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Increasing the resource base and extraction of hydrocarbons remains one of the main
tasks of engineers and scientists, and this is especially relevant in the war conditions
in Ukraine. Ultra-deep drilling (>6 km) and the extraction of hydrocarbons from low-
permeability unconventional reservoirs are possible directions for the implementation of
these tasks, especially taking into account the high depletion of active deposits (of about
75 %) and the good cover of the Dnipro-Donets Basin by exploratory drilling. The results of
laboratory studies and the interpretation of well logging data of unconventional reservoirs
of Visean sediments (V-23 and V-24-25) indicated that these intervals are promising. An
important feature is that these layers are located within the northwestern and southeastern
parts of the Dnipro-Donets Basin, with a total area of promising areas of about 8,000 km®.
However, ultra-deep drilling and extraction of hydrocarbons from unconventional res-
ervoirs requires modern technological approaches and solutions. In order to choose the
optimal location (a «sweet spot»), to investigate the optimal program of drilling, geologi-
cal study, and completion of the studied wells, it is necessary to construct the most ac-
curate geological model of this reservoir. This paper constructed a petrophysical model
of unconventional-type reservoirs with high total organic content (TOC) based on well
logging data of old fund wells with a typical complex of well logging. The model was cali-
brated on the data of modern geophysical complexes (SGR, neutron-gamma spectroscopy,
NMR, lithodensity, etc.) and special core studies (XRD, LECO, TOC, etc.). The equation
for calculating the target formations' total porosity, TOC, and mineralogical composition
was derived using the method of multilinear regressions in the «Techlog» wellbore in-
terpretation software complex. The results showed good correlations for unconventional
reservoirs of Dnipro-Donets Basin North-Western Play (Glynsko-Solokhivskiy oil and gas
region) and Dnipro-Donets Basin Southeastern Flank Play. The magnetic susceptibility of
the target reservoirs was researched, and its correlation dependences with other physi-
cal parameters of the rocks were also investigated. In particular, a direct correlation of
magnetic susceptibility and porosity was determined. This article is a continuation of a
series of publications on the study of Visean unconventional reservoirs within the Dnipro-
Donets Basin.
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Introduction. Dnipro-Donets Basin (DDB)
is a first-rank Super Basin with discovered re-
serves exceeding 0,2 billion tons of liquids
and 1,6 trillion cubic meters of natural gas (1,5
billion tons of oil equivalent). Recent studies
have pointed to a promising unconventio-
nal play within a thick succession of Visean
marine source rocks. Mean recoverable re-
source estimates of 1,6 trillion cubic meters
(1,2 billion tons of oil equivalent) represent an
incremental target large enough to convert
Ukraine into a significant natural gas exporter
to Europe [Levoniuk et al., 2023; Lukin et al.,
2020].

Dnipro-Donets Basin originated as a Late-
Devonian failed arm of a triple junction bet-
ween the Eastern European Craton and Vo-
ronezh Massif in Eastern Ukraine. Recent
exclusive research highlighted two potential
unconventional play fairways within the DDB,
the North-West Play (NWP) and the Southern
Flank Play (SFP) (Fig. 1), the geographic dis-
tribution of which are controlled by basin tec-
tonic and depositional events [Misch et al.,
2016; Orlyuk etal., 2018; Levoniuk et al., 2023].

DDB has world-class source rocks (shales

and carbonates) that can be unconventional
reservoirs with high potential in Visean for-
mations. There are five landing targets char-
acterized by different facies types layered
within the gross «stack» of source rocks.
In this paper, we will focus on the two most
promising ones: 1) V-23 siliciclastic (NWP)
and carbonate-rich (SFP) radioactive black
shale with measured total organic carbon
(TOC) values commonly ranging from 4 to
10 % (weight percentage); 2) in the underlying
upper V-24 carbonate-dominated mudstone
facies TOC values commonly range from 1
to 4 %. The depth of zone interests is mostly
4—5 km, with a decrease in the SE part of
Southern Flank Play to 2.5—3.5 km.

This paper aims to provide a general over-
view of the workflow, methodologies, and re-
sults of derived equations for the main petro-
physical properties of DDB unconventional
formations and the conclusion of the petro-
physical component of the investigation. The
results show that the individual approach
for evaluating the main shale gas reservoir
properties consistently correlates better with
advanced modern log methods and special
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Fig. 1. Dnipro-Donets Basin Lower Visean structural map.
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core analysis (SCAL) data than the other pre-
viously used approaches. It is very efficient
when we have a limited logging dataset, es-
pecially from old drilled wells. This article is
a continuation of a series of publications on
the study of visean unconventional reservoirs
within Dnipro-Donets Depression [luras et al.,
2023a,b, 2024; Kruhlov et al., 2023; Levoniuk
et al., 2023, 2024].

