-
dations of the new science of landscape geochemistry, was B.B.Polynov [4]. Another outstanding classic
landscape geochemistry undoubtedly called A.l. Perelman [5].The modern landscape geochemistry
operates a broad set of indicators, which is caused by multiple tasks facing science[6]. This theoretical
problem arising in the study of migration patterns of chemical elements and practical aspects related to the
development on the landscape basis of geochemical techniques to the study of natural systems of states in
technogenesis and conduct forward-looking landscape-geochemical studies [7].

In the modern period, geochemical and landscape analysis are closely interrelated, and the study of
landscapes is just as important in the studies[8]. So the steppe zone of the river basin Zhaiyk West
Kazakhstan region has been studied for a long time, but it is at the moment the study was more thorough
and detailed. An example is the study of landscapes of the West Kazakhstan region such scholars as V.I.
Amelchenko, M.A. Galimov, S.K. Ramazanov, T.A. Tereshchenko, G.A. Kabdulova, T.F. Cherevatova.
They had 31-isolated landscape of class lowland landscapes, divisible into two subclasses: the relatively
lowered plains and elevated plains [9]. Also taken into account geochemical studies [10, 11].
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Considerable latitude and the meridian stretch, the diversity of natural conditions and factors,
particularly economic use of the territory Zhaiyk river basin in the steppe zone, predetermined factors of
the spatial distribution of adverse environmental phenomena and processes. In the north-east of the
territory dominated by agricultural use, in the north-western and central prevail pasture use. In the north
area of widespread industrial impact on the environment. As a result of industry, various types of waste
are generated. The main ones are mucus and dust from gas cleaning equipment. Usually wastedumped
under a layer of water in artificial reservoirs [12-14].

Materials and methods of the study. Landscape ecological analysis takes into account landscape
differentiation of the territory with allocation of ecological-landscape zones and expresses sustainability of
the territory to external impacts delivered in certain parts of the landscape (areas, stows, substows, and
facies). The result is a territorial frame of nature management with ecologically homogeneous areas. It
seems necessary to use a differentiated approach to assess the landscape ecological state of the delta terri-
tories. This, in turn, entails the presence of structuring criteria of the ecological state of landscape comple-
xes of the corresponding taxonomic rank. Specification of a representative set of analytical and synthetic
quantitative indicators should be based on structural specifics of morphological complexes (first on terrain
types and their variants, and groups of stow kinds) that set the landscape capacity of the relative region
[15].

Zhaiyk river - one of the largest transit rivers of Kazakhstan, which flows through the territories of
Russia and Kazakhstan, the third extent river in Europe after the Volga and the Danube river, originates on
the slopes of the hill ridge tops round Uraltau in Uchaly Bashkortostan region Southern Urals [16, 17]. In
the beginning, the river flows from north to south, meeting the lofty plateau of the Kazakh steppe, turns
sharply to the north-west of Orenburg changes the direction of south-west, near the city of Uralsk makes a
new sharp bend to the south and in the main direction, twisting the to the west, the east, flows into the
Caspian sea. The river basin occupies the sixth place in size among Russian rivers and equals
237 000 km®. It is length is 2428 km, including in Kazakhstan river length is 1082 km. The basin is made
up of rivers flowing from the Common Syrt and rivers flowing from the Subural plateau. For the West
Kazakhstan region Zhaiyk river is an important character.

The objects of research were the landscapes of the steppe zone of the river basin Zhaiyk 20 key areas.
Of which 10 samples of plant and soil samples, water samples at 10. Medium-scale maps (1: 500 000)
landscapes of the steppe zone Zhaiyk river basin (figure 2) is based on a generalization of cartographic
material and statistical data using ArcGIS software with standard tools. Statistical calculations and
processing study data and materials of field work were conducted using software of Microsoft Office,
Statistica 6.0, MapInfo Professional 11, ArcGIS 10.1 [18]. The legend landscape card (number on the
map, figure 1) are grouped depending on the class, type and kind, characterizing the morphology and
genesis of relief with the description of vegetation and soil (Note to figure 1).To carry out complex
physical and geographic research in the early stages of research were defined support points are selected
key areas on which the semi-field studies were carried out on the basic elements of the natural environ-
ment components. Location of key sections of samples of plant and soil samples, water on the landscape
map steppe Zhaiyk basin area are shown in table 1, 2 and figures 3, 4. Chemical analyzes of samples of
vegetation, soil and water (30 samples) for the content of individual ingredients of pollutants made in the
testing laboratory of State Enterprise in West Kazakhstan State University named after Makhambet
Utemisov MES RK Uralsk. Results of analyzes of chemical compounds of plant and soil samples, water
samples for the content of individual pollutant components shown in tables 3, 4 and 5.

Results and discussion

In the study of steppe Zhaiyk Basin area 20 landscapes were allocated: 18 plain landscapes and
2 valley landscape. The flat landscapes attributed to the steppe type, of which 7 denudation plains and
11 accumulative plains. Below is a figure 2 and landscapes map legend steppe Zhaiyk basin area (note to
figure).

Location of key areas of physical and geographical studies of a steppe zone on samples of plant and
soil samples Zhaiyk river basin are shown in table 1. In the top ten key areas of plant samples and soil
samples dominated territory and Zelenovsky Burlin district, 2, 19, 20 landscapes (figure 2).

— 34 ——
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Figure 1 — Map the landscape of steppe zone Zhaiyk basin

Note to Figure

The flat landscape

Steppe

Plains denudation

1. Structural dissected plateau, composed of clays, loess, loams, sandy loams with fescue-grass vegetation on southern
chernozems, in conjunction with wormwood-white wormwood vegetation on intermediate-solonetz

2. The reservoir-plinth pologovolnistoy plain, made of sand, clay, sandstone, limestone with herb-peristokovylnoy
vegetation on the southern solonetzic chernozems with solonetz and meadow-bog soils

3.Produced intensively dismembered plain, made of clay, loess loam with fescue-grass vegetation on dark-chestnut normal soils

4. Produced steeply sloping plain, made of clay, loess loam with fescue-grass vegetation on chestnut soils

5. Produced intensely dissected plain, made of clay, sandstone, limestone with fescue and herb-erkekovoy vegetation on
chestnut normal and incompletely developed soils

6.Household remnant plateau, folded shales, limestones, sandstones with polynnotyrsovoy vegetation on chestnut normal
and residually calcareous soils

7. Structural and steeply sloping hills and plateaus, composed of clay, loam, loess with xerophytic-forb and fescue-grass
vegetation on dark chestnut soils

Plains accumulative

8. Marine undivided plain, made of clay, loam, sand with fescue vegetation on solonetz svetlokashatnovoy with chestnut
solonetz meadow soil

9. Sea slaboraschlennenoy plain, made of clay, loam, sandy loam with fescue-feather grass steppes on meadow-chestnut and
meadow soil

10. Marine dissected plain, made of clay, loam, sand with chernopolynnoy kokpekovo-chernopolynnoy, Anabasis salsa-
chernopolynnoy vegetation on light chestnut alkaline soils, combined with meadow solonetz

11. Sea plain with numerous beams lows (estuaries), composed of clays with modern talus deposits with herb-pyreynikovoy
vegetation on meadow soils solodized

12. Marine hilly plain, made of clay, loam, sand with grass-perhovopolynnoy vegetation on light-normal and meadow-
chestnut soils with solonetz

13. Sea plain with small lakes, composed of clay, loam, sand with forb-grass-meadow vegetation on meadow soils

14. Alluvial hilly plain, folded sand, loam with herb-erekovoy vegetation on meadow, brown meadow soils and sands

15. Alluvial plains, lakes, salt domes, composed of clay, loam, sandy loam with white wormwood-fescue-zhitnyakovoy
vegetation on meadow kashatnovoy solonetz, meadow-chestnut, light chestnut soils on solonetz

16. Slaboraschlenennoy alluvial plain, composed of loam, sandy loam, sand with white wormwood-fescue and zhitnyako-
voy vegetation on chestnut soils with meadow solonetz

17. Alluvial-proluvial plain, made of loam, clay, sand with herb-erkekovoy vegetation on the meadow-chestnut and light-
chestnut soils

18. Talus-proluvial dissected plain, made of gravelly loams and clays with fescue-grass vegetation on dark kashatanovoy
carbonate-alkaline soils

Valley landscapes

19. Flood plains composed of loam, sand, gravel and pebbles with forb-grass meadows and aspen forests in the floodplain
meadow soils

20. Floodplain strongly dissected, folded loam, sandy loam, sand with tree and shrub, and wheatgrass and herbs on the
meadow and alluvial meadow marsh soil
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Table 1 — Key areas of physical and geographical studies of a steppe zone Zhaiyk basin (on samples of plant and soil samples)

Number Kev areas Coordinates Selection The water
on the map y date temperature, °C
s L 51°24'46,8" N
1 Burlin district, Kanai village 52°36'32.3"E 07.07.16. 22
T 51°25'11,6" N
2 Burlin district, river Utva 52047 142" E 07.07.16. 24
o . . . 51°28'22,9"N
3 Burlin district, Oblavka village, river Gayik 52057 173" E 07.07.16. 21
L . 51°29'13,4"N
4 Burlin district, Zharsuat village 53°17' 151" E 07.07.16. 22
T . 51°23'05,6" N
5 Zelenovskiy district, Rubezhka the mouth of the river 51°58'07.9" E 09.07.16. 24
s 51°37'0,0" N
6 Zelenovskiy district, river Bykovka 52°07'3.9"E 09.07.16. 21
7 Zelenovskiy district, Bykovka mouth of the river, near 51°25'5,6" N 09.07.16 2
the village Spartacus 52°2'35,7"E T
3 Zelenovskiy district, river Bykovka, and the area 51°27'54"N 09.07.16 24
between Bykovka Zhaiyk 52°2'39,7"E T
s . 51°33'17"N
9 Zelenovskiy district, river floodplain Embulatovka 52°17'56.7" E 15.07.16. 22
T . 51°06'17,0" N
10 Zelenovskiy district, the mouth of the river Barbastau 51°17'20.0" E 15.07.16. 24
ST FONDE SIO0E = Loxupd SLOCE
S1°0°0°N
1:500 000 000N
U__‘_i;___ﬁ SU_ 75 ‘WI("
S00DE 51"00E S00E S¥00E S4"00E

Figure 2 — Map of the location of the key areas of plant and soil samples in the sample landscapes steppe zone Zhaiyk Basin

Table 2 shows the 10 key areas of physical and geographical research steppe Zhaiyk basin area for the
natural samples, surface water. In the water samples also dominated the territory and Zelenovsky Burlin
district and the lake area Shalkar 2, 9, 16, 18, 19, 20 landscapes (figure 3).
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Table 2 — Key areas of physical and geographical studies of a steppe zone Zhaiyk Basin

Number Key areas Coordinates Selection The water
on the map date temperature, °C
1 Burlin district, Kanai village, river Burla g é: gj: g;:(l):: II;] 07.07.16. 20
s | B WENY o |
e R
4 Zelenovskiy district, Rubezhka the mouth of the river g}: gg: 8;:8;: II;] 09.07.16. 22
5 Zelenovskiy district, river Zhaiyk g } : g;: 8;:8:,’ I]-:j 09.07.16. 20
6 Zelenovskiy district, river floodplain Embulatovka ;: ZS: ég:";'?E 15.07.16. 22
7 Zelenovskiy district, the mouth of the river Barbastau g}: (l)g: ég:g: II;] 15.07.16. 21
8 Zelenovskiy district, river Chagan g} ;(7) %8 g 15.07.16. 20
9 Zelenovskiy district, river Derkul g} : (1)’8(;, 107’6(,),"];\] 15.07.16. 22
10 Lake Shalkar g(l): ig: 01,762;,1\]1: 15.07.16. 21
400E S000°E s100E s200E 5100E Se00E

ST00°NY
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SOODTNY

1:500 000 N -
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[ == =
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Figure 3 —Map of the location of the key areas of water samples on the landscapes of the steppe zone Zhaiyk Basin

Table 3 shows the results of tests on samples of plant specimens of the steppe zone Zhaiyk basin.
According to the analysis in Burlin district in the village Zharsuat Cu> maximum allowable concentration
(MAC) at 2.41 mg/dm’, Ni> MAC at 4.23 mg/dm’ on samples of plant specimens. On the territory of the
district in Zelenovsky Rubezhka estuary has exceeded MAC by Ni and in the river Bykovka for Cd
0.27 mg/dm’, a significant excess of maximum allowable concentrations of Ni in 38.17 mg/dm’ and Co
0.21 mg/dm’. In the area of flood plain Zelenovsk Embulatova river Ni> MAC at 5.16 mg/dm’. Results of
analyzes of plant samples shown in table 3.
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Table 3 — Results of the analyzes of the chemical compounds of plant samples steppe Zhaiyk basin area (as of July 2016)

Number Cu, Zn, Cd, Pb, Ni, Co,
on the map mg/dm’ mg/dm’ mg/dm’ mg/dm’ mg/dm’ mg/dm’
1 0.82 0.65 0.01 not upd. 1.04 0.04
2 1.31 0.70 0.03 0.04 0.52 not upd.
3 3.05 0.97 0.004 0.27 0.63 0.02
4 32.41 25.64 0.06 0.97 7.23 0.17
5 25.88 13.59 not upd. 0.76 3.56 0.08
6 18.51 6.0 0.001 0.54 11.19 0.15
7 1.78 1.98 0.01 0.02 0.70 not upd.
8 12.62 0 0.57 6.11 41.17 1.21
9 11.56 0 0.005 0.99 8.16 0.12
10 2.02 1.29 0.03 not upd. 1.42 0.02
MAC 30.0 50.0 0.30 5.0 3.0 1.0

Table 4 below shows the results of analyzes of chemical compounds on soil samples of the steppe
zone Zhaiyk basin. According to the analysis in the village of Burlin district Kanai found exceeding
maximum allowable concentrations of Zn at 9.85 mg/dm’, a significant excess of maximum allowable
concentrations of Cu to 25.39 mg/dm’ and Ni in 79.76 mg/dm’. On the territory of Burlin district Utva
rivers are the maximum allowable concentration of organic substances 1.93% at Cu ratio of 9.86 mg /dm”,
according to Ni in 21.56 mg/dm’, the river village Oblavka Zhaiyk Cu and Ni> MAC. On the territory of
Burlin district Zharsuat Cu> MAC settlement on 11.56 mg/dm® and Ni, significantly exceeding the MAC
at 64.61 mg/dm’. In Zelenovsk area Rubezhka estuary has exceeded MAC by organic matter, Cu and Ni in
the Ni River Bykovka> MAC at 29.55 mg/dm’, at the mouth of the river Barbastau has exceeded MAC by
organic matter, Cu, Zn and significant excess at Ni. On the territory of the region between the rivers
Zelenovsky Bykovka and Zhaiyk are the maximum allowable concentration for Cu and Zn, in the flood
plain Embulatovka are the maximum allowable concentration for Cu and Ni, in Barbastau estuary has
exceeded MAC by Cu and Zn.

As shown by studies carried out on the river Zhaiyk on samples of water into the channel of the river
village Burla total phosphorus > MAC at 0.1239 mg/dm’ in Burlin district total phosphorus > MAC at
0.8399 mg/dm’. In Zelenovsk near the mouth of the river Rubezhka water hardness exceeds MAC by 0.5
mmol/dm’, in the area of flood plain Embulatovka have exceeded MAC by 0.3 mmol/dm’ stiffness in
Barbastau estuary pH > MAC at 0.1 mg/dm”.

Table 4 — Results of analyzes of chemical compounds on soil samples steppe Zhaiyk Basin area (as of July 2016)

Number Organic Total Cu, Pb, Zn, Cd, Ni, Co,
on the map | matter, % | phosphorus, % mg/dm® mg/dm® mg/dm® mg/dm’ mg/dm* mg/dm*

1 3.70 0.16 28.39 12.3 32.85 0.26 83.76 2.09

2 5.93 0.13 12.86 9.0 0 0.21 25.56 0.85

3 2.11 0.12 13.19 6.87 21.51 0.24 47.89 1.25

4 1.38 0.10 14.56 7.83 21.44 0.18 68.61 1.71

5 6.82 0.15 8.76 5.88 20.86 0.15 41.94 0.97

6 2.70 0.07 11.87 6.53 17.92 0.05 33.55 1.09

7 5.74 0.24 34.42 14.03 27.07 0.33 100.02 241

8 2.56 0.14 26.11 11.41 31.07 0.20 81.47 2.37

9 0.38 0.04 3.60 3.10 7.45 0.03 24.98 0.63

10 2.39 0.18 21.48 10.87 28.97 0.27 73.12 2.0
MAC 2.1-4.0 - 3.0 32.0 23.0 0.5 4.0 5.0
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On the river Chagan Zelenovsky district pH> MAC 0.3 mg/dm’, the river Derkul pH> MAC
0.1 mg/dm’. The area of the lake Shalkar has exceeded MAC by pH> MAC at 1.0 mg/dm’ chlorides>
MAC at 669.7 mg/dm’, stiffness> MAC 27.3 mmol /dm’ of Mg> MAC at 208.4 mg/dm’, Pb> MAC at
0.02 mg/dm’, K> MCL 3.8 mg/dm’, Na> MAC at 2837 mg/dm’.

Results of analyzes of chemical compounds in the water steppe Zhaiyk basin area are shown in table 5.

Table 5 — Results of analyzes of chemical compounds to mimic natural, surface water steppe Zhaiyk Basin area

(as of July 2016)
g
< .
%1 P I - R I T e P I I A
22| €| 5€ (58| €|  S|wE| S| £ S| £ 5| gE| 2| ¢
25| L2 |52 |28 JF | FP|Q8| S8 | 2|32 | £R |58 &2 | v |2
1 8.5 96 5 74 28.8 [ 129.6 | 0.01 0.18 0.01 |[notupd.| 0.03 | 0.124 | 10.9 | 67.2
2 8.4 253.8 | 44 96 25.2 | 163.2 |notupd.| 0322 0.02 |notupd.| 0.02 | 0.084 | 11.6 [161.0
3 8.3 82.3 4.6 68 204 | 91.2 |notupd.| 0.10 0.009 [notupd.| 0.03 | notupd. | 10.4 | 81.5
4 8.5 123.5 | 45 78 19.2 96 0.003 0.02 0.007 |notupd.| 0.03 0.12 | 10.6 | 984
5 8.2 137.2 4.7 80 21.6 | 81.6 | 0.002 0.34 0.01 [notupd.| 0.02 | notupd. | 10.5 | 96.5
6 8.4 54.9 5.2 76 18 139.2 | not upd. |notupd.| 0.004 |notupd.| 0.02 | notupd. | 10.3 | 52.8
7 8.6 1154 | 22 36 20.4 | 124.8 | 0.002 0.2 0.01 |notupd.| 0.02 - 10.6 {120.6
8 8.8 81.5 1.8 30 15.6 | 110.4 |notupd.| 0.2 0.02 0.006 | 0.03 - 11.3 | 87.6
9 8.6 122.2 2.4 58 15.6 110 0.04 0.12 0.02 0.01 0.01 - 11.1 |103.3
10 9.0 |1019.7 | 3.6 130 | 308.4 | 254.4 | 0.0002 0.2 |notupd.| 0.05 | 0.02 - 23.8 {3037
MAC | 6.5-8.5| 350 6.5 200 100 | 500 0.1 0.3 1.0 0.03 1.0 | 0.0001 | 20 | 200

Conclusions. Compiled medium-scale maps (1: 500 000) steppe landscapes Zhaiyk river basin areas
where identified 20 landscape.

Observations and analysis of river basin Zhaiyk possible to establish an association of major pol-
lutants, such as the chemical elements Cu, Ni, Cd, Co, Zn, total phosphorus, hardness, pH.

As a result of monitoring of hydrochemical investigations revealed that the most polluted landscapes
steppe Zhaiyk Basin area are plains 9 and 19 landscape valley landscape of key areas 1, 2, 4, 5 and 10,
also has a landscape with the norm of the MPC - 2 denudation plains landscape.

Pollution caused by the fact that the main sources of water pollution in the river Zhaiyk steppe zone
are Novotroitsky refinery, as well as water Ilek rivers that are polluted waste products Aktobe plant of
chromium compounds, and chemical plant Alga Aktobe drive. What is clearly reflected in the research
[19]. Small rivers are polluted mainly animal waste and MSW settlements. Exceeding MPC due to the fact
that pollutants come mainly due to flushing of the river during the floods from the territory of livestock
farms, industry and fields adjacent to open water, in connection with which the rivers increases the
concentration of nitrogen-containing compounds, phenol and petroleum.

Thus, the aggregate of samples included superficial natural water in key areas of the steppe zone of
the river basin Zhaiyk can characterize it as a moderate level of pollution and Shalkar lake as a high level
of pollution.

The main measure to reduce the negative impact on the components of the environment is the strict
rational use of natural resources and the use of various sewage treatment plants. One of them is the
biological treatment [17].

The soil cover of the steppe Zhaiyk River Basin area is characterized by man-made breach caused by
the operation of industrial facilities and transportation, and considerably less agricultural objects. Most
have a greater impact on the company of oil and gas production and processing. Soil pollution is
melkoploschadnoy and linear, in a significant excess of certain chemical compounds.

The same characteristic is and vegetation of the steppe zone Zhaiyk Basin [15].
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JIAJIA ANMAFBIHBIH )KAMBIK O3EHIHIH AJIABBIH/IA
JAHJIIA®TBHI-TEOXUMUSIBIK TAJIJIAY

Annoranus. JKalblK e3¢Hi anaOBIHBIH JIAHAMAPTH-TEOXUMHUSIIBIK TaJINAybIH 3ePTTEy KaXETTUTIr ana aiiMa-
FBIHBIH JIaH A THIHA AHTPOIOTEHIIK (PaKTOPIAP/ABIH dCEPIHEH KOHE ANaNThIH JIACTAHYbIHAH TYbBIHIAN/IbL. Jlananbik
afiMaKkThl 3epTTey YIIIH €Nl MEKEHJEep KOJIaiibl aiiMakTapabiH Oipi O0JbIn TaObLIa/IbI XKOHE OyJI 3epTTey OyriHri
KYHI ©T€ ©3€KTi.

Kyprizinren pananbik >kyMbicTapbl JKaiiblk ©3eH anaOblHbIH JaHAmA(TTapblH CUIIATTayFa JKOHE 3epTTey
OOBEKTICIHIH JIaHAMAPTHI-TCOXUMHUSIBIK JKAaFIaiblH KOpceTyre MYMKIHIIK Oepemi. 3epTTEeyaiH MakcaThl - jaajia
aiimarbIHbIH JKalbIK anaObl TaHAIa(ThIH, TAOUFATHIH CUITATTAY JKOHE JAHIIIA(THI-TCOXUMHUSIIBIK TAJIAYbIH 3ePTTCY
OoxpIn TaOBUTaNBI. Makanana nana aiiMarbiHbIH JKalbIK anarnObl JTaHAMAPTH-TEOXUMUSIIBIK TaAaybl KOPCETUITEH.
Ocsl makcarta JKaiiblk ©3¢Hi anaObIHIA Jana aliMarbIHBIH JaHIIAa(THIK KapTachkl KacaIIbl JKOHE aHTPOIIOTCHIK
acep ailiMarbIH/a HETI3r1 ydacKeJep/e eCiMIIKTep, TOINbIpaK jKoHe Cy yJriiepi OoWbIHIIA JaHAMadTapIbIH TeOXH-
MUSUTBIK, KaFgaibl cunaTraMacs! 0epinai. Ocimaik yarinepid (Cu, Ni, Cd, Co), TomsipakTsl (Zn, Cu, Ni) xoHE cyabl
(xanmer pocdop, Mg, Pb, K, Na, xmopuarep memnmepi, CyaplH KepMeKTiri, pH) macTalfThIH XUMUSITBIK 3JIEMEHTTEP
AHBIKTAJIJIBL.

Tyiiin ce3nep: e3eH anadbl, TEOXUMUSUIBIK JaHAIIADT, XUMUSIIBIK KOCBUIBICTAPIbIH JaHAIIA(THI-Te0XUMHSIIBIK
TaJAAYbI.
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JAHAIIA®THO-TEOXUMUYECKHUI AHAJIN3
CTEINHOM 30HbI BACCEMHA PEKH JKANUBIK

AnHotanusa. Heo0XomuMocTh H3ydYeHHs JaHIIIA(THO-TECOXUMIYSCKOTO aHai3a TePPUTOPHH OacceiiHa peKu
JKaiiplk BO3HMKIIA HM3-32 aHTPOIIOTCHHOTO BO3JCHCTBUS HA JIAHAIMA(T CTEITHOMN 30HEI, 3arpsi3HCHUs OacceiiHa peKu
JKaitpik. [y uccnenoBanus ObLTa BEIOpaHa CTEIHAS 30HA, TAK KAK CTEITHAS 30HA - ATO OJ(HA U3 CAMBIX OJIaronpusT-
HBIX 30H JJIs1 HACEICHHBIX ITYHKTOB, ¥ 3TO UCCIICOBAaHUE OYCHb aKTyallbHO CETOMHS. DTH IKCIIEPUMEHTHI MTO3BOJIIOT
omHcaTh JAaHAMAPT TEPPUTOPHU CTEIHOM 30HBI OacceitHa pexu JKalbIk W Mmokas3aTh JaHAMA(QTHO-TEOXUMUIECKUE
XapaKTEepPUCTHKN OOBEKTa wWccienoBaHus. Llempio wmccimemoBaHHS SBISIETCS ONMUCAaHWE JNaHAmadra, H3ydeHHE
MPHUPOIBI M JTaHAMAPTHO-TCOXMMUYECKHI aHa M3 CTCIMHOM 30HbI JKaiiblkckoro Oacceiina. B crartee mpemcraBiieH
JnaHIad THO-TeOXUMHUCCKUI aHaIu3 cTenHoi 30HbI JKalibikckoro Oacceiina. J[ist 3TOro ObLTa COCTABICHA JIAH.I-
mradTHas KapTa CTEMHOI 30HBI OacceitHa pekn JKalbIk U JaHa XapakTepUCTHKA TEOXUMHYECKOTO COCTOSHUS JIaH/-
madToB 10 00pa3laM pacTeHHH ¥ ITOYB, BOJIBI HA KIIIOUEBBIX yUacTKaxX B 30HE aHTPOIIOTeHHOTO Bo3eicTBus. Onpe-
JIEJICHBI XUMUYECKHE JIEMEHTHI- 3arpsi3HUTENN B PaCTUTENLHBIX 00pasiiax, kak Cu, Ni, Cd u Co, noussl Zn, Cu, Ni,
obmmii hochop B Boae, Mg, Pb, K, Na, ximopusl, skecTkocTh BObI H pH.

KiaroueBbie coBa: OacceliH peKH, reOXMMHAYECCKUN TaHmmadT, JaHAMAPTHO-TCOXUMUYCCKAN aHAITN3 XUMH-
YECKUX COEMHEHUH.
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FEATURES OF DEVONIAN AND CARBONIFEROUS BOUNDARY DEPOSITS
IN THE KARAMURUN SECTION OF THE BOLSHOI KARATAU MOUNTAINS

Abstract. Subcommission on Carboniferous Stratigraphy of the International Commission on Stratigraphy
conducts and completes studies of the boundary depositsof the Carboniferous and Devonian systems in order to carry
out global correlations and prepare an unified International Stratigraphic Scale of the Carboniferous system. The
Global Boundary Stratotype Section and Point (GSSP) of the Tournaisiantier base, Mississippi subsystem and the
Carboniferous system was established in the La Sierra section in Southern France. The boundary was defined by
conodonts and other fauna and flora (ammonoids, foraminifera, ostracodes, myospores, corals and brachiopods).
However, the existing GSSP currently being revised.In the Karamurun reference section of the Bolshoi Karatau
Mountains Devonian and Carboniferous boundary deposits are observed in the reefogenic facies with biogermes.
Such conditions of sedimentation and stratigraphic levels are promising in search for oil and gas deposits in
Kazakhstan and the world. Foraminifer complexes allow tracing zones, identified in other regions and acceptable for
correlation and substantiation of location of the Devonian-Carboniferous boundary at a modern level. The near-
boundary level is marked by big biotic re-buildings caused by abiotic changes.

Key words: boundary, Devonian, Carboniferous, Karamurun, section, reef, foraminifer, zone, the International
Stratigraphic Scale, correlation.

The Subcommission on Carboniferous Stratigraphy of the International Commission on Stratigraphy
sets tasks of studying and completion of knowledge on the boundary between the Carboniferous and
Devonian systems in order to carry out global correlations and create a single International Stratigraphic
Scale of the Carboniferous system [1; 2]. Special work teams are dedicated to the study of boundaries. The
International Work Group (IWG) on Devon and Carboniferous Boundary Problems recommended setting
the boundaryin accordance with the decision of the II Geerlen Congress near the level of goniatite zones
of Wocklumeria-Gattendorfia, on the first appearance of Siphonodella sulcata conodonts, which precedes
the appearance of Gattendorfia in Henetal and corresponds to the base of layers with Acutimitoceras [1].

The Global Boundary Stratotype Section and Point (GSSP) fixing the base of the Tournaisian stage,
the Mississippian Subsystem and the Carboniferous system were established in the La Sierra section in
Southern France. The boundary was determined by the first appearance of the conodontic species
Siphonodella sulcata in the phylogenetic sequence of Siphonodella praesulcata — S. sulcata. The decision
was approved by the International Stratigraphic Committee and published in 1991. However, the existing
GSSP of the Carboniferous is currently being revised due to the discovery of Siphonodella sulcata below
the established boundary [3].The New Joint Devonian—Carboniferous Boundary GSSPReappraisal Task
Groupincluding Devonian and Carbon specialists, is currently working on developing new criteria for
determining position of the D-C boundary and choosing a new tipesection [4, 5].

In 1986, the Interdepartmental Stratigraphic Committee in Minsk accepted the boundary of Devonian
and Carboniferous at the bottom of the Acutimitoceras prorsum subzone of the Gattendorfia [6-8], this
level corresponds to the base of the conodont zone of Siphonodella sulcata Zone, the ostracod
Richterinalatior — Pseudoleperditia tuberculifera-Gryptophyllussocialis Zone and the beds with forami-
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nifera Tournayellina pseudobeata and remnant Quasiendothyra. Similar foraminiferal assemblage shave
been studied in recent decades in sections of the Bolshoi Karatau, including the Karamurun section, where
boundary deposits are observed in the reefogenic facies with biogerms. Such conditions of sedimentation
and stratigraphic levels are promising in search of oil and gas deposits in various regions of Kazakhstan
and the world. In this case, they are disposed on surface and are available for research [9-12].

There was a decision of the Kazakhstan Stratigraphic Committee todelimitate the Devonian-Carboni-
ferous boundary within the regional Carboniferous setup, conditionally at the base of the Kassian Horizon
and foraminiferal beds with Bisphaera malevkensis — Earlandia minima [7]. In the new version, the
boundary is placed in the zone below.

In South Kazakhstan, R.E. Alekseeva and A.I. Sidyachenko [13] were engaged in stratigraphy of the
Famennian-Tournaisian deposits of the BolshoiKaratau. They described stratigraphy and brachiopods of
Famennian deposits in the central and south-east parts of the Karatau range. Here, B.V.Poyarkov [14]
studied Devonian foraminifera, including those of the Famennian. He identified six foraminifer aassem-
blages in the Upper Devonian. In 1960, O. 1. Bogush and O.V. Yuferev studied biostratigraphy and fauna
of the Upper Devonian and Carbonifrous of the Bolshoi Karatau[15]. During many years, the Fame-nnian-
Carboniferous foraminifera of the Bolshoi Karatau, Talas-Ugam and other regions in Carboniferous,
Carboniferous-terrigenous section types were studied by M.M. Marfenkova [16]. She proposed the
Aksuran (Baizhansai) section as a reference section for the boundary deposits of the Devonian-
Carboniferous of the Karatau-Talas Structural-Facial Zone (SFZ), where an Upper Famennian Septaglo-
mospiranella rauserae — Quasiendothyra communis Zone was identified. She proposed to compare the
base of the Carboniferous system with the base of Quasiendothyra kobeitusana — Q. konensis, over which
the Bisphaera malevkensis — Earlandia minima zone was individuated (1988). The same successive
change of zones was also identified by M. M. Marfenkova for the Takhtamysh-Sai section located at the
southeast end of the Akuyuk syncline of the Bolshoi Karatau.

During 1993-1998 and 2000-2018, the boundary deposits D;/C; of the Bolshoi Karatau have been
studied by the author [10, 11, 17, 18]. During the 2017 International Field Trip to the upper part of the
Karamurun reef, the Upper Famennian ammonoids were discovered and collected for the first time [12].

As a result of this work, we managed to find the foraminiferal assemblages which allow us tracing the
zones identified in other regions and acceptable for correlation and justification of the location of the
Devonian-Carboniferous boundary at the present level [19].

The section is compiled by A.E. Zorin, basing on the central part of the Karamurun cover-syncline
[10] (figure 1). The reef deposits are rest on limestone of the Khatynkamal series (layers 1-5, figure 2).
The upper part of the Karamurun reef complex consists of the following units (from up downwards).

6. Limestones:white, light grey, dark grey in spots, large-plate massive algal boundstones (figures 3-6).
Numerous stromatactoid textures are present. Algae (renalcises) — are the reef builders. Large accumu-
lations of gastropods and brachiopods, are observed everywhere, crinoids and single rugoses also present.
Foraminifera: Archaesphaera sp., Neoarchaesphaera cf. polypora Antropov, Vicinesphaera cf. angulata
Antropov, V. cf. squalida Antropov, Bisphaera sp., Parathuramminites cf. cushmani (Suleimanov), P. cf.
vasiljevae (Pojarkov), Parathurammina cf. dagmarae Suleimanov, P. cf. brewiradiosa Pojarkov, Sulei-
manovella cf. suleimanovi(Lipina), Cribrosphaeroides cf. ovalis (Pojarkov), C. cf. simplex (Reitlinger),
Bykovaella cf. crassitheca Antropov, Rauserina notata Antropov, Corbiella ? sp., Parastegnammina
pseudocamerata Pojarkov, Paracaligelloides? florennensis Conil et Lys, Tournayella aff. Praeseg-mentata
(Bogush et Yuferev). Algae Issinella cf. devonica Reitlinger and Renalcis sp. Thickness: 55 m.

7. Limestones:white, light grey, coarse-plate recrystallized boundstone, similar to those des-cribed in
the layer 6. Foraminifera: Archaesphaera cf. magna Suleimanov, A. cf. minima Suleima-nov,
Vicinesphaera cf. squalida Antropov, V. cf. angulata Antropov, Suleimanovella cf. .suleimanovi (Lipina),
Parathurammina sp., Cribrosphaeroides sp., Bisphaera ? sp., Irregularina ? sp., Eotour-nayellina? sp.;
problematic sphaeras Radiosphaera cf.basilica Reitlinger. Thickness: 60 m.

8. Limestones: white, light grey, large-plate, massive algae boundstones. There are cracks 2-5 cm
wide, secant to the layer in its upper part, made by needle calcite. The cracksare 4-10 m long.
Foraminifera: Parathurammina sp., Bisphaera sp., Auroria cf. ferganensi sPojarkov, Paracaligelloides ?
sp. Algae Renalcissp. Thickness: 105 m.
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Figure 1 — General view of the section: the Karamurun reef massif (foreground), outcrop rocks
of the Lower Shalkia subsuite (centre), and outcrop rocks of the Upper Shalkia subsuite (above)

Figure 2 — The top part of the Karamurun reef. The Famennian stage with Clymeniida

—— g4 ——
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Figure 3 — Ammonoid-rich bed of the Karamurun reef massif, the upper part (detail).
The Famennian stage with Clymeniida. 1 — Clymeniida

Figure 4 — The Karamurun reef massif, the upper part.
The Famennian stage with Clymeniida and nautiloids (detail). 1 — Nautiloids, 2 — Clymeniida.
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Figure 5 — The Karamurun reef massif, the upper part (detail).
The Famennian stage:abundant accumulations of gastropods

Figure 6 — The Karamurun reef massif, the upper part (detail).
The Famennian stage: stromatactoid textures
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9. Breccias:grey, boulder-massive, coarsely clastic, unsorted, carbonate of composition. Fragments of
angular shape, 0.5 cm-10 m, are represented exclusively by algae limestone (boundstone), underlying the
buildings. The cementing matrix is composed of fine crystalline calcite. Numerous remnants of crinoids
are found in the debris. In general, breccias are the accumulation of fragments of different size. Thickness:
132 m.

10. Breccias: gray, boulder-massive, coarsely clastic, carbonate. Rubbles are not rolled, ranging in
size from 1 cm to 3-4 m, represented by algae limestones (boundstone). The cementing matrix is repre-
sented by medium-coarse-grained bioclast-lithoclastic limestones (grainstones). Thickness: 65 m.

The Karamurun reef thickness along the section is 417 m. Above, are regular beddings of the
Shalkiya suite deposits (figure 7).

Figure 7 — Outcrops of the Lower Shalkiya subsuite

The Shalkiya Suite (D; - C;slk).

The first attempts to identify carbonaceous-siliceous-carbon deposits under this title were made by
geologists of the Karamurun geological exploration team at the Shalkiya polymetallic deposit field.

The Shalkiya Suite integrates carbonates and carbonaceous-siliceous-clayey-carbonate sediments of
the carbonate platform slope and its base, which lie on the Karamurun reef massif.

The section of the Lower Shalkiya subsuite is compiled within the Karamurun syncline, which con-
tains the following deposits located on the Karamurun reef massif (from down to up, figures 7-10):

11. Breccias: massive grey with unrolled debrisand boulders (from 0.1 to 3-4 m) of algae limestones
(boundstone) and anisometric gradation-layered limestones (turbidites) in different proportions. The
cementing matrix is composed of bioclast-lithoclastic limestone (grainstone) from debris flow depositions.
Foraminifera are determined from fragments of turbidites: Archaesphaera cf. suleimanovi Boguch et
Yuferev, A. cf. crassa Lipina, A. cf. grandis Lipina, A. cf. minima Suleimanov, Neoarchaesphaera cf.
polypore Antropov, Vicinesphaera cf.angulata Antropov, V. cf. squalida Antropov, Suleimanovella cf.
suleimanovi (Lipina), S. cf. paracushmani (Reitlinger), Parathuramminites cf. cushmani (Suleimanov),
Parathurammina cf. dagmarae Suleimanov, P. cf. spinosa Lipina, Cribrosphaeroides cf. ovalis
(Pojarkov), Uralinella cf. bicamerata Bykova, Bisphaera sp., Corbiella cf. fungeiformis Pojarkov,
Tuberporina sp., Rauserina notata cf. polycellata Antropov, Eotuberitina sp., Bituberitina sp., Diplo-
sphaerina sp., Eotournayellina primitiva Lipina. Thickness:57m.

12. Alteration of limestones: 1) grey, thin-plate, medium-finegrained with thin interlayers of dark-
grey silicium and 2) grey.medium-plate, coarse-medium-grained, bioclast-lithoclastic, gradation-layered
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(grainstone) forming the Ta,b-rhythms. Thin-plate differences prevail. Foraminifera: Neoarchaesphaera
sp., Archaesphaera sp., Vicinesphaera cf. squalida Antropov, V. cf. angulata Antropov, Cribrosphae-
roides cf. ovalis (Pojarkov), Suleimanovella cf. suleimanovi (Lipina), Parathurammina sp., Uralinella cf.
bicamerata Bykova, Auroria ? sp., Bisphaera sp., Eovolutina ¢f. elementa Antropov; problematic sphaeras
Asterosphaera sp.,Thickness: 20 m.

13. Alternation of thin-plate and middle-plate (in different proportions) turbidite differences is similar
to the layer 12. Horizons up to 0.5 m of medium-clastic breccias of grain flows are noted. Foraminifera:
Radiosphaera cf. basilica Reitlinger, Archaesphaera cf. grandis Lipina, Archaesphaera cf. crassa Lipina,
Vicinesphaera cf. angulata Antropov, V. cf. squalid Antropov, Suleimanovella cf. suleimanovi (Lipina),
Parathurammina sp., Cribrosphaeroides sp., Auroria cf. ferganensis Pojarkov, Bisphaera cf. grandis
Lipina, Eotuberitina sp., Septaglomospiranella sp., Quasiendothyra cf. konensis (Lebedeva); problematic
sphaeras Radiosphaera cf. basilica Reitlinger. Thickness: 105 m.

14. Alternation of limestones: 1) grey, large-plate, coarse-grained bioclast-lithoclastic (up to 1 m of
grainstone beds, - grain flow depositions); 2) grey, middle-large-plate, gradation-layered, coarse-middle-
grained, bioclast-lithoclastic grainstones (turbidites Ta,b); 3) grey, middle-plate gradation-layered me-
dium-fine-grained (turbidites Ta, b, c); and 4) thin-plate, up to 2 cm, carbonaceous-siliceous “in-situ”
sediments with remnants of radiolarians. In the roof of the unit, there are single large re-deposited blocks
of algal boundstone (2x7 m) in large-coarse-grained turbidites. Foraminifera: Neoarchaesphaera sp.,
Archaesphaera sp., Vicinesphaera sp., Suleimanovella cf. suleimanovi (Lipina), Parathurammina quad-
rata Brazhnikova et Vdovenko, Bisphaera sp., Tubeporina ? sp., Caligella antropovi Lipina, Baituganella
vulgaris Lipina, Eotournayellina sp., Tournayellina cf. vulgaris Lipina, Clomospiranella sp.; problematic
sphaeras Radiosphaera sp.Thickness: 26 M.

15. Alternation of the beds, similar to that described in the unitl4, except for the appearance the
package of the gradation breccias grain flows (2-3 m thick) omnideveloped. The unrolled lithoclasts up to
70 cm in size are represented by different types of limestone. Floating packs. The cementing matrix is
composed of a coarse-grained bioclast-lithoclastic grainstone. In most cases, breccias' bodies have erosive
relations with underlying deposits. Foraminifera: Neoarchaesphaera ? sp., Archaesphaera cf. crassa
Lipina, A. cf. grandis Lipina, A. cf. magna Suleimanov, A. cf. minima Suleimanov, Vicinesphaera cf.

Figure 8 — Outcrops of the upper part of the Lower Shalkiya Subsuite with biogerms

—— 48 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 4. 2019

Figure 9 — Outcrops of the upper part of the Lower Shalkiya Subsuite with biogerms (detail)

Figure 10 — Outcrops of the upper part of the Lower Shalkiya Subsuite with biogerms,
overlaid by deposits of the Upper Shalkiya Subsuite

squalida Antropov, Suleimanovella cf. suleimanovi (Lipina), Parathurammina cf. tuberculatalipina,
P. cf. spinosa Lipina, Baituganella cf. vulgaris Lipina, Septaglomospiranella primaeva cf. minima,
Septaglomospiranella cf. parva Durkina, Tournayellina sp., Quasiendothyra c¢f. communis Rauser-

Chernousova, Quasiendothyra cf. konensis (Lebedeva), Quasiendothyra aff. baidjansaica globosa Durkina,
Quasiendothyra kobeitusana Rauser-Chernousova. Thickness: 95 m.
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Deposits of the Upper Shalkiya Subsuite compose the nuclear parts of the Karamurun and Mynbulak
synclinals. Tectonic relations between the Upper and Lower parts of the Shalkiya subsuites are fixed
everywhere.

Upper Shalkiya Subsuiteis represented by dark-grey to black medium-thin-plate, rthythmically built
thin-layered micrite carbonaceous-clayey-siliceous-carbonate, siliceous-carbonate, clayey-carbonate,
siliceous (in situ) deposits [20], grey, dark-grey, middle-plate, multi-grained (from coarse-grained to fine-
grained differences) with admixture of terrigenous material, limestone, dolomitized limestone (turbidites
Ta, b, c), represented by bioclast-lithoclastic packstones and wackestones. In situ carbonaceous-clay-
siliceous-carbonate deposits are accompanied by unburdened body strike (first meter thick) and creep
breccian lenses of poorly lithified deposits, formed by fragments of host rocks and dark carbonate micrite
material. Horizons of breccias of grain and debris flows (first meters thick; much rare 15-25 m) are com-
posed of unrolled fragments of skeletal bioclast-lithoclast algae limestone, gradation-layered limestone,
silicon, carbonaceous-clayey-siliceous-carbonate thin-layered deposits, cemented by lithoclast-bioclast
medium-coarse-grained matrix. Thin beded carbonaceous-clayey-siliceous-carbonate deposits are
characterized by presence of the bed-by-bedthin syngenetic pyrite embedding. Numerous remnants of
radiolarians and sponge spicula are observed in the beds of the essential siliceous composition.

The limestones are bioclast and bioclast-intraclastic micrograined (packstone), almost micrit, with
numerous fragments of algae of various shapes and sizes. In algae limestones (packstones), beds and algal
fragments are recrystallized, very poorly preserved. Intraclasts (calcite, dolomite) are often replaced by ore
matter. Bioclasts are represented by organic residues of poor preservation (algae, radiolarians). The
mycrite matrix is recrystallized, contains bioclasses of sludge dimension and the shale-developed carbo-
naceous substance. The carbonaceous substance is either distributed unevenly over the shale or thinly
scattered over the entire slice. Inclusions of ore mineral of different shapes and sizes are found in slices,
and small inclusions of ore mineral, including pyrite of cubic and hexagondohedral forms, are often
scattered. Often the ore mineral is developed in veins and algae, sometimes it is unevenly distributed
throughout the entire slice, often replacing organic residues. The rock is often flaky and permeated with
two generations of calcite veins.

Numerous relics of undefined organic matter (small crustaceans or osrtacodes, radiolarians, algae)
can be found in bioclastic limestones. There are single foraminifera of very poor preservation: Parathu-
rammina ? sp., Bisphaera sp., Diplosphaerina ! sp., Auroria cf. ferganensis Pojarkov, Auroria sp., Para-
caligella sp., Parastegnammina sp., Tournaellina sp. (Tournayellina cf. primitiva Lipina), Quasien-
dothyra (Eoendothyra) sp., and problematic Archaesphaera sp., encountered, mainly, in Famennian
(Dsfm) and Tournaisian deposits (C;t) of various regions [10].

The algae are: Kamaena cf. delicata Antropov, Kamaena sp., Issinella cf. devonica Reitlinger,
Issinella cf. grandis Tchuvachov, Parachaetetes? (Thomiliton) jonsoni Masslov, Epiphyton sp., Pseudo-
nanopora ct. stockmansi Mamet et Roux, Conglutinella aff. tikhii Shuysky, rare Solenopora (Ds-C,) [8].
Found in slices were single fragments of recrystallized moss animals, foraminifera Eotuberitina lesovaja
Michno and algae Epiphyton sp. (Ds;fm). Spongolites (siliceous recrystallized limestone) with numerous
sponges, radiolarians, and single algae are found, including Kamaenidae, more often Renalcis.

In the section, the main background of the foraminifera complex of the Upper Famennian are
monocamerate forms. Present in large quantities are: Parathurammina dagmarae, P. breviradiosa, P. sp.,
plenty of Radiosphaera basilica, R. ponderosa, Vicinesphaera angulata, Asterosphaera pulchra. Encoun-
tered: Bisphaera paracompressa, B. malevkensis, Cribrosphaeroides simplex, Suleimanovella sulei-
manovi, as well as Auroria sp., Irregularina sp., Paracaligella sp., Rauserina sp. Above, are rare multi-
camerate Tournayellina vulgaris, T. pseudobeata, single Septatournayella rauserae—of Tournayellina
pseudobeata Zone of the Lower Tournaisian (figure 11).

The presence of monocamerate forms and rare representatives of Tournayellina pseudobeata,
T. beata, Quasiendothyra (Eoendothyra) communis and the first primitive Chernyshinella brings the
complex closer to Tnlb I Avesnois (Conil, Lys. 1969) or allows comparing it with the standard Tour-
nayellina pseudobeata Zone [21].

The lower boundary of the Tournaisian in the Bolshoi Karatau was previously proposed to be located
at the base of the Bisphaera malevkensis - Earlandia minima Zone. The Bisphaera malevkensis occurs in
the Devonian [20] and is quite widespread in the Famennian Stage [14], and occur en mass, in the lower
part of the Tournaisian, forming "bispherabeds".
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Figure 11 — The Karamurun section. Lithology and distribution of foraminifera
in the Famennian-Lower Tournaisian deposits(A.E. Zorin, V.Ya. Zhaimina, 2003-2016)
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The presence above of the Earlandia minima and E. elegans, rare Tournayellina beata allow
correlating the strata with the Bisphaera malevkensis—Earlandia minima Zone of the Russian Platform
(Unitized,... 1991) [8] and dating them as Tournaisian.

Thus, near the boundary of Devonian and Carboniferous systems, a significant reorganization of
foraminiferal assemblage, are observed. It is expressed by extinction of the quasiendothyrins and the
development of the Tournaisian Chernyshinella and Endothyra, i.e. the near-boundary level is marked by
large biotic reconstructions, the main feature of which is the change of faunistic communities (figure 11).
Biotic reconstructions were caused by abiotic changes, the shallowing in the near-boundary time.

One of the indicators of a major abiotic event in marine sections, at the boundary of the two systems,
is dolomitization and the presence of breccias. With eustatic sea level fluctuations, the Carbonate platform
collapsed, and coarse-clastic Carbonate fragments was formed.

It is necessary to study the section further, with a more detailed selection of all organic residues, their
definition and monographic description to present it as a stratotype.

B. 5. Kaiimuna', E. M. Kynaruna®

'Cor6acs Yuusepcureri, K. U. Corbaes aTeiHAarb! [ '€0MOTHSUTBIK FRUTBIMIAP HHCTUTYTHI, AnMaThl, KasakcraH,
*T'eonorus HHCTHTYTHI — Peceit Foimbiv Akanemusichinsig Y da denepanipik seprrey OpTaibirs GemiMiec,
VYia, Peceit

KAPAMYPBIH KUMACBIHIAFBI JEBOH 7KOHE TAC KOMIP KYWECIHIH IIEKAPAJIBIK
KABATTAPBIHBIH EPEKIIEJIKTEPI (YJIKEH KAPATAY, OHTYCTIK KABAKCTAH)

Annortanusi. Tac kemip Kyieci OOMBIHIIA XaJbIKAPAIBIK KOMHCCHUS jkahaHIBIK TY3€TyJep MEH Tac KeMip
JKYHeciHe KaTBICTBI XaJIBIKapaNbIK OipbIHFail CTpaTHUrpadUsUIbIK IIKada €Hri3y MaKCaThIHAA Tac KeMip MEH JICBOH
JKYHeNepiHiH TRIHFBUTBIKTHI 3epTTeye. TypHel KikkaOaThHbIH, Muccucunmii imki sxyieci meH Tac kemip kyieci-
Hig JXahauneik Ynri Kumacer OHrtycrik @pannusaeiy Jla-Cuepp KMMacklHAAa OpBIH TamKaH. ATaJMBII IIeKapa
KOHOJIOHTTap MeH Oacka na ¢ayHanrap meH ¢uopanap (ammoHountep, Gopamunudepiep, ocrpakoarap, MUHOCIOP-
Jap, MapXkaHmap MeH Opaxwmomonrap) OoibIHINIA aHBIKTAY enmeMmapTeiHa ue. YikeH Kaparayarsr Kapamypsia
TipeKTI KMMACHIHBIH IOTiHII KbIHBICTap pudoreHai damusuiapaa OuorepmanapMer Koca Oaiikanazisl. IlleriHmi-
Jep/iiH ocbl Tychl KasakcTaH MeH anemjie MyHail - ra3 KeHOpPBIHAApbIH Ta0y/1a KeHIHEH KongaHbliaasl. GopaMuHu-
depnep, Kasipri Tapaa, Kyideci TaHHam alblHFaH Oacka Ja ayJaHIap MEH JIGBOH MEH TacKeMip IIeKapaiapbiH
aHBIKTaJya aca MaHbI3Ibl pojib oWHaWzabl. lllekapanblKk neHreld aOMOTHMKANIBIK e3repicTepre OaiIaHBICTBI YIIKEH
OMOTHKAIIBIK ©3repiCTepMeH OenriieHe .

Tyiiin ce3aep: mekapa, 1eBoH, Tac kemip, KapamypsiH, kuma, pudrep, popamunudepiep, aiimakrap, XaiblK-
apanslk CTpaTUrpadusiIbIK MIKaia, Ty3eTy (KOpPeIsIus).

B. 51. Kaiimuna', E. U. Kynaruna®

'Carnaes Yuusepcurer, MacTutyT reonornyeckux Hayk uM. K. W. CarmaeBa, Anmartsr, Kazaxcran,
2I/IHCTMTyT reosorun — Otnenenue Y pumckoro denepansroro Mccnenorarensckoro Llenrpa
Poccuiickoii Akanemun Hayk (UI' YOULIPAH), Yda, Poccus

OCOBEHHOCTH IIOTPAHNYHBIX pTJIO)KEHI/Iﬁ JAEBOHA U KAPBOHA PA3PE3A KAPAMYPYH
(BOJIBIIION KAPATAY, IO)KHBIU KA3AXCTAH)

AHHOTanusi. MeXxyHapoHas IIOJIKOMHCCHS IO CTpaTUrpaduu KAMEHHOYTOJIbHOM CUCTEMBI H3y4YaeT U JI0U3Y-
YaeT MOrpaHUYHbIC OTJIOKEHHUSI KAMEHHOYTOJIBHON M JIEBOHCKOM CHCTEM C LIEJIBI0 MIPOBEACHUS INI00aIbHBIX KOppe-
JSIIUH 1 co3aaHus eAnHON MeskiyHapoIHOH cTpaTHrpauIecKoi mKaIbl KAMEHHOYTOJIbHON cucteMsl. [ 100a1bpHbINH
Crpatotunmuecknii Pazpes u Touka (GSSP) ocHoBanumsi TypHeiickoro sipyca, MHCCHUCHIICKOH MHOICHCTEMBI U
KaMEHHOYTOJIbHOM CHCTEMBI YCTaHOBIJIEHBI B paspese Jla-Cuepp B HOxHoil ®@pannuu. I'paHuna uMeeT KpuTepuu
OTIpeNIeICHUs 10 KOHOJOHTaM W Ipyroil ¢ayHe u (iope (aMMoHOHIEH, PopaMUHI(EPHI, OCTPAKOIBI, MHOCIIOPHI,
KopaJutbl 1 Opaxuonozpl). OIHAKO B HACTOSIIEE BPEMsI MOJI0XKEHUE 3TOM I'paHMIBI TepecMaTpuBaeTcs. B onopHom
paspese Kapamypyn bBomsmoro Kaparay mnorpaHudHble OTIOXKEHHS HaONIOAAIOTCS B PUQOTrEHHBIX (aisax c
6morepmamu. IlogoOHBIE OOCTAaHOBKHM OCAIKOHAKOIUIEHHS W CTPATOYPOBHM NEPCHEKTHBHBI IS OOHApY)KEHUS
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MecTopokaeHnid HepT u raza B Kazaxcrane u Mupe. Kommekcs! hopamuaIbEp MO3BOISIOT MPOCIEANTH 30HHI,
BEIJICIICHHBIE B JIPYTHX PETHOHAX, MPHEMIIEMBIC [T KOPPEISIIUNA W 0OOCHOBAHHS TIOJOKEHHUS TPAaHUIBI IeBOHA U
kapOOHa Ha COBpEMEHHOM ypoBHe. [lorpaHWYHBIN WHTEpBaI OTMEUEH KPYITHBIMH OMOTHYECKHMHU MEPECTPONKAMU,
00yCIIOBICHHBIMHA U3MEHEHUSIMH a0HOTHIECKUMH.

KaroueBble cioBa: rpanuia, 1eBoH, kapooH, KapamypyH, paspes, pudsi, Gpopamunudepsl, 30Hb1, MexayHa-
poanasi Ctparurpaduueckas Kana, KOppessiusl.
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INSTALLATIONS FOR COMPLEX INFLUENCE OF
ELECTROPHYSICAL FACTORS ON RAW MATERIALS

Abstract. Two microwave installations have been developed with quasi-stationary resonators with rectangular
and circular torus sections. In both installations in the condensing part of the resonator, there is an electro-gas-dis-
charge lamp connected to the source of kilohertz frequency according to the D'Arsonval principle. Therefore, the
installations provide a complex effect of electrophysical factors on raw materials, including the potato tubers and
onion sets during preplant treatment./n the first installation with a quasistationary toroidal resonator of rectan-
gularcross section in the condensing part, the distance between the walls is less than at the edges and not less than a
quarter of the wavelength. The resonator is designed as coaxially arranged non-ferromagnetic cylinders, the lower
bases of which form its condensing part, and the arrangement of the internal cylinder is adjustable in height.

The annular space between the side walls of the cylinders on the top is closed with a non-ferromagnetic surface
containing the nodes of the threaded height regulator of the internal cylinder. Inside the annular space, there is a
cylinder, an air offtake and an electro-gas-discharge lamp connected to kilohertz frequency source. In the condensing
part, there is a batcher. The emitters from magnetrons located on the side surface of the outer cylinder with a shift of
120 degrees are directed to the condensing part of the resonator.

In the second installation, the toroidal resonator is represented in the form of a torus with a circular cross
section and docked plane-parallel circular surfaces in the central part. Inside the torus is a dielectric grid conveyor. In
the central part of the resonator, there is a rotating disk, over which a dielectric distributor is mounted.Emitters are
directed into the torus, and electro-gas-discharge lamps connected to kilohertz frequency sources are directed into the
condensing space. At the center of the resonator, a feed hopper is installed, and under the torus - an induction heater
is mounted so that the segment of the bottom of the torus surface is its secondary winding.

Keywords: ultrahigh frequency generator, quasi-stationary toroidal resonator, electro-gas-discharge lamps,
kilohertz frequency source, induction heater.

Introduction. It is known that the treatment of onion sets before planting is carried out in order to
avoid low germination, bacterial damage, and intensive “shooting”. Immediately before planting, onions
are heated at a temperature of 35-40 °C for 10-12 hours. Further, phytosporinis used to suppress the
development of pathogenic soil microflora. There is a way to warm the onion sets in hot water (45-50 °C)
for 10-12 minutes and then in cold water, also 10-12 minutes, then treatment with pests and nutrient
solutions. At the same time for uniform heating and cooling of onion sets in farms, it is necessary to have
water heaters and additional mechanisms for mixing.
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There is a method of preplanting treatment of onion sets in an electromagnetichigh-frequency
field [1]. At the same time, high-frequency installations of periodic action and with fixed frequencies
(27.12 MHz, 40.68 MHz) were used, where the working chamber is a condenser made of two parallel-
arranged plates. Long-term laboratory and field studies of these authors on the application of
electromagnetic high-frequency fields for preplanting treatment of onion-seed showed that there is an
increase in sowing and productive indicators, improving product quality.

In the Federal State Budgetary Educational Institution of Higher Education "Stavropol State Agrarian
University", there were received positive results of research on the preplanting treatment of onions with a
pulsed electric field to improve their sowing qualities [2].

1t is known that the yield of potatoes depends largely on the quality of sown tubers. Today, preplan-
ting treatment is carried out with agricultural preparations for the prevention of diseases, pests, growth
stimulation. Most often for disinfection these drugs are used: Maxim, Phytosporin-M, they are combined
with other fungicides and growth stimulants. They protect the crop from diseases at all stages of growth,
but do not exclude side effects on humans [3].

The positive results of electrophysical methods of processing products are known [4-7]. For example,
the electrophysical factors processing technology of potato tubers prevents the contamination of
agricultural land and, without chemical intervention, makes more efficient the use of the capabilities of
the potato tuber itself. Known methods of preplanting treatment of potato tubers with low-frequency
(8-19 Hz) magnetic fields [8]. The installation contains an inductor, but the processing time at a frequency
of 16 Hz reaches up to 15-20 min, which is a disadvantage.

Conditions, materials, and research methods. The development of constructional design of cavity
resonators was carried out on the basis of the analysis of electrophysical factors influencing the raw
materials, based on the theory of the electromagnetic ultrahigh frequency field, induction heating and
d'arsonvalization [9].

The object of the research is technological processes that ensure the prevention of potato tubers and
onion sets from pests and growth stimulation; experimental samples of installations that implement the
complex effect of electrophysical factors on raw materials in a continuous mode.

The aim of preventive treatment of potato tubers and onion sets before planting by the complex effect
of electrophysical factors is disinfection from a number of pests, activation of potato tuber cells to
accelerate and promote their germination, with the exception of side effects on the physico-chemical
composition of grown potatoes.

Results and discussion. Below are described two developed microwave installations with toroidal
resonators, providing complex effect of electrophysical factors on raw materials in continuous mode.

The first installation. For disinfection from a number of pests, for activation of onion sets germi-
nation and potato tubers in continuous mode in order to increase productive indicators, we suggest
processing them before planting with a complex effect of the electromagnetic ultrahigh frequency field
(EMUGFF) and corona discharge, which provides air ionization and ozonation. The implementation of the
complex effect of these electrophysical factors is possible in the microwave installation with the quasis-
tationary toroidal resonator [1, 2] of rectangularcross section, containing below-cutoff waveguides that
ensure the observance of electromagnetic safety when moving onion sets through the resonator.An electro-
gas-discharge lamp connected to kilohertz frequency source according to the D'Arsonval principle [12, 14]
provides a corona discharge and radiation of a bactericidal flux of ultraviolet rays, moreover, this lamp
filled with argon or neon and located in the electromagnetic ultrahigh frequency field coronates more
powerfully.

The technological task of development is the preplanting treatment of vegetable crops in order to
increase their sowing and productive indicators by the complex effect of electrophysical factors in
continuous mode with the provision of high electric field intensity and ozonation for decontamination of
raw materials and compliance with electromagnetic safety.

The microwave installation (figure 1) for preplanting processing of vegetable crops consists of the
vertically located quasistationary toroidal resonator 1 with a rectangular cross section.

It is known that the shape of the profile of the toroidal resonator determines the structure of the
excitable electromagnetic fields. The electric field is mainly concentrated in the condensing part of the
resonator, where the distance between the walls is small, i.e. this part of the resonator is capacitive in
effect. The magnetic field energy is concentrated in the periphery part of the resonator (in the torus) [10].
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Figure 1 — Microwave installation for preplanting processing of onion sets in continuous mode: a, 6) schematic illustration
of the front view andA-A; B, r) space image of the installation in the section and batcher; 1 — quasistationary toroidal resonator;
2 — dielectric cylinder for feeding raw materials; 3 — condensing part of the quasistationary toroidal resonator;

4 — magnetrons with emitters; 5 — batcher with radially located dielectric scrapers; 6 — discharge opening
with the below-cutoff waveguide in the form of a regular triangular prism;7 — drive shaft of the scraper batcher;

8 — raw material; 9 — circular electro-gas-discharge lamp; 10 — kilohertz frequency source; 11 — dielectric air offtake;

12 — threaded height regulator of the internal cylinder; 13 — below-cutoff waveguide of circular section

The annular space between the side walls of the cylinders is on top closed with a flat surface, where
there are openings for the dielectric air offtake 11 and for the below-cutoff waveguide 13 joined with the
dielectric cylinder 2. Inside the annular space, there is the diclectric cylinder 2, the dielectric air offtake 11
and the circular electro-gas-discharge lamp 9. This lamp has the ring form is put on the inner cylinder with
a gap between them at the level of its base. The electro-gas-discharge lamp 9 is connected to kilohertz
frequency source 10, located on the side surface of the inner cylinder, from the inside. In the condensing
part, there is the batcher 5 with radially located scrapers, mounted on the shaft 7 of the electric motor
coaxially with the base of the outer cylinder, where there is the discharge opening 6 in the form of a
sector. The below-cutoff waveguide in the form of the regular triangular prism is docked to the discharge
opening.
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The emitters from magnetrons 4, located on the side surface of the outer cylinder with a shift of 120
degrees, are directed to the condensing part of the resonator, where there is raw material 8. The capacity of
the condensing part of the resonator is regulated by changing the vertical position of the internal cylinder.
For this, there is a threaded height regulator for the lift of the inner cylinder 12. In this case, the electric
field intensity is adjusted by changing the distance between the bases of the non-ferromagnetic cylinders.

The technical process of preplanting processing of potato tubers or onion sets is as follows. Turn on
the drive of the air offtake 11 and the batcher 5 with dielectric scrapers. Set a certain distance between the
bases of the cylinders, calibrated to the required value of the electric field intensity, sufficient for disin-
fecting onion sets or potato tubers.Turn on the kilohertz frequency source 10, after which due to the
occurrence of corona discharge between the side surface of the inner cylinder and the electro-gas-
discharge lamp 9, the air ionization occurs, ozonation, the lamp will be a source of ultraviolet rays of the
"C" area. Next, turn on the conveyor to feed the raw material into the dielectric cylinder 2 through the
below-cutoff waveguide 13 of circularcross section. Turn on the ultrahigh frequency generators 4. When
the raw material enters the condensing part 3 of the quasi-stationary resonator 1, it is exposed to the
electromagnetic ultrahigh frequency field in the process of moving with the scraper batcher, it is heated
(up to 35-40 °C), disinfected due to the high electric field intensity (above 1.5 kV/cm), as well as
ozonization and bactericidal action of ultraviolet rays.

Moreover, the electric field intensity is adjusted by changing the distance between the bases of non-
ferromagnetic cylinders using a threaded height regulator of the inner cylinder lift 12. After one turn of the
shaft of the electric drive 7 of the scraper batcher, the processed raw material 8 is poured out through the
discharge opening 6 and the below-cutoff waveguide in the form of the triangular prism. Through the air
offtake 11, dust, husks, others are removed. The technical process of preplanting treatment of onion sets or
tubers of seed potatoes goes is underway in continuous mode.

During the operation of the kilohertz frequency source (by D'Arsonval principle), impulse high
voltage and low power currents affect the raw materials. The current passes through the electro-gas-
discharge lamp. Between the lamp and the side surface of the inner cylinder, there is a corona discharge of
different intensity depending on the gap between them (0.5-2 cm). Herewith, there is a release of ozone
and air ionization, a formation of ultraviolet rays. The current on the electro-gas-discharge lamp is not
more than 0.2 mA, the voltage is 12-15 kV, the pulse frequency is 110 kHz [14]. The released ozone and
ultraviolet rays of the “C” area have a bactericidal effect. Bacteria and microorganisms present in the
treated seeds die. With the complex effect of various electrophysical factors, the cells of potato tubers and
onion sets are activated, which increases the germination energy, germination, growth force and
yield. When designing the quasistationary toroidal resonator for operation in continuous mode, it is
necessary to strive to reduce the equivalent capacitance at a given resonant frequency and increase the
equivalent inductance (toroidal surface). In this case, the loss of microwave energy in the toroidal reso-
nator is reduced, and the efficiency increases [10].

Low radiation losses due to the presence of below-cutoff waveguides and losses in the walls of the
quasi-stationary toroidal resonator made of aluminum lead to the fact that this resonator in the microwave
range has a high-quality factor of its own.

The second installation for preplanting treatment of potato tubers or onion sets by electrophysical
factors (figure 2) consists of the toroidal resonator 1, made in the form of the circular torus, the average
perimeter of which is a multiple of half the wavelength. The middle part of the toroidal resonator is made
of two plane-parallel circular planes, forming the condensing space 13.In this space, the disk 5 is installed
coaxially with the resonator, which is driven by the electric motor. Above the disk 5 is rigidly installed
dielectric distributor of tubers 6 in the form of a streamlined surface. Through the upper circular plane,
detachable electro-gas-discharge lamps fed from the kilohertz frequency sources 12 are directed uniformly
around the perimeter into the condensing space.

Electro-gas-discharge lamps are surrounded by the grid that protects from the impact of tubers. In the
center of the same circular plane, the filling hopper 14 is installed. Microwave energy emitters 2 from
magnetrons are directed through the surface of the torus. They are located with a shift of 120 degrees in
order not to disrupt the operation of neighboring magnetrons. Inside the torus, the conveyor 4 and the
scrapers 9 move by means of the driven pulley 8 and the drive gear mounted on the shaft.The discharge
dielectric limiter 11 is rigidly fixed above the conveyor, directing the potato tubers to the window 10 with
the below-cutoff waveguide. The fluoroplastic scrapers 9 mounted under the conveyor move with it, and
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Figure 2 — Installation for preplanting treatment of potato tubers with exposure by electrophysical factors:
1 — toroidal resonator; 2 — microwave energy emitters; 3 — induction heater; 4 — dielectric grid conveyor;5 — rotating disk;
6 — dielectric distributor of tubers;7 — driving pulley; 8 — driven pulley for the grid conveyor drive;
9 — dielectric scrapers for waste unloading; 10 — unloading window for tubers;11 — discharge dielectric limiter;
12 — kilohertz frequency sources;13 — condensing space; 14 — filling hopper;15 — window for discharging waste

they are intended for discharging waste from the torus through the window 15 and the below-cutoff
waveguide. The induction heater 3 is installed under the torus, and the torus segment above it performs the
secondary winding of the inductor [11].

So, the installation contains three different sources of electromagnetic radiation:

- ultrahigh frequency generators (main nodes - magnetron, emitter);

- induction heater (primary winding and torus segment);

- kilohertz frequency sources (generator and electro-gas-discharge lamps) that generate high-
frequency alternating impulse current with high voltage, the value of which is in the range of 2-15 kV,
current frequency - 110 kHz [12].

The technical process of preplanting processing of potato tubers is as follows. Load the potato tubers
into the hopper 14. Turn on the electric drive of the disk 5, then the driven pulley 8 rotates by means of the
driving pulley, driving the conveyor 4 and the scrapers 9. Turn on the kilohertz frequency sources 12 and
induction heater 3, then ultrahigh frequency generators, emitters 2 of which excite in the EMUHFF
toroidal resonator.

A traveling wave with the 2450 MHz frequency is excited in the toroidal resonator, and under the
influence of the EMUHFF, the potato tubers endogenously heat up to 35 °C, which accelerates the en-
zymatic activity of the tubers, thereby increasing their germination. In the condensing space, the electric
field intensity is high enough (more than 2 kV/cm), which ensures the prevention of potato tuber from
diseases and pests.

Electro-gas-discharge lamps 12 are at a distance of several millimeters (3-5 mm) from the tubers. In
this case, a small electrical discharge arises between the lamps and tubers, which accelerates biochemical
reactions, saturates the tubers with oxygen, increases the elasticity of the tuber's jacket and its permeability
[2]. The electric discharge has a bactericidal and bacteriostatic (delayed multiplication of bacteria) action.
Discharges produce ozone with a disinfecting effect. The conversion of high-voltage voltage to the corona
discharge of the required force is due to the electro-gas-discharge lamps. Complex physical and electro-
chemical processes with the participation of inert gases in the lamp can produce several factors. Inert gas
acquires the properties of the electrical conductor, then through a layer of air between the lamp and the
tubers of potatoes, through the potatoes and the disk 5 is closed to the ground. As a result, the corona
discharge occurs, therefore, ozone, heat and ultraviolet radiation are released in the condensing space 13.
This whole complex of factors contributes to the activation of potato tuber cells, which allows them to
accelerate and increase their germination.

Because of the fact that induction heaters are installed under the torus bottom segment, the elec-
tromagnetic coil (primary winding) generates a magnetic field, and the torus surface bottom segment made
of ferromagnetic material with a size of at least 70% of the surface of the induction cooker is heated by
eddy currents. When there are pests, separated by the conveyor grid 4, by means of mobile fluoroplastic
scrapers 9 to the heated torus segment, they are destroyed by a thermal burn and are output through the
discharge window 15 and the below-cutoff waveguide.
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The choice of modes of factors influence depends on the type and maturity of potatoes or onion sets.
The use of such an installation with different electrophysical factors will allow to obtain environmentally
friendly products that meet all the requirements of the standards. This installation is recommended for
preplanting processing of potato tubers no larger than 6 cm. This is connected with the provision of the
high electric field intensity in the condensing space, the depth of a centimeter wave penetration into the
potato tubers, and also the simplification of the design of the below-cutoff waveguides. They are provided
in the unloading windows 10 and 15. Uniform heating of the tubers and continuous operation of the
installation is ensured by transporting in the torus with the help of the grid conveyor.

The technical specifications of the installation for preplanting treatment of potato tubers by the
complex effect of electrophysical factors are given in table.

Installation specifications

Item
Capacity, kg/h 250-300
Microwave generator power, kW 3.6
kilohertz frequency sources power, kW 0.225
Induction heater power at a heating temperature of 150 °C, kW 1.0
Power of motor red_ucer ESTA -6.3/12.5 0.043
for the conveyor drive, 2.4/4.8 r/min
Installation capacity, kW 4.9
Specific energy costs, kW-h/kg 0.015-0.2

Conclusions. Using the proposed installation, with the capacity of up to 300 kg/h,it is possible to
handle the entire volume of potato tubers in farms before planting. Studies show that the duration of the
effect from the complex impact of electrophysical factors is up to 6 days. Consequently, it is possible to
carry out preplanting treatment of up to 20 tons of potato tubers, no larger than 6 c¢cm in size, using one
such installation, at specific energy costs of up to 0.2 kW-h/kg.

