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FACIAL-PALEOGEOGRAPHIC CONDITIONS
OF ACCUMULATION OF THE LATE DEVONIAN SALIFEROUS
STRATA OF THE SYRDARYA SEDIMENTARY BASIN

Abstract. At the end of the Devonian period (Famennian stage), a large carbonate platform began to form in the
region, that developed until the beginning of the Pennsylvanian (Bashkirian stage). In the article all the standard
facies zones characteristic of these structures are distinguished: the deep-water basin hollow, the slope of the
carbonate platform, the edge of the platform, framed by a reef and/or organogenic structures, carbonate ramp, the
inner platform zone (shelf lagoon, tidal zone, salt basin and continental carbonate formation zone in ancient karst
zones). During the late Devonian period outside the platform and within the outer shelf in a deep-water basin isolated
from the input of terrigenous material, it was formatted a saliferousstratum opened by the well Arys No. 1-G at the
depth of 1757 and 4004 m. In the lower partthere are interlayers of terrigenous and carbonate rocks. According to
seismic survey and GIS the salt base is presumably located at the depth of 4700-4800 m. Gravimetric anomaly Arys
is a diapir dome with a height of at least 3 km. Geophysical studies have shown that the saliferous stratum has a wide
development within the Aryskum and Bayyrkum troughs of the Syrdarya sedimentary basin. A wide range of
presumably diapiric structures composed of salts has been discovered. For the Syrdarya sedimentary basin it is
predicted the formation of structures of the 2nd type: buried diapirs with a depth of more than 3000 m of the batho-
halite. On their steep slopes, multi-layered deposits of oil and gas can be formed with a steep, almost subvertical fit
to the slope of the salt. Examples are the Kenkiyak and Kulsary deposits, where hydrocarbon deposits are found
along steep slopes. Thus, these structures can be considered as promising for identifying oil and gas deposits.

Key words: Syrdarya SB, carboniferous, lithology, paleogeography, graben, salt, oil, gaz.

Syrdarya sedimentary basin is a transboundary basin located in the southern Kazakhstan and northern
Uzbekistan. In the north-east, south and south-west it’s surrounded bythe mountain structures of the
Greater Karatau ridge, Chatkal and Kurama ranges, Bukantau and Nuratau respectively. It’s borderwith
the East Aral sedimentary basinlays on thesaddle of Akkyr and Kumkalinsk. The length of the Syrdarya
basin is over 600 km, with a width of up to 350 km.

Its geological structure involves the rocks of Proterozoic, Paleozoic, Mesozoic and Cenozoic eras,
forming three structural levels: foundation, intermediate (quasielectronic) and slabby. Saliferous formation
sarerelated only to quasie-platform structural floor of the Upper Paleozoic age. According to geophysical
data, partially confirmed results of deep drilling, its roof is immersed to a depth of 2500 m, while the sole
is traced up to 6500 m, i.e., the capacity of this complex reaches 4,0 km

The most ancient formations, uncovered wells in this region are continental and marine red-colored
terrigenous rocks of the middle and upper Devonian with a few layers of sulphate rocks. Up the slit
they’re overlapped by powerful carbonate-terrigenousstratum of Upper Famennian-Mississippi age. The
slit is completed by the breakdown of fine-grained terrigenous stratum of Missisipi-Pennsylvania
(including the Bashkirian stage). Younger Pennsylvanian (Moscow and other tiers) and Permian rocks
arenot available.

It should be noted that almost all formations involved in the slit structure of the Upper Paleozoic of
the Syrdarya SB and having different genesis and lithological constituent, contain more than 1% of
organic matter and bitumoids. On this basis this sedimentary basin can be attributed to the prospective
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category. However, the results of the researches of borehole cores showed low values of volume and
reservoir properties of formations. A lack of reliable regional tire fluidorumraised a lot of questions as well.

First of all, it was associated with a weak drilling assessment of the basin. Drilled in different years
by parametric and deep wells, quite powerful clay, sulfate and salt strata, and carbonate and terrigenous
rocks which arethe best collectors were discovered.According to the outcome of geophysical survey,
subsequently confirmed by drilling (ARIS No. 1-D) salt deposits can be regarded as the regional
fluidorum which is capable of screening prospective oil and gas deposits.

Deposits of the Devonian and Carboniferous systems of the Syrdarya sedimentary basin correlate
well with formations of this age in the region of the Greater Karatau mountains, where they’re studied in-
depth, both in terms of lithological composition and stratigraphy. The slits are fully described by a variety
of fauna: corals, brachiopods, foraminifera, conodonts, crinoids, stromatoporoids, stacioni, sponges, algae,
stromatolites, ortionately and cephalopods.

It was found that at the end of the Devonian period (Famennian stage) for the region of Karatauwithin
the modern Karatau mountains, Ugam ridge, Shu-Sarysu, Eastern Aral and Syrdarya sedimentary basins it
was started the forming of a large carbonate platform, which developed until the beginning of the
Pennsylvanianage (Bashkirian stage). Model of this platform was developed in-depth on the materials of
slit research of the Greater Karatau [1-5]. As a result of the studies it was proved that there are all the
standard facies belts, typical of these structures: the deep basin trough, the slope of the carbonate platform,
the edge of the platform framed by the reef and/or organogenic constructions, carbonate ramp, and inner
platform area (shelf lagoon, tidal area halogen basin and zone of the continental ocean sourced carbonate
production in ancient karst areas). Besides, slits of the Greater Karatauhad been studied: intervals of
sedimentation and hidden disagreements with the developed karst, and "surfaces of Molter", floods in
carbonate and terrigenous-carbonate facies zones. [1-5]. Model of the carbonate platform of the Greater
Karataumay be applied with the certain assumptions to neighboring regions, including Syrdarya
sedimentary basin.

It has been established that, in the middle of the Famennian there was a transgression of the sea,
which moved from the south-west to the northeast, i.e. from modern Uzbekistan towards Bolshoi Karatau.
The rise of water continued almost to the end of the Famennian, when the regressive stage came and the
shoreline shifted to the southwest. This phenomenon — the regression of the sea at the end of the Devonian
is noted in many regions of the globe. In the top of the Famennian in the Bolshoi Karatau lies the horizon
of karst breccias (Balaturlan pack), which is the marking border between the Devonian sediments and the
lower tour. As a result of migration of the shoreline to the southeast, the present Shu-Sarysu sedimentary
basin area was sharply shoaled, where a fairly large semi-isolated lagoon formed within which intensive
accumulation of evaporate layers occurred.

The section from the Middle Visean to the lower Bashkir reaches of the carbonate platform of Greater
Karatau is divided into three parts on the basis of belonging to different parts of this structure, and
accordingly having a different genesis. Its structure includes deep-water carbonates of the Baktysay
Formation, carbonates of the platform's margins and the shelf lagoon of the Maydantal Formation,
separated by the Akuyk reef complex. Deep water turbidites are widespread over a vast territory and are
associated with a major transgression of the sea to the Kazakhstan continent, which occurred from the
southwest to the northeast, i.e. from the side of the modern Syrdarya sedimentary basin [1-5].

Within the limits of the last Serpukhovian-Bashkirian strata, the middle Syr Darya No. 2-P was
penetrated in the interval 3070-3757 m (687 m open capacity) and represented by dark gray, almost black
fine-grained and pelitomorphiclimestones (mastouns) analogous to these differences in the rocks of the
Baktysay Formation. In limestones, foraminifers are found among which predominate: Archaediscuscf,
Convecxus Cr, et Leb., A. Karresi Brady, Neoarchaediscusincertuset Lebed., N. paraovoides (Brasch).
The foraminiferal complex is identical to the Karatau complex (Serpukhovian stage) and, possibly, the
lower part of the Zhertansay (bottom of the Bashkirian stage) of the Bolshoi Karatau Formation.

In his works, Davydov N.G., Paragulgov, Kh.Kh and others [7-10] have shown that the salt-bearing
sequences are fairly widespread within the Syr Darya sedimentary basin, and primarily in the modern Arys
and Baykum troughs, which in the Upper Paleozoic times were a single tectonic structure. According to
seismic data, uplifts of isometric shape, having an amplitude of up to 800-1000 m, which are also
characterized by minima of detailed gravity prospecting, are detected within their limits (Figure 1). The
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Figure 1 — Map of the location of the salt domes in the Arys-Bayyrkum trough [10]

1 - isohypses along the roof of Paleozoic deposits; 2 - tectonic disturbances; 3 - well No.1 Arys (in the numerator the
number of the well, in the denominator - the mark of the depth of the Paleozoic roof, 4 - drilled deep wells: in the numerator - the
number of the well, in the denominator - the mark of the depth of the Paleozoic occurrence, 5 - local anomalies of searching
gravity gradiometry. Isolines of positive residual gravitational field in milligalls, 6 - the isolines of the negative residual
gravitational field in milligalls, 7 - isolines of the zero residual gravitational field of gravity gradiometry of scale 1: 200 000,
8 - Local anomalous zones (salt domes) recommended for drilling by gravity gradiometry (Kaldybay II dome), 9 - local anoma-
lous zones recommended for seismic survey of CDPM on search for salt domes, 10 - isolines of negative second derivatives of the
gravitational field in etviesh (local graviminimums) in gravity gradiometry, (-3 km) - depth of the lower edge of salt in the
epicenter of the anomaly according to gravity gradiometry interpretation on the sea level. 11 - outcrops of Paleozoic rocks to the
surface.

The structures of the types of salt domes: I - Arys, Ia - South Arys, II - Kaldybay. Abnormal zones: III - North Kaldibay,
IV - Neozhidannaya, V - Kabulsay, VI - Amanzhar, 26-VIII - Badam, 24-IX - Ermolovka-Tamerlanovka. Positive: 1 - Arys,
2 - Koskungur, 3 - Akdalin I, 4 - Akdalin II, 5 - Karakungur, 8 - Asarchiks, 10 - Bayyrkum, 11 - Zhanakuduk, 12 - Kempirsai,
13 - Ordabas, 14 - Lenger, Kyzylaryk, 17-VII - Kaldybai-2. Negative: 19 - Taskuduk, 25 - Akzhar, 15 - North-Kazygurt.
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discrepancy between gravity and seismic models, as well as calm magnetic fields that exclude the
influence of intrusive bodies of acidic composition, made it possible to assume that these structures are
salt domes [7-10]. In the Arys trough, such several structures were mapped: Arys (Figures 2, 3),
Kaldybay, North-Kaldybay, Neozhidannaya, Kabulsay, Amanzhar, Badam, Ermolivka-Tamerlanov and
others (Figure 1). Some of them gravitate towards the Shulinsky fault, which is traced from the Chatkalo-
Kuraminmountains towards the central part of the Syr Darya basin.

In the arch of the Arys structure to confirm the salt-dome nature of the local negative gravity anoma-
lies in 1992-1994, Well Arys No. 1-G was drilled with a depth of 4004 m (Figure 4). During the drilling
in the interval of 1698-1757m, the Upper Paleozoic limestones were discovered. Further, from the depth
of 1757 m to the bottom (4004 m), the well crossed the salt-bearing thickness, from which it did not leave.
The passed section, starting from a depth of 1757 m to 3099 m, turned out to be a folded pure salt
(according to N. G. Davydov's interpretation) [8]. Even deeper, from a mark of 3099 m in a section, carbo-
nate and terrigenous rocks with thickness from 5 to 70 m were encountered, which can be traced to the
bottom of the well (4004 m). The salt base according to seismic and GIS data is presumably located at a
depth of 47004800 m [7-10]. Below the development of carbonate-terrigenous rocks of the Upper
Devonian and Lower Carboniferous is assumed. According to the definitions of M. M. Marfenkova
(1994), on the microfauna of foraminifera from the limestones in the interval of 3098-3173 m, the age of
the entire sequence and the salt itself in the interval of 1800-3200 m was dated by Serpukhovian-
Bashkirian (C1s-C2b).

It should be noted that the well Arys No. G-1 was passed without core sampling, with the exception
of the intervals of 2100-2121, 2121-2131 and 3100-3110 m. In addition, from a depth of 3175 m, an
incomplete GIS complex was made. In the interval of 3790-4004 m, the rock composition is not exactly
defined, since the calculated parameters are close to both salt and anhydrite, and to carbonates. Therefore,
today, there is no complete picture of the lithological composition of the saline sequence.

Based on the results of drilling, the diapiric nature of the gravimetric anomaly of the same name was
confirmed. It was found that the upper part of the section of the Paleozoic sediment complex and the lower
section of the Lower Cretaceous stratum were broken as a salt rod.

On the seismic profile (Figure 2) and the geological-geophysical section (Figure 3) it is clearly visible
that the Arys Salt-Dome structure breaks the deposits of the bashkir-serpukhs to the full thickness, i.e. the
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Figure 2 — Fragment of the seismic profile No. 9207170, intersecting the Arys dome structure (by N. G. Davydov)
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Figure 3 — Geological and geophysical section through the Arys salt dome.
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Lithological types of rocks: 1 - salt (halite), 2 - limestones, 3 - clays and argillites. 4 - borders of stratigraphic subdivisions.
5 - tectonic disturbances. 6 - boreholes. 7- places of intersection of seismic profiles.

age of the salt is clearly older than the host rock. According to the geophysical data below the soles of the
salt lie the carbonate-terrigenous rocks of the Upper Devonian and the Tournaisian and visean stages of
the mississippi. Based on the analysis of the paleotectonic and paleogeographic environments of the
formation of the stratigraphic strata of the upper paleozoic of the Syrdarya, Shu-Sarysu sedimentary basins
and the Greater Karatau Mountains, it is possible to assume with reasonable certainty about the Upper
Devonian (late Femenian) age of the salt-bearing stratum, discovered by the Arys No. 1-G well. In the
adjoining areas, two levels of salt accumulation are established: Upper Devonian and Lower Permian,
which is apparently acceptable for the Sirdarya sedimentary basin.

The theory of the mechanism of the formation of salt domes suggests that the movement of salt
upwards does not occur evenly throughout the mass, but in several separate zones. This is evidenced by
their internal structure consisting of individual spike-like zones. The whole structure moves upwards due
to the fact that these zones do not rise simultaneously ("jerkily") relative to each other. With such a
differentiated movement inside the salt dome, probably, zones of crushing and breaking disruptions are
formed, which then again flow and deform. The surrounding dome sedimentary layers rise upwards and
bend under the action of salt movement, and sometimes they can deform to such an extent that they
become vertical or in some places they fall over. Deformations are developed only around the dome's top
border, their scale and shape are determined by the size of the dome. Apparently, when the salt was
moving upwards, crushing of carbonate and terrigenous rocks of serpukhov-bashkirian age, capture, flow
and dragging them inside the evaporite layer occurred. The opening of such exotic blocks during the
drilling of the well led to an incorrect age dating of the salt-bearing section.

Similar structures were found in the Bayyrkum trough: Bayirkum, North Bayyrkum, South Baykurm
and East Bayyrkum, which are located on its northern outskirts, in conjunction with the zone of articu-
lation with the Arys trough (Figure 1). A small number of identified structures can be explained by the
very weak geological and geophysical study of this deflection. The Baykurm group of structures, in its
gravimetric characteristics, is close to the salt-dome structures of the Arys trough, but is likely to exceed
them considerably in salt bodies. To assess the prospects of oil and gas potential of this group of struc-
tures, it is extremely important to establish the character of a wide-scale development of salt formations,
which are ideal tires for hydrocarbon accumulations.

In these strata, both stratified and massive hydrocarbons, isolated by the salt thickness, and ring and
semi-ring domes shielded with salt rods can be contained.

From the theory of sedimentogenesis it is known that the most powerful strata of pure halite are
formed in deep-water conditions, where the waters are too deep and where light does not penetrate almost,
which makes the accumulation of bottom carbonates impossible. Here, under certain conditions, there are
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Figure 4 — Lithologic-stratigraphic column of the salt-bearing stratum, opened by the well Arys No. 1-G.

Lithological types of rocks: 1 - limestones, 2 - marls, 3 - salt (halite), 4 - gypsum, 5 - anhydrite, 6 - sandstones. Logging
curves: 7 - gammaraylogging, 8 - LL(Lateral logging).
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euxin or stagnant conditions, as well as a sharp increase in salinity [11]. According to the standard facies
identified by J. Wilson.

All the largest formations of evaporit of the world were formed in deep-water conditions in the
central parts of basins on the borders of the cratons remote from coasts and from influence of shelf areas.
On such sites the deficiency of sedimentary material is observed. Sedimentation happens in the euxinic
conditions, it is lower than the levels of oxidation, carbonaceous compensation and below basis of action
of waves. Water depth in such basins reaches tens and hundreds of meters and even the first kilometers.
The benthonic waters which are flowing down from adjacent shelves can be oversaturated by salts and
have larger density that complicates the free water exchange. In the conditions of a sharp lack of oxygen
there are congestive conditions with the reduction environment here. The prevailing lithologic type
precipitating is the halite forming potent layers at late stages of filling of the settling basin [11].

Big power and extent on lateral (to hundreds of kilometers) are characteristic of deep-water evaporit
This results from the fact that in big reservoirs considerable variations of composition of waters aren't
observed as a result of short-term and minor changes due to inflow of waters or evaporation.

The formation of the evaporit minerals happens thankfully to the evaporation of the surface waters,
and further minerals plunge and settle at the floor of the basin.In process of increase in salinity the
mineralogical composition of salt also changes. It is as a result the section is formed, which consists of
various lithologic differences of evaporits. (figure 5).
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Figure 5 — Model of formation of deep-water evaporite deposits. T T —i
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Figure 6 — Lithological-paleogeographic map of the Syrdarya sedimentary basin for the Visean-Serpukhovian time.

Lithological types of rocks: 1 - conglomerates, 2 - sedimentary breccias, 3 - sand and gravel deposits with pebbles, 4 - sand,
sandstones, 5 - silts, siltstones, 6-argillites, clays, 7 - phtanites (black siliceous rocks), 8 jasper, siliceous rocks, 9 - dolomites, 10 -
dolomitic limestones, 11- limestones, 12 - coquinas, 13 - clay limestones, marls, 14 - ooliticlimestones, 15 - brecciated limestones,
16 - carbonate constructions, 17 - gypsum, anhydrite, 18 - rock salts, 19 - lava and tuffs of calc-alkaline composition.

Organic residues: 20 - gastropods, 21 - bryozoans, 22 - conodonts, skolecodonts, 23 - foraminiferas, 24 - brachiopods,
25 - trilobites, 26 - hyolites, 27 - terrestrial flora (without specification). 28 - The main Karatau fault.

Geological boundaries: 29 - paleogeographic situation; 30 - facies complexes. 31 - underwater alluvial fans. Paleogeo-
graphic conditions: 32 - lowland lacustrine-alluvial plains, 33 - inland shelf with hindered water exchange (lagoons with increased
salinity), 34 - inland shelf with free water exchange, 35 - barrier reef of edge of carbonate platform, 36 - slope of carbonate
platform, 37 - shelf external, 38 - deep-water depressions of the outer shelf, 39 - deep-sea salt basin of the outer shelf, 40 -
continental slope, foot, 41- contrast relief of young island arcs.
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The characteristic feature of deep-water evaporit is their thin lamination of millimetric or centimetric
scale caused by alternation of a halite and anhydrite, or evaporit and carbonates.

We allocates four stages of adjournment of deep-water evaporit on the basis of model of the pool
filled with a brine in which there is a continuous inflow of ocean water (figure 5) [12].

- Euxinic stage: evaporation exceeds the atmospheric precipitation + a deposition; stagnation at a
depth below a threshold; benthonic waters are poor of oxygen; the benthos is anaerobic, necton is normal,
sea; sapropelicfacies.

- Ephemeral stage: continuous stagnation at the bottom; the salts which are settled in the surface
waters are dissolved at the depth; the fauna is rare or is absent.

- Constant evaporit stage: evaporation exceeds an atmospheric precipitation + a deposition; the
ground brine is sated with a halite; the halite and plaster which are formed in the surface waters are kept at
the depth; the ground brine is replaced with salts.

- Closing stage: evaporation exceeds an atmospheric precipitation + a deposition; the pool is filled
with salts; on a surface oxidizing conditions, the hydrochloric ponds, aeolian settlings and vytsveta of the
hydrochloric crusts, potassium salts are formed.

Summarizing the above it is possible to assume that in a late famen on the place of the modern
Syrdrya settling basin the border sea with the developing large carbonaceous platform was situated. The
climate was warm, tropical.On the average to the famena near the modern all Southern Kazakhstan there
was a transgression of the sea [1-5]. On the region of the shelf the reef complex which is studied in cuts of
Big Karatau in detail, presented by silt hills of waltsorr type, the base of which is put by thin crinoids,
sponges, and to a minor extent branching pearlweed was created, and the free space between them is filled
with a sea needle spathic calcite. There was an accumulationof turbidites and thin lamination madstones of
the basal-zhanakurgan B-series of the lateDevonianto the West and the southwest from outside the
carbonaceous platform within the central part of the modern Syrdarya settling basin into the deep-water
hollows of the border sea.
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Figure 7 — Hypothetical sections (extra-scale) of evaporite complexes for various parts of evaporite basins [13]
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From the West this hollow was limited by the Southern-Tien Shan volcanic arch. Therefore the pool
of a sedimentation of the central part of the Syrdarya basin represented the reservoir which was settling
down between the region of the carbonaceous platform and an island arch. In its middle deep decrease —
the Aryss-Bayrkum deflection remote from sources of demolition of terrigenous material in which in late-
famen time the conditions favorable for a salt deposition were formed. It was the classical halogenic basin
which description of typical model is given above and illustrated in the figure 6. The standard section of
saliferous thickness of the deep-water basin is given in the figure 7 in which its difference from cuts of a
shelf zone and the borderof the basin is shown [14].
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Figure 8 — Probable model for the location of the expected hydrocarbon deposits associated
with the salt-dome structures of the Arys-Bayyrkum deflection.

Lithological types of rocks: 1 - sandstones and gravelites. 2 - siltstones, 3 - clays and argillites, 4 - salt (halite). 6 - the ex-
pectedhydrocarbon deposits, 6 - caprock.

Upper Paleozoic thicknesses of the region were deformed as a result of manifestation the of the Late
Hercynian tectonic processes which led to a contortion and an orogenesis. In the Jurassic time the fissile
tectonic movements brought to the extruding of salts into overlying terrigenous deposits and to the
formation of the hydrochloric domes. In literature there are five allocated genetic types of the hydrochloric
domes [15]. For the Syrdarya settling basin the formation of these structures 2 types is predicted: batogalit
type buried diapirs with depth more than 3000 m. On their steep slopes multisheeted deposits of naphtha
and gas with steep almost subvertical adhering to a slope of salt (figure 8) are always formed. It is possible
to give fields as examples Kenkiyak and Kulsara where along steep slopes 4-7 deposits of hydrocarbons
are revealed [16]. Such structures well beat off at combination of detailed anomalies of a gravimetry with
seismicity of MOGT 2D and 3D. For this purpose like the fissile or buried diapirs the gravimetric
minimum represents a funnel of big amplitude.

Thus, these structures can be considered as perspective on identification of oil and gas fields.
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E. M. ®a3pui0B, J. E. IIpuxoasko, J. C. Mycuna, K. T. Ky6amesa
KUIC “K. W. CorbaeB aTbIHIAFbI T€OJIOTHSUIIBIK FRUIBIMAAP HHCTUTYTHI, AnMatbl, Kazakcran

ChIPIOPUSI LIOT'THATI AJTABBIHBIH
KEII NEBOHHBIH TY3AUJIATBIII KABATTAPBIHBIH
DOAINUAJI-ITAJIEOT'EOT PAOUAJIIBIK dKUHAJTY KAF JTAUJTAPBI

AnHoranus. Aiimakra [leHcunsBaHUSHBIH (Oamkup KabaThl) OachblHa IICHIH KETUIAIpiITeH ipi KapOOHATTHI
ratdopma AeBOH IdyipiHiH (paMeH KabaThl) COHbIHIA KalblnTaca 0acTapl. bys xeple ochl KYpbUIBIMFA TOH Oap-
JIBIK CTAHIAPTTHI (aluabik Oesneynep OeliHe/i: TepeHCyIbl allanThl OMbIC, KAPOOHATTHIK MIaAT(HOPMAaHbIH Oaypaiibl,
pud KoHe/HeMece OpraHOreHJIK KYPBUIBICTAPMEH >KUEKTEeNTreH mardopma IieTi, KapOoHATThl pamria, raTthopma-
HBIH 1IIKI aifiMarbl (KalipaH JlaryHa, KeTepily aiiMarbl, TY3TyIbIpy OacceilH )koHe KOHe KapCT aliMakTapJarbl KOH-
THHEHTTIK KapOoHAT KaJyieintacy aiimarei). Kemr neBoH ke3iHzae ratdopManaH ThIC, CHIPTKBI JKep Oeepi mieriHme
TEpUTEHJIIK MaTepHalIbl EHAIpYIeH OKILIAyJaHFaH TepeHCYJIbl oiibicTa, 1757-4004 metp apanbirsiaaa Apeic Ne 1-I7
YHFBIMaMeH alllbUIFaH TY3alJarblll KaOaTThIH KaJiblNTacybl OosraH. TeMEHTi jkaFblHAa TEPUICHMIK XXoHE KapOo-
HATTHIK JKBIHBICTAPBIHBIH KabaTmmanapsl ke3zneceni. Ty3 ereri celicMukanblk Oapiay xoHe ¥1'3 nepexrepi OoiibiHIIa
6omxamael 47004800 M TepeHmirinae opHaIacagsl. APBIC TPAaBUMETPHUSUIIBIK aHOMAJISICHI OMIKTITI 3 KM KeM eMec
Iuanupiik kymoesni Oinmmipeni. ['eodmsukansik 3eprreyiep Ty3aimarsim kKabat CeIpopus MIOTiHII alaOBIHBIH
AprickyM >koHe Baifpipkym MaifpICymapablH OOWBIHOA 30p JaMyAa eKeHiH KepceTTi. Ty3mapMeH >KHbUTFaH, 00J-
JKaMIIbl THAMUPIIK KYPbUIBIMIAPIABIH OYTiH KaTtapbl TaObuabl. ChIpAOPHS MMIOTIHAI albIObI YINH 2-ITi THOTI KYPbI-
JBIMIAPBIH KajblnTacybl Ooimkamuaanaapl: 6aroramut tunti tepexairi 3000 M-geH actaM KOMUITeH Iuamupiiep.
bynapapiH Tik OiTKelnepiHae Ty3IblH OaypaiiblHa CyOBepTHKAaJbl )KaHACYbIHA JKYBIK KONKa0aTThl MyHail MeEH
ra3JplH KeHzaepl Kajieinracybl MyMKiH. Tik OaypaiinapbiHbH OOMbIHIA KOMIPCYTEK KeHJAepi TaObUIFaH CHSKTHI,
Kennkusik nen Kyscapsl keH opbIiHIaps! yiri 6ossin Tadbuiaabel. Ocbuiaiiina, 6epijireH KypblUlbiMIap MyHai MeH ra3
KEH/IepiH TabyFa KeJelleri 30p peTiHae KapacThIPbUTYbl MYMKIH.

Tyiiin ce3nep: Coipropust LA, xapOoH, urtosorus, najeoreorpadus, rpabeH, Ty3, MyHaid, ras.
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OAINUAJBHO-MTAJIEOI'EOT'PAOUYECKHUE YCJI0BUA HAKOIIJIEHUA COJTEHOCHBIX TOJII]
MO3/JHEI'O JEBOHA CBHIPJIAPUMHCKOI'O OCAJIOYHOI'O BACCEMHA

AnHotanusi. B koHue neBoHckoro nepuona (pameHckuii spyc) B peroHe Hadana (pOpMUpPOBATHCS KpYITHAs
kapOoHaTHas 1uiaTdopma, KoTopas pa3BHBaJIach BIUIOTH JI0 Hayaja NEHCWIbBaHUS (OalIKMPCKHUH spyc). 31ech
BBIJICIISIIOTCSL BCE CTaHAAPTHBIE (alMasbHble I0sica, XapaKTEepHbIE Ul JaHHBIX CTPYKTyp: TiryOokoBojHas Oac-
ceifHOBasl BIIa/IMHA, CKJIOH KapOOHATHOW I1aTtdopMbl, oOpamiieHHass pu)OoM W/WIM OpPraHOTEHHBIMH IOCTPOHKaMu
OKpauHa 11aTopMbl, KapOOHATHAs! paMIla, BHYTPEHHsIs 30Ha Iu1aTopMsl (1eabdosast 1aryHa, MpuiMBHas 30Ha, CO-
JIEpOIHBIN OacCeifH U 30Ha KOHTHHEHTAIEHOTO KapOOHAaTOOOpa30BaHUS B IPEBHUX KAPCTOBBIX 30HAX). 3a MpeeiaMu
w1aTOopMBI, B IpeAesiax BHEIIHETO menb(da B rryOOKOBOJHOW BIIIHE, H30IMPOBAHHONW OT MPHBHOCA TEPPUTECHHO-
ro MaTepuana, B mo3gHedaMeHcKoe BpeMs MPOUCXOIII0 GOPMUPOBAHIE COICHOCHOH TOJIIH, KOTOpas ObLIa BCKPBI-
Ta ckBaknHOW Apbic Ne 1-I" Ha rmy6une ot 1757 mo 4004 M.B HIDKHEN 9acTH BCTPEUAIOTCS MPOCION TEPPUTESHHBIX U
KapOoHaTHBIX Topo. [TomomBa conmu mo naHHeIM ceiicMopasBeaky U ['MIC mpenmnonokuTeabHO pacrojaraercsl Ha
riryoune 47004800 m. I'paBumeTpudeckas aHOMaNUsl APBIC MIPEACTABISIET COOOH TUATMPOBEIN KYIIOI BBICOTOM HE
MmeHee 3 kM. ['eousnueckue ncciaenoBaHus MOKa3alH, YTO COJEHOCHAs TOJIIA UMEET IIMPOKOE pa3BUTHE B Ipele-
nax ApbICKyMcKOro u baitbipkymMckoro nmporu6oB ChIpIapuUHCKOTO OCaJouHOro OacceiiHa. BBIsIBIICH Ienblid psij
MIPEATION0XKUTEIBHO JNAIMPOBBIX CTPYKTYP, CIIOXKEHHBIX coyisiMH. [l ChIpHapMMHCKOrO OcajovHOoro OacceifHa
porHo3upyercst (GOpMHUPOBaHUE CTPYKTYp 2 THIIA: MOrpeOeHHbIe Auanupsl ¢ riyouHoi Oonee 3000 M Tuna Garo-
ranut. Ha X KpyTBIX CKJIOHaxX MOTYT (POPMHPOBATHCS MHOTOIUIACTOBBIE 3aJIE)KHM HE(TH M raza ¢ KpyThIM IOYTH
cyOBepTHKaIBHBIM TIPHIIETaHNEM K CKIIOHY comn. [IpuMepamu siBnstoTcst mectopoxaenus Kenkusk u Kymcapsl, roe
BIIOJb KPYTHIX CKJIOHOB BBISIBJICHBI 3AJIEXKH YTIEBOAOPOAOB. TakmM oOpa3oM, JaHHBIE CTPYKTYPHI MOTYT paccMar-
pUBaThCA KaK MEpCIEKTUBHEIC Ha BBISIBICHHUE 3alekell HepTH u rasa.

Kirwuesbie cioBa: Coipaapuusckuii OB, kapOoH, TUTONIOTHS, aneoreorpadus, rpadeH, coib, HePTh, ras.
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GRAPHITE
FROM GRAPHANE/GRAPHENE LAYERS

Abstract. The work was carried out on the example of carbon particles of the Kazakhstan manifestations. By
electron transmission microscopy (TEM) it is shown, that carbon particles are capable to split. In work there is
shown one of the ways of graphite formation. The probable circuit of formation of area of stratification is given.
Graphite packing can arise from local "graphite" orderliness graphane/graphene carbon layers. Zones of "graphite"
orderliness are formed locally. This is confirmed by the shown morphological and diffraction pictures (by TEM
method). Thus, one more phase of orderliness of the carbonaceous substance forming a structural number has
appeared.

Key words: carbonaceous particles, stratification, local packing.

Introduction. In nanotechnologies the methods for achieving a certain dispersion size are divided
into two: "from top to bottom" and "from bottom to top" [1]. In geology, during the extraction of minerals,
a method of dispergation - "from top to bottom" - was adopted. A large ettle is crushed into a certain
"small" size. In the analytical work of natural substances a "top-down" method is also adopted - dissection
to the desired component. In the processes of synthesis and in the ground mass of theoretical research
"from the bottom up" processes are often used. The properties of atoms, molecules, substance constructed
from fixed condition of the molecules, a mixture of substances are investigated [2]. At the nano-micro
level these approaches come close, but each direction comes to this level with its own knowledge. For
chemical synthesis processes materials of natural origin are "new". In spite of the fact that all precursors
have been previously taken from natural sources, thay are purified from impurity substance. For example,
carbon rocks. Determination of the substance by color is not always appropriate. It is known that carbon
compounds do not always have black color. There are "white" compounds, for example, carbines. In the
course of work on finding sources of nanocarbon in nature, it was found that so far many researchers in
the field of chemical and geological sciences are still confused because of the misuse of carbon-graphite
concepts.

We adhere to the classical definition that the structure of an ideal graphite is in a certain way con-
nected in three-dimensional space of the carbon planes. Or graphite is a substance composed of crystalline
packages consisting of 2-3 carbon layers parallel to each other. Not all carbonaceous matter can form a
graphite structural order.

Result and discussion. The probability is high that individual layers of graphites are represented by
graphene or graphane. (These formations are visible at considerable magnifications - probe microscopy
and are calculated on mathematical schemes.) It is commonly known that, graphenes [3] are planar
structures - slightly curved (wavy) sheets consisting of hexagonally packed carbon atoms. Graphene sheets
[4] the tension of which is removed by hydrogen atoms are called graphan.

It is obvious that for incomplete [5] (insular) filling of graphane/graphene planes by hydrogen bonds,
a local (nano-sized) occurrence of "graphite" orderliness is possible (Figure 2). And since the reflexes
from the graphite packing are more intense (for electron diffraction in the TEM), then the manifestation of
the "graphite" structure in the general non-graphite substance is expectable.
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Figure 2 — TEM-photos, a, b — the negative image (light — a dense site)

The order of formation of the layers obviously looks as follows. Morphologically, a carbonaceous
particle with rounded forms consists, as it were, of different clouds (Figure 2a). In this figure, clouds are
located in three, in some places four layers. Or, in Figure 2b, a particle in the form of a fragment. The
emergence of a dozen flakes can be seen from one edge - when appropriate conditions of future layers
come. On the other side, the fragment looks "woolly" because of the apparent overlap of scales on each
other. For TEM, spatial resolution is problematic.

In the general case, when electrons are diffracted on a carbon material, standard blurred three rings
are formed (Figure 2c). The diffusion and "gravity" of the peak depends on the packing of carbon and on
the degree of formation of individual layers of different carbon compounds.

The morphological photograph of the transmission electron microscope (TEM) shows that, probably,
the presence of an impurity forms a more dense formation (Figure 3a, dense - light, negative image). In x-
ray phase analysis, the same sample does not detect graphite ordering. This is possible when the carbo-
naceous matter is represented by nanosized particles or their percentage of "graphites" is lower than the
sensitivity of the method. For microdiffraction from this particle in transmission electron microscopy
(Figure 3b) local amplification and decrease of blurring reflexes (some texturing) are observed. In Figure
3b, (in its upper part) probably as noted above, the beginning of the formation of the "graphite" layer in
the predominant carbonaceous matter having two-three-dimensional ordering is depicted [6].

Figure 3 — TEM-photos
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During increase in the concentration of local "graphite" areas (Figure 3c), a graphite-like structure
appears (Figure 3b, lower part).

The existence of local regions in the carbon corresponding to "graphites" can serve as an explanation
for the blurring of reflections and the deviation of the graphite parameters from the classical value. In
practice, in manifestations and deposits, more often there is no graphite in the classical sense, but graphite
with broken structure - with slightly different or not manifested by X-ray (XFA) and electron-microscopic
(TEM) parameters.

This same circumstance (the formation of local "graphite" areas) explains the existence of a
combination in graphene/grafanic layers.

Probably, the formation of graphites occurs as follows. At first, the layers come closer/move away.
The distance between atoms of one layer and atoms of another layer changes. Locally there is a connection
between atoms (in the dimensions of the nano-region). "Graphite" order appears. In the case that the
"graphite" ordering then passes to the entire foil, a graphite structural order is formed.

Therefore, it is also possible to talk about graphane/graphene layers in graphite of natural mani-
festations. And the fact that it is possible to single out one layer from a graphite package is shown in the
works of Novoselov-Geim.

Conclusion. The local "graphite" structure can be connected with the segregation of carbonaceous
formations and formed by graphene/graphan layers.
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T. A. llladanoBa, B. A. I'naroses, A. B. ®aTueBa
I'eonorusneik FeutsiMaap nHCTHTYTH "JKIIC-ub1H aTeiaaars! K. M. Catmaesa'", Anmatsl, Kasaxcran
I'PAOUT TPA®AH/TPADPEH TOIITAPBIH BIPI

Annoranus. Kemipreri 6emmexrepain (TEM) a1mekTpoHIBIK MHUKPOCKONISIMEH TPAaHCHMHCCHSUTBIK KOpiHic-
TepiH, Ka3aKCTaHIBIK MBICAIBIHAA OYIJI KabiIeTTi KeMipTeri KopceTiayre OOIeKTiH KaHKalaHy. JKeprimikTi MiHCi3
aiimakrapsl "rpadut" Kypbuiaabl. bIKTUMaNIbIK OOJIBICTHIH KaObIpIIAKTaHYbI KYMbIChIHIA BimiM Oepy cxemachl
kenripiared. ['padur naiiga 6omysl MyMKiH sxepritikti rpadan/rpaden 0ipi "rpadut" Oybin-Tyro MiHCI3 KeMipTeri
TonTapbl. MopdOIOTHATIBIK OMIiCIIEH pacTay cyperTepMeH OepinreH skoHe mudpakuus (II9M). Ocpuradimma maiina
0o b1, MIHCI3 KacayIIbIChIFa YIIIEPOJUCTOrO 3aTTap Tarbl Oip (haza KypbUIBIMIBIK KaTaphl.

Tyiiin ce3mep: KeMipTeri TeKTec OOJIIICKTED, KIKTENY, KEPrUTIKTI KanTay.

T. A. llla6anoBa, B. A. I'maroses, A. B. ®aTueBa
TOO «MuctutyT reonoruueckux Hayk uM. K. M. CatnaeBa», Anmarsl, Kazaxcran
T'PA®UT U3 I'PA®AH/TPA®EHOBBIX CJIOKEB

Annortanusi. PaboTa npoBoauiack Ha npuMmepe yriepoaHsix yactul KazaxcraHckux mposiBieHui. IIpocse-
YMBaIoOIIEeH 3JeKTpoHHOM Mukpockonuei (II9M) nokasaHo, 4TO yriiepoJHbIE YaCTHIIBI CIIOCOOHBI pacIIeILIAThCs. B
pabore moka3aH ouH n3 myted popmupoBanus rpadura. [IpuBenena BepositTHas cxema o0pa3oBaHust 001acTH pacc-
noenus. ['paduroBas ymakoBKka MOXKET BO3HHKATh M3 JIOKABHON «TpadUTOBOI» YHOPSIOUYEHHOCTH Tpadan/rpade-
HOBBIX YIJICPOJHBIX CIIOEB. 30HBI «TIpa(uTOBOW» YHOPSIOUEHHOCTH 00pa3yloTCs JIOKAIBHO. DTO MOATBEPKAACTCS
MTOKa3aHHBIMHA MOP(OIOTHIECKUMHU U TUPPAKITNOHHBIMU KapTuHaMH (MeTomoM [I9M). Takum oOpa3zom, MOsBUIIACH
eie oaHa (haza ynmopsgoueHHOCTH YIJIEPOIUCTOTO BELIECTBA, 00Pa3yIOIIEro CTPYKTYPHBIH P,

KarodeBble c10Ba: yriiepoaAnCThIE YaCTHUIIBI, PACCIOCHNE, JTOKAIbHAS YITAKOBKA.
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PROBABILISTIC GENERAL SEISMIC ZONING
OF THE TERRITORY OF KAZAKHSTAN
IN PEAK GROUND ACCELERATIONS

Abstract. In Kazakhstan seismic hazard assessment is realized on a new methodical basis, combining domestic
developments and advantages of the Western approach fixed in the Eurocode 8. The General Seismic Zoning Maps
of the territory of the whole country are created. Seismic hazard was analyzed from a probabilistic point of view, and
the results are presented not only in macroseismic intensities but also in quantitative parameters — peak ground
accelerations. In the article we consider the main differences and advantages of the new probabilistic approach for
the case of acceleration estimates, performed by the authors. The General Seismic Zoning Maps in terms of PGA are
prepared for inclusion in normative documents for further use in socio-economic land-use planning and earthquake
engineering.

Keywords: probabilistic seismic hazard assessment, peak ground acceleration, return periods of 475 and
2475 years.

Introduction. The general seismic zoning (GSZ) of the territory of the Republic of Kazakhstan was
implemented for the first time on a new methodological basis, corresponding to the provisions of the
European standards Eurocode 8 (EN 1998-1: 2004) " Design of structures for earthquake resistance” [1].
A set of probabilistic GSZ was prepared and developed in order to be included in regularity documents.
They show seismic hazard, both in macroseismic indices, and in quantitative parameters of ground shocks
and peak accelerations. The work was carried out by the Institute of Seismology of the Ministry of
Education and Science of the Republic of Kazakhstan with the participation of Kazakh Scientific and
research institute of building and architecture and KDNTS IGI in 2013-2016 within the framework of the
Scientific Research Program of the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan "Develop a map of general seismic zoning of the territory of the Republic of
Kazakhstan" (heads of research T. Abakanov and A. N. Lee).

The main feature of the new methodology is probabilistic analysis of seismic hazard and its mapping
in engineering parameters. In addition to the modern approach, an updated database was used, which
included all the information currently available - updated seismic catalogs, maps of zones of possible
seismic focus, models of attenuation of ground vibrations. The modern software, which allows to take into
account more accurately different information about seismicity, was used while executing the calculation
part.

The developed set of GSZ maps includes 5 maps at a scale of 1: 2500000: a map of seismic-gene-
rating zones on the territory of Kazakhstan (seismotectonic model); two maps characterizing the seismic
hazard of the territory in the average numbers of average geometric peak accelerations (in g fractions) of
the rock and rock-like soils at two levels of probability of occurrence and possible exceeding of the
seismic effect of 10% and 2% during 50-year time intervals respectively 475 and 2475); and two maps
characterizing the seismic hazard of the territory with MSK-64 (K) scores of macroseismic intensity, also
at two probability levels. The analysis of seismic hazard in accelerations and scores is carried out
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independently. The maps are made for socio-economic planning of land use and earthquake-proof
construction.

The created maps are the result of the work of several scientific teams and various aspects of their
development will be reflected in the reports and publications. In this article, the authors stressed on the
results of probabilistic analysis and seismic hazard mapping in peak ground acceleration (PGA).

Seismic intensity of the territory of Kazakhstan. Kazakhstan belongs to states where a significant
part of the territory is seismically dangerous. 8-9-point zones are located in the south, southeast and east of
the country. On the last normative map of the General seismic zoning of the Republic of Kazakhstan in
2003 [2] the areas with a seismic intensity of more than 5 points MSK-64 (K), where anti-seismic
measures are mandatory, cover more than 30% of the territory. These are the most industrialized regions,
with more than 400 residential areas, including the largest industrial and cultural center of the country -
the city of Almaty with a population of more than 1.7 million people. At the end of the XIX - the begin-
ning of the XX centuries the city was already exposed to the strongest North Tien Shan earthquakes
(Verniyin 1887 with magnitude 7.2, Chilik in 1889 with magnitude 8.3, Keminskin 1911 with magnitude
8.2 (according to modern estimates 7.8 [3]), also repeatedly suffered from less strong earthquakes. The
repetition of the strongest earthquakes near Almaty can lead to catastrophic destruction and large human
casualties, which are caused not only by the strength of a possible earthquake, but also by the
underestimation of the seismic hazard, selection of sites for construction and other factors.

On large areas lying within the platform areas (Kazakh shield, Turan plate, the Caspian basin, South
Ural) 6-magnitude earthquakes are known, and in the Mangyshlak-Usturt region upheavalof 7 points can
take place. Less strong earthquakes in the oil-producing western regions are associated with techno-
genicseismotectonic activation. The development of networks of seismological observations on most parts
of the country led to a more reasonable approach to assessing the hazard in the previously considered
aseismic regions of Kazakhstan.

The practice of seismic hazard assessment in Kazakhstan. The assessment of the level of seismic
hazard in Kazakhstan was given, at first, by regulatory maps of general seismic zoning of the former
Soviet Union (1937, 1957, 1968, and 1978) and then, by the map of the general seismic zoning of the
Republic of Kazakhstan, developed in 2003 and included in the Building codes and regulations of the
Republic of Kazakhstan in2006 [2]. While drawing up the maps of 2003 extensive materials on the
seismically active regions of Kazakhstan and adjacent territories were compiled, in some areas a signifi-
cant revaluation of seismic intensity was carried out, geological and geophysical and seismotectonic-
criterias for seismic hazards were developed and applied [4]. Macroseismicindicators of earthquake
consequences - points on a scale of seismic intensity — were parameters on the maps. The map was calcu-
lated as deterministic, but was conditionally assigned to a period of recurrence of 1000 years.

The approach to hazard assessment and development of seismic zoning maps in different countries is
not universal. The historically established practice is of great importance. In the USSR, seismic zoning,
including hazard assessment, was originally developed by geologists, later by seismologists and geophy-
sicists [5]. As a result, the main output parameter describing seismic impacts in many post-Soviet coun-
tries is macroseismic intensity. It cannot be directly used to calculate the behavior of buildings and
structures during earthquakes. The conversion of scores into the quantitative parameters of ground shocks
(acceleration and spectral curves) is made in building codes and regulations [2].

The USA and other Western countries, where seismic zoning was carried out from the very beginning
under the aegis of construction engineers, are based on a more "engineering" approach, close to the needs
of earthquake-proof construction and addressing the problems of reducing seismic risk. For many years,
hazard mapping has been carried out there in the parameters of ground motions - mainly PGA and spectral
acceleration. Other countries have their own peculiarities in methodology, charted parameters and the
form of presentation of final results.

In the building codes of Kazakhstan, the intensity of seismic impacts in points until recently is the
final parameter of the general, detailed and micro-zoning. At the same time, Kazakhstan seismologists
already use ([6-8] and others) the procedure of probabilistic estimation of seismic hazard (RESH), which
meets the modern requirements and scientific and methodological foundations of the European con-
struction standard Eurocode 8. The developed methodology includes both domestic developments in the
allocation and parametrization zones of possible centers of earthquakes, and the advantages of the Western
engineering approach.
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On the basis of this methodology, a probabilistic seismic hazard analysis for the entire territory of
Kazakhstan in PGA has been performed and maps of the General Seismic Zoning of Kazakhstan (GSZ), in
peak accelerations for return periods of 475 and 2475 years, have been compiled.

Probabilistic analysis of seismic hazard in peak ground accelerations. Seismic danger is the threat
of occurrence of seismic impacts on the territory under consideration, i.e. the potential danger of
earthquake-related phenomena - earthquakes, soil dilution, rupture on the surface. It depends on many
parameters and requires research in the field of seismic zoning, which "is based on a detailed and compre-
hensive study of the deep structure of the earth's crust and lithosphere, modern geodynamics, regional
seismic intensity, seismotectonics and engineering seismology. They include the identification of seismic
active structures, the determination of the parameters of their seismic regime and the damping of the
seismic effect generated by them with distance, and as a result - probabilistic calculation and mapping of
seismic hazard "[9].

Hazard maps show the distribution of ground shock levels with a given probability of their occur-
rence (excess) in the territory under consideration. Maps created for the entire country are needed to create
and update building regulatory documents that are used by national and local authorities to establish the
building requirements necessary to preserve public safety in future earthquakes.

Approaches to the assessment of seismic hazard are divided into two groups: deterministic and
probabilistic. In the deterministic analysis, the worst possible case is calculated. A maximum seismic
effect is simulated at a point under a scenario controlling earthquake, which is specified by a specific size
(magnitude) and the distance from the point. Simply, the following tasks are solved step by step: the clo-
sest and dangerous active fault is revealed; its seismic potential is determined (the strongest possible
earthquake on it); the epicenter of this earthquake is set at the shortest distance from the fault to the point;
the value of the extreme possible shock in the point is calculated. In the case of strategic facilities, this
approach gives direct estimates of earthquakes in the worst-case scenario. However, it remains unclear
what is the probability of exceeding the estimates received, or what is the probability of implementing
such a scenario for any specific period of time (for example, during the operation of the facility). These
questions can be solved within the framework of probabilistic analysis of seismic hazard (PASH) [10].

In probabilistic approach, seismic hazard is calculated from all earthquakes of all possible magnitudes
at all significant distances from the site under consideration, taking into account their frequency of
occurrence. The analysis can combine alternative models of earthquake centers, periods of earthquake
recurrence, the dependence of the damping of the seismic effect on the distance, as well as a number of
uncertainties due to both unclear knowledge of various parameters and the random nature of occurrence of
the seismic events themselves [9]. With the Probabilistic evaluation, the calculation of ground shocks at a
point (or grid of such points) for a given finite period of time (for example, during the operation of the
facility) is performed. The output of the PASH is a danger curve showing the probability of exceeding a
given level of ground shocks in a point for a specified period of time. In the case of a grid of points, we
obtain an area distribution of ground shocks, that is, a map.

The results of PASH are best suited for the design of buildings and structures for performance
characteristics, since they give the probability of exceeding different levels of the ground motion para-
meter for a given period of time. They are needed for civil engineers who are designing construction sites
in seismically hazardous areas, performing their modernization or seismic reinforcement. Hazard mapping
also helps solve economic and social problems to prevent or reduce damage to an acceptable level.

The procedure for the implementation of the PASH includes 4 main stages [11]:

1) The areas of possible earthquakes centers near the site are identified and characterized, which can
be specified as areas with an equal probability of occurrence of earthquakes at any point inside them, and
also in the form of linear centers with an equal probability of events along the line. The set of marked
zones is called a model of seismic sources.

2) With the help of the earthquake catalog it is possible to calculate the number of earthquakes per
year in each potential seismic focus (zone) within the boundaries of the model of earthquake centers. The
distribution of the number of earthquakes by magnitude is characterized.

3) Ground shakes caused by earthquakes from earthquake centers of all possible magnitudes are
calculated.
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4) The probabilities that the given ground shaking levels will be exceeded for a specific period of
time are estimated.

The procedure for performing PASH in peak accelerations, which we used, is presented in the block
diagram (Figure 1).

CelicMMYHOCTD
leonorus u TEKTOHUKa 3anucu cunbHbIX
McTopuyeckue m -
KapTtei3oH BO3 ABWHEHWI rpyHTa
WHCTPYMEHTa/IbHbIE KaTanoru
]
SEMCMINIEERUE NOBTOPSEMOCTb MATHUTYZ || 3ATYXAHUE
LRI L Mapametpbl [yTTeHbepra-PuxTepa MuKoBble
Makc. marHutyga
MakKc. HabnogeHHbIe MarHuTyabl YCKOPEHWA
MexaHusm o4aros
XapaKTepPUCTUHECKUE 3EMNETPACEHUS rpyHTa
OpueHTalumna pasnoma

| =

)CEFECMOIIOFW—EECHME MOLENH

SKCNepTHble
OLEHKHK

i

/IOTMHECKOE JEPEBO)

‘

MoaenunposaHue MeToaom
MoHTe-Kapno

{

BxoaHble gaHHbie BACO

HaprI OnacHoOCTH

Figure 1 — Block diagram of probabilistic analysis of the seismic hazard of the territory of Kazakhstan in PGA

The model of seismogenerating zones of the territory of Kazakhstan was developed and modified
with each new seismic zoning. It underwent a significant change in the direction of increasing seismic
hazard when creating the 2003 OSR map of the Republic of Kazakhstan [2, 4], when large-scale studies
on the generalization of materials in seismically active regions of Kazakhstan, seismogenerating structures
were carried out on a complex of geophysical, geological and tectonic and seismological data and the
establishment of their possible seismic potential. The development of networks with digital registration
has given new data both in seismically active regions of Kazakhstan, and in those considered aseismic or
weakly seismic. Seismic monitoring and methodological developments of the following years were
reflected in the Map of Seismogenerating Zones of Kazakhstan and Adjacent Territories in 2012 [12].

In the course of the present seismic zoning, contours of the boundaries of the seismogenerating zones
were also refined based on seismic monitoring data and interpretation of remote sensing data. Separate
seismogenerating zones have been identified in some previously considered aseismic regions of
Kazakhstan [13]. The detailed geometry of the zones reflects the geological features and the distribution
pattern of the earthquake foci. The map of the seismogenerating zones of Kazakhstan used in the analysis
is shown in the figure 2.

At PASH territory of Kazakhstan the model of seismic sources included 94 generalized seismic
zones, completely or partially covered by a 250 km boundary around Kazakhstan. Each zone was
specified by parameters such as: geometry, magnitude-frequency characteristics of seismicity, maximum
magnitude, probable depth and expected orientation of the fracture. Since general seismic zoning was
performed for a very large area, simplifications were made in the design of the model, in particular for
each zone one maximum magnitude and one most probable depth were taken, and not their distribution. In
cases of uncertain determination of the seismic potential, the zone was characterized by two magnitudes
with their own weight coefficients. The spatial extent of the rupture for each earthquake within the seismic
generation zone is estimated from the Wells and Coppersmith study [14].
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Figure 2 — Map of seismogenerating zones of the earth's crust of Kazakhstan [12]

To characterize the distribution of the number of earthquakes by magnitude, the parameters a and b
were determined in the Gutenberg-Richter equation. The catalog of earthquakes for the territory encom-
passing the selected seismogenerating zones has been substantially supplemented and revised; First, it is
reduced to the magnitude of the surface waves Ms, and then to the moment magnitude Mw; Declassi-
fication of the catalog was carried out. The recalculation of Ms in Mw was performed according to the
Scordilis (2006) [15]. As the minimum magnitude, Mw4.0 is adopted, since smaller magnitudes do not
represent an engineering interest and are beyond the scope of the recalculation dependence. For
declarification, Gardner-Knopov's method [16], widely used in international practice, was chosen, for
which the result of analysis of the Kazakhstan catalog declared by different methods was the best.

In determining the periods of representative catalog registration, the ZMAP software complex was
used [17]. Estimates of the parameters a and b for the bands were performed using the maximum likeli-
hood method (maximum curvature procedure). In addition, the program for calculating the parameters a
and b used by the British Geological Survey was used, which is also based on the maximum likelihood
method using the procedure proposed in [18]. The method allows to take into account the catalog of
historical earthquakes as much as possible, believing that the data in different magnetic ranges will have
different periods of representative registration.

In some zones, large earthquakes occur more often than would have been the case for logline extra-
polation of the repetition schedules of weak and moderate earthquakes toward large magnitudes. Ulomov
[19] explains the nature of this phenomenon by the processes of fault formation in a medium that increases
its density, strength and dynamic characteristics with depth. Thus, the centers of large earthquakes
(sometimes called characteristic ones), extending to great depths, give rise to other conditions, in com-
parison with smaller foci that occur closer to the earth's surface. For zones with characteristic earthquakes,
parameters a and b were also calculated in a narrow band of magnitudes corresponding to these earth-
quakes. At the same time, the increase in the predicted seismic effect significantly increases for periods
not less than the periods of recurrence of characteristic events. Examples of the obtained repeatability
curves for zones with a normal seismic character and cases of characteristic magnitudes are shown in
Figure 3.

—— 4 ——
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Figure 3 — Examples of repeatability graphs with good correspondence between the earthquake frequency of the approximating
straight line (on the left) and the presence of characteristic earthquakes (right). Along the axis of abscissas values of magnitudes
are plotted, along the ordinate axis — the decimal logarithms of the average annual number of the corresponding earthquakes

In the calculation of earthquakes, we used sets of attenuation models generated by us for the terri-
tories of Kazakhstan with different seismotectonicregimes on the basis of the criteria adopted in modern
world practice. For independent modeling of soil motions in the whole range of magnitudes and distances
of available regional data is not enough (even in high-seismic regions of Kazakhstan) due to the relatively
short life of digital seismic networks and a small frequency of strong events [20].

As noted above, most of the earthquakes in Kazakhstan occur in zones with active bark (AR) in the
seismic regions of the south, southeast and east of the republic. The central, northern and northwestern
regions are characterized by a rather low level of natural crustal seismicity and can be attributed to a zone
with a stable continental regime (SR). The events in the zone of the subduction boundary between the
South Caspian microplate and the Eurasian plate - geographically in the transition zone from the South
Caspian to the Middle Caspian and Ciscaucasia - can be attributed to earthquakes in subduction zones
(NW) [21].

The main criteria for pre-selection are the reliability of the model, the ability to predict the entire
range of magnitudes-distances-periods of interest, the use of parameters used in modern international
practice. Further, in case of using world dependencies, models obtained from international, rather than
from local data sets, are preferable. The functional form must have the desired characteristics, including
saturation with magnitude, the distance dependence on magnitude and terms simulating the effects of
inelastic damping. To adequately represent epistemic uncertainty, it is recommended to use models that
show different trends if they are well supported by data. For different seismotectonic regimes, in turn,
additional criteria are used to select the predictive models associated with the methods and characteristics
of their production.

Selected forecast models for areas with shallow active bark were tested on the basis of the parameters
of ground motions, namely regional data for peak accelerations and ground speed. The study made it
possible to form a minimal set of models for use in assessing the seismic hazard of high seismic regions of
Kazakhstan in peak soil accelerations. These are the models Akkar and Bommer (2010), Chiou and
Youngs (2008), Boore and Atkinson (2008) / Atkinson and Boore (2011) and Campbell and Bozorgnia
(2008). For stable continental areas, the selected models were tested on limited observational data. The set
for use in the PASH includes models Pezeshket et al. (2011), Atkinson (2006) / Atkinson &Boore (2011),
Silva et al. (2002) and Toro et al. (1997) / Toro (2002). Selected models for the prediction of earthquakes
in the subduction zone earthquakes - Atkinson and Borre (2003) and Zhao et al. (2006) - were used
without testing on regional data due to the absence of Kazakhstan seismic stations there.

The analysis was carried out for two levels of probability of occurrence and possible excess of
seismic effect of 10% and 2% during 50-year time intervals, which corresponds to the periods of recur-
rence of 475 and 2475 years. The 50-year intervals correspond to the project lifetime of the objects of
normal responsibility. Repeatability periods are adopted according to the recommendations of the ASCE7
Seismic Design Standard [22], as appropriate to the projected earthquake and the maximum estimated
earthquake. These values are also associated with the limiting states in the seismic design, fixed in
Eurocode 8 [1]: for objects of normal responsibility, the recurrence period of 475 years corresponds to the
limiting state of the significant damage, and the period of 2475 years to the limiting state near destruction.
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Thus, when assessing the seismic hazard in the peak acceleration of the soil, the following logical tree
was adopted:

1) 1 seismotectonic model, including 94 seismic zones (focus)

2) 3 seismotectonic modes: AP, SR, NW

3) attenuation models:

4 for AP - AkBo10, ChYo008, BoAt08 ', CaBo08
4 for CP - PeEA2011, AtBo2006 ', SIEA02, ToEA97'
2 for NW - AtBo03, ZhEAO06.

4) two periods of recurrence of 475 and 2500 years

To carry out the calculation part, the M3C software [23] was used, which fully meets the modern
requirements for performing the assessment in engineering parameters. The program allows you to
calculate the probabilistic seismic hazard based on the Monte Carlo stochastic simulation method. The
model of focal zones, fully describing the characteristics of seismicity in the territory under consideration,
is used to generate artificial catalogs by the Monte Carlo method. Each such catalog gives an option of
seismicity in the next 50 years, which is consistent with its character in the past. On the basis of a large
number of simulations, the probabilities are calculated [23]. The advantage of the method is the possibility
of introducing uncertainties into the input parameters as distribution functions with the observed average
value and standard deviations, or a logical tree can be used. For each simulation, different values can be
obtained from the distribution. The process of simulation of artificial catalogs can be controlled and used
to verify the realism of the model. Disadvantage - the accuracy of estimates depends on the number of
simulations, which significantly affects the calculation time. A great advantage of the program itself is the
ability to take into account a number of additional parameters, including different types of distances and
magnitudes, the extent and orientation of earthquake foci (rather than point ones) that were not envisaged
by earlier software complexes.

Maps of general seismic zoning of the territory of Kazakhstan in peak soil acceleration. The
developed NEO maps in mean values of root-mean-square peak ground accelerations correspond to the
scientific and methodological foundations of Eurocode 8 and are harmonized with modern maps of the
general seismic zoning of the countries belonging to the EurAsEC and the Customs Union. Maps in
accelerations in the scale of 1: 2,500,000 are included in the main package of maps prepared for intro-
duction to regulatory documents, and are accompanied by a list of settlements of the Republic of Ka-
zakhstan located in seismic regions, indicating for them the predicted PGA values.

The hazard calculations are performed for the territory within 40-56° N lat. and 46-88° E. On the grid
with an interval of 0.25° in both directions, which determines the spatial resolution of the cards. For each
calculation point, the effect of seismic sources (zones) located within a radius of 250 km was taken into
account, taking into account their seismotectonic regime. The isolines on the maps are drawn with an
uneven step, chosen for the convenience of use by the builders, and correspond to the average calculated
values of the rms peak accelerations in fractions, g: 0.02, 0.05, 0.075, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8
and 0.9. These values are indicated on the isolines themselves, as well as in the legend, as the boundaries
of the PGA intervals. Within the interval, the calculated values of the accelerations increase unevenly
from the isoline with a lower value to an isoline with a larger one. Maps for the periods of recurrence of
475 years and 2475 years are presented in Figures 4 and 5 respectively.

The NEZ map of Kazakhstan in peak ground accelerations with a hazard level of 10% for 50 years
(the period of recurrence of seismic shocks 475 years) predicts weak seismic impacts (PGA more than
0.02g) in almost half of the country. In the southern, southeastern and eastern regions, the values already
range from 0.05 to 0.15g and higher. The maximum values of 0.5-0.6g here are expected to be obtained
for the areas located to the southeast of Almaty, which corresponds to the location of the most seismically
dangerous Kemin and North Kungei seismic generating zones. For Almaty, this period of recurrence is
projected to average 0.4g (from 0.29¢g at the northern border to 0.48g on the southern border), in Taraz -
0.18g, Taldykorgan - 0.21g, Shymkent - 0.12g, Ust-Kamenogorsk - 0.11g. Areas of elevated values
exceeding 0.05g appear in the eastern part of the Kazakh shield, due to the newly allocated Zhezkazgan-
Ulytau seismic-generating zone with seismic potential 6.0, as well as in the Mangyshlak-Ustyurt elevation
from the Central Mangyshlak-Ustyurt zone with Mmax 5.4-5.8.

— 26 ——
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Figure 4 — Map of the general seismic zoning (NEO) of the territory of Kazakhstan for a period of recurrence of 475 years
(probability of exceeding the seismic intensity of 10% for 50 years) in peak ground acceleration
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Figure 5 — Map of the general seismic zoning (NEO) of the territory of Kazakhstan for a period of recurrence of 2,475 years
(probability of exceeding the seismic intensity of 2% over 50 years) in peak soil accelerations
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On a map with a hazard level of 2% (a period of recurrence of 2475 years), the spatial distribution of
the hazard becomes more pronounced. More than two-thirds of the territory lies within the 0.02g contour,
the maximum magnitudes also correspond to the zones to the south of Almaty. Areas of elevated values
exceeding 0.05g are additionally manifested in the Central Kazakhstan region due to the newly allocated
Zhezkazgan-Ulytau seismic generating zones with Mmax = 6.0, in the area of the North Aral uplift in the
zone with Mmax = 5.5 and in the Central Caspian basin, in the region zones with Mmax = 5.0.

In general, the predictions are consistent with earlier deterministic estimates, with some increase in
the level of predicted seismicity in areas where the volume of data on seismicity has increased signi-
ficantly due to the emergence of new seismic stations and the allocation of new seismogenerating zones in
the last decade.

Conclusion. In Kazakhstan, the seismic hazard assessment has been implemented and will be fixed in
a fundamentally new methodology based on the provisions of Eurocode 8. Seismic danger of the whole
country is analyzed from a probabilistic point of view, and the results are presented not only in the mac-
roseismic indicators traditional in the post-Soviet space, but also in quantitative parameters of earthqua-
kes - peak accelerations. In addition to the new approach, the database, which includes seismic catalogs,
maps of zones of possible earthquake foci, models of damping of ground vibrations, was updated on the
basis of modern methods, equipment and requirements for parameter representation. Catalogs and maps of
seismogenerating zones include earthquakes from previously considered aseismic regions. For the first
time, a multifaceted work was carried out to analyze, select according to international criteria and test
predictive earth shake models for different seismotectonic conditions in Kazakhstan. When executing the
calculation part, software that is recognized in international practice and that meets modern performance
of the assessment in engineering parameters is used.

A set of maps of probabilistic seismic zoning of the territory of the Republic of Kazakhstan, inclu-
ding maps in soil accelerations for two levels of probability of 10% and 2% of their excess for 50 years
was created. Maps will form the basis for an adequate assessment of seismic hazard and risk, rational land
use, earthquake-proof construction and long-term socio-economic planning.
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H. B. Cunauesa, Y. K. Kya6aesa, H. A. KpaBuenko
KIUIC “Ceticmomnorus uHCTUTYTHI, AnMatsl, Kazakctan

KA3AKCTAH AYMAYBIH TOIIBIPAK YAEYIHIH EH KOFAPYbBI JEHTEATHJIE
BIKTUMAJIABIKIIEH KAJIITBI CEUCMHUKAJIBIK AUMAKTAY

Annoranus. Ka3akcTaHna oTaHABIK aTKapbUIFaH JKYMBICTapMeH Oipre xoHe EBpokop 8 apKpUTbI OeKiTinreH
0aTpIC TOCUIAEPIHIH AaPTHIKIIBUIBIKTAPbIH YHIIECTIPE OTBIPBIN, CEHCMHUKANBIK KayilTi jKaHa OIICTeMeNiK Herisuie
Oaramay >xy3ere aceIpbUiabl. Emimismin Oapmbik aymarbiH JKadmbl CeHCMHKANBIK aiiMaKTay KapTachl Kacalifbl.
CelicMUKaIIBIK Kayill BIKTUMAJIBIK HEri3/le TalJaH/bl, )KOHE HOTHXKENIEPI MaKpOCEHCMHUKAIBIK KOPCETKIIITepiMEeH
Oipre, *oHE TOIBIPAK TepOeici — YACYIIH €H )KOFapFhl ICHIeiIH/Ie CaHBIK TapaMeTpiIepMeH KepceTiiai. Makanana
OpBIHJaFaH aBTOPJIAPMEH YACYIiH €H JKOFaprbl JEHreiiH Oaraiaynarbl )KaHA BIKTUMAJIBIK OJICTEMEHIH HETi3ri
SPEKILETIKTEP1 KOHE apPTHIKIIBUIBIKTAPBI KapacThIPbUIbL. JKepi naiqanianypiH dJIeyMETTIK-3KOHOMHUKAIIBIK JKOCTIa-
pBIHA K9HE KYPBUIBICTBIH CeHCMHMKaNBIK OepikTiirine apHasraH HopmatuBTi Kykarrapra Kocy ymin Kasakcran
ayMarbIH yieyMeH JKalmnbl CeCMUKAIIBIK allMaKTay KapTachl JaWbIHIAIBII JKOHE KETULMIPLTINT YCHIHBUTIBL.

Ty#in co3mep: celCMHKANBIK KAyilTi BIKTUMAJIBIKIICH Oaraiay, TONBIpAK YICYiHIH €H >KOFapFel JICHTeHi,
KalTanaHy keseHaepi 475 sxoHe 2475 xpuigap.

H. B. Cunauesa, Y. K. Kya6aesa, H. A. KpaBuenko
TOO “UucturyTt ceiicmonorun”’, Anmatsl, Kazaxcran

BEPOSATHOCTHOE OBIIEE CEHCMUYECKOE 30HUPOBAHUE
TEPPUTOPUHN KA3BAXCTAHA B IINKOBBIX YCKOPEHUSIX TPYHTA

Annorauusa. B Kazaxcrane ocyiiecTBieH mnepexoja K OLICHKE CeHCMHUYECKON OMacHOCTH Ha HOBOW METOIU-
YECKOH OCHOBE, COYETAIOIIMI OTCYECTBCHHBIC HAPAOOTKU M MPEHMYIIECTBA 3alaJHOr0 IMOAX0/a, 3aKPEIICHHOTO B
EBpoxone 8. Co3mansl kapTel OOmEro CercMHYECKOTO 30HHPOBAHHS TEPPUTOPHH Bcel cTpaHbl. CelicMumueckas
OIaCHOCTH TPOAHAJM3HPOBAHA C BEPOSTHOCTHON TOYKH 3pEHUS, W PE3yIbTATHl NPEICTABICHBl KaK B MaKpOCEi-
CMHYECKHX IIOKa3aTeNsiX, TaKk W B KOJMYECTBEHHBIX MapamMeTpax KoyIeOaHWH TPyHTa — IMHUKOBBIX YCKOpPEHHSIX.
PaccMoTpeHBI OCHOBHBIE OTJIMYHSI M IPEUMYIIIECTBA HOBOTO BEPOSATHOCTHOTO IMOIXOAA JJIS CIydas OLIEHOK B ITHKO-
BBIX YCKOPEHUSX, BHIIOTHSBINUXCS aBTOpaMu. [IpencraBiensl pa3paboTaHHBIE W IIOATOTOBIICHHBIE I BHECEHUS B
HOPMAaTUBHbIE JOKYMEHTHI KapThl OOIero ceiicMrUuecKkoro 30HHpOBaHUs Tepputopur KazaxcTaHa B yCKOpPEHHSX,
MpelHa3HaueHHble JUIS COIMAIbHO-9KOHOMHYECKOTO TUIAHUPOBAHUS 3EMIICTIONB30BAHUSI M CEHCMOCTOMKOTO
CTPOUTENBCTBA.

KuioueBble cjioBa: BEpOSTHOCTHAS OLIEHKA CECMHYECKON ONMacHOCTHU, MUKOBbIE YCKOPEHUS TPYHTA, IEPUOJIbI
nosropsie-MocTu 475 u 2475 ner.
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CONDENSATION MINE WATERS

Abstract. Executed review of information on condensation miner waters over the past 65 years. It was noted
that the creation of a new concept for the formation of condensate mines is a major scientific contribution to the
theory of condensation of atmospheric moisture in mines and mines, analyzed research methods and techniques
condensation of atmospheric moisture to the hygroscopic properties mine of rocks, it was noted that implementation
in practice of the equipment and machinery created on the basis of a new concept, made it possible to significantly
improve microclimate of mines and mines, where they approved, it is rational to use inexhaustible reserves of cold
accumulated in the rocks and heat of condensation.

Keywords: a new concept formation of condensation mine waters, condensation of atmospheric humidity in
mine air, heat power mass exchange, hygroscopicity and hygroscopic point, physical phenomena, determining the
interaction of coexisting phases in the condensation of moisture and the opening of the frequency of the condensation
process, Microclimate of mines and prospects of its management.

Introduction. Another type of condensation formations of nature are mine waters, which appear as a
result of condensation in the mine air.

What do we understand by the term "condensation mine waters"?

Literally - this waters appearing in mines at the presence conditions promoting condensation of
atmospheric moisture. It is known that when mining minerals miners often have to deal with various forms
of water flows. This includes: ground and artesian waters, infiltration waters and etc. At the same time in
mines and mines a special place, occupy condensation mine waters, brought to life by the direct inter-
vention human in natural processes.

According to the definition, condensation mine waters - waters, periodically arising in mountain salt
mine workings and karst caves from drops ("drops"), wet and moist spots and streams on the walls of the
mines and the cameras. Such periodic mine water miners known as "ventilation brines."

Topicality raised problem is undeniable.

It is well known that further development of natural resources, fuel and energy will continue to be
carried out by increasing the extraction of minerals.

Currently active develop extraction of non-metallic raw materials by underground method. Design
and construction of new mines Upper Kama deposit of potassium ores, Satimol mine fields in Kazakhstan,
Dekhanabad potash fertilizer plant in Uzbekistan. Mastering Gremyachin deposit - it the first in recent
years implemented project development of a new potash mine in the CIS and Europe.

High rates of development of extraction of non-metallic raw materials by underground method make
special demands to ensure efficient and safe mining production, most important condition for the realiza-
tion of which are consideration of condensation processes, gas factors and climatic parameters of mine air.

In the conditions of transition to the market economy and especially in the context of real market
relations, veracity forecast safety of mining works on gas and condensation factor acquires a specific
economic meaning.

Neglect safety of mining operations on these indicators lead to major accidents, which cause damage
owners of pit and mines. On the other hand, a systematic approach to this problem can reduce the like-
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lihood of accidents, but reliable forecast development of condensation processes and gas evolution can
significantly reduce the estimated amount of air for ventilation of treatment and preparatory sites, that
reduces the operating costs of the mine ventilation while maintaining a high level of safety of mining
operations.

If among soil scientists and hydrogeologists still continue the endless debates and discussions about
the importance of atmospheric moisture condensing in the various natural processes, in mines and mining
mine waters for a long time causing significant damage, often accompanied by the death of people.

The appearance of mine (mine) waters is explained by the condensation of water vapor in places of
intensive revenue ventilation air: in salt mines due hygroscopicity of salt and difference temperature of
moisture ventilation air it goes into solution and forms brines. Condensation brines usually formed in the
summer, when the moisture-laden warm air enters the colder underground workings.

Water created not only a problem in work, but also a real threat to life for miners, that even in the
past centuries have moved inventors to create systems for pumping out and eliminating water danger.

At the same time the best scientific forces Russian Academy of Sciences were involved in combating
this scourge. Passage chemisorption and condensation processes in caves and mines, embedded in
increased hygroscopicity rocks (rock salt, potassium salt, soda, etc.), noted in the middle of the last
century E.A. Maksimovich, E.V. Korotkevich, Yu. P. Eremenko, E.V. Beltukov and several other resear-
chers [1-4].

The high rate of development potash industry in the second half of the 20th century, began to make
special demands for the provision efficient and safe mining, the most important factor is the climatic
parameters of mine air. Solubility of potassium salts and associated risk of penetration water and brines in
underground workings require a thorough justification of the thermal and humidity regime of mine
workings. In the warm season in the mining networks of potash mines water vapor condenses on the walls
of the rock mass. Moisture, falling out in large quantities, forms an aggressive environment, which
deteriorates working conditions, adversely affects the mining equipment, trucks, road surface, conden-
sation mine waters cause flooding of excavations. Intensive corrosion and destruction of metal structures,
slipping and ignition of raw conveyor belts on drive drums create a dangerous situation in the production.

In the 70s of the last century plight of the microclimate of mines the young scientist Boris Kazakov
became interested for a long time and seriously then, later became lead researcher of the Perm National
Research Polytechnic Institute.

Starting in 1971 with the study of the interaction of mine potassium salt and moisture, he thoroughly
understood in a very complex mechanism interphase transformations atmospheric moisture of air into
whole underground lakes of mine brines. Starting with a small, he developed a theory of microclimate
formation of mines. After thirty years of searching, jewelry experiments, laboratory research brilliantly
defended his doctoral thesis, he established a scientific school and with an aid of his disciples and
associates, implemented his own designs at a number of mines [5].

What is the novelty of his theory? Having analyzed an extensive initial scientific and production
information B.P. Kazakov established that amount of moisture, falling out of the ventilation air when
moving it along the workings, traversed in rocks with hygroscopic properties is determined not by the
distribution of the moisture conductivity potential in the massif, as described under mass transfer for
evaporation from the walls of excavations in coal mines and low value of the partial pressures water
vapors at the surface excavation, which is caused by high hygroscopicity and water solubility sawmills
potash mines.

This discovery was the starting point in the study of the possibility of controlling condensation
processes and microclimates of mines with a huge economic effect. B. P. Kazakov was based on the fact
that the current enterprises have powerful thermal engineering systems for heating of atmospheric air,
construction which constitute a significant cash costs and energy costs for heating and moving - up to
10-20 MW per year, which is almost 30% of the total costs of the mineral extraction [5-10].

In the warm period of the year, change in the microclimate results to significant increase in costs the
maintenance of transport developments in operation and maintenance conditions of safe operation
transport and equipment. The solution of these problems is possible with a wide use of practically inex-
haustible natural reserves of cold atmosphere, energy of rocks and creation of economical, reliable and
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highly effective resource-saving technologies for preparation of atmospheric and processing mine air for
complex spatial ventilation networks.

Today, all these issues are scientifically developed not deep enough, far removed from use in
practice, and therefore their decision acquires a special urgency and has great theoretical, economic and
social significance.

Based on these fundamental provisions, B. P. Kazakov and his associates have developed means of
normalization and climate control in the workings of potash mines with a decrease in energy costs for
ventilation of mines, material and labor resources in the operation of workings and equipment mines based
on development theory of heat and mass transfer and creation of resource-saving technologies for the
preparation atmospheric and processing of mine air in the nodes of spatial ventilation networks [5-10].

And also realized an idea about complex use of traditional and non-traditional sources energy to
create energy-saving step control systems and climate control mines taking into account the peculiarities
of the interaction processes ventilation flows during their movement along mountain mine with an
energetically active medium of hygroscopic rocks.

On the basis of the above created a mathematical model of the original conjugated heat exchange
between the flow of mine air and mountain massif for non-stationary cylindrical tasks, allowing to exclude
when calculating the microclimate parameters of unsteady heat transfer coefficients, And use only the
fundamental coefficients (thermal conductivity, thermal diffusivity, heat capacity).

Mathematical model proves the necessity of applying the new concept a step distribution of air
treatment systems, with a spatial arrangement of heat and mass exchange modules in the nodes ventilation
system taking into account characteristics of heat and mass transfer and migration of condensation on
production of mines.

Also B. P. Kazakov had developed a unified mathematical model of the processes motion and mixing
jets with different thermodynamic parameters and arbitrary arrangement their on relation transporting flow
on the basis of turbulent heat and mass transfer taking into account their dynamic expansion and mutual
influence during the motion combined flow in the air supplying trunks.

Details discussed processes moistening surfaces by condensation of moisture migration by output of
mines with hygroscopic surfaces, taking into account daily and seasonal variations the partial pressure of
water vapor in a binary mixture and the variable sorption activity of the surrounding rocks and principles
of creating conditions for the accumulation of energy in stratified salt solutions and methods of artificial
"pumping" of cold with allowance for turbulent convection based on the solution system of equations for a
single-component fluid for weak convection in the framework of a second-order model [5-10].

Since the beginning active study of the causes formation condensation mines passed a little more than
65 years.

A large number of scientists and production workers (Isachenko V.N., Terekhov V.V., Sharov K.A.)
paid great attention to directly study the mechanism of transformation of atmospheric moisture in mine
condensation water, connecting in a single process heat and condensation [11, 12].

In the future, russian scientists (Kazakov B.P., Medvedev LI., Shcherban, Dudar E.S., Vlasov D.V.,
Levin L.Yu. and many others) were developed scientific foundations of filtration diffusion methods for the
prediction of gas evolution and condensation gas situations in mine workings, based on use fundamental
laws of thermodynamics and physical chemistry, which significantly increased reliability forecast of
occurring phenomena.

Now, when developing deposits of non-metallic minerals (especially potash and salt) an important
place is given to studies of the interaction atmospheric moisture from injected air and mine rocks.

A detailed study influence the hygroscopicity rocks on the process of condensation moisture in mine
ventilation system was made an assistant professor of Perm State University Elena Dudar [13-17].

Submitted to it by the results of numerical experiments and field observations allow fairly accurately
assess the influence of the hygroscopicity rocks on activity of condensation processes, estimate the
amount precipitating in the mine moisture and size of the condensation zone and also to find out some
regularities of its formation.

Field observations at specific sites confirmed that during the warm season occurs cooling of outside
air, entering in the ventilation network mine. In this case, water vapor contained in the air condenses, fal-
ling out in the form of moisture on the walls of the rock massif.

— 3 ——
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According to the survey noted that for small values of hygroscopic point falls a greater amount of
moisture, up to 12000 tons, with a constant condensation zone size equal to 5 km [17].

Condensation can take place in any ventilated underground structures, wells, voids, but to the greatest
extent it is characteristic of shallow potash mines, in which the process is intensified due to the high
hygroscopicity of the rocks. Moisture and salt form an aggressive environment that adversely affects mine
equipment, it reduces the load-bearing capacity of pillars, leading to flooding of mine workings. In
conditions of increased hygroscopicity of rocks, air treatment is necessary, to reduce or completely
eliminate the loss of moisture from the air [14-16].

It was found that on this problem in related sciences have certain developments [18, 19]. The point of
view of these scientists is based on the fact that physico-chemical properties of thin liquid layers are
substantially different from its properties in the bulk phase.

It is believed that in the case of the system "solid - water" impact surface phase section on the struc-
ture of a liquid can be transferred from layer to layer by a certain chain mechanism so that forms a conti-
nuous series of transition states from the crystal lattice to the saturated solution [19].

Thus, on hygroscopic surface will form a saturated solution salts with variable concentration. And if
the law of Raul partial vapor pressure above the solution always less than over the pure solvent, over the
adsorbed layer, it will be even less, which leads to the intensification of the process of moisture absorption
from the air [18].

The model of "adsorbed layer" is more complicated, since in it, along with dilution saturated solution
(condensation) takes into account simultaneously occurring dissolution of the solid phase. In this case,
sorbed water is considered as a saturated salt solution with a constant at this temperature water vapor
pressure above it.

Thus, humidification salts occurs when partial pressure water vapor in the surrounding atmosphere
more vapor pressure over a saturated solution same salt at the same temperature [18].

Taking into account quantitatively hygroscopicity through the critical relative humidity (hygroscopic
point), that is the humidity at which moisture begins to fall out from the air.

To assess this effect hygroscopicity rocks on the process of condensation, a model problem was
considered in which mine network was modeled by system of parallel excavations.

The observed phenomenon of multiple condensation of atmospheric moisture when the correspon-
ding conditions arise universal nature.

Studies E. Dudar showed that hygroscopicity of the rocks has a significant effect on the process of
condensation.

In his studies in the Red Cave near Simferopol, V.N. Dublyanskii repeatedly observed inside daily
recurrence of condensation an average of 15 times per day and N.F. Lukin discovered this phenomenon
when studying condensation in soil, where this process was repeated more than twenty times a day.

In the seven-year experiment hydrogeologists of the Yalta expedition with scrap material of 22 cubic
meters they received 12 liters per day of condensate water, and the process was resumed only on the third
day. Studies of this process were, unfortunately, interrupted in connection with the restructuring of the
termination of funding.

For consideration problems of mine waters are of great interest for implementation in practice of the
field development plan for scientific research and recommendations L.Yu. Levin [20, 21].

His proposals are as follows. During the summer period, air-heater systems existing with each air-
discharge barrel can be used for cooling and dehumidifying air. The principle operation of such plants is
supply of a cooled coolant to the tubes of air heaters, where moist air, in contact with the cold walls of the
tubes, is subjected to drying and cooling. Cold brine or another coolant from the pickle of refrigerant
through the filter is fed to the heat exchanger. In air heater pump unit is fed into this circulating chilled
water ring. Dehumidified air after coolers for air heater channel enters into the barrel where it is mixed
with the untreated part of the air. The advantages of this method are a minimum reconstruction of the air
heater and its use throughout the year.

A special feature of the calculation heat exchangers working on air cooling is the generation of heat
during the condensation of water vapor, which goes for additional heating water.

The mathematical description of air dehumidification in air-conditioning units was used to create a
program for calorimeter setting in the summer, which allows to predict the basic operation of plants, that
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is an air temperature and refrigerant at the outlet from the heat exchangers apparatus, critical air
temperature and amount of moisture released at the same time.

It should be borne in mind that the heating systems of the air supply shafts using gas heat generators,
developed on the basis of three-dimensional numerical modeling of air flows, taking into account the in-
dividual aerodynamic features of the surface complex and providing the operation of heat exchanging
equipment under conditions of condensation mode of heat exchange at the maximum coefficient use of
fuel.

As arule, in existing air conditioning systems, atmospheric air is heated in air-conditioning units, the
heat carrier in which is superheated water from heat networks. Heat losses during transport of coolant and
the heated air moving air heater in such installations is 30-50%. Therefore, recently, during the recon-
struction of heating systems of shafts, a great interest is caused by technological schemes for heating
atmospheric air with using gas heaters, which is due to relatively low operating costs, minimal losses of
thermal energy and high efficiency use of fuel [20, 21].

Summarizing, it is worth noting that the deterioration of the ecological situation in many deposits of
potassium salts and safe working conditions requires more vigorous efforts to eliminate negative pheno-
mena and their consequences, as well as rapid adoption of measures to create reliable means of protecting
the environment from man-made impacts.

In many respects, deterioration of the ecological situation is facilitated by the formation of conden-
sate mine waters, which are the destroyers of the pillars, walls and roof, etc. Consequently, solution of the
problem ensuring environmental safety and prevention necessitates a special approach for solution.

These problems, as a rule, require practical actions and are not solved using only mathematical ana-
lysis. The urgency of the same problem, is caused both by extreme vulnerability from man-caused factors
of one of the most important natural resources and the large-scale consequences of such especially hard-
to-eradicate groundwaters.

Developed on the basis of new scientific concept of the formation of condensation mine waters re-
commendations have social and environmental benefits, can give great savings. They should be introduced
at mines and mines in the CIS, in particular in Kazakhstan, for example, in fields of the type Satimola.
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®. B. lllecTtakoB
KIIIC "OBUC", Anmatsl, KazakcTan
KOHJAEHCAIUSAJBIK KEHIII CYbI

AnHoTanus. Makanmana COHFBI 65 XbUITa KOHACHCAIWSUIBIK KEHIII Cylapbl OOWBIHINA aKIMapaTTHIK IOy
xacanraH. KOHIEHCAMSIBIK KEHIM CyNnapblH KaJbINTACTBIPYIbIH XKaHA TYXKBIPHIMIAAMAChIH KYpy KEHIIITep MeH
maxTajapia arMoc(epaiblK bUIFANIBUIBIK KOHAEHCAIMACHI TEOPUSICHIHA JKacaJFaH YJIKEH FBUIBIMH Yiec OOJbII
TaObUIa/IBI, BUIFAN TAPTKBIITHIK JKBIHBICTAPEIH €CKEPE OTHIPHIIN, aTMOC(EPANIBIK bUIFAIIBUIBIKTHIH KOHICHCALUSCHIH
3epTTey oIicTepi MEH Tociiiepi TajlaHFaH, jkaHA TYXKbIPHIMIAMAHBIH HETi31HAE KYphUIFaH Kypajajap MeH Mexa-
HU3MJIEPAIH TOKIpUOECiHEe eHTri3y KeHIITep MEH IIaXxTaJlapAblH MUKPOKINMATBIH alTapibIKTal »KakcapTyFa MyM-
KiHJIK Oep/Ii Jen KepCeTUIreH, OHIa OJ1ap Tay *KBIHBICTAPBIHA KOHE KOHCHCAIHS JKbUTYBIH/IA IIIOFBIPIAHFaH CYBIK-
TBIH TayChLIMAc KOpJapbl THIM/I NaijaaHblIFad, MaKyJIIaHFaH.

Tyiiin ce31ep: KOHICHCAIMSIIBIK KEHIII CYBIH KIBIITACTBIPY/ IBIH JKaHa TY)KBIPBIMIaMAaChl, KEHIII ayachIH IaFbl
aTMocepanblK bUFaIIBUIBIKTEIH KOHEHCAUSCHI, KbUTYy SHEPTUSUIBIK MAcCalbIK ajMacy, bUIFajil TAPTKBILITHIK JKoHE
BIJIFJI JKYTKBIII HYKTE, bUIFAJIJIbIH KOHJICHCAIMACH! KEe3iHJIe KOJIIaHBICTAFbl KE3eHAEP/IiH 03apa SpeKeTTeCyiH KoHe
KOH/ICHCAIMSIIBIK YACPICTIH KaTaTaHyIIBUIBIFBIH alllybIH aHBIKTAUTEIH (PU3UKABIK KYOBUIBIC, KCHIIITEPAIH MUKPO-
KITUMATHI KOHE OHBI OacKapy KeJemeri.

®. B. lllecrakoB
TOO "OBUC", Anmatsl, Kazaxcran
KOHAEHCAIIMOHHBIE PY/JIHUYHBIE BO/IbI

AnHOTanus. BeimosHeH 0630p nHPOpManyH 10 KOHAEHCAMOHHBIM PYAHUYHBIM BOJAaM 3a MOCJIeAHUE 65 JeT.
OTMe4€eHO, 4TO CO3/laHWe HOBOW KOHLEMIMH (OPMHUPOBAaHHS KOH/ICHCAIIMOHHBIX PYJHUYHBIX BOA SIBIISIETCS KPYII-
HBIM Hay4HbI BKJIQJIOM B TEOPHIO KOHAEHCAIMM aTMOC(EepHON Barn Ha pyIOHUKAaX M IIaxXTaxX, MPOAHATU3NPOBAHBI
METOJbl U TPHEMBl MCCIECAOBAHMI KOHICHCAIIMM aTMOC(HEpPHOH BIard ¢ y4eTOM T'MI'POCKOIUYHOCTH PyIXHHYHBIX
MOPOJ, OTMEYEHO, YTO BHEAPEHHE B MPAKTHKY 000PYyI0BaHHS U MEXAaHU3MOB, CO3/1aHHBIX HA OCHOBE HOBOH KOHIIETI-
LI1H, NTO3BOJIMJIO CYIIECTBEHHO YIYUIINTh MUKPOKJINMAT PYAHUKOB M IIAXT, TJi€ OHU anpoOHPOBaHbl, PAllMOHAIBHO
HCIIOJIBb30BaTh HEUCUEPIIAEMBIE 3aI1ACHI XOJI0/d, AKKyMYJIHPYEMOTO B TOPHBIX ITOPOJaX U TEIUIOTY KOHJEHCALUH.

KaioueBble cioBa: HoBass KoHuenuusi (HOPMHPOBAHMS KOHJCHCALIMOHHBIX PYIAHWYHBIX BOJ, KOHIEHCAIMS
aTMoc(epHOl Biarn B PYAHUYHOM BO3JIyXe, TEIIOOHEProMacCOOOMEH, TMIPOCKONMMYHOCTh M TUIPOCKONHYECKas
TOYKa, (PU3NUECKHE SBJICHHS, ONPEIEIISIONINX B3aUMO/ICHCTBIE COCYLIECTBYIOMMX (a3 MPH KOHJCHCALUY BIard U
OTKpBITUE IMOBTOPSIEMOCTH KOHJEHCALMOHHOIO IPOLIECCa, MUKPOKIMMAT PYJHUKOB U IEPCIEKTUBBI €r0 yIpaB-
JICHHUEM.
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FEATURES OF TITANIUM-BEARING MINERALS
OF VERKHNEE ESPE RARE METAL DEPOSIT
(EASTERN KAZAKHSTAN)

Abstract. Titanium mineralization, timed to magmatic and postmagmatic stages with description of occurrence,
general appearance, physical properties and chemical composition of minerals: rutile, anatase, ilmenite and its varie-
ties: pyrophanite and ecandrewsite; columbite and its varieties; titanosilicates: narsarsukite, lorenzenite, neptunite,
natrotitanite, minerals of astrophyllite group and bafertisite; as well as titanium-bearing minerals of pyrochlore group
and fergusonite, is considered. Problems of the mineral formation in the high-temperature stage of alkali meta-
somatism, in which titanium manifests itself as a relatively active element, are discussed.

Key words: physical properties, chemical composition, titanium-bearing minerals, alkali metasomatism,
Verkhnee Espe deposit.
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OCOBEHHOCTHU TUTAHCOJEP/KAIIMX MUHEPAJIOB
BEPXHEDCIIMHCKOI'O PEJKOMETAJBHOI'O
MECTOPOKJIEHUS (BOCTOYHBII KA3AXCTAH)

AnHoTanus. PaccMoTpeHa TuUTaHOBas MHUHEpalu3alys, NPUypOYEeHHas MarMaTH4eckoMy M IOCTMarmMaTH-
YECKOMY oTanaM, ¢ OIMMCAHUEM MCCTOHAXOXACHHWA, BHCIIHCTO BHUIA, (1)H3I/ILICCKI/IX CBOMCTB M XMMHYECKOI0 COCTaBa
MHUHEPAJIOB: pyTHJIa, aHaTa3a, WIBMEHUTa M €ro pa3HOBUIHOCTEH: NMUPOQaHUTa M SKAHIPIOCUTA; KOJyMOUTa U €ro
Pa3HOBUIHOCTEW; TUTAHOCUIIMKATOB: HApPCAPCYKUTA, JOPEHLECHUTA, HENTYHNUTA, HATPOTUTAHUTA, MUHEPAJIOB TPYIIIbI
actpopmwumTa u OadepTucHuTa; a TaKKe TUTAHCOAEPKAIIMX MHHEPAIOB TPYINIBI MUPOXJIopa M (eprycoHuTa.
OO6cyxeHbl BOIIPOCHl X 00pa30BaHMs B BBICOKOTEMIIEPATYPHYIO CTAJMIO IIEJIOYHOIO METAacoMaro3a, B KOTOPBIX
TUTaH MPOSIBIISICT ce051, KAK OTHOCUTEILHO aKTUBHBIN 3JIEMEHT.

KiaroueBble ciioBa: (pu3ndeckue CBOWCTBA, XUMHUYECKHI COCTaB, THUTAHCOICPIKAIINE MHHEPANbI, IICTOYHON
MeTacoMaro3, BepxHesCcITMHCKOEe MECTOPOKACHHE.
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BBenenue. BepxHeacnmMHCKOE MECTOPOXICHUE SIBIIACTCS YHUKAJIbHBIM T€OXUMHYECKAM, MHHEpa-
JIOTHYECKHUM, TeTporpapuuecKuM 0OBEKTOM H3YUEHHUS MPOIECCOB (DEHWUTH3AINH W, CBA3aHHOTO C HHUMH,
peaxkoMeTanbHOTO pynoobpasoBanus [1-13 u ap.]. B otnudme ot u3BeCTHRIX MecTopokacHuii [14-19] ms
JAHHOTO TIPOSIBJICHUSI XapaKTEPHBI CIENyIOIIUEe OCOOCHHOCTH: MPUYPOUYCHHOCTh K MallbIM HHTPY3HSAM,
MPEJICTABIICHHBIM IIEJIOYHBIMH TPAHUT-TIOPPUpPaMU U TpaHOHpamu, YTO OOYCIOBWIIO CPaBHHUTEIHHO
KpaTKOBPEMEHHOE TIOCTMAarMaTHYecKOoe BO3JEHCTBHE M HEOOJIBIIYI0 MOIIHOCTh OPEOJIOB (DEeHWUTH3AINH;
CIIO)KHOCTh TEKTOHHYECKOH O0OCTaHOBKHM MECTHOCTH, T'Jl¢ YacTas CMEHAa HampaBlieHHS W MHTCHCUBHOCTH
TEKTOHHYECKUX HANPsHKCHHWH BIHSAJIA HA B3aMMHBIC HAJIOXKEHHS TOTOKOB (MIFOMIOB U HA TIepeMelIeHue
JIETYYHX U JIETKOTIOIBIYKHBIX KOMITOHEHTOB; OTHOCHTEIHHO OJM3MOBEPXHOCTHBIE YCIIOBHUS BHEAPUBIIIHXCS
UHTPY3UH, 9TO OOYCIOBMIIO JIETKOE «BCKHMIIaHWE» M 00pa3oBaHME «IIOTOKOBY» BBIIEISBIINXCS KOMIIO-
HEHTOB; KOHTPAaCTHOCTh COCTABOB BMEIIAIOLINX MOPOJ C LIEJIOYHO-TPAHUTHBIM MaTepHaloM WHTPY3UU;
MpUOIKEHHEe KOHEYHOTO MPOAYKTa OOBIYHO K COCTaBy aKTHBHOW HWHTPY3HWH, OOYCIIaBIUBAIOMIEH 3Ty
¢denntuzanmto [3]. PacrpeneneHue moie3HbIX KOMIIOHEHTOB HA MECTOPOXKICHUH OT HEPABHOMEPHOTO 10
BEChbMa HEPaBHOMEPHOTO, OHAKO, B TIpe/eNax ONpPEICICHHBIX OJOKOB WX JaKe THIIOB OHO MOXET OBITH
JIOCTATOYHO BBIJIEP’KAaHHBIM. B OTAENBHBIX Tenax W Xuiax cojuepkanus mocturaroT: ZrO, no 20% u 60-
nee, NbyOs mo 1-2% wu Gonee, P32,0; u Y,03 mo 5-10% [2]. MuHUManbHBIC KOHIICHTPAIUA PEIKUX
3JIEMEHTOB, B IIEJIOM, [0 MECTOPOXKIEHUIO OTMEYAIOTCS B PeIKOMETallbHO3aMEIIEHHBIX MerMaTHTax U
aTpOUTHTAX.

Turan Ha BepxHEACTMHCKOM MECTOPOXICHUHU HE SBISETCS TIIaBHBIM dJIeMeHTOM. Ero copepikanne B
IIETIOYHBIX TPAHNUTAX HE3HAUMUTEIHHO. DJIEMEHT NPUBHECEH, B OCHOBHOM, U3 BMEUIAIOMIKX MOPOA. Ydac-
THE TUTaHA BO MHOTHX Mpoleccax NaéT HeHHYI0 HH(POPMALUIO U paciii(pOBKH MHOTHX acleKTOB I'eHe-
31ca pa3IMYHBIX PEIKOMETAIbHBIX MPOSBICHUI Ha MecTopokaeHNA. OOHApYKEHHNE PEAKIX TUTAHOBBIX U
TUTAHCOAEPIKAIIUX, B TOM YHCIIE, HOBBIX MUHEPAJIOB MOJOTPEBAET MHTEPEC K PACCMOTPEHHUIO Ha MECTO-
POKACHUN TUTAHOBOH MUHEpATU3ALNH.

Metoabl HuccaeJOBAHNNH THUTAHOBBIX M TUTAHCOAEP:KAIMMX MHHEPAJIOB. XHMHUYECKHM COCTaB
MHHEPAJIOB [ETATHHO HW3YYalICs METOIOM DJIEKTPOHHO30HIOBOTO MHKpoaHammza Ha JCXA 733 ¢
nmpuMeHeHueM 3HeproauciepcuoHHoro crekrpomerpa INCA ENERGY mpu yckopsitomieM HarpsbKeHHH
15 B, Tok 30Hma 25 HA, cokycupoBanHOM (arameTp 1-2 MKM) 30H7E. B KauecTBe 00pa3IoB CpaBHEHUS
ucrnonb3oBadel: ansout (Na), MgO (Mg); ALO; (Al); SiO, (Si); agymap (K); CaSiO; (Ca); TiO, (Ti);
Fe,03-MnO (Fe, Mn), metammuueckuii (Zn); mertaiuudeckue Zn, V, Nb, Ta, Sn, U, Co (Zn, V, Nb, Ta, Sn,
U, Co); ThO, (Th); SrF, (Sr); ZrO, (Zr); CaF, (F), BaSO, (Ba), x(PO,) (x - REE).

JletanpHOe wWCclenoBaHHE XHMHYECKOTO COCTaBa TUTAHCOEPKAIUX MHUHEPAIOB ITHPOXJIOPOBOM
TPYIIIBI TPOBEACHO Ha PEHTreHOCHEKTpadbHOM MukpoaHamm3aTtope Cameca SX-50 B Myszee Ectect-
BenHo# Mcrtopuu (r. JIoHn0H).

XVAMUYECKHA COCTaB M KPUCTAJUTMUYECKAs CTPYKTYpa OTKPBITBIX HA MECTOPOXKIECHUH MUHEPAJIOB:
KaMmapanTa, HaTpOTUTAaHWTa W TapOararanta ObUTM W3yYeHHI B JIaDopaTOpWu YHHUBepcuTeTa ManuToOa
(Kananma) Ha a51eKTpOHHO30HI0BOM MHKpoaHanuzarope Cameca SX-100 ¢ wmcmonb30BaHHEM KPHUCTAI-
BOJIHOBBIX CIIEKTPOMETPOB.

Pentrenoandpakromerpudyeckuii aHanu3 BeimonHsuicss Ha augpakromerpe HAPOH-2,0 ¢ Cug,
W3IyYeHHEeM, [-QUIbTpoM. YCIOBUS ChEMKH TU(PAKTOrpaMM: yCKopstollee HampspkeHne - 35 kB; Tok
aHoga — 20 MA; mkana: 2000 uMI; MOCTOSTHHAS BpeMEHH 2 ¢; chbeMKa O-20); neTekTop 2 rpaj/MuH.

g onpeneneHus BAJIGHTHOTO COCTOSHUS KeJle3a B COCTaBE MUHEPAIOB TPYTITBI aCTPOPIIITATA OBIIT
UCIIOJIb30BaH METO/ MeccOaydpOBCKOM CIIEKTPOCKOIIHH.

TuranoBass mMuHepagmsanusi BepxHeacnumHckoro MecropoxaeHnusi. OCHOBHBIMH MUHEpanTaMu
TUTaHa Ha MECTOPOXKICHHUU SBIISIOTCS PYTWI, WIBMEHOPYTHI, aHAaTa3, WIBMEHHT U €ro PasHOBHUIHOCTH:
mUpo(GaHUT ¥ IKAHAPIOCUT; THTAHOCHIIMKATHI: HapCAPCYKHUT, JIOPEHIICHNUT, HENTYHUT, TUTAHUT W HATPO-
TUTAHUT, UYTUCUT, MHHEPAIBI TPYIIIBI acTpodUIUIHTa, OadepTHCUT, KAMapanT, II3UHBIIALBSIHUT; a TAKKe
TUTaHCOAEPKAIe MUHEPAIBl TPYIIBI MUPOXJI0opa, peprycoHuT u np. [2-13]. OCHOBHBIMU HCTOYHUKAMHU
THTaHA Ha MECTOPOXKIACHUH, OUEBUIHO, ObUIN mrabasbl, JJaMIpohupsl, TabOPOIHOPUTEI U Ap. TOPOILI C
OTHOCHUTENIFHO BBICOKMM COJEp)KaHHEM 3JIeMeHTa. THTaHoBas MHHepanu3alus HaONIoJaeTcsl B MecTax
KOHTaKTOB I'pPaHHTA C STUMHU TIOPOJaMH, a TAKXKe B JJOKATbHBIX MECTaX CAMUX I'PAaHUTOB U BO BMEILAIOIINX
MOpOJIaX C BEICOKUM COZIEpKaHUEM THTaHa, JKeje3a U Ap. 3JIEMEHTOB.
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Pymun Ha MeCTOpOXIEHUH BCTPEUYaeTCS B PA3IMYHBIX MUHEPATIbHBIX «HHIIAX»: B KPUOIUTE B BHIE
TUIOCKAX HWTOJOYEK, PACIIONIOKEHHBIX 10 CIIaiHBIM B3aWMHO TEPEKPEIIMBAIOIINMCS HAIPABICHUSIM; B
MPOJIYKTaX 3aMEUICHUs] THTAHOBBIX MHUHEPAIOB: HapcapcykuTa [8] w/mnm actpodumnura. TéMHBIE KpHC-
TAUIMKA OpYKUma AMEIOT (OpMYy IUIOCKUX YAJMHEHHBIX IUIACTHHOK. Pa3Mepsl 3€peH mepeyrciIeHHBIX
MUHEPAJIOB Yallle MUKPOCKOIIMYECKUE, PENIKO B JUIMHY JOCTHTAIOT N0 2 MM. AHama3 OOBIYHO HECKOIBKO
KpymHee. MuHepan BcTpedaercs B (hopMe clieTka yIUIMHEHHBIX 3EpeH dJalle roidy0oBaToro WIIH JKEITO-
BaTOro BeTa. Bee Tpu okcuma o0pa3yroTcs B KauecTBEe NMPOIYKTOB 3aMEILICHUS Hapcapcykuta. Mivme-
HOpymuji XapaKkTepPeH TOJBKO IS BBIXOJOB MOPO/I, CONEPKAIINX YTIIEPOANCTOE BEIIECTBO, T1Ie OH TAKKe
oOpa3yercsi B pe3yJibTaTe 3aMeIleHUs] HapCapCyKNTa, HO B OTJIMYHE OT APYTHUX BApUAHTOB 3aMEIEHHS, OH
OOBIYHO MOJTHOCTHIO BEIHOCHTCS U3 00BhEMA KPUCTAIIIIOB HCXOHOTO MUHEpalia HapcapCyKUTa.

Unvmenum B TPaHOIMOPHTAX M B IOPOJAX OCHOBHOTO M CpPEIHEr0 COCTaBa BCTpedaeTcsl B BUAE
MeNKUX (pPeIKo TPEBBHIMAIOIINX HECKOJIBKO MM) YIUIOMEHHBIX KPHUCTAIOB. B mermarommHeix o0paso-
BaHUAX OH OOBIYHO 0Opa3yeT KpymHble (10 8 cM mpu TonmuHe 1-1,5 cM) Tabnutyarbie KpucTamisl. Pexe
MHUHEpaJl BCTPEUaeTCsl B MPOAYKTaX 3aMeIleHHs HapcapcyKuTa. M3yueHne XMMHYECKOro cocTaBa MHHE-
paJia U3 pa3HBIX MECT MECTOPOXKISHH MOKA3aJI0 3HAYNTEIbHbIE BapUAIIMH OT COOCTBEHHO MIILMEHUTA JI0
KpallHUX YJICHOB PSANIOB 3aMEIIEHUS: dKaHIpiocuTa W mupodanuta (tabmumsr 1, 2). Mapeanyesvie u
YUHKOBbIE PA3HOBUOHOCU UTbMEeHUmMa BCTPEYAIOTCsI B BHJIE MENKUX (dalie MeHee | MM) yIIOMIEHHBIX
KpuCTaJUTOB. OTHOCHTENIEHO BBICOKOE COJIepKaHMe jKelle3a B MHHepalle OTMedaeTcsi B oOpaslax M3 WH-
TPY3WUBOB, HE TIOJBEPTIIUXCS €II¢ TIIyOOKOH IMOCTMarMaTHdecKoi nepepadorke (Tadmmma 1, anamussel 1-4),
U U3 MECT, OJM3KO MPUMBIKAIOIINX K JaiiKaM OCHOBHBIX TOPOJ, OOTaThIX TUTAHOM H XKejne3oM (radopo,
naMrpodupsl U 1Ip.) (aHATIHU3H 5, 6).

Tabmuna 1 — Xumuueckuit cocTaB WIbMEHHUTA, Mac.%
Table 1 — Chemical composition of ilmenite, wt.%

Muse- Maprannesblit IMuHK-MapraHueBbli Maprasen-uuHKOBBIN U Zn-Mn-
pan HJIBMEHHT WIBMEHHUT IIMHK-MapraHLeBbIi HIBMEHUT WIBMEHUT
Mecto [Iermarounnoe teno Bo6mm3n naitku JKunsHoe nposiBieHue Termaromng.

JKUJIa BO
B3ATHs | B HHTpY3uBe (06H. 61. O3 namnpogupos (C3 (x BocTOKy OoT Majoro BeIxo/a) PN
Bonbmioro Bexona) Bonbmoro Berxoaa) BMeIHaiotien
nopojie
Kowmo-| - 2 3 4 5 6 7 8 9 [ 10 | 11 | 12 13
HEHTBI
Nb,Os | 0,64 | 0,82 | 0,75 | 0,90 0,77 1,60 0,47 | 0,74 | 1,06 | 0,69 | 0,25 | 0,64 0,00
SiO, 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00 0,00 | 0,00 | 0,00 [ 0,00 | 0,00 | 0,00 0,19
TiO, 54,83 | 54,78 | 52,95 | 55,73 | 53,61 53,23 | 54,33 | 55,48 | 53,97 | 52,67 | 52,01 | 51,23 54,19
MnO 6,28 | 7,45 | 8,29 | 8,02 5,20 5,55 8,84 | 8,11 | 894 | 10,41 | 10,63 | 12,62 10,59
FeO 38,271 36,51 | 35,321 33,00 | 35,56 30,52 | 35,01 | 28,33 | 25,18 | 23,93 | 20,29 | 19,30 19,84
ZnO 0,41 | 0,35 | 0,34 | 1,82 6,55 10,31 1,42 | 7,65 | 9,68 | 8,73 | 16,14 | 14,75 15,11
X 100,43] 99,91 | 97,65 | 99,47 | 101,69 101,21 |100,07|{100,31| 98,82 | 96,43 | 99,32 | 98,54 99,92
KommuectBo B dpopmyse B pacuére Ha O=3 at.
Nb>* 0,01 | 0,01 | 0,01 | 0,01 0,01 0,02 0,01 | 0,01 | 0,01 | 0,01 | 0,00 | 0,01 0,00
Si** 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00 0,00 { 0,00 | 0,00 [ 0,00 | 0,00 | 0,00 0,00
Ti** 1,02 | 1,03 | 1,02 | 1,04 1,00 1,00 1,02 | 1,04 | 1,03 | 1,03 | 1,01 | 1,00 1,03
Mn** 0,13 | 0,16 | 0,18 | 0,17 0,11 0,12 0,19 | 0,17 | 0,19 | 0,23 | 0,23 | 0,28 0,23
Fe?* 0,79 | 0,76 | 0,76 | 0,69 0,74 0,64 0,73 | 0,59 | 0,53 | 0,52 | 0,44 | 0,42 0,42
Zn*" 0,01 | 0,01 | 0,01 | 0,03 0,12 0,19 0,03 | 0,14 | 0,18 | 0,17 | 0,31 | 0,28 0,28

3HaYuTENHHBIC BAPHALIMK XUMUYECKOTO COCTaBa MUHepaia OT 3epHa K 3epHYy (aHanmu3bl 5, 6 u 7-12) u
JaXke B TIpeliesiaXx OdHOTO 3E€PHA ¢ XapaKTEPHON «IIATHUCTOCTHIO» (aHAMM3EI 7, 8) (pUCYHOK 1), yKa3pIBatOT
Ha MIMPOKOE pa3BUTHE MOHOOOMEHHBIX mporeccoB. ConepikaHue keje3a B oOpaslie MUHEpaia U3 rerMa-
TOMIHOHN XWJBI BO BMeIIarouiel nopoae (aHanu3 13) yMeHbIIaeTCs MOYTH B JBa pa3a ¢ OAHOBPEMEHHBIM
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I 200 pm 1

Pucynok 1 — Unsmennt ¢ HuskaM (ZnO 1,42 mac. %) coneprkanneM IuHKa (TéMHO-cepoe) (Tabnuma 1, anamms 7),
¢ noBsmIeHHBIM (ZnO 7,65 Mac. %) conepskanneM IuHKa (cepoe) (aHamms 8).
Muxkpopa3mepHbIe BKIIOUeHHs Kaccutepura (6emoe). BEI

Figure 1 — Ilmenite with low (ZnO 1.42 wt. %) content of zinc (dark-grey) (table 1, analysis 7), with high (ZnO 7.65 wt. %)
content of zinc (grey) (analysis 8). Micro-inclusions of cassiterite. BEI

pOCTOM MapraHIla W IIMHKa. B cocTaBe WiabMEHHTa OTMEYaeTCsl HE3HAUMTEIBHOE COJepiKaHue HHUOOWS,
3aMEIaloIIeTo TUTAH.

XUMHYECKHH COCTaB mumancooepoicauje2o Kaccumepuma, HaXoSIIETOCsS B aCCOIUAIMH C HIIbMe-
HUTOM B )KHJILHOM TIPOSIBIICHUH (K BOCTOKY OT Majioro BeIxoja) (pUCYHOK 1), yCpeIHEHHBIH 10 5 aHaIn-
3am (mac.%) cnenyrommuii: TiO, 0,90; FeO 0,72; Nb,Os 0,59; SnO, 97,37; £ 99,58. Ero paccuuranHas
KPpUCTAJUIOXUMHNYICCKAA (bOpMy.Ha HUMECT BHU: (Sl’lo,gﬁTio,ozFeo,o1Nb0,01)1,0002’00.

Dxandprocum — UUHKOBask pa3HOBHIHOCTb WIIbMEHHTa, paHee Obul BcTpedeH A.B. CrenaHoBBIM B
Buje Menkux 3épeH B HeOombmoM (0,5-0,6 M) pyaHOM «CTONOE» MHTEHCHUBHOW MPOpalOTKU (IIFOHMIIOB
BONIM3H 1-rO pyAHOTO Teia W Jailkh OCHOBHBIX MOpoJl. BHemrHe MyuHepas MpakTHYeCKd He OTINYajICsS OT
WIbMEHHTA W OBbLI BBISBICH NMEPBOHAYAIBHO PEHTTEHOBCKUM aHAIM30M. DIIEKTPOHHO30HIOBBIH MHUKpPO-
aHaJIM3 MOKa3bIBaeT BapHallil XMMUYECKOTO COCTaBa MUHepana (Tabnuua 2, ananussl 1-5). MapranueBast
Pa3sHOBHUIHOCTh WIBMEHUTA — nupoganum (Tabmuma 2, aHanu3 6) BCTpeUeHA B aCCOIMAINH C STHPUHOM,
HUPKOHOM M MHUKPOKIMHOM BOJM3M 1-0r0o pyAaHOro Tena (pUCYHOK 2), a MUKPOBKIIIOUEHHS ITHHKCOEp-
JKamero nupodanuTa ObUIM OOHAapyKeHbl Ha 13-0M PyIHOM Tele B acCOUMAlMH C acTpOPHUIUTOM U
tapbararantoM. OOpa3oBaHHe BceX Pa3HOBUIHOCTEH MIIBMEHUTA XapaKTEPHO Ui 30H C CaMOW aKTHBHOH
MIETOYHON, CYIIECTBEHHO HATPHUEBOH, MPOPaOOTKOM.

KonyM0uT BCcTpedyaercss CpaBHUTEIBHO YaCcTO B IUIMXAaX Pa3HBIX MECT MECTOPOXKICHHUSI, B KOPEHHBIX
MPOSBICHUAX PEAKO B BHUJAE Y/UIMHEHHBIX HEMPO3PAauHBIX IDIACTHHOK YEPHOTO IIBETA pPa3MepoM JI0
10x4x0, n MM, He 00pasysl 3HAUUTEIHHBIX CKOTUICHNH. 3yueH XUMUYECKHIA COCTAB MUMAaHCOO0epHCauie2o
xkonymbuma (tabmuua 3, aHaau3el 1-4) U3 MErMaTOMIHOW KHWJIbI B DK30KOHTAaKTe BoNbIIOro BhIXOAa U
cTOI0000pa3HOI KpyTOMagaromieil 30HbI MPOpbIBa (IOUAOB B IIEIOYHOM I'pPAaHHUTE, OCTABHUBLIETO 31€Ch
OOWJIBHYI0O M Pa3sHOOOpa3Hyr0, NMPEMMYIIECTBEHHO, PEIKO3EMENTbHYI0 TOHKOBKPAIUICHHYIO MHUHEpaln-
3al[UI0 ¢ XapaKTepHBIMH MHUHEpallaMH: TAJCHHTOM, (IIOOLEPUTOM, POYIAHIUTOM, HUTTPOQIIOOPUTOM,
¢docharamMu peakux 3emenb, GropkapOoHaTamMu u Ip. TuTaHcoAep)KaIUi KOIXyMOUT M3 3TOrO HPOSIB-
JICHWsI OTIMYAETCS TIOBHIIIEHHBIM COZEpPKaHHEM B CBOEM COCTaBE UTTPUS M HE3HAUUTENLHBIM — YpaHa.
Tumancoodepoicawuii maneanokoiymoum (aHaIn3 5) ObUT BBISBIICH JICKTPOHO30HIOBEIM MHUKPOAHATTN30M
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Tabnuua 2 — XuMH4YecKHil CoCTaB KaHAPIOCHTA M MUPOdaHuTa, Mac.%

Table 2 — Chemical composition of ecandrewsite and pyrophanite, wt.%

Munepan OKaHAPIOCUT IMupodanur
MecTo B3sTust Heb6omnpmoii (0,5-0,6 m) pyz[Hblﬁl«I(;;c;J:gZ ?:;c)ﬂcmﬂoﬁ npopaboTKu (IIOUI0B, | pyiggl;lzy; -
KomnonenTst 1 2 3 4 5 6

Nb,Os 0,36 0,39 0,78 0,09 0,00 0,00
SiO, 0,32 0,00 0,00 0,00 1,73 0,02
TiO, 53,14 50,47 50,26 51,33 51,54 50,81

AlLO; 0,00 0,00 0,00 0,00 0,45 0,00
MnO 12,89 12,47 12,79 12,25 6,52 23,90
FeO 9,39 8,92 10,87 8,58 6,09 23,00
ZnO 26,46 26,74 22,83 25,17 33,92 1,06

z 102,69 98,99 97,53 97,42 100,25 98,85

KonuyectBo B popmyiie B pacuére Ha O=3 at.

Nb** 0,00 0,00 0,01 0,00 0,00 0,00
si** 0,01 0,00 0,00 0,00 0,04 0,00
Ti** 1,00 1,00 1,00 1,00 0,99 0,98
AP 0,00 0,00 0,00 0,00 0,01 0,00
Mn*" 0,27 0,28 0,29 0,27 0,14 0,52
Fe* 0,20 0,20 0,24 0,19 0,13 0,49
Zn** 0,49 0,52 0,45 0,49 0,64 0,02

I 400 pm 1

Pucynox 2 — MukposxiroueHus upkoHa (6ernoe), mupodanura (cepoe) 1 MUKpOKIHHA (4€pHOE)
B MUHepaze-xo3suHe srupune. BEI

in the host mineral aegirine. BEI

— 4) ——

Figure 2 — Micro-inclusions of zircon (white), pyrophanite (grey) and microcline (black)
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Tabnuna 3 — XuMHudecKkuii cocTaB TUTAHCOAEPIKAIUX KOIyMOUTa U MaHTaHOKOJIyMOuTa, Mac.%

Table 3 — Chemical composition of titanium-bearing columbite and manganocolumbite, wt.%

N Turancoaepxaui
Munepan TuraHcoaepx ammii KOTyMOUT MaHTaHOKOTyMGHUT
Mecro B3aTHs [lermatonnHoe teno B uuTpy3use. 13 PT MecTo npopbiBa GIIOHI0B OB Marnoro Beixona
KommnonenTsl 1 2 3 4 5
Nb,Os 60,98 73,46 74,33 72,67 68,38
Ta,0s 0,66 0,00 0,00 3,10 0,00
P,05 0,00 0,00 0,00 2,43 0,00
TiO, 14,55 6,15 6,27 2,57 4,97
SiO, 0,39 0,00 0,00 1,33 2,14
U0, 0,00 0,00 0,00 0,93 0,00
Y,0; 0,00 0,00 0,00 2,08 3,26
Dy,0; 0,00 0,00 0,00 0,00 1,17
MnO 8,87 8,87 8,94 7,92 16,92
FeO 16,69 11,87 11,99 11,50 3,38
CaO 0,00 0,00 0,00 0,00 0,46
z 102,14 100,35 101,53 104,53 100,68
KonmuectBo B popmyiie B pacuére Ha O=6 aT.
Nb** 1,46 1,82 1,82 1,72 1,69
Ta> 0,01 0,00 0,00 0,04
p>* 0,00 0,00 0,00 0,11
Ti*" 0,58 0,25 0,25 0,10 0,20
Si** 0,02 0,00 0,00 0,07 0,12
u* 0,00 0,00 0,00 0,01
Y 0,00 0,00 0,00 0,06 0,09
Dy 0,00 0,00 0,00 0,00 0,02
Mn** 0,40 0,41 0,41 0,35 0,78
Fe** 0,74 0,54 0,54 0,50 0,15
Ca? 0,00 0,00 0,00 0,00 0,03

B BHJIC€ MUKPOBKIIFOUEHUH B acTPO(QUILTUTE B ACCOLMAINY C TUPOPAHUTOM U KBapIeM U3 FOT0-BOCTOYHOMH
gacTtd Majoro BeIXoja.

Tumanum — aKIECCOPHBIA MUHEpas, NIMPOKO PACIPOCTPAHEHHBIA B TPAHOAMOPHUTAX, JTHOPHUTOBBIX
nop¢upurax, rabdpoanopuTax, IeTATBHO HE UCCIEAOBAJICS.

Hampomumanum (NaysYs5)Ti(SiO4)O ObUT OTKPHIT Ha MECTOPOXACHWH TIPU HW3yYEHUH MHHE-
PaJIbHOTO cocTaBa (DEHUTU3UPOBAHHBIX MOPO]] B 3K30KOHTAKTE BBIXOJOB IICIIOUHBIX IPAHUTOB, & UMEHHO,
B miceBgoMopdo3ax 1Mo HapcapcykuTy [5, 7]. MmuHepan dyaiie MOTHOCTHIO WIIM YaCTUYHO 3aIlONHSET
00BeMBI OBIBIIMX KPHUCTAUIOB HAPCAPCYKHUTA 3BE3AYATHIMH CPOCTKAMH JKENTBHIX HIIH JKEITOBATO-OEIIBIX
MEJKUX TPU3MOYEK. DJICKTPOHHO30HIOBBI MUKpPOAHAIM3 MOKa3al, YTO OH Pa3BUBAETCS KakK IO IepH-
(epuu U MO OTJCIBHBIM TPEIUHKAM HATPOUTTPOCOICPIKAIIETO TUTAHNUTA B BUJIC KaéMOK (PUCYHOK 3), TaKk
U B BHJIE CAMOCTOSITENILHBIX 3EPEH B acCOLMAIUU C ANBIUANTOM U (hrmooputom [5]. MHOTHa B miceBno-
Mop(03ax B IICHTPAJIBHBIX YACTSIX 3BE3MYaThIX O0pa30BaHUIl MOXKHO BHJICTh CKOIUICHHS MEJKUX 3€peH
pyTHIIa, HO HESICHO, Pa3BHBACTCS OH MO HATPOTUTAHUTY WJIH HA00OPOT.

Acconuupyromne ¢ HaTPOTUTAHUTOM MUHEpajbl: MUKPOKIMH, aIbOUT, KBapll, PHOEKUT, STHPHUH,
OmoTHT, acTpOoDWILINT, PYTHJ, ITUPKOH, (DIFOOPHUT, HTTPOQIIIOOPUT, SIBMUAUT U ap. LlBer MuHepaa
MOJIOYHO-OENBIN 10 JKEeITOBATO-CEPOro, depTa Oenast, CTCKISIHHBIA OJiecK. Y CPeTHEHHBIN XUMUYCCKUM
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f 100 pm !

Pucynok 3 - ®parmeHr arperara: HaTpOTUTAHHT (O€JI0€) U HATPOUTTPOCOISPIKAINI TUTAHUT (Cepoe)
¢ urrpodiroopuroM (TéMHO-cepoe). BEI

Figure 3 — Fragment of an aggregate: natrotitanite (white) and (Na,Y,REE)-bearing titanite (grey)
with yttrofluorite (dark-grey). BEI

cocraB HaTpoTuTanuta (Mac.% ): Nb,Os 1,28; SiO, 27,83; TiO, 35,00; SnO, 0,57; V,0; 0,36; Fe,05 0,23;

Y203 7,87, C6203 0,83, Sm203 0,26, Gd203 0,46, Tb203 0,17, Dy203 2,45, H0203 0,16, Er203 2,24, Tm203

0,50; Yb,03 2,53; Nd,O5 0,35; Lu,03 0,28; MnO 0,33; CaO 8,16; Na,O 5,55; F 1,52 O:F -0,64; X 98,71.
Owmmupuueckas popmyiia, pacCCUUTaHHAs HA 3 KATUOHA, UIMECT BUJI:

(Nao,39cao,32Yo,1SDY0,03Yb0,03E1“0,03Ceo,o1HOo,o1Tmo,01Gd0,01Nd0,01)21,00(T10,95Nb0,028n0,01 X
3+ .
x Fe™"0,01Mno 01 Vo,01)x1,015911,0104,00(00,83F0,17)-

VYupoménnas: (Na,Ca,Y,REE)TiSi04(O,F) u xoneunas gpopmyna psaa: (NagsYs)Ti(SiO4)0.

MuHepan KpUCTAIDI3yeTCs B MOHOKIIMHHON CHHTOHWH, MPOCTpaHcTBeHHas rpymnmna C2/c, mapaMeTpsl
neMeHTapHOIl stueiikn: a = 6,5691(2), b = 8,6869(3), ¢ = 7,0924(2) A, = 114,1269(4)°, V =369,4(2) A’
Z = 4. CeMb culbHBIX pedlekcoB mopomkosoit audpakrorpammsl [d (A); 1, (hkD)]: 2,597; 10, (130);
3,248; 8, (112); 2,994; 6, (200); 1,641; 4, (330); 4,941; 3, (110); 1,498; 3, (400); 2,273; 3, (11 3) [7].

PenukThl pa3HON CTEMEHHW 3aMEIICHHOT0 HapCapCyKUTa Ha MECTOPOXKICHHHM OBLIM BCTPEUYCHBI B
(hEeHUTH3MPOBAHHBIX YYacTKaX dK30KOHTAKTOB BHIXOJIOB IIEIOYHBIX IPaHUTOB, B IETMATOUTHBIX KIJIaX H
B ydJacTKax akTWBHOW ampOutu3ammu. CoOctBeHHO Hapcapcykum Na,Ti(Si4Ojp¢) coxpaHUBIIUKCS IO
Hamux nHer Obut BeisiBIeH A. B. CtemanoBeM B 80-bIe TOIBI MIPONLIOTO CTOJETHS B OJ0KE HEMOIHOCTHIO
3aMEIICHHON ()eHUTH3UPOBAHHON MOPOJBI Ha TUIOMIAMU 1xX3 M B 1-OM pyJIHOM Teje Ha MECTE TCKTOHH-
YEeCKOT'0 CPBIBA, BO3MOXHO, TIEPEKPBIBIIIETO BPEMEHHO IMOJIa4y aKTUBHBIX (uIronoB. MuHepan oOpasyeT
Yale BCEro OJHOOOpa3HbIe MPOCThIE KPUCTAIUTBI IO (hopMe HAOMUHAIOIINE KBAJAPATHBIE «KUPIHYUKI»
0 3 cM, MPEICTaBISIOINE CO00H KOMOMHAIIMIO TETPArOHAIBHON MPHU3MbI C TUHAKOUIOM U PEXKE CPOCT-
KM, He UMeEIole onpeseneHHold ¢opmbl [8]. Panee Ha MeCTOPOKACHUH B HEKOTOPBIX METMaTOUIHBIX
tenax bompmoro Beixoga A. B. CremnaHoBbIM ObUTH BCTPEYEHBI OCTAHITBI KPUCTAIUIOB YXKe 3aMEIIEHHOTO
MuHepaa, gocturatomme 10 10 cM u Beiie. HapcapcykuT B mermMatuTax, mo-BHIMMOMY, ObLI 0oJiee o-
HOpOJHBIM, Oe3 BKIOUeHUU. B (heHUTaX, B MOJHOM Pa3BUTHUU METAKPUCTAIBI HAPCAPCYKUTA OOBIYHO HE
coJleprkaT BKITIOYEHHUH ITOCTOPOHHUX MUHEpPaJoB. B mporecce pocta MUHEpa «pa3ABUTA» OKPYIKaroIIee
€ro IPOCTPAHCTBO, OTTECHsISI Ipyrue MuHepaibl. OHAKO, H3PEIKa BCTPEUYAOTCS U TAKUE METAKPUCTAILIBI,

— 4y ——



ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 5. 2017

B IICHTPAJIILHOW YaCTH KOTOPBIX COAEPIKUTCS OYSHb MHOTO BKIIOYEHHH MHKpPOKJIMHA, allbOWTa, KBapla,
STUPHUHA, pHOEKUTa WM ap(BEICOHUTA, ITMPKOHA, MUPOXJIOpa U Ip. MUHepajoB. Ha moBepxHOCTH KpHC-
TaJJIOB, OCOOCHHO Ha 0a3aibHBIX TPAHAX M BAOJb CIIAWHBIX U IPYTUX TPEHIMHOK, 3aJICYCHHBIX KBapIIEM,
HaOII0IAI0TCS MEJIKHE BPOCILIUE W/WIIM HAPOCIINE JINCTOYKH acTpopuiinTa. ACTpoQHIIIUT 34eCh OOBIYHO
aCCOLMUPYET TOJILKO C HAPCAPCYKUTOM M BO BMEIIAIOMIEH MTOpo/ie He HaOII01aeTCsl.

XVWMUYECKHA COCTaB OJIEAHO-KEITOBATHIX O0pa3loB HApCapCyKuTa W3 (PEHUTHU3NPOBAHHBIX TTOPOX
(1 pynnoe teno) mpencrasieH B Tabnuue 4 (pucyHok 4). B cocraBe M3yueHHOro MHHEpana MOCTOSHHO
MPUCYTCTBYIOT (TOP, aTIOMUHHMA, TUPKOHUN u xene3o [8]. COOTHOIIEHHE TIIaBHBIX KOMIIOHEHTOB He-
CKOJIBKO OTKJIOHSETCSI OT CTEXHOMETpHUYEeCKHX 3HadeHnd. Tak, B psA/e aHaIM30B OTUETIIMBO BHIIEH HEKO-
TOPBIH U30BITOK KPEMHUS U HelocTaTok Hatpust. CopepikaHre TUTaHa Takke HIbke pacuéTHoro. Bummmo,
OH MOJXKET YaCTHMYHO 3amemarbcsa mo cxemam: Ti — Zr, Ti — Fe m 4yacTU4YHO BBIHOCUTHCS. M30BITOK
KPEMHHUSI U OJTHOBPEMEHHBII HEJOCTAaTOK HATpHsl, BO3MOKHO, OOYCJIOBJIEH YaCTHYHBIM (HadalbHAas cTa-
Iusl) pasioKeHneM MuHepana 0e3 BUAMMBIX M3MEHEHUH 3€peH MoJ ONTHYeCKMM MUKpockoroM. Huzkoe
3HaYeHHE CyMMBI MOYKHO, YaCTUYHO, OTHECTH MPHUCYTCTBHIO JINTHS, COAEPIKaHNE KOTOPOTO HE TPOBEps-
nock. B cocTaBe MUHEpaia HepeIKo 0TMEYaIoCh He3HauuTenbHOe (He 6onee 1%) comepkanue ooBa.

Tabnmna 4 — Xummudeckuii coctaB Hapcapcykura, (mMac.%)

Table 4 — Chemical composition of narsarsukite, wt.%

KomnoneHTsl/aHanu3 1 2 3 4 5 6 7
SiO, 60,17 59,53 59,07 60,30 59,40 59,64 59,72
TiO, 14,67 14,19 14,58 14,84 14,88 14,79 14,38
Zr0O, 0,56 0,97 1,61 1,24 0,96 0,93 0,87

Al O, 0,81 0,70 0,90 0,65 0,65 0,84 0,76
Fe,0; 3,68 4,15 3,68 3,59 3,35 3,55 3,99
Na,O 14,53 14,57 14,22 14,48 13,86 14,55 14,41
F 1,54 1,78 1,79 1,79 1,52 1,70 1,12
)y 95,96 95,89 95,84 96,88 94,63 96,01 95,24

KonudectBo B popmyiie B pacuére Ha Al+Si=4 ar.

Si 3,94 3,95 3,93 3,95 3,95 3,93 3,94
Ti 0,72 0,71 0,73 0,73 0,74 0,73 0,71
Zr 0,02 0,03 0,05 0,04 0,03 0,03 0,03
Al 0,06 0,05 0,07 0,05 0,05 0,07 0,06
Fe 0,18 0,21 0,18 0,18 0,17 0,18 0,20
Na 1,84 1,87 1,83 1,84 1,79 1,86 1,84
F 0,32 0,37 0,38 0,37 0,32 0,35 0,23

Hepenko 3epHa MuHepana MCHENpeHbl MHOTOYHCICHHBIMH 3allOJTHEHHBIMH TPELIMHKAMH, MPOXO-
JUIIIAMA KaK IO CIaiHBIM, TaK ¥ CEKyIIUM HamlpaBieHHSIM. B mepBoMm ciydae, MOJIOCTH Pa3phIBOB IIH-
pokue (o 50 MKM) W TmapajuleNbHbIC B BUJC «KAaHAJIOB», KOTOpBIC 3alOJIHEHBI HEYCTOMYMBOH, pasina-
ramomIeics MoA BO3ICHCTBUEM JIIEKTPOHHOTO Jyda, (ha3oil ¢ HMpUOIM3UTENBHBIM COCTaBOM (Mac. %):
ALO; 0,48; Si0, 12,32; CaO 0,85; TiO, 27,53; V,05 0,11; Fe,05 2,92; ZnO 0,89; Y,0; 4,54; ZrO, 3,83;
La,05 0,37; Dy,05 1,54; Er,0; 1,27; Yb,0O; 1,21; PbO 4,29; ¥ 62,16 mac. %. V3-3a MaibIx pa3MepoB He
MPEACTABISETCS BO3ZMOXHBIM JICTATEHOE U3YUCHUE 3aM0THEHUH TPEIHOK.

Cuurtaercs, YTO HapPCAPCYKHUT — XOPOIINA HOHOOOMEHHUK CO CITIOCOOHOCTBIO BaphbHPOBATH 110 COJIEP-
YKaHWIO ITPAMECHBIX JJIEMEHTOB, TAKMX KakK Xelle30, TAHTall, HHOOWH, BaHAINH 1, BO3MOKHO, JTUTHH.

Pentrenorckas nudpakTorpaMma OTOOpaHHOTO oOpa3lia HapcapcykKuTa M3 1-0ro pyIaHOro Tena
BepxHEesCIMHCKOr0 MECTOPOKICHHS ¢ MpUMechio kBapua (5%) u annbuta (1%) MOCHTHYHA TaKOBOM
STAIOHHOTO O00pasna. BeruncrneHHBbIE TapamMeTphl AIIEMEHTapHOW SYSWKH MHHepaja TeTparoHaIbHON
curronnn: a=10,721(3) A; ¢=7,957(4) A; V'=914(1) A’ [8].
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f 100 pm J

Pucynok 4 — 3epHo HapcapcykuTa (cepoe) ¢ «KaHaJaMny, 3aIll0JIHEHHBIMU HEYCTOHYNBON
(o1 >NEKTPOHHBIM JIy4OM) TsDKENOU (a3oit (6enoe). BEI

Figure 4 — Grain of narsarsukite (grey) with “channels” filled with an unstable (under electron beam) heavy phase (white). BEI

Hecmotpss Ha OBUTOE MIMPOKOE PacIpPOCTpPaHEHWE HAPCAPCYKUT SIBISETCS B YCIOBHSX ITOCTMAr-
MaTHYEeCKOM ACATCIIBHOCTH IICJIOYHBIX I'PAHUTOB OTHOCUTCIIBHO «KOPOTKOXWBYUIUM)» MUHEPAJIOM, o6pa-
3YIOLIUMCS TPU aILOUTHU3AIMY TIErMaTUTOB, TPAaHUTOB; (PEHUTU3AIMU BMEINAIONIUX MOPOJ U TIPU CMEHE
YCIIOBHUI1 Ha KUCIOTHBIE JIETKO 3aMEIIAlONUMC MHOTHMH THTAHOBBIMH U THTAHCOIEPKAIIMMHUCS MEHee
HIEJIOYHBIMH MHHEpATaMH, OCTAIOIIUMHUCS B 00bEME OBIBIIETO KPUCTAILIA.

Henmynum KNa,LiFe,Ti,SigO,4. Munepan Bctpeuen A. B. CrenaHoBbM B 1ieHTpe Bonbmioro Bbi-
X0Jla B TIETMAaTUTOBBIX TellaX B ICEBIOMOpP(O3ax IO HAPCAPCYKUTYy COBMECTHO C KBapleM H JIOPEH-
[IEHUTOM B BHJE MEJKHX OoJiee WM MeHee M30METPHYHBIX 3epeH WM WX CPOCTKOB. Pasmep kpucrain-
mukoB ot 0,0n 1o 0,n mm. 1IBeT kpacHOBaTO-OypHIii, B TOHKUX OCKOJKaX cliabo mpocBeunBaeT. BHe mceB-
nmomopdo3 HenTyHUT He Bcrpeuaetcs. Copepxanne ThtaHa (TiO,) B XUMHYECKOM COCTaBe HENTYHHTA
nmocturaet 25 mac.%. BropuuHble n3MEeHEeHNsT HENTYHNUTA BBIPAXKAIOTCA B 3aMEIICHUN €T0 TOHKOANCIIEPC-
HBIM arperaroM KpeMHe3eMa M aHaTa3a 0ello-Ceporo WM rojy0oBaTO-ceporo IBeTa U MPOUCXOJT,
OYEBUJIHO, CIIE B TUTIOTCHHBIX YCIOBUSIX. B 30HE BEIBETpUBAHUS MHHEPAJl YCTOWYUB.

Jlopenyenum Na,Tiy(S1;06)O3 00pasyeT mapaiiebHO-IIeCTOBATHIC, CHOITOBUIHBIC WU CHEPOITUTO-
BbIC CPOCTKHU HUI'0OJIbYATBIX WX YIJIMHCHHBIX IIACTUHYATBIX KPUCTAJIMKOB, pa3BUBAIONIUXCA IO Hapcap-
CYKUTY TIPU €r0 YaCTUYHOM WJIU TOJIHOM 3aMeIleHuu (PUCYHOK 5). BHe HapcapcykuTa mim MceBIoMop-
(03 0 HeMy JIOpEHIIEHUT He O0HapykeH. PasMep OoTIenbHBIX MPU3MOYEK WK yATUHEHHBIX TUIACTHHOK OT
0,0n mo 1,00 mMm. IIBeT MuHepana po3oBaTo-cephlid, cupeHeBaTbid. UepTa cBeTias. TBepaoCTh HE 3amMe-
pstach M3-3a HEOOJBIINX PAa3MEPOB KPUCTAIUTUKOB, HO B ITOJIMPOBAHHBIX IUTH(AX MO CPAaBHEHUIO C KBap-
11eM, OH HEMHOTO MAT4e. XMMHUECKUH COCTaB MUHEpalla IpeACTaBIeH B Ta0IuIE 5.

Ycepenaennast popMyiia JOpEHIICHUTA, paCCUMTaHHAS Ha 2 aToMa Si, UMeeT BU:

Nay 96(Ti1.06Nbo.osFe> 0,01)2.02(Si2.0006) O3 05.

B cocraBe 1opeHIIeHNTa TUTAH 3aMeLIaeTCsl He3HAUYNTEIbHBIM KOJIMYECTBOM HHOOUS U KeJe3a.

Musepansl rpynnbl acTpoQWIIINTA: acmpoduinum, Kyniemckum, mapbazamaum W Ip. HA MECTO-
POKACHUHU paclpoCTpaHEeHHbIE TTOPOJ000pa3yolye MUHepanbl. B rpaHuTax BCTpeyaroTcsl B BUAE OT/IENb-
HBIX PeAKUX YIJIMHEHHBIX JIMCTOYKOB MJIM 3BE3YaTBIX CKOIUIEHHH pasmepoM a0 1 mm. B mermaroun-
HBIX JKWIaXx acTpoMIIMT o0pa3yeT WM OYeHb TOHKHE M [UIMHHBIE IUTACTHHKU-JIMCTOYKH Pa3MEPOM 110
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Pucynok 5 — IceBnomopdo3a 1o HapcapCyKHUTy: CpOCTKU aHaTasa (0eroe) u jopeHieHuTa (cepoe), nopsl (uépuoe). BEL

Figure 5 — Pseudomorph on narsarsukite: intergrowths of anatase (white) and lorenzenite (grey), pores (black). BEI

Tabnuma 5 — Xumudeckuii cocTaB JIOpEHIICHHUTA, Mac.%

Table 5 — Chemical composition of lorenzenite, wt.%

KomnonenTst 1 2 3 4 5 Cpennee
Nb,Os5 2,15 1,76 2,43 1,44 1,3 1,80
SiO, 34,67 34,33 34,35 36,20 35,16 34,54
TiO, 44,99 46,92 45,06 44,59 46,49 45,61
FeO 0,08 0,45 0,00 0,64 0,00 0,23
Na,O 18,04 18,18 17,60 17,42 18,20 17,89
z 99,93 101,64 99,44 100,29 101,15 100,49

1,0x15,0x100,0 MM, WiM CpaBHHTENHHO INMHPOKHE W TOJICThIE TAYKH IDIACTHH, MHOTJA COOpaHHBIE B
JYYHUCTHIE arperatsl, oOpasyromue oOMIHHYI0 BKPAIUICHHOCTh B BHAE ITOJIOC WIIM JUH3. B KkBapliie mpu
3TOM 4YacTO HAOJIONAIOTCSd MHOTOYHMCIICHHBIE MUKPOCKOITMYECKUAE BKIIOYCHHS IIACTHHOYCK-UTOJIOUEK
acTpodpmmTa. B MeTacoMaTHUECKUX MOPOAax MUHEpaN Yaile BCero o0pa3yeT Y/UIMHEHHbIE TUIACTHHKU
10 0,5-1,0 cM. JIMCTOYKH M TAYKH JIUCTOYKOB aCTPOPIILINTA OOBIYHO U3MSATHI FIIH Pa30pBaHbI [6].

Oco0EHHOCTBIO aCTPOGUILIUTA M3 MECTOPOXKICHHUS MPH BU3yaJbHOM HAOJIOJNECHUH SIBJSICTCS TIpe-
UMYIIECTBEHHO TEMHO-OYPBIH 0 YEpHOTO I[BET B OTIMYKE OT acTpodmuiuta Konbckoro momyocTpoBa u
JIPYTHX MECT MposBieHUs MuHepana. [Ipeanonaraercs, 4To TeMHBIN 1BeT o0ycnoBieH muddy3HO pac-
CeSHHOW HaHOpPA3MEPHON BKpaIUICHHOCThIO HuOOOGwIuTa. [Ipu BpameHun NUTM(OB B ONTHYECCKOM
MUKPOCKOIIE TIPU MapaUIeIbHBIX HUKOJAX HaOIroaaeTcss o0paTHoe acTpoPHIUIUTY TIOracaHue, YTO Xapak-
TEPHO TONBKO i HHOOOopmImnTa. CaMm acTpomUUT B IIIH(ax OOBIYHO OT CBETIOrO 10 OPaHKEBOTO
IBeTa W TEMHEIOMas KpacBas KaéMKa HHOOO(DWIITUTH3AIINN BBISBISETCS TOJIBKO MPU OOJBIIIOM YBEIH-
YEeHUH 00BEKTHBA.

