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Purpose. Improvement of strength properties of concrete and corrosion properties of fine carbonaceous materials
shungite.

Methodology. Field studies within the Bakyrchik ore field in Eastern Kazakhstan, sampling shungite rocks to de-
termine the chemical composition and distribution patterns of the main minerals and impurities were applied. Elec-
tron microscopical studies of cement stone formation there were used. Research studies were carried out concerning
the impact of shungite additive on endurance of cement stone against corrosion due to the impact of shungite powder
on density of cement stone.

Findings. Shungite concentrates obtained from shungites of Bakyrchik deposit are promising for use as fillers of
anticorrosion concrete, paints and varnishes. Integrated use of gold-and shungite raw materials opens up new pros-
pects for the economic development of unique reserves of gold-fields of East Kazakhstan and stocks shungite not used
yet.

Originality. It was proved that shungite powder used as a pigment and filling material improved anticorrosive prop-
erties of varnish-and-paint materials.

Practical value. This will significantly reduce the amount of man-made waste containing contaminants and pol-
luting the air, soil and groundwater in the areas of development of gold deposits. The importance of the study is
proved by shortage of new construction materials with anti-corrosion properties. These studies will make it possible

to create entirely new materials with desired properties for the construction industry in Kazakhstan
Keywords: shungite, concrete, corrosion resistance, gold-sulphide deposits

Introduction. Shungite, unique in its properties com-
plex carbonaceous feed, is widely used nowadays in dif-
ferent spheres and industries of foreign countries and
especially in Russia. Shungite rocks are hardly used in
Kazakhstan and are considered mostly theoretically.

Variety of shungite properties determined by their
mineralogical and structural condition defines a great
number of opportunities for using them in the national
economy. Nowadays, a lot of research studies concern-
ing the use of shungites are actively carried out in Rus-
sia, the USA, France, Japan and in Ukraine. The infor-
mation concerning shungites application technology
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and their retinues is published and thus the market of
goods and issues on the basis of shungites is being
formed.

The word shungite is mostly associated with shung-
ites of Karelia in reading matter. They were found in the
1960-s of the past century in black-shale Upper Protero-
zoic formations. However, natural carbonic formations
containing minerals of shungite group (kerite-anthraxo-
lite-shungite) are widely spread. Nearly all found occur-
rences of shungite — anthracolithic mineralization (ex-
cept Russia and Kazakhstan) are of mineralogical inter-
est. Commercial shungites formations are found in the
south of Kazakhstan especially within extension of East
Kazakhstan black-shale band where according to pre-
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diction estimate only gold-sulphide deposits of West
Kalba contain about 530 million tons of shungites. Total
predicted resources of this valuable raw material exceed
the reserves of the only well investigated and exploited
Zazhoginsky deposits (Russia, Karelia) by at least a
hundred times. It enables to form new mineral resources
base scarce carbonaceous feed.

In recent years perspectives of shungite black-hale
formations of West Kalba have been estimated by the re-
searchers of D. Serikbaecv EKSTU. According to tenta-
tive forecast they made up more than 530 million tons of
carbonaceous feed with organic carbon content from 4
up to 20 % and more. These reserves are rather compat-
ible with the only well-investigated and exploited Za-
zhoginsky deposit (Russia, Karelia). It enables to form
new mineral resources base of scarce carbonaceous feed.

Peculiarity of shungite formation occurrences in
East Kazakhstan is their localization in zones of sul-
phide mineralization of gold-sulphide deposits of West
Kalba. Besides, shungite-containing rocks form unique
“envelopes” at a distance of 2—5 metres from gold-sul-
phide ore bodies (Starova L. G.) and they go to dumping
site together with overburden during gold deposit devel-
opment.

Complex usage of gold-sulphide and shungite raw
materials will open a prospect for profitable exploration
of East Kazakhstan gold-sulphide deposits, which are
unique in reserves, and still unusable reserves of shung-
ite rocks. It will enable significantly to reduce the
amount of technogenic waste containing harmful adul-
terations that are dangerous for the air, soil and ground-
water in the regions of gold ore deposit development.