The developed installations contain various sources of electromagnetic radiation.:

- ultrahigh frequency generators, providing endogenous heating of planting material and prevention
of diseases and pests; induction heater for the destruction of pests by means of thermal burns; high-
frequency (110 kHz) alternating impulse current generators with high voltage (up to 15 kV) and electro-
gas-discharge lamps, which accelerate biochemical reactions and disinfect the raw material due to
ozonation.

This whole complex of energy sources contributes to the activation of sown and productive indicators
of vegetables. Using a new method of preplanting treatment of onion sets and potato tubers can increase
crop yields by up to 15% and improve product quality, increase hygienic safety requirements of the
product, therefore, the developed installations are recommended for use in farms.

I'. B. Hosukosa', I'. B. "Knankuu’, O. B. Muxaiinosa', M. B. Besioa',
B.T. Cemenos’, JI. A. BaﬁM¥KaHOB4, K. %K. Hcxan®, A. K. Kapbin6aen®

"YKoraps! GiniM GepyiH MeMIeKeTTiK GIoKeTTiK GitiM Gepy Mekemeci « HIKeropo MeMIEKeTTiK HEKEHepITiK-
SKOHOMUKAIIBIK YHUBEPCHUTETI», Hmkeropon oomeickr, KusruauHo, Pecetd,
“oraps! GiniM Gepyis heaepanisik MeMIeKeTTiK GropkeTTiK GiniM Gepy Mexemeci «Hikunii Hosropon
MEMJIEKETTIK aybUIIapyallbUIbIK akanemMusichby, Hmwkuuit Horopon, Peceid,
¥orapsi Ginim Gepyin deaepanIbik MEMIIEKETTIK GIO/DKeTTIK GimiM Gepy Mekemeci «dyBan MeMIIeKeTTIK
ayBUIIIAPYaIIBUIBIK aKaJIeMIsIChl», Yebokcapsl, Pecet,
* (Ka3aKk YITTHIK arpapIiblk yHUBEPCHTET» KOMMEPIMAIBIK eMec akIMOHEpIiK Korambl, Avatsl, KasakcraH,
°M. X. Jlynartu atbinnarbi Tapas MemnekeTTik yuusepenteri, Tapas, Kaszakcran

MHUKI3ATKA KEHIEHAI OCEP ETETIH QJIEKTPO®U3UKAJIBIK
DOAKTOPJIAPBI AP KOHJABIPTBIJIAP

AnHoTanus. TepT OYPBIITH KOHE MOHIEICK KUMAChl 0ap KBa3W CTAIIMOHAPIIBIK PE30HATOPIIAPMEH €Ki MHUK-
POTOJIKBIH/IBI KOHABIPFBUIAP d3ipyieHal. Exi KOHIBIPFBIIA Ja Pe30HATOPIBIH KOHIeHcaTtop Oemirinme JlapcoHBaib
KaruJachlHa COMKec KHMJIOTepLl KUUIINiHIH Ko31He KOCBUIFaH 3JIeKTp paspsa maMaapsl 6ap. COHABIKTaH, 6CiMIIKTep
AJNJIBIH aJla OTBIPFBI3Y Ke3iHIe 3ICKTPOPHU3UKAIBIK (haKTOPIAPIbIH IIHKI3aTKa, OHBIH IMIiHIC KapTOIl IIeH U3 TYH-
HEeKiHe KeNIeHJi ocepiH KamTamacki3 eTeli. KoHaeHcaTopablH OeliriHae TIKOYPHIITH KOJIJICHEH KAUMaHBIH KBa3H-
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CTALMSUTBIK TOPOUAANBIBI PE30HATOPHI 0Oap aJFaliKel KOHJBIPFbIIA KaOBIPFalIapblH apachlHIAFbl KAIIBIKTHIK
HIETTEepre KaparaHja a3 jKOHE TOJKBIH Y3bIH/BIFbIHBIH TOPTTEH OipiHeH Kem emec. Pe3oHarop koakcuanasl Gpeppo-
MarHUTTIK MIJIHHAPIIEP PETiHae KYPACTHIPBUTFaH, OHBIH TOMEHT] HeTi3[iepi OHBIH KOHIIEHCATOP OOIIIriH KypalIbl XKa-
HE 1Kl MWIMHAPAIH OmikTiri perreneni. Lumuaapaepain Oyiipiik KaObIpFanapbl apachblHIaFbl CAKUHAIBIK KEHICTIK
(epomMarHuTTiK emec OeTKi KabartreH aObUIaapl, iMIKI HWIMHAPAIH KeTepy OHMIKTIriHiH OypaHIaimsl peTTerimIiHig
Ty#iagepi 6ap. CakuHAIBIK KEHICTIKTE IWIMHAP, aya aFrbIHBI JKOHE KHJIOTEpIl KHIIITiHIH KO3iHe KOCBUIFaH 3JEKTP
KyaTbIH 1biFapy miamel 0ap. Konmencarop GenmiMinze mo3arop 6ap. CeIpTKbl IWIHHIPIIH Oyitip Oerinae 120 rpa-
JyCKa JKBUDKYBI 0ap MarHeTPOHHAH INBIKKAH COYJIe TapaTKBIII PE30HATOP/BIH KOHICHCATOP OesiriHe xidepiiesmi.
ExiHII KOHIBIPFBIA TOPOMIAIIBIBI PE30HATOP OPTAJIBIK OOJNIKTE AOHreNieK KOJJECHEH KMMachl 0ap JKoHEe TOpFra
mapajuieNbi JeHrelek OSTTepMEeH TOp TYpiHAE YCHIHBUIFaH. Topa ilIiHAe AUAIIEKTPIiK TOp KOHBedepi Oap. Pes3o-
HATOPJIBIH OPTAJIBIK OOIITIHC TUAICKTPIIK OOyl OpPHATHUIATHIH aifHaIMAalbl AUCK Oap. COyie TapaTKBIIITap TOPFa
OarpITTANIIBI J)KOHE KIJIOTEPI] )KULTIKTEp KO3AepiHe KOCBUIFAH 3JICKTPOra3opa3psaThl MaMaap KOHICHCATOP KeHic-
TiriHe OarpITTaNaAbl. Pe30HaTOPABIH OpTachHA apHa IIYHKBIPEI OPHATHUIFAH, aJl TOP aCTHIH/A - TOP OCTiHIH TOMEHT1
OeJiriHiH eKiHII opaMackl O0NATHIH HHIYKIHSIIBIK )KBUTBITKBIIIL

Tyiiin ce3ep: >KOFapbITOIKBIH/bI T€HEPATOP, KBA3UCTAIIMOHAPIIBIK TOPOUIAIBIBI PE30OHATOP, KT Pa3psi
HIAMAPbI, KAJIOTePII KULTIK KO31, HIYKIHUSIIBIK KBUTBITKBILLI.

I.B. H()Bmconal, I.B. )Knammnz, 0. B. Mnxai’monal, M. B. BeJ'IOBal,
B.T. Cemenos’, JI. A. BaﬁMyKaHOB4, K. XK. Mcxan®, A. K. Kapbin6aes®

'TocynapcTBeHHOE GI0IKETHOE 06PA30BATENEHOE YUPEXK/ICHHE BRICIIEro 0bpasoBanus «Humkeropoackuii
rOCyIapCTBEHHBIN WH)KEHEPHO-YKOHOMIUECKUH YHUBEpCHTET», Himkeropoackas obmacts, Kasruamao, Pocewns,
MeepanbHOE TOCYIaPCTBEHHOE GIODKETHOE 00PA30BATEIbHOE YUPEKICHHE BICIIEr0 06Pa3oBaHus
«Hmxeropozckas rocyapCTBEHHas CEJIbCKOXO03sICTBEHHAs akaneMus», Huxxnuit Hosropoa, Poccus,
3MeepanbHOE TOCYIaPCTBEHHOE GIOKETHOE 00Pa30BATEIHHOE YUPEKICHHEBBICIIEr0 06Pa30BaHUs
«UyBaickas rocy1apcTBeHHas CEJIbCKOXO03sIMCTBEHHas akanemus», Yebokcapsl, Poccus,
4HCKOMMep‘leCK06 aKIHoHepHoe 001ecTBO «Kazaxckuii HallMOHANIBHBIA arpapHbId YHUBEPCUTET,
Anmartsl, KazaxcraHn,

5 . .
Tapa3sckuii rocynapcTseHHblil yHuBepcuteT uM. M. X. [lynaru, Tapa3, Kazaxcran

YCTAHOBKH JIJIsI KOMILJIEKCHOTI'O BO3JIEMCTBHA
SJIEKTPOOUSUIECKHUX PAKTOPOB HA CBIPBE

AnHotanusi. PazpaboTaHbl 1Be CBEpXBBICOKOYACTOTHBIE YCTAHOBKH C KBa3MCTALMOHAPHBIMU PE30HATOPAMU C
IPSIMOYTOJIBHBIM M KPYIJIBIM CEUEHHEM Topa. B 00enx ycTaHOBKax B KOHJEHCATOPHOH YacTH pe30HaTopa Hpemyc-
MOTpEHa JIEKTPOra3opaspsiHas jJaMIa, HOAKIOUYEHHAs K MCTOYHHUKY KHJIOT€PIIOBOM 4acTOTHI Mo npuHoumy Jap-
conBayisi. [103TOMyY yCTaHOBKHM 00€CIEYMBAIOT KOMIUIEKCHOE BO3AEHCTBUE 3IEKTpOPH3NIeCcKnX (PakTOpPOB HA CHIPHE,
B TOM YHCIIe HA KIIyOHU KapTo(ens U JyKa-CeBKa IPH IpeArocanodHoil oopadoTke. B mepBoi ycTaHOBKE ¢ KBa3H-
CTallMOHAPHBIM TOPOUIATBHBEIM PE30HATOPOM MPSIMOYTONBHOTO CEYCHUS B KOHACHCATOPHOW YacTH PAaCCTOSHUE
MEXITy CTCHKaMH MEHBIIIE, YeM TI0 KpasM, U He MEHee YeTBEePTH IJIUHBI BOJHBL. Pe30HATOp BBHIMOJIHEH KaK COOCHO
pacriojiokeHHble HeeppOMarHUTHBIE LHWJIMHIPBI, HIDKHHE OCHOBAaHMS KOTOPBIX 00pa3ylOT €ro KOHJIEHCATOPHYIO
9acTh, U PACIONOKEHHE BHYTPEHHETO MIIMHAPA IO BBICOTE peryimpyercs.KompneBoe mpocTpaHCcTBO MKy O0KO-
BBIMH CTEHKaMH IMJIMHAPOB CBEPXY 3aKpPBITO HepeppOMarHUTHOM MOBEPXHOCTHIO, CO/IEpKALIeH Y3JIbl Pe3bOOBOTO
peryAaTopa BbICOTHI IMIOABEMA BHYTPEHHETO MUJIMHAPA. BHyTpl/I KOJIBLICBOT'O IMPOCTPAHCTBA YCTAHOBJICHBI HUJIMHIP,
BO3YXOOTBOJ U JIaMIla 3JIEKTporasopaspsaaHas, MOAKIOYEeHHas K UCTOYHUKY KHMJIOTepIlOBOIl 4acTOThl. B KOHIEH-
CaTOpHOM YacTu mMMeeTcs fno3atop. M3imyudaTenn OoT MarHeTpOHOB, PACIIOJIOKEHHBIX HAa OOKOBOW ITOBEPXHOCTH Ha-
PYKHOTO IIWJIMHApPA cO caABUroM Ha 120 rpagycoB, HampaBieHbl B KOHJICHCATOPHYIO YacTh pe3oHaropa. Bo Bropoi
YCTAHOBKE TOPOUAAIBHBIN PE30HATOP MPEJCTaBJICH B BUJIE TOPA C KPYIJIBIM CEUYCHHEM U COCTHIKOBAHHBIX IUIOCKO-
MapauIebHBIX KPYTIBIX TOBEPXHOCTEH B IEHTPAIILHON YacTu. BHYTpH TOpa pacmoiokeH AUAIEKTPHUECKUI CeTOd-
HBIN TpaHCIIOpTep. B 1IeHTpansHO# YacTH pe30HaTopa PacioiOKEH BPAIAIOIIUIACS JUCK, HaJl KOTOPBIM YCTaHOBJIEH
TUDIIEKTPUIECKAN pactpeaenuTes. B Top HampaBieHs! H3IydaTend, a B KOHACHCATOPHOE IPOCTPAHCTBO — SIEKTPO-
ra3opaspsgHbIe JIAMIBI, TOIKIIOYCHHbIE K ICTOYHMKAM KWJIOTEPIOBOH 4acToThl. [1o mEeHTpy pe3oHaTopa ycTaHOB-
JIeHa 3arpy309Has BOPOHKA, a T0J] TOPOM — MHIYKIIMOHHBII HarpeBaTeib TaK, YTO CETMEHT JHA MMOBEPXHOCTH TOpa
SIBJISIETCS. BTOPUYHON €ro OOMOTKOM.

KiroueBble cjioBa: CBEPXBBICOKOUACTOTHBIM TI'eHEpaTop, KBAa3UCTALMOHAPHBIM TOPOUIANBHBIN pPE30HATOP,
QJICKTpOrasopaspsaaHbI€ JIaMIlbl, HCTOYHUK KHJIOFepLIOBOﬁ YaCTOTHI, HHJIyKLIHOHHbIﬁ HarpeBaTeiib.
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WAVE SPREADING IN RESILIENT VISCOUS-PLASTIC LAYER
WITH CAVITY ON RIGID BASE

Abstract. The research paper is devoted to studying wave spreading in resilient viscous-plastic layer with
cavity, situated on a rigid base under the dynamic pressure of day surface. This problem is solved by “discontinuity
disintegration” method of S. K. Godunov. The “discontinuity disintegration” method of S.K.Godunov is effective for
hyperbolic type quasilinear systems equations numerical solution, for wide range problems solution of gas dynamics,
aerodynamics, as well as for other problems of solid medium. Research results allow estimate the wave process
parameters around rectangular cavity, and also define their tensed and deformed condition that can be used at
assessment of underground construction durability and stability, as well as geodynamic task solution. And also at
construction in particularly complex conditions (when soil is characterized as structural and unstable soil) industrial,
civil, transport, and military constructions, where geomechanical processes differ from normally condensed soil.

Key words: layer, resilient viscousplasticity, cavity, pressure, wave, tensed and deformed condition.

Problem definition and aspen equations creation on resilient viscous-plastic wave spreading in
layer with cavity situated on rigid base. Wave source is dynamic pressure, which affects on semi-sphere
under the day surface at initial conditions [1, 2]:

—o0<x<®
u=v=0,=0,=71=0; npu t=0,
g 0<y

under the boundary conditions:

where A,B = const; v,u — respectively, the medium components velocity along the axis x and y;
0,,0,,0,,T— respectively tension components.

From the day surface on cavity situated on depth 4 the dynamic pressure affect on segment
n, <x<n, [3,4].

There is need to determine the normal and tangential tension quantity at given initial and boundary
conditions around a rectangular cavity situated on a rigid base. To solve this task the following output data

is used [4, 5]: At =dt =0.0024888; Ax =dx =0.005; Ay =dy =0.005; y = % =16;a= 32()&;
s

— 62 ——
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Figure 1 — Cavity in resilient viscous-plastic layer situated on a rigid base

b=2002; a=-002; n=350s"; p=18-5-; k, =0.62kG/cm’; v =kdtBexp(- Akdt)
S cm

A=133.93335; B=0.1193379; t=kdt and the research area size around the cavity N =400;
M, =75;n =198; n,=202; m =10; m, =16, T =300dt .
As known, wave spreading equation in resilient viscous-plastic layer with cavity on rigid base has the

type [6-8]:
. 1 . 1 .
j=—S8j+——50, + 0, + 1
. 2,USJ 2k0S ’ 77<( (0‘ 2\/_J v

where 1 - Lame coefficient, 77 - viscosity coefficient, k, - yield strength at pure shear, & - parameter

characterizing the soil expansion rate.
In order to predict the tension and deformed medium state, the equation describing plane deformation

has been considered [9]:

_ _ . _ _ 2y . _q
=6 = » Ep =&, = ;€3 =6, =0;
y

1(ou, oOu,)
812 =gxy =5 + ’ 813 ngz =823 =gyz =0’

oy  Ox

where u ,u, - shift along the axis x and y .
The equation describing volume deformation of resilient viscous-plastic medium has the type [10]:
. 1 )
gi =—— 38+ 3an(®(F)). )
3k,

In equations (1) and (2), the quantity F is a plastic flow function describing the resilient viscous-
plastic medium dynamic behavior and expressed by following formula [11]:

F=“]1+—\/J—2_1’
ko
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where J, =0, +0,, + 05, - first invariant of tensor pressure and J, = Esl.jsij - second invariant of

1

tensor pressure, 5, = 0; — Eakkéy - deviator of tensor pressure [12, 13].

Function <(D(F )> in equations (1) and (2) is determined basing on an experimental researches on

dynamic characteristics and medium properties, and generally presented as nonlinear function, which is
defined by following formula:

(@(F) =

0 if F<0,
F if F>0.

For wave spreading movement equation definition in resilient viscous-plastic layer with cavity on
rigid base the differential equation system has been considered [14, 15]:

ou_do, ot
o ox oy’

ov_or do,

ot ox Oy

00y _Ou -2 Y o 3)
ot ox y~ ) oy

0

Tw _ 1—% a—M+a—u+@2;

Ot ox Oy

ﬁ:iza—u+%a—u+cb3.

o y oy y Ox

The "discontinuity disintegration" method of S. K. Gudunov is used for differential equations system
(3) solving. That is why the considering medium is divided onto elementary cells [16].

y—t=const y—;tzconst

X+t =const

1
X ——1 =const t f

1
X+ —t =const

S -0) - @

s . L] r
X ”m'x2 o n,mA1

V4 —‘%

Figure 2 — Characteristic scheme on the template

— (4 ——
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The studying medium characteristics and properties show that it consists of layers. As it is mentioned
above the considering medium is divided onto cells. It is well-known that wave spreading in cells is dif-
ferent. Therefore, the discontinuity disintegration occurs at the adjacent cells boundaries. In this case, the
motion between two neighboring cells can be considered as one-dimensional. Consequently, the equations
system (3) can be divided onto two equations systems, one of which depends only on x, and the other on y.

After some elementary transformations the equations system (3) can be presented as characteristic

equations and their proportions [17, 18]:
du+o,)=ddt ontheline  x+t=const;

du—-o,)=-ddt ontheline  x-t=const;

d(v+y7)= y,dt ontheline  x+ lt = const;
4

d(v—yr)=—y,dt ontheline  x- lt = const.
4

d(u+yr)=yd,dt ontheline y+ lt = const;
4

du—-yr)=—-®d,dt  ontheline y- lt = const;
4

d (u +to, ) =@,dt ontheline y+t=const;

d (U -0, ) =—@,dt ontheline y-t=const.

“

)

Characteristic equations and their proportions (4) and (5) are used to derive finite-difference equa-
tions systems for calculating the medium parameters at various points and different instants of time

[19, 20].
un,m — un . + At [O-xx,n2 - axxnl]+ At [z—mZ B z-ml];
i) Ay
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Thus, the obtained finite-difference characteristic proportions (4), (5) and the equations system (3)
constitute a complete equations system for posed task solution.

The finite-difference equations systems numerical solution results are presented in figures 3- 7, which
correspond to changes in tension for different instants of time along the coordinates.

-7 1 1 1 L 1 1 I
0 10 20 30 40 50 60 70 a0

Figure 3 — Changes of indicated tension along the axis y, x = 190dx,
at the depth below the cavity y = 1dy — 75dy, at the time ¢ = 295dt
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Figure 4 — Changes of indicated tension axis x, x = ldx —400dx,
at a depth under the cavity y = 25dy at the time ¢ = 295dt




ISSN 2224-5278 Series of Geology and Technical Sciences. 4. 2019

x 107
I T T T T T T T
ol A /- -
,/' ’ o .// l\. s -
1 o ) e i
X T
Oy -2 oy 4
oy -3 e ]
r
_4— -
_:_,. =
_6- -
—Tk N
_G i i i I Il i Il
0 30 100 150 200 250 300 350 400
X
Figure 5 — Changes of indicated tension along the axis x, x = ldx — 400dx,
at a depth above the cavity y = 5dy at the time 7 = 295dt
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Figure 6 — Changes of indicated tension along the axis x, x = ldx — 400dx,
along the brink with rigid base at a depth y = 75d)y at the time ¢ = 295dt

Conclusion. The finite-difference equation system and numerical results were received for resilient
viscous-plastic wave spreading in layer situated on rigid base under the dynamic non-stationary pressure
from a free surface. Analyzing the received numerical results shows up that at 198 < n < 200 interval the
gap occurs. It means vertical walls are under the maximum physical impact.

Constructers should take into consideration the calculation results mentioned above during the
underground facilities designing.
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Stable schemes for finite-difference equations systems solving are presented, in order to algorithm
realization the algorithms are developed and applied programs packages are compiled.

The tension distribution patterns under different initial physical and geometric parameters have been
established.

The research results allow determining wave processes characteristics around the cavity and their
tensed and deformed condition that necessary for underground constructions durability estimation.

The received results and created applied programs package can be applied for wave field’s esti-
mation, tensed condition character determination in dealing with similar tasks with boundary conditions,
at various underground facilities and constructions designing.
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SEPARATION OF FREE FATTY ACIDS FROM COTTON TAR

Abstract. This article presents the results of study of influence of technological factors on the process of cotton
tars’ fatty acids saponification, necessary to develop technology for synthesis of new surface-active substances used
in oil dehydration processes.

To substantiate the choice of alkali concentration (sodium hydroxide) and determine the effective modes of the
neutralization process, the method of determining the minimum necessary alkali concentration depending on the
boiling time of the “tar — saponified reagent” system was used. Based on the obtained data, it was concluded that the
effective alkali solution concentration corresponds to 8-15%, while the alkali excess amount does not affect the
“boiling” time. The dependence of the change in the hydroxyl number on the sodium hydroxide concentration in the
solution was obtained under real conditions, where it was shown that the saponification degree increases with in-
creasing the alkali solution concentration, but only to a certain concentration value. The effect of temperature on the
neutralization process duration was established. It is shown that fatty acids are valuable and fairly affordable raw
materials that find their application in various fields of the oil and gas industry, so their extraction from wastes,
namely, from cotton distillation tars, with a content of up to 65%, is reasonable and economically sound.

Key words: fatty acids, saponification, oil, gossypol, demulsifier, boiling, viscosity, alkali, hydroxyl number,
dehydration, reagent, emulsion.

Introduction. Today, the problem of efficient processing of secondary resources to obtain compe-
titive products is relevant for the oil and gas industry in our country. However, despite the importance and
economic feasibility of the most complete processing of secondary resources, the level of their use is still
insufficient. Considering the potential of oil and fat enterprises in the south of Kazakhstan, the task of
efficient processing of secondary resources of the oil and fat industry and obtaining valuable chemical
reagents on their basis is of particular importance. The main component of the secondary resources ob-
tained in the processing of plant oils, in particular, cotton oil, are tars of fatty acid distillation. Free fatty
acids are a valuable feed stock for obtaining a number of complex-effect reagents, which are used for
dehydration and desalting in complex oil treatment plants [1].

There is a special economic zone in the territory of Turkestan region, focused, among other things, on
the cotton cluster development. Thus, it can be considered that tars, being by-products of cotton oil pro-
cessing, are a renewable source of free fatty acids [2]. In addition, the tars of the fatty acid distillation, as
well as soap stocks, must be processed from the point of view of ecology and environmental protection
[3-6].

The purpose of the study is to select the optimal method and conditions for the implementation of the
fatty acid (FA) extraction process, which will later serve as the feed stock for the synthesis of a non-ionic
(non-dissociating) demulsifier from a mixture of cotton tar components (hereinafter referred to as tar) and
purification from impurities.

— 70 —
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Previously, it was shown that from the tar of the enterprise Shymkentmay JSC with an alkali solution
it is possible to obtain a saponified fraction of salts of fatty acids and gossypol, which are then separated in
a free from when treated with sulfuric acid [7-9]. Methods used to separate free fatty acids should satisfy
the following conditions: determine the maximum selectivity of fatty acids interaction with reagents used
for neutralization; provide the highest reaction rate; facilitate rapid and complete separation of the
resulting phases; ensure the maximum extraction of fatty acids from the resulting neutralization products.

In the initial exploratory tests, the resulting mixture of fatty acids and gossypol derivatives was
oxyethylated and etherified, and the obtained composition showed, in the tests, the properties of a suffi-
ciently effective demulsifier. However, in modern conditions, more stringent requirements are specified to
the reagents used for oil dehydration: they must have the highest possible demulsifying activity, must be
biologically easily decomposed, non-toxic, cheap, affordable, and must not have bactericidal activity. In
addition, these reagents in oil should not lead to equipment corrosion. Therefore, there was a need to study
how the feed stock purity affects the process of oxyethylation and etherification. It is necessary to develop
the optimal method for extracting the fatty acids from the mixture of tar components, to select optimal
conditions for the process of extracting the fatty acids and to choose a method for preparing free fatty
acids to obtain the reagent. As an optimization criterion, the quality of the final product — the oxyethylated
or etherified product based on the feed stock extracted and purified by various methods was determined
[10-14].

Research methods. The fatty part extracted from the cotton tar (the mixture of tar components) is a
thick, viscous mass: the kinematic viscosity is 2340 cSt at 25°C; the color is dark brown; the specific
weight is 0.981 t/m’; the acid number is 112.8 mg KOH/g; the saponification number is 228.3 mg KOH/g;
the ether number is 155.43 mg KOH/g; the iodine number is 1.44 g 1,/100 g; the setting point is 37°C. The
high mixture viscosity is due to the presence of saturated fatty acids in its composition, which are crys-
talline substances at temperatures below 50-70°C, but due to the partial solubility in unsaturated acids, the
resulting mixture has the consistency of resin. Chromatographic separation of the fatty acid mixture was
carried out by two methods: 1) the HPLC method according to the method [15] and 2) the GLC method
according to the method GOST 30418-96.

When analyzing samples of the tar, it was found that using the standard method for determining the
fatty acids does not allow obtaining adequate results, which is associated with the formation of a stable
bulk emulsion layer. In this regard, the standard methods for determining the fatty acids were adjusted as
applied to the tar. The content of soap and fatty acids in the tar after alkali treatment was determined by
the modified method GOST 5480-59 — Plant oils and natural fatty acids. Methods for soap determination.
To control the fatty acid content in model systems and in real resins, the acid number determination
method was used according to GOST P 52110 — 2003. The pH of the reaction mixture was measured on
the ANION pH meter 4100 (the accuracy class is 0.05). To determine the fatty acid content in the tar, the
method of indirect pH-metering — measurement of the pH values of the special reaction mixture was used.
The study of the influence of various impurities in the tar composition on the measurement error of the
reaction mixture pH value showed that the error reaches 8-10%, therefore, other methods were used in
some cases. In particular, the mass fraction of the fatty acids in the tar was determined by the method of
high performance liquid chromatography using the technique of “Certificate No. 36-08 dated 04.03.2008
®P.1.31.2008.04633” [16]. The rheological properties of various technological mixtures from the tar and
soap bases were determined on the Polymer Rotation Viscometer RPE-1M instrument. The estimation of
the results and their statistical reliability was carried out using the application programs “MathCAD” and
“Statistica”.

It was found that the main factors determining the efficiency of the crude fatty acids, gossypol and its
derivatives saponification are concentration, amount of neutralizing agent, temperature and duration of the
process, as well as amount of the saponified tar additive. In this case, the required neutralizing agent
amount depends on the fatty acid content in the tar subjected to saponification [17]. The tar saponification
was carried out in the high pressure reactor PBJI-2-150, the process efficiency was estimated by the values
of the neutralization coefficient [14, 18].

To substantiate the choice of alkali concentration (sodium hydroxide) and determine the effective
modes of the neutralization process, the method of determining the minimum necessary alkali concen-
tration depending on the boiling time of the “tar — saponified reagent” system was used [19]. For this, the
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tar was treated with the sodium hydroxide solution of 1-20% concentration, initially with 10% excess, and
then — varying the excess. The resulting “tar — alkali solution” system was subjected to treatment in the
electromagnetic field of super-high frequencies until the “boiling” effect. The efficiency of neutralization
was estimated in terms of the fatty acid saponification degree. For the reliability of the control of the fatty
acid saponification degree, the hydroxyl number index was used [17].

Research results. From the data presented in figure 1, it can be seen that in the concentration range
of 1-8%, the boiling time of the system is 5-45 s, starting from the concentration of 5 to 10%, there is
increase in the boiling time of the system from 26 to 48 s with formation of characteristic dependencies
(figure 1). This dependence can be explained by decrease in the free moisture content in the neutralized
tar. The change in the boiling time practically does not occur when the sodium hydroxide concentration is
more than 15%.
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Figure 1 — Dependence of the “boiling” time of the “tar — alkali solution” system
on the concentration of the alkali solution and its amount.
Conditions: the alkali excess, %: 1 —0; 2—4; 3 —7; 4 - 10. The saponified tar additive amount — 5%

The more intense tar interaction with alkali at initial concentrations is explained by the fact that the
carboxyl group of the free fatty acids primarily interacts with the formation of R-COONa salts.

The glycerides remaining in the tar, which contain high molecular weight acids, are saponified more
difficult compared to glycerides, which contain lower molecular weight fatty acids [12].

Approximately in the same order the gossypol derivatives enter into the reaction, since under condi-
tions of high temperature, the gossypol in inactivated form is more likely to exist during refining and
distillation, i.e. without initial aldehyde group at position 8, 8°, with the formation of sodium salts of the
oxidized gossypol molecule:

CcoO OH
NaO
HO CH

C
PN
H,C H CH, ,

The hydroxyl groups of the naphthyl gossypol molecule fragment, according to the distribution of
electron density on atoms, are more reactive centers. The most pronounced OH-bond at C; and C’; atoms,
which acts as a strong electron-acceptor group of acid reagent, as the bond is highly polarized (the charges
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on oxygen and hydrogen atoms are -0.28e and 0.27e, respectively). Thus, the hydroxyl gossypol groups at
position 7, 7° of the naphthalene nucleus which are in the ortho-position to the aldehyde group under these
conditions form salts of gossypol and its derivatives [20]. Further, when the alkali concentrations are 15
and 20, the boiling time remains almost unchanged, as glycerin, as well as bound fatty acids in the com-
position of glycerides, remain in the initial mixture.

A similar dependence is also characteristic of change in the hydroxyl number under real conditions,
i.e. as the alkali solution concentration increases, the saponification degree increases, but only to the
concentration of 15% (figure 2).

Hydroxyl number, mg KOH / g

o = N W A OO N

1 3 5 8 10 15 20

Alkali solution concentration, %

Figure 2 — Dependence of the change in the hydroxyl number on the alkali solution concentration.
Conditions: the alkali excess — 10%, the saponified tar additive amount — 5%,
the temperature, °C — 1 — 105, 2 — 110, the process duration — 120 minutes

Result discussion. Based on the obtained data, it was concluded that the effective alkali solution
concentration when saponifying corresponds to 8-15%. It was found that the alkali excess amount does not
affect the “boiling” time. However, the analysis of industrial practice on the use of various neutralization
schemes confirms the basic point that for effective phase separation in all cases a certain alkali excess has
a positive effect. If at the neutralization sufficiently concentrated alkali solutions are used, then the opti-
mal alkali amount creates favorable conditions for the formation of soap flakes and less increase of non-
saponified fatty acids. In the case of neutralization in a soap-alkali environment (using low concentration
alkali solutions), a decrease in the free alkali content in the soap-alkali solution below the permissible
level leads to the formation of acid soaps, reducing the dissolution efficiency of the resulting soap, as a
result of which the soap and moisture content can significantly increase in the neutralized phase.

It is known that soap-alkali emulsions are formed by spontaneous emulsification of the mixture of
fatty acid — aqueous alkali solution. A distinctive feature of the spontaneous emulsification in comparison
with the mechanical emulsification is the emulsifier formation in the dispersed system itself. When neu-
tralizing with the emulsifier in the system itself, the saponified part of the cotton tar acts. The authors
studied the change in the saponified tar viscosity with the sodium hydroxide excess introduction, and
showed that with increase in the neutralizing agent excess above 20%, the system viscosity increases again
due to the change in the colloidal properties of the system, which subsequently leads to decrease in the
emulsification degree and saponification rate. With increase in the temperature, the viscosity decreases
(figure 3). In order to determine the aggregative emulsion stability, the dispersion of the soap-alkali tar
emulsion was tested using electron microscopic images (figure 4). From the above photos it is seen that in
the case of using the NaOH excess in the amount of 20%, the size of the dispersed phase droplets in the
dispersion medium is the smallest and amounts to 8-10 microns, which has a favorable effect on the
saponification process. The reaction that takes place in this system is on the droplet surface, while the
internal mass transfer is the limiting stage.

The fatty acids are subsequently separated in the form of associates and individual molecules, the
process as a whole follows the model of nonstationary convective diffusion with the introduction of
concentration-dependent transfer coefficient. The analysis of the equation describing this model shows
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Figure 3 — The effect of the NaOH excess on the viscosity of the “cotton tar — fatty acids — alkali” system.
Conditions: the alkali solution concentration — 10%; the saponified tar additive amount — 5%, the temperature, °C:
1 —65;2-90; 3 —115. the process duration — 120 minutes. The viscosity was determined 10 minutes after the start of the process

that the saponified fatty acids concentration on the drop surface is maximum at the beginning of
neutralization and is proportional to the initial acid concentration in the tar mass and the saponified part
concentration in the solution. Table shows the technological indicators of the cotton tars before and during
the saponification process, which indicate that the alkali excess in the amount of 20% contributes to the
viscosity decrease and provides the required rheological and filtration properties, as well as good phase
separation during subsequent processing.

It is known that with increasing the temperature both direct and reverse reactions are accelerated, but
to varying degrees. As a rule, the endothermic process is accelerated to a greater extent than the exo-
thermic. When the temperature in the system of two reactions decreases, the exothermic process flows
faster. Therefore, to determine the temperature effect on the chemical equilibrium, it is necessary to know
the value of the thermal reaction effect. The greater the thermal reaction effect, the stronger the tempe-
rature effect. When studying the temperature effect on the tar neutralization process, it was found that
increasing the temperature has a positive effect only up to 110°C, at higher temperatures due to increase in
the rate of the reverse reaction, the saponification rate decreases (figure 5).

The soap-alkali emulsion formation process during the saponification of the cotton tar fatty acids
takes place in the following order based on the emulsification mechanism [21]:

The fatty acids, gossypol and its derivatives in the tar composition during mechanical action on them
in centrifugal pumps are crushed into large and medium drops and dispersed in the alkali solution to form
the interfacial surface of the mixture: fatty acids — gossypol and its derivatives — alkali.

On the interfacial surface, the fatty acids, gossypol and its derivatives react with the alkali (the
saponification or neutralization reactions) and the soap is formed on the drop surface, the soap begins to
act as the emulsifier.

Molecules of the soap emulsifier are adsorbed on the drop surface, while the hydrocarbon chain or
the hydrophobic part of the soap molecule is drawn into the inside of the drops, and the hydrophilic polar
part of R-COONa is located on the outer surface and forms a protective layer. In addition to the soap
molecules, molecules of the dispersion medium, impurities, gossypol polyphenols and its derivatives are
also included in the protective layer. As a result, the protective layer becomes adsorption-solvate, and the
interfacial surface tension decreases tenfold compared with the tension at a critical micelle concentration,
tending to zero.

Drops in which the soap concentration in the adsorption-solvate layer reaches the equilibrium value
and the surface tension becomes small compared to the tension at the critical micelle concentration, break
up into smaller drops. The dispersion process continues as long as there is decrease in the work of emulsi-
fication. The soap emulsifier concentration in the soap-alkali emulsion at the beginning of the dispersion
process is insignificant and decrease in the surface tension is small. Therefore, the development of the
spontaneous emulsification process flows very slowly and is =1 h in time (in the saponification reaction
this time is equivalent to the time of the induction period).
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Figure 4 — Electro microscopic images of the soap-alkali emulsion “cotton tar — saponified fatty acid — alkali”.
The alkali excess, %: 1-10,2-15,3-18,4-20,5-24,6-28

Technological indicators of the soap-alkali emulsion “cotton tar — saponified fatty acid — alkali”

. . Indicators of the emulsion at 65°C
Composition of the emulsion - —
Density p, kg/cm Viscosity 1, ¢St
Tar 900 4000
Tar + 15% alkali solution 910 3550
Tar + 15% alkali solution (5% alkali excess) 920 3500
Tar + 15% alkali solution (10% alkali excess) 925 3055
Tar + 15% alkali solution (15% alkali excess) 930 2511
Tar + 15% alkali solution (20% alkali excess) 938 2050
Tar + 15% alkali solution (25% alkali excess) 950 2512
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Figure 5 — The effect of temperature on the tar neutralization process duration.
Conditions: the effective alkali solution concentration corresponds to 15%,
the alkali excess — 20%, the saponified tar additive amount — 10%

To accelerate the emulsification process, a part of the saponified tar from the previous feed can be
introduced into the initial reaction mixture. In continuous technologies, this additive can be easily imple-
mented by recycling a part of the reaction mixture leaving the reactor. The authors studied how the
saponified tar additive amount affects the time of the neutralization process in terms of the crude fatty acid
initial content.

Conclusions. Thus, on the basis of the carried out experimental studies, the most favorable mode of
saponification (neutralization) of the tar’s fatty acids was determined, which subsequently provides the
highest yield. The fatty acids are subsequently separated in the form of associates and individual mole-
cules, the process as a whole follows the model of nonstationary convective diffusion with the introduc-
tion of concentration-dependent transfer coefficient. The increase in temperature has a favorable effect on
the saponification process of the tar’s fatty acids to a certain value, however, at higher temperatures, by in-
creasing the rate of the reverse reaction, the saponification rate decreases. The obtained experimental data
show that the cotton oil fatty acid distillation tars can be considered a valuable raw material of free fatty
acids in order to obtain on their basis surface-active non-ionic substances used in the complex preparation
of oil.

K. C. Hagupos', H. III. Orap6aes’, P. K. Haxupos’,
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'M. ©y»308 atbiars: OHTyCTiK Kasakcran Memikerrik yuusepeuterti, Ilbivkent, Kasakcran,
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MAKTA T'YIPOHBIHAH BOC MAMJIBI
KBIIIKBLJIIAPIBIH BOJIIHYI

AHHoTanmsi. bepiiiren mMakanana TEXHOJIOTHSIIBIK (aKTOpIAp/IbIH MYHAH/bl CYChI3aHABIPY MPOLECIHAE KO-
JIAHBLIATBIH KaHa OeTTiK OeNCeHl 3aTTap/blH CHHTE3/Iey TEXHOJOTHSCHIH d3ipiieyre KaKeTTi MakTa TyJIpOHAapbI-
HBIH MailJibl KbIIIKbULIAPBIHBIH CA0bIHaHy NPOLIECIHE dCEPIH 3ePTTeY HOTHKEIePl KeITiplIreH.

Cinri (HaTpHii THAPOKCH/II) KOHICHTPAIMSICHIH TaHJAYAbl HETI3/Iey JKoHe OeHTapanTaHIbIpy NPOLECIHIH THIM/II
PEXUMAEPIH aHBIKTAY YIIIH «TyAPOH-OeHTapanTaHABIPYIIEl PEareHT» KYHECiHIH «KalHay» YaKbIThIHA TOYEI Al CUITi-
HiH MHHHMaJ KaXXeTTi KOHIICHTPAIMSICHIH aHBIKTAYy o/icTeMeci KOJAaHBIIFaH. AJIBIHFAH MOJIIMETTEp HETi3iHAe CiITi
epiTIHAICIHIH THIM/i KOHIIEHTpamAcH §-15% colikecTiri aHbIKTaIFaH, Oy Ke3/1e CUITIHIH apThIK MOJIIepi «KaiHay»
yakpITBIHA dcep erneini. HakTel mapTrapaa epiTiHmizeri HATpUHA THAPOKCHII KOHLIEHTPAIMSICHIHAH THIPOKCHIIBI1
CaHHBIH ©3repy TOYeNIUNIr amblHFaH, MYHAA CUITI epiTiHAICIHIH KOHLIEHTPAIMICHl apTKaH Ke3/le CaObIHIaHy Iope-
JKecifie apTaTBIHABIFEl KOPCETUITeH, alaiila KOHIEHTPAUAHbIH Oenrim Oip MoHiHE neiiH FaHa. TemmepaTypaHbIH
OeliTapanTaHplpy MPOLECIHIH Y3aKThIFbIHA dCepi OpHATBUIFaH. Mailyibl KBIIIKBUIAAP/AbIH MYHAaHra3 cajaachIHBIH
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OPTYpIIi cananapblHIa ©3 KOJJAHBICHIH TalKaH KYHIBI KOHE KOJDKETIMII IIHMKi3aT OOJIBIT TaObLIATHIHIBIFEI KOpPCe-
TIITeH, COHJBIKTAH OJapJbl KAABIKTAP/aH, OHbIH INIHIE AUCTHWULILUSHBIH MaKTa TyIpoHIapbiHaH 65% wmeiiep-
MeH 0eJIil ally MakcaTka cail KoHe SKOHOMUKAIIBIK HEeT13/eJreH.

Tyiiin ce3mep: Mailiibl KBILIKbLIIAP, CA0BIHIAHY, MYHAil, TOCCUIION, JICIMYJIBIaTop, KaiHay, TYTKBIPIBIK, CLITI,
THJPOKCUIIBII CaH, CYChI3IaH/IBIPY, PEareHT, SMYJIIbCHSL.
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BBIJIEJIEHUME CBOBOJHbIX ’KUPHBIX KUCJIOT
N3 XJIOIIKOBOT'O I'YIPOHA

AHHOTanusi. B nanHOW cTaThe NpUBENEHBI PE3YJIbTATHI UCCICAOBAHMS BIUSHUS TEXHOJOTMYECKUX (hakTOPOB
Ha MPOLECC OMBUICHHS KUPHBIX KUCIOT XJIONKOBBIX I'YAPOHOB, HEOOXOIUMBIE JIJIsi pa3pabOTKH TEXHOJIOTHH CUHTE3a
HOBBIX [TOBEPXHOCTHO-aKTHBHBIX BEIIECTB, UCIOJIb3YEMbIX B Mpolieccax 00e3BOKUBaHMS HEPTH.

Jyist 000CHOBaHMS BRIOOPA KOHIICHTPAIMH MIEJIOUH (THAPOKCHIA HATPHS) U onpeacicHust 3Q(HEKTUBHBIX PEXKH-
MOB IpOIIeCCa HEHTpaIU3ally MCIIOJb30BaHA METOAMKA OINPEACICHUS] MUHUMAILHO HEOOXOAMMON KOHUECHTpPAIMN
IIEJIOYH B 3aBUCUMOCTHU OT BPEMEHH «3aKUITAHUs» CUCTEMBI «TYAPOH — OMbLIsIEMbIi peareHT». Ha ocHOBe nonyueH-
HBIX JTAaHHBIX CJIEJIaH BBIBOJ O TOM, 4TO 3()(eKTHBHAsI KOHIEHTpAIMs PacTBOPA LIEJI04H COOTBETCTBYeT 8-15%, mpu
9TOM KOJHMYECTBO M30BITKA IIENOYM HE OKa3bIBACT BIMSHMS Ha BpeMs «3aKuMaHusy. [loydyeHa 3aBUCHMOCTh U3Me-
HEeHHUS! TMIPOKCUIILHOTO YHCJa OT KOHIEHTpAlMU THAPOKCHJA HATPHUS B PAacCTBOpPE, B PEANbHBIX YCIIOBHSX, IJI€
MOKa3aHOo, YTO MPH MOBBIIICHUH KOHLEHTPAL[MK PAaCTBOpA IIEIOYH IIOBBIIIAETCS CTENEHb OMBUICHHS, HO TOJIBKO JI0
OIPEJICNICHHOTO 3HAYCHHs KOHLEHTPAIMU. Y CTaHOBJICHO BIIMSIHUE TEMIIEPATyphl HA MPOJODKUTENLHOCTD Tpolecca
HeiTpanu3aiuu. [Toka3aHo, 4TO KUPHBIE KHUCIIOTHI SIBISIOTCS LIEHHBIM M JIOCTATOYHO JOCTYIHBIM ChIPhEM, HaXO-
JUIIIUE CBOE MPUMEHEHHE B CaMbIX Pa3JIMUHBIX 001acTIX He()Tera3oBoi OTPACIu, IIO3TOMY MX M3BIICUSHHUE U3 OTXO-
JIOB, @ IMEHHO, U3 XJIOMKOBBIX T'YAPOHOB TUCTWUISALNH, C COJEpXKAHUEM HX 0 65%, sBIseTcs menecoo0pa3HbIM U
HKOHOMHUYECKH 00O0CHOBAHHBIM.

KioueBble ciioBa: KUPHBIE KUCIOTHI, OMbUICHHE, HE(PTh, TOCCUIION, AEIMYJILIaTOp, CKUIIaHKHE, BA3KOCTb, IIe-
JI04b, TUIPOKCHIIBHOE YMCII0, 00€3BOKUBAHHUE, PEATreHT, IMYJIbCHS.
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THE EXPERIENCE OF APPLICATION OF MEASUREMENT
UNCERTAINTY EVALUATION METHODS IN CALIBRATION

Abstract. The article reviewed and analysed two methods for estimating the uncertainty of the relative error of
an electromagnetic flow meter (GUM and Monte-Carlo) during its calibration at the developed laboratory equipment
of a mobile geotechnological information and metrological complex (GIMC). Less commonly, the Monte-Carlo
method has shown high confidence in estimating measurement uncertainty and can be considered as a practical
alternative to the GUM method for estimating uncertainty.

Keywords: GUM and Monte-Carlo uncertainty estimation methods, calibration of an electromagnetic flow-
meter, geotechnological information-metrological complex.

Problem statement. In underground leaching of uranium, a large number of technical flowmeters are
applied to consider the flow of working solutions into the feed wells (in average, the number of flow-
meters in a single mine varies from several hundreds to thousands).

To control the technical condition of the flowmeters it is necessary to carry out their periodic calib-
ration. The existing calibration procedure requires the dismantling of the flowmeters from work positions.
All this significantly affects the workflow and leads to an increase in production costs.

The authors conduct the research work on a state grant on the “Development and testing of a mobile
Geotechnological Information-Metrological Complex (GIMC) to increase the efficiency of uranium
mining” theme.

The purpose of the work is to develop GIMC for calibration of flowmeters, which allows to increase
the economic efficiency of uranium mining processes using the underground well leaching method with
application of modern methods for evaluation the measurement uncertainty. The concept of uncertainty is
widely introduced in various areas of human activity in Kazakhstan [1].

The relevance of scientific research work is to develop a new calibration methodology for flowmeters
with the evaluation of the uncertainty of their measurement and the creation of the mobile GIMC for the
calibration of flowmeters without removing them from the operating site. And also, in the development of
a program for calculating the uncertainty of measurement of technical flowmeters, based on the
International “Guide to the Expression of Uncertainty in Measurement” (GUM-1993) [2], and its appli-
cation in the metrological practice of the Republic of Kazakhstan. The Guide (GUM-1993) are an extre-
mely important document. It unifies the methods for calculating the measurement uncertainty and there-
fore allows to compare the measurement results regardless of who made the measurements and where.

After this document was published, it is actively applied in the calibration measuring instruments [3],
and was repeatedly audited, which provides the metrological community the opportunity to correct this
document [4, 5].

“Guide to the Expression of Uncertainty in Measurement” (GUM-1993) considers two approaches to
quantifying measurement uncertainty evaluation: GUM method and Monte-Carlo simulation method. Both
of these methods are applied by the authors in the task of evaluation the uncertainty of measuring a
Coriolis flowmeter applied as an etalon (standard) in GIMC [6].
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In GUM method the main stages in evaluation of uncertainty include the formulation of the measure-
ment task and the calculations. At the stage of formulation of the measurement task the following tasks are
conducted: determination of the output (measured) value; identification of input values on which the
output value depends; drawing up a measurement model. The calculation stage consists of calculating the
mean of the output value, this mean is taken as the value of the estimated output value; standard deviation
of the output value taken as standard uncertainty; coverage interval containing the output value with a
given probability of coverage.

The algorithm for evaluation the uncertainty using this method is given in [1].

The idea of Monte-Carlo method is as follows: each time the measurement function is calculated, the
generated random values of input variables are substituted into it, varying around their nominal value
within the uncertainty interval in accordance with the distribution law.

To apply Monte-Carlo method, it is necessary to select the number m of model estimation that you
need to produce, and the level of confidence p. It is best to choose the value of m a large enough compared
to 1/(1-p), (for example, exceeding it 10° times). The algorithm of Monte-Carlo method is given in [7].

The research. In this article the authors explore the application of these methods to evaluate the
measurement uncertainty of a working electromagnetic flowmeter (EMF).

The evaluation of the measurement uncertainty by GUM method is conducted on the basis of the
standard of the Republic of Kazakhstan “Method of calibration of electromagnetic flowmeters” [8]. This
standard regulates the evaluation of the uncertainty of the relative error of an EMF and offers the
measurement model of the following type:

_9-9,

P

5 x 100, (1)

where O, is the result of flow measurement by an EMF; O, is the result of flow measurement with a
calibration equipment (CE) (a standard Coriolis flowmeter in our work).

The calculation of the measurement uncertainty evaluations includes the evaluations of the
uncertainty for type 4 and type B.

The calculation of type A uncertainty includes the statistical processing of the measurement results of
the EMF and the CE: the calculation of the mean, variance and standard deviation.

The standard uncertainty of the EMF relative error on type A4 is found by the formula:

o (9) RGN
NG -0

p

u,(8) = » where o (5) = 2)

where & {&} is the standard deviation of the EMF absolute error; 7 is the number of measurements.

The type B uncertainty calculation includes:
1) the uncertainty of the readings of the electromagnetic flowmeter Q,, due to the discreteness of the
readings of the EMF d, assuming the rectangular probability distribution:
d
u L) = —,
Bl (Q) ) 2\/5

2) the uncertainty of the CE readings is indicated in the document on it. In case of specifying in the
document on CE only its errors Ap, assuming a rectangular probability distribution:

3)

uBZ(Qp>:A—‘3’, )

where Ap is the CE error;
3) the uncertainty of CE indications due to the discreteness of its testimony, in the assumption of a
rectangular probability distribution:

d
ug(Q,)= 2j§ . (5)

The total uncertainty of type B of EMF relative error is calculated by the formula:
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1,(8) = | Co 3 (0,) + €3 (3(0) +13:,(0,)) (©)
where Cy, is the sensitivity coefficient of the EMF:
100%
Cor = ; (7
o op
where C, is the sensitivity coefficient of the CE:
0,100% )
o T 2
0,
To calculate the total standard uncertainty of the EMF relative error, the formula is applied:
1, (8,) = \Jul(5p) +1ups (5,) 9)

The calculation of the expanded uncertainty of the EMF relative error is fulfilled applying the
formula:

U,(8,) = k- u(&). (10)

Based on the above formulas the algorithms and programs have been developed for calculating the
relative error of the EMF by two methods. The programs are implemented in the LabView graphical soft-
ware.

GUM method calculation. The initial data are the readings of the EMF and the Coriolis flowmeter (as
CE) received on the laboratory equipment of the GIMC. The experiment means the measurement of the
flow value of 0.950 . dm’/h (Opax 1s the maximum value of the measurement range of the calibrated EMF)
by the calibrated flowmeter — O, and by the Coriolis flowmeter - O,; the number of measurements is 11.

To determine the type B uncertainty according to the formulas (3-5), the values of the relative error
and discreteness of the EMF readings and the CE are specified.

As a result of the calculation a measurement uncertainty budget has been compiled, into which the
uncertainty components of the EMF relative error calculated by the above formulas (3—10) are entered.
The program interface with the results of calculating the budget uncertainty of the EMF relative error is
shown in figure 1.

GUM method | Monte Carlo method ‘ Results
Gmas, dmafh Checkpoint, “.0max Qmeas, dm3/h 2
4 7 Calibrated flovmeter A
o 6000 pos 5700/ (EMF), dm3jh —j 0 s701,97 ||ses6,05 |se70 567,51 | |5e67,07 ||s670,65 |Sess,65 ||5670,68 |5685,89 |[5737,39 | |5715,3
Calibration equipmentt 4
Start e dmah o 15609,74 ||5703,75 | [5606,39 |[5702,47 |5702,32 |5701,68 ([5700,51 [s700,65 |Seos,79 [[5700,14 ||5606,66
Error EMF, % oH L i
A ;m Input value Inp'-_lt va!ue Type of Probability Sensitivity Standard Uncertainty
7, estimation uncertainty distribution coefficient uncertainty contribution
Discret EMF,dm3/h
do! Fow rate Sea8, 92 & HORMAL 0,017548 23,0685 0,404891
Error CE,% aceording to the nidcations,
j 0,1 of the calbrated fowmeter,
- Y, dm3; B LUNIFORM 0,017548 0,0268675 1,00051
Discret CE,dm3fh & #h
Jlo.at
fSow rate 520023 & HORMAL 0,017508 2,3284%6 0,0407667
accordng to the indications
of the calbraibn equpment,
Op, dm3h ] UNIFORM 0,017508 3,2009 0,057617
B UMIFORM 0,017508 0,011547 0,000202
Output value Output value [Combined standard Probability Coverage Expanded
estimation uncertainty distribution coefficient uncertainty
P
Reltive emor, % -0,199436 0,4108 NORMAL )19 0,80516
- - Expanded
Nominal Relative error 1 % Rl 08 % | RECORDRESULT

Figure 1 — The uncertainty budget of the EMF relative error
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Monte-Carlo method calculation. The next stage of the research work was to apply Monte-Carlo
method to evaluation the uncertainty of the EMF relative error. The modelling of the process of evaluation
the uncertainty of the EMF relative error was performed as follows:

a) two arrays of random numbers, obeying the uniform distribution laws, of volume m=10° for input
variables are generated:

- O, — the flow measurement results by the electromagnetic flowmeter;

- O, — the flow measurement results by the calibration equipment (Coriolis flowmeter);

b) an array of output value— the EMF relative error 6 was generated,

c¢) estimates of the parameters of the obtained distribution are calculated:

5

- mean value: M (0) = 111 ; where ¢; s calculated by the formula (1);

11

2.8, =M (5))’

1

- total standard uncertainty: u_(J) =

5

10
- expanded uncertainty: U (0) = %[5975000 = 055000 15

- coverage coefficient: k = U(6)/u.(9),
d) obtained measurement result: J +U(5) %, p=0.95.

The program interface with the calculation results of the EMF relative error uncertainty by Monte-
Carlo method is shown in figure 2.

GUM method M™onte Carlo method | Results |

‘Dimension 25000

B
) 1000000 0851932

Checkpaint, %Qmax
s 375000 Nominal

_ (1]
0,453675 Relative error ' Yo

Qr, dm3'h Qp,dm3fh
o o ) . "
'f) 5668, 92 f)l 5700,29 Combined standard uncertainty, %
- ' RECORD RESULT
o siez |_recoro resutt_|
Error EMF, % Errar CE, %
= R o1
J -)l ! Expanded uncertainky, %

Expanded 0,7 0/

Discret EMF,dm3/h Discret CE, dm3fh  |0,652803 )
X ¥ uncertainty

f;] 0,1 iJI 0,01 .
: : of relative error
Coverage coefficient
1,95367
Start

Figure 2 — The calculation results of the EMF relative error uncertainty by Monte-Carlo method

The analysis of the received results. Ten experiments were carried out for four nominal values of the
measured flow (calibration points). The processing of the obtained experimental data was carried out by
both methods - GUM and Monte-Carlo. The uncertainty values of the EMF relative error U(d) for nominal
value of 95% 0, are given in table 1.

— g2 ——
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Table 1 — Experimental data obtained by GUM and Monte-Carlo methods for nominal value of 95% O,

Method GUM
flow Q 5684,24| 5695,98| 5711,02| 5700,13| 5691,16| 5691,16| 5709,97| 5696,67( 5693,15( 5693,95
Smax_permissible % 1 1 1 1 1 1 1 1 1 1
uncertainty U(5) % 0,832 0,805 0,744 0,964 0,619 0,63 0,726 0,781 0,837 0,666
coverage coefficient k 1,96 1,96 1,96 1,96 1,96 1,96 1,96 1,96 1,96 1,96

Method Monte-Carlo

flow Q 5700,02 5700| 5699,98| 5699,98| 5693,98| 5699,98| 5700,01 5700| 5699,99| 5699,99
Smax_permissible % 1 1 1 1 1 1 1 1 1 1
uncertainty U{5) % 0,653 0,653 0,655 0,655 0,654 0,652 0,654 0,655 0,654 0,655

coverage coefficient k 1,954 1,934 1,934 1,932 1,953 1,952 1,953 1,953 1,952 1,952

According to the table, the graphs of the dependence of the relative error uncertainty on the number of
the experiment (x-axis is the number of the experiment) obtained by both methods were plotted (figure 3).

Graph RELATIVE ERROR UNCERTAINTY
—

U,ﬁ‘_ TR

GUM (+U)
cumu Kl
MC (+U)
MC (-U)

RELATIVE ERROR UNCERTAINTY
=]
1

—_—
-0,5 - e et P e e T T PP el L LTI T

EXPERIMEMNT#

Figure 3 — The graphs of the dependence of the relative error uncertainty on the number of the experiment

The graphs received by Monte-Carlo method (solid lines) show a constant value of the uncertainty
scatter of the relative error within £0,65%. The graphs received by GUM method (dotted lines) show
variable value of scatter of uncertainty of the relative error within +£0.9%. In this case, the limit of
permissible relative error of EMF is equal + 1%.

The received graphs let make the conclusions:

1. There are minor differences in the results of calculations by both methods.

2. GUM uncertainty values exceed Monte-Carlo values but do not exceed the permissible respective
error of + 1%. That is Monte-Carlo method provides high accuracy in evaluation of the measurement
uncertainty.

The results of applying the methods of GUM and Monte-Carlo for the four test points during the
calibration of the electromagnetic flowmeter are shown in table 2 (the estimations of the relative error O ,
the expanded uncertainty U, the repeatability (convergence) limit u,, the coverage interval CI).

From a comparative analysis of the data in Table 2 follow the conclusions:

1. Differences between estimates of the measured value (of the relative error) are not available; the
differences of the expanded uncertainties are to 18.8%; the differences of the repeatability are to 16.9%.
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Table 2 — Comparative table of the calculated values for the four test points by GUM and Monte-Carlo methods

Value of the verified point The estimated parameter By GUM By Monte-Carlo Difference, %
5 % 0.007 0.007 0
. U 0.758 0.658 13
25% Of Opax u, 0.379 0.337 11
cI [-0.751; 0.765] [-0.651; 0.665] 13
5 -0.003 -0.003 0
. U 0.790 0.651 17.5
30% of Opax ", 0.395 0.333 15.6
cI [-0.793; 0.787] [-0.654; 0.648] 17.5
5 0.01 0.01 0
. U 0.755 0.655 13.2
75% Of Orax ” 0.377 0.335 1.2
cI [-0.745; 0.765] [-0.645; 0.665] 13.2
5 0.005 0.005 0
. U 0.805 0.653 18.8
95% Of Oax ", 0.402 0.334 16.9
cI [-0.8; 0.81] [-0.653; 0.658] 18.6

2. For all four verified points according to GUM method, the coverage intervals were wider
(maximum by 18.6%) and shifted to the right (to the area of large values). However, at all test points the
coverage intervals in both methods do not exceed + 1%.

3. Monte-Carlo method gives more accurate values of estimated parameters, which is most likely due
to the large number of generated values (is equal to106).

4. Monte-Carlo calculation takes more time (due to sorting and processing of large arrays). But it can
be performed by less qualified personnel (no deep knowledge of mathematics is required).

5. Monte-Carlo method can be considered as a practical alternative to GUM uncertainty evaluation

method.

C.C. )Kycynﬁelconl, JI. K. U6paesa’, C. T. Xan', II. Komana®

' AlMaThI HepreTHKa xKoHe GaiiaHbic yHHBEpeuTeTi, AnMaThl, Kazakcran,
*JT106/HMH TIOHTEXHUKATBIK YHUBEpCHTETI, JTIo6muH, [Tombiia

OJIIIEY AHBIKTAJIMAT'AHBIFBIH BATAJIAY 9ICTEPIH
KAJIMBPJIEY OTKI3I'EHJIE KOJIJJAHY TOXKIPUBECI

AnHoTanusi. Makanaja 93ipJieHreH FeOTeXHOJIOTHSIIBIK aKMapaTThIK KOHE METPOJOTHSIIBIK KEIISHIHIH 3epT-
XaHAJBIK >KaOABIKTApPBIHAA SJEKTPMArHUTTIK MIBIFBIHOIMICYIMTEPre KanuOpiey OTKI3TeHAE OJapIblH CalbICTHIP-
MaJlbl KaTeJIriHiH aHbIKTaIMaFaHIbIFbIH OaranayabiH exi oxicine (MonTte-Kapio xone GUM) 1momy eTkizinesi xoHe
aHanu3neHai. Monrte-Kapio oficiHiH enmney aHBIKTAaIMaraHIBIFBIH OaFajaybIHBIH KOFaphl )KUHAKTAIYBl Oap jKoHE
OyJ1 of1ic etiiiey aHbIKTaIMaraHIbIFbIH OaranayabiH GUM oficiHiH albTepHATHBACKI OOJIBIIT TA0BLTA B

Tyiiin ce3mep: aHbIKTanMaraHIbIKThl OaranaynsiH GUM xone Monrte-Kapio omicrepi, 3JeKTpMarHuTTiK
LHI)IFI)IHOJ'IIJ_IeyiLHTi KaﬂMGpney, T€OTCXHOJIOTUAJIBIK aKHapaTTI)IK JKOHC MeTpOJ'lOFl/IHJ'H)IK KCIIICH.

C.C. )Kycynﬁelcm;l, JI. K. U6paesa’, C. T. Xan', II. Komana®

' AIMaTHHCKHII yHHBEPCUTET SHEPTETHKH U TeIeKOMMyHHKamii, Anvarsr, Kasaxcram,
*JTioGMMHCKHIT TONMTEXHHYECKUi yHUBepeuTeT, JIio6muH, [Tonbia

OIIBIT NPUMEHEHUSA METOA0OB OIIEHUBAHUA
HEONPEJIEJEHHOCTHU U3MEPEHUM ITPU KAJIMBPOBKE

AnHoTanus. B craTee BRIIOIHEH 0030p U aHAMN3 ABYX MeTo70B (MonTte-Kapno u GUM) oneHuBaHus Heompe-
JEJICHHOCTH OTHOCHTEIILHOW MOTPENIHOCTH JIEKTPOMArHUTHOTO PacxoioMepa NpH KaMOpoBKe Ha pa3pabOTaHHOM

— 84 ——
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nmabopaTopHOM 000pYIOBAaHUH MOOWIBHOTO TEOTEXHOJIOTHYECKOTO WH(POPMAIMOHHO-METPOIOTHIECKOTO KOMII-
nekca. Merox MoHTte-Kapiio moka3siBaeT BBICOKYIO CXOAMMOCTh B OLICHKE HEOIPEISICHHOCTH U3MEPEHUSI H MOXKET
paccMaTpuBaTthCs Kak anpTepHatiua MeToxy GUM OlleHKH HeonpeIeIeHHOCTH.

KiroueBbie ciioBa: Metozp! onieHnBanus HeonpenenennocTt GUM n Monte-Kapio, kanuGpoBka 37ieKTpomMar-
HHUTHOT'O pacXxoJ0Mepa, Fe0TeXHOJIOTHYeCKUil HHHOPMAIMOHHO-METPOIOTHYECKIH KOMILIEKC.
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PRODUCTION OF CARBON FIBERS
BY ELECTROSPINING METHOD

Abstract. The technique of carbon fibers synthesis by the method of electrospinning from the coal tar pitch of
the Shubarkol deposit in laboratory conditions is described, the value of the interelectrode voltage is 18-20 kV. The
elemental composition was determined and the morphology of the surface of the investigated sample was studied, the
type of carbon fiber modification was revealed. As a result of energy-dispersive X-ray spectroscopy and SEM micro-
scopy, the chemical composition (C — 84.73%, O — 14.05%, Si — 0.49%, S — 0.73%) was determined and carbon
fiber diameter constitutes from 2 to 9 pm. Raman spectroscopy showed the presence of D peaks (1367 cm™) and
G (1595 cm™), which characterizes carbon materials, as well as a peak at 29000 cm™, which indicates the presence of
CH bonds.

Key words: carbon nanofibre, stone-pitch, electric spinning, composite.

Introduction. Currently, in order to reduce dependence on imports or exports of oil and natural gas,
most countries are keen to actively develop coal chemistry, namely actively develop modern technologies
for deep processing of coal and create materials and products of a new generation on the basis of coals of
different grades. It should be noted that the products obtained by deep processing at a cost several times
superior to the raw materials. Now it is important to understand which methods and technologies in the
field of deep coal processing will be prioritized and will have a positive impact on economic growth.

Among a wide class of nanomaterials, carbon fibers (CF) occupy a separate position, due to the
uniqueness of their physicochemical properties and the prospects for practical application [1]. Carbon
nanofibers (CNF) are a class of materials in which curved graphene layers or nanocones are composed in
the form of a quasi-one-dimensional filament whose internal structure can be characterized by an angle a
between the layers of graphene and the fiber axis [2]. CNF attracted great attention of scientists with their
potential thermal, electrical, shielding and mechanical properties [3], as well as high tension force, low
specific gravity, low coefficient of thermal expansion and chemical inertness. Due to their exceptional
properties and low cost, they are now increasingly used in various materials such as composites produc-
tion [4]. Other areas of nanofiber technology include engineering, wires, capacitors, transistors, diodes for
information technology, systems for transport, conversion and storage of energy, such as batteries and fuel
cells, and structural composites for aerospace structures.

A unique property of carbon fibers is also their relatively high electrical conductivity. Fibers can be
used as heating elements, since their electrical conductivity is close to the electrical conductivity of
nichrome [5, 6].

In the early 1970s, Japanese researchers Koyama and Endo [7] were able to produce carbon fibers
with a diameter of 1 um and a length of more than 1 mm by deposition from the gas phase. Later, in the
early 1980s, Tibbets [8] in the USA and Benissad [9] in France continued to improve the process of
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obtaining carbon fibers by gas-phase deposition. In the US, more in-depth studies on the synthesis and
properties of these materials were carried out for practical use by R. Terry K. Baker [10].

The first attempt to commercialize carbon fibers grown from the gas phase was undertaken by the
Japanese company Nikosso in 1991 under the trademark Grasker [4], the same year Ijima published his
famous article on the discovery of carbon nanotubes. Essentially, carbon nanofibers are produced by the
same process as carbon fibers grown from the gas phase, only their diameter is generally less than 200 nm.
At the present time, many companies around the world are actively involved in the commercialization of
the production of carbon nanofibers and the introduction of new technical applications of these materials,
the latest of which is a carbon nanofibre-porous composite that is used to eliminate oil spills.

The first developments in the production of carbon fibers from the pitch were carried out by Japanese
researchers, who are still holding the first place in the world market for the production of carbon fibers.
The technology for producing pitch-based carbon fiber includes several stages: preparation of the
substrate, synthesis of the fiber by spinning from the melt, stabilization in an oxidizing atmosphere, carbo-
nization in an inert atmosphere, graphitization at an elevated temperature. Activation of carbon fibers
produces materials with a large active surface (from 300 to 1000 m?/g), which are sorbents. The applica-
tion of catalysts on the fiber allows the development of catalytic systems with a developed surface. Due to
the low density (1.7 to 1.9 g/m?®), the specific value of mechanical properties, carbon fibers exceed all
known heat-resistant fibrous materials [11, 12]. Special fibers from phenolic resins, lignin, coal and
petroleum pitches can be used to produce CNF. In this respect, coal precursors are of particular interest,
since they are economically viable, and also present in large quantities in various coal deposits.

Coal pitch - the remnant from the distillation of coal tar after pyrolysis. It is a hard, sometimes
viscous mass of black. High-molecular aromatic hydrocarbons, higher phenols and organic bases predo-
minate in the composition of coal tar pitch. The insoluble part includes free carbon (8-30%, depending on
the melting temperature of the pitch), ash (0.2% and higher), and asphaltenes. The density of the pitch is
1.2-1.3 g/cm®. Pitch are not electrically conductive and insoluble in water, they dissolve only in organic
solvents (pyridine, benzene, etc.) and are resistant to the action of acids [13-15].

Given the potential of nanofibers, interest in production technology is growing. Among technologies,
including templating method, drawing method, phase separation and electrospinning attracted the greatest
interest. We will use the method of electrospinning to produce CNF, since this method is economically
effective on a semi-industrial scale.

Electrospinning is a process that leads to the formation of nanofibers as a result of the action of
electrostatic forces on an electrically charged flow of a solution or a melt [16, 17]. The essence of the
method of electrospinning is that the electrical voltage from 1-100 kW is applied to the solution (melt),
which is fed through a capillary by means of a dispenser [18]. High voltage induces in the solution similar
electrical charges, which, as a result of Coulomb electrostatic interaction, lead to the drawing of the solu-
tion into a thin flow [19, 20]. In the process of electrostatic jet stretching, a series of successive splittings
into more thin flow can occur under a certain ratio of the values of viscosity, surface tension, and the
density of electric charges in the fiber [21]. The resulting flow harden by evaporation of the solvent or as a
result of cooling, turning into fibers, under the action of electrostatic forces drift to a grounded substrate
having the opposite value of the electric potential. The precipitation electrode (collector) must have good
electrical conductivity [22, 23].

The authors of [24] found that by varying the parameters of the process of electrospinning, it is
possible to vary the thickness of the filaments in the range from hundreds of nanometers to several mic-
rons. The method of electrospinning is good because, unlike usual, mechanical drawing of fibers from a
solution, it does not impose high requirements on the chemistry of the process, does not require high
temperatures for solidification of the fiber, and therefore it allows the creation of fibers from long and
complex molecules, as a result of the struggle between capillary and electrostatic forces. Also, the pro-
cesses inside the solution, the charged drop itself lengthens, becomes thinner and dries out in flight.

Electrospinning is a universal and effective method for obtaining continuous nanofibers from
submicron diameters to nanometer diameters, using a high-potential electric field [25, 26]. The technology
can be easily used in the laboratory and can be scaled to the industrial process [27]. Electroconversion of
nanofibers from polymer solutions or melts is of practical interest, since they have many potential
applications [28].
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Optimum nanofibers can be manufactured by controlling the solution, process and environmental
parameters, since the characteristics of the electro-cord are determined by these parameters. It is very
important to avoid the appearance of bubbles, especially for small nanofibres, by controlling the
parameters it is possible to control the pore diameter [28].

A typical electrospinning installation, as shown in Figure 1, consists mainly of three components: a
capillary tube with a pipette or a small diameter needle, a high voltage source, a metal collecting screen.

11 Hagh Yiodimps

Figure 1 — Schematic diagram of the electrospinning installation

On the basis of the foregoing, the goal of the forthcoming work was formulated, which is to produce
carbon fibers on the basis of coal-tar pitch by the method of electrospinning and the study of physico-
chemical properties.

Research method. As a raw material, coal tar pitch, which is formed during the pyrolysis of raw
materials, from coal of the Shubarkol deposit is used.

In the study, the method of electrospinning was used to produce nanofibers in laboratory conditions.
The following instruments were used to prepare the raw material for the production of carbon nanofibers:
ultrasonic bath, laboratory electro spinning device, SEM (Quanta 3D 200i) with an attachment for energy
dispersive analysis from EDAX, HORIBA Jobin Yvon).

We have chosen the method of electrospinning to produce CNF, since this method is acceptable in
laboratory conditions, and thin fibers are formed. Electrospinning is good in that, unlike the usual mecha-
nical pulling of fibers from a solution, it does not impose high requirements on the chemistry of the
process, it does not require high temperatures for solidification of the fiber, and therefore it allows the
creation of fibers from long and complex molecules as a result of the struggle of capillary and electrostatic
forces. Also, the processes inside the solution, the charged drop itself lengthens, becomes thinner and dries
out in flight. Despite the complexity of the physical processes of electroforming, this method is charac-
terized by hardware simplicity, high energy efficiency of production, wide versatility to the materials
being formed and flexibility in controlling the parameters of the process. All this makes the electro-
spinning process attractive for industrial production of nanofibres.
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Investigation of the elemental composition, structure, and dimension of CNF was performed using
energy dispersive X-ray spectroscopy on a SEM device (Quanta 3D 200i) with an attachment for energy-
dispersive analysis from EDAX (NNLOT, KazNU named after al-Farabi, Almaty). For the study, the
samples were attached to a copper holder using conductive adhesive paper. The energy of the exciting
electron beam in the analysis was 15 keV, the working distance was 15 mm.