Uccnenoanus mokazanu: Uist 00pa3ioB acTpoPHIUIATA U3 PA3HBIX YIACTKOB MECTOPOXKICHUS XapaK-
TepHa 3HAYUTEIbHAS U3MEHUNBOCTh COCTaBa C TOCTOSHHBIM MPUCYTCTBUEM NPUMECEH TaKUX dJIEMEHTOB,
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KaK JUTHW, pyOuauiA, 1ie3uil, OEpHIIINA, IIMHK, MUPKOHUH, 0JIOBO, CBUHEII, MarHui, alFlOMHUHAN, HIOOUH,
BaHAAW U Ap. BappupyroTcs B KOMTHYECTBEHHOM COJEpPKAHHUHU: JKEJIe30 C MapraHIeM, IMHKOM, MarHueM,
CBUHIIOM U JIMTHEM; THTaH ¢ HHOOWEM, IMPKOHHEM, OJIOBOM M BaHAJWEM; Kalllii C HATpUEM, KaJblIUeM,
nesueM u pyouauem [6]. Xumuueckui cocTaB 00pasloB acTpo(UUIMTA M3 Pa3HBIX MOPO Pa3IMYHBIX
yacTe MECTOpPOXKICHHs TOKa3al 4Y€TKYH 3aBHCHMOCTH OT COCTaBa BMemarommx mnopoa. CoOCTBEHHO
acTpOPWIIINT W3 IIEIOYHOTPAHUTHBIX WHTPY3Ul OOBIYHO XapaKTepU3YyeTCs] OTHOCHUTEIBHO HHU3KUMHU
COJICP)KAHUSMH KaJIbIUsl, MarHWs, MapraHiia, [[MHKA, HUOOUS W Jp. A BO BMEINAIONINX, 00OTaEHHBIX
STUMH 3JIEMEHTaMH, TIOPOJaX MPUCYTCTBYET KaK COOCTBEHHO acTPOMUILIUT, COMEPKAIINNA 3TH IIIEMEHTHI
B CYIIECTBEHHO IOBBIIMICHHBIX KOJIMYECTBaX, TAK W MUHEpAIbl TPYNIbl acTpoQUiIINTa, TaKue KaK KyII-
JETCKUT — MAapraHUeBblii aHaJIOT W HEJAaBHO OTKPBITHI KalbLMEBbIM aHamor — Ttapbarataut
(K)Ca(Fe**, Mn);Ti5(Si401,),0,(OH)s, yrBepxaéunbiii Komuccneii Mo HOBBIM MHUHEpaIaM, KIacCHbUKa-
UM 1 HOMEHKJIaType MUHepaioB MexxayHapoJHOH MuHepanorudeckoi accounanuu (2010-048) [9].

Kynaemcxkum K;Na(MnFe);Ti,Si504(OOHF; Obln BBISIBICH Ha MECTOPOKACHUHM BJIEKTPOHHO-
30HIOBBIM MHUKpOaHAJIM30M (Tabmura 6) W3 MEerMaTOWIHON KBapIICBOM ITOJICBOIIIATOBOW KHIIBI, yaa-
JICHHOHM OT BBIXOJIOB IIEIOYHBIX IPAHUTOB Ha TIOBEPXHOCTh Ha PACCTOSHUU HECKOJNBKHX COTEH METpoB. B
MECTe B3SITHsI 00pa3IloB JKUIIa IepeceKaeT OJHYy M3 TaKHUX JaeK MOIIHOCTHIO OKoo 5 M. Kpas »xunbl cio-
JKE€HBbI, B OCHOBHOM, TOHKO3EPHHUCTOW TUIOTHOM KaJIUIINATOBOM MOPOJION C peIKUMHU BKPAIJICHUSIMU JICHCT
anpOnTa, HE3HAYUTEIHHOTO KOJMUYECTBA KBaplla U PEIKHUX HUTOJ0YeK SrHpuHa. biike kK eHTpy oHa cMe-
HSIETCS 30HOM CpeliHe- U KPYIMHO3SPHUCTHIX (OT 7 10 107 MM) NMepeKpUCTaAILTM30BaHHBIX KaIHIIIAT-a1b0u-
TOBBIX C KBapIeM MOpOJ. 31eCh MPUCYTCTBYIOT Pa3HOOOpa3HbIE PEIKOMETAIbHBIE U PEeIKO3eMeTbHbBIE
MUHEpaIbl: MUKPOKIWH, albOWT, KBapIl, STHPWH, IIUPKOH, TOPUT, KCEHOTHUM, (EpryCOHHT, (HEepPCMHT,
sBKkceHUT-(Y), WIBMEHHUT, IIUHKOBBIA MUPO(AaHUT, MAHTAaHOKOJIYMOWT, KeWBUUT, TaleHUT-(Y), Kariie-
nennuT-(Y), SBOUAIUT, I3UHBIIALBSIHAT, MUJIAPUT, TEIbBUH, OepTpaHAuT, OaBeHUT W Ap. MwuHepasbl
acTpOMIIITUTOBON TPYMITBI OTMEYAIOTCS IO BCEH JKMJle, a B OTAEINBHBIX YYaCTKaxX B BHJE IIIHP U TOJIOC
MOIIHOCTEIO 710 10 cM, 0Opa3yst o0mIbHYI0 BKparmieHHOCTh (10 20 %). OCOOEHHOCThI0 MUHEPAJIOB SIBJIS-
€TCs TIOBBIIIICHHOE COJICPIKAHUE KaNbIMS M MapraHila, BIUIOTh JIO BBISBJICHUS COOCTBEHHO KYIUIETCKUTA U
KaJIBIIEeBBIX PA3HOBHUIHOCTEH KYIIETCKUTA U acTpoduiunTa.

®opma OTAETBHBIX 3€PEH MHUHEPAJIOB — yAJMHEHHbIE IIACTHMHKH pazMepoM 2 X 3 g0 10 x 0,n mm.
Pa3zmep arperaTHpix cpocTkoB 10 15-20 MM (pUCYHOK 6). ACTpOQHIUIUT M KyMJIETCKUT U UX pa3Ho-
BUJHOCTH 00pa3yrT COBMECTHYIO BKpAIUICHHOCTH B BHUJE IOJIOC, JIMH3, 30HOK, y3JIOB B KPa€BhIX YaCTAX

Tabnua 6 — Xumudeckuii coctar KyruieTckura (o 6 ananuszam), (Mac.%)

Table 6 — Chemical composition of kupletskite (6 points), wt.%

KommoneHTsl MunumanesHoe 3HaueHue | MakcumanibHoe 3HadueHue | CpeaHee 3HaUCHHE CraHgapTHOE OTKJIOHEHUE

K,O 4,02 4,76 4,34 0,12
Na,O 2,28 3,14 2,74 0,15
CaO 0,49 1,06 0,80 0,10
Rb,O 1,30 2,02 1,60 0,12
Cs,0 0,73 1,29 1,07 0,09
MnO 22,52 23,51 22,95 0,14
FeO 9,29 10,76 10,15 0,29
MgO 1,67 2,19 1,87 0,09
ZnO 1,71 2,30 2,13 0,10
V,0; 0,07 0,22 0,13 0,03
TiO, 9,89 10,74 10,45 0,14
Nb,Os 0,39 1,36 0,94 0,18
SiO, 36,28 38,21 37,26 0,28
F 1,02 3,64 2,41 0,40

z 97,23 100,04 98,82 0,82

— 46 ——



ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 5. 2017

: 100 um :

Pucynok 6 — @parMeHT 3epHa KyIUIETCKUTa (Cepoe) ¢ BKIIOUYEHHEM I3UHbIIAIBIHNUTA (Geroe).
MHUKpOTpeHHEI 3al0JIHEHBI HiIbMeHUTOM (Oenoe). BEI

Figure 6 — Fragment of kupletskite grain (grey) with inclusion of jinshajiangite (white).
Microcracks are filled with ilmenite (white). BEI

onuchIBaeMou xuiibl. UHOTIA HapsaLy C MOJUCUHTETUYCCKUMU TEPECIauBaHUAMH B ATUX K€ 3€pHAX OHU
00pa3yroT OT/ENbHBIE HEeMTPABIIILHBIC, OBaJIbHBIE BBIJCICHUS 1 YYACTKU C OTYCTIMBBIMU IPAHHUIIAMH.

Yepenaéanas mo 6 aHanmmsaM dMIHpHdeckas GopMmyia KyIDIETCKHTa, paccyuTanHas Ha 10 aToMoB
(Si+Ti+Nb), umeer BUA:

3+ 24
(K 21Nay 17Rbg23Ca0,19Cs0,10Mg0,10)3,00(Mn4 27Fe™ | osFe™ o 78Mgo 5121034V 0,02)7,00 X
% (T1; 73Nbg 09)1,8203S15,18024(00 500H 1 83F 1 67)4,00.

BanentHoe cocTosiHME jkene3a B KYIJIETCKUTE OBIJIO ONpENEeNeHO METOJOM MeccOaydpOBCKOH
CHEKTPOCKOIHHU.

CaMocTosTeNbHbIE KPUCTAILIBI mapbazamauma BCTpeUeHbl He ObLTH. JIMCTOYKM MUHEpala MOCTOSH-
HO HAaXOJATCS B TECHOM IMEpeciauBaHWM C JIMCTOYKAMH M Taue€yKaMH JIMCTOYKOB actpoduiuiuTa [9].
Pa3Mmepsl arperaTHeIX CpOCTKOB MUHEpaioB AocTturarT A0 10x3x0,2 mM. TonmuHa OTASNBHBIX Madedek
tapOararauta penko npessimaer 0,03 mM. [Ipu Bu3yanpHOM mpocMoTpe aHIUTU(OB, T1Ie CPOCTKHA OPHEH-
THPOBaHBI MOTIEpEK IIOCKOCTH cpe3a aHNUI(a, HaOmomaeTcs caboe pa3iuine B OTPaXaTeIbHON CIO-
COOHOCTH M B TBEPJOCTH MOJOCOK acTpodmimnra M TapOararauta. Tapbarataut MeHee TBEpIbId, YeM
acTpOUILINT, YTO BBISBISAETCSA Pelbe()OM MOJIIOCOK B MTOTUPOBKE.

IlBer cpactanuii TapOaratamta ¢ acTpOQWIINTOM KOPUIHEBBIH, OJICTHO-30JI0THCTO-KOPUIHEBEIH.
ToHKMe YellyWKH Mpo3pavyHbl. BU3yalnbHBIX paziuydii MEXIy TapOaratauToM W acTpoQUIUIUTOM He
HaOmronaercs. He ¢mroopecuupyroT mos KaTOAHBIMU U yAbTpaduoneToBbIMY JTydyamu. CraifHOCTb BecbMa
copepiienHas o tuockoctu (001), cpemnsas mo (010). Teepmocts mo Moocy — 3, TUCTOYKH THOKHE.
[norHocTh (pacuérhas) — 3,263 T/em’.

Vnpomennas dopMyna Tapbaratanta, Hooro Ca- u Fe’'-1oMHHaHTHOrO BHEa acTPOQHILIHTOBOM
rpymmsr: (K)Ca(Fe*",Mn); Tiy(Sis012),0,(OH)s, anst wiena koxeunoro psina: CaFe™ 7 Tiy(S1401,),0,(OH)s.
Kpucrannuyeckass CTpyKTypa MHHepana paciuudpoBaHa B nabopaTopuu yHHBepcuTeTa MaHnTOOa
(Kanaga) [9].
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PazHooOpa3ue u Bapuanuu B KOJIMYECTBEHHOM OTHOIIECHUH JIIEMEHTOB-TIpUMECEl MHHEpaJoOB ac-
TPOPWLIUTOBOM TPYNIBEI HA MECTOPOXIACHHUHM OOYCIOBIEHBI MOHOOOMEHHOW CITOCOOHOCTBIO CIIOMCTHIX
TUTAHOCWJIMKATOB U CIICIIM(PHICCKUMU TeHETHUECKUMH yCIOBUSIMH.

TuTaHOCUIUKATHL: baghepmucum, Kamapaum 1 Y3UHbUAY3AHUM — TUIOMOPGHBIE MUHEpAIBI MPO-
1eccoB (heHUTHU3AIMH BMEIIAOIINX ITOpo1 BepXHEACTHHCKOTO MECTOPOKICHHSL.

Bbadeptrucut m m3UHBIIAIBIHAT — TepBhle HaxoAaku B Kaszaxcrame [10]; xkamapanT OBUT OTKPHIT HA
MECTOPOXJICHUU U YTBepkAEH Komuccuel 1Mo HOBBIM MHUHEpasiaM, KIACCHU(HUKAIMKM U HOMEHKIIAType
MuHepaioB MexayHapoqHol MuHepanorundeckoi acconuaruu (2009-11) [11]. MuHepanbl OTCYTCTBYIOT
B CaMUX IIEJIOYHBIX TPAHUTaX W MX MPOM3BOIHBIX, B OTIWYHE OT MHHEPAIOB IPYIIBI aCTPO(PIILIATA, HO
HEPEeIKO TMPHUCYTCTBYIOT B MNETMaTOMIHBIX TPOKMIKaX B 3K30KOHTAKTOBOW 30HE TPAHHUTOB YXKE BO
BMemaomux nopoaax. Ilo cpaBHeHHIO ¢ acTpodMUIUTOM OapueBble TUTAHOCHJIMKATHI UMEIOT Oolee
MMOCTOSTHHBIN XUMUYeCcKHi cocTaB. OTMedaeTcs He3HAYHTeIhbHOE YHCIO MpUMeced NWHKA, HUOOUS, OJI0-
Ba U JIp.

bagpepmucum BazTiz(Fez+,Mn)4(Si207)202(OH,F)4 Ha MECTOPOKIAEHUHU SIBIIAETCS JOBOJIBHO Pacmpo-
CTpaHEHHBIM MUHEPAJIOM B METACOMATHYECKHX MOPOJaX SK30KOHTAKTA IIEIOYHBIX aThOUTH3NPOBAHHBIX
rpaHuTOB ((PEHUTOB), COCTOSAIINX W3 ATbOMTA, MHKPOKIIMHA, KBapIla, MEIOYHBIX aM(HOO0IJIOB, STHPHUHA,
actpodmuta, duroopurta u ap. [10]. Hu B rpanuTax, HM B erMatuTax, HU B aTbOUTUTaX, 00pa30BaHHBIX
0 TPaHWTaM, OH He BCTpedaeTcs. MuHepan o0pa3yeT II0CKHUe MPU3MBI U IIaCTUHYATHIE METaKPUCTAILIBI
OpaHKEBOTO WK OypoBaTO-KpacHOTO IBeTa, pasmepoM mo 20x5x3 mm. Xemesuctwsie pasHocTH Ooiree
TeMHOOKpaleHHbIle (0OpJoBbIE, KOPHUYHEBO-OOPAOBBIE), YeM TAKOBBIE C MOBBIIMIEHHBIM COJAEP)KaHUEM
Mapratna. Mimeer coBepuieHHyto crnaiHocTh 1o miaockoct (001). B TonHkux ckomax mpospaueH. Tsep-
JTOCTH (B 3aBUCMOCTH OT XUMHYECKOTO COCTaBa) U3MeHseTcs B npeaenax 4,5—4,8. Xpyrmok.

Lzunvwayzsanum BazNazTi4(FeZ+,Mn)g(Si207)404(OH,F)6, Kak u OadepTHCUT, BCTpedyacTcs B
(EeHUTH3UPOBAHHBIX IOPOJAX, TOJBKO B 3HAUMTEIILHO MEHBIIMX KOJIMYECTBaX. MUHEpal HaXOIWTCS B
TeX K€ aCCOIMAINIX, YTO U OadepTrcut. PazMep mIacTHHOK MPSIMOYTOJIFHOTO OOJTMKA PENIKO MPEBHIIIAeT
2-3 x 1 x 0,2-0,5 mm. L[BeT oT G1€AHO-KEIITOTO IO OJICTHO-OPAHKEBOTO, PeKE KPACHOBATO-OPAH)KCBBIM.
UYepta 6negHo-xenras. Munepan xpynkuid. TBepIOCTh CYIIECTBEHHO HIKE, YeM y OadepTrucuTa U cooT-
BercTByeT 4,0-4,5. IIpUTATHBAETCS MATHHTOM, Kak W OadepTHCHT. M3MepeHHas MIOTHOCTH 3,6 r/cM’
(HIKe, 4eM y GadepTicura), Beranciernas — 3,819 r/em’. CraifHocTs coBepreHHast mo miockocta (001).
OTnuuus I3UHBLIALBAHUTA OT OadepTucuTa 3aKiIoUaroTes B 0oJiee CBETIION OKpacke (SBHO BBISBISCTCS
TOJILKO B TOHKHX KpHCTajax), B MEHbLICH IUIOTHOCTH M TBEPJOCTH, B OTPa)kaTelIbHOW CIIOCOOHOCTH, B
MOKa3aTels X TMpeIoMIIeHUsI. MuHepasbl JISTKO pa3inyaloTcs B IOJHMPOBAHHBIX Mpernaparax, Korga OHHU
HaXOSTCS COBMECTHO. B XMMHYECKOM cocTaBe MUHEpaja MPUCYTCTBYeT OOJIbIIe IMeI0Yei 1 KaIbIys 110
cpaBHEHHIO C OadepTHCHUTOM, B KOTOPOM OHHM OTCYTCTBYIOT (MJIM MX COAEp)KaHHE HE3HAYUTENIHHOE).
[NomHoe ommcanue OadepTHCHTA U BUHBIIANBIHUTA TPUBOAUTCS B cTaThe [10].

Kamapaum Ba3NaTi4(Fe2+,Mn)g (8i1,07)404(OH,F); 66U OTHOBPEMEHHO BBISBIICH U 3aTE€M COBMECTHO
n3y4eH AByMs uccienoparenbckumu rpynmnamu u3 UI'H um. K. WM. Carnaera (Kazaxctan) u yHuBepcureTa
Manuto6s! (Kanana) [11].

MuHepan HaifleH Ha MECTOPOXKJICHNH TOKa TOJIBKO B OJHOM MECTE, TJIe COJIepKaHNe ero B (peHUTaxX
COM3MEpUMO ¢ conepkanueM Oadeprucuta. Berpeuaercs B eHUTH3UPOBAHHBIX TY(HOCTAHIIAX HIKHETO
KaMEHHOYTOJIBHOTO BO3PacTa B BHJIE OJJMHOYHBIX TNIOCKUX YAJUHCHHBIX KPUCTAJUTMKOB HIIU UX CPOCTKOB,
B TOM YHCIIe C TAKUMHU MHHEpaJlaMy KaK I3UHBIIAIBIHUT (PUCYHOK 7), pexe Oadeprucut. [Inmockue kpuc-
TaJUTUKN KaMapanTa UMEIOT COBEPIICHHYIO CIaiHOCTh MapalIeNbHO YIUIOMEH!0. KOHIBI KpHCTaITHKOB
M0 yIUIMHEHHIO PEIKO UMEIOT XOpollee KprcTawiorpaguieckoe orpaHnieHue, a O0KOBbIe TpaHH BCeraa
POBHBIE TITaJIKHE U XOPOIIO O(OPMIICHBL.

Opeon (heHUTH3UPOBAHHBIX TY(OCTAHIIEB HaJ TUIOCKOH KpOBJICH IIETOYHBIX TPAaHUTOB TIPHOIH-
surenbHo 1-1,5 M. CocTaB (eHHUTOB B MecTe, T HaleH KaMapauT, aHAJOTHYCH COCTABY IIEIIOYHOTO
cueHuTta. B Hmxkenexamiei ¢amuu (HeHUTOB, aHATIOTUYHOM MO COCTaBy YXKe HICIIOYHOMY TPaHUTY, HH 0a-
(depTUCUT, HM KamapauT He BCTPEYCHBI, B OTJIMYHE OT LB3WHBIIAIBSHUTA, NMPUCYTCTBYIOMIETO B 00eUX
(auusx, Ho B OYEHb MaJIbIX KOJUYECTBaX. | TaBHBIMU MUHEpallaMH B (PEHUTAX C KAMapauTOM, SBISTFOTCS
KIIIII, ans6ut, arupuH, puOEKUT, MHOTA OUOTUT, acTpoduLTUT U aAp. V3penko BCTpedaroTcs CyabGuabl
(TMpUT, apCEHOMHUPUT, CHANEPUT), MOTHOACHUT, TATICHUT, a TAKXKe TeJIbBUH, IIUPKOH, TOPUT H JP.

—— 48 ——
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Pucynok 7 — Xapakrep cpactaHuii KpuctajuioB kamapaura (Oenoe) u n3unbman3sauta (cepoe). [lopst (uéproe). BEI

Figure 7 — Intergrowth of flat crystals of camaraite (white) and jinshajiangite (grey). Pores (black). BEI

LlBer xamapauTa OT OpaHXEBO-KPAaCHOTO [0 KOPUYHEBATO-KpacHOTO (cBeriee, yeM OadepTHCHT).
Uepra cBerno-xkentad. bineck crexkisHHbIA. TOHKME KpuUCTauibl Tpo3pauHble. DIOOpECUEHLMS TO0J
KaTOJHBIMH U YJbTPa(UOICTOBBIMH JlydyaMH He HaOmomaeTcs. TBepAoCcTh MeHblle, 4eM y OadepTucura
(mo mkane Mooca <5). CoBepuieHHast cnaitHOCTh 1o Tuiockoctu (001). Xpymkwuii. [InotHOCTE 00pa3ios
KaMmapanTa (cpacTaHHE ¢ MHHEpaJIaMH IB3UHBIIAIBSIHATOM W OadepTHCHTOM), W3MEPECHHAs METOJIOM
B3BCUIMBAHUS B CIIHPTE M HAa BO3/IyXe B YCTAaHOBKE C KCIIOJNb30BAHHEM MHKPOAHAIUTHUYECKHX BECOB
3,871 r/cm’; Borunciennas — 4,036 r/em’ [11]. B mopoae 6ahepTHCHT, HB3HHBIIALBAHAT U KAMAPauT 0e3
OTIBITa TPYTHOPA3THIUMBL. B ciIydae ux B3aWMHOTO MPOPACTaHUs OTIMYNUTH MUHEPAIBl BO3SMOXKHO TOJIBKO
C TIOMOIIBIO JIEKTPO30HAOBOI0 MUKpoaHaimu3a. [1o XuMHUYECKOMY cOCTaBy KamapauT 3aHHMaeT MpoMe-
JKYTOYHOE TOJIOKEHHE MEXIy 0aepTHCUTOM M L3WHBIIAHBL3SIHUTOM. B ero cocraBe conmepkaHue Ie-
JIOYHBIX 3JIEMEHTOB, 3aMEIAIONINX Oapwii, 3HaUnTeIbHO MeHbIne (1:3), ueM B 13uHbIIaHbIBSHATE (1:1).
Kpucrammueckas cTpykrypa mMuHepana Obuta pacmmdpoana @. Kamapa (Mrtamms), E. CokomnoBoit
(Kanana) u @. Hueto (Mcnanus) [12].

B Hacrosmiee BpeMs YTOYHSETCS XWMHYECKHHA COCTaB OJHOTO W3 THUTAaHOBBIX MHUHEPAJOB —
upmucuma u e2o 0n06aHHOU pazHosuonocmu. BriepBble MHUHEpanl OBIT HalileH Ha MECTOPOXICHUHU
A. B. CrenanoBeiM B 1960 r. B cocraB muHepana BXOIAT HTTpui, (QTop (YacTUUHO 3aMeIacMBbIit
OH-rpymnmoii), TuTaH U KpeMHUH. TuTaH B cocTaBe STOro MuHepajga 3auMCTBYeTcs 3a cu€T o0paso-
BaHHOTO HECKOJIbKO paHee acTpoduiLIuTa B Ipoliecce PTOpHOI arpeccum.

B cocraBe Bcex munepanos nupoxnioposoii epynnwt Ay B> (0,0H,F); Ha MecTOpOXXIeHUN TIPUCYTCT-
ByeT THTaH (Tabimna 7). MuHepaisl pacupocTpaHeHbl B IErMAaTOMAHBIX IEOYHBIX TPAaHUTaX (PUCYHOK &)
1, B COOCTBEHHO, METMATOWAHBIX XHUJIaX, B 30HAX albOWTH3AIMH, B AIbOMTH3MPOBAHHBIX MHUAPOJIOBBIX
TPaHUTaX, a TaK)Ke B «MEITAHOINTAX», HE UMEIOIINE YeTKUX TPaHHII (CBOEOOpa3HBIE TOPOIBI, BOSHHUKIIINE
B ocia0JeHHbIX 30Hax (y3enKax, JIMH3aX) aJbOMTH3MPOBAHHBIX IIEJIOYHBIX TPAHUTOB, pe3ko obora-
IICHHbIE TEMHOIIBETHBIMUA MUHEpaIaMi) U B DEHUTHU3UPOBAHHBIX ITOPOIaX SK30KOHTAKTOB [13].

HesnaunrensHoe comepxkanuwe tutana (TiO, mo 3 mac.%) MOCTOSHHO HAONIOMAETCS B STHPHUHE,
KacCUTEpUTE, IIUPKOHE, JTUKUTE U OTKPHITOM Ha MECTOPOXKICHHU (PIFOOPOIHMKHUTE; B CIIOAAX: OHOTHTE,
JUTHOHUTE; B (EPryCOHUTE U Jp. MUHEpaIax.
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Tabnuma 7 — XuMuueckuit cocTaB MHHEPAIOB MUPOXIOPOBOH rpynmnel, (Mac .%)

Table 7 — Chemical composition of minerals of the pyrochlore group, wt.%

Ne o0pasia 1385, kanagra 15 39 [13]
[lermarouansie rpanutel CB yactu DEeHUTU3UPOBAHHBIE OPObI IK30KOHTAKTA
Mecro B3siTUs
Mautoro BeIXoza 1 pyaHoro TEena
Touku aHanm3a Pasznuunble Touku KpucTamuia 1 xpucramn 2 KpucTal
KommoneHTsI 1 2 3 4 5 6 7 8

P205 1,78 1,64 1,28 1,59
Nb,Os 42,80 48,28 48,76 49,30 32,70 31,33 51,51 53,94
Ta,0s 1,88 1,44 1,81 1,26 0,30 0,66 1,85 1,35
SiO, 2,80 1,14 0,62 1,16 7,43 7,78 0,32 0,70
TiO, 7,43 9,97 10,17 10,26 3,51 3,51 8,61 8,58
ThO, 0,00 0,35 0,54 0,75 0,41 0,29 0,99 1,14
U0, 5,37 5,78 4,65 4,24 4,81 4,84 3,81 3,77
AlL,O3 0,00 0,00 0,00 0,00 0,58 0,37 0,00 0,00
Fe,0; 0,94 0,00 0,00 0,00 2,53 2,67 1,03 1,38
Y,05 0,23 0,05 0,11 0,17 1,79 1,55 0,00 0,00
La,O3 1,83 2,81 2,53 2,41 0,00 0,00 2,55 2,08
Ce,0; 5,03 7,78 8,16 7,44 1,04 1,41 5,87 6,01
Pr,04 0,18 0,59 0,49 0,86 0,00 0,00 0,01 0,07
Nd,O3 1,23 2,03 1,73 2,51 0,00 0,00 1,47 0,87
Sm,03 0,00 0,28 0,16 0,36 0,00 0,00 0,68 0,32
Eu,0; 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,40
Gd,03 0,00 0,00 0,00 0,00 0,00 0,00 0,11 0,00
Dy,04 0,00 0,00 0,00 0,00 0,62 0,09 0,00 0,00
YREE,O3 8,50 13,54 13,18 13,75 3,45 3,05 10,69 9,75
CaO 0,23 3,68 3,75 3,79 1,96 1,96 1,66 2,04
ZnO 0,00 0,00 0,00 0,00 0,74 0,63 1,88 1,82
PbO 20,58 0,00 0,00 0,00 29,87 29,58 6,93 4,73

F 0,00 1,63 2,52 2,39 0,00 0,00 0,00 0,00
z 90,53 85,81 86,00 86,90 90,07 88,31 90,56 90,79

Kommaectso B popmyite B pacuére na (Nb+Ta+Si+Ti+Al+Fe*")=2 ar.

P 0,10 0,10 0,07 0,08
Nb 1,34 1,41 1,43 1,42 1,02 1,00 1,44 1,42
Ta 0,03 0,03 0,03 0,02 0,01 0,01 0,03 0,02
Si 0,19 0,07 0,04 0,07 0,51 0,54 0,02 0,04
Ti 0,39 0,49 0,50 0,49 0,18 0,18 0,40 0,32
Th 0,01 0,01 0,01 0,01 0,01 0,02
U 0,08 0,08 0,07 0,06 0,07 0,08 0,05 0,05
Al 0,05 0,03

Fe** 0,05 0,13 0,14 0,05 0,06

Y 0,01 0,01 0,07 0,06
La 0,05 0,07 0,06 0,06 0,06 0,04
Ce 0,13 0,18 0,19 0,17 0,03 0,04 0,13 0,13
Pr 0,00 0,01 0,01 0,02
Nd 0,03 0,05 0,04 0,06 0,03 0,02
Sm 0,01 0,01 0,01 0,01
Eu 0,01
Dy 0,01 0,01

Y>REE 0,22 0,32 0,30 0,33 0,11 0,10 0,23 0,21
Ca 0,02 0,26 0,26 0,26 0,14 0,15 0,11 0,13
Zn 0,04 0,03 0,09 0,08
Pb 0,38 0,55 0,56 0,12 0,07

F 0,00 0,33 0,52 0,48
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Pucynok 8 — Kpucramn nupoxiopa u3 nermatouasoro rpauta CB yactu Manoro Beixona. Kpaesast kaémka
1 OCHOBHAs 4acCTh KPHCTAJlIa — MIUPOXJIOP CO 3HAUUTEIBHBIM COAEpKaHWEeM cBUHLA (Oenoe) (Tabnuua 7, ananus 1),
1ojioca — 0e3CBHHIOBBINA MPOXJIOp (cepoe) (Tabmuua 7, aHanussl 2-4). MukpoBkitoueHus ¢utoopura (uépHoe). BEI

Figure 8 — Pyrochlore crystal from pegmatoid granite of NE part of Malyi stock.
Rim and central part of the crystal — pyrochlore with significant lead content (table 7, analysis 1) (white),
strip — lead-free pyrochlore (table 7, analyses 2-4) (grey). Micro-inclusions are quartz (black), fluorite (dark grey). BEI

Oo6cyxnenue. TuraHoBas MUHepanu3alus BepXHEICTMHCKOTO MECTOPOXIEHHS TeTepOreHHa U
rerepoxpoHHa. PasHooOpa3ue MUHEPAIbHBIX BUJOB TUTAHA U MX JIOKAIM3AIHS HA MECTOPOIKICHHH TOBO-
PHT, MpEXJIe BCEro, HE CTOJIBKO O MOOWMJIBHOM MOBEACHUH JJIEMEHTA, CKOJIBKO O CIIOKHOCTH TEKTOHU-
YeCcKOu O6CTaHOBKI/I npu GBICTpOMeHSIIOIIII/IXCH nmpoueccax M MUX B3AMMHBIX HAJOXCHUAX B MOMCHT
AaKTUBHOTO MHHepanooOpa3zoBaHus. M3 paccMOTpPEHHBIX MHUHEpaloB K PaHHUM, OOpa30BaBIIMMCS B
MarMaTHYeCKOM 3Tare, OTHOCATCS COOCTBEHHO WJIBMEHHUT, KONYMOHUT, THUTAHHUT W THTAHCOJACpIKAIIUC
HAO0ATHI: MUHEPAIBl MHPOXJIOPOBOM Tpymibl U (epryconut. OOpa3oBaHHE TOCICTHUX IPOIOIDKACTCS
BIUTIOTH A0 ()a3bl HATPUEBOTO METACOMATO3a.

B npoMexyToK MeXIy KOHIIOM MErMaTHTOBOM (a3bl U BRICOKOTEMIIEPATYPHOU CTamuu (a3bl Kaauii-
HATPHEBOTO MeETacoMaTo3a MU0 00pa30BaHME IENOT0 psa THUTAHOBBIX MHHEPATIOB HApCApCYKHTa,
MUHEpaJoB Tpymisl actpodumura U Oadeprucura. Eciu oOpazoBaHne paccessHHONW BKPAILIEHHOCTH
aKLEecCOpuil MIBMEHUTa M KOJyMOWTa MPOUCXOJWIO HAa MarMaTH4ecKoM 3Tare, To oOpa3oBaHHE HX
[IUHKOBBIX U MapraHIeBbIX Pa3HOBUIHOCTEH, KaK U MAaHTaHOKOJNyMOHTa, TOMAIaeT Ha 3TOT MPOMEKYTOK.
BapI/IaHI/II/I XUMHUYCCKOro CoCraBa HUHK-MapraHCHCOACPKaIINX pa3HOBHIIHOCTeI71 WIbBMCEHUTA BIIJIOTH OO0
o0pa3oBaHMsl SKaHAPIOCHTAa M MHUPO(paHHTAa — JOKa3aTEILCTBO BO3ACHCTBHS AKTUBHBIX KOMIIOHEHTOB
GIIOUI0B MHTPY3UHM HA BMEINAIOIINE MOPOJBI M BIMSHUS KOHTPACTHOTO COCTaBa BMEIIAIONIMX MOPOJ Ha
HOBOOOpA30BaHUs MPHUIIETAIONICH YaCTH UHTPY3HHU C B3aHMONPOHUKHOBEHHEM U30BITOYHBIX KOMIOHEHTOB
KOHTakTupyromux cpen. OcobeHHO mMpolecc OMMeTacoMmaro3a TOKa3zaTelieH Ha xapakTepe W3MEHEHUi
XHUMHAYECKOTO COCTaBa MHHEPAJIOB, O0JIAAIONIMX HOHOOOMEHHBIMUA CBOWCTBAMHM, CPEAU KOTOPBIX Mar-
HETUT, WIBMCHHT, MUPKOH, THTAHUT M HATPOTUTAHHUT, aM(UOOIbI, MUPOKCEHBI U, 0COOEHHO, MUKPOIIO-
PHUCTBIC TUTAHO- U HUOOOCHJIMKATHI, @ TAK)KE CJIOUCThIC MUHEPAIbl IPymibl OadepTucuTa, actpoduiumra
u cmon [3, 19].

B nepBoHauaibHble MOMEHTBI aKTHBHOTO BO3JICHCTBHSI HA BMEIIAIOIIUE MTOPOJIBI METaAMOP(PHU3YIOIIHX
(GIION0B, BBIECISBIIMNXCS M3 BHEAPHBIIEHCS MarMbl MICJIOYHBIX T'PAHHTOB, 00pa3yloTcss MeTaMopgu-
YecKHe MOPOJbl HECKOIBKO MEPECHIIeHHbIE MIeJI0YaMi U OTBEYAIOUINe, MPUOTU3UTEIBHO TI0 XUMH3MY,
HIEJIOYHBIM CHCHUTAM. MICXOHBIN MUHEpaT HApCapCyKUT 00pa3yeTcss B MOMEHT OKOHYAHUS IIEIOYHOTO
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HACTYIUICHUSI KPEMHEKUCIIOTHOTO Tiepechienns. O0pa3zyemble B 3TOT IMEPHO/T] TIOPOIBI TPUOIMKAOTCS 110
COCTaBy YK€ K IIEJOYHBIM T'paHUTaM, IIOCTETIEHHO 3aMEHss IMepBhie. A CO CMEHOH MIEIOYHOTO U IIENI0Y-
HOKPEMHHEBOTO KHUCIIOTHBIM HACBHIIIEHHMEM HapCapCyKUT pasiiaraeTcsl 4allle BCEro C IEePeHOCOM BcCeX
JJIEMEHTOB, KPOME THUTaHAa, OCTAIOLIETOCsI B 00beMe «OBIBIINX» KPUCTAIUIOB B (hopMe Pa3HOOOPa3HBIX
TUTAaHOBBIX W THTAHCOJEPXKAIUX MHHEPAJIOB: PyTHJA, aHaTa3a, WIbMEHOPYTHJIA, MIBMEHHUTA, JIOPEH-
IIEHNTa, HENITYHNUTAa, HATPOTUTAHUTA, MUHEPAJIOB TPYMIIHI acTpodmummTa (KyIUIETCKUTa, TapbaraTanta) u
JIp. B BUJE «KapKaca», OTACIbHBIX 3EPEH WM CPOCTKOB 3&peH. OCTambHOE MPOCTPAHCTBO KPHUCTAIOB
3aI0JIHEHO Pa3HOOOpa3HBIMH KOMOWHAIMSAME MOPOI000Pa3YIONINX MHHEPAIOB (KBapIl, MOJIEBBIE IITIATHI,
aM(puOOoNBI U penko maxke cyib(uabl). 3amorHeHHe IceBIOMOPG03 IO HApCapCYKHUTY pa3sHooOpazHOe U
BapbUpPYET OT MECTa K MECTY JIOBOJIGHO B IIMPOKHUX TIpE/IEax.

JIByx(ha3HOEe CTpOCHUE KPHUCTAILUIOB HATPUICOACPIKALICTO TUTAHUTA, BBISBICHHOE IMPU H3yYCHHUU
XUMHYECKOTO COCTaBa MHHEpAIOB, OOpa3yOMIMXCS IO HApCapCyKHTy, MOXKHO OOBSICHHTH ITyJbhCa-
IIMOHHBIM TOCTYIICHUEM MeTaMOp(U3YIOIIMX PACTBOPOB, KaK M3 CaMOW aKTUBHON MHTPY3WH, TaK M W3
MeTaMop(pHU3yeMbIX BMeIIaromux nopo. Ha nmepBoM 3tamne Bo3aeiicTBUS MeTaMOP(HU3YIOIUX PACTBOPOB
Ha BMEMIAMOIINE TOPOJIBI, KOTa TeMIepaTypa U jaaBlieHHe (aTMoc(epHOe M OCMOTHYECKOE aKTUBHBIX
MTOABIKHBIX DJIEMEHTOB: JINTHSI, HATpHs, Kamus, xjiopa, ¢propa, CO,, KpeMHEKHUCIIOTHI U Jp.) BO3PacTaroT,
MPOUCXOAUT MEPEKPUCTAILIM3AIMS OJJHUX MUHEPAJIOB HA IPYTHe, YCTOWYMBBIC ITPU BOSHUKIIUX YCIOBUAX
B YacTsAX cucteMbl. OTHOCUTEIHHO OBICTPOE W3MEHEHUE TEPMOAMHAMUYECKUX YCIOBHI BIEUET 32 coOO0i
CMEHY HEYCTOWYMBBIX MUHEPAJIHHBIX aCCOLMHUAINH 10 00bEMY MeTaMOP(PHU3yEeMbIX YacTeil MPOCTPaHCTRA.
Korga mocrymienne Kanplus, HATPUS U UTTPHSI U3 PACTBOPOB OBUIO OTHOCHTEIBHO PAaBHOMEPHBIM, CTaja
BO3MOXKHOW KPUCTAJUIH3AIIVSI THTAHUTA OTHOCUTEIBHO OCTHOr0 HAaTpueM u utTpueM (moc P3D). 3oHais-
HBI POCT KPHUCTAJUIOB, CBHIETEILCTBYET 00 OTHOCHUTEIHHO «CIIOKOHHOM» IMEpHOAe KPHUCTaIIN3allnu.
C mazeHueM BHYTPEHHETO (CO CTOPOHBI aKTWBHOM MHTPY3UM) M BHEIIHETO (CO CTOPOHBI BMEHIAIOIINX
MOPOJT) AABJICHUS] YMEHBIIACTCS IMOCTYIUICHHUE B PACTBOP KAJBI[HS, YTO MPUBOJIUT K MIEPECHIIIICHUIO B HEM
HATPUS U UTTPUSA. DTUM U OOBSACHAIETCA, IO-BUIUMOMY, pa3BUTHE OoJiee TO3THETO HATPOUTTPOBOTO THTA-
HUTA 10 KpasiM U TpemruHaM KpHucTauioB. OCHOBHBIM UCTOYHHKOM KaJIbIIHsI, OYE€BUIHO, CIY>XHUJIH Oora-
ThIE 3THM W Jp. DJIEMEHTaMH IOPOJbI rabOopo-AnOpuTHI, nTruada3oBble MOPQUPHTE U JTaMIIPOGUPOBEHIC
MOpoibl, 00pa3yroIre BOIU3U NPOSBICHUN TUTAHUTA CPABHUTEIIEHO YacCThIe JKUIbHBIE HHTPY3HH, TIepe-
CEeKalolIie TONIy HIDKHEKaMEHHOYTOJIBHBIX TY(OaTIeBPOIUTOB B PAa3MYHBIX HAIIPABIICHUSX. Y CHUIICHUE
HATPOUTTPOBOH IO B HATPOTHTAHHUTE LIEIUKOM OOSI3aHO TIOCTYIUICHHIO M3 BHYTPEHHETO MCTOYHUKA —
aKTUBHOM UHTPY3uH [7].

[To coBMecTHOMY HaXOXICHUIO MHUHEPAJIOB TPyl OadepTrcuTa U acTpoUILIUTa MOXKHO CYAUTH 00
OTHOBPEMEHHOM WX 00pa30BaHWU B BBICOKOTEMIIEPATYpPHYIO CTAJHMIO KaWH-HATPHEBOTO M HATPHEBOTO
METacoMaTo3a.

OO0ObscHEeHNEe BCeM OCOOCHHOCTSIM THTAaHOBBIX M THTAHCOAEP)KAIINX MUHEpajIoB BepxHe3CHHMHCKOTO
MECTOpOXKIeHUS Xopolio JaHo B aucceptanuu M. B. TlekoBa «I'eHeTnyeckass MUHEPAJIOTHSI U KPUCTAJLIIO-
XUMHS PEAKUX 3JICMEHTOB B BBICOKOIIEIOYHBIX TOCTMAIrMAaTUYECKUX CUCTEMAax», B KOTOPO# yka3aHo, 4TO
BOXHEHUIITUMH ¥ THIIOMOP(GHBIMA KOMIOHEHTAMH BBICOKOIIEIIOUYHBIX 00pa30BaHUil BRICTYIAIOT MUHEPAIIBI
C HHU3KOIUIOTHBIMH CTPYKTypaMH (MUKPOTOPHUCTBIC): ... Zr-, Ti- m Nb-CHIMKAThl C TETEPOIOIHIIPH-
YeCKUMH KapKacaMu, reTepoUIUIOCHINKATEL, (pochaThl, OKCHIBI M MIETOYHbIE CYyIbQub [19].

Bapuanuu coctaBa u3y4eHHBIX MUHEPAJIOB, KaK C IUIOTHBIMU CTPYKTypaMH: WIBMEHUT, KOJyMOUT,
TaK ¥ C MUKPOIIOPUCTBIMU CTPYKTypaMHU: MUHEPAJBI TPYIIIBI TUPOXIIOpa, OadepTucuTa, acTpouiuiuTa u
IIp. OT 3epHa K 3epHY, B IIpeIeiax OJHOTO 3epHa; 0OoraIeHIe BI0JIb TPEIIHH, 30H pocTa B 3épHax (azaMu
C TSDKEJBIMH KaTHOHAMH TOBOPHUT O UIMPOKOM pPa3BUTHM HOHOOOMEHHBIX IPOLECCOB B IMICIOYHBIX
MErMaTUTOBO-TUAPOTEPMAILHBIX CHCTEMaX, UMEBIIINX MECTO Ha MECTOPOXKICHUH B TIEPUO]] aKTUBHBIX (a3
MUHEpPaI000pa30BaHUs, B KOTOPBIX TUTAH MPOSBIAET ce0sl, KaKk OTHOCUTEIFHO aKTUBHBIA JIIEMEHT.

Paboma evinonnena npu unancosoti noodepacxe epanma 0302/'®@4 «Cozoanue 6a3vi OaHHBIX NO
VHUKAIbHBIM, PEOKUM U HEOOCMAMOYHO U3VHEHHbIM MUHEPATAM MECMOPONCOeH U OIa20POOHBIX U PEOKUX
anemenmog Kasaxcmana 0151 KOMAIEKCHO20 0c8oenus Munepanvio2o cuipviy KH MOH PK.
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I'. K. Bekenona', A. B. Crenanos’, A. B. I[o.nrono.nosaz, R. Seltmann’, A. O. BaiicaioBa’

: K. 1. CorbaeB aTramarsl ['eonorus FeUIBIMIAphl HHCTUTYTHI, AnMaThl, Kasakctan
“aparsuisictany Tapuxu Mypaxaiisl, JJonaon, BenmnkoGputanus

"KOFAPFBI ECIIE CHPEKMETAJIJIbI KEHOPHBIHJAFBI TATAHKYPAM/IbI
MHUHEPAJIJIAPIBIH EPEKIIEJIKTEPI (IIBIFBIC KA3AKCTAH)

AHHOTanms. Makanazia KeHJIeHy/IIH MarMaJiblK )KoHe [MOCTMarMablK Ke3eHAEPiHe KaIbITACKaH TUTaH MHHE-
paiaHybl KapacTbIpbUIFaH. PyTui, aHata3, MIbMEHHT JKOHE OHBIH TYpJiecTepi: NUPO(GaHUT JKOHE DKAHIPYCHUT; KO-
JyMOUT ’KOHE OHBIH TYpJIECTEpi; TUTAH/Abl CHIMKATTApJaH: HAPCAPCYKUT, JIOPEHLCHNUT, HENTYHHUT, HATPOTUTAHUT,
acTpoIUINT TOOBIHBIH MHHEpANaphl jkoHe OadepTHCUT, COHBIMEH Oipre THTaHKYpaMbl MHHEpAIAap TOOBIHAH
MUPOXJIOP MeH (epryCoOHUT MUHEpAIIApBIHBIH Ke3/ecy MilliHepi, GU3NKaIblK KYphUIBICHl KOHE MHHEpAIIapablH
XUMUSUIBIK Kypambl CHNaTTajraH. MUHEpangapAblH KIMH-HaTPUIIII JKOHE HATPHHIL JKOFApFBl TeMIlepaTypaiibl
MeTacoMarTo3 Ke3eHiH e JKapadyhbl TATAHHBIH CaJIBICTHIPMAbl OCICEHAl AIIEMEHT eKEH/ITIH TaHBITaIb.

Tyiiin ce3aep: pu3NIECKAIBIK KYPBUIBICH, XUMHSIIBIK KypaMbl, THTAHKYPAMBIHIBI MUHEpAJap, CUITLI MeTa-
comaro3, JKoraprerecrie KEHOPHBI.
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COMPARATIVE ANALYSIS OF SPINEL GROUP MINERAL
COMPOSITION WITHIN PICRITE AND PICRITIC DIABASE ROCKS
OF THE KARATURGAI COMPLEX IN NORTHERN ULYTAU
(WESTERN PART OF CENTRAL KAZAKHSTAN)

Abstract. The accessory spinel group minerals derived from picrite, and from the picritic diabase of the Ka-
raturgai complex are studied using energy dispersive spectrometer INCA ENERGY. Two generations of accessory
ferrospinel are distinguished. They differ in decomposition structures of the solid solutions and in chemical
composition. Ferrospinel of the first generation is represented by the decay structure of the ilmenite-titanohematite
series with isomorphism of two- and three-valent cations. The second-generation ferrospinel is represented by the
manganoilmenite-titanohematite series decay structure. Hematite, as is known, is formed in the environment of high
oxidation potential and can be taken as a direct evidence of the rock formation within hypabyssal conditions. The
hypabyssal nature of the rocks of the Karaturgai complex is indicated also by the low level of the magnesium
concentration in ilmenite within picrite and its full absence in manganoilmenite from picritic diabase. The revealed
crosswise geochemical zonation of chrome-spinel derived from picrite, that allocated towards the sill’s footwall, is
apparently a result of the picrite melt equilibrium crystallization, caused by a gradual decrease in temperature.

Key words: Ulytau, Kazakhstan, picrite basalts, diabases, manganoilmenites, titanohematites, ilmenites, cop-
per—nickel sulfide ores, Neoproterozoic.
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CPABHUTEJILHASI XAPAKTEPUCTUKA COCTABOB MIHEPAJIOB
I'PYNNBI IMTMHEJN MIUKPUTOB M MUKPUTOBBIX TUABA30OB
KAPATYPTANCKOT'O KOMILIEKCA CEBEPHOT'O YJIBITAY
(BAIIAJ] HEHTPAJIBHOT'O KA3AXCTAHA)

AnHotauusa. Hamu ¢ nomompto sHeproaucnepcuonHoro cnektpomerpa INCA ENERGY Obutn u3y4yeHsl ak-
[IECCOPHBIE MUHEPAJBI TPYIIIHI HIMUHETN W3 MUKPHUTA, TATOTEIONIETO K IMOJOIIBE CHIIIA, a TAKXKE U3 MUKPUTOBOTO
Jrabasa, Cllararolero ero KpoBio. BeiiesneHo 1Be reHepanuy akiecCopHoi (GheppollniHeNn B MUKPUTE U MHUKPU-
TOBOM JHa0a3e KapaTypraiiCkoro KOMILIEKCA, KOTOPBIC Pa3InYaroTCs CTPYKTYpaMHU pacrajia TBEPIBIX PACTBOPOB U
XUMUYECKUM cocTaBoM. DeppolLIuHENb EPBOM reHepaluy NpeCcTaBiIeHa CTPYKTYpO# paciajga WIbMEHUT-TUTaHO-
TEeMaTUTOBON CEepHH C M30MOP(GU3MOM JBYX U TPEXBAJICHTHBIX KATHOHOB, a ()ePPOIINUHENs BTOPOU TeHEpaIuyd —
CTPYKTYpO# pacraga MaHTaHOMJIBMEHUT — TUTAHOT€MaTUTOBOM cepuu. ['eMaTuT, Kak U3BeCcTHO, 00pas3yeTcs B cpene ¢
BBICOKAM OKHCJIATEIEHBIM IOTEHIIMAIOM KHCIOPO/a, YTO SBIISIETCS MPSIMBIM CBHIECTEIHCTBOM (DOPMHUPOBAHUS CONEP-
JKaIlUX WX MOpOJ B TUIIA0MCCANBHBIX YCIOBUAX. Ha rumabuccaipHy 0 IPUPOAY MOPOA KapaTypraiicKoro KOMILIEKca
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YKa3bIBae€T HU3KUI YPOBEHb KOHIIEHTPALUU MAarHUs B UJIbMEHUTE MUKPUTA U MIOJHOE €r0 OTCYTCTBUE B MAHTaHOUJIb-
MEHHTE NMUKPUTOBOTO janaba3a. BrLiBieHHas morepedHasl reoXMMUYecKas 30HAIBHOCTh XPOMIIITMHENN HMHKPHTA,
TATOTEIOUIETO K MOJOILIBE CUILIA, O-BUIUMOMY, SIBISIETCS PE3yJIbTaTOM PaBHOBECHOW KPUCTAIUIN3ALUH TUKPUTOBOIO
paciutaBa, 00yCIOBIEHHOH OCTENIEHHBIM IIOHMKEHHEM TEMIIEPATyPHI.

KoaioueBble ciioBa: Yibitay, Kazaxcran, NMKpuTHI, 1nada3bl, MEAHO-HUKEINBBIE CyIb()UAHBIC PY/bI, TAJUTAIUH,
IJIaTHHA, HEOIIPOTEPE30H.

Beenenue. Ha 3anazne LlentpansHoro Kazaxcrana B Oacceiine pexu Kapatypraii (pucyHok 1) gaBHO
W3BECTHBI OCHOBHBIE U YJBTPAOCHOBHBIE MOPOIBI [1-3], TeHE3UC KOTOPHIX M CErofHs HE UMEET OIHO-
3HaYHOT'O PELICHMUS.

R\

Kara-Turgai

|
\

VAL Al

[mz s[4 5
[[Me MM 7C 819

Pucynok 1 —
A. CxeMa reoJIorTHUeCKOTO CTPOCHUS paiioHa cpenuero teuenus p. Kapa-Typraii mo U. Y. Bumnesckoii u U. ®. Tpycosoii [2]
C M3MCHCHUSMHU U JIOTIOJTHEHUSIMU aBTOPOB: 1 — KaifHO30MCKHE OTIOKEHHS; 2—3 KapcaKIaiickas cepusi (Me30IpoTepo30ii):
2 — Tornma MeTaba3aabToB, PEXe aHIE3UTOB C TOJYMHCHHBIMH TOPU30HTAMH MyCKOBUTO-KBapIUTOBBIX M KBAPIUTOBBIX CIIAHIIEB,
3 — ToJIIIa NEeCTPOLBETHHIX TY(OB KBapIEBHIX AILOUTO(GUPOB H IEIUIOBBIX MOJIOCUYATHIX TY()OB CpEIHEro COCTana;
4 — MyCKOBHTO-JILOUTOBBIE U TPahUTOBBIE CIIAHIIBI, aTLONTOBBIC THEHCHI 1 MUKpPOTHEHCH apasbaiickoi cepuu (PR ar);
5 — xaparypraiickuii 1uabas-kputoBblit komiuieke (PR; k); 6 — reonoruyeckue rpanuiibl; 7 — TEKTOHMYECKUE HAPYILICHUS,
8 — romorpaduueckue nzonuuum; 9 — pexa Kapa-Typraii u ee nputoko Koiitac n Maiike; 10 — TpuroHoMeTpuiecKye BHICOTHI.

Figure 1 — A. Geological aspects scheme at the middle reaches of Kara-Turgai river [2] with authors’ edits and additions.

Cxema reonorudaeckoro crpoennst Kaparypraiickoro maccusa (B) 1 pazpes SN (C) uepe3 neHTpabHY IO 9acTh MacCHBa
noctpoens! 1o marepuanam H. I1. Muxaitnona, 1O. JI. Cemenosna [1], U. Y. Bumnesckoit u U. ®@. Tpycosoii [2], O. b. beiicees [6]
C U3MCHCHUSMH U JTOTIOJHCHUSIMU aBTOPOB: | — KaifHO30MCKIEe OTIOKEHHS; 2-4 — KapcaKnaickas cepus (Me30MmpoTepo30oi):

2 — Ty(b1 KBapueBbIX aTbOUTOGHPOB, 3 — Moocyarsie TY(bI cpeHero cocrana; 4 — Ty(hbl OCHOBHOTO COCTAaBa,

5 — rpaduTo-aapOUTOBBIC ClIAHIBI apanbaickoil cepun (maneonporepo3oii PR ar); 6—7 — kaparypraiickuii 1uaba3-nuKpUTOBbIH
KOMIDIEKC: 6 — KBapueBble auabassl, Auabassl, 7 — MUKPUTOBEIE 1Ha0a3bl, MUKPUTHI, AIOIIMKPUTOBBIE CEPIIEHTHHUTEL,
MIPENMYIIECTBEHHO MApOBbIE, HOPMHUPOBUIHEIE; 8 — T€0TOTHUECKHE IPAaHUNBL; 9 — pa3phIBHBIC HAPYIICHNS ¥ HAIBUTH.

Geological aspects scheme of the Karaturgai block (B) and the SN cross-section through the central part of the block (C),
based on materials [1-3] with authors’ emendations and additions
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ABTOpBI HACTOSAIIEH cTaThy pasaensatoT Touky 3peHus H. I1. Muxaiinosa u 0. JI. Cemenona [1, 4] Ha
MPUPOLY OCHOBHBIX M YABTPAOCHOBHBIX HOPOI 3aragHo- YIBITAyCKOTO HOsiCAa U B €0 COCTAaBE BBLACIISIIOT
[5] mBa THMmabuccambHBIX KOMIUIEKCA: Ha CeBepe — KapaTrypralckuii amaba3-MMKPHUTOBBIN, a Ha fore —
OeneyTHHCKHH hepporabOopOHOPUT-TUa0a3-TIUKPUTOBBIM.

Kaparypraiickuii KOMIIJIEKC CIOKEH allONMWKPUTOBBIMH CEPIIEHTUHUTAMH, TUKPUTAMH, THKPUTOBBIMH
nuabasamy, Auaba3aMu M KBapLeBbIMH auaba3aMu. llopomsl KoMIulekca ciararoT HeOONbLIME THIla-
OuccaipHBIE TeNa, UMEIOIINE, KaK MpaBmwio, GOpMy KPYIHBIX M MEIKHX MEXIUIACTOBBIX 3ajekel (pH-
cyHOK 1). /IoBONBHO YacTO CWIJIIBI 3ajeTaloT B 3aMKax HEONPOTEPO30HCKUX METaMOp(UUYECKHX TOJII
Kapcakaickoil 1 0034aKCKOH CepuH, B €AMHUYHBIX CIydasx oOpa3yloT Aallku B COCTaBe ME30IpoTe-
PO30iickuX TOMII. AHAJIOTOB MMKPUTOB M ACCOLMUPYIOIIMX C HUMHU JMa0a30B B COCTaBe IalCO30MCKUX
TOJII Xp. YABITAy HE 0OHAPYKEHO.

FeTiz 05

(>1140%)
Fe2+

FeO Fe304 Fes03
o142

PucyHok 2— Cucrema ee30THTaHOBBIX OKUCIIOB C INIaBHBIMH (ha3aMH U CEPUSAMH TBEPABIX PACTBOPOB.
Cepun: 1 — iceBroOpyKuTa, 2 — KIIbMEHUT — TATAHOT€MATUTa, 3 — YJIbBOILINUHETh — THTAHOMarHetuTa. [lyHKTHpHas TUHAS —
Tpenn okucienus [7]. @eppommnuHens: 1 — MUKpHUTa, 2 — MUKPUTOBOTO THaba3a KapaTypraiickoro KOMILIIEKca.

Figure 2 — Pattern of iron-titanium oxides with main phases and series of solid solutions.

Hamu Obutn M3y4eHsl akiieCCOpHbIE MUHEPABI TPYIIIHI IIIMMAHEIHA THKPUTA, TATOTEIOMIETO K ITOIOIIBE
CHJUIA, a TAK)Ke MMMKPUTOBOTO AHadasa, CIararoliero ero KpPoBiio.

Hwxe OynyT paccMOTpeHBI MX XMMHYECKHE OCOOCHHOCTH B CBSI3M C MX acCOLHMALMEH ¢ IJIaTHHO-
METHO-HHUKEJIEBO-CBUHIIOBO-IIMHKOBOH, PEeNKO3eMeNbHOW MHHEpalIn3aluell 1 BO3MOXHBIMHU IPOIECCaMHU
KyMYJIATHBHOTO PAacCIOEHUS MTUKPUTOBON MarMbl.

Metoas! ucciaegoBanmusi. CocTaB aklecCOpPHUEB KapaTypraiiCKoro nuada3-MAKPUTOBOTO KOMILIEKCA
ObuT m3ydeH B jaboparopun muHepaioruum TOO UMI'H (Anmarel) ¢ IOMOIIBIO SHEPTOANCIEPCHOHHOTO
cuekrpomerpa INCA ENERGY, ¢upmer OXFORD INSTRUMENTS, AnHmms, yCcTaHOBICHHOTO Ha
ANIEKTPOHHO-30H/I0BBIH MUKpoaHanuzatop Superprobe 733, ¢upmer JEOL, Anonus (yckopsitoiiee Hamnpsi-
xenue 25 kB, Tok 30H1a 25 HA, nuametp 30HAa 1-2 MkM). B kauecTBe 00pa3IoB CpaBHEHUS UCIIOJB30-
Baym: s Si - (Si0,), Ti - (TiO,), Al - (ALLOs), Fe - (F,05), Mn - (MnO), Mg - (MgO), Cr - (Cr,03), V -
(V20s5), Zn - (Zn). Pesynwrarsl aHanu3oB Hopmuposaiau Ha 100%. Bee (oTo ObUIHM BBITOIHEHBI B PEXKUME
00paTHO-pacCEesTHHBIX AIIEKTPOHOB, B KOTOPOM KOHTPACT Ha M300paKEHUU 3aBUCUT OT CPEIHETO aTOMHOTO

HoMepa (hasel Z. UeM Gomblre Z, T. €. 4eM OOIbIIC TSHKETBIX JIEMEHTOB, TEM CBETIee 9Ta (asa Ha H30-
OpakeHuH.

Pe3ynbrathl ucciaenosanuii. Hamu BoepBbie B cOCTaBe NMUKPUTOB M IMKPUTOBBIX AnMaba30B Kapa-
TypraiiCKoro KOMIUIEKCa BBIJCJICHO JBE I'CHEpAIMd MUHEPAJIOB TPYIIbl (PEPPOIINUHETH, KOTOPBIE pa3jiu-
qaroTcsl CTPYKTypaMHU pacliaja TBEPABIX PAacTBOPOB M XHMHUYECKHUM COCTaBOM (pUCYHOK 2). Deppo-
LIMUHENb MEPBOM IreHepaluy NpeACTaBieHa CTPYKTYPOH pacnaia WIbMEHUT — THTAHOT€MaTUTOBOM CepHU
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Pucynok 3 — ®oTo B 00paTHO-pacCesHHBIX IEKTPOHAX yYacTKOB aHIUIM(a NUKPHUTA Kaparypraickoro komiuiekca. A-C.
CTpyKTypBI pacmajia TBEPIbIX paCTBOPOB HiIbMeHUTA. [lapamiensHo OpueHTHPOBAHHBIE JaAMENN THTAHOTEMAaTUTa (CBETIIO-CEPOE)
B MaTpukce wibMeHuta (cepoe). C. SIpko-6enoe 3epHBILIKO NPSIMOYTOIBHON (GOPMBI BEPOSTHO MPEACTaBIEHO cyabduaom (Sul)
Menu-unHKa (CuZnS,), B cocta kotoporo BxomsaT Ni, W, V Mn. D. Ham ynanocs noxy4uTs NOMEpEdHbIi cpe3 JaMeneit
TUTAHOTEMAaTUTA (CBETIIO-CEPOE) B MIIBMEHUTOBOM MaTpHIe, KOTOPbIE MMEIOT (JOpMy HETIPaBHIBHBIX M HEPEAKO OKPYTIEHHBIX
MHOTOTPaHHHUKOB BO MHOTHX CITydasiX TECHO IPIKATHIX APYT K Apyry. O0ranaeT JIn aHaJIOTUYHOH CTPYKTYpOi MAHTaHOMIEMEHHT
MMUKPUTOBOTO aba3a, HaM yCTAaHOBUTH HE NPEACTaBIIIOCH BO3MOXHEIM. B BepxueMm seBoM yrry kpuctaimn xanskormpura (Chp).
Temuast Macca — 3TO CHIIMKaTHbIE MUHEpaibl NHKpuTa. E-F. @opMbl HaX0XKIeHNST XPOMIIITMHENH (CBETIIO-CEPOe 3€PHO
B pacmajie sspko-6ebie). MHTepcTHINK MeXy CHIIMKATHBIMU MHHEPaJIaMH BBIIIOJHEHB! KCEHOMOP(HBIM 3€PHOM XPOMIITHHEIH
¢ SIBHO BBIPKCHHOM CTPYKTYpoii pacnaza TBepaoro pacrsopa. H. [luarpammsl pacnpenenenus Cr-Fe-Mg-Al-Ti
B 3¢pHE KCEHOMOP(HOH XPOMIILITHUHENH 10 IPOHIIo Ha pucyHke G.

Figure 3 — Backscattered electron image of picrite polished sections of the Karaturgai complex.
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¢ m30MOp(HU3MOM JBYX M TPEXBAJICHTHBIX KATHOHOB, a (PEPPOIIIUHENTb BTOPOH TeHepaIiy MpecTaBieHa
CTPYKTYpOH pacraja MaHTaHOWJIBMEHHT — TUTAaHOTEMAaTHTOBOW cepud. XPOMIITHHENIh OTBEYaeT cyo-
(beppHaTIOMOXPOMUTY, peke (EppHaTIOMOXPOMUTY M 00a OHM HMMEIOT HEBBICOKYIO H OTHOCHTEIHLHO
MTOCTOSTHHYIO XPOMHUCTOCTb.

Mnunenn nukpuroB. Wnemenut (FeTiO;) obmamaer cTpyKTypod pacmana WIBMEHHT — THTa-
HOTEMATHTOBOH CEPHH C M30MOP(H3MOM ABYX M TPEXBAJICHTHBIX KaTHOHOB: Mg’  « Fe’" < Mn’";
Cr' e Fe*' V¥, a taioke u Ti'™. Takast cTpykTypa pacnana MIbMEHHTa 0OHAPYKEHA TOTBKO B COCTABE
pynoconepxamero nukputa. Unemerut (tabmuma 1, 1-11) oboramen MnO (<3.90%), MgO (1.08%),
V,0; (<0.85%), Cr,0;5 (<0.40%), CaO (<0.19%), 9TO TO3BONSIET pacCMaTPHBATh €0 KaK MaHTaHOWIIb-
MEHHUT 00OTralEHHLII MarHueM.

Turanoremarur (Fe,O;) mpeacraBieH iaMmensMH, KOIUYECTBO KOTOpbiX pocturaetr 80-90 % ot
obmero o0péMa 3epeH MaHTaHOWJIbLMEHWTA, WX (Gopma W pasMep oToOpakeHB Ha pucyHke 3 (A, B).
CocraB U3y4eHHBIX JaMeneil, Kak 1 MaTpuKca, KpaiiHe HelmoCTOsIHHbIHN (Tabmuma 1, 1-11).

Tabmuma 1 — CocraBsl pacnaja TBEpIbIX pacTBOPOB HIbMEHHUTA (Mac. %) nukputa (1-11)
1 MAaHTaHOWJIBMEHHTA U THTAHOTeMaTUTa MMKPUTOBOTO quadasa (12-25) kaparypraiickoro KOMILICKca

1 2 3 4 5 6 7 8 9
Ne i/ Mumnepan TiO, FeOt MnO MgO Cr,05 CaO V,0,
Jlamenu — maTpukc
1 TuranoremaTut 30.40 66.04 1.46 0.32 0.52 0.13 1.14
2 MaHraHOUJIbMEHUT 38.23 57.82 1.95 0.61 0.40 0.15 0.85
3 MaHraHOUJIbMEHHUT 46.58 49.15 2.90 0.75 0.05 0.16 0.41
4 MaHraHOUJIbEMEHHT 50.43 44.89 3.09 0.85 0.10 0.27 0.36
5 MaHraHouIbMeHUT 46.09 49.35 2.81 0.84 0.27 0.23 0.42
6 MaHraHOMJIEMEHHUT 36.95 59.21 1.91 0.60 0.35 0.19 0.79
7 Turanorematut 33.51 62.80 1.71 0.37 0.34 0.08 1.19
8 MaHraHOUJIEMEHHT 46.27 49.36 2.53 1.08 0.03 0.08 0.65
9 TuranoremaTut 33.95 61.39 2.00 0.31 0.37 0.16 0.83
10 MaHraHOUJIbMEHUT 52.03 43.86 3.14 0.51 0.06 0.13 0.27
11 MaHraHOUJIbMEHHUT 52.82 43.45 291 0.25 0.27 0.10 0.20
Jlamenu
12 TuraHoremaTut 22.23 76.33 1.44
13 TuranoremaTut 24.30 73.57 1.47 0.66
Marpukc
14 MaHraHOWJIEMEHHUT 51.62 44.25 3.44 0.69
15 MaHraHOMJIBMEHUT 51.45 45.32 3.23
16 MaHraHOMJIBMEHUT 52.44 4441 3.15
17 MaHraHoubMeHUT 52.27 44.47 3.26
18 MaHraHOUJIbLMEHUT 52.68 44.43 2.89
19 MaHraHOUJIbMEHHUT 51.98 44.03 3.39 0.60
20 MaHTraHOUJIEMEHHT 51.54 45.19 3.27
21 MaHraHoubMeHUT 52.70 44.19 3.11
22 MaHraHOUJIbMEHUT 52.50 44.07 343
23 MaHraHOUJIbMEHHUT 52.65 44.02 3.33
24 MaHTraHOUJIEMEHHT 52.38 44.49 3.13
25 MaHraHoubMeHUT 52.74 43.95 3.31
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XpoMuInuHeJb IpeAcTaBieHa nauoMopdueiMu 3epaamu (pucyHok 4 (E)) u pe3ko kceHoMOp(hHBIMU
3epHaMu (pucyHok 4 (F)), BBINOMHSIOIMMH HETPaBHJIbHBIE MPOMEXYTKH MEXKAY HIUOMOP(HBIMU 3ep-
HaMH4 OJIMBMHA U NHpokceHa. Hepenko MoXHO HaOMIONaTh, KaK XPOMILIIIMHEb IPOHUKAET 10 TPEIIMHAM B
CHJIMKaTHbIE MUHEpasibl. KpHCTamibl XpOMIINUHENN UMEIOT YeTKO BBIPAKEHHYIO 30HAJIBHOCTH B pacrpe-
nenennn Fe, Ti u Cr, Al, Mg (pucynok 4 (H)). Kaiima 3epeH xapakrepusyercsl MOBBIILICHHBIMUA COAEP-
xanusmu Fe, Ti Ha ¢one pe3koro obemHenns Cr U OTHOCHUTENBHO HE3HAYMTENBHOTO CHIDKCHHUS KOH-
neHTpaiuii Al, Mg.

100 mkra

PucyHnok 4 — ®oT0 B 00paTHO-paCCESIHHBIX ANEKTPOHAX YYACTKOB aHILIH (A MUKPUTOBOTO Anada3a KapaTypraiickoro KOMILIEKCa.
A-B. ®opmsl HaxoxkaeHus mmuHend. Crs — XpOMIIIHHENb; Sig — 3ureHuT; Bt — 6notut; Am — ampu60om; Cpx — KIMHOIMPOKCEH.
C-D. CrpykTypsI pacnazia TBepAbIX pacTBopoB. [lapauiensHO OpHEeHTHPOBAHHBIE INIACTHHKY — THTAHOTEMATHT
(Thm — cBeTiio-cepoe) B MaTpukce MaHraHomnsMenuTa (Milm — poBHOe cepoe mone). Ha BcraBke k pucyHKy B nmokasan nmpumep
pacnaja TBepIbIX pacTBOPOB B XPOMILIIMHENH (CBETIO-cepast peOpucrtas odiacTh B IPaBoi HY)KHEH YacTH 3epHA).

Figure 4 — Backscattered electron image of picrite diabase polished sections of the Karaturgai complex

Cormacho kmaccudukanuu H. B. [1aBnosa [8] xpommmmuHens (Tabnuma 2) oTBedaeT cyddeppuaro-
Moxpomuty (Cr,0;=41.72-45.80%, Al,0;=16.63-16.67%), pexe deppuamomoxpomuty (Cr,0;=38.65%,
AlLO5=11.60%) u 00a OHM HMEIOT HEBHICOKYI0D M OTHOCUTEIBHO MOCTOSHHYIO XPOMHCTOCTHIO
(Cr/(Cr+Al)=0.66-0.69), Ho ux Marae3nansHOCTh (Mg#=0.06-0.44) n3MeHseTCsS B OTHOCUTEIHHO IIUPO-
kux npenenax. Kcenomopdusie 1 narnoMopdHbIe KPUCTAITBI CYyO(PeppHaTIOMOXPOMHUTA PEIKO 00OTaITICHBI
V,0; (<0.87 %) u ZnO (<1.74 %). Y3kue KaiiMBbl, OTIOSCHIBAIONINE XPOMIIITUHETH TPEICTABICHB XPOM-
MarHeTuToM. 3epHa cyOodeppHaTOMOXPOMHTa PACCEUCHBI IPOKMIKAMHA MarHeTUTA.

IInunend NUKPUTOBOro amadaza. ManraHownbMeHUT (Tabmuma 1, 12-25) mo XuMHYECKOMY
cocTaBy ONHM30K K cTexuomeTpudeckor (opmysne mnpMmenuta (FeTiO;), onHAKO OH CONEPIKUT JTOBOJILHO
BBICOKHE KOHIeHTpanuu mapranna (Mn0O=2.89-0.3.44 %). I[lo oTHOIIEHUIO K MaHTaHOMJIbLMEHUTY MHUK-
puta oH He cogepxkuT MgO, Cr,0O; u kpailine penko B HEM BeTpeuarores V,0;3 1 CaO. CtpyKTyphl pacnaga
WX TBEPIBIX PACTBOPOB 0TOOpaskeHkI Ha pucyHke 4 (C - D).

Turanoremarutr (Tabnuma 1) OTHOCUTENBHO MAaHTaHOMWJIBMEHHMTA MNHKpHUTa oborameH Fe,O;
(<76.33%), HO comepxut MeHbIe TiO, (<24.30%) u MnO (<1.47%).
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Tab6muua 2 — CocTtaB XpoMinuHeny (Mac. %) MUKpHUTa KapaTypraifckoro Komriekca

Ne i/t 1 2 3 4 5 6 7 8 9 10
TiO, 1.43 1.51 1.37 1.60 1.27 1.10 1.18 1.37 1.32 1.32
AlLO; 15.26 15.48 15.63 14.73 14.34 14.12 13.50 14.00 13.20 13.87
FeO 25.76 26.49 25.45 26.83 30.47 30.83 33.28 33.46 | 38.12 35.90
MnO 0.92
MgO 11.30 10.95 11.08 11.22 8.28 7.56 6.58 7.01 4.70 4.27
Cr,03 46.25 45.57 46.46 45.63 45.64 46.39 45.46 44.16 | 42.66 43.72
Fe,0; 7.94 8.035 7.233 8.894 8.247 7.742 8.805 9.448 10.86 8.615
FeO 18.62 19.260 18.942 18.827 22.959 23.864 25.357 2496 | 28.34 28.148
24 aHnoHa
Ti 0.275 0.290 0.263 0.308 0.250 0.218 0.236 0.272 | 0.267 0.268
Al 4.591 4.664 4.704 4.442 4.420 4.379 4.225 4358 | 4.188 4.405
Fe3+ 1.525 1.546 1.390 1.712 1.643 1.533 1.759 1.878 2.199 1747
Fe2+ 3.974 4.117 4.045 4.028 5.021 5.252 5.631 5.512 | 6.381 6.342
Mn
Mg 4.301 4.173 4218 4.28 3.229 2.966 2.605 2.76 1.886 1.715
Ca
Cr 9.335 9.211 9.380 9.230 9.437 9.652 9,544 9.221 9.079 9.314
Cr# 0.67 0.66 0.67 0.68 0.68 0.69 0.69 0.68 0.68 0.68
Fet# 0.56 0.58 0.56 0.57 0.67 0.70 0.74 0.73 0.82 0.83
Mgt 0.44 0.42 0.44 0.43 0.33 0.30 0.26 0.27 0.18 0.17
Fe2* 3.974 4.117 4.045 4.028 5.022 5.252 5.631 5.512 | 6.381 6.342
Fe3* 1.525 1.545 1.390 1.712 1.642 1.533 1.759 1.877 | 2.199 1.747

Tpooonsicenue mabauywt 2

Ne i/t 11 12 13 14 15 16 17 18 19 20
TiO, 1.50 1.20 1.19 6.99 2.88 1.69 1.13 1.33 1.05 1.18
AlO; 11.74 13.79 13.68 6.37 10.26 16.82 14.19 7.48 8.00 7.77
FeO 44.80 39.08 41.06 61.70 49.96 35.27 37.66 72.33 71.74 71.73
MnO 1.12 0.54
MgO 2.82 2.21 1.48 0.86 7.81 5.79 0.87 0.84 1.03
Cr,0; 39,13 42.85 41.76 23.16 33.85 38.41 41.23 15.82 16.32 15.90
V,0, 0.20 0.66 0.46 0.82 0.82 0.65
ZnO 0.88 0.62 1.74 1.36 1.25 1.19
Fe,0; 15.083 8.726 9.356 25.564 18.074 11.96 12.195 42.12 43.49 44.25
FeO 31.228 31.288 32.641 38.696 33.696 24.51 26.687 31.15 32.60 31.91
24
Ti 0.309 0.247 0.246 1.500 0.606 0.329 0.226 0.280 0.221 0.248
Al 3.792 4.445 4.438 2.141 3.385 5.138 4.445 2.467 2.633 2.556
Fe3+ 3.111 1.796 1.938 5,486 3.807 2.333 2.439 9.289 9.139 9.295
Fe2+ 7.157 7.142 7.513 9.229 7.888 5312 5.932 7.636 7.613 7.446
Mn 0.271 0.158
Mg 1.152 0.901 0.607 0.359 3.018 2.294 0.363 0.350 0.427
Ca
Cr 8.479 9.265 9.087 5.222 7.492 7.871 8.664 3.500 3.603 3.508
Zn 0.126 0 0.360 0.281 0.258 0.245
A\ 0.44 0.151 0.103 0.184 0.184 0.145
Cr# 0.69 0.68 0.67 0.71 0.69 0.61 0.66 0.59 0.58 0.58
Fe#t 0.90 091 0.94 1.00 0.97 0.72 0.78 0.98 0.98 0.98
Mgt 0.10 0.09 0.06 0.03 0.28 0.22 0.02 0.02 0.02
Fe2* 7.157 7.142 7.513 9.229 7.888 5.312 5.932 7.636 7.613 7.446
Fe3* 3.111 1.800 1.938 5.486 3.810 2.333 2.439 9,290 9.139 9.295
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Ipooonscenue mabauyor 2

No /it 21 22 23 24 25 26 27 28 29 30
TiO, 1.75 1.27 1.36 2.50 2.22 2.03 2.12 2.04 1.03 1.62
Al,O4 14.27 15.04 14.70 17.65 17.24 16.56 16.60 17.17 5.29 1.69
FeO 44.10 32.76 34.51 30.84 36.39 37.74 34.15 31.39 71.69 73.89
MnO 0.17 0.71 0.91
MgO 2.49 8.16 6.22 10.55 6.67 4.85 7.64 8.70 0.73
Cr,05 36.89 42.20 43.21 38.46 37.49 37.77 39.48 40.69 19.88 20.70
V,05 0.50 0.57 0.68 0.57
ZnO 0.87 0.62
Fe,04 13.081 10.522 9.163 10.767 10.681 10.484 10.073 8.814 43.27 45.337
FeO 32.890 23.292 26.265 21.151 26.779 28.306 25.086 23.459 32.753 33.093
24
Ti 0.358 0.249 0.271 0.447 0.436 0.405 0.415 0.395 0.219 0.352
Al 4.572 4.621 4.587 5.277 5.300 5.177 5.086 8.288 1.732 0.576
Fe3+ 2.676 2.064 1.826 2.055 2.097 2.092 1.970 1.709 9.203 9.859
Fe2+ 7.349 5.078 5.815 4.487 5.842 6.278 5.453 5.054 7.741 7.997
Mn 0.038 0.170 0.223
Mg 1.009 3.172 2.455 3.990 2.594 1.918 2.961 3.342 0.308
Ca
Cr 7.928 8.698 9.046 7.714 7.732 7.921 8.114 8.288 4.443 4.729
Zn 0.170 0.132
\% 0.109 0.119 0.154 0.132
Cr# 0.63 0.65 0.66 0.59 0.59 0.60 0.61 0.61 0.72 0.89
Fe# 0.91 0.69 0.76 0.62 0.75 0.81 0.71 0.67 0.98 1.00
Mg# 0.09 0.35 0.24 0.37 0.25 0.19 0.29 0.33 0.02 0.0
Fe2* 7.349 5.078 5.815 4.487 5.842 6.278 5.453 5.054 7.741 7.997
Fe3* 2.676 2.064 1.825 2.055 2.096 2.092 1.970 1.708 9.203 9.859

Tabmuma 3 — CocraB xpommmnuHeH (Mac. %) MUKPUTOBOTO Anaba3a KapaTypraickoro KOMILIEKca

Ne n/nt 1 2 3 4 5 6 7 8 9 10 11 12
TiO, 1.30 1.46 1.43 1.50 1.44 1.42 1.61 1.52 1.28 1.48 1.29 16.06
Al O; 15.89 | 1538 15.25 16.44 16.40 15.25 16.59 15.68 15.82 16.72 | 16.22
FeO 39.80 | 36.25 | 33.18 | 32.17 | 36.78 | 33.18 | 29.24 | 34.18 | 30.25 | 23.98 | 33.59 71.30

MnO 0.66 0.82 0.90 0.83 1.73
MgO 2.26 8.83 6.36 8.00 4.20 6.36 9.68 6.27 8.65 12.54 5.41

CaO 0.29 0.21

Cr,05 39.45 | 38.07 | 4296 | 41.37 | 39.60 | 4296 | 42.69 | 42.06 | 43.62 | 4528 | 43.49 10.32
V,0; 0.31 0.52 0.19 0.17

ZnO 0.33 0.68 0.59

Fe, 05 9,23 15.21 8.69 9.15 9.57 8.71 8.62 8.94 8.73 7.77 6.61 29.49
FeO 3149 | 22.56 | 2537 | 23.94 | 28.57 | 2535 | 21.48 | 26.14 | 2239 | 16.99 | 27.64 | 44.77
Ti 0.265 | 0.284 | 0.284 | 0.293 | 0.289 | 0.282 | 0.311 0.301 0.249 | 0.280 | 0.257 | 3.546
Al 5.073 | 4.688 | 4.743 | 5.029 | 5.154 | 4.743 | 5.016 | 4.868 | 4.830 | 4.959 | 5.063 0.000
Fe3+ 1.882 | 2.960 | 1.725 1.786 | 1.920 | 1.729 1.665 1.771 1.702 1.471 1.318 | 6.516
Fe2+ 7.135 | 4879 | 5598 | 5.197 | 6.282 | 5.594 | 4.608 | 5.757 | 4.850 | 3.575 | 6.121 10.99
Mn 0.151 0.00 0.183 | 0.000 | 0.203 | 0.186 | 0.000 | 0.000 0.00 0.000 | 0.000 | 0.430
Mg 0913 | 3.405 | 2.503 | 3.096 1.67 2.502 | 3.702 | 2.462 | 3.341 | 4.705 | 2.136 | 0.000
Ca 0,000 0.00 0.00 0.00 0.00 0.00 0.000 | 0.082 | 0.058 | 0.000 | 0.000 | 0.000

Cr 8.450 | 7.784 | 8964 | 8490 | 8349 | 8.964 | 8.659 | 8759 | 8934 | 9.009 | 9.106 | 2.395
Zn 0.066 0.00 0.00 0.000 | 0.134 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.128
\Y 0.065 0.00 0.00 0.108 | 0.000 | 0.000 | 0.039 | 0.000 | 0.035 | 0.000 | 0.000 | 0.000
Cr# 0.62 0.62 0.65 0.63 0.62 0.65 0.63 0.64 0.65 0.64 0.64
Fe# 0.91 0.70 0.75 0.69 0.83 0.75 0.63 0.75 0.66 0.52 0.78

Mg# 0.09 0.30 0.25 0.31 0.17 0.25 0.27 0.25 0.34 0.48 0.22
Fe2* 0.791 | 0.622 | 0.764 | 0.744 | 0.766 | 0.764 | 0.735 | 0.765 | 0.740 | 0.708 | 0.823 0.628
Fe3* 0.209 | 0378 | 0.236 | 0.256 | 0.234 | 0.236 | 0.265 | 0.235 | 0.260 | 0.292 | 0.177 | 0.372

Ipumeyanue. KomnuectBa FeO u Fe,O; paccuntaHbl 110 CTEXHOMETPUH.
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Xpommmuneasb (Tabnuma 3) oOpasyeT HACalbHO OTPAHCHHBIC KPHUCTAJUIbI, KOTOPHIC TOCTHIAOT
pasmepa 120 MKM B TOTEpeYHUKE, M TMPEACTaBIEHbl MHOTOTPAHHUKAMHU W OKPYIJIBIMHU BEIICICHUSIMHU.
Penxo kpucTaimel XpOMINIIIMHENIH OKAHTOBAaHBI TOHKOW KAaeMKOW THTaHOMarnetuta (puUcCyHok 4, A, B),
conepxkariero MnO (1.72 %) u ZnO (0.59 %). Kak npaBuiio, ypoBeHb KoHIleHTparuu MnO BrITIe, 4eM B
snpe xpominnuHenu. CornacHo knaccudukaruu H. B. [1aBnosa [8] xpomimuHens oTBeuaeT cyodeppu-
aimromoxpoMuty (Cry03=39.45-45.28%, Al,03;=15.25-16.72%) u wuMeeT HEBBHICOKYIO W OTHOCHTEIEHO
noctosiHHy0 xpomuctocThio (Cr/(Cr+Al)=0.62-0.65), Ho ee MarHesuaibHOCTh (Mg#=0.09-0.48) u3me-
HSIETCSl B OTHOCHUTEJIBHO IMUPOKUX npenenax. B ee cocraBe cnopaaudecku Berpedatorcs CaO, MnO, V,0s,
ZnO. Taxxe BcTpeueHo 3epHO peppuamomoxpomura (Cr,03;=38.07%, tabmauua 2, Ne i/ 2).

Oo6cy:x1enue. XMMAYeCKHE COCTaBbl MAHTAHOMJIBMEHUTA IUKPUTA U MUKPUTOBOTO Araba3a CyImecT-
BEHHO pa3lIMYarOTCs, U Mpexae Bcero, mocieanuii He coaepxut MgO, Cr,O; u nuib ciopaandecku B
HEM OTMEUaroTCd SANHUYHEIC 3HaueHus V.03, u CaO.
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Pucynok 5 — Coornomenue conepxanus TiO, u MnO, TiO, u FeOt, MgO u MnO, TiO, u MgO (mac. %) MaHraHOMJIBMCHUTA
MTUKPHUTOB (ITyCThIE KPY>KKH), TNKPUTOBEIX A1aba30B (KpacHEIE pOMOBI) KapaTypraiickoro KOMIUIEKCa ¥ HIIBMEHUTA KUMOSPIIUTOB
(xBagparsl) Tp. [Tanapea-3, paiion )xynna, bpazunus [9], TpaxumonepuToB (KpecThl) eprajaxckoro komiiekca Hopuiabeknx
tpammnos [10], mukpuToB (kpacHble Kockle kKpecTbl) MHcuiBa koMiuiekca, Tpanckell, Bocrounoe nodepesxse FOAP [11].

DSS — Decomposition of Solid Solutions (pacraja TBepAbIX pacTBOPOB).

Figure 5 — Grade ratios of TiO, and MnO, TiO, and FeOt, MgO and MnO, TiO, and MgO (wt%).

Ha nmuarpammax pucyHka 5 (UrypaTHBHBIC TOYKH WIBMEHUTA MUKPUTOB, MTUKPUTOBBIX IUaba30B,
TPAIIoB U KUMOEPJIUTOB 00pa3yrOT H30JIMPOBAHHBIC PYT OT JAPYyTa MOJS U TPEH/BI, YTO MOTYCPKUBACT HX
3HAYHUTEbHbIE XUMHUECKHUE PA3INIHsl MeXay co0oi. DUrypaTuBHBIE TOUKH MaHTaHOWJIBMEHHUTA U THTa-
HOreMaTuTa M3 MUKPUTOBOTrO Jauada3a JIoXkKarcs Ha TPEHbI, 0Opa30BaHHBIC TOYKAMHU pacIaaa TBEPIBIX
PacTBOPOB WIBMEHUT-TUTAHOTEMATHUTOBOM CEPUU C MU30MOP(PHU3MOM JIByX M TPEXBAJICHTHBIX KATHOHOB W3
MUKPUTA KapaTypraiicKoro KOMILIEKCa, YTO YKa3bIBAaeT HA TE€TEPOBAJICHTHOE 3aMEIEHUE JKelle3a THTAHOM
¥ OTYaCTH MarHus THUTAHOM, a Tak)Ke Ha M30BaJCHTHOE M30MOP(HOE 3aMelleHIe TUTAHOM W MapraHIeM.
ITo xmaccudukanuu C. E. Xarraptu [12] Takoif MaHTaHOWJIBMEHHUT BCTPEYAETCS B TOJEUTAX, YTO TOA-
TBEPXKIACTCS U XUMUYECKUM COCTaBOM MTUKPUTOBOTO Arabasa [1].
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Tabnuma 3 — XapakTepucTHKa cOCTaBa MIBMEHNTA M3 PA3INIHBIX TIOPOJ

Kowmro- ITukputsl, IMukpuroBbie | KumOGepnutsl, KapGonaTtutst Metamopduueckue Tpannsl
HEHT, pexu nabasbl, JxyaHnsl Jlxaxynupanru YJIBTPAOCHOBHBIE Hopunsckoro
Mmac.% Kaparypraii pexu [9] [14] TIOPOJIBI, paiiona

Kaparyprait 3amn. Ascrpanuu [15] [10]
MnO 1.60 —2.99 2.79-3.33 0.63—2.49 2.29-17.87 1.15-7.38 02-5.14
MgO 0.27-1.00 - 0.0-0.24 15.69 —23.46 0.01-0.49 0.06 —2.32
TiO, 31.22-50.41 | 49.22-51.96 55.49-57.79 55.83 -59.24 42.80 - 52.66 40.16- 54.14
CaO 0.07-0.25 - - - - -
V,04 022-1.34 (en. 0.76) 0.21-0.39 - 0.01-0.43 0,0-1.1
Cr,04 0.04-0.37 (e.1 0.66) - - - 0.0-0.54
NiO - - 0.0-0.02 4.56 - 6.80 - 0.0-0.042

OpnHoW M3 XMMHUYECKUX O0COOCHHOCTEH M3YUYECHHBIX MAaHTAaHOWJIBMEHHTOB NMUKPHUTA KapaTypraickoro
KOMITJIEKCa SBISIOTCS HEOOBIYHO BhICOKHE coepxanus BaHaaus (V,0;=0.22-0.85 %), uro 3HaunTENHHO
MIPEBBIIIAET €T0 COJIEp’KaHNe B U3BECTHBIX HA CETOJHS MIBMEHUTAX KUMOEPIUTOB U B APYTUX OCHOBHBIX U
Y/IBTPAOCHOBHBIX IOpojax (Tabmuua 3). Bamamuii nmeer reoxummdeckoe cpoactso ¢ Fe* u Fe’', a taxxe
¢ Cr, Mn u Ti, yTo moaTBep)kgaeTcsi €ro M30BAJICHTHBIM 3aMEIICHHEM JKEJIe30M M XPOMOM M TeTepo-
BaJICHTHBIM 3aMelIeHHEeM THUTAaHOM U Maprasuem (pucyHok 6). IloBeimieHHBIE copepkanus V,0;
(emuHMuYHBIE 3Ha4eHUs A0 1.1 %) oTMeYeHHl B WIBMEHHWTE MHUKPUTOB TYKJIOHCKOM CBUTHI HoOpHIbCKHX
TpanmoB [10] ¥ MIMPOKO W3BECTHH B WIILMEHUTE MHTPY3MBHBIX TPAIIOB 3anmajHoi dactu Cubupckoi
miardopmsr [13].
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Pucynok 6 — Coornomenune conepxanus FeOt, TiO,, MnO, Cr,03 u V,0; B MaHTaHOMJIBMEHUTE TTHKPHUTA
KapaTypraiicKoro KOMIUIEKCa ¥ WiIbMeHHTa KuMbepiautoB Tp. [lannpea-3, pation [xyuna, bpasmms (mac. %) [9],
TPaxumoJIepUTOB (KPECThI) eprajaxckoro kommuiekca Hopminbekux Tpanmos [10].

Figure 6 — Grade ratios of FeOt, TiO,, MnO, Cr,0O; and V,03
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Huarpammel cootHomennit Fe,O;, TiO,, MnO, Cr,0O; u V,0; (pucyHOK 6) IEMOHCTPHPYIOT KOp-
PENALNIO 3TUX 3JEMEHTOB K BaHA/IMIO B WIBMEHHUTE MHUKPUTA KapaTypraiiCKoro KOMITJIEKca, TOTna Kak B
KHUMOEpJIHNTax, Tparmax U MUKPUTaxX APYTHX KOMIUIEKCOB 3Ta 3aKOHOMEPHOCTH He MPOSIBIICHA.

Ot1o Kacaercs u comepxkanus kaimpius (Ca0=0.07-0.25 mac. %), KOTOpBIH TOKa He OOHapyXeH B
cocraBe WIbMEHHTOB (Tabnuma 3) kumOepautoB [9], kapOonatutoB [14], Tpammos [10], meTtamopdu-
YECKUX yIbTPaOCHOBHBIX mopojax [15]. CaO kpaiiHe peako BcTpeyaeTcsl B WibMeHUuTax nukputoB FOAP
[11], HO MIMPOKO U3BECTCH B WIbMEHUTAX KUMOepauToB anomanuu 181 BocTouHoit yacTn YKYKHTCKOTO
nons, Skytuu [16].

XUMUYECKHE COCTaBHI CyO(heppHATIOMOXPOMHUTOB TUKPHUTA U IMUKPUTOBOTO Muabasa CymEeCTBEHHO He
OTJIIMYAOTCS, YTO CBHIIECTEILCTBYET 00 X 00pa30BaHWU M3 OMHOTO MAaHTHHHOTO paciuiaBa. OmHaKo B Cy0-
(beppHaTIOMOXpOMUTE THKPUTA YETKO INPOsIBICHA CTPYKTypa paclaja TBEpIABIX PacTBOPOB, KOTOpas
KpaiiHe HEOTYETIIMBO 3aMETHA B TAKOBBIX MMUKPUTOBOTO 1rada3a, TATOTEIOIIETo K 30He 3aKaja CHIUIOB. To
€CTh MO3IHNE KPUCTAIIIBl XPOMIIIIMHENN B MHUKPUTOBOM quabaze B CBOEH Macce Mpolieccy pacraia He
MOJIBEPTaJIUCh, HA 3TO YKa3bIBAIOT WX YETKUE KpUCTaIUIorpaduueckue Gpopmsl (pucyHok 4, A, B). OgHako
penko oTMedaeTcsi 00pa3oBaHHE TOHKUX KaeMOK HJTM BHEIIHUX 000JI0YEK CIIOKEHHBIX THTAHOMATHETHTOM.
Takue 0COOEHHOCTH CTPOCHUSI XPOMIIIIUHENN MTUKPUTOB, KAK CUUTAIOT aBTOPHI [17], CBUAETENBCTBYIOT O
PaBHOBECHON KPHCTAUTM3AllMd MAaHTUHHOTO pacIulaBa C TOCTETICHHBIM ITOHIDKEHHEM TeMIepaTrypel y
MOAOIIBEI cuiia. Torga Kak B 30HE 3aKajla OCTHIBAHWE MarMaTH4ecKoro paciuiaBa MPOUCXOIUIIo Oolee
pe3Ko.

XpOoMIIMAHENh W3YYEHHOTO THKPHUTAa W MHKPUTOBOTO auaba3a 1Mo XHUMHYECKOMY COCTaBy pE3KO
OTIMYaeTcsd OT IIMHHEINA0B abuCCalIbHBIX IMEPHUIOTUTOB, CIPEIUHIOBBIX 3aIyrOBBIX WU MPEIAyTOBBIX
OacceifHOB, TPOM3BOIHBIX IUIABJICHHS TPAaHATOBOTO MepuAOTHTa (PUCYHOK 7). OTHOCHTENBHO XPOM-
MIIUHEA MUKPUTOB TaHaxXCKoW pymHON WHTpy3um Hopuibckux TpammoB [18] cyOdeppral toMOXpOMHAT
MUKPUTOBOTO nuaba3a Kaparypraiickoro komiuiekca obemHern TiO, u Ans HEro HexapakTepeH pOCT
KEJEe3UCTOCTH MPHU CHUXKEHHUH XPOMHUCTOCTH M TJIMHO3EMHUCTOCTH, HO XapaKTepHO MOCTOSIHCTBO XpO-
MHUCTOCTH TIPH IIUPOKUX (UIFOKTyalMsIX MarHe3WaJbHOCTH. Takas 3aKOHOMEpPHOCTH YCTaHOBIEHA W IS
CyO(heppHaTIOMOXPOMHUTOB M3 ME30apXEHCKMX KOMAaTHHTOBBHIX JlaB CoBmO3epcKoil cTpyKTypsl DeHHO-
CKaHJMHABCKOTO IIUTA, OJHAKO ISl HUX THIIMYHA OoJiee BHICOKAs XPOMHCTOCTh M 00OTalIeHNe HUKENEM H
Maprasuem [17].
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Pucynoxk 7 — lnarpamma cootHomenuit Cr# — Mg# B XpoMIINUHEINAaX U3 Pa3IUYHbIX T€OIMHAMUYECKIX 00CTaHOBOK.
1 — cpeaIMHHO-OKeaHNYEeCKUX XpeOTOB; 2 — 3a/IyTOBBIX OacceiiHOB; 3 — MPeIIyroBBIX CUMaTHYEeCKHX OacceiiHoB [19];
4 — mpenIyToBBIX cHamuuecKkux OacceitHoB [20]; 5 — abuccanbHBIX TepUIOTHTOB [21];

6 — nepunotuToB M n3y-boHnH-MapraHCKoil 0CTpOBOIYKHOI cuCTeMBI [22]; 7 — TpeHI KOMaTUUTOBBIX JIaB
DeHHOCKAaHAUHABCKOro muTa [7]; 8 — mukpuToB TaaHaxckoro pyaoHocHoro uHTpysusa Hopunbckux tpanmnos [18];

9 — aIMa30HOCHBIX MEHMEUYHTOB ILEIOYHO-YIbTPAOCHOBHBIX BylnKaHUTOB BocTounoi Kamuarku [23];

10 — nukpura 1 11 — TUKPUTOBOTO JHaba3a KapaTyprailcKoro KOMILIEKca.

Figure 7 — Ratio diagram of Cr# - Mg# in chromespinelides for different geodynamic settings
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Bricokuit ypoBenp konueHTpamuu CaO (0.13-0.27%) cybdeppuamoMoXpoMuTa HHKPUTOBOTO
nuabasza KapaTypraificKkoro KOMITIEKca YKas3bIBaeT Ha M30BITOYHBIE COep)kaHus KapOoHara B MarMe, 4ro,
MO-BUIUMOMY, SIBJISIETCSI XapaKTEPHBIM MPU3HAKOM ITHKPUT-KApOOHATUTOBBIX Marm.

Y4YuThIBas YETKO BBIPAKCHHBIE XUMUYCCKHUE OTIMYUS MUHEPAIIOB TPYIIIBI (DEPPOIITTUHENTN MHKPUTA
Y TMTUKPUTOBOTO rada3a KapaTypraiicKoro KOMIUIEKCA U WX acCOIMANHI0 C Pa3IMYHBIMU CyITb(OUIHBIMU
MUHEpaJaMH, JAf0T OCHOBAaHWE MpEeNrojaraTh, 4TO OHH (OPMHUPOBAIUCH B PA3IUYHBIX TEPMOIAMHAMU-
YEeCKHUX YCIOBUSX. DTH yCJOBHUS, KaK MPaBWiIO [7], yBA3BIBAIOTCS C OKHCIHMTEIHLHBIM WM BOCCTAaHOBH-
TEIBHBIM OTXKHTOM-PAcIiaJloOM MHHEPAJOB TPYIMBI IIMAHENH, 00yCIOBIEHHBIM KaK CKOPOCTHIO OXJIak-
JISHHs] MarMaTHYECKOTO pacIijiaBa, Tak U €r0 B3aUMOJEHCTBHEM C (IIIOUIaMH.

Crhenyer OTMETHUTh, YTO PUCYTCTBHE B MMUKPUTE W MUKPUTOBOM JHaba3e MOAOIIBLI U KPOBIH MOTO-
KOB CHJIJIOB COOTBETCTBEHHO COBMECTHO B OJJHOM O0pasie KPHUCTAJUIOB XPOMIIITUHETH, MaHTaHOWIbMe-
HUTA ¥ THTAHOTEMaTHTa JaeT OCHOBaHUE TOBOPHUTH 00 MX 00pa30BaHWH B TUTAOMCCATIBHBIX YCIOBUAX. Tak
KaK B THTaHOTEMAaTUTE JKEJIe30 HAXOAUTCS B BBHICOKOH CTENCHM OKHCIIEHUS, 9TO TpelronaraeT ero oopa-
30BaHHUE B YCIIOBUAX ¢ 00Jiee BEICOKMM MOTEHLIMAIIOM KHUCIIOPOAA.

Ha ux rumabuccaibHy 0 MPUPOY, YUUTHIBAasS 3KCIIEPUMEHTAIbHbIC NaHHBIE [24], YKa3bIBaeT TaKkKe
HU3KHH YPOBEHb KOHIICHTPAIIMY MarHus B WJIBMEHHTE MUKPUTA U €r0 MOJTHOE OTCYTCTBHE B MaHTaHOMIIb-
MEHHUTE MUKPUTOBOTO Arabasa.

W3ydyenne mmmHENW MOPOA KapaTypraiCKoro KOMILIEKCAa TOJBKO HAdaloch, W JANbHEHIHE [ie-
TaJbHBIE HCCIENOBaHMS IMOMOTYT HaM Ooyiee TOYHO OMPEAENUTh WX 3HAUYEHHE TPU KPHUCTAJTN3ALNU
MUKPUTO-KapOOHATUTOBEIX MarM B Iporecce (opMUPOBaHUS KOMIUIEKCHBIX MEJHO-HUKEIb-CBUHIIOBOE-
LUHKOBBIX Py, XapaKTePU3YIOLINXCS N30BITOYHBIMU COACPKaHUAMH IIAaTHHOUAOB, P33.

Aemopubt 6nazodapam U. B. Iiyxana (Poccus) 3a 603MONCHOCIb NOZHAKOMUMBCSA C €20 Heonyo-
JUKOBAHHBIMU Mamepuanamu no nukpumam CegepHozo Yiavimay, mvl makdice svipasxcaem 01a200apHOCmb
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COJITYCTIK YJIBITAY KAPATOPFAN KEIIEHIHIH MMKPUAT JHABA3/bI JKOHE [ITTHHEJB/II
MMUKPHAT TONTAPBIHBIH MUHEPAJIIBIK KYPAMBI MEH CAJIBICTBIPMAJIBI CHITATTAMACHI
(OPTAJIBIK KA3AKCTAH)

Annoranusi. biz INCA ENERGY »sHepreTukanblk AUCHEPCHSUIBI CIIEKTPOMETPAlI TaijanaHa OTBIPHII
NUKPHTTAFBI [IITMHENIb TONTAPBIHBIH KOCAIKEI MIUHEpaliapbliH TabaHFa Kapail TapTaTblH KYIUIECH, COHAai-aK IIMKPUT
ua0a3bIHBIH KOCHIMINA JKAOBIHBI 3ePTTENiHIl. XUMHSIIBIK KypaMbl MEH KaTTBl EpIiTIHAUIEPIiH BIOBIPAY KYpBI-
aeiMaapeiaaa Kapatopraii KemeHiHAe MTUKPHT JKOHE MUKPUT aruabdaspl KOCAIKbI (heppOLIITHHEIbACP/IIH €Ki YPIIarsl
Oeinai. ®eppomnuHeIbaiH OipiHII TeHePAMSICHIHIA TATAHMATHETUT CEPUACHIHIA H30MOP(HU3MII eKi-YIII BaJICHTTI
KaTHOHJAPBIHBIH KYPBUIBIMAAPBIHBIH BIABIPAYHl, al (eppoLINUHENbAiH eKiHII I'eHepalMsAChIHAa THTOMArHETUT
CepUsIChIHIA MaHTaHOMJIBMUHHUT KYPBUIBIMBIHBIH BIIBIpaybl KepceTiireH. ['ematur Oenrini OonraHnail KopliaraH
opTajia )KOFaprbl OTTET1 TOTHIFY OapbIChIHIA KAJbINTAcabl, OYJI IereHiMi3 KalbITacy Ke3iHAe KypaMblHIa OJIapbiH
runabuccan/ipl TAOUFU Tay XKBIHBICTAPHI TIKeJeH MmapTThl naneneaMe Oona anaasl. Kaparoprail kenieHiHueri rumna-
Ouccanapl TaOMFHU Tay >KbIHBICTBIH TOMEHIT CATHICBIHAAFbl MAaHTAaHOWJIBMEHHUT MUKPUTTI qHada3blHIa KOHIECHTpPA-
LUsUTaHFAH MarHUi MEH WIBMEHHUT NUKPUTTIH TOJbIK OonaMaysl kepcetineni. LlaptTel Typae Oasty TemmeparypaHbiH
TOMEHJCYIHEH MUKPHUT KPHCTANJIAPBIHBIH Tere-TeHIIKTe OalKybl HOTHXKECI aHbIK OalKamaabl kKoHEe TaOaHFbl KyII
IPaBUTALMSACH MEH KOJJICHEH reOXMMUSIIBIK aiiMaKTa XpOMILITHHENb IMKPUT aHBIKTAJIFaH.

Tyiin ce3nep: ¥meitay, Kazakcran, mukpurrep, nuadasmap, Cynb(PUATI MBIC-HUKENb KEHAEPi, Mmaniamuii,
IJIaTUHA, HEOIIPOTEPE3Oil.
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CARBONATE THICKNESS
IN THE PALEOZOIC COMPLEX
ON THE EASTERN BOARD OF THE CASPIAN BASIN

Abstract. The characteristics of the structure of the Paleozoic deposits of the eastern side of the Caspian basin
(Zhanazhol-Tortkol zone), the features of the area distribution, the internal composition and the character of the
petroleum potential of the carbonate packs KT-II and KT-I in the section of coal deposits are given. New data and
basic results of prospecting works on local areas of the region (Urikhtau Group, Tuzkum, Akzhar Vostochny,
Alibekmola) are considered, which are characterized by high prospects of growth of new hydrocarbon reserves. With
this in mind, recommendations are based on further regional tracking of carbonate packs and the effective allocation
of promising intervals in the section, as well as the area study of areas adjacent to the major Paleozoic uplifts of the
Zhanazhol-Tortkol zone.

Key words: Eastern side of the Caspian basin, Zhanazhol-Tortkol zone, Paleozoic complex, subsalt sediments,
carbonate packs of KT-II and KT-I, oil and gas prospects, carbonate rocks, test results.

VJIK 553.55 (574.1)
J. K. Askrajanen

TOO Komnanus «Henpa-Umxuaupuar», Actana, Kazaxcran

KAPBOHATHBIE TOJIIIA B TAJTEO30MCKOM KOMILIEKCE
HA BOCTOYHOM BOPTY NPUKACIIMACKOI'O BACCEMHA

AnHOoTauusA. [IpuBOIUTCSA XapaKTePUCTHKA CTPOCHHS IMaJe030MCKHX OTJIOXKEHUH BocTouHOTOo OopTta Ilpm-
kacrmiickoro Oacceitna (JKanaxomn-TopTkombckas 30Ha), OCOOCHHOCTH IUIOINIAIHOTO PACIpOCTPaHEHHS, BHYTPEH-
HETo cocTaBa W Xapakrtep HedrerazoHocHoctn kKapOonaTHbIX madek KT-II m KT-I B pa3zpe3e KaMEeHHOYTONBHBIX
OTJIOKEHUH. PaCCMOTpeHI)I HOBBIC NAHHBIC U OCHOBHBIC PE3YJIbTAThI IMMOUCKOBBLIX pa60T Ha JIOKAJIBHBIX IIOIIaAsAX
JaHHoro perunoHa (Ypuxrayckas rpymmna, Ty3kym, Axkap Bocrounsiii, Anibexmona), KOTOpble XapaKTepH3yTCs
BBICOKMMH TEPCIIEKTUBAMH MPUPOCTa HOBBIX 3amacoB YB. C y4eToMm 3TOro 0O0OCHOBBIBAIOTCS PEKOMEHIAIUHU I10
JAITbHEHIIIEMY PErHOHAIBHOMY IMPOCIICKHBAHUIO KapOOHATHBIX MadeK U A()(EKTUBHOMY BBIICICHHIO TEPCIICKTHB-
HBIX WHTEPBAJIOB B pa3pes3e, a TaKkKe IUIOMAJHOMY JOU3YYCHUIO TEPPUTOPUH, MPUIICTAIOINNX K KPYITHBIM Talico-
3oickuM noaHATUAM JKaHaxoa-TopTKOIBCKOM 30HBI.

KiaroueBsble ciaoBa: BocTounblid Oopt [Ipukacmmiickoro Oacceitna, XKanaxxon-TopTkomsckast 30Ha, MMAIe030i-
CKHl KOMILIEKC, TIOJCOJEBbIe oTioxeHus1, kapbonaTHele mauku KT-II u KT-I, mepcnexTuBrl HEPTETa30HOCHOCTH,
KapOOHATHBIE TIOPOMBI, PE3YIbTATHI UCTILITAHUS.
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Beenenue. TpaauimoHHO OCHOBHas jouisa 3amacoB YB B [Ipukacnuiickom OacceliHe B HACTOsIIEE
BpEeMs CBSI3BIBAETCS C MAICO30MCKHM KOMILIEKCOM B €ro NMPHUOOPTOBBIX 30HAaX, B TEPBYI OUYEpellb, C
KpyITHEHIIMME KapOOHATHRIMU 00BbekTaMu pudoreHHoro reresuca (Tenrms, Kamraran m Kapagaranak).
Heckonbko 000c00JICHHBIMY, 110 YCIOBUSAM 3aJIeTaHusl, 00pa3oBaHUs W TeHe3Hca, SBISIOTCS MECTOPOXK-
nenust Y B B naneo3oiickux kapOOHATHBIX pe3epByapax Ha BOCTouHOM O0opty [Ipukacnus (pucyHok 1).

HedrerazoHocHOCTh Majeo30MCKUX OTIIOKEHWH Ha BocTouHOM Oopty llpmkacmuiickoro Oacceitna
ompenensitor HwkHAS (KT-IDu Bepxusas (KT-I) kxapOonaTHbIE Mayky BEepXHEBH3EHCKO-OAIIKUPCKOTO
(C1v;3-Cyb) u BepxHenomonbcko-rxkensckoro (C,m-Cs;g) Bo3pacta, coorBerctBeHHO [1, 3]. Ilo pe3syms-
TaTaM TMPOBENEHHBIX T'eOJIOTOpPa3BeOYHBIX paboT (manee — ['PP)Hmwknas mauka KT-1I mpomykTur B
npenenax OcrtaHcykckoro mporuba, bopxkep-Axkapckoit crynenu, JKanaxon-TopTkonbckoit u Lly6ap-
KyIyK-KOoCKOIbCKO#M 30HBI BajgooOpa3HBIX MOAHATHN Ha Tuiomamsx bamenkons, Jlakreioait, Koxacaid,
YKanaxon, Annbexkmona, Koxxune u np. (pucyHok 2). Bepxusist kapoonatHas nauka KT-1, B cpaBHeHnu ¢
HIDKHEH TIaYKo¥, UMEeT MEHEE pacHpOCTPAHCHHBIH XapaKTep B Ipeaeiax BocToYHOro Oopta [Ipmkac-
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Legend:
1. The contours of the uplifts: U - Urikhtau, UV - Urikhtau Vostochny, UY - Urikhtau South, UZ - Urikhtau Western;
2. The proposed outline of the predicted productivity of the KT-II

Pucynok 1 — O630pHas cxema HHGPACTPYKTYpPBI 1 MECTOPOXKACHHUI BocTouHOTO O0pTa [Iprkacnuiickoro dacceitna
(paiton XKanaxon-TopTKOIBCKOI 30HBI TOTHSTHIA)

Figure 1 — Overview diagram of the infrastructure and deposits of the eastern side of the PreCaspian basin
(the area of the Zhanazhol-Tortkol zone of uplifts)
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Pucynok 2 — TexroHndeckas cxema BocTouHoro 6opta [Ipukacnuiickoro 6acceiiHano naaeo30icKOMy KOMILIEKCY
(mo manHBIM AkuynakoBa Y.A. u np.; 2009-2013 rr.): 1. ['eobmoku/ 610ku pyHAamenTta: A — BocTOUHBIH,

b — HoBoanekceeBckuii, B — Lientpansno-IIpukacnuiickui, I — KOxwsri, J] — Cakmapo-KokneKTHHCKasCTyIeHb/BBIXOIBI

Tasieo30s Ha MoBepXHOCTh; 2. CtpykTyps! I mopsiaka. 30HbI BanooOpa3Heix nogHsaTHil: I — Axriobunckas, 11 — Temupckas,
IV — XKanaxon-Toprkomnbsckas, IX — ly6apkynyk-Kockonsckas; mporu6st: 111 — Ocrancykckuii, VI — TepeckeHckuii;
TeKTOHHYecKkue cryneHu: V — bopxep-Awkapckas, VIII — Baiiranunnckas; VII — Erennpi-Capsikymakckast; 3. Bansl/monusrus:
1 — Kenkusik-Akkyaykckuii, 2 — Ypuxray-Koxkacaiickuii, 3 — XKanaxon-CunensHukoBckuii, 4 — Tyzkymckuit, 5 — TopTkosbckuid,

6 — Bocrouno-Toptkonbsckuii; 7 — bopxepckuii; 4. Kontypsl [Ipukacnuiickoro 6acceiina; 5. MI30rumncel mo noBepxXHOCTH

naseo3oiickoro kommiekca (OI I1;), km; 6. Mectopoxxaenust YB; 7. PernonanbHble pa3iioMbl 1 TEKTOHUYECKUE HAPYIIICHUS

Figure 2 — Tectonic scheme the Paleozoic complex of the eastern side of the PreCaspian basin

(according to Akchulakov U.A. and others, 2009-2013): 1. Geoblocks / blocksofthebasement: A - East, B - Novoalekseevsky,
B - Central-Caspian, G-South, D - Sakmaro-Kokpektinskayasteps / Paleozoicoutcropstothesurface; 2. Top-level structures. Areas
of sprawling uplifts: I - Aktyubinsk, II - Temirskaya, [V - Zhanazhol-Tortkolskaya, IX - Shubarkuduk-Koskolskaya; Deflections:

IIT - Ostansuk, VI - Teresken; Tectonic steps: V - Borzher-Akzharskaya, VIII - Baiganinskaya; VII - Yegendy-Sarykumak;3.

Shafts / Raises: 1 - Kenkiyak-Akkuduk, 2 - Urikhtau-Kozhasai, 3 - Zhanazhol-Sinelnikovsky, 4 - Tuzkum, 5 - Tortkolsky,
6 - East Tortkolsky; 7 - Borzhersky; 4. Contours of the PreCaspian basin; 5. Isohypses along the surface of the Paleozoic complex
(reflecting the horizon P1), km; 6. Hydrocarbondeposits; 7. Regionalfaults
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nuiickoro OacceiiHa. Ee mpomykTuBHOCTE BhIENeHa B mpezenax JKaHaxon-TopTKoIbCKOW 30HBI Bajo-
00pasHBIX MOMHATHNA B AnrOeKkMOIUHCKOTO Bayia (for OCTaHCYKCKOTo Tporuda). B mepBom ciydae mis
MajJeo30MCKUX TOMHATHA OTMEYaeTCs CTPYKTYpHOE coBmaaeHue MectopoxkneHuit JKanaxon-CuHenb-
HUKOBCKOro u Ypuxray-Koxacaiickoro Bana (Koxacaii, XXanaxon, Ypuxray, Tpysa Cesepnas, Cunens-
HUKOBCKas) o obenMm kapOoHatHbIM TonmaMm KT-II u KT-1. Oto yka3siBaeT Ha «0OUTHOCTBY HUX TEKTO-
HAYECKOH TPHUPOIBI ¥ YHACICIOBAaHHOE pa3BuTHE [3].

AKTyaJIbHOCTh JAJIbHEHIIEro JEeTaJbHOIO0 H3Y4YEHHS M CTENEHU INPOCIeKHMBAHHA ILIOLIAHOTO
pacipocTpaHeHusl 00enx KapOOHATHBIX MayeK OJHOBPEMEHHO TECHO CBs3aHAa C BONPOCAaMH, KOTOPBIE
KacaroTcs OOBEKTUBHBIX CI0KHOCTEH OJHO3HAYHOTO BBIACICHUS IEPCIEKTUBHBIX MHTEPBAJIOB B pa3pese
00enx mavyek Ha JTare 3aBeplIeHUs] OypeHrs: M UCTBITaHUS OOBEKTOB B 00CaIHOM KOJOHHE. Pe3ynbrarhl
ONMpoOOBaHMS 3a4acTyI0 HOCAT HEOTHO3HAUHBIA XapakTep W, B MEPBYIO Oouyepenb, c1ad0 COOTHOCITCA C
napaMeTpaMu IUIacTOB-KOJUIEKTOPOB, KOTOphIe paHee 3aganbl 1o AaHHbIM [ IC. OCHOBHBIMU NIPUYMHAMU
3TOTO, KaK IoJlaraeM, SIBJISIOTCS CIIOKHBIM XapakTep pacrpeneseHust (uibTpallioOHHO-eMKOCTHBIX CBOM-
ctB (manee — ®EC) B kapOOHATHOH TOJIIE U BHYTPH MEPCHEKTUBHBIX WHTEPBAJIOB, HE BCETa ONpaB/iaH-
Hasl BBIOpaHHAasl METOAMKa ONpoOOBaHuUs U 00IIKe U3AEPIKKU, CBI3aHHBIE C HEJOCTATOUYHO Ka4yeCTBEHHBIM
IIpOBeJICHUEM HCIbITaHusA. [IpuBeneHne B COOTBETCTBHE NMEPEUYMCICHHBIX (DAKTOPOB OOBEKTUBHO HEOO-
XOJMMO, TaK Kak B 3TOM BHJAWTCS MPUYMHA 3HAYUTEJHHOTO HepeaJM30BAHHOIO NMOTEHIHAJIA PeKo-
MeHaoBaHHbIX 10 'UC unTepBasioB BHyTpu mauek KT-1I u KT-1.

B mensx yTouHeHHsT BO3MOXKHOCTEH YCTaHOBJICHHS TeHe3nca YB moTeHnmana u onpeaeneHus (ax-
TOPOB YCIEIIHOTO OMpOoOOoBaHus Ha Y B KOHKPETHBIX MHTEPBAJIOB U 00Jiee TOUHOM NHAarHOCTHKH BHYTPEH-
HUX HEOIHOPOIHOCTEH B MJacTax, paCCMOTPUM XapaKTep CTPOCHUS U HEPTEra3oHOCHOCThH Mate030HCKUX
MOJHSATHUH, CIOKHOCTH OAHO3HayHOTo BhlesneHus o [ IC o0bekToB/MHTEpBANIOB A1 UCIBITaHUs. OnbIT
JAHHBIX paboT 3a TmocjenHue Tojbl Ha psfe Iuiomiaaeil BoctouyHoro 6opra llpukacmuiickoro 6acceiina
MOKAa3bIBacT MIMPOKKE Mpeaensl 3HadeHnil nopuctoctu (4—16% ans KT-1I u KT-I), HedTenacwimmenHOCTH
(20-90%), mponuuaemoctu (1-160 mm). IIpu 3TOoM cabo MPOCHEKUBAIOTCS KaKUE-THOO 3aKOHOMEp-
HOCTH, IO KOTOPbIM MOKHO ObUIO OBl XapaKTepHU30BaTh KOHKPETHBIC MHTEPBANbI C YUYETOM PE3yJIbTaTOB
WCTIBITAHHUSL.

Jns Hayana mpuBeneM OOLIYIO0 XapaKTEPUCTHKY 00X KapOOHATHBIX MadeK MO HEKOTOPBIM ILIO-
IIaJsIM B CBETE IOJIy4YEHHBIX PE3YJIbTATOB 33 MOCIEIHHUE TOIBI.

Tonmuaa kapoonatHeix madek KT-1I u KT-I no nanaeiM Oypenus B menom, coctasisier 750—-1150 u
450-820 M, cooTBeTcTBEHHO [2]. TodmuMHa Mayek peruoHaIbHO YMEHBIIAETCS C BOCTOK-CEBEPO-BOCTOKA
Ha por-toro-3anag a0 150400 M u, 10 NOJHOrO BHIKJIMHUBAHUA, K 3alaly Ha MEpUAMAHE IUIOIIaneu
Kapaynkensner n Aokap. Hwkass Tomnma KT-1I sBisieTcst OCHOBHBIM perHOHAIBHO BBIACPKAHHBIM HEd-
TEra30HOCHBIM pPEe3epBYyapoM B Male030HCKOM KOMIUIEKCE BOCTOYHOH OopToBoii 30HBI [Iprkacnuiickoro
Oaccetina. OcobeHHOCTH BHYTpeHHEro crpoeHus kapOonatHeix madek KT-1I u KT-1 paccMoTpens! panee
0 pe3yibTaTaM peruoHanbHOro IIpoekra «KoMIutekcHOe HM3ydeHHe OCaIoYHbIX OacceitHoB PecmyOmmku
Kazaxcran» (AxuynakoB Y.A. u np.; 2009-2013 rr.).

Hns mauku KT-1I xapakTepeH mpenMyIIecTBEHHO HE(TSIHOW cocTaB 3ajexkeil. HedreHachimennas
4acTh MPOJYKTUBHOM TOJIIIN U3MEHSETCS B IMPOKUX Tpeaenax, oT S0 M Ha XKanaxone g0 328 M Ha mo-
manu JKarabymak Bocrounsit [1,2]. Ha psnme mmomanedn (Kosxacait, Moptyk Bocrounsrii, XKanaxo,
Tpysa Cesepnas) B nauke KT-II BoisiBineHsl HedrerazokoHaeHcaTHble 3anexu. HedrerazokonneHcaTHast
3aJIe’Kb MaccUBHOro tuma npuypoueHa k tonme KT-II na mecropoxaenun Koxkacail. Tommuna raszo-
KOHJICHCATHOW W HedTAHOH dacTH B HeM cocTaBiasaeT 290 M m 17-45 M, coorBercTBeHHO. [lopomsi-
KOJJIEKTOPHI TPEACTaBICHbl M3BECTHSIKAMU W JOJOMUTAMH CO CTHJIOJIUTOBBIMH M CYTYPHBIMH IIIBaMH,
nmopucTocTh u3MeHsiercst B npenenax 0,04-0,1%. [lopuctocTs kKapOOHATOBIIO TUIOMIAAN, KaK U B ILIEJIOM,
®EC, MeHseTCA B TOBOJIBHO MHUPOKKUX Tpenenax. CeBepHee, B pa3pe3e YPUXTAYCKOW TPYIIBI CTPYKTYP
(Ypuxray, Ypuxrtay Bocrounsni, Ypuxrtay OxHbII u Ypuxray 3amagHblii),TOpUCTOCTh COCTaBISET
4-9%, npu 3TOM 3HaUEHHE MIPOHUIIAEMOCTH JocTuraer 50 M1 (pucyHok 3).

PesynbpraTel uccineqoBaHMM MHOTHX JIET MOKa3bIBAIOT, YTO MOPOBOE MPOCTPAHCTBO KapOOHATOB B
OompImieit Mepe chOpMHPOBAHO 32 CUET TPEIIMHOBATOCTH M HE3HAYUTEIHHONW MEK3EPHOBOM OCTATOYHOU
MOPUCTOCTH, KOTOpBIE BHUAOU3MEHEHBI MpPOLECCaMH BTOPHMYHOTO MHHEpanooOpa3oBaHHSs M CIabOTro
BBILIETIAYMBaHHUS.
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Kap6onarnas tomma KT-II nmeer 3HaunTensHO OoJee IIMPOKOE IIIOMIATHOE PA3BUTHE HA BOCTOYHOM
Oopty Oaccefina, B To Bpems kak Toima KT-I pacnpocTpanena B OCHOBHOM B Tipeneiiax JKaHa)oJIbCKOH
crynenu. [1o uroram paboT 3a MOCiIeAHNE TOABI HA IUIOIAASX Y PUXTAYCKOH TPYIIBI YTOYHEHBI 0COOCH-
HOCTH BHYTPEHHETO CTPOCHHS M IUJIOMIAAHOTO TPOCIEKHUBAHUS BIUSHHS MaKpo- U MHKDPOHEOTHO-
pomHocTelt pesepByapHoii yactu 3anexeit B Tommax KT-1I u KT-1 (HUU «Kacrmmiimynaiira3y; 2015 r.). C
y4eTOM HOBBIX pe3ynbTaToB I'PP (amamms mammeix Oypenws, IMIC u kepHa), BHyTpEHHEE CTPOCHHE H
XapakTep pa3BUTHA B pa3pe3e IMOPOJ-KOJUIEKTOPOB XapaKTEPU3YeTCs CIEAYIOIIMMH Ba)KHBIMH OCO-
OCHHOCTSIMH.

ITauka KT-II.

- OCHOBHYI0O €MKOCTh IOPOJ-KOJIJIEKTOPOB COCTaBISIOT IEPBUYHBIE MEX3EPHOBBIE OCTATOYHBIE
MOPBl M BTOPHYHBIE MOPHI M KaBEPHHI BHIIETAYMBAHUS, PACIPOCTPAHEHHE KOTOPBIX TECHO CBS3aHO C
OTIpeIeTICHHBIMU JIUTOTUIIAMH TIOPOJ M YCIIOBHSIMH oOcankoHakoruieHus. [losromy, xak u ObIIO TipH-
HATO paHee, MYCTOTHOE IPOCTPAHCTBO MOPOJ-KOJUIEKTOPOB IMIPEJACTABIEHO IOpaMH, KaBEpPHAMU U
TpeLIHHAMH.

- TlopoapI-KONIEKTOPBl XapaKTepPU3YITCS cIabbIM pPa3BUTHEM IIPOIECCOB BBIMIENAYNBAHUS U
JIOJIOMHATH3AIINH, a TaK)Ke 3HAYUTEIHHBIM PACTIPOCTPAHEHNWEM BTOPUYHON KaJBIIUTH3AINH, 38 CUET ITOTO,
B OTIpE/IETICHHOMN CTENEeHH, MPOUCXOANUT COKpAIleHNE ITOPOBOT0 MPOCTPAHCTBA TTOPO/I.

- B Oonbireld Mepe MoOpoBO€ MPOCTPAHCTBO KapOOHATOB 00Pa30BaHO 3a CYET TPEIIUHOBATOCTU U
HE3HAYUTEIHHBIX MEX3EPHOBBIX OCTAaTOYHBIX TOpP, KOTOPHIE BHUIOW3MEHEHBI MPOIECCAMHA BTOPHUYHOTO
MUHEpano00pa3oBaHus U c1ad0ro BhIIIETaYHBAHNS.

- OTioXeHUsl IaHHOM Mayku (OPMUPOBATUCH MPEUMYIIECTBEHHO B YCIOBHUSIX CBOOOJHOTO BOJO-
oOMeHa B mpejenax 3HAYUTEIHHOTO 10 TUIOIIAIN OTKPHITOTO MIieNb(a ¥ MIUPOKOTO Pa3BUTHS MPOIECCOB
3aIl0JTHEHUS TIEPBUYHBIX ITYCTOT (YaCTHYHO JIMOO MONHOCTHIO) KapOOHATHHIM MHKPHUTOM U ayTHTC€HHBIM
KaJbLIUTOM, KPYCTU(PHUUPYIOMIUM CTEHKH IMOJIOCTEH M 3alONHSAIOMMM Oojiee KPYIHBIMU KPHUCTaJUIaMH
BHYTpEHHHE YacTH IyCTOT. DTUM OOBACHsETCS ompeneideHHoe cHuxkeHue MEC B mopomax ToJmm
KT-I1, B cpaBHenuu ¢ nopoaamu toJmu KT-1.

Iauxa KT-1.

- KapOoHaTel cHIBHO W3MEHEHBI TOJ BIMSHHEM IOCTCEAMMEHTAIIMOHHBIX IPOIecCOB. B omHOM
ciaydae (BBIIIETaYMBaHUE, TPEITHHOOOPA30BaHUE) 3TO CIIOCOOCTBYET YIIYUIICHUIO KOJJICKTOPCKUX CBOM-
CTB, @ B HEKOTOPHIX YCIOBUAX (ayTUTeHHOEe MuHepanoobpa3zoBanue) @EC cumxarotcs. [Ipu sTom HOBO-
00pa3oBaHHBIMU MHHEPATIaMU SIBISIOTCS JOJIOMHT, KaJIbIHUT, aHTUAPUT, KBapII.

- OTMeuaeTcs, YTO TPOIIECChl TUAar€HeTUIECKOH JOJIOMUTH3AINH U ITHPOKO Pa3BUTON B M3BECTHAKAX
1 JIOJIOMHUTAX TIEPEKPHUCTAIITN3AINN CKa3bIBAIOTCS HA KOJDIEKTOPCKUX CBOMCTBAaX HEOJMHO3HAYHO.

- BrnmenaunBanue oOHapyXuMBaeTCs BO BCEX JUTOTHIIAX TOPOJ, MPOSBISETCS HEOTHOKPATHO U C
pa3HOl CTENEeHbI0 WHTEHCHBHOCTH, YTO OOYCJIOBIEHO HE TOJHKO HEOIHO3HAYHOW aKTHBHOCTBIO ILIac-
TOBBIX BOJ, HO W TIEPBUYHBIM CTPOSHHEM IIOPOBOTO IpOCTpaHCTBA. Hamboiiee MHTEHCHBHO BHIIIENAYH-
BaHHE B IUIOTHBIX Pa3HOCTSAX IMOPOJ (MUKPO3EPHUCTHIEC, AETPUTOBBIC M3BECTHSKH M Jp.) 00yCIOBICHO
BO3HHKHOBEHHEM B HUX TPEIIMHOBATOCTH, MPH 3TOM, BIOIb TPEIIMH (HOPMHUPYIOTCS IIENCBUIHBIE IO-
JIOCTH.

- TpemmnHOBaThIE U3BECTHSKU M JIOJIOMHUTHI B IIEJIOM XapaKTEpH3YIOT J[BA THUIIA ITyCTOT: TPEIIUHEI,
3al0JJHEHHBIE MUHEPAIBEHBIM BEILECTBOM (KAJIBLUT, JOJIOMUT, THIIC) U 3USIOIINE MUKPOTPEILUHEI.

- Cpenn M3BECTHSKOB MaKCUMAJIbHO BBICOKMMH 3HaueHUssMH PEC xapakTepusyroTcss 6moMopghHbIe
M3BECTHSAKHA BEpXHEro KapOoHa. B Tomimie 3HAUWTENHHO HUXKE TOPHCTOCTH IETPUTOBO-OMOMOPGHBIX U
OpraHOr€HHO-00JIOMOYHBIX JIUTOTUIIOB TIOPOJA. BEeNMUMHBI MOPHCTOCTH B CPEAHEM HE MpeBbImaoT 10—
12%. OcranbHble JTHTOTHIIBI W3BECTHSIKOB (ICTPUTOBBIC, OPraHOTEHHO-KOMKOBATHIE, OPTaHOTE€HHO-
CTYCTKOBBIE, MUKPO3EPHHUCTHIE M3BECTHSIKHA) B OCHOBHOW Macce SBISIOTCS TUNIOTHBIME OOpa30BaHUSIMH, U
TOJIBKO HE3HauMTeNbHasg MX YacTh (10 5%) MMeI0T MopUcTOCTh BbIme 6%. BpICOKOM mopHcTOCTHIO B
npeoOnagaromeil macce 00NagaloT METacOMAaTHYECKHE MOJIOMUTH. BHYTpH JOMOMHTOB YacTUYHO
camkenne OEC xapakrepucTuk 00yCIOBIEHO MPOIECCAMH KaTbIIUTH3AMUN U OKPEMHEHHS.

- AHanu3 xapakrtepa pacnpeneneHusi nokaszareneidd @EC B OTAENBHBIX JUTOI€HETHYECKHUX THUIAX
KapOOHATOB MO3BOJISIET YCTAHOBHUTH, YTO (POPMHUPOBAHHE MOPOJA-KOJUIEKTOPOB OOYCIOBICHO yCIOBUSMH
CEIMMEHTOTEHHOTO HAKOIJICHHSI OCAaJIKOB M XapaKTepOM IPOSBUBIIMXCS B TIOPOZE IOCTCEIMMEHTa-
I[IAOHHBIX NU3MEHEHUI.
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I'PP Ha psne momaneii B mocnennue roasl (Ypuxray, Koxacaii, Annbekmona, XKanaxon, Axxap
Boctounsrii, Ty3kyMm) MMOKa3bIBarOT, 9TO KPUTEPUSMH BhIOOpa B pa3pe3e WHTEPBAJIOB JJISI WCIBITAHUS
SIBJIIIOTCSL 3HAYCHHUE MOPUCTOCTH Ha ypoBHE 6% U BbIIe, Hajauuue TpemuH Oosee 4% u HedreHachl-
IeHHOCTE Ooee 50%.

Beepx mo paspesy kapOonarbl mauku KT-1I mepekpsiBaroTCs IMeCYaHO-TIIMHUCTHIMU TOPOJAMHU
MexkapOooHnaTtHo# Tonmy (mamee — MKT) HIDKHEITOZO0IBCKOTO TOPU30HTA U TITyOOKOBOJIHBIMU aHAJIOTaMU
BepxHel kapOonatHoi nauku KT-1. B nenom, Tommmuaa MKT B pa3pe3ax miomaaeii Ha BOCTOYHOM OOpTY
[Ipukacnusa usmensiercs B mnpenenax 80-540 m. Ilo pesynpTaTam wHccaeIOBaHUM MOCIEOHUX JIET,
MIPOIYyKTUBHBIE TOPU30HTHI HE HCKIIOYaroTCsS B paspese MKT. Tak, B paspese mmomann ATnOeKMoIIa
MOPOBI-KOJJIEKTOPEI CJIaraloT MaJOMOIIHBIE TUIACTHI MAcCHBHBIX KapOOHAaTOB BHYTPU TEPPHUTEHHOI
tonmm. D¢ ¢dekTuBHAsS He(DTEHACHIIIICHHAS TOJIUHA COCTABISIECT 4 M, TIOPUCTOCTh KapOOHATOB JOCTUTAET
5-7% [1].

Kax ormeuanoch Bbimie, BepxHss Tonma KT-1 xapakrepusyercss MEHbIINM (B CpaBHEHHH C TOJIIEH
KT-II) mnomamHeiM pacmpocTpaHEHHEM, BCKpbITa OypeHHMEM B OCHOBHOM B mpenenax JKaHaxoi-
TopTKoMBCKOM 30HBI Bajmo0Opa3HBIX MOAHATHNH M OcTaHCYKCKOro mporunba (AnMMOEKMOIWHCKUN Bal).
BrisBriensl HedrerazokoHmeHcaTHeie (JKanakon, AmmOexkMona, Ypuxrtay, MoprykBocTounslil) u Ha
OTJIENBHBIX TOTHATHIX — HeTsHbIE 3anexku (XKarabynak Bocrounsiit, Tpysa CeBepHasi, Alucaii).

Bce 3anexu xapakTepu3yroTCsl TUIACTOBO-MAaCCHBHBIM M MAacCCHBHBIM THIIOM CTPOCHHS pe3epByapa.
Hedrerazonaceimennas tommuaa BepxHel mauku KT-1, mo manuemM 6ypenus, nocturaer 290 m (JKana-
kKoJ), B ToM uucie: 200 M MpUXOAUTCS Ha Tra3oBYIO «IIANKY» C KOHAEHcaToM M 90 M — Ha HETAHYIO
oTopouky. Ilopomamu-koIeKTopaMu SIBISIFOTCSL TOJIOMUTBI M H3BECTHSKHM C IMOPUCTOCTBIO MOpsAKa
14-16% u npoHunaemoctsio 10 240 M1,

MeHnbIve 3HaYCHHsI Ta30HACHIINICHHBIX W He(TeHAchIeHHbIX ToamuH (16 u 8,0-16 M, cooTBeT-
CTBEHHO) OTMEUEHBI B pa3pe3e MECTOPOKIAeHUSI MopTyk BocTouHbIH.

B menom, kak Mbl BunuM, B npeaenax JKaHamon-TOPTKONBCKON 30HBI BATOOOPA3HBIX MOTHATHHA U
YaCTUYHO FOKHOW dyacTh OCTaHCYKCKOro mpormda (pucyHOK 2) macmrTadbl HedTera3oHACBINCHUS H
pasBUTHS OPOA-KOJUIEKTOPOB B 00enX KapOOHATHBIX MaykaxX COBMNAAaloT. Tak, B pa3pe3e OONBLIMHCTBA
nonusatuil (Koxacait, Anmnbexmona, Ypuxtay, XKanaxon, CunensHukoBckas, TpyBa CeBepHas, JlakTei-
0aif) MpOAYKTHBHBI WM He(TEra3oHACHIIIEHB B PAa3IMYHON CTEIEHH, Kak MpaBwio, obe maukum [2].
JKanaxon-TopTKonbckas30Ha, B CHIIy HEKOTOPBIX OCOOEHHOCTEW cTpoeHus (bojiee KOHTPACTHOE CTPYK-
TypHOE pa3BHTHE, 3HAYMTENbHAs IUIOIIAAb) M XapakTepa He(Tera3oHOCHOCTH, 000cO0JieHa OT MpH-
JIETAIONNX KPYIHBIX TEKTOHUYECKHUX 3JIEMEHTOB.

ITo pesynmpTaTamM HCCIEAOBAHHUM ITOCIEIHUX JIET, 0oJiee MMPOKOE IUIONMIATHOEC PA3BUTHE HUKHEH
nauku KT-II mokaseiBaeT HEOOXOAMMOCTE U 1I€TIECO00Pa3HOCTh MPOBEACHUE JAOTIOJIHUTEIBHOM eTaabHOIM
nepeoOpaboTKH UMEFOIIUXCS TEOIOT0-Te0(U3NIECKIX JaHHBIX 3HAYUTEIBHBIX 10 IUIOMAIN TePPUTOPHUl
MeXIy KPYIHBIMH HM3BECTHBHIMH TAJIEO30MCKUMH TOAHATHSAMHU. B 3THX 30HaX, Kak ClieAyeT Mojarars,
IJIOMAN U3YYCHBI MEHEE TUIOTHOM M PENKOW CEeThI0 ceiicMuueckux HaOmropenwid. [lo maHHBEIM neTaib-
HOTO M3y4YCHHUs YPUXTAyCKOW TPyMNIbl JOKAIBHBIX MOMHATUN, KaK BHUIHO, IUIOTHOCTH PACHOJIOXKECHHUS,
BBISIBJICHHBIX TIOJHATHH I10 MMajic03010 B mpenenax JKaHaxona-TopTKOIECKOW 30HBI IPECTaBIsETCS Ooliee
BBICOKOH, 4eM moJiarajgock panee (pucyHku 1, 3).Brmonne moHATHO, 4TO 3TO SIBIISETCS CleACTBUEM Ooiee
KaYeCTBCHHOM MOJTOTOBKU OOBEKTOB K MOMCKOBOMY OypEHHIO, KOTOpas 3HAYUTEIbHO YJIy4INWIach B
pe3ynbTaTe MPHUBICYCHHUS OOJiee COBEPIIECHHBIX METOIUK OIIEHKH T'eO0JOro-Teo(U3NYeCKHX MaHHBIX U
TEXHUICCKOW BU3yaIN3AINH IIPOTHO3UPYEMBIX 00BEKTOB/TIOBYIIIEK He(PTH 1 Ta3a Ha 00BEMHBIX MOJICTISX.

B cBsi3u ¢ MONy4YeHHBIMH HOBBIMH JaHHBIMH O HE(TEra30HOCHOCTH, MOWUCKOBBIH HHTEPEC MOTYT
MPEACTaBIATh 30HBI MexAy Ypuxtay-Koxkacaiickum, XKanaxon-CuHenbHUKOBCKUM H Ty3KymMcKuUM
Bajamu. B mpemenax 3THX 30H, O ONBITY NMPOBEAEHHBIX PAaOOT, W, YUUTHIBAasS BO3POCIIHE BO3MOXHOCTH
Te0JI0ro-CeCMUYEeCKOH HHTEpPIIPeTallid W CPaBHUTEIHHOI'O aHaju3a JaHHBIX, BBICOKA BEPOSTHOCTH
oOHapy>keHus: HOBBIX 3anexeld B maukax KT-1I u KT-I. Kpome 3rtoro, 3aneratoniye BhIlIe 1O pa3pesy H
«o0JieKaromre» OTAeIbHbIE OJIOKU U KPYITHbIE OAHITHS B KapOOHE, OTIOKEHUS HIDKHEH nepMu, GopMu-
PYIOT TOJNIIM «3anojJHEHUs», KIuHopopMbl. [lo celicMUUECKUM IaHHBIM, TOJIIWHA HIDKHETIEPMCKOTO
KOMIUIEKCA B MPOTHOAX MEXIY BBICTYIIAMU OTHOCUTEILHO 0oJiee ApeBHUX oOpa3oBaHuii mocturaer 600—
800 M u Ooree, 4TO 3HAYUTENBHO PACHIIUPSCT CIEKTP BO3MOXKHBIX PA3IMYHBIX IO PopMe TEPCIEKTUBHBIX
JIOBYIIEK HECTPYKTYPHOTO THTIA.
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| Hsoruricsl no otpaskaromemy ropusonty I (B km)

b \ TexToOHMUECKHE PA3IOMBI

1. M3oruricel o oTpaxkaromemy ropu3oHty 1, kM; 2. TeKTOHHYECKHE Pa3IOMEI;
JlokanbHble CTpyKTYphL: ¥ — Ypuxtay, YB — Ypuxray Bocrounsiii, YIO — Ypuxtay IOxHs1i, Y3 — Ypuxray 3ananHsiii

1. Isohypses along the reflecting horizon P2, km; 2. Tectonic faults; Local structures:
U — Urikhtau, UV — Urikhtau East, UY — Urikhtau South, UZ — Urikhtau Western

Pucynok 3 — Vpuxrayckas rpynmna JIoKajdbHbIX MogHATHIA. CTPYKTYpHas cXeMa [0 oTpakarorieMy ropu3onty I1,/ moBepxHOCTD
kap6onarHoii mauku KT-II (mo manueim AO HK «KazMym#aiil'a3» u «PGDServices»)

Figure 3 — Urikhtau group of local uplifts. Structural diagram of the reflecting horizon P, / surface of the carbonate pack KT-II
(According to the data of JSC NC "KazMunayGas" and "PGD Services")

Taxoke, IpeACTaBISIOT ONpeeICHHBI TTOUCKOBBIH MHTEPEC OTHOCUTEIBHO Oosiee TyOokue (HHxKe
KT-II) untepBansl pazpesa. B cBsi3u ¢ nonyueHueM NpuTokoB ¥YB 3 kapOOHATHBIX OTJIO0XKEHHUH, Mpeamno-
JIOKUTENHFHO, BEPXHEAEBOHCKO-HIKHEKAMEHHOYTOIFHOTO BO3pacTa NMpHu OypeHHUH MMOMCKOBON CKBaXKHHBI
MpOoeKTHOM riryonHoi 6000M Ha MOJAHATHU Y PUXTAy UHTEPEC K 3TOM YacTH pa3pes3a Bo3pacTact.

Ha mnomanun AnmuOexmorna ra3okoHIeHcaTHas W HedTsHas yacTh OponykTuBHoW mauku KT-I
COCTaBIISIIOT Topsiaka 16 M u 2,5-46 M, cOOTBETCTBEHHO. [10pHCTOCTh MOPOA-KOJIIIEKTOPOB COCTABIISCT B
cpenaem 9,0%. Ha mmomanu Ypuxray aHATOTHYHOE PACTIPEICICHIE B TOJIIMHAX cOcTaBiseT 73 u 12 M,
COOTBETCTBEHHO.

AHanu3 BEIECTBEHHOI'O COCTaBa U METPO(U3NYECKUX CBOWCTB OTJIOKEHHH yKa3blBaeT HA YBEJH-
YeHHe MPOHUIAEMOCTH MOPOI-KOJDIEKTOPOB B 3aBHCHMOCTH OT OJIM30CTH PACIIONIOKEHHS K Pa3ioMy U
CTETIEHN pa3BUTHS apeanoB TPEIIMHOBATOCTH. B 1enoM, M3BECTHO, YTO Mane030WCKUI KOMIUIEKC, C
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YYETOM MPOSIBJICHUS B HEM Pa3IOMHOM TEKTOHUKHU, B PA3JIMYHON CTENEHU XapaKTEpPU3yeTCs pa3BUTHEM
TPEIIMHOBATOCTH, YTO BECHMa XapaKTEepPHO UII KapOOHATHOTO paspe3a. PesympraTsl paboT Ha psme
miomanae Ha BocTouyHOM Ooptry Ilpukacmmiickoro OacceifHa IO3BOJISIOT CYAWTH O OJArONpHUSITHOM
BIMSIHUM Pa3jIOMOB U TPEIIMHOBAaTOCTH Ha MPOTYyKTUBHOCTh NaJIC030MCKUX MOMHATHH. B maHHOM OTHO-
IIEHHA MOXKHO BBIJEIUTH HE(TEra30HOCHOCTh TEPPUTECHHBIX OTIIOKEHHH BH3EHCKOTO BO3pacTa M Kap-
OOHATHO-TEPPHUTEHHBIX OTIIOXKEHHH KaMEHHOYTOJIbHO-HMKHETIEPMCKOTO BO3pacTa Ha rmomanix JlakTei-
Oaii 1 Axxap Bocrounslif, coorBeTcTBeHHO. [locne momyyeHns 3HaYNTENBHOTO MO MaciuTabam QoHTaH-
Horo mputoka YB B ckBaxknHe 1 Awxkap BocTouHblii OypeHHe MOCIeNyIONNX CKBAXHH, 3aJI0KEHHE KO-
TOPHIX B OTJIMYHE OT MEPBON CKBAXKHUHBI HE YUYWUTHIBAJIO (PAKTOp pa3IOMHON TEKTOHUKH, OKa3aloch
6esycniemHpiM. C OonbILION 107 BEpOSTHOCTH cienyeT IojlaraTh, YTO B JAHHOM cilyyae HE Ipo-
AQHAJIM3MPOBAHO 3aJI0’)KEHHE HOBBIX 3aBHCHMBIX CKBa)XKHH OTHOCHUTENIBHO pas3jioMa U, HE B MOJHOW Mepe
y4TeHa, TaKUM 00pa3oM, MOJETh CTPOEHHs MpenanoiaraeMoi 3anexxn. C y4eToM 3TOro OJHUM W3 pac-
MPOCTPAaHEHHBIX THUIIOB 3aJIeXKeH MOXET SIBUTHCS <OKWIIBHBIN THI 3alieKel, MPHypOYHBAEMbIX K 30HAM
Pa3iIoMOB, pa3yMIOTHEHUS U TPELUIMHOBATOCTH.