The fields of shungite concentrates research applica-
tions are extremely wide and there are great perspectives
for further research in different directions:

- high-carbon concentrates can be applied in pro-
duction of non-stick paste as pigment and substitute of
graphite in foundry production, substitute of technical
graphite in rubber mix rubber mix including the pro-
duction of tyres;

- concentrates with different ratio of shungite group
minerals for using them in hydrometallurgy processes
during bioleaching and acid leaching of rebellious and
resistant ores;

- shungite concentrates for production of constitu-
tional and corrosion resistant materials and composi-
tions, mastics, varnishes for protection of equipment
and different building constructions from influence of
aggressive gases, acids;

- fillers for filters for cleaning industrial gases and
waste waters;

- concentrates with average content of carbon for
production of electrically conductive brick and concrete
etc.

Presentation of the main research. The problem of
longevity of buildings, constructions, building materials
and building structures is studied by specialists from all
over the world who are engaged in research, develop-
ment, designing and building construction projects. The
issues of endurance and longevity of building materials
and structures are constantly considered at international

conferences concerning cement chemistry, concrete
technology, application of fine-grained filling materials,
at conferences concerning building and longevity of
buildings and constructions. The important place is tak-
en by the issue of concrete corrosion and its protection
from corrosion.

Corrosion resistance of concretes on portland ce-
ment began to be studied at the same time with the
studying of the processes of this cementing material
hardening. As cement quality improves and as the
knowledge on processes going on in the cement — water
system becomes deeper, there appears necessity to study
corrosion processes and resistance of cement stone
compounds to different impacts. The structure of ce-
ment stone is negatively influenced by fresh water, aquo-
systems, hard fine-grained substances that can form in-
terburdens from molecular and colloidal solutions.

The properties of aggressive media and conditions of
their impact on building structures are quite various.
One of the most difficult issues in studying corrosion
processes is concrete corrosion in sulphate media. It is
especially relevant for industrial enterprises of East Ka-
zakhstan region such as JSC “Kazzinc”, JSC “Ulba”,
JSC “UKTMP” and others.

Until recently basic protection method of concrete
from sulphate corrosion was considered to be reducing
aluminate phase content in cements, that is included in
ettringite structure, and this provides high longevity of
concrete. However recent research studies proved insuf-
ficiency of this condition for concrete protection.

Nowadays increased endurance of concretes to cor-
rosion processes is achieved by the range of technologic
measures, and one of these measures is production of
highly dense concrete.

Laboratory studies of anticorrosion properties of
compositions on the basis of shungite concentrates were
carried out with a large amount of experimental mate-
rial using complex of up-to-date methods. During this
stage the research studies were carried out concerning
the impact of shungite additive on endurance of cement
stone against corrosion due to the impact of shungite
powder on density of cement stone.

Cement of “Bukhtarma cement company” Heidel-
berg Cement IT11 400 /120 was used as bonding material.
Real activity of cement was determined by standard
methods (430 kgs/cm?) and on the equipment “Ce-
ment-prognoz” and equalled 427 kgs/cm?.

Granite macadam with fraction of 5—10 and sand
with the fineness modulus M, = 2.66 were used as fillers.
They corresponded to State Standards 8736 of the enter-
prise “Plant of nonmetallic materials” Ust-Kameno-
gorsk.

Shungite powder was used as researched additive, its
chemical composition was defined by the quantity of ba-
sic oxides in per cent due to mass, by X-ray fluorescence
analysis method and represented as: SiO, — 57.2—59.0;
Al,O; — 10.8—11.3; CaO — 11.0—13.6; Fe,0; — 3.5-7.5;
K,0 — 6.4—8.5. Specific surface area was 10000 cm?/g.
Superplasticizing agent C-3 was used in the work.

Analysis of original raw materials and cement com-
positions was carried out both by standard methods and
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with the usage high-information physical-chemical me-
thods. The ultimate composition of raw materials and
structural analysis of cement stone samples, cement
mortar and concrete was carried out on scanning-elec-
tron microscope JSM—6390—LV. Specific surface area
of materials was defined by the equipment ITCX-10 A,
accuracy +1 cm?/g.

