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ABSTRACT

Introduction. Shaliness is an important lithological and petrophysical characteristic of reservoirs and seals in section of oil-
and-gas boreholes as well as near-surface rocks (grounds) as the basis of buildings and engineering structures. Granulometric shali-
ness, determined by the presence of pelitic particles, and mineral shaliness, which characterizes the content of clay minerals, are
distinguished in terrigenous rocks. In the sections of oil-and-gas fields, granulometric shaliness is one of the criteria for identifying
reservoirs and affects their reservoir properties. The physical properties of reservoirs, which are studied by borehole logging, depend
on the content and type of clay minerals. Information about clay minerals is taken into account when drilling and stimulation of
hydrocarbon production. Shaly grounds apply to the group of cohesive ones, which in construction most often serve as the founda-
tions of structures. At that these grounds are classified as difficult engineering-geological conditions for construction, since clay
minerals specifically affect their strength, stability, etc. In oil-and-gas and engineering-geological boreholes the empirical equations
relating gamma-ray logging readings and granulometric shaliness are most often used for quantitative estimation. Herewith, it is
traditionally thought that the clay minerals make up the bulk of the pelitic particles.

The paper is concerned with increasing the informativity of the borehole logging while investigating the shaliness of terri-
genous oil-and-gas reservoirs and near-surface rocks based on a combination of gamma-ray logging, gamma-gamma density logging
and neutron-neutron logging (GR+DL+NL).

The investigation methodology included: borehole geophysical measurements by tools created at the Institute of Geophysics
of the National Academy of Sciences of Ukraine independently and in collaboration with partner organizations; interpretation and
analysis of logging data; justification and development of approaches to increase the informativity of the GR+DL+NL combination;
estimation of the effectiveness of author's developments using independent criterions.

As a result of the investigation, on the basis of the abovementioned logging combination, the set of determined parameters is
increased as compared with the traditional practice; number of new methods is developed for determining the parameters of shali-
ness, among them the content of clay minerals, their density and hydrogen index. The use of these parameters, in turn, improves the
accuracy of porosity determination and other reservoir properties from logging data. Method for estimating the type of clay mineral
according to the GR+DL+NL data is proposed. The method is an available alternative to geochemical core studies and to more ex-
pensive and difficult logging methods.

The novelty of the developments is confirmed by patents, and their effectiveness is confirmed by the results of borehole tests
and comparison with independent determinations of parameters (laboratory core examinations, control logging data).

Practical significance. The proposed approaches are an important component of technologies for investigating oil-and-gas res-
ervoirs and near-surface rocks, which are being developed at the Institute of Geophysics of the National Academy of Sciences of
Ukraine.

Keywords: sand-shale rock; oil-and-gas reservoir; ground; combination of gamma-ray logging, gamma-gamma density log-
ging and neutron-neutron logging; gamma-ray index; hydrogen index; density; clay mineral.

In cites: Bondarenko Maksym, Kulyk Volodymyr. (2024). Determination of shaliness parameters of terrigenous rocks in cased boreholes and
while drilling by radioactive logging combination. Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (61),
10-22. https://doi.org/10.26565/2410-7360-2024-61-01

Introduction

Terrigenous (sand-shale) rocks prevail among
sedimentary rocks of both oil-and-gas fields and en-
gineering-construction sites. Shaliness is an important
lithological and petrophysical characteristic of this
rocks [1-4].

Terminology. The term «shaliness» is ambigu-

ous. In Soviet and post-Soviet special literature,
granulometric and mineral shaliness, as well as in-
soluble residue (for carbonate deposits) are distin-
guished. Granulometric shaliness (or shale material)
is determined by the presence of small pelitic parti-
cles in the rock (as is the convention, less than 0,01
mm) regardless of their mineral composition (main-
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ly clay minerals, as well as quartz, feldspar, etc.).
Mineral shaliness characterizes the content of clay
minerals proper in the rock. The main among them
are kaolinite, montmorillonite, chlorite and hydrom-
icas [2, 5, 6].

In modern Western geological science, the term
«shaley» corresponds to granulometric shaliness, and
«clay» corresponds to mineral shaliness. Log inter-
preters and petrophysicists often use these terms
interchangeably as equivalent. This is explained by
the common point about the predominance of clay
minerals as a part of shale material, as well as the
frequent lack of a priori data on percentage of clay
in shale for a particular oil-gas field or section [7-9].

In the paper, we will use modern Western ter-
minology [8].

Problem statement. Shale content is one of the
factors in classing rocks into reservoirs and non-
reservoirs for most terrigenous sections of oil-and-
gas fields, as well as in classing reservoirs into lay-
ers with different reservoir properties (porosity,
permeability, residual fluid saturation). Clay con-
tent, type and properties of clay minerals effect the
physical properties of reservoirs (resistivity, radioac-
tivity, elastic and neutron properties, etc.), which are
investigated by geophysical borehole methods. In-
formation about the mineral composition of shale
material should be taken into account during drilling
and procedures in the hydrocarbon production (in
particular, shale gas). For example, montmorillonite
is characterized by high swelling under the action of
water, that must be taken into account when choos-
ing a drilling mud. The plasticity of montmorillonite
makes hydraulic fracturing (HF) difficult, and hy-
dromica indicates rock brittleness, which favours
HF. Kaolinite is a non-swelling mineral. It has the
following features: the ability to relatively easily
separate from quartz grains, be carried by the flow
of hydrocarbons during their production, and to
block pores, reducing permeability. Swelling is also
not inherent in chlorite. However, this mineral loses
iron under the action of acid treatment during the
stimulation of production. That can lead to a loss of
production rate due to the precipitation of a jellylike
iron-bearing compound in the pores [2, 4, 8-12].

Shale material has a strong influence on the
properties of the near-surface rocks (grounds) as the
basis of engineering structures. Shale grounds and
loess grounds are classified as difficult engineering-
geological conditions for construction. Therefore,
the investigation of shaliness is an important prob-
lem of engineering geology. At that, it is necessary
to obtain information not only about the total con-
tent of shale material, but also about the clay miner-
als, which are contained in sand-shale grounds and
specifically affect its strength and stability [3,13,14].

Single geophysical borehole methods are tradi-
tionally used to qualitatively and quantitatively es-

timating the rock shaliness in a well section: first of
all, spontaneous potential and integral gamma-ray
logging (GR). Their effectiveness is generally con-
firmed by long-term practice [5, 8, 15, 16]. At that,
particularly gamma-ray logging application is usual-
ly limited to lithological layering and estimation of
the shale content.

There are approaches for estimating clay con-
tent based on a combination of porosity determina-
tion methods: density gamma-gamma logging (DL),
neutron-neutron logging (NL) and acoustic logging
[17, 18].

Foreign companies use data from spectral
gamma-ray logging, litho-density logging, pulsed
neutron spectroscopy logging, etc. for estimating the
type and content of specific clay minerals [8, 19—
22]. However, the appropriate Western tools and
techniques are expensive and not always adapted for
use in specific conditions (logging while drilling,
cased engineering-geological boreholes of small
diameter, etc.).

Analysis of previous investigations

Parameters of mass and volume shaliness.
There are appropriate mass and volume parameters
to quantitatively characterize the content of shale
material and content of clay minerals in a rock.
These parameters are important in itself, they are
used in the generation of petrophysical equations
and interpretation of results of geophysical borehole
investigation for determining rock properties.

In petrophysics, the mass content of shale Cs is
determined by the data of granulometric analysis of
rock sample as the ratio of the mass of shale material
mg, to the mass of solid phase ms of the rock sample

[2]:
Csh = (1)

The part of the rock volume filled by shale mate-
rial is characterized by the volume content of shale
Ksh [2]:

55

Ko = 5, Cy1-9). )

Here, ¢ is the total porosity of the rock as the sum

of open and closed porosity; ds is the density of solid
phase of rock; dsn is the density of shale.

Along with the shale parameters, there is a need
to obtain the mass content of clay and volume con-
tent of clay directly.

The mass content of clay Cq is ratio of the mass
of clay minerals mg to the mass of solid phase ms of
the rock:

C,=—o. 3)

The value of Cg can be estimated by laboratory
methods based on X-ray diffraction analysis or rese-
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arching the cation exchange capacity [7-10].
The volume content of clay K¢ is part of the
rock volume filled by clay minerals [8]:

Ky =25Cyt=9). @

cl
where 8¢ is density of clay minerals.
In order to determine the volume parameters
Ksh and Kg, in addition to the mass parameters Csn
and Cq, it is necessary to know the density parame-
ters Js, dsh and dci, as well as the total porosity ¢ .

Density and porosity parameters can be known from
laboratory-based core analysis. Density parameters
can be estimated from geophysical borehole logging
(e.g., by the radioactive logging combination with
using a priori data [23]), and porosity ¢ is deter-

mined from neutron-neutron logging or density
gamma-gamma logging, as well as from acoustic
logging.

In many cases, the density of clay minerals
mixture dq is close to the density of the matrix of
sandstones [2] therefore simplified versions of for-
mulas (2) and (4) can be used in practice:

Ko =Ca@~9), ()
Ko =Ca@~9). (6)

Estimation of shale content by gamma-ray
logging. The presence of shale material (and, ac-
cordingly, clay minerals) in the borehole section has
effect on the readings of most logging methods. In
order to corresponding quantitative estimate in
borehole conditions, single logging methods are
traditionally used, as well as combinations of meth-
ods [5, 7, 8, 16, 17, 24].

In practice, gamma-ray logging and the sim-
plest empirical models are most often used to de-
termine the shale content of terrigenous rocks [16].
Shale is characterized by increased radioactivity due
to the large specific surface area of pelitic particles,
that sorb salts of radioactive elements (mainly ura-
nium-radium and thorium isotopes, as well as the
0K isotope), and because of the presence of potassi-
um in some clay minerals and in feldspar. This, in
fact, makes it possible to distinguish rocks by shale
content and quantifying it according to the GR data
[5, 8].

In order to quantify the shale content of rocks
Csh in the section of oil-and-gas and engineering-
geological boreholes, it is conventionally to employ
the correlation between the Cs, parameter, which is
determined in the laboratory, and the interpretive
parameter of gamma-ray logging in the form of
index A [5, 8, 14, 16]:

AL =f,(C,). )

Index of gamma-ray logging Al, is determined
as follows:

I _ Imin
— Y Y
AIY - Imax Imin ! (8)
vy

where |, is readings of the GR detector along the

borehole; and

min max
IY IV

are the reference readings

of the GR detector (commonly this values are de-
termined in slightly radioactive bed and in shale bed
with high gamma-ray activity, respectively) [5, 8, 9,
14-16, 24-26].

Petrophysicists have proposed a lot of variants
of equations depicting the correlation between shale
content and GR readings for specific fields or sedi-
ments of a certain type [16].

There are known Larionov's [27] dependences
of GR index on mass content of shale Cs, in terri-
genous rocks. These dependences are widely used in
the territory of the former USSR and in other coun-
tries [6, 8, 16, 26, 28]. The generalized dependence
for quartz sandstones [5] is shown in Fig. 1a, curve 1:

Al =-1,28C% +2,28C,, . 9)

This dependence is the graduation characteristic of
the gamma-ray logging.

The corresponding calibration function of
gamma-ray logging for determining the mass con-
tent of shale is shown in Fig. 1b, curve 1:

Cl, =2,60A1° —3,35A1° +1,78A17 +0,15Al . (10)

The purpose of the paper is increasing the in-
formativity and improving the accuracy of logging
in determining the parameters of shaliness and other
parameters of rocks, which require information
about shaliness. The emphasis in the study is on
logging when there is a steel string (drill one or
casing one) in the borehole.

Methods, materials, petrophysical model

At the Institute of Geophysics of the National
Academy of Sciences of Ukraine (IGPh) has been
created a number of new methods based on the
combination of gamma-ray logging, density gamma-
gamma logging and neutron-neutron logging
(GR+DL+NL) for determining parameters of shali-
ness [23, 29, 30]. These developments allow to in-
crease the number of determined rock parameters
and achieve the purpose of investigation. Above-
noted radioactive logging methods are universal in
regard to borehole conditions (logging-while-
drilling, logging in open and cased oil-and-gas
boreholes, logging in near-surface engineering-
geological boreholes, etc.). The methods are success-
fully used in practice and are traditional to well-log
analysts.

-12 -


https://translate.academic.ru/calibrated%20value/ru/en/
https://translate.academic.ru/calibrated%20value/ru/en/
https://translate.academic.ru/slightly%20radioactive/ru/en/
https://translate.academic.ru/respectively/ru/en/

ISSN 2410-7360 BicHuk XapKiecbK020 HauioHa/ibHO20 YHieepcumemy imeHi B.H. KapasiHa

The paper uses the results of field works car-
ried out in cooperation with partner organizations at
oil-and-gas and methane-coal fields, at engineering-
geological sites (SOE «Enerhoproekty, LLC «Ukr-
spetsheolohiia», LLC «Ukrspetsprylad»). The meas-
urements were performed with the help of tools,
which created at the IGPh independently and in

10 - —
08 - 2/////

2 o6 LA

- 1 N

35 04 1A
02 /4
00 / —t

00 02 04 06 08 10
(a) Cih and Ca, dec.

cooperation with partner organizations within the
terms of scientific cooperation agreements. Labora-
tory data and control logging results, which have
been provided by partner organizations, were used
as an independent criterion for estimating efficiency
of the author's developments.

We have taken into consideration the following

10
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Fig. 1. Graduation characteristics (a) and calibration functions (b) of the gamma-ray logging

1 — mass content of shale Cs\; 2 — mass content of clay Cq;

petrophysical model of terrigenous rock. The rock
consists of a solid phase and pore space filled with
fluid (water, oil) and gaseous phases in various pro-
portions. The pores can be open, closed, or mixed.
The solid phase of the rock consists of skeleton
(quartz grains ~1,0 + 0,01 mm in size) and shale
material (particles smaller than 0,01 mm). Shale
material includes clay minerals, fine quartz particles
and other minerals (feldspars, carbonates, etc.). Clay
minerals contain chemically bound water and are
characterized by their chemical composition, density
and hydrogen index.

Results and analysis

Determining clay content by gamma-ray log-
ging. Log analysts have long noted that the usage of
shale content based on traditional empirical models
of type (7) often leads to inaccurate estimation of
reservoir properties, in particular porosity based on
neutron-neutron logging, acoustic logging, etc. The
main mistake here is to assume that the shale mate-
rial contains 100 % clay minerals [7, 9, 16]. Another
disadvantage of this approach is the incorrectness of
using the shale content to quantify the hydrogen
index of clay minerals by the radioactive logging
combination (GR+DL+NL) [30].

Core analysis using X-ray diffraction [31]
showed that the relative mass of clay minerals Cy is
50+70 % of shale material, 25+45 % are quartz par-
ticles and 5 % — other minerals. On a bounded inter-
val of Cg values, Bhuyan and Passey [7] established
relationship between the parameters C¢ and Al,.

Taking into account the results of Bhuyan and
Passey [7] and based on own experience in interpre-
tation of GR data, we proposed (Fig. 1a, curve 2)

dec. — decimal fraction

generalized graduation characteristic of GR for the
content of clay minerals A, = fo(Cq), which in our
case is described by the equation

Al = -2,52C2 +3,18C,,. (11)

The corresponding calibration function of the
GR for determining the mass content of clay miner-
als along the borehole section (Fig. 1b, curve 2) is as
follows [30]:

C! =0,74A1" —0,84A1° +0,51A1> +0,20Al . (12)

The obtained dependence allows to abandon
the generally accepted assumption [2, 8] that the
shale material contains predominantly of clay min-
erals, and therefore it was assumed that Ce = Csn. At
the current level to solve practical problems, when a
priori the percentage of clay minerals is unknown
and it is not possible to establish the graduation
characteristic AZ, = fo(Cu), the «predominanty» con-
tent of Cq can be expressed by the approximate
relation Cu =~ 0,6Csh (i.e., the part of clay minerals in
the total mass of shale material is ~ 60 % wt.) [30].

Volume contents of shale and clay. GR+NL
combination. To determine the volume content of
shale Ksn (5), it is necessary to know the porosity of
the rock ¢, in addition to the parameter Csn. Accord-
ing to Larionov [27], the parameter ¢ is determined
using a combination of methods NL+GR (or neu-
tron-gamma logging + GR). This porosity ¢ can be
used in equation (5) to obtain K. According to the
NL+GR combination, the last is determined as

L Cl-g
K2 =—1h( ny), (13)
WL
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where ¢" is porosity by NL («neutron» porosity),

associated with the total hydrogen content in the
rock (in pore water, clay minerals, etc.); @, — esti-

mated, according to preliminary data, the value of
the hydrogen index of the shale material.

The parameter K is related to Cgq by relation
(6), and the total porosity ¢, using NL, is equal to

¢=9"—o,K,, (14)

where @, is hydrogen index of the clay minerals,

which a priori specified on the basis of a generaliza-
tion of independent studies [e.g., 5, 8].

Solving the system of equations (6) and (14)
for K¢, we obtain the volume content of clay miner-
als by the GR + NL combination:

o = Cal=¢")
¢ 1-@,C}

Thus, according to (13) and (15), the volume
content of shale and the volume content of clay
minerals can be determined from GR and NL data
with the corresponding a priori accepted values of
the hydrogen index of shale material and clay min-
erals [30].

GR+DL combination. To quantify the hydrogen
indices of shale material and clay minerals in formu-
las (13) and (15), the traditional approach involves
core sampling, laborious and expensive laboratory
tests. At the same time, the problem of obtaining the
parameters Kg, and K¢ without using predetermined
values of @, and @, is solved using purely radio-

active methods. To do this, in formulas (5) and (6)
we use the mass parameters C} and C} by the GR
and porosity by the density logging ¢°.

The total water-saturated porosity by the DL
is determined as

(15)

g 0,—8°
6=9" =5 (16)
where & is the density of the solid phase of the rock
(quartz skeleton together with shale material); dw —
density of water in pore space; 8¢ — density of rock
along the borehole, determined by the calibration
function of the DL tool. Approximate values of pa-
rameters ds and dw for sand-shale rocks can be con-
sidered a priori given [5].
Substituting ¢ =¢° into equations (5) and (6),
we obtain the desired value of the parameters K
and Kq:

K§*=Cy (-9, (17)
Ki®=Cy-¢%). (18)

Thus, according to expressions (17) and (18),
the volume contents of shale material and clay min-

erals, K} i K™, are determined by the GR+DL

data.

Hydrogen index of clay minerals and shale
material. The hydrogen index of clay minerals o
along a particular borehole section has independent
significance, since together with the density of clay
minerals makes it possible to identify the presence
of specific clay minerals. The parameter w¢ of wa-
ter-saturated rocks can be determined from the re-
sults of GR+DL+NL combination.

The problem is solved by equating to the poros-
ity on the basis of NL (Eq. 14) and the porosity on
the basis of DL (Eqg. 16). Let's solve the resulting
equation for the parameter ¢, using expression (18)
for the parameter K¢ As a result, we get

n d
a2 (19)
cl (1_¢ )

The difference between ¢" («neutron» porosity
by NL) and ¢° porosity by DL),
Agpw. =9" —¢° =0, K, has the meaning of appar-
ent porosity due to chemically bound water in clay
minerals.

Thus, according to Eq. (19), the hydrogen in-
dex of clay minerals along the borehole section can
be determined by the GR+DL+NL combination
[30].

The averaged value o}, ™" (over selected layers
or over borehole section) can be used in Eq. (15)
when determining the parameter K™ by GR+ NL.

When determining the volume shale content us-
ing Eqg. (13), there are difficulties in choosing a spe-
cific value of the hydrogen index of the shale mate-
rial msh. At the same time, the parameter o, associ-
ated with s, is determined by the GR+DL+NL
combination (Eg. 19). Using the relationships
C,, 04, =C,0, and C, ~0,6C,, we obtain an ap-
proximate value of the hydrogen index of the shale
material:

(«true»

y+dtn y+d+n
oy =0,60, " .

(20)

If necessary, hydrogen index of shale material
can be averaged layer-by-layer or along the investi-
gated borehole section.

Thus, according to Eq. (20), the hydrogen in-
dex of the shale material can be determined from the
GR+DL+NL combination [30].

Density of clay minerals. The density of the
solid phase at full water saturation of the pores can
be calculated using parameters, which are obtained
by the radioactive logging combination (DL, NL,
GR) [32], according to the equation:

6d _6W¢n+y
1-g"

d+n+y _
O =

, (21)
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where 5™ is the density of the solid phase of the

rock by DL+NL+GR; 8¢ — total rock density accord-
ing to the DL; dw is the density of water, which is
given a priori (for example, for fresh water 1,00
g/lcm?); g™ — total porosity by the NL+GR combi-
nation using the calibration function of the NL tool
for water-filled rocks under given measurement
conditions and the relative content of clay minerals
according to GR data.

In addition to the density of the solid phase, ac-
cording to the proposed method [23], it is possible
to determine the density of clay minerals and the
density of shale material from the same radioactive
combination (DL, NL, GR) together with a priori
given constants.

According to the accepted petrophysical model,
we use the relationship between the density of the
solid phase 8 of the sand-shale rock and the density
of its components — clay minerals 8¢ and skeletal
quartz grains together with quartz particles of shale
material dq:

8, =C,0, +Cd,, (22)
where Cq is relative mass content of clay minerals
in the solid phase;

Cq= (1 — Cy) is relative mass content of quartz in
the solid phase.

In compliance with Eq. (22), the desired densi-
ty of clay minerals is equal to:

6, —C,9,
cl (: .

Using Eqg. (21) for density &s, we can rewrite

Eq. (23) for the density of clay minerals as:

1[E g,
- C;/| |: 1_¢n+y (1 CCI)6q:|’ (24)

where & is the desired density of clay minerals; C

is relative mass content of clay minerals in the solid
phase of the rock, determined with the help of GR; dw
and &4 are a priori constants (densities of water and
quartz, respectively) ¢™ is total porosity by the

NL+GR combination; &° is total rock density ac-
cording to the DL.

Suchwise, the density of clay minerals in the
water-filled rocks according to the proposed method
[23] is determined by calculation using Eq. (24)
with the help of values directly measured by the
radioactive logging combination (GR+DL+NL) and
a priori specified constants.

The density of the shale material can be ob-
tained in a similar way.

Estimation of clay mineral type. Determining
the type of clay minerals in rock is actually a task of
geochemistry [8]. An exact solution to this problem
under borehole conditions can be obtained from the

(23)

cl

y+d+n
8t:l

results of core examination. However, researchers
have developed a number of logging techniques for
estimating clay minerals, including using neural
networks [8, 19-22].

We propose to estimate type of clay mineral
with the help of the GR+DL+NL combination. The
hydrogen index ¢ (19) and density 8¢ (24) of clay
minerals together characterize a specific mineral. By
means of plotting a crossplot of the parameters
and &8¢, which are determined by the above-
mentioned logging combination, it is possible to
identify a clay mineral in a water-filled rock (see
Fig. 2). To apply the method in oil-filled rocks, a
priori data on the density of oil (or fluid in the inva-
sion zone) is required. The method does not apply to
gas-saturated rocks, since in such rocks both the
neutron porosity and density porosity are apparent
porosities.

Fig. 2 illustrates the crossplot 8¢<>me based on
generalized measurement data in several engineer-
ing-geological boreholes for near-surface sand-shale
rocks. The crossplot demonstrates the effectiveness
of the proposed approach. Areas with a predominant
content of a single mineral (montmorillonite, chlo-
rite, hydromica) and a mix of minerals are identified
on the crossplot.

Borehole examples of determination of sha-
liness parameters

Cased engineering-geological borehole. Fig. 3
gives an example of determining the shaliness pa-
rameters, density and total porosity of near-surface
sand-shale rocks in the zone of full water saturation
at the site of engineering-geological investigation.
The site is located near the tailings dam of the
Northern Mining and Processing Plant (Krivyi Rih).
The logging was carried out using DL+GR and 2NL
tools developed and made in the IGPh. Lithological-
ly the borehole section is represented by grounds of
varying degrees of shaliness (loam, shale, heavy
shale). Control values of the parameters in Fig. 3
were obtained from laboratory petrophysical studies
of rock samples taken along the borehole section. It
can be seen that the logging determinations are in
good agreement with independent laboratory data of
shale and clay contents, total and solid phase densi-
ties, porosity.

For problems of oil-and-gas geophysics, given
«cased borehole — near-surface rock» system acts as
a full-scale model.

Logging-while-drilling of oil borehole. Deter-
mination of shaliness and other parameters accord-
ing to logging-while-drilling (LWD) of deviated oil
borehole (Dnipro-Donets depression (DDD), Polta-
va region) is shown in Fig. 4 for the terrigenous
interval. The logging was carried out using the
LWD-KPRK-48 tool, created by the IGPh and LLC
"Ukrspetsprylad". The targeted operation reservoir
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is represented by low-shale sandstone; argillites and
aleurolites are also identified. The LWD results are
in good agreement with the control logging (deter-
mination of clay content and porosity) performed in
the open hole after drilling.

Cased methane-coal borehole. Fig. 5 shows an
example of determination of the shaliness and others
parameters in the cased methane-coal borehole
(mine field «Samsonivska-Zakhidna», Luhansk re-

410 ==

gion). The logging was carried out using 2DL-48
and 2NL-48 tools, developed and manufactured at
the IGPh. Terrigenous rocks of different shaliness
were identified: argillite, sandstone, aleurolite. A
low-density coal bed and tight limestone have also
been identified. Limestone is characterized by al-
most zero shaliness. To determination of the shali-
ness parameters of coal, it is necessary to develop
special methods.
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Fig. 5. Rock parameters in cased methane-coal borehole by 2DL-48 and 2NL-48 tools
(Dnipro-Donets depression, d, = 159 mm, d. = 108 mm).
Mass and volume shaliness: 1, 3 —shale, 2, 4 — clay, respectively; 5 — hydrogen index of clay minerals;
density: 6 — total, 7 — solid phase, 8 — clay minerals; 9 — chemically bound water; 10 — total porosity

Conclusions

Based on the GR+DL+NL combination, the in-
formativity of well logging has been increased in
determining the shaliness parameters of terrigenous
oil-and-gas formations and near-surface rocks. At
that, the emphasis is on investigations through a ste-

el string (drill or casing).

1. A number of logging methods for determin-
ing shaliness parameters have been developed, pa-
tented and tested in practice. The proposed methods
unveil additional capabilities of the GR+DL+NL
combination and increase the set of determined pa-
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rameters compared to the traditional approach. De-
termination of additional practical petrophysical
parameters (content, density and hydrogen index of
clay minerals) increases the accuracy of porosity
and other reservoir parameters by well logging.

2. A method has been proposed for estimating
the type of clay mineral based on the data of the
same radioactive logging combination. This infor-
mation is used in the interpretation of logging data
and is important during drilling operations and
stimulation of hydrocarbon production, as well as
engineering-geological survey.

3. The efficiency of the developed methods is
confirmed by the results of borehole tests and com-
parison with independent determinations of parame-
ters (laboratory core studies, control logging data).
The «price — quality — efficiency» ratio of the ob-
tained results demonstrates the advantage of logging
methods for determining shaliness parameters and
other parameters compared to laboratory ones. The
latters, of course, must be selectively used as a crite-

rion of accuracy and validity.

4. The proposed approaches are an important
component of the exploration technology for oil-
and-gas reservoirs (in open and cased boreholes and
while drilling) and the investigation technology for
near-surface rocks, developed at the Institute of
Geophysics of the National Academy of Sciences of
Ukraine on the basis of a radioactive logging com-
bination.
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BusHavyeHHs1 mapaMeTpiB NIMHUCTOCTI TEPUTeHHUX TPCHLKUX MOPia
B 00ca/’KeHUX CBEPAJIOBHHAX Ta B npoueci OypiHHs

KOMILIIEKCOM paI[ioaKTl/IBHOFO KapoTaxy
Maxcum Bonoapenxo*
K. T€OJ1. H., 3aB. BIIILITY,
TucrutyT reodisuxu im. C. 1. Cy66otina HAH Vkpainu, Kuis, Ykpaina;
Bonooumup Kynux'*
K. ()i3.-Mar. H., IPOB. HayK. CHiBPoO.

[MMHUCTICTD € Ba)XKJIMBOIO JITOJIOTTYHOIO i METPO(I3UYHOIO XapaKTEPUCTUKOIO KOJIEKTOPIB 1 MOKPHIIOK B pO3pi3i
Ha(pTOTa30BUX CBEPUIOBHH Ta MPUIIOBEPXHEBHUX TiPCHKUX MOPiM (TPYHTIB) SIK OCHOBH iH)KEHEpHHX cHOpyd. B Tepuren-
HUX TOPOJIaX PO3PI3HAIOTH TPaHYJIOMETPHUYHY IIMHUCTICTH, sIKA BU3HAYAE€THCS HASBHICTIO METITOBHX YAaCTHHOK, Ta Mi-
HepaJbHy IIMHHUCTICTB, SKa XapaKTepU3ye BMICT TNIMHUCTUX MiHeparmiB. B po3pizax HadTorazoBHX pomoBHIN TpaHyso-
METpUYHA IMHUCTICTH € OTHUAM 3 KpUTEPiiB IpH BUAUICHHI KOJICKTOPIB Ta BIUIMBAE Ha iXHI (iNbTpamiiiHO-€MHICHI Bi1a-
ctuBocTi (PEB). ®i3udHI BIACTHBOCTI KOJEKTOPIB, SKi BUBYAIOTH TeO(I3HNUHUME CBepuToBHHEUME MeTomamu (I'CJl),
3aJIeKaTh BiJl BMICTY 1 THIy TMIMHUCTUX MiHepatiB. [HpopMariro nmpo TIMHICTI MiHEepalld BpaXOBYIOTh IpH OypiHHI Ta
inTeHcH(ikanii BunoOyBaHHS BYIVIEBOAHIB. [JMHUCTI IPYHTH HaJeXaThb A0 IPYIH 3B'A3HUX, sKi y OyJIBHUITBI Hai-
OLIBLI YacTO CIIy)aTh OCHOBaMHM cnopya. [Ipu mpoMy Taki I'pyHTH BIIHOCSATH /0 CKJIQJHUX 1H)KEHEPHO-TEOJIOTIYHMX
yYMOB Oy/IiBHHLITBA, OCKUIBKU IIMHUCTI MiHEpaJld CHeUM(IUYHO BIIMBAIOTh Ha IXHIO MIIHICTh, CTIHKICTh Ta iH. MeToro
crarti € posumuperns inpopmarusHocTi I'C/] mpu mociiKeHHI TITMHUCTOCTI TEPUTCHHUX HA(PTOTA30BHX KOJICKTOPIB 1
MPUTIOBEPXHEBUX TiPCHKUX IOPiJ Ha OCHOBI KOMIUIEKCY raMMa-, raMMa-raMMma 1 HEWTPOH-HEHTPOHHOTO KapoTaxy
(FTK+ITK+HHK). Meromuka mocmimkenp Bkitodana ['CJ] mpumagamu, ctBopeHumu B [HCTHTYTI Teodizuku im. C.L
Cy066otinra HAH VYkpaiau (I'® HAHY) camocriiiHo i y criBpoOITHHITBI 3 OpraHi3allisMU-IapTHEPaMH, 1HTEpIIpeTa-
IO KapOTAXKHIX MaTepiaiiB, po3poOieHHs miaxoaiB M miasumerHs inpopmarusHocTi [ K+ TK+HHK, ominky edek-
THUBHOCTI aBTOPCHKUX PO3POOOK 3 BUKOPHCTAHHIM HE3aJEXKHUX KpUTepiiB. B pesymbrari mocmimkeHHsS po3mIMpeHo (Ha
ocHoBi komiutekcy ' K+I'TK+HHK) cykymHicTh BH3HAYyBaHHX MapaMeTpiB TipCHKHUX MOPiJA MOPIBHAHO 3 TPaTUIIHHOIO
MIPAaKTHUKOIO; PO3POOIICHO P HOBUX CITOCOOIB BIH3HAYCHHS MapaMeTpiB NIMHICTOCTI, 30KpeMa BMICTY, TYCTHHH 1 BOJHE-
BOTO IHJEKCY IIMHUCTHX MiHepaiB. BUKopHCTaHHS LMX MapameTpiB, B CBOIO YepTy, IiJIBHUIIYE TOYHICTb BU3HAYCHHS
nopucrocti ta iH. PEB 3a manumu ['C/l. 3anpornoHOBaHO cHOCIO OLIHKK THITy IIMHUCTOTO MiHEpaly 3a IaHUMH
I'K+TTK+HHK. Crioci6 € oCTymHOM0 aJbTepHATHBOI ICOXIMIYHUM JOCIIKCHHSAM KEpHY Ta OLIbII JOPOTUM 1 CKIIa-
HUM KapoTaXHHUM crioco6aM. HoBu3Ha po3po0oK miATBep/KeHa MareHTaMH, a €(peKTHUBHICTb — CBEPIIOBUHHUMH BH-
npoOyBaHHSIMHU Ta MOPIBHSHHIM 3 HE3aJIe)KHHMMH BH3HAYCHHSIMHU IapameTpiB. 3alpOrOHOBAHI MIIXOIHM € CKJIaJ0BOIO
TEXHOJIOTIH NOCHiPKeHHs! Ha)TOra30BUX KOJEKTOPIB Ta IPHUIIOBEPXHEBUX TiPCHKUX MOPIiJ, SKi po3polisitorees B II'D
HAHYV.

Knrouosi cnosa: niwyano-enunucma 2ipcvka nopood; Haghmozazosutl KONeKmop, IpyHnl; KOMIIEKC 2AMMA-, 2AMMAa-
2amMma i HeUmpOH-HelUMPOHHO20 KaApOMAdiCy, 8IOHOCHUL PIHUYEGU NAPAMEMD 2aMMA-KAPOmaxicy, 800Heaull iH0eKc,
2YCMUHA; 2IUHUCMUL MIHEPA.

BHecOK aBTOpiB: BCi aBTOpY 3p06MAM PiBHUI BHECOK Y L0 poboTy Hagiiwna 24 avnua 2024 p.
KoHdnikT iHTepeciB: aBTopu NOBiAOMAAOTb NPO BiACYTHICTb KOHONIKTY iHTepeciB MpwuiiHaTta 2 auctonaga 2024 p.
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MeToan4Hi aCNIEKTH OLIHKH CTAHY
3a0pyJIHEHHS Ire0JIOTiYHOI0 Cepe0BHUINA HAPTOMPOAYKTAMM,
CIIPUYMHEHOI0 BilicbKOBOIO arpeciero P® nporu Ykpainu

Pycnan I'aspuniox*

K. T€OI. H., ydeHuii cekpeTap, * InctutyT reonoriunux nayk HAH Vipainu, Kuis, Ykpaina,
e-mail: gavrilyuk.ruslan@gmail.com, "=/ https://orcid.org/0000-0002-6465-9440;
Onena Illnax*

K. T€OJI. H., CT. HayK. CIIBPOOITHHK,
e-mail: shpak _lena@yahoo.com, ( it/ https://orcid.org/0000-0002-7021-0842;
Onvea Jlozeunenko’

MOJI. HayK. CIIBPOOITHHK,
e-mail: lohvynenko.olha@gmail.com, =} https://orcid.org/0000-0001-8193-4144;
Tz0p 3anonscokuiit
MOJI. HayK. CIIBPOOITHHK,
e-mail: igorzapol@gmail.com, ‘! https://orcid.org/0009-0006-7281-4785

BHacninok pociiicekoi BiiicbkoBo{ arpecii 3HauHa KibKiCTb 00’ €KTiB 30epiraHHs HahTOMPOAYKTIB Ta iHIINX 00’€KTiB HadTOM-
poaykro3abe3nedeHHs YKpaiHHu 3a3HAIN PYHHYBaHb, IO MPHU3BEIO A0 (GOPMYyBaHHSI HOBHX OCEpPE/IKiB 3a0pyAHEHHS T'e0JIOTIYHOTO
cepenoBumIa. Taki ocepeaKd 3aBAAIOTh ICTOTHOI IIKOAW JOBKIJUTIO, OLIHKA SKOI € OJHUM 3 KIIFOYOBHX INPIOPUTETIB Wi YKpaiHu
cepes yChOoro CIEKTPY MOBKULIEBHX BIUIMBIB PoCiiichKkoi arpecii. [lepmirM eTanoM OIiHKH 3aBAaHOI IIKOAH € OLiHKA CTaHy JOBKIJUIA,
[0 BKJIFOYAE€ BU3HAYEHHS 00’ €KTIB, XapakTepy, MacmTabiB Ta ocoOnMBocTel 3a0pyAHEHHS T'eOJIOTIYHOTO cepepoBuia. BoHa Mae
0azyBaTHCs Ha pe3yJIbTaTax eKOJIOr0-Te0JIOTiYHOr0 0OCTEKEHHs KOXKHOI 3a0py THEHOT TUITHKH, IPOBEACHHS SKOTO Ma€ 3a0e3MeUnTH
OTpHUMaHHS HeoOXiTHOI JocTOBipHOI iH(hopManii. Pe3ynpraT omiHKYM cTaHy 3a0pyIHEHHS I'€0JIOTIYHOTO CepeIOBHIIa HahTOIPOTyK-
TaMH CIyTYIOTh OCHOBOIO ISl HOJQIBIIMX €TaIliB OLIHKM 3aBJaHOI LIKOAW: PO3POOKH CHCTEMH MOHITOPHHTY Ta peMemialliiHuX
3axO0J[iB, CYMapHi BUTPAaTH Ha 5Ki, BKIIOUYAIOUM iX peati3allilo, pa3oM 3 BUTPATAMH Ha OIIIHKY CTaHy JOBKLULIS, MAlOTh CKIaIaTH
OCHOBY TPOILIOBOI OIIIHKH 3aBHAaHOI MIKOAM. B cTarTi po3misHyTI METOOMYHI MiAXOOW MIOAO €KOJOTO-T€OJIOTIYHOrO OOCTEKEHHS
00’€KTiB 3a0pyTHEHHS TEOJOTIYHOTO CepeloBHINa HAa(TOMPOIYyKTaMH, PO3POOJICHI HAa OCHOBI BIACHOTO 0araTOpiyHOTO JOCBITY.
Onwcani 3araibHi TPUHIXNH OpraHi3amii i MPOBeAeHHS HATYPHUX 00CTEKEHb. 3alpOIIOHOBAH] BUAN Ta OOCSTH JOCTIHKEHb Ha BCIX
etanax oOcTexeHHs. Po3risHyTi 0cOOMMBOCTI OypiHHS CBEpAJIOBHH Ta IPOBEACHHS CYNMPOBOKYBAIRHUX POOIT Ha 3a0pyAHEHHX
HadTOnpoayKTaMH JiNMsHKAX. PO3MIsIHYTI NMpUKIAmM €KOJOro-reojoriqyHOro OOCTEXEHHs, NMPOBEAEHOT0 B PaiHOHI MDKHAPOIHOTO
aepornopty «bopucmine» Ta M. bina I{epkBa — 06’ ekTax, sKi 3a MaciiTabamu 3a0pyAHCHHS € IOTCHIIITHO CMIBCTABHUMH 3 OCEpeKa-
MH, 1[0 MOXYTh (popMyBaTHCsl BHACHIZOK BificbkoBoi arpecii P®. 3ampornoHoBaHi TpU Ki1acH e€KOJOTi4HOI HeOe3NeKHu OocepesKiB
HadTONPOIYKTOBOTO 3a0py THEHHS, IKi BU3HAYAIOTh MTOAJIBIII HAIIPSIMKU ITOBOJDKEHHS 13 3a0py THEHUMH TEPUTOPISIMH.

Knrwuoei cnosa: zeonociune cepedosuuje, 3a0pyOHeHHsl, HAYMONPOOYKIMU, eKON020-2€0N02IUHe 0OCMENCEHHS, GNIUG BIUHU HA
0086KiNA, pemediayis.

SAx uuryBatu: [aBpuirok Pycrnan. MeToanyHi acrieKTH OLIHKM CTaHy 3a0pyAHEHHS Te0JIOTIYHOTO CepeoBHIa HadTOMPOLYKTaMu, CIPUYHHE-
HOTO BificbKoBOIO arpecieto PO npotn Ykpainu / Pycman 'aBprmok, Onena [lInak, Onsra Jlorsunenko, Irop 3amonbceskuii // BicHuk XapkiBChKoro
HalioHaIbHOTO yHiBepcutery imeHi B. H. Kapasina, cepist «I'eonorist. I'eorpadis. Exonoris», 2024. — Bum. 61. — C. 23-38. https://doi.org/10.26565/
2410-7360-2024-61-02

In cites: Havryliuk Ruslan, Shpak Olena, Lohvynenko Olha, Zapolskiy Igor (2024). Methodical aspects of the assessment of the state of subsur-
face contamination with petroleum products caused by the military aggression of the Russian Federation against Ukraine. Visnyk of V. N. Karazin
Kharkiv National University, series "Geology. Geography. Ecology", (61), 23-38. https://doi.org/10.26565/2410-7360-2024-61-02 [in Ukrainian]

Cmamms npucesdena nam’simi yKpaincbkoeo 2iopo-
2eoioed, 00KMopa 2eon020-MIHEPAIO2IYHUX HAYVK, NPOghe-
copa Muxonu Cmenanosuua Oensnuxa (1937-2022) —
3ACHOBHUKA HANPAMY OO0CAIOJICEHb 3A0PYOHEeNHs 2e0N02i-
UHO20 cepedosuwa Haghmonpooykmamu 6 Yxpaii.

IloctanoBka npodiemu. I[loBHOMacmTaOHA
pocilicbka BiliCbKOBa arpecis MpoTH YKpaiHU Cy-
MPOBODKYETHCS  LIIECHPAMOBAHUMH — PaKETHUMHU
aTakaMy Ha 00’€KTH Ha(TONMPOAYKTO3a0e3MeUEeHHS
VYkpainu, Taki sk 6a3u 30epiraHis HaQTOIPOIYKTIB
(HIT), nadTomepepoOHI 3aBOJM, BIICHKOBI aepoj-
pomu Tomio [28]. XpoHiku BKe NEPIIMX AHIB BiltHK
CBiIYaTh MPO pakeTHY artaky Ha HagTobaszy y m. Ba-

cmiibkoBi, KuiBcbkoi 0011. Ta i1 moBHE pyHHYBaHHS.
B nopansmomy QikcyBanmcsi HEOJHOPA30Bi BIIY-
YaHHS B PI3HUX perioHax Ykpainu B HadT0Oa3w,
HadTonepepoOHi 3aBoH, 30KkpeMa KpeMeHIybKuii,
KU HEOIHOPA30BO MiAJaBaBcs PAaKETHHM yAapam
nporsirom Becuu-ita 2022 p. (https://ecodozor.org/)
Ta iHIi 00’ eKTH HAaQTOMPOAYKTO3a0e3NICUSHHS.
BilicpkoBi aTaku Ta AUBEpCii BOpora Npu3BeNn
JI0 pyHHYBaHHS J€CATKIB 00’ €KTiB HAQTONPOIYKTO-
3a0e3MeueHHs], 10 CYMPOBOKYBAINCH MaclITad-
HUMH TOKexxaMu i poznuBamu HII. fAkmmo moxexi
MPU3BOAATE A0 BiIHOCHO TUMYAacOBOTO 3a0pyIHEH-
Hs1 atMocdepu, To posnuBu HII € 3HauHO OinbIn

© rlaspusntok PycnaH, LLinak OneHa, /loesuHeHKo Onvbea, 3anonscoKuli leop, 2024
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JIOBTOCTPOKOBHUM (DaKTOPOM 3a0pyITHEHHS 3eMHOL
TIOBEPXHI 3 BHUCOKOI HMOBIPHICTIO IOMAJIBIIIOTO
npocouyBannsa HII y Bigknaau 30Hu aepanii ta do-
PMYyBaHHS MacIITa0HUX OCEPE/IKIiB JIOBrOTPUBAIOTO
3a0pyIHEHHS T€0JIOTIYHOTO CEPEOBHIIA.

YMmucHe pydHyBaHHA 00’€KTiB Ha(TOMPOIYK-
To3a0e3MneueHHs, B Teplry uepry HadToOa3z —
00’exTiB 30epiranHsa 3Ha4HHX 00csrie HII, MaroTh
BCi O3HAaKHW EKOLWAY, BPaxXxOBYIOUH CBIJOMICTB it
arpecopa, a TakoX CEpHO3HICTh Ta JIOBIOTPUBAIICTh
ixHix HacmigkiB. OTXe OIHIEI0 3 MPIOPUTETHUX
3a1ad B paMKax OITIHKH IITKOIW, 3aBIaHOI POCIHCH-
KOIO arpeci€ro MOBKULTIO YKpaiHu, € BHU3HAYCHHS
HaCIiAKIB pyiHHyBaHHsS HadT00a3 sl TE0IOTiYHOTO
CepeIoBHIIA.

VY BUMNAAKy 3 TEOJOTIYHHM CEPEIOBHUINEM BH-
3HAYCHHsI HACIIAKIB Mae 0a3yBaTHCS Ha OIIHIN aK-
TyaJIbHOTO CTaHy 3a0pyaHEHHS, CGHOPMOBAHOTO
BHACHIIOK BIACHKOBUX Jiid, IIJISXOM IPOBEICHHSI
€KOJIOT0-Te0JIOTiYHOr0 0OCTe)KeHHsA. Take o0cTe-
JKEHHsI 3a0e31euye OTPUMaHHS HEOOXiHOI IOCTORI-
pHOi iHbOpMarIii mpo 00’€KTH, XapaKTep, MacITad
Ta 0COOJUBOCTI 3a0pYAHEHHS T'€OJIOTIYHOIO Cepe-
JIOBUIIIA.

Pesynprary omiHku ctaHy 3a0pyTHEHHS T€0JIO-
TIYHOTO cepeloBUIlIa HAPTOMPOAYKTAMHU CIYTYIOTh
OCHOBOIO UISI TIOJANIBIINX ETAaIliB OLIHKU 3aBIaHOl
mkoau. OKpiM BUTpaT Ha OOCTEKCHHSI BOHA BKIIIO-
YJae BApTICTh 3aXOMiB 3 MOHITOPHHTY Ta peMesiarii
3a0pyHECHHS, IUIAHYBaHHS SIKMX 3a0€3MeUyOThCS
JAHUMH, OTPUMAaHUMH B PE3yJIbTaTi OOCTEKEHHS.
BonHouac mnpoBeneHHS 0OOCTeXEHHsI BOAvaeThbes
JOIITBHUM HE JTUINE y BUMAJKY, KOJU 3a0pyTHEHHS
BXe BimOyJiocs, ajie W st 00 €KTIB, IO MOXYTh
CTaTH IULTIO JUIs BifiCBKOBOTO arpecopa. B takomy
pa3i OoOCTe)XEHHS JT03BOJISIE BCTAHOBUTH BUXIJTHUN
CTaH JOBKUUIA. Y BHIIAJKy BIHCHKOBOI aTaku Ha
NaHui 00’eKT iH(GOpMAIlis PO BUXITHUA CTaH JO-
BKUIJISL Ta TMOPIBHAHHS 3 WOTO CTAaHOM ITiCTs T03BO-
JUTH OOTPYHTOBAHO JOBECTH HAHECEHY LIKO/TY.

Orinka craHy 3a0pyIHEHHS TaKOX MOXKE PO3T-
JISIIATHCS K TIGBHUH aHANOr OIIHKM BIUIMBY Ha
noBkiuis (OBJl) KOHKpeTHOro 00’€KTy B CHCTEMI
VIpaBIiHHS OocepenkoM 3a0pyaHeHHs [2]. B mpomy
KOHTEKCT] OILIiHKa 3a0pyIHEHHS Ma€ AaTH BiJNOBiAb
Ha TIMTaHHS IOJ0 HEOOXiTHOCTI 3ampOBaKEHHS
HEBIJIKIAHUX 3aXO/IB JUIsl 3HWKEHHS PiBHS HeOe3-
MeKH 10 TIOMIPHOTO PiBHS, 30KpeMa I HEIOITy-
IICHHS TTOCUJICHHS HETaTUBHUX BIUIUBIB C(hOpPMOBa-
HOrO 3a0pyJHEHHS Ha JOBKULIA Ta HAaCEJCHHS.
OcraHHe € HeOOXiqHUM HE JUIlIe I €KOJIOTIYHOL
0e3rneKu TepuTopii, ane W A YCHIIIHOT KOMITEHCa-
1ii IKOJTM TOBKIJUTIO B MIXXHAPOJIHUX 1HCTaHITisX.

Hocsig misiibHOCTI KoOMIeHcamifHoOi Komicii
OOH (UNCC), sixa 3milicHIOBajla PEECTpALLit0, OIli-
HKY Ta MPHUCYKyBaJla KOMIIEHCAIIF0 32 OYHIIECHHS
Ta BIJIHOBJICHHS BiJl IIIKOJIH, 1110 OyJ1a 3aBAaHa IPyH-

Tam, BoJaM, IPHOSPEKHIM €KOCUCTEMaM BHACITOK
arpecii Ipaky mporu KyseiiTy (Bilina B Ilepchkiii
3atoui, 1990-1991 pp.), noka3aB Ba)JIMBICTh BUaC-
HOTO pearyBaHHSl MOCTPaXJANol KpaiHO Ha 3a-
OpyIHEHHS TeOJOTIYHOro cepeloBHINa. 3TiAHO pi-
menHs Pagn besnmeku OOH Ne687 Bim 3.04.1991 p.
Ipak Hece BiAMOBINANBHICTH 32 MIKHAPOJAHHUM IIpa-
BOM 3a OyAb-Ki psAMi BTPATH, 30UTKH, BKITIOYAIOYH
30UTKH JOBKIJUTIO Ta BHCHAKCHHS NPHUPOIHUX pPe-
CypciB, ad0 WIKOAY, 3aMOdisHy iHO3EMHUM Ypsaam,
¢Gi3MYHUM Ta IOPUIUYHUM 0co0aM BHACTIIOK He3a-
KOHHOTO BTOprHeHHs Ipaky Ta okymamii HUM Ky-
Beiity (https://documents-dds-ny.un.org/doc/RESO-
LUTION/GEN/NRO0/597/07/PDF/NRQ59707.pdf).
[Ipote komiciero Oyio 3a3HadueHO TPO OOOB’SBOK
3asBHHKIB MI0J]0 MAKCHMAaJIHHO MOKIIMBOTO TTOM’ SIK-
mIeHHs a00 3MEHIIEHHS E€KOJIOTIYHOI IIKOAH, ado
HEBUYMHEHHS [iid, 10 MOXYTh MiJCHIUTH IIKOIY
JTOBKIJUTIO YU 30UIBIIATHA PU3UKH MailOyTHBOI TIKO-
au (http://epl.org.ua/wp-content/uploads/2022/05/
Kompensatsijna-komisiya-OON.pdf). Otxe cBoe-
YyacHe 3alpOBa/DKEHHS 3aXOiB 3 YIPaBIiHHS oOce-
penaKoM 3a0pyqHEHHS € HEOOXIJHOI CKJIaJI0BOIO
MOJAIBIIO0T KOMITEH ALl 3aBAaHol IIKOAM, a ixX 3a-
MPOBaHPKEHHST HEMOXKIINBE O€3 OIIHKHU CTaHy 3a0py-
JTHEHHSI.

Oco0mMBOCTI 3a0pyIHEHHSI T€OJIOTIYHOTO cepe-
nosuma HIT Bu3HaYaroTh HEOOXIAHICTH CIELiali30-
BaHOTO IIXOMy TPH OIIHIOBaHHI OCEpEenKiB 3a0py-
nHeHHs. BuBuennro noseninku HIT-3a0pynHroBadiB
y T€OJIOTIYHOMY CEpEIOBHIIl, PO3poOIIi cTparerii i
METOAMYHUX 3acaj MOBOMKEHHS 3 00’€KTaMH, 3a-
opymaennmu HII, ix pemeniamii mpucBs4eHO HU3KY
po0irt [24, 25, 29-32]. B VkpaiHi aHaIoriyHI HayKOBI
nmociipkeHHs: npoBoasatees cwiamu [I'H HAH Vk-
paiHu Ha JiISHKaX 3a0pyIHEHHS, 0 TPUYPOUEHi 10
BIMICHKOBHX 00’€KTIB (aepoapoMiB), HadTorepepoo-
HUX 3aBOJIB, CKJIAJIB MaJIMBHO-MAaCTUIBHUX MaTepi-
aniB tompo [1-3, 8-10, 12, 19-23]. Ha ocHoBI mome-
PEIHBOTO BJIIACHOTO Ta CBITOBOTO JOCBIly BUCBITIIC-
Hi METOJIMYHI aCIEKTH OI[IHKH CTaHy 3a0pyIHEHHS
reonoriyHoro cepenosuiia HII, cipuunneHoro Bii-
cpKoBOIO arpecieto PO nporu Ykpainu.

MeTo10 CTATTi € BUCBITJICHHS 1 IPOTIO3HILIT Me-
TOAMYHMUX MIIXOAIB 10 €KOJOTro-reosoriuHoro 00-
CTEeKeHHs1 TepuTopil, 3a0pynHenux HII, BpaxoByio-
YM HACTIJIKH pyHHYBaHb 00’€KTiB Ha(TONPOIYKTO-
3a0e3IeUeHHsT B Pe3yNbTaTi POCIHChKOI BIHCHKOBOT
arpecii npotu YkpaiHu.

Oco0auBOCTI TEXHOTeHHOro 3a0pyIHeHHS
reoJIOTiYHOTO cepeloBHIA HA(TONPOTYKTAMMU.
3abpynHenHst reosiorignoro cepenosuma HIIT Bigpi-
3HSETHCS B IHIIMX BHJIB TEXHOTEHHOTO 3a0py-
HEHHS BHACTIJIOK crelu(iYHUX O0COOJMBOCTEH 3a-
OpynHIOBava, SIKUH TPEICTABICHUN PiIUHOIO, 10 HE
3MimryeTbest 3 Bogoro. [Ipu npomy HII 3nebinbimoro
MalOTh IIUIBHICTE MEHIINY 3a BOAY, IO BH3HAYa€
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YTBOPEHHSI TEXHOI'€HHHMX CKYyIUYeHb Ha IIOBEPXHI
I'PYHTOBHX BOJ. TaKi CKyIUeHHs CTalOTh JUKEpeIaMu
MOAABIIOTO TPUBAJIOTO BTOPHHHOTO 3a0pyIHEHHS
mia3eMHoOl rigpochepr pO3YMHEHUMH BYTJICBOIHS-
MM, HaBITh HE3HAYHI KOHIICHTPAII] SKUX, 0 37aTHI
MOIINPIOBATHCH HA BEJIMKI BiICTaHi, YHEMOXIIUBIIIO-
I0Th TIPSIME BUKOPUCTAHHS BOIM JUTSI MUTHUX ILIEH.

HeranpHo ¢izuko-ximMiuai BractuBocti HII, ix
3HAXOKEHHS 1 MIrpamisi B TE€OJOTIYHOMY Cepeo-
BUIII BUBUCHI Ta ONMHUCaHI HAMU B poboTtax [4, 5, 9,
12, 19].

[ToTpamistoun Ha MOBEPXHIO 3eMJIi BHACTIIOK
aBapiiiHux po3nuBiB Ta BuTOKiB, HII mig nmiero rpa-
BITAI[IfHUX CHJI MITPYIOTh BEPTHUKAJIBHO KPi3b 30HY
aeparii (3A). Ilix gac mirparii yacTiuHa 3a0pyIHIO-
Baya 3aXOIUTIOETHCS KAUIAPHO-TIIIIBKOBUMH CUJIAMHU
abo copOyeTbest yacTkamu rpyHTY. OKpeMi CKIIaIoBi
HII xapakTepn3yoThCsi BUCOKOIO 3/IaTHICTIO 10 BH-
MapoBYBaHHS 1 MOXYTh YTBOPIOBATH TIOTECHIIIHHO
IIKIJUIMBI BUKUIU JICTKUX OPTaHIYHHX CIIONYyK |25,
32]. Slkmo B 3A morparwisie gocratHii 06’em HII,
BOHHU 3/IaTHi jocsratd piBHs rpyHToBux Box (PIB)
Ta HAKOMWYYBaTUCS Ha HHOMY, YTBOPIOIOYH JIiH3Y
MoOinpHuX HII, sika MOMMpIOEThCS TaTepaibHO il
JIEF0 BIIACHOTO HATIOPY 1 YKJIIOHY PiBHEBOI IMOBEPXHi
rpyHToBUX Bon (puc. 1). Jlim3um moOimpHEX HII €
“sapom” ocepenKy 3a0pyIHEHHS, 1 MOXKYTh JIOCSTa-
TH JIeKiJIbKa METPIB MOTYXHOCTI Ta 3aiiMaTH JeCsT-
KH TekTapiB twromi [6, 9, 21, 22]. MoOinbHi Ta 3a-
mumkoBi HIT € jkepernoM moTparuisiHHST po3vnHe-
HUX BYDJICBOAHIB 3 iH(UIBTPAIIfHUM IOTOKOM Y
rpynToBi Bomu [25, 31].

[IpucyTHi y TpyHTI MIKpOOHI MOMyMNAIii CIIpH-
sroTh gerpananii HII. [locnmimpkeHHss 3 BU3HAUEHHS
MIPUPOJN MIKPOOPTaHi3MiB i MeXaHi3MiB, 1[0 KOHT-
POIIOIOTH KUTTEMSUTEHICTh OaKTepiid, CBiTYaTh TIPO
3HA4YHy pOJIb Olojierpajailii y mpupogHOMy ocjad-
nenni HII-3a6pyanenns [24, 25]. Hamu npoBomu-
TUCh AocipkeHHs Ha 3a0pymueHiit HII tepuropii
CKJIaJly NMaJMBHO-MACTUIBHUX MaTepiajiiB aeporop-
Ty “Bopucnine” 3 IOCHiPKEHHST BHJOBOTO CKJIaLy
MIKpOMiNleTiB y TpyHTi. JlaHi BW3HaueHb 3HaXO-
JOKEHHS MIKpOOPraHi3MiB y 3pa3kax IPYHTY CBif-
Yarh MPO PI3HOMAHITHICTB 1X (OpM, 3aJEKHO Bix
CTymeHs 3a0pyIHEHHS, TIHOUHY BilOOPY, JITONOTIi
Ta BoJloHacU4YeHHs [16].

Tpauchopmariist ocepenky HII-3a0pynHeHHS
IPYHTOBUX BOJ| IIOB’f3aHA i3 MEBHHUMH 3aKOHOMIp-
HOCTSIMH 3MiHHM iX XiMi4HOTO ckiaxy. Hamu Busiie-
HO 30UIBIIIEHHS OKWUCHIOBAHOCTI TPYHTOBUX BOJ B
30H1 HI1-3a0pynHeHHs Bij (hOHOBUX MOKa3HUKIB 1-3
10 20 mr/am® [9]. Xoua 3a1€KHICTh Mi’ KOHIIEHT-
pauiero pozunnenux HII B rpyHTOBUX Bomax Ta Io-
Ka3HUKaMM OKHCHIOBAHOCTI BIJIHOCHA, ajie Lie Imo-
Ka3HUK MO)KHA BHKOPUCTOBYBATH SIK SIKICHUH JUIst
ouinku HII-3abpynnenns. B To# ke vac, 3Ha4eHHS
OKMCHIOBAHOCTi Oinmbmie 3 Mr/am° cBiguuTh Ipo

3a0pyTHEHHS BOJAW Ta PU3HKHU il BUKOPUCTAHHS IS
MMATHUX TUTeH. 3 NIy Ha XIMIYHHMA CKJIa]l IPYHTO-
BUX BOJI, CITIOCTEPIrajioch 3pocTaHHsl cyIbdaT-ioHy 3
mmbuHO. [IpHunHOI0O 3HIKEHHS KOHLEHTpamii
SOs B BepxHill YacTHHI PO3pi3y, Jie CIOcTepiranach
sona HII-3a6pyanenns, g0 3Ha4eHb 6-12 mr/mme
npu Qonoux 3HadeHHsx 50-100 mr/am® € Te, mwo B
ymoBax HII-3abpynHeHHs mig3eMHUX BOA Cyib(arn
BIJIalOTh KUCEHb IJIsI OKHUCJIEHHS BYIJIEBOIHIB, TO-
My cynb(haT-i0H BiACYTHIH y XIMIYHOMY CKJIaJli BOAH
abo0 3anuMIaeThCsl y HE3HAuHiM KiJIbKOCTi, a HaTo-
MICTb 3’SIBJISIETBCS CIPKOBOACHB [9].

Konusanust PIB cyTTe€BO BIUIMBAIOTH Ha MPO-
necu nepeposnoainy moouteHuXx HII, X po3unHeH-
HS, BUIIAPOBYBaHHS Ta Oiomerpafaiiro, CHpHUSIOYN
nomupenHto HII-3a0pynHeHHss Ta 301IBIICHHIO
pU3MKy 3a0pyaHeHHS 00’ €eKTiB-peremnieHTiB [25].
Hamu gocnimkeHO B ONBOBUX YMOBAX, IIIO CE30HHI
kosuBanHs PIB npu3BoAMIM JI0 «PO3Ma3yBaHHS»
aBiallilHOrO Tacy B 30HI aepailii Ta 30UIbIICHHS
30HH 3a0pyJIHEHHSI IPYHTIB Y BEPTHKAILHOMY PO3pi-
31 [19]. Hamu mpoBommmnmch jabopaTopHi HOCTi-
JUKEHHS BIUIMBY KonuBaHb PIB na cram i Bmict HIT
y TeosiorivHoMy cepenosuii [13, 14]. Excnepumen-
TH OynM BUKOHAHI B KOJIOHI, 3allOBHEHIN IMICKOM,
Ky TI0faBajiach Bola Ta aBiariitHwii rac (puc. 2).
BusineHo, 1o npu moyaTkoBoMy MilHOMi i HACTYT-
HoMmy omnyckanHi PIB ToBimHa mapy MoGiIBHOTO
racy 3MEeHIIyeThCs (MaiKe 10 ITOBHOTO 3HUKHEHHS).
[Ipu migitomi PIB 3MeHIIEHHS MOTYKHOCTI IIapy
HII BinOyBaeTbest OiNbII IHTEHCHBHO, Yepe3 T€ IO
HII ButpadaeThCsi Ha CTBOPEHHS HOBOTO MIapy 3
MoOinpHUM HII 1 HOBHX KamiIsipHUX 30H, 3aJHINAIO-
gy micist cede 3armemieHuii Bogowo HIL. Ilpu 3Hu-
skenHi PIB ToBmmmHa mapy HII mamae meHm inTeH-
cuBHO, ockinbku map HII BuTpavaerbes Ha 3anumi-
koBuit HII, skuil yTpUMYy€ETHCS TPYHTOM TicCIs Tpa-
BiTarfifinoro crikanus. B [15] mocmimkeHo BIUIHMB
kosuBanHs PIB Ha (opMyBaHHs 3aJMIIKOBUX Ta
samemienux HII. BceranoBieHo, 1m0 npu npupoj-
HoMmy migiiomi PIB rac He mepeHocuthes Bumie 10
CM 1 3aIeMIISIETHCS B KaIUJISIPHINA 30H1; IPH TIEPBUH-
HOMY i HacTymHux omyckanusx PIB micis dopmy-
BaHHs Imapy 3 MoOuTeHNUM HIT 3anumkoBi Hacwye-
Hocti Boxu Ta HII OymyTh pi3HMMH 3aJ€KHO Bix
JITONOTIYHOTO CKJIaxy IPYHTY, IIOYaTKOBOTO HAacCH-
YeHHsI, IHTEpBay Ta yacy onyckanus PIB.

Mirpytouu 3 IpyHTOBHM ITOTOKOM, PO3YHHEHI B
Heomy HII cTBOpIOIOTH pU3MK 3a0pyaHEHHS IKepel
MUTHOTO BOJIONIOCTAYaHHS Ta TOBEPXHEBUX BOJIOWM
1 BOJIOTOKIB, JIe PO3BAaHTAXKYIOTHCS IPYHTOBI BOJIH [2,
23, 26]. Y Bumaaky HasBHOCTI “TiApOTreoyoriuHUX
BIKOH” y BOAOTPUBKOMY MIapi mopin, 3a0pyaHeHi
HII Bogu MOXXYTh NOTPAIUIITH Y BOXOHOCHUM TOpH-
30HT, 110 3ajsrae Hwkae [1, 18].

3arajbHi NPUHIUIHN €KOJIOI0-re0JIOTiYHOro
oocre:keHHsa 00’exTiB HII-3a0pynHenns. [lounna-
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roun 3 24 mrotoro 2022 p. B pe3ynbTaTi poCiichKoi
BifiCBKOBOI arpecii B Ykpaini Oynm 3pyiHOBaHi je-
CATKH 00’€KTiB HapTONPOAYKTO3a0e3MmeueHHs, SKi
CYIIPOBOKYBaJIMCh aBapiiiaumu poznuBamu HII ta
iX HAJIXO/PKEHHSM JI0 TEOJOTIYHOIO CepeloBHINA
(https://www.gp.gov.ua/ua/posts/rozsliduvannya-raket-
nix-atak-po-ukrayinskix-naftobazax-ta-vstanovlennya-
zbitkiv-dlya-dovkillya-v-ofisi-genprokurora-obgovo-
rili-mozlivist-dolucennya-francuzkix-ekspertiv).

Jnst kapTyBaHHS, pPO3paxyHKiB MPOCTOPOBUX
napameTpiB i 00’€MiB, OLIHKM i MPOTHO3YBaHHS
SIKICHOT 1 KiJTbKicHOI Tpancdopmartii HII, makormge-
HUX Yy TEOJOTiYHOMY CepeIOoBuUIlli, HEOOXiTHO OTpH-
MaTy JaHi o0 TeoJIOTIYHOTO po3pisy, GiabTpamiii-
HHX, MITpPamifHUX, BOAHO-(DI3HYHUX Ta TiAPOXiMid-
HHX TIapaMeTpiB.

OCHOBHMMH BUaMHU POOIT B paMKax €KOJOro-
T€OJIOTITHOTO OOCTE)KEHHSI TIOBUHHI OyTH HACTYTIHI:

® KOMIUIEKCHa €KOJOro-reojioriuHa 3iHoMKa mac-

mrady 1 :1 000, 1:5000, 1 : 10 000;

® reodi3uuHi, padioNoOTidHI Ta aepO3HOMOYHI Po-
ootu;

= QypoBi po0oTH;

" ocmiaHO-(UIBTPAlliiiHI Ta JOCIIIHO-MIrparlini-

Hi po6oTH;

®  TeoJe3WdHi POOOTH;

®  OioiHaMKaIlis Ta 010TeCTyBaHHS,

® j1a0oparopHi BU3HAYCHHS XIMIYHOTO CKJIaLy i
BOJIH, & TAKOXK BMICTY 3a0pyIHIOBadiB y T€OIIO-
TYHOMY CepeIOBHIIIi;

® MaTeMaTH4HE MOJIEJTIOBAHHS YacOBOT i MPOCTO-
poBoi Tpancdopmaii HIT y reonoriunomy ce-

PEMOBUIIIL.

LinboBe mpH3HAUEHHS EKOJIOTO-TEOJIOTiYHOTO
oOcTexeHHs1 — (ikcallisi BUXiTHOTO CTaHy 3a0pyia-
HEHOTO TEOJIOTIYHOTO CEPElOBHUINA Ta OCHOBHHUX
Horo mapameTpiB, HATypHa Ta MPOTHO3HA OIliHKA
SIKICHUX 1 KIJIbKICHUX 3MiH, 110 Oe3rmocepeHp0 abo
OTOCEPEIKOBAHO HETaTWBHO BIUIMBAIOTH HA EKOJO-
TiYHy 00CTaHOBKY.

OCHOBHOIO BHMOTOIO JI0 €KOJIOTO-I'€OJIOTIHHUX
poOIT € KOMIUIEKCHICTh BHUKOHAHHS T€OJIOTIYHHUX,
reoXiMiYHUX, JaHIMIa(QTHO-T€OXiMIYHUX, TiApOreo-
JIOT1YHUX, IHKEHEPHO-TEOJIOT1YHUX, Te0(i3UIHUX Ta
IHIIMX JTOCIIDKEHb, SIKI B CYKYITHOCT1 JO3BOJISIOTh
OLIIHUTH CTaH I'€0JIOTIYHOrO CEPEAOBUILA, SKOJIOTi4-
Hy 00CTaHOBKY Ha TEpPUTOPii Ta OOIPyHTYBaTH 3aXO0-
1M 13 3aro00iradHs a0o JKBifawil HEraTUBHUX BILIK-
BIB 1 3MiH.

Exonoro-reosnoriune oOCTeKEHHSI B KOMIUIEKCI
iHpOpMaIliitHo 3a0e3neuye:

® BH3HAuUCHHA MacuTabiB 3a0pyIHEHHS T'eoJIori-
YHOTO CEpPEeIOBHIIA;

®  BUSABJICHHS JOKEpes 3a0pyTHEHHS;

® Bu3HAYCHHS NULIXiB HagxomkeHHS HII y reo-
JIOTIYHE CEPEIOBHIIIE;

® BHBYCHHS TIPOIECIB HAKOMWYCHHS 1 Mirparii

HII y reomorivyHOMyY cepenoBHIII;

= pu3HaueHHs TokcuyHocTi HII mo BigHOIIEHHIO
IO TI3eMHHUX Ta TMOBEPXHEBUX BOI, aTMoc(e-
PHOTO TIOBITpA, IPYHTIB, POCIMHHOCTI Ta JOH-
HMX BIJIKIa/iB;

® BHKOHAHHS MPOTHO3HUX OLIHOK YaCOBHUX 1 MPO-
cTopoBHuX TpaHchopMariiii ocepenky 3adbpya-
HEHHS 1 MOB’SA3aHMX 3 HUMH PH3HKIB IOTip-
IIEHHA CTaHy 1 SIKOCTI EKOJIOTIYHOTO Cepelo-
BUIIA;

® po3poOKy cucTeMH TpOQiTaKTHIHUX 3am001XK-
HUX, JIKBIJAMIMHUX, pPeMEMialiiHuX, peadii-
TalifHUX Ta IHIIMX 3aXOiB BIJHOBJICHHS 3a-
opynuaenoro HII mpupomnoTro, i B TOMY UHCH,
T€0JIOTIYHOTO CepeIOBHIIA.
Exonoro-reonoriyae 0OCTEeKEHHsI OCEpEIKiB

HII-3a6pynHeHHsT 000B’I3KOBO MOTPIOHO BHKOHYBa-
TH y BUIIAJKaXx:

® oTpuMaHHs iHpOpMaLii Mpo pyHHYBaHHS, MIO
cTanuca y 3B’S3Ky 3 BIMCHKOBHMH MisIMH, a0o
IHII aBapilHI CHUTYyaIlii, SKi MOXYTh CHpPUYH-
HUTH HETaTUBHHUU BIUIMB Ha JOBKULIA Ta 3/10-
POB’s JIIOIEH;

" [OHAaJHOPMATUBHOTO 3a0pyIHEHHS JOBKLIS B
30HI 00’€KTy XUTTe3a0e3redeHHs (KOMOI3iB,
CBEPJUIOBUH, MOBEPXHEBUX BOIAHHMX 00’ €KTIB —
o3epax, piukax, BOJAOCXOBHUIIAX, CTPyMKax TO-
110), aTMOC(HEPHOTO TOBITPS, 110 POOUTH HEde-
3MIEYHUM CEPEIOBUILE ICHYBaHHS;

® HasBHOCTI PU3MKY BHHHKHEHHS aBapiiiHOI CH-
Tyalii, B Tepiry 4epry B Mexax abo mopyd 3
00’€KTOM, III0 OXOPOHSETHCS, HACEICHHM ITyH-
KTOM, JDKEPEJIOM KHUTTE3a0e3CUCHHSI.

Mema exonoro-reoIoriYHOr0 00CTEKEHHS Oce-
penkiB HII-3a0pynHeHHS:

®  BUSBICHHS JpKepel 3a0pynHeHHs oBKiwst HIT;

® BU3HAYEHHS PO3IMOIiTY 3a0pYIHIOIOUHX pEYo-

BUH y KOMIIOHEHTaX JOBKLLIS, 30KpeMa, B Ipy-

HTaX, arMoc(epi, MOBEPXHEBUX Ta ITiJ3€MHUX

BOJIaX, JOHHUX BiJIKJIaJliB, POCIMHHOCTI;

® BuBYEHHS NUIAXIB Ta ¢opm Mmirparmii HII y reo-
JIOT1YHOMY CEepPeIOBHILL;

" BH3HAUYEHHS YMOB B3a€MO3B’SI3Ky MIX aTMOC-
(dbepHUMH OlaiaMu, MiI36MHUMH Ta TIOBEPXHE-
BUMH BOJAMU;

= mporao3 po3nosctomkeHHs HII y reonoriunomy
CEpEeIOBHILIL;

® OIiHKa MPHUPOJHOTO Ta TEXHOTEHHOTO PH3HKY
Ha JIIOIUHY Ta JOBKLJLIS;

® po3poOka 3axofiB 3 JikBijalii abo/ra yokaii-
3arii 3a0pylIHEHHS TIPYHTIB, MMOBEPXHEBUX Ta
MiJI3eMHUX BOJI.

Ob6csieu €KOJIOTO-TEOJIOTIYHOTO  OOCTEXEHHS
00’€KTIiB  HAPTONMPOMYKTO3a0e3ICUEHHST BHU3HAYa-
IOThCSI METOI0 MOTO BHKOHAHHS, PO3MIPOM IOCTpa-
JKAAJ0i Ta NPUICIIHUX TEPUTOPid, IO 3HAXOIATHCS
il BIUTHBOM 3a0pyaHEHHS, HEOOXiTHOIO TOYHICTIO
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BHKOHAHHS TIPOTHO3IB PO3MOBCIOMKEHHS 3a0py/I-
HEHHS Ta BU3HAYEHHS PU3WKY HETaTHBHOTO BIUIMBY
Ha JIIOMUHY Ta KOMIIOHEHTH JOBKIJIIS.

KnrouoBoro maHKOIO B CHCTEMi  €KOJOTO-
TeO0JIOTIYHOTO OOCTEXXEHHS € BHU3HA4YEeHHS HEoOXis-
HOCTI OopraHi3amii i BeIeHHs IMOCTIHHOTO MOHITOPH-
HTY 32 CTAHOM T'€0JIOTIYHOTO CEePEIOBHINA 1 30BHIIII-
HIMH YAHHUKAMH Y MeXax 3a0pyTHEHOTO 00’ €KTY.

KoMmIekcHmid  €KONOTo-reoNoTigHuil  MOHITO-
PHUHT € HEBiJ’€MHOIO CKJIaJOBOIO HAyKOBOTO NOCIHi-
mxenns Ha HII-3a0pynneniit Tepurtopii 1 moctiitHuM
JUKepeJIoM BUXINHOI i1H(oOpMaIli s aHaJiTHIHOI
00pOoOKH Ta OTPUMaHHA Pe3yJbTaTIB 100 OOIPYyH-
TYyBaHHS 1 TPUUHATTS MPAKTUYHUX PIIICHb.

