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LITHOLOGICAL AND MINERALOGICAL STRUCTURE
OF ACCUMULATIVE BEACH DEPOSITS OF THE BLACK SEA DANUBE-DNIESTER SEGMENT

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eosl. Hayk, npog. O. M. leaHik)

The investigations of accumulative-sand deposits of the Black Sea coastline on the area from the village Liman (Katranka spit) to the
village Karolina Bugaz (Odessa region) have been carried out. The length of the coastal line in the study area is close to 85 km. There are
a lot of beach areas: spits, beach breaks, beaches on the shoreline. 35 samples were taken and analyzed from all types of beach
depressions by the same methodology during the summer period. The sampling was carried out at all accessible for sampling places of
beach deposits from the middle part of the near-shore beaches (between the water level and the shore) and at a distance of 5~7 m from
the water edge on the headlands and spits in the period when there are no storms. For this purpose we used standard plastic containers
with a capacity of 1 liter. The samples were taken from a depth of 30 cm from the surface with a stripping area of 30%x30 cm. At each point
the description of the coastal zone structure and the character of beach deposits were carried out, which were recorded in the logbook
and were connected to the coordinates by GPS system.

Granulometric and mineralogical analysis was carried out. It was determined that fractions 0,25-0,5 mm prevail in the granulometric
composition among all types of beach deposits, which makes 66 %, and 0,1-0,25 mm — 30 %. In the smallest quantities there are coarse-
grained and aleuro-pelitic fractions. The main places of localization of drilled-grained psammite and aleuropelite fractions are the areas
with low influence of coastal tidal processes. However, during the periods of increased hydrodynamic activity (spring-autumn), additional
resuspension of material takes place, which leads to displacement of other fractions from the deposits and their transfer to the sea side.

Beach sediments are 90-95 % quartz. Others are calcite, feldspar, technogenic substances. Ore minerals are represented by
magnetite, lignite spheroids, ilmenite, acerbic garnets, stavrolite, actinolite.

The main sources of terrigenous material for the formation of beach deposits are the underwater bench, the Dniester river runoff, and
coastal abrasion. Decisive in the distribution of sediments is the direction along the coastal current in the direction from Odessa city

towards the delta of the Danube.

Keywords: Black Sea, beach deposits, granulometric composition, mineral composition.

Statement of the problem in a general way and its
relation to important scientific or practical objectives.

Shoreline sediments are formed at the boundaries of
aquifers and dry land. They form as a result of the combined
action of many processes, the main ones being coastal
erosion of the sea, bringing terrigenous material by river flow
and the action of marine hydrodynamic processes. The
fluvial and granulometric composition, volume and nature of
the distribution of beach deposits indicate the peculiarities of
the interaction of certain nutrient provinces, the morphology
of the coastline and adjoining areas of the aquatorium.
Beach sediments are sensitive to changes in the quantitative
and qualitative parameters of runoff, the nature of abrasion
and hydrodynamics, and can be used as indicators of certain
events or transformational factors of their formation.

The north-western coast of the Black Sea within the borders
of Ukraine covers the territory from the Danube delta to the
Dnipro-Buzsky estuary, stretching to the distance of 200 km
and today is the most promising region to create recreation
centers for the population. Natural beaches in this area are the
main recreational element and are under the main
anthropogenic pressure. However, well-developed and safe
beaches are widespread only within the bumps and sandbars.

Investigation of accumulative and beach deposits will
enable a geological and ecological assessment of the
shoreline condition in the current mode, determine the
lithologic and mineralogical composition of solid river flow

and assess their contribution to the coastal zone sediment
balance, identify possible mineralogical provinces which
inhabit the near-coastal part of the Black Sea and identify
their main specialization.

Analysis of previous researches, publications and
identification of previously unresolved parts of the
general problem. Studies of the coastal zone of the western
part of the Black Sea began in the late XIX — early XX century.
N.l. Andrusov (Andrusov, 1890, 1927), A.D. Arkhangelsky
(Arkhangelsky and Strakhov, 1938), and N.M. Strakhov
(Strakhov, 1956, 1965) studied bottom sediments in the area
and clarified the geological structure of the Black Sea basin.

In the second half of the XX century, the Institute of
Geological Sciences of the NASU (E.F. Shnyukov (Shnyukov,
1981), V.X. Gevorkyan (Gevorkyan, 1981), M.G. Barkovskaya
(Barkovskaya, 1960, 1963), E.Ya. Nevessky (Nevessky, 1967),
Z.T. Novikova (Novikova, 1973)), the Okhotsk State University
(Yu.D. Shuisky (Shuisky, 1986)), and the Institute of Mineral
Resources of the NASU (Yurk, 1973), conducted systems
survey of the shelf of the Black Sea, in which the main
attention was given to the mineral deposits. In addition, the
morphology of the coastal zone floor, geological structure of
quaternary and modern bottom and near-shore deposits
were investigated. A result of the mentioned investigations
is a voluminous monograph publication "Geology of the shelf
of Ukraine": Kerch stream (1981); Matter, history and
exploratory methodology (1982); Solid mineral deposits

© Nesterovskyi V., Deiak M., Tarnovetskyi A., 2022
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(1983); Stratigraphy (1984); Liman (1984); Lithology (1985).
Three living mineralogical provinces were distinguished
within the boundaries of the Black Sea: the Danube River;
the Danube-Dniester River and the Dniester-Dnipro River
(Shnyukov, 1983; Novikova, 1973). The features of drying
and metallogeny of shelf mountain formations were
determined. A monograph entitled "Problems of
investigating sediment balance in the coastal zone of seas"
was published (Shuisky, 1986).

Within the last 20 years beach deposits of the north-
western part of the coast (at the Dnister-Danube area) have
been investigated by a team of scientists of the Odessa
I.I. Mechnikov National University (Yu. Shuisky (Shuisky and
Murkalov, 2012; Shuisky and Organ, 2017), G. Vykhovanets
(Vykhovanets, 2014), A.Murkalov (Murkalov, 2011),
N. Berlinsky (Berlinsky, 2014), N. Fedoronchuk
(Fedoronchuk, 2001), etc. The main topic of these works is
devoted to the study of the mechanism of the accumulation of
sediments on the coastal sediments and the description of
their morphology. However, the mineral composition and the
sources of its formation remain insufficiently studied,
especially considering that accumulative and beach
sediments are in dynamism all the time. The problem of
genesis and accumulation of ore components of coastal
deposits, such as gold, magnetite, garnet, ilmenite, etc., also
remains unsolved.

Research goal. The main purpose of the present
research is to determine current features of the formation of
a granulometric and mineral composition of coastal beach
beds of the north-western coastal part of the Black Sea in
the area from the village Liman (Katran sandbar to the
village Vistula). Liman (Katranka sandbar) to the village of
Karolina Bugaz (Odessa region).

Factual material and research methods. The factual
material was collected during the state administration of the
branch of marine geology and siege mining issues of the
Ukrainian National Academy of Sciences Center of Ukraine

on the theme "Lithological and mineralogical composition of
the acumulative coastal marine deposits of the Black Sea
(within the borders of Ukraine)".

Samples for lithological and mineralogical investigations
were selected during the fieldwork in July 2019 according to
the unified methodology. The sampling was carried out on all
available sampling locations of beach beds in the middle part
of the near-shore beaches (between the water level and the
shore) and at a distance of 5-7 m from the water level on the
headlands and spits during the period when there were no
storms. For this purpose standard 1-litre plastic containers
were used. The samples were taken at a depth of 30 cm from
the surface with a stripping plane of 3030 cm (Fig. 1). The
coastal zone structure and the nature of the beach deposits
were described at each point and logged and geo-referenced
by GPS. A total of 35 samples was taken. The length of the
coastal zone surveyed was 86 km (Fig. 2).
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Fig. 2. Schematic diagram of the survey and sampling area
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In the laboratory the samples were dried and quenched
according to accepted methods. For particle size analysis a
0.5 kg sieve was used. The test was performed on a
standard set of sieves with the following fractions (mm): >10;
10-7; 7-5; 5-3; 3-2; 2—1; 1-0.5; 0.5-0.25; 0.25-0.1; <0.1.
Each of the obtained fractions was quantified on the
laboratory scale to 0.1 g, which were then converted into
counts. According to the results of particle size analysis
gistograms were created. Electromagnetic and magnetic
fractions were distinguished from each fraction by Sochnev
magnet, which were subsequently investigated by the MBS
10 microscope, scanning electron microscope and electron-
probe microanalysis. Some samples were separated in
bromoform to obtain important and light mineral fractions.

Layout of the main study material. Beach sediments
are understood as the primary elementary accumulative
form of exogenic relief which was formed from coastal-
marine deposits in the coastal zone of the sea. Beach
sediments are localized, born and develop under the active
influence of tidal currents in the coastal zone and subdivided
into above-water and below-water parts (Shuisky and
Viykhovanets, 1989).

The beaches in the studied area are represented by spits
(Katranka, Sasikska), persiques (Dnistrovska, Budakska,
Shaganii Alibeii-Burnaska) that comprise up to 80 % of the
coastline and by near 20 % of the narrower one.

The barrier necksand beaches are bordered on one side
by estuaries (Dniester, Buda, Shagany, Alibeisk, Burnas,
Sasik) and on the other side by the Black Sea. Their width

R B
Fig. 3. General view of the coastline
in the development area around the beaches

The geological structure of the coastline, which is in
direct contact with the sea and is located above its level,
involves quaternary deposits. In the area between the
villages Lebedivka-Kurortne they are mainly represented by
continental facies of forest-like loams, clays and dugout soils
with black-brown clays in the bottom (Fig. 5). The above-
water part of black-brown clays increases in the direction
from Lebedivka to village Karolina Bugaz. These deposits
occur on different rocks of Sarmatian, Miocene and
Pliocene. The total thickness of the Quaternary deposits
together with the underwater part is nearly 36 m, and on the
overflow up to 55m (Zelinsky et al., 1993).

In the study area, two major water arteries are located in
the Black Sea: the Danube and the Dniester rivers. They
deliver a large volume of discharged and terrigenous
substances, which partly settle in deltas, estuaries and

ISSN 1728-2713

varies from several tens of metres to several hundreds of
metres and their height above sea level is 1-3 metres. The
steepness of the slopes of the transhumance and the
seaward slopes is often steeper than that of the estuaries.
Two or three shafts can be distinguished in the transversal
profile of the headwaters and estuaries, corresponding to
the different intensity of the tides. The first bank is located
closer to the water surface and has an average height
of 0.4-0.5 meters above the sea level, the second one is
8-12 meters above the water surface, with a height of
1-1.4 meters, and the third one is 25-35 meters above the
water surface, with a height of 2—-3 meters. The latter is the
result of significant storm surges that occur here during the
autumn-winter period. Sometimes the beach is seen as a
separate pile, which is obviously related to the eolian activity
along the coastline.

A beach is located in the coastal area between the
villages Lebedivka-Kurortne. Their total length is about
18,5 km. The width of the beach is from 2—-3 m up to 10—
15 m. In some places the above-water part of the beach is
absent and then the coastal zone is adjacent to the water
level. The coastal zone is a cliff with steep (70-90°) walls up
to 20 m high and more, where landslide and landslide
processes are actively developing (Fig. 3, 4). The bottom of
the cliffs often has a deep niche which is mostly oriented on
the north-west, north. They are the result of storm surges
from the eastward drift to the westward drift, which is typical
for this part of the coastline. The coastline of the near-shore
beaches is in general slightly sinuous and straight.

Fig. 4. Typical view of landslide development
on the Lebedivka-Kurortny coastal line area

levees but part of the material flows directly into the sea.
Estimates of the flow of these rivers to the Black Sea vary
from one author to another one. According to Romanian
authors, in the last 155 years the Danube flow averaged
51.2 million tpy (before regulation, 87.8 million tpy) (Bondar
and Blendea, 2000; Jaoshvili, 2003). Of this number, about
9-12 % are bottom sediments that settle in the delta and on
the arm coast and do not take part in marine sediment
accumulation (Mikhailova, 1995). Calculates of the Dnister
River flow rate are 1.73 million tpy (2.5 million tpy before
regulation) (Jaoshvili, 2003). The Dniester River forms a
waterlogged delta, which is drained into the Dniester
Estuary. The Dniester is an intermittent freshwater basin
where the majority of the Dniester's flow is discharged, with
a smaller proportion reaching the aquatorium indirectly.
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Within the surveyed area from the north-eastern part to the
south-western part along the coast there is a main cyclonic flow,
which constantly influences the transfer of the material in the
direction from the city Odessa to the delta of the Danube.

The results of granulometric analysis showed that the
accumulative beach deposits of the Dniester and Danube
segments are dominated by medium grained (0.5-0.25) and
fine grained (0.25-0.1) psamite fractions (Fig. 6).

However, it should be noted that in the samples taken
from over- and under-ice in the Liman-Lebedivka area the
friable and medium-grained fractions are in approximately
equal quantities, and starting from Lebedivka to Budatsky
Liman the role of the medium-grained fraction grows. This
division continues up to the Dniestrovsky Channel. The role
of other grains sharply increases in the middle part of the

o3epo bypHac

R

B
.

fairway, and from there to the Bugaz River again shows the
dominance of medium-grained fraction (Fig. 7).

The coarse-grained (0.5-1 mm) fraction is widespread
locally. The amount of grain size is generally insignificant
and averages about 2 %. The largest fraction (12 %) is
concentrated in the beach sediments between the Buda and
Dniester Rivers. The points of maximum concentration of
coarse-grained fraction coincide with the points of
increasing concentration of medium-grained fraction. The
volume of coarse-grained psamite fraction (2—1mm) varies
in the range from 0 to 8 %. Its partitioning is not regular, has
a local character. Gravel fraction is 2-3mm in size and has
sporadic distribution. The maximum concentrations of their
concentrations are associated with the accumulation points
of coarse psammite fractions.

3-2mm 2-1mMm

<0,1mm —_ 0% 1% 1-0,5Mm

1% 2%

I 3.6 s B, B o

e =g

Fig. 5. Schematic coastal geologic cross-section

on the Lebedivka-Karolina Bugaz plot.

The following definitions are used: 1 — forest-like loams; 2 — mules;

Fig. 6. Overall distribution of fractions
in the accumulative beach deposits
in the Danube-Dnister part

3, 4 — coarse- and fine-grained sand; 5 — bogs; 6 — clays; 7 — turtle-pebbles;
8 — mules, medium-grained sand; 9 — sea level (Zelinsky et al., 1993)
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Fig. 7. Granulometric composition of accumulative beach sediments
in the area of Liman village (Katranka barrier beach) — Karolina Bugaz (Odessa region)
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The content of aleuropelite fraction (<0.1 mm) is also
insignificant and varies in the range from 0 to 7 % and has a local
character. This distribution indicates an active hydrodynamics in
the coastal zone, significant processes of constant interchange
and transfer of fine fractions in the territory.

The main places of localization of dry granular psammite
and aleuropelitic fractions are areas with low influence of
coastal tidal processes. However, during the periods of
increased hydrodynamic activity (autumn-winter), additional
significant resuspension of material takes place, which
further leads to dislodging of other fractions from the
deposits. Thus, in the transverse profile, the role of coarse
fractions increases in the cross-sectional area between the
water level and the third shaft. There is also a load of gravel
and pebble fractions.

Also dynamic sorting of the material on all sections of the
accumulative zones takes place. Timely drifts, local sand bar
like bodies, underwater and offshore coastal barrier beach,
over-slope, near-shore beaches are formed with overvaluation
of medium-grained fractions at all points of observation.

The mineral composition of the accumulative beach
sediments is generally monomagnetic. The main mineral of
all types of deposits is quartz. Quartz accounts for an
average of 90-95 %, the second-ranking minerals are
calcite and calcitic detritus (3—6 %), feldspar (1-3 %).

a
Fig. 8. Morphology of quartz grains and crystals: 0.1-0.5 mm fraction (a);

The electromagnetic and magnetite fractions amount to
1-2 % in total. Their greatest volume is fractional 0,25-0,5
and 0,1-0,25 mm, where they are approximately distributed
in the same proportions.

In the composition of the magnetic fraction magnetite,
iron spheroids, iron technogenic formations, in the
electromagnetic fraction — ilmenite, garnets, stavrolite,
actinolite were established.

The major part of the low-magnetic fraction is
represented by garnets. Besides this in single grains in the
samples of zircon, rutile, hydroxide, pyroxenes, biotite, man-
made glass and slag are present.

Coarse-clay material (gravel, pebbles) is composed of
sandstones, limestones, siliceous nodules.

Most of the quartz (99 %) is dispersed in fractions smaller
than 0.5 mm. In fractions 0.1-0.5 mm it is represented by
isometrically transparent, well or moderately rounded grains
of barren and white color (Fig. 8, a). Some of the grains show
inclusions of luminescent minerals — ilmenite and hematite. In
fractions smaller than 0.1 mm its compactness decreases
sharply and is visible in the form of crystals. These crystals
have a typical prismatic-dipyramidal habit and shape. Among
the microcrystals there are two widespread color variations:
light pink, transparent white (Fig. 8, b).

b

crystals with a fraction less than 0.1 mm (b)

The detritus is mostly in fractions larger than 0.25 mm.
The largest amount falls into coarse-grained and medium-
grained psammitic fraction. It is represented by clumps of
turtle fragments of continuous or lamellar shape (Fig. 9). The
detritus density decreases markedly in the direction of
diminishing in size. It is diversified by color and species
composition. Fractions >2 mm contain larger sized tortoise
snails or their complete forms. They belong to the molluscs

Cardium, Venus, Mytilus, Tapes, etc. The amount of turtle
detritus in some places on the beach reaches a significant
number, but in general decreases as the water level
decreases to the beach depth.

Sulphurous calcite grains are opaque, have a rough oval
shape and a rough surface and are concentrated in fractions
larger than 0.25 mm. In fractions smaller than 0.25 mm their
volume is drastically reduced.

Fig. 9. General view of detritus: 0,5-1 mm fraction (a); 1-2 mm fraction (b)
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Polish feldspar is represented by rounded, non-porous
or opaque prismatic grains of grayish-brown, reddish-brown
color. Its distribution into fractions is not regular, but still
significant concentrations are observed in other fractions.

Magnetite grains are well rolled, have an oval, close to
isometric shape (Fig. 10). The color is brown with different
tints due to the oxidation processes and the appearance of
a membrane of hydroxides of iron on top. The samples also

contain single magnetite crystals of black octahedral gabitus
with metallic shine on the faces (Fig. 11).

The spheroids are set in fractions of 0.1-0.5 mm. They are
diversely spherical, have a precise goblet-like shape with a
smooth, glistening surface (Fig. 12). They are composed of
97.7-98 % iron. The impurities components are represented
by magnesium, aluminum, silicon (Table 1). These spheroids
were found in approximately one third of the investigated
samples, where they are found in single units.

b

Fig. 11. Octahedral magnetite crystals: binocular (a); electron microscope (b)

*

P

&

a

b
Fig. 12. Saline spheroids: binocular microscope (a); electron microscope (b)

Table 1
The chemical composition of the volumetric spheres
Sample MgO Al,O,4 SiO, FeO Sum
26 2 0,44 0,26 1,58 97,73 100
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Among garnets, almandine is the most abundant. There
are fewer variations between almandine and spesartine,
with MnO quantity up to 26 %, and fewer variations between
almandine and pyrope with MgO content up to 12 %.

The almandine is mainly represented by transparent,
weakly or even uncoated grains with a light pink color (Fig. 13).

Garnets of intermediate composition between almandine
and spesartine are marooned, maroon-black in colour and
are transparent. They are even more highly rolled than
almandine and are more or less isometric grains (Fig. 14).

The garnets of intermediate composition between
almandine and pyrope have a rough black-and-white color,
are porous and have an isometric shape of grains (Fig. 15).

A characteristic feature of all garnet varieties is their
colourfulness, shapelessness and isometric shape.

limenite is represented by nonporous slightly rolled
grains of black color with a shiny surface (Fig. 16). It is found
in all samples and occupies the second place after garnets.

Stavrolite is found in almost all samples and is quite
widespread. Its presence is correlated to some extent with
garnets. It is presented by prosoriated, mostly not rolled,
more gradually filled grains of brown color of different tints
(Fig. 17). 1t is characterized by the inclusion of other
minerals, especially ilmenite, quartz, magnetite and apatite.

Actinolitic crystals are not present in all samples and are not
widespread. They are represented by single isolated prismatic-
ovoidal green crystals (Fig. 18). A characteristic feature of these
crystals is their good preservation, they are not affected by
rolling processes and the influence of distant transportation.

Technogenic substances are represented by silicon,
aluminium and magnesium alloys. They have a rocky and
gastrocutted shape, are opaque and often oxidized on top.
They have a distinct metallic glare on fresh scales (Fig. 19).
They are present in almost all samples, but their number
increases rapidly in the direction from the Danube to the
Dniester segment of the coast.

Fig. 14. Garnets of the almandine spesartine series,
0.25-0.5 mm fraction

WD=40.0mm 20.00kV _ x120

500um § WD=40.0mm

4 i = -
Fig. 15. AlImandin-Pyro series garnets,
0.25-0.5 mm fraction

20.00kV_ x100

Fig. 16. limenite: binocular (a); electron microscope (b)
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Conclusions. The accumulative coastal-beach deposits
of the Black Sea in the area between the Danube and the
Dniester form along the entire coastal zone. The main part of
the shoreline is formed along the entire coastal zone and is
represented by the deposits of over- and near-shore beaches.
The main part of the beach deposits is on the peninsula and
barrier beach, and the part of near-shore beaches makes up
not more than 20 % of the surveyed territory.

The material for the formation of shoreline deposits in the
surveyed area comes from several sources. In our opinion, a
significant amount of washed material, which forms the beach
deposits of over- and under-ice, comes from bench, which is
in direct contact with them or is located close to them. From
the benches to the shore there come both quartz, sand and a
significant amount of detritus, which we constantly find near
the water level. The other important source is the sediment
delivery from the Dniester estuary, which, taking into account
the downstream direction, is deposited on the beaches of the
whole coastal beach zone all the way to the Zhebryivsky cove.
The third source is skeletal shore rocks, which are actively
fouling. However, considering their lithologic structure (loam
and clay), their frost products replenish the balance of only the
nearest beach deposits and in rather limited quantities. Most
of them, due to dispersion, are carried to the depth of the
aquatorium by hovering processes. The fourth source is the
Danube's solid stream. However, despite the considerably
greater volume of discharge than the Dniester, its material is
deposited mainly in the Zhebrjevo Bay and below it, on the
side of the Romanian coast. Again, this is caused by a coastal
current running from Odessa to the Danube.

The tumultuous processes in the coastal zone lead to a
constant rearrangement of different fractional matter within
different segments of the beach, but the main tendency of
this rearrangement is preserved for a long time, as our
research and the research of previous years have shown.

Among all types of beach deposits fractions 0,25-
0,5 mm prevail which is 66 % and 0,1-0,25 mm — 30 %. The
smallest quantities include coarse-grained and siliceous
fractions. The main places of localization of drilled-grained
psammite and aleuropelitic fractions are areas only with
reduced influence of coastal tidal processes.

ISSN 1728-3817

i L
Fig. 19. Technogenic iron alloys under binocular microscope, 0.25-0.5 mm fraction

Beach sediments are 90-95 % quartz. Other mineral
deposits include calcite, feldspar, technogenic formations.
Ore minerals are represented by magnetite, lime spheroids,
ilmenite, acerbic garnets, stavrolite, actinolite.
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HITOHOFO-MII:IEPAHOI'I‘-IHVIVI CKNAL AKYMYNATUBHO-NNAXHUX BIOAKNALIB
OYHAUCBLKO-AHICTPOBCbKOIro CEFMEHTY YOPHOIO MOPA

HocnidxeHo akymynssimueHo-nnsikHi eidknadu nieHiYyHo-3axiOHo20 y36epexxsi YopHo2o Mopsi Ha dinsiHuyi eid c. JlumaH (koca KampaHka) do
cvm KaponiHa Byza3 (Odecbka obnacms). [JoexuHa 6epezoeoi niHii Ha OinsHyi docnidxeHHs1 cmaHoeumb 6nu3bko 85 kM. Tym nowupeHi maki
¢opmu nnspkHUX eidknadie: Kocu, nepecuni, npucxusioei Nasixi. 3 ycix munie naspkHuUx eidknadie 3a eOuHo0 MemoduKoto 8 imHil nepiod eidi6paHo
ma npoaHanizoeaHo 35 npo6. Bid6ip nposoduscsi Ha 8cix docmynHux dns 8id6opy micuysx nNasKHUX eidknadie i3 cepedHLOI YaCMUHU y NPUCXUI08UX
nnspkax (Mix ypizom eodu ma 6epe2om) ma Ha eidcmani 5-7 m gid ypi3y eodu Ha nepecunax ma kocax y nepiod eidcymvocmi wmopmis. [ns ybo20
suKopucmosyseasnucsi cmaHGapmHi nnacmukoei koHmeliHepu emHicmto 1 n1. [pobu eid6upanucs i3 2nubuHu 30 cMm eid NoeepxHi 3 Nouwero 3a4UcmKu
30%30 cMm. Y KoxHili moyuyi npoeoduecsi onuc 6ydoeu 6epez2oeoi 30HU ma xapakmepy NisXKHUX eioknadie, siki ¢ikcyesanuce y xypHani ma 6ynu
npue'sizaHi do koopduHam cucmemoro GPS.

lMpoeedeHo 2paHynomempuyHuli ma miHepanoziyHuli aHanisu. BcmaHoeneHo, wjo 8 2paHysIoMempuYyHOMYy cknadi ceped ycix munie NAsHKHUX
sidknadie nepesaxaromb ¢ppakyii 0,25-0,5 mm, ujo cmaHosums 66 % ma 0,1-0,25 mm — 30 %. Y MiHiManbHUX KilbKOCMSIX Hasi8Hi KpynHo3epHUcmi
ma aneeponenimosi ¢gppakyii. OcHoBHUMU MicysiMu Jslokanisayii Opi6Ho3epHUCMUX fcaMimosux ma aneseponesimosux pakuili € OinsiHKU 3
MOHUXeHUM ensiueom y300ex 6epezoeux xeunenpubiliHux npoyecie. [fpome e nepiodu 36inbweHHs 2i0poduHamMi4yHOl akmueHocmi (OCiHb — 3uma)
8idbyeaembcs dodamkoeuli nepepo3nodin mamepiasny, W0 CIPUYUHIOE 8UMUBaHHS 3 8i0knadie Opi6bHuUX ghpakuyili i ix eid2aHsAHHS @ 6ik MOpSi.

MnskHi eioknadu Ha 90-95 % cknadeHi keapyom. [py2opsdHi — kanbyum, nonbosuli wnam, coda, MexHo2eHHi ymeopeHHsi. PyoHi miHepanu
npedcmaeneHi MacHemumoMm, 3anisHumu cghepoioamu, inbMeHimoM, aKyecopHi — epaHamamu, cmaeposlimoM, akmuHoimom.

OcHO8HUMU O)KepenlaMu mepu2eHHO20 Mamepiany Ons ¢hopmMyeaHHs1 NIsHKHUX eidknadie Ha docnidxyeaHil dinaHui y36epexxs €: NidsoOHuUl
6eHy, piykosull cmik [JHicmpa ma 6epezoea abpa3sis. BupiwanbHoto y po3nodini HaHocie € HanpaesneHicmb y3006 6epe2080i meyii' y HanpsiMKy 6id
M. Odeca e 6ik [yHaro.

Knrouoei cnoea: YopHe mope, nnsiukeei eidknadu, epaHysiomempuyHuli cknad, miHepasbHul ckniad.
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EXOTIC METAMORPHIC SCHIST FRAGMENTS IN THE OLIGOCENE DEPOSITS
OF THE SILESIAN NAPPE (UKRAINIAN CARPATHIANS)

(lMMpedcmaesneHo YyneHoM pedakyiliHoi kosnezii 0-pom 2eos. Hayk, doy. C. €. LlIHrokosuMm)

The study aims at analyzing the petrographic composition of exotic metamorphic schist clasts in the Oligocene deposits filling
the Silesian Nappe in the south-western part of the Ukrainian Carpathians and reconstructing their possible source area. The
methodology includes petrographic, sedimentological and comparative geological methods.

To achieve this goal, field research was carried out along the first right tributary of the Hysnyi Stream (the village of Uzhok,
Velykobereznyanskyi district, Transcarpathian region) and petrographic analysis of the selected samples of the exotic
metamorphic schist clasts included in the Oligocene debris-flow deposits was performed.

The results of microscopic studies showed that these exotic rocks are represented by mica-quartz schist and garnet-muscovite-
biotite-plagioclase-quartz schist with a low content of chlorite, carbonate and epidote. Mineral composition and structure/texture
features suggest the rocks were metamorphosed under green schist and epidote-amphibolite facies. Similar exotic rock fragments
were identified by Polish scientists in the south-eastern part of the Polish Carpathians in the Silesian Nappe, where possible source
area of the exotic rocks is related to the Bukowiec Paleo-Ridge, which had been located between the Dukla and Silesian basins of
the Carpathian sedimentary realm.

Scientific novelty. For the first time, the petrographic composition and textural and structural features of the exotic schists
fragments included in the Oligocene deposits of the Silesian Nappe in the Ukrainian Carpathians (area of the village of Uzhok,
Ukrainian Carpathians) are described. These schists are similar to the exotic rocks included in the Oligocene deposits of the

Silesian Nappe in the Polish Carpathians, which may indicate the same source area.
Keywords: exotic rocks, metamorphic schists, Silesian Nappe, Ukrainian Carpathians.

Introduction. Exotic rocks (or simply "exotics") are the
remnants of now buried under the Carpathian nappes source
areas. They are a part of the clasts in the Carpathian
sediments. The research of these rocks helps to solve the
problems  of paleogeographic and  paleotectonic
reconstructions, in particular, to outline the ancient submarine
and overwater paleo-uplifts in the Carpathian Basin (so-called
"cordilleras") which could have supplied the exotic debris
(Danysh,1973; Vyalov et al., 1981; Oszczypko, 2006;
Cieszkowski et al., 2009; Golonka, 2011; Golonka et al., 2019;
Gaweda et al., 2019 et al.). In the Ukrainian Carpathians,
some of the most significant components of exotic formations
are fragments of metamorphic schists (Fedushchak, 1962;
Linetska, 1963; Viyalov et al., 1981; Tsar, 2018).

Exotic rocks have been recorded for a long time within
the Silesian Nappe of the Ukrainian Carpathians. They are
best developed in the Uzh river basin near village of Uzhok
(Transcarpathian region), where Oligocene flysch deposits
contain the clasts of the metamorphic schist, quartzite,
marble, bioclastic limestone and other exotic rocks. The
composition and origin of these rocks still remains unclear
(Slaczka, 1961; Danysh, 1973; Gabinet et al., 1976;
Kulchytskyi, 1977; Vyalov et al., 1981, Hnylko, 2000, 2011
et al.). Metamorphic schists can be the products of the
mentioned paleo-uplifts denudation, and their petrographic
analysis combined with a sedimentological study of the
sediments containing exotics help to understand the nature
of these source areas. It is an actual scientific problem.

History of the research. The stratigraphic and geological
position of the layers with exotics in the sediments of the
Silesian Nappe in the Ukrainian Carpathians was presented
by Vacek (78871), Wojcik (1905), Lozyniak and Temnyuk
(1971), Kulchytskyi et al. (1977), Gruzman and Smirnov
(71985), Hnylko (2000) and others. Sedimentological features
of the flysch deposits containing the exotic rock fragments
were described by Slaczka (7967) and Hnylko (2000, 2011).

According to Slaczka (71967), deposits with exotics near
the village of Bukowiec (Poland) form the sedimentary lens
which continue in the Ukrainian Carpathians and are exposed
near the village of Uzhok. The researcher believes that the
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exotic rocks from these areas are similar and could have been
deposited due to the activity of submarine gravitational
landslides. Danysh (7973) also compares the exotic-bearing
sediments located near the village of Uzhok with the similar
sediments developed near the village of Bukowiec. According
to Danysh, the presence of exotic rocks should be related to
denudation of the ancient Fore-Dukla island ridge.

The purpose of the study is to petrographically analyze
the metamorphic schists that make up the clasts in the
Oligocene deposits developed in the south-western part of
the Ukrainian Carpathians in the Silesian Nappe and to
reconstruct their possible source area.

Methods.  Petrographic,  sedimentological  and
comparative-geological methods are used in the work. We
performed a petrographic analysis of the representative
samples of metamorphic schists selected from the clasts
distributed in the Oligocene deposits exposed along the
Little Polonynka Stream — the first right tributary of the
Hysnyi Stream flowing into the Uzh River near the village of
Uzhok (Velykobereznyanskyi district, Transcarpathian
region). The sedimentological features of these exotic-
bearing deposits were studied during field work in 2018—
2019. The obtained results were compared with the
published results of the study of the exotic rocks distributed
in the Polish Carpathians (Slaczka, 1961; Slaczka, Wieser,
1962; Mochnacka, Tokarski, 1972; Tokarski, 1975; Bak et
al.,2001; Ziemianin, Wolska, 2014 et al.).

Geological setting. The study area is located in the
southwestern part of the Ukrainian Carpathians in the
Silesian Nappe (see Fig. 1,A). The Oligocene deposits
developed here are represented by the Krosno Formation
(Kuzovenko, 2003 et al.) — the various bedded gray flysch
represented mainly by turbidites. Clasts of the metamorphic
schists and other exotic rocks are included into the debris-
flow deposits which form the lens-shaped sedimentary layer
with a thickness up to 40—-60 m developed locally near the
village of Uzhok among the Krosno turbidites. Exotic clasts
are chaotically scattered among the clay-sand matrix. This
chaotic layer was attributed to the Uzhok Olistostrome
accumulated by series of the debris flows (Hnylko et al., 2021).

© Tsar M., 2022
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Fig. 1. A — tectonic scheme of the Ukrainian Carpathians according to (Hnylko, 2012, 2016)
with the designation of the study area; B — localization of outcrops with fragments of exotic rocks in the Silesian Nappe
of the Polish Carpathians on the tectonic scheme according to (Bak etc., 2001)

Similar deposits occur in the Silesian Unit (Nappe) of the
Polish Carpathians (see Fig. 1,B) (Wojcik, 1905, Slaczka,
1961; Slaczka, Wieser, 1962; Mochnacka, Tokarski, 1972).

Results. Fragments of exotic metamorphic schists found
along the Little Polonynka Streem (the right tributary of the
Hysnyi Stream near the village of Uzhok) differ in size,
rounding and composition (see Fig. 2). Most schist clasts
are sub-angular, partly rounded, and somewhere angular
ones with the corners sharp. Well-rounded clasts were rarely
found. The color of the studied rocks is brown-gray and gray-
green. The size is up to 25 cm.

Exotic clasts are included into the matrix represented by
gray, dark gray, weakly cemented clay and clay-sandy
deposits. The chaotic distribution of the exotic clasts in the
matrix, lack of sorting and matrix-supported textures suggest
the accumulation of the exotic-bearing deposits by the debris
flows as it had been proposed previously by Hnylko (2000).

Fragments of metamorphic rocks were weathered and
altered. We microscopically describe only two relatively
unalternated samples of metamorphic rocks. Macroscopically,
these rocks look like metamorphic crystalline schists and
gneiss-like crystalline schist with garnet (see Fig. 2, 3 A, B).

Microscopically in the thin sections, the most
representative metamorphic rock samples are identified as
mica-quartz schist and garnet-muscovite-biotite-
plagioclase-quartz schist with a small content of chlorite,
carbonate and epidote (see Fig. 3, A-F).

Mica-quartz schist is characterized by a green-gray
color with a brown shade. It has a schistose foliated texture.
The structure is generally lepidoblastic.

The mineral composition of the rock is represented by
quartz, mica minerals (biotite, sericite, muscovite) and
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calcite. Recrystallization blasts of quartz represented by
clusters of several grains/subgrains are clearly visible.
Quartz blasts show characteristic undulatory extinction,
which suggests deformation of their structure. (Fig. 3, C, E).
Biotite was recorded in small quantities. The sample has
aggregate formations of pelitomorphic-fine-crystalline
calcite, as well as its branched veins up to 1 — 1.5 mm thick.

Most crystal grains are of the size not more than
0.05mm and less common up to 0.1 mm. There are
dissolution structures at the grain contacts (including
microstylolites) which suggest increased pressure during
the metamorphic processes.

Shistose texture is visible macroscopically as well as
observed in optical microscopic study due to the developed
mica-dominated and quartz-dominated irregular thin layers
with the parallel arrangement of the micaceous minerals
(Fig. 3, A-E). Such mineral orientation is developed as a
result of the metamorphism under directed pressure.
Presence of the mica-dominated and quartz-dominated
layers suggests that a metamorphic change has taken place
in terms of mineral distribution (see Fossen, 2016).

Mineral composition and structure/texture features
suggest that mica-quartz schist had been metamorphosed
in conditions of green schist facies under directed pressure.

Another sample represents porphyroblastic garnet-
muscovite-biotite-plagioclase-quartz schist with a rare
presence of chlorite, carbonate and epidote. The color of the
shist is dark gray with a brownish shade.

The schistose foliated texture is visible macroscopically.
The general porphyroblastic structure is caused by the
garnet grain (up to 1-3 mm) included in the uniform small-
medium-crystalline mass (see Fig. 3, D, F).
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Fig. 3. Macro- and microphotographs of the exotic

e
Fig. 2. Fragments of exotic metamorphic schists found in the sediments of the Krosno Formation exposed along

the right tributary of the Hysnyi Stream (Silesian Nappe of the Ukrainian Carpathians).
A, B — mica-quartz schists; C — gneiss-like garnet-muscovite-biotite-plagioclase-quartz schists

% E : -
¥ < » A 0,5 mm 0.8 mm

metamorphic schist filling the clasts in the Oligocene deposits of the Silesian
Nappe (Ukrainian Carpathians, right tributary of the Hysnyi Stream flowing into the Uzh River, village of Uzhok).

A, C, E — mica-quartz schist. Nicole X; B, D, F — garnet-muscovite-biotite-plagioclase-quartz schist. D — Nicole Il. F — Nicole X
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The foliation and mineral orientated texture is not visible
in optical microscopic study.

The main association of rock-forming minerals is the light
mica (muscovite), quartz, biotite, garnet and albite. Planar
minerals are represented by the ferrous biotite chloritized
partly and muscovite with greenish shade and weak
pseudoabsorption.

Clear features indicating deformation are not found in the
rock. Mica is mostly not deformed and not split into individual
fragments quartz does not show cracking and undulatory
extinction.

The association of the main rock-forming minerals, in
particular, the presence of garnet, may indicate that the rock
was metamorphosed under conditions of higher greenschist
facies up to the epidote-amphibolite facies.

The described crystalline schists are similar to exotic
rocks found within the Silesian Nappe in the Polish
Carpathians. For comparison, the published data of Polish
scientists on exotic metamorphic rocks studied in the vicinity
of Baligrod, Ustrzyki Gorne, Bukowiec and Wetlina (Polish
Outer Carpathians) are taken (see the table).

Table

Comparative table of the exotic metamorphic rock fragments in the deposits of the Silesian Nappe

of the stratum
containing the
exotic rocks

Baligrod, Roztoki Dolne Wetlina Ustrzyki Gorne
(Poland) (the Bieszczady (Poland) Bukowiec (Poland) .
Location (according to Slaczka, Mts, Poland) (according to (according to Uzizg\l:lrfL(le;::;ne)
1961; Slaczka, (according to Mochnacka, Tokarski, Slaczka, 1961)
Wieser, 1962) Bak et al. ,2001) 1972)
The age Oligocene Oligocene Oligocene Oligocene Oligocene

phyllites, albites,
amphibolites and
quartzites

crystalline schist
(quartz-chlorite-
muscovite-orthoclase
schist with tourmaline
and garnet)

The composition
of metamorphic
exotics

chlorite-muscovite
schists with garnet

dark green mica
schists, rarely gray
and white marbles
and quartzites

schists, gneiss-like
schists with garnet,
gravelites, quartzites,
marbles, quartz
pebbles

unstratified gray
calcareous siltstones

light and dark gray
clay partly sandy
calcareous
sediments

The composition
of the matrix

gray and dark gray
clay-sand sediments

paleoislands between the
Dukla and Silesian
subbasins, which were
probably a north-western

Paleo-uplift between
the Dukla and
Probable Silesian subbasins

source area

continuation of the

Continuation of the
Marmarosh Massif

north-western Bukowiec Ridge,
which supplied
material for the part

of the Silesian Basin

Marmarosh Massif
between the Dukla

metamorphism in the types of
Tvoe of conditions of epidote- metamorphism:
ypP amphibolite facies and progressive,

metamorphism .
P medium-level and

retrogressive, low-
level

regressive metamorphism
associated with tectonic
activity

conditions of
greenschist facies

continuation of the and Silesian (S’chzka, Golonka,
Marmarosh Massif subbasins 2006)
Progressive a products of two metamorphosed under | products of regional | metamorphosed

in the conditions of
greenschist facies and
epidote-amphibolite
facies

metamorphism

Exotic crystalline schists (quartz — chlorite — muscovite —
orthoclase schist with tourmaline and garnet) were identified
near the village of Wetlina (Bieszczady Mountains) among
Oligocene flysch deposits.

Petrographic analysis of these rocks showed that they
are the product of two types of metamorphism: progressive,
medium-level and retrogressive, low-level (Bak et al., 2001).

Also, a fragment of chlorite-muscovite schist with garnet
was found in the Krosno deposits near the village of Ustrzyki
Gorne. This exotic schist was formed as a result of regional
metamorphism, probably of the greenschist facies of the
quartz-albite-epidote-almandine  subfacies (Mochnacka,
Tokarski, 1972).

Exotic rocks in the Baligrod area were studied in detail
by Slaczka and Wieser (Slaczka, Wieser, 1962). There, the
exotic fragments in Oligocene sediments are represented by
metamorphic schists, quartzites, marbles, and amphibolites
(Slaczka, 1961). Microscopic studies have shown that
crystalline exotics of this region can be classified as
phyllites, albites and amphibolites. These rocks are the
products of regional metamorphism of mainly pelitic
sedimentary rocks (Slaczka, Wieser, 1962).

Similar exotic rocks were also found in the area of the
vilage Bukowiec (Slaczka, 1961), where clasts of
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metamorphic rocks, rarely gray-white marbles and
limestones are among the Oligocene Krosno deposits.
Fragments of metamorphic rocks are represented by
"green-gray phyllites, albite-calcite gneiss phyllites, garnet
phyllites, epidote-albite amphibolites, quartzites and whitish
marbles" (Slgczka, Golonka, 2006). Slaczka and Golonka
(2006) suggest that the source area for the exotic fragments
was the Bukowiec Ridge located between the Dukla and the
Silesian sedimentary basins. Bukowiec Ridge supplied
exotics during Late Cretaceous — Oligocene time. These
authors believed that the Bukowiec Ridge was composed of
metamorphic rocks with a sedimentary cover.

You can see that the exotic metamorphic rocks filling the
clasts in the Oligocene sediments of the Silesian Nappe of
both the Polish and Ukrainian Carpathians are generally
similar to each other in composition, textural and structural
features and the metamorphic conditions. It suggests the
single sourse area for these exotics.

Conclusions. In the south-western part of the Ukrainian
Carpathians, the Oligocene flysch-type mainly turbidite
deposits (Krosno Formation) of the Silesian Nappe contain
a stratum (40-60 m in thick) of the debris-flow exotics-
bearing deposits located near the village of Uzhok
(Transcarpathian region). The debris-flow deposits are
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composed of clay-sandy matrix and clasts of the exotic rocks
including metamorphic schists, quartzites, marbles,
bioclastic limestones.

Petrographic study showed that the most representative
samples of the metamorphic schists of this stratum are:
1) mica-quartz schist and 2) garnet-muscovite-biotite-
plagioclase-quartz schist.

The first sample (mica-quartz schist) is characterized by
a schistose foliated texture and generally lepidoblastic
structure. The main minerals are quartz, biotite, sericite,
muscovite and calcite. Quartz blasts show characteristic
undulatory extinction, which suggests deformation of their
structure. Presence of the parallel arrangement of the
micaceous minerals as well as the mica-dominated and
quartz-dominated layers suggests that a metamorphic
change and mineral distribution has taken place under
directed pressure.

The second sample (garnet-muscovite-biotite-plagioclase-
quartz schist) is characterized by a schistose foliated texture
and porphyroblastic structure caused by the garnet grain. The
main association of rock-forming minerals is light mica
(muscovite), quartz, biotite, garnet, and albite. Clear features
indicating deformation are not found in the rock.

Mineral composition and structure/texture features
suggest the green schist metamorphic facies for the rocks of
the first sample and the epidote-amphibolite facies for the
ones of the second sample.

The results of the petrographic analysis of the exotic
metamorphic rocks from the clasts included in the Krosno
Formation of the Silesian Nappe both in the Ukrainian
Carpathians (near village of Uzhok) and in the Polish
Carpathians (Baligrod, Ustrzyki Gorne, Bukowiec and Wetlina)
suggest that these rocks have the single sourse area.

We believe following Slaczka and Golonka (2006) that the
source area for the exotic fragments was the Bukowiec Ridge
located between the Dukla and the Silesian sedimentary
basins. This paleo-ridge was likely to by a source of the exotic
schists for the Oligocens sediment not only of the Polish
Carpathians, but also of the Ukrainian Carpathians.

Prospects for further research are related to the
reconstruction of the geological position, petrographic
analysis and determining the absolute age of the
metamorphic exotic rocks in the Ukrainian Carpathians. It is
also necessary to continue the comparison of similar exotic
fragments in the deposits of the Polish, Slovak and
Romanian Carpathians. Comprehensive research will help
to understand certain problems of paleogeographic and
paleotectonic reconstructions of this region and contribute to
the forecasting of deep buried mineral deposits.
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YNAMKU EK30TUYHUX METAMOP®IYHUX CITAHLIIB B ONIrOLIEHOBUX BIAKITAOAX CINE3bKOI'O NMNOKPUBY
(YKPAIHCbKI KAPMNATW)

Memoro docnidxeHHs € aHani3 nempozpaghiyHo20 cknady ynamkie ek30muyHuUx MemamopghiyHux craHyie e onizoyeHosux eidknadax nie0eHHo-
3axioHoi YacmuHu Cine3bko20 nokpuey YkpaiHcbkux Kapnam ma pekoHcmpykuyisi ix Moxnueoao dxepesa xuesneHHsi. Memodonoezisi eknoyae nem-
pozpadgpiyHuli, ceQuMeHmMoso2iyHuUli ma nopieHsIIbHO-2e0s102iYHuUll Memoou.

HAns docsieHeHHs1 yiei Memu npoeedeHo nonboei docnidxeHHs 8 palioHi nepwoi npaeoi npumoku nomoky I'ycHuli (c. Yok, Benuko6epe3HsHCh-
Kul p-H, 3akapnamcbka 0671.) i uKOHaHO nempozpaghiyHuUli aHani3 eidi6paHux 3pa3Kie eKk3omu4yHUX MemamopgiyHux cnaHyie, siki exod0smb Ao
cknady onizoyeHosux ynamkosux eidknadie.

Pesynbmamu mikpockonidHux AocnideHb rokasasnu, w0 eKk3omu4Hi nopodu npedcmassieHi c/1od0uUcmo-Keapyo8uUM crlaHyeM i epaHam-my-
ckoeim-6iomum-nnazioknas-keapyoeum craHyeM 3 He3Ha4YHUM emicmom xsopumy, kap6oHamy ma enidomy. MinepanbHuli cknad ma oco6nueocmi
cmpykmypu/mekcmypu 00380J1s5iomb npunycmumu, wo yi 2ipcbKi nopodu memamopghizosaHi 8 ymoeax 3esnieHocnaHyeeoi ma enidom-amepi6osnimo-
eoi ¢payiti. [Modi6Hi ek3omu4Hi ynamku nopio 6ynu 3aghikcoeaHi MosIbCbLKUMU 8 4eHUMU 8 nie0eHHO-cXiOHil YacmuHi Cine3bko2o nokpuey lMonbcbKux
Kapnam, Oe ixHe moxnuee dxepesio xusesieHHs1 noe'sa3yroms i3 naneoxpebmom bykoseys, sikuli 6ye posmawosaHul mix yknsaHcekum ma Cinesb-
Kum 6aceliHamu Kapnamcbko2o0 ceOumeHmMauyiliHo2o pezioHy.

Haykoea Hosu3Ha. Bnepwe onucaHo nempoeapadi4Huli cknad i mekcmypHo-cmpyKmypHi ocobnueocmi ynamkie eK30mu4HuUx craHyie, ujo exo-
dssmb Ao cknady onizoyeHoeux eidknadie Cine3bko20 nokpuey YkpaiHcbkux Kapnam (paiioH c. Yok, YkpaiHcbki Kapnamu). 3po6rieHo eucHO80k
npo cxoxicmb Yux nNopid 3 ek3omuyHUMU nopodamu, siki 8Kt0YeHi 8 onieoyeHoei eidknadu Cine3bkozo nokpuesy lMonbcbkux Kapnam, wjo moxe
ceidyumu npo eduHe O)Kepesio XKUBJITEHHS.

Knroyoei cnoea: eksomuyHi nopodu, memamopgpiuHi cnaHyi, Cinesbkuli nokpue, YkpaiHcbki Kapnamu.
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IDENTIFICATION AND ANALYSIS OF STRUCTURAL-TECTONIC FEATURES
OF GEOLOGICAL TERRAINS USING LINEAMENT ANALYSIS:
EXAMPLES OF GEOMODELLING FOR CANADIAN AND UKRAINIAN SHIELDS

(MpedcmaeneHo 4neHoMm pedakyiliHoi Koneaii 0-poM 2eos. Hayk, npog. B. A. Muxatinoeum)

Nowadays, rare earth elements (REEs), which belong to the group of rare metals, are considered worldwide to be strategic critical raw
materials and are extremely important for the economic development of any country. Various methods and approaches are used for
prospecting and exploration of deposits of these critical metals; among which the methods of 3D geological modeling are currently
prioritized, which allow a comprehensive analysis of the structural features of potentially promising areas as well as individual deposits.
One of the methods used for REE exploration is structural mapping combined with geological terrain analysis, including structural
lineament analysis. The latter is considered an important geological tool for identifying the primary and secondary structural and tectonic
features of our study areas of investigation.

The objectives of the present research work are: 1) to identify structural lineaments within two studied areas — the Alces Lake area
(Northern Saskatchewan, Canadian Shield) and the Western Azov region (Azov block of the Ukrainian Shield) using automated and manual
approaches, 2) to compare the results obtained for both areas, and 3) to discuss interpretation/conclusions over the overall suitability of
the method for the exploration purposes. In the current research, we conducted the extraction and geospatial analysis of linear features
and their tectonic interpretation. During the modeling process, remote sensing and geostatistical methods were used to analyze
topographic, geological and geophysical data. As a result, the main structural lineament trends for the two studied areas were identified

and structural-tectonic criteria for the formation and localization of deposits of rare earth elements were determined/proposed.
Keywords: geological modeling, spatial modelling, REEs, structural lineament analysis.

Introduction. During Greenfield and Brownfield exploration
programs many geological, geophysical, and geochemical
exploration methods are used in order to discover new metal
deposits. Among these, geophysical methods (including the
ground and airborne geophysical techniques) and remote
sensing data are routinely used to detect and map the potential
ore bodies. Geophysical and topographic data is collected,
processed, and analyzed at different scales, thus it can facilitate
making discoveries on a regional- to district- to deposit scale.
Even though these geophysical methods cannot provide direct
detection of REE mineralization, coupled with the 2D/3D
modeling they can still give us necessary information on some
of the geologicalllithological controls, which may lead us to the
identification of a structural pathway and/or geochemical trap of
the given mineralization.

Geological modeling is a powerful tool for visualization of
different geological systems and allows us to better
understand a given prospective mineralized area. It can be
useful at every stage of exploration of the given deposit and
helps us develop efficient geo-metallurgical delineation
plans for future exploitation. Such modeling approach that
incorporates different types of data such as geophysical,
geochemical, remote sensing data etc. is widely used in
mineral exploration within a variety of geological and
tectonic settings (Denton et al., 2019). When we combine
and integrate various methods, we can get significant
insights into a particular mineral system, which significantly
enhances an exploration program for the REE deposits.
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In our research, we utilized the lineament analysis
method, whereby we mapped the structural lineament
features (i.e. interpreted shear zones, fault zones) using
both geophysical and topographic data. Such method is
used a lot during exploration research (Kassou et al., 2012;
Yeomans et al., 2019; Patra et al., 2013). The reason for that
is that the identified lineament features have often a direct
connection to such structural elements as faults, shear
zones, folding patterns, and lithological boundaries. Thus,
we attempted to decipher the surface/subsurface structures
of the two selected areas using remote sensing tools and
interpretations of geological features from potential field
data. The extracted information was then integrated with and
compared to the available tectonic and geological
information from each area.

Objective of the study. The main objective of the
research in this paper is to map the structural lineament
features of the two areas by using automated and manual
approaches of the lineament extraction, compare the results
obtained for both areas and to make conclusions over the
overall suitability of the method for the exploration purposes.

This paper is a part of a larger study (Poliakovska et al.,
2019, 2020; Sykes & Annesley, 2017, Sykes et al., 2020) that
is focused on the study of the Alces Lake area REE-Th-U
mineralization (SK, Canada) and its comparison to a similar
area within the West Azov block of the Ukrainian Shield. The
Alces Lake area may represent the Abyssal pegmatite subclass
(Cerny & Ercit, 2005). This type of pegmatite deposit is rarely
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related to a granite body (pluton) nearby and is often found
within upper-amphibolite- to granulite-facies migmatitic host
rocks. Alces Lake is ranked as the highest-grade REE
occurrences in Canada (http://www.appiaenergy.ca/). The
REEs are hosted in monazites within granitic to residual melt
pegmatites, which are associated with biotite-rich
(+/- sulfides) paragneisses (Bell, 2014, Normand, 2010,
2014). The second tested area, West Azov area of the
eastern Ukrainian Shield, is considered a promising target
area for REE exploration. Within the West Azov block
deposits and occurrences of rare earth elements are
associated with the formation of rare metal-rare earth granite
pegmatites, confined to the Mesoarchean trough-like
structures, but also with rare earth granites and rare earth
metasomatites, etc. The most favorable conditions for
localization of the REE mineralization are observed to occur
within areas with intensively deformed and folded gneissic
rocks, that is the structural-metallogenic zones.

Geological Setting — Alces Lake. Alces Lake is located
approximately 34 kilometers east of Uranium City, about 28
km north of the Athabasca Basin margin. Alces Lake property
is located within the Beaverlodge Domain at the junction of
the Beaverlodge, Train, Zemlak, and Ena Domains in the Rae
Subprovince. The Beaverlodge and Tran Domains are
separated by the S. Louis Fault — a major regional structure
striking ENE and dipping steeply SSE (Fig. 1). The
Beaverlodge Domain is underlain by Archaean meta-igneous
gneisses and Paleoproterozoic meta-sedimentary/meta-
igneous gneisses which were highly deformed,
metamorphosed, and partially melted during
Paleoproterozoic collisional and accretionary events (i.e.
during the Arrowsmith (D1, D2), Taltson (D3), and Hudsonian
orogenies) (Ashton at al., 2009; Hoffman, 1988; Regis, 2021).
As a result of those events, abundant granitic and pegmatitic
sheets formed throughout the Beaverlodge Domain, in
particular within the amphibolite- to granulite-facies Murmac
Bay Group metasediments at different structural levels. Within
the Beaverlodge Domain, the mineralization is closely
associated spatially with the contact between Archean rocks
and Paleoproterozoic supracrustal packages composed of
quartzite, amphibolite, psammite, psammopelite, and pelite
rocks of the Murmac Bay Group (Fig. 2) (Annesley et al.,
2019; Bethune et al., 2013; Normand, 2010).

The Alces Lake REE area is a part of a regional refolded
fold structure, within a synformal anticline. The
mineralization is located on the eastern limb, close to the
hinge of a south-plunging, truncated open fold (Normand,

Alces La

ke
Property Outiine
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2010; Normand, 2014). The REE mineralized system is
composed of Proterozoic late-orogenic to metasomatic
massive braided biotite schist, quartzofeldspathic pegmatite
augen, and monazite accumulations. All the REEs are fully
hosted within monazites and can be found in both the biotite
schists and pegmatite augens (hftp://www.appiaenergy.ca/;
Chandrirgi-Martinez & Pan, 2018). The monazite
mineralization occurs in different habits as isolated grains
within 1 to 3 cm thin lenses, as isolated massive clusters up
to m's thick, and as pervasive massive clusters of monazite in
augenitic (boudinaged) masses along ductile to ductile/brittle
to brittle structures.

0255 10 15 20
e Kilometers

Fig. 1. Selected known faults and shear zones identified
for the Alces Lake area within the Beaverlodge domain.
Star marks the location of the Alces Lake deposit.

The Beaverlodge domain is bounded to the north by
the Oldman-Bulyea shear zone (1) — a >70 km-long thrust-
sense structure, dipping SW and St. Louis fault (2) and to the
west by the Black Bay fault zone (3) — a major Paleoproterozoic,
NE-SW-trending crustal-scale fault zone. 4 — Tazin Lake Fault —
separates the Ena and Zemlak domains

Lithological units on the Alces Lake property include:

¢ Archean granitic gneiss.

¢ Paleoproterozoic metasedimentary gneiss (pelitic-
psammopelitic  [+/-graphite], quartzite, amphibolite,
pyroxenite, diatexite), and feldspathic gneiss.

¢ Paleoproterozoic syn-to late-anatectic pegmatites.

¢ Paleoproterozoic late-orogenic to metasomatic biotite
schist, pegmatite augen and monazite accumulations (the
REE mineralized system) (http://www.appiaenergy.ca/).

Proterozoic
- Mylonite/Cataclasite

"] BMm — amphibolite
[1BMq — quartzite to psammite
_| Balp - Leucogranite (1933 Ma.)
&=l Bp — psammopelitic to pelitic gneiss and migmatite
[T7] Bdg — garnetiferous diatexite
Archean
[l Bg26 — granite to grancdiorite (2617 Ma.)

N |7 TLgd — granite to granodiorite

Fig. 2. Geological setting of Alces Lake in the Beaverlodge Domain (modified after Normand 2014
and the Saskatchewan Geological Atlas). Figure is courtesy of Appia Energy Corp. (2021). The property outline is that
of the original main outcrop showings. The presnt property is much larger and its dimensions can be found on Appia's website
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The authors opine that the mineralized pegmatites have
been emplaced within/near the Archean/Paleoproterozoic
transition zone under middle crustal P-T conditions and form
polyphase anatectic pods/boudins/zones along/near this
transition. Emplacement of the pegmatites is interpreted to be
deep-seated, structurally controlled along ductile to ductile-
brittle to brittle shear zones/faults associated spatially with
regional polyphase fold structures (Poliakovska et al, 2021).

Geological Setting — West Azov area. The West Azov
area is a part of the Azov block within the Ukrainian Shield
(Fig. 3). The Ukrainian shield in general has been studied
and described by many different scientists, however, there
are still some ongoing debates concerning the smaller local
areas and the genesis of some REE deposits (Sukach et al.
2021, Syomka et al., 2010).

Three main stages of tectonic evolution have been
identified in this area: pre-platform (Archean), early platform
(Proterozoic), and platform (Paleozoic and Mesocainozoic)
stages (Claesson et al., 2006).

The Azov megablock underwent a powerful tectonic-
magmatic activation in the Proterozoic, leading to the
formation of subalkaline and alkaline massifs (granosyenites,
syenites, gabbro-syenites, alkaline and nepheline syenites).
The megablock is considered by many researchers as a
fragment of the Archean granite-greenstone area / craton
involved in collisional Paleoproterozoic metamorphism. A
distinctive feature of the Azov megablock is a significant
intensity and unevenness of metamorphism from epidote-
amphibolite to granulite facies, widespread development of
alkaline magmatite massifs (Pokalyuk et al., 2019). We
studied the deposits in pegmatoid granites and quartz-
microcline metasomatites, which were formed at the stage of
early Proterozoic granitization of the Precambrian regions.
Mineralization is usually found localized in metasomatically
altered pegmatites, aplites and granites, forming a series of
subparallel veins (Sukach et al., 2021).

One of the main interests is the Vovchansky tectonic
block, which hosts the REE Dibrovo deposit. The Vovchansky
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tectonic block is characterized by a multilevel folded-domed
structure, mainly antiformal. The lower structural level is
composed of Paleo-, Mesoarchean plagiogranitoids with
xenoliths / inclusions of amphibolite and gneiss bodies. These
rocks form mainly dome-shaped antiform structures. Rocks of
the upper level overlie the Paleoarchean structural level with
a clear angular unconformity.

The upper Archean-Proterozoic level, which fills the
interdome synform structures, is represented by
metamorphosed amphibolite-granulite facies rocks of
volcanic and sedimentary genesis.

The Dibrovo synclinal structure is a 4 by 1.5 km synclinal
fold with steeply dipping limbs. It is composed of
supracrustal rocks metamorphosed under amphibolite
facies conditions; locally granulite to epidote-amphibolite
facies. The Dibrovo deposit is located within a complex
tectonic junction at the intersection of the Devladivska and
diagonal fault zones with respective north-eastern and
south-eastern structural trends. The ore bodies are
represented by a system of lenticular veins/bodies of
microclinized quartzites and dynamo-metosomatically
altered pegmatites, oriented subparallel with the strike of the
host Paleoproterozoic metasedimentary rocks.

Mineralization at the Dibrovo deposit marks the unconformity
surface between the Archaean (Archaean plagiogranitoid
basement) and the Paleoproterozoic (metamorphosed
sedimentary, volcanogenic-sedimentary complexes).

Rare earth, Th, and U are mostly found in monazite, but
also in zircon, uranininite, and brannerite. In some large
fragments of plagioclase-microcline granites in quartzites
and their small intervals in the core, where the content of
monazite reaches 15-18 %. The mineralization was
probably formed as a result of the ultrametamorphic
metasomatic processes that accompanied the intrusion of
aplite pegmatoid granite bodies into the meta-terrigenous
rocks and provoked remobilization, redistribution and
enrichment of the primary mineralization.

1 “.i

Fig. 3. Known faults and shear zones identified for the Azov Block of the Ukrainian Shield.
Star marks the location of the Dibrovo deposit. Orikhovo-Pavlohradska Shear Zone - located between the Azov
and Middle Dnieper megablocks (separated by deep faults: 1 — Orikhivsko-Pavlohradskyi fault, 2 — Zakhidnopryazovskyi fault,
3 — Pavlohradskyi fault, 4 — Korsatskyi fault). The width of the zone decreases from south to north from 50 to 7 km. 5 — Tsentralnopryazovskyi fault
and 6 — Maloianisolskyi fault — zones of deep faults, that separate the Azov megablock into three blocks — West, Central and East

Input Data. A geological database was created with the
following datasets:

1) Surface topography:

The surface topography was modeled using the SRTM data
(Shuttle Radar Topography Mission — Spatial Resolution
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30 meters), DEM data (Digital Elevation Model) and Landsat 8
(Date Acquired — 17.06.20, Spatial Resolution 30 meters)
images.

2) Geological maps, figures, cross-sections, and the database
of known faults and shear zones within the two study areas:
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The reports, maps, figures and cross-sections from
previous existing investigations of the areas were digitized;
valuable information for the current research was extracted.

3) Geophysical data:

The data used in the current study for the Alces Lake area
was retrieved from the Saskatchewan Geological Survey
public domain database (district-scale data) and provided by
the Appia Rare Earths & Uranium Corp. (Appia Rare..., n.d.).
The geophysical datasets were provided by Appia Energy
Corp and conducted by the MWH Geo-Surveys Ltd and
Geotech Ltd in June 2019 and May 2016, respectively.

The geophysical data for the Ukrainian shield was collected
form the public domains or retrieved from the geological reports
(Pigulevskiy, 2012, Svistun and Pigulevskiy, 2021).

GeoModeling Methodology - Processing and
Interpretation of Satellite imagery and Geophysical data.
To characterize the studied terranes, gravity, magnetic, and
remote sensing data were analyzed. Geophysical methods
are widely used in geology, especially during the exploration
programs. They help mineral exploration geoscientists
understand the geology of the subsurface and model the
crustal blocks at different scales. High-resolution geophysical
data enables a detailed mapping of the lithological units and
geological structures of an area of investigation at a district-
to local- to deposit-scale, which can lead to better results in
Greenfield to Brownfield exploration programs (Denton et
al.,2020). Nowadays, such potential field data are utilized to
detect among other the iron oxide—copper—gold
mineralization, massive sulfides, and structural features such
as faults and foldings and in general are widely used for
geologic mapping (Patra et al., 2013). In this study, we utilized
gravity and magnetic survey data and their derivatives. Data
was imported into the Geosoft Oasis montaj software

package for further processing. Based on study of the 1st
vertical derivative, tilt derivative, and total horizontal gradient
images we were able to decipher detailed structural fabric of
both areas (the magnetic intensity values were first reduced to
magnetic pole before applying other filters). Such derivatives
are great tools for delineating both deep as well as shallow
structures, depending on the enhancement filter used.