As it is known concrete compression resistance and
development of strength kinetics depend on conditions
of formation and solidification of consolidated concrete
mix that has been rationally selected by composition and
thoroughly mixed. Besides basic components, special
extra additives can be put into the concrete mix com-
pound, including those ones from mineral raw materials
[1]. Mineral additives have different mineral compound
and dispersiveness, that is why they influence differently
on concrete mix. It defines the field of application [2].
Due to use of such extra components that have an effect
on volume concentration of cement stone in concrete
there is the opportunity to produce concretes with spe-
cial properties. For instance, disperse active and nonre-
active mineral additives (fillers and micro-fillers) im-
prove the structure of concrete on microlevel [3].

In this respect the studies were carried out to find out
the influence of shungite powder adding and water-ce-
ment ratio on Kkinetics of cement stone strength gain.
When cement stone compression resistance was de-
fined, cube samples of 20 x 20 x 20 mm were used. Sam-
ple curing was carried out at temperature of 20 °C. En-
durance was determined according to State Standards
10180-90.

Loading speed of samples was 0.4—0.6 MPa/s. Every
sample party was tested at the age of 28 days. Test results
(Fig. 1) showed increase in cement stone endurance
from 5 to 10 % when shungite powder was added.

In this connection the role of additives is demon-
strated in up-to-date concrete technology. The signifi-
cance of cement paste rheological modification mecha-
nism is highlighted. Special attention is given to cement
composite water gain. Quick water gain causes water
deficit for components of cementing material, and re-
quired technical properties (namely density) cannot be
achieved [4]. It should be noted that cementing material
is described in technical literature; its solidification is
not connected with chemical interaction with water.
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Fig. 1. Influence of shungite on endurance of cement
stone
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The alternative material for portland cement is geopoly-
mer binder or geopolymer which is more well-known in
the western scientific-technical literature. However, at
the present moment the production and use of this
binder are limited by technical troubles [5]. Moreover,
studying of the issue concerning the effect of mineral
additives on the process of cement paste water gain is
going on. Thus, the effect of ground slag additive of
0—75 % on water gain was studied while using a super-
plasticizing agent and without it. It was noticed that
ground slag added to the “cement+water” system is ad-
sorbed on the surface of portland cement minerals and
thus contributes to reduction of water gain. However,
hydration stoppage of cement paste is observed in the
presence of the superplasticizing agent. The stated aim
of the research was to find out influence of adding shun-
gite concentrates on the speed of cement water gain. The
data obtained during the laboratory tests proved that ad-
dition of shungite powder improves water-holding ca-
pacity and consequently contributes to the increase in
endurance and density of the hardened cement stone.
Research studies carried out at this stage enabled to give
quantitative estimate (Fig. 2) to relationship of water
gain and amount of shungite added to cement. The ad-
ditive was dosed as percentage of cement mass. Com-
plete water gain period was characterized by the time
passed from the beginning of the experiment to the end
of water gain process. The best results were registered
when 10 % of shungite powder was mixed in the com-
pound of cement system; water-holding capacity ex-
ceeded 90 % (Fig. 2).

Significant increase in set strength with shungite can
be explained from the position of physical and chemical
interconnection of fine-grained shungite with the ce-
ment hydration products and formation of hydrafed cal-
cium carboaluminate crystal which can serve as “nucle-
us of crystallization” and good epitaxic substrate for
formation of new compounds.

While the reaction goes on, water indissoluble crys-
talline hydrates are formed which fill pores, capillary
and fissures of concrete up to 0.5 mm, as well as prevent
water filtration even if there is high hydrostatical pres-
sure. Furthermore, formed crystalline hydrates become
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Fig. 2. Influence of shungite on water-holding capacity
of cement
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the component of the concrete structure that compact
it. When new portions of water appear in cement stone,
the process of crystal formation restarts and concrete
gains self-healing capacity.

According to the research data it was found out that
new growths in cement stone are calcium aluminate sul-
fate hydrate of the following compound 3CaO - Al,O; x
x3CaS0O,- 31H,0 (ettringite) or 3Ca0 - Al,05- CaSO, x
x 12H,0. Ettringite is of particular interest which is
formed with volume increase by 1.5—3 times in com-
parison with hydrated calcium aluminate of the com-
pound 3CaO - Al,O; - 6H,0 on the basis of which it is
formed. Ettringite can play both constructive and de-
constructive roles in cement stone. Constructive prop-
erties of ettringite are as follows, it is indissoluble in wa-
ter and pores filled with it are in the shape of dendritic
crystals complexes and they make proof against water.
As for concrete, it keeps water-vapour impermeability.