VY peanpHOMY MPaKTHYHOMY CEHCI MOHITOPHUHT
He Moke OyTH MOBCIOIHHM 1 Ma€ OXOIUTIOBATH THIIO-
Bi JUISI TICBHUX YMOB O0’€KTH 3 IHTEpPHOJSALIHHUM
3B’SI3KOM, 3a HEOOXIHOCTI, 3 00’ €KTaMH aHaJOraMH.

OCHOBOIO MOHITOPHHTOBOI Mepexi Ha pemnpe-
3eHTAaTUBHUX OO0’ €KTax € CBEPAJIOBUHH, 1O SIKHX
criocrepiratoTh 3a konuBanHsmu PIB i moBepxwi
BiteHOTO HII, BigOuparoTh mpobu pimvH Ha XiMid-
HUU aHali3, BU3HAYAIOTh HASBHICTH 1 MOTYXKHICTh
mapy BimbHOTo HII, BU3HayaroTh QinmbrpaniiiHi ma-
pamMeTpu BOAOBMINIYIOUMX TMOpPif. Takox 3a MOXIH-
BOCTI (HEOOXiTHOCTi) OONAIITOBYIOTH Tigpodi3uyHi
CTaIllOHapH B 30HI aepariii.

Touku ciocTepekeHb PO3MIILIYIOTh 10 BCil 3a-
OpymHEHIH TepuTopii Ta B 30HI PU3UKY PO3MOBCIO-
mokenns HII-3a0pynHeHHs, 32 JaHUMH SIKUX Oyy-
I0Th CreliaNbHi 1HPOpMAIiifHi KapTH, sIKi MOXYTb
OyTH BUKOPHCTaHI 1 JUII MaTeMaTUYHOTO MOJIEIO-
BaHHS, a caMe:

®  KapTH TigPOi30TiIlc, Tiapoi3on’ €3, TOBEPXHI Bi-
npHOTO HIT;

®  KapTH MOTY>KHOCTI 30HU aepariii;

®  KapTH MOTYXXHOCTI BOJOHOCHUX TOPU30HTIB Ta
mapiB BimsHOTO HII;

®  KapTH XIMIYHOTO CKJIaqy Ta MiHepami3arii mia-
3eMHUX BOJI;

® KapTu 3a0pyJHEHHS IPYHTIB Ta IiJ[3EMHHUX BOJ
HIT;

= gaptu posmnoBciomkenas HII-3a0pynHenHs 3a

MeXi 00’ €KTy 1X 30CepeIKEeHHSI.

B mpaxTuii rigporeonoridvHux A0CTiKeHb pe-
KOMEHJTY€ThCs 1J1s1 BU3HAYEHHsI 00CATiB 00CTEeKEHHS
BUKOPHCTOBYBaTH PO3BiyBajibHE MOJICIIOBAHHS |5,
11]. TIpu cTBOpEHHI PO3PaxyHKOBOI CXEMH MOJEINI
ciil BpaxoByBatH ocoOmuBocti wmirparii HIT Ta
BOJIM — SIK Yy BUDJISA/II IBOX PIiAMH, IO HE 3MIIIYIOTh-
Csl, TaK 1 MEPEHOC PO3UMHEHMX BYTJICBOJHIB Y BOJIO-
HOCHOMY TOPU30HTI. BilmoBiTHUM YHHOM, 3 METOIO
nporno3y wmirpauii HII y BogoHOCHOMY TrOpH30HTI
CTBOPIOIOTH Mojieni ¢inbrpanii MobimeHux HIT (3
BUKOPHCTaHHSAM, HAIllPUKJIa[, MPOrPaMHOI CHCTEMHU
TFDD) Ta mepeHocy pO3YMHEHHX BYIJIEBOAHIB (3
BHKOpHUCTaHHAM TporpaMHux cucreM BIOPLUME,

MT3D, MODTECH Tomio). MeTtoauka Ta pe3yibTa-
TH MOJICITIOBAHHS NIETaJBLHO OMHCaHi B poborax [,

6,7,17,18].
VY mpakTUUHOMY MJIaHi Moxe OyTH YCHIIIHO
peayi3oBaHMM  METOX  IOETAlHOTO  BHKOHAHHS

MOJTBOBUX POOIT 1 TIOCTYIIOBOTO HAKOMWYEHHS E€KO-
JIOTO-TEOJIOTIYHOI iH(opMalii.

1 OTpUMaHHs KOPEKTHHUX PEe3yJbTaTiB €KOJIOo-
rO-T€OJIOTIYHUX JOCTI[UKEHb Ta BHCHOBKIB IIOJO
3a0pyaHCHHS Ma€e OyTH 3aiisHa BiAMOBIHA METOIH-
YHO-HOpMaTHBHA 0a3a, a caMe KpHUTEepii OLIHKH PiB-
Hs 3a0pyaHenns rpyutis HIT. TpyHTH BBakaroThCs
3a0pyaHeHnMH, Ko KoHueHtpanii HIT B Hux mo-
CATAlOTh TAaKUX 3HAYEHb, MPU SKUX MOYMHAIOTHCA
HEeraTWUBHI 3MiHH Y TOBKIJLTi, TOOTO:

® TOPYIIYETHCS piBHOBAra B €KOCHCTEMI IPYHTIB;

® THHE IPyHTOBa 0ioTa;

" Ta/a€ MPOAYKTUBHICTh 200 MOYMHAIOTH THHYTH
pOCIHHY;

= BinOyBaeTbcst 3MiHa MopdQonorii, BOJHO-
(I3MYHUX BIACTHBOCTEH TIPYHTIB, 3HIKYETHCS
iX pomroYicTh;

® BHHHUKAaE 3arpo3a 3a0pyIHEHHs MiJ3eMHUX Ta

MMOBEPXHEBHUX BOJ B PE3yNbTaTi BUMUBaHHS i3

rpyaty HII Ta po3unHeHHs iX y BOI.

HeGesneunum piBHEM 3a0pyqHEHHS IPYHTY
BBa)Ka€ThCS PIBEHB, 110 MEPEBUIYE IPAHUIIIO TIOTE-
HIllay caMoouHineHHs. B 3apyObKHMX KpaiHax
NPUAHITO BBaXaTh OE3MEYHUM BEPXHIM piBHEM
BMmicty HIT y rpynTi — 1-3 r/KT, MO4aTOK Cepiio3HUX
€KOJIOT1YHUX 30uTKiB — mpu BMicTi 20 I/KT i BHIIE.
Bepyun no yBaru ¢izuko-reorpadiuni ymoBu Ykpa-
iHM (kJiMar, THIU 1 CKIaJ TPYHTIB, POCIHMHHICTBH
TOIII0), & TAKOXK XapaKTep 3eMJICKOPUCTYBaHHS, SIKi
BIUIMBAIOTh Ha mpouecu camoouuiieHHs npu HII-
3a0pyTHEHHI TE€OJIOTTYHOTO CepelOBHIIA, JIJIS MPaK-
TUKH TIPOBEACHHS peMeAialliiHuX POoOIT JOIIIBHO
MIPUIHATH TaKi CTYIIEHI Tpanalii 3a0pyaHEeHHS Tpy-
HTiB Hadroro Ta HII 3 ypaxyBaHHSM HpuUpOIHOTO
BMICTY (KIIapKy):

= He3zabpyaHeHi rpyHTH < 0.5 r/KT;

= cnabko 3a0pyaHeHi IpyHTH — 0.5-5 r/kT;.

" cepeAHbO 3a0pyaHeHi IpyHTH — 5-13 1/kT;
®  cuiIbHO 3a0pyaHeHi rpyHTH — 13-25 r/kr;

" IyXe CHIIbHO 3a0pyIHEHi IPYHTH > 25 I/KT.

Crna0Oke 3a0pyIHeHHsI MOXKe OyTH JIIKBiJOBaHE B
npoleci CaMOOYMILEHHS IPYHTIB y HaWOmmwk4i 2-3
poku, cepenne — mpoTsiroM 4-5 poki. Ilowarkom
CepHO3HHUX CEKOJIOTIYHUX 30WMTKIB BBAXKAETHCS 3a-
Opynuenns rpynTy HII B KoHIIeHTpaIisix, o mepe-
BUIIYIOTH 13 I/KT, TOMy IIO MPH TAKUX KOHLEHTpa-
isx nournHaeThes Mirpaitis HIT y mig3emHi Boau Ta
ICTOTHO MOPYIIYETLCSI €KOJIOTIUHA piBHOBara B Ipy-
HTOBOMY Oio1ieHo3i [8].

Etanm exo0J10ro-reosioriyHoro o0cTexKeHHs!
ocepenkiB HII-3a0pyaHenHsi. Exonoro-reosnorigde
oOctexenns: 3a0pynHenux HII teputopiii BHKOHY-
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€TBCS TIOCTAITHO 1 BKITIOYAE: HOULYKU, PO3GIOKY |
PO3BIOKY 6 nepiod pemediayitiHux pooim.

Merta nouiykié — BUSIBUTH Ta MONEPEAHBO OLli-
HUTH CTYMiHb 3a0pyAHEHHS TEOJOTiYHOIrO cepeso-
uma HII i cTymine exomoridHoi HeOe3mekw, SKy
npencTaBisie e 3a0pyaHeHHs. [lomrykm po3OuBa-
IOTBCSI Ha CTaJii: MATOTOBYY, MOJILOBHUX JTOCIiIKEHD
Ta 3aKJIIOYHY.

HaykoBa exonoro-reonoriqaa miaroroBka moJs-
rae y 30upaHHi 1 ONpalloBaHHI JITEpaTypHUX Ta
¢doHOBUX MarepiaiiB. 3a pe3yabraTamMu OOpOOKH
3i0paHoi iHMopMamii CKIamaroThCs KapTH (ITDIaHH)
icHytounx 1 moteHuiiHnx mxepen HII-3a0pynHenHs
T€OJIOTIYHOTO Cepe/lOBHIIA Ta 00'€KTIB, SIKI MOXKYTh
rmoTeprnary Bix 3a0pymHeHHs (TIOBEPXHEBI BOIAOHME
Ta BOAOTOKH, TTOOYTOBI KOJIO/A31, BOXO3a0ipHI CBEp-
JUIOBUHH, ClJIBCHKOTOCTIONAPCHKI YTiAIs, HUBLIBHI
Ta TIPOMHUCIIOBI CIIOPY/IN), & TAKOXK CTaH BUBYEHOCTI
TEOJIOTIYHUX 1 TiIPOTEOIOTIYHUX YMOB.

VY nonpoBUH Mepioa MPOBOISATHCS PEKOTHOCITH-
pYBaJIbHI MapIpyTHi 00CTEXEHHS 3 BiZOOpoM Mpod
TPYHTIB, ITOBEPXHEBUX Ta MiA3EMHUX BOJ 3 METOIO
Bu3HaueHHs BMicty HIT PexornociupyBayibHi Map-
HIPYTH TUIAHYIOTH 1 3IIHCHIOIOTH BiJl JpKepena 3a-
OpyIHEHHSI TE€OJIOTIYHOTO CEpeNOBHINA 33 HAaIPSM-
KOM MOTOKY IPYHTOBHX BOJ Ha MaKCHMaJbHY BiJC-
TaHb O4iKyBaHOrO po3mnoBcromkeHHs HII. Bznosxk
MapuIpyTy OypsiTh TOIIYKOBiI CBEpAJIOBUHH. 3aruia-
HOBaHa JOBKMHA MapLIPYTy PETYTIOEThCS (PakToMm
BUXOJly B He3a0OpyJHEHY 30HY, sika (iKCyeTbcs Ha
MiJICTaBl opraHoainTHUHOI oiinku HasBHOCTI HII Ta
pe3ybTaTiB XiMIYHOTO aHami3y BiliOpaHuUX MPOO
IPYHTYy Ta BOAM. 3a3BHYail KUIBKICTh HOIIYKOBHX
CBEp/IJIOBUH BH3HAUAETHCS 3 PO3PAXyHKY: OHA-IBI
CBEpAJIOBUHM YBEpX 3a IIOTOKOM BiJg 00 €KTa-
3a0pyaHIOBava, iHIII HIKYE 33 IIOTOKOM Ha BiJICTaHi
20-50 m [12]. I'muOuHM CBEPIJIOBUH, SK IMPABUIIO,
BM3HAYaIOTEC MMOMHOK 3ansrands PIB. Okpim
MOILIYKOBUX CBEPIJIOBUH ONPOOYIOTHCS BCi BOAOTO-
KM Ta BOJOWMH, MOOYTOBI KOJIO/SA31, SKCILTyaTalliiiHi
Ta PEXUMHI CBep/UIOBUHH. OOCTEKYIOTHCS MICIIS
aBapiitanx po3nusiB HII, BcTaHOBMEHI 3a TOKyMeH-
TaJbHUMH JDKEpEJIaMu Ta Ha IiJCTaBl ONUTYBaHb
OYEBHU/ILIIB.

[Ipuknan po3MilIeHHS! MOHITOPHHIOBHX CBEPI-
JIOBUH TIpH obcrexxeHHi 3a0pyaneHoi HII tepuTopii
ckimany IIMM aepomopry bopucminb, 3a maHuMu
SKMX OKOHTYPEHO IUIONLY IOIMUPEHHSI MOOITBHUX
HII y rpyHTOBHX BONIaX, HaBEIEHUI Ha puC. 3.

B mporeci 00cTexxeHHs PIKCYIOTh:

® JiISHKA (DAaKTUYHO BCTAHOBIEHUX Ta MOXKIIHU-
Bux BuTokis HII;

® ninsHkd HakormueHHs HIT Ha moBepxHi 3emuti
ta iHTeHcuBHOro HII-3a0pynHeHHs rpyHTOBO-

POCIMHHOTO Iapy;

= wmicig BuxoniB HII y sipykHO-0a104Hy Mepexy,
MIPUPOJIHI Ta TEXHOTCHHI 3arTUOJICHHS Ha I10-

BEPXHIi 3eMJIi, BOMOHNMH Ta BOJOTOKH, & TAKOK y
OOy TOBI KOJIONS31 Ta APEHAXKHI CTIOPYIH;
® 30WUparoTh MdaHi, IO TO3BOJIAIOTH MPSAMO YH

OTOCEPEIKOBAaHO OLIHUTH BEJIMYMHY BUTOKIB

HIT na o6'exri-3a0pyaHroBadi (pakTuaHO 3ape-

€CTPOBaHI BHWTOKH, HOPMAaTHIBHI BTpaTH, OO0IT

HII 3a mepion ¢yHKLiIOHYBaHHS, Yac eKCILTya-

Tamii oOnamgHaHHA 0e3 3aMiHM Ta KaIliTaJIbHOIo

pemonTy). Ciix BpaxoByBarTH, IO pyHHYBaHHS

00’eKTiB HAPTOMPOIYKTO3a0C3ICUCHHSI BHACITI-

JIOK BOEHHUX JIili CYIPOBOKYIOTBCS TIEPEBaXK-

HO MacITaOHUMU aBapiitHumu posznusamu HIT;

® JaHi, IO JO3BOJISAIOTH HPSMO YH OIOCEPEIKO-

BaHO OLIHWTH BenuuyuHy BuTpatd HII Ta BOAM

Ha JISHII ApeHyBaHHS; BUMIipIooTh piBHi HIT

Ta BOXM Yy CBEPUIOBHHAX, KOJOIA3SX Ta Jpe-

HaX, KOHIeHTpallii posunHennx y Boai HII na

IUISHII JApeHYBaHHS, TEXHIYHI XapaKTepPHCTH-

KH BO/10320ipHUX Ta IPEHAXHUX CHCTEM);

® 3’5COBYIOTH I'€OMOP(OJIOTIUHY MPUHAJICKHICTh

IISTHOK 3a0pymHEHHs, JaHmmadTHI Xapakre-

PHUCTUKH, TUN IPYHTIB, CTaH POCIMHHOCTI (MO-

JKIWBE TpuUrHideHHs min BrumBom  HII-

3a0pyaHEHHS TPYHTY).

Ha 3aximouniii ctanii Ha mijacTaBi pe3ysbTariB
MOJBOBUX 1 JTAOOPAaTOpHUX POOIT CKIANAIOTh KapTH
3a0pyIHEHOCTI TPYHTIB 30HH aeparlii, TOBEepXHEBUX
Ta TPYHTOBMX BoA. Ha kaprax Bif3Ha4aeTbcs Ha-
SIBHICTD:

= i3 MoOinbHuX HIT Ta pozunnenux HIT y rpy-
HTOBHX BOJIaX;
® Ha/HOPMATHBHOTO 3a0pYyIHEHHS BOJOHOCHUX

TOPU3OHTIB Ta BOJAHUX JIKEPEIl, 10 BUKOPUCTO-

BYIOTBCS ISl TOCIIOJAPCHKO-TTUTHUX, JIIKYBaJb-

HMX Ta 1HIIUX IJIEH;

® Ha/JHOPMAaTHBHOTO 3a0pyIHEHHS BOJOTOKIB Ta
BOJIONM;
® HaJHOPMAaTUBHOTO 3a0pyIHEHHS IPYHTIB Ta KO-

PEHEKUTHBOTO IIapy Ha 3€MJISIX CLIBCHKOTOC-

MO/IAPCHKOTO Ta peKpeaniiHoro BAKOPHCTAHHS.

3a iHpopmMarriero, BiqoOpaXkeHOW Ha MOO0YI0-
BaHMX KapTax, BCTAHOBIIIOETHCS CTYIiHb €KOJIOTid-
HO1 HeOe3mneku icHyrounx aurstHok HI1-3a0pynHenHs
TEOJIOTIYHOTO CEPEIOBUINA Ta BUKOHYIOTHCS CIIPO-
IICHI IPOTrHO3W (aHAJTITHYHI PO3PaxyHKH abo po3-
BiJlyBaJIbHE MOJEIOBAHHS) IX MOIIUPEHHS Y IMpPOC-
Topi Ta 4aci. [Ipu 1IbOMyY BUAUISIOTH TPH KIIACH €KO-
noriuHoi HeOe3neku ocepenki HIT-3a0pyiHeHHS.

o 1-ro xiacy BiHOCATH IiJISHKH, J€ BXKE ic-
Hye abo B HailOmmkui 10 pokiB MOXKIIMBE MPOSIBIICH-
Hs1 HagHopMaTuBHOTO BMicTy HIT y pi3HUX KOMITO-
HEHTaxX JOBKLLIS, 10 BUKOPHUCTOBYIOTHCS B TOCHO-
JTAPCHKUX, TOOYTOBUX Ta iHIUX muisax. [imsaku 1-
ro kiacy He0Oe3neku MoTpeOyroTh HEBLIKIAIHUX
peMenialiiHuX 3ax0JiB, Y TOMY YHCJI JIOKai3arii
ta JjikBigamii ocepenkiB HII-3a0pynuenns. lle €
HarajbHUM Yy BHUIIAJIKaX YCYHEHHS HACIIIKIB pyHHY-

-30-



ISSN 2410-7360 BicHuk XapkKiecbk020 HauioHanbHo20 yHigsepcumemy imeHi B.H. KapasiHa

5585250 5585300 5585350 5585400 5585450 5585500 5585550
|

5585200

6352450 6352500 6352550 6352600 6352650 6352750 6352800 6352850 6352900 6352950

6352700

£

Opi i KOHTYP p moGinbHUx HadTONpogYKTIE

12m MotitopuHrosi caepanosutm, npobypeni ITH HAH Ykpainu y 2011-2014 pp.
11; i 3Bepxy — HOMEp; 3HK3y — abe. BiAM. M'E30METPUYHOTQ PIBHA (PYHTOBYIX BOA, M;

——115,14—_  'e30i30rincy NOBEPXHI FPYHTOBOTO BOAOHOCHOTO FOPU3OHTY, M

Hanpam CTBOPEHHA MOHITOPUHTOBIN Mepeski,
WO BiANOBIAAE HAMPAMKY NOTEHUiRHOro
nepemiueHHA 3abpyal

Puc. 3. Kapra-cxema po3MillieHHS. MEPEKi MOHITOPUHITOBHX CBEPJIOBUH Ha 3a0pymauenin HIT mistHi
ckiany [IMM aeponopty Bopucmins [21] /
Fig. 3. The map-diagram of the location of the monitoring well network on the site of the fuel and lubricant warehouse
(Boryspil Airport) contaminated with petroleum products [21]

BaHb 00’€KTiB Ha(TOMPOIYKTO3a0E3ICUCHHS B pe-
3yJIbTaTi BOEHHUX [,

Jo 2-ro knacy HeOe3neKu HalexaTb TEPUTOPIi,
Jie 3arpo3a nepeBulleHHss HopmatuBHoro piHs HII-
3a0pyJHEHHS Ta IOB'S3aHOTO 3 HUM 3aBJIaHHS €KO-
HOMIYHOTO 200 COLaJIbHOTO 30UTKY MOXE MPOSBH-
tucs micns 10 pokiB. Tyt Hacammepen HEoOXiTHO
MPOBEJICHHS POOIT 3 JIoKami3alii Ta JiKBigamii oce-
pelnkiB 3a0pyAHEHHsI Ta OpraHi3allil peKHUMHHUX CITO-
CTEpEKEHb.

Jlo 3-ro knacy HeOe3neKu HalleXKaTh TEPUTOPIi,
B Mexkax sikux HIT-3a0pynHeHHs B peajbHHX yMO-
BaX HE CTAHOBUTH CYTTEBOI HEOE3NEKH ISl TOCIIO-
JIAPCHKUX 1 COIIaIbHO OpieHTOBaHMX 00'ekTiB. On-
HaK TpH 3MiHI YMOB 3Haxo/pkeHHS 00’exty HII-
3a0pyJHEHHS TaKa 3arpo3a MO)Ke BUHHKHYTH, TOMY
JUTsL TEPUTOPii 3-TO KJIaCy HEOE3NEeKH PEeKOMEHIY-
€TBCSI TIPOBEACHHS CIIOCTEPEKEHb 32 PO3BHUTKOM

HII-3a0pynHeHHs.
Indopmairis, oTpuMaHa B X0Jli BUKOHAHHS €Ta-
My TOIIYKiB, BAKOPHCTOBY€ETHCS JUIS CKJIAIaHHS T€0-
EKOJIOTIYHOro macropra o0'eKkra-mxepena 3a0pya-
HEHHS 1 MOSICHIOBAJIBHOT 3aMKUCKH J0 Hboro [12].
Ha erani possioku nocmipkeHHST TPOBOISTHCS
Ha TepuTopii 1-r0 Ki1acy HeOE3MeKH 3 METOK BHPO-
ONeHHs1 3axOJliB, CIPSIMOBAaHUX Ha YCYHEHHs a0o
ocnalieHHs 3arpo3y TOCTOAAPCHKUM Ta COIiaIbHO
Opi€HTOBaHUM 00'€KTaM, a Ha TEPHUTOPIi 2-TO Kiacy
HeOe3MeKn — 3 METO0 BHUPOOJICHHS 3aXOJiB, 11O 3a-
noOiraroTh posnosctomkenHio HIT-3a0pynHenHs.
OcHOBHI 3aBJaHHS PO3BIAKH:
= oninka crany HII, mo micTtsatbes B reosorid-
HOMY cepeloBHILi (MOOLIBHI, yTpUMYyBaHi Ipy-
HTOM, PO3YMHEHI y IPYHTOBHX BOJaX, ra3oro-
IiOHI), iX 00cATY Ta pO3MOALTY 3a IUIONICHO 1 B
po3pisi;
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® mporHo3 nomupenns HII-3abpyanenHs y npoc-

TOpi Ta Yaci, BU3HAYCHHS 4Yacy MOCSITHEHHS 3a-

OpyIHIOBaYeM JMIJSTHOK BHCOYYBAaHHSA (IIpeHY-

BaHHS) Ta O0'€KTiB, II0 BHUKOPUCTOBYIOTHCS B

TOCTIONAPCHKUX Ta 1HIIHX ITiJIAX;

® OOIpyHTYBaHHS 3aXOJiB IIOAO JIOKAJi3allii/miK-

Bimarii ocepenkiB HII-3a0pynHenHs.

Jlnst BUpIIIEHHS UX 3aBJaHb HEOOXiJHO BH-
KOHAaTH:

®  KapTyBaJibHI poOOTH (OypiHHS PO3BiAyBajbHUX

CBEpAJIOBUH, IPOBEACHHS PO3BIOKU HEMIPSIMHU-

MU MeTonamu, Bu3HaueHHs Bmicty HII y rpyH-

Tax 30HM aepaiii Ta y BOJIOHACHYEHIN YacTHHI

IPYHTOBOT TOBIIII);

®  JOCIiTHI poOOTH 3 BU3HAYCHHS (PiIbTpariitHux
Ta MirpaliiHuX napaMmeTpiB;
®  BiI0ip MOHOJITIB 3 YCiX JITOJOTIYHHX PI3HHUIb

Ta TPOBENCHHS Ja0OpPaTOPHUX BU3HAYCHb

LIUTBHOCTI CKeJleTa TPYHTY Ta TBEpAHMX YacTH-

HOK, T'paHyJIOMETPUYHOTO CKIIaay, KoedimieHTa

¢binpTparnii, mapameTpiB 3aJIEKHOCTI KaITiJIsp-

HOTO THCKY BiJl HACHUYCHOCTI ISl CUCTEM «IIO-

BiTpsi—Boaay, «mmoBiTps—HII» Ta « HII-Bomay;

® j1a0oparopHi BU3HAUCHHS CKJIAJY Ta BJIACTHBO-
creit HII (minpHICTH, B'A3KICTH, HATAT TOBEPXHI
po3minmy «moBiTpsi—Boma», «moBiTps—HID» Ta

«HIT-Boma»), ne Boma Moxxe OyTH 3a opraHoJe-

NTHYHUMHU O3HAaKaMH YHCTOIO, ajie 3a Jiabopa-

topHUMH HaHUME MictuTi HII-3a0pynHenHs;

®  MOJEJIOBAHHS NMPOLECIB MOLUIMPEHHS PO3YHHE-
HUX Ta MoOinbHMX HII — BupimeHHs enirHos-
HUX Ta NPOTHO3HUX 3aBIAHb;

® MoHiTOpUHT piBHIB MOOUTEHUX HII Ta rpyHTO-

BUX BOJ, BMicTy y Bomi po3umHenux HII Tta

Bmicty HII, mo yTpumyroTbest B TpyHTaxX 30HU

aepartii.

Etan possioku 6 nepiod pemediayitinux pobim
MOJIIJIAETHCSA HA JBI CTaJil: MOYATKOBY Ta ONTHMi-
3arfiiny.

[ToyaTkoBa po3BifKa 3OIHCHIOETHCA NEpend pe-
MeiaifHIMU poOOTaMu 3 METOI YTOYHEHHS Ieo-
JoriyHoi OyJJOBM Ta TiIPOreoJoriyHUX MapameTpis,
10 BUKOPHCTOBYIOTHCS AJ1s1 OOIPYHTYBaHHS ajbTep-
HaTUBHUX 1H)KCHEPHUX 3aXOJliB y paMKax peMeaiawii
3a0pyTHEHOTO T€OJIOTTIHOTO CEPEIOBHIIA.

OnrtumizaniiiHa po3Biika BUKOHYETbCS B HPO-
Leci IMpoBEICHHS peMenialiiiHuX poOiT s 3'scy-
BaHHS 1X €(PEeKTHBHOCTI, YTOYHEHHS PO3MIpPIB Opeo-
ny HIT-3a0pynHenHs (AIMHAMIKH HOTO 3MiHU), KOPH-
ryBaHHsa (QinpTpauiiHuX 1 MirpauiiHUX mapaMeTpiB
1 BUKOHAHHS Ha IX OCHOBI ONTHUMI3allIHHUX PO3pa-
XyHKIB. HallO1IIb1I TOIMpPEHA TPUHIIMT ONITUMI3a-
1ii mojsirae B MOLIYKY TAKOrO BapiaHTy pO3BimyBa-
JBHUX POOIT, BUTPATH Ha MPOBEIEHHS SIKUX KOMIIE-
HCYIOThCSI €KOHOMIEIO KOIITIB, IO JIOCSTAEThCS 32
PaxyHOK IiABHIICHHS e(eKTUBHOCTI peMenialliiftHuX
3axofiB, TOOTO B MiHiMi3alii CyMH BUTpar Ha Mpo-

BEJICHHS PeMeNialliifHIX Ta PO3BiAyBaILHUX POOIT.

OOcTexxeHHS 3a0pyTHEHHX HOUITHOK Ha YCiX
eTanax CyMpOBOMKYEThCS KapTyBalbHUMH poOOTa-
MU 3 BHSIBICHHS 1 jeraiizailii 3aKOHOMIipHOCTEH
nmpocropoBoro nomwupenHs HII y reomorigaoMy
cepenoBHII (MiCIIETTOIOKEHHS, KITHKOCTI, PO3MIpIB,
(hopM 1 yMOB HAKOTIMYCHHS).

Oco0auBocTi OypiHHS CBepIJIOBHH Ta Cy-
NMPOBOKYBAJILHUX POOIT. B manmit wac mms o6-
CTeKeHHs1 Ta MOHITOpuHTY ocepenkiB HII-3a0pya-
HEHHS Hal4acTille BUKOPUCTOBYIOTh CBEpPAJIOBUHH,
TOMY IO BOHH JO3BOJISIFOTH BHBYUTH JITONOTidHI
0COOJIMBOCTI Ta Oy/JIOBY I'€OJIOTIYHOTO CEPEIOBUIIA,
BiJliOpaTH MpoOM BOAM Ta 3pa3Ku IPYHTY IS J1abo-
paroproro Bu3HadeHHs BMmicTty HII, ¢izuxo-mexa-
HIYHUX Ta Tiapodi3udHux BiracTuBOCTe. Kpim To-
ro, OypiHHS 3 BiIOOPOM KepHa JIO03BOJISIE BXKE B
MOJTFOBMX YMOBAaX IUISXOM Bi3yallbHOI OILIHKH 3pa3-
KiB OKOHTYPUTH NPHUHAHMHI B TIEpIIOMY HAOIIKEH-
Hi 30HY 3a0py/JIHCHHSI.

Hali6inbin 10oCTOBipHI pe3yibTaTu 3a0e3reuye
3aCTOCYBaHHS KOJIOHKOBOTO OypiHHS O€3 pOMHBaH-
HS Ta yJapHO-KaHATHOTO OypiHHS, ajie 3 METOK €KO-
HOMii BUTpaT 4acTo 3aCTOCOBYIOTH IIHEKOBE OypiH-
HS 3 TIEPIONUYHUM BiOOpOM KepHa 3a JOMOMOTOIO
mpoOoBinOipHUKa. B mporieci mpoxoaKu CBEpIOBHU-
HU 0COOJIMBY yBary Ciiji MPUIUIATH 30Hi, II0 BKITIO-
Yae sK iHTepBaJl 3a0pyIHEHHS, TaK 1 YaCTUHY TOBII],
sKa 3HAXOAWTHCA HAX 1 mix 3a0pymuaeHHs M. Hemomi-
KOM I[bOTO CIoco0y OypiHHS € Te, [0 BiH BUMarae
0aratopa3oBOoro BHKOHAaHHS  CITyCKO-IIiIHOMHUX
omepariii, KokHa 3 SKUX CIIPUYUHSIE HEKOHTPOJIBO-
BaHy MOMMJIKY BUMIpIOBaHHA. 3a AaHUMH [27], mpu
BUNIPOOYBaHHI MaJIOMOTYKHUX 3a0pyIHEHUX 30H
NOMUIIKA BUMIpY Moxe npocsirathd +25%. Bypinns
MOTPIOHO TPOBOMUTH 3 00CAKyBaHHSM, MO0 Tie-
PELIKOIKATH TIPOCYBAHHIO 3a0py/IHIOBaYa 3 BEPXHIX
1IapiB 10 HWKHIX. SIKIIO CBEp/JIOBMHA HE MpPH3Ha-
YeHa IS TPUBAIUX CIIOCTEPEKEHB, IMICIs BigOOpy
3paskiB ii MOTPIOHO JIIKBiAyBaTH 3a JOIOMOTOIO
TaMIOHAXY.

Bizyansne Busnennst HI1 o kepry Moxe Oytr
HEHAIIMHUM, 0CO0IMBO fAKIO HasBHicT, HII He
MPU3BOAMTD J0 ICTOTHOT 3MIHH KOJIBOPY I'PYHTY 200
151 3MiHA MOMi0Ha /IO Ti€l, M0 CIOCTEPITaEThCs MPH
3MOYYBaHHI IPYHTY BOAOIO. 3MiHa 3amaxy y 3pas3Ky
TEK HE 3aBXIU ITOMITHA, OCOOJIMBO 3a HAsBHOCTI
3amaxy B OTOYYIOUYOMY cepenoBuiii. bibin HaaikiHi
pe3yNIbTaTH J1a€ 3aCTOCYBaHHS YIbTPagioIeTOBOTO
unipoMinioBaHHs (Y®B), mix miero sikoro ByIieBo-
mHi (dyopectitoroTh 'y TempsiBi. Ll BiacTuBicTh
BYIVIEBOIHIB 30epira€TsCsi NMpH HACHYCHHI HUMH
IPYHTIB Ta po3uuHeHHi y Boai [27]. IloTpiGHO 3a-
yBaXHTH, 1110 YOB He mae MOXKIHMBOCTI KiJIbKICHOT
ominku Bmicty HII, ane e o0'ektuBHNM criocobom
BCTAHOBJICHHS iX HAsBHOCTI.

Kinbkicauii Bmict HII BusHauaetbes abopa-

-32-



ISSN 2410-7360 BicHuk XapKiecbK020 HauioHa/ibHO20 YHieepcumemy imeHi B.H. KapasiHa

TOPHHM aHali30oM 3paskiB. OmHaK ISl MPOTHO3Y
posmnosciomkeHHs HIT 1 po3poOku crioco0y ix Briry-
YeHHS! B MPOLECI OYMIIEHHS TeO0JOTiYHOro cepeio-
BUIIa HEOOXiJHEe 3HaHHS He TiUIbKU Bmicty HII y
IpyHTI, ane i ix ¢azoBoro crany. Kinskicts HII, mo
YTPUMYIOTBCSI IPDYHTOM, MOX€E Ha0araTo mepeBuILy-
BaTH KuibkicTs MOOUTEHUX HII. V Oararpox Bumaj-
Kkax 3a0pygHenHs ctaHoBisTh HIIL, ki moBHICTIO
YTPUMYIOTBCSI TPYHTOM 1 HE 3aTHI CaMOCTIHHO Tie-
pemingyBatucs. [IpoTe rpyHTOBa TOBIIA, IO MiCTUTD
yrpumyBani HII, € mkepenom 3a0pynHeHHS iHIb-
TpaIiiiHuX BOJ, SIKI HaIXOOATh y HIKYI He3abpym-
HEHI IIapu 30HU aepaiii Ta IrpyHTOBi Bomu. Tomy
BigcyTHicTs MOOinbHOI (asu HII He € miacraBoro
JUTS BUKITFOYEHHS TPYHTIB, 0 MicTaTh HIL, i3 30HH
ompoOyBaHHSI.

Byposi pobomu npu obcmedicenni  ocepeoky
HII-3a6pyonenns (m. bina llepksa). Ilpu mpose-
JI€HHI €KOJIOTO-TEOJIOTI9HOTO OOCTEXEHHS TEPUTOPIT
KOJIMITHBOTO ~ BilOIEepKiBCBKOTO — aBiapeMOHTHOTO
3aBoay (BAP3) ta ypoumma Ilotepuare (menapo-
napk «Onexcannpis») kapryBanas HII-3a0pynneH-
HS TEOJIOTIYHOTO Cepe0BHILA BUKOHYBAIOCH OypiH-
HSIM PO3BiIyBaJbHUX CBEPIJIOBHH, IO J03BOJIHIO
OLIIHUTH:

® poryxHicte HII-3a0pymHeHHSI TE0IOTiYHOTO
CEepeIOoBHIIR,

"  pagBHicTh, MOOUTBEHHX HIT;

" MEXY PO3JITY «Tac-BoJa;

® piBHI IPYHTOBHX BO/I.

Takox BinOupanucs npoOW BOAM HA BU3HAYEH-
Hs BMicTy po3unHennx HII.

3TriIHO 3 TE€OJIOTIYHOIO OYJI0BOIO Ta I'iJIPOreoJIo-
TYHAMH YMOBAaMH, B ME&XaX JTUISTHKH POOIT BUALICHI
TpH reoinbTpaliifai cxemu. MapKyrouuM TOpPHU30H-
TOM JUisi Teo(UIBTpAIliiHUX CXEM € BOJOHOCHHUH
TOPHU30HT, TMPHUYPOYCHUH 110 (QIFOBIOMIAIIATBHAX
MiIMOPEHHUX TOHKO3EPHUCTHX IWIYBaTHX IIiCKiB
TUTMBYHHOTO XapakTepy, CepeaHbO-UYeTBEPTUIHOTO
Biky (flldnl). /Io BOIOHOCHOIO TOPU30HTY IiepeBa-
XKHO npuypodeHo 3a0pynHenHs HII i wacTkoBo 3a-
OpyIHEeHi HUIMH BaKKi MopeHHi cyrmuHkH (glldn).

Hist reodinsrpaniiinux cxem | ta Il (teputopis
3aBogy bBAP3) OypiHHA BHMKOHYBanM YIapHO-
KaHaTHUM CIIOCOOOM piamerpoM 168 MM 10 TiuOu-
Hu 10-12 M 1o 3B'I3HUM TpyHTaM BEPXHBO-CEpEI-
HboueTBepTHYHOTO Biky (vdllIbg, glldn).

BononocHuii ropu3oHT OyB PO3KPUTHH IIHEKO-
BUM OypiHHAM CYIIBHUM BHOO€EM 10 TMOuHU 17-
18 m. IIpu BrTydeHHI NIHEKIB 3a 3pa3KaMu OpraHo-
nenTuyHO Oyna oriHeHa 3o0Ha HII-3a0pynHeHHs.
[licns BuiydeHHS WIHEKIB MPOBOAWIOCH OypiHHSA
0e3 BOaM, 3 00CATHOI KOJOHOK TPYO JdiaMeTpoM
146 MM, HK4e 30HH 3a0pyaHeHHs Ha 1-1.5 mM. B
oOcazHy KOJIOHY oOIycKajach poOoda ¢insrpoBa
KoJioHa JiameTrpoM 108 MM 3 ycTaHOBKOIO (DiIbTpa B
IHTEepBaII 30HU 3a0pyqHEHHS. 3MIMCHEHWHA IIiTiioM

o0camHOi KOJIOHW TpyO 1 JKEIOHYBaHHS, OIlIHCHA
MeXa PO3IUTy «Trac-Bofay, MOTYKHICTh MOOLITEHOTO
racy, piBeHb IPYHTOBUX BoA. BiaOupamuce mpobu
BOJM JJIsl BU3HAYEHHsI BMicTy po3unHeHux HIL.

3 ypaxyBaHHSAM TiApOTEOJOTIYHNX YMOB, a Ta-
KOXX OTPHMaHUX IapaMmeTpiB 3a0pydHEHHS PO3Bimy-
BaJIbHA CBEP/UIOBHHA MOXKE OyTH oOnanHaHa SIK MO-
HITOPUHTOBA, TPH I[OMY OOCHUNKa (iIbTpa € CyMi-
IO BEJIMKOTO Ta CEPeIHbO-3EPHUCTOTO IIICKY.
CBepayioBHHA 0018 JHYETBCSI TATPYOKOM, IO 3aKpH-
BAETHCS, a HOrO MpHU3EMHA YaCTHHA LIEMEHTYETHCA.
Po3BinyBanpHiI CBEpIIIOBUHU JIKBIIYIOTHCS MUITXOM
TaMIOHYBaHHS iX CTOBOYpiB BUOYPEHUM IPYHTOM.

Ha pinsakax reoginbrpaniiinoi cxemu III Oy-
PiHHA BUKOHYBAJOCh IIHEKaMM Ta >KEJIOHKOIO 3 00-
cagHoI0 KoJoHOto TpyO (yp. IloTepuare).

3a nanumu OypiHHS OKOHTYpEHI TPH JIiH3U MO-
6inmpHmx HII 3 MakcuMansHOO MOTYXHICTIO 1,5 M Ta
IUTONIMHHE 3a0pyIHEHHsS TPYHTOBHUX BOJ PO3UMHE-
Humu HII 3 kontenTparismu 2,34-593,7 mr/n (puc. 4).

BucnoBku. I[loBHoMacmTabHa pocilickka Bii-
ChKOBa arpecis mMpoTH YKpaiHu crnpudmHMIa Gop-
MyBaHHS YHUCICHHHX MAaclITa0HUX OCEpeAKiB 3a-
OpymHeHHs reosiorivHoro cepenopuma HII, ski mor-
peOyIOTh OIIHKY 3aBJAaHOI IIKOAW JOBKIJUTIO Ta MPO-
BEJCHHA pEMeIialiifHuX 3axofiB. 3alpONOHOBaHI
METOIUYHI MIAXOOM IIOAO EKOJIOrO-TeONOTiYHOTO
oOcTexkeHHs1 00’€KTiB 3a0pyAHEHHsI TEOJOTIYHOTO
cepenopuima HII 103BONSAIOTE OIIHUTH BILUIMB BO€H-
HUX T Ha T€OJIOTIYHE CEPEIOBHIIIE.

Exomnoro-reonoriuae o0cTexeHHs 3a0pyJHEHUX
HIT teputopiii BUKOHYETHCS TOETAITHO 1 BKJIFOYAE
TMIOIITYKH, PO3BIJIKY 1 PO3BIJIKY B TIepioJ] peMeTiatiii-
HUX poOIT. MeTa MOIIyKIB MOJsTaE y BUSBICHHI Ta
TMOTIePEIHIN OIIHIII CTYTEHIO 3a0py/IHEHHS TeO0JIOTi-
yHoro cepenoBuma HII i cryneHio exomorigyHoi
Hebesneku 3a0pynHeHHs. [loapoBuil nepioa € ocHo-
BHUM €TarioM EKOJIOTO-TEOJIOTIYHOTO OOCTEKEHHS.
[TpoBOmATECS  PEKOTHOCHUPYBAJIbHI ~ MapUIPYTH,
OypiHHS TIONIYKOBHX CBEPJIOBHH 3 BiZOOpOM Ipob
IPYHTIB, TIOBEPXHEBUX Ta MiJ3EMHUX BOJ 3 METOIO
Br3HaveHHs BMicty HII. Ha 3axumrouniii cranii ckia-
JTAIOTh KapTH 3a0pyJTHEHOCTI IPYHTIB 30HH aeparlii,
MOBEPXHEBHUX Ta IPYHTOBUX BOJI.

Bunineni Tpu kiacu eKoJIOTivyHOI HeOe3neKkw
ocepenxiB HII-3a0pynnenns. Jlo 1-ro ximacy BigHO-
CATh JUISHKH, J¢ BKe icHye a0o B HahOmmwkui 10
POKIB BUHHKHE 3arpo3a HaJHOPMAaTHBHOTO BMICTY
HII, i axi noTpiOyloTh HEBIIKIAIHOTO MPOBEACHHS
peabumiTaliiHuX PoOiT, y TOMY YHCIIi JIOKaji3alii Ta
mikeigamii ocepenkie HII-3a0pyanenns. o 2-ro
Kjlacy HeOe3NeKH HajexaTb IUISHKH, J€ 3arposa
nepeBuiieHHss HopMmatuBHoro Bmicty HII Ta 3a-
BIaHHS EKOHOMIYHOTO a0o0 COIiaJbHOTO 30UTKY
Moxe rposiBuTUCS Ticis 10 pokiB — HEOOXiTHO TPo-
BeJICHHA pOOIT 3 JOoKami3aIii Ta JiKBijamii ocepen-
KiB 3a0pYJIHECHHSI Ta PEKUMHHUX CIIOCTEpekeHb. [10
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Puc. 4. ITomupenns HIT-3a0pyaHeHHS T€0JIOTIYHOTO CepeIoBUINa B HanpsMKY yp. [lorepuare
(depxaBuuii nenaponapk «OnekcaHapis») 3a JaHUMHU PO3BiayBajibHOrO OypiHHs [23] /
Fig. 4. Spreading of subsurface contamination with petroleum products in the direction of the Poterchate ravine
(Olexandria State Arboretum) according to the data of exploratory drilling [23]

3-T0 Kiacy HeOe3NeKH HaJeKaTh AUISTHKH, Y MexXax
sakux HII-3a0pynHEeHHS HEe CTAaHOBHUTH CYTTEBOI He-
0e3mnexu, OJfHaK MPH 3MiHI YMOB TakKa 3arpo3a MOXe
BUHUKHYTH — PEKOMEHJIY€ThCS TIPOBEACHHS CIOCTE-
pexeHb 3a po3BuTkoM HII-3a0pynHeHHs.

Ha erami po3Biaku AOCITIHKEHHS TPOBOASATHCS
Ha TepuTopii 1-ro Kiacy HeOe3MeKu 3 METOK BUPO-
OJICHHS1 3axOlliB, CHPSMOBAaHMX Ha YCYHEHHS a0o
ocabNeHHs 3arpo3u TOCHOIAPChKUM Ta COIIaJIbHO
OpiEHTOBaHUM 00'€KTaM, a Ha TEPHUTOPIi 2-TO Kiacy
HEOE3MeKH — 3 METOK BHUPOOJICHHS 3aXO[iB, IO
3ano0iraroTh posnoBciomkeHHo HII-3a0pynHeHHs.
ETam po3Bigku B nepiog pemeniamiiHuX pooiT momi-
JIIETHCS HA JBI CTaii: MOYATKOBY Ta ONTHUMI3aIliHY.
[TouaTkoBa PO3BiJKa 3IIHCHIOETHCS MEPe] peMeia-
UifHUMH pOOOTaMM 3 METOI0 YTOUHEHHS I'eOJIOrid-
Hoi OyIOBHM Ta TiAPOTEOJIOTIYHUX MapaMeTpiB, IO
BUKOPHCTOBYIOTBCSI JIJIsSi OOTPYHTYBaHHSI ajibTepHa-
TUBHUX 1HXKEHEpHUX 3axoaiB. OnruMizamiiHa po3-
BiJlka BUKOHYETHCS B IPOLIEC IPOBEIEHHS peMeia-
MiAHAX poOiT Juis 3'sicyBaHHS iX e(EeKTHUBHOCTI,
YTOYHEHHs MaciutabiB Ta auHamiku HII-3a0pyn-
HEHHS, KOpUTYBaHHS (iIbTpaumiiHUX Ta Mirpamii-
HUX TIapaMeTpiB i BAKOHAHHS Ha IX OCHOBI ONTHUMi-

3al[iiHUX PO3pPaxyHKiB.

Po3pobneni mpuUHIMINA EKOJIOTO-TEOJI0TIIHOTO
obcresxxenHst ocepenkis HII-3a0pynHeHHs reonorid-
HOTO CepeloBUIlla MOXYTb OyTH BHKOPMCTaHI Ha
Oaratbox 00’€kTax HaTOMPOAYKTO3a0Ee3MEUCHHS SIK
[UBIJIHHOTO, TaK 1 BIMCHKOBOTO NpPHU3HAYEHHS, IO
3a3HaJIi PyHHYBaHb BHACIIIIOK BOEHHUX Jii. B KoH-
TEKCTi pOCilichKol BIHCHKOBOI arpecii mpotu Ykpai-
HU iX 3acTocyBaHHS 3a0e3rnedye 30ip HEOOXimHOI
iH(opMarIIii IS OI[IHKK IIKOAW, 3aBIaHOl JOBKIJUTIO
4yepes 3a0pyaHeHHs reosioriyHoro cepeponuiina HIT.

Dinancysanns. JOCHiHKEHHS BUKOHAHO 3a
KOHKYpCHOIO Temoio «Crpareriyuna MiHepajbHa
CHUPOBHHA JJIsl BIJHOBJICHHS CKOHOMIKHM YKpaiHH:
aHai3 pecypciB i 3amaciB, po3poOKa TOIIYKOBUX
KpHUTEpiiB HapOIIyBaHHS MiHepaJbHO-CUPOBUHHOI
6asm» (Ne 0123U100855) 3a OromKeTHOIO Mporpa-
Mmoo KITKBK 6541230 «HaykoBo-mociiaHi Ta goc-
JITHO-KOHCTPYKTOPCHKI (EKCIIepUMEHTabHI) pobo-
TH 3a TIPIOPUTETHUM HanpsiMoM «TexHosorii momry-
Ky, BHJIOOYTKY, IepepOOKH Ta BUKOPHUCTAHHS Haii-
BaXJIMBILIMX BHUIIB MIHEPaJbHOI CHUPOBUHH, IIPO-
OyeMu OIIHKH, 30€pPEeKEHHS Ta MICISIBOEHHOTO BifI-
HOBJICHHS TOBKI/UIs» Ha 2023-2024 poku».
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KoH®niKT iHTepeciB: aBTOpKU NOBIAOMAAIOTb NPO BiACYTHICTb KOHONIKTY iHTepeciB

Methodical aspects of the assessment of the state of subsurface contamination
with petroleum products caused by the military aggression
of the Russian Federation against Ukraine
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ABSTRACT

Formulation of the problem. As a result of Russian military aggression, a significant number of petroleum prod-
uct supply objects were destroyed in Ukraine, which led to the formation of new sources of subsurface contamination.
Such sources cause significant damage to the environment, the assessment of which is one of the key priorities among
the entire range of environmental impacts of Russian aggression. The first stage is the assessment of the state of the
environment, which includes the determination of objects, nature, scale and features of subsurface contamination. Its
results serve as the basis for further stages of damage assessment: development of a monitoring network and restoration
measures, the total costs of which should form the basis for a monetary assessment of the damage.

The purpose of the article is to develop a methodology for the environmental and geological survey of petroleum
contamination sources taking into account the consequences of the destruction of petroleum product supply facilities as
a result of military operations.

The scope of the ecological and geological survey of the petroleum contamination sources is determined by the
purpose of its implementation, the size of a survey area and adjacent territories under the influence of contamination,
the necessary accuracy of forecasting contamination spreading, and determining the risk to humans and the environment

Main Results. This article describes the methodological aspects of the environmental and geological survey of the
sources of subsurface contamination with petroleum products, developed on the basis of our long-term scientific re-
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search. The general principles of conducting the ecological and geological survey are described, and the scope and
structure of research are proposed at all stages of the ecological and geological survey of petroleum contamination
sources: search, exploration and exploration during remedial actions. Three classes of ecological danger of petroleum
contamination sources are distinguished. The 1st class refers to contaminated areas where the threat of an above-
standard content of petroleum products already exists or it is expected in the next 10 years, which requires urgent reme-
dial actions, including the localization and/or elimination of petroleum contamination sources. The 2nd class of danger
refers to territories where the threat of exceeding the regulatory level of petroleum products and the task of economic or
social damage is expected after 10 years, and first of all, it is necessary to carry out works on the localization and/or
elimination of contamination sources and regular observations. The 3rd danger class includes territories where petrole-
um contamination does not pose a significant danger but such a threat may arise when conditions change. In this case, it
is recommended to observe the development of petroleum contamination. The cases of environmental and geological
surveys conducted in the area of the international airport "Boryspil" and Bila Tserkva town, which are potentially com-
parable to the sources formed as a result of military aggression of the Russian Federation in terms of the scale of con-
tamination, are considered.

Conclusions. The developed principles of ecological and geological survey of the sources of subsurface contami-
nation with petroleum products can be used at many petroleum product supply facilities that were destroyed as a result
of Russian military aggression.

Keywords: subsurface, contamination, petroleum products, ecological and geological survey, military impact on
the environment, remediation.
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IlepeTBOpIOBAJILHI MOKJIMBOCTI
reoJIOriYHMX MPoIeciB

Cepeiit I'opaiinos
K. TEOJL.-MiH. H., JIOIIEHT, Kadenpa pyHAaMEeHTaIbHOI Ta IPUKIIAAHOIT T€0JIOT i,
XapkiBchbKHiA HallioHATBHHUHN yHiBepcuTeT iMeHi B. H. Kapasina, Xapkis, YkpaiHa,
e-mail: gorjajnov@Kkarazin.ua

I'eororiuHi nmpomecu CTBOPIOIOTH ANHAMIUHY CTPYKTYpy 3emiti. BoHa ckitagaeThes iepapXigHOIO CHCTEMOIO TEONIOTIUHHX Till. Y
CTaTTi aHATI3YEThCS B3AEMUHH T'€OJIOTIYHHX IIPOIECIB 3 i€papXiTHOI0 CHCTEMOIO T'eOJIOTTYHUX TLI, 0 BKIIOYAE PAHTH MiHEpaIbHAX
IHIUBIIB, HOPOJHUX TLI, GOPMAIIHIX ITOKJIA/IB, IUTAHETAPHUX OOOJIOHOK i CeTMEHTIB. B aHaii3 3amydeHi MoJeKyJIsIpHUH 1 aToMa-
pHUIi paHru 00'ekTiB, 00 BOHU TeX OepyTh y4acThb y T€OJOT1YHHUX Ipouecax. Bukopucrane rpymyBaHHS I€OJOTIYHAX HPOLECIB B 5
BIJOMHUX THIIIB — TEPUI'CHHI, OPTraHOTeHH], MarMaTH4YHi, MeTaMOp(QiuHi, XeMOT€eHHO-METaCOMAaTHYHi. Y Ci I€0JOTiYHI MPOIECH 3BO-
IATBCS 10 TIEPETBOPEHB OJHUX T'€OJIOTIYHMX TUT B 1HIN MO CTamisx: 1) pyHHyBaHHS BUXITHOTO CyOcTpaTy; 2) pekoMOiHamii yTBOpe-
HUX (parMeHTiB; 3) KOHCTPYIOBaHHS HOBHX TiI HUIIXOM 3'€THAHHS (ParMeHTiB CTPYKTYpHHMH 3B'si3kamu. KoMOiHAIl Tin pisHUX
PaHTiB Ha PI3HHUX CTAJiAX Mpolecy 300paKyBaJIKCs Y BUIVIII CXeMH — MaTpHIi. Y Hill TIOKa3aHe, Tija sIKMX PaHTiB OepyTh y4acTb Ha
Tit abo iHmH cranii. Ilicis po3risaay nepeTBOPIOBATFHUX MOXKIMBOCTEH I'€0JIOTIYHUX HPOIECiB OKpeMo, OYyIIo MpoaHalizoBaHO X
pi3HOMaHITTS B IToMy. MaTpHIli IPOIIECiB TO3BOJIMIIN Ha €IMHOMY MiATPYHTI IPOaHANi3yBaTH IepPEeTBOPIOBAIBbHI MOXKIMBOCTI IPO-
[IECiB KOXKHOTO TCHETUYHOTO THITY ¥ BHSIBUTH CITUTBHI PUCH TPOIECIB TAHOTO THITY. €IUHHUN MiAXiJ TO3BOJIMB 3iCTABUTH IeHETHYHI
Uy npoueciB. [TOpiBHSHHS MaTpHULb PI3HAX TPYI MPOLECIB OJHOTO TCHETHYHOTO THITY ITOKA3aJlo, IO a) iCHYIOTh paHTru 00'€KTiB,
SIKI 0006'13K060 PYyWHYIOTBCSI, PEKOMOIHYIOTBCS (TIEPEHOCATHCS) 1 CTBOPIOIOTHCA AaHNMH OZHOTUIIHHMH Ipoliecamu; 0) iCHYIOTh
paHru 00'e€KTiB, SIKi AOCTYIHI Ui IepepoOKN i YTBOPEHHS TUIBKH Jeskum TpyNaM MPOLECiB IbOTO THITY. Y 3BEICHHUX XapaKTepHUC-
TUKaX MPOIECiB NepIli TPYIN PAHTiB CTAHOBIATH "AAp0" TEHETUYHOTO THUITY IPOLECIB, a ApYTi — Horo "mepudepiro. MacmradHicTh
MIPOSIBIICHHSA MPOIIeCy 0OyMOBIIOIOTH Ti PAHTH T'€OJIOTIYHUX TiJI, SIKi TOCTYIHI oMy mpu nepeTBopeHHsAX. HoBi MiHepallbHI 1HAMBI AN
3[aTHI YTBOPIOBATHUCS B XOJ1 BCIX IPOIECIB, KPIM TepUTreHHUX (Y HUX HEPEHOCITHCS, PYHHYIOTBCS i COPTYIOTBCS TUIBKH PETiKTOBI
3epHa). HoBi mopo/Hi Tijia GopMyrOThCs y BeixX mporiecax. Hori opmaltiiiHi mOKIaan yTBOPIOKOTHCS TAKOX y BCIX Mpolecax, KpiMm
JIesIKNX opraHoreHHUX. HoBi 000JIOHKY ¥ CErMEHTH IUIaHeTH MOXYTh (POPMYBaTUCS TIIBKH MarMaTUYHUMHU W JeTKUMA MeTaMopdi-
YHUMH TporiecaMu. TepureHHi, OpraHoreHHi # XeMOreHHO-MeTaCOMaTH4Hi IporiecH GopMyIOTh 0OOJIOHKH IUIAHETH TLTBKHU CITUIBHO.
Jana poGoTta siBisie o000 eMITipuYHe y3aralbHeHHs. Take y3araabHEHHS MOXKE MMOCTY)KATH HiATPYHTSAM BIOCKOHATIOBAHHS TEOpii
PYAOYTBOPEHHS.

Knruoei cnosa: zeonociuni mina; eeonoeiuni npoyecu; HaAyKosi CUCMeMU, 8CIAHOBNICHHS 3AIeHCHOCTNE MIdC HAYKOBUMU (aK-
mamu.
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IMocTanoBka 3arajabHoi mpoodJiemu. ['eomori-
YHI MPOIECH 3MIHIOIOTH TIOBEPXHIO i Hajpa 3emi,
CTBOPIOIOYH ii TUHAMIYHY CTPYKTYpY, CTAIy HPOTS-
roM MiTbApAiB pokiB. Ll cTpykTypa ckiamaeThes
iepapXivyHO OPraHi30BaHOK CHUCTEMOI) T'€OJIOTTUHUX
Tin [4]. AJle B3a€EMHMHHU T€OJIOTIYHHX IMPOIIECIB i3
LI€I0 CUCTEMOIO T'EOJOTIYHMX TUI JOTenep He Mpo-
aHaJIi30BaHi.

AHanmi3 ocTaHHIX nocaimxkennb i myoOaikamiii.
Bynp-ski npuponHi npouecH, y TOMy YHCHi i reosio-
ri4Hi, IPOTIKAIOTh Y IEBHUX YMOBAaX HABKOJIHMIIHBO-
r'0 CepeoBHIa. 3MIHHU IUX YMOB MOXXYTh 3yITHHUTH
nporiec a60 3poOUTH HOTO HEMOKIUBUM. bazoBumu
JUIs1 TEOJIOT1YHHUX TPOLIECIB € HACTYITHI YMOBH.

1. IcHyBaHHS TJaHETH SK MPHUPOIHOTO Tijia
oOMeKkeHe TIeBHUM I1HTEPBaJIOM Mac, IO BUKJIMKAE
MOSIBY TaKOXX LJIKOM IEBHUX iHTEPBaJiB iHTEHCHB-
HOCTI IoJIs TpaBiTauii. 3a HUMH Mexamu abo Ia-
HeTa crae 3ipKoro, abo TeoJoTiuHI MpolecH Ha Hil
HEMOJKJIMBI, 1 BOHA B MiICYMKY He eBoJrouionye [1].

HasBHicTe nons msowcinms (y TEBHUX MeXKax Ha-
NpyXeHOCTi!) € mepuor i HeoOXiTHO TeperyMo-
BOIO JIJIi BUHUKHEHHS 1 TPOTIKAHHS BCIX T'€0JIOT Y-
HUX IPOIIECIB.

2. OCKUIBbKH JIesIKI T€0JIOTIYHI mpolecu Bij0y-
BAIOTHCSI HA TBEPJiil MOBEPXHi IUIAHETH, a 1HIN —
MiJ] HEI0, OCTUIbKA HEOOXITHOI YMOBOIO CTa€ came
icHyBaHHS "Kam'siHo2o s0pa" TIaHeTH, OOMEXEHOTO
miero " TBepaor0 moBepxHer'". Jlana yMmoBa pazom 3
MoJIeM TSsDKiHHSI CTBOPIOE B HalIpax JITOCTATHYHHHA
THUCK, 1[0 3pocTae 3 rmbuHoto [1-3, 6, 10, 14].

3. o6 mone TsOKIHHS 3MIHCHIOBAIO SKYCh Te-
OJIOTIYHY PO0OTYy, HEOOXIIHUHN epadicnm MO TH-
KiHHS (TIPOCTOpOBa PIi3HUI HOrO IOTEHILIaliB).
SIK1Io, HaNpWKIAJ, TMOBEPXHS TUIAHETH B KOXHIH
TOYLll Mae TOW caMui moreHiian (TOOTO HE Mae
HISIKOTO penveghy), TO MPOTIKaHHS 0araTboX IeoJIo-
T'YHUX MPOLECIB HEMOXKIIUBO.

4. BaraTo TeONOTiYHUX NPOIECIB BUMArarmTh
3MiH memnepamypu — SIK 330BHI TUIaHETH, TaK 1 yce-

© lopstiHos Cepeili, 2024
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penuHi. 330BHI 3eMis HarpiBaethes CoHIleM. 3BH-
yaifHa 3MiHAa TeMIIepaTypyd IOBEPXHI IIAHETH 3a-
Oe3neduyeThes ii 00epTaHHIM HABKOJIO CBOET Oci (1110
Jla€ YepryBaHHs AHA ¥ Houi), 1 oOepTanHsaM ii Ha-
BKOJIO IICHTPAJLHOTO CBITWJIA 3iPKOBO-TIAHETHOL
cucremMr (IO 3yYMOBIIOE 3MiHY Tip POKY). 3MiHH
TEeMIIepaTypu ycepeauHi ITaHeTH oOyMOBIEHi rpa-
BiTamiitHOO mudepeHItiamiero ii Haap, po3MagoM
pPamiOaKTUBHUX 130TOIMB 1 "NPWJIMBHUM TepTsIM"
MPU HasBHOCTI MAacCHBHOTO CYMyTHHKa (abo cymyT-
HUKiB). 3MiHa TeMIlepaTypu MOKe 3MiHIOBaTu ¢a-
30BHM CTaH PEUOBHH (TBEpIE, pilKe, Ta30moi0He)
Ha MOBEpXHi i y HaJpax IIaHeTH.

5. Jlesiki reosioriyHi MpoLecH BUMAaratoTh iCHY-
BaHHS aTMoc(hepH y IUIaHeTH, TOOTO iCHY8aHHA pe-
4o8uH y 2aszo6iti ¢pazi. 111 ymMoBa He 3aBKIU BUKO-
HY€ETBCSI, TOMY Y 0e3aTMOC(epHHX IJIaHET Ta CYIy-
THUKIB 0araTto 3HaHOMHX HaM MPHUPOJHUX TMPOIECIB
HEMOJKJIMBI (Hampukia, Birep) [17].

6. bararo reonoriyHMX NPOIECIB BHUMAararoTh
icHysanHs peyosun y piokit ¢haszi. Harimommupenimia
Ha TOBEepXHi 3emui piauHa — Boja. BoHa mparrioe i
K MEXaHIYHO JiI0YMH areHT (Tedii, XBWii Ta iH.), 1
SIK PO3YMHHUK. Pi3HUIS XIMIYHMX MOTEHIIAJIIB MiXK
PIOKUMH ¥ TBEpIUMH TiIaMH 3aIyCKae IPOIECH
XEMOTE€HHOTO THITY.

7. OcoONMuBICTIO MPOTIKAHHS TEOJOTTYHUX
nporeciB Ha 3eMii € HassHicms ocumms. Lle npu-
BOJWTH JI0 TIOSBA PI3HOMAHITHUX B3a€EMOJINH MiX
KUBHMH OpraHi3MaMH, 1X BiIMEpIMMH 3aJTHIIKaAMU
it reostorivauMu Tigamu [7-9]. 3aBasku 1BOMY pO3-
MaiTTS 1 TeOJIOTIYHHMX TPOIECiB, 1 IX pe3yibTaTiB
3pOCTaE.

8. BaxuMBOIO yMOBOIO TPOTIKaHHS T€O0JOrid-
HUX TIPOIIECIB € HASBHICTb OOCHMAMHbO20 4ACy IS
opraizaiiii caMoro reoJori9HOro mporecy W ¢op-
MyBaHHS Horo pesynbraTiB. Lls ymoBa 3aBxknu ma-
€TBCSl Ha yBa3i, alle HE 3aBXKJU YCBIIOMIFOETHCS U
bopmyroetbes [14].

3BUYAMHO TEOJIOTIYHI MPOIECH MOIUISIOTh Ha
JIBi BENUKI TPynH 3a 00JacTsMH iX MPOSBICHHS —
ex30eenHi (BiIOYBAalOThCA HA TIOBEPXHI IUIAHETH I
BUKOPHUCTOBYIOTH eHeprito CoHIs) 1 endozenHi (Bia-
OyBaroThcs B HaJpax IUIAHETH i BUKOPUCTOBYIOTH il
BHYTpilHi mxepena eneprii) [2, 6, 10]. Llel moxin
He € cTporuM. Jleski eK30reHHi MpolecH, Moyas-
NIMNCh HAa TIOBEPXHi, MPOJOBXKYIOThCS HA TIIMOWHI
(HampuKIaJ, TPOCOYYBaHHS TOBEPXHEBUX BOJ IIiJ|
3eMinr0). Jlesiki eHJOTeHHI MpoLecH MaroTh "MoBeEp-
XHEBE 3aKiHYCeHH" (HAIPUKIIA]], BUJIUB JIABH).

Tumnizalis reoJorivHUX NporieciB Oysa HpoBe-
JiIeHa aBTOPOM Ha OCHOBI aHaJli3y pe3yibTaTiB LUX
MPOLECiB — CKIAJIB, CTPYKTYp 1 OPM TeoNoriaHux
T [4]. CTpyKTYpH MOPOAHUX T 1 (hopMariitHux
MOKIIQ/IiB BUSIBHJIMCS T€HETUYHUMH — HEITOBTOPHH-
MU B TiJlaX pi3HOTO T€HE3UCy, i TOMy — IHAUKATOP-
Humu. Tomy Hazam OyJie BUKOPUCTOBYBATHUCS TPY-

MMyBaHHS B 5 BIJIOMUX THUIIIB T'€OJIOTIYHUX IPOIIECIB
— mepucenHi, OpP2aHO2eHHI, MA2MamuyHi, Mema-
Mophiuni, xemoeenno-memacomamuyni. Bouu cro-
CYIOTBCSI YTBOPEHHS TiJl yCiX I€0JIOT1YHMX PaHTiB.

Ille B XIX cT. BCTAaHOBJIECHO, IO TI'€OJOTIYHI
MIPOIIECH TpH BCiH iXHIH pPI3HOMAHITHOCTI MaloTh
criibHi puch. [1o BU3HAUYEHHIO IEeOJIOTIYHI MTPOIECH
3BOMATHCS IO TIEPETBOPCHD OAHUX T'€OJIOTIYHHUX Ti
B iHmIi. byap-fike Take mepeTBOpPEHHS BKJIOYA€E Ha-
crynHi cranaii [12]:

1) pyiinysanns BUXiTHOTO CYyOCTpaTy;

2) meperpynoByBaHHS (pexombinayii) yTBOpe-
HUX (parMeHTiB;

3) koncmpyroeanns 3 HUX HOBUX 00'€KTIB (Teo-
JIOTIYHUX TLT) OUIIXOM 3'€THAHHS pO3pi3HEHHX (pa-
TMEHTIB HOBUMH CTPYKTYPHUMH 3B'SI3KaMH.

i Tpu cranii 3py4HO BHUKOPUCTOBYBATH JIs
OTHCY CaMUX IPOLIECIB, MMOPIBHIHHA X MiX C0O00I0,
BUSIBJICHHS 1X BIIMIHHOCTEH 1 ITOMIOHOCTI.

MHOXHHA TEOJOTIYHHUX TiJ, 0 NpUAMae yd-
acTh Yy TCOJIOTIYHUX TIPOLECcax, aHANi3yBaJIOCS aBTO-
pom [4]. Byna BusiBieHa iepapXidHa CTPYKTypa Ili€i
MHOKMHH, III0 CKIQJA€ThCS 13 YOTHUPHOX PAHTIB
NPUPOAHUX (Pi3KiICHHUX) FEOJNIOTIYHMX TiJ, IO MOCHTi-
JIOBHO YCKIQOHIOIOThCS. IlokazaHo, IO KOKHUHI
TEOJIOTIYHUH MPOILIEC HAPOIKYE Ha KOKHOMY 3 paH-
TiB TiJIa IBOX THUITIB — HOBOCTBOpEHi i pemiktosi. Lli
0COOJMBOCTI TaKOX € CIIJIBHUMH ISl BCiX T€O0JIOTi-
YHHUX NPOLECIB, IO 3pYYHO I iXHBOTO OMMCY U
MIOPIBHSIHHS MiK CO00I0.

HeBupimena yacTuHa 3arajJbHoi mpoodJaemMH.
['eonoriuni Tija Hamexarb 10 SKOTO-HEOYIb paHTy
3arajbHOI i€pPapXidyHOi CXEMHU — MiHEpaILHOTO, II0-
poaroro, (opmariitnoro abo obomonkoBoro [4].
Tomy # Ti Tina, SKi pyHHYIOTBCS B XOJIi TIPOIIECY, i
Ti Tija, sIKi yTBOPIOIOTHCS Y PE3yNbTaTi pyHHYBaHHS
— TaKOX BIJHOCATBHCS JI0 TUX a00 IHIIMX PaHTIB.
PaHroBi MOKJIMBOCTI TIEpETBOPEHD I'€ONOTIYHUX Till
TeOJIOTIYHUMH IIpoLiecaMy JO0Ternep He aHallizyBa-
JIHCAL.

Merta cTaTTi — npoaHalizyBaTH MEpPETBOPIOBA-
JIBHI MOXIIMBOCTI T€OJIOTIYHUX TIPOIIECIB 3 MOTIISILY
THUX 00'€KTiB, SIKi HaIXOAATh y TOW a0 iHIIHIA Teo-
JIOTIYHUI TpoIIeC, TIePeTBOPAThCS B HBOMY i (op-
MYIOTb KiHIEBHH pe3yJbTaT JaHOTO MPOLECY.

Mertoau pociimkennsi. PoOora nposenena
METOJIOM TIOPIBHSUTBHOTO aHaiizy. [linrpyHTsm aHa-
Ji3y OyJM paHTW TeOJIOTIYHUX TUT — MiHEpaIbHUX
IHIUBIIB, MTOPOAHUX TiJI, (POpMAIiiHUX TOKIIAIIB,
TUTAHETapHUX OOOJIOHOK 1 cerMeHTiB. B anami3
BKITIOYEHI TaKOXK HETeOJIOTiuHI paHrd 00'€KTiB (MO-
JEeKYJSIpHUM 1 aTOMapHMii), OCKIJIbKM BOHU TEX
0epyTh y4acTbh y T€0JIOTIYHUX IpoLecax.

VYce pi3HOMaHITTS TE€OJIOTIYHHUX MPOIECIB Ipy-
MyBaJoOCs B TUIIM [0 MeXaHi3Max IX MpOoTiKaHHs 1 3a
OJICp’)KyBaHHMHU pe3yJibTaTtamu [5]:

- TEPUTCHHI MPOIIECH BiAOYBAIOTHCS il BILIHU-
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BOM penbedy ¥ KiIiMaTy MiCIEBOCTi, YTBOPIOIOYH
mapu M yJiamKu;

- OpPTraHOTeHHI MpoIlecH BiIOYBAIOTHCS 3aBISKU
KUTTENISUTBHOCTI OPraHi3MiB 1 YTBOPIOIOTH Pi3HO-
MaHITHI OPTaHOTE€HHI i 010peIiKTOBI Tija;

- MetamopdivHi TporiecH BiAOYyBarOTHCS B pe-
3yNIbTaTi TBEPAOTIBHUX JedopMalliil 1 yTBOPIOIOTh
TiJIa MeTaMOP(DITIB 1 peTIKTOBI OJIOKH U JIH3M;

- MarMaTH4HI ¥ KPHOTEHHI MpoIlecH BinOyBa-
IOTHCS 3aBASKH IUIABJICHHIO W HACTYMHOI KpUCTai-
3alii po3IUIaBiB, YTBOPIOIOYM Tila i3 KpUCTami3a-
HIHHUMH  CTPYKTypaMH ¥ TYTOIIaBKi PEITIKTOBI
KCCHOJIITH;

- XEMOI'CHHI I METacOMaTU4Hi MpoIecu Bii0y-
BAIOTHCS 3aBISIKH B3a€EMOJIiI PO3YHMHIB 3 HABKOJIHIII-
HIMH TBEpIUMH TiUTaMH; BOHH YTBOPIOIOTH Pi3HI
arloCOMH i peltikTH 3aMillleHHs/PO3UYMHEHHS (pe3uc-
Tepu) [11].

I'eonoriuni mporiecy MarOTh CTAIiHHICTD 1 pi3-
HOMAaHITHICTh TPOSBIB, a iX Pe3yNbTaTH — 30HaJb-
HicTh. ToMy OQMHWYHI mporiecu 0o0'eHaHI B epynu
3a ymMoBamu MposiBy. Hanpuknan, yci enemeHTapHi
MpollecH HAMHBY PIYKOBHX Kic, epo3ii Oeperis, me-
peKoUYyBaHHsI BalyHiB Oysiu 00'€JHaHI B TPYITy ajfo-
BiaJIbHUX TMPOIECIB — MO CHIIBHOCTI TPUPOTHUX
YMOB TIPOSIBY (HisLTBHICTH piku). Jlo ckilamy KOXHO-
T'O THITy MPOLECIB BKIIOYAIHCS KiJIbKa TPyH MOJi0-
HUX, aJle Pi3HUX MPOIECIB, IO BiAPI3HIIOTHCSA Mic-
1IeM, YMOBaMH TIPOTIKaHHS U pe3ybTaTaMu CBOET Jii.

Kom0iHarii Tin pi3HHX paHTriB Ha Pi3HUX CTai-
X TIPOIIeCy 300pakyBaINCS Y BUTIISII CXEMHU, IO €
CBOEpiAHOIO Mampuyero npoyecy (puc. 1). Xpecru-
KaMH MT03HaYeHa PAHTOBA MPUHAICKHICTb TiJl, SKi:

- pyHHYIOTBCS B X0Jii miporiecy (Y JaHOMY MpH-
KJIaJi — BUXiHI GopMaiiiHi MOKIa 1, IIOPOIHI Tijia
1 MiHEepalbHI IHTUBIAN);

- PeKOMOIHYIOTBCSI B XO/Ii TIpoliecy (MiHepabHi
IHIMBIIM W TIOPOJIHI TiJIa; MOJICKYJIM M paguKain He
3a4iITarOThC );

- CTBOPIOIOTHCSI HOBI MOPOAHI Tina U ¢opma-
LIMHI TOKJIAAH.