A study of the type of carbon modification was carried out using Raman spectroscopy using the
Raman scattering method. The Raman spectra of the samples were recorded on an Integra Spectra probe
scanning microscope, using a laser with a wavelength of 473 nm. The spectra were recorded with a 20
second accumulation. Samples were supported as a thin replica on a glass substrate. The spectral detector
CCD3, the wavelength K = 632.8 nm (20 mV), the width of the spectral line was 2.08 cm™. Installation
parameters: power - 35 mW, solid-state laser, grating -600/600.

Results and its discussion. The most important stage in the production of carbon fiber based on coal
tar pitch is the process of obtaining the initial fiber. Pitches are a complex mixture of aromatic and alipha-
tic compounds. The molecular weight of the compounds is relatively small, and only a part of them can be
attributed to oligomers. A coarse brittle fiber can be formed from such systems. Consequently, a good
quality carbon fiber can not be obtained, so low-molecular volatile compounds must be previously
removed to impart fiber-forming properties to the pitch. To increase the molecular weight, the pitch must
be heat treated.

In order to obtain CNF by the method of electrospinning, coal tar pitch is placed in a quartz reactor
and heated to 400°C at a heating rate of 10-15 °C/min and with holding at 400 °C for 3-4 hours (figure 2).
The quartz reactor was heated and cooled in an inert argon medium at a gas velocity of 80 cm’/min. Then
the reactor is cooled and intermediate pitches are collected (figure 3).

Figure 2 — Schematic diagram of the laboratory installation for the synthesis of CNF:
1 - gas cylinder (argon); 2 - quartz reactor; 3 - LATR; 4-temperature sensor; 5 - a flask to control the gas outlet; 6 - gas outlet

100 pm

Figure 3 — Carboniferous coal tar pitch
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The resulting pitch is crushed, 1,2-dichloroethane is added, afterwards the resulting mixture is placed
in an ultrasonic bath for 10-20 minutes for complete mixing. Polymethyl methacrylate is used as a binder,
which is also mixed with 1,2-dichloroethane in an ultrasonic bath for 10-20 minutes. The resulting
mixtures in 1: 1 ratios are placed in an ultrasonic bath for 20-30 minutes.

Ready mixture is dialed into an insulin syringe and installed on the reversing motor. A charge is
applied to the tip of the syringe. Then the engine starts, and with the advent of the first drop the opposite
charge is turned on. The same charge is attracted to the substrate with the opposite charge and nanofibers
are formed (figure 4). Nanofibers are cured by solvent evaporation. The value of the interelectrode voltage
was 18-20 kV. High voltage is the basis of electroforming.

Figure 4 —
Carbon nanofibre obtained
by the method of electrospinning
Electron microscopic images
of nanofibres are shown in figure 5

Figure 5 — Electron microscopic images of carbon fibers: a) x1000, b) x5000, ¢) x10 000, d) x50 000
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The process of electroforming begins when the electrostatic forces between the charges accumulated
in the molding solution and the electric field between the electrodes overcome the surface tension of the
molding solution. The repulsive force between the charges of the same name stretches the viscoelastic
flow of the molding solution.

In figure 5, nanofibers with a diameter of 2 to 9 pm are clearly visible, the structural elements take
the form of fibrils-filamentary formations whose length exceeds their diameter by more than an order of
magnitude.

The results of the elemental analysis are shown in figure 6.
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Figure 6 — Elemental analysis of carbon fiber

As shown in figure 5, the elemental composition of carbon fibers is composed by weight %:
C-84,73; 0 - 14,05; Si—0,49; S—0.73.

Figure 7 shows the Raman spectrum of the sample in the wave interval 200-3200 cm™'. There are
peaks D and G, which characterize carbon materials. The peak position is D — 1367 cm™, the intensity is
2900 units, the peak position is G — 1595 cm™, the intensity is 5401 units. There is also a peak at 2900 cm™,
which indicates the presence of CH-bonds, which indicates the inclusion of polymers in the compo-
sition.
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Figure 7 — Raman spectrum (a) and optical pattern (b) of carbon fibers

Further, we carry out a study on the oxidation and graphitization of the obtained CNF, since the
formed fiber, as a rule, is characterized by low strength and increased brittleness. Such properties are
natural for fibers from oligomers, which are essentially pitches. To increase the strength and impart a non-
meltability, the formed fibers are oxidized in a gas or liquid medium. Oxygen (air), air with additives of
ozone, oxygen or chlorine, a pair of nitroaromatic compounds (nitrobenzene, nitrophenol), dioxide and
sulfur trioxide, ozone oxides serve as oxidants [5]. Since oxidation is carried out at elevated temperatures,
it is heated at a low rate to produce a spun fiber. The oxidation temperature in the air stream is 280 °C for
1 hour at a heating rate of 1 °C. The oxidized fibers are carbonized at 800 °C for 10 minutes at a heating
rate of 5 °C under a nitrogen atmosphere [6]. However, if the carbon content in the fiber is 95%, the
heating rate can be increased to 10°C/min. In this case, the fiber yield reaches 85-90%.

The carbonized fiber is graphitized under tension both during electrical heating and when electric
current is passed through the fiber. Elastic-strength indexes of fibers from pitch can be significantly
increased by stretching during heat treatment at temperatures above 2800°C. Next, the finished fiber is
wound on the coils [5].

Conclusions. Thus, the proposed method for producing carbon nanofibers is built on the basis of the
method of electrospinning, which is the most promising method of industrial production and provides a
product with a relatively high fraction uniformity, which determines the achievement of the strength
characteristics required for structural materials.

In the case of providing Kazakhstani producers with a high quality product that meets all the re-
quirements of the consumer, the need for importing UNV will decrease. There is no market for the pro-
duction of carbon fiber based on coal pitch, although raw materials are not only cheap, but also affordable,

— 90 ——
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and the resulting product, in the final analysis, far exceeds analogues in terms of elasticity. Unique
properties allow the use of carbon fiber in various areas of human life. However, at the moment, industrial
technologies for the production of functional carbon fiber from coal are only under development.

The ecological effect of our study is to create an environmentally friendly technology based on the
processing of secondary raw materials (coal tar and other coal mining waste) to produce carbon fibers and
composites based on them. The creation of this technology will allow to solve the ecological aspect of
utilization of this type of waste with obtaining an economically viable product.

Our technology is unique in that the raw materials we use to produce carbon fibers are a renewable
resource, compared to the technology of obtaining fibers from a variety of other precursors (nylon,
polyester, acrylic, polypropylene, etc.). Prospectivity of these studies lies in the possibility of large-scale
production of carbon fibers from coal tar pitch, which will lead to the appearance of materials and
composites based on domestic production on the Kazakhstan market.

The present work was carried out within the framework of the scientific and technical program No.
IRN BR05236359 on the topic: "Scientific and technological support of coal processing and production of
high-conversion products of carbon chemistry" and by the project No. IRN AP05130707 on the topic:
"Development of technology and creation of production of carbon nanocomposite materials based on
mineral domestic raw materials for gas phase and wastewater purification” funded by the Science
Committee of the Ministry of Education and Science of the Republic of Kazakhstan.
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SJEKTPOCIIMUHHUHI S AICIMEH KOMIPTEKTI TAJIIUBIK AJIY

AnHoTanus. 3epTxaHaiblK karmaiina «lllybGapkem» KeHIIIiHIH KeMipiHEH albIHFaH IEK HETi3iHIe 3JIeKTPO-
CHHMHHMHT OJIICIMEH KOMIPTEKTI TaIIbIK ady/blH diCTEMEC] KeNTipiireH, anekTpoaapaibik kepuey 18-20 kB kypa-
IbI. 3epTTENCTIH YATIHIH JJIEMEHTTIK KypaMbl, OCTTIK KYPBUIBIMbI, KOMIPTEKTI TAJIIBIKTHIH MOAM(UKAIIUS THII
aHBIKTAIbl. DHEPTOAUCTIEPCUSITBIK PEHTICH I CIIeKTpOCKoMus skoHe COM MHKpPOCKOTIHS HOTHIKECIHIE XUMHSUIBIK
kypambl aHbIkTanasl (C — 84,73%; O — 14,05 %; Si — 0,49 %; S — 0,73%) xoHEe KOMIPTEKTI TaJNIIBIKTAH JAaAMETpPi
2-71eH 9 MKM apaibIKThl KYpbLibl. PaMaH CIIEKTpOCKOIHMSI HOTHIKENEpi KOMIPTEKTI Marepualigaplbl CHIIATTAHThIH
D (1367 cm) xone G (1595 cm™') mbiraapsin kepcerTi, coubiMen kKarap CH-Gaitmanpicbina ToH mbie 2900 cv
AHBIKTAJIIBL.

Tyiiin ce31ep: KOMIPTEKTI TAJIIBIK, TACKOMID IAKBIPBI, SIEKTPOCITHHHUHT, KOMITO3HT.
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IMOJYYEHMUE YTJIEPOJHBIX BOJIOKOH
METOJOM 3JIEKTPOCIIMHHUHTI A

Annoranusi. [IpuBeneHa MeToaMKa IOMyYeHHS YIVIEPOIHBIX BOJIOKOH M3 KaMEHHOYTOJBHOTO II€Ka MECTO-
poxaenust «lllybapkoip» MeTOmOM 3JIEKTPOCHMHHHMHIA B JaOOPaTOPHBIX YCIOBHSX, 3HAUCHHE MEXKIJIEKTPOJHOTO
HanpspkeHus coctaBmwio 18-20 kB. OmnpeneneH AIeMEHTHBIA COCTaB M M3y4eHAa MOPQOIOTHS IMOBEPXHOCTH HCCIIe-
JlyeMoro o0pasua, BbISBICH TUI MOAUGDHUKAIMK YIIIEPOAHOTO BOJOKHA. BBISIBICHO, YTO B PE3y/IbTATe SHEPrOAMCIIEP-
CHOHHOM PEHTTeHOBCKON crekTpockonuu 1 COM Mukpockomnu oOHapyxeH xumudecknii coctaB (C — 84,73%;
O — 14,05 %; Si— 0,49 %; S — 0,73%) u AuameTp yrIIepOTHBIX BOJIOKOH KOTOPBI cOCTaBMI OT 2 10 9 MKM. Pe3ynb-
Tathl PaMaHOBKOI1 crieKTpOCKoNMHK nokasan Haamuue mukoB D (1367 em™) u G (1595 cm™'), KoTopsle XapaKTepu3yeT
YIJIEPOIHBIE MaTepHAIbI, TaK XKe oOHapyxkeH mik Ha 2900 cM™', KoTopbIii ykaseiBaeT o Hammuuyu CH-cBs3eil.

KiroueBbie ci10Ba: yriepoaHOe BOJIOKHO, KAMEHHOYITIBHBIN NEK, JIeKTPOCIHHHUHT, KOMITO3UT.
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TECHNOLOGICAL ADDITIVES AS AN ELEMENT
OF DRY MILK PROPERTIES DIRECTED FORMATION

Abstract. The modern development of the food industry is unthinkable without the use of food additives. Their
use makes it possible to improve the finished products quality, give it consumerly attractive properties, increase shelf
life, reduce losses during transportation, expand of the supply’s geography logistics, facilitate the intensification of
technological processes, etc. The carried out complex of studies has made it possible to establish that the introduction
of salt-stabilizers has a significant effect on the change in the basic functional and technological dried whole milk
properties. Analysis of experimental material, obtained for all indicators studied during the work, allows us to
recommend the use of complex phosphate salts in dried whole milk technology. At the same time, it should be noted
that dried whole milk samples with salts, obtained by introducing them into normalized milk and its subsequent
drying, surpass samples with similar salts, obtained by dry mixing, in their qualitative characteristics. This is due to
more intense mechanism stabilizing salts effect on milk protein complex before drying.

Keywords: powdered milk, food additives, technology, quality, dynamics in storage.

Modern innovative development of the food industry is unthinkable without use of wide range of
food additives. Their use makes it possible to improve the finished products quality, give it consumerly
attractive properties, increase shelf life, reduce losses during transportation, expand of the supply’s
geography logistics, facilitate the intensification of technological processes, etc. [1-4].

Currently, there are several legal interpretations of the “food additive” established by international -
Codex Stan 192-1995, interstate EAEU - TR TS 021/2011, TR TS 029/2012 and national documents of
the Russian Federation - FZ dated 02.01.2000 No. 29-FZ. Briefly, the essence of the concept can be
summarized as follows: food additive is a substance or mixture of substances usually not eaten directly by
human, deliberately used in food production with a technological purpose for ensuring production
processes, transportation and storage [4-6].

In Russian Federation, food additives are divided into the following main functional classes: anti-
caking agents (anti-boilers); antioxidants; flour treatment agents; glazing; acids and acidity regulators;
preservatives; colorants; carriers; sweeteners; stabilizers, emulsifiers, fillers and thickeners; flavor
enhancers and aromas; color fixatives (stabilizers) [6, 7].

From the given list of food additives one should single out such a widely used group as “stabilizers,
emulsifiers, fillers and thickeners”, otherwise called technological food additives, which are manifested
either in the purposeful modification of the product constituent parts during technological processing, or in
giving the product a certain quality characteristics due to its own functional and technological properties
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[5-7]. The substances of this additives group play an important role in modern technologies and find
application in almost all sectors of food industry, including the dairy one [3, 6, 7].

Today in the dairy industry one of the urgent tasks is to improve the quality characteristics of canned
dairy products used as dry dairy raw materials (DDRM), and in particular such indicators as thermal
stability, solubility, etc. It is known, that from raw materials with low thermal stability and solubility is
difficult to produce high-quality dairy products, especially with high organoleptic characteristics. The
prospect of processing this raw material in other sectors of food industry, for example, in the confec-
tionery, is very difficult due to used high-temperature treatment regimes and the high acidity of certain
ingredients [8-18].

It should be noted, that for the various food products production, the most demanded of the DDRM is
dried whole milk (DWM). In international practice (Codex Stan 207-1999), a wide range of food additives
is used in its manufacture, namely: stabilizers, hardeners, acidity regulators, emulsifiers, antioxidants, as
well as additives preventing caking and balling. On the territory of the member countries of the European
Economic Union, including Russian Federation, DWM is produced according to GOST 33629-2015,
which rationalizes its production only from dairy raw materials. On the one hand, this is a positive factor -
especially when processing of DWM into reconstituted milk for direct consumption. On the other hand, in
view of the limited amount of high-quality raw milk and the seasonality of its production, the possibility
of producing DWM, for example, from non-heat-resistant raw materials, the quality of which can be
improved by using food additives, is excluded. In this situation, the DWM production with use of salts is
permissible to carry out under technical conditions or standards of organizations [2, 4, 19-21].

The purpose of this work was to establish the feasibility of using different salts to improve DWM
quality characteristics, including depending on the method of their incorporation into dairy raw materials.

Research methods. Standard conventional and original experimental methods were used in the work
[2, 5, 9]. In particular, were studied a number of functional and technological DWM indicators, including
samples in a reduced form: acidity, heat resistance, solubility index, water activity (milk powder),
viscosity, dissolution rate, etc. A three-dimensional experimental study of the samples was carried out on
the "Jeol-840 A" electron microscope (Japan), for which they were previously glued onto special metal
tables after being fixed and dehydrated, were sprayed with gold in the ionic spraying thin coatings
"JFC - 1100". The indicator of the samples water activity was researched on the device “Hygrolab-3” of
the company ROTRONIC (Germany) with digital ventilated station “AwVC-DIO” and results processing
by “HW3” software. The granulometric composition is based on RETSCH analytical screening instal-
lation of the AS200 Control series, equipped with the Amplimatic microprocessor analysis control system
and the Easysievet results processing program.

Milk powder with salts samples were obtained under production conditions on a spray drying unit.
Making salt process was carried out in two ways: the method of normalized milk drying with salt
(DWM1) and the method of dry mixing (DWM?2), which provides for DWM dry mixing with a stabilizer
salt on vibration mixers. At the same time, for the control salt-free sample and DWMI1 samples, the raw
material was used as close as possible to the characteristics. As a dry milk basis for DWM2 samples, dry
milk from the control batch was used. During research, about 7.5 tons of powdered milk with various salts
were produced and feedback was received on the processing of this raw material in various food
industries, in particular on its use in the confectionery products development.

As stabilizer salts under research were used sodium citrate trisubstituted (Na;CsHsO7-5,5H,0)
according to GOST 31227-2004 (E331), sodium disubstituted phosphate 12-water (Na,HPO,-12 H,0)
according to GOST 4172-76 (E339) and complex salt, representing a mixture of sodium phosphates
(hereinafter referred to as polyphosphate). Each of stabilizer salt for all DWM samples were injected in
equal amounts to the mass of the finished product.

Research results. Based on the analysis of preliminary experiments results on the preparation of
DWM with various salts, it was found that, by the criteria of accessibility/quality/price/efficiency, it is
most efficient to use complex polyphosphate salts. To assess the effectiveness of salt addition, salt-free
DWM were further monitored, as well as with Na,HPO,-12H,0 and Na;C¢Hs07-5,5H,0, produced using
maximally one-type technologies.

A rational dosage of salts has been experimentally established previously — 0.3% by DWM weight,
which ensures a stable increase in thermal stability by 1-3 groups and a decrease in solubility index by 2—
3 times.
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Visually researched salts differed in the degree of dispersion and the intensity of dissolution in water.

Figure 1 shows electron microscopic photographs of salt samples at different magnifications (1, 2, 3 -
x500 and la, 1b, 1c — x4000, respectively), allowing demonstrate the differences in the structure of the
objects under study clearer.

As follows from the figure, complex salt has a higher dispersion. In general, significant differences in
the structure of the salts studied are well comparable with the data on their solubility in water. In DWM1
production, salts in normalized milk were made in the form of aqueous solutions, and in DWM2 techno-
logy — Na;C¢Hs07-5,5H,0 and Na,HPO, -12 H,O subjected to additional grinding in order to achieve a
more uniform distribution in milk powder mass.

Figure 1 — Microstructure of the studied stabilizing salts

In order to more fully determine the differences between the studied milk powder samples, their
microstructure was studied. Figure 2 shows electron microscopic photographs of the samples at different
magnifications, which make it possible to demonstrate the differences in the structure of objects clearer.

As can be seen from figure 2, numerous globular particles with varying degrees of dispersion are
detected in all tested milk powder preparations. So, in particular, compared with the control (4a and 4b),
the DWMI samples - 1a, 1b, 2a, 2b, 3a and 3b are characterized by larger globule size, which are largely
connected to each other by means of connecting “bridges”. The presence of the latter causes the formation
of a more coherent structure consisting of “conditional agglomerates”, which, in turn, has a positive effect
on the rate of DWM dissolution process. In the control sample — 4a and 4b, as well as in DWM?2 samples,
a significant proportion of the particles is in free, unrelated state and only a small part is combined with
each other. At the same time, a smaller globule size was observed for these samples. In accordance with
the microstructural studies results, a satisfactory salt dispersion was revealed in DWM2 samples. Figure 2
part 5a and 5b shows the appearance of stabilizer salt particle on a dry milk globule, which clearly
demonstrates the possibility of their identification in product mass.

Results of DWM dispersion, obtained by sieve method are shown in figure 3.

Analysis of the actual particle’s distribution in DWM indicates a significant difference in the particle
size distribution of the experimental products as compared with the control samples. It is noted that in all
experimental samples the number of particles with sizes greater than 0.25 mm significantly exceeds the
control ones. The highest level of passive agglomeration was found in DWM with polyphosphate salt. Has
been established the dust fraction reduction in all DWM with salts, which implies a reduction in losses
during drying process.
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Figure 2 — Microstructure of the studied DWM samples:
1 — DWM with polyphosphate salt, 1a and 1b drying, 1c and 1d — dry mixing, a dotted line indicates salt particle on globule;
2a and 2b — DWM with Na;C¢HsO7-5,5H,0 drying; 3a and 3b - DWM with Na,HPO,-12 H,0 drying;
4a and 4b — control salt-free DWM; 5a — typical surface of control salt-free DWM; 5b — typical surface of DWM with salts
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Figure 3 — Granulometric composition of the analyzed DWM samples
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The introduction of stabilizing salts a priori has a significant effect on milk powder thermal stability
during heat treatment and post-technological storage.

Since the results of a set of controlled DWM indicators revealed the greatest efficiency from the use
of polyphosphate salt, below (figure 4) shows the results of the thermal stability formation (0—0') and its
kinetics in storage at t, (6+2) °C for DWM developed with use of this salt.
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Figure 4 — Formation (0—0'") and dynamics in storage (0'—12) T-in CMS with polyphosphate salt

It has been established that the use of polyphosphate salt contributes to an increase in thermal
stability in the raw material — product chain (0—0") by 1-3 groups and forms its high value during storage.
Similar studies of DWM with control salts showed a lower effectiveness of indicator initial growth
(on average no more than 1 group) and a greater quality loss in storage. It is noted that the use of
Na,HPO,-12H,0 and Na;C¢Hs07-5,5H,0 with the initial value of thermal stability at the level of groups
I-1I is not rational.

The results of solubility index kinetics during storage of the control and experimental DWM samples
are shown in figure 5.
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Figure 5 — Patterns of experimental DWM solubility dynamics when stored for 12 months at a temperature of (6+2) °C
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These dependences confirm the effectiveness of salts use, which were further confirmed by data on
the viscosity kinetics of the reconstituted DWM samples during storage. So, at the beginning and at the
end of the storage, the relative viscosity growth for the control (¢) and experimental (e) samples was as
follows: DWM-c + 27.93%, DWM-¢e + 9.3%. Consequently, the use of salt in DWM technology makes it
possible to significantly stabilize their protein fraction.

Findings. The carried out complex of studies has made it possible to establish that the introduction of
salt-stabilizers has a significant effect on the change in the basic functional and technological DWM pro-
perties. Analysis of experimental material, obtained for all indicators studied during the work, allows us to
recommend the use of complex phosphate salts in DWM technology. At the same time, it should be noted
that DWM samples with salts, obtained by introducing them into normalized milk and its subsequent
drying, surpass samples with similar salts, obtained by dry mixing, in their qualitative characteristics. This
is due to more intense mechanism stabilizing salts effect on milk protein complex before drying.

The obtained data are taken into account in the recommendations on the principles of the directed dry
milk products quality indicators formation for producers and processors of this products group.

A.T. Fancmﬂl, C. H. Typoncxaﬂz, A.E. Pﬂﬁona', E. E. I/IJIJIapI/IOHOBaZ,
B. K. Cemunsitubiii', M. A. Panaesa’, A. H. Ierpos’, /I. E. Hypmyxan6erosa®, J. K. Acem6aena®

'Bykinpeceiinik chipa KaifHaTy, aKOrOIbCI3 KOHE MIAPaIl OHEPKACIOi FHUILIMH-3epTTey HHCTUTYThl — DMBC
¢wmanel B. M. ['op6aToB aTbiHIAFE! «A3BIK-TYJIIK 6HIMACPIHIH (eIepaIbIK FEUTBIMU OPTaIBIFby PFA,
Mackey, Pecei,

*OMBFM «bykinpeceiinik cyT eHEpKaci6i FRUIBIME-3epTTEy HHCTHTYThI», Mockey, Pecei,

3 «Bykinpeceiinik KOHCEPBiNey TEXHONOIHACH FHUTBIMU-3epTTey HHCTHTYTh PMBEFM B. M. TopGaros
aTBIHAAFBI QIITHAT ««A3BIK-TYIIK OHIMAEPiHiH (enepainblK FUIsIMI opTaiblFsy PFA, Mackey, Peceii,

* AJIMATBI TEXHOIOTUSIIBIK yHHuBepcureTi, Anmatsl, Kazakcran

TEXHOJIOTUSAJIBIK KOCHAJIAPJIBI TIKEJIEXA EHI'13Y )KOJIBIMEH
KYPFAK CYTTIH KACUETTEPIH KAJIBIIITACTBIPY

AnHoTauusa. Tamak eHepkaciOiHIH Ka3ipri 3aMaHFBl 1aMybIH TaFaMJIBIK KOCTaJlapJbl MaiaaaaHyCchl3 MYMKiH
emec. Onapapl nmaiiianany JailblH OHIMHIH CamnachlH )KAKCapTyFa, TYTHIHYIIbIFA TAPTHIMIBI KACHETTEPMEH KaMTa-
MachI3 €Tyre, cakTay Mep3iMiH y3apTyFa, TackIMayiay Ke3iHe MIBIFRIHIAPABI a3aiTyFa, ®KETKI3YIiH reorpadusChiH
KEHEUTyTe, TEXHOJIOTUSIIBIK YAEPiCTEeP/l KeaenaeTy xaHe T.0. MyMKiHmik Oepeni. OpbIHAANFaH 3epTTeyep TYpak-
TaHABIPFBINI TY3AAPAbIH CHTI3LTyl TONBIKKAHIBI KYPFaK CYTTIH HEri3ri (QYHKIHOHAIABIK JKOHE TEXHOJOTHSIIBIK
KacHeTTepiHiH e3repyiHe alTapibIKTail ocep €TeTiHIH aHbIKTayFa MYMKiHIiKk Oepai. JKymbicta 3epTresireH 0apibIK
KOPCETKILITep YIIIH alblHFaH SKCHEPHUMEHTTIK MaTepHainapibl Tanaay kemenai ¢ocdar Ty3napblH TONBIKKAHIbI
KYpPFaK CyT TEXHOJIOTHMSCHIHIA KOJIIaHyFa YChIHyFa MYMKiHAiK Oepeni. COHBbIMEH KaTap, HOpMaJlaHFaH CYTKe
EHTI3UITeH JKOHE OJjaH KEeHiHI1 KeNTipy apKbUIbl ajibIHFAH TY3bl 0ap TOJBIKKAHIBI KYpFaK CYT YITijepi, carmaiblK
cumnarramaiapbl OOHBIHIIA YKCAC TY3aplIbl KYPFaK apajacThIpy apKbUIbI allbIHFAH CYT YIITUIEPiHEH achlll KETETiHIH
aTan ©TKeH >KOH. Bysl TypakTaHABIPFBIII TY3IapAblH CYTTi-aKybI3IbIK KELIEHTe KeNTipyJeH OYpBIHFBI acepiH
THTI3€TiH KApKbIHIBI MEXaHU3MiHE OailJIaHbICTHI.

Tyiiin ce3nep: Kyprak CyT, TaFaMJIbIK KOCTAIAp, TEXHOJIOT U, Calla, CaKkTay Ke3iHAeri JMHAMUKA.

A.T. Fancnml, C. H. TypOchaﬂz, A. E. Pﬂﬁosal, E. E. I/Iﬂnapnononaz,
B. K. Cemunsitneiii’, . A. Panaesa’, A. H. Ierpos’, /1. E. Hypmyxan6erosa®, 3. K. Acembaena®

chepoccnﬁCKHﬁ Hay4YHO-HCCIIE0BATEIbCKUI HHCTUTYT TUBOBAPEHHOM, O€3aJIKOTOJIbHOM M BUHOIEIBIECKOI
npombinuieHHOCTH — (rman @TBHY « OHI numessix cuctem um. B. M. T'opbarosa» PAH, Mocksa, Poccus,
*OIAHY «BcepocchiicKuii HaydHO-HCCIIe10BaATEeIbCKHH HHCTHTYT MOJIOYHO#M HPOMBIILICHHOCTH,
Mocksa, Poccus,
3Bcepocc14171c1<14171 Hay4HO-MCCJIeI0BaTEIbCKUM TEXHOJIOTHI1 KOHCEPBUPOBAHUS —
dbumman ®I'BHY «®HI] mumessbix cuctem uM. B. M. I'opbarosa» PAH, Mocksa, Poccusi,
4 AJIMATHHCKHI TEXHOIOTUYECKUH yHHBepcHUTeT, Anmatel, Kazaxctan

®OPMUPOBAHUE CBOMCTB CYXOI'O MOJIOKA ITYTEM
HAIIPABJIEHHOT' O BBEJIEHHUSI TEXHOJIOTHYECKHUX JTOBABOK

Annoranusi. COBpeMEeHHOE Pa3BUTHE MMHUIIEBOI MPOMBIIIICHHOCTH HEMBICIUMO 0€3 MCIOTh30BAHMUS MUIIEBBIX
no0aBok. VX mpuMeHeHHe MO3BOJISET YIAYUIINTh KA9eCTBO TOTOBOW MPOAYKLINH, IPUAATH €i MpHUBICKATEIbHBIC IS
MOTPeOUTENS CBOMCTBA, YBEIMYUTH CPOK T'OJHOCTH, COKPATHTh MOTEPU MPH TPAHCIIOPTHPOBKE, PACIIMPHUTH Te€Orpa-
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(hUFO TTOCTABOK, YCKOPUTH TEXHOIOTHIECKUE TIPOIIECCH U Ap. BHIMOTHEHHBIE HCCIIENOBAHNS I03BOJIMIA YCTaHOBHTS,
YTO BBEJICHHUE COJNCH-CTaOMIN3aTOPOB OKAa3bIBAaET CYMIECTBEHHOE BIMSHUE HAa M3MEHEHHE OCHOBHBIX (DYHKIIMOHAIb-
HO-TEXHOJIOTHYECKUX CBOMCTB CyXOTro IIETHHOTO MOJIOKA. AHAIIN3 SKCIIEPUMEHTAIHHOTO MaTepHaja, IMOTydeHHOTO
M0 BCEM MOKa3aTessiM, U3yYeHHBIM B X0Jie pabOoThI, MO3BOJISIET PEKOMEHJ0BATh MCIIOJIb30BaHNE KOMIUIEKCHBIX (oc-
(haTHBIX coJiell B TEXHOJOTHU CYXOTO IEJIFHOTO MOJIOKa. B TO ke BpeMs cleayeT OTMETHTh, 4TO 00pasIbl CyXoro
LEJIEHOTO MOJIOKA C COJISIMH, TOJy4E€HHBIE IIyTEM BBEACHHUS MX B HOPMAJIM30BAaHHOE MOJIOKO M €r0 MOCIeTyromeit
CYIIKHU, MO CBOUM KAaYCCTBCHHBLIM XapaKTCPUCTHUKaM MNPEBOCXOIAAT o6pa3ub1 C aHaJIOTMYHBIMU COJIAMHU, MOJYYCH-
HbBIMU CYyXHUM CMCIIUBAHUEM. JTO CBI3aHO C 60.]166 WHTCHCUBHBIM MCXAaHU3MOM B03Ilel>‘ICTBHH CTa6l/IHI/ISI/lpy}OIHI/IX
COJICH Ha MOJIOYHO-0CIIKOBBIN KOMIUIEKC TIEPE/T CYIIKOM.
KuroueBbIe cJI0Ba: CyXx0oe MOJIOKO, ITHUIIECBEIC TOOABKH, TEXHOJIOTHUS, KAYECTBO, TMHAMUKA TPU XPAHCHHH.
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ACOUSTIC VIBRATION EFFECT ON GENUS SACCHROMYCES
YEAST POPULATION DEVELOPMENT

Abstract. The intensive development of yeast populations determines the technological and economic effi-
ciency of food and microbiological productions. Because of this, a large number of methods for the microbial
biomass accumulation processes intensification have been developed and applied in industrial practice. The literature
data analysis demonstrates that for the activation of biological, biochemical or other nature objects, the use of various
types of effects is proposed: electromagnetic waves and electric field, laser and X-rays, electron-ion processing, mic-
rowave energy, ultrasound, ultraviolet rays, photoactivation, mechanical-acoustic treatment. However, the effect of
inoculating yeast pretreatment by acoustic vibrations — by the audible range sound — with a fixed frequency prac-
tically has not been studied. The aim of our work was to determine such influence on the development of bottom-
fermenting brewer's yeast populations and, subsequently, their technological characteristics.

For processing of the yeast with the audible range sound, a 3-watt PC column was used, which, in addition to
acoustic, also generated electromagnetic vibrations.

To take into account their impact on the monitored indicators, a comparison variant was used in which the yeast
was exposed only to electromagnetic oscillations, for which purpose the same column with a damaged diffuser was
used. The yeast was treated with a sound of fixed frequency using the “Generator” program for a certain time with an
amplitude of 100% and a sinusoidal waveform. The distance between the speaker and the object to be processed was
3 cm. The processing of the experimental variant was carried out in a soundproofed cell at room temperature. Yeast
that was not subjected to sound and/or electromagnetic vibrations was used as a control. To assess the effect of
acoustic and electromagnetic vibrations on yeast, the yeast populations of all three variants were cultivated - the
control, experimental, and comparison — on a 5% sucrose solution for 3 days at 25-28 °C. Immediately after sub-
stratum inoculation, every day, and also at the end of cultivation, the total cell titer, the percentage of dead cells and
the concentration of solids were determined. As a result of the research, a significant effect of acoustic treatment on
the yeast populations development was revealed, and depending on the frequency of the sound, such treatment can be
either positive or negative. The treatment only by electromagnetic vibrations had an effect on controlled indicators
that was less pronounced and, at many frequencies, was different from that in sound processing, both in magnitude
and in direction. It was established that the acoustic impact at rational parameters can be technologically expediently
for yeast generation and for the activation of the main fermentation.

Keywords: treatment of yeast with a sound of audible range, treatment of yeast with electromagnetic
vibrations, increasing the total titer of yeast cells, intensifying the utilization of dry matter, reducing the number of
non-viable cells.

Introduction. When conducting technological processes based on the use of yeast, the intensification
of the microbial population and/or increasing its productivity development (if yeasts are used as a
producer of certain target substances) is the important task.
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The traditional approaches to ensuring the specified result are supporting the optimal composition of
the nutrient medium, its microbiological purity, rational values of temperature and pH, the use of
stimulants/growth promoters. However, at present, when working with well-studied yeast strains, the
potential of such approaches is almost exhausted. Genetic modification, which improves the yeast’s
desired technological characteristics, opens up significant prospects, but the use of genetically modified
yeasts and, more generally, GMOs in food production causes a wary attitude among a number of food
products consumers.

Because of this, in the last decades research on the possibility of yeast populations development
activating by pretreatment with impacts of different types are being conducted. In particular, it can be
wave/field effects. The aim of our work was to study the results of the effect of the audible range sound
with a fixed wavelength on the technological characteristics of the brewing yeast.

Literature review. Information about the results of the some types of waves and fields impact on
different levels of organization objects is quite extensive. Thus, it is reported about the possibility of
accelerating the barley grains germination due to pretreatment with ultrasonic waves [1]. Barley certainly
belongs to a different level of living matter organization compared to yeast, however, the data presented in
the paper prove the possibility of biological objects ultrasonic treatment not only for the purpose of their
structures suppression or destruction [2, 3], but, on the contrary, to activate their metabolic processes. The
possibility of such treatment effective use, including for the seeds stimulation before sowing, is confirmed
by data published in a number of other sources [4-6].

The yeast ultrasonic processing used in alcohol production have been studied, also [7]. It has been
established that at constant ultrasound power and frequency, by varying only the duration of exposure, it is
possible, by treating the yeast biomass before seeding, to activate the population development, and at the
end of the process by repeated (longer) ultrasound treatment to reduce the number of viable cells
significantly.

The food production thermotechnical processes in the electromagnetic field of ultra-high frequencies
(microwave) are studied. It has been established that the yeast microwave processing efficiency used in
the fermented beverages production may be high, but it depends “on the selectivity of the electromagnetic
field energy extraction” by the yeast biomass [8]. In order to maximize the yeast enzymes activity during
the alcoholic fermentation cycle and the finished product quality, the brewing yeast pressed mass was
subjected to heat treatment for T = 6-15 s in the electromagnetic field of the microwave (frequency 2375
MH?z) to a temperature of 283+3080 K. It is shown that the brewing yeast treatment with microwave range
waves increases their fermentation activity by 265% compared with the control and is significantly more
efficient than heating in a thermostat, while it has a much shorter duration. It was established experimen-
tally that the microwave electromagnetic field effect enhances the alcoholic fermentation enzymes
synthesis, weakens the yeast cells respiratory enzymes synthesis. According to the authors of the work, the
developed method can be used in any industry related to fermentation processes [8]. It is important to note
that in order to achieve a positive result, careful selection of microwave treatment parameters is necessary,
since the same type of effect with other conditions can be used to effectively suppress of microbial, pri-
marily yeast cells development [9].

A method has been developed for treating brewer's yeast, which stipulates exposure to electro-
magnetic oscillations of the millimeter wavelength range. It is reported that the fermentation time compa-
red with the control decreased 1.3 times, the fermentation activity increased 1.3 times, the concentrations
of diacetyl and aldehydes in the green beer of the experimental irradiated variant were about 1.2 times less
than in the control one [10]. The method disadvantages include the possibility of irradiating a yeast
suspension small amount in one session only, as well as its complexity.

In another research, it was found that after a seven-time (daily, exposure time 2 hours) exposure to
electromagnetic radiation with a wavelength of about 6 mm (frequency is about 50 GHz) of a genus
Endomycopsis fungus, an increase in culture activity was observed by 50%. Similar results were obtained
for brewing yeast: exposure to electromagnetic radiation with a wavelength of about 6 mm non-thermal
power level resulted in an yeast fermentation activity increase of 1.2-1.5 times compared to the control
(non-irradiated) sample. After a tenfold irradiation with electromagnetic radiation with a wavelength of
6.4 mm of a genus Aspergillus fungus suspension, an increase in the activity of the culture in 2-2.5 times
was observed [11].
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At the same time, a method has been developed to effectively suppress the vital various micro-
organisms activity with pathogenic properties in relation to the human body, based on the object
irradiation with electromagnetic radiation with a frequency of 20-95 GHz with a power flux density of not
more than 10 uW/cm2 for at least 20 minutes [12].

The microorganisms biological activity changes that were exposed to magnetostatic wave (MSW)
radiation with various parameters for 5 to 60 minutes were studied [13]. Dry baker's yeast and
Saccharomyces bayanus strain LW 185-25 were subjected to irradiation. It was established that during
irradiation in one interval of the MSW the yeast biomass increment increases, while in the other interval it
decreases. The increase in the biomass volume in comparison with the control (untreated) sample can be
as high as 25%, while the decrease can be equal to 15%. The ultrasound multidirectional effects on
microbial cells are confirmed by other authors [14].

The literature provides information [15] on the method of accelerating the microorganisms growth
and increasing the microbial biomass yield when cultured on ordinary nutrient media by treating the
microbial suspension with laser radiation with a certain power, impulse duration and wavelength.

A patent has been issued for [16] a method for producing highly active streptomycetes strains —
avermectin producers by irradiating a spore of a Streptomyces avermitilis culture at least once with short-
impulse X-rays with certain parameters. It can be assumed that with this method of action, it is not the
enzyme systems microorganism-producer activation take place, but mutations in which positive changes
in the genome are fixed in cell generations, ensure the production of highly active strains.

A method has been developed to activate the wine yeast populations development as a pretreatment
with infrasonic oscillations result [17]. For this, a yeast suspension mixture with a sterile wort is treated by
vibration action with a frequency of 5-11 Hz with an oscillation amplitude of 4-5 mm for 15-30 minutes at
a yeast suspension and wort ratio 1: 40-50, respectively. The source of vibration action is placed in the
volume of the mixture at a distance of 1/3 + 2/3 from its surface. This provides an increase in the pure
yeast culture cells mass and an increase in the number of active (living) cells in the finished yeast starter,
allowing to speed up the wort fermentation process, which leads to a decrease in the duration of the
winemaking process.

It should be noted also an indirect method — the use of electrochemically activated systems/solu-
tions — which allows to solve such problems as improving the brewing barley quality, activating malt
enzymes, the effect on grain microflora [18].

Another way to affects the biochemical and biological objects in order to improve their characteristics
is the acoustic treatment by the sound of the audible range.

As a wave, sound is characterized by amplitude and frequency spectrum. Usually, a person hears
sounds in the frequency range from 16-20 Hz to 15-20 kHz. Among the audible sounds should also be
distinguished phonetic, speech sounds and phonemes (of which oral speech consists) and musical sounds
[19]. Published results prove the possibility of changing the biological objects characteristics at various
levels of organization as a result of the action of certain musical compositions or simply voiced fragments
of the text, individual words [20-22], and these changes in living systems can have as positive and
negative character [23]. The musical composition is based on the use of a broadband frequency range, the
individual frequencies of which, hypothetically, can coincide with the resonant frequencies of various
biological objects, including cells. From our point of view, it is impossible or, at least, extremely difficult
to systematize the effect of acoustic vibrations on biological objects by studying the effects of melodies.

The possibility of changing the raw materials technological parameters and semi-products of various,
including food, industries with fixed-frequency sound was demonstrated by a number of studies [24-26].

The reasonability of studying the audible range sound effect on the yeast is confirmed, in our opinion,
by the research results previously conducted at the Moscow State University of Food Production [27-30].
Based on them, it was concluded that sound processing with frequencies from the range of 20-20,000 Hz
provides a significant increase in the target enzymes activity microbial enzyme preparations, hop and light
barley malt extractability. Additional confirmation of the yeast activation method perspectivity by sound
treatment ares data [31], according to which the positive effect was achieved by treating the cell
suspension with a sound with frequencies of 20-20,000 Hz in a rotary pulsation apparatus together with
the use of the activation medium.
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A priori, modern technologies assume the presence of complex process solutions. This applies to the
technology of drinks from animal and vegetable raw materials, general and special purpose. Accordingly,
there is a need to expand the scope of evaluation criteria of quality [32-41].

It seemed to us expedient to assess the effect on the Saccharomyces cerevisiae yeast population, used
for the production of bottom-fermenting beer, of the fixed frequency sound of the audible range only.

Methods. Dried yeast Saccharomyces cerevisiae species S was used as test objects.

A sterilized 5% sucrose solution was used as a nutrient medium.

The yeast was cultured in flasks of 250 cm® with 100 cm’ of the nutrient medium statically, without
stirring at 2628 °C.

The development of populations was evaluated by the change in cultures of the yeast cells total titer,
the solids content, and by the non-viable cells proportion, also. The controlled characteristics values in the
experimental variants were expressed in relation to the control (unprocessed by sound), taken as 100 %.

Dried yeast was processed by sound in a soundproofed cell for 60 min (unless otherwise indicated) at
room temperature.

The sound of a certain frequency was generated using a 3-watt PC speaker using the “Generator
program”; the waveform was sinusoidal.

In view of the fact that sound was generated in the PC speaker due to electromagnetic oscillations, the
acoustically processed object was also subjected to the effects of these electromagnetic oscillations
(EMO). In order to evaluate the contribution of the EMO to possible changes in the controlled charac-
teristics of the processed yeast, comparison samples were used, which were similar weights of yeast,
which were located at the same distance as in the experimental sample, near the PC speaker with a
purposely damaged diffuser that did not generate sound.

The yeast cells total titer was determined by counting in the Gorjaev’s chamber.

Non-viable cells were determined by staining with methylene blue solution (Fink suspension).

The concentration of dry matter (DM) in solutions was determined pycnometrically.

The replication of experiments at all stages of the experiment — not less than 3. The results of
experimental studies were processed by methods of mathematical statistics using Student's criterion.

Results. The preliminary acoustic treatment effect on the dried Saccharomyces cerevisiae species S
brewer's yeast populations development was studied. The acoustic treatment impact on the yeast
populations development in the first series of experiments was assessed by the change in dry matter
concentration in the nutrient medium, the increase in total yeast cell titer and the non-viable yeast cells
proportion.

At the first stage of our research, the problem of determining the presence or absence of the fixed
frequencies sound influence from the range of 20-20,000 Hz generated by an acoustic column, as well as
electromagnetic oscillations (EMO) arising for the generation of certain frequency sound on the popula-
tion brewing yeast development in a model nutrient medium (5% sucrose solution) was solved. In case of
revealing the existence of such an effect, the goal was to determine the most effective for yeast population
activation frequencies. In these experiments, the following calculation was used to assess the change
(decrease) in the sugar concentration in the culture medium: the sucrose concentration decreases in the
experimental sample (pre-pitching sound processing of yeast) and a reference sample (pre-pitching
processing by EMO) for the entire cultivation period (3 days at 25-30 °C) were expressed as a percentage
relative to the value of the same indicator in the control (pitching yeast, not subjected to any processing),
taken as 100% (table).

Based on the experimental data, a significant dependence of the controlled parameters on the
processing of pitching yeast both by sound and electromagnetic oscillations was revealed. Depending on
the frequency, the preliminary processing under the experimental conditions led to both intensification and
inhibition of the development of the brewing yeast population. The greatest decrease in the sucrose
content in the cultivation medium in comparison with the control was recorded in the samples after sound
processing with frequencies of 6000, 8000, 9000, 12000, 17000 and, especially, 19000 Hz. The largest
increase in total cell titer compared with the control was observed in the experimental samples obtained
after exposure to sound with frequencies of 8000, 9000, 12000 and 17000 Hz.

However, at most of the sound frequency indicated values, an increase in the non-viable cells pro-
portion was observed compared to the control. In addition, in the experimental sample obtained after
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The effect of sound processing of pitching yeast on the cultural fluid indicators after 3 days of cultivation

The decrease in the concentration of DM, The increase in cell titer, Non-viable cells,
Freqﬁfz:ncy, % of the control % to control % of control
Sound EMO Sound EMO Sound EMO

20 84.2+2.6 110.5+£3.3 111.3+£6,2 23.542.2 113.6+£3.3 179.0£3.1
1000 40.7+1.7 100.0£1.9 56.1+3.1 45.543.2 59.2+1.8 111.743.3
2000 65.0+£2.2 77.5£2.0 105.4+4.8 76.6£3.5 95.6£2,6 89.4+2.4
3000 107.3£3.4 107.3£2.3 111.4+4.1 101.4£5.1 74.3£3.1 72.8+£2.6
4000 88.4+3.0 53.6+1.4 86.6+3.4 80.8+3.9 86.0+3.7 89.8+3.3
5000 51.7+2.1 117.2+£3.4 117.7+4.4 117.7+4.1 61.0+3.1 57.1£2.1
6000 143.1+4.1 92.2+3.0 84.4+3.7 118.1+4.3 86.7+2.9 97.243.2
7000 94.9+£2.2 179.5+4.1 76.4+4.3 99.5+£3.9 92.0£2.8 85.5+3.4
8000 118.4+5.9 120.4+1.2 145.9+4.4 160.5+5.3 92.0+3.2 113.6£2.7
9000 128.9+4.3 133.3+£3.3 133.34£5.9 141.545.1 95.6+2.9 83.9+2.7
10000 45.5+0.9 54.6£1.9 79.4+3.7 88.6+3.8 110.4+3.3 108.6+3.1
11000 68.2+£1.4 90.9£2.1 115.74£5.0 99.0£3.6 88.8+2.7 93.0£2.9
12000 300.0+4.7 115.843.4 142.4+4.8 138.2+4.4 103.8+2.6 97.1+2.8
13000 85.7+1.7 117.9+£3.2 119.0+5.2 116.7+4.1 108.9+3.1 115.1£1.9
14000 88.9+2.3 100.0+2.8 113.1+4,1 151.4+4.9 129.6+3.9 109.3£0.7
15000 100.0£1.7 225.0+4.7 92.9+3.2 97.1£2.8 96.2+£2.8 101.242.2
16000 78.9+£2.0 73.7+0.9 86.4+2.7 100.4+3.7 101.8+3.0 95.4+1.9
17000 178.6+3.4 121.4+2.0 123.14£5.6 127.8+4.5 113.1+2.7 105.1£2.4
18000 70.0+1.1 60.0£1.5 93.1+4.9 78.5+3.5 104.3£1.9 101.1£3.6
19000 310.0+4.6 180.0+4.1 80.5+£3.7 108.3+4.2 95.1£2.1 98.1+1.8
20000 107.7+£3.2 46.24+2.3 93.84£3.6 82.7+3.7 103.4+2.2 101.4+£2.6

preliminary sound processing at the frequency of 3000 Hz there was an improvement in all three
controlled indicators, although it was not as significant as the increase in individual characteristics of other
samples mentioned above. It should be noted that the pitching yeast EMO processing was on average less
effective than sound one.

Because of this, at the next stage of work, it was decided to carry out clarifying experiments, the
conditions of which were similar to the previous one, except that the cultivation period was 4 days. Besi-
des, it was decided to refuse to set comparison samples (preprocessing by EMO). The value of the DM
concentration loss in the experimental sample was expressed as a percentage relative to the value of a
similar indicator in control sample on the same day of cultivation, and not at the end of the process. The
sound processing was performed at the frequencies of 3000, 8000, 9000, 12000, 17000 and 19000 Hz. The
results are shown in figure 1-3.

This series of experiments results, from our point of view, show that the most expedient is the
preliminary sound processing of pitching yeast at frequency of 3000 Hz (curve 1). In this case after 4 days
of cultivation the most intensive sucrose utilization from the nutrient medium was observed, as well as the
smallest non-viable cells proportion, although from the point of view of biomass accumulation, sound
effects with frequencies of 8000 and 12000 Hz (curves 2 and 4, respectively). Because of this, it was
decided to use the sound frequency equal to 3000 Hz at the next stages of our work as a “starting point”
when searching for rational parameters of pitching yeast acoustic processing in order to intensify the
development of their population.

To solve the problem, experiments were carried out in which different parameters of acoustic treat-
ment were varied. Under the experimental conditions, the best results were ensured by the sound
processing of dry pitching yeast with the following parameters: sound frequency 2765 Hz; processing time
30 minutes; the distance between the processed sample of the yeast and the sound source is 5 cm; the
amplitude of sound vibrations is 100%.
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Figure 1 — The effect of processing by the different frequencies sound on the change
in the dry matters concentration in the nutrient medium
(sound frequency: 3000 Hz - 1; 8000 Hz - 2; 9000 Hz - 3; 12000 Hz - 4; 17000 Hz - 5; 19000 Hz - 6)
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Figure 2 — The effect of processing by the different frequencies sound on the change in the yeast cells total titer increase
(sound frequency: 3000 Hz - 1; 8000 Hz - 2; 9000 Hz - 3; 12000 Hz - 4; 17000 Hz - 5; 19000 Hz - 6)
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Figure 3 — The effect of processing by the different frequencies sound on the change
in the non-viable yeast cells proportion
(sound frequency: 3000 Hz - 1; 8000 Hz - 2; 9000 Hz - 3; 12000 Hz - 4; 17000 Hz - 5; 19000 Hz - 6)

Discussion. Analyzing all the above experimental data, we can make a number of conclusions:

An audible range sound generated by a device for converting electrical signals into acoustic signals
and emitting them into the surrounding space, used for yeast processing before introducing them into the
nutrient medium, in particular, beer wort, can have both positive and negative effects on the development
of a bottom-fermenting yeast population, as well as on the ethanol accumulation in the alcoholic
fermentation process; The direction and intensity of influence depends on the sound frequency and some
other parameters of acoustic processing.

Electromagnetic oscillations applied to the pitching yeast processing also have a multidirectional
effect on the results of cultivation the microbial population, however, for the most part, less pronounced
than the audible sound.

The results of the discussed and previous studies, as well as literature information suggest that at least
one of the sound influence mechanisms is a change in conformation and, as a consequence, the enzyme
molecules activity involved in the yeast metabolic processes, in particular, the alcohol fermentation cycle
enzymes.

Acoustic processing parameters that determine its effectiveness in terms of yeast population
development activating are the sound frequency and its amplitude, the processing time and the distance
from the sound source to the object being processed.

The audible range sound acoustic processing while establishing rational parameters of its imple-
mentation can provide both technological and economic effect during yeast generation or at the stage of
main fermentation of the brewing industry. It is also of great importance in other fermented beverages
technology, including on vegetable raw material beverage [32, 33].
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AHHOTAUMA. ATIBITKB! TOMYIAIUSUIAPBIHBIH KAPKBIHABI TaMYBI a3bIK-TYIIK KOHE MUKPOOHOIOTUSIIBIK OHIIpic-
TEPAiH TEXHOJOTHSIIBIK KOHE SKOHOMHUKAJIBIK THIMIUIITIH aHbIKTaiapl. OChIFaH opail, eHAIpICTIK ToXKipubeae MUK-
pPOOTHIK OMOMacca >KUHAKTAy YACPICTEepiH KYMICHTYMiH KONTETeH OMICTEepl O3ipJeHII JKOHE KOJIAHBUIIBL OeOu
MOJIIMETTEpli TajiayFa OHOJIOTHSUIIBIK, OMOXMMUSIIBIK HeMece OacKa TabuFaT HbICaHAapbIH OeJICEHIIPY YLIIH TOJKbIH
HEMECe epic dCepiHiH IPTYPii TYpJiepiH KOJNJaHy YCHIHBUIAABL. JlereHMeH, TYKbIMHBIH allbITKbLIIAPBIH OCariii Oip
JKUUTIKTETT €CTUICTIH JMana30H JhIOBICBIMEH ANJBIH ajla ©HJIEY ocepi 3epTTeNMErcH. bBi3miH KYMBICHIMBI3IBIH
MAaKCaThl OCBI JCEpJICPIIiH alIbITyla ChIpa AIIBITKBICHIHBIH IMOMYJSAIMACHH JaMBITyFa JKOHE ONaH opi, ONapIIbIH
TEXHOJIOTHSUTBIK, CHITaTTaMajlapblHA OCEPiH aHBIKTAy OONABI. AINBITKBIHBI SCTUICTIH JMANa30HMEH OHJEY YIIiH
aKyCTHKAJIBIKIICH KaTap KOCBIMINA TeHEepalMsUIaibl JKOHE IJIEKTPOMArHHUTTIK aybITKyldapra Kyarel 3BT mepbec
KOMITBIOTEp KOJOHKAChl KOITaHBULABI. OnapaslH OakpIIaHATHIH KOPCETKIMITEpre 9cepiH ecKepy VIIiH, aIllbITKbLIap
TEK 3JEKTPOMArHUTTIK TepOericrepre FaHa yiiblparaH 3apapianran aud¢ysopsl Oap Oip OaraHIbl CalBICTHIPY
HYCKAchl KOJIAHBUINBL. ToxipueOenik HyCKaHBI OoHIEY OenMe TeMmIepaTrypachlHAa OBIOBIC ©TKi30EHTIH YAIIBIKTa
Kyprizinai. bakpuiay perinie IbI0bIC XKoHE/HEMeCe IEKTPOMArHUTTIK aybITKYJIapFa YIllbIpaMaraH alllbITKbI Maliaaa-
HBUIIbI. AKYCTHKAJIBIK )KOHE JICKTPOMATHUTTIK TepOeTicTep/IiH allbITKbIFa dcepiH Oaranay yIIiH OapiblK YII HYC-
KaJIaFbl alllbITKbI TOMYJSIIUACH — OaKbLUIay, TOKIpUeOeiK xaHe calbIcThipy — 25-28 °C temmneparypana 3 KyH OOibI
5% caxapo3a epitiHziciaae exaenai. KopekTik oprara eriireHHeH KeliH KYH CaiiblH, COH/Iali-aK ecipy asKTaJFaHHaH
KeifiH Jepey *aJllbl JKacyla TUTPI, eJli )KacyllalapblH MaibI3bl )KOHE KYPFaK 3aTTap KOHIECHTPALMSCH aHBIKTAJIJIbI.
3epTTey HOTHKECIH/IE aKyCTUKAIIBIK OHICY/IIH allbITKbI MOMYJISLUUIAPbIH 1aMbITyFa alTapiIbIKTail acepi aHbIKTa bl
JKOHE IBIOBICTHIH JKUIJIIriHe OaiilaHbICTBl MYH/IAH ocep OH JK9HE Tepic OOMybl MYMKIH. DJIEKTPOMarHuTTIK TepOertic-
TEp apKbUIbl OHJIEY TeK OaKbUIaHATBIH KOPCETKILITEpre 9CEepiH THTI3i, ajaliia oJapblH KOMIIUIIr XKHULTIKTE jKoHe
KeyeMze e, OarpITTa Ja IBIOBICTHI OHICYACH epeKIIeNneHAl. PalnoHanIsl KOpCeTKIMTepAeri aKyCTHKAIBIK acep
TEXHOJIOTHSUTBIK, TYPFBIIAH allbITYAbl TeHEepalusiay YIIiH KOHE HETIi3Tl almbITyOblH OeNCeHIIpyl MyMKiH eKEHIri
AHBIKTAIIIBL.

TyiliH ce3aep: amBITKBUIAPABI ABIOBICTH THATA30HMEH OHJIEY, aIlIBITKBIHBI IEKTPOMArHUTTIK TepOemicTepMer
OHJICY, allIBITKbI JKacylIaJapbIHbIH JKANIbl TUTEPIH apTThIPY, KYPFAK 3aTTap/bl Koere »®aparylbl apTThIpy, emipre
KaOiIeTTi eMec jkacymraJapAblH CaHBIH a3auTy.

. B. Kapﬂemcol, M. B. FepHeTl’z, E. B. KmeOBal, H. H. Fpuﬁxonaz,
1. E. Hypmyxan6eropa®, J. K. Aceméaena’

'MDenepanbHOE roCyIapCTBEHHOE GIOKETHOE 06Pa30BATEILHOE YUPEHKICHHE BBICIIEr0 0OPA30BAHMS
"MoCKOBCKUI rocy1apCTBEHHBIN YHUBEPCUTET MUIIEBHIX IPou3BOACTB", MockBa, Poccus,
*BeepoccHiickuil HayHO-HCCIIeI0BATENbCKHIT HHCTHTYT MIMBOBAPEHHOI, 6€3a/IKOTONbHOI i BUHOE/TbUECKOH
MIPOMBIIUICHHOCTH — (hrtnan PenepalisHOro0 roCyAapCcTBEHHOTO OI0KETHOTO HAYYHOTO YUPEKACHHS
«®PenepasbHBIA HayYHBIH LEHTp NHUIIEBHIX cucteM uM. B. M. I'opbarosa» PAH, Mocksa, Poccus,

3 ATIMaTHHCKH# TeXHOIOrHYECK i YHUBEpCcHTET, AnMaThl, Kazaxcran

BJIMSAHUE AKYCTUYECKHUX KQHEBAHHﬁ
HA PAZBUTHUE IIOITYJSAIUU JPOXKEU POIA Saccharomyces

AnHoTanus. VIHTCHCHBHOE Pa3BUTHE APOXOKCBBIX MOMYIIUA OOYCIABIMBACT TEXHOIOTHYECKYI0 U IKOHO-
MHYECKYI0 3()()EeKTHBHOCTE psAa MHUIIEBBIX W MHUKPOOHOJIOTHYECKHUX MPOHM3BOACTB. B cmiry 3Toro paspaboraHo u
MPUMEHSETCS B MPOMBIIUICHHOW MpPaKTHUKE OOJBIIOE KOJMYECTBO CIOCOOOB MHTEHCH()MKAIIMHA MPOIECCOB HAKOII-
JIeHUs] MUKPOOHO# OroMacchl. AHAIIM3 JIMTEPATyPHBIX JaHHBIX JIEMOHCTPUPYET, YTO JJIsl aKTUBAIUU OObEKTOB OHO-
JIOTHYECKOH, OMOXMMUYECKON MIIM MHOW MIPUPOABI MPEIaraeTcsl HCIOIb30BAaHNE PA3JIMYHBIX THUIIOB BOJHOBBIX HITH
MOJIEBBIX BO3AEHCTBHA. OIHAKO BO3/IEHCTBHE IPEABAPUTEIBHON 00pabOTKH 3aCEBHBIX IPOXKIKEH 3BYKOM CIBIIIIIMOTO
JMana3oHa ¢ (pUKCMPOBaHHOW YaCTOTOM NMPAaKTHYECKH He u3y4dajoch. Llenbro Hamieil paGoThl ObUIO OIpeneneHHe
TaKOTO BO3JICHCTBUS HA PA3BUTHE MOMYJISIUN MUBHBIX IPOXOKEH HU30BOTO OPOXKCHHS M, B JAJbHEHIIIEM, UX TEXHO-
JIOTHYECKUE XapaKTepucTuku. J[ist mpoBeneHus: 00pabOTKU APOAOKEH 3BYKOM CIIBIIIIMMOTO JHANa30Ha UCIIOIb30BaIN
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kosoHky Jutsi [TK mMomHOCThIO 3 BT, KOTOpas MOMHUMO aKyCTHUECKUX, TeHEPUPOBAIa eIl U JeKTPOMArHUTHBIE KOJIe-
Oanust. Jlyis yuera ux BO3ACHCTBUS HA KOHTPOIUPYEMBbIC MOKA3aTeIH MCIONIb30BaIM BAPUAHT CPABHEHHUS, B KOTOPOM
JIPOMOKU TOJIBEPTaiv BO3JCHCTBUIO TOJBKO 3JIEKTPOMATHUTHBIX KOJICOAHMHM, AJISI Y€ro HWCIOJIb30BAIM TAKYIO XKe
KOJIOHKY C MOBPE&XICHHBIM I dy30poM. OOpabOTKy ONBITHOTO BapHAHTA IPOBOAWIH B 3BYKOM3OJIMPOBAHHON STUEH-
K€ MPHU KOMHATHOHM Temrieparype. B kauecTBe KOHTpOISI HCIIONB30BAIN JPO}OKH, HE TOJBEpraBiiecs o0paboTke
3BYKOM W/WJIM DIIEKTPOMArHUTHBIMU KoJieOaHusMH. J[JIsl OLIEHKH BIMSHUSI aKyCTHYECKHX M AIIEKTPOMAarHUTHBIX
KOJIE0aHUH Ha JPOXOKU MPOBOIMIM KYJBTHBHPOBAHUE JIPOMOKEBBIX MOMYJISIMNA BCEX TPEX BAapHAHTOB — KOHTPOJIb-
HOTO, OITBITHOTO M CPaBHEHMS — Ha 5 %-HOM pacTBope caxapo3sl B TedeHue 3 cyTok mpu 25-28 °C. Cpa3sy mocine 3a-
CEBa HPITaTeJ'l];HOﬁ Cpeabl, KaXXAbIC CYTKH, a TAKXC IO OKOHYAHWU KYJIbTUBUPOBAHUA OIIPCACIIAIN 06LlII/Iﬁ TUTP
KJIETOK, NPOUCHT MCPTBLIX KJIETOK U KOHHCHTPALUIO CYXUX BEHICCTB. B pe3ynbTare I/ICCJIeI[OBaHI/lﬁ 6])1.]'[0 BBISIBJICHO
CYIICCTBEHHOE BIMSIHUAC aKyCTHUECKOW 00paOOTKU Ha Pa3BUTHE JPOXKIKEBBIX MOMYJISIUN, IPUYEM B 3aBUCHMOCTH OT
9acTOTHI 3BYKa TaKO€ BO3ICHCTBHE MOXET OBITh KaK ITOJIOXKHUTEIBHBIM, TaK M OTpUIaTebHBIM. OOpaboTKa TOIBKO
AIIEKTPOMATHUTHBIMU KOJICOAHUSMHU OKa3bIBajla Ha KOHTPOJIMPYEMBIC IMOKa3areind dPQEeKT, MEeHee BBIPAKCHHBIA
MPU MHOTHX YaCTOTaX OTIMYHBIA OT TAKOBOTO MPH 0OPa0OTKE 3ByKOM Kak 10 BEJIMYHMHE, TAK W 10 HAMPABICHHIO.
YcTaHOBIIEHO, YTO AKyCTHYECKOE BO3ACHCTBHE MPH PALMOHAIBHBIX MapaMeTpax MOXKET ObITh TEXHOJIOTHMYECKU
LeNIeCO00Pa3HBIM IS IPONOKETCHEPALIMN | JJIsl AKTHBALMH TIIABHOTO OPOXKEHUSL.

KaroueBbie ciioBa: 00paboTKa ApPOXOKEH 3BYKOM CIIBIIIMMOIO JAMana3oHa, oOpaboTka ApOXIKEH 3JIeKTpo-
MarHUTHBIMH KOJEOAHUSIMH, YBEJIHMYCHHE OOIIEr0 TUTPa KIETOK JIPO}OKeH, MHTEHCU(DHKAIMS yTHUIN3AlUU CyXUX
BEILIECTB, CHU)KEHHE KOJIMYECTBA HE)KU3HECTIOCOOHBIX KIIETOK.
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IMPLEMENTATION OF THE ERS FOR YIELD ANALYZING
OF IRRIGATED LANDS OF SOUTH KAZAKHSTAN

Abstract. Today the agricultural industry of Kazakhstan faces the challenge to make the country enter the list
of leaders of agricultural export. Due to the necessity for ensuring food security and competitiveness of domestic
farmers in the foreign markets, the Ministry of Agriculture of the Republic of Kazakhstan is going to need more
objective information about volumes of crop production. Therefore, Kazakhstan must be very interested in the
development of methods to monitor the agricultural production with the use of information from satellite [1].

This article demonstrates the results of the analysis of cotton yield in the irrigated fields of Maktaaraldistrict of
Turkestan region of the Republic of Kazakhstan; the analysis has been conducted with the use of the Earth remote
sensing data.

Work performed in two stages. At the first stage, field surveys of irrigated tracts were conducted, the state of
cotton fields was assessed. At the second stage, a GIS model of irrigated arrays of the Maktaaral district was built,
NDVI (Normalized Difference Vegetation Index) was calculated during the vegetation period for the period from
2013 to 2018, NDVI change charts were constructed, data on cotton yield were collected, NDVI dependency graph
on yield.

The results of the study showed a high efficiency of applying the methods of remote sensing of the Earth
(hereinafter, RSE) in monitoring irrigated agriculture, in the analysis and in the yield forecast with an accuracy of
0.1-0.3 t/ha.

Key words: Maktaaral district, cotton, irrigated lands, NDVI, ERS, yield, GIS, database.

Introduction. The modern space technologies make an important contribution to the development of
the agro-industrial complex of the Republic of Kazakhstan. The method of using of the Earth Remote
Sensing datato monitor agricultural lands is very relevant for Kazakhstan due to its enormous spaces [2].

One of the most important issues of the Agro-industrial sector of the Republic of Kazakhstan is
improvement of yield and competitiveness of agricultural products, including cotton. The soil of the
biggest south part of the South Kazakhstan region, where cotton is grown is light sierozem soil [3]. Cotton
cultivation has an important role in the economy of the Maktaaral district and in the country's economy.
As of 2016, the share of cotton fiber in the export of agricultural crops is 3.8%, but the export of cotton
exceeds imports by 21.5% [4].

Cotton fields are located in Maktaaraldistrict of Turkestan region (figure 1). The district center
Zhetysayis connected with the villages by asphalt roads. The distance between cotton fields and the regio-
nal center Shymkent is about 330 km.

People of different nationalities live in the district. Most of them are the Kazakhs; there are also the
Russians, Uzbeks, Tajiks, Ukrainians, and Germans. The district is mainly agricultural. The most deve-
loped activities are cotton growing, fruit growingand grape growing.
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) MAKHTARAL DISTRICT

Figure 1 — Location of Maktaaral district on the map of the Republic of Kazakhstan

The climate of the district is characterized by high average annual temperature, relatively small
amount of precipitation, low relative humidity of the air.According to long-term observations, the average
annual air temperature in the district is 13-14°C. The lowest temperature is in January (-0.7°C) and the
highest is in July (+ 26.8°C).The maximum temperature during winter is +18-+24°C. The minimum
temperature is -35°C. The annual amount of precipitation is between 279.7 and 306.9 (m/s Maktaaral). The
maximum amount of precipitation falls in spring, in March and April. There is almost no precipitation in
the warm period from July to October. Air humidityis different during the year. The average absolute
humidity is 8.3 mb, the relative humidity is about 79% in February and 42% in July (Maktaaralmeteo-
rological station). Wind conditions are relatively stable during the year.There is mainly south-eastern wind.
The average annual speed of wind is 1.9 m/s in the western part and 2.5 m/s in the eastern part [5].

Methods. In order to analyze the yield in Maktaaraldistrict, satellitedatahas been interpreted. The
cloudless medium resolution images from archives (Landsat and Sentinel-2) for the vegetation period
2013-2018 have been processed in order to calculate spectral indices and identify changes within the
studied district. The licensed software ArcGIS and Geomatica 2016has been used for processing the ERS
data.

In order to interpret and increase the information content of the ERS data, spectral transformations of
the original satellite images have been carried out. The atmospheric correction of satellite images was
carried out based on the analysis of the spectral profiles of cotton fields on satellite images with the use of
spectral libraries; the calibration factors from Landsat metadata for MTL spectral ranges have been taken
into account, as well as the estimated information on the azimuth/zenith of the Sun at the time of satellite
survey. The matrices of the reflected solar radiation's actual values have been applied for the mathematical
analysis, that is, the calculation of indices.

Figure 2 — Procedure for analysis

The following works have been executed in order to analyze the cotton yield in Maktaaraldistrict
(figure 2):

1. The medium resolution data from satellites Sentinel — 2 andLandSat — 7, 8 have been selected and
downloaded,;
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2. The database, including vector polygons in ArcGIS as the borders of irrigated fields has been
created (figure 3, 4);

3. The NDVI for every polygon for a several-year vegetation period has been calculated; the results
of calculation have been included in the database;

4. The graphs of the NDVI variance during the vegetation period have been made (figure 5);

5. The data on yield for several years has been compared to the graphs of the NDVI variance.

Selecting and downloading the medium resolution data from satellites Sentinel — 2andLandsat — 7, 8.
The data from satellites Landsat 7 and 8 and Sentinel-2 have been used in the experiment. For over
40 years, Landsat program has continuously collected spectral information from the Earth surface. This
unique archival data give scientists the opportunity to assess the changes in the Earth’s landscape over
long periods of time. The Landsat program was created specifically for natural resource monitoring.

The ETM + survey instruments (advanced thematic cartographer) installed on Landsat-7 satellite
provides survey of the Earth surface in six channels with Spatial Resolution (SR) 30 m, and panchromatic
survey with SR 15 m in the thermal IRchannel with SR 60. The swath width is 185 km in all channels.
The surveyinterval is 16 days; theRadiometric Resolution (RR) is 8 bits [6].

The Landsat 8has two Earth-observing sensors: the multispectral scanner OLI created by Ball
Aerospace & Technologies Corporation, and the thermal-imaging infrared sensor (TIRS) created by
NASD Goddard Space Flight Center (GSFC). Both sensors are more advanced than the previous Landsat
instruments. The Landsat 8 observatory consists of the spacecraft bus and its payload of two Earth-
observing sensors. The OLI sensor collects image data for nine short wave spectral channels in a 190-
kilometer swath; the SR for all channels is 30 m, except for the 15-meter panchromatic channel [7-9].

Sentinel-2 is a high resolution European multicurrency and multispectral mission which delivers
optical images from 13 spectral ranges: four 10-meter wide swaths, six 20-meter wide swaths, three
swaths with SR 60 m. The width of the orbital swath is 290 km. Each of the Sentinel-2 satellites weighs
approximately 1.2 ton. Both satellites were launched with the European VEGA launcher. The service life
of the satellite is 7.25 years, including 3 months of in-orbit commissioning. Batteries and propellants are
provided for 12 years of operation, including decommissioning at the end of the service life. Two identical
satellites operate simultaneously; they are installed at an angle of 180° to each other, at an average altitude
of 786 km in the sun-synchronous orbit [6].

An extensive work with ArcGIS software has been executed to create the vector polygon (figures 3, 4).
More than 60,000 vector fields have been created; each of them contains information on geolocation, the
field area and calculated indices (figures 3, 4). The database can be expanded significantly; the data on the
level of groundwater and its mineralization can be included in the future, as well as the indices describing
the water content and soil salinization [10-12].

Figure 3 — Vector polygons of irrigated fields
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Figure 4 — Tables of the geodatabase on polygons

At the next stage, the NDVI for each polygon during the several-year vegetation period has been
calculated; the results of the calculation have been included in the database. The NDVI is a simple
quantitative index of the amount of photosynthetically active biomass which shows the density of vege-
tation on the given surface area.lt is one of the most commonly used solution indices with quantitative
estimates of vegetation.

In formula (1), NIR Reflection in the near infrared region of the spectrum (0.7-1.0 pm); RED is
reflected in the visible region of the spectrum (0.4—0.7 um), NDVI is the index of the spectral reflectivity
of plants. According to (1), the vegetation density (NDVI) at the remote point of the satellite image is
equal to the difference of the intensities of the reflected light in the visible and infrared ranges divided by
the sum of their intensities.

NIR-RED
NDVI = NIR+RED (1)

The calculation of the NDVI is based on the two most stable (independent of other factors) parts of
the spectral curve of the reflection of plants. In the visible region of the spectrum (0.4-0.7 pum) lies the
absorption maximum of solar radiation by chlorophyll of the culture, and in the infrared region (0.7—
1.0 um) there is the region of maximum reflection of the cellular structures of the leaf, that is, high
photosynthetic activity ( associated, as a rule, with dense vegetation) leads to less reflection in the visible
spectrum and more in the infrared. The relationship of these indicators to each other allows you to clearly
separate and analyze vegetation from other natural objects, moreover, if you have performed a sub-
satellite experiment, you can perform vegetation type recognition. The use of not a simple relationship, but
a normalized difference between the minimum and maximum reflections increases the measurement
accuracy, reduces the effects of such phenomena as differences in the light of a picture, clouds, haze,
radiation absorption by the atmosphere, etc. A standardized continuous gradient or discrete scale is used to
display the NDVI index showing values in the range - 1,..., 0, 0.1, ... 1 in% [13-20].