Cement stone destruction under ettringite influence
is due to increase in its volume while crystallization of
aluminate sulfate hydrate. Destructive role of ettringite
can be significantly reduced due to addition of shungite
powders when concrete surfaces are treated with the
methods of secondary protection (membranes and
treatments).

To determine optimal quantity of shungite powder
addition into cement concretes the following com-
pounds were taken (Table 1): 1 compound of concrete —
model, without additives; 2—5 compounds — with addi-
tion of shungite 5, 10, 15 and 20 % of cement mass —
(addition of dry shungite and with tempering water).

The tests proved that method for shungite powder
addition does not significantly influence strength char-
acteristics of concrete. Furthermore, maximum increase
in concrete strength is observed when 5 % of shungite
powder is added (Table 2). If the amount increases,
concrete strength decreases (Fig. 3).

It can be explained by the fact that addition of the
stated amount of shungite enables to form skeleton
frame with minimal intergranular porosity between ce-
ment grains. Besides, water demand of cement paste in-
creases when introduced additive increases.

As shungite is the carrier of active centres and dis-
tributed in the volume of concrete regularly, under the
condition of optimal dosing they provide multilevel
structure arrangement activating the mechanism of self-
reinforcement.

Predominance of dispersive and stable hydrosilicates
contributes to the increase in strength and density of
crystallization structure phases and determines connec-
tion between longevity and phase and porous parame-
ters of cement stone structure.

The research results allows us to conclude that mi-
croreinforcing particles with the diameter up to 20 mecm
can increase elastic limit and strength of concrete in the
result of interpenetration of microfissures. The most sig-
nificant work at this stage is that of cement matrix, in
which shungite particles and their adhesive strength are
regularly distributed.

Direct study of shungite cement stone structure with
the help of scanning election microscope proved that

Table 1
Compound of heavy concrete
No. of Component content
compound | cement | sand dmd? shungite water
ebris | powder
1 400 720 920 0 160
2 400 720 920 5 160
3 400 720 920 10 168
4 400 720 920 15 192
5 400 720 920 20 204
Table 2

Strength of concrete in 28 days of hardening
under normal humidity conditions

Ultimate compressive strength,
MPa
amount of
No. of shungite ddition of
compound o | additonof | 9tono
0 drv shuneite shungite with
y & tempering water
1 0 32.9 33.1
2 33.5 32.9
3 10 29.1 29.4
4 15 28.8 29.0
5 20 25.6 27.4

grains of quartz, shungite and portland cement hydra-
tion products enveloping them can be seen on the sur-
face of material fracture produced with the usage of
shungite powder with specific surface area 1000 m?/kg.
Formation of cement stone structure goes on according
to well-known scheme, but it is characterized by deeper
cement hydration in case of taken tempering waters
amount as well as by greater crystallization of new
growths.

Shungite carbon structure peculiarity is that due to
accelerated interphase boundary between carbon and
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Fig. 3. Strength of concrete in 28 days of hardening under
normal humidity conditions
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earth silicon, the main components of shungite rock,
these phases form interpenetrating networks. This is the
reason why every powder particle of shungite rock con-
tains carbon-bearing and mineral constituent. When
quartz is ground, a thin amorphous layer is formed on
particle surface. This layer has high chemical activity
and prevents aggregation of particles. Aggregation of
powder materials during grinding is a significant prob-
lem.

It has also been found out that formation of new
phase (C—S—H-gel) begins on the surface of shungite
grains, furthermore surface of C;S particles in the initial
period is shielded by hydration products in the least de-
gree in consequence of which the reaction goes on with
higher speed.

When shungite is added into portland cement bond-
ing material, the cement stone structure changes in
which dispersive weakly crystal low essential calcium
silicate hydrates of C—S—H (I) type prevail. They com-
pact the structure and are highly strong and stable to dif-
ferent external impact of the environment.

The least water permeability of cement stone com-
ponents is featured by cement gel. When shungite is
added, the amount of cement gel increases.