Satellite images and aerial photographs are also
extremely useful for structural and lithological discrimination
(Patra et al., 2013). In order to extract the lineaments several
steps are required, starting with the pre-processing of these
images, followed by the lineament extraction and further
spatial analysis.

Image filtering and enhancements are utilized during
the image processing stages, because those operations
are able to highlight the edges or other linear features, at
the same time improving the accuracy (Ahmadi & Pekkan,
2021). Thus, various data enhancement techniques were
used to selectively improve the signal of interest and
allowed geological structures to be seen and mapped
considerably more detailed than using the 'raw' data.
Different filters and enhancements were applied to the
'raw' images (Fig. 4) and data, which at the end allowed us
to perform the lineament feature analysis using both
manual and automatic approaches.

The following image enhancements were used for the
geophysical grids: RTP, 1VD, Tilt Derivative, Total Horizontal
Gradient etc. (Fig. 5). As for the satellite images, there were
utilized various image processing filters, such as Gradient S,
N, W, E, NE, NW, Laplacian filters etc. The analysis was
performed using the ArcGIS 10.4 (Image Analysis tab) and
Geosoft Oasis Montaj (2D filtering tools) software packages.

NwW NE

Fig. 4. Example of the remote sensing image processing and enhancement —
Gradient NE, NW, W, E filters applied to the DEM image (Beaverlodge domain, Northerm Sakatchewan, Canada)

Tilt

RTP Derivative

Total
Horizontal
Gradient

Total Horizontal Gradient filters applied to the TMI image (Beaverlodge domain, Northerm Sakatchewan, Canada)
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Lineament analysis. Lineaments (linear features) are
considered as curvilinear to straight landforms that are
widely distributed across the Earth's surface. They can be
controlled by both geological structures (shear zones,
lithological boundaries, faults, discontinuities, folds, etc.)
and man-made or geomorphological features. The spatial
statistical information such as density, length, and
orientation of lineaments reflect rock mass fracture patterns
and provides valuable information related to hazard
assessment, geological structures, tectonics, and natural
resource availability. In the current research we carried out
lineament analysis using both manual visual identification
method and automatic extraction approach with the suitable
software. Manual lineament extraction is performed by
visual interpretation of human operators and is well suited
for spatial assessment; the extraction is conducted using an
image enhancement process e.g., directional filtering, band
ratio, transformation, visual interpretation, and manual
digitization of the lineaments. On the other hand, automated
lineament extraction is performed using computer-assisted
software. The automated processing includes
enhancement, filtering, edge detection, and finally,
lineament extraction. The identification of lineaments using
the automatic technique is considered more efficient and
much faster method than the manual one. However,
automatically extracted lineaments tend to contain
lineaments derived from other sources besides geological
structures, such as railway, power, and fence lines
(Radaideh et al., 2016).

One of the tasks of this study was to establish a suitable
methodology for automatic/digital and manual lineament
analysis of potential field geophysical data sets combined

with the aerial photography data for further structural
interpretation of two selected study areas — i.e., within the
Canadian (Alces Lake area) and Ukrainian (West Azov area)
Shields. Consequently, we have tested several methods,
compared the obtained results from both manual and
automated approaches between each other and with the
known geological structures.

During the analysis we utilized mainly two types of data
to extract the lineaments in both manual and automated
approaches — satellite images or aerial photographs and
geophysical gravity and magnetic survey data. A number of
geomodelling software packages were used for the analysis:
Geosoft Oasis Montaj, ArcGIS, and Geoscience ANALYST
Pro. Remote sensing and GIS techniques were applied
during the process of analyzing and interpreting the
geophysical and topography data.

The workflow (Fig. 6) used in this study is composed of
four main steps:

1) Selection of the most suitable data for analysis, — e.g.
SRTM/DEM/Landsat images, various geophysical data.

2) Potential field geophysical data and aerial
photography data processing and enhancements.

3) Lineament extraction by using the manual and
automated approaches and their further comparison.
Several software packages were used such as ArcGIS and
Geoscience ANALYST Pro.

4) Comparison of the final map with available geological
and tectonic maps of the area and Geospatial analysis
(density, direction, intersection length, and orientation
analysis) using the ArcGIS software tools. This way it was
possible to evaluate the results obtained with both methods.

Selection of
the most || Image processing Lineament
suitable data and enhancement. extraction .
g, Geospatial
SRTM/DEM/Lands Gradienr eFige detection Manual and analysis
atimages, various filters in ArcGIS, ) automated
geophysical data MAGMAP “’9'5 FRTP‘ = approaches and Density,
(gravity, Vertllca\ ‘Der\.vatlve, Tilt their further direction,
magnetic). Der|vr?|t\ve) n GEGSOﬂ comparison with intersection,
Oasis Montaj) etc. available length, and
—— geological and orientation
tectonic maps. analysis
7 IS
_

Fig. 6. Proposed lineament analysis workflow

Results and Discussion. Today, rare earth elements,
members of the rare metals group, are viewed worldwide as
strategic critical raw materials, and are extremely important
for the economic development of any country. These
elements include the entire range of lanthanides, as well as
yttrium and scandium. They are used in the production of
high-power magnets, catalysts, high-precision optics, and
electronics, among other products.

The use and need for these elements will continue to
grow in the future, as they play a key role in achieving the
goals of sustainable development. Therefore, discovering
deposits of these critical raw materials come to the forefront
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of today's exploration challenges, where understanding the
mineral systems of the rare metals is an essential part of any
successful exploration program (Verplanck, Hitzman, 2016).

In this paper we presented the lineament analysis and
image processing techniques to help generate maps that would
show/highlight the areas of geological structural complexity
derived from geophysical data and various satellite images.
Exploration programs often rely on and are based on combined
geological/geophysical/geochemical information, and our
resulting lineament analysis maps could provide a significant
contribution to the exploration decision-making process. Thus,
the preliminary lineament analysis was conducted for the two
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study areas — Alces Lake area and West Azov area using both
topographic (SRTM, DEM, Landsat 8) and geophysical data
(derivatives of magnetic and gravity survey data). This was
carried out by combining various image analysis processing
and enhancement techniques.

Mineral deposits of both study areas — Alces Lake within the
Beaverlodge Domain of northern Saskatchewan (Canada) and
West Azov region within the Azov Block in Ukraine have a
complex genesis, related to the Paleoproterozoic tectonic events
that highly deformed and metamorphosed the primarily meta-
sedimentary (and meta-igneous) Archean/Paleoproterozoic
rocks (table 1). As a result, abundant granitic and pegmatitic

sheets were formed throughout the Beaverlodge Domain and the
Azov Block. Mineralization of both Precambrian areas occurs
near the tectonized unconformity surface between the Archaean
basements rocks and the Paleoproterozoic metamorphosed
meta-sedimentary/meta-igneous rocks. It is suggested by the
authors that the mineralization could have formed as a result of
crustal thickening, associated with mafic magma underplating
(evidence from abundant mafic dykes/sheets in the Alces Lake
area), lower crustal melting, and subsequent decompression and
partial melt migration along reactivated shear/fault zones
(Poliakovska et al., 2021).

Table 1

Comparison between the Alces Lake and Dibrovo REE-Th-U mineralization

Alces Lake
(Canadian Shield)

Comparison parameter

Dibrovo (Ukrainian Shield)

Belonging to the tectonic-metamorphic
type of Precambrian blocks of the
earth's crust (Ukrainian classification)

Granulite-greenstone type or plagiogranite-greenstone type

Degree of regional metamorphism
of host rocks

Amphibolite, granulite

Mainly amphibolite, locally granulite and epidote-amphibolite

Tectonic-stratigraphic control
zone of contact between

complexes, mainly within

It is confined to the tectonic

Archean and Paleoproterozoic

It is confined to the zone of contact between the Archean
plagiogranitoid basement and the Paleoproterozoic folded
cover. Localization in Paleoproterozoic metasedimentary
complexes near the zone of contact with the Archean

Paleoproterozoic deposits. basement.
Intensity of dynamometamorphism High High
Intensity of metasomatism High High

Characteristics of metasomatism

Alkaline (potassium-sodium)

Alkaline (potassium-sodium)

Ore bodies Pegmatoids Quartzites (metaterrigenous or secondary), Pegmatoids

Host rocks Paleoproterozoic gneisses, Paleoproterozoic quartzites and high alumina schists
schists

The main ore mineral Monazite Monazite

Monazite contents in ore bodies Up to 85 modal %

Up to 18 modal %

Age of mineralization 1950 to 1750 Ma ???7?

Productive TR-U-Th mineralization was formed

in the Paleoproterozoic stage 1.9-2.2 billion years ago.

It was generated by hydrothermal-metasomatic processes
that accompanied the penetration of the final magmatic
phases, probably of the Saltychan complex, and were
represented by granites of the Dibrovo type

In our research study, both automatic and manual
methods (Fig. 7) were able to correctly identify some
geological structures within the areas of investigation with
different degrees of reliability and accuracy. For the manually
identified lineament features within the Alces Lake area, the
percentage of lineaments that represent the known geological
structure out of all the manually identified linear features was
36,9 %, whereas this number for the automatically identified
linear features for the same area was 19,8 % (Note for both
analyses, a tolerance limit of 250 m was applied).

As for the orientation analysis, both methods could
successfully identify the main trends. The main structural
elements and associate mineralization are related mainly to
the following lineament features: 1) NNW-SSE and E-W
(340 and 060 to 090) — oriented structural elements within
the Alces Lake area and 2) NW-SE, E-W and NNE (340, 090
and 045) — structural elements within the West Azov area,
which can be tracked at different degrees of uncertainty
using lineament analysis.

However, it is recommended by authors to utilize the
combined manual and automated approach, to achieve the
most reliable results. The output is also highly dependent on
the area of study. Within the Beaverlodge Domain, the overall
close similarity between the lineament trends, present-day
drainage system, and subsurface features is a reflection of a
highly glaciated terrain with abundant outcrops separated by
a very thin glacial cover; suggesting that the development of
the present landforms is highly controlled by subsurface
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basement structures and their reactivation during glacial
rebound. This is in sharp contrast to the ones within the West
Azov area of the Ukrainian Shield, in which less than 10 % of
the identified lineament features corresponded to the deep
subsurface structural elements.

The spatial statistical analysis, especially the density one
can serve as a good proxy for the structural complexity of
the areas, which is an important targeting parameter for
mineral exploration. This way we can identify major
intersection zones of possible fault dilation with associated
fluid and heat flow, where structural geochemical traps are
located for mineralizing fluids (melts) and thus providing
some new insight to the REE-Th-U mineral systems of the
two shield areas. The resultant interpretive maps can show
these regions of greatest structural complexity, which then
can be used to infer potential targets and to improve the
manual or GIS-based perspective (prospectivity) analysis.

Conclusions. In this study we show the results of
combined remote sensing and GIS methods in order to
attempt to interpret the complex Precambrian shield areas.
The various image processing techniques coupled with the
lineament extraction methods allow us to study the large
areas. They can be an essential integrated component for
understanding the tectonics of the area of interest. The
lineament analysis has proven its effectiveness in many
branches of geological studies and is widely used during
mineral and petroleum exploration programs, groundwater
surveys, and natural hazard assessment studies.
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Fig. 7. Manual (top) and automated (bottom) approach modeling results

This paper shows the results of the analysis of two study
areas, within the Canadian and Ukrainian Shields, using the
automated and manual lineament extraction approaches.
We utilized various enhanced and filtered potential field and
remote sensing data. Consequently, we were able to identify
the prevailing trends in the distribution of structural elements
within both study areas. Those are respectively: 1) NNW-
SSE (~340) and E-W (060-090) — oriented structural
elements within the Alces Lake area and 2) NW-SE, E-W
and NNE (340, 090 and 045) — ones within the West Azov
area. However, since the geological structures are very
much less exposed within the West Azov area (as a result
of much thicker cover) the method described in this paper
couldn't reveal all of them. Thus, it is concluded that the
development of the present-day landscape and drainage
systems within the Alces Lake area, in contrast to the West
Azov area, was highly controlled or influenced by the
outcropping and subsurface geological structures.
Therefore, the lineament analysis method can with different
levels of accuracy, depending on the characteristics of the
studied terrain, give us new insights into the host mineral
system and thus facilitate future discoveries.
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ENEKTPUYHI TA MPY>XHI BJIACTUBOCTI
rNMMBOKO3AHYPEHUX YILIJIbHEHUX NMOPIA KAPBOHY
LEHTPANBHOIO rPABEHA AAO3

(MpedcmaesneHo 4neHoM pedakyiliHoi Kosneaii 0-poM 2eos. HayK, npodg. M. |. Opnrokom)

BuceimneHo pe3ynbmamu 00CiOXeHHs NMPYXHUX i eleKmpuYHUX erlacmugocmeli 2/1U60KO3aHypPeHUX YWiNIbHeHUX mepu2eHHUX
nopio kap6oHy yeHmpanbHoz2o 2pabeHa [JHinpoecbko-[oHeybkoi 3anaduru (443).

Mema docnidxeHb nonsieana y eue4eHHi nempogizu4HuUx napamempie yuwjinbHeHUX Mopio-KosieKkmopie ik OCHO8U KOMIT/IEKCHO20
aHani3y ixHix ¢hizuyHUXx enacmueocmel. [ocnidxeHHro nidns2anu maki efleKmpuUYHi ma npyxHi xapaKmepucmuku 3pa3kie rnopio, sk
numomutii ma eiGHocHul enekmpu4Hull onip, Nnapamemp 36inbWeEHHS e/IeKMpPUYHO20 Oropy, WeudKicmb Moe3008XXHIX Xxeusls ma iHme-
peasibHUll 4ac 8 amMocghepHUX i MN1acmosux ymosax.

Y pe3ynbmami komMnieKkcHoO20 aHasizy Mamepiaslie ennekmpomempu4Hux AocslioxeHb Onisi Mopid ycmaHoesieHi KopessyiliHi 38 'A3Ku
MK MUMOMUM eJIeKMPUYHUM i 8i0HOCHUM efIeKmpU4YHUM OIMOPOM, @ MaKoX MiX KoegbiyieHmom nopucmocmi Ui 8iOHOCHUM esleKmpuY-
HUM 0Or1opoM 8 ammocghepHUX i nnacmoesux ymosax. 3anexHicmb MiXX TUMoOMUM ma 8iOHOCHUM eJTeKmPUYHUM OITOPOM 8 amMOCghepHUX
i nnacmoesux ymosax 0s1s1 docidxeHux rnopio eupaxaembcs JiHilIHO (byHKYiero.

LlinsixoM KOMM/IeKCHO20 aHasily Mamepianie akycmu4Hux docnioeHb Onsi aneaposiimie i Mickogukie ycmaHoesneHi KopensyitHi
38'A3Ku: weudkocmel NPYXHUX XeuUslb ma iHmepeasibHO20 Yacy 3 2yCmUHOH0 i KoeghiyieHmom nopucmocmi 8 ammMocghepHUX yMosax;
Mix weudkocmsaiMu Noe3006XKHIX Xeuslb 8 amMocghepHUX i nrIacmoeux ymoeax; Mix wieudkicmro i koegbiyieHmom nopucmocmi e nnac-
moeux ymoeax. 3anexHicmeb MiX weuokicmio noe3008)XHix xeuslb 8 ammMocgepHuUX i nracmoesux ymoeax 0s1s1 GoclideHuUx nopio eu-
Ppaxkaembcs1 NiHiliHo yHKUiero.

®izuyHe Modesro8aHHS MIacmoeux ymoe 40380Js1sie adarnmyeamu 3HaYeHHs1 MPY)XXHUX | e/TeKmpuYHUX napaMempie, ompumMaHux
nid 4ac nabopamopHux eumiprosaHb 8 ammocghepHuUx ymoasax, 0o napamempie nopid, ujo 3HaxoGsIMbCs y N1acCMoO8UX yMO8ax.

KopensiyitiHi 3anexxHocmi npy>xHux i elleKmpuYHuUx napamempis i3 ghinbmpauyitiHo-eMHICHUMU 8/1acmugocmsiMu asieeposiimis i wiine-
HuX nicKoeukie, ompumaHi 3a pe3ysibmamamu s1abopamopHuUX MempogizudHUX G0CTiOKeHb, MOXymb 6ymu OCHOEO0 07151 NonepedHbOI
iHmepnpemauii daHux 2eoghizudHUX OOCITiOXKeHb ceepOsI08UH Ha HOBUX MEPCIIEKMUBHUX Myiowax yeHmpanabHo20 2pabeHa [43.

Knro4yoei croea: aneeponimu, ywinbHeHi nickogsuku, numomull eslekmpu4Hull onip, 8iOHOCHUU eneKmpuYHull onip, weuodKicmb

MPYXHUX X8UJTb, KOPEsIAYiliHI 3amexHocmi.

MocTtaHoBKa npo6nemu. YLlinbHeHi nopoau y Oesikux
panoHax MICTATb 3HaYHY KiNbKiCTb OpraHiku n MOXyTb Cry-
XWUTW K MaTEPUHCBLKUMY MOpoAamMu, Tak i Konekropamu rasy.
3a pesynbTatamMmy BUKOHAHUX OCTaHHIM 4YacoMm OOCHiOXEHb
YCTaHOBIEHO, LU0 LieHTpanbHui rpabed 003 € ogHUM i3 Hai-
NEePCrneKTUBHILLMX PaViOHIB Ha HasBHICTb 9K TpaguLUinHWX
(Oprnirok, 2001; TekmoHuka. .., 2015), Tak i HeTpagULIAHNX NOo-
KnagiB BYIMEBOAHIB (ra3 yLUinbHEHUX Mopig, CnaHueBuii ras
TOLLO), SIKi MOXYTb Y pa3u nepesuLLyBaT pecypcy Tpaguuin-
Horo Tuny (Muxatiioe ma iH., 2014). PO3BUTOK HOBITHIX Tex-
Hororin BuaobyTKy rady Ao3sonse gobysatun ra3 y 3HavyHuX
ob'emax i3 BGaraTux opraHikow yulinbHeHux nopig. OcHoBy
LMX TEXHOIOri CTAaHOBUTb OYPiHHSI rOPM30OHTaNbHUX CBEPA-
NOBVH | NPOBEAEHHS MiAPOPO3PUBY MracTa y NpoayKTUBHOMY
iHTepBani reonori4Horo po3pisy. MeodianyHi Ta neTpodianyHi
OOCTIOXKEHHS, @ TaKoXX MaTeMaTuyHe MOOEMOBaHHS, € BaX-
NMBMMW YacTUHaAMW TEXHOJSOTIN, HAa OCHOBI SIKUX BU3HaYa-
H0TbCS HaMNpPsIMKN rOPU3OHTanNbHOro cToBOYypa CBEPANIOBUHM
rigpopo3puBY i MOro NnapameTpu.

YwinbHeHi nopoau, NeTpodi3anyHi BNacTUBOCTI AKUX Ha-
BeJeHi Yy Uin cTaTTi, npeAacTaBneHi HU3bKONOPUCTUMM NiCKO-
BUKaMU 11 anesponiTaMy. BUBYEHHSA eNeKTPUYHNX i NPYXKHUX
napameTpiB LUX NOpPiA € OAHUM i3 BaXNNBUX 3acObiB OLLiHH0-
BaHHA HaTOrasoBOro MoTeHUiany MNepcrneKkTUBHMX TOBLL
YLWiNbHEHNX KOMEKTOPIB, WO OOYMOBMIOE aKTyarnbHICTb iX
neTpoi3n4HOro BUBYEHHS.
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AHani3 ny6nikauin 3a Temoro gocnigkeHb. BuBYeHHI0
i3nyHMX BNacTMBOCTEN Mopig rasoHadTONEpPCneEKTUBHNX
palioHiB YkpaiHu npucesveHo HU3ky nybnikauin (Buxea ma
iH., 2012-2014, 2017-2021; Viyzhva, 2017; KapneHko ma
iH., 2014, 2015; Macnoe ma iH., 2017; Muxalnoe ma iH.,
2014; Opnrok, 2011, 2013; Orlyuk, 2018; Pubanka ma Kap-
neHko, 2016; Cobonb ma KapneHko, 2021, TeKmoHuka...,
2015; CadisHuk, 2013) Ta 6araTo iHWKX. AKYCTUYHI 1 enek-
TPUYHI NapameTpu Mopig MalTb BaXNMBE 3HAYEHHS AMS
OLiHIOBAHHS X KOMEKTOPCbKMX BNAcTUBOCTEN 3a AaHUMMU
aKyCTUYHUX | eNEKTPOMETPUYHUX METOZIB AOCHiAXEHb CBE-
panosvH. Crig 3as3HaunTy, WO NeTpodpi3anyHi xapakTtepuc-
TUKM nopig | X KopensAuinHi 3B'A3kM 3 inbTpauinHo-
€MHICHMMW napameTpamMy MalTb JOCUTb BUPAXEHWUN iHAW-
BiyanbHWIN XapakTep WoAO0 OKpeMux pisHOBMAIB Mmopig Ta
KOXXHOI [insiHkM gocnimpkeHb. Tomy nabopaTopHi gocni-
DKEHHS LUMX BNacTUBOCTEN | BCTAHOBMNEHHS BiAMNOBIAHMX KO-
pensauinHnX 3B'A3KIB MiXK HUMK AN KOXHOI NepCneKkTUBHOT
nnowi noTpebyTb OKpemoro nybniyHOro BMCBITIIEHHS iX
pes3ynbTarTiB.

BuaineHHA Hepo3B'sA3aHMX paHille 4YacTUMH 3aranb-
HOI npobnemu. AKTyanbHiCTb NpobreMn MoLWykiB i po3s-
BiJKM HETPaAMUUiNHWUX [Kepen BYIrNMeBOAHIB Ha TepuTopii
YkpaiHn € oyeBugHow. OUiHIOBaHHS NEepCnekTMBHOCTI Ha
ras reosioriYHMX CTPYKTYp i KOMMNIEKCIB BKMOYAE iX reonoro-

© Buxga C., OHuuwyk B., OHuwyk ., PeBa M., LLla6aTypa O., 2022
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reoMeTPUYHi, EKOHOMIYHI MapameTpu, a TakoX NeTpodi3nyHi
BINAaCTUBOCTI ripCbKMX nopig (Y T. Y. eNeKTPUYHi Ta Npy>Hi). Ha
OCHOBI LMX JaHWX BUKOHYETBCS OLiHIOBaHHS KOMEKTOPCHKNX
BNaCTMBOCTEW Nopig 3a maTtepianamu akyCTUYHUX i enekT-
POMETPUYHMX METOZAIB AOCNiAKEHb CBEpPAOBUH. HesBaxa-
UM Ha 3Ha4YHy KinbkicTb nyb6nikauih, ans 6araTbox
NnepcrnekTUBHUX MMOLL NPaKTUYHO BIACYTHI AaHi pe3ynbTaTiB
nabopaTopHMX aKyCTUYHUX Ta eneKTPOMETPUYHUX OOCHi-
DKEHb YLINbHEHUX Nopig, a TakoX iXHIX KOopensuinHnx
3anexHocTewn Big ginbTpauiHO-EMHICHUX NapaMeTpiB.

MeToro gocnimeHb € OLHIOBAHHS aKyCTUYHMX i eNeKT-
PWYHUX BNACTMBOCTEN MMNOOKO3aHYPEHUX YLLINIbHEHNX TEPU-
reHHUX nopig KapboHy NepcnekTMBHUX Ha BYIMEBOAHI
OiNsiHOK LieHTpanbHoro rpabeHa 03 sik OCHOBM KOMMMEKC-
HOro aHanisy ix @i3MyHUX napameTpiB Ta BCTaHOBMEHHSA
KopensAuinHMX 3B'A3KiB i3 hinbTpauinHO-EMHICHUMK BriacTu-
BOCTAMU. 3BaXkaloum Ha Te, WO KOPEnsuinHi 3B'A3kM Mk
EMHICHO-INbTpaUIHUMK XapakTepucTukamu i 4aHMMu cBe-
PANOBUHHUX Ta MONbOBUX reodisuyHMX MEeToAiB € AOCUTb
cknagHuMu i NoTpebyoTb PETENbHOMO BUBYEHHSI, OCHOBOIO
ONns X BU3HAYEHHS1 CTae KOMMNMeEKC nabdopatopHux netpodi-
3U4HMX JocnigxeHb. MaTtepianu, oTpvMaHi B pesynbrari
nabopaTopHux JocnigxeHb inbTpaLiHO-eMHICHUX napa-
METPIB i FYCTUHU MOpIA, LUBMAKOCTI MOLUMPEHHS MNPYXHUX
XBUIb Y HUX, X MUTOMOrO €NeKTPUYHOro onopy, Ta Kopens-
LiMHI 3B'A3KN MK LMW NETPOMI3NYHNUMKN XapaKTepucTukamm
BMKOPVCTOBYIOTBECA ANS iHTeprnpeTaLii pesynbTaTiB aKyCTuy-
HUX | eNeKTPOMETPUYHUX METOAIB AOCNIOKEeHb CBEPANOBUH,
NonbOBOI ENEKTPOPO3BIAKMN | CEMCMOPO3BIAKN.

EkcnepumeHTanbHi gocnimxeHHs BukoHaHi B HAJ1 te-
OpeTunyHoI i npuknagHoi reodisukn HHI "lHcTuTyT reonorii”
KuiBcbKoro HauioHanbHoro yHisepcuteTy imeHi Tapaca Lle-
BYeHKa. Komnnekc netpodpisanyHux AocnigkeHb BKoYaB
BM3HAYEHHSI: T'YCTUHM NOPIiA; BiAKPUTOI Ta eeKTUBHOI Nnopu-
CTOCTI; CTPYKTYpPU KanifisipHOro npocTopy; NMMTOMOro enekT-
pWYHOro OMopy; WBKOKOCTI NMPY>XHUX XBUIb B aTMOC(epHUX
i nnactoBux ymoBax (Buxea ma iH., 20196, 20206, 20216).
BukoHaHo Takox neTporpadivHi gocnimkeHHs. Yci nabopa-
TOPHi BMMIpIOBaHHS BMKOHYBanucs BiAMOBIiOHO A0 YMHHUX
HOPMaTUBHMX OOKYMEHTIB.

Y NponoHOBaHin cTaTTi HaBeAEHO pe3ynbTaT KOMMeK-
CHUX AOCNIMKEHb NPY>XHUX | €NEKTPUYHNX BAcTUBOCTEN KO-
nekuii 3i 115 3paskiB yWinbHeHUX nopig KapOoHy -—
nickoBukiB (96 3paskiB) i aneBponitie (19 3paskiB) LeHTpa-
neHoro rpabeHa O03, nnowi: 3axigHo-LLebenunHcbka (iHTe-
pean rmubuH — 4929-5491 m); Konomaubka (iHTepBan
rmunbuH — 5290-5650 m); BeceniBcbka (iHTepBan rnmbuH —
3618-3761 m). JocnimkeHi nopoan npeacTasneHi anespo-
niTamu CrrogucTUMmn, TEMHO-CIPUMKU 0 HYOPHUX, a TaKOX Mi-
CKOBMKaMU JpiGHO3EPHUCTMMU Ta CepeaHbO3EpPHUCTUMM,
cipumu i cBiTRO-Cipymu.

MeToauka aKkyCTUYHUX Ta eNeKTPOMETPUYHMX nadopa-
TOPHUX AocniakeHb. JlabopaTopHi BUMIPOBaHHS LLBMOKOC-
TEeW MOLWMPEHHA TMPYXHUX XBUIb Yy TiPCbKMX MOpoAax
BMKOHYBasIMCb YINbTPa3ByKOBMM iMMyNbCHO-Pa30BMM METO-
oowm (Mpodatieoda, 2004, 2007). Ons nabopaTopHKX aKyCTn4-
HUX OocniaXeHb 3acTocoByBanach ycTaHoBka "KepH-4", sika
po3pobrnieHa B HAJ1 TeopeTnyHoi i NnpuknagHoi reodisukn 3a
yyacTi axiBujB MexaHiko-maTtemaTnyHoro dakynotety Kuis-
CbKOrO HauioHanbLHoro yHisepcuTeTy iMeHi Tapaca LLlesyeHka.
BumiptoBaHHS LWBMAKOCTI NPY>KHUX XBUIb 34IMCHIOBANOCHA Ha
cneujanbHO BUrOTOBMEHNX LUMNIHAPUYHMX 3paskax.

JlabopaTopHi  eneKTPOMETPUYHI  BMMIPIOBAHHSA  CyXMX
3paskiB KepHa BMKOHaHi 3a 4ONOMOrow UndpoBoro Tepao-
mmeTpa C.A. 6547. MNpunag [o3BOMSE BUKOHYBATN BUCOKO-
TOYHIi BUMIpPIOBaHHS €MEeKTPUYHOro Onopy Ha MNOCTiINHOMY
CTPyMi 3a [OBOXENeKTPOAHOK CXEeMOK B [ianasoHi Bif
10 kOM go 10 TOwm i3 uncpoBuM 3anncom pesyrnbTaTis Bu-
MiptoBaHb Ha EOM 3a cneuianbHoto nporpamoto (Buxea ma
iH., 2012-2014, 20196-20216; Vlyzhva, 2017). Onsi BUMipto-
BaHHs1 3pas3kiB, HACMYeHUX MOAENO NNacToBoi BoauM (pos-
unH NaCl, miHepanisauis 196 r/n), 3actocoByBaBca RCL-
MeTp MHC-1100. LinniHapnyHi 3pa3ku nig Yyac BUMiptoBaHHA
noMilannck y crnewianbHUii KEpHOTpMMaY, po3pobneHuin y
HOJ1 TeopeTnYHOI | NpUKNagHoi reodismku.

JocnigkeHo 3MiHM MMTOMOro eNeKTPUYHOro Ornopy i LBK-
[OKOCTi NMPYXXHMX XBWIb 3a Pi3HOTO CTyMEeHs BiArOHKM BOAM Ha
ueHtpndysi OC-6M (Mopodki..., 1985; Pydbko, 2005) 3 me-
TOH BM3HAYEHHS 3aneXHOCTi NeTpoi3nyHNX NnapameTpiB Bif
BOAOHACKMYEHHSA nopig. Y npoueci umx gocnigKeHb BUKOHaHO
Cepito BUMIpIOBaHb €NEKTPUYHOrO OMnopy i LUBMAKOCTI NPYyX-
HUX XBUNb 3paskiB Nopig, HaCMYEeHUX MOAENMo NNacToBoil
BOAM, A0 Ta nicns iX LeHTpUdyryBaHHS 3a PEXUMIB BigroHKu
Big 1000 o 6000 06/xs i3 kpokom 1000 06/xB, Lo BignoBiaae
JianasoHy 3MiHM TUCKY BUTICHEHHst Boau Big 0 go 1 Mlla
(7 umknie BUMiptoBaHb). MNapanensHo BU3Ha4anucst Takox Ko-
eqilieHTM BoAOHACMYEeHHS nopia.

3 MeTOI BCTAHOBIEHHS KOPENSILNHOIo 3B'A3Ky MiX ene-
KTPUYHMMM Ta LUBUOKICHMMUW NnapameTpamu nopig B aTMoc-
depHMX | nnacToBMX YMOBax BWKOHAHO BiAMNOBIAHWUN
KoMnnekc nabopaTtopHux NeTpodisnYHUX [AOCHiaXeHb Y
3ModenboBaHMX  MMNacToBUX  ymoBax  (TemnepaTypa
t =138 — 158 °C; eheKTUBHUIA TUCK Pep = 60 — 70 MMMa; mi-
Hepanisauis nnactooi Bogu M = 196 r/n).

CepepHs BiHOCHa NMOXMOKa BM3HAYEHHSI €NEKTPUYHOTO
onopy Mopig y MexXax BWKOHaHUX OOCMiMKeHb CTaHOBMNA
3,2 %, a WBMOKOCTI NPYXHUX XBUnb — 2,3 %.

AHani3 gaHuX enekTpoMeTpPUYHUX AoChiAKeHb. Y pe-
3ynbTaTi NabopaTopHUX BUMIpOBaHb BU3HAYEHO €NEKTPUYHI
napaMeTpu yLWwinbHEeHUX NopiA-KOneKTopiB NepcrnekTUuBHMX
Ha BYrneBOAHI AOiNAHOK UeHTpanbHoro rpaberHa OAO3. OaHi
npo MeXi 3MiH Ta cepefHi 3Ha4YeHHs1 HaBefeHo B Tabn. 1.

Ta6bnuuysa 1
MeXi 3MiH i cepeaiHi 3Ha4YeHHS eNeKTPUYHUX NapameTpiB nopia
ATtmocdepHi ymosu MnacToBi ymoBu
Mopoan 3HayeHHA MuToMKUIA enekTpUYHUM onip, OM-m Bi,qucuMﬁu MuTomMKUI enekTpU4HMIA onip Bi,qucum?lv
napameTtpa Cyxux Hacu4eHnx eNeKTPUYHUMN | nopia, HACMYEHUX PO3YMHOM | eNeKTPUYHUN
po3umHom NaCl onip, P NaCl, Om-m onip, Py,

Anesponitu MiH. 4447 58 71,2 0,8 276,7

Makc. 74400 21,8 265,5 5,6 1853,3

cep. 36398 11,7 142,5 24 804,9

lMickoBuku MiH. 31392 2,1 25,2 0,3 88,5
Makc. 456569148 18,9 230,4 2,5 1074,5
cep. 22911987 6,4 77,5 0,8 323,7

JlabopaTopHUMKN €NeKTPOMETPUYHUMUN BUMIPIOBaHHSIMU B
aTMocepHNX yMOBaxX YCTaHOBMEHO, LLO MUTOMUIA eneKkTpuy-
Hun onip (MEO) miHepanbHoro ckeneta nopig (MEO cyxux
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eKCTparoBaHuX 3paskiB) 3MIHIOETLCA: ANS anesponiTis — Bif
4,447 kOm-M (aneBponitT TemHo-cipuii) Ao 74,4 kOm-m (anes-
poniT YopHWUIA) 3a cepeaHboro 3HadeHHs 36,398 kOm-m; ans
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nickowkiB — Big 31,392 kOM-M (nickoBUK APIOHO3EPHUCTUIA) 4O
456,569 MOM-M (nickoBuK rpyb03epHUCTWI KBapLIOBWI) 3a ce-
peaHLoro 3HayeHHs 22,912 MOm-m. 3pasku nopig, HacudeHi
mogenmto nnacrosoi Boau (posuuH NaCl), matotb MNEO: anes-
ponitn — Big 5,8 Om-m (anesponit TemHo-cipuin) Ao 21,8 OM:-m
(anesponiT cnroaMcTuin) 3a cepeaHboro 3HadeHHs 11,7 Om-m;
nickoBuku — Big 2,1 OM-M (nickoBWK ApiOHO3EPHNCTWI, CBITNO-
cipuin) go 18,9 OM:M (NiCKOBUK CepefHbO3EPHUCTUN, CipuiA)
3a cepeaHboro 3HaveHHs1 6,4 OM-M.

BigHocHun enektpuyHuin onip nopig (P) — BigHOLWeEHHSA
NUTOMOrO OMNOpY MOBHICTIO HACUYEHOT NOPOAK (pns) 4O NUTO-
MOro Omnopy HacuyyBanbHOrO Po34nHy (pe): P=pne/pe (Jax-
Hos, 1975; Tuab u [oHandcoH, 2009) — € BaxnMBUM
iH(bopMaLiHMM NapameTpoM, SIKUIA LLUMPOKO BUKOPUCTOBY-
€TbCA Npu reodisanyHMx gocnimkeHHsax ceepanosuH (MFAC)
€eneKkTpoOMeTpMYHUMKN MeTofdamu. Y pesynbTaTi BUKOHaHWX

€NeKTPOMETPUYHUX  OOCNIMKEHb  YCTAHOBMEHO, WO
1000
:;: y = 7.9356x061
2 R2=0.8302
£ 100
]
B
10
0.001 0.010 0.100

Koedinient nmopucrocTi. k. 9.0.

a

BiJHOCHWUIA €NeKTPUYHUIA Onip Nopia 3MIHIOETLCA: ANs anes-
poniTie — Big 71,2 (aneBponiT TeMHo-cipuin) oo 265,5 (ane-
BPOMIT CNIOOUCTUA) 3a CEepeAHbOoro 3HayeHHst 142,5; ans
nickoBukiB — Bif, 25,2 (nickoBuk ApiOHO3epHUCTUIA, CBITNO-Ci-
pvin) po 230,4 (nickoBYK cepeHbO3EePHUCTUIA, Cipuii) 3a ce-
peaHbOoro 3HaveHHs 77,5.

BcTaHoBnNeHO KopensuiiHi 3anexHoCTi MK KoedilieH-
ToM nopucTtocTi (kn) i BigHOCHUM enekTpu4Hum onopom (P),
AKi anpOKCUMYIOTbCS PiBHAHHAM P = a-k;™, Oe a — NOCTin-
HWIA KoedilieHT, m — CTPYKTYpHUIA nokasHuk (JaxHos, 1975;
Tuab u [JoHandcoH, 2009):

P = 7,9356k; %,
npu R? = 0,83 — aneBponity;
P = 3,909k, %%,
npu R? = 0,84 — nickoBuku.
Mpadhikm UMX 3anexHOCTeln HaBeAeHi Ha puc. 1a, 6.

1000
B ¥ = 3.909x05%
a R2=10.837
Z 100
)
G
7‘51
10
0.001 0.010 0.100
KoedimienT mopucrocri. k. 4.0.
6

Puc. 1. KopensuinHi 3anexHocTi mix koedilieHTom nopucrocTi (k,) Ta BiAHOCHUM enekTpMYHMM onopowm (P):
a — aneBponitu, 6 — yLinbHeHi NicCKoBMKK

MapameTp 36inbLUeHHs enekTpuyHoro onopy (Pu) — Bia-
HOLLEHHSI NUTOMOTO OMOpPY YaCTKOBO BOAOHACUYEHNX Nopig,
(pus) 4O NUTOMOrO OMOPY MOBHICTIO BOAOHACUYEHMX MOPiA,
(pre) Pu=pus/pre (JaxHos, 1975; Tuab u JoHandcoH, 2009) —
€ BaXXIMBOK re0enekTPUYHOI XapakTepUCTUKO Nopig-Ko-
nekTopie. Y pesynbTaTi ekcrnepumeHTanbHuMX nabopaTop-
HUX gocnigpkeHb Ha ueHTpudysi OC-6M i ctatucTu4Horo
aHanisy gaHuX enekTpOMETPUYHWMX BUMIPOBaHb OTPUMaHI
KopensauinHi 3anexHocTi napameTtpa Pu Big koediuieHTa
BOAOHacHYeHHs (Ks), SKi anpOKCUMYIOTbCS PIBHAHHAM P, =

100
=
£
3
=
L 22
- y =1,0957x1.933

10 | 8 R2=0,8741
o)
E
&
3
g
<
=
1
0.1 KoedimieHT BogoHacHueHHs, kB, 4.0. 1.0
a

b-k;™, ne b — nocTiiHuiA KoedilieHT, n — Noka3HUK 3Mo4YyBa-
HOCTI, L0 3anexuTb Bif CTyneHs riapodobHOCTI 3epeH no-
poan (JaxHos, 1975; Tuab u [oHandcoH, 2009). Li
3aneXHOCTi AN JOCNIOKEHUX MOpia ONUCYTLCS CTeneHe-
BVMM PiBHAHHSAMM:

P, = 1,0957 - k; +°** npu R2 = 0,847 — anesponity;

P, = 1,0932 - k; 5%
npn R? = 0,882 — yulinbHEHi NickoBUKN.

padhikn HaBeOeHWX 3anexHOCTEeN npencTaBreHi Ha

puc. 2a, O.

100
o]
=
) y = 1,0932x-1.585
S R>=0,3817
10 =
&
)
3]
1
0,1 Koedimient BomoHacnueHHs, kB, 9.0. 1,0

6

Puc. 2. KopensuiniHi 3anexHocTi Mixk napameTpoM 36inbLieHHs enekTpuyHoro onopy (P,) Ta koediuieHToMm BogoHacuyeHHs (kg):
a — aneBponitn, 6 — yLinbHEeHi NiCKOBMKM
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BuKOHAHO KOMMNMEKCHI OOoCnimpKeHHs Ha crneuianbHin
ycTaHoBuji Bucokoro Tucky BCL-1000 3 MeTO BM3HAYEHHsI
NUTOMOrO Ta BiHOCHOIO €NEKTPMYHOrO OMOpIB MnopiA y nna-
CTOBMX yMoBax. BuMiptoBaHHA BMKOHYBanucb Ha 3paskax,
HacuyeHux posvmHom NaCl. Mexi 3miH i cepegHi 3Ha4YeHHsI
NUTOMOrO W BifLHOCHOIO €NEKTPUYHOro Ornopy nopig y nnac-
ToBMX ymoBax (=94 -126°C; pep=41-55MIlla;
M =196 r/n) HaBegeHo y Tabn. 1.

3poCcTaHHs MUTOMOrO ENEeKTPMYHOro OMnopy 3i 30inbLueH-
HSIM TUCKY Bif, aTMOCEEepPHOro 40 NacToBOro NOSICHIOETLCS 3a-
KPUTTAM MIKPOTPILLMH Yy nopodax Ta gedopmadieto B HUX
noposoro npoctopy. OaHak npu 36inbLUeHHi TeMnepaTypu Bif
aTMocdepHOi 40 MNacToBoi onip nopig, 3MmeHLwyeTbes. OTxe,
MaeMOo Cynepro3uLito BNivBY ABOX pisHOHaNpPaBneHux hakTo-
piB Ha NUTOMUI €NEKTPUYHMIA onip Nopig Y NNacToBMX YMOBaX.

Mpn disnyHOMY MoOentoBaHHi BCTAHOBMEHO, LLO MUTO-
MU  enekTPUYHWIA Oonip AOCHIOXEHUX anesponiTiB Y

.6
I y=03011x - 1,1322
= R>=0,9866

E _4

E =

L s

T £2

z 1 .

£

=0

0 2 4 6 8 10 12 14 16 18 20 22
ITuTOMHII eTeKTpHYIHHIA omip, p, OM'M

a

nnacToBsmx ymoBax 3MiHoeTbcs Big 0,8 Om-m o 5,6 Om-m
3a cepefHbOro 3HadeHHsa 2,4 Om-M, a MiCKOBWKIB — Bif
0,3 Om-m go 2,5 Om-M 3a cepefHboro 3HayeHHs 0,8 Om:-m
(tabn. 1). BigHOCHWI eneKTPUYHMI onip aneBponiTiB y nna-
CTOBMX YMOBaXx 3MiHIOETbCA Big 276,7 0o 1853,3 3a cepen-
Hboro 3HadeHHs1 804,9, a nickoBukiB — Big 88,5 0o 1074,5 3a
cepenHboro 3HayeHHs 323,7 (tabn. 1).

Y pesynbTaTi KOMNIEKCHOro aHanisy AaHux nabopaTtop-
HUX eNeKTPOMETPUYHNX BUMIPIOBaHb YCTAHOBIIEHO KOpens-
LiHI 3aNeXHOCTi MK MMTOMUMU eNEKTPUYHUMK onopamu B
aTmocdepHux (p) i nnacToBux (pnn) ymoBax (puc. 3a, 6), Mix
BiJHOCHUMMW eneKTpU4YHMMK onopamu B aTmocdepHux (P) i
nnactoBux (Pnn) ymoBax (puc. 4a, 6) Ta MiX BigHOCHUMM
enekTpniHummn onopamu (Pnn) i KoedpidieHTamn nopucTocTi
(kn,nn) y NNacTtoBux ymoBax (puc. 5a, 0).

y =0,135x - 0,1085
R2=0,9659

OM'M

[Turomuii eeKTPHYHHUI OIIp, Py,

0 2 4 o6 8

(%]
(=}
(3]
(%]

10 12 14 16 18
ITuTOMHIT eTeKTPUYHHIA omip, p, OM-M

6

Puc. 3. KopensuinHi 3anexHoCTi MiXk TUTOMMM eNeKTPUYHUM ONMOPOM Nnopia B atMmocdepHux (p) i NnacToBux (pn,) ymoBax:
a — aneBponitn, 6 — yLWinbHeHi NiCKoBMKK
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y =10,456x - 324.8
R2= 10,9605

p]m

il eJIEKTPIMHILL OIIip,

BinHOo cHI

BigHOCHMI eneKTpHIHHi omip, P
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a

2000
1800
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1400
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1000
800
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400
200 a .
0 BinHocHHIT e1eKTpHYHHI omip, P
0 50 100 150 200 250
6

y =4,7765x - 46,379
R2=0,9857

BinHO CHUIT eTeKTpUIHHIT OIIip,
PHH

Puc. 4. KopensuinHi 3anexHocTi MiXk BIBGHOCHUM eNneKTPMYHUM onopoM nopia B atmoccepHux (P) i nnactosux (P,,;) ymoBax:
a — anesponitT, 6 — yLinbHEHi NiCKOBUKK

. 10000

= y = 3,9038x-1.205

=) 2 R>= 08444

£ 2% 1000

=

g
S 100

0,001 0,010 0,100
KoeoinienT mopucrocti, Ky 1, 9.0.
a

. 10000
e y = 14,073x°09%

E R2=0,8271

; A 1000

L]

g
= 100

0,001 0,010 0,100
Koeoinient mopucrocti, kK ;, 9.0.
6

Puc. 5. KopensuinHi 3anexHocTi Mix koediudieHTom nopuctocTi (K nn)
i BigHOCHUM enekTpu4HumMm onopowm (P,,;) nopia (nnactoBi ymoBu):
a — anesponiT, 6 — yLinbHEeHi NiCKOBUKK
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AHaniTMYHi BUpa3n kopensAuiiHux 3anexHocTewn, rpa-
diku sIKknx 306paxkeHo Ha puc. 3—5, HaBeOEHO HUXKYE:
Pun = 0,3011p — 1,1322, npn R? = 0,987 — aneBponiTy;
Pun = 0,135p — 0,1085,
npy R? = 0,966 — yLinbHEHi MNiCKOBUKY;
P, = 10,456 P — 324,8, npn R? = 0,961 — anesponiTtu;
P, = 4,7765P — 46,379,
npy R? =0,986 — yLlinbHEHi MNiCKOBUKMY;
Py, = 3,9038%; %%, npu R? = 0,844 — anesponity;
Puy = 14,073 470722,
npy R? = 0,827 — ywinbHeHi NiCKOBUKMN.
KopensuiviHi 3aneXHocTi MK NnUTOMUMK Ta BigHOCHUMMU
€NeKTPUYHUMK ONopPamMmn B aTMOCHEPHMX i MIAcTOBUX yMO-
Bax AN [JOOCMIMKEHUX MOopid BUPAKAOTbLCHA  MiHIAHOW

dyHKUieto (puc. 3—4), a MiX BiGHOCHUM eNeKTPUYHUM ONOpPOM
i kKoedpiLlieHTOM NOPUCTOCTI — cTeNeHeBO (hyHKLUieto (puc. 5).

YcTaHoBMEHI KOopensLuiviHi 3anexHocTi, rpadikv Skux Ha-
BeEHO Ha puc. 3-5, LO3BONAIOTL OLiHIOBATU ENEKTPUYHI Na-
pamMeTpu nopia, WO 3HaXOAATbCA Y MIacToBMX YMOBaXx, 3a
pesynbTatamu ix nabopaTopHOro BU3Ha4YeHHs B aTMocdep-
HUX YMOBaX.

Pe3ynbtatv naboparopHuUxX aKkyCTU4HUX AOCHiMKEHb.
Y npoueci koMnnekcHux nabopaTtopHux neTpodi3anyHuX
OOCHNIKEHb BMKOHAHO KOMIMMEKC aKyCTUYHUX BUMIPHOBaHb
LUBMAOKOCTEN NOLUMPEHHS NPY>KHUX XBUIb B YLLINTbHEHMX NOPO-
Jax — aneBporiTax i HU3bKONOPUCTUX MICKOBKKaX LIeHTparb-
Horo rpabeHa [O[3. PesynbTaT BUMIpIOBaHHS LUBUAKOCTI
NOB3J0BXHIX NPY>XHUX XBUMb HABEAEHO B Tabn. 2.

Tabnuys 2
Mexi 3miH i cepeHi 3Ha4YeHHSA LWUBMAKOCTEN Ta iHTEPBAaNIbHOIO Yacy NOB3A0BXHiIX NPYXHUX XBUIb Nopia
ATtmoccepHi ymoBu MNMnacToBi ymoBu
n 3HauyeHHs | LWUBuakicTb NOB340BXHIX XBUNb, M/C IHTepBanbLHUI Yac, Mc/Mm LBuAakictb .
opoaun .| IHTepBanbHUn
napameTpa cyxmx Hacu4eHnx cyxux Hacu4eHnx NOB3A0BXHIX yac. mc/m
po3unHom NaCl po3unHom NaCl XBUnNb, M/C ’

Anesponitu MiH. 3810 4531 193 191 4309 192

MaKc. 5177 5222 262 221 5201 232

cep. 4653 5001 217 200 4899 204

Mickosukn MiH. 2425 3891 224 187 3662 178

Makc. 4463 5360 412 257 5622 273

cep. 3624 4595 281 219 4603 219

JTabopaTopHUMK aKyCTUYHUMMW BUMIpIOBaAHHSIMU B aTMO-
cepHNX YMOBAX YCTAHOBIEHO, L0 B EKCTPAroBaHMX CyXmx
aneBporiTax WBUAKICTb NOLUMPEHHST NOB3A0BXHIX MPY>XHUX
XBUNb 3MiHOeTECA Big 3810 mM/c (aneBponiT TeMHO-Cipuin)
no 5177 m/c (aneBponiT cniogucTuin) 3a cepeaHbLoro 3Ha-
YeHHs 4653 m/c, a iHTepBanbHUIi Yac — Big 193 go 262 mc/m
3a cepeHboro 3HaveHHsi 217 mc/m. LBnakicTb nowmpeHHs
NOB3O0BXHIX MPYXXHUX XBWUSb Y NICKOBUKaxX 3MIHIOETLCS Bif
2425 m/c  (MiICKOBUK  KPYMHO3EPHUCTUIA  KBapLIOBWUIA) 0
4463 m/c (nickoBWK cepeaHbO3EPHUCTUI Cipui) 3a cepen-
HbOro 3Ha4eHHs1 3624 m/c, a iHTepBanbHUIM Yac — Big 224 ao
412 mc/m 3a cepeHbOro 3HavyeHHsa 281 mc/m.

Y HacuyeHux MOAEenn MracToBOi BOAU aneBponiTax
WBWAKICTb NMOB3OOBXHIX XBUMb 3MiHOETbCA Big 4531 oo
5222 m/c 3a cepeaHboro 3HadeHHs 5001 m/c, a iHTepBanb-
HUA Yac — Big 191 o 221 Mc/M 3a cepeAHbOro 3Ha4YeHHs!
200 mc/m. LBuakicTb MOB3O0BXKHIX XBWIb Y MiICKOBUKaX 3Mi-
HioeTbea Big 3891 go 5360 m/c 3a cepeOHbOro 3HaYeHHst
4595 m/c, a iHTepBanbHuIM Yac — Big 187 oo 257 mc/m 3a ce-
peaHboro 3HavyeHHst 219 mc/m.

5500
y =-13994x + 5253.7

5000 Q R2=0,7627

4500 -

JTOBJKHIX XBHJIb,

Vp. M/c

4000

3500

IIIBHAKICTE IOB:

3000
0.00 0.02 0.04 0.06 0.08 0.10

KoedinieHT mopucrocTi. k. 9.0.

a

Y pesynbTaTi aHanisy akyCTU4HUX JOCMiaXeHb B aTMOC-
hepHUX yMOBaXx yCTaHOBMEHO HWU3KY KOPEnsALiHUX 3anex-
HOCTEM MiX LWBKMAKOCTAMM MpyxHux xBunb (Vp) Ta
iHTepBanbHUM Yacom (tp) i KoediuieHTom nopuctocTi (kn) Ta
ryCTMHOI AocnigXeHux nopig (8), HacMYeHUX pPO3UYMHOM
NaCl, rpadikv Skux npeacraBneHo Ha puc. 6-9.

AHaniTUYHI BMpasn BULLEBCTAHOBMNEHNX KOPEnsAUiMHUX
3anexHoOCTen HaBeAeHO HKYe:

V, = —13994 'k, + 5253,7 npu R? = 0,763 — anesponity;
V, = —15323 'k, + 5407,4,
npy R? =0,836 — yLlinbHEHi MNiCKOBUKMY;
tp = 591,09k, + 189,49, npn R? = 0,779 — anesponitu;
ty = 744,48k, + 179,41,
npu R? =0,84 — yLinbHeHi NiCKOBUKMY;
V, = 3,2104-6— 3578,7, npu R? = 0,69 — anesponiTu;
V, = 6,6916-6 — 12472,
npy R? =0,807 — yLinbHEHi NiCKOBUKMY;

tp = —0,1368-6+ 565,75, npu R? = 0,717 — anesponitu;
t, = —0.3182-6+ 1042,8,
npu R% =0,8 — yLLinbHEHi NiICKOBUKM.
5500
o ° y =-15323x + 5407.4
= R2=0.8359
2 5000 s
o
%
2 o 4500
2 7 4000
vl L ]
S
g 3500
=
3000
0,00 0,02 0.04 0.06 0,08 0.10
KoedimienT mopucrocTi, k. 9.0.
6

Puc. 6. KopensuinHi 3anexHocTi Mix koediuieHTom nopucTocTi () i LuBMAKICTIO NOB3A0BXHIX XBUIDb (V,):
a — anesponiT; 6 — yLinbHEHi NiCKOBUKK
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260 260
250 - y =744.48x + 179.41 o ®
25 25 = A
= ¥ =591.09x + 189.49 = R?*=10.8396 s . .
S 240 RZ=0.7792 g 240
2230 2230 o
g 220 g 220
= 210 g 210
£ 200 £ 200
=l =
g 190 g 190
E 180 glso
170 =170
160 160
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10
Koedimient nopuerocti, k. 1.0. Koeoinient nmopucrocri. k. €.0.
a 6
Puc. 7. KopensuinHi sanexHocTi mix koediuieHTom nopuctocTi (k,) Ta iHTepBanbHUM Yacom (t,):
a — anesponiT; 6 — yLinbHEeHi NiCKOBUKK
5500 5500
y=6.5916x - 12472 °
- 4 oo
E 5000 5 5000
g g
% =]
€ 4500 B 400
% %
a o 20
g2 =2
2 = 4000 2 4000
g s &>
a A
S 3500 5 3500
£ 5
2 3000 g 3000
- 2400 2500 2600 2700 2800 2450 2500 2550 2600 2650 2700
T'ycruHa, 8. Kr/M? I'yctuHa, 8. Kr/a®
a 6
Puc. 8. KopensiuiiHi 3anexHocTi Mix rycTuHoto (3) i uBnAKicTio NoB3A0BXHIX XBUNb (V):
a — anesponiT; 6 — yLinbHEeHi NiCKOBUKK
260 260 )
250 250 . y=-0.3182x +1042.8
= y=-0.1368x +565.75 s '3
g.240 TORT=0.7168 g 240
" 23 ' ~.230
2 g 220
2 x 210
2 Z 200
=
g 190
2'180
o]
=170
160
2500 2550 2600 2650 2700 2750 2450 2500 2550 2600 2650 2700
I'ycruHa. 3. Kr/a® I'yctuHa, 3, Kr/a®
a 6

Puc. 9. KopensuiitHi 3anexHocTi Mix ryctuHoto (3) i iHTepBanbHUM Yacom (t):
a — aneBponitu; 6 — yLinbHeHi NicCkoBMKK

3 MeTOoH BU3HAYEHHS LUBUAKOCTI NOLIMPEHHS NOB340B-
XHIX XBUIb Y NNacToBux ymoBax Vpnn NPOBEAEHI KOMMNNEK-
CHi OOCRIfXeHHSA Ha cneuiani3oBaHi yCTaHOBL BUCOKOro
Tncky BCLI-1000. BumiptoBaHHS BUKOHYBanucs Ha 3paskax,
HacnyeHnx posdmHoMm NaCl. Mexi 3miH i cepeHi 3Ha4YeHHs
Vp,nn Ta iHTEPBANbHOTO Yacy tp,an NOPIQ Y NAACTOBUX YMOBAX
HaBefeHo B Tabn. 2. 3a gonomorow i3nyHOro Mogento-
BaHHSA MMacToOBMX YMOB YCTaHOBIIEHO, WO LWBMAKICTb MO-
B3[OBXHIX XBWIMb Y [JOCHIOXEHUX nopogax 3pocTae 3i
36inblIeHHAM TUcky. Lle BigOyBaeTbcsl BHACMiOOK 3akpUTTS
B MOpoAax MIKpOTpilWKMH Ta gedopmadii NnopoBoro npoc-
Topy. BcTaHoBNEHO, WO WBUAKICTL NOB3A0BXHIX XBUMb 3Mi-
HIOETbCA: Anga anesponiTis — Big 4309 po 5201 m/c 3a
cepeaHboro 3HaveHHs 4899 m/c, a iHTepBanbHWUIA Yac — Big
192 no 232 mc/m 3a cepedHboro 3HavyeHHs 204 mc/m. LWeun-
OKICTb NOB340BXHIX XBUNb MNICKOBUKIB 3MiHIOETLCA Big 3662
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00 5622 m/c 3a cepeaHboro 3HaveHHsi 4603 m/c, a iHTepBa-
NbHUI Yac — Big 178 go 273 mc/M 3a cepeAHbOro 3Ha4eHHs!
219 mc/m (Tabn. 2).

Y pesynbTaTi KOMMIEKCHOro aHanidy AaHux nabopaTopHMX
aKyCTUYHMX JOCHIMKEHb ANl BUBYEHMX MOPIS YCTaHOBIEHI KO-
pensuiiHi 3aneXHOCTi MK LLUBUAKICTIO NMOB3LOBXHIX XBUIb B
aTMocdepHux i nnactosux ymosax (puc. 10), a Takox Mix Ko-
ecpivjieHToM nopucTocTi (Knnn) | LUBMAKICTIO MPYXHUX XBUIb
(Vpan) Ta iHTepBanbHUM 4YacoMm (tpnn) Y MNAcTOBMX yMOBaXx
(puc. 11, 12), aki BUpaxarTbCs NiHIMHUMU QYHKLISIMA.

AHaniTUYHI BMpasn BULLEBCTAHOBMEHNX KOPENALUiIMHUX
3aneXHOCTelN HaBeQeHO HMKYE:

Voun = 1,2829V, — 1516,8, npu R? = 0,98 — anesponitu;
Voun = 1,2976 1, — 1360,1,
npy R? =0,953 — yLinbHEHi NiCKOBUKMY;



FEONOrIS. 2(97)/2022

~ 35 ~

Voun = —28357 &y 1, + 5295,8,

npun R? = 0,783 — aneBponitu;

Voun = —21150k, , + 5553,5,
npy R? =0,808 — yLinbHEHi NiCKOBUKMY;

. 6000

=

z 2300 y=12829x - 1516,8
E 5000 R2=10,9795
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2 74500
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5 4000
g 3500
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= 3000
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a

tpun = 1269.9 %, + 186.72, npu R? = 0,808 — anesponitu,
tpnn = 1035 kp 5; + 172,95,
npu R? =0,812 — ywlinbHeHi nickoBukm

B y = 1,2076x - 1360,1
o 3300 R?=0,9531
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3000 3500 4000 4500 5000 5500

IIIBHAKICTD HOB3IOBKHIX XBHIb, V,, M/C

6

Puc. 10. KopensuiiHa 3anexHicTb MiX LWUBUAKICTIO NOB3A0BXHIX XBUNb B aTMocdepHux (Vy) i nnactosux (Vy n,) ymosax:
a — aneBponiT; 6 — yLinbHEeHi NiCKOBUKK
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g 3300 y=-28357x + 52958
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6

Puc. 11. KopensuiiHa 3anexHictb mix koedinieHtom nopuctocTi (Kq.qn) | LUBMAKICTIO NOB3AOBXKHIX XBUNB (V;,qr) Y NNACTOBMX yMOBaX:
a — aneBponitu; 6 — yLWinbHeHi NiCKoBMKK

y =1269,9x + 186,72

ac, t, ., M/c

AJIbHHH ¢

[HTEPB!
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160
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6

Puc. 12. KopensuinHa 3anexHicTb Mix koediuieHToM nopuctocTi (Kq.qn) Ta iHTepBanbHUM Yacom (t, ;) y NacToBux ymosax:
a — aneBponitu; 6 — yLinbHeHi NickoBMKK

BucHOBKW. Y cTaTTi HaBeeHO pe3ynbTaT KOMMIEKC-
HWUX JOCHiAXeHb NeTpodisnyHNX BNacTMBOCTEN KOMeKLii 3i
115 3paskiB yLwinbHEeHMX nopia (NiCKoBWKIB i aneBponiTis),
BifibpaHux Ha 3 noLIyKOBMX MMoOLW@x LEeHTpanbHOro rpa-
6eHa 103 B iHTepBanax rnnbuH Big 3618 go 5650 m.

JTabopaTopHUMM  €NEKTPOMETPUYHUMM  BUMIDIOBaHHSAMMU
BCT@HOBJIEHO, LLIO NUTOMWUIA €NEKTPUYHUIA Onip MiHepanbHOro
ckerneTa (OMip Cyxux eKCTparoBaHvx MopiA) 3MiHIOETbCS: Ans
anesponitiB — Big 4,447 po 74,4 kOm-M (cepegHe 3HaYeHHS
36,398 kOm-m); ana nickoBukie — Big 31,392 kOm-m po
456,569 MOM-Mm (cepefHe 3HaveHHs 22,912 MOM-M). 3HauHi
BapiaLlii TMTOMOro ornopy 3paskiB NMOACHIOIOTECA HEOAHOPIAHO-
CTSIMW Y CTPYKTYpi Ta TEKCTYpPi Nopia (HasiBHICTb MUHUCTUX i Ni-
LLIAHMCTUX MPOLLAPKIB Ta BKIOYEHB). [TUTOMUIA eneKkTpuYHUiA
onip nopig, HacWU4eHWX MOLESi0 MnacToBOl  PiAMHW,
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3MIHIOETBCSA: AN anesponiTiB — Big 5,8 4o 21,8 Om-M (cepeaHe
3HadeHHsa 11,7 Om-Mm); ansa nickoukie — Big 2,1 go 18,9 Om-m
(cepepHe 3HaveHHs 6,4 Om-M). 3a cepefHiMM 3HaYEHHAMU
OMOpIiB aneBpOniTH i MICKOBUKM CYTTEBO BiOpPI3HAOTLCS.

Y pesynbTaTi NeTpodisnyHMUX AOCHiMKEeHb BU3HAYEHO
BiAHOCHWU enekTPU4HMIA onip nopia B aTtMocdepHNX ymo-
Bax. Lleii napameTp 3miHOETbCA: ANs aneBponiTiB —Big 71,2
no 2655 (cepegHe 3HaveHHs 142,5); ons nickoBWKiB —
Big 25,2 0o 230,4 (cepeaHe 3Ha4eHHsa 77,5).

Ha ocHoBi npoBeeHNX eNekTPOMETPUYHNX AOCHIAXEHb
CrnocoboM LeHTpUyryBaHHs 3paskiB yCTaHOBMNEHO KOpensi-
LiNHWI 3B'A30K MiXk NnapamMmeTpoM 30iMnbLUEHHS eNeKTPUYHOro
onopy i koeilieHTOM BOOOHACUYEHHS!, KU BUPAXaETbCSH
CTEeNeHeBO (YHKLUIELD.
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Y pesynbTaTi Qi3n4HOro MoAentoBaHHsi NacToBUX YMOB
YCTaHOBIIEHO, WO MUTOMUIA eNEKTPUYHUIA ONip 3MIHIOETBCS:
ansa anesponiTie — Big 0,8 0o 5,6 Om-M (cepegHe 3HaYeHHs
2,4 Om-m); gnsa nickosukiB — Big 0,3 go 2,5 Om-m (cepeaHe
3HayeHHs 0,8 Om-M). BumiptoBaHHS MMTOMOro onopy nopia
3a pi3HMX TUCKIB NoKasanw, Lo BHACNIAOK 3aKpUTTS MIKpOT-
pilmMH Ta gedopMalii NOpPOBOro MPOCTOPY €neKTPUYHUIA
onip nopig 3pocTae 3i 36inNbLEHHAM TUCKY, MPU LbOMY 3are-
XHiCTb koedpilieHTa 36iNblUEeHHsT MMTOMOro enekTPUYHOro
onopy Big TUCKY ANS AOCHIMKEHWUX Nopig BUpaXaeTbCcs No-
niHomom gpyroro nopsiaky. OpgHak 36inbLIeHHs Temnepa-
TYypY B MNACTOBUX YMOBAX CMPUYMHIOE 3BOPOTHMI NpoLEec —
onip 3ameHLWyeTbcA. JocnimKeHHSMN BIQHOCHOTO eneKkTpuy-
HOro Onopy Mopig y NNacToBUX YMOBaXxX YyCTaHOBIIEHO, LUO
Ller napameTp 3MIHIOETBCS: ANS aneBponiTiB — Big 276,7 oo
1853,3 (cepenHe 3HauyeHHs 804,9); onst NiCKOBUKIB — Big
88,5 0o 1074,5 (cepenHe 3HaueHHs 323,7).