Results. Figure 5 show the development of the NDVI for Cotton field 1 during the vegetation period
of 2018. The peak of the vegetation period of Cotton field 1 is the third decade of August and the first
decade of September; the NDVI is 0.49. The NDVI is calculated for every field; the highest values during
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the vegetation period 2013-2018 are detected. The data on cotton yield in Maktaaraldistrict during the
vegetation period 2013-2018 is collected from EGOV (statistics section). The statistic information is
compared to the NDVI, as it is shown on the graph (figure 7). The graph shows the direct correlation
between cotton yield and the NDVI.

The experiment carried out within the framework of BioWat project has shown the importance and
big potential of the ERS data for analyzing the crop yield.The graph of correlation between the calculated
NDVI and the actual data on harvest is linear; its error is 0.1-0.3 t/ha, that confirms a high probability of
yield forecast.The obtained results prove that the ERS data can be successfully used not only for
monitoring cotton fields, but also for the agriculture in general.
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Figure 5 — Graph of the NDVI development for Cotton field 1 during 2018
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Figure 6 — Graph of cotton yield and NDVI for Cotton field 1during the period 2013-2018

Moreover, the ERS data can be efficiently used for quick detection and response in case of problems
in the irrigated fields.This experiment is important and relevant as this method to monitor the agricultural
production can significantly facilitate people’s work and contribute to improvement and increase of yield.
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Figure 7 — Graph of correlation between the NDVI of Cotton field 1 and cotton yield
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'Cor6acs Yuusepcureri, Anmartel, Kazakcras,
«K. U. Corbaes atsingarbl Kaz¥YT3V» KEAK —
Y. M. Axmenca(uH aThIHAAFBI THAPOTCOIOTHS JKOHE T€0IKOIOTUS HHCTUTYTHI, AnMatsl, KasakcTaH,
3 JIeitOHMIL ATHIHIAFBI ATPO-TAHAIIADTTHI 3ePTTEY OPTabiFbl, | epMaHus

KK3-HbIH OHTYCTIK KABAKCTAH CYAPMAJIbBI MACCUBTEPIHIH
OHIMJLJIITTH CAPANITAY YIIIH KOJJAHBIJTYbI

AnHoTanus. ByriHri TaHzma ayeul miapyaribUIBIK cayiachiHa Ka3akCTaHHBIH aybUl IIAPYaIlbUIBIK ©HIMICPIH
9KCIOPTTAYIAFhl XKETEKIIII MEMJICKETTEP/IIH KaTapblHa KipyiH KaMTaMachl3 €Ty JKOHIHIEC MaKcaT KOWbLUIFaH. OTaHIbIK
nIapyanapablH CHIPTKbI HAPBIKTAFbl 0OCeKere KaOUISTTLIINIH CaKTay JKOHE a3bIK-TYJIIK KayiICi3airiH KaMTaMachl3 €Ty
Oapoicbiaga, KP Aybul mapyaisiiblk MUHHACTPIITIHIH aybll IapyallbulblK OHIMIEPIH OHAIPY Typaibl 0OBEKTHBTI
aKIaparka MYKTaKIbIFBI TybIHIaiabI. COHIBIKTAH aybll MAPYalIbUIbIK OHAIPICIH KEPCEPIKTIK aKmapaTTap apKbUIbI
Kajarajay saicTepiH AaMbITyAblH Ka3zakcTaH yiIiH MaHbI3HI 30D.

Maxaana Kazakcran Pecryommkacel, TypkicTan o0mbicel, MakTaapall ayZaHBIHBIH CyapMallbl MACCUBTEpIHACT1
MaKTa epiCTepiHiH OHIMIIIITIH, Kep/i KAIIBIKTHIKTaH 30HAbUIAY AEPEKTePiHIH KOMETIMEH jKacallFaH capanTaMaHbIH
HOTIDKENIEpi KepceTuIreH. 3epTTey JKYMBICTaphl €Ki dTamnTa Kypriziaai. bipiHmi stanta cyapmaibsl MacCHBTEpPIiH
JTANTabIK 3epTTeMenepl Kypri3inai. Makra anaHgapbIHBIH JKaFIailbl MEH OpHAJIacy €peKIIeTiKTepi TeKCepiIai jKoHe
Garamanapl. ExiHmm sTanm 3epTxaHaga XYpri3iigi, OHBIH imiHae MaxkTaapan ayJaHBIHBIH CyapMalbl MaCCHBTEpIHIH
I'MC wmonem Kypactelppuiabl. MakTaapan aynaHbBIHBIH TeppuTopusaceiHbH 2013-2018 >kpuimap apanbFbiHIA
Bererauus nepuoapiHbiH NDVI — normalized difference vegetation index ecenreninin NDVI e3repic rpaduri TypFsi-
3pULIBL. MakTaapan ayJaHbIHBIH MaKTa OHIMALUIIr Typajbl aknapar sxuHaiasl. NDVI sxone eHIMALTIKTIH OaiinaHbic
rpaduri TYPFBI3bUILIBL

3epTTey JKYMBICTapbIHBIH HOTHXKENIEpl CyapMalbl eriH INapyalibUIbIFIHBIH MoHHTOpHHTiHAE JKK3-HBIH Xko-
FapFBI THIMIITITIH, koHe e oHiMaTikTi 0,1-0,3 T/ra monnikmeH OomkaMaayra O0IaTBIHABIFBIH KOPCETTI.

Tyiiin ce3aep: mMakTaapan ayaaHsl, MakTa, cyapmansl MaccuBtep, NDVI, X)KK3, enimuainik, I'AX, manimerrep
6a3acel, LandSat, Sentinel-2.
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lyHI/lBepCI/ITeT CarnaeBa, Anmartel, Kazaxcras,
’HAO «KasHUTY um. K. 1. Carmaesay —
TOO «HCTUTYT THAPOTEOJIOTHH U Teo3konorud uM. Y. M. Axmencadunay, Anmarel, KazaxcraH,
*Llentp arpo-nanamadTHBIX HccaenoBaHun um.JleiiGuuna, ['epmanus

INPUMEHEHUE /133 JIJ151 AHAJIU3A YPOXKAMHOCTHU
OPOIIAEMBIX MACCHUBOB H0KHOI'O KA3ZAXCTAHA

AHHoTanus. B HacTosmee Bpems nepes CeTbCKOXO03SICTBEHHON OTpacibio MOCTABJICHA 3a/1a4a — 00ECIeUnTh
BxoxJeHue KazaxcraHa B umcio ctpan — JIMJepoB 1Mo DKCIOPTY CeNbX03 KyJIbTyp. B cBs3uM ¢ HE0OXOIUMOCTBIO
obecrieueHHs MPOJOBOJILCTBEHHOM 0€30IIaCHOCTH CTPaHBI M COXPAHHOCTH KOHKYPEHTOCIIOCOOHOCTH OTEUECTBEHHBIX
3eMJIe/IeNbLIEB, HA BHEIIHUX PhIHKAX yBEJIMYaTcsi MoTpeOHocTH MuHHCTEpCTBa cenbekoro xo3siictBa PK B 00bek-
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TUBHOHM HMHpOpManuu 006 oObeMax MPOMU3BOJICTBA CENbX03 KyJNbTyp. IloaToMy pasBHTHE METOHOB KOHTPOJS Hal
CENTbCKOXO03SHCTBEHHBIM ITPOM3BOICTBOM C ITOMOIIBIO CITyTHUKOBOW MH(OPMAIMX MPEICTaBIseT OOJIBIION HHTEPEC
g Kazaxcrana.

B Hactosmieii cratbe moka3aHbl pe3yabTaThl paboT M0 aHANHM3Y YPOXKaHHOCTH XJIOMKOBBIX IOJEH OPOIIaeMBIX
MaccuBoB MakTaapaibckoro paiiona Typkecranckoit obmactu PecryOmukn KasaxcraH, BBITOTHEHHBIX C IIPHMeE-
HEHUEM JAHHBIX AUCTAHIIMOHHOTO 30HIUPOBAHMS 3EeMIIH.

Pabora npoBoauiack B jBa 3tana. Ha nepBom atane, mpoBeJeHbI M0JIEBbIE 00CIEI0BAHUS OPOIIAEMbIX MacCH-
BOB, OIICHEHO COCTOSIHME XJIOMKOBbIX mHoned. Ha Bropom srtame, moctpoena I'MMC-monens opomraeMbIX MacCHBOB
Makraapayibckoro paiiona, BeraucieHsl NDVI (NormalizedDifferenceVegetationIndex) B TeueHue BereTalfuOHHOIO
neprona 3a nepuos Bpemenu ¢ 2013 mo 2018 roxos, nocrpoens! rpaduku usmenennst NDVI, coOpanbl gaHHbBIE IO
YpOXalHOCTH XJIONKa, IToCTpoeH rpaduk 3asucumoctit NDVI ot ypokaiiHocTu.

Pe3synbraTel HccnenoBaHUN TOKa3ail BBICOKYIO 3()()eKTHBHOCTh MPUMEHEHHS METOOB JAWUCTAHIIMOHHOTO 30H-
nmupoBaHus 3emid (nanee, J[33) B MOHUTOPHHTE OPOIIAEMOTO 3eMIICIENbs, B aHAIM3E U B TIPOTHO3E YPOXKAHHOCTH C
TouHocthio B 0,1-0,3 1/Ta.

KuroueBble cjioBa: MakTaapanbCKuil paifoH, XJIOIOK, opomaembie MmaccuBbl, NDVI, /133, ypoxaiinocts, TIC,
6a3a TaHHBIX.
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DIGITIZATION OF THE MINING INDUSTRY.
CONCEPT AND MODERN GEOTECHNOLOGY

Abstract. The current state of digitalization in the mining industry is reflected in international and regional
regulations of all technically developed countries. In 2015, in the Russian Federation it was planned to create the first
industrial consortium to develop the concept of “smart quarry”. The general initiator of the project was the VIST
Group, as well as a number of mining companies in Russia and Kazakhstan. Belarus’s partner is BELAZ, which suc-
cessfully tested the first unmanned heavy dump truck in history. In the “Smart Quarry” project, an important techno-
logical direction is 3D modeling in resource extraction. Here is an interesting example of the Russian company
Vizerra, which creates a virtual reality model of a career and an automated control system for mountain transport
complexes based on the GLONASS satellite navigation technology and a robotized process control system for open-
pit mining. The concept of a “smart” (intellectual) career is also widely developed in other countries where the mi-
ning industry has a high value (Australia, Canada, Chile). The Smart Career project was included in the list of
AutoNet pilot projects of the National Technology Initiative. In the Republic of Kazakhstan, by the example of
processing waste from the Zhezkazgan copper-smelting production, a new geotechnology is being created that
assumes one hundred percent digitization of these processes. The combination of the results of experimental studies
and implemented developments allows us to predict the successful implementation of digitalization processes in the
mining and industrial sector of Kazakhstan. This paper reflects the following features of the digitalization of new
geotechnologies developed in the Republic of Kazakhstan.

Keywords: digitalization, geotechnology, leaching, ecology, waste, functional diagram, experiment.

The existing concept of digitalization in the mining industry has a number of significant differences
from the developed modern methods of automation of production, working from the industrial power grid.

Using the example of digitalization of the leaching process, it is shown that to implement this
concept, an integrated approach to the study and subsequent use of natural mass transfer processes using
an autonomous mode of operation is necessary.

A digitalization matrix is proposed for obtaining specified properties when implementing various
interaction mechanisms at the phase boundaries. It is shown that the existing system does not possess
sufficient knowledge-intensiveness and therefore the digitalization of the mining industry should be
carried out taking into account the development of new geotechnologies, providing for an autonomous
power supply.

Introduction. He relevance of the work is due to the need to replace unproductive labor with auto-
mated 3 D processes. Last year, a representative forum was held in the city of Minsk, which outlined the
main priorities in the digitalization of the mining industry. It was shown that the digitalization process is
already well underway in many enterprises, covering the logistic, economic and analytical areas [1, 2].
The software is carried out according to the fractal principle with a pyramidal complication depending on
the volume of operations performed. According to these conceptual features, particular tasks are solved
that do not require scientific content, i.e. It is based on existing technology. A number of processes that

— 121 ——



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

exclude the presence of a person are automated, the development of the information flow depends entirely
on the characteristics of the power supply system.

A common disadvantage of the achievements presented in the reports is the complete lack of solu-
tions to environmental problems and social problems associated with the release of a large number of
personnel. In addition, the existing restrictions related to the digitization of old technologies cannot pro-
vide a breakthrough to new solutions, to new geotechnologies.

In the modern mining industry there are a number of geotechnologies that do not require human pre-
sence in the underground space during the mining method of mining. The technologies associated with the
processes of cold nuclear fusion (CNF) and other, for example, information technologies are being
actively developed. Digitization of future geotechnologies requires a high level of professionalism for the
successful solution of the tasks. This paper gives an example of the creation of a new geotechnology for
leaching of enrichment wastes, TMT, poor ores and dumps [3, 4]. In this connection, there are problems of
studying all the natural processes that accompany this phenomenon. The results of physical modeling
showed the feasibility of such processes in real conditions without the use of expensive services of the
industrial power grid. In addition, special attention should be paid to the deep study of natural phenomena
in order to develop such geotechnologies, in which conditions are created for an autonomous mode of self-
feeding and regulation of productivity. In the presented work there is an opportunity to analyze the
difference between the concept (lat. — system of understanding) of digitalization, the reliability of which
depends on the state of the power unit and the concept of digitalization of the mining industry, which is
developed taking into account the influence of the complex interaction of natural factors.

Methods. To solve this problem, physical modeling methods have been used, for which the necessary
theoretical substantiations have been created in the form of digitalization matrices for the processes of
obtaining specified properties. The advantage of the modeling method created by us is an integrated
approach to all the natural phenomena of a real array.

The result of this work is the development of a new project for the restoration of disturbed lands,
which provides for the complete digitalization of all processes occurring in natural conditions. The draft
sketch being developed has an autonomous power supply, which allows to fully automate the following
processes:

- dissolution and sedimentation of minerals;

- their mass transfer depending on the position by countries of the world;

- tidal - tidal effects;

- capillary interactions.

Figure 1 shows the layout of processing nodes in such a project. A distinctive feature of the project is
the presence of a bypass channel, a constant water level in which is maintained automatically.

z

Figure 1 — Scheme of the location of mineral processing units for leaching of minerals:
1 — polygon array; 2 — collectors (4 pieces); 3 — gateway system elements (4-5 pieces);
4 — water treatment unit; 5 — well; 6 — polygon bypass channel; 7 — power converter unit (4 pieces)
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Figure 2 — Functional diagram of the leaching process: 1 — main reactor; 2 — auxiliary reactor;
3 — ore to be processed; 4 — electrodes; 5 — converter; 6 — piping; 7 — productive solution

The functional diagram is shown in Figure 2, it implements the transverse interaction of the following
flows:

- concentration AC: AC=Cl1 -C2, (1)

- capillary: FT = FH, (2)

where FT is the force of gravity; FH is the surface tension force;

- convection: AT =T1 - T2, (3)

- gravitational: P = mg - ma, (4)

where P is weight; m - Mass; a - Acceleration; g - Free fall acceleration.

Discussion. For each of the listed mass transfer streams, there are mechanisms developed to control
them in the automatic control mode of each process separately and in complex combinations [5]. Physical
modeling of these processes was carried out in the laboratory. Pilot — industrial tests were successfully
carried out in Zhezkazgan on copper smelting production wastes. The obtained results allow us to predict
the economically - beneficial implementation of the development on all types of dumps, poor ores and
industrial wastes of existing industries.

Here it should also be noted that according to the concept of M. V. Lomonosov [6] each field is an
autonomous reactor, continuously reproducing those obtained minerals, which are due to the geometrical
location of the reservoir massif. These problems also require research, although they are related to the
solution of problems of cold nuclear fusion (NSF). In this case, it is necessary to know the conditions for
focusing incoming external influences.

At the stage of carrying out laboratory work, it is possible to analyze the possibilities of the mecha-
nisms controlling the properties in the reactions taking place at the interface (see table 1).

Table 1 — Matrix of digitalization of the processes of obtaining specified properties
at the system output (interaction mechanisms at the interface) (3x3)

Levels of con- Frequency range, (Hz) ¢’

scattering (exoemission)

reactions

sideration,
m Films Liquid Films of organic Type
Electronic of liquid metals film compounds of controlled
102 10'2- 10" 102107 107-10° process
. 9 . B . . . .
Lattice > 10 Elastic and inelastic Tonization Radiation - chemical Tntraphase Uniformity

Structural > 107

Phototransformation

Surface - active

Structuring,

Concentration disequilibrium

consideration, m

conditions of
heterogeneous phases

processes oxidation, reduction

Control method Heat generation Sorptlop, Polymer.lzatlon ' Interphase disequilibrium
desorption (synthesis, destruction)

Levels of Change in contact Resonance Capacitive Method of kinetic correspondences

of reactions of actions and response
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This table shows the main mechanisms controlling the chemical and physical properties of the
processes occurring at the interface, depending on the spatial-temporal parameters of the «impact-response
system» [7, 8].

The development of theoretical aspects of the digitalization of the mining industry requires systemic
knowledge of the properties of substances for different levels of consideration.

In systematization of knowledge about solid materials, the most significant are the size of their
structural elements (spatial characteristic) and the period of their oscillations around the equilibrium
position (temporary characteristic). Then, according to the level of significance, the space-time parameters
of the influencing medium follow, since the state of the material under external influence depends on the
relaxation time. The effect of external power is more dependent on the boundary conditions for the
interaction of direct and reverse processes [9-15].

To identify causal relationships when exposed to external sources of variable fields with a solid
substance, spatial-temporal parameters affecting the mass transfer, state and boundary conditions of the
interacting phases are selected. At the same time, the following distance scales for any level of structures
were selected for systematization by spatial attribute:

- macroscopic — near the scale of zero degree, 10° M - 1 u;

- polycrystalline, 10~ m;

- monocrystalline, 10 m;

- lattice, 10” m;

- electronic, 107" m.

Each model, changing through three orders of distance [7], has a specific leading element of the
structure, its own group of relations of the physical model, its own group of mathematical realizations.
Each group corresponds to a specific range of vibrations of the elements of the structure, which differs
from each other by three orders of magnitude [16-20]. The analysis of causal relationships is performed
according to the scheme (table 2) of the dialectical-logical approach to any problem under consideration,
i.e. taking into account the categories of single, common and universal for each spatial level
(B.A. Koyshibaev).

This scheme contains information for the analysis of cause and effect, taking into account the large-
scale (spatial) signs in combination with the time (frequency spectrum) possibilities of manifestation. If
the vertical columns arrange the levels of consideration by the scale of the distances, and the horizontal -
the vibration frequencies (temporal sign) of the corresponding elements of the structure for each level,
then you can systematize all types of mass transfer for solids [21-26]. In addition, for the mathematical
implementation it is necessary to take into account the capacitive capabilities in the absorption of a certain
type of radiation, which is entirely determined by the state of the material at the moment of radiation.
Therefore, there is a need to systematize according to the same signs of solid states (table 3). During the
analysis, the dialectical principles developed by BA Koyshibaev were used.

Table 2 — Matrix of system interconnections for the processes of accumulation and discharge of voltages
for a solid substance, taking into account the space-time features

Private ran%lez, Oscillation Oscillation Oscillation Oscillation spectrum
spectrum spectrum spectrum of other
Levels of electrons, of point defects, of linear defects, discontinuities
I 10"°-10" 1010’ 10°-10° 10°-10°
of consideration, m
Electronic, 102 Contact potential Self diffusion Polarization Electroacoustic
difference emission
Lattice, 10° ThermoEMF Diffusion Polymorphic Martensitic
(thermal conductivity) | (concentration transfer) | transformations transformations
Structural, 10 Thermo Magnetism Intragranular Grain boundary Twinning
deformation deformation
Real sample scale, 107 Thermoelectro Newtonian current Non-newtonian flow | Superplasticity
Resilience
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Table 3 — The matrix of solid states by space-time basis

Private range, Oscillation Oscillation Oscillation Oscillation spectrum
Hz spectrum spectrum spectrum of other
of electrons, of point defects, of linear defects, discontinuities
Levels 10°-10" 10"-10° 10°-10° 10°-10°
of consideration, m
Electronic, 1072 Conductive state Tonized Ordered Scale effects
Lattice, 10 Monocrystalline Polycrystalline state of | Polymorphism Magnetostriction
state solid solutions (transformation) Electrostriction
Structural, 10 Amorphous state Polycrystalline state of | State of phase Shape memory effect,
mechanical mixes boundaries piezo effect
Real sample scale, 10 Elastic state Plastic condition Hardened, weakened Superplasticity,
state fragility

Thus, the combination of the obtained results of experimental studies and the developed theoretical
background for digitalization in the mining industry allows us to draw the following conclusions:

1. The existing concept of digitalization in the mining industry has a number of significant
differences from the developed modern methods of automation of production, working from the industrial
power grid.

2. Using the example of digitalization of the leaching process, it is shown that to implement this
concept, an integrated approach to the study and subsequent use of natural mass transfer processes using
an autonomous mode of operation is necessary.

3. A digitalization matrix has been proposed for obtaining given properties when implementing
various interaction mechanisms at phase boundaries.

A.E. BopoﬁbeB', I. II. Merakca®, E. M. Bostenos?, A. C. Meraxca®, %K. H. Aanmesa’

'"Poccuiickuii yHHBEpCHTET ApYXKObI Hapo10B, Mocksa, Poccus,
1. A KynaeB atbianarsl Tay-keH ici uHCTUTYTbI, Anmatel, Ka3axcran

TAY-KEH OHEPKOCIBIH IU®PMEH KAMTAMACBI3 ETY.
TYXBIPBIMJIAMA KOHE KA3IPI'I 3AMAHYBI TEOTEXHOJIOT' WA

Annotanusi. Tay-keH eHepkaciOiHeri HudpIaHIbIPpyIbIH aFbIMAAFBI )KaFJalbl OapIIbIK TEXHUKAIBIK JaMbIFaH
eNJIEP/IiH XaIbIKAPAIBIK )KOHE OHIPIIK epexenepinae kepinic tantel. 2015 xputel Peceit @enepanuschiHga «aKbUTIBI
Kapbep» TY>KBIPBIMIAMAaChIH 33ipJiey YILIIH alFallKbl @HEPKICINTIK KOHCOPIUYM Kypy *kocrapianraH. JKobaHbIH 6ac
nmemeymrici VIST Group, conpaii-ak Peceit men Ka3akctanHbIH OipKaTap Tay-KeH KOMIaHHIApel 00nasl. bemopyc-
custHbIH cepikTeci BEJIA3 GombIn Ta0BUTaqBI, O TAPUXTAFEI OipiHIII YIIKBIIICH3 ayBIp CAMOCBAN TaOBICTHI CHIHAMIBL.
«Smart Quarry» >k00acslHIa MaHBI3IBl TEXHOJIOTHSUIIBIK OaFbIT pecypcThIK eHAipicte 3D Moxenmey Ooubim TaOBI-
nanel. Peceitnik xomnanusi Vizerra - MaHCaNThlH BUPTYasibl HaKTbUIBIK Mojenin xoHe [JIOHACC cnyTHHKTIK
HAaBUTALMSIIBIK TEXHOJOTHSFA HEri3JereH Tay-KeH KoK KelleHIepiH 6ackapyablH aBTOMATTaHABIPUIFaH JKYHeCiH
Kacaliipl JKOHE allbIK Kapbepli OHIIpyre apHajiFaH poOOTTalFaH yIepicTi Oackapy KYHECiH KbI3BIKTBIPaJIbL.
"AKpUIIBI" (BUATKEPIIIK) MaHcal TY>KbIPbIMaMachl OHAIPYILI ©HEPKACII KOFapbl MOHre He 0acka enjepae Ae KeH
namyna (ABcrpanus, Kanana, Yunm). "Axpuiasl MaHcan" »xo0achkl ¥JITTHIK TEXHOJOTHSIIBIK OactamaHblH "AutoNet"
MWIOTTHIK JKoOanmapbiHblH Tiz0ecine eHmi. KP-ma JKeskasran MbIc OaiKbITy OHMIPICIHIH KaJIBIKTAPBIH OHJCY
MBICAJIBIH/IA OCHI POLIECTEPl KY3 Maifbl3 TH(PIaHABIPY 16l OODKAMTBIH JKaHA TeOTEXHOJIOTH Kypbutyaa. Taxipu-
Oerik 3epTTeynep MEH eHrI3UIreH a3ipieMenepliH anbiHFaH HoTwmkenepiHiH >KUBIHTHIFBI Ka3akcTaHHBIH Tay-KeH-
OHEPKACIN caylachIHAaFbl HU(PIaHIBIPY NMPOLECTEPiHiH TaOBICTHI iCKE achIpBUIYBIH OOJDKayFa MYMKIHIIK Oepei.
By sxymeicta KP-ma o3ipieHeTiH jkaHa TeOTEXHOMOTHIAPABl TH(QPIAHIBIPYIBIH MBIHAIAaH epeKIIeNikTepi Kepce-
TiJTeH:

- Tay-KEH CallaCBIHAAFBI (P PIAHIBIPY TYKBIPHIMIAMACEIHBIH OHEPKICINTIK 3JEKTP JKETICIHEH )KYMBIC ICTEHTIH
OHJIIpicTep/Ii aBTOMATTAHBIPY/IbIH Ka3ipri 3aMaHFbl TOCLIepiHeH OipKaTap eseyJil alblpMallbUIbIFbI Oap.

- CUITICI3JCHAIPY NpOLECIH HU(PIaHABIPY MbICATBIHIA OChl TY)KbIPbIMIAMAaHBl ICKE achlpy YIIIH mMaiigana-
HyZBIH aBTOHOMBI PEXKUMIH KOJIZaHa OTBIPBII, MAacCONEPEHOCTHIH TAOUFHU MPOLECTEPIH 3epTTeyre koHe KeliHHEH
naijajnanyFa KeleH/1i TaCI KaKeT eKeH I KOpCeTiIreH.
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- (pazamapapl Oery mIekapachHIA ©3apa OPEeKETTECYAiH OPTYPIIi MeXaHU3MIEPIH iCKe achpy Ke3iHae OepinreH
KacHeTTepli any VIIH OAQpIaHIbIpy MaTpUIAchl YCHIHBUIFAH. KOJmaHBICTaFBl XYHEHIH >KETKUTIKTI FBUIBIMIBI
Ka)XeT CIHETIH/Ir XKOK eKEHIIIT1 KOPCETUITeH, COHIBIKTAH Tay-KeH CaIaChIH HU(PIAHIBIPY aBTOHOMIBI SHEPTUAMEH
KaOIBIKTAY bl KO3JEHTIH JKaHa Te0TEXHOJIOTUIIApbl JAMBITYIbl €CKEPE OTBIPBIII XKY3€re aChIPhLTYbI THIC.

Tyiiin ce3mep: mudpiay, reoTeXHOJOTH, IIaiiMaiay, SKOJIOTHS, KaIIbIKTap, (yHKIMOHAIABIK IHarpamma,
IKCIIEPUMEHT.

A.E. BopoﬁbeB', I'. II. Merakca®, E. M. Bostenos?, A. C. Meraxca’®, %K. H. Aanmesa’

'Poccuiickuii YHUBEpPCHUTET ApYKObI Hapo1oB, Mocksa, Poccus,
*UncrutyT roproro aena um. JI. A. Kynaesa, Anmarer, Kazaxcran

[U®POBU3ALIMA TOPHOM OTPACJIN. KOHIENIMA U COBPEMEHHBIE TEOTEXHOJIOT MM

AnHoTtanusi. COBpeMEHHOE COCTOsIHME IH(POBH3ALMHM B TOPHOW OTPAcIM OTPAKEHO B MEXIYHApPOIHBIX H
PETHOHANBHBIX IMOCTAHOBICHUAX BCEX TEXHHYECKH pa3BUTHIX cTpaH. B 2015 romy B P® mmanmpoBanock co3natsk
MEpPBBIH MPOMBIIIIEHHBII KOHCOPLIUYM AJIsl pa3paO0TKH KOHIENINH «yMHBIN Kapbep». ['eHeparbHbIM HHUINATOPOM
npoekrta BeicTynanu ['pynma BUCT, a taxke psa ropaomoObiBaronux kommnanuii Poccun u Kazaxcrana. Co cro-
pousl benapycu maptHepom BeicTymaeT kommanusi BEJIA3, xotopast ycmemHo mpoBena WCHBITaHUS NMEpBOTO B HC-
TOpHK OECMIIOTHOTO OOJIBLIETPY3HOTO KapbepHOro camocBaia. B mpoekre «YMHBIH Kapbep» BaKHBIM TEXHOJIOTHU-
YEeCKUM HampasiieHHeM siBiisiercsi 3D-MonenupoBanie B JOObIUE pecypcoB. 37eCh UHTEPECEH NPUMEP POCCHHUCKON
KOMIIaHUU Vizerra, KOTopasi COo3/1aeT MOJEIb BUPTYILHON peabHOCTH Kapbepa U aBTOMATH3WPOBAHHON CHCTEMBI
YIPaBJIEHUSI TOPHO-TPAHCIIOPTHBIMU KOMIUIEKCAMH Ha OCHOBE TexHosoruil cnytHukoBoi Hasurauuu I'JIOHACC u
POOOTH3NPOBAHHON CHCTEMBI YIIPABJIEHHS TEXHOJIOTHYECKHMH IPOIECCaMH OTKPBITHIX TOPHBIX pador. KoHnemnmms
«YMHOTO» (MHTEJJIEKTYaJIbHOI'0) Kaphepa IIMPOKO pa3BUBAETCS U B JAPYIMX CTpaHax, I/ie JOOBIBAIOIIAsl POMBIIII-
JICHHOCTh UMeeT BhICOKoe 3HadeHwe (ABcrpamus, Kanama, Ymmm). IIpoekt «YMHBIN Kapeep» BOIIEN B IepedeHb
MIIOTHEIX MPOeKTOB «AutoNet» HarmonanbHoM TexHONMOrnYeckoi mHnnuaTieel. B PK Ha mpuMepe o0paboTku oT1-
XOZI0B MEJIEIUIaBUIIBHOTO TPOM3BOJACTBA JKe3Ka3raHa co3maeTcs HOBas T'€OTEXHOJIOTHS MPEAIoaraionas CToIpo-
LEHTHYIO IHU(POBU3ALUIO 3TUX MporeccoB. COBOKYITHOCTh MOIYYEHHBIX PE3yJIbTaTOB 3KCIEPHUMEHTAIBHBIX HCCIE-
JOBaHUH M BHEIPEHHBIX Pa3pabOTOK IO3BOJIET IPOTHO3MPOBATH YCICIIHYIO PEaM3alMio IPOLEccOoB HU(POBHU-
3alUM B TOPHO-TIPOMBINUICHHOW oTpaciau Kazaxcrana. B nmaHHOW paboTe OTpaskeHBI CIIEAYIOLINE OCOOEHHOCTH
M QpOoBU3aIMY HOBBIX T€OTEXHOJIOTHH, pa3padaTriBaeMbix B PK:

- CyIIECTBYIOIIAsi KOHIENIHs HU(pPOBU3ALMU B TOPHOW OTPACIId MMEET PsiJl CyLIECTBEHHBIX OTIIMYMN OT pas-
pa6aTbIBaeMbIX COBPEMEHHBIX CHOCO6OB aBTOMaTU3alu MNPOU3BOACTB, pa60Ta}ou1y1x oT HpOMbILL[JIeHHOﬁ OJICK-
TPOCETH.

- Ha mpuMepe U(POBU3AIMHU TIPOLecca BhIIIETaYMBaHU MOKA3aHO, YTO IUISl peaM3allii 3TOW KOHIEIIMH
HEOOXO0AMM KOMILIEKCHBIH MOJX0/] K M3YYEHHIO M MOCJIEAYIONEMY HCIIOIb30BAaHHUIO IIPUPOAHBIX MPOLIECCOB Macco-
MepeHoca ¢ MPUMEHEHHEM aBTOHOMHOTO PEXXHUMa SKCIUTYaTaI|H.

- TIpeUIOKEeHA MaTpHIia NU(POBHU3AINH IS TOJTyYSHHUS 3aIlaHHBIX CBOIMCTB IPH pealM3alliy pa3INdHbIX MeXa-
HHU3MOB B3aMMOJCHCTBHS Ha TrpaHuLax pasaena ¢a3. [TokasaHo, 4To cymiecTByrolias cucreMa He o0iagaeTr moc-
TaTOYHOH HAyKOEMKOCTBIO U ITOTOMY IU(POBU3ALHS FTOPHOH OTpaciy JOKHA OCYLIECTBIATHCS C yIETOM Pa3BUTHUA
HOBBIX F'€OTEXHOJIOTHH, MPEAyCMaTPHBAOIINX aBTOHOMHOE 3HEPTOCHA0KECHHE.

KiroueBnbie ciaoBa: 1udpoBu3anus, reOTEXHOJIOTHS, BBIIICIaYUBAHUE, SKOJIOTHS, OTXO/bI, (DYyHKIIMOHATbHAS
CXeMa, SKCIIEPUMEHT.
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MORPHOMETRIC ANALYSIS IN GIS BASED
OF RELIEF PARAMETERS MUDFLOW BASINS

Abstract. On based SRTM DEM using GIS technology morphometric analysis of relief Shinchay-Damira-
paranchay mudflow basins was performed. With this purpose there were built maps of hypsometry, slopes, aspec,
range relief and drainage density, indices, dissection and ruggedness, surface curvature. Also it was analyzed the
areal distribution of these parameters by grade.

Now, in connection with development of digital technologies and broad availability of data of remote sensing,
detailed assessment of a relief became possible. Application of the digital models of a relief (DMR) considerably
simplified the morphometric analysis of a relief.

Obtaining morphometric data in a form and structure of a surface of a relief serves the initial procedure.

Key words: GIS, DEM, morphometric analysis, range relief, SRTM.

Introduction. The drainage basin is the fundamental unit in fluvial geomorphology within which the
relationships between landforms and the processes that modify them have been studied. The study of the
geometry of the basin and the way in which it changes in response to processes has become a major part of
modern geomorphology. Morphometric analysis of a drainage basin is a quantitative description of a basin
and an important aspect to know the character of the basin [5].

In geomorphology long ago gained the development "geometrical approach" in studying of a relief. In
foreign literature this direction gained development under the name "geomorphometry" [7, 8]. There are
also synonyms of this term such as "quantative morphology" (the quantitative morphology), "quantative
terrain analysis" (the quantitative analysis of a relief).

The explored region consists of central and east parts of the southern slope of Greater Caucasus and
adjacent territories. The area of the explored region is 3220 sq.km (figure 1).

Methodology. As input data for the GIS-analysis of morphometric indexes of relief materials of
satellite photos of SRTM are used.

Data of SRTM (Shuttle Radar Topographic Mission) represent the processed results of radar survey
of the surface of the globe made from the board of the American Shuttle space ship by the method of radar
interferometry, in February 2015. This survey was conducted out almost in all territory and the water area
of Earth between 60 © north lat., 54 ° south lat. by means of the radar SIR-C and X-SAR.

A mathematical basis of the data is the referents-ellipsoid WGS-84 and a projection of
GCS_WGS 1984. For SRTM data processing we used the ArcGIS 10.2.1 software package (ESRI, Inc.,
the USA), the application — Hydro Tools and DEM Tools [1, 9].

The main operations were carried out in the ArcGIS - spatial Analyst applications, 3D analyst and
geostatistical Analyst. The Hydro Tools tool model operations of watersheds, reservoirs and drainage
network perform functions of processing and preparation of the digital models of a relief (DMR). The
DEM Tools applications which contain a number of functions, for calculation of some morphometric
indexes was useful to realization in some of operations [3]. The scheme of creation the morphometric
maps on the basis of digital models of a relief on ArcGIS (figure 2).
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Figure 2 — Scheme of creation of morphometric maps

Discussion of results. For the analysis, we used such classical parameters of morphometry as hypso-
metry, a surface bias, an exposition of slopes, horizontal and vertical partition, curvature and also, such
parameters as the index of partition (dissection index) and the index of ruggedness (ruggedness index).

Hypsometry. The analysis of the Digital model of relief (DMR) shows that absolute heights fluctuate
here at 175 to 4147 m. The analysis of the hypsometric map (figure 3) shows that the largest space (54%
in the explored region) is occupied by the range of height 175-1000 m (table 1).

Biases of a surface (steepness) and exposition of slopes. Calculations of the biases of a surface it is
necessary at assessment of slope processes, in soil erosion calculations, assessment of lands, etc.
According to the calculations received from the map (figure 4) slopes with the 10° occupy 49.5% of the
total area (table 2). Slopes of more than 10° where slope processes proceed more intensively, is occupied
50.5% of the territory, at the same time the large territory is covered with the slopes by the steepness more
than 40°.
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Figure 3 — The hypsometric map of the explored region

Table 1 — Distribution of the total areas on a hypsometry

Hypsometry, m | 175-500

500-1000

1000-1500

1500-2000

2000-2500

2500-3000

3000-3500

35004147

Area, km? 1003,385

760,8604

406,5572

391,5357

3247913

219,8148

100,4427

14,8772

Area, % 31,14

23,61

12,62

12,15

10,08

6,82

3,12

0,46
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Figure 4 — The map of slope angles of the explored region received by reference by method (a)

and the card of average slope angles received by method of Zone statistics (b)

Table 2 — Distribution of the total areas on slope angles

Angles 0-5° 5-10° 10-15° 15-20° 20-25° 25-30° 30-35° 35-40° 40°->
Area, km’ 1363,24 232,92 103,78 114,93 161,31 233,97 299,97 310,37 399,80
Area, % 42,33 7,23 3,22 3,57 5,01 7,27 9,32 9,64 12,41

The exposition of a slope is one of morphometric characteristics of a relief, characterizing dimen-
sional orientation of the elementary slope (figure 5). It characterizes the slope relation to the multi-scale

processes (insolation, gravitation, circulation etc).The exposition can be considered as the direction of a
bias [2, 4, 11].
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Figure 5 — The map of an exposition of slopes of the explored region
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Table 3 — Distribution of the total areas on an exposition of slopes

Exposition | Flatness | North | North-East East South-East South | South-west | West North-west

Area, km® 47,29 231,07 193,76 200,83 383,37 762,79 672,10 419,73 309,23
Area, % 1,47 7,18 6,02 6,24 11,91 23,69 20,87 13,03 9,60

As seen from the table, the southern exposition slopes (southern, southern, western, southern and
eastern) is composed of half a total of 56.5%. The slopes with anti-polar orientation (northern, southern-
western and northern-western) have more than twenty-eight percent of the total area.

Vertical and horizontal partition. Calculates vertical scattering by using a cartogram, which is a
tool used by ArcGIS (Spatial Analyst Tools — Zonal Statistics), which calculates the amplitude (in
meters) of the DMR values in the calculable cells (figure 6). The vertical clearance, more than 350 m, was
discovered in the main section of the Caucasus Quarter and in the high-altitude zone.
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Figure 6 — Map of vertical spreading relief of the region

For horizontal computing, there has been used the Hydrology Tool (Spatial Analyst) to create all
erosion network (figure 7).

The erosion network was the base for the calculation horizontally partition. The analysis of the map
(figure 7 b) shows that the maximum marks of horizontal partition are found for the Qanix-Ayrichay plain,
the least — for water separate zones.

DI, dissection index. This index expresses a ratio of the relative relief (in this case vertical partition)

to an absolute relief (i.e. to the maximum indicators of a relief, so-called topmost surfaces).
Zmax — Zmin

Zmax
He is an important index of partition of a surface and indicates a vertical partition. The high value of

the index indicates the orogeny, low value corresponds to stable areas.The analysis of literary data and
morphometric features of the explored territory allows us to choose on the basis of this index five class
scale system - such as, very low DI (<0,1), low DI (0,1-0,2), temperate DI (0,2-0,3), high DI (0,3-0,4) and
very high DI (>0,4) (figure 8). More detailed characteristics of this index are given in table 4.
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Figure 7 — Resistance to CMS Erosion network (a) and map horizontally-distal relief region of the method zonal statistics (b)

Table 4 — Distribution of the total areas by the index of a partition (DI)

Class DI Area, km? Area, %
Very low <0,1 1067,583937 33,17
Very low 0,1-0,2 594,9441697 18,49
Temperate 0,2-0,3 1225,437168 38,08
High 0,3-0,4 312,8245578 9,72
Very high >0,4 17,44357346 0,54
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Ruggedness index. This index describes the complexity and roughness of a land relief. The
ruggedness defines extent of crossing of area where the drainage (erosive) network acts as a key para-
meter. Chorley (1972) developed a formula for this index [9-11]:

Deep partition (m/km?) x horizontal partition (km/km?)
1000 '

This index is widely used by scientists in morphological researches for the best comprehension of
formation of elements of a relief in the difficult geomorphological conditions [5-8]. Results of the analysis
show that the maximum values are partition are observed in mountain and mid-mountain zones of the
territory (figure 9).
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Figure 9 — Distribution of the index of ruggedness
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Table 5 — Distribution of the total areas by the index of ruggedness (RI)

Class RI Area, km’ Area, %
Very low <0,5 2180,205994 67,74
Very low 0,5-1 909,3180482 28,25
Temperate 1-1,5 122,4866082 3,81
High 1,5-2 6,030192299 0,19
Very high >2 0,481880286 0,01
Conclusions.

1. So, for the first time for the explored territory is carried out the complex morphometric analysis
according to the radar interferometric topographic trajectory SRTM, with the software of ArcGIS.

2. On the basis of the created DMR and the modern GIS-technologies are calculated morphometric
parameters of a relief. This way allows to carry out the assessment of the modern erosive processes on the
quantitative basis and to create a set of geomorphological maps.

3. By means of our research materials is possible to study characteristic of processes of an erosion
and accumulation and also assessment of potential stability or tendency to an erosion of various sites of
the explored territory.

J. A. UcmaiibuioBa', C. 0. Kynnesa®

'O3ip6aiikan MeMIIeKeTTIK MyHail oHe OHepKacin yHuBepcuTerti, Baky, O3ipGaiixaH,
Teorpadus nuctutytsl O¥FA, Baky, O3ipOaiixan

T'AK HET'I3IHJIE CEJI KAVIITI BAP BACCEMH/IEPIIH,
BEJEP ITAPAMETPJIEPIH MOP®OMETPUAJIBIK TAJLJAY

J. A. McmaiibuioBa', C. FO. Kyimnesa®

' Asep6aiikaHCKHil rOCY JaPCTBEHHBIN YHUBEPCUTET He(TH U POMbIIIIEHHOCTH, Baky, AsepGaiimka,
ZI/IHCTI/ITyT I'eorpadmm HAHA, baky, AzepOaiimxan

MOP®OMETPAUYECKHI AHAJIN3 TIAPAMETPOB PEJIbE®A
CEJIEOITACHBIX BACCEHHOB HA OCHOBE I'iC

Annoranus. Ha ocHoBe mngposoit momermn penmseda SRTM ¢ momompto [MIC-TeXHOIOTHIT BBITOTHEH MOpP-
(homeTpruecKmii aHaH3 penbeda ceneomacHsIXx bacceitHoB Mexxaypeubs Llunuaii-/lamupamnapangait. C 3T0i b0
MOCTPOEHBI KapThl THIICOMETPHH, YIJIOB HAKJIOHA, SKCIIO3MIMU, TOPU30HTAIBHOTO M BEPTHKAIEHOTO PACUICHEHHS,
MHJECKCOB PACUJICHEHHOCTH M IEePEeCeYeHHOCTH, KPUBH3HBI ITOBEPXHOCTH. Takike NPOAHAIM3HPOBAHO IUIOIIAIHOE
pacnpocTpaHeHHe ITUX IapaMETPOB IO KJIACCaM.

Penped sBiseTcss omHNM M3 OCHOBHBIX (PaKTOpOB B muddepeHnuranun JanamadToB. B HacTosmee Bpems, B
CBSI3H C Pa3BUTHEM LIM(PPOBBIX TEXHOJOTUIl M IIMPOKOH TOCTYNMHOCTBIO JaHHBIX JUCTAHIIMOHHOTO 30HIMPOBAHHMS,
cTajla BO3MOXKHBIM JIeTallbHas OIeHKa penbeda kak saHmmadTooOpasyromero ¢akropa. [Ipumenenne muppoBBIX
Mogneneit penseda (LIMP) 3HaunTenpHO ympocTHio MoppoMeTpudecknii aHamu3 penbeda. imMerHo pensed u ero
napaMeTphl IPU3HAIOTCA HauboJiee BaXKHBIMH NP BBIICICHNUH JTaHIIa(TOB.

[Nomyyenne MOphOMETPHUYECKUX CBEICHUI 0 GOpPME M CTPYKType HNOBEPXHOCTH penbeda CIyKUT HadalbHOH
NpOLENYPO, KOTOpas MPEAIIECTBYET COACPIKATEILHOMY UCCIICIOBAHUIO TEHETHYESCKUX, AMHAMHYECKHIX, BPEMEHHBIX
(T.e. 0OmMX reoMOp(OTOTHUECKIX) ACIEKTOB (PYHKIIMOHUpOBaHUs penbeda. [IpenmymiecTBo Takoro moaxoja 3a-
KJIFOYaeTCsi B BOBMOXKHOCTH aOCTParupoBaHUs OT HEONPENEeJICHHOCTH M HEOJHO3HAYHOCTH B reOMOP(OIIOrHIECKOM
OTHOILEHUH, IIPH STOM COCPEAOTOUYMBASICh HA aHAIN3e MOP(HOMETPHUECKUX ITOKA3ATEIICH.

B ompenenennn penpeda Kak 00BEKTa HMCCIEIOBAHUS TeOMOPQOJIOTHH CYIIECTBYIOT 2 OCHOBHBIX B3TJISA.
[TepBblid U3 HUX paccMaTpUBAeT peibed Kak HEKYI0 COBOKYIHOCTH ()OPM 3e€MHOM MOBEPXHOCTH, KOTOPYIO MOXKHO
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ommcarh B BHJE HAOOpa MPOCTPaHCTBEHHO-KOOPIMHUPOBAHHBIX BBICOTHBIX OTMETOK (B Buae XYZ). T.e. uccieno-
BaHUIO IOJJICKAT T€OMETPHUYECKUE MOKa3aTelad. Takoi MOIX0A Ha3bIBaeTCs TeoMeTpHUYecKuM. Jlpyras TpakToBKa
penbeda yUYUTHIBACT U CIIATAIOIINE €T0 Te0JIOTHYECKUE Tela. DTO 3HAUNTENFHO YCIIOKHSET U JIeNaeT CyObeKTUBHBIM
kinaccuukaiuio Gopm peabeda.

KuaroueBsie ciopa: [YIC, [IMP, MopdomeTprdeckuii aHaIN3, pacwieHeHHOCTh, SRTM.
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THE SCIENTIFIC RESEARCHES DIRECTED
ON RECEIVING PREPARATIONS FROM THE TEXTURED METAL
SHEET WITH THE SET PROPERTIES

Abstract. The process of metal forming is widely used in metallurgy, machine-building and other industries of
production of semi-finished and finished products made of ferrous and nonferrous metals and their alloys. From this
standpoint, the important value obtains scientific research aimed at designing the properties of metallurgical blank of
the machine-building complex. In work short results of a technique of development of laboratory schemes of obtai-
ning the textured metal sheet with anisotropy of physicomechanical properties, on the basis of the principle of sym-
metrization-dissymmetrization of Shubnikov-Curie method of the differential longitudinal rolling drawing developed
are presented.The method is based on the symmetry approach for modeling processes on the basis of the identified
relationships between the kinematic factor and the impact that allows to predict the result of processing, and con-
versely, setting the result, it is possible to design technology.

Keywords: anisotropy, systemmade element, the generating element of symmetry of an elementary field of
influence, symmetry texture, quasi-isotropic preform microplastic deformation.

Introduction. In technological processing of preparations by pressure, in particular at the first hot
rolling of industrial ingots, results of processes of transcrystallization have essential impact on macro- and
a preparation microstructure, and, therefore, and on its quality indicators.

Ways of receiving preparations with the directed crystal structure (texture) are based on management
of a ratio of macrostructural zones in system: a peripheral fine-grained zone — column crystals — equal
crystals.

On the basis of the principle of symmetrization-dissimmetrization of Shubnikov—Curie [1] authors
experimentally, with use of technologies of longitudinal rolling, is reasonable the system method allowing
to solve effectively the problems connected as with receiving materials with various on symmetry and size
of anisotropy of their physicomechanical properties, and with production of products from them with
necessary operational properties [2-6].

Discussed in [2-4] laboratory rolling longitudinal differential scheme do not exhaust all the possible
technology for sheet metal with different symmetry of the anisotropy of physical and mechanical
properties for this type of treatment. It was considered the most general case of a longitudinal rolling when
the work rolls are rotated in opposite directions at the same speed (figure 1a). [2].

In continuation of [3, 5, 6] and the development of the principle of symmetrization-dissymmetrization
Shubnikov-Curie [1, 3], the simulation laboratory processing circuitry materials legitimate question
becomes the link between the characteristics of the kinematic factor, impact and response, by which is
meant any geometric structural, physical and mechanical properties that are sensitive to the effects of rolling.
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a) b) ©)
o=w, Ri=R; oFm, Ri=R, o=, Ri#R;

Figure 1 — The geometric interpretation of possible kinematic parameters of laboratory processing circuit materials based
on longitudinal rolling

The most interesting from the point of view of the principle of symmetrization-dissymmetrization
Shubnikov-Curie, in the development of technologies for the production of sheet metal with different
symmetry of the anisotropy of physical and mechanical properties, is rolling, drawing, kinematic para-
meters of which are presented in figure 1 (b, ¢).

That’s way, in the present study we solve the following problem - find all the laboratory scheme lon-
gitudinal differential rolling-drawing, which allow to obtain metal sheets with different symmetries of
anisotropy of physical and mechanical properties.

Problem statement and the physical nature of the process. The fundamental difference of rolling-
drawing from conventional longitudinal rolling is in the structure of the stress field and, consequently, in
the processes occurring in the deformation, which is caused by the kinematic parameters of the working
tool and the characteristics of deformation of polycrystalline materials in the area of microplastic
deformation [6-15].

We will not consider in detail the processes occurring in the deformation, we note only that the
kinematics of the metal flow during rolling, drawing differs from the usual longitudinal rolling in that field
strain rates is not symmetrical with respect to a plane lying parallel to the axes of the rolls and equidistant
from them.

Determining influence on the symmetry characteristics of the kinematics of rolling provides a
working tool — a laboratory rolling mill rolls. Geometrically work roll in a static state is displayed as a
resting cylinder and is characterized by symmetry group oo / mmm.

The moment of force F, acting on the work roll, and its geometrical interpretation, represented an
axial vector, identical in terms of the group transformations, and describe the same symmetry group co / m.
Due to the fact that the geometric figures form a heterogeneous system, based on the principle of Curie
symmetry kinematic factor of the roll is determined by the intersection of the symmetry groups co / mmm
and oo / m:

Gy= co/mmm (1 co/m = oo/m. @8

The system of rolls in a static state is established is described mmm symmetry group, i.e. system is
symmetrical relative to the three planes of symmetry.

The symmetry group describing said system in a dynamic state is determined based on the gene-
ralized principle of symmetry and will look like:

G=oo/m N co/m = m. 2)

As seen from the expression, the common element of symmetry is the plane of symmetry m,
perpendicular to the roll axes and which will determine the symmetry of the system band. Thus, the velo-
city field of the deformation is not symmetrical about a plane lying parallel to and equidistant from the
axes of the rolls.

However, the kinematic factor, in terms of symmetry, only the structural features characteristic of the
working body and completely covers the symmetry of impact, which ultimately determines the physical
and mechanical properties of the rolled product.

— 138 ——




ISSN 2224-5278 Series of Geology and Technical Sciences. 4. 2019

The authors found an association between the kinematic factor and a factor of influence on the basis
of the symmetry approach to this kind of treatment [4].

It is known that the influence on the symmetry properties of the crystals can be analyzed: firstly - in
crystal symmetry; Second - symmetry of external forces; thirdly - symmetry offset; and fourthly - the
symmetry of the physical properties [7, 11-13, 19].

For the polycrystalline materials symmetry analysis it looks not so clear, because of the structural
features of the structure of the latter.

The authors of the impact of external forces on the symmetry of the physical properties of poly-
crystalline materials during their processing is investigated through various schemes of stress-strain state,
symmetry-related generating elements of symmetry of the elementary field exposure (GSEFE).

Symmetry approach for modeling processes on the basis of the identified relationships between the
kinematic factor allows to predict and influence the result of processing [5]. Conversely, setting the result,
it is possible to design technology.

Experimental study and discussion of the results. For the production of the original billet was
developed [17, 18, 20] technique to obtain quasi-isotropic samples by pressing powders of copper,
followed by sintering. We investigated the dependence of the density pycnometric pressing and sintering
parameters for sieve Ne 035-025. The results are shown in figure 2.

9

8,5
8 ——

/f"'"\\

7,5 1 —@— After pressing \

7 H — Afrer sintering \

63 o

5.5

g/ sq. sm.

Pycnometric density,

1 2 3 4 5 6 71 8 9
Pressing pressure , kg / sq. mm.

Figure 2 — Depending pycnometric density of modes pressing and sintering copper powder (sieve Ne 035-025)

As can be seen from the graph, pressing pressure significantly affects the density of the powder,
which is explained by the influence of particle shape and external friction of the particles against each
other and on the mold surface. However, this small difference of density (less than 10%), strongly in-
fluences the subsequent processing. Sintering powders compacted under a pressure of 1 to 5 kg/mm?,
considerably increases Pycnometric density (about 30%).

At higher pressures, the effect of compression on pycnometric sintering density drops sharply. In
powder compacted pressure of about 6 kg/mm? the sintering density does not change substantially. At
compaction pressures greater than 6 kg/mm? sinter powder, on the contrary, reduces Pycnometric density.
We believe the main reason for this change in the current process of open porosity. As is known, the larger
the porosity, the less Pycnometric density of the metal powder. During sintering there is intense release of
gases from the fusion of the powder particles and particles in the contact areas. At low compaction pres-
sures many open pores through which gases are emitted to the outside, there is shrinkage of the sample.
With increasing pressure, the number of contact points of the particles increases, the gases can not be as
freely as before, to come out [16]. Shrinkage decreases Pycnometric density becomes smaller.

When rolling sheets in rolling mills there are vibrations which have impact on decline in quality of
hire in the form of superficial defects and a deviation on hire thickness. Frequency of vibrations of rolls
depends on the mode of rolling and a condition of the equipment. The schedule of vibration of a working
roll when rolling is submitted on figure 3 [8]. As we see, the frequency of vibrations makes about 0,3 Hz
with the greatest amplitude of 0,2 mm.

Graphically periodic defects caused by vibrations of rolls can be presented, as shown in figure 4.
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For decrease in influence of harmful vibrations on quality of a surface of hire, besides application of
the standard actions, application of technologies of differential rolling in two mutually perpendicular
directions with the minimum sinking for each tackle is possible, thus mutually perpendicular imposing of
periodic defects minimizes their own influence on quality of a surface of a leaf.

Experiments on rolling of samples were made on the laboratory rolling mill of Mario Di Maio 20122
firm (Italy) (figure 5). Diameter of working rolls of 160 mm.

Figure 5 — Laboratory rolling mill
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Initial material represented ingots section 60x6 mm and 60 mm long. After rolling the sample turned
on 90° round a vertical axis and was repeatedly rolled with the same mode. Sinking of a sample for one
tackle made no more than 5%. It is established that when rolling with sinking of 5% of vibration are
practically not observed.

The received results of rolling of quasiisotropic preparation are presented in figure 6, 7. They can
form the basis for development of laboratory schemes of receiving textures with anisotropy of physico-
mechanical properties, various on symmetry, for other types of processing of metal materials.

The direction 1 of the differential rolling

7 -G

Transverse
direction
strain

Figure 6 —
A polar figure {111} from the pressed
copper powder after usual reversive
longitudinal rolling in one direction

The direction 2 of the differential rolling

Figure 7 —

A polar figure {111} from the pressed
copper powder after differential reversive
longitudinal rolling in two mutual
and perpendicular directions
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Establishment of interrelation between a kinematic factor and a factor of influence was revealed
through impact of elements of symmetry on orthogonal system of coordinates. The spatial arrangement
initial (X; X, X;) and shaded (X35' X;” X;’) systems of the coordinates connected among themselves by the
plane of symmetry of m, perpendicular to a coordinate axis OX; is given in figure 8.

X5, X' b

// Xy
s/
// Figure 8 —
// The systems of coordinates (X;X,X3) and (X;'X,'X3'),
o » connected by one plane of symmetry, the perpendicular axis OX;
X, X' coinciding with the coordinate plane (X,0X3)

Xy

According to the received results of interrelation of systems of coordinates through elements of
symmetry identical mathematical images on the basis of tensors of the second rank were described [3].

On the basis of the established interrelations between a kinematic factor and a factor of influence
laboratory schemes of processing of metal materials were simulated by the rolling drawing method.

As the instrument of modeling of laboratory schemes of processing of materials by authors the
concept a system creating element (SKE) is entered.

The symmetry element which is basic at calculation of SKE, we will call the generating element of
symmetry of an elementary field of influence (GESEFI). Then definition of SKE in a short form will have
an appearance: - it is system which is characterized by such set of elements of symmetry which contains the
generating element of symmetry of an elementary field of influence, and their relative positioning
determines its level. Two rules follow from the last point in definition: 1) each subsequent SKE level
contains the previous, 2) derivative SKE of the current level can't be SKE of other levels. We will easily
be convinced of it when we analyse SKE of all possible levels and their derivatives for rolling drawing.

As GESEFI for rolling drawing the plane of symmetry of m which also is also its group of symmetry is.

Results of calculation of SKE on levels, for longitudinal rolling drawing, are presented in table
(without derivative transformations at each level).

Results of group transformation for SKE in a short form

SKE SKE in a short form
SKE-1 G =m
SKE-2 G, =m N m=mm?2
SKE-3 Gg=mNm=2
SKE-4 Gy=2Nm=2/m

The generalized results can be coordinated with the theory of classification of textures by simmet-
rition signs [9, 10]. Owing to lack recently of works on improvement of the system analysis, on the basis
of the generalized principle of symmetry, this method didn't gain wide scientific circulation.

However, at development and addition of basic provisions of the system analysis on the basis of
theoretical and experimental data, the last can be applied to the solution of tasks of design of special
technologies of processing of materials.

Conclusions. At application of technologies of differential rolling mutually perpendicular imposing
of periodic defects minimizes their own influence on quality of a surface of a leaf.

On the basis of the principle of symmetrization-dissimmetrization of Shubnikov-Curie groups of
symmetry of initial (potential) fields of tension of processes of rolling drawing, by means of identical
representation at the geometrical and mathematical levels of geometric-physical parameters of the working
tool are found.

Schemes of processes of rolling drawing in which fields of tension of unilateral and reversed rolling
act as backbone elements are developed.
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BEPUITEH KACUETTEPIMEH TEKCTYPAJIAHBLIFAH
METAJI TAPAKTAH JAUBIHIAMA AJIYFA APHAJIFAH FbLJIBIMU 3EPTTEYJIEP

AHHOTanmsi. MeTayutyprusiia, MalliHa jkacay/1a )koHe OHepKacinTiH 0acka canaiapaa Kapa jkoHe TYCTI MeTaj-
Jlap MEH OJapblH KOPBITIIANIAPBIHAH JKapTbUlal eHIMAEp MEH JalblHAaMalap eHAIPY YILIIH MeTaabl KbIBIMMEH
OHJICY TIpOIleCTepl KeH KoJAaHyAa. byl Ke3kapacmeH MamrHa kacay KEIIeH! YIIiH MeTaJUTyprHsUIbIK AalblHAaMa-
HBIH KaCHETTepiH koOanayra OarbITTalFaH FBUIBIMU 3epTTeysep 30p MaHbI3 anansl. JKymeicta [lyO6Hukos-Kiopn
CHUMMeTpHsIIay-ANCCUMMETpUsIIaY IPHHINII HEeTi3iHAe 3epTTen JalblHnanFad JuddepeHuaiablK KeIaeHeH HieM-
JIey-TapTy dAiciMeH CUMMETpHUs OOUBIHIIA (PU3UKa-MEXaHUKAIBIK KACHETTEPiHIH aHH30TPOMIISICHl 9PTYPIli TEKCTypa-
JIaHFaH METaJlI TTaparblH aly YIIiH 3€pTXaHAIBIK CXEeMaJlapblH JKacay o/IiCTEMECiHIH KbICKalla HOTIKeJepi OeplireH.
KunemaTukanblk (akTop MEH SpEKeTTIH apachlHAa aHBIKTAIFaH e3apa OaiiaHbICTap HEri3iHIEe TEXHOJIOTHSIIBIK
MPOIECTEp YIITUIEreHIETI CUMMETHIIIBIK TOCIIeMeci 00BN oicTeMe Heri3i Tabbiianbl. COHBIMEH, TEXHOJOTHSIIBIK,
OHJICY/IIH HOTIDKECIH Ooipkayra MYMKIHIIUIT maiga OoJansl xKoHe KepiCiHIIEe HOTHXKEHI Oeiriien TeXHOJIOTHSHBI
Kobaay MYMKIH.

Tyiiin ce3mep: aHM30TpOIUS, KYiie KypaiThIH 3JIEeMEHT, 9CEpiH KapanaibiM epici CHMMETPHSICHIH TYAbIPaThIH
3JIEMEHT, TEKCTyPaHbIH CHMMETPUSCHI, )KaIFaH H30TPOIITH JalbIHAaMa, MIaHbIH IUIACTUKAIBIK AedopMausiap.
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HAYUYHBIE UCCJIEJOBAHUSA, HAIIPABJIEHHBIE HA TIOJTYYEHHUE 3ATOTOBOK
U3 TEKCTYPUPOBAHHOI'O METAJIJIMYECKOI'O JIMCTA C 3AJIAHHBIMA CBOMCTBAMHA

Annortanus. [Tporecchl 00pabOTKH METAIOB ABJICHUEM IIUPOKO HCIOJBb3YIOTCSA B METAJUTYPIHH, MAIIUHO-
CTPOEHMU M JIPYTUX OTPAcisiX MPOMBIIUICHHOCTH JISl MPOM3BOJACTBA MOJIy()paOpHKAaTOB M TOTOBBIX H3IEIUH M3
YCPHBIX W LIBETHBIX MCETAJJIOB, 4 TAKKE W UX CIIJIAaBOB. C 3THUX HO3I/IIJ,I/II>1, NMPUHOUITUAIIBHO BaXXHOE 3HAYCHUC IIPpU-
00peTaroT Hay4YHBIC MCCIICIOBAHNMS, HAIPABICHHBIC HA IPOCKTHPOBAHUE CBOMCTB METAJLTyprHICCKON 3arOTOBKH JIIS
MAIIMHOCTPOUTEIBHOTO KOMIUIEKca. B paboTe mpeacTaBIeHbl KpaTKUe pe3ybTaThl METOIUKH pa3paboTKH J1abopa-
TOPHBIX CXEM IONYYCHHUS TEKCTYPHPOBAHHOTO METAJUIMYECKOTO JIUCTA C PA3IMYHON MO0 CHMMETPHU aHH30TPOIHEH
(U3NKO-MEXaHUIECKUX CBOUCTB, MeTOIOM au((depeHInanbHON MTPOAOIBHON MPOKATKH BOJOYECHHEM, pa3paboTaH-
HOW Ha OCHOBE INPHHIWINA cHMMeTpu3anuu-auccummerpm3annu [lyOrnkoBa-Kiopu. B ocHOBe MeTOAMKH JEXUT
CUMMETPHUUHBIN ITOAXO] MIPH MOACITHUPOBAHNN TEXHOJIOTHYECKUX IPOIIECCOB Ha OCHOBE BBISBJICHHBIX B3aMMOCBS3E
MEXTy KHHEMaTHIECKUM (PaKTOPOM U BO3ACUCTBHEM, YTO MO3BOJISIET MPOTHO3UPOBATH PE3yNIbTaT TEXHOIOTUIECKOI
00paboTKH, 1 HA0OOPOT, 3a1aBasi pe3yabTaT, MOKHO CIIPOEKTHPOBATH TEXHOJIOTHIO.

KaioueBble ci1oBa: aHU30TpPOIUS, CBOMCTBA, ITPOKATKAa BOJOYEHHEM; CUCTEMOOOPA3YIOLIMH JIEMEHT; ITOPOXK-
)laIOLHI/Iﬁ QJIEMCHT CUMMCETPUHN BJIEMEHTAPHOI'O IMOJIA BOSﬂeﬁCTBHH; CUMMCTpPUA TEKCTYP, KBa3UHU30TPOITHAA 3aroToB-
Ka, MUKpOIUIaCTUYEeCKHE AehopMarivH.
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WAVE PROPERTIES OF COAL-BEARING STRATA

Abstract. The study was performed in the coal mines of Karaganda coal basin located under the safety pillars
and stratum edges. The study comprised of measurements of dimensions of mines located under the safety pillars and
edges of above coal strata. The results showed that in all investigated mines the height of mine located under the sa-
fety pillar (edge of stratum) varied in a wave pattern. The article summarise the comparative analysis of investigation
with the theory predicted laws of wave processes. In the result of the analysis the diffraction features of abutment
pressure and the regularities of its propagation under the safety pillars and stratum edges were revealed.

Key words: bearing pressure, the pillar of coal, marginal part of the coal seam, the zone of high rock pressure,
interference, diffraction, harmonic process.

Introduction. The actual rock is a multicomponent media formed under the influence of many
geological factors. Mechanical features of different rock types vary widely. The processes developed in
the rock adjacent to mines and excavations are materially influenced by the stress caused by mining
activities and their own mechanical features. It is virtually impossible to take into account all the range of
mechanical features of natural soil, and due to that various mechanical models of rock are adopted. These
models account for the major substantial features of rock while ignoring minor features. Such substantial
features are elasticity, plasticity, frangibility, solidity, isotropism and uniformity of rock. «The real world
is so rich in its variety that when we try to invent a model as close to reality as possible we soon are lost in
the chase for the most complicated equations consisting of unknown variables following unknown laws.
Should we determine these equations they develop in even more complicated ones, ad infinite" - says R.
Bellman [1]. The study of the majority of natural phenomena in view of the cause and effect laws is often
overwhelmingly complicated, if possible.

Nowadays the problem of finding the laws of organization of physical systems is clearly interdis-
ciplinary; it doe not belong to physics, biology, ecology or linguistics itself. The science in the whole
range of problems it addresses has come close to understanding of the ways of solution of this problem. It
is proven by the existence of a wide variety of science disciplines aimed at finding the laws of organiza-
tions of physical systems, though that fact may be hidden beyond apparent variety of theories: dissipative
structures, generalized catastrophe, off-balance phase state and bifurcations, irreversible process and
structural stability, autowave process and synergetics [2].

Material and methods. Synergetics as a science field is of integrative nature. It combines physics,
chemistry, biology, psychology, social studies, astronomy, philosophy and others stating by identification
of the laws all of them share. It is an interdisciplinary science, which provides strictly mathematical
substantiation of self-organization processes, occurring in open complex nonlinear systems Synergetics
deals with the study of systems comprising of subsystems of various nature. It considers how the
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interaction of such subsystems leads to the emergence of spatial, temporal and spatial-temporal structures
on a macroscopic scale. Thermodynamics of non-equilibrium processes, the theory of random processes,
the theory of non-linear oscillations and waves are basis of synergetics.

The world as a whole and every structure of it is a Wave. In other words, not just microscopic objects
(traditionally studied in quantum theory), but also each existing thing, all the diversity of the systems of
the world, as soon as they are dialectically contradictory, represent the Wave which is a structural reso-
nance of the substrate they're made of, i.e. sort of "interference" of opposites within unity. Physical inter-
ference fringe pattern, whether arising as a result of superposition of coherent light, sound or surface
waves is just a particular case of the most common resonating principle of the nature, which manifests in
interference.

Sources [3, 4] are the studies of wave nature of abutment pressure under safety pillars and stratum
edges of coal layers, where the wave nature of distribution of stationary abutment pressure is found. Any
wave propagation generates interference and diffraction, so it makes perfect scene to verify the corres-
pondence of wave processes observed in carbonaceous rock to the common oscillatory laws. For instance,
diffraction in optics is used to confirm the wave structure of light. Diffraction is defined as the set of facts
which are determined by wave nature of light and observed during the propagation of light in a strongly
pronounced nonlinear media. It narrower sense it is defined as the bending of waves around the corners of
an obstacle or aperture into the region of geometrical shadow of the obstacle. Diffraction is the feature of
propagation of waves [5].

Results and discussion. As for the carbonaceous rock the diffraction of rock pressure waves shall
take place at the border of the two diverse media: undisturbed rock (elastic medium) and excavated space
(nonelastic medium). This is why the coal safety pillar may be considered as a waveguide through which
the wave of elastic abutment pressure propagate.

The type of diffraction pattern depends on the value of wave parameter P [6]:

VA-L

a

pP=

where @ — width of the waveguide, meters; L — the distance from the plane of the waveguide to the
observations plane parallel to it, m; 4 — wavelength , m.

The excavated space is an obstacle to propagation of such abutment pressure waves, being a kind of
screen for such waves. Thus, in relation to rock pressure: a — width of safety pillar B,, m; L — thickness of
inter-stratum space #,, m; A — abutment pressure wavelength, equal to the doubled thickness of top rock
2h,, [4], m. Then the wave parameter equation is:

At P 1 (wide slot) the intensity distribution on the plane is shown on figure 1. Adjacent to points T, u
T,, located across the edges of the slot it resembles the intensity distribution adjacent to point Ty, at
diffraction on the edge of semi-infinite obstacle (figure 2). The amplitude in point Ty, located across the
edge of the screen is twice less than without the obstacle. The intensity of light is 4 times less, corres-
pondingly. The intensity J of elastic wave is the amount of energy transferred by the wave per unit of time
through unit of space perpendicular to direction of propagation [9]. The intensity os sinusoidal wave is
proportional to its amplitude squared. With regards to rock pressure waves the amplitude corresponds to
the decrease of mine height / subject to pressure.

Lets compare the diffraction pattern on the edge of semi-infinite obstacle (figure 2) and the dif-
fraction pattern of rock pressure on the edge of coal stratum obtained during studies [7] (figures 3 and 4).
The study comprised of measurements of dimensions of mines located under the safety pillars and edges
of coal strata.
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Figure 1 — The intensity distribution of light diffraction Figure 2 — The intensity distribution of light diffraction
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Figure 3 — Observed abutment pressure in the belt entry 42K -3

The visual resemblance of diffraction patterns is further confirmed by absolute values of
deformations of excavations. Thus in the belt entry 42K, —3 having original height # = 3,5 m, the axis of
abutment pressure wave is located at ;= 2,77 m, i.e. deformation is Ak, = 3,5 — 2,77 = 0,73 m, and the
deformation in the point located under the edge of stratum, Ak; = 3,5 — 3,12 = 0,37 m. So, Ah;/Ahy= 0,51,
i.e. the amplitude in the point located contrary to the edge of the obstacle is twice less than without the
obstacle (factoring measurement error). The same applies to the belt entry 45Ky — 3. Given the original
height of excavation /2 = 3,635 m the axis of abutment pressure is located at 1, = 3,15 m, i.e.. Ahy= 0,485 m,
Ah; = 0,245 m, Ah;/Ahy=0,5.
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At P 1 the oscillations of intensity spread all over the T, — T,, which corresponds to the image of the
slot in geometrical optics, and is also observed in the area of geometrical shadow (contrary to monotonous
decrease adjacent to the edges of the shadow at P 1. Depending on the values of P in the middle of diffrac-
tion pattern the point O may be either minimum or maximum intensity. When there is an odd number of
half wave lengths for point O (2k + 1) 4/2, the amplitude in point O is less than in the absence of the
obstacle. When there is an even number of half wave lengths (2k) 4/2 — the amplitude in point O is less
than in the absence of the obstacle. Refer to figure 5 — the abutment pressure in airway 42K -3 for
example. Here, given that wave parameter P=1.6, oscillation of abutment pressure are also observed in the
geometrical shadow area, though diffraction pattern is distorted by small-scale fluctuations. If the safety
pillar is 38 m wide and half wavelength is 13 m, three half-waves fit and, consequently, the amplitude in

the center of diffraction pattern O is higher than without the pillar.
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Figure 6 — Diffraction of abutment pressure waves at P >> 1

If P >> 1, the diffraction pattern is similar to that of Fraunhofer diffraction on the same slot (figure 6).
The main maximum lies opposite the slot, and is the wider the narrower the slot is. The distance from the
center of diffraction pattern to the firs maximum increases with the increase of safety pillar width B,. At
this, the central peak gets wider and lower. The intensity decreases going from the center to edges of the
plane of observation.