Ha cranii pyliHyBaHHS yTBOPIOIOTHCS PENIKTOBI
Tija, siKi ¥ OepyTh yd4acTh Yy TMpoIeci Ha cTamii pe-
KoMOiHarlii. 3 HAX Ha cTajii CTBOpEeHHS (OPMYIOTh-
sl HOBOCTBOPEHI Tijla PI3HUX PaHTiB.

CknazaHHd MaTpulb OKPEMHUX MpOILECIB J10-
3BOJISIE TIEPEUTH JIO aHAJI3y IX CYKYIHOCTI B MeXax
tuny. [licasi mBOro TOPIBHIOIOTHCS IEPETBOPIOBA-
JbHI MOXIIMBOCTI THIMIB IpoueciB Mix coOoro. Ta-
KH{ aHaii3 JIO3BOJIMTh POOWTH BHUCHOBKH TIPO iXHI
MOXKJTMBOCTI — 30KpEMa, MOKJIUBOCT1 PyJIOy TBOPEHHSL.

3 onep)KaHHSIM MOPIBHSIIBHOI XapaKTEePUCTHKU
MEPETBOPIOBAIBHUX MOXKJIMBOCTEH T'€OJIOTTUHUX Till
PI3HUMH THUTIAMH T€OJOTIYHHX MPOIIECiB b CTATTI
BBa)Ka€ThCS JIOCSATHYTOIO.

OcHoBHI pe3yabTaTu gociaigxenHs. Croyar-
Ky pO3IJIsIaIuCs TEPETBOPIOBAIbHI MOMXKIHMBOCTI

KO>KHOTO T€OJIOTTYHOTO TIPOIIECY OKPEMO.

PaHrn Ten

PaspyweHune
PerombuHayma
CosgaHue

O6oncueuHsid

GopMayMOHHBINA

MopopHbIii

+
+

MuHepaneHsld | - | |

MonekyrnapHbA

ATOMapPHBIA

Puc. 1. Ilpuknag MaTpuili T€0IOTIYHOTO TIpoIieCy /
Fig. 1. Example of the matrix of the geological process

Tepuzenni npoyecu Ha IOBEpXHi 3eMJTi JOCUTH
pi3HOMaHITHI. YCi BOHH MpPOTIKAIOTh Ha THX abo
iHmmx Gopmax penbedy B ToMy abo iHIIOMY KiliMa-
Ti. IXHsI TeosoriYHa MisUTBHICTD 10ATKOBO 00yMOB-
JOETHCSI KOMOIHAIIISIMU TPAaHHYHUX YMOB, SKi OIIH-
caHi paHinie. MaTpulll TEpUTeHHHUX MPOLECIB MpPea-
CTaBJICHI Ha pHC. 2.

[portec ¢i3WYHOTO BUBITPIOBaHHS. PyiiHysaH-
Hs 3a3HAIOTH OLNBIN JAaBHI MOPOJHI TiNa ¥ CKIIajeHi
HUMH (POpMaLiiiHI TOKIAaN OyIb-IKOTO MMOXO/KEH-
Hs — mapyBaTi, MmarmMati4di Ta iH. Lle mopomxkye
TOCTPOKYTHI TIOPOJHI )amKu Pi3HOTO PO3MIpy
(Opunu, mebeHi, KOpcTBY). MOKYyTh BUKPHIITYBATH-
Cs OKpeMi MiHepalibHI 1HJAMBIIM BUXIIHUX IOPI/I,
IO YTBOPIOIOTH TEPUTCHHI 3epHa. Pexombinayis
yIIaMKiB 1 3epeH BiI0OYBa€TbCs MPOBATIOBAHHIM
OUTBII JPIOHMX YJIaMKIB Y TIPOMIXKKH MK OUTBIIH-
MU 0e3 00KkouyBaHHs i copryBaHHs. Cmeopioemuvcsa
eNIOBIANBHUN  (pOpPMAIIfHAN TIOKJIAJA, CKJIaJIeHHUI
HEOOKaTaHUMH i HECOPTOBAaHMMHU YJIaMKaMH, MK
SKUMH PO3TAlIOBYIOTBCS THi3Za TMICKy, CKJIaJeHi
MiHEepabHUME 3epHamMu. HoBi MiHepamum TyT He
YTBOPIOIOTBCS — PYHHYIOTBCS U PEKOMOIHYIOTHCS
BXKeE Ti, 10 ICHYyBaJIM paHillle.

KpiorypOamiiini mpomuecu pytinyroms Gdopma-
LiAHI TOKIaaAd ¥ MOpoJHI Tijla OUIBII JIAaBHHOTO
BiKy. MOXyTbh TaKoX JPOOHUTHUCS MiHEpaJbHI 1HIH-
Bimu. Pexombinayia ynaMKOBOTO Matepiany BigOy-
BAETHCS JIOKAIBHO, MiA Ji€0 BUMOPOXYBaHHA K
KpioTypOaniifi. ¥ 1poMy OepyTh ydacTb TOPOJIHI
Tina (mapw i yJaMKH), a TaKoX YTBOPEHI 3epHa.
Cmeoproecmucs IOBEepXHEBUH (opMaLiiHINA TOKIaz
TOBIIUHOIO B TEPII METPH, CKIAJICHUN TEPUTCHHU-
MU TOPOJaMH W yJIaMKaMH 31 CTPYKTYPOIO MOPO3-
HUX (KpiOreHHHX) BHYTPIIIHBOIIAPOBHX Aedopma-
1l 1 BUMOpPOXYBaHHs (yJIAaMKH Y4aCTKOBO BiJJOKpe-
MITIOFOTECS Bij IpiOHO3eMy). HoBi MiHepanbHi Buin
TYT HE CHHTE3YIOTbCS — TUIbKH PYHHYIOTbCS MiHe-
payibHi IHAMBIIY, 110 YTBOPIOBAJIKMCS PaHilLe.
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MonekynapHbIA MonekynapHbii MonekynspHbIi
ATOMapHbINA ATOMapHbIA ATOMapHLIN
Dizuyne 6UBIMPIOBAHHS, KPIiO- Cxuno6i npoyecu, mumuacosi 3cyeni npoyecu |
mypbayii, eonosi npoyecu / 6000moKu, npunausu i meuii | Shifting processes
Physical weathering, cryoturbation,  Slope processes, temporary water-
eolian processes courses, tides and currents
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Glacial and wave breakers

Anosianvuutl npoyec |
Alluvial process

Excnnosuenuii npoyec |
Explosive process

Puc. 2. 3icraBieHHs MaTpHUIl, TEPUTEHHUX TIporieciB / Fig. 2. Comparison of matrices of terrigenous processes

EonoBi mpouecu. Tyt pyiinysanns BHUXITHUX
MOPOJHUX Ti, (POPMAIiHUX TOKIIATIiB i YaCTKOBO
MiHEepAJIFHUX 1HIWBIMIB, pexombiHayis yNaMKiB i
3epeH (MEPEeHOC ¥ COpTyBaHHS) 1 X GIOKIAOAHHS.
MPOSIBIISIIOTECS. OJIHOYACHO, ajieé B PI3HUX MiCIsX.
HoBi ¢dopmaniiiHi mokmand MarmTh 30HAIBHICTH
OyzoBM B HampsAMKy mepeHocy 3epeH. Kam'saucri
mycTeni — 1e 00J1acTh AeduIALlii, JKEepeno €0JoBOro
Matepiany. [lo Hampsmky nednsmii BoHM 3MiHIO-
IOTHCS MILIAHUMH MOPSIMH, a JIECOBi IIOKPUBU 3aBe-
PIIYIOTh 3arajbHy 30HANBHICTH €0J0BOro (opma-
LIHHOTO MOKJIaay. 3MiHa BITPIB 3yMOBJIIOE ClIoiyac-
TICTh €0JIOBHX MOPOJIHHUX T — OapxaHiB, JIIOH, Jie-
COBHIX TIOKPHUBIB.

BynkaHOTeHHO-YJIAMKOBHM IIPOIIEC TPOXH Bifl-
pi3HSETBCS B €0J0BOTO. Pytinysannio B XOAi Mpo-
LeCy ra3ami, L0 PO3LIUPIOIOTHCS, B OCHOBHOMY
3a3Ha€ TLNO PO3ILIaBY. Y HBOMY MOXYTh OyTH MpH-
CyTHIMH a0o0 BiAICyTHIMH KpHUCTajJoKi1acTH. Busep-
KEeHHs pyHHYye Ol JaBHI MOPOJHi Tina i hopma-
UiliHi MOKTamM 3 YTBOPEHHAM JiTOKIACTIB. IXHs
pexombinayis (IEpEHECEHHS, COPTYBaHHs) BigOyBa-
€TbCS B MOBITPI MiA 4yac nodboTy. Cmeopioromuvcs

BepCTBH TY(]iB, SKi pa3oM 3 yJlaMKaMu JIaBU ¥ Jii-
TOKJIACTaMHU YTBOPIOIOTH HOBHH (DOpMaIliiHUYN TTOK-
nan. ller moxman BUpakeHUH B penbedi K ByIKa-
HiYHa conka (IITaKoBWUH KoHyc). YW BBaXkatu BiT-
POKJIaCTH HOBOCTBOPEHUMH MiHEpaTbHAMHU 1HJUBI-
JaMM — TUTaHHS [TOKH 110 BiIKPHTE.

KonroBianbHUN Tpoliec pyiixye OB aBHI
¢dopmaniiiHi MOKIagu ¥ MoponHi Tina, GopMyroun
yJIaMKH ¥ y HE3HAYHIH KiJTBKOCTI — MiHEpaIIbHI 3ep-
Ha. Pexomobinayis OTPUMAHOTO TEPUT€HHOTO MaTe-
piany BiJIOyBa€eThCS MIBHIKO — Y X071 OOBATIOBAHHS
abo ocumnanusa. CopTyBanHs ab00 0OKOUYBaHHS yJa-
MKOBOI'O MaTepiajly B XOJi npolecy He BiaOyBaeThb-
sl uepe3 Mauii yac Horo mpoTikaHHs. Y pe3ynbTati
CMBOPIOEMbCSE HOBUH KOJIOBIAIbHUN (hopMartiiHui
MOKJIa, II0 Mae GOopMy HENPaBUIBHOTO OJUHUYHO-
ro KOHyca ado PU3MH 3 TaKUX 00’ €THAHUX KOHYCIiB
y ocHOBi cxwiy. [loknaa Mae HesiCHY, MOJIOXHCTO
HaxwieHy (10 MiOIIBH CXWIIy) HIapyBaTiCTh, 30Ha-
JbHY OyJIOBY, 1 IOCSITa€ TOBLUIMHU B JECSITKA METPIB.

Ipouecu cxwmnoBoro kpumy. [{umu nponecamu
PYUHYIOmMbCs. BUXIIHI MOPOAHI Tia ¥ (opmariniHi
MOKJIQI 3 YTBOPEHHSIM PETIKTOBUX TiJ — yJaMKiB i
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MiHEepaJdpbHUX 3epeH. [lpu crioB3aHHi M0 CXWITY BOHH
pexombinyromsbcs (IEPEHOCATHCS, YaCTKOBO COPTY-
I0TBCS, TIOETHYIOUYHCH 13 YTBOPEHHSAM HOBHX MOPOJ-
HUX TEKCTYp). B OCHOBI cxumiB cmeoproomsbcsi HOBI
MOPOJIHI TijIa, IOEAHYBaHI B HOBOCTBOpeHi (hopma-
iiHI ToKIamu (aecepririto, medIrokcito, comdurro-
KCil0), IO CKJIAJAIOTHCS 13 HOBOCTBOPEHUX 3EPHUC-
TUX TIapiB 1 PENIKTOBHX yNIaMKiB. Uepe3 pemaykoBa-
HICTh XeMOT€HHOTO BIUTMBY BOJAM B XOJIi JaHHX IIPO-
LIECiB HOBI MiHEpabHi iHIUBIAN HE yTBOPIOIOTHCS.
3CYBHI IPOIIECH TPOBANAT PYUHYEAHHS BUXII-
HUX TIOPOIHMX TLT 1 PopManiiHUX TTOKIIA/IIB 3 yTBO-
PEHHSIM PETIKTOBUX TiJl — EpO3iHUX BiIOKpEMIICHD,
yJIaMKiB 1 MiHEpaJIbHHUX 3€PEH. Y XOi OMOB3aHHSI
M0 CXWJIy BOHH pekomOinyiomucs (NEpeHOCATHCS,
neOopMYIOThCA, APOOIATHCS, MEPEMIITYIOThCS). Y
OCHOBI CXHJIIB (hopmyrombcsi HOBOCTBOPEHi (hopma-
HidHI Tokmaan (mensncis Ha cymni i ¢wmesoi do-
pMariii B MOpPCHKHX YMOBax). Jlemsmciit cknagaeTses
MEPEBAXHO 3 PETIKTOBUX YJIaMKIB MOPOJHHX Til,
chopmoBaHuX 3 (OpPMALIHHUX TOKIAIB, SIKi pyi-
HyIOThCsl. HOBOCTBOpEHI MOpoaHi Tia OTOYYIOTH i
HEMEHTYIOTh iX. Y QuumeBiii gopmarii, HaBOakwu,
PEIKTOBI YJIaMKH 3aiiMarOTh ITiJIJICTJIC MOJIOKEHHS,
OCHOBHHI 00'eM (popmarii ckiageHnii HOBOCTBOpe-
HUMH 30HAJIbHUMH TIOPOJHUMH TiJlaMH — PUTMaMH.

Ex3apaniiHo-MOpeHHI [poILecH  OXOILTIOIOTh
Tpoxu OUIBIINIA iHTEpBaJ PaHTiB, HIK IMOMEPEIHi.
Ile noB'sa3aHe 3 BENMMKOIO MAacoo JIbOJAOBHKA, 3/1aT-
HOTO pyHHYBaTH BeNWKi ckenmi. JIboJgoBUKOBa ek3a-
partist pytinye naBHi GopMalliiHi OKJIAAN i MOPOIHI
TiJla 3 YTBOPEHHSIM €pO3iHHUX BiIOKPEMIIEHB, TIOPO-
JTHUX yIIaMKiB 1 MiHepanbHUX 3epeH. Pexombinayis
ux (hparMeHTiB BiZIOyBa€TbCS B PYXOMHUX MOPEHaX.
VY xomi pyXy yJlaMKH OOKOYYIOTHCS, JPSTAIOThCS i
APOOIATECS 10 OKpeMHUX MiHepaibHHX 3epeH. Cop-
TyBaHHS YJIaMKiB 32 PO3MIpOM HeE BiJIOYBa€ThCS.
Bioknaoennss MOpPEeHHOTro Martepiajly IOB'si3aHe 3
TaHEHHSM JIbOJIOBHMKA. BiJCYTHICTH COpPTYBaHHS
YCHAJKOBYEThCS W Ha eTami BIIKJIAJCHHS MOPEH —
IIe HE COPTOBaHI CyMIllli yJaMKiB PI3HOTO pO3Mipy.
MinepanbHi iHIUBIAM B AaHOMY (opMaritHoMy
MOKJTAJIi PIIKO YTBOPIOIOTH CaMOCTIWHI MIapH, dYac-
Tillle [EMEHTYIOUYM OLJIbIII YJIaMKH M PO3CIIOIYNCH
MIX HFMH.

QduoBiorANiaNbHAUN Tponiec. Pyiinysanns W
PO3MUBY 3a3HAIOTH OiJIBIN JaBHI MOPOJIHI TiNa (JIHO-
JIOBUKOBI BaJyHH U 1HIII yJaMKH) i CKJIaJeHI HUMHU
JHOJOBUKOBI (MOpeHHi) ¢opmariini mokmagu. O6-
KOYYBaHHSI YJIaMKiB CYIPOBOJKYETHCSI IXHIM CTH-
paHHSIM y TMOTOKax 1 BIAUIIJICHHSIM MiHEPaIbHUX
3epeH. Pexombinayisi yTBOPEHUX YJIAMKIiB 1 3epeH
BifOyBa€eThCs Yy BOIHUX NOTOKax. Lle cympoBomky-
€THCSI COPTYBAaHHSAM iX TO po3Mipax. [nmHUCTHI
MaTepiajl BUHOCUTBCS 3a MEXKI JIbOJAOBUKOBOI 00J1a-
CTi — SIK MIiHIMYM y NPWIbOJZOBHUKOBI HiANpyAHI
03epa, a y BUIAJKY 3aHIPOBUX TIONIB — 32 iXHI MeXi.

Bioknaoanns ynamkoBoro marepiany (Gpopmye HOBI
MTOPOJHI TijIa mapiB (IMicKiB, aqeBpHUTIiB Ta iH.). Crii-
JLHO BOHHW YTBOPIOIOTH HOBI LIapyBaTi (opmManiiini
MOKJIAJAX — 030Bi, 030BO-3aHIPOBi, 03E€PHO-ITHOJO-
BHKOBI.

JemoBianbHuil Tporiec pyuxye Ol gaBHI
(hopMarriiiHi moknaay i MOPOHI TiIa — 0 OKPEMUX
MiHEepaJbHUX 3epeH. MiHepalbHI IHIWUBIIA BUXIiA-
HUX TIOPil Y XOJi OOMEXKEHOTO CXWJIOM IIPOIECY
3pyHHYBATHUCSI HE BCTUTAIOTh. Pexombinayis 3epeH
BiJIOYBA€THCS B XOJIi HEJAJIEKOTO MIEPEHOCY BHH3 IO
cxmry. ToMy copTyBaHHS MaTepialy HE3Ha4HE, a
00KOUyBaHHSl YJaMKiB MPakTUYHO HE CIIOCTEepira-
€ThCs. Bioknadennsi ynamMkoBoro mMatepiainy Gopmye
TETIOBIAIbHUNA TUIEH] — caMOCTIHHUN ICIIOBiaIh-
HUM (dopMamifHuil ToKIax Tpy0do MPU3MATHIHOL
¢dbopMu ¥ HeBenUKOI TOBIIMHU. BiH ckianeHuit ma-
pamMu 3epHUCTHX TIOPiJ i3 BKIFOUYCHHSIMHU TOPOIHIX
yIIaMKiB (KOPCTBH, MIEOCHIB), 1 3aKPUBAE T THIKKS
JIENOBIaIBHUX CXUIIIB.

[posnoBianbHUi Tpoliec y XOAi MTHOMHHOI U
Ha3aJgHBOI epo3ii pyinye OULTBIN MaBHI dopMarliitai
MOKJIIM ¥ TIOPOJHI TiNa, ane Ie Maibke He 3adinae
MiHepanbHi iHAMBIOU. M iXHBOTO pyHHYBaHHS
eHeprii MOTOKIB HENOCTaTHBO. [lepenocambes yna-
MKH TipCbKHUX TOpif (mo Opwi i BamyHiB) 1 MiHepa-
JpHI 3epHa. CmeopeHHs: HOBUX T'eOJIOTIYHUX 00'€K-
TiB BifOyBa€ThCsl B KOHYcax BUHOCY ("CyXUX Oeib-
tax"). I3 3epeH yTBOpIOIOTHCS HOBI MOPOIHI Tinma
(mapwu), siKi pa3oM 3 yJIaMKaMU CKJIaJal0Th HOBHIA
(dopmaniiiauii mokiaa — abo OAWHUYHHN MPOITIOBia-
JFHUM KOHYC BHHOCY, a00 CEpir0 KOHYCIB, IO 3JIH-
JIMCSL BOEJMHO, 3 YTBOPEHHSIM HOBOI MOJIacoBoi (o-
pmarii.

AJnoBianpHUIA TIpoLiec pylixye OimbI naBHi ¢o-
pMarliiiHi TOKIIaau, MOPOHI Tila ¥ MiHEepalbHI iH-
nuBinu. Pexombinayis GparMeHTIB BiOyBa€eThCA B
X011 X TIOTOKOBOT'O MEPEHOCY y BUTIIAI €pO3iHHUX
BiJIOKpEeMJICHh (POpPMAIIfHAX TIOKIQMiB (BEITUKUX
BaIyHIB), IMOPOJHHMX YJaMKiB (BalyHiB, TalbKH,
rpaBio Ta iH.) 1 MiHepanbHuX 3epeH. Ciia ypaxysa-
TH # TEPEeHOC PEYOBHH Yy PO3YMHEHOMY (MOJIEKY-
JsipHO-i0HHOMY) cTaHi. Cmeoprolomscsa HOBI WapH 1
HOBI (hopMarliiiHi nokaau (atoBialibHi), 10 MalOTh
¢amnianbHy 30HANBHICTH (PYCIIOBI, 3aIlIaBHi, CTapH-
9yHi ¥ iH. Qawii). YTBOpEeHHS HOBHX MiHEpaIbHUX
IHAMBIIB 3 PO3YMHIB — II€ BXKE HE aJlOBIaJIbHUM, a
XEMOTCHHUH TMpOLeC, Uil SKOr0 [ISUIbHICTD PIiK
CTBOPIOE BUXI/IHI IEPETYMOBH.

XBUICIPUOIMHUMHU _[IPOLICCAMH  PYUHYIOMbCS
(dhopMarriiiti MOKJIaqu KOPIHHUX TOPif, OUIBII JaBHI
MOPOJIHI TiNla 3 YTBOPEHHSM YJIaMKiB. PyliHyBaHHS i
yJIaMKiB, 1 MiHEepaJIbHUX 1HIUBiAIB BiIOyBa€eThCS B
30H1 mpubepexHoi abpasii (0OKoUyBaHHS, CTHpPaH-
Hs1). Eneprii xBuienpuOiitHOT AisIBHOCTI JOCHTH
JUIS 4YaCTKOBOTO PYHHYBaHHS W OOKOYYBaHHs MiHe-
paNbHUX 3€peH. PexomOinayiss MIHEPAIbHUX 1HIH-
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BiJIiB, TOPOJHHUX TiJ (30KpeMa, OPTaHIYHHUX 3aJIUIII-
KiB) 1 epo3iifHUX BiJOKpEMIICHb BiIOYBA€THCS B XOIi
ix mepeHeceHHs (Y3[I0BXK 1 Bromnepek Oepera) i cop-
TyBaHHS 3a po3MmipoM. CmeopenHs HOBUX O0'€KTIB
MIPEACTABIICHE BIiAKIaNaHHAM HOBHX INapiB, SKi B
CYKYITHOCTI 3 yJaMKaMH yTBOPIOIOTH IIapyBaTi 30-
HaJIbHI QopMaliiiHi mokIamu.

BarroBi  (mpUIIIMBHO-BIIUIMBHI)  MPOIECH
BILUTMBAIOTH Ha TIEPEPO3MOIiJI MOPCHKUX OCAJKiB Ha
JiTOpati, y 3aTOKax 1 Ha BEpUIMHAX MiIBOJHUX Mif-
HATTIB. PytiHy6annio 3aBISKU TNPHUILIMBAM 1 BiIJHU-
BaM 3a3HAIOTH (PopMarliiiHi MOKIaan KOPIHHUX II0-
pia 1 XBUICIPUOIHHUX HAHOCIB, @ TAKOX OUIBII JIa-
BHi MOPOJHI Tila 3 YTBOPEHHSIM YJIaMKiB 1 3€peH.
PyitnyBanHs MiHEpabHUX IHAUBIAIB i TI€I0 TPH-
IUTUBHO-BIATUIMBHUX TEYill MAaJIORMOBIpHO depes
iXHIO HU3BKY EHEpriiiHicTb. Pexombinayis MiHepa-
JTFHUX 1HAWBIIB (3epeH) 1 MOPOAHUX TiN (3BUYATHO
IpiOHOTO TpaBit0 i OpraHOTCHHUX 3aJUIIKIB) Bif-
OyBaeThCs B KaHAJIax Mirpallii Ipu nepeHoci i cop-
TyBaHHI 3a po3MmipoMm. CmeopenHss HOBHX O00'€KTIB
MPEJCTABICHO HOBHMHU IIapaMH W MIapyBaTHMU
(dbopMaliiHUMKM TIOKJIaZIaMH, IO BiJIKJIAJAIOTHCA Y
npubepeXHUX JiTopanbHUX yMoBax. HoBi MmiHepa-
TBHI IHAWBIIN TYT HE YTBOPIOIOTHCS.

G oK0oBOIHO-HAMUBHI IIPOLIECH BilOYBAIOTh-
Cs MiA AI€0 NPUIOHHMX TEYil Ha THX TIMOMHAX

CBiTOBOTO OKe€aHy, 1¢ XBUenpuOiiiHa abo MpUILIH-
BHO-BIIUTMBHA JISIILHICTH YK€ HE BIUIMBAE Ha JTOH-
Hi ocangku. PyiinysanHnio B XOHAlI ISIBHOCTI Tediit
MOXYTh 3a3HaTH (HOpMalliiiHi TOKJIaJAX KOPIHHUX
mopia, OUTBII AaBHI MOPOMHI Tijia (30KpeMa, MIapH
a00 OpraHoTeHHI 3aNWINKW). PylHHyBaHHS MiHEpa-
JLHUX IHIMBIAIB Y XOMi JOHHOI abpa3ii TyT Maiou-
MOBIPHO Yepe3 HU3bKY €HEepriiHICTh JOHHUX TeUil.
Pexombinayis mMiHepaTbHUX 1HIUBIAIB 1 TTOPOITHHUX
Tin (YacTtimie OpraHiYHUX 3aTUILKIB, a TAKOX MpPO-
IYKTiB JIbOJOBOTO PO3HOCY) BigOYBAa€ThCS ILISIXOM
TXHBOTO TEPEHOCY TEUisIMH W TIOMYTHUM COPTYBaH-
HSM YyJIAMKOBOTO Matepiainy 3a po3mipoMm. Cmeo-
peHHs HOBUX OO'€KTIB MpPE3CHTOBAHO HOBWUMH IlIa-
pamMu i mrapyBaTUMHU (QOPMALIHHUMHU TIOKJIAIaMH,
10 MarOTh MOMIMPEHHS Ha 3Ha4HHX uromax Caito-
BOro okeany. BoHM MOXyTh (pOopMyBaTH IiABOAHO-
HaMUBHI XpeOTH ¥ BUCOYMHU TOBIIMHOIO B COTHI
METpIiB - MepIIi KUTOMETPH W JOBKHHOIO B THCSYI
KioMeTpiB. Takux BENMKUX HAMUBIB Ha CyIIi HE
CIIOCTEPIraeThCsl.

OpzanozenHi npoyecu MOXIUBI TITbKH 32
YMOBH iCHYBaHHS XMBHX opranizmiB. Lli mpouecu
BiOYBarOTHCS B MOJI TSOKIHHS IUTAHETH, PH 00OB'-
S3KOBIM ydacTi atMochepu W BOIM, a TaKOX Iif
pEryJol0YUM BILTHBOM 3MiH TeMIepaTypu. MaTpu-
1l OPraHOTeHHUX MPOIECIB MPEACTaBICH] Ha puC. 3.

= = [ [

= = = =

o | I o | I o | T o | T

= [ = [ = © = ©
I I () I I (0] I I [0] I Iz (]
[ = = [ = = (9] = = () = =
Panrn Ten 3 | © T Panrn Ten 3 | © T PaHru Ten 3| o T PaHru Ten 3| © T
S| 2| ® S| 2| ® S| 2| ® s =@
o Qo (=8 o e} (=8 o Q = o Q =8
3188 3188 3188 51518
oo |o oo o oo |o ala|o
OBonoveyHblid ObornoveyHsl i ObonoveyHblid O6onoveyHbId +
dopMaLOHHBIA PopMaLOHHBIA + dopmaLroHHbIRA dopmaLlnoHHbId | +
MopoaHbIA | + MNopoaHbIA -+ MopoaHbIA MopoaHbId | - +
MuHepanbHbid | L | | | MuHepanbHBIA | - + MwuHepanbHbIA + MubepanbHbid | | [ 4 |
MonekynapHbld | - [ - [ MonekyrapHeld | - [ - [ 4 MonekynsapHbIA + |4+ MonekynapHbid | 4 | 4 | 4+

ATOMapHbIA -+ ATOMapHBIA -+ ATOMapHbIA + ATOMapHbIA -+

. . JlianvHicmo
JlianvHicmo

Hisinonicme 6onim |

IPYHIMOBUX Op2anizmi6 / Activity of bogs

Activity soil organisms

Hisinonicme 6enmocy |
Benthos activity

NAAHKMOHY | HeKkmoHY |
Activity of plankton
and nekton

Puc. 3. Marpuiii opranorensux nporiecis / Fig. 3. Matrices of organogenic processes

[poliecu TIPYHTOYTBOPEHHS PYUHYIOMb MaTe-
PHHCBHKI TIOPOJHM U JIesiKi MiHepaJIbHi 1HAMBIH, Yac-
TKOBO PO3UYUHSIOUM JiessKi 3 HUX (OiOreHHE BUBIT-
proBaHHs). Pexombinayis marepiany BiOyBaeThcs B
10HHIH 1 MONEKYJSIpHIM po3unHHiN (opmi i vacTo
ycepeauHi oprasismiB. bioTypOamisiMu MOXyTb
nepeMim@aTics ¥ MiHepaibHi iHAMBIIKH. Cmeopio-
10mbCsl HOBI CIIONIYKH (OpraHivHi i HEOpraHiuHi), 3
SKHX CKJIAJA€ThCS MONIKOMIIOHEHTHE TiI0 TyMYyCy.
Bono npocouye TepureHHy MaTpHULI0 MaT€PUHCHKOT
MOPOJIH, OXOIUTIOIOYH yCe HIKYi TOpH30HTH. ['ymyc,

BJIACHE, 1 € OPraHOTCeHHUM YTBOPEHHSIM — Pe3yJIibTa-
TOM JistIbHOCTI Oaktepiid. st IpyHTIB TaKOX Xapa-
KTE€PHUI MIUPOKUI PO3BUTOK CYMyTHIX XEMOT€HHHUX
MPOIIECiB.

I'eosioriuna misipHicTH OoaiT. HazemHi oprani-
3MH JI0 TIOXOBaHHA B 00JIOTaxX pyiiHyioms TipChKi
MOPOJIH, MiHEpaIIbHI 1HUBIIN ¥ HABITH PO3YUHSIOTH
JIesKi 3 HUX OlOreHHMM BHUBITproBaHHAM. [licis Bij-
MHUpaHHS W IIOXOBaHHS OpraHi3MiB BigOyBaeTbCs
pexombinayisi yTBOPEHOTO MaTtepiany mif aiero 6io-
XIMIYHHX MPOIIECIB B 10HHIH 1 MOJIEKYJISIpHiH opmi.
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Cmeopiotomubcsi HOBI CTIONYKH (OpraHivHI i Heopra-
HiYHI), CHHTE3YIOTbCS TiJIa MiHEpPaJOiMiB THILY TYy-
Mycy. BunukaroTe noponHi Tina Topdis abo campo-
TeJiB, sIKi MOKYTh BBasKaTucsl popMariftHUMH MOK-
JazaMu OpraHOTeHHOTO MOXOJKCHHS 3aBISKH Oak-
TepiaJpbHUM IIpoIlecaM, Xoda caMi I1i Tija CKJIaJeHi
JIMIIIE BIIXOJaMHU IXHBOI KUTTEMIAIbHOCTI.
OpraHoreHHO-YJIaMKOBI TPOIECH — Pe3yJIbTar
KUTTEMISUTBHOCTI KICTIKOBHX MOPCBHKHX OPTaHi3MiB
(Gentocy, mnaHkToHy i HekToHy). Ha BiaMiHy Big
0araThOX IHIIMX MPOUECIB, PYUHIGHA OiAIbHICMb
IDIAHKTOHHUX 1 HEKTOHHHUX OPTaHi3MiB MPaKTHIHO
BIJICYTHSA. Pexombinayis TPOIYKTIB 3BOJIUTHCS JIO
BUJIYYEHHsI 3 BOA FOTOBHUX PO3YMHEHMX 1 3BaKEHUX
pevoBHH 1 TOOYIOBI 3 HUX CBOIX TiN i, 30KpeMa,
KicTakiB. Cmeopioromscsi HOBI CIIONYKHU (OpraHivyHi
i HeopraHiuHi), CBOe€pigHi OiOreHHI MiHEpaibHi
IHAWBIAM W 3 HUX — HOBI MOPOJHI TiNa (PaKOBWHH,
KicTSKM), Hexall 1 MmikpockomivyHi. [lomanbima moms
UX TOPOAHUX TiM MICJIS CMEPTi OpraHi3MiB BU3HA-
YyaeThCsl 800 TEPUTEHHUMH TPOLIECAMH OCaIKOHAKO-
MUYeHHS, 200 XeMOTEHHUMH TIPOIlecaMy JliareHe3sy.
OpraHoreHHi yJIaMKH KiCTAKIB Ta PaKOBWH CKJIaja-

10Th (hOPMAITHI TTOKIaad BXXE TSPUTCHHOTO TOXO-
JOKCHHS.

PudoyTBOproroui nponecu — pe3yabTar KUTTE-
JiSUTBHOCTI OEHTOCHHUX KiCTSKOBHX MOPCBHKHX Opra-
Hi3MiB. PyiiniéHa poib OEHTOCY B IIJIOMY HEBEIHKA,
00MEXYIOUNCh HEBEIMKUM TOPU30HTOM OioTypOarii
i TIOBEPXHEBHM BHCBEDJUIIOBAHHSIM XOJIB y TBEp-
IuX TpeaMmerax. PexombOinayia X wMaTepiany He
OOMEXY€EThCSl TIEPEeMIIIEHHAM ITIHH, a OXOILTIOE
MOJICKYJISIpHUK 1 aTOMHO-IOHHUI piBHI. 3 po3dmHe-
HUX PEYOBHH OCHTOCHI OpraHi3MU CMEOpHIOMb YCi
THIN TEOJIOTIYHUX TiJd — BiJl MiHEPATLHUX IHIUBIIIB
J0 TUIAHETAPHUX CETMEHTIB (OpraHOreHHUX CMYT),
MPUYOMY BIOPOJOBXK BCi€i reosoriuHoi icTopii 3emiti.

Memamopghiuni npouecu 3emiti HACTIUIBKA
MOIIMPEH], IO MOXYTh BBAXATHCH AOMIHYIOUHNMHU.
Maitke Bcsa ManTis 3emii, 10 3aiiMae Oinbmr 83 % i
00'emy — e MetTamopdiuna o0omoHKa. | 3eMHa KOpa
OimpIn HiXK Ha 2/3 CcKIamacTbes 3 MeTaMOp(IdHUX
yTBOpeHb. MaTpuii MeTaMOp(iuHIX MPOIECIiB Bif-
OMBaIOTH IXHIO Pi3HY NOIIMPEHICTh, EHEPTETHKY M
0COOJIMBOCTI TIPOSIBIICHHS B yMOBaxX CydacHOi 3emii

(puc. 4).
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Manmiiini nomoxu ti pe2ionanvui
Odeppopmayii 3emnoi xopu /
Mantle flows and regional
deformations of the earth's crust

ConsaHOKYNONHbHI, 2HEeCOB0-KYNOJIbHI |
1l 6HYMPIUHbO-Tb000B8UKOEI npoyecu /
Salt domes, gneiss-dome and
intraglacial processes

Ivnaxkmui npoyecu (yoapmi
Memeopumui Kpamepu,) /
Impact processes
(impact meteorite craters)

Puc. 4. 3icrapneHHs MaTpuIb MeTaMOphidHUX TPoIeciB /
Fig. 4. Comparison of matrices of metamorphic processes

MeTtamopdiuHi mporecu € TemoreHepaTopamu
— TI00aIbHUMU, PETiOHALHUMH a00 JIOKaJbHUMH.
TemmepaTypHuii peXxuM HakiIamae OOMEKCHHS Ha
MetamopdiyHi mporecu. BoHM MOXIHBI TiJIBKU B
TUX TEMIEpPaTypHUX MEKaxX, y SKUX MPHUPOJHE Ce-
PEMOBUIIE 3AIUUAEMBCA V) ME8EPOOMY CMAHI — HE
TUTABUTHCS. 3PO3YMINO, JUIS PI3HUX MPUPOJHUX pe-
YOBMH IIi TeMIlepaTypHi OOMEXEHHS OyayTb pi3-
HUMU.

ManTiiiHi MOTOKM T100aibHI 1O CBOIX Macll-
TabaX, BOHM OXOIUIIOIOTh TJIMOMHH BiJ| IOBEPXHIi
IUIAHEeTH JI0 TIOBEPXHI 3eMHOTO sijapa. PyiiHysanHs
MAaHTIMHAMH [OTOKAMH 3a3HAOTHh LI OOOJIOHKH #

CErMEHTH IUTAHETH — KOHTUHEHTAIbHI (yHIaMEHTH,
0caZioBUi 40X0J 1 okeaHiuHi umTH. OCHOBA PyXy —
TBEPAOTUIbHI ITOTOKH, IO BiJOYBAIOTHCS ILIAXOM
CTPECOBOI IMepeKpucTalizaiii MiHepaJbHUX 1HIUBI-
IiB, TOOTO HIJISIXOM PO3PUBY H BiTHOBJICHHS 3B'SI3KiB
iXHIX KpPHCTANIYHUX TPATOK. Pexombinayisi yTBOpE-
HUX (parMeHTiB BiIOYBa€Thcs SK Ha MIKPOPIBHI
panukaniB i 10HIB, Tak 1 Ha PiBHI IJIAHETAPHUX CET-
MEHTIB. Y pe3yJbTaTi cmeopoemspcss IUPOKUN
CIEKTp T'eOJOTIYHHX HOBOCTBOPEHUX T — B Mi-
HEpaJbHUX I1HAWBIJIIB JI0 HOBUX MAaHTIMHHX MeTa-
MopdiuHuX (opMamiiHUX MOKJIaNiB, IO MOTPely-
I0Th TTO/IABIIOTO BUBYCHHSI.
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PerionanpHi _auHamomeramopdivHi _mpouecu
TaKOX € TJI00aIbHUMU. PyiinyeanHs perioHaIbHUMU
nedopManisiMi 3eMHOT KOpH 3a3HAIOTh SIK i 000-
JIOHKU ¥ cerMeHTH TaHeTH (KOHTWHEHTalbHI (QyH-
JAMEHTH, OCaIOBUI Y0XO0JI, OCTPiBHI IyTH, OKEaHid-
Hi TUTMTH), TaK 1 OKpeMi MiHEpalbHI iHOUBITH ( TIPH
CTPECOBiil mepeKkpucTaizailii 3 po3prUBOM 3B'3KIB iX
KPUCTAINIYHUX TPaToOK). Pexombinayiss yTBOPEHHUX
(parMeHTiB BiAOyBaeThCcA SK Ha MIKPOPIBHI pajau-
KaJiB i 10HIB, TaKk i Ha PiBHI BEJMKHX CEPEAMHHHUX
MAaCHBIB — PENIKTOBHX T OibII JaBHIX CKJIagdac-
X obmacteit. Cmeopioembcs TIHPOKUN CHEKTP
T'eOJIOTIYHUX HOBUX TUT — BiJi MiHEpAJILHUX 1H/UBI-
niB (kpucTanobnactiB) A0 ¢GopMaLidiHUX MOKIAIiB
CKJIaMyacTuX oOxacTei 1 KpucTamiyHuX (DyHITaMeH-
TiB KOHTHHCHTIB (IUIaHETaPHUX CETMEHTIB).

CoJITHOKYTONBHI MPOIECH JIOKanbHi. Y XOmi
(hopMyBaHHS Iiamipy pytiHyromscs BUXiTHI 0CaoBi
(hopMariiiini mMoKIamu — TPYNU COJEHOCHUX INAapiB.
[oponni Tina (mapu) MOYMHAIOTH TEKTH, CTAIOYH
OUTBII MOJIOMUMH METaMOP(IYHUMHU TOPOJAMH.
BuxigHi 3epHa pyHHYIOTBCA O PiBHSA paIuKaliB,
MEePEeKPHUCTANTI3YIOUNCh Y HOBOCTBOPEHI KPUCTAIO0-
nacT. Pexombinyiombes sIK MiHEpaJIbHI 1HIAMBIIH,
Tak i moposHi Tina. Cmeoproomscs HOBI MiHEpaITbHI
iHAuBiAM, MeTaMOp(idHI CONSIHI MOPOMHI Tima U y
LiJIOMY — HOBOCTBOpPEHUH (opMmariifHuii mokmam —
coistHai miamip. Ilo CTpyKTYpHUX CHiBBiIHOIIECH-
HSX 3 HaBKOJWIIHIMU TiJJaMH TaKi COJISHI MOPOJHU €
Habarato MOJIOJIIMMH 3a BiKOM MeTaMOp(iuHUMU
YTBOPEHHAMH (2K JIO CYYaCHHX).

I'HelicOBO-KYNOIbHI MPOIECH PYIHYIOMb BUXI-
IHI ocazloBi, MeTamMop(iuHi i OiNbII 1aBHI Marma-
THYHi (popMariitni mokmamu. Ixui mopoani Tina mma-
CTHUYHO Je(OopMyIOTBCS MpU CIUIMBAHHI, CTal4u
MOJIOAIIUMH MeTaMophiYHUMHU TIopojamMu. BuxigHi
3epHa PYWHYIOTHCSI 3 YTBOPEHHSM HOBOCTBOPEHHUX
KpUCTaio0y1acTiB. Pexombinyromscs K MiHEpaIbHI
IHAWBIANA, TaK 1 MOPOAHI Tila (TEKTOHIYHI JIH3M).
Cmeoproiomscss HOBI MiHEpalibHI IHIMBIANA, MeTa-
MOp(]iuHi Tijia THEHUCIB 1 CJIAHIIIB 1 B I[IJIOMY — THEH-
COBWIA KYIIOJI, HOBOCTBOPEHUH (hopMamiifHUN MOK-
nan. Ilo cTpyKTypHUX CHiBBIIHOIIEHHSX 3 HABKO-
JUIIHIMA CUHKIIIHAJSIMH THelcH € MeTaMop(iduHu-
MU YTBOPEHHSMH, CHHXPOHHUMH 32 BiKOM i3 3eJe-
HUMH CJIAHISIMH.

BHyTpIilIHLOILOIOBUKOBI _MPOLIECH  BifOyBa-
IOTHCSL B JILOJIOBUX IOPOJIaX MPH HETaTUBHUX TEM-
nepatypax. llpu ¢opmyBaHHI JILOJOBUKIB pyilH)-
1ombCsl BUXIJIHI MapareHe3ncH IapiB CHIry, QipHY,
diprOBOro nBoAy. IXHi MOpomHi TiNa MIACTHYHO
neOpPMYIOThCS il TUCKOM, CTarO4H OUIBII MOJIO-
UM MeTaMop(hiYHUM TJIeTYEpHUM JIboJ0M. Buxiani
KpHUCTaIH PYWHYIOTHCS 3 YTBOPEHHSIM HOBOCTBOpE-
HUX KPUCTAIO0ACTiB. Pekombinyiomscs K OKpeMmi
MOJIEKYJIH BOJIM, TaK 1 MiHEpaJIbHI IHIUBIAM i TOPO-
JHI Tia (JIbojy W yiaMKiB Tipchkux mopin). Cmeo-

piolomsbcsi HOBI  KpUCTaoONacTd, MeTamMopQiuHi
TiJIa TIICTICPHOTO JTHOAY ¥ Y IIJIOMY — HOBOCTBOpE-
Hi QopManiiini moknagM (IbOAOBUKH). [XHi po3Mipu
MOXYTh JOCATaTh po3MipiB Marepuka. [ neryepHuit
T € Cy4acHOI MeTaMOp(]hidHOI0 TipCHKOIO TOPO-
JIOI0 IO BCIX CBOiX BJIACTUBOCTSIX.

IMIaKTHI OPOLIECH TAKOK JIOKANIBHI, ajae BHCO-
KO €HEpriiiHi, OCKUIBKH TPOTIKAIOTh Ha KOCMITHHX
mBHIKOCTAX [16]. BOoHM € OCHOBHHMM IIPOLIECOM
yTBOpeHHs manet. llpu upomy pyiinysanmus 3a3Ha-
I0Th HE TUIBKM BeJHKi (opMauiiiHi mokgaaud i mo-
ponHi Tima. MOXIHBO # YaCTKOBE pyHHYBaHHS Oca-
noBoro uoxiy. Ilpu BUOYXy pO3pHBAaIOTHCS TaKOX
XIMiYHI 3B'I3KM MOJIEKYJ 3 YTBOPEHHSM IEperpiToi
mwiasMi. Pexombinayia wmatepiany BinOyBa€eThCs
LUIIXOM MHUTTEBOI BUTPATH IUIa3MHU HAa CHHTE3 HO-
BUX BHCOKOOApUYHUX, Y TOMY YHCIi PiIKICHHX Mi-
HepaJiB, i BUHUKHEHHSIM 3HAYHUX O00'€MIB pO3ILIa-
BiB. BimOyBaeTbcst MacoBe TIepeMIIlTyBaHHS YIaMKiB,
y TOMY YHUCIIi BEJIMKUX TEKTOHIYHUX OJIOKIB hopma-
HiiHOTO CKamy. BrpomoBx cekyH[ cmseoproomvcs
HOBI MiHEpaJIbHI IHIWBIIH, CKJIO, HOBOCTBOPCHI M
PEIIKTOBI MOPOIHI TiNla (ylaMKH) i HOBHH yAapHO-
MeTaMop¢iuHuil GpopMaliitHuil moknam.

Mazmamuuni ii Kpuozenni npouecu — pe3yib-
TaT BILTUBY TETIOBOTO IO 3€MITi Ha TBEPi TipCh-
Ki OPOJIH, TIPH SIKOMY BOHU TIOYMHAIOTH TTABUTHCA,
a 3roJoM, IpU BTPaTi Temja — KPUCTaJi3yBaTHUCS.
Tomy mi mporiecu MOXXKHA Ha3BaTH Kpucmanizayii-
Humu. Tlpoliecy MiaBiIeHHS BiIOYBalOTHCA B MEXKaX
"kaM'ssHUX saep" 3emii ¥ iHmmx rianet. Came "ka-
M'ssHE SAApo" TUIaHeTH, OyAy4YHd TBEpPIUM TiIOM, y
NPUHLMII 34aTHE JI0 TUIaBJICHHS — IEPEXOY B PIAKY
¢a3zy. PyiiHyBaHHs BuxigHOTO cyOCTpary (10 craHy
piavH) BiIOUTE B MATPUIIAX KPUCTATi3aiiHIX MIPO-
ecis (puc. 5).

ByjikaHO-TUTYTOHIYHI [IPOIECH 3JaTHI pyuiHy-
6éamu TUIABJICHHSAM JI0 TIOSIBU PIJIUH HE TIIBKU MiHe-
paNbHI IHAWBIAM, ale ¥ [iJi CerMEHTH IUTAHETH
(oxeaniuHi mutn). B xoni mirparmii po3miasiB a0
TIOBEPXHI peKoMOIHyIombCsi IK OKpeMi aToMHU U io-
HU, TaK 1 KCEHOTE€HHI MiHepaJlbHi IHAWBIAA ¥ TIOPO-
IHI Tina KceHodiTiB. Cmeopiolomucsa 3 PO3IUIaBiB
HOBI CKITyBaTi TiJIa, MiHepaJbHi IHIUBIIK (MarMaro-
TeHHI KPUCTaJIM), HOBOCTBOPEHI MOPOJIHI Tiia (Mar-
MaTOJIiTH — JalKH, NPOAYKTH AudepeHuianii B iH-
Tpy3uBax Ta iH.), GopMarliiHi mokinaau (BYJIKaHO-
TUTYTOHIYHI CITOPY/IM) 1 HOBI MarMaToreHHi CerMeH-
TH MJIaHeTH (OKeaHIuHi IUIMTH, BYJIKaHIYHI HOSCH U
apeany, BOTHEHHI Tpacu). BynkaHO-TUTyTOHIYHI
nporiecd rIo0anbHI W CTBOPIOIOTH HOBI Tila BCIiX
paHris.

KpuorenHni mpouecu BigOyBalOThCS B KpH-
OIIITO30HI TIaHEeTH. Y XOJi KPUOTCHHUX IPOIIeCiB
pyunylomscss GopMaiiiHi nokiIagy (JbOJOBHKH) 1
Oinbiu 1piOHI TiNa MBOAY ax 10 GOpPMYyBaHHS MMOTA-
JIMX BOJ| — MOJIEKYJISIPHUX pifiviH. Pexombinayis (nie-
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Volcanic-plutonic processes
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Kpuozenni npoyecu /
Cryogenic processes

Puc. 5. 3icTaBieHHss MATPHUIIh KPUCTATI3AIiHUX TTPOIIECiB /
Fig. 5. Comparison of matrices of crystallization processes

peHoc) Matepiany BigOyBaeTbCs BOJOIO 3 10HAMH,
IO 3HAXOIATHCSA Yy Hill, a TAaKOXK 1 CKYMYEHHIMH
KPHUCTAJIiB, 1 ylaMKaMH JIboay. Y pe3yJibTaTi KpHo-
TeHHUX TIPOIECIB opmyromsbcsi HOBI MiHEpalbHI
IHAWBIAA, TOPOAHI Tinma, (opMamiiHI TOKIAaAH
(xpwkaHi TOJNsI, OaraToOpiyHi Hajiedi, MOBTOPHO-
KWIIBHI O Ta iH.). KproreHHnMu mporecamu B
yMoBax 3eMii (OpPMYIOTBCS TaKOXK OCOOINBI KPHO-
TeHHI CErMEHTH (MapareHe3WcH JbOJOBHX (opma-
HMIHHUX TOKJIAiB), 10 3aiMarOTh OOUIBI HPHUIIONS-
pHi oOmacti. BinOyBaeThcst 0OMIH PEYOBHHOIO KPH-
OTEHHUX CETMEHTIB 1 HABKOJMIIHIX 000510HOK. Do-
PMYBaHHSI JIbOJIIB 3B'S3y€ BOJly, TAaHEHHS 3HOBY ii
3BUIBHSE; BOOU HAAXOASTh Y KPHUOJITO30HY, LIUPKY-
JOKOTH Y HiM 1 4acTKOBO 3anumaroTh ii. [Ipomecw,
110 BiJI0YBalOTHCS B KPUOJIITO30HI — CE30HHI, a TOMY
LIBUIKI ¥ HAOYHI.

Xemozenno-nwemacomamuuni npoyecu Gop-
MYIOTh pe3yJbTaTH B3aEMOJii MI00AILHO PpO3IO-
BCIO/DKEHUX MIA3€MHHUX BOJ 3 HABKOJIMINHIMHU IO-
ponamu. L B3aeMomist BifOyBaeThCs MUISIXOM PO3-
YMHEHHs, IEPEHOCY PO3YMHEHOI'0 PEYOBUHHM 1 HOTO
BikiaganHs [11]. YHiBepcalbHOW MPUYMHOIO Bij-
KJIaJIaHHS € MIePEHaCHYEHHS! PO3YHMHY BiIHOCHO Ja-
HOTO KOMITOHEHTa. TOMY pO3IiIeHHS] XeMOTE€HHHX 1
METaCOMAaTUYHUX TPOIIECIB — MPOCTO JAaHWHA Tpa-
JUALIT.

Pi3Hung y temneparypax miaBieHHS JIbOAOBUX
1 CHJIIKATHHUX TOpPiJ OOYMOBJIOE CHIBICHYBaHHS B
neeHoOMYy IHmMep8ani memnepamyp IJbOLY, IO BXKE
pO3MJaBUBCS, 1 IIe HE PO3IUIABICHUX CHIIIKATIB.
lpoMy TeMmepaTypHOMY iHTEpBaslly i BiamoBina-
I0Th YMOBH X€MOT€HHO-METACOMATHYHHX MPOIIECiB
(puc. 6).

XiMiuHe BHBITPIOBAaHHS BiI0YBA€THCS MiJ €0
IPYHTOBHUX BOA. PyiinyganHs TPYHTOBHUMH BOJAMHU
3a3HAOTh MIHEpabHI 1HIUBIAK, MOPOAHI Tia I
¢dopmauiiiHi moxyiaau BUXiAHOTO cyOcTpary. Pyii-
HYBaHHS TOXOJUTh 10 (POpMYBaHHs HOBUX paJUKa-

7B 1 ioHIB, ¥ popMi SKHX 1 BimOyBa€eThCs TMEpeHe-
CEHHS 1 pexomOinayis OTPUMaHUX MPOAYKTIB. 3 HUX
cmeopromvcss HOBI  KoJoimHi (amMopdHi) yTBO-
peHHsI, MiHepanu, Tipchki mopoau i dopmariiiai
TTOKJTa TN Kip BUBITPIOBAHHSI.

KapcToBi nporiecu BijOyBarOThCSA B MiCIIEBOC-
TAX, CKJIaJeHNX KapOOHATHUMH, CyIb(paTHUMHU U
IHIIMMH  PO3YMHHUMHU Mopofgamu. DopMmyBaHHS
KapcTy BigOyBaeThcs MiJ Ji€0 THX ke (HaKTOpiB,
10 1 Kip BUBITPIOBaHHSA. PyiiHy6anHs KapCTOBHUMU
BOJAaMH 3a3HAIOTh BUXIMHI MiHEpajdbHI 1HAWBIIH,
MOpOJHI Tina i (opmamiiiHi noknanu. PyiiHyBanHs
JIOXOJIUTH 10 (hOpPMYyBaHHS HOBUX paJIMKaJIiB 1 10HIB,
y hopMi sIKuX 1 BiIOYBAEThCS MEPEHOC 1 peKOMOIHA-
Yis OTPUMAHUX MPOAYKTIB PO3YMHEHHS. 3 HHUX
cmeopomucss HOBI aMOp(HI yTBOpEHHS, MiHepa-
JBHI 1HIWBIAM, HOBOCTBOPEHI W PENIKTOBI MOPOHI
Tijla, a TaKoX 1 (hopMaIliiiHi MOKJIaau HATIYHUX TIe-
YEepHHUX YTBOPIB.

EBanopuToBi IpoliecH MOYMHAIOTHCS 3 PYUHIG-
Hoi poOOTH XIMIYHOTO BHBITPIOBaHHS B OaceiHax
BOJIOMM KIHIIEBOI'O CTOKY. 3 BHXIZHOTO cyOcCTpaTy
BUHOCSITbCS PO3YMHHI KOMITOHEHTH, IO CYNPOBO-
JOKYETBCSl PO3KJIaJaHHSAM HE TIIbKH MiHEpaIbHUX
IHAMBIIIB, ajie 1 OKpeMuX pagukaiiB. Pexomobinayis
i mepeHoc MPOIYKTIB PO3UMHEHHS BiIOYBAEThCS Y
¢dopmi panukaniB (B OCHOBHOMY aHIOHIB) 1 iOHiB
(vacrimie ne — KaTioHW). 3 HUX MPU BUIIAPOBYBAaHHI
CMBOPIOIOMbCSL HOBI PO3YMHHI CTHIOTYKH, MiHEpaIbHI
1HIMBIZM, allOCOMU ¥ pe3UCTEpH, sIKi B CYKYITHOCTI
YTBOPIOIOTH XEMOT€HH1 (OopMalliiiHi MOKIaIu.

JliareHeTH4HI TpoIecH € pPe3ybTaTOM XiMid-
HOI B3aeMoJIil BOJ, ITOXOBAHUX B 0CAJKaX, 3 CAMHUMH
ocankamu. Lle mepeTBoproe MyxKi TEpUTEeHHI OCaIKu
B IIUJIbHI 31leMEHTOBaHI ripchbki nopoau. Iloxosani B
ocajJikaX BOJAHM BHHOCSTH PO3YMHHI KOMIIOHEHTH,
PYUHYIOYY TIEHO 9 1HIIOK MIPOIO BHXIJHI 3€pHa,
MOpOJHI Tina ¥ ¢opMauiliHi NOKIaaH, YTBOPIOIOYH
HOBI CHOJYKH. Pexombinayiss i epepo3noaia mpo-
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IYKTIB pO3YMHEHHS BimOyBacThcs y Gopmi paamka-
J1iB (B OCHOBHOMY aHiOHIB), 10HIB (KaTiOHIB) 1 MoJIe-
Ky (4acrTimie ra3iB). 3 HUX Y CIPHUATIMBAX yMOBax
CMEOpIoIoMbCsi HOBI HEPO3UMHHI KOJNOINHI YacTKH,

XEMOTCHHI MiHEpaJIbHI 1HIUBITH, alIOCOMH U pe3uc-
TEepH, SKi B CYKYITHOCTI YTBOPIOIOTH iareHETHJHI
ctpatudopMHi GopmaliiiHi MOKIagH, U0 MPOCOTY-
I0Th OCaJ0BUM YOXOJI.
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ObonoyeyHLIn ObonoyeuHLIn ObonoveyHbIA

PopMayMOHHBIF | - -+ DopMaYMOHHBIR | - -+ PopmaymoHHbIF | - 4
MopogHbii | =+ MopogHbIi | =+ MopogHsii | —+
MuHepaneHbId | —+ MuHepaneHeIi | —+ MuHepaneHbId [ +
Monekynapheid | &+ | 4+ | + MonekynapHeid | + | 4+ | + MonekynapHeid | &+ | 4+ | +

ATOMapHLIN -+ AToMapHLIA -+ ATOMapHbIA -+

Exsoeenni npoyecu (ximiune
BUBIMPIOBAHHS, KAPCM, €6aNnOpUmosi
npoyecu, diazenes /
Exogenous processes (chemical weather-
ing, karst, evaporite processes, diagenesis

Ilepexiouni npoyecu
(xamacenes) /
Transitional processes
(catagenesis)

Enooeenni npoyecu (2iopomepmansri —
MEKMOHO2EHHI, NIIYMOHO2EHHI
i gyKaHo2enHi) /
Endogenous processes (hydrothermal - tec-
tonogenic, plutonogenic and volcanogenic)

Puc. 6. 3icTaBieHHsSI MATPHIIb XEMOTCHHO-METACOMATHYHHX MPOIIECiB /
Fig. 6. Comparison of matrices of chemogenic and metasomatic processes

KarareHeTnyHi mporecu OXOIUTIOIOTh TIIHOOKI
TOPH30HTH OCAI0BOTO YOXJIA i PO3BUHEHI TI00aib-
HO. B yMoOBax migBHILIEHHX TEMIeparyp 1 THUCKiB
HaIlipHI BOJM YacCTKOBO pyUHYIOMb TEPUTEHHI IIa-
pyBari (opmarniiiHi TOKJIaau # TTOXOBaHI B HUX Op-
TaHIYHI PEIITKH, NEPETBOPIOIOYH IX y PETKTH PO3-
YUHEeHHS ¥ 3amimeHHs. Pexombinayiss ¥ mirparis
PEUYOBHH y XOJli KaTareHe3y BiJOyBa€ThCs EPEBaXK-
HO Y BOJIOPO3YHMHEHOMY CTaHi — Y BUTJIS/II MOJIEKYT,
panukamiB 1 ioHiB. Cmeopioiomsbcs Pi3HOPAHTOBI
HOBOTBOPY — BiJl aMOP(pHUX KOMITOHEHTIB BYTiJLIA 1
OITYMIB JI0 MOBHOI'O 3aMIIICHHS TJIMHUCTUX (opMa-
il 3 yTBOpeHHsM cTpatuopMHHX (HopMariiHUX
HOKJIA/iB.

TekTOHOreHH] TiApoTEPMAaIbHI IPOLECH OXOII-
JIOIOTh YCIO TOBIIMHY 3€MHOI KOPH B CKJIQJI4acTHUX
obnactsix. TepmanbHI BOJM YacCTKOBO PYUHYIOMb
OinpIn maBHI (opMariifHi TMOKJIAH, 3MIHIOKYH IX
MOpOJIHI ¥ MiHepalbHI Tina. Pexombinayis Wi mirpa-
i PEYOBMH Yy XOJi TiIPOTEPMAIBHOIO IPOIECY
BiOyBa€THCS Y BOAOPO3UNHEHOMY CTaHi — y BUIJIS-
I MOJIEKyYJ, paAMKaiiB 1 ioHiB. Cmeoproromscs piz-
HOpaAHIOBI HOBOTBOPW — IPHIIOBEPXHi aMopdHi U
KOJIOIIH1 HAIJIMBH, [IAPareHe3UCH TiApOTepMaIbHUX
MiHepaiB, SKi YTBOPIOIOTb METACOMAaTHYHI HOPOAHI
Tija, 30HAIBHO MOOYI0BaHI BEPTUKAILHO-TIPOTSKHI
(dbopmMarriiini nmokaanu ( Bil MIrMaTUTOBHX TIOJIB Ha
HIKHIX TOPH30HTAax /O BIAKIAAIiB TEpMaJIbHUX
JDKEpeJT Ha MOBEPXHi).

[I1yTOHOTEHHI TiJpoTepMallbHI TPOLECH PO3-
BUBAIOTHCSI B OTOYECHHI 1HTPY3MBHUX MacuBiB. Bixa-
OyBa€THCSl YAaCTKOBE pyliHy6anHs OUIbII AaBHIX (o-

pMaIliifHIX TOKIIa/iB i3 3aMIIIEeHHM 1 pO3UHHEHHIM
iX MOpOIMHMX 1 MiHEpAILHUX TiJ JO OKPEMHX MOJie-
KyJ1, 10HIB 1 pagukaniB. Came B Takii ¢opmi i Bia-
OyBaeThCsl Mirparliss W pexkomOiHayis POIUIMHEHUX
PEUOBHH y TiApOTEpPMAILHUX MOTOKaxX. Y pe3yibTa-
Ti ¢MGOPI0IOMbCSsT PI3BHOPAHTOBI HOBOTBOPU — MiHe-
paNIbHI IHIUBIAW Pi3HUX PO3MIpiB (BiJ MIKpOCKOITi-
YHHUX Y POTOBHKAaX JI0 TIFAaHTCHKUX y METrMaTUTax),
30HAJIBHO I1OOYJOBaHI METAaCOMAaTH4YHI TOPOHI
Tina, BenWKi (opMalliifHi MOKIaaAW BEPTUKAIBHOIO
PO3BHTKY.

ByjikaHOT€HHI TiIpOTepMalIbHI MPOIECH PO3-
BUBAIOTHCS B OTOYCHHI BYJIKAaHO-TUTyTOHIYHHX CIIO-
pyn. Bounu wactkoBo pyiinyroms Oinbmn naBHiI (op-
MaIliifHi MoK 13 3aMIMIEHHAM JIESIKUX ITOPOJTHUX
1 MiHEpaJIbHUX TiJ 1 BUIYTOBYBaHHAM 3 HUX OKpe-
MUX KOMIIOHEHTIB, SIKi y BUTJISAI MOJIEKYJI, 10HIB i
pajvKaliB MEPEHOCATHCS W peKoMOIHyIoms y T1IpO-
TepMalibHUX MOTOKax. Ha TXHIX BHUCXITHHMX TlJIKax
CMBOpIoIOMbCsi HOBI XIMIUHI CIIONYKH Y BUTJISI
KOJIOIZiB, MiHEpaJbHUX I1HOWBIAIB, TiAPOTEPMaib-
HUX TMOPOJHHUX Til 1 BEJHMKHX 30HAJBHHX (hopma-
MIWHUX TOKJIAIIB.

3aranpHUA  XapakTep XEMOTreHHO-MeTacoMa-
TUYHUX TPOLECIB SK MPOILECiB PO3UMHEHHS H Hepe-
BIJIKJTaJICHHS] PO3YMHEHOr0 Matepiany poOuTh iX
yHidikoBanumu. [lopiBHssHHs X MaTpuis (puc. 6)
MOKa3ye, 110 BOHM oAHOTUNHI. Lle BimHOCHTBCA SIK
JI0 €K30TE€HHHX MPOIECiB (XIMIYHOTO BUBITPIOBAaHHS,
(opMyBaHHS KapcTy ¥ eBaloOpHTiB), TaK i JI0 €HJIO-
TeHHUX (T1APOTEpMATIbHUX).

AHai3 mokasye, 110 IpoLecH KaTareHesy He
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MOXYTh OyTH BiTHECEHI MOBHICTIO IO €K30TCHHHUX
a00 eHmoreHHWX. BOHHM XIMIYHO IEPETBOPIOIOTH
pe3yabTaTH  EK30T€HHOTO  OCaJKOHAKOMUYEHHS,
BUKOPUCTOBYIOUH €HAOTEHHE Teryio i Tuck. Kara-
TeHe3 € CIIONYYHOIO JIAHKOK MK €K30T€HHUMH
("xemorenHnMHu") 1 eHmoreHHUMHU (''MeTacoMaTHY-
HUMH'") TIpolLlecaMy, MalO4u 3 HUMHU BCi TOCTYIOBI

nepexoau ¥ MOeJHYIOUN 1X Y €AMHY cucteMy. Mart-
pHIIS TIPOIIECIB KaTareHe3y iICHTUYHA MAaTPHUIIAM i
€K30TeHHHUX, 1 eHJOTCHHUX TPOLIECIB.

Ilopienannsa nepemeoprosanIbHUX MONCIUGO-
cmeii npouecie. Po3rigHYBIIM 1XHI MOXIIMBOCTI
OKpeMO, MH MOKEMO MpOoaHalli3yBaTH BCE iX pi3HO-
MaHITTA B Liiomy (Tadmuis 1).

Tabnuys 1 / Table 1

3aranpHa TUMI3allis TeosoTiyHuX TporieciB / General typification of geological processes

Tunm nporecis 3aranpHi gitoui gakropu ['pynu mporeciB

3MiHU TEMIIepaTypH Pisine BITIBiTpIOBa.HVHg

KpioTypOariitai

BiTEp eOHOB%

€KCIJIO3MBHI

KOJIFOBiaJIbHI

CXHITH penbedy KpHIIOBI

3CYBHI

TEPUT'EHHI JIbOZIOBUKOBE BUOPIOBAHHS 9K3apalifHO-MOpPEHHI

(dhuroBiomIAIIiATBHI

TEKy4i BOIY Ha CyIIIi ﬂeHIOB%aHLH%

IPOJIIOBIAJIbHI

AJIIOBiAJIbHI

XBHJII aKBaTOPiH XBrJIenpHuOifHi

NPUIUIMBY H BiJJTUBH BaTTOBI

MOPCBKi Tedii IO0KOBOTHO-HAMUBHI

Ha3eMHa POCITMHHICTh TPYHTOYTBOPIOIOUI

3200JI0YyBaHHSI 00JI0TOYTBOPIOIOU1

OPI'AHOI'EHHI Bi]MHPaHHS KiCTSIKOBHX OpTaHi3- OpTaHOT€HHO-YJIAMKOB1
MiB

YTBOPEHHS OEHTOCHUX KOJIOHIH pHuGhOyTBOPIOIOUI

MaHTIHHI TOTOKH MaHTIHHO-TIOTOKOBI (T€0JTHAM{4H1)

perioHaibHi gedopmallii Kopu perioHabHi JuHAMoMeTaMopdivHi

METAMOP®IYHI | nokanbHi miigbHICHI iHBEpCii LR AL

THECOBO-KYTOJIBHI

JIbOJIOBUKOBI TOTOKH BHTYPILLIHbOJIbOJOBUKOBI

TaAiHHS METEOPHUTIB KparepHi (iMIIaKTHi)

KPHCTAJIBALIIAHI IUIABJICHHS CHIIIKATHUX MOPIiJ ByJIKaHO-HJIyTOHiIIH%

TUTABJICHHS JIbO/TY KpPHOTEHHI

MIPOCOYYBAHHS aTMOC(HEPHUX BOJ XiMiUHE BUBITPIOBAaHHS

i1 3eMITIO KapCTOBI

XEMOTI'EHHO- BUIIAPOBYBAHHSI BOJL e.BaHOpPITOB%

METACOMATHYH] | MOXOBaHHA NPUIIOHHUX BOJL JlareHeTH Hi

3aHYpEHHS BOJIOHOCHHX TOBII] KaTareHeTHYHI1

Jaedopmanii BOIOHOCHUX TOBII TEKTOHOI'€HHO-TiApOTepMaIIbHI

iHTPY3ii MarMu y BOIOHOCHI TOBIII | IUTyTOHO-, BYJAKAHO-T1IpOTEpMabHi

[IpakTH4YHO KOXHIH TPy MPOIECiB BiAMOBI A€
NEBHUN Ii10YMid (akTop MPUPOAHOTO CEpPEelOBHIIA.
Hanpuknan, npumivBHO-BIAIIMBHI Tewii mopo-
JOKYIOTh BaTTH; AISUIbHICTH KOJOHIATBHOIO OEHTOCY
— 3pocTaHHs pUQiB; MaAIHHS METEOPHUTIB — IMIIAKTHI
Kparepd, i T.1. Jleski pakTopu MOpOIKyIOTh KiJIbKa
TPYI MPOIIECiB — HANPUKIIA], BiTEp, CXWIH penbedy,
MOBEPXHEBI i IPYHTOBI BojaW, Ta iH. Jleski rpymu

MpOIIeCiB, Yy CBOIO Yepry, BUMAararoTh JEKIIBKOX
(akTOpiB OAHOYACHO (HANPHUKIIAA, BYJIKAHOT'€HHO-
YJIaMKOBI mpouecu — il ¥ BiTpY, i BYJIKaHI4HOTO
BUBEPXKEHHS;  TJIMOOKOBOJHO-HAMUBHI  ITpOIecH
BAMArarTh 1 MOPCHKUX TEUil, 1 AiSUTHHOCTI IJIaHK-
TOHY, Ta iH.).

TepureHHi mpoilecd pyHHYIOTh MEPEBAKHO
dbopMarrifini mokJIaau W MOPOJHI Tija 10 YJaMKIB i
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3epeH. [leski mporiecu 3MaTHI PyWHYBAaTH Ti€0 9H
IHITIOF0 MIpOIO ¥ MiHEpabHI 3epHa O0KAaTyBaHHSM 1
cTUpaHHsAM. PyiiHyBaHHS BUXiZHOTO cyOcCTpaTy A0
OKpEMHX MOJICKYJN IMiJl CHIIy TUIbKH €KCIUIO3MBHUM
rporiecam, aje Iie TOB'sI3aHe 3 IXHIM MarMaTHYHAM
[IOYaTKOM.

[lepemimieHHs yIaMKOBOIO Marepiaiy BiaOy-
Ba€ThCS TEPEBAKHO caMe y BUTIIAMI YJIaMKiB 1 3e-
pes. He yciM TepureHHuM npouecaMm JOCTYIHE Iie-
PEMIILEHHST BETMKUX €PO3iHHUX BiIOKpEMIICHb — He
BUCTaya€e eHeprii.

HezanexxHo Bim 37aTHOCTI TEPUTCHHUX IIPOIIE-
CiB 10 pyHHYBaHHA i TPaHCHIOPTYBaHHS YJIaMKOBO-
ro Marepiaiy, yci BOoHH (opMyIOTh IIapH i mapyBa-
Ti opmarii. XKogeH 3 TEpPUTeHHHUX TMPOIECCIB HE
3[IATHUI CaMOCTIHHO YTBOPHTH IUIaHETApHY OOOJIOH-
Ky. Tinbku yci pa3oM BOHU OPMYIOTH cTpaTucgepy.

3aradpHUM AJI BCiX TEPUTEHHUX IIPOIECIB €
Te, M0 NP iXHROMY TMPOTIKAHHI HE YTBOPIOIOTHCS
HOBiI MiHepanbHi IHAMBIAM. TiNbKH PYHHYIOTHCS,
MEPEHOCATHCA, OOKOUYIOTHCS M COPTYIOTHCS 3€pHa
i3 kpucramiB, cHOpMOBaHHX II€ NPH YTBOPEHHI
BUXITHUX TOpia. JesSKuM BUKIIOYCHHSM BHIJISIIAE
QIIOBiaIBHUH TMPOIEC, OCKITBKH B PIYKOBOMY Iepe-
HOCi OepyTh ydacTh 1 pO3YMHEHI PEUOBHHH. AJe
BIJIKJIQIaHHA iX — IIe BXKEe XEeMOTeHHi mporecn. Ta-
KOXX OCOOHSIKOM CTOITh Ipyla €KCIUIO3MBHUX MpO-
LECIB, OCKUIBKH B Hilf pyHHYBaHHS BUX1THOTO CyOC-
TpaTy JOXOAWTH JO MOJEKYJSPHOTO ¥ HaBiTh 10H-
HOTO piBHS (O TUIABJICHHS). AJie B IIbOMY BHIIQJIKY
1le pyWHYBaHHS BIIHOCUTBCS HE JI0 TEPUTEHHOTO, a
JI0 MarMaTuyHoro mnporecy. Exciiiosis € ioro mooi-
YHUM pPe3yNbTaToM, 1o (opmye mapyBaTtuii Gop-
Mariiani moknaj (tydis). [Ipuknaan amoiaabHO-
ro ¥ eKCIUIO3UBHOTO IPOLECIB yKa3ylOTh HaM Ha
MOJXKJIUBI i HaBiTh OOOB'S3KOB1 83aeM00ii npoyecis
PI3HO20 NOXOOHCEHHS.

OpraHoreHHi IpoIecH MOXYTh pyHHYBaTH a0bo
He pyWHHYBaTW BUXiTHHMHA TBepmuii cyOctpar. lle
3aJIeKUTh BiJl YMOB NPOKUBaHHs opranizmiB. Me-
XaHIYHOTO pPYHHYBaHHS ¥ PO3YMHEHHS B X0ji Oio-
TeHHOTO BUBITPIOBAHHS 3a3HAIOTH MOPOIH i JI€F0
OpraHi3MiB-TPYHTOYTBOPIOBAUiB, SKi 3apUBAIOThCS,
i cBepAIIsIIOro OEHTOCY.

[lepemimeHHst yTBOPEHOTO MyXKOTO MiHEpajb-
HOTO MaTepiany BiOyBaeThcsl B mpolieci 6ioTypOa-
1id. Aje OLIBLIICTh PEUOBHH Y Oiochepi UPKYITIOE
B PO3YMHEHOMY BHJIi — y BHUIJISA/I 10HIB 1 paJIiKaiB.
Lle cBiguuTh PO IHTEHCHBHICTH OiOTEOXIMIYHUX
nporieciB. Taky rimOuHy TIepeTBOpeHHs 3a0e3medye
000B'sI3K0Ba ydyacTh BOJ (pO34MHIB) y OlOreHHHX
nporecax.