Y pesynbTaTi KOMMAMEKCHOro aHanisy MmaTepianis enekr-
POMETPUYHUX AOCHiAXKEHb A5 Nopig YCTaHOBNEHO Kopernsi-
UifHI 3B'A3KM MK NUTOMUM E€NEeKTPUYHUM i BiOHOCHUM
€NeKTPUYHMM OMOpOoM, a TakoX MiX KoedilieHToM nopuc-
TOCTi 1 BiHOCHUM €NEKTPUYHUM OMOPOM B aTMOCKEPHUX i
NnacToBMX yMOBaXx. 3anexHiCTb MiXk TMTOMUM Ta BifHOCHWUM
€IeKTPUYHMM OMOpPOM B aTMOCHEPHUX i MIAcTOBUX YMOBAX
ONa OoCnigpKEeHUX Nopig BUpaXXaeTbCA MiHINHOK (PyHKUIED.
disnyHe MoaentoBaHHS NMacToBMX YMOB [O3BONSAE aganTy-
BaTW 3HAYEHHS €NEKTPUYHUX NapaMeTpiB, OTPUMaHMX Mif Yac
nabopaTopHMX BUMiptoBaHb B aTMOCHEpPHUX yMOBax, A0 Nna-
pameTpiB Nopif, WO 3HaXoaaTbCs B NNACTOBMX YMOBaX.

AKYCTUYHVMUW BUMIPIOBAHHSIMU B aTMOC(EPHMX yMOBaXx
YCTaHOBMNEHO, WO LWBUAKICTb MOLUMPEHHS MOB3A0BXHIX
XBUIb Y CyXUX eKCTparoBaHMX MOpoAax 3MIHIETbCH: Ond
anesponitiB — Big 3810 no 5177 m/c (cepedHe 3HAYEHHS
4653 m/c); onsa nickoBukiB — Bia 2425 no 4463 m/c (cepeaHe
3Ha4yeHHs1 3624 m/c). LUBnakicTb NOB3A0OBXHIX XBUMb nopia,
HaCM4YEHUX MOENNI0 MMacToBOi BOAM, 3MIHIOETLCA: Ansi
anesponitiB — Big 4531 go 5222 m/c (cepedHe 3HayeHHs
5001 wm/c); gnsa nickosukiB — Big 3891 no 5360 m/c (cepeaHe
3Ha4veHHs 4595 m/c).

Y pesynbTati isyHOro MogentoBaHHA NnacToBUX yMOB
YCTaHOBIIEHO, IO LWBWUAKICTb MOB3AOBXHIX XBWUIMb 3MiHO-
eTbcs: ans anesponitis — Big 4309 go 5201 m/c (cepenHe
3Ha4veHHs1 4899 m/c); ang nickoBukiB — Big 3662 fo 5622 m/c
(cepenHe 3HaveHHs 4603 m/c). 3i 36iNbLIEHHAM TUCKY LUBU-
OKICTb NOB340BXHIX XBUNb 3pOCTae BHACMIOOK 3aKpUTTS Mi-
KpOTpiWuH i gedopmaiii NopoBOro NpocTopy. 3anexHicTb
30iNblUEHHS LWBWMAKOCTI Bif, TUCKY OMUCYETBLCA MOMIHOMOM
OPYroro nopsaky.

LLinsaxom KOMNMEKCHOro aHanisy maTepianiB akyCTUYHUX
AocnigXeHb Anst aneBponiTiB i NiICKOBKKIB YCTaHOBMEHO Kope-
NAUINHI 3B'A3KN: MK LWIBUAKOCTAMU MPYXHUX XBUMb i ryCcTu-
HOI Ta KoediLiEHTOM NOPUCTOCTI B aTMOCHEPHUX YMOBaX;
MiX LUBMOKOCTAMM NOB3AOBXHIX XBUNb B aTMOCepHUX i nna-
CTOBWX YMOBaX; MK LUBUAKICTIO | KOediLiEHTOM NOPUCTOCTI B
NNacToBMX YMOBAX. 3anexHiCTb MiX LLBUAKICTIO NOB3AOBXHIX
XBWIMb B aTMOC(EPHUX i NNacToBnx yMoBax Ans Aocrnigxe-
HWUX MOpIg BUPAXaeTbCA MiHiHOW dyHKLUie. PisnyHe moae-
NOBaHHSA NNacToBMX YMOB [03BONSE afanTyBaTy 3HAYEHHS
aKyCTUYHUX NapamMeTpiB, OTpPMMaHUX nig Yac nabopaTopHmx
BMMIpIOBaHb B aTMOCEPHNX YMOBax, 4O NapameTpiB nopia,
LLIO 3HAX0ASATLCS Y NAcTOBMX YMOBaX.

KopensuiiHi 3anexHOCTi akyCTUYHUX Ta eNEKTPUYHMX na-
pameTpiB i3 inbTpaLiiHO-EMHICH/MY BNACTMBOCTAMM aneB-
PONITIB i LWiNbHMX MICKOBMKIB, OTPUMaHi 3a pesyrbTaTtamu
nabopaTopHMX NeTpoqisuYHMX [OCMIMKEHb, MOXYTb OyTu
OCHOBOKWO  ONd  MonepeaHbol  iHTepnpeTauii  gaHux
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reopianyHMX JOCnifpKeHb CBEPASIOBMH HA HOBUX NEPCNeKT-
BHVX MnoLax LeHTpaneHoro rpabena A3.

Pob6ota BMKOHaHa B paMkax OepXOHmMKETHOI Temu
Ne216I1049-01.

ABTOpPM BWCMOBMIOKTL LWUMPY MOASAKY CT. nabopaHTy
LlymaHy B. C. 3a noro aktuBHy 1 BUcCokonpodecinHy y4acTb
y NigroToBsLi 3pas3kiB i nabopaTopHUX OOCNIOKEHHSIX.
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ELECTRIC AND ELASTIC PROPERTIES OF DEEP-SEATED CONSOLIDATED ROCKS
OF CARBONIFEROUS PERIOD OF THE CENTRAL GRABEN OF THE DNIEPER-DONETSK DEPRESSION

Paper concerned the research of elastic and electric properties of deep-seated consolidated terrigenous rocks of Carboniferous period of the
Central graben of the Dnieper-Donetsk depression (DDD).

The purpose of the research was to study the petrophysical parameters of the consolidated reservoir rocks, as the basis of the integrated analysis
of their physical properties. Such electric and elastic parameters of rock samples as resistivity and formation resistivity factor, formation resistivity
enlargement factor, velocities of the P-waves and interval (transit) time have been studied.

The correlation analysis has allowed establishing a series of empirical relationships between resistivity and formation resistivity factor, and
between porosity and formation resistivity factor in atmospheric and reservoir conditions. The correlation relationships of the resistivity with
formation resistivity factor manifest itself in linear function. Physical modeling of reservoir conditions allows adapting the values of electrical
parameters obtained in atmospheric conditions to parameters of rocks in reservoir conditions.

Laboratory acoustic study of siltstones and sandstones managed to establish correlation relationships of: velocities of the P-waves and interval
(transit) time with density and porosity in atmospheric conditions; velocities of the P-waves in atmospheric and reservoir conditions; velocities with
porosity in reservoir conditions. The dependence of the velocities of the P-waves in atmospheric and reservoir conditions for the studied rocks
manifest itself in linear function. Physical modeling of reservoir conditions allows adapting the values of elastic parameters obtained in atmospheric
conditions, to parameters of rocks in reservoir conditions.

The correlation relationships of the electric and elastic properties with reservoir properties of siltstones and consolidated sandstones which were
obtained in laboratory petrophysical research should be at the basis of preliminary interpretation of geophysical data on new areas of the Central
graben of DDD.

Keywords: consolidated sandstones, siltstones, resistivity, formation resistivity factor, velocity of elastic waves, correlation relationships.
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MAGNETIC MINERALOGICAL ANALYSIS OF SOILS AS A PART OF THE INTEGRATED
GEOLOGICAL AND GEOPHYSICAL MODEL FOR THE HYDROCARBON PROSPECTING

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-pom 2eos. Hayk, npogh. O. M. KapneHkom)

Magnetic minerals form or alter in the presence of hydrocarbons, making them a potential magnetic proxy for identifying hydrocarbon
migration pathways. We concentrate in the precision magnetic mineralogical analyzes to understand what magnetic minerals in soil from
the hydrocarbon fields are responsible for the magnetic signal. To illustrate the results of our studying, we consider the study area of the
hydrocarbon deposits near the village Balabanivka, Bogodukhiv district, Kharkiv region. A collection of soil samples is represented by
deep medium-humus chernozems. The thermomagnetic analyzes, hysteresis parameters, and isothermal remanent magnetization curves
(IRM) were studied for the samples collected near the well (point PR 28) and at the area located out of the hydrocarbon influence zone
(point PR 0403). To study the thermomagnetic parameters, different types of the magnetization and magnetic susceptibility (MS, x), and
hysteresis loops we used the Variable Field Translation Balance (VFTB) instrument. The results are confirmed by the highest values of
the gas geochemical parameters. The MS variations at temperatures ranging from 200 to 400 ‘C may reflect the presence of either iron
sulphides or maghemite. The magnetite occurs for all soils. The wasp-waisted hysteresis loops identified either a mixture of two magnetic
minerals (magnetite and hematite) and the admixture of the superparamagnetic and larger grains of the same minerals.

Keywords: tight oil and gas, hydrocarbons, soils, environmental magnetism, magnetic susceptibility, magnetization.

Introduction.

The current situation of the economic development in
Ukraine require the development of the oil and gas production.
The intensification of the process leads to the need for
significant financial costs for energy sector. This situation is
considered in the context of national security and requires
urgent management decisions, which are based on data from
industry organizations and audits. One of the possible ways to
increase the production of raw materials of its own origin is not
deeply studied sources of compacted oil and gas reservoirs.

Magnetic minerals form or alter in the presence of
hydrocarbons, making them a potential magnetic proxy for
identifying hydrocarbon migration pathways (Badejo e al.,
2021). The application of soil magnetism in the oil and gas
sector is based on their unique ability to carry information
about deep geological processes and near-surface
anthropogenic activity (Menshov, 2018; Menshov et al.,
2016). The physical and chemical basis of the method is the
fact of migration of hydrocarbon fluid from the deposit to the
upper near surface geological layers as well as to the soil.
During the microseepage and the hydrocarbons migration,
the fluids generate a change and formation of new magnetic
minerals (authigenic minerals). Due to this phenomenon,
soils acquire new or altered magnetic properties that can be
identified in the field and laboratory conditions. In the
process of complex interpretation with other geophysical
and geochemical methods, new information on possible
deposits of oil and gas is obtained. In addition, information
on the magnetic properties of soils allows us to assess the
pollution and impact on agronomic properties of lands
(Menshov, 2016). Such information is especially relevant
when perform studies at the areas of non-traditional
reservoirs as well as to control the fracturing process.

The fact of uniqueness of the magnetic method is
decisive, because the genesis of the deposit does not matter
for its application. This means that magnetic studies are
independent from the geological nature of the deposit — non-
traditional type or classical deposit. Therefore, magnetic
methods in the study of areas of compacted oil and gas
reservoirs, soils and the upper part of the geological section
can use physical and chemical bases and existing
developments in relation to classical oil and gas prospecting.

In this paper, we concentrate in the precision magnetic
mineralogical analyzes to understand what magnetic

ISSN 1728-2713

minerals in soil from the hydrocarbon fields are responsible
for the magnetic signal.

State of the art.

Rock magnetic experiments identify a range of magnetite,
maghemite, iron sulphides, siderite, goethite and
titanohematite, some of which are part of the background
signal, and some due to the presence of hydrocarbons.
Typical concentrations of the magnetic minerals are 10-200
ppm. Badejo e al., 2021 identified an increasing presence of
authigenic iron sulphides (likely pyrite and greigite) along the
identified lateral hydrocarbon migration pathway. This is likely
caused by biodegradation resulting in the precipitation of iron
sulphides, however, though less likely, it could alternatively be
caused by mature oil generation, which subsequently
travelled with the migrating oil to the traps. These
observations suggest mineral magnetic techniques could be
a rapid alternative method for identifying the severity of
biodegradation or oil maturity in core sample, which can then
be used to calibrate petroleum systems models.

Kessouri and Ustra, 2019 proposed a laboratory
approach that includes quantitative analysis of different
magnetic properties: thermomagnetic measurements,
frequency dependent susceptibility (FDS) and isothermal
remanent magnetization (IRM). We used soil samples from
the Brandywine superfund site contaminated with dense
non-aqueous phase liquids (DNAPLs) and remediated using
amendment injections to enhance the hydrocarbon
biodegradation. Thermomagnetic analysis shows a
difference between treated and untreated samples:
magnetite is observed mostly in the untreated samples,
when another magnetic mineral with a Curie temperature
around 300°C is observed in the treated samples. This could
correspond to a reduced form of magnetite such as pyrrotite
or greigite that would indicate microbial reduction.

A combined study of rock-magnetism and electronic-
paramagnetic resonance (EPR) was performed by
Costanzo-Alvarez et al., 2019 in core samples from an oil
well in the Vaca Muerta Formation (SW Argentina). The aim
of this work was to characterize the effects of hydrocarbon-
related diagenesis on the magnetic signature of oil shales.
The hydrocarbon-induced magnetic anomalies in these oil
shales are conditioned mostly by their petrophysical
properties. The reactive organic matter free radicals,
resulting from the thermal degradation of a kerogen that

© Menshov 0., 2022
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yields a slightly-biodegraded crude oil, seem to have acted
on the primary Fe oxides and sulfides through two diagenetic
stages. The second diagenetic stage could have produced
partial replacement of framboidal pyrite by authigenic
pyrrhotite, as recognized by scanning electron microscopy
(SEM), electron X-ray energy dispersion (EDX) experiments
and the analysis of the thermomagnetic and IRM curves
De la Rosa et al., 2021 integrate satellite image spectral
analyses with rock magnetic and geochemical data (i.e.,
mass-specific magnetic susceptibility x, saturation isothermal
remanent magnetization SIRM, analysis of SIRM acquisition
curves, absorption spectro-radiometry, and X-ray diffraction
analyses). This case study illustrates the potential of such an
integrated method as an oil exploration tool, and a means to
assess the level and scope of the environmental impact
produced by hydrocarbon seepage on terrestrial ecosystems.

As was mentioned in introduction, the magnetic studies
of the soil at the areas of the compacted reservoirs are
important in terms of the environmental issues. Ayoubi et al.,
2020 concluded that through the world as well as in Iran,
petroleum hydrocarbons have majority contribution in
environmental ricks for human and other organisms.
Therefore, they evaluate hydrocarbon pollution effects on
soil chemical properties, as well as soil magnetic
susceptibility (MS) on a petroleum refinery compound in
Isfahan province, Iran. Enhancement of magnetic
susceptibility presumably attributed to formation of
ferrimagnetic minerals such as magnetite because of
degradation of hydrocarbon compounds.

The studies (Abdelazeem et al., 2021) aim to detect the
Phanerozoic sedimentary sub-basins and their hydrocarbon
potentialities within the Qattara Ridge in the northern
Western Desert, Egypt, through the interpretation of high-
resolution land magnetic data. Reducing gases, coming
from the possible underlying hydrocarbon reservoir, play a
critical role in the formation of these secondary magnetic
minerals. The reservoir in the Qattara Ridge, based on the
present study, is characterized by low magnetic
susceptibility and low surface magnetic anomaly in the
studied locations of productive wells.

Sechman et al., 2020 evaluated the relationship between
the distributions of direct and indirect, surface geochemical
indices in the selected part of the Outer Carpathians. The
research included analysis of molecular composition of soil
gas samples and calcite contents as well as the
measurements of magnetic susceptibility and pH of soil
samples. Comprehensive interpretation of the results
obtained by direct and indirect methods in this paper provides
another positive example helping to better understand the
complicated mechanism of hydrocarbon migration and the
potential usefulness of indirect methods suitable for
hydrocarbon exploration.

Study Site and Methods.

To illustrate the results of our studying, we consider the
study area of the hydrocarbon deposits near the village
Balabanivka, Bogodukhiv district, Kharkiv region. A
collection of soil samples is represented by deep medium-
humus chernozems. The samples were collected within the
influence areas of Nedilna-1 (productive) and Nedilna-2
(non-productive) wells.

The geometry of the study site with the sampling points and
the map of the magnetic susceptibility is given in Fig. 1 (retrieved
from the bachelor diploma of B. Kruhlov). More information about
the study site was described in Menshov, 2021.

Magnetic mineralogical measurements were performed
at the Magnetic Laboratory of the Department of the Earth
and Environmental Studies of the Ludwig-Maximilians-
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Universitdt Minchen. To study the thermomagnetic
parameters, different types of the magnetization and
magnetic susceptibility, and hysteresis loops we used the
Variable Field Translation Balance (VFTB) instrument. VFTB
provide the possibility of the measurements of the
magnetization and ma magnetic susceptibility,
thermomagnetic curves at-180°C to 800°C (simultaneous
measurement of magnetization and susceptibility), isothermal
remanent magnetization IRM (full temperature range),
backfield (full temperature range), hysteresis loops (full
temperature range), and FORC diagrams. VFTB is a
sensitive and versatile instrument for measurement of
magnetic properties of materials. Due to its high sensitivity, it is
an ideal instrument for research in rock magnetism and
environmental magnetism and can measure weakly magnetic
materials, such as sandstone, limestone, soil etc. It can also be
used for magnetic analysis in the field of material science e.g.
analysis of synthetic materials, thermal behavior of permanent
magnets etc. It is the only instrument on the market that can
simultaneously measure the reversible and irreversible
components of magnetization and their temperature
dependence. This makes it an instrument that is particularly
suited for discrimination of different magnetic phases in the
sample. RockMag Analyzer software was used to interpret all
this data.
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4
o 10-8m3/kg
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*PROG B 15- 51
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51-67
°PRO8
:F'Rug | |e7-74
.PRﬂJ | I 74 -78
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A Well

e Sample of Soil

R0301

Fig. 1. Study site and the map of thy spatial magnetic
susceptibility distribution

Results and Discussion.

The thermomagnetic analyzes, hysteresis parameters,
and IRM curves were studied for the samples collected near
the well (point PR 28) and at the area located out of the
hydrocarbon influence zone (point PR 0403).

We applied the thermomagnetic study of the remanent
magnetization to identify magnetic phases, which are
related to the natural soil magnetism or induced by the
hydrocarbon migration (possibly halo effect). The data
processing shows that after heating the sample to a
temperature of 700 °C during cooling there is a slight
decrease in the magnetization of the samples. There is a
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decrease in magnetization at a temperature of about 580 °C,
which indicates the presence of magnetite as the main
magnetic mineral (Fig. 2). The remanent magnetization of the
sample collected near well (Fig. 2a) is higher than for the
sample collected at the background area (natural soil
magnetism, Fig. 2b). The evidence of such kind of the
behavior of the remanent magnetization may indicate
the direct effect of migrating and microseepage as well as the
halo hydrocarbon effect. At the same time at the point PR28
the maxima of gas geochemical parameters were registered.

Magnetite can be formed either by the oxidation of Fe?*
or by the regeneration of Fe3* by magnetotactic bacteria
(Lovley et al., 1989). The magnetotactic bacteria reduce Fe
(Il1) and are able to reduce higher crystalline Fe(lll) minerals,
such as hematite, goethite and magnetite, as well as poorly

Sample: NED PR 0403 Tc
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crystallized ferrihydrite (Weber et al., 2006). From the other
site hydrocarbons in sediments and soils also affect Fe(ll)
oxidants as well as Fe(lll) reducing agents. Sequentially,
Fe?* can be oxidized by anaerobic and aerobic Fe(ll)
oxidizing magnetotactic bacteria, which can also direct the
formation of magnetite (Kappler and Straub, 2005). The
mentioned processes can affect the change of
ferromagnetic minerals and finally change the magnetic
susceptibility of soil under the microssepage.

To go deeper inside the temperature dependence
behavior of the magnetic minerals of the soil affected with
hydrocarbon migration, we attracted the analyzes of the
magnetic susceptibility for the sample PR28. The results are
given in Fig. 3.
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Fig. 2. Temperature dependence of the remanent magnetization:
a — the sample collected near well, b — sample collected at the background area
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Fig. 3. The emperature dependence of the magnetic susceptibility for the sample collected
at the hydrocarbon field near the well, point PR 25:
a — heating and cooling cycle; b — heating in more visible scale

The MS variations at temperatures ranging from 200 to
400 “C may reflect the presence of either iron sulphides or
maghemite (Mathé and Lévéque, 2005). Alternatively, this
variation might be due to fine particles staying in a single
domain (SD) at room temperature and becoming
superparamagnetic at increasing temperatures (Rijal et al.,
2012). The peak at 500 ‘C could indicate neoformation of
magnetite. The latter must have resulted from oxidation of
pyrite and other sulphides of hydrocarbon origin transformed
into magnetite. The Curie temperature near 580 "C suggests
the presence of magnetite-like phases. The heating curve (b),
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however, shows no maximum near 500 °C indicating a much
smaller content of magnetite. Variation within the temperature
range of 200—400 °C, on the other hand, is associated with
the main magnetic phases — sulphides or maghemites. The
first peak at about 200 °C could be ascribed to the burning of
organic matter, whereas a significant decrease in MS values
near 400 °C could be related to the effect of maghemite-
hematite transformation (Jordanova and Jordanova, 2016).

The hysteresis analyzes (Fig. 4) as well as studies of the
backfield were applied for the samples PR 0403 and PR28
(see the description above).
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Fig. 4. The hysteresis loops:
a — the sample collected near well, b — sample collected at the background area

The smoothing of the paramagnetic effect was applied.
For the sample collected at the point NED PR 0403 the
hysteresis loop was obtained at 20 °C. The shape parameter
is 0.32. This means the wasp-waisted geometry of the loop.
The hysteresis rations are: Mrs/Ms=0.16; Bcr/Bc=2.99;
Brh/Bcr=1.86 (where Mrs is remanent magnetization after
saturation; Ms is magnetization at the saturation; Bcr is
coercivity of remanence; Bc is coercivity; Brh is hard
component of the remanent magnetization). The coercivity
curve was obtained at 22 °C. Bcr=25.96 mT. According to
the mentioned values the magnetics are in the pseudo-
single domain state (PSD).

For the sample collected at the point NED PR 28 the
hysteresis loop was obtained at 23 °C. The shape parameter
is 0.39. This means the wasp-waisted geometry of the loop.
The hysteresis rations are: Mrs/Ms=0.20; Bcr/Bc=3.41;
Brh/Bcr=0.99. The coercivity curve was obtained at 24 °C.
Bcr=24.89 mT. According to the mentioned values the
magnetics are in the pseudo-single domain state (PSD).

So-called "wasp-waisted" hysteresis loop is when the
central section is smaller than the outer parts. Wasp-waisted
loops are typically of mixed ensembles with contrasting
coercivities: either a mixture of two magnetic minerals (for
example magnetite and hematite) or a mixture of
superparamagnetic and larger grains of the same mineral
(Gubbins and Herrero-Bervera, 2007).

Conclusions.

Magnetic mineralogical studies provide the important data
related to the identification of the magnetic phases according
to the soil genesis. We studied soils at the areal of the
hydrocarbon wells and under the natural pedogenesis. The
remanent magnetization of the samples collected near the
well was higher than for the samples collected at the
background area. In this case the remanent magnetization
indicates the direct effect of migrating and microseepage as
well as the halo hydrocarbon effect. The results are confirmed
by the highest values of the gas geochemical parameters.
The MS variations at temperatures ranging from 200 to 400
‘C may reflect the presence of either iron sulphides or
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maghemite. The magnetite occurs for all soils. The wasp-
waisted hysteresis loops identified either a mixture of two
magnetic minerals (magnetite and hematite) and the
admixture of the superparamagnetic and larger grains of the
same minerals.

The magnetic mineralogical data considered as the
complementary method at the complex of the direct
hydrocarbon prospecting. Moreover, the natural soil magnetic
parameters are important for the proper magnetometry
interpretation of the low amplitude anomalies.
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Hapinwna go peakonerii 25.01.22

MAF!-_IITOMIHEPAJ'IOFI‘-IHVIVI AHANI3 I'PYHTIB SIK CKIIALOBA
KOMMJIIEKCHOI TEONOI0-re0®I3N4YHOI MOAENI NMPU NMOLLUYKAX BYITMEBOOHIB

MazHimHi miHepanu ymeoprorombcsi abo 3MiHOIOMbLCS Yy NpucymHocmi eya2sieeo0Hie, momy ix eusHayeHHs1 do3eosisie ideHmugbikyeamu wnsixu
Miepayii eyaneeo0His. Y nponoHoeaHili cmammi HageOeHO 8UCOKOMOYHUUI Ma2HimoMiHepanoz2idyHull aHani3 dnsi Po3yMiHHs, siKi MaeHIimMHI MiHepanu e
rpyHmi 3 podoeuw; eyaniesodHie eidnoeidaromb 3a MacHimHuli cuzsHan. [JocnidxeHo dinsiHKy podoeuw, eyaneeodHie nobnusy c. banabaHieka bozo-
dyxiecbko20 palioHy Xapkiecbkoi o6nacmi. Konekuisi rpynmoeux 3pa3kie npedcmaesneHa 2nu6okumu cepedHbo2yMycHUMU YopHo3emamu. Tepmomaz-
HimMHi aHani3u, napamempu nemii 2icmepe3ucy ma kpuei i3omepmi4yHoi 3anuwkoeoi HamazHiveHocmi (IRM) 6ynu eueyeHi Ons npo6, eidi6paHux Nobausy
ceepdnosuHu (moyka PR 28), ma Ha dinsiHyi, po3mawoeaHili no3a 30Hoto ensuey eyaneeodHie (moyka PR 0403). [nsi docnidxeHHss mepMoMacHimHux
napamempis, pi3HUX munie HamazHi4eHocmi ma maezHimHoi cnputiHamaueocmi (MS, x), a makox nemesb 2icmepe3ucy aukopucmosysasnu npunad Var-
iable Field Translation Balance (VFTB). Pe3ynbmamu KopesitorombCsl i3 BUCOKUMU 3Ha4YeHHAMU 2e0XiMi4YHUX napamempie 2asie. Bapiauii MS npu memne-
pamypax gid 200 do 400 °C moxxymsb gidobpaxkamu npucymHricmb abo cynbpidie 3aniza, abo mazeemimy. MazHemum 3ycmpiyaembcs y 6cix rpyHmax.
IMemni 2cicmepe3ucy, siki Ha2adyromb OCUHy cmpiyky (wasp-waisted), ideHmudikyeanu sik cymiw 0eox MacHimHUX MiHepanie (MacHemumy ma 2ema-
mumy), a makoX OOMiWKu cyneprnapamazHimHux i KpyrnHiwux 3epeH mux caMux miHeparnis.

Knroyoei cnoea: ywjinbHeHi nopodu, Hagpma, 2a3, eyarieeo0Hi, r'pyHmu, MazHemu3mM HaeKOJIUWHLO20 cepedosuwia, MazHimHa crnpuliHIm-
Jlueicmb, HaMa2Hi4eHicmab.
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PERIODICITY OF EARTHQUAKES IN THE CASPIAN SEA

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eosl. Hayk, cm. docnidHukom O. I. MeHbuwiosum)

The Caspian Sea is the largest closed reservoir in the world. The strongest earthquake in the Caspian Sea was the 7.9 magnitude,
the 1895 Krasnovodsk earthquake. The parameters of earthquakes with different magnitude in recent years in the Caspian Sea were
analyzed and the characteristic depth was determined based on statistical data. Attempts to determine their periodicity and attempts
to predict for the future have been made on the basis of statistical data of earthquakes occurred within the last 50 years in the Caspian
Sea and surrounding regions. In the data taken from the earthquake catalog, parameters of earthquakes whose magnitude is above
5.0 were used. In recent years, earthquakes with a magnitude below 5.0 have been accompanied in the Caspian Sea. The characteristic
depth of earthquakes is considered +60 km. The probability of recurrence of an earthquake with a magnitude of 6.8 occurred in 2000 is
likely to occur in 2050.

Keywords: Caspian Sea, earthquake, magnitude, depth, seismicity.

Introduction. The Caspian Sea is the largest closed
reservoir in the world. The reason why earthquakes occur in
the Caspian Sea is clear according to 3-D geodynamic
model of the Caspian region after V.I.Ulomov (Fig. 1). The
largest of the "coastal" seismic events known to have
occurred there include 1895 Krasnovodsk, western
Turkmenia magnitude 7.9 earthquake and the 1868
magnitude 7.8 event which occurred on the opposite coast
of the Caspian Sea (Ulomov et al., 2003). The Caspian Sea

region presents earthquakes with a variety of focal
mechanisms including lateral faulting, large and small angle
thrusting and also normal faulting, all of which have the
potential to be affected by crustal flexure (Fig. 2) (Ansari
etal, 2020). Fig.3 and Fig. 4 illustrates epicenters of
earthquakes occurred different years in the Caspian Sea
region. Let's try to determine the periodicity of earthquakes
by paying attention to the time of occurrence, the magnitude,
using statistical data.

Fig. 1. 3-D geodynamic model of the Caspian region (after V.l. Ulomov).

Bottom: 1 — water layer; 2 — folded and faulted seafloor sediments; 3 — "granitic" layer; 4 — relicts of oceanic crust; 5 — "basaltic" layer;
6 — subcrustal substratum; 7 — highs in the gradient of isostatic anomalies; 8 — major tectonic faults; 9 — irection of pressure exerted
by Arabian plate; 10 — direction of subduction for the southern Caspian oceanic lithosphere pluging under the Turanian-Scythian plate;
11 — direction of motion for the northern Caspian lithosphere as this is being involved into subduction; 12 — horizontal tension in the bending
northern Caspian lithosphere producing normal slip movements in local earthquakes. Top-schematic dynamic three-block model:
A — Caucasus block, B — Albourz Mountain — Caspian block, C — Kopet Dag — Turanian block (See Ulomov et al., 2003, fig. 3)

Materials and Methods. According to the official website
(www.seismology.az) of the Azerbaijan Republic Seismic
Survey Center, the periodicity of the earthquakes in the
Caspian Sea was investigated using the catalogues of
earthquakes from 01.01.2018 to 31.06.2021. During the
analysis, parameters such as the moment of earthquakes,
coordinates, depths, magnitudes were taken as the basis. On
the basis of these materials, 4 graphs were drawn and these
parameters were described in graphs. Each of the 4 graphs
presents individual years. In the first graph describing 2018,
earthquakes in the Caspian Sea were very few. This year the

ISSN 1728-3817

region had a quiet period. The graph, which presents the
earthquakes in 2019, clearly shows that it is characterized by
greater activity in comparison with other years. If we look at
2020, we can see that the hypocenters are mainly in excess
of 50 km in depth. In the first 6 months of 2021, we again see
hypocenters deep within 50 km. Overall, if we take into
account the earthquakes that occurred in these 4 years, we
can see that earthquakes occurred mainly at a depth of
60 km. Over the years, the magnitude has been below 5.0
(Fig. 5, 6, 7 and 8).

© Piriyev R., 2022
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Fig. 2. The Caspian Sea surrounded by active seismic
belts of earthquakes (after Jackson et al., 2002)
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Fig. 3. Earthquake events occurred from 1931 to 2009
in the Caspian Sea region (Ansari et al., 2020)
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Fig. 4. Map of epicenters of earthquakes occurred in the Caspian Sea and nearby regions in 2014-2016
(Abdullayeva et al., 2016)

% 4: 5 Magnitude

10 —
20—
30 - IBIZN4923E

8 ; i 17122018
40_ "SR 7

o PY b
50 — 40.05N51L89E

02.11.2018

ol e

B L]

3920 N SLB4 E
05.12.2018
Depth, km

Fig. 5. Parameters of earthquakes in the Caspian Sea in 2018
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The table 1 below presents the earthquakes in the earthquake have been observed since 1953. It also shows
Caspian Sea and nearby regions. Let's pay attention to the a repetition of several years of earthquakes with the same
49 earthquake parameters given in the table. This table magnitude. Earthquakes of this type do not occur frequently
includes earthquakes with M=5.0. In these earthquakes, we in this region. But earthquakes with a magnitude of up to 5.0
can see only one earthquake with the highest magnitudes. frequently occur. If we pay attention to the depth of
It is an earthquake that occurred in 2000 with a magnitude earthquakes, we can see that over the years the depth has
of 6.8. A total of 7 earthquakes close to the magnitude of this been between 10-80 km.

Table 1
Parameters of earthquakes in the Caspian Sea and nearby areas, M25.0 (1953-2020) (www.earthquaketrack.com)
Ne Earthquakes Date Location Magnitude | Depth (km)
1 Caspian Sea, Offshore 25.11.2000 Epicenter at 40.245, 49.946 6.8 50

) Azerbaijan 18:09 15.2 km from Baku (Baki, Azerbaijan) )

2 Caspian Sea, Offshore 25.11.2000 Epicenter at 40.167, 49.954 6.5 33

) Azerbaijan 18:10 23.2 km from Badamdar (Baki, Azerbaijan) '

. 16.09.1989 Epicenter at 40.337, 51.534
3. Caspian Sea 02:05 103.2 km from Pirallahi (Baki, Azerbaijan) 6.5 54
4 Caspian Sea, Offshore 06.03.1986 Epicenter at 40.368, 51.555 6.5 33

) Turkmenistan 00:05 105.2 km from Pirallahi (Baki, Azerbaijan) )

5 Caspian Sea, Offshore 17.09.1989 Epicenter at 40.203, 51.749 6.2 51

) Turkmenistan 00:53 104.2 km from Turkmenbasy (Balkan, Turkmenistan) )

28.02.1997 Epicenter at 38.075, 48.05
6. Northwestern Iran 12:57 24.2 km from Omidcheh (Ardabil, Iran) 6.1 10
09.07.1998 Epicenter at 38.717, 48.507
7 Northwestern Iran 14:19 10.2 km from Lerik (Lerik, Azerbaijan) 6.0 26
. 20.04.1966 Epicenter at 41.703, 48.238
8. Caspian Sea 16:42 3.2 km from Gereykhanovskoye (Dagestan, Russia) 6.0 20
9 Caspian Sea, Offshore 27.01.1963 Epicenter at 41.013, 49.732 5.7 45
) Azerbaijan 19:35 30.2 km from Suraabad (Xizi, Azerbaijan) )
. 21.03.1956 Epicenter at 40.932, 48.382
10. Caspian Sea 04:54 19.2 km from Basqal (ismayilli, Azerbaijan) 57 15
. 04.08.1981 Epicenter at 38.072, 49.34
" Caspian Sea 18:35 48.2 km from Hashtpar (Gilan, Iran) 56 27
12 Caspian Sea, Offshore 07.06.2014 Epicenter at 40.373, 51.574 55 30
) Turkmenistan 06:05 106.2 km from Pirallahi (Baki, Azerbaijan) )
13 Caspian Sea, Offshore 10.02.2014 Epicenter at 40.288, 48.803 5.4 64
) Azerbaijan 12:06 21.2 km from Mughan (Hacigabul, Azerbaijan) )
. 07.10.2012 Epicenter at 40.747, 48.437
14. Caspian Sea 11:42 3.2 km from Basqal (Ismayilli, Azerbaijan) 54 7
03.01.1996 Epicenter at 38.994, 48.72
15. Northwestern Iran 08:42 6.2 km from Masally (Masally, Azerbaijan) 54 56
16 Caspian Sea, Offshore 18.09.1961 Epicenter at 40.974, 50.107 54 53
) Azerbaijan 11:01 45.2 km from Bilajer (Baki, Azerbaijan) )
. 30.04.1953 Epicenter at 41.13, 48.129
7. Caspian Sea 15:45 28.2 km from Qutgashen (Qabala, Azerbaijan) 54 15
. 01.08.2016 Epicenter at 40.07, 48.069
18. Caspian Sea 04:46 22.2 km from Imishli (imigli, Azerbaijan) 53 10
. 29.09.2014 Epicenter at 41.197, 48.1
19. Caspian Sea 01:38 24.2 km from Kurush (Dagestan, Russia) 53 13
27.01.1986 Epicenter at 38.885, 48.62
20. Northwestern Iran 16:35 9.2 km from Boradigah (Masally, Azerbaijan) 53 4
. 13.08.1959 Epicenter at 39.786, 48.4
21. Caspian Sea 00:33 10.2 km from Shmadbayli (Saath, Azerbaijan) 53 35
11.07.2007 Epicenter at 38.751, 48.598
22. Northwestern Iran 06:51 14.2 km from Haftoni (Lenkaran, Azerbaijan) 52 25
23 Caspian Sea, Offshore 07.01.2001 Epicenter at 40.171, 50.143 5.2 33
) Azerbaijan 06:49 22.2 km from Tirkan (Baki, Azerbaijan) )
. 21.03.2000 Epicenter at 39.949, 48.23
24. Caspian Sea 14:07 12.2 km from Saath (Saatl, Azerbaijan) 52 59
25 Caspian Sea, Offshore 07.05.1997 Epicenter at 40.338, 51.633 5.2 50
) Turkmenistan 16:16 112.2 km from Pirallahi (Baki, Azerbaijan) )
26 Caspian Sea, Offshore 24.08.1989 Epicenter at 41.687, 49.273 5.2 33
) Azerbaijan 18:55 46.2 km from Xagmaz (Xagmaz, Azerbaijan) )
27 Caspian Sea, Offshore 11.06.1986 Epicenter at 40.245, 51.665 5.2 47
) Turkmenistan 20:15 112.2 km from Tirkmenbasy (Balkan, Turkmenistan) )
. 03.02.1976 Epicenter at 39.933, 48.415
28. Caspian Sea 16:40 3.2 km from Saatli (Saatl, Azerbaijan) 52 58
. 05.02.2019 Epicenter at 40.933, 48.624
29. Caspian Sea 19:31 26.2 km from Basqal (ismayilli, Azerbaijan) 5.1 10
. 11.05.2017 Epicenter at 39.865, 48.602
30. Caspian Sea 03:24 17.2 km from 8hmadbayli (Saatli, Azerbaijan) 5.1 62

ISSN 1728-2713



~ 48 ~

B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

Ne Earthquakes Date Location Magnitude | Depth (km)
31 Caspian Sea, Offshore 12.11.1990 Epicenter at 40.254, 51.621 5.1 53
) Turkmenistan 16:00 112.2 km from Pirallahi (Baki, Azerbaijan) )
32 Caspian Sea, Offshore 17.09.1989 Epicenter at 40.259, 51.652 5.1 33
) Turkmenistan 09:39 114.2 km from Tirkmenbasy (Balkan, Turkmenistan) )
. 02.12.1981 Epicenter at 40.926, 48.09
33. Caspian Sea 00:51 16.2 km from ismayilli (Ismayilli, Azerbaijan) 5.1 33
. 29.11.1981 Epicenter at 40.836, 48.078
34. Caspian Sea 23:37 8.2 km frc’))m ismayilli (ismayilli, Azerbaijan) 5.1 44
35 Caspian Sea, Offshore 07.02.1976 Epicenter at 40.345, 51.12 5.1 80
) Azerbaijan 03:38 68.2 km from Pirallahi (Baki, Azerbaijan) )
36 Caspian Sea, Offshore 14.12.1973 Epicenter at 41.876, 49.028 5.1 79
) Azerbaijan 09:11 39.2 km from Xudat (Xagmaz, Azerbaijan) )
37 Caspian Sea, Offshore 28.08.2018 Epicenter at 38.834, 48.857 5.0 10
) Azerbaijan 12:57 8.2 km from Lankaran (Lankaran, Azerbaijan) )
38 Caspian Sea, Offshore 26.01.2015 Epicenter at 41.292, 48.875 5.0 50
) Azerbaijan 03:30 13.2 km from Divichibazar (Shabran, Azerbaijan) )
39 Caspian Sea, Offshore 11.02.2002 Epicenter at 40.102, 50.211 5.0 54
) Azerbaijan 16:18 29.2 km from Turkan (Baki, Azerbaijan) )
. 05.06.2001 Epicenter at 42.472, 48.634
40. Caspian Sea 15:33 53.2 km from Derbent (Dagestan, Russia) 50 60
41 Caspian Sea, Offshore 29.11.2000 Epicenter at 39.856, 50.209 5.0 33
) Azerbaijan 10:44 56.2 km from Tirkan (Baki, Azerbaijan) )
02.11.1994 Epicenter at 38.152, 48.315
42. Northwestern Iran 12:31 11.2 I’()m from Ardabil (Ardabil, Iran) 5.0 10
. 21.05.1991 Epicenter at 42.867, 48.028
43. Caspian Sea 17:37 30.2 km frgm Manaskent (Dagestan, Russia) 50 10
44 Caspian Sea, Offshore 17.09.1989 Epicenter at 40.243, 51.694 5.0 53
) Turkmenistan 01:21 110.2 km from Turkmenbagy (Balkan, Turkmenistan) )
45 Caspian Sea, Offshore 11.06.1986 Epicenter at 40.302, 51.673 5.0 33
) Turkmenistan 12:41 113.2 km from Tirkmenbasy (Balkan, Turkmenistan) )
46 Caspian Sea, Offshore 01.05.1986 Epicenter at 40.242, 51.657 5.0 48
) Turkmenistan 03:31 113.2 km from Turkmenbasy (Balkan, Turkmenistan) )
47 Caspian Sea, Offshore 23.03.1986 Epicenter at 40.346, 51.629 5.0 33
) Turkmenistan 14:26 111.2 km from Pirallahi (Baki, Azerbaijan) )
48 Caspian Sea, Offshore 07.03.1986 Epicenter at 40.366, 51.559 5.0 40
) Turkmenistan 02:21 105.2 km from Pirallahi (Baki, Azerbaijan) )
49 Caspian Sea, Offshore 19.11.1981 Epicenter at 40.734, 49.193 50 33
) Azerbaijan 14:10 19.2 km from Kilyazi (Xizi, Azerbaijan) )

To see earthquakes in more detail, Fig. 9 and Fig. 10
come to our aid. Fig. 9 shows that the last 20 years have
been accompanied by relatively still periods. During the
years of 1980-2000, there was a noticeable activity. This
resulted in the occurrence of the highest magnitude
earthquake (M=6.8) in 2000. Fig. 10 shows that over the
past 20 years, earthquakes below magnitude 6.0 have been

Fig. 9. Description of earthquakes with magnitude above 5.0 in the Caspian Sea

observed. This can be explained by the fact that after the
earthquake in 2000, there was a sufficient discharge of
energy. If we look at the preparation process of the
earthquake in 2000 based on these data, we can say that
the probability of an earthquake with this magnitude or an
earthquake with a magnitude above it is not expected in the
coming years.

Magnitude

and nearby areas over the years of 1953-2020
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Fig. 10. Distribution of earthquakes over 5 magnitude by depth in the Caspian Sea and nearby areas during 1953-2020

Results and discussion. The periodicity of the
earthquakes in the Caspian Sea in 2018-2021 was
considered. 2018 was observed with relatively quiet
seismicity. 2019 was accompanied by more earthquakes
than in previous years. But over the years, earthquakes
above magnitude 5.0 did not occur. The highest magnitude
was 4.7 in 2018, 4.8 in 2019, 4.9 in 2020, and 4.5 in the first
6 months of 2021. Earthquakes in 2018-2021 covered a
depth of up to 62 km. The main characteristic depth was
determined +60 km. So, earthquakes at this depth occurred
more often. The analysis of the statistical data of M=5.0
earthquakes in the Caspian Sea and nearby areas since
1953 showed that the maximum depth of the earthquakes
was 80 km, and the minimum depth was 10 km. In addition,
the maximum magnitude was 6.8, which was an earthquake
that occurred on 25.11.2000 at a depth close to the

characteristic depth | mentioned above, at a distance of
15.2 km from Baku.

Conclusion. If we try to predict earthquakes for the future,
we can express our opinion using the help of the graph below
(Fig. 11). So, if we mark the increase trajectory of
earthquakes in the last 50 years with a red line, we can mark
the trajectory with a yellow line in the next 50 years,
considering the repetition of the same trajectory. Thus, the
probability of an earthquake with a magnitude close to 7.0 is
likely to be in 2050. This can be explained by the fact that in
order for highest magnitude earthquake to occur, the process
of higher energy discharge must take place. This means that
the highest energy discharge occurred in the Caspian
earthquake in 2000. After that, for the reocurrence of such an
earthquake, a lot of energy is necessary to be collected. The
process of energy collection has been going on and on since
2000 till now. | hope our probability will not come true.

Magnitude

Fig. 11. Trajectory of earthquakes in the Caspian Sea (indicated by red line) and probable trajectory
(indicated by yellow line)
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NEPIOAUYHICTb 3EMNETPYCIB Y KACMNIACbKOMY MOPI

Kacniticbke mope € Halibinbwum 3akpumum pe3epeyapom y ceimi. HalicunbHiwum 3eMnempycom y ybomMy palioHi 6ye KpacHoeodcbkuli 3emrie-
mpyc 1895 maeHimydoto 7,9. lpoaHanizoeaHo napamempu 3emnempycie y Kacnilicokomy Mopi pi3Hoi MacHimydAu 3a ocmaHHi poku, Ha ocHoei cma-
mucmuyHux daHuUx eu3Ha4yeHo xapakmepHy 2aubuHy. Cnpobu eusHayumu ix nepioduyHicmb ma cnpPo2Ho3yeamu iXHIO rosiey pobusiucsi Ha OCHO8i
cmamucmu4Hux GaHuXx rnpo 3emsaempycu, Wo cmasnucsi 3a ocmanxHi 50 pokie y Kacnilicbkomy Mopi ma Halibnux4yux pezioHax. Y daHux, y3smux i3
Kamasnozie 3emnempycie, eukopucmosyeasnucsi napamempu 3emsempycie mazHimydoro euwie 5,0. B ocmaHHi poku e KacnitickkomMy mopi 3aghikco-
8aHo 3emsiempycu Maz2Himyadoro Hux4e 5,0. XapakmepHa 2nubuHa 3emnempycie cmaHoeumsb 60 kM. IMogipHicmb MoemopeHHs 3emaempycy mae-
Himydoro 6,8, wjo cmaecs 2000 poky, documb eucoka y 2050 poui.

Knroyoei cnoea: Kacnitlicbke mope, 3emnempyc, Ma2Himy9a, 2nubuHa, celicMiqyHicms.
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3ACTOCYBAHHSA NMONIHOMIANBHUX NMOMPABOK
AnAa NnosyaoBU ONTUMAIbHOI OQHOBUMIPHOI MOAENI F'YCTUHU MAHTII

(Mpedcmaenexo YneHom pedakuyiliHol konezii 3-pom ¢hiz.-Mam. Hayk, cm. HayK. cniepo6. I. M. KopyaziHum)

HaeedeHo pe3ynibmamu nobydoeu onmumasibHOi 0OHO8UMIPHOI Modernti 2ycmuHuU Ha npukadi weuokicHOI Kpueoi Ar1s1 00HO20 3
MaHmitiHux domeHie nid YkpaiHcbkum wyumom. [JocnidxeHHs1 po3nodiny 2ycmuHu npoeodusiu Ha OCHO8i mpaHcgopMye8aHHSI Nepuio20
HabnuwKeHHs1, ompuMaHOo20 3a pieHsIHHAM Adamca — YinbsimcoHa. [Toka3aHo Kinbka eapiaHmie mpaHcghopmauii: Ha ocHoegi cepedHbOoa-
pucghmemuyHoi nonpasku 3a n'ambma pegepeHmHumu modenssimu maumii (PEMC, PEMA, PREM, AK135, IASP91); 3 eukopucmaHHSIM
OITOPHUX IMOYOK, W0 8ido6paxkyromb celicMiYHI 2paHuUli, Onsi eU3Ha4YeHHs iHmepearsie 064uUC/IeHHs1 2yCMUHU 3a pieHsIHHSIM Adamca —
YinbsimcoHa; npu eeedeHHi nonpaeok y auanAdi pi3Huyi noniHomie A1 meopemu4HoOI Kpueoi 2yCmuHU ma Kpueoi, ompuMaHoi 3a pie-
HsIHHSIM Adamca — YinbsimcoHa Onsi modeni IASP91. Po3paxoeaHa ocmaHHiM criocobom Kpuea 2ycmuHuU He fnpueHocums y Moodesib
IASP91 nokanbHi (momusikoei) aHomanii 2ycmuHu i dompumyembcsi po3maulyeaHHsi celicMiYHUX 2paHUUb, 8U3HaYeHUX 3a rnepe2uHamu
kpueoi P-wieudkocmi. lpu yboMy Kpuea 2ycmuHu, ompumMaHa 3 pieHsiHHs1 Adamca — YinbsiMcoHa, mpaHcghopMyembCsi @ Kpuey, MaKcu-
MasibHO HabuxeHy 00 cepeOHboapugMemuYHOI Kpueoi 2ycmuHu, npu 36epexeHHi 2eomempil, erracmueoi Kpueitli celicMi4HOT WeuoKo-
cmi P- i S-xeunb.

3HayeHHs1 2ycmuHU, ompuMaHi 3 8UKOPUCMAaHHSIM Pi3HUYi MOJliHOMIe, 88aXkaeMO onMuMasibHUM HabnuxeHHsIM 3o hi3u4HO20 po3-
nodiny 2ycmuHu 0nsi MaHMIi 0551 3a3Ha4eHo20 po3nodiny celicMiyHUX weudKocmel, y Hawomy eurnadky — 07151 MaHmMiliHo2o AoMeHy id

YkpaiHcbKkuM wiumowm i3 koopOuHamamu yeHmpa 28,25E 49N.

Knro4yoei cnoea: 2ycmuHa, MaHmisi, pieHsiHHSI AOamca — YinbsiMcoHa, KopuayeasibHi nosliHomu.

Betyn. lNycTvHa — Ue OAMH i3 OCHOBHUX (PisVyHMX napa-
METPIB, SKUIA LikaBUTb AOCHIAHMKIB BHYTPILLHLOI OyaoBu 3emri.
OgpHa i3 knacuyHKX pobiT, NpucasiHeHa Npobrnemam BU3HAYEHHS
rycTMHU B MaHTii, byna HanucaHa K. E. Bynnexnum we y 70-Ti
poKkv MUHynoro ctopivys (BynneH, 1978). 3 Toro yacy niag-
X0OM LWWo[o Po3B'A3aHHS NpobneMu BU3HAYEHHS TYCTUHW B
MaHTii y macwTtabax 3emni 3Ha4yHO He 3MiHWUNWCh. Oani My
CTUCIO BUKITAAEMO JIOMYHWI NaHUKOXKOK OTPMMaHHSA ¢op-
Mynu Ans BU3HAYEHHSA TYCTUHW B MaHTii ANS OQHOBUMIPHOI
mMoAeni, 30e6inbLUIoro onMparymch Ha Lo poboTy.

BignosigHo 40 BigomMmx cniBBigHOLLEHb, SKi BUNNMBAOTb
e 3 gi3nkn HbloTOHa, rofoBHMM 3annLWaeTbCA 3aKOH BCe-
CBITHBOIO TSXKIHHSA:

_ M
g=a 7
0e g — NMPUCKOPEHHSI BiNbHOro nagiHHa, G — rpasiTauiviHa
crana, M — maca 3ewmni, Re —ii pagiyc, p —ii ryctuHa.
ar

. - dp
3 rnapoctaTnu4yHoOro cniBBiAHOLWEHHA %z = ~ =gp,

BUMMMBAE, WO TUCK 3pOCTaE i3 rMUMOUHOI, K Y pigKomy
Tini, Ae z = Re—r. BOHO TakoX HafiiHe B MeXax peTernbHO
BCTaHOBMNeHMX obmexeHb ans P — Tucky. Lli Tpu cniBBia-
HOLLEHHS Jal0Th OAHE 3 NePLUNX OCHOBHUX PiBHSIHb, OTPU-
MaHe Jlannacom:

d—P = —4nGpr2 2d
gy = AmGpr f pq-dg,
0

sIKe NoB'A3ye pafiyc NrnaHeTH i3 ryCTUHOIO | TUCKOM Y i Haj-
pax. TyT q — pagiyc-Bektop cdepuyHoro wapy 0<q<r.

MogenbHuii po3nogin ryctmHn 3emri Mae 3a00BOSNbHATU
iHTerpanbHi cniBBigHOLWEHHS, WOO6 BignoBigaTn Hacamnepes
Maci Ta MOMeHTY iHepuii 3emni. ¥ nepwiomy HabnvkeHHi
3emns € kyneto, TO6GTO po3rnsafaeTbest chepUdHO-CUMMETPU-
YHa Mofernb, e HEXTYIOTb CTUCHEHHAM 3emni Ta nateparnb-
HAMW HEOOHOPIAHOCTSIMU TakvuMu, Wo p =p(r). Y ubomy
BMMNagKy maca, yknageHa y cepuyHy ob0MnoHKy, CTaHOBUTb

dm = 4mpr3dr.

MpupogHo noknacTu Ui napameTpu B OCHOBY NoGyao0BU
mMogeni ryctuHun 3emni sk pyHkuii g(r), m(r), p(r) v P(r).

HeobxiaHO 3anpoBagunTy Le piBHSIHHS CmMaHy PeYyo8uUHU
3emni P=P(V,T...).

r
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Ockinbkn TUCK | TemnepaTypa 3a rigpoCcTaTu4HOI PiBHO-
Bary 3anexartb nvuwe Big pagiyca, a V = mp, TO PiBHAHHS
CTaHy MOXHa nepenucaTu Sk 3aneXHiCTb ryCTUHU Bif, TUCKY,
Temnepartypu TOLLO:

p=F/P, T..).

Lli piBHAHHA 3 ypaxyBaHHSIM [0OATKOBUX MPUMYLLEHb
npo cTaH pevyoBMHK Byny NoknageHi 3ro4ioM B OCHOBY [0C-
nigXeHb 3aneXHOCTi 'YCTUHW PeYOoBWHU NnaHeTn — Mogeni
EHngoema, Powa, OapsiHa, JlexaHngpa — Jlannaca, Pago Ta iH.
(XKapkoe, 2013; MazHuukuti 1965; BikyniH 2008).

Y po6oTi MM CnNpaemMocs Ha KnacuyHi ySBreHHS npo no-
OynoBy cdepUHHO-CUMETPUYHOI MOAENi po3nodiny ryctMHu
B MaHTii 3emni. binblw aeTansHo npo nobyaoBy moaeni, Ha-
GnuKeHoT 4O peanbHOro cepefoBuLLa, MOrOBOPUMO B pO3-
4ini, npucesiyeHoMy 3anpOMNOHOBaHIN MeTOAMLi, OCKiNbKM
nodanblUMiA po3rnag Nigxoais BianoBiAae KOHKPETHOMY po-
3B'I3aHHI0 NOCTaBMNEHOro 3aBAaHHs.

MeTa. lNobyaosa ogHOBUMIPHOT MOAENi PO3nOAiNy ryCTuHM
B MaHTii, MakcMMaribHO HabnmKeHOoi 40 peanbHOro posnoginy.
Ak BUXigHI OaHi BUKOPUCTOBYETLCA CUHTETUYHA LUBMAKICHA
KpuBa ons P- Ta S-xBUnb MaHTii nig NiBHIYHO-CXiAHO YacTu-
Hot YkpaiHcekoro wmta (YLL) ana gomeHy 3 koopavHaTamm
ueHTpa 28,25E 49N, Lo oTprMaHa Ha OCHOBI CeiCMOTOMOrpa-
iuHoi mopaeni (LLymnsHekas u dp., 2014; Geyko, 2004).

KopoTtkui aHania metoauyHux nigxopis. Ha nep-
LIOMY eTani NpoaHanisyemo Kinbka BigoMuX i3 nitepatypu
MeTOAIB, SKi He 3aCHOBaHI Ha BULLEONMCaHOMY MiaXoAi Bu-
3HAYEHHSI T'YCTMHU B MaHTil.

OpovH i3 mMeTopiB Ga3yeTbcad Ha nabopaTopHuX Aochi-
IKEHHSIX 3aNEeXHOCTi LUBUAKOCTI XBUIb CTUCHEHHS B i30Tpor-
HUX arperaTax okcuAiB Ta cunikartie Big TUcky. e B 1939 p.
Bepu AinwoB BUCHOBKY, LLIO 3MiHa ryCTUHMW Asi PEYOBUWH 3 04-
HaKOBOK CepeHbOK aTOMHOK Barow Bigobpakae BiagMIHHO-
CTi y CTPYKTYpi Ta cknagi. bepy Takox 3azHauas, Lo ANS Takoi
PEYOBUHM LUBUAKICTb i ryCTMHA MOXYTb OyTY NoB'A3aHi 6araTto
B YOMY TaK caMo, siK Npu 3MiHi 06'eMy pPeYOBMHU TiNbKX Mig
BNNMBOM TUCKY (Birch, 1939, 1961, 1964).

MisnHiwe (McQueen et al., 1964) nomiTnnu, Wo AN cxo-
XMX MaTepianis LWBMAKICTb 06'€EMHOT 3BYKOBOi XBWIi (Celic-
MiYHOT) TakoX nponopuinHa ryctuHi. BusHayeHi Bepuem

© WWymnsaHxcbka J1., Mirynescbkuin ., 2022
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LLIBUOKOCTi XBUIMTb CTUCHEHHS, NOB3O0BXHI XBUNi Ve, pasom
3 BUW3HAYEHHAMMW LUBMAKOCTEW MOMnepevHnx xsunb Vs
(Simmons, 1964), palTb LWBMAKICTE 00'€EMHOI 3BYKOBOI
xBuni C, sika BU3Ha4aeTbCs 5K

C = (V§ —4/3V3H)12,

Lle cniBBigHOLIEHHs Byno 3HanaeHo B pedynbTarti nabo-
paTOpHMX BUMIipIOBaHb, BOHO TaKoX Mae iHLY dopmy, BUpa-
XeHy Yepes MiHiiHy 3anexXHiCTb Bif ryCTUHU:

C=a+bp,
Ae p — ryctvHa, a i b — koedpiuieHTn, wo BigobpaxaloTb
(YHKLOHanbHI 3anexHoCTi Bif aTOMHOI Barn pe4oBuHMU.

Ons wemakocTenn 06'€MHMX XBUNb €KCrepuMeHTanbHi

CMiBBIQHOLLEHHS 3 TYCTUHOIO aHamnoriyHi:

, 0.2MMa

Cp: 0.33 + 2.20p £ 0.25

o

CKOpPOCTb, KM/C

° “
Ts- 0.48 + 1.13p + 0.21

0.6 Ma

Cpr 0254 227p£0.22

V, = ap + bpp; Vs = ag + bsp.

Ha (puc. 1) nokasaHi no6ynosaHi bepuem ekcnepumeHTa-
NbHi 3aNeXHOCTI WBMAKOCTI Ta NYCTUHU 3a Pi3HUX TUCKIB Ansi
Pi3HMX NOpia, BUKOPUCTOBYHOUM SIKi MOXXHA pOo3paxyBaTul 3MiHU
ryCTMHM B MaHTii 6e3nocepeaHbo 3a LWBUAKICHUM PO3Pi3oM.

Mepearn nigxogy bepya nonsarawTb y NPOCTOTI MOro
BUKOPUCTaHHSA. OCHOBHUIM HeJoMiK — Le HeobXiagHICTb MaTu
ABa anpiopHO 3adaHi napameTpu Ans NoLyKy TPeTboro: Tu-
CKy Ta LWBWAKOCTI ANS OLIHIOBAHHA TYCTUHW; TYCTUHW Ta
LUBMAKOCTI ANS OLjiHIOBaHHA TUCKy. Lle 3HauHe obmexeHHs,
sike [O3BOMAE BUNTY i3 KNacy MoAefibHUX 3aBAaHb.

1Ma

Cp=0.32 + 227p +0.24

+1.17p+0.19
WIS W—— e

3 42 3 4

NNOTHOCTb, r/cm3
Puc. 1. 3anexHicTb WBMAKOCTI 06'eMHUX XBUIb Big ryctuHu 3a bepuem (Fowler, 2004)

PoarnsHemo we oavH MeTof OLjHIOBaHHA CTpUOKIB ryc-
TWUHU Ha rpaHnLAX LWapiB MaHTii 3a CniBBiAHOLLEHHSM eHepril Y
BiAGUTKX Ta 3aNOMITEHNX XBUMSIX Y LLIAPYBaTOMY CEPEAOBULL.

Po3spaxyHok eHeprii 06'eMHUX XBUNMb BeAETbCS 3a3BUYaii
3a chopmynoto, BuBeaeHot Lienputuem i Bixeptom y 1912 p.
(dbopmyna Lienputus — Bixepta) (CasapeHckuti ma iH., 1955).

sinAsin e, A?
EPS = 8m3R?cpexp (kR) mZnFter
Ae R — BigcTaHb 0 eniueHTpy, ¢ — WBUAKICTb CENCMIYHNX
XBUINb, K — koediLlieHT 3racaHHs, p — rycTuHa cepegoBuLla,
A — amnniTyga CencMmivHux xBunb, T — Nepiog CENCMIYHOI
XBUni, te — TPMBanNIcTb 3eMneTpycy. EKCNOHEHUiMHNIA MHOX-
HWK YpaxoBY€ 3aracaHHs XBWUIb i3 BiACTaHHIO BHACMIAOK iX

1.0

0.84

ACNA 3JIHEepruv
1

sinAsine,
dey/dA
reomMeTpuyHi 0CcoBnMBOCTI MOLUMPEHHS XBWMb Ta PO3XO-
[PKEHHSA CEMCMIYHMX npomeHiB, A — BigcTaHb y rpag., eo —
KyT BUXOAY XBuni. Ha npakTuui cemcMiyHy eHeprito 3emneT-
pyciB 3a3Buyalni BM3Ha4aloTb 3a creuianbHUMKM HOMorpa-
Mamn (Fedotov, 1963), pospaxoBaHMMK 3a 3agaHVMU
napameTpamu cepegosuia. AHanoriyHa Homorpama 6yna
pospaxoBaHa Ans CniBBigHOLIEHHS eHeprii BiabuToi Ta 3a-
nomneHoi xsunb (Tooley, 1965), aka 3anexuTb Big CniBBIA-
HOLUEHHS1 CcTpubKa ryCTMHM Ha rpaHuLAX LapiB MaHTii Ta
CNiBBIOHOLWEHHA CEeNCMIYHMX LUBWOKOCTEN i KyTa nagiHHS

xBuni (puc. 2).

| — OTpaxeHHble P

po36iXHOCTi Ta po3citoBaHHS. MHOXHMK BpaxoBye

> T s npenoMnexHsie S
- \
. 7o -y oTpaxeHHble S

Yron napeHvs
Puc. 2. CniBBigHOLWEHHSA eHeprii y BiAOUTIN Ta 3anoMneHin XBUNAX 3anexHo Bif ryCTUH Ta KyTa nafiHHA
npu Vp1/Vp2= 0.5; Vpi/Vs = 1.87; Vp2/Vs2= 1.73 (cyuinbHa niHia npu p4/p,= 2; NyHKTUPHa p+/p.= 2) (Tooley, 1965)

ISSN 1728-3817



FEOJOrIS. 2(97)/2022

~ 53 ~

CniBBigHOWEHHA amnniTyd, LWBWAKOCTI Ta [YCTUHK
(Tooley, 1965):
ﬁ — P2Vps2=P1Vps1,

Ay PaVpsa+PiVpsi
ﬁ _ 2p1Vps1

Ao - pZVp,52+p1Vp,51,

ae Ao— amnnityga nagato4oi xeuni; A1 — amnnityaa Bigbw-
TOI XBUnNi; A2— amnniTy4a 3anomneHoi xBuni; Vp,s 1 — WBUA-
KiICTb MOWMpeHHs P- Ta S-xBuUnb Yy cepefoBulli BuLle
rpaHunui posaineHHst; Vp,s2 — WBWAKICTb MOLUPEHHS P- Ta
S-xBUmnb y cepeaoBuLLi HDKYE rpaHuL PO3AINEHHS; p1— ryc-
TVMHA Y CepeoBULLi BULLE rpaHuULi; p2— ryCTUHa y cepeao-
BULLLi HUXKYe rpaHuLi po3aineHHs.