Angle ¢ between the original direction of the wave and resulting direction is called the diffraction
angle. The energy of original wave distributes unevenly in angular space. It is lower at higher diffraction

angles.
Conclusions. Thus, the observation of diffraction of abutment pressure waves and their

correspondence to common laws of wave propagation confirms its wave nature.
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KOMIP KYPAM/IbI KAJIBIH/IBIKTAP/IBIH TOJKBIHbI KACUETTEPI

Annotanusi. Kemip rutactapbIHbIH XHeK O6JIKTEpiHe JKoHE Tipey acTapblHia opHajlackaH KaparaHubl kemip
OacceliHi KeMip IIaXTachIHBIH JKEp acThl OHACYJIEpiHe 3epTTeyliep XKypriziaai. JKorapsl jxaTKaH KeMip IuiacTapbl-
HBIH JKHEK OOJIIKTepl MEH Tipey acTapbhlHIAFbl alMaKTapa 3epTTey Tay-KeH OHJCYJIEPiH oJIley apKbUIbl XKYPri3imi.
JKyprizinren 3epTreyiep HOTHKENEpl KopceTKeHIeH, SSFHH Tipey acThIHIA OpHAIACKAH OapibIK KapalfaH oHICYIep
aiiMaKTapbIHBIH Y3bIH/BIFBI TOJIKBIHFA YKCAC ©3repill OThIpaIbl. Byl Makaiana TONKBIHABI YPRICTEPAIH TapalybIHBIH
TEOPHUSUIBIK KaFbIHAH KapajiFaH CaIBICTRIPMANIbl TalAaylapIbslH HOTIDKenepi kenripinmi. JXyprizinreH tammaymap
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HOTIDKECIH/IE KONy KHICHIMBI MEH KOMip IDIACTapbIHBIH JKHEK OONIKTepi MEH Tipey acTapbIHIAFBl Tapaly 3aHIbI-
JIBIFBIHBIH TU()PAKIIMOHIBl KACHETTEP] aHBIKTAJIIIBI.

Tyiiin ce3mep: Konmay KbICBIMEL, KOMIp Tipeylepi, KoMip IIacTapbIHBIH JKHUEK OOTIKTepi, Tay-KeH KbICHIMBIHBIH
YKOFapFhI IeKapachl, HHTepGEPEHINS, AUPPAKIHS, TAPMOHUKAIBIK YPJIicC.
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BOJIHOBBIE CBOMCTBA YIJIEHOCHOM TOJIIIH

AnHoTtauus. [IpoBeseHs! nccineqoBaHus B OJ3EMHBIX BRIPa0OTKAX YrONBHBIX IaxT KaparaHAnHCKOTO yToJb-
HOro OacceiiHa, pacroJioKEHHbIX MO/ LEeTMKaMU M KPaeBbIMH 4YacTsIMH YroOJIbHBIX IUIacToB. MccnenoBanust mpoBo-
JIWTACH TTyTEM U3MEPEHHUsS Pa3MepOB TOPHBIX BRIPAOOTOK HAa yJacTKaxX PACIIONOKEHHBIX IO IETUKAMU U KPAaeBBIMU
YacTAMH BBIIIENIEKALIMX YTOJBHBIX IUIACTOB. Pe3ynbTaThl NMPOBEACHHBIX HCCIEAOBAaHMU IOKa3alH, YTO BO BCEX
BBIPa0OTKaX, B KOTOPBIX NMPOBOAMINCH HAOJIOJICHHUS, BHICOTA y4acTKa BbIPAOOTKH, PACHONIOKEHHOTO IO/ LETUKOM
(xpaeBO¥ 4acThIO) M3MEHsIETCS BOJIHOOOpa3HO. B cTarhe NMpUBOAATCS pe3ysbTaThl CPABHUTEIBLHOIO aHAM3a Ipo-
BE/ICHHBIX HAOJIOJCHUH C TEOPETHYECKUMH ITOJIOKEHHSIMH paclpoCTPaHEHHUs! BOJIHOBBIX IpolieccoB. B pesynbrare
IIPOBEJICHHOTO aHAJIM3a BBIIBICHBI AM(PAKIMOHHBIE CBOWCTBA OMIOPHOTO JaBJICHUS M 3aKOHOMEPHOCTH €r0 paclpo-
CTpaHCHHS O] EeJTNKAMH U KPaeBBIMU YaCTSIMH yTOJIBHBIX TUTACTOB.

KiroueBble c10Ba: ONMopHOE AaBlICHHE, LENHUK YIIIS, KpaeBas YacTh YTOJIBHOTO IUIACTA, 30HA MOBHIIICHHOTO
TOPHOTO JaBJIeHUs, HHTephepeHIs, TrudpaKius, TapMOHUIECKUH IIPOIIecC.

Information about authors:

Khojayev Rustam, Dr. Eng, GeoMark Research Center, Karaganda, Kazakhstan; khodzhayev.rustam@bk.ru;
https://orcid.org/0000-0002-8499-9012

Gabaidullin Ravgat, Candidate of Science, GeoMark Research Center, Karaganda, Kazakhstan;
gabaydullin.ravgat@bk.ru; https://orcid.org/0000-0002-8450-2651

Lis Sergey, Senior Fellow, The Institute For Comprehensive Development Of Underground Resources LLP,
Karaganda, Kazakhstan; lis.sergey.2018@bk.ru; https://orcid.org/0000-0001-6034-5519

Shapalov Shermakhan, PhD Department of chemistry and biology, Silkway international university, Shymkent,
Kazakhstan; shermahan_1984@mail.ru; https://orcid.org/0000-0002-3015-5965

Akimbekova Nuriya, candidate of technical science, associate professor, Karaganda state technical university,
Karaganda, Kazakhstan; nuriya.akimbekova@bk.ru; https://orcid.org/0000-0002-8723-1666

Ivahnuk Gregory, doctor of technical science, professor of St. Petersburg state institute of Technology
(Technical University); vakhnyukg@list.ru; https://orcid.org/0000-0002-3401-158X

REFERENCES

[1] Bellman R. Theory of regulation. Quoted by: Math in a modern workd. M., 1967.

[2] Nonlinear waves. Self-organization. M., 1983.

[3] Lis S.N. The results of studies of the wave nature of the bearing pressure under the pillars and boundary parts of coal
strata // Gornyy zhurnal Kazakhstana. 2018. N 7. P. 23-27.

[4] Lis S.N. Patterns of distribution of bearing pressure under the pillars and boundary parts of coal strata / Gornyy zhurnal
Kazakhstana. 2018. N 11. P. 20-23.

[5] Seitmuratova E.Yu., Zeylik B.S., Dautbekov D.O., Baratov R.T. // News of the National academy of sciences of the
Republic of Kazakhstan. Series of geology and technical sciences. 2018. Vol. 5, N 431. P. 210-220. ISSN 2224-5278.
https://doi.org/10.32014/2018.2518-170X.51

[6] Gofman Yu.V. Laws, formulas, physics problems. Handbook. Kiyev: Naukova dumka, 1977. 576 p.

[7] Yavorskiy B.M., Detlaf A.A. Handbook of physics for engineers and University students. M.: Nauka, 1968. 940 p.

[8] A study of the wave nature of the redistribution of stresses under (above) pillars and boundary parts of coal seams and
development of methodical instructions by definition of zones of increased rock pressure. Lead researcher: Khojayev R.R. Ne GR
0118RK00595. Inv. Ne 0218RK00740. Karaganda, 2018. 68 p.

[9] Khojibergenov D.T., Khozhibergenova U.D., Akhmedov A.B., Absadykov B.N. // News of the National academy of
sciences of the Republic of Kazakhstan. Series of geology and technical sciences. 2019. Vol. 2, N 434. P. 69-78. ISSN 2224-5278.
https://doi.org/10.32014/2019.2518-170X.40

— 150 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 4. 2019

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 4, Number 436 (2019), 151 — 157 https://doi.org/10.32014/2019.2518-170X.109

UDC 621.313.39
A. O. Yussupova', A. N. Novozhilov', T. A. Novozhilov’

'Pavlodar state university, Pavlodar, Kazakhstan,
*Omsk state technical university, Russia.
E-mail: aselasp@mail.ru; novozhilova on@mail.ru; timokvey@mail.ru

MODELING CAPACITANCE OF CAPACITIVE TRANSDUCER

Abstract. The modern circulating electrical machines used to produce electric power and act as drivers are
wide spread in electric-power industry. One of the typical mechanical troubles electrical machines encounter is rotor
eccentricity. It is usually accompanied by non-uniformity of air gap between stator and rotor and formation of
additional magnetic fields in it which leads to deterioration of electromechanical features of electrical machines and
increase in electric power loss. With a large displacement of the rotor, the rotor core starts to rub against the stator
core. It is accompanied by fairing of cores and overheating. Severe overheat of rotor core can lead to rotor coil
burning-out, and overheat of stator core is accompanied by accelerated thermal deterioration of insulation and a
subsequent fault in its coil. This can lead to total damage of the machine. Nowadays, rotor eccentricity can be
determined by using methods based on measuring values which are caused by additional magnetic fields. However,
the sensitivity of the methods mentioned is limited by the need of considering the interferences due to variation of
mains settings and loads. In this sense, capacitive sensors used as measuring capacitive transducers are known to be
more perspective diagnostic means for determination of rotor eccentricity. However, there are no methods for calcu-
lation of parameters of such measuring transducers with complex geometry of electrodes.

The current document features a simple method for calculation of a capacitive transducer with electrodes of
various shapes. This method comprises modeling the transducer electro-statical field using nets method and calcula-
tion of capacitance based on the empirical formula proposed. As an example, the method efficacy is checked by
determination of plate capacitor capacitance using the method proposed and classical formula. It was demonstrated
that the modeling accuracy did not exceed 5%.

The example included evaluating a capacitance for electrodes with toothed rotor of electrical machines and with
different positions of capacitive transducer plates relative to rotor slot opening. This document also contains the prin-
ciple of forming boundary conditions and electrostatic potential distribution patterns, and the calculation of
capacitance.

Key words: diagnostics method, rotor eccentricity, capacitive transducers.

Introduction. In electric-power industry, for example, when diagnosing moving parts of electrical
machines (EM) the capacitive transducers (CT) [1-4] are widely used because they provide simple
operation and reliable performance. As it is known, changes in transducers capacitance can happen both
due to movement of target machine part and its circulation on a shaft. The example [4] shows measuring
rotor eccentricity during operation when one of CT electrodes has constant geometrical sizes and the other
one represents a circulating toothed rotor core as shown in the figure 1,a: where 1 and 2 — stator and rotor
cores; 3 — armature key; 4 — CT electrode; 5 — EM air gap.

Since CT capacitance during rotor circulation changes both because of rotor eccentricity value and
open slots of rotor that follow along its electrodes development of methods for diagnosing EM rotor
eccentricity is simply impossible without modeling transducer capacitance value depending on the
conditions mentioned.

As it is known [5-9], there are many ways that facilitate calculation of capacitor capacitance with
various electrode shapes. However, their analysis has shown that it is too difficult to use some of them
even equipped with computer technology. Some of them describe only particular cases for electrode
surfaces and others cannot provide the required accuracy.
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Figure 1 — EM specific design features and calculation diagram

In connection with this, electrical capacitance of two electrodes with various shapes can be calculated
the following way.

According to [10-15] electro-statical field density in any point between the two electrodes of the
capacitor is a constant value. In light of this and the figure 1:

E-U_92-01_A9 )
d y,-y1 Ay
where @; and @, - electro-statical field potentials in points 1 and 2 with respect to lower capacitor plate;
y1 and Yy, - coordinates y of points 1 and 2;. U and d - voltage and the gap between capacitor electrodes.

Then, taking into consideration equation correlations (1) in order to determine the capacitance of air
plate capacitor we can use the following empirical dependence:

C= 801112 P2~ %1 = 801112 A(P ’ (2)
Y2 =¥ Ay
where 1; and |, - breadth and length of capacitor electrodes; g, - electrical permittivity of vacuum.
Since the capacitor electro-statical field is potential and there are no free electro-statical field sources
in it then taking into consideration the diagram in the figure 1 and [13-17] the field can be described by
Laplace equation:

0%p/ox? +8%¢/oy* =0. ?3)

Analysis of [17-20] makes it clear that it is hard or sometimes impossible to get an analytical
expression from direct solution of equation (3) with complex electrode shapes whereas the net method
provides a simple answer. Here, partial Poisson equations [21-23] (3) for i, k — th node in the figure 2 are
replaced by expressions:

a%x _ Px@k+) T 205 (k) + Px(ik-1) . &)
oy> - 12 ’
0%¢, _ Ox(irLk) = 2Px(i k) + Px(i-1k)

(%)
oz° h?
As aresult in i, k — th node electro-statical field potential can be described as:
1
Px(ik) = Z((Px(i+1,k) T Ox(i-1,k) T Px(ik+1) T Px(i,k-1) (©6)
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The efficacy of the mathematical model for solution of such issues can be easily demonstrated in an
example with determination of capacitance of air plate capacitor [24-25]. According to [10] and the figure
1,6 plate capacitor capacitance is:

C=golly/d- ™

When using the net method for modeling electro-statical field between MF electrodes the area in
question is divided into squares with the help of k,, + 2 horizontal and i, + 2 vertical lines as shown in the
figure 2 with square side h. When k - th horizontal line crosses i - th vertical line it forms i, k - th node
where k;, and i,, - number of nodes in target area in vertical and horizontal direction where electro-statical
field potential is calculated based on equation (6). In the figure 2 these nodes are located in the area
outlined with dotted line. Electrode breadth 1, of capacitor and distance d between its electrodes on
calculation diagram can be described according to:

11=X2—X1 al’lddZY2—y1: (8)

where x,, X, and y,, y» - coordinates of capacitor electrodes in cells.

Y h

h

¥

¥1

¢=0

X

Figure 2 — Calculation diagram

When modeling the electro-statical field the upper electrode potential y, is assumed to be equal to one
and the lower one @, is to zero. After iteration procedure, all nodes with coordinates k =0 and k =k, + 1
are assigned nodes potentials with k = 1 and k = k,, and all nodes with coordinates i =0 and i =i, + 1 are
assigned nodes potentials with i = 1 and i = i,, which is boundary conditions for the given type of task.

Potentials of each node within outlined area are calculated with the help of computer based on
iteration method which assumes potential calculation beginning from the left lower corner and then back
from the right lower corner of the area. After each iteration procedure boundary conditions are reset again
and iteration number is chosen so as to minimize errors.

After calculation of potentials in nodes the capacitor capacitance can be calculated using
mathematical expression (2) as

N N
200 /N=¢ 2.0n
C=gglil, 1 — —e 1], L )
0412 h 0'1%2 Nh

¢, - potentials of all nodes adjacent to electrode with @; = 0; N - number of nodes adjacent to CT electrode
with ¢, = 0. In the figure 2 all nodes that adjacent to electrode with potential ¢, = 0 are marked with dots.

As one can see from the mathematical expression (9) (which defines capacitance through traditional
method [10] with constant plate characteristics) the capacitor capacitance depends on the distance between
the plates that is determined by air gap which sizes are shown in the table.
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EM air gap
Revolutions Gap, mm, with engine power, kW
per minute, rppm Upto0,2 0,2-1 1-2,5 2,5-5 5-10 10-20
500-1500 0,2 0,25 0,3 0,35 0,4 0,4
3000 0,25 0,3 0,35 0,4 0,5 0,65

If for calculation diagram in the figure 2 we assume h = 0,01 m, k,, = 11 and i, = 11 cells and
coordinates x; = 3, X, = 9, y; = 4, y, = 8 then potentials modeling results in nodes can be presented as
tables shown in the figure 3.

A.AA | H.¥6 A A.¥5 H.¥V4 | A.A8

k“lﬂ.?ﬁ B.76 A A.YS ©B.74 | A.74
A.75 ([ B.Y5 A A.74 ©W.¥Y3 | A.73
a.73 | 8.73 8 a.7Y3 8.71|8.71
a.ev¥ | B8.67 8 a.7d 8.67 | B.67 ¢=1
a.58 (8.58 @ A.63 B8.61 | d.61
a.49 (8.49 @8 a.51 8.51 | a8.51
a.39 (8.39 a8 a.40 B8.41 | 8.41
a.33 | 8.332 a8 a.38 8.33 | 8.33 ¢=U
a.29 (8.29 8 . a.24 8.27 | 8.27
B.26 | 8.26 8. a. a.23 8.25 | 8.25

1 8.25 | 8.25 0.24 8.23 0. A8.20 B8.21 8.23 8.24 | 0.24
a.680 ([ 8.25 B8.24 B8.23 0. B.20 B8.21 8.23 B8.24 | 0.808

1 im

Figure 3 — Potentials modeling results in nodes of electro-statical fields of two-plate electrode

Then, CT capacitance calculated based on mathematical expression (9) using net method amounted
to 1.55pf and 1.442pf accordingly. The net method accuracy was 7.001%. Therefore, such method for
determination of air CT capacitance is simple and provides sufficient accuracy within the diagnostics
system.

Based on the model proposed it is easy to calculate CT capacitance variation of asynchronous motor
(AM) rotor with open slots. If we assume CT breadth 1;, air gap & and rotor slot opening breadth by, equal
to 5, 3 and 3 cells then potentials modeling results in nodes with CT electrode located above rotor slot
opening can be presented as tables shown in the figure 4. Then, CT capacitance was 2.628pf. At the same
time when CT electrode was located above the middle rotor tooth the capacity amounted to 2.736pf, as
shown in the figure 5.

=0

[ s ucn] [
48]
=]

8.19 B8.14
3 8.18

Qoo oo@@
QoL@

oooooDo@
=
3%
ooooDooDo@
=
35
ooooDooDo@
=
35

00 |A.00 N.P8 B.08 0.00 ) B8 B.08 0.0
1 =0 ¢=0 im

Figure 4 — Potentials modeling results in nodes of electro-statical fields of plate electrode
and air gap area above AM slot opening
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o=1 =0 ¢=1

B.88 [1.88 1.88 1.0 A.B0 B.B0 B.A0 B.88 B.B680 1.0 1.8 1.08 |B0.88
Km 1. T 3 0.00 A [ 1.08
.62 (B.62 B.58 B.48 ©.30 B.16 6.13 6.15 B8.25 ©.44 B.59 B0.65 (0.65
.41 (A.41 B.38 B.32 B.Z24 A.1¥VY H.14 B.16 A.21 B8.30 B.38 0.42 |@3.42
8.22 (8.232 B8.22 B8.19 B8.16 B8.12 B8.12 B8.12 B8.14 B8.18 B8.22Z 08.24 (0.24
A.88 i 8.9 B.88 0.08 a.8a
8.88 B8.84 B8.85 8.85 a.88
8.68a8 B8.82 ©8.82 8.83 a.86
8.68a8 8.1 B8.82 08.82 a.86
8.68a8 B8.81 8.81 B8.81 a.86
8.68a8 8.8 B8.81 6.81 a.86

1 o.06 BH.80 0.8 B6.88 a.686
8.68a8 8.0 8.0 B.80 O.80 B.60 B.00 0.08 |0.08

=0 I

Figure 5 — Potentials modeling results in nodes of electro-statical fields of plate electrode
and air gap area above middle tooth of AM rotor

Thus, CT capacitance with AM rotor can be determined the following way:
Cun = Cuno + Cuum Sin (275 1) (10)

where C,0 and C,ypm - constant component and CT capacitance variable amplitude; f, = nZ, / 60 - CT
capacitance variable amplitude frequency; n - rotor rpm; t - time.

According to the net method in the figure 4 capacitance values are C,,o = 2.682pf and
Cunm = 0.054pf.

The example mentioned shows it obviously that the method proposed allows simple and quite precise
modeling CT capacitance, for example, for diagnosing rotor eccentricity regarding electrode shapes.

A. O. IOcyrmBal, A. H. HoBoxuioB', T. A. HoBosxuioB'

'C. TopaiirbIpoB aThiHgars! [1aBI0Iap MEMIIEKETTIK YHHBEPCHTETI,
*OMObI MeMIIeKeTTiK yHIBepcHTeTi, OMOBIO Peceit

MOJEJBIEY 3JEKTP ChIbIMABLIBIFBIH OJIIEY TYPJIEHIIPTILI

Annoranus. Kazipri 3aManfbl aifHaIMalbl JIEKTP MalllMnHAIAPHI AJIEKTP YHEPTeTUKACKIHAA dIEKTP SHEPTUSCHIH
OHJIIpY YIIIH XXoHE J)KETEeK peTiH/e KeHiHeH Kojaanbuiansl. Onap/ablH ©31He TOH MEXaHUKAIIBIK 3aKbIMIaHybIHBIH 01pi
POTOPIBIH AKCHEHTPUCUTETI OOJIBINT TaObLIa bl. ONETTE OJI CTATOP MEH POTOp apachIHIAFbl 9ye CaHbUIAYBIHBIH
OipKeIKi eMecTiriMeH »KoHe OHJIa KOCBIMIIIa MarHUTTIK epicTep/iH naiaa OomysIiMeH cyliemenneneni. by xarnaii-
Jap/bIH 09pi 3IEKTp MaIIMHAIAPBIHBIH MEXaHUKANIBIK CHIIaTTaMallapblH HalllapJiayblHa )KOHE 3JIEKTpP SHEPTUSCHIHBIH
IIaMasialH ThIC HIBIFBIHAHYHA oKenendi. Erepae poTopaslH JKBUDKYHI YIIKEH OoJjica OHIIa POTOPABI ©3€Tri CTapTop
©3€eTiH YiiKenel Oactaiinbl. byt e3ekTepiH KpI3ybIHA OKeTl COFaabl. POTOPIBIH ©3eTi KaTThl KbI3Yhl POTOP OPaMBIHBIH
OaNKyblHA OKEIl COFYBbIHA MYMKIH, all CTapTOPHABIH ©3€TiHiH KbI3Ybl CTapTOp OpPaMBIHBIH OKLIAYJaFbIIapbIHBIH
JKBUTYJIBIK KapTailyblH Te3leTelli KeiliHeH opaMaapaa KbICKa TybIKTanarytap Oomaasl. by perre amexTp MarmHachl
TOJIBIFBIMEH iCTEH IIBIFaMbL.

Kazipri yakpITTa poTOpIbIH 3KCUEHTPUCUTETIH aHBIKTAY YIIIH HETi3iHEeH KOChIMIIIA MAarHUT ©PICTepiHiH maiia
OoyybIHAaH TyBIHIAFaH LIaMallapbl eJIIIeyre HETi3JeNreH SicTep KoJIaHbUIanbl. bipak oiapIblH Ce3iMTalIbIFbl
KOPEKTEHAIPYILI JKeNiHIH AJIEKTp MapaMeTpiiepiHiH TepOeliCiHeH XoHe JKYKTEMECIHEeH TybIHJaFraH KeAepriiepaeH
ayBITKYJIBIH KaKETTUIINiMeH meKTenedi. by skarmaiia poTOpAbIH SKCUEHTPUCHTETIH AMAarHOCTHKAjay KyHenepi
YILIiH eJImeyinl TYPJASHIIPrill peTiHae CHIHBIMABUIBIK AaTYUKTEP ITaiiiaaHy HEeFypiIbIM OoJialarsl OOJIBIT TaObI-
nansl. Analima 3JeKTpoATapAbIH KypAeii (opMachIMEH OCHIHAAN ejmeyilll TYPJISHIIPTilTiH HapaMeTpiepin
ecernTey dici KoK,

Y CHIHBIUTFaH JKYMBICTA DJIEKTPONTAPABIH €pKiH (HOpMacHIHAAFBl CHIMBIMABLTBIKTEI OJIICYINl TYpPIACHIIPTIIITI
ecenTeyIiH KapamaibiM dfici YCHIHBUIFAH, OYJI TYPICHIIPTIMITIH 3JIEKTPOCTATHKAIBIK OPICiH TOp dHiciMEeH MOJEIN-
JIeyTe XKoHE KeNTIPUITeH dMIMPHUKAIBIK (opMyna OOWBIHINA CHIMBIMABLTBIKTEI ecenTeyre HerizaenreH. Ochl 9micTiH
0apabapIbIFbIH XKa3bIK KOHIEHCATOPBIH CHIMBIMIBUIBIFEIH aHBIKTAY MBICATIBIHIA TEKCEPY JKY3€re achIpbUIIbI, OHBIH
IIaMachl YCBHIHBUIBIN OTHIPFAH OMICTI MaijajaHa OTHIPBIIT JKOHE KIIACCHUKAJIBIK (opMyna OOMBIHIIA aHBIKTAJFaH.
Mopenbaeyaiy Kareniri 5%-/1aH acragpl.
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Byn omicti KonmpgaHy MBICaibl pETiHIE IEKTP MAIIMHA POTOPBIHBIH TICTi OeTi Oap JEKTpoaTap YIMiH CHIHBIM-
JBUTBIKTBI aHBIKTayblHA KaTBICTHI OJIISYIIl TYPJICHIIPTIIl IUIACTHHACHIHBIH TYPJII JKaFdaillapblHOa JKY3ere achl-
pouiiel. COHBIMEH KaTtap, IISKapajblK JKarJailllapibl KalbIITACTBIPY NPHHLMII JKOHE 3JIEKTPOCTATUKAIBIK Opic
HOTEHINAJIapBIHBIH Tapally cyj10ackl KeNTipiireH, COHAal-aK ChIHBIMIBUIBIKTAP ECENTENreH.

Tyitinaik ce3aep: QUarHOCTHKA dJiCTEMECi, POTOPIBIH KCHEHTPUCHTETI, CHIMBIMIBUIBIK OJIIeYIll TYpJIeH-
Jiprimrep.

A. O. IOCyHOBal, A. H. HoBoxuios', T. A. HoBosxuios'

'Masnonapckwuii rocynapcTeennsiii yausepcenter um. C. Topaiireipoa, Ilasnonap, Kasaxcran,
OMckuil rocynapcTBeHHbIN yHIBEpcuTeT, OMcK, Poccust

MOJIEJIMPOBAHME 3JIEKTPUYECKOM EMKOCTH
HN3MEPUTEJIBHOI'O ITIPEOBPA30OBATEJIA

AnHoTanusi. COBpeMEHHbBIE BPALIAIOIMINECS HIEKTPUUECKUE MAIIUHbI MIUPOKO HCHOIb3YIOTCS B JJIEKTPOIHEP-
TeTHKE Ul MPOM3BOJCTBA NIEKTPOIHEPIHM U B KadecTBe HpuBoAa. OIHMM M3 UX XapaKTEPHBIX MEXaHHYECKUX
MOBPEXKICHUH SBISIETCS] 3KCLEHTPUCUTET poTopa. OOBIYHO OH COIPOBOXKIAETCS HEPABHOMEPHOCTHIO BO3IYIIHOTO
3a30pa MEXAy CTaTOPOM U POTOPOM M BO3HHUKHOBEHHEM B HEM JIOMOJHUTEIBHBIX MAarHUTHBIX noJieil. Uto npuBoauT
K YXYIIIEHHIO AJIEKTPOMEXaHMUYECKUX XapaKTEPUCTHK INEKTPUUECKONW MAIIMHBI U yBEJIHYEHHEM IOTEeph 3JIEKTPO-
sHeprun. IIpy GONBIIOM CMENIEHHH POTOpa CEpASYHHK POTOpa HaUWHAET TEPEThCs O CepledHHK craropa. Yro co-
MIPOBOXKIAETCS «3aJIM30M» CEPJCYHUKOB M UX pa3zorpeBoM. CHIIBHBIN pa3orpeB cepACYHNKA POTOPA MOXKET ITPUBECTH
K BBITUIABJICHUIO OOMOTKH POTOpA, & pPa3orpeB CepACYHMKA CTATOpa CONMPOBOXKIACTCS YCKOPEHHBIM TEIUIOBBIM CTa-
pEHHEM HM3OJIIUM U TOCIEAYIOIINM KOPOTKHM 3aMBIKaHHEM B ee OOMOTKe. B Takmx ciydasx MamIiHa MOXET
MOJTHOCTBIO BBIMTH U3 CTPOSL.

B Hacrosmee Bpemst 17151 BBIABICHHUS SKCIEHTPHCUTETa POTOPa B OCHOBHOM HCIIOJIB3YIOTCSI METO/IBI, OCHOBAH-
HbIE€ Ha U3MEPEHUM BEIWYMH BBI3BAHHBIX MOSBICHUEM JONOJIHUTEIBHBIX MAarHUTHBIX Mojied. OJHAKO UX YyBCTBH-
TEJIbHOCTh OTPaHMYEHA HEOOXOAMMOCTBIO OTCTPOWKM OT MOMEX, BBI3BAHHBIX KOJIEOAaHHWEM 3JIEKTPUYECKUX Mapa-
METPOB MUTAIOIEH CETH U HAarpy3Ku. B 3ToM oTHOIIEHNU GoJiee MepPCIEKTUBHBI CHCTEMbI IUAarHOCTUKU AKCLIEHTPH-
CUTETa POTOpa, Y KOTOPHIX B KauecTBE H3MEPHUTENLHOTO MPeoOpa3oBaTelisi UCIOIb3YIOTCS €MKOCTHBIE NaTYHKH.
OnHako METOA pacueTa MapaMeTpoB TaKUX HU3MEPUTENBHOTO MpeoOpa3oBaTels cO CI0XKHOI (OpMOH 31eKTpoaoB
OTCYTCTBYET.

B npemraraemoit paboTe npeioxKeH MpoCTOi METO pacueTa eMKOCTHOTO M3MEPHUTENLHOTO Ipeodpa3oBaTes
C TPOM3BOJILHOM (OPMOH BIEKTPOAOB OCHOBAaHHBIA Ha MOJICIIMPOBAHMM JIEKTPOCTATUYECKOTO MOJISI 3TOTO TIpe-
00pazoBaresnsi METOZIOM CETOK M PacieTOM €MKOCTH I10 NIPUBEICHHON aMITUpruecKkoi Gopmyite. OcyiiecTBieHa npo-
BEPKa aJ€KBaTHOCTH 3TOTO METOJa Ha MPUMEPE OMPENENICHNSI EMKOCTH IUIOCKOTO KOHJICHCATOpa, BEIWIHHA KOTO-
pOro OIpenensuiach C HCIOJIB30BAHUEM IIPEUIaraéMoro MeToja W Mo Kiaccudeckoi ¢opmyie. Ilokaszano, dro
MOTPEITHOCTh MOJICIMPOBAHUS HE MTpeBbIcHIa 5%.

B kauecTBe mpuMepa HCIOIb30BaHUS 3TOTO METOJA OCYILIECTBICHO ONpEesIeHHe EMKOCTH Ul 3JIEKTPOIOB C
3yOuaToil MOBEPXHOCTBIO POTOpA 3NEKTPUUECKONW MAIIMHBI B Pa3HBIX MOJO0XKEHHUAX IUIACTUHBI M3MEPUTEIBHOTO
npeoOpa3oBaTessl OTHOCHTENIFHO PAacKphITHs IMa3a. Takxke MpuBeAeH MPpUHIKN (OPMHUPOBAHUS TPAHUYHBIX YCIOBHI
U KapTUHBI pacrpeeeHns HOTeHIUAIOB 3JIEKTPOCTATHUECKOT O TI0MIs], @ TAKXKE PACCUMTaHbl EMKOCTH.

KaioueBble ciioBa: MeTOqMKa JUArHOCTHKH, DKCIEHTPHCUTET POTOPA, EMKOCTHBIE M3MEPUTEIbHbIE peodpa-
30BaTeNN.
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PREPARATION OF CARBON NANOCOMPOSITES
ON THE BASIS OF SILICON-TIN CONTAINING SUBSTANCES

Abstract. The obtained nanocomposites are tin dioxide nanoparticles immobilized on inorganic polymeric
network of silicon dioxide and precipitated carbon. Wherein, silicon dioxide provides high adhesion properties and
prevents the aggregation of the crystallites of the composite, and the nano- and microparticles of tin dioxide and
carbon predetermine the gas-sensitive properties. The film-forming solutions obtained by sol-gel technology contains
tetraethoxysilane, tin salts (SnCl,-2H,0), silicic acid (SiO,-nH,0) and sodium silicate (Na,SiO5-9H,0). The resulting
solutions have been applied to metal substrates with subsequent heat treatment. The additional introduction of
tetraethoxysilane as a source of SiO; in solution-sol has made it possible to obtain xerogels of oxide compositions of
5% SnO, — 95% Si0,, 30% SnO, - 70% SiO,. The modification of the content of elements shows that the growth of
carbon nanoparticles changes the microstructure of the obtained compound.

Key words: nanocomposites, nanoparticles, silicon-tin containing nanotubes.

Introduction. The priority task of the state economic policy and science is the integrated and rational
use of mineral raw materials, combating the negative impact of industrial waste and harmful emissions on
the environment. With the involvement of phosphate concentrate obtained on the basis of waste into the
production of complex mineral fertilizers, an additional 540 thousand tons of highly concentrated ferti-
lizers sold on the international market at a price of at least $400 per ton can be obtained [1-4].

At the present time, waste stored in the sludge accumulators of the chemical and phosphorous in-
dustry under the open air is exposed to wind and water erosion, which creates unfavorable environmental
conditions for nearby areas: removal of dust containing silicon oxide from the dried surface of the sludge
collector, flushing fluorine-containing salts from the rainwater waters into the underground waters. The
second product of waste processing is a cement clinker. The main components of the clinker are calcium
oxide (Ca0), silicon dioxide (Si0O,), aluminum oxide (Al,O;) and iron oxide (Fe,0O3), the total content of
which reaches 95-97.5%. With the full complex processing of accumulated waste, the ecological problem
of environmental pollution with toxic substances will be solved.

Materials obtained on the basis of carbon nanotubes or with the addition of SiO, can differ in a wide
variety of functional properties. The nanoscale effect of particles of carbon nanotubes is manifested in the
unusual properties of materials completely different from the known properties of bulk materials:

- optical, photonic and electronic (glass tubes for optical fibers, color coatings for automotive glasses,
photochromic glasses, liquid crystal displays, photonic crystals, solar batteries, gas analyzers, etc.);

- thermal (refractory ceramics, ceramics with low coefficient of thermal expansion, fireproof
coatings, thermal insulators);

- mechanical (high-strength polymeric products and ceramics, abrasives, tribological materials);

- chemical (catalysts, membranes, hydrophilic and hydrophobic films, antioxidants);
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- biomedical (immobilization of biological molecules, such as proteins, microorganisms, antibacterial
substances, biosynthesis, creation of biosensors, removal of toxic organic substances).

The introduction of silica nanoparticles can significantly improve the properties of well-known
materials, for example, concrete soil, cement, ceramics, wood.

Methods. Finely divided silica is a light gray or white powder obtained from quartz. It is produced
both in Europe and in the USA and it has various product names such as "SSA-1" Halliburton Services
"D-66" from "Dowell Schlumberger" or "D-8" from "B.J. Hughes" [5-8].

In the production of glasses, ceramics, mixed inorganic oxides, gels are heated to several hundred
degrees to sinter the particles and compress the porous structure to a dense material. In sol-gel technology,
the term "sol" refers to colloidal ultradispersed and microheterogeneous systems with a liquid dispersion
medium and a solid dispersed phase. Colloidal sols are aggregatively stable disperse systems of various
compounds in water (hydrosols of silica, silver, boehmite, titanium dioxide, metal salts), obtained by
condensation or dispersive methods. Thus, as a result of the polycondensation of aqueous solutions of
silicic acids, silica hydrosols are obtained, which have extremely wide application [9].

According to modern concepts, the formation of a gel begins with the formation of a fractal structure
of the sol, the growth of fractal aggregates to the extent that they begin to collide and adhere to each other,
as percolation theory (percolation theory) describes. Near the gel point, randomly located neighboring
clusters consisting of polymers or aggregates of particles join together to form a single structural grid. The
gel point corresponds to the percolation threshold, when a single constricting cluster is formed, as it were
spread throughout the volume of the sol [11-13]. After passing the gel point, the sol loses its mobility and
gelifies, transforming into a "wet gel", since the liquid phase is retained in the spatial structure. Wet gel
usually takes the form of the vessel in which the sol was. The formation of the gel does not stop at the gel
point, for some time the aging of the gel occurs. The term "aging gel" reflects structural changes occurring
after the gel point in the wet gel. In the resulting product, a single giant cluster coexists with a sol contai-
ning many small clusters that continuously join the common core - a giant cluster. In addition, in gels,
polycondensation reactions that have not passed to the end in sols can be continued, accompanied by
syneresis (release of water); there are also processes of reprecipitation of monomers or oligomers; there
are also phase transitions of the "solid-liquid" type, as well as the condensation of the structure [14-17].

The third stage of sol-gel technology is drying, i.e., removing liquid from the spatial structure of the
gel, resulting in the formation of a xerogel (dried gel). The xerogel volume is 5-10 times less than the
volume of the wet gel. When removing free water from the gel, wetting capillary menisci are formed,
which leads to an increase in pressure and cracking of the structure. To reduce the capillary pressure, the
gel drying is desirably carried out in a vacuum, in the presence of surfactants (surfactants). Drying in
supercritical conditions provided in autoclaves allows obtaining porous aerogels [18-20].

In this scientific work, nanoparticles of silicon oxide with tin chloride and sodium silicates with tin
chloride sol-gel method were synthesized. The composition of obtained products was determined by
chemical, IR-spectroscopic and microstructural X-ray phase analysis. Growth of nanomaterials was
carried out on the carbon nanotube CVD method. The investigated silicon-tin nanostructured vitreous
substances were deposited from a carbon nanotube of a columnar shape on a metal substrate using the
unique technology of ULVAC JAPAN, Ltd., Japan Manufacturing [8, 13,21].

Results and discussion. The obtained nanocomposites were investigated by chemical and physico-
chemical methods. Table 1 shows the results of the chemical analysis.

Table 1 shows that with increasing solution concentration the silicon content in silicates increases, the
chlorine ion decreases, and the content of tin gradually increases. The results obtained make it possible to
convert liquid solutions into gel-like liquid glasses, which can be used as semiconductors.

Research on an IR spectrophotometer allows a more accurate determination of the desired com-
ponents, which gives a huge advantage over the chemical method of analysis of solutions. Figure 1 shows
the IR spectra of compounds obtained by mixing 0.1 N Na,SiO; and SnCl,. It can be seen that the strongly
pronounced peaks in the 767 cm™ region correspond to tin oxide-SnO,, in the region of 958 cm™ there
correspond silicon oxide-SiO,, and also in the region 1153 cm™ and 2667 cm™, the slopes corresponding
to tin oxide - SnO,, weakly expressed peak in the region of 4386 cm™ corresponds to sodium oxide - Na,O.

Figure 2 shows the IR spectra of products obtained from 0.5 N solutions of SnCl, and SiO,. A strongly
pronounced peak in the 802 cm™ region corresponds to silicon oxide-SiO,, weakly expressed peaks in
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Table 1 — Results of chemical analysis of initial materials

Determination Determination Determination | Determination | Determination
of silicon oxide of the chlorine-ion of sodium of tin content of the
Name . . .

No of composites content in content by content by weight, refractive

P silicates by a mercurimetric in bulk % index of

weight method, % method, % method, % a solution
1 0,1 n Na,SiO3-SnCl, 31,75 17,129 3,68 84,9 1,3342
2 | 0,3 nNa,SiO;-SnCl, 59,33 16,5387 2,17 89,9 1,3354
3 0,5 n Na,Si0;-SnCl, 49,36 10,0413 5,43 91 1,3355
4 | 0,1 nSiO,-SnCl, 44,55 18,9013 1,69 59,2 1,3362
5 | 0,3 n SiO,-SnCl, 31,247 21,8547 2,5 69,6 1,3378
6 | 0,5n SiO,-SnCl, 30,048 15,948 8,9 87 1,3440

’
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Figure 2 — IR spectra of the resulting compounds of a 0.5 N solution of SnCl,-SiO,
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the 2669 and 3178 cm™ region correspond to SnO, tin oxide, a weakly pronounced peak at 4064 cm™
corresponds to silicon oxide-SiOs.

A scanning electron microscope (SEM) is simpler and more versatile for practical applications. The
principle of the JEOL JSM-6490LV raster low-vacuum electron microscope (Japan) is based on the use of
certain effects arising from the irradiation of the surface of objects by a finely focused beam of electrons.
These effects are the basis for obtaining a variety of information: the relief of the surface of the sample,
the chemical composition and the crystallographic orientation of the volumes adjacent to the surface.
Electrons emitted by the substance, various kinds of radiation, are captured by special sensors and after
amplification are used to control the brightness of the cathode ray tube on which the image is formed. At
the same time, a certain point on the screen of the cathode-ray tube corresponds to each point on the
surface of the sample [4, 5].

Figure 3 shows microstructure images of products obtained from 0.1 N Na,SiO; and SnCl, (initial)
(a) and 0.3 N SnCl,-SiO; solutions (initial) (b).

SEl  10kV Tmm ¥1,000  A0pm  —
Sample 4435 08 Jun 2016

SEl  10kV WDTmm 20 x3,000 Spm —
Sample 4433 08 Jun 2016

(b)

Figure 3 — Microstructure of nanocomposites obtained from Na,SiO3-SnCl, (a),
microstructure of nanocomposites obtained from SnCl,-SiO, (b)

Table 2 — Results of X-ray phase analysis of products synthesized from 0,1 N Na,SiO;-SnCl, solution

Results of elemental analysis in weight, % ratios
Range In stats. (0] Na Al Si S Cl Sn Total
Spectrum 1 Yes 52,57 0,09 0,05 27,65 0,06 0,61 18,97 100
Spectrum 2 Yes 52,57 0,11 0,04 27,55 0,04 0,64 19,05 100
Spectrum 3 Yes 53,14 0,16 0 29,56 0,05 0,69 16,39 100
Average Yes 52,76 0,12 0,03 28,25 0,05 0,65 18,14 100

Table 3 — Results of X-ray phase analysis of products obtained from 0.3 N SnCl,-SiO,

Results of elemental analysis in weight,% ratios
Range In stats. (¢ Al Si Cl Sn Total
Spectrum 1 Yes 41,82 0,12 10,99 4,07 43,01 100
Spectrum 2 Yes 44,17 0,05 15,34 3,62 36,82 100
Spectrum 3 Yes 44,06 0,07 14,39 3,69 37,78 100
Spectrum 4 Yes 41,72 0,04 11,09 4,19 42,95 100
Average 42,94 0,07 12,95 3,89 40,14 100
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Table 3 shows that the elemental analysis reduces the oxygen content, the content of tin and silicon
increases. The change in the content of elements shows that with the growth of the nanoparticles the
microstructure of the obtained compound changes.

In this work, composites based on SiO,-SnCl, and Na,SiO;-SnCl, with different tin dioxide content
were obtained by sol-gel technology on substrates of oxidized single-crystal silicon, further tablets are
prepared from the obtained products. The finished tablets allows the carbon deposition in columnar-
shaped carbon nanotubes on a metal substrate using the unique technology of ULVAC JAPAN, Ltd. The
precursors for the preparation of sols are tetracthoxysilane, five-water tin tetrachloride, ethyl alcohol; the
catalyst is hydrochloric acid. The firing was carried out at a temperature of 600 °C.

SElI  15kV WDEmm 5520 1,000 10pm —
Sample 4518 10 Jun 2016

Figure 4 — Microstructure (SEM) of nanocomposites obtained from Na,Si03-SnCl, compounds
after growing nanoparticles on the carbon nanotube CVD methods

Table 4 — Results of X-ray phase analysis after growing a nanoparticle of a carbon nanotube by CVD methods

Results of elemental analysis in weight,% ratios

Range o Na Al Si C Sn Total
Spectrum 1 30,17 4,90 0,13 3,97 5,51 55,32 100,00
Spectrum 2 31,60 2,74 0,06 3,96 3,97 57,68 100,00
Spectrum 3 31,07 3,05 0,09 4,20 5,18 56,40 100,00
Average 30,94 3,56 0,09 4,05 4,89 56,47 100,00

Table 4 shows that the elemental analysis reduces the oxygen content, the content of tin and silicon
increases, carbon deposits. The change in the content of elements shows that with the growth of carbon
nanoparticles, the microstructure of the resulting compounds changes.

From table 5 it is seen that the elemental analysis of the oxygen content decreases, the content of tin
and silicon increases, carbon is deposited. The change in the content of elements shows that with the
growth of carbon nanoparticles, the microstructure of the resulting compounds changes.

Figures 6 and 7 shows the microstructures of nanocomposites synthesized by the sol-gel method
using tin chlorides and sand-like waste, which is accumulated in the fluorine-containing sludge accu-
mulator in the feed phosphate workshop of the Mineral Fertilizers plant in the Taraz city, which contains
Si0;.

According to the results presented in tables 6 and 7, elemental analysis showed a decrease in the
oxygen content, an increase in the content of tin and silicon, and carbon deposition.
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Figure 5 — Microstructure (SEM) of nanocomposites obtained from SiO,-SnCl, compounds
after growing a nanoparticle by a carbon nanotube CVD to methods

Table 5 — Results of X-ray phase analysis after growing nanoparticle carbon nanotube CVD methods

Results of elemental analysis in weight, % ratios

Range (0] Na Al Si C Sn Total
Spectrum 1 29,50 0,50 0,16 2,03 8,40 59,42 100,00
Spectrum 2 29,49 0,47 0,12 2,15 8,60 59,18 100,00
Spectrum 3 29,44 0,52 0,27 2,10 8,63 59,03 100,00
Average 29,48 0,50 0,18 2,09 8,54 59,21 100,00

Figure 6 — Microstructure of the obtained products mixture of 1.5 N SnCl, solutions and sand waste, in which the composition
contains SiO; (initial) in SEM - JEOL JSM-6490LV (Japan) low-vacuum electron microscope, 1 nm in volume

Table 6 — Results of X-ray diffraction analysis of the obtained SnCl,-SiO, starting compounds (from sandy wastes)

Results of elemental analysis in weight,% ratios
Range In stats. ¢ Al Si F Ca Sn Total
Spectrum 1 Yes 31,80 0,12 10,99 0,010 15,00 43,01 100
Spectrum 2 Yes 32,10 0,05 15,34 0,012 15,62 36,82 100
Spectrum 3 Yes 32,06 0,07 14,39 0,013 16,90 37,78 100
Spectrum 4 Yes 32,70 0,04 11,09 0,012 16,25 42,95 100
Average 32,95 0,05 13,95 0,012 15,56 40,14 100
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Figure 7 — Microstructure of nanocomposites obtained from SiO, compounds (from sandy wastes) - SnCl, after growing
a nanoparticle in a carbon nanotube CVD methods, 1 nm (a), microstructure of nanocomposites obtained
from SiO, compounds (from sandy wastes) - SnCl, after growing nanoparticles on a carbon nanotube CVD method (b)

Table 7 — Results of X-ray phase analysis of products obtained from SiO, compounds (from sandy wastes) — SnCl,

Results of elemental analysis in weight,% ratios
Range In stats. (0] Al Si F C Ca Sn Uroro
Spectrum 1 Yes 31,80 0,12 10,99 0,010 3,05 15,00 43,01 100
Spectrum 2 Yes 32,10 0,05 15,34 0,012 2,99 15,62 36,82 100
Spectrum 3 Yes 32,06 0,07 14,39 0,013 3,09 16,90 37,78 100
Spectrum 4 Yes 32,70 0,04 11,09 0,012 4,04 16,25 42,95 100
Average 33,95 0,05 12,95 0,012 3,09 15,56 40,14 100

Conclusion. Analysis of the set of experimental data and the results of scanning electron microscopy
showed that the sol-gel technology is an effective and promising way to control the nanocrystalline
structure of tin dioxide layers.

The change in the content of the elements shows that when the carbon nanoparticles are grown, the
microstructure of the obtained compound changes.

Source of research funding. Initiative project "Research and development of technology for ammo-
nia capture and processing of phosphogypsum in the production of ammophos to obtain a concentrate of
rare earth elements" of the department "Chemistry and Chemical Technology".
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KPEMHUII-KAJIATBIKYPAMJIAC 3ATTAP/BIH HET'I3IH/IE
KOMIPTEK HAHOKOMIIO3UTTEPIH AJTY

AHHOTAUMsA. AJBIHFAH HAHOKOMITO3UTTED KPEMHHUH ITUOKCHUII YXKOHE TYHABIPBUIFAH KOMIPTEriHiH Oeliopra-
HUKAQJIBIK TMOJUMEPJi TOpJIaphlHA WMMOOWJIM3ICHTCH Kajaibl JUOKCHIIHIH HAHOOOJIIEKTepi OOJNBIN TaObLIAIbL.
Conpaii-ak, KpeMHHH JAOKCHII JKOFapHl aire3UsyIbIK KACHETTEpre He )KOHE KOMITO3UTTIH KPUCTAIUIMTTEPIHIH arpe-
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ranysyIaHyblHA KON OepMeiimi, an Kamailbl MeH KeMipTeri AMOKCHAIHIH HaHO- JKOHE MHKpPODJIEMEHTTEepi Trasra
ce3iMTall KaCHEeTTep Il aIbIH ana alKbIHIAHBL. 30b-Tellb TEXHOJIOTHACHIMEH abIHFaH YIMIPTY3Til epiTiHAIepIiH
KypaMbIHIa TeTpadTOKCUCHIaH, Kaiaibl Ty3mgapsl (SnCly-2H,0), kpemuamii Keimkeutel (SiO,nH,0) xoHEe HaTpwmit
cunukatel (Na,SiO; 9H,0) 6ap. AnblHFaH epiTiHIIEp apbl Kapail TepMUSUIBIK OHJCY apKbLIbl METa TachbIMal-
JIAFBIITBHIH OeTiHe OThIPFBI3bUIAbI. EpTiHigire SiO, ke3i peTiHie TeTpadTOKCHUCUIIAH epITIHIUIEPiH KOChIMIIIA SHT13y
5% SnO, — 95% Si0,, 30% SnO, — 70% Si0, KypamMaac OKCHATI Kceporenbaepl alyFa MyMKIHAIK Oepai. DIeMeHT-
TEPIIiH KYPaMbIH ©3repTy KOMIpTeri HAaHOOOJIIEKTEePiH ocipy Ke3iHe ajblHFaH KOCBUIBICTBIH MUKPOKYPBUIBIMBIHBIH
©3TrepEeTiHIH KOpCeTe]Ii.
Tyiiin ce31ep: HAHOKOMIIO3UTTEP, HAHOOOJIIIEKTEP, KPEMHHH-KaTalibl HAHOTY TIKIIEIIEpi.
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HOJYYEHUE YIVIEPOJHBIX HAHOKOMIIO3UTOB
HA OCHOBE KPEMHHNU-OJIOBOCOJEPKAIIUX BEIIECTB

AnHotanus. [lonydeHHBIE HAHOKOMITO3UTHI TPEACTABISIOT COOOW HAHOYACTHIEI TUOKCHIA OJIOBA, WUMMO-
OMITU3NpPOBaHHBIC B HEOPTaHMYECKOW TIOMMMEPHOH CeTKe MUOKCHIA KPEMHHS M OCaXKICHHOTO yriepona. [Ipu atom
JIMOKCH]T KPEMHUsI 00ECIICUYMBACT BHICOKHE aJTe3MOHHBIC CBOWCTBA M MPEIOTBPAIIACT YKPYIHEHHE KPUCTAILIUTOB
KOMITO3MTa, & HAHO- M MHKPOYACTHIBI JHMOKCHIA OJIOBA M YIJIEPOJa MPEAONPEICISIOT ra304yBCTBUTEIbHBIC
CBOIICTBA.

[ony4eHHbIE METOJJOM 30JIb-Tellb TEXHOJIOTHH IICHKOOOPa3yIOIIue PacTBOPHI COAEPKAT TETPAITOKCHUCUIIAH,
coiu onoBa (SnCl,-2H,0), kpemuueByto kucnoty (SiO,nH,0) u kpemuekucnsiii Hatpuii (Na,Si0;-9H,0). Tlony-
YeHHbBIE PACTBOPHI HAHOCHIIUCH HA METAJUTHUYECKHE TTO/UIOKKH C TIOCIIEAYIoIIeld TepMooOpaboTKoi. JlonoNHUTENbHOE
BBEJICHHE B PACTBOPHI-30JIM TETPAITOKCHCHUIAHA, KaK HCTOYHHKA Si0;, MO3BOIUIO MOJYYUTh KCEPOTEIH OKCHIHBIX
coctaBoB 5% macc. SnO, — 95% wmacc. SiO,, 30% macc. SnO, — 70 % macc. SiO,. 3MeHeHue conepikaHus JIEMEH-
TOB TIOKa3bIBACT, YTO MPH HAPANIMBAHWU YTJICPOJHBIX HAHOYACTHI[ M3MEHSCTCS MHUKPOCTPYKTYpa MOJYYCHHBIX
COCTMHEHUH.

KiroueBbie cJI0Ba: HAHOKOMITIO3HUTHI, HAHOYACTHIIBI, KPEMHHUI-0JIOBOCO IEpIKAIIHAEC HAHOTPYOKH.

Information about authors:

Sadieva Halipa Ryskulovna, candidate of technical sciences, associated professor of the department of
“Chemistry and chemical technology”, M. Kh. Dulaty Taraz state university, Taraz, Kazakhstan; xalipa71@mail.ru;
https://orcid.org/0000-0002-8925-8053

Massalimova Bakytgul Kabykenovna, candidate of chemical sciences, associated professor, manager of the
department of “Chemistry and chemical technology”, M. Kh. Dulaty Taraz state university, Taraz, Kazakhstan;
massalimoval 5@mail.ru; https://orcid.org/0000-0003-0135-9712

Abisheva Roza Dzhanysbekovna, TexH¥UKa FBUTBIMIAPBIHBIH KaHAWAATHL. J{OKTOpaHTypa >KOHE Marucraprypa
GemimiinH OacTeiFel, OHTYCTIK KaszakcTaH MeMIIEKeTTIK menarorukaiblk yHuBepcuterTi, Shymkent, Kazakhstan;
ard1967@mail.ru; https://orcid.org/0000-0002-7056-0420

Tsoy Irina Gennadievna, candidate of chemical sciences, associated professor of the department of “Chemistry
and chemical technology”, M. Kh. Dulaty Taraz state university, Taraz, Kazakhstan; tsoyirinagen@mail.ru;
https://orcid.org/0000-0003-1705-6142

Nurlybayeva Aisha Nurlybaevna, PhD doctor, assistant professor of the department of “Chemistry and chemical
technology”, M. Kh. Dulaty Taraz state university, Taraz, Kazakhstan; rustem ergali@mail.ru;
https://orcid.org/0000-0001-9904-9979

Darmenbayeva Akmaral Sabetbekovna, PhD doctor, senior lecturer of the department of “Chemistry and
chemical technology”, M. Kh. Dulaty Taraz state university, Taraz, Kazakhstan; maral88@mail.ru;
https://orcid.org/0000-0003-2974-0398

Ybraimzhanova Laura Kairoldayevna, 2™ year doctoral student of the department of “Chemistry and chemical
technology”, M. Kh. Dulaty Taraz state university, Taraz, Kazakhstan; ybraymzhanova@mail.ru;
https://orcid.org/0000-0002-2241-6192

—— 165 =——



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

Bakybayev Abdygali Abdimanapovich, Doctor of Chemical Sciences, Professor, leading researcher of the
Laboratory of Catalytic Studies of Tomsk state university, Tomsk, Russia; bakibaev@mail.ru; https://orcid.org/0000-
0002-3335-3166

Sapi Aruzhan Kanatkyzy, 2™ year student of the department of “Chemistry and chemical technology”, M. Kh.
Dulaty Taraz state university, Taraz, Kazakhstan; sapievaaas@mail.ru; https://orcid.org/0000-0001-6487-5023

REFERENCES

[1] Troshina E.P., Mashhenko T.S. (2005). Synthesis and research of gas sensitive layers based on nanocomposites of the
Sn0O, - Si0; - In,0; system // Proceedings of Saint Petersburg Electrotechnical University. 2: 18-22 (in Rus.).

[2] Bestaev M.V, Dimitrov D.C., II'in A.Ju. (1998). Study of the surface structure of tin dioxide layers for gas sensors by
atomic force microscopy // Semiconductor Physics and Technology. 32(6): 654-657 (in Rus.).

[3] Novikov B.V., Grigorieva N.R., Grigoriev R.V., Kazennov B.A., Wagner G., Schwabe R., Lenzner J. (2002). HRTEM
and Optical Study of Stacking Faults in CdS1-xSex Crystals // Phys. stat. sol. 229: 69-72 (in Eng.).

[4] Hohlov A.F. (2000). Solid body physics. M.: High School. 494 p. ISBN 5-06-003770-3 (in Rus.).

[S] Aseev A.L. (2006). Atomic structure of semiconductor systems. Novosibirsk: Publishing House of the Siberian Branch
of the Russian Academy of Sciences. 292 p. ISBN 5-7692-0841-4 (in Rus.).

[6] Averin I.A., Karpova S.S., Nikulin A.S., Moshnikov V.A., Pecherskaja R.M., Pronin [.A. (2011). Controlled synthesis of
thin vitreous films // J. Nano- and microsystems technology. 1: 23-25 (in Rus.).

[7] Averin I.A., Pecherskaja R.M., Karmanov A.A, Pronin I.A. (2011). The influence of the conditions of obtaining on the
porosity of thin-film nanostructured polymeric materials // Collection of materials of the scientific and technical conference
"Testing 2011". Penza. P. 126-128 (in Rus.).

[8] Averin I.A., Aleksandrova O.A., Gracheva L.E., Moshnikov V.A., Pecherskaja R.M., Pronin .A. (2011). Influence of
annealing on the parameters of thin films obtained using the sol-gel technology // Proceedings of the 3rd scientific and technical
conference: Methods of creation, research materials, devices and economic aspects of microelectronics. Penza. P. 5254 (in Rus.).

[9] Averin I.A., Pecherskaja R.M., Pronin [.A. (2011). Features of low-temperature self-organization of sols based on two-
component systems based on SiO,-SnQO, // Journal “Nano- and microsystem technology”. 11: 27-30 (in Rus.).

[10] Grachjova L.E., Moshnikov V.A., Pronin I.A. (2011). Study of materials based on silicon dioxide under conditions of
self-assembly kinetics and spinodal decomposition of two types // J. Nanotechnics. Moscow. ISSN 1816-4498, 2(9): 46-54 (in
Rus.).

[11] Pronin I.A. (2012). Analysis of the concentration of intrinsic defects in the creation of gas-sensitive structures based on
tin dioxide // Young Scientists Journal: Physics. 8: 7-8 (in Rus.).

[12] Averin I.A., Moshnikov V.A., Pronin I.A. (2012). Features of maturation and spinodal decay of self-organizing fractal
systems // Nano- and microsystem technology. 5: 29-33 (in Rus.).

[13] Averin L.A., Pecherskaya R.M., Karmanov A.A. (2012). The study of the quantitative composition of the sol ortho-
silicic acid // Collection of articles of the XVI International Scientific and Methodological Conference: University Education”.
Penza. P. 178-180 (in Rus.).

[14] Averin L.A., Pronin I.A., Karmanov A.A. (2011). Methods of studying the qualitative composition of nanoelectronics
materials using IR spectrometry [Metodika issledovaniya kachestvennogo sostava materialov nanoelektroniki s ispol'zovaniyem
IK spektrometrii] // Collection of materials of the scientific and technical conference "Testing 2011". Penza. P. 137-139 (in Rus.).

[15] Saleh R., Purbo S.P., Fishli A. (2012). The influence of Fe doping on the structural, magnetic and optical properties of
nanocrystalline SnO particles // Journal of Magnetism and Magnetic Materials. 324: 665-670 (in Eng.).

[16] Nigel S., Chambers S., Johnson R. (2010). Operations Management. Prentice Hall. 6th Edition. 712 p. (in Eng.).

[17] Empedocles S., Bawendi M. (2000). Spectroscopy of Single CdSe Nanocrystallites // J. Pure and Applied Chemistry.
72:3-9 (in Eng.).((

[18] Turton R. (2000). The quantum dot. A journey into the future of microelectronics. New York, Freeman. P. 211 (in
Eng.).((

[19] Alehin A.A., Suzdal'cev S.Ju., Jafarov R.K. (2003). The fine structure of hydrocarbon films obtained in the plasma of a
low-pressure microwave gas discharge // Letters to the Journal of Technical Physics. 29 (15): 73-79 (in Rus.).

[20] Bolhovitjanov Ju.B., Pcheljakov O.P., Chikichev S.I. (2001). Silicon-germanium epitaxial films: the physical basis for
the production of strained and fully relaxed heterostructures // Advances in the physical sciences. 171(7): 689-715 (in Rus.).

[21] Jadhav A. S., Mohanraj G. T., Mayadevi S., Gokarn A. N. (2018). Rapid method for determination of nano surface area
of arecanut shell derived activated carbon by iodine adsorption number // J. News of the National academy of sciences of the
Republic of Kazakhstan. Series of chemistry and technology. 6(432): 53-58. https://doi.org/10.32014/2018.2518-1491.26 (in
Eng.).

[22] Dauletov Y., Abdiyev K., Toktarbay Z., Nuraje N., Zhursumbaeva M., Kenzhaliyev B. (2018) Radical Polymerization
and Kinetics of N, N-diallyl-N, N-dimethylammonium Chloride and Vinyl Ether of Monoethanolamine // Fibers Polym. 19: 2023.
https://doi.org/10.1007/s12221-018-6947-3

[23] Nussupov K.K., Beisenkhanov N.B., Zharikov S.K., Beisembetov [.K., Kenzhaliev B.K., Akhmetov T.K., Seitov B.Z.
(2014). Structure and composition of silicon carbide films synthesized by ion implantation // Physics of the Solid State. 56(11),
2307-2321. https://doi.org/10.1134/s1063783414110237

— 166 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 4. 2019

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 4, Number 436 (2019), 167 — 171 https://doi.org/10.32014/2019.2518-170X.111

Y. D. Zhaparkulova', K. K. Anuarbekov', L. Jurik®

'Kazakh national agrarian university, Almaty, Kazakhstan,
“Slovak university of agriculture in Nitra, Nitra, Slovakia.
E-mail: ermekull@mail.ru, kanat.anuarbekov@kaznau.kz, lubos.jurik@uniag.sk

ENVIRONMENTAL LOAD NORMA
OF IRRIGATION FIELDS WITH SEWAGE WATER

Abstract. The article provides materials of field lysimetric studies on the degree of soil purification of waste-
water. In order to study the interaction of irrigation wastewater with the soil in the conditions of Almaty region, we
carried out field experiments using E. I. Shilova's scoop shape lysimeters.

Keywords: waste water, lysimeters, cleaning, gray soil, ingredients, filtrate.

Introduction. Lysimeters were installed in a hole 1.2 m deep in a previously prepared niche with
depth from the surface of the hole wall to a depth of 0,30, 0,60, 0,90 m. The niche free space after
installing the lysimeters was tamped with moist soil. The walls of the pit concreted. The filtrate enters the
rubber tubes in the vessels (tubes).

On the surface of the lysimeters there is a platform of size 1,00x1,20 m, outlined by a wooden side
0,20 m high.

For irrigation, wastewater from the city of Almaty was used, which is characterized by an alkaline
reaction (pH = 7,80), a hydrocarbonate-chloride-sulphate composition with a total mineralization of
0,90-1,10 g/l.

The research results are presented in the table, which show that wastewater, penetrating into the soil,
leaves various substances contained in it from top to bottom, that is, soil cleaning takes place. In this case,
the degree of wastewater treatment by one or another layer of soil is different in nature and depends
primarily on the load rate.

The main wastewater treatment occurs in the soil horizon 0-30 cm. Here, the degree of purification of
water-soluble salts reaches 76%, and nitrogen and phosphorus up to 90%. As the load rate increases, it
appears to a lesser extent. A high degree of purification is noted in a layer of 0-90 cm with a load of
1000 m*/ha. Bringing the rate of load to 1500 m’/ha slightly reduces the degree of purification in each of
the soil layers under consideration. The migration of calcium and magnesium in the underlying layers is
not a desirable phenomenon. Their significant migration was established at a one-time irrigation rate of
1,500 m*/ha. Therefore, such a value of a one-time norm for irrigation fields in conditions of dark chestnut
soil is not acceptable.

We found that when passing through a certain layer of serozem soils (0,90 m), the wastewater
bleached, the amount of all chemical components decreased. Lysimetric waters had no odor, which indi-
cates the cleaning ability of the soil. The final treatment of wastewater does not end at a layer of 0-90 cm.
It can be assumed that it will flow in the layer below 0-90 cm and there is such a thickness of the soil layer
where the filtrate will be practically clean. Many researchers have argued that at a depth of 1,5 meters, the
wastewater is completely free from any impurities, if the irrigation regime is observed [1].

However, in order to protect groundwater from pollution, it is recommended to arrange irrigation
fields where groundwater lies at a depth of 3 meters or more. Analyzing the data in the table, it should be
noted that the absorption of mineral elements by the soil layer, such as nitrogen, phosphorus, potassium,
does not fall below 82-85% even with a load of up to 1500 m’/ha. However, the loss of nitrogen from
wastewater increases with increasing irrigation rates. German scientists have shown that with an increase
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in the water supply rate, nitrogen absorption by the soil stops: on sandy soils with an increase in water
supply from 60 to 150 mm, on sandy soils - up to 400 mm, on clayey - even higher [2].

Apparently, the colloidal composition of the soil is of particular importance for reducing the nitrogen
content of wastewater in the process of their purification and use in agriculture.

The main absorption of nitrogen occurs in the upper layers of the soil profile. For example, the
absorption of nitrogen to a depth of 30 cm ranged from 40 to 60%, depending on the load norms, and to a
depth of 60 cm to 80-87%. Nitrogen uptake will continue. According to I. F. Thomas, it ends at a depth of
3m[3].

Table 1 — The degree of soil tertiary treatment of wastewater at different load norms (initial water supply)

Content of ingredients, mg/l
Indicators
HCO, | o | so, | ca | Mg | Na+k | POs | N | KO
With a load rate of 600 m*/ha
Sourcewater 480 | 160 | 320 | 80 | 40 [ 306 | 11 | 30 [ 19
In a layer of 0-30 cm
Filtrate 270 106 118 50 21 160 5 12 3,8
Absorbedin, % 42 34 63 34 47 48 54 60 80
In a layer of 0-60 cm
Filtrate 114 60 80 35 10 85 2 4 -
Absorbedin, % 76 62 75 56 75 72 81 87 100
With a load rate of 1000 m*/ha
In a layer of 0-30 cm
Filtrate 240 111 145 60 24 150 6 16 4,8
Absorbedin, % 50 31 55 25 40 51 46 47 75
In a layer of 0-60 cm
Filtrate 126 80 90 42 12 80 1 6 1
Absorbedin, % 74 50 72 47 70 74 91 80 95
In a layer of 0-90 cm
Filtrate 91 51 45 29 9 43 - 1 -
Absorbedin, % 81 68 86 64 78 86 100 98 100
With a load rate of 1500 m*/ha
In a layer of 0-30 cm
Filtrate 280 115 160 30 35 149 6 18 7,2
Absorbedin, % 42 29 50 12 12 51 45 40 62
In a layer of 0-60 cm
Filtrate 166 96 95 58 16 92 2 6 5,1
Absorbedin, % 75 40 70 28 60 70 82 80 76
In a layer of 0-90 cm
Filtrate 108 67 90 54 22 86 2 6 0,4
Absorbedin, % 78 58 72 33 45 72 83 81 98

Phosphorus absorption is higher than nitrogen. In 58% of the experimental results showed that the
maximum absorption of phosphorus is observed up to a depth of 60 cm. In this layer, depending on the
water supply rate, phosphorus absorbed up to 82-91%. Similar trends were noted in the studies of
M. Schultz [2].

As it is known, mineral substances such as nitrogen, phosphorus and potassium in waste water are
mainly in a dissolved form (nitrogen 85%, phosphorus 50% and potassium 95%). Absorbing in the upper
soil layer, they become more accessible to crops.
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Calcium absorption by the arable layer of soil 0,30 m did not exceed 37%. With a normal load of
50 mm, and with a load of 150 mm, calcium absorption did not exceed 12%. As the depth of the soil
horizons increases, its absorption is somewhat increased. Magnesium has the same pattern, although it is
absorbed more than calcium. Apparently they go to the underlying layers of the soil. Therefore, the
possible outflow of calcium from the soil must be compensated by liming [4-6].

A number of scientists propose a major role in the significant enrichment of the soil, as noted in our
experiments, plays a large absorbing energy of the K-cation, which primarily occupies all the free va-
lences of the surface layers. Huge cations, primarily sodium and calcium, whose absorption energy is
much lower than that of potassium, therefore, is carried into the deep layers of the soil.

From the anionic group, the absorption of bicarbonate and bicarbonate ions is higher than that of
chloride.

Although a number of scientists noted that sulphates are mainly absorbed by the deep layers of the
soil, in our experiments, a high absorption of sulphate by the upper arable layer of soil is noted. With a
water supply rate of 500 m*/ha, the absorbing 63%, with a water supply rate of 1000 m*/ha - 55%, and at a
rate of 1500 m’/ha - 50%.

Thus, with an increase in the thickness of the soil layer, the degree of purification increases, and with
an increase in the load norm, there is a slight increase in the content of the main components in the
lysimetric waters.

When applying the norm of 1500 mm, the degree of purification in the 0-90 cm layer was low and
amounted to 16-51%. There is observed the leaching of such an important element as calcium outside the
corneal zone of the soil.

The decrease in soil absorption of various ingredients can be explained:

— weakening by the end of the growing season their consumption of plants;

— a decrease in the microbiological activity of gray soils;

—relative “saturation” of the filtering layer with added substances;

— changes in the cation composition of the soil absorbing complex;

— deterioration of the water-physical properties of the upper horizon of the paid soil horizon during
irrigation and treatments;

— meteorological conditions and other factors, alone or in combination with causing a change in the
sorption properties of the soil. [7,8]

Methods. Factors that are dependent on the treatment of wastewater from soil conditions and water
supply rates, as well as the concentration of the ingredient, the temperature of the wastewater and the
duration of the intervals between irrigation can be recorded:

Au

N logA—H
where 4 — degree of purification, %; 4o — pollution BODS5 (biological oxygen demand), used irrigation
water, mg/l; Ag— pollution BODS irrigation water after filtration through the soil to a depth of H, mg/I1.

For the conditions of gray soils is:

at a rate of 600 m*/haA,, = 19,6

at a rate of 1000 m’/haA,, = 28,2

at a rate of 1500 m’/haA,, = 30,6

Our experimental data showed a high degree of BODS purification of a 90 cm soil layer at a load rate
of up to 1000 m*/ha. This is of great agricultural importance, since as a result, the accumulation of organic
matter significantly increases the fertility of the soil. A further increase in the water supply rate leads to a
decrease to 28-52%.

Many researchers believe that the regulation of inter-irrigation periods, which largely determine the
use of plants by the introduction of nutrients and their fixation in the soil, can increase the stability of
sorption processes in the soil.

In order to prevent the leaching of wastewater ingredients outside the root zone (this not only causes
free loss of nutrients, but also the danger of contamination of groundwater), it is necessary to avoid
supplying large amounts.
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In terms of irrigation with wastewater for environmental safety, an equilibrium should be maintained
between the intake of various nutrients from wastewater and their use by plants, which are mainly
regulated by inter-irrigation periods.

It is clear from here that the longer the irrigation period is, the higher is the absorption capacity of the
soil, and the degree of purification is also meant.

The cleaning properties of gray soils, noted above, takes place only during the period of soil satura-
tion with water. From the moment of their full saturation with water, natural wastewater treatment does
not occur and chemical means flowing into the filtrate are subject to the composition of the wastewater.

Based on the data obtained from the lysimetric experience, we were able to identify that the amount
of runoff from that other soil profile (H) depends on the applied irrigation norms and it can be expressed:

m-w
=——(H-h
10000 ( ) @

where W — average runoff, m’; m — irrigation rate per 1 m depth; w — lysimeter surface area; H — estimated
depth of moisture, m; /# — the depth of the soil layer through which the filtrate goes.

These data allow carrying out balance calculations of ingredients entering the soil with wastewater
(table 2).

Table 2 — Balance calculation of elements of mineral nutrition and water-soluble salts in soil, kg/ha

Ingredients,kg
Indicators
N ‘ P, O5 ‘ K,0 ‘ Summa of salts, mg/ha
Irrigationrate, 600 m*/ha
Receivedwithwastewater 18 ‘ 9,5 ‘ 11,4 ‘ 816
Filtrate volume, through 30 cm layer, 450 m’
Filtrationcontent 13,5 450 8,55 512
Absorbed in a layer of 0-30 cm 4,5 4,95 2,85 204
Filtrate volume, through 60 cm layer, 240 m’
Filtrationcontent 52 2,54 4,56 326
Absorbed in a layer of 0-60 cm 12,8 3,0 6,64 490
Filtrate volume, through 90 cm layer, 60 m®
Filtrationcontent 1,8 0,00 1,14 61,5
Absorbed in a layer of 0-90 cm 16,2 5,94 10,26 734,4

Results. The overall qualitative and quantitative expression of the processes of absorption and
migration of wastewater ingredients introduced into the soil with irrigation water has its own charac-
teristics. The content of ingredients in the filtered and irrigation waters is not identical and is a variable
value depending on a number of factors. In quantitative terms, their migration lags behind the rate of
moisture filtration: with an increase in the filtration layer. This lag is more pronounced. With increasing
irrigation rates, the absorption capacity of the soil is manifested to a lesser extent.