Theory. Method. Workflow. TOC is known
to be the main organic-rich unconventional
reservoir parameter. Accurate determination
of TOC is important for kerogen content cha-
racterization, and is related to total porosity.
In the constructed model of solid rock made
by incorporating kerogen as a part of shale
matrix, but at certain maturity temperature
and pressure, organic matter (kerogen) can
be converted into hydrocarbon and formed
kerogen porosity as a pore space inclusion.
Consequently, the shale's total porosity is
naturally composed of matrix porosity and
kerogen porosity (Fig. 2, a, b). According
to Pater's classification, a source rock with
TOC>1 % corresponds to good potential for
target reservoirs. Recent experience of the
world's hydrocarbon production shows this
cut-off is TOC >2 %. It is very important to
estimate the TOC of target formations ac-
curately. Due to the limited presence of core
samples/cuttings and discontinuous core
data in big intervals, it is impossible to cover
the zone of interest for precise studies com-
pletely. Moreover, the coring process is very
expensive for operators. In that case, it is im-
portant to apply well logging data and wells,
when we have typical logging data sets such
as gamma ray, deep resistivity, and sonic logs,
TOC estimation is much more complicated
[Karpenko et al., 2020, Vyzhva et al., 2019].
Mineral content computation is more difficult
with such data due to the limitation of the
probabilistic formation evaluation approach.
In case of porosity estimation, we have the
same problem when using matrix properties
at deterministic interpretation method.

One of the first and very common me-
thodologies of identifying TOC from well
logs uses open-hole sonic and resistivity logs
and factors in thermal maturity. This method,
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known as the DlogR method, combines appa-
rent resistivity and porosity logs, and it is cali-
brated with the local Level of Organic Meta-
morphism (LOM) [Hood et al., 1975; Passey
et al., 1990]. Q.R. Passey analyzed data from
hundreds of wells in North America. Ukraini-
an geoscientists often apply this method due
to a lack of advanced modern logs data. In
that case, we need to choose calibrated base-
line points (water wet clays) and investigate
LOM (levels of maturity), which are calcu-
lated from vitrinite reflectance data— Ro, %
(Rock-Eval pyrolysis or microscope analysis).
In the log data, we observe intervals with high
TOC in the «crossover» between sonic and
resistivity. High compressional slowness time
and high resistivity values correspond with
high organic matter interval (Fig. 3). For the
interpretation, we used Rock-Eval pyrolysis
data [Iuras et al., 2023b] of target formations,
which corresponds to late oil window, and
choose LOM=9. In Table 1 you can see the
main inputs for TOC estimation.
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Fig. 2. Porosity in Organic Matter by [Zargari, Prasad,
2013] (a), shale reservoir constructed model composed
of minerals and TOC (b).
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One of the direct geophysical methods
for TOC calculations is spectral gamma ray
(SGR). With the well logging method, we can
record the counts of gamma rays in different
energy bins and then calculate the concen-
trations of three main isotopes — Uranium
(U*%), Thorium (Th**?), and Potassium (K*’)
by using a scintillation detector and a mul-
tichannel analyzer. Specifically, Uranium di-
rectly depends on kerogen accumulations in
the formations and it highlights the presence
of source rock formations or other geological
environments, which corresponds to U*®¥ The
data obtained from ratio between the Thorium
and Potassium can provide important infor-
mation about clay type in the formation. In
some cases, these tools can also be used in
cased hole environments. This valuable geo-
physical method was applied to several basic
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wells to determine TOC and to compare our
results with other independent measurements
[luras et al., 2023a].

Recently, advanced service companies and
their engineers made huge progress in tool
construction and developing technologies.
It also refers to radioactive methods such as
elemental spectroscopy (geochemical log).
One has pulsed neutron generator, two LaBr3:
Ce gamma-ray detectors, and a deep YAP
(YAIO;) detector. The acquisition scheme was
optimized to record time and energy domain
data simultaneously. In the time domain, for-
mation Sigma and neutron porosity are self-
compensated for the wellbore environment.
We can construct an accurate mineral model
and determine matrix properties using ener-
gy domain data. The important thing is that
the TOC can be obtained by subtracting the

Gl Resislivily MD DlogR ToC Mineralogy
RLAS
), 20w m200N
RLAJ
h20m w2000
RLA3
L 20m m2000) MD
GR_PExX RIA2 (m)
I GAPT 2500 Z0m m2000|  1:1000

Organic rich rocks

crossover

T

|

- X100

- Well B - I
1

Fig. 3. Well logs data and interpretation of wells A, B. Tracks: I — Gamma Ray (uR/h), 2 — Multilateral log re-
sistivity (Ohmxm), 3 — depth (m), 4 — DT and Deep Resistivity crossover, 5— DlogR TOC estimated from sonic
and resistivity logs (w/w), 6 — mineralogy model QElan.
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Table 1. Main parameters for DlogR TOC calculations

Name Unit Description Value
Vitrinite Unitless Vitrinite Reflectance value used in the Passey Equations 0.8
Reflectance
ReSISu.V ity Ohmxm Baseline Resistivity of Shale in non-organic rich intervals 5—7
Baseline
DT Baseline Us/m Baseline Compressional Slgwness of Shale in non-organic rich 310320
intervals
. Option between Sonic, Density or Neutron Delta Log R Model. Only .
DLogR Model | Unitless TOC is computed by the method based on the selected model. Sonic
. Either Type II or Type IIl is selected. TOC Type is used to compute
TOC Type Unitless HI of Gas or HI of Oil and S2. I

inorganic carbon (from carbon-rich miner-
als) from the measured total carbon (Fig. 4).
This technology can provide measurements
in open and cased holes [luras et al., 2021].
Numerous scientific investigations show a
high correlation between modern log (ele-
mental spectroscopy, NMR) and SCAL data
[Gonzalez et al., 2013; Craddock et al., 2019].
We have used this modern logging techno-
logy in our study as a reference for calibrating
the petrophysical model of unconventional
reservoirs.