Y pe3ynbTari KHATTENISIBHOCTI OpPraHi3MiB B
00OB'SI3KOBOMY TIOPSIJIKY YTBOPIOIOTHCS HOBI peuo-
BUHM (OopraHiuHi ¥ Heopraniuxi). Ha cymi 3 Hux
YTBOPIOIOTHCSI HE MiHepaibHI iHAWBiAK, a aMOpdHi
Tina MiHepanoinis ( 30kpeMa, TymMycosi). Ixni mapa-

TeHE3UCH MOXKYTh (hOpPMyBaTH TOPOIHI Tijda aMmop-
¢Horo ckimamy (I'pyHTH) 1 HaBiTh (hopMarlliiiHi MOK-
naau TophoBUIL. AJie CITiJi OCOOIMBO MiAKPECIIHUTH,
IO Ii CyXOITyTHi OpPraHOTeHHi YTBOPEHHS (Qopmy-
I0TBCS TIIBKHU MiCs cMepmi BUXITHUX POCIMHHUX
Oprafi3MiB 32 PaxXyHOK JKUTTEIISLIBHOCTI (B ocTaTo-
YHOMY MiACYMKY) Oaktepiid. | ans cammx Oaktepiit
ITi TiTa MiHEepaIOiniB € "BigxogamMu" >KUTTETISITEHO-
CTi, a HE CKJIAMOBUMH YaCTHHAMH IX OpPTaHi3MIB.
BiorenHuii KpyroBopoT BUKMAAE iX y HABKOJHIIHE
TeOJIOTiYHE CEepelIOBHIIIE, I¢ BOHU CTalOTh CyOCTpa-
TOM JUIS TMOAAJBIIMX IHTCHCUBHUX XEMOTCHHHUX
nporeciB (30kpema, popMyBaHHS BYTULIIA).

VY ToBUII BOAM i HA MOPCHKOMY JHI XapakTep
YTBOPIOBAJIBHOI MisITFHOCTI Opra”i3MiB iHmUH. Y
HUX YTBOPIOIOTBCS CIIPaBKHI OlOTE€HHI MiHEepaibHi
IHIUBIAM — Hexal JpiOHI, ajie yTBOPIOKOYI mapare-
He3W; POPMYIOTHCS TTOPOIHI Tijla (KiCTSIKOBI 3aJIHII-
ku, "opraHo-miHepanbHi arperatu", mo [7]). Ha
IIOMY TIPOIIEC YCKJIAJIHCHHS OIOreHHUX TI'€0JIOTid-
HUX 00'€KTIB MOKe W 3aBepLIyBaTHCS, 5K y IUIaHK-
TOHY. Asie OEHTOCHI OpraHi3MH MOXYTb OPMyBaTH
i Habararto OLTBII CKJIJHI TEOJOTIYHI 00'€KTH — axK
JI0 TUTaHETapHHUX CErMEHTIB (0iOreHHI CMYTH, CKIla-
JIeH1 3pOCITMMH OPTaHOTEHHWMH criopyaamu). JKo-
JICH TEpUT€HHUU MpoleC Ha L€ HE 3AaTHUM. Takum
YMHOM, INIMOMHA TIepepOoOKU BUXITHOTO CyOCTpary,
HIBHJIKICTh KPYTOBOPOTY PEUOBHH 1 pAaHTOBI pe3yJib-
TaTH OPTraHOTEHHHX TIPOIECIB y MIJIOMY IepeBep-
HIYIOTh TEPUTEHHI.

lomo pe3ynbTaTiB OpPraHOTCHHUX IPOIECiB
CJIiJl TAKOX 3a3HA4YMTH HacTynHe. HeBaxko OauntH,
10, HAMIPHUKIIA, MisIIBHICTh OEHTOCY MO0 CTBOPEHHIO
reoJIOriYHnUX 00'€KTIB MOKINBA TOJI ¥ TIILKH TOII,
KoH cami opeawismu ocugi. Ilicns iXHBOT cMepTi
MMOYMHAETHCA PYWHYBaHHS 1 iX KICTSKIB, 1 HaBiTh
BEJIMKHUX OPTaHOTEHHUX cHopyA. ToMmy Ti reosioriuHi
pe3ybTaTH, SIKi MU OTPUMYEMO BiJ] OpPraHOTEHHUX
MPOIIECiB, aBTOMATUYHO AUISATHCS Ha:

- ymeopu cmepmi, ki POPMYIOTbCSA Ha Cylii i
YaCTKOBO B MOPi; BOHU yTBOPIOIOTHCS TI0 OpraHiy-
HUX 3aJUIIKaxX SKAMHU-HEOY[b OUTbII Ti3HIMK "Ha-
KJIaJeHuMu'" TIpollecaMy — HalJacTille He OpraHo-
TCHHUMH;

- ymeopu dcumms, BUHATKOBO MOPCBHKOTO IMO-
XOIKEHHS; BOHH YTBOPIOIOTHCS CaMHM OpraHizma-
MH B XOJ1 IXHBOI KUTTEAISUILHOCTI.

Y Mopi MIaHKTOHHE MOPOJOYTBOPEHHS, IPH
BCBOMY HOro HAWIIMPIIOMY PO3MOBCIOUKEHHI W
THTEHCHBHOCTI 0IOT€HHOI'0 KPYroo0iry, Mae HacTi-
JBKU JPiOHI pe3ysbTat (MiHEpaJlbHI KICTSKHA MiK-
poopraHizMmiB), mo X Maike He BUIAHO HE030poe-
HUM OKOM. | Tinbku nicas ixnvoi cmepmi BinOyBa-
€TbCS HAKOMWYEHHS IIUX PEINKTIB HA MOPCHKOMY
JIH Y BUTJISII OPTraHOTEHHO-YJIAMKOBHX (OpMaIliii-
HUX TOKJIA/IiB — aJjie B)Ke TepUreHHoro revesucy. Lle
K CTOCYETbCA U yCiX BaITHIKIB-uepenaniHuKiB, Ha-
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MUTHUX XBWIIMHU. Tak MiHepajgbHa peuoOBHHA, CTBO-
peHa 6iocheporo, 3 Hel BUXOIUTH 1 BIIKJIATAETHCS B
cTpatucdepi — i 3apas, i B MUHYJIOMY.

Tomy no ymeopis srcumms, TOOTO BIACTHBO 10
opraHoreHHuX ("opraHi3MOM HapOKEHUX'"), MOXK-
Ha BIIHECTH TUTbKH OpPTaHOTEHHI criopy/u (Ha piBHI
¢dopmaniiHiX MokIaAiB) i 6ioreHHi cMyru (Ha piBHI
IJIaHETapHUX 000JIOHOK 1 CETMEHTIB).

MeTtamopdivHi mporecu 3i1aTHI pyHHYBaTH BU-
XizHi popmauiiiHi moKIaau, MOPOHI Tina i MiHepa-
JbHI 1HAMBIMW. IMIIAKTHI TPOIECH TaKOX 3JaTHI
BUKJIMKAaTH IOSBY HEAOBIOBIYHUX PO3ILIABIB, PYil-
HYIOUYH TBEpJi Tijia 70 10HIB 1 paJuKaIiB.

PexombGinarist pparmenTiB cyocTpary BinOyBa-
€THCS HA PIBHI MBUIKOIUIMHHO BUHUKAIOYOI " TBEp-
JIOTUTBHOI TIa3MH" 3 pO3'€THAHMX pPaTUKaIiB i MO-
nekyin [13, 15]. Ile mopomKye YuciieHHI MeXaHOXi-
MiuHi peakmii. [lepemimeHass MaTepiady OXOILIIOE
TaKOX KPHUCTAIOKIACTH W TEKTOHIUHI JIH3HM, a Ta-
KOXX B OKPEMHUX BHIIAJKaX TEKTOHIUHi OJOKM W Ha-
BiTh IIIJIi TNIAaHETapHi CErMEHTH (MaHTIHHI MTOTOKH).
[leperpynyBanns 3pyHHOBaHHX (PparMeHTiB BinOy-
Ba€Thcs B pi3HMX Macmrabax yacy. IlpaktuuHo
MUTTEBO (32 HYACTKH CEKYHIH) MEPEerpyMmyIOThCs
aKTWBI30BaHI pajuKaiu. Pyxu MaHTIHHX MOTOKiB
TPUBAIOTH IECATKAMH - COTHSIMHU MLITBHOHIB POKiB.

YTBOproBaibHa po00Ta MeTaMOPGhIYHHUX TPO-
1eciB MacimTaOHa. Y TBOPIOIOTBCS Tijla BiJ KpHCTa-
nmobnactiB g0 (opMamiiHUX TOKIaniB. MaHTiiHI
MOTOKW ¥ perioHamnbHi Aedopmanii kopu 3aaTHi ¢o-
pPMYyBaTH TaKOX IIaHETapHI 0O0JIOHKH i CErMEHTH.

MetamopdivHi TponiecH BHSABISIOTHCS BH3HA-
YaJbHUMHU [UIS BUHUKHEHHS I €BOJIOLIl IUIaHET.
3aBAsIKH METEOpUTHOMY OomOapIyBaHHIO IUIaHETa
YTBOPIOETBCSI M POCTE, 3aBIOSKHM MeTaMOp(iuHUM
MOTOKaM BOHA PO3IIIS€ThCS HAa OOOJOHKU H cerme-
Htu. IXHe opMyBaHHS TeHepye OCHOBHMIA Terio-
BUH TOTIK 3eMii i CTPYKTypye Hajpa IJIaHETH.
[HIIi reonorivHI MpolecH 3aITyCKarThCs, BUKOPHUC-
TOBYIOYH Pe3yJbTaTH MeTaMOp(IYHUX MPOIECIB —
TEIIO, IO TEeHEPYEThCs, (OpMyBaHHS peabedy,
JIeTa3allifo, BIIIUICHHS BOAM Bij "kaM'ssHOTO sipa” i
in. ['enepartis Terura MeraMop(ivHUME TIPOIIECAMH
B 0araTboX BUIMAJKaX € HACTUIBKH HAJUIUIIKOBOIO,
10 MOPOJIKYE IUIABJICHHS MOPi, TOOTO MarMaTH3M.

Kpucramizamitini (MarMaTuyHi Ta KPUOTEHHI)
IIPOLIECH B CHITY CBOE€T crienn(iku (Ha30BUX Hepexo-
IiB JOCUTHh OJHOPiAHI. BoHU B XOIi IUTaBICHHS
PYHHYIOTH BHXiZHUH cyOCTpaT — BiJl MiHEpaJbHHX
1H/IMBIJIIB Ta YTBOPIOBAHHUX TPH [[LOMY MOJIEKYJI ax
JI0 IUTHX TJIaHeTapHUX O0OJIOHOK 1 CerMeHTiB. 3Ha-
YHO JECTPYKTYPYIOTBCS i IJIaBISATbCA OKEaHidHi
IUIMTH, 10 TOPUHAIOTh Y MaHTiI0; MOXKIIMBE TAKOX
MOBHE PyWHYBaHHS KPUOJITO30H.

[NepemimeHHst po3IuiaBiB MOXKYTh 3aXOILTIOBA-
T KCEHOKPUCTAIIN, KCEHOJITH W KCEHOMITHI OJIOKH,
MEPEeHOCA YN X 13 MIMOKMH 10 moBepxHi. MOXIUBI i

TIePEMITTIICHHS 3aTI3UCTUX HIKHbOMAHTIHHUX PO3I-
JIaBiB YHHU3, 0 3€MHOTO s/ipa, IO BUBOIUTH TakKi
MarMaTH4Hi TPOILECH 3a MEXi ChOTOAHIMIHIX MOX-
JIMBOCTEN CIIOCTEPEKCHHSI.

Kpucranizamis po3miaBiB MOXe MOPOIKyBaTH
HOBI aMop(HI pEYOBHHM, MarMaTOreHHI ¥ JIHOIOBI
KpHUCTaIN, MarMaToJITH 1 JHOAOBI JKWIH, BYJIKaHO-
TUTYTOHIYHI CIOPYIH # TiAPONAKOMITA. Y CYKyITHOC-
Ti BOHH MOXXYTh YTBOPIOBATH HOBI IUTaHETapHI CeT-
MEHTH — BYJKAHO-TUIyTOHIYHI TOSICH, OKEaHi4Hi
TUTATH, KPUOIITO30HU. MOXIINBO, IO 1 simpo 3emiti
chopmoBaHe MMM K TTPOIIECAMHU.

Kpucranizauiiini npouecu mnepepoOsioTs BU-
X1IHUH cyOcTpar riubuie, YuM MeTaMop(hidHi — ax
o piBHS aTtoMmiB i ioHiB. Ilo mpomy mapamerpy 3
MeTaMOPQITHUX MPOIIECIB 3 HUMHU MOXKE 3PiBHATHCS
TIIBKM YTBOPEHHS YIAapHHUX KpaTepiB, OCKIJIbKH B
HUX TaKOX HEHAJOBrO BHHHKAIOTh PO3IUIABH (3
yTBOpeHHsIM TaraMitiB). [lepeHoc MaTepiany B mpo-
Hecax IJIaBJICHHS 3JIIHCHIOETHCS MEPEBAKHO Y BH-
TIISAL PIAKH 1 pijlie — OKpeMUMH KpUCTalIaMu i/abo
Y BUTIISIAL IOPOTHUX TiJl (MAarMaTHYHUX KCEHOMITIB 1
X KPUOTEHHUX aHAJIOT1B).

Marpuii ByJNKaHO-TUTyTOHIYHHX 1 KPUOTCHHHUX
MPOIIECIB TOCUTh TOJiOHI, HE3Ba)XKal0UW Ha BKpail
Pi3HI YMOBH iX mposBY. BimMiHHOCTI 3BOISTHCS O
HEMOXKITUBOCTI KPHOTEHHHUX TIPOLIECIB pYyHHYBaTH
[JTi CETMEHTH TUIaHEeTH. Alle 1le — TUIBKH OCOOJH-
BICTh CY4ACHOI TEOJIOTIYHOI enoXu 3emili, o mepe-
JKUBA€E JIbOJOBUKOBUH mepioa. Ha 3emui Oynu i
TeOJIOTiYHI mepioan (HAmpHUKIal, 3 IOpH IO Maneo-
T'eH), KOJIM JHOJIB Ha 3eMili 30BCiM abo Maibke 30-
BCIM He OyII0 — KPHOIITO30HH PYHHYBAIUCS.

XeMOTreHHO-MEeTacOMaTHYHi MPOIeCcH NPHU BCIi
iXHI} PI3HOMAHITHOCTI MarOTh OJHOPIAHY PaHTOBY
xapaktepucTtuky. Lle mos'szane 3i crierudikoro Mi-
xQa3noi ximiuHoi B3aemozii. Macmrabu nposiBy
XIMIYHHX TIPOIIECIB Y Hajpax J03BOJISIOTH PyHHYBa-
TH (3 TOBHUM a00 YaCTKOBHM PO3YMHEHHSIM) MiHe-
pasibHi 1HIUBIAK, TOPOAHI TiNa ¥ QopMariiHi MoK-
Taau.

[lepenecenns: maTepiany 3[iHCHIOETHCS TUTBKA
B PO3UYMHEHOMY CTaHI — B 1OHHO-paJWKaIbHIN
(aromHO-MONEeKysipHOT) (popmi. XeMoreHHO-MeTa-
COMAaTHYHI TpoLECH 3B'SI3yI0Tb MDK COOOI0 €K30-
TeHHI ¥ €HJOreHHI MPOLECH, MPOAOBXKYIOUNCH SIK 3
MOBEPXHI Ha MIMOWHY, TaK i 13 TIMOWH JIO TIOBEPXHI.
Bonu takox OepyTh y4acTb y peryNIOBaHHI TEILIO-
BOTO Oanmancy 3emuti.

3 pO3UMHIB YTBOPIOIOTHCS HOBI MiHEpaNbHI 1H-
JIUBIH, TIOPOAHI Tija (arocoMu) i GpopmalliiiHi MoK-
nanu. Matpuii MoKas3yloTh, IO JKOJEH 3 XeMOTeH-
HO-METACOMaTHYHHUX NPOLECIB HE MOXKE CAMOCMili-
HO YTBOPUTH 000JIOHKY ab0 cerMeHT 3emii. Ale y
CYKYIHOCTiI perioHanbHI  (opMariiiHi  MOKIajH,
chopMOBaHi OKPEMHUMH XEMOI'€HHO-METacOMaTH4Y-
HUMH TIporiecamu 3a 4 MIIpJl. POKiB, YTBOPHIIU TJIO-
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OanbHy aXypHY XEMOTCHHO-METaCOMaTH4YHY 000-
nouky ("mMeracomochepy" [4]). Bona mae ciTkoBH-
Hy (ryOuacty) ¢opMy, MpOCOUYIOUM IHII 3eMHI
00OJIOHKHM ¥ CETMEHTH.

IaTeHCHBHICTD 1 MAacCIITAOHICTH TPOSBICHHS
MPOIIECIB TOTO UM IHIIOTO THUITY OOYMOBIIOIOTH paH-
T'H TEOJIOTIYHUX TiN, SIKi AOCTYIHI iM HpH HEepeTBO-
pennsx. [lopiBHAHHS MaTpUIh PI3HUX TPy MPOIIE-
CiB OJTHOTO T€HETUYHOTO TUITY ITOKA3aJI0 HACTYITHE:

TEPPUIEHHI OPrAHOIEHHI

METAMOP®IYHI

- ICHYIOTb paHTH O0'€KTIB, 5Ki 0008'13K080
PYHHYIOTBCSI, PEKOMOIHYIOTBCS (TIEPEHOCATHCA) 1
CTBOPIOIOTHCS IAHUMH OJJHOTHITHUMH TPOLIECaMU;

- ICHYIOTb paHr 00'eKTiB, AKi JOCTYIHI JJIs Tie-
pepoOKM 1 HOBOCTBOPEHHS TITBKH OesaKuUM TPYIaM
MPOIIECIB IIHOTO THITY.

V 3BeJeHHX XapaKTePUCTUKaX MPOLECiB HepIi
TPYIH PaHTiB CTAHOBIATH "AAP0" TEHETUYHOTO THITY
MIpOIIECiB, a ApyTi — Koro "nepudepir" (puc. 7).

KPUCTANISALIAHI XEMOTEHHI

NPOLECH MNPOUECK NPOLECH NMPOLUECHU NPOLUECH
= | = c | & w | & = |E | E
= x = =3 =3
Il g|E ER - E - - Elg|E I|E|E
[} — = © — x © — x © — x © = x
PaHru Tin 2lg|( & PaHru Tin 21e| & Pauru Tin S PaHru Tin 2128 PaHru Tin 2(g183
T a © T a Q T o Q S o o E o Q
= 2 E = % E = = Ev = % E = = E
eld|s g|ld |6 gl&|6 g|d |6 e|&|6
O6onoHKOBUI O6onoHKoBUH + O6ononkesui | + | + [ + OGONOHKOBUIA | 7!Z OBOnCHKOBMIA
@opMaUiiHAi | |4 N4 1+ Dopmauiitui | |+ - ®opmauifiiui | H- N+ A+ @opmauiliHui | |- + @opmauiiitiii lt
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Puc. 7. 3icTaBieHHs MaTpPUIlh TEHETUYHUX TUIIIB MPOIIECIB.
I'eonoriuni Tina, Mo MPUIMaOTh y4acTh B MPOIIEcax JAHOTO THITY:
1 — o6oB's13k0B0 ("ap0 TUIy mpolieciB"); 2 — TIBKH B Aeskux npouecis ("nepudepis tumy") /
Fig. 7. Comparison of matrices of genetic types of processes.
Geological bodies participating in the processes of this type:
1 — mandatory (“the core of the process type™); 2 — only in some processes (*'periphery type™)

HaykxoBa HoBu3Ha. Ha ocHOBi aHamizy mexa-
HI3MIB MTPOTIKAHHS I'€OJIOTIYHUX MPOIECIB MPOBE/Ie-
Ha IXHS THUMi3alis — 00'eTHaHHS B M'SITh HETIepecid-
HUX TeHeTHYHUX TumiB. Ha mincTasi Teopii OymoBu
TEOJIOTIYHUX TiJ po3po0iieHi MaTpHili epeTBOPEHb
TaKMX TUI y XOJIi T'€OJIOTIUYHUX MpoleciB. [l Koxk-
HOTO TEOJIOTIYHOI0 TMPOLECY CKIIaJeHa CBOSI MaTpH-
1s1. Matpwuili mporeciB JO3BOJIMIN Ha €TUHII OCHOBI
MPOaHali3yBaTH MEPETBOPIOBAIbHI  MOMJIMBOCTI
MPOIIECiB KOXKHOTO TeHETHYHOTO THITY ¥ BUSBUTH T

3arajbHe, IO BIACTHBE IpOIlecCaM JAHOTO THILY.
€CIUHUN TAXiA TakoX JI03BOJIMB 3ICTABUTH PI3HI
TeHETHYHI TUIH MIX CO00I0.

BucHoBku. I[lepeTBoproBallbHi MOXKIUBOCTI
TEOJIOTIYHUX TPOIECiB 1 iX THUIIB Pi3HATHCA. 30Kpe-
Ma, [[€ CTOCYEThCS MOXKIUBOCTEH YTBOPEHHS HOBHX
MiHepaJiB, He0OXiTHUX TpoMucIoBOCTi. Take emri-
pUYHE y3arajJbHEHHS MOXKE MOCIYKHTH OCHOBOIO
BJIOCKOHAJFOBAHHS TE€OPii py/I0yTBOPEHHSL.
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ABSTRACT

Statement of a general problem. Geological processes create the dynamic structure of the Earth. This structure is
composed of a hierarchical system of geological bodies. But the relationship of geological processes with this system of
geological bodies has not yet been analyzed.

Analysis of the latest research and publications. Back in the 19th century it has been established that geological
processes come down to the transformation of some geological bodies into others in stages: 1) destruction of the origi-
nal substrate; 2) recombination of fragments; 3) constructing new geological bodies from them. A hierarchical structure
of many geological bodies has been revealed, including successive ranks: 1) mineral, 2) rock, 3) formational and 4)
Earth shells. The entire variety of geological processes is grouped into 5 types according to the mechanisms of their
occurrence and the results obtained: 1) terrigenous, 2) organogenic, 3) metamorphic, 4) crystallization (magmatic and
cryogenic), 5) chemogenic and metasomatic.

An unresolved part of the overall problem. Bodies that are destroyed and formed as a result of the process nec-
essarily belong to one or another rank. The rank possibilities of transformation of geological bodies by geological pro-
cesses have not yet been analyzed.

The purpose of the article is to analyze the transformative capabilities of geological processes in the aspect of
those objects that enter the geological process, are transformed in it and form the final result.

Research methods. The basis of the comparative analysis was the ranks of geological bodies and non-geological
ranks of objects (molecular and atomic), since they also participate in geological processes. Combinations of bodies of
different ranks at different stages of the process were depicted in the form of a diagram - a matrix. Matrices of individu-
al processes allowed us to move on to the analysis of this type of process. After this, the conversion capabilities of dif-
ferent types were compared.

Main results of the study. First, the transformative capabilities of each process were considered separately, then
the processes of a given genetic type were compared, then the types were compared with each other. Terrigenous pro-
cesses do not form new mineral individuals and are capable of forming a planetary shell (stratisphere) only together.
Organogenic processes form new minerals and rock bodies, but only benthos can form segments of the planet (biogenic
bands). Metamorphic processes form new minerals, rocks and formations, and mantle flows and folding processes form
planetary shells. Magmatic and cryogenic processes can not only form new minerals, but also form planetary shells.
Chemogenic and metasomatic processes, forming new minerals, rocks and formations, form a planetary metasomatic
shell only together, and not separately.

Scientific novelty. Based on the theory of the structure of geological bodies, matrices of their transformations in
geological processes have been developed. Each geological process has its own matrix. The matrices made it possible to
compare the transformative capabilities of individual processes and all five genetic types of processes with each other.

Conclusions. The transformative capabilities of geological processes and their types differ. In particular, this con-
cerns the possibilities for the formation of new minerals needed by industry. Such an empirical generalization can serve
as the basis for improving the theory of ore formation.

Keywords: geological bodies; geological processes; scientific systems; establishing relationships between scien-
tific facts.
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JloCTOBIpHO YCTaHOBIIEHI KapOOHATUTH Ha TepUTOpii YkpaiHM MaloTh HpUTAMaHHI IEOMY KJIacy IOPiX XapaKTepHCTHKHU, 30K-
peMa, BOHH 30aradeHi JOCHTb IIMPOKHM CHEKTPOM PIAKICHHX XIMIYHHX €IEeMEHTIB, HAHOUIbII XapakTepHi Ie PiaKiCHO3eMeNbHi
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Beryn. KapOoHaTHTOBI pOZOBHIIA € BAYKIUBHM
JDKEPEJIOM Pi3HOMaHITHUX KOPHCHUX KOMallMH, 0CO-
ONMMBO CTpaTeTiYHUX HATeNep PiAKICHUX Ta pijKic-
HO3EMEJIbHUX METalliB, 03 SKUX HEMOXIIHBO YSBH-
1 nporpec IT TexHomoriii Ta Halicy4acHIIINX BU-
HaxoiB. Ha 1ieit yac B kapOOHATUTax Ta CyMICHHUX 3
HUMU TIOPO/IaX BHSIBICHO BEJIHKI Ta YHIKaJIbHI PoO-
JIOBHUIIA HIOOIM-TAHTAIIOBUX, 3aji3HHMX, MIIHUX,
piakicHO3eMenbHUX pya, (urooputy, (IIOTOMITY,
BEPMUKYIITY, anaTuTy, KapOOHAaTHOI CHUPOBHHH, a
TaKoXX LUPKOHIIO, 0apilo, CTPOHILIIO, MOJiMETAaNiB.
[ligBuinye MIHHICTH Ta MEPCIEKTUBHICTH MPOMHUC-
JIOBOTO 3aCTOCYBAaHHS TaKMX pyA iX KOMIUIEKCHE
3pyneHiHHsA. He MeHI BaKIIMBUM aCHEKTOM BHKIIIO-
YHOT yBaru J1o0 KapOOHATUTOBHUX POJIOBHUII € 1 TEOpe-
THYHI THTaHHSA 1X TEHE3WCy, OCKIIBKH ICHYBalH i
JOTenep MATPUMYIOTbCS OKPEMHUMH JOCIiIHUKAMU
Jy’Ke Pi3Hi, 1HKOJIM B3a€EMOBHKIIIOYHI MOjIeN X To-
XOJPKEHHS.

IMocTtanoBka npoOiaemu. Ilutanus miHepano-
rii, merporpadii, meTposorii i reoximii JTyXHHX IO-

pin, kapOOHATUTIB 1 KapOOHATHUTOIMOMIOHUX YTBO-
penb VYIII BuBuanmach OararbMa aBTOpamu |[1-
5,13,15,17,22 ra in.]. Brepmie crpasxkHi kapOoHa-
TUTH B MEXax YKpaiHCBKOTO LiuTa Oyiin OIUCcaHi B
YepniriBebkiit 30H1 poznomi 3axigHoro [Ipuazos’s
y 60-ti poku munHyioro crouitts [2]. Ilomambmri
JOCTIIKeHHS TOKa3aly, 10 Led KapOOHaTUTOBHMA
KOMIUIEKC Ta TIOB’sI3aHe 3 HUM POJIOBHUIIIE € HOBHM
JUTsE YKPaTHCHKOTO IIUTA THIIOM allaTUTOBHX Ta Piji-
KicCHOMeTaNneBuX pyld. BpaxoByrounm migBUILEHHHA
iHTepec A0 TaKuX MOpiJ Ta POAOBHIL, 3 TOTO YacCy
3’SIBUJIOCH 1 JIoTerep 3’ ABJSIFOThCS OaraTo pooiT, sKi
HaMararoTbCsl OOTPYHTYBATH NPUHAJIEKHICTD 3HAXi-
JIOK OyAb-SIKUX KapOOHAaTHUX YTBOPEHb A0 MLi€l yHi-
KaJIbHOI HETPOJIOriYHOI Ta METaJOreHIYHOI TPYIIH.
Ilpr upoMy dacTo He OepyTbhcs IO yBaru Taki
00’eKTUBHI TUNIOMOP(QHI 03HAKH KapOOHATHUTIB SIK
TEKTOHIYHI, T€0XIMi4HI, MiHEPaJOTi4Hi, METPOJIOTI-
YHi Ta 1HIII.

AHaJi3 OCTaHHIX HocHifKeHb I myOJikamiii.
Amnaniz Ginmpm sk 500 xapOOHATUTOBHX POJOBHIIL

© 3azHimko Bacunsb, 2024
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CBITY, SIKi IOCTOBIPHO JIIarHOCTOBAHI HA TaHWUU dac 1
JETATHLHO OXapaKTEPH30BaHI Y KalMTaILHUX MOHOT-
padisx “Kapoonaruru™ [10] Ta «Karbonatites» [24],
MOXKHA BUUTATH JICKUJIbKA XapaKTEPHUX O3HAK, sIKi
MpuTaMaHHI Maie BCIM KapOOHATUTOBHM KOMILJIE-
KCaM 3a HEYHCEJIbHUMHU BUKJIIOUEHHIMH. Y3arajbHe-
HO X MOXHA IPEICTABUTH Y HACTYITHOMY BHUIJISIL:

1. IlpakTnaHO BCi KapOOHATHTOBI KOMILIEKCH
MPOCTOPOBO 1 TEHETWYHO TOB’S3aHI 13 JIY>)KHUMHU
KOMIUIEKCaMH1, IPAYOMY HE TUJIbKH YIBTPaOCHOBHO-
JYKHOTO a 1 JY)KHO-CIEHITOBOTO CHPSIMYBaHHS SIK
HaTPIE€BOTO, TaK 1 KAJII€BOTO CKIALTY.

2. Maiixe BCi 1i KOMIUICKCH BUSBJICHI Ha JIPEB-
HiX a0o Momoaux miardopMmax He3aJeKHO Bifl BiKy
BIIPOBAKCHHS, SIKMHA BKJIIOYAE Jialla30H B MEXi
apxeit-porepo3or (Ciminsapsi y @DimnsHzii) 1 10
cydyacHHMX BynkaHiyHUX cucteM (Onaoinbo-Jlenrai,
Adpuka Ta iH.), IPUIOMY CTPOTOI KOPETAIIiT KiTbKO-
CTi IMX KOMIUIEKCIB 3 BIKOM TEKTOHO-MarMaTH4HUX
IUKITIB HE CIOCTEPIraeThes, X04a apXeHChbKUX KOM-
TUIEKCIB TIOKM MIO JOCTOBIPHO HE YCTaHOBJIEHO,
MPOTEPO30MCHKUX TPOSIBIB  BIAKPUTO MOPIBHSHO
Hebararo, a HalOUIbII YUCENbHI MAaCHBU MPHYpOUE-
Hi 710 TepIMHCBKOro mukiay [23]. OcTaHHIM Yacom
3’SBJISTIOTHCS TIOBIIOMIIEHHSI TIPO BUSBJICHHS TIOi0-
HUX TIOpiJ] 1 Y TEOCHHKIIIHATBHUX cucTeMax (AHIH,
Tsanp-1llane Ta iH.), ane, mo-mepiie, TOCTOBIPHICTH
MPUHAIEKHOCTI 1X 10 KapOOHATHTIB YACTIlll 3a BCe
TUCKYCiliHa, a TO-ApYTe, IHKOJIU Y CKIIai MOJOAUX
TEOCHHKIIIHAIbHUX KOMIUIEKCIB 4acTO MPHUCYTHI
(dparMeHTH OUTBIN TaBHBOTO CyOCTpary.

3. Minepanoriuai ocoOIMBOCTI KapOOHATHTIB
BU3HAYAIOTHCS CHEU(IYHUM CKIAJAOM MarMaTHy-
HUX T4 METAaCOMATHYHHUX CHCTEM, sIKi iX MOPOKY-
I0Th, a CaMe HACHUYEHICTIO iX JIETKMMH KOMITOHEH-
TaMu (rajsoreHamu, cyinbpypom, pochopom, kapoo-
HOBHMH Ta IHIIUMH CIIOPiTHEHUMH CIIOTYKaMH), a
TAKOX 1HKOJNM JAMBOBHMKHOIO CYMIIIIIIO KOI'€PEHT-
HUX 1 HEKOTEPEHTHUX €JIEMEHTIB, JITOQIIbHUX, CH-
nepodiIbHUX, XaIbKO(UILHUX Ta 1H., MeTalliB. Taki
YMOBH TIPU3BOAATH 0 KpHUCTaji3aimii MiHepaiiB
4acTO EK30THYHOTO CKIIady, NMEPEeCUYCHHMX PiJKic-
HUMH Ta pinkicHO3eMenbHuMu enemeHTamu, F,Cl,
CO. S, P, inkonu 3i cknagHuMu GopMyaaMHu i30XiMi-
YHHUX 3aMillIeHs 1 T.iH. LmocTpaiiieto 10 bOro MoX-
Ha HABECTH TNPHUKIAIN BIIKPUTHX 3a ocraHHi 30
POKiB MiHepajiB, OUIbIIE MOJOBUHH 13 SKUX OyIH
BHUSIBIICHI caMe y KapOOHATWTax Ta JIy>KHO-YJIbTpa-
OCHOBHHX KOMIUIeKcax. THIOBMMHU X MiHepalaMu
OUX TOpiJ] MOXXHAa BBa)KaTu IapHU3HUT, OACTHE3WT,
OaneneiT, mipoxJop-TaTYEeToNIT, KOITyMOIT-TaHTAJIIT,
pilKiCHO3eMeNbHI anaTuT Ta QIOOPHT, (IIOTOIIT,
[UPKOH Ta iHMI 30ara4deHi piJIkKiCHUMH eJIeMEHTaMH
MiHepaau. ACOIiI0BaTH 3 HUMH MOXYTb MiHEpaJly,
AKI IIUPOKO PO3MOBCIODKEHI B I1HIIMX TOPOAAX:
OJIiBiHM, JTyXHI HipokceHu Ta am¢idonu, kapOoHa-
TH, CJIIOAW, MArHETUT, FEMATUT, 1JIbMEHIT. 1HKOJIU
rpa"aru, ceH, CyIb(ian Ta iH.

4. TeoxiMiuHI XapaKTEPUCTUKH, OKpiM 30ara-
YeHHS PIAKICHUMH Ta PiAKICHO3EMEIHLHUMH eJIeMe-
HTaMH{ aX 10 PyIHUX KOHLEHTpPaLil, Ipo 10 3a3Ha-
YeHO BHIIE, MAIOTh YITKy cHenu@iky i30TOMHUX
criBBigHOMmEHD sIK Jerkux enxeMmenTiB (C, O, H, N,
S), Tak i Baxxkux (Sr, Nd), sika BUpa3HO yKa3ye Ha iX
MaHTiIHHY TPUPOAY, OCOOIMBO KOJH BCi i XapakTe-
PUCTHKH Y3TOMKEHO PO3TAIIOBYIOTHCA y BIAMOBiA-
HUX TOJISIX.

HeBupimeni acnekTH 3arajibHOI NMpodJeMHu.
TekToHI4HI 1 METPOJOTIUHI BIaCTHBOCTI KapOOHATH-
TOBUX KOMIUICKCIB TIOB’S3aH1 13 TNIMOMHHOIO TIPHUPO-
JIOI0 MAcHUBiB, IO iX BMIIIyIOTb, TOMy OCHOBHUMH
pHCcaMu TEKTOHIYHHUX CTPYKTYp € MPHYPOUCHICTH 10
KPYIIHUX HOpYIIEHb 3€MHOI KOpH, IO APEHYIOThH
MaHTII0 (DMMOWHHUX PO3JIOMiB, PHU(TOBHUX 30H,
TUTIOMOBHX OcepelkiB Ta iH.). [lerponoriyni Moneni
KapOOHATUTOBHX, SIK 1 YIBTPAOCHOBHO-ITY)KHUX Ma-
CHUBIB, HallKpallle Y3ro[KYIOThCS 13 TIIOTe3aMH Jac-
TKOBOTO IIJIABJICHHS MaHTIHHOTO CyOcTpary abo
CBOEPIAHOTO “MaHTiiiHOro meracomarosy” [23]. Lli
MOJIeNTi MiATBep/KeHi Oaratbma (hakTaMu, xo4a, SIK
Yy KO)KHOMY TpaBWJIi, OyBalOTh 1 BUKJIFOUCHHS, fKi,
3pEITOl0, TeXX MalOTh MoscHeHHA. OKpeMoro MeT-
POJOTIYHOIO MPOOIEMO0 € MozeTi MoOimizalii cyo-
CTpaTy KOMIUIEKCIB, IO TONAJaTh Yy IIHOWHHI
30HM CyOmyKii (SIKi, K BiZIOMO, MOXYTh 3aIJINOIIO-
Barucs y MaHTito 10 700 kM) , IIi MOZIENi YacTo BHO-
CATh CYMHIBH 1 HaBiTb apryMEHTOBaHi 3amepedeHHs
TEOPETUYHO CTPOrO0 BHUBIPEHHUM CXEeMaM EBOJIIOLT
MaHTiIHHOI pe4oBUHH. OCOOIMBO aKTYalbHOI €
mpoOJieMa JIIarHOCTUKY 1 TeHETUYHOI iHTepIpeTartii
KapOOHATHUX MOPiJl, U0 3HAXOIATHCS CEepesl BUCO-
KoMeTaMop(i30BaHUX TOPIiJl TPAHYIITOBOT Ta amdi-
0omiTOBOI (arriif, 6 BOHK 4acTO HAOyBarOTh O3HAK
EH/IOTCHHUX YTBOPEHb, OCOOJHMBO NPH HAKJIaJaHHI
Ha HUX MOTY)KHUX METACOMAaTUYHUX MPOIIECIB.

MeTor0 1aHOI CTATTi € aHaAI3 ICHYIOYHMX TIPO-
TUPEUYMBUX MOJENIel TeHe3ncy KapOOHATBMiICHUX
acoriamiii Ha Teputopii YkpaiHu (B OCHOBHOMY Ha
VYkpaincekomy 1lluti) i mpomo3uiis MakcHUMallbHO
00’€KTUBHUX KPUTEPIiB HIarHOCTHKH CIIPaBKHIX
kapOoHaruTiB. lle macTe MOXIIMBICTH OUITBIN apry-
MEHTOBAaHO 1 €()EeKTHBHO MPOBOAUTH TONIYKH IUX
Ha/I3BUYAHO Ba)KIMBUX IOPiJ 3 TOUKH 30py HasB-
HOCTI B HUX CTPATErYHUX KOPUCHHUX KOTIAJIHH.

BukaanenHss ocHoBHoro marepiaiy. Cripo0y-
€MO TIPOaHATI3yBaTH OKPEMi MPHUKIIAAH 00’ €KTIB, IO
MPOTOHYBAJIKCS PI3HUMHU aBTOPaMH B SIKOCTi Kap0o-
HATHUTIB Ha TEPUTOPii, B OCHOBHOMY YKPaiHCHKOTO
IIUTa Ta HOTO CXMJIIB 3 TOYKHU 30pY 1X BiJIMOBIIHOCTI
O3Ha4eHUM KpuTepisiM (puc. 1, Tadm. 1).

Li ronoBHiI KpuTepii MOXKHA KOPOTKO 3BECTH IO
HACTYIHUX:

1. Teonmoro-crpykrypHi. [IposiBu 3HaxX0nATHCS B
MeXax JY)KHUX MacHBiB, a00 HEMOIAMIK Bl HUX, €
MPOSIBIICHUH BIUIMB JY)KHOTO MarMaTtu3My Ha BMICHI
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mopoau (JIy>)KHUH MeracoMaro3, (heHiTh3alis, aab0i-
TH3aIis Ta iH.). @opMa 3anaraHHs KapOOHATHUX TiJl
BUPaXXCHA y TIPOCTOPI Y BUIVISII JAHOK, YiTKAX KU
YH IPOKUIIKIB TIEPEBaKHO KapOOHATHOTO CKIIay.

2. Minepanoriuni kpurepii. Hapsay 3 kapbona-
THUMH MiHEpajaMyd MaroTh OyTH MPOAYKTH BILTHBY
JY’KHUX 1 JICTKUX KOMIIOHCHTIB: amaTHT, PiAKiCHO-
3eMenbHI KapOoHaTH, (IOTOIIT, (QIOOPHUT, ITYXKHI
am}i0oH 1 TIPOKCEHH, TAHTAJIO-HIO0ATH Ta iH.

3. I3oTomHi kputepii. [3oTonHuMi ckinax kapbo-
Hy y KapOoHartax Mmae Oytn y Mmexax -2,5-10.5%
(PDB) 3 HeBeNMUKHMM BiIXHJIEHHSAM B OKPEMHX 3pa3-
Kax pi3HUX reHepaliil. [30Tonmu oKcWreHy Tex 3Ha-
XOIATBhCS B JOBOJNI BY3bKOMY nama3oHi 6-15 %

8

S g

KopocreHcuk

(SMOW). Izotonnmii cknan crponuiro (Sré7/Sré) ne
Mae repepumtyBatd 0,7065 mist mopin, BiK SKHX
menme 2400 muH.pokiB. st apXeHChKUX 1 paHHBO-
MPOTEPO30MCHKUX acolialii MOXKJIMBI CyTTEBO TO-
HwkeHi 3Hauenus (o 0.7016), mo mos’s3aH0 3 0co-
OJIMBOCTSAMM €BOJIIONII MaHTII Ha MeXi apxeh-
IIPOTEPO30H.

4. TeoximiuHi kputepii. KapObonaTHi acomiamii
MICTSTH TABHINEH], & 10 PYOHHUX, KITBKOCTI PiAKi-
cHozemenbHux (cyma REE ne menme 350 r/t) ta
pinkicaux enementis: Ta, Nb, Zr, Sr. BianosiaHicTs
UM KPHUTEPIsM M1 OUIBIIOCTI KapOOHATHUX IIPO-
ABiB, SIKIi B PI3HHH 4Yac MPOMOHYBAIUCH Y SKOCTI
KapOOHATUTIB (PUCYHOK), HaBeAeHa y Tabmumi 1.

Puc. 1. Po3ramryBaHHs MposiBiB KapOOHATHHX MOPi HA TepUTOPii YKpaiHCHKOTO MIKTA
(Ha3BU B TabnwIli, pUMCHKI Iudpu — HoMepa reodokis: | — Bonmuucskui, I — JHicTepcbko-by3pkuid,
Il — Pocuncbko-Tikunpkuii, IV — Iarynbepkuii, V — Cepeansonpuaninposebkuii, VI — [puasoscbkuit) /
Fig. 1. Location of carbonate rock occurrences on the territory of the Ukrainian Shield
(names in the table, Roman numerals — geoblock numbers)

[leBHOIO MIpOIO €TaOHHUM MPHUKIAIOM Kap-
OoHaTuTiB Ha TepuTopii YKpaiHM MOXKHAa BBa)KaTu
UYepniriecekuii  (HoBomonTaBchbkuii) — KOMIUIEKC,
SIKUI 3a BCiMa O3HAaKaMHU BIJAIMOBIJa€ BU3HAYEHHIO
LBOTO KJacy MOpij i BKItoyae Bci (akTH, MO MiAT-
BEPKYIOTh BiINOBIIHKH reHe3uc. HaBiTh He 30BCIM
XapaKTepHUH 1J1s1 KapOOHATUTIB JIIHIHHUHN, a HE KiJb-
LIEBUI, CTPYKTYPHUH XapakTep IIbOTO MAacCHBY, Ma€
CBO€ TEKTOHIYHE 1 IETPOJIOTIYHE MOsCHEHHS [ 14].

TonoBHMMU pizHOBUIAME KapOoHaTuTiB UepHi-
TBCHKOTO KOMITJIEKCY B BH3HaueHii [2,14] mocmimo-
BHOCTI (hOpMYBaHHS € CHOBITH, aJbBiKiTH, OedopcH-
TH, (pockopuTH Ta KiMOepiiToBi KapOoOHAaTHTH. 3a
reOXiMiYHUMH XapaKTePUCTHKAMH BOHU TaKOXK TIOB-
HICTIO BIJIOBIalOTh EHJOTCHHUM YTBOPCHHSM 3
MaHTIMHUM JDKEPEJIOM BCIX OCHOBHHMX KOMIIOHEHTIB
(Tabm.). Yci reHeTHYHI acHeKTH IbOTr0 KOMILIEKCY
nyxe 0araro OOTOBOPIOBAIMCH B YMCENBHHX CTaT-

TAX, AWCEPTAIisIX Ta MOHOTpadisx TOMY IMOBTOPIO-
BaTH 1Ii J]aHI HEMAa€E MOTPeou.

Ha Bigminy Bix mopin 3axignoro I[lpua3zo’s
kapOonarutu Cximnoro Ilpuasor’s mpencrasieHi
MaJIOMIOTYKHUMH KIJIOTIONIOHUMH Ta JaiKOTOio-
Humu Tinamu. [leprn 3a Bee 1ie [lerpoBo-I HyTiBChKA
¢GuroopuT-KapOOHATHA JKWIIA, BIEPINE OIUCAHA SIK
nposiB napusuta. Ha mymky aBtopiB [17] us xuma
Mae KapOOHATUTOBY TPHUPOLY Ta PO3TISIAETHCS
HUMH SIK KapOOHATHTOBA Haiika. Ha KopucTh 1150T0
CBIJTYHTH SIK CEJICKTMBHO IIEPIEBUN CKJIaJ PiIKICHUX
3eMeJib, B TOMY YHCHi y ckiaai Quooputy Ta Kapoo-
HaTy, TakK i )eHITH3AIlisI BMICHUX IOPIJI, [0 XapaKTe-
pHO 11 kapOoHatutiB. IletpoBo-I'HyTiBCBKa (roo-
pUT-KapOOHATHA JKUJIa, sIKa Ma€ MapU3UTOBY MiHepa-
J3aifio, B IUIOMY MOAIOHA O PIAKICHO3EMEIbHUX
KapOoHaTHTiB KoMIulekcy MayHTin-Ilac, mpo sikmii
sragyBajiock panime, batons-O060 Ta iH. [23,24].

-57-



Cepisi «[eonoezisi. [eozpadbisi. Ekonozisiy, 2024, sunyck 61

(+ corresponds; - does not correspond; ~ partially corresponds; ? data missing)

Tabnuys 1/ Table 1
BianoBigHiCTh KApOOHATHUX MPOSIBIB KPUTEPISAM JIarHOCTUKH KapOOHATHUTIB
(+ BimmoBizae; - He BiANOBIAa€; ~ YaCTKOBO BiMOBiAae; ? maHi BigcyTHi) /
Correspondence of carbonate manifestations to the diagnostic criteria for carbonatites

. . . . L . Teoximiy.
Micue T'eonoriuna cutyanis MinepanoriqyHuit I30TOmnHI1 KpUTEpI] xpuTepii
o | (oot | el e | 5 T80 T o
’ PDB | SMOW %, (r/T)
Kpyronanatoui naiiku KapOOHATH, anaTur,

.. . SO . -3,0- 5,9- o
1.YepHiriBcbkuii Kap- Pi3HOT MOTYKHOCTI, 710 MIapU3UT MAarHETHT, 81 +135 0,70162 | 1o 3,9%
OOHAaTUTOBHIA MacHB 100M y my>KHOMY MacHBi HedemiH ¢oromnit +’ +’ + +

+ +
MHaiika (0,3-2,85 m)
2.IlerpoBo-I'HyTiBCBbKa | cepes IPaHOCIEHITIB, Cy- Kanpuur, mapusmur, -5,5- 10,1- 070621 | 1o 4.39%
¢moopuT-KapOOHATHA | IPOBOIKYETHCS 30HAMH ¢dmooput -8,1 +16,6 ~ +
Jaika JIy’>KHOTO METacoMaro3y + + +
+
ManonoTy:xHi KAIH Kansut, moaomit
3 Xi6onapiscoKuii (5-50 cm) cepen MAPH3HT, TyKH] 24 185132 0702585 | 510 0,2%
Kap'ep YapHOKITIB TOOIU3Y ampibonu Ta -8,5 + + +
Jy>KHOTO MacUBY MPOKCEHH +
+ +
4 TTpockypiBchKuii HKum 10 0.8 my cxnapi |- Kaxwuur, guooput g 5 g 21 10.5- 46 76405 | 10 120)
JTY>)KHOTO MacCHUBY amaturt, GIIOTOIIT 11,2
MacHB + - - + + -
MaJionoTy XHi KUK Kanmenut, iHoai cupe-
(mo 0,8 M) cepen Ay)KHUX | pUT, K0JIOMIT, ioromiT,| -5,1— 62141 0,7024— (589-
5.OKkT0pChKHiA MAacHB | TOPiJ, Ta HE(EITIHOBUX nyxHi am(pidbosu Ta -8,6 ' + ' 0,7029 3345)
CIEHITIB MPOKCEHH + + +
+ +
ManonotyxHi (10 0,2m) ca
6.I1iB1eHHO- JAUKOMOAIOH] KWIX KaJIbLIAT, CHACPUT 58 9.9 0,70623 (1450)
. A ¢dmooput -7,2 12,7
Kanpunipkuit Macus B CieHiTax + + + ~ +
+
Ky moTykHICTIO L
. . Kanpuut, iHONI cuneput,| -5,6— 10,7—- (2300-
7.MaiotepcsHChKUHA Bix 5 cm 1o 16 M J1OTOMIT, aHKepHT 106 21,0 0,70232 20000)
MacuB B JIY)KHOMY MacHuBi g + ~ + +
+
8 Bomuecrxuil HBP?:::;T; I;II H;HIOOFSM KapOonaru, anmatur -6.5 8,5-17,4 0,70290-
Mera6Iox, A PoORATH, 158 | @7 0% 1 0,70355 ?
Bbepesosa I'ath + Y + +
9.ITokpoBo- Edpysusni Gpercait, KapGonatw, anarut -9.1- 10,2- 0,70536 | (=m0 5000)
. N TPOXKHITKH +2.8 194
KupeiBcbkuii MacuB N ~ " "~ ~ +
. . TToTy>Hi TOBII cepen Kapo6ownarwu, ¢umoromit, | -0,1- 19,8-
10.3aBaniBchke rpadi- rHeiicin (10300 M) ostimit 12 215 0,70632 (85)
TOBE POJIOBHIIIC ‘ i i i ~ -
11.MonyoBcbke ilJ;[;;Z;II( I(:le (220 1]“1?21711\;)3 Kapbonaru, marnerut, | -1,5 11,9- 0,70712 (35)
’ & . AUl penl . OJIiBiH, (UIOTOIIIT -4.8 14,8 !
pozmoBwIIe 3aii3a 3aJ3UCTHX KBAPIIUTIB i ~ ~ - -
12 Kaniragiscske Kunm, KCeHOMTH Kap60.HaTI/I, XPOMIT, -1,5- 14,2- (42)
. cepen ynsTpaba3uTiB HipOKCEHU +4.7 18,4 ?
XPOMITOBE POJIOBHIIE ~ _ i i -
[TnacromomiOHi Tima +35- 17 5-
13.TposiHKIBCHKUH Pi3HOT TOTYXHOCTI KapOonatu, ammaTur +5’ 8 21’ 3 0,70483 (87)

alaTUTOBUU IposiB

(mo 30 m)
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14 JlykammiBchKuit KapOonartHi Tina cepen Kap6onaru, anarur, | 16,9-
¢noromniToBuiA 4yapHOKITiB (10 30-40 M) ¢aoromit 0'5_+4’8 22,6 0’7(3822 (5_4)
posiB - ~ -

Jlo kapOOHATUTIB HaNEkKATh TAKOXK KaJIBIIUTOBI
JaiKK Ta )KWJIH 3 eTipUHOM Ta alaTUToOM Xiioomapi-
BCHKOTO Kap €py, BiOkpuTi aBTopoM y 1981p. i omm-
cani y [4,8]. Tlpo kapOOHATUTOBY NPHUPOAY IHX
YTBOPEHb CBi4aTh: BUCOKHH BMICT cTpoHito (1-3
%), miABHINEHUI - PIOKICHMX 3€MeNb, HasABHICTDH
TaKUX XapaKTepHUX MiHEpalliB KapOOHATHUTIB, SK
amaTuT, MiPOXJIOP, MOHAIUT, i30TOMHO-TEOXIMiYHI
naHi (Tadi.), a TakoXK €K30KOHTAKTOBI opeoiu (eHi-
Tr3amii MOB3AOBXK HUX. Ha miBOeHHOMY MpPOIOB-
JKCHHI JIaliKU OJIHIEI CBEPJIBUHOIO, MPOOYPESHOIO
3a pEKOMCH/IAI€I0 aBTOPa, BCTAHOBJICHI KapOOHATHI
Tina motyxHictio 10 1,0 M 3 mapusurom, aie 3a
BIJICYTHICTIO (hiHAHCYBaHHS TOAAJbBIII IMOUIYKOBI
po0oTH He OyIIH POIOBKEHI.

dopmaniiiHa TpUHAIEKHICTh XITi001apiBCHKUX
KabIIUTOBUX naiiok i kun i IlerpoBo-I'HyTiBCHKOT
(roopuT-kapOOHATHOT AalKK MOTPeOy€e MOAAIBIINO-
ro BUBYEHHSA. Bci 11i mopoau 30aradeHi pigKiCHUMHU
3eMJISIMH, CTPOHIIEM Ta IHIIMMHU THUIIOBHMH JUIS
KapOOHATHTIB eleMeHTaMu (Tabi1. ), Mo 30ImKye 1X
3 YTBOpEHHsMH YepHiriBcbkoro Macusy [4].

OpHi€l0 13 03HaK HAABHOCTI KapOOHATHTIB €
Mpoliec iHTeHCUBHOI (heHITH3aIlil BMICHUX TPaHITOi-
IiB (Ta iHIIUX CHIIIKATHUX, OCOOJIMBO KBapIBMICHUX
mopin). 3okpema, XiibOomapiBchka KapOOHAaTHUTOBA
naiika, SKa PO3TUHAE YapHOKITA Ta KPUCTANIYHI
CJIaHIIli, YTBOPIOE ()EHITOBI OPEOJIH, 10 JCKOJIH B 2-3
pa3u MOTYKHili 3a cami KapOOHATHI Tijla B YapHO-
KiTax, aje 30BCiM HE 3aJIUIIAI0Th OPEOITiB y KPHUCTa-
JOCTIaHIISX.

VY IIpockypiBCbKOMY MacHBI CIIOCTEPIrar0ThCs
(hbeHiTH ITy)KHO-CIEHITOBOTO, TPaHOCIEHITOBOTO abo
JY)KHO-TPAHITHOTO CKIIady, S$Ki BiJIOKPEMITIOIOThH
HedeTiHOBI OpoAM Bix rpaHitoifiB pamu [14]. Bo-
HH TaKOX 3rajyroThes y po0oTi [21] six “Oe3dernn-
MMIaToifHi” Ci€HITH, “OYKOBI KBapIoBi CieHITH .
AKIIECOPHI MIHEpaJIU LUX MOPIJ] MPEACTABJICHI amna-
TUTOM Ta KapOoHatoM. B IlpockypiBcbkoMy MacuBi
BCTAHOBJICHO KapOOHaTHI MPOSBH Y (OPMi KU T10-
TyxHicTio 10 80 cM, sKi MOB’s3aHi i3 30HOI0 Opek-
YiIOBaHHSI CEPEHHO3CPHUCTHX 1HONIT-MAIIHBITIB.
3a cBoiM ckiIagoM Wi mposiBU OyJlo BiHECEHO 10
CBOEPIIHMUX IOPiJ THUIy amaTUTOBUX CBOBITIB. 3a
130TOIMMHUMH JaHUMH OKCUTEHY Ta JaHUMH PEHTTe-
HOJIIOMIHICLIEHTHOTO ~aHaJli3y PiAKICHO3eMEIbHUX
aktusaropis Ce*, Eu?*, Sm** B anarurax, 1i kap6o-
HaTHI TPOSIBH BBaXKAIOThCS KapOOHATHTOIONIOHUMHU
MOpOIaMu, B TOH Yac SK 130TOMHO-KapOOHOBI JaHi Ta
ITiJIBUIICHI CITiBBITHOIIEHHSI 130TOIIB CTPOHIIIIO CBi-
JYath PO CYTTEBY KOPOBY CKJIAJOBY LIMX acoLliallii.

3a manumu [11] OkTsA0pbCHKHIA MacuB Mae B
CBOEMY CKJIaJi KapOOHATBMICHI, CyTT€BO KapOOHaT-
Hi TIOPOIM Ta TEKTOHIYHI OpeKdii, AKi 31eMEHTOBaH1

KapOoHaToM. Yci Wi Pi3HOBHIM 3yCTPidarOThbCsl ce-
pell OCHOBHHX, YIBTPAOCHOBHHUX, JIy)KHHX IOpiJ, B
ToMy umcii HedemHoBUX cieHiTiB. Yactimm 3a Bce
KapOOHATHI MPOSBH TOB’si3aHi 3 rabpo Ta mipokce-
HITaMH, SKi 3a3HaIH HAHCHIIBHIIINX Ta HAHTIHOIINX
3MiH. Y IIbOMY BHUIAJKYy pO3PI3HSIIOTH KapOoHaT-
TOJIEOBOIIIIAT-CITFOMUCTI (TI0 Tabpo) Ta KapOoHAaT-
OioTuT-aM(iboIOBi (MO MipOKCEHiTaX) Pi3HOBUAM.
XapaKTepHOI0 PHCOI0 BCIX KapOOHATHWX IIPOSBIB
OKTA0pbCHKOTO MACHBY € HAsBHICTH B HUX araTuUTY,
IUPKOHY, MipOXJIOPY, SKI aCOIIOIOTh 3 KaJbIIUTOM.
e cBimuuth mpo Te, mo (OPMYBaHHS LUX MOPiX
CYTIPOBOIKYBAJIOCS allaTUT-PiKICHOMETAIEBOIO Mi-
Hepati3ali€elo, o0 € THIOBOI 03HAKOI KapOOHATH-
TiB. KapOoHaTHi yTBOpeHHs 3Ha4HO 30araveHi CTpo-
HITIEM, ITpiEM, NUPKOHIEM, HIOOiEM, JIaHTAHOM, IIe-
piem. 3nagenns 8°C ta %0 kap6onariB OKTAODE-
CHKOTO MAacHUBY BiIOBIiAIOTh TUIIOBUM KapOOHATH-
Tam, a criBeignomenns &'Sr / #Sr ¢piguars npo rm-
OWHHE JDKEpesto KapOoHATHOI pedoBUHHM (Tab. 1).

KpemeHiBChbKHi MacHB, SIKHH BXOIUTH J0 CKJia-
ny IliBneHHO-KanpuuipKoro KOMILIEKCY, MpeAcTaB-
JIEHWH Ci€HiTaM{, KBapIOBUMHU Ci€HITaMH 1 TpaHi-
Tamu. B Mexax MacuBy (30kpeMa B Kampammpkomy
Kap'epi) CIOCTEPIraroThcss KapOOHATHI KUK Ta Bi-
JIOKpEeMJICHHSI TTOTYXHicTIO A0 0,5M., AKi iHOmI BMi-
HIyOTh (QIIoOpUT. KU CKIIQIAIOTHCS 3 KaJIBIHTY,
1HKOJIM aHKEPUTY Ta CHUAEPHTY, 30aradeHi piJKiCHU-
MU 3eMysiMu. BapTo Big3HauuTH, 1o B Mexax Ilis-
JeHHO-KaapuuIpkoro MacuBy BIIKPUTO YHIKaJlbHE
ABOBCBKE Pi/IKICHO3eMEIbHO-ITUPKOHIEBE POJOBU-
me, a Hemonmamik AHanolbchke poposuine TR. Ll
POIIOBHINA, HA TYMKY JAESIKUX TOCITITHUKIB [22] Tex
MOB’s13aHi i3 KapOOHATHTOBMM MarmMaTU3MOM, XOda
CYTTEBHX KapOOHATHHX MpOSBIB y iX Mexax MOKH
II0 HE BUSIBIICHO.

ManoTepcsHChKUM JTy>)KHUA MAacuB CKJIaa€Th-
Csl TOJIOBHUM YHHOM i3 He(ETiHOBHX Ta JYKHHUX
cieniTiB. B Mexkax 3axiIHOTO KOHTaKkTy MacHBY
BCTAHOBJICHO IIUPOKHH PO3BUTOK MPOIECiB (EeHITH-
3aii 3 YTBOPEHHSM MOPiJ HPOMIKHOTO CKJIaIy MiX
BMICHHMH THEMCO-MIrMaTUTaMH Ta JTY)KHHMH Ci€Hi-
tamu. TyT Takox Oynau BUSIBJICHI JKWJIBbHI Tila Kap-
OOHAaTHUX TOPiJ, SIKI YTBOPWINCH HAa TYMKY [23],
BHACJIJIOK 3aMiIleHHs JailKoBUX TUI. [ €O0XIMIYHUMU
0COONMHMBOCTAMHU KapOOHATUTIB MalloTepCSHCHKOro
MAacHBy, 3a JaHUMH 3ralaHiX BUILE aBTOpiB, € 30a-
ra4eHHiCTh ixX Oapiem, JiTiEM, pPyOifieM, HHUHKOM,
MOJIIO/IEHOM, BaKKHUMH JIAHTAHOIJaMU Ta ITPIEM B
cknaai P3E. Hamri i3oTonHi aHi Tex CBig4aTh Npo
€H/IOTCHHY NPHUPOAY, NPUHAWMHI YAaCTHHHU 13 LUX
yTBOpeHb. CUTyallis YCKJIaJHeHa TUM, 1110 B po3pisi
NPUCYTHI TakoX (parMeHTH SBHO MeTaMopgidHuX
KanpuuQipiB, sKi 3a TEOXIMIYHMMHU Ta 1HIIUMH Xa-
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paKTepUCTUKAMU TOMiIOHI 10 KapOOHATHHX IIOPIT
MIPUA30BCHKOI cepii.

[liBHIYHO-3aXilHAa YacTHHA YKPaTHCHKOTO IIUTa
(BonuHchKuit MeraOoK) Takok MOke OyTH mepcre-
KTHBHOIO Ha 3HAXOKECHHS MPOSBIB KapOOHATHTIB. B
80-ti poku mobmu3y KopocreHbchbkoro miyTony (c.
BepezoBa ['arb) 3HaWICHO HE3BUYHI I JaHOTO
pEerioHy IyXHI METacCOMaTHTH eripuH-abOITOBOTO
ckiany. 3a nanumu [13] gocmimKeHHsT peYOBHHHOTO
CKJIaJy LMX METaCOMATHUTIB JO3BOJISIE PO3MISAATH 1X
K (EeHiTH, HEe BIIKPUTOrO Ie KapOOHATUTOBOIO
KOMIUTIEKCY. Ha KOpHCTh IIbOTO CBiM4aTh TAaKOX IPO-
SIBU MENBTCHUTITIB 3 (EeHITaMH EK30KOHTaKTOBOTO
opeony apdeaCcoHIT-eripuH-aIb0ITOBOTO CKJIaay B
pationi cmt lopomHuIl, ski imeHTHYHI QeHiTam
Bbepesopoi ['ari. OkpeMi MPOXKUIKOBI Tijla kKapOoHa-
THOTO CKJIQAy Cepel IMX MOPiJ MarTh reoXiMidHI
XapaKTEPUCTUKH, OM3bKi 10 KApOOHATHTIB.

Po3BuTOK CckiamHOTO 32 CBOEK OymoBoro Ilok-
poBo-KupiiBcbkoro MacuBy, MOB’sI3aHUH 13 TepIHH-
chbKUM eTanoM ¢opmyBanHs JJonOacy. Macus ckia-
JEeHUH JY)KHUMH Ta CyOTy>)KHHMH IHTPY3HBHUMHU,
EKCTPY3UBHUMH (JAHKOBUMH) Ta €(Qy3UBHHMH I1O-
poJaMH, SKi IHTCHCHBHO 3MIHEHI KaJiIINaTH3aIli€eo,
anpOITH3AIlIEI0, eTipUHI3AIE0, XJIOPUTH3AIIETO,
CepIIeHTHHI3aIi€r0 1 3kBapioBaHHsIM. KapOoHaTHi
YTBOPEHHS, SIKi MOJKHA CITIBCTABUTHU 332 PEUYOBUHHHUM
CKJIQJIOM i3 KapOOHATHTaMH, MAalOTh KHJIO- Ta Jaii-
KOTTONiOHI Tija, IO 3aJsTaloTh Cepel MeTacoOMaTH4-
HO 3MiHEHHX TOPiJl JIY’)KHOTO Ta CyONy»KHOTO CKJia-
ny. Jdesiki aBTOpW pO3pI3HAIOTH MarMaTH4YHI Ta Me-
TacoMaTH4HI (pinKicHOMeTaneBi i Oe3pymHi) kapOo-
HATUTH, BHIUIAIOTH Takok edysuBHy ¢ario [22].
leoximiuHi TaHi He MiATBEPKYIOTH KapOOHATHTOBY
NPUPOAY IMX TIOPiJ, a 3BA30K IX 3 IY)KHUMH IIPOJIa-
MH MOXHa TOSCHUTH METaCOMaTYHUM BIUIMBOM
0araTux JETKUMHU KOMIIOHEHTaMH Jy)KHO-0a3aJibTo-
ITHUX Marm.

Kanpungipn ta mapmypu Cepennboro Ilo-
Oy }OKsL JTy’Ke TeTEpOTeHHI He TUTBKHU 3a CBOIM CKJia-
JIOM, aje i 3a TIOXO/KCHHSM, a IIe JaBajio MiJICTaBH
JUIs TIposiBy Oararoi reoJoriyHoi (aHTaszii 010
TEHETUYHHX CXeM. Y Pi3HI POKH INPONOHYBAJIHCh
MeTaMop(hidHi MOJeIi HaBiTh 3 maneoreorpadiuHu-
MH PEKOHCTPYKILISIMH OCaIoBUX 00cTaHOBOK [8] i
3anumikiB  Oakrepiit [16], meracomarwuHi cxemu
NUISIXOM TIEPETBOPEHHSI YIbTPaba3uTiB B KaIbIU]i-
pu [6] i, mapemTi kapbonartutu [12]. 3okpema, y
SKOCTI “KapOOHATUTIB” MPOMOHYBAIUCH KalbLU}ipH
i mapmypu 3aBauis [12], kapOOHATHO-MarHETHUTOBI
acorrianii Momgoscekoro pomosumia [18,20], ceoe-
piaHi kapOoHaTHI JIiH3M 1 WM i3 xpomitom Karmi-
TaHiBCbKOTO ponoBuma [1], amarut-kapOoHATHI
acoriamnii TposSHKIBCHKOTO TIPOSIBY.

Binbiia yactmHa ix  (XalyBaTo-3aBaliBChbKa
cBiTa Oy3bKOi cepii) Mae PaHHBONPOTEPO30HCHKUI
BiK, 1[0 BU3HAYAETHCS ATYBAaHHSIM PO3THEHCOBAHUX

JapHOKITOINIB (MOXIMBO €y3uBiB?), SKi 3QJISTAI0TH
B OJHOMY pO3pi3i i3 KapOOHATHUMHU IIOPOJaMHU B
3aBaniBcbkoMy rpaditoBomy kap’epi [8]. Kambim-
¢bipu Ta MapMypHu IPUCYTHI TYT sK moTyxHi (10 800
M) TOBHII y ckiaai Oy3pkoi cepii. 3a 130TOMHUM
CKJIaJIOM IIi KapOOHATHI MTOPOAH BiAIOBIAIOTH IIEp-
BUHHOOCAJOBUM YyTBOPEHHSAM, NPU LBOMY BiIpi3-
HSIOTBCSL Ty)KE€ BY3BKHMH Jlialla30HAaMH 3Ha4eHb
813C Ta 820 (0.5 +- 0.5 %, Ta 20.5 +- 0.5 %y BiamoO-
BiJTHO).

B Toii xe wac 6araTto kapOOHATHUX IOpiA, fKi
paHile BBakaJucs CKIQAOBUMHU Oy3bKOi cepii, 3a
HAIlUMH JaHUMH, € HaclpaBlIi METaCOMAaTHYHHMHU
YTBOPEHHSIMU 3a PaxyHOK KapOoHaTu3alii yibTpa-
0a3uTiB, mo BigOyBajacs, B CBOIO 4Epry, 3a YMOB
MacoBoro BuBiIbHEeHH CO: mig 4ac DIHOOKOTo
MeTamMop(i3My TIHHHCTO-KapOOHATHUX aCCOLialliH,
a00 TUTACTUYHOTO TepeMillleHHsT KapOOHATHUX Mac.
Le crocyeThest meprn 3a Bce kapOonaTHux Tin Kari-
TaHIBCHKOTO XPOMITOBOI'O POJIOBHINA, JI€ BOHH YacTO
MICTATh BKpAIJICHICTh XPOMITY 32 Mi3epHUX KiIBKO-
CTel pIOKICHUX EJIEMEHTIB, 5K 1 YIbTpada3uTH ysB-
HOTO CyOCTpary.

KapOoHaTHO-MarHeTUTOBI KalbIU(ipu, sKi B
NIESKHUX ITyOJIKaIlisIX OCTaHHIM YaCOM HPOTIOHY€ETHCS
BijiHeCTH 10 KapOowaruTiB, [18] - me, BiporimHo,
YaCTKOBO IUIACTUYHO MOO1JIi30BaHI MEPEBaXKHO Kap-
OOHATHI MacH sKi, SK NPaBWIO, HE BIAMOBIAAIOTH
CBOEMY TIEPBHHHOMY PO3TaIllyBaHHIO, a MEpeMilIeHi
Ha HeBenuki Bincrani [9]. 3a i30TOMHMM CKIamoM
BOHHU HAOJMIKAIOTHCS 70 €HIOTEHHUX YTBOPCHbD, aje
MOJKHA TIPOCHIIKYBaTH YiTKY 130TOIHY 30HAJBHICTB,
10 B [IJIOMY BiATIOBila€ METAaCOMATUYHIN, a00 BKa-
3y€ Ha JOMIIIKK EHJOT€HHOI CKJIaJ0BOI, ampiopi
NPUCYTHBOI Y METACOMATH3YIOUHX PO3UMHAX.

AmnaruToBuil nposB 6ins c. Tposiaka Ha Cepen-
HpoMYy [ToOy@oKi 3a IeSKUMU TTapaMeTpaMy CXOMKHH
Ha 3aMeHuTe amnartuTtoBe popoBumle Cenmirgap Ha
Anpmancekomy llluTi, sike GaraTto AOCHIITHUKIB BBa-
xanu kapooHatutoBuM. OnHAK JIoCiipkeHHs B. M.
I'ymist Ta Hamn i30TOMHI JaHI MOKa3aJd TOBHY He-
CIPOMOKHICTB Takoro mpwuiyiieHss, [3]. TpostHKiB-
CHKHI TIPOSIB BUSIBHBCSI TOBHUM T'€OXIMIYHUM aHa-
norom Cemirnapchbkoro pofoBHINA, OTXKE 1 JUIs I[OTO
NPOsIBy MOXKYTh OyTH 3arepeueHi Oyab-siki kapOoHa-
THUTOBI MOJIEI.

[TposiBu kapOOHATHUX TOPIJ CEpesl YaPHOKITIB,
rinmepcTeHoBUX Ta OIOTUTOBMX THEHCIB B paiioHi
Bepxuboro IloOyxoks Oynu BHsiBJIEHI B 0araTbox
JinsHKax 1 getanbHO ommcai B [21]. OcobnuBwuii
iHTEepeC B KOHTEKCTI MOPIBHIHHS 3 KapOOHATUTaMH
NPEACTABISAIOTH JIOBOJII MOTYXHI MPOsIBH KapOOHAT-
HUX 1opia, 30araueHuX (IIOTOHITOM, MOOIU3Y
c. JlykamriBka. bynu HaBiTh MOBIJOMJICHHS TIPO Has-
BHICTh y HUX Hedeniny [21], 110 HE3BUYHO /IS Me-
TamMopdiuHNX KaubudipiB i mpuramanHo kapOoHa-
TUTaM. Y CBill Yac HaBiTh OyJM BHJJICHI KOINTH HA
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MIOITYKH KapOOHATHTIB y IIbOMY paiioHi. JlerambHi
TOCITIKEHHS ITUX TIOPia, BKIIOYAIOYN HAaIlll 130TOII-
HO-TeoXiMiuHi (Tabn.), HE MiATBEPIWIN €HIOTCHHY
MPUPOLY LMX YTBOPEHb i MPOOSIB OyB MPUHHATHH Yy
JK3 sax dnoronitoBuii. [logibny mpupomy MaroTh
OararouncensHi TposiB 'y Bepxupomy [loOyxoki
(paitonn I'niBani, TuBposa, I'onockoBo, CabapoBa,
XKexenena, Kanunisku Ta in. [8]. Tuxonm 1i xapoo-
HaTHI Tila PO3TATHYTI MO 30HaX TEKTOHIYHUX TIO-
pYLIEHb, IO CHpaBis€ BPaXXCHHS XHUIBHUX abo
naiikonofiOHuX (opM, ajle Hi METaCOMATHYHOTO
BIUTMBY Ha BMICHI ITOPO/IH, Hi 30aradeHHs XapakTep-
HUMH MiHepaJlaMH 4d PiAKICHUMH elIeMEHTaMu, SKi
BKasyBalli O Ha iX EHJOTeHHY MpHUPOLYy, HE BH-
SIBJICHO.

BucHoBku. TakuMm 9nHOM, KapOOHATHI HOPO-
1Y, BUSIBJICHI Ha TepUTOpii YKpaiHu, sKi B pi3HUH
4ac TPOIMOHYBAJIUCh y SKOCTI KapOOHATHTIB, 3a
TPYIOI0 BHU3HAYEHUX KPHUTEPIiB MOXKHA PO3TITUTH
Ha 3 Tpymnu:

1. MacwuBH i IPOSABH, IO MOBHICTIO BiAMOBIAAI0TH
KpUTEpiAM 1 MOXYTh OyTH IHTEpPIPETOBaHI K
KJIACUYHI KapOOHATHUTH, IO BIAPI3ZHIIOTHCS 3a
cnenn(piYHUMHE XapaKTEpUCTUKaMH, 30KpeMa,
BOHH MOXYTh OyTh 30aradeni abo nemro 30im-
HEHI CIEKTPOM NEeBHHUX XIMIYHHUX EIIEMEHTIB,
IO TMOSICHIOETHCS PI3HUMHU T€HETUYHUMH HIO-
ancamu (damii TIMOMHHOCTI, MeETaJOreHIYHa
cnenmdika, Ty)kHa cremiamizamis i T iH.). o
HUX HanexaTb YepHiriBcbkuii (HoBomonrasch-
KHid) MacuB, XJi0ONApiBCHKUI MPOSIB, KU 1
naiiku  OkTsi0pcekoro  macuBy, Ilerposo-
I'myTiBchka naiika, ManoTepcsHChKUI MacuB.

2. TlposiBM, IO YacTKOBO BiAMOBIAIOTH KPHUTEPi-
sIM, OCKUTBKHA MaloTh TiIOpWIHI 130TOIHI Ta iHIII
XapaKTEPUCTHKH, L0 MOSICHIOETHCS 3MillyBaH-

HSM KOPOBHIX 1 MaHTIHHUX JDKEpEIl, HaKJIaIaH-
HAM BTOPHHHUX CTPYKTYp 1 IPOIIECiB, Timep-
TeHHUH BIUIMB Ta iH. TakuMU MOXXHA BBa)KaTH
kapOoHaTHi KK [IpoCKypiBCBKOTO MacHBY,
nposiB bepezosa I'ath.