B nemnom ormeuaetcs cmabas xoppemsinus Mexay gaHHbiME ['MIC u ompoOoBaHus, a Takke HEro-
CPEICTBEHHO IUIACTOB-TOPH30HTOB MEXIy CKBaKMHaMH. OYEeBHIHO, KaK CBHIETENBCTBYIOT Pe3yJbTaThI
MPOBEJCHHBIX pabOT, 3TO SABIAETCS CIEACTBHEM IIOBBIIIEHHOW CIIOKHOCTH BHYTPEHHEIO CTPOEHUS
pe3epByapoB BHYTPH KapOOHATHOW TONIIU. B cBsi3u ¢ 3TUM 0003HaYaeTcs elle OHa BayKHAs TIOMCKOBAs
3a/1aya, B 9aCTH MIPOBEICHHS 00JIee TOHKOTO aHaIM3a BCEX NETalek pa3pesa Mmajaeo30UCcKoi CTpyKTyphl. B
0COOCHHOCTH Ha 3aKJII0YUTEIHHOM 3Tarle — ucibliTanue BoienaeHHbIX Mo ' IC 1 OypeHuio nepcneKTHBHBIX
uHTEepBaJioB. CIOXKHOCTh CTPOCHHS M HEOJHO3HAYHOCTH I'€0JIOr0-reopU3NUECKON WHTEPIpETAH 3aJie-
TaHus MOJACOJIEBOro Majie030MCKOro pa3pe3a HepeaKo UMEIOT MECTO U MPU JOCTATOYHO BBICOKON CTEMEHU
M3Y4YEHHOCTH, JJake Ha pa3pabaThIBa€MbIX MECTOPOXKICHHUAX. B KaduecTBe nmpumepa mpuBeieM CIOXKHOCTh
cTpoeHus n3BecTHBIX NpoayKTuBHBIX acToB KT-II u KT-I B pa3spese mectopoxaenus Anubexkmorna.
OdeBHuIHO, B LENsIX OoJiee NETATLHOTO M3yUSHHs CIOKHBIX 110 BHYTPEHHEH CTPYKTYpe MOJICONEBBIX Mec-
TOPOXACHHUH CIICIYET PACITUPUTD ITePEICHD UCCIICIOBAaHUH 32 CUET HOBBIX TEXHOJOTHH («Sonicscannery),
BIUIOTH [0 NPUMEHEHHMS TEXHOJOTHH MEXCKBaXHHHOTO TpocBeunBaHus, BkiIodaromue MA BCII,
34-BCIl, ¢ mmpokuM TpHUBIEYEHUEM PE3yNbTAaTOB JIA0OPATOPHBIX HCCIEAOBAHWH M0 aHANH3Y KepHa U
(bmonIoB.

OnHOBpPEMEHHO, COIyTCTBYIOIIEH MpECTaBIsAETCS HE MEHee BakKHas 3a/ada B YacTH JaJIbHEHIIen
NpopabOTKH METOIUKH, MpelyCMaTPUBAIOIICH KaueCTBEHHOE ONPOOOBAaHHME IJIACTOB-KOJUIEKTOPOB C
y4eToM crienuuKd pa3pe3a B KapOOHATHBIX Toumiax. Jns xkapOOHATOB, MPH aHANM3e M OMpEIeTIeHUU
MEPCIIEKTUBHBIX HMHTEPBAJIOB I ONMPOOOBaHUS, CIIEAyeT aKIeHTHPOBaTh B pPa3pe3e 30HBI Pa3BUTHUS
TPELIMHOBATOCTH, YTO SIBUJIOCH JOCTOSIHUEM Bo3pocmux Bo3MmoxkHocTedl MetonoB I'MC. IlomyueHHble
pe3ynbTaThl UCTBITAHHUS TEPCIEKTHBHBIX 00bekToB/MHTEepBANOB B mauke KT-II B mocnemnue rombl
(Ty3kxym, Ypuxtay, Ypuxtay BocTounsiid, Ypuxray FOKHBIN) MOKa3BIBAIOT JOBOJBHO CIOKHYIO KapTHHY
onpoboBanus B cooTHouieHWH 3HadeHnid PEC MOpoja-KOIIEKTOPOB M TONYYSHHBIX HETOCPEICTBEHHO
Pe3yabTaTOB B 00bEKTaX UCTIBITaHUSA. MOXHO TakKe OTMETHTh HEOAHO3HAYHBIN XapaKTep pacnpeneineHus
He()TETa30HOCHOCTH IO TUIOMIATN TMOMHATHH, CIIOKHOE BHYTPEHHEE CTpPOEHHE M 30HAIBHYI0 W3MEH-
YHBOCTH YCJIOBUI SKpaHUpOBaHUs 3ayexeid. OO0 STOM TakKe CBUAETEILCTBYIOT pa3jinius B XapakTepe
YPOBHE MHTEHCUBHOCTH, MTOJIyYE€HHBIX B Npouecce ucnbpitanus B nauke KT-1I nputokos YB.

C 5TuMH BBIBOJAMH COTJIACYIOTCS U HOBBIE JaHHBIE O He()Tera3oHOCHOCTH Ty3KkyMcKoro Bana. Panee
0 pe3yJibTaTaM OypeHUS W UCHBITAHUS TMONCKOBOH CKBaXKMHBI PA-2-T Ty3kyM IpH COBMECTHOM HCITHI-
TaHUM JIBYX MHTepBajioB — 4303—4315 u 4227-4280 M (tomma KT-II) B mocienHue roapl ObUT MOMyUYeH
cmalblii TPUTOK Bsi3kOH Hedtu. JlaHHBIE OOHAAEKHUBAIOIIME PE3YJIbTATHI, OE3yCIOBHO, ITOKA3bIBAIOT
HEOOXOAMMOCTh TPOJOIDKEHHS ITOMCKOBBIX pabOT B 3TOH 30HE W YKAa3bIBAIOT Ha TNPOIYKTHBHOCTH
Maye030McKoro KoMiuiekca (kapooH) B paspese Ty3kymckoro Bajia. [Ipu 01aronpusTHEIX IKOHOMHUECKUX
YCIIOBUSX HA TAaHHOM TUIOIIAAHU 1IeJIecO00pa3Ho 3aI0KeHHe CKBAXKUHBI IPOEKTHON riryouHoi 5600 M.

BecpMma mepcneKkTUBHOM B 3TOM HAampaBiICHUHM CIEAYET CUUTATh PE3yIbTaTbl KOMIUIEKCHOTO H3Y-
YeHHs CTPYKTYPHOTO IUIaHa U pacrpeneneHus Y B 3ajesxel, BBIMOJIHEHHBIX B IKCIIEPUMEHTAIBHOM IUIaHe
B LEHTPaJbHON M ceBepHOU (TMpoOiieMHOI) yacTsax MectopoxkaeHus Amnunbexmona (ConloBbeB W Ap.;
«Acrtanal'e0-2015»). Cpenu HWHTEpEeCHBIX HAaIlpPaBIIEHUH KOMIUIEKCHOTO IIOAXO0Ja K aHAIW3y MOICIH
pacmpenencHus 3aiexkei YB 1mo paspesy ciemyeT OTMETUTh MPUMEHEHHE HOBOW TEXHOJIOTHH 00pabOTKH
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31 ceficmopa3Benku — mudpakIHoOHHOE MpeoOpa3oBaHue cUTHANOB B Mmeroauke MF. IlomydueHHsld B
pe3ynbTaTe mpeodpa3oBaHMs MaTepral XOpOIIO KOppelupyeTcs HEMOCPEeACTBEHHO ¢ nebutamMu YB mo
JAHHBIM ONpPOOOBaHHSA CKBaXHMH. Kak W3BECTHO, NEOUT SBISETCS BaKHEHIIUM HMHTETPajbHBIM Mapa-
METpPOM, 3aBHUCALINM, KaKk OT MOPUCTOCTH, TaK M IPOHHUIIAEMOCTH pe3epByapa, BO3MOXKHO, M TpEIlH-
HOBATOCTH, JaTepajIbHOro u3MeHeHus: MOIHOCTH U DIC mopoa-KoiIeKTOpoB.

BeiBoabI:

1. I'maBHBIM IMAarHOCTHPYIOUIUM KPUTEPUEM B OLIEHKE MEPCHEKTUBHBIX MHTEPBAIOB AJI UCIBITAHUS
U BbI30BA MPUTOKA, KaK TIOKA3aJIM pPe3yJbTaThl MPOBEACHHBIX 3a MOCICAHHE TOAbl HCCIEAOBAHMIMA,
ABJsieTcsl (aKTOp TPEUIMHOBATOCTH M Pa3yMJIOTHEHUS, MOMYYHMBIIMX MIMPOKOE paclpoCTpaHEHHE B
paspese kapOooHaTHbIX nadek KT-1Iu KT-I.

2. I1pu mouckoBwIX HcciaenoBanusx, Hapsaay ¢ naukamu KT-1Iu KT-1, HeoOxomum Oosee TInaTeIbHbIH
JleTallbHbIA aHanu3 JaaHHbiX 1mo u3zydeHuto MKT. B Hell, kak CBUIETENbCTBYIOT UMEIOLIMECS JaHHBIE,
BO3MOXKHO pAa3BHTHE JIaTEPaJbHBIX HM3MEHEHHH KOJJIEKTOPCKUX CBOWCTB W OOHapy>KEHHE IOIIOJIHU-
TeNbHBIX 3ayiexeil YB (Ammbexmorna), 4TO JODKHO TOJOKUTEIHHO CKa3aThCsl Ha 3(PPEKTUBHOCTH
OCBOCHHSI IEVCTBYIOIINX MECTOPOKACHUMN.

3. C y4eTroM IOCTUTHYTOW CTaJHM H3YyYEHHOCTH KPYIHBIX MalCO30MCKUX MOXHSATHH C pas3pada-
TEIBaeMbIMH 3anexamu Y B, Ha npumepe XKanaxon-Toprkonsckoit 30ub1 (Koxacait, XKanaxon, Ypuxray)
pexoMeHayeTcss Oojiee TIHIATENbHBIN aHalN3 CTPOCHHS IPHIETalOIINX K HUM TEpPpUTOpH Ha Oasze
Pe3yabTaTOB UHTEPIIPETALIMM CEHCMUYECKUX AaHHBIX. OQkuaaercs 0oJsiee BbICOKAS IVIOTHOCTD JIOKAJIb-
HbIX CTPYKTYP, COOTBETCTBEHHO, HAa HHX BBICOKa BEPOATHOCTh JOMOJIHUTENBHBIX MNEPCIEKTUBHBIX
TIOMCKOBBIX 00BEKTOB M 0OHApPYKEHHS HOBBIX 3aiexeil YB, 4To B 3HAUNTENFHON Mepe MOATBEpAUIIOCH Ha
npuMepe YpHXTaycKod Tpymnmbl noaHATHH (pucyHoK 3). HoBble Bo3moxHOCTH celicMopasBenku 3/1,
Hapsy ¢ BBICOKOH MJIOTHOCTBIO JOKAJNBHBIX majeo3oickux oobekToB mo KT-II u KT-I, mo3Bomstor pac-
CMaTpHUBaTh JAHHBIM BUJ UCCIEIOBAHUI OJTHUM U3 IPUOPUTETHBIX METOIOB.

4. HmwxHenepMCcKri KOMIUIEKC, B CBSI3M C HEIOCTaTOYHBIM OOOCHOBAaHWEM U OIBITOM PadoOT B Ipe-
npiayne rofasl Ha maomansax JKanaxon-TopTKONbCKOM 30HBI NOJHATHUNA, B HOBBIX YCJIOBHUSIX BIIOJIHE
MOYET CTaTh Ba)KHBIM HAIPaBICHHUEM MOUCKOBBIX Pa0OT Ha MpeIMET BBIABICHHS B HEM HOBBIX 3aJIeKei
VB B nepCcneKTUBHBIX 00BbEKTaX, CBA3aHHBIX C JIOBYIIKAMH MPEUMYIIECTBEHHO HECTPYKTYpPHOTo THma. B
JTAHHOM KOMIUIEKCE, C Y4eTOM OOHOBJICHHOM CTPYKTYpHOW OCHOBBI Ha OOJIBIIEH YacTH BOCTOYHOTO 60pTa
OacceitHa 3a cueT maHHBIX 3/], Takke BO3MOKEH MPOTHO3 JAOMOJHHUTEILHBIX 00bEKTOB/JIOBYIIEK JIsI
NMOCTAHOBKH TIOMCKOBBIX padoT.

5. TlonyuyeHune MOJOXKHUTENHFHOTO pe3yjbTaTa B KapOOHATaX BEPXHEIEBOHCKOW YacTH pa3pe3aHa
NOJHATUU Y PUXTay, YHACIEIOBaHHBINA XapaKTep pa3BUTHSA M PETHOHAIBHBIE OCOOEHHOCTH OCaJKOHAKOI-
nenust YKaHaxoa-TOpTKOIBCKOM 30HBI, KOTOpas XapaKTepU3yeTcsl MIacTOBBIM MAaCCHUBHBIM 3ajleTaHUEM
kapOonatHbiXx madek KT-II u KT-1 u, B meiaoM, Bcero BOCTOUHOro OopTa OacceliHa yka3blBaeT Ha BO3-
MOXXHOCTh (POPMHUPOBAHUS TpeThed Mo TiryOmHe kapOonatHol maukm KT-III meBoHCKO-TypHEHCKOTO
Bo3pacta[3].

Uzydenne Ooree riry0OKHX MEPCHEKTHUBHBIX OTJIIOKEHHUU JIEBOHA W HI)KHErO KapOoHa, 3aJIerarolnux
HIDKE HepTera3oHOCHBIX pe3epByapoB B maukax KT-1lu KT-I, sBusercs BnonHe onpaBaanHbeM. [1ockomb-
Ky, KaK MBI 3HaeM, IIPOTHO3 He(TEra3oHOCHOCTH AEBOHCKHX OTJIOXKEHHUH B paspese IUIoulajei, Ha KOTo-
pBIX paHee yke Oblia BBISBICHA TPOMBIIUICHHAS He(TEra30HOCHOCTh HIKHero kapbona (KapaudaraHnak,
Tenrus, Ancaran, YnHapeBcKas), CO BpeMEHEM B TIOJTHOW Mepe ToarBepamics. [loBeimieHrne rryOMHHOCTH
WICCIIEZIOBAHUH SIBIIIETCS TTOCIIEAOBATENBHBIM, JIOTHYECKH 00S3aTebHBIM H I1eJIeCO00pa3HbIM yCIOBHEM B
npakTtuke ['PP B mensx oOHapyXKeHHs HOBBIX 3aJIe)el U HapaluBaHUs 3armacoB Y B, yBenmueHus moTeH-
yana ACHCTBYIOIINX MECTOPOXKICHHH. B OTHOIIECHMH Malle030HCKUX OTIOKEHUIH BOCTOYHON OOpPTOBOM
30HbI [Ipukacnuiickoro 6acceiiHa A1 3TOr0 UMEIOTCS ONaroNpUsATHBIE TPEANTOCHUTKH.

6. IlpakTHueckass peaju3alysl BBIIICYKAa3aHHBIX MPEUIOKEHUH M PEeKOMEHJAIUil MO3BOJISIET MOJTy-
YUTH HOBBIC JaHHbBIE W, 0€3 COMHEHHH, IPUAACT AOMOTHUTEIBHBIA UMITYJIbC OoJiee IeJIeHaNPaBICHHOMY
W3YYEHUIO TEePCIIEKTHBHBIX CIIO0KHOIIOCTPOCHHBIX TIIyOOKOTOTPYKEHHBIX OOBEKTOB B TMaIC030UCKOM
TOJILE.
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KACIUAMAHBI BACCEMHIHIH WIBIFBIC OHIPIHIH
MAJIE3OMJIBIK KEIIEHIHIETT KAPBOHATTBIKABATTAP

Annoranus. Kacrimitmanpl OacceiiHiHiH mbiFpic oHipiHiH (JKanaxon-TepTken aitMarsl) Mmane3oMIbIK IIOTiH-
Iiep KypeUIbIMBIHA, TackeMipiik merinainep Oemiringeri KT-1I sxone KT-1 kapOoHAaTTE OyManmapbIHBIH aJlaHIbIK
0oy epekreniride, imIKi KypaMbl MEH MYHaR-Ta3bUTBIK CHITAThIHA cumaTTaMa xyprizireni. KT (YB) sxaHa xopmapst
oCyiHIH KOFaphl NMEPCHEKTHBAIAPbIMEH CUIIATTaNaThIH OChl OHipAiH (Ypuxtay ToObl, Ty3kyM, Ibreic Axxap, Omi-
OexkMoJia) JKeprijikTi ajaHAapbIHIAFbl KaHa IEPEKTep MEH 137IeCTIpy >KYMBICTAPBIHBIH HEri3ri HOTHIKENepi Kapac-
THIpbULABL. OCBIHBI €CeIIKe ajla OTBIPBII, OOJIKTErl MepPCHeKTHBAIBIK apaKaIlbIKTBIKTAPAbIH KapOOHATTH OyMaliapsl
MeH THIMAI OeJIiHyiH OJlaH opi eHIpJIK Kajaranay jxoHe coHbIMeH KaTap JKaHaxon-TepTkes aliMarbIHBIH ipi Haje-
30MIIBIK TOOEIapre KaKbIH )KaTKaH ayMaKTap/ibl aJJaHAbIK 3epTTeyTe JIeiiH OOWBIHIIA YCHIHBICTAPABI HETi3re aabl.

Tyiiin ce3aep: Kacnuiimanpr 6acceiininiH mbIFBIC oHIpl, YKaHaxon-TepTken aymarbl, IajJe030MIBIK KEIeH,
Ty3nel weringinep, KT-II sxone KT-I kapOoHatTsl Oymaniap, MyHai-ra3qpuiblK, OoJamarsl, KapOOHATTHI JKBIHBICTAD,
CBIHAK HOTHKENEPI.
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PROBABILISTIC ASSESSMENT OF THE INITIAL SEISMICITY
OF ALMATY CITY DUE TO MICROZONING OF ITS TERRITORY

Abstract. The calculations of seismic hazard for microzoning of the territory of Almaty are first carried out
based on the methodology, which relevant to the provisions of Eurocode 8 (EN 1998-1:2004) "Designing of the
earthquake resistant structures" and for using in the practice of designing in the territory of Kazakhstan and
conducted by using the updated experimental database based on the new methodology.

This work is dedicated to the first phase of seismic microzoning (SMZ) of Almaty by assessing (map) of the
initial of seismicity, i.e. the identification of quantitative characteristics of expected seismic effects for average soil
conditions on the territory of Almaty, in a given interval of time (in accordance with the assignment, for return
periods of 475 and 2475 years). As the territory of Almaty is extending (according to the latest data, it stretches from
south to north at a distance of about 80 km) the consideration of the patterns of natural decrease of intensity with
distance across the city is required. The main distinctive elements of the methodology of assessment of the source of
seismicity are: — the calculation of seismic effects on the territory of Almaty from the 29 seismogenic zones, located
at distances up to 300 km from the city; for the first time a probabilistic approach of the calculation of seismic hazard
is implemented; —the characteristics of ground motion in addition to the macroseismic in the quantitative parameters
are obtained.

In this paper, the materials for the calculation of quantitative parameters of ground motion (peak acceleration)
are not given. The maps of probabilistic estimating of the initial (background) seismicity for the Almaty city for
return period of 475 and 2475 years (the probability of exceeding are 10% and 2% for 50 years) in points of
macroseismic scale intensity are obtained.

Keywords: microzoning, seismogenic zones, seismic regime, assessment of the initial seismicity, seismic
effects.
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BEPOSITHOCTHASI OUEHKA HCXOJTHO CEUCMUYHOCTH
T'OPOJA AJIMATHI B CBSI3W1 C MUKPOPAMOHUPOBAHUEM
EI'O TEPPUTOPUHA

AnHoTanus. PacdeTs! celicMHYECKO# OMAaCHOCTH JIJIsl MUKPOPAHOHUPOBAHUS TEPPUTOPUH T. AIIMATHI, BIICPBBIC
OCYIIECTBJICHH HA OCHOBE METOMOJIOTHH, COOTBETCTBYOIIeH monoxkeHusM EBpokoma 8 (EN 1998-1:2004) «IIpoek-
THPOBaHHUE CEHCMOCTOMKMX KOHCTPYKIH», U IPUMEHEHUSI B MPaKTUKe NMPOSKTUPOBAaHUS Ha Teppuropuu Kazax-
CTaHa M MPOBEICHEI C MCIIOIB30BAaHNEM OOHOBIICHHOH SKCIIEPUMEHTAIBHOM 0a3bl M HA HOBOM METOINYECKON OCHOBE.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

JanHas paboTa OCBAIICHA IEPBOMY 3Tamy ceficMudeckoro Mukpopaiionuposanus (CMP) . Anmmater — oyenke
(co30anuro Kapm) UCXOOHOU CeUCMUYHOCMU, T.€. ONPEICICHAI0 KOJMYECTBCHHBIX XapaKTEPUCTHK OXKHIACMBIX Ceii-
CMUYECKUX BO3IEHCTBUH JIsl CPEOHUX T'PYHTOBBIX YCIOBHH Ha TEPPUTOPUHU I. AJIMATHI B 3alaHHBIM MHTEPBAJl Bpe-
MEHH (B COOTBETCTBUU C 3aJ]aHUEM, JIJIsl IEPUOIOB MOBTOpsieMocTr 475 u 2475 net). Tak kak paccmarprBaeMas Tep-
putopus I. AnMaThl ABISIETCA MPOTSHKEHHOH, (COITIACHO MOCTIEIHNM JaHHBIM OHA MPOCTUPASTCS C OTa Ha CeBep Ha
paccrosiHue okoo 80 KM) HEOOXOIUM y4eT 3aKOHOMEPHOCTEH €CTECTBEHHOTO YOBIBaHHS OAUTBHOCTH C PACCTOSTHHEM
B Ipenesax Bcel Tepputopun ropoga. OCHOBHBIE OTIIMUYUTENBHBIE 3JIEMEHTBI METOJIOJIOTUN OLIEHKH MCXOJIHOM ceii-
CMUYHOCTHU: — BBINIOJIHEH pacueT CEMCMUYECKUX BO3JEHCTBUI HA TEPPUTOPHIO I. AJMaThl OT 29 cellcMoreHepupyo-
[IMX 30H, PACHOJIOKEHHBIX Ha paccTosHUAX 70 300 KM OT ropojia; — BIEPBbIE OCYIIECTBIICH BEPOITHOCTHBIN MOIXO0]
K pacdeTy CeHCMHUYeCKOH ONAacHOCTH; — IIOJMy4eHbl XapaKTEpPUCTHKH B KOJIMYECTBEHHBIX HapaMeTpax KoyieOaHui
TpyHTa B JIOTIOJIHEHHE K MakpoceiicMuueckiM. B nmaHHON pabore Marepuaibl IO pacdyeTy KOJIMYECTBEHHBIX Hapa-
METpOB KojieOaHnH rpyHTa (IIMKOBBIE YCKOPEHNUS) HE PUBOMSTCS.

[Tomy4yeHsbI KapThl BEPOSATHOCTHON OLIEHKH MCXOMHOHN ((DOHOBOI) CEMCMUYHOCTH AJIS T. AJIMATHI, ISl TIepHoaa
noBTopsieMocTH 475 u 2475 ner (BeposiTHOCTH mpeBbiieHHs 10 u 2% 3a 50 ner) B Gammax MakpoceHCMHYIECKOH
IIKaJIBI MHTEHCUBHOCTH.

KiroueBblie c10Ba: MUKpOpallOHHPOBaHHE, CEHCMOTCHEPUPYIONINE 30HBI, CEHCMUYECKIH PEXUM, OIICHKA HC-
XOJIHOM CEMCMUYHOCTH, CEMCMHUYECKHE BO3ICHCTBUS.

Beenenne. OnHoil u3 Hanbosee BaXKHBIX 3a1ad ceficMuieckoro MukpopaionupoBanusi (CMP) sB-
nsercs onpenenenne ucxomanou ceiicmuanoctu (OUC) paitona pazMenieHus UCCIeTyeMOoro 00heKTa.

B 00BprdHOM mpakTHKe AJIS 3TOTO HCMONB3YIOTCS Pe3yabTaThl HCCIEOBAHUN 110 O0IIeMy WIIH JeTajlb-
HOMY CEHCMHUYECKOMY PaiOHHPOBAHHUIO TEPPHUTOPHH (BCEH peCITyOIMKH, OTAETLHBIX oOiacTed m ap.),
KOTOpBIE B BUJIE TAOIHUI «ITYHKTHI-0ayuTbly ipuBonsatTcs B paznuyHbix CHullax. 1o aToit meTomuke oneHKe
WCXOIHOW CEHCMHMYHOCTH Ka)KAOTO HACEIEHHOTO MYHKTa WM 0OBEeKTa COOTBETCTBYET OJHO 3HAYEHHUE
0ayuIbHOCTH, TPUBEICHHOE K CPEIHUM TPYHTOBBIM yCJOBUSM. Takoi MOAXOX OmpaBlaH, €cli pa3Mephbl
paiioHa MaJBl M B UX Ipefesiax He MPOUCXOIUT U3MEHEeHHEe OaJUIbHOCTH B CBSI3U C M3MEHEHHEM PacCTos-
HUSI O CeiCMOTeHepUpYIOIUX 30H. B cilyuae ke Korma paccMaTpuBaeMblii pailOH SIBISIETCS MPOTSHKEH-
HBIM, KaK HalpuMep TepPUTOpHS . AMAThI, (COTIIACHO TOCTEIHUM JaHHBIM OHA MPOCTHPAETCS C fora Ha
ceBep Ha paccTosiHue okoio 80 KM) HeOOXOIMM yUYeT 3aKOHOMEPHOCTEH €CTeCTBEHHOTO YObIBaHHUS Oaslib-
HOCTH C PAacCTOSIHWEM B Ipefesiax NaHHOH Teppuropuu. Takoi moaxox B mepBoM NpHOIMkeHHH (B Hau-
Oonee obuieM Buzae) ObLT peaqu30BaH MPH cOCTaBlIeHUM mpeapayieii kaptet CMP 1. Anmarst (1982 1),
korga OMC ocymecTBIsIach OT OrpaHHYEHHOTO KOIMYEeCcTBa cecMOoreHepupyIoImux 30H (Bcero 3) [1].

B Hacrosmeii jxe paboTre cyMMapHBIA ceiicMudeckuid 3P ekt ompenensercs oT 29 celicMOoTreHepH-
PYIOIIKX 30H, PacHoJIOKEHHBIX Ha paccTosiHuax 10 300 kM OT ropoza.

JpyruM BayXHBIM OTIIMYHEM JTaHHOW paOOTHI SBISETCS TO, YTO B HEH BIIEPBBIC OCYIICCTBIIEH MEPEX0]]
K BEPOATHOCTHOI METOIUKE OLEHKH MCXOAHON CEMCMUYHOCTH, KOTOpas MO3BOJSET ONPEAEIUTh CTENEHb
ceiicMU4ecKol ONacHOCTH 7Sl 0OBEKTOB Pa3HBIX CPOKOB CITY>KOBI U KaTErOpHii OTBETCTBEHHOCTH.

Takum 00pa3oM, LENBI0 HACTOSIIUX HCCIENOBAHUH SBISIETCS IONyYCHHE KOJNMYECTBEHHBIX Xapak-
TEPUCTUK OXXKUJAEMBIX CEHCMHUYECKUX BO3JACUCTBUN MJI1 CPETHUX TPYHTOBBIX YCJIOBUH Ha TEPPUTOPUU
. AJIMaThI C MICTIONIb30BaHUEM YKa3aHHBIX BBIIIIE HOBBIX METOIMYECKHUX TTOIXOIOB.

ITepBbiM sTanom CMP sBrseTcst coCTaBl€HHE KapThl MCXONHOM CEHCMUYHOCTH, KOTOpas OIpene-
JsieTcsl KaK BO3JCHCTBHE OT CEMCMUYECKUX MCTOYHUKOB (CEHCMOTCHEPUPYIOIINX 30H), PACTIOI0KEHHBIX B
npenenax paauyca He MmeHee 300 KM, C y4eToOM UX CeHCMOTEKTOHMYECKOTO pexuma [2].

Crnenyromum stanoM CMP sBnsieTcss mocTpoeHHe KapT NpHpalleHuid OalIbHOCTH Ha paccMar-
pUBaeMoOi TepPUTOPHH, OCHOBAHHBIX Ha WHXEHEPHO-TE€OJIOTHYECKHX, THAPOTEONIOIHYECKUX, TEeKTOHUYEC-
KHUX M IPYTHX OCOOCHHOCTSX TpyHTa. lloiHOE mpupamenne ceicMUYeCcKoi MHTEHCUBHOCTH OTPEAEIISeTCs
Kak CyMMa IpHpalleHus B Oallax 3a CYeT: pa3jiuus CEWCMHUYECKUX >KECTKOCTEH ISl MCCIIEAyeMBIX
TPYHTOB C XapaKTEpUCTUKAMH } ¥ p MO OTHOLICHHIO K STAJOHHBIM TPyHTaM, OOBOAHEHHOCTH TPYHTOB
(41yrB), pe30HAHCHBIX YCHIICHHU KOJICOaHUI B CIIOMCTOM rpyHTOBOM Tomiie (A/pe3) u ap. [2].

Tperuit sram CMP — ompeneneHne yTOYHEHHOW CEHCMHUYECKOW OIMACHOCTH, KaK alreOpandecKoi
CYMMBI MCXOTHOW CEHCMUYHOCTH U MPHpPAIIEHUI OAJUTPHOCTH B KaXKIOH KOHKPETHOW TOYKE MCCIIeTyeMOi
TeppuTopuH. B pesynbrare 3Toi pabOTHl AOJKHBI OBITH IOJyYSHBI MapaMeTphl BO3ACHCTBHUH, HEOOXO-
JTUMBIE IS pacueTa 00beKTa UCCIeI0BaHUi Ha CEHCMOCTONKOCTb.
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[Hannas pabora mocssieHa nepomy stanty CMP — oyenke (cozoanuto kapm) ucxoonoiui ceticmuuy-
HOCmuU, T.€. OTIPEIENICHUIO MECTA, CHJIbl U BEPOSITHOCTH BO3HHUKHOBEHHS CEHCMHUYCCKUX BO3ACHCTBHU B
3aJaHHBIA MHTEPBAJ BPEMEHM (B COOTBETCTBHMHU C TPeOOBaHMSAMH AJs IepHoia HoBTOpseMocTH — 475 u
2475 ner) [3, 4].

Baxusiit anementr OUC — nocmpoenue celicmomexkmonuueckol MOAEIU PETHUOHA, & UMEHHO, BBIJE-
JIeHHEe CEHCMOTEHEPHPYIOUINX 30H M ONpelesieHHe MX CEHCMUYecKOro MoTeHIHaia. PesyiasraroM 3Toro
sTana paboThl JOHKHO OBITH MOCTPOCHHE KapThl CEHCMOTEHEPUPYIOIINX 30H JJIS HCCIEAYeMOro peruoHa.

Brienenue ceiicMoreHepupyloUMx 30H — MpobjeMa KoMIuleKcHas. IIpoBeneHHBIe paHee Hccie-
JIOBaHUsI TIO3BOJIMIIN BBISIBUTH KPUTEPUU CEHCMUYHOCTH — KOJMUYECTBEHHbBIE U KaUeCTBECHHbIEC MTOKA3aTEIIH
COCTOSIHUSI T'€O0JIOTUYECKOM CpeAbl, COYETaHHsA KOTOPBIX ONPENENIIOT MAaKCHMAaJIbHYI0 MAarHUTYIy
BO3MOXHBIX 3emiieTpsiceHnii [5-9]. HamGonee oOImeil 3aKOHOMEPHOCTBIO CEHCMHYHOCTH SIBISICTCS €e
MPUYPOYCHHOCTh K CYLIECTBYIOLIMM TOPHBIM CHUCTEMaM, KOTOpBIE XapaKTepU3YIOTCS HEKOTOPHIMU OCO-
OEHHOCTSIMH, C OJHOW CTOPOHBI, IIyOMHHOTO CTPOEHUS, a C APYrod — MOpP(OIOrHYECKOTO BBIPAKCHUS
HOBEHUIINX CTPYKTYP.

KomruiekcHOe UCTIONB30BaHUE BBISBICHHBIX O0COOCHHOCTEH TIIyOMHHOW M BEPXHEKOPOBOH CTPYKTYp
CEIICMOAKTUBHBIX OpPOTCHOB MO3BOJIMJIO COCTaBUTH KapTy celcMOreHepupyromuX 30H PeCIyOIuKH
Kazaxcran [7], kKak OCHOBY OIICHKH CelicMHYecKoil omacHocTH. Ha pucynke 1 mpuBeneHa BhIpe3Ka W3
KapThl celcMoreHepupyommx 30H KaszaxcraHa W mpuieraromux TEPpUTOpPHU, TIe paMKoi BBIACICH
PETHOH C 30HaMH, BIUSHUE OT KOTOPHIX YYUTHIBAJIOCH NPH OLICHKE HCXOAHOW CEHCMHYHOCTH TEPPUTOPUHI
. AJIMarsl.

45°

43°

r 341 T35 [ ! r- 43°

41 —

e 3= T5° e

Pucynok 1 — Beipe3ka u3 kapTsl celicMOreHepHpyIOmHKX 30H KazaxcTaHa U IpHiIeTaroImux TeppuTopuii [7]

Figure 1 — The clipping from the map of seismogenic zones of Kazakhstan and adjacent areas [7]
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Wnentnduranus celcMOTeHepUPYIOIMX 30H W ONpeleNeHHe MMapaMeTpoB HX CeHcMUYecKoro
peKUMa ABISIETCSl CaMbIM CJIOKHBIM M HanOosee OTBETCTBCHHBIM 3BCHOM B HCCIEIOBAaHUSIX MO cedcMu-
YECKOMY pallOHMPOBAaHUIO, OCKOJIBKY OT 3TOIO 3aBHCUT HAAEKHOCTH BCEX MOCIIEAYIOLINX IIOCTPOCHUII 110
OIIeHKe ceiicMuueckon onmacHoctH [8-10].

Memoouxka napamempusauuu celicMOZEHEPUPYIOUUX 30H U ux ceucmuueckuii peycum. Kapra
CEHCMOTCHEPUPYIOLINX 30H HCCIEIyeMOW TEPPUTOPHM SIBUJIACh OCHOBOM [UIS CO3JAaHMS T'€HEPaIHU30-
BaHHOM cxeMbl 30H BO3 (pucyHok 2). Ha cxeme BbiaeneHo 29 30H, pacioyioKeHHBIX Ha PACCTOSHUIX /10
300 kM oT ropoaa, I KaKA0H U3 KOTOPBIX OMpPEAeIINCh MapaMeTphl CECMUUECKOTO PeXUMa, U B KaXkK-
JIOW pacyeTHOH TOYKe ropoja pacCUNTHIBAIOCH BO3ACHCTBHE OT 3THX CEHCMHYECKUX HCTOYHHUKOB (30H).

e 3 15 e T g1= 83°
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Pucynoxk 2 — I'enepanuzoBanHast cxema CeiCMOT€HEpHPYIOLIUX 30H /IS pacdeTa CeHCMHUYEeCKON OMAaCHOCTH I. AJIMaThl

Figure 2 — Generalized scheme of seismogenic zones for calculating the seismic hazard of Almaty city

O0ocHOBaHHOE CyKAeHHE 00 ypOBHE CeiiCMUYECKONH aKTMBHOCTH OTAEIBHBIX CEHCMOTEHHBIX 30H U
CpaBHEHHE UX MEXIy cOO0 BOZMOXKHO Ha OCHOBE KOJIMYECTBEHHBIX OLICHOK MapaMeTPOB CEHCMHUUECKOTO
pexuMa — nmapameTpHu3aunuu ceiicMorenepupytomux 30H [10-12]. Pemas sty 3amady, HeoOXonumo ycra-
HOBUTbH OCOOEHHOCTH PacIpeiesIeHHsI COBPEMEHHOM CEeHCMUYHOCTH, KaK IO IUIOIIAAHN, TaK U 0 IIyOuHe,
OIICHUTh TIOBTOPSIEMOCTh 3EMIIETPSICEHHM W COTPSICEHWH, BEIWYMHY MAaKCHMAaJlbHOTO BO3MOXHOTO
3eMJIETPACEHUS U T.1.

HHbopMaiMoHHYI0 OCHOBY NapaMeTpU3aly CEHCMOI€HEPUPYIOIIMX 30H COCTABMJI KaTalor 3eM-
JIETpACEHUN 1ora MU 1oro-Boctoka KazaxcTraHa M CONpEAENbHBIX TEPPUTOPHIl. DNMHUIEHTPAIbHBIE MO
uccieayemoii reppuropun (pucysku 3, 4) onucansl B [8-12]. Mcnonp3oBanack Mmarautyna Mg, mepexon K
KOTOPOH OT 3HEpreTHdeckoro Kiacca K oCyImecTBIsUICs 1o ciaenyroumm popmynam [9]:

— ) ——



ISSN 2224-5278 Cepus ceonoeuu u mexuuyeckux nayk. Ne 5. 2017

K=1.8MLH+4.0 (M<5.5);
K=1.5MLH+5.6 (M>5.5);
Ms=1.0MLH-0.1,

rane K=IgE(Jl>)x) — sHepreTndeckuil kmacc; My — MarHuTyaa, omnpezaessieMasl Mo BePTUKAIBHOW COCTaB-
JSIIOLEH MOBEPXHOCTHOM BOJNHBL, MLH — MarHuTyzna, ompenesnseMas 110 MAKCHUMAJIBHBIM aMILIUTYAAaM
TOPU30HTAJIBHOI COCTaBIIAIONIEH TOBEPXHOCTHBIX BOJIH.

B nmocnenHue roas! s pacyera cCeCMHUUECKOH ONAacHOCTHU Bece OoblIee pacCHpOCTpaHEHUE MOTydaeT
MOMEHTHasi Marutyaa My, KOTOpas pacCUMTHIBAETCS 4epe3 3HaueHusl cercMuyeckoro MomeHTta M,. B
ycnoBusix CesepHoro TsHb-1llaHs MHCTpyMEHTalIbHOE OTNpENENeHNne CECMUYECKOT0 MOMEHTa B CBSI3U C
anmnapaTypHOHl OCHAIEHHOCTBIO KPAaTKOBPEMEHHO MPOBOAWIOCH JHIIb sl 5—10% 3emueTpsiceHnii mo
3amucsam ammaparypsl UYMCC, ycraHoBmeHHOW Ha JByX craHIusIX. llokasaHo, 9TO ISl CHIIBHBIX U
pa3pymUTEIbHBIX 3eMieTpsicernii (My=6,0—8,2) HHCTpyMEHTAIBHO OmpeelieHHbIe 3HaueHuss Mg u My B
Mpeaenax TOYHOCTH X ONpeAesIeHHs COBNAatoT [9], oaHaKo, MOMBITKA ONpEeAETIeHUsI MarHUTYAbl My st
3eMIIETPACEHUN 110 pPa3INYHBIM KOPPESIMMOHHBIM COOTHOIIEHUSM MPHUBOAMT K IPOTHBOPEYHUBBIM
pesynbraraM. [1o3ToMy Ha JaHHOM dTare JUis OLCHKH CEHCMHYECKOW OMacHOCTH T. AJIMaThl B Oaiiax
LIKaJIbl MaKpOCeHCMUYECKOH MHTEHCUBHOCTH HUCIIOIb30BaJIach MarHuTyaa Ms.

Jns xaxxnoil celicMOreHepupyome 30HbI (PUCYHOK 2) ONpelesieHbl pa3iIH4HbIe MapaMeTphl Cei-
CMHYECKOTO pE&KHMMa: MUHHMAJBHBI ypOBEHb IPENCTABUTENBHBIX 3eMIETpSACEHUN Mo;; cyMMapHOE
KOJIMYECTBO 3eMIETpACEHUN — Nyc M>Mo;; ypoBeHb CEHCMHUYECKOW aKTUBHOCTU — @;; YrOJl HAaKIJIOHA
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Pucynok 3 — Kapra snuneHTpoB 3emiieTpsicenuil ¢ M¢>4,8 ¢ npesHeimux BpemeH 1o 2014 r.
Figure 3 — Map of epicenters of earthquakes with M¢>4,8 from ancient time to 2014
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Pucynok 4 — Kapra sanuneHTpoB 3emierpsicenuil ¢ M¢>3,0 ¢ npeBHemux BpemeH o 2015 r.
(c Bpe3Koi Bcex 3eMIIeTpsACeHUI Ha TeppuTopun ropona Aiamatsl ¢ 2014 r. mo 06.2016 1.)

Figure 4 — Map of epicenters of earthquakes with Mg>3.0 from ancient time to 2015
(with cutting of all earthquakes in the territory of Almaty from 2014 to 06.2016)

rpaduKa HOBTOPAEMOCTH — b; BEIUYWHBI MAKCHMAJIbHBIX BO3MOXKHBIX 3E€MIICTPSCECHUN M, ,; BETMUHHEI
MaKCHUMAaJIbHBIX HAOIIONECHHBIX 3eMACTPACCHUN M,yax(nacr); MUHUMAIIBHBIE — /iy, MAKCUMAIIBHBIE — Myge U
Hanbosee BEPOATHBIE — /., 3HAYEHHs [TyOUH 04YaroB 3eMJIETPACEHNH; KOITMYECTBO 3eMIIETpsICEHHI — N C
M>M,,.,; TTapaMeTphl CEHCMOTEKTOHUYIECKOW Je(opMaIiiil ONPEICIICHBl ¢ YKa3aHWEeM THIA ITOIBIIKKH:
cagur — SS, copoc — NF, copoco-caeur — NS, B30poc — TF, B30poco-capur — TS. Haubonee npexacra-
BUTEILHBIM TUIIOM JIe()OPMUPOBAHHOTO COCTOSIHHA SIBIIsieTCsl B3OpocoBbiif. OH XapakTepeH sl BcexX
Haubolee CEeHCMOAKTUBHBIX 30H, CBSI3aHHBIX CO CTpYKTypamu 3awmnmiickoro, Kynreit u Tepckelr Anaray.
MeHee nmpeficTaBUTENbHBIMHE SIBISTIOTCS Ie(OPMAIIH THIA CIIBUTA B T€OJIOTUIECKONW HHTEPIIPETAIIHH.

PazpaboranHass MeTonuKa CelCMOJIOTHYECKON MapaMeTpu3aluy celicMoreHepupyoommx 30H (8, 10]
MPOWILTIOCTpHUpOoBaHa Ha mpumepe tepputopun CeBepHoro TsiHb-lllans (3omHa 38) (pucyHok Sa-x). Ha
pHUCyHKe 5a TOKa3aHa KapTa 3MMIEHTPOB 3emieTpsicennid ¢ M>1,0 3a nepuon 1951-2015 rr. ¢ ykazanuem
r1yOuH ovaroB. IIpu pacderax uckirodaauch adTEpIIOKH CUIBHBIX 3emieTpsaceHui. [lepuon HabmoneHus
BBIOpaH MCXOsI U3 TPEICTABUTEIBHOW PETHCTPAIITA MHOTOUMCIICHHBIX CIa0BbIX 3eMIIETPSICEHUH.

g oKOHUYaTEeNbHOW IMPOBEPKH CTALMOHAPHOCTH CEHCMHUYECKOTO PEXHMMa HMCCIEN0BAIUCH BPEMEH-
Hble (TOOOBBIC, MECSUYHBIC M [IIp.) BapualMu KOJMYECTBAa 3€MJICTPSICCHUH, a TaKkKe UX KyMYIATUBHBIC
rpapukn (pucyHku 56-5x). ns onpeneneHus Ayin, Nmax U Ngep ACTIONB30BATUCH BPEMEHHBIE BapHallUU
DIyOMH, a TakKe THCTOTPaMMBl paclpeseNieHus] 04aroB 3eMJICTPSICeHUH 1Mo TmyOuHe (pUCYHKH Sa, 5x).
s mpeaBapuTebHOTO BEIOOpa 3HaYEHUH Mo — MUHMMAaJbHAs MarHUTYAA 3eMJICTPSICEHUH A U3y4eHUs
3akoHa mnosTopsieMoctu ['yrenOepra-Puxtepa — mccienoBanuch IHCTOIpaMMbl PACHpPEAETICHUS] O04aroB

— 84 ——
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a — Kapra snunientpoB 3emierpsicenuii ¢ M>1.0
3a 1951-2015 rr. ¢ onpenenaeHHbIMY INTyOMHAMK 04aros
(cunnii — h<13.5 xm; 3enenbiii — ©<27.0 km;
KpacHbI — 7<45.0 kM)
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Pucynok 5(a-x) — CeiicMonorndeckasi mapaMeTpu3anus CeicMOreHeprpyIomuX 30H (30Ha 38)

Figure 5(a-f) — Seismological parameterization of seismogenic zones (zone 38)
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3eMIIETPSICEHUH 3a pa3lIUYHbIe IEPHOIbI HaOMoneHuH (pUCyHKH 50, 5B, 5¢). OkoHUYaTeIpbHOE OIpe/ieeHne
3HadeHus1 Mo TPOBOIMIOCH MO TpadrKy MOBTOpsSEMOCTH. ' paduk pacrpeneneHnss MarHUTY] 3eMJIeTps-
CeHMH BO BpeMeHM (PUCYHOK S5B) MCHOJIb30BAICA I ONpeneseHUs M (uacy. 1 OLEHKU ceilcMu-
4ecKoro 3¢ ¢eKTa NepBOCTEIICHHOS 3HAYCHUE UMEET OLCHKA 3aBHCHMOCTH MUHHMAJLHOU TITyOWUHBI BO3-
HUKHOBEHHS 3eMIIETPSICEHUH OT UX dHepruid. Takue rpaduku, MOCTPOSHHBIE IS KaXKI0W 30HBI, TOKa3allH,
YTO B IEJIOM MHUHUMAaJIbHAs TIIyOWHA OYaroB yBEIIMYMBAETCS C YBEITHMUYEHHEM SHEPTHUHU 3eMIICTPSICEHHS.
[Mapamerpsl a;; ay; b; Mo onpeneneHbl Ucxoas UX rpaduka mopropsieMocTd (pucyHke 5ik). Benmuunna M,,,,
OIICHEHA TI0 COBOKYITHOCTH T€0JOro-Te0(pH3NMUecKnX M CEeHCMOJOTHYECKHX KPHUTEPHEB OIpeIelIeHUs
CeCMOMNOTEHIINANIa 3€MHON KOpBL. 3HaueHHe Ny OmpelereHO KaK YHUCIOo 3eMieTpsceHuit ¢ M=>Mo,
KOTOPOE HCIOIH30BAIOCH ISl TOCTPOESHHsI rpaprKka MOBTOPSEMOCTH.

ITapamMeTppl CEHCMUYECKOTO PEKHUMA, PACCUUTAHHBIC I10 TCHEPATM3O0BAaHHOW cxeMme (pUCYHOK 2),
MIPUBEJICHBI B TaOIHIIE.

Memoouxa 6epoAmHOCMHON OUEHKU UCXOOHOU CEUCMUYHOCHU 6 DANNAX WKAIbl MAKPOCeucmu-
yeckoit unmencuenocmu MSK-64(K). PacueTsl ceficMHUYecKOH OMacHOCTH JJII MHUKPOPAHOHWPOBAHUS
Teppuropun T. Anmarsl, BeimonHeHHble TOO «MuctutyT ceiicmonorum» MOH PK B 2016 1., BIiepBeie
OCYUIECTBIIEHBI HA OCHOBE METOJIOJIOTHH, COOTBETCTBYOMIEH nonokeHusM EBpokona 8 (EN 1998-1:2004)
«IIpoexkTHpoBaHUE CEUCMOCTOMKHUX KOHCTPYKIHI», sl IPUMEHEHUS B MPAKTUKE MPOEKTUPOBAHUS Ha
teppuropun Kazaxcrana [3, 13-15] u mpoBeneHbI ¢ UCIIOJIB30BAHUEM OOHOBIICHHOM KCIIEPUMEHTATHHOM
0a3bl ¥ HA HOBOW METOIMYECCKON OCHOBE.

[TapameTpsl ceficMu4ecKkoro pexnuma ceiicMOreHepUpYIOIUX 30H AJIMATHHCKOTO peruoHa (110 pUCYHKY 2)

Ne Tepuox Tum no-
HaOr0- Ny | My | a b*Inl0 b Moi | hin | Bnax | Boep | N5 | Mopaxnacn | Minax

30HBI f—— JIBUKKH
22 1961-2015 | 0.11 | 4.0 | 3.94 | 2.06 0.895 | 19| 3 30 | 10 | 249 43 6.5 TS
23 1952-2015 | 0.34 | 4.0 | 3.34 1.31 0571 | 1.7 ] 1 28 | 15 | 280 5.5 7.0 TS
24 1952-2015 | 0.49 | 4.0 | 3.66 1.42 0617 | 2.1 ] 1 30 | 15 | 496 6.1 8.0 TS
25 1952-2015 | 0.89 | 4.0 | 3.96 1.45 0628 |25 1 35 15 | 657 6.4 7.0 TF
26 1951-2015 | 2.00 | 4.0 | 4.23 1.39 0.603 | 19| 3 48 | 15 | 1071 5.9 8.0 TF
27 1951-2015 | 0.28 | 4.0 | 3.48 1.46 0633 | 1.7] 1 40 | 15 | 308 5.8 6.0 TS
27b 1960-2015 | 0.03 | 4.0 | 3.23 1.98 0.859 [ 23| 10| 25 |10 | 37 6.1 6.0 SS
28 1951-2015 | 0.81 | 4.0 | 4.21 1.63 0709 [ 23] 3 35 | 10 | 547 5.4 6.5 NS
29 1951-2015 | 0.71 | 4.0 | 3.87 1.45 0.629 | 1.7 ] 2 38 10 | 798 6.5 6.5 TF
31 1951-2015 | 0.48 | 4.0 | 3.73 1.47 0.637 | 1.7 | 1 38 | 10 | 541 8.3 7.5 NS
32 1951-2015 | 0.90 | 4.0 | 3.86 1.37 059 | 1.7] 3 35 | 10 | 481 6.0 6.5 TF
33 1959-2015 | 0.33 | 4.0 | 3.81 1.67 0725 | 1.7] 5 30 | 10 | 375 5.0 5.5 TF
34 1951-2015 | 0.10 | 4.0 | 427 | 227 0984 [ 23| 3 32 | 10 | 309 4.2 6.0 TS
34a 1952-2015 | 0.15 | 4.0 | 4.06 2.01 0874 | 23| 2 30 10 | 162 4.7 6.5 TF
35 1952-2015 | 0.30 | 4.0 | 445 2.08 0904 (23| 2 35 | 10 | 562 6.0 6.5 TF
36 1951-2015 | 0.25 | 4.0 | 3.7 1.63 0707 | 1.6 | 2 30 | 10 | 497 7.3 7.5 TF
37 1952-2015 | 049 | 4.0 | 3.84 1.53 0.67 1.7 3 30 10 | 659 6.4 8.0 TF
38 1951-2015 | 1.65 | 4.0 | 4.33 1.51 0.658 | 1.4 | 1 45 | 10 | 2908 8.2 8.5 TF
39 1950-2015 | 0.40 | 4.0 | 3.81 1.57 0681 | 1.7] 3 40 | 15| 799 7.0 7.0 TS
40 1953-2015 | 0.90 | 4.0 | 4.02 1.49 0646 | 1.7 | 1 35 15 | 1389 6.8 7.5 TF
41 1950-2015 | 0.52 | 4.0 | 3.92 1.56 0.679 | 23| 2 30 | 10 | 315 6.9 7.5 TF
43 1951-2015 | 1.45 | 4.0 | 4.54 1.68 0731 | 23] 1 40 | 10 | 1055 6.1 6.5 TF
45 1960-2015 | 1.19 | 4.0 | 4.18 1.55 0.671 [ 23| 1 38 | 10 | 951 7.5 7.5 TF
46 1950-2015 | 0.96 | 4.0 | 3.98 1.43 062 | 1.7 1 35 | 10 | 856 5.8 7.0 TS
47 1951-2015 | 1.16 | 4.0 | 3.99 1.39 0602 | 1.7 1 58 10 | 318 5.6 7.0 TF
48 1951-2015 | 1.53 | 4.0 | 443 1.60 0.693 [ 23| 1 52 | 10 | 2037 6.7 7.0 TS
49 1951-2015 | 6.77 | 4.0 | 5.38 1.80 078 [3.0] 1 54 | 10 | 1842 6.6 7.0 TF
50 1944-2015 | 3.88 | 4.0 | 5.54 2.04 0884 |36 3 48 5 329 5.9 6.5 TF
51 1962-2015 | 2.32 | 4.0 | 4.03 1.27 055 | 23| 1 38 5 519 7.5 8.0 TF
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OCHOBHBIE OTJIMYUTENEHBIE 3JIEMEHTHI OLIEHKA CEHCMUYECKON OIAaCHOCTH: — pacueT CeHCMHUYECKHX
BO3/ICHCTBUM Ha TEPPUTOPHUIO T. AJIMATHI OT 29 CeiCMOTeHEPUPYIOIINX 30H; — BEPOSITHOCTHBIN MOJAXO/ K
pacueTy CeHCMHUYECKOl OMacHOCTH; — XapaKTepPUCTHKAa OMACHOCTH B KOJIMYECTBEHHBIX MapaMeTrpax
KoJieOaHU TPyHTA B JOMOJHEHHE K MAKPOCEHCMUYECKIM XapaKTCPUCTUKAM.,

BeposiTHOCTHBIN MOAXOM TO3BOJSET OIEHUBATh CTENEHh CEHCMUYECKOW OMACHOCTH I OOBEKTOB
pasHBIX CPOKOB CIyXOBI M KaTeropuid OTBETCTBEHHOCTH. KapThl, ONMUCHIBAIOIINE CEHCMUYECKYIO OIac-
HOCTB C IOMOIIBI0 MaKPOCECHCMHUUYECKUX MOKA3aTeNIeH MOCIECTBUI 3eMIIETPCEHUI — 0aIOB IO IIKaje
MSK-64(K), nator nHQOpPMAIIUIO O UCXOJHOW CEHMCMHUYECKONW OMACHOCTH TEPPUTOPHH TOpOJa W TO3BO-
JISIOT OLEHUTHh BO3MOXKHBIE MaKpOCeHCMUYECKHe TIOCIIEeICTBUS TIPOTHO3UPYEMBIX 3emiieTpsiceHuil. Komm-
YECTBCHHBIC IMapaMETphl KOJICOAHWUH TPYHTA — IHUKOBBIE YCKOPEHHS — HEOOXOIMMBI IJISi TIPOBEICHUS
MHXXCHEPHBIX PACUYECTOB 3IaHUU U COOPY>KEHHUH, a TaKKe MEPONPUATUNA HKOHOMHUECKOIO U COIHAIBHOTO
XapakTepa 1Mo MPeJOTBPAIIEHUIO WIH CHIKEHHIO yiiepOa. Takne KapThl WILTIOCTPUPYIOT peTHOHATIBHBIE
pa3nius B aMIUTUTYAE KOJIeOaHUi TPyHTA MPH MMOCTOSTHHOM TEPUOJIe TIOBTOPSIEMOCTH CEHCMHYECKHX CO-
TPSCEHUH (T.C. MOCTOSIHHOW BEPOSITHOCTH IPEBBIIICHHS ceiicMUYecKoro adekra). OHU Takke TO3BOJISIOT
OBICTPO M HA €IMHOM OCHOBE CPaBHUBATH CEHCMUYECKYIO OIIACHOCTh PAHOHOB, BBIJIEISS HANOOIIEE OMaCHBIE.

OtmeTnM, 9TO B JAaHHON pabOoTe MaTepPHalIbl IO pacueTy KOJIMYECTBEHHBIX ITapaMeTPOB KoJeOaHui
rpyHTa (TIMKOBBIE YCKOPEHUS) HE PUBOAATCS.

Teopus, HA OCHOBaHUHM KOTOPOW IMPOBOIUTCS aHAIN3 U OIIEHKa CEeHCMUYECKOM OIMacHOCTH, Pa3BUTa B
paborax [16-23]. OOmEnpUHATHIH MOIX0A COCTOWT B IMOCTPOCHUU KPUBBIX CEHCMHUYECKOW OMAcCHOCTH,
KOTOpBIE YKa3bIBAIOT CPETHIOI0 FOIOBYIO YaCTOTY MPEBBIIICHHS 3HAYSHUH BHIOPAHHOTO TapaMeTpa JIBIKe-
Hus rpyHTa. Ha OCHOBE KPUBBIX CEMCMHMUYECKON OMAaCHOCTH PACCUUTHIBACTCS BEPOSTHOCTH MPEBBILICHUS
3a/IaHHOTO 3HAYeHUs BHIOPAHHOTO MapaMeTpa U, COOTBETCTBEHHO, BEMYMHA MapaMeTpa, OTHOCSIIASACS K
3aJJaHHON BEpOSITHOCTH MPEBBILIICHHUS B TeUEeHHE TpeOyeMOoro repruoia BpeMeH .

BxomHpiMU TaHHBIMU JJISI IPOBEJICHUST BEPOSTHOCTHON OlleHKH ceiicmuueckoi omacHoctu (BOCO)
CITy>KaT:

— MOZIETTH CEeHCMOTEHEePUPYIOIIHNX 30H;

— 3aKOHBI TOBTOPAEMOCTH 3eMJIETPACEHUH;

— MOJIeNTN 3aTyXaHHus apaMeTPOB ABIKEHUI TPyHTa B 3aBUCHIMOCTH OT MarHUTYIIbI 3eMIIETPSICEHUS U
PaccTOSTHHAA 10 MTyHKTa HAOIIOMECHIH.

BrixogHBIMU pe3yabTaTaMy SBISIOTCS OIEHKH IBIDKCHUS TPYHTa (COTPSICAaeMOCTh /) TIPU 3alaHHOM
nepuoje BpeMeHu 7. B naHHO# cTaThe (B COOTBETCTBUHU C OTCUECTBEHHOW MPAKTHUKOMN) MPEICTaBISETCS
MarHuTYy/IHAs IIKaJia ¥ B KA9€CTBE BBIXOJHOTO ITapamMeTpa — MaKpocecMuiecKasi HHTEHCHBHOCTS / IITKaJIbI
MSK-64(K).

Uucnennsie pacuetsl BOCO BBINONHSIMCH HA OCHOBE KOMILUIEKCA KOMITBIOTEPHBIX MPOrpaMm
SEISRISK-III [24] B momudukanmu SRISKnas. Monudukaius cocrosia B afanTaiiil JaHHOTO KOMII-
JieKca sl paboThl ¢ MHTEHCHBHOCTHIO B 0aljlax M MCTIOIh30BaHUS 3aBHCHMOCTH HHTEHCHBHOCTH OT Tapa-
METPOB CEHCMMYECKOTO pexXuMa, TOITy4eHHOH 1ig Tepputopun CeepHoro Taub-1llans [9]:

1=1.5M,-3.3 1gR + 3.0,

rae R — TunoleHTpalbHOE paccTosaHue, M; — MarHUTY/IA.

CormocrapneHne pe3ynbpTatoB padoThl Komiuiekca komnbiorepHbix nporpamm SEISRISK-IIT u M3C-
2014 (mporpamma, JI00€3HO MpEAOCTaBICHHAS BpUTAaHCKOW TeoJIOTHYECKON CITy>KO00H B paMKax MEXIY-
HApOJIHOTO MPOEKTa) IMoKa3aio X xopoiiee coBnaaenne. OqHaKo pacdeTHOE BpeMs paboThl MPOTrpaMMbl
M3C 3mauuTenpHO (0OoJiee CyTOK HENpEphIBHOTO cuera) Oombine, dem y mporpammbl SEISRISK-III,
MIOATOMY Ha JJAHHOM 3Talle UCIO0JIb30BajIach MOCIEAHSA IPOrpaMMa.

Hnst Tepputopun ropoga Anmarsl BOCO BbINIONIHEHA B COOTBETCTBUU C COBPEMEHHBIMU MEXKIyHa-
POMHBIMH CTaHIAPTaMH, HA OCHOBE HOBEHUININX HAyYHBIX MOCTHKCHHHA B OOJIACTH CEHCMOJIOTHH, CEHCMO-
TEKTOHUKH, celicMOTreoAnHaMUKH. [Ipu 3TOM y4YuTBIBalOTCS NapaMeTpbl CEHCMHUUECKOr0 peKUMa Kaxaou
ceiilcMOTeHepupyIoLei 30HbI (PETHOHANBHON U JIOKATBHOW) U CEMCMUYECKUX BO3ACUCTBUI OT MECTHBIX U
TPAH3UTHBIX 3EMIICTPSCCHUM.

BeposiTHOCTHas oIleHKa CelicMUYecKOH OIMacCHOCTH OCHOBaHA Ha BBIMTOJHEHHM PacdeTOB MOSBICHUS
corpsiceanii (/) TOW WM WHOW MHTEHCHMBHOCTH B 3aJIaHHOM Mecte. Mexay ceficMHuecKoil corpsicae-
MOCTBIO / ¥ BEpOSITHOCTBIO Pj CyIIeCTBYET OJIHO3HAaYHAas CBs3b [17]:
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Py=tT=1t1 t<<T,

rae 7 = 1/ — nepuof MOBTOPEHHsI COOTBETCTBYIOIINX COTPSICEHUM, { — BpeMsl OXKUAAHUS (CPOK CITYKOBI
COOPYKCHHUS).

[IporpaMMBbl MO3BOJISIFOT OLIEHUTH BEPOSTHOCTH COCTOSIHMSA, KOT/Ia MHTEHCHBHOCTH [/ Ha 3aJaHHOM
IUIOIIAJKE OT 3€MJIETPSICEHUI M3 OKPY’KAIOIIMX CEHCMOTEeHEPHUPYIOLIUX 30H MOXKET BBIWTH 32 TPaHUYHOE
3HaYEHHE.

Jia dYuCIeHHBIX pacyeToB BCS HCCleAyeMas TeppuTopus I AnMaTel B Tpefenax KOOpAMHAT
0=43.00°-43.42°c.m. u A=76.72°-77.19°B.n1. pa3dbuTa Ha 3JIEMEHTApHBIC IUIOMAAKA 2X2 KM B 00OHX
HaMpaBJICHUAX, YTO OIMpEeseT MPOCTPAHCTBEHHOE pa3peleHne KapT. s KaxkJoro 3JeMeHTa MaTpHIIbI
19%x24 (456 mnomaok) MpoOBEIeHBI pacueThl OT BeeX 29 3aaHHBIX HCTOYHHUKOB (30H). [[st obecrieueHus
HY)KHOH MHUHHMH3AIUHA OIMHOOK, B KKIOM CIydae BBIMIONHAIOCH 15 mrepanmii. M3 3amaHHOTO OOJNaka
pemeHuil BbIOMpaNoCh MaKCHMallbHOE 3HaueHue P; Ui KaXIOW 3aJaHHOW 3JeMEHTapHOH ILIOIIAIKH.
OneHka celcCMUYECKON OMACHOCTH ONpeAesulach B BEIMYMHAX 3HAUYE€HUI IpPEeBBILIEHHUA 3aJaHHOMN
MHTEHCUBHOCTH B T0J. 3aTeM, B COOTBETCTBHU C HM3BECTHBIMH HOPMATHBHBIMH TPEOOBaHHMSMH, MIPOU3-
BOJIMJIOCH BBIYHCIICHHE BEPOSTHOCTH MPEBBIMIEHUS KaXKIOW 3aJlaHHOW MHTEHCHBHOCTH 3a 50 mert, amns
MIEPHUOJIOB MOBTOPSIEMOCTH 3emiieTpsiceHuit B 475 u 2475 net, uto coorBeTrcTBYET 10% 1 2% BEPOSITHOCTH.

Jlis Bocmipon3BeieHusI pe3ylbTaToB pa0boThl mporpaMMbel SRISKnas ¢ momMompo U3BECTHBIX MTAKETOB
rpaUIeCcKOro TPENCTaBICHUS MaTepHUalioB, COCTABICHBI MPOTpaMMHEIC WHTEp(EHCH (pa3padoTumkK —
I'T. Ctuxapnas): OUTSID, RISKBAL, GEOGR.

OUTSID — mporpamMMa, MO3BOJISIIONIAs M3 BCETO MHOTOOOpAa3vs BBIXOAHBIX NAHHBIX NPOrPaMMBbI
SRISKnas, mist KaXI0Tro y3JIa CETKH BBIOpAaTh BEKTOPHI pHUCKa P, ¢ 3a1aHHBIMU 3HAUYCHUSIMH WHTCHCHUB-
HOCTH OT 5 1o 11 6amnoB ¢ uaTepBanom depe3 0.5 Gamma. s KaxI0i TOYKU HCCIENyeMOl TepPUTOPUH
MMEETCS] BOBMOXHOCTH MTOCTPOUTH IrpadMK 3aBUCHMOCTU pucka P or 3HaueHmii uHTeHCHBHOCTHU [ B Oan-
Jax — KpPHUBYIO ceficMuueckoil omacHocTH. [Ipumep rpadwka s Touku ¢ koopawHatamu (—39.15 xwm;
—18.36 kM) mpuBenEH HAa PUCYHKE O.
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Pucynok 6 — Kpupas celicMuueckoil 0macHOCTH AJIsl TOUKH

Figure 6 — Curve of seismic hazard for a poin

RISKBAL — mporpamMMa 11 BRIYUCIICHHSI 3HAUCHUY WHTEHCUBHOCTH / B 0ayuiax B y3jaX 3alaHHOMN
CeTKH, MpHU 33JaHHOM DPHCKE, B NPSAMOYTOJIBHON (KWJIOMETPOBOM) CHUCTEME KOOpAMHAT. Tak Kak B Ipo-
rpamme SRISKnas paccrosHust H3MepSIIOTCS B KWIIOMETpaX, He0OXOIMMO BBITIONHSTH TEPEBOJ] BXOIHBIX
BEJIMYHWH, 3a/1aBAEMBIX B reorpaduIecKkoii cucTeMe KOOPAWHAT, B IPSIMOYTOIBHYIO.

Jns mpencraBiieHus pe3ynbTaTOB B BHJE KapT MCXOJHOW CEHCMUYHOCTH, B IPHUBBIYHOM, reorpa-
¢uueckoil cucreMe KoopauHart, cozgana nporpamma GEOGR, BeimonHstomas nepeBoa NpsMOYTOIbHBIX
KOOpAHWHAT B Teorpadudeckue (pUCYHKH 7 1 8).

Pesynbrare! pacyera ucxomHoi (GoHOBOI) OaNTBHOCTH, PENICTABIICHHBIC HA PUCYHKaX 7 U 8 B BHIE
u3oceiict yepes 0,1 Oamna, umerot orudpoBky ot 8,8 10 9,9 nns nepuona noropsemoctu 475 J€T U OT
9,4 no 10,8 nns nepuona 2475 ner.
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BEPOSITHOCTHAS! OLIEHKA HCXOZHON (GOHOBOIT) [l o
CERCMUYHOCTH JUIS r AJIMAThI : %
UMK AEpHOIa noETopReMocTin 475 ner Rl

(BEPOSTHOCTS NpeRLILICHIS ceficamieckoil . .ld
wirencnsnocTn 102 3a 50 aet) B Gaumx Makpoceiicmmmeckoi g b
kel nirenciaiocTn (MSK-64) ) =
Cocramune: Camaona A B Crivcapuas 1, Jlasafacna AT, KaryGacss AM., Ipuneino BB, i o ~
Penakropu; Abaxanon TJL, Jln AH 3

I paGiona: Kosymos H.C, Exgeens MC.
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PucyHnok 7 — BeposiTHOCTHAsI OlIeHKa NCXOMHOM ((DOHOBOIT) CEHCMHUYHOCTH IS T. AJIMATBI, UIS IEPHOJIA TOBTOPSIEMOCTH
475 ner (BepositHOCTB npeBbIeHUs 10% 3a 50 net) B 6amiax MakpoceicMUUECKOIT IIIKasIbl HHTEHCUBHOCTH

Figure 7 — Probabilistic assessment of initial (background) seismicity of Almaty city,
for return period of 475 years (the probability of exceeding is 10% for 50 years) in points of macroseismic scale intensity
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Pucynok 8 — BeposiTHOCTHAsI OLieHKa UCXOHOMU ((DOHOBOIT) CEHCMUYHOCTH JUIsl T. AJIMathl, ISl [IEPHO/ia TIOBTOPSIEMOCTH
2475 ner (BepossTHOCTH NpeBbieHHs 2% 3a 50 JieT) B 6amiax MakpoceHcMHYECKOil IIKaIbl HHTEHCHBHOCTH

Figure 8 — Probabilistic assessment of initial (background) seismicity of Almaty city,
for return period of 2475 years (the probability of exceeding is 2% for 50 years) in points of macroseismic scale intensity
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Haubonee onacHple 30HBI HCXOTHOW CEHCMUYHOCTH co 3HadeHUsAMH 9, 10 u Gonee GamnoB, 00ycCIIOB-
neHHble KyHrelickod, 3anmimuiickod, AJIMAaTHHCKONH W Ap. CEHCMOTCHEPUPYIOIUMH 30HAMH, 3aHUMAIOT
MIPaKTUYECKU BCIO TEPPUTOPHIO TOpoaa. B ceBepHOit yacTh ropoaa W30JMHIN HHTCHCUBHOCTH COCTAaBIISIOT
3HaueHus 8,8-8,9 Oaiuia Ha KapTe ¢ mepuonoM moBropsieMocTH 475 net u 9,4-9,5 — ¢ mepronoM NoBTO-
psemoctu 2475 netr. Takue coTpsiceHHst MOTYT OBITh OOYCIIOBIICHBI KaK YyJAJIeHHBIMH, TaK U MECTHBIMU
celiCMOTeHepHPYIOIKUMHI 30HaMU. B nanpHeiieM HeoOXonnMa JleTan3anys MOITydYeHHBIX pe3yabTaToB C
HCIIOJIb30BAHUEM 3aBHCHUMOCTEH 3aTyXaHUs MHTCHCUBHOCTU COTPSCEHHM C PacCTOSHUEM IO Pa3IUYHBIM
HaNpPaBICHUSM.
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A. B. CagbikoBa, A. Cb1abIKOB, I. I. CTuxapuas, A. M. JlanabaeBa

Ceticmonorust ”HCTUTYTHI, AnmaTsl, Kasakctan

AJIMATBI KAJIACBI TEPPUTOPUSACBIHBIH BACTAIIKBI CIVIKIHI'TIOTITTH
MUKPOAYIAHIAYTA BAUJIAHBICTBI BIKTUMAJIABIJIBIFBIH BAFAJIAY

Annoranust. XKymeicta 2015 KbUIFbl CEHCMOTEKTOHMKANIBIK Je(opMalis napameTpiepi )KUbIHTBIKTaPbIHBIH
AJMarbl Kajlachl ayMarblH MHUKpOayldaHAay YIIIH CeHCMHKAIIBIK KayilTUIKTI ecenTtey eH ajiram per EBpokox 8
epexenepine coiikec (EN 1998-1:2004) «CeiicMoTe3iMai KypbUIBICTapAbI x00a1ay» daicteMe Herizinmae, Kazakcran
TEPPUTOPHUACHIH KOOallay TOKIpHOECIHIE KOJNTaHy YIIIH XY3€re achIPhULABI XKOHE JKaHAJNAHFAH SKCICPUMEHTTIK
KOpJapabl KOJIJJaHy MEH jKaHa 9J[ICTeMEHIH HEeri31H/Ie JKacaJIbl.

Byt skymbIc AJIMaTHI KadachblH CEHCMUKAIBIK MUKpoayranaaynsiH (CMA) anFanikel Ke3eHi — 0acTaKhbl CiTKiH-
rimTikTi (KapTa acay) OaraiayFa apHaJFaH, SFHH OCNTUICHTeH yakpIT imriHzme (OepireH TarcelpMmara coiikec 475
JKoHe 2475 KpUimap KalTanaHy MEpHOATApHI YIIiH) AMaTHl K. TEPPUTOPHUACHIHBIH OpTaIlla JKep JKaFJaiiapsl YIiH
KYTIJIETIH CeHCMUKAIIBIK dCEP/iH CaHIBIK CHIIATTAMAIAPbIH aHbIKTay. KapacThlpbubill OTBIpFaH AJMarhl K. Teppu-
TOPHSCHI CO3BUIBIHKBI OOJIBIN KEITeHAIKTEH (COHFBI IEPEKTepre COUKEC Kajla OHTYCTIKTEH COJITYCTIKKe Kapai miaMa-
MeH 80 KM apakalllbIKThIKKa CO3bLIaJIbI), OYKIJI Kajia ayMarbl OOMbBIHINA apakKallbIKThIK CaiblH KapKbIHbUIBIKTHIH
KaJIbINThl 09CEH/IEY 3aHABUIBIKTAPBIHBIH €cenTepi KaeT. bacTamnkpl CUIKIHTIINTIKTI Oaranay oicTeMEeCiHIH Heri3ri
epekiie MeMeHTTepi: - Anmarsl KajgackiHan 300 KM-re eiiHrT apaKallbIKThIKTa OpHAjgackan 29 ceiicMoreHi Oen-
JEMJICP/IiH Kajla ayMarblHa oCep CTCTiH CEHCMHKAIIBIK dcepiiepl OaralaH/Ibl; - aJiFalll PeT CEUCMHUKAIIBIK KayiNTUTIKTI
€CeNTeyNiH BIKTHMAJIBUIBIK TOCIIIEMeci KY3ere achIpbUIIBI; - MaKpOCEHCMHKANBIK CHUIMATTaMallapFa Koca XKep
TepOeNiciHIH ecenTiK mapaMeTpiepiHiH CHIlaTTaManapbl anblHAbL. bepinreH >xymeicTa xep TepOeniciiH (yaeymiH
IIBIHBI) CaHABIK MTapaMeTpIIepiHiy ecenTepi OOMbIHIIA IePEKTEP KeNTipiIMereH.

ATnMaTBl KalackIHBIH OaCTamnKbl CUIKIHTIIITITIH OaranmaynbrH 475 sxoHe 2475 ok Kadrtamany nepuoisiHa (50
JKBIT YIIIH BIKTUMAIBUIBIKTEIH acybl 10% xoHe 2%) MakpoceHCMUKAIBIK KapKBIHABUTBIK IIKaIackl OOHBIHIIA Oaimt
TYPiHJIE BIKTUMAJIIBUIBIK KAPTAChI KACAIIbI.

Tyiiin ce3aep: mukpoaynaHmay, celicMOreHnl Oesmemjep, CEHCMHUKAIbIK PEXUM, 0aCTamKpl CUIKIHTIIITIKTI
Oarainay, CEiCMHKAIIBIK dCep.
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MANAGEMENT GROUNDWATER RESOURCES
FOR SOLUTIONS WATER SUPPLY OF ECONOMY
OF KAZAKHSTAN ON THE LONG-TERM PERIOD

Abstract. Different types of intensive water use in Kazakhstan - from drinking water and sanitation, food and
energy, mining and manufacturing industries, contributing to the depletion of operational reserves of underground
water, as in the existing water intakes, as well as in areas not governed by self-flowing artesian wells that urgently
requires the implementation of management of underground water. Measures for management of groundwater
resources can and are being successfully carried out on the territory of Kazakhstan with a water-scarce balance, both
in the river valleys, such as Zhartassky and Kotursky infiltration intakes on Sherubai-Nura river in the Akmola re-
gion, and in carbonate karst structures Eskula, Janay, Aidos, Uytas, aimed at the water supply of Zhezkazgan mining
area in connection with the depletion of them operational groundwater resources and deterioration of their quality.
Not less actual problems of groundwater management in transboundary basins that are object of hydrological,
hydrogeological, social, economic and environmental interstate relations - with Russia, China, Kyrgyzstan and
Uzbekistan.

Keywords: Kazakstan, underground water, resources, management.

VK 551.4:556.3

| B. M. Hopsimun' |, M. K. A6cameros’, /1. K. Axenoa’

'MHcTrTyT ruporeonorun 1 reoskonoruu uM. Y. M. Axmencapuna, Anmarel, Kazaxcran,
*Kazaxckuil HALMOHAJIBHBII HCCIIeI0BATeIbCKHI TexHuueckuii yuepcuter um. K. . Carnaesa,
Anmatsl, Kazaxctan

YIIPABJIEHHUE PECYPCAMM ITOA3EMHBIX BO/JI
JJIAA PEHHEHU S ITPOBJIEM BOJOOBECIHEYEHU A
3KOHOMMUMKHU KABAXCTAHA HA JOJIITOCPOYHBINA MEPUO

AnHoTanus. Pa3mudHbie BB MHTCHCHBHOTO BOJOIONB30BaHMA B KazaxcraHe — OT NHUThS W CAHUTAPHU,
MPOU3BOJICTBA TPOJOBONBCTBUS M JHEPreTHKH, TOPHONOOBIBafomell m oOpabaThBarOmIel MPOMBIILICHHOCTH,
COoCOOCTBYIOT MCTOMICHHUIO AKCIUTYyaTAIIMOHHBIX 3aIIacOB IMOJ3EMHBIX BOJ, KaK Ha EHCTBYIOMIMX BOI03a00pax, TaKk
U Ha TEPPUTOPHSIX HE PEryIHPYEMOro CAMOM3IINBA aPTE3MAHCKUX CKBAXXHH, YTO HACTOSTEIBHO TPeOyeT OCyIIecTB-
JICHWA yTIPaBIICHHUS pecypcaMy IMOA3EMHBIX BOJ. MeponpHsTHs IO YIIPAaBICHHIO PECYpCaMHy ITOI3EMHBIX BOJ MOTYT U
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YCIIEIIHO OCYIIECTBISIOTCS Ha TeppuTopusix KazaxcraHa ¢ BomoaeuIIMTHBIM OanaHCOM, KaK B PEYHBIX JOJIMHAX,
Hanpumep JKapracckuii 1 Korypckuii nHQUIBTpanmoHable Bogo3adopsl Ha peke Illepybait-Hypa B AxmonmHCKO#M
o0xyacty, Tak U B KapOOHATHBIX KapCTYIOUIMXCS CTPYKTYpax — Dckyna, XKanail, Aimoc, YiTac, HalleleHHBIX Ha BO-
noobecrieuenne JXKe3ka3raHcKoro ropHOPYIHOTO paiioHa B CBSI3M C MCTOILIEHHEM B HUX HKCIUIyaTal[MOHHBIX 3aI1acoB
MOJI3EMHBIX BOJ M yXYAILICHUEM HX KadecTBa. He MeHee akTyanbHBI IPOOJIEMBI YIIPaBICHHUS PECypcaMy IOA3EMHbIX
BOJl M B TPAHCTPAaHWYHBIX OaccelHax, SBJISIOINXCS 00BEKTaMH THAPOJIOTHUECKHUX, THIPOTEOTOTHIECKHX, COL[HAb-
HBIX, 9JKOHOMUYECKUX U 3KOJIOTMYECKUX MEXIOCYIapCTBEHHBIX B3auMocBs3ed — ¢ Poccueit, Kuraem, Kuprusueit u
Y36eknucTaHomM.
Karouesble cnoBa: Kazaxcra, moi3eMHbIE BOJBI, PECYPCHI, YIIPaBICHHE.

Beenenne. Bogusie pecypesl PecyOnuku Kazaxcran mpencTaBisioT co00if 3amackl TOBEPXHOCTHBIX
U TIOJI3EMHBIX BOJI, COCPEIOTOYCHHBIX B BOJHBIX OOBEKTaX, KOTOPHIC MCHOIB3YOTCS HIU MOTYT OBITh
ucnoib30BaHbl. K BOMHBIM OOBEKTaM OTHOCSATCS: MOpS, PEKH, NMPHpPaBHEHHbIE K HUM KaHANbI, 03epa,
JICJIHUKH U IPYTHE MIOBEPXHOCTHBIC BOJIHBIC OOBEKTHI U YaCTH HEJP, COACpKAIIUE MOA3EMHbIE BOJBI [1].

['MmaBHBIM WCTOYHHKOM €)KETOJHOTO BOCIIOJIHEHUS BOJHBIX PECYPCOB CYIIH — TIOBEPXHOCTHBIX H
MOJI3EMHBIX BOJ, SIBJIIIOTCS BOJASHBIC maphl arMochepnl (Maccoii B 400 pas MmeHble ee camoii), (hop-
MUPYIOIIHECS MPEUMYIICCTBEHHO HaJl MUPOBBIM OKEaHOM U 00Opasyroliue atMochepHbie ocanku P, KOoTo-
pBI€ COCTABISIOT MPUXOTHYIO YaCTh KOMIUIEKCHOTO Au(epeHIImpOBaHHOTO ypaBHEHHS BOIHOTO OanaHca
pedHoro 0acceifHa ypaBHOBEIIEHHYIO PACXOIHOM €ro 4acThIo:

P=R+E

MOJTHBIM PEYHBIM CTOKOM R = S+U (S — MOBEpXHOCTHBIN, MAaBOJOYHBIN peyHOH CTOK, U — Moa3eMHbII
CTOK B PEKH) M CYMMapHBIM HCITapEeHUEM — 3BarioTpaHcupanuei £ [2].

Peunas cerp Kazaxcrana, oObenuHsIOmAs OKOJO 85 THIC. peK U BPEMEHHBIX BOJOTOKOB CPEIHEH
TUIONIABI0 TOpsiaka 30 KM, TIPEJCTABICHA IIECThIO PErHOHANBHBIMH OaCCeHHAMH TOBEPXHOCTHOTO H
moa3eMHOro BogHoro croka: . JKafieik-XKemckum (Gacceitn Kacrmiickoro mopst), I1. ToOsur-Ecunbckum
(6acceiitn Kapckoro mopsi), III. Eptucckum (6acceitn Kapckoro mopsi), IV. Hypa-Tennsckum (6acceitn
o3epa Tenus, O6eccTounslit), V. bankamr-AmnakonsckuM (6acceiiH o3ep bankam u Ajakoib, O€CCTOUHBINH),
VI. Apano-CeiprapunackuM (0acceiiH Apaiibckoro Mopsi, 6eccTounsrit) [3].

Pecypchl peunoro croka Kasaxcrana nepuona naémonenus 1974-2008 rr. coctasmsum 91,3 xv’/roxn
(50% obecrieueHHOCTH), U3 KOTOPEIX 44,3 KM’/TOJ MOCTYIAIO M3 CONMpENeNbHBIX rocynapcts (Poccun,
Kuras, Y3b6ekucrana u Kuprusum), a 47,0 KM>/TOJI COCTABJISUT MECTHBIN CTOK. Takum o0pa3oM, TIo0 coCTOosI-
Huto Ha 2016 roja 3a cueT XO3AUCTBEHHOM AEATEILHOCTH pecypchl pedHoro ctoka KazaxcraHa yMeHb-
IIHINCH Ha 23,8 KM /TO: TpaHCcTpaHu4HOro Ha 15,9 KM3/roz[, MecTHOro Ha 7,9 KM3/FOI[ [4].

Crparerus yctoddnBoro BojooOecrnieueHus KazaxcraHa B yCIOBHAX BBICOKOW CTETICHH yS3BUMOCTH
MIPUPOTHONM CPEOsl M OTpaciedl SKOHOMHUKH K BO3MOXXHBIM W3MEHEHHUSM PEYHOTO CTOKa PEecITyOIHKH
JIOJDKHA OPUEHTHUPOBATHCS Ha HEOMArompUsATHOE COYETAHHE ABYX JACCTAOMIM3HUPYIOMNX (aKTOPOB:
KITUMAaTHYECKU 00YCIOBIEHHOTO U3MeHeHHsI MecTHOro croka (10—20%) u aHTPONOTeHHOTO COKpAIlCHUS
TpaHCTPaHUIHOTO cTOoKa (10 50%).

[Ipu HeOJArompHUATHOM COUYCTAHMM KIMMATHUYCCKUX W TPAHCTPAHUYHBIX THIPOJIOTHUYECKUX YTPO3
B IMEPCIEKTUBE PEabHO YMEHBILICHUE PECypcoB peyHoro croka B menoM mo Kazaxcranmy x 2020 r. mo
81,6 KM3/1“0,£[, B TOM YHUCJE TPAHCTPAHUYHOTO — A0 33,2 KM3/1"O,Z[, MecTHoOro — 110 48,3 KM3/FO,Z[; Kk 2030 T. —
CcoOoTBeTCTBEeHHO 72,4; 22,2 1 50,2 KM>/TOJ1 MpY BEJIMYKMHE HOPMBI CTOKa Bcex pek KazaxcraHa, corjiacHO
COBPEMEHHOMY YPOBHIO H3Y4eHHOCTH MOBEPXHOCTHBIX BOJ, paBHOH 102,3 KM’/rOf, M3 KOTOpBIX
57,6 kM’/rox (BOPMHPYETCS Ha TEPPUTOPHUH pecryOnnKH, a 44,7 KM /TOI — B CONpEICIbHBIX TOCYIap-
crBax (20,4 km>/rox — B Kutae, 14,4 xv’/ron — B V36ekucrane, 7,01 km’/ron — B Poceun, 2,59 km’/rox — B
Kupruzun) [3,4].

Cornacao muddhepeHIMPOBaHHOMY YpPaBHEHUIO BOJHOTO OanaHca IMOA3EMHBIN CTOK B peku (op-
MHPYET €CTECTBEHHBIE €KETOJHO BO30OHOBISEMBIE PECYPCHI MOA3EMHBIX BOJ BETHUMHON 48,3 KM’/ron
[5], cootBercTBytOMIEH 50% 0OIIeT0 M 100 % MecTHOTrO peyHoro croka pecmyonuku mepuoaa 1974-2008 rr.,
MOATBEPKIACHHOM SKOCUCTEMHOM OIIEHKON €CTECTBEHHBIX BOAHBIX pecypcoB Heap Kazaxcrana [6, 7].

YuuTteiBas ruApaBINYecKy0 B3aUMOCBS3b MOBEPXHOCTHOTO H IOJ3EMHOTO CTOKOB B IEPCIICKTHBE
cneayeT oxunath B 1esoM 1o Kazaxcrany k 2020 r coxpaHeHHE €CTECTBEHHBIX PECYPCOB MOJ3EMHBIX BOJI
Ha yposHe 48,3 kv’/rox, a k 2030 T. naxe uX yBeamuenue —1o 50,2 KM /IO,

— g4 ——
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Ha miomaa; pacnpoCTpaHeHHs TPYHTOBBIX H ApPTE3MAHCKUX BOJ PECIyOIHkn 2,7 MIH. KM” CPEIHss
BEMYHMHA CJIOSI (MOIYJIsS) MOJ3EMHOTO CTOKA — BEJIMYMHA €KETOJHOTO BO30OHOBICHUS €CTECTBEHHBIX
pecypcoB HO3eMHBIX BOJ, cocTapiser 17—18 MM B rox (0,54-0,57 n/c-km”) ¢ BapHamueii 3Toi BeTHUMHEI
10 TeppuTOpuH pecny6muku B npenenax 1-857 mm B rox (0,03-27 n/c-kM’): MHHMMYM OTBEYAeT IIyC-
THIHHBIM TeppuTopusM KazaxcraHa, MakCymMyM — TOPHBIM TEPPUTOPHSIM BOCTOKa M IOT0-BOCTOKA
pecyonuku [5].

PecypcHbiii moTeHIan moa3eMHBIX BOJ Kazaxcrana xapaktepu3yercs, Kak, IMPOTHO3HBIMHU pecyp-
caM¥ — TIOTEHINAIFHOW BO3MOYKHOCTBIO HICTIONIB30BaHMUS TMTOA3EMHBIX BOJI, OCHOBHYIO JIONIO KOTOPBIX (10
100%) coCTaBISIOT €CTECTBEHHBIC PECYpPCHI MOA3EMHBIX BOJ (TIOJ3EMHBIN CTOK), TaK U IKCIUTyaTaI[HOH-
HBIMH 3amacamu (33) MecTOpOXIeHHH W y4yacTKOoB moazeMHbix Box (MIIB). CymmapHas BennmuuHa
MPOTHO3HBIX PECYPCOB IMOA3EMHBIX BOJ B IenoM o KazaxcraHy 1o pa3HBIM OIEHKaM KapAWHAIBHO HE
pasmugaercs: ot 61,8 kv’/rox [8] mo 64,3 km’/rox [9].

OcHoBHas Macca IPOrHO3HBIX PECYPCOB MPECHBIX NMOA3EMHBIX BoA (75%) cocpenoToueHa B 10)KHOM U
BOCTOYHOM peruoHax Kazaxcrana: AnmaruHckod, JKamOwuickoidt, Kemputopmuackoit, HOxno-Kazax-
cranckoil m BocTouno-Kazaxcranckoit o6mactsx. B eHTpalbHOM perHoOHE PecITyOIMKN: AKMOIHHCKOM,
Kaparanaunckoii u [TaBnogapckoit odnactu, cocpenoroueHo 19%; B 3amagHoM peruoHe: AKTIOOMHCKOM,
ATeipayckoii, Manrucrayckoit n 3amagHo-Kazaxcranckoil o0mactax — 6%; B ceBepHOoM permone: Koc-
taHaiickoir n CeBepo-Kazaxcranckoit obmactax — 1,2%. Hanbornee orpanHmueHbl B pecypcax MpPeCcHBIX
moa3eMHBIX BoJ ATwipayckasi, CeBepo-Kazaxcranckas, Manresictayckas, Kocranalickas 1 AKMOJTHHCKAs
o0macTu.

Marepuajbl U MeToabl UcciaeaoBanus. Ilo coctosHuto Ha 2016 rox B Kazaxcrane pasBenaHo
2905 MECTOpOXIEHUN W yYacKOB BOJ03a00pOB MOA3EMHBIX BOJ C JKCILTyaTallMOHHBIMH 3aracaMu
15,6 km’/rox — 24 % OOLIMX MPOTHO3HBIX PecypcoB (65 KM/rom) i 38 % MPOrHO3HBEIX PECYPCOB PECHBIX
BOZ (40,44 KM’/rOJT), IPH TOM HpecHbIE BOJbI Pa3BelaHHBIX 3aMacoB cocTapisuor 13,19 km’/rox (85 %
obmiero ux xonuuectsa). [lo meneBoMy Ha3HAYCHHWIO pa3BeJaHHBIC HKCILTyaTalMOHHBIC 3alachl MOJ3EM-
HBIX BOJ DACIPENCISIIOTCS CICAYIOMEM 00pa3soM (KM/TOf): XO3SHCTBEHHO-IIUTHEBOE BOIOCHAOKCHIE
(XTIB) — 6,1; mpousBoacTBeHHO-TexHUYecKoe BomocHatxkenue (IITB) — 1,1; opomenne 3emens (OP3) —
8,4; OaJIbHEOJIOTUIECKOE BOJIOCHAOXKEHUE, MUHEpalbHbIe Bobl (MB) — 0,015 [9].

Jmns memett XI1IB B Kazaxcrane B Hacrosiiee Bpems 3kciuryatupyores 814 MIIB ¢ oOmmmu 3a-
macamMu 31,56 miH. M3/CyT (~0,01 KM3/FO,Z[), COCTaBIIAS JUIIb ~7% pa3BelaHHbIX SKCILTyaTallMOHHBIX
3armacoB, YTO CBHJETEILCTBYET 00 OrpoMHOM pesepBe pecypca XIIB pecnyOmuku. JlelicTBHTETHHO,
coriacHo ['eHepanbHOM cxeMe KOMIUIEKCHOTO HCIIOJIb30BaHUS M OXpaHbl BOJHBIX pecypcoB PecryOmmku
Kazaxcran, oOmme notpeOHOCTH B BOJE OTpacield 3KOHOMHUKHM pecnyOnuku Ha ypoBHe 2040 roga MoryT
coctaButh 23,1 kM® M OydyT MOKPHIBATHCS, IVIABHEIM OOPa30M, 3@ CUET IMOBEPXHOCTHBIX MCTOYHHKOB
(84%), ocTanbHOit 06beM — 16 % (3,7 KM/ro), MPEeNMyIIECTBEHHO 3a CUeT moa3eMHbIX Boj [10], koTo-
pBIC SBISIOTCS OCHOBHBIM HCcTOUHUKOM XIIB pecryOnuku, MOCKONBKY B OTIIMYUE OT MOBEPXHOCTHBIX BOJT
XapaKTePU3yITCSd YCTOWYMBBIM KAad4eCTBOM. OTOT OOBEM IOA3EMHBIX BOJ[ HE MpeBBICUT 24% HBIHE
paseenannbix D3IIB (15,6 km’/rox).

C yyerom pocra HaceneHus pecrnyonuku no 18 596 406 munH. wemoBek k 2020 1. w10
20 330 057 muH. genoBek k 2030 r. motpe6HocTH XIIB MoryT coctaBuTh 2,2 kM° K 2020 roay u 2,3 KM®
k 2030 roxy otHOCHTenbHO 2,4 KM® B 2015 TOAy HpH CpEeIHECYTOUHOM BOJOMOTpEOICHHH (1/CyT-der.)
371 (2015r.), 320 (2020r.) m 318 (2030r.) [11].

MecTopoxaeHuss moa3eMHBIX BoJ KaszaxcTaHa cOCTaBISIOT DSl THIOB, OTPAKAIOUINX KOMIUIEKC
Te0JIOrO-THAPOTe0JOTHIeCKUX U (U3NKO-Treorpaduiueckux (akTopoB, OnpeAessomux cnequduky ¢op-
MHUPOBaHUS 3KCIUTyaTallMOHHBIX 3amacoB mom3emMHbx Boj (O3I1B). Hambomee 3HaumTenpHas Macca
KCIUTyaTALHOHHBIX 3amacoB MIIB — 7,28 km’/rox (47,4 % pa3BeaHHBIX), COCPEIOTOUCHA HA KOHYCaX
BeiHOca KOxHoro u FOro-Bocrounoro Kazaxcrana — 31ech pacnonaratorcsi HaunOojiee KpyMmHBIE IO 9KC-
IUTyaTalHoOHHBIM 3amacam MIIB, npesbiuraromux 500 Thic. M*/cyT (0,18 kM’/rox).

Crely oIMMH M0 BETMYHHE CyMMapHBIX SKCILTyaTalMOHHBIX 3amacoB — 4,19 xv’/rox (27,3 % pas-
BeJlaHHbIX ), saBisitorcss MIIB (Bcero 625) B MHOTOYHCIICHHBIX TUIATGOPMEHHBIX U MEKTOPHBIX apTe3HaH-
ckux OacceitHax Kazaxcrana. CpemHss BeNMWYMHA SKCIUTyaTallMOHHBIX 3amacoB 3tux MIIB cocraBmsieT
18 Thic. M*/cyT (0,0067 kM/rox).
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CpaBHUTENBHO HEOONBIINE, HO MCKIIOYHUTENBHO IIEHHBIC I XO3IHCTBEHHO-TTUTHEBOTO BOJOCHA0-
xeruss MIIB (Bcero 346) mpuypodeHHBI K PEYHBIM TOJMHAM WM PACIIONAraroTCs MPEHMYIICCTBEHHO B
6e3BonHBIX paifonax KazaxcraHna, rze 3a mpeaesiaMu pedHbIX JOJUH MPAKTHYECKH OTCYTCTBYIOT IMPECHBIE
noa3emMuble Bonbl. OOIIMe SKCIUTyaTallMOHHBIE 3amackl 3TUX MIIB 1OBOMBHO 3HAYMTENBHBI, COCTABIIS
3,25 KM/rox (21 % pa3BenaHHBIX).

Ha momo MIIB (Bcero 384), mpuypOodYeHHBIX K MAacCHBaM TPEIIMHHBIX M TPEIIMHHO-KapCTOBBIX
o6pasosanuit, npuxoaurcsa 0,57 kv’/rox (4 % pasBenaHHbIX 3amacoB). DtoT Tun MIIB pacnpoctpaneH B
HentpansaoM, Boctounom u CeBepHom Kazaxcrane.

Hammenee pacnpoctpanensl B Kazaxcrane MIIB B mecuanplx mMaccuBax (Bcero 55). Dkcruryata-
[IMOHHBIC 3amachl JAHHOTO THUIA MECTOPOXKISHUH cocTaBistoT Jwmib 0,05 km’/roa. Bee onm pacrmo:na-
raloTcs MPEeUMYIIECTBEHHO B IyCThIHHOM 30He 3amaaHoro u lOxHoro KazaxcraHa, ofHaKo HMEIOT
OTPOMHOE 3HAa4eHHE B XO3SHCTBEHHO-TIMTHEBOM BOJOCHAOKEHWH HAacelleHWs W OOBOJHEHWH ITacTOMII]
3TUX TEPPUTOPHIA.

Pacnpenenenue SKCIIyaTallMOHHBIX 3allacOB 10 TEPPUTOPHUSAM AJAMUHHCTPATHUBHBIX oOOJacTei
HEPAaBHOMEPHO W B OOJBIICH CTETICHW 3aBHCHUT OT THIPOTCOJOTHYECKUX YCIOBHUM, YTO OTPa3WiIOCh Ha
cTenieHn OOeCmedeHHOCTH o0nacTeil BogaMH XO3SHCTBEHHO-IUTHEBOTO Ha3HadeHHs. Hawmbompmme
BEITMYMHBI IKCIUTyaTallMOHHBIX 3amacoB MOA3eMHBIX Box (6,029; 2,310; 1,696; 1,399; 1,039 KMS/I‘OZ[)
xapakTepHbl s AnMatuHckoi, Boctouno-Kazaxcranckoit, XKamOsuickoi, [laBmomgapckoit m Kaparan-
JIUHCKOW 00lacTel, COOTBETCTBEHHO, a HauMmeHnbinue (0,152; 0,127; 0,099; 0,088; 0,064 KM3/1“O,E[) — s
AxmonuHckol, 3amanHo-Kazaxcranckod, Manreictayckoid, ATteipayckoil u CeBepo-Kazaxcranckoit
obracTeif, cOOTBeTCTBEHHO. Takoe pa3imdue OOBSICHAETCS, C OTHONW CTOPOHBI, HEOIATONPUATHBIMA TH/I-
poreosioruueckuMu yciosusaMu ¢opmuposanus I3[1B B ceBepHBIX U 3amafHbIX 00NacTsIX pecinyOsnKy, a
C JIpyToil — CPaBHUTENIEHO HU3KOM MOTPEOGHOCTHIO B HICTOUHUKAX BOJIOCHA0XKEHUS NP HATMYUU OOJBIINX
BEIMYMH TPOTHO3HBIX PECYPCOB MOA3EMHBIX BOJ B OOJIBIIMHCTBE IOXKHBIX W BOCTOYHBIX oOOJacTeit
Kazaxcrana.

OCHOBHOE KOJHMYECTBO MECTOPOXKICHHUM MOJ3EMHBIX BOJ Pa3BEAaHO I XO3AWCTBEHHO-ITUTHEBOTO
BOJIOCHAOXXEHHUS, a B pAAC CIy4aeB COBMECTHO: Ul XO3SHCTBEHHO-IHMTHEBOIO W AJS IPYTHX LEled -
OpOIIIEHUs] 3eMelb, TEXHUYECKOTO BOJOCHA0XKEHWS M Kak MUHepanbHble BOABI (Tabnwia). OCHOBHBIM
MmoTpeduTeNeM BOJI XO3SHCTBEHHO-NIMTHEBOTO HA3HAYCHHS SIBISIETCA HAceJeHHe TOpoAoB M pabodmx
mocenkoB. Ha cenbckoe HaceneHHe MPUXOAUTCS mopsaka 26% o0mero BomonoTpebieHus. Y IenbHBIN
pacxoj BoABI KOIeOIeTcsl B OYeHb MIMPOKUX MpeNenax, YTO CBA3aHO C YPOBHEM OJIarOyCTpOWCTBA JKUIOH
3aCTPOMKN U TEXHHUECKUM COCTOSTHHEM cucteM [11].

PacnpeueneHI/Ie OKCIUTYyaTallMOHHBIX 3al1aCOB IMOA3€MHBIX BO/I 110 BOJIOXO3SCTBCHHBIM bacceliHam 110 LECJICBOMY Ha3HAYCHUIO

Bo10X035HCTBEHHBII DKCIUTYaTALHOHHbIE 3aIIACH! TTOIX3EMHbIX BOJ I10 L[CICBOMY HA3HAYCHHIO, KM /IO
Oaccelin XTIIB IITB OP3 MB BCETO B TOM umciie 10 1 r/n
Apano-CeipaapurHCKHN 0,835 0,124 0,170 0,003 1,160 0,691
Bankari-AnakossCKui 1,544 0,184 5,380 0,004 7,143 7,004
Eprucckuit 1,052 0,176 1,669 0,001 2,971 2,795
Ecuibckuit 0,122 0,034 0,023 0,001 0,189 0,049
Kaiivik-Kacnuiickuit 0,476 0,235 0,268 0,002 0,979 0,635
Hypa-Capsicyckuii 0,506 0,168 0,127 0,0004 0,821 0,497
To6but-Topratickuii 0,382 0,042 0,000 0,001 0,481 0,208
y-Tanacckuii 0,900 0,138 0,778 0,001 1,861 1,647
Hroro mo PK 6,078 1,102 8,414 0,049 15,64 13,186

HaubOonriiee ucmonas3oBaHue IMoa3eMHBIX Boa mig XIIB orMmeueno B AJIMaTHHCKOM, BocrouHo-
Kazaxcranckoit, FOxxn0-Kazaxcranckoit u Kaparanmuackoii obmactsax — ot 498 no 163 Toic. M3/cyT BOJI,
COOTBETCTBCHHO, XapaKTECPU3YIONMIUXCSI BBICOKMM ITOTCHIIMAIIOM CCTECTBCHHBIX M OKCINTyaTallMOHHBIX
pecypcoB TOI3eMHBIX BOJ, Hammenpmuii BomooTOOp ocymectBisieTcsi B CeBepo-KazaxcTanckoi,
3ananno-Kaszaxcranckoif, MaHreicTaycKoii 1 ATHIpayCcKOii 061acTsX — T 44 10 2 THIC. M/CyT, COOTBET-




ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 5. 2017

CTBEHHO, OTIUYAONINXCS HU3KUM TOTEHINAIOM, KaK eCTECTBEHHBIX PECYPCOB, TaK U HKCIUTyaTaIllHOHHBIX
3aracoB MOJ3eMHBIX BOJI, TO3TOMY MHOTHE HaceJIeHHBIE MYHKTHI ATHX 00JIacTell NCIBITHIBAIOT NeQUITUT B
KavueCTBEHHOU MUTHhEBOH Boje [9].

PesynbTarsl u o0cy:kaenne. B ycnoBusx mo0OaibHBIX KIMMAaTHYECKd M aHTPOIOTEHHO O0YCIOB-
JICHHBIX W3MEHEHWI BOJHBIX PECYPCOB M OKpYXKAroIleld Cpelsl pelieHne MpodieM BomooOecreueHus
skoHOMHKH KazaxcTaHa Ha JONTOCPOYHBIM TEPHOJ C IENbI0 TMOBHI-MEHHUS 3PPEKTHBHOCTH BOJOIIONb-
30BaHMs, OOCCICUCHMsI YCTOMYMBOTO Pa3BUTHS M DKOJIOTMUYECKoW OezomacHocTu pecnyOmuku [10, 11]
moOyXk/1aeT HeoOXOAUMOCTh OCYIIECTBICHUS YIPABICHHS pPEeCypcaMu TOA3EMHBIX BOJ, SBIISIONIETOCS
COCTaBHOM HEOTHEMJIEMOW YacTbI0 MHTETPUPOBAHHOIO YIpaBlIeHHMA BOAHbIMH pecypcamu (1IYBP) —
KOMIIEKCA TIPUOPUTETHBIX JIEHCTBHIA TI0 CO3AaHUIO ONAarONMPHUATHBIX MPABOBBIX YCIOBUH, (HOPMUPOBAHHIO
OpraHU3aIMOHHON cpebl U pa3BUTHIO HHCTpYMEeHTOB UYBP [12].

WnTerpupoBanHOe ympaBicHHE BOAHBIMH peCypcaMH SBJSIETCS B HacTosiiee BpeMsi HauOonee
MPOTPECCUBHOM TEXHOJOTHEH W BXOIHWT B YHCIO MEXIYHAPOAHOTO NMPHUOPUTETA ACHCTBUN NECATHICTHUS
"Boma mns sxu3an" (2005-2015 1), [mo6amsaeM Bomuaeim IlaptaepcTBoM (Global Water Partnership,
1996r.) NYBP onpenenen kak mpoliecc, CIIOCOOCTBYIONIMNA CKOOPJMHUPOBAHHOMY Pa3BUTHIO U YyIIpaB-
JICHUIO BOJHBIMH, 3€MENbHBIMUA U CBS3aHHBIMH C HAUMH PECYpPCaMH, C IIeNIbI0 MAaKCUMHU3UPOBaTh IMOKa3a-
TEJH COIMATFHOTO M IKOHOMUYECKOTO Pa3BUTHS Ha PaBHOMPABHOW OCHOBE 0e3 HapyIIeHUS! YCTOWIHMBOCTH
JKU3HEHHO BaXKHBIX 3KOCHCTEM. JTO HOBasl CTparerHueckas Leib MEKIYHapOJAHOTO COOOIIEeCTBa BO UM
YyesIoBeKa, BO UMsI ku3HU [12].

Baxneitimmmu, onpenensiroliMy aclieKTaMi MHTETPUPOBAHHOTO YIPABJICHUS pECypcamMH TOA3EM-
HBIX BOJ SIBJISIFOTCS,, HECOMHEHHO, COL[MAIbHO-9KOHOMHUYECKUH — CIPOC, MOPOXKIAIOUINN BO3MOXKHOE, HO
He 00s3aTeNbHOe, N3MEHEHHE KOJIMYECTBA W Ka4ecTBa BOMHBIX PECYPCOB Henp, (PYHKIIMOHAIHHO CBSA3aH-
HBIH C THAPOTEOJOTHYECKHM — pPecypcaMu MOI3eMHBIX BOH, DTH 3((EeKThl MOrYT OBITh, KaK KPaTKO-
BPEMEHHBIMH H 0OPaTUMBIMH, TaK U TOJTOBPEMEHHBIMH B HeoOpaTuMbiMu [ 13].

C TOYKM 3peHHus yNpaBICHHs CIIPOCOM Ha IMOA3EMHBbIE BOJbI, BA)KHO MMETh B BHIY, YTO LI CO-
[IUABHOTO Pa3BUTHS OKa3bIBAIOT CHJIHLHOE BIMSHUE HA BOAOMOIB30BaHUE, OCOOCHHO, KOTJa pedb UAET 00
OpoIIaeMoOM 3eMJIEJIEIMA M OOBOJHEHWN MACTOMII, CBSI3aHHBIX C MPOW3BOACTBOM IIPOAOBOILCTBHS, OO
POCTOM TOPOJACKHX arioMepalfif, COMPOBOXKIAIOIINXCS 3HAYUTEIHHBIM YBEIMYCHHEM NOTpeOIeHus —
OTIPaB/JIaHHOTO WJIM HE TAKOBOTO, MTOI3€MHBIX BOJ, KaK MPABUIIO, HA MUTHEBbIE M KOMMYHAJIbHBIE HYKIbI.

Kak ruzmporeonoruyeckue, Tak U COLMAIBHO-DKOHOMUYECKHE acCHEKThl 3aBHCAT OT OCOOCHHOCTEH
KOHKPETHOW TEpPPUTOPHH, CIEIOBAaTEIbHO, HE MOXKET ObITh TOTOBOTO PEIenTa IS YIPaBIEeHUs MOJA3eM-
HBIMH BozlaMu. BmecTe ¢ TeM, perynupoBanue, 0a3upyromieecss Ha BOJHOM 3aKOHONIATEIBCTBE, U SKOHOMH-
YeCKHe WHCTPYMEHTHI (Tapu(bsl Ha BOAY) SBISIOTCS YHHBEPCATBHBIM HHCTPYMEHTOM 3(H()EKTHBHOTO
ynpaBJeHHs B JJF000M peruoHe. [Ipu 3ToM MonokeHus 0 perylIupoBaHUY HE JOJDKHBI BRIXOJUTH 33 PAMKH
TOTO, YTO MPABUTEIBCTBO MOXKET Peajn30Barh, a BOAONOIB30BaTENIb MOXKET U I0JbKeH cobmonars [13].

KittoueBbiME mipo0iieMaMyl MHTETPUPOBAHHOTO YIPABICHUS PECYpCaMU MOA3EMHBIX BOJ SBISIOTCS,
Kak crenuduyueckas BOCHPUUMYHBOCTh BOJOHOCHBIX THUAPOTCONOTHUECKUX CHCTEMBl K HETaTHBHBIM
BO3ICUCTBUSAM TIPH BOAOOTOOpE, TaK M THAPOAWHAMHYECKOE B3aMMONIEHCTBHE MEXKIy ITO3€MHBIMH U
MTOBEPXHOCTHBIMU BOZIaMU, TIPOSIBIISIONIEECS B HANOOIbIIIEH CTETIeHH B MHPIIBTPAITMOHHBIX BOI03a00pax
PEYHBIX NTONIMH W TMPHUBOAAIIEE K BOSHHKHOBEHHIO yIepOa MOBEPXHOCTHOMY CTOKY. B wacTtHocTH, Tpu
BO3MOKHOM BOZOOTOOpE BCEX HBIHE pa3BeaHHBIX IKCILTYyaTallMOHHBIX 3allacOB MOJA3EMHBIX BOJ B 00bEMe
15, 5 kM’ ymep6 MOBEPXHOCTOME CTOKY MOXET COCTaBUTh 5 KM [ 14].

B OonpmmuHCTBE cHUTyauuil ympaBieHHS MOA3EMHBIMH BOJAAMHM C TOYKH 3PEHHS 3KOHOMHYECKOTO
acreKTa OT ASUCTBHU 10 yIpaBIeHUIO0 HEOOXOAMMO COXpaHeHHEe OaaHca MEXIy 3aTparaMy U MPHUOBLIBIO,
MPUHMMAs BO BHUMaHUE BO3MOXKHYIO JIETPAallioO THIPOTEOIIOTHIECKUX CUCTEM W MHTEPECHI BOJOIIONb-
30Baresiei, BKJIFOYAas Kak TIoOajbHBIE, TaK W PETHOHAIBHBIE SKOCHCTEMHBIE IMPOOIEMBI KOHKPETHBIX
TeppuTopuil. B 3TON CBA3M cneayeT BBIACNATH PsII CTaAUNH COCTOSIHMS PECYpPCOB IMOA3EMHBIX BOJ B
9KCIUTyaTUPyEeMOM BOJOHOCHOM TOpH30HTE KOHKpeTHoro MIIB u cooTBeTcTByrOmME UM HHCTPYMEHTHI
ynpasienus [13].

Hauanwshas cranus coctosanust MIIB xapakrepusyeTcs HUIMYUEM pecypca MOA3EMHBIX BOJI aJleKBaT-
HOTO Ka4eCTBa, JOCTATOYHOTO JHOO0 MPEBOCXOASIIETO CIIPOC U HE TPeOyIommas akTHBHBIX YIPaBICHUECKUX
MEPONPUATHH, KPOME PETUCTPAIIUH U KAPTUPOBAHUS PECYPCOB.
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Crnenyromas ctaausd COCTOSHMs pecypca moa3eMHbIXx Bojg MIIB xapakrepusyercss pocToM BOIO-
0TOOpa, CYLIECTBEHHO HE BIMAIOLIEIO Ha KOJIMYECTBO M KAaueCTBO MOJ3E€MHBIX BOJ M 3alpOChl BOAOIO-
TpebuTenei, BKIt09as KOCUCTEMEI.

HanpHelmmid, ObICTPO pacTyIIuid, BOZOOTOOP, CONMPOBOKAAIOLIMKCS BO3ACHCTBIEM Ha €CTECTBEHHBIN
PEXUM U pecypchl noazeMHbIX Bog MIIB, cocrapisier cTaguio, TpeOyIOIIy 0 OCYLIIECTBICHUS PeryInpyo-
IIMX YHPABJIEHYECKUX MEPONPHUATHH, Oa3UpPYIOIUXCS HA BCECTOPOHHEH OIIEHKE PECYypCcOB U BHELIHHX
cBa3ell rugporeonorudeckux cucreM MIIB ¢ okpyxaromeld cpefoil ¢ MO3UIUN BOCIOIHEHUS JKCILTya-
TAIMOHHBIX PECYPCOB, 00ECIEYNBAIOINX 3alIPOCHl BOLONOTPeOUTENEH, BKIIIOUYast 3alPOCH SKOCHCTEM.

M30BITOYHBINH, HE KOHTPOJIUPYEMBIH BOIOOTOOP, COMPOBOKIAIONTUNCS HEOOPATUMBIMU N3MECHEHUSIMHU
BOJIHOTO U COJIEBOTO PEKMMa BOAOHOCHHBIX cucteM MIIB, HapyIIaromuid HHTEPECH BOAOIIOIb30BATENEH,
COCTaBIISICT CTAAMIO JECTa0M3M3alNU €CTEeCBEHHOTO pekuMa moa3eMubix Bog MIIB, xorma ypoBHU mon-
3€MHBIX BOA HMMEIOT TEHICHLIHIO HENPEPHIBHOIO MPOJODKUTEIBHOIO craaa (MepesKCIuTyaTalys BORO-
HOCHBIX CHCTEM). JTa cTaaus TpedyeT YIpaBIeHUYeCKOro BMEIIaTeIbCTBA ITyTEM OCYIIECTBICHHS Peryiu-
POBaHUs CIIpoca U UCKYCCTBEHHOTO BOCIIOJIHEHHUS! PECYPCOB MOA3EMHBIX BOJ NMPHEMIIEMBIMU METOJaMH U
CPEICTBAMHU, COCTABJISIONIMMU CHUCTEMY YTIPaBJIEHUS MHUTAHWEM MOA3EMHBIX BOJA — HAMEPEHHOTO pery-
JUPOBaHMS NMUTAHMA TMOA3EMHBIX BOJ B IENAX YBEIWYEHUS MX PECYpPCOB M YIydIIEHHE KauecTBa BOX B
MOA3EMHBIX TOpU30HTax [15], BKIIIOYAIOIIYI0 SKOHOMHYECKHE WHCTPYMEHTBI, HAPUMEpP, YXKECTOUECHHUE
Tapu(pHON MOTUTHKH, CIIOCOOCTBYIOINIEH, COITIACHO MEXIyHApOJHON NMpakTHKe, SKOHOMHH BoAbl Ha 20—
30%.

He xonTponupyemslii BOOZOOTOOp CONPOBOXKIAETCS, KaK MPaBHIIO, HETATUBHBIMH IMOCIEICTBHAMU
00paTUMOro W HEOOPaTHMOTO XapakTepa: THIPOTEOJOTMYeCKMMH — COKpalleHHEeM [eOuTa CKBOKUH H
UCTOLIEHHEM BOAOHOCHBIX cucteM MIIB, mposBIisomuMcs yMEHBIIEHHEM HIIN MPEKPAIEHUEM POIHU-
KOBOTO CTOKa, HanboJiee sPKO BBHIPAKEHHOTO JUHAMUKOMN (DyHKIIMOHHUPOBAHHS PEYHBIX CHCTEM THIIA «Ka-
pacy» Ha KOHycax BeIHOCA IpeAropuil roro-soctoka Kasaxcrana, a Takxke MHTpy3Hel MUHEpPaIHM30BaHHBIX
W 3arpsI3HEHHBIX BOJ, B TOM YHCIIE CTOYHBIX; SKOJIOTHYECKUMHU — CTpeccoM (Ppearo@uToB W UX CYKIEC-
chell Ha KCepoQUTHl U Jaxe Talo(pHUThl; HHKCHEPHO-TCOJOTHUECKUMH — YIJIOTHEHHEM H TPOCEIaHueM
3eMIIH.

BeiBoabl. YrpaBieHHE HCIOIB30BAHHEM PECYpPCOB IOJ3EMHBIX BOJA HE MEHEE aKTyallbHO, KaK U
MOBEPXHOCTHBIX BOJ. Pa3nuuHble BUABI MOTEHIMAIBHOIO BOAONONB30BaHMs, HAYMHASA OT IMHUThI U CaHH-
Tapuul W 3aKaHYUBas MPOU3BOACTBOM IIPONOBOJILCTBHSA, IHEPreTHKOW, TOpHOMOOBIBaIOImIEH M 0Opaba-
TBHIBAIOIEH MTPOMBIIIIJICHHOCTBIO, OOBIYHO TPEOYIOT pa3IMYHBIX 0OBEMOB U KaueCTBa BOBI.

OpnHako, r100aJIbHOE aHTPOTIOTEHHOE TMOTEIJIeHHE KJIMMara, HayaBlleecs B MOCTHHAYCTPUAIBHYIO
3MOXY — BBI3BAaHHOE MapHUKOBBIM 3G HEKTOM, IPEACTABIAET ONPENEICHHYIO YIPO3y Ul Cpellbl OOUTaHUS
COBpEeMEHHOr0 yenoBeka. OueHkn BceMupHON METeopoIOrn4eckoil opraHu3aly CBUAECTEIbCTBYIOT, YTO
100alIbHOE MTOBBIICHUE TEMIIEPATyp MOXET JOCTUTHYTH 2,7-3,5 rpamycoB k koHIy X XI Beka.

Bo3moxnsie m3menenusi knumara Kazaxcranma k 2030, 2050 u 2085 romam mo CpeaHEronoBOit
TeMIIEpaType BO3ayXa, OTHOCHTENbHO 1961-1990 romos, moryt nossicuthest Ha 1,4 °C, 2,7 °C u 4,6°C,
COOTBETCTBEHHO. [ 010BO€ KOMMYECTBO OCAIKOB Takxke yBenuuutcs Ha 2%, 4% u 5% COOTBETCTBEHHO
[11]. Mexnay Tem, Oonee monoBUHBI (55%) TeppUTOPHH PECITYOINKH MPENCTABICHB MTyCTHIHSIMH U TTOITY-
MyCTHIHSIMH, TIO3TOMY MOBBIIIEHNE TEMIIEPATYPBI B YCIOBUAX YK€ CYIIECTBYIOLIEH 3aCyIIIMBOCTU €I
Oosee ycyryOMT CHTyalHIO: YCHJIMTCS PHUCK Pa3sBUTHS 3acyX, NBUIBHBIX Oypb, MOABMXKHBIX IECKOB H
YMEHBIIEHHUsSI BOAHBIX pecypcoB. [loTemsieHne knuMaTra NMPHUBEIAET K M3MEHEHHIO CUTyallUd C AOCTYTI-
HOCTBIO BOJHBIX PECYpCOB CTPaHBI, TO3TOMY yIpaBIE€HHE BOOHBIMU PECYpCaMH M BOAOMOIH30BAHUEM KaK
HUKOTJ]a paHee CTaHOBUTCS aKTyaJbHBIM M OyleT MrpaTh BaXXHEWIIYIO pOJib B IMpolieccax ajanTaliud K
W3MEHEHHMM KJIMMara ¥ COBMECTHO C OCYIIECTBICHMEM KOHLENIMU «3€JIEHOW» 3KOHOMHUKH [16]
oOecneunBarh ycroiiunBoe passurue Kaszaxcrana.

Cucrema ynpasieHMs pecypcaMy MOA3EMHBIX BOJ MOXKET HCIIOIB30BAaThCA I PEIICHUS TaKUX 3a1ad
KaK: HAaKOIUICHHWE BOIHBIX PECYPCOB B IOA3EMHBIX €MKOCTAX A MOCIEAYIOIETO MX HCIOJIB30BaHMS,
MIPUBEJCHNE PEXMMa BOIHBIX PECYPCOB B COOTBETCTBUH C TPEOOBAaHUSAMHU Ha BOJY; CTaOMIIN3ALIMS YPOBHS
MOJ3EMHBIX BOJ C LIETBIO MPEXYNPEXIECHUS UCTOIIEHUS UX PECYPCOB MM MOABEMA YPOBHS I'PYyHTOBBIX
BOJI, CONPOBOKAAIOLIETOCS 3a00JIaYMBAHUEM M 3aCOJICHHEM 3€Mellb; KaK aJbTepHaTUBA CTPOUTEILCTBY
MMOBEPXHOCTHBIX BOJOXPAHWINII TPU OTCYTCTBUHM OJArompHATHBIX AJS 3TOTO YCIOBHI; COKpaIlleHHe
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3aTpaT BOOHBIX PECYpCOB Ha HENPOM3BOAMTEIbHOE HMCIApEHHE M OTBOX B BOAONPHEMHHUKH (IIOBEPX-
HOCTHBIE U TIO3€MHBIC), U3 KOTOPBIX BOJAa HE MOXET OBITh M3bATa UL NPOU3BOJUTEIBHOTO HCIIOJb-
30BaHMS; KaK Mepa MpenynpeKACHUs] NOCIEICTBUI HEraTUBHOTO MPOSBICHUS MOBEPXHOCTHOTO CTOKA —
TIaBOJIKOB U cenei [15].

Haunbonee a»ddekTuBHBI B cUCTeMe yNpaBleHHS pecypcamy IOA3EMHBIX BOJ MEPONPHUSTHS II0
VIOPaBICHUIO TMHTAaHWEM MOA3EMHBIX BOJ, BKJIIOYAIOIIME: PETYIMPOBAHHE €CTECTBEHHOIO IHUTAHUS
MOA3EMHBIX BOJ; MCKYCCTBEHHOE BOCIOJIHEHHE 3aIlacOB IIOJ3€MHBIX BOJ 3a CUET IIOBEPXHOCTHBIX BOZ;
BOJIOCOCPEIKEHHE C LIENBI0 COKPAIICHUS TUTaHMsI TIOA3EMHBIX BOJ MHHEPATH30BAaHHBIMU BOJAMH H3 30HBI
a’panuu; OTOOp MOI3EMHBIX BOA C LENBI0 YCHICHHS MHQWIBTpAllMd U3 pycla PeK, caeB, KaHAJIOB M
KOJUJIEKTOPHO-IPEHAXKHOM CETH; albTepHATUBHOE 3emiienenue u ap. [15].

HckyccTBeHHOE BOCHONHEHHE JKCIUTyaTallMOHHBIX 3amacoB moa3eMHbeIXx Box (MBDO3IIB) B
KazaxcTane mpuMEHSIOT B pailoHaX MacCHPOBAHHOTO JKCIUIyaTallHOHHOTO BOXOOTOOpa, CIOCOOCTBYIO-
mero cpabotke I3IIB 1 conmpoBOXKAAIOMIETOCS CHMKEHHEM YPOBHEH MOA3EMHBIX BOI, MPHUBOISILETO K
HEIPHUEMIIEMbIM 3KOJOTHYECKUM IOCIEACTBUAM— HCCYIIEHUIO 3€MeNb U JeTpajalliil pacTUTEIbHOCTH, a
TaKXe IPOCcagkaM 3eMHON IIOBEPXHOCTH.

Haub6onee nenecooopazno NBO3I1B npuMeHsTh Ha ASUCTBYIONUMX BOI03a00pax, €ClIU BOJOOTOOP HE
o0ecrieunBaeTcs €CTECTBEHHBIMH HCTOYHHKaMHU (POPMHUpPOBAaHUS SKCIUTyaTallMOHHBIX 3allacoB, KOTJa B
npolecce 3KCIUTyaTalldy MPEIoNaraeTcsl WIK yXe IPOUCXOAUT TNEPelNoHMKEeHHEe YpPOBHEH B Bozmo3a-
OopHBIX ckBakuHaX. [Ipn 3TOM BO3MOXKHBI JjBa ITOJXOAA: PACIIMPEHHUE IEHCTBYIOLIEr0 Bomo3abopa Ha
¢utaHTax, eciid HeT Mpo0JIeM ¢ 3eMJICOTBOZIOM, OpraHU3alkel 30Hbl CAHUTAPHOW OXPaHbI, B3aUMOJICHCTBHS
C COCeIHMMH BOmo3a0opamMu M T.I., MO0 mpumensTs MBO3IIB, B ToM uucie ¢ MENbl0 MOBHIMICHUS
npom3BomuTeNbHOCTH MIIB 1 mokpeITHS — Bo3pacTaromieil  BomomoTpeOHOCTH. VICKycCTBEHHOE
BOCIIOJTHEHHE HKCIUTyaTaI[MOHHBIX 3alIacOB MTOJI3EMHBIX BOJ OCYIIECTBISIETCS ITyTeM IO/Ia4X BOJIbI U3BHE B
BOJIOHOCHBIE TOPU30HTHI C MOMOIIBIO CTIEUANIBbHBIX HHXKEHEPHBIX MeponpusaTuii [17-19].

Meponpusitus no MBI3IIB MoryT v yCHmemiHO OCYIIECTBIISIIOTCS HA 3aCyLUIMBBIX TEPPUTOPHUAIX
Kazaxcrana ¢ Bomonme(uIUTHBIM OallaHCOM, Kak B PEYHBIX JOJWHAX, Hampumep, Ha JKapracckom u
Kotypckom nHpUIBTpaMoHHBIX Bono3abopax Ha peke Lllepybaii-Hypa B AkmonuHCKO# 00nacTy, Tak U B
KapOOHATHBIX KapCTYIOIIMXCS CTPYKTYpax, HampuMmep, DCKYIHHCKOH, JKaHaiickol, AWmocckou, YiiTac-
CKOHM M Jp., HalleJICHHBIX Ha BonoobOecnedeHue JKe3kasraHCKOro rOopHOPYAHOTO paiioHa B CBA3M C UCTO-
menreM B ocienaux D311B u yxynmenuem ux kagecTtsa [19].

B ycnoBumsax pacnpoctpaHeHus: Ha Teppuropun KazaxcraHa B MHOTOYHCIIEHHBIX €TO apTE3MaHCKHUX
OacceilHax HaMOPHBIX MOA3EMHBIX BOJ CYLIECTBYET CBBIIIE TPEX THICSY APTE3MAHCKUX CKBAXHH (HEKO-
Topbie hoHTaHUPYIOT 40—50 JIeT), BoJa KOTOPBIX JIMOO HE HAXOAWT MPUMEHEHUS, JTMOO MCTIOIh3yeTCs B He-
Gompmmx 06bemMax. CyMMapHBIil 1e6UT (POHTAHMPOBAHMS APTE3MAHCKHMX CKBAXHH pocTuraet 0,4 KM’/rox
(10 % pa3BemanHbIX 3amacoB). beckoHTpombHOE He perynupyemoe (OHTAaHHPOBAaHHME AapTEe3HMaHCKUX
CKBa)XHH HAHOCHT CYILIECTBEHHBIH ymiepO 3amacaM MOA3eMHBIX BOJ, MPEKIE BCETO MPECHBIX, a B CIydasx
BCKPBITHSI BOJ IOBBILICHHON MHHEpaIH3allid — HETaTHBHO BIHUSET HA HKOJIOTHYECKYI0 OOCTaHOBKY,
NPUBOJS K 3aCOJCHUIO TOYB, CYKLECCHSAM PACTHTEIFHOCTH M 3a00JIauuMBaHUIO TeppuTopuil. Bee 310
TpeOyeT aJleKBaTHBIX YIPaBICHUSCKUX PEHICHUH MO MPEAOTBPAILCHNIO YKa3aHHBIX HETaTUBHBIX SIBICHUIM
MyTeM NepeBoJia CKBAXKUH Ha KPAHOBBIN PEXHUM WUIM UX TAMIIOHAXK.

WHTerpupoBaHHbII MOAXOM K YIPaBICHUIO BOAHBIMHU pecypcamMy HEAp, KOTOPHI MHOTHE CTpaHbI, B
ToM uncie u KazaxcraH, BBEJIM B CBOM HallMOHAJIBLHBIE MOJIMTHKY, SBJSIETCS OCHOBOM yNpaBlIeHUS TpaHC-
TpaHUYHBIMH 0acceiHaMM IOA3EMHBIX BOJA PECIyOIMKH, paclojarariiuxcs B 0acceiiHax OCHOBHBIX peu-
HBIX cucteM Kazaxcrama — Wne, Ceipmnapus, XKaiieik, Eptuc, ToOs1, Ecuims, 1 00pa3yromux MHOTOYHC-
JICHHBIE TPAHCTPaHUYHbIE 0ACCEMHBI MMOA3EMHBIX BOA I'PYHTOBOTO M apTE3HAHCKOIO THIIOB Ha IPAaHMULAX C
Poccueit, Kuraem, Kuprusueit n Yz6ekucranom. TpaHCrpaHUYHBIE BOJIOHOCHBIE TOPU3OHTHI SIBISIOTCS
00beKTaMH, II€ BO3ZHHKAIOT THAPOJIOTHYECKUE, THAPOTEOIOTHYECKUE, COLHUANbHBIC, YKOHOMHYECKHE H
9KOJIOTHUECKUE B3aMMOCBSI3HU U IJIe HHTETPUPOBAHHOE YIPABJICHIE BOOJHBIMH PECYPCaMH HEAP aKTyaJbHO,
9KOCUCTEMHO M JOKHO ObITh ycmemHbsM [12, 20]. [IpuMepoB MHTErpHpOBaHHOTO MOAXOAA K YIpaB-
JICHUIO TPAaHCTPaHUYHBIMM BOJHBIMU pecypcamMH Henp, BhIMOJHEHHBIX B KazaxcraHe B pamkax Mex-
nyHapoaHoi ['maponorndeckoit Ilporpammer FOHECKO Ha ceronHsAmHui 1eHb HEMHOTO.

B 2014 rony no ununuaruse KHP na teppuropun Kazaxcrana u Kutas npoBeneHbI OLIEHKH €MKOCT-
HBIX 3aI1acOB, BO30OHOBIISIEMBIX PECYPCOB M JKCIUTyaTallMOHHBIX 3aIlacoB MOJA3EMBIX BOJ YETBEPTHYHBIX
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BOJIOHOCHBIX TOPH30HTOB B 3aiicaHckoM (OacceiiH peku Eptuc), AmakonbckoMm (OacceitH o3ep bamkami-
Anaxkons), XKapkenrckoMm u Texkecckom (bacceliH peku Mie) TpaHCrpaHHIHBIX OacceifHaX MOA3EMHBIX BOJ,
(dopMupyroImUXCs 3a cyeT (PUIBTPAlH TMOBEPXHOCTHBIX BOJ, MOA3EMHOTO CTOKA CO CTOPOHBI TOPHBIX
oOpaMiIeHU U HHPUIBTPALUU aTMOCHEPHBIX 0CAaIKOB. BEIMOMTHEHHBIE OLICHKH SBISICTCS TPOJOKEHUEM
MPEIBIIYIUX HCCIEOBAHUN TPAHCTPAaHUYHBIX BOJOHOCHBIX TOPH30HTOB B A3MaTCKO-THXOOKEaHCKOM
peruone [21], Hy)KIaloImuXcsl B TaTbHEHTIICH CBOCH aKTHBU3AIHH.

Hpyrum npumepom WNVYBP saBnsercs IlwnorHeild mpoekT «lIpUTalIKeHTCKUN TpaHCTPaHUYHBIA
BOJIOHOCHBII TOPU30HTY», BBITIOTHEHHBIN it Kazaxcranckod yactu [IpuTamkeHTCKOro TpaHCTPaHUIHOTO
BomoHocHoro ropusonTa (TI'BI'), pactionoxeHHoOro B mpurpaHndHoOi 30He Kazaxcrana ¢ Y30ekncTaHoM B
Oacceiine pexu Kemec —mputoke p. Ceipmapun [22]. OCHOBHBIM HUCTOYHHUKOM XO3SIHICTBEHHO-ITUTHEBOTO
Bojoobecnieuenust TI'BIT siBrsieTcst mon3eMHbIe BOJIBI BEPXHEMEIOBOTO (CEHOMaH) BOJJOHOCHOTO TOPH30HTA
(94% BomomnoTpebneHus ), 0OHApYkeHHOTO B 1947 Tony TIIyOOKMMHU CKBaXKMHAMH, U3 KOTOPBIX BIICPBBIC
nmojTydyeHa MUHepajbHasi BOJa, BIIOCIE/CTBUH IONydYWBINas HauMeHoBaHUe «Capplaramickas» (B Kazax-
crane) n «Tamkentckas» (B Y3oekuctane). TI'BI' mpeacrasmser co00l yHUKaIBHBIH HCTOYHUK TITyOOKO
3aJIeTaloNUX MPECHBIX MOA3EMHBIX BOJ B LleHTpanbHOI A3UU M OTHOCUTCS] K BOAOHOCHBIM TOPHU30HTaM C
HEBOCTIOIHAEMBIMH pecypcamMu (BO3pacT MOJ3EMHBIX BOJ, YCTAaHOBJICHHBIH HM30TOMHBIMA METOIaMH,
cocrasisaeT 6000 ner). OmHAKO, POCT HACEICHHS PETHOHA, YBEIIMUCHUE KOJTMIECTBA JICYCOHBIX CAHATOPUEB
M KOJIIMYECTBA MPEANPHUATHIA MO pazIuBYy MHHEPAIbHOW BOJBI NMPUBOAUT K HEHOPMHUPOBAHHOMY BOJO-
3a00py, YTO MOXKET MPHUBECTH K UCTOILEHHIO PECYPCOB MOA3EMHBIX MHHepanbHbIX Bog TI'BI. Bmecte c
TeM, HHTCHCUBHAs 3KcIuTyarauus noazemusix Bog TI'BI' B nemsax XIIB, B HECKOIBKO pa3 MPEBBIIAIOIIAS
BEITMYHMHY WX IMUTAHUS, CTIOCOOCTBYET HEBOCITOJIHIMOH cpaboTke eMKOCTHRIX 3amacoB TI'BI, 4ro nomkHo
aKLIEHTUPOBAaTh BHUMaHUE PYKOBOASIIMX opraHoB Kazaxcrana m Y30ekucTaHa Ha He3aMeINTEIHLHOM
peleHuu mpoOiIeMbl UCTOIeHHus 3aracoB mom3eMHbIX Box TI'BI, TecHo yBs3eiBas ee ¢ oOmied mms
peruoHa mpodiemoit MYBP. Kazaxcran u Y36ekucran sistores Ctopornamu Korsenmnun EQK OOH 1o
OXpaHe W HCIOJIb30BAHUIO TPAHCTPAHUYHBIX BOJOTOKOB M MEXIyHApoIHBIX o3ep (XembcuHku, 1992 r).
OnHako COBMECTHBIE Ka3axCTaHO-y30€KCKHE OpraHu3alMd IO YIMpaBiIeHUIO pecypcamu llpuTamikeHT-
ckoro TI'BI" orcyrcrByror. Ecth Hamexkna, uro peanmsarus [Ipoekta [TPETA Oymer cmocoOGcTBOBaTH
YAYYIIEHUIO HAayYHO-TEXHUYECKHH 0a3bl M OCYIIECTBICHHMIO HAy4YHO-OOOCHOBAHHOTO YTIPaBIICHUS
pecypcamu TI'BI.
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| B. H. Hopfmml1| , M. K. A6cameros', /. K. Axenoa’

V. M. AxmencaduH aTBIHIAFEI [ MIPOTe0IIOTHs KOHE T€OIKOIOT S MHCTUTYTHI, AnmaThl, KasakcraH,
’K. 1. Cor6aeB atbiHnarsl Kasak yITTHIK TeXHUKAIBIK 3epTTey YHUBEpCHTETI, Anvatsl, Kasakcran

KA3AKCTAHHBIH D9dKOHOMUKACBIH ¥3AK MEP3IM/I KESEH/IE
CYMEH KAMTAMACBI3 ETY ITIPOBJIEMAJIAPBIH HIEITY YIITH
KEPACTBI CYJIAPBIHBIH PECYPCTAPBIH BACKAPY

AnnHoranus. Kazakcranmarsl Cy/1bl KAPKBIH/IBI TA1aIaHy IbIH dpallyaH TYPJICepl -aybI3 Cy MEH CaHUTAPJIBIKTaH
Oacrari, a3bIK-TYJIIK TIEH SHEPreTHKa OHJIIPICTEPl MEH Tay-KeH YKoHEe OHIPETiH eHepKacinTep iy 0api, )KYMBIC jKkacarl
TYypraH Cy OererTepiHje Je, PeTTeIMEHTIH ©3[IrHEeH TOrUICTIH apTe3WaH YHFhIMAlIapbl ayMarbIHIA Ja YKEPaCThI
CyJIapblH MaiagaHy KOPHIHBIH TayCHUTYBIHA BIKIAN €TETIHIIKTEH, )KEPACTHI CYJAPBIHBIH PECYpPCTapbiH 0acKapyabl
JKYy3ere achIpyIsl KaxeT eTefi. JKepacTsl CymapbIHBIH pecypcTapbiH Oackapy OoWbIHINA Miapanapasl Kazakcran ayma-
FBIHIA Cy TANIIBUIBIFEI OaaHCBIMEH, ©3CH aHFapliapblHIa N1a, Mbicaiabl AkMmona oOwsubIckIHAaFs! [llepyOaii-Hypa
e3eHiHAeri XKaprac xoHe KoThlp ciHOE CcyKaOBLIIAaFbINITAphIHAA Ja JKOHE COHJAi-aK, OHJAFbl KEPacThl CyJIapbIH
naiijanany KOPBIHBIH TayChUIybl MEH OJIapJIbIH CallachlHBIH HalapiaybiHa OaiinaHbicThl, JKe3ka3raH Tay-KeH
OHJTIPICIHIH ayJaHbIH CyMEH KaMTaMmachl3 eTyre OarbiTTanraH Eckyia, Xanait, Alinmoc, YHTac CHAKTHI KapOOHATTHI
KapcThl KypbUIbIMIApAa J1a TaOBICTHI XKy3ere acblpyFa Oonanbl. JKepacTsl CylapbIHBIH PECypCTapbiH KOHE TPaHC-
IIeKapasIblK ajanTapasl OacKapyaarbl Tarbl Oip e3ekti moceie, Peceit, Keiraii, KeipreicTan xoHe O30eKCcTaHMEH
THJPOJIOTHSUIBIK, THIPOTEONIOTHSIIBIK, JJICYMETTIK, YKOHOMHUKAIIBIK JKOHE HSKOJOTMSUIBIK MEMIICKETapaliblK e3apa
OaiinaHbIC HBICAHJAPBI OOJIBIT TaOBLIAIBI.

Tipek ce3nep: Ka3zakcraH, )kepacTbl cyJaphl, )KepacThl CyJIap pecypcTapsbl, )KepacThbl CyJapblHbIH PECypCTapblH
backapy.
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INDICATOR MINERALIZATION OF GROUND WATER AS INDICATOR
UNDERFLOODING OF INDUSTRIAL TERRITORIES

Abstract. In this work are presented results of research carried out in autumn 2015 to identify the causes floo-
ding industrial and municipal facilities in Zhanaozen, on the basis of which have been developed recommendations
on localization negative impacts of groundwater. Monitoring condition of groundwater district, conducted by well
regime network and wells drilled during the experimental hydrogeological work, and included: reconnoitering exa-
mination areas location wells; monitoring change level and temperature of groundwater; determination chemical
composition of groundwater; determination content and composition pollutants normalized by the MPC with allo-
cation the main components of pollutants; identification centers of flooding and pollution, study degrees impact of
industrial and economic activities on the groundwater. Studies have shown that the construction development of
territories and operation of buildings, structures and other facilities ¢. Zhanaozen located on weakly permeable soils
are almost everywhere accompanied by the accumulation of moisture in the thickness of the ground and the rise of
the groundwater level even in those cases when, prior to the development of the territory were absent.

Keywords: groundwater, industrial territories, underflooding.

VK 556.3, 553.7; 624.131.1
0.A. Kaayrun, P.P. Uckangepos

TOO « MHCTHTYT THIpOreosioruy U reodkosiornu uM. Y. M. Axmencaduna», Anmarsl, Kazaxcran

INOKA3ATEJIb MUHEPAJTU3ALIUU I'PYHTOBBIX BOJI KAK
NHIANKATOP MOATOIIVIEHUA ITPOMBIINJIEHHBIX TEPPUTOPUN

AnHoTanus. IIpeacraBieHsl pe3yIbTaThl UCCIEIOBAHNMN, TPOBEICHHBIX B oceHHUH mepuox 2015 r. mo BBIAB-
JICHUIO NPHUYXH MOATOIICHUS KOMMYHAJIbHBIX U MPOMBIIIIICHHBIX 06’])6KTOB T. }K&HﬂOSﬁH, Ha OCHOBE KOTOPBIX 6])1.]'11/[
pa3pa60TaHbI PEKOMEHAAIMHU T10 JIOKAJIN3allu HETAaTUBHOT'O BO3ﬂeﬁCTBHH IIOA3EMHBIX BOA. MOHI/ITOpl/IHF COCTOsIHUA
MOJI3EMHBIX BOJI paiiOHa MPOBOJIWIICS IO CKBKHHAM PEKUMHOW CETH U CKBaXKWHAM, IPOOYPEHHBIM B XOJIE OIBITHBIX
TUIPOTEOJIOTUIECKUX PAa0OT M BKIIOYAN: PEKOTHOCIIMPOBOYHOE OOCICIOBAHNE YYACTKOB PACIIONIOKCHUS CKBAXKHH;
HAOIOACHUS 32 U3MCHEHUEM YPOBHS M TEMIIEPATYphl IMOJ3EMHBIX BOJ; ONpPEHCICHHE XUMHUYECKOTO COCTaBa ITOJ-
3eMHBIX BOJI; ONPE/ICIICHHIE COACPIKAHUS U COCTaBa 3arpsA3HSIONIUX BelecTs, Hopmupyembix 1o I1JIK ¢ BbiieneHrem
OCHOBHBIX KOMIIOHEHTOB 3arpsi3HUTEIICH; BBISIBICHUE OYAroB MMOITOILICHUS M 3arPSI3HCHUSI, U3yUYCHUE CTCIICHH BIIHSI-
HUsSI TIPOU3BOJICTBEHHO-XO35HCTBEHHON JEATEILHOCTH HA MOJ3eMHbIe BOABL VccienoBaHus MoKa3aiu, YTO CTPOH-
TEJIbHOE OCBOCHUE TEPPUTOPHI M DKCIUTyaTallMsi 3/aHHH, COOPYXKEHUIl M Apyrux oO0bekToB r. JKaHaoseH, pacro-
JIOKEHHBIX Ha CJIa0OMPOHHUIAEMBIX TPYHTaX, MPAKTHUYECKH TOBCEMECTHO COMPOBOXKIAETCS HAKOIUIGHHMEM BIIard B
TOJIILIE TPYHTOB U NOABEMOM YPOBHSI TPYHTOBBIX BOJI Ja)Ke€ B TEX CIIydasx, KOIZa J0 Hayalla OCBOCHHs TEPPHUTOPHU
IPYHTOBBIC BOJ[bI BOOOIIC OTCYTCTBOBAJIH.