Shungite powder was studied for the opportunity to
use it as anticorrosive additives and as pigment for pro-
ducing oil and enamel paints. The studies were carried
out according to State Standards 10503-71 “Ready-to-
use oil paints. Technical conditions” and State Standards
6465-76 “Enamels PF-115. Technical conditions” [7].

According to the research data one of the perspective
directions of shungite powder usage can be producing
pigment for paint-and-varnish industry.

Structural peculiarities of coatings are defined by
physical and chemical interaction of pigment particle
surfaces with polymer phase of paint material. Pigment
as well as all compounds of paint material performs the
basic corrosion-preventing function [8].

It is due to the fact that shungite powder as well as
pigments used in paint-and-varnish industry meets the
following requirements: high dispersion ability neces-
sary for easier pigments dispersion in film-forming sub-
stances. Besides when pigments dispersion increases,
their specific impact on paint coat properties increases
as well. These properties are as follows: thickening ac-
tion, films hardening, decrease in permeability, etc.
Among the other advantages of shungite powder are low
oil absorption; high weather resistance; low density, as
pigments with low density are less subjected to forma-
tion of dense hardly mixed silt in paints when they are
stored; low hardness which makes dispersion easier in
film-forming substances; availability and low price of
the raw material.

To study anticorrosive properties of varnish-and-
paint compounds using shungite concentrates, the sam-
ples were prepared by covering glass slides and steel bars
with varnish-and-paint compound. To carry out re-
search glass slides of 90 x 120 mm size and 1.3 mm in
thickness were used. They were prepared according to
State Standards 8832, section 3, and weighted with ac-
curacy to the second decimal sign.
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Steel bars were prepared for painting by preliminary
cleaning of the surface in order to remove sinter, rust
and foreign substances before application of varnish-
and-paint materials. Steel surface was cleaned from rust
by a revolvable scratch brush.

Then the surface was polished on a revolving base
plate covered with grinding material according to tech-
niques of Rak A. N. [9].

Grinding fineness of shungite powder was defined
according to its specific surface area. Specific surface
area was defined on the [ICX-10A equipment. Shungite
powder with specific surface area of 100 cm?/g was ob-
tained for the research. Shungite hardness provides ob-
taining homogeneous dispersive material on the avail-
able equipment, for example, a ball or pearl mill as well
as on a vibrating mill.

The compounds of oil and enamel paints with anti-
corrosion properties on the basis of pigment — shungite
powder — were developed. The studied compounds of
paints are presented in Table 3.

In order to study impact of shungite powder addition
on the properties of varnish-and-paint materials, basic
paint compounds characteristics were researched and
compared with the standard requirements (covering
power, relative viscosity, degree of grinding, and adhe-
sion).

The research results of paint compounds are pre-
sented in Tables 4 and 5.

Permanency of paint coatings was studied in relation
to proportional action of water. Standard regulates
enamel permanency to water no less than 10 hours. As a
result of paint compounds testing on the basis of white
enamel PF-115 and addition of pigment-shungite pow-
der in ratio stated above — coating permanency to pro-
portional action of water, the following results were ob-
tained (Fig. 5). After painted glass slides being in dis-
tilled water for 30 days, control sample No. 1 (white
enamel PF-115) completely disrupted paint film adhe-
sion to the surface of glass slide.

Sample No. 2 (grey enamel with shungite pigment
20 %) has fragmentary separation of paint film after
26 days of testing. Paint film of sample No. 3 (dark grey
enamel with shungite pigment 40 %) demonstrated good
adhesion of glass surface. Consequently, particles of
shungite powder reduce film bulking in water, i.e. con-
tribute to developing of protective coatings.

Table 3
Compounds of ready paints
Compounds number and
component content according
Oil paint to compositions, mass %
components Oil paint Enamel paint
1 2 3 4
Shungite powder 50 40 20 40
Oil varnish “Oxol” 50 60 — —
White enamel PF-115 — — 80 60
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Table 4
Testing results of obtained paints in comparison with State standards 10503-71
Actual result
Characteristics State Standard requirements Paint compound number
1 2
External view of coatings Surface is even, smooth without separation, micropits, conforms
blotchiness, ripples, extraneous impurities, deadish