KapOonarHi ToBIIi i TIposiBH MeTaMOp(MIvHUX 1
METAaCOMATHYHMX AacCOIUallii, SKI 3HAXOMATHCS
cepeq CympakpyCTallbHUX TOPia 1 MarOTh THIIO-
Bi a0o 3MiHEHI BHAC/IIJOK TEKTOHO-MarMa-
THYHOI aKTUBI3amil BIAMOBIAHUX OJIOKIB I'e0JIO-
rO-CTPYKTYpHi, MiHEpaJIOTiuHi Ta i30TOMHI Xa-
PaKTEepUCTUKHU, AKi MOXYTh HaOyBaTH O3HAK,
OnM3bpKUX 110 KapOoHatuToBUX. [lo i€l rpymm
MOYXKHA BiIHECTH 0araTo4MceNbHi KCEHOMITH Ta
IJIACTH, IO ACOIIIOIOTE 13 YapHOKITaMH, CHIIe-
pbOitamu, ymsramMmeraMopiYHIMHA Ta MeTacoMa-
TUYHMMHU TpaHiTaMu ab0 MepeIIapoByHOThCS 3
iHIIMHA MeTaMophidyHIMH yTBOpeHHAMU: Jly-
KalIiBChKUAN (DIIOTOIITOBHI TIPOsiB, MOJIOBCH-
Ke Ta 1HIII POMOBUINA 3aJI3UCTUX KaJIbIH]ipiB
i mapmypiB Cepennboro [loOyxoks ta Ilpua-
30Bbs, TPOSIHKIBCHKUN TPOSIB armaTUT-BMICHUX
KaJpuuQipiB Ta 1HIII.

Buxonsuu i3 3aKOHOMIPHOCTEH pO3TallyBaHHS
KapOOHATUTOBHX TMPOSBIB, TIEPCHEKTUBHIMH
JUIS TIOIIYKiB HOBHX POAOBUIL MOKHA BBA)KAaTH
[TpuazoBcbkuii MeraOloK (TPOAOBKEHHS, KO-
piHHa abo BiaramyxeHHs XmiOomapiBCbkoi Ta
[lerpoBo-I'HyTiBCEKOT naiiok, kapOOHATHI TPO-
sBu [liBneHHO-KanpuupbKoro MacuBy y TOMY
YKCIII MOXIJIMBO TIOB’s3aHi i3 PiAKICHO3EMEb-
HUMH A30BCHKMM Ta AHAIOJbCHKHUM POFOBU-
I1aMu), 30Ha 3wieHyBaHHs [Ipma3oBcbkoro Ta
CepeHbONPAHIMPOBCHKOr0 Meradnokis (Ma-
JIOTEPCSIHCHKU MacuB), Ta BonmHCHKHMIT Mera-
6ok YIII (ctpykrypa bepesosa I'aTp).
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Problems of search and diagnosis of carbonatites on the territory of Ukraine

Vasyl Zahnitko
DSc (Geology and Mineralogy), Professor, Department of Geology of Mineral Deposits,
Institute of Geology, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

ABSTRACT

Reliably established carbonatites on the territory of Ukraine have characteristics inherent in this class of rocks, in
particular, they are enriched with a fairly wide range of rare chemical elements, the most characteristic are rare earth
elements and strontium, niobium, tantalum, zirconium. In addition, they contain typomorphic minerals such as apatite,
nepheline, alkaline pyroxenes and amphiboles, tantalo-niobates, rare earth carbonates, etc. isotope and geochemical
data, in particular, the isotopic composition of carbon, oxygen, strontium.

Problem statement. Most of the carbonate rocks that have certain characteristics of carbonatites cannot be at-
tributed to this class, since they do not meet the selected criteria and do not contain traces of endogenous sources. An
important problem is the choice of objective criteria for diagnosing endogenous carbonatitis and, on their basis, to out-
line promising areas for the search for new manifestations and deposits.

Unresolved aspects of the problem. The genetic position of many manifestations of carbonate rocks remains un-
certain. Such objects can be considered calciphyres, marbles, skarns and apatite-containing rocks of the Middle
Pobuzhzhia (carbonate associations of the Zavalovskoye graphite deposit, magnetite calcifirs of the Moldovan iron ore
deposit, carbonate veins with chromite of the Kapitanovskoye deposit, Troyaniv apatite manifestation) phlogopite calci-
phyrs of the Upper Pobuzhzhia (Lukashiv manifestation), as well as numerous metamorphic carbonate manifestations of
the Priazovsky and Ingulets megablocks (Marble section of the Mangussky iron ore deposit). deposits, carbonate strata
of the Kuksunguri iron ore deposit, calciphyra of the Starokrymska area on the periphery of alkaline massifs, Kazan-
kovsky manifestation, etc.)

The purpose of this article is to analyze the existing contradictory models of the genesis of carbonate-containing
associations on the territory of Ukraine (mainly on the Ukrainian Shield) and to propose the most objective criteria for
diagnosing true carbonatites. This will make it possible to conduct a more reasoned and effective search for these ex-
tremely important rocks from the point of view of the presence of strategic minerals in them.

Presentation of the main material. In the first place among the reliably diagnosed carbonatites, in terms of size and
variety of mineralization, is the Chernihiv alkaline-ultrabasic-carbonatite massif, the carbonate associations of which
are typical representatives of this group of rocks. In addition, the Khlebodarovsky manifestation, veins and dikes meet
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certain criteria Oktyabrsky massif, Petrovo-Gnutivska dike, part of the carbonate rocks of the Malotersyansky massif.

Conclusions. Promising areas of the Ukrainian shield for the search for carbonatites can be considered Pryazov-
sky, (continuation of the Khlibodarivska dike, Yuzhno-Kalchytskyi massif), Malotersyansky massif, and some manifes-
tations of the Volyn megablock of the Shch (Berezova Gat structure). The Anadolskoye and Azov deposits of rare
earths, where carbonate rocks have not yet been discovered, but there are geochemical and petrological prerequisites for
the development of carbonatites (the existence of powerful zones of metasomatic processes of an alkaline nature, in
particular phenitization, the presence of high concentrations of rare elements and accessory rare earth carbonates, etc.)

Keywords: carbonate rocks, carbonatites, isotopic composition, geochemical features, rare elements, Ukrainian
Shield.

References

Voevodin V.N. (2006). On the classification of endogenous carbonate rocks. Otechestvennaya Geologiya, 6: 72-76.

2. Glevassky E.B., Kryvdik S.G. (1981). Precambrian carbonatite complex of the Azov region. Kiev, Naukova Dumka,
227.

3. Guliy V.N., Zahnitko V.N., Parfenova A.Ya. (1999). Comparative characteristics of carbonate-apatite associations of
the Ukrainian and Aldan shields. Minerals — formation, forecast, resources, St.-Pt., June 5-8, 155.

4. Dubyna O.V,, Kryvdik S.G., Wshnevskyi O.A. (2024). Mineralogy and Petrology of Carbonatites and Phenites of the
Khlebodarovsky ~ Manifestation. ~ Mineralogical  journal, 46 (1): 45-66. https://doi.org/10.15407/
mineraljournal.46.01.045

5. Entin V.A., Gintov O.B., Mychak S.V., Yushin A.A. (2015). Structure of the Moldovan iron ore deposit (Ukrainian
shield) according to geological and geophysical data and its possible endogenous nature. 37, 4, 3-18.

6. Ershov V.A. (1960). Ultrabasic rocks of Ukraine and associated minerals. Petrographic provinces, igneous and
metamorphic rocks. M., Publishing House of the Academy of Sciences of the USSR, 183-193.

7. Zhukov G.V.,, Varkhatov V.A., Sakhatsky I.I. (1973). On the discovery of phosphate mineralization in the Western
Azov region. Geological journal, 33, 5: 144-146.

8. Zahnitko V.N., Lugovaya I.P. (1989). Isotope geochemistry of carbonate and ferruginous-siliceous rocks of the
Ukrainian Shield. Kyiv: Naukova Dumka, 316.

9. Zahnitko V.M., Gogolev K.l. (2024). Non-standard models of transformation of iron ore formations in endo- and
exogenous conditions. Materials of the conference "Iron ore deposits of Ukraine: modern problems and prospects
for development". Kyiv, 41-45.

10. Carbonatites. Earth Sciences (1969). Ed. O. Tuttle, J. Gittins. M.: Mir., 486.

11.Kovalev E.M., Strekozov S.N., Zahnitko V.N., Lugovaya I.P. (1988). Carbonate Rocks of the Oktyabrskogo Alkaline
Massif (Ukrainian Shield). Academy of Sciences of the USSR, ser. Geology, 7, 128-133.

12. Kolomiets G.D. (1987). New data on the protoplatform carbonatite magmatism of the Ukrainian shield. Theses of
the reports of the 1V regional petrographic conference on the European part of the USSR. Petrozav., 44.

13. Krivdik S.G., Tkachuk V.I. (1987). Formational belonging of alkaline metasomatites of Berezovoy Gati. B, 1, 13-16.

14. Kryvdyk S.G., Tkachuk V.1. (1990). Petrology of alkaline rocks of the Ukrainian Shield. Kyiv: Naukova Dumka, 407.

15. Kryvdik S.G., Dubyna O.V., Dovbush T.I. et al. (2011). Sr®/Sr8 in apatites from alkaline and basic rocks of the
Ukrainian Shield. Mineralogical Journal, 33, 3, 55-70.

16. Lazurenko V.I., Ryabenko V.A., Khorunzhiy V.Y. (1977). Some varieties of fossil algae from Precambrian car-
bonatenth rocks. Geological journal, 37, 2, 121-125.

17. Marchenko E.L., Konkov G.G., Vasenko V.I. (1980). On the carbonatite nature of the Petrovo-Gnutovskaya fluorite-
carbonate dike of the Azov region. Reports of the Academy of Sciences of the Ukrainian SSR, ser. B, 1, 24-27.

18. Popovchenko S.E., Kornienko P.K. (2014). Qualification signs of carbonate-ultrabasite massifs of the Ukrainian
shield. Bulletin of the Dnepropetrovsk University. Series "Geology. Geography", 15, 2-17.

19. Samoilov V.S. Kovalenko V.I. (1983). Complexes of alkaline rocks and carbonatites of Mongolia. The Works of the
Soviets. Scientific research, 35. M. Nauka, 152-159.

20. Usenko O.V. (2022). Evolution of the composition of mantle fluids in the Precambrian (on the example of ferrugi-
nous formations of the Ukrainian shield). Geophysical Journal, 2, 44, 3-28 https://doi.org/10.24028/
0j.v44i2.256263

21. Tsarovsky 1.D., Bratslavsky P.F. Nepheline breeds of the upper Pobuzhya. Doc. Academy of Sciences of the USSR,
1980, T 255, No. 2, pp. 424-427.

22.Tsarovsky 1.D., Bratslavsky P.F. (1980). Nepheline breeds of the Dniester-Bug district. Kyiv: Naukova Dumka, 46
(preprint of the Academy of Sciences of the Ukrainian SSR, Institute of Geochemistry and Physics of Minerals).

23. Sheremet E.M., Kryvdik S.G., Strekozov S.M., Dubyna O.V,, Setaya L.D. (2016). On the Genesis of the Anadol Rare
Earth Deposit (Ukraine). Mineralogical Journal, 38 (4): 75-85 https://doi.org/10.15407/mineraljournal.38.04.075
24. Shramenko I.F, Stadnik V.A., Osadchiy V.K. (1992). Geochemistry of Carbonatites of the Ukrainian Shield. Kyiv:

Naukova Dumka, 212.

25. Carbonatites. Genesis and Evolution (1990). Edited by Keith Bell. London. Unwin Hyman, 630.

26.Le Bas, M.J., Kellere, J., Kejie, T. et al. (1992). Carbonatite dykes at bayan Obo, inner Mongolia, China. Mineralo-
gy and Petrology, 46, 195-228. https://doi.org/10.1007/BF01164647

=

Received 10 September 2024
Accepted 12 November 2024

-63 -


http://mineraljournal.org.ua/en/node/1413
http://mineraljournal.org.ua/en/node/1413
https://doi.org/10.15407/mineraljournal.46.01.045
https://doi.org/10.15407/mineraljournal.46.01.045
https://doi.org/10.24028/gj.v44i2.256263
https://doi.org/10.24028/gj.v44i2.256263
http://mineraljournal.org.ua/uk/node/592
http://mineraljournal.org.ua/uk/node/592
https://doi.org/10.15407/mineraljournal.38.04.075
https://doi.org/10.1007/BF01164647

Cepisi «[eonoezisi. [eozpadbisi. Ekonozisiy, 2024, sunyck 61

https://doi.org/10.26565/2410-7360-2024-61-05
UDC 556.38:502.51:504.5(477.8)

Received 2 August 2024
Accepted 10 October 2024

Groundwater pollution risks assessment
in Ukraine-Poland transboundary aquifers

Halyna Medvid *
PhD (Geology), Head of the Laboratory of Geoecology Problems,
nstitute of Geology and Geochemistry of Combustible Minerals of NAS of Ukraine, Lviv, Ukraine,
e-mail:halmedvid@gmail.com, =" https://orcid.org/0000-0002-5059-245X;
Luibov Yanush 2
MSc (Geology), Leading Engineer,

2 Subsidiary Enterprise of PJSC NJSC “Nadra Ukrayny” Zahidukrgeologiya, Lviv, Ukraine,
e-mail:liubovyanush@ukr.net, ‘1= https://orcid.org/0000-0002-4225-8646;
Tatiana Solovey *

DSc (Geography), Associate Professor,
®Polish Geological Institute — National Research Institute,

Department of Groundwater Recognition and Protection, Warszawa, Poland,
e-mail: tatiana.solovey@pgi.gov.pl, /= https://orcid.org/0000-0001-8949-4075;
Vasyl Harasymchuk *

PhD (Geology), Senior Researcher, Laboratory of Geoecologic Problems,
e-mail: v_harasymchuk@ukr.net, {=! https://orcid.org/0000-0002-4377-2655

ABSTRACT

Problem statement. For states that share a common border it is important to have reliable and up-to-date information on the
condition of groundwater used for water supply. Transboundary aquifers (TBA) are rather a complicated object for controlling, moni-
toring research and management due to inherent transboundary flows. Within the framework of the international project EU-
WATERRES, the development of a concept for coordinated management and harmonized monitoring of the TBA at the border areas
of Ukraine and Poland has been launched. Among many aspects of the project's research scope, it was important to study the risks of
groundwater pollution. The study of potential scenarios of anthropogenic impact within the aquifers will make it possible to predict
changes in the quantitative and qualitative parameters of transboundary groundwater, which, in turn, will allow qualitative planning
of economic activities with minimal risks.

The purpose of the study is to qualitatively assess the risks of pollution of transboundary groundwater used for drinking water
supply taking into account their vulnerability and the overall anthropogenic pressure.

The research methodology is to analysis the cumulative impact of hazards and the degree of vulnerability of transboundary
aquifers using the index-rating method as well as to map pollution risks using the overlay method.

Research results. The substantial volume of groundwater in the transboundary catchments between Ukraine and Poland
(85.3%) is classified as vulnerable and very vulnerable. Within the Polish territory, their share is 99.9%, and within the Ukrainian
territory it amounts to 79.5%. In contrast, the study area is marked by a low degree (4.74%) of groundwater pollution hazards. High
and very high hazards in Ukraine account for 6.5% of the study area, and in Poland to 0.55%. The calculations and risk mapping
showed that low vulnerability minimizes the impact of pollution hazards, and in the absence of anthropogenic pressure the risk may
be modest. This is especially important for assessing the quality of groundwater in the main useful aquifers (MUA), which is a valu-
able water supply resource for both countries. The Roztochchia area is a vivid example of a territory where high anthropogenic pollu-
tion hazards are offset by the low vulnerability of the Lower Neogene aquifer, resulting in a significant reduction in risks.

Scientific novelty of the research. For the first time, an assessment of groundwater pollution risks for the Polish-Ukrainian
transboundary area was carried out. The results of the research can be used in the management and protection of transboundary
groundwater between Ukraine and Poland.

Keywords: transboundary aquifers, anthropogenic impact, groundwater vulnerability, hazards and risks of pollution.

In cites: Medvid Halyna, Yanush Liubov, Solovey Tatiana, Harasymchuk Vasyl (2024). Groundwater pollution risks assessment in Ukraine-
Poland transhoundary aquifers. Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecology"”, (61), 64-75.
https://doi.org/10.26565/2410-7360-2024-61-05

Introduction. There are 1,386 million km? of
water on the planet Earth, but only 2.5% of it is
fresh water that can be used by the humankind. In
addition, more than half of the fresh water volume is
in the form of glaciers and snow caps. That is, hu-
mans can use only about 1% of the planet's total
water resources (surface and underground), which is
actually very little. Therefore, groundwater is an
important water supply resource along with surface

water. However, they are a difficult object to con-
trol, monitor and manage. Their peculiarity is trans-
boundary flows invisible to people. So, it is im-
portant for neighboring countries to have reliable
and up-to-date information on the condition of
groundwater, which is shared by both countries and
migrates in both directions. The issue of studying
and continuously monitoring the condition of water
resources in transboundary water basins requires
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arranging international cooperation in this sphere.
Assessment of transboundary anthropogenic pres-
sure on groundwater has been an object of interest
to the European Union (EU) for decades. The EU
legislation aimed at creating a framework for the
protection and sustainable management of water
resources includes the Water Framework Directive
(WFD). It sets out objectives and measures to
achieve good water status in EU Member States
(EU, 2000). To support its implementation, EU
Member States have developed a common strategy
that focuses on methodological issues related to
common understanding of technical and scientific
implications of the WFD. These recommendations
are aimed at promoting a harmonized approach
among the community states to the assessment and
management of transboundary water resources. To
date, countries bordering the EU and heading to-
wards the full membership in the European Union
are actively involved in the implementation of the
said strategy.

Problem statement. The task of developing
the concept of coordinated management and harmo-
nized monitoring of transboundary aquifers was
faced by a team of researchers from five countries
participating in the international project “EU-
WATERRES: European Integrated Management
System for Transboundary Groundwater Resources
and Anthropogenic Hazards”, funded by Iceland,
Liechtenstein and Norway through the European
Economic Area Grant Fund and the Norwegian Re-
gional Cooperation Grant Fund.

Among many aspects of the project's research,
the study of groundwater contamination risks was
important. Risks are defined as the likelihood of
undesirable events that could lead to negative con-
sequences. The study of potential scenarios of an-
thropogenic impact within the aquifers will make it
possible to predict changes in the quantitative and
qualitative parameters of transboundary groundwa-
ter, which, in turn, will allow for qualitative plan-
ning of economic activities with minimal risks.

Review of previous studies. Over the past
decades, various models and approaches have been
developed and tested to assess the quality of
groundwater, its internal and specific vulnerabilities,
anthropogenic pressure, and pollution risks.

Groundwater vulnerability is most often as-
sessed using the DRASTIC, GOD, and SI methods.
The advantages and disadvantages of the most
popular index-based methods are analyzed and pre-
sented by the authors (Fannakh & Farsang, 2022).
The globally recognized method of qualitative as-
sessment of groundwater vulnerability to pollution
is DRASTIC (Aller et al., 1987), although some
shortcomings have also been identified in its appli-
cation. These relate mainly to the use of qualitative

parameters, overestimation of the vulnerability of
porous media compared to fractured media, and the
specific vulnerability of groundwater in certain
types of aquifers.

Researchers often adapt the DRASTIC method
to their data or objectives by considering additional
indices of the internal vulnerability assessment
framework, such as land use type (L) (Zhang et al.,
2022; Koztowski & Sojka, 2019), nitrate pollution
(Ravindranath & Thirukumaran, 2021), nitrate ni-
trogen (Shrestha et al., 2016), or petroleum products
(Fang et al., 2022). Sometimes they replace several
indices with others or remove certain indices due to
insufficient sensitivity or inaccurate data (Zhang et
al., 2022; Kazakis & Voudouris, 2015).

Some researchers combine two different index-
based methods to compare results (Abdullah at al.,
2016; Campoverde-Muiioz et al., 2023). The
DRASTIC method can be used both for regional
studies and for processing a large dataset, as the
authors did to assess groundwater vulnerability and
risk at the pan-African scale (Ouedraogo at al.,
2016).

The SINTACS method, which is an evolution
of the DRASTIC method, is also widely used to
determine groundwater vulnerability. According to
authors (Canora, et al., 2022), it better suits Mediter-
ranean hydrogeological environments. The anthro-
pogenic impact can be taken into account using the
SINTACS-LU method, in which the land use pa-
rameter (LU) is added (Noori, et al., 2019).

To assess the vulnerability of karst aquifers, the
Pl method is applied. This is a GIS approach to
mapping groundwater vulnerability with a special
focus on Kkarst aquifers. Vulnerability is classified
based on the product of two factors: The I-factor
takes into account infiltration regimes (lithology,
fractures, soil classes, aeration zone capacity, aqui-
fer recharge), and the P-factor indicates the effec-
tiveness of protective cover (Zwahlen, 2003; Gold-
scheider et al., 2000; Aliewi & Al-Khatib, 2015).

To calculate the pollution hazard index, the
POSH (Origin Surcharge Hydraulically Pollutant)
method is usually engaged, which is based on two
easily assessed characteristics: the origin of pollu-
tants (agricultural land, urban agglomerations and
rural areas without centralized sewage, landfills and
wastewater discharge sites) and their hydraulic im-
pact on the environment (diffuse or point) (Foster et
al., 2002; Campoverde-Mufiozet et al., 2023).

Risk assessment, compared to vulnerability and
contamination hazard assessments, is much more
accurate because it takes into account both of these
factors. The concept involves combining a ground-
water vulnerability map with a pollution hazard
map. In other words, the risk of contamination will
depend on both potential contaminants and ground-
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water vulnerability (Daly at al., 2002; Campoverde-
Muiioz et al., 2023; Shrestha et al., 2016). Attempts
are being made to conduct multidimensional, spatio-
temporal, and long-term serial assessments of
groundwater pollution risks. For example, Haoli Xu
with colleagues have proposed a new comprehen-
sive method that combines the advantages of cloud
computing for remote sensing, long-term groundwa-
ter modeling using Modflow + MT3DMS, and GIS
technology to effectively address the problem (Xu et
al., 2023). There are also proposals to consider not
only the vulnerability of groundwater and the pollu-
tion hazards, but also to take into account the value
of the groundwater function, which is determined by
its quality and reserves (Fang et al., 2022). The high
importance of the groundwater function, according
to the authors, is that the territory showes significant
reserves and high quality of groundwater, so it has a
greater sensitivity and susceptibility of groundwater
to pollution.

However, qualitative assessment of the pollu-
tion risk is widely used. Polish researchers Robert
Duda with colleagues also proposed their own quali-
tative classifications of the potential impact of the
main forms of land use on groundwater quality and
the risk of groundwater pollution (Duda et al.,
2020). So, in order to obtain a more accurate as-
sessment of groundwater pollution risk that would
better match the specifics of land use, the authors
recommend developing a quantitative method. It
should combine a quantitative assessment of the
potential impact of land use with a quantitative as-
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sessment of the internal vulnerability of groundwa-
ter to pollution. In particular, it is proposed to assess
the internal vulnerability of groundwater per the
time of infiltration of conservative pollutants
through the vadose zone. The quantitative assess-
ment of internal vulnerability, first performed by us
for the Polish-Ukrainian transboundary area, was
also based on the calculation of the time of contam-
ination penetration through the aeration zone.

The purpose of the study is to qualitatively
assess the risks of pollution of transboundary
groundwater used for drinking water supply, taking
into account their vulnerability and the overall an-
thropogenic pressure.

The methodology of the study is to analyze
the cumulative impact of hazards and the degree of
vulnerability of transboundary aquifers using the
index-rating method, as well as to map pollution
risks using the overlay method.

The research area hydrographically belongs to
the transboundary groundwater reservoirs (TGR) of
the Buh, San and Dniester (Fig. 1). It is located on
both sides of the Polish-Ukrainian border along its
entire length from the Carpathians in the south to
Polissia in the north. The 537 km long border be-
tween Poland and Ukraine passes through the East-
ern Beskydy, Northern Subcarpathia, Lublin-Lviv
Upland, Volyn-Padillia Upland, and Volyn Polissia.
The total area of the study area is 26,073 km?, of
which 15,575 km? falls within the Buh catchment,
4,569 km? within the San catchment, and 5,929 km?
within the Dniester catchment (Solovey et al., 2021).
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Fig. 1. Location of the research area
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Results of the study. The risks of pollution of
transboundary aquifers in the study area were as-
sessed by analyzing the cumulative impact of the
hazard and the degree of vulnerability of these aqui-
fers. The risk mapping methodology involves an
overlay method against the groundwater vulnerabil-
ity map and the hazard map.

GIS technology was used for calculations and
mapping. The territory was divided into calculation
blocks with a constant sampling step of 1,000 m. As

a result, a discretization grid consisting of 27,024
calculation blocks was created (Fig. 2). Hydrogeo-
logical data from the funds of the Subsidiary Enter-
prise Zahidukrgeologiya and open data on potential
sources of pollution were used for the research.

The groundwater pollution risk assessment was
carried out stage-wise (Medvid et al., 2023; Solovey
et al., 2023). The first stage of the study was a quan-
titative assessment of the internal vulnerability of
groundwater in the Polish-Ukrainian transboundary

\ & U]
¢ & |

Fig. 2. Computational grid of the study area within the catchment area of the Buh, San and Dniester rivers

area. The degree of vulnerability of groundwater in
the study area was assessed by calculating the time
of water infiltration through the aeration zone using
the Bindemann formula, modified by T. Matsoshch-
yk (Matsoshchyk, 1999) as follows:

m X W,

Vit Xk,

where tis the infiltration time of precipitation
through the aeration zone, days; m — the thickness of
the aeration zone, m; Wy — the volumetric moisture
of sediments in the aeration zone, i— the annual
effective infiltration, i = Pxk*, m/day (where P is
the precipitation indicator, m/day; k* — the coeffi-
cient of effective infiltration); k; — the vertical infil-
tration coefficient of the aeration zone, m/day.

Vulnerability classification per the time of pol-
lutants migration from the surface was carried out
and reported in article (Medvid et al., 2023), which
provides a detailed description of the calculation
methodology and results. Initially, the vulnerability
was calculated for the main aquifers identified with-
in the EU-Waterres project.

The Poland-Ukraine transboundary aquifers in-
clude the unconfined aquifer of alluvial Quaternary
sediments (alQ) and the unconfined-confined aqui-
fer of Upper Cretaceous sediments (K2). In addi-
tion, in the Ukrainian part of the study area, there is
a confined aquifer of Lower Neogene sediments
(N1), and in the northern part of the Polish study

area there is an unconfined aquifer in undivided
Upper Cretaceous-Quaternary sediments (K2-Q)
(Fig. 3).

However, for the calculation of pollution risks,
the territory qualified with the absence of MUAs
was also taken into account (Fig. 3), as sporadic
local groundwater used by the local population in
households is widespread in this area. These include
low-flow, unconfined horizons, mainly Quaternary
ones, in the plain territory of the Precarpathian arte-
sian basin and layer-fracture waters of the folded
Carpathian system in Cretaceous and Paleogene
flysch deposits. These groundwaters have been add-
ed to the category of unprotected, highly vulnerable
groundwaters, as they occur close to the surface and
are not covered by impermeable sediments. The
issue of their protection and prevention from pollu-
tion is no less important.

The resulting vulnerability map of the first ag-
uifers from the surface of the study area is shown in
Figure 4.

The territorial statistical distribution of
groundwater vulnerability classes is as follows.
Within the better half of the study area (85.3% of
the area) groundwater is classified as vulnerable and
very vulnerable (Fig. 5a). Comparison of the distri-
bution of vulnerability in the Polish and Ukrainian
parts of the transboundary area shows that the cate-
gories of vulnerable and highly vulnerable ground-
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water are characteristic of almost the entire Polish
territory (99.9%), while in Ukraine this percentage
is 79.5 (Fig. 5b).

We present separately the results of the statisti-
cal distribution of groundwater vulnerability for
MUAs. The unconfined alluvial Quaternary aquifer
(alQ) and the undivided Upper Cretaceous-Quater-
nary aquifer (K2-Q) are the most vulnerable. (Fig-
ures 6a and 6b). The Upper Cretaceous aquifer (K2)
is less vulnerable, and the Lower Neogene aquifer is

Very low: %,

the most resistant to pollution (naturally protected)
as compared to the others (Figures 6d and 6c¢).

To assess the risks within the Polish-Ukrainian
transboundary territory, the vulnerability of groundwa-
ter was additionally indexed into 5 classes (Table 1).

The assessment and mapping of groundwater pol-
lution hazards were performed by identifying poten-
tial diffuse and point sources of pollution and calcu-
lating their total pressure while assigning them ranks
and weights, as described in (Solovey et al., 2023).

14,
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Fig. 5. Distribution of groundwater vulnerability by class: a) within the Polish-Ukrainian cross-border area;
b) comparative for the Polish and Ukrainian parts of the cross-border area
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b)
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N 50%
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Fig. 6. Distribution of vulnerability classes for MUASs: a) alluvial Quaternary;
b) Upper Cretaceous-Quaternary; c) Lower Neogene (Miocene); d) Upper Cretaceous

Table 1
Indexing of groundwater vulnerability classes
Vulnerability classes Vulnerability Index

\ery high 5

High 4
Average 3

Low 2

Very low 1

The score of total pressure of diffuse and point
sources of pollution (GW hazard) within each com-
putational cluster was calculated using the formula:
(DHLiXF)+ (X W xR)

" )
where HLi are hazard indicators of diffuse pollutants
for the land use categories presented in Tab.1; F is
the proportion of a given land use category in the
computational cluster area, W — the point impact
index weight; R — the rank of point impact index; n

GW hazard =

— the number of indicators included in the assess-
ment in a given cluster (in our case, n=5 of which 3
are diffuse and 2 are point ones).

To classify the total degree of anthropogenic
pressure we used the division of groundwater pollu-
tion hazards into 6 classes proposed by Stevanovich
(Table 2) (Stevanovi¢ & Marinovi¢, 2020).

As a result, a map of the spatial distribution of
total anthropogenic pressure index values or a map
of groundwater pollution hazards was created (Fig. 7).
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Table 2

Classification of pollution hazards

GW hazard classes Hazard Index

No hazard 0-0.10

\Very Low 0.11-0.20
Low 0.21-0.30

Moderate 0.31-0.50
High 0.51-0.70

Very High 0.71-1.00
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0,31 - 0,5 Moderate
0,51 - 0,7 High

0,71 - 1,0 Very high

50°0"

49°0"

51°0"

50°0"

4

230"

Fig. 7. Map of groundwater hazard — cumulative anthropopressure

The results of the distribution of pollution haz-
ards classes are presented in the form of diagrams in
Figures 8 and 9. In general, the study area is charac-
terized by an insignificant degree of pollution haz-
ards: high and very high levels of pollution hazards
account for 4.74% of the transboundary area (Fig.
8a). However, the level of total anthropogenic pres-
sure on groundwater in the Ukrainian part of the
transboundary area significantly exceeds the pollu-
tion hazards on the Polish side. Areas with a high
and very high degree of pollution hazards in
Ukraine account for 6.5% of the study area, while in
Poland — only 0.55% (Fig. 8b).

The distribution of high and very high degrees
of pollution hazards within the MUAs areasis as
follows: aquifer of Lower Neogene sediments (N1) -
15.07%; alluvial Quaternary sediments (alQ) - 7.2%,
Upper Cretaceous (K2) - 2.95 %. MUAs in undivid-
ed Upper Cretaceous-Quaternary sediments are out-
side the zone of pollution hazards (Figs. 9a-9d).

At the final stage, the actual assessment of the
probability of harmful effects or risks of pollution
was performed, which is the main purpose of the
study. The assessment of the risks of pollution of
transboundary aquifers in the study area was carried
out by analyzing the cumulative impact of the pollu-
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Fig. 8. Distribution of pollution hazards by class: a) within the Polish-Ukrainian transboundary area;
b) comparative for the Polish and Ukrainian parts of the transboundary area

tion hazards and the degree of vulnerability of these
aquifers. Low vulnerability of groundwater can min-
imize the impact of a high degree of hazard. Con-
versely, in the absence of anthropogenic activities in
a catchment area with a high degree of vulnerability
the risk may be modest. The risk mapping method-
ology involves an overlay method based on the
groundwater vulnerability map and the hazard map.

alQ K2-Q

Moderate:
Low: 9,38%
3,18%

27,6%
Veryl.aw s
"\i Low:3,0%  2506% |
Cc

The pollution risk index was calculated using the
formula:
GW Risk index =
Hazard index * Vulnerability index

To construct the map, the obtained values of
groundwater risk indices were categorized into 6
classes (Table 3).

N1 K2

Moderate:
2,69%

High: Very High:
Low: 1,0%\\

0,29%

Moderate:

d)

Fig. 9. Distribution of hazards classes for MUAs: a) Alluvial Quaternary;
b) Upper Cretaceous-Quaternary; c) Lower Neogene (Miocene); d) Upper Cretaceous

Table 3

Classification of pollution risks

GW risk classes GW risk index
No risk 0.0-0.5

\ery low 051-1.0

Low 1.1-15

Moderate 151-20

High 21-25

Very high 251-39

In general, the first two categories can be con-
sidered “no risk”, the next two as “potentially at
risk”, and the last two as “at risk”.

The results of the risk assessment of groundwa-
ter pollution in the study area are presented in Fig. 10.

The proportion of groundwater pollution risk
classes (Figs. 11, 12) shows that aquifers on 90.12%
of the study area are in the zone of no pollution risk,
on 6.17% - are at potential risk, and only on 3.71% of
the area groundwater is at risk of pollution (Fig. 11a).

The probability of harmful consequences from
undesirable events is much higher in the Ukrainian

part of the territory, i.e. here the risk of pollution
extends to 5.01% of the territory, and 8.46% of the
area is potentially at risk, while in the Polish part it
is 0.61% and 0.76%, respectively. The qualification
“no risk” for the Ukrainian territory corresponds to
86.53% of the area, while for the Polish territory -
98.63% (Figure 11b).

The highest risk of pollution among MUAs is
inherent in the Alluvial-Quaternary one: 8.04% of
the area is at risk and 11.73% is under potential risk
(Fig. 12a). The figures for the Upper Cretaceous and
Lower Neogene horizons are much lower: 2.35 and
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Fig. 11. Distribution of pollution risks by class: a) within the Polish-Ukrainian transboundary area;
b) comparative for the Polish and Ukrainian parts of the transboundary area.

0.64 % of the area is at risk and 2.99 and 7.85 % is
at potential risk, respectively (Figures 12d and 12c).
Groundwater in the undivided Upper Cretaceous-
Quaternary sediments is practically not at risk of
pollution, despite its high vulnerability, due to the
absence of hazards (Fig. 12b).

Conclusions. Great amount of groundwater in
the transboundary catchments between Ukraine and
Poland (85.3%) is classified as vulnerable and very
vulnerable. Within the Polish territory, their propor-

tion is 99.9%, and within the Ukrainian territory -
79.5%. In contrast, the research area is marked by a
low degree (4.74%) of groundwater pollution haz-
ards. High and very high hazards in Ukraine account
for 6.5% of the study area, and in Poland — 0.55%.
The calculations and risk mapping have shown
that low vulnerability minimizes the impact of pol-
lution hazards, and in the absence of anthropogenic
pressure the risk may be modest. This is especially
important for assessing the quality of groundwater
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in MUAs, which are valuable water supply re-
sources for both countries. The Roztochchia is a
prime example of an area where high anthropogenic
pollution hazards are offset by the low vulnerability
of the Lower Neogene aquifer, resulting in a signifi-
cantly reduced risk. This tendency to mitigate the
hazards of groundwater pollution by low aquifer
vulnerability is inherent in a number of territorial
communities in Volodymyr, Novovolynsk, Kulykiv,
Lviv, Zymna Voda, Sokilnyky, Obroshyne, Novoya-

and Truskavets on the Ukrainian side and in the
most urbanized communes in Poland — Chetm and
Tomaszow Lubelski. On the other hand, large areas
of highly vulnerable unconfined aquifers do not fall
into the zone of significant risks due to the absence
of significant anthropogenic pressure hazards.

The results of the research can be used to en-
sure the management and protection of transbounda-
ry groundwater over the in-between territory of
Ukraine and Poland.

vorivsk, Rozvadiv, Sambir, Drohobych, Boryslav,
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Pu3uku 3a0py1HeHHS MiJI3¢eMHUX BOJ TPAHCKOPAOHHUX
B01030ipHuX OaceiiHiB Mixk YkpaiHow i [loabmero

Tanuna Meoeios *

K. Te0JI. H., KepiBHHK JlaGoparopii nmpobiiem reoekosorii,

HuctutyT reonorii i reoximii roprounx konanun HAH Ykpainu, JIbBiB, Ykpaina;
Jodoe Anyw ?

HPOB. iHXEHep,

2 JIT1 "3axinyxpreonoris" ITpAT HAK "Haznpa Ykpainu", JIbBiB, Vkpaina;
Temana Conoseii *

1. reorp. H., mpodecop, *[lonbchbkuii reonoriyauii iHCTHTYT —
HarmionansHuit HaykoBo-noOCHiAHUH iHCTUTYT, Bapmaga, [Toxpma;
Bacunb I'apacumuyx *

K. T€OJI. H., CT. HayK. cmiBpoO. Jlaboparopii mpobiem reoekonorii

Jnst nepxas, 10 MAIOTh CHUIBHUN KOPJOH, BaXKJIMBO MaTH JOCTOBIPHY 1 aKkTyajibHY iH(OpMAIIIO PO CTaH TpaHC-
KOPJIOHHUX MiJ3eMHHUX BOJ, II0 BHKOPUCTOBYIOTHCS AJIsi BOJONOCTa4aHHs. B pamkax MmikHapomHoro mpoekry “EU-
WATERRES” Oyno po3mnouyaro po3poOKy KOHLEMIii CKOOPAMHOBAHOTO YIIPABIiHHS Ta rapMOHI30BAaHOTO MOHITOPHHTY
TPaHCKOPAOHHUX BOJOHOCHUX ropu3oHTiB (TBI') npukopnonnux tepuropiit Ykpainu Ta [Tonsmi. Cepen 6aratbox ac-
MEKTIB JOCIHIKEHb MPOEKTY BAXIMBUM OYJI0O BUBYCHHS PU3UKIB 3a0pyJHEHHS MiJ3€MHUX BOA. ABTOpaMH MPOBEACHO
OIIHKY PU3WKIB 3a0pyIHEHHS TPAaHCKOPAOHHHUX BOJOHOCHHX TOPH3OHTIB MK YKpaiHoto i [lompIero muisxoM aHamizy
KyMYJIATHBHOTO BIUIMBY 3arpO3H1 Ta CTYIIEHS BPa3JIUBOCTI IIUX TOPU30HTIB. [lepeBaskHa OIIBIIICTh MM J36MHNX BOA TPaH-
CKOPZOHHUX B0Z030ipHMX OaceliHiB Mix Ykpainoro i [Tompmiero (85,3 %) kmacudikyroThCs SIK Bpa3iuBi 1 gyke Bpas3iu-
TEPUTOPIs JOCHIKEHb XapaKTEePU3y€eThCsl HE3HAYHNM CTymeHeM (4,74 %) 3arpo3 3abpyqHeHHS mig3eMHuX Box. Buco-
KUH 1 y’Ke BUCOKHUII CTYIIHb 3arpo3 B YKpaiHi CTaHOBIATH 6,5 % mocnimxyBanoi Teputopii, y [lonemi — 0,55 %. IIpo-
BeJICHI PO3paxyHKH 1 MoOy/a0Ba KapTH PU3UKIB MOKa3ajM, 10 HU3bKA BPA3JIMBICTh MiHIMI3y€e BIUIMB 3arpo3 3a0pyIHEH-
Hs, @ 32 YMOB BiICYyTHOCTI aHTPOIIOTC€HHOTO HABAHTAKEHHS, pU3UK MOXKe OyTH He3HadHUM. Lle 0coOnmBoO BaxiIMBO IUIst
OINHKH SIKICHOTO CTaHy IMiJJ3¢MHHX BOJ] OCHOBHHX KOPHCHUX BOJOHOCHHX ropu3oHTiB (OKBI'), siki € BaxIuBUM pecyp-
COM BOJIOTNOCTaYaHHs JJ1si 000X KpaiH. 30Ha Po3Tovus € sICKpaBUM MPUKIIAJIOM TEPHUTOPIi, 16 BUCOKI aHTPOIOTCHHI 3a-
rpo3u 3a0pyIAHEHHs HIBENIOIOThCS HHM3BKOKO BPA3JIMBICTIO BOIOHOCHOTO TOPH30HTY HHMXXHBOHEOT€HOBUX BIJIKJIAJIB,
BHACJIJIOK YOTO CTYIiHb PU3UKY CYTTEBO 3HIXKYEThCS. Taka TEHICHIS 0 HIBEJIIOBAHHS 3arpo3 3a0pyIHEHHs MiI3eM-
HHUX BOJ HU3BKOIO BPA3JIMBICTIO BOJOHOCHOTO TOPHM30HTY NpHTAaMaHHAa HU3LI TEPUTOpiaNbHUX rpomal Bomoanmupa,
HosoBommacrka, Kynmukoa, JIsBoBa, 3umnOi Bomn, CoxinbHukiB, O0pommHoro, HoBosiBopiBckka, Po3zBamgoBa, Cam-
6opa, [Iporobmua, bopucnara Ta TpyckaBus 31 cTOpoHH YKpaiHu Ta B HaiiOinbm ypOanizoBaHux IMiHax [Tompmi — Xe-
mmi Ta Tomamnysi JIroOenbcpkoMy. 3 IHIIOTO OOKY, BEJHKI TUTOMII Ty’Ke Bpa3IMBHX O¢3HAMIPHUX BOJIOHOCHUX TOPH3OHTIB
HE MOTPAIUIIOTh O 30HM 3HAaYHMX PHU3HUKIB 4Yepe3 BiJCYTHICTh 3HAUYHHMX 3arpo3 aHTPOIIOTCHHOTO THCKY. PesynbraTtn
MIPOBE/ICHOI OLIHKK PU3UKIB 3a0pyIHEHHS NaayTh 3MOTY Mepea0adnTd 3MIHH SKiCHUX IapaMeTpiB TPaHCKOPIOHHHX
iI3eMHHUX BOJ, IO MOXKe OyTH BUKOPUCTAHO B XOJ(i 3a0€3MeUYeHHsl YIPaBIiHHs Ta 3aXKUCTY IiI3eMHHUX BOJ Ha IOJbCh-
KO-YKPaiHCHbKOMY TPHKOPJIOHHI.

Kniouogi cnoea: niosemni 600U, mpanckopOoHHi 6000HOCHI 20PU3OHMU, AHMPONOSEHHUL 6NIUE, BPA3IUBICb BO-
O00HOCHO20 20pU30HMY, 3a2PO3U | PUSUKU 3A0PYOHEHHS.

BHecoK aBTOpIB: BCi aBTOpU 3p06WUIM PiBHUI BHECOK Y Lit0 poboTy Hagijiwna 2 cepnua 2024 p.
KoH®niKT iHTepeciB: aBTOpKU NOBIAOMAAIOTbL NPO BiACYTHICTb KOHONIKTY iHTepeciB MNpuitHaTa 10 KoBTHA 2024 p.
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ABSTRACT

Introduction. Deep regional faults serves as primary pathways for fluid mass migration in the Dnipro-Donetsk aulacogen, par-
ticularly affecting fold faults and anticline structures. The interaction between heated fluid migration and structural development is
evident in the Svyatohirsk brachyanticline structure and the Petrivsko-Kreminsky deep fault, where numerous geochemical and
thermohydrodynamic inversions demonstrate their systematic influence on adjacent structures.

Problem definition. This study examines how the Petrivsko-Kreminsky deep fault and its secondary fractures impact hydroge-
ochemical and thermohydrogeodynamic processes in the Svyatohirsko-Kamyanska deposit area. The periodic tectonic activation of
crustal-mantle centers intensifies heat and mass transfer in fluid flows, particularly in unloading zones along deep faults, where rapid
and impulsive migration of heated fluid masses occurs, transporting rock particles and charged ions from underlying strata and the
basement.

Purpose of the article. The research aims to analyze the impact of the Petrivsko-Kreminsky regional deep fault on the
Svyatohirsk brachyanticline structure and its associated geological processes, focusing on the mechanisms of fluid migration and
their influence on rock formations.

Analysis of recent research. Previous studies have documented significant thermohydrodynamic anomalies in Upper Creta-
ceous sediments, with temperatures ranging from 23°C to 27°C compared to background temperatures of 10°C to 12°C.

Tectonical configuration. The Svyatohirsk brachyanticline, formed during the Palatinate phase of Hercynian tectogenesis,
contains numerous discontinuous faults attached to the Petrivsko-Kreminsky deep fault. Modern tectonic movements are reflected in
varying uplift rates: 1.4-2.9 mm/year for the hanging wing and 5.2-11.1 mm/year for the lying wing, creating visible relief differences.

Deep fault impact on fluid migration. These fault structures facilitate vertical fluid and heat flow migration from deeper crus-
tal and mantle layers. This results in localization of hydrogeochemical inversions, evidenced by groundwater enrichment with endog-
enous elements (helium, radon, argon, CO2). The isotopic composition (§13C: 5-8%o) indicates thermometamorphic origin and deep
degassing processes from the mantle. The activity of deep faults has impacted the lithological composition, increasing reservoir rock
density through pyritization, ferruginousness, secondary quartz, and carbonation processes.

Geological model and practical significance. Deep-seated fractures act as conduits for heated fluid migration, disrupting nat-
ural thermal gradients and causing thermohydrogeodynamic inversions. These processes contribute to secondary mineralization and
cementation of fracture networks within reservoir rocks, significantly influencing the region's lithological characteristics. The model
reveals that during both current and future tectonic activations, this process will continue intermittently, though with progressively
less impact on the cement substance, while leading to accumulation of endogenous gas. The correlation between inversions and
tectonic structures offers significant potential for identifying geological features and predicting hydrocarbon accumulations, particu-
larly in areas where deep fault zones intersect with anticline structures.

Keywords: Svyatohirsk brachyanticline, Petrivsko-Kremisnky deep fault, fluid migration, heated fluid flows, thermos- and
mass- migration.

In cites: Pyvovarov Anton (2024). Impact of the Petrivsko-Kreminsky deep fault on the fluid migration in rocks of the Svyatohirsk brachyanti-
cline. Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecology", (61), 76-84. https://doi.org/10.26565/2410-7360-
2024-61-06

Introduction. Deep regional faults are the pri-
mary pathways for the migration of fluid masses.
The Dnipro-Donetsk aulacogen is characterized by
the co-sedimentary development of various geologi-
cal structures, including anticlines, monoclines, and
faulting, with notable disjunctive apophyses of deep
faults. Throughout its entire history of formation
and development, deep faults have exerted a contin-
uous and systematic influence on adjacent struc-
tures. This impact is particularly pronounced in fold
faults, especially anticline structures, which signifi-
cantly contribute to the accumulation of transported
fluid flows [1].

The interaction between the migration of heat-
ed fluid masses and the further development of
structures, both lithologic-facies and geodynamic, is

clearly evident in the case of the Svyatohirsk
brachyanticline structure and the Petrivsko-
Kreminsky fault. This interaction is substantiated by
the presence of numerous manifestations of geo-
chemical and thermohydrodynamic inversions with-
in the brachyanticline.

Thus, comprehending the continuous and sys-
temic interaction between deep faults and anticline
structures is a crucial element in modeling the litho-
logic and structural features of the region. A thor-
ough correlation analysis is necessary for the accu-
rate prediction of the fluid dynamic parameters of
rocks and structures that are influenced by regional
deep faults.

Problem definition. Previous studies have in-
dicated that the location of the Svyatohirsk structure
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on the anticline is a fundamental factor in the for-
mation of the features and composition of Lower
Permian and Carboniferous sediments [1]. However,
the author argues that the periodic tectonic activa-
tion of crustal-mantle centers, associated with the
Svyatohirsk brachyanticline structure and its adja-
cent areas, amplifies the ongoing processes of heat
and mass transfer in fluid flows. These processes are
particularly intensified in the unloading zones
formed along deep faults, which facilitate the rapid
and impulsive migration of heated fluid masses.
These fluids transport rock particles from underly-
ing strata and the basement, along with charged
ions, in the form of heat. This mechanism is central
to establishing a plausible model of the Svyatohirsk
structure [5].

Purpose of the article. The purpose of this ar-
ticle is to examine the impact of the Petrivsko-
Kreminsky regional deep fault on the Svyatohirsk
brachyanticline.

Analysis of recent research. The presence of
regional deep faults and their impact on other intra-
aulacogenic structures has been substantiated in the
scientific publications of V. Suyarko, O. Bartash-
chuk, and V. Gavrysh. V. Sukhov conducted direct
practical research on the Svyatohirsk brachyanti-
cline, during which he identified thermohydrody-
namic anomalies in the Upper Cretaceous sediments
(K2) [5].

Tectonical configuration. The Svyatohirsk
brachyanticline is an integral component of the

Dnipro-Donetsk paleorift, situated in its southeast-
ern part, and represents a Paleozoic fold formed
through consedimentary development. This structure
was created during the Palatinate phase of Hercyni-
an tectogenesis and subsequently underwent several
stages of evolution during sedimentation in the
Paleozoic, Mesozoic, and Cenozoic eras [9].

In relation to the Paleozoic sediments, the
Swvyatohirsk brachyanticline structure is convention-
ally located within the Pivnichno-Volvenkivsko-
Torsko-Drobyshivske anticline, which contributed to
the formation of the Kamyanska, Spivakivska,
Torsko-Drobyshivska, Pivnichno-Volvenkivska, and
Svyatohirsk anticlines. The anticline is bordered to
the north by the Bilohirsko-Kamyanskyi trough and
to the south by the Komyshuvachsko-Lymanska
syncline.

Seismic surveys conducted by JSC Ukr-
gasvydobuvannya have identified numerous discon-
tinuous faults, likely to be disjunct apophyses of the
Petrivsko-Kreminsky deep fault [5]. These findings
are complemented by the author’s research, which
mapped the presence of discontinuous deep faults
within the Kamyanska brachyantic fault, part of the
Svyatohirsk region (Fig. 1).

Correlation of the lineaments and deep
faults. It is well-established that riverbeds are often
aligned along fracture zones in the Earth's crust,
which are the result of deep faults originating from
the mantle. In the study area, two major rivers — the
Syverskyi Donets and the Oskil — are present, with

T

S

Fig. 1. Structural map of the Svyatohirsk Brachyanticline
(based on UkrNDIGas materials (year 2019) with additions by the author (year 2021))
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the former being a tributary of the latter. This sug-
gests that the riverbeds coincide with a point where
two multidirectional fault zones intersect, corre-
sponding to the courses of these rivers (Fig. 2) [3].

According to the classification of deep faults in
the Dnipro-Donetsk aulacogen, the Petrivsko-
Kreminsky fault is categorized as a deep fault (as
per V. Suyarko [7]) and plays a crucial role in con-
trolling upward fluid flows and geodynamic stress-
es, including those affecting the Svyatohirsk
brachyanticline. The existence of this fault is cor-
roborated by the spatial orientation of cracks, which
are perpendicular to the directions of geodynamic
stresses that have occurred during various stages of
tectonic activation of the structure.

Modern tectonic movements are reflected in the
varying rates of uplift of the wings of the brachyan-
ticline: the hanging wing rises at a rate of 1.4-2.9
mm/year, while the lying wing rises at a rate of 5.2—
11.1 mm/year, a difference that is clearly visible in
the relief of the region [5]. Earlier studies suggested
that the location of the Svyatohirsk structure on the
anticline was the main factor influencing the for-
mation of the features and composition of Lower
Permian and coal deposits. However, the authors
propose that the periodic tectonic activation of crus-
tal-mantle centers near the Svyatohirsk brachyanti-
cline promotes the heat and mass transfer of fluid
flows in the unloading zones created by deep faults.
These faults facilitate the impulsive migration of
heated fluid masses, which transport rock particles

from underlying strata and the basement, as well as
energetically charged ions in the form of heat [4, 5].

Geochemical and thermohydrogeodynamic in-
versions are the result of deep fault activity, which
saturates aquifers with endogenous fluids and heat
flows. Water from shallow wells within the
Svyatohirsk brachyanticline demonstrates hydroge-
odynamic inversion, characterized by increased
concentrations of chlorides and trace elements of
deep origin (such as mercury, helium, argon, iodine,
bromine, etc.), as well as significant pressure in the
hydrogeothermal field.

The activity of deep faults has also impacted
the lithological composition of the region, increas-
ing the density of reservoir rocks, particularly sand-
stones. This is evidenced by the composition of their
cement mass, which includes pyritization, ferrugi-
nousness, secondary quartz, and carbonation.

The deep fault impact for a fluid migration.
The influence of the Petrivsko-Kreminsky fault and
its numerous disjuncts results in a hydraulic connec-
tion between all aquifer complexes, facilitated by
the vertical discharge of fluids along the faults. Tec-
tonogenic fractures act as conduits for the migration
of fluid masses, which are accelerated by the mantle
heat flow, thereby activating convection processes
within the aquifers. This process is accompanied by
dehydration and secondary mineralization of ce-
ment, leading to the observed hydrogeochemical
inversion in the Svyatohirsk area [8].

Research conducted by V. Suyarko and V. Sukh-
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Fig. 2. Schematic diagram of the location of tectonic fault zones and their correlation
with linearities on satellite images (made by Anton Pyvovarov, 2024)
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khov identified thermohydrodynamic anomalies in
Cretaceous and Jurassic rocks, with temperatures
ranging from 23-27°C compared to a background
temperature of 10-12°C. These findings confirm the
high activity of the hydrogeothermal field [5]. Such
anomalies accelerate catagenetic and metagenetic
changes in rocks and promote the secondary cemen-
tation of fractures formed during the tectonic activa-
tion of the Laramide phase.

Geological model. Metamorphogenic fluids
migrating along unloading zones create hypogenic
anomalies in the overlying aquifer complexes, as
evidenced by the presence of helium, radon, argon,
and CO; in groundwater [5]. A distinctive feature of
hydrogeothermal processes is the saturation of frac-
tures with carbonate-clay cement, which results
from the reaction between underlying carbonate
rocks and mantle-derived CO..

Localization of endogenous components
in the fluid masses of the Sviatohirsk brachyanticline

. - very intense localization (k= 0.90 - 1.00)

O -intense localization (k = 0.75 - 0.90)

O - average localization (k= 0.6 - 0.75)
-moderate localization (k= 0.35- 0.6)

- low localization (k=10.1 - 0.35)
or localization is not determined

II' - deep fault zone

Pyvovarov Anton - 2024

Fig. 3. Schematic map of the localization of endogenous components in the ascending fluid flows
of the Svyatohirsk brachyanticline (by Anton Pyvovarov, 2024)

The concentration of CO; increases with depth,
indicating its endogenous origin, which is character-
istic of fluids of thermal genesis, such as metamor-
phic, hydrothermal, volcanic, and catagenetic fluids.
Its isotopic composition (6*C: 5-8%o) is consistent
with methane carbon (CH.), confirming mantle de-
gassing and thermometamorphic genesis [4, 9].

The dissolution of endogenous components and
their localization in depressional zones signals in-
terval-impulsive tectonic activation and provides
evidence for the deep origin of certain hydrocarbons
within the Svyatohirsk brachyanticline (Fig. 3). The
presence of reservoir rocks and dense fluid reser-
voirs has facilitated the accumulation of migrated
fluids.

Considering the numerical predominance of
disjunctive structures and the significant influence
of the Petrivsko-Kreminsky fault, the hydraulic in-
terconnectivity of all aquifer complexes has been
established. This connectivity arises from vertical
unloading along fault zones, facilitating the migra-
tion of fluid masses through fractures of tectonic
origin. These migrations are intensified by mantle-
derived heat flows, which trigger conventional geo-
chemical processes upon entering overlying aqui-
fers. Such processes are characterized by dehydra-
tion and the secondary redistribution of minerals
into the cement matrix. Consequently, hydrogeo-
chemical inversion of groundwater is observed in
the regions of the Svyatohirsk and Kamyanska
brachyanticlines [15].

The hydrogeochemical inversion induced by
the migration of mantle-derived heated fluids facili-

tated secondary alterations in the lithological com-
position of the Carboniferous reservoir cement ma-
trix. This is particularly evidenced by the presence
of carbonate cement with a high concentration of
carbon dioxide (COy) enriched in heavy carbon iso-
topes (6*3C). This geochemical inversion also trig-
gered substantial secondary cementation of tectonic
fractures formed during the Palatinate tectogenesis.
Supporting this, the uneven distribution of porosity
and fracture zones along the Petrivsko-Kreminsky
fault highlights the role of these processes. Moreo-
ver, the territory of brachyanticlines exhibits scat-
tered, irregular, and anomalous porosity localization,
underscoring the influence of ascending flows of
heated hydrothermal fluids. These processes ulti-
mately resulted in the occlusion and dense cementa-
tion of fractures with carbonate and pyritized-iron
cement.

The interdependence between tectonic activa-
tion and fluid migration, followed by temporary
fluid localization, is a key factor influencing the gas
content of the Swyatohirsk brachyanticline. The
upward movement of thermal masses, transporting
heated fluids enriched with endogenous components
from deeper strata, reacts with the formations they
pass through (primarily due to temperature) and
accumulates in the reservoir formations. During
periods of relative dormancy, these fluid masses
interact with the surrounding rocks, becoming inte-
grated into the hydrogeochemical and geodynamic
systems of the region [29, 30, 34].

Secondary reactions can affect the temperature
regime of the reservoir. The temperature difference
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between the lower and upper parts of the formation
leads to convective fluid movements within the res-
ervoir. Additionally, excessive subcapillary pressure
is generated, pushing the fluid to the point of maxi-
mum resistance. If the reservoir is isolated, these
processes create zones of abnormal reservoir pres-
sure (ARP), which are common in the Svyatohirsk
brachyanticline. If the reservoir is not isolated, hy-
draulic forces induce vertical and, when ARP is
released, laminar-vertical fluid flows (including oil
and gas) from lower to upper aquifer complexes.

These flows form hydrogeochemical anomalies and
accumulate in the next reservoir [16].

During both current and future tectonic activa-
tions, this process will continue intermittently,
though with progressively less impact on the cement
substance (due to the prior erosion of "rapid migra-
tion" channels in unloading zones), while leading to
an accumulation of endogenous gas. Traps that have
already accumulated gas will undergo further inter-
mittent, short-term degassing due to the temporary
depressurization of the existing fluid traps (Fig. 4).
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- mantle and accumulated gases
blue - hydrothermal solutions
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Fig. 4. Schematic model of hydrocarbon accumulation formation within the Sviatohirsk brachyanticline
(by Anton Pyvovarov, 2024)

The practical significance. The geological
model and methodology for correlating inversions
with tectonic structures offer significant potential
for identifying geological features and processes
within the Earth's crust. By analyzing and correlat-
ing various types of inversions, this approach aids in
the identification and prediction of hydrocarbon
accumulations.

The geodynamic activation of regional deep
fault zones is intrinsically linked to centers of heat
and mass transfer within the mantle-crustal inter-
face. These processes are driven by degassing phe-
nomena and thermal activity originating from crus-
tal-mantle centers. Such activation induces signifi-
cant anomalies in geological and hydrogeochemical
systems, fostering the development of localized
hydrocarbon accumulation zones within anticline
structures. Furthermore, these processes facilitate
the lithological and petrographic evolution of such
zones, characterized by enrichment with hydrother-
mal solutions that alter the mineralogical and struc-
tural composition of the host rocks [17].

A schematic map (Fig. 5) has been developed
to delineate the predicted areas for further explora-
tion and prospecting activities. This map incorpo-
rates the following key factors:

» The location of hydrogeological complexes
relative to deep fault zones;
» Indicators of fracture and pore space within
productive horizons;
= Enrichment of aquifer fluids with endoge-
nous components;
= Geochemical types of aquifer complexes;
» Thermohydrodynamic parameters in rela-
tion to the zones of disjunctive faults;
= Correlation between hydrogeochemical and
thermohydrodynamic inversions;
= Lithological and petrographic composition
of reservoir rocks, with particular focus on
the filling of fracture and pore spaces with
regenerative and clay-carbonate cement.
Conclusions. The research has demonstrated
that the fluid dynamic interaction between the
brachyanticline structure and the deep fault, along
with its apophyses in the form of secondary dis-
juncts, results in geochemical and thermohydrogeo-
dynamic inversions. These inversions are driven by
heat flows and mantle degassing, which facilitate
the interaction between oscillatory and folding
movements and fluid migration along depressional
zones. Deep faults play a critical role in transporting
upward heated fluid masses, leading to hydrogeoche-
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Projected areas for further
exploration and prospecting works

- zones of intense hydrogeochemical inversion

IZ' zones of disjunctive faults
(incl. deep faults)
,»::;';" - zones of geodynamic unloading
- forecast prospective areas for further
further prospecting and exploration work
|§| -current field development area

Pyvovarov Anton - 2024

Fig. 5. Schematic map of the projected areas for further exploration and prospecting
within the Svyatohirsk brachyanticline (by Anton Pyvovarov, 2024)

chemical anomalies. The heating and disruption of
the natural thermal gradient generate thermohydro-
geodynamic inversions. The unique lithological
composition of the reservoir rocks is characterized
by significant cementation of tectonogenic fractures,
likely originating during the Palatinate phase of
Hercynian tectogenesis, with secondary cementation
occurring due to the influence of powerful or local-
ized tectonic activations.

The interplay of hydrogeochemical and ther-
modynamic inversions has also contributed to litho-
logical transformations, notably the secondary ce-
mentation of tectonogenic fractures. These fractures,
formed during and after the Palatinate phase of tec-
tonic activation, were progressively sealed by mi-
grating fluid masses. Changes in thermobaric condi-
tions during the post-Laramie tectonic phase further
exacerbated this process, resulting in a pronounced
decline in porosity and permeability. Hydrothermal
anomalies are evident along the entire extent of the
Petrivsko-Kreminskyi deep fault zone. The enrich-
ment of aquifer complexes with endogenous com-
ponents—such as the heavy isotope *C, mercury,
bromine, and iodine—may serve as indicators of

abiogenic hydrocarbon presence. Furthermore, the
interval saturation of hydrocarbons is attributed to
mantle degassing, which occurs due to the unblock-
ing of migration pathways and the establishment of
mantle-crustal heat and mass transfer centers.

A comprehensive understanding of the model's
principles, mechanisms, and specific features gov-
erning hydrocarbon accumulation within the
Svyatohirsk brachyanticline is essential for advanc-
ing research on hydrocarbon genesis. This
knowledge is critical for predicting potential hydro-
carbon-bearing structures not only within the
Dnipro-Donetsk Basin but also in other geological
contexts worldwide.

Refinement and detailed parameterization of
the current model can enhance its applicability to
diverse geological formations. This could also sub-
stantiate the existence of abiogenic hydrocarbons
within geological structures influenced by deep fault
zones, frequently observed as lineaments. Such find-
ings could significantly impact hydrocarbon explo-
ration strategies and expand theoretical frameworks
for understanding hydrocarbon origins.
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Bnuis IlerpiBcbko-KpeMiHCHKOro NIMOMHHOIO PO3/10MYy HA Mirpauniro ¢Jirigis
B nopoaax CBATOripcbKoi OpaxiaHTHKJIIHAJII

Anmon Ilugosapos
Marictp reomnorii HadTH i rasy (Hayku mpo 3emiro),
XapkiBchKuii HanlioHansHUH yHiBepcuTeT iMeHi B.H. Kapasina, XapkiB, Ykpaina

Jocnimkeno BB IlerpiBcbko-KpeMiHChKOro NIMOMHHOTO po3iIoMy Ta #Horo arnodiz Ha popMyBaHHS CUCTEMH T'i-
JIPOTEOXIMIYHHX 1 TEPMOTIAPOreoMHAMIYHUX HpolieciB y Mexax Cesaroripcbkoi Opaxiantukiinani (Kam’sHcbka mio-
ma) JIHinpoBchKo-JloHebKOro aBiakoreHy. Po3oMHi pO3pUBHI CTPYKTYpH BHU3HAYEHI SK KIIIOYOBI KaHaJIM BEPTUKAIIb-
HO1 Mirparii (IFoiNiB i TEIUTOBUX MOTOKIB 3 IMHOWHHMX IIapiB 3¢eMHOI KopH Ta MaHTIil. L{s nnHaMigyHa cucTtema mpu3Bo-
IUTh 10 (OpMYBaHHS 30H, IO XapaKTEPHU3YIOThCA BHPAKCHHMH TiqPOTCOXIMIYHHMH IHBEpPCISIMH, MPO IO CBITYUTH
3HayHe 30aradeHHs IiA3€MHUX BOJ €HIOTCHHUMH KOMIIOHEHTaMH, 30KpEMa I'eie€M, PaJOHOM, apTOHOM 1 BYIJIEKHCIIHM
razom (CO2). Y mocmipkyBaHUX BOJOHOCHUX TOPH30HTaX 3a(hiKCOBAHO TEPMOTIIPOTUHAMIUHI aHOMATIT 3 MiIBUIICHUMH
Temneparypamu B giana3oHi Big 23°C mo 27°C (mpu ¢onoBux 10°C go 12°C). Taki aHOMamii CTUMYIIOIOTh PO3BHTOK
KOHBEKTUBHHX HPOILECIB, [0 CBOEIO YEPror0 MPHIIBUIIYIOTh KaTareHETHYHI Ta METareHETHYHI IEPETBOPEHHS BCHOTO
po3pizy nopia. Lli mpoiiecu 3yMOBIIOIOTh BTOPUHHI JIITOJOTTYHI 3MiHH, SIKI MPOSIBIIAIOTHCS Y BUIVISL IIEMEHTALlIT YMOB-
HOTO TMOPOBO-TPILIMHHOTO NPOCTOPY B IOPOAAX-KOJEKTOpaX, 30KpeMa uepe3 MepeBiAKiIaJeHHs] KapOOHaTHOI Macw,
MepeHeceHoi BHACIIOK B3aemomii 3 arpecuBHEM CO; 13 HIDKYE3aJSITAlOUUX TOPU3OHTIB. 30HH PO3BAaHTAKCHHS, TPE/I-
CTaBJICHI TMTOPOBO-TPIIIMHYBATUM MPOCTOPOM Y30BXK 30HH TIHOMHHOTO PO3JIOMY Ta HOro amodi3, BUKOHYIOTh POJIb
KaHaJIiB JUIs1 BUCXIHOT Mirpauii po3irpitix ¢uroinansaux mMac. Lle mopyiye TpuBiaJbHUN TEIUIOBUN TPAIEHT 1 clpUsie
aKTHBI3allil IHTEpHAILHO-IIACTOBHX MpoleciB. Kpim Toro, 3acBiqueHo, o aHOMaJii BMICTy Ba)KKOTO i30TOITy BYIVICIO
(38C) y MiJ3eMHHUX BOIOHOCHHX KOMIUIEKCAX CBITYATh MMPO TepMaJIbHO-MeTaMop(idHe IMOXOMKESHHS Ta MPOIECH Aera-
3aIii, o MiATBEpKY€E SHIOTCHHUN XapakTep (QuioigambHIX Mac. [loniOHui xapakTep (IIOINIB YITKO IIPOCTEXKYETHCI
B3[I0BX 30HH TIIMOMHHOTO PO3JIOMY Ta HOTO N3 IOHKTHBHHUX armodiziB. KoMOiHaIis TepMOTiIpOreoIMHAMIYHHAX Ta Tij-
POTEOXiMIYHHX i1HBEpCii MarOTh CUTHI()IKATHBHHUI BIUIMB Ha IPOIECH KaTareHe3y Ta METarcHesy, 0 MPOCTEKYETECS Y
JiToNorO-(ariaarsHOMY CKJIali Mi3HhOKapOOHOBUX MickoBUKIB (C3). Kopemsis pisHOTO poay iHBepciit Ta ix cucTemaTu-
3aIlist 1 MpUB’si3Ka 10 NIMOMHHUX PO3JIOMIB 1 U3 IOHKTHBHHUX TEKTOHIYHUX MOPYIIEHb MA€ BAKIMBE 3HAYCHHS IS PO-
3yMiHHSI MEXaHi3MiB B3a€MOJii TEKTOHIYHUX CTPYKTYP 3 TiJpOTeoJIOriYHUMH YMOBAMH Ta MOXYTh OyTH BHKOPHCTaHI B
MOJIAJTBIINX T€OJIOTIYHUX JAOCIIKSHHIX 1 UIsl OIIIHKKA PECypCHOI 0a3u BXKe 3 ypaxyBaHHSIM (DIIFOTI0MHAMIYHUX Mapa-
METPIB MOPIJI-KOJIEKTOPIB, [0 MAIOTh CUCTEMATHYHHUI BIUIMB Bii NIMOMHHUX PO3JIOMIB 1 MPOXOJATH B3IOBXK 30HU PO3-
BaHTa)KEHb.

Knirouoei cnosa: Ceamocipcoka dpaxianmukiinanw, Ilempiscorko-Kpemincokull enubunHull posnom, miepayis gaio-
i0ie, nomoxku posiepimux guoidarbHux mac, menioMaconepeHecetHts.
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BIuiuB CTPYKTYpH MiHEPAJbLHOI0 a/ICOPOEHTA HA e()eKTUBHICTH
(ppakuioHyBaHHS Ba’KKHUX i30TOMIB BOJHIO Y BOJAHUX PO3YHHAX
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JocnimpkeHHIMHE aBTOPiB BCTAHOBICHO MOXKJIMBICTh OUHINECHHS TPUTIHOBAHOI BOIY BiJl TPUTIIO 3 BUKOPHCTAHHSAM MiHEpaJbHUX
agcopOeHTiB. [y BH3HAUCHHS 3aJIC)KHOCTI (PpakmioHyBaHHS Ba)KKHX 130TOIIB BOXHIO y TPUTIH-IEUTEpiii-IPOTIEBOMY BOXHOMY
PO3UHHI BiJl CTPYKTYpH MiHEPAIBHOTO afacopOeHTa Oyau CTBOPEHI BiCiM eKCIEpIMEHTAIbHUX BOIHO-MiHEpaIbHUX CHCTeM. SIK anco-
pOEHTH BUKOPHCTaHi: KaONiHIT [IyXoBenbKkoro ponoBuia, (cTpykrypHuid Tun 1 : 1), mapyBari CHIIiKaTd CTPYKTypHOTO THIy 2 : 1 —
OKTaeAprYHUNA MOHTMOPIIIOHIT (Uepkackke pOIOBHIIE) Ta TeTpaeApuYHHi canoHIT (BapBapiBchke poJOBHIIE), MATUTOPCHKIT Yep-
KachbKOTO POJOBHINA Ta CEmioNiT i3 pomoBuina Bikamsapo (Icnanis), a Takox kimiHONTHIONT COKUPHUIBKOTO pomoBuina. Excriepu-
MEHTH BHKOHYBAJIUCH B CTalllOHapHMX yMOBaX. BU3Ha4eHHs TeMIepaTypHUX IHTEpBaJiB JUIsl €KCTparyBaHHs i3 MiHepanbHOI MacH
(paxuiif BOJIOTH, IO BiNOBIIAIOTH IEBHUM CTPYKTYPHHUM MO3UIISM Y MOHTMOPHJIOHITI, CAllOHITi, HaJUTOPCHKITI Ta CEMioiTi BUKO-
HaHO 3a JIOTIOMOTOI0 TePMOIPaBIMETPUYHOTO Ta AU(epeHLiHO-TepPMOrpaBiMETPUYHOTO aHali3iB. 3MiHH CIiBBiTHOILIECHHS JeHTepiro
(D) 1 Tputiro (T) B po60odOMy pO3UHHI EKCIIEPUMEHTAIFHUX CHCTEM BiIOYBATIOCH 3aJICKHO BiJl CTPYKTYPHOTO THITY MiHEPAIbHOTO
agcopOeHTa. 3a yac B3aeMoIii poOOYOTO PO3UYHMHY 13 MiHEpaTbHUMH aJCOpOEHTaMH CIIOCTEpiranock AudepeHioBaHe BIITYyYECHHS
Ba)KKHX 130TOMIB BOJHIO i3 po3unHy. HaitGinpmmii 3cyB i3oTonHoro D/T criBBiqHOIIEHHS y 3aIMIIKOBOMY PO34HHI OyB 3a(ikcoBaHUI
B CHCTEMax i3 MOHTMOPWJIOHITOM i carmoHiToM. B MiHepapHUX ajcopOeHTaX i30TOMH BOAHIO PO3MOALUIICE 3aJIeKHO Bifl iX CTPYK-
TypHoi OynoBu. HalGinbmmii 3cyB i30TOMHOTO JNEeHTepili/TpHUTIEBOrO BiJHOLICHHS B Ipoleci MOBepXHEBOI ancopOuii BinOyBcs B
CHCTEeMax i3 LEOJIITOM 1 MOHTMOPHIIOHITOM. ¥ mpoleci 0OMiHy TiapoKcwisHUMH Tpynamu Mix po3urHoM H(DT)O i crpykrypamu
cHiIKaTiB cyOCcTpaTy HaWOLIBIINI 3CYB i30TOMHOrO AeiTepiil / TPUTIEBOTO BiHOLIEHHS CTABCS Y MAJUTOPCHKITI, KIIHONTHIONITI it
KAOJIHITI.

Knrouoei cnosa: cmpyxmypa, minepanvhuil adcopoenm, ppaxyioHyeanHs, i3omonu 600110, 0OHUL PO3UUH.