KJ'I]O‘IeBLIe CJI0BA: TPYHTOBBIC BO/JIbI, IPOMBIIIJICHHBIC TEPPUTOPHUHU, ITOATOIIICHUE.

BBenenue. Tepputopusi oOClie/IOBaHUSI PACIONIOKEHA B mpeaenax MaHrucray-Y CTIOPTCKOTO TH/I-
poreonorudeckoro OacceitHa. [lo ycmoBusM 00pa3oBaHUs W 3ajeraHus IMOA3eMHBIE BoAbl HOKHOTO
Masrepinniaka, B KOTOPBIH BXOIUT TEPPUTOPHUS UCCIEAOBAaHUM, OTHOCATCS K JBYM THIPOIMHAMUYECKIM
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3TakaM: BEPXHEMY, Ille¢ MOJIYYWIM pa3BUTHE TPYHTOBBIE BOJbI, U HIKHEMY, XapaKTepU3YIOILIEMYCS
pPacnpoCTpaHEHUEM BBICOKOHAIIOPHBIX MOA3EMHBIX BOZA. K BepXHEMY 3Taxy OTHOCSITCS BOIOHOCHBIE
TOPU30HTHl MHOIICHOBBIX W YETBEPTHUYHBIX OTIOKeHUH. K HIbKHeMy — BopocojiepsKaliye TOJIIH Majeo-
305, Tpuaca, IOpbl U MeJla, B pa3pe3e KOTOPOro BBIIENAIOTCS [Ba T'MJPOTEONOIMUYECKUX spyca: TpHac-
MaJe030MCKUI U FOPCKO-HUKHE-TYPOHCKUH.

B nuTonorndeckoM OTHOIIEHWH Ha TEPPUTOPUH BBIACISIOTCS IBE XapaKTepHbIE TONIIHN: KapOOHATHAs
(BepxHsisl) W TmecuaHO-TTIMHUCTAaA (HWkHAA). KapOoHaTHas Tojma clIOXEeHa OTJIOKEHHSAMH HeOreHa,
MajyeoreHa U BEpXHero Mena (IaTCKU M CEeHOMAaHCKHH SPYCHI), COJIEPIKUT, B OCHOBHOM, TPEIIUHHBIC, TPe-
LIMHHO-IIOPOBBIE U IUIACTOBBIC MOJ3EMHBIC BOJBI ¢ HU3KOH NMPOU3BOAUTEIBHOCTBIO CKBaxKuH. [lecuano-
TJIMHKACTAsT TONIIA TpEACTaBlieHa OTIOKEHHSIMU TYypOHa, CEHOMaHa, BEPXHET0 M CpEAHero ainoa,
COJIEPKUT MOPOBBIE U IJIACTOBO-TIOPOBBIE BOJBI C PA3INYHON MUHEpAIU3aled 1 MPOU3BOAUTEIHHOCTHIO
CKBaKUH. BoJIOHOCHBIE TOPHU30HTHI OOBEAMHEHBI B 00Jiee KPYITHBIE KOMITIEKCHI.

IToa3zeMHBIE BOJBI TPYHTOBOT'O THIIA BCKPHIBAIOTCS HA rIyOnHAX oT 2,7 1o 28,4 M B 3aBUCHMOCTH OT
TUIICOMETPUYECKOTO TOJ0XKEHN CKBaXMH. B MecTax BBIKIMHUBaHMS NOpoJbl capMmaTa (Y3eHbckas U
KapamaneiOacckast aHTHKIIMHAIN) O€3BOqHBIE. MUHEpanu3aIus OJ3eMHBIX BOJI U3MEHSETCS B IIUPOKUX
Tpeeiax OT BechMa MPECHBIX Ha ceBepe TeppuTopud 10 22,5 r/mM° (POIHHK B FOrO-3alamHON dacT
BIAAWHB Y3eHb). [lo XuMHueckoMy coOCTaBy MOJ3€MHBIE BOJBI TOPHU30HTA XJIOPHUIHO-CYJIb(haTHBIE
HaTpHUEBBIE.

[IuTanme TOpU30HTA MPOUCXOIUT MPEUMYIIECTBEHHO 3a cueT WHOWIBTpAlH aTMOC(hEpHBIX Ocaj-
KoB. HampaBneHne moToka TPYHTOBBIX BOJI, COTJIACHO JAaHHBIM THAPOTEOJIOTHYECKON CHEMKH, OPHEHTH-
POBaHO Ha I0Tr0-3amaj], pa3rpy3ka TOPU30HTA OCYIIECTBISETCS YaCTHYHO B OOpTax BIAIHH, HO C yUETOM
MOTPYKEHHUS BOJOHOCHBIX OTJIIOKEHHU K IOTY, OCHOBHAs pa3rpy3ka ocylecTBisiercss B O6acceitn Kacmmii-
ckoro Mopst B 60—70 KM K F0T0-FOTO-3aIay OT IUIOIIAId MECTOPOXKICHUS Y 3¢Hb.

OmHUM U3 OCHOBHBIX METOJOB, HCIIOJB30BAHHBIX JUIS PEIICHHS MOCTABICHHBIX 3a/1a4, ObUT THUIPO-
reoxumMudeckuit [1].

B cuy 3HauMTENBHON PAcKpBITOCTH OTIOKEHUH capMara (HaJudwe TPEelIMH BBIBETPHBAHUA, Kapc-
TOBBIX TOJOCTEH), colepKamuecs B MOPOAax BOJBI IMOABEP)KEHBl MHTEHCHBHOMY 3arps3HEHUIO MPOAYK-
TaMU TPOU3BOJICTBEHHOM JIEATEILHOCTH HA MECTOPOXKICHHUIX HEPTH [2].

CocTosiHME OKpYy)Kafomeld Ccpeasl TEePPUTOPHH TPEACTABICHO [0 JaHHBIM CHCTEMAaTHYeCKHX
HAOMIOJICHUH HALMOHAJIFHOW THAPOMETEOpPOJIOTHYECKON CiyXObl M  pe3yjibTaTaM MapLIpYTHBIX
o0cienoBaHHH.

HabOmonenus 3a cocrosiHmeM atMoc(hepHOro Bo3qyxa B TOPOAE BEIyTCS Ha 2 aBTOMATHYECKUX
mocTax, 00ecreunBaoNX aBTOMAaTHIeCKOe H3MEPEHNEe TaKUX KOMIIOHEHTOB KaK: B3BEIICHHBIE YACTHIIBI
(PM-10), nuokcup cepsl, OKCUA yriaepoaa, JUOKCH a30Ta, OKCHJ a30Ta, 030H, CEPOBOAOPOJ, CYMMapHBIX
yrieBogopoabl U MetaH. Ilpessimenus 11K mo cpenHUM U MakCUMalabHO-Pa30BbIM KOHIEHTPALUAM HE
BBISIBJICHO.

ITouBEHHBIN MOKPOB SIBISIETCS OTHUM M3 BAKHEHIINX KOMIIOHEHTOB OKpYyXKaromiei cpemsl. OT ero
COCTOSIHMSI B OTIpENIEIISIONIEN CTENEHN 3aBUCUT COCTOSTHUE PACTUTEIBHOCTH, a TAK)KE CTETIEHb BIUSHUS Ha
TIPYTHE COTIpeNIebHBIE CPEABI — TOBEPXHOCTHBIE U TIOJI3EMHBIE BOJIBI, aTMOC(hepHBIH BO3AyX, OHOTY.

PaccmarpuBaemasi TeppUTOpHUSI HAXOAUTCA B MPEJENax CEBEPHON YaCTU MOYBEHHOM MOA30HBI F0KHOU
MYCTBIHM M COOTBETCTBEHHO B MOYBEHHOM paiioHe LleHTpanbHO-MaHTBIIIaKCKOTO MJIaTo ¢ cepo-0yphIMH
COJIOHLIEBATHIMH U COJIOHYAKOBATHIMU MOYBAMU.

IloHMXEeHHBIE YYacCTKH TEPPUTOPUM 3aHATHl COJIOHYAKOBBIMHU TAaKbIPAMHM, JIMIICHHBIMU BBICHICH
pacturenbHOCTH. llouBBEI cepo-Oyphle, pa3TU4HOI CTENEHH COJOHILIEBATOCTH. MHOTO COJIOHUYAKOBBIX
POJIOB C OJIM3KUM 3aJieTaHUEM COJIEBBIX TOPU30HTOB (THIIca). M3penka mo HeOOMbIIMM 3amainHaM, TOy-
YaIOMIMM JOMOJHUTENIFHOE MOBEPXHOCTHOE YBIAKHEHHE, Pa3BUBAIOTCS JIyTOBO-OyphIE TOYBHI, a TaKKe
COJIOHIIBI JTyTOBO-ITYCTBIHHBIE U COJIOHYAKH JTYTOBBIE.

AHanmu3 mpo0 MOYB HCCIIEAYeMOH TEeppUTOPHM, TPOBEACHHBIH B XUMHUYECKOW nabopaTopuu
WHucTHTyTa rHAPOTEOTIOTHH U TeodKoNorul uMeHn Y. M. AxwmencaduHa, He BeIsSBIII nipeBbimeHus 11K
IUIE HEPTENMPOAYKTOB. 3arps3HeHUE TOYB TSDKEIBIME MeTajulaM, 1Mo JaHHbIM Kasruapomera, He ycra-
HOBJIEHO.

Usmepennst ramma-hoHa (MOITHOCTH 3KCIIO3UIIMOHHON [03bI) HA TeppUTOpHH MaHTrucTaycKoi
o0JacT TPOBOAATCS €XKETHEBHO HAa 3 METEOpOJIOTMYECKHX CTAaHIUAX B Tropoaax Axrtay, JKamaoszeH u
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®opt-1lleBuenko. [lo qaHHBEIM HAOMIOIEHU, CpEIHUE 3HAYCHUS PaTUAIMOHHOTO TaMMa-(poHa MpU3eM-
HOTO CII0S1 aTMOC(EpBI 10 HACETCHHBIM ITyHKTaM Haxoquinch B mpeaenax 0,08-0,22 M /4. B cpenmem
Mo o0iacTu paawanMoHHEIN ramma-¢oH coctaBma 0,13 MK’B/Y U HAXOMWICS B JIOMTyCTUMBIX Mpeenax
[3.,4].

BonpmMHCTBO BHUIOB, MPOU3PACTAIONINX HA TEPPUTOPHUH, SBISIOTCS MYCTHIHHBIMH, OCTaJBbHEIE OT-
HOCATCSA K BHJAM IIepeyBIAKHEHHBIX MECTOOOMTAHWH, MapasUTHUPYIOMMM U COpHBIM. OCHOBHAs 4YacTh
BUJIOB, IPOM3PACTAIONIMX HA TEPPUTOPHUU, SBIAIOTCS ONHOJETHUMHM, 32 HUMHU IO KOJHYECTBY IpE-
CTaBUTENEH CIeNyIOT TPaBIHUCTHIE MHOTOJIETHHE, TTONYKYCTAPHUKH U KyCTapHHUKH.

PactutensHOCTE (pOpMHpYyeTCS B OKCTPEMalbHBIX YCIOBHSX HENOCTAaTKa BJIard, BBHICOKHX TEMIIe-
paTyp, CHIBHOTO 3aCOJICHUS W MaJOMOIITHOCTH IOYB, YTO OFPAaHUYHBACT €€ pazHooOpasue. 31ech JOMHU-
HUPYIOT KCepO(UTHBIC U Tano(UTHBIC BHUIBI PACTCHUH — TJIABHBIM 00pa30M, MOJIBIHU M MHOTOJICTHUE
COJISTHKY C HE3HAYUTEIbHBIM y9aCTHEM JPYTHUX BHIOB.

B mom3oHe cpeaHUX MYyCTHIHb PACTUTEIHHOCTH PABHHUH C CYTJIMHUCTHIMU U CYNECYAHBIMU MTOYBAMHU
MPEeJICTaBJICHA TIPEUMYIIIECTBEHHO COOOIIIECTBAMU MHOTOJICTHEH COJSHKU — OMIOPTYHa COJIOHYaKOBOTO U
TOJIBIHU 0€TI03eMEeNbHOM, CIIAraloIUMH Pa3IIHbIe KOMIUICKCHI.

PernonanpHO OCOOEHHOCTBIO SIBIISIETCS] IIMPOKOE PacIpoCTpaHeHHe (UTOIEHO30B, 0Opa30BaHHBIX
MIOJIBIHBIO TYPraHCKOHM — BUIOM, SHIAEMUYHBIM 111 MaHTBIIIUIaAKa U TIIATO Y CTIOPT.

3HaYUTENbHBIC TUIOMAJAN B PETHOHE 3aHUMAIOT TeMUTIETPOPUTHEIE (TpUypOYEHHBIE K MEOHUCTHIM
oYBaM) M TMeTpOoPUTHBIC (MIPUYPOYCHHBIE K KAMEHHCTHIM MAJIOMOIIHBEIM IOYBAM M BEIXOAAM ITOPO.)
BapUAHTHI PACTUTEIILHOCTH, HMEIOIIHE MMPEUMYIIECTBEHHO KOMITIEKCHYIO CTPYKTYPY.

MOHUTOPUHT COCTOSIHUSI TIOJI3EMHBIX BOJ pailoHa, MPOBOIWICS MO CKBOXKMHAM PEKUMHOU CETU U
CKB)KMHAM, MPOOYPEHHBIM B XOJI€ OIBITHBIX THIPOTECOJIOTHYECKHUX PadOT, M BKIFOYAT: PEKOTHOCIIH-
POBOYHOE OOCICIOBAaHHE YYAaCTKOB PACIONOXKCHUS CKBaXKMH, HAOJMIOACHHS 32 U3MCHCHHEM YPOBHS M
TEeMIIepaTyphbl TMOA3EMHBIX BOJ; OIpEACNCHHEe XMMHUYECKOrO0 COCTaBa IOJ3EMHBIX BOJ; OMpEICICHHE
COJIep)KaHUS M COCTaBa 3arps3HSIONIMX BelecTB, HopMmupyeMbix 1o IIJIK ¢ BemereHmeM OCHOBHBIX
KOMIIOHEHTOB 3arps3HUTENIeH; BBISIBJICHHE OYaroB TMOATOIUICHHS W 3arps3HEHUs, W3Y4YeHHE CTEleHU
BITUSIHUS TIPOM3BOICTBEHHO-X03HCTBEHHOH JACATEIILHOCTH Ha MOI3eMHBIC BOJIBI. JJabopaTopHbIe aHAN3HI
po0 BOBI M TPYHTA BRITIOIHSIINCH B aKKPEIUTOBAHHOM TabopaTopuu r. ATMaThl B COOTBETCTBUH C [S].

C mensio ompefneneHnss (PaKTHUECKOTO JHMTOJIOTHYECKOTO0 CTPOCHUS TPYHTOB M WX HWHXKEHEPHO-
TCOJIOTUYECKUX XaAPAKTCPUCTHUK, BEHISIBICHUS HAIPABJICHUS, XapakTepa OOBOMHEHUS W HANUYMS ITTyTEH
COCPENIOTOYCHHON (PIIIBTPALNU MPOBOUINCH TEOPUINICSCKHE UCCIICAOBAHUS.

AHanutndeckue paboTsl Benmch Ha ocHOBe I'MIC-TexHONMOTHIT M AaHHBIX AUCTAHIIMOHHOTO 30H[IH-
poBanHus 3eMiH [6]. Bl chhopMupoBaH OaHK TAaHHBIX 0OBEKTOB C HX TIPOCTPAHCTBEHHOM MMPUBS3KOM.

IIpoBeneHO KOMIBIOTEPHOE IMOCTPOCHHE KapT YPOBHS MOJ3EMHBIX BOJ, OMNPEICIICHBI JOKAJIbHEBIC
W3MEHEHVsI HalpaBJIeHUH JBMKEHUS TOJ3EMHBIX BOJl, BEI3BAaHHBIE Pa3TPy3KaMH M MIUTAHUEM BOJOHOCHBIX
TOPHU30HTOB, a TaK)K€ MOCTPOEHBI THAPOTeOXUMHYeckne KapThl. OOpaboTaHbl KOCMHUYECKHE CHUMKH U
JTaHHBbIC MOHHMTOPHHIA 33 COCTOSHUEM MOJ3EeMHBIX BOI. B xome pa®otT ans mosydeHus mpsiMod uHGOp-
MaIy O XapakTepe peiibeda, TEeXHOTCHHBIX O00BEKTaX, FMAPOrpaduIecKoll CeTH, y4acTKaX pacipocTpa-
HEHUs 3arpsA3HEHHBIX II0YB, CBAaJKaX METAJIONOMAa, OpPEeoiax IMPsSMOTO TEXHOTEHHOTO BO3JEHCTBHA Ha
MMOYBECHHBIN TOKPOB M TEOJOTHYECKYIO0 CpEeAy HCIOIB30BAINCh IBETHBHIE KOCMOCHHUMKH Pa3IUIHON
pasperatorieii cnocodHoctu [7].

CuTyanlMOHHBIN aHANIN3 KapThl YPOBHS IPYHTOBBIX BOJ TOKa3al cleayromiee. [[oTok TpyHTOBBIX BOJ
HampaBJieH B 3allaj-l0ro-3amaJHoM HaIlpaBICHWH, a0CONIOTHBIE OTMETKH YpPOBHS B BOCTOYHOM W IIEHT-
pPaTBHON YaCTH TEPPUTOPHH IIaBHO MeHsIOTCA oT 190 M 1o 180 M (pucyHok). B ceBepHoit yacTu uccie-
JlyeMOH TEepPUTOPHUU OTMedaeTcsl (GUIIBTpalys BOJl aM0apa-XBOCTOBHKA B TPYHTOBBIE BOJIBL. AOCOIOTHAS
OTMETKA ype3a BOJOHEPTIHON cMecH B ambape-XBOCTOBHKe cocTariser 180,57 M.

B 3amamHO#il yacTH uUCCieLyeMOM TEpPUTOPUU OTMEUYEHBI JIOKAJIbHBIE M3MeHeHUs YI'B, B paiioHe
Kazaxckoro razomnepepa0aThIBaloIEro 3aBoja OTMEuUEHa JAenpeccus (MUHHUMAIbHBIA YPOBEHb B CKB. 7
cocraBiser 172,26 M), a Ha CeBEpO-BOCTOYHON OKOHEYHOCTH HAKOIHUTEINS CTOYHBIX BOJ OTMEYEHO JIO-
KanbHOe momHsaTHe YI'B (MakcuManbHBIN ypoBeHB B CKB. 9a — 181,29 M), 00yclIOBICHHOE TOTHSATHEM
KpPOBJIHM BOJOYIOpPa, MOJCTUIAIONIETO BOJAOHOCHBIM TOPU30HT, YTO B CBOIO OUEPEIb BBI3BIBACT MOJIOP
YI'B u sBnsieTcss MpUYMHON TOATOIUICHUS B paloHe >kene3Hod moporu. HeoOXoawmMo OTMETHTh, 4TO
HapsIy C M3MEHEHHEM YPOBEHHOTO peXHMa TPYHTOBBIX BOJ[ NMPOUCXOIUT W3MEHEHHE XHMHUYECKOTO
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cocTaBa IIO/I3EMHBIX BOJ], BIXXHOCTH W TMOTJIOMIEHHOTO KOMIUIEKCA IMOPOJ 30HBI a’pald, a Takke
CHI)KEHHUE HeCyIlel criocoOHOCTH TPYHTOB [3].

CuTyalMOHHBIH aHaJTN3 KapThl MUHEPAIU3allUi IPYHTOBBIX BOJ ITOKa3aJl:

- HauBBICIIAs CTEIICHb MUHEpaIn3aluy (CBbIIIe 26 1/71) HaOMI0aeTcs Ha TEPPUTOPUH, ITPUIICTAIOIICH
K BomoHe(]TAHON emKkocTH (HedTsHOMY amOapy) mpu oOmel TEHAEHIMN CHIDKEHUS B PaTdaIbHOM
HalpaBJIeHHH OT HErO BO BCE BO3MOXKHBIC HAINPABIICHHUS MHIPAlH TPYHTOBBIX BOJ C TeHEPaIbHBIM
HanpaBJICHHEM — Ha I0ro-3amafg;

- HaMMEHBIIIas CTENeHh MIHEPAIN3aliy HAOII0gaeTCs Ha TEPPUTOPHH, TIPHUIIETAIONIEH K CKBaKMHAM
1A u 11A (ot 4,3 no 7,5 r/n), TPYHTOBBIE BOABI KOTOPHIX HE MOTYT OBITh HOATOIUICHBI U3 HEQTSIHOTO
ambapa Mo YCJIOBHSIM OTMETKH IOJOLIBBI MOKPOBHOTO CIIOS BOAOYIIOPHBIX TJIMH, a TaKKe Ha TeppH-
TOPHSIX, NPWIETAIOMNX K IUIOLIaJKE CTPOUTENbCTBa MedeTH (6,3 I/1) M K HAKOMUTEIIO CTOYHBIX BOX
KOMILUIEKCA OUHUCTUTEIBHBIX coopykeHwuid (8,0 r/m).
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Takast kKapTuHa pacnpeneneHus] MUHEPAIH3alii U HalpaBlieHUE YKIOHA KPOBIU BOIOYTIOPHBIX TJIMH
JaéT OCHOBaHME CleNaTh OJHO3HAYHBIN BBIBOJ, YTO OAHOW M3 IPUYMH MOATOIUIEHHUS paccMaTpHUBacMOil
TEPPUTOPHH SIBISCTCS BONOHE(DTsIHAsS eMKOCTh (He(TsIHON aM0ap), a TakKe YTEUKH 3a CUET QHUIBTPALUK
n3 Haxorutenst KOC, pazbapnstomeii cBoel JOCTaTOYHO MpecHOW Boao# ¢uiisrpar u3 HeTsHOTO amOba-
pa [8].

OTKpBITOH OCTaeTcsl MpUYMHA MOATOIJIEHUS palioHa MKp. bocTaHIBIK M IUIOMIAIKK CTPOUTENBCTBA
Meuetu. Kapra m3orumc, yka3plBaeT Ha HalMYUE€ MCTOYHHMKA MOATOIUICHUS, HaXOMAAILIETOCS CEBEPO-BOC-
TOYHEE paccMaTpuBacMoil TeppuTropur. Meders r. JKaHaozeH B reoMOp(OIOTHUECKOM OTHOIICHUH
PacIioyioKeHa Ha JHE €CTECTBEHHOI'O MOHWKEHUs, KOTOPOE SIBJISETCS 30HOW Pa3rpy3KH I'PYHTOBBIX BOL,
YTO M BBI3BIBACT MOATOIICHHE TAHHOTO yYacTKa. Y BeJIHUEHUE 3HAaUeHUI MUHEpaTUu3alluil MMOA3EMHBIX BOJ
Ha 3TOH TeppPUTOPHH OOBSCHICTCS MOBBIIICHHBIM HCIIAPDEHHUEM B 30HE BBIKIMHUBAHUS TPYHTOBBIX BOJ,
YTO NPUBOAUT K POCTY MUHEPAIM3ALUH U 3aCOICHUIO ITOYB.

PaccMoTpuM XUMHUYECKHUH COCTaB M CTENIEHb MHUHEPAIN3ALUU TPYHTOBBIX BOJ CKBaXHH 1A, u 11A,
KOTOpBIE SIBHO HE MOTYT OBITH CIIeACTBHEM (QHIbTpAlMK M3 HEPTIHOrO aMOapa, a TakKe CKBaXHUH 3A H
8A, OTMETKa ypOBHS IPYHTOBBIX BOJ KOTOPBIX IOYTH COBMAIAET C OTMETKOH ype3a B HeTssHOM ambape
TIPH PACCTOSIHUM MEXIy HUMHU 2,64 kM (HET rpaaWeHTa, HET MOCTaBKH (uiabTpara). Hrke mpuBemneHbI
pe3ybTaThl aHAM30B B (hopMe, YAOOHO! ISl COTIOCTABICHUS! ¢ XMMUYECKUM COCTaBOM MOBEPXHOCTHOTO
cnost Boasl Kacnmiickoro Mopsi B p — He T. AKTay, HOIy4€HHOM U3 (YOHIOBBIX HCTOYHHUKOB (TabauLa).

CopneprxaHue coneil u o011as MUHEpaIu3ais BOIbI

The contents of salts and general munepanusanus of water

Conepxanue coneid, % OT UX CyMMBbI
06 Mumnepanuzanus,
BEKT KapOOHATHI cynb(aTsl XJIOPHIIBI o/
CaCO; CaSO4, MgSO, NaCl, KCI, MgCl,
Cks. 1A 3,31 50,2 46,49 4,8
Cks. 3A 4,12 52,89 42,99 6,03
Cks. 8A 2,5 36,50 61,0 8,73
Cks. 11A 1,43 42,93 55,64 7,74
Cpennee 2,84 45,63 51,53 6,82
Kacnuiickoe mope 2,55 43,74 53,71 5,75

IIpuBeneHHbIe pe3yabTaThl COMOCTABICHUS XUMUYECKUX aHATU30B IPYHTOBBIX BOJ Ha TEPPUTOPHH,
HaXOJSIIIEHCs BBIIIe BO3MOXKHOTO MOJTOIICHHS W3 HEPTIHOTO amOapa, ¥ BO3MOXKHBIX yT€YEK M3 TOPO/I-
CKHX CHCTEM BOJOCHAOKEHUS M KaHAJIM3AINH MTPUBENIO K HEOOXOUMOCTH TTOMCKA HCTOYHUKA, KOTOPBII:

— pacmoJI0KEH BhIIIE YKa3aHHBIX CKBAXKUH U T. JKaHao3eH;

— UMEeT YKJIOH MOKPOBHBIX MEPTEIUCTHIX TJIMH B CTOPOHY MOJITATNTUBAEMON TEPPUTOPHU;

— AMeEeT 3HAYUTEIBHBIN PacXoJl MOCTYIUIEHWS BOABI M3 KacmuilcKoro Mopsi M MCHOJB3YeT €ero B
TEXHOJIOTUYECKUX TIEIISX;

— TEPPUTOPUS] UCTOYHUKA MMEET TOT K€ CJIOW BOJOBMEIIAIONIETO TPEIIMHOBATOTO PAKyIICYHUKA,
CIOCOOHOTO TOCTABIIATH MPOTEYKH TEXHOJIOTUYECKH HECOBEPIIEHHOTO 3aBOJHEHHS Ta30HOCHBIX TIIACTOB
B IEJIAX MOAIepKaHuUs IIIACTOBOTO JaBJICHUS MPH JOOBIYE MPUPOJIHOTO raza.

CymectBytomee 3kcmiyatupyemoe O3eHCKOE Ta30KOHAEHCATHOE MECTOPOXKJIEHHE OTBEYAeT BCEM
3THUM YCIIOBUSIM.

CrnemyeT OTMETHTD, YTO CTPOUTEIHFHOE OCBOCHNE TEPPUTOPHH W SKCILIyaTaIlsl 30aHHA, COOPYKESHUN
U Apyrux 00beKTOB T. XKaHao3eH, pacnoioKeHHBIX Ha CI1a00MPOHUIIAEMBIX TPYHTaX, TPAKTHYSCKHU TTIOBCE-
MECTHO COTPOBOXKIAFOTCS HAKOIUICHHEM BJIATH B TOJIIE TPYHTOB M MOJHEMOM YPOBHS TPYHTOBBIX BOJI
ke B TeX CIydasx, KOTZla 10 Hadajla OCBOCHHS TEPPUTOPHH TPYHTOBBIE BOJBI BOOOIIE OTCYTCTBOBAIIH.
Copep:xaHre OONBIIOrO KOJWYECTBA YIJIEBOJOPOJIOB B 3aMa3y4YEeHHBIX TPYHTaX M IOBBIIIEHHOE COep-
>KaHUE TSKENBIX METAJUIOB ONpEeIEsIeT UX POJIb B MPOLECCE aHTPOMOTEHHOT0 NOATOIIeHuUs [9].

Takoif mpolecc TEeXHOTEHHOTO MOJTOIJICHHS BO3HHKAET W Pa3BUBACTCS BCIICACTBHE HAPYIICHUS
CJIOKMBILIETOCS TPUPOJHOTO JUHAMUYECKOTO PAaBHOBECHS B BOJHOM OajlaHce TepPUTOPHH.
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I'PYHT CYJIAPBI MUHEPAJIM3ATIAA KOPCETKIIITEPI OHEPKOCIIITIK AVIMAKTBIH
CY JEHI'EMIHIH KOTEPLLTY UHAUKATOPBI PETIH/IE

Annoranus. JKaHae3eH KalachIHBIH OHEPKOCINTIK XOHE KOMMYHAJIIBIK HBICAHAAPBIHAA CYy ACHTeHiHIH
KeTepily ce6ebi aHbIKTaybl OOWBIHILA, SSFHU COHBIH HETI3IH/E JKePacThl CYJapbIHbIH XKaFbIMChI3 dCepJiepi HICKTey
OoiibiHIIa ycbIHBICTap 3ipieHreH, 2015 k. Ky3ri Mep3iMiHIEe KYPri3iireH 3epTITey HOTHXKENepi Makallala YCbl-
HbUTFaH. ToxiprOeIiK rHIPOreoOTHsITBIK KYMBICTAPbl 0apbIChIHAA OYpFbUIAHFAH YHFbIMAIIAPIBIH TOPTINTIK TOpar-
Taphl JKOHE YHFbIManap OOWbIHILA ayAaHHbIH )KepacThl CYJIapbIHbIH XKaF/aiibiHa OaKbuIay KYpri3ilireH, COHbIMEH Ka-
Tap KaMTBhUIFaH: YHFbIMaNap/blH OpHajacy aiiMakTapblH PEKOTHOCIHPIIIK TEKCEepy; KepacThl CyJapbIHbIH TeMIlepa-
Typachl MEH JIeHI'eiiHIH e3repyiH 0akbuiay; >KepacThl CyJapbIHbIH XHUMUSUIBIK KypaMblH aHbikray; AMIL GoiibiHIna
HOPMAJIaHFaH JTACTAYIIBI HETi3ri KOMIIOHEHTTEP i OOl ajy, JTacTaylibl 3aTTapAbIH KYPaMbl MEH MOJIIIEPIiH aHBIK-
Tay; JIACTAHFaH XOHE Cy JCHI€HiHIH KOTEpiTy OIIAKTAPhl aHBIKTAJIFAH, YKEPACTHI CyJaphiHa OHIIPICTIK-IIAPYaIIbLIBIK
OpeKEeTTEP/IiH bIKIAN JeHreiin 3eprrey. JKaHae3eH Kajgachl HAIIap ©TKI3Till TONBIPAKTAPHIHIA OPHATACKAH FUMa-
parTap/ibl, KYpbUIBICTAP/Ibl )KOHE 0acKa HbICAHIAP/IbI MaiiallaHy KoHEe allMaKThIH KYPBUIBIC )KYMBIChIHA TAPTHUTYHI iC
JKY31HE TYTell TPYHT KaJbIHJBIFBIH/IA bUIFAJJIbIH KUHATYbIMEH KabaTTac 00aibl )KoHE IPYHT CYJIAPbIHBIH ACHICHi-
HiH KeTepilyi, TinTi kel *armaiinapaa aliMakThl UTepyre IeHiH TPYHT Cylapbsl MylAeM OOJMaraHbIH 3epTTEY KY-
MBICTapPbI TAJICIACII.

Tyiiin ce3nep: rpyHT Cysapbl, OHEPKICINTIK aliMaKTap, Cy JeHreHiHiH KoTepiiyi.

— 108 ——




['eoepacbus

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 5, Number 425 (2017), 109 — 120

A. R. Medeu, I. M. Malkovskiy, L. S. Toleubayeva

Institute of Geography LLP, Almaty, Kazakhstan.
E-mail: ingeo 2009@mail.ru, listoleu@mail.ru

THE TRANSKAZAKHSTAN CHANNEL - STRATEGIC PRIORITIES
OF STEADY WATER SUPPLY REPUBLIC OF KAZAKHSTAN

Abstract. Water threats of the Republic of Kazakhstan of global, regional and national levels which conse-
quences of realization can be a failure of programs of social and economic development and formation of zones of
ecological instability are shown. Objective prerequisites of formation of Uniform system of water supply of the
Republic of Kazakhstan (USWS RK) on the basis of development of the existing and perspective interbasin and
cross-border water management linkages are given. The updated scheme of the Transkazakhstan channel (TKC)
"Ertis-Syrdariya" for increase in water security of regions of the Central, Northern and Southern Kazakhstan is
offered. The prime link of TKC has recommended "The Astana branch" for providing the republic of Astana with
water of the capital and 30 settlements, creation of a new recreational zone and irrigation of lands. The updated
scheme of mutually advantageous use of a drain of the Russian rivers in the direction Upper Katun is offered. Within
the offered scheme potential volumes of transfer taking into account social-and-ecological restrictions are specified
and also alternative tunnel and pump options of overcoming the Argut-Buktyrminsky watershed are considered. The
possibility of use of a part of the route TKC for transit of a drain of the Russian rivers to basins of the Syrdariya and
Amudariya Rivers is shown. It is shown that the Transkazakhstan channel together with use of modern water-
conservation technologies in branches of economy, improvement of the interstate water relations, use of underground
waters will promote the solution of tasks of steady water supply of Kazakhstan.

Keywords: water threats of the Republic of Kazakhstan, water supply, cross-border pools, Uniform system of
water supply of the Republic of Kazakhstan (USWS RK), Transkazakhstan channel (TKC), Astana branch,
interbasin and cross-border transfers of a drain.
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A. P. Meney, . M. MaabkoBckuid, JI. C. Toney6aeBa

TOO «HuctutyT reorpadum», Anmarsl, Kazaxcran

TPAHCKA3AXCTAHCKHI KAHAJI -
CTPATEITMYECKUMN MPUOPUTET YCTOMYUBOT'O
BOAOOBECIIEYEHHUSA PECITYBJIMKN KA3AXCTAH

Annoranus. Ilokasanel BomHble yrpo3sl PecnyOmukm Kazaxcran riro0ainpHOTO, PETHOHAIBFHOTO W HAITHO-
HAJIbHOTO YPOBHEH, CIEACTBHSMH PEalN3allii KOTOPBIX MOTYT CTaTh CPHIB IPOrPaMM COLHAIbHO-3KOHOMHUYECKOTO
pa3BuTHS ¥ (POPMHUPOBAHHE 30H IKOJOTHIECKON HecTaOMIbHOCTH. [IprBeeHbl 00BEKTUBHBIE MTPETOCHIIKH (POPMH-
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Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

poBanus EmuHo# cuctemsl BomoobecneueHust PecrryOmuku Kaszaxcran (ECBOPK) Ha ocHOBe pa3BUTHSA CyIecT-
BYIOIIIMX M HEPCIEKTUBHBIX MEX0acCEHHOBBIX M TPAHCTPAaHWYHBIX BOJOXO3SHCTBEHHBIX cBs3el. [IpemnoxeHa o6-
HoBIeHHas cxema Tpanckazaxcranckoro kanana (TKK) «Eptuc-Ceipaapus»y UIs MTOBBIIIEHUS BOJI00OECIIEIEHHOCTH
pationoB llenTpanshnoro, CesepHoro u IOxknoro Kazaxcrana. IlepBoouepemnbimM 3BeHoM TKK pekoMmeHnmoBana
«AcTaHWHCKas BETKa» A 00ecriedeHHsI BOIOH CTONUIBI pecyOnnky T. AcTanbl u 30 HaCeNeHHBIX IyHKTOB, CO3/1a-
HHE HOBOHM PEKPEallMOHHOW 30HBI W OpOUIEHUs 3eMenb. [IpeanoxkeHa oOHOBIIEHHAs CXéMa B3aHMMOBBITOJHOTO HC-
MOJIb30BaHUS CTOKA pOCCHHCKUX pek mo Bepxne-KaryHckoMy HampasneHuro. B pamxax npennoskeHHONH CXeMbI
YTOUHEHBI IOTEHLHUAJIbHbIE 00BEMBI MEPEOPOCKU C YYETOM COLMAIBLHO-IKOJOTMYECKUX OrpaHMYEHHH, a Takxke
paccMOTpeHb! ajlbTepHATUBHBIE TYHHEJIBHBIA M HACOCHBIM BapHaHTHI NMpeoaoseHuss ApryT-ByKTIpMHHCKOTO BOJO-
pasznena. IlokazaHa BO3MOXHOCTH HCIOJIb30BaHUs 4acTh Tpacchl TKK il TpaH3uTa CTOKa POCCHHCKMX peK B
Gacceiinbl pex Colppapuu nu Amynapuu. IlokazaHo, 4ro TpaHCka3aXCTaHCKHMH KaHal COBMECTHO C NPUMEHEHHEM
COBPEMEHHBIX BOJOCOEpEraromumx TEXHOJIOTHI B OTPACISAX 3KOHOMHKH, COBEpPIIEHCTBOBAHHUEM MEXIOCYAapCTBEH-
HBIX BOJHBIX OTHOIICHHUH, MCIOIb30BaHNEM MOA3EMHBIX BOJ OyAET CIOCOOCTBOBATH PEIICHHIO 337124 yCTOHYHUBOTO
Bonoobecrieuennst Kasaxcrana.

KuroueBsble ciioBa: BogHble yTpo3bl Pecrryonukn KazaxcraH, BogooOecriedeHne, TpaHCTpaHUIHbIE O0acCeHHBI,
Ennnas cucrema BomooOecmeuenns PecnmyOmukn Kaszaxcran (ECBOPK), Tpanckazaxcranckuii kanan (TKK),
AcTaHWHCKas BeTKa, MexX0acCeHHOBBIC U TPAHCTPAHUIHBIE TIEPEOPOCKH CTOKA.

Beenenne. Octpora mpoOiiemMbl BogooOecrieueHus: KaszaxcraHa oOycioBieHa OTpaHUYEHHOCTHIO
pacronaraeMbIX BOJHBIX PECYPCOB, HEPABHOMEPHOCTBIO PACIpPENeTCHUs UX 110 TEPPUTOPUH, 3HAUNTEINb-
HOW M3MEHYMBOCTHIO BO BPEMEHH, BHICOKOW CTEIIEHBIO 3arpsi3HEHUs. B mepcrexTHBe clemyeT OXHIaTh
000CTpeHHsI CUTYAIlUU C BOJOOOECIIEUEHNEM PECITyOIMKU B CBA3HM C COKpAIllEHHEM PEYHOr'O CTOKa C Tep-
PUTOPHUH COMpPENEIbHBIX TOCYIAPCTB, 8 TAKKE C KIMMATHIeCKd 00YyCIOBICHHBIM YMEHBLICHUEM PECYPCOB
MECTHOTO CTOKa. [loTeHImanpHbIe MOCIENCTBUS W3MEHEHHH PECYypCOB PEYHOTO CTOKA IPEACTaBISIOT
peabHyI0 YIpo3y YCTOHYHNBOMY COIMAIbHO-3KOHOMHUYECKOMY Pa3BUTHIO U HKOJIOTHYECKON OE€30MacHOCTH
Kazaxcrana.

B [Nocnannn Hapoay Kazaxcrana «Crpaterus «Kazaxcran-2050» B yucne 10 riio0aabHBIX BEI30OBOB
XXI Beka I'maBa rocymapcTBa YETBEPTHIM OTMETHII «OCTPHIA medumuTt Boab». IIpe3smmaeHTOM CTpaHbI
nocrtaieHs! 3anaun: «Ha mepsom arane k 2020 roay pemuTs npobieMy obecriedeHns HaceIeHHs TUThe-
Boil BogoH, k 2040 — opomrenus, k 2050 roxy pa3 u HaBcerja pemmTh npodiemy Bogoobecnedenns Ka-
3axcraHay [1].

B pamkax cdopmymupoBannbix [Ipesumentom 3amau HWHctuTyTOM Teorpaduu  pazpaboTaHbI
CTpaTernyecKre OCHOBBI YCTOWYHMBOrO BojooOecneyeHns: cTpansl Ha neprod Ao 2050 r., opueHTHpPOBaH-
HbIE Ha BBIABICHHE BOIHBIX VYIPo3 TIOOANTBHOTO, PETHOHAIBHOTO, HAIMOHAIBHOTO YpPOBHEH U
000CHOBaHUE MyTEH WX TIpeoaoIcHII[2-4].

Memoouxa. TlpencraBneHHble B cTaTbe 00OOILECHHS OCHOBAaHBI Ha PE3yJNbTaTax MHOTOJETHUX HC-
CJIeTOBaHUM, BBIITOJHEHHBIX WHCTUTYTOM Teorpadyyl W COMCHOIHHUTEISIMH B paMKaX TOCYJapCTBEHHBIX
HAyYHO TEXHWYECKHUX TMPOrpaMM H MEXIYHApOIHBIX MPOEKTOB B oOmacTh oOecmedeHus: BOJHOM
6e3onacHoctr PecyOnuku Kaszaxcran [5].

Bonnsbie yrpo3sl Pecnyoiuku Kazaxcran.

Tnobanwhii yposens. Ilo mporHozam I[IpomoBOIECTBEHHON W CETBLCKOXO3SHCTBEHHON OpraHW3aIlny
OOH (®AO) k cepeauHe TPETHETO NECATIICTHS YUCICHHOCTD JIFOJIEH, UCTIBITHIBAIONINX TIEPMAaHEHTHYIO
HEXBATKY BOJIbI, IPEBBICUT 4 MIIpJI. uenoBek. JlaHHas cutyanus yXyAmuTces B mpencrodauiie 50 jger Beae-
CTBHE pOCTa HaceleHHs, TTT00ATBHOTO IMOTEIUICHHUS, W3MEHEHHUS OCAJKOB W JIeTpajallid OJICJACHEHUS.
HenocraTtok Boapl u 3arpsi3HEHHE BOAHBIX OOBEKTOB CKaXXyTCS Ha Ka)XIOM Xurtele IutaHeTsl. Ha ¢one
rnobanpHOrO notersienus B Kasaxcrane oxxumaercs JanpHeilIiee MOBBIICHHE TeMIIepaTyphl PU3EeMHOTO
BO3/lyXa M U3MEHEHHE BO30OHOBIISIEMBIX PECYPCOB IIOBEPXHOCTHRIX BOJT (PUCYHOK 1) [6-8].

Pecuonanvhuiil yposens. 1loutn Moa0BUHY BO30OHOBISIEMBIX BOJHBIX PECYPCOB CTPAaHBI COCTABIISET
HEKOHTPOJUPYEMbI TPaHCTPAaHUYHBIA CTOK, YTO OOYCJIOBJICHO HEBBITOAHBIM TeoTrpaguyecKuM MOJO0-
keHneM KaszaxcraHa B HHM30BBSIX TpaHCTpaHMYHBIX OacceliHOB. B mepcmekTHBe ciemyeT oxuaath 000-
CTpeHusi TpoOIeMbl BOJOOOECIIEYCHHS CTPaHbI B CBS3HM C COKPAIICHHWEM PEYHOTO CTOKA C TePPUTOPUHU
coTpeieNbHBIX rocyAapcTB (pucyHok 2) [7-10].

CyMMapHbIe pecypchl MOBepXHOCTHBIX BoJl PecryOnuku Kazaxcran (OpITOBOI CTOK) 32 mepHon
HaGoxeHnii 1974-2008 rr. cocrasisior 91,3 kv’/rox (50% obecriedeHHOCTH), U3 KOTOPBIX 44,3 KM I10-
CTymaeT M3 CONMPEACIbHBIX TocyaapctB, 47,0 KM® COCTAaBISET MECTHBIH CTOK. 3a CUET XO3SICTBEHHOI
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Pucynok 1 — Pecypcel peunoro ctoka Kasaxcrana: a) coBpeMEeHHOE COCTOSHHE; 0) MPOrHO3

Figure 1 — Resources of a river drain of Kazakhstan: a) current state; b) forecast

(D) Apano-Ceprapumscxnii (5)  HKaiisixKacmaiicxuit
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|:| TPAHCTPAHHIHBIH I:l cobcTBEeHHEIH

Pucynok 2 — TpaHcrpaHrn4YHbBIE BOTHO-pECYPCHBIE YTpo3bl B OacceiiHax Kazaxcrana

Figure 2 — Cross-border water-resource threats in the basins of Kazakhstan

JEeSATETBHOCTH PECYpChl PEUHOro cToka Pecry6muky Kasaxcran yMeHbIIMTHCH Ha 23,8 kv’/rox (Ha 21%),
B TOM UHCIIe TPAHCTPAHIMYHOTO CTOKa — Ha 15,9 kM’/roj (Ha 26%), MecTHOro cToka — Ha 7,9 kv /rox (Ha 14%).
Hcxons w3 BO3MOKHOCTH HEOJArONpPUSATHOW peaau3alii KIUMATHYSCKUX W TPAHCTPAHUYHBIX
TUIPOJIOTHYECKHUX yTPO3 B MEPCIIEKTHBE PealbHO YMEHbBIIIEHHE PECYpPCOB PEUYHOTO CTOKa B IesioM 1o Ka-
3axcrany K 2050 T. 10 72,4 KM’/TOJI, B TOM YHCIIE TPAHCTPAHUIHOTO — 10 22,2 kM°/rox (puc. 1) [7-10].
Hayuonanouuiti yposenv. OctpoTa mpoOJieMbl BOIOOOESCIICUSHUS PECITyOJUKH CBsI3aHA C HCIIOJb-
30BaHHEM BOJI03aTPATHBIX TEXHOJIIOTUH M HECOBEPIIICHCTBOM TEXHHUECKUX CPENICTB BOJIOPETYIHPOBAHUS U
BoJlopacnpeenenus. Boicokue opocutenbHble HOpMbI M HU3KkHUi KITJ[ opocuTenbHBIX CUCTEM MPUBOIST K
HETIPOM3BOIUTENEHBIM OTEPSM BOIBI B pasMepe 10 3,0 ThIC M° Ha KaxIblil rekTap narmam [11].
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KpynaeimM Bomomnotpeburenem PecnyOmuku KaszaxcraH SBISIOTCS NPUPOAHBIE OOBEKTHI — 03€pO
bankam n CeBepHoe ApaibCkoe MOpE, 03epHBIC CHCTEMbI U BOJAHO-O0JIOTHBIC YToJbsl, PEUHBIC TIOUMBI H
JICNBTHI, TIyOOKOE BOOOTPaHHUEHHE KOTOPBIX YPEBATO PA3BUTHEM 30H IKOJIOTHYECKONH HECTAOMIBLHOCTH
(pucysku 3, 4) [9, 10, 12, 13].

Twosetireecxnit cispoc ITXC 1 samise pecypest ‘PDCGM A
Tcpenexmna wa 2030 £

11 yoosnreopuransan 0.0-04 11 yoosnreopuransan 0.0-04
[ T — Y IV v 0.81,0 Do i [r— [ T — Y IV v 0.81,0 Do i [r—
[ W mrrscum 0,608 [V saracrpodmescean > 1.0 ® Casao 1000 000 sarrune e [ W mrrscum 0,608 [V saracrpodmescean > 1.0 ® Casao 1000 000 sarranci e

a 0

Pucynok 3 — Bogno-skonornueckue yrpossl B 6acceifnax Kazaxcrana: a) onenka, 6) IportHos

Figure 3 — Water-ecological threats in the basins of Kazakhstan: a) assessment, b) forecast
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Pucynok 4 — Bankam — yrposa moBTopeHus Apana: a) Apansckoe Mope, 0) o3epo bamkarm

Figure 4 — Balkash — threat of repetition of the Aral Sea: a) Aral Sea, b) lake Balkash

Ilymu pewenus. AHanu3 cOCTOSIHUSI BOAHBIX mpobOiem B KaszaxcTaHe moka3bpiBaeT OOBEKTHBHYIO
HeoOXoAuMOCTh (hopMupoBaHusi EmuHol cuctembl BomooOecrieuenust Pecnyomuku Kaszaxcran (ECBO
PK) xak COBOKYITHOCTH BOJIOMCTOYHHKOB U BOZOIIOIH30BATENICH CTPAHBI ¢ 0OBEIUHSIONMICH X BOTOX035H-
cTBeHHOW MH(DpacTpykTypoli [14]. OcHoBHas nenb cozganus u passutusi ECBO PK — rapantupoBanHoe
cHaO)KeHHe BOJOW HaceleHHs U NIPOU3BOJICTBA, a TAK)KE BOCCTAHOBIICHHE W COXpaHEHHE BOIHBIX OOBEK-
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TOB, oOecreunBarolee OIaronpusATHBIE YCIOBUS Xu3HenesTenpHoCTH. [Ipu 3ToM B monsitue ECBO PK
BKJIQJIBIBAETCSI HE TOJNBKO OOBEAMHEHHE PEUHBIX 0aCCEHHOB THAPABINYECKUMHE CBS3SIMH, & OPTaHU3AIUL
BCEH CUCTEMBI YIIPaBJICHUS BOAHBIMUA PECYPCAMM CTPaHbl HA OCHOBE HOBOM, IpeaIokeHHON MHCTUTYyTOM
reorpaduu, BOIHOW MapaJuTrMbl, COUETAIOUICH «YIpaBICHUE PEeCcypcaMn» U «yMpaBJeHUE CIOPOCOM» Ha
Bony. HoBas mapagurma mpenmnonaraeT BHEAPEHHE 3KOCHUCTEMHOrO MOAXOJAa MpPU KOTOPOM IPHUpOAA
paccMaTpUBAETCS KaK paBHOIPABHBIN MAPTHEP IIPHU UCIIOIB30BAHUU BOJHBIX PECYPCOB.

B ycnoBuAX acMHXpOHHOCTH CTOKa PEYHBIX OacCeHOB pa3BUTHE TPAHCTPAHWYHBIX (BHEIIHUX) U
Mexx0acCeHOBBIX (BHYTPEHHUX) BOJIOXO3SHCTBEHHBIX CBszell B KazaxcTane OyIyT cCO3IaHBI Tpe.ro-
CBUTKM Ui YMEHBIIEHUS KOHTPACTHOCTH B BOAOOOECNEYEHWH DPETHOHOB IIyTEM MAaHEBPHUPOBAHUS
MMEIONIMMHUCS BOIHBIMU PECYPCaMHU CTPAHBI.

Benukue nepebpocku: npoutnoe u 6ydywee. TepputopruanbHoe TiepepacpeesieHHe PeYHOro CTOKa,
JTABHO HCIIOJIB3YEMOE YEJIOBEKOM, IMONYYWIO B MOCIEAHHUE NECATUIIETHS LIMPOKOE PACHPOCTPAHEHUE B
Mupe. MeponpusaTus 1o nepedpockaM 4acTé CTOKa PeK M3 OJHUX pailoHOB B Apyrue 0OOCHOBAaHBI MpHU-
poaHbIMH (akTOpaMu (GOPMHUPOBAHUS BOIAHBIX PECYPCOB, MX PacHpeAeiIeHHEeM MO TEPPUTOPHH, Xapak-
TEPOM UCIOJIb30BaHMs. Benukuil KuTalicKuii KaHai, KOTOPBIM CTPOMIICS OYTH ABE ThICsS4M JeT ¢ VI Beka
1o H.9. 10 XIII Beka H.3. KaHan coenunsieT peku XyaHxd U SHIBHI, BKIIOYas pycia JIPyTUX peK, a TakxKe
HecKoJbKo o3ep. yimna kanana 2470 km. [lupuna ot 40 no 350 M (pucyHOK 5-2).
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Pucynok 5 — Benmkne nepedpocku: npornioe u Oyaymee: a) Benukuii kanan B Kurae; 6) [Ipoexr NAWAPA B CIIIA

Figure 5 — Great transfers: past and future: a) the great channel in China; b) The NAWAPA project in the USA

B 1970-1980-¢ rr. B pa3HBIX CTpaHax MHUpa OBUIO pa3pabOTaHO MHOTO MPOEKTOB TEPPUTOPHAIEHOTO
nepepacipeeneHusl BOAHBIX PECYPCOB, HO OONBLIMHCTBO UX HE OBUIO Peaqn30BaHO M3-32 HEIOCTATOY-
HOT'O 3KOJIOTUYECKOTO OO0OCHOBaHHSA, OTCYTCTBUSI (DUHAHCOBBIX M TEXHHUYECKHX PECYPCOB, a TIABHOE,
KpaiiHe HEraTUBHOTO B TO BpPeMs OTHOIICHHS IIMPOKOH OOIIECTBEHHOCTH KO BCEM KPYMHOMACIITaOHBIM
BOJIOXO3SICTBEHHBIM IIPOCKTaM.

B mepcrnexTuBe mo Mepe pocta MOTPEeOHOCTEH B BOJE, TEXHHUECKUX M DKOHOMHUYECKHUX BO3MOXK-
HOCTei, MacITabbl MEPONPUSATHI IO TEPPUTOPHATBHOMY TIepepacipeelIeHHIO BOIHBIX PECYPCOB B MHPE,
HECOMHEHHO, OynyT yBenuuuBarbcsi. CTOMMOCTH MEpONPHATHH MO mepedpockaM CTOKa 3aBHCHUT OT
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MHOTHX (PAaKTOPOB H 1O 0O0OIIEHHBIM JaHHBIM Konebnercs B mpenenax ot 100 mo 800 MiH. moiiapoB Ha
1 kM’ mepeGpaceiBaeMoro croka [15-19].

K HacTosieMy BpeMeHH CUCTEMBI TIEPEOPOCKH CTOKOB PEK AEUCTBYIOT BO MHOYKECTBE CTpaH, IpUYEM
o6beM mepebpocok coctapiser Gomee 500 kM’ B rox, a k 2020 T. oxHAaeTCA ero yBeamuenue 10 S00—
1200 &’ [16].

B Kurae, B3BecuB mporHo3sl 00 YXyIOIIEHHH BOIOOOECIEUYEeHHS B JIUTEIHHON TEpCHEeKTHBE, CIie-
[UAIMCTHI Pa3padoTaiy MPOSKTHI EPEOPOCKH YACTH CTOKA BOJ PeKH SIHII3BI B ceBepHBIC peruoHkl. [locme
50 et uccaenoBaHui OBLIIO BBIIBUHYTO M BBIOOpa Oornee 50 BapuaHTOB.

B CHIA Bomao-3Heprerndeckuii coro3 NAWAPA 3ampoeKkTHpoBana THTaHTCKYIO CHCTEMY Iiepepac-
npenenenuss croka pek Amscku u Kananel. Ilpeamonaraercsi mepekphITh WX IUIOTHHAMH U HalpaBUTh
4acTh BOJ Ha OT JIJIS MCIIOJIb30BaHus B psje npoBuHimii Kananer, psae mraroB CIIA, a takxke B Mek-
cuke (pUCYHOK 5-0).

AHanoruynesie BapHaHTbl paCCMaTpHUBaJIUCh B I/IHI[I/II/I — BOAY HECKOJIBKUX ITPUTOKOB I'anra pemniimn
HalpaBHUTh B 3aCyIUINBEIC pailoHbl. CBOM «IIPOEKT BeKa» ecTh U B Adpuke [16].

K nHacrosmemMy BpeMeHHU Ha pa3HO# CTaauu pa3pabOTaHHOCTH mMeeTcs Oonee 50 BapuaHTOB Tpacc
MEX0aCCEHHOBBIX COSTMHEHUH, MPECTABIISIONTNX HHTepec s Ka3axcraHa.

D1 HpOpa6OTKI/I HaIllpaBJICHBI Ha PCHICHUE PAa3JIMYHBIX BOHOXOSHﬁCTBeHHbIX N BOJHO-3KOJIOTHU-
YeCKUX MPOoO0JIeM W TUTAHWPOBAJIM Pa3IMdHbIe 00bEMBI IepedpachiBa€MOro CTOKa OT OJHOTO O JecsTKa
KyOokmimoMeTpoB B roxa. CreneHb TOTOBHOCTH M JIETANBHOCTh Pa3paboTOK BEChbMa pasziIWdYHAas: OT
CXEMAaTUYECKHUX MPEANPOCKTHBIX Pa3padOTOK 0 MOAPOOHBIX TEXHHKO-D)KOHOMHUYECKHX O0OCHOBaHHUU U
paboUYnX IPOEKTOB.

Hawnboiee n3y4eHHBIM 1 000CHOBAaHHBIM SBIISICTCS TMPOEKT MEPEOPOCKH YaCTH CTOKAa CHOMPCKHUX PEK
B Kasaxcran u LlenTpampHyio Asmio B o0beme 24,6 KM/roq M3 KOTOpbIX Kasaxcrady BBIIEISUIOCH
9,1 km’/rox (B TOM dmCIIe CeBEpHBIM obOmactsMm — 3,4 KM/TO/I, TOXHBIM — 5,7 KM3/r0z[). ITomaua BomBI
npeanonaraigack 1o Cudbups-AparbcKOMy KaHaTy MPOTSHDKEHHOCTHIO 2273 KM ¢ BOI03a00pOM U3 PEKH
Eptuca B ctBope 1. Tobomscka [20, 21].

Ilepebpocku 6 Kazaxcmane. KpynmasiM moctmxeHrneM KazaxcTana B 00JaCTH TEpPUTOPHAIBHOTO
repepacIpeesicHus BOJAHBIX pecypcoB sBisieTcs kanan Eptuc — Kaparanga (kaman M. K. . Carnaera),
BBEJICHHBIN B JKCIUTyartarnuio B 1974 r. JlnnHa kaHama coctaBiseT 458 KM, MPOMyCcKHAs CIIOCOOHOCTh —
75 M’/c, Teome3ndecKas BbICOTa MoxbeMa Boibl — 416 M. Ha kanane mocTpoeHs! 22 HACOCHBIC CTAHIIHH C
YCTAaHOBJICHHONH MoOITHOCThIO 350 MBT W TpPOEKTHBIM TONOBBEIM TOTPEOJICHHUEM 3JIEKTPOIHEPTHH
2200 I'Bt-u.

Kanan sBisieTcs OCHOBHBIM BOJOWCTOYHUKOM sl Dxubazctysckoro n Kaparanaer-Temuprayckoro
MIPOMBITIUICHHBIX paiioHOoB, a ¢ 2001 T. HMCTOIB3yeTCs IS TOMOIHUTEIHLHOTO BogooOeceueHus . Acra-
HEI. B TO ke Bpems BomomnoTpebieHne u3 kaHaa ¢ 90-X ToI0B CHU3WIOCH B 4 pa3a BCIIEICTBHE BHICOKOU
JTONTU JKCIUTYyaTallMOHHBIX 3aTpaT Ha JJIEKTPOIHEPTHIO, a TakXkKe (PU3MUECKOTO W MOPAITBHOTO HM3HOCA
000pyIOBaHUS.

OOBEeKTHBHON TPEANOCHUTIKON JabHEHIIEr0 TEePPUTOPHUANBHOTO IepepaclpeaeseHnsl BOJHBIX
pecypcoB B KazaxcTane sBisieTcsl pe3Ko BBIpaKEHHAsI IPOCTPAHCTBEHHASI HEPABHOMEPHOCTH pacIipeiene-
HUSl PEYHOTO CTOKA M CIPOca Ha BOAY MPHUPOTHO-XO3IUCTBEHHBIX crcTeM. Hanboubiie 00beMbl peqHOTO
cToka ¢opmMupyIoTcs B EpTrcckoii mpupoaHo-xo3siictBeHHO# cucteMe (10 33% obmmx pecypcoB u 45%
MecTHBIX). B Hypa-Capsicyckoit, Ecuinbckoit 1 ToObu1-Toprafickoit MprupoIHO-X03IHCTBEHHBIX CHCTEMAax
¢dopmupyeTcs meHee 6% PEedHOTo CTOKA, IPUYEM B MaJIOBOJHBIE TOJIBI MECTHBIN CTOK MEHBIIIE CPEIHETO
npumepHo B 10 pa3 (pucynoxk 6) [9, 10].

PeuyHOl CTOK FOXKHBIX W 3alajHBIX PETHOHOB PECITyOJMKH B HaWOOJbINEH CTENEHH MOIBEPIKEH He-
KOHTPOJUPYEMBIM aHTPOIIOI'CHHBIM U3MCHCHHUAM B CBA3U C XO3SIMCTBEHHOM ACATCIIBHOCTBIO B COIIPEACIIb-
HbIX cTpaHax (Poccusi, Kuraii, Y30ekucran, Keipreizcran). B To e BpeMs B JaHHOM pEerHoHE pa3MeIICHBI
HauboJiee BOJIOEMKHE MTPOU3BOACTBA U KPYITHBIE 3KOJOTHUECKH BaKHBIE BOAHBIE 00BEKTH. V3mokeHHbIE
00BeKTHBHBIE (DaKTOPHI CO3MAIOT PEeallbHYI0 Yrpo3y (GOpMHUPOBAHHUS TITyOOKHUX ACGHHUIIUTOB BOIBI B FOXK-
HbIX, CEBCPHBIX, HCHTPAJIbHBIX W 3allaIlHbIX PETHOHAX Ka3aXCTaHa, YpCBaAThIX TAXKEIBIMA 3KOHOMUYCC-
KHMH yIiepOaMy U HeIOIMYCTUMBIMU HapyIIEHUSIMU ITPHUPOTHOM CPEIBL.

OmHMM W3 CTpaTerHuecKrWX HaAIpaBIeHW B pelIeHWH mpoOieMbl Aedumnrta Boasl B Kasaxcrane B
pamkax ¢opmupoBanus ECBOPK sBnsiercsi TeppuTopHanbHOe Iepepacnpeie]IeHue BOJHBIX PeCcypcoB,
BKITIOYAIOIIIEE PA3BUTHE MEKOACCEHHOBBIX M TPAHCTPAHUYHBIX BOJIOXO03HCTBEHHBIX CBsA3CH [22].
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BopaonoaAncTeaHHaA BryTpeHHWe W BHewHWe ceAan PK
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Pucynok 6 — [loTeHunansHble HaNpaBIICHUS MeKOACCEHHOBBIX epedpocok cToka p. Epruc

Figure 6 — Potential directions of interbasin transfers drain of the Ertis River

Tpanckazaxcmanckuii xanar. OcHoBol (opmupoBanust Enqunolt cuctembl BomooOecneueHus Pec-
nyoukn Kazaxctan craner TpaHCKkazaxCTaHCKHMI KaHaJ, KOTOPBIH OOBEIUHHUT CYIIESCTBYIOIIUE H TEpC-
MIEKTUBHBIC MEKOACCEHHOBBIE BOJOXO3SHCTBEHHBIC CBS3HM, OOECIICUHMBAs ITOBHIMICHUE 3(PGEKTHBHOCTH
WCIIOJIB30BaHMSI PECYpCOB PEYHOTO CTOKA I JTOCTHIKEHHS COIHMANIBHBIX, IKOJOTHYECKHX W SKOHOMHU-
YeCKUX LeseH pa3BuTus ctpausl [9, 10, 22, 23].

WucTHTYyTOM Treorpadun mpemioxkeHa OOHOBJIEHHAs CXeMa CaMOTeYHOro TpaHcKa3zaXCTaHCKOTO
kaHan (TKK) «Eptuc — Ceipaapus» ¢ Bogozabopom u3 Llyns0uHCKOTO BOJOXpaHWiIHIIa (BTOpas oue-
pentb) B 06beMe 5—7 KM /T ISt MOBBINICHHS BOI0OGECIedeHHOCTH OacceiinoB pek Ecub, Hypa, To6bim,
Coippapus [9, 10, 22]. IlpeumymiecTBaMu JaHHON CXEMbl OTHOCUTEIBHO MMEIOIIMXCS abTEPHATUBHBIX
MPEUIOKEHUH UCTIOIH30BAHUS €PTUCCKOTO CTOKA C HACOCHBIM BOZOIIOIBEMOM SIBIISFOTCS:

— OoJiee HU3KUE YHEPT03aTPATHl TPAHCIIOPTUPOBKU EPTUCCKOM BOIBI;

— BO3MOYKHOCTh HCITONIb30BaHUS Tpacchl kaHama Ha ToOwut-Topratickom n Apano-CelpIapiHHCKOM
y4acTKax JiJIsl TpaH3UTa CTOKa poccuickuX pek B LleHTpanbHyto A3uio;

— BO3MOXKHOCTh MCIOJIb30BaHUs HaudalbHOro y4actka TKK st mepBooYepeaHOro CTpOMTEIhCTBA
«aCTaHWHCKOW BETKW» KaHala;

— nepcnekTuBa hopMupoBaHus cympoxomHoro mytn «Poccus — Kazaxcran — Y30ekuctan» 1Mo KaHaimy
«O0b — AMymapus» ¢ Ucroap30BanueM dacTu Tpaccel TKK;

—nepcnektuBa (opmupoBanus Ha 0aze TKK Enuno#i cuctemsl BogooOecnedeHust PecryOmumku
Kazaxcran.

CamoTeuHbIi (CEBEPHBIN) BapHaHT MPEICTABISIET COO0H MCKYCCTBEHHYIO peKy W oOecliedmBacT Ha
BCEM MPOTSKCHUH CAMOTEUYHYIO MOJNady BOJAbL. VMes OONbIIyI0 IIMHY, CEBEPHBIM BapHaHT SBIISICTCS
0oJee HaJIGKHBIM TI0 CPAaBHEHHIO C IIEHTPAIBHBIM U I0)KHBIM BapHaHTaMH, TaK KaK He TpeOyeT OOIbIInX
OTIepAIFIOHHBIX 3aTpaT, CBA3aHHBIX C MOTPEOJICHUEM AIIEKTPOIHEPTHH W IKCILTyaTariel HaCOCHBIX CTaH-
Ui, Kaxaas U3 KOTOPBIX IPEICTaBisgeT co00il CIIOKHOE THAPOTEXHHUYECKOE COOpYyKEeHHE. DTO Oompe-
JICJISIETCS. TEM, YTO CEBEPHBIH BapHaHT, B OTIMYME OT JPYTHX HCKIIOYAeT HEOOXOAUMOCTh HACOCHOTO
MmoTbeMa Ha BOJIOpa3/Iell Bcero o0beMa nepedpackiBaeMoil BOIbI (Ta0uIa).

[Ipenmonaraemas Tpacca KaHajga MPOWIET IO MEPECEUYCHHON MECTHOCTH C Pa3IHYHBIMH reoMopdo-
JIOTUYMECKMMHU U TEOJOTHYSCKUMU YCIOBHSIMHU peiibeda, mepecekas Kak COOPYXKEHUS HHOPACTPYKTYpPbI
(aBTOMOOWMIIBHEIE W JKeNe3Hble Moporu, TpyoOompoonsl, JIDII), Tak w nmpupomHble 00pa30BaHUs B BHJIE
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CpaBHHTEIIbHAS XapPAaKTEPHCTHKA BAPUAHTOB TPACCHI KaHaa

Haspanue O0bem Jlnuna Bricora TapaveTper HACOCHRIX
CTaHIUI
Tpaccel nieped- KaHauna, BOJIO-
Tun xanana MOII- 3HEpro-
nepedpocKu pocku, KM moIbeMa,
cTOKa /ron . HOCTb, notpebiieHue,
MBt TBT 4y/ron

CesepHas CaMoTeuHBIi (MCKYCCTBEHHAS PeKa) 7,0 3100 0 0 0
Hentpanbuast | C MalImHHBIM BOJIOTIOABEMOM 7,0 2300 235 423 4,48
IOxnas C MalIMHHBIM BOJOIIO{EEMOM 7,0 1400 480 873 9,24

pycen pek, o3ep, 1oros. Beero Ha Tpacce kaHana npenycMorpeHo 145 nepeceuenuit, B Tom uucie 133 co-
opyxenHus [22].

IlepBoouepenubiM 3BeHOM pa3zButus TKK moxeT ctaTh «AcTaHMHCKas BETKa» C BOJ03a00poM U3
[Huaepturckoro Bonoxpanunuma (Mecta nepecedenns TKK ¢ kananom nM. CarnaeBa) u nogaueil Boabl
B pyciio pekd Ecunb a7t moBBIIEHUS BOAOOOECIICUEHHOCTH CTOJMLBI peclyOnuku I. ActaHbl (pucy-
HOK 7) [9, 10, 22].

Tpacca TKK @
- w  BETEH TKK

@ - AcTanHHCKas s
@ - [lerponasnoBekas
@ - Kocranaiickas
@ - AkToGHHCKas
Tpacca kanana "O6e-Amyaapus"

2.
'l ‘:
- \ ! o
F4 h"n:-.‘--‘

Pucynok 7 — IIpenmonaraemas tpacca TKK «Eptuc-Ceipmpapus»

Figure 7 — Expected route of the TKC «Ertis-Syrdariya»

[MunotHeIi ipoekT AcTaHUHCKO# BeTkU ObLT pazpabortan okoio 40 ner Hazax KasHWUMsuepretukn
uM. II1.Y. Yokuna nox Ha3zBanueM «lleamHorpanckas Betka kaHana Wpteim-Kaparanna». Maes npoekra
Obuia peanuMupoBaHa MHCTUTYTOM reorpadMd Ha HOBOW KOHIIENTYaJbHON OCHOBE TP BBITIOJHECHUN
Hay9IHO-TEXHUYECKON mporpamMmbl «OIICHKAa PECcypcoB W IPOTHO3 HCIIONH30BAHUS TMPUPOIHBIX BOJ
KazaxcTana B ycClOBUSX aHTPONOTCHHO W KIMMAaTHYECKH OOYCIIOBIICHHBIX W3MEHEHUWI», MOIy4HBILIEH
onobpenne Cosera bezonmacnoctr PK (mmporokoi ot 6 mapra 2012 1.). O0BeM mepeOdpocku cToka «AcTa-
HUHCKOU BETKW» COCTaBUT OKOJIO OJTHOTO KyOOKHMIIOMETpa B TOJ, AynHa Tpacchl 340 kM. Kanan mo3Bonut
00pa30BaTh HOBYIO PEKPEAIMOHHYI0 30HY BOJIHM3U AcCTaHbl, 00ecrednuTh Bo10H 30 HACEICHHBIX TYHKTOB U
YBEJIMUUTH IUIOLAAb opomaeMblx 3emenb Ha 100 teic. ra. Crnenyer moayepKHYTh, YTO JAHHBIM MPOEKT
peIIaroT OYeHb BAXHYIO MPOOJIEMy YCTOMYMBOTO BOJ00OecCTIeueHNs CTONUIE T. AcTansl. Ha mocnemyto-
IIUX CTagusX pa3BuUTHS TpaHCKa3aXxCTAaHCKOTO KaHajga MpeanoyiaraeTcss CcTpouTenbcTBo Ilerpomas-
noBckoit, Kocranaiickoi, AKTOOMHCKOW M APYTrUX BETOK JIJIS MTOBBIIICHNS BOJOOOECIIEYeHHOCTH paliOHOB
HenTtpanproro, CesepHoro u FOxuoro Kazaxcrana (pucyHoK 6).

IHepcnexmusvl pazeumus TKK. be3ycioBHo, 3a00p Boubl B OONbIIMX KojJuuecTBax u3 Eprtuca
HETaTUBHO OTPa3UTCs Ha HIbKepacmoyiokeHHoi OMckoii oonactu Poccutickoit denepanuu. B atux ycno-
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Busix enie Bo BpemeHa CCCP Obu1 mpeyioskeH psifi NPOSKTOB MOMOIHEHHs BOJHBIX pecypcoB peku Eptuc
3a cuer mepeOpocku dacTu ctoka pekm OO0m. Mutepecam Kaszaxcrana Hamboiiee oTBedaeT BapHaHT
nepebpocku yactu crtoka Karynu (mputok OOu) B BbykTelpMHMHCKOE Bomoxpanminuiie. IIpennoxxeHa
OGHOBIICHHAs CXeMa B3aMMOBBITOJHOIO HCIIONB30BAHHS CTOKA pekd Kartymp B oGbeme 10 4,5 km’/rog,
no3sosstonias Poccun komnencupoBath cokpanienne Eptucckoro npuroka B OMCKyIo 001acTb B CBSI3H C
Bomo3abopom B Kmrae m Kazaxcrame. DddekT cXeMbl TMOBBIIIACTCS BO3MOMXXHOCTHIO OCBOCHHS THIPO-
SHEpropecypcoB Ha Tpacce nepedpocku. [lepedpocka cToka, pemas npodiaemy Bogoobecnedenus: OMcKoit
oOmactu, no3onsger Kazaxcrany yBenuduuTh BRIpaOOTKY 3JekTposHepruu Eprtucckum kxackamom ['OC, a
TaKXKe YJIy4IIUTb YCIOBHUS CyIOXOJCTBA M OOBOJHEHHUS MNOMMBI. B pamMkax NpenioXeHHOH CXEMBI
YTOYHEHBI MOTEHIUAIBHBIE 00BEMBI IEPEOPOCKU € YUETOM COLMAIBLHO-3KOJIOTHYECKUX OTpaHHYCHUH, a
TaKK€ PAaCCMOTPEHBI aJbTEPHATUBHBIE TYHHENIBHBI W HACOCHBIM BapHaHTBl MPEOAONEHUS Apryt-
ByKTBIPMUHCKOTO BOJIOpa3/€ia, UCKIIOYAIONINE COOPYKEHUE BBICOKOHAIIOPHON IUIOTUHBI U 3aTOIUIEHHUE
OOLIMPHBIX TeppuTopuii (pucyHok 8) [9, 22].

B nensax passutus unel eBpasuiickodl MHTerpanuu, npuHaanexammx Ilepsomy [Ipesupenty Ka-
3axcraHa [1], Tepputopus peciyOInKn MOXKET OBITh HCIIOIB30BaHAa Ul TPAH3UTA CTOKA POCCHUHMCKUX PEK B
Oacceitasl pex Colpmapun u Amymapuu. Kak otmewan I[lpesmment PK, mpoOimeMbl mepeOpoCcKu cTOKa
cubupckux pek B LleHTpanpHyl0 A3UI0 HENb3s HCKIIIOYaTh. B CBA3M C pOCTOM HaceneHus, OCOOEHHO y
HAILIETO I0KHOTO cocena Y30ekucTana, 1eGUIUT BOABI TOCTOSHHO 000CTPSAETCS U MOXKET CTaTh (PaKTOPOM
peruoHansHON HecTadbmibHOCTH. B BomHoit cTparerun Poccuiickoit ®@eneparnnu Ha miepuon mo 2020 r.
KOHCTAaTHUPYEeTCs] HEOOXOAMMOCTh «pEaN3allii KOHKYPEHTHBIX IMPEHMYIIECTB BOJOPECYPCHOTO IMOTEH-
uana P® myTteMm ydacTus ctpaHsl B GOPMUPOBAHHHM MHUPOBOTO BOAHOTO PHIHK@», PEKOMEHIYETCS «aKTH-
BU3MPOBATh YYaCTHE B PEUICHHH BOAOXO3SHCTBEHHBIX Tpodbnem llentpanshoit Azum». Yacte TKK Ha
To6rput-Topraiickom u Apano-CrIpIapuUHCKOM YYacTKax oOOIIed MpOTSKEHHOCThIO okomo 1200 kM
MOXeT OBITh MCIIONIb30BaHA Ui MEepeOpPOCKH YacTH CTOKa POCCHICKHX peK B OacceiiH AMynapuu NpH
HaJIMYUU COOTBETCTBYIOIIMX MEKIOCYAapCTBEHHBIX cornamieHuii mexxay Poccueil, Kazaxcranom u Y30e-
KHUCTaHOM. 3aMHTEpecOBaHHOCTh KazaxcraHa B 9TOM ciydae 3aK/IIOYaeTCs! B IOJIYYEHUH SKOHOMUYECKOH
BBITO/IBI 32 CYET TPAH3UTA BOJBI 110 CBOEH TEPPUTOPHUH.
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PucyHnok 8 — Cxema npeosiosicHus Boiopasenia ApryT — Bykteipma: a) riah; 6) npoduib

Figure 8 — The scheme of overcoming a watershed Argut — Buktyrma: a) plan; b) profile

BuiBoasbl. [lepedpocka pewnoro croka EpTrica A HOKPBHITHS OKUAaeMBIX Ne()UITUTOB BOABI B Oac-
ceifnax pek Ecwuib, Hypa, ToObu1, Ceipaapust 06eCreuuT yCIenHoe pelieHne KPUTHISCKIX HAIIMOHATb-
HBIX TTpOOIeM:

— CHIDKeHHS OSHOCTH 3a CYET MOBBIIICHUS YPOBHSI 3aHATOCTH TPYAOCHOCOOHOTO HACEJICHUS IyTeM
Pa3BUTHS OPOIICHUS U TIOTYYCHUS TAPAHTHPOBAHHON MPOIYKIIMH KUBOTHOBOJICTBA;

— COKpAIIICHUsI MUTpAIlMH HACCJICHUS U3 PalOHOB, MOJBEPKEHHBIX OIMYCTHIHMBAHUIO, U (HOPMHUPO-
BaHUS pallMOHATIHLHOHN (HanboJjee paBHOMEPHOMH ) CHCTEMBI PACCEIICHUS B pecITyOnKe;

— COXpaHeHHs] OHMOJOTHYECKOTO pa3HooOpa3us 3a CYET BOCCTAHOBIICHHS HApYIIEHHOTO BOJHO-
PECYPCHOTO paBHOBECHS TEPPUTOPHH;
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— OXpaHbl ¥ PAlMOHAIHLHOTO HCIIONB30BaHUSI PECYPCOB NMPECHON BOMABI, B TOM YHCIE IPEIOTBpa-
IICHNS 3arps3HEHUS PeK U 03ep, BOCCTAHOBICHHUS MPHUPOJHON CIIOCOOHOCTH BOAHBIX OOBEKTOB K Camo-
OYMIIIEHUIO U CAMOBOCCTaHOBIIEHUIO.

TpaHcka3axCTaHCKUI KaHall COBMECTHO C MPUMEHEHHEM COBPEMEHHBIX BOJOCOEperaromux TeXHO-
JIOTHH B OTPAaCiISIX 3KOHOMHKH, COBEPIICHCTBOBAHHUEM MEXIOCYJapPCTBEHHBIX BOJHBIX OTHOIICHUH, HC-
MOJTE30BaHUEM ITOJI3EMHBIX BOJ OyIeT criocoOCTBOBATh PEIICHUIO 337ad YCTOMYMBOTO BOJOOOECTICUEHUS
Kazaxcrana, cpopmynupoBannsix [Ipesunenrom pecyonuxu B [locnanun napony Kazaxcrana [1].
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A. P. Meney, . M. Maabkosekuid, JI. C. TeseydaeBa
I'eorpadus nacTuTyTH, AMMaThl, Kasakcran

TPAHCKA3AKCTAH/BIK KAHAJI - KASAKCTAH PECITYBJIMKACBIH
TYPAKTBI CYMEH KAMTAMACBI3 ETYJIH CTPATETUAJIBIK IPUOPUTETI

Annoranus. Ka3zakcran PecryOMKachIHBIH FaJaMIbIK, allMaKThIK JKOHE YJITTBIK JCHIESHIeri Cy KayImi Kepce-
TIIreH, OYJT KayinTepAiH JKy3ere acy cajijapblHaH dJICyMETTIK-9KOHOMHUKAIIBIK JaMy OariapiiaMaiapbiHbIH OY3bLTybI
JKOHE KOJIOTHSJIBIK TYPAKChI3 30HaNap KayblnTacybl MyMKiH. Kazipne Gap jxkoHe Oonamarsl 0ap anamnapaiblk jKoHe
TpaHCIIEeKapaJblK CyNIapyallbUIbIK OaiylaHbICTAphIH JaMBITYABIH HeriziHge, Kaszakcran PecmyOnmkacslH cymeH
KamTamachi3 eryniq Oipryrac xyiecin (KPCKBXX) kambmTacTblpyIblH OOBEKTHBTI alfbIIAPTTAPbl KEJTIPIreH.
Opranbik, Conrycrik xoHe OHTYCTiK Ka3akCTaHHBIH ayZaHOapelH CyMeH KaMTaMmachl3 €TyHi >KOFapiiaTy YIIiH,
«Eptic-Creipmapus» Tpanrckazakcran xaHanbsiHBIH (TKK) xanapTeutran yarici yesiapurad. TKK eH OipiHmi ke3ek-
Teri 3BeHOCHI PETiH/IE, KEP/Ii Cyapy )KOHE KaHa PeKpealusuIbIK 30HANap/Ibl KYPy MaKcaTbIH/a, peclyOIMKaHbIH acTa-
Hachl AcTaHa Kayachl MeH 30 el MeKeH [l CyYMEeH KaMTaMachl3 €Ty YIIiH «AcTaHa TapMarbl» YChIHBLIIbL. JKOFaprbl
Katbin GarbiThl OolibiHIIA Peceil e3eHepiHiH aFbIHAAPbIH NaladaHy bl e3apa THIMJI KaHAPTBUIFaH YIrici YChI-
HBUIIBI. ¥ CBHIHBUIFAH YIIT1 LIETIHAE QJISYMETTIK-9KOJIOTHSUIBIK IEKTey ece0iHEeH arbIHJbI JKiOepy/ii eCKepe OTBIPHIIL,
MOTEHLUAJB/II KOJIeMi aHBIKTAIbI )KoHe e ApryT-ByKThlpMa cyalpbIFbIHAH OTKI3yHiH TYHHEJb/I OHE HACOCTHIK
Oanama Hycajapbl KapacThpblinbl. Chipaapus »xoHe AMyJapus ©3€HZIEpl ananTapblHa peceldl ©3eHJAEpiHiH arbIH-
nmapbiH TackiMannay yurie TKK TpaccachiHbIH OemiKTepiH mainanaHy MyMKIHIIT kepceTiireH. TpaHCKa3aKCTaHIbIK
KaHaJI/Ibl 5KOHOMHKA CcaJlaJlapbIHAAFbl Ka3ipri Ke3/eri cy YHeMASHTIH TeXHOJIOTHsIIapMeH Oipre KoJigaHy, MEeMJIEKET
apanblK Cy KapbIM-KaTbIHACTApbIH JKETUIAIPY, XXepacThl CyJlapblH mainanaHy, KasakcraHIarbl TYpakThl CyMeH
KaMTaMachl3 eTyIiH MiHICTTEPiH MIenTyae MYMKIHIIIK Oepei.

Tyiiin ce3nep: Kazakcran PecryOnukachHBIH Cy Kayimi, CyMEeH KaMTaMachl3 €Ty, TPaHCIICKapalbIK alanTap,
Kasakcran Pecny6nukaceiH cymer kamTamack3 eTyadiH Oipryrac xyheci (KPCKBX), TpaHcka3akcTaHABIK KaHaT
(TKK), Actana Tapmarsl, aF bIHABIHBI aJIall apaJIBIK XKOHE TPAHCIIEKAPAIBIK ayBICTHIPY.
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DEVELOPMENT AND USE OF A PILOTEXPERT SYSTEM
FOR REHABILITATION OF THE GEOLOGICAL ENVIRONMENT
CONTAMINATED WITH PETROLEUM PRODUCTS

Abstract. The expert system for rehabilitation of the geological environment contaminated with petroleum
products was developed based on principles of self-organization in a unified information system of the CIS member
states. Participants from Belarus and Kazakhstan on their test sites test the prototype of the system in parallel. The
prototype of the expert system enables us to determine the possible contamination sites and the zone of accumulation
of pollutants: to calculate the area and radius of oil spreading, as well as the amount of adsorbed contaminant and its
concentration in groundwater. The use of the expert system will extend the range of tasks in the field of environ-
mental protection, in the development and implementation of plans for eliminating the consequences of oil pollution,
the development of integrated schemes for the regions of intensive extraction of hydrocarbon raw materials in the
Republic of Kazakhstan, taking into account environmental risks.

Keywords: prototype of the expert system, geological environment, groundwater horizon, oil, oil products.
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M. K. AGcameros', M. I1. Onomko?, JI. B. Illaraposa', M. M. MypatoBa'

'TOO «VHCTUTYT THIPOTEOJIOTHH U Teo3Konoruu uM. Y. M. Axmencaduna», Anmarsl, Kazaxcran,
T'ocymaperBennoe npeanpustie «HIILL mo reonorum», Munck, benapych

PA3PABOTKA U UCIIOJIB30BAHUE MUJIOTHOM 3KQHEPTH0171
CUCTEMBI 110 PEABWJIMTAIMA FEQJIOTUYECKOM CPE/IbI,
3AI'PSI3BHEHHON HE®TEITPOIYKTAMN

AnHoTanusi. PazpaboTka 5KCEpTHOW CUCTEMBI IO peadHIMTALMK T€0J0IHYEeCKON CPebl, 3arpsi3HEHHON Hed-
TENPOJYKTaMH, HA OCHOBE MPHUHIIMIIOB CAMOOPTaHW3allMK BBINIOJIHEHA B €IMHON MH(MOPMAIIMOHHOW CHCTEME TOCy-
JnapcerB-ydactHukoB CHI', mpu 3ToM TecTupoBaHME NMPOTOTUIA CHCTEMBI OCYLIECTBISIETCS y4acTHHKaMu U3 bena-
pycu u KazaxcraHa napaiienbHO Ha CBOMX TECTOBBIX ydacTKax. [IpOTOTUN AKCHEPTHON CUCTEMBI MO3BOJISIET OMpe-
JIEIUTh BO3MOXKHBIE TEPPUTOPUH 3arPsI3HEHUS U 30HBI AKKYMYJIALUU 3arPA3HAIOIIUX BEILECTB: PACCUUTATh IIOMAAb
W paJiyc pacipoCTpaHEHHs HE(TENPOAYKTa, a TAKXKE KOJIMIECTBO aICOPONPOBAHHOTO W KOHIEHTPALMIO 3arpsi3HU-
TeNs, MOMABIIETO B IPYHTOBBIE BOABL. MCIOIB30BaHNE HKCIEPTHON CUCTEMBI IO3BOJIUT PACIIUPHTDL KPYT PElIacMbIX
3a7a4d B 00JIaCTH OXpaHbl OKPYXXAIOLIEH Cpelibl, MPH Pa3padOTKe W pealu3aluyl IUIAHOB JMKBUAAIMH MOCIEACTBHN
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HeTAHBIX 3arpsA3HEHUH, pa3paboTKe KOMILUICKCHBIX CXEM Pa3BHUTHS PETMOHOB WHTEHCHBHOW JOOBIYM YIJIEBOJO-
poaHoro chipbsi Pecy0inku Kazaxcran ¢ y4eToOM 3KOJOrH4eCKUX PUCKOB.

KJioueBble €j10Ba: IPOTOTHIT SKCIEPTHON CHCTEMBI, TE€0JIOTHUYECKAst CPefla, TOPU3OHT IPYHTOBBIX BOJI, HE(TH,
HE(PTETIPOIYKTHI.

BBenenune. Kazaxcran sBiseTcs oqHOW M3 HePTeTOOBIBAIONINX CTPaH MHpA, HA TEPPUTOPUU KOTO-
poro (QyHKIIMOHUPYIOT MHOTOYHUCIICHHBIC HE(TSIHbIC KOMITAHUU M MHTCHCHBHO DKCIUTyaTHPYIOTCS IMPH-
POIIHBIE 3aMachl YIIIEBOAOPOIHOTO CHIPhs. AHTPOTIOTeHHAs Harpy3Ka Ha MOYBHI H TPYHTHI CIIOCOOCTBYET
3arpsA3HEHHI0 T€OJIOTHYECKOW CpPebl, a B Cllydae aBapUIHBIX CHUTYaIlMil MUTparus HepTempOoIyKTOB 10
TPYHTOBBIX BOJI, YTO HEJOIYCTUMO, TaK KaK IOJ3EMHBIC BOIBI MPEICTABIISIOT BaXKHBIN CTpaTeTHYECKUN
pecypc PecnyOonuku Kazaxcran — onmHoli u3 BomoaeuuuTHbIX cTpaH EBpoasuarckoro xoHtuHeHTa. [1o
SKCIIEPTHBIM OIleHKaM, TpeacTaBieHHbIX B Konnenmmu mo mepexony Kazaxcrana k «3eleHOH SKOHO-
Muke», Kk 2030 rogy oxumaercs nedumur Boas! B pazmepe 13 KM3, a k 2050 roxy OH MOXET JOCTUTHYTh
Besmannbl 20 kM, uTo coctasisier 70% OT MMOTPEOHOCTH B BOJIHBIX pecypcax.

B rocymapctBenHbIx mporpammax KaszaxcraHa mo oxpaHe OKpY)KaroIel cpeibl W palroHAIEHOTO
MIPUPOJIOTIONH30BAHUS OIPENEICHb OCHOBHBIE HAIPaBIEHHS MPHPOIOOXPAHHONW AEATEIHHOCTH, MOCTaB-
JIEHBI 3a7]a4¥ COXPAHCHHs IPHUPOJHBIX PECYPCOB M YIIYUIICHUS COCTOSHHS OKpy’Karomeh cpensl. s
YCHEIIHOTO PEIICHUS SKOJIOTMYECKUX TMPOo0JIeM B PECIyONUKe MPHUBICYCH MEKIYHAPOIHBIN OIBIT B
paMKax BBITIOJHEHHSI COBMECTHBIX MPOTPaMM U MPOoeKToB. OMHUM W3 TaKUX MPOEKTOB SIBIIAETCS paboTa
yuenslx Kazaxcrana m bemopyccun mo pa3paboTKe MPOTOTHUINA IKCIEPTHOM CHUCTEMBI peaOHINTAINH
TEOJIOTHYECKOM Cpejibl, 3arps3HEHHONH HEPTENPOyKTaMH, Ha OCHOBE MPHUHIIUIIOB CAMOOPTaHU3AIlUU JIJIs
Tepputopuii rocygapcrs-ydactaukoB CHI'.

IIpoTtoTumn mpencTaBisdeT coO0H MPOTPAaMMHYIO peaTH3aIldio apXUTEKTYPHI SKCIEPTHOH CHCTEMEI,
MaTEeMaTHYCCKUX MOJEICH U alfOPUTMOB aHATMTHYECKOTO PEIICHHS 3a/1a4y 10 MHUTpanuu HedTu/HedTe-
MPOAYKTOB B T€OJIOTUIECKON Cpefie OT 30HBI adpalliil 10 TPYHTOBEIX BO/I.

TectupoBaHue cHUCTEMBI — OJWH W3 OCHOBHBIX JTallOB JIOOOTO IMPOrPaMMHOTO OOECIIEUeHHs.
B mmpoxoM moHMMaHUU, TECTUPOBAHKE — ITO OJIHA U3 TEXHUK KOHTPOJISI KA4eCTBa, BKIIFOYAIONIAs B ceOs
ranupoBanue padot (Test Management), npoektupoBanue TectoB (Test Design), BBITOTHEHHE TECTUPO-
Banus (Test Execution) u ananu3 moirydeHHBIX pe3ynbTatoB (Test Analysis). B qanHOoM ciyuae tectupo-
BaHUE HEOOXOMUMO JyIs mpoBepku mnporoTuna DC Ha ymoOCTBO M aJeKBATHOCTh MHTEP(EHCOB BBOJA-
BBIBOJIA, aJICKBATHOCTU M KOPPEKTHOCTU PACCUUTHIBAEMBIX IPOTHO30B, Ka4eCTBa MPOBEPOYHBIX MpPHUME-
POB, KOPPEKTHOCTH 0a3bl 3HAHUH M BO3MOXXHOCTH €€ SKCIIEPTHOTO HAITOIHEHMSI, a TAaKXKe KOHIENTyalIbHOE
TECTHPOBAHHE CHCTEMBI B IIETIOM.

C yuerom Toro, uto OC npeacTaBiseT u3 cedst HaOOp B3aMMOCBA3aHHBIX MOJYJICH:

- MOAYJh TPOTHO3UPOBAHMS TIOCIEICTBUIA 3arpsA3HEHUS TEPPUTOPUU B peE3yNbTaTe aBapUHOTO
pasnuBa He(TEIPOTYKTOB,

- MOJlyJIb OLICHKH PE3yJIbTATOB IPOrHO3UPOBaHUs ¢ yueToM HopM ITJIK,

- MOAYJb KJACCH(HKAIIMH COCTOSIHUS TEOJIOTUYECKOW Cpelbl Ha OCHOBE OIICHKH pPE3yJbTaTOB
MPOTHO3WPOBAHUS TIOCIIEICTBUI HHITUACHTA,

- MOIyJIb BHIOOpA TEXHOJOTHMH U TEXHUYECKUX CPEACTB pPeabUIIUTAIIMU T'COJIOTHMYECKON cpensl Ha
OCHOBE PE3yJIbTATOB OIICHKHU ¥ KJIACCU(PUKAIMH €€ TPOTHO3UPYEMOTO COCTOSIHHS),

- POBEJIEHO ABYXYPOBHEBOE TECTUPOBAHNE CUCTEMBI:

1. KommorentHoe tectupoBanue (Unit Testing). Ha aTom ypoBHE mpoBepsieTcst yHKITHOHATEHOCTD H
MOKCK OIIMOOK B MOAYJISIX CHCTEMbI, KOTOPBIE MOTYT OBITh TPOTECTUPOBAHBI ITO-OTACIBHOCTH.

2. UnTerparnmonnoe tecrupoanue (Integration Testing). [IpoBepsieTcs B3auMMOJCHCTBAE MEXKIY
MOJYJIIMU CHCTEMBI ITOCIIE TIPOBEICHUSI KOMITOHEHTHOTO TECTUPOBAHMSL.

B cnyuae BhIsiBICHHs OIIMOOK B TMOAXOJAC W/WIM PeaH3allMy MPOTOTHUIIA BhIPAOATHIBAIOTCS PEKO-
MEH/IAlUU 110 A0Pa0OTKE CUCTEMBI.

B xadecTBe 00bEKTa TECTUPOBAHUS TIPH MPOBEPKE COOTBETCTBHUS MEXAY PEaTU30BAaHHBIM U OXKHJIae-
MBIM TTOBEJCHHUEM CHCTEMBI, OCYIICCTBISIEMON Ha Habope TeCTOB, BEIOpaHa TeppuTopus llepBomarickoi
HedTeOasbl, T1Ie MPOBECHHl MOHUTOPUHTOBEIC UCCIIEAOBAHUS, U3YUYCHBI T€OJIOTHYCCKIE U THIPOTCOJIOT -
YecKre OCOOEHHOCTH, coOpaHa mH(OpMaIus, HeoOXomuMasi JJisi MOJISITMPOBAHUS W MPOTHO3UPOBAHUS.
BaxxaocTs BBIOOpa JAaHHOTO OOBEKTa B KAaU4eCTBE TECTOBOTO ONPENEIseTCS TEM, YTO OH pacIojiaraercs B
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Pucynoxk 1 — Tectuposanue [13C, BBoa nH(pOpMALNH 110 TEXHOTCHHBIM 00BEKTaM

Figure 1 — Testing of PES, input of information on technogenic objects

KOHTYpe AnMa-ATHHCKOTO MECTOPOXKICHUS O3eMHBIX Boll. Ha pucynke 1 mpuBeneH untepdeiic Bkiai-
KU 331aHUsI 00BEKTA B KAUeCTBE TEXHOTCHHOTO.

B «3emenbpHOM Kosiekce PecriyOnmku KazaxcTany onpelesieHbl clie Iy oIue KaTeropum 3eMelb:

- 3eMIIH CeNbCKOX03SMCTBEHHOTO Ha3HAYCHHS,

- 3eMJIi HACEJICHHBIX ITYHKTOB;

- 3eMJIM TIPOMBINUICHHOCTH, TPAHCIIOPTA, CBS3H, JUI HYXJ KOCMHYECKOW JIeITEIbHOCTH, 00OPOHBI,
HAI[MOHAJIBHOMN 0€301aCHOCTH M HHOTO HECEIIbCKOXO3HCTBCHHOTO Ha3HAYCHUS;

- 3eMiH 0000 OXPaHSEMBIX PUPOAHBIX TEPPUTOPHIA, 36MITH 03I0POBUTEIHLHOTO, PEKPEAIMOHHOTO H
HCTOPUKO-KYJIBTYPHOTO HA3HAYCHUS;

- 3eMiTi BOTHOTO (POHIIA;

- 3emJIu 3amaca.

ITpu 5TOM B HOpMATUBHBIX MOoKyMeHTaX PK He ycTaHOBICH M HE 3aKpemjcH MaKCHMAlbHO JOMmycC-

KaeMblil ypOBEHb cozepkaHus HeTH u HepTenpoaykros B Kasaxcrane B mouBax HU Ul OJHOM U3 yKa-
3aHHBIX KaTErOpUil 3€Meb.
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Tak, B akTyanbHOM AOKyMeHTe «[ MTHeHnYecKne HOpMAaTUBBI K O€30MacHOCTH OKPYKAoLIel Cpeabl
(mouBe)», yTBepkaeHHOM MuHmcTtepcTBoM HanmonampHOU 3x0HOMHKH OT 25 mtoHa 2015 roma Ne452,
npenensHo-nomyctuMast kormnerTparus (1K) mis HedTenporykToB oTCyTCTBYET. TONIBKO B COBMECTHOM
npukaze MuHuctpa 3npaBooxpanenus: Pecnyonmku Kazaxcran ot 30 saBapst 2004 roga Ne 99 u Munu-
CTpa oXpaHbl OKpykatomei cpensl Pecmyonuku Kazaxcran ot 27 siaBaps 2004 roga Ne 21-m «O06 yTBepx-
neHnn HopMaTHBOB HpenenbHO NOMYCTHUMBIX KOHLEHTpAIMi BPEAHBIX BEIIECTB, BPEIHBIX MHKpPOOpPTa-
HU3MOB U JIPYTHX OHOJOTHYECKUX BEIIECTB, 3arPsA3HSIONINX MOUBY» onpeaencHsl [1JIK Hed T oTaensHbIX
MeCTOpOXkIeHUH B koudecTBe 100 MI/KT.

Ha, [IIK sHedrenpoayKkToB B mo4YBax 3aBUCHT OT MHOTHX (DaKTOPOB: THIIA, COCTaBa M CBOICTBA MOYB
U IPYHTOB, KIMMAaTHYECKUX YCJIOBHH, COCTaBa HE(PTENPOIYKTOB U Aaxke OT TUNA pactuTensHocTd. Ho ...
3TH HOPMAaTHBBI HEOOXOAMMBI B KaueCTBE MCXOAHBIX JAHHBIX IJISI KOPPEKTHOW pabOTHI MPOTOTHUIIA IKC-
MepTHOU cucteMbl, Beapb 3HaueHne [1JIK, ycranaBnmBaromeii 6e30macHbIil ypOBEHb TOCTIKEHHS HedTe-
COJEpXKaHWs B TPYHTE, BIHUACT Ha PE3yNbTaThl IPOTHO3UPOBAHNS MUTPALlUHU 3arps3HEHUS B LIEJIOM U Ha
BBIOOP TEXHOJIOTHH OYMCTKU HeTe3arps3HEHHOTO TPYHTA B YACTHOCTH.

B benapycu nopmatussl [1/IK ycTaHOBIEHBI U1l BCEX KATETOPHUI 3eMeNb. Y HAC e JIUIIb JUIsl BOJBIL.
Tak, B coorBercTBur ¢ CaHuTapHbBIMH IpaBuiaMu "CaHUTApPHO-3MHICMHOJIOTHYECKUE TPEeOOBaHMSA K
BOJIOMCTOYHMKAM, MECTaM BOA03a0opa A XO3SHCTBEHHO-IIUTHEBBIX II€JEH, X034HCTBEHHO-IIUTHEBOMY
BOJIOCHAOXEHUIO I MeCTaM KYyJIbTYPHO-OBITOBOTO BOJOMOIB30BaHMsI U O€30MaCHOCTH BOAHBIX OOBEKTOB"
nmo Ilpukazy MunmcTpa HanuoHanbHON SKoHOMUKH PecmyOmmkm Kazaxcran ot 16 mapra 2015 roma
Ne 209 ycranosnena I1JIK coneprkanus Hedrenpomxykros B Bojae 0,1 Mr/m.

C y4eToM BBIIIEU3T0KEHHON Tpobaemsl, pu TecTupoBanuu nporotuna DC s Kazaxcrana, pac-
CMAaTpUBaJICS TOJIBKO MPOTHO3 BO3MOKHOCTEW JOCTHKEHUS HEPTENPOLyKTaMU TOPU30HTA TPYHTOBBIX BOJ
U pacIpOCTPaHEHHs 3arpSI3HUTENS B 30HAX adpallyH.

Jns pacuera mapameTpoB paclpoCTpaHEHUs HE(TENPOIAYKTOBOTO 3arps3HEHHs] B TEOJOTHMYECKON
cpeze yYUTHIBaIOTCS (PU3NKO-XUMHUUECKUE CBOMCTBA HE(YTH U HEPTENPOLYKTOB, IPEICTABICHHBIC B OJIOKE
«XUMUYeCKHil cocTaB HedTei» (PUCYHOK 2).

w» - -
EGH Xumuyeckun coctaB HechTen [nastoe meHio
poro3
Koa TMna wedTenpogykTa 1
HauMeHoBAHWE HethTenpoaykTa HemTs DUEHKS NPOTHOMMPYEMOTD COCTORKUE
MnoTHoCTE, KriM® 850,0 HNAccHpPHEALMA NPOTHOSMPYEMOTO COCTORKKA
AvHaMuYeckan BRIKOCTE, KIIM'C 00172000 _ : B
Koad. NOBSPXHOCTHOND HATAMEHNA, Kric” 0.026000000 BeI0Op TEXHONOMI peatuniTaumt
Koad. anddyanm, mic 0,000000100
= >
TeMnepaTypa kKUNeHuA, °C 20 e
KHHEMaTHHECKaR BRINOCTE, MC 6,100000000 ex e OOBERTE
PacTBOpMMOCTE, KI/M* 10,000000
Yaanure | MamphnTe
Koa THna wedmenpagykTa 2
HaumeHoBaHHe HeTeNpoRYKTA Bexamk
MnoTHOCTE, KriM® 750,0
AMHAMHHYECKIn BAIKDCTE, KIIM'C 0,0005200
Koadh. NOBEPXHOCTHOMD HATAMEHNA, Kric? 0021000000
Koad. gndidoyann, miic 0000000100
TemnepaTypa KUNEHKA, °C B0
KHHEMATHHECKAR BRIKOCTE, MC 0,000520000
PacTeEopMMOCTE, KriM? 15,000000

Pucynok 2 — UnTepdeiic SkCIepTHON CHCTEMBI [0 XUMHUYECKOMY COCTaBY HEPTH

Figure 2 — The interface of the expert system for the chemical composition of oil

OrmpezienieHie TMapaMeTpoOB pas3iuBa HedTH U HETEMPOAYKTOB PACCUUTHIBACTCS CIIETYIOIINM
o0pazoM:

1. O6bem paznuBa

Jli1st pacdera notepsHHBIX HedrenpoaykToB (Vyr) ucnonb3yercs Gpopmyna 1:

Vin =V, + Vg + Vr, (D
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e V. — cofepkaHne He(TenpoIyKToB B IOYBOIPYHTE B a1cOpOHpoBaHHOil hopme, M°; Vi — cofepkaHne
He(TENPOIYKTOB B pPacTBOPEHHOW ¢opme, Kr; Vr — TEXHOTCHHBIC 3amackl HEPTEIPOAYKTOB B 30HE
HachIeHus (JINH3e), KT.

Macca yTepsiHHBIX HEQTEIPOIYKTOB B OUare COCpeA0TOUCHUI BEIUUCIIsETCS IO popmyie 2:

VT = hﬂ'Fn'ea'T]O PHH, (2)

rae h, — cpeaHss MOLIHOCTH 30HBI HACBILICHUS B odare 3arpssHeHus, M; F, — muomans nuH3bI Hedre-
TIPOJIYKTOB, M’; €, — KO((HUIMEHT aKTHBHOI MOPHUCTOCTH MOYBOIPYHTOB B MHTEpBAIE 3aJICTAHUS 30HBI;
No — KO3PPUIMEHT HePTEHACHINEHHOCTH TPYHTOB B HMHTEpBajie 3ajJeraHus 30HBI, Pyy — IUIOTHOCTD
YTEPSHHBIX He(TEIPOIYKTOB, KI/M’.

Conepxanue He(hTEIPOIYKTOB B PACTBOPEHHON opme ompenensercs no opmyie 3:

VB = 10'3Ahcp'Fcp’e0~CHH, KI' (3)

rae Ah,, — wWHTepBan TIIyOWMHBI 3aJeTaHus IIOYBOIPYHTOB, B IpeleNax KOTOPOTO OHpenesieTcs
cojziep>KaHue PacTBOPEHHBIX HEPTENPOLYKTOB, M; F, — miomane opeona pacTBOPUMBIX HEQTEIPOIYKTOB,
M%; e — K0I(DOUIMEHT CBOGOIHONH MOPHCTOCTH MOYBOrPYHTOB, Cpy — CPEAHSAS KOHIIEHTPAIMS pac-
TBOPEHHBIX HE(TEIPOIYKTOB, MI/IIM".

Conepkanne HeQTENPOAYKTOB, aJCOPOMPOBAHHBIX HA CKEJIETE IMOYBOTPYHTOB, OMPEACISIETCS IO
dopmye 4:

V, = 10°Ah,F, pec-Crn(1-c), 4)

rae Ah, — uHTepBa TIyOUHBI 3ajeTaHus MOYBOTPYHTOB, B MpeesiaX KOTOPOTo ONMPEACISeTCS CONepIKaHue
ancopOMpOBaHHBIX HedTenpoxykToB, M; F, — momane mojacdera, M>; ¢ — KodpHUIHEHT cpemHei
MMOPUCTOCTH TOYBOTPYHTOB B mHTepBaine; Cyn — cpemHee cojaepikaHne He(TENpPOAYKTOB B HHTEpBaJe
MOYBOTPYHTOB, MI/KT; Pex — INIOTHOCTh CKEJIETa IPyHTa, KI/M.

PacyeTrHple mapaMeTphl YCTAaHABIHMBAKOTCA C Y4YeTOM HHQOpMAUA MO (PHU3HKO-MEXaHUYECKUM
CBOMCTBaM MOYBOTPYHTOBH F'€OMETPUIECKIM XapaKTePUCTUKAaM 00JIacTH 3arpsS3HEHUSI.

2. Bpems Murpanuu 3arpsi3HeHuUs onpeaensercs no hopmyies.

_ Lng
Ko

6))

rae L — paccrosiHue OT ouara 3arpsi3HeHUs MOJ3EMHBIX BOJ, M; I, — aKTHBHAsI IOPHCTOCTh BOJJOBMEIIAIO-
IIUX OTJIOKEHUH ITPYHTOBBIX BOJ, M; J — YKIJIOH IIOTOKA ITPyHTOBBIX BOJ, K¢ — KoadGuIMeHT QuibTpanum.

COBOKYHHOCTL IMPUBCACHHBIX BBIIIC MApaMETPOB, a TAKIKE MaHHBIC, COACPKAIIUCCA B Oase JaHHBbIX
OKCTIIEPTHOM CHCTEMBI, UCIONB3YIOTCS AJISl BBIIONHEHHUS MPOTHO3HBIX PacyeToOB paclpoCTpaHeHUs Hed-
TEMPOAYKTOBOTO 3arPA3HEHNSI.

B ciywae, korga macca MOTEPSIHHOTO 3arpsA3HUTENs OOJNBIIE €ro BO3MOXKHOU aicopOMpOBaHHOM
MAacChl B CJIOSIX MTOYBEI M TPYHTOB, IIPOTHO3UPYETCS MONaaHue HEPTEIPOIYKTOB B TPYHTOBBIC BOJIBI, IIPU
STOM PacCUUTHIBAETCS OXHAaeMas Jara NOCTHKEHHS He(TEempoAyKTOM YPOBHSA TPYHTOBBIX BOJ depe3
TOYBEHHBIN CJION U 30HY a’paliuu.

Jnst xaxaol KOHTPOJNBHOW TOYKM B CHCTEMY BBEIEHBI CIEAYIOIIUE MapaMeTphl: reorpaduueckue
KOOPAHMHATHI, a0COJIOTHAS OTMETKAa IMOBEPXHOCTH KOHTPOJIBHOW TOYKM B banTwiickoil cucTteMe BBICOT,
abCOFIOTHAs OTMETKA YPOBHS TPYHTOBBIX BOJI; JTUTOJOTUIECKUI COCTAB MTOPOJI 30HBI adpaIii.

B xonme TecTupoBaHMSA CHCTEMBI MO MMHTAIMH PA3IMBOB HE(PTENPOIYKTOB MpPHU pasrepMeTH3AINH
pe3epByapa X XpaHCHUs MOJyYeHBI TPOTHO3bI MOCHIEACTBHI aBapuu. [IpuMep pe3ynbTaToB pacueToB Mpu
pasnuse HepH B 06beMe 1000 M? pencTaBIeH Ha PHCYHKE 3.

I[IpuMep pe3y/IbTaTOB PacdeToB IPH pa3inBe OeH3nHa B o0beme 10 000 M’ IpeacTaBlIeH HA PHCYH-
ke 4.

IIpuMep pe3ysbTaToOB PACUETOB IPH Pa3/IHBE AM3EIBHOTO TOMIMBA B 06beMe 1000 M° U3 HA3eMHOrO
pe3epByapa MpeICTaBIeH Ha PUCYHKE 5.

Kapra croxka, xapakTrepu3syomnasi HalpaBJIeHNEe MUTPALUY 3arPA3HUTEIN MIPe/ICTaBIeHa Ha PUCYHKE 6.

Takum 00pa3oM, MPOTOTHUI SKCIEPTHON CHCTEMBI MPOTECTHPOBAH B BHJIE MHJIOTHOTO MPOCKTa Ha
[TepBomaiickoit HedTeOa3e.
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\,-EGH MporHos

TERYWWEE BREMA: 12 MIONA 2017 21:21
MocnegHee ofHoBNEHKE: 11.7.2017 10:08

naBHoe MeHo ~

OTYET-NPOMHO3

HazemMHoe NATHO

r OBuwE gaHHEIE

MnoTHocTE HeTenpoaykra (TecT HedTe ) (kriM®) 850
Macca nponusa (kr) 850000
KoatdmumeHt pasnunea (1/M) 5
nnowage pasnuea (M?) 5000
BLIcOTa CNoA NpONNUTOre HeTenpoRyKTa (M) 02
Paanyc pasnuea (M) 39,89423

" ONopHLIE TOHKM B 30HE HAIEMHOrD NATHA 3ArPAIHEHMA

OO0-31: KOOPAWHETHE 43 351944 76916664 paccToAHWE: O (M) BLICOTA: B85 (M) yron: O myfWHa ) BOY. 665

 MAKIMANEHAA MACCE HEITENROAYKTA, KOT. MOKET GeiTh 34C0PAMPOBAHE TEYHTOM

CKopoCTh NPOHMKHOBEHHIA HeITeNpoaYKTa B MySk rPYHTA (M/C)

CpeaHAn IMyEUHA FPYHTOBLIX BoA (M) 665
Mnowane pasnuea (M2] 5000
MNOTHOCTE EoAI 996,29
TpyHT TecT CyrAMHOK
MopUCToCTL rpyHTa 048
KanunapHan BNareeMKocTb rpyHTa 0,14
OuHaMU4ecKan BASKOCTE HelhTenpoaykTa 0,0178
Koath. noB. HaTsxeHNA BEOALI 0,073
Koath. noB. HaTAMeHMA HedTenpoaykTa 0,026
BAskocTs BoAbl 0,001003
Makc. Macca HI, KoT. MoXeT SbiTh aACORENPOBAHA FRYHTOM (Kr) 13724468224
 CPEAHAA KOHUEHTALMA HEITENPOAYKTA B MDVHTAK S0HEI A3paLii
AfcopGHPOBaHHAA Macca HedTenpoaYKTa (KT) &30000
TNYyS1HA NPOHUKHOBEHHA HeITeNPOAYKTA B FPYHTAX (M) 0,03
Mnowanes pasnuea (M2] 5000
CReANAA NNOTHOCTL MPYHTA (Kr/M®) 1750
CpenHAs KOHUEHTaUWA HeTenpPoaAYKTa B FPYHTAX SOHbI a3pauui (KI/Kr) 3,3497584
- CKOROCTE MAOHKMKHOBEHHKMA HERTENRORYKTE B MyEb MpyHTa
AuHaMnYeckan BAskecTE HedTenpoaykTa 00178
MnetHocTb BOoAbI 998 29
BA3KOCTE BOALI 0,001003
BRnaxHoCTL FPpyHTa 0,44
KanvnapHaa BnaroemMKoCcTe rpyHTa 014
MneTtHocTE HedTenpoaykra (TeeT HedTb ) (kriM) 850

1,86268E-08 = 0,001809355 (M/cyT)

r JaTa AOCTWREHHA YCREAHEHHDA KOHLEHTRALMM HEhTENPOAYKTE B MEYHTE
TNYS1HA NPOHUKHOBEHHA HeTeNP OAYKTA B IPYHTE (M)

CKOpPOCTh NPCHUKHOBEHHUA HeITENpOAYKTa B MySk rpyHTa (M/C)
BpeMa AOCTHXEHHA YCpeAHEHHOA KOHLIGHTR ALK (G)

[ata AOCTUNEHUA YEPERHEHHOI KOHLEHTPaLUN

0,03
1,86266E-08 = 0 001609355 (W/oyT)
1556897 = 16,01964 (cyT)
28.07.2017

r JaTa JOCTWREHWA YPOBHA MPYHTOBBIX BOA HEGTENPOLYKTOM

CKOPOCTL NPOHUKHOBEHHUA HeITENPOAYKTA B MYEk TPYHTA (M/C)

1,86268E-08 = 0,001609355 (M/cyT)

p p a B MMy&b rpyHTa (M/c)
BpeMa AOBLITEKAHNA He(TeNPORYITa B FPYHT (¢)
Bpems AOCTIKEHUA YPOBHA TPYHTOBLIX BOA HeTenpoAYKTOM
BpeMs AOCTIDKEHMA MAKE. KOHL, HA YPOBHE MPYTOBLIX BOA, (¢)
[ara OCTIKEHUA MaKC. KOHL,. Ha YPOBHe Ip. Bog

c HedbTenpoay

1,8626BE-08 = 0,001609355 (MicyT)

CpeaHAR IMyS1HA FPYHTCBLIX BOA (M) (2133

Bpema ACCTHXEHNA YPOBHA FPYHTOELIX BOA HeTenpoAyKTOM -

[ata AOCTUNEHWA YPOBHA PYHTOBEIX BOA HeqTeNnpOAYKTOM -
L |
 [ATa LOCTUKEHUA MAKCUMENEHDA KOHLEHTAELWM HA YOOBHE MYHTOBKX BOA

BbIcoTa ¢NoA NPONKTOre HediTenpoaykTa (M) 0.2

MopPUETOCTE MPYHTa 048

- MaKCMMaNEHaA KOHLEHTRALMA H3 YROBHE MIYHTOBLIK BOY

Papuyc noMcKa NpUpoRcoXpatibIX ¢&beKTOB (M)

Macca nponuBa (Kr) 550000
Macca HethTenpoAyKTa A0 CTUMLAN YPOBHA PYHTOBLIX BOA, (Kr) 1]
Papuyc pasnuea (M) 30,59423
BeIcoTa CMoA NpONMTOro HediTenpoayKTa (M) 0,2
OZ-nonpaska (M) ]
MakciManbHas KOHLEHTPALUMA Ha YPOBHE IPYHTOBLIX Bog (KrfM:’) o
Ouar 3arpA3HeHUA rPyHTOBLIX EOQ
r NPYpo0ADOXpAaHHEE DA BEKTEI
CpepaHAs MySHHA IPYHTOBLIX BOJA (M) 665
MMyS1MHA NPOHMKHOEEHNA HehTeNpoAYKTA B rpyHTE (M) 0,03
MaKeMMANEHAA KOHLLEHTPALMA HA YPOBHE TPYHTOBLIX BoA (KrimM?) ]

TOCYAARETEEHHOR NREINPKMATIE "HMLL No reonorui' (Eenapyce) & FIHCTHTYT MMAROrennoru 1 re0akonoruu MM. Y., AxMeacativia (KasaxeTan)

3, Veon

Pucynok 3 — Ot4eT-nporuHo3 (3arpsi3HUTENb — HE(Th)
Figure 3 — The forecast report (pollutant-oil)
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Figure 5 — Report-forecast, pollutant diesel fuel
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Pucynok 6 — Kapra MozmenupoBaHus HalpaBieHUs MUTPALUH 3aTPSISHUTEIS

Figure 6 — Map of modeling the direction of migration of a pollutant

B xome paboT mpoTecTHpOBaHBI: MaTeMaTHYecKas MOJETh W TOJHOTa MEepeyHS MPOTHO3UPYEMBIX
3HaYCHUH, paboTOCTIOCOOHOCTE, Moayiei mpororuma DC. JIOMONMHHUTENHFHO MPOBEICHHOE [03a0WITHTH-
TECTUPOBAHME MOKA3aJ0; COOTBETCTBHE NW3aliHA NMPUIOKCHHUS U ero (DYHKIIMOHATBLHOCTH,; COOTBETCTBUE
IBETOBOTO O(OPMIICHHUS C TOUKH 3PCHHS BOCIIPUSITHS ¥ COOTBETCTBUS MAJIUTPHI [IBETaM, ACCOLUUPYEMBIX
¢ OnmaronpusATHON AKOJIOTHEH; ya00CcTBa HaBUTanuu 1o 6okam OC U HCITOTE30BAaHUS CEPBUCOB.

ITporHo3 BO3MOMKHOCTEH JOCTHIXKEHUS HEPTENPOMYyKTaMH TOPWU30HTA TPYHTOBBIX BOJ H pacIipo-
CTpaHEHUSs 3arPSA3HUTEIIS B 30HAX adpalliy U HACHIIICHUS SBISCTCS OJHUM M3 HEOOXOUMBIX YCIOBUH JIIIs
CBOEBPEMEHHOTO pPEarupoBaHHsS C LEJIbI0 OOECIIEYeHHs KavyecTBa TMOA3EMHBIX BOA W peaduiHTaruu
T€OJIOTHYECKOW CPEJbl B CITydae 3arps3HeHHS e¢ HeTePO yKTaMHu.
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M. K. A6cameros', M. I1. Onomko’, JI. B. Illaraposa’, M. M. Mypatosa'

'V. M. AxMejicadhmH aTBIHIAFB! THAPOTEOIOTHS JKOHE Te0dKOJIOTH MHCTUTYTHI, Anvatsl, Kasakcran,
«Teonorus Goiiprima FOO» MeMIeKeTTiK KaCinopslH

MYHAM OHIMJEPIMEH JIACTAHFAH T'EOJIOT'MSLJIBIK OPTAHBI OHAJITY BOMBIHIIIA
IMNJIOTTBI CAPAIITAMAJIBIK KYUEHI 93IPJIEY )KOHE ITAUJAJIAHY

AHHOTanusi. ©31H-631 YHBIMAACTHIPY KaFUIaTTapblHA HETI3eNreH MyHail OHIM/IEpIMEH JacTaHFaH IeoJoTHs-
JBIK OPTaHBI CAYBIKTHIPY OOWBIHINA capanTaMalbIK KyieHi 93ipiney TM/I-Fa KaTbICyIIbl MeMIIEKETTepAiH OipbIHFail
aKMapaTTHIK JKYHecCiHIe KacaiFaH, COHBIMEH XXYHeHiH mporotumiH Tectineyni bemapyce xone KasakctaH KaThI-
CYIIBIIAPHI ©3/IEPiHIH TECTIIEY ayMaKTaphlHAa JaKaTapiacThIpa Ky3ere achlpy/a.

CapanTaManblK SKYHEHIH NPOTOTHI JIaCTaHybl MYMKIH JIeTeH ayAaHIapiblH JKOHE JlacTaylIbl 3aTTaplblH
KUHaTy OenfeMIepiH aHbIKTay: MyHail @HIMIHIH XKailbUly ayJaHbl MEH PaJNyChIH, COHIali-aK I'PYHT CyJapblHa Tyc-
KEH JIaCTayBIIITHIH CIHIPUITeHMOJIIIepIMEH KOHIIEHTPALMICHIH eCenTeyre MYMKIH/IK Oepe/i.

CapanramainslK JKyWeHI MaijanaHy, SKOJOTHSUIBIK TOyeKemepai eckepe oTbiphin, Kasakcran PecmyOmuka-
CBIHBIH KOMIPCYTEKTI LIMKi3aTThl KapKbIHABI OHIIPETIH aliMaKTapblHbIH JaMyBIHBIH KEIIEeHl cyJI0achiH a3ipiieyie,
MYHalMeH JIacTaHy CaJJlapblH XOI0 >KOCHapJiapblH 33ipJiey/ie JKoHE OJIapJbl XKY3ere achlpyna, KOpllaraH OpTaHbI
KOpFay caJlaChIH/Ia IICNIICTiH MIHICTTeP/iH IIeHOePiH KeHEHTe .

Tyiiin ce3aep: capantaMansik XKyiie, FeoJOTHsUIBIK OpTa, MyHal, MyHail eHiMAepi.
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RECOVERY OF FERRONICKEL
FROM THE ORE OF THE BELOGORSK DEPOSIT

Abstract. The article presents the results of an investigation of the production of ferronickel from oxide ore at
the Belogorsk deposit (0,29-1,72% Ni, 0,05-0,09% Co, 4,07-22,1% Fe, 0,38-0,55% Cr, no 0,67% Mn, 17,78-17,97%
Si, 12,86-24,58% Mg, 0,48-0,78% Al, 49,93-51,9% O). A complete thermodynamic analysis of the performed by the
complex HSC-5.1 revealed that an increase in the amount of carbon from 2 to 6% at 1400 ° C increases the degree of
formation of elemental Ni up to 99.6%, C0-96.3%, while the Ni concentration in the ferroalloy decreases from
84, 4 t0 7.4%, Co from 1.01 to 0.48%, and Fe increases from 14.6 to 62.4%. From the ore of the Belogorsk deposit at
1400 ° C in the presence of 3.5-6% carbon, ferronickel is formed, which, according to the content of Xy; and co, 1S
25-7.8% corresponding to the alloy FN-2, FN-3, FN-4; while 95-99,6%, and 75,3-97,06% of cobalt are extracted into
the alloy. It has been experimentally established that during electric smelting of the ore Belogorsk deposit in a
mixture with coke, ferronickel of grades from FN-4 to FN-1 (8-27.6% Ni) is formed.

Key words: oxide nickel ore, thermodynamic modeling, recovery, carbon, cobalt, iron, recovery, concentration,
electric smelting, ferronickel.

VIIK 546.74(574)

B. M. IlleBko', B. /1. Aiitkymnos’, 1. K. AiiTky.108°,
I'. E. Kaparaesa', JI. /I. Amanos', A. JI. Bagukosa'

IHOJYYEHUE ®EPPOHUKEJIA
N3 PYJAbI MECTOPOXIEHUSA BEJIOI'OPCKOE

'FOsxH0-KasaxcTanckuii rocy1apcTBeH bl yHuBepeuter uM. M. Ays3osa, Illsivkent, Kasaxcran,
2l“opHo—py;lHaﬂ kommanusi AO «Aili Kapaayn», Anmarel, Kazaxcran,
WuctutyT reonornueckux Hayk uMm. K. 1. Carnaesa, Anmatsl, Kasaxcran

AnHotanus. [IpuBomATCS pe3ynbTaThl UCCICHOBAHUS IMONydeHHUS (EeppOHUKENS] W3 OKCUIHOW PYABI MECTO-
poxnaenust bemoropckoe (0,29-1,72% Ni, 0,05-0,09% Co, 4,07-22,1% Fe, 0,38-0,55% Cr, mo 0,67% Mn, 17,78-
17,97% Si, 12,86-24,58% Mg, 0,48-0,78% Al, 49,93-51,9% O). [TomHBIM TepMOIMHAMHUYECKAM aHAIH30M BBIIIOJI-
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HEHHBIM KoMIuiekcoM HSC-5.1 HaiizieHo, 4TO yBelMueHHe KOJM4ecTBa yriepoja ot 2 10 6% npu 1400 °C moBsI-
m1aeT creneHb oOpazoBanust aneMeHTHOro0 Ni 10 99,6%, Co - 96,3%, npu sToM KoHIEeHTpanus Ni B ¢eppociuiaBe
camkaercs ot 84,4 mo 7,4%, Co ot 1,01 mo 0,48%, a Fe Bo3pacraer ot 14,6 mo 62,4%. U3 pynst mpu 1400 °)C B
npucyTctBun  3,5-6% yriepoma oOpasyercs deppoHukenb, KoTopblii mo comepxkanuto XNi u Co 25-7,8%
cooTBeTcTBYeT cruiaBy Mmapok ®H-2, ®H-3, ®H-4; pu 3ToM B criaB u3Biekaercst 95-99,6% mukens, u 75,3-97,06%
KOoOaJIbTa. DKCIEPUMEHTAILHO YCTaHOBJICHO, YTO MPH 3JEKTPOIUIaBKE Py bl Belloropckoro MecTopoXIeHUs B CMeCH
¢ KokcoM (opmupyetcst hepponunkenb Mapok ot ®H-4 no ®H-1 (8-27,6% Ni).

KaloueBble ciioBa: okcujHas HHUKENEBas pyna, TEPMOIUHAMHYECKOE MOJAEIMPOBAHUE, BOCCTAHOBICHHE, YT-
JIepo/I, KOOAIIbT, JKelle30, U3BJICUEHNE, KOHLIEHTPALHS, 3JIEKTPOILIaBKa, ()ePPOHUKEIb.

Beenenue. B nacrosimee Bpems 35% MUPOBOI HUKENIEBOW MPOIYKIUU TPOU3BOAUTCA U3 OKCHIHBIX
pya [1]. Umes B Bumy, uto 86% pasBemaHHBIX 3amacoB Ni COCPEJOTOYEHO B OKCHIHBIX pyAax [2], B
NEPCIEKTUBE ITH PY/Ibl CTAHYT OCHOBHBIM MCTOYHHMKOM HOJIY4EHUsS] HUKENISA. DTO B YACTHOCTU OTHOCUTCS
k Kazaxcrany, B Heipax koToporo B 80 MecTopoxaeHHsX [3] HaXoauTcsi B OKCUIHBIX hopmax g0 3,2 MIH.
T HUKeNs [4-6].

HecmoTpss Ha TO, 9TO THAPOMETAILIYPTHUECKHE METOABI TepepaboTkm okcumHbix Ni-Co pyn
MO3BOJIAIOT U3BJIeUYb U3 pynsl He MeHee 90% Ni u Co u xapakTepu3yloTcs, B CPaBHEHHH C MHpOMeETall-
nyprueii, meapnMu (Ha 30-50%) sHEpro3arparamMu, STH METOABI UMEIOT OOJBLIYIO MPOAOILKUTENEHOCTD
Y OPUCHTHPOBAHBI Ha W3BJICUECHUE TOJBKO OCHOBHBIX MeTaiioB (Ni-Co). [loaToMy OHH XapaKkTepHu3yOTCs
HU3KOW CTETEHBhI0 KOMIUICKCHOTO HCIIOJIb30BaHUS CBHIPhS [6-11], a pekoMeHmauu 1Mo KCIOJIb30BAaHUIO
KeKa IOocJe BbIIENauyuBaHus B MPOU3BOJCTBE CTPOUTENBHBIX MaTepuanoB [8]- HepalMOHAJIBHEI B BHIY
cogepkanust B keke 0,2% Ni. O mepcneKTUBHOCTH MHUPOMETAJUTyPrHYecKOil MepepaOdOTKH OKCHIHBIX
HHUKEJIEBBIX PyA MOKHO CyIUTh 110 HAMEPEHUIO NIPOMBIIIJIEHHOTO MOyueHHs (PeppOHUKENs U3 OKCUIHOM
pyIbL, IO TexHonoruu paspaborannoit yuensimu UMuO (PK) u MuMuC (P®) [12, 13]. Ilupomeramtyp-
THS TI03BOJISICT YBEJMYUTH CTENCHb KOMIUIEKCHOTO HCIIOIB30BAHUSI CHIPBSI B CBSI3M C BO3MOKHOCTBIO
TTOJTYYICHHS IyTYHA U3 MIJJAKOB ITPOU3BOICTBA (PEPPOHHKEITS, CTATLHOTO ToynpoaykTa[14], hepponukens
U IUTeHoro uyryHa [15].

B craree mpuBOmATCS pe3ynbTaThl MCCIeNOBaHWUU 00pa3oBaHHsS (EPPOHHKENS pasHBIX MapoK W3
Benoropckoii pynsl. CunukaTtHasi KoOalbT-HUKeENEBas pyAa beroropckoro MecTOpOXXICHHUS SBIACTCS
MEPCIIEKTUBHBIM CHIPhEBBIM UCTOYHHKOM B CBSI3U CO 3HAYMUTENBHBIMH 3allacaMy HUKeNs B bemoropckoit u
I'opHocTaeBckoii rpymnmne MmecTopoxaeHuit [16].

Mertoauka npoBeaeHUs ucciaenoBaHuil. McxoaHele peareHThl. MccnenoBaHus NPOBOAWINA METOIOM
TEPMOJIMHAMHIECKOTO MOJEITUPOBAHMS C MCIOJIB30BaHWEM IporpamMmHoro komruiekca HSC-5.1, paspa-
0oranHOro (UHCKOW MeTayutyprudeckor kommanuedt Outokumpu [17]. Pa3paboTruuku mporpamMMHOTO
kommiekca HSC-5.1 Chemistry (Outokumpu) ocHoBbIBanMch Ha uaeoiorun koHcopuuyma SGTE (Scien-
tific Group Thermodata Europe), koTopas 3aHMMaeTcs CO3IaHUEM, MOIIEPKKOW W PacHpOCTPAHCHHUEM
BBICOKOKAYECTBEHHBIX 0a3 MaHHBIX, MpEeIHA3HAUCHHBIX Ul pacueTa paBHOBECHOTO COCTaBa XUMHUYECKH
pearupyronux cucreM. B coctaB SGTE BxonsT crenuann3upoBaHHbIE HayuHble LEHTpHl I'epmanuu,
Kanagpl, ®pannun, [Benun, Bennkoopuranuu u CIIA. B mHameit padore mist pacuera snepruu ['ub0ca
ucrosp3oBasin noxamporpamMmy ReactionEquations, a 118 MmOJHOrO TEPMOAMHAMHUYECKOTO aHalIU3a-
noanporpammy Equilibrium Compositions komruiexca HSC-5.1. Pacuer paBHoBecus B kommiekce HSC-5.1
MIPOM3BOJMUTCS HA OCHOBE IPUHLIMIIA MUHIUMYMa dHepruu [ m60ca ucxoas u3 BeIpaKeHHU:

i . . Xj ., .
G0) = T+ Zi%, Xj(Cj +In (32) + ) > G(x)min, (1)
IIpU OrpaHUYCHUAX B BUAC CUCTCMbI JIMHEWHBIX ypaBHeHHﬁ OaJtaHca Macchl BEIIECTBA:
L aijXj = bi, @)

U YCJIIOBHY HOPMHUPOBKHU:
La P —
j=1Xj = Xa, 3)
rae f — oOmiee yncno ¢a3 cucremsl; B; — o0lee 4MCI0 HE3aBUCUMOTO KOMITOHEHTA [ B CHUCTEME; j, —

Macca 4Hced, M0 He3aBUCUMBIX KOMIIOHEHTOB B (pa3e a CHCTEMBI; T — YUCIIO HE3aBUCHUMBIX KOMIIOHEHTOB
cucremsl; Cj — sMIupuyecKas TepMoauHaMuIeckas QyHKuus; X, — obruee uucio Mosie (asbl a B CUCTEME;
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X . .
X—] — MOJIbHAsl JI0JIs 3aBUCHMOTO j KOMIIOHEHTA B (hase a; Yy — KOO(QQUIHMEHT aKTUBHOCTH j KOMIIOHEH-TA.
a

[TapaMeTpbl paBHOBECHS TEPMOJMHAMHYECKOM CHUCTEMBI OIPENENSIOTCS pEIIeHHEM MaTeMaTH4eCKOH
3a7ayll O HAaXOXKICHHU JKCTPEMyMa C YYETOM BCEX OrpaHMUYCHHMH C HMCHOJIb30BaHMEeM (yHKuuil Jlanr-
pamXxa ¥ MEeTo/a Mocje0BaTeNIbHBIX NpuoOmmKkeHnii HeploToHa. B oTirumu oT mporpaMMHOIo KOMILIEKCa
«Actpa» ucnoyb3yembiii Hamu koMiuiekc HSC-5.1 obnamaer 6a30it JaHHBIX IPUMEPHO B 3 pasza 0oJblIIe,
yem 0a3a JaHHBIX KoMILIekca «Actapa» [18, 19].

OJEeKTPOIUIABKY IIMXTHI, COACPKALIYI0 HUKEJIEBYIO PyLy NMPOBOAWIN B OAHOIJIEKTPOAHOMN IyroBoit
meun. [lepen mpoBeieHNEM IUTAaBKH B TI€Yh YCTaHABIMBAIHM rpaduToBBId TUTENb (d=6 cM, h=15 cm) u
MIPOBOJMIIM Pa30TpeB ero nyroil B reuenne 20—25 MuH. 3aTeM B Me4b 3arpyKajiy NepBYIO MOPIHIO MIUXTHI
(200 r). Ilponnmasisin ee B Te4eHUE 5S—6 MUH, TIOCTIE YEeTO B MEYb 3arpy Kajll OCTABIIYIOCS YaCTh ITUXTHI
(200 r) m mporutaBnsIN ee B TeueHne 25-30 mMuH. B mepuon turaBku cmima Toka coctaBisuia 250-300 A,
HanpspkeHne 45-50 B. Ilocie snekTporniaBKu Medb OXJaxkAanach B TedeHue 6 yacoB. ['paduroBblii
TUTENb M3BJCKAIM W3 meud U pazouBanu. Llnak u QeppociuiaB B3BEIIMBAIM M aHAIM3UPOBANM Ha
pacTpoBOM 3IEKTPOHHOM MHKpockorne Mapku JSM-6490LM (Smonwust). bemoropckas pyga comepKuT
0,29-1,72% Ni, 0,05-0,09% Co, 4,07-22,1% Fe, 0,38-0,55% Cr, no 0,67% Mn, 17,78-17,97% Si, 12,86-
24,58% Mg, 0,48-0,78% Al, 49,93-51,9% O (pucynok 1). Hukens B pyne (Ha 95,19%) npencrasicH

CnekTh 1

NMonHaa wkana 4542 Wuan. Kypoop: 0.000 k3B

TIpo6a 1 (boraras)

MNonsaa wkana 62439 wan. Kypoop: 0.000 36|

IIpo6a 2 (6emHast)

DnemMeHT Copnepxanue, %
mpoba 1 poba 2

(0] 42,93 51,90
Mg 12,86 24,58
Al 0,78 0,48
Si 17,78 17,97
Ca 0,61 0,33
Cr 0,55 0,38
Mn 0,67 0,00
Fe 22,10 4,07
Ni 1,72 0,29

Pucynok 1 — DnekrpoHHast MEUKpockomnus pob benoropckoii pyasr
Figure 1 — Electron microscopy of the samples of the Belogorsk ore
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CHJIMKAaTaMH CJIOXKHOTO cocTaBa. [Ipu TepMoarHAMUYECKOM MOJICIHPOBAHUN C YUETOM MPEIBAPUTEIHHON
CYIIKH pyJia uMena cienyrommuid coctas: 2,24% 2NiO-Si0,, 0,15% 2Co0-Si0,, 1,88%Ca0, 2,23% Al,Os,
0,84%MnO, 0,52%Cr,0;, 13,14%MgO0, 35,86%Fe,0;, 43,14%Si0,.

Omnpenensanock BIUSHUE TEMIIEpaTypbl, KodmdecTBa yriepona (YT, %O0T maccel pyIsl) Ha paBHO-
BECHYIO CTETICHb PAaCTIpPECICHUIIIEMEHTOB (0, %) u KoHIeHTpanuio MetamioB (C, %) B cruiaBe B CHCTE-
Me benoropckast pyna-yriepos rmpu gaBieHuu 1 oap.

Pesynprarer nccnenoBanmii. TepMonnHAMIYECKHM MOJIEIHPOBAHWEM YCTAaHOBIIEHO, YTO B 3aBHCH-
MOCTH OT TeMIlepaTypsl B cHUCTeMe pyaa — yriepon mpucyrctByeT 21 BemiectBo: Fe,Os;, FeO, Fe,
2Ni0O-SiO,, Ni, 2Ca0-Si0,, Co, NiO, Ca0, CoO, CaSiO;, MgSiO;, MgO, MnO, Al,Si0;, Al,O;, SiO,,
CO, CO,, C, Cr,05. Ha pucynke 2 npuBeneHa uHpopManus o KOJIUMIeCTBEHHOM pactipenenenuu Ni, Co u
Fe npu 4% yrnepona ot Maccsl pyasl.

U3 pucyska 1 cremyer, uto Boccranosnenue Ni u Co yxe 3amerso mpu 200 °C, a Fe — mpu T > 400 °C.
BrusHue TemmepaTypsl Ha paBHOBECHYIO cTemieHb oOpasoBanus (o, %) Ni, Co u Fe u koHueHTparmo
MetasuioB B ciuiase (C, %) mpuBeneno B Tabmure 1.

1 2 3
];g_ File: C:\HSCS\Gibbs'\Beoropck(4C).0GI kg File: C:\HSCS\Gibbs\Beaoroper(4C).0GI };i File: €1 HSC'S Gibbs Beaoroper(4C ). 0GI
3 0.08 o
FelO
Ni 0.07 |
/ 0.06
L0 l
|/ 008
0.04
0.5 e
0.02
NiO
0.01
*2Co0*8i02
0 0.00 0
200 400 600 300 1000 1200 14004 200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
Temperature C Temperature Temperature C
PucyHok 2 — BausiHHe TeMIiepaTypbl Ha KOJIIMYECTBECHHOE paciipe/ielieHue BeuiecTs, conepxkamux Ni, Co u Fe
B cucteme benoropckas pyna — 4%C. BemiectBa conepikariue: 1 — HUKeNb, 2 — K0OAIbT, 3 — jKeJIe30
Figure 2 — Temperature effect on the quantitative distribution of substances containing Ni, Co and Fe
in the system Belogorsk ore — 4% C. Substances containing: 1 — nickel, 2 — cobalt, 3 — iron
Tabnuua 1 — BiusiHue TeMnepatypsl Ha paBHOBECHYHO CTelIeHb 00pa3oBaHus (0., %) ¥ KOHLICHTPALMIO METAJUIOB B CILIaBE
B cucteme benoropckas pyna — 4% yriepona
Table 1 — Effect of temperature on the equilibrium degree of formation (a,%) and concentration of metals
in the alloy in the Belogorsk Ore system — 4% carbon
Ot %o Temmepatypa, °C
Chies %0 500 600 700 800 900 1000 1100 1200 1300 1400
oN; 96,4 98,0 98,8 98,8 98,8 98,8 98,8 98,2 98,0 97,2
aco 83,1 89,8 94,4 93,8 92,6 90,6 89,4 88,3 86,1 85,1
OFe 2,0 6,5 14,8 23,4 27,3 28,1 27,7 27,2 26,8 26,1
Cni 67,71 41,89 24,61 17,22 15,16 14,83 14,96 15,10 15,35 15,61
Ceco 391 2,57 1,56 L1 0,97 0,93 0,92 0,92 0,91 0,91
Cre 28,38 55,54 73,83 81,68 83,87 84,24 84,12 83,98 83,74 83,48
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W3 Tabmumpel 1 BUAHO, 4TO B paccMaTprUBaeMOW CHCTEME BOCCTAaHOBIICHHE METAJUIOB IMOAYUHSETCS
3aKOHOMEPHOCTH: 0N > Oco > Ope. 1Ipu 1300 OC o = 98%, ac, = 86,1% u ag. = 83,7%. Ilpu Bo3pacTannm
TemriepaTypsl g0 1400 °C Cni yMmenbmaetcs 10 15,61%, Ce, 10 0,91%. Onnako npu 3tom Cg, Bo3pacTaer
1o 83,48%. D10 cBA3aHO C TeM, 4yTO Macca BoccraHoBuBIerocs Fe B 6,56/1,22 = 5,38 pa3 Gosnbliiie Macchl
BoccraHosaenHoro Ni. IIpu 1300-1400 °C B cucteme popmupyercst heppoHHKes coaepxkammii 15,35~
15,61%Ni, 0,9% Co u 83,48-83,74% Fe.

Ha pucynke 3 npuBeneHa uHopmalys 0 BIMSHHH TEMIIEpaTypbl U Konudectsa yriepoaa (Yr,% ot
Macchl pyasl) Ha cTeneHb oOpasosanus Ni, Co u Fe, u3 xoroporo cnenyert, uro npu 3—6% yriaepona u
1400 °C o BBICOKAst M COCTABISET 90,8-98,8%. 3aTem npu yMEHBIIEHUH yTriaepoaa 10 2% on; CHIKACTCS
1o 10,6%. ITpu 1400 OC 3aBHCHMOCTD O = f(¥Yr) umeet Bu:

oni=-161,57 + 86,6 - Vr (ot 2 110 3 V1); )
o = 94,929 + 0,7857 - Vr (ot 3 10 6 VT). (5)
90 | 3 90 - /.—I—-\ 1 /\
80 T 80 T 4 0 T T T T T 1 2
70 - 70 - 400 600 800 100012001400
60 - S5 60 - =60 - °
=50 p S
= 4 3 4 3 4
2 S50 ;350
a 5
40 - 40 - 40 -
30 A 30 A 30 -
20 - 20 - 5 20 - 4
10 - 2 10 10 - 3
0 T T T T 1 0 T T T T 1 2 0 - r,5
400600 800 10001200 1400 400 600 800 10001200 1400 400 600 800 10001200 1400
T7 OC T’ OC T OC

PucyHok 3 — BinstHue TeMnepaTypbl 1 KOJIHYECTBA yIIIepoa Ha CTEIEHb BOCCTAaHOBJICHUS METAJIOB
B CHCTeMe pyJa-yriaepos npu gasiaenuu 1 6ap. Liudpel y TuHMHA — KoMn4ecTBO yriaepona, % OT MacChl Py bl

Figure 3 — Influence of temperature and amount of carbon on the degree of reduction of metals
in the ore-carbon system at a pressure of 1 bar. The numbers at the lines — the amount of carbon,% from the mass of the ore

IIpn yBenmuenuu yriepona ot 2 1o 6% oc, yBennuusaerca npu 1400°C ot 1,9 no 96,3% B cooTser-
CTBUH C ypaBHEHUEM:
Oco = -156,4 + 98,46-YT — 9.4.Y1° (6)

[Iporecc BoccTaHOBJIEHUST HEOOXOIUMO MPOBOAUTH Mpu 4-6% C korma oc, npesbimaet 80%. [pu
MEHBIIIEM KOJIMYECTBE YITIEPOAA Oc, PE3KO CHMXkaeTcd. C yBenuyeHueM yriaepona ot 2 1o 6% pacter u
BOCCTaHOBJIEHHE XkeJie3a 10 sneMeHTHoro (ot 0,1% no 62,4% npu 1400°C) o ypaBHEHUIO:

are =-13,191 +3,1068-Yr + 1,5886-Vr’ (7

Konmnentparus metamioB (Cyg) Tak K€ 3aBHCUT OT KOJHMUYECTBA yTIEpoja M TeMITepaTypsl (pHUCy-
HOK 4). YBenuueHue konmdectBa yriepona cHmwkaeT Cy; u yBenmmuuBaeT Cp.. IIpu 1400°C stm 3aBu-
CHUMOCTH OIUCHIBAIOTCS YPABHCHUSIMH:

Cri = 426,56-V1227 ®)
Cre=-238,9 + 193,69-Vr - 38,663-Vr° + 2,5958.V1° ©)
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U3 pucynka 4 cnemyer, uto Cc, B CIUIaBe YMEHbBIIAETCS NMPH YBEIHMYESHUH TeMmriieparyphl. [lpu
1400 °C 3aBucumocts Cc, = f(YT) UMeeT SKCTpeManbHblil xapaktep ¢ MakcumymoM (1,44%) mpu 3% C.
IMpu atom 3aBucuMOcTh Cc, = f(YT) onuceiBaeTcst ypaBHEHHEM:

Cco=-6,24 +6,6325-Yr - 1,9962-V1* - 0,1462-Vr’ (10)
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Pucynok 4 — BnusiHue TemnepaTypsl U KOJIMYECTBA YIepoa Ha KOHLIEHTPALUIO METaJUIOB B CIulaBe B cucteMe bP-yriepon
npu gaeiaeHun 1 6ap. Hudps! y THHUIA — KOTUYECTBO Yraepoaa, % OT MacChl Py bl

Figure 4 — Influence of the temperature and the amount of carbon on the concentration of metals in the alloy
in the Belogorsk ore — carbon system at a pressure of 1 bar.
The numbers at the lines — the amount of carbon,% from the mass of the ore

U3 cpaBHeHus pucyHkoB 3 u 4 BuaHo, uyTo ipu T > 1000°C BimsHUE yriepoja Ha KOHIEHTpamuio Ni
B CIUIaBE M CTETEHb BOCCTaHOBJICHHS NiHMeeT MPOTHUBOIOJIOKHBIN XapakTep. JTa 3aBUCUMOCTD MPSIMO-
npornopuuoHanpHas. C yBeJIMYEHHEM yTiepoJa KOHIEHTparus Ni B CIUIaBE yMEHBINACTCH, a Oy BO3-
pacraet. []nd xenes3a ¢ yBeludeHUEM yriieposa g, U Cr. BO3pacTaer.