Covering power of dry film, g/cm? | No more than 55 55 53,7
Degree of grinding, micrometer No more than 70 70 70
Relative viscosity, second 65—140 68 67
Coating hardness by the rocker No more than 0.25 0,25 0,25
Film adhesion, scores, No more than 2 2 2
Film colour black black

Table 5

Testing results of obtained paints in comparison with State standards 6465-76

Characteristic

Result

State standards requirements

Paint compound number

3

4

External view of coatings

Surface is even, smooth without separation, micropits,
blotchiness, ripples, extraneous impurities, little shagreen is

Deadish, conforms

assumed
Covering power of dry film, g/cm” | No more than 90 61 67
Degree of grinding, micrometer | No more than 25 25 25
Relative viscosity, second 60—100 65 68
Coating hardness by the rocker No less than 0.25 0.25 0.25
Film adhesion, scores no more than 1 1 1
Film colour grey dark-grey

In order to study anticorrosive properties of varnish-
and-paint materials with pigment — shungite powder,
steel bars were treated with compounds stated above on
the basis of white enamel PF-115.

Painted steel bars (three series) were placed in dis-
tilled water, in 3 % solution of NaOH and left in the
open air. One bar sample not covered with paint was

Fig. 4. Samples after 30 days of testing for permanency of
coating against proportional action of water

10

placed in distilled water. The state of paint film surface
was observed for 3 months. The results of testing are
presented in Fig. 5. The studies proved that shungite
powder provides anticorrosive protection of steel bars.

Conclusion.

The structure of cement stone and concrete was
studied. The impact of shungite powder at nanolevel on
structure of cement concretes was researched. It was
proved that the mechanism of shungite powder impact
on cement system is autocatalytic: crystallization of such
particles in initial hydrosol at nanolevel automatically
leads to further rapid crystallization at microlevel and
results in formation of dense structures both in the con-
tact zone and in volume. It provides anticorrosive prop-
erties of materials. Electron microscopical studies of ce-
ment stone formation through time were carried out in
order to justify impact nature of shungite micro- and
nano-sized particles on the mechanism of concretes an-
ticorrosive properties formation.

The opportunity to use shungite powder as a pig-
ment and filling material in varnish-and-paint materi-
als was studied. It was proved that shungite powder im-
proved anticorrosive properties of varnish-and-paint
materials.
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Fig. 5. Steel bars before and after testing in different media
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Mera. TloninmeHHs XapaKTEpUCTUK MiLIHOCTI i1
KOpO3iliHUX BJIACTUBOCTE OETOHY Ha OCHOBI ApiOHO-
JMUCTIEPCHOTO BYIJIELIEBMICHOTO MaTepiay IIyHTITY.

Metoauka. [ToJbOBi TOCHIIKEHHST B MeXaxX pyaHO-
ro nonsgs bakupuuk y Cximnomy Kazaxcrani, Bin0ip
MpOO IITYHTITOBUX TOPIA U BU3HAYEHHST XiMiYHOTO
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CKJIaJy Ta PO3MO/iJly OCHOBHUX MiHEpaJliB i JOMIIIIOK.
Jnsg BUBYEHHS TIpolieciB (popMyBaHHS ILIEMEHTHOTO
KaMeHI0 Oyl BUKOPUCTAHi €JIeKTPOHHO-MiKpOCKO-
MiYyHi JOCHiIKeHHs. byau mpoBemeHi AOCiIKEHHS
BIIMBY ILIYHTITOBUX J00aBOK Ha MIlIHICHI aHTUKOPO-
3iiiHi BJIACTMBOCTiI LIEMEHTHOTO KaMEHIO 3a paxyHOK
BIJIMBY LIYHTITOBOTO MOPOIIKY Ha MOTO IIiJIbHICTD.

Pe3ynbratu. LIIyHTriTOBI KOHIIEHTPAaTH, OTPUMAaHI 3
LIYHTITY BakMpuyuKChKOro pomoBulla, € MEePCIeKTUB-
HUMMU JUTSI BUKOPUCTAHHS B SIKOCTi HallOBHIOBAYiB aH-
TUKOpO3iiiHOro 6etoHy, dap6 i gakiB. KommiaekcHa
po3poOKa 30J10Ta Ta IIYHTITOBOI CUPOBUHU 30J0TO-
cynbbigHux pomosunl (bakupuwk) BigKpuBae HOBI
€KOHOMIiUHi TIepCIIEKTMBUA OTHOYACHOTO BiAIIpallfo-
BaHHS 30JI0Ta Ta 3HA4YHI 3aMacy WIYHTITY, 0 HE BUKO-
PUCTOBYIOTHCSI TTIOKH, Y MeXKaX BiTOMUX 30JI0OTOPYIHUX
noniB CxigHoro KaszaxcraHy.