MpenctaBneHMn MeTOA OLHIOBAHHSA I'YCTMHU MaHTii, Lo
CMMPAETbCA Ha BUMIpU aMnniTyd CENCMIYHUX XBWUIMb, Ha-
4ebTO 3MeEHLUYE 3anexHiCcTb Big BUXIQHOI (NoYaTKoBOi) MoO-
aeni, To6To A03BOMSE NiTK i3 KNacy MoAenbHUX 3aBAaHb,
ofHak cama gopmyrna obuncneHHst amnnityam Llenputua —
BixepTa nokasye ii 3anexHicTb Big ryCTuHn. ®akTu4HO MU He
NPOCYHYNUCS Ha LUNSAXY MOLUYKY PO3B'A3aHHA OLiHIOBaHHA
ryCTVHM NMo3a KracoM 3aBOaHHSA MoYaTKOBMX MoOZenen, Lo
Hac He BMALUTOBYE, OCKIMbKM MW LUYKAEMO Cnocid otpu-
MaHHS rycTUHM 6e3 NpMB'sI3KM 4O NOYaTKOBOI MoAeni.

[MoBepHeMOCS OO KMacM4HOI NOCTAHOBKM Ta MigXoAis,
po3pobneHnx Ans OgHOBUMIPHOI CHEPUYHO-CUMETPUYHOI
mMogeni 3emni. Y BCTyni MY KOPOTKO PO3rMsHYNN TEOPETUYHI
OCHOBWV pPO3MOAiNy rycTuHM 3a 3agaHoi macu 3emni, Ae Hex-
TYIOTb CTUCHEHHAM 3eMni, natepanbHUMU HEOAHOPIAHOC-
TSIMM | HEOOHOPIAHMM CKMaAoM nopia, CKNagoBUX MaHTii.

MeToaukn po3paxyHKy FyCTUH i3 BUKOPUCTaHHSAM
CeMCMiYHMX WBMAKOCTeN Ta ix Bepudpikauifa. PigHsIHHS
Adamca — YinbsmcoHa. MNepwnii i HanbinbL iCTOTHUI KPOK
Ha Wnsixy nobyaoBu mogenen, HabnukeHnx Ao peanbHUX
Mogaenen 3emni, 3pobunu amepukaHcbki reodisankn Agamc i
YineamcoH y 1923 p. Ak yci mogenbHi 3agadi, ixHin nigxig
Ma€ 3afaHi noctynatu: 3emMnsa Mae OAHOPIAHMI cknag; Ha-
pocTaHHA TUCKY B MaHTii 3emni BiabyBaeTbcs 3a rigpocTa-
TUYHUM 3aKOHOM — 30inblUeHHST TUCKY Ap npu 36inbLUEHHI
rmunbvHn Ha Ar [OpPIBHIOE Ba3i PEYOBUHM LbOTO LUapy, L0
npunagae Ha OAMHWLIIO MIoLLi, TOGTO CTUCKaHHI0 MaTepiany
nig Aieto cun rpaeiTauii nepeLlKogkatoTb NepeBaxHo cunm
npyxHocTi. | TyT cnpaBeanvBuii 3akoH Nyka, sk rpae pornb
PiBHSIHHS cTaHy. Buxoasum 3 Luboro, Maemo:

dP = —K@,
K=/1+§u,
=2

v

ae K — mopynb ycebidHOro CTUCHEHHs; 6 — BigHOCHa 3MiHa
06'emy (amnaTaHcis).

CelncMmiyHMI NnapameTp 403BOMSIE MacluTabyBaTu 3miHy
FYCTUHW Ta CUIKN TSXKIHHS BigNOBIAHO 4O 3MiHW LUBWUAKOCTI
06'eMHOI cercMivHOT xBUni. BBaxkaeTbes, WO Lel niaxia ao-
3BOJISIE BU3HAYUTK AeTarbHUIA po3nogin rycTuHu B Hagpax
3emni i, BignosigHo, nobyayBaTn peanbHy mMogens 3emri.
OpHak, 3 ypaxyBaHHAM YCiX 3agaHuX MpUMyLLEHb, KOPEKT-
Hille BBaXxaTn OTpMMaHy MOZENb kBasipeanbHow. Pobnsun
aani nigctaHoBKy

dp K v o _K d
|4 p
dP = Fdp,
OTPMMaeMo piBHAHHA Agamca — YinbamcoHa
dp _ _9p
dr~ F

sike cripaBegsiMBe B TOMY BWMNafKy, KOnW ryctuHa 36inbLuy-
€TbCH i3 IMUBMHOLO NULLIE 3a paxyHOK Baru Lwapis, LLO nexarb

Buwe. F =K/p = (V# — §V52) — ceyicMiYHUI NnapameTp.
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3 ypaxyBaHHsIM 3aKOHY BCECBITHbOrO TsDKIHHA Ta BU3Ha-
YEeHHs1 Macy, yKnaaeHoi y cdhepuyHy 060SOHKY, MaeMo

ap _ -G pm(r)

dar Fr2
am ‘
— = 4mpr?
dar p

PisHnueBa cxema po3B'a3aHHA CUCTEMM PiBHAHb BUMSA-
nae Tak (3axapos ma iH., 2016):
G p(r)m(r)Ar

p(r—Ar) = p(r) —bp = p(r) + G =

m(r — Ar) = m@r) — Am = m(r) — 4np(r)riar

Axkwo npu r = Re3agaHo p(Re) i m(Re) = M, To, nocnigo-
BHO "3HiMatoumn" LWapm NOTYXHICTIO Ar, OTPUMYEMO 3HAYEHHS
p(r) npu r<Re i 6yayemo po3pi3 ryctuHm 3emni (Re — pagiyc
3ewmni, M — maca 3emni).

HasBHicTb y 3eMni pi3kux CTPUOKIB CEMCMIYHNX rPaHULLb
CTaBWUTb Nif CyMHIB cnpaBefnuBiCTb PiBHAHHA Agamca —
YinbsiMcoHa, 0cobnmMBo Ha Mexi MaHTisi — agpo, ane B nep-
LLIOMY HabnUXKeHHi MOro 3acTocyBaHHs! BUNpaBaaHe.

Ksasi-3-B1MipHa ceicmoTomMorpadivyHa P-uBuakicHa Mo-
aenb manTii nig YW (LWWymnsiHckas ma iH., 2014), saka € Habo-
pOM OAHOBMMIpHMX Mogenen, nobygoBaHa 3a OaHUMKU
nepLuMx BCTyniB pedparoBaHmx P-xBurb. Pi3vka NOLWMPEHHSA
pedbparoBaHmx xBurb nepenbavae ix nnaBHe NPOXOMKEHHSI
Kpi3b CEMCMIiYHI rpaHunLi, Ha BiOMiHY Bif BioOUTUX XBUIb. Bu-
XOAs4M i3 UbOro, OTpMMaHa B pe3ynbTarTi iHBepcii rogorpada
pedparoBaHnx XBWrb LUBMAKICHA KpMBa € HE3MIHHOK (DYHK-
Li€to, Sika He Mae pPOo3puMBIB NepLUOro pody — CTPMOKIB LBMA-
KOCTi Ha rpaHuusax. BigcyTHiCTb pisknx CTpubKiB CTBOPLOE
YMOBW OS5 3aCTOCYBaHHS PiBHAHHA Agamca — YinbamcoHa
NPOTAroMm yciei weuakicHoi kpueoi (0o 2600 km), xo4a i € 06-
MEXEHHS AN PiBHAHHSA, MNOB'A3aHi 3 HEO4HOPIAHUM CKNagom
MaHTii, SKi He BpaxoBYeE Lie PIBHSAHHS.

MepepaxyHOK CUHTETWYHOI P-, S-LUBUAKICHOI KpuWBOI
(Shumlianska et al., 2021) i3 3acTocyBaHHAM piBHAHHA Afa-
Mca — YinbsiMCOHa i3 CynyTHIMW nocTynatamu i CrpoLleH-
HAMW AN TYCTUHW OyB NPUAHATUIA HaMu SK HawbinbLu
obrpyHTOBaHMN.

Memoduka eu3Ha4YeHHsi OrOopPHUX (pernepHUX) MOYOK
3HayeHb eycmuHu. Y Hawin poboti (Shumlianska et al.,
2020) poknagHO OMUCAHO METOA OTPUMAHHST CEMCMIYHMX
rpaHu1Lb No nepernHax NepLumx NoxigHMxX LWBUAKICHOT KpUBOT
Ta HaBedeHo pesynbTaTh Anga madTii nig YLW. Li gaHi mo-
XKyTb OyTW BUKOPUCTaHI OIS BU3HAYEHHSI OMOPHUX TOYOK
(cemcMiyHMX rpanvLb) AN CTBOPEHHS MaTtpuui penepHux
3HaYeHb IYCTUHU, Y3ATUX i3 TOYOK, HanbinbLue NPOCTOPOBO
6113bko po3TalloBaHUX go pedepeHTHOI Mogeni, Wo oTpu-
MaHi i3 3icTaBneHHs LIBUOKICHUX KPUBUX — eKCrepuMeHTa-
NbHOI Ta TeopeTWYHO! (Ans pedepeHTHoi moaeni). Ans
pPO3paxyHKy LUBUAKICHOT KPMBOi ANst JOMEHY MaHTii, po3Ta-
LLIOBaHOro B MiBHIYHO-3axigHin YactuHi YL 3 koopauHaTamu
ueHTpa 28,25E 49N, y3sto pecpepeHTHY Mmogens IASPY.

Mu nponoHyeMo Taky cxemy po3paxyHKy LUYKaHOT KpUBOT
ryCTUHU:

e NaHi WoAo rMubrH CEeCMIYHNX rpaHuLb, WO BignoBi-
AalTb HawuM koopauHaTam, pospaxoBaHi y poboTi
(Shumlianska et al., 2020);

¢ 3a mogennto IASP91 anga BignoBigHWx rMMbuH BU3Ha-
YaEMO OMOPHi 3HAaYEHHS 'YCTUHM, LLIO BiAMNOBIAaOTb CENCMI-
YHUM rpaHNLIAM;

® Yy MeXax MiXX CEMCMIYHUMU FPaHULSIMU 3HAXOA4MMO Ty-
CTUHY 3a piBHAHHAM Afamca — YinbsiMcoHa.

Memoduka nobydosu onmumarnbHoi Moderii 8yCmuHu i3
8HECEeHUMU rorpaskamu ro roniHomax. NModyayemo mogeni
ryCTWHW 3a piBHAHHAM Aflamca — YinbamcoHa ansa pedepe-
HTHUX mogenen 3emni (PEMA, PEMC, PREM, IASP91,
ak135). Y piBHsHHI Agamca — YinbsmMcoHa BWKOPUCTOBY-
€TbCHA CEMCMIYHUIA NapameTp, OTPUMaHUN 3a LUBUOKOCTAMM
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o6'eMHux xBunb P, S. Po3paxoBaHy KpuBy anpoKCMMyeMO
noniHoMamm B Mexax CTpuOkKiB ryctuHm (Tabn. 1). Takox
anpoKCMMYEMO KPUBiI TEOPETUYHMX FYCTMH, NOOyaoBaHi 3a

JaHuMu i3

canty

https://ds.iris.edu/ds/products/emc-

referencemodels/. MonpaBKky 3HaxoAUMO SK Pi3HULIO Noni-
HOMIB OJ11 TEOPETUYHUX KPUBUX FYCTUH peddepeHTHUX MO-
aenen i oTpMMaHux 3a piBHaIHHAM Agamca — YinbsiMcoHa.

Ta6bnuys 1

MoniHomu AnNsi KPMBUX FYCTUH pechepeHTHUX MoAenen, po3paxoBaHUX 3a PiBHSAHHAM Apamca — YinbsiMmcoHa
i niTepaTypHUMM JaHUMU Ta iX pi3HULA

MonpaBku MoniHom Ansi rMMouH MoniHom Ana rMMobuH MoniHom ana rMM6uH MoniHom ona rMM6uH
ANns rYCTUHU 0-220 km 220-420 km 420-670 Km 670-2185 km
o Ekcnep. y = 0.001x + 3.2786 y = 0.0008x + 3.3285 |y =0.0008x + 3.3219 y = 1E-07x? + 0.0006x + 3.4197
< | Teop. y = 0.0006x + 3.2983 y =0.0006x +3.298 |y =0.0012x + 3.2488 y =-3E-08x? + 0.0006x + 3.9656
E PisHnus Ekcnep.-Teop. Ekcnep.-Teop. Teop.-ekcnep. Teop.-ekcnep.
noniHomie |y = 0.0004x — 0.0197 y=0.0002x + 0.0305 |y =0.0004x — 0.0731 y =-1.3E-07x%+ 0.5459
< Ekcnep. y = 0.0009x + 3.2828 y =0.0008x + 3.3094 |y =0.0008x + 3.3259 y = 2E-07x? + 0.0006x + 3.343
s | Teop. y = 0.0006x + 3.2982 y = 0.0006x + 3.2979 |y =0.0012x + 3.2485 y =-3E-08x? + 0.0006x + 3.9662
E PisHuuysa Ekcnep.-Teop. Ekcnep.-Teop. Teop.-ekcnep. Teop.-ekcnep.
noniHomie |y = 0.0003x — 0.0154 y =0.0002x + 0.0115 |y = 0.0004x — 0.0774 y =-2.3E-07x%+ 0.6232
0-210 km 210-410 km 410-660 km 660-2740 km
Ekcnep. y = 0.0009x + 3.2667 y =0.0008x + 3.2843 |y =0.0008x + 3.2915 y = 2E-07x? + 0.00035x + 3.4352
[Ts] = - 2 _
< | Teop. 3 3155% 06x" - 0.0006x+ y=0.0014x +3.1054 |y =0.0013x + 3.2755 y =-7E-08x? + 0.0007x + 3.9202
T .
< PisHuLS Ekcnep.-Teop. EKCreD.-Teo Teop.-ekcnep. Teop.-ekcnep.
nonngMiB y =-5E-06x2+ 0.0015x - v (?606x P 0.1789 |V =0-0005x - 0.016 y =-2.7E + 07x2 + 0.00035x +
0.0486 ) ) 0.485
0-220 km 220-400km 400-600 km 600-670 km 670-770 kKm 770-2880 km
_ _ _ y = 2E-07x? +
_ _ y =0.0008x + |y =0.0008x + |y =0.0006x +
Ekcnep. y =0.001x + 3.3283 y =0.0008x + 3.3615 33739 3373 35034 gggg?x +
= .
u - - _ y =-3E-08x2 +
=0.0013x + =0.0002x + =0.0006x +
& | Teop. y =-0.0001x + 3.3834 y = 0.0006x + 3.3041 §21 pee 33’.873 33’.9632 g.ggg?x +
PisHuLs Ekcnep.-Teop. Ekcnep.-Teop. Teop.-ekcnep. | Teop.-ekcnep. | Teop.-ekcnep. | Teop.-ekcnep.
MuA y =0.0011x — 0.0551 y =0.0002x + 0.0574 |y =0.0005x — |y =-0.0006x + |y=0.4598 y =-2.3E-07x% +
roniHomis 0.1552 05 0.0003x + 0.34
50-100 km 150-175 km 200-275 km 300-640 km 640-2893 km
Excnep.  |¥ 590009 [¥ 700009 1y = 0.0000x + 31664 |37 00009 * |y = 26072 + 0.0004x + 3.3857
D |Teop. |15 oan00x (Y= 00009 |y = 0.0037x + 2.7646 |} %0008 " |y =0.0005x + 3.9431
& . . .
< Teop.- Teop.-ekcnep. Teop.-ekcnep. | Teop.-ekcnep.
) Teop.-ekcnep
PisHnusa | ekcnep. e " |y=0.0028x — 0.4018 |y =-0.0001x + |y =-2E-07x2 + 0.0001x + 0.5574
. . _ y =-0.0004x +
noniHomis |y = 0.0029x- 0.155 0.3694
0.1562 )

X — enubuHa (km); y — 3Ha4eHHs1 2ycmuHu (2/cm’). Ekcriep. — ekcriepumeHmarbHa Kpusa 2yCmuHU, Wo ompumaHa 3a pieHsiHHsM Adamca —

YinbsimcoHa, Teop. — Kpusa &eycmuHu Onsi  KOXHOI
(https://ds.iris.edu/ds/products/emc-referencemodels/).

Monpasky Ans ogHiei 3 pedepeHTHNX Mogenen BUKOpU-
CTOBYEMO Npu HabnmkeHHi 4o "peanbHoi" Mogeni ryCTuHn
Ans BubpaHoro Hamu gomeHy manTii nig YL Ak i B nonepe-
OHbOMY BUNaaky, OyaeMo BUKOPUCTOBYBATU CEUCMIYHI rpa-
HULi, y MeXaX SKMX 3aCTOCYEMO MONpaBky 40 nosiHomMa Ang
3HayeHb ryctTuHn pedepeHTHoi mogeni IASP91.

lNepesipka nobydosaHoi modeni. TpuBMMIpHICTb abo Ha-
BiTb YOTMPUBUMIPHICTb Haap 3emni He O03BOMSE TOYHO iX
onucatv 3a AOMNOMOrOK SIKOrOCb OOHOBUMIPHOIO Habnu-
XEHHS, HaBiTb OBr'PYHTOBAHOrO 3ararnbHONPUNHATAMMW MOC-
Tynatamu i 3akoHamu @ismkn. Kpim TOro, mn npogoexyemo
onucyeaTtu peanbHy 3emrnio 3a SONOMOrol chepuyHo-cu-
METPUYHUX Moaenei. Y Hawin poboTi M1 NPOBOAMMO Tec-
TyBaHHA MNepepaxyHKy CUHTETUYHMX P- Ta S-LBMAKICHWUX
OOHOBUMIPHMX MOZENen AN ryCTUHW Ha Npuknagi ogqHOBW-
MipHOT mogeni. BukopuctaHa ogHOBUMIpHa LWBMAKICHA MO-
Oenb € CKagoBOK P-WBKMAKICHOI cercMoToMorpadivHoi
mogeni madTii nig YL, oTpumaHoi 3a meTtogom [enko
(Geyko, 2004), i BONOBHEHA CUHTETUYHOK S-LIBUAKICHO
mopennto (Shumlianska et al., 2021).

MepepaxyeMo 3a Takol METOAMKOK 3HAYEHHS MYCTUHU
ONsl KpYBOi, sika € cepeaHboapudMETUYHOK Big N'dATU

ISSN 1728-3817

modlenu  3i

3HaAYeHHAMU 2yCmuHu, Wo euknadeHi Ha caumi IRIS

BiJOMMX pedepeHTHNX LBUAKICHNX Modenen MaHTii 3emni
(PEMA, PEMC, PREM, IASP91, ak135). BusHaunmo Bigxu-
FNEHHs KOXHOI i3 LX Mofenen Big po3paxoBaHOi Ta nopaxy-
€MO cepeaHboapudMeTUYHe BiOXUNEHHS, wob
BMKOPUCTOBYBATW iX IK MONPaBKu Npu nepepaxyHKy LWBnaKi-
CHOI KpuBOi cencmoTomorpadpivyHoi mogeni manTii nig YLL.
Lndposi paHi npo wmogeni B3sto Ha canti IRIS
(https://ds.iris.edu/ds/products/emc-referencemodels/).

PesynbTaTtu. BignosigHo o dopmynu pisHMLEBOroO Mi-
APaxyHKy TyCTMHW MaHTii 3a piBHAHHAM Apamca — Yinb-
amcoHa (Zakharov et al., 2016) My oTpumanu po3Bs'asku ons
n'aTn pedepeHTHUX wemakicHnx mogenen (PEMC, PEMA,
PREM, AK135, IASP91) i ogHi€i 3i LUBMOKICHNUX KPUBUX ANsi
P-xBUnb, 4ONOBHEHOT CUHTETUYHOIO AN S-XBUIb, Y3ATOH) i3
KBa3iTpPUBMMIpPHOI cericMoToMorpadivHoi moaeni Ans MaHTii
nig YW ons gomeHy 3 koopanHatamm ueHtpa 28,25 E 49N,
B iHTepBani rmubuH 50-2600 kM. [Ons iHWKMX Mogenen mu
TaKoXX 0OMEXMMOocS Ljieto rmmburHoto.

Ha puc. 3 npeactaBneHo KpuBi ryCTUHU Ansa pedepeHT-
HUX MoJernien y BapiaHTaX, Y3dTMX 3a AaHMMW Ha CawnTi
https://ds.iris.edu/ds/products/emc-referencemodels/, i Ti,
Lo po3paxoBaHi 3a piBHAHHAM Agamca — YinbsMcoHa.
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Puc. 3. TeopeTnyHi Ta nepepaxoBaHi 3a piBHAHHAM Afamca — YinbsiMCOHa Kpu1Bi ryCTUHU Ans pedepeHTHUX Moaenen 3emni:
a - PEMC; 6 — PEMA; B — PREM; r — AK135; g — IASP91;
TeopeTnyHa Mofenb — YopHa NiHis, po3paxoBaHa 3a piBHAHHAM Agamca — YinbsMcoHa — cipa niHisa

PisHMLA MK KPUBUMW TYCTUHU TEOPETUYHUMM | OTpUMa-
HUMW 3a PiBHAHHAM Agamca — YinbssMCOHa Mokasye Hedonik
nocTynaTy Npo OAHOPIAHICTE MAHTII, @ TaKOX NPUMYLLEHHS NPO
CTBOPEHHS TUCKY JMLLIE 32 PaXyHOK BUILLIE 3arsratoumx Liapis.
[ns HiBENOBaHHA UMX BigXureHb MU MPOMOHYEMO 3anpoBa-
OUTU NONPaBKX y BUMNAAI PisHWL MONIHOMIB 1151 TEOPETUYHNX
pedepeEHTHUX KPUBUX NYCTUHU N OTPUMAHKX Y pesyrnbTari ne-
pepaxyHKy 3a piBHAHHAM Agamca — YinbsaMcoHa.

7 p, 2lom®

6
5
4
3
2
0 500 1000 1500 2000 2500
H,
—PEMC —ak135 —PREM —IASP91 —29,25;48,5
a

Ha puc. 4,a nokasaHi KpuBi ryCTUHKW, pO3paxoBaHi 3a pi-
BHAHHAM Afamca — YinbsMcoHa Ans pedepeHTHUX moge-
new (KonbOopoBi MiHiT), i kpMBa rycTUHM ANst OMEHY MaHTii
nig YL i3 koopanHatamu ueHTpa 28,25E 49N (4opHa niHis).
Ha puc. 4,6 nokasaHi LWBWAKICHI KpuBi Ans pedepeHTHUX
Mopernen (konbopoBi niHiil) Ta ana kpueoi 28,25E 49N
(4yopHa niHig). KpuBa gns manTinHoro gomery YLl He mae
Pi3KNX CTPMOKIB LUBUAKOCTI HA CENCMIYHUX FPaHNLISIX.

14 Vp.km/c

13
12
11

10

0 500 1000 1500 2000 2500

H,
—Vp PEMC —Vp ak135 —Vp PREM —Vp IASP91 —29,25; 49,5
6

Puc. 4. Po3MillleHHs KPMBUX FYCTUHU, pO3paxoBaHMX 3a PiBHAHHAM AgaMca — YinbsiMcoHa (a), Ta wBuakocTi P-xBunb (6)
ANA AOMeHy MaHTil 3 koopaAuHaTaMmu LeHTpa 28,25E 49N wono ogHOBUMIpHUX ped)epeHTHUX Moaernen
(PEMC, PEMA, PREM, AK135, IASP91)

Ha puc. 5 nokasaHi KpuBi ryCTUHU ANga peepeHTHUX MO-
aenen (konbopoBi NiHii) Ta gnsa kpueoi nig YL y MaHTinHOMY
OOMeHi 3 koopanHaTamu LeHTpa 28,25E 49N (4YopHa niHist)
i3 BBEAEHMMM nonpaskamu Ans pedepeHTHNX Mmoaenen Biag-
noBigHO A0 pi3HMLi noniHomiB (Tabn. 1). Mig wwmTom nonpa-
BKM CTaAHOBNATb cepefHe apudMeTU4HEe MK nonpaeBkaMu
ans pedepeHTHUX mogenen. bayumo, WO nepepaxyHOK

ISSN 1728-2713

LUBMAKICHUX KPUBMX 3a AOMOMOrol cepefHboapudmeTuny-
HMX MOMPaBOK TEOPeTUYHO Moxe OyTu BUKOPUCTaHWUN,
npoTe BBEAEHHS Takux MonpaBoOK NPW3BOAMTL [0 CMOTBO-
peHHs (HeBignoBigHOCTI) reomeTpii BUXigHOI KpUBOI (OUB.
LWBMAKICHY KpMBY Ha pwuc. 4,6), WO, Y CBOK 4Yepry, Moxe
CTBOPIOBATM NOKanbHi (MOMUIKOBI) aHOManii ryCTuHu.
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3acTocoByouM iHLWINIA NiAXia, MOXHa BU3HA4YMTK nonpa-
BKM Y BUINSAAI pisHWLI NOMIHOMIB ANsl cepeaHbOoi KpMBOi ryc-
TUHU Big ped)epeHTHOI Ta MOLIYKOBOI Mogenen (Tabn. 2).
OTpurMaHa KpvBa rycTuHM, Nicnsi BHECEHHS MOMpaBoK 3a pi-
3HMLEel0 noniHomiB (puc. 6), Mae po3puB Ha Mexi 670 Km,
OCKiNbkW cknagHo nigibpatu NoniHOM, SIKMA ONUCYE BEPXHIO
i HWKHIO MaHTIi ogHOYacHO. 3anuULIaeTbCs HEPO3B'A3aHUM N-
TaHHS Npo Te, HaCKiNbKWM OTpUMaHa Kpuea Bignosigae onTnMa-
NbHIN MoAdeni MaHTii, @ TaKoX YY BHOCATb NOMPaBKMN HEKOPEKTHI
3MiHM B nNepepaxoBaHy Kp1BY (HackKinbky BOHa Bignosigae no-
YaTKOBUM 3MiHaM CencMiyHMX LwBuakocten). OgHak Takuin

p, 2/em?
8

niaxia kpaLle BMKOPUCTOBYBATU Ansi NoByA0BM BiAHOCHUX MO-
Jerev 3 OropPHOIO KPMBOHO, HANPUKIAZ CepeaHboto anst pede-
peHTHUX abo KpvBOK AN OOMEHy MaHTii, a aHomanii
OyayTb NokasyBaTy BigXMUEHHs BigHOCHOT OnopHOI Moaeni.
Ons maHTinHOro JoMeHy 3 KoopAuMHaTtamu LeHTpa
28.25E 49N maemo Taki ceMCMiyHi rpaHMUi Ta BiANoBiaHI 40
HMX 3Ha4YeHHs1 rycTuHu 3a mogenmio IASP91 (Tabn. 3). Lli 3Ha-
YeHHS r'yCTUHM Byny BUKOPUCTaHi SiK OMOpPHi ANS BigMNOBIAHMX
rpaHuub, a y NpoMixkkax Oyrno 3acTocoBaHO cepeaHboapud-
METUYHI NonpaBku 3a pedepeHTHUMN Mogensamm (puc. 7).

0 500 1000
—PEMC —ak135

1500 2000 2500
H, km

PREM —IASP91 =—29,25; 48,5

Puc. 5. KpuBi ryctuim ans pedepeHTHUX MoAenel (KOnbLOpPOBi MiHii) Ta ANA KPUBOI Y MaHTINHOMY JOMEHi
nig YL i3 koopanHaTamu ueHTpa 28,25E 49N (YopHa niHisA) i3 BBeAeHUMM nonpaBKamu

Ta6bnuuys 2

MoniHoMu ANs cepeAHbOI KPUBOI NYCTUHM, ANS WYKaHHOI KPMBOI Ta iX Pi3HULA (3HaYeHHSA X, Y AUB. y Tabn. 1)

FnMu6uHa 0-675 km

mn6una 700-2600 km

MoniHom ans cepegHboi Mogeni

y = 2E-06x* + 0.0006x + 3.291

y = 1E-08x? + 0.0005x + 3.8818

MoniHom Ans nowykosoi Mogeni

y =-5E-07x? + 0.0004 + 3.2058

y = 1E-07x% + 0.0004x + 3.4347

PisHnusa noniHomis

y=2.5E-07x-0.0002x+0.0126

y=-0.9E-07x?+0.0001x+0.4471

, elem®
p5 S5

45

3.5

3
0 500 1000

1500 2000 2500 H, ku

Puc. 6. KpuBi ryctuHu: onsa cepenHboi Big pedepeHTHUX moaenen (cipa NyHKTUPHA NiHis);
ans pomeny 28,25E 49N, po3paxoBaHa 3a piBHAHHAM Agamca — YinbsiMcoHa (cipa niHis);
Ta cama KpuBa i3 BHeCeHMMM nonpaBKaMu 3a pi3HULIEI NONiHOMIB (YOpHa NiHifA)

Ta6nuys 3

3Ha4eHHs rMUBMH CeMCMIYHUX rpaHULb i3 BiANOBIAHUMM 3HAYEHHSIMU IYCTUHMU

35(22?)::?1:1?:;:I:::':prgazzzusllgggﬁ,ﬂsm 3HaueHHs ryctuHu 3a mogenmo IASP91, ricm®
135 3.39727
165 3.401584
290 3.765419
390 3.820897
425 3.867325
470 3.89995
515 3.93214
600 4.11500

ISSN 1728-3817
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Puc. 7. Kpusi ryctunn: ans IASP91 (cipa nyHKTUpHa niHif); ANA MaHTiiHOro AoMeHy 3 koopauHaTamu 28,25E 49N
i3 BHeceHUMuM cepegHbLo0apucMeTMHHUMM NonpaBkamMu 3a pepepeHTHUMU MoAaensaMU (TeMHO-Cipa niHis);
Ta cama KpuBa 3 ONMOPHUMU 3HAYEHHAMMU FYCTUHMN ANSi CEMCMIYHMX FPaHuLIb (YOpHa NiHis)

Ha puc. 8 nokazaHo pe3ynbTaT BUKOPUCTaHHSA NONpaBo-
YHOro noniHoma Ans pedepeHTHoi mogeni IASP91 (tabn. 1)
LLOAO KPUBOI FYCTUHU AN MaHTIMHOrO JOMEHY, LLO BMBYa-
€TbCS1, NTOPaxoBaHOro 3a piBHAHHAM Afamca — YinbsaMcoHa.

, 2/lem®
P

5.5

45

2.5
0 500 1000

MoniHomu Gynu 3acTocoBaHi B iHTepBanax CENCMIYHNX rpa-
HULb, BM3HAYEHMX paHille 3a neperMHamu nepLumnx noxig-
HUX KpMBOI WBMAKOCTI P-XBUIb.

1500 2000 2500 H, km

Puc. 8. Kpusi ryctunn: ans IASP91 (cipa nyHKTUpPHa niHif); ANA MaHTiiHOro AomeHy 3 koopauHatamu 28,25E 49N
i3 BHeceHUMu cepegHbLo0apucmMeTMHHUMM NonpaBkaMu 3a pedpepeHTHUMU MoaensaMU (TeMHO cipa niHis);
ANA MaHTiINHOTrO AIOMEHY, po3paxoBaHa 3a piBHAHHAM ApaMca — YinbsiMcoHa 3 nonpaBKamu 3a pi3HMLEeBUMMMU NoriiHoMamMu
wopo ryctuHu mopeni IASP91 (4YopHa niHis)

O6roBopeHHsA. PO3rnaHeMO cxemy CTBOPEHHS O HOBU-
MipHOT MoZeni ryCTUHW, onucaHy B nitepaTypi Ta BUKOPUC-
TaHy Hamu y UbOMY AOCHIOKEHHI:

® pO3paxyHOK mMogenew rycTuHu Ans MaHTii BegeTbcs
ONst OAHOBUMIPHOTO ChepUYHO-CUMETPUYHOTO BUNAAKY; BU-
KOPUCTOBYEMO MPUNYLLEHHS, WO Maca 3emni € cTanow ansi
KOXHOI Moaeni;

® He BPaxoOBYETbLCS XiMiYHa Ta iHLWi HEOAHOPIQHOCTI;

® TUCK YCepeauHi Haap CTBOPIETLCS TiNMbKU 3@ paxyHOK
BULLMX LLAPiB — BUMOra A0 piBHAHHA Agamca — YinbsMCoHa;

e c(bepmyHa CUMETPUYHICTL MoAeni CNPUYMHIOE Te, Lo
BpaxyBaHHS pearnbHUX LWBUOKOCTEN, OTPMMaHUX 3a CENCMi-
YHOK ToMmorpadiietd, CTBOPHOE HepearibHy CUTyaLito, Konm
OAVH i3 PO3MOoAiniB WBNAKOCTEN MPUCBOKETLCA BCi cdepi.

Lli obmexeHHs 0o3BonunmM HaMm OTpMMaTth ONTUMAarbHY
MOAEINb I'YCTMHU AN OQHOro 3 AOMEHIB MaHTii nmig Ykpain-
CbKUM LLUMTOM i3 KoopauHaTamu LeHTpa 28,25E 49N. MeTop,
Oyno onucaHo BMLLE, OCHOBA HAalIMX PO3pPaxyHKiB — piB-
HAHHA Agamca-YinbsiMcoHa.

OTpumaHy KpuBY ryCTUHM My cnipobyBanu MoaudikysaTh
(Habnn3nTK) Ao di3nyHOI MoZeni LNSAXOM YBEAEHHs nonpa-
BOK 32 BigoMMu pedepeHTHuMK mogensmm (PEMC, PEMA,
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PREM, AK135, IASP91) sk cepeaHboapndmMeTnyHy nonpa-
BKY 3a BCiMa mogenamu. [ins uporo KoxHa mogens Gyna ne-
pepaxoBaHa Ans KpMBOI NYCTUHM 3a piBHAHHAM Agamca —
YinbsiMcoHa. 3a pi3HuLeto MiXK BUXiZHUMY OaHUMW TYCTUHN Ta
nitepatypHuMy  6yno  BM3HAYEHO BEMUYMHY MOMPAaBKM.
MpoTe, sik BUOHO 3 pucC. 5, yBeAEHHS Takmnx NONpPaBoK NPU3Bo-
OVTb OO NCeBAOCTPUOKIB NyCTUHUW, HEBMACTMBMX NEPBUHHIN
LBMAKICHIN kpmBin y Touui 28,25E 49N (puc. 4,0).

YBeaeHHs nonpaBokK, SK NepLumnx, Tak i gpyrux, nokasye,
O CMNOTBOPEHHS NMOYaTKOBOI MOAEri nornpaBkamMu Hemu-
Hyde. Y Uux BUNagkax MoXxHa YHUKHYTU HEKOPEKTHOrO po3y-
MiHHA aHomanii rycTtuHu, BigobOpaxatoum ix y Burnagi
pi3HULI No4YaTKOBOI MOAEeNi Ta po3paxoBaHoi. Taka npak-
TUKa LUMPOKO BUKOPUCTOBYETLCS B reodisuLi.

Hamun 6yno anpo6oBaHo iHWKWI cnocib 3anpoBaaXeHHs
nonpaBoK — Y BUrNAAi Pi3HUL NOSIHOMIB, LLLO anpOKCUMYIOTb
Hanbinbw noaibHy (3 Haworo nornsaay) 4O LWYyKaHOI KpMBOT
KpuBy ryctuHu mogeni IASP91 ta po3paxoBaHy Hamu 3a pi-
BHsIHHSAAM Afamca — YinbsMcoHa KpuBy nif, YKpaiHCbKUM Lm-
TOoM. PesynbTaT npeacrtaBneHo Ha puc. 7. Ak Gaummo,
yBEOEHHSA UMX MOMpaBOK TaKOX He no30aBnsie BHECEHHS
LUTYYHUX CTPUDKIB ryCTUHW.



~ 58 ~

B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

Ha Haw nornsa, ontumaneHWi pesynbTaT AN KpUBOI ry-
CTUHW ONS  MaHTINHOrO AOMeHy 3  KOoOpAuHaTamu
28,25E 49N 6yB oTpumaHuii Npu BBEAEHHI MONPaBOK Y BU-
rnagi pisHyLUi NoniHOMIB ANS TEOPETUYHOI KPUBOI NYCTUHU Ta
OTPMMaHOI 3a piBHSAHHAM Agamca — YinbsaMcoHa ang mo-
aeni IASP91. 3 puc. 8 BugHo, Wo oTpyMaHa Takum YMHOM
Kp1Ba ryCTUHM He CMOTBOPEHA MPUBHECEHUMU CTpUOKaMm
ryctuHn Mogeni IASP91, poTpumyeTbcs po3TallyBaHHS
CENCMIYHMX TFPaHULb, OTPUMAHUX MO MeperMHax Kpueoi
P-wewnakocrTi. MNpy uboMy KpuBa rycTuHu, oTprMaHa 3a pis-
HAHHAM Agamca — YinbsMcoHa, TpaHCopMy€eTbCS Y KPUBY,
MaKCcMMarnbHO HabnxeHy OO KPUBOI MyCTWHWU, OTPUMaHOI
npv BHECEHHi NoNpaBoK Bi cepeAHbOi KPUBOI ryCTUHWU NpU
306epeXkeHHi reoMeTpii KPpUBOI CEMCMIYHOI WBMAKOCTI P- i
S-xBUnNb, WO CBIigYMTb Ha KOPUCTb TOTO, LLO LSt KpUBa ryc-
TVHU € ONTUMAarbHOL.

BucHoBku. Po3rnaHyTo Kinbka BapiaHTiB TpaHcopma-
i po3paxyHKOBOI KPUBOI NYCTUHM:

® Ha OCHOBI cepeaHboapndMeTUYHOI NonpaBkX 3a n's-
TbMa pedepeHTHMMn mogensmm (PEMC, PEMA, PREM,
AK135, IASP91);

e 3 BUKOPUCTAHHSIM OMOPHMX TOYOK, LLIO BiZoGpaxyTb
CEeNCMIiYHI rpaHuui, Ons BU3Ha4YeHHs1 iHTepBaniB o64uc-
NEHHS rYCTUHM 3a piBHAHHAM Afamca — YinbsiMCOHa;

e Mpy BBEOEHHI NONPaBOK Y BUIMSAI Pi3HULi NOMiHOMIB
AN TeopeTUYHO! KPUBOI NYCTUHW Ta OTPUMAHOI 3a PiBHSAH-
HaM Apgamca — YinbsamcoHa ans moaeni IASP91.

MokasaHo, Lo po3paxoBaHi 3Ha4YeHHS! F'YCTUHU He € TOY-
HUMK, a € Nue HabnmxeHHAM, Lo BignoBigae 3acTocoBa-
HOMY MaTeMaTU4yHOMYy anapary.

BukopucTaHHs nonpasBku 3a NoNiHOMOM AN pedepeHT-
Hoi mogeni IASP91 B iHTepBanax ceCMiYHUX rpaHuLb, BU-
3HaYeHUX MO MepernHax neplnx MoXigHUX  KPUBOI
LWIBWMAKOCTi P-XBUIb, 1O3BONSE OTPUMATU KPUBY NYCTUHWU, HE
CMoOTBOPEHY CTpMBKaMMm ii 3Ha4YeHb, SIKi NpuTaMaHHi moaeni
IASP91. OTpMMaHa 3 BMKOPUCTAHHSIM MOMliHOMA Pi3HWULL
KpuBa rycTuHu Bigobpaxkae reomMeTpito KpMBOI CENCMIYHMX
LUBWAKOCTEN, Y HALLOMY BUNaAKy — ANst MaHTINHOIO JOMEHY
nig YL i3 koopanHatamu ueHTtpa 28,25E 49N.

Taknum 4YMHOM, y LbOMY AOChigKeHHI Byno oTpMmMaHo
onTMMaribHy OAHOBUMIPHY MoOZenb PO3MNodiny rycTUHW,
HabnuxeHy A0 isnyHOT MoAeni, sika BiAnoBigae LWBUAKICHIN
KpUBIA Anst MaHTii Ha rmmbuHax 50-2600 km nig niBHIYHO-
3axiAHOI0 YaCTMHO YKPAiHCLKOro LWmTa.
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APPLICATION OF POLYNOMIAL CORRECTIONS TO CONSTRUCT
AN OPTIMAL ONE-DIMENSIONAL DENSITY MODEL OF THE MANTLE

In this work, an optimal one-dimensional density model was obtained, corresponding to the velocity curve for one of the mantle domain under
the Ukrainian shield.

When obtaining a one-dimensional density model, only the Earth's mass and seismic velocities are known physical parameters. The density is
obtained by solving the Adams-Williamson equation, the use of which is possible under the assumption that the density is created only by the weight
of the upper layers, with a homogeneous composition of the mantle. Some approximation to the real density distribution gives a seismic parameter
that scales the obtained densities in accordance with the geometry of the seismic velocity distribution, while, as shown by our studies, the obtained
density values are not absolute, but only an approximation corresponding to the equation is used.

In order to obtain a density distribution we transform the first approximation obtained from the Adams-Williamson equation. This paper shows several
options for transformation; based on the arithmetic mean correction for 5 reference mantle models (PEMC, PEMA, PREM, AK135, IASP91); using control
points representing seismic boundaries to determine the intervals for computation of density using the Adams-Williamson equation; when introducing
corrections in the form of the difference between the polynomials for the theoretical density curve and that obtained by the Adams-Wilmson equation for
the IASP91 model. The density curve obtained by the last method is not distorted by the introduced density jumps from the IASP91 model, correspond to
positions of seismic boundaries along the inflections of the P-velocity curve. The density curve obtained from the Adams-Williamson equation is trans-
formed into a curve that is as close as possible to the geometry of the inherent curve seismic velocity of P and S waves.

In our opinion, the density curve obtained using the difference polynomial shows the most approximate solution to the optimal density model for
a given seismic velocity distribution, in our case, for the mantle domain under the Ukrainian shield with center coordinates 28.25E 49N.

Keywords: density, mantle, Adams-Williamson equation, corrective polynomials.
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METOAUKA FrEO®I3NYHOIN0 KAPTYBAHHA TA MOHITOPUHIY MICLIb
3AXOPOHEHHA PAAIOAKTUMBHUX BiAXOoAOIB

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2e0s1. HayK, cm. HayK. cniepo6. O. J1. Lllee4yeHkom)

3axopoHeHHs1 padioakmueHux gioxodie (PAB) y YopHob6usbChKill 30Hi 8i04yOXeHHs1 i cb0200Hi Micmsimb 3HaYHi 06'eMu Mamepiarnis,
wo dinsmscs. lMpu ybomy eidomocmi npo kinbkicms PAB, noxoeaHux nid 4ac aeapil, He MOXHa Ha3eamu eu4YeprHuUMuU. Y 383Ky 3
nidcuneHHsM MixxHapoOHUX euMo2 00 eKoJslo2iyHOI 6e3neku 6ynu npoeedeHi pobomu 3 demanibHO20 06cmeXxeHHs1 3axopoHeHb PAB,
cmeopeHux npu sikeidayir asapii Ha YopHobunbcbkiti AEC.

Y pob6omi 6ynu 3adisHi maki HeiHea3ueHi Memodu 2eopizudHux AocnidxeHb: 1) demanbHa MazHimomempisi; 2) 2zeopadapHuli Me-
mod; 3) momozpadpisi enekmpu4HO20 onopy Ha nocmitiHomy cmpymi. MazHimomempisi do3eosnuna 3akapmyeamu o6'ekmu ma eudinumu
Hal6inbw iMoeipHi Micusi 3axOpPOHeHHs1 KOHMeliHepie i3 peyosuHamu, wo dinsimbcs. eoenekmpuyHi Modesi nokasanu eiOMiHHICMb
e/IeKmpu4HO20 OMNopy Pi3HUX OiNITHOK 0OHO20 3aXOPOHEHHS], W0 MOSICHIOEMbLCSI 3MiHOIO 8os1020cmi Ui MOXKe ceidyumu npo nidmon-
neHHs1. PigeeHb rpyHmosux o0 ycmaHoesieHull 3a dornomMozoro 2eopadapHoz2o memody. Y pe3ynbmami iHmeprnpemauii aHux 2eoghisu-
4HUX OdocnidxeHb 6ynu eiOHoeseHi 2zeomMempuyHi napamempu U ocobnueocmi KOHCMpPYKYii 06'ekma nonepedHL020 3aXOPOHEHHS
padioakmueHux eidxodie "Tpemsi yepea YAEC", ujo do3eosnusio cmeopumu io2o mpueumipHy Moodesib i ausHayumu micysi Ans nooa-
JIbUWO20 3acmocy8aHHs1 NpsAMUX padioakmueHux Memodie GoCliOXeHb.

Knroyoei cnioea: macHimomempisi, momozpadgisi ernekmpu4Ho20 onopy, 2eopadapHi docideHHsi, 003a eurnpoMiHroeaHHsl, padioak-

mueHi eidxodu, rpyHmoei eodu.

BcTtyn. Ha Teputopii 30HM BiguyxeHHs1 (3B) icHytoTb
06'exTH, y sIKMX nepeabayaeTbcs HasiBHICTb MaTepianis, Lo
AinaTbes, | 4O SAKUX MOXINUBMI HECaHKLiOHOBaHWA OOCTY.
BusiBneHHsi i getanbHe kapTyBaHHS TakUX MiCUb € BaXXnu-
BUM nuTaHHaM 6Gesnekn umx o06'ekTiB. YopHOOMMILCHKMM
LeHTPOM i3 npobnem aaepHoi 6esneku, pagioakTMBHMX Bif-
X0A4iB Ta pafioekonorii 3a nigTpumky [lenapTameHTy eHep-
retukun (DOE) Crnonyyenunx LTaTiB Amepuku y nepiog 2013—
2016 pp. O6yB BMKOHaHWI NPOEKT i3 NOLUYKIB Ta JOCNIOKEHb
maTepianis, Wo AinsaTtecs, y 3B. Ha nigctasi nonepegHsLoro
OLiHIOBaHHS ONs1 OeTanbHOro OBCTEXEHHS i3 3any4YeHHsIM
reodpianyHux metoAis 6ynu BubpaHi 06'ekTn NonepeaHLOro
3axXOpOHeHHs pagioakTmeHux Bigxogis (M3PB) "TpeTs yepra
YAEC" (ginsHka 1) Ta 6ypT 3aXOpOHEHHS pafioakTUBHUX Bi-
axonie (PAB), akuii 3HaxoguTbCcs B painioHi ob'ekta "Yk-
putTs" i oTpumaB ymoBHy HasBy "O6'ekt 300 m Big OY"
(minsHka 2) (puc. 1).

MeTor poboT Oyno BMBYEHHS MiCLpb pO3TallyBaHHS
OyaiBEeNbHUX KOHCTPYKLUIA MYHKTIB 3aXOPOHEHHSI Ta MicLb
nokanisauii 3anisHMx KOHTENHEPIB i3 BUCOKOAKTUBHUMU pa-
pioaktmeHumuK Bigxogamu (PAB). 3a oTpumaHumn pesynb-
TaTaMy HeiHBa3MBHMX AOCHIOKEeHb BU3HA4Yanucsa micus ansi
NpoBeAEeHHS iIHBa3VMBHWX AOCHIAXEHb, HAanpaBneHnx Ha no-
LYK MicLb po3TawyBaHHs PAB Ta BMBYEHHS iXHiX XapakTte-
puctuk (boHdapbkos, 2017).

Metoamn pocnigxeHb. [na npoBefeHHA OOChioKeHb
BMKOPUCTOBYBaBCSl  KOMMIIEKC MOSIbOBUX  re0qdi3nyHMX
i nabopaTopHo-aHanNITUYHUX MeTodiB. BMBYEHHSI KOXHOro
o6'exTa npoBoaunocs y Asa etanu. Ha nepwomy etani Bu-
KOHYBanucs NoBepXHEBi AOCMIMKEHHS: reogesnyHe 3Hi-
MaHHsl, MNOBEPXHEBE ramMma-3HIMaHH{A, MarHiTomeTpid,
reopagapHi BUMiplOBaHHs, enekTpoMeTpid. Ha ubomy eTani
BM3Havanacs KoOHQirypauis Ta CTpykTypa o006'ekTa,

BUSBMANNCS OKPEMi aHomanii, siki mornu OyTn noe'si3aHi i3
3anisHMMM KOHTenMHepamu. Ha apyromy erani BUKOHyBa-
nucs poboTH i3 BTOPrHEHHSAM Y TiNo NoxoBaHHs No6nu3ay Bu-
SIBNEHWX aHoMmanin Ans BU3HayYeHHs BMAIB i pos3noginy
noxosaHunx PAB Ta Bigbopy npob ans nabopaTtopHux goc-
nigxeHb. MNposoannocs GypiHHA CBEPANOBWH A4S HEUTPOH-
HOro i raMma-kapoTaxy, Bigbip nMpo6 Ans nabopaTopHMX
pocnigxeHb. BypiHHS TpoBOANMNOCS B MeXax HacUMHoi Yac-
TWHW Ta He NopyLuyBarso 3ani3006eTOHHNX KOHCTPYKL NOXo-
BaHHA abo 3ani3HNX KOHTEHepIB.

MoaynbHi MarHiToMeTpUYHi CNOCTEPEXEHHS — BUMIpIO-
BaHHSA iHAOYKUiI reoMarHiTHOro nons — BUMKOHaHI Lie3ieBuMMU
marHiTometpamu NKM-1 (Feonoropassegka, P®), gatumkm
SAKNX MaTb po3ainbHy 3gaTHicTb 0,001 HTn, mexxa CKB Bu-
MiptOBaHHSA MarHiTHoI iHaykuii 0,01 HTn.

MarHiTHe 3HiMaHHSA NPOBOAMIOCH 3@ CTaHOAPTHOO Me-
TOOMKOI OHUM LIe3i€EBUM MarHiToMeTpoM, ApYruii BUKOpK-
CTOBYBaBCS MNi4 4ac BMMIptOBaHb SK BapiauilHa cTaHuis,
TO6TO 3anuncyBaB 3MiHW MarHiTHOro nonsi B Yaci. Y pamkax
nnaHweTiB 3HIMaHHA BiACTaHb MiX npodingmn ctaHoBuna
2 M, onepartop-reodi3uk y NpoLeci 3HiMaHHSA pyxaBcs "3Mmili-
koro". BapiauiiHa cTaHLUia npautoBana 3 Takok Camoro LLIBK-
OKofi€eto, WO i MarHiToMeTp, SKUMin BUKOPUCTOBYBABCH ANA
BMMIpIOBaHb MarHiTHOro nons AinsHky gocnigxeHb — 10 Bu-
MipiB/cek. Y npoueci 06po6km nonboBoi iHpopmaLii Bpaxy-
BaHHSA Bapiauii 30iNCHI0BaNocs LWNAXOM BifHIMaHHSA 3anucy
BapiauiHOI cTaHLUii, iHTepnonboBaHOro cnnanHom AkiMmu,
Bif, BUMipSHMX 3Ha4YeHb No Npodinto.

I3 3anucy BunyyYanacb TakoX HOpMarbHa cKnagoBa
nons, anpokcMMOBaHa MiHINHOK perpecielo no npodinto.
MacwuB 3anuwkoBux 3HavyeHb ByB iHTEpNONbOBaHWIA 0 pe-
rynsapHoi mepexi 1x1 M, 3a kMM nobyaoBaHi kapTn aHoma-
Nin iHQyKUii reomarHitHoro nons (Ba).

© MNono. C., BoHaap K., XomeHko P., BoHaapbkoB M., MakcumeHko A., 2022
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"eopagapHe ckaHyBaHHS BUKOHAHO MO NoBepxHi 06'ekTa
M3PB "TpeTts yepra YAEC". BukopuctaHo reopagap Bupo-
OHuuTBa "Transient technologies" (YkpaiHa) VIY-2-300 i3
LeHTpanbHot poboyoto yactotoro 300 ML,

[JaHi oTpumaHi no mepexi Nnpodinis, OpieHTOBaHMX Y Ha-
npsIMKY cxig-3axig (puc. 2), y 6e3nepepBHOMY pexumi 3Hi-
MaHHs4. [Npu Lbomy BrkoHaHo 500 3amipiB Ha Tpaci, YacoBui
AianasoH ctaHoBuB120 Hc, iHTEpBan Mix TpacaMu CTaHOBUB
32 mm. IMpu 06pobui Ta iHTepnpeTauii reopagapHux gaHux
nepeBaxHO BUKOPMCTAHO CTaHAapTHUA Habip dinbTpiB npo-
rpamu Synchro 3 (lvashchuk, 2019), pekomeHOoBaHWUA BU-
pobHukom. OOpobka AaHMX cknaganacst i3 MocnigoBHMX
KPOKIB: 1) 3aKpinmneHHsi HyNbOBOrO PiBHA — ANs NPaBUITbHOIO
BM3HAYEHHSI IMMOMHU HEOOXiAHO NOEAHATM NOYaToK LLUKamnm
rMMOVH i3 MEBHOK TOYKOK NPSMOro iMMynbey (Hanp. TOYKOK
MakcMManeHOi amnnityau);, 2) BerMBneT-ginbTpauia Ans
e(eKTMBHOro NPUAYLIEHHST HU3bKOYaCTOTHUX eneKkTpomar-
HITHWX KOMMBaHb i BUCOKOYACTOTHMX LUYMIB; 3) BUOANEHHs
(HOHOBOrO CMrHarny B 3agaHoMy BikHi, y pe3ynbTarTi 4oro Big
KOXXHOI Tpacu npodinto BiaHIMaeTbCst Tpaca B obpaHomy Bi-
KHi (LLMpWHa BiKHa ycepeaHEHHs 3a4aETbCs 3aranbHOK Ki-
nekictTio B 300 Tpac); 4)nigcuneHHs curHany — Ans
noninweHHst po3ni3HaBaHHA rMMOOKNX aHOMarin.

BrBYeHHSA reoenekTpuyHoro pospisy Ha ob'ekti MN3PB
"TpeTta yepra HAEC" sgincHioBanocs metogomM Tomorpadii
enektpuyHoro onopy (TEO). BumiptoBaHHSA BUKOHaHI 3a Jo-
nomorow 6GaratoenekTpogHoro yctaTkyBaHHs "ELIZA-1"
(XomeHko ma iH., 2013). YcTaTKyBaHHsSl Ma€ Taki OCHOBHI Xa-
PaKTEPUCTMKN: BUMIPIOBAHHS 34iNCHIOTBLCA Ha MNOCTINHOMY
CTPYMi; KiNbKiCTb enekTposiB — 64; KpPOK PO3CTaHOBKU enek-
TpogiB — 1 M; KinbKicTb BUMiptoBanbHUX KaHanis — 1. [ns su-
3HaYeHHs1 MO3IPHOro OMopy BWKOpUCTaHa MoAaudikauis
CUMETPUYHOT YOTUPMENEKTPOAHOI YCTAHOBKWU. 3 Ornsay Ha
Many (8o 11 M) rmMOUMHHICTL AOCNIAKEHb i BUKOPUCTAHHS
BaraTokackagHoro (pinbTPyKYOro BXigHOro TpakTy 3anwucy,
€NeKTPOMETPUYHI BUMIPIOBaHHS 34INCHIOBANNCS 3@ HU3bKOT
Hanpyru 6nmabko 40-50 B. 3HaveHHs cTpymiB y niHii AB npu
LbOMy 3MiHIOBanucs i3 4 oo 50 mA.

O6pobka gaHux nposogunacs y nporpami RES2dinv, sika
[03BOMNSE peani3oByBaTh GIOKOBI CXEMU PO3B'A3aHHSA Mpsi-
Moi Ta obepHeHoi (iHBepcHOi) 3agadyi y knaci 2-D-mogenen
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(Loke, Barker, 1996, Loke, 2009). ins iHBepcii ekcnepume-
HTanbHUX faHux obpanun anroputm Occam-Marquardt,
KU 30iNCHIOE KOMOIHOBaHY rMagKOKOHTPACTHY CXeMy iHBe-
pcCii, 3aCHOBaHy Ha BMKOPUCTaHHi rayCc-HbIOTOHIBCbKOIO Me-
Tooy HammeHwwmx kBagpaTtiB: Occam — iHBepcia 3
BMKOPUCTaHHSIM 3rnafXyldoro ornepartopa i 404aTKOBOK
MiHiMi3aUiel0 KOHTPACTHOCTI, WO [O03BONSE OTpUMyBaTU
rnagkui  posnogin napametpa (MMTOMOro onopy p);
Marquardt — anropuTm iHBepCii, Wo 3abe3neyye oTpUMaHHsi
KOHTpacTHOI Moaeni po3noAiny napaMmeTpa cepegosuLla.

Pesynbtatn ob6cmexeHHss [13PB "Tpems u4epea
YAEC". O6'ekT, jocnigkeHu Ha ainsadui 1, — ue cneuianbHo
cTBOpeHa OyaiBenbHa KOHCTPYKLUis Ans 3axopoHeHHs PAB,
sika He Byna 3akiH4eHa 0O MOMEHTY aBapii. lcTopuyHi Bigo-
MOCTi PO BMKOPUCTaHHA Uiei cnopyau B 1986 p. ceigyaTb
npo HagxomkeHHs PAB 6e3nocepefHbo 3i 3pyMHOBaHOro
yeTBepTOro Grnoky B nmepwnii nepiog nikeigauii Hacnigkis
aBapii. Ha >xanb, TOYHMX BiJOMOCTEW NPO pagioHYKMigHUA
cknapg i akTuBHICTb noxoBaHux PAB y npOEKTHO-KOHCTPYK-
TOPCbKi AoKyMeHTaUii 06'ekta He 36epernocs. Bigomo, wo
CXOBULLE CKNagaeTbCs i3 ceMU KaHbWOHIB. [oB30OBXHi
cTiHn 3aBaoBxku Big 90 Ao 140 M BMKOHaHI 3i 3GipHOro 3ani-
306eToHYy. LLInprHa KOXXHOro kaHbMOHY CTAHOBUTL = 6 M, B1-
cota CTiH =5 M, TopueBi CTiHM BIACYTHi. [loBepxHesi
po3amipu MN3PB 50x170 M, OLiHOYHI pO3Mipy OCHOBHOrO Tina
NOXoBaHHs (y mexax GyAiBenbHUX KOHCTPYKLUi) 42x120 m
(25200 M3). Yce cxoBuwe 3akoHcepsoBaHo B 1988-
1989 pp. Wapom rmuHu i I'pyHTY.

MoBepxHeBe ramMma-3HiMaHHsI TEPUTOPIi MOXOBaHHSA He
BUSIBMIO MiABULLEHMX PIBHIB raMMa-BUNPOMiHIOBaHHSA. [pu
Bi3yanbHOMY Ornsai noBepxHi 06'ekTa BUSIBNEHO BEMMWKY Ki-
NbKICTb  3HAYHWUX CYPO3iIMHUX MNpoBaniB KOHCEPBYHYOro
wapy. BwumiptoBaHHA MOTYXHOCTiI ekBiBaneHTHOI [03u1
(MEQN), BMKOHaHI y npoBanax i NoOBepXHEeBMX CBEPASIOBUHAX
(Ha rmMMbrHy KOHCEpPBYIOYOTO LIapy), BUSABUNY 3pOCTaHHS pi-
BHIB raMMa-BMMNPOMIHIOBAHHSI i3 IMUOUHOL.

[aHi marHiTHoro 3HiMaHHsa JO3BOMWIU YTOYHUTW KOHCT-
pyKLilo cxoBuLa. MarHiTHi Macy y CXOBWLLi po3nogineHi He-
piBHOMipHO. Hamnbinblle 4YopHOro metany MIiCTUTBCA Y
niBAEHHI YacTuHi Ta nig cxigHoto cTiHot (puc. 2, 3).
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Puc. 2. Cxema npoBefeHHs reocisniyHux gocnigkeHb MeTogamMmm MarHitomeTpii, Tomrpacbi'l' eneKTPUYHOro onopy
Ta reopapgionokauii 3 nosHa4eHHAM MicLb 6ypiHHA cBepANOBUH

Puc. 3. N3PB "TpeTts yepra YAEC". TpuBumipHa Mmoaenb reomarHitHoro nons (A)
Ta KapTa nicns 3actocyBaHHsa dinbTpa Shift and Difference (B)

Y cTpyKTypi reomarHiTHoro nons o6'ekra (puc. 2, 3) Bugins-
H0TbCA BCi CiM KaHbNOHIB, OAHAK AOBXMHA | CTaH CTiH Pi3HATLCA.
[NonoxeHHs KOXHOI 3i CTiH BAANOCS BCTAHOBUTU AOCUTb TOYHO
3a CTpivkonogibHMMK aHoManisiMm, siKi ACKpaBO NPOSIBUMIMCSA
nicnsa 3actocysaHHs dinbTpa Shift and Difference Filter 3 apce-
Hany Golden Software Surfer 13 (puc. 3, B). OTpumaHa kapTa
aKTUYHO € 300paxXeHHSAM ropu3oHTanbLHOro rpagieHTa Ba y
HanpsMKy 3axig — cxig. CxigHa 6okoBa cTiHa cxoBuLLa i ABi Ha-
CTynHi 3a Heto Ha 30 M KOpOTLUI 3a iHWi CTiHW. [MiBHI4YHOWO Me-
Xeto yciel KOHCTPYKLii MOXHa BBaxaTu HeraTMBHYy aHoMmanito,
BUOOBXEHY B HANpsSMKy 3axig — cxia.

Binbw petanbHy iHdopmauito npo 6ymosy [13PB
"TpeTa yepra HAEC" Bganocsa otpumaTty 3 reoenekTpuy-
HUX po3pisiB, oTpuMaHux metogom TEO, a Takox reopaga-
PHUX BUMIpIOBaHb.

BuBYeHHs reoenekTpuyHoro pospidy Ha ob'exti MNM3PB
"Tpeta yepra YAEC" 3gilicHioBanocs metogom tomorpadii
€neKTPUYHOro onopy B3AOBX cepil nonepeyvyHux npodinis,
nokasaHux Ha puc. 2. 3 macvBy aHuXx iHBepcii 6ynu Buaa-
NeHi NOMWUNKOBI 3HAYEHHSs | TOYKK i3 cepeaHbOKBaApaTUY-
Hoto noxubkoto (CKI), wo nepesuwye 80 %. Mogenb
npurManacs nicnsa n'atv itepadin abo MeHLue, SKLWOo cnoc-
Tepiranacsa nosinbHa WBKUAKICTb 36ixHOCTI (MeHwe 1 %).
OcCKinbku MMTOMUIA OMip MiLLAHOro I'PyHTY, KM A0 TOro X
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MOXe ByTV CYTTEBO 3BOMOXEHUN, 3HAYHO HWDKYUA, HIK MK-
TOMUIA onip GETOHHMX KOHCTPYKLiA, a po3pi3 cnopyau 3ara-
nom moxe OyTn Oyxe HeoOHOPIAHWWA, TO BBaXaemo 3a
MOXIMBE MPUMHATUM Modenb i3 gocuTb Bucokot CKI1 ak
Taky, Lo agekBaTHo Biobpaxae 6ynoBy o6'ekTa.

Mutomuin onip 6GeToHy 3MiHIOETECA B Mexax 200—
1000 Om*m (JlecHukos, NapaHuH, 2017), HasBHICTb apma-
Typw 3 onopom 1 MKOM*M, a TakoX MeTaneBux KOHTeHepiB
i3 PAB moxe 3HuxkyBaTu onip. BogHo4ac HasBHICTb NOPOX-
HVH, HaBMaku, 3gatHa nigsuysaTtu roro. OTKe, MMTOMUIA
onip 6araTo B YoMy 3aneXuTb Big CTYNeHs pyHYBaHHSA KOH-
CTPYKUiT Ta xapakTepy ii 3anoBHEHHS.