OO6paTHO — MPONOPLUOHAIBHAS 3aBHCUMOCTh HabOmromaeTcs Mexay on; U Cyi, IpSIMO-IPONOPIHO-
HanbHast MeXIy Crell O U 3KcTpeManbHas Mexny Cco H Oc, (PUCYHOK 5). YpaBHEHHS 3THX CBS3€H UMEIOT
BUJ:

Cni = 82,325 + 0,2398-an; — 9,7-107-01n” (11)
Cre = 41,741 + 12,102In ag, (12)
Cco =0,9567 + 0,279-0co — 3-107-0c0” (13)

B cootBerctBun ¢ [20] TY48-3-59-79 (¢ m3menenusmu 1) ¢epponukens mapku ®H-1 momken
conepxkath Ni+Co>25%, ®H-2 ->20%, ®H-3->15%, ®H-4->6% u ®H-6->3,5%. B3aumocBs3p MexIy
BEIYIIUM 3JIEMEHTOM (HHKEJIEM) B COASPKaHUEM Xy; , co B CIUIABE TTOKa3aHa Ha pucyHke 6. [1o aToMy pu-
CYHKY MOKHO OTIPEIICIUTh MapKy (QeppoHUKENS (110 Xn; » co) U On;. Tak, mpu 1400 C 3amaBumvcey oni>90%
MOKHO YCTaHOBHTH, UTO IIPH MoJTy4eHuu epponukens Mmapku @H-1 ¢ cogepxanueM Zy; ; co=35-25% on;
coctaBut 90-93,8%, mns nomyuerns ®H-2 (Zni » ce=25-20%) an; coctaBut 93,8-95,6%, mis momydeHus
OH-3 (Zni n co=20-15%) an;i coctaBut 95,6-97,1% u mis nonyueruss ®H-4 (Xy; ; co=15-6%) on; cocTaBUT
97,6-99,6%. Ilpu s3TOM 0,0y€T HECKONBKO MEHbIE, YeM oy; (pucyHok 7).Hampumep, npu oni=99,6%
dcococtaBuT 96,3% (6% C), a npu on=90% (3%C) 0c, coctaBut Tombko 57%. Takum oOpazoM st
TIOCTHKEHHSA O, =75-95% mpouecc HeoOX0auMO POBOAUTH TipH 3,5-6% yriaepona oT Maccsl pynsl. [lpu
3TOM O; OyZIeT cocTaBisaTh 95-99,6%.DeppoHuKeNb B 3TOM CIy4ae MO Xy co OYJIET COOTBETCTBOBATH
mapkam ®H-2, ®H-3 u ®H-4.
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Pucynok 5 — B3aumocsszb Mexay Cy 1 Oy B pepponukene npu 1400 °C.
Iudps! y TOUCK — KOIMYIECTBO yriepoaa, % OT MacChl Py /bl
Figure 5 — Interconnection between Cyy, and oy in ferronickel at 1400 °C.
The numbers at the lines — the amount of carbon,% from the mass of the ore
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Pucynox 6 — Bzanmocss3b Mexny C Xy, co B heppoHHKee Figure 7 — The Interconnection between ay; and o,
¥ o ipe 1400 °C ¢ Mapxoit peppomukers. in ferronickel at 1400 °C.
Iudpsl y TOUEK — KOTMYECTBO yIiiepoa, % OT Macchl pyabl The numbers at the lines — the amount of carbon,

. . . % from the mass of the ore
Figure 6 — Interconnection between CENi and Co

in ferronickel and ay; at 1400 ° C with brand ferronickel.
The numbers at the lines — the amount of carbon,
% from the mass of the ore
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[Ipu snexrpomnaske pyas! (1,7% Ni, 0,08% Co) B cMecH ¢ pa3aIMyHBIM KOTHYECTBOM KOKCa, IIOIy4eH
¢depponukens (pucyHok 8), comepxkammii 8-27,6% Ni u 0,4-0,9% Co (t.e. Mmapok or ®H-4 no ®H-1)
(Tabnuma 2).

Pucynox 8 — ®epponukens, momydeHHsIi n3 benoropckoii pyas B mpucytcetsun 2,5% coke (1), 5% coke (2) u 10% coke (3)

Figure 8 — Ferronickel, obtained from the Belogorsk ore in the presence of 2,5% kokca (1), 5% xoxca (2) u 10% xoxkca (3)

Tabmnna 2 — BiusiHue KoKca Ha CoAepKaHHe METaJIOB B CIIIaBe, %

Table 2 — Effect of coke on the content of metals in the alloy, %

KonnuecTBo kokca, % OT Macchl py sl 2,5 5,0 10,0
Conepxanune Ni 7-8,3 11,2-13,0 26,2-28.3
Copepxanue Co 0,36-0,44 0,54-0,63 0,86-0,94

3akiroueHue.

1. Ha ocHOBaHMM MOJIy4Y€HHBIX PE3YJIbTAaTOB [0 PABHOBECHOMY B3auMoeicTBHIO benoropckoit pyabl
C YyTIAEPOIOM MOKHO CIENATh CIASAYIONINE BEIBOIBI:

- B3aUMOJICICTBHE B CUCTeMe IpoucxoauT ¢ yuactueM Fe,Os, FeO, Fe, 2NiO-Si0,, Ni, 2Ca0-Si0,,
Co, NiO, Ca0, Co0, CaSi0O;, MgSiO;, MgO, MnO, Al,Si0;, Al,03, Si0,, CO, CO,, C.

- IIPH MOCTOSHHBIX TemmepaTypax (600—1400 °C) yBemiuenne konudecTa yriepoaa ot 2 10 6% MOBbI-
TIAET OlNj, Olco B Ol Harpumep pu 1400 C o OT 10,6 10 99,6%, 0c, 0T 1,9 10 96,3%, ag. o1 0,09 10 62,4%.

- YBEJIMYCHHE KOJMYECTBA yrieponaa oT 2 a0 6% cHikaeT coaepkanue Ni u Co B CIUIaBe U YBEIH-
yuBaeT Fe. Tak npu 1400 e CniyMenbiaetcs ot 84,4% no 7,4%, Cc, ot 1,01 1o 0,48% u Cg, BO3pacTaer
ot 14,6 no 62,4%.

- HallIeHO, UTO MeXAYy On; U Cy; HabmomaeTcss 00paTHO MPOMOPIUOHANIBHASI 3aBUCUMOCTD, %; MEXTY
ani 1 Cc, — 3kcTpeManbHast (oc, = 57,1%, Ce, = 1,44%); Mexay o 1 Cpe — IPAMO MPOMIOPITUOHATBHAS.

- npu 1400 °C u3 pymel B npucytcTBun 3,5-6% yriepoma obpasyercs (peppoHHKeNb, KOTOPBI 1O
COIEPKAHUIO XN 4 co 25—7,8% cooTBeTcTBYeT ciiaBy mapok ®H-2, ®H-3, ®H-4; nmpu »TOM cTremneHb
u3Biieuenus Ni B ciiaB cocTaBisieT 95-99,6%, a xobanbTa — 75,3-97,06%.

2. DKCIIEpUMEHTANIBHO YCTAaHOBJIEHO, YTO MPH IIEKTPOIUIABKE pynbl bemoropckoro MectopoxaeHus
B CMecH ¢ KoKcoM (hopmupyetcs pepporukens Mapok oT ®H-4 no ®H-1 (8-27,6% Ni).
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'M. Oye3os ateiaarsl OuTycTiK Kasakcran Memiekerrik yausepeuterti, llsivkent, Kasakcran,
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BEJIOT'OPCK KEH OPHbBIHBIH KEHAEPIHEH ®EPPOHUKEJIBAI AJTY

AnHoTanusi. Maxkanana benoropck KeH OpPHBIHBIH OKCHITI KeHJepiHeH (eppOHUKENbAl alylbl 3epTTey
HoTmxkenepi kentipinexni (0,29-1,72% Ni, 0,05-0,09% Co, 4,07-22,1% Fe, 0,38-0,55% Cr, no 0,67% Mn, 17,78-
17,97% Si, 12,86-24,58% Mg, 0,48-0,78% Al, 49,93-51,9% O). HSC-5.1 kerieHiMeH OpbIHAAIFaH TOJBIK TEPMOIHU-
HAMUKATBIK Tannay apkeuisl 1400°C kesinze kemiprek Memmepinin 2-men 6% naeifin apTysl smementti Ni Ty3iny
nmopexeci 99,6% neitin, Co -96,3% neliin apTTeipansl, Oonail Ooinca, deppokopbITianarbl Ni KOHIEHTpPALMSCH
84,4%-nan 7,4% neiiin, Co 1,01-nen 0,48% neitin temenaeiini, an Fe 14,6-nan 62,4% neitin apragsl. bemoropck keH
OpHBIHBIH KeHzaepineH 1400 C kesinge 3,5-6% xemipterinig KatbicysiHna OH-2, ®H-3, ®H-4 mapkaisl KOphITIIaFa
COMKEC KETETIH X xane Co 29-7,8%0 MeIepi OOMBIHIIA (peppOHUKENH TY3iei; Oy Ke3ae KopeITnara 95-99,6% xoHe
75,3-97,06% Ko06aibT anbHAABL. DCIEPUMEHTTI 3epTTEY HOTHKECiHIe beloropck KeH OpHBIHBIH KEHICPiH 3IEKTPI
0anKpITy Ke3inae KopbiThara kokcren Oipre ®H-4, ®H-1 (8-27,6% Ni) mapkaibl (heppOoHUKENb KajbIITaCAThIHBI
AHBIKTAJIJIBL.

TyiiiH ce3aep: OKCHITI HUKEIb KEHJIEPl, TEPMOJANHAMUKAIIBIK YJITLUIeY, KaJllblHA KEITIPY, KOMIpTEK, KOOAIIbT,
TEMIp, KaJIbIHA KEJITIpy, OalbITY, JJIEKTPIIK OAJIKBITY, (DepPOHUKEIN.
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APPLICATION OF EPR SPECTROSCOPY IN THE STUDY
OF DOLOMITES FROM THE GEOLOGICAL SECTION
OF OIL AND GAS WELLS IN THE PRE-CASPIAN BASIN

Abstract. In the research work were carried out experimental studies using the EPR spectroscopy method for
the detection of dolomites in the Devonian sediments of Imashevskoye (well Nel), Astrakhanskoye (well Nel) and
Volodarskoye (well Ne2) deposits. It is shown that in the EPR spectra, the rocks are fixed by lines related to two
manganese ions with different spectral parameters.

On the basis of the analysis of spectral data we associated various spectral parameters with manganese ions
replacing Mg*" and Ca®" ions in the dolomite crystal lattice, respectively. The parameters of the o were determined
from the EPR spectrum of the investigated dolomites and were found two of their groups. The first group includes
dolomites, which are formed from limestones in the mixing zone of fresh and sea water, for which the a is greater
than 5 (0>5). The second group includes metasomatic dolomites with a<5. The calculated parameter for the
investigated dolomites of the Volodarskoye field varies from 7,5 to 18 (o>5), therefore it can be assumed that these
sedimentary dolomites together with sulfites are formed according to the proposed scheme and do not refer to
metasomatic dolomites with a<5.

The obtained data show that the results of determining the content of dolomite by the EPR method for Mn?", as
well as the content of dolomite in the rock determined by X-ray phase analysis are correlated with each other.

Keywords: metasomatic dolomites, electron paramagnetic resonance, total manganese, divalent manganese,
X-ray phase analysis.

VIIK 543.422.8
P. H. Hacnpos‘, AL 1L C.mocapeBZ, n. b. CaMaTOBz, I'. K. BaﬁMyKameBal, A.P. Hacnpon1

lATl,IpayCKI/u?l roCyIapCTBEHHBIN yHUBepcUuTeT uM. X. JlocMyxamenoBa, ATsipay, KazaxcraH,
*TOO «MucTutyT reonornyeckux Hayk um. K. U. Carmaesay, Anmatel, Kazaxcran

HPUMEHEHMUME JIP-CIHIEKTPOCKOIINM ITPU U3YUEHUU
AOJJOMUTOB U3 'EOJIOTHYECKOI'O PA3PE3A
HE®TEI'A30OBBIX CKBAXKHH ITPUKACIIMMCKOMU BITA/IMHbI

AnHotanusi. B padoTe ObuIM pOBEEHBI SKCIIEPUMEHTAIBHBIE HCCIIEA0BaHU C IIoMoIbio Metona JIIP crex-
TPOCKOIMH 110 OOHApYXEHHUIO JIOJIOMUTOB B J€BOHCKHMX OTIOKEHMSAX MecTopoxaeHuit Mmamiesckoe, ckB.1, Actpa-
xaHckoe, ckB.l, Bomomapckoe, ckB.2. Ilokazano, uto B cmekTpax OIIP moponasl GUKCHPYIOTCS JHHUSIMH, OTHOCS-
IAMUCS K IByM HOHAaM MapraHia ¢ OTJIMYHBIMU CTIEKTPAJIbHBIMU TTapaMeTpaMu.

Ha ocHoBe aHanu3a CrieKTpalbHBIX JAaHHBIX, Mbl CBS3bIBAIM PAa3IMYHbIEC CIIEKTPAIbHBIC APAMETPhl C HOHAMHU
MapraHIa, 3aMelaoNIMK B KPUCTAJLTHYECKOil pemmeTke 1010MuTa HoHbl Mg” i Ca™" cooTercTBenHO. IT0 criekTpy
BIIP Mn** s McciieIoBaHHBIX J0JOMHUTOB GbUIH ONpE/EsIeHbl MapaMeTphl O, M ObUIM OGHAPYXKEHBI JIBE TPYTIIEI
noiomutoB. K mepBoii OTHOCATCS JOIOMHUTBI, KOTOPbIE 00pa3ylOTCsl U3 U3BECTHSIKOB B 30HE CMELIMBAHUS IPECHOH 1
MOPCKOW BOJbI, AJi1 KOTOpoi o>5. Ko BTOpOH rpyIine OTHOCSTCS METaCOMAaTUYECKUE NOJOMUTHI ¢ 0.<5. Bbrumc-
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JICHHBIH MapameTp Ul KCCIIEA0BaHHBIX JOJIOMUTOB Bosonapckoro Mectopoxkaenust kosedaercs ot 7,5 no 18 (o>5),
MIOTOMY MOXHO TIPEJIIONIOKHUTE, YTO 3TH OCAJI0YHBIE JIOJOMHTBHI BMECTE C Cyib(uTamMu 0o0pa3yroTcst IO MpeAro-
JIO)KEHHOH CXeMe M HE OTHOCATCS K METaCOMAaTHYECKUM JIOJIOMHTaM C a<5.

[Tonmy4eHHbIe NaHHBIC MMOKA3bIBAIOT, YTO PE3yJbTATHl ONPEAEIEHHs coAepkaHus monomuta merogoMm OIIP mo
Mn*", a TakKe coflepKaHHs TOJOMHTA B OPOIAX ONPEIENEHHOTO METOIOM PEHTTEHO(A30BOT0 aHAIN3a KOPPEITH-
pyercs MexIy coOOi.

KaroueBble cj10Ba: METaCOMATHUECKHE JOJIOMUTHI, IEKTPOHHBIN NMapaMarHUTHBIN PE30HAHC, OOMIMI Mapra-
Hell, IByXBaJICHTHbI MapraHeln, peHTreHO(pa30BbIi aHAIH3.

[Ipu monckoBo-pa3BeIOYHBIX paboTax Ha HE(PTH W Ta3, a TAKKE MPU OLEHKE HEPTEHOCHOCTH CTPYK-
TypBl HEOOXOAUMO JETANbHOE N3yYEHUE MUHEPAIIOTHYECKOTO COCTaBa MOPOA-KOJIEKTOPOB.

[lonHOe omucaHue CIOXHBIX CMeceidl MOpon000pasyoUIMX MHHEPAIOB, KaKUMH SBISIIOTCS HedTe-
HOCHBIE OCaJI0OYHBIC NTOPOJBI, PEJICTABISIET COOOH OYEHb CIOXKHYIO 3a/ady, U OHAa MOXKET OBITh pelIcHa
TOJIBKO TIPH MOJHOM COYETaHWU TPAJWIMOHHBIX METOJOB MHHEPAJOTHYECKUX W TeTporpaduiecKux
WCCIIEJIOBAaHNH C COBpEMEHHBIMU (DHM3MKO-XMMHUYecKUM Metomamu [1]. He mperenays Ha pemieHUs 3TOMH
CJIOKHOM 3a/lauu, Mbl OIPaHUYMIIMCH B JAaHHOW paboTe M3ydYCHHEM BO3MOXKHOCTH IIPUMEHEHHUS METOAA
OIIP mpu ananmu3e kapOOHATHBIX MHHEPAJIOB B TOJIIE OCaJ0YHBIX OTNIOkeHuH Ilpukacnuiickoro 6ac-
ceiHa.

B pabote [2, 3] mokazano, uto MeTon OIIP mo3BossieT MPOBOIUTH JUTOJOTHYECKOE PAaCUIICHEHHE
M3y4aeMoro pa3pe3a Ha OCHOBE aHAJIM3a CIIEKTPAIbHBIX XapaKTEPUCTHK OCAJOYHBIX IOPOJA Pa3IUIHOTO
JIUTOJOTMYECKOT0 COCTaBA.

OOBEKTOM HCCIIeTOBaHUS SIBUIICS KapOOHATHBIN MUHEpal — IOJIOMHUT, KOTOPBIH CONEPKUTCS B HEd-
TEHOCHBIX IIOPOAax OOJIBILIOr0 YKCia MOACOIEBBIX MecTopox e [Ipukacuiickoro peruoxa.

Ha pucynke 1 npusenen cnextp OIIP mopoast MmamieBckoro mectopokaenus (CkB. 1, TioyOuHa
3593-3596 M), KOTOpPBI MOJHOCTHIO COBHANAET CO CIEKTPOM OT JOJIOMHUTa M3 pe3epByapa MECTOPOXK-
nennst bexOymar (comepikaHue MOJIOMHUTA TO JaHHBIM peHTreHo(]a3oBoro anamm3a cocTaBisieT 98%),
prcyHOK 16. 31ech HaGIIO[AIOTCS CIIEKTPHI ABYX HOHOB Mn®", pasiHuaroniiecs BeIMUHHAMY g-()aKTOPOB
(2,0100 u 2,0028); ay, = 95 I'c (Mexny TpeTbeil u 4eTBepToil KOMINoHeHTamMu). Jluauu 1 u 2 B "BBICOKO-
TOJIEBOH" YACTH CIEKTpa NPHUHAINEKHT HOHAM Mn®", 3aMeIaromuM B KPUCTAIUTMYECKOH pemeTke J0I0-
muta HoHsl Mg™" 1 Ca™” cooTBeTCTBEHHO.

A-UeHTP KaonkuHKuTa
___JI/\ : a
12

50Tc
H

Pucynok 1 — Criextpst JI1P nonomura: a — MiMmamieBckoro MmectopoxaeHus (cks. 1, riryouna 3593-3596 m);
0 — mectopoxaenus bexOynar (Tiry6una 3825-3832 M, HIKHUI CII07):
a=151y/I,, rae I; u I, — uaTeHCHBHOCTH MMHMIA 1 U 2 COOTBETCTBEHHO

Figura 1 — EPR spectra of dolomite: a — Imashevskoye deposit (well 1, depth 3593-3596 m);
b — Becbulat deposit (well 1, depth 3825-3832 m, lower layer):
o =15 I /I, where I; and I, intensity of lines 1 and 2 respectively

— 14—
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[Mapamerpsl oo = 151;/], 4acTO HCMONB3YIOT B KAYECTBE KPUTEPHUS YCIOBUH JOJIOMUTU3AIUN U3BECT-
HSKOBBIX NopoJ. Hanpumep, B mepMcKuX oTNI0KeHUsIX TaTapcTaHa yCTaHOBJIEHBI BE TPYIIIBI TIOJIOMUTOB
[4]. K mepBoii oOTHOCATCS TOJIOMHUTHI 00pa3yIONINecs U3 U3BECTHSIKOB MO PEAKIIHH:

2Ca(HCO, ), + MgS0, — CaSO, + CaMg(CO, ), +2CO, +2H,0

B 30HE CMEIMUBAHUS MPECHON M MOPCKOHN BOMBI, I KOTOpoH o>5. JIims momoMuTo- oOpa3oBaHus HE00-
XOJIUMO TIOCTyTUIeHHe Maraui. Ko BTOpO# TrpyIine OTHOCATCS METacOMaTHYeCKHe TOJIOMHUTHI ¢ o<5.
Meracomarrueckasi TOJIOMUTH3AIINS B KaTareHese 6osee BakHa sl MpeoOpa3oBaHUs KOJUIEKTOPOB [5].

C moMoIIpI0 WHTCHCUBHOCTEH JMHUKM | U 2 U3YYEHO pacHpe/esicHUue ABYXBAJICHTHOI'O MapraHIiia B
W3YYCHHBIX JIOJIOMUTAX W OTHOIICHUE 3TUX JIMHUIA, BEIYUCIICHHOE TI0 hopmye: oo = 15 1}/1, (tabmuma 1).

Tabmuma 1 — OIIP-xapakTepuCTUKH JOJIOMHTOB HEPTEHOCHBIX Topox [Ipukacus

Table 1 — JIIP-xapakTepucTHKH 10/10MUTOB HedTeHOCHBIX nopoa IIpukacnus

HMO;C‘:;I; ij;;ﬁi; I'nmyGuna, m Bospact o

Omrap, 6 680-685 Opckuit 3,65
Mmamresckoe, 1 2698-2703 TpuacoBsrit 2,77
HNmamesckoe, 1 3593-3596 [Tepmckuit 3,87
HNmamesckoe, 1 3801-3804 (Bepx) [Tepmckuit 3,75
BexOymnar, 1 3825-3832 (uu3) Pannenepmckuii 6,39
BekOymar, 1 3825-3832 (Bepx) Pannenepmckuit 8,31
Bononapckoe, 2 5822-5824 JleBoHCKMit 7,5
Bononapckoe, 2 5898-5902 JleBOHCKMi 18,0
Bononapckoe, 2 5593,6-5600,8 JleBOHCKHi 9.4
Bomonapckoe, 2 5954-5956 JleBoHCKMIT 8,6
Bononapckoe, 2 5957-5959 JleBoHCKMit 9,0

Brruncnennsrii mapaMeTp A MCCIEAOBAaHHBIX TOJIOMHTOB Bojogapckoro MecTopokiaeHHs Koyeo-
nercs ot 7,5 mo 18 (a>5), mo3TOMy MOXHO TPEAIONI0KHUTh, YTO 3TH OCAJIOYHBIE AOJIOMHUTHI BMECTE C
cynbhuTamMu 00pa3yroTCs MO MPEAONIOKEHHOW CXeMe W HEe OTHOCATCS K METACOMATHYECKUM JTOJIOMUATAM
¢ a<5. B nonp3y maHHOro MexaHmsma Obulo n3ydeHo pacmpenesnenue mapranua (II) meromom OIIP u
pentrenodayopecuenTHoro ananuza (POA), kanbuus, cepbl, 00IIero Mapraiia B KapOOHATHBIX MOPOAax
MPOAYKTUBHOTO pa3pe3a AcTpaxaHckoro u Bomomapckoro Mectopoxaenuii (taduuma 2).

Ha pucynke 2 nokazana gacTh criektpa PDA, 3anuicaHHOro Ha peHTreHO-(IyOpeCleHTHOM CKaHU-
pytormem crektpomerpe VRA — 30 "Kapn Leiic" (I'epmanmsi) murama MecTOpokmeHUs Bomomapckoe
(AcrtpaxaHnckas obnacth, Poccust). Ha ocHOBaHMHU 3TOTO CHEKTPa MOYKHO MPOBOJUTH KaK KOJTHMYECTBEHHBIH
aHalM3, TaK W KaYeCTBEHHBIN AJIEMEHTHBIH aHaNN3 HETEHOCHOW MOpoAbl. M3TOTOBISIOTCS STalOHHBIE
o0pasmel B Bue TabmeTkn. Jtanon Ne 23. B cocras 3T0or0 3TasioHa ¢ BecoM 2,83779 T BXOIAT:

0,04245 r ALLOs (conepxanue Al — 0,875%);

0,15 r Fe,O5 (comepxanue Fe — 3,7%);

0,12745 r MnSOy-5H,0 (conepxarue Mn — 1,024%);

0,02907 r Zr(S04),"4H,O(cconepxkanue Zr — 0,26%);

0,075 r Sr(NO;), (comepxanue Sr — 1,09%);

1,367 r CaCOj; (conepxanue Ca — 19,29%);

1,002 r H3PO3.

Copepxanue Si B uicxogHoi cmecu coctaBisieT 0,6135%, a obmeit cepor — 0,7823%. Jlanee u3 sToi
CMECH C TMOMOIIBI0 YCTAHOBKH IPECCOBAHUS MPHUIOTOBWIIM TBEPIYIO TaOJIETKY AJsl KIOBETHI MpHOOpa
P®A. Ananoru4HeiM 00pa3oM ObLIM M3TOTOBJICHBI ATAJIOHHBIC 00pa3ilbl JAJIs U3MEPCHHS KOHIICHTPAIIUU
JIIPYTHX DIIEMEHTOB B HCCIEAYEMBIX MOponaX. BaKHBIM JOCTOMHCTBOM pPEHTTEHO-()IyOpeceHTHOTO
CKaHUPYIOIIET0 CHEKTPOMETpa SBISETCS TO, YTO 3/IECh HE IPOMCXONUT HAJIOKEHUE CIIEKTPATbHON JTMHUN
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Tabnuna 2 — Pacnpenenenue Mn*" B MPOLYKTUBHBIX pa3pe3ax AcTapXaHCKOro U Boiomapckoro MectopoxaeHui

Table 1 — Pacnpenenenne Mn** B NPOAYKTHBHBIX pa3pe3ax AcTapXxaHckoro u BoJsiogapckoro mecroposkaeHuit

Ne MecTopoxaenne, I'nmy6una or6opa Conepxanue %
obpasma HOMEP CKBaKUHBI KEPHOB, M Mn Mn2* S Ca
1 Bonopapckoe,2 4700-4703 0,046 0,0005 0,70 12,99
2 Bononapckoe,2 5593-5600 0,013 0,013 0,08 8,39
3 Bomonapckoe,2 5826-5828 0,045 0,0038 0,78 19,06
4 Bononapckoe,2 5847-5852 0,020 0,019 0,23 17,72
5 Bononapckoe,2 5898-5902 0,040 0,038 0,47 10,33
6 Bononapckoe,2 5954-5956 0,035 0,034 0,65 14,68
7 Bomnonapckoe,2 5957-5959 0,020 0,015 0,70 15,06
8 Acrpaxanckoe, 1 4165-4171 0,030 0,027/0,030 - -
9 AcrpaxaHckoe, 1 4178-4184 0,046 0,036/0,040 — —
10 AcTtpaxaHckoe, 1 4184-4191 0,035 0,027/0,030 - -
11 AcTtpaxaHckoe, 1 4191-4198 0,050 0,047/0,050 0,33 16,49
12 Acrpaxanckoe, 1 4198-4205 0,055 0,040/0,060 - -
13 AcTtpaxanckoe, 1 4212-4218 0,025 0,021/0,025 - -
14 AcTtpaxaHckoe, 1 4218-4225 0,031 0,019/0,020 0,27 17,11
15 AcTtpaxaHckoe, 1 4678-4680 0,031 0,0095 0,84 8,61
Ipumeyanue: B duciuTene TpHBEneHE! coepkanne Mn”" 1o o6paGoTKn, a B 3HAMEHATEIIE TPHBEACHBI CONEPKAHME
Mn? nocre obpadotkn HCL.

mapranna K, (A=2,1 A°) na nnrencusHyio muamio xenea K, (A=1,9 A®) u muann Banamusa K, (A=2,5 A°)
Ha CIEKTpanbHyko JmHu0 THTaHa K, (A=2,75 A°). Drot ciyuaii odeHp BakeH B HE()TEIOMCKOBOI Treo-
XMMHH, KOTJIa CTaTUCTHYEeCKas oOpaOOTKa JaHHBIX paclpeieicHHs HapaMarHUTHBIX (OPM BaHATUS U
Map-TaHIla B Pa3JUYHBIX CKBAKUHAX IO TIIYOMHE OTKPHIBAET BO3MOXKHOCTh ONPEACICHHS MTEPCICKTUBHBIX
K MCIIBITAHUIO MHTEPBAIIOB TIYOHH, TJIe MOXKHO OXHIATh 00Jice BHICOKYIO BEPOSTHOCTh MPUTOKA HEDTH U
rasa [6-8].

Pucynok 2 — POA (peHTreHO(IyopecieHTHBIN aHAIN3) IIamMa U3 CKB. 2 (MHTepBan 58265828 M)

NurencnBrocTh w3nyuenns
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Figura 2 — X-ray fluorescence analysis of well #2 sludge (interval 58265828 m) of Volodar-skoye deposit
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Pucynok 3 — Crexktpst DIIP mopoasl: a — KanpuToBas HopoJa ACTpaxaHCKOro MeCTOpOXaeHusI, CkB. 1 (rinyOuna 42184225 m);
6 — KambLUT-0JI0OMUTOBas opoaa Bonogapckoro mecropoxkaeHus, ckB. 2 (ryouna 5898-5902 m);
6 — U3BECTHSIK TOJIOMUTU3UPOBAHHBIH ¢ 3ammaxoM MeTaHa (Bomogapckoe mecToposkaeHue, ckB. 2, rayouna 5593-5600,8 m)

Figura 3 — EPR spectra of the rock from samples: a — the rock (calcite) is taken from well #1 (4218-4225 m) Astrakhan oil field;
b — calcite-dolomite of rock well #2 (5898-5902 m) Volodar oil field;
¢ — dolomite of rock well #2 (5593-5600,8 m) Volodar oil field

UnuTepecHo oTMETHTH, YTO Hanboiee MOMIHBIA CIIOW ABYXBAJCHTHOTO MapraHila Ha €ro BBICOKOM
¢done puxcupyercs B uaTepBaie 4175-4205 M o paspesy ckB. 1 ACTpaxaHCKOTO MECTOPOXKICHUS, HAXO0-
IISATIETOCS Ha pacCTOSHUH 3 KM OT CKB. 2 Bonomapckoro Mmecropoxknenus (tadnuma 2). [To pa3pesy cks. 1
coJiepyKaHUE OPraHMYECKUX CBOOOMHBIX paaukaioB (R') ouenp Hu3koe u konebdnercs ot 0,4 mo 2,4 B o1-
HOCHUTEJbHBIX euHuIax (pucyHok 3a). Ha ocHOBaHMHU MOMYYEHHBIX AAHHBIX MOXKHO MPEAIOIOXKHTH, YTO
TaKoe M3MEHEHHE MOXET OBITh CBSI3aHO C BO3JIEHCTBHEM 0oJiee CHIIBHBIX aKTHBHBIX BEIIECTB, TAKAX KaK
cepoBonopoa, CO; u Ap., KOTOpbIe B BOJHOM cpesie CUIBHO B3aMMOAEHUCTBYIOT C IOPOAAMHU KOJUIEKTOPOB.
JeiicTBUTENBHO, U3 STON YacTH pa3pe3a MPU UCTIBITAHUH SKCIUTYaTallHOHHON KOJOHHBI CKBaKHUHBI (4100—
4300 M) TIOJTy4eH HPHUTOK ILTACTOBO BOMIBI (6,4 M’/CyTKH) C PACTBOPEHHBIM CepOBOI0PoaoM (16%).

IIpeanonaraemple HHTEPBAIB HE()TETa30HOCHOCTH IO 3KCTpeMalbHEIM 3HadeHusM Mn(Il) xopomro
cornacytorcst ¢ nanabiMd [UC (reodu3mueckre METOABI MCCIIEIOBaHUS CKBaXKHH). COINIAaCHO pe3ylib-
tatam ['MIC, HedTeHachIIeHHbIE T1aCThl BEIIESIOTCS B HHTEpBanax rimyouH ot 5600 mo 5961 M paspesa
ckB.2. Bonomapckoro mectopokmenus. B mporecce OypeHHst W3 3TON e 9acTh pa3pe3a Ha yCThe 3a00s
5961 M npu TUKBUAAIUA OCIIOXHEHUS] Ha CKBa)KWHE IMOJyYeH MpUTOK HedTH. B mopoxe, o6p. Ne2 mpu-
CyTCBYeT He()Th, cofiepKaHue B MOPOJE ABYXBAJCHTHOI'O MapraHila CTAHOBHUTCS] CPABHUMBIM TI0 BETUUMHE
¢ O0IIMM coJiepKaHMeM MapraHIia,onpeeneHHoro MeTogqoM POA (Ttabmuma 2).

Ha pucynke 3 mpuBeaens! criekTpbl DI1P THnmdHbIC KaabITUTOBBIM (@) M KaJIBITUT-I0JIOMUATOBBIM (6),
(6) mopogaM AEBOHCKHUX OTJIOXKEHHH AcTpaxaHckoro m Bomomapckoro mectopoxiaeHuid. Pucynok 3¢
(oOpazerr No2) CBHICTENBCTBYET O PACXOJIE IBYXBaJCHTHOTO MapraHIla B KPHCTAJUTMIECKON pelIeTKe J10-
JIOMHTA TIOJ JAEWCTBHEM BOCCTAHOBHTENBHBIX (pakTOpoB. B KadecTBe KpuTepmeB mporHo3a HedTeraso-
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HOCHOCTH TIOPOJI — TIACTOB MOTYT OBITh MCIOJB30BaHbl, TaKKe, CBOOOIHKIE paaukaisl (RY) opranudeckoit
MPUPOLI Hapsay ¢ monoM mapranma (11) [6].

OO0pa3zoBaHie 3HAYUTEIBHOTO KOJHYECTBA Cylb(para B JOJOMUTH3MPOBAHHBIX HM3BECTHSIKAX IPH
MEHBIIEM 3HAaYeHUH COAEPKaHMs KalbLus, M0 CpPaBHEHUIO 4eM 4, 14 mo-BUIMMOMY, MOKHO OOBSICHUTH
3HAYUTENLHBIM COJIEpP)KaHHEM Cephl B 00pasnax 5 u 6 (tabmuna 2).

Kax BumHO 13 Tabmmmbl 1 B pa3pe3ax ckB. 6 (Mectopoxacaus Onrap) u cks.1 (Mectopoxaenue Mima-
MIEBCKOE) OBUTH HACHTU(UIINPOBAHBI METACOMATHIECKHE TOJIOMHUTHI ¢ 01<5.

OueHp MHTepecHOe H3MeHeHue crektpa JIIP moma Mn® maGmopaercs B paspese cks. 1 Vma-
HIEBCKOTO MECTOpOKAeHus (pucyHok 4). Ha pucynke 4a npuseznen crnektp JI1P HmxHEro cnos mopoast
(3801-3804 M) ¢ 3epHAMH KamblHTa pasMepoM g0 1 MM. 31ech HoH Mn”" BKITIOUEH B KPHCTAILTHYECKYIO
CTPYKTYpy MUHEpalia KaJbIUTa.

WA

100 T'c | H

»
I I "

Pucynok 4 — Criextpsl JI1P n3BecTHAKOBBIX OPOA MecTopoxaeHus MmanieBckoe:
a — HIDKHUH CI0if; 6 — BepXHsA 9acThb nmopoas! (rmyouna 3801-3804 m)

Figura 4 — EPR spectra of limestone rocks of Imashevskoye oil field:
a — lower layer; b — upper part of the rock (depth 3801-3804 m)
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Pucynok 5 — UK-criekTpsl 1010MUTOB: @ — MIMamnieBckoro Mectopoxaenust ckB. 1 (rmyouna 3801-3804 m);
6 — CTaHJApPTHBIHN 00pas3el J0IOMHUTa MecToposkaeHus bekOynat (cogepkanue gonomuta 98%)

Figure 5 — IR spectra of dolomites: a — Imashevskoye oil field well #1 (depth 3801-3804 m);
b — standard sample of dolomite Becbulat oil field (well 1, depth 3825-3832 m, lower layer, dolomite content 98%)
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B criextpe DIIP (pucyHok 4) BepxHeii yactu ciios mopoas! (3801-3804 M), cocrosimeit n3 OKaTaHHBIX
00JIOMKOB TIECYaHOU, PEIKO MEITKOTPAaBUMHON pa3MepHOCTH (0 2 MM) M3BECTHSKOB M (hayHHUCTHICCKHX
OCTaTKOB, CIIEMEHTHPOBAHHBIX MEJIKO- U TOHKO3EPHUCTHIM JOJOMUTO-KAJIBIUTOBBEIM MaTEpPHAIIOM, JIH-
Huw | 1 2 npuHamiesKkat noHaM Mn®", BKITIOUEHHBIM B KPUCTAILTHYCCKYIO PEIIETKY TOJOMHTA H KabIHTA.

Uccnenoannpie Metomom OIIP-cnekTpockonmuu AOIOMUTCOIEpXKAIIUE IMOPOAbl MMamieBckoro
MecTOpoXaeHHus (PUCYHOK 40), ObLIH, Tarke, n3ydeHsl MerogoM HK-cmektpockomuu. Ha pucynke Sa
Hapsy C TOJIOCAMH TIOTJIONMICHUSI KAOJWHHUTA HAOIOJAIOTCS TOJO0CHl moriomeHus 729, 853, 880 u
1450 CM'I, XapaKTEpHbIE AJI JOTOMUTA.

s 6oee TOYHOTO OTHECEHHS TOJIOC CIEKTpa K MHHEpaNy JOJIOMHUTA, COJIepKaIIeMycsl B 3TOH II0-
pone Ha pucyHke 56 mpuseacH UK-crektp monomuta Mectopoxaeaus bekOymar (cogepxaHue J0I0OMHUTA
98%). [Ipu comocTaBieHNH PACHONIOKEHHs TIOJIOC 3TOro o0pasna 1 ucciaenryeMoi nopoasl MimameBckoro
MECTOPOX/ICHNS OBUTH YCTaHOBIIEHBI TIOJIOCHI IOJIOMHTA M KAOJIHHHUTA.

IIporieHTHOE CoOmepIKaHHE TOJIOMHUTA B TOPOAEC MOXKHO ONPEICIUTh 10 WHTEHCUBHOCTH CHUTHaja
TOCIIEIHOTO KOMITOHEHTA CBEPXTOHKO# cTpykTypbl (CTC) Hona Mn®".

Konuentpanus noHoB Mn** onpezensack no sraiony BUCH-3.

B Ta6mie 3 MPUBOIATCS PE3yIbTaThl OMPENEICHHS COAepKaHms HoIoMuTa Metogom DIIP mo Mn?",
a TaKKe CoJep)kaHHe JIOJIOMHTa B MOPOJAX OMNpeiesieHHOe METOAOM peHTreHodaszoBoro aHammsa. Kak
TIOKa3bIBAIOT MOJTYYCHHBIE JaHHbBIE, COAepKaHMe AomoMuTa mo Mn®" B ocamounbix mopogax ITpuKacrmii-
CKO¥ BITaTMHBI KOPPEINPYETCs ¢ JaHHBIMHU PEHTTeHO(a30BOTO aHaIM3a.

Ta6n1/111a 3-— Pe3yJ'H)TaTI)I OIpeACIICHUA NOJIOMUTA B OCaIOYHBIX ITOpOAax HpHKaCHHﬁCKOI‘O PpEeruoHa

Table 3 — Pe3yabTaThl onpeaeeHnsi 10JI0MUTA B 0ca0YHBIX nopoaax IIpukacnuiickoro pernona

Mecropoxenue, Hurepsan ot6opa, Cozepxauue 1010MHTa, %0

HOMCD CKBaKHHBI M [0 peHTreHo()a30BOMY aHAIIU3Y o OI1P
WmameBckuii, ckB. 1 3801-3804 8 8,1
NmammeBckuit, ckB. 1 3744-3746 2 2,3
Bosonapckuid, ckB.2 4678-4680 50 51,0
Bononapckuii, cks.2 5820-5822 41 41,0
Bononapckwuii, ckB.2 5822-5824 41 41,2
Bononapckuii, cks.2 5957-5824 51 51,2
BekOynar, cks.1 3825-3832 (BBepx) 98 98,0
AcTtpaxaHckoe, CKB. 1 4678-4680 44 44,1
Topraii, ckB.4 2926-2932 34 34,2
Toprait, ckB.4 2863-2871 15 14,5

BriBoabI.

1. C momomsio Merona DIIP criekTpocKomuu 10JOMUT ObIT OOHApYKEH B AEBOHCKHUX OTIIOKCHHSX
MecropoxaeHnil mamesckoe, ckB.1, AcTpaxaHckoe, ckB.1, Bonmonapckoe, ckB.2, Topraii, ckB.4.

2. To crextpy DIIP Mn*" 1 HCCIIe10BAHHEIX JOTOMHTOB ObUTH ONpe/eseHbl mapamMeTpsl o=15 I;/1,
1 ObUM OOHAPYXKEHBI JIBE IPYMIIBI JOJIOMHUTOB. K mepBoii OTHOCATCS HOIOMUTHI, KOTOpPBIE 00pa3yoTCs U3
U3BECTHAKOB B 30HE CMEIIMBAHUSA NPECHOM M MOPCKOM BOABI, A KoTopol o>5. Ko BTOpoil rpymmne
OTHOCSITCSI METACOMAaTHYECKUE JOJIOMHTEHI € O<<5.

3. IIpennaraemslii ciocod oOHapykeHHUS KapOOHATHBIX MUHEPAJIOB- qojioMuTa MetomoM OIIP mpwm
W3yYeHHH pa3pe3a He(Tera3oBbIX CKBAXKMH ITO3BOJISICT IMONYYaTh ONEPAaTHBHYIO HMH(OpMAIHIO O Kaue-
CTBEHHOM COCTaBE€ HCCIIeyeMoro oobekTa. [Ipn HeoOX0IUMOCTH, TOMOTHUTENEHO MPOBOAAT aHAIU3 00-
Pas1oB METOJIOM PEHTTeHOBCKOU andpakromerpun i UK — cekrpockonuu.

4. TlomyuyeHHble JaHHBIE ITOKA3bIBAIOT, YTO PE3YJNbTAThl OIpPENIEICHUS COJEpXKaHHUS IOJIOMHUTA
metonom DIIP mo Mn®", a Taxoke coiepaHus T0TOMHUTA B OPOAX, ONPEISTICHHOIO METOIOM PEHTICHO-
(ha30BOro aHaNMU3a, KOPPEIUPYETCSI MEXIY COOOM.
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P. H. Hacnponl, A. 1L C.mocapeBz, Hn. b. CaMaTonz, I. K. BaﬁM¥KameBal, A.P. HacnpoBl

'X. TocMyxame10B aThIHaFbI AThIpay MeMIIEKETTIK yHUBepcuTeTi, AThipay, Kasakcran,
HKIIC «K.M.CorbaeB aThIHIAFBI T€OJOTHSIIBIK FRUTBIMIAP HHCTUTYTHD», AnMaTsl, KazakcTan

KACITAA MAHBI OMITATBI MYHAM-T'A3 YHFBIMAJIAPBIHBIH I'EOJIOT USJTBIK
KABATTAPBIHIAATBI JOJTOMHUTTI AHBIKTAYFA JITP-CIIEKTPOCKOIIUAHBI KOJITAHY

Annoranus. JKymeicra OI1P ciekrpockonus kemerimen Vimamies, Oyprbiiay ckBaxxuHachl 1, Actpaxans, Oyp-
FBUIAYy CKBaKMHachHl 1, Bosomap, Oyprbuiay CKBaKMHACH! 2 MyHai-KeH aJlaHIAPbIHBIH T'€OJOTHSIIBIK KUMAChIHIAFbI
MIeTiHIUIepIeTi JOJIOMHUT MUHEPAJIBIH aHBIKTAy ToXipuOenepi xyprizinreH. D[P mpubopsr kemeriMeH, OHBIH CIIEK-
TpiHIETi MapraHeNTiH €Ki BAJCHTTI MOHBIHBIH €Ki TYpPiHiH Oip-OipiHEH CIeKTpaiabl mapaMeTpiepiMeH a)KbIpaThl-
naThIHbI KepeeTinmi. by Gaiikamran oprTypni Mn®" crexrpanbl mapamerpiepi AOTOMHTTIH KPHCTAIUT TOPBIHIAFHI
Mg*" xone Ca®’ HOHIApbIMEH anMacy apKbUIbl TYCIHAIpiTe/i. 3epTTereH JOTOMUTTEPIIH CIEKTPIHAE o mapaMeTpi
aHbIKTaJIbl. OCBIHBIH HOTHXKECIHJIE TOJOMHUTTEPIH €Ki TOObI atibliibl. JJoIOMUTTEpAIH OipiHII TOOBI, OJ TYIIBI CY
MEH TEHi3 CYBIHBIH apanacy aiMarblHAa OKTACTHI MIOTIHII Tay >KBIHBICBIHAH TY3iienmi, Oy ymriH o>5 Oommel. Aul,
eKiHIII TOIKa METACOMATHKANBIK JOJOMHUTTEP JKaTalbl, oJlap YIIiH a<5 O6onmasl. ToxipubeneH aHbIKTanFad Bomomgap
MYHali-KeH aJaHbIHIA TY3UICTiH TOJIOMUTTEP YIIIiH O.-apaMeTipiHiH MoHi 7,5-TeH 18-re neiiiH e3repei skoHe OyI1 me-
TiHZi JOTOMHUT TOOBI KepceTiareH yiri 6oiibiHmIa Ty3inai. Jomomurrepai Mn?' monsr Hotixkecinae DIIP- xoHe peHT-
reHo(azanblk TaNay 9MICTEPIMEH aHBIKTAy HOTIIKECi KelTipiireH. AnbiHraH HoTHke OIIP ofici OoMbIHINIA aHBIK-
TaJIFaH JIOJIOMHT MeJIIIEpi peHTreHo(a3anbIK Tanaay o/iCiMEeH aHBbIKTAIIFaH JOJOMHT MOJIIIEpiHe COMKeC Keei.

Tyiiin ce3mep: METOCOMAaTHKAJIBIK JOJIOMUTTED, SJIEKTPOH/IBIK APAMAarHUTTIK PE30HAHC, JKaNIbl MapraHel, eKi
BAJIEHTTI MapraHell, peHTreHo(a3abIK Taliay.
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TO THE TECHNOLOGY EXTRACTION OF LITHIUM
FROM THE FORMATION WATERS OF OIL AND GAS FIELDS
OF SOUTHERN MANGYSHLAK

Abstract. Based on the study of initial reservoir solutions of a number of fields oil and gas of the Mangyshlak
peninsula and analysis of known methods obtaining compounds from hydromineral raw materials had studied
possibilities and conditions of processing and extract contained therein useful components. Found solution treatment
mode, allowing to remove suspended particles from the brine. Complete precipitation was carried out at temperatures
from 18 to 45°C. Processing was carried out with alternating current of industrial frequency at density of 0,5—
1,5 a/em’, processing time — from 2 to 15 minutes. The rate of destruction electrode was 0,12-0,25 g/cm®h in
solutions of electrolytes. The solution after settling for 2 hours did not contain suspended particles, where in the
lithium content remained at the initial level. Studied deposition conditions of magnesium ions from the clarified solu-
tion. Found optimum processing conditions clarified lime solution. For sedimentation, slaked lime (lime milk) with a
main substance content of at least 30%, density of 1,20—1,21 g/cm’. In the filtrate completely lacked magnesium and
content of lithium was in the range of 13,8141 mg/dm’. The loss of lithium and precipitate amounted to 3,0-5,2%.

Studied conditions for optimizing pH for the subsequent precipitation of lithium by aluminum hydroxide. Based
on an analysis obtained results and data information sources concluded that the rational extraction of the free
formation brines lithium and magnesium with obtain two main products of LiOH and MgO. Proposed technological
scheme for processing associated reservoir brines.

Keywords: oil and gas fields, formation water, brines, lithium, extraction technologies.

VK 550.4; 553.7; 574.14
C. M. Kan, C. B. bepcrenesn

TOO «MHCTUTYT THAPOTEOIOr U U Te0dKoI0TuH uM. Y. M. Axmezncadunay, Anmatsl, Kazaxcran

K TEXHOJIOI'MX U3BJIEYEHUA JINTUA
W3 IJIACTOBBIX BOJ MECTOPOXJIEHU HE®THU U I'A3A
IO’ KHOI'O MAHI'BIIIVIAKA

AnHotanusi. Ha ocHOBaHMU HCCIICZIOBaHMS IUIACTOBBIX PACTBOPOB Psijia MECTOPOXKICHUM HeTH M rasza Io-
JyocTpoBa MaHTHINLIAK ¥ aHAJIN3a WU3BECTHBIX METOJOB IOJYYCHHUS COCITUHCHUN W3 TUAPOMUHEPATBHOTO CHIPhS
M3yYeHBl BO3MOXHOCTH M YCIOBHS IEpepaOOTKH W U3BJICUCHHS COICPXKAIMUXCS B HUX IMOJIC3HBIX KOMIIOHCHTOB.
Haiinen pexum 00paboTKu pacTBOpa, MO3BOJISIONINIA YAATSITh B3BEIICHHBIC YaCTHIBI U3 paccoia. M3ydeHbl yCIIoBus
OCa)KJICHUSI HOHOB MAarHusi U3 OCBETJICHHOTO pacTBopa. HaiieHbl onTrMalibHbIe YCIIOBHS 00PabOTKU OCBETICHHOTO
pactBopa M3BeCThIO. M3ydeHbl ycinoBus ontuMusaiuu pH Ui MOCHEMyOMero OCaKACHHUs JUTHS THAPOKCHIOM
amoMuHusi. Ha oCHOBe aHani3a Moay4eHHBIX Pe3yabTaTOB M JAHHBIX HHPOPMAIIMOHHBIX HCTOYHUKOB CJIEJIaH BBIBO
0 PalMOHAJIBHOM HM3BJICUEHHH M3 TOMYTHBIX IUIACTOBBIX PACCOJIOB JIMTHS M MarHus ¢ MOJyYEHHUEM JBYX OCHOBHBIX
npoxaykros LiOH u MgO. [IpennoskeHa TeXHOIOTHYECKas CXeMa MepepadOTKH MOMYTHBIX IJIACTOBBIX PACCOJIOB.

KuaroueBble ciioBa: MectopoxxaeHus HeTH M rasa, IUIaCTOBBIE BOJbI, PACCOJIbI, JIUTHHA, TEXHOJIOTHH H3BIIE-
YCHUA.
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WHTeHCcHBHAs 100ObIYa MHOTHX IIOJIE3HBIX HMCKOMAEMBIX MPHUBENAa K TOMY, YTO 3alachl HEKOTOPBIX
PEAKHX DIIEMEHTOB CYIIECTBEHHO COKPATHIINACH, @ TIOTPEOHOCTh B HUX PE3KO YBEITUIMIIACH 32 CUET PacIIv-
pPEHHS HCIIOJIB30BAaHUS B HOBBIX OTpacisiX TEXHMKH M TEXHOJIOTHH. Bce ocTpee craHOBUTCS NpobieMa
MOMCKOB U BOBJICUCHUS B MPOMBIIUICHHYIO Pa3pa00TKy HOBBIX BHJOB MHHEPAIBLHOTO ChIPbs. OJHUM W3
TaKUX BHJIOB MOTYT CTaTh ILUIACTOBBIE PACCOJBI, MOIMYTHO JAOOBIBAEMbIE MPHU pa3pabOTKe MECTOPOKACHUH
He()TH U Ta3a, 3HAYUTENFHOE KOJIMYECTBO KOTOPBIX M3BIIEKAETCSI COBMECTHO C YTJIEBOJOPOIHBIM CHIPbEM U
IpU HAIMYUKM B HUX OTICIBHBIX KOMIIOHEHTOB WJIM MX COCAMHEHHUH SBJISIOTCA THUIPOMUHEPAIbHBIM
CBIPBEM, KOJIMYECTBO M KaueCTBO KOTOPOTO TMO3BOJSIOT B KOHKPETHBIX THIPOTEOJIOTHUYECKUX YCIOBUIX
BECTH PEHTA0ENBHYIO JOOBIY 3THX BOJ WM H3BJICUEHHE M3 HUX IMOJE3HON MPOAYKIHH CYIIECTBYIOIINMHU
TEXHUYECKUMH CPEICTBAMU C IPUMEHEHHUEM COBPEMEHHBIX TEXHOJIOTHUECKUX mporieccos [1].

IIpn ocBoeHMM THAPOMHHEPATBHOTO CHIPbS CO3AAETCS BO3MOXKHOCTH CO3JaHMS WHHOBAIIMOHHBIX
MIPOM3BOACTB JUIS M3BIICYECHHUS U3 TUIACTOBBIX PACCOJIOB JIMTHS, 072, OpoMa, CTPOHIIHS U WHBIX 3JIEMEHTOB
U Ux coenuHeHH. Kpome TOro, OCHOBHBIM HMpPEUMYIIECTBOM HCIIONB30BAaHUS MPOMBIIUIEHHBIX BOJ KaK
CBIPHEBOT0 MCTOYHHKA PEIKUX AJIEMEHTOB SIBISICTCS HU3Kas ce0ECTOMMOCTh MPOAYKTa, TaK Kak IUIACTO-
BbIE paccoyibl 00JalaloT CPaBHUTEIHHO BBICOKOW TEXHOJIOTHYHOCTHIO, JOOBIYA PEIKHUX SJIEMEHTOB HE
TpeOyeT JOPOTOCTOSAIINX TOPHBIX pa3padoTok [1,2].

Hnst Pecrybnukun Kazaxcran mpuoputeTHOE HampabiieHHE B OyIylIeM — 3TO I0ObIYa M MOTyYeHHE
YHCTHIX IEHHBIX KOMIIOHEHTOB U WX COCIUHEHHUU C JaTbHEWITUM Pa3BUTHEM TOJIYIIPOBOJAHUKOBOM, dIEK-
TPOHHOHU, MPUOOPOCTPOUTEILHON M APYTHX TEPEIAOBBIX OTpaciieil Hayku W TeXHUKHA. B HedTH 00HApY-
s)keHo Oosiee 60 MUKpPOAITEMEHTOB [3-8], @ B OMYTHBIX IJIACTOBBIX BOJAX, MPEACTABICHHBIX B OCHOBHOM
paccoiiamMu, B MPOMBIIUICHHBIX MaciTabax COACPKATCS XJIOPUCTHIA HATPUH, XJIOPUCTHIA KaJbIUH, Ipy-
THe COII U PEIKUE 3JIEMEHTHI, TaKKe KaK JINTHI, CTPOHLIWH, 1e3uid, pyouamid, o, Opom, 6op u ap. [9-12].
Bonpoc u3BieueHHsI 3TUX PEeNKUX MHKPOAJIEMEHTOB M MX COEIUHEHMH B HACTOSAIIEEe BpeMs MpHOOper
3HAUUTEIBHYIO aKTyalIbHOCTb.

W3 peaxux MeTamioB K IMIMPOKO HCIOIB3YEMBIM OTHOCHTCA JUTHHA. neHTnduimpoBaHHbIE CHIpheE-
BBIC PECYpPCHI JINTHS B MUpPE OICHUBAIOTCA B 13 MITH. T mpu oObeMe MHUPOBOTO TOTPEOIEHUS ~65 THIC. T.
IIpu stom 22 % mOATBEpKASHHBIX 3alacoB JINTUS COCPEIOTOYEHBI B MIETMAaTUTOBBIX pyAax, a 78 % — B
pa3IMYHBIX BHJAX THAPOMHHEPANTBHOTO ChIphs [13]. OTkpeiTHE M pa3paboTka B 90-X rofax MpOILIOTo
BeKa OOTaTeHInero MeCTOpOKICHUS TUTHEBOUW pambl B UMM TpOU3BENN KOPEHHOM IMepeBOPOT Ha PHIHKE
JTUTHEBON MponyKiuu. [lon3eMHbIe paccoybl CTAHOBITCA BO BCEM MHpPE JOMHUHHUPYIOLIUM ChIphEM IS
npousBojcTBa Li, CO; u3-3a 6osiee HU3KUX MU3JEPHKEK MO CPAaBHEHUIO C MOIYy4YeHUEM KapOoHAaTa JINTHS U3
TBEPIOU PyIbL.

K HH3KMM NPOMBINIIIEHHBIM KOHIIEHTPAIMSAM OTHOCHTCS COAEp KaHNE JINTHS B TUIACTOBBIX BOJAX OT
10 mr/n u Boiie. Takue KOHIIGHTPALMU COJCPXKAT MOMYTHBIC BOJBI Psiia MECTOPOXKICHUN HEeTH U Tra3a
[Ipukacnuiickoil BOaAWHBI U MOIYOCTPOBa MaHTBILIIAK.

HMHCTATYTOM THAPOTEONIOTHH B Teodkojorun uM. Y. M. Axmencaduna ¢ 2015 r. mpoBoasaTcs Hayd-
HBIE UCCIIEIOBAHUSA 110 U3yUYEHHUIO MOMYTHHIX MJIACTOBBIX BOJ U OMPEIENIEHUIO COJIEPKaHUs B HUX LIEHHBIX
3JIEMEHTOB I10 TUIOMIA/SIM U CTPYKTypaM MECTOPOXIeHUH HedTH 1 ra3a B MaHrucTayCKoi 00IacTu, mpu-
HapiexkamuM AO «ManructaymyHairasy (Mectopoknenus Acap, bexrypisl, [Ipunopoxxuaoe, bypmarnia,
HOxupiit XKetwi0ait), AO «O3zenmyHaiira3z» (mecropoxaerue OzeH), AO DOmbamyHaiirasz» (MecTOpOX-
nenns 3ananaeiii Enemec, Bocrounoe Ca3stobe, FOro-Bocrounoe Ca3robe) u B AKTIOOMHCKOH 00JacTH,
npuHauiexamum TOO «Ackep MyHnaii» (MectopoxxaeHne Arxap Boctounsrit). B xone uccnemoBanuit
OTIpeZIeTIeHBI CIIEAYIONe KOHANIIMOHHBIE COAeP KaHNs IIEHHBIX KOMIIOHEHTOB (Ta0nuia).

[To naHHBIM XMMHKO-aHAIUTHYECKUX MCCIIEIOBAHMI OBIIN BHIOpaHBI TPH MEPCIEKTUBHBIC TUTOMIAIN:
MecTtopoxaeHne Acap, ckBaxxuHa Ne309. Conepxanne mutust — 11,6 mr/mn, crpoHus — 963 mr/n, 6poma —
417,41 mr/n, xkamuas — 1029 mr/n; mecropoxknenne bektypibl, ckBaknaa Ne 107. ComepxaHue TUTHS —
13,6 mr/n, crponius — 873 wmr/i; mecropoxnenue HOxubii XKetwi0ait, ckakuna Ne 400. Coneprkanue
qutust — 12,0 mMr/n, ctporuus — 778 mr/n, tae ObUIM OTOOpaHBI TEXHOJIOTMYECKHUE MPOOBI ISl OMBITHOTO
W3BIICYCHUS PEIKAX DIEMEHTOB.

Ha ocHoBanum aHanmm3a HMCXOAHBIX IIACTOBBIX PACTBOPOB M H3BECTHBIX METOJOB IOJY4YEHHS CO-
eAMHEHUH M3 TUAPOMHHEPAJIBHOTO CBHIPbSI M3YyYAIUCh BO3MOKHOCTH M YCIIOBHSA NEpepabOTKH U H3BIIE-
YEHHS COJISPIKAIINXCS B HUX ITOJIE3HBIX KOMITOHEHTOB.
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CopeprxaHue LIEHHbIX KOMIOHEHTOB B IJIACTOBBIX BOJAX MECTOPOXKACHHH HeTH U raza

The contents of valuable components is in stratal waters of deposits of oil and gas

WurepBan Miute-
H;g]if:b’ OnpobOBAHHS, M pamma- | Li | Rb | Cs | Sr J Br B K
or 0 s, T/71
Acap,
ckB.119 1661 1663 21 1,6 | * * 1 53,6 | 0,70 | 20,36 | 9,68
ckB.50 2008 2013 119 88 | * * 827 6,0 | 67,20 | 17,7
ckB.309 2063,5 | 2067 154 |11,6| * * 963 3,8 | 51,20 | 14,8
CKB.55 2155 2168 129 9,6 | * * 688 4,7 136021 | 5,06 | 524
2179 2187
CKB.56 1655 1663
1683 1686
1691 1693 110 84 | * * 623 42 132932 | 5,29 | 470
1698 1702
cKkB.223 1616 1620 116 88| * * 702 | 5,10 | 328,76 | 5,52 | 528
1621 1630
CKB.263 2158 2165 95 7,0 | * * 447 | 2,70 | 241,87 | 4,83 | 598
ckB.408 2171 2179 151 124 * * 776 | 4,70 | 417,41 | 5,06 | 1029
ckB.450 2033 2038
2047 2049 68,6 |58 | * * 361 | 1,30 | 180,35 | 4,95 | 496
2054 2058
624 1771 1775 41,9 | 3,0 | v/o | /o | 154 | 1,60 | 102,16 | 4,37 | 251
Bexrypmsl, ckB.107 2415 2427 152 |13,6| * * 873 32 72,4 14,8 | 761
Bypmarua, ck.121 1840 1848 408 2,6 | v/o | H/o | 168 1,0 28,0 6,98 9,2
TO0xubIit XKerb10aid, 1927 1933 100 9,2 | w/o | w/o | 515 2.4 69,2 234 | 611
ckB.117 1935 1942
1960 1972
1928 1930 322 |26 * * 1834 | 1,0 47,2 17,7 | 5,2
1934,5 | 1943,5
ckB.208 1963 1965
1966 1976
995,5 2000
ckB.400 2187,55(2386,93 | 125 |12,0| * * 778 | 322 | 672 | 234 | 775
Osen, ckB.7074 1263 1288 33,7 * * * 1 857 | 0,60 | 70,86 | 2,68
ckB.4557 1314 1340 253 * * * 1 53,5 | 0,35 | 45,54 | 2,68
Sananueiii Enemec
CKB.79 2648 2668 219 53] * * 481 | 8,93 | 4.78 13.2 | 1130
cKkB.83 2276 2282
cKkB.95 2684 2690
cKkB.98 2682 2685
ckB.110 2689 2688
ckB.111 2679 2689
(MuTepBan onpoOoBaHuUs BO BCeX
CKBaXMHAX IPUYPOUEH K IOPCKOMY
TOPH30HT)
IOro-Bocrounoe Casrobe,
cKB.44 3340 3354 225 59| * * 485 | 7,88 | 5,44 11,8 | 1170
ckB.45 3408 3425
CKB.46 3384 3394
(MuTepBan onpoboBaHus BO BcexX
CKBaXMHAX IPUYPOUEH K TPUACOBOMY
TOPU30HT)
Bocrounsriii Ca3robe,
CKB.1A 3068 3080 211 50| * * 228 | 5,25 | 5,79 5,4 809
Axokap Bocrounsiit ckB.205 5200 5280 25,3 * * * 53,5 | 0,35 45,5 2,68 | 120
Cks.200 5200 5300 33,7 * * * 1857|060 | 70,8 | 2,68 | 171
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OCHOBHBIE XapaKTEPUCTUKH IJIACTOBOW BOJIBI, BRIOPAHHOW KaK MEPCHEKTUBHOW, IUIsl W3BIICYCHUS
coemmuennii Li 1 Mg — sto pH — 5,94; munepammsaumsi — 152-186 mr/aM’; comepsKaHHE KaTHOHOB
(MF/I[M3)I Hatpust — 44 000,0; xamust — 761,0; xanprmst — 11 322,6; maraus — 2188,8; ammonust — 106,0;
xkene3a — 37,5; nutusa — 14,6; conepikaHue aHHOHOB (MF/I[M3)2 ruapokapooHaTsel — 213,6; Xyopuabl —
93 517.8; cynbdatser — 9,9; dhropuast — 1,29. KpoMe Toro B BoJie comepxKaTcs B3BEIICHHBIE YaCTHIIBI C
MIpUMECSIMHU He(DTH.

Ba3oBbeIMU mpUHIMIIAMHE YIS TIEPEPAOOTKH UMEIOIIETOCS ChIPhsl MIPUHSATHL: TEXHOJIOTHYHBIC U TIPOC-
ThI€ CIIOCOOBI M3BIICUYCHUS OCHOBHBIX NEPCHEKTHUBHBIX KOMIIOHEHTOB (JIMTHS M MarHus) W3 IUIACTOBOM
BOJIBI C TIOCIIEAYIOIIEH mepepadoTKoit 1o ToBapHO# mpoaykmun. st mutus — LiOH mns maraus — MgO.

[lepBuuHOif 3amadeil MpHU MOATOTOBKE CBHIPhS AJIS MEepepadOTKH ABISAIOCH MHTEHCHBHOE YHAJICHUS
B3BEUICHHBIX YaCTHI, COAepKalnx HedTh. 3amada pemanach ¢ MOMOLIBIO AIIEKTPOXMMHYECKOH Koa-
TYJSIIAN C PaCTBOPUMBIM DIJIEKTPOJIOM W3 AIIOMHHHEBOTO jioma. HaiimeH pexkxuM oOpaboTKH pacTBopa,
MO3BOJISIOLINH yIaTUTh B3BEUICHHbIE YAaCTHIBI M3 paccoyia. [lomHoe ocaxaeHne oCyIIecTBISUIOCh MPHU
temnepatypax ot 18 go 45°C. O6paboTka IpOBOIMIACH NTEPEMEHHBIM TOKOM MPOMBIILICHHONW YaCTOTHI
npu riotHoctH 0,5-1,5 a/em?, Bpems 06paboTku — 0T 2 10 15 MunyT. CKOPOCTh Pa3pyLIEHHS dMEKTPOIA
cocramna 0,12-0,25 r/cM>-4 B pacTBOPax 3MIEKTPOIHTOB. PacTBOp MOCIIe OTCTAMBAHMS B TCUCHHE 2 YACOB
HE cofiep KaJl B3BEUICHHBIX YaCTHUII, IPH 3TOM COJIEpKaHUE JTUTHS OCTaBaJIOCh HA YPOBHE UCXOIHOTO.

Ha cnenmytomem 3tamne M3y4annch YCIOBHS OCaXIIEHUS WOHOB MarHHUS W3 OCBETIIEHHOTO PacTBOpA.
Haiinensr ontumanbHble yCIOBUS 0OpabOTKM OCBETIIEHHOTO pacTBOpa HM3BECTHIO. sl ocaxmeHus wc-
MOJIb30BAIACh TallleHasl U3BECTh (M3BECTKOBOE MOJIOKO) C COAEpKAaHHEM OCHOBHOTO BEI[ECTBA HE MEHee
300 r/z[M3, mIoTHocteio 1,20-1,21 r/em’. Pemarommm YCIOBUEM MAKCUMAaJIbHOIO MCIOJIb30BaHUS U3BECTU
OBUI0O MHTEHCHBHOE IEepPEeMEIINBAaHUE C OIHOBPEMEHHBIM IO3MPOBAHWEM H3BECTH M KOHTpoieM pH.
[TomHOTO OC@XJIEHUS MOHOB MAarHus OOCTUTANM Tpu H30bITKe u3BecTH 5—10% OT crexumomMeTpuu u
noctwkennu pH 10,8-11,3. Ocanok ynansumn ¢uinsTpoBanueM. B QuibTpare MoJHOCTBEIO OTCYTCTBOBAI
MarHuii, a coaepxaHue JUTHS HaXOOuwinock B mpenenax 13,8-14,1 MF/ILM3. [loTepu nutusa ¢ ocagkoM
coctaBmi 3,0-5,2%.

Wzydens! ycnoBus ontuMuzauuu pH uid MOCIenyromero OCakAeHHs JUTHS THAPOKCHUAOM aio-
MuHuda. OnTumansHoe 3HadeHue pH npunsto 8,3—8,8. 3amaua pemanack HaCHILEHUEM paccoyia OYUIICH-
HOTO OT MarHus YTJIEKHCIIBIM Ta30M C TIOCTOSHHBIM KOHTposieM pH pacTBopa. B pesynprare HachImeHus
MOJTy4eH pacTBoOp ¢ HeoOxoauMoit pH 1 yacTuyHO ynaneH Kanbiuii B Buje ocaaka CaCOs.

OThuIbTpoBaHHBIA OT KapOOHATAa KaNbIHsS PACTBOP IMOJABEPTalH 3JIEKTPOXHMMHYECKOW 00paboTKe
MepPEeMEHHBIM TOKOM IMPOMBIIUIEHHOW YacTOTHI B AJIEKTPOIU3EPE C ABYMS AJIEKTPOJAMHU M3 AFOMUHUS U
AJIEKTPOJIaMH M3 Pa3HBIX MaTepHaNoB (aFOMUHUS U IpYroro MaTepuana). B kagectse Broporo Marepuasia
WCTIBITBIBAIUCH MeAb U yTiepod. B mpouecce 00paboTKu reHepupoBaics ruapokcua amromunus. O6pa-
0OTKY MPOBOAWIIN IIPH OJHOBPEMEHHOM TIepEeMENINBaHNN pacTBopa. Bpems o0paboTku KOHTPOIHPOBAIH
Mo yOBUIM Macchl allOMUHHUEBBIX 3JIEKTPOIOB /IO TONYYCHHS PAacUeTHOH 3aJaHHOW BEIMYWHBL 3a pac-
YEeTHYIO BEIMYHMHY MPHHATO aTOMHOE OTHOIIeHWEe Al B THIPOKCHIE aTIOMHHHUS K COICPKAHUIO JIUTHS B
pactBope pasHoe 10. [TnoTHOCTH TOKa cocTasmsama 0,5 A/cm’, Temmeparypa 42—45°C, 3aTpaThl 3IEKTPO-
SHEPTHH B CIydae ¢ JBYMs aTIOMHHHEBBIMH 31ekTpogamu — 0,0016 kBt w/av’. Hcmons30Banme BTOPOTo
AIEKTPOJIa U3 YIIIeposia U MEIU MO3BOJIIIIO CHU3UTH Pacxol dyiekTpodnepruu B 1,49 u 1,42 pasa, coot-
BeTCTBEHHO. Pacxon smexrposuepruu coctaua 0,00107 kBT u/am’ [ms mapsl yriepoa-allOMHHHE U
0,00112 xBt I{/,uM3 IUIsL Iapbl Menb-adtoMUHUNA. CHUXEHHE pacxoda 3JIEKTPOIHEPTHHU CBS3aHO C HaJO-
KEHHeM COOCTBEHHOH pa3HOCTH MOTEHITHAIOB HA MPOIECC FIEKTPOIIN3a.

[onmy4yeHHBIH OCAZOK JIUTHI aTFOMHUHUEBOTO KOHIIEHTpaTa OTQWIFTPOBBIBAIA U aHAIM3UPOBAIN Ha
conepkanue uTus. B GpuibTpare comepikaHue IUTHS HAXOTWIOCHh B mpenenax 2,65-3,25 Mr/L[M3 . N3Bne-
YeHHE JINTHS B 0CaZOK cocTaBmiio 76,4—81,2%.

Ha ocHOBe mONydYeHHBIX pe3yJNbTaTOB M JaHHBIX HH()OPMAIMOHHBIX HCTOYHUKOB PpAIMOHAIBHO
W3BJIEKATh U3 TMOMYTHBIX IUIACTOBBIX PACCOJIOB JUTHH M MarHuii ¢ MOJy4Ye€HHUEM JBYX OCHOBHBIX IPO-
nyktoB LIOH u MgO. [lng sToro mpezaraercsi cliefyronas TeXHOIOTHIeCKash cxeMa rmepepadoTKy To-
MMy THBIX TUTACTOBBIX PAcCOJIOB (PUCYHOK).

B mocnegnue rompl psmoM uccienoBarenell ObLIM HMpOBEASHBI PadOTHI MO aganTalud Hanboiee
MPOTPECCUBHBIX TEXHOIOTHIA, IPUMEHIEMBIX TIPH TIepepadoTKe THAPOMHUHEPAIHLHOTO CHIPBS, K TUIACTOBBIM
BOZIaM HEPTIHBIX MecTopokneHui [14-20].
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HpI/IHIII/IHI/IaJ'II)HaSI TEXHOJIO'MYECKas CXemMa Hepepa60TKH TOITYTHBIX IIJIACTOBBIX PacCOJIOB
C NOJIYUYCHUEM ' IPOKCHU A JINTUA U OKCHUJla MarHust

Principal technological scheme of processing passing formation brines
to produce lithium hydroxide and magnesium oxide

PazpaboTaHHbIe TEXHOJOTHYECKHE CXEMBI XapaKTEPU3YIOT MPOCTOTa W HANEKHOCTH CTaJHH, JOC-
TYHHOCTb CBIPbS, SKOHOMHYHOCTH, NMPHUMEHEHHE CTaHJApTHOTO OOOPYIOBaHHWS, MOJIY4YEHHE TOBApPHBIX
MPOAYKTOB BBICOKOT'O KadecTBa. KpoMe TOro, OCHOBOIOJIATAIOIIMM TIPUHITUIIOM Pa3pabOTKH KOMILIEKC-
HOM CXEMBbI SIBIISNIACH AaBTOHOMHOCTh KaXKJOW CTaJuyd M BO3MOXHOCTH €€ OTAEJIHHON MPOMBIILICHHON
peanmaunn. B HpOMI)IHIJIeHHO paSBI/ITI)IX CTpaHaX HpOBOIISITCSI HNHTCHCUBHBIC UCCIICTOBATCIIbCKUEC pa60T51
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MO PACUIMPEHUIO MEPEYHS KOMIIOHCHTOB, M3BJICKACMBIX M3 IUIACTOBBIX BOJ HE(DTSHBIX MECTOPOXKICHUM.
Ocoboe BHUMaHHE yAENACTCS PEHTAOCTHLHOW TEXHOJOTHH TONYYCHHS NES(MUIIMTHBIX M CTPATETHUCCKU
Ba)XXHBIX 2JICMCHTOB, U, B IICPBYIO O4YEPCb, JIUTUA.
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C. M. Kan, C. B. bepcreneB
«Y. M. AxmencaduH aTIHIAFBI THAPOTEOJIOTHS XKoHE Teodkonorus HHCTuTyThDy JKIIC, Anmmatsr, Kasakcran

OHTYCTIK MAHFBIILIAKTBIH MYHAT )KOHE
I'A3 KEHOPHBIHBIH KABATTBIK CYJIAPJIAH JUTHIII ATTY TEXHOJIOTHSICHI

AnHoTanus. 3eprrey Herizinae Manrbluiak TyOeriHiH MyHal >KoHE ra3 KEHOPHBIHBIH 0acTarkpl KaOaTThIK
SpITIHI KaTaphl XKOHE OJIap.Ibl KYPAWTBIH MaiIaibl KypaMaacTapIbl ally jKOHE KaiiTa eHJey JKaFJaibl )KOHE MYMKIiH-
JKTEpi 3epTTENreH, THIPOMUHEPAIBI IUKI3aTTapAaH KOCBUIBICTAPIBI aXyAbIH OeNrini omicTepi Tananasl. Ty3/sl
CyJlaH eJIIIEHTeH OeIIeKTep bl XKOIFa MYMKIHIK OepeTiH, epiTiHAiHI eHJey PEeKHMI aHBIKTANbl. TyHFaH epiTiH-
IJICH MarHWi MOHIAPBIHBIH TYHY JKaFJaiibl 3epTTEireH. OKTACIICH TYHFaH CPITIHAIHI OHICYIIH THIMI JKaFJaibl
aHBIKTANIBL. JINTHIMEH alfOMUHHUNA THIPOCHIIH TYHABIpY YIIiH pH oOHTaiimaHABIpy XKaFrmailbl 3epTTENTeH. AKIa-
PATTBHIK MAIIIMET KO3epi MeH albIHFaH HOTIKenepai tangay Heriziame LiOH sxone MgO exi Heri3ri eHiMai amyMeH
KaTap JIMTUH JKOHE MarHWiii ijecre KabaTThl TY3/bl CylapjiaH OHTAIbl aiy OOMBIHIIA KOPBITBIH/BI KAaciaraH.
Inecrie kKabaTThl TY3/bI CYJIap/Ibl KaliTa OHJIeYiHEe TEXHOIOTHSIIBIK ChI30a YChIHBLIFAH.

Tyilin ce3aep: MyHal )koHE ra3 KEHOPHBI, KA0ATTHIK CyJap, TY3bI Cyap, JUTHH, aTy TEXHOIOTUSCHL.
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METHODOLOGICAL BASIS OF ESTIMATION
OF THE LIMITING LAND OF THE LAND OF RESULTS
FROM THE ENVIRONMENTAL SERVICES
OF WATER RESOURCES OF TRANSBOUNDARY RIVER BASINS

Abstract. Based on the principles of reasonable, equitable and equitable use of water resources, in accordance
with Agenda 21, adopted at the United Nations in Rio de Janeiro in 1992, methodological support has been deve-
loped to determine the maximum permissible possible area of irrigated land, where as Theoretical basis, the inter-
relation between the biological water needs of the plant and soil cover of the agricultural lands of the hydro-
agrolandscape and its resistance to anthropogenic influences pits, which are implemented as forecast calculations
catchment basins of transboundary Talas allow substantiation of environmental services of water resources in the
framework of the «export-import».

Key words: assessment, catchment, transboundary river, system, geomorphologic schematization, area, irriga-
tion, volume of runoff, water consumption, hydroagriculture, ecology, service, land improvement, nature.
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METOAOJIOT'MYECKHE OCHOBbI OHEHKH INPEJAEJIBHO-
BO3MOXKHOH IJIOIIA A MEJUOPAILIMA 3EMEJIb
®OPMUPYIOIIENACA B PE3YJIbTATE DKOJOTUUYECKHUX YCJIYT
BOJIHBIX PECYPCOB TPAHCITPAHUYHBIX PEUHBIX FACCEHHOB

AnHoranusa. Ha ocHOBe NpUHIUNOB pa3yMHOro, paBHOIPABHOIO U CIPABEAINBOIO HUCIOIb30BAHUS BOAHBIX
pecypcoB B cooTBeTcTBUU IporpaMMsl «IloBectka nus Ha XXI Bex», npunsatoi B pamkax OOH B Puo-zne-XXaneiipo
B 1992 roay pazpaboTaHO METOIOJIOTHIECKOE 0OSCIIeUeHNE ISl ONPEICIICHHS TIPEIeIbHO-I0yCTUMON BO3MOMXKHOM
VIO OPOIIAEMBIX 3E€MENb, I/Ie B KaueCTBE TEOPETHUECKOro Oa3mca MPHUHATA B3aWMOCBSI3b MEXIy OHOJIOTH-
YECKHMH BOIOTIOTPEOHOCTAMH PACTUTEIHHOTO U TIOYBEHHOTO MOKPOBOB CEITLCKOXO3SHCTBEHHBIX YTOIUN THAPOArpo-
naHAamadTa ¥ ero yCTOHYMBOCTBIO K aHTPOIIOTEHHBIM BO3JEHCTBHSAM, KOTOPBIE PEaN30BaHbl B BUAE MPOTHO3HBIX
pacderoB BojocOopa GacceliHa TpaHCIpaHWYHOW pekH Tajac MO3BOJIONIMX OOOCHOBAaHHME SKOJOTMYECKUX YCIyT
BOJIHBIX PECYPCOB B PAMKaX «3KCIOPTa-UMIIOPTay.

KaroueBble ciioBa: orieHka, BoJ0cOOp, TpaHCTpaHUYHAsL peKa, CUCTEMa, FeOMOP(OIOTHIECcKas CXeMaTH3aIHs,
TUIOIIA/Tb, OpPOILIEHHE, 00BEM CTOKA, PAaCX0 BOJbI, THAPOArpoaHaAadT, IKOJIOTHs, YCIIyra, MeJIHopalys, IpUpoa.
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BBenenue. OHUM U3 HANpaBJICEHUH KOMILIEKCHOTO 00yCTpOWCTBa BOJOCOOpa PEYHBIX OacCEeHHOB C
WCTIOJB30BAHMEM DJKOJOTHYECKHUX YCIYT WX BOJHBIX PECYPCOB SIBISETCS METHOpAIHsl CelbCKOXO035H-
CTBEHHBIX 3EMEJIb, KOTOpas MPEACTaBiIsIeT CO00M HM3MEHEHHWE NPUPOIHBIX JIAaHAMA(PTOB B HMHTEpECax
YIIyYIICHHs YCIOBUH BBEJCHHS arpONpPOMBIIUIEHHOIO0 KOMIUICKCA ISl MTOBBIMICHUS TPOIOBOJILCTBEHHOMN
Oe3omacHOCTH pernoHa. MeTropaTuBHEIE MEPOIPHUATHs 00eCTIeUnBalOT COXPAHEHUE U MTOBBIIMICHHE TLIO-
JIOPOIIUSl 3eMellb, CO3AAI0T HEOOXOAWMBIE YCIOBHS Ui BOBJIEYEHHS B XO3SMCTBEHHBIH 00OpPOT HEWC-
MOJIb3YEMBIX M MAJOMPOAYKTUBHBIX 3E€MeNb, & TaKXKe CIOCOOCTBYIOT (OPMHPOBAHHIO PAIMOHATBHOMN
CTPYKTYpBI 3eMETTbHBIX YTOIUN.

AHTPONIOTEHHOE OCBOEHHWE TEPPUTOPHH BOJOCOOpa TPaHCTPAHWUYHBIX PEYHBIX 0AcCEeHHOB IOIDKHO
OCYIIECTBISTECS C YYETOM CHOCOOHOCTH MPHPOAHBIX JaHAIIAPTOB BHINOIHATH 3a/laBacMbIe MM CO-
[UATEHO-3KOHOMUYECKHe (YHKIMH 0e3 HapyIIeHUS MEXaHU3MOB CaMOPETYJISAIHH, O0CCIICUMBAIOIINX
YCTOWYHMBOCTH JAaHAMA(PTOB K aHTPOIOTCHHBIM Harpy3kaM B paMKaX HCIIONB30BAaHUS IKOJOTHIECKHUX
YCIIYT IPUPOTHON CHCTEMBI, TO €CTh SHEPIreTHUECKUX U BOJHBIX pecypcos [1-5].

Lenap ucciaeqoBaHusi — HAa OCHOBE MPHUHIIMIIOB Pa3yMHOIO, PAaBHOMPABHOTO W CIIPABEIIUBOTO
WCTIOJIb30BAHMSI BOJHBIX PECYpCOB B COOTBETCTBHH mporpaMMbl «IloBecTka aas Ha XXI Bek»pa3paboraTh
METOJOJIOTHIECKOe oOecredeHue i OMpPENeNIeHUs] MPelebHO-BO3MOKHON IUIOMIATH  OPOIIAEMBIX
3eMellb, TJIe B Ka4eCTBE TEOPETUYECKOro 0a3mca HCIONb30BaHA B3aMMOCBSI3b MEXIY OHOIOTHYECKUMH
BOJIONOTPEOHOCTSMU PACTUTENBHOTO M MOYBEHHOT'O IOKPOBOB CEINBCKOXO3SIMICTBEHHBIX YTOIWUN THIPO-
arposagamadTa 1 ero yCTOWIMBOCTHIO K aHTPOTIOT€HHBIM BO3JIEHCTBISIM.

Matepuajbl 1 METOIUKA HCCHAeT0BaAHMA. [IpH POCKTUPOBAHUH MPUPOJTHO-TEXHOTCHHBIX CHCTEM
WIH KOHCTPYHUPOBAHUS THUAPOArPOTaHIIIA(QTHRIX CHCTEM Ha TEPPUTOPHUAX BOAOCOOpa TPAaHCTPAHUYHBIX
OaccelilHOB HEOOXOIMMO ONPEIENUTh OCHOBHOM MPUHIIUI WCIOJB30BaHM BOJHBIX PECYPCOB, TO €CTh
YPOBEHb 3apeTyIUPOBAHHOCTH CTOKA PEKH U HOPMBI yAEIHHON BOJAOMOTPEOHOCTH PACTUTEIHHOTO IMTOKPO-
Ba U TOYBHI CEIILCKOXO3SHUCTBECHHBIX YIOAMI BHYTPU BEreTAllMOHHOTO Nepuoja. [Ipu 3ToM HeoOXoauMo
OTJIENIFHO PacCMaTpPUBATh 30HBI HE3aPETYIUPOBAHHOTO U 3apPETYIUPOBAHHOTO CTOKA PEKH, TaK KaK OT HUX
TOKE 3aBHCHT YPOBEHb PAIlMOHAIBFHOTO HCIIONB30BAHUS PEYHBIX CTOKOB C yYETOM BHYTPHUTOIOBOTO
MPUPOJHOTO pUTMA WX (OPMHUPOBAHMUSL:

- B 30HE HE3apeTryJUPOBAHHOIO, C OJHOM CTOPOHBI, B KAUeCTBE WHANKATOPOB MO3BOJISIONINX OMpe/e-
JUTEH TIPEACITBHO-TOMyCTUMON (Fp,) U OoNTUMaNbHOU (F,,) TDIOMAZCH OpOIIaeMBIX 3eMENb BBICTyIACT
PacxoJ1 PacronaraeMoro croka peki (Q,q, M/c), TO eCTh PasHHIA eCTECTBEHHOro pacxona (O, M/c)
skonoruaeckoro (Q.,;, M/c) cTOKa peKHU, a ¢ JAPYroil CTOPOHBI, HOPMBI YJIIENBHBIX BOJOMOTPESOHOCTEH
PACTUTEIBHOTO (¢,;, M°/C Wi JI/c Ha | Ta) U IIOYBEHHOTO (¢,;, M°/C MK J/c Ha | ra) IOKpPOBOB, HOPMHUPYIO-
IIUXCS B pe3yJibTaTe THApOarpolaHAmadTHBIX CHCTEM Ha TEPPUTOPHUSIX BOAOCOOpa TpaHCTPAHHUIHBIX
0acCeiHOB;

- B 30HE 3aperyJHpPOBAaHHOCTH CTOKAa, C OJHOW CTOPOHBI, B Ka4eCTBE WHIWKATOPOB ITO3BOJISIONINX
OTIPENIETUTh TPEACITbHO-AOMYCTUMON (Fp,) W ONTUMaIbHOW (F,,) IUIOMIAJEH OpPOIMIAEMBIX 3EMEIh
BBICTYTIaeT 0OBEM PACIONaraeMoro croka peku (W, M), TO ecTh pasHHIA ecTecTBeHHOro (W, M’) n
sxonorudeckoro (W,;, M°) 06BbeMOB pedHoro OacceifHa, a APYroil CTOPOHEI, HOPMBI BOZOMOTpEGHOCTEI
pacrurensroro (O,;, M'/c wu /c Ha | ra) u nousennoro (O,;, M°/c WK 11/c Ha | Ta) IOKPOBOB CEIBCKO-
XO3SHUCTBEHHBIX YTOAWH, (POPMUPYIOMIUXCS B pe3yibTaTe THAPOArpojaHIadTHBIX CUCTEM Ha TeppH-
TOPHUAX BOJOCOOpa TPAHCTPAHUYHBIX 0aCCEHHOB.

[Ipu 3TOM B KadecTBe TEOPETHUECKOTO Oas3mca IS OMpPEeeNICHUs MPeaeIbHO-0MyCTHMON BO3MOXK-
HOW TUTOIIAIN OPOIIaeMBIX 3€MeIlb MPUHATA B3aNMOCBA3h MEXAYy OMOIOTHYECKHMMH BOIOTIOTPEOHOCTIMHU
PaCTUTCILHOTO W IOYBCHHOI'O ITOKPOBOB CEJIBbCKOXO03SIMCTBEHHBIX erI[I/Iﬁ FH):[pOElI‘pOHaHI[HIa(i)Ta n €ro
YCTOWYHMBOCTBIO K aHTPOTIOTCHHBIM BO37eicTBUsAM. Ha OCHOBE BHIIIEe yKa3aHHBIX KaUYeCTBEHHBIX MHIIUKA-
TOPOB MOKHO OTIPEAEINTh MaKCHMAalbHO-BO3MOXKHYIO W ONTHMAIBHYIO IUIOMAAb THApPOArporanamadT-
HBIX CHCTEM B pa3pe3e ruIpoMopoIOrHuecKoil cxeMaTi3auun BoJocbopa dacceiiHa TpaHCTpaHHYHBIX PEK.

B 30HE He3aperynmpoBaHHOTO CTOKAa PEYHBIX OACCEHHOB MPEIEIBbHO-IOMYCTHUMYIO ILIOMIAIb OpO-
IIaeMbIX 3eMenb (F,y,) OMPEIEeNSIOT 1o cilexyromel popmyIe:

@ -0 K
Fo = m;lx Mo
pi
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a OIITUMAJIBHYIO IIOMIab OPOLHIACMBbIX 3EMCIIb (F 00) OIpEACIAOT 110 cnez[y}omeﬁ 3aBUCUMOCTH:

(O — QM) K e

_ \¥oi el
Foo = max Nxno

i

rae F,y, — NpeleNbHO-I0MYyCTUMAs IUIOMIAAb OpPOLIAEMbIX 3eMelb, Ta; F,, — ONTHMallbHAasl ILUIOIIA/Ib
OPOIIAEMEIX 3eMeJIb, T2; ¢,; — ECTECTBEHHBIN PACXOJ] PEKH, M /C; ¢, — PKOJNOTHUECKHI PACXOJ PeKH, M/ra;
gy — HOPMA YJIETLHON BOJOTIOTPEGHOCTH PACTHTEIHHOIO TIOKPOBA CENLCKOXO3SHCTBEHHBIX YIOMHMA, M'/C
WIH J1/C; ¢,; — HOpMa Y/ACNIBHOI BOAOMOTPEOHOCTH MTOYBSHHOTO TIOKPOBA CEIILCKOXO3SIHCTBEHHBIX YTOINH,
M°/C MM J1/C; Ty — KOD(DDUIHEHT TIOIE3HOTO JEHCTBUSA BOJIOXO3SHCTBEHHOMN CHCTeMBI; K, . — K0addu-
[IMEHT CHHXPOHHOCTH pacxojia PeKH M HOpPMa YJACIBHOH BOJOMOTPEOHOCTH CEIbCKOXO3SHCTBEHHBIX
YTOAHiA, KOTOPasi OTMPEACIACTCS TI0 CIIEAYIOIIEMY BBIPAKCHHIO:

n
2 Kaci
_i=1
Kge=——
n
IJI¢ 7 — KOJIMYECTBO MECSIICB B BEreTallMOHHOM (paccMarpuBaeMoM) mepuone; K, — xo3dduuueHt
CHHXPOHHOCTHU Pacxo/ia PeKH U HOpMa yJISIbHON BOJOMOTPEOHOCTH CENbCKOXO3HCTBEHHON YroIuii i-0ro
Mecsilla BEreTallMOHHOTO (paccMaTpUBaeMOro) IEpHOJa, KOTOPHIE OIMPEACISIOTCS MO  CIEAYIOIUM
3aBHUCHUMOCTSIM:

Kaci =[Qrai/ Qpgi Mapilap; 1}

Kaci =[Orai ! Qpgi ™) ani /a1 1>

max

3meck Qn%

— MaKCHUMAJIbHOC 3HAYCHHUC CCTCCTBCHHOI'O pacxoJida pCKU B BCTCTALIMOHHOM (paCCManI/I-

max .
BAacMOM) MepHoze, M/c; ¢ pi MaKCHMaJlbHass HOpMa YICIBHON BOIOTIOTPEOHOCTH PaCTHUTEIHHOTO

a

TIOKPOBA CeJTLCKOXO03SHCTBEHHBIX YTOHiI BHYTPH BEreTallHOHHOTO MEPHOIa, M /C; qg; X _ MakcHManbHas

HOpMa YACIHHOW BOJOMOTPEOHOCTH MMOYBEHHOI'O TOKPOBA CEIbCKOXO3SMCTBEHHBIX YTOAWA BHYTPH
BEreTalMOHHOrO EPUoa, M /C.

B 30He 3aperyiMpoBaHHOTO CTOKa PEYHBIX OAacCEHOB TPEACIBHO-IONYCTUMYIO TUIONIAbh
OpOIIIaeMBbIX 3eMeNb (F),y,) ONMPEACIISIOT MO CIETYIOIICH GopMmyie:

max max
Foo o= Woi ™ =W ") Kac ) )
noo = max Nxno

a, ONTUMAJBFHYIO IJIOMIA/lb OPOIIAeMBIX 3eMeTb (F,,) ONPEIeNsioT IO CIEAYOIIei 3aBUCHIMOCTH:

max max

_ (Qoi ¥y ) Kge

Foo = max '
Oni

Nxno

rae F,y, — NOpelenbHO-AoMyCcTUMas IUIONIaJb OpOIIAEMbIX 3€Mellb, ra; F,, — ONTUMallbHas IUIOIAlb
OpoIIaeMbIX 3eMelb, Ta; (J,, — €CTECTBEHHBIM pacxoJl PEeKH, M3/c; 0,; — DKOJIOTUUECKHUM pacxoll peKu,

M°/ra; Ogll.ax — HOpMa BOJIOTIOTPEGHOCTH PACTHTEIBHOTO MOKPOBA CETbCKOXO3SHCTBEHHBIX YrOMMid, M’;

Og;ax — HOpMa BOJIONOTPEGHOCTH TIOYBEHHOTO OKPOBA CENECKOX03SHCTBEHHBIX YTOMIA, M°/C MU J1/C.

IIpu 3TOM KO3 (PHUIMEHT CHHXPOHHOCTH Pacxojia peK:u M HOpMa YISIbHOU BOAOMOTPEOHOCTH CEIb-
CKOXO3SHUCTBEHHBIX YTOJHI i-T0 MecsIla BEreTallMOHHOro (paccMaTprUBaEeMOro) Mepruoia ONpeaAeseTCs 1Mo
CJIEYFOIIUM 3aBUCUMOCTSIM:
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- . / Hmax ./ Hmax
Kaci—[(Qral/Qmi )/(Opz/opi I»

Kaci =[(Qrai | Q) (Opi 1 071,

Max  _ pakcMMandbHOE 3HAYEHHE ECTECTBEHHOTO PACXOja PEKM B BETETALMOHHOM (paccMaTpH-

Tae Qmi

BAacMOM) IIepHOZE, M /C; Og;ax — MakcHMajbHas HOpMa BOJOMOTPEOHOCTH PACTUTEIHHOTO IOKPOBa

CeNbCKOXO3AHCTBEHHBIX YrOMil BHYTPH BEreTAllHOHHOTO MepHoIa, M/c; 0;;}“ — MaKCcHUMaJlbHas HOopMa

BOJOMOTPEOHOCTH TIOYBEHHOTO TOKPOBA CEIBCKOXO3AWCTBEHHBIX YTOAW BHYTPHM BEreTAal[HOHHOTO
nepuoa, M/e.

Pe3yabTaThl ncciegoBanus. Pa3paboTaHHBINT METOMWYECKUN TTOJXOM WCITONB30BAH JUIS PEIICHUS
CIIEAYIOMINX 3aJa4y OLEHKH MpPeAeTbHO NOMyCcTUMOH (F,y,) U ONTUMaIbHOU (F,,) Momaneld opomaeMbIx
3eMeNb C HCIIOJIb30BAHUEM PACIIOJIATaeMbIX 3KOJOTHYECKUX YCIYyT BOAHBIX PECYpCOB B IpeAeiax
reoMOop(OIOTHIecKo cXeMaTu3aluyu BogocOopa OacceifHa TpaHCTPaHMYHBIX PEK U BO3MOXKHOCTH YBe-
JIMYCHHUS TUIOLIAU OPOIIAeMbIX 3eMelb (AF,) 3a CUeT UMIIOPTA YKOJOTUYECKUX YCIYT BOAHBIX PECYPCOB B
npejenax Bojgocoopa Oacceiina peku Tanac.

Takum o0pa3oM, Ui ONpeAeieHUs] OHOJIOTMYECKOW HOPMBI BOAONOTPEOHOCTH PAaCTUTEIHHOTO
MOKPOBa CENbCKOXO3AHCTBEHHBIX yroaui (O, = AE; ¢,) ucnoinp3oBaHbl pekoMeHmanus Kazaxckoro
HayYHO-HCCIIEIOBATENbCKOT0 MHCTUTYTA [6], chopMupoBaHHAs Ha OCHOBE OMOKIMMATHYECKOTO METOAA
HOPMHPOBAHHUS BOJOMOTPEOHOCTH CEIHCKOXO3SMCTBEHHBIX KynbTyp H. B. Jlanmnpuenko [7] u MeToanka
OTpeAeNeHUsI 3KOJOTHYECKOl HOPMBI BOJOMOTPEOHOCTH CENbCKOXO3AUCTBEHHBIX Yromuit (O, ¢n)
XK. C. Mycradaesa u A. J. Psbuesa [§8], 6asupyroumiicss Ha GOpMHUPOBaHUH ONTUMAIBHOTO OYBOOOpa-
30BaTEIBHOTO MpoLiecca B FHApoarposiaiAmadTHEIX cucteMax (Tabmauusl 1 u 2).

Tabnuua 1 — bronornyeckas HopMa BOAZONOTPEOHOCTH CETbCKOX035HCTBEHHBIX KYJIBTYP
B pa3pe3e reoMopdoI0ruueckoii cxemarusanun Bogocoopa bacceiina TpaHcrpanudHoOi pexu Tazac

Table 1 — The biological norm of waternecessities of agricultural cultures
in the cut of geomorphological posterization of watercollection transfrontal river Talas basin

Mecsbt
KynpTypst ITokazarenu Cymma
v \% VI VII VIII IX
1 2 3 4 5 6 7 8 9
Topublit kace manamadToB (M0BHANBHAS (aIs)
AE % 75 25 100
AE vra 1125 375 1500
SIpoBbie 3epHOBBIE o - AE 163.8 563 7
(a=0,15)
Ae, vra 375 12.1 _
a-Ae 5.63 1.31 _
AE % 22 39 39 100
AE vra 583 1033 1034 2650
(I;yf%pf;;‘ Haemee | o - AE 875 | 1550 | 1551
7 Ae . vira 13.4 333 333 _
a-Ae 231 4.40 4.40 -
AE % 3 23 43 26 5 100
AE vra 96 736 1376 832 160 3200
E?fg‘ggl’ a-AE 240 | 1840 | 3440 | 2080 | 400 -
7 Ae ., vira 3.1 245 44.4 258 5.33 -
a-\e 0.77 6.13 11.1 6.70 1.33 -
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Ilpooonsicenue mabnuyor 1

1 2 3 4 5 6 7 8 9
AE | % 6 30 37 18 9 100
AE vira 234 1170 1443 702 351 3900
(O()(B(;H(-;HIS) a - AE 35.1 1755 | 2165 | 1053 | 527 -
7 Ae. vra 7.54 39.0 455 226 117 -
a-\e 1.13 5.85 5.98 3.39 1.76 -
AE % 23 33 26 18 100
MHOroeTHIe AE  v'ra 1029 1535 1209 877 4650
TpaBbI o - AE 308.7 460.5 362.7 263.1 -
(0 =0.30) Ae . vira 343 49.5 39.0 232 -
a-Ae 10.3 14.9 11.7 8.77 -
> a-Ae, wiracyru 1.90 3022 | 37.69 26.3 11.86 -
Ya-Ae/86,4, ncra 0.02 035 0.44 030 0.14 -
Opi =20 AEj v s0.0 | 7932 | 1232 | 8311 | 3558 | 32712

[Ipenropuslii noaxiace nanAmadToB (TpaHCIMIOBHATbHAS hanus)

AE % 31 53 16 100
AE | vira 605 1033 312 1950
OsuMmast IiIeHnIa
(@=0.10) a - AE 60.5 103.3 312 -
Ae, vira 19.5 34.45 10.0 _
o-Ae 1.95 3.45 1.00 -
AE % 75 25 100
AE | vira 1800 600 2400
SIpoBble 3epHOBBIC
(= 0.10) a-AE 180.0 60.0 -
Ae, vira 60.0 13.4 _
a-Ae 6.00 1.34 _
AE % 22 39 39 100
AE  vra 693 1229 1228 3150
Kyxkypy3sa Ha cunoc -
(@=0.10) a-AE 69.3 122.9 122.8
Ae, viira 23.1 39.6 39.6 _
o-Ae 231 3.96 3.96 _
AE % 20 37 38 5 100
AE  vira 800 1480 1520 200 4000
Kykypy3a Ha 3epHO -
(a=0.10) a-AE 80.0 148.0 152.0 20.0
Ae . vira 25.7 47.7 43.0 6.57 -
a-Ae 2.57 4.77 4.30 0.66 -
AE % 3 23 43 26 5 100
AE vira 117 897 1677 1014 195 3900
Kaprodenn
(@=0.15) a-AE 17.6 134.6 251.6 190.0 293 -
Ae, vira 3.77 29.9 54.1 327 6.5 -
a-A\e 0.57 4.49 8.11 431 0.98 -
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Ilpooonsicenue mabnuyor 1

1 2 3 4 5 6 7 8 9
AE % 6 30 37 18 9 100
AE ira 288 1440 1776 864 432 4800
83(:3?1 ) a-AE 432 | 2160 | 2664 | 1296 | 6438 -
Ae . vira 9.29 48.0 57.3 27.8 14.4 -
o-Ae 1.39 7.20 8.59 4.18 2.16 -
AE % 20 37 38 5 100
AE | vra 800 1480 1520 200 4000
goicgﬁ’({gmm a-AE 800 | 1480 | 1520 | 200 -
Ae . vira 25.7 47.7 43.0 6.57 -
a-Ae 2.57 4.77 430 0.66 -
AE | % 23 33 26 18 100
MHOrONCTHIG AE  vira 1357 1947 1534 1062 5900
TpaBbl a-AE 271.4 389.4 306.8 212.4 -
(@.=0,20) Ae, vra 452 62.8 435 354 -
a-Ae 9.04 12.6 9.40 7.08 -
> - Ae ., vra cyrxu 3.91 37.63 45.14 | 3045 11.54 -
o -Ae/86,4, ncra 0.05 0.44 0.52 0.35 0.13 -
Opi =2 a AEj vwira 121.3 1135 1418 1053 169.5 3896.8
[IpearopHblil paBHUHHBIN MOAKIAacC JaHAMIA(TOB (CynepakBanbHas (aris)
AE % 19 42 34 5 100
AE vira 608 1344 1088 160 3200
EfiM(i ’ig)mﬂma a-AE 60.8 1344 | 1088 | 160 -
Ae, vira 203 43.4 353 5.2 -
a-N\e 2.03 434 3.53 0.52 -
AE | % 12 58 30 100
AE vira 438 2117 1095 3650
ﬁfg’f&; PHOBRE | o - AE 438 | 2117 | 1095 _
Ae, vra 14.1 70.5 353 _
a-Ae 1.41 7.05 3.53 _
AE % 14 31 30 15 100
AE vira 644 1426 1380 690 4600
giygyylg HACHIO® o - AE 644 | 1426 | 1380 | 69.0 -
Ae, vira 20.8 475 445 223 -
a-\e 2.08 475 4.45 2.23 -
AE % 9 26 36 25 4 100
AE vira 508 1469 2034 1413 226 5650
giygfoa)m PHO o - AE 509 | 1469 | 2034 | 1413 | 226 -
Ae, vra 15.4 439 65.6 45.6 7.53 -
o - A\e 1.54 4.39 6.56 4.56 0.75 -
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Ipooonscenue mabauyer 1

1 2 3 4 5 6 7 8 9
AE | % 9 27 37 22 5 100

AE vira 513 1539 2109 1254 285 5700
ig‘fg%‘gb a - AE 25.7 770 | 1055 | 627 143 -
’ Ae , vra 15.5 513 63.0 40.4 9.5 -
o-Ae 0.33 2.57 3.40 2.02 0.48 -

AE % 10 24 32 24 10 100

AE vra 705 1692 2256 1692 705 7050
%BZHSHIO) a-AE 705 | 1692 | 2256 | 1692 | 705 -
’ Ae , vra 22.7 56.4 72.8 54.6 235 -
a-\e 2.27 5.64 7.28 5.46 2.35 -

AE | % 9 26 36 25 4 100

AE | vira 508 1469 2034 1413 226 5650
goicgﬁg;’““ a - AE 509 | 1469 | 2034 | 1413 | 226 -
’ Ae , vra 15.4 439 65.6 45.6 7.53 -
a-N\e 1.54 439 6.56 4.56 0.75 -

AE % 5 20 32 25 18 100

AE vira 365 1460 2336 1825 1314 7300
(Cofiag‘f‘;)“em a-AE 548 | 2190 | 3504 | 2738 | 197.1 -
7 Ae . vira 11.8 43.7 75.4 58.9 43.8 -
a-N\e 1.77 7.30 11.30 8.33 6.57 -

AE % 15 24 25 21 15 100

MHOrOTeTHIC AE vira 1275 2040 2125 1785 1275 8500
TpaBbl a - AE 255.0 408.0 425.0 357.0 255.0 -
(0 =0.,20) Ae i 411 68.0 63.5 57.6 41.1 -
o-Ae 8.22 13.60 13.70 11.52 8.22 -
> a - Ae, wra cyrxu 2.03 23.5 53.22 57.3 38.7 19.12 -
Ya-Ae/86,4 nicra 0.02 0.27 0.51 0.56 0.45 0.22 -

Opi =X« 'AEi,M3/ra 60.8 1314 1630 1777 1214 582.1 6577.9

PaBuuHHBIH Kiacc TaHamadToB (akBagbHas darus)

AE |, % 25 41 34 100

AE vra 875 1435 1190 3500
giMoi’i(l;)meHma a - AE 87.5 1435 119.0 -
Ae, vira 23.1 453 33.7 _
a-Ae 2.31 4.53 3.37 _

AE % 8 36 38 18 100

AE vira 316 1422 1501 711 3950
ﬁfﬁ’figf PHOBHE | o - AE 31.6 1422 | 1501 | 711 _
Ae, vra 10.5 459 48.4 22.9 -
o-Ae 1.05 4.59 4.84 2.29 -
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Oxonuanue mabauyvl 1
1 2 3 4 5 6 7 8 9
AE % 17 37 36 10 100
AE vra 867 1887 1836 510 5100
giygfg‘)m o - AE 867 | 1887 | 1836 | 510 -
Ae, vira 28.0 62.9 53.2 154 -
a-Ne 2.80 6.29 5.32 1.54 -
AE | % 14 34 32 17 3 100
AE vira 861 2091 1968 1046 184.5 6150
igiygﬁ;m PO o AE 86.1 209.1 196.8 104.6 18.5 -
Ae, vira 27.8 69.7 63.5 33.7 6.15 -
o-Ae 2.78 6.97 6.35 3.37 0.62 -
AE % 16 38 34 10 2 100
AE vira 1008 2394 2142 630 126 6300
ESETS%?;L a-AE 50.4 1197 | 1071 | 315 6.3 _
Ae, vira 33.6 772 714 203 4.06 -
o - Ae 1.68 3.36 3.57 1.02 0.20 -
AE % 8 14 25 26 20 7 100
AE vira 624 1092 1950 2028 1560 546 7800
8:1113?10) a - AE 62.4 109.2 195.0 202.8 156.0 54.6 -
Ae  vira 2.08 352 65.0 65.4 50.3 18.2 -
o-Ae 0.21 3.52 6.50 6.54 5.03 1.82 -
AE % 14 34 32 17 3 100
AE vira 861 2091 1968 1046 6150
goicgigimm a - AE 86.1 209.1 196.8 104.6 -
Ae, vira 27.8 69.7 63.5 33.7 -
a-\e 2.78 6.97 6.35 3.37 -
AE % 5 20 32 25 18 100
AE vra 420 1680 2688 2100 1512 8400
g‘iagi?)mma a - AE 630 | 2520 | 4032 | 3150 | 2268 _
Ae . vira 13.5 56.0 85.7 67.7 50.4 -
o-Ae 2.03 8.40 13.0 102 7.56 -
AE % 7 16 19 22 19 17 100
Muoronerrre AE  vira 658 1504 1786 2068 1786 1598 9400
Esajizo) a - AE 131.6 300.8 3572 413.6 357.2 319.6 -
Ae , vira 21.9 435 53.5 65.7 57.6 53.3 -
o-Ae 439 9.70 11.90 133 11.52 10.6 -
> a - Ae ., wra cyrxu 9.64 36.1 65.31 54.17 35.23 19.98
Yoa-Ae/86,4, ncra 0.11 0.42 0.76 0.53 0.41 0.23
0 pi = 2o AE; vira 363.5 1137 1787 1700 1095 601 7284.5
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Tabnuua 2 — Dxonoruyeckas (IIOYBEHHAs1) HOPMa BOJOMOTPEOHOCTH CENbCKOXO3SUCTBEHHBIX KYJIBTYP
B pa3pese reoMop(hoIOrHIecKoi cxeMaTu3aun Bogocbopa 6acceitna TpaHncrpanndHoi pexn Tamac

Table 2 — Ecological (soil) norm of waternecessities of agricultural cultures
in the cut of geomorphological posterization watercollection of transfrontal of river Talas basin

[Nokazarenu Mecau: Cymma
v \% VI VII VI IX
1 2 3 4 5 6 7 8 9
TopHblit kiace nanamadToB (AMoBHANBHAS (arys)
t, °C 6.1 8.8 9.6 16.5 12.1 7.1 -
>°C>10°C 183 273 288 512 375 213 1844
Ipuponbie a, 0.10 0.15 0.16 0.27 0.20 0.12 1.00
pecyperl R, &Jli/em’ 11.94 17.91 1910 [ 3223 | 23.88 14.34 119.4
E, Mm 47.76 71.64 76.42 128.9 95.52 57.36 477.6
Oc, MM 43.0 58.0 42.0 45.0 27.0 26.0 241.0
Pecypest ruapo- | Op , MM 4.76 13.64 34.42 83.9 68.52 31.36 236.6
arponaHz- 0,,m/ra 47.6 136.4 344.2 839.0 685.2 313.6 2366.0
uadTos Ae, M’/ra 1.58 4.40 11.47 27.06 22.1 10.45 -
Yo - Ae/ 86,4, n/cra 0.02 0.05 0.13 0.31 0.26 0.12 -
[Ipenropuslii noaxiace nanAmadTos (TpaHCIMIOBUATbHAS hanus)
t,°C 9.5 14.2 18.4 20.4 19.1 13.6 -
IIpuponssle
pecypes $°C>10°C 285 440 552 632 592 408 2909
o 0.10 0.15 0.19 0.22 0.20 0.14 1.00
R, xJlx/cM? 12.09 18.67 23.42 26.82 25.11 17.31 123.42
E, mm 49.37 74.05 93.80 108.6 98.74 69.14 493.7
Oc, MM 40.0 37.0 31.0 18.0 8.0 11.0 145.0
Pecypest ruapo- | Op , MM 9.37 37.05 62.80 90.6 90.74 58.14 348.7
arposiasi- 0,, M°/ra 93.7 370.5 628.0 906.0 907.4 581.4 3487.0
uadTos Ae, m'/ra 3.12 11.95 20.9 23.2 23.2 19.38 -
Yo - Ae/ 86,4, n/cra 0.04 0.14 0.24 0.34 0.34 0.22 -
TIpearopHblii paBHUHHBIN MoAKIace aHAmadToB (cynepakBaibHas (harys)
t,°C 11.3 16.6 21.6 23.8 21.2 15.8 -
IIpuponusie
pecypes >°C>10°C 339 515 648 738 657 474 3371
o 0.10 0.15 0.19 0.22 0.19 0.15 1.00
R, KI[)K/CM2 17.00 25.50 32.30 37.40 23.30 25.50 170.0
E, mm 68.0 102.0 129.2 149.6 129.2 102.0 680.0
Oc, MM 44.0 36.0 21.0 9.0 6.0 8.0 124.0
Pecypest ruapo- | Op, MM 24.0 66.0 108.2 140.6 123.2 94.0 556.0
arposaHz- 0,,w/ra 240 660 1082 1406 1232 940 5560.0
madros Ae, M’/ra 8.0 21.3 36.1 45.4 33.7 31.3 -
Ya - Ae/ 86,4, n/cra 0.10 0.25 0.42 0.52 0.46 0.36 -
PaBHuHHBIN Kacc gapamadToB (akBabHas (arms)
t,°C 11.7 18.1 234 26.0 23.6 17.0 -
gg;‘;?:“e $0C>10°C 351 561 702 806 732 510 3662
o 0.10 0.15 0.19 0.22 0.20 0.14 1.00
R, x]Jlx/cM? 17.96 26.94 34.12 39.51 35.92 25.15 179.6
E, mm 71.83 107.7 136.5 158.0 143.7 100.6 718.3
Oc , MM 29.0 24.0 16.0 6.0 4.0 5.0 84.0
Pecypebi THAPO- 0, , MM 42.83 83.7 120.5 152.0 139.7 95.6 634.3
arponaHz- 0,,m/ra 428.3 837.0 1205 1520 1397 956 6343.0
magros Ae, M/ra 14.3 27.0 40.2 43.0 45.1 31.9 -
Ya - Ae/ 86,4, n/cra 0.17 0.31 0.46 0.57 0.52 0.37 -
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Kak BugHO U3 maHHBIX TaOnuuel 1, 2, Onosoruueckas U SKOJOrHYECKasi HOPMBI yIEIbHOH BOJOIO-
TpeOHOCTH, B 3aBHCHUMOCTH BHYTPHUKIMMATHYECKHX YCIOBHH roga M OHOJIOTMYECKUX OCOOCHHOCTEH
pPacTUTENBHOTO M TMOYBEHHOTO ITOKPOBOB CEILCKOXO3SWCTBEHHBIX YIrOoAWH B Hayalle OMOJIOTMYECKOTO
AaKTUBHOTO TEpHOJa TOAa MOCTOSHHO YBEIMUYMBAIOTCS, M JOCTHralOT CBOEH MaKCHMaJIbHO-BO3MOXHBIX
3HA4YCHUIl, a 3aTeM MEAJICHHO CHM)KAIOTCS B IIEPHUOJL CO3PEBAHMUS PACTUTENBHOTO MTOKPOBA U A0 OCTAHOBKHU
0YBOOOPA30BaTEIBHOTO MIPOLIECCa B IPUPOAHBIX CUCTEMAX.

Ha ocHoBe wun(opmannoHHo-aHamuTHYeCKUX MartepuanoB Kasrumpomera u [ocymapcTBeHHOTro
THIPOJIOTHYECKOT0 MHCTUTYTa Poccuiickoit denepaunu, i 000CHOBaHMS THAPOJIOTHYECKOTO PEKUMA
peku Tanac ucrosb30BaHbl JaHHBIE THAPONIOCTA celo byeHbIH, T/ie MpoucxoauT ciusiHug pek Kapakon u
VYukomoif n ceno Kuposckoe, rne peka Tamac mpuHHMAaeT MOYTH BCE CBOM NPUTOKH, TO ecTh Komba,
Bemrram, Yumapan, Kymsiurar, Kapadypa, Kenkon u Henpapt (Tabnuna 3).

Tabmura 3 — CpeHEMHOTONETHHE THAPOIOTHYCCKIE PACXOIBI Ha TEPPUTOPHH Bogocbopa Gacceitna pexu Tanac, M°/c

Table 3 — The long-term hydrological charges on territory of watercollection of river Talas basin, m*/s

Mecs T'upponoruueckue nocTs
Bynennsrit Kuposckoe Kuember Vyapan
SuBapb 7.02 23.8 28.4 16.2
DeBpanb 6.60 22.6 27.7 19.4
Mapr 6.05 18.4 26.3 21.6
Amnpens 7.39 19.5 16.9 14.3
Maii 19.50 31.8 8.39 5.68
Hronp 36.30 54.8 11.9 7.42
Hroms 37.50 64.7 15.5 9.45
Asrycr 25.00 49.1 11.1 8.10
CeHTs10pb 14.70 30.6 4.21 3.56
OKTA6pb 11.00 26.8 11.7 5.02
Hos6ps 9.79 28.0 23.6 12.4
Jexabpb 7.99 26.1 26.3 15.0
I'onosoit 15.7 333 17.7 11.5

[Ipu sTOM ciemyer OTMETHTh, YTO (OPMHPOBAHHE THIPOJIOTHYECKOTO peknMa peku Tamac BbImie
KupoBckoro BogoxpaHUINIIa MPOUCXOANT B eCTeCTBEHHOM pesknMe B 40 % cTOoKa peKH COCTAaBISIOT PEKU
Kapakon u Yukomioii, a 94 % croka peku opmupyercs a0 cena KHpoBCKOe ¢ y4acTHEM MHOTOYHC-
JICHHBIX TIPUTOKOB, TO €CTh MaKCHMaJbHO-BO3MOXHBIE pacxojabl peku Tayac, a 3aTeM IO Mepe Ipo-
JIBUKCHHS BHU3 IIPETEPIICBAET CYNIECTBEHHBIE M3MEHEHN s, 00y CIIOBIICHHBIE B OCHOBHOM pa30opa BOIbI Ha
OpOIIICHHUS.

Jlyig olIeHKM ¥ aHallM3a JMHAMUKH UCTIOJIh30BaHUS BOJAHBIX PecypcoB Oacceitna pexu Tanac B pa3pese
reoMop(OIIOTUIECKON CXeMaTHU3allii UX TEPPUTOPHH BOJ0COOpa UCTIONh30BaH HalnmoHamsHBINH TOKIA O
COCTOSIHMH OKpY>Karomie cpeasl Tepputopur Keipreickoit Pecriydnmukn n Pecy6nmku Kazaxcran n Ha
OCHOBE UX OIpEJIEIeH 00beM CBOOOHOTO CTOKA WM PacXoja BOJbI BO BPEMEHHBIX M MPOCTPAHCTBEHHBIX
Macmrabax, KOTOPBIH MOXKET OBITh HCIIONB30BaH sl OpolleHus (Tabmuia 4) mo cleAyrneMy ypaBHe-
HUIO BOJTHOTO OanaHca:

Orai = Qoi —(Osi + Ocxei + Ox66i + Onei + Oni) >

rae O, — pacXxoj eCTECTBEHHOTO CTOKA PEKH, M/c; 0,4; — PACXO0J] pacroiaracMbIX UM CBOOOHBIX BOJIHBIX
PECypCOB JUTS Pa3BUTHSI OPOIICHHUS, M/c; 0,; — pacxoJl KOJOTHYECKOTO CTOKA PEKH, M/c; O.xei — pacxon
Ha CEJbCKOXO03SHCTBEHHOE BOJOCHAOKEHHE, M3/C; Oy6si — PACXOJT HA XO3SHCTBEHHO-TIMTHEBOE BOIOCHA0-
xKeHue, M/C; Ope — PACXOM HA MPOM3BOACTBEHHO-IPOMBIIIUIEHHOE BOAOCHAOKeHHe, M /c; Q,; — MOTepH
BOJIbI B pycCliaX PEKU M UX TPAHCIIOPTHPOBKH, M/c.
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Tabnuna 4 — CTpyKTypa UCIIOIB30BaHMsI BOIHBIX PECYPCOB HAa TEPPUTOPHH BojocOopa Oacceiina TpaHcrpaHUYHOM pexku Tanac

Table 4 — Structure of the use of water resources on territory of watercollection transfrontal of river Talas basin

Qi s CTpyKTypa HCIIOIb30BAHMS BOJHBIX PECYPCOB, M /C 3
Meeset MS/ c Qoi chai Qxﬁ@i mei Qm’ Qrai M fe
1 2 3 4 5 6 7 8
T"opwerii kitace manamadToB (3moBuanbHas danust) (ceno Bynenmsrit)
SlHBapp 7.02 2.52 0.32 0.32 0.14 1.05 2.67
Despanb 6.60 2.38 0.30 0.30 0.13 0.99 2.50
Maprt 6.05 2.18 0.28 0.28 0.12 0.91 2.28
Anpenb 7.39 2.66 0.34 0.34 0.15 1.11 2.79
Mait 19.50 7.02 0.90 0.90 0.39 2.93 7.36
Wions 36.30 13.07 1.67 1.67 0.73 5.44 13.72
Uromb 37.50 13.50 1.73 1.73 0.75 5.62 14.17
ABrycr 25.00 9.00 1.15 1.15 0.50 3.75 9.45
Cents6pb 14.70 5.29 0.67 0.67 0.29 2.20 5.58
OKTI6pb 11.00 3.96 0.51 0.51 0.22 1.65 4.15
Hos6pb 9.79 3.51 0.45 0.45 0.19 1.47 3.72
Jlexabpb 7.99 2.87 0.37 0.37 0.16 1.20 3.02
IMpenropusiii mogknace tanamadToB (TpaHcIMoOBHANbHas dars) (ceno Kuposckoe)
SlHBapp 23.8 8.57 1.09 1.09 0.48 3.57 9.00
Despanb 22.6 8.14 1.04 1.04 0.45 3.39 8.54
Maprt 18.4 6.62 0.85 0.85 0.37 2.76 6.95
Anpenb 19.5 7.02 0.90 0.90 0.39 2.93 7.36
Mait 31.8 11.45 1.46 1.46 0.64 4.77 12.02
Wionp 54.8 17.73 2.52 2.52 1.10 8.22 22.71
Uions 64.7 23.29 2.98 2.98 1.29 9.71 24.45
ABrycr 49.1 17.68 2.26 2.26 0.98 7.37 18.55
CeHTs10pb 30.6 11.02 1.41 1.41 0.61 4.59 11.56
OKTsI0pB 26.8 9.65 1.23 1.23 0.54 4.02 10.13
Hos6pb 28.0 10.08 1.29 1.29 0.56 4.20 10.58
Jlekabpb 26.1 9.40 1.20 1.20 0.52 3.91 9.87
[IpenropHslil paBHUHHBIN TOAKIAcC TaHAIA(TOB (cymepakBaibHas ¢anus) (ceno JKuender)
SlHBaph 28.4 10.22 1.31 1.31 0.57 4.26 10.73
Despanb 27.7 9.97 1.27 1.27 0.55 4.16 10.48
Maprt 26.3 9.47 1.21 1.21 0.53 3.94 9.94
Anpenb 16.9 6.08 0.77 0.77 0.34 2.53 6.41
Maii 8.39 3.02 0.39 0.39 0.17 1.26 4.46
Wionp 11.9 4.28 0.55 0.55 0.24 1.78 4.50
Wioms 15.5 5.58 0.71 0.71 0.31 2.33 5.86
ABrycr 11.1 3.99 0.51 0.51 0.22 1.66 4.21
CeHTs10pb 4.21 1.51 0.19 0.19 0.08 0.63 1.61
OKTsI0pBh 11.7 4.21 0.54 0.54 0.23 1.75 4.43
Hos6ps 23.6 8.50 1.09 1.09 0.47 3.54 8.91
Jlexabpb 26.3 9.47 1.21 1.21 0.58 3.94 9.89
PaBuuHHEBIH Ki1ace TanAmadToB (akBambHas Ganus) (ceno Yyapan

SlHBaps 16.2 5.83 0.74 0.74 0.32 2.43 6.14
despans 19.4 6.98 0.89 0.89 0.39 291 7.34
Maprt 21.6 7.78 0.99 0.99 0.43 3.24 8.17
Anpens 14.3 5.15 0.66 0.66 0.29 2.15 5.39
Maii 5.68 2.04 0.26 0.26 0.11 0.85 2.16
Wionp 7.42 2.67 0.34 0.34 0.15 1.11 2.81
Wioms 9.45 3.40 0.43 0.43 0.19 1.41 3.59
ABrycT 8.10 2.91 0.37 0.37 0.16 1.22 3.07
CeHTs10pb 3.56 1.28 0.16 0.16 0.07 0.53 1.46
OKTs10pB 5.02 1.81 0.23 0.23 0.10 0.75 1.90
Hos6ps 12.4 4.46 0.57 0.57 0.25 1.86 4.69
Jlexabpb 15.0 5.40 0.69 0.69 0.30 2.25 5.67
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TakuM 00pa3oM MOMYYCHHBIC HA OCHOBE MPOTHO3HOTO PAcUYeTaOHMOIOTHYECKONH U DKOJOTMYECKOi
HOPM YJICNBHBIX BOJOTIOTPEOHOCTEH pPACTHTENLHOTO U MOYBEHHOTO TOKPOBOB CEIBCKOXO3SIHCTBEHHBIX
yroauii 1 uHGOOPMAIIMOHHO-aHATUTHIECKAX MaTePUANIOB TI0 THAPOJIOTHUECKOMY PEXHMY peku Tamac B
pa3pe3e reoMop(dOIOrHYECKON CXEeMaTU3allul WX TEPPUTOPUU BOJOCOOpa OmpereicHbl KO3(PPHUIIMESHT
CHHXPOHHOCTH pacxojia PeKH M HOpPMa YJIENbHOH BOJOMOTPEOHOCTH CENbCKOXO3IHCTBEHHBIX YrOIUit
(Tabmuma 5).

Tabmuna 5 — KoaddunreHT CHEHXpOHHOCTH pacxo/a peKH 1 HOpMa yAEIbHOI BOJOIOTPEOHOCTH CENbCKOXO3HCTBEHHBIX YT OIUH
B pa3pese reoMopdoIornueckoi cxeMaTu3anuy TeppuTOpun Bogocbopa GacceiiHa pexu Tamac

Table 5 — A coefficient of synchronicity of stream-flow and norm of specific waternecessities of agricultural lands are
in the cut of geomorphological posterization of territory of watercollection of river Talas basin

Mecsupl
Iokasarenu Cpenee
v \% VI Vil VIII IX 3HatCcHHe
Topweii kitace nanamadToB (I0BUATIBHAS (Barus)
Orai » MC 2.79 7.36 13.72 14.17 9.45 5.58 -
N max
Qrai = Qyai /le. 0.20 0.52 0.97 1.00 0.57 0.39 0.608
qpi,/cHa lra - 0.02 0.35 0.44 0.30 0.14 -
4 pi =4pi’ qgll.ax - 0.05 0.80 1.00 0.68 0.32 0.570
Koei 10.4 1.21 5.02 0.83 1.22 1.067
IMpenropusiii moxknace JaHAMAadTOB (TPAHCITIOBUATIBHAS (arust)
Orai » M/c 7.36 12.02 22.71 24.45 18.55 11.56 -
s ./ Hmax
O ai = rai /Qrai 0.30 0.49 0.93 1.00 0.76 0.47 0.658
Gpi»/c Ha 1 ra - 0.05 0.44 0.52 0.35 0.13 -
q pi =dpi/ qgll.ax - 0.10 0.84 1.00 0.67 0.25 0.572
Ko 4.90 1.11 1.00 1.13 1.88 1.150
IpearopHslii paBHUHHBIN MoaKIace anamadToB (cynepakBaibHas haris)
Orai » MC 6.41 4.46 4.50 5.86 421 1.61
= _ ./ HMmax
Qrai = Qyqi /Qrai 1.00 0.70 0.70 0.91 0.66 0.25 0.703
Gpi»/c Ha 1 T2 0.02 0.27 0.51 0.56 0.45 0.22 -
q pi =dpi/ anX 0.04 0.48 0.87 1.00 0.80 0.39 0.596
Ko 25.0 1.46 0.80 0.91 0.83 0.64 1.179
PaBuHunHBI Ki1acc naHamadToB (akBagbHas darus)
Qrai » MC 5.39 2.16 2.81 3.59 3.07 1.46 -
= _ _, HMmax
Qrai = Qi"al /Qmi 1.00 0.40 0.52 0.67 0.57 0.27 0.572
qpi,/cHa l ra 0.11 0.42 0.76 0.53 0.41 0.23 -
5pl. =4 pi /qgll.ax 0.14 0.55 1.00 0.70 0.54 0.30 0.538
Kooi 7.14 0.73 0.52 0.96 1.06 0.90 1.063
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Kak BMIHO W3 MPOTHO3HOTO pacyera, BBIIOJHEHHOTO I OnpeneieHus Kod(pQUIMeHTa CHHXPOH-
HOCTH pacxoja peKH M HOPMBI yIENbHON BOAOMOTPEOHOCTH CEIBCKOXO3SHCTBEHHBIX YTOIWH IIpel-
CTaBJICHHbIX B Ta6JII/IL[e 5, B BCPXOBBAX IO CPAaBHCHUIOB HHU3O0BBAX HUX 3HAYCHUA OoJbIIe CAWHUIIBI,
KOTOpbIE MOKa3bIBAIOT, YTO MEXAY HUMH CYLIECTBYET IOCTATOYHO BBICOKAas CHHXPOHHOCTB, YTO CTallo
OOBEKTUBHOW TPUYMHON CTPOUTENhCTBA KHPOBCKOrO BONOXpAaHHWJIMINA C IIENBIO  TOBBIIICHUS
BoJ000ecTieueHHOCTH Ka3zaxcTaHckoi acTn Tepputopun Bogocbopa Oacceitna pexku Tamac.

[Ipu 3TOM ciaeayeT OTMETUTb, YTO SKOJOTHYECKHH CTOK OacceiiHa peku Tanac onpeaeniin ¢ UCTIONb-
30BaHHMEM METOJa aHaJIOTWH, Tak Kak obe peku llly m Tamac maxomsarcsa B Illy-TamacckoM BomoXo3sii-
CTBEHHOM 0OacceifHe M OTHOCSTCS K peKaM JISTHHKOBO-CHETOBOTO NUTaHus, 1o AanHeM C. P. MbaTtynnmHa,
K. C. Mycradaesa u K. b. Koiibarapopoii 6acceitna peku llly, koTopble MPHUHSATHIAHATIOTAMHU, 3KOJIO-
THYECKHH CTOK cocTaBisieT 36 % THMAPOIOTHYEcKOro CTOKa BO BPEMEHHOM M IIPOCTPAHCTBEHHOM MAacCIl-
tabe [9].

CrenoBatenbHO, peCTaBIeHHbIC HH(POPMAIIMOHHO-aHATUTHICCKHE MaTEePUaNbl HA OCHOBE TMPOTHO3-
HBIX pacyeToB (Tabauubl 4, 5) 1aiy BO3MOXKHOCTh Ha 0a3e pacrojiaraeMbIX BOAHBIX PECYPCOB, OKa3bIBaIO-
IIMX SKOJOTHYECKUE YCIYTH, OINPENEIHTh MaKCHMalbHO-BO3MOXXHYIO IUIOIIAIh OPOIIAEMBIX 3E€MENb B
paspese reoMopOIOTHIECKON CXeMaTH3aIlu! TEPPUTOPHH BogocOopa 6accetina pexu Tanac (Tabmura 6).

Kak BugHO U3 TaOMUIBl 6, MAKCHMAIILHO-BO3MOXKHASI IJIOMIAb OPOIIAEMBIX 3e€MENb MPH CBEpxX 3¢-
(hEKTUBHOM WCIIOJIE30BAaHUU HKOJIOTHYECKOW YCIIyTH BOAHBIX pecypcoB OacceitHa pexku Tamac Bcero
coctapnget 697.5 ThIC. Ta, U3 HUX B MEXTOCYIapCTBEHHOM pa3pese 351.5 Toic. ra oTHOocUTCs KbIprbi3ckoit
Pecniy6muke u 346.0 toIc. ra — Pecniybnuke Kazaxcran.

Ipu sToM 06beM BOAHBIX peCypcoB (AWyg(5—y)i) AU OKasaHUs SKOIOTHYECKUX YCIYT B CUCTEME

«OKCIIOPT-UMIIOPT» BOI0COOPA OacceiiHa TPaHCTPAHUYHBIX PEK OMPEEseTCs T0 PopMyIie:
AWm(a—u)i =Keori Wrai

rae Ks; — KO3GOUIUEHT IKOJOTUISCKUX YCIYT MPUPOIHBIX PECYpPCOB.

Tabnuua 6 — MakcuMaIbHO-BO3MOKHAS IUIOLAlb OPOILIAEMBIX 3eMEIb
B pa3pese reoMopdoI0rHYecKoi cxeMaTu3alin TeppUTOpHU BogocOopa bacceitna pexu Tanac

Table 6 — Maximally-possible area of irrigable earth
in the cut of geomorphological posterization of territory of watercollection of river Talas basin

TokazaTenn 9KOIOrHYECKUX YCIyT
AJIMHHH- pacroyiaraeMble HOpMa yJeiapHON | Ko3ddHuuueHT MaKCUMaJbHO-
Krace nanmagron CTpaTHBHEIC BOJIHBIE PECYPCBl | BOJOMOTPEOHOCTH | CHHXPOHHOCTH BO3MOXKHAs
u darmst paifoHbI IS OPOIICHHS (qMax)y (Kae) opormaemas
(W,a), kM qpi > wiom@ans (Fy,),
M/cHa | ra TBIC. T
Topras Tanacckuii 0.035 0.44 1.067 72.1
(amoBHaNBHAS)
Kapa-bypunckuii 0.061 0.52 1.150 114.7
Hpearopras Baxaii-Atunckuii 0.022 0.52 1.150 414
(TpaHCcHMIOBHANIEHAS)
Manacckuii 0.018 0.52 1.150 33.8
Hpearopuas KamOynckuit 0.021 0.56 1.179 37.6
paBHHMHHAs
(cynepaxsanbHas) Baiizakckuit 0.029 0.56 1.179 51.9
PaBuuHHAS Tanackuii 0.082 0.76 1.063 97.5
(axBanbHas) CapbIcycKuid 0.209 0.76 1.063 248.5
ITo Gacceiiny pexu Tanac 0.477 - - 697.5

Taxum o6pazom, eciu Keipreizckas Pecriy6inka Ha 0cHOBE IPUHIMIIOB cOATaHCUPOBAHHOTO HCTIONb-
30BaHUSl MPUPOAHBIX PECYPCOB OCYLIECTBISIOT JKCIOPT JKOJOIMUYECKHX YCIYI BOAHBIX PECYpCcoB, a
Pecnybnuka Kaszaxctan mpuMeT 3KOJIOTMYECKHE YCIYTH BOJHBIX PECYpcoB C¢ TeppHTOpun KbIpruIzckoit
PecnyOnuku, MoxHO oOecmednTh 3(P(GEKTHBHOE HCIOIB30BAHUE IHEPrETHUYECKUX YCIYT HPUPOIHBIX
CHCTEM 3a CUET YBEJINYEHUS IJIOMAIN OPOLIAEMBIX 3eMeNb B HU30BbsIX OacceiiHa peku Tamac (tabanua 7).
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Tabmuua 7 — IIporHo3upoBaHue «yBeTMIEHHs-yMEHBIIEHHS TUIOIAAN OPOIIAEMBIX 3E€MEIb
B pa3pese reoMop(hoJIOrHIecKoil cXxeMaTru3aliy TEPPUTOPUH BogocOopa OacceliHa TpaHCTpaHNYHOHM pekn Tamac

Table 7 — Prognostication of "increase-reduction" of area of irrigable earth
in the cut of geomorphological posterization of territory of watercollection of transfrontal river Tanmac basin

DKOJIOrHYECKUE YCIyTH Oxuaemast IIoLaib
AHMHHH‘iTpaTHBHHe ng’ K BOJIHBIX PECYPCOB, KM° OpOIIAEMBIX 3€MElb, ThIC. I'd
PaHOHE! b DKCIIOPT HMIIOPT — ‘ +

TopHerit kinace mananiadToB (3MroBHATbHAS (artis)

Tanaccxuii 0.035 04159 | 00145 | - | 239 | -
[pexnropuslii moxkinace aHamadTOB (TPaHCITIOBUATIBHAS (arust)
Kapa-bypunckuit 0.061 -0.0687 -0.0041 - 7.70 -
Bakaii-ATuHCKHI 0.022 -0.0687 -0.0051 - 9.60 -
Manacckuii 0.018 -0.0687 -0.0012 - 2.25 -
IpearopHblii paBHUHHBIH MoJKIacC TaHAmadToB (CynepakBaibHas daris)

KamOynckuit 0.021 -0.0527 -0.0011 - 1.37
baiizakckuii 0.029 -0.0527 -0.0016 - 2.36

PaBHuHHBIH Ki1acc TaHAmadTOB (aKBaIbHAS (arus)
Tanackuii 0.082 0.1897 - 0.0155 - 13.43
Capbicyckuit 0.209 0.4736 - 0.0990 - 117.70

Kak BugiHO M3 TaOiMIGI 7, B paMKaxX pa3yMHOTO, PABHOIIPABHOTO W CIIPABETUBOIO HCIIOIB30BAHUS
BOJHBIX PECYPCOB TPAaHCIPAHUUYHON peku Tasiac, MOKHO YMEHBUIUTh aHTPOIIOTEHHbIE HArPy3KH HA Top-
HBIH KJ1acc JaHAmapToB (III0BUANBHAS (allys) U MPEArOPHBIN MOAKIACC JaHAMAPTOB (TPAHCIITIOBHAIb-
Hast arusi) Ha 6a3e HKCIOPTa IKOJOTHUECKUX YCIYT PachojiaracMbIX BOJHBIX PECYpCOB, UTO obecreyar
UX 3KOJOTUYECKYI) YCTOWYHBOCTH, & HCIIOJIH30BAaB HMIIOPT DKOJOTMYECKHUX YCIYT BOJTHBIX PECYPCOB,
MOXKHO YBEJIMYHTH IUIOIIAJh OpOIIaeMbix 3emenb 10 131.13 Thic.ra, KoTOpas TO3BOJSET CO3/IaHUC
BBICOKOITPOYKTHBHBIX ~arpoMpPOMBINUICHHBIX KOMILICKCOB, OOCCHECUHBAIONIUX MPOTOBOIECTBCHHYHO
0e301acHOCTh PErHoHa.

Oo0cy:xaeHue u BbIBOABL. [Ipu pa3yMHOM, paBHOIIPAaBHOM M CIIPABEJIMBOM HCIIOIB30BAHUN BOIHBIX
pecypcoB B OacceliHe TpaHCTpaHHYHOW peku Tajmac ¢ y4eToM SHEPreTHYECKUX PECYPCOB B pa3pese reo-
MOP(OJIOTUIECKON CXeMaTU3allui, HE TOJBKO MOXKHO OOECIevYnTh cOAlaHCHPOBAHHOE HCIOJIb30BaHUE
BOJIHBIX PECYPCOB, a TAK)KE B paMKaX «3KCIOPTa-UMIIOPTa» BOIHBIX PECYPCOB 0a3UPYIOUIUXCS HA TEILIO-
U BIIAar000ECNCUYEHHOCTH MPUPOJIHON CUCTEMBI, TTO3BOJISIONIMX KOHCTPYHUPOBAHUS BBICOKOA((HEKTUBHBIX
THIpOArpoIaHaadToB.
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Kazak ynTThIK arpapibIK yHuBepcuTeT, Anmartsl, KazakcraH,
M. X. [lynatu ateianarel Tapas MemiiekeTTiK yHuBepcuTeTi, Tapas, Kasakcran

ITEKAPAJIAC ©3EH BAJIABBIHBIH CY KOPJIAPBIHBIH KOJIOI'MAJIBIK
KBIBMETIHIH KAJIBIIITACY HOTHU/XKECIHAEI'T CYFAPMAJIBI ETI'ICTIK KEP/IITH
IMEKTEJTEH-MYMKIHIILIIT'T BAFAJTIAYIbIH 9JICTEMEJIIK HEI'I31

Annoranus. BYY men6epiane 1992 xwuist Puo-ne-XKaneiiponarsr «XXI FachIpapIH KYHIIK Mocenec» KaObuI-
JTaFaH KOCHapbIHA COHKEC Cy KOpJIapblH aKbIIMEH, TEHIepPMEIK KOHE 9UICTT] NmaiganiaHy KaFuIachIHBIH HETi3iHAe,
rujpoarpoianamadTTapbH aybUIHIAPYallbUIbIK XKEepPIEPiHiH OCIMIIK )KOHE TOMBIPAK >KaMBUIFbICBIHBIH apachIH/aFbl
OHOJIOTHSIIBIK CYbI TYTHIHYBIHBIH 63apa 0aiIaHbIChIH JKOHE OHBIH TEXHOTCH/IIK 9Cepre OPHBIKTHUIBIFbIH, OHBIH TEO-
PHSUIBIK CamajblK HETi3i peTiHAe KaObUgai OTBIPBIN, CyFapMalbl eTiCTIK JKepiepliH HIEKTeIreH-MYMKIHIIUIIrH
aHBIKTayFa apHaJFaH dJICTEMEMEH KaMTaMachl3 €Ty HYCKAChl KYPBUIFaH )KOHE OJ1 OaraapiiaMaliblK ecentey TYPiHe
mekapanac Tanac e3eHiHIH Cy)KUHAy anaObIHBIH CY KOPBIHBIH KOJOTHSUIIBIK KbI3METIH «IKCIIOPT-UMIIOPTY» IIEHOEe-
piHJe Herizaeyre MyMKIHIILTK Oepai.

Tyiiin ce3mep: Oaranay,CyXHHAy, IIEKapantac ©3¢H, XKylie, reoMOp(hOIOTHIIBIK KYHeley, ayiaH, CyFapy, ¢y
aFBIHBIHBIH KOJICMi, CY IIBIFBIHBL, TUAPOATPONIAHAIIA]T, IKOIOTHS, KbI3MET, MEITHOPAITHs, TAOUFaT.
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MODELING OF TRANSBOUNDARY
ILE-BALKHASH RIVER BASIN IN CENTRAL ASIA

Abstract. This article presents an overview of the Ile-Balkhash river basin modeling and its use for analyzing
and forecasting of water resources and natural-economic demands for water. The model allows by defining possible
scenarios, to test sensitivity of water supply system and its influence on environment and economy of the Ile-Bal-
khash river basin. The computer model results allow decision-making authorities to define optimized water mana-
gement scenario. This study is mainly focuses on the implementation of a simulated dynamic-stochastic model of the
water supply system of Balkhash Lake basin (Republic of Kazakhstan). Model simulations supplemented with uncer-
tainty analysis and assessment of stochastic properties, using the Monte Carlo method. The model implemented in an
object-oriented C# programming language. This manuscript presents the results of created water balance simulation
algorithm of the Ile-Balkhash river basin. Developed and implemented water supply scenarios. Designed statistical
assessment module of the model. Created results visualization block.