When irrigation of lysimeters with treated wastewater, the predominant part of the nutrients in them
absorbs the arable soil horizon and they will be used by plants, the other part accumulates in the lower
layers of the soil profile, turning off for a long time from the active circulation of substances in the soil-
plant-soil system.

The degree of absorption of the ingredients of sewage gray soils can be adjusted by changing
the irrigation regime. According to the results of lysimetric experiments, disposable feed rates of 600—
1000 m*/ha turned out to be the most acceptable from the ecological point of view. With this approach,
highly efficient wastewater treatment and more complete utilization of nutrients introduced into the soil is
achieved.
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JMBUMETPHSIIBIK 3epTTeyJIepaiH MaTepHangapsl Kentipureai. CyrapMaibl TOTiHZI CyJapiblH TONbIPAaKIeH e3apa
OalTaHBICHIH 3epTTEY MaKcaThiHAa AMatsl 00bIck xkarnaiibiaga E..IInoBTeIH KYpek Topizai popMaiarsl JIH3H-
METpJIepiH KOJIAaHy apKbLIbl TAOUFH TOKIpHOE XKYpriziii.

Tyiiin ce3aep: TeriHai cynap, TU3UMETPIIEp, Ta3anay, 003 TONBIPaK, HHTPEOUCHTTED, CY3iHII.

E. JI. Kanapkynosa', K. K. Auyap6exos', JI. FOpuk®

'Ka3axckuii HalMOHABHBIH arpapHsIil yHHBepcuTeT, Anvarsl, Kazaxcras,
CroBankuii cenbCKoX03siiicTBeH b yHuBepeuter B Hutpe, Hurpa, CoBakus

HOPMA 3KOJIOFPI‘I§CKOFI HATI'PY3KH
OPOCHUTEJIbHBIX ITIOJIEM CTOYHBIMHU BOJAMH

AHHoOTanms. B craTbe NpHBOIATCS MaTepHaibl MOJEBBIX JTM3UMETPHUYCSCKUX MCCIICIOBAHUH 110 U3yYEHHIO CTe-
NIEHN TIOYBEHHON JOOYHCTKM CTOYHBIX BOJ. B menmsix M3ydeHHs B3aHMMOJACHCTHBS OPOCHTENBHBIX CTOYHBIX BOX C
NOYBOW HAMH B YCIOBUSX AJIMaTHHCKOH OOJNAcTH MPOBEICHBI HATYPHBIC ONBITHI C HCIIOJIH30BAHHEM JIM3UMETPOB
coBkoobpa3zHoit popmsl E.W.11nnoBoiA.

KiroueBsble cj10Ba: CTOUHBIE BOABI, IM3UMETPHI, OYMCTKA, CEPO3EMHBIE IOYBBI, HHIPEINEHTHI, (QUIIBTPAT.

Information about authors:

Zhaparkulova Yermekkul, Candidate technical science, assos. Professor of the Department of “Water resources
and melioration”, Kazakh national agrarian university, Almaty, Kazakhstan, ermekull@mail.ru;
https://orcid.org/0000-0002-5593-0016

Anuarbekov Kanat, PhD doctor, senior lecturer of the Department of “Water resources and melioration”,
Kazakh national agrarian university, Almaty, Kazakhstan; kanat.anuarbekov@kaznau.kz; https://orcid.org/0000-
0003-0832-6980

Jurik Lubos, PhD doctor, Slovak university of agriculture in Nitra, Slovakia; lubos.jurik@uniag.sk;
https://orcid.org/0000-0002-4855-7540

REFERENCES

[1] Novikov V.M. It's dirty, clean water. M.: Nauka, SSSR, 1983. N 2/14.
[2] Kanardov I.P. Use of wastewater for irrigation. Rosselchozizdat, 1977.
[3] Shulz M. Year-round irrigation with wastewater. M.: Kolos, 1965.

[4] Anuarbekov K., Zubairov O., Nusipbekov M. Improving water-salt regime in irrigated agriculture // Life Science
Journal. 2014. 11(5):459-464. (ISSN 1097-8135).

[5] Anuarbekov K.K and other. Water-saving technology of irrigation of corn // Journal News of the National academy of
sciences of the Republic of Kazakhstan. Series of Geology and Technical Sciences. 2018. Vol. 2, N 428. P. 149-155.

[6] Anuarbekov K.K and other. Exploitation of wastewater irrigation system (WWIS) // News of the National academy of
sciences of the Republic of Kazakhstan. Series of Geology and Technical Sciences. 2018. Vol. 6, N 432. P. 129-136.

[7] Anuarbekov K.K., Zubairov O.Z., Nusipbekov M.Z. Influence of the improvement of water-salt regime on the yield //
Biosciences Biotechnology Research Asia. April 2015. Vol. 12(1). P. 999-1006.

[8] Zhanashev I.Zh., Nauryzbayev R.K., Saparbayev E.T., Abikenova S.M., Anuarbekov K.K., Polushkin O.O. Structural—-
non-assuring groupwithin the kinematic chain of self-aligning spatial three-link cam mechanisms // News of the National academy
of sciences of the Republic of Kazakhstan. Series of Geology and Technical Sciences. 2019. Vol. 1, N 433. P. 51-56.

[9] Dauletov Y., Abdiyev K., Toktarbay Z., Nuraje N., Zhursumbaeva M., Kenzhaliyev B. (2018) Radical Polymerization and
Kinetics of N, N-diallyl-N, N-dimethylammonium Chloride and Vinyl Ether of Monoethanolamine // Fibers Polym. 19: 2023.
https://doi.org/10.1007/s12221-018-6947-3

— 171 ——



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

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 4, Number 436 (2019), 172 — 180 https://doi.org/10.32014/2019.2518-170X.112

UDC553.78; 553.776; 669.2/.8; 661.097.3

Z.B. Karshiginal, Ye. G. Bochevskayal, Z.S. Abisheva'?,
Ata Akcil3, S. M. Kan4, M. K. Absametov4, S. V. Berstenev*

'Institute of metallurgy and ore benefication, Almaty, Kazakhstan,
K. 1 Satpayev’s Kazakh national research technical university, Almaty, Kazakhstan,
*Suleyman Demirel university, Isparta, Turkey,
*U. M. Akhmedsafin institute of hydrogeology and geoecology, Almaty, Kazakhstan.
E-mail: zaure karshiga@mail.ru, elena_bochevskayal@mail.ru, abisheva z@mail.ru,
ataakcil@sdu.edu.tr, kan-s58@mail.ru, mabsametov(@mail.ru, sberstenyov@mail.ru

SORPTION METHODS OF PROCESSINGOF HYDROMINERAL
LITHIUM RAW MATERIAL OF KAZAKHSTAN

Abstract. In the contemporary world of high technologies lithium (L1i) is a key component. Kazakhstan has the
required potential for its production. The most attractive raw materials for lithium extraction are natural and saline
lake brines. Investigation and search of new technological solutions with the purpose of inclusion thereof in the
sphere of lithium-containing hydromineral raw material processing is an important and relevant scientific and
technical task. This article provides analysis of the literature data on lithium sorption by organic resins and inorganic
sorbents. Generally, cation exchange resins, both in protonated and sodium forms, are mostly used for lithium sorp-
tion. They include widespread cationite KU-2-8 or its equivalents. In the investigations on lithium sorption extraction
from lithium-containing solutions from amongst of inorganic sorbents mainly manganese, titanium and aluminum
based compounds are used. For the static lithium extraction from natural brines we performed sorption using ion-
exchange resins: CU-2-8, Purolite C100, Purolite C160S, Purolite S940, Amberlite IR 120, CYBBER CRX 210, and
CYBBER CRX 300. It was demonstrated that almost no lithium is sorbed on ionites. Insignificant amount of lithium
was extracted on sulphocationite CU-2-8 and made up 0.49%. Investigations were made on natural brines processing
using inorganic sorbents (in the form of commercial reagents): aluminum hydroxide, titanium and manganese oxides,
and activated carbon. Besides, such inorganic sorbents as aluminum hydroxide, hydrated titanium and manganese
oxides were synthesized. It was established that the highest rates were achieved when aluminum hydroxide was used
as sorbent, at that lithium extraction made up 21.87%, and on synthesized sorbent — hydrated manganese oxide,
where Li extraction reached 20.11%. For lithium extraction from brines inorganic sorbents were chosen as the sorp-
tion method using aluminum and/or manganese compounds as sorbents.

Key words: lithium, natural brines, sorption, ion exchange resins, inorganic sorbents, synthesis, extraction.

Introduction. Lithium legitimately can be called the most important element of the modern civiliza-
tion and technology development. Many lithium compounds and metal itself have become of utmost
economic and strategic importance, which resulted in a stable and steady growth of lithium and lithium
products output. As forecasted by Goldman Sachs, the lithium demand may triple by 2025 to 570,000 t
due to the stable demand by smartphone and electromobile manufacturers. Lithium is already branded
“white oil” as Tesla and other automobile companies use it for the manufacture of lithium-ion accumu-
lators. Apart from the accumulators, nowadays it is widely used in the production of glass and ceramics
(30%), lubricating materials (11%), metallurgy (4%), as well as in the production of chemicals, pharma-
ceuticals, rubber, and others [1]. The established global high demand for this metal forces to search new
potential sources of its production.

The main sources for lithium production globally are ores, salt lake brines, and a secondary source —
dead lithium batteries. Basic studies are currently aimed at development of the efficient technologies of
lithium extraction from the said types of raw materials.
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For lithium extraction from ores and minerals they use roasting with subsequent leaching, and its
extraction from brines includes operations of preconcentration, in other words evaporation, precipitation,
adsorption, and ion exchange [2]. For lithium extraction from dead lithium batteries they use leaching with
subsequent precipitation, sorption or liquid extraction, electrolysis [3].

Ore processing, especially spodumene, is the most expensive if compared to lithium extraction from
brines due to the necessity to use mines, energy consuming preliminary preparation of the ore raw mate-
rial, and application of the high-temperature opening and subsequent leaching. That is why many spodu-
mene deposits are not producing and not processed now.

Lithium is also present in sea water, but its concentration is too low — about 0.1-0.2 mg/l [4] to be
cost-effective. The total amount of metal lithium in sea water (globally) is estimated at ~230 Ht. However,
due to the low original concentrations it cannot be considered as a real source of lithium.

Brine sources include lithium detected in the salt water deposits — saline lakes, salt mines, oil field
brines, and geothermal brines. Oil brines, which on an industrial scale contain many valuable components,
including lithium [5-9], represent subsurface brine reservoirs located with oil. Geothermal brines represent
subsurface biologically heated brines, for example, in the Salton Sea, California. Subsurface brines
containing lithium make up 66% of global lithium resources and become a dominating raw material for
Li,COs all over the world due to the lower costs compared to production of lithium carbonate of hard ore
[10, 11].

While processing hydromineral lithium raw material they use such methods as evaporation and
precipitation, offering schemes with the use of extraction, sorption [12-15] and electrolysis [9] processes.
This paper describes lithium extraction and concentration methods at natural brines processing using ion-
exchange resins and inorganic sorbents.

In the paper [12] for lithium extraction they used resins of nomenclature LSC-100, LSC-500, and
D001 with fixed ions—N(CH,COO ),, _NHCHZPOZ_, and —SO;, accordingly. It is demonstrated
that resins LSC-100 and LSC-500 had higher selectivity for lithium extraction with adsorption
capacity > 5.5 mmole/g as compared to other alkali metal ions, following the extraction sequence:
Li">>K"~Rb" ~Cs" and Li" >> K" > Rb" ~Cs", accordingly. The authors explain [12] that strong ligands
LSC-100 and LSC-500 are prone to strong complex formation with lithium than any other alkali metals.
To the contrary, at sorption with resin D001 there was an inverse extraction trend, where first Cs and later
lithium were adsorbed. In the paper [13] for lithium adsorption from synthetic chloride solution they used
resin Amberlite IR 120 in sodium and hydrogen forms. The results demonstrated that ion exchange
between Li” and Na" is more favourable if compared to the protonated form. In the ion-exchange method
of lithium separation from other alkali metals they use sorption of metal ions on the column filled with
cationite CU-2 in N-form and subsequent elution with acid solutions [14]. Lithium ions sorbed on
sulphocationite CU-2 with 20% divinylbenzene are the least tightly bonded, desorb at lower saline acid
concentration, and elute before ions of Na, K, Rb, and Cs. Sulphocationite KU-2-8, as is known, is an
analogue of Amberlite IR 120.

The paper [15] describes studies, where for the selective lithium adsorption they used strongly basic
(Dowex MSA-I) and weakly basic (Dowex MWA-I) anion exchangers. Before the contact with the
original solution an active chloride form of Dowex MWA-I was transferred to the hydroxide form, while
at the time of using Dowex MSA-I change of the active chloride form was not obligatory. Since during the
work with Dowex MSA-I the active chloride form of resins was exchanged with AlCIl; by treatment with a
saturated aluminum chloride solution. Thereafter, by the ammonia solution treatment they transferred
AICI; to the form of AI(OH);, which contacts with brine containing LiCl at pH> 6. Using NaOH instead of
solution NH4OH had an unfavourable effect at resins hydroxylation, since it caused formation of alkali
aluminates, which elute AICl; of modified resins. Lithium chloride LiCl was extracted from brine into
modified resin as a complex of lithium halogenide with aluminate. Lithium eluting from saturated resin
was made using hot water.

There are known methods of lithium extraction by sorption from sea water and brines using different
types of adsorbents: inorganic ion exchangers, such as spinel-type manganese oxide, of the aluminum
compound demonstrate extremely high selectivity for lithium extraction from sea water [16-19]. Such
materials have high adsorption capacity; in alkali media (pH ~8) lithium had concentration 400 times
higher.
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Studies [20] on lithium adsorption on different titanium oxides demonstrated that the structure of
Li,TiO; obtained from anatase turned out to be more suitable for lithium extraction than that obtained
from rutile. In the paper [21] for lithium adsorption they use activated carbon as an adsorbent.

Lithium adsorption using aluminum salt as an adsorbent (AlCl;-6H,0) was performed at the tem-
peratures of 10 to 30°C. The temperature above 30°C did not have any effect on lithium sorption on
AI(OH);, which proved that the process is taking place through physical adsorption [22]. The maximum
adsorption capacity at pH 9 made up 123 mg/g.

Sorbents obtained on the basis of double compounds of aluminum and lithium LiCl-2A1(OH);-mH,0
and stable in brines with low pH level have high rates [23-26]. A distinctive feature of the suggested
sorbent is its selectivity, since lithium cannot be replaced by any other element in this compound.

Thus, publications analysis has shown that the problem of lithium extraction from natural brines is
relevant. It should be noted that studies are mostly performed at the laboratory level.

The purpose of our work is to choose the most effective sorption method of lithium extraction in the
process of natural brine processing in the static conditions using either ion-exchange resins or inorganic
sorbents.

Research methodology.

Reagents: saline acid HCI high grade, GOST 3118-77; sodium hydroxide NaOH high grade, GOST
4328-77; aqueous ammonia NH4OH ultrahigh purity, GOST 24147-80; carbon dioxide in cylinders with
100% concentration; crystalline sodium thiosulfate Na,S,0;°5H,0, analytic grade, GOST 27068-86;
potassium hypermanganate 0.1 N, titration standard, TU 6-09-2540-72; aluminum hydroxide AI(OH);
analytic grade, GOST 11841-76; manganese dioxide MnQO, high purity, GOST 4470-79; titanium dioxide
TiO, grade P-03, GOST 9808-84, and activated carbon Goldcarb 207C (Altyntau-Kokshetau).

lonite preparation. Cation exchange resins are produced by the industry in the sodium form. To
perform the research cationites were preliminarily transferred to the hydrogen form. Ionite was cleaned
from synthesis products and transferred to N-form using the saline acid solution [27]. A definite volume of
each ionite previously swollen in distilled water was loaded into the glass columns. Then 5% solution of
HCl was flowing through each column at a rate of 3 specific volumes per hour to equal acid concentration
at entry and exit. lonites were washed from acid using distilled water to pH = 6 - 7. Prepared ionites were
dried at 50°C to the constant weight.

Sorbent preparation. For the sorbent synthesis they used a pressure tight thermostatically-controlled
cell with the capacity of 2 dm’ equipped with a mechanical stirrer ‘OST basic’ making a fixed number of
rotations — 500 rpm. The constant temperature was maintained using a circulation bath LOIP LT-200. For
the purpose of aluminate solution carbonization CO, was fed through the flowmeter from the cylinders to
the distributor placed in the cell. The mixture of titanium dioxide and sodium hydroxide powders was
matured in a muffle furnace type SNOL 7.2/1300 for 1 h at 650°C. Synthesized sorbents were washed
with distilled water to pH=6 — 7 and dried at 105°C to the constant weight.

Experimental method. Sorption was performed in static conditions at a temperature of 25+5°C. For
the purpose of sorption using ion-exchange resins 1 g of each cationite in N-form were placed into the dry
flasks with the capacity of 0.5 dm’, 0.2 dm’ of brine was added, and it was placed onto the mixer.
Cationites contact with brine was maintained for 28 days.

For the purpose of sorption using inorganic sorbents 10 g of each sorbent were placed into the dry
flasks for 2 drn3, 1 dm® of brine was added, and it was placed onto the mixer. Sorbents contact with brine
was maintained for 4 days. Solutions were separated from sorbents using vacuum filtration.

Analysis methods. Natural brines and solutions after sorption were analysed for lithium content. The
quantitative content of lithium in the sorbent was determined based on the difference of their content in
the original brine and solution after sorption.

Lithium determination was performed by the method of atomic-emission spectroscopy as per NSAM
320I'-90 using a double beam atomic-emission spectrometer Agilent 240FS/AA equipped with an
automatic monochromator and control of slit width setting in the flame ‘acetylene — air’. The X-ray phase
analysis was made using a diffractometer D§ ADVANCE BRUKER AXS GmbH, (Germany) emission of
Cu-K,, data base PDF-2 of the International Center for Diffraction Data ICDD (USA).

Results and discussion. Static sorption was performed using natural brine composed of (g/dm’):
Na 30.49; CI” 58.2; Ca 5.37; Mg 1.29 and K 0.68. Concentration of Li was 8.24 mg/dm’. pH of the source
brine was 7.
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lon exchange method of lithium extraction from natural brines on synthetic sorbents. Characteristics
of ionites used for studying lithium extraction from brines by sorption are shown in table 1.

Table 1 — Characteristics of Cationites

Ionite Name Ionogenic Group Physical Structure
CU-2-8 Sulfonic acid —SO;H Gel-like strong-acid ionite
Purolite C100 Sulfonic acid —SO;H Gel-like strong-acid ionite
Purolite C160S Sulfonic acid —SO;H Macroporous strong-acid ionite
Purolite S940 Amino phosphonic acid —NHCH,PO(OH), Macroporous chelating ionite
Amberlite IR 120 Sulfonic acid —-SOsH Gel-like strong-acid ionite
CYBBER CRX 210 Iminodiacetic acid —CH,N(CH,COOH), Macroporous chelating ionite
CYBBER CRX 300 Aminomethylphosphonic acid —-NHCH,PO(OH), Macroporous weak-acid ionite

As is clear from table 1, we used strong-acid, weak-acid and chelating cationites with a gel-like and
macroporous structure as sorbents of the following functional groups: —SO;H; -NHCH,PO(OH), and —
CH,N(CH,COOH),. Ionites have varying selectivity with respect to lithium ion. Carbonaceous and phos-
phoric-acid cationites, i.e. Purolite S940, CYBBER CRX 210, and CYBBER CRX 300, are more prefe-
rable for lithium extraction from brines. However, testing ionites with sulphonic-acid group was of interest
for getting fuller information and comparative evaluation. It was established that CU-2-8 was the only
sulphocationite that resulted in minor lithium extraction of 0.49%. The sorption results might have been
affected by such factors as medium pH, temperature, structure of the resins, and other. Therefore, sorption
of lithium from natural brines using cation exchange resins is ineffective.

For lithium extraction from natural brines by sorption, inorganic sorbents can be used along with ion-
exchange resins. Such inorganic sorbents as aluminum hydroxide, titanium and manganese oxides were
synthesized provisionally for the study.

Synthesis of Aluminum Hydroxide AI(OH);. At the first stage, a commercial chemical reagent -
aluminum hydroxide was leached using NaOH solution under the following conditions maintained:
concentration of NaOH was 285 g/dm”, the solid to liquid phase ratio was 1:3, temperature was 98°C, and
duration was 5 hours. The produced filtered aluminate solution was carbonized with carbon dioxide.
Carbonization was performed in polythermal regime with decrease of temperature from 70 to 60°C.
Carbon dioxide was flowing through the entire solution volume for 6 hours with constant pulp stirring.
Then precipitate of AI(OH); was separated from the stock solution by filtering, elutriated and dried. The
X-ray phase analysis of precipitate confirmed production of aluminum hydroxide represented by two
phases: gibbsite and bayerite (figure 1).

Synthesis of Titanium Dioxide TiO,. To produce hydrated titanium oxide, a mixture of powdered
TiO, and NaOH was pestled in an agate mortar at a w/w proportion of 1:1.5. Then, the mixture was trans-
ferred to alundum pot and kept in a muffle furnace at 650°C for 1 hour to enable a reaction with
production of the alloy Na,TiO;. After alloy cooling, we added HCI (1:1) in drops:

Na,TiO; + 6HCI — 2NaCl | + TiCl, + 3H,0

SADX’HJGHLThen, after filtering, we added strong solution of ammonia NHj; in drops tothe resulted
filtrate, during the procedure white gas NH4Cl evolved and hydrated titanium oxide was formed:

TiCl4+ 3H20 + 4NH3 s 4NH4C1 T + TiOZ'l’leo

The X-ray phase analysis of obtained TiO,'nH,O after washing and drying showed that its major
phases were hydrated acid oxide Ti;H,Oq°1.9H,0, anatase TiO, and brookite TiO,.

Synthesis of Manganese Oxide MnO. To synthetize manganese oxide, we added 3.125% Na,S,0;
solution to 0.1 N KMnO, solution slowly in drops while stirring. This allowed getting a dark-cherry
precipitate from the solution. The X-ray phase analysis of the precipitate showed that its major phases
were pyrochroite MnO-H,0 and hydrated manganese oxide Mn;O3-5H,0 (figure 2).
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Lithium Extraction from Natural Brines Using Inorganic Sorbents. Testingof the sorption method for
processing brines was investigated using two types of inorganic sorbents: 1) commercial chemical
reagents: aluminum hydroxide, titanium and manganese oxides, and activated carbon; 2) sorbents syn-
thesized in laboratory settings. Results of the experiments are presented in table 2.

Table 2 — Sorption of Lithium from Natural Brines Using Inorganic Sorbents

Lithium extraction by sorbent, %
Sorbent - .
Commercial reagent Synthesized sample
Aluminum hydroxide 21.87 9.13
Titanium oxide - -
Manganese oxide 7.85 20.11
Activated carbon 0.97

As table 2 shows, the highest results of lithium sorption from brines were obtained with commercial
aluminum hydroxide used as sorbent, the extraction rate made up 21.87%. The rate of lithium extraction
from manganese oxide brine was lower and made up 7.85%. The rate of sorption by activated carbon
made up merely 0.97%. Titanium oxide didn’t sorb lithium from brine.

The rate of lithium sorption from brines using synthesized sorbents - aluminum hydroxide and
hydrated manganese oxide made up 9.13% and 20.11%, respectively. The lithium sorption rates decreased
2.4 times when synthesized aluminum hydroxide was used due to bayerite phase in the synthesized
sorbent, according to the X-ray phase analysis results (figure 1). Commercial aluminum hydroxide was
entirely represented by a gibbsite phase, which might have a favourable effect on the sorption results.
When synthesized manganese oxide was used, the lithium sorption rates were higher than in the previous
series of experiments. The phase composition of commercial manganese oxide also differed from the
synthesized sorbent. It contained manganese oxide Mn,03;, manganese nsutite Mn; 50Mny3,03.10(OH )90
and hydrated manganese oxide 1.48MnQO-0.15H,0. Another factor that might have an effect on the lithium
sorption rates was different phase compositions of the sorbents. As the X-ray phase analysis showed, the
initial compounds of inorganic sorbents have changed a little after they had been used for lithium sorption
due to low rates of lithium sorbed.

Therefore, sorption with the use of inorganic sorbents such as commercial aluminum hydroxide and
hydrated manganese oxide may be appropriate for lithium extraction from natural brines.

Conclusion. There is a growing interest to lithium all over the world. Currently, our country does not
perform any systematic studies on lithium extraction. Therefore, Kazakhstan, which has lithium resources
in natural and saline lake brines, should investigate its raw material sources and develop a technology for
Li extraction from such sources. However, composition of natural brines in our country (with an average
Li concentration being 0.007-0.012 g/dm?®) differs significantly from those in other countries (0.1 g/dm’ Li
and higher), and the existing technologies cannot be applied to our natural sources. That’s why to involve
natural sources of Kazakhstan into the global lithium production new solutions must be found for the
effective processing thereof.

It was established that sorption of lithium from natural brines using synthetized ion-exchange resins
is ineffective. CU-2-8 was the only ionite resulted in a minor lithium extraction rate (0.49%).

The highest rates were achieved with a commercial reagent aluminum hydroxide (among inorganic
sorbents) used as a sorbent (the lithium extraction rate made up 21.87%), and with a synthesized sorbent,
hydrated manganese oxide, where the extraction rate reached 20.11%. Differences in the phase
compositions of sorbents might have influenced the lithium sorption rates. That was a static sorption, i.e. a
one-stage process. In practice, sorption is performed in dynamic conditions, which is more effective as the
sorbent is continuously in contact with new portions of the solution flown through it. Therefore, dynamic
sorption process may allow increasing the rates of lithium extraction on a sorbent from natural brines to
65-70%.

Acknowledgement. This work has been performed under Grant AP05132075 of the Ministry of
Education and Science of the Republic of Kazakhstan.
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KA3AKCTAHHBIH T'MAPOMMWHEPAJI/IbI JII/III/IIZJII)I IUKI3ATBIH
COPBIIMAJIBIK TOCUIJEPIMEH KAUTA OHIAEYbI

Annotanusi. Kasipri onemzeri >korapsl TexHonorusutap iautiid (Li) 6acTsl KOMIIOHEHTI OOJBIT TaOBLIAbL.
OmnsiH eHpipici ymriH Kazakcran KaxerTi aneyerke ue. JIMTuiini ainy ymIiH eH TapTHIMABI HKi3aTapbl TAOUFU TY3/IbI
epTITIHALIep XKOHE TY3IbI KeJmep pambl Oombin Tadbbutanpl. KypameiHna nutuiti 6ap rugpoMHUHEpaIsl IHKi3aTHIH
KaliTa OHICY callaChlH/a, YWIEeCTipy KEHECiHiH MIemiMi MakcaThlHIa, JKaHa TEXHOJIOTHSUIBIK IISHTiMIEpIi TapTy,
3epTTey KOHE i37ey MaHBI3/bI )KOHE ©3eKTi FHIIBIMH-TEXHHUKAJIBIK MiHAEeT 00BN TaOblIafbl. Makaiaga opraHHuKa-
JBIK [IaWbIpIapMeH KOHE OPraHHKAIBIK €Mec COpPOSHTTEpMEH JUTHH COpPOLMSACHIHBIH o/1ebu AepexTep OoifbHmIa
TaNfaynap Kyprizingi. Operre, JUTHHII copOuuMsuiay YIIiH KeOiHece KaTHMOHOAJIMACTBIPFBILI IIANBIPIAphI, MPo-
TOHJIBI CUSIKTHI, COHIal-aK HAaTPHU HBICAaHAAPbIH/A NMaiaananbeuiaaspl. Onapasly KatapblHa Kipeai TapajFraH KaTHOHHUT
KVY-2-8 HeMece OHBIH aHAJIOTTaphl. 3epTTeyAe OCHOPraHUKAIBIK COPOCHTTEP KaTapbIHAAFbl, KYPaMbIHIa JTUTHHI Oap
epITIHAUIEpACH JUTHIII copOLMsiMeH arybl OObIHINA, KeOiHece MapraHell, TUTaH >KOHE aJIOMUHHH KOCBUIBICTap
Heri3iHae maiinananeuianel. Taburyu Ty316l epTiTiHAIepaeH 013 JUTHIAI aly YINiH, CTaTHKAJBIK JKaraaiaa, copo-
UsIMEH MOHAIMacTHIpFBI maisipiaapasl: KY-2-8, C100 Purolite, Purolite C160S, Purolite S940, Amberlite IR 120,
CYBBER CRX 210 xone CYBBER CRX 300 xonmmana oteIpsim, xyprizinmi. Kepcerinrenneit, Oyn mutui, ic
JKY3iHAE nonurepre oTeipMaipl. [llamans! mutuiini cynspokatnorntre KY-2-8 amysr, 6ap Oonranst 0,49 % xypaii-
ner. Tabury TY3IBI epPTITIHIUIEPHAl KaiiTa eHuey OOHbIHIIA, OeffopraHUKaNBIK COpOSHTTEpAl (KOMMEPIHSIIBIK pea-
TeHTTEp TYPIH/E): AOMHHUI TUAPOKCHUIIIH, TUTAH OKCHUJII MEH MapraHeuTi )oHe OeJceHAipUIreH KoMipi KoyaaHa
OTBIPHIN 3epTTeyiep opbiHAaNabl. COHBIMEH KaTap, OChIHIal OeHOpraHuKaIbIK COPOSHTTEP: aTIOMHHUN THIPOKCHUII,
THAPATTAIFaH THTaH OKCHIl JKOHE MapraHel] CHHTE3[ereH. Aca jKOFaphl KOPCETKITep— KOMMEPUUSUIBIK PeareHT,
AITIOMUHUH THIPOKCHIIH COpPOSHT peTiHAe NalaaiaHFaH Ke3lle OPbIH alybl aHBIKTAJIbl, Oy peTrTe JUTHHII aity
21,87 % Kypazpl, COHIai-aK CHHTE3/CITeH COPOCHTTE — THApaTTalFaH Mapraner okcuai, Li amy 20,11 % kypassl.
Ty3abl epTiTIHAUIEpACH JIUTHHAL aly YIIiH, cOpOeHTTep peTiHAE ATIOMHHUI jKoHe/HeMece MapraHel HaijaiaHa
OTBIPBII, OeHopraHUKaIIBIK COPOCHTTEPMEH, COPOLINS TCUTI TaH A b,

Tyiiin ce3mep: nmutuii, TaOUFU TY3AbI EPTITIHIUIEP, COPOLMS, MOHAIMACTBHIPFBIN IIANBIp, OeHopraHuKaIbIK
copOeHTTep, CHHTE3, aly.
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COPBIIMOHHBIE CITIOCOBBI IIEPEPABOTKH
I'MJPOMUHEPAJIBHOTI'O JIMTHEBOI'O CBIPbS KABAXCTAHA

AnHotanusi. B coBpeMeHHOM MHpe BBICOKMX TexHONOTHHA nuThii (Li) SIBISETCS KIFOYEBHIM KOMITOHEHTOM.
Kazaxcran oGnamaeT HEOOXOOUMBIM ITOTEHIIMAIOM IS ero Ipou3BoacTBa. Hanbosee mpuBiIeKaTeNbHBIM CHIpbEM
JUISL U3BJICUEHMS JIUTHS SBJIAIOTCS NMPUPOAHBIE Paccoibl M pambl COMSHBIX o3ep. MccienoBaHue M MOMCK HOBBIX
TEXHOJOTUYECKHX PEILICHUI ¢ LesIbI0 BOBIeUeHHs B chepy mepepaboTKu JUTHIICOIEpKAIIEro THIpOMUHEPATIBHOTO
CBIPBSI SAIBJSIETCS BAYKHOM M aKTyaJbHOM Hay4dHO-TEXHHYECKOH 3amaueil.B craThe mpoBeneH aHaAIU3 JUTEPATypHBIX
JIAaHHBIX TI0 COPOLIMY JIUTHUSI OPraHMYECKUMH CMOJIAaMH ¥ HEOpraHW4ecKMMHU copoeHTamu. Kak npasuio, aist copOrumn
JIUTHUSI UCTIONB3YIOTCSI MO OOJblIel YacTH KaTHOHOOOMEHHBIE CMOJIBI KaK B IPOTOHWPOBAHHOMW, TaK M HATPHEBOU
¢dopmax. B ux ymciao BXOAMT pacnpocTpaHeHHbIH kaTHoHUT KY-2-8 wm ero ananoru. B uccnenoBanusx mo cop0-
IMOHHOMY M3BJICYECHHIO JINTHS M3 JIMTHHCOAEPIKALINX PAacCTBOPOB M3 UHCJIA HEOPTaHWYECKHX COPOEHTOB IpEHMy-
IIECTBEHHO UCIOJIBb3YIOTCS COEANHEHNS] HA OCHOBE MapraHiia, TUTaHa U alnroMHUHUs. HaMu nms u3BnedeHus TUTus U3
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MIPUPOIHBIX PACCOJIOB B CTATHYECKUX YCIOBHAX MPOBEICHA COPOINS ¢ MpUMEHEHHEM HOHOOOMEHHBIX cMor: KY-2-8,
Purolite C100, Purolite C160S, Purolite S940, Amberlite IR 120, CYBBER CRX 210 u CYBBER CRX 300. IToka-
3aHO, YTO JUTHU MPAaKTUIECKHA He copOMpyeTcs Ha MOHUTAaX. HesHaunTenpHOE W3BJICUCHHE JINTHS MMEET MECTO Ha
cynbgpokarnonute KY-2-8 u cocrasuser 0,49 %. BrimonHensl uccieqoBaHus N0 mepepaboTKe HMPHPORHBIX pac-
COJIOB C MPUMEHEHHEM HEOpPraHHYeCKHUX COpPOEHTOB (B BUAE KOMMEpPUYECKHX PEarcHTOB): THMAPOKCHAA aJFOMHHUSA,
OKCHJIOB TUTaHA M MapraHiia, 1 aKTUBUPOBAaHHOTO yrisi. KpoMe Toro, CHHTE3MpOBaHBI Takie HEOPraHWIEeCKUe Cop-
OCHTBHI KaK THIPOKCHJ AJIFOMUHUS, THAPATHPOBAHHBIC OKCHUIBI TUTAaHA W MapraHIia. Y CTAaHOBJCHO, YTO HaubOoJee
BBICOKHE MMOKA3aTeIH UMEIId MECTO MPHU UCIOIB30BAHUHN B Ka4eCTBE COPOCHTAa — KOMMEPUECKOTO PearcHTa THIPOK-
CU/la ATIOMHHUS, TPH 3TOM H3BJICUCHHE JUTUSA cocTaBmiio 21,87 %, a Takke Ha CHHTE3UPOBAHHOM COpPOCHTE —
TUIPATUPOBAHHOM OKCHJIE MapraHia, rae m3siedeHue Li mocturmo 20,11 %.JIns u3BNeUCHUS TUTUS U3 PACcCONIOB
BEIOpaH CIIOCO0 COPOLMU HEOPTaHMYECKUMH COPOEHTaMHU C HCIIONIF30BAaHHEM B KadeCTBE COPOCHTOB COCIMHEHUH
ATFOMHHUS W/WJIA MapraHIia.

KiroueBble caoBa: IUTHIA, MPUPOIHBIE PACCOIBI, COPOIMA, MOHOOOMEHHBIE CMOJBI, HEOPTAHWICCKHE COp-
OCHTEHI, CHHTE3, H3BIICUCHHUE.
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MATRIX MULTIPLIER OF POLYNOMIALS MODULO
ANALYSIS STARTING WITH THE LOWER
ORDER DIGITS OF THE MULTIPLIER

Abstract. The advantage of an unconventional data encryption system using non-positional polynomial number
systems (NPNS), known as polynomial residue number system, is considered. When hardware and software-hard-
ware implementations of cryptosystems based on the NPNS, circuit solutions are needed multipliers of polynomials
modulo an irreducible polynomial. In this paper, we present the design of matrix multiplier of polynomials modulo
irreducible polynomial. The correct operation of the proposed multiplier is verified by implementing it on the FPGA
of the company Xilinx of model Artix 7. In conclusion, a comparative analysis of the matrix multipliers considered is
given in terms of time parameters and hardware costs for their implementation.

Keywords: non-positional polynomial number system, partial residual formers, modulo two.

Introduction. The development of information and communication systems increases the need to
ensure data protection. At the same time, due to the specifics of the application, restrictions on physical
size and power consumption, individual devices have small computational resources [1]. For devices with
limited resources, standard cryptographic algorithms may be too complex, too slow, or too energy
intensive. The issues of creating and applying methods to improve the efficiency of cryptosystems with
hardware implementation remain relevant [2, 3].

Searching for ways to improve the efficiency of software and hardware calculations, methods for
detecting and correcting errors and creating highly reliable computer systems, research is being carried out
in the field of non-positional notation systems, such as the residual number system (RNS). In the classical
positional number system, the value of each digit in the designation of a number depends on its position.
In non-positional numeration systems, a large-digit integer in positional notation is represented as a
sequence of several positional numbers of small bitness. These numbers are the residues of dividing the
original number by moduli of RNS.

The basis for creating the proposed models of cryptosystems [4-9] are non-traditional encryption
systems and digital signatures. These systems are developed on the basis of an algebraic approach using
non-positional polynomial number systems (NPNS), known as polynomial RNS.

Improving the efficiency of the hardware implementation of these systems is provided by the rules of
the NPNS, in which all arithmetic operations can be performed in parallel using the base modules of the
NPNS. The features of the NPNS give significant advantages over the positional number system when
performing modular operations of addition, subtraction and multiplication. This is especially true if large-
digit numbers act as operands [10].
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In non-positional cryptosystems, the cryptographic strength of the encryption algorithms and digital
signature generation, which is characterized by a complete secret key, is used as a criterion for crypto-
graphic strength. This key depends not only on its length, but also on the selected system of the polyno-
mial bases of the NPNS, as well as on the number of all possible permutations of the bases in the system.

With increasing order of irreducible polynomials with binary coefficients, their number is rapidly
growing. In this regard, a wide choice of polynomial bases is possible.

In [4], arithmetic of non-positional number systems with polynomial bases and its applications to
problems of increasing reliability were developed. It is shown that the algebra of polynomials over a field
modulo an irreducible polynomial over this field is a field and the representation of a polynomial in non-
positional form is the only one (an analogue of the Chinese remainder theorem for polynomials). The rules
for performing arithmetic operations in the NPNS and restoring a polynomial from its residues are also
defined.

The implementation of cryptosystems based on the NPNS can be implemented in software, hardware
or software-hardware methods. The main advantage of the software implementation is their flexibility,
which makes it possible to quickly rebuild cryptoalgorithms, the main disadvantage is a significantly
lower speed compared to the hardware implementation. Software and hardware implementation of
cryptosystems combines the advantages of software and hardware implementation. With hardware and
software-hardware implementations of cryptosystems based on the NPNS, the central unit is the multi-
pliers of polynomials modulo an irreducible polynomial, where repeated routine calculations are
performed on encryption and decryption of data. Therefore, the development of devices for multiplying
polynomials modulo an irreducible polynomial is relevant. In such multipliers, the multiplier is full A(x),
having degree m, the binary image of which is part of the plaintext, the multiplier is polynomial B(x),
having degree m, which is the key for encrypting the polynomial A(X). The module is an irreducible
polynomial P(x), which is randomly selected from the set of irreducible polynomials with degree m. After
multiplying modulo polynomials, we obtain the polynomial R(x) which is part of the ciphertext.

When decrypted, the polynomial of the ciphertext R(x) acts as a multiplicand, and the multiplier is
the reverse key B™(x). After multiplying R(x) by B™(x) modulo P(x), we get a part of the plaintext - the
polynomial A(x).

There are two ways to multiply polynomials modulo an irreducible polynomial. In the first method of
multiplying polynomials, multiplication begins with an analysis of the higher order of the multiplier. At
the same time, in each multiplication step, the next partial remainder is shifted one digit to the left. And in
the second method, multiplication begins with an analysis of the lower order of the multiplier with a shift
of the next partial remainder by one digit towards the older one.

The matrix multiplier of polynomials modulo an irreducible polynomial, where multiplication begins
with an analysis of the higher order of the multiplier was considered in [11].

The matrix multiplier scheme of polynomials modulo an irreducible polynomial, where multi-
plication begins with an analysis of the lower order bits of the multiplier. In the matrix multiplier of
polynomials modulo is performed in N-1 stages according to the number of digits of the multiplier. Each
stage consists of three sub-steps. In the first sub-step, the partial remainder r; is calculated by modifying
twice the previous partial residual 2r; modulo, i.e. r;=2r;.;modP. In the second sub-step, the partial residues
1; logical are multiplied by the corresponding bits of the b; of the multiplier, starting with the lower order
digit. In the third sub-step, an intermediate residue R; is formed by modifying the sum (r;*b;)+R;.; modulo.

Figure 1 shows a block diagram of the matrix multiplier of polynomials modulo an irreducible poly-
nomial, where multiplication begins with the analysis of the lower digits of the polynomial multiplier with
a shift of partial residues by one bit in the direction of the higher digit. The multiplier consists of four
blocks: 1 - the block is a block of registers, which includes the register of the module P(x) and the register
of the multiplier B(x), the block of the PRS, (PRS; =~ PRSy.;) , block of circuits AND 3 (AND; + ANDy.,),
block of adders modulo two (MA,; + MA2y.), delay lines 5.

Consider the operation of the device. The signal "START", which is fed into the circuit through input
6 to the register Pr P(x) from input 7, the binary coefficients of the polynomial P(x) are received — the
module, and to the register Pr B(x) from input 9, the binary coefficients of the polynomial B(x) is a
multiplier. Binary coefficients of the irreducible polynomial P(x) - module from the outputs of the register
P(x) are fed to the first inputs of the formers PRS; + PRSy.;. The multiplicand A(x) (input 8) with a shift
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Figure 1 — Block diagram of the matrix multiplier of polynomials modulo an irreducible polynomial,
where multiplication begins with the analysis of the lower order of the polynomial — multiplier

by one bit in the direction of the higher discharge, i.e. 2*A(x) = 2*r, is fed to the second inputs PRS; and
without shift is transmitted to the information inputs of the AND, circuit, the value of the b, bit is fed to its
control input from the output of the B(x) register. At the outputs of PRS), a partial residual r; =2 * r, mod P(x)
is formed, which is fed with a shift by one bit to the second input of the PRS, and without a shift is
transmitted to the information inputs of the AND; circuit, to the control input of which the bit b, value is
fed from Pr B(x). When b; = 1, the value of ; from the output of AND; is transmitted to the first inputs of
the adder modulo two MAZ2,, and the second information inputs of which are fed the value ry = Ry = A(x)
and the intermediate balance is formed at the output of the MA2, by calculating R; = r;@r,, which is
transmitted to the second inputs of the MA2,. The PRS; having received the value 2*r; from the output of
the PRS; at its output forms a partial residual r,, which with a shift of one digit to the left is transmitted to
the input of the PRS; and without a shift to the information inputs of the AND, circuit. To the control
input of which is fed bit b, from the register B(x). When b, = 1, the value of r;, is transmitted to the infor-
mation inputs of the MA2,, the other information input is supplied with the value R; from the outputs of
the MA2, and forms the intermediate remainder R,, which is transmitted to the information inputs of the
MA2;.

Further, partial residues 13,7y, ..., 7y_1 and intermediate residues R3, Ry, ..., Ry_;1 are formed in the
same way. After the formation of the intermediate residue Ry_q, the information output MA2,_; forms
the result, which by the signal 10 (“end of operation”) outputs it through the output of the device 11.

Figure 2 shows the block diagram of the PRS;, which consists of a modulo-two adder and an MS
multiplexer. The multiplexer, in turn, consists of AND;, AND, schemes and OR scheme. The first partial
adder r;_4 is fed to the first inputs of the adder with a shift by one bit in the direction of the higher digit,
which is equivalent to multiplying r;_; by two. In addition, the value of 2 * r;_; is also fed to the infor-
mation inputs of the AND; circuits. The information inputs of the 1, scheme are fed with the result of the
addition of 2 * r;_; ®P(x). Switching of values 2 * r;_; from input AND, or AND, depends on the values
of the most significant digit (S,) of the value of doubled partial residue 2 * 1;_;. At S;=1, the output of the
MS circuit through the AND, and OR circuits is the result of the sum modulo two result (2 * r;_; ®P(x)),
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and at S,=0, this signal passing through the inverter is NOT fed to input circuit AND;, allowing the
passage of the values 2 * 1;_; to the output MS. Thus, for values of 2 * 1;_; < P(x) (while S;=0), the
output of the PRS circuit produces the value r; = 2 * r;_;, and for values of 2 * r;_; > P(x) (at that S,=1)
at the output PRSy_1 the value r; = 2 * 1;_; ®P(x) is shaped.

The MAZ2; is an modulo-two n-bit adder, where the operation R; = 1; + R;_ is performed.

Consider the work of the multiplier on a specific example.

Let P(x) = x° + x3 + 1, the binary image of P(x): 101001;

A(x) = x* + x + 1, binary image A(x): 10011;

B(x) = x* + x? 4+ x + 1, binary image B(x): 10111.

The order of calculation of R = [A(x) * B(x)]mod P(x) is given in table.

To implement the above example on programmable logic integrated circuits (FPGA), consider the
logical chain of operations performed. The binary image values of the polynomials A(x) and B(x) are fed
to the input of the programmable logic integrated circuit. At the output of MA2,, the result of the
multiplication R=[A(x)*B(x)Jmod(P(x)) is formed. The current values of R; R, ... R, is formed at the
outputs of the corresponding adder circuits modulo MA2, A MA2, ... MA2,,. The first step is set
separately, according to the description of the zero stage from Table 1, where r, takes the values of the
input signal A4, also in the MA2, block, the first value Ry is equal to r,. From the next step, system
operations are performed according to the above description, using the modulo multiplier operator. To
check the correctness of the proposed algorithm on the integrated circuit, a time diagram was built on the
FPGA of the Artix 7 model shown in Figure 3. On the time diagram (aigure 3), one can observe the results
of the calculation on each clock signal whose numerical values correspond to the values shown in Table 1.
The program is written in the Verilog language, consisting of a procedural block, a register (data type) of
calculation parameters, a ternary operator, a shift operator, and a continuous assignment operator [12-14].

The number of used FPGA resources of the Artix 7 model does not exceed 1%: the number of
registers is 44 out of 126,800, the number of logical cells is 82 out of 63 400. The results obtained confirm
the correctness of the proposed algorithm and the proposed theory on the FPGA.

In conclusion, a comparative analysis of the algorithm with a matrix multiplier with the results of
[11] was carried out. The comparison is carried out according to the time of multiplication — Ty, and the
hardware cost Qi required to build them.

From figure 1, it is easy to determine the components of the circuit from the total delays at which the
multiplication time can be determined: PRS; x PRSx.1 — AND ANDy.; — MAy.;. Then the multiplication
time can be determined by the following relationship:

Tonnae =N-1(Trrs)+ Tannt Tuaaz (1)

where Tprs is the amount of delay on one partial residual shaper; Tmaz — delay time on the adder modulo
two; Tanp is the delay time in the circuit ANDy_;.
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Order of calculation of R
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Figure 3 — Timing coding diagram for a 5-bit binary information message in an Artix 7 FPGA

From figure 1, it is also not difficult to determine the ratios, with which you can calculate the
hardware cost of the multiplier:

it = N-1(Qprs+ Oriaz) TNQanp )

where QOpgs - the cost of logic circuits for building one partial residual shaper; Oy - the cost of logic
circuits for building one adder modulo two; NQ.p - the cost of N logic circuits 1.
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From the matrix multiplier scheme of polynomials modulo an irreducible polynomial, where multi-
plication begins with an analysis of the most significant bits [10], it is possible to determine the route of
the input signal, which determines the maximum delay, i.e. multiplication time of polynomials, where
multiplication begins with the analysis of the most significant digit: ANDy — MA2, — PRS, — MA2, —
— PRS; x MA2x., — PRS2 — MA2n.1 — PRSNA

then:
Toauie= Tanp + N-1(Towaz + Ters) 3)
The magnitude of the hardware costs can be determined from the following relationship:
Qniue=NOunp + N-1(Qyaz + Oprs) €))
From relations (2) and (4) it can be seen that the considered matrix multipliers are equal in hardware

costs, i.e. QuM . = QBC . and they differ in speed.

Let us consider in more detail the components of formulas (1) and (2). From figure 2 that

Ters™ Tmazt Tus; inturn, Ta2=3 T3 and Tus=2773;

where, [} 3- the delay time on the logical elements AND-NOT, OR-NOT
Then Topue =N-1 (3Tee + 2 Tue)+ T1s+3Tes= N-1(5T1e)+ 4T16=N5Te~ STus+4T1e
e~ NSTip. ®)]
Touie= N-1(8Te)+ Tre=N7Tp. 6)

From the relation (5) and (6) it is seen that with the same hardware costs of the matrix multiplier
polynomials modulo an irreducible polynomial, where multiplication begins with the lower order of the
multiplier has a significant advantage in speed.

M. H. KannMonuaeB', C.T. TbIHLIMﬁaeB', C.T HaTlOKz,
C. A. Xoxz08®, M. M. Mag3om', E. T. Komarynon3

1AKr[apaTTI)IK JKOHE CCEITEYIlll TEXHOJIOTHIAp HHCTUTYTHI, AnMaThl, KasakcraH,
YNTTHIK aBHAITUSUTBIK YHUBEpCUTETI, KiieB, YkpanHa,
3 (hap-Dapadu aTerHnarel Kazak yITTeIK yHUBEpcHUTETI, AnMatel, Kazakcran

KOBENTKIMITIH KIIII PA3PSIIBIHAH BACTAI TAJIAWTBIH MOJTYJII BOMBIHILA
MOJUHOMJAP/IBIH MATPULIAJIBIK KOBENTKIIII

AnHoTtanusi. KaJJbIKThl KJIACThIH MOJMHOMIBIK JKYHecl peTiHae Oenriii, ecenTeyaiH OCHIMO3UIUSIIBIK TOIH-
HoMabIK kyiecin (EBITXK) maiinanany apkpuibl MomiMeTTepAl mudpiayablH JOCTYPIl eMec KYHEeCiHiH apThIKIIbI-
TbIKTapbl KapacTeIpblasl. EBITK Herizinme kpunToXyHeHIH anmaparThiK KoHe OarIapiiaMalibiK-allnapaTThiK iCKe
achIPBUTYBI KE31HE KEeNTIPITMENUTIH TOJIMHOMHBIH MOJYJ1i OOMBIHIIA TOJTMHOMIAPIBIH KOOSHTKIIITEPiHIH CYI0aIbIK
merriMi KaxeT. OcChl )KYMBICTa MAIMETTEpAl MUdpIan jxoHe MU(PBIH ambll OKyFa MYMKIHIIK OepeTiH, MOayJi
OobIHINA TOTMHOMIAP KOOSUTKIIIIHIH MAaTPHULIANBIK CYJIOACH KENTIpiIreH. ¥ ChIHBUIFAaH KOOCHTKIIITIH KYMBIC ic-
TeYiHiH AYPHICTHIFE XilinX (hupMackIHBIH Artix 7 MOJIeINi HETi3iHIeTi OaFaapIaMalaHaThIH JOTHKABIK HHTETPATIBIK
cynbaceiga (BJIMC) xy3ere acblpy apKbUIbl TeKcepiiai. KophITBIHABICHIHIA KaPACTHIPBUIFAH MATPULIAIBIK, KOOCHT-
KIIITepAiH KY3€re achIPBUTYHI YIIIH KaXKETTi alllapaTThIK MIBIFBIHBI )KOHE YaKBITTHIK MapaMeTpiepiHe OailaHbICTHI
CaNBICTBIPMAITBI TANIAAY KEJITipiJIreH.

Tyiiin ce3mep: ecenTeymiH OCHITOZMIUIBIK TTOJIMHOMIBIK KYHECi, ®KapThUIal KaJIIbIKTapAbl KaJTBIITACTHIP-
FBIIITAp, MOYJI €Ki OOMBIHILIA CyMMATOp.
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M. H. KaﬂnMonuaenl, C.T. TbIHLIMﬁaeBl, C. T’ HaTH)Kz, C. A. XOXJ'IOBS, M. M. MaraoMl, E.T. Komary.non3

'MHCTHTYT HH(OPMAIMOHHBIX ¥ BBIMHCITEIBHBIX TEXHOIOTHIT, AMaThl, Kasaxcran,
HanmonansHbIit aBHallnoHHBINA YyHUBepcuTeT, Kues, YkpanHa,
’Kasaxckuii HAMOHAIBHBI yHEBEpCHTeT MM. anb-Dapabu, Anmarsr, Kazaxcran

MATPUYHBIA YMHOXUTEJIb TOJJUHOMOB IO MOJYJIO C AHAJIM30M
HAYHNHAS C MJIAJIIUX PA3PA0B MHOKUTEJIS

AnHoTanusi. PaccmarpuBaeTcsi NpenMyIIECTBO HETPAAWIMOHHOW CHCTEMBl HIM(POBAHUS NAHHBIX C HC-
MOJIb30BaHNEM HETIO3MIMOHHBIX MOMHHOMHANBHBIX cucTeM cuncieHus (HIICC), n3BecTHBI Kak MONMMHOMHATbHBIE
CHCTEMBI OCTaTOYHBIX KiiaccoB. [Ipu ammapaTHOI M mporpaMMHO-anIapaTHONW peadn3anuii KPUITOCHCTEM Ha Oasze
HIICC HeoOXoauMbl CXEMHBIE DPEIICHHS YMHOXXHTEIH MOJIMHOMOB MO MOAYJIO HENPUBOIAMMOIO IIOJIMHOMA. B
JTAaHHOU paboTe NMPHUBOAUTHCS MATPUYHAS CXE€Ma YMHOKHUTENS MOJMHOMOB 110 MOMYJIFO, KOTOpas MO3BOJIAET IIU-
poBaTh W paclmudpoBaTh JaHHBIX. IIpaBUIBHOCTh (YHKIMOHHPOBAHHE NPEATIOKCHHOTO YMHOXKHUTEIS IIPOBEPEHO
nytem peanuzaimu ero Ha [IJIMC ¢upmer Xilinx mozxenu Artix 7. B 3akiroueHun naercsi CpaBHUTENbHBIN aHAU3
PacCMOTPEHHBIX MaTPUYHBIX YMHOXKUTEJIEH C TOUKU 3PEHUSI BPEMEHHBIX IMapaMeTpoB W allapaTHBIX 3aTpaT A UX
peanu3alum.

KaioueBble ci10Ba: HEMO3WIMOHHAs MOJNMHOMHAJIBHAS CUCTEMa CUHUCICHUS, (OPMUPOBATENN YaCTHYHBIX
0CTaTKOB, CYMMATOp I10 MOYJIIO JIBa.
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ABOUT THE CRITERIA OF ESTIMATION
OF SURFACE WATER QUALITY OF KAZAKHSTAN
ON THE BASIS OF ACCOUNTING OF ITS NATURAL FEATURES

Abstract. A literature review of the evaluation issues of existed methods and standards regulating the surface
waters quality from the scientific and applied points of view is given. The problem of an objective and reliable
assessment of the level of influence of anthropogenic factors on the quality of water resources has special relevance
in the countries of the Commonwealth of Independent States (CIS). According to the number of leading scientists,
mainly from the Russian Federation (RF), one of the significant insufficiency in the assessing of surface waters
quality is the applying of uniform values of maximum permissible concentration (MPC) MPCy, and MPCjgg, estab-
lished for the entire territory of the former USSR without taking into account the specifics of regional natural condi-
tions and characteristics of water bodies. Within the territory of Kazakhstan the distortion of the actual state of sur-
face water quality is becoming due to the use of the natural concentrations of the main ions and heavy metals in the
calculation of the complex water pollution index (CWPI) by the Kazhydromet and not taking into account the wide
distribution in the water bodies with brackish waters and ore-bearing areas. The validity of these statements is
confirmed by examples from official publications.

According to a common opinion of scientists, it is necessary to proceed the development of regional MPC be-
cause some methodological approaches have already appeared. It is recommended to develop a Temporary Metho-
dological Guide for Surface Water Quality Assessment (prior to the establishment of regional water quality indi-
cators) in Kazakhstan, excluding the main water ions from the calculated CWPI indicators, because they are not
pollutants but natural components of the water composition.

Key words: surface water quality assessment, standards, regional MPC indicators.

Introduction. Water shortages have long become an acute global problem especially in arid low-
water areas. It is no coincidence that in the last century 1981-1990 was proclaimed a decade of drinking
water by the United Nations with the slogan "Pure water and acceptable sanitation for all". Considering
the further aggravation of water problems in the world the UN proclaimed 2005-2015 as the international
decade of action "Water for Life". UN Secretary-General Ban Ki-moon, in his Message on the occasion of
World Water Day, noted that water is the key to sustainable development. He also announced the current
assessment that by 2030 almost half of the world's population could face water shortages when demand
exceeds supply by 40%. The International Year of Cooperation on Water Resources (2013) and World
Water Day (22 March) are dedicated to enhancing cooperation and building partnerships at local, national
and transboundary levels, to address freshwater issues.

The problem of water is actual in Kazakhstan. Although on its territory there are about 40 thousand
rivers, 41 thousand lakes, 210 reservoirs in which about 100 km® of water are concentrated, and the total
surface water resources in the country are 91,3 km® per year. According to data [1-3], due to economic
activities, resources of the river flow of the Republic of Kazakhstan decreased by 23,8 km’/year (by 21%),
including transboundary flow - by 15,9 km?/year (by 26%), local runoff - at 7.9 km’/year.
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The president of Kazakhstan N.A. Nazarbayev has big concern regarding the water supply problem in
Kazakhstan. In his Address, he stressed that by 2050 year Kazakhstan should once and for all solve the
water supply problem. Among the ten main challenges of the 21st century, allocated to them for our
country, the problem of water shortage is included. He committed to the Government to develop a new
water resources policy of the country, study the international best practices in solving water supply
problems and change society's way of thinking in the issues of economical usage of water. He also pointed
out the need of developing a long-term state program on water in order to solve the problem of providing
the drinking water to population by 2020 and irrigation problem by 2040.

The problem of clean water has now become so urgent in many countries that it has already become
global and many experts call it "problem number one" for any industrially developed country including
ours. Thus, the problem of water can be solved only if its normative quality is ensured.

The toxicological situation is a very tense in the republic. According to available information, impro-
vement of the ecological state of the republic's water bodies should not be expected in the coming years.
The revival of industry and agriculture will lead to further intensification of anthropogenic pollution of
water bodies. The number of new generation pesticides used in agriculture is increasing year by year.
Their impact on the environment remains outside of environmental authority’s control.

The continuing anthropogenic pollution of the republic's water basins, both as a transboundary runoff
and as a result of the dumping of industrial, agricultural and domestic wastewater in the territory of the
republic become the particular concern. Air emissions from industrial and municipal enterprises are also
significant sources of pollution not only in the land area, but also in water bodies. All this causes damage
to the ecology and economy of Kazakhstan.

Hence, the level of influence of diverse anthropogenic factors on the quality of environment, inclu-
ding water resources, should be assessed objectively and reliably on the basis of perfect methods and
criteria developed in accordance with the specific of climatic and other conditions of operating of the
country's water bodies. This problem has now become particularly relevant, especially in the CIS coun-
tries, due to the fact that on their territory the criterion and standards for assessing the quality of surface
waters, developed in the period of the USSR, are used up to now.

The purpose of this work is to show the imperfection of the existed methods for assessing the quality
of surface waters in terms of their adaptation to regional conditions and the unreasonableness of the results
obtained when using them on the basis of a brief literature review and some results of our own research.
The other purpose is to draw the attention of scientists and specialists in the field of control and protection
of water resources to the emerging new scientific results in the field of theory and practical approaches to
optimize methods for rationing and assessing the quality of surface waters.

Review of scientific literature. According to [4] the control over the content of chemicals in the
environment started in 1925 when the first values of the MPC for the air environment of the working area
were determined. In 1949 for the first time, some MPCs were set for atmospheric air, and in 1950 for
water [4]. 1.V. Lukyanenko [5] considers the current understanding of the fishery MPCs and the first-time
MPCs for fishery water bodies formed in the 1950s which becomes significant practical achievement of
fishery toxicology. They, as it known, were formally approved in 1961 in the "Rules for the protection of
surface waters from pollution by sewage".

Currently, the regulation of chemical pollution entry to the surface waters is carried out by two MPC
systems: sanitary and hygienic (MPC;,;, - standards for water bodies for domestic and drinking and
cultural and public water usage) and fishery (MPCjgy,) - standards for fishery water reservoirs for the same
substances. For a long time these complex experimental works are conducted by medical scientists and
biologists disconnected.

According to [6, 7], in the middle 1970s there was an attempt to unify the two active MPC systems,
but the opinion of the researchers was divided. Some scientists appeal for merging of two existing MPC
systems into one universal one, while others considered it advisable, along with the existing ones, to create
another third MPC system aimed at protecting the ecosystems of the reservoir as a whole. It was about the
"environmental MPC", i.e. normalization of foreign substances in order to ensure the ecological well-
being of the reservoir [8] or, in other words, the "ecological" regulation of pollution or the "environmen-
tally" neutral concentration of pollutants.
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That is why there was a need to formulate the problem of ecological water quality criteria and to
justify a new view of environmental MPC as the maximum permissible variability of abiotic factors in the
aquatic environment [7,9]. This source also emphasizes that the idea of a physiological norm and
physiological and biological indicators of the status of hydrobionts, the threshold and critical levels of a
particular factor, is highly important during the developing of environmental MPC. Only experiment can
evaluate the toxicity of a particular substance or group of substances for fish and other hydrobionts, estab-
lish the dependence of the degree of toxicity on concentration and time of action on hydrobionts, establish
threshold and maximum permissible concentrations and regulate the supply of these substances to the
reservoir. It is impossible to establish the maximum permissible concentration limit for the results of
environmental-toxicological studies directly on fishery reservoirs or experimental reservoirs, without
taking into account the whole variety of emerging chain changes.

Officially, the current MPC, as a criterion for assessing the degree of contamination of surface
waters, is officially defined on the basis of sanitary rules and norms (SanPiN), part "Protection of surface
waters from pollution; No. 4630-88, approved in 1988 by the Ministry of Health of the USSR ". They also
valid in the territory of the Republic of Kazakhstan in accordance with the order of the head of the
Department of sanitary and epidemiological service of the ministry of Health of the Republic of Kazakh-
stan No. 408 of August 18, 1997. At the same time, there is also a List of MPCgg, for water in fishery
reservoirs [10].

Both, the sanitary and hygienic rationing system with the use of MPC, and the system of fisheries
management MPCgg, have for a long time been subjected to justified and fair criticism. In general, similar
remarks are stated in the works [11-15] and indicate that the level of accumulation in the reservoir of the
substance and products of its biotransformation along the trophic chain, the processes of accumulation of
substances in biological objects and bottom sediments is often not taken into account during the estab-
lishing process of MPC, t.e. the concentration of substances in the water does not reflect the toxicological
load on the ecosystem of the reservoir. The necessity of taking into account the effect on hydrobionts, both
the starting compounds and the products of their transformation, is confirmed on the basis of experiments
[14], which showed that the interaction of malathion and each of its two hydrolyses was more additive.

According to [16], the existing MPC, especially for sanitary purposes, contain insufficient environ-
mental information. The need to pay special attention to the issue of migration of chemicals on the trophic
chains of the aquatic ecosystem and the role of aquatic organisms in the process of self-purification of the
reservoir and the formation of water quality was noted. This approach can exclude cases of "false self-
purification", when there is no chemical substance in the water (or below the MPC), and a considerable
amount of them has been accumulated in hydrobionts.

An analysis of the existing list of MPCs (roughly safe levels of exposure (RSLE)) has shown that
more than half of the standardized substances refer to technical products, intermediate products, wastes
from various industries, often of undefined composition, various liquid, semi-liquid mixtures that interact
with water, connections, and it is practically impossible to verify the compliance of their concentration
with the established standards [17]. Hence, the effectiveness of MPC application remains unknown.

The important question is also raised that the normalization of inorganic substances of natural
components of the water composition in the MPCgy, was performed without taking into account the
natural range of concentrations of these substances caused by biogeochemical and climatic factors. For
example, the MPC of nitrates is more than 10 times greater than their maximum concentration in unpol-
luted water bodies and the maximum permissible concentrations of the main ions for low-mineralized
water are several times higher while for mineralized waters of steppe and semi desert landscapes it is
much lower than the natural concentrations of these ions.

According to [18] ecological water quality standards should be based on ecological criteria for
assessing the functioning of aquatic ecosystems and, consequently, should be established on the basis of
an analysis of the ecosystem response to external disturbances. As an example, there are significant diffe-
rences between the content of mineral forms of nitrogen in natural waters, acceptable from hygienic and
fishery positions, and those concentrations of these compounds in which "flowering" of water bodies is
observed.

The paper [19] draws attention to the fact that the development of standards regulating of levels of
water pollution (MPC, RSLE) and maximum permissible level (MPL) of food fish products does not take
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into account the possibility of mutagenic and genotoxic action of pollutants and their derivatives. In this
regard, the use of a set of simple and reliable methods for testing the genetic hazard of individual repre-
sentatives of pollutants, their complex mixtures and metabolites in natural waters and fish tissues is
recommended for the determination of MPC and MPL.

According to a number of researchers [20-22], the compliance of fishery MPC does not ensure a
reduction in the negative impact of pollutants on water bodies and the conservation of natural aquatic
ecosystems and the genetic fund of aquatic organisms. It is proposed to include in the normative document
of biological indicators in terms of their informativeness and practical applicability, including characteri-
zing the state of groups and communities of aquatic organisms with the identification of basic and addi-
tional normalized indicators, as well as methods for their determination for various types of water bodies.

A.G. Kocharyan and etc., in their work [23] formulated the main shortcomings of the water quality
assessment system based on MPC, which are given in [24,25], as follows: the MPC ideology is based on
the assessment of the effects of substances at the organism level, the transfer of the assessment to the
population and ecosystem levels is incorrect. The MPC system does not take into account the entire set of
factors acting on the ecosystem of synergism and antagonism of various substances. It does not allow to
evaluate the effect of the duration of exposure of elevated and high concentrations of substances on the
ecosystem of the reservoir. Many substances identified in wastewater do not have MPC. The MPC system
is uniform for the entire territory of Russia, at the same time the vast majority of parameters characterizing
both water quality and ecosystem functions have a clearly expressed zonal and regional character.

According to [9,23] the integral biological characteristics can serve as an indicator of the ecological
well-being of the aquatic ecosystem — the Shannon biodiversity index and the Woodivissian biotic index,
the values of which decrease with water pollution and eutrophication; and the oligochaete index, va-
riability of biomass dynamics and productivity which are increase in the occurrence of mentioned situa-
tions. It is also noted that there are close correlation links between the hydrochemical and hydrobiological
indicators under these conditions, which makes it possible to compose the regression equations estimating
these relationships. The presence of linear relationship between hydrobiological and hydrochemical
indicators was revealed by a number of researchers [26, 27]. The use of this approach allows to rank
pollutants according to their impact on hydrobiological indicators.

Rumyantsev V.A. and Kryukov LN [28] consider that in order to identify the boundaries between the
normal and regressive functioning of water bodies, it is advisable to take into account the possibility of
changing from the MPC standards of toxic substances to ecologically permissible levels (EPL) of
disturbing effects. The MPC standards are set without taking into account the fact that in natural ecosys-
tems there are no isolated actions of many factors, each of which individually or collectively affects each
biological characteristic. Ecological inefficiency of the MPC methodology is overcome in the framework
of the biotic concept of environmental control. The work contains an important message that the relevant
databases and information systems have been created in the Russian Federation also, methods for bioin-
dication and identification of indices based on saprobity and species structure of hydrobiological
communities are developing [29].

One of the important shortcomings of developing of sanitary-hygienic and fishery MPCs is not to
take into account local, regional features, i.e. physical, chemical and biological parameters of local water
bodies. It is known that these standards regulating water quality was developed in the USSR and recom-
mended in the entire territory. According to the data of [30] a part of the list of substances included in the
fishery MPCs was tested on the water of the Western European (Karelia, Baltic, Moscow region) and the
East Siberian (Baikal) region of bionts. It was noted in [7] that a big part of work was done by the
Leningrad laboratory, i.e. in the same Baltic region.

According to the authors of [31], the application of uniform values throughout the territory of the
former USSR, without taking into account the local characteristics of water bodies, is the main
shortcoming of the MPC concept. That study presents the results of experiments on the establishment of
safe concentrations of a number of metals at various stages of development of rainbow trout with respect
to Lithuanian water bodies based on LCsy values, the "application factor" and formulas proposed
by USEPA [32] taking into account water hardness 2,5-6 (mg-eq/l) for Lithuanian reservoirs. As a result,
a concentration of cadmium was 0,001-0,003 mg/l, i.e. below the current MPC (0,005 mg/l),
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0,001-0, 0127 mg/1 for lead was obtained and this is also below the MPC of this element (0, 1 mg/1). Only
for copper values were close to the experimentally established values.

The development of environmental quality standards that take into account the state and specific
features of a specific territory in the Russian Federation is carried out in accordance with the request of
President in 2010. As a result of the work on the updating of MPCs and on substances of natural origin an
approach of establishing MPC standards on the basis of data on the natural features of the chemical
composition of water in water bodies, which is related to the regional natural heterogeneity of the chemi-
cal composition of surface waters, was proposed [20]. This approach involves the use of GIS technology
to identify areas within which the quality of surface water is determined by natural factors.

Venitsianov E.V. [33] considers that one of the significant shortcomings in the regulatory and legal
system of water protection in Russia is a single system for the whole country of the MPC for water objects
of fishery use. The development and use of regional water quality standards are stipulated in the Russian
Federation water code, however, federal water quality standards are still applying which makes water
protection ineffective.

In another work Venitsianov E.V. with co-authors [34] indicate some contradiction when the concen-
trations of some chemical substances, under which the stability of established biocenoses are ensured, do
not correspond to the maximum allowable concentrations for fishery use reservoirs (MPCs), which are the
standards for regulating the quality of waters of almost all water bodies of Russia.

Very convincing arguments about the ineffectiveness of MPCgg, without taking into account local and
regional features of water bodies are given in the work of the Vernadsky Institute of Geochemistry and
Analytical Chemistry of the Russian Academy of Sciences [35]. Official sources indicated essential
pollution of significant part of the river system in Russian Federation on the basis of an assessment of
surface water contamination by the specific combinatorial index of water pollution (CIWP) of Roshy-
dromet. This was explained by the fact that natural concentrations of chemicals were used in the
calculation of the CIWP, which exceed the established standards for maximum permissible water levels in
the water of the water body, due to their natural content.

Further, there is an explanation about the spatial heterogeneities of the geological structure, land-
scape-geochemical, soil-geochemical and climatic differentiation of the territory, as well as mineral water
outflows and the presence of ore deposits which determine the formation of biogeochemical and hydro-
geochemical provinces within its boundaries. The last one are usually characterized by high natural
concentrations of normalized chemical elements and substances in the water. The role of climatic features
of the territory in the formation of water composition is well known. It defines the sources of feeding and
water runoff regime, salinity of soils, composition of soil-forming minerals and other exogenous
processes.

An important aspect of this work is also the systematization, analysis and generalization of territory
of each of the many basin districts of Russia by the data of general conditions and the main factors for the
formation of the chemical composition of surface waters, characteristic pollutants, and the chemical
compounds characteristic of the surface waters of that or a different region and positions that require the
adjustment of the current standards MPCgg,.

It was established by the generalization of the data that the distribution of many chemical compounds
that are used to assess the quality of surface waters and the level of their contamination is determined by
natural factors and conditions. Basin districts, which require revising of current standards of MPCgg, was
identified; also chemical substances, which required regional water quality standard, was identified; and
recommendations for special hydrochemical and hydrobiological studies were given.

This study and [17], as well as some other sources, have convincingly shown that due to the imper-
fection of the MPCgy, methodology the list of calculated surface water quality indicators includes the
natural concentrations of chemicals, which exceed the MPCgg, standards because of the natural features of
the territory. This situation is typical and widespread in assessing the quality of surface waters of steppe
and semi-arid territories of Kazakhstan and Central Asian countries of the CIS because of using old
MPCyg, established in USSR.