SAx nuryBaTu: [ymkapsoB Onekcannp. Brmis cTpykTypu MiHepambHOTO aficopOeHTa Ha e(eKTUBHICTD (DPaKI[iOHYBaHHS BaXXKHUX 130TOIIB BOJ-
HIO y BOJHUX po3unHax / Onexcannp Ilymkapsos, Ipuna Cespyk, IOpiit lemixo, Onexcannp 3yoko, Bitamiit Jonin, IBan Illpamenko // Bicauk
XapkiBchkoro HamioHanbHoro yHieepcuteTy imeHi B. H. Kapasina, cepis «I'eonoris. I'eorpadis. Exonoris», 2024. — Bum. 61. — C. 85-96.
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AHami3 ocTaHHIX AoCTimKeHb. Y Tpoleci
LITaTHOT eKCIUTyaTalii Ba)KKOBOIHUX SJIEPHUX peak-
TOPIB BHACIIIOK aKTHUBAIlil IEHTEPitO0 BigOyBa€ThCS
3a0py/IHEHHS YIOBIIbHIOBaUa (BaXKKOT BOJIM) TPHUTI-
€M, 110 OTpeOye 3aMiHM yrHoBiIbHIOBaYa. He MeHI
BaYXJIMBUMH IIPOOIEMaMU € HEOOX1IHICTh OUHMIIICHHS
BiJl TPUTIIO JIeWTEpi€BOi BO/H, KA BUKOPHCTOBY€ETh-
csl 'y SiACPHIN MPOMMCIIOBOCTI Ta MiJBUILIEHHS eek-

TUBHOCTI TEXHOJIOTiH KOHIIEHTPYBAaHHS TPUTIIO 3
METOI0 HOro mojayiplIoro BUKOpHUCTaHHA. sl BH-
pillIeHHsI X TPOOJIEM MOXKYTh BUKOPUCTOBYBATHCS
MpoLeCH (PPaKIiOHYBaHHS 130TOIMIB BOMHIO IUIIXOM
€JIEKTPOJIizy BOTHUX po3unHiB [7]. [cHyIOTh MeTOM
pektudikaiii Boau, A€ BHKOPUCTOBYETHCS PO3Ii-
JieHH 1 (hpaKIiOHyBaHHs 130TOMIB BOJHIO. B 0CHOBI
IIUX METOJIB JIGKUTh HeomHakoBa Jjerwodicts HO,

© Mywkapsos OnekcaHAp, Cespyk IpuHa, demixos tOpili, 3ybko OnekcaHop,

Honin Bimanil, LUpameHKo leaH, 2024
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HDO, DTO i HTO BHacmiok pi3HHUII TeMIIepaTryp
ix xuminas (mateHtu USA 4799945, UA 57558). ¥V
nporeci pextudikauii mapoBa ¢aza 30arauyeTbes
oinpin netrouoi H>O, a pinka ¢asza - MeHII JeTioqo1
BaXXKOIO (hOPMOIO BOJHIO, [0 OOYMOBIIOE KOHIICHT-
pyBaHHS JEUTEPIIO0 1 TPUTIIO B KyOOBOMY 3aJIUIIKY
KOJIOHH pekTudikauii. [0OTOBHUM HENOTIKOM TakKuX
croco6iB € HU3bKa €PEeKTHBHICTh (PAKIiOHyBaHHS
i3oTomiB 3 KoedimieHToM Omm3pko 1.1, iX BHCOKa
CHEPrOEMHICTH Ta BUOYXOHEOE3MEUHICTh.

IcHytOTH MOCIIPKEHHS Ui OI[IHKU TOTEHILiH-
HUX MOXXJIMBOCTEH 130TOIIB BOIHIO B METOHAX BH-
3HAUCHHA BIKYy Ta SIK 1HAWKaTOpiB Ui IPYHTOBHX 1
nmoBepxHeBux Box [15, 20]. YV gocmimkeHHi mokasa-
HO, IO TPUTIH 1 AEUTEpii MOXKYTh B3AEMOMIATH 3
[JIMHACTAMH MiHEpaJlaMd KOJIM BOAa IUPYHAYE
yepe3 miuHy JleBijcoHa, ajne He HABOASATH JaHUX
IOJI0 TUIY IIIMHUCTUX MiHEpaJiB IMOPOIU Ta BILIH-
By iXHBOI CTPYKTYpH Ha MOXJIHBICTH (ppakiioHy-
BaHHS BAYXKHUX 130TOMIB BOJHIO.

VY Bupanni Environment International omy®mi-
KOBAaHO PE3ylbTaTH AOCTIHKEHHS M0N0 (PpaKIioHy-
BaHHSI BaKKUX 130TOIIB BOJHIO Y O10JIOTIYHUX CHC-
TeMax [16], 1e HeMae MoCWIaHb Ha BIUIMB MiHepa-
JBFHOTO CyOcTpary Ha (pakKIiOHYBaHHS Ba)KKHX
i3oToniB BogHO. ToOTO, Y AaHMil Yac BiACYTHI ITyO-
JIKAIi 010 BU3HAYCHHSI BAYKJIMBOCTI BIUIMBY THUITY
1 CTPYKTYpPH MiHEpaJbHOTO aJIcOpOCHTa Ha (hpaKili-
OHYBaHHS Ba)KKHX i30TOMIB BOJHIO y BOJHHUX PO3-
YHHAX.

Bupimensst npo0ieMu po3IieHHs] BaXKKUX 130-
TOIIB BOJTHIO Ma€ BayKJIMBE 3HAYCHHS JUIsl OUMIICHHS
TEXHOJIOTIYHHX BOJ Ha MIiANPHEMCTBAX MNaJHMBHO-
SHEePTeTHYHOT0 KOMILJIEKCY BiJl YTBOPEHOTO B HUX
TPUTIIO JUISi TTOBTOPHOTO BUKOPUCTAHHS JIEHTEPilO
Ha BaXKOBOJHMX peakTopax. IcHyrodi cnocobu Bu-
JIy4EHHS Ba)KKHMX 130TOINB 3 BOIU € €HEpro3arpar-
HUMH, Ta MOTPEOYIOTh BEJIMKHX MaTepialbHUX BU-
Tpar. Hamri momepenHi mocimipkeHHS Oalld 3MOTY
BCTAHOBUTH MOXKJIUBICTh OYMINEHHS MiHEpaJbHUMU
KOMIIO3UTaMH TPUTIHOBaHOT BOIHM Bix TpuTito [1-6].
Byno TakoX BHKOHaHO KOPOTKOCTPOKOBE HOCIIi-
JDKSHHSI MOJYKJIMBOCTI OUYMIICHHS JIeHTepieBOi BOIH
BiJl TPUTIIO B IMHAMIYHUX CHCTEMaX Iifl yac i ¢isib-
Tpauii Kpi3b MiHEepaJbHI MeMOpaHH, Jie K agcopoe-
HTH BUKOPUCTAaHI MOHTMOPHIIOHITOBA, MaJUTOCHKi-
TOBa Ta CEIIOJITOBA IIMHKU. BpaxoByrouw, 110 IIH-
HUCTI MiHEpaJM € TOTY)XKHUMH TiIpOi30JsiTopamH,
Juis 3a0e31edeHHsT MOXKIUMBOCTI (inbTpanii BOAHOTO
PO3YMHY Kpi3b CTBOpEHI MEMOpaHH Yy MiHepaJbHY
Macy J07aBaiy KIIHOITHJIOMIT.

Pa3zom 3 TuM, 3aIMIIMINCh HEBU3HAYEHUMH 3a-
JISKHICTD CTymneHs (paKUiOHyBaHHS BaXKKHX 130TO-
IiB BOJHIO BiJl OCOOIMBOCTEH ITIMHUCTUX MiHEpaliB
PI3HUX CTPYKTYPHHX THIIB Ta BKJaJ| Y LeH mpolec
KIIHONTWIONITY Y BUKOHAHMX HAMH JIWHAMIYHUX
eKcriepuMeHTax. [JJisi BUOKpeMIIeHHSI BIUIMBY Pi3HUX

MiHEpaJIiB Ha Tmporec ¢PaKIiOHyBaHHS 130TOIIIB
BOJIHIO y BOIHOMY PO3YHHI 3aIlJTAHOBAaHI €KCIICpPH-
MEHTH BUKOHYBQJIWCh B CTalliOHAPHUX YMOBax 3
BUKOPHUCTaHHSAM JACUTEPid-TPHUTIEBOI BOAH 1 Yy Tep-
MiH, II0 HaJaBaB 3MOTY JOCATTH PIBHOBaru y BOI-
HO-MiHEpaJIbHUX CHUCTEMaX.

MeTow aocCHiIKeHb € BHU3HAUCHHS BILIUBY
CTPYKTYpH MiHEpaJbHOTO afcopOeHTa Ha e(eKTHB-
HICTh (DpaxilioOHyBaHHS Ba)XKKUX 130TOIIB BOAHIO y
BOJHHX PO3YHHAX.

Marepiaau i metonu. ExcriepumenTanbHi cuc-
TeMHu Oyl CTBOpPEHI 3 BUKOPUCTAHHSAM IIOPiJl, YTBO-
PEHHX IIMHUCTHMH MiHEpalaMHu Pi3HUX CTPYKTYp-
HUX THIIIB, a CaMme: KaoJiHITOM [yXOBeIpKoro po-
nmosumia (YkpaiHa), MOHTMOPHJIOHITOBOIO 1 TIajIH-
TOPCBKITOBOIO TJIMHAMH (Z1ajli MOHTMOPHJIOHIT 1
nanuropchkiT) Yepkacekoro pomoBuma (YkpaiHa),
canoHiToM BapsapiBcekoro pomoBuia (Ykpaina),
cemiositoM 3 poxposuia Bikansapo (Vicalvaro) (Ic-
MaHis) Ta KIHONTHWIONITOM COKHPHHUIIBKOTO POJIO-
Bumia 1eouitiB (Ykpaina). [0TOBHUME CTPYKTypHH-
MU €JIeMEHTaMU [JIMHUCTHUX MiHEpalliB € reKcaroHa-
JbHI  CITKM  KpEMHI-KUCHEBHX  TeTpaeapis,
3’€lHAaHUX 3 TaKOXX TEeKCaroHaJbHUMHU CiTKaMH
aroMiHil (MarHii, 3ai30) — KHCEHb — TiAPOKCHITb-
HUX OkTaenpiB [12]. BixmMiHHICTP MiHEpaIBHUX
PI3HOBUJIIB IOJIATAE B TOMY, II0 CTPYKTYpPHI eleMe-
HTH B HHUX CIIOYYalOThCS JIEIIO MO-Pi3HOMY.

VY crpykrypHomy THmi 1 : 1, mpencTaBHHKOM
SIKOTO € KAOJIHIT, B €JIECMEHTAPHOMY CTPYKTYPHOMY
MaKeTi OJlHa KPEeMiHb-KHCHEBa TETpacqpUYHa CiTKa
34JICHOBYETBCS 3 OJHIE€I0 OKTAEAPUYHOIO CITKOIO. Y
OKTaeJpuyHil aJFOMO-KHUCHEBIM CiTIi HaHOIKYe
OTOYCHHS 10HIB aJIFOMIHIIO CKJIAJa€ThCSI 3 YOTHPHOX
OH-rpym i ABOX i0HIB KHCHIO, SIKi € CIUTBHUMU IS
000x ciTok koxHOro mapy [12]. CymikHi mapu B
TaKOMy MiHepaJi pO3MIlYIOTbCS TAKUM YHHOM, IO
T1IPOKCHUIIBHI TPYNH OKTAePUYHOI CITKA OJHOTO
1I1apy CTHKAIOTHCS 3 KUCHEBHUMHU aTOMaMH TeTpael-
PUYHOI CITKM CYMDKHOTO HIapy i Mi)K HUMH BHHH-
KaloTh BojHeBl 3B’s3ku Tuny O-H, siki 3aBaxaroTh
po30yxaHHIO TaKeTa KpUCTaliyHoi rpatku. B pe-
3yABTaTI MOJIEKYJIH BOAW i OOMIHHI KaTioHW HE MO-
KYTh MPOHHKATH B MDKITAKETHHH MPOCTIp 1 TOMY
KAOJIHIT Mae HEBENMKY €MHicThb obMminy (3*107° —
15*10~° mons/100 ).

Pazom 3 TiM, B yMOBax 3BOJIOKEHOCTI MiHepaly
MOJICKYJIM BXKKOi BOJIM MOXYTh 3aITOBHIOBATH IIITIa-
PUHM MDX MiHEpaJbHUMHU YaCTHHKaMU 3 (popMyBaH-
HSIM [I0YAaTKOBOI'O aJIcopOIiiHoro mapy. Jam Mox-
JIUBE BKJIFOUCHHSI MEXaHi3MiB 130TOITHOIO OOMiHY 3a
paxyHok B3aemozii OD- i OT-rpyn 3 gucomniioBaHux
MOJIEKYN BaxXKoi Boau 3 BHyTpimHiMu OH-rpynamu
B NIPUTIOBEPXHEBUX CiTKaX Al-T1IPOKCUIBHHX OKTa-
€/IpiB y KPUCTAIITaX KAONIHITY.

Y MakpOMOJIEKYIApHHUX MaKeTax MiHepaliB TH-
my 2 : 1, mpencTaBleHHUX B €KCHEPHMEHTAIbHUX
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CHUCTEMaX MOHTMOPHWJIOHITOM 1 CaIloHITOM (TpyIa
CMEKTHTIB), MDDK JBOMAa I'€KCaroHaJhLHUMHU CITKaMH
AIFOMIHI-KpEMHIN-KUCHEBUX TETPaeApiB PO3TaIlIO-
BaHA OJIHA OKTaeIpPUYHA aJIFOMiHIH-KUCHEBO-T1POK-
cuibHa (B MOHTMOPHIIOHITI) a00 MarHii-KHCHEBO-
rigpokcuibHa (B camoHiTi) citka [12]. ¥V miokraen-
pIiYHOMY MOHTMOPWJIOHITI B IIEHTPaJbHOMY HIapi 3
KOKHHX TPHOX OKTACIpPiB TLTHKH JBa 3acelicHi TPH-
BaneHTHHMH Katiomamu (Al¥*, Fe®"), axi Bnopsaxo-
BAaHO YEPryIOTbCS 3 BaKaHTHUMH OKTaeApamu. Y
TPHOKTACAPUYHOMY CaIOHITI B OKTacApPUYIHOMY
mapi 3HAXOIATHCS JBOBAIEHTHI ioHM Mg?* i BakaH-
THI TIO3UIIi1 B HBOMY BiJICYTHI.

[ToBepxHi eleMeHTapHUX MAaKETiB MOHTMOPH-
JIOHITY 1 CAalOHITY MOKPHUTI aTOMaMH KHCHIO, TOMY
3B’S30K MK IMakeTaMu clIabKuH, Ae AiroTh Ban-mep-
BaanbcoBi MibKMONeKymsipHi cuimu. Mixk makeTamu
3HAXOIATHCS MOJIEKYJIM BOAH, 32 PAaXyHOK SIKMX Ha
MOBEpXHI MiHEPAIBHUX YacTOK (HOPMYEThCS TIO-
nBiiiamid audysaui map (Wersin, 2004). BxomkeH-
HS MOJIEKYJ po0OOYOro pO3UYMHY B MIKIIApOBHI
MPOCTIP MOHTMOPWJIOHITY TPUCKOPIOETHCS, KOIH
po30yxae cyxa MiHEepaJIbHa Maca ITiJ] 4ac Ii KOHTaKTy
3 BOAHOI (ha3010 yHACIIZAOK 30UIBIICHHS BiJCTaHI
MDK CTPYKTYPHHUMH TIaKE€TaMH B MOHTMOPHIIOHITI
Bix 9,6 mo 28 A i memo menme B canoniti. Ilpn
IBOMY CTBOPIOIOTHCS YMOBHU IJisi periaparaiii o0-
MiHHuX KatioHiB (Na, K, Ca, Li Ta iH.), BUITy4YCHHIO
X 3 reKCcaroHaJFHUX Kilelb CTPYKTYPH B MIXKIIIApoO-
BUH MPOCTIP 1 30UTBIIIEHHIO MOXKIIUBOCTI JIJIsl OOMiHY
nporoHa cTpykrypHoi OH-rpynu MiHepany 3 Bax-
KuMH 3oTonamu BoxHIo Mosiekyn HDO 1 HTO pos-
YHHY.

CrpyKTypa MiHEpaliB 3i CTPIYKOBO-KaHAIBLHOIO
CTPYKTYPOIO YTBOPIOETHCSI CHApEeHHUMH KpEeMHii-
KHCHEBHMH JIAHITFOXKKAMU TPOKCEHOBOTO THITy [8].
Ctpiuku 3a CBOEI OYIOBOIO MOMIOHI CTPYKTYPHUM
mapaMm cuiikatiB Ty 2 : 1, a IX TOBIIMHA CTaHO-
Buth 0,92-0,94 aM. [llupuHa cTPiYOK B MaTUropCh-
KiTI CTaHOBUTH Oau3bko 1,2 HM, a B cemiomti 1,8
HM. CTpiuku 3’€IHYIOTBCS MiX COOOI0 B3ZOBXK OCI
"c" aTOMaMU KHCHIO TaK, 110 CTBOPIOIOTH B IJIONIMHI
"aB" KBiHaKcHYIO (11axoBy) cTpyktypy [18]. Tpuro-
BEPXOBI CTPIUKU B CTPYKTYpi MAIUTOPCHKITY 1 cermi-
OJIITY 4eprylOThCS 3 LIEOJITHUMH KaHajJaMu, A€ 3Ha-
XOIATBbCS MOJIEKYIH BOAM ABOX THIIB. OAMH THIT
OB’ sI3aHUI 3 KOOPAMHAIIIMHO HEHACHUYEHUMH 10Ha-
MU Ha OIYHUX CTIHKax KaHaliB (II¢ KOOPIMHALIHHO
3B’s3aHa BoAa). [HIIMI TUI BOXM HE TMOB’A3aHUM 3
SKAMHUCh KpUCTAIOTpadiYHUMH MICISIMH 1 TUIBKH
3aIIOBHIOE II€OJIITHI TIOPOXKHUHU (IICOJIITHA BOJIA).

Cemionit pomoBuma BikanBapo € THIIOBUM
MPEACTaBHUKOM MiHEPAJiB 31 CTPIUKOBO-KaHAIBHOIO
crpykryporo [9]. MiHepan Mae BeTUUHHY €lEeMEH-
Taproi komipku 13,37 x 26,95 A, B sxiit posmip
KaHaJiB jopisHioe 3,7 x 10,6 A [14], xapakrepHuii
rojyacTuii radiTyc KpHUCTaTIB JOBKHUHOK 10 4-5

MKM, II0 Yy CyIUIBHUX Macax yTBOPIOIOTh CILTyTaHO-
BOJIOKHUCTY MIiKpoTekcTypy. OOMiHHA KaTiOHHA
€MHICTh MiHEpaly KONMBAEThCS B Mexax 4—40 mr-
exB/100 r. Y BopHO-MiHepaJIbHUX CHCTEMax 3a B3a-
€MOJII1 MaJTUropchKiTy Ta CEMiONITy 3 BOOHHM pPO3-
YMHOM MOJICKYJTH BaXKKOi BOJH MOXYTHb IPOHHKATH
Kpi3b KaHaJM MiHEpaJbHOI CTPYKTYPH Ta OOMiHIOBa-
THCH 3 TIPOTIEBIMH MOJIEKYJIaMHU IIEOJIITHOI 1 KOOp-
JUHALIAHO 3B’ s13aHOI BOIU.

HeranbHa XapakTepuCTHUKa KITHONTHJIONITY Ta
MOMKJIMBICTh HOTO BUKOPHCTAHHS JUIsl BUTyYECHHS TPH-
TiIO 13 BOAHHUX PO3YMHIB HaBe/IeHa y myOmikartii [6].

Jnst miAroToBKH EKCIEPHUMEHTAIBbHUX CHCTEM
Oynu moApiOHEH! HaBa)KKM BUKOPUCTaHUX MiHEpa-
JBFHUX pedoBUH Macoio 150 r mo po3Mmipy 4acTok
0,01-0,025 mM. MinepaibHi ajcopOCHTH Oyiu Tie-
peseneni y Na-popmy. st mboro MinepanbHa cy0-
CTaHIisl BUTPUMYBaAJach MPOTAToM Tpbox mi6 y 1 N
pozunni NaCl, micis 4oro ii qekaHTyBaH, IPOMH-
BaJIM AMCTHIILOBAHOIO BOZOIO JJISl BUJAJICHHS 3al-
HIKiB CONBOBOTO po3umHy. OTpuMaHuWil MaTepian
MOMIIIANIA Y CKIISTHI MTOCYIuHY Ta 3aiuBanu 500 cm®
JUCTUIIBOBAHOTO  pOOOYOro  PO3YMHY  TPOTili-
JIeHTepili-TpUTieBOI BOMM 13 BMICTOM JEWTEpit0
0,495 % 1 DUTOMOIO AaKTHMBHICTIO TpUTiI0 6678
Bx-am~3. JIOCATHEHHS PiBHOBA)XHOTO CTaHy B JBO-
(a3HUX BOAHO-MiHEPAIBHUX EKCHEPUMEHTAIBHUX
cucTeMax 3a0e3levyBasioch CTalliOHAPHUM PEXKH-
MOM B 3aKpHUTOMY 00’€Mi 3a JOBTOTPHBAIIOL B3a€MO-
nii ¢az.. TpuBasicTh €KCIIEPUMEHTIB CKiIajana Oiu-
3pk0 300 1i6. Mixk¢azoBuii nepepo3noia i130ToIiB
BOJIHIO BH3HAYaBCS IIUISIXOM BHMIiPIOBaHHS IX BMICTY
Yy BOAHOMY 3aJIUIIKY i B MiHEPAbHOMY CEpEIOBHIILL.
Jnst 1poro, micias 3aKiHYCHHS EKCIICPUMEHTIB 13
JIEKAHTOBAHOTO 3aJIMIIKOBOTO PO3YMHY Oynu BimiO-
paHi mpoOM Ha BU3HAYECHHs BMICTY JGUTEPIO 1 TpH-
Tito. ONiHIOBaHHS CTyNeHs (pakKiiOHyBaHHS 130TO-
MiB BOJHIO Y PiI3HUX CTPYKTYPHUX MO3HIIISX TIHHH-
CTHX MiHepaliB BUKOHAHO 3a JOINOMOTOI0 CIeliab-
HOTO yCTaTKyBaHHA [6].

CyTHICTIO IBOTO METONy € BUKOPHCTaHHS Tep-
METHUYHHX METaJICBHX KOHTEHHEPIB Ta HarpiBaJbHO-
IO NPHUCTPOIO i3 KOHTPOJIBOBAHUM PEXKHMOM TPOTPi-
BaHHS (DIKCOBAHMX HABa)KOK MiHEPAILHOI MacH, BiJi-
OpaHuMX ITiCJIs IPOBEICHHS eKCIIEPUMEHTIB (pHc. 1).

BusHaueHHs TemmepaTypHHUX IHTEpBANiB JUIS
EKCTparyBaHHs i3 MiHepaJbHOT MacH (pakiiii Boyo-
TH, 10 BiAMOBIIAIOTh MEBHHM CTPYKTYPHHUM II03H-
IisIM Y MOHTMOPHJIOHITI, CallOHITi, AJIUTOPCHKITI Ta
CeIMioJIiTI BUKOHAHO 3a JIOTMIOMOIOI0 IMPELU31HHOrOo
tepmorpasimerpuunoro (DT) Ta audepenuiitao-
tepmorpasimeTpuuHoro (DTG) ananiziB Ha npunaai
Derivatograph Q 1500-D (¢pipma MOM, VYropum-
Ha). Pobotu Ha nepiBarorpadi BUKOHYBAIHCS BiJIIO-
BIZIHO JIO IPUIHATOT U JAHUX JOCIiKEHb METO/HU-
ku [13]. Tepmorpamu 3HiManmKCs PH JIIHIAHINA DIBU-
nxocti HarpisanHs 10°C/xB B Jiana3oHi Temieparyp
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20-1030°C y mHOBITPSIHOMY CEpEIOBHIIl (aHAJITIK
KomieneB M.B., H.c., [HcTuTyT mpobiem Matepiao-
3naBctBa HAH VYkpainu). Pexkxum mporpiBaHHsS Kao-

Tubular fuinace

JHITY IS BUJAICHHS PI3HUX CTPYKTYPHHUX THIIIB

BOJIOTH OyJ710 BHU3HAYEHO 3a JIITePaTypHUMH JTaHUMH
[12].

Fridge

Reactor

Sampling
flask

Puc. 1. IlpuanunoBa cxema yCTaTKyBaHHS I TEPMOTPABIMETPUIHOTO
BUJAJICHHA BOJIOI'H 3 MiHepaHLHI/IX HaBa>XOK /
Fig. 1. Schematic diagram of equipment for thermogravimetric dehumidification from mineral samples

Y mpoueci HarpiBaHHS MOHTMOPHIIOHITY OiJTb-
I1a YaCTHMHA MDKIIAPOBOI BOIU BUAUISETHCS B 1HTE-
pBai Big 100 mo 200 °C 3 eHIOTEpMIYHUM ITIKOM 3a
temmeparypu 140 °C (puc. 2, a). Jleska i KiTbKiCTh
30epiraetbes qo Temneparypu 300 °C. 3aramom i3
MOBITPSIHO-CYXOr0 MOHTMOPWJIOHITY Ha Wil cranii
BUIAISETLCA BOJIOTA, IO ckiamae a0 13,5 % macu
MiHepairy.

[Topanbiie mporpiBaHHS MPH3BOIUTH O PYH-
HYBaHHS CTPYKTYPH MOHTMOPHJIOHITY 3 MOBUIBHUM
BUIUTEHHAM KoHCcTUTYHiHHOT Boau (OH), mo dikcy-
€ThCSI JIBOMAa CHIOTEPMIYHMMHM Mmikamu 3a 512 i
710 °C. Ha wi#i cranii MiHepan BTpavae 1ie OJU3bKO
4,5 % cBoei macu. bazanbpHa MiXIIapoBa BiJICTaHb
3MeHIIyeThes npubausHo 10 9,8 A i BinOysaeThes
3MmiHa mapametpis a i b kpucraniynoi rparku (0).

Herinmparariiss camoHIiTy TpOTiKae B AEKiIbKa
cramiii (puc. 2, b). [TopoBa Ta MoBepXxHEBO a1cOPOO-
BaHa BOJA, [0 HAKOMUYWIKCH y MiHepallbHii Maci

20+— T T T . —+0,20
0 200 400 600 800 1000
Tenmepatypa, ~C

YHACIIJIOK B3a€EMOIII 13 TPUTIHOBAHOIO BOIOIO B XOi
EKCTIIEPUMEHTY, BWAAJSIOTHCS 3a HarpiBaHHS [0
100-110 °C. B temnieparypromy intepsaii 110-300
°C i3 MiHepaly eKCTparyeThCsl MIKIIapoBa BOAA 3
EHJOTePMIYHHAM ITiKoM 3a Temreparypu 140-142 °C.
Ha wmiii cranii minepan Brpadae ~12 % cBoei macH.
Jam mouynHaeThCS MpoIieC AeTiapoKcoamii 3 eHa0-
TepmiuHuMH mikamu 3a 578 °C, 760 °C i 846 °C.
[Iporec aHaMOriYHMIA TOMY, 1110 CIIOCTEPIra€ThCS i
Yyac MpOrpiBaHHS MOHTMOPHIIOHITY, ajie 3 JEeSIKUMH
BIAMIHHOCTSIMHM, II[0 IOB’sA3aHI 13 OCOOJHMBOCTIMHU
CTPYKTYpHOi OynoBH carmonity. Jlo Toro *x, MiHepai
BTpauae I1e opieHToBHO 5 % cBoei mMacu. 3a 578 °C
0a3anpHA MIXKIIAPOBA BiJICTAHb Y CAMOHITI 3MEHIIIY-
erbes 10 9,7 A [17]. Hopanbiua ycaaka CTpyKTypH
BiIOYBa€TbCS Y XOIi MPOTPiBaHHS O TEMIIEPaTyp
Bumie 750 °C, xonu MiXIIapoBa BiJCTaHb 3MEHIIIY-
eTbest 10 9,5 A.

Y nanuropckiTi W CemoiTi micas BUAaICHHS
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Puc. 2. Peaynpratit DT Ta DTG ananiziB aiist MiHepaiB
CTPYKTYpHOro TUIy 1:2: MOHTMOpPUIIOHITY (a) 1 camoHiTy (b) /
Fig. 2. Results of DT and DTG analyzes for minerals of structural type 1:2: montmorillonite (a) and saponite (b)

MOPOBOi Ta MOBEpXHEBO ajacopOosanoi Boau (100—
110 °C) maiixe 0e3 mepepBH MOYMHAETHCA BUNAPO-
BYBaHHsI IICOJIITHOI BOIM, 1[0 3HAXOAWTHCS B KaHa-

JlaX CTPYKTYpW MiHepajiB. [l majauropchKiTy Lei
nporec BigOyBa€eThCs B TEMIIEPaTYypPHOMY iHTepBalli
110-238 °C 3 eHmoTEepMIUHUM MIKOM 3a TEMIIEpaTy-
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pu 122 °C (puc. 3, a). Ilpu nupoMy MiHEpaa BTpadae
6mu3pko 14 % cBoei macw.

[onanpie nporpiBaHHsS B TEMIICPaTypHOMY 1H-
tepBami 238-345 °C (3 eHZOTEpMiYHHM MIKOM 3a
temmeparypu 284 °C) mpu3BoAMTH 10 MOOLTI3aIil
JIeII0 MIIHIIIe 3B’A3aHO1 31 CTIHKaMU KaHaJIB Tif-
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parnoi Bogu (OH») i Brparu mie ~2 % macu miHepa-
ny. PyliHyBaHHS CTPYKTYPH IMAJIMTOPCHKITY 13 BUAA-
JICHHSIM 3 Hel TigPOKCUJIBHUX TPYN BiAOYBa€ThCS B
TemneparypHomy inTepBani 345-860 °C 3 eHmorep-
MIYHHM IiKOM 3a Temrepatypu 452 °C Ta 3 BTpaToro
Macu MiHepaiy ~5 %.
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Puc. 3. Pesynbratu DT ta DTG aHauiziB 11 MiHEpaliB 31 CTPIYKOBO-KaHAIBHOI CTPYKTYPOIO:
HaTUropehKity (a) Ta cemiomity (b) /
Fig. 3. Results of DT and DTG analyzes for minerals with a ribbon-channel structure: palyhorskite (a) and sepiolite (b)

B cemioniti pexumM aerigparaiiii Mae CKIaiHi-
mmit Bunsin (puc. 3, b). Ilepmmii engorepMidHui
mik 3a 145 °C moB’s13aHuil 3 eKCTparyBaHHSM IIEOJTi-
THOT Boau. BoaHouac Minepan BTpadae ~3 % CBOET
Macu. [impaTHa Boma BHIANSETHCS B TEMIIEparyp-
Homy iHTepBami 230-680 °C (3 eHmOTepMiYHUMHU
nikamu 3a 380 °C i 520 °C), xonu MiHepan BTpadae
nie 61u3bko 6 % cBO€i Macu.

PyliHyBaHHS CTPYKTYpH CEIiONITYy i3 BUIAJICH-
HAM KpHcTatizauiiHoi Bonu (OH-rpyn) BinOyBaeTh-
cs B TemreparypHoMy intepBaii 680-955 °C 3 6i-
JBIIUMH €HEPreTHYHUMH 3aTparaMu, HDK M Yac
pYHHYBaHHA CTPYKTypu manuropcbkity. Ilpo me
CBIIYUTH OiIbII BUCOKOTEMIIEPATYPHUH 1 TUOmIMN
eHIoTepMiYHME TiK 3a Temneparypu 836 °C, Hik
TOM, mo criocTepirases Ha rpadikax DT ta DTG y
MAJUTOPChKiTi. BTpara macu cemioniTy mig 4ac BU-
JalleHHs 3 WOTO CTPYKTYpH TiAPOKCHIBHHX TPYIl
CTAHOBUTH OIM3BLKO 2,5 %.

VY KaoJiHITI HAsSBHICTH MOBEPXHEBO-aJIcOpPOO-
BaHOI BOJM 3QJIC)KHTH BiJ| CTYIEHS JUCIIEPrOBAHOCTI
MiHepaJbHOI Macu i, SK TPaBWIIO, Y TIOBITPSHO-
CyxoMy cTaHi cknagae He Oinbie 1,5-2 %. binbrna
YacTHHA BOAM BiJIOBIJHO /10 HOTO CTPYKTYPH, MicC-
TUTBCA y (hopmi koHCTHTYHIHHIX OH-10HIB (pucC. 4).

PyiiHyBaHHSI CTPYKTYpH KaoOJIiHITY 3 BHIiJICH-
HAM KoHCcTHTyUiHMX OH-ioHiB BigOyBaeThcsi B
niamazoni Temmeparyp 400—600 °C, mo cynposo-
JDKY€ETBCS] MIMPOKUM EHAOTEPMIYHUM IIKOM Ha JTU-
¢depeHNiiHUX KpUBHX THporpiBaHHs. OcTarodHa
BTpaTa KOHCTUTYIIIHHOI BOIU JOCSTAETHCS IMPOTPi-
BaHHAM MiHepany a0 temmeparypu 800 °C [12].

BigHOoCHO BenHMKa KIUIBKICTh TiJPOKCHIIBHUX
TPyl B KaoOJIiHITI, iAeai3oBaHa CTPyKTypHa hopMy-

na sikoro mae Bunia Als[SisO10](OH)s, mae 3mory
ouikyBaT e(eKT i30TOIMHO-BOAHEBOTO OOMIHY MiXx
TPUTIOBAHOIO BOIOIO 1 MiHEpampHOIO (a30m 3a
paxyHoOK 3amimieHHsi cTpykrypHux OH-rpymn MiHe-
pany Ha OT-rpynu BoaHoi ¢azu. Pazom 3 TuM, ciin
3a3HAYMTH, 110 TaKa MOXKJIMBICTH 3aJI€KHTh BiJ 1H-
TEHCUBHOCTI TPOIIECIB MPOTOH-TPUTOHHOTO OOMIiHY
YHACIIIJIOK TEPEMIIlEHHs] HaJJTUIIKOBUX MPOTOHIB
0 TEeKCAarOHAJIBHUX KiJIBISIX B CTPYKTYPi KAOJIHITY.

Orpumani jani tepmorpasimerpuutnoro (DT)
ta mudepentiiiHo-repmorpasimerpuyroro (DTG)
aHaIi3IB YMOXIJIMBUIM BU3HAUUTH TEMIIEpATypH, 3a
SKHX BUIIAPOBYETHCS BOJIOTA i3 IIIMHUCTHX MiHepa-
JiB. IneHTHdikallisi eKCTparoBaHUx 3a PI3HUX TEM-
neparypax (paxiiiii BOJOTH 3 TIEBHUMHU CTPYKTYp-
HUMH [TO3ULISMH Y IFIMHUCTHX MiHEpajaxX BUKOHAHA
3 ypaxyBaHHsSM iH(OpMaIlil, BUKJIAJEHOI Y JOBIIKO-
Bil Jmiteparypi [12, 8].

[loBepxHeBo ancopOoBaHa Ha MOBEPXHI KpHC-
TajitiB Bosora ((ppakuist 1) BUIILETHCS 3a TeMIe-
paryp 110-120 °C. Binbllia 4acTHHA MIXKIIIAPOBOT
BOJM 3 MOHTMOPWIJIOHITY 1 CAallOHIiTy, IEOJIITHOI 1
KOOPJIMHAIIIHO 3B’s3aHOT BOJAW 3 MAaJUTOPCBKITY i
cemiomity (2 ¢pakilis) eKcTparyeTbcst B iHTEpBaII
temneparyp 120-300 °C.

[Ipouec merimpokcunamii 3  pydHYBaHHIM
3B’s13KiB CTpyKTYypHHX OH-Tpyn nmpotikae B IIMHUC-
THUX MiHEpaJiax 3 PI3HOI0 CTPYKTYPOIO 3a JACLIO Pi3-
HUX TEeMIeparyp i 3arajoM BKJIAJa€ThCs B IHTEpBall
350-800 °C (3 dpaxuis).

3rigHo 3 [6], Oy/iM TakoK BU3HAYEHI TeMIepa-
TYpHI IHTEpBaJIM eKCTparyBaHHs Qpakiiii Bojor# i3
KIIIHONTHJIOJITY.

[Ticns 3akiHYEHHS €KCTIEPUMEHTIB 13 QpaKmiit
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Puc. 4. Crpykrypa KaoiHITy: a — ynakoBKa HOCHIITOBHUX IapiB y npoekiisx 100 (a) ta 010 (b):
1 — aTroMu KpeMHi0; 2 — aTOMHM aTfOMiHif0; 3 — aTOMH KHCHIO; 4 — ionu riapokcuny [10]. b — citka rekcaro-
HaJBHUX Kinenp B mpoekiii 001: 1 — aToMu KUCHIO B IUTONIWHI KiJTeb; 2 — aTOMH KUCHIO Ha BACOTi 2,19 A;
3 — jonn (OH) Ha Bucori 4,31 A; 4 — ionu (OH) na Bucorti 2,19 A; 5 — aromu amomiHito Ha Bucori 3,25 A;
6 — aTomu antomisiro Ha Bucoti 0,6 A [11]/

Fig. 4. Structure of kaolinite; a — packing of successive layers in 100 (a) and 010 (b) projections: 1 — silicon atoms; 2 —
aluminum atoms; 3 — oxygen atoms; 4 — hydroxyl ions [10]. b — a grid of hexagonal rings in the 001 projection: 1 —
oxygen atoms in the plane of the rings; 2 — oxygen atoms at a height of 2.19 A; 3 — ions (OH) at a height of 4.31 A; 4 —
ions (OH) at a height 0f 2.19 A; 5 — aluminum atoms at a height of 3.25 A; 6 — aluminum atoms at a height of 0.6 A [11]

BOJIOTH, €KCTParoBaHuX i3 MiHEpaJbHHUX HaBaKOK
MiHEpaJTFHUX aICOPOCHTIB y BIAMIOBIAHUX TeMIlepa-
TypHUX 1HTEepBaNax, BiIOWpAIMCh MPOOM IS BHU-
3HAYCHHS B HUX MUTOMOI aKTMBHOCTI TPHTIIO 3T1JTHO
HaBeJICHOT BUIIE METOAWKU Ta BUMIpy B HUX BMICTY
neirepiro.

Bwmict peittepito y npobax Bomu BH3HAYEHO Y
saboparopii i30TonHoi reoximii JlepkaBHOI ycTaHO-
BU "[HCTUTYT reoxiMii HABKOJIUIITHHOTO CEPEOBHIIA
HarmionanpHoi akanmemii Hayk YkpaiHu" min Kepis-
HUIITBOM 3aBiaytouoro jadboparopii FO.M. Jlemixora
Ha Maccrnektpomerpi MI 1201 CI, BiamoBigHo 3
MPUAHATOI0 METOAUKOIO 33 IPOTOKOJIOM BU3HAYCHHS
CKJIay CTablIbHMX 130TOMIB BOJHIO Y Boai TY 1213-

17-51188.

Pe3yabraTn excrmepuMeHTIiB Ta iX 00roBo-
penns. JloBrorpranga B3aeMofisi poOOYOrO PO3UH-
Hy H(DT)O 3 MiHepanbHOIO CyOCTaHII€IO B CTAIlio-
HapHUX yMOBAax MPHU3BENa 0 BCTAHOBJICHHS PiBHO-
Ba)KHOTO CTaHy B €KCIIEPUMEHTAIBHUX CHCTEMax Ta
Mix(haz0BOMY TEepepO3INOoIiTy 130TOIIB BOAHIO. Ba-
KI 130TOIIM BOJHIO, 1110 OYJIM MOTIMHYTI MiHEPaJib-
HUMH aJICOPOCHTaMH PO3MOIUIHIUCH MK PI3HUMH
CTPYKTYPHUMH TIO3WIIISIMA MiHEpatiB, 3 SKUX OyIH
BUJIIJICHI BiAMOBIMHI BomHI ¢pakiii (Tadm. 1, 3) 3a
TEeMIIeparyp, BU3HAYCHUX OKPEMO ISl KOXKHOTO,

BUKOPHUCTAaHOTO y EKCIEpHUMEHTax MiHepaiy (pHuc.
2,3,4).

Tabnuys 1/ Table 1

[MuToma akTHBHICTH TpHTItO Yy 3anmikoBoMy po3urHi H(DT)O (nexanrari) 1 ppakmisx Boyor,

110 Bi/ITIOBIIal0Th IEBHMM CTPYKTYPHUM HOJIOXKEHHAM y MiHepanbHux ajacopoentax (Bx/nm®) /

Specific activity of tritium in the residual H(DT)O solution (decantate) and water fractions corresponding
to certain structural positions in mineral adsorbents (Bg/dm?)

AncopOeHT Hekanrtar 1 ¢p 2 pp 3 dp
MoHTMOPHIIOHIT 5912 5779 6259 6075
Carnonit 5882 6499 5738 6679
ITnuropeskiT 5967 5703 5330 5524
Cemniosit 5658 6345 5964 5550
IeouiT 6416 5688 6300 5659
KaominiT 6064 5910
Ha ocHOBi oTprMaHUX 3Ha4€Hb MTUTOMOI aKTH- Cri = Ai /1000 * 5,62 * 108, @

BHOCTI TPHUTIiIO PO3paxoBaHO KOHIIEHTpaiito i3otora  ae Cri — KOHIIGHTpallis TPUTiI0 B I-Tiil Qpakiiii,

y 3QJIMIIKOBOMY PO3YHMHI (JI€KaHTaTi) Ta eKCTparo-
BaHUX (pakuisx Boioru (Tadm. 2) 3a Bupazom (1):

(atom/cMm®); Ai — mUTOMa aKTHBHICTH TPUTIIO B i-Tili
dpaxuii, Br/am3; 5,62*108 — kinbkicTs aToMiB TpU-
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Tifo, 1o BimmoBinae 1 Bk muTomMoi akTMBHOCTI; PoO3-
paxoBaHO TAaKOXK YAaCTKy TPHUTIIO Yy BiIIOBITHUX
BopHUX (Qpakuisx cucrem (Pri) Bin #oro BMICTY y
BuxinHiit H(DT)O 3a Bupazom (2):

Pri= Cri/ Chmpo, 2

ne Pri — wacTka TpuTiio y BianoBiaHil BoAHiN (pak-
il cucremu, %; Cri — KOHIEHTPAILiS TPUTIIO B I-Tii
¢paxuii, atrom/cM®, Chpro — KOHIEHTPAILS TPUTIKO
y BUXinHOMy po6ouomy poszumni H(DT)O, (3,8*10°
atom/cm®).

3 ypaxyBaHHSM OTPUMAaHHMX 3HAa4Y€Hb BMICTY
neiitepito y 3anumkoBomy po3uuni H(DT)O (nexa-
HTaTi) Ta BOMHUX (DpaKIlisX, IO BIAMOBIAAIOTH TICB-
HHUM CTPYKTYPHHM MOJIOKEHHSAM y MiHepajax aJico-
pOEHTIB pO3paxOoBaHO WOTO YacTKy y BiANOBIIHIN

BomHiit dpaxiii cucremu (Ppi) Bim #oro Bmicty y
Buxigaid H(DT)O 3a Bupazom (3):

Poi = Coi / Cxpmo , (3)

ne Ppi — dacTka medTepir0 y BIAMIOBiAHIA BOMHIM
¢pakii cuctemn, %; Cpi — KOHIIEHTpAIIis IEUTEPIFO
B i-Tiii Qpaxwii, r/cmM®; Chpro — KoHLeHTpawis J1eii-
Tepito y BHXimHOMY poGodomy posumui H(DT)O,
(4,95*10°3 r/em?).

Otpumani po3paxyHkoBi nokaszHuku (Pri, Ppi)
3aCBIUWIIM, LIO 338 Yac €KCIEPUMEHTY B yCiX CHC-
TeMaX IHTEHCHBHICTh BHJIYYEHHS Ba)KKHUX 130TOTIB
BOJHIO MIiHEpaJbHUMHU aACOpOCHTaMHU i3 PO3UMHY
H(DT)O 06yna aemio pizHoto. st KiUTbKICHOT Xapak-
TEPUCTUKH IILOTO e(EeKTy 3aIpPONOHOBAHO PO3PaXy-
HKOBHIA KOe(ili€HT, 0 BiqoOpaxkae CTyIiHb 3MiHH

Tabnuys 2 | Table 2

KonmeHrpaitist TpuTifo y Gpakiiisix BOJIOrH Ta HOro 4acTKa BiJl KOHIICHTpaIlii y BuxigHomy posduuni H(DT)O/
Tritium concentration in aqueous fractions and its share from the concentration in the original H(DT)O solution

Hekanrar 1dp 2 ¢p 3 ¢p
AncopOent C, aTg)M/ Pr % C, aTg)M/ Pr % C, aTg)M/ Pr.% C, aTgM/ Pr.%
cM cM cM cM

MOHTMOPHIIOHIT 3,3*10° 88,5 3,2*10° 86,5 3,56*10° 93,7 3,4*10° | 91,0
CarnoHir 3,3*10° 88,1 3,7*10° 97,3 3,2*10° 85,9 3,8*10° | 100,0
[1uropchKiT 3,4*10° 89,4 3,2*10° 85,4 3,0*10° 79,8 3,1*10° | 82,7
Cemionit 3,2*10° 84,7 3,6*10° 95,0 3,4*10° 89,3 3,1*10° | 83,1
Leomit 3,6*10° 96,1 3,2*10° 85,2 3,56*10° 94,3 3,2*10° | 84,7
Kaominit 3,4*10° 90,8 3,3*10° 88,5

Tabauys 3 | Table 3

Bwicr neitrepiro y 3amumkoBomy po3zunHi H(DT)O (aekanTari) Ta Gppakiisix BoJorH,
10 Bi/ITOBIIal0TH IEBHMM CTPYKTYPHHUM IOJIOKEHHAM y MiHepasax aacopoentis (/100 cm®) /
Deuterium content in the residual H(DT)O solution (decantate) and water fractions corresponding
to certain structural positions in the adsorbent minerals (g/100 cm?)

AncopbeHT Hekanrar | 1 ¢p 2 ¢p 3 ¢p

MOHTMOPHIIOHIT 0,49 0,48 0,47 0,49
CarioHit 0,47 0,46 0,47 0,47
[TnuropceKiT 0,48 0,48 0,48 0,48
Cemiomit 0,47 0,45 0,47 0,47
Leomit 0,49 0,49 0,48 0,49
Kaominit 0,5 0,49 0,5

Tabnuys 4 | Table 4

KonmeHTpartist feiiTepito y hpaxifisix BOJIOTH Ta MOTO YacTKa BiJl KOHIIEHTpAITi1
y BuxigHomy pozuuni H(DT)O /
Deuterium concentration in aqueous fractions and its share from the concentration in the original H(DT)O solution

[exanTar 1¢p 2 ¢p 3d¢p
AncopOeHT
r/em® Pp, % r/em® Po, % r/em® Po, % r/cm® Pp, %

MownTtmopwuitonit | 4,9*10° 99,0 4,8*10° | 97,0 4,8*10° | 97,0 4,7%10° | 94,9
CaroHir 4,7*10° 94,9 4,6*10° | 92,9 4,6*10° | 92,9 4,7*10° | 94,9
[TuropceKit 4,8*10° 97,0 4,8*10° | 97,0 4,8*10° | 97,0 4.8*10° | 97,0
CermiomiT 4,7*10° 94,9 45*10° | 90,9 45*10° | 90,9 4,7*10° | 94,9
Leonit 4,9*10°3 99,0 4,9*10° | 99,0 4,9*10° | 99,0 4.8*10° | 97,0
Kaomiuit 5,0*10°° 101 4,9*10° | 99,0 4,9*10° | 99,0
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CIIBBIAHOIIICHHS KOHIICHTPAIIH AEUTEPIit0 1 TPUTIIO
Yy BOAHHUX ()pakIisiX CHCTEM BIiIHOCHO iX CITiBBifI-
HomleHHs1 y moyatkoBoMy po3urni H(DT)O 3a Bupa-
30M (4):

KD = PD/ PT , (4)
ne Kp — cImiBBiTHOMEHHS YaCTOK JACHTEPIt0 1 TPUTIIO
y BOOHHX (pakuisx cuctem; Pp — gacTka aeirepiro
y BogHHX (pakiisx cucremu, %; Pt — gyacTka TpHTitO

Y BOTHHX (PPaKIisiX CUCTEMH, Y.

3a gac B3aeMoil MiHEpaIbHHUX aICOPOCHTIB i3
pozurHoM H(DT)O mpakTu4HO y BCiX eKCIepHUMEH-
TaJbHUX CHUCTEMaX CIOCTEpiraBcsi 3CYB CITiBBiJHO-
IIeHHS BaXXKUX 130TOIB BOJHIO Y BOTHOMY 3aJIHIII-
Ky (OmexaHTtari) i CTPYKTYpHHX TO3MIISAX B MiHEpa-
JILHUX aJICOPOCHTaX BiJHOCHO iX CHiBBIIHOIICHHS Y
nmoyarkoBomy pozuuti H(DT)O (tabm. 5).

Tabnuys 5 / Table 5

CriBBiHOIIIEHHS YaCTOK JACUTEPIIO 1 TPHUTIIO, MOTIMHYTHX 13 BUXigHoro po3unny H(DT)O
Yy BOAHOMY 3aJIMIIKY (JEKAHTATi) 1 CTPYKTYpHHUX MO3UIIISIX B MiHEpaIbHHUX aIcCOPOEHTaX
(BomHUX (paKIlifxX) eKCIIEPUMEHTATBHUX CHCTEM /
The ratio of deuterium and tritium particles absorbed from the original H(DT)O solution in the aqueous residue
(decantate) and structural positions in mineral adsorbents (aqueous fractions) of experimental systems

Adsorbent Decantate 1fr 2 fr 3fr
Montmorillonite 1,12 1,14 1,03 1,04
Saponite 1,12 0,98 1,08 0,95
Palygorskite 1,06 1,14 1,21 1,17
Sepiolite 1,10 1,00 1,02 1,14
Zeolite 1,01 1,16 1,05 1,14
Kaolinite 1,11 1,12

3MiHH CHIBBiJIHOLICHHSI ACUTEPIil0 1 TPUTIIO B
pobouomy posumHi H(DT)O ekcrnepuMeHTaIbHUX
CHUCTeM BiOyBalUCh 3aJ€KHO Bifl CTPYKTYPHOTO
TUIy MiHEpaJIbHOTO ajfcopOeHTa (Tabdmn. 5, puc. 5).
3a uac B3aemonii pobouoro pozumny H(DT)O i3
MiHEpaTLHUMH aJICOPOCHTaMHU CIOCTEPIrajaoch -
(hepeHmiioBaHe BIITyYEHHS BAYKKUX 130TOITIB BOIHIO
13 po3unny. Haii0inpmmii 3cyB 130TOMHOTO JAeHTepii
/ TPUTIEBOTO CITiBBIIHOIIEHHS Y 3aJIUIIIKOBOMY PO3-
4yiHi (1ekaHTaTi) OyB 3adikcoBaHUIl B CUCTEMaX, Je
MIHEpaJIbHUN aJCOPOCHT MPEACTABICHUMN IIapyBa-
TUMH CHITIKATAMH — MOHTMOPHJIOHITOM, CAlIOHITOM 1
cemioiitoM (puc. 5, a).

VY cTpyKTypi MiHEpaJbHHUX aJICOPOEHTIB BHITY-
yeHi i3 pozunHy H(DT)O i3otomm BOmHIO PO3IOIi-
JSUTACH AEIO MO-Pi3HOMY 3aJI€XKHO BiJl CTPYKTYPHOL
OyZnoBH MiHepalbHOI pedoBHHU. HaitOinmbimmii 3cyB
130TOMMHOTO  JICHTEPil/TPUTIEBOTO BiJHOIICHHS B
TMpolIeci MOBEpXHEBOI amcopOiii BinOyBaBcs B cHC-
TeMax, /¢ MiHepaJIbHUi cyOcTpar OyB mpexacTasiie-
HUHM KITHONTHJIONITOM, MAJIUTOPCHKITOM 1 MOHTMO-
puioniTom (Bignosinno Kp = 1,16, Tadm. 5, puc. 5,
b, fr 11 1,14, puc. 5, b, fr 1).), uto BiporigHo Oyno
00yMOBIJICHO HasIBHICTIO HEKOMIIEHCOBAaHUX IOBEPX-
HEBUX 3aps/iB y MiHEpalbHI pEYOBUHI Ta PO3BH-
HYTOi MUTOMO{ ITOBEPXHi.

OOMIH TigPOKCHIBHUMH TPyNaMu MiX pO34H-
HoM H(DT)O i crpykTypamu cuiikariB cyocTpary
CYIIPOBOJI)KYBaBCsl HAHOUIBIIIMM 3CYBOM 130TOITHOTO
neiTepiil / TpUTIEBOrO BITHOIIEHHS Y HaUTOPCHKITI
(Ko = 1,21 tabmn. 5, puc. 5, ¢, fr 2), cemomniti (Kp =
1,14 Ttab6n. 5, puc. 5, d , fr 3) i kaominiti (Kp = 1,12
Tabn. 5, puc. 5, ¢, fr 2).

OTxe, HasBHICTh PI3HUX THIIB CTPYKTYypHOI
OyZIOBH y NIapyBaTHMX 1 KapKacHOIO CHIIIKAaTiB, a
TaKOXK PI3HMX THUMIB 3B’S3KIB y IXHIX CTPyKTypax
Ma€ CYTTEBE 3HAYCHHS JUIS HACIHIIKIB B3a€EMOJIl
MiHEepaJIbHUX aJICOPOCHTIB 3 BA)KKOBOJHHMH PO3UH-
HaMH, SKE€ MOXKE CYIPOBOMXYBATHCS PO3AUICHHAM
Ba)XKUX 130TOITIB BOJHIO Ta OYTH BUKOPUCTAHUM JIISI
ouuIleHHs TexHojoriuHuX Boj AEC Bijg TpuTitO.

BucnoBku. 1. ®i3udHi BIaCTUBOCTI 130TOIIB
BOJIHIO 1 TEpPMOAMHAMIYHA HEPIBHOIIHHICTh 130TOM-
HUX CIOJYK MPHU3BOASATH 0 HEPIBHOMIPHOTO PO3IIO-
Jimy 130TOmiB y Mik(}a30BHX OOMIHHHMX peakIlisx
(TepMonMHAMIYHMI 130TONMHHUN €(eKT) 3 TepeBaxK-
HOIO aJICOPOIIiEI0 COPOSHTOM OJHi€T 3 130TONMHUX
¢dopm.

2. Y 3aKkpUTUX CTal[iOHApPHUX CHCTEMax, IIO
CKIIQ/IAl0THCSA 13 MiHEpaIbHUX aJCOPOEHTIB 1 po3uu-
Hy H(DT)O inTeHcHBHICTh (hpakiliOHYBaHHS Bax-
KHX 130TOMIB BOJHIO BU3HAYAETHCS, OKPIM KiHETHY-
HOTO 130TOMHOrO e(eKTy TaKoX CTPYKTYPHUM TH-
MOM MIiHEPaJbHOI PEYOBHMHHU. 3a Yac B3aeMOMIIl Mi-
HepanbHUX ancopOeHTiB 3 pozurnHoM H(DT)O mpak-
THUYHO Y BCiX €KCHEPUMEHTAIHUX CUCTeMax BinOy-
BAETHCSA 3CYB CIIBBIAHOIICHHA Ba)XKHX 130TOIIIB
BOJIHIO Y BOJIHOMY 3alIMIIKy (JI€KaHTaTi) i CTPYKTY-
PHHX MO3MLIAX B MiHEPAIBHUX aJCOpOEHTaX BiIHO-
CHO iX CHiBBIJHOIIEHHS Yy IIOYAaTKOBOMY PO3YMHI
H(DT)O.

3. 3a wuyac B3aemomii poOOYOr0 PO3UMHY
H(DT)O i3 mMiHepanbHUMH aJIcOPOCHTaMH y 3aJIMLI-
KOBOMY pO3uMHI (JeKaHTaTi) HAWOUIBIINKI 3CYB 130-
TOITHOTO JIGHTEPiil/TPUTIEBOTO CITiBBiTHOIICHHS OYyB
3adikcoBaHUH B CUCTEMaX, Jie MiHEpaJIbHUH ajicop-
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Puc. 5. 3cyB ciBBiIHOMICHHST BAYKKUX 130TOIIB BOJHIO Y BOJHOMY 3JIMIIKY (IEKAHTATi) i CTPYKTYpHHX I10-
3UIISX B MiHEpAIbHUX aJICOPOCHTIB BiTHOCHO 1X CITIBBiJHOILICHHS y moyatkoBomy pozuuni H(DT)O /
Fig. 5. Shift of the ratio of heavy hydrogen isotopes in the aqueous residue (decantate) and structural positions
in mineral adsorbents relative to their ratio in the initial H(DT)O solution

OCHT IpeACTaBICHUI IIapyBaTUMH CHJIiKaTaMu —
MOHTMOPHJIOHITOM, CarlOHITOM 1 CEMiONiTOM.

4. Bunyueni i3 po3unny H(DT)O i3oronu Boa-
HIO PO3MOJUISIOTECS B MIHEpAJbHUX aJCOPOCHTAX
3aJIeKHO Bix 1X cTpykTypHOi OynoBu. HaiiGinprumit
3CYB 130TOIIHOIO JEHUTEPIA/TPUTIEBOTO BiIHOMICHHS
B IpoOIieCi MOBEPXHEBOI ancopOiii BiAOyBcs B cHC-
TeMax, JI¢ MiHepaJlbHUi cyOcTpar OyB mpencTaslie-
HUHM KIHONTHJIONITOM, MAJIUTOPCHKITOM 1 MOHTMO-
PHIIOHITOM, 1110 BipOTiZHO OOYMOBIIIOETHCS HasBHIC-
TIO HEKOMIICHCOBAHUX IMOBEPXHEBUX 3apsiB y Mi-
HepaJbHOI PEYOBHMHHM Ta PO3BUHYTIH MUTOMIi TO-
BEPXHI.

5. OOMiH TiIPOKCHIBHUMH TPyNlaMH MDX pO3-
yuaoM H(DT)O i cTpykTypamu cuiikariB cyocTpary
CYNPOBO)KYBaBCs HaWOUIBIINM 3a()iKCOBAaHUM 3CY-
BOM 130TOITHOTO JCHTEPIii/TPUTIEBOTO BIJHOIICHHS Y
MAJIMTOPCHKITi, CEMiOMITI Ta KAOJIHITI.

6. HasiBHiCTh PI3HUX THIIIB CTPYKTYpHOI OyI10-
BU y LIAPyBaTHUX 1 KapKAaCHOTO CHJIIKATIB, a TaKOX
PI3HUX THUIIIB 3B’SI3KiB Y IXHIX CTPYKTypax Mae€ CyT-
T€BE 3HAYCHHS IS HACIIAKIB B3a€MOJil MiHEpallb-
HUX aJCOPOCHTIB 3 BAKKOBOJAHUMHU PO3YMHAMH, SIKE
MOXE CYIPOBO/DKYBATUCH PO3IUICHHSM BaXKKUX
130TOIIB BOAHIO Ta OyTH BHKOPUCTAHUM JUJISi OYH-
nieHHs Texuojiorivaux Boa AEC Big Tputito.
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ABSTRACT

Formulation of the problem. Solving the problem of separation of heavy hydrogen isotopes in aqueous solutions
is important for the purification of process waters from the tritium formed in them at the enterprises of the fuel and
energy complex. The authors' research established the possibility of cleaning tritiated water from tritium using mineral
adsorbents. The purpose of the research was to determine the influence of the mineral adsorbent structure on the effi-
ciency of fractionation of heavy hydrogen isotopes in agueous solutions.

Materials and methods. To determine the dependence of the fractionation of heavy hydrogen isotopes in the triti-
um-deuterium-protium aqueous solution H(DT)O on the structure of the mineral adsorbent, eight experimental water-
mineral systems were created. The clay rocks used as adsorbents are mainly composed of: kaolinite from the Glu-
khovetsky deposit (structural type 1 : 1), layered silicates of the structural type 2 : 1 — octahedral montmorillonite and
tetrahedral saponite , palyhorskite from the Cherkaske deposit and sepiolite from the Vikalvaro deposit , as well as cli-
noptilolite. Experiments were performed in stationary conditions. Determination of temperature intervals for extracting
moisture fractions from the mineral mass corresponding to certain structural positions in montmorillonite, saponite,
palyhorskite and sepiolite was performed using thermogravimetric and differential thermogravimetric analyses. Accord-
ing to the obtained results, the temperature intervals were determined in which, with the help of special equipment,
moisture fractions corresponding to certain structural positions in mineral adsorbents were isolated.

Results. It was established for the first time that the fractionation of heavy hydrogen isotopes in water-mineral
systems depends on the structural type of the mineral adsorbent. The largest shift in the deuterium/tritium isotopic ratio
in the residual solution (decantate) was recorded in systems where the mineral adsorbent is represented by layered sili-
cates — montmorillonite, saponite, and sepiolite. Also, it was established for the first time that hydrogen isotopes were
distributed in mineral adsorbents depending on their structural structure. The largest shift in the isotopic deuteri-
um/tritium ratio during surface adsorption occurred in systems with clinoptilolite, palyhorskite, and montmorillonite,
which was probably due to the presence of uncompensated surface charges in the mineral substance and the developed
specific surface area. The exchange of hydroxyl groups between the H(DT)O solution and the silicate structures of the
substrate was accompanied by the largest shift in the deuterium/tritium isotopic ratio in palyhorskite, sepiolite, and
kaolinite.

Conclusions. The presence of different types of structural structure in layered and framework silicates, as well as
different types of connections in their structures, is of significant importance for the consequences of the interaction of
mineral adsorbents with heavy water solutions, which can be accompanied by the separation of heavy hydrogen iso-
topes and be used for the purification of process waters of nuclear power plants from tritium.

Keywords: structure, mineral adsorbent, fractionation, hydrogen isotopes, deuterium, tritium, aqueous solution.
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B poborti po3misgaroTecs 3CyBHI mpolecH, sIKi BUHUKIH Ha mpaBobepesxoki M. Kuis. [y posyminaa maciuTabiB mpobiemu Ha-
BE/ICHA 3arajibHa CTaTHCTHUKA PO3BUTKY 3CYBiB B MicTi. B crarTi po3nsiHyTo Bukopuctanas ['1C TexHOMOTIH, K Cy4acHOTO Ta IOCHUTh
e(heKTHBHOTO METOJYy MOHITOPHHTY 3CyBHHUX IPOIIECiB. ABTOPH aKLEHTYIOTh YBary Ha JABOX 3CyBaX, SIKi BiIOyJHCS Ta BiIPi3HAIOTHCS
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I0ThCA B TOOYHOBI po3paxyHKoBoi Mozneini. Cepen mapaMeTpiB Oyino BUAIICHO KOe(illieHT B’A3KOCTI IPYHTY, SKHI 3aCIyTOBY€E 0COONU-
BOI yBaru mpH po3IsAy PEOJIOTIYHHUX MPOIECciB B IPYHTI. PO3MISIHYTY MOIens po3B’sI3Ky pEOJIOTIYHOTO MPOIeCy He MOXKIIMBO BHUPi-
muTH 0e3 KoedilieHTy B A3KOCTi IPYHTY. BUKOPHCTOBYIOUN HayKOBH JOPOOOK YKPaiHCHKHX BUYCHUX, aBTOPaMU OyII0 BU3HAYECHO Lei
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3a ganwmm  Criemiaiai3oBaHOTO  yIPaBITiHHS
MPOTU3CYBHUX TMin3eMHux podit «CYIIIIP» B M.
Kuip HamiuyeTbcst OMM3bKO 42 3CYBIB, sIKi mepedy-
BalOTh B aKkTHWBHIH (azi [16], BiAMOBITHO 3CyBOHE-
0e3neyHuX JUISHOK 3HA4HO OunbIne. 3CyBHI TpoIe-
cu B Kuesi oOymoBnenHi reoMopdosorivHuMHu, 1H-
KCHEPHO-TEOJIOTIYHUMH YMOBaMH Ta aHTPOIIOTEH-
HUM YWHHHKaM. A came JOCHUTh PO34JICHOBaHUI
pensedoM, spaMyd Ta OajKaMH TPABOTO BHCOKOTO
Oepery p. JIHiNpo, SKWii B TEOJOTIYHOMY pPO3pi3i
CKJIQJICHUN — JlecaMu, CyIJIMHKAaMHU Ta CYITiCKaMHu.
Oco6auBoi yBary ciia npuainsta po30ynosi Kuesa,
a caMe MacoBe 0araTornoBepxoBe OYIAiBHHUIITBO, IIPO-
KJIaJKa JIOPIT, 3aCUIIaHHS SAPiB, CTBOPEHHS JIaH/IIIA-
¢THUX HacapkeHb Ha cxmiax KuiBcekux maropOiB
ToIIO. BHACHiIOK 1bOro BIAOYIHCS MOPYIICHHS
T1IPOJIOTIYHOTO PEXHUMY TOBEPXHEBHX 1 IMiJI3EMHUX
BOJI, BUHUKHEHHS 0apa)XHOro e(eKTy Ta 3BOJIOXKEH-
HSl TPYHTIB. Yce Ile CIpHSJIO aKTWBi3allii rpasiTa-
MIHHAX, 1 HAacaMIlepend, 3CYBHUX TPOIECIB Ta pyi-

HYBaHHIO Oy/liBeTbHUX 00’ €KTIB Ta iHPPACTPYKTypH
Mmicta. CyuacHe OyIiBHHUIITBO, HE3BaYKAIOUM HA HOBI-
THI TEXHOJIOTIT MPOTHU3CYBHOTO 3aXUCTY, MPOJOBKYE
CIIPHUATH aKTHBi3allil CTapuX 1 MMOSIBI HOBUX 3CYBHUX
ninsHOK. Hapsmy 3 TuM, 3CyBHI TpOIIECH € HACHia-
koM Oaratbox (hakTopiB, aje 3HaYyHE 3OLIBIICHHS
BUTIAJIKIB 3CYBIiB BiJIOYBAETHCS B POKU 3 MAKCHMaJlb-
HOIO KUIBKICTIO onaniB [3], siki iHQIIBTPYIOTH 1 Ha-
CcHUyIoTh JiecoBi IpyHTH [14]. Takum uYnHOM, B
OCTaHHI POKH TepeBakaroTh ITOPMOBI omamu [3],
0 TPU3BOAUTH JO aKTHBAIii €pO3iHHUX 3MUBIB,
BTOPHHHOTO 3aTOIUICHHS Ta 3CyBiB. AHTPOIIOT€HHUI
BILIMB B aKTUBI3allil0 3CYBHHUX MPOIIECIB Ma€ Barome
3HaueHHsA. BHaciiok BTpydaHHS B IeOJIOTiYHE Ce-
PElOBHIIE MOPYIIYETHCS TiAPOJIOTIYHUN PEXUM,
MiBHIIYIOTHCS PiBHI I'PYHTOBHUX BOJ, 3MIiHIOETHCS
KyT HaxWiy IOBEPXHI, MOPYIIYEThCS TeOJNOriYHa
CYLUIBHICTh TOPiJ, PYHHYETbCS NEPEeBOCTaH i Aep-
HOBHH NMOKpUWB. Bcei 1i yMOBM Ha cydacHOMY eTarti
MO)KHa €()eKTHBHO KOHTPOJIIOBATH 32 JOTIOMOTOIO
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reoindopmariitaux cucrem (I'IC). Ii cucremu no-
MIOMaraloTh BPaXOBYBaTH PO3BHUTOK TEXHOTCHHOTO
HaBaHTA)XCHHS Ta 3MiHM HABKOJHMIIHBOTO Cepeno-
BUILA, BUSBJICHHS Ta KapTorpadyBaHHs padoHIB
aKTUBI3aIii Ta HOBOYTBOPEHHS 3CYBiB, 9aCTO B MicC-
191X, HEAOCTYIHUX JJIsI HA3eMHUX JOCIIPKeHb. Tak,

f 'Iii*!;!!ﬁﬂlﬁi

nocmigaukn Dimimosny, Jlimenko ta Ilasuanu B
CBOiX po0OTax JEMOHCTPYIOTBCS CXEMATHYHI KapTh
PO3BUTKY 3CYBHUX IMpPOIECIB Ha mpaBoMy Oepesi
KueBi, yacto mposiB peajbHUX 3CYBHHUX HPOLECIB
criBnagae 3 nmodymosannmu B I'IC cxemamu (pucy-
mok 1) [3].

SMT

3 | (i | & |22 | s
8 " le| |10

Puc. 1. KaprorpadiuHa Mo/ieiib pO3IMOBCIOMKSHHS Ta IMHAMIKY 3CYBIB 3 oTpuMaHuMu mapamu ['IC
(¢dparmenr) [3]. 3cysHi minguku: 1 — KOHTYpH 3CYyBY CKOPHTOBaHI, 38 KOCMIYHUMH JaHUMH; 2 — aKTUBHI
3CYBHI JUISSHKY; 3 — 30HU MiABUILEHOT 3CYBHOI HEOE3MEKH; 30HH ITiIBUILIEHOTO 3CYBHOTO PU3HUKY: 4 — HeOe3-
MeyHa; 5 — MoMipHO Hebe3neuHuil; 6 — MajgoHeOe3neyHnid; 7 — 30HM TeOANHAMIYHOTO HAlPYKEeHHS
(miHeaMeHTIB), BUSIBJICHI 3a pe3y/ibTaTaMK iHTepIpeTallii MaTepianiB KOCMIiYHOTO 300paKeHHs! Ta YaCTKOBO
MiATBEPKEH] FeOJIOTIYHUMH JaHUMU; TOPU30HTAIbHA CTPYKTYpPa penbedy: 8 — BepXHS KPOMKa CXUILY;

9 — HWKHS KpOMKa ckary; 10 — BuruH cxuiy /

Fig. 1. Cartographic model of landslide distribution in Kyiv. Landslide areas: 1 — landslide contours; 2 — active
landslide areas; 3 — zones of increased landslide hazard; 4 — dangerous; 5 — moderately dangerous; 6 — low-hazard;

7 — zones of geodynamic stress: 8 — upper edge of the slope; 9 — lower edge; 10 — slope bend.

Binbricte 3cyBoHeOe3neyHNX NiasSHOK B Kuei
3a JIOBrY ICTOpiF0 OOpOTHOM € JIOKaTi30BaHUMH,
TOOTO TaKUMHU JI0 SIKUX OyIM BKHTI IIPOTH3CYBHI 1
MPOTHaBapiiiHI 3axonu: MoOymoBaHI MiAMpHI CTiH-
KM, 3aKJIaJIeHl IpeHaXHI Mepexi Ta iHme. AJe iHKo-
JIM, HaBiTh Ha KOHTPOJLOBAHUX JIISIHKAX, BUHHUKA-
I0Th 3CyBH. SICKpaBUM TPUKIAJIOM I[LOTO MOXKHA
BBA)KAaTH 3CYB BEJIHMKOI aJIbIiCHKOI TipKu B OOTaHi-
yHoMYy cany imeni O. ®omina, IKUi 0YaB pO3BHBa-
tucs Bimitky 2007 poky [13] pucyHok 2.

Ilim yac mocmiJKeHb NAHOTO 3CYBY OyJO pO3r-
JITHYTO 0araro BepcCii MO0 MPUYHH HOTO PO3BUTKY.

Ane HayKOBIIi Ta AOCTITHUKH TMPUHATILIN JO BUCHOB-
KY, 10 TOJIOBHOIO MPHYMHOIO OYIJIO MEPE3BOJIOKECHHS
IPYHTIB 3 SIKHX CKJIAJA€ThCA CXWJI, 1€ BiaOyiIocs
gepe3 MOJUB POCIHH, IO POCTYTh Ha albHiHChKil
ripui Ta depe3 10BOJIi BEMUKY KiJbKiCTh arMocdep-
HuX omajiB. [TopiBHIOIOUN MaHHUI 3CYB 13 OLIbIIiC-
TIO, 5KI BimOyBaroThcs B M. KueBi MoxkHa 3poOuTH
BHCHOBOK, III0 BiH BiJPi3HAETHCS BiJ iHITUX caMe 3a
MeXaHikow mporiecy. B imkeHepHili reosorii, Mac-
JIOB TaKi 3CYBH Ha3MBaB — «3CYBM TEUiHHM». Biamo-
BifHO A0 Kiacudikauii 3oio0TappoBa Taki 3CyBH
Ha3MBalOThCA 3cyBU crumuBH [12]. 1li 3cyBu moxHa
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Puc. 2. 3cys anpmilicekoi ripku B 6oTaniuHoMy caay imeHi O. @omina /
Fig. 2. Landslide of an alpine slide in the O. Fomin Botanical Garden

pO3LISAAaTH SIK peonociunuii npoyec [2,8, 4,6, 11,
20, 22].

Peonoriyni mporiecu BUHUKAIOTh IPA 3HAYHOMY
3BOJIOKEHH] CIIOB3al0YHMX Mac IPYHTY Ta OCOOIIMBO
YIiTKO IIe TPOSBISAETHCS TPH iX mepe3BojokenHi W
— W\ (BosoricTe pupoIHs HAOMMKAETHCS A0 BO-
JIOTOCTI HAa MEXi TeKydocTi). XapaKTepHOW 0c00-
JIUBICTIO TAHOTO BHJy 3CYBHOTO MPOIIECY € Te, IO B
pyci 3cyBy Oepe y4acTh BCs Maca MEpe3BOJIOKESHOT
CTOB3al040i MOPOAHU, MPOTE MBUAKICTH 11 pyXy 3a-
JeXUTh Bij muounu. [Ipu 11boMy 3cyBHaA mMaca Mo-
e 3°TXaT 13 CXUIIy HE3aJISKHO BiJ BUIUICHOT JiHIT
KOB3aHHS Ta HaBiTh 32 YMOBH 3a0€3Ie4eHOi 3arajb-
HOI CTIMKOCTI Tina 3cyBy. Pyx rpyHTY BinOyBaeThCst
JOCUThH TMOBLIBHO, 110 J03BOJISIE HOTO PO3MNISIATH SIK
nedopmariii TOB3y40CTi, 10 B CBOIO YEpPry € CKJia-
JIOBOIO peostoriunmx nporecis [1, 2, 5, 7].

Mema pobomu: NOCTITATH MOXJIHMBICTH PO3-
BUTKY PEOJIOTIYHUX IPOIECiB Ha cXWiax Juis 30e-
PEXEHHS IPUPOJHUX Ta IITYYHUX JTAHAMAQTIB.

3aedanna podomu: npoaHaANI3yBaTH TEOPIIO
BUHHUKHEHHS TaKOTO MpOIeCy Ha MPUKIATl CXUIY B
napky Biunoi CnaBu, a TakoX TOCIHIIUTH Ta BHKO-
HaTHl PO3pPaxyHKOBY MOAEJb HIONO BHU3HAYCHHS Be-
JUYMHM 3aXBaTy 3CyBHOTO Tijlla Ta HOTrO IIBUAKOCTI
CTIOB3aHHSI.