Keywords: water management, river basing modeling, environment, water recourses, hydrology, water supply,
mathematical and computer modeling, dynamic-stochastic model.

1. Introduction. River basins are important for water use by various, often competing, and users.
Thus, careful long-term use of water resources requires planning and management. Socio-economical
activities depending on water availability (e.g., agricultural, ecologic, industrial or energy demands) are
preferentially organized and coordinated within the entire river basin [1]. River basins are the fundamental
natural systems of many hydrologic phenomena[2].River basin management and the organization of water
resources management at the river basin level is a focus areas for policy-oriented research and technical
advisory activities [3]. Water management generally focuses on an integrated basin system, including
water supply, water demand, and intermediate components. In arid and semi-arid river basins, irrigation is
the dominant water use, and there careful management plays a critical role [4].

The Ile-Balkhash river basin (140,000 km?) is located in the southeastern part of the Republic of
Kazakhstan and adjoining territories of China (Figure 1). The basin includes the Almaty region, the south-
eastern part of the Karaganda region, the south-western part of the East Kazakhstan region, east of
Zhambyl region (all Republic of Kazakhstan), as well as the north-western part of the province of
Xinjiang in the People's Republic of China. The main watercourse of Ile-Balkhash river basin is Ile River,
which measures approximately 1440 km, and which is the largest fresh water inflow to Balkhash Lake, the
downstream end of the closed drainage basin. The Ile River provides about 80% of the inflow of fresh
river water to the lake. Therefore, the level and water quality (salinity) of the lake, and ecological state and
desertification of the region, are largely depending on the discharge of the Ile River [5].

In Central Asia, the sources of many transboundary rivers (e.g., lle, Syrdarya, Chu, Talas rivers)are
located in mountainous terrains where discharge is regulated by a cascade of reservoirs for various
purposes (e.g., energy production, water consumption and flood risk management), which sometimes are
competing with uses (e.g., agricultural production) in downstream countries (e.g., the Syrdarya basin in
Central Asia). In these cases, the issues of river basin management are international, and policy solutions
require regional collaboration between different countries [6].
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Figure 1 — Ile-Balkhash river basin

Complex system of interactions between different components makes river management on a basin
scale challenging. A straightforward and effective tool for making economical and policy decisions is
mathematical river basin modeling, which represents the relevant physical processes in the river basin and
which can be used to predict the behavior of the basin under different (climatic) conditions or management
scenarios. River basin models successfully deployed to aid in the determination of fair and equitable long-
term water sharing agreements or short-term operational plans in transboundary basins [7].

In this study, a mathematical model combines the effects of management and use of surface and
subsurface reservoir (supply) systems with effects of water extraction by irrigation forfarming. The model
is designed as a tool to support decision-making on matters of National Water Complex (NWC), that
include the development of water infrastructure, conservation and restoration of natural water bodies, the
economic justification of water limits, and improving interstate water relations between Kazakhstan and
China. Importantly, the model includes interactions between upstream and downstream water allocation,as
well as a water users on local and regional scale management according to the planned water supply
scenarios. In addition future water supply scenarios of the Republic of Kazakhstan (until 2030) were
included — based on a previous study by Seversky and Malkovsky, 1998). This model-scenario thought as
a planning exercise that examines the future with an expected to decrease due to intensive using of runoff
in its Chinese part of the basin [8].

Methodology.

Design of the dynamic-stochastic model. The main goals of baseline scenario are to mitigate the
impacts of upstream water usage on the Balkhash Lake Environment and to provide a tool to monitor the
local supply-demand balance. This helps to increase agricultural productivity and industry, while pre-
venting river channel degradation and impact on social and economic structures by water scarcity [9]. In
Figure 2 the main components of Ile-Balkhash river basin are shown, including possible sources of water
(groundwater and surface water), the water transport system and infrastructure (canals, piping network and
reservoirs), extraction by water users(agricultural, municipal, and industrial), and a the output of the
drainage system (surface and subsurface).

Computer simulation of Water Supply Systems (WSS)implemented by a set of mathematical tools,
special computer programs and tricks replace the real object of study with a model that simulates impor-
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Figure 2 — Ile-Balkhashriver basin components of dynamic-stochastic model

tant processes and natural and human impacts on the water balance. A set of software tools and
mathematical modeling techniques determines the specificity of the modeling system.

Developed software allows user to select a certain river basin, choose the scenario and generate a
flow data of its main rivers, using the average flow data for long-term period, variation and modular run
off coefficients. Further based on the specifics of the basin and region water demands (municipal, indus-
trial, agricultural and environmental)the model simulates water balance according water users demands,
taking into account river flow losses, reservoirs operation, Balkhash Lake surface evaporation and
perspective water transfer. The objective of dynamic-stochastic model is to evaluate and future conditions
of the river basin in terms of reducing transboundary flow of a long-term period (until 2050) under diffe-
rent scenario parameters. Further assessment of modeling undo different scenarios allows decision-making
experts for effective water using and saving the environment.

For calibration purpose, model outputs compared with historical or measured outputs of the system
(at gauging station) and the model parameters adjusted until the values predicted by the model agree, to a
reasonable degree of accuracy, with the measured values.

Verification — an independent set of input data, i.e., different from that used in the calibration step, is
used in the model and the model results are compared with measured outputs.

Development of a computer model, as well as data analysis, and the two-dimensional imaging perfor-
med with the use of modern means of creating and designing mathematical software. The model should
meet the following requirements:

— Using object data and mathematical model;

— Processing large volumes of data;
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— Visualize simulated results in a convenient form;

— Module structure of the program for effective update and upgrade software.

The set of functions and the process steps of created computer model corresponding to the logical and
mathematical description of the Ile-Balkhash river basin, it includes the following procedures:

1. Development of a database, providing scenario analysis, operation and development of Water
Supply Systems (WSS) for long-term period;

2. River flow modeling by random generating discharge using annual river flow and the flow
variation coefficient;

3. Modeling of water demand dynamics of water users based on population, development of in-
dustries, agriculture and water supply standards;

4. Automatic modeling and simulation the results of water infrastructure reconstruction and (WSS)
objects;

5. Modeling water forecast scenarios of (WSS), water scarcity and excess calculation for required
time periods;

6. Scenario development assessment by hydrological risk and reliability criteria, of (WSS) charac-
terizing the water scarcity and probability of system failures, using the "Wald's maximin criterion" and
"Laplace criteria" (law of equal probabilities).

7. Data storage and modifying in a database. Visualization of the results in the form of graphs, curves
and tables.

Referring to Figure 3 the algorithm scheme represents the implementation of the model simulation.
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Figure 3 — Simulation algorithm of computer model

The computer model is an effective tool for the assessment and analysis of the Ile-Balkhash river
basin. This mathematical software has a module structure with a certain algorithm and links between
modules. Each module of program contains a specific data type, performs specific functions and
applicable program interface[10].

The database operations module loading certain scenario data from the database load and prepare
data for computer model. The main components of database formed based on the characteristics of Ile-
Balkhash river basin. The database contains hydrological stations actual discharge data and other river
basin characteristics such as reservoir operation parameters and its evaporation rates, river flow losses and
water supply demands.

The scenario operations module allows creating, modifying and saving the water-using scenario.
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Water balance and mathematical operations module contains average annual flow data of the main
rivers and its tributaries. It calculates annual water balance of Ile-Balkhash river basin including in flows,
Kapchagay reservoir operations, Balkhash Lake evaporation rivers flow losses, groundwater storages,
water demands based on a 35-year period. This module also contains supposed water transfer data inside
and between the basins.

The statistical assessment module estimates the data processing by hydrological risk and reliability
criteria (Wald's maximin criterion and Laplace criteria).

Interface module allows the user to interact with the software to perform hydrological calculations for
analyzing the system.

The simulation results block includes three modules by the types of displaying the simulated results:
Table form data presentation module, graphs form data presentation module and 2-dimension visualization
module. These modules display calculated data in user-friendly form for further analysis. The Figure 4
shows modular structure of the computer model and interaction between them.
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Figure 4 — The modules interaction scheme

Validation and verification of the model.

Validation and verification are two of the most important steps in any simulation study [11].
Verification is the process of ensuring that the model design (conceptual model) has been transformed into
a computer model with sufficient accuracy; Validation is the process of ensuring that the model is suffi-
ciently accurate for the purpose at hand [12]. A successful Verification and Validation project cannot be
realized unless you have a solid management approach [13]. The scheme development model steps are

shown in Figure 5.
r {
I
I

Specify

Specified
requirements

Validation
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Find out
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H

requirements

’ ‘ Development

L[ Intended use ]_J

Figure 5 — Model Validation and Verification scheme
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Ile-Balkhash river basin model calibrated for 20 years period (1992—-2011). Model accuracy surveyed
through a validation data period. Initials conditions of simulation experiments on validation stage were
determined by processing historical data over the period. Adjusted two major parameters: Ile River losses
dynamics and Balkhash Lake level dynamics for a 20 years period as it shows figures 6 and 7. Then the
program estimates the scenarios, according to the water supply reliability and hydrological risk criteria as
well as operates the reservoir states conditions. The program displays a window (Figure 8), that shows the
results of statistical evaluation of water supply scenarios according to the known formulas.
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Figure 6 — Ile River losses (downstream, Kapchagay reservoir): a — actual data; b — simulated data
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Figure 7 — Balkhash Lake levels: a — actual data; b — simulated data

Statistical evaluation of water supply scenarios.
1. Water supply reliability criteria — the probability (expectation) of water demands satisfaction by
the relative number of uninterrupted years:

n.
P=1-— 1
; N (1

where N — number of years of the settlement period; n — number of cases when water supply less than
demands, O".
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2. Hydrological risk criteria — relative value water supply interruptions (water supply shortages),the
quantity of which is calculates as:

— 1 & QT
R ==Y (-2 @)
v
"Laplace criteria" (law of equal probabilities).
. o/
R, =max(1-=") )
o

"Wald's maximin criterion" — is a non-probabilistic decision-making model according to which
decisions are ranked based on their worst-case outcomes.
where O; and Q;" — declared (guaranteed) and the actual value of the water supply delivered forthe
i-th component; N — the duration in years of the period.

The figure 8 shows the statistical assessment module. This window displays assessment criteria and
Balkhash Lake hydrological risk probability. This proves that the model accurately respond to all system
changes.

Scenario statistical assessment module n

Iteration

Rich water Medium water Poor water

Water supply reliability criteria

Water supply reliability 0.000 0.029 0.029

Hydrological risk criteria

Laplas criteria 0.33 0.375 0.375

Wald's maximin criterion 0.622 0.633 0.633

Balkhash level expectations

Optimal 0.029 0.057 0.057
Critical 0.200 0.143 0.143
Catastrophic 0.800 0.857 0.857

Figure 8 — Scenario statistical assessment program module

Balkhash Lake has different limnological conditions its south-western part has a salinity of
<2 g-L™! whereas the salinity of the eastern basin is ~4 g-L ™' [14]. Balkhash Lake ecosystem sustainability
is required to provide optimal salinity regime, which depends on the Ile River inflow and a two-way flow
between western and eastern parts of the lake [15]. The parameters program software displays as graphs as
it shown in figure 9.

For analyzing and forecasting the program allows displaying all simulated parameters of the river
basin such as Ile delta regime, Balkhash Lake inflows, level changes, Kapchagay reservoir operations, and
water supply demands for agriculture, industry, municipal and environmental.

The software displays a two-dimensional interactive visualization of the river basin, which displays
water balance, objects interaction and system changes for the simulated period (2016-2050).This inter-
active visualization allows user to analyze and optimize the necessary parameters of Ile-Balkhash river
basin and clearly show the effects of the development according to the accepted scenario. By choosing the
required scenario, which implies reducing transboundary flow and water consumption priority “Envi-
ronment” or “water user* priority, we can see the influence on the Lake Balkhash environment or water
supply deficits.
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Basin: lli-Balkhash

Scenario: Scene_1
Two-way flow dynamics between Western
and Eastern parts of the Balkhash Lake
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Figure 9 — Two-way flow dynamics between Western and Eastern parts of the Balkhash Lake
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Figure 10 — Ile-Balkhash river basin two-dimensional interactive visualization

Conclusions. Submitted mathematical and software package improves efficiency of water
management of the Ile-Balkhash river basin as well as an opportunity for assessment and forecasting in the
management of Transboundary Rivers. Computer modeling of river basin allows making policy decisions,
according the analysis of simulated data.

The values of the input parameters based on actual data, expert hypotheses or a preliminary analysis.
The sensitivity of the results evaluated through a series of iterations. The model accuracy surveyed
through a validation period (1992-2011). Model performance for 20-years validation period evaluated
suing most reliable actual data: downstream reservoir flow and Balkhash Lake level dynamics.
Hydrological simulation model of Ile-Balkhash river basin created in object-oriented programming
language C#. The developed mathematical software package includes a set of modules: graphical inter-
face, mathematical functions, interactive analysis, and interaction with the operating system. The model
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has a two-dimensional visualization of the simulation process, based on schematic symbols of objects,
their interaction and parameters. Performing calculations of the model confirmed its functionality and
reliability of results obtained in a wide range of input parameters, proved the effectiveness of simulation
calculations for water predictive assessment of possible scenarios of river basin and Balkhash Lake hydro-
ecological regime assessment. The numerous iterations function helps to reduce the impact of accidental
inaccuracy of the model.
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M. Jdoabemxkun, E. [Ty3ukos, P. [loBeTrkun

I'eorpadus nunctutyThl, AnmaThl, Kazakcran

OPTAJIBIK A3BUSIIAYBI TPAHCIHIEKAPAJIBIK
LIE-BAJIKAII ©3EHI BACCEMHIHIH MOJEJIJIEY

AnHoTanusl. ¥ ChIHbUIFaH Makaiia Ine-baykain tpaHcuiekapaiblK ©3eH aaObIHbIH MaTeMaTHKAJIBIK KOMIIBIOTED
yurineyi. Herisri Kypasbel periHzue yirijieyni naiinaiaHy aBToMaTu3alysiiay YLIH JKOHE Cy LIapyallbUIbIK ecernTey-
JIepJIi OHTAWIAHIBIPY, Cy TEHJACCTIK alalTapbliH YITUICY, )KOHE JIe CyFa JICreH TaOUFH-DKOHOMHKAJIBIK KaXKSTTIIIrIH
€CKepe OThIpa TPaHCIICKAPAIIBIK aFbIH/IBI KaFJalbIHIA Cy KOpbIHA OOJDKay >KoHE Tajjay. YJriiey cleHapHiilepiH
aHBIKTAayFa, CyMeH KaMTaMachI3JaH/bIpy JKYHECIHIH Ce3IMTalIblH TeKCepy JKoHE e allMaKThIH SKOHOMHKACH JKoHE
KOpIlIaraH opTara OHBIH 9CEpiH aHbIKTayFa MYMKiHIIK Oepexai. Ockl 3epTTeynepae Herisri Hazap bankamr keni ana-
OBIH CYMEH KaMTaMachI3aHABIPY KYHECIHIH AMHAMHKA-CTOXACTHUKAIBIK YIATEYiH JKy3ere acelpy. YJriiey KyObuI-
MaNbIK TalgayMmMeH xoHe Monte-Kapio omiciH maiimanmaHa CTOXacTHKANBIK KAaCHETTEpiH OarallayMeH TOJIBIKTHI-
peutFad. Yariney C# Oarmapiama HbeICaHABI-OaFfapiiaHy TLTIHIE jKy3ere acwhlppurrad. Lime-bankam amaObHBIH Cy
TEHAECTIK Yariiey anroputMi eHuaenreH. CyMEeH KaMTaMachI3JaHABIPY CHEHAPHIIEp] SHTI31ITeH JKOHE OHJIENTeH.
CrarucTukanslk Oaranay MOyl OHIeIreH. YIrijiey HOTHKENepiHiH Ko30eH 1oy OJIor] eHJereH.

Tyiiin ce3mep: cy KopiapbH 0acKapy, ©3¢H ajanTapblH YiIriiey, KopIiaraH opTa, Cy KOpJapbl, THAPOJIOTHUS,
CYMEH KaMTaMachI3JIaH/IbIpy, MaTEMaTHKAJIBIK KOMIIBIOTEPIIIK YAriiey, IMHAMHKa-CTOXaCTUKAIIBIK YJIriiey.
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M. Jonbdemkun, E. ITy3ukos, P. [loBeTkun
Wucruryt [eorpaduu, Anmarsl, Kazaxcran

MOJEJINPOBAHUE WIE-BAJIKAIICKOI'O TPAHCTPAHAYHOT'O BACCEMHA
B HEHTPAJIBHOU AU

AnHoTauus. Ctarhs MpeiCcTaBIseT MaTeMaTHYECKYI0 KOMITBIOTEpHYIO Mozenb Wne-bankaiickoro tpaHcrpa-
HUYHOTO PEYHOro OacceifHa. Vcrmonp30BaHHe MOJCITUPOBAHHUS KaK OCHOBHOTO WHCTPYMEHTA Il aBTOMATH3alUU U
ONTUMU3AINH BOJOXO3IHCTBCHHBIX PACYCTOB, MOACTHPOBaHNE 0aCCEHHOBBIX BOJMHBIX 0OAJTAaHCOB, a TAKXKE aHATN3a U
MPOTHO3a BOJHBIX PECYPCOB B YCIOBUSIX TPAHCTPAHUYHOCTH CTOKA C YYETOM MPUPOIHO-IKOHOMUYECKUX MOTPEOHOC-
Teil B Boge. Mojenb MMO3BOJSET ONPENEIUTh BOSMOXKHBIEC CIICHAPHH, IPOBEPUTh TYBCTBUTEIBHOCTh CHCTEMBI BOJO-
obecrieueHNs U ee BIMSHUE Ha OKPYXKAIIIYI0 Cpely, U SKOHOMHKY pernoHa. OCHOBHOE BHHMaHHE B 3TOM HCCIIe-
JIOBaHWHU YAETSAETCS pealn3aldil MOIEIHPYEMON IWHAMHUKO-CTOXAaCTHUECKOW MOIETH CHCTEMBI BOJ0OOECIICYEeHHUS
Oacceitna o3epa bamkam. MoaenupoBaHue MOJIEIHN JOTOMHIETCS aHaIN30M HEOMPESICHHOCTH U OLIEHKOW CTOXac-
TUYECKHUX CBOWCTB C MCHOJB30BaHHEM MeTona Monre-Kapno. Monens peanu3oBaHa B 00bEKTHO-OPUEHTHPOBAHHOM
si3pIke  mporpammupoBanust C#. PazpaboraH airopuTtM MOICIUpPOBaHHMS BOXHOro Oamanca HMie-Banmkamnickoro
Oacceiina. Pa3paboTaHbl U BHEAPEHBI CIICHAPHH BojooOecneueHus. Pa3paboTaH MOy/b CTaTUCTUYCCKON OIICHKU.
bnox Bu3yanuzaiuu pe3yabTaToB MOIEIUPOBAHMUS.

KiarodeBble cji0Ba: yrpaBlicHHE BOIHBIMH PECypCaMH, MOJCIHPOBAHUEC PEYHBIX OACCEHHOB, OKPYXKAroIas
cpena, BOIHBIC PECYPCHI, THIPOJIOTHS, BOJAOOOCCIICUCHUE, MATEeMAaTHIECKas KOMITBIOTCPHAS MOJECTb, JUHAMHKO-
CTOXaCTUYECKask MOJICITb.
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GEOECOLOGICAL ASSESSMENT OF FODDER GROUNDS
OF THE PROJECTED STATE NATURE RESERVE "BOKEYORDA"
IN WEST KAZAKHSTAN REGION

Abstract. As a result of the study of geoecosystems, an assessment of the state of the forage lands of the
projected state nature reserve "Bokeyorda" of the West Kazakhstan region was carried out. Based on the ecosystem
analysis and GIS technology, the boundaries of the reserve are defined, zoning of functional sites was carried out and
a map of forage lands was compiled. The analysis of the causes of degradation of the reserve's forage lands is
performed. Characteristics of the main types of pasture digressions are given.

Key words: projected state nature reserve, steppes, ecosystem, fodder land, digression.

Preservation of the biological diversity of ecological systems, unique natural complexes, objects of
the natural reserve fund, cultural and natural heritage of the Republic of Kazakhstan is one of the impor-
tant tasks of the state at the present stage. In order to preserve and restore biological diversity and natural
ecological systems, the Resolution of the Government of the Republic of Kazakhstan approved the
"Concept for the Development and Location of Specially Protected Natural Territories of the Republic of
Kazakhstan until 2030". It is aimed at preserving biological diversity, preserving the whole diversity of
microorganisms, flora and fauna, as well as natural ecological systems, preventing their losses as a result
of economic and other activities [1].

Natural areas should be protected from various risks, such as pollution, poisoning of plants, presence
of dangerous wild animals, etc. All natural resources, being carriers of energy and information, are tourist-
recreational resources. The availability of natural resources is the first condition for location of productive
forces in the region. The quantity, quality and combination of resources determine the potential in natural
resources of the territory, which is an important factor in the distribution of population and economic
activity. The natural resource potential in the sphere of tourist and recreational services has an impact on
its market specialization and its place in the territorial division of labor.
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At present, intensive anthropogenic impact on the environment is observed in a number of the most
economically developed regions of Kazakhstan, including the West Kazakhstan region. In these con-
ditions, the issues of effective management of drylands are of key importance in achieving the goals of
sustainable use of natural resources, competitiveness of rural commodity producers, Kazakhstan's
accession to the WTO and the list of 50 most competitive countries in the world [2].

Nowadays, the system of specially protected natural areas of the West Kazakhstan region is repre-
sented by 3 state nature reserves of national importance and 7 PAs of regional importance, the total area of
which is 188.7 thousand hectares or 1% of the total area of the region. At the same time, there are no PAs
with a strict regime of protection and with the status of a legal entity [3, 4].

Experimental. In this research of the west of West Kazakhstan region, geographically in the basin of
the Small Uzen and Aschyozek rivers, the space of the Volga-Ural interfluve, in the northwestern part of
the Caspian lowland within the territory of the Zhanibek, Kaztalov and Bokeyorda regions on the flat and
slightly wavy Plain, the vegetation cover for fodder lands was studied with the identification of valuable
forage grasses and anthropogenically disturbed ecosystems by conventional methods [5-13]. The area is
690.9 thousand hectares, or about 4.5% of the region's territory (Figure 1). The monitoring sites were
bookmarked with the application of their data to the topographic map and the GPS data on the sites were
recorded. Fodder land mapping was carried out.

46°40'00"E 46°30'00"E 46°20'00"E 46°10'00"E
' I L ¢
Th ject %‘( 1‘&_"
opriectaren A~/ e
) oKeyorda ,)’5. “’ﬂ—-“_-wh.“\ RUSSla

z 1:1200000 = . gl =z
8 8
21 2
2| o 3

‘

w

=

e
z | S R A
8 - .
=1 ] * sl
= I ! e -,
) - A
= 4 e A

Y/ - O g

,ff

r - < . » Segiian

Legend - T Agmea

[ The praject area == Border with Russia

[ custrict canters —— Road b

—— Borderares  —— Pipalinas
46°40'00"E 46°30'00"E 46°20'00"E

Figure 1 — Map of the projected State Natural Reserve ‘Bokeyorda’ in West Kazakhstan region

Studies were carried out within the framework of the project of the Government of the Republic of
Kazakhstan and the Global Environment Facility of the United Nations Development Program "Conser-
vation and Sustainable Management of Steppe Ecosystems" aimed at increasing steppe ecosystems.

Results and discussion. In the flora of the projected territory of the state natural reserve (SNR)
"Bokeyorda" we have identified 537 species of vascular plants belonging to 66 families and 265 genera.
However, this number does not completely cover the entire species composition of the flora. Only 42.7%
of species (537), 54.4% (265) genera and 56.4% (66) families are represented on the territory of the West-
Kazakhstan region on the territory of the SNR "Bokeyorda". The most abundant species are the three
species: Compositae Biseke, represented by 95 species (17.3%), cereals (Gramineae Juss) - 54 species
(9.8%) and mammals (Chenopodiaceae Vent) - 42 species (7.6%). A total of 191 species (35%) [8].

The projected territory of the SNR "Bokeyorda" is located in two natural zones of the steppe (sub-
zone of semi-shrub-turf-steppe desert steppes on light-chestnut soils) and semi-desert (northern sub-zone
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of wormwood and perennial-salt semi-deserts on brown soils). In the system of botanical-geographical
zoning, the proposed territory is represented by the Euro-Asian steppe and the Afro-Asian desert regions.
The steppe is represented by the most arid subzone - the Zawolzhsko-Kazakhstani semi-shrub-turf-grass-
deserted steppe, which includes the northern part of the territories, and the desert is the least arid
northwestern margin of the Caspian region of the North-Turan steppe desert, to which most of the Caspian
lowland belongs [14]. On the projected territory, 7 types of vegetation are widely represented: steppe,
desert, forest, shrub, meadow, marsh, submerged-water [15].

In this research, the assessment of the significance of the territory of the " SNR "Bokeyorda", we
analyzed not only the presence of the Red Book and rare species, but also the availability of economically
valuable and resource species. Also, an assessment was made of the presence of wild relatives of
cultivated plants. The flora of the reserve is rich in useful plants. It has been revealed that 70% of the
plants registered here (about 378 species) are economically valuable and can be used for dyeing,
medicinal, tanning, technical, food, decorative and other purposes. A number of plants possess not one but
several useful properties and can be used in a complex manner. Among them, the most extensive group
consists of fodder species (104 species, 19%). Valuable forage grasses are various species of polynyas,
greens, elm, feather grass, etc. Among the wild-growing species are many plants that have high fodder
value. The economic importance of forage grasses is determined by their nutritional value, yield, eating by
animals, prevalence.

Fodder plants of the projected area:

1. Bassia sedoides 36. Krascheninnikovia ceratoides L. 71. Artemisia lessingiana

2. Beckmannia eruciformis L. 37. Argentina anserine 72. Artemisia pauciflora

3. Puccinellia dolicholepis V. 38. Chenopodium album L. 73. Artemisia monogyna

4. Puccinellia distans 39. Atriplex verrucifer 74. Artemisia pontica

5. Puccinellia tenuissima 40. Atriplex tatarica L. 75.  Aeluropus littoralis

6.  Alyssum desertorum 41. Alopecurus pratensis 76. Elymus repens

7. Calamagrostis epigejos 42. Alopecurus arundinaceus 77. Potamogeton lucens

8. Calamagrostis glauca 43. Psathyrostachys juncea 78. Stuckenia pectinata

9.  Calamagrostis arundinacea 44. Arctium lappa 79. Potamogeton perfoliatus
10. Alhagi pseudalbagi D. 45. Medicago falcate 80. Ceratocarpus utriculosus
11.  Polygonum aviculare 46. Medicago sativa 81. Ceratocarpus arenarius
12.  Linosyris villosa 47. Medicago falcata L. 82. Typa angustifolia

13.  Linosyris vulgaris 48. Glyceria maxima 83. Tanacetum achilleifolium
14. Linosyris tatarica 49. Eremopyrum orientale 84. Halocnemum strobilaceum
15. Inula Britannica 50. Eremopyrum triticeum 85. Suaeda physophora

16. Melilotus officinalis 51. Poa pratensis 86. Suaeda prostrate Pallas
17.  Sparganium erectum 52. Poa bulbosa 87. Juncus Gerardii

18. Echinochloa crusgalli 53. Poa stepossa 88. Salicornia europaea

19. Anabasis salsa 54. Poa angustifolia 89. Glycyrrhiza glabra

20. Agropyron pectinatum 55. Festuca Beckeri 90. Salsola laricina

21. Agropyron desertorum 56. Festuca valesiaca 91. Salsola tamarix

22. Camphorosma monspeliaca 57. Festuca pratensis 92. Butomus umbellatus

23. Limonium gmelinii 58. Carex praecox 93. Spiraea crenata L.

24. Trifolium pratense 59. Carex stepnophylla 94. Spiraea hypericifolia L.
25.  Trifolium repens 60. Carex melanostachya 95. Phleum pretense

26. Climacoptera brachiate 61. Melica altissima 96. Phleum phleoides

27. Stipa capillata 62. Petrosimonia triandra 97. Koeleria cristata L.

28. Stipa zalesskii 63. Plantago lanceolata 98. Phragmites australis

29. Stipa lessingiana 64. Agrostis Alba 99. Achillea millefolium

30. Stipa sareptana 65. Agrostis capillaris 100. Lathyrus pratensis

31. Leymus ramosus 66. Agrostis canina 101. Setaria viridis

32. Bromus tectorum 67. Artemisia austriaca 102. Setaria glauca L.

33. Bromus secalinus 68. Artemisia terrae-albae 103. Onobrychis arenaria

34. Bromus inermis 69. Artemisia scoparia 104. Onobrychis sibirica

35. Kochia prostrata 70. Artemisia lercheana
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The fodder land in the territory of the SNR "Bokeyorda" can be divided into the following groups
depending on habitat conditions (soils, landforms) and species composition: steppe pastures with
prevalence of the feather grass over the plains, steppe pastures with prevalence of feather grasses (Stipa
capillata and Stipa sareptana) along plains and valleys, steppe and deserted pastures with predominance
of Agropyron (pectinatum and desertorum) along plains and valleys, steppe and deserted pastures with
predominance of Festuca valesiaca over plains and valleys, meadow-steppe meadow pastures with
predominance of the Spiraea hypericifolia L. along the valleys, meadow grasses-cerealspastures along the
river valleys, meadow pastures with the predominance of soft-stemmed grasses (Elymus repens) along the
valleys and river valleys, sagebrush pastures with predominance of wormwood (Artemisia austriacaon) on

the plains, mixed-pasture pastures with a predominance of wormwood on bitterly saline habitats and juicy-
solyankovye pastures in solonchaks leaved grasses (Figure 2).
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Figure 2 — Map of natural fodder land for animal species of the projected state SNR “Bokeyorda”

The most common steppe pastures on the plain are: Festuca valesiaca-Gramineae, Festuca vale-

siaca-wormwood, Agropyron Gramineae. The maximum mass of cereals is given in the summer. The
yield of pastures in some areas varies from 2 to 6 centners/ha. Turf grasses are characterized by high
nutritional value and good eating during the entire pasture season. Cereal pastures are used as spring-
summer-autumn pastures. On the solonetzes there are Artemisia pauciflora and Tanacetum achilleifolium
pastures, the herbage of which is a good addition to the cereal forage in the autumn period. The yield of
Artemisia pauciflora pastures reaches 2-4 c/ha, and Tanacetum achilleifolium pastures of 1-2 c/ha. The
Elymus repens pastures of the projected area are characterized by yields ranging from 20 to 40 c/ha. In the

solonchak common Chenopodium album L., Anabasis salsa, Suaeda pastures. The yield of the Cheno-
podium album L.-Anabasis salsa pastures ranges from 1.5 to 5 c/ha.
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A serious problem in the current economy of the studied area is the failure to comply with the
principles of distribution of pasture load - the result of lack of professionality in the organization and
conduct of livestock grazing.

Additionally, overgrazing of livestock takes place directly near the settlements of Saralzhyn,
Karaoba, Tegisshil, Borsy, Akoba.

The studied area is characterized by the irrational use and excessive exploitation of pastures. The
reasons for this are, firstly, lack of pasture in agricultural units and, secondly, insecurity of many pastures
by watering sites, due to which the areas lying closer to ponds, wells and other sources of water are syste-
matically overgrazed. The same overgrazing explains the appearance of sites under different associations,
characteristic for the stage of failure, confined to the remains of abandoned settlements, to old camps,
broken down wells and abandoned wintering grounds. The type of such malfunctions varies depending on
habitat conditions and composition of animals, to a lesser extent on the original association, since often the
same types of failures can occur in the place of different plant groups. This similarity of the final results of
digression at different initial stages indicates that at its extreme stages a completely new, qualitatively
different situation is created, which has a decisive influence on the formation of the vegetation of such
sites, regardless of the initial floral and other differences. During the field research on the territory of the
SNR "Bokeyorda" using the data of V.V. Ivanov [16], six types of faults were identified: black worm-
wood-saltwort disruptions (Artemisia pauciflora-salsola), ephemeral-mortuaries disruptions (Cremo-
porum-ephemerae), chagyr disruptions (Artemisia arenaria and its companions), distal-sagebrush failures
(Artemisia procera). Lerhopolyno-ephemeral disruptions. (Artemisia Lerchiana). ephemeral-ebelekovye
disruptions (Ceratocarpus arenarius).

Black wormwood-saltwort disruptions (Artemisia pauciflora-salsola). Predominantly, sheep
grazing is responsible for the emergence of quite frequent in the zone of complex steppes of black worm-
wood-saltwort (Artemista-salsola) malfunctions developing from the previously existing black sagebrush
(Artemista-gramineal) and grassy-blackgrass groupings. From conventional chernopolynnyh associations
they are distinguished by an extremely depressed state of wormwood oliganthous (Artemisia pauciflora)
and her faithful companion kamforosmy Marseilles (Camphorosma monspeliacum) and wide distribution
of annual species of thistles (Salsola), among which there are anabasis leafless (dnabasis aphylla) and
sometimes saiga grass (Frankenia hirsute), which indicates an increased solonchakiness of the site.
Ordinary bug is also pierced (Lepidium perfoliatum) and Descurainia Sophia, but their role is small.

Ephemeral-mortuaries disruptions (Cremoporum-ephemerae). With the activity of sheep, the
formation of ephemeral-mortem (Cremoporum-ephemerae) faults is formed, formed by almost pure
accumulations of annual herrings (Eremopyrum triticeum, E. orientale), among which are associations of
ephemerals formed mainly by various species of cruciferous (Brassicaceae). Here are common bug-leaf

Figure 3 — Ephemeral-mortuaries disruptions near to the Tatken wintering in Zhanibek district
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piercing (Lepidium perfoliatum), Descurainia Sophia, Alyssum desertorum, chorispora delicate (Choris-
pora tenella), to which sometimes the consanguineous primate (Ceratocephalus orthoceras), the small
moth (Myosurus minimus), large (Androsace maxima) and ephemeroids: small geese (Gagea minima) and
Bilbifer sparaxis (sparaxis) and undersized specimens of ebelek: the sandstone (Ceratocarpus erenaruis).
In the spring, up to the middle of May, the projective coverage of such groupings reaches 70-80% and
they can give up to 4-5 c/ha of dry mass, which does not really matter, since all the named plants are not
eaten by animals. The duration of existence of ephemeral associations, apparently, is quite large. We had
to meet similar sites of 8-10-year-old age near Samey, Shopan-Kuduk and in a number of other places.
Their origin from the grass areas of the steppe is confirmed by the remains of the Fesluca sulcata, Koeleria
gracilis and Potentilla argentea that persist in them in some places.

Chagyr disruptions (Artemisia arenaria and its companions). In the southern part of the projected
area, chagory failures formed by eating animals, formed by wormwood sand (Artemisia arenaria) and its
companions — Asperula Danilevskiana, Eremosparton aphyllum, chondrilla Sitnikovida (Chondrilla
funcea), Siberian tourne (Tournetortia sibirica), giant sturgeon (Elymus giganteus), camel thorns (4/hagi
pseudoalhagi), and common (Peganum harmala). Unsuitable for haying, or for bleeding, chagyrs are
either not used at all, or serve for fuel preparation, which dooms them to further dispelling. Such chagyrs
represent, in the vast majority of cases, one of the stages of pasqual digression; when providing rest, they
are extremely slow (for 10-25 years), but are steadily transformed into wormwood-cereal "sandy steppe"
[13].

Distal-sagebrush failures (Artemisia procera). In the estuaries and often in the floodplain meadows,
also under the influence of cattle, there are chili-sagebrush scotoprobes represented by large bushes of the
Artemisia procera, with which the common cocklethorn (Xanthium strumarium), the large burdock
(Arctium lappa), Occasionally licorice naked (Glycyrrhiza glabra), and on sandy soils — a fossil felted
(Petasites tomentosus) and a camel Marshall (Corispermum marschallii). The same tapes with a chisel
wormwood stretch along the cattle trail paths along the shores of lakes and rivers, for example along the
Aszyozeku. The duration of their existence is measured by ten or more years, but they are resistant only to
the appearance of sheep, beginning to gnaw leaves of wormwood and turning these groupings into a
highly sparse weed (ruderal) malfunction (rudus).

Figure 4 — Tall wormwood disruptions near to Ushtan wintering in Zhanibek district
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Lerhopolyno-ephemeral disruptions. Lherhopolyno-ephemeral (Artemisia Lerchiana) scotopoies,
which are caused by grazing of various types of livestock from the communities of cereals (Gramineae)
and Lerholyna-cereal associations, are also frequent. Among the rare and largely oppressed wormwood of
Lerch (Artemisia Lercheana) and the same rod (Kochia prostrata), here in the spring, the Roa bulbosa,
Carex praecox and the species Eremopyrum, thanks to which such pastures still retain some fodder value
until mid-June.

Ephemeral-ebelekovye disruptions. One of the most common types of disruptions should be called
the Ebelian (from Ceratocarpus arenarius), formation of which can be caused by animals. Abelian
failures are characteristic of more or less cohesive light chestnut soils, developing both from cereal and
Lerholyna-cereal communities. Ebelek is eaten by all kinds of livestock, why he himself on such sites is
represented by extremely short, small plants, which still form an almost continuous grayish carpet. In
addition to the Ebeleks (Ceratocarpus), Camphorosma monspeliacum, Lepidium perfoliatum and Alyssum
desertorum, which are not eaten by cattle, are common here. Very rare are the underdeveloped, severely
depressed Kochia prostrata and single specimens of Roa bulbosa. Descurainia sophia, Chorispora tenella
are also common here, to which Ceratocephalus orthoceras (Myosurus minimus), Androsace maxima and
ephemeroids (Gagea minima and S. bulbifera) sometimes attach in notable numbers. It is eaten only in the
first half of summer, when the yield of such a malfunction is about 1.0-1.5 c/ha.

Conclusions. The assessment presented in this work is schematic; more accurate results can be ob-
tained by taking into account a detailed ration of livestock and productivity of forage lands in the region.

In order to increase the productivity of hayfields and pastures and to prevent their degradation, it is
necessary to follow recommendations for their rational use. The rational use of fodder lands includes
pasture rotation systems with proper grazing organization, optimum timing of the beginning and end of
grazing, proper distribution of pasture areas between different livestock species, maintenance of a
moderate load and provision of conditions for good growth, renewal of forage grasses and accumulation of
nutrients. Since there is a favorable condition for the level of load of livestock in the pasture, it is possible
to further increase its livestock in all landscape areas of the region.

Due to the decrease in the number of vulnerable endangered plant species and increase in the anthro-
pogenic pressure on their habitats it is necessary to prohibit a cutting down of forests, cattle grazing, plo-
wing of steppes, collection of flowers, seeds and bulbs. In addition, it is necessary to optimize pasture use
and haymaking taking into account conservation of biodiversity of wild plants and to change pastures and
hayfields.

Based on the results of the assessment of the ecological state, it is recommended to develop a system
of measures to improve the use of pasture territories. Since there is a favorable condition for the level of
load of livestock in the pasture, it is possible to further increase its livestock in all landscape areas of the
region. To preserve the biodiversity of the steppes used for grazing, it is advisable to alternate regimes of
adjustable grazing in the paddock system.

Taking into account the fact that currently in the West Kazakhstan region there are no specially
protected natural areas with strict protection regime, the organization of a new environmental institution
will allow us not only to ensure preservation and restoration of the steppe biodiversity of the region, but
also to improve social and economic conditions through creation of additional work places, development
of ecological tourism, etc. To a large extent this will be facilitated by the creation of a large State Nature
Reserve "Bokeyorda" and an integrated state nature reserve in the west of the West Kazakhstan region.

Acknowledgements. Research was carried out in the framework of the project of the Government of
Kazakhstan and the Global Environment Facility, United Nations Development Programme
‘Conservation and sustainable management of steppe ecosystems’, which is aimed at increasing the steppe
ecosystems. Contract No 62761.

REFERENCES

[1] Resolution of the Government of the Republic of Kazakhstan "On the Concept of Development and Location of
Specially Protected Natural Territories of the Republic of Kazakhstan to 2030" dated 10 November 2000 No 1692.

[2] Ahmadenov K.M. Geographical aspects of land management in the West Kazakhstan region (within the Volga-Urals
interfluve): Dis. Cand. geographer. Sciences: is protected by 11.12. 2009. Astrakhan, Uralsk: ZKATU, 2009. 24 p.

— 187 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

[3] Petrenko A.Z., Jubanov A.A., Fartushina M.M., Irkalieva R.M., Ramazanov S.K., Sdykov M.N., Darbayeva T.E.,
Kolchenko O.T., Chernyshov D.M. Natural resource potential and projected objects of the reserve fund of the West Kazakhstan
region. Uralsk: WKGU, 1998. 86 p.

[4] Petrenko A.Z., Jubanov A.A., Fartushina M.M., Chernyshev D.M., Tubetov Zh.M. The Green Book of the West
Kazakhstan region. Cadastre of natural heritage sites Uralsk: Publishing House of WKGU, 2001. 194 p.

[5] Alekhin V.V. Method of field study of vegetation and flora. M., 1983. 203 p.

[6] Andryushchenko O.N. Naturally-historical areas of the Caspian lowland (Mesopotamia Volga-Ural) // Proceedings of
the Geographical Faculty of the Belarusian State University. Minsk, 1958. P. 137-219.

[7] Darbayeva T.E. Abstract of the flora of the Cretaceous Uplands of North-Western Kazakhstan. Uralsk, 2002. 131 p.

[8] Darbaeva T.E., Utaubaeva A.U., Tsygankova T.A. Flora of the West Kazakhstan region. Uralsk, 2003. 92 p.

[9] Methodological guidelines for keeping the Nature Annals in specially protected natural areas with the status of a legal
entity. Approved by the Forestry and Hunting Committee of the Ministry of Agriculture of the Republic of Kazakhstan dated
April 18,2007 No 156.

[10] Salikhov T.K. Geoecological assessment of the State Nature Reserve "Bokeyorda": monograph. Almaty: Evero, 2017.
232 p.

[11] Salikhov T.K., Karagoishin Zh.M. Svanbayeva Z.S., Inkarova Zh.I., Dukenbayeva A.D., Sagatbaiev E.N., Rakisheva
A K. Geoecological assessment of the projected State Nature Reserve 'Bokeyorda' in West Kazakhstan Region // Oxidation
Communications. 2016. N 39 (4). P. 3579-3590.

[12] Salikhov T.K., Salikhova T.S., Khalel G.K. The Geoecological characteristics and Recreational potential on the
territory of the projected State Nature Reserve "Bokeyorda" West Kazakhstan region /News of the Academy of Sciences of the
Republic of Kazakhstan, Series of Geology and Technical Sciences. 2017. N 2. P. 113-119.

[13] Salikhov T.K. The Field studies and monitoring soil on the territory of the planned State Nature Reserve "Bokeyorda"
West Kazakhstan region /News of the Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Technical
Sciences. 2017. N 4(424). P. 258-269.

[14] Lavrenko E.M. Steppes of the Euro-Asian steppe region, their geography, dynamics and history // Questions of botany.
Moscow; Leningrad: the publishing house of the Academy of Science of the USSR. 1954. Issue 1. P. 155-191.

[15] Levina F.Ya. Vegetation of the semi-desert of the Northern Caspian and its fodder value. M.; Leningrad: Publishing
House of the USSR Academy of Sciences, 1964. 336 p.

[16] Ivanov V.V. Steppes of Western Kazakhstan in connection with the dynamics of their cover. M.; Leningrad: Publishing
House of the USSR Academy of Sciences, 1958. 288 p.

T. K. Caanxos’, K. C. Baiikos?, T. C. Canuxosa', P. C. Capceﬂfanuen3, I. XK. H¥pfaJmeBa4,
A. K. Kymenﬁexm;a3, A. A. Aropikanaes’, M. T. AinGaeBa’

'JI. H. Tymunes athinnarsi Eypasust ynTThIK yHHBepcuTeTi, AcTana, Kasakcra,
*Cibip MeMIeKeTTiK reoxyiienepi MeH TexHOIorusUIap yHuBepcuTeti, HoBocubupck, Peceii,
2Peceii FRUIBIM aKaIeMUSICHIHBIN Ci6ip 6emimmiecinin Opransik Cibip borarnkansik 6arsr, HoBocubupck, Peceid,
YoHrip xaH aTbiHxare! Bateic KasakcTan arpapiibIK-TeX HUKAIBIK yuuBepcureTi, Opan, Kazakcran,
*X_.JlocMyXaMeI0B aThIHIAFbI ATbIpay MEMJICKETTIK yHUBepcHuTeTi, ATbipay, KazakcraH,
*Peceit FpUIbIM aKafeMusichiabH Cibip GeniMimecinin Baiikan TaGuraT naiiianany MHCTHTYTI,
Ynan-Y 3, bypsarus, Pecei,

BATBIC KABAKCTAH OBJIBICBIH/IA /KOBAJIAHFAH «BOKEMOPIA»
MEMJIEKETTIK TABUT'H PESEPBAT AYMAFBIHJIATBI MAJI A3bIFBIHA APHAJIFAH
KEPJIEPIH 'EO3KOJIOTUAJIBIK TYPFBIJTAH BATAJIAY

Annoranus. Feuteivmu 3eprrey kyprizy Hotmkecinae bateic Kazakctan oOnpickiHAa sxoOamanraH «bekeii-
opaa» MEMIIEKETTIK TaOWUFH pe3epBaT May a3blFblHA apHAIFAaH JKepJepIiH Ka3ipri Ke3/Ieri reodkoxkyiienepin Oaranay
Kyprizingi. Okoxyienik Ttangay skoHe ['AXK TexHONOrMsCHl Heri3iHIe (QYHKIMOHAIIBIK ydyacKeilep MeH
pe3epBaTThiH LIeKapaiapbl aHBIKTANBII, MaJl a3bIFbIHA apHAIIFaH JKepPIIeP/IiH KapTachl )KacajbIHbl. Pe3epBaTThIH Mall
a3pIFbIHA apHAJIFAH JKEepIIepAiH To3y ceOenrtepi TajmaHibl. JKallbUIBIMHBIH IMIPECCUsIFA YINbIPaFraH >KepJepiHiH
HETI3ri TypJiepi CUIaTTajFaH.

Tyiiin ce3mep: >xoOanaHFaH MEMIIEKETTIK TaOWFW pe3epBaT, Aaja aiiMarbl, SKOXYiie, Majl a3bIFblHA apHAJIFaH
Kepiiep, JUrpeccusi.

— 188 ——



ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 5. 2017

T. K. CaJ‘II/lXOBl*, K. C. EaﬁKOBz, T.C. Caﬂnxonal, P. C. CapceﬂraﬂneBS, I'. K. HypraJmeBa4,
A. K. KymenGexosa®, A. A. Alopxkanaes’, M. T. Ann6aena’

IEBpaSHﬁCKHﬁ HaroHaneHBIN yHUBepcuteT uM. JI. H. 'ymunera, Acrana, Kasaxcras,
*Cubupckuit TOCYJapCTBEHHBIN YHHUBEPCUTET TeOCUCTEM U TexHonoruit, HoBocubupck, Poccus,
*[lentpanbrbii CuGupckuit Gotanmdeckuii cag CHbHpckoe oTaeneHue PocCHiicKoi akageMum HayK,
Hosocuobupck, Poccus,
33amaaHo-KasaxcTancKuii arpapHO-TeXHUYECKHi yHHBepcHTeT M. JKaHrup xaHa, Ypanbck, Kasaxcran,
* ATpIpayckuit rocynapcTBeHHbIH yHIBepcuTeT uM. X. JlocMyxamenosa, Ateipay, Kazaxcran,
*Baiika/bCKHil HHCTHTYT IIPUPOONONE30Banus CHOMpCcKoe oTaenenne Poccuiickoii aka1eMun Hayk,
VYnan-Y 13, bypsarus, Poccus

T'EOSKOJIOI'MYECKASI OIEHKA KOPMOBBIX YTI'OJIUM
HA TEPPUTOPHUU MTPOEKTUPYEMOI'O 'OCYJAPCTBEHHOI'O ITIPUPOJHOI'O PE3EPBATA
«BOKEMOP/IA» 3AITAJTHO-KA3AXCTAHCKOM OBJIACTH

AHHoTauus. B pesynprate MCCIeTOBaHMM T€0IKOCHCTEM IIPOBEICHA OLIEHKA COCTOSHISI KOPMOBBIX YTOIWI
MPOEKTHPYEMOTO TOCYJapCTBEHHOTO MPHPOTHOTO pesepBara «bokeiopma» 3amagHo-Kazaxcranckoit obmactu. Ha
OCHOBe 3KocucTeMHoro ananu3a U I'MC-TexHOJIOruM oIpeeNeHbl TpaHUIbl pe3epBaTa, MPOBEAECHO 30HHUPOBAHUE
(hyHKIMOHAJIBHBIX YYaCTKOB M COCTaBJIEHa KapTa KOPMOBBIX YTOJHii. BBINOIIHEH aHaNn3 NpUYUH Aerpaialliid Kop-
MOBBIX yronuii pe3epBara. [laHa XapaKTepUCTUKA OCHOBHBIX THIOB MACTOUIIHBIX TUTPECCHI.

KuioueBble cii0Ba: MPOEKTUPYEMBIil FOCYIapCTBEHHBIA NPUPOIHBIA pe3epBar, CTEHU, SIKOCUCTEMA, KOPMOBbIE
YIOJbsl, IUTPECCHSL.

— 189 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 5, Number 425 (2017), 190 — 201

UDC 621.793.71
A. Z. Bukayeva', Y. K. Nurymov', V. V. Povetkin', A. V. Khandozhko®

'Kazakh National Research Technical University named after K. I. Satpayev,

Department of Standardization, Certification and Engineering Technology, Almaty, Kazakhstan,
*Bryansk State Technical University, Department of Metall-Cutting Machine Tools and Instruments,
Bryansk, Russia.

E-mail: amina_bukaeva@mail.ru, erlik1982@mail.ru, vv1940_povetkin@mail.ru, chandosh@yandex.ru

STUDY OF THE APPLICATION HIGH VELOCITY
THERMAL SPRAYING TOOLS USED
IN TECHNOLOGICAL PROCESSES AND PRODUCTIONS

Abstract. In the article the questions of creation of new designs of thermo-tools for destruction of rocks at
processing and extraction of block stone, possessing the raised power characteristics and their application as a wor-
king body, the mechanized aggregate of the stone carving machine are considered. Gas-flame processes of applying
wear-resistant coatings on the surface of machine parts are also considered. Extension of the field of application of
supersonic high-temperature jets is the use of them to remove the insulating coatings of oil and gas pipes, with the
introduction of a jet of solid particles (abrasive material or water) to obtain an elastic vapor-gas jet for cleaning the
surface of pipes.

Keywords: high velocity sprays, combustion chambers, fuel components (oxygen, propane, kerosene, air), oil
and gas pipes, rock.

1. Introduction. Development of facing stone deposits has a number of specific features that allow
allocating such type of quarries to a special group of mining enterprises. As noted in [1], these features are
as follows:

1. requirement to preserve the key quality indicators of stone in the process of its quarrying (i.e.
strength, block size and decorative properties);

2. application of special techniques to separate the stone blocks from the face, their loading, trans-
portation and lifting from the quarry;

3. application of special development system options and deposit opening techniques.

The first feature determines the operating characteristics of dimensional stone quarries. It imposes
conditions both on the tools and organization of quarrying operations. Everything is based on the stone
integrity preservation. As the quarry operation practice indicates, even when the cracks and micro-orien-
tation of minerals are correctly used, yield of large blocks from the rock mass rarely exceeds 25-30% in
principle, and the remaining rock mass is a rubble stone, small blocks, etc.

Knowledge of the massif structure anisotropicity, which should be considered when selecting the
development techniques and directions, has a great importance in the process of work organization in the
quarry. The massif structure anisotropicity is noted in granites, which simplifies the stone split in the
certain directions.

Facing stone is generally quarried by using two techniques:

1. Stone block spalling by using the wedges. Such technique consists in the fact that the holes are
drilled along the spalling line, and then the steel wedges are driven into them. A strong mechanical shock
is made on these wedges. Such technique is quite laborious and time consuming [2].

2. Thermal stone cutting with fiery jet. Such technique differs with high speed, relatively low cost
and high work quality.
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Let us consider the second technique in more detail. Thermal technique introduced into production on
surface treatment and penetration of slotted workings in the granite massif has significantly increased the
work efficiency. There was a possible additional exposure of monolith prepared for breaking. With the
application of thermal penetration of slotted workings in the massif, a monolith should be broken when it
is exposed on the four planes. A monolith prepared for breaking should be connected with massif by one
vertical and horizontal plane. Moreover, the horizontal plane is selected in the place where there is a natu-
ral horizontal crack. Such a process layout for breaking has contributed to the stone integrity preservation.
Yield of blocks has increased for up to 25-40%. However, the technology basis is an availability of the
natural horizontal cracks [1-6].

The main tools for penetration of slotted workings in the granite massifs are hand gasoline-air
torches. Such torches enable penetration of slotted workings only in the vertical direction [7, §].

The depth of workings is generally 1.5-3 meters, although there are examples on penetration of
workings to a depth of five meters and more. It is difficult to implement penetration by the hand torches,
since they become hard to manage.

In accordance with the terms of reference of the scientific project under the RoK MES grant, a
laboratory model of the new machine design - thermal stone cutting unit was designed and manufactured
in 2015. The technical requirements include the requirements of design simplicity, maintainability and
operating safety, which will ensure a high operating performance of the new machine design.

According to the terms of reference, the thermal stone cutting unit consists of thermal cutter, con-
nection pipes, compressor, fuel and air supply system, as well as transport and supply system. Load
bearing characteristics of the unit, including those providing the granite cutting speed of at least
50 mm/min have been justified.

Transport and supply system includes the following requirements for workspace dimensions:
horizontal traverse length of at least 4.000 mm and maximum 20.000 mm; vertical traverse length of at
least 6.000mm, cutter rotation in the vertical plane of at least 180°. Electromechanical drive that ensures
the specific traverse speeds with step control is required for installation. Cutter weight should not exceed
20 kg.

2. Materials and methods. We have developed the improved and modernized designs of thermody-
namic tools as an actuating device (TRV-60, TRV12M). They are equipped with thermodynamic nozzles,
which enable increasing the energy parameters of torches. Industrial tests of these tools were conducted.

The following specifications were obtained for thermodynamic tool TRV12M: air flow — 5 m*/min,
fuel flow (gasoline / diesel oil) — 15 L/hour, nozzle diameter — 13 mm, nozzle head diameter — 20(22) mm.
The test results have determined the torch flame as equal to 25 cm and three-dimensional machining
efficiency as equal to 4000 cm®/min.

In addition, the alternative designs of BVR80 thermal cutters (Figure 1) and its prototype TR60 have
been developed.

LS

Figure 1 — BVR80 Thermal cutter: 1 — distribution head, 2 — combustion chamber, 3 — nozzle, 4 — gas-dynamic nozzle,
5 — lengthening pipe, 6 — combustion chamber back cover, 7 — air swirler, 8 — jet
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Shape and location of nozzles, combustion chamber length, value of slots for air movement in the
process of cooling and others have been changed in the schemes proposed.

The most difficult in solving the issue of a mechanized cutting is to obtain a stable working of slots in
the areas of granite massif with the inclusion of mafic minerals and other surrounding rocks. Hetero-
geneity of composition along the cutting line leads to irregular speed of slot workings in depth. When
cutting with hand thermal tools, the circumstance does not complicate slot penetration, as in this case, the
irregular traverse speed of tool is easily set.

It is quite difficult to set the irregular traverse of actuating device for the stone-cutting machine and
provide for an automatic speed control system depending on the thermal breaking of rocks on the face.

Attempts of such solutions were taken in the process of development of the jet-drilling rigs, where the
issue was decided regarding a thermodrill feed speed control depending on the rate of face advance, i.e.
the issue of maintenance of an optimal distance from the torch nozzle exit to the face. Feed speed control
systems that are reliable and easy to use have not been found.

When developing the stone-cutting machines, the feed speed of actuating device should be taken as
regular. The value of actuating device traverse speed and gas jet attack angle should be selected so as to
reduce the heterogeneity impact in composition of rocks along the cutting line to a depth of slot working,
at the same time, by compromising on working efficiency. Such situation when it is necessary to select
manual regulation of actuating device (torch) feed speed on more complicated areas should be provided
for.

In addition to solution of the task on ensuring a stable working of slots, a number of process tasks
should be solved when developing the stone-cutting machines. For the most part, such tasks are common
when developing the machines of both vertical and horizontal penetration of slots. Task on a rectangular
contour slot working at the gas jet attack angles of less than 90 degrees should be solved here.

The Kharkiv Aviation Institute has determined that cutting is the most effective at the gas jet attack
angles of 30-60 degrees.

They use idle stroke in the machine designs developed and perform cutting by traversing the torches
only in one direction from the ledge to massif. Such circumstance leads to the fact that the slot working is
made as raised. Blinding slot wall looks as inclined; inclination angle is a function of the gas jet attack
angle. In such a case, the working stroke length of the torch changes in the process of cutting that makes it
difficult to organize an automatic machine operation.

We have developed an experimental stone-cutting unit for penetration of the vertical slotted
workings. It consists of a trolley where all the actuating device traverse drives of the machine are moun-
ted. The trolley moves on the rail track along the cutting line. A bracket is mounted on the trolley with the
carriage rack, where a rod with thermal cutter is fixed on the hinged bearings. Thermal cutter rotary drive
is mounted on the same carriage, refer to Figure 2.

So, the thermal cutter may traverse jointly with trolley along the cutting line, by turning around. The
thermal cutter traverse speed along the cutting line is adjusted within 0.25-1.5 cm/sec. The reverse rota-
tion speed is set as constant and equal to 20 rot/min. The rotation angle is adjustable within 90—150 deg-
rees. Thermal cutter drops in depth after each stroke on the value of working.

Driving motion is different in each direction. BVR-80 thermal cutter is installed as an actuating
device of the stone-cutting machine.

BVR-80 Thermal Cutter Specifications.

Fuel Component Flows:

Air, m*/min - 18-20
Petrol, kg/h - 35-40
Torch Diameter, mm - 60

Torch Traverse Motion. Torch motion speed is regulated with variator, which changes the rotation
speed of drive roller. Electrical circuit of control over the traverse motion of thermal tool provides for an
automatic reverse and a timed shutdown after each stroke, which makes it possible to obtain a vertical wall
at the end of slot. Reverse and shutdown at the end of stroke is performed by using the limit switches.
Electrical circuit provides for shutdown and activation of the carriage feed with thermal tool by using a
push-button control board.
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Figure 2 - Structural machine layout with thermodynamic actuating device

The use of gasoline-air torches as actuating devices of the mechanized thermal equipment is res-
trained by a comparatively low power at the increase of which, their overall dimensions rapidly rises, as
well as by the small dimensions of torch flame (0.1-0.15 m) when using the scheme of processing with
torch flame throughout its length - "band source". According to this processing scheme, the gas torch jet is
directed parallel to the work surface and embedded into the rock by 0.3—0.5 torch nozzle diameter.

However, due to simplicity of gasoline-air torch operation and organization of their supply with fuel
components, the use of gasoline-air torches as actuating devices of the mechanized units is relevant.
Increase in the power of gasoline-air torches with no significant development of their overall dimensions
and increase in the dimensions of torch flame, commensurable with the dimensions of the work surfaces
of stone items (border stone, steps, etc.) is possible due to intensification of combustion processes.

One of the techniques for combustion intensification of available jets outside the nozzle exit is a post-
combustion of incomplete-combustion products of fuel-rich mixture by atmospheric air ejection. When
using heavy fuel mixtures in the torches, the torch ignition technique should be improved.

We have developed a new design of thermodynamic tool as the actuating device. The scheme of such
thermodynamic tool is shown in Figure 3. It is proposed to use two nozzle heads in this scheme that allows
maintaining the nozzle temperature as not exceeding those permissible. It increases the useful life of the
latter [9].
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We have developed a design of device for vertical feed of thermal cutter, enabling to enhance the cut
quality and efficiency of the stone cutting process, by increasing the rigidity of pipe with thermal cutter at
a large cutting depth and reducing the weight load of pipe with thermal cutter on a roller feed [10].

Application of the device proposed will increase the rigidity of pipe with thermal cutter when
performing a stone massif cutting, especially at a significant length of the pipe advance downwards.
Currently, the pipe advance depth reaches 6 m or more. The high pipe rigidity prevents thermal cutter
from oscillation due to the gas jet action that allows making smooth and homogeneous stone cutting
profile. It improves the quality of a stone massif cutting process.

11

8 (nozzle B)

8 (nozzle B) /
L o 8 (nozzle A)

Figure 3 — Thermal cutter for stone cutting with two nozzles:
1 — thermal cutter, 2 — combustion chamber, 3 — distribution head, 4 — jet body, 5 — air swirler,
6 — fuel nozzle, 7 — nozzle body, 8 — changeable nozzle, 9—14 — nozzle rotary and change mechanism

In addition, the cable tension force reduces the impact of pipe/cutter weight force on the feed rolls
that allows significantly reducing the pipe slippage in the rolls when lifting the pipe and cutter upwards,
especially in case of the rapid lifting.

The specifications obtained are shown in Table 1.
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Table 1 — Basic Specifications of the Motorized Machine for Cutting Slotted Workings in the Rock Mass

Name Value
Cutting Width, at least, mm 80
Cutting Length, at least, mm 20.000
Cutting Depth, at least, mm 6.000
Fuel Type Diesel
Flow, maximum, L/hour 50
Oxidizer Air
Thermal Cutter, Length, mm 4.000 - 7.000
Weight, maximum, kg 25
Granite Cutting Speed, at least, mm/min 50

Figure 4 shows the stone cutting process by using BVR60 advanced thermal cutter with a gas-dyna-
mic nozzle.

Figure 4 — Formation of slotted working by using BVR60 Thermal cutter torch with gas-dynamic nozzle

The experiments have shown that the slot width is more than 7 cm that is larger than the outer size of
thermal cutter [11].

Other direction of use of the thermotools forming a supersonic high-temperature gas spray (gas-
kinetic cleaning) one of the most advanced techniques of the surface treatment in technology of repair of
gas of wires.This technique is mostly used in combination with mechanic (mechanical air cleaning) or
abrasive (thermal abrasive cleaning) impact.

The scientists from Kazakh National Technical University named after K. I. Satpayev tested the gas-
flame destruction of insulation coatings on oil & gas pipes jointly with Intergas Central Asia JSC. They
developed a new design of the rocket gun, into which water is injected to form gas/steam mixture, as well
as solids (grits or sand), to increase the mechanical part of the spray [12].

Two-phase flow with a high velocity of solid particles will allow increasing the speed at which the
coating is destructed and further cleaning of the pipe surface for application of a new coating.

The reached rate of the flame cleaning is 10 m*h at the fuel consumption consumption rate, the fuel
consumption rate is 17-18 kg/h, the air consumption rate is 3.5 m’/min. Figure 5 presents the moment
when the pipe is cleaned with a thermal hand tool.

Wide opportunities are offered by using high temperature and high velocity gas sprays (gas-dynamic
metal-spraying gun) for application of thermal coatings, namely: the strength of adhesion of coating and
the surface is increased and the process gets cheaper as compared to the existing plasma and detonation

spraying.
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Figure 5 — Treatment of the pipe with a thermal hand-tool

There is some experience in creating a pilot installation for cleaning the gas pipelines that was
designed by VNIIGaz (Russia) jointly with Van Voskalen company (Netherlands) which proved the
viability of using supersonic thermal spray technologies in removing the insulation with simultaneous
preparation of the surface for application of new coating during the repair of gas pipelines of a bigger
diameter [13].

Metallurgical waste slag, sand, cast-iron breakage with up to 2mm fraction size as abrasive agents;
compressed air, liquid fuel, compressed methane or liquefied propane is used as fuel component.

The key task in the modern development of machinery is to improve durability and reliability of
assemblies and machine parts in metallurgical, chemical, oil & gas, mining, airspace, etc. industries by
reducing the intensity of wear-and-tear and corrosion and by applying the thermal spraying.

The most advanced techniques for application of gas-sprayed coatings include plasma and high
velocity gas flame processes [14-16].

Small-sized rocket guns with high energy capacity were first used at the ore-mining and processing
enterprises in the USA and the Soviet Union. With high temperature and speed of the gas flow, they
proved to be highly efficient in rock breaking, well drilling, surface treatment of granite chunks and
mining the slot cuts when mining for the granite chunks.

The flow pattern in the high velocity sprays and their parameters depend on the nozzle shape, the sort
of spray medium and ambient variables. According to the listed factors, it is a regular practice to group the
sprays into a number of types. Based on the spray medium, distinction is made among one-phase, two-
phase and three-phase sprays. Based on the nozzle shape, distinction is made among flat, axially-
symmetrical and 3D sprays. Based on the stagnation enthalpy or on the structure of stagnation enthalpy or
the structure of internal spray, distinction is made among low-temperature (internal energy of molecules
practically consists from the energy of translational and rotational degrees of freedom), high-temperature
(vibrational degrees of freedom are excited) and plasma (contribution of ionization energy is significant)
sprays.

Based on the off-design (n) which is equal to ratio of the nozzle cross-section pressure to the ambient
pressure, there are design (n=1), underexpanded (n>1) and overexpanded (n<1) sprays. Depending on the
direction of the ambient motion against the nozzle, distinction is made between sprays injected into the
submerged space; concurrent, counter and cross flows. Based on the tenuity, distinction is made between
dense sprays and low-density gas sprays. Finally, stationary and non-stationary sprays are distinguished [17].

A high velocity spray is a non-stationary, spatially non-homogenous unstable gas formation. The
gaseous environment resists the spray flow and the flow flexes warps and fluctuates. Impact and shock
waves observed in the initial gas-dynamic area of high velocity spray interact with each other and the
spray boundaries. When the impact waves interact in the spray itself, closed subsonic areas are formed in
the flows [18].
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The last decade has witnessed a rapid progress of high velocity techniques of application of powered
coatings under a common English term HVOF (High Velocity Oxy-Fuel) the Russian counterpart of
which is the HVGF (High Velocity Gas Flame). The sprayed materials — polymers, carbides and metals —
form high quality thermal-, wear- and corrosion-resistant coatings which can sustain the effects of impact
and chemically-active media and high thermal loads.

Alternatives are gas dynamic cold spraying (GDCS), detonation gun (D-gun) and plasma spraying
(PS) and supersonic quenching [19].

Table 2 shows that Intelli-Jet is the most advanced installation. It does not require oxygen as the
oxidizing agent or water cooling [20-21].

Table 2 — Hourly Consumption of Materials of Some Sonic Gas Flame Installations

Intelli-Jet JP -5000 DJ2700 Top Gun
Oxygen, m’® - 60 18 21
Compressed air, m3 300 - 23 -
Fuel Type Propylene Kerosene Propylene Propylene
Consumption, kg 30 21 17 16
Nitrogen, m* 0.96 1.2 1.08 1.02
Cooling water, m3 - 1 0.72 0.72

According to the review of manufacturers’ data [22, 23] (Table 3), Intelli-Jet provides the highest
velocity of particles and the maximum temperatures of these particles which are part of alloy matrix is by
100 degrees lower than the cobalt melting point. This features that make them different from other
installations lead to reduction in oxidation of particles and allow for improvement in the spraying rate.
Feedstock cost-effectiveness for Intelli-Jet means reducing 1.6-2.5 times the relative cost of coatings.

Table 3 — HVGF unit output parameters WG-10Co-Cr Sprayed material, (-45+10) mcm fractions

Intelli-Jet JP -5000 DJ2700 Top Gun
Average velocity of particles, m/s 775 665 570 420
Maximum temperatures of particles, K 1543 2078 2253 2573
Spraying rate, kg/h 26 12 9 2.1
Sprayed material utilization ratio, % 68 40 64 60
Spraying relative cost 1 2.5 1.6 1.7

The structure and mechanical properties of the coating depend on the temperature and the velocity of
sprayed particles at the moment of their contact with the backing [24].

Supersonic spraying technique is based on continuous combustion of ignitable gas in the oxygen,
while forming a supersonic spray on the gun outlet. Powdered material is introduced into the flow; it is
heated up and directed at a high speed to the treated part.

The process equipment for high-velocity gas flame spraying includes a high velocity gun, a container
for injected powder, control, an ignitable gas bottle and an oxygen bottle.

Coatings formed by high velocity gas flame spraying have strong adhesion, low porosity and signi-
ficantly increase the service life of equipment operated in the contact with aggressive media or affected by
intensive wear. They have the same or even better characteristics as the coatings sprayed with plasma
tools but they are 1.5-2 less expensive.

According to GOST 28076-89, thermal spraying is grouped as follows: gas flame spray, plasma
spray, plasma arc spray, high-frequency plasma spray, electric arc spray, detonation spray, controlled
environment plasma spraying, dynamic vacuum plasma spraying (DVS) and melt spraying. The said
GOST does not describe the supersonic spraying which has been dynamically developed for the last 10-15
years in industrially-developed countries by Cabot Corporation, Browning Engineering, Thermodyne
Corporation, Perkin-Elmer Corporation (USA), UTP Schweissmaterial GmbH (Germany) and others [25].
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The world’s best practice of producing gas thermal coatings at supersonic velocities of the particles is
called the High Velocity-Oxygen-Fuel or HVOF for short.

The Russian research institute for structural materials and processes (the Moscow State Technical
University after N.E. Bauman) has developed the equipment for supersonic gas-flame spraying of wear-
and corrosion-resistant coatings, reinforcement, repair and refurbishment of worn parts. A supersonic gas

spray generated with special gun is used for spraying the coatings [26].

The working process in gun is similar to that in the microthruster. Due to small dimensions, the
equipment can be used in field. The cost of the equipment is around ten times lower than that of foreign
stationary installations. The characteristics of the coatings comply with those achieved by the best state-
of-the-art plasma equipment at a lesser cost (by 1.5-2 times). The quality of the coatings is 2-3 times
higher than that of of standard flame-spraying. Propane/Methane is the fuel agent and oxygen is the
oxidizing agent. The velocity of the supersonic spray reaches 2,600 m/s, temperature is around 2,200 to
2,700°C. The porosity of coatings does not exceed 5% and their thickness is 0.1-5 mm. 3.5 kg gun is coo-
led down with running water; the ignition system is piezoelectric one.

The velocity of heated gas spray on the gun nozzle cross-section reaches 1,700 to 2,700 m/s, which
allows obtaining coatings with the adhesion strength of around 100 MPa and coating porosity of 0.5%,
which, in their characteristics, is close to coatings produced by detonation spraying. With the thickness of
supersonic thermal coating up to 0.3 mm, there is little porosity (according to the data provided by a

spraying laboratory of scientific production organisation Tularchermet) [27].
Alloys based on nickel, iron and cobalt, as well as metal carbide and self-fluxing alloys; nitrides of

silicone, aluminium, chromium, boron, etc. are used as powdered materials in the supersonic thermal

spraying.
The authors have designed a unit for application of thermal coatings applied with supersonic high-
temperature gun. The general view of the proposed unit for application of thermal coatings is schema-

tically represented in figure 6 [28].
Also, they have offered a gas-flame spraying of metal powders allowing for increase in strength of

adhesion of the spray to the base [29].
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Figure 6 — Unit for application of gas thermal coatings:
1 — combustion chamber, 2 — gas-jet gun, 3 — cylindrical top, 4 — three-channel adjuster, 5 — treated parts handler,
6 — gas-flame gun nozzle, 7 — lengthwise relative cross-section L, 8, 9 — holes, 10 — ring diffuser, 11 — workpiece

Figure 7 shows the described gas-flame spraying of metal powders.
Also, the pipes surface cleaning method and unit were designed to increase efficiency and to expand

technological capabilities of cleaning the pipes off the insulation cover [30].

Pipe surface cleaning includes formation of a resilient gas spray and delivering the kinetic energy
thereto. This energy is sufficient for destruction of strong materials. Cleaning is carried out consistently,
i.e. initially, by using a resilient steam/gas spray that is formed by adding a certain amount of water to a
high-speed, high-temperature gas spray. The volume of water determined based on the temperature of the
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Figure 7 — Schematic diagram of the unit for metal application of flame-sprayed metal powders:
1 — combustion chamber, 2 — heating/burning zone in the combustion chamber, 3 — main spray from the combustion chamber,
4 — feed of sprayed powder, 5 — feed (ejection) of oxidant (the ambient air), 6 — external spray,
7 — the set length of active zone of the main spray, 8 — the set length of the shock-wave formation,
9 — shock wave front (compression wave), 10 — spraying flow, 11 — base for coating formation

Figure 8 — Sand-blasting unit for cleaning of pipe surfaces:
1 — combustion chamber, 2 — internal contour, 3 — central supersonic nozzle, 4 — external contour,
5 — external nozzle, 6 — extension piece, 7, 10 — the set length, 8 — discharging zone, 9 — section,
11, 12 — channels, 13 — resilient gas/steam spray, 14 — another gas spray, 15 — coating on the treated pipe

Figure 9 - A fragment of introduction into the torch flame to form steam/gas mixture
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minimum adhesion of the covering to the pipe surface. Then further cleaning and processing are continued
with another gas spray formed by injecting an abrasive mix into the resilient jet.

Figure 8 shows a sand-blasting unit for cleaning the pipe surface.

Figure 9 shows a fragment of creation of torch steam/gas jets used for cleaning of a surface of gas
pipes and in processing and cutting the granite rocks.

3. Conclusions.

- the device of the machine equipped with a powerful thermodynamic working organ is developed,
which will allow to produce slotted workings, providing an even move of the machine, both in horizontal
and vertical directions;

- a review of the application of high-speed and high-temperature gas jets realized in various
technological processes (high-speed gas-flame spraying), i.e. a gas-thermal method of applying hardening
coatings to the surface;

- further development of gas-flame technologies will allow creating equipment for destruction of
insulating coatings of oil and gas pipes during their repair and surface preparation for application of new
coatings;

- the conducted experiments showed their expediency and economical efficiency for the destruction
of rocks in the course of slit workings.
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A. 3. ByKaeBal, E. K. HypblMOBl, B. B. HOBeTKl/IHl, A. B. Xangoxko’

'K. U. Carnaes aTbinnarsl Ka3ak YITTHIK TeXHHKAIBIK 3epTTey yHuBepcuTeTi, Kabeapa «Crannaprray,
cepTuduKaTTay KOHE MAalIMHA Kacay TEXHOJIOrus» Kadeapacel, Anmarsl, Kasaxcras,
BpSsIHCK MEMIICKETTIK TEXHUKAIIBIK YHHUBEPCHUTET], «MeTalKecKill CTAHOKTAp KOHE HHCTPYMEHTTEP» Kadeapacsl,
bpsHck, Poccust

TEXHOJIOT'USJIBIK ITPOLECTE )KOHE OHAIPICTE KOFAPBI
AbIBBICTBI TEPMOATBIH/IBI HTHCPYMEHTTEPIAI KOJIJAHYBIH 3EPTTEY

AHHOTanmsi. Makanazia Tac KeCKilll MeXaHWKaJIAH/IBIPBUIFaH arperaTThl )KYMbIC OpPTaHbl PeTiH/Ie >KaKCapThUI-
FaH DHEPreTUKAJbIK CHIAaTTaMajapbl Oap >koHe ONapAbl KoJaHyFa OOJNAThIH, Tac OJOKTapAbl OHAIPY JKOHE OHJIEY
Ke3iHJe Tay KBIHBICTApABI Oy3Y YILiH )KaHa TEPMOMHCTPYMEHT KOHCTPYKLUSCHIH XKacay CYpaKTapbl KapacThIPBUIFaH.
Conpaii-ak, MammHa OemmekTep OeTiHe Te3iMai KadaTThl XKaFy/a ra3 KalbHIBI IpolecTep KapacThpbirad. KyObip-
map OeTiH Ta3ayaya cepoimai ra3-0y aFbIHBI Ty YIIIH KaTThl OefmekTepaiH (abpa3uBTi HeMece Cy) arbIHBIH KYPTi-
3yze, MyHaii-ra3 KyObIpiap KalTaMachlH OKIIAyJIaFbIll llyJia XKOHE OoJIap/ibl NalanaHy, »KoFapsl IbIOBICTHI KOFaphl
TeMIIepaTypaJibl aFbIHABI KOJIJaHy asChl KEHEHTIIreH.

Tyiiin ce3aep: Tay XbIHBICTap, TEPMOMHCTPYMEHT, OCH3UH-ayallbl )KaHAPFBI, TAC KECKIIl MalllMHA, OThIH KOM-
noHeHTTepi (OEH3MH, KEPOCHH, aya), )KOFaphl AbIOBIC aFbIHbI, )KaHy KaMepachl, MyHaira3 KyObIpJiaphl.

A. 3. Bykaesa', E. K. Hypbivos', B. B. Iloerkun', A. B. Xannoxko’

'Ka3axcKuii HALMOHATBHBIN MCCIIE[OBATEIBCKHIT TEXHIUECKHUIA yausepcureT uM. K.J. Carnaesa, Kadenpa
«CrangapTu3aiys, cepTuHUKaLus U TEXHOJIOI sl MallIMHOCTPOeHUs», AnMaThl, KazaxcraH,
*BpsHCKHil rOCY1apCTBEHHBII TEXHHYECKHH YHHBEPCHTET,

Kadenpa «Meraopexyiiie CTaHKH 1 HHCTpYMEHTHI, bpsiHck, Poccust

UCCJIEJOBAHMSI IPUMEHEHMS CBEPX3BYKOBBIX TEPMOCTPYMHBIX MTHCTPYMEHTOB
B TEXHOJIO'HYECKHUX IMTPOLHECCAX U ITPOU3BOJACTBAX

AHHOTanusi. B cratbe paccMOTpeHbI BONPOCHI CO3/IaHKsI HOBBIX KOHCTPYKLIUI TEPMOMHCTPYMEHTOB JIsI pa3-
PYILIEHHS TOPHBIX MOPOX MpH 00paboTke M MOOBIYM OIOYHOTO KaMHS, 007aJaloIIMMH TOBBIIICHHBIMU YHEPTeTH-
YECKMMHU XapaKTEPUCTHKAMU U UX MPUMEHCHUS B KauecTBe pabouero opraHa, MEXaHW3WPOBAHHOI'O arperara Kam-
HEPe3HOM MaIluHBL. TakkKe PacCMOTPEHBbI I'a30IUIAMCHHBIC MPOIECCHI HAHECEHHSI W3HOCOCTOMKHUX MOKPBITHHA Ha
MOBEPXHOCTH JieTajield MaluH. PacmpenneM 00J1acTH IPUMEHEHHS CBEPX3BYKOBBIX BHICOKOTEMIIEPATYPHBIX CTPYH
SIBIIICTCS] IPUMCHEHUEM UX UIS CHATHUS M30JIALUOHHBIX MOKPBITHI HE(PTEra30BEIX TPYO, C BEACHUEM B CTPYIO TBEP-
JIBIX 9acTHIl (a0pa3WBHOTO MaTepHaia WM BOJBI) JJIS MOJMYUYCHUsS YIPYTOW Mapora3oBO CTPYH UL OYUCTKHU IO-
BEPXHOCTH TPYO.

KiioueBble cji0Ba: ropHas 1opoja, TEPMOUHCTPYMEHT, OCH30BO3yIIHAS TOpejKa, KaMHEepe3Has MalluHa,
TOIUIMBHBIE KOMITOHEHThI (OCH3MH, KEPOCHH, BO3IyX), CBEPX3BYKOBbIC CTPyH, Kamepa cropanusi, HedrerazoBbie
TPYOBI.
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PERSPECTIVES FOR USING CLASSICAL NEURAL NETWORK
MODELS AND METHODS OF COUNTERACTING ATTACKS
ON NETWORK RESOURCES OF INFORMATION SYSTEMS

Abstract. The article is devoted to the development of the methodological base for increasing the efficiency of
using neural network models for the recognition of cyber-attacks on the network resources of information systems. It
is shown that the efficiency of use largely depends on the type of neural network model. The list of the main condi-
tions of the recognition problem is determined, which should be provided due to the characteristics of the type of the
neural network model. A number of parameters have been developed, the values of which make it possible to
determine the degree of such security. As a result of studies of the main types of classical neural network models, the
values of these parameters were determined for each of them. Using the parameters obtained and taking into account
the expected application conditions, the perspectives of using the main types of classical neural network models are
estimated for the recognition of cyber-attacks. The ways of development of neural network systems for the recog-
nition of cyber attacks on network resources are considered. It is shown that a promising way of such development is
the rulemaking for determining effective types of neural network models.

Keywords: neural networks; cyber-attack; network resource; information system; data protection.

I. Introduction. Under current conditions, the effective functioning of the information security sys-
tem is impossible without the use of an intellectualized system for the recognition of cyber-attacks (RCA)
on the network resources of information systems (RIS) [1, 9]. At the same time, one of the most promising
areas for the development of intelligent RSA for network RIS is the use of models and methods based on
the theory of neural networks (NN). These models and methods are used in the contours of the recognition
of RSA and, in accordance with the results of [14, 25], significantly improve the accuracy of recognition.
Perspectives of neural network items (NNI) recognition are confirmed by their use in Cisco's well-proven
software and hardware RSA and a large number of theoretical and practical works in this direction [10-13,
24]. At the same time, the variety of solutions used in modern NNI, the large number of factors that affect
their operational characteristics, the inaccessibility of the description of the commercial NNI of RSA
significantly complicate the estimation of the effectiveness of their use, which in turn narrows the scope of
their application in domestic information security systems. Note that among the analyzed set of works [15-
23, 16-28], only [4, 19] propose the basic set of parameters and the method based on them for estimating
the effectiveness of estimating NNI of the security parameters of Internet-oriented information systems.
However, the solutions [4, 19] are of a general nature, they are oriented to recognizing not only a wide
range of various cyber-attacks, but also the recognition of the vulnerabilities of Internet-oriented infor-
mation systems, and therefore require adaptation to the domestic conditions for the recognition of cyber-
attacks on network RIS. Also, we note that as a result of the analysis of modern scientific works in the
field of application of NNI in the domain of information protection, it is determined that in most of them
are based on classical neural network models (NNM) adapted to the conditions of the task.

In this regard, the purpose of this research is to assess the perspectives for using classical neural
network models for recognizing cyber attacks on network resources of information systems.
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I1. Approach to determining the effectiveness of the type of the neural network model. In accor-
dance with [3, 5], the development of effective NNI is carried out by adapting certain characteristics of
NNM to the significant conditions of the problem of determining cyber-attacks. Thus, we can propose the
following approach: the most effective type of NNM has characteristics more fully corresponding to the
significant conditions of the problem of determining cyberattacks. In the basic version, the significant
conditions set is divided into categories characterizing the tutorial data, training process limitations, com-
puting power, output information, technical implementation and the field of application of NNI.

Let’s describe the specified categories.

1. The main characteristics of the tutorial data are:

Number of parameters defining the case study;
Type of parameters - discrete (symbolic) or continuous (numeric);

— Number of available case studies. For example, in tasks of recognizing the content of texts, the
number of case studies can be considered as unlimited. For other tasks (recognition of network cyber-
attacks), the number of case studies can be approximately equal to the number of input parameters;

— Presence of errors (noise) in the case studies;

— Correlation of case studies;

— Ability to pre-process input data to remove noise;

— Ability to display all aspects of the process in the training sampling. For example, the ability to
reflect signatures of all types of abnormal behavior or signatures of all viruses in the training sampling;

— Proportionality of the case studies corresponding to various aspects of the process. For example,
how many case studies correspond to anomalous behavior of type A, and how many case studies
correspond to behavior of type B.

2. Restriction of the training process is conditioned by:

— Maximum period of the training;

— Need to present the expected output of the NN in the tutorial data. Thus, the types of training
"with a teacher" or "without a teacher" is determined;

— Ability to automate the training process; It is determined by the number and importance of empi-
rical parameters. This possibility largely determines the conditions of application of the NN. Networks
where the training process is not automated can only be used in the laboratory;

— Possibility of additional training during operation;

— Training quality requirements, which are usually estimated by the maximum and average errors in
the recognition of tutorial and test data. In this case, the test data should be slightly different from the
tutorial data;

— Ability to study NN in the laboratory. For example, in the laboratory, it is possible to teach the NS
to recognize network attacks of a certain type. At the same time, it is impossible to teach the NN to
classify emails in accordance with the interests of a particular user. The expediency of training in the
laboratory is explained by the needs of the optimal mechanism for creating and updating the knowledge
base of the NN;

— Requirement to have the same output signal of the network for different examples with the same
parameters.

3. In practice, the requirements for computing power are determined by the maximum number of
case studies (memory capacity) that NN can memorize in order to achieve the required recognition
accuracy. In turn, the accuracy of recognition is characterized by the values of the maximum and average
NN errors on the data, which can go beyond the set of the training sampling. Accordingly, there arises a
problem of extrapolating the outcomes of teaching NN beyond the training sampling of case studies.

4. The requirements to the NN output information indicate the form, in which this information
should be presented. For example, when recognizing viruses, it may be necessary not only to determine a
situation such as "software malfunction", but also to calculate the probability of this situation or graphi-
cally display such situations on the plane, which will allow the final classification of the user. Another
requirement may be the need to determine verbal dependencies between input and output information.

5. Restrictions on the NN technical implementation concern the speed of decision-making, integra-
tion into the existing information security systems, the scope and complexity of software implementation.

— 203 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

6. The scope determines the systems in which the NN will be used. To date, the use of NN for image
recognition, optimization and text analysis are sufficiently investigated. Note, that the system of pattern
recognition is fundamentally different from the systems of text analysis, because the number of output and
the number of combinations of input parameters in them is fundamentally limited. In text analysis
systems, this number is not fundamentally limited. In addition, the scope of application is determined by
adaptability of the network to autonomous operation. In this regard, the architecture of the NN should
provide for the possibility of complete automation of the complementary training process during
operation.

A possible interpretation of the approach is the expression

e(a,)>maxa edi=12..,1, (1)

where e is the efficiency criterion; a; - i-th type of NNM; A is a set of admissible type of NNM; I is the
number of admissible type of NNM.

According to the results obtained in [1 - 3, 5, 7], the components of A are defined as follows:

A = {MLP, RBF, PNN, TM, ART, ANN, CNN, ENN, JNN, SNN}, 2)
where MLP is multilayer perspeter, CNN - convolutional NN, RBF - radial basis function network, TM -
Kohonen topographic map, ART - adaptive resonance theory network, PNN - probabilistic NN, ENN -
Elmen’s network, JNN - Jordan’s network, SNN - semantic NN, ANN - associative NN.

Note that the set A determines the most approved classical types of NNM. Also, note that deep neural
networks are a kind of MLP.

It is obvious that the efficiency criterion used in formula (1) requires detailed elaboration from the
point of view of certain characteristics of the type of NNM. It is possible to carry out the detailed analysis
keeping in mind that this criterion is calculated using a number of parameters that allow to take into
account the peculiarities of the type of NNM. Besides, we should follow up that for various types of
NNM, the effectiveness criterion value may be similar. Therefore, it is expedient to determine the set of
effective types of NNM. This set will include NNM, for which the value of the efficiency criterion is close
to the maximum. Proximity can be estimated by means of the deviation factor kE.

II1. Parameters of determining the efficiency of the type of the neural network model. In order
to form the effectiveness criteria for NNM type, we used the developed approach to determining the
effective type of NNM, the results of research on the possibilities of using the NN theory methods for
estimating security parameters, and the results of the analysis of the most approved classical neural
network models. The basic list of the obtained criteria is given in Table. 1. In the future, this list can be ex-
panded, for example, by detailing certain criteria or taking into account new areas of NN application.

Table 1 — Efficiency parameters

# Category Explanation of the parameter
1 2 3

E\, Limitation in a number of input parameters

Ei, Limitation in the tutorial sampling

Es Noise acceptability

Ei4 Correlation acceptability

E;s |Tutorial data Need to reflect all the aspects of the process

Ei Need to represent case studies ratably

Ei; Ability to use discrete input parameters

Eig Ability to use continuous input parameters

Eio Ability to use tutorial sampling, whose volume is less than a number of input parameters

E;) Short training period

E,, Need to present the expected yield

Es; Automation of training

E,4  |Training process Option of complementary training

Eys Quality of training

Eye Possibility to train on the expert data

Eys Inalterability of results
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Continuation of table 1
1 2 3
E;, . Storage capacity
Computation power - —
E;, Extrapolation of the training results
Eyq Interpretability of the yield in the form of probability
E,,  |Initial information Interpretability of the yield in graphical form
Eys Possibility of verbalization
Es, o . | Fast decision making
> Technical implementation - -
Es, The amount of software implementation
Eg) Recognition of patterns
E¢o Text analysis
Ees Control of security settings
Eq¢, . o Adaptability to autonomous functioning
- Field of application - - -
Egs Time series modeling
E¢p Image analysis
E¢r Sound analysis
Egg Intelligent data analysis

The results of the research carried out in subsection 1.3 allowed us to assess, as a first appro-
ximation, the conformity of NNM main types to the proposed parameters. Results of that estimation are
presented on a three-point scale and are listed in Tables 2 and 3. The criterion E; = 1, if the i-th charac-
teristic of the estimation problem of security parameters is fully ensured in NNM, E; =0 — if provided
partially and E; = -1 — if not provided.

Table 2 — Parameters of the neural network criteria with direct signal propagation and ART

4 NNM type
MLP CNN RBF ART PNN

1 2 3 4 5 6
Eyy -1 -1 -1 -1 -1
E, -1 -1 -1 0 -1
E; 1 1 0 -1 0
E\ 4 1 1 1
E s -1 -1 1 -1 1
Ei¢ -1 1 -1 -1 -1
E; 1 1 1 1 1
E s 1 1 1 1 1
Eo -1 -1 1 1 1
E, -1 -1 0 1 1
E,, 1 1 1 -1 1
Es; 1 1 -1 1 1
E>y 0 0 1 1 1
Eys 1 1 0 1 1
Eye -1 -1 -1 -1 1
E>; 1 1 1 1 1
Es, 1 1 -1 -1 -1
E;, 1 0 -1 -1 -1
E4 0 -1 0 -1 1
Ey» -1 0 -1 -1 -1
E,; 1 -1 0 -1 0
Es, 1 1 1
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Continuation of table 2

1 2 3 4 5 6
Es, -1 -1 1 0 -1
Eg) 1 0 1 1 1
Eg» -1 -1 -1 0 0
Egs -1 -1 -1 -1 -1
Eg4 0 -1 1 1 -1
Egs 1 -1 0 0 0
Ess 1 1 -1 -1 -1
Eg7 1 0 -1 -1 -1
Egs -1 -1 -1 -1 -1

Table 3 — Values of parameters for recurrent NC, SNN, ANN and TM
4 NNM type
ENN INN SNN ANN ™

Ey, -1 -1 1 -1 -1
E, -1 -1 1 -1 -1
E\; 1 1 1 -1 1
E\4 1 1 1 -1 1
E s -1 -1 -1 0 1
Ei¢ 1 1 -1 0 1
E\; 1 1 1 1 1
Es 1 1 -1 0 1
Eg -1 -1 1 1 1
E>, -1 -1 0 1 1
Esp 1 1 -1 1 1
Ey; -1 -1 1 0 0
Ers 1 0 1
Ess 1 1 0
Esg -1 -1 -1 -1 -1
Ey; 1 1 1 0 0
E;, 1 1 0 -1
Es, 1 1 1 0
E4, 0 0 -1 0
E4p -1 -1 -1 -1 1
E4; 1 1 -1 -1 -1
Es, 1 1 0 -1 1
Es, -1 -1 -1 0 -1
Eq, 0 0 0 1 1
E¢» -1 -1 1 -1 1
Egs -1 -1 -1 1 1
Eg4 -1 -1 1 -1 -1
E¢s 1 1 -1 -1 -1
E¢e -1 -1 -1 -1
Eg7 0 -1 -1 0
Egs -1 -1 -1 1 1
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If we take into account the three-point numerical estimate, formula (1) is modified as follows:
K
Es =2Ek(ai)—>max, a, €A, i=12,.,7, 3)
k=1

where Exis an integral criterion for optimization of NNM type; A is the set of admissible NNM types.
For a specific task of determining a cyber attack, the significance of the efficiency parameters can be
taken into account if we introduce the corresponding weight coefficients in (3):

K
Ey =) (B (a))>max, a, €4, )
k=1
where 7y is a weighting factor of the k-th parameter.

IV. Estimation of perspectives of using classical neural network models. As a result of the re-
search, it can be proposed that the value of the efficiency criterion of the neural network model (4) allows
estimating the perspectives of using such a model for the recognition of cyber-attacks on the network
resources of information systems. In accordance with [4], in the first approximation, we can assume that
the method for determining the effectiveness of use of classical neural network models consists of the
following stages:

1. To determine the classical types of neural network models defined by the expression (2), which
contain the estimated neural network models.

2. To use the data in Tables 2 and 3 in order to determine the values of the efficiency parameters.

3. To determine the weighting coefficients used in expression (4) by means of the expert evaluation
procedure

4. To compute the effectiveness of each estimated model, and to determine the most effective neural
network model by means of expression (4).

V. Rules for determining the effective types of neural networks of recognition of cyber-attacks
on network resources. According to the results of [1, 2, 9], the main factor that influences the formation
of a set of permissible NNM types is the provision of effective training of NNM. To do this, it is necessary
to perform the following procedures in a reasonable time: to define a set of input and output parameters of
NNM, to encode the input and output parameters, to create a training sampling, and to implement the
training process. The first and second procedures are implemented at the preparatory stages of the RCA
development, therefore their influence on the formation of many effective types of NNM is not consi-
dered. The focus is on the implementation of the second and third procedures. The eligible period for
creation of the training sampling and NNM training is determined on the basis of the requirement

ts <t , &)

where ¢y s the total period of NNM training, t, is the acceptable period for the creation of NNM.
Thus, the permissibility of using the i-th type of NNM for recognizing cyber attacks on network RIS
can be specified with the help of the following rule:

If t, (net,.)é t, = net, € Net, , (6)

where net; is the i-th form of NNM, Net, is a set of admissible type of NNM.
Detailing the expression (5), we obtain:
t,(net,)=t, +1,(net,) )
where ¢, is time of creating the training sampling, ¢ (net;) is time of determination of the model parameters
for the i-th type of NNM.

Note that, in the first approximation, the value of ¢ (net;) is approximately equal to the time of deter-
mination of the weight coefficients of the synaptic links of NNM. The creation of the training sampling is
formation of such a number of case studies, which is considered sufficient for the qualitative teaching of
NNM. In accordance with [2, 4, 9], this number depends on the number of input parameters of NNM and
in the base case is calculated as follows:

P =10N, (8)

where P,;, is the minimum admissible number of case studies, N, is a number of input parameters of
NNM.
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It can also be assumed that:

t,=tP 9)

v" min >

where #,, is average time of creating one case study.

It is possible to determine the value of lTv by expert evaluation. After substituting (8) into (9), we
obtain:
t, =10t N, . (10)
At a certain structure for NNM of the i-th type, the duration of the process of determining the weight
coefficients can be estimated as follows:

t,(net,)=tx L xW,xK, (11)

where 7 is the duration of the training iteration for one link; ¥; is a number of connections for the i-th type
of NNM; L; is a number of neurons; K, ; is a number of iterations.

In accordance with [1, 2, 9], with approximate calculations for a set of NNM types net;, which
consists of NNMs based on PNN, an adaptive resonant theory network, a Kohonen map (TM), a radial
basis function network (RBF), associative neural networks (ANS), the duration of training can be written
as follows:

t,(net,)~ klte’aP(NX +Ny) , (12)
where ¢, (net, ) is the duration of the determination of the weighting coefficients for net;, k; is the propor-

tionality coefficient for net;, T is the duration of one computational operation, P, N, is the number of case
studies and output parameters; y is an empirical coefficient.

It is possible to estimate the training duration of many types of NNM on the basis of a multi-layer
perceptron (MLP) net,, as:

t,(net,)~ k,te™ P? (NX +Ny)2 ; (13)
where 7, (netz) is duration of determining the weighting coefficients for met,, k, is a proportionality

coefficient for net,.

Note that (12, 13) are obtained under the condition of sequential calculation of signals of artificial
neurons that are part of NNM, which is typical for its generally accepted implementation. In addition, it is
accepted to assume that the structure of NNM and the computational capabilities of the type of NNM are
sufficient to obtain an allowable training error.

As the results of [1, 4, 9] show, from the point of view of the recognition of cyber attacks on network
RIS, the most promising types of NNM are RBF, TM, SME, ANS, deep neural networks (DNN). For
RBF, TM and ANS, the approximate duration of training can be estimated by means of (12), and for MLP
and DNN it is advisable to use (13).

Given the software implementation of NNM, the duration of one computing operation of the learning
process depends mainly on the computing power of the hardware of the cyber attack recognition circuit in
the network security system RIS.

A permissible error in the training of NNM can be calculated on the basis of the requirements for the
accuracy of the recognition of cyber attacks on network RIS. In the first approximation, the values of
and ¢ can be determined by expert evaluation.

When determining the principal possibility of using NNM, it is advisable to focus on the minimum
number of case studies. Taking into account (12, 13) and the dependence (8), we obtain:

t,(net,)zIOklre'ng(Nx +Ny), (14)
t,(netz)zIOOkzre_XENf(Nx +Ny)2 : (15)

Substituting (10, 14) and (10, 15) into (7), taking into account that k;=0,1, k=0,001, y=1, £~0,05,
after trivial simplifications, we get:

t,(net,) = 10N (7, +0,1t(N, + N, )), (16)
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t, (net,) ~ 10N (7, + 0,01V (N, + N, )), (17)

Where ¢, (net,) and t,(net, ) is the learning time for net; and net;.

The data of [4] indicate that N, = 50...100, and N, + N, = 100. These assumptions allow us to modify
(16, 17) as follows:

t, (net,)~1000(z, +107), (18)
t,(net,)~1000(Z, + 7). (19)
Since #; (net2 ) >t (net1 ), then, taking into account (18, 19), rule (6) can be detailed:
I 1000 (7, +10t)<t, — net, € Net , (20)
If 1000(¢, +t)<t, — Net = {net,,net,}. (21)

Condition (20) determines the acceptability of the use for the recognition of cyber attacks on network
RIS of NNM on the basis of ANN, TM, CNN, RBF, PNN, networks of adaptive resonance theory. Con-
dition (21) complements the admissible set by models based on MLP and DNN.

Expressions (20, 21) are the rules for determining the permissible types of NNM intended for the
recognition of cyber attacks on network RIS. The application of these rules to the set of available NNM
allows us to proceed to the definition of a set of effective types of NNM.

Let’s assume that among the set of admissible types, the i-th type of NNM is most effective if the
efficiency function takes the maximum value for it. The calculation of the efficiency function of the i-th
type of NNM is performed as follows:

K
V. = ZakRk(neti), net; eNet, , (22)
k=1

where o, = [O 1] is a weight coefficient of the k-th efficiency criterion, net; is the i-th kind of NNM, K is

a number of efficiency criteria, Ry is the value of the k-4 criterion for net;.

In accordance with the results of [1, 2, 4, 9], the k-th criterion for determining the most effective type
of NNM is a measure of providing the k-th requirement of the problem of recognizing cyber attacks on
network RIS in NNM. It should be noted that the requirements for NNM characterize their learning
ability, computational capabilities and technical implementation. Partially the list of the developed
efficiency criteria meeting the specified requirements is shown in table 4.

Table 4 — Efficiency criteria for the type of NNM

Criterion Requirement
R Ability to use case studies with various number of input parameters
R, Mininmization of the training sampling volume
R; Ability to use the training sampling with not proportional presentation of the recognized classes
Ry Ability to use case studies without the expected output signal
R;s Ability to use correlated case studies
Rg Suitability to complementary training
R, Suitability to train in parts

The values of the proposed criteria can vary from 0 to 1. In this case, for the i-th type of NNM, the
value of the k-¢h criterion is 1 if the corresponding k-th requirement is fully provided in this type of NNM,
and is equal to 0, if it is not provided.

The use of the proposed criteria allows us to proceed to the calculation of the efficiency function of
the type of NNM given by expression (22). In turn, this allows writing down the rule for formation of a set
of effective types of NNM with the help of expression (23), and the rule for finding the most effective type
of NNM can be written by means of expression (24).
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If V(net)z A, Anet € Net, — net €Net,, (23)
If max = { V(net,)},,net, € Net, — net, = net™ (24)

e s

where V(net) is efficiency of NNM, which is calculated by means of (22), Net, is the admissible set of
NNM, which is formed by means of rules (20, 21), Ay is the minimum acceptable efficiency of NNM.

Thus, we can draw the following conclusion that a set of rules (20, 21, 23, 24) has been generated, the
use of which makes it possible to determine the set of permissible and effective types of neural network
models designed to recognize cyber attacks on network resources of information systems.

VI. Conclusions.

- The list of the main conditions of the recognition problem is determined; these conditions should be
provided due to the characteristics of the type of the neural network model.

- A number of parameters has been developed; the values of these parameters make it possible to
determine the degree of such security.

- As a result of studies of the main types of classical neural network models, the values of these
parameters were determined for each of them.

- Assessments of perspectives for using the main types of classical neural network models for the
recognition of cyber attacks are presented.

- Perspectives for further research are the details of the proposed method for determining the effec-
tiveness of using classical neural network models for the recognition of cyber attacks on the network
resources of information systems.
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B. X. Aiituanos’, A. I'. Kopuenko’, H. A. Tepeiikoscknii’, I. M. Banues'

'K. M1.Cot6aeB athiHarsl Kasak y/ITThIK TEXHHKATBIK 3epTTEY yHHBEpCHTETI, AMaThl, KazakcraH,
2¥HTTLIK aBHUALMSIIBIK YHUBEPCUTET, Y KpanuHa, Kues,
3YKpaHHa YITTBIK TeXHUKaIbIK YHIBepcuTeTi «M. Cukopckuii atbinnarsl KITW», Ykpanna, Kues

KJIACCHKAJIBIK HEWPOXEJILJIIK MOJIEJILJAEP/I JKOHE
AKHAPATTBIK X KYHEJIEPIH KEJLIIK PECYPCTAPBIHA HIABYBLIIAPFA KAPCBI
OPEKET 9JIICTEPIH ITAUJAJIAHY KEJIEHNEKTEPI

AHHOTanmsi. Makaja akmapaTThlK J>KYHeNepAiH >KeNUIK pecypcTapblHa KHOSpHETHKAJBIK MIa0ybUIIapabl
aWBIPBIN TaHy YIIiH HEHPOHIBIK JKENUIIK MOACIBICP/l MainanaHy THIMIUIITIH JKOFApBUIATYIBIH OliCHAMAIBIK 0a-
3aChIH JaMBITyFa apHairad. [lafimanmany THIMIUTITI enoyip Aopekene HEHpOKEeNTiK MOIENbIIH TYpiHEH Toyenmdi
0ONaTHIHBIH KepceTinreH. Helpoxkeniaik MOAens TYpiHIH CHITaTTaMalapbIHBIH eceOiHeH KaMTaMachl3 eTiTyi THic
0OJaThIH aWBIPBINT TaHY MiHIACTTEPiHIH HETi3Ti MapTTapBIHBIH Ti3iMi aHBIKTaIFaH. MoHIepi OChIHAAl KaMTamachi3
eTY/IiH JIOpeXeCiH aHbIKTayFa MYMKIHAIK OeperiH Oipkarap mapamerpiiep a3ipsieHreH. Kiaccukanblk Heipoxemiik
MOJICTIbIEPAIH HETI3r1 TYpJIEpiH 3epTTey HOTHXKECIHJE OJapIbIH OpPKAMCHICHI YIIIH KOPCETUIreH mnapameTpiepaiH
MOHJepi aHbIKTajdFaH OonarhiH. KoNjaHyAbIH KYTUIETIH LIAPTTapblH €CelKe alyMeH albIHFaH MapameTpiepi
naiiianana OTHIPHIN, KHOSPIIaOybUIAapAbl afbIPIN TaHY YIIIH KIACCHKAIBIK HEHPOKEIUIIK MOACIBACP/IIH HETi3ri
TYpJIEpiH Naiijaigany KelelmeKTepiHiy Oaranapsl mbirapburad. JKenik pecypcrapra kubepinaOybuiaap/ bl ailbIphiI
TaHy/iH HEHPOXKEUTK KYHelepiH AaMbITy JKoJjnapy KapacTblpbuiraH. OChIHIAH JaMbITYAbIH KENEIEeKTi >KOJIbI
HEUpOXKENITIK MOJENbAEPIIH THIMAI TYPJIEPIiH aHbIKTAY YLIIH epesKesiepAi a3ipiey O0bI TadbUIaTEIHBI KOPCETLUITEH.

Tyiiin ce3mep: HEHpPOHABIK ke, KuOepmaOybuinay, SKENUIK pecypec, akmapaTThIK JKyHe, JepeKTepli
KOpFay.
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'Kasaxckuii HaLMOHATBHBIN HCCIIE0BATENBCKHT TeXHIUecKknil yHuBepenter uM. K. U, Catnaesa,
Anmartsl, Kazaxcran,
zHaHI/IOHaHBHHﬁ aBUAIIMOHHBIN YHUBEPCHUTET, YKpanHa, Kues,
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HNEPCHEKTHUBbI HCITOJIb30OBAHUSI KJTIACCHYECKHX HEHPOCETEBBIX MOJIEJIEA
N METOJOB TIPOTUBOJENCTBUS ATAKAM
HA CETEBBIE PECYPCbl HTHOOPMAIIMOHHBIX CUCTEM

Annotanusi. CTaTbs IOCBAIIEHA PAa3BUTHIO METOJOJIOTHUECKON 0a3bl MOBBIIIEHUS! 3P (PEKTHBHOCTH HCIIOINb-
30BaHUSI HEHPOHHBIX CETEBBIX MOZEIEH AJISI paclo3HaBaHHWS KHOCPHETHUECKHX aTaK Ha CETEBBIE PeCypchl HHGOP-
ManuoHHBIX cucTeM. IlokazaHo, 4To 3(PEeKTHBHOCTH HCIIONIB30BAHNUS B 3HAYMTENILHOM CTENEHM 3aBUCHT OT BHAA
HelipoceTeBoit Monenu. OnpenerneH nepedeHb OCHOBHBIX YCIOBHH 3a7ady paclio3HaBaHMS, KOTOPBIE OJKHBI o0ec-
IIEeYMBATHCS 3a CUET XapaKTepPUCTHK BHUIa HelipoceTeBoil Moaenu. Pa3paboTan psx mapaMeTpoB, 3HAUCHUS KOTOPBIX
MO3BOJISIIOT OTPENCIUTh CTENEHb TAKOTo obecreueHus. B pe3ynbraTe mMcciaeJOBaHWN OCHOBHBIX BHJIOB KIIACCHUEC-
KHX HEMPOCETEBBIX MOJEIECH ATl KAXKIOT0 U3 HUX OBUIM OIpEiesIeHbl 3HaUEeHNsI yKa3aHHBIX apameTpos. Mcrnons3ys
IMOJIYUCHHBIC IMapaMETpPhbl, C YUCTOM OKUAACMbIX yCJ'lOBI/lﬁ MPUMEHCHUA BBICTABJICHBI OLICHKH MEPCIICKTUB UCIIOJIb30-
BaHMsI OCHOBHBIX BHJOB KJIACCHYECKUX HEHPOCETEBBIX MOJIEIIEH [UIsl pacrio3HaBaHus KuOeparak. PaccMOTpeHbI myTn
Pa3BUTHS HEHPOCETEBBIX CHCTEM paclio3HaBaHMs KHOepaTak Ha ceTeBble pecypchl. Iloka3zaHo, YTO NEpPCIIEKTHBHBIM
MyTEM TaKOro pa3BUTHUS SBISIETCS pa3pabdOTKa MpaBWil Al ompeneneHust 3(Q(EeKTHUBHBIX BHIOB HEHPOCETEBBIX
MoJIeNen.

KiaroueBble ciaoBa: HEWpoHHas ceTh, KuOepaTaka, ceTeBod pecypc, MHpopmanmoHHas cucTeMa, 3aIlnTa
JTAHHBIX.
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THE APPLICATION OF DEPRESSOR ADDITIVES TO IMPROVE
THE RHEOLOGICAL OIL PROPERTIES AND INHIBIT
THE BOTTOM SEDIMENTS FORMATION IN STORAGE TANKS

Abstract. The possibility of using depressant additives to improve the rheological oil properties and inhibit the
bottom sediments formation during storage in the Kazakhstan's oil refinery tanks is investigated. It is shown that the
introduction of depressant additives makes it possible to reduce the temperature of oil fluidity loss by 3-6 °C. It was
found that the introduction of depressant additives significantly improves the oil fluidity as comparison with the oil
without heat treatment and the oil with heat treatment. Analysis of bottom sediments from the storage tanks for the
content of the sum of asphalt-resinous compounds and mechanical impurities showed that the test sample belongs to
type P1. Chromatographic paraffins determination in oil and bottom sediments showed a higher total content of hard
melting paraffins from C18 in the bottom sediments of the storage tanks - 34.69% than in oil entering reservoir parks
- 21.04%. A high-molecular alkanes predominate in the sediments up to C,, and the total amount of paraffins in the
sediments exceeds their content in the initial oil by 15 %.

Key words: rheological oil properties, asphalt-resin-paraffin deposits, tank, depressor additives.

Introduction. On the Kazakhstan territory highly paraffinic oils, containing along with the branched
alkanes a significant paraffinsnumber of a normal or slightly branched structure,are extracted for the most
part [1, 2]. A feature of this oil type is thehighchilling temperature, which causes the rheological proper-
ties (mobility, fluidity, etc.) deterioration of both the oil itself and the products of its processing [3, 4].
During the oil extraction, transportation and storage with a high content of paraffins, intensive formation
of asphalt-resin-paraffin deposits occurs on the inner surface of oilfield and refinery equipment, which
leads to a decrease in the efficiency of pumping units, a reduction in the capacity of pipelines, the useful
capacity of oil storage tanks and reduction of maintenance periods of equipment operation [5-8]. ARPD
are highly disperse suspensions of crystals of paraffin-naphthenic hydrocarbons, asphaltenes and mineral
impurities in oils and resins [9, 10]. The ARPD composition and properties can vary in a wide range,
depending on the oil properties and composition, the development conditions, the surface equipment
characteristics, etc., which causes additional difficulties arising during its removal (inhibition) [11, 12].

At the present time, there are a number of methods and technologies for lowering the chilling tempe-
ratureand improving the rheological characteristics of high-viscosity paraffin oil and inhibiting the ARPD
formation: heat treatment and other physical impact methods, dilution with light oil fractions or various
solvents, as well as the additives introduction regulating viscoelastic oil properties [13, 14]. The most
effective way to improve the rheological characteristics are the chemical methods of treating oils with the
application of depressor, inhibiting and detergent additives [15, 16, 19-21].

The introduction of additive, even in small amounts, to highly paraffin oils can significantly alter the
rheological oil (chilling temperature, viscosity, shear stress) properties and as a consequence, prevent the
paraffin deposition [17, 18].

The work purpose is to investigate the depressor additives efficiencyto improve the rheological
properties of oil entering the tank farm of an oil refinery and to inhibit the ARPD deposits formation du-
ring storage in tanks. To carry out these researches,oil sample of entering the refinery for the refinery tank
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farm and a sample of bottom sediments from the tankswere selected. The investigated oil is theoil mixture
from the South Turgai trough deposits and refers to paraffin hardening oil. Oil characteristics at the
sampling time are presented in table 1.

Table 1 — Oil characteristics

The indicator name Testingmethod Testingresult
Oiltemperature, °C 17,1
Oilpressure, MPa 0,23
Oil density of under measurement and pressure conditions, kg / m® KR ST 2.153 820,3
Oil density at temperature 20°C, kg / m’® KR ST2.153 818,0
Oil density at temperature 15°C, kg / m* KR ST2.153 822,5
Masssulfurcontent, % KR STASTM D 4294 0,09
Vapour pressure, kPa (mm Hg) GOST 1756 29,4 (220,4)
Masswatercontent,% GOST2477 0,03
chloride salts concentration, mg / dm’ GOST 21534 39,3
Mass chloride salts content, % GOST 21534 0,0048
Mass mechanical impurities content, % GOST 6370 0,0085
Total mass ballast content, % 0,0433
Organochlorine compounds content, min™' (ppm) KR STASTM D 4929 1,4
Massparaffincontent, %
no-flowpoint,°C KR STASTM D 5853 3,0
Yield fractions % at the temperature up to 200 °C at a temperature up to 300 °C GOST 2177 33,0 53,0
Mass content of hydrogen sulphide, mln™ (ppm)
Mass methyl content - and ethyl mercaptans, min™ (ppm)
Kinematic viscosity, mm?” /s (cSt) at a temperature of 14.5 °C KR STASTM D 445 10,7

Research methods. At the first research stage it was appropriate to analyze the oil sample and
bottom sediment samples to obtain an idea of the percentageparaffins, asphalt-resin compounds and
mechanical impurities ratio.

Determination of the total content of resin-asphalt substances was carried out using the Marcuson
adsorption method. This method is based on the ability of resin-asphalt substances, as compounds of
unsaturated and containing groups of atoms with large chemical energy, to be retained on the adsorbents
surface. As an adsorbent, silica gel, previously dried at a 250°C temperature was used.

Determine the asphaltenescontent allowed their insolubility in low-boiling limiting hydrocarbons.
With sufficient dilution of the sample weighed with a solvent (in our case in a 40-fold volume) the
asphaltenes precipitate. As a solvent, gasoline was used that did not contain aromatic hydrocarbons and
boiling within the 65 - 95 °C range.

The mechanical impurities amount was determined in accordance with GOST 6370-83. The method
essence is consists in filtering the tested products with preliminary dissolution of slowly filtering products
in toluene, filter washing on the solvent, followed by drying and weighing [22].

Chromatographic paraffins determination in oil and bottom sediments was carried out using the
AutoSystem LX gas chromatograph, the Perkin-Elmer 3012 SIMDIS model according to ASTM D2887
with the programmable temperature of the column thermostat and a universal capillary column injector,
pneumatics and an autosampler for liquid samples. The AutoSystem LX chromatograph is equipped with a
flame ionization detector with a digital signal amplifier, a pneumatics for supplying hydrogen and air,
automatic ignition and flame detector monitoring. Before the analysis, the conditioned samples were kept
for at least half an hour. In the chromatograph, the same oil samples were introduced in an amount of 0.3
pl. Oil samples chromatographic analysis was carried out on a capillary column ELITE PS 2887. The
carrier gas (He) flow rate through a quartz capillary and analytical column was 50 cm/min.
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In the second study phase effect of various additives (DP2G, DMN 1005 sample 1, DMN 1005
sample 2, NHT-I,LPAO 80072 and PAO 82004) to the dynamic viscosity of the oil was investigated. The
oil temperature of fluidity loss (TFL) was also determined by the ASTM D5853 method.

To determine the dynamic viscosity, shear stress, shear stress limit, it was used an Anton Paarr-
heometer viscometer (Austria) of the RheolabQC model with the Rheoplus software using the DGR-42
measuring system (12ml), a double-slotted cylinder and the CC-17 measuring cylindrical element (5 ml).
Dynamic (apparent) viscosity and shear stress measurements were carried out in a linear temperature
measurement mode (cooling rate 25 °C / h) at a constant shear rate (10s”), and a linear change in shear
rate (from 0 to 100 s™) at constant temperature. The flow temperature was used to determine the transition
temperature of a Newtonian fluid to a non-Newtonian fluid, a limiting shear stress, and a dynamic
(apparent) viscosity.

The oil temperature of fluidity loss(TFL) values without heat treatment, with heat treatment and when
various additives were added to the oil were determined according to the ASTM D5853 method at the
TFL measurement facility. As cooling baths, 2 thermostats were used: LAUDA RE-420 (with temperature
0 °C maintained - thermostat 1), LAUDA RA-8 (with maintaining the temperature -18 °C - thermostat 2).

Results and discussion. The samples analysis results of bottom sediments showed that the content of
resin-asphalt substances in ARPD is in percentage ratio higher than the content of asphaltenes and the
content of mechanical impurities is 0,18 % (Table 2).

Table 2 — RA, asphaltenes and mechanical impurities content (%) in the analyzed samples

Analyzedsample ContentRA, % Asphaltenescontent, % Mechanical impurities content, %

ARPD sample 10,42 6,57 0,18

Chromatographic paraffins determination in oil and bottom sediments indicates a higher total content
of hard melting paraffins from C,g in the bottom sediments of the tank 34.69 % (Figure 1) than in oil
entering the storage tanks 21,04% (Figure 2). It should also be noted that high-molecular alkanes
predominate in the sediments up to Cy, and the total amount of paraffins in the sediments exceeds their
content in the initial oil by 15 %.

Oil

: Illlllj__-_

1-5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
carbon number alkanes

Figure 1 —n-alkanes distribution in oil
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Figure 2 — n-alkanes distribution in the ARPD sample

Thus, it can be concluded that when storing paraffin oil in a tank farm, bottom sediments are formed
with a predominant content of high melting paraffins with an increase in their quantity compared to the
original oil. In this connection, solid oil sludge is formed in the process of precipitation of hard melting
paraffins with asphaltenes and high temperatures are required to destroy them with the use of solvents and
surfactants that allow the washing of solid paraffins and asphaltenes from slimes.The selection of solvents
and surfactants, as a rule, is carried out according to the type of ARPD. Depending on the content of
paraffin hydrocarbons, resins, asphaltenes and their ratio (B = PH/RAS), oil deposits are divided into the
following types: paraffin f>1,1; Mixed = 0,9-1,1 and asphaltenic $<0,9 (Table 3) [23].

Table 3 — ARPDclassification

The paraffin ratio (P) content to the sum Mechanicalimpuritiescontent,
ARPD group Subgroup ARPD resins (R) and asphaltenes (A),P /(R + A) %
Ay <1 0-0,2
Asphaltenic (A) A, q! 0,2-0,5
A; q! »0,5
M, =] 0-0,2
Mixed (M) M, =] 0,2-0,5
M3 ~] )0,5
Pl 1 0_052
Paraffin (P) P, >1 0,2-0,5
Ps 1 »0,5

The ratio paraffins content (P) to the resins sum (R) and asphaltenes (A) for the sample of bottom
sediments is 3.32, the content of mechanical impurities is 0.18 %, which, in accordance with table 3
allows them to be classified as paraffinic P;.

The study of the various additives effect (DP2G, DMN 1005 sample 1, DMN 1005 sample 2, NHT-I,
PAO 80072 andPAO 82004) on the dynamic viscosity of crude oil showed that the introduction of
depressant additives significantly improves the oil fluidity compared to oil without heat treatment and heat
treatment. In this case, additives DP2G and DMN 1005 sample 1 are much more effective than other
additives (figure 3).

Table 4 shows the results of determining the temperature of fluidity loss. The flow temperature values
for oil samples without heat treatment, with heat treatment and the optimum dosage of additives give
reason to believe that the introduction of depressant additives allows to reduce the temperature of pour
point in comparison with oil without heat treatment by 9 °C.
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Figure 3 — Rheological oil curves: without heat treatment, with heat treatment and with additives

Table 4 — The temperature of fluidity loss (TFL): without heat treatment, with heat treatment, with an optimum additives dosage

Additivename Concentration, ppm TFL, °C
Crudewithoutadditive - +12
HT 60 °C - +3
DP2GKBTU 100 +3
DMN 1005 sample 1 100 +3
NHT-I 100 +6
DMN 1005 sample 2 100 +3
PAO 80072 100 +6
PAO 82004 100 +6

Conclusions. Investigationshave shown that when storing paraffin oil in a tank farm, bottom
sediments with a predominant content of high melting paraffins are formed with an increase in their
amount compared to the initial oil, which leads to the formation of solid oil sludge. Based on the ratio of
the content of paraffins (P) to the resins sum (R) and asphaltenes (A), the investigated sediments are
related to the paraffin type of deposits, subgroup II. The introduction of various additives into oil improves
the fluidity of oil compared to oil without heat treatment and with heat treatment. The most effective
additives for the test samples are DP2G and DMN1005 sample 1. The results of the obtained values of
flow temperatures for oil samples without heat treatment, with heat treatment and optimal additives
dosage have shown that the depressant additives introduction allows to reduce the temperature of oil flow
loss in comparison with oil without heat treatment at 9 °C.
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M. Kypunos, C. C. Koxadekos, A. 3. Aounbmar:kanos, H. C. UBnaoB, 7K. Tusnendepren, Y. Keinbipoaesa
WuctutyT TOmnuMBa, KaTtanusa u snextpoxumun um. [1. B. Cokxonsckoro, Anmartsl, Kazaxcran

HNPUMEHEHHWE JEIIPECCOPHBIX ITPUCAJIOK V1A YIYUYIIEHUA
PEOJIOTMYECKHAX CBOVCTB U UHT UBUPOBAHUA JJOHHBIX OTJIOKEHUI B PE3EPBYAPAX

AHHOTanusl. VccnenoBaHa BO3MOXKHOCTh NPUMEHEHHUS JIEMPECCOPHBIX MPHUCAIOK IS YIYUIICHHS PEOJIOTH-
YECKHX CBOWCTB HE(TH M MHTHOMPOBaHMS Mpolecca 00pa3oBaHMS AOHHBIX OTJIOXKEHHWH B INPOIECCE XPaHEHHS B
pe3epByapax kazaxcranckux HII3. ITokazaHo, 4TO BBEICHUE JEMPECCOPHBIX MPHUCAAOK MO3BOJISIET CHU3UTH TEMIIC-
parypy norepu Tekydectd HeTh Ha 3-6°C. YCTaHOBJIEHO, YTO BBOJ| JENPECCOPHBIX NPUCATOK 3HAYUTEIBHO YIIyd-
HIaeT TeKy4YeCcTh He(TH MO CpaBHEHHIO ¢ HedThio Oe3 TepmMooOpabOTKH M ¢ TepMOOpPabOTKOil. AHaIM3 JOHHBIX
OTJIOKEHHH C pe3epByapoB Ha COAEPIKAHUE CYMMBbI ac(ajbTOCMOJIMCTBIX COSIMHEHUH W MEXaHUYECKHX IpHMecen
MoKasai, 4To HccieayeMblid oOpasen orHocutrcst kK tumy 1. Xpomarorpaduueckoe omnpexaeneHue napadrHOB B
He()TH M JIOHHBIX OTJIOXKEHHUSX IMOKazano 0ojiee BHICOKOE CyMMAapHOE Cojiep)KaHHe TBEpAOIIaBKHX IapaduHOB OT
C18 B IOHHBIX OTIIOXKEHUSX pe3epByapa — 34,69%, yem B HedTH, NOCTyNatOIEH B pe3epByapHble mapku — 21,04%.
B otnoxeHusx mnpeoOnangaioT BHICOKOMOJIEKYIIIpHbIE ankaHbl BIuloTh 1o C40, a obmee KoimdecTBo napaduHOB B
OTJIOKEHHSX MPEBBIIACT COAEPKAHNE NX B UCXOHOH HedTH Ha 15%.

Ki1roueBble cji0Ba: peojornyeckre cBoicTBa He(TH, achanbTrocMosonapadMHOBBIE OTIOKEHHUS PE3epByap,
JIETIPECCOPHBIE TPHCAIKH.
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M. Kypunos, C. C. Ko:xxaldekoB, A. 3. AOHIbMArKaHOB,
H. C. UBHaoB, K. Tuiendepren, Y. Kolabip6aeBa

J1. B. CoxonbCKMii aTBIHAAFBI )KaHapMail, KaTalln3 )KoHE 3JIeKTPOXUMHIS HHCTUTYTHL, Anmatsl, Kasaxctan

PE3EPBYAPJIAPJIAFBI MYHAIBIH PEOJIOTUSLIBIK KACUETTEPIH ) KAKCAPTYFA
"KOHE PE3EPBYAP TYBIHJIET'T IIOTTHALTEPAI MHTUBUPJIEYTE APHAJIFAH
JETPECCOPJIBIK IIPUCA IKAJIAPBIH KOJIJAHBICHI

Annotanusi. Kazakcranusin MO3 pesepByapiiapblHIarkl MYHaibl cakTay OapbICBIHIA, OHBIH PEOJIOTHSUIBIK
KacHeTTEpiH j)KaKcapTy jKoHe pe3epByap TYOiH/e mIeTiHALIep i Maiaa 0oy yaepiciH HHruoupIiey yIiH Jernpeccop-
JBIK TIpUCAAKaNap MaigaraHy MYMKYHOIKTepi 3epTrenai. MyHna, IenpeccopiblK MprcaaKalapibl €Hri3y Ke3iHge
MYHaUIBIH aKKBIIITHIK KACHETiH XKOFaNTy TemreparypackiH 3—6°C TeMeHmeTyre MyMKiHAiK Oepmi. Jlempeccopisik
IpUcagKalapAbl €HIi3y, MYHAbl TEPMOOHACYMEH KOHE TEPMOOH/IEYCI30€H /e CalbICTBIPFaH/a, OHBIH aKKBIIITHI-
FBIH €/19YIp JKaKCapTaThIHbI aHbIKTa/Ibl. Pe3epByap TyOiHzAeri meriHaiiepin achaibTThI-IIANbIPIIbI KOChUIBICTAPFa
’KOHE MEXaHHMKaJIBIK KOCIalapFa JKYPri3uireH KypaMabIK *KUBIHTBIFBIHBIH TaJllayJlapbl, 3epTTENil OTHIPFaH YIriHIH
I11 TypiHe >kaTaThIHBIH KepceTTi. MyHaiaarsl jKoHE MeriHaiepaeri napaduHaepai XpoMaTorpapusuIbK KOJIMEH
aHbIKTay HOTHXKenepi OoiibiHia C18 »orapbl KUbIH epUTIH NapaduHAEpiH )XUBIHABIK Kypambl pe3epByap MnapkKiHe
TyceTiH MyHaiina — 21,04% kypaca, an OyHbIMEH CajbICTBIpFaH/a pe3epByap TYOIHAEr] MeriHAIepie oTe KOFaphl —
34,69% xepcerri. lllerinninepae »orapbl MojeKyansl ankannap 6aceiv C40 neifin, an merinainepaeri napapus-
JIEpJIiH KBl MOJIIEPi OacTanKel MYHAH KYpaMbIHIAFbIIaH 15% apThIK.

Tyiiin ce3mep: MyHalIBIH PEOJOTHSUIBIK KacHeTTepi, achaibTThl-IIaliblprapadHIINIeriHAlIep, pe3epByap,
JIETIPECCOPIIBIK TIPHCAAKAIAp.
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ELECTRODE REACTIONS OF PHOSPHONIC COMPOUNDS
OF ATMP AND HEDP ON A PLATINUM
AND GLASS-CARBON ELECTRODES

Abstract. The electrochemical activity of ATMF (aminotrismethylenephosphonic acid) and HEDP(1-hydro-
xyethane 1,1-diphosphonic acid) in solutions of sodium sulfate in the pH range from 1 to 6 on platinum and glass-
carbon disc electrodes was determined. It has been established that as the pH decreases, an increase in the current
maximum due to the electroreduction of protonated forms of the investigated phosphonic acids is observed. The
current value of the cathode maximum for ATMF and HEDP at a constant pH of the solution 3: 2, which corresponds
to the ratio of the phosphonic groups in these compounds. On the glass- carbon electrode in the process of anodic
polarization, an anode wave is observed for ATMF, which is not characteristic of HEDP under similar experimental
conditions. The obtained regularities can be used to determine the ATMF by change in current value of the anode
peak from the concentration in the solution study.

Keywords: anodic dissolution, cyclic voltammetry, cathodic maximum, initial potential, potential sweep rate.

Introduction. There are numerous data in the literature on the use of complexones of NTF, OEDP
and their complexonates with metal ions as inhibitors of salt formation and corrosion on metals and alloys
of different nature [1-16]. Along with the positive effect on the use of these compounds to prevent cor-
rosion and scaling, there is information about the negative consequences of these compounds. The last one
is associated not only with technical problems of their operation in real conditions, but also to a greater
extent with the absence of a serious fundamental basis for establishing the electrochemical activity of
these compounds in neutral and close to neutral solutions on electrodes of different nature and pH. In this
connection, special importance is given to establishing the regularities of electrochemical reactions on
indifferent disk electrodes made of platinum and glassy carbon.

Experimental method. Cyclic volt-ampere curves were obtained at the potentiostat-galvanostat
AUTOLAB (Netherlands) in a sealed cell with a thermostated at 250 ° C using a LOIPLT-105 (Russia)
thermostat. The working electrodes were a disk, platinum and glassy carbon electrode with a visible sur-
face of 0.03 cm’. To update the surface of the working electrode, abrasive paper of the brand MIRKA
2000 (Finland) was used when the electrode was rotated at 2500 rpm, followed by washing with distilled
water. The auxiliary electrode was a platinum helix with a visible surface exceeding the surface of the
working electrode by more than 100 times. The potentials given in the article were measured with respect
to silver chloride electrode from Metrohm (Switzerland) with a potential of 198 mV relative hydrogen
electrode. Deaeration of the volume of the solution in the cell was carried out with an inert gas of argon
"v.h." Measurement of the pH of the solution was carried out using a pH-meter of pH-150MI (Russia).
Distilled water was used to prepare the solutions. The reagents Na2SO4, NTF and OEDF used in the work
had qualifications "hh" and "o.ch."

Results and its discussion. Figure 1 shows cyclic volt-ampere curves on a platinum electrode in a
solution of 0.3M Na,SO, for various concentrations of NTF at a constant pH of 5.6 in the potential range
from -0.4 to -0.8V. Volt-amperage curves were taken in the following order. Initially, cathode volt-ampere

— 220 ——



ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 5. 2017

curves were obtained from the initial potential of -0.4V to a final potential of -0.8V, followed by a reversal
of the potential sweep to the opposite direction. Anode volt-ampere curves were recorded at the same
time. According to Figure 1 in the presence of NTF (CNTF = 1.99-10* M), the cathode current peak at
E ~ -0.65 V and the anode maximum at E ~ -0.57 V are observed at the cathode and anode parts of the
current-voltage curves. As the concentration of NTF increases, the cathode peak of the current shifts to the
region of more negative potentials, and the anode maximum to the region of more positive potentials.
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Figure 1 — Cyclic volt-ampere curves of a platinum electrode Figure 2 — Cyclic volt-ampere curves of a platinum electrode
in a solution of 0.3 M Na,SO, in a solution of 0.3 M Na,SO,
in the presence of different concentrations of NTF. in the presence of different concentrations of OEDPH.
The electrolyte is 0.3 M Na,SO,4; pH = 5.6; The electrolyte is 0.3 M Na,SO,4; pH = 5.6;
concentration of NTF (M): 1 —0; 2 — 1.99-10%; concentration of OEDPH (M): 1 —0; 2 — 1.99-107%;
3-6.9510%4-1.67-107% 5-5.39-10%; 6 — 1.36:10” 3-6.9510%4-1.67-10% 5-5.39-10%; 6 — 1.36:10”

In many respects similar volt-ampere curves under similar conditions were obtained for Oxyethyli-
denediphosphonic acid. Cyclic voltammetric curves on a platinum electrode in a solution of 0.3 M Na,SO,
for different concentrations of Oxyethylidenediphosphonic acid (pH = 5.6) are shown in Figure 2.
Comparing the cyclic voltammetric curves for identical concentrations of Nitrilotrimethylphosphonic acid
and Oxyethylidenediphosphonic acid, it follows that the value of the current of the cathode maxima for the
investigated phosphonates is significantly different. The current ratio of the maxima for NTPH and
OEDPH at the same concentrations is 3:2, which corresponds to the ratio of the phosphonic groups in
NTPH and OEDPH. In other words, the magnitude of the current of the maxima on the cathode and anode
volt-ampere curves is determined by the presence of phosphonic groups, provided that the pH of the
solution does not change.

The magnitude of the current of the maxima and the shape of the curves on cyclic voltammograms is
largely determined by the pH of the solution. This is clearly seen from Figure 3, which shows cyclic volt-
ampere curves on a platinum electrode in a 0.3M Na,SOy solution in the presence of different concen-
trations of NTF at pH = 3.0. This is clearly seen from Figrky 3, which shows cyclic volt-ampere curves on
a platinum electrode in a 0.3M Na,SO, solution in the presence of different concentrations of NTPH at
pH=3.0.

According to Figrky 3, with an increase in the concentration of NTPH at a constant pH = 3.0, the
shape of the current-voltage curves varies significantly. Thus, if in the solution of 0.3 M Na,SO, in the
absence of NTF (Figure 3, curve 1), the cathodic and anodic current peaks are observed on the cyclic volt-
ammetric curves, then in the presence of NTPH the shape of the maxima changes significantly. On the
cathode part of the current-voltage curve (Figure 3, curve 2), along with a small current maximum at
E =-0.45V, one more current maximum is observed for more negative values of the potential E =-0.65V.
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On curve 3 (Figure 2), the current maximum at E = -0.45V is practically not observed, but the current of
the maximum at E = -0.65V appreciably increases.

The appearance of the maximum current on curve 1 (Figure 3) in a solution of 0.3 M Na,SO, at
E =-0.5 V can be explained by the depletion of the near-electrode layer by H + hydrogen ions as a result
of their electroreduction and, as a consequence, an increase in pH in the near-electrode space platinum
electrode, then on curves 2,3 (Figure 3), similar phenomena are manifested to a lesser extent due to the
presence in the solution and in the near-electrode space of protonated forms of NTPH in the mobile
equilibrium, which may be one of the reasons for a significant change in the pH of the near-electrode
layer. The protonation constants for NTPH have the following values [17]:

Protonation constants for NTPH and HEDPH

[HL] [H,L] [HsL] [H4L] [HsL] [HeL]
Complexes [L][H*] [HL][H] [H,L][H*] [HsL][H*] [HsL][H*] [HsL][H*]
N(CH,PO;H,), 12,10 7,30 5,86 4,64 1,50 0,30
CH,(OH)C(PO3)H.), 10,23 7,28 2,47 - - -

In Figure 4, cyclic voltammetric curves are compared on a platinum electrode for solutions with
different pH values and a constant concentration of NTPH. According to Figure 4, the magnitude of the
current of the maxima on cyclic voltammetric curves varies significantly with different pH. Thus, in a
solution close to neutral (pH = 8.4), the cathodic and anodic current maxima are practically absent in
cyclic voltammetric curves. However, even at pH = 5.6 on the current-voltage curves, current maxima
clearly manifest. In an acidic medium pH = 3.0, a sharp increase in current is observed at the cathode and
anode parts of the current-voltage curves. If at pH = 5.6 the potential difference between the cathode and
anode peaks is ~ 80 mV, then at pH = 3.0 this value is 200 mV.

It was interesting to clarify the effect of zinc ions on the current-voltage curves obtained on a
platinum electrode in a solution of 0.3 M Na,SO, (Figure 5, curve 1) containing a constant concentration
of NTPH (Figure 5, curve 2) and in the presence of different concentrations of zinc ions (Figure 5, curves
3.4) in solutions close to neutral with pH = 5.6 and in acidic solutions (pH = 3). According to Figure 5a,
when the concentration of zinc ions in a solution of 0.3 M Na,SO, + 3.85-10° M NTPH is increased at a
constant pH of 5.6, the magnitude of the current of the cathodic and anodic maxima on cyclic
voltammetric curves increases significantly, which can be associated with the formation of complex
compounds between zinc ions and NTPH.

In acidic solutions (pH = 3.0), the observed phenomenon is manifested to a lesser extent. An increase
in the concentration of zinc ions (Figure 5b) leads to an insignificant increase in the current of a weakly
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Figure 5 — Cyclic volt-ampere curves of a platinum electrode in a solution of 0.3 M Na,SO, containing
a constant concentration of NTF (3.85-10° M) with pH 5.6 (a) and pH 3 (b) in zinc ions:
1 —background 0.3 M Na,SOy; 2 — 0.3 M Na,SO, + 3.85- 10> M NTF;
3-0.3 M Na,SO, +3.85:10° M NTF +2.91-10° M ZnSOy; 4 — 0.3 M Na,SO, + 3.85-10° M NTF + 4.76:10”° M ZnSO,

expressed maximum, without significantly affecting the course of the cathode volt-ampere curves. The ob-
served phenomenon is evidently due to the fact that complex compounds are formed in acid solutions
between protonated forms of NTPH and zinc ions. The lack of substitution of protons for metal ions with
NTPH can lead to the formation of MHL, MH2L and MH3L [18, 19].

In order to elucidate the influence of the nature of the electrode material on electrode reactions
involving NTPH and OEDPH, a glassy carbon disc electrode was used along with the platinum disc
electrode. Figure 6a shows the current-voltage curves on a glassy carbon electrode in a solution of 0.3M
Na,SO,4 (pH = 5.6) for various concentrations of NTPH, the concentration of which varied from 1.99-10™
to 1.36-10% M. Cyclic volt-ampere curves were taken from the initial potential Eh = -0.14 to Ek = -1.4V
with the subsequent reversal of the direction of the potential swing to + 1.2V. When this potential was
reached, the curve was taken from + 1.2V to -0.14V. According to Figure 6, at the cathode part of the
current-voltage ones, in contrast to the platinum on the glassy carbon electrode, the maximum current of
the electric reduction of hydrogen ions and the effect on this process of NTPH is practically not observed.
However, in the potential range from 0.5 to 1.1 V, an anodic wave with a clearly pronounced maximum is
observed whose current value depends on the concentration of NTPH. It should be noted that similar
phenomena on the platinum electrode under similar conditions are not observed.
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Figure 6b shows the cyclic volt-ampere curves for OEDPH under similar conditions of the range of
the potential for the removal of cyclic voltammetric curves, the pH of the solution and the selected
concentrations.
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Figure 6 — Cyclic voltammetric curves on a glassy carbon electrode in a solution of 0.3 M Na,SO,
in the presence of different concentrations of NTPH (a) and OEDPH (b).
Electrolyte 0.3 M Na,SOy; pH = 5.6; concentration of NTPH and OEDPH (M):
1-0;2-1.99-10% 3 -6.95-10% 4 - 1.67-107; 5 - 5.39-107%; 6 — 1.36:10”

According to Figrky 6b, in the presence of OEDPH on the cathodic and anodic part of the cyclic
voltammetric curves, maximum current is not observed in the potential range studied. In other words, the
glassy carbon electrode is not indifferent to nitriles and can be used to determine NTPH in solutions
containing other phosphonic compounds [20].

Conclusions. Thus, using a disk electrode from platinum, it was possible to establish the electroche-
mical activity of the phosphonic compounds of NTPH and OEDPH, which are determined by the presence
of protonated phosphonic groups. The current of electroreduction of these compounds in solutions with
pH = 5.6 is determined by the ratio 3: 2, which corresponds to the presence of three protonated forms in
NTPH and two in OEDPH. The influence of zinc ions on the change in the current of electroreduction of
protonated forms of NTPH in acid solutions and solutions close to neutral has been established. In
solutions with pH 5.6 in the presence of Zn ions, an increase in the maximum current is observed due to a
change in pH as a result of exchange reactions between the protonated form of NTF and zinc ions with the
formation of ZnNTPH, and in acidic solutions such phenomena are not observed due to the formation of
protonated complexes . The electrochemical activity of NTPH and OEDPH on a glassy carbon electrode
was established. NTPH, in contrast to OEDPH, is able to participate in anodic reactions due to the pre-
sence of nitrile groups in NTPH. The presence of protonated forms for NTPH and OEDPH under the
cathodic polarization of the glassy carbon electrode on the current-voltage curves does not appear in the
form of current maxima.
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B. H. Cramok, Aiit Caysik., M. 7K. ZKypunos, JI. A. @oresb, A. A. AGpaiioB
WHcTuTyT TOomnuBa, katanusa u anekrpoxumuu uMm. /1. B. Cokonbsckoro, Anmatel, Kazaxcran

SJEKTPOJHBIE PEAKIIUA ®OCP®OHOBBIX COEJJUHEHUI HT® U O3 /1@
HA IINTATUHOBOM U CTEKJVIOYT'JIEPOJTHOM 2JIEKTPOJAX

AnHoranus. OnpezeneHa 3JIeKTpoxuMudeckast akTuBHOCTh HT® (murpuorpumermieH(pochoHOBasS KUCIOTA)
u O3 1® (okcudyTHIeHaUPOCHOHOBAS KUCIIOTA) B pacTBOpax cyibdara Hatpus B uHTepBaie pH ot 1 1o 6 Ha mmaTu-
HOBOM M CTEKJIOYTJIEPOJHOM JTUCKOBBIX JIEKTPOJax. YCTAaHOBIIEHO, YTO ¢ yMeHblIeHHeM pH HaOnronaercst yBenu-
YeHHE MAaKCHMyMa TOKa, OOYCJIOBJIEHHOIO 3JIEKTPOBOCCTAHOBIICHHEM IPOTOHHPOBAHHBIX (GOPM HCCIEAYEMBIX
(hochoHoBBIX KHCIOT. BenmunHa Toka katogHbIx MakcuMyMoB it HT® u O3/1® npu nocrossHHoMm pH pactBopa
COOTHOCSTCS 3:2, 9YTO COOTBETCTBYET OTHOIIECHHUIO (hOC(OHOBBIX TPy B 3THX coenuHeHusx. Ha crexiioyriepoanom
3IJIEKTPO/IE B MPOLIECCEe aHOJHOM Mosipu3anyy HaOmoaaeTes: aHoaHas BostHa st HT®, koropast He XapakTepHa Juist
O3/1® B aHANOTMYHBIX YCIOBUSX AKcrepuMeHTa. [loqydyeHHbIe 3aKOHOMEPHOCTH MOTYT OBITh MCIOJB30BaHbI LIS
onpeneneans HT® mo m3MeHEHUIO BEIMYHHBI TOKA aHOTHOTO MaKCHMyMa OT KOHIICHTPAlUU B MCCIEIYEMOM pac-
TBOpE.

KiroueBble c10Ba: aHOTHOE PACTBOPEHUE, IUKIMYECKas BOIBTAMIIEPOMETPHSI, KATOAHBIA MAKCUMYM, Hadallb-
HBI TIOTEHIHMAN, CKOPOCTh Pa3BEPTKH MOTEHIINATA.

B. H. Cramiok, Aiit Caysik., M. 7K. ZKypunos, JI. A. @oreib, A. A. AGpaiioB
J. B. Cokonbckuii aThIHIAFHI )KaHApMail, KaTaau3 oHE IEKTPOXUMHUS UHCTUTYThI, AnMatsl, KazaxcTan

INIATUHA K9HE IIbIHbI KOMIPTEKTI QJIEKTPOATAPJATBI HT® ’)KOHE
091P POCP®OH/AbI KOCBIJIBICTAPBIHBIH JIEKTPOATBHIK PEAKIITUSJIAPBI

AnHoTtanms. J{uckisi ruiaTHHa )K9HE IIBIHBI-KOMIPTEKTI anekTpoarapaa pH MaHi | MeH 6 apaibIFbIHAAFEl HAT-
puii cynbdarsl epitinnurepinae HT® (antpun ymmernnai ¢ocdonnst Kemksur) xxaHe OD/1P (okcnatunen nudoc-
(OHIBI KBIIIKBUT) THIH AJIEKTPOXUMHUSIIBIK OCJICEHIUNIrT aHBIKTaNbIHABL. pH MOHIHIH TeMeHieyiHe OaillaHBICTHI
3epTTeniHeTiH (ochOHIBI KBIIKBUIIAPABIH TPOTOHAB (hOpMallapbIHBIH 3JICKTPOTOTHIKCHI3NAHYBl KE3iHIe Maiaa
00JaThIH MAKCHUMYMBIHBIH TOK MOJIIEpi apTaTBIHABIFE 3epTTenini. Epitinainig typakrsr pH mornepinne HT® nen
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O31® THIH KAaTOATHIK MAaKCUMYMAAPBIHBIH TOFBIHBIH IIaMachl OCBI KOCBUIBICTApAarbl ()OC(OHIBI TOMTapABIH
apaKaThIHACBIHA COWKeC KeJeTiH 3:2 KaThIHACHIH Kypaiinel. ToxipuOeHi oTKi3ymiH Oipael »armaiimapblHAa OIBIHBI-
KOMIpTEK AJNEeKTPOABIHAA aHOATH mojsapu3amnus kezinge HT®D-Ti KockaHma aHOATHIK TOJKBIH IMaiima Gomamer Oipak
OD/1® ThIH KATHICBIHAA MYHIaH KYOBUIBIC OaliKaIMalThIHABIFEl 3€PTTCIIHII. AJIBIHFAH 3aHIBUIBIKTAp 3ePTTEIIHICH
epiTiHaIep/ie aHOATHIK MAKCUMYMIAPbIH TOK IIaMAChIHBIH KOHIICHTpalusra OainanbICThl e3repyi Ooiibiaiia HTD
TBI aHBIKTAyFa KOJIIAHBLTYBl MYMKIH.