MpupogHo-aHTpoNoreHHUn po3pis, byaoBy SKOro BU3Ha-
yaemo 3a iHBepToBaHMMKU npodinamu TEO, xapakTepuay-
€TbCA 3HAYEHHSAMW OMnopy, LU0 3MIHIITLCA B Mexax 1-
4000 OM*M. HwxHin wap ycix pospisis mae onip <10 Om*m,
O OOHO3HAYHO CBIAYUTbL NPO MOro 06BOAHEHHS. PiBeHb
rpyHToBMX Bog (PIB) ctaHoBMTL 6nm3bko 2,3 M Ha nnackin
AingaHui 3i cxigHoro 6oky cxosmwa. Lia nosHadvka PIB nigr-
BEPAXYETbCA TaKOX AaHUMW reopajapHuWX BUMIpHOBaHb
(puc. 5). Oobpe 3ai3onboBaHi 6€TOHHI KOHCTPYKLiT XapakTe-
pu3ytoTbca NMToMum ornopomM >1000 Om*m. lMpomixHi 3Ha-
YeHHs1 oropy OOyMOBreHi OOMEXEHHAMU YyTNMBOCTI
MeTofay, WO He 30aTHUI PO3Pi3HUTY Piski rpaHnLi HeogHopi-
OHOCTeN ycepeamnHi rpyHToBMX Lapis (puc. 4).
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Puc. 4. N3PO "TpeTtsa yepra YAEC". MNpuknaam reoenekTpMYHUX po3pisiB, AKi NepeTUHalTbL CXOBULLE

3okpema, npodinb T1 (puc. 3) nepeTnHas naropb cxo-
BUMLLA B HaNpsIMKY 3i cxody Ha 3axia. BeToHHuiA kopob KoHC-
TPYKUii, iIMOBIpHO, He € MOHOMITHMM. Ha pospisi 6aummo
po3puB y MOro CTPyKTypi Ha 47 M Big nodaTKky npodinto
(puc. 4). BepxHin wap 3acunkn ob'ekta TakoX He € OAHOPI-
OHUM | MICTUTb YITaMK1 BUCOKOOMHMX MaTepianis (6eToHy?).
3HaveHHs, wo nepesuwytoTb 1000 Om, dikcytoTbes y 3axi-
OHIN YacTWHI po3pi3y, Lo MOXe CBIAYNTM NPO XopoLuy rigpo-
i30nALUjt0 3axigHNX KAHbNOHIB CXOBULLIA, @ TAKOX Ha noyaTky
npodinto, Ae, iMOBIPHO, 3a4enunu yHOAaMEeHT iHWOoI cno-
pyan. Bucoki onopu ABOX 3axigHWUX KAHLMAOHIB CXOBMLLEA MO-
XyTb OyTM TakoX nOB'A3aHi 3 iXHbOW  3aCMMKO
BMCOKOOMHUM GETOHHMM CMITTAM. HWXHIN npoBigHuiA wap
BiAMOBIAAE NiATONNEHOMY I'PYHTY.

3rigHO 3 reoenekTpuyYHMMK po3pizamu No nNpoginax T2
Ta T3 (puc. 4) cxigHa YacTMHa cxoBuLLa, iIMOBIpPHO, nigToMN-
neHa rpyHToBMMK BogamMu. HU3bLKOOMHA AinsiHKa y pamnoHi

MNpodine M7

Time, s

Puc. 5. N3P0 "Tpets uepra YAEC

Y pesynbTaTi iHTepnpeTauii gaHnx reodianyHmx gocni-
OXeHb Oynu BiOHOBMEHI reomeTpuWyHi nNapameTpu Ta
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TPeTbOoro 3i CXo4y KaHbMOHY MPOCTOPOBO BiANOBIAAE NOHU-
XKEHUM 3HayeHHsIM iHAYKUii reoMarHiTHoro nons (puc. 3),
IO, MOXNMBO, CBIOYUTb NPO HELOCKOHamMICTb KOHCTPYKLIT
abo pynHadito nignoru cxoeuila.

Monpu Benuknin obcar BUKOHAHUX reopagapHux AOCHi-
OXeHb, X pe3ynbTaT He BUSBMIUCA iH(OPMaTUBHUMM Ye-
pes TOBCTUA Lap FMMHWUCTOI 3acunkn (6nuabko 1 m), Sk
nepekpuaae 06'exT. MUHMUCTUIA NpoLLAPOK Yy PO3pi3i Npu3Bo-
OUTb 0O BENUKUX BTpaAT eHepril eNeKTpoMarHiTHOI XBuni —
3racaHHsi curHany. Tomy rpyHT i3 6inbw Hix 35 % rnvHm
edbekTBHO agcopbye enekTpomarHiTHi xBumi, 3abesneuvy-
H04n mMany rmmbuHy NPOHUKHEHHSA ans reopagapie (Daniels,
2004). OgHak Ha ginaHui nobnuay ob'ekta reopagapHe cka-
HyBaHHS JO3BOMUIIO BCTAHOBUTM ABOLIapoBy 6yaoBy niwa-
HUCTOrO FPYHTOBOrO pO3pi3y, a TakoX BUSBUTU piBEHb
I'PYHTOBMX BOA, SIKMIA CTAaHOBUTb Grn3bKo 2,2 M Big, AEHHOI
NOBEPXHi Y CXiAAHIM YacTuHi npodinto I'7 (puc. 5).

cxig <[> 3axig

ocobnumBocTi koHCTpyKuii NM3PO "Tpetst yepra YAEC", wo
[03BOSIMIO CTBOPUTK AOrO TPUBUMIPHY MoZenb (puc. 6).
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Pesynbmamu obcmexxerHsi 6ypmy "O6'ekm 300 m gid OY”
(mingHka 2 Ha puc. 1). O6'ekT ABNsie coboto BypT 3aBBULLIKM OO
3 M, BUTSATHYTUIA y300BX aBTogoporn Ha YAEC 3i cxony Ha 3a-
xia, 3aBOoBXkM = 93 M, 3aBLUMPLLKM = 15 M. [MoBepxHsa BypTy
HepiBHa, NiBAEHHWI Bik KPYTO Nagae Ao AOpork; cxigHa i NiBHi-
YHa YaCTMHU — BUCOKI, i3 3apocTamMm Monogoro nicy. "Migowsa"
OypTy MicTUTbCSt HA no3Hadui 107 M (No3Hayka piBHS BOAU B
p. Mpun'ate 103 m). NoBepxHeBe ramma-3HiMaHHs ob'ekTa He
BMSBMINO 3HAYHUX MKepen BUNPOMIHIOBaHHS. [pu marHitome-
TPUYHOMY AOCHiMKEHHI 00'EKTa BUSBMEHO HU3KY MO3UTUBHUX
MarHiTHUX aHomanin (puc. 7), Lo BKa3dye Ha HasiBHICTb BEMUKOI

KINbKOCTi YOpPHOro MeTany. Y Toukax i3 HawbinbLl BUCOKMMMN
3HAYEHHAMM MOTYXXHOCTi eKBiBaneHTHOI 403K Oynn BUKOHaHI
po3BigyBarbHi CBEPAIOBUHN.

Y pesynbTtaTi OypiHHA po3BigyBanbHUX CBEPANOBUH
YCTaHOBIEHO, Lo ANns GinbLIoi YacTuHM o6'ekTa nig Wwapom
pagfioakTMBHO 3abpyLHEHOrO I'PyHTY MICTUBCS Luap 6eToHy
abo webHo. MakcumanbHi 3HaveHHs1 MNEL ramma-Bunpomi-
HIOBaHHSA CMOCTEpiranucs B NOBEPXHEBOMY LLAPi 'PYHTY Ha
rnubuHi Big 60 cm. Y cBepanoBuHax, Ae He Gyno BUSIBNEHO
OeTOH, NiaBULLEHI 3HAYEeHHsSI MOTYXXHOCTI 403K MOoLUMplOBa-
nucs Ha rmubuHy o 2 m.
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Puc. 7. Kapta aHomManii marHiTHoi iHaykuii Ha ainsaHui "06'ekT 300 m Big OY"

BucHoBku. KomnnekcyBaHHS NOMbLOBUX MarHiToMmeTpuy-
HUX, €NeKTPOMETPUYHUX Ta reopafjapHUX AOChigXeHb Ha
M3BP y YopHobMnbCbKil 30Hi Big4y>KEHHS1 JO3BOMMIO BiAHO-
BUTW CTPYKTYPY, OLHUTK cTaH 36epexeHocTi Ta Hagatn 06-
rpyHTOBaHi pekoMeHaauii ons OypiHHA 3 METOK BUSIBIIEHHS
ckynueHb PAB. 3okpema, Ha o6'exti M3BP "TpeTsi yepra
YAEC" 3a 4ONOMOrot BUCOKOTOYHOI MarHiToMmeTpii BCTAHOB-
TNEHi MeXi 1 okpeMi eneMeHTU KOHCTPYKLIT cxoBuLLa, BUAINEHI
30HM CKyM4YeHb MeTaneBux koHTelHepiB 3 PAB. 3a gaHumum
Tomorpadpii enekTpuYHOro ornopy Ta reopagapHux AOcCri-
[XeHb [iarHOCTOBaHO YacTKoBe NiATonneHHst ob'ekta rpyH-
TOBMMM Bogamu. 3HaHHSA Npo matepianbHui cknag MN3PB Ta
MNTIIPB, ki MOXNMBO OTpMMaTK 3a 4ONoMoroto BypiHHs, Jo-
NOMOXYTb NOSICHUTU aHoManii BOAHEBOro nokasHuka (pH) Ta
HaA3BMYanHO BMCOKOro BMICTY %°Sr y rpyHTOBMX BoZax Ha
umnx ob'ektax (Matrosov et al., 2018). MarhiTHi focnigpKeHHA
"O6'ekta 300 m Big OY" [O3BONWUAM OKPECHTUTU MEXi CXO-
Buwa. Ller reoisanyHmnii KOMNnekc MoXxxHa pekoMeHayBaTh
ONsi QiarHOCTUKN CTaHy TEXHOTeHHUX 00'eKTIB.
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Hapinwna go peakonerii 15.07.21

COMBINATION OF GEOPHYSICAL TECHNIQUES FOR MAPPING AND MONITORING
OF RADIOACTIVE WASTE DISPOSAL FACILITIES

Sites of radioactive waste disposal in Chernobyl exclusion zone still contain significant amounts of fissile materials. At the same time, the
information on the amount of radioactive material buried during the accident cannot be called satisfactory. Within the strengthening international
safety and environmental requirements, special activities were initiated to survey the radioactive waste disposals created during the liquidation of

the accident at the Chernobyl nuclear power plant.

The work involved the following combination of non-invasive geophysical methods: 1) high-resolution magnetometry; 2) ground penetrating
radar (GPR) 3) direct current electrical resistivity tomography (ERT). Magnetometry provided the detailed map of facilities, and highlighted the sites
where containers with fissile substances had been buried. ERT models revealed variations in the resistivity across the disposal site, which is
associated with different water content, and may indicate flooding. Ground water level was determined from GPR mesurements. The combined
interpretation of geophysical results served a basis for designing the geometric model of the "Chernobyl 3rd stage” radioactive waste disposal facility.
It was used to determine the places for subsequent applying direct radioactive methods for investigation and monitoring of this disposal site.

Keywords: magnetometry, electrical resistivity tomography, ground penetrating radar, radiation dose, radioactive waste, groundwater.
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MNEPCMNEKTUBU NPOMMCIIOBOI PYAOHOCHOCTI NMPOABY MiAl XXUPUUI

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos.-MiH. Hayk, npog. B. M. 3acHimkom)

Ha ocHoei aHanizy mamepiasie 2eonozopo3seidyeanbHux pobim Ha nposiei midi XKupu4i BonuHcbko20 pyOHO20 palioHy npoeedeHo
(1020 2€0/1020-eKOHOMIYHe NepeoyiHro8aHHs, y momy quci 30ilicHeHO nepepaxyHOK 3anacie i MPo2HO3HUX pecypcie nposiay. Sk 3'acy-
eanocsi, y npoueci PP 3anacu i npo2HO3HI pecypcu nposigey 6ynu wmy4Ho cymmeeo nepebinbuieri, ujo eeo0ums 8 oMaHy nomeHui-
Hux iHeecmopie. Lle cmanocsi Hacamneped 3aedsiku Nomusikoeili iHmepnpemauii 2eonoziyHoi 6ydosu podoeuwia, ¢hopmu i po3mipy
PYyOHUX min. 3okpema, 8UKITUKae eesluKi CyMHigu aHoHcoeaHa e Mamepianax PP 3HayHa 20pu3oHmarnsHa NPOMsHKHICMB PyGHUX Mif,
SKi 3a mosuwjuHu 1-3 M Npocmsi2arombCsl Ha Kinbka Kimomempie (3o 4-5 km). Ha Haw noans0, eoHU npedcmassieHi nepeeaxHo JliH30ro-
0i6HUMU minamu nopieHsIHO HesesTuKoi MPomMsXHocmi (8id Nepwux decsimkie 0o Nepwux comeHb Mempie). 3a HaWUMU Po3pPaxyHKaMu
npoeaHo3Hi pecypcu midi kamezopii P; cmaHoensimb 220,4 muc. m, uj0 8 Yomupu pa3u MeHwe, HiXk HagedeHo y 8i0noeiOHUX Mamepianax
I'PP. Lljo cmocyembcs 3anacie mMidi kameaopii C,, a maKoX npo2HOo3HUX pecypcie 6/1a2opodHUX Memarlie, mo 80HU Matomb 6ymu eu-
KIIr04eHi 3 nidpaxyHKy ik HeobrpyHmoesaHi ma HedocmosipHi. 30ilicHeHUl nNidpaxyHOK MeXHiKO-eKOHOMiYHUX NOKa3HUKi8 OC8OEHHS py-
donposiey Xupud4i ceidyums npo cnabky ekoHoMiYHy eghekmueHicmb Lio20 IMOBIPHOI ekcrlyamauii, ujo Mae epaxoesyeamucsi nid 4ac

po3ansidy w000 eknadeHHs iHeecmuuyitl y yeti 06'ekm.

Knroyoei cnoea: miob, pydonposie Xupudi, 3anacu, pecypcu, 2e0/1020-eKOHOMIYHE OUiHI08aHHS.

Bctyn. NMocTtaHoBKa npobnemu. 3abeaneyeHHs Ykpa-
THM BracHow MiHepanbHo-cupoBKHHO Gasoo (MCB) wmia-
HUX PYA € aKTyanbHUM 3aBOaHHAM reonoriYHol ranysi Hawoi
KpaiHn, TMM OGinblue WO CrnocTepiraeTbCs MOCTiiHE 3poC-
TaHH4 UiHM Ha Migb. Hanpuknag, Tinekun 3a 2020 p. BapTicTb
TOHW Mifj Ha MiKHapOZHWUX puHKax 3pocna Ha $1 560 — i3
$6 271 nHa 01.01.2020 p. go $7 831 Ha 18.12.2020 p.
(24,9 %). Migha npomucnoBicTb YkpaiHwW, npeacTaBreHa
ApTemiBCbkMM 3aBogoM 3 0BpOOKM KOMbOPOBUX MeTaris,
3anopisbknm 3aBOAOM KONbOPOBUX MeTaniB, BUPOOHUYMM
nignpuemcTteom "lMaHkom-tOH" (Oneca), 3abe3nevyeTbest iM-
NopTHOK cupoBuHoOto ([Tepcriekmuesi pazsumus..., 2011).
Tum yacom B YkpaiHi Bigomo noHag 150 nposBiB migi
(Fypckut ma iH., 2006), HaKBINbLIUIA IHTEPEC 3 AKUX CTaHO-
BMNSTb MPOSIBU CaMOPOAHOI Mifi y pudenceknx Tpanax Bo-
JIMHCLKOrO PyAHOro panoHy, 3okpema nposie XXupudi. Tomy
Mporpamoto po3sutky MCB YkpaiHn nepenbaveHo npose-
OEHHs1 reonoropo3sigyBanbHux pobit (FPP) Ha TepuTopii
py4HOro panoHy i NigroToBka HamnepcneKkTUBHILLIOro 06'ekTa
00 TNPOMUCIIOBOrO OCBOEHHS (3azanbHoOepxxasHa po-
epama..., 2011). Npobnema nonsrae y BiaCyTHOCTi 06'ekTU-
BHOrO reosioro-eKOHOMIYHOIO OLIHIOBAHHA LbOro Ta iHLUMX
NposiBiB, L0 CTPUMYE 3aryyYeHHs iHBECTULIN ANS TX MOXIK-
BOr0 MPOMMWCIIOBOrO BMKOPUCTaHHS 4v NpM3BOAUTL OO MO-
MUIIOK B OUIHIOBaHHi  MEpCreKTMB  MPOMWCIOBOI
PYLOHOCHOCTI UMx 06'eKTiB, L0 3HELUiHIOE pesynbTaTy npo-
BeLleHMX pobiT i ax Hisik He CpUsie eHTy3ia3my iHBECTOPIB.

Anani3 nonepeaHix gocnimkeHb. TvM YacoM iHTepec 4o
LMX NPOosBIB Y MOTEHLiHWX iHBECTOPIB iCHYeE. 3alikaBrneHicTb
HUMM y CBil Yac BuaBnanu komnadii CLUA, Kanagn, ®paHuii,
Icnanii, Kutato, Kopei, Monbuwi (Kysaes, 2009, MedHbIli 20-
1100..., 2007; XapyeHko, 2011; Kopesi 6ydem dobbisame...,
2008). Y 1997 p. komnaHis "Polska Miedz" (MonbLya) kynuna
nakeT AOKyMeHTaUii Ha AainsHky XKupudi, a y 2007 p. BonuHeb-
Koo obnacHoi pagoto Oyrno MoropkeHo A03BiM CriflbHOMY
YKpaiHCbKO-MOMNbCbKOMY MignpuemcTBy "YKpnonMigs" Ha BUKO-
puctaHHs Hagp Ha nposiBi  Xwupwyi  (Ykpronmedu
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paspewunu..., 2007, XKuxapa, 2007). Ha xanb, couiansHo-
NONITUYHI YNHHWKN 3aBaJWNM PO3BUTKY LIbOTO MPOEKTY.

OpgHak iHTepec Ao nposiBiB camopofHoi Migi BonuHcb-
KOro pyaHoro pawoHy He 3Hu3uBcs. 3 1991 no 2008 pp.
PiBHeHcbka reonoriyHa ekcneguuisa MAPITT "MiBHivreono-
rig" NPOBOAMTL reonoropo3sigyBarnsHi poboTu Ha TepuTopii
BonuHcbkoro pyaHoro pavioHy (MMowyku podosuuwy Mmidi.. .,
2008), siKi BKMoyanu nowwykoBi po6oTu Ha ainsHkax XXupwudi,
3anicu-lLUmeHbky, [iBHiYHO-TipHMLUbKa, [MiBHIYHO-PaTHIB-
cbka, PaTtHiBcbka, Tekns, Tenbya, KyxoTcbko-Borbcbka,
Benuko-Migcbka; nowlykoBo-oUiHIOBanbHi — y Mexax [lis-
AeHHo-Padhaniscbkoro pygonposisy. Benuka vactuHa umx
pobiT Gyna npucBsiyeHa BUBYEHHIO pyaonposisy XKupwi, e
Oyno BuaineHo n'atb NPpoAyKTUBHUX ropn3oHTiB (1A, 2A, 25,
3A, 3Bb). 3a 3amoBnenHsam MAOPITT "MisHiureonoris" TOB
"CJIT Coto3" 3a maTepianamu 'PP BMKOHaANO TEXHIKO-€KOHO-
MiYHE MipKyBaHHS AOUINIbHOCTI MpOBeaEeHHS NOLLUYKOBO-OLyi-
HIOBasbHMX pobiT Ha camopoaHy Miab y Mexax Kupuubkoro
pyaonposiBy. Bynu po3paxoBaHi nonepeaHi koHAWLIT, niapa-
XOBaHi MPOrHo3Hi pecypcu Mmigi y kinekocti 992,83 tuc. T
(y T. 4. kateropia P1— 858,93 tuc. 1; P2—133,9 Tnc. T) i npo-
rHO3Hi pecypcu bnaropogHux enemeHTiB (Au — 8,14 1, Ag —
700,58 1, Pt-7,85T1, Pd — 2,62 71).

Y 2016 p. KOMyHanbHe nignpuemcTeo "BonuHbnpupoa-
pecypc" oTpMmarno crnewLao3sin Ha BuaooyTok migi (Kpasuyk,
2017). 3a 1oro 3aMOBMEHHAM BUPOOHMYMM KOOMNEepaTUBOM
""eonor" 6yno nposeaeHe nonepeaHe reornioro-eKOHoMiYHe
ouiHtoBaHHA nposaBy XXupwii (MonepedHsi ee01020-eKOHO-
MiyHa..., 2016). Bynu ouiHeHi 3anacu midi 3a kaTeropieto
C2 — 72,2Tuc. T, NpOrHO3Hi pecypcu karteropii P1 —
720,55 Tuc. T1iP2- 109,45 Tuc. T; BCTaHOBMEHI 3anacu 6na-
ropogHux metanie kateropii C2 (Au — 0,60 1; Ag — 51,33 T;
Pt — 0,61 T1; Pd — 0,20 1) i pecypcu kaTeropii P1+2 (Au —
6,81 1; Ag—585,98 T; Pt — 0,66 T; Pd — 0,22 T), po3paxoBaHi
OCHOBHi TEXHIKO-€KOHOMIiYHi MOKa3HUKM OCBOEHHS AiNSAHKU
XKupwdi, iki, Ha AyMKy aBTopiB 3BiTy, NiATBEPANIIN €KOHOMIYHY
edeKTUBHICTb iIMOBIpHOI ekcnnyartauii. Lle ctano ocHoBoto

© Muxawnnos B., Kypuno M., AugpeeBa O., LLIHokoB C., 2022
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ANs NoYaTKy MOLLYyKOBO-OLiHIoBanbHux pobit KIM "BonuHe-
npupogpecypc" Ha npossi XXupuui.

BugineHHsA Hepo3B'A3aHUX YACTUH 3aranbHOI Npo-
6nemu. MNMpobnema nonsirae y ToMy, WO ABi CBEPAMNOBUHH,
npobypeHi KM "BonuHbnpupogpecypc”, 3a pesynbTatamu
reonoro-eKkOHOMIYHOro OLiHIOBaHHSA nposBy XKupudi He nig-
TBEPAUNN HAsIBHICTb PyaHMX Tin y MigpaxyHKoBUX Grokax,
O CTaBWUTb Mig CyMHIB pe3ynbTaTh reororo-eKOHOMI4YHOro
OLiHIOBaHHA pyaonposiBY 3aranoM, BKITKOYHO i3 NigpaxyHKoM
3anacis i pecypcis Migi.

®dopmyntoBaHHA UWinen ctatTi. OCHOBHOW UiNM0O
cTaTTi € 06'€EKTUBHE reorioro-eKOHOMIYHE OLiHIOBaHHS Npo-
aBy XKupwui. [Ins uboro Hamy NpoBeAeHo AeTanbHUM aHania
hakTUYHOro MaTepiany reonoropo3sigyBarnbHUX pobiT Ha
AinsHui XXupwnyi, BUknageHoro y BULLENONMEHOBAHNX 3BiTax
(Mowyku podosuwy, midi..., 2008; NonepedHs 2eonoeo-eko-
HOMIYHa..., 2016), 34iNCHEHO nepepaxyHOK 3anacie i Npo-
FHO3HUX PecypcCiB MPOsBY i pO3paxoBaHi OCHOBHI TEXHiKO-
€KOHOMIiYHi NOKa3HWKN NOr0 OCBOEHHS.

Buknag ocHoBHOro marepiany. lig 4yac nposegeHHs
PP Ha pyaonpossi >Kupwudi Ha nnouwi 36,4 km? npoBypeHo
53 ceepanosuHu (23850 nor. M), WO A03BONNMO AOCATHYTH
winbHocTi 6ypoBoi mepexi 1600 x 600—800 ™ i3 3ryLieHHsaM
Ha okpemux npodinsax go 800 x 800 m. byno BugineHo 5
NpoayKTMBHUX rOpu3OHTIB (3HuU3y): 1A, 2A, 26, 3A, 3b,
npencTaBneHnx nepeBaxHo 6asanbTamu, pigwe — Tydamm
(2A) 3 migHOO MiHepanisauieto, MPOTSXKHICTb SKNX, HA LYMKY
aBTopiB 3BiTY ([Towyku podosuwy midi..., 2008), carae 4—
5 kM, a nnowa — nepLmnx AecATKiB KBagpaTHUX KiloMeTpiB,
y Mexax SKUX BUOINAITbCS OKpeMi pyAaHi Tina 3i BMiCTOM
Migi = 0,2 % Ha ToBLWUHY = 1 M. TNBUHa 3ansraHHs pyaHUX
ropu3oHTiB ctaHoBuUTb 164-530 M. CepefHi NOTYXHOCTI Ta
cepeaHini BMICT camopoAHOi Midi MO pygHWX Tinax ropm3oH-
TiB cTaHoBNATL: 1A= 5,7 M i 0,27 %, 2A — 2,23 M i 0,42 %,
26 -1,73mi 0,45%, 3A - 126mi03%,3b—-178mi
0,32 %. 3asHavaeTbcs, WO ropn3oHTr 2A i 26 3a TOBLUMHO
PYOHUWX Tirn | BMICTOM MiZli B HUX € HahbinbL cTabinbHUMMU.

YcTaHOBMEHO, WO pyau Aobpe 36aravytoTbes 3a rpasi-
TauinHO-NoTauinHOK cxeMoto 36aradyeHHs!, Migb € BUKIHO-
YHO uucToto, Bmiwye Ao 99,9 % metany. Kpim Toro, B Mmiai
npucyTHi: Au — go 8,2 r/T; Ag — oo 706,0 r/T, a B pyai — nna-
TvHa — go 0,027 r/t Ta nanagi — go 0,009 r/t. PygHi Tina
OKOHTYpeHi 3a 6opToBmm BmicTom 0,2, 0,3 10,4 % migi. Bynu
po3paxoBaHi nonepeHi KOHAWLIT 4118 HANCNPUATMUBILLONO 3
€KOHOMIYHOI Mnornsay BapiaHTy: GopToBui BMICT Migi —
0,2 %, MiHiManbHa NoTYXHicTb pyaHoro Tina — 1,0 M, Makcu-
MaribHa MOTY>XXHICTb NpOLUApKiB NyCTUX nopig, i HeKoHAWLIN-
HUX pya — 1,0 M; nigpaxoBaHi MPOrHo3Hi pecypcu Midi y
KinbkocTi 992,83 Tuc. T (y T. Y. kaTeropia P1— 858,93 Tuc. T;
P2 —133,9 Tuc. 1) i3 cepeaHim Bmictom migi 0,379 % noTyx-
HicTo pyaHux Tin 1,26-5,7 m. Kpim Toro, 6ynu nigpaxoBaHi
NPOrHO3HI pecypcu 6raropogHUX eneMeHTIB, siKi 3a BapiaH-
Tom 6opToBoro BMicTy Migi 0,2 % cknanu: Au — 8,14 1, Ag —
700,58 T, Pt—-7,85T, Pd—2,62 T.

Y 3BiTi (lNonepedHs1 2eonoeo-eKkoHOMIYHa..., 2016), nig-
rotoBrneHomMy 3a matepianamu PP, BcTaHOBNEHi Taki KOHAW-
uii: 6optosun BMICT Migi — 0,2 %; MiHiManbHUA NPOMUCIIOBUIA
BMIiCT Migi B nigpaxyHkosomy 6roui — 0,313 %; miHimanbHa
NOTYXXHICTb pyAHoro Tina — 1,0 M; MakcnmarbHa MoTYXHICTb
npoLLapKiB MOPOXHIX NOpPIA i HEKOHOWLIMHUX pya, sika BKIO-
YaeTbcA B NigpaxyHok 3anacis — 2,0 M. Ha ocHOBI LMx koHaN-
uin 6ynun ouiHeHi 3anacu 3a kateropieto C2 (okpemi Groku
ropusoHTiB 2A i 2B) y KinbKocTi 72,2 TUC. T Migj, a TakoX npo-
rHO3Hi pecypcw kateropii P1 (ropusoHTu 36, 3A, 26, 2A) y «i-
nekocti 720,55 Trc. T migi i P2 (ropm3oHT 1A) y KinbKoCTi
109,45 1uc. T migi. Kpim Toro, anst 6naropogHo-meTansHoro
3pyaeHiHHS Oyny BcTaHoBneHi 3anacu kateropii Cz (Au— 0,60 T;
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Ag - 51,331, Pt- 0,61 T; Pd — 0,20 T) i pecypcu kaTeropii
P+1+2 (Au — 6,81 1; Ag — 585,98 1; Pt — 0,66 T; Pd — 0,22 T).

PopoBuie BigHeceHO A0 TPeTbOi rpynu CKNagHoCTi re-
ornoriyHoi 6yaoBu, 0o AKOT HanexaTb pogosulla abo ains-
HKM [y>Xe CKMNafHoi reonoriyHoi 6y[oBu 3 pyaHMMU Tinamu,
AKi NpeAcTaBneHi cepefHiMy | HEBENUKUMM 3@ PO3MIPOM ni-
H30MnoAidbHMMK, NnacTonoaibHMMM i XnnonoAibHMMK Nokna-
AaMW i3 3MiHHOI MOTY>KHICTIO | HEBUTPYMAHMM BMICTOM Migi,
a TaKoXX HEeBENUKMMU CTOBMONOAIGHUMMU i LUTOKONOAIOGHUMM
Tinamu ayxe cknagHoi 0y4oBMW, CUMBHO po3rany>XeHumu, ni-
H30MOAIBHUMN MeTacoMaTUYHUMU MOKNagamu i Xxunamu i3
BESNIbMU HEPIBHOMIPHMM PO3MOAINoM Mifi.

[MepeBaxxHO BUCHOBKWM aBTOPIB LIbOro 3BITY, IXHS OLiHKa
3anacie i pecypciB MigHux pya AinsHku XKupudi, 3aknio-
YEeHHS NP0 eKOHOMIYHY e(PEeKTUBHICTb iIMOBIPHOI ekcnnyaTta-
Lii 6ynu nigTpumaHi Ha 3acigaHHi konerii [lep>xaBHoi KOMicii
YKpaiHu no 3anacax KOPUCHNX konanuH npu JepxasHin cny-
X6i reonorii Ta Hagp Ykpainu (mpomokon Ne 3769, 2016).

Po3rnaHemo, Hackinbkun BUCHOBKU LMX 3BIiTiB Bianosiga-
10Tb HasiBHOMY hakTU4YHOMY MaTepiany.

OpfHWMM i3 TONOBHMX OLIHOYHMX KPUTEPIiB CTYNeHs BU-
BYEHHS pyAHUX 06'eKTIB € LLiNbHICTb Mepexi rpHNYnX BUpPO-
00K, Y LLbOMY BUNafKy — CBEPAOBUH. SK yXKe 3a3Havarnocs,
WinbHicTb 6ypoBOi Mepexi Ha nnowi nposisy XKnpudi ctaHo-
Buna 1600 x 600-800 m i3 3ryLieHHAM Ha oKpemux npodi-
nax go 800 x800m (puc.1). PeanbHa BiacTaHb Mix
CBepASIoOBMHAMUN Ha AiNsHUi nigpaxyHKiB 3anaciB kaTteropii
C2 ctaHosuTb Bia 400 go 1400 M. Yun goctaTHA Taka LWinb-
HiCTb AnA nigpaxyHky 3anacis kateropii C2?

B yKpaiHCbKMX IHCTPYKTUMBHUX MaTepianax He iCHye Bu-
MOT [0 LWiNbHOCTI po3BigyBanbHOI Mepexi CBeparioByH Npu
nigpaxyHky 3anacis kateropii Cz, ane e 3 pagsHCbKux Ya-
ciB Taka Mepexa BCTaHOBMEHa ANs NigpaxyHKy 3anacis Ka-
Teropii C1. Bona crtaHoBuTb 50-70 M anga 3-i rpynu (3a
CKMafHiCTHo reonoriyHoi 6yaoBm) pogoBuLL, Midi, A0 SKOT Bif-
HeceHui pygonposie XKupudi. 3rigHo 3 (Memoduyeckue pe-
komeHOayuu..., 2007), pnsa nigpaxyHKy 3anacis kaTteropii C2
3-i rpynu pogoBuLy, Migi po3BigyBaribHa ciTka MOPIBHSHO i3
ciTkoto Ans kateropii C1 po3piaxyeTbes y 2—4 pasu 3anexHo
Bi4 ocobnuBocTel reonoriyHoi 6ynosu pogosuwa. LLinb-
HICTb pO3BigyBanbHNX CBEPANOBUH AN NigpaxyHKy 3anacis
kateropii C1 nepegbayveHa Ha pieHi 50—-70 m, To6TO Ansa ni-
ApaxyHKy 3anacis kateropii C2 BigcTaHb MiX CBepAnoBu-
Hamu He mae nepesuwyBatn 100-280 M. TakMm YUHOM,
AKLLO JOTPUMYBATUCH LUMX METOAMYHUX pekoMeHaauin (ski
€ abComnTHO NOrMYHMMM i AOLINMbHMMU), TO MiApaxyHOK 3a-
nacis kateropii Cz Ha ginaHui 2Xnpudi € HeJoCTOBIPHUM.

He meHLW BaxknvBuM Ans 0OI'pyHTYBaHHS pecypciB pya-
HUX 06'EKTIB € BU3HAYEHHS1 0COBNMBOCTEN iX reonorivyHoi by-
OOBW, reonoro-npoMUCIIOBOr0 TUNY 3pYyAEHiHHSA, opmu i
pPO3Mipy pyaHUX Tif.

Pynonposs »Xvpuyi Hanexuntb 0O BKpawn pigkicHoro ca-
MOPOAHOMIHOrO reoIoro-NPOMMCIIOBOrO TUMY MIZHOrO 3py-
[OEHIHHS, NpeacTaBreHoro y CBiTi podoBulaMu nefb He
€4MHOro MigHOpyAHOro panoHy osepa BepxHboro. Tam po-
posuwa camopopgHoi migi (Copper Harbor, Eagle Harbor,
Eagle River, Mohawk, Calumet, Hancock, Houghton,
Ontonagon) npuypoYeHi A0 NiBHIYHOro cekTopy BY3bKoi (10—
15 kM) TporonodibHoi CTPyKTypW, ckrageHoi GasanbTamm
cepepn 0cagoBKMX Nopia, BUTATHYTOI B NiBHIYHO-CXIQHOMY Ha-
npsiMKy Ha noHag 250 km (Laurel et al., 2020). Minepanisa-
Lis npuypodeHa [0 BEPXHIX MUrganekam'sHux YacTuH
6asanbToBMX NMaBOBMX NNnacTiB i koHrnomepartie cepii Mop-
Tuox-Nerik nisHbogokemobpilicbkoro Biky. PyaHi 30HM 3aB-
TOBLUKM A0 3—5 M JOCTaTHLO BUTPMMaHi Ta NPOCTEXYTLCS
no npoctaraHHio Ha 1,5-11,0 kM, a no nagiHH — Ha 1,5—
2,6 km (Borngorst, Barron, 2011). CamopogHa Miab
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yTBOPIOE ApiBHI 3epHa i camopoaku B mopax y LemeHTi 6pe-
K4 i KOHrroMeparTiB, cepefHi BMICT Midi B pyaHUX Tinax
konmeaeTbea Big 0,8 go 2,8 %, pyan MarTb nigBULLEHWIA
BMIiCT cpibna. Bara camopogkiB Moxe csratm 19T

(Borngorst, Barron, 2017). Bik migHoi miHepani3auii ctaHo-
BUTb 1060-1047+20 mnH p. 3aranbHi 3anacu migi caranm
6 MIH T, 3a Yac po3pobku pogosuLy i3 1844 p. TyT BUOobyTo
0o 5,5 MnH T migi.
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Puc. 1. Cxema po3milleHHs CBepANOBUH i BiAcTaHi MiXk HUMK

Pynonposs XXupudi cyTTeBO BiApPi3HAETLCA Big POSOBULL,
MiZHOPYAHOrO pavioHy o3epa BepxHboro 3a maclrtabamum,
BMICTOM KOPUCHMX KOMMOHEHTIB i 6yaoBoto pyaHux Tin. Ak
BUMMMBAE 3 pe3ynbTaTiB KPUTUYHOTO aHanisy akTU4HMX
maTtepianis PP (MTowyku podosuuy midi..., 2008; MNonepe-
OHS1 260/1020-€KOHOMIYHa..., 2016), aHOHCOBaHa B HUX 3Ha-
YHa TrOpU3OHTaNbHa MNPOTSKHICTE PyAHUX Tin, Ak 3a
TOBLUMHU 1-3 METPU BUTATYIOTLCA Ha Kinbka KinoMeTpis (40
4-5 kM), BUKIUKaE 3Ha4Hi CyMHiBW. MNprHaMHI MOXHa cka-
3aTu, WO Le He 06rpyHTOBaHO HasiBHUM hakTU4HUM maTe-
pianom. Ckopill 3a BCe pyAHi Tina npeacTtasrneHi niHdamu
HEeBEeNMKOi NPOTSXKHOCTI (NepLui AeCATKA, MOXIMBO A0 nep-
LMX COTEHb METPIB), SKi 3a3BMYail NPUYPOUEHi 40 MEBHMUX
cTpaTurpadiyHUX ropusoHTIB, ane MoXyTb 3'ABRATUCA | B
Oyab-SKili YaCTWHI po3pi3y BYNKAHOTEHHOI TOBLL.

HaBegemo kinbka npuknagis HEKOPEKTHOI iHTepnpeTaLii
dakTmyHoro matepiany. Tak, Ha poapisi II-Il JogaTtky 7 oo
3BiTYy ([Mowyku podosuwy midi..., 2008) i aHanoriYHOMy po3-
pisi lI-1l Doaatky 10 go 3BiTy ([TorrepedHsi 2e0/1020-eKOHOMi-
yHa..., 2016) ceeppgrnoBnHamu 5650 i 4510 po3kpuTi
KOHOUUIHI nepepisn pyaHUX Tin ropu3oHTy 2b NoTyXHICTIO
y nepwomy Bunagky 1,0 m i Bmictom migi 0,41 %, y apyromy
—1,4 m/0,27 % (pwvic. 2). BigcTtaHb Mix cBepAnoBMHaMM cTa-
HoBUTb 1430 M. | OCb TOHECEHBKWUIN NPOLUAPOK 3aBTOBLLKMK
6ina 1 M aBTOPM 3BITIB BUTArYI0Tb Ha Maibke 1,5 km. | ue 6e3
ypaxyBaHHs TOro, Lo i B CBepAoBuHi 4510, i B po3MilLeHin
Hanbnwxkye Ha NiB4HI 4O UbOro npodinto ceepanosuHi 4502
nepepisn pygHoro Tina MaroTb YMOBHO KOHAMLINHWI Xapak-
Tep, ToMy Wo B 06mMABOX BMNAZKax y MigpaxyHOK BKMoYa-
JINCS HEKOHOMUINHI 3Ha4YeHHs BMICTY Migi. [1o Lboro MoxHa
4o4aTw, WO Y cBepasoBuHi 5826, po3milleHii Hanbnmkye
0O niHii po3pi3y 3 niBHiYHOT cTopoHu (300 M), pyaHi Tina
LibOro ropuM3oHTY B3ararsi He BUSIBIEHI.

e uikaBiwe Burnagae cutyauisa 3 ropnsoHTom 36 Ha
TOMY caMOMy po3pisi. BiH poskpuTuii B ogHOMY nepepisi
cBepanosmHoo 5650 (ToBwuHa 1,0 m, BMIicT migi 0,22 %), B
iHwomy — cBepanoBuHoto 4510 (1,0 m i 0,27 % wmigi) iy
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TpLOX nepepizax — ceepanosuHoo 5625 (1,1 m/0,35 %;
1,2 m/0,26 %; 1,4 m/0,31 %). Ane X Mi>k NepLUoto i Apyroto
cBepAanoBMHaMU BigcTaHb cTaHoBUTb 1430 M, Mix apyroto i
TpeTboto — 1000 M. TUM HEe MeHLU aBTOPM He TiNbKM NpoTS-
ryloTb Lel TOHEeCEHbKUA MpOLIapoK Ha BiACTaHb MOHaj
2000 m, ane 1 pisko 36inbLUYOTb NOro TOBLLMHY B MPOMIDKKY
Mk ceepanosuHamu 4510 i 5625. BesymoBHo, Ue € WTyy-
HUM 36inbLUEHHsIM NapameTpiB pyaHUX Tir.

[pyroto 3aranbHO MNOMUIIKOK (SIKLLO Lie NOMWUIKa) aB-
TopiB 3BITIB i3 PP € cuctemaTnyHe MOpPYLUEHHS HUMWU X
yCTaHOBNEHUX KOHAMLIW NiapaxyHKy, a came 60pToBOro BMmi-
cty Migi 0,2 %, MiHimanbHoOi NOTy>XHOCTi pyaHoro Tina 1,0 m,
MaKCUMarnbHOT NOTYXKHOCTi MPOLLApPKIB MOPOXHIX nopig i He-
KoHauUiHuX pyg — 1,0 m.

Haeegemo Tunosun npuknag. Mo ceepanosuHi 5838 Bu-
AineHvn pyoHun iHtepsan 343,4-344,7 m, To610 1,3 M 3aB-
TOBLUKM i3 cepegHim BmicToM Migi 0,38 %. Ha nepwun
nornsg, ue Bignosigae NpUNHATAM KOHAMUiISM. Ane 3 ycboro
LbOro iHTepBany Tinbku iHTepean 343,9-344,2, To61o 0,3 M,
€ PYAHVM i3 BUCOKOK KOHUeHTpauieto migi (1,6 %). AsTopu
LUTYYHO OOBOAATH TOBLUMHY PYOHOrO Tina OO0 KOHAMLIAHOI,
BKItoYatoun Oe3pyaHi iHTepanm 343,4-3439m (0,5m) i
344,2-344,7 m (0,5 m) i3 knapkoBumu BMmicTamu migi (0,01 %).
BesymoBHO, uen iHTepBan Tpeba BUKMIOYUTU 3 NigpaxyHKy
3anacie sk Takui, WO He Bignosigae koHauuism. Ha xanb, Ta-
Kux npvknagis 6arato. TakuM YMHOM, KinbKiCTb | TOBLUMHY py-
AHUX iHTepBanis Tpeba nepernsHyTy B 6ik 3MEHLLEHHS.

IHWa nomunka aBTOpIB 3BITIB, IO aHani3yTbCs, NOB's-
3aHa i3 BU3HAYEeHHSM MoLi nigpaxyHkoBux 6nokie. Ha Haw
nornsg, aBTopy HEBUMPaBAAHO 36iNbLINMAM iXHIO NnoLly 3a
paxyHOK BKIMIOYEHHSI OO MigpaxyHkoBoro 6rnoky 6e3pyaHux
CBEpAJIOBMH YM CBEPAJIOBMH 3 HEKOHAOMUIMHMMUK napamert-
pamu, a TakoX HeBunpaBOaHOI iHTepnonauii nNnoLli pygHuX
Tin Ha TepuTopii, Ae BiacyTHi Oyab-aki aaHi. OTxe, i nnowwyi ni-
ApaxyHKy 3anacis MatoTb 6yTn nepernsHyTi B 6ik 3SMEHLLEHHS.

Taknum YmHOM, pecypcu B COTHI TUCSY TOH Midi Ta 3anacu
B [ECATKM TUCAY TOH Y 3BiTax npo nposefeHHs PP €
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Heobr'pyHTOBaHMMUY. BignoBigHO BCi TEXHIKO-EKOHOMIYHI Mo-
Ka3HWKM OCBOEHHS AinsHKu XXupwudi, po3paxoBaHi B LUX 3Bi-
Tax, He MalTb pearbHOro NiarpyHTs.

Micns petanbHoro aHanisy ocoGnmMBOCTEN reornoriyHoi
OyZi0BM pyaonposisy, NPOCTOPOBOrO PO3MNOBCIOAKEHHS, do-
pMu | po3mipiB pyaHuUX Tin, pesynbTaTiB aHanisy BigidbpaHmx
npo6 Mu iAWY BUCHOBKY MPO HEKOPEKTHICTb MiApaxyHKy
3anacie kateropii C2 i NporHo3Hux pecypcis kateropii P1y
mMexax AinsHku Xupudi. Lle 06ymMoBnNeHo HeBUTPUMMAHICTIO
PYAHUX TiN y NpocTopi Ta B po3pisi, HeAOCTATHLOLO LWUifbHi-
CTHO FPHUYMX BUPOOOK, NOPYLUEHHSIM YCTAHOBMNEHNX KOHAM-
Ui nig 4ac nigpaxyHky 3anacis. Ha uin cragii PP
BUAINEHHS B MeXax pyaonposiBy 6moky pyaHux Tin, cTyniHb
reonoriyHoro BUBYEHHS SIKMX OO3BOSISiE KnacudikyBatu 3a-
nacv 3a kateropieto Cz, € HEKOPEKTHUM.

YpaxoByoun BuLLeckadaHe, HaMK NpoBedeHe nepeoLyi-
HIOBaHHA MPOrHO3HMX pecypciB kaTteropii P1y mexax gins-
HOK, Ae B pesynbTaTi npoBefeHux pobiT Buokpemunucs
nepcrneKkTUBHI NNOLLi, NiATBEpAXEHI HasBHICTIO NPOOYKTUB-
HUX iHTepBaniB 3 KOHOULINHAMKW NOKa3HWKaMK B po3pisi ne-
BHMX CBepanoBuH. KoHTypu nigpaxyHKy MNpPOrHO3HMX
pecypciB kaTteropii P1HaBeageHi Ha puc. 3. BoHu cknagaioTs
Hesenuki (0,1-1,0 kM?) NPOCTOPOBO PO3Pi3HEHI NMOLL, SAKi
nepeBaxHO ONMMPAaTLCA Ha pe3ynbTaT MOOAMHOKUX CBEp-
anosuH (ropmsoHTn 36, 3A, 1A, YactkoBo — 26 i 2A), i Tinbku
Ons ropnsoHTiB 26 i 2A y LeHTparnbHili YacTuHI pyaonposBy
Xupudi BUOKpeMNioloTbCs GinbLU-MeHLL 3HauHi (00 2—3 Km?)
nnotwi. MapameTpwu Lmx nnowy i ouiHka NPOrHO3HUX pecypciB
kaTeropii P1 HaBegeHi B Tabn. 1.
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Ta6bnuys 1
Po3paxyHOK nepcnekTMBHUX pecypciB kaTteropii P4+ pyaonposasy Xupuui

MporHo3Hi pecypcu, TMC. T

. Lo
Ne cB. IHTepBan ToBLWMUHA, M BwmicT migi, % Pyan | Mizi
Fopu3oHT 36-1 (nnowa 0,38 km?)
5834 295,3-297,0 1,7 0,19
5822 274,7-278,2 3,5 0,50
Ycboro/CepegHe 2,6 0,40 2470 9,9
F'opu3oHT 36-2 (nnowa 0,46 km?)
5650 258,0-259,0 1,0 0,22
5816 258,0-259,0 1,0 0,21
Ycboro/CepegHe 1,0 0,22 1150 2,5
Fopu3sonT 36-3 (nnowa 0,97 km?)
4510 238,2-239,2 1,0 0,27
5838 211,2-212,2 1,0 0,22
5625 217,1-218,5 1,4 0,31
5874 164,0-168,0 4,0 0,40
Ycboro/CepegHe 1,85 0,36 4486 16,1
FopusoHT 3A-1 (nnowa 0,40 km?)
5525 | 372,3-374,5 [ 2,2 | 0,32 | 2200 | 7,0
Fopu3oHT 3A-2 (nnowa 0,30 km?)
5834 | 359,0-360,0 [ 1,0 | 0,44 [ 750 [ 3,3
FopusoHT 3A-3 (nnowa 0,42 km?)
5810 | 266,0-267,0 [ 1,0 [ 0,28 | 1050 | 29
F'opu3soHT 26-1 (nnowa 0,45 km?)
5827 424,1-425,2 1,1 2,01
437,5-439,5 2,0 0,34
5815 447,6-449,0 1,4 1,00
Ycboro/CepegHe 1,5 0,95 1687 16,0
Fopu3oHT 25-2 (nnowa 0,42 km?)
5813 449,5-450,5 1,0 0,63
5810 353,3-355,2 1,9 0,46
Ycboro/CepegHe 1,45 0,52 1522 79
FopusoHT 26-3 (nnowa 1,42 km?)
5819 397,6-398,6 1,0 0,21
5830 389,7-390,7 1,0 0,88
4507 388,7-389,7 1,0 0,22
5816 384,5-390,0 55 0,44
4498 390,3-391,8 1,5 0,31
5650 393,7-394,7 1,0 0,28
4502 364,8-366,2 1,4 0,19
4510 372,3-373,7 1,4 0,27
Ycboro/CepegHe 1,7 0,37 6035 22,3
Fopu3oHT 26-4 (nnowa 0,79 km?)
4586 344,7-345,6 1,7 0,22
5846 249,2-250,5 1,3 0,38
5841 221,3-222,6 1,3 0,36
Ycboro/CepegHe 1,4 0,31 2765 8,6
FopusoHT 2A-1 (nnowa 0,28 km?)
5831 | 488,6-490,3 1,7 | 1,04 | 1190 | 12,4
FopusoHT 2A-2 (nnowa 0,91 km?)
5810 379,0-380,0 1,0 0,75
5813 481,9-483,0 1,1 0,88
5876 460,8-461,8 1,0 0,21
Ycboro/CepegHe 1,0 0,62 2275 14,1
FopusoHT 2A-3 (nnowa 2,86 km?)
5830 434,8-436,8 2,0 0,72
4507 425,1-429,9 5,0 0,21
5816 413,3-416,1 2,8 0,40
4577 366,0-367,7 1,7 0,27
5832 408,5-409,5 1,0 0,29
5828 431,7-432,7 1,0 0,48
5822 456,2-458,0 1,8 0,75
Ycboro/CepegHe 2,2 0,40 15730 62,9
Fopu3oHT 2A-4 (nnowa 1,30 km?)
5826 409,9-413,2 3,3 0,31
5817 410,0-411,0 1,0 0,21
414,5-415,5 1,5 0,50
4586 372,5-375,5 3,0 0,28
5841 275,1-276,1 1,0 0,29
Ycboro/CepegHe 2,0 0,32 6500 20,8
Fopu3soHT 1A (nnowa 0,37 km?)
5815 531,5-537,2 57 [ 0,26 5272 13,7
3ArAJlIOM 55082 220,4
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Taknum YMHOM, 3a HaLIMMKN po3paxyHKaMmn NPOrHO3HI pe-
cypcu migi karteropii P1  ginsHkm Xupudi  ctaHoBnsATb
220,4 Tnc. T Migj, WO B YOTUPU pasn MeHLLe, HXXK HaBedeHO
y BignoBiaHux maTepianax PP ([MTowyku podosuwy..., 2008:
858,93 tuc. T; lNonepedHsi 2e0/1020-eKOHOMIYHa..., 2016:
C2-72,2 Tuc. 1, P1— 720,55 T1C. T, pasom 792,75 Tuc. T).

Lo cTocyeTbesa pecypciB brnaropogHux enemMeHTiB (cpi-
6na, 3onoTa, NNaTuHW i Nanagito), Ak y Mexax 3anacis karte-
ropii C2, Tak i B Mexax pecypciB kateropii Pi+2, ix Tpeba
BUKITIOUMTM 3 NigpaxyHKy pecypciB sk HegocToBipHi. Cnpaea
B TOMY, LLIO BMICT cpibna B Mexax pygHuX Tin 3a pesynbTa-
Tamu aHarnisy kepHoBux Npob y 3BiTi (MTowyku podosuly...,
2008, [Jodamok FO) Hife He NepeBuLLYE KNapKOBi 3HAYEHHS,
a vacrto i He gocsrae Hux. LLlogo 3onoTa, 1oy 3BiTi (Mowyku
podosuly..., 2008, Jodamok 34, 7/]) no ainsHui >Xupudi Ha-
BOASATLCA [aHi CNEKTPO30N0TOMETPUYHMX aHanisis 13 kep-
HOBMX Mpo6, 3 AKMX Hi B OAHIN Npobi He BCTaHOBMEHO
NiABMLLEHOro BMICTY 3o05i0Ta. BMicT 3onoTa 3assuyan cta-
HOoBUTb MeHwe 0,005 r/1, iHkonn — go 0,05 r/T. B peskux
npobax Gynu 3adikcoBaHi NigBMWLLEHI BMICTM 3o0M0Ta (8o
0,1-1,0 r/T), ane noBTOpHWIA aHani3 unx npob He nmiaTBep-
AMB 0ro niasuLLieHoro BMIcTy. LLlo cTocyeTbea nnaTuHOIAIB,
y NpeacTaBneHnx martepianax B3arani BiAcyTHi Oyab-ski
AaHi, siki 6 nigTBEpOKYBanu ix HasBHICTb.

[na BM3HAYEHHs1 OOUINbHOCTI NPOBEAEHHST HACTYMHUX
PP Ta MOXNMBOro NPOMMUCIIOBOrO 3HAaYEHHS A1 BCTAHOB-
NEeHUX NepcrneKkTUBHMX pecypciB Bynu NpoBeaeHi YKpymnHEHi
TEXHIKO-EKOHOMIYHI po3paxyHKu, ki 6azyBanmcb Ha OCHOB-
HUX NOSOXEHHAX OCBOEHHS AinaHKM XKnpwudi BignosigHo 4o
onybnikoBaHnx maTtepianis ([TogidomnieHHs npo rnnaHosy Oi-
SNbHICMEb ..., H.0.). PogoBuile pekoMeHO0BaHO po3pobnsaTu
nig3eMHUM cnocobom i3 MakcumarnbHOK NPOAYKTUBHICTIO MO
Bnaobytky pyaum 400 Tuc. T. lNnaHyeTbest GyQiBHULTBO rip-
HuM4yo-3barayvyBanbHOro KoMGiHaTy, SKMM MaTuMme €AMHWUA
KOMMJIeKe NigcoBbHO-0OMOMIKHUX LIEXIB | BAPOOHMUTB. ToBa-
pHoto npoaykuieto 3K npuiiMaeTbca MigHWMIA KOHLEHTPAT i3

MeTanyprinHoMy nepepobneHH0 Ha OQHOMY 3 MeTanyprin-
HUX 3aBopAiB YKpaiHu.

[lo no4aTKy NpOMM1CIIOBOro OCBOEHHS POAOBMLLA Nepea-
6ayveHo NpoBefEeHHS PO3BI4KW i3 3aTBEPIKEHHSAM NPOMMIC-
NOBWX KaTeropin 3anacis i3 06r'pyHTyBaHHAM TEXHOMOTYHOT
cxeMu nepepobneHHs pya, Ha nigcTaei Yoro 6yae BUKOHaHe
JeTanbHe reosioro-eKOHOMIYHE OLUIHIOBaHHS pogoBULLa,
onpaubOoBaHi mapaMeTpu KOHAWLIW, KiNbKICHI Ta sKiCHI noka-
3HWKM KOHUEHTpaTiB. 3rigHo i3 nonepeaHiMun oLiHKamMmn peko-
MEHZO0BaHO rpaBiTauiiHy cxemy 30arayeHHs], gka BKIoYae
€reKTPUYHY Ta MarHiTHy cenapaklii.

Tpeba 3a3HaunTH, WO B NONEpPEeSHbOMY OLiHIOBaHHI 3a-
nacis i pecypciB NPUNHATO HaA3BUYANHO ONTUMICTUYHI TeX-
HOMOriYHI NapameTpu, 30KpeMa MIOHUA KOHLEeHTpaT i3
BmicToM Migi 81,2 % i3 Buny4deHHsm 80,4 %. Binbuwicts mig-
HWX KOHLIEHTpaTiB, AKi NOTpannslTb 3apa3 Ha PUHOK, Mic-
TaTb  20-40 % Mmigi, TOMy TYT TEXHiKO-€KOHOMIYHi
pospaxyHkn 6a3ytoTbca He Ha obcsarax i SKOCTi KOHLEHT-
paTy, a Ha KinbKOCTi MeTany, KM BUNMyYaeTbCsa Npu BUAO-
OyTKy i nepepobneHHi. Takuni nigxia nae G6inbl 06'eKTUBHY
OL}iHKY MOXIMBOIO NpUBYTKY.

[aHi npogykTMBHOCTI No BUAOOYTKY i BUPOGHMLTBY Npo-
AOYyKUii HaBeaeHo B Tabn. 2.

Y3aranbHeHa CTpyKTypa kanitanoBknageHb ona manby-
THBOrO OCBOEHHSI pecypcis HaBedeHa Ha puc. 4. Ix obcsaru
3a aHarnoriel 3 iHWKMK 06'ekTaMmn Ha cTagii po3pobneHHs
ctaHoBuTUMYTb 100-120 mMnH $. Cob6iBapTicTb BUPOGHULL-
TBa MiQHOrO KOHLEHTpaTy 3a YKPYMHEHUMW po3paxyHKammu
Moxe BYTH y Mexax 22—-25 mnH $/pik, npu ubomy B i CTPYk-
Typi Ginbwe 50 % Gyae npunagatv Ha Nig3emMHUn BUOOOY-
TOK i3 3aKknagkot BUpobNeHoro npocTopy.

FonoBHUM MokasHWKoM, sikuid Byae Bu3Ha4aTu 4ouinb-
HiCTb npoBeaeHHs PP Ta npoMMcrnoBOro 0CBOEHHS Ains-
HKW, € LiHa Ha meTan i BignoBiaHi koHueHTpaTn. Y 2021 p.
LiHa Ha mMigb carana 10500 $/t1, ane 3a3HaBana 3HaYHUX KO-
nvBaHb, He onyckaunch Hkde 8000 $/T (puc. 5).

BMIiCTOM Mmigi 81,2 %, AKNN nani nigpoaeTbcs
Tabnuys 2
[aHi npoayKTMBHOCTiI N0 BUAOGYTKY i BUPOGHULTBY NpoAayKuii
Ne HanmeHyBaHHSs1 NOKa3HUKIB 3Ha4yeHHs
1 [MepcnekTuBHI pecypcu, TUC. T 55082
2 | Bwmict Cu, % 0,40
3 | Btpatn, % 7,0
4 | Pecypcy 3 ypaxyBaHHsiM BTpaT i 3acMmiveHHs 10 %, Tuc. 1 56918,1
5 | BupgobysHi obcsrm pecypcis, TUC. T 56918,1
6 | MpoaykTuBHICTb BUAOBYBaHHS pyau, TUC. T 400-1000
7 TepMiH 3abe3neveHoCTi 3anacamu, poku 60,00
8 MakcrMmanbHa NpoayKTUBHICTb, TUC. T 1000
9 | BunyyeHHss meTany npu 3baraveHHi, % 80,4
10 | KinbkicTb Cu, sika BUyyaeTbes (3a MakcMmanbHOT NpoAyKTUBHOCTI), TUC. T/pik 3,22

Pekynbtueauia | 2.0

PP Il 4.9

®abpuka3baraueHHa [ 29.4

lipunye iTpancnoptHe o6nagHanHs [ 290.1

FiPHUYMIA KOMNNEKC NiA3eMHOro — 247
Bngo0yTKy ’

0.0 5.0 10.0 15.020.0 25.0 30.0 35.0 40.0 45.0
Puc. 4. Y3aranbHeHa CTpPyKTypa KaniTanoBknageHb AN ManbyTHbLOro OCBOEHHSA pecypciB (YacTka %)
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Puc. 5. QuHamika uWiH Ha Migb y 2021 p. 3a aaHuMu JloHAOHCBLKOI GipXxi MeTaniB

[ns BU3Ha4eHHs1 peHTabenbHOCTi MPOMUCIIOBOrO OCBO-
€HHA pecypciB Migi AiNsHKM XKupudi BUKOPUCTaHI MOXNUBI
BapiaHTu LjiH: 6a3oBa uiHa 8000 $/1, MoXnuBe 3pocTaHHsA A0
10000 i 12000 $/7 (Tabn. 3).

Tpeba 3a3HaunTK, WO MiHIManbHUIA NPOMUCIIOBUIN BMICT
ONa BCIi€l QiNsHKN Mae rpaHnyHi 3Ha4YeHHs LWoao hakTUYHOro
3acpikcoBaHoro, o notpebye geTanbHOro o6rpyHTyBaHHSA

ONsi KOXHOro nigpaxyHkoBoro 6noky. Y Tabn. 4 HaBepeHi
3HaYeHHS MiHIManbLHOro NPOMMWCIIOBOrO BMICTY Mifi ANS OK-
peMuX ropu3OHTIB i3 BU3HAYEHHAM MOXIUBOrO NPOMMCIIO-
BOrO 3HaYeHHs. Ha uboMy eTani BUBYEHHS BCTAHOBUTU
NMPOMMWCIIOBE 3HaYeHHs 06'eKTa HeMOXNMBO, OCKinbku 6a-
rato napamMeTpiB OUIHIOBAHHS MOTPedyloTb YTOYHEHHS
Ta/abo npunmanuck 3a aHanorieto.

Tabnuysa 3
PeHTabenbHiCTb OCBOEHHSA pecypciB Migi ginaHku Xupudi
Moka3HuK epeKTUBHOCTI uixa va Cu, $/v
7000 8000 10000 12000
PeHTabenbHicTb No BanoBoMy npubyTtky =1 % 13 % 38 % 63 %
PeHTabenbHicTb No Ynctomy npubyTky =1 % 10 % 31% 51 %
Tabnuysa 4
MiHiManbHMA NPOMUCIIOBUIM BMICT MO OKPEMUX FOPU3OHTaX
FopusoHT | Mnowa, KM? BwmicTt Cu, % MiHimanbHui npomucnoBui Bmict Cu,% MoxxnuBe npomMucnoBe 3Ha4YeHHSA
36-1 0.38 04 0.40 +
3b-2 0.46 0.22 0.72 -
36-3 0.97 0.36 0.44 +/-
3A-1 0.40 0.32 0.50 -
3A-2 0.30 0.44 0.36 +
3A-3 0.42 0.28 0.57 -
26-1 0.45 0.95 0.17 +
2b-2 0.42 0.52 0.31 +
26-3 1.42 0.37 0.43 +/-
2b-4 0.79 0.31 0.51 -
2A-1 0.28 1.04 0.15 -
2A-2 0.91 0.62 0.26 +
2A-3 2.86 04 0.40 +
2A-4 1.30 0.32 0.50 -
1A 0.37 0.26 0.61 -

BaxnMBmMM JOMOBHEHHAM [0 MPOMMUCIIOBOIO 3HAYEHHS
3a3HayeHoro ob'ekta mMoxe ByTM MOro KOMMMEKCHICTb. Ha-
BeleHi po3paxyHkun 6a3yloTbCcs nuiie Ha Bugo0yTKy i BUpo-
OHMUTBI MiOHMX KOHUEHTpaTiB. BpaxyBaHHs MOXIMBOro
BUIYYEHHs1 GnaropofHUX MeTanis MoXxe noninwuTn edex-
TUBHICTb BignpautoBaHHs pogosuwa Ha 5-15 %, ane not-
pebye 0oaaTKOBUX TEXHOMONYHUX OOCTIAXKEHb.

BucHoBKW. TakumMm YMHOM, HA OCHOBI aHanisy maTepia-
niB reonoropo3eigyBanbHUX pobiT Ha nposBsi Migi Xupuui
BonuHcbkoro pygHoro panioHy npoBegeHe Koro reosoro-
€KOHOMiYHe NnepeouiHIOBaHHS, y TOMY YnCni 34iNCHEHO ne-
pepaxyHOK 3anacis i NPOrHO3HMX pecypciB NposiBy. AK 3'dacy-
Banocs, y npoueci 'PP 3anacu i nporHo3Hi pecypcu nposiBy
Oynu LWITYYHO CyTTEBO 3aBULLEHI, LLIO BBOAUTbL B OMaHy no-
TeHUiHuX iHBecTopiB. Lle cTtanoca Hacamnepen 3aBAsKu
NOMMIKOBIN iHTepnpeTaLii reonoriyHoi 6yA0BM poaoBuLLa,
dopmu i po3mipy pyaHux Tin. 3okpema, BUKITMKAE BEIUKi

ISSN 1728-3817

CYMHiBW aHOHCOBaHa B MmaTepianax PP 3Ha4yHa ropusoHTa-
nNbHa NPOTSKHICTb PYAHUX Tin, AKi 3a TOBWWMHM 1-3 M npo-
CTAralTbCA Ha Kinbka kinometpie (8o 4-5km). Ha Haw
nornsig, BOHU NpeAcTaBrieHi NnepeBaXKHO NiH30MoAIGHMMY Ti-
namMu NopiBHSIHO HEBEMNMKOT NPOTSXXHOCTI (Big nepLumx aecs-
TKiB [0 NepLUNX COTEHb MeTpIB). 3a HaLIMMK po3paxyHKamm
NporHo3Hi  pecypcu Migi  kateropii P1  cTaHoBnsTH
220,4 TUC. T, WO B YOTMPM pasn MeHLLe, HiXX HaBeaeHo Y Bi-
anosigHux maTtepianax PP. Wo cTtocyeTbeca 3anaciB Migi
kaTeropii C2, a TakoX MPOrHO3HUX pecypciB BGnaropogHMx
MeTarniB, TO BOHW MalTb ByTW BMKIIOYEHI 3 MigpaxyHKy K
HeoOr'pyHTOBaHi Ta HeAOCTOBIpHI. 3aiCHEHU nigpaxyHoK
TEXHIKO-EKOHOMIYHUX TMOKa3HWKIB OCBOEHHSI PyOONposiBY
>Kupuui cBiguntb npo cnabky ekoHOMIYHY edeKTMBHICTb
Noro MMOBIPHOI ekcnnyaTauii, Wo Mae BpaxoByBaTUcs nif
yac po3rnagy WoAo BKNaaeHHs iHBECTULIN y Luen 0b'ekT.
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PROSPECTS OF INDUSTRIAL ORE-BEARING OF ZHYRYCHI ORE OCCURRENCE

Based on the analysis of geological exploration materials, geological and economic reassessment of the copper ore occurrence in Zhyrychi
(Volyn ore region) was carried out, including the recalculation of reserves and unproved resources. As it turned out, during the exploration process,
the reserves and unproved resources were significantly exaggerated, which misleads potential investors. This was primarily due to the wrong inter-
pretation of the geological structure of the deposit, shape and size of ore bodies. The considerable horizontal length of ore bodies, which at a thick-
ness of 1-3 m extend for several kilometers (up to 4-5 km), raises great doubts. In our view, they are represented mainly by lenticular bodies of
relatively short length (the first tens up to the first hundreds of meters). According to our calculations, the unproved resources of copper of category
P17 are 220.4 thousand tons, which is four times smaller than in the relevant exploration materials. Reserves of copper of category C: and the unproved
resources of precious metals should be excluded from the calculation as unreasonable and unreliable. The calculation of technical and economic
indicators of copper-ore occurrence in Zhyrychi indicates the weak economic efficiency of its probable operation, which should be taken into account
when considering investing in this object.