Jana ctarTs Mae Ha MeTi 3BEpHYTH yBary Ha
PEOJIOTIYHI MPOIEeCH, SIKi PO3BUBAIOTHCS HAa CXMJIAX
Ta KJIIOYOBI €JIEMEHTH B PO3PAXYHKOBHX MOJEIISX
KX MpoleciB. BUBYEHHAM 1 HOCTIIKSHHIM PEOJIO-
TYHUAX TPOIECIB HAYKOBII 3aiiMaiuCs JOCUThH JaB-
HO, ajie Ha Cy4acHOMY eTalll NPaKTHYHOT'O BUKOPHUC-
TaHHS TEOPETHYHHUX JOCIIDKEHb Ha IIi MPOLECH
Mailke He 3BepTaloTh yBaru, Xoua BOHU MalOTh Mic-

e OyTtu. Taxk, y 6epe3ni 2024 poky, Ha TOCIHI)KyBa-
HIW TIJISHIN, aJie HIKYe 3a CXHUJIOM BiIOyJach aKTH-
Ballis 3cyBy (pucyHOK 3). [IpuunHOI0 BUHHKHCHHS
JTAHOTO 3CYBY CTAJIO MEPE3BOJIOKEHHS MACH JICIIOBI-
aJpHUX BITKJIAIB, IO MEPEKPUBAIOTh KOPiHHI ITO-
poAM yepe3 MigiHoM piBHS IPYHTOBHX BOJ, BECHSIHI
omajy Ta Ce30HHe TaHeHHs cHiry. OCHOBHOKO CKIia-
JHICTIO JUIS JTOCIHITHUKIB Ta KOMYHAIIbHUX CITYKO
NpY TIPOBEACHHI POOIT 13 3yMHHKU JaHOTO MPOIECY
cTasa JIOCUTh BUCOKa MIBHAKICTH Horo pyxy jmo 1,5
M/n00y. 3a MexaHi3MOM Jii TaHUH 3CyB OyB CXOXHM
Ha CIUTUB TIepe3BoJIokeHoT Macu. Tox, aHali3 Moje-
JIi 3 BU3HAYCHHS IIBUJIKOCTI PO3BUTKY 3CYBY J0O3BO-
JUTHh PO3PaXxOBYyBaTH TOTEHIIIMHO HeOe3MedHi 3Cy-
BoHeOe3meuni minstaku [9, 11, 7]. Ile matume Bax-
JMBE TMPAaKTUYHE 3aCTOCYBaHHS, OCKUILKA KOMYHa-
JBHI CIyOU 3MOXYTh OINEPATUBHO PO3PaXOBYBATH
Yac Ha JIOKAI3aIi0 TaKUX MPOIECIB, M0 € BAXKIHU-
BUM B YMOBAaX JXKUTTEMISIIBHOCTI Cy4acHOTO MicTa.

Memoouka. Po3B’S30K 3aja4 3 pPEOJOTIYHUX
NPOIECiB Ha CXWiIax 0a3yeTbcsl HA KIACHYHUX MO-
nensx binrama-llIBenoBa, Hprorona Tta Makcsena
[10]. Besmocepeanso po3B’ 30K 3a1a4 OB’ I3aHUX 3
3CyBaMH TEUiHHs TOJATae y BUpimeHHi moneni bi-
Hrama-l1IBenoBa, sika Oyna ajanToBaHa ITiJ iHXKEHe-
pHoO-TeoJIoriyHi 3amadi Maciosum [7].

JaHa Mojiens BUPILIYETBCSI PO3B’sI3KOI0 ue-
PEHIIIHOTO PIBHSHHA 3 BH3HAYCHHS IIBUIKOCTI
PYXy 3CYBHOI MacH.

dy = 2im g, 1)

n
dv = Ty—(Pytg@sat+Cc) dy @)

Oe, n — Koe(iliEHT B’I3KOCTI IPYHTY (2/(cm™*c);
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Puc. 3. 3cyB Ha cxumi 61J1;1Hap1<y Biunoi Criasy Ta AOLJIOBo'l' Morwuu /
Fig. 3. Landslide on a slope near the Park of Vichnoyi Slavy and Askold's Mohyla

+
Sk F 2

Puc. 4. Po3paxyHkoBa cxeMa BU3HAYCHHS IIIBUAKOCTI MEPEMIILIEHHS 3CYBHOI Macu
(1 — rpyHTH B SIKi IIAIOTHCS CIIOB3aHHIO; 2 — KOPiHHI TIOPON) /
Fig. 4. Calculation scheme for determining the velocity of the sliding mass (1 — soils susceptible to sliding; 2 — bedrock)

Ty — JIOTUYHA HAMpPyTa; Tim=Pylg@sartCc — MeXa MOB-
3y4O0CTi.

B 0oCHOBI pO3B’A3Ky JaHOI CXEMHU JIEKHTh T
10, B HACIIIOK TIEPE3BOJIOKEHHSI IPYHTOBOI Macu
Baroro P, sika 3aysrae Ha CXWJIl IiJ KyTOM o BixOy-
Baetbcst posmomin cuit P=N+Q ( N- wopmanvna
P*coso;, ma Q - oomuuna P*sina). Bara rpyHTy

3aJIeKUTh BiJl TUTOMOI Bard (y) Ta HOTro MOTYKHOCTI
H (H-y), Bigmosiguno P=y*(H-y (puc. 4). CtBopenuit
THUCK Baror IPYHTY NPHU3BOJUTH 10 BHUHHKHEHHS
Harpyr o. Hampyra B CBOIO 4epry cKiagaeTbcs o=
oy+1y, 0e oy= P*cosa ma ©y= P*sina.

Po3BuTOK 3CyBY CIUIMBaHHS BiOyBa€ThCs KOJIH
JOTUYHA Harpyra Oye OifbIIo0 32 MEXY MOB3y4O-
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cTi (zy > 7im). [Ipu YoMy, Mexa MOB3Yy4OCTi 3ale-
KHUTh BT TUCKY P Ta KyTa BHYTPIIIHEOTO TEePTS ¢ 1
nuromoro 3uerieHHs C. OCHOBHOIO NPUYHUHOIO
BUHHUKHCHHS 3CYBIB CIUIMBaHHS MPH TIEPE3BOJIOKEH-
Hi TPYHTOBOI MacH € 3MiHa X XapaKTePUCTHK IPy-
HTY, BIAMOBIAHO THCK P 30imbryeTscst yepes3 3011b-
LICHHS IUTOMOI Bard y, KyT BHYTPIIIHBOTO TEPTS ¢
3HUKYETBCS (O—>¢sat), THTOME THICTUICHHST C 3HUKY-
€TBCSI 1 OOMEXYEThCSI CTPYKTYPHUM MIETUICHHIM
(c—co).

OpHi€o 3 XapaKTePUCTUK 3CYBIB CIUIMBAHHS €
Te, 0 BOHU PO3BHUBAIOTHCS HA MIEBHY 30HY (21ubOuHy
saxeamy D). TIoTyXHiCTh I1i€l 30HH BU3HAYAETHCS
YMOBOI0, 10 Ha mubuHi D moTwuHi Hanpyru T, 3a
ymoBu D=H-y OynyTs HOpiBHIOBATH MEXi OB3Yy4O0-
cTi Tim=PytddsartCc. BinmomimHO TIMOMHY 3axBary
MOYXHA BU3HAYHUTH 32 HACTYITHOIO 3aJISKHICTIO :

73
2

#l
&

= N

” )‘r,mm

TS LA

4l

- — T

Hingnaka
3TiTHO 3 TEXHIYHUM 3aBJaHHIM Ta JIOTOBOPOM 3

Puc. 5. [Jinsuka JOCITi KEHHS / Fig. 5. Research area

I[OCJ'Ii,I[)KeHHﬂ CIIOYAaTKy BHUBYaJIACA

p=-—+__ tc 3)
Vsat SIna@—Cos a»tg(psat
{06 BH3HAUMTH IIBUAKICTH PyXy CIIOB3ar04Ol
MacH TIOTpiOHO MpoiHTerpyBaTy piBHAHHS 2. Biamo-
BiTHO (pOpMyIia IIBUAKOCTI 3CYBY CIUIMBAaHHS Vg 3a
ymoBu Y=H (puc.3) ta c.#0 HaOyBae Buay:

vo =2 [H(H - D) —M] (sina —

" c . ©)

cos atg@sar) = (H = D)

Ha ocHOBi BuIeHaBeJCHOTO MOXKHAa 3pOOUTH

BHCHOBOK, IO KIJIbKICHa XapaKTEpUCTHKA 3CYBY

CIUTMBaHHS MO)X€ OyTH TIpeICTaBlieHa Y BU3HAYCHHI

MOTYKHOCTI IPYHTOBOI MacH, 1110 CIIOB3a€ Ta y LIBH-
JKOCTI 11 pyxy.

Buknao ocnoenoi inghopmauii. Jlinsaka noc-

JDKeHHST 3HAXOAUThCsI B mapky Biunoi CnaBu Ha
cxumi, M. Kuis.

T e/ i — —— ]

TOB «YKPIJIOBAJIBY[l» 3 MeTor MNpOBENEHHSA
1H)KEHEpHO-TEOJIOT YHUX BHIIYKYBaHb IIiJ KaliTa-
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JTBHANA peMOHT cxomiB mapky "Biuna Cnasa" y Ile-
gepchbkoMy paiioni M. KueBa. 3aBmaHHsSM IOCIHI-
ToKeHHS Oy10, 3’sCyBaHHS T'€0JIOTiuHOI OymoBH, Tif-
POreoNoriYyHuX YMOB 1 (i3MKO-MEXaHIYHUX BJIACTH-
BOCTEH IPYHTIB, SIKi 3ajsiTaloTh Ha TnOwHI 10 16,0
M, Ta PO3PaxyHOK CTIMKOCTi cXwry. 3rigHO 3 3a-
BIAHHSIM 3aMOBHHKA, BUKOHaHO — OypiHHS 3-X CBe-
pmioBuH TmouHOI0 10,0-16,0 M — 37,0 1.M.; BinOip
3pa3KiB mopymieHoi OymoBu — 16 3paskiB, mpoaHai-
30BaHO MaTepiaii TOMEPEIHIX IOCTIKESHb i-
JISTHKH.

Ha ningumi BumrykyBaHb Oynmu TIpOBEIEHI iH-
XKeHepHo-reosyoriuHi BuirykyBaHHs TOB «lLleHTp
[mxenepni BumrykyBanHsS» BiAMOBITHO OO HOpMa-
TuBiB [15,16]. Ha ocHOBI BHITyKyBaHb BH3HAuEHi:
IH)KEHEePHO-TEOJIOTIYHI YMOBH JUISTHKH JOCTIKEH-
Hs, 1MOOymOBaHI pO3pi3M Ta OTPUMaHi (i3UKO-
MEXaHiuHi BIIaCTUBOCTI IPYHTIB.

[HXeHepHO-TEONOTiYHI YMOBH AIISTHKA BHIITY-
KyBaHb BimHOcUThCs A0 I (ckmamuoi) kateropii,
srigHo 3 JIBH A.2.1-1:2008.

B reomopdomnorivHOMy BiIHOIIEHHI MicIe po-
0iT 3HaXOmUTHCS Ha mpaBoMy Oepesi p. JHinpo, B
Mexax cxuiy KWIBCBKOTO MmjaTto 10 JOJMHH PiKH,
ycknagHeHoro IlaHkpaToBUM SpOM Ta TEXHOT'€HHH-
MU dopMamu penbedy (MiICHUINKa, Miapi3Ka IPYHTIB
cxuiny). AOCOMIOTHI BIAMITKH TIOBEPXHI KOJHBa-
IOThCs B Mexkax 191,15-167,59 m.

I'eomoriunmii po3piz A0 po3BimaHOl TIIMOWHH
46,0 M (3 ypaxyBaHHSIM JaHMX BHIIYKYBaHb IIOIe-
pEInHIX POKiB) CKIIa/ICHHN:

- IPYHTOBO-POCIMHHUM LIapOM 3 KOPIHHAM
(I'E-1), momexymu - i3 meOeHeM, OyIliBEeTHHUM
cMITTSIM, TToTy>xHicTIO 0,2-0,5 M;

- HAaCHIIHUMHM IPYHTaMH - CYIIICKaMH IWITyBa-
TUMH, TBEPAMMH, 3 BKJIIOYCHHSAMH OyIiBEIbHOIO
cMmitTs (11e0iHb, ynaMKku nerau, aepeBuHa) 10-20
%, nonexkynu - 30-40 %, 3nexanumu (II'E-2x), mo-
TyXHicTio 2,0-9,6 M;

- BEPXHBOIUICHCTOIIEHOBUMH-TOJIOIICHOBUMU
JICITIOBIaJIbHO-TTPOJTFOBIAIBHUMU BIAKJIaIaMH, TIPE/I-
CTaBJICHUMH CYyNICKaMH IWIYBaTHMH, TBEpAUMU
(I'E-23a), cyrnMHKaMH JISTKUMH TTATYBaTUMH, TBE-
paumu (ICE-24a) ta mickamu minkumu (ITE-276),
CepeIHbOl IIIIBHOCTI, MAJIOT0 CTYNEHIO BOJOHACH-
YEeHHSI, 3aTaJIbHO0 MOTYXHICTIO 1,2-12,8 M;

- BEPXHBOIUICHCTOIIEHOBUMH-TOJIOIICHOBUMU
CIIOBIAILHUMHU, €0JIOBO-CIIOBIAIbHUME CYITiCKAMH
MWITyBaTUMH, TBEPAUMH, JIECOBUAHUMH, MPOCIIHU-
mu (IT'E-29a), mortyxknictio 5,1 M Ta cymickamu
MATYBaTUMH, TUlacTHUHUMH, jnecoBuaanmu (ITE-
290), notyxHicTio 1,7 M;

- CEpeAHbOIJICHCTOLECHOBUMH  BOJIHO-JIBOJIO-
BUKOBHMH, O3EPHO-JTHOJOBUKOBHMH  BiJIKIIaIaMH,
MPEJCTaBICHUMH CYIiCKaMU TIIAHHUCTUMH, TIAC-
tnunumu (ICE-356), cyrnuakamu JTerkuMy MuityBa-
TUMH 3 MPOIIAPKaMHU MIIAHUCTHX, 3 BKIIOYSHHSIMH

rpaBifo Ta ranbku 10 15 %, HamiBTBEPIUMU 3 TIPO-
mapkamu tyromiactuaanx (I['E-36a), Tyrommactu-
YHUMU 3 TpomapkaMu M'skorutactuuanx (II'E-360),
TTIMHAMU JIETKUMH THTYBaTUMH, HalliBTBEPAMMH 3
nmpomapkamu TyromnactuuHux (II'E-37a), mickamu
MATYBAaTUMH, CEPEIHBOI MIITFHOCTI 3 MpOIIapKaMu
nriibHuX, HacuyeHumu Bojor (II'E-386) Ta micka-
MH CepeHbOi KPYITHOCTi, CEepeAHbOi IMIIFHOCTI,
HacuaeHumMu Bojoio (II'E-400), 3arampHOI0 MOTYX-
micTio 12,0-15,1 m;

- HeoreHoBUMH "OypuMH" TJIIMHAMH JIETKUMH
MIITYyBaTUMHM, HAIIBTBEPAUMHU 3 IPOILIAPKAMH TYro-
mnactuuHux (IFE-47a), motyxnictio 1,1-1,9 m;

- HEOreHOBUMH "CTpoKaTWUMHU" TIMHAMH JIeT-
KUMH IWIYBaTUMHM, BaXKHUMH, TBEPAUMHU Ta HalliB-
tBepaumu (II'E-48a), motyxnictio 10,1-16,5 m;

- HCOTCHOBHUMH BIiJKJIaJaMd HOBOIETPIBCHKOI
CBITH, TPEACTABICHUMHU CYTIIMHKAMH JIETKUMH IIi-
maauctumu, TBepaumu (II'E-49a), mickamu Minku-
MU, LIUILHUMH, Majoro CTYIEHIO BOJIOHACHYCHHS
(ICE-50B), 3araipHOI0 PO3KPUTOIO MOTYKHICTIO 1,3-
16,1 m;

- TAJICOTCHOBMMH BIJIKJIQJIaAMU MEXKHTIPCHKOT
CBITH, TPEJCTABJICHUMH IiCKAMH MIUIKHMHU, IIUIb-
HUMH, Majoro ctymneHio BogoHacuuenHs (II'E-578),
PO3KPUTOIO MOTYKHICTIO 1,4 M.

3a JaHMMU BUINYKYBaHb IOTEPENHIX POKIB,
npocinanns necosoi Toui (IFE-29a) npu moBHOMY
BOJIOHACHYEHHI CTAaHOBUTH MEHIIE 5 CM, MOYaTKO-
BUH THCK TPOCITaHHA KOJIUBAETHCS B Mexax 22-
349 klla.

IpyHTOBi BOAM Ha Iepioj BHIIYKyBaHb (Tpa-
BeHb 2023 poky) 3ycTpiHyTi cBepasioBUHOIO Ne2 Ha
rmbudi 9,5 M (abcomtotHa BigmiTka 168,39 M),
ceepuioBuHamu NeNe 3a* 18a*, mpoOypenumu y
2017 pomi [21], na rmubunax 6,3-13,2 M (abcomroTHI
BiaMiTku 172,55-176,95 m).

BopoBMminytouumMu  IpyHTaMH €  BOJHO-
JTBOJIOBUKOBI Ta 03€PHO-THOJOBUKOBI  BiJIKIIQ/IH.
BomorpuBoM € TOBIIA «OypHX» Ta «CTPOKATHX»
riiiH. JKUBJICHHS BOJIOHOCHOIO TOPU30HTY Bifi0OyBa-
€ThCS 32 paxyHOK iH(QImbTparii atMocepHUX orma-
niB. IIpucyTHS TakoXX TEXHOTEHHA CKJIa/l0Ba YKUB-
JICHHSL.

OOMexxeHe TMOIIMPEHHS IPYHTOBUX BOJ Ha
CXWIi 0OyMOBJIEHO BITMBOM JIPEHAKHUX LITOJIbHE-
BUX CHCTEM.

Crix 3BepHYTH yBary Ha HasiBHICTH PO3YIIiJIb-
HEHHMX 30H B HACHUIIHHMX IPyHTaxX B CBEpAJIOBHHI No
1, 10 CBiTYUTH PO MOXKIIUBI TIporiecH cydoziiHOro
BUHOCY.

Ha pinsguHui BunrykyBans OyJio BU3HAYEHO HMO-
BIpHMH PO3BUTOK 3CYBHHX IPOLECIB, BIH MOXKE MPO-
XOJIMTH B Mexax cxuiny [lankparosoro fpy.

TakoX BIAMNOBIAHO [0 TEXHIYHOrO 3aBIAHHS
Oysio Bu3HaueHO KoedimieHT cTifikocTi cxuny K.
KoedimieHT CTIMKOCTI CXMITy BH3Ha4aBCs 3a JIOIO-

-102 -



ISSN 2410-7360 BicHuk XapKieCbK020 HauioHaribHO20

yHisepcumemy imeHi B.H. KapasiHa

MOTo0 mporpamMHoro komiiekcy Slide V.6.0 Tta
cnemiainbHOT TporpaMu iHCTUTYTY KuiBIpoekT —
JUIS BU3HAYCHHS 3CYBHOTO THCKY. Po3paxyHKku mpo-
BEJICHI JUTS IBOX MOXKIIMBUX BUIAJKIB: JUIS IPUPOJI-
HOTO 1 BOJIOHACHYEHOTO CTaHy IpyHTiB [21].
PesynpTatroM po3paxyHKiB OyJ0 OTpUMaHHS
TUTOLIMHY KOB3aHHS 3 HAaMEHIIMM KiJTBbKiCHUM MO-

A)

Ka3HUKOM CTIMKOCTI — KoedimieHTa CTIHKOCTI, IKUN
BU3HAYAETHCS SIK CIIBBIIHOIICHHS YTPUMYIOUHX i
3CyBHHUX cHJ Ha cxwii. HopmaTtuBHuUil xoedimieHT
critikocti 1.25. OTpumaHni pe3yibTaTu: Ui IPUpPO-
MHOTO CTaHy TIPYHTIB KOedilli€eHT CTIHKOCTI

Ks =1,558; mms BomoHacH4YeHOTO CTaHy TIPYHTIB
Ks =1,072 [21].

| O |

[Pospaxywox crifikocT custy, napk Criash, KaNpEMOHT CXOAIB, Po3pia 1-1, BoROHACHIEHN CTaK

m G @ ) T & ) ' E) ’ ) T m

(A — npupoauwmii ctas,

Puc. 6. Po3paxyHkoBa cxema aiisi BU3SHaYCHHS KOS(IIIEHTY CTIHKOCTI CXUITY

b — BogoHacuueHuit) /

Fig. 6. Calculation scheme for determining the slope stability coefficient (A—natural state, B—water saturated)

PesynpTati po3paxyHKy NOKa3ylTh, IO 3a
MPUPOAHUX YMOB JIaHUW CXUI epeOyBae y CTiHKO-
My CTaHi, ajie 32 yMOBH HOr0 ITOBHOTO 3aMOYyBaHHS
BiH TEOPETHYHO MOXe MiIIaTuch 3cyBy. lIpore,
TaKku# clieHapiil € MaTOMMOBIPHUM TOMY, 1[0 BEpX-
HSl YaCTMHA CXWJIy CKJaJeHa APCHOBAaHMMH IPYyHTa-
MU, SIKi OyIyTh JOCHTH TapHO BiJBOAWTH BOAY, IO
HE JI03BOJIMTH HOTO MOBHICTIO 3aTOIHTH.

[lpu BuBuUeHHI cxwily Oyiu BUsIBIEHI Jedop-
MaIllii CX0/iB, fKi CBiT4aTh MPO MOXKIUBE CHCTEMHE

BOJIOHACHYCHHS I'PYHTIB HACHITy, Ha IKOMY TPOKJIa-
neHi cxonau (nuB. puc. 5). Ha cxwiti BojoHacU4eHHs
IPYHTIB BiI0yBa€ThCS Yepe3 CHCTEMHHUH MOJUB POC-
JIUH 3 METOI0 30epekeHHs JaHIaQTHOTO Au3aiiHy,
Ta 4depe3 arMmocdepHi omaau. lle namo mifgcraBy
PO3MIIAHYTH AaHi aedopmanii, sIK MOXJIMBUI 3CYB
crumBaHHA. OCKIUTBKH CXWI TiepedyBa€e B CTIHKOMY
CTaHi, TIJIO 3CYBYy HE PYXa€ThCs, a B HOr0 BEpXHIi
YacTHHI BiJIOYBarOThCs He3HAuHI aedopmarllii B Ha-
CJTIIOK TIEpE3BOJIOKEHHSI.
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Puc. 7. Cxemarnunuii po3pi3 cxmity B napky Biunoi Cnasu /
Fig. 7. Schematic section of the slope in the Park of Vichnoyi Slavy
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Ha ocHoBi po3pizy Oyino oOpaHO MOTCHIIHHY
TUISHKY JI6 MOKYTh PO3BHHYTHUCS 3CYBH CIUTMBAaHHS
(peororiuHi mpouecH), e YaCTHHA CXHITY MIX CBep-
nnosuHamu 3a ta 1. [pyHTtoBa Maca, sika MOXe Tiji-
JaTUCh IIbOMY  IIpoLecy ne IHKeHEpHO-
reoJIoTiuHmii eaeMenT 20 (puc. 7).

[ moganeIinx po3paxyHKiB Oyiau B3ATI JaHi
mpo (i3uKO-MeXaHI4HI BIACTHBOCTI IPYHTIB (a came
ITE 20), sixi Oy oTpuMaHi OUIIXOM J1ab0paTopHO-

TO BUMIPIOBaHHS B CEpPTH(IKOBaHIN T'e€OTEXHIUHIM
nmabopatopii TOB «llentp Imkenepunx Bumryky-
BaHb». BumiptoBanus rpynTtiB Biamosimzae JJCTY b
B.2.1-17:2009, pe3ynbratu HaBeneHi B Tabmmii 1.
Ha po3pi3i 6yno0 BUIiIEHO PO3PaxXyHKOBY ILIISTH-
Ky (pucyHOK 7), Ie HalTiepIne depes mepe3BoIoKeH-
HS TPYHTOBOI MacH MOK€ BUHUKHYTH TaKHid TUI 3CY-
By. HeoOxitHI po3paxyHKOBI mapaMeTpu OyiH 3HSTI 3
po3pi3y (pucyHok 8) Ta 3aHeceHi 10 Tabmumi 2.

Tabnuys 1/ Table 1

dizuko-mexaniuni napametpu II'E 21 / Physical and mechanical parameters of the design soil layer
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Puc. 8. PospaxynkoBa wactuHa cxuiy / Fig. 8. Design part of the slope
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Tabnuys 2 / Table 2
Buxinni mapameTpu 3cyBoHeOe3neuHol qinssHku cxumy / Parameters of the landslide-prone slope area

Inocenepro- | Iumoma eaea Kym enympiw- Homyaxcuicms | *Koeiyienm
U Hb020 mepms Ilumome , .
2e0102i4HULl |6000HACUYEHO20 Kym cxuny | pospaxynkoeozo | 6’sazkocmi
reMeHm — 8000-HACUYEHO20 | 3UeNIeHHS, a, 2pad. wapy toyHmy 1,
ITE Psat, KH/M® IpyHmY, Ce Klla H, u Kec*c/em?
Psat, 2pao.
20 18,44 13 6 32 3.9 3*10*

*[1im 9ac BUBYEHHS PEOJIOTIYHHUX TIPOIIECIB BH-
SIBIJIOCS, IO BHU3HAYeHHS Koe(DimieHTy B’A3KOCTI
IPYHTYy HE TmependayeHo KOIHUM HOPMAaTUBHUM
JOKyMEHTOM B ranysi imxeHnepHoi reosorii. Tomy, B
i poboti Oym0 TMpoaHaTiz0BaHO pOOOTH YKpaiHCH-
KHX BUYeHMX 3 JnaHoi Temaruku. lled koedimieHT
3aJIeKUTh BiJl XapaKTEpHOI OCOONMMBICTI MYXKHX
BOJIOHACHYEHUX IPYHTIB, a caMme uepe3 iXHIo 371aT-
HICTh TIEPEXOMUTH B PO3pIMKEHHMI cTaH. SBuIIe
PO3piIKEHHST BOJOHACHYEHUX IPYHTIB — 1€ TIOBHA
BTpaTa HeCyd4oi 37aTHOCTI IPYHTY Ta Iepexif Horo 3i
CTaHy TBEpAOro Tija B IUIMHHWHU craH. [Ipm pos-
pimKeHHI TPyHT Bene ce0e sk rycTa B’si3Ka piiHHa,
Ky MOKHA TIPEJCTABUTH Y BUIVISIIII CTPYKTYpOBaHOI
cycreHsii, ToOTO BOAM 3 3aBUCIMMHU B Hill 4acTHH-
KamH IpyHTy. Jlo Takoro craHy HaCM4E€HHH BOAOIO
IPYHT MIPH KPYTiHHI JOXOIUTD TIIBKH B MEXaX 30HH
3CyBY, fIKa Ma€ HEBEJIMKY TOBILMHY. [ BU3HaYeHHS
PCOJIOTIYHMX BIACTUBOCTEH CTPYKTYPOBaHHUX CY-
CHEH3IH MO)KHA BHKOPHUCTATH MOJEIb B sI3KO-
TUTACTUYHOTO CepelloBHIa. B TpyHTax 3aleKHICTh
MDXK HampyXeHHSM T 1 TPaJi€HTOM MIBUAKOCTI Tedil
dV/dx — neniniiiHa, a Te4is BUHUKAE TPU BEINYUHI
HanpyXeHHsI T > To. [Ipu T < T, IpyHT Bene cebe sk
TBEpJIe TiJO 3 HE3HAYHOIO BEIMYMHOK nedopmartii,
Ky MOXKHAa pO3IVISAaTH SIK sBUILE ToB3y4ocTi. Lle
3HaUUTh, 10 To HE € CTATHYHHM, a € JUHAMIYHOIO
Mekero HarpyxkeHHs 3cyBy [17]. Tak, Ha OCHOBI
pobit A.l. bineyma Tta iHmmx Oyrno, oTpuMaHO B
reotexHiynii naboparopii TOB «Uentp Imxkenep-
HUX BumykyBanb» koe(illieHT B’S3KOCTi IPYHTY #
[17, 19]. IluTaHHO BUBYCHHS i BU3HAYCHHS JAHOTO
KoeQIliEHTY B I1HXKEHEPHIA TeoJIoTii HeoOXiIHO
MPUIITITH 3HAYHY yBary.

3a yMOBHU 3HAYHOTO NIE€PE3BOJIOKEHHS BEPXHBOI
YaCTUHM CXHIYy Ta 3 OTPUMaHMX JaHUX 3a HaBeJe-
HOIO BUIIIE METOJIUKOIO OyJa 3MOie/ibOBaHa HMOBI-
PHICTH PO3BHUTKY PEOJIOTIHHOTO MPOLIECY HA CXHJII B
napky Biunoi CnaBu y m. KuiB. Bepxusa uactuny
CXWIIy CKJIaJIeHa HACHITHUM CYITICKOM, TTHITYBaTHM,
tBepauM (II'E 20). Tlotyxuicte naHoro ITE xomu-
BaeTbes B Mexkax 3,0 — 5,2 M, 3 KyTamMH Haxuily Io-
BepxHi 1 a Ha cxwii Big 0 epao. y migHbKKI Ta 32
epao. y Bepxip’i. Came [j1s BEpXiB sl CXUJIY JI€ HaMi-
OlTpIIMI KyT Haxwily IMOBEpXHi (IO CIPHYUHSIE
BUHUKHEHHIO HaiO1IbIIOT JOTMYHOI HAmpyrH Ty) i
Oysa mociiKkeHa MMOBIPHICTh BHHUKHEHHS TaKOTO
THITY 3CyBY. Tak, 3a KiTbKICHUM BHpPaXCHHSIM BCTa-

HOBJIEHA TNIMOMHA 3aXBaTy IpyHTOBOI ToBm D Ta
BU3HAYEHA NIBUAKICTH PyXy CIIOB3aI0UY0i MacH Vy :

p=-—+__ % =1,08 m
Vsat SINA—COS A-tgPsqr
Ysa (H-D)?1 , .
vy = Tt[H(H —-D)— T] (sina —

cos atgPsar) — % (H — D)=0,75m/106.

BucnoBku. Ha ocHOBi iH)XXEHEpHO-TEOIOTiY-
HUX BUIIyKyBaHb npoBeaeHux TOB «Uentp Inxe-
HepHi BunrykyBanHs» B napky Biunoi CnaBu, BcTa-
HOBJICHO: JIJISIHKAa BHUIIYKyBaHb BimHOCHTHCS 10 11
(cxmagHoi) Kareropii 3rimao 3 JIBH A.2.1-1:2008,
caMe Jepe3 HasBHICTH CXITY Ta MOXKITUBOCTI PO3BH-
TKy 3CyBHHX mpoleciB. Uepe3 me Oyno BHU3HAYECHO
Koe(iIlieHT CTIHKOCTI JaHOTO CXWTy (HOPMAaTHBHHIA
Ks=1,25):

- 7S IPUPOTHOTO CTaHy IPYHTIB Koe(illieHT
crifikocri Ks=1,558;

- I1  BOIOHACHYEHOIO
Ks=1,072.

MOXJIHMBICTS TOBHOTO BOJIOHACHUYEHOTO CTaHY
CXHITy iCHY€ OUTBIIOI MipoOI0 TeopeTWdHo. Biamo-
BimHO Ks=1,072 11e TeopeTHnuHEe OOTPYHTYBaHHSI.

OtpuMaHi pe3yJbTaTH BKAa3ylOTh Ha CTIHKHI
CTaH CXWITy, IPOTE i Yac 0OCTeXKEHHS OyJI0 BHUSB-
JIEHO He3HauHi Aedopmaliii CXOiB Yepe3 Mepe3Bo-
JoxeHHs IpyHTiB. Ll nedopmaiiii 6ys10 po3misiHyTO,
SK 3CyBU cIUMBaHHs. Ha ocHOBI mi€i indopmarii i
OyJ10 IPOBEAECHO HAYKOBE JOCIIIKEHHS MOXKIUBOCTI
PO3BUTKY PEOJIOTTUHUX MTPOIIECIB.

BiamnoBigHo 10 Teopii peosIOTiYHMX IMPOIECiB
Ha cxmjax, OyJio mpoaHalli3oBaHO Mofenb biHrama-
IlIBeoBa Ta METOAMKY KiTbKiCHOT OLliHKH Maciosa.
OTrpuMaHi pe3yabTaTH BKAa3ylOTh HA MOXKIUBUAN
npoliec BUHUKHEHHS 3CYBY CIUIMBAHHSA Jie TIMOWHA
3axBaty IpyHTOBOi Macu D = 1,08 M Ta mBHAKICTS ii
pyxy vo=0,75 M/100.

Pesynbratu jpociipkeHHS BKa3ylOTh Ha Te, IO
PEOJIOrivHI MPOoLeCH Ha CXUJIaX MAIOTh BUCOKY Bipo-
riznicts yrBopenHs. [Ipu BuBYEHI cxmiiB, a 0co0-
JIMBO  3CYBOHEOE3MEYHMX  JIASHOK  HEOOXIiIHO
000B’SI3KOBO  JIOCTI/KYBaTH MOXKIIUBICTh BUHHK-
HEHHS 3CYBiB cIUIMBaHHs. Takox, Mg dyac mpoBe-
JICHHST JIOCJIJDKEHHSI TaKoro POJy MpOIIECiB, BUSB-
JIEHO IO HEOOXiTHO BH3HA4YaTH Ta BBOJWTH B HOp-
MaTUBHI JOKYMEHTH TaKWi KUIBKICHHHA KpHUTEpii
TPYHTY KOe(DIIiEHT B’ A3KOCTI 1).

CTaHy TIpYHTIB
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ABSTRACT

Formulation of the problem. The paper examines landslide processes that occurred on the right bank of the city
of Kyiv. The authors demonstrate the general statistics of the development of landslides in the city, which is a dangerous
phenomenon for the safety of the city. In Kyiv, 42 landslides have been recorded, which are in the active phase. The
authors identify the main reasons for the development of landslides as engineering-geological, geomorphological condi-
tions, climate and anthropogenic impact. The article examines the use of GIS technologies as a modern and quite effec-
tive method of monitoring landslide processes. The authors focus attention on two landslides that occurred and differ
from the rest due to the atypical mechanics of the process, which was affected by the overwetting of the soil mass. It
was this difference that led to this scientific research. This theoretical study was conducted on a site in the Park of
Vichnoyi Slavy, since by all indicators this slope has the potential for the development of just such a landslide. Over-
moistened soil mass has a special mechanics of movement on the slope and is classified as — a landslide flows.

Purpose. The article examines this movement of the overmoistened soil mass on the slope as a rheological process.
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Methodic. The authors analyzed the theoretical foundations of soil mass behavior in such conditions, they consid-
er it as a rheological model. The solution to the problem is based on the classical Bingham-Shvedov, Newton, and
Maxwell models. The methodology for solving such tasks is given in the study. The authors investigated the necessary
parameters of the soil, which are used in the construction of the calculation model. The article highlights the coefficient
viscosity of soil, this coefficient deserves special attention when considering rheological processes in the soil. The con-
sidered solution model of the rheological process cannot be solved without the coefficient viscosity of soil. Using the
scientific work of Ukrainian scientists, the authors determined this coefficient in the laboratory.

The main material. The article investigates the possibility of a landslide occurring on one of the cultural objects
in order to preserve the latter. The authors built their research on the basis of engineering investigations, which were
carried out for the purpose of reconstructing the stairs in the Vichnoyi Slavy Park in Kyiv. The surveys show an engi-
neering-geological section of the slope, which consists of 14 soil layers. The researchers established that under natural
conditions this slope is in a stable state K4=1.56. The studies have shown that at this site, with excessive moistening of
the upper soil layer, a rheological process may occur. This process can develop in bulk soils (dusty sandy loam) due to
its large angles of inclination and rather weak physical and mechanical properties. The article analyzes the possibility of
the occurrence of rheological processes on the slopes and their role in the safety and life of the city of Kyiv.

Conclusions. The calculated model is solved and shows the capture depth D=1,08 m and speed V(=0,75 m/day of
movement of a potential landslide in case of overwetting of the soil on the slope in the Vichnoyi Slavy Park in the city of Kyiv.

Keywords: rheological processes, landslides, landslide flows, the coefficient viscosity of soil, slope stability, engi-
neering geological layer.
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AKTyanbHICTh po060TH 00yMOBIIEHa HEOOXIHICTIO CTBOPEHHS AOCTOBIPHOI icTOpii popMyBaHHA (pisuko-reorpadiunoi odcTaHo-
BKH TTAJICOTEHOBOTO Tepiofy Ha TepuTopii Kuromupcrkoro [omices amst po3mudpoBKe MporeciB OypIITHHOHAKOTUYEHHS. Y BiIIO-
BiJHOCTI 10 MiHEpareHI4YHOTO pailOHYBaHHS TEPUTOPiA OypIITHHOHOCHOI ainsiHKU «[IpaBoGepekHa» po3ramoBaHa B Mexax [lepxa-
HCBKOTO OypIITHHOHOCHOTO paiioHy. OcTaHHI 3HaXOAUTHCA B Mexax BomnHo-I1oAibCchKOTo Iy TOHIYHOTO TOSICY 1 BiIOKpEeMIICHHIH
BiZ cyMbKHUX paifoHiB [mnHHeHCBKoI0 1 CyniaHo-IlepaHCEKOI0 TeKTOHIYHUMH 30HaMH. OCHOBHOIO BinMiHHICTIO Mk KieciBcbko-
PoxutnsiHCBKOIO, CltoBeyaHCHKO-OBpynbKoro i bapamiBckko-IlepskaHChKOI0 OypIITHHOHOCHUMH 30HAMHU € Pi3HUH BiK OypIITHHOB-
Milytounx mopia. IIpoBeneHHH KOMIUIGKCHHH JITOJNIOrO-MIiKPOIIaJCOHTONOTIYHUI aHami3 OypIUTHHOHOCHHMX BiJKIJIAJIB IiISTHKH
«IIpaBoGepexna» [Tepkancpkoro OypIuTHHOHOCHOTO paioHy JKutomupcerekoro Ilomices. 3a AuHONMCTaMy IPOBE/EHa epeiHTeppe-
Talis BiKy BMIIIYIOYHX TIOPiJ, BIIEpINE VIS JaHOI TEpUTOpii JOBENCHA MPUYPOUEHICTh MOKJIAAiB OypIITHHY IO Mi3HHOECOIEHOBOTO
inTepBany. OOyXiBChbKI BiJKJIa[IH, [0 BUOKPEMIICHI 3 ITale0reHOBOI MOCIIOBHOCTI, XapakTepu3ye KoMIuieke aunouct 3 Rhombod-
inium perforatum, Thalassiphora reticulata, Charlesdowniea clathrata angulosa, Glaphyrocysta semitecta Ta in. 30a1 DP11 mpua-
6ony OiozoHanpHOI cxemu A.C. AHapeeBoi-Ipuroposud (1991). [IpoBeneHo BHBYEHHS TPaHYIIOMETPUIHOTO Ta PEYOBUHHOTO CKIIATY
o0yxiBChbKUX BinknaniB. HaBenena cxema-Mozienb 3MiHH 3aJsIraHHs BiJKJIa(iB 00yXiBCHKOTO PEriosipyCy Y BiJIIOBIJHOCTI JO €BOJIOLIT
JIaBHIX TEKTOHIYHUX NOoNuH. [IpeacTaBieHO HOBI JaHi m0A0 OOYXiBChKOI MOPCHKOI MAaNiHOJOTIYHOT acomiarii B Mexax IiISHKA
«IIpaBoGeperxHay, 10 € BHECKOM Y MaJIOOCIiKeHy 00J1acTh MOPCBKHMX CEepeloBHIN Mi3Hboro eoreHy IliBHiuHOi Ykpainu. Ilanixo-
Oiota Bkirouae mpeacraBHuKiB Dinoflagellata, Prasynophyta, Acritarcha, munky Ta crop Ha3eMHHX POCIMH, a TaKoX HpPO30pi Ta
Henpo3opi diTokaacTy, najxiHoMopdu rpudis, «mamiHodhopaminihepn», CKOICKOIOHTH. AHamI3 namiHodalliil mokasye, o OCaJaKu,
SIKI MICTSITh TIOKJIai OypINTHHY B MeXax MUITHKU «[IpaBoOepexHa, chopMOBaHi MITKOBOAHUM TETUTMM MOPEM 3 BUCOKOIO TipOIH-
HaMIKOIO TIPH BHCOKOMY BIUTHBI PIYKOBHX CHCTEM. 3’SCOBAHO, IO HAHOLIBII CKyMUeHHS OypINTHHY BipOTiTHO MOB’s3aHi 3 (amisMu
aJIe0/IebT.

Knrwuoei cnosa: opeanixocminHuil MiKpONIAHKMOH, 6i0K1A0U 00YXIBCbKO2O pecioapycy, NpUaboHCoKull apyc, cmpamuepagis,
naneoeeozpaqis, Ilepoicancoruii Oypumunonocrutl pavion, Ilisniuna Yxpaina.
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OypLITHHOHOCHICTIO (Ha npukiaai ainsHku «IIpaBobepexna») / Tersna llleBuenko, Cepriii Mamuyp, SIpocna Kypemna, Annpiit Martsees // BicHuk
XapkiBcpkoro HarionanmbHOro yHiBepcutery imeni B. H. Kapasina, cepis «[eomoris. ['eorpadis. Exomoris», 2024. — Bum. 61. — C. 108-120.
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In cites: Shevchenko Tetiana, Mamchur Serhii, Kurepa Yaroslav, Matveyev Andriy (2024). The Paleogeographic Conditions for the Late Eocene
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Beryn. BeranoBnenns Biky Ta crpaTurpadiqyHo-
TO MOJIOXKEHHS MOoKIaiB OypituHy [IpaBobepekHoi
ninsaku IleprkaHcbkoro OypIITHHOHOCHOTO PadoHY
Ma€ BaXIIMBE NMPUKJIAJHE 3HAUYEHHS UIi OOIPYHTY-
BaHHs MPOCTOPOBHX 3aKOHOMIPHOCTEH 1 MaciiTabiB
HaKOIHMYEHHS MPOMUCIIOBUX IOKJIAIiB OypIUTHHY B
Mexax HeHtpanbHoi (JKutomupcebkoi) yactunu [lpu-
I’ AITCBKOTO OYpIITHHOHOCHOTO Oaceitny (puc. 1).

Paiion XKutomupcekoro Ilomicest B mpraboHCh-
kuii yac eoueny (37,71-33,9 muH pokiB ToMy) Ha-
Jie’kaB cuUCTeMi MOpiB 1 mpoTok miBHiYHOro Ilepi-
Tericy (puc. 2). MopceKi ocagoBi BiIKIamu, IIO
PO3BHHEHI Ha JOCIIKYBaHI TepUTOpIi, SBISIOTH
c000I0 YHIKQIBHUM apXiB AaHUX MPO TiAPOJIOTIIO,
na"amadTH Ta KIiMaT Mi3HbOTO €OLEHY SIK Ha JIOKa-
JEHOMY, TaK 1 Ha pEeTiOHAIBHOMY, 1 HaBITh I100aJIh-
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HOMY, piBHsIX. BoHM mpezcTaBieni 6e3xapOoHaTHU-
MH MIAHO-TIIMHACTAMH TTOPOJIaMH, B KUX BiJICYyTHI
BaIlHUCTa MakKpo- i MikpogayHna. TUM He MEHII BOHU
Oarari Ha OpraHikocTiHHI Mikpogocuiii (opranikoc-
TIHHHHA MIKPOIUIAHKTOH Ta HMaiHOMOp(¥ Ha3zeMHUX
POCIIH), Ha SIKUX BJacHE 0a3yeThcs ix OiocTpaTur-
padiyHe pO3WICHYBAHHS Ta KOPEIAILis.

Crig 3ayBaKuTH, IO 10 MPOBEACHHA MEPIITNX
TDIAHOMIPHUX TEOJIOTIYHUX POOIT 3 MOIIYKiB PO3CH-
MHUX POAOBHII OypIUITWHY B MiBHIUHIA 4YacTHHI
YKpalHCHKOTO MIMTa BBAXAJOCS, IO MaJCOTCHOBI
BimkIaau TyT BiAcyTHi. [Ipuitmanocs, mo Hi miBHIY-
Hi, Hi CXiJ{HI TTAJICOTEHOBI MOPSI CIOJM HE JTOCSTaJIH
(nuB. puc. 2), Tomy B miteparypi 1o 1950-x pp. mis
i€l TepuTOpil ONMUCYBaJHCS IJIMIIE YETBEPTHHHI 1
KpHUCTaIigHI opoau. MopchKi MMajeoreHoB1 BiaKiIa-
JIM CTaJId BiJIOMI TYT MIiCJIS T€OJIOTIYHOTO 3HIMaHHSI
1952 p. binsg w.n. OneBcbk, 3amwmcnoBudyi, PymHs-
3amucnoBuubka, Ilepra, HOpoe cBepaioBuHaMu
Oyau BUSBJICHI PO3PI3HEHI OCTaHIl OKPEMEHLIUX
MICKOBHKIB 3 BIOMTKAaMU 1 siapamMu (ayHH MOJIFOC-
KiB i HyMyqiTiB (puc. 1), sixi Oynu BigHECEeH] 10 Ku-
TBCBKOI CBITH BepXHBOTO eorieHy [8, 9] 3a Torodac-
HUM ctparurpadivaumM mominioM. OKpiM MiCKOBHUKIB,
OypiaasM B OneBcbKOMY paiioHi Oynmn BHSBIICHI i
iHON PI3HOBHAW TMAJEOTEHOBHUX BIAKIAIIB: MiCKH
3€JICHYBaTO-Cipi, IJIAYKOHITOBI, JPiOHO3EPHUCTI,
IJIMHUCTI, CIIOMUCTI, Oe3kapOOHATHI, B HIDKHIN Yac-
THHI 3 TATBKOIO KPUCTANIYHHX TMOPiJl, 6e3 Makpoda-
yHHU. 3a JIITOJIOTIYHOK TOAIOHICTIO 10 OJNIrOIEHOBUX
BigknagiB [lpum’steekoi 1 J{HimpoBchKo-/loHenbKoO
3amaiiH OCHiAHUKAaMH BOHHM BiJTHOCHIIUCH JIO Xap-
KiBchKoi [8], mi3Hime 10 Mexwuripchkoi cBitu [13,
14]. Came BOHU Oynmu cTamu 00’€KTOM HaIIUX JIOC-
JIJKEHB.

Memoio TIPOBENCHOTO IOCIIKCHHS € aHaji3
najeoreorpagiuHoi 00CTaHOBKH OCaJKOHAKOIIMYCH-
Hs llepxaHChKOro OypIITHHOHOCHOTO pailoHy Ha
nmpukian ainsHkn «lIpaBoOepexHa» B MPHaOOHCH-
KO-00yXiBCBKMH Yac Ha OCHOBI BHBYCHHS MaTiHO-
¢damii Ta TPaHYIOMETHYHOIO CKJIaay BiJIKJIaJiB
00yXiBCBKOTO PETiofapycy Ijs yTOUHEHHS Ta JAeTalli-
3awii ysBJIE€Hb NPO PO3IOIIT Ta OKOHTYpPIOBAaHHS B
HUX POJIOBHUIIL OypPIITHHY.

AHaniz nmomepeanix myOaixauii. Ilepme mi-
JIeCIpSIMOBaHE BUBUYEHHS OypIITHHOHOCHOCHOCTI
palioHy 1 BJIACTHBOCTEH OYypIITHHY PO3IOYATO IIE
no3amMuHysioro cromitrs (1890-1910 pp.) i mos’s3a-
He 3 iM’sIM BHAATHOro ykpaiHcekoro reomora IT.A.
TyTKOBCBKOTO, pe3ylbTaTh AKOTo Oyl BHKIAJEHI
HUM B MoHorpadisx «SuTaps BonbiHCKOW TyOep-
Hum» (1911 p.) i «Ykpaunckuii satape» (1918 p.).

VanenHs npo  crpatudikaniio  BiAKIaaiB
[Ipum’ aTcpkoro OYpIITHHOHOCHOTO OacelHy B Me-
*ax YKpaiHU Ha OKpeMI MipO3/aiiaK 3MiHIOBAIKCS 13
HaKOMMYEHHSM 3HaHb, 10 CIHUPAJIUCS Ha pe3yJbra-
TH TIOIIYKIB MPOMHCIIOBUX IMOKIAJIB OypIITHHY Ta

3arajbHOTO TEOJIOTIYHOTO BHBYCHHS IIi€l TepuTOopii
(TeoyioriuHi  3BITH; TANIHOJOTIYHI JIOCIIKEHHS
npoBoawiIKCs Ha iHmUX aiuisHkax T.0. ['yOkuHOMO,
PH. Porman, O.b. Crotnanmom). 3milficHIOBaIHCS
CrpoOu TPOCTOPOBOTO PAaiOHYBaHHS TMOKIAIIB Oy-
PIITHHY 3a IUIOIIEIO, JIe B IKOCTI KPUTEPIiB paiioHy-
BaHHS BHUKOPHCTOBYBAIWCS CTPYKTYypHO-TEKTOHIUHI,
cTparurpadivHi Ta maneoreorpadiuai yMmoBu Ghopmy-
BaHHs po3cHIiB Oypmtuny [2,5,10-12, 16, 17 Ta in.].

Brepme IlepkaHcbkuii  OypIITHHOHOCHHI
paiion Buainenuit y ckiani KieciBebko-Ilepikan-
cbkoi 30HM B mparmi M.B. Kpuanmpkoi ta B.M.
Irmpku [5] HAa OCHOBI 3HaXiJIOK OypIITHHY IO P.
YO6opTe Ta mWig dYac TEONOrO3HIMAIBHUX POOIT
(1958-1959 pp., 1988-1992 pp.) i reonoropo3simy-
BaJpbHUX poOiT Ha amMmasu (1980 p.), OypmTuH
(1994 p.) Ta momionen (1996-2004 pp.). Xapakre-
pUCTHKa Ta OCOONMBOCTI pallOHy aBTOpaMU He
HaBOMJIUCS.

VY BiAMOBIIHOCTI 10 MIHEPAareHIYHOTO PalioHY-
BaHHA [5, 12] TepuTopist OypIITHHOHOCHOI IUISHKH
«IIpaBoOepexxHa» po3ramoBaHa B Mexax [lepxkan-
CBKOTO0 OYpIITHHOHOCHOTO paiioHy. OcTaHHIH 3Ha-
XOIUThCS B Mexax BonuHo-Iloginbchkoro miyToHi-
YHOTO TOACY 1 BiTOKpEMIIEHHH BiJl CYMIKHUX paiio-
HiB [muaHencpkoro 1 Cymano-IlepxaHChKOIO TeK-
TOHIYHHMH 30HAMH.

OcHOBHOIO BigMiHHICTIO MK KireciBcbko-
PoxutHstHCEKOIO, CrioBeuaHChKO-OBpy1bKOIO 1 ba-
pamriBchko-IlepaHchkol0  OypIITHHOHOCHUMH  30-
HaMH € PI3HUH BiK OypIITHHOBMINIYIOUMX MOPIJI.
Pozcunm Oypmtuay B KiteciBcbko-PoknuTHSHCBKIH
ta CrnoBedaHCbKO-OBpYyUBKiH  OypIITHHOHOCHUX
30HaX MOB’s3aHi 3 BiAKJIagaMu oJironeny [2, 5, 11,
12, 17], a B bapamiBcbko-Ilepxxancekiii 30HI — 3
BiKIaZlaMHd BEPXHBOIO eoueHy (3a manumu T.B.
IlleB4eHKO, KOPOTKE TOBIIOMJICHHS B po0OTI [7]).

Marepian Ta Meromu. Marepian, Ha SKOMY
IPYHTYEThCS CTaTTs, 3i0paHUil aBTOpaMH IIiJ[ 4ac
MPOBEJICHHS T€0J0Tr0-pO3BiyBaIbHUX POOIT OypIi-
TrHOHOCHOT 1ol «[IpaBoGepexnay IlepixaHChKO-
ro OypIITHHOHOCHOTO paiioHy (muB. puc. 1) ToBapu-
ctBoM «IPIB I'EO» B 2019-2024 pp. (C. Mamuyp,
S. Kypena, A. MaTBeeB) 13 3aiy4eHHSIME HayKOBOTO
cympoBoay oo OioctparurpadidHro po3dsieHy-
BaHHA Ta majeoreorpadiyHuX peKOHCTpyKuid IH-
ctutyTy reonoriunux Hayk HAH Vkpaiam (T.B.
[lleBueHKo).

[Tamizonoriyauil aHaji3 BUKOHAHUM JUIS TTOHAT,
100 3paskiB 3 MAHO-TIIMHUCTHX TOPiJ 38-MU Tip-
CHKUX BUPOOOK JIJISTHKH JIO3BOJIUB BHOKPEMUTH 3
PO3pi3iB BiIKIa1 BEPXHBOTO €0LEeHY. 3pa3ku 00po-
OJsTMCh Yy  MIKpPOTIAJIGOHTOJIOTIYHIN  1aboparopii
Incruryty reonoriuanx Hayk HAH VYkpainu 3a me-
TOIUKOIO 13 3ainydeHHsIM mipodocdaTy HaTpiro
(NazP207), xoutenrposanoi (40%) dropucro-BoaHe-
Boi kucnoru (HF) Ta mpociroBanHsM Kpi3b 15-Mik-
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Puc. 1. Kapra ¢akruunoro matepiany: 1 — cBepanoBuHy; 2 — MOMIYKOBI KaHaBH; 3 — HOMEPH TIPHUYUX BHPO-
00K; 4 — MyHKTH, B SIKUX BUSIBIICHI BiKIaau 00yXiBCHKOTO PETiOApYyCY (3 MPUCYTHICTIO 30HANBHUX BU/IIB
npuabony Rhombodinium perforatum+Thalassiphora reticulata); 5 — nyHkTH, B SIKUX BUSBIICHI BiIKJIa 11

00yxiBchKoro periosipycy (6e3 3oHanpHUX BUAiB npradony Rhombodinium perforatum+Thalassiphora retic-

ulata); 6 — myHKTH MOMIMPEHHS MiCKOBHUKIB 3 MOJIIOCKaMH i HyMyJiTamu 3a podotoro JI.€. Makapenko [9] /

Fig. 1. Map of the actual material: 1 — boreholes; 2 — prospecting trenches; 3 — mine workings numbers; 4 - sites where

sediments of the Obukhivian regional stage were found (with the presence of the zonal species of the Rhombodinium
perforatum + Thalassiphora reticulata); 5 — sites where sediments of the Obukhivian regional stage were found
(without the zonal species of the Rhombodinium perforatum + Thalassiphora reticulata); 6 — sites of sandstones with
mollusks and numulites according to D. E. Makarenko [9]

-110-



ISSN 2410-7360 BicHuk XapkKiecbk020 HauioHanbHo20 yHigsepcumemy imeHi B.H. KapasiHa

E‘l'x'-m{»se:aww Platform Land // 37 Ma
\ / ////
< : ~ Weést-Siberian
North : :
sea ' ' \ //// % / //
Polish / /
P 7 //// A\ / Asia
Moravia : ,//// X// :
P - .. e PERI-TETHYS ‘
A"fp':: 0 e Indol-Kuban
Foreland . Moesia Terek el
b ‘ 3 v | West E«El:ﬁc
| Euxinic
\ ) \ South
>y y =, . Caspian ; ‘
4 % ! \ 1 o Qom_ 5= Alborz xe‘t'l.’ﬂgh
7y { __——~gitlis Ocean
’6‘% o - ‘EII'
i R 152 - R
'y Zagros, . :
'-W i - | o 7‘_ I | % \\\ E 1 30°

[ Deep basin | . : ".\\
[ Shallow basin (s b » v s N ‘
Bl Landmass > ; k-l % g % |N9°v-5
o1 l;nwpgyr:y L A « 1 Arabia : " \\\ Te'-ﬁ /
772 Azolla bloom \ ' AL 1

npowapku
nigHumy

Puc. 2. [Taneoreorpadis €Bpasii npuadoHcbkoro yacy (37 MiIH pokiB ToMy) 3a poboTtoro [20] Ta ocaaku o0y-
X1BCBKOTO-TIPHa0OHCHKOTO MOps, 1110 30epernucs B [liBHiuHIN Ykpaini B Mexxax aistHke «[IpaBobepexHar:
1 — moJyioKeHHsI BUBYCHOT TEPUTOPIi (YEPBOHMI KBapaT) B CUCTEMI MOpIB 1 mpoTok Ilepi-Terica 3a poboTOIO
[20]; 2 — micku ameBpUTHCTI, TIayKOHIT-KBAPIIOBi, KOPHUHIOBATO-CipO-3€JI€HI 3 JIIH3aMH JTITHUTH30BAHOTO
POCIIMHHOTO AETPUTY (CepeaHs YacTHHA OOyXiBCHKUX BiAKIIaAiB, TipHUYa BUpoOka 44); 3 — micKu cepeaHbol
YaCTUHM iHTEHCUBHO 0ioTypOoBaHi (ripHrua BUpoOKa 44); 4 — MiCKK KBapLOBi 3 TEMHOKOJIIPHUM MiHEPaIOM
KOPUYHEBO-CIpi, MEPEBAKHO CEPEIHBO-APIOHO3EPHUCTI CePEeIHBOT YaCTUHU 00YyXiBChbKHUX BifkiamiB (cB. 2339,
inTepBai 5,0-5,4 M); 5 — miCKK KBapLOBi 3 HOOJUHOKUMH 3€pHAMHU ITIAyKOHITY, OeXKeBO-Cipi, CepeaHbo-
KPYITHO3EPHHUCTI, HIPKHBOT YaCTUHHU 00YXiBCHKHX BiKianiB (cB. 2397, intepsan 6,7-7,0 m). ns ¢iryp 4 ta 5
MacmTabHa JiHilika — MoHeta 10 korr. (qiamerp — 16,6 MM, ToBmmHA — 1,25 MM) /
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Fig. 2. Paleogeography of Eurasia of the Priabonian time (37 Ma) by the article [20] and, also, sediments of the Obu-
khivian-Priabonian Sea that were preserved in Northern Ukraine within the Pravoberezhna area: 1 — position of the
studied area (red square) in the system of seas and straits of the Peri-Tethys according to the article [20]; 2 — siltstone
sands, glauconite-quartz, brownish-gray-green, with lenses of lignified plant detritus (middle part of the Obukhiv sedi-
ments, mine workings 44); 3 — sands of the middle part that are intensively bioturbated (mine workings 44); 4 — quartz
sands with dark-colored brownish-gray mineral, mostly medium-fine-grained in the middle part of the Obukhiv sedi-
ments (bh. 2339, interval 5.0-5.4 m); 5 — quartz sands with single grains of glauconite, beige-gray, medium-coarse-
grained, of the lower part of the Obukhiv sediments (bh. 2397, interval 6.7-7.0 m).

The scale bar (for Figures 4 and 5) is a 10 kopecks coin (diameter - 16.6 mm, thickness - 1.25 mm)

poHHE cHTO. 30€peXeHICTh BWIYYCHHX IalliHO-
Mopd (IMHOITMCTH, aKPHUTAPXH, 3€JICHI BOIXOPOCTI,
«maniHodopamiHipepn», MUIOK HA3EMHHUX POCIHH,
pocnuHHUI ne0pic (ylnaMKH)) € rapHOI; OTpUMaHi
MarepaTd y OLTBIIOCTi KUTBKICHO Ta SIKICHO Oarari.
BuBuennst mikpodocuiiii mpoBOAMIOCH B THMYa-
COBUX Iperaparax y BOIHOMY CEpEAOBHILI 3a
nornomororo Mikpockornis PZO-Warszawa Tta Leica
mpu 30impmenHi x200-x800, dotorpadyBanHs —
dorokamepu Nikon Coolpix 7900 Tta Leica
Flexacam i5. HomeHkinarypa IHHOIMCT 3TiTHO 3
DINOFLAJ3 (2017), nns Wetzeliellaceae Bimmosin-
Ho 10 DINOFLAJ2 (2008).

Hns  piarHOCTYyBaHHs — (hi3MKO-TeorpadivHuX
YMOB OCAJKOHAKOIMYEHHS, SIKE CYIPOBOIKYBAJIO
HAKOMMYECHHSI TOKJIaiB OypLITHHY, Oyau BWALICHI
MEBHI EKOTpyNu MIKpPOOpraHi3mMiB 3a crnocobom
iCHyBaHHS 1 (haKTOpaMu CepeoBHINA (TeMIepaTypa
MTOBEPXHEBUX BOJl, COJOHICTh, TPAHUIIT MOPS/CYIIIa,
rigpoauHamika tomo). Knacudikamis mamiHodarri-
aTbHUX KOMIIOHEHTIB — 3a poboramu [18, 19].
Konex1iss mamiHOIOTIYHUX TpenapariB 3 TUISTHKH
«IIpaBoOepexHay 30epira€rbcs y BIIIII CTpaTH-
rpadii Ta HaJeOHTOJIOTIT KaHO30MChKHUX BiJIKJIa/IiB
I'H HAH VYkpainu (M. Kuis).

Pe3ynbTaTtu Ta 00roBOopeHHsl. Y TeOIOTiYHIN
OynoBi ginsHkM «I[IpaBoOGepexkHa» 3a HaIMMHU Ja-
HUMHU O€pyTh y4acTh MPOTEPO30HCHKI KPUCTAIIYHI
YTBOPEHHSI 1 TOBINA OCAZOBUX BIIKIamiB. Y CKIIami
OCTaHHBOI MPUCYTHI BIJIKJIAaJM MaJeOreHOBOi, HEOo-
IFE€HOBOI Ta YETBEPTHUHHOI cucTeM. Po3uneHyBaHHs
MaJICOreHOBUX TOBIL BUKOHYBAJOCS 3a CTpaTUrpa-
¢iunoro cxemoro B.JO. 3ocumonua Ta T.B. Iles-
yeHko 11 [liBHiuHOT Ykpainu [3, 4].

3ayBa)XMMO, IO BiIKJIaIu MaJICOTEHOBOI CHC-
TEMU B MeXaX JUISHKH, K 1 B IUIOMY B MeXax
VYKpalHCBKOTO MHIUTa, BiJ] PO3MHBIB 30eperiucs B
WOro TEKTOHIYHUX MOHIKEHHAX. HaWmaBHIIIUM 3
MaJICOTeHOBUX MOPIB, fIKE€ IO IIMM HOHWKEHHAM
3aXOAMJI0 HA TEPUTOPIKO JUISHKH, € KaHIBCHKO-
1ITPCHKeE. Moro BizKiamy 1iarHocToBati HAMH TUTBKH
B OOHOMY PO3pi3i minstHkH (cB. 2053, inTepsan 11,1-
12,8 m, xommaeke 3 Apectodinium (acme), Deflan-
drea oebsfeldensis) i mpencraeneni maryHHO-
JeTbTOBUMHM  aJIEBpUTAaMH. 3a AWHOLMCTAMU BOHHU
¢bikCyI0Th TI00AIBHY TriepTepMalbHy MO0 paH-
HbOTO eorieny (moxis PETM) [15].

HactynHum MOpCBKMM PUTMOM B MeXax JiJIsH-

ki OyB KHIBCHKO-OapTOHCKHA. Binkiaam KniBChKO-
ro "acy, siki 30epernucs B Mexax nistHku «lIpaBo-
OepeskHa», TAaKOK MAIOTh OOMEXKCHE IMOIIUPEHHS, 1
TEX TMOB’s3aHi 3 HAHOINBII NAaBHIMH OMyHICHUMH
IUISTHKaM# KpuctamigHoro (pyamamenty. Bonu 3a-
KapToOBaHi HAMHU y MiBICHHIN Ta UEHTpajbHINA yac-
THHAX TUISHKH. 1X MOTY>KHICTh 3MiHIOEThCS Bif 0,1
1o 2,9 M, 3ainararoTh Ha riiubuHax Big 4,6 1o 11,8 m.
Hakonmuennst BiAKmamiB KHiBCHKO-0apTOHCHKOTO
yacy BigOyBajocs y MiJBOJHHX HETIHMOOKHUX BHUJIO-
BXKEHUX JOJIMHAX, IO XapaKTEePU3yBaIUCI KPYyTHMU
eposiifHnMu cxwnamu. llpencraBneHi BOHH MiJIKO-
BOHO-TIpubOepexxHuMu Qauismu (mmicku). Llel putm
BU3HAYa€ KOMIUIEKC OPraHiKOCTIHHOTO MiKpOTUIaH-
krony 3 Rhombodinium porosum [15].

HarowmicTe yTBOpeHHS 00yXigcbkozo uacy To-
HIMPEHi MO BCii TepUTOpii poOiT, OKpiM MiBHIYHO-
3axigHOro KyTta nustHku «lIpaBobepexxHa» (puc. 1).
[loB’si3aHi BOHHM TaKOX 3 TMOHMXEHHSIMH Yy KPHCTa-
JiyHOMY (QyHIAMEHTi, COPMOBAaHMMHU B MICIISIX
BUXO/y Ha MOBEPXHIO PO3PUBHUX MOPYLIEHb Pi3HO-
ro paHry Ta 4yacy aktuBizauii. OOyxiBcbKi BiakIaan
BUTIOBHIOIOTh CXWJIM Ta JIOKa OOPTIiB JaBHIX TOHH-
KEHb 3 TPHUBAJIOIO eBOJNOMI€EI0. [IpuKinaay 3ansras-
Hs1 00YXiBCHKMX BIAKIJIAJIIB IIPEICTaBICHO Ha pHC. 3.
B o0yxiBchkmii yac CyTTEBHX 3MiH B Iajeoreorpa-
¢iuHili 00CTaHOBII B MeXax JIISHKA HE CIIOCTEPi-
raeTbcs, KOHQiryparis 0OyXiBCbKOTO OaceiHy, a
TAKO’)K YMOBH OCAQJIKOHAKONMYEHHS B 3arajbHUX
pucax OyjM yCHaJKOBaHI BiJi MOMEPEIHLOTO KHUIB-
cpKoro OaceliHy. Y ckiaji MIKpOOIOTH 3MiHHIIHCS
TIIbKY KEPiBHI BUAM: 3 SIBHIIUCS HOBI BHIU OpraHi-
KOCTIHHOT'O MIiKPOIUIAaHKTOHY, 110 BH3HAYalOTh 0a-
CEiH K 00yXiBCHKO-TIPHAOOHCHKHIA.

BypimITHHOBMICHUMU Ha JUISHIT JOCIIKSHHS
€ caMe BiIKIagu OOyXiBCBKOTO periosipycy/dacy.
Bonu 3ansararore Ha raumbusHax Big 1,0 mo 10,8 M,
YTBOPIOIOIOYM HEBUTPUMaHYy TOBILY MOTYXHICTIO
Bix 0,2 1o 5,6 M. KBapi-riaykoHITOBI micKu Ta Tii-
NIAHUCTI AJIEBPUTH, IO BMIIIYIOTh OYpIITHH, TYT
9acTO 3MIHIOIOTH OAWH OJHOTO, MEePEeMEKAIOTHCS 1
JH3YIOTHCS, MAIOTh B3a€MHI MEPEX0AU 3 TITMOUHOIO
Ta 1O MPOCTATaHHIO TOBII. LI HEOMHOPIAHICTD PO3-
pizy 00yMOBJICHA PO34JICHOBAHICTIO Pelbe(Y 100~
OyXiBCBKOI MOBEPXHi Ta aKTHBI3aLi€l0 TEKTOHIYHUX
pyxiB pi3HOi HampaBieHocTi. OOyXiBChbKi BiAKJIaAN
BHOKpEMIIEHI 3 0CcaJJ0BOI MOCTIIOBHOCTI 3a TPUCYT-
HICTIO KOMIUIEKCY KEpiBHUX Ta XapaKTEPHHUX BHUIIB
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Puc. 3. Cxema 3MiHH TIOJIOKEHHS 3AJIATAHHS BiJIKJIa/1iB 00YXiBCHKOTO PETiOsIpyCy BHACIIOK €BOIFOII{
JaBHIX TEKTOHIYHUX JOIHH (A — TIOBHE OIyCKaHHS OCHOBOI YaCTHHH JTOTWHU 31 30€pEKEHHAM BiIKIIaiB;
b — onyckanHs 01HOTO OOPTY JOJIMHHM 3 YaCTKOBOIO €pO3i€r0 BiAKIAIB; B — yaCTKOBE OIyCKaHHS OChOBOI

YACTHHHM JOJIMHH 3 HEMIOBHOIO €pO3i€ro BiAKIaIiB) /

Fig. 3. Scheme of changes in the position of sediments of the Obukhivian regional stage due to the evolution of ancient
tectonic valleys (A — complete lowering of the axial part of the valley with preservation of sediments; b — lowering
of one side of the valley with partial erosion of sediments; B — partial lowering of the axial part of the valley
with incomplete erosion of sediments)

JMHOIMCT 30HanbHOro inTepBamy DP11 (Rhombod-
inium  perforatum, Thalassiphora reticulata,
Th. pelagica, Th. fenestrata, Charlesdowniea clath-
rata subsp. angulosa, Glaphyrocysta semitecta,
Deflandrea phosphoritica, Heteraulacacysta
porosa, Areosphaeridium diktyoplokum, A. ebdonii,
Enneadocysta pectiniformis Ta in.) 6io3oHamBHOT
cxemu A.C. Arapeesoi-I puroposud [1].

Pexoncmpyxuyii. JliTonoro-MiHepasoridydi 0co-
OMMBOCTI OYpPHITUHOHOCHHX TIOPiJl OOYXiBCHKOTO
periosipycy B Mexax nuisiHkE «[IpaBoOepexHar»
BKa3ylOTh Ha iX (popMyBaHHS B yMOBax MIJIKOBOJI-
HOTO TNPHOEPEKHO-MOPCHKOTO OaceifHy 3 BHCOKHM
cTyneneMm OioTypOaii ocanky (puc. 2, ir. 3), axuii
XapaKTepu3yBaBCcsd aKTHBHUM JUHAMIYHUM PEXHU-
MOM BOJl (0OKaTaHICTh 3€pPEeH KBapily, TTIayKOHITY),
MPUCYTHICTIO HEBHCOKO IiJHATUX OCTPOBIB (Ha
BIIMIHY BiJI TaKWX KHIBCBKOTO 4acy), epOo3iiHUMH
Oeperamu, BIAJiHHAM Y HBOTO JPiOHMX MPiCHOBOJ-
HUX BOJOTOKIB, 10Ope BHPa)XEHOIO ApiIOHOMACIIITA-
OHOIO pUTMIKOIO OaceifHa (IIapyBaTa TEKCTypa:
nepemapyBaHHs ApiOHO-, cepeHbo- (puc. 2, ¢ir. 4)
Ta KpyMHO3epHUCTHX (pHc. 2, dir. 5) mickiB, anes-
PUTIB 3 YaCTUMM JICHITH30BAaHUMH IPOIIAPKAMHU
(puc. 2, ¢ir. 2)) Ha paHHIX CTalisX (HU3U-CEpPEANHA
pO3pi3iB) Ta 3araJbHUK TPEHJ IO 3MEHIICHHS 3ep-
HUCTOCTI YJIAMKOBOTO Marepiany (HaKOTHYEeHHs
QJIEBPUTIB) Ha Mi3HIX CTalisX (BepXu po3pi3iB) Ha-
KOIIMYEHHS BIJIKJIAIB.

BpaxoByroun BKpaii HEBEJIHUKI TIOTY>KHOCTI 00y-

XIBCBKHMX BIAKIAQMAIB, PO3yMi€MO, IO OOYXiBCBHKi
Binknaan AinssHkH «lIpaBoOepexHa» JeMOHCTPYIOTh
HaMm TiUTbkH 4acTuHY ((dparmeHT) 00yXiBCHKOIO
CeJMMEHTAIITHOTO MKy, TUM HE MEHIN Ii OCTaH-
i K «JIOKyMEHT» 30€epeKEHOTO TEOJIOTiYHOTO JIi-
TOIMCY JI03BOJISIFOTH HAaM EKCTPAIOIIOBATH BUCHOB-
KW TIpO TiJpoJiorito OaceliHy Ha Bech 00YXiBCBHKHIA
TPaHCTPECUBHO-PETPECUBHUI ITUKII.

AHani3 namiHodamii TiATBEPIKYE BUCHOBKH
no JitodamisM 1oA0 YMOB, SIKi CYHIPOBOKYBaIH
OypmrrHOHaKonM4YeHHs. OOYXiBCBbKI BIIKIAIW JIy-
’K€ HaCHU4eHi yciMa rpynamu namaomMopd (i Mopch-
KAMH, 1 HazeMHHMH). B Tabmuii HaBeneHi rpymnu
OpraHiKOCTIHHOTO MIKPOIJIaHKTOHY (JIMHOLUCTH
(1), npazunoditu (II), akputapxu (A)) Ta CymyTHI
imM 300Mikpodocumii («naminopopamiripepn», cKo-
JIEKOJIOHTH), MATiHOMOP(GU Ha3eMHHUX POCIHH (ITH-
JIOK, CTIOPH, TEMHOKOJIIpHi (DITOKIIACTH, POCITUHHUH
nebpic, KyTHUKYJIH, Tpaxeinu), siki Oyjau BU3HAUYCHI 3
00yXIBCHKUX OYpPIITHHOHOCHUX BIJKJIAMiB, 1 SIKi
MapKyIOTh €KOJIOro-Tajgeoreorpadiuny curyarimo /
PUYPOUYCHICTb.