Tyiiin ce3mep: aHOATHIK epy, LUKIi-BOJbTAMIIEPOMETpPUS, KaTOATHI MaKCUMyM, OacTarKbl HOTEHIHAN, I10-
TeHLUa Oepy KbUIIAMIIBIFbI.
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DEVELOPMENT OF FOOD WASTES
UTILIZATION TECHNOLOGY

Abstract. At the present stage of the food industry are sources of significant quantities of wastes of organic
origin. These wastes are a valuable feed product, however, quickly decomposing, they become unsuitable for further
use and, moreover, are harmful to the environment in General and man in particular. Therefore, the main waste
processing food production is an important task to ensure forage agriculture and the prevention of environmental
pollution. The main wastes of food industry wastes are canning, wine industry, fruit and vegetable waste, meat and
fish waste, bones, bread, dairy products, waste, brewery and distillery industry waste essential oil industry, waste oil
and fat industry, waste confectionery and dairy industries, waste from livestock farms and meat processing industry.

Listed wastes for food production may be considered as secondary material resources (BMP), as they contain
protein and minerals, carbohydrates and vitamins.

Based on the above, seems highly relevant topic of this thesis, is devoted to the development of technologies for
recycling food waste.

To date, the levels of recycling of these wastes in our country and, in particular, in Shymkent, were small,
despite the fact that they contain up to 25% of the nutrients of raw materials, which again confirms the relevance of
the development of resource-saving technologies of processing food waste into feed products. Such technology
should be low-waste to ensure environmental protection.

Keywords: extrusion processing, composting, microbiological bioconversion, recycling, landfill, burial.

Objective: development of technologies for recycling food waste. The goal involves the following
tasks:

- development of a system of selective collection of household waste,

- review of technologies for the treatment of food waste;

- development on the basis of the information technology systems of disposal of food waste;

Scientific novelty of the research. On the basis of monitoring of the collection, storage, recycling
food waste, the proposed introduction of selective waste collection that will minimize inefficient and
environmentally unsafe handling of food waste. The proposed scheme sort or separate collection of waste,
which is a major trend in the reduction of emissions of harmful substances into the environment. The
proposed technology microbial bioconversion of waste into high-quality carbohydrate-protein feed and
feed additives. Also provides a process flow diagram of the extrusion processing of solid food wastes into
animal feed.

The practical significance. Worldwide recycling and disposal of household waste is becoming more
urgent problem. This mainly concerns large densely populated cities, where the annual accumulated
millions of cubic meters of all kinds of garbage. Steaming dumps, piles of discarded rubbish, overflowing
garbage cans — is familiar to many urban residents. It is estimated that every year in the country only
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accumulates solid waste 140 million cubic meters. The developed technology of food waste allows to
minimize the environmental effects from pollution by landfills, translating them from waste into feed
proteins, the proposed scheme of selective collection of waste is to minimize the cost of mechanical
processing of household waste. Problem of literacy such a huge amount of waste, no doubt, can be
classified as environmental; on the other hand, it is most closely associated with solving complex technical
and economic issues.

Objects of research: cannery waste, the wine industry, fruit and vegetable waste, brewery and
distillery industry waste essential oil industry, waste oil and fat industry, waste confectionery and dairy
industries, waste from livestock farms and meat processing industry.

Extrusion - perfect technological process for the production of products with a normalized amount of
proteins, fibers, vitamins corresponding to the indications of your dietician. The ability to control the
composition of the products of proteins, vitamins or minerals plays an important role in the prevention of
many human diseases.

It is extrusion — very progressive method of obtaining high-quality and balanced composition of
foods, the main advantages of which lie in the flexibility of its technological schemes, high performance
and small dimensions of the extruder, the continuity of the process, low production cost.

Extrusion processing of food waste involves obtaining biologically valuable, secure and persistent
storage of food. A necessary condition for achieving this purpose is the thermal treatment of waste, in
which occur the disinfection and dehydration of raw materials. From the correctness of its implementation
depends on the quality of the resulting feed.

Traditionally, the most common hours of heat treatment at elevated pressures in the apparatus of
periodic action, in particular in vacuum boilers (boilers-utilizers Lapsa) dry (no contact with live steam or
water) or wet method. In such boilers raw material is slowly heated to a temperature of 11 8-1 30° C
which kills the majority of bacteria, and sterilized for 30 to 60 minutes at a pressure of 0.3-0.4 MPa. Then
tenderized the mass is dried for several hours under a pressure of 0.05-0.06 MPa at 70-80° C. From heat-
treated wastes get meat, bone, meat, blood, bone, feather meal. It should be noted that recently in EU
countries, sterilization is carried out at a temperature 1 33° C and a pressure of 0.3 MPa for 20 minutes,
excluding the time for the ascent and descent of the steam pressure in the boiler.

We can distinguish the following main shortcomings of traditional technologies:

- the duration of the process of obtaining the finished product (up to 10-1 2 hours);

- hours of heat treatment causes denaturation of 70-75% protein, thereby reducing the nutritional
value of the product (it is poorly absorbed by the bird);

- high intensity: for installations in addition to the electricity needed gas, steam and hot water;

- environmental pollution malodorous and toxic substances (hydrogen sulfide, sulfur dioxide,
mercaptans, etc.);

- the formation of fat-containing waste water, which increases the load on local wastewater treatment
facilities.

The use of continuous-flow lines for disposal of biological wastes reduces the time of manufacture of
the finished product (meat and bone meal) to 1-2 hours and slightly increases its nutritional value.
Continuous-flow lines vary as to heat the raw materials, and temperature regimes. The raw material may
be heated either by direct contact with hot liquid coolant - fat or steam, or by using the conductive method.
The temperature treatment can be both above and below 100 C. However, these lines are also characte-
rized by high energy intensity, environmental imperfection and the additional load on local wastewater
treatment facilities.

To obtain high quality feed product, where maximum stored biological value of raw materials, it is
necessary to minimize the heat treatment. Thus it is desirable to use efficient and environmentally friendly
technologies.

Modern extruders, depending on the nature of the processed material temperature can reach 200° C, a
pressure of 4-5 MPa. At the same time, the negative effects of the treatment are minimized due to its bre-
vity. The processed material in the extruder is not more than 30-90 seconds.

The development of extrusion technology has allowed us to offer new ways of recycling wastes of
food industry, fur farms, pig and poultry breeding. The proposed technology is a dry extrusion method in
which heating of the extruded material occurs due to friction as within it, and the barrel of the extruder.
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The fundamental problem is high humidity waste (85%). For its solution the crushed wastes of animal
origin (including case and confiscated SES) is premixed with vegetable filler. In this way, reduce the
humidity of the mass fed into the extruder, to 28-30 percent. The resulting mixture is subjected to
extrusion processing, getting suitable for feeding pigs and poultry product. As filler can be used for grain,
grain waste, bran, meal. Filler volume 3-5 times more animal waste and is determined by their moisture
content.

With the passage of the mixture through the compression aperture in the barrel of the extruder inside
her rises the temperature over 110 C and the pressure is 40 atmospheres. The passage of the mixture
through the extruder does not exceed 30 seconds, and in the zone of maximum temperature, it is only 5-6
seconds, so the negative effects of the heat treatment is minimized. However during this time the mixture:

- sterilized and disinfected (disease-causing microorganisms, fungi, mold completely destroyed);

- increases in volume (due to rupture of molecular chains of starch and cell walls at the exit of the
extruder);

- homogenized (a process of grinding and mixing of raw materials in the barrel of the extruder
continues, the product becomes completely homogeneous);

- stabilized (is neutralized by the action of enzymes that cause rancidity of the product, such as lipase
and lipoxygenase, inactivated anti-nutritional factors, toxins);

- dehydrated (humidity is reduced by 50-70% of the original).

As a result, the digestibility of the protein reaches 90 percent. Amino acids are becoming more
affordable due to the destruction of molecules in the protein secondary links. The content of available
lysine reaches 88%. At the same time are totally or substantially destroyed anti-nutritional compounds
such as urease, protease inhibitors, and trypsin. Starch gelatinizes that increases its digestibility.

Fats are evenly distributed throughout the mass of the product, forming complex compounds with
starch in a ratio of 1:10, which increases their accessibility. Stability of fats increases as destroy enzymes
that cause oxidation and rancidity, such as lipase and lip oxidase, and lecithin, and Tocopherols, which are
natural stabilizers, retain full activity. The digestibility of dietary fiber increases due to chemical modi-
fication.

The rigidity of the extrusion processing, destroying pathogens, allows to obtain high-quality food,
even if the filler is represented substandard grain products. The sterility of the resulting feed is especially
important when feeding the young, as up to 90% of the livestock are dying due to diseases of the gastro-
intestinal tract or infections listed through the digestive system.

For the first time such technology for processing wastes of poultry and livestock was proposed by
American specialists in 1995 (according to the figurative expression, delivered at one of the seminars, the
Americans are extruded everything I see).

Extrusion technology biological waste disposal developed by Wenger Manufacturing (USA), inclu-
ding preliminary heat treatment of the mixture in the conditioning of the extruder, extruding the steaming
and drying of the extradites. The necessity of operations of steaming and drying increases the cost and com-
plicates the process, since in addition to electricity requires the use of other energy sources (steam and gas).

The company's technology InstaPro (USA) does not require steaming, however, the moisture content
of the resulting extradites exceeds 14-16 percent. Because product storage humidity more than 14.5% is
not allowed, to ensure a sufficiently long shelf life are the extradites optionally dried. For waste disposal
in the meat case of pig and get cheap sterile protein feed Supplement, I suggest the following scheme
(figure 1).

The method allows excluding using special dryers and diverse sources of energy to reduce tempe-
rature effects on the product. As a result it is possible to obtain a product suitable for long-term storage
(6 months) even with considerable humidity of raw materials.

Production line extrusion recycling can be designed to almost any performance. Complete techno-
logical process consists of:

1) shredding;

2) mixing the crushed mass in certain proportions with vegetable filler;

3) extrusion of the mixture;

4) cooling;

5) packing unit.
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Wastes —> Shredding Extender
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A 4
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Coolingandbagging

Figure 1 — Scheme of waste disposal in the meat industry

To the resulting product (protein feed additives) is characterized by:

protein content - between 14 and 20% (depending on the type of processed wastes and vegetable
filler);

- high digestibility (90%);

- exchange energy - 290-31 0 kcal per 100 g;

- bacterial clean - not more than 20 thousand units (at a rate of 500 thousand units);

- humidity - not more than 14%;

- long shelf life - at least 6 months.

The cost of the resulting product is determined mainly by the cost of the filler. In this case the energy
consumption for processing of 1 kg of biological wastes do not exceed 80 tiyn, whereas in the processing
in package boilers - not less than 4 tg.

The use of extrusion technology allows:

- to intensify the production process;

- to reduce energy consumption (excluding electricity for the technological process does not need
other energy sources: gas, steam, hot water);

- reduce labor costs;

- increase the utilization of raw materials;

- to improve the digestibility of foods;

- to reduce microbiological contamination of the products;

- reduce the pollution of the environment (no emissions, effluents and waste secondary).

In conclusion, we should say that the potential income households from the use of feed additives
derived from its own biological waste, can be comparable with the income from the sale of basic food
production.

The main technological machine for the production of extruded products - extruder, which consists of
several main components: the housing, equipped with heating and cooling elements, a working body
(auger, disc, piston),

Arranged in the housing, the core matrix, loading unit of processed product, power drive, system
tasks, and maintaining the temperature and other measuring and control devices.

The most important node of the extruder is the screw special design, which can be collected from the
individual model elements of different configurations. It is the auger determines the modes of material
handling, machine performance and the quality of the finished product.

Currently overseas industry offers a wide range of extrusion machine - from laboratory to high-
performance industrial plants of various designs and modifications to meet the ever-increasing require-
ments to the quality and range of products.
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Analysis of engineering and technology of extrusion of the Western countries allowed to systematize
the most important types of these machines and to classify them according to various criteria that, in our
opinion, best reflects the essence of the extrusion process and is an important auxiliary material in the
design of modern extrusion lines to produce new products.
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Figure 2 — Scheme extrusion processing of food waste into feed: 1 — cylinder; 2 — hopper; 3 — grid with grids

The apparatus operates as follows. Base composite screw is a stud with left-hand thread on which are
mounted: the screw of the first stage (input auger); auger second stage (middle part); auger third stage (the
output part);the heating of the washer.

The main auger is the most critical node of the screw extruder, which determines the performance of
the machine, the processing modes of the mixture and the quality of the finished product. Usually the
screw is single - or double-threaded worm, consisting of several sections, separated by the compression
diaphragms (steam locking or heating washers) that create resistance to movement of the mixture and
facilitate the compression and heating. Auger design provides a gradual increase of pressure and
temperature in the extruder. In some extruders depth of the helical grooves of the worm is reduced to the
output end of the auger to provide additional compaction and increasing pressure and temperature.

Sections of the worm are mounted in removable housings having on the inside longitudinal ribs for
providing movement of the mixture along the axis of the screw. In places the washers all the material
takes part of it is returned through the horizontal grooves back in the feeder and moves them to the exit
again. Through internal recirculation of the product under pressure, its temperature increases and reaches
at the exit of the extruder of considerable magnitude.
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When the output of the extruder finished product "blows up", you lose the humidity, the temperature
falls and swells the stream of extradited. The use of different dies or granulating head allows you to obtain
an extradited in the form of cords (strands) various shapes, or granules of a certain size, which then require
refrigeration.

Transmission of rotation from the main drive shaft precast auger comes with dowels. Precast closed
auger housings consisting of two halves each, and one piece body. The latter is screwed to the bearing
housing press-extruder. Rectangular window in the housing is used for mounting of the tray through which
the mixture flows from the auger dosing in prefabricated housing screw. On the inner surfaces of the
housings is provided with longitudinal grooves for moving the mixture along the axis of the screw. To
reduce wear of buildings in places over the heating washers installed replaceable wearing rings (three
pieces).

At the output section of the screw part is the regulator granulator (depending on the configuration can
be set to normal output or oil separating console), consisting of the nose of the housing, the adjustment
disc (matrix) with a handle, a drive roller with a cutting knife, pressed against the adjusting disc spring.
The rotation of the drive shaft with a knife is passed through the leash and fingers. Seal on drive shaft end,
consisting of a replaceable bronze details: bushing in the nose body ring and a driven roller.

The output of the extradited is affected by the combined openings in the nose housing and the
adjusting disk. Rotate adjustment disc alters the flow area, thereby regulating the temperature and
pressure. The adjusting disc is secured in position by a bolt and is pressed against the nose-body disk. The
thermocouple in the housing serves for measuring the temperature in the pressing zone.

On the screw applies an axial force f, the torque MD and uniformly distributed load g from the own
weight of the worm. The force P and g cause the deflection of the worm. Task strength calculation is to
check the predefined dimensions of the worm and of determining allowable deflection.

A—A
X A7 ~A g \Mup x v
. N I'1T: I g
- I gﬁ T 111} i i <| X
! __IA -_——'———._,__\

| : _
d 12 .P

Figure 3 — Scheme to the calculation of a worm

To determine the design scheme of the worm is checked for flexibility according to the formula:

k-1,
A======120, 1
% ()
where k — coefficient depending on the method of fastening the end portion of the shaft k = 2; L — length
of the worm, m; Ri is the radius of gyration of the cross section, m.

| 4
=7
where J is the moment of inertia of the cross section of the shaft screw, M4; F — cross-sectional area of the

worm, m’;
- O
od
where i = dy/D — the ratio of the diameters of the worm (in the middle of the height of the ridge).

F=¢ 1-#)

J= 11-#|,
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The condition is satisfied.

Technical characteristics of the geometric shape of the channel surrounding the head. Composite
materials based on polyethylene is subject to degradation, therefore, the transition from the cylindrical part
of the extruder to the profile of the product output end of formalizing the head should be smooth.

Head is divided into three conditional, characterized by the geometrical shape of the parts: two parts
of a circular conic section which fades into one another and a circular annular channel of constant cross
section along the length.

The shape factor for round tapered channel section K1:

In D d®
128L( D+ Dd + 4%

where L is the length of the channel, m; D is the largest diameter of the zone head, m; d — the smallest
diameter of the head m.

1=

3-3,14-0,087%-0,05
128-0,115-(0,082° 4 (1082 0L05+ 0,05
The shape factor for round tapered channel section K2:
- ]
3nDd
126L( D°+Dd +d°)

=4,4-107

k1=

=

3-3,14-0,05%- 0,037
ky= ,} 3-,11 005 J,J::‘ — =L95'm_j
128006 (005 +0.05 0.03240.0377)

The shape factor for a channel of circular annular cross-section K3:
2
="t _pt i
*OBLy Y % 23ie|RJEN

where RL is the outer radius portion of the channel of circular annular cross-section, m; RB — the radius of
the inner part of the channel of circular annular cross-section, m; L. — length of the canal zone, m.

-2 g2
R:'S— 14 D Dlﬁi [:I 01_4.' G,E]It' —D,Di_.ﬁﬂ' _
g 0,04 2.3-Ig-(0016/00124)

The total resistance coefficient of placing head:

=48 107 -

1 i |
HOE R
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k= = 82107 A
L v

404 107 13607 458
The performance of the extruder.
Performance is determined based on the length of the forming zone:
po feen
where k is the total resistance coefficient formalizing the head ¢ is a constant forward flow, m’; B is a

constant return flow, m’; y is a constant of the leakage flow, m’; n — frequency of rotation of the worm, s™'.
The calculation of the constant forward flow by the formula:

]
—

- - 1‘5',‘-{?0‘.-?2{1',-[:——'?]'&
i

i

N L

-

whereo is the angle of helix m — the number of starts of the worm , is taken m=1.
Calculation of the angle of inclination of the helix by the formula:

a=aetg =
T
_ 0075 _ oo,
@ mﬁg—}}‘,id-@,ﬂd 17.65
3.44-1-0.082-cos” T7.65-( 0*“?5 0,007) 0,007

p— = —5,05-107 4

The calculation of a constant return flow by the formula:

¥
m | =——eg| cosa sina h

_ m
. 1Z-L ’
where L is the length of the forming zone of the extrusion head L = 0,215 m.
1(232-0,007)-cas!7 65 sin17 650,007 ﬁ
B— —373-107%,7

12-0215 !
The calculation of the constants of the leakage flow by the formula:
1D, & g
' 0.Le
where L is the length of the forming zone of the extrusion head L = 0,215 m.

_3,14%0,08-00017-82f7 65°
: 10-0,215-0,007

=1.67-107% 4

Such a way

) oy 3n=F o e 15 i}
T 1SZT O W0 oy 5,3
182 107 +373-107 +1.67- 0
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when the density of the material p = 950 kg/m’
I,=3600- T p.
I7,=3600-21- 1070 350=7.17 ne! vac

The calculation of the coefficients of viscosity.
The coefficients of viscosity pl and p2 are determined by the value of the velocity gradient within
the channel of the worm and in the gap between the crest of the screw and cylinder of extruder:

l’_a&;,' e mDom-cosa 3124.008.050053 .
— —_— = =1k
II_ lii:l'l" nllﬁﬂ i JE2 0;.'30? ’
|du.| wu, mDy-n-cosa 314.008 05085 19 6071
| 5 | T 3 - T
i ﬂE‘!' lam Jif d [:l,[:l[:ll
Using rheological curve of polyethylene and found gradients of velocities defined on the chart
du
,S«ig:,d«ﬁ-[E. at the proper temperature values ji, and i,

u=80mcof A
py=100xz0 1 28

The pressure in the metering zone of the screw.

The extrusion process is possible if the pressure p in the metering zone of the screw will be more
resistance p of the crosshead or equal to, i.e.

The pressure in the metering zone of the screw.

The extrusion process is possible if the pressure p in the metering zone of the screw will be more
resistance p of the crosshead or equal to, i.e.

pzap

As it follows from depending on performance:
H! THEy
where is dynamic viscosity and resistance factor of the corresponding channel. Therefore, you should:

The pressure drop for the first channel "round tapered":
rﬁ'fi _ I, | 256-201900 o, 1
VA de - PP 304-(0082+0.05F ’

Ap=

FA= Yo, =0, 0% zciad

Trp_21-W05c2 10
A - —-= 2 Y 1,67 10wk ad
gkl 404-10° ’
The pressure drop for the second channel "round tapered":
| ey | 236 I n56.71 107 -
rﬁﬁ; _— £ _ _.56 _.,T TU =03031¢ ];

V@ hgre -l D+AF 3.04-(0.05+0,032F
M2= Pagra, =0,3- 104 woefa’

gy 2110 f05-10¢
Fi%p ] = =

=534 10 k2l a8
TRk 1,26-107

—— 235——



Uzeecmuss Hayuonanvnot akademuu nayk Pecnyonuxu Kazaxcman

The pressure drop for the third round of the ring":

fﬁ" _ 5,58 11, _ 5,58-2.1-107F R
bev b @ (Rt B[Ry Bl 3,14 (0.01640,0124)(0,016=0,0124F T 7
2= feers =0.79- 10" 52/ ad”

He-py 21107 0,79 10 3
A B = : L0 =346 10% kel ad’
¥ 4,8-107

The total pressure loss in making the head:
A p,=467,12+ 534,24+ 3460,94=4462 3kl 2

Thus, the pressure in making the head

a A dam T i 2
edp or pz440l3naim

If the efficiency of the transmission mechanism taken equal to 0.8, then the power of the motor must

be
N_wrst o .
N¢=?=D—,8=1 397 76 Bm
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TAFAM KAJIABIKTAPBIH OHAEYAIH KEIHEHAI TEXHOJIOI'USICBIH KACAY

Annoranms. Kazipri kezeHme TaraMIBIK ©HEPKICIN KOCIIOPBIHIAPHI OPTaHUKAJIBIK KAIIBIKTAPIBIH YIKEH
MeJIIepIeri mbIFy Ke3i Oonbin TaObuTansl. By Kangslkrap eTe Oaranbl a3bIKTHIK ©HIM OOJBIN TaOBLIAABI, Oipakx,
onap Te3 OY3bUIATHIHABIKTAH Y3aK yaKbIT MaiialaHyFa xapamchi3 OOJIBII Kalajbl )KOHE COHBIMEH Karap, KopliaraH
opTara, aTal aiTKaHOa ajgaMra 3WSAHBIH TUTi3eTiH Oosaapl. COHIOBIKTAH, TaFaM OHIIPICIHEH MIBIFATHIH HEI3rl Kaul-
JIBIKTapAbl KalTa eHJiey ayblI-IIapyallbUIblK KeIIeHIHIH a3bIKThIK 0a3aChlH KAMTaMachl3 €Ty YIIIH MaHbI3bl MiHIET
00JIbIN TaOBLIA/BI KOHE KOpIaFaH OPTAHBIH JIACTAHYBIH OoJabipMaiinbl. Taram eHEpKoCiOiHIH HEri3ri KayiabIKTa-
pBIHA KaTaThIHIAP, KOHCEPBLIIK, LIapall )KacalblH ©HEPKACINTEH MIBIFATHIH KAIJBIKTApP, XKEMIC jKOHEe KOKOHIC Kaj-
IBIKTAPBI, €T JKOHE OaNIbIK KAJIBIKTaphl, CYHEK, HaH, CYT OHIMJEpI, ChIpa KaiHaTy oHE CIHPT OHEPKICIOIHIH Kall-
JIBIKTapBbl, 3(Up MalIapblH HIBIFApaTbIH OHEPKACIN KaIAbIFbl, Mall @HEpKACiOiHIH KalJbIKTaphl, KOHIUTEPIIK JKOHE
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CYT ©HEpKOCiOiHIH KalOBIKTaphl, Maj IapyalIbUIBIFEIMEH aifHaJIBICATHIH (QepManapblH JKOHE €T OHISHTIH cama-
JAp/IbIH KAJABIKTAPbI KATa/Ibl.

Taram eHpipiciHmeri Oy aUTBUIFaH KaJABIKTap, €KIHIII MaTepUANIBIK PecypcTap peTiHIe KapacTBIPBLIAIEI,
ce0e0i, oyap/IbIH KypaMbIH/a aKybI3IbIK )KOHE MUHEPANJIBIK 32TTap, KOMIpCyJiap jKoHe A9pyMeHaep Ooaibl.

Xorapbiia aiiteuiFangapaan 0acka, Oy qUCCePTALMSUIBIK KYMBICTBIH 6T€ ©3€KTI MACelieci, TAKbIPHIObI, TaFaM-
JIBIK KJIZBIKTAP/IbI TaiijIaFa achlpy TEXHOJIOTHSICHIH XKacayFa apHasabl.

Ochl yakpITKa JIeiiH OYJT KaJAbIKTapAbl Naiiara acelpy Oi3/iH eniMi3ae skoHe aTan aiTkaHaa I[lpiMkeHTTe Ko
0oJ1a KOWFaH KOK, OJapAarbl 0acTamKel IIUKI3aT KypaMbiHaa 25% AeiiH KOPEKTiK 3aTTapiAblH OOJIaThIHBIHA Kapa-
MacTaH OFaH Ha3ap ayAapbuiMaid Keini, OyJ1 »KarJaiiiaap, TaramJblK KaJAbIKTapbl a3bIKTHIK OHIMJIEpre Kaita eH-
JEYIIH pPecypCThIK KOpIAFbl TEXHOJOTHSCHIH JKacayAblH ©3CKTUITiH KepCeTim OTHIp. Bysl cekinmi TeXHOIOoThs
KOpIIaraH OpTaHbl KOPFay (bl KAMTAMAaChI3 €Ty YIIiH KAJJBIKChI3 OOIYHI THIC.

Tyin ce3aep: SKCTPY3USIIBIK OHJIEY, KOMIIOCTEPJIEY, MUKPOOHOJIOTHSIIBIK OMOKOHBEPCHIO, KaiiTa eHIey, MOJH-
TOH, KOMY.
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PA3PABOTKA KOMILJIEKCHOM NEPEPABOTKH IUIIEBBIX OTXOJ10B

AnHoranus. Ha coBpeMeHHOM 3Tare MpeanpusaTHs MHIICBON MPOMBIIUICHHOCTH SIBIISIOTCS MCTOYHUKU 3HA-
YUTEIHHOTO KOJIMYECTBA OTXOA0B OPTaHUUECKOTO MTPOUCXOKACHUSA. DTH OTXOMIBI SIBJISTIOTCS IIEHHBIM KOPMOBBIM TIPO-
JIyKTOM, OJTHaKO, OBICTPO pa3iarasich, OHH CTAaHOBATCS HENPUTOIHBIMH JJIS JTAIbHEHIIIEro NCIoap30BaHus 1, Oosee
TOT0, HAHOCSIT BPE/l OKPY’KaIOIIEeH cpezie B 00IIeM U 4enoBeKy B yacTHOCTH. [loaToMy mepepaboTka OCHOBHBIX OTXO-
JIOB TMHUIIIEBOTO MPOU3BOCTBA ABJISICTCS BAXKHOW 3ajaucii [yt o0ecreueHuss KOPMOBOU 0a3bl CETbCKOXO03SIHCTBEHHOTO
KOMILJIEKCa ¥ MPEeAO0TBPAIleHUs 3arpsi3HEHUST OKpYykKarolen cpeibl. OCHOBHBIMU OTXOJIaM{ MUIIEBON MPOMBIIIICH-
HOCTHU SABJIAKOTCA OTXOJbI KOHcepBHOﬁ, BHHO[leHL‘IeCKOﬁ MMPOMBINIICHHOCTH, (l)pyKTOBbIe " OBOIIHBIC OTXOJbI, MsC-
HBIC ¥ PBIOHBIC OTXOJbBI, KOCTH, XJe¢0, MOJIIOYHBIC MPOIAYKTHI, OTXOABI MHBOBAPEHHON M CIIUPTOBOW MPOMEIILICH-
HOCTH, OTXOJbI 3()UPHO-MACINIHON MPOMBIIIIICHHOCTH, OTXOJBI MACJIO- KHPOBOI MPOMBIIIICHHOCTH, OTXOJIbI KOH-
TUTEPCKOW W MOJOYHOM IMPOMBINUICHHOCTH, OTXOABl JKHBOTHOBOJUYECKHMX (epM U MscomepepabdaThIBaroIei
oTpaciy.

[lepeuncnennbie OTXOIBI MUAMIEBHIX MPOU3BOACTB MOTYT paCCMaTPHUBATHCS KaK BTOPUYHBIC MaTEpUATBHEIE pe-
cypcsl (BMP), Tak kak B HUX comepikaTcs OSIIKOBBIe U MUHEPAIBHEIE BEIIECTBA, YTIEBOABI 1 BUTAMUHBL.

Hcxonst 3 BEIMIECKAa3aHHOTO, YPE3BBIYANHO aKTyaJIbHON HpPEACTaBISIETCS TeMa JaHHOW TUIIOMHOW paboTHI,
MTOCBSIIEHHOM pa3paboTKe TEXHONIOTUH YTHINU3AIIH TUIIEBBIX OTXOIOB.

Jlo Hacrosiiero BpeMeH:u 00beMbl YTHIM3AIMU 3TUX OTXOAOB B HAIlICH CTpaHe W, B 4acTHOCTH, B IlIpiMKeHTe,
6I)IJ'II/I HCBCJIMKHU, HECMOTPS Ha TO, YTO B HUX COACPIKUTCA 0 25 % nuTaTeabHBIX BEIICCTB UCXOAHOI'O CbIPbA, YTO
OMATh JK€ TMOATBEPKAAET aKTyaJbHOCTh Pa3pabOTKU TEXHOJOTHH pecypcocOeperaromieil nmepepaboTKy MHIIEBBIX
OTXOJIOB B KOPMOBBIC MPOMYKTHI. Takas TEXHOJOTIHS OJDKHA OBITh MAJOOTXOJHOW Ui OOECHCUCHHS OXpPaHBI
OKpY>Karouieil cpeapl.

KiroueBble €i10Ba: DKCTPY3HOHHAS IMepepadoTKa, KOMIIOCTUPOBAHHUE, MHUKPOOUOIOTHYECKAsT OMOKOHBEPCHS,
YTHIIU3AIHH, CBAIIKY, 3aXOPOHCHHE.

— 237 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 5, Number 425 (2017), 238 — 243

UDC 625. 861; 666.973.2.00.2

K. T. Zhantasov, K. S. Dosaliev, V. N. Bosak, Sh. Shapalov, K. S. Baybolov,
Zh. A. Usenkulov, Y. B. Kunanbayeva, A. S. Naukenova, A. Tulenov

M. Auezov South Kazakhstan state university, Shymkent, Kazakhstan.
E-mail: dosaliev_k@mail.ru

MATERIALS OF BOX-TYPEPAVEMENT

Abstract. The development of the automotive industry require modern approaches to construction of pave-
ments and highways coatings.

The data for use as the raw building materials are not scarce and cheap phosphorus waste production and coal
production that preserve the landscape surrounding environment and improve the environmental situation of in-
dustrial enterprises and some of the regions as a whole. A part of the raw materials for the manufacture of pavement
box type, used in the construction of highway coverage, with the aim of improving the properties of the roadway and
stabilize the moisture balance in it.Given a brief description of waste facilities used in the laying of the pavement.
Experimental studies using as ingredients pavement box-type, consisting of a thin-walled lean concrete with slag
phosphorus production ground to a class of less than 2 mm, as well as in the manufacture of underlayment internal
overburden coal mining industry and phosphogypsum forming in the preparation of the extraction of phosphoric acid
from phosphate materials.In pavement placement technologythe mixture ispreparedin advance from the raw
materials, which is thoroughly mixed, and then laid on the roadbed of the future highway. This design of box-type
pavement ismade of lean concrete laid, which is subjected to hardening and drying under natural climatic conditions.

Calculations revealed that the total savings in material and labor costs for the construction of the pavement over
the existing types of pavements may be up to 30%.

Keywords: construction, civil engineering, highway engineering, pavement, pavement, building, highway, road
construction machinery, road surface, charge.

Introduction. Nowadays, in the age of technological progress, increased cargo volume and road
transport vehicles, which often leads to the destruction of the roadway. Therefore, pavement modern
highways needs to be durable and safe in operation and safe for human activity.

The basic condition for reliable operation of the roadbed and pavement is the stability of the soil,
depending on its density, so the saturation of the subgrade moisture - an extremely dangerous pheno-
menon, which leads to a decrease in the stability and the bearing capacity of the ground elements of the
road [1].

The degree of strength and stability of the roadbed and pavement elements in different climatic zones
under various environmental conditions, it can characterize the water-temperature conditions and changes
in temperature and humidity of time at different points of the road subgrade [2]. If these changes are
within the limits for which the subgrade loses its strength and stability necessary to construct buildings
that protect it from waterlogging and sudden temperature changes.

In the following periods can be characterized by the annual cycle of changes in the water regime of
the subgrade:

- The initial accumulation of moisture in the fall, as a result of infiltration of atmospheric precipi-
tation;

- Freezing of the roadbed and winter moisture redistribution;

- Thawing of the subgrade soil waterlogging and spring;

- Saving moisture removal and drying of the roadbed.
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On roadbed humidity also affect terrain, vegetation, wind and other natural factors and features of
climatic regions.

The methods and techniques that will improve the bearing capacity of subgrade soil, is widely known
throughout the world and in the Republic of Kazakhstan [3-8].

Analysis of thermal sources shows that the most dangerous type of deformation of subgrade is a loss
of stability of all parts of the road structure due to moisture, since moisture leads to the loss of stability
and their implementation is fast enough, resulting in failure of the entire distillation section.

For example, when the road device strengthen weak soils binders, such as cement, lime, bitumen and
others., Using industrial wastes as the ash and slag, oil sludge, secondarily processed construction mate-
rials as concrete, limestone and waste etc. [9-13].

There are a number of technological solutions [3-4], which require their improvement and use of
cheaper materials that do not violate the surrounding landscape of the environment and ecological
situation in the areas of production: Ingredients used in the construction of the foundations of the roadway.

For example, the known pavement with prefabricated flat reinforced concrete plates with a thickness
of 18 to 24 cm [12]. Due to collecting, not require expensive facilities for their construction, and because
of their small size, thermal deformations occur to a small extent. However, the shortcomings of the road
construction can be attributed to their weak pairing underlying layers, thereby possibly uneven defor-
mation in the longitudinal and transverse directions.

In addition, proposed pavements consisting of coatings with the use of concrete plates and the under-
lying layers comprising a bottom and side walls defining a box of thin layer of concrete-filled layers of
sandy loam or silt and sand, with plates coated with a lower surface of the pointed cone-shaped elements
[12]. Disadvantages include increased consumption of special cement binder and the availability of soil
moisture, which leads him to a longitudinal shift of the underlying layer, and the complexity of the comp-
lexity of the lay-up of sandy loam and loam, and the absence at the base cracks interrupt layers of granular
materials.

The purpose of research is to develop a more reliable, durable and safe in operation pavement
structure.

Methods. To solve this problem the pavement of roads consisting of a coating with the use of rein-
forced concrete plates that form the box side walls and a bottom, as well as the underlying layer, regula-
ting water and thermal regime. The side walls and the bottom are made of thin-walled lean concrete, con-
taining a certain amount of finely ground slag phosphorus production ground to a class of less than 2 mm,
whose chemical composition is shown in Table 1. Underlying layer of sandy loam or loam contains minor
amounts of domestic coal mining overburden (GDP) and phosphogypsum waste-phosphate production.
The chemical composition of GDP and phosphogypsum used in experimental research is shown in Tab-
les 2 and 3, respectively.

Table 1 — Chemical composition of phosphorus slag production

# Content Indicators, mass %
1 P, O;s 1,5
2 SiO, 38,0
3 Fe, O; 1,0
4 Al;, O; 2,3
5 CaO+MgO 43,0
6 CaF, 2,7
9 Moisture 5,2
10 Other 6,3
Table 2 — Chemical composition of internal overburden
ol The content of components, %
Field Na,O K,O Cr,04 Fe,0; Al O; SiO, CaO MgO Ccp MnO
Lenger 0,5 0,5 0,1 9,3 8,3 49,9 1,8 1,8 28 0,1-0,6
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Table 3 — Composition phosphogypsum plant fertilizer LLP "Kazphosphate"

# Thecontentofcomponents indicators, mass %
1 P, Os 0,7

2 MgO absent

3 N,O 0,4

4 ALO; 0,1

5 F 0,1

6 Insolubleresidue 19,7

7 Fey)05 0,1

8 CaO 31,8

9 SO, 47,1

The optimal values of the content of ingredients of the raw materials used to create base layers, due to
the fact that when the content of domestic waste rock and phosphogypsum less than the minimum or more
than the optimum value is not observed a significant increase in its reliability and the increased moisture
content of the material, which could lead to a shift in the underlying layer in the longitudinal and trans-
verse directions, leading to the formation of potholes and grooves of the roadway.

When the content of lean concrete, used to create the side walls of the box and pavement bottom
ingredients less than 10 %, a significant effect of reducing the flow of material resources is not observed,
and when exceeding 20% by weight of phosphorus slag composed lean concrete reduces the strength of
the walls characteristics flash design box of lean concrete, due to the possible presence of phosphorus in
the slag and molten rounded particle size of less than 2 mm.

The figure 1 shows a cross-sectional view of the pavement of the proposed box type, and figure 2 -
reinforced concrete plate with the bottom surface of the pointed elements.

The proposed pavement box type, below in figures 1 and 2 comprises a bottom 1 and side walls 2 of
the box, made of lean concrete thin-layer, composed of ground phosphorous slag is introduced.

0,6-0,7 m

Figure 2 — Reinforced concrete plate with a bottom surface of the pointed cone-shaped elements
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On the bottom are stacked two layers of soil - sandy loam or loam mixed with internal overburden
and phosphogypsum 3 and 4 sand, and then laid concrete plates 5, the lower surface of which is made in
the form of a pointed cone-shaped elements. The upper surface is covered with plates cushioning layer of
asphalt concrete 6.

Introduction of finely ground slag phosphorus production is carried out at the mixing stage, the raw
materials for the preparation of lean concrete and laying pavement box configuration. After the imple-
mentation of these works fit underlayment mixture and loam, containing in its composition of waste coal
(internal overburden) and phosphorus production (electro thermal phosphoric slag) in predetermined
amounts.

In practice electro thermal phosphoric slag is obtained in two ways, depending on the process design
of production:

- granulation fiery molten slag into the water stream in the liquid-solid ratio 20:1;

- cooling flaming molten slag into the pits to obtain the solid material, it requires crushing to a par-
ticle size less than 10-15 mm when receiving flitnstone and which can serve as an element of a pointed
lower pavement layer.

Used in the manufacture of pavement phosphorous slag technology must be crushed, and comply
with the requirements of ST RK 935-92 "granulated slag" and contain SiO2 - not less than 38 and CaO +
MgO at least 43%. Milling electro thermal phosphoric granulated slag due to the fact that they are spliced
rounded shape, which reduces the effect of coupling binder cement material. This reduces the load bearing
capacity of the box walls pavement thin layer of lean concrete, which should correspond to the thickness
of 15-20 mm.

Results and discussion. When creating a pavement design box type box made of lean concrete laid,
which is subjected to hardening and drying under natural climatic conditions.

On the pavement laying technology previously preparing a mixture of raw material containing a
certain amount of coal waste phosphogypsum - the cost of production of phosphorus, sandy loam and
loam, which is thoroughly mixed, and then laid on the roadbed of the future highway.

The optimum composition of lean concrete, 100 kg of mixture introduced in the specified amounts:
cement, ground slag electro thermal phosphoric (phosphorus slag production) based filler sand and gravel,
which was stirred in the presence of water.

As may be used crushed gravel phosphorus slag obtained by cooling sumps. The resulting mixture is
thoroughly mixed and put into the formwork of the side walls of the pavement. On top of the concrete
plate is laid a base layer of asphalt concrete.

Compared with known pavement with prefabricated flat reinforced concrete slabs with a thickness of
18 to 24 cm, this construction of the road reduces the cost of the current, average and major repairs of
roads, increasing its reliability, durability and safety are improved traffic conditions and livelihoods of
people.

Conclusions.

1. It is proposed to use in the optimum composition of the underlying layer of loam, sandy loam,
internal overburden, crushed slag, phosphorus, gravel and phosphogypsum.

2. The proposed pavement design prevents the occurrence of local deformations of the pavement of
the road in the vertical and horizontal directions from the action of loads, since together with the upper
layer of shock-absorbing asphalt turns into a single massive structure rigid.

3. Due to the absorption of atmospheric precipitation decreases the cost of the current, average and
major repairs of roads, at the same time increases its reliability, durability, conditions for road safety and
livelihoods of people.

4. Calculations revealed that the total saving sinmaterial and laborcosts compared to existing types of
pavements may be up to 30%.

5. The introduction of the pavement of phosphogypsumandslag phosphorus production, and coal was
tepermit releasel and sand reduce the consumption of natural gravel, maintaining the landscape.
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K. T. ZKanTacos, K. C. locanues, B. H. Bocak, I11. K. lananxos, K. C. Baiioo.ioB,
K. A. YcenkyJos, S1. b. Kynan6aesa, A. C. HaykenoBa, A. TyJieHoB

IOxno0 Kazaxcranckuii rocynapcTBeHHBIN yHUBepcuTeT M. M. Aya3oBa, [lIsimkenT, Kazaxcran
MATEPHAJIBI JOPOKHOM OJEX/IbI KOPOBUATOI'O TUIIA

AnHoTanusi. B pabore npuBeieHb! CBEeJCHUS 110 MPUMEHEHUIO B KAUECTBE IIMXTOBBIX CTPOUTENBHBIX MaTepua-
J0B 0TX0A0B (hochopHOro Mpou3BOACTBA M YIIIENOOBIYM, KOTOPBIE IO3BOJIAIOT YIY4YIIUTh JKOJIOIMYECKYI0 00CTa-
HOBKY PETHOHOB, TJI€ PacIIOJIOKEHB! IPOMBIIICHHBIE TpeAnpusTUs. [IpennokeH cocTaB IIMXTOBBIX MaTepHaIoB A
W3rOTOBJICHHS IOPOXKHOW OEXKIIBI KOPOOYATOro THIA, IPUMEHSIEMOTO IPHU CTPOUTENILCTBE MOKPHITUS aBTOMOOMIIb-
HOH TpPacchl, KOTOPHIA IO3BOJSIET YJYYIINTH CBOWCTBA JOPOXHOTO IIOJIOTHA M CTaOMIM3UPOBATH BIAYXKHOCTHOM
Oananc. JlaHbl KpaTKue XapaKkTepHCTHUKH OTXOJIOB IIPOM3BOJICTB NMPHUMEHSEMBIX NPH YKJIAIKE JOPOXKHOW OIENHIIBI.
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[IpoBeneHs! HcceOBaHUS IO MPUMEHEHHIO IIaka (ocGopHOTO MPOU3BOACTBA M3MENBYCHHOTO JI0 KJIacca MEHee
2 MM B Ka4eCTBE WHTPEIUCHTOB JOPOKHOM OMEKIBI KOPOOUATOTO THMA, COCTOAIINX W3 TOHKOCTEHHOTO TOIIETO Oe-
ToHA. [IpH TEXHOIOTUH YKIAKH TOPOKHOTO ITOKPHITHS MPEIBAPUTEIFHO TOTOBUTCS CMECh U3 MCXOIHBIX MaTepua-
JIOB, KOTOPAsi TIIATENILHO TIEPEMEIINBACTCS, & 3aTeM YKIIAIbIBAETCSl Ha 3EMIITHOE MOJIOTHO OyyIieil aBTOMOOHIIbHOM
noporu. Pacderamu ycTaHOBJICHO, YTO O0IIIasi 3KOHOMHUS MaTEPHAIBHBIX U TPYIOBBIX 3aTPaT 110 BO3BEICHHUIO TaHHON
JTIOPOYKHOM OZEKABI IT0 CPABHEHHUIO C CYIIECTBYIOIIMMHU THIIAMH JOPOXKHBIX OJEK] MOXKET COCTaBIATH 10 30%.

KioueBble ciioBa: CTPOUTENHCTBO, TPAKIAHCKOE CTPOUTEIBCTBO, JOPOKHOE CTPOUTEIHCTBO, IOPOKHAS
0JIeKIa, CTPOUTENBCTBO, I10CCE, JOPOKHO-CTPOUTENbHAS TEXHUKA, TOPOKHOE MOJIOTHO, IINXTA

K. T. ZKanTacos, K. C. locanues, B. H. bocak, I11. K. lananxos, K. C. BaiiooJioB,
K. A. YcenkyJos, SI. b. Kynan0aesa, A. C. HaykenoBa, A. TyJieHoB

M. ©ya308B ateiHAareiOHTYCTIKKa3aKcTan MemiiekeTTik yHIBepcuteTsl LlIsvkenT, Kasakcran
KOPAIIIIA TYPIHJETI'T ’)KOJI TOCEHIIIIHIH MATEPUAJIIAPBI

AnHoTanus. JKyMbICTa HMIMXTaIBIKYPBUIBIC MaTepuaigapsl peTiHae, GochopeHmipICiHIH KaIIBIKTaphl JKOHE
OHEPKACIN OPBIHIAPHI OpHAJIACKaHAHMAaKTapaa dKOJOTHSIIBIK axXyaljbl KakcapTyFa MYMKIHIIK OEpeTiH KeMip OJi-
JKaChIH KOJIZIaHY JKOHIHAeri MamiMerTep kentipiareH. JKoi TeceMiHIH KaCHETTEPiH JKaKCApTAThIH JKOHE BLIFAJI/IbI-
JBIKTHl PETTEN TYPAaTHIHABTOMOOWJIB KOJIBIH cally Ke3iHJe KOJIJaHBUIATBIHKOpAIIa TYPIHAET1 O TOCCHIIiH
JAABIHIAY IAFbl [IIMXTAIbl MaTepUAIAPABIH KypaMbl KeNTipiireH.Makamnasa, )KoJ ToCeMiHe KOJIaHbUIATHIH OHIIPIC
KaJIBIKTapblHA KBICKalIa cumarrama Oepinai.)Kyka KaObIpransl OCTOHHAH TYpaThIH KOpamiia TYPIHIETiKON Tece-
MiHIH HHTpeIHEHTTEpi peTiHme, 2 MM [IeiiH Maiinamasran Gocdop eHIipiciHIH MIIarsiHA3epTTeyIep >KYpri3iimi.
JKon TecemiH Tecey TEXHOJOTHACHIH/A, OACTANKbIMATEPUAAAPIAH HKAKCHUIAN apaNacThIPbUIFaH, TOIBIPAK YCTiHE
Tecey YIIiH, KeJleMeK aBTOMOOMIIb JKOJIBIHA TOCENIETIH KOCTa JalbIHIaNaabl. THIITIK KOJ TOCEHIIIIMEH CaIbICThIP-
FaHJa OepLIreH koJI TOCEHIll, MaTepUANIIbIK JKoHEe eHOCK MIbIFbIHIapbiH 30% yHeMIeni.

Tyiiin ce3mep: KypbUIbIC, a3aMaTThIK KYPBUIBIC, )KOJI KYPBUIBICHI, )KOJI TOCEHIILI, TAC JKOJIbI, KOJI- KYPbUIBICTHIK
TEXHHKa, )KOJI TOCEMI, IIUXTA.
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MAIN PROPERTIES OF ZEOLITES
AND THEIR MULTIPURPOSE APPLICATION

Abstract. The study of the geological system of zeolite deposits in recent years in developed countries is beco-
ming more profound, since zeolites are significant in a broad sense mineral objects. The scientific research in this
field is carried out in many countries of the world, especially in European countries. Over the past century, the use of
zeolites has been expanding more and more. This is explained by the valuable mineral composition and various
chemical properties of zeolites. When carrying out geological studies on this project, zeolite deposits Birlik, Kainar-
bulak, Kainar will be thoroughly studied and the original origin in all areas of geology is revealed. In addition,
laboratory work will be carried out with the appropriate kinds of analyzes required for studying the composition and
properties of zeolites.

Key words: zeolite, minerals, geological system, chemical properties, purification, fertility.

After the discovery of catalytic properties of zeolites in the late 50's, intensive studies of their
structure, properties and methods of production began. In nature, zeolites are formed as a result of
hydrothermal synthesis. Effective ways of enriching the rocks do not exist, therefore in practice only rich
deposits of zeolites are used.

Natural zeolites refer to the first group of natural materials on thermo-and acid-fastness (i.e. highly
resistant). Zeolites have good regenerative abilities, withstand high temperatures (up to 600 ° C), are
resistant to aggressive environment without visible traces of destruction. Zeolites are not toxic, no
mutagenic actions have been detected, and the use of zeolites has no limitations in all areas of the
economy.

Chemical composition of zeolite: (Na, K2) O-Al,0;-10Si0,-8H,0. The total cationic capacity is
87 mg-equ/100 g of rock, the ion exchange capacity is 2.5 mg-equ/g. There is an adsorption capacity for
H,O (water), methanol, CO, (carbon dioxide), O, (oxygen), SO, (sulphurous gas), H,S (hydrogen sulfide),
NH; (ammonia), N2 (nitrogen), large organic molecules (table 1).

Table 1 — Chemical composition of zeolite

SiO 69,0-74,0 % CaO 1,7-3,3 %
TiO 0,08-0,16 % MgO 0,4-1,7 %
Al203 11,4-14,0 % K,0 4,0-5,5%
Fe203 0,60-1,8 % Na,O 0,4-0,9 %
MnO 0,02-0,05 H20 10 10 %

On an industrial scale, synthetic zeolites are mainly used. Although more than 30 natural zeolites are
known, only 8 of them (analcime, chabasite, clinoptilolite, erionite, ferrierite, lomontite, mordenite and
phillipsite), found mainly in sedimentary rocks, can be of industrial importance. Difficulties are associated
with exploration, study and development of deposits [1]. In general, the world wide potential supply of
zeolites suitable for use is sufficiently large (Figure 1).
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Figure 1 — Application of zeolites in various industries

The level of modern industrial production of synthetic zeolites reaches several hundred thousand tons
per year and is mainly determined by the needs of the petrochemical industry, where synthetic zeolites of
some structural types find wide application as catalysts or their carriers. Also zeolites are widely used for
drying, cleaning and separation of substances, as well as ion exchangers. The effectiveness of using Zeo-
lite perfectly aerates the soil, promotes the development of the root system, the growth of the entire plant;
keeps in the root zone a sufficient amount of water — 40-70% of its weight, works as a storage tank for
fertilizers - nitrate, phosphates, potassium, nutrients, the most important components for plant health and
its growth. Zeolite captures fertilizers in its branched structure, until the roots of the plants find them.
Nitrogen, detained in Zeolite, is insoluble in water and is not washed out by rain for a long period of time.
Zeolite saves fertilizer. Less fertilizers, especially nitrogen, fertilizers are washed into groundwater. It
increases fertilization by 20-40%. Without the use of Zeolite, about 35% of the nitrogen is washed out of
the root zone and enters groundwater and pollutes it with nitrates and nitrites.

The use of Zeolite can give positive results in almost all types of soil and according to some data it
can increase the yield of many crops - potatoes, barley, winter wheat, clover, maize, etc. by 10-30%. After
the application of Zeolite, increased yields can be observed for 3- 4 years and more. According to some
researchers, even after 7 years from the introduction of zeolite into the soil, its adsorption and cation-
exchange functions did not change. In plant cultivation, Zeolite is extremely useful because of the stimu-
lation of crop yields. When zeolite is introduced into substrates in organic mineral mixtures of the earth,
the quality of the soil will improve by the majority of its parameters.

The results of numerous studies conducted in more than 20 scientific and research institutions in
Ukraine show that the introduction of 4-10 tons / ha of zeolite fraction of 0-1 mm against a background of
full mineral and organic fertilizer provides an increase in the yield of the main agricultural crops, reduces
the consumption of nitrogen fertilizers (Table 2). Due to adsorption of gaseous and water-soluble nitrogen
compounds, the coefficient of their use increases by 20-25%. Simultaneously, when zeolite is introduced
in the calcareous soils, the content of exchangeable potassium increases by 20-45%.
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Table 2 — Efficacy of using zeolites as a fertilizer

Efficiency of application
Crop Dose t/ha — —
Yield increase Other indicators
Cereal crops The duration of the action is 4-5 years, the improvement
wheat 4-10 10% of the nitrogen nutrition regime, the reduction of heavy metals,
barley 20% radionuclides.
Potato 4-10 3% Decrease.m the content of n1.tr'ates, heayy metals, radionuclides,
decrease in nitrogen washability by 5 times.

The effective use of zeolite in the feed of agricultural poultry was unmatched. The use of natural
zeolites in poultry farming began with the replacement of gravel chips, traditionally used in poultry
feeding as a physiological and mechanical factor. However, as it turned out, zeolite crumb helps to
accelerate the growth rate of broiler chickens in comparison with ordinary gravel. Now a lot of experience
has been acquired on the use of zeolites in poultry feeding, as evidenced by a number of methodological
and practical recommendations. In the wild nature (established on the basis of research and observations),
chicken (grouse, hazel grouse), inhabiting the area of zeolite deposits, gastroliths prefer this mineral in
selection. In addition to mechanical functions, gastroliths also participate in the chemical processes of
digestion.

On the basis of available data, it can be said that the use of zeolite additives in feeding all types of
agricultural poultry, in amounts of 3 to 6% of the composition of feed increases the body weight, reduces
the cost of feed, protein and exchange energy per 1 kg of growth by 3-19%, and in adult poultry increases
the incubatory quality of eggs and the strength of the shell (Table 3). As in ruminants and other animal
species, the chemical composition of the carcass meat of the control and experimental groups was
practically the same.

Table 3 — Change in live weight of experimental chickens

Groups At the Dbeginning of the experiment After 7 days At the end of the experiment
Average weight of Average weight of Average weight of]
one chicken one chicken one chicken|

year /% year/ % year /%

I 553,7 /100,0 681,3 /123,0 795,6 /147,7

I 540,7 /100,0 6723 /124,0 778,0 /143,0)

1 559,7 /100,0 684,3 /126,6 796,0 /143,0

v 556,5 /100,0 680,7 /122,3 789,3 /141,2

In addition to the use of zeolites as a mineral additive in rations of farm animals and poultry, as well
as the use in the production of mixed fodders and premixes, the use of natural zeolites as a mineral
hygienic litter and deodorant for livestock and poultry houses is highly effective.

Natural Zeolite eliminates unpleasant odor due to enhanced adsorption and the ability to ion
exchange. In addition, Zeolite adsorbs water well and is used as an excellent desiccant.

When applying Zeolite on the floor of poultry houses in the amount of 150-200 g per m?, the
unpleasant odor disappears within 15 minutes. The systematic application of this amount of Zeolite with
an interval of 2-3 days is sufficient for almost complete deodorization of air.

Adding 200 g of Zeolite to 1 kg of chicken manure completely destroys the unpleasant odor, while
the time that is required to reduce the humidity of the litter to 25% when dried in the sun is reduced to two
days, whereas without zeolite, it takes 4 days.

The use of Zeolite provides a litter with a large content of fine particles, which increases its value
when used as fertilizer.

At the same time, zeolites themselves are interesting objects for scientific research: they are porous
bodies characterized by a specific skeleton structure and regular pore geometry (intracrystalline cavities
and channels). An important feature of zeolites is the possibility of varying the chemical composition of
crystals and the geometric parameters (shapes and sizes) of intracrystalline pores, i.e., the possibility of
their structural and chemical modification, which can be carried out either by varying the conditions for
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direct zeolite synthesis, or by changing the chemical composition of zeolite crystals of one and the same
structural type. Due to the comparative ease of chemical modification of zeolites, there are ample oppor-
tunities for implementing controlled changes in the structure and properties of crystals. This circumstance
makes zeolites very convenient objects for studying adsorption equilibria, the nature of adsorption
interactions, the mechanism and kinetics of catalytic reactions, molecular sieve effects and diffusion of
molecules in thin pores of controlled sizes.

When considering the chemical and catalytic properties of zeolites, a phenomenological description is
often enough, but one can really understand these phenomena only by studying in detail the crystalline
structure of zeolites.

Due to the complexity of the physical properties of the zeolites, it is difficult to give an accurate
definition. Therefore,one of the authors [2] suggests to call zeolites as "aluminosilicates with a framework
structure in which there are cavities occupied by large ions and water molecules, both of which are
characterized by considerable mobility, which provides the possibility of ion exchange and reversible
dehydration." The frame structure is constructed from tetrahedrons connected by peaks, in which small
atoms (called as T-atoms) lie in the centers of tetrahedra while oxygen atoms at their vertices. The
positions of T in natural zeolites are predominantly occupied by Al and Si atoms, but in synthetic zeolites
they can be replaced by Ga, Ge, and P atoms close in nature. The role of large ions in the cavities of
natural zeolites is performed by single- and double-charged cations as Na, Ca, K, Mg and Ba, the content
of which depends on the geochemical composition of the mineral formation environment and the
distribution of elements between the crystallizing minerals. Under laboratory conditions, a wide range of
other cations can be introduced into the zeolite by ion exchange or direct synthesis. The general formula
for zeolite is MpDq [Alp + 2qSirO2p + 4q + 2r] ChsH,O. Since each vertex belongs to two tetrahedra, the
oxygen atoms in the framework must be twice as large as the T-atoms. For the charge to be compensated,
the number of triple-charged Al ions should be equal to the sum of p (the number of singly charged
cations) and 2q (twice number of doubly charged cathionions).

In addition, A. S. Shakora was engaged in studies of the properties of cement-zeolitic, ash-zeolitic
and cement-ash-zeolite compositions for use in mortars, heavy and light concretes, non-autoclaved cellular
aerated concrete, and overburden zeolitic rocks in the production of ceramic products. In his experimental
work, the rocks were crushed in a ball mill to the fineness of grinding, characterized by a residue on a No.
008 sieve in an amount of 15 ... 20%. Then, compositions were made with the addition of zeolites from 10
to 40; (on the weight of cement and cement-ash binder) with a gradation of 5%.

As a result, it has been found that the addition of zeolite additives of 10 ... 15% makes it possible to
reduce cement consumption and use an astringent optimum ratio in mortars and heavy concretes of class
B15 ... B10 [3-4]. Samples were made from non-autoclaved aerated concrete of grades D500 ... D700, in
which the siliceous component was completely replaced by ground zeolite-containing tuff, and cement-ash
and cement-ash-zeolite compositions were used as a binder.

From overburden zeolite-containing rocks, a brick of grade 150 and expanded clay gravel with a bulk
density of 400-600 kg/m® was obtained.
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HNEOJIMTTEPAIH HET'T3I'T KACUETTEPI MEH
OJIAPJBIH OPTYPJII CAJIAJIA KOJIJAHBLTYbI

AnHoTanust. LIeonnTTI KEHOPBIHAPHIHBIH TEOJIOTHSIIBIK KYHECIH 3ePTTey COHFBI KbULAAPbI IaMbIFaH eIIep/e
TepeHICTIIN 3epAeneyne, cedbedi eonnTTep KeH MaFrblHaIa aca MaHBI3Ibl MUHEPAIIbl HBICAHAp OOJIBIN TaOBIIabL.
Byn canana opbplHAANATHIH FBUIBIMHU 3€pPTTEYJIep ojieM OOMWBIHINA KONTEreH eJJIepJe OpPBIH ajbIll KATBIP, dcipece
Eypomna memnexerrepinme. COHFbI JKY3KbUIIBIKTA ICONUTTEPAl MaiifanaHy cananapbl KeHiHeH Tapaiyaa. byn
JKaraal [EOMUTTEPiH Oaraasl MUHEPAIIbl KYPaMBIMEH JKOHE OPTYPJIl XMMHUSIIBIK KACHETTEPIMEH TyCiHmipinesi. by
KYMBIC OOMBIHIIIA XKYPTI3UIreH IreosIorHsIbIK 3epTTeynepain Hotmkecinae bipnuk, KaitnapOynak, Kaiinap rieonurri
KCHOPBIH/IAPHI AJIBIHFAH KOHE T'e0JIOTHS OAFbITBIH/IA OJAP/IbIH AJIFAIKBI TY311y yAepicTepi atanbin keTkeH. COHbIMEH
Katap IEOJIUTTEPIiH KypaMbl MEH KacueTTepi OoibIHIIIA OipKaTap 3epTXaHaJIbIK dKYMBICTAP COMKECIHIIE aHATU3ICD
JIe KYPri3ilireH.

Tyiiin ce3aep: 1EOTUT, MUHEPAIIAD, TEONOTHSIIBIK JKYHe, XUMUSUIBIK KACUETTED, Ta3aliay, KYHapIIbIK.

C. K. Kyp6anus3os, I'. C. lllanaéaesa, H. A. AopumyTtaaun, I'. B. Toliun6exona, I'. 7K. Apumkan
MexnyHapoaHbIi Ka3axCKO-TypeLuckuil yausepcurer uM. X. A. Slcasu, Typkecran, Kazaxcran

OCHOBHBIE CBOMCTBA IIEOJIUTOB
N UX MHOT'O®YHKIIUOHAJIBHOE ITIPUMEHEHUE

AHHOTauMA. V3yueHue reojgoruyeckoi CUCTEMBI IIEOJMTOBBIX MECTOPOXKJIEHUHN B TMOCJIETHUE TOJbl B pa3BU-
TBIX CTpPaHaX CTaHOBHTCS Bce Ooliee IIyOOKNM, TaK Kak, LIEOJIUTHI SBIISIOTCS 3HAYMMBIMU B IIUPOKOM CMBICIIE MHHE-
panbHbIMU 00bekTamMu. OcyliecTBIIsIeMble HAyYHbIE UCCIIEIOBAHMS B 9TOI 00JaCTH IIPOBOJATCS BO MHOTHX CTpaHax
MHpa, ocobeHHo B EBponeiickux. 3a nocnennee cronerre cdepbl UCIOIb30BAaHMS IEOJIUTOB Bce OoJblIe M OoJIbIIe
pacumpstorcst. OOBACHSIETCS 3TO HEHHBIM MHHEPAIbHBIM COCTABOM M PA3IMYHBIMH XUMHYECKUMH CBOMCTBaAMH
reonuToB. [Ipu MpoBeAeHNH Te0IOTNIEeCKUX HCCIEeIOBaHUN 10 JaHHOH paboTe BCECTOPOHHE M3Y4EHBI LIEOIUTOBBIC
Mectopoxxaerus bupnuk, KaitnapOynak, KaiftHap u packppITo H3HaYaIbHOE MTPOUCXOKACHHUE 110 BCEM HAIPaBICHUSAM
reosiorud. [IpoBeneHs! 1abopaTopHbie pabOTHI ¢ COOTBETCTBYIOIIMMHU BUAAMH aHAIHM30B TPEOYSMBIX AT M3YyUCHUS
COCTaBa M CBOWCTB LICOJIUTOB.

KaroueBble cji0Ba: LEONUT, MHHEPAJIbI, [€OJIOTHUECKAs CHCTEMa, XUMHYECKHUE CBOMCTBA, OYUCTKA, IIOHO-
poaue.
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RECEIVING STONE CASTING FROM THE ASH-AND-SLAG

Abstract. Researches were carried out for obtaining stone casting from a mix material by heating at 1300 °C
consisting of ash—and—slag from burning Ekibastuz coal and limestone. The amount of limestone added in the mix
material was chosen from the calculation in the mix material of the molar ratio of the alkali and acid components
CaO : SiO, = 0.7. The addition of limestone calcium oxide promotes the polymerization of the glass phase, increa-
sing the crystallization ability of the melt. As a result of melting ash—and—slag with limestone in the specified
conditions, a cast stone casting of black color was obtained. Casting was represented by artificial mineral phases — a
skeleton — like light gray mass, a darker homogeneous matrix, dark, almost black impregnations and formations
filling microcracks. According to the results obtained on a raster microscope, stone casting is represented by phases:
the phase of iron hydroxides with an admixture of Ca and Si; phase ferroakermanite (Ca,FeSi,O-), the amount of
which is about 0 %; phase of the host matrix represented by gehlenite with the formula Ca,AlSiAlO; and the melilite
phase. The results of thermal analysis at 1261.6 °C melt the triple eutectic of the AL,O;—CaO-SiO, system. The
eutectic is anorthite (CAS;), gehlenite (C,A;) and a-tridymite.

During the stone casting samples test the following data were obtained: comprehensive strenght — 120 MPa,
water absorption — 0.953 %, density — 2900 kg/m”, the frost resistance meets the standard GOST 7025-91 "Brick and
stones, ceramic and silicate" for heat-resistant stone casting products requirements.

Keywords: ash—and—slag, limestone, mix material , stone casting, eutectic.
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b. K. Ken:xxanues, C. A. OmapoBa, A. U. Mananosa, C. C. TemupoBa, K. P. Ili1exoBa,
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IHOJYYEHUE KAMEHHOI'O JIMTHhA U3 30JI0IIIJIAKOB

AnHoranus. [TpoBenens! uccnenoBanus nonydeHus npu temmneparype 1300 °C kaMeHHOTO JUThS U3 IIUXTHI
COCTOSIILIEH M3 30JI01IJIaKa OT CYKMTaHWsl 3KMOACTY3CKOIO yIVIsl M M3BECTHsKa. KoindyecTBO H00aBIsIEMOTO B HMIUXTY
M3BECTHSKA BBHIOPAHO M3 pacueTa MOJIYYEHHUS B IIMXTE MOJISIPHOTO OTHOIIEHHS IIEJIOYHOM M KUCION COCTaBIISIOIEH
Ca0:Si0,=0,7. [/lobGaBneHne OKcuaa KaJblMs W3BECTHSKA CHOCOOCTBYET IOJIMMEpPHU3alUH CTEKJIO(asbl, MOBBIIIAs
KPHUCTAJUIN3AMOHHYIO CIIOCOOHOCTH paciulaBa. B pesynbrare IUIaBiIeHHS 30JI0IUIAKA C M3BECTHIKOM B yKa3aHHBIX
YCIIOBUSIX TOJyYEHO MOHOJIMTHOE KaMEHHOE JINThE YEpPHOTo LBeTa. JINThe MpeiCcCTaBiIeHO NCKYCCTBEHHBIMH MHHE-
palbHBIMU (pa3aMH — CKEJIETONOAOOHONW CBETIO—CEepOoil Maccod, Oojee TEMHOW OZHOPOTHON MaTpHUIeH, TEMHBIMU
MOYTH YEPHBIMU BKPAIUICHUSMH U 00pa30BaHMSIMH 3aIIOIHSIONINE MUKPOTpeInuHbL. [1o pe3ynsraTaM momydeHHOM Ha
pacTpoBOM MHUKPOCKOIIE KAMEHHOE JINThE MpeAcTaBiIeHo (a3amu: ¢a3a THIAPOKCHUIOB Kenesa ¢ mpuMeckio Ca u Si;
(aza deppoakepmanura (Ca,FeSi,0;), konuuecTBo koTOpoii coctapisier okosio 70 %; (da3za BMeIIaroNei MaTpULbI
npe/ICcTaBIeHHOM refneHuToM ¢ opmystoit Ca,AlSiAlO; u dasza menunura. [lo pesynbraTaM TEPMUUECKOTO aHANN3a
mpu 1261,6 C mnasurcs TpoiiHas 3BTeKkTHKa cucteMbl Al,O;—Ca0-Si0,. DBTekTHKY cocTaBisiioT aHOpTHT (CAS,),
reneHuT (C,AS) U 0—TPUIUMUT.
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[Ipu ucmpITaHUSIX 00pPa3IOB KAMEHHOTO JINThSI OMpEAeTICHbI MapaMeTphl MPOYHOCTH Tpu cxkatnn — 120 MIa,
Bogonortomenus — 0,953 %, mrotHocTH — 2900 KI/M° M MOPO30CTOMKOCTH, KOTOPBIE COOTBETCTBYIOT TPEGOBAHHSIM
MexrocynapctBeHHoro crarmapra [OCT 7025-91 «Kupnud u kKaMHA KepaMHYECKHE U CHIIMKATHBIE» K TEPMOCTOM-
KHM HM3JETHAM KaMEHHOTO JIUThS.

KaroueBble c10Ba: 30/101U1aK, N3BECTHSK, INXTA, KAMECHHOE JINTHE, IBTEKTHKA.

BBenenune. KameHHOe NHUThE OTHOCHTCA K MCKYCCTBEHHBIM CHJIMKAaTHBIM KPUCTAIJIMYECKHM MaTe-
puanaM, mosydyaeMbM myTem tuiaBieHus npu 1400 — 1450 °C ropHbBIX MOpoJ WM IITAKOB C HEO0OXO-
OUMBIMH 100aBKaMH C IOCIEHYIOIIEH TerIoBoi 00paboTkoi pasnmutoro mo ¢opmam paciuiaBa. B
KauecTBE TOPHBIX IIOPOA UCIUIB3YIOT B OCHOBHOM 0a3ainbT M quaba3. [Iporecc riaBku KaMEHHOTO JIUThS
OCYUIECTBIISIETCS B AJIEKTPOIYTOBBIX I Ta30BbIX MeyaX, aHOJIOTMYHO IUIaBKe MeTalla.

Wznenust U3 KaMEHHOTO JUTHA 0ONafaroT BBICOKOM XMMHYECKOH M aTMOC(epOCTOHKOCTBIO, MeXa-
HUYECKOH MPOYHOCTBIO U JIOJITOBEYHOCTHIO. Pa3paboTaH acCOPTUMEHT BBIITYCKAE€MbIX M3ENNIN — IUINTKH,
TpyOBl, M3MENUsl IOKOJNBHBIX YaCTeW 3[aHWM, pasNuuyHble pelbeHbIC W3ICTHs, TeIUI0 H 3BYKOHM30IIs-
UOHHBIE MaTepUabl U TaK Jalee.

Ucxons w3 moTpeOHOCTH pHIHKA M HEOOXOOMMOCTH KOMIUIEKCHOM YTHJIM3aLUH TEXHOTEHHBIX
OTXOZIOB, OAHUM M3 KOTOPBIX SIBIAETCS 30JIOLLIAK, UCCIEIOBAHA BO3MOXKHOCTh IIOJIyY€HHS KaMEHHOTO
JIUTHSI U3 30JI011JIaKa U U3BECTH.

Pe3yabTaThl nccieaoBanmii. B pabore ncnonb30BaH 300LUIaK OT CKUTAHUS 3KHOACTY3CKOTO YIS
Ha TOI] 2 r. AnmMmater (Tabmurer 1, 2). 3omonmiak oOpa3yeTcss B pe3ysIibTaTeé COBMECTHOTO THIPOCMEIBA
30JIbI-yHOCA M [IUTaKa OCYIIECTBISIEMOT0 MO CYIIECTBYIONIEH TEXHOIOTHH.

Tabmuna 1 — XumMu4eckuii aHaau3 30JI01UIaKa

Table 1 — Chemical analysis of ash—and—slag

DneMeHT Conepxanue, % OneMeHT Conepxanue, %

Na,O 0,94 CaO 2,5

K,O 0,34 SO3 0,164

MgO 0,804 MnO 0,2

SiO, 44,2 TiO, 0,98

ALO; 20,7 Fe, 05 9,1

P,0s 0,33 ILII. 19,742

Tabnuua 2 — PerTreHo¢a3oBbIii aHanu3™ 3oonuaka
Table 2 — X-ray phase analysis of ash-and—slag
CoenuHeHme Dopmyna %
CWwutMMaHuT AlLLSiOs 32,5
Mynmar Al(A 18351103 O 485) 27,2
l'enenGeprut CaFe+28Si,0¢ 12,4
Kgapn Si0, 8,7
I'ematut Fe,04 6,7
IL.II. 12,5
*PentrenodasoBelii ananmu3 BemonHeH B AO «MMuO» CrrocapeBeiv A.Il. Ha audpaxromerpe D8 Advance
(BRUKER), m3nyuenne a-Cu.

Pesynprarer MKC-ananm3a (pucyHok 1) moka3aiau mpUCyTCTBHE B TIpoOe 30161 kBapiia o-Si0; — 1163,
1084, 797, 779, 695, 463, 397, 373 cm™ 1 mymura — 915, 559 cm™.
Jlns onpeiesieHus rpaHyJIOMETPUIECKOTO COCTaBa 30J1bI CIOIb30BAIN CUTOBOM aHamu3 (Tabmuna 3).
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Pucynok 1 — UndpakpacHbIil cEKTp 30JI01UIaKa
Figure 1 — Infrared spectrum of ash-and-slag
Ta6muna 3 — CUTOBOI aHAIIN3 30JI0IILTAKA
Table 3 — Sieve analysis of ash-and-slag
Kracce BbIXOX Copneprxanue, % Pacrnipenenenue, %

KpPYIHOCTH, MM | Kiacca, % Si0, Fe,0; ALO; TiO, SiO, Fe,04 Al,O4 TiO,

+1,0 11,7 44,59 12,22 16,92 0,96 11,77 13,6 9,88 11,4

-1,0 +0,25 10,4 43,79 8,36 20,56 0,92 10,26 83 10,67 10,0

-0,25 +0,1 57,5 44,24 8,98 20,65 0,98 58,0 49,0 59,2 58,3

-0,1 +0,056 13,6 43,14 14,63 20,23 0,92 13,21 18,9 13,72 13,0

-0,056 +0 6,8 44,35 15,68 19,31 1,11 6,76 10,2 6,53 7,3

Hroro 100 100 100 100 100

W3 pe3ynsraToB CHTOBOTO aHAIHM3a 30JI0ILIAKAa CJIEAYET, YTO €ro OCHOBHas macca okoio 60,0 %,
npencrapieHa kiaaccoM -0,25+0,1 mm. KpynHocTth MaTepuana mo3Boinjia MPOBOJUTH AAbHEHIIYIO IIe-
pepaboTKy 0e3 MpeaBapruTEIHLHOTO N3MEITFUCHUS.

KonmuectBo n00aBnsieMoro U3BECTHsIKA ObLIO BBIOpAHO M3 pacdeTa MOJYYCHHUS B HIMXTE MOJSPHOTO
OTHOIIEHHUS MIeTOYHON M Kuciaoi coctaBisomeil Ca0:SiO, = 0,7. Oxcua KajdbLiUs HM3BECTHSIKA CIIO-
cOOCTBYeT MONHMMEpH3allK CTeKI0(]as3bl, MOBBIMAS KPUCTAIUIM3AIMOHHYI0 CIIOCOOHOCTh paciaBa. B
pe3ynbTare MONyYWIM IIUXTY B KOTOPOHM coaepikaHue MIeoYHo3eMenbHOoro snementa CaO cocraBmiio
nmormycTuMble 25 %, pacruiaBel ¢ 00Jiee BBHICOKAM COAEPIKAHUEM IIEIOYHO3EMENIEHOTO AIIEMEHTOB JIaloT
3HAUUTENbHYIO YCaAKy MpH 3aTBepAeBaHuU. Temmeparypa npu masieHuu cocrasmsia 1300 °C, mponon-
KUTENBHOCTH 45 MUHYT. I 1aBneHne mpoBOAMIIN B TPaUTOBOM THTVIE B My(DETHHOM IeUn.

[IpoBeaeHb! HU3UKO-XUMHUYECKUE UCCIICA0BAHUS COCTaBa KAMEHHOTO JIUThSI METOIaMU XMMUYECKOTO,
peHTTeHO(ha30BOr0, KPUCTAIUIOONTUYESCKOTO, IEKTPOHHO—30HAOBOTO MUKPOCKOITHUYECKOTO U TEPMHUYEC-
KOTO aHaJIN30B.

XUMUYECKUI cOCTaB KaMeHHOro JuThs, macc %: Na,O 0,878; MgO 0,918; Al,O; 16,877; SiO,
36,125; P,05 0,429; SO; 0,064; K,0 0,260; CaO 24,94; TiO, 0,880; MnO 0,255; Fe,05 10,4; n.. 7,974.
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PCHTFCHO(baSOBLIﬁ aHaJIn3 KaMCHHOI'O JIUThA IIOKa3aJl, YTO OCHOBHBIMHA (I)azaMH SBJIAKOTCA, MaccC. %:

akepMmanut 70,4; renenut 20,6; memuut 9,0.

CoracHO KpHUCTaJUIOONTUYECKOTO aHalM3a Marepual KaMEHHOTO JIUThS BHEIIHE YepHbBIH, OJHO-
POAHBINA, C peAKMMH HopaMu. JIuTbe MpencTaBIeHO HMCKYyCCTBEHHBIMH MHUHEpaJbHBIMH (pazaMu — CKe-
JeTonof00HOH CBETIO-CEepoi Maccoi, Oonee TeMHOW OJHOPOOHON MaTpuLUeld ¢ TEeMHBIMH, ITOYTH Yep-

HBIMH, BKPAIJICHUAMU U 3aII0JIHAOIINE MUKPOTPECUINHBI 06p330BaHI/I$IMI/I.

Ha 51eKTpOHHO-30HIOBOM MHKpPOCKOIE KaMEHHOE JIUTbe MpeICTaBleHO (a3aMu T'HIPOKCHIOB
xkenesa ¢ npumeckio Ca, Si (oT marpuisl), peppoakepmanuTta, renenura (pepporenenut — Ca,FeSiAlO,)

Y MEITWIATOM (PHUCYHOK 2).

Pucynok 2 — KamenHoe nutbe. DNeKTpOHHO-30HA0BBIH MUKpockot, pexum COMPO, ysen. 500: 1 — ruapokcuasl xemnesza

¢ npumecskio Ca, Si (ot Marpuisl); 2 — peppoakepmanut; 3 — reaeHut (pepporenenut — Ca,FeSiAlO,); 4 — menumur

Figure 2 — Stone casting. Electron probe microscope, COMPO mode, magnification 500: 1 — iron hydroxides
with an admixture of Ca, Si (from the matrix); 2 — ferroacermanite; 3 — gehlenite (ferrogehlenite — Ca,FeSiAlO;); 4 — melilite

CkenerononoOHas ¢aza — peppoakepmanut (Pasza 2) npeobnagaet B Mpode U MO JAHHBIM PEHTICHO-
¢azoBoro ananuza coctasisier okono 70 %. Ero ¢opmyna Ca,FeSi,O; ¢ pacueTHbIMH conep KaHUSIMU
areMeHToB, Macc. %: Ca 26,35; Fe 18,36; Si 18,47; O 36,82. ConepxaHne KOMIOHEHTOB FICKYCCTBEHHOMN
¢a3bl (Tabmuiia 4) HECKOJIBKO OTJIMYAETCS OT PACYCTHOM, HO HE3HAYUTEIbHO. [10 ONTHYECKUM KOHCTaHTaM

MUHEpaa OAHOOCHBIM OTpHULIATENbHBIN, I, = 1,690, n,= 1,673.

Tabnuia 4 — CocTaB HCKYCCTBEHHBIX MUHEPAIBHBIX (a3 KAMEHHOTO JIUThS

Table 4 — Artificial mineral phases' composition of stone casting

Hasganue Copnep:xanue 31€MEHTOB %o

azer Ca Al Si 0 Fe Mg Mn Ti Na
g’;g‘:ﬂl” eresa 9,66-10,90 | 1,74-2,17 | 6,15-7,07 | 34,31-4,53 | 4326-4,80 | — | 1,20-1,40 | 0,68-1,53 | —
g:ffg'a“epm‘m 17,12-7,41 | 3,58-6,60 | 12,94-13,42| 38,04-9,68 | 21,03-6,22 | 0,74 - 1,10-136 | —
Tenenur 28,29 10,76 12,06 41,42 535 123 - ; _
daza 3
Mesmar 14,61 15,52 18,32 47,29 426 - - - 0,88
daza 4

®daza BMemaioneid MaTpuIsl MpeicTaBieHa reneHuToM ¢ (opmynoir Ca,AlSiAlO; (daza 3). Eé
pacueTHBIN cocTaB cienyromuid, macc. %: Ca 29,25; Al 19,66; Si 10,24; O 40,85. Hanuuure HeOOIBIIOTO
KOJIMYECTBA XKelie3a OOBSICHIETCS MPUCYTCTBHEM B HEll MpUMecH, B BUIE TBEPAOTO pacTBopa, ¢eppo-

AKEPMaHUTOBOM MOJIEKYJIbI, COZIEPKALLEH KeJe30.
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KauecTBeHHBIN cocTaB yeTBepTOH (pas3bl B BUAE YEPHBIX IO MUKPOCKOIIOM M Ha CHUMKAax 3JIEKTPOH-
HOTO 30Haa oOpa3oBaHuii (pa3a 4) aHAJIOTHICH BBHIICONHUCAHHBIM (ha3aM, HO OTIUIACTCS 110 COACPIKAHUIO
ClIararolMx MUHEPaabHYI a3y KomroHeHTOB (Tabnuna 4). [To maHHBIM peHTreHo(a30BOro aHajn3a B
npobe B konmuuectBe 9 % oTMeuaeTcs MEJWIUT. DTO Pa3HOBHIHOCTh aKepMaHHUTa, HO B JaHHOM Cllydae
OHa, KaK U BBIIICONUCaHHbIC (a3bl, HE COAEPIKUT MarHusl.

TepMuueckuii aHaIU3 KaMEHHOTO JIUThA ObLI IPOBEIEH C HMCIOJIb30BAaHHEM IIPUOOPAa CHHXPOHHOIO
tepmuueckoro aHanuza STA 449 F3 Jupiter. Ha kpusoit JITA (pucyHok 3 a) mpoSBHIMCH SHAOTEPMH-
geckne >hGeKThl ¢ MakcHManbHbIM passutHeM mpu 911,5 °C u 1229,5 °C. Tlepsoiit 5ddexT pasBuT Ha
(oHE WHTEHCHBHOTO CHIDKEHHWS MacChl HaBECKH, 4TO BHAHO W3 xoxa kpuBoi TI. Ha kpusoiut JTI emy
cootBercTBYeT MuauMyM mpu 907,1 °C. Ha Hucnaparomieil BETBH 3TOr0 MHHHMyMa IIPOSIBHIICS CIIaOblif
sddext ¢ sxcTpemymom mpu 836,2 °C. COBOKYIHOCTH BhIIIEHA3BAHHEIX ((EKTOB, 3ahUKCHPOBAHHBIX HA
TEpPMHIYECKHX KPHBBIX B 0bmacti temmeparyp 600—1000 °C orpaxkaer pasioieHne KapOOHATA KallbLIs.
Hanuuue nononsuTensHoro MuaaMyMa (836,2 °C) MokeT GbITh HposBIEHHEM KapOOHATA KANBIHS APYTOi
JMCTIEPCHOCTH. DHIOTepMUUECKHii 3deKT ¢ 3xcTpemymoM mpu 1229,5 °C sBisercs mposBieHHeM MIaB-
nenus npoOsl. Ha kpusoit d/ITA B oGnactu pa3Butus 31010 3(hexTa NposSBUINCH ABa SHAOTEPMUUECKUX
sddexra ¢ sxcrpemymamu mpu 1218,8 °C u 1225.2 °C. T.e. miaBnenue mpobsl MPOXOIHUT modTarHo. Ilep-
BB 3 ekt MoxeT ObITh mposiBienneM masnenus 2FeOSiO,. Takxe Ha kpuBoit dITA 3adukcupoBan
crnabbIii SHI0TepMIUecKril 3BheKT ¢ MakCHManbHBIM passutieM pu 1200,2 °C. TIpeanonoxuTensHo, ero
MOKHO OTHECTH K MPOSBICHHUIO YHAHTHOTPOITHOTO ToiuMopdHoro npespamieHus CaOSi0,. Cinadsrii 3x30-
Tepmuueckuii sddekr ¢ maxom mpu 1160 °C Taxke MpeImONOKUTENEHO MOKHO MHTEPIPETHPOBATh KaK
nposiBlieHre TBepAodaszHoi peakunu. OueHb cnadblii sHAOTepMUUeckuil 3¢ ekt Ha kpuBoi dJITA ¢ skc-
TpemyMoM nipu 773,4 °C Moxer 6bITh OTHeCeH K miasienmio K,04Si0,,
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Pucynok 3 — [lepuBaTorpaMma KaMEHHOTO JIUThS:
a — ckopocts Harpesal 0 °/muH; 6 — ITA oxiaxneHus IpoOsl; B — CKOPOCTh Harpesa 15 °/Mun

Figure 3 — Derivatogram of stone casting: a — heating rate 10 °/min; b — DTA sample cooling; ¢ — heating rate 15 °/min

Ha xpusoii ITA (pucynok 3 0), HOIy4eHHOH B XOA€ OXJIAXKICHUS MPOOBI, MPOSBUICA PACTIHYTHIH
sK30TepMuueckuii sddekrt ¢ maxom mpu 1070 °C. Ha xpusoii d/ITA 3aduKcHpOBAaHBI Ba MHTCHCHBHBIX,
PACTAHYTHIX SK30TepMudecKuX sddekra ¢ makamu mpu 1124,6 °C 1 1049,5 °C. Takke mposBuiIcs caabbrii
sK30TepMuueckuii dpdext ¢ mukoM npu 1183,2 °C, KOTOpHIH MOKHO MHTEPHPETHPOBATH KaK 0OpaTHOE
noiaumop¢Hoe npespaiterne CaOSiO,.

[IpoBeeH TepMHUYCCKHiT aHATH3 TIPH cKopocTH Harpesa 15 °C/muH (pucyHOK 3 B). 3716Ch, HA KPHBOIA
JITA naGmronaercs 3k30TepMudeckuii >dekr ¢ mukoM mpu 1105,3 °C, KOTOPEIH MOXKHO OTHECTH K HpPO-
aBJeHUI0 TBepaodasHoii peaknuu. Ha xpusoit dITA, mocne WHTEHCHBHBIX 3()(EKTOB MIaBiIeHUS MPO-
SBHIICA eIl¢ OJMH, MeHee MHTCHCHBHBIH S(B(dEeKT, ¢ MakCHManbHBIM passuteM mpu 1261,6 °C. Dror
3¢ QeKT ABIETCS 3aBEPLIAIONIMM TAIIOM IUIaBICHUS HccaeyeMoi npoOsl. IIpu 3Toii Temneparype MoXeT
TUIaBUTBCA TpoiiHas dBTekTHKa cucteMbl Al,O;—Ca0-Si0,, koTopyio cocraisitoT aHopTuT (CAS;), rerne-
HUT (C,AS) ¥ 0—~TpUIUMUT.

[Tony4yeHnHsle 00pa3lbl KAMEHHOIO JIMThSI UCIHBITHIBAJIM Ha COOTBETCTBUE TPEOOBAHUSAM MEXIOCY-
napctBernHoro crangapta [OCT 7025-91 «Kupnud u kaMHU KepaMUIE€CKHE U CHITUKATHEIEY.
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OmnpeneneHa MPOYHOCTh NPU CKATHH OOpA3IIOB KAMEHHOTO JUTHs, oHa coctaBmia 120 Mlla, grto
COOTBETCTBYET BEIMYMHE MTPOTHOCTH U3EINN TEPMOCTONKOTO KAMEHHOTO JIUTHSI.

Boponornomnienre kaMEHHOTO JIUThS OTPEAETSUIN TP aTMOC(epHOM JaBIECHUH B BOJIE TEMIIEpaTypoit
20:+5 °C. Tlonyuena Benuumna Bogonornarenus 0,953 %.

CpenHsis TUIOTHOCTh 00pa3ioB KAMEHHOTO JTUThs cocTaBmiia 2900 KI/M-.

Mop030CTOMKOCTh 00pa3oB KAaMEHHOTO JIUThS ONPEACIISIIN IpH 00hEMHOM 3aMOpaKWBaHWUU. B pe-
3yJbTaTe UCTBITAHUI U3MEHEHHSI MacChl M IIPOYHOCTH 00pa3loB He Mpou3ouuio. JedekToB noBepxXHOCTH
He 00HapYXKEHO.

Taxum 00pa3oM, U3 MIMXTHI COCTOSIIEH M3 30JI0IIIAKA OT CKUTAHUS dKHOACTY3CKOTO YIJISI U H3BECT-
Hska pu Temneparype 1300 °C noigydeHo MOHOTUTHOE KaMEHHOE JIUThe YePHOTO 1[BETa OCHOBHOMU (ha3oit
KOTOPOTo SIBIAETCS (peppoakepMaHut. 110 pesylsTaTaM TEPMHYECKOTO aHanu3a juThs mpu 1261,6 °C
IJIABUTCS TpolHas »BTeKTHKAa cUCTeMBl Al,O;—CaO-Si0,. DOBTekTHKY cocTaBisaioT aHOpTHT (CAS;),
reneHuT (C,AS) u o—TtpunuMut. OmpeeIeHHbIe TapaMeTPhl MPOYHOCTH, BOJOIOTIIONICHIS, TUIOTHOCTH U
MOPO30CTOMKOCTH KaMEHHOTO JIUThsI MOKa3aJld €ro COOTBETCTBHE TPEOOBAHMSAM MEKIOCYAapCTBEHHOTO
crangapta ['OCT 7025-91 k uznenausiMm TepMOCTOMKOTO KAMEHHOTO JIUThSL.

b. K. Kenxkanues, C. A. OmapoBa, A. U. Mananosa, C. C. Temuposa, K. P. IliiexoBa,
B. M. Cykypos, M. H. KsaTkosckas, I'. K. ’KymaGexosa, JI. Y. Aman:ko10Ba

Mertamryprus ’xoHe KeH 0ailbITy HHCTUTYTHI, AnMathl, Kazakcran
KYJIKOXKIAH TAC KAJIBIIITAY AJY

Annotamusi. Exibacty3 keMipin sxoHe OKTi @pTereHHEH KalFaH KyJIKOXIaH TyparbiH muxtagas 1300 °C tem-
nepaTypaja Tac KaJbIITayIbl ally 3epPTTEY KYMbICTAphl Kypri3iumi. [lluxrara KocaThlH OKTiH MOJIIEPI — CUITI JKOHE
KBIIKBUIIBIH IIAXTaaaFel MOJSPIEl KarbiHackl Ca0:Si0,=0,7 KypalThIH ecenmneH amblHAbl. KalbIumid OKCHIIH OKTi
KOCY, OaJIKbIMaHBIH KPUCTAJUTIAHY KACHETiH apTThIpa OTHIPHII, IIBIHBI(Aa3aHBIH TOJTHMEpIIcHYiHe acep eremi. Kepce-
TIJITEH JKaFaaiia KyJIKOKIBI OKITEH OANKBITYy HOTMDKECIHAE Kapa TYCTI MOHOJHTTI Tac KaJbIITay anblHAbL. Kameimray
JKacaHIbI MUHEpaIbl Ga3aMeH, KaHKATIPi3/i allbIK Cyp KOCIa, KaHBIK OipTeKTI MaTpHIAchIMEeH, KaHBIK TIMTI Kapa
JTAaKTapbIMEH JKOHE MHUKpPOTECIKTEP.i TONTHIPATHIH 3aTTapMEH YCHIHBUIFaH. PacTpiii MUKPOCKONITAH aJbIHFaH HOTH-
xenep OOMBIHIIA TaC KAJBINTAY Keneci (a3zanapMeH YChIHbLIFaH: TeMip ruapokcun dasacel Ca xoHe Si Kocnaiapsl-
MeH, Kypambl 70% kypaiiteiH peppoakepmanut dasacel (Ca,FeSi,O), popmynacer Ca,AlSiAlO; MaTpuLiaHbl CBIAFbI-
3aThIH TeJICHUTIICH YCHIHBUIFAH (a3a joHe MENMIHT (asackl. TepMHUsUIBbIK Tanaay Hotmkecinae 1261,6 °C Temnepa-
typaga Al,O;—CaO- SiO, xyiieciHiH YIITIK 9BTEKTHKAChl 0ankupl. DBrekTukanbl aHopTut (CAS;), renenur (C,AS)
JKOHE O—TPUIUMUT KYpaubl.

Tac kanblnTay yirijiepiH chlHaraHAa Kelieci KOpCeTKIlTep aHbIKTanbl: Kpicy Oepikriri 120 Mlla; cycinipy
0,953%; opraima TeIFb3ABIFEL 2900 KF/M3; as3FaTe3IMAUIIK. Byl KepceTKimTep Tac KaabIITaylblH BICTHIKKATO31M/Ii
oyitermnapseina FOCT 7025 — 91 «Kipnim sxoHe TacTap KepaMUKaIIBIK XKOHE CHIIMKATTB MEMJIEKETapaIblK CTaHAapT
TaJjanTapbIHa cail Kelei.

Tyiiin ce3aep: KYIKOX, 9K, IMXTA, TaC KaJIBIITAY, IBTCKTHKA.
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ACTIVATED DIATOMITES — INNOVATIVE MULTIPURPOSE
MATERIAL TO BE USED IN THE DEVELOPMENT
OF INDUSTRY IN THE REPUBLIC OF KAZAKHSTAN

Abstract. This article is devoted to the issue of using diatomites in agricultural and industrial production in the
Republic of Kazakhstan. Prior assessment of the diatomite deposits shows about 200 million tons mainly found in
Mugodzhar district of Aktobe Region. From the world’s practice, diatomites are known to be used as filter materials,
hydraulic additives, also in producing building bricks and thermo-leg materials.

Nowadays in Kazakhstan, diatomites are neither extracted nor used commercially. Meanwhile, Kazakhstani
diatomites present affordable raw material to produce components of building materials, sorbing agents in production
of refined deodorized vegetable (sunflower) oil. The authors of this article suggest an innovational solution on using
activated hydrated silica as filling agents for mineral fertilizers, also known as generics. They can provide dosed
supply of useful components directly to plants’ roots, saving moist in soil and preventing washing away of valuable
components into lower layers of soil, which leads to contamination of underground water basins with undigested fer-
tilizers. Diatomite can interact with insoluble calcium phosphate of the soil forming soluble compounds.

The most important feature of the generics offered is much lower (three to four times) cost compared to tra-
ditionally used fertilizers, so that they can be used in grain production with higher profit. It is especially topical in
Kazakhstan and any other country in the risk farming area, where using mineral fertilizers is too expensive.

In Kazakhstan, in grain production only, current demand of generics can be minimally estimated as 150-
160 thousand tons a year, prospectively growing to 7-8million tons a year. Using generics can bring millions of hec-
tares of fields back to agricultural turnout and turn Kazakhstan into one of the leaders in the market of agricultural
products.

Key words: Kazakhstan industry, raw diatomites, activated diatomites, building material component, sorbing
agent, sunflower oil, filling agents, mineral fertilizer

VK 661.68

E. U. Kyabnees, H. B. bouaapenko, E. A. Tacranos,
P. A. Aopyasanues, C. C. Temuposa, b. E. Aogukepum

Wucrutyt Metaiutypruu u oboraienus, Anmatel, Kazaxcran

AKTUBUPOBAHHBIE TUATOMUTHI - UHHOBAIITUOHHBIN
MATEPHUAJ MHOT'OIEJIEBOI'O HASHAYEHUA
IS PA3BUTUA NTHAYCTPUU PECITYBJIUKU KA3ZAXCTAH

AHHOTaIIHH. CTaTI)H MOCBALICHA BOIIPOCY HMCIOJIB30BaHUA AWMATOMUTOB B MPOMBIINIJICHHOM U CEJIbCKOXO0351-
CTBEeHHOM mpou3BojcTBe PecryOnuku Kaszaxcran. [lo mpenBapuTenbHOW OICHKE 3amachl Ka3aXCTAHCKUX JIHATO-
MHUTOB COCTaBJIstOT Oosiee 200 MIIH. TOHH, COCPEIOTOUEHHBIX, B OCHOBHOM, B MyronKapCcKkoM paiioHe AKTIOOMHCKOMN
obxacru.
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W3BecTHO, YTO B MHPOBOH NMPaKTHKE AMATOMHTHI HUCIIONIB3YIOTCS, TJIAaBHBIM 00pa3oM Ul IPOW3BOJICTBA THI-
PaBIMYECKHUX JOOABOK, CTPOMTEIHFHOTO KHPINYa, TETNION30JSIIMOHHBIX M3SUH U (PUIbTPYIONIMX MaTepHAIOB.

B Hacrosimee Bpemsi B Kazaxcrane AnaToMuThl B MPOMBIIIICHHOM Maciitabe He JOOBIBAIOTCS M HE HCIIOIb-
3yIOTCS, B TO BPeMsI KaK Ka3aXCTaHCKUE AUATOMUTBI IIPEICTABIAIOT COOOH TOCTYITHBIM BEICOKOKAUECTBEHHBIH ChIPhE-
BOW MaTepHal A MIPOU3BOACTBA KOMIIOHEHTA CTPOHMTEIBHBIX MAaTepHAaNoB, COPOEHTA Ul MONydYeHHs padUHUPO-
BaHHOTO JIE30I0PMPOBAHHOTO MOJICOITHEYHOI0 Macia. ABTOpaMHy CTaThU IPEIaraeTcs HHHOBAIMOHHOE PEIICHHE 10
HCIOJIB30BaAHHUIO AKTUBUPOBAHHOTO T'MAPATUPOBAHHOTIO KPEMHE3E€MaA B KAUCCTBC HAIIOJHUTEISI MUHEPAJIbHBIX y}IOG—
PeHUil — «PKEHEPHKOBY», 00JIaJafOIMX CBOMHCTBAMH JI03UPOBAHHOM 110/1a4M TOJIE3HBIX KOMIIOHEHTOB B IPHKOpPHE-
BYIO CUCTEMY paCTCHUA, YACPKMUBAHUA BJIard B MOYBC, UCKIIIOUCHUSA BBIMBIBAHUA EHHOI'0O KOMIIOHCHTA B HHKEJIC-
JKalle CJIOM M 3arpsi3HEHHs HEYyCBOCHHBIMM MUHEPaIbHBIMU yJIOOPEHHSMH TPYHTOBBIX BOX. JIMAaTOMHT MOXET
BCTYIATh BO B3aMMOJIHCTBHE C HEPACTBOPUMBIMH (ocaTaMy KajbLUs NOYBHI C 00pa30BaHHEM BOJOPACTBOPUMBIX
COEIUHEHUM.

BaxxHOl XapaKTepUCTHKOHN MpeiaraeéMbIX JDKCHEPUKOB SABISIETCS MX Oojee Hu3Kas (B 3-4 pa3a) CTOMMOCTH 110
CPaBHEHUIO C UCIIOIB3YEMBIMH TPaJAUIIMOHHBIMI MUHEPATBHBIMHU YI0OOPEHUAMH, YTO MTO3BOJIUT IIPUMEHATH UX B 3€p-
HOBOM PacTEHHEBOJICTBE C MOJIYYEHHEM NPHOBUIN, TaK KaK HA CEroAHSIIHUN 1eHb B KazaxcTaHe u B Ipyrux cTpaHax
MHpa, OTHOCAIINXCS K 30HE PHCKOBAHHOTO 3E€MIICZENUS], CI0KWIACh HEOMArompusaTHAs CUTYyalus C IPUMEHEHHEM
MHUHEPaIbHBIX yJOOpEHNUI N3-3a NX BBICOKUX IICH.

CymectBytonmme norpedHocTn Kasaxcrana B mkeHepHKax TOJIBKO B 36pHOBOM PAaCTEHHEBOJCTBE MOTYT OBITH
MUHHMAaJIBHO olieHeHbI B 150-160 ThIC. TOHH, NEPCHEKTHUBHbBIE — A0 7-8 MJIH. TOHH B rof. Vcnoiap30BaHue aKTUBHPO-
BaHHBIX JUATOMHUTOB JaCT BO3MOXHOCTb BEPHYTH B CEJIbCKOXO3CTBEHHBIN 060pOT MUJUTMOHBI I'CKTapOB MalllHU U
cnenath Kazaxcran oJHUM M3 BelyIMX MPOU3BOIUTENIEH CENbCKOX03IHCTBEHHOM MPOTYKIIUH.

KiroueBsble cioBa: unaycrpus Kasaxcrana, TMaTOMUTOBOE ChIphE, AaKTUBHPOBAHHBIE TUATOMHUTBI, KOMIIOHEHT
CTPOUTEIBHBIX MaTEPHUAJIOB, COPOCHT, TIOACOIHEYHOE MACIIO, HAITOJIHUTEIb, MUHEPAJILHOE y100peHHe.

Beenenue. /[matomut (Ku3enbryp, Tpemnen) — OcalovHas TOPHAS MOPOJIa, COCTOSIIAS TPEUMYIIECT-
BEHHO M3 OCTAHKOB JMATOMOBBIX BOJOpOCTEN M mpocTediux opraHu3moB. [lo onenke I'eonoruyeckoit
cayk661 USGS, MHpOBBIE 3amachl AMATOMHUTA COCTABIIIOT Ooilee 1 MIIpA. TOHH, U3 KOTOPBIX OKOJIO
250 miH. ToHH npuxoasatcs Ha CIIA u 110 mnu. — Ha Kurtait. Pa3Benannsie 3anacel nuaromuta B Poccuu
cocTaBisItOT 350 MIIH.T.

B nacrosiee BpeMsa 00beM J00BIYM JTUATOMHUTA B MUPE COCTaBHII CBbIIIE 2,5 MITH.T B rojl. OCHOBHOM
00wvem muatomuta npousBogutcs B CIILIA (33% mupoBoro mpousBojactsa), Kurae (24%), danuu (12%),
Snonnu (6%), Mekcuke (6%) n @pannun (3%). CHIA sBusieTcst KpyMHEHIIIMM POU3BOUTENEM, TIOTPE-
ourenem u skcroprepoMm auaromuta. Ha momro CHI' mpuxomutcst 4% MUpPOBOTO MpOM3BOACTBA THATO-
muta. CpenneronoBeie BHyTpeHHHE HeHbl CIIA ~300 $/1, moOblya B OCHOBHOM BEIETCS LIAXTHBIM
MmetoaoM. PeiHok nuatomuta B CIITA B cpenHeM exeronno oneHuBaercs B 180 muH.$.

JmaToMUTHI SBISIOTCS PA3HOBHIHOCTHIO KPEMHHUCTOTO CHIPbs, 00JI1a1atomieil 00IbII0i TOPHCTOCTHIO
(c "uem cBsi3aHa WX BBICOKAsI CIIOCOOHOCTD K aJCOPOIHH), TUIOXOW TEIUIO- ¥ 3BYKONPOBOJIUMOCTBIO, TYTO-
TUTABKOCTHIO U KHUCIIOTOCTOWKOCTHIO. biaromaps cBomM crnenuduueckuM CBOWCTBAM ITUATOMHUTBI pac-
CMaTpPUBAIOTCS KaK MHUHEpAIbHOE CHIphe MHOTOIENEeBOr0 HazHadeHHns. OCHOBHBIE 00JACTH MPUMEHEHUS
muatomuta B CHIA: dunerparmus — 67%, mpuMeHeHHE B KadecTBe M00aBOK K 1meMeHTy — 15%,
aacopbenTa — 11%, Hamonuutens — 7%, npoune cdepbl (BKIOYAs MPOU3BOJCTBO CIICIUATH3UPOBAHHON
¢apmaneBTHUeCKON npoaykuuu) — meHee 1% [1-3].

Ilo oumeHOYHBIM JAaHHBIM 3amachkl AuaToMuToB Kaszaxcrana coctaBisitoT Oojiee 200 MJH. TOHH, OC-
HOBHAs 4aCThb KOTOPBIX COCpeIoTOUeHa B MyToiKapcKoM paiioHe AKTIOOMHCKOW oOnacT [4].

HuaromuToBas pyna mectopoxzaeHus ruiato XKammak comepxut, Bec. %: SiO, — 70; ALO; — 9,2;
Mg — 2,35; TiO, — 0,41, ocTambHOE COCTABISIIOT MPUMECH COSAMHEHHH XKeie3a. AKTIOOMHCKas pyaa
XapaKTepu3yeTcss YHUKalIbHO HU3KHM COJepKaHHeM coeauHeHuil (ocdopa, Mbimbsika u (ropa, 4To
SIBJIICTCS CYIIECTBEHHBIM NMPEUMYIIECTBOM, TaK KaK HE TPeOyeT JNOMOJIHUTEILHOW OYMCTKU OT HHUX. B
HacTosIIee BpeMs To0kIua 1 repepaboTKa IMaTOMUTOBBIX Py Ha TeppuTopun Kasaxcrana He BeneTcs.

Ha cerogssmHuili AeHbp OUATOMHUTHI MCHOJB3YIOTCS, B OCHOBHOM, JJISI NMPOU3BOJCTBA CIEIYIOIINX
W3JIEeTUI 1 MaTepuaioB.

1) ludpasnuyeckue Oobasxu. JIMaTOMUTHI, KakK TUApPABIHYECKHE HOOABKH, HCIONB3YIOTCS IIPH
MOJTy4eHNH Oenbix meMeHToB. [lpyu mpousBocTBe OENBIX IIEMEHTOB B COCTaB KIMHKEpa BBOAUTCS 110 6%
JINaTOMHUTOB.
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2) CmpoumenvHoui kupnuy. J|Jis TPOW3BOJCTBA CTPOUTEIHHOTO KUPIHYA HCIOIB3YIOTCS OOBIYHO
CpemHe- W HHU3KOKAYeCTBEHHBIE TJIIMHHUCTBIC PA3HOBHAHOCTH OWATOMHTA. B oTimume OT OOBIYHOTO
CTPOUTEIHHOTO KHpIUYa JUATOMHUTOBEIN KHPIIMY BIBOE Jierde, 00JIafaeT BBICOKMMHU TEIUIO- M 3BYKO-
W30JISIIMOHHBIMH XapaKTePUCTUKAMU.

3) Tennouzorayuonnvle uzlenus u mamepudaivl. B TEIUION3OIANNOHHON NPOMEBIIIICHHOCTH THa-
TOMHTHI UCTIONB3YIOTCS KaK B €CTECTBEHHOM BHJIE (B KAaU4eCTBE 3aCHITHOMN MOPOIIKOBOM M3O0ISAINH), TaK U
B (hopMe pa3HOOOPA3HBIX 0OKUTOBBIX M MACTUYHBIX H3ICIHI.

4) Qurempyrowue mamepuaivl. JlMaTOMHATHI SBISIOTCS OJHUM M3 OCHOBHBIX BUIOB CBHIPBS IS TIPO-
M3BOZCTBA (PMIBTPOBATBHBIX TTOPOIIKOB IS MUIIEBON MPOMBIIIIIEHHOCTH. OTHAKO B €CTECTBEHHOM BH/IE
JIMaTOMHUTOBBIC TTOPOIIIKHY, KaK MMPABHIIO, MAJIO MTPUTOIHBI JIJISl UCIIOJIb30BaHMs B KA4€CTBE (PHIBTPYIOIIMX
MaTepuayioB. B CBsI3u ¢ 3THM I yIyUIICHUS XapaKTEPUCTHK TUATOMUTOB MPOBOMAAT yJAICHUE TIIHHUC-
THIX W TIECUaHBIX IPHUMeceil, BPEIHBIX OKCHIOB M OPTraHUKH, a TaKXKe OCYIIECTBISIOT OOXHUT (OKOJIO
1000°C) nuaTOMHUTOB, YTO TPHBOAUT K CYIIECTBEHHOMY YIIYHYIICHHIO CBOMCTB (HIBTPOBAIBHBIX II0-
poikoB. Takke TUATOMHUTHI HCIIOJIB3YIOTCS B Ka4eCTBE KaTallU3aTOPOB, aJICOPOCHTOB MPU OCBETIICHUU
He(TENPOTyKTOB, HATIOJTHHUTENEH TIIACTMACC, KPACOK; OCYIITUTENEH; HOCUTENe HHCEKTUIUIOB U JIp.

B Kazaxcrane OTCyTCTBYIOT MpEANpHATHSA MO TMepepaboTKe AMATOMHTOBOTO CHIPHS, XOTA IPUME-
HEHHE TUATOMHUTOBBIX KOMIIOHCHTOB OYIET BO3pacTaTh, O YE€M CBHUACTEILCTBYET OMBIT MPUMEHEHUS
JTAHHOTO CBHIPHS B MMPOMBINIJICHHOCTH SKOHOMHUYECKH Pa3BUTHIX CTPaH.

W3BecTHO, YTO WCMONB30BaHWE IUATOMHUTA IIOBBIMIAET MApKy CIJIMKATHOTO KHPIUYa, TaK Kak
aMOp(HBIA KPEMHE3eM aKTHBHO BCTYMAeT B XHUMHYECKYIO DPEAKIIUIO C H3BECTHIO YKE€ MHpPU OOBITHOMU
Temnepatype [5].

Heobxoaumo mpoBeieHe UCCIeA0BaHUI MO0 TEXHOJIOTHH MOATOTOBKH JUATOMHUTOB C OTpeelieHHEeM
ONTUMAIBHBIX YCIOBUU TOMYyYCHUS CHUIMKATHBIX KHPIHUYEH BBLICOKOTO KadyecTBa B 0€3aBTOKIABHBIX yC-
JIOBHSIX, YTO YBEIMYUT OOBEMBI MPOM3BOJCTBA MPOAYKIIMU, OOECICUUT CHIDKEHHE CEOSCTOMMOCTH U
MIOBBIIIICHNE CYIIECTBYIOIIeH MapoyHOCcTH KadecTBa co 150 mo Gomee 200 emmnmi Ha 3aBomax TOO
«Jlotoc Axtobe» (AO «AxToOnHCKHI 3aBOoj dheppoctiaBoBy), AO «Kokrac — Aktob6e» u SBS Group,
TOO AxrtoGe.

JlmatoMuT SIBIIsIeTCS BaKHBIM KOMIIOHEHTOM TIPU CO3JIaHUM cyxux crtpoutenbHbX cMmeceit (CCC).
JnaToMUTBl OTHOCSITCS K TaK Ha3bIBAEMBIM KHCIBIM n00aBKaMm. lIpu cMemmrBaHWU WX B TOHKOMOJIOTOM
BHUJIE C BO3JAYUIHOM H3BECThIO OHM MPUIAIOT €M CBONCTBA TMAPABIMYECKOrO BSIKYIUETO, a B CMECH C
MOPTJIAHIIIEMEHTOM TOBBIIIAIOT €ro CyJIb(haToCTOMKOCTh [6, 7]. AMaToMHUTHI 00JaJat0T BBICOKOM TMO-
PUCTOCTBIO W SIBJSIFOTCSI XOPOUIMMH WHCEKTHIUJAMH. JTU CBONCTBA JUATOMHUTOB IIMPOKO HCIIONIB3YIOT
MIPH TIPOU3BOJICTBE TOBAPHOTO OETOHA, CTPOUTEIBHBIX pacTBOpoB M CCC pa3IuvHOTO Ha3HAYCHUSI.

JleiicTBHe TUATOMUTOB KaK AKTUBHBIX MUHEPAIBbHBIX 0OOABOK OCHOBAaHO Ha CIIOCOOHOCTH COAEP-
JKaIerocss B HUX aMop(HOTO KpeMHe3eMa CBA3bIBATh N3BECTh B HU3KOOCHOBHBIC THPOCHIINKATHI KAJBIUS
o cxeme:Si0,+Ca(OH),+ n(H,0) = CaOxSi0,xH,0 [6].

CrocoOHOCTh CBSI3BIBATh THUIAPOKCUA KajbIMisl B NMPUCYTCTBUM BOJBI NPU OOBIYHOW TeMIIepaType
00yCIIOBJICHA COJICPKAHUEM B IMATOMHUTAX BEUIECTB B XUMUYECKH aKTHBHOUN (hopMe, TIOATOMY XapakTep U
WHTEHCHUBHOCTEL B3aWIMOJICHCTBUS C M3BECTHIO pasznuvHbl. KommdectBo amopduoro SiO, B muaromMuTax
MoxeT kojiebarbes oT 40 1o 100% k obmemy komudectBy SiO,. JIns ynydineHHs KaueCTBEHHBIX Xapak-
tepuctuk CCC M yMeHbBIIIEHHS pacxoja IIEMEHTa IPOBOJUTCS AaKTHUBAIUs JUATOMHUTA M JOOaBJICHUE
nonukapOokcmnatHoro cynepruiactugukaropa «®dmoke 1». Tpelyercs mpoBeleHHE HCCISTOBAHHNA I10
WCTIOJIH30BAHHUIO aKTHBUPOBAHHBIX Ka3zaxcTaHCKuX auatoMuToB B CCC, a Takke B KaueCcTBe KOMIIOHEHTa
BOJIOOMYJIBCHOHHBIX, OpPTaHOPACTBOPUMBIX M (hacagHbIX Kpacok. B r. AkTo0e HaxomuTcs 3aBoj I pymms
KOMIaHUHA «AJMHAY, 3aHUMAIOIUICS TTepepadOTKOM TUIca U OArO0TOBKON CTPOUTEIBHBIX CMecel Ha ero
OCHOBE, Ha IIPOU3BOJICTBEHHON 0a3e KOTOPHIX BO3MOXHA arpoOarys mpepraraeMoii 100aBKH.

KazaxcTanckue QuaTOMHUTBHI — CBHIPBEBOM MaTepuan IS TPOU3BOJCTBA OTOCIMBAIOIICH 3eMIIH,
UCTIOJB3yeMOH ISl IOMy4YeHUs padUHUPOBAHHOTO J€30I0PUPOBAHHOIO IOACONHEYHOTO Macia [8]. Ilpu
MPUMEHEHUH JHAaTOMHTOB B Ka4eCTBE OTOSIHMBAIOIIUX 3eMeNb ObUTH JOCTUTHYTHI PE3yJbTAaTHl MO ITOKa-
3aTeNsiM MacjI0eMKOCTH, aKTHBHOCTH M CKOPOCTH (QUIIBTPAIIMH, HE YCTYTAIOIINE KaYeCTBY OCHTOHUTOBBIX
OTOEJIMBAIOIIUX 3eMETh HMIIOPTHBIX MPOU3BOIUTEICH.

[Ipennoxena TEXHOJOTHsI TONYYeHHUS aJCcOPOCHTOB Ha OCHOBE KHCIOTHOAKTHBHUPOBAHHBIX
nuaToMuTa W OeHTOHHWTA. llomydeHBl MaHHBIE O BIMSHUM TEXHOJIOTHYECKHX IapaMEeTPOB Ha IIPOIECC
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OYHUCTKH TOJCOJHEYHOTO Macjia KOHTAKTHBIM CIHOCOOOM € HMCHOJIBb30BaHHEM pa3paOOTaHHBIX aacopOeH-
TOB [9].

B pabotax [10-12] omucan onbIT BHEAPEHHs OTOENMBAIOIIMX 3€MENb Ha 3aBOJax MOJCOTHEYHOTO
macna B Poccun. HeoOxomumbl mccienoBaHHS Ka3aXCTaHCKOTO MOTU(PHIMPOBAHHOTO TUATOMHTA Ha
OPEANPHUITUH B I'. AKTOOE, BBITYCKAIOLIEM HOACOJIHEYHOE MACIIO.

Pe3yabTaThl M 00cy:kaeHHe. ABTOpaMH JaHHOM CTaTbU IIPEIUIaraeTcsi TEXHOJOIMYECKOEe PELICHUE
M0 WCHOJB30BaHUIO TUAPATHPOBAHHOTO KpEeMHE3eMa B KaueCTBE HOCHTENSI MUHEpATbHBIX YAOOpEHUH,
0cOoOEHHO JUIs LIETIOYHBIX MOYB. Vaes ucnonap30BaTh AMaTOMUTHI B KAU€CTBE CBOCOOpa3HOro yaoOpeHus,
o0ecreynBaroLIero Co3laHue HaKOMUTENIeH BIark BHYTPH KJIETOK PAaCTCHUH, aKTUBAaTOPa TPaHC(HOPMaIH
npupoaHoro ¢ochara B BOIOPACTBOPUMYIO (QOpMY, a TaKkKe ECTECTBEHHOTO ajcopOeHTa, obecriedu-
BAIOIIETO MPOJIOHIMPOBAaHHYIO JO3UPOBAHHYIO NOJayy HOHOB MHUHEPAJIBHOTO YAOOPEHHUS B IPUKOPHEBYIO
CHCTEMY PAaCTEHHH, SBISETCS MHHOBALMOHHOW JUIS TEXHOJIOTMM IPOM3BOJACTBA U NPUMEHEHHS MHHE-
PaJIBHBIX YI0OpEHUH.

[IpuMeHeHne TPUPOAHOTO MOPUCTOTO AUATOMHUTOBOTO HOCUTENS TIO3BOJISIET 00ECTICUUTh AO3UPOBaH-
HYIO 110/1a4y MHHEPaJIbHOTO yI0OpEHHs B IPUKOPHEBYIO CUCTEMY PACTEHUS, YACPKUBATh BIIAry B IIOYBE,
UCKJIIOYUTh BBIMBIBAHWE LIEHHOTO KOMIIOHEHTA B HIDKEJC)KAIIUE CJIOM M 3arps3HEHUs] HEyCBOCHHBIMU
MUHEPaIbHBIMH YAOOPEHUSIMH TPYHTOBHIX BOJ. CyITHOCTh TEXHOJIOTHH TIOATOTOBKH M aKTHBAI[UH
OUAaTOMUTOBOM PyABl 3aKIOYAaeTCsI B H3MEJIBYCHUM U XUMHUYECKOH 00paboTKe AMAaTOMHUTOBBIX PYI
AKTIOOMHCKOH 00JIaCTH C MEePEBOJOM COSIMHEHUIN METaUIOB, YTHETAIONINX POCT PACTEHUH, B PacTBOP.
OcTaBmuiics KeK, MpeICTaBISIIOMUN co00i THAPAaTUPOBAHHBIN T'ellb KPEMHUEBOW KHCIOTHI C IPUMECIMHU
OKCHJIa allOMHHHUS, CMEUIMBACTCS C MHHEPalIbHBIMU yHOOpEHUSIMH (aMMHadHas CeluTpa, amMModoc,
HUTpodocka, GpochomMyka u T.1.), TPaHYIUPYETCS, CYIIUTCS U SBISAETCS BHICOKOI(P(PEKTUBHBIM U JIEIIIe-
BbIM MHHEPAJIbHBIM YJOOpEHUEM C TIOPUCTOM CTPYKTYpO Ha KpeMHE3eMHCTOM HocuTene. McnbiTanus no
NPUMEHEHUIO JUATOMHUTOB B CEJIbCKOM XO3SCTBE, B OCHOBHOM, IPOBOJSTCS KOMIAHUSMH, NOOBIBAIO-
MU TUATOMHUTOBBIE PYIbl, U HOCSAT YTHIMTApHBIA XapakTep 0e3 riyOOKOro Hay4HOro 0OOCHOBAaHHS
MOJYYEHHBIX pPe3ynbTaToB. VccrnenoBaHUs POCCHMCKHMX Y4Y€HBIX OTBOIAT IOUATOMUTAM TOJNBKO POJb
HOCHUTENEH, HANOJHHUTENeH MEeCTUIAOB U IPOJOHTMPOBAHHBIX YAOOpEHUil, MpeAOTBPALIAIOMINX CIIE-
JKUBaHUE yHOOpPEHUH M AOOXMMHUKATOB. PAn POCCHHCKMX NPEANPUATHH, OCYLIECTBISIOLIMX OOBITY
JUAaTOMUTOBBIX Py, MPELIaraloT U3MeIbUCHHbIE IUAaTOMHUTHI B KaueCTBE KPEMHE3EMHCTBHIX yIOOpEeHUi
[13, 14]. Cmecu METKOANCIIEPCHON aKTUBUPOBAHHOM OYHIEHHONW TUATOMHUTOBOM pyAbl C MUHEPATbHBIMU
yA0OpEeHUSIMH Ha3BaHBl [DKCHEpUKaMH (ICLIeBble 3aMEHUTENN Oe3 MOTepH KayecTB, MO aHAJIOTHH C
JIeKapCTBEHHBIMU cpeacTBamu). Hambosee BaXHOH XapaKTEpPUCTHKON MpEAJaraeMbiX HKEHEPUKOB
ABJsieTcsl ux Oosiee HuU3Kas (B 3-4 pasza) CTOMMOCTH 110 CPAaBHEHMIO C MCIIOJIb3yEMbIMU MUHEPAIbHBIMU
YA0OPEHUSIMH, YTO MO3BOJIHUT MPHUMEHSITh UX B 36PHOBOM PacTEHHEBOJCTBE C MOJYYCHHUEM HPUOBLTH, TaK
KaK Ha CEerONHSIIHUM IeHb B KazaxcraHe v B Ipyrux cTpaHax MUpPa, OTHOCAIIMXCA K 30HE PHCKOBAaHHOTO
3eMIIEJICIIHSL, CIIOKIIIACh HEOIAronpysTHasI CUTYaLHsI ¢ IPUMEHEHHEM MUHEPAJIbHBIX YI0OpeHUN U3-3a UX
BBICOKHX IIeH. [Iporcxoaut ObicTpoe 00eTHEHNE MTOYB U Ja)XXe MEPOIPHATHUS MO0 CEBOOOOPOTY M UCIIOIb-
30BaHUIO «HYJIEBOW» TEXHOJIIOTHUH CeBa HE 00ECIIEUMBAIOT JOCTATOYHBIH BO3BPAT MOJE3HBIX KOMIOHEHTOB
(azota, hochopa, Kamusg U T.11.) B TIOYBY.

TexHomorusl MpoOIIa MPeABAPUTENbHYIO OMBITHYIO ampobanuio: mapTust B 70 KT CHHTETHYECKOTO
okeHepuka B 2011 roxy ucnbiTaHa Ha 4eThIpeX KyJIbTypax (sSpoBas muieHuua, camndiop, S4MEHb, POCo)
Ha AKTIOOMHCKOW OIIBITHOM CEIhCKOXO3SHCTBEHHOU cTaHIuu. [loydeHsl mpenBapuTeIbHbIE Pe3yibTa-
THI — YBEJIMYEHHE POCTa YPOKaWHOCTH cOCTaBMWIO OKoo 50%. JlaHHas TEXHOIIOTHS MOXET OBITh peann-
30BaHa Ha KPYMHEHIINX Ka3aXCTaHCKUX MPEINPHUITUAX 110 TPOU3BOJCTBY MUHEPAIbHBIX yanoOpenuit: AO
«Kazazor» u AO «Kazdochar».

Ipeumywecmea paspabameieaemou mexHONO2UU HOO2OMOBKU U NPUMEHeHUs OUAMOMUMA 8
Kauecmee HanoaHUmesl MUHEPAIbHbIX YOOOPeHUll 3aKTI0UalOmcs @ Cledyiouem.

- IPOCTOTa TEXHOJOTHUECKUX PEIICHHUH, ISl peau3alui KOTOPBIX TpeOyeTcsl Heloporoe cTaHxapT-
HOe 000pyIOBaHUE, OCHOBHOW KOMIIOHEHT IMAaTOMHUTOBAs pylla — HIPUPOIHBIA MaTepHal, KOTOPBIN JIETKO
JoOBIBaeTCsl HKCKaBalneil;

- COBMEIICHHE B KCHEPHKE CBONCTB MHHEpATBHOTO YIOOpEHHsS M BJIaro3ajep KUBaioIIero Be-
IIEeCTBA;

- LIEHOBAs! IOCTYNTHOCTh U1 KOHEYHOT'O OTPEOUTEINs;
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- 0€30TXOTHOCTh TEXHOJIOTHH TIPOU3BOJICTBA;

- IPOCTOTA B NIPUMEHEHHUH KEHEPUKOB 3aKJIIOYAETCSl B TOM, YTO OHU IOJAIOTCS B MOYBY CEAJIKAMHU
COBMECTHO C CEMEHAMH.

[IpuMeHeHne MEIKOIUCIEPCHOI0 MOPHUCTOr0 AMATOMHMTA B KayecTBE OCHOBHOIO BIIAro3aiepiH-
BaIOIIETO KOMIIOHEHTa MUHEPAIBHBIX YI00PeHNUH HEe OMICAHO B HAYYHO-TEXHHUYECKOW JIUTEpaType.

OCHOBHBIMH TEXHOJOTHYECKUMH XapaKTePUCTUKAMU Oy IyIel MPOAYKIUH SBIISIOTCS:

- BUJ IPOAYKTA (JPKEHEPHKA): JIETKHE MIOPUCTHIE TPaHyJIbl TUAMETPOM 5-6 MM;

- COZIEp’KaHUE U COCTAB: COJIEPIKaHUE MUHEPAIBHOIO KOMIIOHEHTa B Macce 25-30%, octanbHOE TOH-
KOM3MeNbueHHas BBIIIEIOUEHHAs] TUATOMUTOBas pyna AKTIOOMHCKOW obmactu. CocTaB BapbHUpyeTCs B
3aBUCHUMOCTH OT arpoHOMHYECKHX TpeOoBaHui. Hampumep, mpu BhIpalMBaHUU 3€PHOBBIX KYJIbTYD B
AKTIOOMHCKOW 007acTd ¥ B OONBIIMHCTBE CTEMHBIX PEernoHOB KazaxcraHa, XapaKTepHU3YIOIIUXCS Iie-
JIOYHBIM COCTaBOM TI0YB, HanboJlee BocTpeOoBaHkI pochopHbIe yIoOpeHNs

- HOPMaTHBBI IoJlauu: npeasaputenbHo 150-200 Kr/ra rpaHyIMpOBAaHHBIX JXKEHEPHKOB (B 3aBHCH-
MOCTH OT CBOWCTB ITOYB M BHIPAIIMBAEMOI KYJIbTYpPHI);

- CPOKH JISHCTBHSI: HAMU TPOCIIEKEH dPPEKT MOCHeeHCTBHS HA MPOTSHKEHUH 2-X JIET.

YHUKaIbHOCTH pa3padaThIiBa€MOM TEXHOIOTHUH 3aKITI0YAETCS B CIIEAYIOMIEM:

- MPOCTOTAa TEXHOJIOTHUYECKUX PELICHUM, U1 peau3aliil KOTOpPhIX TpeOyeTcsi HeIoporoe CTaH-
JlapTHOE O0OpYIOBaHWE, OCHOBHOW KOMIIOHEHT- IHATOMHUTOBAs pPyAa-NPUPOJHOE BEIIECTBO, KOTOPOE
JIETKO TOOBIBAETCS IKCKaBAIHEH;

- COBMEIICHHE B JKEHEpUKE CBONCTB MHHEPAIBHOTO YJIOOpPEHHS M BIAro3aJep>KUBAIOIIETO Be-
IIECTBA;

- IIEHOBasl IOCTYMHOCTH ISl KOHEYHOTO TIOTPEOUTEIS;

- 0€30TXOTHOCTh TEXHOJIOTUH TIPOU3BOJICTBA;

- MPOCTOTa NMPUMEHEHUS HKEHEPUKOB 3aKJIIOYAETCS B TOM, YTO OHM INOJAIOTCS B MOYBY CEsNIKAMHU
COBMECTHO C CEMEHAaMHU.

CymectByromue motpedHocTH KaszaxcraHa B KeHepHWKax TOJNBKO B 36pHOBOM PAcCTEHHEBOJICTBE
MOTYT OBITh MUHUMAaJIbHO OlleHeHBI B 150-160 ThIC.TH B r0Jl, MEPCIICKTHBHBIC 10 7-8 MJIH.TH B roj [15].

BbiBoabl. MapKeTHHTOBBIN aHAIN3 MTOKAa3al aKTyaJlbHOCTh M HEOOXOIMMOCTh BOBJIEUEHHS B cepy B
MPOMBIIIUIEHHYIO Pa3pabOTKy Ka3aXCTaHCKUX JWATOMHUTOB TPUMEHHUTEIHHO K TPOM3BOJICTBY BBICOKO-
KayeCTBEHHOTO CHJIMKATHOTO KHUPIINYa, CyXHWX CTPOUTENBHBIX cMeceil copOeHTOB s paduHUPOBAHUSA
MOJICOJTHEYHOTO MAacja U HaIlOJHUTENEe! MUHEPAIbHBIX y100pEHHH.

Pa3zpaborana TeXHONOTHS OTMBIBKM UM XMMHUYECKOTO OOOTAIeHHS JUATOMHTOBOW ITOPOJBI, TO3BO-
JSIFOLIAsl TOJy4YaTh BBICOKOKAYECTBEHHBIM AKTUBUPOBAHHBIA JHATOMUT, MPAKTUYECKU HE COAEPIKAIIHM
BpEIHBIX pUMeceH - coeinHeHuH Gropa, pocdopa U MbIIIbSIKA.

IToka3aHO YTO aKTUBUPOBAHHBIE AUATOMHUTHI SBIISIOTCS MHHOBALIMOHHBIM MAaTE€pHAIOM MHOTOIEINe-
BOTO Ha3HA4YEHU U pa3BuTus nHIycTpuu PecyOnmku Kazaxcran.

[lomydeHHBIH TOPHUCTBIM MPOIYKT MOKHO HCIOJB30BaTh KaK KOMITOHEHT BBICOKOKaueCTBEHHBIX
CHJIMKATHBIX MPOAYKTOB, B KayecTBE OTOENMBAIOIICH 3eMJM A paQUHUPOBAHUS M AE30J0pPALlH pac-
THUTEJIBHOrO Maca.

[penyioskeHHBI B KauecTBe HOCHTENS MHHEPAIbHBIX YAOOPCHHH THIpaTHPOBAHHBIH KpEMHE3EM,
MOJYYECHHBIA M3 AUATOMHUTOBOTO CBIPbS, 00ECIIEUNBACT MPOJIOHTUPOBAHHOE ACUCTBHE MUTATEIHLHOIO Be-
LIECTBA U 1OCTATOYHBIA YPOBEHb BIIard B IIOYBE.

JlanHas TEXHOJOTHS TO3BOJHT BEPHYTh B CEIBCKOXO3SHCTBEHHBI OOOpPOT MUJUTMOHBI TE€KTapOB
HeoOpabaTeiBaeMoil 3eMim W clenaTh KazaxcraH OJHWMM M3 BEIYIIMX MPOU3BOJUTENCH CEIbCKOXO3si-
CTBEHHOH mpoaykuuu. IIpennosxkeHHas TEXHOJIOTHUS MOXET HAWTH IIMPOKOE NPUMEHEHHE HE TOJBKO B
Kazaxcrane, HO 1 B Mupe.
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BEJCEHAIPUITEH TUATOMUTTEP - KASBAKCTAH PECITYBJIMKACBIHBIH OHEPKOCIBIH
JAMBITY YIIIH KOII MAKCATTA KOJIJAHBIJIATBIH HHHOBALUAJIBIK MATEPHUAJL

Annoranusi. Makana Ka3zakcran PecnyOnukachlHbIH OHEPKICINTIK JKOHE aybUINIAPYaIIbUIBIK OHIIpICIHIe
JIMaTOMUTTEP/I NaiijaanyFra apHaFaH. AJJbIH ana Oaranay OoiibiHiIIa, KazakcTaHHBIH AMATOMUTTIK KOpbl 200 MITH.
TOHHAJIaH aca/ipl, HeTi3iHeH AKTe0e 00IBICHIHBIH MyFainkap ayAaHblH A HIOFbIpJIaHFaH

ONeMIIK TOXKIpUOeIe NUAaTOMHUTTEP HETi3iHEeH, TMIPOTEXHUKAJBIK KOCHallap, KipIill, >KbLTy OKLIAYyJaFblIIl
OHIMJIEp MEH CY3ri MaTepualiapblH eHAIpY YLIiH KojnanbuUiaasl. Kasipri yakeitta Kasakcranna AuaTOMHT eHep-
KOCINTIK ayKbIMJIa OHAIPLIMEH i )KoHe MaliJaaHbUIMATbI.
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Maxkana eciMIIKTIH TaMbIp XYHeciHe Maigaisl KOMIIOHCHTTEPl MOIIIepMEH OepeTiH, TOMBIPAaKTa BUIFAIIBI
YCTam TypaThiH, Oarajasl KOMIOHEHTTIH TOMEHTi KabaTKa KYBUIBII KETIEHTiHIH, )Kep acThl CyJIaphlH CiHIpiIMereH
MHHEpaJIbl THIHAUTKBIITAPMEH JIACTAaHOAYBIH KaJaFaJIaliThIH KacueTTepi 0ap MHHepaiabl TBIHAWTKBILITAp TOJI-
TBIPYLIBl — «T€HEPHUKTEP» PETiHIe OeJICEHAIPUIreH bUIFaNJaHFaH KPEeMHMI NUOKCHIIH NaiijiajlaHy YLIiH MHHOBA-
IMSUTBIK LIeIIiMAepai ycblHanbl. [IMaTOMHUT CyZia €pUTIH KOCBUIBICTApABI KAJIBINTACTHIPA OTBHIPBIN TONBIPAKTHIH
epiMeiTIH Kaubiuii hochaThIMEH 63apa OPEKETTECE alaIbl.

¥ CHIHBUIFAaH T€HEPUKTEP/IH €H MaHbI3bl CHIIAThl - OJaplbl Ka3ipri yakbITTa KOJIAAHBUIATHIH aCTBIK ©CIMIIK
HIapyalbUIBIFBIHJIA TTali1a SKeIyre MYMKIHIIK OepeTiH IoCTypii MHHEpPAJbl THIHAWTKBIILTAPMEH CAJIBICTBIPFaHIA
Oarachl (3-4 ece) TOMEH, COHIBIKTaH OJNap/pl Maiga Taba OTHIPHIN ASH/I JaKbUIIAPAbI ecipyne KoygaHyra Oomasl,
oliTKkeHl OYTiHI KYHZE KayinTi (epMepiik mapyallbUIblK aiiMarbiHa karaTblH KaszakcraH jkoHe oyleMHIH 0Oacka
enziepinne Korapbl Oarara OaillaHBICTBI MUHEPANIbl THIHANTKBIITAPIBl KOJNAAHYABIH KOJIAKMCHI3 >KaFmaiiapel
TYBIHJA/IBL.

KaszakcTaHHBIH TEK acTHIK OCIMIIK MIapyallbUIBIFBIHIA «TEHEPUKTEpre» METeH KaKETTNIri OaphIHIIAa TOMEH
150-160 MbIH TOHHaFa OaraaHybl MYMKIH, aJl TEPCIIEKTUBAIIBI KAXKETTLIIT] )KBUTBIHA 7-8 MITH. TOHHAFa KETEei.

BepinreH TexHONIOTUs y3aK Mep3iMJIi MEPCIEKTHBANa aybUILapyallbUIbIK aifHAIBIMBIHA MUJUIHOH TeKTap eric-
TIK Xepliepre Kaiita opanyra xoHe Kazakcran/pl aybll MIapyallbUIbIK OHAIPICIHIH KETeKI OHIIpyLIiIepiHiH OipiHe
aiiHanpIpyFa MYMKIHAIK Oepeni. Y ChIHBUIFAH TeXHoJorusuiap tek Kasakcranna raHa emec, OyKis anemje KeHiHEH
KOJIIaHBLTYbI MYMKIH.

Tyiiin ce3nep: Kasakcran Pecny0nukachiHbIH ©HEPKaCiOl, AMATOMUT OHIMICPI, OCICCHIIPIIIreH JUATOMUTTED,
KYPBUIBIC OHIMJIEPiHIH 06Jiri, COpOEHT, KYHOAFbIC Maibl, TOJITHIPFBILI, MUHEPAJIIbl THIHANTHIKBILI.
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DETERMINATION OF RAIL VOLTAGES
AFTER IMPACT OF MOBILE COMPOSITION

Abstract. The results of measurements of edge stresses and stresses in the neck of a rail in a curve with a radius
of R = 380 m, obtained during tests on the effect on the path of locomotive CKD6-2108, freight gondola cars
12-9941 and 12-9920, on the section of the Almaty-Chu railway line are presented. The dependences of stresses in
the edges of the sole and neck of the rail on the speed of the tested rolling stock are obtained. The possibility of a
transition from stresses to lateral forces is considered.

Keywords: railway track, rail, edge stresses, stresses in the neck of the rail, vertical and lateral forces, the
tested rolling stock, curve of small radius.

In connection with the ever growing need to increase the capacity of the existing network of railways
in the Republic of Kazakhstan (especially the areas bordering China and Russia), the issue of increasing
the safety of operation of freight trains of increased mass and length is relevant. The commissioning of
heavy trains is a complex task related to the use of more powerful locomotives, increased axle loads,
reconstruction of the track infrastructure and power supply, and improvement of the technology of the
transportation process.

In addition, increasing the speed of train traffic with increasing traffic density requires increasing the
strength and stability of the road. The use of reinforced concrete sleepers and rails of heavy types causes
along with the reinforcement of the path to increase its rigidity. Increased rigidity of the track increases the
influence of unevenness on the rails and wheels of the rolling stock on deformation and the forces of in-
teraction of its elements. It is established that the disorders of the existing track with reinforced concrete
sleepers accumulate more intensively than those with wooden sleepers, especially in the presence of
unevenness on the rails.

The reinforcement of the upper structure of the track - laying of heavy-type rails, crushed stone
ballast, reinforced concrete sleepers - is associated with an increase in its rigidity. If the wheels of the
rolling stock and the track had no irregularities, then the tougher path would have basically positive
qualities (would cause less resistance to the movement of trains, less bending stresses in the rails, etc.).
But the presence of uneven rolling, welds, slides on wheels, unevenness in the joints and welding places of
rails, as well as saddles, wave-like wear and other unevenness on rails significantly worsen the interaction
of the elements of the track and the rolling stock.

The accuracy and correctness of the accepted experimental methods for evaluating the force impacts
of wheels on the rail track is of paramount importance for analyzing the safety of the use of freight train
trains. Edge stresses are the main parameters by which the strength of the rail is determined. They
characterize the effect of vertical and lateral forces, as well as the moments from the application of lateral
loads and the displacement of the position of the conditioned center of the contact spot between the wheel
and the railhead.

In this paper, the results of measurements of edge stresses and stresses in the neck of a rail in an
external rail thread with a curve of radius R = 380 m, obtained during testing of freight cars and diesel
locomotives in the section of the Almaty-Chu railway line are presented.
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The measurements were carried out in accordance with [1] with the help of a strain gauge measuring
and computing system (Figure 1) consisting of certified and certified measuring instruments of the world's
leading manufacturers, which makes it possible to produce precision (high-precision) measurements of
stresses and relative deformations in the elements of the track and span structures of bridges From the
impact of the rolling stock simultaneously in 16 sections with the length of the measuring path up to 500 m.

Figure 1 — Tensometric measuring and computing complex for measuring relative
strains and stresses in structures

The complex was tested at a number of facilities of JSC "NC" KTZh "and showed good results when
evaluating the effectiveness of reinforcement of railway bridge structures with a composite material [2, 3]
and determining the influence of the dynamic effect of rolling stock on the railway track and span struc-
tures of bridges [4-6].

Before the tests, a road-measuring car passed through the site. Based on the results of the measure-
ments, the service responsible for the state of the road issued an act on the readiness of the path to testing
and the permissible speeds of traffic on the site.

The experimental train consisted of a diesel locomotive CKD6e-2108 (maximum static load 23 tons
per axle), freight gondola cars 12-9941 (static axle load 23.5 tf) and 19-9920 (static axle load 25.0 tf), an
electric locomotive VL80s (axial load 24.0 tons).

Arrivals along the measuring section of the road were made in a "shuttle" way with control from the
cabs of the locomotive and an electric locomotive during daylight hours. A direct move made the move-
ment of the composition from Chu to Almaty, the reverse — from Almaty to Chu. When moving in direct
motion, the mobile units of the experimental train were located as follows: a 6-axle locomotive CKD6e-2108,
an empty gondola car 12-9920, a laden gondola 12-9920, a laden gondola 12-9941, an empty gondola car
12-9941, an 8-axle VL80s electric locomotive. When moving backward, the mobile units were located,
respectively, on the contrary, that is, without the reorganization of the rolling stock.

Figure 2 shows the graphs of the maximum edge stresses from the effects of a laden gondola 12-9920
in the speed range from 25 to 80 km/h. At the outer edge of the rail sole, the maximum value (106 MPa)
was recorded when the track was passed at a speed of 40 km/h from Almaty to Chu (reverse), the smal-
lest - 63 MPa, at the same speed, but the composition passed from Chu to Almaty. At the inner edge of the
rail foot, the highest value (75 MPa) was also observed at a speed of 40 km/h in the reverse flight
(Almaty-Chu), but the smallest (55 MPa) was recorded at a speed of 80 km/h, both for forward and
reverse The course.

It should be noted that at a speed of 25 km/h, at the inner edge of the rail foot, the quantitative values
of the stresses at the straight (58 MPa) and at the reverse (62 MPa) passage of the experimental compo-
sition were insignificant, but exceeded the fixed minimum of the maximum observed voltages at a speed
of 80 km/h.
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Figure 2 — Maximum stresses from the effects of a laden gondola 12-9920:
a) - the outer edge of the rail sole, b) - the inner edge of the rail sole

Several differ, both in the quantitative values of the stresses and in the nature of the curves, the
graphs obtained when passing the laden gondola 12-9941 (Figure 3). The maximum value of the stress in
the outer edge of the rail sole (103 MPa) was also observed at a crew speed of 40 km/h during the return
pass. Given that the difference between the axial loads is 6%, and the difference between the stress values
(106 and 103 MPa) is only 2.8%, it can be concluded that the gondola 12-9920 has less impact on the way
than the gondola 12-9941.
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Figure 3 — Maximum stresses from the impact of a laden gondola 12-9941
a) - the outer edge of the rail sole, b) - the inner edge of the rail sole

Figure 4 shows the graphs of the maximum edge stresses when exposed to an empty gondola car 12-9920.
In this case, the highest stresses (34 MPa in the outer edge at the forward stroke and 26 MPa in the inner
edge at the reverse stroke) are fixed at a speed of 60 km/h (in the case of a laden gondola - 40 km/h).
Moreover, increasing the speed of the crew to 80 km/h (regardless of the direction of travel) leads to a
reduction in stresses in the outer edge to 27, in the inner to 21 MPa.

The stresses in the edges of the rails bottom, obtained when passing through the measuring section
of the empty gondola car 12-9941, are shown in Figure 5. The largest values of the stresses in the outer
(40 MPa at a speed of 40 km/h) and in the inner (32 MPa at a speed of 80 km/H) of the edges of the rail
sole, were observed during the reverse course of the rolling stock. The lowest values of stresses (23 MPa
in the outer edge with a straight pass, 24 MPa with the return passage in the inner edge) are fixed at a
speed of 25 km/h.
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Figure 4 — Maximum stresses from the action of an empty gondola car 12-9920:
a) - the outer edge of the rail sole, b) - the inner edge of the rail sole
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Figure 5 — Maximum stresses from the effect of an empty gondola car 12-9941:
a) - the outer edge of the rail sole, b) - the inner edge of the rail sole

Figure 6 shows the graphs of the maximum edge stresses that occur when passing through the mea-
suring cross section of the shunting locomotive CKD6e. In the outer edge, the dependence is almost linear.
The greatest value in the outer edge (107 MPa for the forward and reverse travel) was recorded at a speed
of 80 km/h, the smallest (56 MPa at the back pass) - at a speed of 25 km/h. In the inner edge, a maximum
(53 MPa) is observed at a speed of 40 km / h and a minimum (44 MPa) at a speed of 60 km/h. With the
return pass. At speeds of 25 and 80 km/h, the voltages (50 MPa) are equivalent, both for forward and re-
verse flight of the crew. At a speed of 40 km/h, the voltage at the reverse travel of the rolling stock (from
Almaty to Chu) corresponded to the stresses at speeds of 25 and 80 km/h and was equal to 50 MPa.