Keywords: copper, Zhyrychi ore occurrence, reserves, unproved resources, geological and economic assessment.
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POLOGIVSKIY KAOLIN DEPOSIT:
GEOLOGY, MINERAL AND CHEMICAL COMPOSITION, TECHNOLOGICAL PROPERTIES

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eosl. Hayk, npog. O. M. leaHik)

The area of the Pologivskiy deposit of kaolins and refractory clays is located on the border of two geological regions: the Azov
crystalline massif and the Konksko-Yalynska depression. Precambrian crystalline rocks and sediments of the Cretaceous, Paleogene,
Neogene, and Quaternary systems take part in the geological structure of the district. The geological structure of the district is based
on the results of field exploration (23-25) and geological surveying works. Deposits of the Quaternary system are widespread in the
territory and are similar to mantle on the underlying rocks. The lower border of the Quaternary system is formed at the base of the
Berezanskiy climatolite in accordance with the Geological Map of Ukraine legend (the scale 1:200 000) of the 1996 Central Ukrainian
series. The underlying rocks are red-brown Pliocene clays in most parts of the territory, in the rest there are rocks of crystalline base-
ment of Cretaceous, Paleogene and Neogene systems.

The thickness of the Quaternary deposits is 10-20 m. Deposits of the Novopetrivska Neogene suite are productive for the extraction
of clays and kaolins, in the base of which the undivided deposits of the Upper Eocene (Kyivska suite) and Oligocene (Kharkivska suite)
lie. These are coastal-marine deposits — marls, calcareous clays, siltstones, weakly cemented sandstones and glauconite quartz sands.
The total thickness of the Kyivska and Kharkivska suites varies from 0,0 to 60-70 m. Clays and kaolins are characterized by almost the
same mineral composition. Most of them are composed of fine-grained kaolinite, and quartz predominates among impurities. Accessory
and ore minerals are represented by zircon, rutile, ilmenite and hematite. Quartz is present in clays and kaolins in the form of rolled, semi-
rolled and unrolled grains. High-quality aluminosilicate products are obtained from the kaolins of the deposit. Pologivskiy kaolin can be
used to make chamotte without the clay addition, as well as a binder. The ratio of chamotte and binder is 80-20 %. The refractories obtained
in the laboratory meet the requirements of high density for Class A blast furnace bricks and other products of appropriate determination.
Pologivskiy clays are recognized as suitable for the production of 100 % refractories, as well as a binder component instead of Chasov-
Yarska clays. Products made entirely of semi-acid clay meet the requirements for semi-acid refractory products of class B. Pologivskiy
kaolins and clays have long been used in refractory, machine-building, ceramic, cement and other industries.

Keywords: kaolin, Pologivskiy deposit, geology, stratigraphy, mineral, chemical composition of kaolin and clays, technological

properties.

Problem setting. Kaolin (primary and secondary),
refractory clays are a complex raw material used by many
industries. Secondary kaolins, as well as refractory clays,
are used for the production of high-alumina, chamotte and
semi-acidic products and non-formed materials (mortars,
masses, concretes, powders). Regarding this, the discovery
of the Pologivskiy deposit of kaolins and clays at the
beginning of the 20" century (developed by locals since
1929) had to be the reason for the lower cost of high-
alumina, chamotte and semi-acid products and non-formed
materials production. However, in the late 1980s and early
1990s, the economic and political situation in the former
Soviet Union did not contribute to the development and
exploration of deposits of construction raw materials in
southern Ukraine (North-Western, Eastern Pryazovie). The
south of Ukraine was planned to be used exclusively for
recreational and medical purposes, which could lead
Ukraine to economic dependence. After Ukraine gained
independence (1991), in the 1990s the authorities did not
pay enough attention to the development of the raw material
base, especially in the south. Geological exploration
expeditions (Bilozerska Geological Party (Mykhailivka,
Zaporizhzhia region), Pryazovska GEE (Volnovakha,
Donetsk region) conducted research of Zaporizhzhia region,
Pryazovie on their own and discovered ore bodies of iron ore
deposits, related deposits, etc.

The authors of the article (L.M. Datsenko) cooperated
with these institutions in the terms of stratigraphic studies of
the Meso-Cenozoic cover in connection with the work on the

Geomap — 200, the implementation of research projects,
financed by the state budget, from the early 2000s to 2014
(Datsenko, 2014; Datsenko et al., 2020). We believe that the
obtained data on minerals and raw materials base of the
south of Ukraine have not only scientific but also economic
significance, especially at the present stage of the state
development.

Nowadays there are no unified requirements for the
quality of secondary kaolins, due to the fact that the
compound and the physical and ceramic properties of
kaolins from different deposits are not the same and vary
widely. Chemical composition and fire resistance are
primarily used as classification criteria in assessing the
quality of secondary kaolins. Depending on the chemical
composition, fire resistance, and in some cases the content
of coarse-grained or sandy particles, secondary kaolins are
divided into different varieties at each deposit.

Analysis of recent publications. Analysis of scientific
publications of foreign scientists shows that almost all
studies of kaolin deposits aim to establish their economic
potential and suitability for industrial processing. This focus
of research is due to high demand for raw materials.

The data processing of the world geological community
in relation to kaolin deposits in Russian Federation (/vanov
at al., 2019; Grishin at al., 2017), Nigeria (Adagunodo at al.,
2018; Oyebanjo at al., 2018; Akinsunmade at al., 2019),
China (Fang et al., 2019), Iran (Zirjanizadeh et al., 2018;
Abedini, Rezaei Azizi, 2019), Ethiopia (Bedassa et al., 2019),
Algeria (Laraba, 2019), South Africa (Raphalalani et al.,
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2019), Malaysia (Hussin et al., 2018), Cameroon (Nzeukou
Nzeugang et al., 2018), Turkey (Yanlk et al., 2018), Egypt
(Awad et al., 2018; Saber et al., 2018). ), Japan (Jige et al.,
2018) showed that the kaolin ores of the Pologivskiy deposit
have higher geological and economic indicators, the study
of which is a further goal for the authors research. The
results of geological research of the Pologivskiy deposit of
kaolins and clays have been published in scientific journals
for the first time.

Research materials and methods. The authors of the
article worked with the drill cores, made stratigraphic
conclusions, took part in laboratory work on the basis of the
Pryazovska geological exploration expedition in the testing
shop. Until 2014, chemical and mineralogical analyzes were
performed in the laboratory of the Pryazovska GEE, and
since 2015 in the chemical laboratory and research
geotechnical laboratory of TSATU (Melitopol). The authors
had the opportunity to work with the stock materials of the
expedition, geological reports, for which they are sincerely
grateful to the staff of the Pryazovska GEE. Scientific
materials on tectonics, stratigraphy of the deposit were
kindly provided by the staff of the Pryazovska GEE, in
particular by the leading geologist |.L. Kniazkova.

Testing occupies an important place in the complex of
works on studying the quality of minerals, contouring of ore
bodies and calculation of the useful components reserves.
Sampling was carried out during the field works and was
based on the tasks set by the technical assessment. All
exploration and production wells drilled within the deposit
were tested.

All intervals that revealed minerals (kaolins, refractory
clays) were drill core tested for ordinary, group and
laboratory-technological sampling. In addition, opencast
rocks and bedrock rocks were tested. Samples were taken
for chemical, mineralogical, physico-mechanical, ceramic
and technological studies.

Taking into account the tasks and the specifics of the
mineral, the test interval ranged: for secondary kaolins from
0,5 to 1,3 m, averaging 1,1 m, for refractory clays from 0,2
to 1,6 m, averaging 1,2 m. Before testing, the drill core was
cleaned from drilling mud and clay solution. In the process
of deposit exploration ordinary samples were taken from the
drill core of the wells by splitting the core along the long axis
into 2 parts manually, one of which was used as a sample,
the other one as a duplicate. In the process of drilling
production wells, all the drill core material was sampled.

In order to clarify the geological structure of the deposit,
to study the chemical, mineralogical, grain size distribution
and ceramic features of the overburden and underlying
rocks, ordinary drill core samples were taken. Based on the
peculiarities of the geological structure of the deposit,
samples were taken for supra-kaolin sands (sand-clay
mixture), loams and clays, the average length of the sample
was 1,5-2,0 m. Chemical analyzes were performed to
determine the content of the main limiting components in the
mineral and host rocks of the Pologivskiy deposit.

Chemical analyzes of ordinary kaolin samples were
performed on Al203, Fe203, TiO2. Chemical analysis for
SiO2, Al203, Fe20s3, TiO2, CaO, MgO, K20, Na20, SO3 was
performed in 20 % of ordinary samples.

Topographic and geodetic support of geological
exploration works. Topographic and geodetic works
related to the creation of a reference and survey base and
topographic surveys were performed on the territory of the
Pologivskiy deposit. The reference geodetic network
consists of points of the state planning and height basis,
geodetic condensation networks and is created according to

ISSN 1728-2713

the requirements of the corresponding Instructions. The
density of the geodetic basis ensures the performance of
topographic surveys in compliance with the requirements of
the regulatory documents. Thus, since 1939 to 1949, the
survey was carried out on a scale of 1:25 000, then —
1:10 000 (1953), 1:5 000 (1972). Today the area is covered
by topographic surveys at a scale of 1:2 000. The works
were performed by the traverse survey service of Mining
Company "Mineral" LLC in the 1942 state coordinate system
of and the Baltic Altitude System (Shpyichak et al., 1999).

To determine the planned coordinates of exploration
wells, the method of intersection and resection at the side
length from 1,5 to 3 km, the polar method and the laying of
theodolite traverses through the wells were used. On all
exploration stages planned and high-altitude reference of
the wells was performed up to triangulation points of Il and
IV classes (1939-1972), as well as to polygonometry points.

The coordinates of the wells in the intersection were
determined by at least 3 starting points, in the resection — by
at least 4 starting points, respectively. The angles at the
determined points of the intersection and resection ranged
from 30° to 150°.

The coordinates of the wells were calculated twice with
different choice combinations of the starting points. The final
coordinate was the average of the two values, provided that
the distance between them did not exceed +1m. Horizontal
angles in theodolite traverses and intersections were
measured by the TH theodolite using limb permutations
between modes and half-modes by an angle of about 90°.
The lengths of the lines while theodolite traversing were
measured with 20-meter steel tape in the forward and back
directions. If the angles of inclination of lines was above 2°,
the corresponding corrections for an inclination were made
into the length of measurements.

The height marks of the well were determined by the
method of geometric leveling in the Baltic altitude system.

During the operational works control referencing of the
wells are selectively carried out by the services of Mining
Company "Mineral" LLC. Errors in coordinates at the same
time do not exceed admissible values of the Instruction
requirements.

The topographic basis was adjusted by Mining Company
"Mineral" LLC as of January 1, 2020 (Shpyichak et al.,
1999).

Results and discussion. General information about the
deposit. Administratively, the deposit is located in
Pologivskiy district of Zaporizhzhia region, 0,5 km west of
Pologivskiy. The area of the field is 667 hectares (Fig. 1).

The considered area is a lowland plain, sloping to the
north-northwest. The surface of the plain is cut by rivers and
ravines. The direction of watersheds and river valleys is
mainly north-western. The main features of the orography of
the area are mainly caused by its geological structure.
Within the outputs to the day surface of the crystalline rocks
of the Pryazovskiy crystalline massif, the surface relief is
more dissected, with absolute marks of 180-200 m. In
places of development of a thick layer of loose deposits
(Konksko-Yalynska depression) on the contrary, the relief is
more plain, almost flat with marks of watershed plateaus of
120-140 m. The main water artery of the district is the
Konka River, a left tributary of the Dnipro River. The Konka
River starts within the Pryazovskiy crystalline massif, in the
form of two rivers of Sukha and Mokra Konka. In the
highlands they are strongly branched, have narrow valleys
(300-500 m) with rather steep, sometimes rocky shores.
North of the Kinski Rozdory (village) at the confluence of
Sukha and Mokra Konka the Konka River is formed. In the
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zone of development of loose deposits the river valley
becomes wider up to 1,0 km, and takes an asymmetrical
structure. The right slope is higher and steeper, cut by
numerous deep ravines. There are many outcrops of native

rocks both on the slope of the valley and in the ravines.
Markings of the bottom of the Konka River valley vary from
120 m in the Kinsky Rozdory village up to 65 m near the
village of Novo-Karlivka.

Pologivskiy deposit of kaolins and refractory clays

Fig. 1. Overview map of the work area. Scale 1:200 000

In the nature of the ravines and gullies slopes of the
district there is the following pattern: the right slopes of the
ravines and gullies to the left from the Konka River are more
gentle, often made of ravine deluvium, while the left slopes
of the ravines to the right from the Konka River, are on
contrary, more gentle and made by ravine deluvium. These
features in the structure of the ravine and gullies slopes are
caused by the general slope of the surface to the northwest.

There are no deluvial deposits on the right bank of the
Konka River, and Neogene rocks are exposed almost
throughout the bank.

The first floodplain terrace can be traced along the entire
Pologivskiy deposit. The width of the terrace is 200-800 m,
the height is 4,0-6,0 m. The ledges of the terrace are weakly
expressed in the relief. The surface of the terrace rises
gently away from the river. Its marks range from 100 to
120 m. There is a slight rise above it towards the watershed,
but the higher terraces in relief are not expressed. They
were discovered while drilling. The total width of the terraces
is 1,0-1,2 km, the height above the river level of the 2"
floodplain terrace is 10-15 m and the 3 is 20-30 m. The
marks are 120-130 m. The bareness of the area is weak,
mainly quarries for sand, clay and kaolin.

Geological structure. The area of the Pologivskiy
deposit of kaolins and refractory clays is located on the
border of two geological regions (Fig. 2): the Pryazovskiy
crystalline massif and the Konksko-Yalynska depression.
Precambrian crystalline rocks and sedimentary deposits of
the Cretaceous, Paleogene, Neogene, and Quaternary
systems take part in the geological structure of the district.
The geological structure of the district is described according
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to the results of deposit exploration (23—-25) and geological
surveying works (Shpilchak et al., 1999).

Geologically and structurally, the Pologivskiy area is
located on the western wing of the Konksko-Yalynska
depression. It is filled with deposits of the Lower and Upper
Cretaceous, as well as Paleogene and Neogene. The
bottom, composed of Precambrian rocks, has a slope to the
south. Judging by the nature of sedimentary rocks, the
depression deposition took place in the early Cretaceous.
The area of the plots is characterized by a two-storey
geological structure.

The lower structural floor is a complex dislocated crystalline
foundation of the Ukrainian Shield, in the structure of which
there are non-stratified ultrametamorphic, intrusive and
metasomatic formations of archaea and Proterozoic.

The upper structural floor is the Phanerozoic deposits of
the platform cover of the Mesozoic and Cenozoic. The latter
includes the Meso-Cenozoic and Quaternary layers. Meso-
Cenozoic deposits are represented by clays, sands,
sandstones, argillites, siltstones, limestones, marls, crucibles,
kaolins of Cretaceous, Paleogene and Neogene age.

Quaternary deposits are represented by black soils, loams,
sands, clays. They are distributed in river valleys, where they
form the alluvium of riverbeds and the first floodplain terraces.
In addition, they completely cover the older Meso-Cenozoic
formations and the crystalline basement.

Stratigraphy. Mesozoic eratema within surveyed area is
represented by Cretaceous deposits. The formation of the
chalk system in the search area is represented by the lower
and upper divisions. In the lower part, a clay-sand bundle
(K1gp) and a Lunacharska suite (K1ln) are mapped.
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Pologivskiy deposit of kaolins and refractory clays

Fig. 2. Schematic geological map of pre-Quaternary formations of the deposit

The area of distribution of clay-sand bundle deposits is
controlled by the position of buried erosion-tectonic valleys
in the crystalline basement. The bundle is composed of
multi-grained sands, siltstones and coal clays, secondary
kaolins, brown coal lenses (up to 0,2 m). At the base of the
layer there are small pebble and gravel formations. The
crystalline rocks are fragmentary represented. The
thickness of the bundle does not exceed 20 m. The bundle
is covered by the Lunacharska suite. The area of distribution
of coastal-marine deposits of the Lunacharska suite is
controlled by negative forms of the pre-mezozoic relief. The
suite is composed of quartz-glauconite sands and
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sandstones, cruciform rocks with gravel and pebbles at the
base of the thickness, rarely clays. The thickness of the suite
is up to 25 m. It is overlapped by the Oleksandrivska suite.

The Genicheska (Kzgn) and Oleksandrivska (Kzol) suites
are mapped in the lower part of the cross-section.

The suite is almost horizontal with a slight slope (less
than 5°) towards the Black Sea basin. The Henichesk suite
overlaps with the stratigraphic inconsistencies with the
Oleksandrivska suite.

The Oleksandrivska suite is spread over the entire area of
the deposit. In the lower part of the cross-section it is composed
of marls, often chalky, which contain glauconite, less often
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sandstone. Its thickness is up to 15m. On the marls,
sandstones on clay-siliceous cement with belemnite rosters,
quartz-glauconite and carbonate sands are found respectively.
The age of the suite is the Late Campanian, Maastrichtian.
Within the search area, the Cenozoic eratema is
represented by deposits of the Paleogene, Neogene and
Quaternary systems. The deposits of the Paleogene system
are widespread on the deposit area. They occur with angular
and stratigraphic inconsistencies on the eroded surface of the

crystalline basement and rocks of the Cretaceous system. They
are presented by the Oligocene division (Lower subdivision:
Rupelian layer, Mezhivska layer, Kharkivska series).

Yalynska sequence (sjl) is distributed within the south-
eastern part of the district, in the form of a wide (up to 7 km)
strip (Fig. 3). The surface of the deposits is inclined to the
north and north-west. The outputs of the sequence to the
day surface were recorded in the area of Pologivskiy.
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In the section of the sequence there is a complex
layering of sands, sandstones, clays, secondary kaolins with
the remains of charred plants. The clays of the upper part
are thicker than kaolinite, the lower ones are hydromica with
an admixture of beidelite and kaolinite. The transitions
between the layers are gradual, sometimes the contacts are
sharp, at an angle of 45° to the horizon. The Early Oligocene
age of the Yalynska sequence formations is established on
the basis of their occurrence on the rocks of the
Reshetelivska sequence of the late Eocene and the history
of the geological development of the region.

As part of the Neogene system, the formation of the
Miocene and Pliocene divisions is distinguished. The Miocene
division within the sheets is represented mainly by the middle
and upper subdivisions. As part of the middle subdivision on
the surveyed territory, the middle and upper sub-suite of the
Novopetrivska suite are distinguished (represented by the
Poltavska series). The Poltavska series (N1pl) is represented
only by the middle and upper sub-suites of the Novopetrivska
suite. The Novopetrivska suite (middle sub-suite — N1pl) in
terms of position in the cross-section of the middle sub-suite
of the Novopetrivska suite corresponds to the deposits of the
Chokrakskiy layer, which are multifacial the same age
formations of a common sea basin.

The rocks of the sub-suite are developed in the central
part of the deposit (Fig. 3). The distribution boundary is
complex, winding, outlines the deep erosion of sedimentary
rocks over time. Their surface is inclined in the south-
western direction, decreasing from +80m to-20m in
absolute height. They are represented by coastal-marine
deposits, which occur with stratigraphic inconsistency on the
Paleogene and crystalline basement rocks. They are
overlapping with deposits of the upper sub-suite of the
Novopetrivska suite. Lithologically, they are represented by
white homogeneous, well-sorted quartz, with an admixture
of feldspar, sands with sponge spicules. The sands are fine-
grained. In the sand cover strong, porous, cellular, fine-
grained sandstones are often found on siliceous cement.
The thickness of sandstones is 0,5-1,5 m, the thickness of
the suite is 25 m.

The deposits of the sub-suite are exposed along the
valley of the Konka River to the north-west of the town of
Pologivskiy (Fig. 2), where organic remains Dentatium sp.,
Cardium sp., Loripes sp., Chlamys sp have been found.

Continental deposits of the upper sub-suite with
stratigraphic inconsistency occur on Paleogene and
Miocene rocks, and in places of their absence — with angular
and stratigraphic inconsistency on the formations of the
crystalline basement. They overlap with deposits of the
Upper Miocene, and in places of their absence — with rocks
of the Pliocene and Quaternary system. They are absent on
elevated areas of the crystalline basement and in river
valleys. The surface of the deposits is inclined to the north
and north-west.

The formations of the upper sub-suite are represented
by a complicated complex of different genetic type rocks of
the coastal lowland plain — multi-grained kaolin sands with
gravel, secondary kaolins, clays, coal clays with layers of
brown coal. Deposits lie between faunistically characterized
by Middle and Upper Miocene rocks. They are represented
by continental deposits formed in the Karahan-konskiy time.
The thickness of the upper sub-suite of the Novopetrivska
sub-suite reaches 70 m.

On the territory of the deposit, the upper subdivision is
mainly represented by marine deposits of the Sarmatian and
Pontic layers. Continental rocks of variegated clay layers,
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which cover the full century interval of the subdivision, are
also widespread.

Marine deposits of the Sarmatian layer are slightly
spread here. The most complete section of the layers is
represented by the middle layer, which corresponds to the
Novomoskovskiy and Vasylivkiy undivided layers.

The middle layers (Novomoskovskiy and Vasylivskiy
layers are undivided — Ninm-vs) — deposits occupy the
north-western part of the surveyed area (Fig. 2-3). They are
found with erosion and stratigraphic inconsistency on the
rocks of the Novopetrivska suite. They are overlain by
faunistically characterized rocks of the Pontic layer and red-
brown Pliocene clays. The lithological composition of
shallow marine deposits is represented by sands,
montmorillonite clays, organogenic-detrital limestones and
pelitomorphic marls. Sandy deposits are widespread,
bordering the protrusions of the crystalline massif. Clay
rocks occupy the central areas of distribution. Clays are from
dark gray to black, at the top gradually change colour to
green, thin-leaved due to siltstone layers, fine-grained sand
(less than sm) or shell detritus.

Pontic layer (variegated clays layer- N1sg) — deposits of
variegated clays layers are distributed over the most part of
the territory. They occur with stratigraphic inconsistency on
the rocks of the Poltava series, Sarmatian and Pontic layers.
They are covered with a layer of reddish-brown clay. The
clays are greenish-gray, with numerous spots of ocher,
brown and cherry-red colours, with gypsum druse, marly
contractions, iron-manganese lumps, in the lower part of the
cross-section they are often ashy-gray, gray with
inhomogeneous mechanical composition. The thickness of
the motley clays layer is 2—4 m, sometimes up to 8 m.
Redeposited radiolarians and spicules of siliceous sponges
are found among the organic residues in the layer.

Pliocene deposits include subaerial formations of
watershed plateaus and subaquatic deposits of ancient river
terraces, which stand out as undivided deposits of red-
brown clay (N2z¢b). Deposits of red-brown clays with
stratigraphic inconsistency occur on Miocene rocks (motley
clays layer). In elevated areas they are found on the rocks
of the crystalline basement with angular and stratigraphic
inconsistencies. They are absent in river valleys and large
ravines, where they were eroded in the Quaternary season.
They are overlain by the deposits of the Quaternary system,
with which they are connected by gradual transitions. The
thickness of the layer reaches 11 cm.

The red-brown clays are represented by dense non-
stratified varieties, almost without an admixture of clastic
material. The content of the <0,05 fraction mm is 96—-99 %.
The clays which were composed by montmorillonite and
beidelite are characterized by sliding mirrors on which black
dendritic films of manganese hydroxides are developed.
Iron-manganese oolites, 2-3 mm in diameter, are quite
common. Calcareous contractions and gypsum are
contained in different quantities and found at the lower part
of the cross-section. The size of concretions reaches 30 cm
in diameter. Gypsum occurs in the form of single crystals
and rubble and does not form significant accumulations. The
hardness and fragments of crystalline rocks are found in
places where clays occur on the rocks of the crystalline
basement, in the lower parts of the cross-section.

In the cross-section of the layer there are two horizons,
which correspond to the Siverskiy and Beregivskiy
climatolites. Lower, Siverskiy is represented by gray, dark
gray clay with brownish, often with greenish hues, and is
carbonate and gypsum. Clays are characterized by an
increased content of sand and silt fractions in comparison with
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the comprising strata. In the gamma-ray charts, the horizon is
characterized by a decrease in the radioactivity of the rocks
and stands out quite clearly. Clays belong to the aeolian-
deluvial genetic type. The thickness is 4—6 m. The upper one,
Beregivskiy, is represented by fossil soil — red-brown, dense
red-brown, non-stratified carbonate clays. The drying cracks,
0,5-2 cm wide, filled with dark gray material of Berezanskiy
climatolite, are rarely observed. The shape of the cracks is
wedge-shaped, their surface is uneven. They penetrate to the
depth of 50—70 cm. Horizon thickness is 2—6 m.

Deposits of the Quaternary system are widespread in the
territory and are similar to mantle on the underlying rocks.
The lower limit of the Quaternary system is formed at the
base of the Berezanskiy climatolite in accordance with the
Geological Map of Ukraine legend (the scale 1:200 000) of
the 1996 Central Ukrainian series. The underlying rocks are
red-brown Pliocene clays on the most parts of the territory,
on the rest there are rocks of crystalline basement of
Cretaceous, Paleogene and Neogene systems.

The thickness of the Quaternary deposits is 10-20 m.

The Quaternary continental cover belongs to the forest
formation of the off-glacial zone. There are two groups of
facies: subaerial (forests and loess-like loams, which are
interbedded with fossil soils) and subaquatic (alluvial strata)
deposits. Lithologically subaerial layer is not sustained both
in area and in cross-section. In the lower parts of the cross-
section, crushed stone and gravel of crystalline rocks are
often found.

In the south-western part of the area, hearth deposits of
eluvial, aeolian-deluvial and lake genesis take part in the
formation of the layer.

Continental subaquatic Quaternary deposits are
represented by alluvial pebbles, conglomerates, sands,
sandstones, clays and loams of terrace deposits of river
valleys, expressed in relief or buried. The straton, that is
mapped, is taken as the degree.

Deluvial deposits are confined to the slopes of rivers and
ravines.

The Pleistocene and Holocene are distinguished as part
of the Quaternary system. Pleistocene consists of lower,
middle and upper divisions. The lower one is represented by
the Eopleistocene section, the middle and upper ones by the
Neopleistocene section.

Non-stratified formations. Archaea (AR), paleoarchaea
(Dniester) — intrusive and ultrametamorphic formations of the
palecarchaea are combined into Novopavlivskiy mafic-
ultramafic and Novopavlivskiy granitoid complexes. In order to
prevent misunderstandings, and taking into account the same
name of Novopavlivski complexes, they are assigned the first
and second numbers, respectively.

The vast majority of non-stratified formations of the
district were formed in Archean times during three eons.
Among them there are both ultrametamorphic and intrusive
complexes, and ultrametamorphic processes prevailed at
the Paleo-mesoarchean stage of the area development.
Meso-neo-Archaic neo-Archaic are already characterized by
the predominant development of intrusive rocks. The final
stage of formation of the Paleoarchean granulite complex
was accompanied by the introduction of intrusions of the
gabbro-peridotite formation and ultrametamorphism, in the
process of which granitoids of the enderbit-diorite-tonalite
formation were formed. The first corresponds to the
Novopavlivskiy ~mafic-ultramaficcomplex (ARinp1), the
second to the granitoid of the same name (AR1np2).

Novopavlivskiy mafic-ultramaficcomplex (ARinp1) —
intrusive formations of the complex are confined mainly to
the ancient sublatitudinal Prakonska fault zone. Bodies
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occur in the form of xenoliths, schlers and lenses among the
granitoids of the Novopavlivskiy-2 complex. Rocks are
tectonized, degenerated, amphibolized, converted into
amphibolites, actinoliths, crystalline shales and gneisses.
Intrusive bodies are ranging in size from 0,46 km? to 2 km?
and are deformed and differently oriented. They participate
in folding. The complex is represented mainly by rocks of the
main composition such as gabbro, gabbro-amphibolites and
apogabric amphibolites. Gabroid rocks are closely related,
often gradually transitioning from typical pyroxene gabbro
with relics of primary magmatic structures (gabbro) to
gabbro-amphibolites and to granoblast apogabral
amphibolites.  Amphibolized gabbro and  gabbro-
amphibolites are more common. The isochronous age of the
complex formations is 3650 million years.

Novopavlivskiy  granitoid complex (ARinp2) —
ultrametamorphic and palingenic granitoids of the
Novopavlivskiy complex in the area comprise quite
significant fields. They are characterized by a massive and
gneiss-like texture. Due to the composition, they correspond
to diorites and tonalites. The complex also includes obscure-
striped plagiomigmatites of the same composition as
derivatives of diorites and enderbites.

The rocks of the complex form a series of irregularly
shaped massifs. The massifs sizes vary within 5 x 16 km to
1 x2km. Their outlines are often irregular in shape,
amoebic. The internal structure of massifs is often
complicated by the presence of xenoliths and schlers of
gabbroids, pyroxenites, actinoliths of the Novopavlivskiy
mafic-ultramafic complex. The marginal parts of the massifs
are composed of tonalites and plagiomigmatites of diorite
composition. Central parts of the massifs are mainly
composed of quartz diorites. Diorites are restricted and
observed only near contacts with the gabbroid remains. The
isochronous age of enderbits and tonalites is 3370-3470
million years.

The Neoarchean tectonic-magmatic stage at the site
was marked by a wide display of basaltoid and rhyodacite
volcanism, accompanied by intrusive magmatism and
processes of intense anathexis and palingenesis, which led
to the formation of numerous small intrusions and large
massifs of autochthonous, para-autochthonous and
intrusive granites of the Shevchenko ultra metamorphic
plagiogranitoid complex.

The Shevchenkivskiy complex (ARs3Sv) combines late-
folded massive plagiogranites of ultrametamorphic origin,
that form isolated individual massifs and numerous small
dyke-like bodies of pegmatoid plagiogranites and albites in
the surveyed area. The plagiogranites veins are reliably
mapped only if they are injected with contrasting material
complexes. Therefore, the largest number of them was
found in the fields of metavolcanites development in the
main composition of the Verkgnyotokmatska sequence. The
albites vein are mapped quite easily. At the site, they form
two bodies of small size, confined to tectonic faults areas.
The nature of the contacts is subvertical. Due to their
ultrametamorphic genesis, they are likely to be gradual.

Macroscopically plagiogranites are gneiss-like and
massive rocks; cataclyssed varieties are shale-lenticular-
striped and small-flecked. According to the mineral
composition, biotite and, less frequently, amphibole-biotite
are distinguished.

Dikes of pegmatoid plagiogranite composition have a
coarse-grained, often porphyry structure and in most cases
a gneiss-like texture. Porphyry inclusions are represented
by quartz, less often by plagioclase.
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Albitites are one of the original formations.
Macroscopically, these are large-, medium- and fine-
grained, sometimes porphyritic rocks of pink, light gray and
milky white color with an uneven distribution of dark (biotite,
actinolite, chlorite) minerals. Albite and oligoclase-albite
make up to 70-95 % of the rock mass. Their radiogenic age
is 3050 million years. Analysis of the relationship of albite
with host rocks does not allow to unambiguously determine
their genesis. Sharp, inconsistent contacts of the most
bodies indicate an intrusive origin, and the gradual albite
transitions into the rocks that contain them, with the
formation of hybrid metasomatites of albite-chlorite-
actinolite composition indicate metasomatic genesis. Most
likely, they are the product of the plagiogranite magma
residual melt, and its introduction was accompanied by
sodium metasomatism of surrounding rocks.

The Proterozoic tectonic-magmatic cycle of the crystalline
basement development on the territory of the surveyed area
appeared in the Paleoproterozoic period. As a result of this
activation, the Anadolskiy complex was formed.

The Anadolskiy complex (PR1an), which is located on
the surveyed area, combines most of the feldspar granites,
aplite-pegmatoid granites and pegmatites of
ultrametamorphogenic genesis, formed between 2600-
2000 million years. Such a long interval of complex
formation gives grounds to assert that several complexes
are united in its composition, but it is impossible to dissect
them without detailed isotope studies.

According to the conditions of occurrence and the nature
of the relationship with the rocks that contain them, all
granites of the complex are conventionally divided into two
groups: granites that form isolated massifs or fields and vein
granitoids (pegmatites, aplites, and aplite-pegmatoid
granites). The first group forms massifs and bodies of
various shapes (often amoeba-shaped) and sizes. In
structural terms, a clear confinement of the granite
development areas to the fault zones and nodes of their
intersection are determined. In the gravitational field,
granites correspond, in most cases, to negative values of
gravity. In a magnetic field, granites correspond to zones
and areas of demagnetization, often clearly inconsistent with
the structural plan of the field. The gradual contacts of many
bodies are represented by gneiss-like and obscure-striped
texture, enrichment of endocontact zones with dark minerals
and xenoliths, intensive microclination of the rocks containing
them that are confirmed by the ultrametamorphic,
autochthonous genesis of granites. Some granites are
characterized by obvious signs of intrusive genesis: sharp
inconsistent contacts, massive textures, porphyry-like
structures. The close mineralogical and chemical composition
of granites, geochemical specialization, joint occurrence give
a reason to assume their kinship and palingeno-anathectic
genesis, followed by separation and partial movement of the
melt and its introduction in the form of intrusions.

According to the mineral, very unsustainable,
composition of melanocratic (granodiorites), mesocratic and
leukocratic (Alaskites) granites of the Anadolskiy petrotype
are divided into biotite and amphibole-biotite, rarely
pyroxene-containing; according to the structural-textural
composition — on massive medium- and coarse-grained,
often porphyritic, fine-grained (aplite-like), gneiss-like. Their
color is mostly pink with different tints.

Vein aplite-like, aplite-pegmatoid granites are
widespread. The occurancy is mainly in agreement with the
fall of the rocks that contain them, rarely — inconsistent. Most
veins have a non-zonal structure. According to the mineral
composition, microcline, microcline-oligoclase, rarely albite-

ISSN 1728-2713

oligoclase-microcline are distinguished. Dark-colored
minerals are represented by biotite, muscovite, tourmaline
and pomegranate. Macroscopically, they are characterized
by pink-gray, pink (almost red), rarely gray, light gray and
greenish-gray (oligoclase-albite) color, variegated (from fine
to giant) and pegmatoid structures and massive texture. The
introduction of granites was accompanied by intensive
microclinization of the host rocks, up to the formation of
feldspar migmatites.

Geological and technological characteristics of
minerals. Deposits of the Neo-Petrine Neogene suite are
productive for the extraction of clays and kaolins, in the base
of which the undivided deposits of the Upper Eocene
(Kyivska suite) and Oligocene (Kharkivska suite) lie. These
are coastal-marine deposits like marls, calcareous clays,
siltstones, weakly cemented sandstones and glauconite
quartz sands. The total thickness of the Kyivska and
Kharkivska suites varies from 0,0 to 60—-70 m.

Novopetrivska suite is composed of quartz sands,
among which kaolin and clay layers are located. In the upper
part of the suite the sands are light gray to white, in some
areas — yellowish-gray, iron, fine-grained, with a slight
admixture of clay particles. Among them, thin lenses of fine-
and coarse-grained strong sandstones are rarely found. In
the lower part of the suite the sands are clayey gray and light
gray from fine- to coarse-grained, with fine-grained and silty
layers. Among these sands there are deposits of secondary
kaolin and refractory clays (minerals) of various capacities.
Kaolins and clays form a single deposit. Clays usually lie
under kaolins, however, a three-layer deposit: refractory
clays — kaolins — refractory clays, is rare. Refractory clays in
sections | and |l are very widespread, but in the eastern half
of section Il they are often absent or have a non-operating
capacity, and in the north eastern corner of section Il are
completely wedged.

The thickness of the refractory clays layer in the section
| varies from 0 to 8,4 m, in the section Il — from 0 to 6,65 m.
Among refractory clays, a layer of clayey sand and
substandard sandy clays up to 1.7 m thick is rare.

Secondary kaolins lie above the clays, and are almost
everywhere distributed in the section Il, but sporadically in
the section | — in the form of low-power lenses.

The thickness of the kaolin layer in section Il varies from
0,2 to 4,65 m, and in section | it varies from 0,1 m to 2,2 m,
reaching 3,5 m in the north.

The total thickness of the kaolin-clay deposit in the
section Il is 0,2-8,9 m, and in the section | — 0,5-8,85 m.

Kaolins and clays are covered with white, light gray and
yellowish-gray fine- and fine-grained quartz sands, which
also belong to the Novopetrivska suite in all parts. The
supra-kaolin sands of the Novopetrivska suite at the
Pologivskiy deposit have been explored as raw materials for
the preparation of the mass used in the laying of mine
workings in the mines of the Zaporizhzhia Iron Ore Plant.
These sands are considered as associated minerals.

The mineral composition of Pologivskiy kaolins and
clays was studied by the Kharkiv Polytechnic Institute and
the Ukrainian Institute of Refractories (Shpylchak et al.,
1999). Studies have shown that clays and kaolins are
characterized by almost the same mineral composition.
Most of them are composed of fine-grained kaolinite, and
quartz predominates from impurities. Accessory and ore
minerals are represented by zircon, rutile, ilmenite and
hematite. Refractory clays are characterized by a finer
structure of the main mass and very small grain size
(0,001 mm). Organics give kaolinite a brown colour under a
microscope. In kaolins, kaolinite is seen as a colourless
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aggregate of thin scales and individual scales. In large
fractions of clays and kaolins kaolinite has the form of thin
silvery-white plates. Quartz is present in clays and kaolins in
the form of rolled, less often semi-rolled and unrolled grains.
It usually makes up most of the large fractions of kaolin. In

refractory clays, quartz is represented by the finest grains
(0,001 mm). Accessory and ore minerals also have a larger
grain composition in kaolins and a thin grain composition in
clays. The content of minerals and individual fractions are
shown in table.

Table
Mineral composition of kaolin and clay
Kaolin Refractory clay
Name of minerals Content in % by fractions Content in % by fractions

0,05 0,05-0,01 0,01 0,05 0,05-0,01 0,01
1. | Kaolinite 0-10 8-60 90-95 - - 90-95
2. | Galluazite - 0-3 0-6 - - -
3. | Hydromica - 0-5 1-4 - - 1-5
4. | Muscovite and sericitis 1-30 20-75 1-2 - 5-10 2-5
5. | Quartz 40-90 2-15 1-3 85-98 60-70 4-7
6. | Chalcedony 0-2 - - 2-5 1-2 -
7. | Feldspar 2-20 1-3 - 1-4 1-4 -
8. | Tourmaline - 0-2 - - - -
9. | Zircon - 0-2 - - 2-5 -
10 | Titanitis - - - - 1-4 -
11 | Rutile - 0-2 - - 1-3 -
12 | Sillimanite - - - - 1-3 -
13 | limenite 1-3 0-2 - 1-2 3-7 -
14 | Limonite 0-4 0-3 - 1-3 2-6 -
15 | Pyrite - - - - - -
16 | Carbonaceous matter 0-3 0-2 - 1-8 1-3 -

Chemical composition. In order to study the chemical
composition of refractory clays and kaolins, shortened and
complete chemical analyzes were performed.

Pologivskiy clays and kaolins are characterized by a high
content of alumina. lts average content ranges from 29,394
to 35,17 in clays and from 28,69 to 37,51 in kaolins.

The lowest content of alumina is observed in sandy intervals.

The average content of one and a half iron oxides in
kaolins is 0,96—-1,39 %, in clays 1,15-1,62 %.

The SiOz2 content increases as the variety decreases and
in low-grade varieties reaches 56,2 % in kaolins and
69,92 % in clays.

Titanium-containing minerals are mainly associated with
sand material, so the content of titanium oxide in low-grade
clays and kaolins is higher. At the same time, it is lower in
kaolins, than in clays.

The content of calcium oxide and magnesium is almost
the same. In kaolins, CaO and MgO range from 0,18 % to
0,24 % and from 0,15% to 0,22 %, respectively. In
refractory clays, the content of CaO is 0,23-0,29 %, and
MgO is 0,17-0,23 %.

The content of K20 and Naz0O increases with increasing
variety of the mineral. K20 — from 0,19 % in clay to 0,33 %
in kaolin, and the value of Na20 varies from 0,111 % in clay
t0 0,16 % in kaolin.

The SOs3 content is insignificant and is one hundredth of
a percent.

The losses during calcination are directly dependent on
the value of Al203 and range from 11,61 % to 13,35 % in
kaolin and from 9,37 % to 12,86 % in clay.

Technological properties. Studies of the technological
properties of refractory raw materials of the Pologivskiy
deposit have their own history, and were conducted both in
the laboratory and in the factory (Verkhovodov et al., 1985).

In 1952, the All-Union Research Institute of Refractories
(ARIR) developed a technology for making ladle bricks from
Pologivskiy kaolin by the method of semi-dry pressing. At
the same time, experimental batches of ladle bricks were
produced at the Zaporizhzhia Refractory Plant. Their tests in
production conditions gave positive results.
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In 1955, the Kharkiv Polytechnic Institute conducted
laboratory and technological studies of kaolins and clays of
the section Il, as a result of which their suitability for
obtaining class A refractories was established.

In 1960, the Ukrainian Institute of Refractories (UIR) took
3 samples of kaolin and 5 samples of clay from the existing
on the section | quarry in order to establish their suitability
for the production of aluminosilicate refractory products.
Technological research was conducted in the direction of
maximum use of raw materials of the Pologivskiy deposit,
elimination of multicomponent charge and replacement of
Chasov Yar clays with Pologivskiy deposits. On the basis of
the carried-out laboratory-technological researches the
conclusion on possibility of obtaining of high-quality
aluminosilicate products from kaolins was made.
Pologivskiy kaolin can be used to make chamotte without
the clay addition, as well as a binder. The ratio of chamotte
and binder is 80-20 %. The refractories obtained in the
laboratory meet the requirements of high density for Class A
blast furnace bricks and other products of appropriate
determination. Pologivski clays are recognized as suitable
for the production of 100 % refractories, as well as a binder
component instead of Chasov-Yar clays. Products made
entirely of semi-acid clay meet the requirements for semi-
acid refractory products of class B.

In 1962, the Dnipropetrovsk Metallurgical Institute
studied the possibility of using unenriched Pologivskiy kaolin
to obtain normal electrocorundum and other products of
electric smelting. For this purpose, an experimental smelting
of PLK-0 kaolin was carried out at the Zaporizhzhia Abrasive
Products Plant, as a result of which normal electrocorundum
was obtained. In 1956, experiments were carried out at the
Chelyabinsk Electrometallurgical Plant to obtain a high-
alumina product from the agglomerate of Pologivskiy kaolin.
They also confirmed the results obtained earlier.

Based on the carried out works, the State Metallurgical
Committee instructed the Kharkiv Institute "Giprostal" to
develop technical and economic considerations for the
choice of technology and location for the production of
intermediate products for synthetic slag using Pologivskiy
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kaolins. However, the technological scheme of Kaolin
processing of the Pologivskiy deposit for these purposes has
not been developed.

In 1964, the Kyiv Experimental Research Plant
conducted laboratory and semi-plant studies of the raw
materials of the Pologivskiy deposit in order to establish its
suitability for the production of sewer pipes, interior tiles and
sanitary ware. Material of 3 samples of kaolin, 3 samples of
clay and 2 samples of sand taken from the existing quarry
was used to obtain experimental products. Tests have
established the suitability of clays and kaolins in the
production of interior tiles and sanitary ware.

In 1966, the Kharkiv Polytechnic Institute continued to
study the technological properties of Pologivskiy kaolin as a
raw material for the production of facing tiles. The tests gave
a positive result — the quality of facing tiles was higher than
that of tiles obtained from primary enriched kaolin.

Pologivskiy kaolins and clays have long been used in
refractory, machine-building, ceramic, cement and other
industries. The main volume of extracted raw materials is
consumed by refractory plants that use it for the production
of various products: normal and cupola bricks, siphon tubes,
shaped products, etc.

Given the extensive experience in the use of Pologivskiy
kaolins and clays in a number of industries, in the
exploration in 1985 and the revaluation of reserves in 2010—
2020, samples for additional study of the technological
properties of minerals were not taken.

Conclusions. Kaolin deposits of the Pologivskiy deposit
belong to the secondary (redeposited products of
weathering crust) genetic type, which are characterized by
significant, but in comparison with other kaolins (within
Ukraine) low content of sand impurities on sieves NeNe 0,02,
0,09, 0,063, mechanical strength of the mineral samples of
the deposit in both dry and calcined state is almost three
times higher than the enriched primary kaolins spread
throughout the rest of the country.

Kaolin ores of the Pologivskiy deposit have high
geological and technological indicators in comparison with
other deposits of the world. Deposits of the Novopetrivska
Neogene suite are productive for the extraction of clays and
kaolins. These are mainly coastal-marine deposits like
marls, calcareous clays, siltstones, weakly cemented
sandstones and glauconite quartz sands. The total
thickness of the Kyivska and Kharkivska formations varies
from 0,0 to 60—-70 m.

During the long period of exploration and operation of the
Pologivskiy deposit the mineralogical and chemical
composition, physical-mechanical, ceramic and
technological properties of kaolins and clays, which have
been successfully used for many years by refractory,
metallurgical, chemical and other industries, have been
studied with sufficient completeness.
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TaBpiCbKuI AepXaBHUWA arpoOTEXHONOri4YHMI yHiBepcuTeT imeHi Aimutpa MoTopHoro,

npocn. B. XmenbHuubkoro, 18, Menitononb, 72312, YkpaiHa

NonoriBCbKE POOOBULLE KAOJIHY:
FEONOTIA, MIHEPAJNIbHUM TA XIMIYHUU CKNAL, TEXHONOIYHI BNACTUBOCTI

Pation lMonoziecbko20 podosuwia KaosiHie i 802HemMpuUBKuUX 2/IUH po3mawioeaHull Ha Mexi 080X 2eoslo2iuHuUX pezioHia: Mpua3oeckbKo20 Kpucmaniy-
Ho20 macuey Ui KoHkcbko-SIinuHcbKol 3anaduHu. Y 2eonoziyHil 6ydoei palioHy 6epyms yyacmb dokemMbpulickbKi KpucmasiyHi nopodu U ocadoei eidknadu
Kpelidoeoi, naseo2eHo80i, Heo2eHo80i Ma YyemeepmuHHOi cucmem. "eonoziyHa 6ydoea palioHy HaeedeHa 3a pe3ysibmamamu po3eidku podosuuja ma
2e0s10203HiManbHUX pobim. Bidknadu YemeepmuHHOI cucmemu po3noectodkeHi Ha mepumopii noectodHo i nnawenodibHo 3ansizaromes Ha nidcmuna-
ro4ux nopodax. HuxxHsi mexxa YemeepmuHHOi cucmemu nposodumsbcsi 8 nidowsi 6epeszaHcbKo20 KiiMmamornimy eidnogidHo do JleceHOu 2eono2idHOT
kapmu YkpaiHu macwma6om 1:200 000 LjeHmpanbsHoykpaiHcbkoi cepii 1996 p. [idcmunaroyumu nopodamu Ha 6inbwili YacmuHi mepumopii € 4epeoHo-
6ypi 2nuHu nioyeHy, Ha pewmi — NOpPoou Kpucmani4Ho2o ¢pyHOameHmy, Kpelidoeoi, naseo2eHo8oi i He02eHo80i cucmemM.

MomyxHicmb yemeepmuHHuUx eidknadie cmaHoeumb 10-20 M. MpodykmueHumMu Onsi eUOOBYMKy 2/IUH Mma KaosliHie € eidknadeHHs1 HO8o-
nempiecbKoi ceimu HeozeHy, y nidowei sikux 3ansiealomb Hepo34YsieHoeaHi eiOKknadeHHsI eepxHbO20 eoueHy (Kuiecbka ceima) i onicoyeHy
(xapkiecbka ceima). Lle npubepexHo-MopchKi 8idknadu — mepzeni, eanHsaKosucmi 2nuHu, aneeponimu, cnabo3yemMeHmosaHi nickosuku ma anay-
KoHimkeapyoei nicku. CymapHa nomy»Hicmb KuiecbKoi i xapkiecbkoi ceum 3miHoembcs 8id 0,0 do 60—70 m. NuHu U KaosiHU Xxapakmepu3yombcsi
npakmuyHo oOHaKo8UM MiHepasibHUM cknadom. OcHo8Ha ixHs1 Maca npedcmaesieHa MOHKOJTyCKy8amuMm KaosliHimom, a 3 00MiuloK nepesaxae keapuy.
AkuecopHi U pyOHi miHepanu npedcmaesieHi YUPKOHOM, pymusioM, inbMeHimom i 2emamumom. Keapy npucymHili y enuHax i kaoniHax y euansoi
ob6kamaHux, pidwe Hanieo6kamaHux i Heo6kamaHux 3epeH. 3 kaosliHie podoeuwa supobisiroMb 8UCOKOSIKICHI anroMocunikamui eupob6u. lMonozieckb-
Kul KaoJsliH MO)XHa eukopucmoeyeamu 01 u20moeJsieHHs1 wamomy 6e3 dodaeaHHsl 2/IUHU, @ MAaKOX SIK CroslyYyHy Oomiwky. CnieeiOHoweHHs wa-
mMomy ma 38'A3y4oi pe4osuHuU cmaHosums 80-20 %. OmpumaHi 8 nabopamopHuUX ymoeax eo2Hempueu 3a0080JIbHSIOMb 8UMO2U Mideuu,eHoi
winsHocmi do doMeHHOT yeanu knacy A ma iHwux eupobie eidnoeidanbHo20 npu3HayeHHsl. lonozieckki 2nuHU eu3HaHi NpudamHumMu Ons euzo-
moeneHHs1 100 % eo2Hempueie, a makKoX sIK Crosly4Hi KOMIIOHEHMU 3aMicmb Yacoe'spcbKuX 2/uH. Bupobu, suzomoerneHri yinkom i3 Hanigkucoi
2/1uHu, eidnoeidaromb eumMo2am 00 HanieKucux eo2cHempueKux eupobie knacy b. [Monozieckbki kaoniHu ma 2nuHU mpueanul Yyac UKOPUCIMO8YHOMb
y 8o2Hempuskili, MawuHobydigHili, kKepaMiyHil, yeMeHMHill ma iHwux 2any3sx MPomMucs1I080cmi.

Knrouoei cnoea: kaoniH, lNonoziecbke podosuwe, 2eosnozis, cmpamuzpadgpisi, MiHepanbHuii ma xiMi4YHUl cknad KaosiHy i 2/IlUH, MexHO02i4Hi
eslacmusocmi.
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MIKPOENEMEHTHUM CKNAA NUTHUX NIA3EMHUX BOA
HA TEPUTOPIi KOPOCTULLUIBCbKOINO PAUOHY XKMTOMUPCbLKOI OBJIACTI
Y CUCTEMI rAPOreEOXiMmiMHOro MOHITOPUHIY

(MpedcmaesneHo 4neHoM pedakyiliHoi Koseaii 0-poM 2e0s1. HayK, cm. HayK. cniepo6. O. J1. LLleg4yeHkom)

HocnidxeHo MikpoenemeHmHul cknad NUMHuUx nid3eMHux eod Ha mepumopii Kopocmuwiecbko20 palioHy XXumomupcbkoi o6rnacmi
3 noanady nomeHuyitiHoi 3a2po3u 30opoe‘to rodell. [jocnidxeHHs1 NPoeedeHo 8 paMKax KOMIUIEKCY 3a2albHUX MOHImMopuHaoeux do-
cnidxeHb sikocmi nid3emMHux 800 pezioHy e nunHi 2020 — cepnHi 2021 pokie. MikpoenemeHmHul aHani3 npo6 eodu eUKOHaHO 3a OOIo-
MO20K0 Cy4acHO20 8UCOKOoYymsiueo2o mMemody Mac-criekmpomempii 3 iHOYKmMueHo 3e'a3aHoro nnasmoro (ICP-MS). OmpumaHi
pe3ynbmamu MoXymb 6ymu KopucHUMU Osisi 06rpyHmyeaHHs1 HeobxiOHOCMi Kopu2yeaHHs1 Xxap4yyeaHHs Micueeux XXumeslie WJiisixom

dodamkoe020 exueaHHs1 eimamiHHO-MiHepasIbHUX KOMIIJIEKCie.

Knro4yoei cnioea: numHi nidzemHi eodu, MikpoenemeHmHuli ckad, 2idpozeoximisi, MOHIMOPUH2, eCeHyiaibHi esleMeHmu, MmexHo2eH-

Hul ennus.

MocTtaHoBKa npo6nemu. Ha cbOroAHilWHIA OeHb noc-
TiIHO 3pOCTal4Ul piBEHb AHTPOMOreHHOro 3abpyAHEHHS
06'eKTiB HABKONWLIHLOIO cepeaoBuLwa (IPyHTIB, MPUPOLHNX
BOA Ta aTMocdepHOoro nosiTpsa) 0OyMOBMOE HEOOXIOHICTb
NpOBeAEHHS MOCTIMHOro MOHITOPUHTY IXHbOro cTaHy. Ocob-
NBO BaXNVBWM € BCTAHOBIIEHHSI €NIEMEHTHOrO cKnagy nu-
THOI BOOW Ta BUBYEHHS ocobnmBocTen moro popmyBaHHS
Ha TEpUTOPIAX OKPEMUX KpaiH y 3B'sA3KY 3i CBITOBOI Npobrie-
Moto 3abe3neyeHHst NoacTBa sKiCHOK Ta 6e3neyHo NuT-
HOK BOJOH, sika € OCHOBOK XUTTEAIANbHOCTI MOAUHN.
AKTyanbH/MM € pO3B'sA3aHHA LUMX 3afad i Ans pisHux rigpore-
OnoriYyHMX perioHiB YKpaiHu, SKi Bigpi3HAIOTECH HU3KOK reo-
XiMiYHMX 0COBNMBOCTEN.

MpupoaHi BoAM MICTATb HEBESUKY KiNbKICTb PO34MHEHUX
rasis, MiHepanbHuVX i OpraHiYHNX PEYOBMH HaTyparnbHOro NoXo-
[PKEHHS. Y BOLi BMCOKOI SIKOCTi 3arasbHi KOHLEeHTpaUii po3ym-
HEHMX PEYOBWH MOXYTb CAraTh 3HA4YHMX BENUYUH (CYyMapHO [0
1000 mr/am®). Ane Boga MoxXe MICTUTU | HeBGaxkaHi KoMMoHe-
HTK, OaHi Npo IXHIO KiNbKICTb € HeoOXigHMMK, 30Kpema, Ans
CTBOPEHHS HOPM LLoA0 SKoCTi NUTHOI Boay (CuHuubIHa u Op.,
2020). Y 6inblUOCTi KpaiH CBITY Ail0Tb BHYTPILLUHI HOPMaTUBHI
OOKYMEHTW, LLIO PernaMeHTYH0Tb SKiICTb MUTHOT BOAW. TakoxX po-
3po6neHi MxHapoaHi Hopmu (Taki sik HopmaTmen BOOS, Bo-
OHa PamkoBa OupektnBa €C TOLLO), WO CryXaTb rapaHTieto
6e3nekn NUTHOI BOAW i pernamMeHTyroTb rpaHUYHO AOMYCTUMI
KOHLIEHTpaLil enemeHTiB Ta MikpoopraHiamiB y Hi. Pasom i3
TUM, 3rigHo 3 gaHummn BOOS, gocutb NoWMpeHUM € He nuiie
BMKOPUCTaHHSI PO3BMHEHNX CUCTEM LIEHTPanisoBaHoro nocra-
YaHHS OYMLLIEHOT NUTHOI BOAM 3rigHO 3i BCTAHOBMEHNMMW HOpP-
MamMu, a N BUKOPUCTaHHS Of151 CMOXUBaHHSA MiHeparnizoBaHoi

BOOM 3 NiA3EMHUX [Keper, CBEpANIOBUH Ta konoassie 6es ii
nonepesHboro OYULLEHHS Ta BCTAHOBIEHHSI €NEMEHTHOrO
cknagy (KpatiHes u 0p., 2004).

HeobxigHicTb HasIBHOCTI NEBHOI KiNbKOCTI MiHEpanbHWX
PEYOBVH Y MUTHIN BOAi € BaXIMBOK Ansi 3GanaHCOBaHOro
BMICTY iX B OpraHiamMi nogmHu, wo 6e3nocepegHbO BU3HA-
yae ii 3gopos'a (J/lromad, 1992; KoHdpamiok, 1989). Ona
(PYHKLOHYBaHHSA OpraHiamy noguHu HeoOXigHi Kinbka rpyn
ernemeHTiB — CTPYKTYPHi enemeHTW, ski BCi € eceHuianb-
HUMK, TOOTO XKMTTEBO HEOOXiOHMMU; MiKpOenemeHTu Ta
ynbTpamikpoenemeHTu. [1o CTPYKTYpHUX erneMeHTiB BigHO-
CSITb OCHOBHi €NeMEeHTU | MakpoenemeHTu, 4O rpynu Mikpo-
efnieMeHTiB — eceHUianbHi, YMOBHO eceHLjianbHi, YMOBHO
TOKCUYHiI €eNEMEHTU Ta PTyTb, a rpyny ynbTpamikpoernemeH-
TiB NOAINATb HA PiAKICHO3EMESbHI, ENeMeHTN NIaTUHOBOI
rpynu Ta pagioakTUBHI efleMeHTu.

3a cTyneHem KOpUCHOCTI AN opraHiaMmy NioanHN eneme-
HTWM MOXHa po3buTU Ha Taki rpynu:

e eceHujanbHi ((KUTTEBO BaXIUBI €NIEMEHTU, BKITKOYHO 3i
CTPYKTYPHUMMU, WO Ha 99 % chopmyloTb eNeMeHTHUIA cknag
opraHismy): H, O, N, C, Ca, Cl, F, K, Mg, Na, P, S;

e mikpoenemeHTu: Cr, Cu, Fe, I, Mn, Mo, Se, Zn;

® YMOBHO eceHUianbHi (KUTTEBO BaXNUBI, ane WKianmsi
B NeBHMX go3ax): Ag, Al, Au, B, Br, Co, Ge, Li, Ni, Si, V;

® YMOBHO TOKCWUYHi MiKpOenemMeHTU N ynbTpamikpoene-
MeHTU: As, Ba, Be, Bi, Cd, Ce, Cs, Dy, Er, Eu, Ga, Gd, Hf, Hg,
Ho, In, Ir, La, Lu, Nb, Nd, Os, Pb, Pd, Pr, Pt, Rb, Re, Rh, Ru,
Sb, Sc, Sm, Sn, Sr, Ta, Tb, Te, Th, Ti, TI, Tm, U, W, Y, Yb, Zr.
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Lo crocyeTtbes pTyTi (Hg), TO BOHa € Wwkianveow Ans
noanHn B Byab-SKiA KinbKocTi, ToMy ii 6€3yMOBHO MOXHa
Ha3BaTU TOKCUYHUM EMNEMEHTOM.

Oediunt abo HaANMLLIOK TUX YK IHLINX eNEMEHTIB Y NnUT-
Hill Bodi MOXxe 06YMOBIOBATU BUHUKHEHHST HA3KM 3aXBOPHO-
BaHb Y HaceneHHs, Wwo ii cnoxusae (CkasnbHbil u dp., 2004).
[aHi npo MOXNuBI NaToNOriyHi CTaHW opraHiaMy noanHM,
Lo o6yMOBIEHI He NuLle HaaNULWKoM, a i aediunMTomM ece-
HUianbHUX eneMeHTIB, LU0 HOPMOBaHi B NUTHI BOA| 3a CaHi-
TapHO-TOKCMKOMOTYHUM NoKasHWKOM LKiAMBOCTI
(CuHuypiHa u dp., 2020), cBigy4aTb NPO BaXNMBICTb iX ypa-
XyBaHHS NPy NPOrHO3yBaHHI PU3MKIB 4N 300POB'A NIOANHU.

Cnig 3a3HauMTH, WO MPUYMHOK TOro, WO B BiNbLIOCTi
nogen aesiki XUTTEBO BaXIMBI MikpoeneMeHTn nepebysa-
10Tb Y AediuunTi, 8 TOKCUYHI MIKPOENEMEHTUN — B HAAJINLLKY,
€ HM3bKa AKICTb MMTHOI BOAW | NPOAYKTIB XapyyBaHHs, a Ta-
KOXX HE3a[0BINbHWI EKONOTYHMI CTaH HABKOMMLLIBLOrO cepe-
posuwa. 30Kkpema, HaceneHHsa KpynHUX MICT noTepnae Big
HaANULLKY BaXKKMX MeTaniB, fki HaAXoAAaTb OO OpraHiamy
NAMHK 3 BoAoK. CUcTEMaTUYHE BXMBaHHA HesKiCHOT abo
HEKOHTPOMbOBAHOI 3a CKNaAoOM MUTHOI BOAM MOXeE Npu3Be-
CTW OO0 MOSIBU Yy HAacereHHs XPOHIYHMX 3aXBOPHOBaHb, LUO
MOXe BNAVHYTU | Ha 340POB'A ManbyTHIX NOKONiHb. Y 3B'A-
3Ky i3 UMM BCTAHOBMEHHS MiKPOENEeMEHTHOro cknagy nut-
HUX Nig3eMHUX BOA NPUPOAHOIO MOXOMXKEHHS Y Pi3HMX
rifporeonoriYyHNX perioHax YkpaiHu € Bkpani HeobxigHuM sk
ans it 6e3ne4yHoro BUKOPUCTaHHS HAaCenNeHHsIM, Tak | ang pa-
NOHYBaHHA TepuTopii YkpaiHM 3@ MiKpOeneMeHTHUM CKra-
AOM NUTHOI BOAM NMPUPOAHOTO MOXOAXKEHHS!.

AHani3 nybnikauin 3a TeMor AocnigkeHb. BUBYEHHIO
npobnemn 3abpyaHEHHS NUTHMX NiO3eMHUX BOA, a TaKoX
BM/MBY HaO UMLKY YM HeCcTadi MiKpoesneMeHTiB Ha 300poB's
HaceneHHs, LLO iX CNOXUBAE, MPUCBSAYEHO HN3KY BITYN3HSHMX
Ta 3aKopAOoHHMX nybnikauin (AsuybiH u 0p., 1991; Pydkko,
2012; Golekar et al., 2013; Me3seHuesa ma iH., 2018; Hussain
et al., 2019; CuHuuybiHa u Op., 2020). OpHak y nitepatypi
Maro yBaru npuainsaeTbCs 3icTaBneHHo Nig3eMHMX Bof, 3a iX-
HIM MiKpOENEMEHTHUM CKIafoM ANs PisHUX rigporeonorivyHmnxX
perioHiB YKpaiHu y 3B'A3Ky 3i CTPYKTYPHO-reonoriyHMmu, a Ta-
KOX reoxiMiYHMMK 0COBNMMBOCTAMM OOCHIAXYBaHUX TEPUTO-
pin. Cnig 3ayBaxuTu, LWO KinNbKiCTb Ny6nikauin, ski MicTATb
NpaKkTU4Hi AaHi woao 6aratopivHoi AnMHaMIKM NOKa3HUKIB XiMi-
YHOrO cKnagy NiA3eMHUX BO, € HE3HAYHOL.