Discussion. In Kazakhstan the distortion of the actual state of surface water quality is occur due to
the use by Kazhydromet the natural concentrations of the main ions of water and heavy metals in calcu-
lating CWPI. The increased level of concentrations of these hydrochemical parameters in surface waters
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exceeding the MPCgg, and MPCy, standards is caused by the fact that the overwhelming majority of lakes
(especially large lakes) and rivers in steppe and semidesert area have brackish water. In addition, poly-
metallic ore deposits are widely distributed in the republic where the waters are characterized by high
concentrations of metals. This important factor in the formation of heavy metals in the surface waters of
the northern and central regions of Kazakhstan was stated by Konovalov G.S. [36].

It should also be noted that the increased concentration of a number of heavy metals in the water of
some artificial objects in the northern regions of Kazakhstan are recorded in the absence of potential
sources of pollution [37].

According to studies [38,39], in the reservoirs of the arid territories of Kazakhstan mineralization to
the end products of the mass of aquatic and land plants accumulating in them can be an important source
of heavy metals such as iron and others.

Below some examples for confirming the facts of distortion of the actual quality of water in some
brackish reservoirs of Kazakhstan, which was published in the "Information Bulletins of Kazakhstan" (IB)
produced by RSE "Kazhydromet" of the Ministry of Energy of the RK, using the current methods of
calculating CWPI, are presented.

The following data are given in the IB for 2015-2017 yy. Jogargy Tobyl (Verkhnetobolskoye) and
Vyacheslavskoe reservoirs, built in the upper reaches of the Tobyl and Yesil rivers, i.e. in the non-
contaminated background areas, in 2016 and 2017 years was classified as "high level of pollution" due to
the concentration of sulfates, magnesium and ammonium nitrogen (which are not contaminants) in water
and low concentrations of iron and copper.

The waters of brackish lakes Zerenda, Sabyndykol, Alakol, Zhalanashkol and others also was
classified as "highly contaminated" where such natural components of salt composition as sodium, mag-
nesium, chlorides, sulfates are present in concentrations above their own MPC. However, these is no
anthropogenic influences to this lakes, therefore, there are some recreation zones function there. And even
large recreational zone was created at the Alakol lake due to the healing properties of the salt water
composition.

The large fish lake Maibalyk is located near Astana and on this lake there is growing fish farm
functioning for more than half a century. However, the water of this brackish lake was classified in the IB
Kazhydromet as "extremely highly contaminated". Most importantly in this document for 2015-
2017 years, it is stated "pollution of the lake from domestic activities does not occur".

Lakes Ulken Shabakty, Kishi Shabakty, Sulukol, Karasie, Shchuchye are located on the territory of
the largest in Shchuchinsk-Burabay resort area. Large financial and labor resources are invested for
improvement of tourist attraction and creation of medical institutions of this area. According to the natural
and climatic conditions of this territory and the nature of the water regime, some components of the salt
composition (magnesium, calcium, sulfates) and zinc exceed the current MPC in the water of these lakes.
That is why water quality of these lakes is characterized as “high level contamination” in IB. All of this
decrease recreation condition of lakes, as well as the interest and attractiveness of tourists, especially
foreign tourists to visit this resort area.

Note that the significant influence of ore zones and soil, climatic, hydro-geological conditions of the
central and northern regions of Kazakhstan on the formation of surface water quality was revealed by us
on the basis of the results of our own scientific research [40-42]. The methodological incorrectness of
accounting for the concentration of the main ions of the salt composition during the assessing the quality
of the water resources of brackish reservoirs of steppe and semi-desert regions of the republic was also
noted in our previous publications [43, 44].

Thus, there is a certain paradoxical situation, caused by the imperfection of the current methodology
for assessing the quality of surface waters, i.e. its inapplicability for water bodies of Kazakhstan with the
high mineralization of water. This problem can be solved through the establishment of regional water
quality indicators for water bodies in the arid areas of Kazakhstan, where the water with high concen-
tration of ionic components is genetically formed depending on the specific soil, climatic conditions and
water regime.

From the above brief overview, it follows that one of the significant disadvantage in assessing the
quality of surface waters is the use of uniform values of MPC established for the entire territory of the
former USSR without taking into account local characteristics of water bodies [17, 33, 34]. The need for
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the development of regional MPC is reasonably recommended even for water bodies in Lithuania [31], the
Volga, Azov-Don basins [17, 34, 35] and other regions of the European part of Russia. Although accor-
ding to [7, 30] the MPCgg, were mainly installed on water of Karelia, Baltic, Moscow, Baikal and Lenin-
grad region using a set of local species of hydrobionts. Therefore, of course, the need to develop regional
MPCs for water bodies in Kazakhstan with taking into account the natural and climatic features of the
territory was faced long ago.

The establishment of regional MPC for all controlled compounds is not an easy task because the
methodological approaches to the development of MPC of harmful substances in the water of fishery
reservoirs require many experimental toxicology studies on local aquatic organisms and large financial
costs. According to [45] the establishment of sanitary and hygienic MPC of one compound for the air of
working area takes at least 225 days with a labor intensiveness around 3000 man-days and cost
43 thousand rubles at that times.

It is practically impossible to implement these measures in Kazakhstan at present. To do this it is
necessary to carry out extensive preparation of fieldwork methodology, creating an experimental base,
human resources development, etc. However, unfortunately the level of development of scientific research
in the water toxicology, especially experimental toxicology, is not good enough [46].

However, it must be admitted that the facts of constant biases of the existing state of the quality of
water resources of a lot of large, important for the country economy and mostly uncontaminated by
anthropogenic pollution water bodies that occurs in official publications of state environmental protection
agencies because of wrong methods of water quality assessment of natural conditions of Kazakhstan
cannot be accepted. After all, the purity of the surrounding natural environment, including water facilities,
and generally favorable environmental conditions of people’s living are an important indicator of the level
of civilization of the country and comfort of people. Positive results are achieved by great efforts of state
bodies, workers and the public. Controlling agencies have to take all possible steps of showing real quality
of the reservoirs and make qualified comprehension about the reliability of the provided information.

As a result of all stated above, in our opinion, State environmental protection and control agencies
have to develop the temporal methodological guidelines for assessing the quality of surface waters (till to
the establishment of regional water quality indicators), with involving the representatives of specialized
scientific institutions of the country. This document should specify the real pollutants of surface waters
and components of natural origin in the number of controlled indicators.

The research of water quality assessment of individual reservoirs of the republic using existing
methods, as well as the analysis of data of the Information Bulletin convince us in advisability of exclu-
ding the main ions (Ca, Mg, Na, K, HCO;, SO, and Cl) for majority reservoirs of the RK regardless of
whether their concentration exceeds their own MPC or not. The concentration of this group of ions of the
salt composition of water in the calculation of CWPI can be taken into account for those water bodies and
watercourses where there are sources of pollution with these indicators. For example, the Syr Darya River
and some reservoirs in its basin are contaminated by collector-drainage water from irrigated areas satu-
rated with mineral salts.

It should be noted that the problem of establishing regional water quality indicators for Kazakhstan or
for its individual territories will be in important issue in the nearest future. Eventually objective and
reliable assessment of the quality of the country's water resources will require this kind of knowledge.

As it was mentioned above, this important issue has been studied deyply and systematically by Rus-
sian scientists in recent years. The work carried out by scientists from a number of leading scientific
centers of the Russian Federation under the leadership of E.V. Venitsianov [34] is extremely valuable in
the scientific and practical aspect. The significance of these studies for scientists and specialists of
Kazakhstan is lied in the proposed new methodology for the establishing of regional water quality indica-
tors for water bodies in the Upper Kama basin (MPC,.,), which is a receiver of industrial wastewater. The
methodology takes into account the factors of determining the content of heavy metals in natural waters
and its variability in this basin.

This method was implemented in the construction of regional water quality indicators in the Upper
Kama basin. In the practical implementation, the authors consider that it is necessary to establish a range
of water content of chemical substances, which remains the stability of the functioning of the existing
natural hydrobiocenoses. For the Upper Kama basin, the norms of permissible impact (NPI) was
developed in accordance with the guidelines [47, 48] and taking into account all mentioned conditions.
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The comparison of the norms, established by the method of calculating of NPI, and regional indica-
tors (MPC,,), calculated by the proposed method, revealed a very slight difference (table).

Water quality standards for the Solikamsk-Bereznikovsky industrial complex (mg/1) [29]

dicators MPCy . MP C Calculation Calculation by the method of NPI, plots
of drinking water of MPC,, 1 >

Iron (total) 0,10 0,3 0,74 0,75 0,52

Manganese 0,01 0,10 0,09 0,10 0,06

Copper 0,001 1,0 0,002 0,002 0,002

Zinc 0,01 1,00 0,01 0,01 0,01

An important result is the fact that for the Kama river the the current standards of MPCgg, was smaller
than MPC,, for iron in 7,4 times, manganese - 9 times, copper - 2 times. In the reservoirs of Kazakhstan,
the difference between the current MPC and MPC,, standards (if any were calculated) would obviously be
much higher. That is quite likely if the regional MPC is developed, as it was indicated in [34], based on
the background indicators of chemicals composition which are characterized for the region and where
ecosystem functions safely for several years. Moreover, background indicators of chemicals in water bo-
dies and watercourses in Kazakhstan are specific in the different soil and climatic regions. For example,
these indicators significantly exceed the level of their fisheries MPC for a number of heavy metals in
water objects of ore-bearing territories of the republic, which was observed in our studies [40, 42, 49, 50].

Conclusion. The level of influence of anthropogenic factors on the quality of the country's water
resources is evaluated not enough objectively and reliably because of using incomplete methods and
criterias. According to many scientists, especially from Russian Federation, the main disadvantage of
sanitary and hygienic and fishery MPCs is the usage of uniform MPC values established for the entire
territory of the former USSR without taking into account regional soil, climatic, hydro-geological condi-
tions and local characteristics of water bodies (physical, chemical and biological parameters).

In Kazakhstan, the distortion of the actual state of surface water quality is mainly caused by using in
the calculation of the natural concentrations of main ions and heavy metals in the CWPI by Kazhydromet
without taking into account the water salinity level of the steppe territory water bodies, as well as the
prevalence of polymetallic ore deposits.

Special attention should be paid to the scientific and methodological development of specialists of the
leading scientific institutions of the Russian Federation on the establishment of regional MPCs that can
provide an objective assessment of the true state of water quality. The establishment of regional MPCs is
extremely necessary for Kazakhstan, but this requires an important preparatory works in the methodology,
the establishment of an experimental base, training of specialists, etc. Based on the results of ongoing
research and analysis of materials published by Kazhydromet, it is recommended to exclude the main
water ions from the calculated parameters of CWPI on the basis that they are not pollutants but the natural
components of the water composition.

The work was carried out within the framework of grant financing by the Science Committee of the
Ministry of the Republic of Kazakhstan No. AP05133353 “Monitoring the level of concentration and
distribution of toxic compounds in snow cover on the territory of Almaty agglomeration and assessment of
their impact on natural objects”

—— 195=——



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

H. A. Amupraaues', A. C. Maxu6ekos', H. III. HopmaTos *

'KP BFM T'eorpadus nacTuTyTHI, AMatsl, KasakcTas,
*ToxikcTan PecniyOnukace! FeutbiM AKageMusiChI,
I'uaposHepreTrka KoHE IKOJIOTHS Cy Macelenepi HHCTUTYThI, lyman6e, Toxikcran

KA3AKCTAH KEP BETI CYJIAPBIHBIH CAITACBIH TABUT'H EPEKIIEJIIKTEPIH ECKEPY
HETT3IHJIE BAFAJIAY KPUTEPUSAJIAPBI

Annoranusi. XKep Oerti cy camacelH Oaranay CypakrapblHa FBUIBIMA KHE KOJIJaHOAJb! TYPFBIIAH 9JlicTep MEeH
HOpMaTHBTEp OOWBIHIIA 91e0M ManimMeTTepre mony >acanipl. Cy pecypcrapbl callacblHa aHTPOIIOTeHAl (hakTop-
JIap/IbIH 9cep €Ty AdpexeciH OOBbEKTHBTI jkKOHE HAKTHI Oaranay Moceleci Ka3ipri yakpITTa TOyenci3 MeMIIEKeTTep
nmocracteirbiHAarsl (TMI) enaepae epekine o3eKTUTIKKe re OOIIHI.

Bip Tom kerekmni FaasIMAAPHIH MiKipiIepi OOHBIHIIA Cy camachlH OaFanayIblH MaHBI3IBl KEMIILTIKTepiHiH Oipi,
acipece Peceit @eneparusice ymiH, 0yperarsl CCPO Oykin aymarbiHa OEKiTUITEH, aiiMaKTHIK TaOWFH sKaFmaiiapbiH
OHE Cy HbIcaHAapbIHbIH epekienikrepid eckepmeit [IIMK,, xone IIIMKg, OipbiHFail KepCeTKIITEepiH KOJIaHy
Oounbin TabbuTazbl. KasakcTan aymarbiHia kep OeTi CyJIaphbl canachlHbIH HAKThI JKaFaainapelHblH Oypmananysl PMK
«Kasrunpomerte» cyapIH jacTanyblHbIH Kemenai nuaekcin (CJIKW) Herisri HoHIap MEH ayblp MeTaJUIIapAbIH Ta-
OWfM KOHLIEHTpALWsUIApbIH, ayMaKTa KEHIHEH TapalfaH TY3[bl CyOereHjepl >koHe pylallbl TeIIMJIEpAl ecKepMen
ecenteyae 0ombI Tabbutanbl. Ochl TYKBIPBIMAAPIBIH AJIEIIITT pecMU 0aChUTBIMAAP MBICAJIBIHIIA KOPCETIIEI].

Fameivpapaery mikipiepi Ooiibrama aiiMakThlk [[IMK madibiHmay KaKeTTUTIr TYBIHAAABI, O YIIiH Oiprrama
szmicTeMelik Ke3kapacrap naiga 6oisl. Kasakcranga sxep 0eTi cy canacklH Oaranayna YakpITIIa 9JIiCTEMENIK Kypa-
JBIH (Cy camachIHBIH ayMaKThIK KOPCETKINITEpiH aHbIKTaraHra AediH) eHney ychiHbuiaasl, o yinin CJIKU ecenrey
KOPCETKIMITEPiHiH iIIiHEeH CYABIH HETI3Tri HOHIAPBIH ajbIl TacTay KaXKeT, OUTKEHI Olap JIACTayIIbUIap eMec, al Cy
KYpaMBIHBIH TaOUFH KOMIIOHEHTTEP1 OOJBI TaObITaab.

Tyiiin ce3aep: xxep Oeti cy camacsH Oaranay, HopMmaTusTep, [IIMK ayMakTBIK KOpCeTKIITepi.

H. A. Amupranues', A. C. Maau6ekos’, H. III. Hopmaros *

'MucturyT reorpadgun MOH PK, Anvatsi, Kasaxcran,
? Akaziemus Hayk PecriyGmuky Tamkukuctan, MTHCTUTYT BOJHBIX IPOGIEM MHAPOSHEPreTHKH 1 SKOJIOTHH,
Hyman6e, Tampkukucras.

O KPUTEPHAX OHEHKA KAYECTBA IIOBEPXHOCTHBIX BOJI KABAXCTAHA
HA OCHOBAHHNHU YUYETA EI'O TIPUPOJHBIX OCOBEHHOCTEU

AnHotanus. IIpuBoanTcs 0030p MUTEpaTypHBIX CBEACHHUII IO BOMPOCAM OICHKM C HAYYHBIX M IPHKIAIHBIX
TOYEK 3PEHUH CYIIECTBYIOIIUX METOAOB U HOPMATHUBOB, PErTIAMEHTHPYIOINX KauyeCTBO MOBEPXHOCTHBIX Bo. IIpo-
OneMa OOBEKTHBHOIM M JOCTOBEPHOH OLIEHKH YpPOBHS BJIMSHHUS aHTPOIOTEHHBIX (PAaKTOPOB HA KAa4eCTBO BOJHBIX
pecypcoB IproOpena B HacTosIIee BpeMs 0coOyI0 aKTyalbHOCTb B CTPaHaX COJPYKECTBA HE3aBUCHMBIX T'OCYJapCTB
(CHT'). OnHuM 13 CYIIECTBEHHBIX HEOCTATKOB B OIIEHKE Ka4eCTBa MOBEPXHOCTHBIX BOJ, IO YTBEPIKICHUIO LEJIOTO
psizna BeAyIMX YUYEHBIX, MIaBHBIM 00pa3oM Poccuiickoit @enepaunn (PD), siBiseTcs npruMeHeHHEe eANHBIX BETHYHH
ITIK, u ITJK,« ycTaHOBIeHHBIX s Bceil Tepputopuii ObiBmero CCCP, 6e3 yuéra cnenu@uky perroHanbHbIX
MIPUPOJTHBIX YCIOBHH M XapaKTEPHCTHK BOAHBIX 00BEeKTOB. B mpexpemax tepputopnn Kazaxcrana mckaxkenue Qak-
TUYECKOT0 COCTOSTHMSI KauecTBa MOBEPXHOCTHBIX BOJ IMPOMCXOAUT U3-3a ucnonb3oBanus PITI «Kasruapomer» npu
pacdérax KOMIUIEKCHOTO MHAEKca 3arps3HeHus Boasl (KM3B) mpupoaHbIXx KOHIEHTPALUK TIaBHBIX HOHOB M TSDKE-
JBIX METAIIOB, 0€3 y4éTa IMPOKOTO PACIIPOCTPAHEHHS Ha TEPPUTOPHU BOJOEMOB C COJIOHOBATHIMU BOJAMH M PYHO-
HOCHBIX y9acTKOB. OOOCHOBAHHOCTb 3THX YTBEP)KIACHUH HOATBEPKIACTCS IPUMEPaMH U3 O(UITHATbHBIX H3TaHHIH.

ITo exHOMY MHEHMIO yYEHBIX HEOOXOIUMO NMPHUCTYNIHUTH K pa3padoTke permoHanbHbIX 11K, misa peannzaruit
KOTOpOH yxe MOSBIIINCh HEKOTOpble MeToanueckue noaxozsl. B Kazaxcrane pexomengyercs pa3padorars Bpemen-
HOE METOJIMUECKOE PYKOBOJCTBO IO OLIEHKE KauecTBa MOBEPXHOCTHBIX BOJ (10 YCTAaHOBICHUS PETHMOHAIBHBIX MTOKA-
3aTeNiell KayecTBa BOJ), UCKIIOYHMB M3 pacu€THBIX nokasareneil KM3B riaBHble MOHBI BOIBI, TaKk Kak OHH HE 3a-
I'PSA3HUTENH, a IPUPOIHBIE KOMIIOHEHTHI COCTaBa BOJBI.

KiroueBble cjioBa: OIIeHKA KauecTBa MIOBEPXHOCTHBIX BOJI, HOPMATHUBEI, perHoHalbHbIe Tokazarenu [1JIK.
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RESEARCH OF SYSTEMATIC ERRORS ACCORDING
TO THE RESULTS OF PROCESSING SATELLITE OBSERVATIONS
BY SOFTWARE COMPLEXES

Abstract. Nowadays, the processing of results of static satellite observations is performed by well-known soft-
ware complexes.

In order to study and analyze the issues of increasing the accuracy of observations, the full-scale satellite
GNSS-measurements were performed at the points of the state geodetic network of the Northern region of Ukraine
and the processing of their results was carried out using the OCTAVA and GrafNav/GrafNet software complexes
commonly used in the geodetic practice.

As a result of the mathematical processing of observations by the mentioned software processing complexes,
the influence of residual systematic errors in the differences of coordinate determinations has been noted. Various
criteria have been used to further detect and process them, which made it possible to carry out statistical studies
comparing the coordinate definitions of rover points using software systems. This work is devoted to these issues.

The article investigates the differences between geodesic latitudes and heights, which contain systematic errors
and mean square errors of the unit of weight for each of the coordinates. It is also stated that there is no correlation
between deviations in the plan and the height of coordinate definitions differences depending on the distance to the
base station. On the basis of performed statistical researches the method of determination of accuracy of the results
processing of GNSS-observations by software complexes on the basis of the method of double non-uniform
measurements has been developed.

The methodology is relevant, it is tested based on the results of full-scale GNSS-observations in Chernihiv
region and aims at detecting, taking into account and minimizing the residual systematic errors, and will contribute to
increasing the accuracy of coordinate support for satellite observations.

Key words: mean square error; systematic error; double homogeneous measurements; software complexes.

Introduction. The dynamics of the development of modern geodetic technologies today is at such a
level that scientific research on a given issue should not have inertia. In our opinion, this is relevant in the
first place to researches connected with the issues of increasing the accuracy of satellite GNSS-obser-
vations, since the impact of residual systematic errors must be detected [1], taken into account and, if
possible, minimized. These impacts have been investigated on the basis of the results of full-scale
satellite-based GNSS-measurements at the points of the state geodetic network. The processing of their
results has been carried out with the use of software complexes commonly used in geodetic practice,
which made it possible to investigate the presence of systematic errors in the differences of coordinates of
the same rover points.
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Detection and accounting of systematic errors are considered in a number of papers. For example, [2]
describes the process of diagnosing systematic errors that affect the measurement of angles performed by
the tacheometer. The diagnosis consists in detecting and identifying the specific components of the
instrument errors to exclude them from angular measurements.

Different schools of measurement error theory are compared in the work [3], in particular, different
approaches to accounting systematic error in electronic distance measurement (EDM) in the work of
Chinese scientists are studies and a new theory of measurement errors is suggested, according to which
any error is a bias and obeys the random distribution. The paper refers to the incomprehension of the
traditional theory of measurements, proposes a new interpretation of the concept of measurements
uncertainty, proposes a unified system of measurement concepts in all disciplines, including geodesy,
geomatics, metrology, instrumentation.

The analysis of the latest researches and publications on the issue. Scientists and specialists from
universities in Chernihiv, Kyiv and Lviv conducted a GNSS-campaign to investigate the precision of
coordinate support in conducting geodetic and land-cadastral works in the Northern region of Ukraine.
The research was based on a network of three active permanent GNSS-stations: CNIV-Chernihiv, PRYL-
Pryluky, KORP-Korop and rover points.

During the preparation for experimental studies, the reconnaissance of the points of the State geodetic
network, most of which were laid down in the 1960s - 1980s, was carried out. Of the 55 surveyed points in
the region, 24 points of the first, second and third grades were found.

The conditions of experimental research envisaged the use of the points of the State geodetic
network, which are located in an open area with an angle of closure of the horizon of no more than 5 de-
grees. According to this criterion, 4 points were rejected. Two points could not be reached because of bad
weather. Therefore, 16 points of the State geodetic network have been involved in the experimental
research [4].

Observations at 16 rover points were performed by six two-frequency GNSS-receivers of the geo-
detic class LEICA GX1230GG with high-precision antennas AX 1202 OO. The duration of observations
at the rover points was at least 2 hours.

Receivers and antennas were located at the reference stations: CNIV — NOVATEL OEMV3 receiver
with antenna NOV702GG; KORP — TRIMBLE 400SSI receiver with antenna TRM29659; PRYL —
NOVATEL OEMV3 receiver with antenna NOV702GG. Observations at stations CNYV and KORP
lasted for 24 hours and at the PRYL station —18 hours.

For the analysis of the results of observations, there were used: the results of the first and second
coordinate solutions for the point; a diagram of satellites radiolabeling and types of received data; change
of DOP factors; multi-radiance at the frequency L1 (L2) for the point; the noise level of code observations at
the frequency L1 (L2) for the point; noise level of phase observations at the frequency L1 (L2) for the point.

To process the results of satellite GNSS-measurements various software tools were used, such as:
BERNESE [5], GrafNav / GrafNet [6], OCTAVA [7], GAMIT-GLOBK [8].

The coordinates of the KORP and PRYL stations were determined with respect to the CNVI station
using the software complex OCTAVA and BERNESE (Switzerland). The coordinates of 16 rover points
were defined for the CNVI station using the software complexes OCTAVA and GrafNav / GrafNet
software [4].

The analysis of the results of the initial processing of observations at the reference stations showed
satisfactory results, and on the rover — the presence of high-level multi-radiance of signals from the
GPS/GLONASS satellites and a large number of omissions in the observations at three points. Therefore,
we had to reject these results of observations and use data from 13 points in the further processing.

The processing of GNSS data using GrafNav / GrafNet software products is discussed in the works
[9-11], with the help of VERNESE — in the works [12-14].

Statement of the problem. The main aim of this article is to study the results of coordinate defini-
tions performed at the rover points using the OCTAVA and GrafNav / GrafNet software complexes.

The research included the determination of the presence or absence of a systematic error in the
differences of coordinates of the same rover points, defined using the software complexes OCTAVA and
GrafNav / GrafNet, and the calculation of the mean square error (MSE) of the unit of weight for each
coordinate.
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Results. In the table 1 the names of the rover points used during the GNSS-campaign [6], the
coordinates of the CNIV (Chernihiv) base station, the coordinates of the rover points and the distance
between them and the base station have been listed.

Table 1 — Coordinates of points and distance of rover points from the CNIV (Chernihiv) base station

Ne Name X, m Y, m Z, m S, km
0 CNIV 3397785 2066991 4969812 0

1 BRZNI1 3357092 2148092 4963070 90.99
2 BRZN2 3378190 2148723 4948588 86.69
3 BRZN3 3388021 2131603 4949257 68.50
4 CNIV1 3408549 2061735 4964649 13.04
5 CNIV2 3400925 2055021 4972617 12.69
6 CNIV3 3394207 2068124 4971772 4.23
7 KORP2 3358758 2154856 4959069 96.74
8 KOZL1 3458464 2090416 4818201 83.03
9 KOZL2 3450879 2091820 4922895 75.08
10 KOZL3 3459671 2069474 4926158 75.77
11 KORO2 3337328 2164478 4969250 114.71
12 PRYLI 3435179 2170656 4899859 130.53
13 PRYL2 3434959 2165806 4902145 125.40

The distance from the base station to the rover point was determined by the formula

S:\/(XCNIV_XR)2+(YCN1V_YR)2+(ZCN1V_ZR)2- ()

Accuracy of determination of the planned position in the static with the help of the receiver LEICA
GX1230GG is mp, = 5 mm + 1 mm/km, and the height my; = 10 mm + 1 mm/km [15]. Since the distan-ces
from the base station to the rover points (see Table 1) were in the range from 4 km to 130 km, it is clear
that the accuracy of the planned high-altitude coordinates of the rover points will be different.

At the same time, the coordinates of the rover point determined using the software complex
OCTAVA and the software GrafNav/GrafNet will be considered equivalent to each other. In this way, it is
necessary to perform processing of double non-uniform measurements.

Let's write the formula of the residual systematic error 6 [16]

>.rd,
0 — i=1 ,
;pi

where p; — weight of coordinate definitions, d; — the differences in the coordinates of the rover points
obtained using the OCTAVA software complex and the software GrafNav / GrafNet.
Then, the MSE of the unit of weight is determined by the formula (3)

2

3)

where n — number of rover points equal to 13.
The presence of residual systematic errors in the differences in coordinates is estimated by the
criterion [16]
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10]<0,2.. )

This criterion does not depend on the law of the distribution of differences di and does not require
knowledge of the confidence probability, the value of which is necessary to determine the Student's
coefficient, or how it is necessary for the implementation of other criteria [17-20].

If inequality (4) is performed, then the residual systematic error in the differences of coordinates is

considered significant. Then the differences of coordinates d l,' , free from systematic error, are determined
by the formula:

d =d -0, Q)

and the MSE of the unit of weight is determined by the formula (6)

;p,- (d))

S E—— 6
2(n-1) ©

Control of the definition d l.' 18

n

> pd =0. (7)

i=1

When calculating the weights of coordinate definitions p; the following approach has been used. The
precision of the point's planned position mp; depends on the accuracy of the definition my and my, and is

described by the formula [17]
m,, =\m, +m; . (8)

The known value for LEICA GX1230GG receiver is mp, = 5 mm + 1 mm/km [6], while my and my
remain unknown. Therefore, in determining the weights py and py of measurements, the dependence has
been used

- ©)
b D ;
where the values of the constant ¢ can be different for each of the coordinate axes, taking into account
their independence, D; — distances from the base station to the rover point on the coordinate axis.

Taking into account the significant distances between the base station and the rover points, and for
the purpose of visualizing the values of latitude and longitude differences determined using the OCTAVA
software complex and the GrafNav / GrafNet software, the differences and angular distances between the
points have been calculated linearly in the form of arcs of meridians and parallels on the surface of a
general-Earth ellipsoid for GPS-definitions.

Directions along the meridian of the base station to the north and along its parallel to the east have
been selected as coordinate axes.

To determine the arcs of meridians and parallels, in the beginning the first eccentricity of the
reference ellipsoid has been calculated using the known formula [21].

, a -b’
=" (10)

2
a

where a — big and b — small semi-axes of the reference ellipsoid.
The radius of curvature in the Meridian M; for the mean value of the latitude Bm_ of the base station

and the rover point 7 has been determined [21, 22]
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- o2
M=) (11)
Ja-¢’sin’ B, )’
and the radius of the curvature in the Prime Vertical N; for the rover point i
2 (12)

N, = .
Ja-¢’sin’ B, )

The length of the meridian arc for the latitude difference AB°, taken in degrees AB® with

P’ =57,29578" is calculated by the formula
AB’
D, =M, — (13)
l P

The length of the arc of parallel in the latitude B,, taken in degrees AL, for the rover point is
calculated by the formula

D, =N, cosBl.&j. (14)
| P
The values of semi-axes of the reference ellipsoid for WGS-84 with accuracy up to meters are
accepted a =6 378 137 m, b =6 356 752 m [21].
Table 2 shows the values of the lengths of arcs of meridians and parallels for the rover points relative
to the base station CNIV (Chernihiv), calculated for latitudes and longitudes obtained with the help of
GrafNav / GrafNet software. The value of latitudes and longitudes of the points is taken from the work [4].

Table 2 — Determination of the lengths of arcs of meridians and parallels for the rover points relative
to the base station CNIV (Chernihiv)

Ne B¢ M;, m N;, m Dy, km L’ Dp, km S;, km
CNIV 51.51893923 - - 31.313601267 - -

1 51.422055527 6374 572 6391242 10.78 32.613835585 90.35 90.99
2 51.213524898 6374 458 6391204 33.98 32.458711530 79.75 86.69
3 51.223206956 6374 463 6391 206 32.90 32.176401375 60.08 68.50
4 51.444486627 6374 584 6391 246 8.28 31.168558684 10.08 13.04
5 51.559429634 6374 647 6391267 4.50 31.142512118 11.87 12.70
6 51.547258895 6374 640 6391 265 3.15 31.354362172 2.83 423

7 51.364139623 6 374 540 6391232 17.22 32.682744068 95.20 96.74
8 50.779713015 6374 220 6391 125 82.24 31.150220748 1143 83.03
9 50.846517010 6374 257 6391137 74.81 31.222997234 6.34 75.08
10 50.892885364 6374282 6391 146 69.65 30.886632417 29.84 75.77
11 51.511080326 6374 621 6391259 0.87 32.966068854 114.71 114.71
12 50.519590855 6374078 6391077 111.18 32.288387392 68.40 130.53
13 50.551914346 6374 096 6391 083 107.58 32.232194287 64.43 125.40

To control the calculations, the distances on the ellipsoid from the rover points to the base station
have been calculated, which coincided with the ones shown in table. 1. The indicated distances have been

calculated according to the formula:
S.=D; +D, . (15)

Further, according to the latitudes and longitudes of the rover points determined using the OCTAVA
software complex and the GrafNav/GrafNet software [4], their differences have been calculated firstly at
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an angle and next translated linearly as small arcs of meridians and parallels by formulas (13) and (14).

The values of the radii of curvature of the meridians and the first vertices for the corresponding rover

points have been taken from table 2.

After preparatory calculations, studies have been carried out to detect residual systematic errors in the

geodetic coordinates’ differences.
By values of arcs of the meridians D, for the rover points relative to the base station from table 3 the

weights p; of the rover points have been calculated according to the formula (9) (table 4). The latitude
differences 4B is linearly taken from table 3. It has been found (see table 4) that the residual systematic
error is €= +2.3 mm. By criterion (4), it is significant (|@| = 2.3 mm; 0.2u = 1.4 mm). Therefore, it has
been removed from latitude differences by formula (5) and the MSE of the unit of weight has been

calculated by the formula (6), which received ¢’ = 6.1 mm.

Table 3 — Latitudes and longitudes of rover points identified using the OCTAVA software complex and
GrafNav/GrafNet software and their differences

Ne (B (B e AB ,m (L) (L) AL.m
1 51.422055506 51.422055527 -0.0023 32.613834873 32.613835585 -0.0495
2 51.213524891 51.213524898 -0.0008 32458711464 32.458711530 -0.0046
3 51.223207071 51.223206956 0.0128 32.176401276 32.176401375 -0.0069
4 51.444486643 51.444486627 0.0018 31.168558551 31.168558684 -0.0092
5 51.559429692 51.559429634 0.0065 31.142512154 31.142512118 0.0025
6 51.547258942 51.547258895 0.0052 31.354362278 31.354362172 0.0074
7 51.364139676 51.364139623 0.0059 32.682744036 32.682744068 -0.0022
8 50.779713056 50.779713015 0.0046 31.150220519 31.150220748 -0.0162
9 50.846517209 50.846517010 0.0221 31.222997250 31.222997234 0.0011
10 50.892885403 50.892885364 0.0043 30.886632350 30.886632417 -0.0047
11 51.511080330 51.511080326 0.0004 32.966068758 32.966068854 -0.0067
12 50.519590874 50.519590855 0.0021 32.288387166 32.288387392 -0.0160
13 50.551914377 50.551914346 0.0034 32.232194284 32.232194287 -0.0002
Table 4 — Definition of the systematic error and the MSE of the unit of weight of different latitudes,
identified using the OCTAVA software complex and GrafNav/GrafNet software
Ne Dy, km p 4B, mm p4B, mm pAB?, mm’ 4B, mm pA4B’, mm p(4AB)?, mm®
1 10.78 3.71 -2.3 -8.53 19.63 -4.58 -16.98 77.69
2 33.98 1.18 -0.8 -0.94 0.75 -3.08 -3.62 11.14
3 32.90 1.22 12.8 15.56 199.20 10.52 12.80 134.66
4 8.28 4.83 1.8 8.70 15.65 -0.48 -2.30 1.09
5 4.50 8.89 6.5 57.78 375.56 4.22 37.55 158.61
6 3.15 12.70 52 66.03 343.37 2.92 37.13 108.58
7 17.22 232 59 13.70 80.86 3.62 8.42 30.51
8 82.24 0.49 4.6 224 10.29 232 1.13 2.63
9 74.81 0.53 22.1 11.82 261.15 19.82 10.60 210.13
10 69.65 0.57 43 2.47 10.62 2.02 1.16 2.35
11 0.87 45.98 0.4 18.39 7.36 -1.88 -86.24 161.78
12 111.18 0.36 2.1 0.76 1.59 -0.18 -0.06 0.01
13 107.58 0.37 3.4 1.26 4.30 1.12 0.42 0.47
> 83.15 66 189.23 1330.31 0 899.66
c=40; 0=+228 mm; | €| =228 mm; 0.2p=1.43 mm (u=7.15 mm;); z' = 6.12 mm.
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Table 5 shows the results of calculations of systematic error and the MSE of the unit of weight of the
longitudinal differences of the rover points determined using the OCTAVA software complex and the
GrafNav/GrafNtet software. As can be seen from Table 5, inequality (4) is not satisfied. Therefore, the
systematic error €= -0,58 mm is not significant. The mean square error of the unit of weight of longitudes
differences equals ¢ = 12.8 mm.

Table 5 — Definition of systematic error and the MSE of the unit of weight
of the longitudinal differences determined using the OCTAVA software complex and the GrafNav/GrafNet software

Ne Dp, km p AL, mm pAL, mm pAL?, mm?®
1 90.35 0.55 -49.5 -27.39 1355.98
2 79.75 0.63 -4.6 -2.88 13.27
3 60.08 0.83 -6.9 -5.74 39.62
4 10.08 4.96 -9.2 -45.63 419.84
5 11.87 421 2.5 10.53 26.33
6 2.83 17.67 7.4 130.74 967.49
7 95.2 0.53 -2.2 -1.16 2.54
8 11.43 437 -16.2 -70.87 1148.03
9 6.34 7.89 1.1 8.68 9.54
10 29.84 1.68 -4.7 -7.88 37.01
11 114.71 0.44 -6.7 -2.92 19.57
12 68.4 0.73 -16.0 -11.70 187.13
13 64.43 0.78 -0.2 -0.16 0.03
z 45.26 -105.2 -26.38 4226.39

¢=50; u=-0.58 mm; |u |=0.58 mm; 0.2¢ = 2.55 mm; x = 12.75 mm.

To determine the scales of the differences of geodetic heights of the rover points determined using the
OCTAVA software complex and the GrafNav/GrafNet software, the formula has been used

c
pi - 2 (16)
m

H.

i

where m,, =10mm +1mm - S, (km) — the MSE of defining heights by the LEICA GX1230GG receiver.

Table 6 — Definition of the systematic error and the MSE of the unit of weight differences
of the geodetic heights determined using the OCTAVA software complex and the GrafNav/GrafNet software

Ne | Sm,km | m,, mm p AH, mm | pAH, mm | pAH’, mm’ | AH,mm | pAH,mm | p(AH)’, mm’
1 90.99 100.99 0.87 -30 -26.06 781.84 -25.63 -22.27 570.81
2 86.69 96.69 0.95 -2 -1.90 3.79 2.37 2.24 5.31
3 68.5 78.5 1.44 -26 -37.38 971.94 -21.63 -31.10 672.89
4 13.04 23.04 16.69 1 16.69 16.69 5.37 89.57 480.68
5 12.69 22.69 17.21 1 -189.30 2082.32 -6.63 -114.16 757.26
6 4.23 14.23 43.76 -2 -87.51 175.02 2.37 103.55 245.05
7 96.74 106.74 0.78 -11 -8.55 94.09 -6.63 -5.16 34.22
8 83.03 93.03 1.02 2 2.05 4.09 6.37 6.52 41.49
9 75.08 85.08 1.22 -12 -14.69 176.25 -7.63 -9.34 71.32
10 75.77 85.77 1.20 -16 -19.27 308.32 -11.63 -14.01 163.00
11 114.71 124.71 0.57 -10 -5.70 56.97 -5.63 -3.21 18.08
12 130.53 140.53 0.45 -2 -0.90 1.79 2.37 1.06 2.51
13 1254 135.4 0.48 -12 -5.80 69.59 -7.63 -3.69 28.16
z 86.64 -131 -378.32 4742.73 0 3090.78

c=18860; @ =-4.37 mm; lu|=437mm; 0.2nu=2.7mm (g =13.51 mm;); #' = 11.35mm.
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The results of calculations are given in table 6. The differences of the geodetic heights of the rover
points determined using the OCTAVA software complex and the GrafNav/GrafNet software have a
residual systematic component 8= —4.37 mm, which by criterion (4) is significant (|&| = 4.37 mm; 0.2p =
= 2.7 mm). Therefore, the differences in geodetic heights have been deprived (released) of the systematic
component and calculated the MSE of the unit of weight, which was ' = 11.35 mm.

The general deviations of the planned coordinates A, have been calculated by the formula (15),
where: A, =S., D, =AB,, D, = AL, (table 7). Values AB and AL are taken from table 4 and

table 5 for the corresponding rover points.

Table 7 — The value of the total deviation of the planned coordinates of the rover points

Ne 1 2 3 4 5 6 7 8 9 10 11 12 13

A, mm 496 | 47 (145 | 94 | 7.0 | 9.0 6.3 16.8 22.1 6.4 6.7 16.1 3.4

Using the values of total deviations and values of distances of rover points from the base station, the
graph is built, as shown in figure 1.
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Figure 1 — Distribution of general deviation of planned coordinates depending
on the distance of rover points from the base station CNIV

From the graph it is clear that the magnitudes of deviations practically do not correlate with distance.
A similar graph is constructed for deviations in the values of the geodetic heights of the rover points
calculated using the software complexes OCTAVA and GrafNav / GrafNet, which is depicted in figure 2.
Here too, there is no correlation between deviations in height and distance of rover points from the base
station

*
-5 20 40 60 80 100 120 140

&
o
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Figure 2 — Distribution of deviations in the values of the geodetic heights of the rover points calculated
using the software complexes OCTAVA and GrafNav / GrafNet depending on the distance to the base station CNIV
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The next step is to determine the average values of the heights of the rover points and to calculate

their accuracy.
The average values of geodetic heights of rover points obtained using the software complexes
OCTAVA and GrafNav / GrafNet, are calculated by the formula [17, 19]

H® + B
H, = er L

The weights of the average geodetic heights calculated using the OCTAVA or GrafNav / GrafNet
software complex are equal to ,/2p, . Therefore, the mean square error of geodetic heights, calculated

(13)

using any of these software complexes, are determined by the formula

m, = . (14)

The values of the average heights of the rover points and the accuracy of their calculation by the
indicated software products are given in the table 8.

Table 8 — Calculation of average values of heights of rover points and their accuracy

Ne HP 'm H™ 'm H,,m 2p, My, mm S; , km
1 141.275 141.305 141.2900 1.31 8.7 90.99
2 165.005 165.007 165.0060 1.38 8.2 86.69
3 158.081 158.107 158.0940 1.70 6.7 68.50
4 170.570 170.569 170.5695 5.78 2.0 13.04
5 179.595 179.606 179.6005 5.87 1.9 12.70
6 175.780 175.782 175.7810 9.36 1.2 4.23
7 167.016 167.027 167.0215 1.25 9.1 96.74
8 148.970 148.968 148.9690 1.43 7.9 83.03
9 146.143 146.155 146.1490 1.56 73 75.08
10 155.991 156.007 155.9990 1.55 73 75.77
11 152.992 153.002 152.9970 1.07 10.6 114.71
12 156.347 156.349 156.3480 0.95 11.9 130.53
13 157.457 157.469 157.4630 0.98 11.6 125.40
14 -
12 M+ =0,0852 S + 0,8566
7_
= R® = 0,9998 e
8 /
6 il
4 /
2 /
0 T T T I 1 ] 1
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Figure 3 — The graph of dependency of the MSE of the geodesic heights of the rover points calculated
using the software complexes OCTAVA or GrafNav / GrafNet, depending
on the distance to the base station CNIV (Chernihiv)
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Figure 3 shows the graph of dependency of the MSE of the geodesic heights of the rover points
calculated using the software complexes OCTAVA or GrafNav / GrafNet, depending on the distance,
constructed according to the data of the Table 8. The line of trend of the MSE of geodetic heights is given,
with which it is possible to predict the accuracy of calculating the geodetic heights of the rover points
using the indicated software products at intermediate rover points, depending on the distance from the
base station CNIV (Chernihiv). The accuracy of the approximation is high and is R* = 0.9998.

The average values B; of the latitudes of the rover points (table 9) have been defined, calculated using

the software complexes OCTAVA and GrafNav / GrafNet, with a correction —(0.56, for the syste-matic

error 6 =+2.28 mm (see table 4), which is determined at an angle measure in particles of a degree taking
into account the formula (9)

0
0, =—"7p", 15
"M P 15)
Table 9 — Calculation of the mean values of latitudes of rover points and their accuracy

Ne (Bl.oc)" (BZ.GN)” B, 2p, My, , mm DMI_ , km
1 51.422055506 51.422055527 51.4220555165 2.72 2.25 10.78

2 51.213524891 51.213524898 51.2135248945 1.54 3.98 33.98

3 51.223207071 51.223206956 51.2232070135 1.56 3.92 32.90

4 51.444486643 51.444486627 51.4444866350 3.11 1.97 8.28

5 51.559429692 51.559429634 51.5594296630 422 1.45 4.50

6 51.547258942 51.547258895 51.5472589185 5.04 1.21 3.15

7 51.364139676 51.364139623 51.3641396495 2.15 2.84 17.22

8 50.779713056 50.779713015 50.7797130355 0.99 6.18 82.24

9 50.846517209 50.846517010 50.8465171095 1.03 5.94 74.81

10 50.892885403 50.892885364 50.8928853835 1.07 5.73 69.65

11 51.511080330 51.511080326 51.5110803280 9.59 0.64 0.87

12 50.519590874 50.519590855 50.5195908645 0.85 7.21 111.18

13 50.551914377 50.551914346 50.5519143615 0.86 7.11 107.58

0.560; = (+1.02-107°)°.

The MSE of the latitudinal position of the rover points calculated using the software complexes
OCTAVA or GrafNav/GrafNet, is executed using a formula similar to formula (14). These values are

linearly determined m, in the table 9.

Figure 4 shows the graph of the dependence of the MSE of the geodesic latitudes of the rover points
linearly, calculated using the software complexes OCTAVA or GrafNav / GrafNet depending on the
distance in the meridional direction relative to the station CNIV (Chernihiv), constructed according to the
data of the table 9.

A trend line has been developed, which allows predicting the accuracy of calculating the geodetic
latitudes of the rover points using the indicated software products at intermediate rover points, depending
on the distance from the base station CNIV (Chernihiv) along the meridian of the point. The accuracy of
the approximation is R* = 1.

The average values L;\ of the longitudes of the rover points have been determined, calculated using
the software complexes OCTAVA and GrafNav / GrafNet (table 10), the longitudinal values of the mean
square error my; are calculated using the formula:

m =t (16)

where u = 12.75 mm and weights p;, the values of which are given in the table 5.
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Figure 4 — The graph of the dependence of the MSE of the geodesic latitudes of the rover points linearly,
calculated using the software complexes OCTAVA or GrafNav / GrafNet depending on the distance

in the meridional direction relative to the station CNIV (Chernihiv)

Table 10 — Calculation of mean values of longitudes of rover points and their accuracy

Ne (L) (L ) L, 2p. My, mm D, ,km
1 32.613834873 32.613835585 32.6138352290 1.05 12.2 90.35
2 32.458711464 32.458711530 32.4587114970 1.12 11.4 79.75
3 32.176401276 32.176401375 32.1764013255 1.29 9.9 60.08
4 31.168558551 31.168558684 31.1685586175 3.15 4.0 10.08
5 31.142512154 31.142512118 31.1425121360 2.90 44 11.87
6 31.354362278 31.354362172 31.3543622250 5.94 2.1 2.83
7 32.682744036 32.682744068 32.6827440520 1.41 12.4 95.20
8 31.150220519 31.150220748 31.1502206335 2.96 43 11.43
9 31.222997250 31.222997234 31.2229972420 3.97 32 6.34
10 30.886632350 30.886632417 30.8866323835 1.41 7.0 29.84
11 32.966068758 32.966068854 32.9660688060 0.94 13.6 114.71
12 32.288387166 32.288387392 32.2883872790 121 10.6 68.40
13 32.232194284 32.232194287 32.2321942855 125 10.2 64.43

Figure 5 shows the graph of dependence of the MSE of the geodetic longitudes of the rover points in
the linear measure, calculated using the software complex OCTAVA or the GrafNav/GrafNet software
depending on the distance in the parallel direction with respect to the meridian of the station CNIV
(Chernihiv), constructed according to the data of the table 9.
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Figure 5 — The graph of dependence of the MSE of the geodetic longitudes of the rover points in the linear measure,
calculated using the software complex OCTAVA or the GrafNav / GrafNet software depending on the distance
in the parallel direction with respect to the meridian of the station CNIV (Chernihiv)
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A trend line has been made that predicts (forecasts) the accuracy of calculating the geodetic longi-
tudes of the rover points, depending on the distance from the meridian of the CNIV base station along the
parallel of the rover point. The accuracy of the approximation is R* = 0.9999.

Using the values of the MSE of the position of points in latitudinal and longitudinal directions, it is
possible to construct ellipses of errors of the planned position of the rover points. Figure 6 provides the
ellipse of errors of the planned position of the point BRZN3. For intermediate points, it is possible to use
the equations of the trend lines, and calculate the lengths of the meridians and parallels by the formulas
(13) and (14).

Dy
No3 - BRZN3 (Ls, By)
D, p-—-=-——-
|
|
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[ 4 + DP
CNIV (Lo, By D

Py

Figure 6 — The ellipse of errors of the planned position of the point BRZN3

Conclusions. According to the results of statistical research of the comparison of coordinate defi-
nitions of the rover points using the software complexes OCTAVA and GrafNav / GrafNet, the following
conclusions can be drawn:

- the differences between the geodesic latitudes and heights contain systematic errors, which are
respectively linearly equal to + 2.3 mm and - 4.4 mm,;

- the MSE of the unit of weight for each of the coordinates is for geodetic latitudes, longitudes and
heights of 6.1 mm, 12.8 mm and 11.4 mm respectively;

- the greatest differences in geodetic coordinates are determined: in latitude - 22 mm; in longitude -
50 mm; in height - 30 mm;

- it was established that the correlation between the deviations in the plan and in heights of the
differences in coordinate definitions, depending on the distance to the base station, is absent;

- a method for determining the accuracy of the processing of GNSS observations by software
complexes based on the method of double non-uniform measurements is developed. The method has been
tested according to the results of full-scale GNSS-observations in Chernihiv region.
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A. H. Tepemyk', U. B. Kopuuenko', C. JI. Kpsiuox',
T. H. Maimx?, B. 10. Benenox’, U. b. Ckopunuena®

'YepHuroBcKuil HAMOHAIBHBI TEXHONOTHYECKUIT YHUBEpCUTET, UepHHToB, YKpanHa,
2YHI/IBepCI/ITeT HOBeWMx TexHosioruii, Kues, Yxpauna,
*HarmoHanbHbII aBHALIMOHHBIH yauBepcureT, Kues, Ykpanna,

*UncruryT reorpadun MunncrepcTa obpazoBanus u Hayku, Anvatsl, Kasaxcran

UCCJIETOBAHUE CUCTEMATHYECKHUX MMOTPEITHOCTEM .
1O PE3YJIBTATAM OBPABOTKH CITYTHUKOBBIX HABJIIOAEHUU
IMPOIr'PAMMHBIMHA KOMIIVIEKCAMM

AnHoTanusi. Ha ceromust o0paboTka pe3ynbTaToOB CTATHUECKHX CIYTHHKOBBIX HAOIIOICHHI BBITOIHIETCS
M3BECTHBIMH MPOTPaMMHBIMHI KOMILIEKCaAMH.

C menplo WCCIENOBAaHWSA W aHAIN3a BOMPOCOB IOBBIMICHHWS TOYHOCTH HAONIONECHUH BBITIOJHEHBI HATYpHBIC
cinytHuKoBble ' HCC-n3Mepenus Ha MyHKTaX rOCyAapcTBEHHOH reoaesmyeckoi cetrn CeBEepHOTO pernoHa Y KpauHbI
U TpoBelceHa 00paboTKa HUX pe3ylbTaToB C IPUMEHEHHEM pAacCIpPOCTPaHEHHBIX B TeOJE3MYECKOM IpaKTHKe
nporpammHbIx komiiekcoB OCTAVA u GrafNav / GrafNet.

ITo pesynbraTaM MaremaTHYecKoil 00paOOTKHM HAaONIOAEHHH YMOMSHYTHIMH HPOIPAaMMHBIMH KOMIUIEKCAMH
BBISIBJICHO BIIMSIHME OCTATOYHBIX CHCTEMAaTHUECKUX MOTPEUIHOCTEH B pa3HHUIAX KOOPAMHATHBIX ompeneneHud. Jlms
UX JTAIBHEHIETo BBISIBICHUS M 00pabOTKH ObUTH MPHMEHEHBI pa3Hble KPUTEPHH, KOTOPBIE Aalld BO3MOXKHOCTh IPO-
BECTH CTAaTHCTHYECKHE HCCIICIOBAHUS CPaBHEHWS! KOOPAWHATHBIX OIPEAETICHUH POBEPHBIX IIYHKTOB C HCIIONB30-
BaHHMEM ITPOTPAMMHBIX KOMIIJIEKCOB. JTHM BOIPOCaM IIOCBSIIEHA JaHHas padorTa.

B crarbe uccnenoBaHbl pa3HUIBI T€OJE3MUECKUX LIMPOT M BHICOT, KOTOPBIE COMEPXKAT CHCTEMAaTHIECKUE I10-
TPEIIHOCTH W CPEAHHE KBaJIpaTHYECKHE MOTPEHIHOCTH EIMHHUIIBI Beca M0 KaKIOW M3 KOOPAWHAT. Y CTaHOBJIEHO
TaKKe OTCYTCTBHE KOPPEISIUHI MEXIY OTKIOHEHHSMH B IUTaHE W IO BBICOTE Pa3HMI] KOOPANHATHBIX OIIPEAEICHUH B
3aBHCHMOCTH OT PAacCTOSHUS 10 6a30Boii ctaHnuu. Ha 0CHOBE IpOBEeNEHHBIX CTATUCTHUECKUX HCCIIEIOBAaHUH pa3pa-
OGoTaHa METOAMKA OIpeneNeHus] TOYHOCTH 00paboTku pesynbraTtoB I'HCC-HabmromeHuil MporpaMMHBIMH KOMII-
JeKcaMu, 0a3upysch Ha criocoOe NBOMHBIX HEPAaBHOTOYHBIX H3MEPEHHUMH.

Meroauka sIBISIETCSl aKTyaJIbHOW, OHA MPOIDIa anpodaruio 1o pesyinbraraMm HatypHbix ' HCC-Habmronenuit B
Yepuurosckoit obmactn (YKpanHa) ¥ HamnpaBlieHa Ha BBISBICHHE, YYET M MUHHMMH3ALUIO OCTaTOYHBIX CHCTEMa-
THUYECKHX TIOTPELIHOCTEH U OyAeT CriocoOCTBOBAThH MOBBIIIEHHIO TOYHOCTH KOOPJMHATHOTO 00ECTIeYeHHs ITPU CITyT-
HHUKOBBIX HaOIOJCHUSX.

KitroueBble cii0Ba: cpeHssl KBaJpaTHIecKasl MOTPEITHOCTD; CHCTEMaTHYeCKas IIOTPELIHOCTh; TBOHHbBIC HepaB-
HOTOYHBIE M3MepeHust; nporpamMuble Kommiekcbl OCTAVA, GrafNav / GrafNet, BERNESE.
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INTERNAL CORROSION PROPAGATION
IN CURVED SECTIONS OF STEEL PIPES

Abstract. In the world, the protection of metals from corrosion is one of the urgent problems requiring an
integrated approach to their solution. The main task of research in this area is to reduce the economic losses due to
corrosion of pipelines, equipment, machinery, structures, machine parts, etc., to increase the reliability of equipment
that comes into contact with aggressive media and to preserve the metal stock. Every year around the world there is
an increase in the production of metals and the requirements for the conditions of their operation are becoming
higher. This is due to the fact that more and more metallic equipment works in aggressive environments. Therefore,
the issues of protecting metal equipment from corrosion become more relevant. It is impossible to completely pre-
vent corrosion in metals, but you can find ways to slow down the development of corrosion. For this it is necessary
to explore the development of corrosion in metal structures. This article discusses the development of corrosive pro-
cesses in various parts of the steel pipeline. Studies on the development of corrosion have shown that the develop-
ment of corrosion on curved sections of steel pipes for various purposes occurs more intensively than on straight
sections.

Keywords: corrosion; steel pipes; Lorentz force; internal corrosion.

Introduction. In the history of construction and maintenance of steel pipes, there are accidents and
failures due to corrosion damages [1-11]. The problem of corrosion is very urgent and is one of the main
factors that cause major catastrophes and accidents on pipelines in various industries.

The main type of corrosion of pipes, which leads to damages, is internal corrosion. Corrosion pre-
vention in steel pipes used in various industrial facilities is in application of insulating coatings both inside
the pipes and outside. At that, attention is not paid to the corrosion propagation behavior in the curved
sections of steel pipes.

Review. The main internal corrosion studies were carried out in oil and gas and chemical industries,
where the transportable medium rapidly leads to the internal corrosion [9-12]. Also, these studies are well
developed in the studies of water and heat supply systems [13]. A lot of research has been carried out to
this day and being carried out at the moment on the corrosion propagation in these industries, but these
results cannot be generalized and used in hydraulic engineering structures due to the difference in the
transportable media properties.

In [14] the author studies irrigation pressure pipe systems’ life aging by means of forecasting the
corrosion propagation danger of metal pipes transporting waste waters. In the work the emphasis is made
on waste waters. It does not consider effect of corrosion propagation on the constructional metal pipe
features.

The work [15] considers operation conditions of “Astrakhan-Mangyshlak” main internal surface
conduit and properties of corrosion formation on it. The corrosion propagates due to water composition,
temperature fluctuations and changes along the conduit length. The work does not consider effect of
corrosion propagation on the constructional metal pipe features.
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The work [16] notes that after long-term operation, localized corrosion damages occur on the oil and
gas pipe pitches due to the transportable medium composition and movement influence, which can lead to
the pipe rupture.

The works [17-19] present results of experiments on the study of corrosion in the internal cavity of
pipes, where the transportable medium flow regime and composition affect the pipe corrosion.

As the review of sources in this direction has shown, investigations of internal corrosion in hydraulic
engineering structure pipes have not been adequately conducted, and there are practically no works on the
study of the corrosion propagation on the curved sections of steel pipes.

Proposals and differences in methodology. Our investigations [16-20] showed that corrosion
propagation occurs more intensively on the curved sections of steel pipes for various purposes than on the
straight sections.

We have proposed corrosion propagation mechanism in steel structure elements in aqueous medium
taking into account their ferromagnetic properties [18-20]. These studies showed that on the straight
sections, ions of the transportable medium attracting by the Lorentz force to the walls of cracks start
chemical process of steel elements’ corrosion. Existing cracks on the outside are covered with oxide film
forming iron hydroxides. Cracks filled with corrosion products on the straight sections are less susceptible
to mechanical influences on the transportable medium. Therefore, here the corrosion propagation velocity
is less than in the curved sections of steel pipes.

In the curved sections of steel pipes, a centrifugal force acts on moving particles (gases, mechanical
impurities, water or other liquids) having a certain mass [21]. In the curved sections the corrosion
propagation velocity depends on the liquid motion velocity, on the number of ions, and also on the

centrifugal force effect equal to:
2
m-v
F= ; e)
R

where m — particle mass; v — particle motion velocity; R — radius of deformation.

These particles, acting mechanically, open cracks of steel pipes closed by the primary corrosion
products and contribute to the further intensive corrosion propagation in them.

In the straight sections the corrosion propagation velocity depends only on the liquid flow velocity
2

and on the number of ions, as —>0,at R=0.
In the curved sections, where the turning angle equal to 90°, the corrosion propagation velocity

depends on the liquid flow velocity, on the number of ions, as well as on the kinematic energy action, as

2
m-vy

— max,at R — 0. In this situation, the corrosion propagates several times more than in other

curved sections, as the liquid motion before the angle changes and the number of ions increases. If
previously on the straight sections, ions on the wetted perimeter of the pipe could act on the corrosion
propagation velocity, then at turns to 90°, ions on the cross sectional area of the liquid can affect the
corrosion propagation velocity.

To test the proposed mechanism for the corrosion propagation, we have conducted experiments to
measure thickness of the steel pipes walls on the curved sections. The purpose of the experiment is to
determine the turning angles, which have the greatest influence on the corrosion propagation velocity.

To this end, we have developed an apparatus for determining metal corrosion on the curved sections
in steel pipes (figure 1). The apparatus consists of a pump welded at various angles of pipes ¥32x3.0 in
diameter, a filter, an air valve and supports. The apparatus developed by us, where the liquid is circulated
by the pump, has sections of steel pipes: straight, curved and with turn by 90°.

The experiment was conducted for one year. As is known, river water, fresh water have very weak
ions, therefore, in order to obtain comparatively fast results in the role of a corrosive fluid, we took the salt
solution, generally accepted in such experiments (NaCl 3.5%) [9, 23].

It should be noted that in similar works [12, 22], the salt solution (NaCl 3.5%) is used to study the
corrosion propagation.
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Figurel — The distance from the rotation axis to the center of gravity of the current r and peripheral R section

In the work [23], the salt solution (NaCl 3.5%) is also used for the experiment, but the work deals
with the corrosion propagation in welded joints of pipes.

The thickness of the steel pipes walls was measured by ultrasonic thickness gage UT-301 according
to GOST 28702-90. The converter is of 5B12/2-5.0 MHz type. The main material of the pipe with
332x3.0 diameter is (Steel 10, GOST 1050-88). When measuring, the “echo” principle is used, i.e. the
searcher and receiver are combined in one tester. The activated ultrasonic signals reach the internal pipe
surface and are reflected by the receiver, knowing the propagation velocity and the time of passage of
ultrasound on the metal, we have determined the wall thickness.

The layout of the measurement points in the apparatus is shown in figure 2. The apparatus is made of
a 32 mm pipe, its wall thickness is 3mm, two angles of 90°, one angle is 135°, one angle is 120°, the sharp
angle is 35°. The length of the upper pipe is 120 cm, the height is 35 cm, the lower length of the pipe is 36 cm,
the angle from this segment is 135°. The apparatus consists of five pipe sections. Its perimeter is 296 cm.

Bl

Iu" =1
column

(L

Figure 2 — The layout of the measurement points in the apparatus

Results and discussion. The apparatus was switched on in May 2017. There is a pump in the middle
of the upper part that distills the salt solution. The pump is switched on via the time relay, it works
continuously for 1 hour, stops for 20 minutes. The thickness of the pipe wall at 17 points was measured
after 3 months (table 1), 8 months (table 2) and 1 year (table 3). The thickness of the pipe wall was
measured in the laboratory of ultrasonic testing (Testing laboratory of PKF FAN LLP, Taraz,
Accreditation certificate N° KZ.1.08.1791).
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Table 1 — The results of measuring the thickness of the steel pipes walls subjected to internal corrosion

(August, 2017)

N Measurement value Mean value | Thickness of the wall Initial thickness of Retiremen | Notice
(mm) of three taking into account the wall and diameter t size
measuremen | measurement errors of measured elements (mm)
ts (mm) (mm) (mm)
1 3.0 29 3.0 3.0 29 032x3.0 6=153 pipe
2 3.1 3.0 3.1 3.1 3.0 032x3.0 8=153 -/ -
3 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1.53 -/ -
4 3.0 3.1 3.0 3.0 2.9 032x3.0 6=1.53 -/ -
4A 29 2.8 29 29 2.8 032x3.0 6=153 -1/ -
5 2.9 2.8 2.9 2.9 2.8 032x3.0 8=153 -/ -
6 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1.53 -/ -
7 3.1 3.0 3.1 3.1 3.0 032x3.0 6=1.53 -/ -
8 2.7 2.7 2.7 2.7 2.6 032x3.0 6=153 -1/ -
9 2.7 2.8 2.7 2.7 2.6 032x3.0 8=153 -/ -
10 2.9 2.8 2.9 2.9 2.9 032x3.0 6=1.53 -/ -
11 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1.53 -/ -
12 3.1 3.0 3.1 3.1 3.0 032x3.0 6=153 -1/ -
13 2.7 2.7 2.7 2.7 2.6 032x3.0 8=153 -/ -
13A 2.7 2.7 2.7 2.7 2.6 032x3.0 6=1.53 -/ -
14 2.9 2.8 2.9 2.9 2.8 032x3.0 6=1.53 -/ -
14A 29 2.8 29 29 2.8 032x3.0 6=153 -1/ -
Table 2 — The results of measuring the thickness of the steel pipes walls subjected to internal corrosion
(February, 2018)
N Measurement value Mean value | Thickness of the wall Initial thickness of Retiremen | Notice
(mm) of three taking into account the wall and diameter t size
measuremen | measurement errors of measured elements (mm)
ts (mm) (mm) (mm)
1 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1.53 pipe
2 3.0 29 3.0 3.0 29 032x3.0 6=153 -1/ -
3 2.9 2.8 2.9 2.9 2.8 032x3.0 8=153 -/ -
4 2.9 2.9 2.9 2.9 2.8 032x3.0 6=1.53 -/ -
4A 2.2 2.3 22 2.2 2.1 032x3.0 6=1.53 -/ -
5 24 2.3 2.3 2.3 22 032x3.0 6=153 -1/ -
6 2.9 3.0 2.9 2.9 2.8 032x3.0 8=153 -/ -
7 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1.53 -/ -
8 24 2.3 2.4 2.4 2.3 032x3.0 6=191 -/ -
9 2.7 2.8 2.7 2.7 2.6 032x3.0 6=191 -1/ -
10 2.8 29 2.8 2.8 2.7 032x3.0 8=191 -1 -
11 3.0 2.9 3.0 3.0 2.9 032x3.0 6=191 -/ -
12 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1.53 -/ -
13 2.7 2.6 2.7 2.7 2.6 032x3.0 6=153 -1/ -
13A 2.4 2.5 2.5 2.5 2.4 032x3.0 6=153 -/ -
14 24 2.5 2.4 24 2.3 032x3.0 6=1.53 -/ -
14A 2.3 2.3 2.4 2.3 2.2 032x3.0 6=1.53 -/ -
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Table 3 — The results of measuring the thickness of the steel pipes walls subjected to internal corrosion

(May, 2018)
N Measurement value Mean value | Thickness of the wall Initial thickness of Retiremen | Notice
(mm) of three taking into account the wall and diameter t size
measuremen | measurement errors of measured elements (mm)
ts (mm) (mm) (mm)

1 2.9 2.8 2.9 2.9 2.8 ?32x3.0 0=1.53 pipe
2 2.9 2.9 2.8 2.9 2.8 ?32x3.0 3=153 -/ -
3 2.9 2.8 2.9 2.9 2.8 032x3.0 3=153 -/ -
4 2.9 2.8 2.9 2.9 2.8 ?32x3.0 §=1.53 -/ -
4A 2.2 2.1 2.1 2.1 2.0 ?32x3.0 0=1.53 -/ -
5 2.1 2.2 2.2 2.2 2.1 032x3.0 3=153 -/ -
6 2.6 2.7 2.7 2.7 2.6 ?32x3.0 3=153 -/ -
7 2.9 2.8 2.9 2.9 2.8 032x3.0 3=153 -/ -
8 2.4 23 2.3 2.3 2.2 ?32x3.0 §=1.91 -/ -
9 2.7 2.8 2.7 2.7 2.6 032x3.0 6=191 -/ -
10 2.7 2.7 2.6 2.7 2.6 ?32x3.0 8=191 -/ -
11 2.8 2.7 2.7 2.7 2.6 ?32x3.0 8=1091 -/ -
12 2.9 2.8 2.9 2.9 2.8 ?32x3.0 3=153 -/ -
13 2.8 2.7 2.7 2.7 2.6 932x3.0 §=1.53 -/ -
13A 2.4 2.5 2.4 2.4 2.3 ?32x3.0 0=1.53 -/ -
14 2.9 2.8 2.9 2.9 2.8 ?32x3.0 3=153 -/ -
14A 2.2 2.2 2.3 2.2 2.1 ?32x3.0 3=153 -/ -

Analysis of tables 1-3 shows that at the points of measurement — N°. 4A, 8, 13A, 14A, where the
turning angles are sharp or equal to 90°, the wall thickness has significantly decreased. This shows that on
the curved sections of steel pipes, corrosion propagates more strongly than on the straight sections, which
in turn confirms the corrosion propagation mechanism proposed by us.

Corrosion inside steel pipes begins, as we established earlier [21, 22], in the damaged areas. These
areas with defects, non-uniformities, dislocations and cracks in steel structures, damage the ferromagnetic
properties of steel. They, in turn, damage the domain structure of steel, and between the domains Cl- ions
are attracted to the south poles, and Na+ ions are attracted to the north poles, and thus corrosion begins,
i.e. chemical process.

The pipe thickness in the first section decreased by 0.1 mm at the first measurement and the corrosion

propagation velocity was equal to = 0.4mm / year. The corrosion propagation velocity in the se-

cond measurement was equal to zero. The corrosion propagation velocity in the third measurement was

equal to =0.3mm / year. The average corrosion propagation velocity in the steel pipes with the

. . 0.2 . . .
straight section was equal to T = 0.2mm / year . After mathematical processing of thickness measure-

ment results, we determined the corrosion propagation velocities in the steel pipes of the experimental
apparatus on its straight sections, which are shown in figure 3.

At first straight sections of the steel pipes, the corrosion first developed actively, and then its
propagation velocity slowed down. Then after a certain time, the corrosion propagation resumed. The
resulting phenomenon is explained by the fact that when the ions passed through the cracks of domains
after the first measurement, products of chemical reaction — micelles (chemical corrosion product) [23]
formed and filled the cracks of domains, thereby reducing the corrosion propagation velocity.

The average corrosion propagation velocity on the curved sections of the steel pipes of hydraulic
engineering structures (figure 4) equal to 0.375 mm/year.
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Figure 3 — Dependence of the pipe wall thickness on the residence time in the corrosive medium on the straight sections.
The numbers correspond to the measurement points on the experimental apparatus
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Figure 4 — Dependence of the pipe wall thickness on the residence time in the corrosive medium on the curved sections.
The numbers correspond to the measurement points on the experimental apparatus

The obtained value in comparison with the straight section of the steel pipes increased by 80.5%. This
phenomenon is explained by the fact that when turning the steel pipes, the liquid under the action of
centrifugal forces hits the walls and wash out the micelles, and therefore the physical process does not
stop, affecting the corrosion propagation velocity.

The average corrosion propagation velocity at the turns of the steel pipes of hydraulic engineering
structures equal to 90° and is shown in figure 5 and equal to 0.833 mm/year.

The obtained value in comparison with the square section of the steel pipes increased by 416.5%.
This phenomenon is explained by the fact that when turning by 90° the liquid completely breaks its
structure, and the number of ions in the liquid increases in proportion to the ratio of the cylinder volume to
its perimeter.

Thus, we obtained results showing that location of the steel pipes of hydraulic engineering structures
affects the corrosion propagation velocity inside the pipes. This phenomenon was not taken into account
when designing the steel pipes of hydraulic engineering structures, and reliability of the steel pipes
depends on their location in space. In practice, elements of metal structures are designed to be equal in
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Figure 5 — Dependence of the pipe wall thickness on the residence time in the corrosive medium on the square sections.
The numbers correspond to the measurement points on the experimental apparatus

strength, while elements of metal structures of hydraulic engineering structures should be designed to have
the same reliability and ensure trouble-free operation.
Calculation of tubular metal structures of hydraulic engineering structures is carried out according to
the well-known formula of Laplace [24]:
o, 0,
—+t—=pL, 2)
noon
where o, - meridian stress; o, - circular stress; r; - meridian radius; r, - radius of curvature in the circular

direction; p - pressure inside the pipe; ¢ - thickness of the pipe walls.
The second component stress acting along the meridian direction is also determined for the pipes by
the formula [24]:

p
o =L, 3
b2t
The pipes are in a plane stressed state, and the strength is tested by the following formula [24]:
\/0'12—(710'2+c722 SRy&, 4)
Vn

where R, - design strength of the steel, established by the yield point; Y, - service factor; ), - reliability

factor.

The calculation made by this formula does not ensure trouble-free operation of the pipes of hydraulic
engineering structures, since it does not take into account the corrosion propagation inside the pipe [25].

Conclusions. The results of the above studies carried out by us in laboratories of M.Kh. Dulati Taraz
State University showed that the pipes can lose their performance due to the corrosion. Pipes having
turning angles, especially when they turn at the angle of 90°, may lose their trouble-free operation earlier
than the pipe sections having straight sections.

To eliminate this phenomenon, it is necessary to take measures ensuring equal reliability of all
sections of tubular steel structures of hydraulic engineering structures, thus ensuring their trouble-free
operation.

In our opinion, the following measures should be taken:

- thicken pipes at the turning points;

- periodically paint pipes at the turning points;

- use in the turning points of pipes, steel of corrosion-resistant properties grades;

- continue to study the corrosion propagation on the curved sections of the steel pipes.
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BOJIAT K¥BbIPJIAP/JbIH BYPBLJIBICTAPBIHJAFbBI
IIIKT TOTBIF'YABIH JAMY EPEKIIEJIKTEPI

AnHoTtanusi. JlyHuexy3iHIe MeTamiagapibl TOTTaHyAaH KOpray KeIIeHII MIeHIMIepal Tauan eTeTiH ©3eKTi
Macenernepiy Oipi. Ocbl canagarsl 3epTTeysepiH 0acThl MaKcaThl METaUT KyOBIpIapbIHbIH, XKa0AbIKTapbIH, KYpbI-
TBIMJIAPJBIH MallnHa OOIIIeKTEPiHiH KoHe T.0. MEeXaHH3MAEPAiH TOTTHIFY CajJapblHaH KeJETiH YKOHOMHKAIBIK
HIBIFBIHAAP/IBI TOMEH/IETY, arpecCHBTI OPTaZa JKYMBIC KACAUTBIH KOHIBIPFBLIAPIBIH CEHIMIITITIH apTThIPy KOHE
MeTalUT KOPBIH cakTay OoibIn TaObuTansl. JKBUT caifbiH OYKINT olleMae MeTalnaap eHAIpIiCiHiH ecyi Oalikamansl sKoHE
OJIAPIbIH XKYMBIC iCTEyiHE TajanTap jKoFapiayaa. By ken MeTanzpIK xa0JbIKTapIblH arpecCHBTI OpTanapa )KYMBIC
xacaybiHIa. COHIOBIKTaH MeTaul KaOIbIKTap[bl KOPPO3HSAAAH KOpFay Macesenepi ©3eKTi OONbIn TaObLIajibL.
MerTamngapasle TOTTaHyBIHA JKOJI OepMey MYMKIH eMec, Oipak KOppO3USHBIH aMyBIH 09CEHAETY JKOIAaphIH Tabyra
Oonanel. O YIIiH MeTal KOHCTPYKUHMSUIAPBIHIAFbl KOPPO3HSHBIH JaMybIH 3epTTey KaxeT. by Makamamga Gomat
KYOBIpIBIH TYpii OemiKTepiHmeri KOppO3WsUIBIK MPOLECTepHiH AaMybl KapacThIpbUIaabl. Koppos3usHBIH IaMybl
Typalibl 3epTTeyJiep TYPJi MaKcaTTarbl 0oJaT KyObIpJIap/IbiH KUCHIK OOIiKTepiHaer] KOPPO3USIHBIH TY3y OeliKTepine
KaparaH/ia KapKbIH/bI 6CyiH KepceTeIi.