Haii0inpm psICHUMU 10 BCHOMY PO3pi3y € MiK-
POCKOMIYHHN POCIUHHMKA JieOpic (Tpaxeinu, KyTH-
KyJIH, elifiepMalibHi TKAHUHU JIMCTKIB), 130MeTpHUYHI
Ta MOAOBXKEH1 YOpHI Henpo30pi (iTOKIACTH, HAMIB-
npo3opi PITOKIACTH KOPUYHEBOTO KOJIHOPY Ta yia-
MKH JIITHUTI30BaHOI JIEPEBHHH, SKI HagarOTh 00Y-
XIBCHKUM OCaJIKaM JIJITHKU KOPUYHIOBATOTO BiJITiH-
Ky (puc. 2, 4). Came gepes 1110 03HaKy (IIEBHY «KO-
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Tabnuys / Table

OcHOBHI ekoJoro-TajeoreorpadiuHi TPYH OPraHiKOCTIHHOTO MIKPOIIAHKTOHY Ta 1HIIMX KOMITOHEHTIB,
AK1 CKJIagaroTh naninoganii o0yxiBcbKHX BinkIaniB aAistHkH «IIpaBobepexnay /
The main ecological and paleogeographical groups of organic-walled microplankton and other components
constituting the palynofacies of the Obukhiv sediments of the «Pravoberezhnay area

TenjioBoaHi:

Homotryblium,

(II): Microdinium,

Hystrichokolpoma
rigaudiae, Deflandrea

KocMmonoutiTHi (eBpuTepmHi) (B Maci):

(J1): Enneadocysta, Cordosphaeridium,
Thalassiphora fenestrata, Achomosphaera,
Spiniferites, Pentadinium, Heteraulacacysta,
Wetzeliella, Rhombodinium, Charlesdowniea,

BixHOCHO X0J10JHOBOIHI:
(I): Thalassiphora pelagica,
Distatodinium elipticum,
Batiacasphaera

heteraphlycta (8 maci)
Deflandrea arcuata
Wilsonidium

Dapsilidinium, Lingulodinium, Hystri-
chokolpoma, Cribroperidinium,

(II): Deflandrea phosphoritica (8 maci)
(J1): Areosphaeridium

Phthanoperidinium

(I1): Tasmanites concinnus,
Pterospermella, Cymati-
osphaeropsis, Cymatiosphaera,
Cystidiopsis

(A): Paucilobimopha

ITiaBuiiena
COJIOHICTD.
BIJICYTHI

HopMmaabHa cosioHoCcTh (B Maci):
(J1): Deflandrea, Spiniferites,
Areosphaeridium, Enneadocysta,
Cordosphaeridium, Thalassiphora,
Dapsilidinium, Hystrichokolpoma

IToHu:KeHA COJIOHICTD:

(I): Cyclonephelium,
Adnatosphaeridium,
Phthanoperidinium,
Glaphyrocysta

Wetzeliella

Batiacasphaera

(IT) (B maci): Tasmanites con-
cinnus, Palambages, Pter-
ospermella, Cymati-
osphaeropsis, Cymatiosphaera,
Cystidiopsis

(A): Cyclopsiella (8 maci) Mi-
crhystridium, Paucilobimopha,
Horologinella

():

IIpubepesxno-
misikoBoaui: (J): Lin-
gulodinium, Microdinium,
Cribroperidinium, Spinif-
erites pseudofurcatus,
npi6Hi ricTpuxochepoinHi
muctu rpynu Incertae sedis
(A) Cyclopsiella (ellipti-
ca/granosa) (B maci)

(ID) (8 maci): Tasmanites
concinnus, Pterospermella,
Cymatiosphaeropsis, Cy-
matiosphaera, Cystidiopsis
(A): Leiosphaeridia

Heputnumi:

(J1): Achomosphaera, Spiniferites,
Areosphaeridium, Enneadocysta,
Cordosphaeridium, Thalassiphora,
Dapsilidinium, Hystrichokolpoma

(T): Homotryblium
Deflandrea spp.,
Wetzeliellacea

(A): Micrhystridium

Binkpuro-okeaniuHi:

(): Impagidinium (peectpy-
FOTHCSl OIMHWYHO B HIDKHIX
YaCTHHAX PO3pi3y)

«[aminodopaminidepm»
YopHi Ta HaIBIPO30pi BITOKIACTH
Cnopu

Pinaceae

«[aninodopaminidepm»
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Puc. 4. INaninodarii Ta xapakTepHi BUM OPraHiKOCTIHHOTO MIKPOIUIAHKTOHY 00YXiBCHKOTO Yacy
(minstaka «I[IpaBoOepexnay, Kutomupcrke [lomices):
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1 —cs. 1139, iatepBan 1,6-2,8 M, mMCKH KBapIIOBi 3 3epHAMH 1JILMEHITY, CBITJIO-CipyBaTO-KOPUYHEBI, TICPEBa-
JKHO JPiOHO-CePEAHbO3EPHUCTI, CITAOKO aleBPUTUCTI. TeMHOKOIIpHI Hempo30pi (d4opHi) diToknact (THK);
pociiHHuMi 1ebdpic (pa); auHonmctr: Rhombodinium perforatum (Rh.pe), Cordosphaeridium funiculatum (Cfu);
2 — cB. 2053, inTepBan 6,9-7,2 M, aJeBpUTH KBapLIOBI 3 JTyCOUKaMH CIIOJH MPO30POi, OEKEBO-KOPUIHEBI,
CBITJIO-KOPUYHEBI, 3 JOMIIIKOIO TOHKO3EPHUCTOTO KBAPILYy, BMIIIYIOTh BETUKY KiTbKICTh APIOHIX yITaMKiB
JirHiTH30BaHoi AepeBuHu. Pocauuuuii nebpic (pa); aunonuctu: Thalassiphora reticulata, ypusoxk (Th.re);
3 —cB. 2387, inTepBan 6,7-7,0 M, micky KBapIOBi 3 TOOJMHOKUMH 3€pPHAMH IJIayKOHITY, OexKeBo-cipi, cepe-
HBO-KpYMHO3epHHUCTI. Pocnuuumii nebpic (px); HamiBIpo3opi KopuyHeBi GiTokimactd (HPK).

4 — ripamya BUpoOKa 44, micku 1piOHO3EpHUCTI cepeHbOT YacTHHH 00yXiBChKUX BimkiamiB. PocinHauit
neopic (px); nuaoumctu: Adnatosphaeridium multispinosum (Ad), Areosphaeridium diktyoplokum (Ady),
Operculodinium (Op), Melitasphaeridium (Me);

5 — tam xe. Pocimunmii nebpic (px); nunormctw: Cleistosphaeridium (Cl), Thalassiphora pelagica (Th.pe),
Deflandrea phosphoritica (Dph), Cordosphaeridium gracile (Cgr), Membranophoridium aspinatum (Ma),
Achomosphaera (A); apymimkoswuii munok Pinaceae (P). MyckogiT (Mu);

6 — tam xe. Pocimunmii nebpic (px); nunommctw: Heteraulacacysta (He), Charlesdowniea (Ch), Cribroperi-
dinium (Cr); mpasunoditu: Tasmanites (T), akputapxu: Ovoidites (Ov); aByminikoBuii muiok Pinaceae (P).
MyckoBit (Mu), kBapii (Q);

7 — tam xe. Pocunnmii gedpic (pn); aunoreri: Rhombodinium perforatum.

8 — ripamua BupoOKa 44, MiCKU aleBPUTHCTI BEPXHHOI YaCTUHH 00yXiBCHKHX BifKIaAiB. TeMHOKOMIpHI He-
npo3opi (4opHi) pitoknactu (ThK); mpasunoditu: Palambages morulosa (Pm): akpurapxu: Planctonites
(P1); «maninodopaminidpepu» (F) /

Fig. 4. Palynofacies and characteristic species of organic-walled microplankton of the Obukhiv time
(Pravoberezhna site, Zhytomyr Polissya):

1 — borehole 1139, interval 1.6-2.8 m, quartz sands with ilmenite grains, lightly-greyish-brown, mostly fine-medium-
grained, weakly aleuritized. Dark-colored opaque (black) phytoclasts (t¢dk); plant debris (px); dinocysts: Rhombodini-
um perforatum (Rh.pe), Cordosphaeridium funiculatum (Cfu);

2 — borehole 2053, interval 6.9—-7.2 m, quartz silty with scales of transparent mica, beige-brown, light brown, with an
admixture of fine-grained quartz, contain a large number of small fragments of lignified wood. Plant debris (px); dino-
cysts: Thalassiphora reticulata, fragment (Th.re);

3 — borehole 2387, interval 6.7-7.0 m, quartz sands with single glauconite grains, beige-gray, medium-coarse grained.
Plant debris (px); translucent brown phytoclasts (a¢x);

4 — mine working 44, fine-grained sands of the middle part of the Obukhiv deposits. Plant debris (px); dinocysts: Adnato-
sphaeridium multispinosum (Ad), Areosphaeridium diktyoplokum (Ady), Operculodinium (Op), Melitasphaeridium (Me);
5 — ibid. Plant debris (px); dinocysts: Cleistosphaeridium (Cl), Thalassiphora pelagica (Th.pe), Deflandrea
phosphoritica (Dph), Cordosphaeridium gracile (Cgr), Membranophoridium aspinatum (Ma), Achomosphaera (A);
bissacate pollen: Pinaceae (P). Muscovite (Mu);

6 — ibid. Plant debris (px); dinocysts: Heteraulacacysta (He), Charlesdowniea (Ch), Cribroperidinium (Cr); prasino-
phytes: Tasmanites (T), acritarchs: Ovoidites (Ov); bissacate pollen: Pinaceae (P). Muscovite (Mu), quartz (Q);

7 — ibid. Plant debris (px); dinocysts: Rhombodinium perforatum.

8 — mine working 44, silty sands of the upper part of the Obukhiv deposits. Dark-colored opaque (black) phytoclasts
(rdx); prasinophytes: Palambages morulosa (Pm): acritarchs: Planctonites (PI); «palynoforaminifera» (F).

PUYHIOBATICTH»), 3a BIJCYTHOCTI MaJiHOJOTIYHUX
(ayIcOHTONIOTIHUX) BH3HAUEHb, BIJIKIAIU BIJIKIAIH
Baparticbko-IlepaHChbkoi 30HU BIJHOCHIIM Ta BiJI-
HOCSTB JI0 MEXKHUTIPCHKO-0JTironeHoBux [6,8,9,13,14].

Bennka KinbKiCTh POCIMHHUX 3aMLIKIB (1€0-
picy, KpylHUX YIaMKiB) (pHc. 4) 0 BCbOMY poO3pi3y
BKa3ye Ha BUCOKY TipOAMHAMIKy MOPCBHKOro Oa-
CeiHy, MIJIKOBOJIHICTb Ta OJIIM3bKicTh OEperoBoi JiHii
y Bech nepiof GopMyBaHHSI 00YXiBCHKHX BIIKJIAIIB.
Ha MinKoBOIHICTh BKa3y€e 1 JOMIHYIOUHH KOMILICKC
JUHOLIMCT — MIMPOKWUH PO3BUTOK Ae(ISHAPOBHX,
BETIIEIIENOBUX, «maninodopaminidep» (Elphidium
(puc. 4, dir. 8) ta iHmi cripaibHi GopmMu) — iHAWKA-
TOpiB MPUOEPEKHO-MOPCHKUX Ta BHYTPIIIHHOHEPH-
TUYHUX 00CTaHOBOK (UB. Tabnwuiro Ta puc. 4). Tum
He MeHI 0aceiiH MaB JJOCTaTHLO BUIBHUN BOJOOMIH
3 OUTBII TTUOOKOBUIHUMH JifsHKaMu [Ipumn’ sTcbkoi

npotoku (mupokuii possurok Spiniferites spp.,
Achomosphaera spp., Enneadocysta spp. Ta iHmux
XOpaTHUX IIUCT), Yepe3 sIKy BUBUEHHU OacelH crio-
Jmy4aBcs 3 HiBHIUHUMH OaceiiHamu €Bponu Ta Oa-
ceiitnoM JlHinmpoBchko-JloHelpKoi 3anaaunu. Pi3zHo-
MAaHITTS BIIHOCHO XOJIOMHOBOIHHUX BHJIIB Je(IISHI-
poBux (puc. 4, ¢ir. 5) Bkazye Ha JesiKe 3HMKCHHS
TEMIIEpPaTypy IOBEPXHEBHUX BOJ[ y IOPIBHAHHI 3
0aceiiHOM KHUIBCHKOTO 4acy. THM HE MEHII, acollia-
1iss 00yXIBCHKOTO Yacy CBIIYHMTh PO TEMIEpPaTypy
BOJ He HIkue cyOTpomiunoi (+20°...+25°C), Ha mo
BKa3y€ BHCOKHI BMICT TCILUIOBOAHUX BUIIB AUHODI-
ToBHX (710 20%), cepel SIKUX TPUCYTHI y TOMY YHCI
1 TeruioBogHI Buau aednsHaposux (D. arcuata (mo
1%)), pi3HOMaHiTHICTE eBpuTepMHUX (70 20%),
ocobmmeo xoparaux Cordosphaeridium, Spiniferites/
Achomosphaera (no 16%; puc. 4, ¢ir. 1, 4, 5).
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BinMiHHOIO pHCOI0 OOYXiBCBKOrO OaceiiHy B
Mexax aunstHkn «[IpubepexHay, Mo BiApi3HIE HOTO
BiJ OaceliHy KHiBCBKOTO dYacy, L€ Ay)K€ LIMPOKHUN
PO3BHUTOK Mpa3nHO(]iTOBOI adbroguiopu i aKpuTapx
(muB. Tabmmmto, puc. 4), MO BigOWBae 3araibHY
TEHJICHIIIIO 3HIDKEHHS TeMIIepaTypH KiHIIS €OleHY.
KinbkicHO BOHM He YCTYMaroTh TUHOLKCTAM, IO
TaKOXX CBITYATH PO MUIKOBOAHICTH OaceifHy Ta
3HAYHMAN MPUTIK MPICHUX BOAY Y MOPCHKHI OaceiH,
IO CIOPHYUHSB 3HWKEHHS coioHOcTi. Yactumu B
naniHodauisx € Ovoidites (puc. 4, ¢ir. 6), sxuit
BHCTYTIA€ SIK 1HIWKATOp ICHYBaHHS MPiICHOBOIHUX
OoniT Ha cymi mnoOnusy. KomoniameHi BoOmopocTi
Palambages (puc. 4, ¢ir. 8) Takox MOKa3ylOTh Ha
YMOBH 00pOi JOCTaBKH MpicHOI Boau y Mope. Ce-
pen crop 1 MUKy HAa3eMHUX POCIHH B MamiHO(arii
JoMiHye TIIOK ronoHaciHaux (Pinaceae), omocep-
KOBAaHO BKa3ye Ha ONHM3BKICTh OeperoBoi JiHii, ocKi-
JBKA TeW TMHIOK PO3HOCUTHCS BITPOM 1 PIYKOBUMHU
MMOTOKaMH Ha Jy>Ke 3HauHI BiJICTaHI.

Ipuypouenicmov Oypwmuny. Hammmu mocii-
JDKEHHSIMH, CIHMPAIOYNCh HA JIeTallbHE BUBUCHHS
JIITONOTIYHUX OCOOJIMBOCTEH 1 KOMIUICKCIB MaIiHO-
0i0TH, JTOBEICHO, 1110 3 O0YXIBCHKUX HAMOIIbII IIPO-
JNYKTUBHUMHU Ha OypIITHH B Mexax ninstHku «[Ipa-
BOOEpekHa) BUSBWINCS BiIKIAIW MIMIAHI 1 MIaHO-
AJIEBPHUTOBI, IO MPUYPOUEHI J0 HAKOLIBII MiIIKOBO-
THHX Qamniil — mpudepexHe MITKOBOAIS, MaIeoIeIb-
TH, B 30HaX PO3TPY30K NPICHOBOJHUX MOTOKIB, AKi
3a OpPTraHiKOCTIHHAM MiKpPOIUIAHKTOHOM MapKYIOTh-
cs sik OaraTi Ha ipa3uHOQITOBI 1 akpuTapxu (Mapu 3
Tasmanites, Cymatiosphaera, Cyclopsiella).

OOyxiBcbki Bimknmaau aisHKU «IIpaBoGepex-
Ha» YacTKOBO TEPEKPHBAIOTHCS BiJIKIIaJlaMH HEOTe-
Hy (aneBpurtu 3 Pediastrum (acme) [15]), sxi dop-
MYBAJIMCh BKE B KOHTUHEHTAILHUX YMOBaX.

BucHoBku. KoMIUIeKCHI PEKOHCTPYKIIi yMOB
HaKOMMYEeHHsI 0cajioBoi (00yXiBChKO1) TOBIII B Me-
’kKax TorovyacHoro mnaneodaceitHa YKUTOMHPCHKOTO
[Momicest MO3BOMSAIOTH OLIHUTH OCOOJIMBOCTI CEIH-
MeHTallii, mnaneoreorpadii, mameoreoMopgoorii,
no crpuse epeKTHBHUM TONIyKaM Ha OypINTHH.
Takuii HampsM JOCHTIPKEHb JOMOMArae pO3KPUTH
BHYTPIITHIO IIAPyBaTy CTPYKTYPY PI3HUMH METOJa-
MU Ta BIAITBOPUTH MOJIETh PO3BUTKY Maje00aceliny.

OTpumaHi pe3yabTaTd BHOCATH KOPEKTHUBH /10

ICHYIOUHX VSBJICHD TIPO MEXKI TOMUPEHHS 00yXiBCh-
KO-TIPUA0OHCHKUX BIJIKJIATIB BIIMO YKPaiHCHKOTO
muTa 3 niBHo4i. I[TaaiHOTOTTYHUMH 10 CIIIKEHHIMHA
JIOBEJICHA BIJICYTHICTh MEKUTIPCHKUX  BIJKIIAIIB
omironeHy B Mexax aumaHku «lIpaBoGepexHay,
X04a paHimie I Biakigaawm 300pakyBanucs TYyT Ha
TeOoJIOTIYHUX KapTax [6]. Beaxkaemo, 1110 mpeaMeTom
OKpPEMHUX KOMITIEKCHUX (JTITOJIOTO-TTAIIHONIOT14-HHUX )
JIOCITI/KEHB € yB’sI3Ka BUAUICHUX JTiTo(amii disH-
Kd (HallMX TaK 3BaHUX MaKpOCKOMIYHO HIMHX TO-
BII) 3 MOJIOCKOBUMHU JiTodauismu, onucanum J1.€.
Maxkapenkom [8, 9], sKi 31 cxomy 1 miBHOYI oOpam-
10Tk MinsHKy «[IpaBoOepekHa» (3 METOo BUSiC-
HEHHS X OJIHOBIKOBOCTI/Pi3HOBIKOBOCTI), sIKi ILIa-
HYIOTbCSI HAMH I TOoAaibinoi podoru. Brymi mi
JlaHI MOXYTh B TONAJBIIOMY OyTH BpaxoBaHI IPHU
akTyajizalii majgeoreorpagiyaux (Ta Jitonsoro-ga-
[miaJhbHUX) KapT TepuTopii Ykpaincekoro Ilomices
Mi3HBOTO €OIICHY.

Brepiie mi1st Teputopii A0CHiKEHHS T0BECHA
NPUYPOYCHICTh MOKIAAiB OypIITHHY 10 OOyXiBCh-
KuX (pO3MISAaeMO iX SK TEPBUHHI PO3CHIH, IO
(opmyBasucs B MOPCHKOMY 00YXiBCHKOMY OaceliHy)
BIJIKJIQJIIB €OLICHY, & HE JI0 MEXKUTIPCHKHUX BiJIKJIaIiB
OJIITOIIEHY, SIK ICHY€E yCTalleHa TyMKa.

[Taneobaceiin, sxkuii chopMyBaB MOKIAAH Oyp-
IITHHY B OOYXIBCBKUH Yac, XapaKTepU3yBaBCs HOP-
MaJIBHOIO COJIOHICTIO 3 TCHJCHLIIEIO 10 OMpPiCHEHHS
Ta 3HIWKEHHS TeMIepaTypu IOBEPXHEBUX BOJ, He-
BEJIMKUMHU TIHOWHAaMU (Tlepr JEecSITKH METPiB),
OnM3BKICTIO OeperoBoi JiHii, BEIMKAM MPHUHOCOM 13
CyIllli POCIWHHOTO JeOpicy, ylTaMKiB [epeBHHHU, Yy
TOMY YHCJII BUKOITHUX CMOJI B 30HY CEAMMEHTALll.

Bupimenns nmpobiem naneoreorpadii € ogHiero
3 BOXJIMBUX 33/1au BHBYEHHS OCAJOBUX TOBII Ta
NPUYPOYCHUX 10 HUX KOPHCHHX KomanuH. Enemen-
TH majeoreorpapiyHuX pPEeKOHCTPYKIIH HEOOXimHi
Ta BaYKJIMBI MPH T€OJOr03HIMAIBHAX Ta MOUTYKOBUX
poboTax Ha OypIITHH.

Hocniooxcenns euxonysanuca 6 pamkax pooim
KIIKBK 6541030 «Pospobxa ma anpobayis cmpa-
muepagiunoi moodeni ocadosux bacetinie naieozemy,
HeoceHy ma xeapmepy Yxpainuy (Oepoicasnuil pe-
ecmpayitinuti Homep 0122U001698) ma eeonozopo-
36i0y8anvrux pobim Ha oypwimun, axe euxonye TOB

«/[PIB I'EO».

Cnucok euxopucmanoi rimepamypu
1. Amnac ounoyucm naneocena Yxpaunwi, Poccuu u conpedenvuvix cmpan | A.C. Anopeesa-I pucoposuy, H.1. 3ano-
poorcey, T.B. lllesuenxo, I'H. Anexcanopoea, O.H. Bacunvesa, A.U. xoeresa, A.b. Cmomnano, H.A. Caguykas.

Kues: Hayxk. oymxa, 2011. 224 c.

2. bozoacapos M.A., Komnes A.A., Kpunuykas M.B., Hecmepoeckuii B.A., [lempose H.II1. I'eonozo-eenemuueckas mo-
odenv sHmapeHocHvlx omaoxcenutl benapycu u Ykpaunvt. Byuonwis 3anicki, 2014. Buin. 10, u. 2 IIpvipodasnayusis

nasyxi, C. 98-109.

3. Bocumosuu B.IO., lllesuenxo T.B. Emanu possumky ocadosux 6aceunie Ilisniunoi Yrpainu 6 naneozeni. 36. Hayk.
npays ITH HAH Yxpainu. 2014. T. 7. C. 83-100. DOI: https://doi.org/10.30836/igs.2522-9753.2014.146855

-117 -


https://doi.org/10.30836/igs.2522-9753.2014.146855

Cepisi «[eonoezisi. [eozpadbisi. Ekonozisiy, 2024, sunyck 61

4. 3ocumosuu B.FO., llesuenxo T.B. Ilaneocenogi ioknadu Ilieniunoykpaincokoi naneoceoumeHmayiunoi nposiHyii.
36. nayx. npaye IITH HAH Vkpainu. 2015. T. 8. C. 68-121. DOI: https://doi.org/10.30836/igs.2522-
9753.2015.146712

5. Kpunuyvrxa M. B., [lInupxa B. M. Tepumopianvre paiionysanus OypumuHoemicHux niow Ykpainu 6 ceimui ix iepa-
PXIYHO20 NiONOPAOKY6anHs. YKkpaincokuul Oypuimunosuil ceim - mezu 0onosgioeil /[pyeoi MidjcHapoOHoi KoHgpepenyii
16-17 orcosmnua 2008 p. K., 2008. C. 12-13.

6. Masyp M.J[., Bina T.O., [po3oeyvkuii B.B. ma in. I'eonoziuna 6y0osa ma KOpucHi KonaiuHu eepxieé's p. Yoopmeo.
36im npo eeonoziune dosusuenus mepumopii apkyuwia M-35-X (Onescvk) macuma6by 1:200 000. Kuis, 2010. T. 1,
281 c. T 4, 259 c. IIJPI'TI «lliguiuzeonociay. Pienencoka I'E. @onou JI1 « Vkpainceka 2eonociuna KOMRAHIsAY.

7. Mamuyp C.B. JJo obrpynmyeanna eudinenus Ilepocancovrkozo Oypuimurnonocrozo paiiony. Mamepianu XIII Bceykpa-
iHCbKOT MON00IXHCHOI HayKosoi KoHpepenyii - wikoau « Cyuachi npobnemu nayk npo 3emnroy. Kuis, 2023. C. 16-18.

8. Maxapenxo /1.€. Jo cmpamuepaghii nanreocenosux 6ioxnadie Onescvrkozo paiiony, Kumomupcokoi oonacmi. [JAH
VPCP, 1958, Ne4. C. 59-61.

9. Maxapenxo /[.€. [laneocenosi 6ioknaou nisHiuHO-3axiOHOI wacmunu Ykpaincokoeo kpucmaniynozo wuma. Ieon.
arcypr. 1959. T 19. Bun. 1. C. 47-56.

10. Mayyi B.M., Hecmeposckuii B.A. Anmape YVkpaunwsl (cocmosnue npoonemst). Kues, 1995. 55 c.

11. Mensruuyk B.I", Kpunuyvka M.B. Bypwmun [loniccs. JJosionux. Piene: HYBITI, 2018. 236 c.

12. Haymenxo V.3., Mayyii B.M. Kapma éuxonnux cmon Yxpainu. Minepanwni pecypcu Yipainu, (4) 2020. C. 13-17.

13. Cmpamuepaguueckas cxema paneposoiickux obpazosanuii Ykpaunsl 08 2e0102UHEeCKUX KAPm HOB020 NOKOJEHUS.
I'paguueckue npunooscenus. Tabruywl. Kues, 1993.

14. Cmpamuepagpia YPCP. T. 9. [laneocen. Kueg: Buo-eo AH YPCP, 1963. 319 c.

15. lllesuenxo T.B., Kypena A.C., Pabokonv T.C., 3ocumosuu B.IO. Hoswie Oanuvie no cmpamuepaghuu cpeonezo-
8EPXHE20 I0YEeHAa cesepo-3anaonozo pationa Ykpaunckozo wuma (Yxpauna). I'eoepaguueckue acnexmol ycmouyu-
6020 pazsumusi pecuornos: Mamepuanwt IV mesxcdynapoonoil nayuno-npaxmuueckou kongpepenyuu. Iomenn, 2021. C.
275-279.

16. lllesuenxo T.B., Kypena A.C., Paboxonv T.C., Mamuyp C.B., 3ocumosuu B.FO. Eoyenosi ma onicoyenosi MopcoKi
giokaaou Yxpaincokozo Iloniccsa: noei mikponaneonmonoeiuni oaui. Eeontoyis opeaniunoeo ceimy ax ocnosa cmpa-
muepaii i kopensayii paneposoticokux iokaadie Yipainu: Mamepiaru mioicnapoo. koug. ma XL cecii’ Ykpaincoko-
2o Ianeonmonoe. mosapucmea HAH Ykpainu, npucesauenux namw’ami akad. HAH Vkpainu Ilempa ®@eodociiiosuya
Toorcuka. (Kuis, 10-12 aucmonada 2021 p.), 2021. C. 64-65.

17. Axoenceéa B. B., Ilanuenxo B. I1. Bypwmun 3axionoeo Ionicca ma inwux pecionie Ykpainu. Ilpupoda 3axionoeo
Honicca ma npuneznux mepumopiii: 360. nayk. np. Jlyyox, 2004, C. 23-32.

18. Gedl P. Eocene dinoflagellate cysts from the Popiele beds at Koniusza (Skole Nappe, Flysch Carpathians, Poland):
taxonomy, biostratigraphy, and palaeoenvironmental reconstruction of a marginal marine basin. Studia Geologica
Polonica. 2013. Vol. 135. 197 p.

19. Mendonga Filho J.G., Menezes T.R., Mendonca J.O. et al. Organic Facies: Palynofacies and Organic Geochemistry
Approaches Geochemistry. Geochemistry. Earth and System Processes. 2012. Vol. 1. P. 211-245,

20. Palcu D.V,, Krijgsman W. The dire straits of Paratethys: gateways to the anoxic giant of Eurasia. Geological Society
Special Publication, 2021. Vol. 523, pp. 111-139 DOI: https://doi.org/10.1144/SP523-2021-73

BHecOK aBTOpiB: BCi aBTOpW 3p06MAN PiBHUIN BHECOK Y L0 poboTy
KoHdniKT iHTepeciB: aBTOpu NOBiIAOMAAOTb NPO BiACYTHICTb KOHONIKTY iHTepeciB

-118 -


https://doi.org/10.30836/igs.2522-9753.2015.146712
https://doi.org/10.30836/igs.2522-9753.2015.146712
https://doi.org/10.1144/SP523-2021-73

ISSN 2410-7360 BicHuk XapKiecbK020 HauioHa/ibHO20 YHieepcumemy imeHi B.H. KapasiHa

The Paleogeographic Conditions for the Late Eocene sediments
of Zhytomyr Polissya in connection with their amber content
(on the example of the «Pravoberezhnay site)

Tetiana Shevchenko ?

PhD (Geology), Senior Researcher

Department of stratigraphy and paleontology of the Cenozoic deposits,
Hnstitute of Geological Sciences of the NAS of Ukraine, Kyiv, Ukraing;
Serhii Mamchur 2

PhD student, Faculty of Geology,

2 lvan Franko National University of Lviv, Lviv, Ukraine;

Yaroslav Kurepa 3

PhD (Geology), Geologist, 3 «DRIV GEO» LLP, Rivne, Ukraine;
Andriy Matveyev 4

DSc (Geology), Associate Professor,

Department of Fundamental and Applied Geology,

4V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

ABSTRACT

Problems Statement and Purpose. The work is relevant because of the need to create a reliable history of the
formation of the physical and geographical environment of the Paleogene in the territory of Zhytomyr Polissya to deci-
pher the processes of amber accumulation. In accordance with the mineragenic zoning, the territory of the amber-
bearing site "Pravoberezhna™ is located within the Perha amber-bearing region. The latter is located within the Volyn-
Podilskyi plutonic belt and is separated from the adjacent regions by the Hlynnensky and Sushchan-Perha tectonic
zones. The main difference between the Klesiv-Rokytnyansky, Sloveschansky-Ovrutsky and Barashiv-Perha amber-
bearing zones is the different age of the amber-bearing rocks.

Data and Methods. A comprehensive lithological-micropaleontological and palynofacial analysis of amber-
bearing deposits of the «Pravoberezhna» site of the Perha amber-bearing district of Zhytomyr Polissya was conducted.
38 sections exposing Paleogene deposits have been described.

Results and Discussion. The age of the host rocks was reinterpreted based on dinocysts. For the first time in this
territory, the dating of amber deposits to the Late Eocene interval was proven. The Obukhiv sediments, isolated from
the Paleogene sequence, are characterized by a complex of dinocysts from Rhombodinium perforatum, Thalassiphora
reticulata, Charlesdowniea clathrata angulosa, Glaphyrocysta semitecta, etc. zone DP11 of the biozonal scheme of
A.S. Andreeva-Grigorovich (1991). The granulometric and material composition of the Obukhivian sediments was
studied. A model scheme shows the change in the occurrence of sediments of the Obukhiv regiostage according to the
evolution of ancient tectonic valleys. New data about the Obukhiv marine palynological association within the
«Pravoberezhnay site which contributes to the little-studied area of marine environments of the Late Eocene of North-
ern Ukraine was presented. Palynobiota includes representatives of Dinoflagellata, Prasynophyta, Acritarcha, pollen and
spores of terrestrial plants, as well as transparent and opaque phytoclasts, fungal palynomorphs, «palynoforaminiferay,
scolecodonts. Palynofacies analysis shows that the sediments containing amber deposits within the «Pravoberezhnay
site were formed by a shallow warm sea with high hydrodynamics under the high influence of river systems. It was
found that the largest accumulations of amber are probably associated with paleodelta facies.

Keywords: organic-walled microplankton, sediments of the Obukhivian Regiostage, Priabonian Stage, stratigra-
phy, paleogeography, Perha amber-bearing region, Northern Ukraine.
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ABSTRACT

Problem Statement. Strategic spatial planning in Ukraine focuses mainly on economic aspects and takes less into account the
environmental consequences of planned activities, which may be threatening to natural and cultural heritage. This is explained, in
particular, by the insufficient number of trained specialists for planning sustainable spatial development. It is especially important to
integrate scientific natural research into educational programs for training specialists in spatial planning, which include the study of
geodiversity, the evolution of natural and cultural landscapes, methods of creating nature conservation areas, the formation of eco-
networks, as well as the introduction of innovative technologies in land use and various branches of the national economy. Such
research is the basis for developing community strategy and achieving the Sustainable Development Goals (SDGs), effective territo-
rial management and successful spatial planning practices.

The purpose of the article is to consider strategic spatial planning as a modern interdisciplinary field that integrating social,
economic, and ecological aspects of sustainable spatial development.

Research methodology proposes an interdisciplinary approach to strategic planning, which takes into account the geodiversity
of the territory, the evolution of natural and cultural landscapes, as well as natural and anthropogenic risks. This approach makes it
possible to predict optimal scenarios of spatial development, adapted to specific geographical conditions. Special attention is paid to
the training of highly qualified specialists at the bachelor's and master's levels, emphasizing their important role in the development
of strategic plans, which are the basis of comprehensive plans for the spatial development of territorial communities.

The results. The article presents scientific approaches to strategic planning based on an interdisciplinary study of territories. This
study highlights the international experience of strategic planning and similar successful practices in Ukraine territorial communities.

Scientific novelty. The study provides a theoretical basis for the mandatory integration of natural science research into strate-
gic spatial planning. This includes data on geodiversity, natural settings and resources, cultural and natural landscapes, nature re-
serves and ecological networks. The combination of this information with the data of the land and urban cadasters creates a compre-
hensive basis for determining the optimal scenarios of spatial development.

Practical significance. The results of this study can be applied to improve the methodology of strategic spatial planning at the
local level. Generalized international experience is a valuable guide for setting long-term spatial development goals and implement-
ing specific measures to achieve them. Practical aspects of spatial planning, such as innovative land use systems, implementation of
renewable energy sources, inclusive residential and public spaces, protection and preservation of natural and cultural heritage, are
illustrated by specific examples discussed in the article. This study is useful for professionals in spatial planning and community
management, as well as for researchers, teachers, and students who focus on integrating natural science research into the practice of
spatial development.

Keywords: strategic spatial planning, geodiversity, eco-network, natural and cultural heritage, international experience, terri-
torial communities of Ukraine.

In cites: Bortnyk Sergii, Lavruk Tetiana, Peresadko Vilina. (2024). Strategic spatial planning of territorial communities to achieve the Sustainable
Development Goals. Visnyk of V. N. Karazin Kharkiv National University, series "Geology. Geography. Ecology"”, (61), 121-136.
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Statement of the problem. The development each territorial community, region, and state. Ac-
strategy is an important stage of spatial planning of  cording to experts, such a consistent approach to
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spatial planning with constant coordination of local,
regional, and national spatial development programs
and projects is one of the advantages of decentrali-
zation processes, particularly in the field of land
management. However, the results of decentraliza-
tion in Ukraine indicate certain challenges in the
development of the strategies, which should become
the basis of the Comprehensive Plans for the Spatial
Development of the Territories of Territorial Com-
munities.

Even the most economically active communi-
ties need a comprehensive assessment of the natural
potential of their territories to choose the optimal
scenario of spatial development. The analysis of
strategies developed by territorial communities indi-
cates the need for more careful planning of the envi-
ronmental component. The main reason for this is
the insufficient awareness of local authorities and
the public about the natural aspects of spatial plan-
ning, especially about the need for careful and safe
use of natural conditions and resources, as well as
about the possibilities of preserving and multiplying
natural and cultural heritage. In this context, the use
of international spatial planning experience to
achieve the Sustainable Development Goals is es-
sential.

Analysis of Recent Studies and Publications.
According to the researchers, spatial planning is
essential in achieving the Sustainable Development
Goals [28], particularly in land management, socio-
economic development, and solving environmental
problems, such as climate change, biodiversity con-
servation, and food and energy security.

A focus on the problems of cities dominates the
theory and practice of spatial planning. Until recent-
ly, rural areas were considered purely agricultural or
picturesque landscapes that served as buffers against
anthropogenic pressure. Less attention was paid to
the village's social problems. Spatial planning must
promote rural spatial development, emphasizing that
well-being and quality of life should be public poli-
cy objectives. Nick Gallent et al. (2015) underlines
the composite nature of rural planning, which com-
bines land-use and spatial planning elements with
community action, countryside management, and
the projects and programs of national and supra-
national agencies and organizations [22]. These
scholars stress the need for governance mechanisms
to implement integrated solutions for urban and
rural areas and argue that there is a direct connection
between ecosystem service consumption and global
challenges such as habitat degradation, climate
change, and resource scarcity.

Future progress in achieving the Sustainable
Development Goals is linked to scientific research,
technology, and innovation [28]. A significant role
in this process is attributed to Earth observation

(EO) and geolocation data provided by Global Nav-
igation Satellite Systems (GNSS). Earth observation
involves the collection of information about the
physical, chemical, and biological characteristics of
our planet, enabling the monitoring and assessment
of changes in both natural and anthropogenic envi-
ronments. This is accomplished through remote
sensing technologies, such as meteorological satel-
lite data [15]. Satellites equipped with specialized
sensors provide data on the atmosphere, Earth’s
surface, oceans, ice coverage, and ecosystem health.

Geolocation, particularly GNSS, is utilized in
various fields, including transportation, telecommu-
nications, geodesy, mining, precision agriculture,
finance, high-accuracy applications, and scientific
research. Such applications include measuring the
effects of space weather on Earth, monitoring earth-
guakes, and studying climate change. Satellite tele-
communications (SatCom) also contribute to several
SDGs (e.g., 4, 15, and 16). Some fields, such as
precision agriculture, benefit from using EO, GNSS,
and SatCom technologies.

In a study titled Space for the Sustainable De-
velopment Goals (2021), 506 projects were ana-
lyzed, identifying 1,542 connections to various
SDGs and targets, demonstrating that each project
contributes to an average of more than three SDGs
or targets. The project with the most connections to
various SDGs was the SatCom initiative "Every
Child Online" (ECO). This initiative supports SDG
4 (Quality Education) by enabling access to high-
speed Internet, specialized educational online con-
tent, and opportunities for remote learning and life-
long education. Such benefits are especially relevant
for remote and isolated communities [5].

The 2030 Agenda for Sustainable Development
emphasizes that organizations engaged in space
research should align their activities with interna-
tional frameworks to achieve the SDGs.

Unresolved Aspects of the General Problem.
In Ukraine, spatial planning is undergoing a new
phase, marked by the development of a Comprehen-
sive Plan for the spatial development of territories of
Territorial Communities, which has already been
initiated in at least one-third of territorial communi-
ties (TCs). This process must be preceded by a Spa-
tial Development Strategy based on an in-depth
interdisciplinary analysis of natural, social, econom-
ic, technological, and environmental factors. Inte-
grating such interdisciplinary research into practice
substantially enhances the potential for achieving
the SDGs.

In Ukraine, state institutions and public organi-
zations are actively addressing issues of spatial
planning. Among them are the Ministry for Com-
munities and Territories Development of Ukraine
[6], the All-Ukrainian Association of Communities
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[2], and the Association of Ukrainian Cities [3].
Numerous international organizations also play a
significant role in advancing spatial planning in the
country. Notably, the United States Agency for In-
ternational Development (USAID) Agriculture and
Rural Development Program (AGRO) [29] has de-
veloped a range of educational materials and practi-
cal guidelines for preparing comprehensive spatial
development plans for communities These resources
were created based on the outcomes of pilot projects
conducted in the Pisochynska and Rohanska territo-
rial communities in the Kharkiv region. Additional-
ly, the AGRO program collaborates with territorial
communities and higher education institutions
across Ukraine, integrating its spatial planning
methodology into educational processes aimed at
preparing future specialists in this field [18, 19].

Unresolved issues include the justification of
strategic planning methodology, the development of
guidelines for forecasting balanced growth, and the
creation of local-level geoportals to serve as refer-
ence tools for government officials and profession-
als. Additionally, there is a need to establish a uni-
fied list of mandatory thematic cartographic materi-
als to visualize data on the status of territorial com-
munities and regions in the country [1]. For exam-
ple, precision farming requires detailed topography,
soil mapping, and crop yield indicators.

Main Content. Strategic spatial planning
serves as a reliable instrument for achieving the
Sustainable Development Goals, encompassing
numerous interconnected themes that demand inter-
disciplinary analysis. A thematic overview of inter-
national projects provides valuable insights into the
implementation of SDGs through the application of
strategic spatial planning. These themes include
improving land use systems, fostering economic
sustainability and technological innovation, optimiz-
ing resources and enhancing energy efficiency, pro-
moting social inclusiveness, protecting cultural her-
itage and the identity of territorial communities,
developing green infrastructure and ecological net-
works, and advancing participatory governance. The
following sections explore the experience of strate-
gic planning in the European Union and the poten-
tial for adapting similar practices in Ukraine.

Improvement of Land Use Systems. Strategic
spatial planning aims to ensure a balanced allocation
of land resources, addressing the dual priorities of
urbanization and the preservation of natural ecosys-
tems. This is one of the challenges of our time and
aligns with numerous SDGs, including Goals1-3, 6,
11, 12, and 15. These goals focus on eradicating
poverty and hunger, ensuring food security, promot-
ing sustainable agricultural development, creating
sustainable cities and settlements, preserving terres-
trial ecosystems, protecting biodiversity, and reduc-

ing habitat loss. Preservation of geodiversity is im-
portant not only for the purpose of protecting biodi-
versity but also as a foundation for sustainable natu-
ral resource management. Geodiversity directly
determines the natural potential of each territory and
the possibilities for its sustainable spatial deve-
lopment.

The first two Goals aim to eradicate poverty
and hunger, which are interrelated in many ways.
Above all, this requires ensuring that everyone has
access to safe, nutritious and sufficient food. The
July 2024 High-Level Political Forum on Sustaina-
ble Development noted that Goal 2 faces multiple
challenges and reflects worrying trends: 600 million
people are expected to still be hungry by 2030, and
the prevalence of malnutrition has increased by
10%. Many countries are now struggling with the
twin problems of undernutrition and obesity. Global
obesity rates have increased from 9% in 2005 to
16% in 2022. None of the 193 UN member states
have achieved SDG 2 (Sustainable Development
Report, 2024) [26].

Land use practices play a crucial role in the
stability of geosystems and achievement the Goal 2.
Agriculture accounts for more than half of the
Earth's land use and 70% of freshwater consump-
tion. This is closely related to worsening climate
change and increasing water scarcity. At least one-
third of global human-caused greenhouse gas emis-
sions are related to land-use practices.

By 2030, the plan is to double the agricultural
productivity and the incomes of small-scale food
producers by ensuring secure and equitable access to
land, productive resources, knowledge, financial
services, markets, value-added opportunities and
employment in the non-agricultural sector. SDG 2.4
calls for sustainable food production systems and
the implementation of sustainable agricultural prac-
tices [28].

These methods aim to support ecosystem func-
tions, increase adaptability to climate change and
extreme weather events, and improve soil quality. In
addition, it promotes increased investment, includ-
ing through enhanced international cooperation, in
rural infrastructure, agricultural research, technolo-
gy development, and related advisory services.
Achieving these goals largely depends on the strate-
gy for the development of agricultural production
and the spatial development of rural areas.

The European Union has established a Com-
mon Agricultural Policy (CAP) as a framework for
the spatial development of rural areas. The CAP
includes initiatives such as the Innovation Partner-
ship for Agricultural Productivity and Sustainability
(EIP-AGRI) project, which provides a platform for
sharing knowledge and expertise on agriculture.
This initiative brings together national CAP net-
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works, organizations, administrations, researchers,
entrepreneurs, and practitioners to exchange best
practices.

Key themes for the spatial development of rural
areas include supporting agricultural production,
efficient natural resource use, market regulation, the
provision of social services, preservation of cultural
landscapes, environmental protection, biodiversity
conservation, climate change mitigation, the use of
renewable energy sources, animal welfare, and bal-
anced economic, ecological, and social deve-
lopment.

Each country implements national strategic
plans based on CAP. For example, Germany's 2023
National Strategic Plan includes initiatives such as
EIP-AGRI, assistance for young farmers, individual
investments in agricultural businesses, and public
water budgeting.

In 2023-2024, 20 experts from the EU CAP
Network Focus Group on “Regenerative Agriculture
for Soil Health” worked on issues related to regen-
erative farming practices. These practices restore,
protect, and improve soil health and productivity.
Regenerative agriculture involves implementing
land-use systems tailored to local conditions. By
restoring soil health, regenerative agriculture also
seeks to address biodiversity loss, restore water
cycles, adapt to climate change, mitigate its effects,
and improve economic profitability.

Soil degradation, including wind and water ero-
sion and the loss of organic matter, underscores the
need for diverse methods such as managed grazing,
compost application, agroforestry, minimal tillage,
crop diversification, and biostimulation. These
methods are selected based on specific local condi-
tions, which must be thoroughly studied.

The focus group identified several research
needs, including developing practical soil health
indicators aligned with management practices and
productivity metrics across different contexts. Pro-
posed initiatives also include assessing the impact of
regenerative farming on climate, integrating micro-
climate and small water cycle effects, managing
plant health through soil health practices, optimizing
cover crop practices, and evaluating co-cultivation
systems under varying conditions. Innovative ideas
for regenerative agriculture include creating mini-
mal or zero-tillage systems that perform well with-
out herbicides, developing farm-level tools for mon-
itoring soil health, designing efficient co-cultivation
systems, and integrating pastures into crop farming
systems (EU CAP Network Focus Group) [13].

The transformation of land use systems is based
on the concept of “Smart Villages”, which aims to
modernize rural infrastructure through innovative
technologies, improve quality of life and education,
engage most residents in spatial planning projects,

preserve natural resources, and ensure sustainable
spatial development. The European Commission
(DG AGRI) supports the Smart Villages initiative to
help villages develop strategies and methods for
their implementation, as well as to inform future
policies regarding “Smart Villages” (The Smart
Rural 21 project) [25]. As part of the EU’s Smart
Rural 21 project, 21 applications were selected from
over 740 proposals for “Smart Villages” across Eu-
rope. Due to the high quality of submissions, lead-
ing experts chose 16 villages — rather than the ini-
tially planned 12 — to join 5 pre-selected villages in
the “Pathway to Smart Villages”. The Directorate-
General for Agriculture and Rural Development
reviewed the development strategies of all partici-
pating villages and provided advice on achieving
their goals.

To facilitate information exchange, ‘“Know-
ledge clusters” of smart rural communities were
created. These clusters aim to connect local com-
munities with shared thematic interests.

Case Study. From the perspective of elaborat-
ing a Spatial Development Strategy, the experience
of one of the smallest villages participating in the
project — Tomaszyn, a rural settlement in Poland
located in the Warmian-Masurian Voivodeship — is
particularly noteworthy. The village comprises only
ten households and one cooperative. It has the low-
est population density in the country. The region is
classified as the “Green Lungs of Poland” and is
often referred to as the “Land of a Thousand Lakes”.
The voivodeship is home to eight landscape parks,
protecting natural landmarks of European signifi-
cance. Historical records first mention Tomaszyn in
1410, and the village experienced gradual develop-
ment over centuries until World War Il, during
which most buildings were destroyed, and the popu-
lation dramatically decreased. In 2021 the coopera-
tive “Ostoja Natury” together with the local com-
munity participated in the “Smart Village” competi-
tion organized by the Polish Academy of Sciences
(PAN) and received an award for the concept
“Ostoja Natury Wioska 3.0.”

Tomaszyn's development strategy incorporates
several concepts of farm development (fig. 1) that
could be considered as models for the spatial devel-
opment of territorial communities.

The community development strategy aligns
with the principles of permaculture) [21] and incor-
porates the design of effective ecosystems character-
ized by diversity, stability, and natural regeneration
(Innovation Farm). It emphasizes a harmonious
integration of human activity with the natural land-
scape to ensure the sustainable provision of food
(Healthy Food Farm), energy, and housing (Green
Energy Farm), supports a healthy lifestyle (Health
Farm), and fosters the self-sufficient development of
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Year-round production of ecological food

Health farm
anti-aging, trainings, diet and
supplementation

Innovation farm
Concept of a farm of the future

2 &

Communication platform and
educational infrastructure

www.ostojanatury.pl

NATURY

Green Energy Farm
Producing energy from organic waste,
plants and other renewable resources

Fig. 1. “Five farms” of “Ostoja Natury” [23].

artistic, cultural, and spiritual needs (Culture Farm).
These “Five Farms,” forming a cooperative, are both
innovative and compatible with traditional practices.
At the same time, they are ecologically sustainable,
collectively contributing to the creation of a waste-
free, highly efficient ecosystem

The strategy states: “We believe that only ef-
fective business models can motivate people to
change their attitudes and take a cost-effective path
that is friendly to our planet and its inhabitants. Our
main task is to create a program for farms with an
area of fewer than 100 hectares (in Poland there are
more than 700,000 of them), which will allow us to
transform production from traditional to ecological,
characterized by high-quality products and minimize
the negative impact on the natural environment”.

Coordinating spatial development plans is criti-
cal in planning. Ostoja Natury’s spatial development
strategy aligns with the Development Strategy of the
Olsztynek municipality, adopted by the municipal
council. Planned activities correspond to the strate-
gic objective of improving the quality of life in the
Olsztynek municipality while achieving individual
operational goals.

The nature reserve strategy supports the strate-
gic goal of protecting and enhancing the quality of
the natural environment, including the operational
goal of safeguarding natural heritage and its effec-
tive utilization for economic purposes. The village’s
strategy emphasizes:

“Focusing on projects aimed at protecting and
restoring biodiversity while preserving or gaining a
competitive advantage over other regions based on
the existing ecological potential and its use in socio-
economic growth processes”.

In Poland, local (municipal) self-governance was

restored in 1990. On January 1, 1999, a three-tier
administrative division was introduced, comprising
three levels of self-governance: municipalities (gmi-
nas), counties (powiats), and voivodeships. Current-
ly, Poland has sixteen voivodeships, 314 counties,
and 66 cities with county status, as well as 2,478
municipalities. The municipality is the primary unit
of local governance, a core element of state organi-
zation. Local self-governance is a key principle in
public administration, with municipalities, coun-
ties, and voivodeships tasked with performing state
functions.

However, each region has unique approaches to
rural development — ranging from preserving histor-
ical appearances to adopting modern technologies.

Economic sustainability and technological in-
novation. Spatial planning supports economic de-
velopment by optimizing the natural potential of the
territory, improving infrastructure, and creating jobs.
This principle is consistent with SDG 8 — decent
work and economic growth and SDG 9 — industry,
innovation, and infrastructure, which contribute to
economic productivity and innovative approaches to
spatial development.

Economic sustainability directly or indirectly
affects the achievement of all other goals. Each set-
tlement can be considered as a socially constructed
system of practices and organizations.

For example, the “Ostoja Natury’s innovation
farm” in Tomaszyn is developing precision agricul-
ture, automation (cleaning, processing and packag-
ing lines) and robotics (e.g. Farm Bot, Turtle Robot-
ics), that increase the demand for specialists in IT,
robotics and machine operation, creating employ-
ment opportunities in rural areas and narrows the
technology gap between rural and urban communi-
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ties. The farm cooperates with many enterprises for
the introduction of grain, vegetable and fruit grow-
ing technologies.

Thanks to passive solar greenhouses and inno-
vative technologies, organic plants may grow all
year round. The construction of such greenhouses is
described in detail in scientific literature (Solar
Greenhouse, 2019) [24].

“Ostoja Natury” create a model of a self-
sufficient agricultural environment where processes,
machines and fertilizers support the cultivation of
natural crops in accordance with all environmental
standards. A team of experienced professionals de-
velops standard solutions for organic farming in
Poland and around the world.

Optimization of resources and energy effi-
ciency. Spatial planning focuses on rational resource
use, consistent with SDG 12 — responsible consump-
tion and production, which reduces pressure on the
environment and ensures sustainable development.
“Ostoja Natury’ green energy farm” use of renewa-
ble energy sources (sun, wind, hydropower, biogas)
increases the energy efficiency, independence, prof-
itability and sustainability of the farm, while reduc-
ing the impact of agriculture on the environment.

Energy-efficient building technologies (passive
greenhouses, thermal insulation, innovative heating
systems), optimized energy consumption at the in-
dustrial and domestic levels, energy management
and audits, waste management, including sorting,
recycling, and disposal.

Achieving synergy through the interconnected-
ness and complementarity of waste minimization
processes creates added value for each strategy by
significantly reducing operating costs (e.g. packag-
ing made from waste mass, waste management,
mechanical ventilation with heat recovery and ener-
gy production). The implementation of this strategy
makes it possible to expand the area of organic pro-
duction, volumes, and value, as well as to make
organic food products more accessible to consum-
ers. This, in turn, creates new jobs and improves the
level and quality of life of residents.

Residential infrastructure in “smart villages” is
envisioned as a waste-free, self-sufficient living
environment. The goal is to create a universal design
for rural farms based on the Wood100 technology
introduced by Tom Holtz [30]. When combined with
renewable energy sources (solar, wind, water) and
infrastructure such as heat pumps and domestic
wastewater treatment systems, such buildings be-
come fully autonomous — often completely autono-
mous. They are self-sufficient in heat, energy and
water and can recycle waste without harming the
natural environment. A family house built using
Wo0d100 technology can be assembled in record
time — in just one day.

Social inclusiveness. The goal of spatial plan-
ning is to create an accessible and comfortable liv-
ing environment that meets the needs of different
population groups, especially children and the elder-
ly. This is consistent with SDG 3, aimed at improv-
ing the quality of life of the community, goal 4 -
education, goals 5 and 10, which are aimed at reduc-
ing inequality, including gender inequality, and goal
11, which emphasizes the development of inclusive
urban and rural spaces with access to essential ser-
vices for all.

For example, “Health Farm” in Tomaszyn fo-
cuses on creating a space for a healthy lifestyle and
physical, mental, and emotional well-being.

The main components of Health Farm include:

- organic farming: no chemical fertilizers or

pesticides;

- healthy produce: growing vegetables, fruits,

greens, and other nutritious foods (Healthy

food farm);

- wellness programs: sports, tourism, breathing

exercises, etc;

- natural healing methods: herbal medicine, wa-

ter treatments, and more;

- education: hosting lectures, workshops, and

masterclasses on healthy living, sustainable

farming, and balanced nutrition;

- courses on growing plants, care for the envi-

ronment and energy saving;

- use of renewable energy sources (solar batter-

ies, wind turbines, etc.);

- environmentally friendly building materials,

energy-efficient construction design;

- eco-friendly environment away from city

noise;

- healing effect of nature through walks, gar-

dening, contact with animals;

- integration of agriculture and medicine, for

example, the cultivation of medicinal plants or

the creation of products to support health.

“Health Farm” corresponds to this concept and
is an example of the formation of a modern space
for a healthy lifestyle. Currently, there are more than
30 banks operating in Poland, which support the
nutrition of both the elderly and adults, as well as
children, for which they organize meetings, as well
as social campaigns, during which Poles are encour-
aged to use food sparingly. The main goal is to cre-
ate a completely waste-free model of food produc-
tion and distribution.

Protection of cultural heritage and identity of
territorial communities. The spatial development of
cultural landscapes and the preservation of local
identity are reflected in SDGs 4, 11 and 16, which
are aimed at the study and protection of cultural
objects and historical monuments, strengthening
efforts to protect and preserve world cultural and
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natural heritage, preserving them for future gene-
rations.

Rural landscapes are the most widespread and
long-lasting forms of cultural landscapes, covering
a wide range of cultures and traditions throughout
the world. These landscapes are vital components
of human heritage, providing multiple economic
and social benefits, cultural value, and ecosystem
services.

The Principles for the Conservation of Rural
Landscapes as Cultural Heritage were adopted at the
19th ICOMOS General Assembly in New Delhi,
India on 15 December 2017 [16].

“Ostoja Natury’s culture farm” is aimed the res-
toration and popularization of traditional handmade
products — symbols of high quality and knowledge
passed down from generation to generation. There is
a tendency to return to local crafts, revival of tradi-
tional products, services and ancient professions,
such as beekeeper, blacksmith, brewer, miller, car-
penter. It is planned to build a nature trail with an
educational purpose — as an interesting way of
spending time for different age groups and an attrac-
tive source of knowledge about nature and culture.
Such eco-trails or routes can be arranged in each
community to study the territory, its natural poten-
tial and opportunities for spatial development.

Green Infrastructure and Ecological Net-
works. Spatial planning is designed to regulate the
interaction between society and the environment, the
same tasks are faced by the SDGs, particularly 3, 6—
9, 13, 15 and 17. Without considering environmental
factors, it is impossible to ensure a healthy lifestyle,
build a safe infrastructure, ensure energy availabil-
ity, etc. For example, the organization of green in-
frastructure in settlements and nature conservation
areas improves local conditions while contributing
to global adaptation to climate change and protec-
tion of natural resources.

Special attention should be paid to SDG 6,
which aims to achieve integrated management of
water resources at all levels by 2030, including
transboundary cooperation. This goal also includes
protecting and restoring ecosystems such as moun-
tains, forests, wetlands, rivers, aquifers, and lakes.

In the European Union, considerable emphasis
is placed on the spatial development of transnational
nature conservation areas and the connection of
ecological networks of individual countries into a
pan-European ecological network.

Case Study. The Danube River Protection
Convention (DRPC) serves as the main legal
framework for cooperation and management of
transboundary waters in the Danube River Basin.

The International Commission for the Protec-
tion of the Danube River (ICPDR) was also estab-
lished under this convention. In 2010, the European

Commission, alongside Danube region countries
and stakeholders, adopted the EU Strategy for the
Danube Region (EUSDR) — one of the EU’s four
macro-regional strategies, approved by the Europe-
an Council in 2011 [11]. The strategy involves 14
countries and develops 12 thematic priority areas,
each coordinated by two member states.

In 2014, a nonprofit association, DANUBEP-
ARKS (Danube Parks) was founded to promote
partnerships among protected areas in the Danube
region. This association provides a platform for
coordinated, transnational collaboration and joint
initiatives among protected area administrations
along the Danube. Its mission is to conserve, devel-
op, and restore the Danube River and its main tribu-
taries, as well as surrounding wetlands. The organi-
zation focuses on five areas: Danube valley mor-
phology, habitat preservation, biodiversity conser-
vation, monitoring, and tourism (DANUBEPARKS
Association) [4].

Morphology of the Danube Valley. The natural
dynamics of rivers serve as a crucial factor in main-
taining biodiversity and landscape diversity, encom-
passing habitats and species. Significant hydrologi-
cal events, such as large floods and periods of low
water levels, continuously reshape the morphology
of the valley, leaving imprints in the form of steep
banks, gravel islands, and sandy shores. The flood-
plain zone is highly dynamic; the force of water can
drastically alter its structure in mere days. As a func-
tioning system, the river provides natural flow nu-
merous services to both nature and human commu-
nities, including fertile soils and appealing recrea-
tional sites. However, over the past 150 years, the
natural flow of the river has undergone substantial
transformations. Hydropower plants disrupt natural
connectivity, embankments, and straightened chan-
nels disconnect floodplain zones from the river. The
necessity to restore these altered sections has be-
come evident to preserve the unique ecosystems of
the floodplains and wetlands along the river's
course.

Habitats. The interconnection between natural
systems and the species that inhabit them is dynamic
and essential for their migration and survival. Unin-
terrupted links between similar habitats, free from
anthropogenic infrastructure, are critical. Given that
the Danube Valley's ecosystems span multiple coun-
tries, fostering international cooperation in conser-
vation is imperative to safeguard not only aquatic
and semi-aquatic habitats but also river-associated
forests, meadows, and even dry habitats. Riparian
forests represent vital habitats that perform numer-
ous functions for both flora and fauna as well as for
human communities.

Over the past century, around 90% of the Dan-
ube's original wetlands have been lost due to human
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activities. Today, most remaining floodplain forest
complexes are designated as protected areas. To
combat the isolation of wildlife populations,
measures are required to create a continuous ecolog-
ical network. Monitoring the state of riparian forests
along the Danube, using Geographic Information
System (GIS) data and remote sensing, forms the
foundation for strategic documents focused on pro-
tecting the riparian forest corridor. Approximately
5,000 animal species and 2,000 plant species inhabit
the Danube Basin.

The development of conservation strategies
employs the concept of "umbrella species” — those
most sensitive to habitat conditions. By addressing
the needs of these species, the habitats of numerous
other species are simultaneously preserved.

Monitoring. The primary goal of monitoring is
to gather information and build databases to inform
conservation and habitat restoration efforts. Coordi-
nated data collection is necessary to evaluate the
state of the entire river ecosystem, which is a core
function of the ecological network. This approach
helps assess the overall effectiveness of conserva-
tion measures for the Danube River.

Tourism. Protected areas along the Danube
River feature unigue natural landmarks that attract
nature enthusiasts. The region's rich natural heritage
allows conservation areas to serve educational pur-
poses, raising awareness among Vvisitors and local
populations about the value and functions of biodi-
versity-rich habitats. Eco-tourism in protected areas
is inherently educational, promoting sustainable
development. It can also enhance local economies
(particularly in rural areas) by creating income-
generating opportunities while safeguarding valua-
ble recreational zones for local residents.

A critical task for conservation management
involves regulating visitor flows to balance access
to the area's attractions with environmental protec-
tion. Visitor management strategies, such as provid-
ing information, maps, rules, and marked trails,
achieve this. The DANUBEPARKS network plays a
dual role: it enables members to exchange best prac-
tices through workshops and training programs
while collaborating on developing tourism products
and marketing, especially for international visitors
and tour operators.

In 1970, the Danube Delta National Institute for
Research and Development (DDNI) was established
to conduct fundamental and applied research [12]. Its
primary aim is to support scientific management of
the biosphere reserve and other wetlands of national
and international significance, with a particular fo-
cus on preserving geo-diversity and biodiversity
while promoting sustainable resource use.

The Ukrainian section of the Danube Delta is
also an integral element of the VWylkovo Territorial

Community's spatial planning framework.
Restoration of Geodiversity. Among spatial
planners, debates often arise regarding the potential
for restoring geo-diversity. It is widely acknowl-
edged that once lost or severely degraded, natural
landscapes cannot be fully restored to their original
state. However, there is evidence of successful res-
toration of regulated river channels by reconstruct-
ing man-made structures to allow for natural water
flow (Darby S., Sear D., 2008) [12]. Over time,
rivers have been shown to reclaim natural forms in
artificially created meanders. River restoration bene-
fits both geo-diversity and biodiversity, as demon-
strated in the case of Swindale Beck in Cumbria,
England, where salmon and trout have returned to
spawn in redeposited gravel beds in re-meandered
sections of the river, where the flow has slowed.
Participation and governance. The involve-
ment of local communities in strategic planning is
an important tool for achieving all the goals of sus-
tainable development. Participation and governance
are important aspects of sustainable development,
which involve the active participation of citizens in
decision-making processes at all levels, from local
to national. This approach allows for effective man-
agement that meets the needs of all segments of the
population and considers the interests of various
social groups. Participatory governance ensures
transparency, accountability and inclusiveness in
political, economic, environmental and social pro-
cesses. Inclusiveness in decision-making involves
the involvement of citizens in the discussion and
decision-making related to the development of their
communities, society and the country in general.
This may include public hearings, consultations,
surveys, and participation in local and national advi-
sory bodies. In this way, the community can actively
influence the formation of policies in such areas as
ecology, economy, health care and education.
Providing citizens with access to the necessary in-
formation is an important element of participatory
management. The use of modern digital technolo-
gies, such as online platforms for gathering public
opinion and electronic petitions, allows to simplify
the process of interaction with authorities and con-
tributes to more transparent management. It also
helps to increase the level of awareness among citi-
zens regarding various aspects of public policy and
management decisions. Participatory is closely re-
lated to decentralization, which allows more authori-
ty to be transferred to the local level, creating condi-
tions for a more flexible response to community
needs. Local authorities have a better understanding
of local problems and needs, which stimulates the
development of public responsibility and activates
participation in spatial planning. In addition, partici-
patory governance is important in the field of natu-
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ral resource management, such as water resources,
forests, agricultural land, where the community
actively participates in the implementation of sus-
tainable development goals.

It is important to involve children in the plan-
ning activities of children and youth. This allows
organizing public spaces that meet their needs. En-
gaging children in dialogue can take many forms,
from interactive design sessions to surveys and field
observations. Schools can also integrate spatial
planning into the curriculum by encouraging stu-
dents to participate in local projects. This approach
not only empowers children, but also fosters a sense
of responsibility for the environment, and the future
development of cities will reflect their needs and
aspirations. Thus, the process of creating child-
friendly settlements is complex and involves con-
sidering the child's needs at every stage of the urban
planning process. Living environments should prior-
itize the health and well-being of the youngest resi-
dents, from play and learning to mobility and safety,
with an emphasis on public spaces, schools and
housing that meet the needs of children. Spatial
planning that considers the needs of children is not
only morally necessary, but also strategically justi-
fied, as it promotes social cohesion and sustainable
growth. (Designing Child Friendly Cities, 2024) [10].

Public participation in Environmental Impact
Assessment and Strategic Environmental Assess-
ment is important to identify the environmental im-
pact of plans and projects at an early stage. Partici-
patory planning uses modern digital tools and tech-
nologies for community engagement, interactive
modeling and virtual meetings that promote trans-
parency and openness and motivate citizens to col-
laborate in the spatial planning process.

Results. Every country has its structure and or-
ganization of spatial planning systems and a nation-
al spatial strategy for sustainable development. Stra-
tegic spatial planning focuses on medium- and long-
term development goals, including the development
of plans, programs, and projects for shaping land-
use policies, spatial organization, zoning, measures
for engineering protection, prevention of natural or
anthropogenic disasters and risks, implementation of
local spatial plans for residential and urban devel-
opment, urban regeneration programs, and the
preservation of natural and cultural heritage.

Regulatory spatial planning addresses the gen-
eral use of land in urban and rural areas, aligning
sustainable development with social, economic, and
environmental objectives. Its goal is to ensure sus-
tainable economic growth, increase employment,
enhance territorial and social cohesion, protect land-
scapes and biodiversity, and ensure efficient use of
natural resources.

In Ukraine, spatial planning has become partic-

ularly relevant in the context of decentralization.
This is not only due to the transfer of powers to
local governments and the development of spatial
development strategies but also because communi-
ties can choose their way and create various types of
communities (urban, rural, or settlement). Conse-
quently, each rural council had the opportunity to
become a hub for a territorial community or choose
a new center for spatial development, whether a city,
town, or village.

The roles of these new centers have also
evolved. They are now responsible for ensuring the
balanced spatial development of the entire commu-
nity’s territory, which varies significantly in scale.
For instance, the Yemilchynska Territorial Commu-
nity in Zhytomyr region encompasses 72 settlements
with a population exceeding 21,000, whereas one of
the smallest rural communities, Matusivska in
Cherkasy Region, consists of just two villages.

Such uneven distribution of territory, popula-
tion, levels of economic development, and natural
capital among newly created administrative units
raises numerous methodological questions about
optimal planning decisions and the feasibility of
implementing local development projects. Addition-
ally, new urban-rural connections have emerged,
emphasizing joint spatial development plans.

Based on the results of the already passed
stage, it becomes clear that no government strategy
or policy can influence the real development of ter-
ritories in the same way as the active and responsi-
ble position of local communities.

Initiative, the use of innovative technologies,
the professionalism of local authorities and the gen-
eral education of citizens are the tools that can
quickly distinguish a community and make it com-
petitive.

Among the modern challenges of territorial
communities are demographic changes (population
aging, negative natural growth, migration), econom-
ic challenges (decline in agricultural production,
unemployment), environmental problems (pollution,
loss of natural resources, climate change).

The purpose and task of strategic spatial plan-
ning is to ensure balanced spatial development
through the support of agricultural activity and eco-
nomic development, functional zoning of the territo-
ry, development of infrastructure, in particular
transport, social, tourist, information, preservation
of natural and cultural heritage, improvement of the
quality of services, etc.

Currently, strategic planning of smart rural are-
as is gradually being implemented in Ukraine, espe-
cially this applies to practices of precision agricul-
ture, the purpose of which is sustainable agriculture,
preservation of soil fertility, increase in Yyield,
preservation of ecosystems, biodiversity, prevention
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of adverse climate changes, development of export
potential, opening of sales markets in the EU. The
main principles are the use of cover crops, expan-
sion of crop rotation, minimization of tillage, and
optimization of costs. For this purpose, measures
such as analysis of the soil, the state of the field, the
presence of unfavorable processes, revision and
expansion of crop rotations, calculations of crop
sowing rates, optimization of resources, and innova-
tive methods of field cultivation are carried out. As a
result, in the 3rd year, the profit increases by 20%,
the amount of biomass increases by half, and re-
source costs decrease by 15%. For example, great
water savings when watering with agricultural
drones: for watering a field of 1000 hectares, agri-
cultural drones use 5-7 cubic meters of water per
irrigation cycle, which saves 93-97% of water com-
pared to self-propelled sprayers that use 100-200
cubic meters of water. With the help of agricultural
drones, desiccation is also carried out — the process
of removing excess moisture from the soil to pre-
vent the spread of diseases. Some farms are planting
plant seeds with the help of drones, creating maps
for differentiated applications of fertilizers and
spraying of fields. Mapping land resources, monitor-
ing and evaluating the productivity of different types
of soils, considering their chemical composition,
structure, moisture level and other factors, allow
GIS analysis to predict the yield of various crops
under certain conditions. Long-term observations of
changes in temperature, precipitation and soil mois-
ture help to develop adaptation strategies for farmers
and rural communities, to adapt agricultural crops to
climate change. Spatial models of climate change,
created based on GIS data, help to predict the poten-
tial impact of climate on different regions, which
prevent adverse processes.

In the summer of 2024, independent consult-
ants and experts from the USA, Germany and New
Zealand visited several farms in Ukraine. In the
format of an agro-consilium, scientists studied soils,
discussed agronomic problems and developed strat-
egies for their control and management. A detailed
survey of soil layers, biota, underground and above-
ground parts of plants was conducted. Foreign con-
sultants shared the experience of advanced Western
technologies, methods of adapting them to modern
Ukrainian conditions, and offered practical recom-
mendations for improving technological maps in
farms. Over-compaction of the soil due to the use of
heavy machinery, uncontrolled use of herbicides and
other plant protection products, cultivation of mon-
ocultures, which destroys the biota of the soil and
affects the yield, are among the shortcomings identi-
fied in agricultural farms. Therefore, it is recom-
mended to switch to permaculture and organic farm-
ing, growing organic products that meet European

eco-standards. For example, "Poltava-sad” LLC
confirmed the certificate of the international stand-
ard IFS FoodVersion 6, and also received the certifi-
cate of the international standard Global GAP,
which shows that the products are not only of high
quality, but also safe for use. The main difference
from other Global GAP standards is that it assesses
not only the safety of the grown products them-
selves, but also the safety of the entire production
cycle, starting with the seed material and ending
with the finished product.

The Role of Education in Spatial Planning. A
critical component of sustainable community devel-
opment is the training of specialists in spatial plan-
ning. In Ukraine, several higher education institu-
tions offer programs in territorial planning, includ-
ing traditional universities, specialized institutions,
and even pedagogical universities, which are not
traditionally associated with spatial development.

The preparation of specialists in such a com-
plex field should be based on three fundamental
pillars: natural sciences (geography and ecology),
law, and technology. These interdisciplinary ap-
proaches are exemplified at institutions such as
Taras Shevchenko National University of Kyiv, V.N.
Karazin Kharkiv National University, and Kyiv Na-
tional University of Construction and Architecture.

The Department of Earth Science and Geomor-
phology at Taras Shevchenko National University of
Kyiv, within the framework educational program
“Soil Science, Land Resource Management, and
Territorial Planning” undergraduate students acquire
interdisciplinary knowledge necessary for strategic
planning. Special attention is paid to the study of
topics related to geodiversity (Gray, 2024) [14]. The
geodiversity of natural objects, processes and phe-
nomena determines the natural potential of each
territory, and its effective use involves an integrated
study of morphostructure, (relief and geological
structure), composition rocks, soils, underground
and surface waters, as well as processes that affect
their formation in the form of typical and individual
landscapes It is precisely the morphological struc-
ture of the landscape that largely determines the
planning structure of settlements, the combination
of various functional zones and the construction of
infrastructure, the need for engineering protection of
the territory and many other possibilities of spatial
development. Therefore, detailed landscape research
with the construction of a landscape plan is a man-
datory prerequisite for successful spatial planning.

Geodiversity is important for the spatial devel-
opment of communities, in particular, ecological —
as it is the basis for the existence of ecosystems and
biodiversity (Lausch et al., 2022) [17], economic —
as a georesources (building materials, minerals,
water), educational, cultural and scientific — geodi-
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versity is a source of knowledge about the Earth's
history and natural processes, contributes to the
development of geotourism and the preservation of
natural heritage. The study of geodiversity is neces-
sary for spatial planning, natural resource manage-
ment and the implementation of the next Sustainable
Development Goals: 9 — innovation and infrastruc-
ture, 11 — sustainable development of cities and
communities, 12 — responsible consumption, 13 —
adaptation to climate change, 15 — preservation of
ecosystems. The implementation of these goals will
allow us to comprehensively solve social problems,
in particular, overcoming hunger and poverty, ensur-
ing a healthy lifestyle (Goals 1-3).

The study of geodiversity at the Department in-
volves a quantitative assessment of natural condi-
tions, resources and opportunities for consumption
of geosystem services. Several eco-projects have
been initiated, including assessment of natural con-
ditions, functional zoning of the territory, protection
of small rivers, formation of an eco-network, devel-
opment of schemes of nature routes, etc. All these
topics are relevant for the sustainable spatial devel-
opment of communities. For example, geotourism is
an important tool of local and regional development,
which directly depends on geodiversity, as it allows
tourists to visit and learn about different natural and
cultural landscapes. It is necessary to be able to
create a high-quality tourist product in territorial
communities, which will include the laying of na-
ture routes, the formation of tourist infrastructure,
the organization of various events - cultural, artistic,
tourist, sports, educational, scientific, etc., which are
based on the geographical diversity of the territory
and contribute to its sustainable development. By
creating such destinations, each community can
influence regional development.

The training of specialists in the field of territo-
rial, in particular landscape, planning has begun at
the Department of Physical Geography and Cartog-
raphy of V. N. Karazin Kharkiv National University.
The main emphasis in the preparation of masters
under this program is made on the problems of na-
ture management and restoration of territories,
which apparently will be relevant for the eastern and
southern regions of our country for a long time.

The program has been developed by integrating
advanced European experience, primarily from
Germany, in landscape planning, along with the
research conducted by specialists from the Institute
of Geography of the National Academy of Sciences
of Ukraine. These experts developed and visualized
landscape plans for regional and district levels, as
well as for community: the Cherkasy Oblast, Kaniv
District, and Stepanetska Territorial Community
(Landscape Planning in Ukraine, 2014) [20].

This educational program aims to train highly
qualified specialists equipped with comprehensive
knowledge for creating strategic development doc-
uments for territories. Its effectiveness is demon-
strated through the development of comprehensive
spatial development plans for the Rohanska and
Pisochynska territorial communities in the Kharkiv
region (Figures 2 and 3).

The method of identifying nature conservation
objects and providing them with legal protection is
important. Combining nature conservation areas into
a single ecological network is a component of spa-
tial planning and land resource management. Unfor-
tunately, spatial conflicts often arise when the law is
ignored, or economic factors are given priority over
environmental ones. For example, for several years
in a row, a conflict situation has been going on in
Ukraine related to the construction project of the ski

& YSAID

POTANCHKOI TER

X

&> Chemonics

OCTOPOB i
HTOPIANID POMAH XAPKIBCLKOO PAAIONY XAPKIBCD!
TAH @YHKIOHANBHOIO 30HY BAHHA TEPHTOPI
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Fig. 3. Methods of map series production for a local social-economic development strategy
(a case study of Pisochyn urban village) [24]

resort “Svydovets”, the construction of which
threatens the unique protected landscapes of the
Ukrainian Carpathians, including the primeval for-
ests of the Svydovets massif, which is a UNESCO
World Heritage Site. Such objects should be includ-
ed in the national/regional system of spatial plan-
ning and protected by the norms of environmental
law. Another problematic aspect of nature manage-
ment in Ukraine is the issue of irregular ownership
of land. Thus, there are hundreds of cases of illeg