From the analysis of the graphs shown in Fig. 7, representing the dependences of the maximum
observed edge stresses arising from the passage through the measuring section of the VL-80s electric
locomotive, it follows that in the speed range from 40 to 80 km/h, a sharp jump occurs in the outer edge of
the rail foot Stresses from 100 to 192 MPa at the forward stroke. And at a speed of 25 km/h, the voltage
(110 MPa) exceeded the voltage (100 MPa) corresponding to a speed of 40 km/h. At the reverse stroke,
the voltage increases less sharply — from 100 MPa at a speed of 25 km/h to 156 MPa at a speed of 80 km/h.

In the inner edge of the rail sole during a straight run, with an increase in the speed of the compo-
sition from 25 to 40 km/h, an increase in stresses from 69 to 72 MPa is observed, with a further increase in
speed from 40 to 80 km/h, the stress drops to 47 MPa. When the speed of the convoy increases from 25 to
40 km/h, the voltages increase from 64 to 75 MPa, at a speed of 60 km/h decrease to 73 MPa, and with an
increase in speed to 80 km / h, they drop to 47 MPa.
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Figure 6 — Maximum stresses due to the effect of the locomotive CKD6e:
a)- the outer edge of the rail sole, b) - the inner edge of the rail sole
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Figure 7 — Maximum voltage from the impact of an electric locomotive VL-80s:
a)- the outer edge of the rail sole, b) - the inner edge of the rail sole
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Figure 8 — Diagram of stresses in the outer edge of the rail sole (reverse stroke)
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Figure 9— Diagram of stresses in the inne: edge of the rail sole (reverse Stroke)
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Figure 10 — Diagram of stresses in the neck of the rail (reverse stroke)

Dynamic impact on the rail of an experimental train is clearly illustrated by the following diagrams of
stresses in the outer (figure 8) and internal (Figure 9) edges of the rail sole. Composition was held at a
speed of 60 km/h from Almaty to Chu (reverse motion). It can be seen that empty gondolas 12-9920 exert
less force on the rail than gondolas 12-9941. The impact of loaded gondola cars 12-9920 is almost equi-
valent to the effect of loaded gondola cars 12-9941. This can be explained by the improved characteristics
of the spring suspension of the gondola 12-9920.

Figure 10 shows a diagram of measured stresses in the neck of the rail, and in Figure 11 - the distri-
bution of calculated normal vertical stresses in the rail. It can be seen that the measured voltages are com-
parable with the design stresses.
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Figure 11 — Distribution of normal vertical stresses in the rail, MPa.
Vertical force 120 kN, lateral force 45 kN, loads between supports

Conclusions. If to judge the impact on the path from the measured edge stresses and stresses in the
rail neck in this section, then the 12-9920 (25 ton) gondola cars look more preferable than the gondolas
12-9941 (23.5 tons). This circumstance can be explained by the improved characteristics of spring sus-
pension of gondola cars 12-9920.

The increase in the weight norms of freight trains, without the cost of reconstructing the infra-
structure, is quite possible with the operation of modernized freight wagons with an axial load of 245 kN
(25 tons).
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B. I'. Cosonenxo, H. M. MaxmertoBa, M. SI. Kamnun, C. E. Bek:kanoBa
M. TrbIIOaeB aTeiHAaFE Ka3ak Kok jkoHe KOMMYHUKAIIsIIap akaaeMusicel, Anmatel, Kazakcran
KBLIKBIMAJIBI KYPAM 9CEPIHJIEI'T PEJIbCTIH KEPHEYIH AHBIKTAY

Annotanus. KuchkTeiH paguychl 380 M Ke3iHIEr! KHUEKTIK KOHE PEeSbC MOMBIHTUETIHICTI KEPHEY/IIH Oy
HOTHKENEPi KeNTIpireH.

Anmate—Yy xenicinne opaanackan ydackeneri, CKDe-2108 TemioBo3bibiH, 12-9941 sxone 12-9920 xapThi-
Jall JKYK BaroHIApHIHBIH JKOJIFA SCEPiH aHBIKTayFa apHaJFaH ChIHAK Ke3iHIe, KUCHIKTHIH paanyckl 380 M OonraH
Ke31H/erl )KHUEKTIK JKOHE PesIbC MOWBIHTHETIHAETrT KEpHEYAIH elley HoTwxkenepl kenripiareH. TabaH >kuerinmeri
JKOHE PENIbC MOMBIHTHETIHIETI KepHEYAIH CBIHAK JKYPri3yre apHajifaH >KbDKbIMAIbl KYPaMHBIH JKbIJIIAM/IbIFbIHA
Toyenaiiiri ansiaFad. KepHeynen OyHipiik KymTepre Koy MyMKIHIIUTITT KapacThIPBUTFaH.

Tyiiin ce3mep: TeMip KO, pellbC, JKUEKTIK KepHEY, PeITbC MOUBIHTHETIH/IET] KEPHEY, BEPTHKAIB JKoHEe OyHipIIik
KYIITEP, CHIHAK JKYPTi3€TiH KBUDKBIMAIBI KypaM, Killli paanyCThI KHCHIK.

B.T. Cosnonenko, H. M. MaxmeroBa, M. $I. Kpamnun, C. E. bek:xxanoa
Kazaxckas akajgemus TpaHcrnopTa 1 KoMMyHuKanuii M. M. TeiHbimaeBa, Anmarsl, Kazaxcran
OINPEJIEJIEHUE HANIPSI’KEHUW B PEJILCE ITPU BO3JEMCTBUM MOJABUKHOI'O COCTABA

Annorauus. [IpencraBiensl pe3yabTaThl U3MEPEHUNH KPOMOUYHBIX HANPSHDKEHUN U HANPSKEHUH B IIEHKE peilb-
ca B KpuBo# pamgmycoM R=380 M, moryueHHbIe IPH HCIIBITAHUAX MO0 BO3AEHCTBHIO Ha My Th TeruioBo3a CKD6e-2108,
Tpy30BBIX ToIyBaroHoB 12-9941 u 12-9920, Ha y4acTke jkene3HOAOpokHOW HUN AnMmatbi-Uy. IloxydeHsr 3aBu-
CHUMOCTH HANpPsDKEHWH B KPOMKaX IMOAOMIBBI M MIEHKE pelbca OT CKOPOCTH HCHBITBIBAEMOTO MOJBHKHOTO COCTABA.
PaccMoTpeHa BO3MOKHOCTD IIEPEX0A OT HANPSHKEHUH K OOKOBBIM CHIIAM.

KaroueBble cJI0Ba: KEIE3HOMAOPOKHBIN MyTh, PENILC, KPOMOYHbIE HAIPSDKEHMUS, HAMIPSHKCHUS B IIEHKE pelibea,
BEPTUKAJIbHBIC U OOKOBBIC CUJIBI, HCIIBITHIBAEMbIH MMOJABHKHON COCTaB, KPUBAasi MAJIOTO Pauyca.
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ASSESSMENT OF INHIBITIVE PROPERTY OF SULFUR
AS A FILLER OF POLYMER MATERIALS WITH A VIEW
TO REDUCE TECHNOGENIC IMPACT ON ECOLOGY

Abstract. According to modern representations bitumen polymer compositions are dispersions of polymers
with bitumens. The important stage of creation of durable insulating materials is their inhibition in consequence of
oxidation processes in conditions of their application. In this connection the most acceptable substance is sulfur-
containing compounds, which effectively perform this role. Currently sulfur production is sharply marked from the
number of other extractive industries that from the ecological point of view the most important problem is not
achievement of sustained development condition by the sulfur production, but solution of problems of safe storage or
even disposal of extracted sulfur. As against other extractive industries, which main efforts are focused on the search
of more effective methods of production of required component against its decreasing world reserves, leading
companies in sulfur industries worried first of all by the search of new ways for safe management by extracted by
them resource.

Keywords: oil dispersed systems, film-forming substances, petrochemistry, thermoplastic resins, sulfur, pig-
ments, physical-mechanical, insulating properties of coatings.
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OIIEHKA MHT'MBUPYIOIIENA CIIOCOBHOCTH CEPBI
B POJIN HAITOJIHUTEJIA TIOJIUMEPHBIX MATEPUAJIOB C HEJIBIO
YMEHBUIEHHUA TEXHOI'EHHOTI'O BJUAHUSA HA 9KOJIOT'NIO

Annotanusi. CorylacHO COBpEeMEHHBIM IpeACTaBlIeHUsIM OuTyM noiuMepHble komnosunuu (BIIK) — nucnep-
CHH TIOJTMMEPOB ¢ OMTymMamMu. BakKHBIM 3TamoM CO3JaHUS JOJTOBEYHBIX HM3OJBIIUOHHBIX MAaTEPHAJIOB SBISETCS HX
WHTUOMPOBAHUE B CIIEACTBUE MPOTEKAOIINX OKUCIHUTENBHBIX MIPOIECCOB B YCIOBUSAX MX NMPUMEHEHH. B 3TOH Bs3n
HanboJee MPHEMJIEMBIM BEIIECTBOM SIBISIETCS CEPOCOICpIKAIINE COCOMHEHUS, KOTOphIe S(P(EKTUBHO BBITOIHIIOT
3Ty poib. B Hacrosimee BpeMsi MPOM3BOACTBO CEPHI PE3KO BBIACISACTCA M3 YMCIA IPYTHUX JOOBIBAIOIINX OTpaciiei
TeM, 9TO C DKOJIOTUYECKOHN TOUKH 3peHHs O0jiee BaXKHOM MpoOIeMOii ABIIIEeTCS HE JOCTHKEHHE CEPHON MPOMBIIIIIEH-
HOCTBIO COCTOSIHHSI yCTOMYMBOIO PAa3BUTHSA, a PEIICHHE BOIIPOCOB OE30IIACHOTO XPAaHEHHUS WM JaKe 3aXOPOHEHUS
Jo0bIBaeMOM cepbl. B oTimumne oT Apyrux orpacicil H0ObIBAOIICH MPOMBINUICHHOCTH, T1€ OCHOBHBIC YCHJIHMS Ha-
NpaBJIeHbl Ha MOKCK Oosiee 3(h(hEKTHBHBIX METOAOB TOJIyUeHHUs] TpeOyeMOoro KOMIIOHEHTa Ha (JOHE COKPALIAIOIINXCS
€ro MHpPOBBIX 3aIlacoB, BeIyl[He KOMIAHMU CEpHOW OTpaciu 03a00ueHBI, MPEXJEe BCEr0 MOMCKOM HOBBIX IyTeH
6e3omnacHoro oOparieHus ¢ JOOBITHIM UMH PECYPCOM.
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KuaroueBsie ciioBa: Hedrsaasle nucnepcHele cuctembl (HJC), muerkooOpasyromme BemecTBa, HEPTEXIMUS,
tepmorutactuyable  cMonel  (TIIC), cepa, mUTMeHTHI, (U3NKO-MEXaHUYECKHE, W3ONUPYIONINE XapaKTePHUCTUKU
MIOKPBITUH.

BBenenune. CormacHo coBpeMeHHBIM TipenctaBienusM bIIK — pactBop monmmmepa B ouryme. Mexons
W3 3TOTO KPYIHBIC, Pa3BETBJICHHBIC MOJICKYJIBI TOJIMMEpa, PAaBHOMEPHO pacHpeelssch Mo Bceil Macce
Outyma, Kak Obl apMHPYIOT €r0, CO00INasi OUTYMY, AMACTUYHOCTD U YIPYTOCTh, & TAKKE TEPMOCTOMKOCTS,
KOTOpBIC TPOSIBIISIIOTCS TOJBKO MPHU KAKOM-TO ONTHMAIBHOM KOJHYECTBE MOJUMEPHBIX MOJIEKYJ, TO-
BHJIMMOMY, KOT/Ia UX KOHIICHTPANU TaKOBa, YTO OHU 00Pa3yIOT HEMPEPHIBHYIO CETUATYIO CTPYKTYPY.

[Monydenue mnenkooOpasosarens [1-3], T.e. COBMEIICHUE CIENOMTyMa C KOMIIOHEHTaMH TIPOBOIH-
JIOCh NIByMs dTallaMy: a) MPHUTOTOBJICHHE IOJMMEPHOTO PacTBOpa, COCTOSIIET0 M3 oOpasia TepMOIOo-
mumepHor cMmoisl (TIIC), momumepHOTO IacTH(UKATOpPa U ApOMATHIECKOTO PACTBOPHUTENS (0-KCHIIONA);
0) COBMEIIICHHUE MTOJIMMEPHOTO pacTBOpa ¢ 00pa3IoM CHeOUTYMa.

Metoanl ucciaenopannii. s orieHKH 3anuTHEIX cBoiicTB noiaumepos (JICT, HMC, TTHITI, AIIIT),
Ooputn mpurotoBieHs BUM [4]. Cremyer OTMETHTh, YTO TOJUMEPHI BBOIWIMCH B KOJHUYECTBE OT 2 10
6 %Macc., mocyie pacupee/iCHUus] UX B PACTBOPUTEIIC HAHOCHIMChH Ha MOIJIOKKH U HA 5 CYTKH IMPOBO-
JIWUTACH 3JIEKTPOXUMHYECKUE HCCIICIOBaHS, TPUBEICHHBIC B Ta0nuie 1.

Tabmuua 1 — M3MeHeHne moTeHIMana MeTajia o OTHOIIEHUIO K CTaHIapTHOMY BOAOPOAHOMY 3JIEKTPOAY OT BPEMEHU

HaumeHoBaHIE OTMMEPOB / MaccOBast KOHIICHTPAIHS 0 Touka 1 yac 3 yac 5 yac 7 yac
JCT 2% -325 -252 -178 -273 -169
4% -178 -153 -50 -148 -150

HMC 2% -358 -283 -78 -103 -68
4% -313 -188 -62 -88 -158

TILIITT 2% -130 -138 -53 -118 -91
4% -178 -205 -120 -161 -148

ATIIT 2% -220 -194 -155 -168 -161
4% -228 -228 -168 -253 -252

TIIC 2% -214 -188 -133 -146 -129
TIIC 4% -225 -158 -160 -178 -158
6% -338 -183 -146 -123 -119

Jlarapie Tabmumpl | CBUAETETHCTBYIOT O TOM, YTO Hambonee 3(PpPEKTUBHBIMH WHTHOHUPYIOITHME
xapakrepuctukamu oonanaroT noaumepbl HMC u ICT ¢ KpUTHYECKOW KOHIIEHTpaLuel CTpyKTypooOpa-
3oBanus (KKC) 2 u 2-2,5 mac. % cOOTBETCTBEHHO, a TaKke clenyeT 0co00 00paTUTh BHUMAaHUE HA 3a-
IIUTHBIA Oapeep, BOZHUKaromui mpu BeeneHuu 8§ mMac. % TIIC, a mMeHnHO Tipw 5 ¥ 7 9aCOBOM BO3ZEHCT-
BHS B PAacTBOpE JIEKTPOJIMTA, KOTAA MPOUCXOAUT MACCUBALIUA MOBEPXHOCTH IMOAJIOXKKH, U30JIMPOBAHHOMN
OUTYM-TIOJTMMEPHBIM TICHKOOOpa30BaTeIeM.

Pe3yabTaTthl nccaegoBannii

Bausinue 31eMeHTHOH cepbl Kak MJIACTH(UKATOPA HA Mpouecce HHTMOMPOBAHUS OUTYM-T10JIH-
MEpPHOro nmjieHkoodpa3oBartes. [Ipy n3yueHnn GU3NKO-MEXaHUYECKUX CBONCTB ONTYMHBIX W30JISIIIHOH-
HeIx MaTtepuanoB (bBHMIM), a WMEHHO HX aAre3MOHHO-TIPOYHOCTHBIX CBOWCTB MOXKHO 3aKIIOYHTH O
HEOOXOJMMOCTH HX (PU3MKO-XUMHYECKOTO MOJTU(PHULINPOBAHUS C LENbI0 MIacTUPHUKALNN U UCKITIOYECHUS,
TakuM 00pa3oM, OKHCIUTEIHHON JECTPYKIMH, TO €CTh MPEKICBPEMEHHOTO cTapeHus. BBoaumble 1urac-
TH(UKATOPHEI B cocTaB bUUM 0c1abisatoT 3HEPTHH MEXMOJICKYIIIPHBIX B3aUMOICHCTBHIA B MaKpOaCCOIHa-
Tax OMTyMa, 3HAYUTENbHAS YaCTh KOTOPHIX Pa3pyLIaeTcsl M BKIIOYACTCS 10 NPUHLIUINY BHYTPUMHLEIIISP-
HOW WM HaIMUIEIUIAPHON CONMIOOMIH3AMA B MHLEISPHYIO CTPYKTYpY HMHTHOMTOpa. BBemeHue murac-
tu(ukaropa B coctaB bIM, xak mpaBmiio, HECKOJIBKO YMEHBIIAET MPOYHOCTh M TBEPJOCTH IJICHKH, HO
3HAYUTENBHO YIJy4IlIaeT OJHOPOAHOCTh M 3JIACTUYHOCTh IUICHKH, YBEIHYHMBAET €€ Y/UIMHEHHE IpHU
pa3pbIBe, MOBBIIIAET €€ MOPO30CTONKOCTD, TO €CTh YMEHBIIAET XPYIKOCTh PU HU3KUX TEMIIepaTypax, HO
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TIIaBHOE YJy4IlaeT U30JINOHHEIe cBoiicTBa [Ik. MexaHu3M AelcTBuUS MIacTU(UKATOPOB 3aKII0YAETCS B
TOBBIIIICHNN TIOABM)KHOCTH OTIENBHBIX MOJEKYJ WM CEerMEHTOB MaKpOMOJEKYJ ITOJIMMEPOB, HaxXo-
JSIIIUXCS B YCTOHYHMBOM COCTOSIHUM CTaTUYECKOTO, MTOJYCBEPHYTOrO KITyOKa, 3a cYeT oclabJIeHUsI UX MO-
JICKYJISIPHBIX B3aUMO/ICHCTBHIA, JTH0O0 B MOBBIIICHUH MOJIBUXKHOCTH aCCOIIUATOB (Ma4eK) MaKpPOMOJICKYJI 3a
cdeT ocnabiueHust MexX(pa30BBIX B3aUMOJICHCTBUI I TIOHWKESHHS CTETICHH KPUCTAJUIMYHOCTH.

IIpu BBIOOpEe MoOmmbUIUpYOMEro KoMmmoHeHTa bMM wucxogwnn W3 TOTO, YTO areHT IOJDKEH
00nanaTh Kak IUTACTU(GUIMPYIOMIUM JEHCTBHEM, TaK M JIOJDKEH MPOTHBOCTOSTH TEPMOOKUCIHUTEIBHOMN
JIECTPYKIUH, TO €CTh BBITONHATH (DYHKIIMM WHTUOMTOPA-aHTHCTAPHUTENIS B MPOIECCe IKCILTyaTaluu Ou-
TyMHOTO MaTepuraia, HallOJIHEHHOTO NMHUTMEHTOM. BhImenepedncieHHBIMI CBOWCTBAMHU W TIPEIbSBIIsIC-
MBIM TpeOOBaHUAM 00JajacT AIEMEHTHAs cepa, CBoKCTBa KoTopoit coorBeTcTBYOT [[OCT 126-79.

Cepa mpu omnpeselieHHOM €€ COAEPKaHMH MOXKET 00pa3oBHIBATh 3a cUeT (POPMHUPOBAHUS CIOKHBIX
crpykTypHBIX enuHUI (CCE) conpshkeHHBIE ¢ MMEIOIIMMICS JacTHUIIAMHU JTUCIIEPCHON (Da3bl IPOCTPAHCT-
BeHHBIE CTPYKTYpHI [5]. IIpu aTom cBoiictBa BUM OyayT onpenenarscs 3Toil HOBOW MPOCTPaHCTBEHHOM
COTPSKCHHOM CTPYKTYpOU. YKe NMPU MaJIbIX KOHIICHTPAIIHMSIX 3Ta J0OaBKa MOXKET OKa3bIBaTh CTPYKTYPH-
pyromuii 3ddekt, a npu O00NBIIUX — IACTHGHUIUPYIOMUNH U HA000pOT; MPU MaJbIX KOHIIEHTPAIUIX
s ekt OyaeT mIacTuUITUPYIOIIHMA, a TP OOJIBITHX — CTPYKTYPHUPYIONTHH. B IepBoM ciydae, 0ueBUIHO,
3TO JIOJDKHO OBITH CBSI3aHO C TE€M, YTO TPU COJEPKaHUM BBIIIE ONpPEAETICHHOTO0, 00aBKa HE CMOXKET pac-
MIPEJIEUTHCS B TUCIIEPCHOHHOM cpenie, u OyJeT urpaTrh pojb MIApPHUPOB Npu caBure. Bo BTOpoM cirydae
MIPH OTpEeIEHHOM COJIEp’KaHUH €€ OKaKeTCS AOCTATOYHO /ISl TOro, 4TOOBI 00pa3oBaTh CaMOCTOS-
TEJNIHYI0 WM COIPSKEHHYIO C YacTHUIIAMU JUCIEPCHOW (pa3bl NaHHOW CHUCTEMBI MPOCTPAHCTBEHHYIO
CTPYKTYpY.

CornacHo uccienoBaHusM [4] moka3aHo, YTO ISl UCKIFOUCHUST OKUCIUTEIBHON NECTPYKIINI OUTYM-
nosmmMepHbIx Kommozunuii (BIIK) BBogsATCS cepocomepikaiiue COeqUHEHMS, CIIOCOOHBIC pa3iaraTh TU-
poniepekucu. O1o npuBoauT K mnactudukanun BITK. MeTtomoM peHTreHOCTPYKTYPHOTO aHajiu3a OOHa-
PYKEHO YBEIMYCHHE MEXKIUIOCKOCTHOTO PACCTOSHUS, XapaKTepu3yemas IUIOTHOCTHI0 YIAKOBKU KOHJCH-
CHUPOBaHHBIX apOMATHYECKUX CTPYKTyp. TakuMm oOpazom, mprMEHEHHE Cephl KaK IUIaCTH(GHUIUPYIOIETO
arcHra 6I/ITYM-HOJ'II/IMepHI)IX BI/IM, CYIIECTBCHHO pAaCIINPACT BO3MOXHOCTU UX HUCIIOJIB30BaHUA B pa3jiny-
HBIX YCIIOBHUAX. XOPOIIO U3BECTHO, YTO B CMECAX apoOMaTHYeCKUX M napaduHo-HadTEeHOBEIX Y B ropaszmo
OBICTpee OKUCISIOTCS apoMaTHUECKHe KOMIIOHEHTHI. TepMOOKHCIUTENbHBIE TPEBPAIICHUST OCTATKOB Cep-
HUCTBIX He(Tell MAYyT B peXUMe MHTHOMPOBAHHOTO OKHcIeHHA. Poib MHrHOuMTOpa OKHUCIEHHS apoMa-
TUYECKUX YB BBIMONHSIOT CEpHHUCTBIE COCAMHEHHS CYIb(UAHOTO THIA, KOTOPHIE pa3pylIaloT Hpome-
JKyTOYHBIE TPOIYKTHl OKHUCICHUS — THAPOIIEPOKCHIBI, U TPOLECC OKUCIIEHUS WIET IO BBIPOXKISHO pas-
BETBJICHHOMY MeXxaHu3My. [lonTBepkaeHreM WHTHOMPYIOMIETO JEUCTBUS 3JIEMEHTHOUW Cephl SIBIISETCS
ucclieloBaHne HOMHBIX Yrcen Tabnuua 2.

CrnemyeT OTMETUTh, YTO HOIHBIM YHCIIOM HAa3bIBAETCS KOJHMYECTBO TPAMMOB HONa, MPUCOEAHHSIO-
mierocst Kk 100 rpammam npojykra. Meroauka ornpesieneHuss HoJHOTO Yucia NpuBe/IeHa.

Tabnuua 2 — [Toka3artenu HOIHBIX YKHCEN PACTBOPOB MOJIMMEPOB

CocraB pacTBOPOB MOJMMEPOB Wonroe uucio, mi/r
| HIIC - 8%, AIIII - 2% 19,05
HIIC - 8%, AIIII - 2% + Cepa 1,5% 2,8713
) HIIC - 8%, ACT - 2% 19,177
HIIC - 8%, ACT - 2% + Cepa 2% 5,9266
3 HIIC - 8%, HMC - 2% 20,701
HIIC - 8%, HMC - 2% + Cepa 2,5% 2,8575
4 HIIC - 8%, HMC - 4% 17,5683
HIIC - 8%, HMC - 4% + Cepa 2 % 2,7214
5 HIIC - 8%, ITLILI - 2% 18,542
HIIC - 8%, ITHILJ - 2% + Cepa 2 % 1,1641
6 HIIC - 8%, ITLILI - 2% 18,542
HIIC - 8%, T - 2% + Cepa 1% 2,6554
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AHanmu3 Tabnumpl 2 TOKa3bIBaeT BIUSHHUE 3JIEMEHTHOH Cepbl Ha TMOKa3aTeNl HOMHBIX YHCeN B pac-
TBOpax MOJMMEpoB. TakuM 00pa3oM, cepa B3anMOAEHCTBYET C ABOWHBIMH CBSI3SIMU TIOJIMMEPOB, a TAKKe
Oynmer B3aUMOJEHCTBOBATh CO CBOOOIHBIMU CBSI3SIMH W paJlKajaMH, COIEp)KAIIUXCs B OuTyMe u oOpa-
3YIOIIUXCS TPU TEILIOBOM M COJIHEYHOM OOJIyYCHUU, IPH XUMUUECKOM M MEXaHUYECKOM BO3CHCTBUU.

Jl1s OIeHKM 3alMTHBIX CBOWMCTB, KOTOpBIE MIPHUIAET cepa Npu ee coBMmenieHnn ¢ BUM, Obimu mpu-
TOTOBJIEHBI TOKPHITUA. CleyeT OTMETHTh, 9TO cepa BBoaniach B kommyectse ot 0,5 mo 3 %macc. Ilocme
pacmpenencHus €€ B IOJUMEPHOM PAcTBOPE HAHOCWIIM HA MOJUIONKKU MOCIE Yero Ha 5 CYyTKH MPOBOIUIH
ANEKTPOXUMHUYECKUE HCCIIEOBAHMS, PE3yIbTaThl KOTOPHIX MPHUBEICHBI B TaOnwmie 3.

Tabnuna 3 — V3MeHeHNe OTeHIHaIa MeTajlla [0 OTHOLICHHIO K CTAHAAPTHOMY BOZOPOJIHOMY JIEKTPOIY OT BPEMEHU

HanmenoBanne 0 Touka 1 gac 3 gac 5 4ac 7 qac
ACT S-0,5% -208 -167 -43 -18 -58
S-1% -124 -265 -103 -58 -25
S-1,5% -213 -103 -93 -10 -71
S-2% -288 -128 -83 -18 -48
S-2,5% -204 -175 -88 -78 -95
S-3% -148 -98 -98 -53 -93
ATIIT S-0,5% -155 -68 -158 -115 -126
S-1% -138 -53 -63 -118 -162
S-1,5% -171 -143 -88 -158 -165
S-2% -198 -148 -188 -195 -176
S-2,5% -224 -118 -118 -142 -133
S-3% -170 -185 -148 -110 -105
HMC S-0,5% -313 -178 -53 -87 -88
S-1% -223 -158 -163 -153 -150
S-1,5% -108 -228 -203 -193 -191
S-2% -268 -157 -101 -163 -146
S-2,5% -228 -68 -138 -128 -133
S-3% -123 -63 -168 -168 -167
T S-0,5% -338 -168 -158 -147 -131
S-1% -243 -128 -168 -158 -143
S-1,5% -308 -163 -158 -126 -145
S-2% -288 -152 -126 -126 -188
S-2,5% -218 -133 -108 -156 -103
S-3% -215 -151 -198 -174 -160

PykoBOJICTBYSICH MPOBEJICHHBIMH KOMIUIEKCHBIMH HCCIIEIOBAaHUAMHM HamOojee oNnTHMaibHas KOH-
LEHTpAaLKs 3JIEMEHTHOM Cephl B COCTaBe IIICHKOOOpa3oBaTenei — 2,5 mac.%.

PazpadoTrka ¢u3UKO-XUMUYECKOH TEXHOJOTHM NUTMEHTUPOBAHMS OUTYM-NOJMMEpPHbIX MaTe-
puajoB. [IpucyTCTBHE NHUIMEHTOB M HaIlOJHUTENEH B oOpraHudeckux IIK BBI3BIBaET 3HAYUTEIHHOE
W3MEHEeHUe IePOpMalOHHO-IIPOYHOCTHBIX cBOMcTB. Tak murmentupoBanue BUIM Hapsimy ¢ moBblie-
HHEM ONTHYECKHX CBOMCTB [IK, NPUBOOUT K YBEJIWYEHHUIO H30JUPYIOIIEH CHOCOOHOCTH, BHYTPEHHHUX
HaNpsDKEHUH, MOLYJIS YIPYTOCTH, @ TaKXKe aAre3MOHHO-NPOYHOCTHBIX CBOWCTB. Takum oOpa3om, roTo-
BUM, cocTaB nurMentupoBanHoro bBUM momaudunuposansoro ICT B KoTOpbIe BXOIST pacueTHOE KOJH-
4eCcTBO 0TpaboTaHHOTO XpoMcozepxkamero murmenta MM - 2201 u mieakoo0Opa3oBarerns.
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KonnvecTBo MUrMeHTa U TIIEHKOOOPA30BaTeNsl pACCYMTHIBAEM MO METOMKE [6].
[IpUroToBjIeHHbIE CYCICH3UH MUTMEHTHPYEM B AMUCIEPraTope, M0CTUTas 3HAYCHHUSA TUCIIEPCHOCTH
30 MKM.
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Pucynok 1 — I'padk 3aBHCUMOCTH AUCIIEPCHOCTH OT BPEMEHH (CycHieH3us 2)
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Pucynok 2 — I'paduk 3aBUCHMOCTH TUCTIEPCHOCTH OT BPEMEHH (CyCHEeH3us 3)

Amnanu3 pu3uKo-MeXaHMIECKUX CBOIMCTB, MUTMEHTHPOoBaHHBIX bBUUM mpencrapieH B Tabmuiax 4—6.

Tabmuma 4 — AHanu3 PU3UKO-MEXaHMYECKUX CBOWCTB, MUrMeHTHpoBaHHBIX BUM momudummposanubix JJCT
(BpeMsI BBIIICPIKKH 3 CYTOK)

TBepnocts mo M3-3, Usruo, Tsepnocts 1o ISO 15184, Anresus,
OCII
yCII. efl. Gasuibl Oasb Oassl

0,69 0,2626 2 0 1
0,56 0,2953 1 1 1

0,4 0,3209 1 2 1
0,24 0,3256 1 2 1
0,12 0,3674 1 2,5 1
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Pucynok 3 — MI3MeHeHHe TBEpAOCTH HOKPBITHS OT COAEPKAHHS B HEM IIUTMEHTA

Tabmuma 5 — AHanu3 PU3UKO-MEXaHMYECKHX CBOWCTB, MUrMeHTHpoBaHHBIX BUM momudunmposanusix JJCT
(BpeMsI BBIIICPIKKH 7 CYTOK)

ocI Teepnocts o MD-3, Anresus 1o ISZO 4624, Teepaocts no ISO 15184, Anresus,
YCIL. efl. Kre/cm 0arel Oauel
0,69 0,3050 2 0 1
0,56 0,3125 3 1 1
0,4 0,3546 5 2 1
0,24 0,3121 7 2 1
0,12 0,3807 9 2,5 1

Tabmuma 6 — AHanmu3 PU3UKO-MEXaHMYECKUX CBOMCTB, MUrMeHTHpoBaHHBIX BUM mMomudunuposanasix HMC
(BpeMsI BBIIICPIKKH 3 CYTOK)

Teepmocts o M3-3, Usruo, Teepaocts no ISO 15184, Anresus,
OCIT
yCIIL. €. Oabl OaJIBI OaJUIBI

0,69 0,3659 3 0 1
0,59 0,5193 2 1 1
0,46 0,5080 1 2 1
0,31 0,4625 1 2 1

0,2 0,2920 1 3 1

BeiBoabl. OTMETHM, YTO YeM MEHBINE MUTMEHTA, METAJUIOCOAEPIKAIIETO MOPOIIIKA BBICOKON arpe-
TaTHBHON YCTOMYMBOCTU K Pa3pyLICHHUIO MPU JAUCIICPTUPOBAHUM M, TakuM oOpa3om, MeHbIiie OCII, tem
HIUXE TBEPIOCTh U BBILIE aAT€3MOHHO-TNIACTUYHbIE CBOICTBA [1K.

[To mpoBeneHHBIM (U3UKO-MEXaHUUYESCKUM HCCIICAOBAHUAM HMUrMEHTHpOBaHHBIX BUIM momuduim-
POBaHHBIX MOJUMEPaMH, BUIHO, YTO MOJMMEPHI SBISIOTCS BAXHON COCTABIISIFOIIEH OMTYMHOIO ILJICHKO-
oOpa3oBarerns, T.K. 3HAYUTENBHO MMOBBIMIAIOTCS TBEPAOCTh U aATe3Us TOKPBITHH.
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IKOJIOTUAF A TEXHOT'EHJAIK OCEPIH TOMEHJETY MAKCATBIHIA
HOJIMUMEPJII MATEPUAJIJAPABI TOJBIKTBIPTBIII POJIIHJAEI'T KYKIPTTIH,
BASTYJIATKBIII KABUIETTUUIITTH BAFAJIAY

AnHOTanusl. 3aMaHyH TyciHikre 6utym monumepii kommnosunus (BIIK) —nonnmepiiepain OutrymmeH aucnep-
cuschl. Te3iMai oKmIayiaay MaTepHalIapblH jKacaylarbl MaHBI3/Ibl KE3€H OJNApAbl KOJIaHy JKaraailblHIa aFbIMIaFbl
TOTBHIFY TPOLIECTEP] calAapblHaH onapAbl Oasynary Oousbin TabbuTanpl. OcbFaH OalIaHBICTHI XKapaMabl 3aT OOJBIIT
TaOBUTATBIH OYI POl THIMAI aTKapyIIbl, KYKIpT KYpamIbl OailaHBICTApAbl KOJAAaHY THIMAI OOJNBIN TaOBLIaIBL.
Kasipri yakpITTa KYKIpT OHIIpIiCiHIH 0acka KeH Wrepy caialapblHaH, SKOJOIHSIBIK KO3KapacTa MaHbI3Abl Macele
KYKIPT O@H/IpICIH TYpaKThl AaMbITYFa KOJI JKETKi3y eMec, OHAIPUIeTIH KYKIPTTI Kayilci3 cakray HeMece KOMill Tactay
MocenelnepiH memyae Oonbll TaObUIaThIHBIMEHEpeKIeneHe 1. JYHHexXy3iIik KopiaapablH a3aiobl aschlHIa Herisri
KYIITEPIH KaKeT KOMIIOHEHTTEePAl ally/IbIH THIMII SICTEpiH i3aeyre OarbITTanraH, 0acka KeH Urepy cajajapblHaH,
KYKIPT OHJIpYy CajachlHAarbl aJIABIHFBI KaTapAarbl KOMIIQHMSUIAD €H ajIbIMEH OJapMEH albIHFaH pecypcTapibl
KayiIlCi3 KOJIJaHy IbIH JKaHa >KOJJIAPbIH 13I€yMEH epeKIIeIICHE]].

Tyiiin ce3mep: mynaii nucniepcrik sxyrenepi (MXK), kaObipiak Ty3ymii 3aTTap, MyHail XUMHUSICBI, TEPMOILIAC-
TuKajbIK waiisipaap (TIIL), kykipT, TUrMEHTTEp, KaObIHAAPABIH (U3UKA-MEXaHUKAIBIK, OKIIAYJIAFbII KAaCHETTEPI.
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CONDITES OF THE RECEIVED MATERIALS
FOR THE MANUFACTURE OF KERAMZITES
FROM WASTE PRODUCTS FROM THE PRODUCTION OF STONES
OF MINING INDUSTRY OF SOUTH KAZAKHSTAN

Abstract. The issues of production of lightweight aggregates for concrete from waste from processing igneous
rocks are considered. For this purpose, complex geological, mineralogical and petrographic methods were used to
study granites and rhyolites suitable for stone production. The data of rock studies using chemical, thermal, X-ray
diffraction analyzes are given. Further, the burden of granites and rhyolites was subjected to high-temperature tests in
a chamber furnace LHT 04/16 (Nabertherm) with a dynamic temperature increase from 50 to 1200 © and further to a
temperature of 1450 °C. The temperature rise was controlled by the set time, after which the thermal installation
automatically switched to the next heating mode — at T © — constant. The process of the furnace thermal exposure to
the sample was completed by free cooling of the system. The work of the thermal installation is carried out according
to the following scheme: 1) heating in conditions of dynamic temperature rise; 2) isothermal regime (thermal effect);
3) free cooling of charge.

It is established that firing of granites and occurs in the following sequence: 1) general dehydration of the
system (60-200 ° C); 2) melting (beginning of softening) of volcanic glass - obsidian (600 ° C and above); 3) thermal
dissociation of kaolinite, (500-650 ° C); 4) the decomposition of muscovite in the rock (dehydration and restructuring
of the lattice within 800-1000 ° C; 5) the formation of second-generation mullite consisting of feldspars and kaolinite
decomposition products (950 ° C and higher); 6) complete destruction of muscovite with the formation of acicular
mullite and amorphous phase (1100-1200 ° C); 7) material shrinkage (800-1300 ° C); 8) ordering the sizes of pore
spaces on the basis of oriented seals, not molten silicon particles; 9) the formation of new mini-pores on the basis of
bubble spaces in the liquid phases of mullite (950-1300 ° C); 10) obtaining claydite.

Technological properties of claydite obtained from the burden of granites (strength, lightness, fire resistance,
heat and noise insulating characteristics, etc.) are in no way inferior to the physic mechanical parameters of expanded
clay obtained from other types of raw materials

Key words: expanded clay, igneous rocks, granites, rhyolites, thermal, X-ray phase and microprobe analyzes
calcinations and melting of batch of high-temperature furnace.
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KOHAULIUU ITOJYUYEHHBIX MATEPHUAJIOB
JJIA U3BTOTOBJIEHUSA KEPAM3UTOB
U3 OTXOJ0B NPOU3BOJACTBA CTPOUTEJbHBIX KAMHEM
T'OPHOPYJJHOM MPOMBIIIJIEHHOCTH IOJKHOI'O KABAXCTAHA

AHHOTaIIHﬂ. PaCCManI/IBa}OTCﬂ BOIIPOCHI MPOU3BOACTBA JICTKUX 3aMoJHUTENCH 1T OETOHOB U3 OTXOI0B 1epe-
pa6OTKI/I MarMaTU4eCKux IMmopon. I[J'IH 9TOro OBLIU MMPpOBEACHBI KOMIUICKCHBIC I'€OJIOTHUYCCKUE, MUHEPATTIOTMYECKUC U
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neTporpaduIeckue METOABI H3yUCHNE TPAHUTOB M PHOJIUTOB TIPUTOTHBIX I KAMHEIUTHOTO IPOM3BoCTBa. [IpuBe-
JIEHBI TaHHBIE M3YYCHHS MOPOJ METOJAMH XUMHYECKOT0, TEPMHUYECKOTO, PEHTTEHOCTPYKTYPHOTO aHAIN30B. [laree
[IMXTa TPAHUTOB W PHOJHTOB IOJBEPrajlaCh BBEICOKOTEMIICPATYpPHBIM HCHIBITAaHWAM B KamepHoil meun LHT 04/16
(Nabertherm) npu muHamMudgeckoM pocte Temmeparypsl oT 50 mo 1200° u manee mo temneparypsl 1450°C. Ilogpem
TeMIepaTypbl KOHTPOJIMPOBAJICS 3aAaHHBIM BPEMEHEM, M0 HCTEYEHHIO KOTOPOrO TEepMHYECKas YCTaHOBKA aBTO-
MaTHYECKH MEePEKIII0YaNach B CICIYIOMUI pekuM HarpeBaHus — npu T°—constant. [Iporecc Tepmiraeckoro Bo3aeii-
CTBUS IIeYH Ha Tpo0y 3aBepImaics cBOOOIHBIM OXJIaXIEHHEM CUCTEMBL. PaboTa TepMHU4ecKkoil yCTaHOBKH OCYIIECTB-
JSeTCA 1O CleAylomei cxeme: 1) HarpeB B YCIOBHAX IWHAMHUYECKOTO IMOJABEMA TEMIIEPATYPHL; 2) H30TEPMUIECKUI
PEXUM (TEPMUYECKOTO BO3JCHCTBUA); 3) CBOOOTHOE OXJIAXKICHHUE IIIUXTHI.

YCTaHOBIIEHO, 4TO 00XHI TPAHUTOB M IIPOUCXOJIMT B CIEAYIOLIEH 1ocienoBaTeabHOCTH: 1) o0mast neruapara-
s cuctembl (60-200°C); 2) ruiaBieHue (Havauo pa3MsrdeHUs) BYJIKAHUYECKOTro crekia — obcumuana (600°C u
BEIIIE); 3) TepMudecKkas aucconuanus kaonuHuTa, (500-650°C); 4) pa3inokeHHe MYCKOBUTA, BXOJSIIETO B COCTaB
MOPOJIBL, (AETHIpATAIHS U IIepecTpoiika pemetku B mpeaenax 800-1000°C; 5) oOpa3oBaHue MyJUTUTa BTOPOH T'eHE-
paIyy COCTOSIIIETO U3 MOJIEBBIX IIMATOB U MPOAYKTOB pacmnana kaonuHuTa (950°C U BhImIE); 6) TONMHAS JECTPYKIUSI
MYCKOBUTa C 0Opa3oBaHHEM HIroJibuaToro Mysumra u amopdHoi ¢aser (1100-1200°C); 7) ycagka marepuaia
(800-1300°C); 8) ymopsimourBaHre pa3MepOB IMMOPOBBIX MPOCTPAHCTB HAa OCHOBE OPUECHTHUPOBAHHBIX YIUIOTHCHHM, HE
pacIUIaBIEHHBIX YaCTHIl KPEMHHUCTOTO cocTaBa; 9) (OpPMUpOBaHHE HOBBIX MHHH MOp Ha 0a3e My3bIPhKOBBIX
MPOCTPAHCTB B KUAKUX (aszax myumuta (950-1300°C); 10) monydeHne kepam3ura.

TexHONOTMYECKNE CBOICTBA MOJYYCHHBIX KEPAM3HTOB IONYYEHHBIX W3 IIUXTHI TPAHUTOB (MPOYHOCTH, JIET-
KOCTb, OTHECTOMKOCTb, TEMJIO- U LIYMOH30JIMPYIOLEe OCOOEHHOCTH U IP.) HU B YeM HE YCTymaeT (pU3MKO-MEXaHH-
YECKHNM IapaMeTpaM KEPaM3UTOB IOJYYACMbIX U3 APYTUX BUIOB CbIPbA.

KiroueBble c10Ba: KepamM3UT, MarMaTHUECKUE TIOPOIBI, TPAHUTHI, PUOJIUTHI, TEPMHUYCCKHIA, PEHTTCHO(DA30BbIi
W MHUKPO30HJIOBEII aHATU3bI, 00KUT U PACIUIABICHUE MIUXTHI BBICOKOTEMIIEPATYPHOM TICUH.

[Ipou3BoaCTBEHHBIH MpoIECC MOMYUYEHUsI KepaM3UTa COCTOUT B 00XKUTE MPUPOTHOTO MUHEPATEHOTO
CBIPbsl, YTO IO3BOJSIET NOJIyYUTh CTPYKTYPY JIETKOro IHopucroro marepuana. Kepamsut Oe3omaceH B
pabore u o0lamaeT CBOWCTBAMH OKOJOTHYECKH O€30MacHOI0 CTPOUTEIBHOTO MaTepHuaia, HMeeT
MOPHUCTYIO CTPYKTYpY, OOJaNarollyi0 3ByKa M TEIUIOM30JIALMOHHBIMU CBOWCTBaMH. MOpPO30CTOMKOCTD
KepaM3HTa BBIACPKUBACT LMKIBI OT MATHAAUATH A0 MATHACCATH eauHull. llokazaTenn BIarocToMKoCTH
KepaM3uTa BBICOKM. braromaps CcBOMM CBOWCTBaM, OH HCIOJNB3YeTCd B OCHOBHBIX OTpaciix
cTpoutenscTBa [1-4]. B xauecTBe mpupoaHOTOo MaTepuaa Ajsl MPOU3BOJCTBA Kepam3uTa ObLIM BBIOpaHbI
OTXOZBI MPOU3BOJCTBA CO CTPOUTENBHBIX KaphepoB (TPAHUTOB U PHUOJIMTOB), UL 3TOr0 OBIIIM OTOOpaHEI
TexHosorndeckue mpodsl ¢ Kopmatickoro, KyptuHCckoro u psaa npyrux oOBekToB [5, 6]. OOxur
MOPOIIKOBBIX P00 MPOM3BOJMICS HA BBICOKOTEMIepaTypHOil yctaHoBke Mapku Nabertherm LNT 04/16
(Tepmanust), mo3BoJsIomIasl MPOBOAUTH TEPMUUECKHE HcmbITaHus B npepenax 20-1650°C B ycnoBusix
JUHAMHYECKOTO OAbeMa TEMIIEPATYPHI 1 B U30TEPMUYECKOM PEKUME HarpeBaHHS.

Tepmuueckass 00paboTka TpanutoB ¢ Kopmalickoro kaphepa OCYIIECTBISUIACH B YCIOBHSX Tpa-
JIMEHTHOTO HarpeBaHus neun 10 1300°C B TeueHne TpUANAaTH MUHYT. JlanbHeHHN 00KHUT TIEPEKITIOYAIICS
Ha M30TCPMHUYECKUA PEXUM, IJIMTEJBHOCTh KOTOPOIO OrpaHHMYMBANACh COpoka MHHyTaMmu. lIpomecc
HarpeBaHUs 3aKaHYMBAJICS CBOOOIHBIM (HE NPUHYAWUTENBHBIM) OXJNaxiaeHueM neuyd. I[lomHbIi LUK
YKa3aHHOTO MPOTPaMMHOTO MpOKaJIMBaHUA 00paslia MOJKHO CBECTH K CIIEAYIOLIEH MOCiIe0BaTeIbHOCTH
napamerpuyeckux nokazanuid — 1300°C (5', 30", 40"), roe 0o003HaUeHUsT B CKOOKax — BpeMsl OXKHIAHUS
9KCIIEPUMEHTA, BPeMs AUHAMUYECKOTO U M30TEPMUYECKOr0 PEXUMOB pabOThl TEPMUUECKOIO YCTPOHCTBA
COOTBETCTBEHHO.

Uccnenyemass muxta B BBIOpaHHBIX TEMIIEPATypHO-XPOHOJOTHYECKUX YCIOBUSAX OSKCIHEPUMEHTa
npeoOpaszoBajach B MPOYHBIN CIUTOK C IUIOTHO YHAKOBAaHHBIMM 3€pHAMU HE aKTMBH3MPOBAHHBIX BKIIIO-
YEeHUH, IO-BHUIMMOMY, KBapla M KaJIMEBOrO IoJjeBoro mmara. IloBepXHOCTh, yKa3aHHOTO arperara,
MOKPBITA TJIA3ypbl0 U3 CTEKJIAa MPHUPOJHOTO MpoucXoxiaeHus (pucyHok 1). Ha TeIIbHON ke CTOpOHE
KEepaMU4eCKOro KOMIIO3UTa, B 00NAaCTH CONPHUKOCHOBEHHSI €r0 C THIJIEM, IIa3yph OTCYTCTBYET, IPU €T0
packabIBaHUM Ha NPOGMIILX CKOJIOB BUJIHBI MEJIbUailie Nopsl, 00pa3oBaHHbIC B Pe3yJIbTaTe IIABICHHUS.
OOXHUT IKXTHI TOBJIEK 3a COOOW TakWe M3MEHEHHs, KaKk TepMHUYecKas ycaJka U YMEHBIIEHHE MacChl
MCXOTHOTO MaTepuala. Ycaaka HCXOZHOro o0pasia Mpor30IlIa B pe3ylbTare 00KUra U Hamuausi 00Jb-
IIMX HOPOBBIX MPOCTPAHCTB B InuxTe. CHIDKEHHE MCXOJHOTO Beca MPOObl MPOU30ILIO0 BCIEICTBUE Jie-
TUApaTaIuy, Kotopas obierymwia cuctemy Ha 1,2% (0,8% — mo 1000°C u 0,4% B uHTEpBale TeMIEpaTyp
1000-1300°C).
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[Ipu npoBeneHN UCTIBITAHHUN, KACAIOUINXCS BEISBICHUS ONTHMAIbHBIX PEXXUMOB 00KHUTa KAMEHHOTO
Marepuaia, ObLIO YCTaHOBJICHO, YTO CBOMCTBA MAaTEPUANIOB IOJTyYaeMbIX IPH 00XKUTE, 3aBUCAT OT MHOTHX
(dakTopoB 3KCHepuMeHTa. [TaBHBIMU M3 HUX SIBJISIOTCS MUHEPAJIbHBIH U BEIICCTBEHHBIH COCTAB MCXO/I-
HOTr0 00pasiia, CTEIEeHb ero MUCIEPCHOCTH, a TAKXKE TEMIIEPaTyp HarpeBaHUs B IUKJIC KOHKPETHOTO CEaH-
ca o0Oura.

Pucynok 1 — ®oronmmmoctpanys (7) npogykra oGxura Pucynok 2 — ®orommtroctparius (8) mpoayKT ooxura
obpasua K-1-15 (rpanut Kopnaiickoro mecropoxnenus); obpasua K-2-15 (rpanut Kopnaiickoro mecropoxneHus);
TEMIIEPaTyPHO-XPOHOIOIMYECKUE TTapaMeTphl 00KHUTa TEMIIEPaTyPHO-XPOHOJIOIMYECKUE TTapaMeTphl 00KHUTa
KaMEHHOT'0 MaTepHalia B yCIOBUSIX BHICOKOTEMIIEPATYPHOTO KaMEHHOT'0 MaTepHalia B yCIOBUIX BHICOKOTEMIIEPATYPHOTO
HarpeBanus — 1300°C (5', 40', 30") HarpeBanus — 1300°C (5', 40', 30")
Figure 1 — Photographic illustration (7) of the roasting product Figure 2 — Photographic illustration (8) firing product of
of sample K-1-15 (granite of the Kordai deposit); temperature- sample K-2-15 (granite of Korday deposit); temperature-
chronological parameters of firing of stone material under chronological parameters of firing of stone material under

high-temperature heating conditions — 1300 ° C (5', 40', 30") high-temperature heating conditions — 1300 ° C (5 ', 40,30 ")

B npyroit mpobe kopaaicKux rpaHUTOB (PUCYHOK 2) B pe3yiibTate ooskura B pexume 1300°C (5, 40, 30")
OBLI MOJIy4eH KOMIIO3UTHBIA KepaMHUYECKHUH CIMTOK aHAJOTHMYHBIA pUCYHKY 1.Tak OMM30CTh BHEIIHHUX
ouepTraHuii, GOpM M OTHOTHITHOCTHh (PH3WUECKHUX CBOWCTB, CPAaBHHUBAEMBIX IPOIYKTOB IPOKAINBAHUS,
o0ycJIoBIeHa TOXKECTBEHHOCTBIO COCTaBOB PAacCMaTpPHUBaeMbIX I'DAaHUTOB. B cBs3W ¢ 3TMM, IpU Harpe-
BaHUM JHCIEPCHONW YacTH pacCMaTpPHBAEMBIX MarMaTHUECKHMX MOPOA B JaHHOW CHUCTEME MPOTEKAaroT
crenyromue QU3NKO-MEXaHUYECKHe IMPOIECChl, TaKWe KaK ycajJKa IMUXThI, 00pa30BaHHUE H30TPOIHBIX
MUHH TIOp U (OPMUPOBAHHE MYJIJIUTA H BYJTKAHHYECKOTO CTEKIIA.

Taxoke ObLTO YCTaHOBJICHO, YTO MPUPOJIA TOUEUHBIX KPATMHOK MPOCICKUBAEMBIX Ha 00X CTOPOHAX
CpPaBHHBAaE€MBIX KepaMUYeCKHX (OPMUPOBAHWN MPHHAUICKAT MHUKPOCKOTMYECKUM YacTUIAM MHUPHUTA,
paBHOMEPHO, pacCesTHHBIMHU IO BCeMY Telly o0pasma. [IporieHTHBII cocTaB JaHHOTO CyJb(pHIa B COCTaBax
rpaHuToB BecbMa Main. CojnepkaHUe €ro B IIUXTE HUXKE IMPEJEeNIOB YyBCTBUTEIHHOCTH alapaTHBIX
CPEJICTB, Ha KOTOPBIX BHITIOJIHSUTUCH aHAJHM3BI JAHHBIX 00Pa3IloB.

I'parunTte! ¢ yuactka XKapeik (Kyprunckuii MaccuB), mpu HarpeBanuu B pexume — 1300°C (5, 40', 30")
MpeTepIeNy BCe 3TAlbl CTAHOBJICHHS M3 MOPOMIKOOOPa3HOTO BEIIECTBA B KEPAMHUYECKHH KOMIIO3UTHBIH
Marepuai, pucyHok 3. TepMuueckoe moBeeHHE UCCIEAyEMOro IPaHUTa MPH MpeaBapUTEILHOM HarpeBa-
Huu ero B uaTepBaine 20-1000°C, yxe onuchBaIoch HaMu [5, 6]. 3aech n3 tepmorpaBumetrpuieckoit (TG)
KPUBOW BHIIHO, YTO CHCTEMa TEPSIET BEC B TPH dTama — B HHTepBasiax temmeparyp 20-200, 200-560 u 560-
1000°C, B xommuectBe 0,55%(H,0), 0,55%(OH) u 0,35%(OH) coorBerctBeHHO. C ydYeTOM 3THUX
BBIOpOCOB U moTepu Beca B 0,2%, 3adukcupoBanHoro B npoMexyTke 1000-1300°C obmast macca obpasua
crana HWKe Bcero Ha 1,65%. OmHAKO TIaBHBIM JOCTOWHCTBOM ITOJIy9aeMOW MPOIYKIMH TIPH OOXKHTE
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TpaHUTa SIBIISIETCS ONEpPEeKeHHWE pocTa ero o0beMa HaJa CHIDKEHHEM Beca W TEPMHUYECKON ycaakon
cniekaemoro marepuaina. [lomoOHoe mpupamieHre o0bemMa odecTieuuBaeTCs MyTeM YBEINISHHS YHCIa TIOP
B TeJIe KEPAMUIECKOT0 00pa30BaHHS.

Pucynok 3 — @otounmoctpanus (10) npoxykra odxura Pucynok 4 — ®otounmoctpanus (10) npoxykra odxura
o6pasiua K-10-15 (rpauut, mectropoxaenue Kyprsl, yuacTok o6pasia K-11-15 (rpanut mecroposxaenus: KopTsl, y4acTok
JKapbIk); TeMIepaTypHO-XpOHOIOTHIECKUE MTapaMeTPhI YKonmakrac); TeMnepaTypHO-XpOHOJIOTHIECKIE TapaMeTPhl

00’KMra KaMEHHOTO MaTepHaa B YCIOBUIX 00’KHMra KAMEHHOTO MaTepHana B YCIOBUIX
BBICOKOTeMIIepaTypHoro HarpeBanus — 1300°C (5', 40', 30") BBICOKOTeMIIepaTypHoro HarpeBanus — 1300°C (5', 40', 30")
Figure 3 — Photographic illustration (10) firing product sample Figure 4 — Photographic illustration (10) firing product
K-10-15 (granite, deposit Kurta, plot Zharyk); temperature- sample K-11-15 (granite deposit Corts, Zholpaktas);
chronological parameters of firing of stone material under temperature-chronological parameters of firing of stone
high-temperature heating conditions — 1300 ° C (5', 40', 30") material under high-temperature heating conditions — 1300 ° C
(5', 40, 30"

I'panutHas muxTa ¢ yuyactka JKonmakrac (Kyprunckuii mMaccuB) mpu oOxwure B pexkume 1300°C
(5', 40', 30") obpazoBaia MOPUCTYIO KEPaMUYECKYIO MacCy Ceporo Inpera. BepxHss 4acTh MOBEPXHOCTH
CIIEKIIeToCS MaTepualia, KOTopas He CONpUKacansach C THUTIJIEM, MOKpPHITA TOHKUM CloeM Tha3dypu. Ha
o0enx CTOpOHAX JAaHHOTO BEIIECTBAa BBHICTYIIAIOT TEMHBIE MSATHA OKCHAOB jkeje3a. PasMeps! aTHX KparmuH
BapbUpyIOT OT BenmuuuHbl <0,5 10 2 MM. Habop BH3yallbHO BBISBICHHBIX Y€pT CHEKIIETrocs MaTepuana,
OTBEUaeT IMapamMeTpaM OIMCAHHBIX BHIIIE MPOITYKTOB O0KUTA HE TOJIBKO B 4acT (pOPMEBI, HO U B YaCTH UX
(HM3UKO-MEXaHWIECKUX CBOWCTB (pUCYHOK 4). Ilo mpoYHOCTHBIM MapameTpaMm (Ha CKaTHe W H3JIOM),
OTHECTOMKOCTH, IO TEIUIO- U LIYMOMW3OJIMPYIOIIMM CBOMCTBAM, IOJIYYEHHBIM IPOAYKT, HE YCTYMAET
MaTepuaiaM IOJyuYeHHBIX NMPH TEPMHYECKOH 00pabOTKE T'PaHHTOB M3 JPYTUX PACCMOTPEHHBIX BBIIIE
MECTOPOXKACHUH.

TepMmuueckoe mnpeoOpa3oBaHHE MIMXTHI TPAHHTOB B KEPAMUYECKH KOMIIO3UTHBIA MaTepHal
MPOUCXOAMT ClleAyIomnM odpazom: 1) obmas aeruapatanus cuctemsl (60-200°C); 2) miaBnenue (Hayano
pasMsrdeHus) ByJKaHHYecKoro crekna — obcuamana (600°C wm Beime); 3) TepMUYecKas IHUCCOLUAIUSL
kaonuaUTa, (500-650°C); 4) pa3nokeHHEe MYCKOBHTA, BXOMSIIETO B COCTaB MOPOALI, (AeTUApaTanus U
nepectpoiika pemerku B npenenax 800-1000°C; 5) oOpa3zoBaHMe MyJUTUTa BTOPOM T'€HEpalMu MEPBO-
00pa3HBIM KOTOPBIX SBIISUIMCH TIOJNEBBIE IIMATHl M MPOAYKTH pacmaiga kaonuHuta (950°C u BbIme);
6) ToHAsI MECTPYKITUS MYCKOBHTa ¢ 0Opa30BaHHEM HIOJIbYaTOTO MyJmuTa B amopduo# ¢dazsr (1100-
1200°C); 7) ycanka matepuana (800-1300°C); 8) ymopsgounBaHrue pa3MepoOB MOPOBLIX MPOCTPAHCTB HA
OCHOBE OpPHCHTHUPOBAHHBIX YIUIOTHEHHWH, HE PACIUIABICHHBIX YacTHL KPEMHHUCTOro cocrtaBa; 9) dop-
MHUpPOBaHUE HOBBIX MHHU TIOp Ha 0a3e My3BIPHKOBBIX IPOCTPAHCTB B XUAKuX (hazax mymmura (950-
1300°C); 10) obpazoBanme kepam3uTa. KoMIIeKe CBORCTB KepaM3UTOB IMOIYUYSHHBIX U3 MIUXTHI TPAHUTOB
(IpOYHOCTD, JIETKOCTh, OTHECTOWKOCTD, TEIUIO- M LTYMOM3OJIUPYIOIIUE OCOOCHHOCTH U TIp.) HU B YeM He
yCTymnaeT (pu3uKo-MeXaHHIECKUM MapaMeTpaM KepaM3UTOB MOTydaeMbIX U3 IPYTHX BUIOB CHIPH [5, 6].
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Jns TpaHHTOB CBOMCTBEHHAa TEpMHUYECKass HMHEPTHOCTb BO BCEX HCCIEAYyEMBIX HHTEpBaIax
TeMIrepaTyp, 3a MajgbIM HCKITtoueHueM B oOmactu ~500°C (momumopdroe npeBpamienue Si0O,). CocraB
W3yYaeMbIX TPAaHUTOB MMEET OJHOTHITHBIA HAabOp MOpPoA000pa3yOIIUX MUHEPAIOB — JOMUHHUPYIOT KBapIl
W TIOJNIEBbIE LIMAThl OTHOCHUTENBHO APYIHX BKIIOYCHHH. ['paHUTHI B mpenenax yKa3aHHBIX TeMIIEpaTyp
YCTOMYMBHI K Pa3pyLICHUIO, HE IOJABEPraoTcs AeopMaLui U COXPAHSIOT B CBOEM COCTaBe OOJIBIINHCTBO
MHUHEPaJIbHBIX BKIIIOUEHUH B I€PBO3JaHHOM Buze. McKiltoueHneM ciyuT MyCKOBHT, BXOASAIIMN B COCTaB
paccmaTpuBaeMbIx oOpa3zoBaHuil. KomndecTBO THIPOKCHIOB B NaHHOH citome cooTBercTByeT ~ 0,3%,
MOTEps. KOTOPOrO NPH TEPMHUYECKON NECTPYKLUMH MUHEpalla HE MOXKET IMPHHECTH HCIBITHIBAEMOMY
00BEKTY CKOJIb YTOIHO MaJbIX pa3pylieHuil. B cBs3u ¢ 3TuM mpemiaraemasi paHUTHAsE KPOLIKa, KOTOpast
ycToifunBa K BbICOKHM (cBhiie 1000°C) TemmeparypaM, MEXaHWYECKUM IAaBIICHUSM U BO3AEHCTBUSIM
Pa3INUHBIX XMUMUYECKUX Cpel, MOXKET CTaTb HaJeKHBIM KOMIIOHEHTOM O€TOHa, a MpU TEePMUUYECKOM
00BOJIAKMBAHNHU UX KEPAMUYECKOM KOPKOH, 3HAUUMOCTh €r0o IPUMEHEHUs B cepe CTPOUTENHCTBA PE3KO
Bo3pacTaeT. Bce KOMIOHEHTHI, Cllarallide TPaHWT, MOTYT TpU TeMIepaTypax KpHCTaLTU3alluu
pacIuiaBIeHHOTO cyOcTpaTa (OPMHUPOBATh BEILECTBA C 33AaHHBIMH TEPMOMEXaHMYECKHMHU CBOMCTBAMH H
CTPYKTYPHBIMH OCOOEHHOCTSIMHU (TIOPUCTOCTh M IPOMEKYTOUYHBIE (DOPMBI CIIEKaHUSI LIIUXTBHI).

Pronutel mpencraBieHbl MOJMMHHEPAIBHBIM COCTABOM, CPEAM KOTOPBIX HPUCYTCTBYIOT 10 ~30%
TJIMHACTBIX U KapOOHATHBIX MUHEPAJOB (HOHTPOHHT, MYCKOBHT, JOJOMHT M KaJbIHT), COAEPKAIIUE B
CBOUX CTpPYKTypax o 5,3% tepmudecku akTuBHBIX KommoHeHToB (H,O, OH u CO,), ynansromuxcs B
atMocdepy mpu Temmeparypax oT 60 mo 760°C. B cwiy Haaudus B COCTaBe PHOJIMTA MHHEPAJIOB M3
TPYTMIIBI CIOMCTHIX CHJIMKATOB, HEMOCPEICTBEHHAs 100aBKa WX B 0ETOH — HexenaTenbHa. OgHAKO MOCIe
HE3HAYUTEIBHOTO PEryJMPOBAaHUS KOJWYECTBEHHOTO COOTHOIICHUS B CHUCTEME HOHTPOHHUT-KBApL H
KOPPEKLUMHU TEeMIIepaTypsl B IPOrpaMMe HarpeBaHUs pPacCMaTPUBAEMOTO PHOJIUTA, ITOJyYEHHBIH HPOIYKT
00uTra BIOJHE OYAET COOTBETCTBOBATH BCEM HOPMATHBHBIM MapaMeTpaM CTPOUTEILHOTO MaTepHala.

Taxum 00pa3oM, IBUIEBUIAHBIE U TUCTIEPCHBIE OTXOABI BEIPAOOTKOB IPaHUTOB (1IeOEHOYHEBIE OTCEBHI),
MOTYT CIIYXHTh TOTOBBIM CHIPhEM IpPU TEPMHUYECKOM INPOU3BOJICTBE JIETKHX T'PAHYJIHUPOBAHHBIX 3aIlOj-
HHUTENel 0eTOHa, KOTOPbIE 10 Ka4eCTBY U 0€30IIaCHOCTH IIPUMEHEHUS B CTPOUTENBCTBE, HE TOJIBKO PaBHO-
[EHHBI TPAJUIMOHHBIM IEOCHOYHBIM MaTepualiaM, HO IO PsiIy TEXHUYECKUX MapaMeTpoB MPEBOCXOIST
ux [7, 8]. Kpome Toro, Menko3epHHUCTBIE OTXOMBI TPAaHUTA JETKO MOAAAI0TCs (POPMOBKE C LIENBIO HOCIIe-
IYIOLIETO 00XHra UX B Malora0apUTHBIX TEPMUYECKUX YCTAHOBKAX, C IOCJIEAYIOIINM H3TOTOBICHUEM U3
JUTHS, TAKOW NPONYKIHH, KaK HampuUMep, OONUIOBOYHBIC CTPOUTENbHBIC IUTUTKH WM TEIUIO- U
3IIEKTPOHU30JISILIMOHHBIE H3/1ENINs TIPOMBILICHHOTO Ha3HAUYCHHS.

Paboma ewvinonnena npu gunancosoi noodepoicke npocpammur MOH PK, no npuopumemy:
«Payuonanvnoe ucCnonvb308anue NPUPOOHBIX pecypcos, nepepabomra culpbi U npooyKyuu, NPUKIaoHble
HayuHble UCCIe008aHUsAY, no meme: «Paspabomka mexnono2uu npouzeo0cmea 1e2kux 3anoaHumenei s
bemono8 u3 omxo006 nepepabomku MazMamudeckux nopoo U Npou3800CmMeo MmenioU30NAYUOHHBIX
Mamepuanos uz MUHepanbLHo2o coipbsay, Ne 85 om 27 ¢espans 2017 2.
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B. B. Kopooxun', 1. B. Camaros’, XK. C. TyJ1eM1z1c013a1

lAK «KazakcraH-bpruTan TeXHUKAIBIK YHUBEpCUTETI», AnMatsl, Ka3zakcTaH,
HKILIC «K. U. CorbaeB aTeIHAAFBI TEOJIOTHIIBIK FRUIBIMAAP HHCTHTYTED, AnMathl, Kazakctan

OHTYCTIK KABAKCTAH TAY-KEH OHEPKOCIBIHIH KYPLLIBIC TAC OHJIPY
KAJIBIKTAPJIAH KEPAM3HT JKACAYFA AJIBIHFAH
MATEPHAJJIAPABIH KOHIUIASIAPBI

AnnHotanus. KazakctaH MarMasbIK XKbIHBICTAPBIH KaliTa OHIACY KAIIbIKTAPbIHAH )KEHIJI OCTOH TOJNTBHIPFBIITAP
eHJIpy Macenenepi KapanraH. Ocbl MakcaTIieH KaMHEJIUTTIH OHIIpyre )KapaMabl TPAHUTTEPAIH KOHE PUOIUTTEPAIH
KEIIEH/li Te€0JIOTHSUIBIK, MUHEPAJIOTHSUIBIK JKOHE METPOrpadUsIIbIK 3epTTeY 9icTepi XKYPTi3iii.

XUMHUSIIBIK, TEPMUSUIBIK, PEHTTEHKYPBUIBIMIBIK TaJIAayJIap SAIiCTEpPIMEH JKBIHBICTAPJIbIH 3€PTTEY MAJiMeTTepi
kepcerinreH. ['pannt xoHe puonut muxtackl LHT 04/16 (Nobertherm) kamepaisl remre Korapbl TEMIEPATypajIbl
CBIHAKTapJaH TUHAMHUKAJIBIK TEMIIepaTypaHblH ©Cyi apKpUIbl ©TKeH, Oipirmi 50 men 1200 neitin, oman api 1450 C
neitin. Temmeparypa keTepiyi OepiireH yakbITIieH OaKbUIAaHABI. YaKBITHI OTKEH COH TEPMHSUIBIK KOHIBIPFHI
T -> const Ke3iHAe KeJeci pexuMre aBTOMATThI TYPiHIE aybICTHIPBUIFaH. [IeINTiH TEPMHUSIIBIK ChIHAMAra ocep eTy
MpolLIecCi KYHeHIH epKiH TYHyMEeH asKraifaH. TepMUsUIbIK KOHIBIPFBIHBIH )KYMBICHI Keneci TociMze: 1) quHamMuKa-
JIBIK TEMIIepaTypa KOTepUIreH JKaraiia KbI3AbIPbUIYbI; 2) U30TEPMUSIIBIK PEXKNM; 3) IIUXTAHBIH €PKIH TYHYBI.

I'panuT Kyiaipyl keneci perre eteni: 1) skyieniH xkanmsl rugparceizganysl (60-200C); 2) sxaHapTay HIBIHbI-
cbHbIH Oankysl — oocuanan (600 C); 3) KAOMUHUTTHIH TepMUSUIBIK qucconuanusichl (950C); 6) MyCKOBUTTIH TOJIBIK
KYPBUIBIMCBI3[IaHy, LIaHBIIINAIBI MYJUIMTIICH JKOHE OHbIH aMopdThl ¢asacel Kanbinracysl (1100-1200C); 7) mate-
puan oteipysl (800-1300C); 8) GarnapiaHraH THIFBI3ZAHY HETI3iHAe, OalKpIMaraH KPEMHUSUIBIK Kypambl OeJiek-
TEpAiH KEHICTIK TeCIKTep MeJIEpiH perTeyi; 9) MyJUIMTTBIH CYHWBIK (azachlHia KOMipIIiKTI KeHICTIKTIK Heri3iHie,
JKaHa Killll TeCIKTepIiH Kanbinracysl; 10) KepaM3uT WbIFapysl.

I'panuT mmMXTachkl apKbUTHI albIHFAH KEPaM3UTTEPAIH TEXHOJOTHSIIBIK CHIMATaMaiapsl (OCpiKTiK, JKEHUIIIK,
OTKATO3IMALITIK, JKBUTY KOHE ABIOBIC KYTAaTHIHIBIK) OacKa MIMKi3aTTaH jKacallFaH KePaM3UTTEPIiH (PU3UKO-XUMISITBIK,
napameTpiepaeH MyJIe KeM TyCIeni.

TyiiiH ce3aep: KepaM3HUT, MarMajblK JKBIHBICTAP, TPAHHUT, PHOJHT, TEPMUSIIBIK, PEHTTEH(DA3ANBIK KOHE MHUK-
PO30HJ TAJIAAYJIaphl, JKOFAphl TEMIIEPaTypabl EIITe IHMXTaHbl KYHAIPY kKoHE OaKyHl.
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ELECTRON-MICROSCOPIC STUDIES OF PHASE TRANSFORMATIONS
OF EXPANDED CLAY ON VARIOUS STAGES OF ROASTING

Abstract. The article is devoted to electron-microscopic studies of phase transformations of expanded clay at
various stages of roasting. The solution of this issue has an important scientific and practical significance in the
production of ceramic products.

In the production of expanded clay the main clay raw materials are montmorillonite clays. Montmorillonite is
able to absorb a large amount of water intensively, to hold it firmly and difficult to give off during drying, and also to
swell strongly when moistened with an increase in volume up to 16 times. Clays, composed of montmorillonite,
strongly swell in water and are very plastic.

For the production of expanded clay, the low-melting clay of the Smyshlyaevskoye deposit was used, which is a
good intumescent raw material. Clay of the Smyshlyaevskoye deposit in terms of aluminum oxide content refer to
semi-acid clays, and iron oxide content to the group with a high content of coloring oxides. According to the mine-
ralogical composition, Smyshlyaev clay belongs to the group of montmorillonite clays.

To obtain information about phase transformations at various roasting temperatures of claydite, the electron
microscope EMB-100BR, the "gap-through" method, a replica of the platinum carbon, was used. The samples were
roasted in a laboratory oven specially designed at the university facility in accordance with the mode of a 40-meter
rotating furnace.

As a result of the conducted studies, the features of phase transformations were established during the roasting
of expanded clay based on montmorillonite clay with an increased content of iron oxides. It was found that in the
expanded clay the appearance of glass phase and cristobalite is observed at 950 ° C, and crystallization of mullite at
1050°C. Studies have showed that when calcining claydite on the basis of montmorillonite clay, short-prismatic
crystals of mullite are observed along with needle crystals, which is associated with a high content of Fe,O; in the
studied clay.

Keywords: expanded clay, roasting, electron microscopic microscope, mullite, montmorillonite clay.
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VYerp-Kamenoropek, Kazaxcran,
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QJIEKTPOHHOMUKPOCKOIIMYECKHUE UCCJIEJOBAHUSA
®A30BBIX IIPEBPAIIIEHU KEPAM3UTA
HA PA3JIMYHbBIX OTAITAX OB/KHUT'A

AnHoTtanusi. CTaThsl TOCBSIIEHA JIEKTPOHHO-MUKPOCKOIMYECKUM HCCIEAOBAHUAM (Da30BBIX NPEBPALICHUH
KepaM3UTa Ha Pa3IMIHBIX CTagusx oOxwura. PerreHune 3Toro Bompoca UMEET BaKHOE HAyYHO-TIPAKTUYECKOE 3HAUe-
HHE B IIPOM3BOJICTBE KEPAMUYECKHUX M3EITHH.
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B mpousBojacTBe KepaM3nUTa OCHOBHBIM TIHHHCTBIM CHIPEEM SBIITIOTCS MOHTMOPWITIOHUTOBEIE TIIMHBL. MOHT-
MOPHIIIOHUT CITIOCOOEH MHTEHCHBHO MOTIIOMIATH JTOBOJBHO OOJBIIOE KOMUYECTBO BOJBI, MPOYHO €€ YAEPKUBaTh U
TPYIOHO OTIABaTh IPH CYIIKE, a TaKKe CWIBHO HaOyXaTh NpH YBIAXHEHHUH C yBEIHMYEHHEM B o0Bbeme mo 16 pas.
I'muHEI, cocTosire U3 MOHTMOPIJUIOHHUTA, CHIIBHO Ha0yXaloT B BOJE U BEChbMa IUTACTHYHEI.

g mpon3BOACTBAa KepaM3WTa HCHOIB30BAIACh JIETKOIUIaBKas TiMHa CMBIIUIIEBCKOTO MECTOPOXKICHHUS, KO-
TOpasi SBISIETCS XOPOIIO BCHYYHBAIOIIUMCS ChIpbeM. I mHa CMBIIUIIEBCKOTO MECTOPOXKICHHUS IO COACPIKaHUIO
OKCHJa aJIIOMHUHHSA OTHOCATCA K IMOJYKHCIIBIM I'JIMHaM, a 10 COACPIKAHUIO OKCHUAA KEJI€3a — K I'pyIIie ¢ BHICOKUM
CoJIep)KaHMeM KpacsuX OKCHIoB. [0 MHHepalorHyeckoMy COCTaBY CMBIIUISICBCKAs TJIMHA OTHOCHTCS K TPYIIIe
MOHTMOPHJITIOHUTOBBIX T'JIMH.

Junst mosmydenust cBefieHUH O (a30BBIX MPEBPAIIEHHUSX [IPU PA3IMYHBIX TEMIlEpaTypax O00XKura KepamsuTa Hc-
TIOJIB30BAJICS AJIEKTPOHHBIN MUKpockonmr IMB—-100bP, MeTon «Ha mpocBeT», peruivka IaTuHoyriaepoanas. Ooxur
00pasoB MPOBOIWICS B JaOOPATOPHOW II€YM CIIENHAIBHO CO3JAHHOW B YHHUBEPCHTETE YCTAHOBKH IO PEXHUMY
40-MeTpoBOIi BpaIaroIecs meyn.

B pesynmprare mpoBeAEHHBIX HCCIIENOBAaHUI YCTaHOBIEHBI OCOOCHHOCTH (Pa30BBIX IMPEBpAIICHHUH MPH 0OKHUTE
KepaM3HUTa Ha OCHOBE MOHTMOPHJUIOHHTOBOH TJIMHBI C TIOBHIIIEHHBIM COAEpKaHUEM OKCHJIOB JKee3a. Y CTaHOBIICHO,
4TO B KEPAM3UTE MOABIEHHE CTEKIOMasbl U KpucTobanura ormedaercs npu 950°C, a Kpuctaiusanus MyJUIMTa IpH
1050°C. HccnenoBanus MoKasajiu, YyTo IpU O0KHUIe KepaM3uTa Ha OCHOBE MOHTMOPHIJIOHMTOBOM TIIMHBI HApALY C
UTONBYATHIMA KPUCTAJUIAaMH HAOIIONAIOTCS M KOPOTKONPHU3MATHYECKHE KPHUCTALIBI MYJUINTA, YTO CBS3aHO C
BBICOKUM COJIEpKaHUEM B Hccaeayemoit rine Fe,Os.

KaioueBble ciioBa: KepaM3uT, 00KHT JIEKTPOHHOMHUKPOCKOITMYECKHH MUKPOCKOII, MYJIJIUT, MOHTMOPHJIIOHU-
TOBAs TJIMHA.

BBenenne. ®a30BbIif cocTaB, TeKcTypa, MOpQoOJOrHdeckne OCOOEHHOCTH KpHCTAIIMYECKHX (a3
OTIPEETISIOT TJIABHBIM 00pa30M AKCILTyaTallMOHHBIE CBOMCTBA KepaMuuecKux usnenuit [1-4]. MHorouwc-
JICHHBIE HCCIIEOBaHMs KePaMHUYEeCKHX H3ZENUil MOKa3bIBAIOT, YTO KOHEYHBIMH (a3aMH, MPHCYTCTBYIO-
IIMMHU B HHUX, OOBIYHO SIBJIAETCS MYJUIUT, KPUCTOOAJIHT, KBapll, aHOPTHUT, CTEKJIA B KOJUYECTBAX, 3aBU-
CAIIMX OT UCXOIHOTO COCTaBa U yCIOBHI TEXHOJIOTHUYECKOH 00paboTku [1, 5, 6]. Hanmuue npumeceit wiu
CIELUAIBHO BBEIEHHBIX 100aBOK (MUHEpPAIN3aTOPOB) MOXET B 3HAUYMUTEIILHON CTCNEHHU IOBIUATH HA
nporecc popmMupoBaHus kepamuueckoro tena [1-6].

B npou3sBoxacTBe KepaM3UTa B KAUECTBE OCHOBHOTO TIIMHUCTOTO CHIPBS, KaK MPABUIIO, HCIIOIB3YIOTCS
MOHTMOPUJJIOHUTOBBIE TJIMHBI.

MOHTMOPHUJITIOHUT CHOCOOEH HMHTEHCHMBHO TMOTJIOUIATh JOBOJBHO OONBIIOE KONMYECTBO BOJBI,
MPOYHO €€ YJep)KUBaThb M TPYAHO OTAABATh MPH CYIIKE, a TAKXKE CUIBHO HAa0yXaTh NPH YBIAKHEHUH C
yBenuueHneM B o0wbeme 10 16 pas. PasMepsl dacTui MoHTMOpwWUIOHHTa MHOTO MeHbime 0,001 mm.
I'nuHBIL, c10’XeHHbIE MOHTMOPHJIJIOHUTOM, CHJIBHO Ha0yXaloT B BoJe U BecbMa IutacTuuHel. Ha pucynke 1
MpeACTaBICHBI JJIEKTPOHHBIE MUKPO(pOTOrpaduil pa3inIHbIX MOHTMOPWIIOHUTOBBIX IMH. Kak BUAHO M3
pucyHka 1 riunabl TaraHckoro # CMBIIUIIEBCKOTO MECTOPOXKACHUH MPAKTHUECKH HICHTHYHBIL.

I'muaMCTBIC MaTepHaibl, IPUMEHSAEMbIE B IPOU3BOICTBE KEPAM3UTA, YCIOBHO Pa3/eIeHbl HAa YeThIpe
rpynmnsl. [lepBas rpymnmna npeacTaBieHa XOpOIIO BCITyYHUBAIOLIIMCS CHIPhEM, TMTO3BOJIAIONINM B ONTHMAIIb-
HBIX YCJIOBUSX JJAOOPAaTOPHBIX 00KHUIOB IO CTYNEHYATOMY PEKUMY TePMOOOpabOTKH MOIydaTh 00pa3Libl
KepaM3HUTa CO CpeaHeil IIOTHOCTHIO B Kycke B mpeaenax 0,2-0,5 r/cM’ i ¢ ko3¢ pHUIIMEeHTOM BCITydnBaHHs
cBeie 4,5. K a70i rpymnme oTHOCATCS TAHHBI CMBIIUIAEBCKOTO M TaraHckoro MecTopoKIeHHU.

g mpou3BoACTBa KE€paM3UTa UCIOJIb30BaJach JIETKOIUIaBKas rMHAa CMBIIUISIEBCKOTO MECTOPOXK-
JeHUs, WACHTUYHAs TaraHCKOH, XMMHYECKHH COCTAaB KOTOPOH IpeAcTaBieH B Tabmuue 1, a MuHepaio-
THYECKHH — B Tabnuie 2.

Kax Buano u3 Tabmmusl 1, ramaa CMBIIIIAEBCKOTO MECTOPOXKICHHUS 110 COAEPKAHUIO OKCHIA aTIOMU-
HUSI OTHOCSTCA K MOdykucieiM rmHaMm (Al,O5>15%), a mo comepaHuIo OKCHIA XKeJe3a — K TPYIe C
BBICOKHM cojiepxkaHueM Kpacsamux okcunoB (Fe,05>3%). [lo MuHEepaiornaeckoMy COCTaBY CMBITIUISCB-
CKas TJIMHA OTHOCHUTCS K TPYIIe MOHTMOPHUIOHUTOBBIX TJIHH (Tabmuia 2).
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Pucynok 1 — DnexTpoHHast MEKpOpOTOrpad s MOHTMOPHIUIOHUTOBBIX TJIHH:
A —Bsaray I'. B. KykoneBa; b — rnmuna CmpinuiseBckoro mectopoxaeHus (Camapckas 001acTh);
B — rimna Taranckoro mectopoxaenus (Bocrounstit Kazaxcran). Yeenuuenue b, B x 24 000

Figure 1 — An electron micrograph of montmorillonite clays:
A —is taken from G. V. Kukolev; B — clay of the Smyshlyaevskoye deposit (Samara region);
C — clay of the Taganskoye deposit (East Kazakhstan). Increase B, V x 24 000

Tabmuma 1 — X¥MuYeCKHil COCTaB CMBIIILISIEBCKOM TITHHBI

Table 1 — Chemical composition of the Smyshlyaev clay

ConepxaHue OKCHIOB, Mac. %

8102 A1203 CaO MgO FCQO3 Rzo SO3 Lo
58,89 14,43 4,8 2,7 7,2 34 0,05 7,8
Tabnuua 2 — MuHepalIoruyecKuii COCTaB CMBILIISICBCKOM TTIMHBI
Table 2 — Mineralogical composition of the Smyshlyaev clay
CopaeprkaHue MAHEPAIoB, Mac. %o
THAPOCIIONA KBapIl THIIC HOJICBOH LITTaT MOHTMOPUJUIOHHUT OKCH/IBI JKeme3a
5-10 25-30 3-5 8-20 45-50 5-7
B tabnuiie 3 npeacTaBieHbl TEXHOJOTHYECKUE CBOMCTBA CMBIIIACBCKOMN TIIMHBI.
Tabnuna 3 — TexHONMOrHYECKUE CBOMCTBA CMBIILISICBCKOM TIINHBI
Table 3 — Technological properties of the Smyshlyaev clay
Yucno Copnepxanue Orse- ITo OntumainbpHas TemnepaTypHbIit
IJIaCTHY- TJIMHUCTBIX YaCTHUIL YIIOPHOCTB, CnexaemMocTH TemIeparypa HHTEpBal
HOCTH (pasmepom meree 0,005 mm) °C BeryuuBanust, °C BemyuuBanus, °C
25-55 55-65 1150-1200 | e cnexacres 1160 200
(BcIyunBaeTcs)

DNEKTPOHHBIH MUKPOCKOT B 00JIaCTH Tpy00ii CTPOUTEIEHOM KEPAMHUKHU MPUMEHSIETCS MEHEE IITUPOKO,
YeM B TOHKOW, TEXHWYECKOW W OTHEYINOPHOH KepamMHKH. MHKpPOCKOI B OCHOBHOM HCITONB3YETCS IS
KOHTPOJIS MTPOU3BOJACTBA U HE YJCNIAETCS JOCTATOYHOTO BHUMAHHUS M3YYCHHUIO (Da30BBIX COOTHOIICHUN C
LIEJBI0 TOBBINICHUSI OJHOPOAHOCTH, CTOWKOCTH, MPOYHOCTH W ympyroctd wsnenuit [7]. Kpome Ttoro,
cleIyeT OTMETHUTh, YTO MHKPOCKOIUS CTPOHTEIBHBIX TJIMHUCTBHIX MaTepHajoB (KUPIHY, YEperula,
KepaM3uT) TpyIHA U CI0XHA. BOIBIIMHCTBO (a3 HAXOAWTCS B ITUX U3JENUAX B KpaifHE MEIKO3EPHICTOM
COCTOSIHHMHM, TaK 4TO OHH PACIIO3HAIOTCS C TPYOM, a MX ONTHYCCKUE CBOWCTBA OUCHB CJIOKHO ONPEACIUTD.

[Ipon3BoACTBO Kepam3uTa OCYMIECTBISIIOCH IO CIEAYIOMIeH TEXHOJIOTUHU: TMHAa CMBIIUISEBCKOTO
MECTOPOXKICHHUS OCYIITNBAIACH, H3MENbYallach Ha Ta00paTOPHBIX «0eTyHax», MPOCEHBAIACH Yepe3 CHUTO
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C OTBepcTHAMH 1,2 MM U 3aTBOpsUIach BOIOW A0 (OPMOBOYHOM BiakHOCTH. IloAroToBNeHHAs TIMHSAHAS
Macca C LENbI0 YCPEIHEHHs €€ BIaKHOCTH IOMEINatach Ha OJHM CYTKM B DKCHKATOp, IIOCIE Yero
MPOM3BOMIOCH (HOPMOBAHHE HA PYYHOM MPEcce MpH JABICHHHM 2,5 Kr/cM’ B BHAE CHEPHUECKHX IPaHyIT
muamerpoM 16 MMm. OOGXHr 00pa3lioB MPOBOIWICS B JIA0OPATOPHON TEUYU CICHUAIBHO CO3JaHHON B
YHUBEPCUTETE YCTAaHOBKU MO pexxumy 40-MeTpOBOH BpallaroIEeics eun.

Jns momyueHus cBefeHUH O (Pa3oBBIX MPEBPALICHUSAX IPU Pa3IMUHBIX TEMIIEpaTypax OOXura
Kepam3uTa HCIOJIb30BAJICA 3JIEKTPOHHBIH Mukpockon OMB — 100bP, meron «Ha mpocBer», perumka
IaTHHOYTNIepoaHast. Ha pucyHke 2 mpencTaBieHbl 3J€KTPOHHO-MUKPOCKOIIMYECKHE CHUMKH KEpaM3HTa,
000XKEHHOTO TIPY Pa3IMYHBIX TEMIIepaTypax 00Khra.

Kax Bumno u3 pucyHka 2, b mpu Temmeparype oGxkwura 850°C Habmromaercst amMopgu3aius TIu-
HUCTBIX MHHEPAJOB, HPH 3TOM OCTATOYHBIE KPUCTAJUIBI MOHTMOPHJUIOHHWTa HAONIOJAal0TCs B BHIC
M30METPUYHBIX YIJIOBAaThIX IUIACTHHOK M YEIIyeK C Pe3KO ouepuyeHHbIMH Kpasimu. Kpome Toro, B o0pasmax
HaOIFOIAI0TCS MENIKHE KPUCTAJUTBI KBaplla U OTUHOYHBIC KPUCTAIUIBI aHOPTUTA TaOJIUTYaTOTO O0JIHKA.

PucyHOK 2 — DIeKTPOHHO-MHKPOCKOITMIECKHE CHUMKH 00pas3ios. A — ucxonHas rimHa. Temmeparypa obkura kepamsura, °C:
b -850; B—-900; I" - 950; 1 — 1000; E — 1050; XK — 1100; 3 — 1150. YBex. x 15 000

Figure 2 — Electron microscopic images of samples. A — is the raw clay. The roasting temperature of expanded clay, °C:
B -850; B-900; G—950; D-1000; E — 1050; F-1100; 3 — 1150. Increase x 15 000
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IMosbimenune temneparypsl obkura 10 900°C (pucyHok 2, B) mpuBoaur K 0ojiee MHTEHCHBHOM
KpucTam3anuy. B obpasnax HaOI0ga0TCs OJUHOYHBIE MEJIKUE KPUCTAIUIBI KBaplia OMNUpaMuaaIbHOTO
rabutyca, KpyImHbI€ U CpeIHHUEe KPUCTAIIIBI aHOPTUTA TaOJIUTYATOTO OOJIHKA.

IMpu Temmeparype obxura kepamsura 950°C (pucyHok 2, I') kpome mosneii aMoppu30BaHHBIX MUHE-
paioB HaOJIIOJAIOTCS CKOIUICHHE MEJIKMX KPUCTAUIOB IIIHHEIH OKTa3IpUYEeCKOro raburyca; OANHOYHbIC
KpHCTAJIJIBI T€MaTUTa, TA0JIMTYATOrO OOJIMKA; MOSBICHUE CTEKJIO(A3bl U MEIKUX OJMHOYHBIX KPUCTAJIIOB
0-KpHCTOOATNTa HU3KOTEMIIEPaTypHOTO IMICEBAOKYONYECKOW CHHIOHHH.

B pabote [8] ycraHOBIIEHO, YTO TpeBpalleHe KpeMHe3eMa He Mmpoxoaut mo cxeme dennepa. Ilep-
BOM CTYIIEHBIO NPEBpAILEHHs KBapla BCErla SBISIETCS HE TPUAUMMUT, a Kpuctobanut. OOpa3oBaBIIUIiCS
3a CYeT KpeMHe3eMa B cTabwibHOW obmact u3 Tpuaumuta (870-1470°C) HU3KOTEMIIEpATypHBIIA
0-KPHCTOOAIUT, KaK IPaBUIIO, TICEBIOKYONYECKON CHHTOHUH.

OO0BbeMHBII 3 (eKT pH Mepexo/ie o-KBapla B o.-kpucrtodanut cocrasiser 15,4%, 4To cnocoOCTByeT
Pa3pBIXJICHUIO MIOBEPXHOCTH KPUCTAIUTMUECKON perieTky [3-6]. Y pa3phIXJeHHBIX U O0TaThiX JeheKTaMu,
a TaKke aMOP(QHBIX BEIIECTB, TBEpAO(}a30BbIC PEaKUUH MPOTEKAIOT OBbICTpee, Omaromapsi YCKOPEHHOM
camoanysun u rerepoauddysun [3-6].

IMosbimenue Temreparypbl ookura 10 1000°C (pucyHok 2, JI) cnocoOCTBYET MOSBIECHHIO Ooliee
YETKHX I0JIe CTEeKI0(a3bl; CKOMJICHUIO KPUCTAUIOB IINUHENH; 3HAYUTEIBHOIO KOJIMYECTBAa KPUCTAIIIOB
reMaTuTa (KPYNHBIX M CpPEAHUX TaOJIMTYATOTO W IUIACTUHYATOTO OOJHMKA); OJUHOYHBIC KPYIHEBIE
KPHCTAJLIBI O-KPUCTOOATIHNTa TICEBJOKYONYECKOW CHHTOHWH; MEJKHE KPHCTAJUTBl aHOPTHTA TaOIUTYaTOTO
00JTMKa 1 KPUCTAJUIBI KBapIia (CpeaHue) MPU3MaTHIECKOTO U POMOO3IPIIeCcKOro raduTyca.

Ipu Temmeparype obxura 1050°C (pucyHok 2, E) moa MHKPOCKOIIOM HAOIIOMAIOTCS OAWHOYHbIE
KPHCTAJLIBI KOPOTKOCTOIOYATOr0 MYJUIUTA.

MyJuT — OJMH U3 YacTO BCTPEYAIOIINXCS MUHEPAIOB B 000XOKEHHBIX KEPaMHUYECKHX MaTepHajax.
BeIcOoKHe TOKa3aTeNu €ro Mo OTHEYNOPHOCTH, IUIOTHOCTH, XMMHYECKOW CTOMKOCTHM M MEXaHUYECKOH
MPOYHOCTH MPUBJIEKAIN BHUMaHUE HCCIEA0BaTeNeH, KaK K MOMyYeHHIO CHHTETHYECKOTO MYJUINTA, TaK U K
HCCIIEIOBAHUIO €r0 CTPYKTYpHI [1-6, 8]. CocTaB MyJuIHTa AOJATOE BPEMSI SBIISIICS MPEAMETOM JVCKYCCHHA,
B pe3ylibTaTe KOTOPBIX HCCIEJOBaTeNd MPHIUIM K MHEHHUIO, YTO COCTaB MYyJUIMTa KOJeOJieTcs OT
2A1,05-S10; mo 3A1,05-2510,.

Myt gBiseTcsl IeNo4YeyHbIM CHIMKATOM [8], U MOHBI aTIOMHHMS paclaJaloTcs B HEM Ha JBe
TPYMIIBL, TPUYEM OJIHA M3 HUX BXOAUT B PEUICTKY ¢ KOOPAMHALMOHHBIM yHcioM 6, a apyras 4. OH pac-
CMaTpHUBAETCs KaK HEYMOPSIOYHBIN aFOMOCHIIMKAT, 3aHUMAIOIINI MPOMEXYTOYHOE IOJIOKCHHE MEXKIY
YHOPSAOYHBIM CHJUTMMAHUTOM U aHAATy3UTOM.

HeoOprunas gopMa KpHCTaUIOB MyJUIMTa XapakTepHa TeM, 4To B TiuHEe CMBINUISIEBCKOIO MECTO-
POXIEHHs BBICOKOE coaepkanue okcuua xene3a (Fe,0;>7%). C BO3HUKHOBEHHEM TBEPIBIX PAacCTBOPOB
3aMEIIeHNsT 00pa3yeTcsi MyJUIMT Pa3MYHOr0 XMMHYECKOro cocraBa, mpH stoMm Fe'' 3amemaer Al°"
[2-4, 8]. BHeapeHue B TBepAbLl pacTBOP OKCUIOB Ke€l€3a MPUBOJUT K KPUCTAJUIM3ALUUU MYJUIMTA B BUIE
KOPOTKOCTOJIOUATHIX BMECTO TOHYAHMINHMX WTJ U YAJHMHEHHO-TIPHU3MATHYECKUX KpUCTauioB. KoimuecTBo
creknodaspl yBenumuuBaercss 10 25-30%, mpu 5TOM HAOMIOAAIOTCS 3HAYUTENBHBIC CKOIUICHUS MEITKHX
KPUCTAJIOB LINMUHENH, TeMaTuTa TaOIUTYaTOro M IUIACTMHYATOro OOJMKa M OAMHOYHBIE CpEIHHUE
KPHCTaJUTBI KBapIia OMIMIpaMHAIaIFHOTO TaduTycCa.

Ilpu Temmeparype obxura kepamsura 1100°C (pucynok 2, JK) mog MHKPOCKOIOM OTMEYArOTCS
CKOIIJICHUS! KPUCTAJIIOB MYJUINTA UTOJBYATOr0 OOJIMKA; KPUCTAIIM3AUNS KPUCTOOAINTA TETParoHaIbHOI
CHHTOHUM OTMEYAeTCsl [0 TPELIMHAM U KpasM 3epeH KBapua. AMOpQHBIH KpeMHe3eM, 00pa3yIouics B
Kepam3uTe MpH MYJUIUTH3allU{, PAcTBOPSETCS B paciliaBe, KOTOPBIH YBEITHMUMBAETCS MPH TeMIepaType
1100°C mo 35-40%.

[pu nanbHelIIEM yBeIMUeHUH Temmeparypbl o0xkura 1o 1150°C B ucciaenyeMsix oOpasiax WHTEH-
cuduuupyercst oopazoBanue KuaKol (asbl. B 00030KkeHHBIX 00pa3iax 1mojJ MUKPOCKOIIOM HaOI0aaeTCst
yBeIMUEHHE coJepikaHus creknodasbl. [lokazaTenn cBeTONMpEIOMICHHS CTEKON u3MeHstores ot 1,50 mo
1,61. Ha peHTreHorpaMMax MOSBJISIOTCS JIMHUM, XapaKTepHbIE AJISI BEIIECTB C OOJIBIIMM COIEpKAHUEM
creknodaspl. Kpucramnnueckue (asbl MpeacTaBlIeHbl MYJUINTOM, O- KBapleM, O.-KpUCTOOAIUTOM, aHOp-
TUTOM M reMatutoM. Jpyrue xpuctamumueckue ¢assl (IIMHUHENN) IepeXoqsaT B paciuias. X npucyTcTBue
He 00Hapy)KMBaeTCs U MOJ MUKPOCKOIIOM. MaTpuIiia CTeKJa 3aXBaThIBaeT B CBOIO CTPYKTYPY TakXkKe 4acTh
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AQHOPTHUTA U IeMaTHhTa. B 1e10M KOIMYecTBO cTeKia B obpasiax, 060xkeHHsx npu 1150°C, cocrasiser
oKoJ10 55-60%.

Takum 00pa3oMm, B pe3ysbTare MPOBEICHHBIX MCCIICIOBAHUN YCTAaHOBJICHBI OCOOCHHOCTH (Da30BBIX
NpEeBpalIeHul Npu 00XKHTe Kepam3HTa Ha OCHOBE MOHTMOPHJUIOHWTOBOHM TJIMHBI C IMOBBIIIEHHBIM CO-
JIepPKaHNEeM OKCHJIOB jKeje3a. Y CTAaHOBIIEHO, YTO B KepaM3WTE MOSIBIICHUE CTEKIIO(a3bl U KpucToOaInTa
ormeuaercs npu 950°C, a kpucrammmsanus Mysmura npu 1050°C. HMccnenoBanus IMOKasaa, 4TO HPU
00XHre Kepam3uTa Ha OCHOBE MOHTMOPWJUIOHHTOBOW TJIMHBI Hapsay C HMroJbYaThIMH KPHUCTaNIaMU
HAOIIOJAIOTCS M KOPOTKOIIPU3MATHUECKNE KPUCTAIUTBI MYJUIATA, YTO CBSI3aHO C BBICOKUM COJIEp)KaHUEM B
CwmpmursieBckoit rmHe Fe,O3;. C BO3HMKHOBEHHEM TBEPABIX PACTBOPOB 3aMEIIEHUS 00pa3yeTcs MYJUIAT
Pa3IMYHOrO XMMHYECKOTo cocTasa, mpu 3toM Fe' 3amemaer A1°",
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KYWAIPYIIH OP TYPJII KE3EHJIEPTH/IE KEPAM3HUTTIH,
®A3AJIBIK AYBICYJIAPBIH JIEKTPOHIBIMUKPOCKOITHIK 3EPTTEYJIEP

AnHoTanusi. Makana KepaM3uTTi KYHAIPYAIH op TYpil Ke3eHAepiHAe OHbBIH (ha3asiblK aybICYJIapblH 3JIeK-
TPOHIBIMUKPOCKOIITHIK 3€pTeyiepre apHayiFaH. bysl MoceneHiH mienrinyiHiH KepaMHUKaJbIK OyHbIMIap skacay eHIi-
picCiHzE FBUIBIMH )K9HE NPAKTHKAIBIK MAaHBI3BI 30D.

Kepam3utri xacay eHmipiCiHIH HETi3Ti ca3apl MIMKi3aThIHA MOHTMOPWJUTOHUTTI ca3 yKaTaasl. MOHTMOPHIOHUAT
CyIIBI ©T€ KOII MOJIIep e KapKbIHIIBI CiHIpyTe KabijeTTi, cyai Oepik ycTam Typaabl XKoHe KypraTy Ke3iH/Ie Cyabl KUbIH
Oexeni, coHmal ak, PUTFANJAHFAH Ke37e KojeMi 16 ece ocim, KaTTHl iciHeni. MOHTMOPHIUIOHUTTEH TYPaTHIH ca3 cyaa
KATTHI ICIHE Il )KOHE 6T€ CePITIMII.

Kepam3uTTi *acan miblFapy yIiH, )aKkchl KOTEPUIETIH MIHKI3aT 00kl TabbutaThiH, CMBINLUISICBCKUIT KEHOPHBI-
HBIH Te30aJIKBIFBIII ca3bl KOMAaHBUIABI. CMBIIUIIEBCKUI KEHOPHBIHBIH Ca3bl A TIOMUHUN OKCHIIHIH KYpaMbl OOWBIH-
II1a KapThUlai KBIIIKBUI ca3[apra jKaTalbl, ajl TeMip OKCHJIHIH Kypambl OOWBIHIIA OOSFBINI OKCHIATEP] >KOFaphbl
Kypam/ibl TOObIHA aTajibl. CMBIIIISIEBCK Ca3bl MUHEPAJIBIK KYpaMbl OOMBIHIIIA MOHTMOPHIIJIOHHUTTI ca3ap TOObIHA
JKaTasIbl.

Kyi#inipynin op Typii temneparypacbinaa ¢asaiblK ayblCyiap Typajibl MamiMeTTepl amny ymidn OMB —1006P
ANEKTPOHIBI MUKPOCKOOBI, <OKaphIKKa» 9IICTEMEC], TNIATHHA KOMIPTEKTI KOIIipMe KOMAAHBUIIBL. YITUIepai KYHIipy
40-meTpiik aiiHady TeIIiHIH pekuMi OOWBIHINA YHUBEPCUTETTE apHAWBl jKacallFaH KOHIBIPFBIHBIH 3€PTXaHAIBIK
MEMIiHAE KYPTi3imi.

OpbIHIATFaH 3epTTeyiiep HOTHXKECIHAE TeMip OKCHAI JKOFaphl KYpaMIsl MOHTMOPHWJUIOHHTTI ca3 HeTi3iHAe
’KacallaTbIH KePaM3UTTI KyWIipy/eri ¢azanblk aybiCynapblH epeKiienikTepi anbikranapl. Kepam3urre oliHekdaszacsl
MeH KpucOanuTTiH maiina 6oiaysl 950°C temneparypazga, an MyJulMTiH Kpuctaaganysl 1050°C aHbIKTamasl. 3ept-
TeyJiep MOHTMOPWIUIOHHUTTI €a3 HEri3iHfe jKacaliFaH KepaM3uTTi KYWIipy KesiHje, 3epTTelin oThipraH ca3na Fe,Os
KYPaMbIHBIH KOFapbl OOIybIHAa OalJIaHBICTBI, UHENI KpHCTAJAapMEH Karap, MYJUIMTTIH KbICKa NPU3Majbl KPUCTa-
Jlaphl naiiia 0oJaThIHBIH KOPCETTI.

Tyiiin ce3mep: kepamM3uT, KYHIIpY, SIEKTPOHIBIMUKPOCKONTHIK MUKPOCKOII, MyJUIUT, MOHTMOPHJUIOHUTTI ca3.
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FObunetHble Oamebl

Axkaaemuk I'. K. EPT’AJIMEB, naypear I'ocynapcTrBeHHo# npeMun
Pecny0smku Kazaxcran u npemun K. U. Catnaesa

lammmap KacenoBuu 0b1 npurnamien Ha padoty B UI'H camum K. U. CarmaeBeim B 1956 1. mocie
OKOHYAHMSI TEOJIOTHUECKOTO OTACIICHUS reoioro-reorpadudeckoro dakymbrera Kazl'y um. C. M. Kuposa
mo pexomenmanuu akagemuka AH Ka3CCP, maypeara JIeHMHCKOW mpeMuu, MEPBOTO 3aMECTHTEIS
mupektopa MHctuTyTa, ogHoro m3 opranmsaropoB ['eomormueckoi cimyxObl B Kazaxcrane P. A. bo-
pykaeBa. 3xech I'. K. Epranues mpomren Bce cTaguil Hay4HOTO POCTa OT CTapIIero JrabopaHTa 10 3aBe-
JTyIOIIETO JT1abopaTopHei.

C nepBbIX AHEH moctymieHus B Kazaxckuil TONMUTEXHUUECKH HHCTUTYT B 1957 T., 9acTo ciyman Ha
JEKIUAX 110 UCTOPUYECKOW T'eoJoruH U mnaneoHToxoruu o6 ycnexax I'. K. EpranueBa B m3yuenun ctpa-
tarpaduu U Onoctparurpaduu, dayHsl TPUIOOUTOB KEMOPHUHCKHX W HIDKHEOPIOBHKCKUX OTIIONKCHHM
HOxnoro VYnertay (baiikoHypckuil cuHkInHOpHii), Xp. bonbmoit Kapatay, rop Xabarner B FOxxHOM
Kazaxcrane, paHee cuMTaBIIUXCA «HEMbIMH» W (ayHHCTHYeckH HemepcnekTuBHbIMU. ['. K. Epramuen
BIIEPBBIE TSI TUX PETHOHOB pa3padoTai eANHYI0 CTPAaTUTpadUIECKyI0 CXeMY BEHIICKAX U KeMOPHHUCKHX
OTJIOKEHUH H OHOCTpaTUrpaUUuecKyl0 CXEeMy pacuJieHeHUS CpPEJIHET0 M BEpPXHEro KeMOpus W
TPEMaJIOKCKOTO sipyca HIDKHEro opJoBuka. CxeMa cocTosna u3 7-Mu 30H B BallkoHypCKOM CHHKIMHOPHH
u 11-tu 308 B bomemom Kaparay. EMy nmpuHamie:uT nNpHOpPHUTET BBIIEICHUS BEHIA W yCTaHOBIICHUE
3aKOHOMEPHOT'O CKOJIbKEHHS THaXxpOMHOT0 Bo3pacTa KapOoHAaTHOH (pannn KOKOYIaKCKOi CBUTHI C ceBepa
Ha I0T0-BOCTOK. DTOT NpUHUIMT ['ooBKHMHCKOTO Wik Ywuisiepa-Bucnes um BrepBbie oTMedeH B 1965 1. B
Kazaxcrane u B majgpHEHIIIEM MOATBEPIKIIEH B IPYTHX PETHOHAX.

buocrtpaturpadudeckas cxema, COCTOAMIAs U3 7-MH 30H B baillkOHYpCKOM CHHKIMHOpHUH H 11-TH 30H
B Bonpmom Kaparay, kak HeuwsBecTHas 10 HEKOTOPBIX IMOp, ObUIa BKIIIOYEHA B COBMECTHYIO CTaThIO
(aBroper: I'.K.Epramues, P.A.BopykaeB, H.K.MBmmH) «KemOpuit Kazaxcrana», mnpeactaBieHHOH B
Marepuasiax XXII ceccum MI'K (Hdemn, 1964) m omyOnmkoBaHHOW B KHHTE «Bompochl reomornu
Kazaxcrana»: Anma-Ata, 1964. — C. 62-81. Kpome TOro, 3TH MaTepuasl Jeriu B OCHOBY KaHIUAATCKOMN
JIUCCepTalH, 3aIlUIeHHON B 1965 T.

—— 290 ——



ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 5. 2017

Kak nccnenoBatens u nengarora, BocxuiaroT Beigaromuecs yerexu I'. K. Epranuesa, 1ocTurayTeie ¢
60 ro10B MPOLUIOrO CTOJNETHS W MO CeH JEeHb, YIOPHBIM M CHCTEMAaTHUECKHUM TPYAOM IO H3YUYCHHIO
cTpaturpadun, onoctparurpaguu U (ayHsl TPHIOOUTOB M3 HEMPEPHIBHBIX pa3pe3oB rop Manbiii Kapa-
Tay, ¢ KOTOPBIMHU CBSI3aHBI BCEMUPHO W3BECTHBIC 3aiexu (ochopuToB. MHE mpencTaBisercs, YTo HET
HEOOXOJMMOCTH H3J1araTh CO BCEMU NOAPOOHOCTIMHU 000 Beex ycnexax I'anmapa KacenoBuua, H3BeCTHBIX
CIeLMaINCTaM-Te0jIoraM Bo BceM mupe. [IpuBeny TOIbKO caMble IJIaBHBIE:

1. OtkpeiTHEe W M3y4yeHue B 70-X rojax MPONULIOTO CTOJETUS HempepblBHOTO KbIpmabakTHHCKOro
paspesa B r. Maunsrii Kaparay B FOxaom Kazaxcrane ¢ HeoObdaitHO OOTaThIMH OCTaTKaMH TPUIOOUTOB
CPEIHEro M BEPXHEro KeMOpus, B 0OCOOEHHOCTH KOCMOIIOJIMTHBIMM TaKCOHAMH MHOMEPHBIX arHOCTHI.
Oro OblIa CeHcalus Ui TOTO BPEMEHH B MUPOBOI T€0JIOrMYECKON HayKe U BBI3BAIIO OTPOMHBINA HHTEpEC
YUEHBIX KaK OJMKHETO0, TaK U AaJbHEro 3apyOesKbsl.

HenpepriBHast 00HAXEHHOCTH CITOH 3a cioeM, uMerorast 6oiee 10 rpymm ¢ayHsl 0€CITO3BOHOYHBIX, B
0CcOOEHHOCTH, KaK OBIIO CKa3aHO BHIIIE KOCMOTIONUTHBIX TPHIOOUTOB, TUTIOC JOCTYITHOCTD B OJTHOM IIPO-
¢wue (600 M) ObUTH TPU3HAHBI U BHICOKO OLIEHEHBI YYyaCTHHKaMu 5 MexayHaponHoi skckypeun (1981,
1984 — 2 skckypcewuit, 1990, 2009 u 2015) ¢ yuactuem 6omnee 150 yduensix u3 50 cTpaH Mupa, B TOM YHCIIE
npesuneHTaMu MexayHapoaHoi kemOpwuiickoit mogkomuccnu (MCI'H FOHECKO — I1. ITanemepa, CIIA
u JIx. lllepronsaa, ABcTpaus).

K nacrosimemy Bpemenn KpipmaOGakTHHCKHHA pa3pe3 NPUHAT Kak mapacTpaTtoTun 9-ro cepeOpsHOro
spyca kemOpuiickoli cucreMsl (Pemenne kemOpuiickoit moakomuccnu ot 16.10.2012). Takum oOGpaszom,
paspe3 YBEKOBEUCH B TTaHETApHOM MaciuTade u omyOiankoBaH B MexayHapogHoM xkypHaie «Episodesy,
2014, Vol. 37, Nel, p.41-47.

2. Ha marepmanax 3Toro paspesa ObUIM yCTAHOBIIEHBI CTPaTOTUIBI 21-0i OHOCTpaTHrpaduIecKoi
30HBI U 6-TH SIPyCOB CPEIHETO U BEPXHEro OTAEIOB KeMOpuiickoil cucrtembl. Camoe BaxkHoe, Kpipirabak-
TUHCKHI pa3pe3 MpHoOpes CTaTyC CTPAaTOTUIA TPEXSAPYCHON IIKAIbl BEPXHETO KeMOpPHsl, IPUHITOTO KaKk
nonpazaenerne OOmeit crpaturpadpudeckoit mikanel Coroza (1980). Ilpeamoxxennsie I.K. EpramneBsim
AI0OCOKKAHCKHM, CaKCKMM M aKCaWCKWi sApychl TPHHATH MEXBEIOMCTBEHHBIM CTpaTHTPpaduICCKAM
komuteroM CCCP (IToctan. MCK, Beim. 21, 1. 1983) mis Bceit reonorudeckoit ciayxk6s1 CCCP. Onu Bo-
IIJIM B T€OXPOHOJIOIHYecKyto Tabauiy, 1984 r., B MIHCTpYKIHMIO IO COCTaBIEHUIO T'€0JIOTHUECKUX KapT, B
coopuuk «IIpaktudeckas crparurpadus» (1984) u B psg yueOHHKOB.

3. Ha ocHoBe yHukampHOro KbIpmiabakTHHCKOTO paspesa ObLT yupexnaeH Axcaiickuil ['ocymapct-
BEHHBIN reonoruueckuil 3aka3Huk (Iloctan. Cosera MununctpoB Kaszaxckoit CCP 3a Ne 132 ot 11 ampens
1985 r.) B ropax Mausrii Kapartay Capeicyiickoro paiiona XKamOymnckoit oonactu. Tepputopus 3aka3HuKa
SBISIETCS. KJIACCHYECKUM TI'EOJIOTMYECKMM OOBEKTOM JUIsl IPOBENCHHS €KETONHOH y4eOHO-IIPOU3BOI-
ctBeHHOHN mpakTuku ctyaeHTaMu KasHUTY um. K. M. CatnaeBa u MexayHapoAHBIX U pErHOHAIBHBIX
9KCKYpCHUH.

4. Illxana cpemHEero M BEPXHETO OTAEIIOB KEMOPHICKOW crcTeMbl 1o p. KeIpnrabakTel cocTraBiieHa C
CaHTHMETPOBOI TOYHOCTHIO U Ha JOJITHE TO/Ibl OCTAaHETCAd HEM3MEHHOM, TOCKOJIBKY B HEll 3aKITIOYEHBI BCe
10 XpoHO30H, peATIOKEHHBIX MeKayHapOJHOH cTpaTUrpaduieckoil keMOpuiickoil monkomuccuen Mex-
IyHapoaHoro coto3a reonormdeckux Hayk (MCI'H) FOHECKO.O6 3ToM CBHIETENBCTBYET BKITIOUCHHE
HIKaJibl B MexIyHapoIHbli cripaBouHUK najgeonTonoruu (Triatiseon Invert. Paleontology, 1997, pp. 308-
311, table 1.1 — 1.4) u xxypnan «Episodes», 2000, vol. 23, Ne3, pp. 190-191.

5. MoHnorpaduuecku ommcan 104 pona, 481 Bug u 1 ceMeHCTBO TPUIOOUTOB U3 KEMOPHICKHUX M HUXK-
HEOPJIOBUKCKUX OoTiIOXeHUH Xp. Kaparay u FOxuoro Yieitay, n3 Hux 20 ponos u 180 BHIOB SBISIOTCS
HOBBIMH B TMaJIEOHTOJIOTHYECKON Hayke; 4 poAa arHoCTHI OIUCAaHbl Ha aHTJHUICKOM S3bIKE B
MesxyHapoJHOM majieoHToNIorudeckoM cripaBouynnke (Treatiseon Invertebrate Paleontology. Arthropoda
Trilobite, USA Colorado, 1997 u 16 HOBBEIX pomoB — Memoris of the Qeensland Museum, vol. 48.
Australia, 2003).

6. OOBIYHO CO34aHUEM 30HAJBLHON U SIPyCHOM IIKaJbl T€OJOTMYECKUX CHUCTEM HIDKHETO Majeo30s
3aHUMAETCS] LENIbI Hay4YHBIH KOJUIEKTUB T'eOJOTMYECKUX OpraHu3auuil. B 3TOM OTHOIICHMH WHAWMBU-
IyanbHasi pa3paboTKa JaHHOM HIKANbI SBISIETCS BBIAIONIMMCS JTOCTHKEHHEM He TOJBKO JIUYHOTO Tpy.la
I' K. Epranuesa, HO 1 KOJUIEKTHBA, TJie OH paboTaet Ooiee 60 ier.

7. T'. K. Epranues — aBTop 6onee 160 HayuHBIX paboT, 3-x MoHOTpadwuii (2 B coaBTOopcTBe), 20 3apy-
OekHBIX crared, 3-x MexayHapomHbeix 3assBok (Proposle) B MexmyHapomaHyo crpaTUTpaduIecKyro
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KeMOpHICKYI0 TogKoMuccHi0 MexyHapomHoro corosa reosnorndecknx Hayk (MCI'H) FOHECKO. On
TaKke coaBTop o0mecoro3HbIXx cBoJoK «l'eomoruss CCCP», 1.20 u T.40, «['eonoruss u MeTauIOTCHUS
Kaparay», 1.1, 1986, 2-x uzgansasix ['ocynapcTBeHHBIX reosiorndeckux kapt (1958) m-6a 1:200000, 4-x
naneorekToHnueckux kapT CCCP macmraba 1:500000, cnienmanbabix ['eonmornueckux xapt LleHTpans-
Horo Kazaxcrana macmrada 1:500000 (1972), xp. Kaparay (1987) u CeMunanaTHHCKOTO SAEPHOTO TO-
muroHa (1997) 1:200 000 macmtaba 1 4ieH penkouteruu [ eomorndeckoi kapTel Kazaxcrana macmrada
1:1 000 000 (1996 r.). CoaBTop oOmIecoro3ubIX cBOJOK «['eonmoruss CCCPy», 1.20 (1991) u 1.40 (1992).
Ilox ero penakiueit u3naH psz CBOIHBIX padoT: «/lomaneo3oit u maneosoit Kazaxcranay (1974), «Crparu-
rpadus W MaJcOHTONIOTHS HIDKHero majieos3os Kazaxcrama» (1983). OH Takke SIBISICTCS aBTOPOM psiaa
ouepkoB HanmonansHol sHiukinoneanu Kasaxcrana.

Bonpiie Bcero mmmonupyer B ['anmape KacenoBuue EpranmeBe ero HeoOBIKHOBEHHAs! TPYIOCIIO-
COOHOCTb, HEYTaCUMBbIH HHTEPEC K HAYKE.

B nacrosmee Bpemsi on 3aBepmiaer Il gacte MoHorpaduu «llonumepuaHbie TPUIOOUTHI CPEAHETO
U BEpXHEro KeMOpHs AKCAHCKOTro 3aka3HUKa», MOCJE Yero MOocCJeAyeT Mmojada 3asBKU (Mporosia) Imo
10 sipycy keMOpHIICKO# CHCTEMBI IO pelIeHuIo padodeit kemOpuiickoit mogxkomuccnu MCI'H FOHECKO.

Ero mo-npexxHeMy OTIMYalOT TPYHOIIO0HE, MHOTOJCTHUI MPOGECCHOHANBHBIA ONBIT U 3PYIULIHUA.
OH He oOocCTaHaBIMBaeTCd HAa JOCTUTHYTOM M TPOAOIDKAaeT HH(MOPMHPOBATh MHPOBYIO T€OJIOTHYEC-
Kyl OOILIECTBEHHOCTh HOBBIMHM IOCTHKCHHSMH, YTO NPHOABIAET 3HAYUMOCTH M TIPECTHXKa Halleu
Ka3aXCTaHCKOU T€OJIOTHH.

Kak u3BecTHO mo Ka3zaxckoil mocioBulle «FbUlbIM MEH alHAJIBICY MHEMEH KYIBIK Ka3raHaail», 4To
03HAay4aeT — 3aHATHE HAYKOH PaBHOCHJIBHO BBIKAIIBIBAHMIO KOJIOIA UTOJIKOM. B naHHOM ciy4yae nmeetcs B
BUAY KpOIIOTIMBOCTb, TEPIICHHE, CKPYMyJE3HOCTh. [Ipexkne Bcero, Hamo HAWTH OCTATKH HCKOIAeMOil
(dayHBl B IIacTe OCAJOYHBIX IOPOJ, Jajee OTIPErnapupoBaTh CTAILHBIM HandwieM (MIOJIKOH) IO
OMHOKYJISIpPOM BHEIIHIOIO ITOBEPXHOCTh CKEJEeTa MM OTIIeYaTKa, U3MEPUTh U coTorpadupoBath payHy,
ONpeNEeanTh 10 POJa U BUJA MO Bcel uMeroleics nureparype ¢ Hadana X VIII Beka u moHbIHE Ha MHOTHX
A3bIKaX. Y CIieX MaJICOHTOIOTa 3aBUCHUT OT TIIATEIBHOTO BBIIIOIHEHHS BCEX ITHX BHIOB PabOT U OCOOEHHO
oT nuTeparypsl. B aTom cnenmduka najgeontonoruu. Pabota oueHb CIOXKHAS M KPOIOTIIMBAS M HE KaXK-
JIBIA MOYKET 3aHUMAaThCs 3Toi Haykou. [lomyBekoBoii Tpyx I'. K. EpranmeBa 3aciyxuBaeT O€CKOHEYHOTO
YBa)KEHMS U ITOXBAJL.

I. 7K. ZKonmaes,

Jupexmop Uncmumyma eeonocuueckux nayk um. K. U. Camnaeasa,
O0KMOP 2€01020-MUHEPATIO2ULECKUX HAYK, npopeccop,

akademuk Meowcdyrnapoonotl akademuu Mutepanvhvlx pecypcos PK

— 202 ——



ISSN 2224-5278 Cepus eeonoeuu u mexuuyeckux Hayk. Ne 5. 2017

Kypmoek CoiabikoBud CbI/IBIKOB

(K 95-nemuto co OHs podwcoeHnus)

20 centsi0ps 2017 roma ucromHseTcs 95 MeT cO AHS POXKIASHHS KPYITHOTO YYEHOTO, THAPOTE0Jora,
akanemuka HaruonaneHol AxamemMun Hayk PecnyOnmkum KazaxcraH, HOKTOpa I'e0J0ro-MHHEPATIOIH-
YecKHX Hayk,lpodeccopa, 3aciykeHHoro nearesss Hayku Kaszaxcrana, naypeara ['ocymapcTBeHHOI
mpemun PK, mpemun wmmenm akamemmka K. WM. CartmaeBa, OCHOBOIMOJOKHHKA THAPOTCOXHMMHYCCKOU
Hay4Ho mkonbl B Kazaxcrane XXypmoOeka CoiibikoBnda ChIIBIKOBA.

K. C. CpIapIKOB NpUHAIIEKUT K CIABHOM IUIEA[Ee YUYEHBIX THIPOTEO0JIOrOB, KOTOPHIE MOCBSTHUIN
CBOIO ’KM3Hb I'€OJOTMYECKOM Hayke, B TOM YHCIE IOMCKaM M pa3Belke MoAa3eMHbIX Boz Kazaxcrana u
o0ecreueHnI0 BOJHOM 0e30MacHOCTH CTPaHBI.

OT0 ApKas, caMOOBITHAsI JUYHOCTh, HaJleleHHast OT Oora AapoM NpEeABUACHUS U YMEHHS HAaXOIUTh
MIPaBIJILHBIC PEIICHHUS.

K. C. CoigpikoB pommics 20 ceHtsOpst 1922 1. B c. Akcy TanaplkypraHCKoid, HBIHE AJIMaTHHCKOM
o0yacT B ceMbe KpecTbiHHMHa-OemHska. B Bo3zpacte 12 neT, MMIIUBIINCH POAMTENEH, OH Hadal CBOIO
TPYAOBYIO XM3Hb. Ellle B IIKOJIBHBIE TOABI Y HETO SIPKO NMPOSBHIIACH TATAa K 3HAHUSIM, BbIpabOTanoch
Tpynoiaobre M HacToWdmBOCTh. B 1940 r. oH ¢ OoTIMUMEM OKOHYWJI Ka3aXCKyH0 CPEIHIOI IIKOIY B
c. Axcy.

[lo oxoHYaHWM IIKOJNBI OH OBLT MpHU3BaH B apMu0. [lepBOHAYAIBHO OH CITy’KHJI B COCTaBE BOMCK
3abaifkaJbCKOr0 BOGHHOI'O OKpyra — B MoHroiuu, B paiione XankuH-I'on. 3arem, ¢ Hauasom Benukoit
OTE4YeCTBeHHOI BOWHBI, B 1942 r. ydactBoBam B 00sX B cocTaBe BOWCK bpsHckoro, Kammawnckoro,
3anagHoro ¢gpoHTOB U B paiioHe r. CmoneHcka. B 1944 r. B ceHTA0pe nmpu HacTymaTelbHOW ONepaluu
COBETCKHMX BOWCK OB TSDKEJIO paHEH, IMOYTH CYTKU OCTaBajcs Ha mose OpaHu, Korga ObuT 0OHAapyXeH H
JIOCTABJICH B TOJIEBOW rocmuTayb. IMEHHO B JeHBL cBoero poxkacHus 20 ceHtsops 1944 r. ma omepa-
[IMOHHOM CTOJI€ OH TPHUIIIEN B CO3HaHUE U BEPHYJICS K KU3HHU.

3arem ObLT JONTHHA CPOK peabMiIMTalyy B TOCHUTANAX M AeMOOWIM3alMs U3 PSIOB IeHCTBYomEi
apmun. Cuiia Tyxa | jKeJaHne CKopee BEpPHYTCS K HOPMAJIbHOW JKH3HH TO3BOJIIIA €My MOCTYIHUTh B TOM
JKe TOAY Ha Teo]oropa3BeAovHbId (akynbpreT Kazaxckoro ropHOMeTauTyprudecKoro MHCTHTYTa (HBIHE
Kazaxckuii HaMoHaNBHBIN HMCCIeJOBaTeNbCKI TexHn4Yeckuil yHuBepcuteT uMm. K. M. Carnaesa). Ilo
OKOHYaHHM By3a OH ObUI HampaBieH B acnupaHtypy WHcturyTa reonormueckux Hayk AH KA3CCP.
Ero yumrtensaMu 3mech OKa3aquCh Takve BBIAAIONINECS ydeHble — ruaporeoiora Y. M. AxwmencadwuH,
H. A. KenecapuH u apyrue KpynHble yueHble pecnyOiauku Bo riase ¢ akagemukom AH CCCP K. U. Cart-
MIaEBbIM.
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B 1952 r. no pe3ynbrataM CBOUX UCCIEIOBAHUN OH YCIIECLIHO 3AIUTHI KAHIAUJATCKYIO TUCCEPTALUIO
[0 T€0JIOTr0-MUHEPAJIOrH4ecKuM HaykaM. Bech mocienyroniuii nepuoj, BIUIOTH 10 PYKOBOJICTBA HOBOI'O
HaIpaBJIeHHUs THAPOre0JOrHUECKON HayKH — CEKTOpa THaporeoxuMun u onpecHerus (1965 r.) UI'H um.
K. 1. Carnaesa XK. C. CpIIBIKOB 3aHUMAJICSI U3YUYE€HHEM H 00OOCHOBAaHHEM OLICHKH PECYPCOB MOJI3EMHBIX
Box 3amagHoro Kazaxcrana. 3a 3ToT mepros uM ObLIO OIMyOIMKOBAHO Psifi MHOTpa(Uil U KPYITHBIX CTAaTeH,
MOATrOTOBJIEHa U B 1965 T ycnenHo 3amuiineHa JOKTopcKas auccepranus Ha Temy :»lloa3zeMHble BOABI
Myromkap U NPUMYTOUKAPCKUX paBHHH». B 3TOT ke mepuon oH ObLT YTBEPXKICH 3aM.JIUpPEKTOpa IO
HayKe BHOBb co3anHoro MHcTuTyTa ruaporeonoruu u ruapodusuku AH KazCCP. FiMeHHO B 3T TOABI B
Kazaxcrane Haganmnch KpymHOMAcCIITaOHBIE TEOJOTHYECKHE HCCIEOBAaHUS II0 pPa3BelKe HOBBIX Mec-
TOPOXKICHUI METaJJIOB, HEPTH W Ta3a, Pa3NU4HbIX THUMOB Moa3eMHBIX BoA. XK. C. ChIOBIKOBBIM U €ro
nabopatopueil THIPOreOXUMHHN BEIUCh MCCIEJOBAHU MO PYyIOMOUCKOM, HEPTEra3oBOi HIPOTEOIOTHH,
LOIMPOKOMY HCIIONb30BAHUIO T'€OTEPMANbHBIX, MUHEPAIBbHBIX W IPOMBIIUICHHBIX BOJA B PA3JIHYHBIX
peruonax Kaszaxcrana.

3a KOPOTKUI CPOK MM OBLIO TOATOTOBICHO OOJBIIOE YUCIO KaHAWAATOB U JOKTOPOB HAyK B LIEIOM
psile HalpaBiIeHU THAPOTEONIOrHYECKON U THAPOreOXUMUUECKOM HayKu. Tak, K HACTOSALIEMY BPEMEHU B
YHCIie YCIENTHO 3alIUTUBIINX KaHIUIaTCKUe AUccepTaluu HacuuTbiBaeTcs 25. JlokTopckux 11 demoBexk.
B1970 r. K. C.CpinpikoB ObIT M30paH 4iieH-KOppECHOHACHTOM B 1989 r. NelCTBUTENBHBIM YJICHOM
HAH PK.

K. C. CBHIOBIKOBBIM BBITIONHEH Ps MPUHITUITHAIBHO HOBBIX KPYITHBIX 0000IICHHA TI0 TEHE3UCY O~
3eMHBIX BOJ M TEOPETHYECKON THAPOTCOXUMHH; BIICPBBIC YCTAHOBIICHBI SIBICHUS (HIBTPAIIMOHHOTO
a¢deKTa u ero poib B pa3AeIbHON MUTPALUH KUAKHX U PACTBOPEHHBIX BEILECTB B 36MHBIX HEJpax, a TaK
K€ Pa3NUYHBIX TEHETHYECKUX THUIOB TOA3EMHBIX XJOPUIHBIX Boja (1978); oOocHOBaHBI Teopuu 00Opa-
30BaHUs TITyOHHHBIX BoX 3emun (1973) u ux poib B 00pa30BaHUU MOBEPXHOCTHBIX BOJI.

Axanemuk K. C. ChiIbIkOoB B 00IIeH ClIOKHOCTH OomyOnmkoBan 725 pabor, B TOM uyucie Ooiee
30 moHOTpaduil 1 KHUT Ha PyCCKOM M Ka3aXCKOM si3bIKax. Hapsay ¢ ycrnenrHol HaydHOH e TeIbHOCTHIO
oH Bo3rnasysu1 OtneneHue Hayk o 3emue, MmeTanryprun u oboramenns HAH PK, naznagancs [maBHBIM
penakropom xypHana HAH PK«WM3BecTH, cepust TE€OIOTHU U TEXHUYCCKUX HAYK»; B TCUCHUU psaa JET
y4acTBOBaJI B pabotax HaydHbIXx coBeToB npH [Ipesnanyme HAH PK u mo muanm MOH PK. 3a GoeBsie
3acIyTH, a TakkKe IUIOJOTBOPHYIO HAYYHYIO JEATEIbHOCTh M MOATOTOBKY HaywHbIX KaapoB XK. C. Col-
JIBIKOB OBLT HarpaxaeH opacHamMu OTEUeCTBEHHOM BOWHBI IEPBOM cTeeHH U opaeHoM JpyKObI Hapo0B,
12 mepansamu CCCP u PK, IlouerneiMu I'pamoramu Bepxosnoro Cosera PK, MOH PK u Ilpe3ununyma
HAH PK.

KomnnexktnB MHCTHTYTa THAPOTEOIOTUN U Teodkojornd uM. Y. M. Axmencaduna, OTaencHne HayK
O 3emne HAH PK, pykoBonctso HAO «KasHUTY um. K. U. Catnaesa, IIpesnauym HAH PK cepaeuno
MO3/IpaBIIsIeT I00MIIApa ¢ JHEM POXKICHHUS U JKEJIaeT eMy J0OpOTo 3I0POBBS M BCETO HAMITYUIIIETO.

Penxomnerus xypuana «3sectuss HAH PK. Cepus reomorun v TEXHHUECKHX HAYK».

Peoxonnezus sicypnana
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TpeGoBanus nis apropos :;kypHajia HAH PK
Cepus reo10ruM ¥ TEXHMYECKUX HAYK

Yeasicaemvie asmopuot!

[pomno Gonee cemumecsaTUnATH JeT, kak nzgaercs xypHan «Hzsectus HAH PK. Cepus reono-
rudeckas», a ¢ 2011 r. «Cepusi reojorud U TEXHUYECKUX HAyK». 3a MEpUOJ CYIIECTBOBAHMS KypHAI
3aBOEBaJ IIUPOKUM KPYT YATATENel U CTal U3BECTEH HE TOJbKO B KazaxcraHe, HO U B cTpaHax OJIMKHETO
W TAJIHETO 3apy0exkKbsl.

B xypHane Ha pyCCKOM, Ka3aXxCKOM, aHTJIMMCKOM S3bIKaX IYyOJIMKYIOTCS CTaThbH O pe3yjbTaTax
HCCJICIOBAHUN TT0 aKTYaJbHBIM MpoOieMaM OOMTUPHON T'€0JIOTrHIeCKON HAyKH (PETHOHAIBEHON TeOJIOTHH,
MUHEpareHnu, HeTH U ras3a, reo(u3nKH, CEHCMOIOTUH, THAPOTE0JIOTHH, 3KOJIOTHH, Teorpadun), a Tak e
CTaTbU METOJUYECKOI0 XapakTepa.

Bce aTH roabl XKypHaNI CIyKUT HCTOYHUKOM ONEPATUBHON MH(GOPMALMK O HOBEHIINX TOCTIKEHHSIX
reoyioruueckoil Hayku Kazaxcrana u mpu3BaH CrocOOCTBOBATh MOBBINICHUIO 3()(HEKTUBHOCTH HAYYHBIX
HCCIEOBAaHUN.

ABTOpPBI HECYT OTBETCTBEHHOCTb 32 JOCTOBEPHOCTb W 3HAYUMOCTb HAYYHBIX pE3yJIbTaTOB U
aKTyaJbHOCTh HayYHOI'O coepkaHus pabot. He nomyckaercs ruiaruart.

1. IIpencraBneHHble I OMyONMKOBAaHWS MAaTepUaibl JIOJDKHBI  YIOBICTBOPATH —CIECAYIOLIHM
TpeOOBaHUSIM.

Crarbsi CONPOBOKIAETCS Pa3peLICHUEM Ha OIYOIMKOBAHUE OT YUPEXKACHUs, B KOTOPOM BBINOJHEHO
WCCIIEZIOBAaHUE U MIPEICTABISAETCS pEIeH3USI.

Cratbs peAcTaBIsAeTCs B OAHOM 3K3eMIurape. Pazmep craThu He JOKEH MpeBBIMATh 15 cTpaHuIl
BKJIIOYasl aHHOTAlMI0 B Hayaje CTaTbu IIepel OCHOBHBIM TEKCTOM, KOTOpas HOJDKHA OTpaXKaTh Lejb
paboThl, METOJ WJIM METONOJOTHIO0 IPOBENEHHUS pabOoThl, pPe3ylabTaThl paboOTHI, 00JacTh MPUMEHEHUS
Pe3yIBTaToOB, BHIBOABI (AHHOTALMS He MeHe 15 mpemnoxenuit — 1/4 crp. (Ha aHIIIMIICKOM SI3BIKE) Yepes
1 KOMITBIOTEPHBIM WHTEPBa), TaONUIBI, PUCYHKH, CIIUCOK JIUTEpaTypsl (depe3 | KOMIBIOTEpPHBIH HHTEp-
BaJl), HaIe4YaTaHHbIX B penakrope Word, mpudrom Times New Roman, mmosnst — BepxHee U HIKHEE — 2 CM,
neBoe — 3 cM, npasoe — 1,5 cm. KonngectBo pucynkos He 6onee 10. Ha3Banue pucyHKOB U MOJIPUCYHOU-
Hasl [TOJNKCh, & TAK)KE HAa3BaHHUE TaOJIMI] 11e4aTaeTCsl HA PyCCKOM U aHIIMHCKOM SI3bIKaXx.

CTATbA HAUYMHAETCS Ha anramiickoMm si3bike. B Havasne, mocepennHe CTpaHUIIbl, UACT Ha3Ba-
HHUE CTaThU MPONHCHBIMU JKUPHBIMU OYyKBaMH, Jajiee Ha CIEAYIOMICH CTPOUYKE — WHULIUAILI U (HaMIITUH
ABTOPOB OOBIYHBIM KHPHBIM HIPUGPTOM, 3aTE€M Ha CIIEAYIOIEi cTpouKe — Ha3BaHHE OpraHU3alMu(uii), B
KOTOPOH BBIIIOJIHEHA paboTa, ropoJ, CTpaHa, 3aTeM Ha HOBOH cTpouke — agpeca E-mail aBropos. C kpac-
HOH cTpoku mayT kimrodeBsie cioBa (Key words), n ¢ HOBOH cTpouke — cama aHHOTarus (Abstract —
He MeHe 150 cyioB).

Hanee, mociie 0oTOMBKU OHOM CTPOKH, HAUMHAETCS HA PYCCKOM fI3bIKe.

B mauane cratbm BBepxy cieBa ciemyeT ykazaTh mHAekc Y /K. 3atem, mocepemwHe CTpaHHIIH,
numiercs: 1) Ha3BaHWE CTaTby; 2) aBTOPHI; 3) Ha3BaHUE OpPraHU3aIMH; C KpacHOU cTpoku — KiroueBble
cjaoBa, 3aTeM — AHHOTauus ( opopmiieHHe WPHUPTOB, KaK Ha AHTITMHCKOM SI3BIKE ).

OtOuBaeM 0JlHy CTPOKY M HaUMHAeTCs caMa cTaThsl. CiieoM 3a craTbell HIeT CUCcOoK JIuTepaTypsl.
CchIIKH Ha JTUTEpaTypHble HCTOYHUKH JAIOTCS HUPpaMHu B MPSIMBIX CKOOKax 10 Mepe YrnoMuHaHus ( He
menee 20). Cnucok auTepatypsl 0ohopMIIeTCs CIEAYIOMNUM 00pa3oM:

[1] UBanoB A.A. Ilporecces nporanBanus rpynra // M3sectust HAH PK. Cepus reonornm u TeXHH-
yeckux Hayk. —2007. —Ne 1. — C. 16-19.

Ha caiite http://www.translit.ru/ MoxHO OeCTIATHO BOCITOJIB30BATHCS MPOTPAMMOI TpaHCIUTEPAITUH
Pycckoro Tekcra B JATHHMILY, UCIONB3YS paziUYHble cUCTeMbl. [IporpamMma oueHb mpocrasi, €e Jerko
UCIIOJIB30BaTh Ui TOTOBBIX cchUIoK. K mpumepy, BoiOpaB BapuanT cuctembl buGmmorexu Konrpecca
CIIA (LC), mpl monyuaeM m300paKeHHE BCeX OYKBEHHBIX COOTBETCTBHA. BcTaBisem B crenuaibHOE
MoJie BECh TEKCT OMOIHOrpaduu Ha pycCKOM SI3BIKE U

1) yOupaeM TpaHCIUTEPALUIO 3ariIaBUsl CTaTby;
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2) ybupaeM cnienmaibHbIe Pa3aeUTENH MeX Ty momsMu (“//7, “-7);
3) BeIIENSIEM KypCHBOM Ha3BaHHE UCTOYHHUKA,

4) BBIJENSIEM TOJI TIOJTYKUPHBIM MPUPTOM;

5) ykasbiBaeM A3bIK cTaTh (in Russ.).

TIpumep:

[1] White S.R., Sottos N.R., Geubelle P.H., Moore J.S., Kessler M.R., Sriram S.R., Brown E.N.,
Viswanathan S. Nature, 2001, 409, 794-797 ( in Eng.).

[2] Soldatenkov N.M., Koljadina I.V., Shendrik A.T. Fundamentals of organic chemistry of
medicinal substances. M.: Himija, 2001. 192 p. ( in Russ.).

B koHIe craThH Jaercs pe3loMe Ha KazaxckoM s3bike. Odopmiisercsl aHalarudyHO PYCCKOMY Ba-
puanty. [locepenune ctpaHuubl numiercs: 1) Ha3BaHUE CTaThH; 2) aBTOPHI; 3) Ha3BaHUE OpraHHU3ALUY;
¢ KpacHoit ctpoku — TyiliH ce3aep, nocie — AHHOTALMS.

[Tocnenusist cTpaHMIa TOJIMCHIBAETCS BCEMH aBTOPaMH, CTaBUTCA AaTa. lIpunaraercs 371eKTpOHHBIN
BapuanT Ha CD — nucke.

2. B cnyuyae mepepaboOTKH CTaThd MO MPOCHOE PeNaKUMOHHON KOJUIETMH JKypHasla IaToi MOCTYII-
JICHUSl CUMTAETCsA JaTa IIOJyuyeHMs peNakield OKOHYaTeJIbHOTO BapuaHTa. Eciau crarhs OTKIIOHEHa,
penakuus coxpaHseT 3a co00il MpaBo HE BECTH JUCKYCCHIO IO MOTHBaM OTKJIOHEHHUSI.

[Ipocsba k aBTOpaM cTaTheil MPENCTAaBIATH BEChb MaTepuasl B OJHOM JOKyMeHTe (omHOM (aiine) u
TOYHO CJIEZ0BaTh MpaBuiIaM IIpyu 0(hOPMIICHUN CTATHH.

MBI npumianieM K COTPYIHHUYECTBY BCEX 3aMHTEPECOBAHHBIX JIUL], JKENAIOIUX MOACIUTHECS CBOMMHU
UAEAMH, MBICISIMM M (DaKTHUECKMMH MaTepuajaMHM Ha CTpaHHIAxX Hamero xypHana. I[lummre Hawm,
3BOHUTE WJIM NPUCUIIANTE 110 MICKTPOHHOU OUTE.

Ham appec:
Pecny6nuka Kazaxcran, 050010, r. Anmarsl, yin. Kadau6aii 6ateipa, 69a.
WucTtutyT reonornueckux Hayk uM.K.M.Carnaesa, kom.334.

KonTaktusrii renedon: 8 (727) 291-59-38
®axkc: 8 (727) 291-56-79
OnekTpoHHas nmoyTta: ignkis@mail.ru

YBakaemble aBTOPbI!

B nactosimee Bpemsi okono 250 Ka3aXCTaHCKHMX By30B M HAay4YHBIX OpPTraHM3allMii MMEIOT IOCTYH K
MH()OPMAIIMOHHBIM pecypcaM aBTOPHTETHBIX MEKIYHAPOJHBIX KOMIAHUH Takux kak Thompson Reuters u
Springer. 3a mocneaHue 4YeThpe Trofa OOpalIeHUI Ka3axXCTaHCKMX MOANMCYMKOB, COTTIACHO CTaTHUCTHKE
ucnoip3oBanus pecypca Web of Scince Core Collection xommannun Thompson Reuters, yBenuuniocs B
4 paza. Jloctym K MHpPOBEIM 0a3aM HaydHBIX 3HAHHHA OBLI ompeneieH mpesumeHToM Hypcynranom
Hazap06aeBbIM Kak OMH M3 IPHOPHUTETHBIX HHCTPYMEHTOB Pa3BUTHUS Haykd Ha [lepBoM Gopyme yUeHBIX B
nexabpe 2011 rona.

[TyGnukanny Ka3axCTaHCKUX YUCHBIX BXOIAT B 1% caMBbIX BEICOKOLIUTUPYEMBIX CTaTheil B MUpeE.

[pu umTHpoBaHNK ommpaiiTech Ha OoJice COBpEMEHHBIC JaHHBIC, COOCTBEHHBIC TPYIBI MO BO3MOX-
HOCTH YKa3bIBaTh B MEHBLIEM KOJHYECTBE, MCIIOJIB30BAaTh MOUCK HUCTOYHUKOB HH(OPMALUM MEXITyHa-
POIHBIX PECYPCOB.
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