BuaineHHA Hepo3B'sA3aHMX paHille 4YacTUH 3aranb-
HOI Npo6neMun. Y KOHTEKCTi LOCATHEHHSA HETOKCUYHOTIO ce-
pefoBvlla B pamkKax EBPOMNENCHKOro 3erieHoro Kypcy
(European Green Deal), oo gkoro YkpaiHa gonydunacs y
2020 poui, akTyansHocTi HabyBalTb JOCNIIKEHHS, CNPSIMO-
BaHi Ha BMBYEHHS MiHEpanbHOro cknagy Ta BMIcTy gisiono-
MYHO 3HAUYLMUX XIMIYHMX eNeMEeHTIB Yy MUTHUX Mig3eMHUX
BOZA@X Pi3HUX TiApOreosnoriyHmx perioHiB YkpaiHun, ocobnmeo
TUX, LLIO XapaKTepM3yoTbCsl BUCOKUM PIBHEM TEXHOFEHHOIO
HaBaHTaXKeHHs Ha niasemHy rigpocdepy Ta/abo HeraTuB-
HUMMW TEHAEHLISIMU 32 NOKa3HWKaMy 3aXBOPIOBAHOCTI Hace-
neHHs. Y cratTi  po3rnagaloTbCs 3MiHM B yaci
MiKpOENeMEHTHOro cknaay NUTHUX nig3emHux Bog y Kopoc-
TULWIBCbKOMY paiioHi >KutoMupcekoi obnacri, wo, 3rigHo i3
Cy4acHUM TigporeonoriyHnm pamoHyBaHHAM YkpaiHu (LLlec-
monanoe ma iH., 2019), HanexuTb 40 BOAOHOCHOI CUCTEMMU
YKkpaiHcbkoro wuta. Bubip TepuTopii gocnigxeHbs o6ymoB-
NEeHUN TUM, LLO 3riAHO 3 TeHAEHUISMU ANHaMIKK Pi3HUX BU-
4iB  3axBoptoBaHb HaceneHHsi KuTomupcbkoi obnacri,
nopsag i3 Kiposorpagcskoto, MukonaiBcbkor, XapkiBCbKO
Ta XepCOHCbKOI 06nacTamMu, HanexuTb A0 PErioHiB i3 ne-
PEBAXAHHSIM  HEraTMBHUX pPUC OUHAMIKM  MOKa3HMKIB
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3axBoptoBaHocTi (Me3eHuesa ma iH., 2018). [nsa unx obna-
CTeN XxapaKTepHe 3pOCTaHHS KifTbKOCTi BUNaAKiB 3MOSKICHNX
HOBOYTBOpPEHb, CEpPLIEBO-CYANHHUX 3aXBOPKOBaHb Ta XBO-
pob opraHiB AuXaHHS.

MeTta pocniaXeHb — BMBYEHHSA 3MiH Y Yaci XiMi4YHOro,
30KpeMa MIKpOENeMEHTHOro, cknagy nig3eMHUX Bof, Lo
BMKOPUCTOBYIOTLCSI AN MUTHOTO MOCTayaHHsl HaceneHHo
KopocTuwiBcbkoro paioHy XXutommpcbkoi obnacri.

Y cTaTTi HaBeAeHO pe3ynbTaT BNacHMX NonbOBUX 4OC-
NigXeHb, a TakoX BUKOPUCTaAHO 3BiTHI MaTepianu Wwono ekc-
nnyaTauinHux 3anacis  KoOpocTULIBCbKOro  podoBuLLa
NUTHWUX Nig3EMHUX BOA,.

XapakTepucTuka TepuTopii gocnigxeHHsA. Jocnimpxky-
BaHa TepuTopid po3TalloBaHa B MiBHIYHO-3aXigHIN YacTUHI
FigporeonoriyHoi obnacti TpiWMHHMX BoA YKpaiHCbKOro
wuTa (3rigHo i3 cy4acHUM panoHyBaHHSM — 4O BOAOHOCHOT
cuctemun YkpaiHcbkoro wuta) (LLlecmonanoe ma iH., 2019)
i XapakTepusyeTbCs HasIBHICTIO KOMIMIEKCY NEPEBAKHO NiLLia-
HUCTUX OCafoBUX NOPIA HE3HAYHOT NOTYXXHOCTI (7o 20 m), 6a-
raTornoBepXoBWM 3ansiraHHsIM BOLOHOCHUX TOPU3OHTIB B
yMOBaXx BiflbHOro BoAoobmiHy. 3pasku Boau 3i cBepaoBUH
Ta konogs3is Biabupanucs B mexax KopocTuLiBcbkoro pai-
oHy XXntomumpcbkoi obnacTi, Ao sikoro npuypoyeHe KopocTu-
WiBCbke poOoBULLE MUTHUX NiA3eMHUX Bod. 3ararom
rocnofapcbKo-nNuTHe i BUPOOHMYO-TEXHIYHE BOAOMOCTA-
YaHHs y camoMy M. KopocTuLiB 3AiNCHIOETLCA 3a paxyHOK
ekcnnyaTauii BOOOHOCHMX FTOPU3OHTIB y Bigknagax bydaub-
Koro periosipycy eoueHy (P2b¢) i y TpilumMHyBaTIn 30HI Kpuc-
TaniyHmx nopig Ta ixHbOi kopu BuBiTPoBaHHA (PR1).
OcCTaHHiIn BOAOHOCHWUIA TOPU3OHT Mae HaWKpalli NOKa3HUKK
AKOCTi BOAM Y JOCNiOKyBaHOMY PerioHi, MOro rigporeonori-
YHi XxapakTepucTukn fobpe BMBYEHI N AeTanbHO OnucaHi y
3BiTi (MpebeHrok ma iH., 2020). BogoOHOCHUI rOPU3OHT Y TPi-
LLMHYBATIN 30Hi KPUCTanNiYHMX NOPIA Ta IXHBOT KOPW BMBITPHO-
BaHHs (PR1) € perioHanbHO BWUTPMMaHWM MO NOLL;.
TpiWmHHI BOAK He NpuypoYeHi Ao skoro-Hebyab cTpaTurpa-
iYHOro KOMMIEKCY, a He3anexHo Big cknagy i Biky BOOOB-
MiCHUX MOpif4 YTBOPIOKOTL €OWHY TFiApaBniyHO 3B'A3aHy
cuctemy. KpuctaniyHi nopoam sansraioTb Ha rmubuHi 5,0—
25,8 m i npeacTaBneHi rHencamm, KpuctanocnaHusamm i rpa-
HiTamMK. Y MOKpPIiBMi KpUCTaniyHMX Mopig 3ansarae ixHa kopa
BUBITPIOBAHHSA MOTY>HicTHO Big 5-10 go 20 m, sika npepacTa-
BfieHa KaoniHOM i )XOpPCTBOIO, 3i 36epexxeHol0 CTPYKTYPOI
MaTEPUHCBLKOT nopoau. Y Micusax, Ae Kopa BUBITPIOBAHHS po-
3MuTa, B NOKPIiBMNi BOOOHOCHOIO FOPU30OHTY B TPIiLLMHYBaTIN
30Hi KpUCTaniyHMx Nopig Ta iXHbOi KOpPW BUBITPIOBAHHSA 3a-
nsralTb BOAOHOCHI FOPU3OHTM B anioBianbHUX Bigknagax
rorioLeHy i cepefHbOro HEONMeNCTOLEHy, YTBOPIOKYM Lia-
pyBaTty rigpaeniyHy cuctemy. POpMyBaHHSI XiMiYHOrO
cknagy nia3eMHUX Bo4 BOAOHOCHOTO rOPU3OHTY B TPILLMHY-
BaTil 30Hi KpMUCTaniYHMX Nopia Ta IXHbOI KOPW BUBITPIOBAHHSA
BU3HA4YaeTbCs Hacamnepen gisnko-reorpadiyHUMM YNUHHU-
KaMu, SiKi, y CBOI Yepry, NPOSIBMSOTLCS Y BUMNSAI Pi3HUX re-
OXiMiYHMX MpoLeCiB, NPOBIgHA POSib cepen AKUX Hanexuntb
BWITYroBYBaHHIO Nopia. Boan BunyroeyBaHHS yTBOPHOOTHCS
B 30Hi BiNbHOro Bogoo6bmiHy. ManonoTyHa kopa BUBITpHO-
BaHHSI KpWCTaniYHUX Mopig CKrageHa >XOpPCTBSIHO-TMMHUC-
TOI NOPOAOH 3 MOHTMOPUITOHITOM, TiZpoKCcMaamu 3arisa Ta
HOHTPOHITOM. 3 OCTaHHIM noB'a3aHo 3b6arayeHHs1 BoaW cro-
nykamu Hikento. ®opMyBaHHs i30ToNIB padioakTUBHUX ene-
MEHTIB y BOAi MOXe BiaOyBaTucA B 30Hi 3ayenneHux
BUBITPIOBAHHAM KpUCTanivyHux nopig.

MelLukaHLi JOBKOMULLHIX Cin 30e06inbLIoro cro)XuBatoTb
BOAy i3 NpucagnbHuX KpuHWLb abo CBEpPAMOBMWH, L0 eKc-
nnyaTtyloTb  BOOOHOCHWIA  FOPU3OHT B antoBianbHUX
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BiAkNagax nepLuoi — Apyroi HapsannaBHUX Tepac Bepx-
HbOro HeomnneuncToueHy (a'2Pm), Ta NpuBaTHWX CBepAJIo-
BVH, NpobypeHnx Ha BOOOHOCHWIA TOPU3OHT Yy TPILLMHYBAaTIN
30Hi KpuCTaniyHMx nopig Ta IXHbOI KOpW BUBITPHOBAHHS
(PR1). BapTo 3a3HaunTu, Wwo Bogo3abipHa ainsiHka Kopoc-
Tnwiscekoro MKI1 "BogokaHan" posTtalloBaHa B 30Hi po3Ba-
HTa)XXEeHHSA Mig3eMHUX BoO4, Ae p. TeTepiB Bigirpae posb
NOTYXHOI NpupogHol ApeHn. Kpim Toro, y Mexax po3noBcio-
[AXEHHS1 BOOOHOCHOIO rOpU30HTY B antoBianbHWX Bigknagax
ronoLieHy NoBepxHeBi BOAM € AxepenoM hopMyBaHHS eKc-
nnyaTauiinHux 3anacis nig3eMHUX Bog OCHOBHOIO BOAOHOC-
HOrO rOPU3OHTY Y TPILLMHYBATIN 30HI KpUCTaniYHUX nopig Ta
iXHbOI KOpW BuBITPtoBaHHS (Koshliakova et al., 2020).
MeTtoamka pocnigkeHHs. MikpoeneMeHTHUN aHania
3pa3skiB Boan Gyno 34iicHeHO 3a AOMOMOrol MeTo4y mac-
crnekTpoMeTpii 3 iHAYKTUBHO 3B'A3aHo0 nnasmoto (ICP-MS)
Ha Mac-cnekTpomeTpi 3 NOABINHUM (POKYCYyBaHHAM iOHHOMO
npomeHs "ELEMENT-2" dipmu "Thermo Scientific" (kopno-
pauis Thermo Electron GmbH (BpemeH)), wo dyHKuioHye
Ha 6asi IHCTUTYTY reoximii, MmiHepanorii Ta pyLoyTBOPEHHSI
im. M. . CemeHeHka HAH YkpaiHu. MNoxunbka BUMiptoBaHHsI
ctaHoBuna 8 <3 %. [ina oTpumaHHA kanibpoBok "curHan-
KOHLIeHTpaLis" 3acTocoByBaBCsl CepTUiKoBaHW cTaHaapT
(ICP multi-element standard solution VI, Bupo6Huk — Merck
KGaA), 3 skoro BurotoBnsnacsa cepisa 6 rpagytoBarnbHUX
ctaHgaptis Big 1 po 1000 ppb. MigrotoBka npo6 i

cTaHfapTiB 34ificHioBanacs sarosMm metogom. nga npuro-
TYBaHHS1 pO34MHiB (MPOMMBHI, XONOCTi, FpafytoBanbHi 1 aHa-
ni3oBaHi) BUKOPUCTOBYBANN BOAY, OYMLLEHY 3a JOMOMOIOH
anaparta Millipore-Q3 (Millipore SA, ®paHuis). Ana xapakre-
PUCTMKM 3aranbHOro XiMiYHOro cknagy nia3eMHuX Bog OOC-
nigxyBaHoro perioHy BUKOPUCTaHI pesynbtaTtn
rigporeoximMiyHOro MOHITOPWHIY, MpoBedeHoro naboparto-
pieto KopocTtuwiscbkoro mixparnoHHoro sigginy OY "XXuto-
MUPCbKMIA obnacHuiA nadopatopHuin LeHTp MO3 YkpaiHn" Ta
LleHTpanbHoo nabopatopieto Ol "YkpaiHcbka reonoriyHa
komnaHis" npotarom 2017-2019 pokiB.

Pe3ynbTtatin gocnigxeHb. Y KOMMMEKC MOHITOPUHIO-
BUX JOCHigKeHb SKOCTI Nig3eMHUX BOA PerioHy 3 MeTor
OinblU AeTanbHOro BMBYEHHS MIKPOENEMEHTHOTO cKknagy i3
3any4yeHHsM cyyacHux, 6inbl 4yTnuBux, nabopaTopHMX
meTogais y nunHi 2020 Ta y cepnHi 2021 poky aBTopamu 6yno
nposeaeHo BiaGip Npob 3paskiB BOAW 3i CBEPANOBWH Ta Kpu-
HUUb KopocTuwiscbkoro panoHy >KuTomupcbkoi obnacri,
SIKi BUKOPUCTOBYHOTHCS MICLIEBUM HACENEHHSM Ansi MUTHOro
BogonocTayaHHs. KoxHoro poky Bigbupanu no 15 3paskis
BOAM 3 KpMHWLL Ta no 10 3pa3kis 3i CBEPANOBUH, pO3TaLlOBa-
HUX Ha MpUcagmnbHMX AiNsHKax npuBaTHWUX OyauHkiB. nu-
OuHa KpuHULB konvBanacs B mexax 10—15 m, cBepanoBuH —
10-20 M. PesynbTatn MikpoenemeHTHOro aHanidy 3paskis
BOAM NpeacTaBrneHi y Tabn. 1.

Ta6bnuys 1

Y3aranbHeHi pe3ynbTaTi MikpoeneMeHTHOro aHanidy 3pa3kiB nia3eMHux Boa (cepeAHi apudmeTUYHI)
i3 3a3Ha4YeHHAM BenM4MH GionoriyHo 3HavYyLWmnx KoHueHTpauin (B3K)

Bua BogosabipHoi cnopyau
KpuHunusa (BOOOHOCHUIM FrOPU3OHT CBepanoBuHa (BOOQOHOCHUM FOPU3OHT B3K
EnemeHT, | B antoBianbHUX Bigknagax 1-2 Hap3annaBHUX y TPilLMHYBAaTI 30Hi KpUCTani4yHMX nopip (Bapeuw u 3
mr/igm® Tepac BepXHbLOro HeoNnnencToLeHy) Ta iX KOpY BUBITPIOBaHHA) 20’50 ’3”
3 ), mr/igm
CepefHe 3HA4YeHHsA, Mr/am
2020 pik 2021 pik 2020 pik 2021 pik
Li 0,000922 0,004662 0,001555 0,004949 0,025
\ 0,001036 0,001099 0,000122 0,000209 0,025
Cr 0,003326 0,004038 0,001729 0,002891 0,00175
Mn 0,000824 0,004389 0,000633 0,002043 0,05
Co 0,000008 0,000131 0,000017 0,00014 0,0075
Ni 0,000211 0,015931 0,000864 0,017301 0,0075
Cu 0,000197 0,001318 0,012659 0,018194 0,025
Zn 0,009309 0,091527 0,023665 0,074792 0,3
Sr 0,312244 0,386823 0,178328 0,21342 0,05
Cd 0,000023 0,000101 0,000081 0,000055 0,0025
Ba 0,063614 0,080914 0,065276 0,085503 0,02
Pb 0,000085 0,000906 0,000249 0,001582 0,01

lpumimka. Kinbkicte npo6 (N) = 25.

3a metoamkoo M.B. Bapeuwa 1a O.A. Weapua (bapsuw
u dp., 2000) 6yno BU3HAYEHO BENMUYNHU BIONOrYHO 3HAUYLLMX
KoHUeHTpauin (B3K) oCHOBHUX (hi3ionoriyHoO 3HauyLmx eneme-
HTIB 419 AOCNIMDKYBAHUX MUTHUX NiA3EMHUX BOA.

3a ceigyeHHam K.C. 3nobiHoi (3r106iHa, 2013), Tpagun-
LLiIHO OCHOBHMM KpUTEpieEM BUOOPY eNeMEeHTIB, Lo niansra-
I0Tb PETENbHOMY BWBYEHHIO, € TPaHMYHO AOMyCcTMMa
koHueHTpauis (FAK). OgHak, no-nepLue, He Ans BCix eneme-
HTIB YCTAHOBJIEHI FPaHNYHO JOMNYCTUMI KOHLEHTpaUii. A no-
Apyre, iCHYIOTb TaKoX eNeMeHTH, Ans KX Ha NOTOYHUIA MO-
MEHT MPaKTUYHO BiACYTHS iHbopMaLis Npo iXHI0 ponb Yy Mi-
KpoeneMeHTHOMYy 6GanaHci nogavHuM i BMICT Yy MPiCHUX
nig3eMHux Bogax. Lle nepeaycim GinbLicTb pigkicHux ene-
MeHTIiB. N5 OuiHIOBaHHS ONTUMAanbHOMO BMICTY efleMeHTIB
y cKnagi JocnigxyBaHoi BOAM, WO HeoOXiaHO npw ii xapak-
Tepu3yBaHHi, JOPEYHMM € 3acTocyBaHHsi kpuTepito B3K. Llie
KOHLIEHTpaLis, 3a sKOI HAOXOQKEHHS eflieMeHTa B OopraHiam
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3 BOJOH MO3HAYaETbCSA Ha 3aranbHOMY MIKpOereMeHTHOMY
OanaHci noanHWU. ABTOpPM TepMiHa NPOMOHYOTL YCi MIKpO-
enemMeHTH, SKi MICTATbCA Y NPICHIN Nig3eMHi BoAi, NOAINMTH
Ha aBi rpynu. MNepwa — enemeHTH, ki nepesuwytoTb B3K,
apyra — efnieMeHTH, WO MICTATbCA B KOHLUEHTpaUiaX, Sk He
MOXYTb CYTTEBO BMIIMHYTWM Ha MiKpOeneMeHTHUA GanaHc
noanHn. HxkHA Mexa 6ionoriyHo 3HadyLLoi KOHLEeHTpauii —
Lie BENMYMHA, 3a sIKOT HAAXOMKEHHS efleMeHTa B OpPraHiam 3
NMUTHOK BOAOK CTaHOBUTbL 5 % Big 3aranbHOro cepeaHbLOC-
TaTUCTUYHOTO HaAXo4XXeHHs. Mpu LUbOMy BBaXKa€TbCH, LLO
Woa06u cnoXuBaeTbesa 2 N1 NUTHOI Boawn. Takui nigxia no-
3BOJISIE BUOKPEMUTU MIKpPOENeMEeHTU ANsi NepLlioyYeproBmnx
ekororo-rigporeoxiMmiyHnx gocnigxeHos (3106iHa, 2013).
MopieHsAHHA B3K 3i BMiCTOM MikpoenemeHTiB Ta okpe-
MUX MIKpOENEMEHTIB, BM3HAYEHUX MPU BUKOHAHHI LOCHI-
OXKEHHS, Hajano 3Mory BWSIBUTW, LLO B OOCHIOKYyBaHWUX
NMATHUX  BOAAX  CMOCTEPIraeTbCs  HAOMLIOK  TaKMX
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B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

eneMeHTiB, Sk Sr Ta Ba. Y gocTaTHin KinbKocTi npucyTHil Cr.
HaTtomicTb Gyno BMABNEHO HeOOCTaTHK KiMbKiCTb TakuX
enemeHTiB, sk Li, V, Mn, Co, Ni, Cu, Zn, Cd ta Pb. Bapto
3a3HauunTy, Wwo y 2021 poui (nopiBHsiHO 3 2020 pokoM) KOH-
ueHTpauis Ni Ta Zn B obcTexeHnx Bogo3abipHux cnopyaax
3Ha4yHo 3pocna: KoHueHTpauis Ni—y 75 pasiB y konoasssax
Tay 20 pasiB y CBEpANOBUHAX, KOHLUEHTpauia Zn —y 9 pasis
y KonogsAsax Ta y 3 pasu y cBepAroBuHax. IMoBipHO, ue
SIBULLIE MOB'A3aHe 3 TUM, LWO Li eNeMeHTU MalTb TEXHO-
reHHe NOXOMAXEHHS, TOMY TXHS KOHLeHTpaLis y AoCniaxyBa-
HUX nNig3eMHUX Bodax CTPIMKO 3pocTae. 3ararnom,
NOPIBHIOKYUN PE3YNbTaTN MIKPOENIEMEHTHOIO aHani3y, BUKO-
HaHoro y 2020 Ta 2021 pokax, MOXHa roBOpuUTU NPO HasiB-
HiCTb TeHaeHuii no 30inbLUEeHHsA KOHLIEHTpaLin
AOCniAXyBaHUX MiKpOeneMeHTIB y NiA3eMHUX Bodax, ogHak
us rinotesa notTpebye YTOYHEHHSI 32 paxyHOK Mogarnblumx
MOHITOPUHIOBUX CMOCTEPEXKEHD.

Lo ctocyeTbca MakpoenemeHTHOro cknagy, To 3a aa-
HUMM 3BITY (MpebeHrok ma iH., 2020) nig3emHi Boan ropu-
30HTY, NPUYPOYEHOro A0 TPILUMHYBATOI 30HN KpUCTaniYHMUX
nopig Ta iXHbOT KOPU BUBITPIOBAHHS, € MPICHUMU, MalOTb
rigpokap6oHaTHUI, xnopugHo-rigpokap6oHaTHUI Tun. 3a
KaTiOHHUM CKNaaoM BOAW KanbLieBi Ta MarHieBo-KanbLieBi.
MiHepanizauis 3miHioeTbea Big 0,3 ao 0,6 r/ams. 3aranbHa
TBepaicTb nepebysae B Mexax 2,1-10,8 mmonb/ams.

3HayeHHs pH ctaHoBUTL 6,8—7,5. 3aranbHui BMICT 3ani3a
konueaeTbes Big 0,2 oo 7,0 mr/am3, WO € xapakTepHUm
ONs TPILWMHHO-XUNBbHUX BOA4 KpucTaniyHoro wuTta. Ha gi-
NSHKax, He 3axuLieHuUX Big NOBepXHeBOro 3abpydHEeHHs,
crnocTepiraeTbCsl MiABULLEHUIA BMICT HiTpaTiB (Bia 76 0o
379,40 mr/gm?), xnopy (354—404 mr/am3), cyxoro 3anuiuky
(mo 1,5 r/am3). XimiuHuii cknag BOAM MOXHA BUPasUTU y3a-
ranbHeHot dopmysoto:

HCO3 39-70 SO48-39 CI18-30 H 6.6-7.6

Ca60-64 Mg20-24 (Na+K)9-15 pH 0,6=/,0.

Y Bogi 3a3Ha4aeTbCS CNabKuii XXOBTYBaTUIA BIATIHOK, LLO
Moxe ByTn 0ByMOBEHO HasiBHICTIO conel 3anisa. Mikpobio-
NOriYHi NOKA3HWUKN XapaKTepu3yTbCs BiACYTHICTIO GakTepia-
NbHOrO 3abpyAHEHHs:: 3aranbHa  KinbkicTb  MikpobiB  He
nepesuiye 11 KYO/cMm®, GakTepii rpynu KULWKOBOT Nasimykm
BiacyTHi. ®eHonu, nectuumam, CIAP i HadpTonpodyktn y
BOAi NPaKTUYHO BIiACYTHI.

PesynbTaTy 3aranbHoOro xiMmiyHoro aHanisy, BMKOHaHOMO
ans BigidpaHnx y 2020-2021 pp. 3pa3skiB BOAW, MNOPIBHSIHO i3
rpaHn4yHo gonyctuMmmmm koHueHTpauiamm (MFOK) arigHo 3 Oep-
XXaBHUMW CaHiTapHUMKU HOpMamu Ta npasunamu "TirieHivHi
BMMOIM 0O BOAMW MUTHOI, NPU3HAYeHOi ANS CNOXUBaHHS Mto-
avHorw" (OCaHlMiH 2.2.4-171-10), npeactaeneHi y Tabn. 2.

Mo,34-0,72

Tabnuys 2
Pe3ynbTaTtu 3aranbHoOro ximi4Horo aHanisy 3paskiB nig3eMHUX BoA
Bua Bogo3abipHoi cnopyaum
KpuHunus (BOOOHOCHUIM FrOPU3OHT CBepanoBuHa (BO4OHOCHUM FOPU3OHT roK
Moka3HuK XimiyHOro B anioBianbHUX Bigknagax 1-2 HagsannaBHUX y TPilWMHYBaTiN 30Hi KpUCTanivyHNUX 3a [ICaHMiH
cknapy Tepac BepPXHbOro HeONNnencToLeHy) nopig Ta ix Kopu BUBITPIOBaHHS) 2.24-171-10
CepegHe 3Ha4YEeHHs -
2020 pik 2021 pik 2020 pik 2021 pik
pH 6,95 6,68 7,22 7,05 6,5-8,5
JIyXHicTb 1,6 2,1 4.9 5,1 He HOpMYETbCS
TeepaicTb, Mr-eks/am® 3,8 4.5 6,9 6,8 10
Kanbuin, mr/gm® 56,11 56,1 96,2 94,2 He HOpPMYETbCSH
MarHii, mr/gm® 12,16 20,7 25,54 25,5 He HOpMY€eTbCH
HCO5~, mr/om® 97,6 128,1 289,9 311,1 He HOpMYETbCS
Cynbgaru, mr/om® 28,8 96,0 24 72,0 500
3aniso 3aransHe, mr/am® 0,03 0,04 0,05 0,07 1
HitpaTu, mr/am® 52,77 30,5 39,1 27,5 50
Xnopuaw, mr/am® 42,6 48,3 39,1 49,7 350
Cyxwit 3anuiiok, r/om® 0,224 0,313 0,304 0,378 1,5
Na+K cymapHo, mr-eks/am® 18,4 37,17 9,2 37,7 He HOpMYETbCH

lpumimka. Kinbkicte npo6 (N) = 25

3aranom gocnimkeHi 3pasky nig3eMHUX BOA, 3a Makpoe-
JNIEMEHTHUM CKIagoM BignosigatoTe Hopmatueam [4CaHlliH
2.2.4-171-10 ana nNUTHOI BOAWM 3 KONOAA3IB, KanTaxiB Ta
okepern. BUKMOYEHHSM € BMICT HiTpaTiB, KOHLEeHTpauis
AKX y Konoanassix ctaHom Ha 2020 pik nepesuilysana K.

ABTOpamu Gyro npoaHanizoBaHO 3MiHW Yy Yaci Takux no-
KasHWKIB XiMiYHOro cknagy OOoCrimkyBaHUX nNig3eMHUX BOA:
3aranbHa MiHepanisaujs, BMmicT ioHiB Ca?*, Mg?*, SO4% 1a CI-.
Mepioa cnocTtepexeHb 3a KONMMBaHHSAMW KOHLUEHTpaLin BKa-
3aHUX MOKasHWKIB oxonmnoBaB GepeseHb 2017 — rpyaeHb
2019 pp. (MpebeHiok ma iH., 2020). Binomo, o iHTEHCKB-
HiCTb BOAOBIAOOpY, sika BU3HAYae rigpoanHamMiyHi yMmoBM B3a-
€Mojji NOBEPXHEBMX Ta NiA3eMHUX BOL, € OOHUM 3 rOfIOBHUX
YMHHWKIB 3MiHM iX XiMiYHOro cknagy. byno BusBneHo 3HauyLLy
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KopensLilo M KoHueHTpauismu Mg?*, SO42-, CI- Ta ix Hop-
MOBaHMMM MOKa3HMKaMM 3a BENMYMHOK BOAOBIAOOPY.
KoeiuieHTn kopensuii MipcoHa R cTaHoBunu, BignosigHO:
ans Mg?* R=0,82; ansa S042- R=0,63; ansa CI- R=0,76. 3 me-
TOK BCTAHOBJEHHS 3aKOHOMIPHOCTEN 3MiHM SOCHIgKYBaHMX
NOKa3HWKIB XiMIYHOrO ckragy nig3emMHUX Bopg Y 3B'sI3KY 3 BO-
aosigbopom 6yno nobyaoBaHo rpadiku KonmBaHb HOPMOBa-
HWUX MOKa3HWKIB 3a nepiog 2017—2019 pp. (puc. 1-3).
OTpumaHi pe3ynbTaT Nokasanu, LWo y BOAOHOCHOMY ro-
PU3OHTI TPILLUMHYBATOI 30HM KpUCTaniYHUX nopig Ta iXHbOT
KOpW BUBITPIOBaHHs Npu 36inbLUeHHi BoaoBiabopy nigsuLLy-
€TbCHA BMICT MiHEpPANbHUX PEYOBUH, LLIO CBiAYMTbL MPO iCTO-
THY POfb aHTPOMOreHHOr0 YMHHMKA Npu  OPMYBaHHI
XiMiYHOro cknagy AocnigKyBaHUX NiA3eMHUX BOA.
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Puc. 1. HopmoBaHi nokasHuku Bmicty Mg Ta BoaoBia6opy 3 BOAOHOCHOIO ropu3oHTy
y TpilMHyBaTii 30Hi KpMCTanivyHMX NopiaTa iXHLOI KOpU BUBITPIOBaHHA B nepioa 2017-2019 pp.
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Puc. 2. HopmoBaHi noka3Huku BMiCTy xnopuaiB Ta BoAoBifGopy 3 BOJOHOCHOIO FOPU3OHTY
y TpilWMHyBaTi! 30Hi KpUCTaniyHMX nopip Ta iXHbOI KOpM BUBITPIOBaHHA B nepiog 2017-2019 pp.
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Puc. 3. HopmoBaHi noka3Huku BMicTy cynbdaTiB Ta BOAOBiAGOPY 3 BOAOHOCHOIO FOPU3OHTY
y TPilWMHYBaTiA 30Hi KpMCTanivyHUX Nopip Ta iXHbLOI KOpU BUBITPIOBaHHA B nepiog 2017-2019 pp.
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BucHoBKkW. Y pesynbTaTi npoBefeHoro OocrigXeHHs
Oyno BUABMNEHO Taki 0cOBNMBOCTI XiMiYHOro cknaay nNUTHUX
nig3eMHnX BoA Ha Teputopii KopocTuiliBcbkoro panoHy XXu-
TOMMPCbLKOI obnacri.

1. OocnigxeHi 3pa3kn nig3emMHUX Bog, 3 BOAOHOCHUX ro-
PU3OHTIB B antoBianbHWX Bigknagax nepLioi — Apyroi Hagsa-
NMaBHUX Tepac BepXHbOro HeonnencToueHy (a'2Pu) iy
TPILLMHYBATIA 30Hi KpUCTaniyHUX nopig Ta iXHbOi KOpu BUBI-
TptoBaHHA (PR1) 3a MakpoenemMeHTHUM CKNaZoMm Bignosiaa-
toTb Hopmatueam OCaHlliH 2.2.4-171-10 ans nuTHoi Boau 3
KOMNoas3is, kantaxis Ta Axepern. BUknioyeHHSIM € BMICT HiT-
paTiB, KOHUEHTpaUis SK1X y KpMHUUaX ctaHoM Ha 2020 pik
HeaHauHow Mipoto nepesuutysana MOK (52,77 mr/am® nopi-
BHSAHO 3 HOpMaTMBOM Y 50 mr/am3).

2. MpoaHanizoBaHo 3MiHW B Yaci BENWYMHN 3aranbHOT MiHe-
panisauii, BmMicTy ioHis Ca?*, Mg?*, SO4? Ta Cl-y BogoHoCHOMY
FOPU3OHTI TPILLMHYBATOI 30HU KpUCTaniYHMX nopig Ta ixXHboi
KOpW BUBITPIOBaHHS 3a nepiog OepeseHb 2017 — rpyaeHb
2019 pp. 3a ekcnnyaTauinHumMu ceepanosnHamMm KopocTuiwis-
cbkoro MKI "BogokaHan". OcKinbky CTaTUCTUYHUIA PO3MOo4in
OaHnx y Bubipkax, Lo po3rnsganucs, Bignosigae HopMmarb-
HOMY 3akoHy, Oynu obpaxoBaHi KoediluieHTM Kkopensuii
lMipcoHa. BusiBneHo BUCOKY NMO3UTUBHY KOpensLito MiX KOHLie-
HTpauisMm Mg?*, SO42, CI- Ta X HOPMOBaHUMY MOKa3HUKaMM
3a BenuymHoo Boaosigbopy. KoediuieHTn kopensuii MNipcoHa
R craHosunm, signosigHo: ans Mg?* R=0,82; ana SO04*
R=0,63; opna CI- R=0,76. OTpumaHi pe3ynbTati nokasanu, Lo
npwu 36inbLUeHHi BOAOBIAGOPY 3 4OCMIAKYBaHOTO BOLOHOCHOTO
FOPU30HTY NiABULLYETLCSA BMICT MiHEPanbHUX PEYOBUH, LLIO CBI-
O4YnTb MPO ICTOTHY POIib aHTPOMOrEHHOrO YMHHKKA NpY hopMy-
BaHHi XiMiYHOrO cKnaay AOCHiMKYBaHMX NiA3EMHNX BOA.

3. MopiBHsHHS B3K i3 BMicTOM MikpoeneMeHTiB Ta okpe-
MUX MiKpOeneMeHTiB, BU3HA4YeHUX MNpU BUKOHAHHI Aochi-
DXKEHHs, Hagano 3MOory BMSIBATM OCOOMMBOCTI: Yy
JoCnigXyBaHMX BoOax CMNOCTEPIraeTbCs HaA ULLOK TaKux
enemeHTiB, sik Sr Ta Ba. Y gocTtaTHil KinbkocTi npucyTHiw Cr.
HaTtomicTb Oyno BMSIBMEHO HEOOCTaTHH KiMNbKICTb Takux
enemeHTiB, sk Li, V, Mn, Co, Ni, Cu, Zn, Cd ta Pb. Bapto
3a3HauunTu, Wwo y 2021 poui (nopiBHAHO i3 2020 pokom) KOH-
ueHTpauis Ni Ta Zn B o6cTexeHnx Bogo3abipHux cnopyaax
3Ha4yHo 3pocna: KoHueHTpauis Ni—y 75 pasiB y konoasssax
Ta y 20 pasiB y CBEpANOBMHAX, KOHLUEHTpauia Zn —y 9 pasis
y KonoasAsax 1a y 3 pasu y CBepAnoBuHax. IMOBipHO, Take
SIBMLLE MOB'A3aHO 3 TUM, LUO Lji €NeMeHTM MalTb TEXHO-
reHHe NOXOMAXEHHS, TOMY TXHS KOHLeHTpaLis y AoCniaxXyBa-
HUX Mig3eMHUMX BoAax CTpPIMKO 3pocTae. 3ararnowm,
NOPIBHIOKYYN Pe3yNbTaTh MiKPOENIEMEHTHOIO aHani3y, BUKO-
HaHoro y 2020 ta 2021 pokax, MOXHa roBopuTU Npo HasB-
HiCTb TengeHuii  go 30inbLUeHHs KOHLeHTpaLin
AOCniAXyBaHUX MiKpoeneMeHTIB y NiA3eMHMX Bodax, ogHaK
us rinotesa nNotTpebye YTOYHEHHSI 3@ paxyHOK Mogarnblumx
MOHITOPUHIOBUX CMOCTEPEXKEHD.

4. 3Baxarouum Ha Te, Lo MiCLieBe HacerneHHs! BXu1Bae J0-
cnigXyBaHy BoAy NOCTIHO, @ BOHA € OCHOBHUM JXeperioM
Ha[XOMKEHHS BioNoriYHo 3HaYyLLUX XiMiYHUX eNeMEHTIB 0
opraHi3my, Ha Ui TepuTopii ICHYIOTb PU3UKM BUHUKHEHHS re-
OXiMiYHMX eHOeMin.

Pobota BMKOHaHa B paMkax HaykoBOi  Temwu
0118U003167 "l"eoximia eceHuianbHUX eneMeHTiB y Npupo-
OHUX | TEXHOreHHNX naHawadTax nicocTenoBoi 30HU Ykpa-
THW 9K OcHoBa 6ioreoxiMiyHOro pamoHyBaHHS" IHCTUTYTY
reoximii, MiHepanorii Ta pyaoyTBopeHHsi imeHi M. I1. Ceme-
HeHka HAH YkpaiHu.
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MICROELEMENT COMPOSITION OF POTABLE GROUNDWATER

IN KOROSTYSHIV DISTRICT OF ZHYTOMYR REGION IN HYDROGEOCHEMICAL MONITORING SYSTEM

The paper is devoted to the study of microelement composition of potable groundwater in Korostyshiv district of Zhytomyr region in terms of
potential threats to human health. The study was conducted as part of general monitoring studies set of groundwater quality in the region in July
2020 - August 2021. Microelement analysis of water samples was performed by use of modern highly sensitive method of mass spectrometry with

inductively coupled plasma (ICP-MS).

The results obtained may be useful to justify the need to adjust the diet of local residents through the additional use of vitamin and mineral

complexes.

Keywords: potable groundwater, microelement composition, hydrogeochemistry, monitoring, essential elements, technogenic influence.
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APXEOJIOrIYHI CTEKINA - MOAENb ANA OLIIHIOBAHHSA CTIMKOCTI
OCKNOBAHMX PAQIOAKTUBHMUX BiAXoAOIB

(MpedcmaenieHo YyneHom pedakuyiliHoi konezii 0-pom 2eon. Hayk, douy. C. €. LLIHokosum)

Po3ansiHymo moxxiiueicmb euKkopucmaHHs apxeosio2iYyHUX cmeKos1 Os1s1 IPo2Ho3yeaHHs noeediHku padioHyknidie, iHKkoprnopogaHux
y ck/loMampuuyro, 8 ymoeax rnpu3eMHo20 36epizaHHs1 3a iXx mpueasio20 KOHmMakmy i3 rpyHmoeumu eodamu. [JocioxeHo apxeosnozidHi
cmekrna, eiK sIKux cimaHoeue rnoHad 2 muc. pokie, wo eidiépaHi 3 KysibmypHO20 20PU30HMY apxeosio2iYHo20 3anoeidHuka Onweis. lNpu
mpueasioMy KOHmakmi 3 rpyHmoM Ha roeepxHi ck/ia ymeoproemncsi 2esiesull wap, Ha 308HIWHIl MoeepxHi K020 ¢hopMyrombcsi Wa-
pyeami anromocusiikamu. PopmMyeaHHs1 3axuCHO20 wapy ckiia eidbyeacmbcsi 3a MeXaHi3MOM IHKOH2PYEeHMHO20 PO34UHeHHs1. Ekcniepu-
MeHmasibHO 8CIMaHo8JIeHO, W0 MPU eusly208y8aHHI 3i CKIla aKmueHO 8UHOCSIMbCS NY)XHi ma nyxHo3lemenbHi enemeHmu (Na, Ca),
4acmkoeo KpeMHil i 3a5i30 3a npakmu4Hoi HepyxomMocmi anroMiHito. ModesroeaHHs1 pyliHy8aHHs! CKrla NPo8odusIoCch y eKcmpakmopax
Cokcriema e ymogax 6e3nepepeHoz20 ernsusy npoms2om 6 micsiyie 2apsivoi (t = 75-80°C) eodu, HacuyeHoi diokcudom syaneyro. 3MiHa
weudKocmi UHOCY KOMIIOHeHMIe 3i ck/1a noe'a3aHa 3i 36inbWeHHAM NomyXHocmi "3anipHo20" 2erego2o wapy, mosuwjuHa siko20 36inb-
wyemsbcs i3 Yacom. LjukniyHi 3MiHU wieudkocmi po34YUHEeHHS CK/a roe 'A3aHi i3 Yacmkoeum pyliHyeaHHsIM 2e/1ee020 wapy, Wo obymos-
J1eHO 36iNbUWeHHsIM Mo8WUHU OCMaHHbO20 i, 8i0Noe8iOHO, 3MeHWEeHHsIM adze3ii 2esto do ckna. Pe3ynibmamu euey4eHHs1 pyliHy8aHHsI
asmroMocuslikamHux (apxeosio2iYHUX) cmekKos i NopieHsIHHSA iX i3 pe3ynbmamamu AocnidxeHHs1 pyliHyeaHHs1 60pocuslikamHUX CMeKos
ceid4ams npo me, W0 apxeosio2iyHi cmeksia MoOXymsb 6ymu Modensto 055t IPO2HO3yeaHHs! No8ediHKU 8 NPUPOOHUX YMO8ax Mpomsi2oM
cmornime ckloMampuyb, Npu3Ha4eHux Os1s1 KoMnakmyeaHHs1 padioakmueHux eidxodie.

Knroyoei crioea: pioki padioakmueHi eidxodu, KomnakmyeaHHsl, apxeoJs1o2iyHi i 6opocusikamHi cmekna, allroMocuslikamu, 3axucHul

2enesull wap, weudKicms 8usy208y8aHHs.

MocTaHoBKa Npo6nemMu. Ha aToMHNX enekTpocTaHLisix
(AEC) YkpaiHyn Hakonu4eHo BENUKY KinbKicTb TBEPAMX i pia-
KMX BigxopdiB, 3aranbHUN obcar sikmx ouiHweTbes y 33,17
(7,1 Tuc. m® conbosoro nnasy, 10,0 Tuc. M3 kyGosoro 3anu-
WwKy) i 18,57 Tc. M3, BignosigHo (Cmpameaisi Mo8odXeHHs
..., 2009; Onbxosuk, 2014; Ceudepckuti u dp., 2019). Oco-
OnuBi TpyaHOLLi BUHUKAKOTL Npy 36epiraHHi piakux pagioak-
TMBHMX BigxoadiB (PPB), siki HakonmuyloTbCA Yy CXOBULLAX
AEC y Burnsigi ky6oBoro 3anuiuky i3 coneesmictom Big 200
[0 600 r/am® abo y Burnaai conbosoro nnasy 3 GinbLu BACO-
KOK KOHUeHTpauieto conen (International Atomic Energy
Agency, 2001). Kpim pagioaktusHux Bigxogis (PAB), o yT-
BoptotoTbesl Ha AEC, iCHYOTb TakoX iHLWI mpxkepena ix yTBo-
peHHs (Ceudepckuli u dp., 2019), Npn LbOMY MaKkCUMarbHy
KinbkicTe PAB Ha TenepiluHin yac 3ocepeaxeHo B 30Hi HYop-
Hobunbcbkoi AEC (Cmpameaisi 1o8o0xeHHs ..., 2009). He-
06XigHiCcTb po3pobku i peanisauii edpekTMBHUX TEXHOMOri
nepepobkn PPB 06ymoBnioe po3s'a3aHHsA NepLloYeproBoro
3aBaHHs — opraHisauii nepepobku Ta KOHANLIOHYBAHHSA HO-
BOYTBOPEHMX i HakonuyeHnx PPB (International Atomic
Energy Agency, 2001). MNpn ubOMYy e(PeKTUBHICTb MPOMOHO-
BaHWMX 00 peanisaLil TEXHOMNOriN Mae BU3HA4YaTUCA He nule
BapTIiCTIO BMKOPUCTOBYBaHMX MaTepianbHUX pecypcis, a 1
obcsAramu KOMNayHAiB, siki OTPUMYIOTbLCSA B pesynbTarTi ne-
pepobku, WO BU3Ha4Yae edEKTUBHICTL noganblinx eTaniB
TexHororii NoBoaxeHHsA 3 PAB — TpaHcnopTyBaHHs Ta 3axo-
poHeHHsa (Ojovan et al., 2013).

3 ornsaay Ha peanbHi ripHuyo-reonorivHi ymosu y CLUA i
P® pigki pagioakTMBHI BigXO4M HM3bKOT Ta CEPEAHbOI aKTu-
BHocTi (HCAB) moxHa 3akadyBaTtuh 6e3nocepeHbO B reoro-
riyHi dpopmadii, y SKMX KOHTaAKT i3 nig3emMHUMW BoAaMu
3BefeHuIn 0o MiHimymy. Y XeHdopgai (CLUA) onsa nokanizauii
piokux HCAB y rpyHTax 3acTocoByBanu meTop iX 3akaudy-
BaHHs1 B APiOHi Hernmboki BUpoOku Tuny LWypdiB, TpaHLIEN i
cBepanosuH (Beard et al., 1967).

3akauyBaHHs pigknx PAB y rmnboki BOOOHOCHI ropu3o-
HTW — e Ccrnocib 3aXOPOHEHHS, BUKOPUCTAHHS SIKOro Habyno
nowupeHHsa B 1960-Ti pokn B CPCP i npogosxyeTtbcs B PO
00 uboro vacy (/lasepoe u dp., 2009). Cnocib 3akavyBaHHS
PPB gns ix isonauii B rmmbuHHI nnactu Mae 3HayHy eKOHO-
MiYHY ePeKTUBHICTb i CBOro Yacy akTMBHO nponaryBaBcs Ha
MixxHapogHux cumnosiymax MAFATE (3axapos u dp., 1967;
Spitsyn et al., 1967). lNpoTe 3a KOPOOHOM He nocnillaTb
ynpoBazxyBaTu Ui TexHonorii y cebe.

[ns YkpaiHv HangouinbHiWmMM i eKOHOMIYHO peHTabenb-
HUM € KomnakTyBaHHA PPB y LuemeHTHy abo cknomaTpuLito,
AKi 3gaTHi 3a6e3neunTn MiHiManbHy WBWMAKICTL Mirpauii pa-
OIOHYKNIOiB ¥y HABKOSMULIHE cepefoBuLle. Bigomi Taki ocHo-
BHi TexHonorii komnaktyBaHHa HCAB — 6iTyMyBaHHs,
LeMeHTyBaHHS, BKMoYeHHa PPB y nonimepHy martpuuto
(Jantzen et al., 2013). 3a3Ha4yeHi TEXHOMOTii € EKOHOMIYHO
npuBabnnBMMM, NPOTE MaKTb 3HAYHUIA PIBEHb NOXEXOHE-
0e3nekn i HU3bKMI piBEHb LWOAO MEXAHIYHOI, XiMiYHOI
i BioNoriyHoi CTiINKOCTI. ICTOTHUM HeaoNikoM MeToay Leme-
HTYBaHHS € BiHOCHO BMCOKa MirpaLia pagioHyknigis i3 ue-
MEHTHOro OfoKa, WO Ma€e HEBMCOKY MeXaHi4YHy MilHiCTb.
Linx HeponikiB no3baBneHi komnayHam 3 6opocunikaTHoro
CcKna, y sike iHKkopnopoBaHo pagfioHyknian. JocnigxeHHs
CTiikocTi GopocunikaTHNX CTEKON B YMOBAaX BifKPUTOro Ha-
3emMHoro 36epiraHHsi nmokasano, o B pe3ynbTaTi BNAUBY
(bakTopiB HaBKOMMWLUHLOrO CepefoBMlla Ha OCKMOBaHi
HCAB Ha noBepxHi CKNobGnokiB YTBOPIOETLCS LWap, WO
nepeLLKogKae Mirpadii KOMMOHEHTIB CKNa B HAaBKOMULLHE
cepepoBue (Cobones u dp., 1990). LLiBnakicts BUNyroey-
BaHHsSI KOMMOHEHTIB CKna i3 Yacom (TpuBanicTb ekcnepu-
MeHTy 10-20 pokiB) 3mMeHLWwyeTbCcA y 2—5 pasis, npuyomy
aKTUBHICTb MOBEPXHEBOrO Llapy 3MeHLWwyeTbesa B 1,7 pasa
(/Tasepos u dp., 2009).

ICTOTHWI BANUB Ha XiMiYHY CTIMKICTb Ckna mae npupoaa
MiHepaniB, WO KOHTAKTYHOTb 3i CKIMOM, i Ckrag ApPEeHYH4MX
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BoA. Y nabopaTopHMX yMOBax AOCHiAKyBanocs BUIYroBy-
BaHHSI KOMMOHEHTIB CKIa PiBHOBaXKHVWMMW BOOHVMMMW pO34U-
Hamu, siKi KOHTakTyBanu 3 6eHToHITamMmu. BctaHoBneHo, wWo
OeHTOHITOBa BoAa 3Ha4YHO NPUCKOPHE PYMHYBaHHS ckna no-
PiBHSIHO 3 KAOMIHOBOIO | MiHepanbHo Bogamu (MapmsiHos
u dp., 2015), Wwo, Ha Haly AyMKY, NOB'A3aHo 3 GinbLU BUCO-
KMM BMIiCTOM nyriB y OeHTOHITOBI BoAi. Bnnve Mopcbkoi
BOAM Ha PyNHYBaHHSA apXxeomnoriYHUX CTEKON OujiHioBanu 3a
CTaHOM 3paska ckrna, fke 3HangeHo B Cepe3eMHOMY Mopi
Ha rnmbuHi 56 M | nepebyBano Tam 3a Temnepatypu 17 °C
noHag 1800 pokie (Corrosion and Alteration, 2010). He3Ba-
Xarun Ha BiNbHWUIA OCTYN A0 NOBEPXHi CKra CBKOT MOPCb-
KOi BOAM, MakcumarnbHa MOTYXHICTb 30HW rigpaTtauii
NMOBEPXHi TaKOro CKMa 3a BKa3aHWW nepiof CcraHoBwna
Bcboro 0,5 mm.

ICTOTHUM YHOM Ha pyViHYBaHHS CKna BMnnBae KpeMHiesa
KMCMOTa, fKa NPUCYTHs B po34nHax. MNpoTe WBnaKiCTb po3ym-
HEHHS! CKITOMaTpuLi MOXXITMBO KapAMHanbHO 3MEHLLUTU LUMs-
XOM BBEAEHHS] aMOP(HOro KpeMHe3eMy B 30HY KOHTaKTY i3
BMiLLytouMMKM nopogamu. MNokasaHo (/lasepos u Op., 2009),
O LWBKAKICTb PO3YMHEHHA CKNOMATpULi B CUCTEMI "CKMO —
GeHTOHIT" nicnst 364 gHiB B3aemogii 3a Temnepatypu 60 °C
craHosuna 0,1 r/m?-Ha goby, a B cuctemi "ckno — aMmopdoHmii
KpemHeseM" — He GinbLie 103 r/m?-Ha aoby.

BuBYeHHs posumHHOCTI 6rokiB ocknoBaHux HCAB, pos-
MiLLLEHNX Y MOPEHHMX BiAKNaAEHHAX Y 30HI aepadii Ha rnu-
OuHi 1,7—4,0 M, 32 NOTY>XHOCTi 30HM NpomMep3aHHsa 0,7 M i
Temnepatypu 4—14 °C nokasano (/lasepos u 0p., 2009), wo
ckrnaj NoBepxHEeBOro Lapy ckrnobnokis, siki nepebyBatoTb
Ha 36epiraHHi y BiAKpUTOMY NOBEPXHEBOMY CXOBWLLi, i Ta-
KuX, siki nepebyBaloTb B yMOBax NpUNOBEPXHEBOrO 3aX0po-
HEHHS, aHamnoriyHun, Lo, Yy CBOK 4epry, [OO3BOMSE
NOpPIBHIOBATU MPOLIECU KOPO3ii CTEKON, WO 3HAX0ASATbCA B
pi3HMX ymoBax. 3okpema, pafioakTUBHICTL Npob Boaw, LIO
Oynu B KOHTaKTI 3i Cknom npoTsirom nepioay Bia 1 4o 17 po-
KiB, 3MeHwwnnacs B 10 pasis.

Hapasi Hemae 0gHO3HAYHOI AYMKM NPO MexaHi3m ¢op-
MYBaHHs1 MOBEPXHEBOIO LLApy CKNa, TOBLLMHA i CKNaz sIkoro
BM3Ha4aloThb LWBMAKICTb Mirpadii pagioHyknigis 3i cknomart-
puui. OgHak HegonikoM JocnigXeHb, NPoBeAeHNX AK Y na-
bopaTopHUX yMOBax, TakK i B HAaTypHUX €KCrnepuMeHTax, €
3HaYHi TPYAHOLLi iHTepnpeTauii OTpUMaHnx AaHuX nNpu oui-
HIOBaHHI CTIMKOCTI cknoMaTpuub Ans komnaktyBaHHs HCAB
Yy NepCneKTMBi COTEHb | TUCAY POKIB.

MeTol pocnigxeHb Oyno BMBYEHHS apXeomnoriYHUX
CTeKONn  ONnd  BW3HAYEHHST  MeXaHi3My  YTBOPEHHSA

NOBEPXHEBOrO LUApy CKNa, WO BU3HA4ae CTiVKiCTb NpusHa-
YeHUX ANs KOMMaKTyBaHHS pafioakTUBHWX BiAXOAiB CKMoO-
MaTpuLb Y NPUPOAHNX YMOBAX NPOTArOM CTOSMiTh.

Marepianu Ta metoaum. lNig yac poboTn apxeonoriyHol
ekcrneauvuii Ha TepuTopii iICTOPMKO-apXeonoriYHoro 3anosia-
Huka Onbeis (cen. MopyTiHo MukonaiBcekoi obnacTi) Bigio-
paHOo NapTito CTeKon i3 KynbTypHOro ropusoHTy (Manichev et
al., 2005). Bik ckna B©3Ha4YeHO 3a apXxeonoriYHMMm JaHumu
i NiaTBEpAXEHO AaHMMY pafioBYrneLeBoro aHanisy.

[nsi ouiHIOBaHHA MiHepanbHOro Cknaay rpyHTy, sikuii 6es-
nocepefHbLO KOHTaKTyBaB 3i CTEKIaMu, 3aCTOCOBAHO peHTre-
HIBCbKYy OndppakToMeTpito. [Ana BUMIipOBaHb 3acTocoByBanmu
peHTreHiBcbkmn andpaktomeTp OPOH-3M i3 BUKOpUCTaHHAM
MoHoxpomMaTuiHoro Cu-Kq BUNPOMIiHIOBaHHS 3a CTaHOapTHOK
mMeTtoaukoto, napameTpu — U = 30 kV, | = 30 mA.

JocnimxkeHHa nokasanu, Lo MiHepanbHWA cknag rpy-
HTY, KU TPUBaNMIN Yac KOHTaKTyBaB 3i CTeknamu, npeacra-
BINEHWI rigpocntogoto (inniT), cMekTuTamm (MOHTMOPWIIOHIT,
HOHTPOHIT), KaoniHiToM. KpiM rmMHMcTUX MiHepanis, y gocni-
OXXyBaHOMY 3pa3Ky BUSIBIIEHO BWMCOKOOMCMNEPCHWUI KBapu,
KanbLMT, NOMNbOBUIA WNAT. [INs BUBYEHHSI CTPYKTYPU CTEKOI
BMKOPUCTOBYBaNN AaHi ONTUYHOI MiKpOCKONiT i3 3acTocyBaH-
HSM OMTUYHOro nonspusauinHoro Mikpockona MWH-8. [ns
[OCNIAXEHHS CKNapgy i CTPYKTYpW CTeKon i3 AiNdHKuM ckony
CKna BUroTOBNANM cneuianbHui wnid. XimiyHWiA cknag He-
3MiHHOIO CKIa i Npunernoro Ao HbOrO LWapy OLujiHoBanu 3a
A0MOMOroK aBTOEMICINHOro CKaHy4Oro enekTPOHHOrO Mik-
pockona JSM-6700F i3 npucTaBkoto Ans eHeprogmcnepcin-
Horo mikpoaHanisy INCA Wave (Oxford Instruments) mapku
JEOL Bupo6HuuTtBa AnoHii. Bmict SiO2 y po3unHi BM3Ha-
Yanu hOTOMETPUYHUM METOAOM, LU0 I'PYHTYETLCS Ha YTBO-
PEHHi  KOMMMEKCHOI  CMOMykM  KpemHemornibaeHoBoi
reTepononikncroTy i BiGHOBMEHHI i ackopBiHOBOK KMCHO-
TOK OO0 KpeMHeMonibaeHOBOI CMHI 3 nodanbluvMM BUMIpHO-
BaHHSIM OMTWMYHOI NYCTUHU PO3YMHIB Ha (POTOKONIOPUMETPI
K®K-3. BmicT ioHiB Na y po3unHi BU3Ha4anm meTogom nony-
M'siHOT dboToMeTpii Ha poTomeTpi FLAFO-4.

Pe3ynbTatn Ta o6roBopeHHs. 30BHilHI BUrMAS ap-
XeornoriyHoro ckna, niggaHoro 4acoBii KOpo3ii, BiK SIKOro
CTaHOBUTb MOHag 2 TUC. pOKiB, HaBedeHo Ha pwuc. 1
(Manichev et al., 2005).

TOBLLUMHY 3pyWHOBAHOrO (3MiIHEHOTO) LLApy BU3HaYanu me-
ToOaMM OMTUYHOI MiKpockonii wwirichiB cTekon. ToHKMIA wnid
ckna CI-132/17 y Hackpi3HOMy CBITIi HaBegeHO Ha puc. 2.
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B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

Puc. 2. ToHkun 3pi3 ckna CIM-132/17 y HackpisHoMy cBiThi (% 250)

3 oTpMMaHux AaHnx BMAHO, L0 Ha MOBEPXHi CKna npo-
TAroM Moro Tpmearnoro 36epiraHHs y FpyHTi (KyNbTYpHWIA ro-
PV30OHT) YTBOPIOETLCA renesuii wap, wo 6esnocepedHbo
npunsrae Ao ckna, y SKoMy i3 4acom yTBOPIOIOTLCS Luapy-
BaTi antoMocunikaTn CTpykTypHoro Tuny 2 : 1. JocnigxeHHs
nokasanw, Lo 3a nepiog ~ 2,5 T1C. pokiB y pe3ynbTaTi BUny-

YTBOPIOETBLCS "3anipHui" Wwap 3aBTOBLUKK ~ 1,5 MM, WO ne-
peLukoKae noAarnbLIOMy BUNYroBYBaHHIO KOMMOHEHTIB Ta-
Koro ckna. LUWeuakicte yTBOpeHHs "3anipHoro" Lapy
ctaHoBuTb 500—600 HM Ha pik.

XimiyHui cknag HesmiHeHoro wapy ckna Cl1-132/17 i Bu-

BITPEHOI Oro YactuHm ("3anipHmn” wap) 3a AaHUMn eHep-

roByBaHHsi KOMMOHEHTIB Ckna Ha WOro  MOBEPXHi rogMcnepciHoro mikpoaHanisy HasegeHo B Tabn. 1.
Ta6bnuuysa 1
XimiuHun cknap (6e3 ypaxyBaHHSA aHiOHIB ckia) HeamiHeHoro wapy ckna ClM-132/17 (Touka E)
Ta 1oro 3aMmiHeHOro NoBepxXHeBoOro wapy (Touku A, B)

Ne EnemeHT = BwmicT enemeHTa y npodini (;i,q Kpato Ao ueHTpa ckna), % =
1 Al 1,99 1,94 1,37
2 Si 26,08 20,0 35,1
3 Mg 0,73 0,05 0,28
4 Na 0,12 0,20 2,7
5 K 1,22 1,63 0,26
6 Fe 0,28 0,24 0,25
7 Ca 0,37 0,29 5,50
8 Mn 0,01 0,007 0,012
9 Ti 0,011 0,0 0,031

Cyma 30,81 24,36 45,50

3 Tabnuui BMAHO, WO 3i ckna y I'PYHT iIHTEHCUBHO BMHO-
catbea ioHn Na, Ca i, 4acTKOBO, KpPEMHI€BOI KMCMOTU 3a
NpakTU4HOI HepyxoMocTi ioHiB Al Ta Fe, WO CnpuYnHIOE Ha-
KOMUYEHHS LIMX eNeMEHTIB Yy 3MiHEHI YacTuHi ckna. Takun
XapakTep PYWHYBaHHA CTEKOST aHamnoridyHui pyrHyBaHHIO
ripCbKMX Nopig y npoueci rinepreHesy, 3a IKOro akTMBHO BU-
HOCSITbCS BEMMKI iIOHU MYXXHUX | MY)XHO3eMENbHUX eNleMeH-
TiB i, YaCTKOBO, KPEMHIEBOI KMCNOTW, a NOBEPXHEBUIA Luap
36arayvyetbcs kaTioHamu Al, Ti i, MeHLwoto mipoto, Fe. 36inb-
LeHHs BMicTy K y 3miHeHOMYy Luapi ckna nos'd3aHe 3 yTBO-
PEHHAM rigpocntog 3 aMopHOro renesoro wapy.

JocnigpkeHHs KIHETUKN BUNYroBYBaHHS NMYXHUX KaTiOHIB
Ta KpeMHIeBOI Kncnotu nposoaunu rapsyoto (t = 75 — 80°C)

1,6 -
1,4 1
1,2 4
1,0

0,8 |

0,6

LLiBnakicTb BUNyroByBaHHs, Mrigoba

0,4 -

0,2

0,0

Bopoto B atmocepi CO2 B ekcTpakTopi Cokcrieta npoTarom
6 MicsILiB 32 METOAMKO, SIKa 3aCTOCOBYETHCS MPU BUBYEHHI
BUIMYroBYBaHHA 3 KapkacHUWX i LapyBaTux antomocunikaTis
(Kypkura u dp., 1980). 3paskn apxeonoriyHmx CTeKon nog-
pidHioBanu go dpakuii 0,1-1 MM i BMillyBanu B NaTpoH i3
dinbTpyBanbHOro nanepa B LEHTpanbHi YacTUHI eKcTpak-
Topa CokcneTa, Yyepe3 3BOPOTHUI XONMOAWMbHUK 34iNCHIO-
Banu 6e3nepepBHy nogady giokcuay Byrneuto. MepioanyHo
3 Konb-npuiiMadiB BigOUpanu 3pasku ekCTPakTy, y SKUX BU-
3Havanu BmicT Na i SiOa.

KiHeTuka 3MiHM LUBMAKOCTI BUHOCY HATPIlO i KpEMHIEBOI
KMCNOTY 3i CKra i3 YacoM HaBefieHa Ha puc. 3.

4 8 12 16 25 29 42 58

—&— LlIBnakicTb BUNyrosysaHHsa SiO2, mr/no6a

77 83 96 117 133 142 150 175 192 208 230

Yac 1, po6a

—e— LiBnpakicte BunyropyBaHHsa Na20, mr/go6a

Puc. 3. LBuakicTb BUNyropyBaHHs ckna 3 1 m?
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3 HaBeaeHOro p1CyHKa BUOHO, LLO LIBMAKICTb BUHOCY Kpe-
MHil0 i HaTPIl0 3MIHIOETLCS i3 YacoM. Ha novaTkoBomy eTani
BUIYroByBaHHS (8o 16 fi6) BUHOC HATPIO | KPEMHII0 3MEHLLY-
€TbCS, NPUYOMY LUBUAKICTE BUHOCY Of151 LIMX €NIEMEHTIB pi3Ha,
Lo OOYMOBMEHO iHKOHIPYEHTHUM MEXaHi3MOM PO3YMHEHHSI
ckna. Po34MHEHHs ckrma CynpoBOMKYETbCH YTBOPEHHAM
¢asu, NoaibHOI [0 TaKol, WO YTBOPKETLCS MPU PO3YMHEHHI
6opocunikatHux ctekon (/lasepoe u dp., 2013), Wwo noe'a-
3aHO 3 YTBOPEHHAM "3anipHOro" renesoro Lwapy, Yepes skui
BinOyBaETbCS Mirpauisi y po3umH 3a3HayeHUX KOMMOHEHTIB.
Yepes 16 gib ekcnepumeHTy WwBMAkicTb BuHocy Naz0 i SiO2
36inblIyeTbCA, pa3oM 3 TUM LUBUAKICTb X BUIYroByBaHHS
CYTTEBO MEHLLA, HiXX Ha MoYaTKoBOMY eTari. 3MiHa LWBMAKOCTI
BMHOCY KOMMOHEHTIB 3i CKIa i3 Yyacom Mae noAibHui xapak-
Tep, ane Bigpi3HAETbCA BCE MEHLLOK iHTEHCUBHICTHO. Linkni-
YHY 3MiHY LUBMAKOCTI PO3YMHEHHS CKNa MW MOB'A3yEMO i3
YaCTKOBUM PyViHyBaHHSAM reneBoro Lapy, Konv aaresis rento
[0 CKIna MeHLLUa 3a CUnn MbKMoneKynsipHoi B3aeMogil Bcepe-
AWHI reneBoro Lwapy, WO CNPUYMHIOE BigllapyBaHHS (3MyLuy-
BaHHS1) OCTaHHbOTO Bif, TOBLLi ckra. Takuii npoLec 3yMOBIOE
3MeHLLUEHHS TOBLUMHM "3anipHoro” wapy. MNopiBHIOW4YM OTpU-
MaHi Hamy daHi 3 JaHVUMW BUBYEHHS MPOLIECY PO3YMHEHHS
GopocunikaTHUX CTeKon i3 4acoMm, He MOXHa OAHO3HAYHO
CTBEPKyBaTK, LLO 3a NEBHWN BiAPi30K Yacy mirpauis eneve-
HTIB 3i CKra NOBHICTIO MPUMUHUTLCS.