HaykoBa HoBu3Ha. byio noBeneHo, 1110 IITYHTITOBUIA
TMOPOIIOK B SIKOCTi IMITMEHTY Ta HallOBHIOBaya IOJil-
1Iy€ aHTUKOPO3iiiHi BJIACTUBOCTI JIaKiB i Jlakohap0Oo-
BUX MaTepiaJiB.

IIpakTiyna 3HaunmicTh. JlaHi po3poOKU 103BOJISITH
3HAYHO CKOPOTUTH KiJIbKiCTh TEXHOTEHHUX IIIYHTiTOB-
MICHUX BiIXOMiB, 1110 HEPIAKO MICTATh 3a0pynHIO0OYi
PEYOBMHU Ta BUKJIWKAIOTh 3a0pyOIHEHHS TIOBITPS,
IPYHTY U TPYHTOBHX BOX y pailoHAaX TEXHOTCHHOTO
BIUIMBY PO3pOOKM POAOBHUIL 30J0Ta. Baxiusicts no-
CJIIJIKEHb IMiATBEPIXKYETHCS TOCTPOIO HECTauel0 HOBUX
OymiBeJIbHUX MaTepialliB 3 aHTUKOPO3iMHUMHU BIIACTU-
BocTamu. Lli mocnigkeHHST 1O3BONSAITH CTBOPUTHU a0CO-
JIIOTHO HOBi MaTrepiaiu i3 3alaHUMU BIACTUBOCTSIMU
st OyaiBenbHOI iHAycTpii KazaxcraHny.

KmouoBi cioBa: wiyneim, 6emon, kopositina cmiii-
Kicmb, 3010mocyav@ioni podosuua

ens. YayuiieHre MpOYHOCTHBIX Y KOPPO3UOHHBIX
CBOICTB O€TOHA HA OCHOBE MEJIKOJIUCIIEPCHOTO yIjie-
poacoaepxXallero MaTepralia IyHrura.

Metoauka. [loneBble MccienoBaHusl B mpeaeiax
pyaHoro nojis bakeipuuk B Boctounom Kazaxcrane,
0oTOOp MpPOO ILIYHTUTOBBIX TMOPOJI IJIs OIpeacIeHUs
XUMHUYECKOT0 COCTaBa M paclpeleeHUsI OCHOBHBIX
MUHEpaJoB U Mpumeceid. g u3yyeHus: poueccon
¢opMUpoBaHUS LIEMEHTHOTO KaMHSI ObLIM WUCITOb-
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rreonoriAa

30BaHbl 3JEKTPOHHO-MUKPOCKOIIMICCKIE HCCICHO-
BaHUs. BbUIM TIpOBeIeHBI MCCIENOBAaHUS BO3MICii-
CTBUS IITYHTUTOBBIX 100ABOK Ha ITPOYHOCTHHIC aHTH-
KOPPO3MOHHBIE CBOMCTBA IIEMEHTHOTO KaMHS 3a CUeT
BO3IEMCTBUS ITYHTUTOBOTO IOPOIIKA Ha €ro IjioT-
HOCTb.

Pe3ynbTatpl. LLIyHrUTOBBIE KOHIIEHTPAThl, MOJY-
YeHHBIE W3 IIYHTUTa BaKbIpYMKCKOrO MECTOPOXKIE-
HUSI, SBJISTFOTCSI TIEPCTIEKTUBHBIMH IIJIST ICITOJIb30BaHMS
B KaUeCTBE HATIOJIHUTEJIE aHTUKOPPO3UOHHOTO OETO-
Ha, Kpacok 1 lakoB. KoMIutekcHast pa3paboTKa 30J10Ta
W IIYHTUTOBOTO CBIPhS 30JI0TOCYIb(MUIHBIX MECTO-
poxneHuii (bakbIpuuK) OTKpPBIBAET HOBbIE YKOHOMMU-
YeCKHUe MePCIeKTUBBI OMHOBPEMEHHOM OTPaOOTKHM 30-
JIOTa ¥ 3HAYUTEJbHBIC, HO HE MCIIOJIb3yeMbIe IMoKa 3a-
Machl IIYHTUTA B TIpe/eiaX U3BECTHBIX 30JI0TOPYIHBIX
noJyieir Bocrounoro Kazaxcrana.