Tyiiin ce3nep: ToTTany, 6onat KyObip, JIopeHI Ky, iIIKi TOTTaHy.
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OCOBEHHOCTH PA3BUTHSA BHYTPEHHEMN KOPPO3UH
HA YTJIAX IOBOPOTOB B CTAJIBHBIX TPYBAX

AHHoTanus. B mMupe 3anmra MeTauioB OT KOPPO3UHU SIBISIETCS] OHOM M3 aKTYalIbHBIX MPOOIIeM, TPeOYIOLIX
KOMILIEKCHOT'O MIOAXO0/1a 10 UX penreHuto. OCHOBHAA 3a/1a4a UCCIEN0BAaHUM B 3TOH cepe — 3TO yMEHbIIEHHE SKOHO-
MHUYECKHX MOTEPh B pe3yJIbTaTe KOPPO3UU TPyOOIPOBOAOB, 0OOPYNOBaHMS, MEXaHH3MOB, KOHCTPYKLHUH, IeTanel
MallKH ¥ T.A., IOBBIIIEHUE HAJEHKHOCTH 000PyJOBaHUS, KOTOPOE CONPUKACAECTCS C arpeCCUBHOI Cpenoil U coxpaH-
HOCTh MeTaiummieckoro ¢onma. C KaxIbIM IOZOM BO BCEM MHUpPE HAOIIONAETCS POCT MPOU3BOJICTBA METAIOB, U
TpeOOBaHUS K YCIOBUSIM HMX IKCIUTyaTalluy CTAHOBSATCS BBIIIEC. DTO CBSI3aHO C TE€M, YTO BCe OOJIbIIE METALINIECKOE
o0opynoBaHue pabOTaeT B YCIOBUSX arpeccUBHBIX cpel. I103ToMy BONMPOCH! 3alIMTHl METALTMYECKOTO 000pyI0-
BaHUS OT KOPPO3UH CTaHOBATCS Ooljice aKkTyaJbHBIMH. [IOMHOCTBIO HPENOTBPATHTH KOPPO3HOHHBIE NPOLECCH! B
MeTajulaX HEBO3MOXKHO, HO MOYKHO HaWTH CHOCOOBI 3aMeIICHHS pa3BUTHS KOPPO3uH. {1 5TOro Halo MCCIenoBaTh
IYTH Pa3BUTHs KOPPO3HH B METAUIMYECKHX KOHCTPYKIHMAX. B maHHOI craThe paccMarpuBaeTcs pa3BHTHE KOpPO-
3MHHBIX MPOLECCOB HA Pa3MMYHBIX y4acTKaxX CTAJBHOTO TpyOorpoBona. MccinenoBaHus 3a pa3BHTHEM KOPPO3UH
MIOKa3aJIM, YTO Ha KPUBOJIMHEIHBIX y4acTKaX CTAJIBHBIX TPYO Pa3iIMYHOTO HAa3HAYEHHs Pa3BUTHE KOPPO3UH IPOHC-
X0zxuT OoJiee MHTEHCUBHEE, YeM Ha MPSMOJIMHEHHBIX y4acTKax.

KuaioueBbie ci10Ba: Koppo3usl, cTanbHble TpyOb, crna JIopeHIia, BHyTPEHHsIsI KOPPO3HsL.
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SURFACE HARDENING OF THE ALUMINUM ALLOYS AL3
BY ELECTROLYTIC-PLASMA TREATMENT

Abstract. The article presents the research results of the effect of electrolytic-plasma processing on the struc-
tural-phase transformation of aluminum alloy samples. The discharge was ignited from the DC source. When the
voltage is switched on, ionization and boiling of the electrolyte occurs. When bubble boiling occurs around the active
electrode, large current pulsations are observed. Due to the formation of a gas-vapor jacket and the passage of
electric current through it, a low-temperature plasma is formed, which has the characteristic blue color of the glow of
the shell around the part. Electric micro-arc plasma is excited on the surface of the product, in which an intense
heating of the workpiece occurs from heat generation. After microarc oxidation, the microstructure of quenching and
artificial aging in the electrolyte flow is observed on the sample surface. As a result of quenching in the electrolyte
stream, solid copper solution in aluminum and pinpoint fine inclusions dissolve from the microplasma temperature,
the phases oxidize to form aluminum corundum. X-ray analysis of the samples after electrolytic-plasma processing
revealed an increase in the intensity and broadening of the diffraction lines relative to the initial state, which indicates
the residual surface stress, which during operation provides an increase in the wear resistance of the part. The
average microhardness, after electrolytic-plasma treatment, is 746 MPa, which is about 2.5 times higher than that of
the starting material.

Key words: aluminium, electrolyte-plasma treatment, micro-arc oxidization, microstructure.

1. Introduction. As it is known quenching is used for hardening aluminum alloys. Tempering is
heating alloy to a temperature at which excessive intermetallic phases completely or predominantly solub-
le in aluminum. Exposure at this temperature and rapidly cooled to normal temperature allows obtaining a
supersaturated solid solution. The heating temperature for quenching is selected depending on the nature
of the alloy satisfying the mechanical property requirements for the part. Temperature of quenching alloy
system Al-Cu (figure 1) defined by a line abs limiting solubility line passing above for alloys containing
less than 5,7% Cu, and below the eutectic line (548 °C) for alloys containing greater amounts of copper
[1].

High temperatures cause burnout (melting along the grain boundaries), which leads to cracking,
reduced corrosion resistance, mechanical properties and resistance to brittle fracture. Quenching is
followed by aging, where the alloy is kept at normal temperature for several days (natural aging) or for
10-24 hours at 150-200 °C elevated temperature (artificial aging) [2].

However, surface oxidized with aging after the quenching, it requires machining and as a result,
coatings do not provide high surface wear resistance.

2. Research method. Micro plasma coating is applied to a very narrow range of materials [3]. And
overwhelmingly is directed to obtaining a durable and wear resistant oxide layer on the anode surface of
aluminum and its alloys [4]. At the same time, the potential of this method has not yet been disclosed, due
to the poor knowledge of laws of formation of micro plasma discharges on the surface of the anode and
the cathode in different electrolytes and their impact on the structure and properties of the surface of the
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Figure 1 — The phase diagram of Al-Cu: dashed line is quenching temperature

electrodes. To develop the technology of applying various coatings on the surface of the work piece using
micro plasma discharges in electrolytes requires studying the patterns of their formation and effects on the
surface of the cathode [5]. It is known alternative device for micro-arc oxidation (MAO) wells gear pump
housing made of aluminum alloy. The strongest structural hardening of aluminum alloys is shown at
micro-arc oxidation [6].

To study the micro-arc oxidation samples measuring 10x10%20 mm (figure 2) was cut out of alumi-
num alloy A3 GOST2685-75, diamond disc, 1 mm thick, which is immersed in the coolant. At small cut-
ting speed n = 350 r / min, and low load, m = 250g, the sample does not undergo thermal deformation [7].

Figure 2 — Pieces for micro arc oxidation

Experimental studies and mechanical tests were carried out in the Regional university laboratory of
engineering profile "IRGETAS" D.Serikbaev EKSTU (Ust-Kamenogorsk), Science, and Technology Park
"Laboratory of engineering profile". K.I. Satpayev KazNTU (Almaty) [8]. The elemental composition of
the aluminum piece was examined in a scanning electron microscope JSM-6390LV - company JEOL
(Japan), prefixed energy dispersive microanalysis INCA Energy company «OXFORD Instruments» [9].
Defined elements from boron to uranium. The qualitative and quantitative phase analysis of the structure
of aluminium alloy piece was carried out on the X-ray diffractometric DRON-3 in the filtered radiation of
a copper anode, as «X'Pert PRO» company «PAN analytical», using Cu-Ka radiation [10].

3. Research results and discussion. The discharge was ignited by a constant current source. Sche-
me of constant current source (figure 3a), which consists of push-button station, the starter, the diode
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bridge, throttle, machine, ammeter, voltmeter, and other electrical appliances [11]. Cathode is a piece of
aluminum (AL 3: 1,5-3,0 Cu; 0,35-0,6 Mg; 4,5-5,5 Si; 0,6-0,9 Mn), submerged to a depth of 4-6 mm in
the electrolyte - 10% aqueous Na,CO; solution [12].

It should be noted that the quality of the surface layer, which was obtained using micro-arc oxidation,
depends on the process conditions largely. The power of the spark discharges and accordingly energy
impact on reinforcing surface are depending on them. When the voltage is turned on the surface of the
exciting electric micro-arc (figure 3b), in which heat comes from the intense heating of the work piece.

As the applied constant voltage smoothly increases the salt is electrolyzing, with this process,
according to Ohm’s law, amperage increases too (section 0-A, figure 4). For this section: with increasing
of the voltage, amperage increases proportionally. With this process electrolyte’s temperature is increasing
too, which is the consequence of the current passing through the electrolyte.

cm n 200V
—olo—r5 o}

oo w2207
w220 V i M —o

g
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Figure 3 — Scheme of a constant current source for micro arc oxidation of aluminum alloys:
a - electro scheme of constant current source; b - micro arc aluminum oxidation
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Figure 4 — Voltage-current characteristic of the electrolytum-plasma treatment

After reaching the particular value of voltage (100-180V) on the surface of detail’s cathode the
electrolyte starts boiling, blisters start actively appear on the surface (nucleate boiling). Nucleate boiling is
type of boiling, when detail’s temperature is close to the boiling point of water. When this process occurs,
the high ripple current around the active electrode is observed. Their amplitude is significantly reduces,
when detail heats up to 470°C. With further increasing of rectified voltage film boiling occurs (point A,
figure 4), for which it is significant that nucleate boiling is vanishing and quick amperage slump, because
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formed gas-steam envelope has higher resistance than liquid electrolyte (section A-B, figure 4). Since gas-
steam envelope is less electroconductive, main voltage drop occurs in the zone, where the most heat is
released. Because of the forming of gas-steam envelope and current passing through it, low temperature
plasma is formed, which has blue envelope glow around the detail. The brighter blue glowing is, the more
ions it has, including ion modifiers. With the further increasing of voltage the forming of anomalous
discharge is observed.

Experiments have established the optimal modes of micro-arc oxidation of aluminum: voltage
U =200 V, the current I = 10 A, the heating time t = 4 s., quenching time t = 4 sec., the total number
n =15 cycles [13].

An anode having a disk shape 50 mm diameter, 2 mm thick, with holes drilled @4 mm 12X18H10T
made of stainless steel [14]. Micro arc occurs between the cathode and a liquid electrolyte [15]. Of
particular influence on the structural transformation has intermittent fever, when you connect the power
supply, which rises above the phase o — L-conversion (548 °C). After the power supply goes off micro-
arcs that provides access to the electrolyte reheat alloy and rapid cooling (quenching).

The aluminum alloy structure present in equilibrium grain which is a solid solution (figure 5 a),
which is composed of copper, manganese and magnesium, disperse the inclusion Mg,Si.

Figure 5 — The microstructure of aluminum alloy AL3:
a - in the initial state; b - after the micro arc oxidation

After the micro-arc oxidation observed microstructure of hardening and artificial aging of the
electrolyte stream (figure 5 b). As a result of quenching the solid a - a solution of copper in aluminum and
spot finely divided inclusions are dissolved by micro plasma temperatures, these phases are oxidized to
form alumina corundum [16]. The results of elemental analysis after the micro-arc oxidation (table 1)
indicate the appearance of oxygen and the inclusion of the relevant elements of the reinforcing aluminum
alloy. Inclusions were allocated from a-solid solution during artificial aging. After aging, the aluminum
surface layer is oxidized. Elements standing out in a dispersed form strengthens the alloy. It can be
detected CuAl, particles and magnesium particles.

Table 1 — The elemental composition of the aluminum after MAO (to figure 5 b)

Spectrum o Na Al Si Cu Total
Spectrum 1 2.58 - 97.42 - - 100.00
Spectrum 2 4.95 0.32 93.49 0.76 0.48 100.00
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To identify the structural and phase transformations of aluminum as a result of thermal effects micro-
arc oxidation held X-ray analysis [17]. X-ray diffraction analysis of samples of aluminum in the initial
state and after the delivery of micro-arc oxidation (figure 6) revealed the presence of lines o - phase based
on Al

(112) (Al) (200)| (220)
(200) (Al) (220)  (311)
>
2 Z (311)
£ :
ng’ < Al203
= (112) o (AI)(111)
10 20 30 40 50 60 70 80
20 (degrees) 10 20 30 40 50 60 70 80
20 (degrees)
a) b)

Figure 6 — X-ray diffraction pattern of an aluminum alloy:
a) in the initial state, b) after the micro arc oxidation

After the micro-arc oxidation observed increase in the intensity and broadening of diffraction lines
(figure 6 b) with respect to the initial state (figure 6 a), which indicates that the surface of the residual
voltage, which is in service enhances the quality of the details. To determine the phase composition of the
aluminum alloy sample treated with micro-arc oxidation implemented computerized statistical processing
of results [18]. X-ray diffraction analysis of the pieces showed the presence of aluminum oxide phases.
The values of the interplanar distances show that the angular position of the diffraction lines of samples
does not fully coincide, and their intensity are significantly different (table 2).

Table 2 — phase composition of the aluminum piece after mao

Ne I 26, 0, Sin 6 d/n, I d/n, I, Hkl d/n, I Hkl
mm | degree degree A % A % A %

1 680 38.64 19.32 0.3308 2.330 100 2.338 | 100.0 111 2.315 45 401
2 56 44.84 2242 0.3814 2.021 8.0 2.024 47.0 200 2.019 45 112

3 50 65.3 32.65 0.5395 1.429 7.0 1.431 22.0 220 1.426 10 710

4 11 78.42 39.21 0.6322 1.219 2.0 1.221 24.0 311

5 10 82.58 41.29 0.6599 1.168 1 1.169 7 222

6 112.2 56.1 0.8300 0.929 1 0.929 8 331

7 116.62 58.31 0.8509 0.906 1 0.905 8.0 420

Notes: 1, mm — intensity of diffraction lines; 20 — angle according to diffractometer goniometer; 0 — angle of diffrac-

tion; sin © — 0 angle’s sine; d/n, A — distance between grids of direct diffraction grating hkl; I, % — intensity of diffraction
lines in percents; d — interplanar distance; n — order of reflections from the system of grids (hkl); hkl — indices of diffraction
lines (Miller Indices).

This may be due to the fact that internal stress arises in the processing of the high temperature of
plasma [19]. The sources of stress are the temperature gradients in the cross section; heterogeneity of the
chemical composition; structural imperfections; different crystal orientation in space; different specific
volume and different coefficients of linear expansion phases [20].

The micro hardness increased in all modes of processing micro-arc oxidation of aluminum alloy. The
average micro hardness reached at micro-arc oxidation is 746 MPa (table 3), which is about 2.5 times
higher than that of the starting material (figure 7).
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Figure 7 — the average value of micro hardness

Table 3 — Results of micro hardness after MAO

Ne z1 z3 72 74 zr zb z d H, MPA | L,mkm | Hgy, Hayre-H (Hayrg -H)*2

1 250 | 408 | 172 | 325 | 158 | 153 | 155.5| 34.21 | 777.56 0 -32.06 1027.89

2 | 250 | 411 160 | 320 | 161 |160|160.5| 35.31 | 729.87 100 15.63 244.33

3 | 250 | 412 | 161 | 320 | 162 | 159 160.5| 35.31 | 729.87 200 15.63 244.33

4 | 250 | 407 | 164 | 322 | 157 | 158 | 157.5| 34.65 | 757.94 300 -12.44 154.71

5 | 250 | 405 | 163 | 325 | 155 |162|158.5| 34.87 | 748.41 400 -2.90 8.44

6 | 250 | 407 | 160 | 324 | 157 |164|160.5| 35.31 | 729.87 500 15.63 244.33

7 | 250 | 410 | 160 | 323 | 160 | 163 | 161.5| 35.53 | 720.86 600 24.64 607.21

8 | 250 | 410 | 163 | 320 | 160 | 157 | 158.5| 34.87 | 748.41 700 746 -2.90 8.44

9 | 250 | 409 | 164 | 318 | 159 |154|156.5| 34.43 | 767.66 800 -22.16 490.87

10 | 250 | 408 | 164 | 322 | 158 | 158 | 158 | 34.76 | 753.15 900 -7.65 58.51

11| 250 | 411 164 | 322 | 161 | 158 159.5| 35.09 | 739.05 1000 6.45 41.61

12 | 250 | 410 | 163 | 321 160 | 158 | 159 | 34.98 | 743.71 1100 1.79 3.22

13 | 250 | 407 | 161 | 320 | 157 |159| 158 | 34.76 | 753.15 1200 -7.65 58.51

14 | 250 | 409 | 162 | 324 | 159 |162|160.5 | 3531 | 729.87 1300 15.63 244.33

15 | 250 | 408 | 163 | 321 158 | 158 | 158 | 34.76 | 753.15 1400 -7.65 58.51
Notes: zy, 73, 73, Z4, Z» Zy, Z — alculated parameters for determination of imprint’s diagonals; d — length of imprint’s

diagonal of diamond pyramid on the sample’s surface, mkm; h, MPa — microhardness value; L, mkm — distance between

imprints of diamond pyramid; H,., — average hardness value; H,,,-H — deviation from average microhardness value;

(Hayrg-H)"2 — standard deviation.

After the micro-arc oxidation observed increase in the micro hardness values (figure 7) with respect
to the initial state, which certainly improves the performance of aluminum alloy parts [21].

4. Conclusion.

1. Studies show that micro-arc oxidation under certain conditions leads to an increase in the strength
properties of aluminum alloys.

2. It is found that the structural phase transformation toughening of aluminum alloys at micro-arc
oxidation occurs at significantly lower energy consumption as compared to conventional heat treatment.

3. For hardening an aluminum alloy instead of traditional heat treatment, an alternative electrolytic-
plasma hardening technology was proposed. Samples of aluminum alloy AL3 GOST2685-75 were sub-
jected to cyclic heating from the temperature of microplasma and quenched in a stream of electrolyte.
Heating, to the temperature of structural phase transformations, occurs at a significantly lower energy
consumption compared with traditional heat treatment.
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4. Experimentally established the optimal modes of microarc aluminum oxidation: power supply
voltage U =200 V, current I = 10 A, heating time t = 2 sec., Hardening time t = 24 sec., The total number
of cycles n = 15. Pre-established the dependence of the heating temperature on the heating, cooling and
voltage times which is expressed by the formula: T = 4.5xt2 nag. + 4.8xU - 18xtxl. After microarc oxi-
dation, the microstructure of quenching and artificial aging in the electrolyte flow is observed.

5. As a result of quenching, solid a is a solution of copper in aluminum and dotted fine inclusions
dissolving from microplasma temperature, these phases, when oxidized, form aluminum corundum.

6. X-ray analysis of the samples after electrolytic-plasma processing revealed an increase in the
intensity and broadening of the diffraction lines relative to the initial state, which indicates the residual
surface stress, which during operation provides an increase in the wear resistance of the part.

7. The average microhardness, after electrolytic-plasma treatment, is 746 MPa, which is about 2.5
times higher than that of the starting material.
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3C. Amamxonos aTbiaars! [Isrbic KasakcTan MeMIeKeTTik yHUBEpCHTETI, OckeMeH, Kasakcran

SJIEKTPJII-IIJIAZMAJIBIK OHAEY KE3IHAETT
AL3 ATIOMUHHA KOPBITIIAJIAPBIH BETTIK BEPIKTEHIIPY

AnHoOTamusl. Makanana SJIEKTPONUTTI-IUIA3MANBIK OHACYAIH AIIOMUHHN KOPBITIIACHIHBIH YATUIEpiHE KYPBUIBIMABIK-
(hazanbIK e3repey SCepiHiH 3epTTey HoTHKeNepi KenTipiireH. Paspsa TypakTsl TOK KoperiHeH TyTaHasIpeiiFaH. KepHeyai Kockan
Ke3Jle DIICKTPOUTTIH KalHaybl )KOHE MOHAAMYhI Ty3iemi. KemipimikTi KaiiHay ke3iHae OCNCEHIl 3JEKTPOJ| aifHANACHIHIA YIKEH
MyJBCTI TOK KyIuTepi Oaiikananpl. ['a3-OyiibIk epiciHiH nmaiiaa 60y HOTHIKECIHIE KOHE TOK O6TY HOTHXKECIH/E TOMEH TeMIepaTy-
pajbIK IIa3Ma TY3iIeli, 07 KeK TYCTI CHUMaTKa We YITiHIH aifHamachlH/Aa jKaJbIHAaWAbl. BeniekTiH OeTiHae dMeKTpIiK MUKpPO-
IUTa3Ma TYBIHAANABL, KbUTy OeJiHy ocepiHeH maiibiHAama OesiceHIi KpI3aapl. MUKPOIOFANBIK TOTHIFyIaH KeWH YJTiHiH OeTiHae
IIBIHAJIFaH MUKPOKYPBUIbIM OaiiKasajbl jKoHE 3JIEKTPOJIMT aFbIMBIH/IA KACAHIBI €CKIPY JKypeli. DIeKTPOIUT aFbIMBIHAA LIBIH-
JTaITy HOTHKECIH/IE MBICTHIH AJIFOMUHUACT] 0L KATThI €PTifici KoHe YCaK TYHIPIIiKTI KOCBIHABLIAP IIa3Ma TeMIIepaTypacklHaH epin
TOTBIFA/IBI /13, ATIOMUHHAN KOPYHIBIH TY3€Il. DIEKTPOIUTTI IJIa3MalbIK OHISYACH KeHiHri 0acTanKel KaJBIMEH CalbICThIPFaHIa
PEHTTEHKYPBUIBIMIIBIK Taay JU(PAKIUAIBIK CHI3BIKTAPEIHBIH YIIFAybIHBIH JKOHE CO3BUIFAHbIH 0aiiKaTThl. beTki KabaThIHBIH imI-
Ki KepHEYIHIH HOTIDKECI HKCILTyaTanuanay KesiHjae OeTKi Te3IMIUIriH KaMTaMachl3 eTefi. DIeKTPOIUTTI-INIa3MalIbIK OHICYACH
KeiliH opTama MUKpOKaTThUIBIFE 746 MITa Kypaiinel, GacTamKksl KajbIbIHAH 2,5 ecere )KOFapebl.

Tyiiin ce3mep: aTIOMUHHI, 3JIEKTPOIHUTTIK-TIIA3MAIIBIK OHIEY, MUKPOAPKTIK TOTBIKTBIPY, MUKPOKYPBUIBIM.

K. K. Kom6aes', M. B. I[y):ucnﬂl, ®@. U. Kum', M. Muasiauax?, B. K. Paxaguios®

'Bocrouno-KazaxcraHckuil rocy1apcTBeHHbIi TexHIueckuii yausepcuter uM. /1. CepuxGaena, Ycrb-Kamenoropek, Kazaxcran,
BpOILUIaBCKIil YHEBEPCHTET HAyKH ¥ TEXHOMOrHH, [lonbIma,
*BOCTOUHO-Ka3aXCTAHCKHIT rOCy[apcTBeHHbIH yHIBepcuTeT M. C. AMamxonosa, Ycrs-Kamernoropek, Kasaxcran

IHOBEPXHOCTHAS 3AKAJIKA AIIOMUHHUEBBIX CIIVTABOB AL3
IPH DJIEKTPO-IVIASMEHHOM OBPABOTKE

AHHOTauMs. B 1aHHOI cTaThe MPUBEACHBI PE3YNIBTAThl HCCICAOBAHUI BIHSHHUS SJEKTPOJIUTHO-IUIA3MEHHOW 00paboTKH Ha
CTPYKTYpHO-(ha30BOe NpeBpalieHre 00pa3loB ATIOMUHUEBOrO CIUIaBa. Pa3ps 3aXurancs OT HCTOYHHUKA HOCTOSHHOTO ToKa. IIpu
BKJIFOUCHHHU HAIMPSDKCHHS IPOUCXOUT HOHU3ALMS M KHIICHHE 3JICKTPOJInTa. [IpH BO3HUKHOBEHHH MMy3bIPHKOBOTO KHIICHHSI BOKPYT
aKTHBHOTO 3JIEKTpoJa HaOIrogaroTcs OoJbLIMe MyNbCallid CUIIBI TOKa. BerencTBue o0pa3oBaHus ra3omapoBOil pyOamiku H
HPOXOXKIEHUS Yepe3 Hee HIEKTPUUECKOro ToKa 00pasyeTcss HU3KOTeMIepaTypHast I1a3Ma, KOTopas UMeeT XapaKTepHbIH roimy0oi
[IBET CBEYEHHMS 000JIOUYKH BOKPYT AeTany. Ha moBepXHOCTH U31eins BO30YKAaeTcs 3IeKTPUUecKasi MUKpPOIyroBas Iia3Ma, B KO-
TOPOH OT TEIUIOBBIACIICHHS IPOMCXOAUT HHTEHCUBHBII Pa3orpeB 3aroToBKU. I10cie MUKpOIYroBOro OKCHIMPOBAHUS Ha MOBEPX-
HOCTH 00pasiia HaOII0AaeTcs MHUKPOCTPYKTYpa 3aKalKH M HCKYCCTBEHHOI'O CTapeHHs] B MOTOKE 3JIEKTPOIMTA. B pesynbrare
3aKaJKH B TIOTOKE JJIEKTPOJIMTA, TBEPIbIH Ol pacTBOP MeIH B AIOMHHHU M TOYCYHbIC MEIKOAWCIICPCHBIE BKIIOYECHHS PACTBO-
PSIIOTCS OT TEeMIIEpaTypbl MHKPOILIa3Mbl, a3bl OKHCIISSACH, 00pa3ylOT KOPYH allOMUHHUS. PEHTI€HOCTPYKTYPHBIH aHanu3 oOpas-
OB TOCJIE 3JIEKTPOJIUTHO-IUIA3MEHHOH 00pabOTKH BBISBIII yBEIMYCHHE WHTCHCUBHOCTH U YIIMPEHHE AU(PPAKIMOHHBIX JTUHUH
OTHOCHTEIIBHO HCXOIHOTO COCTOSHUSI, YTO CBUICTENBCTBYET 00 OCTATOYHOM HAMPSHKEHHUH TIOBEPXHOCTH, KOTOPas B MPOLIECCE IKC-
IUTyaTaluy 00ecIeYnBaeT MOBBIIIEHHE U3HOCOCTONKOCTY AeTanu. CpeqHsis MHKPOTBEPIOCTb, IOCIE dIEKTPOIUTHO-IUIA3MEHHOM
obpabotku, cocrasisier 746 MIla uto npumepHo B 2,5 pa3a BbIlIe, YeM Y UCXOAHOTO MaTepuara.

KiioueBble cj10Ba: alFOMHHHI, 3J1€KTPOJIMTHO-IUIa3MEHHAsi 00pab0oTKa, MUKPOIYTOBOE OKHCIEHHE, MUKPO-CTPYKTYpA.
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FEATURES OF TEMPERATURE AND HUMIDITY CONDITIONS
OF EXTINGUISHING WASTE HEAPS OF COAL MINES IN SPRING

Abstract. Burning of waste heaps of coal mines causes pollution of the environment with toxic gases, increases
the temperature of the environment thereby changing the microclimate of the mining area. The purpose of the work
is to investigate the temperature and humidity conditions of extinguishing heaps in the spring period in Novovolynsk
mining area of Ukraine. The waste heap Nel of mine Ne9 "Novovolynska" mine were chosen for the research because
the combustion processes were observed there in spring.

The following actions are foreseen to implement this goal: to determine the temperature on the surface of the
heap and in the places of combustion; to determine relative humidity indicators of the rock at a depth of 5 cm, 30 cm,
and 50 cm; to measure the radiation background at the extinguishing heap. The temperature of the surface of the
extinguishing heap was determined by the contactless pyrometer NR-1300. Humidity of the rock was measured with
a moisture tester MG-44. The radiation background was measured by dosimeter by SOEKS USA, LLC. The software
is a package of applications Surfer, MS Excel, MS Visio. Statistical data processing was performed using correlation
analysis.

It was found out that: the highest temperature regimes (+ 33-39 °C) was typical for the sites in combustion areas
that are located on the middle tier of the southern slope exposure; at a depth of 5 cm the highest humidity was at the
foot of the western side of the heap (44.8%); at a depth of 30 cm the highest humidity was at the foot of the western
side of the heap (47%); at a depth of 50 cm, the highest humidity was at the foot of the northern side of the heap
(55.1%); the highest rates of equivalent radiation dose were observed near the combustion sites of the rock and
reached up to 0.18 puSv / h; the temperature on the surface of the extinguishing heap correlates with a humidity at a
depth of 5 cm (K = -0.58542), 30 cm (K = -0.75665), 50 cm (K = -0.78303) and does not depend on the radiation
background at all (K = 0.368116). With an increase in the rock temperature its moisture decreases and vice versa - at
high humidity the temperature of the rock reduces.

Extinguishing heaps are environmentally hazardous as they cause emissions of toxic substances to the
environment that do not decrease over the years. Extinguishing heaps due to combustion processes cause the burning
of the root system of plants, that leads to the complications of recultivation.

Keywords: waste heap, burning, temperature, environmental safety.

Introduction. Combustion of mines waste heaps causes pollution of the environment with toxic
gases, increases the temperature of the environment thereby changing the microclimate of the region [1,
2]. There are numerous scientific works on combustion of waste heaps in the summer and their ecological
safety. However, this phenomenon at the initial stage is insufficiently studied.

In the Lviv-Volyn coal basin, which includes the Novovolynsk mining area, rock combustion takes
place on operating heaps, heapsof the ChervonogradCentral Mining Enrichment Factory and extinguishing
ones [3]. From the point of view of environmental safety, the most dangerous are extinguishing heaps,
since combustion processes in them lastfor an average of 20 years and are accompanied by shifts of rock
andsubsidences. [4-6]. On the extinguishing heaps vegetation, formed with the participation of zonal
vegetation performing aesthetic and buffer functions between combustion products and the environment,
develops [7, 8]. Extinguishing heaps are a medium for the development of fungi, invertebrates and some
species of animals, which is a positive phenomenon of adaptation of man-made objects to environmental
conditions [9].
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Investigation of combustion processes on the heaps, where forest vegetation is forming due to natural
overgrowing in the spring period, is an up-to-date issue.

Purpose, tasks and methods of research. The purpose of the work is to investigate the temperature
and humidity conditions of extinguishing heaps in the spring period in Novovolynsky mining area of
Ukraine. The waste heap # 1 of mine Ne9 "Novovolynska" mine was chosen for the research because the
combustion processes were observed there in spring.

The following actions are foreseen to implement this goal:

— to determine the temperature on the surface of the heap and in the places of combustion;

— to determine relative humidity indicators of the rock at a depth of 5 cm, 30 cm and 50 cm;

— to measure the radiation background at the extinguishing heap.

In order to study the temperature and humidity conditions of the heap, 8 study areas were chosen:
1 - at the foot of the northern side of the heap; 2 - on the top of the heap at 59 m; 3 - at the foot of the
eastern side of the heap; 4 - at the foot of the western side of the heap; 5, 6, 7 - in the burning places on the
southern slope exposition; 8 - at the foot of the south side of the heap. The research was conducted
according to approved methods [10-12]. The period of research is April 2017. The average temperature of
the environment was +8.1 °C.

The temperature of the surface of the extinguishing heap was determined by the contactless pyro-
meter NR-1300. Humidity of the rock was measured with a moisture tester MG-44. The radiation back-
ground was measured by dosimeter by SOEKS USA, LLC. The software is a package of applications
Surfer, MS Excel, MS Visio. Statistical data processing was performed using correlation analysis.

Results and their discussion. Waste heap Nel of the mine Ne9 "Novovolynska" of the state enter-
prise "Volynvuhillya" began to operate in 1961, and was completed in 1982.

After the end of waste heap operation, the processes of combustion of the rock refuse are taking
place. Intensification of combustion is observed immediately after the snow melting in spring and at the
beginning of a fire hazard period. The peak periods of combustion occur in the summer months of July
and August. Extremely important is the investigation of temperature and humidity regimes of the waste
heap Nel of mine Ne9 "Novovolynska" in spring, as these regimes directly affect the natural forest-forming
processes observed on the surface of the heap and the area of forest re-cultivation in the initial period of
plant development. The geometrics of the heap is given in table 1.

Table 1 — Geometric parameters of the waste heap Nel of the mine Ne9 "Novovolynska"

Parameter Project Real situation
Volume, thous. m’ 1430 1050
Height, m 70 59.8
Base area, thous. m’ 61.5 47.1
Pitchangle, degrees 50 40

The control of the thermal condition of the waste heaps is carried out in order to: timely identify the
area of self-heating on operating heaps and take measures to prevent self-firing of rocks; evaluation of the
effectiveness of measures to reduce the burning rate of waste heaps; obtaining of initial data for the
development of projects for the extinguishing or dismantling of waste heaps; determination of the amount
of harmful substances released into the atmosphere by the waste heap [12-14].

The average temperature on the surface of the extinct heap at the time of the research was + 18.8 °C.
The lowest rates were at the top and at the foot from the south side + 6-8 °C. The highest temperature
regimes (+ 33-39 °C) were typical for sections 5, 6, 7 - in combustion areas on the southern slope expo-
sition (figure 1).

In high temperatureareas emissions of combustion products from the rock mass were observed.
Combustion products of the waste heaps are characterized by high toxicity and the content of hazardous
substances and compounds of various origin [15-19].

It should be noted that according to the normative documents of Ukraine, a waste heap is considered
to be burning if it has at least one combustion source (regardless of its area) with a rock temperature more
than + 80 °C at depths up to 2.5 m. If the heap was non-burning but during the temperature survey at a
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Figure 1 — Temperature profile of the surface of waste heap (°C)

depth of up to 2.5 m a temperature would be more than + 80 °C, and during the next survey it would be
the same, then the waste heap is identified as burning, according to the corresponding act [12].Thus, if in
accordance with the regulatory documents the heap is considered to be not burning, the measures for
temperature reduce and decommissioning are supposed to beinappropriate (in accordance with the
regulatory documents). However, the environmental hazards of such heaps are not less than those with a
surface temperature of more than + 80 °C, since emissions of toxic substances to the environment do not
decrease over the years. Due to combustion processes extinguishingheaps cause the burnt out of the root
system of plants and result in inefficient remediation works.

The humidity measurement of the waste heap was carried out on the same sites at a depth of 5 cm,
30 cm and 50 cm from the surface. It was established that at a depth of 5 cm the highest humidity was at
the foot of the western side of the heap (44.8%). The lowest humidity was observed on site 7 where
combustion processes were present (16%) (figure 2).

20 40 60 80 100 120 140 14

Figure 2 — Humidity of waste heap in the depth of 5 cm from the surface (%)
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The same situation with humidity was observed at a depth of 30 cm. The highest humidity was at the
foot of the western side of the heap (47%). The lowest humidity was observed at site 7 where combustion
processes were present (11.2%) (figure 3).

20 40 60 80 100 120 140

Figure 3 — Humidity of waste heap in the depth of 30 cm from the surface (%)

At a depth of 50 cm, the highest humidity was at the foot of the northern side of the heap (55.1%). In
general, high humidity rates on the north side of the waste heaps are caused by low weathering, the lowest
influence of solar radiation and initial soil forming processes that cause spontaneous vegetation overgrown.
The lowest humidity was observed at site 5 where combustion processes were present (5%) (figure 4).

20 40 60 80 100 120 140

Figure 4 — Humidity of waste heap in the depth of 50 cm from the surface (%)
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Some researchers [20, 21] confirm that combustion of the rock refuse causes an increase in the
radiation background. Some aspects of the radiation background on coal mine waste heaps were
considered in the monograph [22]. It was found that at a level of 15 m from the foot of the heap, the
radiation power is much larger than in other areas. The conducted investigation of the radiation back-
ground of the heap Nel of mine Ne9 "Novovolynska" showed that the averaged indicators of the exposure
dose rate on the surface of the extinguishing heapare 0.15 uSv/h. Indicators of the background radiation do
not exceed the permissible norms, which are 0.3 uSv / h [23], but exceed the background values for
Novovolynsk (0.11 pSv/h).Itshould be noted that the highest levels of exposure dose rate were observed
near the combustion sites of the heap and were equal to 0.18 uSv/h. The lowest rates were stated at the
foot of the heap at all sides (0.14 uSv/h). A detailed map of the radiation background of the waste heap is
shown in figure 5.
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Figure5 — Exposuredoserate on the surface of waste heap (uSv/h)

Basing on the correlation analysis, we have established the correlation coefficients (K) used for
evaluation of the mutual influence of the investigated indicators. It was established that the temperature on
the surface of the extinguishing heap is correlates with a humidity at a depth of 5 cm (K = -0.58542),
30 cm (K = -0.75665), 50 cm (K = -0.78303) and does not depend from the radiation background
(K = 0.368116). With the increase of temperature in the rock, its humidity decreases and vice versa - at
high humidity, the temperature of the rock reduces. High positive correlation coefficients are registered
for the humidity content at different depths (K = 0.754308-0.9652). More correlation coefficients are
given in table. 2.

Table 2 — Correlation index of the investigated parameters

Tempe- Humidity Humidity Humidity Radiation
Indicator rature, in the depth in the depth | in the depth | background,
°C 5cm, % 30 cm, % 50 cm, % uSv/h
Temperature, °C 1
Humidity in the depth 5 cm, % -0.58542 1
Humidity in the depth 30cm, % -0.75665 0.879313 1
Humidity in the depth 50cm, % -0.78303 0.754308 0.9652 1
Radiation background, pSv/h 0.368116 -0.62318 -0.55868 -0.52439 1
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Thus, the correlation analysis gave an opportunity to clarify the peculiarities of the mutual influence
of the investigated physical indicators on the surface of the extinguishing waste heap.

In order to prevent the dangerous devastation processes on waste heaps, it is necessary to use natural
resources rationally, to carry out reclamation, phytomelioration of disturbed lands, to filter out dangerous
emissions into the atmosphere, and to waterproof the underground and ground waters [24, 25]. At the
same time, measures for soil protection from erosion should be carried out - phased land development,
construction of water retaining and catchwater drain facilities, terracing, regrassingand afforestation, and
the application of soil protection technologies for the cultivation of crops [26-29].

Conclusions. The investigation of the temperature and humidity conditions of extinguishing heaps in
the spring period in Novovolynsk mining area of Ukraine was presented.As an example, the waste heap Ne
1 of mine Ne9 "Novovolynska" was chosen.

It was found out that:

— the highest temperature regimes (+ 33-39 °C) was typical for the sites in combustion areas that are
located on the middle tier of the southern slope exposure;

— at a depth of 5 cm, the highest humidity was at the foot of the western side of the heap (44.8%). The
lowest humidity was observed on the site where combustion processes were present (16%); at a depth of
30 cm the highest humidity was at the foot of the western side of the heap (47%), the lowest humiditywas
observed on the site where combustion processes were present (11.2%); at a depth of 50 cm, the highest
humidity was at the foot of the northern side of the heap (55.1%), the lowest humiditywas observed on the
site where combustion processes were present (5%);

— the highest rates of equivalent radiation dose were observed near the combustion sites of the rock
and reached up to 0.18 puSv/h. The lowest rates were stated at the foot of the heap at all sides (0.14 uSv/h);
the averaged indicators of the exposure dose rate on the surface of the extinguishing heapwere 0.15 uSv/h.

— the temperature on the surface of the extinguishing heap correlates with a humidity at a depth of
5 cm (K =-0.58542), 30 cm (K = -0.75665), 50 cm (K = -0.78303) and does not depend on the radiation
background (K = 0.368116). With an increase in the rock temperature its moisture decreases and vice
versa - at high humidity the temperature of the rock reduces.High positive correlation coefficients are
registered for the humidity content at different depths (K = 0.754308-0.9652).

Extinguishing heaps are environmentally hazardous as they cause emissions of toxic substances to the
environment that do not decrease over the years. Extinguishing heaps due to combustion processes cause
the burning of the root system of plants, that leads to the complications of recultivation.

B. B. I[lonoBu4, A. U. Bosiomumun
JIpBOB MEMIIEKETTIK TipIILIIK Kayirci3airi yauBepcureti, JIbBoB, Ykpanna

KOKTEM KE3EHI KOMIP IIIAXTAJIAPBIHBIH OIIIII KAJIFAH TEPPUKOHJIAPBIHIA
TEMIIEPATYPA MEH BLUIFAJIIBIJIBIK KAFTAUJIAPBI EPEKIIEJIIKTEPI

Annoranusi. Kemip maxranmapelHBIH KaJIbIKTapAbl KOKBICTHIPY YIIBI TYTIHIEp MEH razgapMeH KOpIIaraH
OpTaHBIH JIaCTaHYbIHA aJbIl KeJeli, KOpIIaraH OpTa TeMIIepaTypachlH KeTepelli, COHABIKTaH OChUIAHIIa Tay-KeH
OOJIBICBIHBIH, MUKPOKJIUMATTBI €3repTy. JKYMBICTBIH MakcaThl - KpanHajaarsl HOBOBONHMHCKas Tay-KeH ©HepKaciOi
aliMarbIH/]a KOKTEMI Ke3eH I OIiN KaIFaHTePPUKOHIIApAa TEMIIEPATYPANIBIK JKOHE bUIFAIIABUIBIK PEXKUMICPIH 3epT-
tey. 3eprrey yuniH HoBoBommHckas Ne 9 maxrtachiHbIH Nel TepKOHBI HIOFBIPJIaHFaH, OUTKEHI KOKTEMJIE OHBIH
YCTiHIE KYHIIPUITeH MmporecTep OaiKaabl.

Ocbl MaKcaTKa JKeTy YLIIH MyHJal eJieMIep/i jkacay KepeK eli: TEpPUKOHBIH OeTiH/Ae KoHE TYKBIMIBI )KaHy
OpBIHIAPBIHIA TEMIIEpaTypaHbl OpHATY; 5 ¢M, 30 cM xoHe 50 CM TepEHIIKTErl CABICTHIPMAIIBI KBIHBICTHIK BIIFANI-
JIBITBIK, KOPCETKIMITEPIiH Oenriiey; KaIIbIKTapIbl MacCaciHiH COHY Ke3iHe (JOH paJuaIvisICEIH eIIey. O KalFaH
TEPPUKOHHBIH TakKTachl OeTiHiH Temmeparypacsl HP-1300 xoHTaKTiCi3 mupoMeTpiMeH OpHaThUIaabl. Tay >KbIHBIC-
TapBIHBIH KAIIBITACYhI BUTFAIIBUIBIFEI MG-44 purran enmeyinriMeH emmreHai. Paguamusaey Gorsl Soaks 3KoiI0THSA-
TBIK CHIHAYBIIBIMEH oMIeHai. barmapiamansik skacakrama - Surfer, MS Excel, MS Visio KockIMIIIanap makeri.
CTaTHCTHKANBIK AePEKTEP/i OHICY KOPPEIIHSIIBIK TAAAay apKBUIBI )KY3€Te achIPhITaIb.

3eprrey OapbIchbiHIAa TaOBULABL: €H ylikeH Temmneparypa pexxumuepi (+ 33-39 ° C) oHrycTik OeTki KabaTThIH
OpTaHFbl KabaThIHJa OpHAJIACKAH KYHIIpY OpBIHIApBIHIAFEI aylaHIapMEH CHUIATTAJIbL, 5 CM TEPEHIIKTE, €H KO-
FapFbl BUTFAILABUIBIK (44,8%) KajaplkrapAblH OaThic OGeniriHiH asrbiHna Ooiran; 30 cM TEpPeHMIKTE, €H YKOFapFbl
BUTFAJIIBUTBIK (47%) KalbIKTapbIH OaThIC O6JIITiHIH asFbiHaa OosiFaH; SO0 ¢M TEPeHIIIKTE, €H KOFAPFhI bUIFAIBLUIBIK
(55,1) xanmeIKTapabIH OaThIC OOJITIHIH asFbIHAa OOJIFaH; J)KOFaphl KyaT ()OTOHIIBI HOHAYIIBI COYJICICHYIIH Oaiama
JI03achl Tay JKBIHBICTAPBIHBIH JKaHy OpBIHIApbiHIa Oakkamabl sxoHe 0,18 MK3B / caF Kypaasl. OJcipelli TepKOH
oeriniy Temmeparypacel 5 cm (K = -0,58542), 30 cm (K = -0,75665), 50 cm (K = -0,78303) TepeHmiKTe BUIFAIIBI-
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JBIKKA ©3apa acep eTeli KoHe paauauusuiblK (Gonra TomeireiMeH Toyenci3 (K = 0.368116). Tay >KbIHBICTapBIHBIH
TeMIepaTypachl apTybIMEH, OHBIH BUIFAJIIBUIBIFEL a3asIbl )KOHE KEpICIHIIE - KOFaphl BUIFAJIBUIBIK KE31HAE TayIbIH
TeMIepaTypacsl TOMEHACHII.

Omrin KanraH TePPUKOHIADP SKOJOTHSIBIK KayinTi OoibIn TaObUIalbl, 6MTKEHI KOpIIaFaH OpTara yJbl ILIbIFa-
PBIHIBLIAP, O *KbULAap OOMBI a3aiffaH KOK. OIiN KaiFaH YHIHIDKaHY TpolecTepiHe OaiIaHbICThl ©CIMIIKTEPAiH
TaMBIp JKyHeci KyHin KkeTyiHe, OyJI Mennopanusiay acKbIHYJIapIbIH TYFbI3a/Ibl.

Tyiiin ce3mep: TEppUKOH, KaHY KYIO 6pTEHY, TeMIIEpaTypa, SKOJIOTHSIIBIK Kayill.

B. B. IlonoBuu, A. . Bojiomuiubia
JIbBOBCKHMITOCY TapCTBEHHBIYHUBEPCUTETOC30MACHOCTHKI3HEIEATSILHOCTH, JIbBOB, YKpanHa

OCOBEHHOCTHU TEMIIEPATYPHBIX U BJIA’KHOCTHbBIX PEXKUMOB
SATYXAIKOINUX TEPPUKOHOB YT'OJIBHBIX INAXT BO BPEMSI BECEHHEI'O IIEPUOJA

AHHOTanus. ['opeHre MOPOAHBIX OTBAJIOB YrOJBHBIX IIAXT HMPUBOAUT K 3arpsA3HEHHUIO OKPY)KaIOLIeH cpeabl
TOKCHUYHBIMHU HCIIAPEHUSAMH U T'a3aMH, TOBBIIIAET TEMIIEPATypy OKPY’KaIoLIled cpeaspl TeM caMbIM HU3MEHsSI MUKPO-
KJIMMaT TOpPHOJ00BIBatoIero pernona. Llens paboTel - HcclienoBaTh TeMIEpaTypHbIE M BIaKHOCTHBIE PEKUMBI 3aTy-
XaoLINX TEPPUKOHOB B BECEHHUH NepHoa B mpesesiax HOBOBOIBIHCKOTO TOPHOIIPOMBIIIUICHHOTO paifoHa YKpauHBbI.
Jns uccnenoBanuii BbIOpaH TeppukoH Nel maxter Ne9 «HoBOBoNBIHCKAs», MOCKOJBKY Ha HEM HaOJIIOman
MPOLIECCHI TOPEHUS B BECEHHUI MEPUO.

JIn1st MOCTIDKeHNS TIOCTABICHHOW LENH MPEII0Iaraloch: YCTAaHOBUTh TEMIIEpaTypy Ha MMOBEPXHOCTH TEPPHKOHA
U B MECTax TOPEHNUS TOPOJIBI; YCTAHOBUTH OTHOCHTENBHBIC [TOKA3aTENH BIaKHOCTH MOPOABI Ha TiryouHe 5 cM, 30 cm
u 50 cM; M3MepHTh paJuallMOHHBIH ()OH Ha 3aTyxalolleM TeppHKoHe. TemIepaTypa MOBEPXHOCTH YTracarollero
TEppUKOHA yCTAHOBJIEHAa C MOMOINBI0 OeckoHTakTHOro mupomeTrpa HP-1300. BrakHOCTR MOpOABI H3MeEpsIach C
noMotiplo Braromepa MI-44. PaguarnuonHsiii (OH W3MepsUICs C TOMOILNBIO DKOTECTepa OKPYKalollei cpejbl
«Soeks». [IporpaMmmHoe obecrieueHue - naket npukiaanbix nporpamm Surfer, MSExcel, MSVisio. Ctaticriuueckyto
00pabOTKy JaHHBIX OCYLIECTBIECHO C IOMOIIBIO KOPPEIIIUOHHOTO aHATIH3A.

YcTaHOBNEHO, YTO: MOBBIIEHHBIMU TeMIepaTypHbIMU pexumaMu (+33-39°C) xapakTepu30BaUCh YYacTKH,
KOTOpBIE HAaXOJAITCS Ha CPEJHEM spyce I0)KHON SKCIO3UIMHU CKJIOHA; Ha TIIyOMHE 5 cM caMOi BBICOKOH BIIaXKHOCTh
ObUIa Y TIOJJHOXKUS C 3aIlaHON CTOPOHBI TeppuKkoHa (44,8%); Ha Tiyoune 30 cM caMoi BBICOKOW BIaXHOCTH OblIa y
TIOJTHOXKUSI C 3alaJJHOM CTOpOHBI TeppukoHa (47%); Ha TiryOuHe 50 cM camoil BBICOKOW BIIQKHOCTH ObLTa y TOA-
HOXHS C CEBEPHOH CTOPOHBI TeppHuKoHa (55,1%); BEICOKHE MOKa3aTeIH MOIITHOCTH SKBUBAJICHTHOM 10361 (POTOHHOTO
HOHM3HPYIOIIETO M3IYYCHHsT HAOIIONaINCh y MECT TopeHus mopoasl u coctasmwin 0,18 Mx3B / 4; Temmneparypa Ha
MMOBEPXHOCTH 3aTyXAlOIIEro TEPPHKOHA UMEET B3aMMOCBS3b C BIAXKHOCTHIO Ha riryduHe 5 cM (K = -0,58542), 30 cm
(K =-0,75665), 50 cm (K = -0,78303) u coBepiieHHO He 3aBHCUT OT paauaruonHoro ¢ona (K = 0,368116). IIpu
MOBBIIIEHUH TEMIIEPATYPhl TOPObI, €€ BIAXKHOCTb CHIKAETCSI U HA000POT - TIPU BBICOKOH BIAXKHOCTH TeMIIEpaTypa
MOPOABbI CHUXKAETCH.

3aryxarolye TePPUKOHBI SBISIFOTCS SKOJOTMYECKH OMACHBIMH, ITOCKOJIBKY BBI3BIBAIOT BBIOPOCHI TOKCHYHBIX
BEILECTB B OKPYKAIOIIYIO CPEAy,KOTOPbIe HE CHMKAIOTCS C FOJaMU. 3aTyXarollue OTBallbl, BCIECJACTBUE MPOLIECCOB
TOPEHUs, BBI3BIBAIOT BHITOpAaHHE KOPHEBOW CHUCTEMBI PACTEHMH, YTO BBI3BIBAET OCJIOKHEHMS NMPHU MPOBEACHUH pe-
KyJIbTHBAIIMOHHBIX PadoT.

Kiio4eBble cJI0Ba: TEPPUKOH, TOPEHHUE, TEMIIEPATYPA, YKOJIOTHUECKAst OACHOCTb.
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MINERAL RAW MATERIALS SELECTION
AND ELECTROTECHNICAL USE PORCELAIN SYNTHESIS

Abstract. Clay and nonplastic types of raw materials necessary for electrotechnical porcelain synthesis, as well
as wollastonite raw materials for additives were considered from among the minerals of the Republic of Kazakhstan;
the compositions, properties, phase transformations during heat treatment of kaolins, white-burning refractory clays,
quartz sands, feldspars and wollastonites were studied; a technology was developed for obtaining porcelain for
electrical insulation with the use of mineralizing additives — wollastonites; porcelain’s structure and phase compo-
sition formation processes and its mechanical and dielectric properties were studied; optimal ratios of porcelain
mixture components and amount of additives needed to improve the porcelain phase formation process by increasing
the mullite crystals formation at lower temperatures compared with traditional porcelain were determined; first pro-
ved the possibility of obtaining electrotechnical porcelain with high properties from local natural types of mineral
raw materials; the developed electrotechnical porcelain technology introduction will allow to solve the import
substitution problem.

Key words: electrotechnical porcelain, mineral raw materials, kaolins, clays, feldspars, quartz sands, wolla-
stonite.

Introduction. Electrotechnical porcelain is the main ceramic material used in the production of a
wide range of low-voltage and high-voltage insulators [1-5].

In Kazakhstan, electrotechnical porcelain is not produced, and existing factories for production of
household items from porcelain that are close to it in terms of composition and technology are mainly
focused on imported raw materials. In recent years, there has been a marked depletion of high-quality raw
materials for this industry in the CIS countries. At the same time, Kazakhstan has significant industrial
reserves of all types of natural mineral raw materials traditionally used in the production of fine ceramics
and electrotechnical porcelain.

In the current industrial and economic situation in the Republic of Kazakhstan, one of the country’s
priority scientific and technical tasks is accelerated development and introduction of the production of
modern electrotechnical porcelain insulators based on domestic mineral resources. The solution of this
scientific and practical problem is undoubtedly relevant [6].

The purpose of the work is a comprehensive study of promising selected mineral raw material types,
development on their basis the mass composition and obtaining import-substituting electrotechnical
porcelain.

Materials and methods. The objects of study are kaolins, white-burning clays, quartz sands, feld-
spars and wollastonites of deposits of the Republic of Kazakhstan; mass compositions developed on their
basis; physical and mechanical properties of the synthesized samples.

The basis of scientific research consists of complex chemical, mineralogical, petrographic and
electron microscopic studies of raw materials; study of high-temperature phase-structural changes; che-
mical analyzes of raw materials and porcelain according to the relevant standard requirements; thermal
analyzes using NETZSCH STA 449 F3 Jupiter; elemental analysis using X-Supreme 8000 desktop X-ray
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fluorescent energy dispersive analyzer; X-ray investigation using DRON-3; electron microscopic studies
using JSM-6490LV multipurpose raster microscope (JEOL.Ltd, JAPAN).

Results. Particularly strict requirements are imposed on electrotechnical porcelain in terms of its
mechanical strength, breakdown voltage and dielectric losses. These requirements can be satisfied only by
dense sintered products with a homogeneous structure and minimum number of pores, obtained on the
basis of appropriate types of plastic clay, kaolin, feldspar and silica mineral raw materials with material
composition and purity.

The mechanical strength, thermal and chemical resistance of porcelain, including electrotechnical,
enhance with increase in the mullite content and improving the glassy phase in it, which is achieved by
increasing the kaolin content in the mass [7-9]. The latter at 1000-1200°C decomposes with the release of
heat, giving sillimanite at the beginning, and then mullite. These reactions form the basis of all ceramic
production with the use of kaolinite.

According to the mineralogical and chemical characteristics, kaolins of one of the large deposits the
Soyuznoye, located in the North-Mugodzhar area, for solving the problems of these studies seem to be the
most favorable. The deposit is represented by the trias-Cretaceous areal weathering crust over granites and
shales. The kaolin useful stratum consists of dense, block types of white and light gray clays [4]. The
averaged results from five chemical analyzes of the samples are as follows: SiO, — 59.75%, ALO; —
28.94%, Fe,0; — 0.47%, TiO, — 0.32%, CaO — 1.87%, MgO — 0.73%, K,0 — 0.26%, Na,O — 0.11%, loss
on ignition — 8.53%. According to the mineral composition, kaolins are fairly simple: kaolinite — 71-87%,
hydromica — 5-7%, quartz — 6-8% and other — 2-4%.

The enrichment of raw materials in the laboratory under the electrolyte-free wet enrichment scheme
provided a noticeable increase in the volume fraction of kaolinite in the raw materials and, accordingly,
AlLO;s (table 1).

On the X-ray diffraction pattern of enriched kaolins (figure 1), unlike natural ones, diffraction
maximums dominate and quartz maximums are weakly expressed.

Table 1 — Chemical composition of the Soyuznoye enriched kaolins

Oxide content, mass percent A
mp,
SIOZ A1203 CaO MgO TIOZ F6203 Kzo NazO P
50.94 36.52 0.29 0.08 0.514 - 0.17 — 11.94
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Figure 1 — X-ray diffraction pattern of the Soyuznoye enriched kaolin
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The comprehensive studies have shown that the Soyuznoye enriched kaolins are refractory (1690 —
1750°C); the main in the composition (A,Os; — 36,52%) with a very low content of coloring oxides
(Fe,05+Ti0, — 0,514%); kaolinite in the mineral composition; highly dispersed (fractions less than
10 microns — 88.9%); moderate plastic and high-temperature sintering (1400°C). These indicators are fully
consistent with the requirements of the State Standard for kaolins for production of electrotechnical
porcelain.

In the mass compositions of electrotechnical porcelain, as in other types of fine ceramics, white-
burning plastic clays, in addition to kaolin, play an important technological role. The range of functions of
such clays includes the forming and molding properties of ceramic masses, mechanical strength in the air-
dry state, operational strength and chemical resistance after firing [10-12].

Considerable reserves of white-burning plastic clays are concentrated in the deposits of West, Central
and North Kazakhstan. Among them, the Berlinskoye deposit is the most studied and under development,
the productive stratum of which is represented by oligocene kaolin clay reservoir. The suitability of its raw
materials for production of facing porcelain tiles, chemically resistant bricks, ceramic nozzles and sewer
pipes was assessed [13].

In the Berlinskoye enriched clays, kaolinite, montmorillonite, hydromica, and quartz are clearly
established (figure 2). Their chemical composition, mass percent: SiO, — 49.50; Al,O; — 30.9; Fe,O5 —
1.84; TiO, — 0.92; CaO — 0.61; MgO — 0.071; K,0 — 0.78; Na,O — 0.11; SO; — 0.021; MnO — 0.008; loss
on ignition — 12.87.
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Figure 2 — X-ray diffraction pattern of the Berlinskoye enriched clays

It was established that the Berlinskoye clays after the enrichment are refractory (1630-1790°C); the
main in the composition (AlLLO; — 32.15%); kaolin-hydromica; medium plastic; medium sintering
(1300°C) and highly caking.

Quartz sands from the upper paleogene of the Mugodzhar deposit were selected and investigated as
an emaciated component responsible for reducing shrinkage and deformation of products.

Earlier laboratory and technological studies have shown that the Mugodzhar quartz sands are high
grade and meet the requirements for production of white cement, sheet glass and technical glass [14].

The average chemical composition of the Mugodzhar sands, mass percent: SiO, — 98.07; TiO, — 0.05;
AlLO; — 0.40; Fe,0O5 —0.11; CaO — 0.14; MgO — 0.09; MnO - 0.07; Na,O — 0.17; K,0 — 0.17. They consist
mainly of quartz.
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No less responsible is selection of the desired variety of feldspar, introduced as a thickener and fusing
agent for formation of the optimal glass phase in the electrochemical porcelain sintering process [15-17].

For this purpose, pegmatite feldspars of the Sarybulak deposit in the area of Mirny village were
investigated. The chemical composition, mass percent: SiO, — 79; Al,O; — 10.915; Fe,O; — 0.402; TiO, —
0.105; CaO - 0.153; MgO — 0.017; K,O - 5.8; Na,O — 4.14. The mineral raw materials consist mainly of
albite, microcline and less often quartz.

The introduction of various mineralizing additives in the composition of ceramic masses in small
quantities leads to improvement in the process of porcelain formation and increase in the appearance of
mullite crystals. The latter, in turn, improve the quality characteristics of finished products [18-21].

For the first time, wollastonites of the Upper-Badam deposit were tested as mineralizing additives.
The Upper-Badam technological wollastonite sample chemical analysis results, mass percent: SiO, —
46.42; Al,O; — 0.11; Fe,O3 — 0.53; CaO — 46.09; MgO — 0.5; K,O — 0.7; Na,O — 0.20; loss on ignition —
7.73. In the samples studied (figure 3): wollastonite (d/n = 7.66785; 5.44570; 4.05062; 3.83412;), calcite
(d/n=3.83412; 3.03585; 2.89973; 2.47782;) and quartz (d/n = 4.24614).
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Figure 3 — X-ray diffraction pattern of the Upper-Badam wollastonite

A series of experiments were carried out to find the optimal parameters for synthesizing new
porcelain with regard to the results of studying chemical and mineral compositions, technological pro-
perties, physicochemical processes and phase transformations during heat treatment of selected domestic
kaolin, white-burning clays, quartz sands, feldspars and wollastonites. To determine the role of wolla-
stonite as a mineralizer, compositions with its additives from 1 to 5% were developed.

The samples were made on laboratory equipment using plastic technology. Dried to a residual
moisture content of 1%, the test samples were fired at 1280-1320°C.

The analysis of the change in the samples strength depending on the burning temperature (figure 4)
shows that when the masses are fired with the wollastonite addition to 2%, a uniform increase in the
strength to a temperature of 1250-1300°C is observed. Then, when the temperature rises above 1300°C, it
decreases. The strength of ceramic masses with the wollastonite content from 2 to 3% increases to a
temperature of 1200°C, but only to values of 50-52 MPa. Then, as well as in the previous masses, a
decrease in the strength characteristics is observed. The porcelain samples with the wollastonite addition
from 3 to 5% have low strength indicators, so their values are not reflected in the graph.
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Figure 4 — The change in the porcelain samples strength with various wollastonite content
after the firing at various temperatures: M1 — the mass with the wollastonite content up to 1%,
M2 — the mass with the wollastonite content up to 1.5%, M3 — the mass with the wollastonite content up to 2%,
M4 — the mass with the wollastonite content up to 2.5%, M5 — the mass with the wollastonite content up to 3%

The high strength indexes of the samples based on the masses with the wollastonite up to 2% at a
relatively low firing temperature (1290-1300°C) compared with classic porcelain, are explained by the fact
that wollastonite in the porcelain mass composition contributes to the formation of a liquid phase with
increased reactivity. This accelerates the ceramics structure formation process, increases the content of
slow-moving calcium ions in the glass phase.

A higher wollastonite content in the masses — from 2 to 5% narrows the porcelain sintering interval
and increases the open porosity degree.

The most favorable ratio of raw components was established: 50-55% clay components (kaolin and
clay), 20-25% quartz sands, 25-30% feldspars and 1-2% wollastonite.

The basic properties of optimal composition porcelain samples were determined (table 2).

The crystalline phases of the calcined samples consist of the mullite grains (d/n = 5.4293; 3.4221;
2.8930; 2.7036; 2.5509; 2.2949; 2.2124; 2.1267; 1.8923; 1.6999; 1.6022; 1.5808) and quartz (d/n =
4.2921; 3.3661; 1.8227).

Table 2 — Physical-mechanical and electrical parameters of the samples

Indexes Values Requirements of GOSTs

Fire shrinkage (t=1350C) / full shrinkage, % 82/13.2 -
Water absorption, % 0.0 0.0
Density, g/cm’ 2.53 2.45
Flexing strength:

Unglazed sample, MPa 69.7 60

Glazed sample, MPa 75.8 70
Tensile strength:

Unglazed sample, MPa 31.5 30

Glazed sample, MPa 37.8 35
Electric strength at a frequency of 50 Hz, kV/mm 28.9 25
Dielectric permeability at a frequency of 50 Hz 6.5 From 6 to 7
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On the electron micrographs of chipped porcelain mass without wollastonite, it can be seen that the
sample has a rather dense structure (figure 5 a, b). The main constant phase in which other phases are
dispersed is glass. It is clearly visible how the mullite secretions of various habit sprout from the feldspar
glass. There are areas penetrated by large well-developed crystals and areas in which there are their
frequent weaves.

20KV X5,000 Sum 10 54 30Pa 20kV  X5,000 Sum 10 54 30Pa

20kv - X5,000  Sum

c) d)

Figure 5 — Electron microscopic photographs of the electrotechnical porcelain without (a, b)
and with the addition of wollastonite (c, d)

The structure of pieces of the samples obtained with the wollastonite addition is characterized by a
more dense structure and greater mullitization, where pores are practically absent. This is apparently due
to the fact that the wollastonite in the porcelain mass composition reduces the liquid phase appearance
temperature and changes the structure, as well as the feldspar melt properties. The diffusion processes
involving the melt are activated, its dissolving capacity grows. As a result, the amount of dissolved
primary mullite increases and its transformation into the crystalline phase in the form of secondary
mullite. In the electronic photographs of the structure of the mass samples with the wollastonite content up
to 2.5%, these mullite crystals are represented mostly in the feldspathic areas in the form of shagreen and
thick felt. In general, the samples based on this mass have a good degree of maturity.

Discussion. The mineralogical and petrographic analysis of the selected raw materials types,
experimental and technological studies have shown the possibility of obtaining electrochemical porcelain
purely on the basis of domestic mineral raw materials.
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The technological scheme has been developed for the production of high-performance electrotech-
nical porcelain of original composition, where kaolins, white-burning clays, quartz sands, feldspars and
wollastonites were used as components.

The electrotechnical porcelain products were synthesized and their decisive physical and mechanical
properties were determined. The qualitative characteristics of the developed mass compositions meet the
requirements for the porcelain of insulating purpose.

Conclusions. The Soyuznoye kaolins, the Berlinskoye refractory clays, the Mugodzhar quartz sands,
the Sarybulak feldspars, the Upper-Badam wollastonites fully comply with the requirements set by the
State Standards for raw materials for the electrotechnical porcelain production.

The electrotechnical porcelain, produced with the use of plastic and nonplastic raw materials of
deposits of the Republic of Kazakhstan, according to its mechanical and electrotechnical properties
comply with the requirements of GOST.

The introduction of the developed composition and technology for the electrotechnical porcelain
production based on affordable local types of raw materials will provide the creation of domestic
production of necessary products and will solve the problem of import substitution.

M. E. Kyp6aun6aes', B. O. Ecumos', T. A. Anbip6aea’, B. 1. Bepemarun’

M. Oye3oB aThiHaarel OHTYCcTiK Kazakcran MemiiekerTik yHuBepeuteti, [IsimkenT, Kazakcran,
¥ ar1hIK 3epTTey TOMCK MONMTEXHUKANBIK yHUBEpcuTeTi, ToMck, Pecei

MUHEPAJIZABI HIUKI3AT TAHOJAY KIOHE 3JIEKTPTEXHUKAJIBIK MAKCATTATBI
GAPOOP CUHTE3I

Annoranus. Kazakcran PeciryOimkachiHBIH Taiganel Ka30alapblHAH JICKTPTEXHUKANHK (apdop cuHTE3iHE
KaXETTi ca3fbl, HUITIII eMec MIMKI3aT TypJepl KapacThIpbULIbL, BOJUIACTOHUTTI HIMKI3aT KOCHA PETiH/Ae TaHAaJ/Ibl;
KAaONUHIEPIiH, OTKAa TO3IMAl Ca3gapiblH, KBApLUTHl KyMAApIblH, Jaja INNATTApBIHBIH JKOHE BOJUIACTOHHTTI Tay
KBIHBICTAPBIHBIH KYPaMaphl, KACHETTEPl KOHE TEPMUSUIBIK OHJIeY OapbIChIHAAFbI (azaiblK e3repicrepi 3epTTen;
MHUHEpaIJayIlbl KOCHajap — BOJUIACTOHUTTEP KOCBUIFaH AJIEKTPOKIIAyJarbill (aphop TEXHOJOTHSCH Kacaibl;
thapdopabiH Gha3anblk KypaMbl MEH KYPBUIBIMBI TY31Ty MPOIECCTEP] KOHE OHBIH MEXaHHKAJIBbIK )KOHE TUIJIEKTPIIIK
KacuerTepi 3eprrenai; Gpapdop mMaccacklHBIH KOMIIOHEHTTEPIHIH ONTHMAaIIb/l KaThIHACKH XoHe (Dasza Ty3ily mporec-
CIH XaKcapTyFa KaXeTTi Koclanap MeJepi aHBIKTaJAbl, ajlFall peT »KeprulikTi TaONFH MHUHEpaNpl MHKi3aT Typ-
JIepiHEeH J>KOFaphl camnajbl AJIEKTPTEeXHUKAIBIK (apdop axy MyMKIHAIrT IonenaeH.i; skacaiaFaH sJeKTpdapdop
TEXHOJIOTHSICHIH OH/IIPICKE SHAIPY UMIOPTAIMACTHIPY POOIeMaCHH MIENTyTe MYMKIHAIK Oeperi.

M. E. Kyp6aun6aes', . O. Ecumos', T. A. Axbip6aesa’, B. . Bepemarun®

'FOsxHO0-KazaxcTanckuit rocyapcTBeH bl yHIBepcHTeT HM. M. Ay»30Ba, IlIsivkenT, Kazaxcras,
’HarmoHaIbHBII HCCITEN0BATeTbCKIH TOMCKHI TOTHTEXHIUECKHiT yHuBepcurert, Tomck, Poccust

IMOABOP MUHEPAJIBHOI'O CBIPbS U CUHTE3 ®APD®OPA
SJEKTPOTEXHUYECKOI'O HABHAYEHMUA

AnHoTanus. V3 gncia none3HsIx nckonaeMselx Pecyonmnkn Kazaxcran paccMOTpeHBI TIIMHHUCTHIE, HETIaCTH-
HBIE BHUJBI CHIPbS, HEOOXOANMBIE /ISl CHHTE3a 3JIEKTpoTexXHH4Yeckoro (apdopa, a Takke BOJUIACTOHUTOBOE CHIPHE
IUTS 100AaBOK; M3YYCHBI COCTaBBI, CBOIMCTBA, (pa30BbIe IMPEBPALICHUS IIPH TEPMUIECKOI 00pabOTKe KaOIHHOB, OEI0-
JKTYIIUXCS. OTHEYTIOPHBIX TJIMH, KBAPLEBBIX TIECKOB, TOJIEBBIX IINTATOB ¥ BOJUIACTOHUTOBBIX ITOPOJ; pa3paboTaHa Tex-
HoJoTHs TIoNMydeHust (apdopa 31MeKTPOU3OMAIMOHHOIO HA3HAUYEHHS C HCIONb30BAHUEM MHHEPAIN3YIONNX 100a-
BOK — BOJUIACTOHHUTOB; M3y4eHBI IPOLecchl (JOpMHUPOBaHuA (Ha30BOr0 COCTaBa U CTPYKTYpHI (hapdopa U ero MexaHH-
YECKUE U JUIEKTPUUECKHE CBONCTBA; OMPEAETICHB! ONTUMAIbHBIE COOTHOIICHUST KOMIOHEHTOB (hap(opoBoit Macchl
W KOJM4ecTBa 100aBOK, HEOOXOJMMBIE Ul YIydlleHHs mporecca (Gazoo0pa3oBaHus MyTeM yBEIWYEHHsT 00pa3o-
BaHMs KPUCTAJIOB MYJUIUTA TpU OoJiee HU3KUX TEMIIEpaTypax Mo CPaBHEHHIO C TPaJAWIMOHHBIM (apdopom; Brep-
BbI€ JI0OKa3aHa BO3MOXKHOCTH IIOJIyYEHHUS! W3 MECTHBIX NPUPOIHBIX BHIOB MHHEPAJIbHOTO CHIPBS AIIEKTPOTEXHH-
yeckoro ¢apdopa ¢ BHICOKUMH CBOWCTBaMH; BHEIpEHHE pa3pabOTaHHOW TEXHOJIOTWH 3JeKTpodapdopa MO3BOIHUT
pemmTh MpodIeMy UMITIOPTO3aMEIIEHHSL.

Ki1roueBble c10Ba: 3J1€KTpOTeXHUUECKHH (Gapdop, MUHEPATIbHOE CHIphE, KAOJIWH, TJIMHBI, IOJICBBIE IIATHI,
KBapLEBbIN MECOK.
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0300e6 C.M., A60oyes H.C., Ilonog B.A., Tineybepoi H., Xya JJon Ma. MyHa#i-Ta3ibIIbIK NEPCIEKTUBTLTITHE
OaifmaHbICTH ANlakest odnatel MeH KpiraiineiH JKoHFap OHIMaThIHBIH TeOIOTHSITBIK KYPBUIBICTAPBIHBIH YKCACTHIKTAPEl MEH
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