AHanoriyHi pesynbtati 6ynu oTpumaHi Npu BUBYEHHI
npoLiecy BUIyroByBaHHs 3 ocdaTHMX CTEKOS BOAHUMMU pO-
34MHaMK pi3HOro cknagy (AMCTUnNboBaHa BoAa; iMiTaHT nia-
3eMHUX BOA; BoAa, WO nepebyBae B TepMOAMHAMIYHIN
piBHOBa3i 3 KaomniHOM abo O6eHTOHITOM) y nabopaTopHMX
ymoBax 3a TemnepaTtypu 25 i 90 °C (MapmsiHos u 0Op.,
2015). CninbHOK pUCOK BUNYTrOBYBaHHA 3i Ckna Ans BCiX
PO34MHIB 3a 3a3Ha4YeHNX TemnepaTtyp Oyno 3HWKEHHS LUBU-
OKOCTi 3i 30inblUEHHAM TpUBAnNocTi BUMYroByBaHHs. Y ae-
AKX BUNagKax AN NoyYaTKoBWX iHTepBaniB BUyroByBaHHS
cnocTepiranocst 3MEeHLUEeHHS LUBMAKOCTI BWIYrOBYBaHHS,
sIka NOTiM LUBMAKO 3pocTana i, NPOWLLIOBLUX MaKCUMyM, BMU-
cyBanacs B 3aranbHui TpeHg. [NpudvHa Takux npouecis
MOXe nonsdraTv y BiAMIHHOCTSIX BRacTMBOCTEN NOBepXHe-
BUX LUApiB 3paskiB ckna i matpuui. MNprnyomy 3a3HayeHi Big-
MiHHOCTIi NOB'A3aHi, HaNiMOBIPHiLLE, 3i CTPYKTYPOO NOBEPXHi
Ckna, Hanpwvknag WopCTKICTIO, @ He 3 NOro CKIagoM.

PesynbTaTv BUBYEHHS NpoLiecy BUnyroysaHHs 6opocuni-
KaTHMX CTEKOM B YMOBAX HaTYPHUX EKCNEPUMEHTIB Ha BiaKpw-
TOMY MOBITPI Ta NpW MNPUNOBEPXHEBOMY X 3aXOPOHEHHI
(/Tasepos u dp., 2013) ineHTUYHI 1 MONSIratoTb B YTBOPEHHI "3a-
nipHoro" Lapy Ha NoBepXxHi po3aineHHs gas. Bkpai H13bka po-
34YMHHICTb CTEKON MpW B3aeMOAii 3 I'PyHTOBUMMU i MOPOBUMM
BOJAMU 3@ HWU3bKWUX TeMnepaTyp rapaHTye 6esneky CXOBuLL,.
OcHoBHi hakTopw, Lo 06YMOBMIOKTb BUCOKI i30NsILjiHi Bnac-
TUBOCTI CKIIOMaTpuLL, — HU3bka TemnepaTypa 1 YTBOPEHHS Ha
MOBEPXHi CKMNa 3axXMCHOTo renesoro Lwapy. [ocsia BUBYEHHSA
NPUPOAHMX i LUTYYHUX CTEKON MoKa3as, Lo MNPV B3aEMOAI i3
I'PYHTOBUMM | NTOPOBVMMU BOAAMM Y BCiX BUNaAKax yTBOPIOETHCH
30BHILLHIl LWap 3MIHEHOrO CKIa, SIKUA BUKOHYE porb 6ap'epa,
iCTOTHO CMOBIMbHIOE MpoLec MirpaLii pagioHyknigis i3 TOBLL
CKrla B HaBKOMULLHE cepeaoBuLLe. 3rofom TOBLUMHA 3MIHEHOTO
Lwapy 36inbLUYeTbCS, a WBMUAKICTL Mirpavii pagioHyKnigiB 3mMmeH-
LLYETbCS Ha NOPAAKK.

3 ypaxyBaHHAM He[oCTaTHOCTI AaHWX NPO BNAMB aHiOH-
HUX KOMMOHEHTIB Ha 3MiHy BNacTMBOCTEW MOBEPXHEBOro
Lapy ckromaTpuui, siki MaloTb NeBHe 3HaYeHHs Ansa mirpaii
iHKOPNOPOBAHUX y CKNOMAaTPULIO pafioHYKNIAiB, BBaXaeMo
nepcrneKkTUBHUMMW nodanblui AOCNIAXKEHHS 3 BUBYEHHS 3Mi-
HEHOro NOBEPXHEBOIO LWapy ckrioMaTpuLi.

BucHoBku. [igcymoByoun ckasaHe, 3a3HadunmMo:

1. Ha Teputopii apxeonoriyHoro 3anosigHuka OnbBis
(cen. MNopyTiHO MukonaiBcbkoi 061.) 3 KynbTYPHOrO rOPU3OHTY
BiiGpaHi 3pa3ky apxeornoriYHMX CTeKof, BiK SIKMX CTaHOBUTb
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noHag 2 TuC. pokiB. JoCnigKeHHs 3MiHEHOI NOBEPXHi 3paskiB
rokasanw, Lo Npy TPMBaNOMy KOHTaKTi 3 'PYHTOM Ha NOBEpXHI
CKrla yTBOPIOETLCS KOPO3iHWIA wap. BctaHoBneHo, wo 6e3no-
cepeHbO 4O NOBEpPXHi HE3MIHEHOIO CKMa npunsirae renesuin
wap, opMyBaHHS SIKOro BifOyBaeTbCSA 32 MEXaHI3MOM iHKOH-
rPYEHTHOro PO3YMHEHHST BHACNIAOK HEPIBHOCTI XiMiYHMX noTe-
HUjianiB KOMMOHEHTIB CKMa Ta OPEHYHYMX PO3UMHIB.

2. 3i cKrna y 'pyHT iHTEHCMBHO BMHOCATLCS NYXHi Ta ny-
XHo3emenbHi kaTtioHn (Na, Ca), 4acTKOBO KPeMHil i 3aniso,
3a NPaKTUYHOI HEPYXOMOCTI antoMiHilo. 3 KOMMNOHEHTIB ckna,
WO 3anuwmnucsl, oOpMyeTbCS renieBuii Lwap, 3 sIKOro 3ro-
[OM YTBOPIOKTLCS LapyBaTi antoMocurikaTtu.

3. NabopaTtopHe AoCniaXeHHs KIHETUKM pyAHYBaHHS ap-
XEOroriYHNX CTEKON BOAOK, HACUYEHOH [LiOKCMAOM BYyr-
neuto, 3a Temneparypu t=75-80°C B ekcTpakTopi
Cokcneta npoTaroM 6 micsiLiB nokasano, Lo WBWUAKICTb BU-
HOCY KOMMOHEHTIB 3i CKna 3MiHIETbCA i3 yacoMm. [Npu Buny-
roByBaHHi 3i CKrMa akTMBHO BWHOCATBCH MYXHI 1
NY>XHO3eMerbHi enemMeHTW, YacTKOBO KPeMHIl i 3ani3o, 3a
NPaKTUYHOI HEPYXOMOCTi arntoMiHito, Lo 06YMOBIEHO iHKOH-
rPYEHTHUM MEXaHi3MOM PO3YMHEHHS. 3MiHa LWBWOKOCTI BU-
HOCY KOMMOHEHTIB 3i ckna noB'sidaHa 3i 36inbLUeHHsM
NOTY>XHOCTI "3anipHoro" renesoro Lwapy, TOBLUHa sKoro 36i-
NblYETbCS i3 YacoM. LiukniyHi 3MiHM LWIBWAKOCTI poO34m-
HEHHS cKNna MoB'A3aHi i3 YaCTKOBMM PYMHYBAHHAM renesoro
wapy, wo obyMOBMEHO 36iNbLUEHHSIM TOBLUMHW reneBoro
wapy i, BianoBigHO, 3MEHLUEHHAM aaresii rento Ao ckna.

4. [locBia BUBYEHHS MPUPOAHUX i LUTYYHUX CTEKOM NoKa-
3aB, L0 NpW B3aeMOZIT 3 'PyHTOBMMMU i MOPOBMMU BOAAMMU Y
BCiIX BMNagkax YTBOPKETLCHA 30BHILLHIN LWap 3MiHEHOro
ckna, kui BUKOHye ponb 6ap'epa, iCTOTHO CNOBINbHIOE NPo-
Lec Mirpauii pagioHyknigis i3 TOBLLi ckna B HABKOSMULLHE ce-
pepoBuwe.  3rogoM  TOBLUMHA  3MIHEHOrOo  Liapy
30inbLUYETHLCS, a WBUAKICTb Mirpauii pagioHyknigiB 3MeHLLy-
€TbCS Ha NOPSAAKU.

5. PesynbTat BUBYEHHS PYMHYBaHHSA antoMOCUMiKaTHUX
(apxeonori4yHnx) cTekon i NOPIBHAHHS 3 pe3ynbTaTtamu JocHi-
[DXKEHHS pyiHYBaHHS! BopocunikaTHMX CTeKoN CBigYaTh npo Te,
LLIO apXeonorivHi cTekna MoXxyTb 6yT1 MOAENso Ans NporHo-
3yBaHHSA MOBELHKW Y NPUPOAHMX YMOBAxX MPOTArOM CTONITb
cKromMaTpuub, NpUsHaYeHnx 4N KomnaktysaHHs PAB.
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ARCHAEOLOGICAL GLASSES - A MODEL FOR THE STABILITY EVALUATION
OF THE VITRIFIED RADIOACTIVE WASTE

This article presents the possibility of usage of the archaeological glasses to predict the behavior of radionuclides incorporated into the glass
matrix, under the conditions of the underground storage during prolonged contact with the groundwater. Archaeological glasses, whose age is more
than two thousand years old, selected from the cultural horizon of the archaeological reserve "Olvia" were examined. A gel layer was formed on the
surface of the glass prolonged contact with the soil, on the outer surface of which layered aluminosilicates are formed. The formation of a protective
layer of the glass occurs by the mechanism of the incongruent dissolution. It has been experimentally established that alkaline and alkaline earth
cations (Na, Ca), partially silicon and iron, are intensively removed into the soil during leaching from the glass, with the practical immobility of
aluminum. Simulation of glass fracture was performed in Soxhlet extractors under conditions of continuous exposure to hot water (t = 75-80 °C)
saturated with carbon dioxide for 6 months. The change in the rate of components removal from the glass is connected with an increase in the
thickness of the "locking” gel layer, the thickness of which increases over time. Cyclic changes in the dissolution rate of the glass are connected with
the partial destruction of the gel layer due to the increase in thickness of the gel layer and, accordingly, a decrease in the adhesion of the gel to the
glass. The results of the aluminosilicate (archaeological) glasses fracture study and their comparison with the results of the borosilicate glasses
fracture study indicate that archaeological glasses can be a model for the predicting of the behavior in natural conditions of the glass matrices
intended for radioactive waste volume reduction for centuries.

Keywords: liquid radioactive waste, volume reduction, archaeological and borosilicate glasses, aluminosilicates, protective gel layer, leaching rate.
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20-PI1¥YA CTYAEHTCbKOIo OCEPEQKY
TOBAPUCTBA NEO®I3UKIB-PO3BIAHUKIB Y KMIiBCbKOMY YHIBEPCUTETI!

Yyacmb y MixxHapoOGHuUX cycninbcmeax crpusie odep)xaHHI0O 000amKoeux 3HaHb

(MpedcmaeneHo 4YneHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, npogh. C. A. Buxeoro)

leonozi4Ha oceima € ocHogoro Ornsi nidzomosku ¢haxisyie 3 sus4eHHsI NMPUPOOHUX pecypcis. PayioHanbHe eukopucmaHHs1 Hadp — ye
6a3a eKOHOMiYHO20 po3eumKy YkpaiHu, ocob/iueo 8 ymoeax eHepaemu4yHozo nepexody. Hae4yasnbHi 3aknadu HaGaromb WUPOKUL CrIeKMp
AucyunsiH 3 niGzomoeku cmydeHmie 2e0/102i4HO20 CripsiMyeaHHs1. 3aco60M Os1s ompumMaHHs 000amKO8UX 3HaHb € y4acmb Y MiXXHapPOOHUX
ocepedkax. lMowupeHHs1 ¢haxoeux moeapucme ceped 3akiadie ma nionNPUEMCME € Ceilmoeoro NPaKMuKor y 6azambox KpaiHax ceimy.
IcHye kinbka 2eonoeiyHux acouyiauyit, siki cnienpayroroms 3 YkpaiHoto y cgpepi Hayk npo 3emnio. Y Kuiecbkomy HayioHanbHoMy yHigepcu-
memi imeHi Tapaca LLleeyeHka Ha kaghedpi 2eogpizuku dsadusims pokie momy 6yJ1o 3ano4amkoeaHo cmydeHmcbKuli ocepedok Toeapucmea
2eopizukie-po3sioHukie (SEG). Jony4eHHs1 00 HoguXx MoxJutugocmeti 6ysio yikasum ma KopucHUM Or1s1 cmydeHmie i euknadadyis. 3a npozpa-
mamu SEG cmydeHmu ompumarsiu Hogy KOMI'tomepHy mexHiKy, 2eo¢hizudHy nimepamypy, oceimHi Kypcu, eideidyeaHHs1 iekmopie, y4acmb
Y MiKHapoOHUX CUMITO3iyMax, MoXJlueicme rnpoeedeHHs1 Nosibosux mabopie, cmuneHdii mow,o. YneHu cmydeHmcbKo20 ocepedky SEG
Kuiscbkozo yHieepcumemy po6usiu donosidi npo ceoro disinibHiCMb Ha MiXkHapOoOHUX KOHGbepeHUisiX i 8 Hag4aslbHUX 3aKiadax, 3anpouwly-
sanu ghaxieuyie 3 2eosio2iyHoi 2anys3i, 6panu yyacms y 2e0s102i4HUX 8iKMOPUHax ma KOHKypcax ceped iHo3eMHUX crmydeHmie, nposodusnu
2eogpizuyHi docnidxeHHss mouwo. YneHu cekyii SEG opaaHi3yeanu MiXXHapoOHi 2eos102i4Hi AoCTiOXeHHSs1 y pi3HUX pezioHax YkpaiHu, Oe npo-
800usu 2e0hi3u4Hi 3HIMaHHS 3 8UBYEHHS cMapo8UHHUX criopyd M. Kam'sHeub-INodinbcbKull, 2incoeoi neyepu Bepmeba ma naneosyrnkaHie
no6nusy M. Yxx2opod. Y nonboeux mabopax e3snu y4acms 49 cmydernmie i3 11 kpaiH. [poeodunucs micyeesi docnidxeHHsi mpy6onpoeodie
memodamu 2eopizuku 6insi kopnycy HHI "Incmumym 2eonoeaii” (M. Kuie) ma 2opu Tomoxa, wio y Kuiechkkili o6nacmi. CmydeHmu UKOHY-
eaniu Ma2Himopo3eidky, erlekmpomomozpadpito, nosepxHeay celicMOpo38iOKy, 2eopadapHi suUlLlyKyeaHHsl, 2e00e3UYHi 8UMIPFO8aHHSI ma
3HimaHHs1 3 BITJIA. fisnbHicmb ocepedKy auceimntosanack Ha lio2o 36opax, de 6ys10 3pobrieHo noHad 50 donoeideli. 3a 20 pokie binbuwe
100 cmydeHmie 6ynu YneHamu cekyii SEG, sika cmana ocHoeoro 0ss1 yHisepcumemcbkux 2ypmkie AAPG ma EAGE. Y 2018 poui Kuiecbkuli
cmydenmcbkuli ocepedok SEG 6yno euzHaHo Halikpawum y ceimi. [eoghizuyHa cekuisi SEG 3pobuna 3HayHy po6omy 3 rMowupeHHs 2e0710-
2i4HuUX 3HaHb i npe3eHmauii Kuiscbko20 yHigepcumemy Ha MiXkHapOOGHOMY pigHi.

Knrouyoei cnoea: Toeapucmeo 2eogbizukie-po3eidHukie, Kypamop, cmydeHmMchbKUli ocepedokK, 2eosio2idHuUll ghakysibmem, 1eKmop,

2eoroeiyHa oceima, Kuiecbkul yHisepcumem, IHcmumym 2eonoeii, 2zeogpizuyHa cekuisi, SEG, EAGE, AAPG.

Bctyn. Po3BUTOK CUpOBUHHOI 6a3n € akTyanbHUM 3a-
BAAHHAM Ans YkpaiHu. Lle aae 3amMory mat eHepreTuyHy He-
3anexHiCTb, po3BMBaTM EKOHOMiIKy Ta  nigcunioBaTu
HauioHanbHy 6e3neky aepxasu. Po3B'a3aHHs LbOro NMTaHHA
nondrae y niarotosLji caxisuiB BUOoOyBHOI ranysi, siki Bono-
Jit0Tb HOBITHIMW TEXHOMOrSIMU 3 BUBYEHHA 3eMHUX Haap. [e-
ororiyHa OCBiTa BUKOHYE BENWKY POSib Y HaAaHHi 3HaHb HayK
npo 3emnto. Y HaBuyanbHo-HaykoBoMy iHCTUTYTI (HHI) "IHCTK-
TYyT reornorii" KUiBCbKOro HaLioHanbHOro yHiBEpCUTETY iMeHi
Tapaca LleByeHka fjtoTb ciM kadedp reornoriyHoro cnpsimy-
BaHHsI: MiHepanorii, reoximii Ta neTporpadii; 3aranbHoi Ta ic-
TOPWYHOI reonorii; reonorii pogoBULL, KOPUCHUX KOManwH,;
rigporeonorii Ta iHxeHepHoi reororii; reodiavku; reciHdop-
MaTuKu; reonorii HadTv i rasy. Buknagadi umx nigposgainise Ha-
OalTb  MOBHUM  CNekTp HeobxigHMx npegmeTiB  Ans
OTPUMAaHHS 3HaHb, IO HeOoOXigHi Ans AOCNiAXEeHHA Hagp
3emni. MMobanisauisa cBiTy i Mepexa "IHTepHeT" cnpuYnMHUNN
NOLUMPEHHS iHdhopMaLil Npo MixkHapogHi npodeciniHi acolia-
uii Ta 3anpocunu Baxaroumx o ixHix nas. Lle ctBopuno
YMOBW ANsi 3aCHYBaHHS MibDKHapoAHWUX OCepefKiB y HaLLil kpa-
iHi. IX CTBOpEHHs Ta PO3BUTOK 3MiMICHIOBANNCA MOBIMLHO Ye-
pes3 BiACYTHICTb AOCBIAY N 0OMEXeEHY KinbKiCTb aHIMOMOBHUX
y4yacHukiB. Ane gony4veHHs 4o nporpam Oyno uikaBuM i kopu-
CHUM | AaBano MOXITMBOCTI PO3BUTKY reos1oriyHOI OCBITU B Ha-
BYanbHUX 3aknagax YkpaiHu 3aranom i B HHI "lHcTuTyT
reonorii" 3okpema. lNocuneHe BUBYEHHS aHMIMCLKOI MOBM
CTyOeHTamu Aarno HOBMWI MOLUTOBX AN PO3BUTKY Ocepeakis,
SIKMI NPUBIB A0 y4acTi 1 nepemoru npeacTtasHukiB Kniscbkoro
YHiBEpCUTETY B MiXKHApOAHUX 3axoaax.

CTBOpeHHA Ta opraHisauis po6otu. [locsia MixHapo-
AHoro cniBpobiTHMLTBA Ha kadbenpi reodiankm reonoriyHoro
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dakynbTeTy BXe OyB. PaHiwe icHyBana acouiauis Mix
€Bponencbkol0  acoujauieto  reodisukiB  Ta  iHXeHepis
(European Association of Geoscientists and Engineers —
EAGE) i reonoriyHum akynstetom KuiBCbKOro yHiBepcu-
TeTy (Geological Faculty Kiev University — GFKU), aky o4o-
noBaB ii 3aCHOBHWK — 3asigyBad Kadegpu reodisnku
npodecop eoprii NMpoaariBoaa, a nocagy cekpetaps obin-
MaB aBTop 3 1996 no 2001 pp. Lia acouiauis 6yna npeacra-
BrneHa Ha koHdepeHLii EAGE B AmcTtepaami (2001) pasom
i3 TpbOMa iHWKUMK opraHizauismm 3 Ykpainu: Ukrainian Oil-
and-Gas Academy (UNGA), Association of Ukrainian
Geologists (AUG) Ta Ukrgeofizika. Takox kadenpa reodi-
3ukn Oyna acouiioBaHuM 4neHom Acouiauii JocnigHuKIB
cBepanosuH (Accoumauusa uccrieqoBaTernen CKBaXWMH —
AWNC) 3 1996 poky (Buxea ma iH., 2011).

3a nponosuuieto reogiauka 3 komnadii "Shell" Maiikna
Byp'sHuka, skuin B6yB uneHom KomiteTy 3 rmoGanbHux nu-
TaHb (GAC) Ta kypaTopom Ykpaihm B SEG, 2 nioToro
2002 p. 6yno ctBopeHo nepluy KuiBCbKy CTyOEHTCbKY Cek-
uito — MNeodisnuHe ToBapucTBO KMIBCbKOrO YHiBepcuTeTy
(Kyiv University Geophysical Society — KUGS), siky ouonus
aBTop sk AoueHT kadenpu reodpisvkn (Mpuwyk ma Buxea,
2016). Muxaino Byp'saHuKk yneplle 3ycTpiBCs i3 uneHamu
CTyaeHTcbKoro ocepenky y 2004 poui. BiH po3nosis npo HOBI
MoxnmBocTi SEG ans po3wnpeHHst reoianyHNX 3HaHb Ta
peanisauii TBOPYOro NoTeHuUiany CTyAeHTiB.

Y 2003 poui cekuisi otpumana rpaHT (2000 gonapis CLLA)
Big ¢poHay ToeapuctBa (SEG Foundation) Ha komn'toTepHy
TeXHiKy AN CTyOeHTCbKUX BigdineHb. Ha ui kowTtn 6yno npua-
6aHo komn'toTep, ckaHep, LmMdpoBmin boToanapar Ta Konbo-
poBuin nasepHuii npuHtep (Burianyk et al., 2004). Le

© Mpuwyk M., 2022
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obnagHaHHs 4ONOMOrno B opraHisadii Ta 3BiTHOCTI 300piB
ocepeaKy, CTBOPEHHi CTeHAiB kadeapun reodisankmn Ta AOKy-
MEHTYBaHHi MNOAIN reonoriyHoro akynbTeTy.

Oprani3auisa gianeHocTi ocepeaky 6a3yBanacst Ha eH-
Tysiaami ii uneHiB. KoxeH 3 HUX pobuB CBill BHECOK Y Oro
po3BUTOK i peanidyBaB cBoOi TanaHTu. Cekuia 3anpoLuy-
Bana HoBMWX YneHiB Ta gonoeigadyis, y 2006 poui cTBopuna
BMTACHMI CaNT YKPAiHCbKOK Ta aHrniicbkow MoBaMu
(http://seg.univ.kiev.ua), skmn nigTtpumysascs go 2018
poky. CanT micTmB iHdhopmauito npo ocepeaok SEG, noro
cniBnpauto, ¢oHg SEG, 4neHcTBO, 3yCTpidi, NONbOBI Ta-
6opu, nybnikauii, ctaTyT cekuii, reodianyHi npakTmku, do-
Torpadii noAin, BpaKeHHA Npo OCBITY 3a KOPAOHOM Ta

EHIOTE
LI

YneH komiTeTy 3 rmob6anbHUX nUTaHb (C) Maiikn yp';mm(

KOpMCHi nocunaHHs. Takox 6yno KOpoTKo BUCBITNEHO AaHi
npo ctyaeHTcbki ocepeakn AAPG (2007-2016) Ta EAGE
(2010-2016). IHdopMaLito Npo CTyAeHTCbKy cekuito Kuie-
cbKoro yHiBepcuTeTy y Bikineaii SEG po3awmiweHo B 2017 p.
(https://wiki.seg.org/wiki/Kyiv_University_Geophysical_So
ciety). Y ubomy camomy poui ctBopeHo rpyny SEG Kyiv
Student Chapter y couianbHin mepexi Facebook

(https://www.facebook.com/segukraine2017). TyT ny6niky-
I0TbCS YCi HOBMHM Ta 3anpoLueHHs. Y 2019 poui ctygeHTu
cTBopunu HoBun canlt cekuii (http://segkyiv.site/). BiH
MiCTUTb Taki po3ainu, ak "Ocepemok SEG", "lcTopis",
"OisnbHicTb", "MonboBi Tabopu", "CemiHap", "lanepes
cBiTnuH" Ta "KoHTakTn".

(4
pa3oM i3 CTyAeHTCLKMM OoCepeaKom

y reonoriyHomy My3ei KuiBcbkoro yHiBepcuteTy imeHi Tapaca LlleBuyeHka (27.09.2004)

Baxnuneoto vacTnHoo pobotn ocepefky 6yno jomics-
YHe npoBeeHHs 300piB. 3a Becb nepiod iCHyBaHHA cekuii it
uneHn 3pobunu noHag 50 gonosigen, TakoXk 3anpollyBa-
nunca daxisui reonorivyHoil ranysi Ta Buknagadi pakynoTteTy.
Cepepn ponosigadiB 6ynu reodiank komnaHii "Shell" Maikn
Byp'aHuk (2004), cericmoposBigHuk komnaHii BP Masno Yo-
nay (2005), npeactaBHuk Kuiscbkoro BigaineHHs EAGE
(Local Chapter Kyiv) Amutpo Boxexa (2007), oekaH reorno-
riyHoro cpakynbteTy Ceprinn Buxsa (2007), MNpeactaBHuUK
AAPG B YkpaiHi Onekcangp Kiuka (2007), npodecop, daxi-
Belp i3 reodisanyHnX gocnigxeHs ceepanosuH Banepin Ky-
praHcekuii (2008), reonor Meoprin 3aika-Hoeaubkuii (2008,
2009), kepiBHUK micLeBoro ocepeaky EAGE y Kuesi, 3aBigy-
Ba4y kadpeapwn reoiHopmaTukn, vneH-kopecnoHaeHt HAH
Ykpainn Mukona Axkumyyk (2010); goueHT, daxiseb i3 cen-
cmopossigku Masno Kysbmenko (2010), dpakynbTeTcbkuin
pagHuk ocepenky, poueHT [NaBno puwyk (2008, 2009,
2010, 2011, 2013, 2015, 2016) Ta iH. Jonos.iai 6ynu npuc-
BAYEHi reoianyHin OCBITi, Nporpamam MixKHapO4HMWX reoso-
riYHMX TOBAPWUCTB, reonoriyHin OyaoBi perioHiB YkpaiHu,
Jocsigy poboTu 3a KOPAOHOM Ta y4acTio Y 3axodax MikHa-
pPOAHUX TOBApUCTB TOLLO.

3aspasku nporpami SEG ®dpepa i KeTi XintepmaH ocepe-
OOK OTPUMYBaB KHWIMM Yy OPYKOBAHOMY Ta €MEKTPOHHOMY
dopmari. 3acHoBHWMK cekuii Mavik Byp'aHuk nogapysas Ka-
deapi reodiavkn BENUKY KinbKiCTb aHIMOMOBHMX reororiy-
HUX kHur y 2016 poui. Lle 6yB 3Ha4YHUI BHECOK Y PO3BUTOK
reonoriyHoi ocsith B HHI "lHcTuTYT reonorii" Kniscbkoro Ha-
LioHanbHoro yHiBepcuTeTy iMeHi Tapaca LLeByeHka.
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YyacTb y mixkHapoaHux nporpamax SEG. ToeBapuctso
reoiaunkiB-po3BigHMKIB Hagcunano iHgpopmauiiHi nosigom-
neHHs, xypHanu Leading Edge ta Geophysics. Ocepenok
NocTynoBO CTaB [Jonyyatucs [0 MiKHaApOOHWX Mporpam
SEG. CkapbHUK cekuii B3siB y4acTb y CTYAEHTCbKUX OCBITHIX
kypcax (SEP) 3a niatpumkmn ExxonMobil y 2007 poui y
M. Amctepaam (Chinsethagid, 2009). 3a nporpamoto SEG
"MoyecHa nekuis €sponun" y 2008 p. ocepeakom 6ys 3anpo-
LeHun ag'toHkT-npodecop HopBE3LKOro YHiBEPCUTETY Ha-
YKW i TexHiku Nep AscerT.

Cekuist po3BuBana cBot akTUBHICTb. BoHa cTana iHiuia-
TOPOM yyacTi komaHan KMiBCbKOro YHiBEpCUTETY Y KOHKYPCi
AmepukaHcbkoi acouiauii reonoris-HadToBukiB (AAPG) "Im-
nepcbka 6o4ka" (Imperial Barrel Award — IBA) y Mpaasi, sky
3 2009 poky i goTenep NPoAOBXYE AOLEHT Kadeapw reoi-
dopmatuku IBaH BipLumrno.

Ocepepnok SEG nowumptoBas iHhopMaLiito Npo MikHapo-
OHi 3axogum, Wo 36inbLlyBano KinbkicTb ydacHukis. barato
CTYAEHTIB reonoriyHoro gakynbTeTy 36araTnnm cBoi 3HaHHA
3aBasku yyacTi y SEP. Tam BOHM gi3Hanmcst mpo cyvyacHui
aHanis reodisu4yHMUX gaHux, 3ycTpinucsa 3 iHO3eMHUMU CTYy-
AeHTamu Ta nobaymnu pisHi Micta. 3okpema, cemepo ocib
Biasiganu CaHkT-lMeTepbypr (2010) (Chinsethagid, 2010),
n'atepo — Kpakis (2011), no ogHomy — KaTosiue (2016) Ta
Anaxanim (2018). Kpim Toro, ctyaeHtn 6panu yyactb B iH-
LIMX MiKHapoAHMX reonoriyHmx 3axogax. Yersepo cTyaeH-
TiB BigBigann MixHapogHy CTYAEHTCbKY KOHJdepeHLUito
reonoriB (International Geological Student Conference —
IGSC) y m. benrpag (2012) (Vanic, 2012), a ogHa ocoba
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Oyna Ha 8- MixkHapoaHin KoHdepeHLii 3 HadhTOBUX TEXHO-
norin (International Petroleum Technology Conference —
IPTC) y m. Kyana-Ilymnyp (2015).

Ocepepnok niaTpyMyBaB iHiLiaTUBM 3aKOPAOHHUX HayKo-
BUiB LOAO NPOBeAEeHHS HaBYyanbHUX KypciB 3 reoddisuku.
OocnigHuk i3 MonitexHiyHoro iHCTUTYTY PeHccenepa AHa-
xiTa Tikky (CLLUA) npoBena KopoTKi Kypcy Npo rpasiTauinHumn
Ta CeMCMIYHWUI MOHITOPUHI 3aBAsikv nporpami dynbpavita
(2008). daxiseub i3 komnaHii "Shell" MapTiH BykxonbT un-
TaB nekuii i3 cencmivyHux gocnigpkeHs (2013-2017) Ha gob-
POBIfbHi OCHOBI.

3aBasaku nekTopcbkum nporpamaM SEG Ha reonoriyHomy
(pakynbTeTi Oyno npoBeneHO HXU3KY AOMNOBIAEN crieLianicTiB i3
Pi3HUX KYTOYKIB CBITY, cepe KX reodisuiHniA pagHUK komna-
Hil "Odin Petroleum" (BepreH) npodecop Mep Ascet (2008);
CENCMIYHMIN aHaniTuK, Bile-Npe3naeHT iTaniicbkoro BiaAdi-
neHHs SEG-EAGE (Tpiect) Ta ronosa komitety SEG Anbao
BecHaeep (2010); crapwwmn reodpiandHuii pagHmuk ION GX
Technology (JlonaoH) AH xoHe (2012); ceeMivHWn aHaniTuK,
KOHcynbTaHT komnanii "Contractor” (X'toctoH) Kapn PeroHe
(2013); 3acTynHuk nekaHa M'tobopHcbKoro konemky 3emni Ta
eHepreTyk1, Npodecop LLUKONMW HadpTOBOI Ta reonorivHoi iHxe-
Hepii (HopmaH) Kapn CoHgeprenbg, (2013) Ta npocbecop Tenb-
AsiBcbkoro yHiBepcuteTy (Tenb-AsiB) €sreH JlaHga (2015).
[Jonosiai BUCBITAMN NUTaHHA OCNIAKEHHSA KOMNEKTOopIB i nac-
TOK MeToAaMn CEeMCMOPO3BIAKN i TEXHOMOTIT NeTpodi3nyHmX
AocnimpkeHb y naboparopii.

CniBnpausa 3 iHwuMMKM ToBapucTBamMnu. CTyOEHTCbKUN
ocepenok SEG nnigHo cniBnpautoBaB 3 AAPG Tta EAGE.
Hocsig mixkHapogHoro cniBpoGiTHMLTBA 4O3BONUB CTaTK ak-
TMBHOI KOMaHAOoW y 3axogax, fki 6ynu opraxizoBani Cnin-
Koto reonorie YkpaiHu (CIY), ge BMCTYNuUnu npesvaeHTu
AAPG Tlitep Poys (2005) ta lMon Bewnmep (2012). Y

2003 poui Ha reonoriyHOMyY akynbTeTi Oyno CTBOPEHO CTy-
OEeHTCbKy cekuito AAPG, siky o4ontoBaB ii 3aCHOBHUK — 3aBi-
gyBady Kadpegpu reonorii  pOAOBULL, KOPUCHMX KOMarnuvH
Bonognmup Muxainos. Ha uin kadpegpi y 2005 poui 6yno
CTBOPEHO MOMOADKHY YKPAiHCbKY CEeKLit0 MiXKHaApOOHOI CMinKu
ekoHoMi4HMX reonori (Society of Economic Geologists),
KypaTopom sikoi 6yB goueHT OnekcaHgp [piHueHko (bes-
poOHa ma iH., 2020). 13 2005 poky go ryptka SEG 6yno nepe-
AaHo kepiBHMLTBO ocepenkoM AAPG Ta noro hopmMyBaHHsIM,
a kypatopom 6yB uneH AAPG Onekcanap Kidka.

CryneHTtcbka cekuis SEG nigTpumana CTBOpPEHHsT Mic-
uesoro Biaainy EAGE Kuesa (2004), skuii 3acHyBaB i o4o-
nMB 3aBigyBay Kadegpu reoiHdopmatuky, npodecop,
yneH-kopecnoHaeHt HAH YkpaiHn Mukona Axkumuyyk. 3a-
BASIKM LIbOMY OCepenKy Ha reonoriyHoMy cpakynbTeTi BUCTY-
nunu daxisui 3 pisHUX kpaiH, 3okpema npesmaeHTn EAGE
apet Binbamc (Cnony4yeHe Koponiscteo, 2006) i Teo Kop-
Tekac (Higepnangu, 2007). Takox 3pobunu gonosigi Buaa-
THi nektopu, Taki sk pgekaH CraddopawmpcbKoro
yHiBepcuTeTy, foktop fesig Pobeptc (CnonyyeHe Kopornis-
ctBo, 2013), reodpizuk komnanii "Shell" Bonognmup Npeuka
(CLUA, 2007) Ta iH. Jonosiai 6ynu npucesyeHi NpodecinHin
Kap'epi B ymoBax ManbyTHbOro rnobanbHOro eHepreTM4Horo
nepexoay; PO3BUTKY HOBUX HayKOBMX HANPsiMIB i TEXHOMOTIN
Ta poni AAPG; poni npodecinHoro cycninectea EAGE y
CTBOpPEHHI BaraTtogncumnniHapHoro manbyTHLOro Ans Byr-
neBoAHeBOro BMaobyTKy; NOTOYHOMY CTaHy reonorii, reodi-
3MKM Ta X nepcnektMBam Anst ManbyTHix daxiBuis;
reonoriyHoMy MopentoBaHHI Ha 6asi reonoriyHoi craTuc-
TUKK; cnoXuBavaM MiHepaniB Ta X BaXKnMBOCTI Ana cy4vac-
HOI EeKOHOMIKM; 3aCTOCYBaHHIO CENCMIYHOI aHi3oTponii B
HadpTOrasosin NPOMMCNOBOCTI; @ TAaKOX HaBYaHHIO NUcaTn
AKICHI reodisnyHi cTaTTi TOLLO.

OokTtop Anbao BecHaBep nia yac nekuii y HanbinbLwin ayautopii reonorivyHoro cakynbteTy (18.02.2010)

Ha ocHosi cekuii SEG Ha reonoriyHomy akynbTteTi 5
6epesHsa 2010 poky Oyno CTBOPEHO CTyAEHTCbKMIA 0cepenok
EAGE, skui TOro camoro poky nocie nepiue Micue y reosno-
riyHin BikTopuHi (Geo-Quiz). Takox noro unexHmn y 2011 poui
B34nu yyacTb y bankaHcbkomy reodisayHOMy KOHrpeci y
Benrpagai, oe 3HoB 3000ynu nepLue Micue B reonoriyHii Bik-
TOpWHI. TpbOoMa ocepeakamu 6yrno cknagHo kepyBaTtu, TOMy
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aBTOp BMCTYNMB 3 iHiLiaTneoto 3 2017 poKy KepiBHULTBO Haz
cTyaeHTCcbkum ocepeakom AAPG nepepatv AoueHTy Kadbe-
apwu reoiHcopmaTtukm IBaHy Bipwunno, a CTyAeHTCbKY CeKuito
EAGE nignopsigkyBaTtu 3aB. kadheapu 3aranbHoi Ta ictopu-
YHoi reonorii npod. OneHi IBaHik.

Buxia KuiBcbkoro ocepegky SEG Ha cBiToBUM pi-
BeHb. CekpeTapem ocepegky y 2012 poui Bnepwe 6yno
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B3ATO yyacTb y Cumnosiymi ctyaeHTcbkmx nigepis (SLS) (3a
nigTpumkm komnadii "Chevron") y M. lNlac-Berac. Otpumanunii
OOCBig JOMOMIT iHLUMM CTyAeHTam AONYyYnTUCs 4o Uiei npo-
rpami SEG i gonosicT npo 3000yTKM HaLOi CeKLii B Takmx
mictax CLUA, sk Hoeun OpneaH (2015), Oannac (2016),
X'tocToH (2017), AHaxainm (2018) Ta CaH-AHTOHIO (2019).
PagHuk chakynbTeTy sk BUknagad 3anyyve 4o kadenpu
6arato CTyAeHTiB, opraHidyBas 36opu, hoTorpadpyBaHHs Ta
BiJBiQyBaHHS NEKTOPIB, HaNUCcaB ABi CTaTTi ANA CTyAEHTCb-
KOi 30HM y xypHan "The Leading Edge" (2003, 2013), 3po-
OVB Mpe3eHTaLil0 Ha cemiHapi padHuKiB hakynbTeTy Ha
36opax SEG y X'toctoHi (2009), 6yB y4acHukom MixHapoga-
Hoi BiTpuHM (SEG International Showcase) pa3om i3 npope-
kTopoM KuiBcbkoro yHiBepcutety Cepriem Buxsoto vy
Hensepi (2010), gonosiB Npo CTYAEHTCbKUA ocepenok Ku-
€Ba Ha 3ycTpivi akynbTeTCbkux pagHukis y Hosomy

| =4 2 7

I'Ipe:';eHTau.iﬂ ocepeaky SEG B YKpa'l'HCbxbmy q)isvlo-M

OpraHisauifa reocgiznyHux gocnigxeHb. CTygeHTiB
3aBXAW LiKaBUNKU MPaKTUYHI MOXMAMBOCTI, TakKi SIK KOHKY-
pcu, MoAopoXi, HoBe o0ob6nagHaHHs, MONbOBI OOCHI-
IPKEHHS1, Ornag 3paskiB ripcbkuMx nopig Towo. 3aBasiku
yyacTi y MixkHapogHux reodiavyHux 3axogax 6ynu Hana-
rofpKeHi KOHTaKTW MiX CTyAeHTaMn pisHMX ocepepnkis. Y
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OpneaHi (2015) Ta po3noBiB cTyaeHTam Mpo 0CoGnMBOCTI
kap'epu reocpismka Ha 36opax SEG y CaH-AHTOHIO (2019).

HamaraHHs 36inblwmnTK KinbkicTb 6aniB 3a piyHMIA 3BIT
CMOHYyKano ocepeAok A0 CMinKyBaHHs 3i LWKonapamu. Bne-
pLe cTyaeHTu po3snosinu npo Kuiscbky cekuito SEG y Mu-
KONaiBCbKOMY  MyHiUMnanbHOMYy KomeriyMi Ta  LUKOni
TepHonons y 2016 poui. CkapbHuk ocepeaky 3pobus npe-
3eHTauito gisneHocTi Kniscbkoro Bigainy SEG npotsarom
2017-2018 pokiB Ha AUCTaHUiNHOMY ceMiHapi €Bpasiich-
KOro perioHanbHOro KOHCYfIbTaTUBHOIO KOMITETY y BEPECHI
2018 poky. [lonogigi npo cekuito SEG Ta 3anpolleHHs Ha it
3axoam 6yno 3pobneHo y ciduHi 2020 poky B MNontaBcbkomy
HauioHanbHOMY TeXHIYHOMY YHiBepcuTeTi Ta YKpaiHCbKOMY
disuko-maTematmyHoMy niuei KuiBcbkoro yHiBepcutety. Y
notomy 2020 poky B rimHasii Ne179 M. Kuesa Binbynacs
npeseHTauia CTyadeHTCbKOro BiaaineHHs SEG.

e ey - e

a'reMé'quomy niuei KuiBcbkoro yHiBepcurtety (30.01 .220

CiyHi 2016 poky Npe3naeHT iBaHO-PPaHKIBCbKOI CTYAEHT-
cbkoi cekuii SEG po3noBiB Npo CBil ocepenok, a HacTyn-
HOTO [iHA B35IB Y4acTb Y pafioMeTPUYHOMY Ta MarHiTHoMy
3HiMaHHsIX TpybonpoBoaiB i eHepromepex nobnuay oyai-
BNi reonoriyHoro dakynbTeTy, SKi Bneplle opraHisysanu
uneHn ocepenky SEG.
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3aBOskM yvacTi Y MKHApPOAHMX MOMbOBUX OOCHIAXKEH-
HAX CTYAEHTU CTanu opraHisoByBaTtu pisHi 3axoan. BoHu no-
Yanu BuCyBaTu igei, nnaHyBaTu Aii Ta BTINIOBATU iX Y XUTTS.
Cexuis ctana komaHgow ogHoayMmuiB. BoHa opraHisyBana
nepwwuin B YkpaiHi noneoBuin Tabip SEG Hayk npo 3emnio
(SEG Geoscience Field Camp) y Kam'aHeupb-lNoginscbkomy
AN apxeornoriYHOro BUBYEHHSA opTUdIKaLiNHUX YKpin-
neHb y 2017 poui. Jpyrui nonsosuin Tabip y 2018 poui 6ys
opraHi3oBaHuii y TepHoninbCbkin obnacti Ana BUBYEHHS
CTPYKTYpW rincoBoi neyepun BepTteba, sika € My3eem Tpunine-
cbkoi KynbTypu (Petrokushyn, 2020). TpeTiin NONbOBUI Ta-
Oip ocepenok opraHizyBaB y 3axigHux Kapnatax no6nusy
M. YXropog Ans BUBYEHHS YKpaiHCbKUX NaneoByrkaHiB. Ko-
MaHaM 03HAMOMUNUCS 3 TakuMu reodisudHUMKU MeTodamm
BMBYEHHSI reonoriyHoi 6y0BY, ik HA3EMHUI NPOHWKaYNiA

YkpaiHa
MonbLwa
XopearTis
PymyHia
YropwuHa
eruner
TNaTsis
MakicTaH
Yecbka pecnybnika
Pocis
MoHronis

pagap, enektpuyHa Tomorpacisi, MarHiTopo3BigyBaHHs, Mo-
BEPXHEBE CEWCMiYHe 3HiMaHHS, pagiomMeTpisl, 06CTeXeHHS
3a gonomoroto 6e3ninoTHoro nitanbHoro anapata (BrJlA) i
cuctemu rmnobanbHoro noauvujtoBaHHss (GPS). KonektueHa
npaus o6'eaHyBana CTy4eHTiB | nocunoBana iXHo B3aEMOLH0.
HanpukiHui po6iT Komanau 3acnyxanu 3BiTu nNpo reodisnyHi
pe3ynbTaTy 3a NiACyMKamMu NPOBELAEHUX MOMbOBMX [OCHi-
OxeHb B YkpaiHi. Monbosi Tabopn SEG cnpusnu 3HanomcTtsy
N 0B6MiHY 3HAHHAMMW MiX CTyOEHTaMK 3 Pi3HUX YHIBEPCUTETIB.
Y4yacHuWKM gisHanmcsa nNpo AisanbHiCTb 17 CTyOEHTCbKUX ocepe-
akiB SEG i nepcnekTnBmn Hayk npo 3emnto. YCboro B MNosbo-
BMX Tabopax B YKpaiHi B3snu ydactb 49 cTygeHTiB 3
11 kpain: Ykpaina — 17, MNMonbLwa — 7, XopeaTis — 7, PymyHis
— 5, YropwwmHa — 4, €runet — 3, JlaTBig — 2, MNakucTtaH — 1,
Yexisa — 1, Pocis — 1 Ta Modronia — 1.

o
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4

6 8 10 12 14 16 18

KinbkicTb yyacHukiB nonboBux Ta6opie SEG 3 Hayk npo 3emnto B YkpaiHi (2017-2019)

MpoBeneHHs NnonboBux TabopiB B YkpaiHi 6yno 3ginc-
HeHo 3aBasku nigTpumui HHI "lHCTUTYT reonorii” Ta iHWKMX
opraHisauin. Kacdegpa reodisvkm Hagana marHiTomeTpu,
eneKkTpoposBigyBanbHy yctaHosky (2017, 2018) Ta pagio-
meTpu (2019). HaykoBeub KceHis BoHgap 6yna iHCTpykTO-
poOM 3 MarHiTHUX CrnocTepexeHb. TOBapuCTBO 3
obmexeHor BignosiganbHicTio "Transient Technologies”
Hagano reopagapu (2017-2019). eodisauk AHgpin Jlo-
6opa 3 [lepxaBHoro nignpuemcTsa "KWiBCbKUI iHCTUTYT iH-
XXEHepHUX BULWIYKYBaHb i pocnigxeHb “"EHepronpoekt”
3abe3ne4vnB cencMivHi gocnigxeHHs (2017, 2019). Nepen

yyacHukamu TabopiB BUCTYNUNM 3 OMOBIOAMU OUPEKTOP
IHcTuTyTY reonorii Bonoammup Muxawnnos (2017), goueHTn
kadenpw reodiauku MNasno KysbmeHnko (2017) ta MNasno
Mpunwwyk (2017), anpektop TOB "TpaHcieHT TexHonogxic"
Bonoanmup Isawyk (2017), ctapumii HaykoBuin cniBpobiT-
Huk Kcenia Bongap (2017, 2018), 3aBigysay kadpenpm reo-
disukn Ceprin Bmxkea (2018) Ta iH. Buctynu Oynn
NPUCBSAYEHI reosiorivHin OCBITI, reodisanyHUM AocnigXKeH-
HAM Ta reonorii YkpaiHu. Y4acHukM nonboBoro tabopy
03HaWOMMUIIMCA i3 reonoriyHMM My3eem Ta naboparopieto
anepHoi reodismkn IHcTUTyTY reonorii (2018).

MpoBepeHHs eneKTpOTomoraq)i'l' y neyepi Bepte6a y apyromy nonboBy Tabopi SEG (22.08.2018)
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Bu3HaHHA Ta pO3BMTOK ocepeaKy. HanpyxeHa po-
060Ta 3 BMKOHaHHA GaraTbox MyHKTIB LOpiYHoro 3Bity 2017
poky 6yna 3axonntotoyoto Ta edektnsHoo. Ocepedok Ha-
6paB 6araTo 040K, OCKiIMbKMN CTYAEHTW Baumnu MOXIMBOCTI,
OTpUMyBanu HOCBI4 i NpautoBanu pa3om AN AOCATHEeHHS
mMeTu. Lle 3ymoBMno BU3HaHHS KuiBcbkoro ocepeaky SEG y
2018 poui sk HarKpaLLoro cepeq iHWWX Y CBITi.

f Déja-vy |

-

KomaHnpa KuiBcbkoro yHiBepcuteTy 3 Ha

binbwe 101 crtygeHTa KwuiBcbkoro yHiBepcuteTy Oynu
yrneHamu ocepefky ToBapucTea reodiavKiB-po3BigHMKIB MPO-
TArom ABOX AecATunitTb. Cnig 3a3HaunTy, WO KinbKiCTb YNeHiB
cekuii SEG 36inbLuyBanacs 3a akTMBHOCTI i ypsgosuis: 2002
(10), 2003 (11), 2004 (12), 2005 (12), 2006 (12), 2007 (11),
2008 (11), 2009 (10), 2010 (13), 2011 (11), 2012 (19), 2013
(11), 2014 (14), 2015 (15), 2016 (14), 2017 (16), 2018 (14),
2019 (14), 2020 (20) ta 2021 (19). CTyoeHTCbke YNeHCTBO
y SEG Big 6esonnatHoro 3miHunocs Ha 5 pon. CLUA i3
2018 poky. Onsa MNOPIBHSHHA, YNEHCTBO ANSA CTYAEHTIB Y
EAGE ctaHoBuUTb 25 €Bpo, i Lie CTano nepeLuKoaoro Ans Noro

20
15

1

o

o

o

ropoAoto 3a Kpawmia CTyHchKMﬁ ocepenok S

Ycnix 6yno AoCArHyTo, KONW CTyAeHTM nodanu Gpatwu
y4yacTb y nporpamax SEG Ta po3suBatu iHiliaTueu. YnexHm
po3ainy Bu3Hanu, Wwo, Ha BiAMiHY Bif NeKUin, NpakTUYHe Ha-
BYaHHSA € BinbLU LikaBMM Ta KOPUCHUM AN PO3YMiHHSI reo-
Di3nYHUX TEeXHONOrIN. Pi3Hi MidkHapoaHi 3axoaun 403BONUAN
JisHaTucs Ginblue npo reodisunky, 3HanTK Apy3iB i BiakpUTU
HOBI cnocobu peanisalii BnacHoro noTeHujiany.

B =
EG 2018 poky (31.10.2018)

e g S 2.

po3BUTKY. AKTMBHe YneHcTBo SEG kowTye $ 16 ans daxisuis
3 YkpaiHi. Cnovatky CTyOeHTCbKui reodianyHuii ocepeaok
KniBcbkoro yHiBepcuteTy maB 6a3oBuii piseHb (Base Level),
a nicns nepLioro BiagigyBaHHA CUMMNO3iyMy CTYAEHTCbKMX fi-
aepie (2012) nepeiioB Ha cepegHini ctatyc (Ridge). | Tinbkm
NpoBeAEeHHs! MepLIoro Ta Apyroro nonebosux Tabopis (2017
Ta 2018) [O3BONWIO AOCATHYTU HAWBULLLOMO PiBHA (Summit).
3apa3 KuiBcbka reodpisnyHa cekuia nocigae micue cepef
BOCbMU Kpawmx i3 noHag 120 ocepegkis SEG cBity
(https://seg.org/Education/Student-Early-Career/Student-
Chapters/Student-Chapter-Excellence-Program).

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

KinbkicTb YneHiB cTtyaeHTcbKkoro ocepeaky SEG
y KuiBcbkoMy HauioHanbHoOMy yHiBepcuTeTi iMeHi Tapaca LLleBuyeHka 3 2002 no 2021 poku

CTtyneHTCbke uneHcTBO B ocepeaky SEG obmexyeTbes
pokamu HaBYaHHS B yHiBepcuTeTi. 3a3Buyai 3anpoLuysanm
CTYZEHTIB i3 Apyroro Kypcy. AcripaHTu 3anuwanmncs y cekuii
SEG poBule. AKTUBHICTb CTYAEHTIB B OCepenky Bniveana
Ha ixHi nocagu. KypaTtop, npe3vaeHT, BiLle-npe3naeHT, cek-
peTap Ta ckapbHMK obupanucsi 3aKpuUTUM TFONOCYBaHHSM
BiAnoBiAHO Ao ctatyTy ocepedky SEG. 13 ciyHs 2018 poky
KypaTop hakynbTeTy nepectas npautoBaTn y KniBcbkomy
YHiBEPCUTETI, WO OOMEXMNO MOXMMBICTb CMiNMKyBaHHSA 3i
ctyaeHTamu. Tomy 3 2019 poky hakynbTeTCbKMM pagHUKOM
cTaB acnipaHT AHaTtonii YepHoB, a KONMULIHLOrO Kypartopa
Oyno BM3HaHO noyecHuM. 13 2021 poky ocepefok 04onvB
aoueHT kadeapu reodpisnku OnekcaHap Labatypa, a cnis-
pagHvkom ctaB PomMaH MeTpoKyLLUnH.

ISSN 1728-3817

CTyaeHTCbKMI ocepedok NPOAOBXYBaB PoO3LUMpPIOBATH
CBOK JianbHicTb. BiH oTpumae kowTun (Outreach grant) y
2020 poui, WOO MpPOBECTM NEPLINA CemiHap Hayk Mpo
3emnio SEG B YkpaiHi (SEG Geoscience Workshop). MNogis
Binbynacsi 18 notoro 2020 poky y Kuesi. Opranisatopu 3a-
Xo[y 3anpocunu N'ATb KOMMaHin, SKi NpautoTb Y PisHUX
cchepax reonorivyHmnx Ta reodpisanyHKX pilleHb, a came: Had-
Torasosi nocnyru (Schlumberger, Weatherford), enepreTuka
(OTEK), Haykosi gocnigxeHHs B AHTapktugi Towo. lMpea-
CTaBHUKN TPbOX CTyaeHTCcbknx ocepedkis (EAGE, SPE Ta
AAPG) oonosinu npo MOXNMBOCTI CBOIX TOBApUCTB ANs CTy-
AeHTiB. 3aranom y ceminapi 6yno sapeectpoBaHo 6mm3bko
150 y4acHukiB, y TOMY Ymchi 3 N'ATK yHIBEpCUTETIB YKpaiHu,
a Takox lMonbLwi, Benukoi BputaHii Ta PymyHii.
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Mocaposui KuiBcbkoro ctygeHTcbkoro ocepeaky SEG (2002-2021)

Pik Kypartop Mpe3ngeHT Biue-npe3ngeHt CekpeTtap Ckap6HuUK
2002 Masno MNpuwyk AHApin TuweHko - Mapis PelueTHuk BikTopisi Ckopuk
2003
2004
2005 Oner MakoBeLlpb MapuHa 3amaHcbka
2006
2007 Oner MakoBeLlpb Omuntpo Ceprees Oner Yanun €BreH YCTeHKo
2008 €BreH YcTeHko Oner Yanun HOnia KynuHuy Ceprivi LLiaBpiH
2009 Cepriv LLaBpiH tOnia KynuHuy
2010
2011 Ceprivi LLaBpiH TetsaHa Kownskosa AHnacTacig Epodeea
2012 Haranis TponHuny TeTsaHa InbYeHko
2013 TeTsHa InbYeHKo Bitanin Bpukos AOmuTpo MNununeHko
2014 Ceprin WaBpiH AHaToni KocTtpeup AHaTtoni YepHoB Bitanin bpukos
2015' AHaToni YepHos Oner JlowakoB HaTanis PycaveHko OneHa PubHikoBa
2016 Onena PubhikoBa Jliana MNogonsiko
2017 Oner Jlowakos OneHa KpacHikoBa Oner MeTpokywnH
2018 Hatanis PycaveHko
2019? AHaTonin YepHoB Oner MNeTpokyLnH PomaH lMeTpoKyLumnH ApTtem KopHieHko Mapisa Tapactok
2020 ApTtem KopHieHko Mapia Tapactok AHacTacis puiieHko HOnis Binoycosa
20213 Onekcangp LWabatypa Mapis Tapactok AnacTacis pueHko Oner Bynax Mapisi AkoBeHKo

1 — €BreH YcreHko (noyYecHuii uneH ocepedky); 2 — MNaeno Mpuiyk (nodecHuin pagHuk); 3 — PomaH MNeTpokyLwmnH (cniBpagHuK)

Ocepenok po3pobuB iHiLiaTMBY LLOAO OpraHisauii nonso-
Bux aHiB (Field Days). 3axig 6yno npoBeneHo Ha ropi Totoxa B
ceni MepgguH Kuiscbkoi obrnacTi i3 30 go 31 nunHa 2020 poky.

Mepwuit cemiHap SEG Hayk npo 3emntio B YkpaiHi (18.02.2020)

OCHOBHOIO METOH 6yJ'I0 nNpoOeMOHCTpyBaT CTyAeHTaM-

ISSN 1728-2713

Monbosi Hi KVI"BCbKOrO oceenx SEG ansa BUBYEHHS! KypraHyTO'roxa (31.07.2020)

MepLUOKYPCHMKaM 3acTOCyBaHHSA reodisuyHoi anapatypuy Ans
apXeorioriyHMX AOCHIMKEHb KypraHy. Y4YacHVKM npauoBanv
3 MarHitomeTpamu, pagiomeTpamu Ta BIJ1A.




~104 ~

B 1 C H WU K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

UneHu cekuii B3ann yyactb y nporpami SEG EVOLVE y
2020 poui, oe oTpumanu Tpu Haropoau: "Kpaliua iHBecTuuis",
"CniBnpaus Ha BigcTaHi" Ta "CniBnpaus 3i 3H/WKEHHSAM BUTPAT".

BucHoBKW. [1poTarom 4BoX AeCATURITb QisiNbHOCTI KNIB-
CbKWI CTyAeHTCbkun ocepenok SEG pgocsr 6aratbox 34006y-
TkiB. CuctemMHa pobGoTa Ta cninbHi 3ycunnst 3ymMoBUNN
BUCOKi pe3ynbTatun. 3aBasku nporpamam SEG cekuis otpu-
MyBana ¢iHaHCOBY MNIATPUMKY, WO Aano 3Mory npuabdatu
KoMn'toTepHe obnagHaHHSA, NPOBECTW Pi3Hi 3axoau, opraHi-
3yBaTu TpM NOnbOBi Tabopu, B3ATM y4acTb Y YOTMPbOX OCBi-
THIX Nporpamax Ta n'aTn cemiHapax CTyOeHTCbKUX nigepis,
3aMpocuTU LWICTb MOYECHUX FEKTOpiB, OTpUMMaTK Kinbka

cTuneHgin Ta reodisanyHy nitepatypy. Kpim Toro, cemepo
npodecioHanis BUCTYNUNN Ha 3acigaHHsX cekuii, byno npo-
BeJEeHO [Ba MiCLeBi NOMbOBI AOCHIMKEHHS, @ TakoX 3pob-
NeHo noHaj n'aTaecAT gonosigen LWwofo iXHbOI yyacTi y
Pi3HMX reodi3nyHMX NoAisx.

Binblie coTHi cTyaeHTiB KuiBcbkoro yHiBepcuteTy Oynu
urneHamm ocepenKy 3a OCTaHHi ABa aecaTuniTTs. barato yyac-
HUKIB CEKLii yCMiLLHO MPOJOBXUIN CBOKO Kap'epy Y MiXXHapoa-
HMX Ta YKpaiHCbKMX KOMMaHisx, Takmx sk "Schlumberger”,
"Weatherford",  "Ukrgasvydobuvannya",  HauioHanbHui
AHTaPKTUYHUIA HAyKOBWI LIEHTP YKpaiHu Ta iH.

Y4yacTb cTyAeHTCbKOro ocepeaky KuiBcbkoro HauioHanbHoro yHiBepcuteTy imeHi Tapaca LLleBueHka
y nporpamax Ta iHidiatusax SEG

Ne MNporpama SEG uwm iHiyiaTnBa* Pik BapricTtb, $

1. | The Leading Edge & Geophysics journals 2002-2021 H/O

2. | Foundation through PCs 2003 2000

3. | Fred and Kathi Hilterman Student Chapter Book Program 2005-2021 1600

4. | Student educational program (SEP) 2007, 2010, 2011, 2016, 2018 H/O

5. | Honorary Lecture (HL) 2008, 2010 (2), 2012, 2013 (2), 2015 H/Q

6. | Faculty Advisors' Workshops* 2009, 2010, 2015 H/g

7. | Student Leadership Symposium (SLS) 2012, 2015, 2017, 2018, 2019 H/Q

8. | Outreach Grant 2015, 2020 1800, H/A

9. | Geoscience Field Camp 2017, 2018, 2019 3200, 5000, H/g,

10. | Scholarship 2017 2000

11. | Best SEG student chapter 2018 5000

12. | EVOLVE 2020 H/Q
3aranom 20600

IHiLiaTUBM KMIBCbKOTO cTyAeHTCcbKoro ocepeaky SEG Ta noro apysis*

Ne IHidiaTnBa Pik

1. | KoHKypcC 3 BU3Ha4Y€eHHs ripcbkux nopig 2015

2. | 3umoBe reoqisnyHe 3HiMaHHsi 2016

3. | lNpeseHTauii npo kuiBcbkuii ocepenok SEG 2016, 2017, 2020 (3)

4. | leonoriyHi kHuru Big Mankna byp'aHuka* 2016

5. | leonoriyHa BikToprHa (GeoQuiz) 2018

6. | Ceminap Hayk npo 3emnto SEG (Outreach Grant) 2020

7. | MNonbosi gHi 2020

Mopsika. CTygeHTCcbka cekuisi KWiBCbKOro HauioHanb-
HOro yHiBepcuteTy iMeHi Tapaca LesyeHka BasiyHa ToBa-
puUCTBY reodisunkiB-po3BiAHMKIB 3a MOro NiaTPUMKY. ABTOp
ocobucto asakye kepiBHuutey HHI "IHcTuTyT reonorii" 3a
CMPUSIHHA QiSNbHOCTI MiXKHApOAHMX ocepeakiB Hayk npo 3e-
MITH0, 3aBASKM YOMY YKpaiHCbKi CTyoeHTU Manu 3mory 6i-
Nble AisHaTnuca npo reodisvky, 3HanTM ApysiB B iHWNX
KpaiHax Ta (paxoBO pPO3BMBATMUCS.
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P. Gryshchuk, PhD (Geol.), Assoc. Prof.,
E-mail: pgryshchuk@gmail.com,
Member of the Society of Exploration Geophysicists

20TH ANNIVERSARY OF THE STUDENT CHAPTER OF EXPLORATION GEOPHYSICISTS AT KYIV UNIVERSITY!

Geological education is the basis for training specialists in the study of natural resources. The rational use of subsoil is the basis of the economic
development of Ukraine, especially in the conditions of the energy transition. Educational institutions provide a wide range of disciplines for the
geological training of students. Participation in international societies contributes to getting additional knowledge. The distribution of professional
societies within institutions and enterprises is world practice in many countries. There are several geological associations that cooperate with Ukraine
in the geologic sciences. The student section of the Society of Exploration Geophysicists (SEG) was established at Taras Shevchenko National
University of Kyiv at the Department of Geophysics twenty years ago. The introduction to new features was interesting and useful for students and
teachers. Thanks to SEG programs, students received new computer equipment, geophysical literature, educational courses, attendance of lectures,
international participation in symposia, possibility of organizing field camps, getting of scholarships, etc. The field of activity of the SEG Kyiv student
chapter covers reports on its work at international conferences and educational institutions, the invitation of specialists of the geological industry,
participation in geological quizzes and competitions among foreign students, conducting geophysical studies, etc. Members of the SEG section
organized international geoscience investigations in various regions of Ukraine. The geophysical surveys were conducted to study ancient buildings
in Kamianets-Podilskyi, a gypsum Verteba cave and paleovolcanoes near Uzhgorod. 49 students from 11 countries participated in the field camps.
Local studies of pipelines were carried out by geophysical methods near the building of the ESI "Institute of Geology" (Kyiv) and on Totoha Mount,
located in Kyiv region. Students performed magnetics, electrical resistivity tomography (ERT), surface seismic exploration, ground-penetrating radar
(GPR), geodesic measurements and surveys UAV. The student chapter activity was presented at its meetings, with more than 50 reports. For 20 years,
more than 100 students were members of the SEG section, which has been the basis for the AAPG and EAGE faculty circles. The SEG Kyiv student
chapter is recognized as the best one in 2018. The geophysical section SEG has made a significant contribution to the spread of geological knowledge
and the presentation of Taras Shevchenko National University of Kyiv internationally.

Keywords: Society of Exploration Geophysicists, advisor, student chapter, geological faculty, honorary lecturers, geological education, Kyiv
University, Institute of Geology, geophysical section, grant, award, SEG, EAPE, AAPG.
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