Hayunas HoBu3na. bbuio noka3aHo, YTO LIYHTUTO-
BBII MMOPOLIOK B KauecTBEe MUTMEHTAa U 3arOJHUTENS

UDC [551.72+551.82+551.4.02](477.8)

V.A. Nesterovsky!, Dr. Sc. (Geol.), Prof.,
A.M. Chupryna',

M. V. Ruzina?, Dr. Sc. (Geol.), Prof.,
Y.V. Soldatenko?,

A.EL Albani®, Dr. Sc. (Geol.)

yJIydliaeT aHTUKOPPO3MOHHBIC CBOWCTBA JIAKOB U Jia-
KOKPAaCOYHBIX MATePHAJIOB.

IIpakTuyeckasi 3HauumMocThb. JlaHHBIE pa3pabOTKU
MTO3BOJISIT 3HAYUTETHLHO COKPATUTH KOJIMUYECTBO TEXHO-
TEHHBIX LIYHTMTCOAEPKAIIUX OTXOMOB, HEPEAKO CO-
JIEpKalMX 3arpsi3HSIIOIINE BEIIECTBA, U BbI3bIBAIOILILE
3arpsi3HEHUE BO31yXa, MMOYBBI X TPYHTOBBIX BOJ B paii-
OHAaxX TEeXHOTEHHOTO BJIMSIHUSI pa3pabOTKU MECTOPOXK-
JIEHM#1 30710Ta. BaskHOCTB MCCaenoBaHMIA TTOATBEPXKIa-
€TCSl OCTPOIl HEXBATKOW HOBBIX CTPOUTEIBHBIX MaTe-
pUAaJIoB ¢ aHTUKOPPO3VMOHHBIMU CBOMCTBAMU. DTU UC-
CJIeMOBaHUS TIO3BOJISIT CO37aTh COBEPIIEHHO HOBBIE
MaTepuaJIbl ¢ 3aJaHHBIMU CBOMCTBAMM LTSI CTPOUTETh-
Hoit nHnycTpun KasaxcraHa.

KnoueBbie cioBa: wiyneum, 6emoH, KOPPO3UOHHAS
CMOLKOCMb, 3040MOCYAbDUOHBIE MECIOPOJICOeHUs]
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Purpose. It is based on investigation of regularities of distribution patterns of black shales in space and time in sec-
tions of the Late Proterozoic of the Transdniestria for further investigating by lithological, mineralogical, petrograph-
ical and geochemical analysis.

Methodology. It consists of field working in outcrops of the Vendian section and their detailed lithological descrip-
tion, facies analysis, petrographical and lithology-geochemical investigations.

Findings. A revision of the Late Proterozoic sediment section of the Transdniestrian Podillia was done; conditions
of stratification and under- and overburden contacts of layers were updated; textural, structural and other features of
stratigraphic layers which indicate genetic and facial aspects of their formation were determined. In the deposits of
Mohyliv-Podilskyi range of the Vendian five stratigraphic levels which contain black shale were allocated: lomozivski,
liadavski, bronnytski, zinkivski and kaliuski layers. Also new strata of the Ediacaran biota which will be described in
detail in the following publications were found.

Originality. For the first time, for Mohyliv-Podilskyi range of the Transdniestria five stratigraphic grades of black
shale accumulation were distinguished. Black shales precipitated in uncompensated depressions of an epicontinental
basin and were concentrated with a lot of organic matter. They could be considered as petroleum source rocks of the
Precambrian and Early Paleozoic sedimentary formations of the Volyn-Podillia.

© Nesterovsky V.A., Chupryna A.M., Ruzina M.V., Soldatenko Y.V.,
Albani A. EL., 2017
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