Key Technologies:

— high-output Smart-PNG;

— 3 spacings / 4 detectors;

— state-of-the-art scintillators;

— compact Neutron Monitor (CNM);
— optimized pulsing scheme.

Measurements (simultaneous acquisi-

tion):
— time spectrum,;
—fast neutron cross-section;
— sigma;
—neutron porosity;
— energy spectroscopy;
— elemental concentrations;
—TOC; Carbon/Oxygen.

Results. Observations. Total organic car-
bon evaluation. In well B, we computed the
most accurate TOC estimation methods and
compared the results with special core analy-
sis data — LECO, TOC (Fig. 5). In our study,
we analyzed 49 core samples and 12 mud cut-
tings samples of horizons V-23 and V-24-25
from NWP Play (Glynsko-Solokhivsky oil and
gasregion). The results at the log panel show
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that not all log methods match laboratory
analysis well. The elemental spectroscopy

Deep (YAP)

Far (LaBr3)

Near (LaBr3)

CNM
PNG

Fig. 4. An example of a pulsed-neutron elemental-spec-
troscopy tool and main outputs (Pulsar, SLB).
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TOC and NMR_TOC have the best correla-
tions with core measurements. The biggest
mismatching is observed with the DlogR
technique TOC for these target formations.
It can lead to underestimation of TOC data for
such shale gas reservoirs in DDB, their hyd-
rocarbon potential, and their impact on the
completion plan. The data from SGR show a
better correlation with core data in carbonate
intervals, but in V-23, it matches partially. No-
tably, core sample data are more reliable and
have better depth shift samples than cuttings.
For depth matching, all core samples from
Well B were logged by the Gamma Ray tool
at the laboratory [luras et al., 2023b].

When full logging data suite is available,
the petrophysicists and geoscientists can es-
timate TOC properly without big challenges.

However, in the case of limited logging data-
sets, which we usually deal with in old wells,
they may be very complicated to evaluate. As
observed, the DlogR method is not a robust
solution for Visean formations in our case.
When we did not have a big amount of SCAL
data in the area of study and after reviewing
international experience results, it was deci-
ded to build a multilinear regression between
typical and modern logging data.

Due to quite good matches between ele-
mental spectroscopy TOC and core data from
Well B, we built multilinear regression bet-
ween both logging data as well. In this case,
elemental spectroscopy TOC and gamma-ray,
formation resistivity, and compressional slow-
ness logs were used. Finally, we have com-
puted the equation for TOC estimation in
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Fig. 5 Modern log data of Well B and different TOC estimation methods and their comparison with LECO TOC

core (black dots) and cutting data results (green dots).
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the organic-rich rocks (V-23 and V-24-25) of
North West Play in DDB (Fig. 6). After review-
ing and comparing TOC_ML values with real
advanced logs data, a very good correlation
between these parameters (R2=0.825) was ob-
served. Average TOC values are 6—9 % for
Rudov beds (V-23) and 2—4 % for organic-rich
carbonates from V-24-25 which corresponds
to very good and excellent source rock ac-
cording to Peters classification [Peters et al.,
1994]. At the interval of sandstone with high
porosity at the top of Horizon V-24-25, TOC
values don't match very well due to oil pre-
sence at this interval which was confirmed by
mud logging and coring data. This fact can
increase TOC values from logs, especially at
high-perm zone, and they were not included
in our investigation. The carbonate volume
(Varpy %0) also shows quite a good correlation
between data (see Fig. 8, b):

TOC), =0.00016x GR+0.00046 x
x DTP+0.0021x log10(RT)—0.084,

where DTP in us/m, RT in Ohm'm, GR in
gAPI.

Porosity and mineralogy evaluation. It
is quite difficult to provide petrophysical
reservoir evaluation by applying a common
triple combo logging dataset for such com-
plex reservoirs. When advanced well logging
methods such as nuclear magnetic resonance
for porosity estimation and geochemical logs

|
E-

BE—-e
==

TOC_ML = 0,0001621384; GR + 0,0004559869; DTF +
+ 0,002077495; logl0{RT) — 0,08367203 DTP (us/m),
RT (Ohm-m), GR (gAPI).

e

TOC_ML, w/w

(pulsed neutron spectroscopy) for minera-
logy and TOC determination are available to
construct proper petrophysical model will not
take much effort and time. Certainly, addi-
tional logging and coring data as calibration
points and data quality control (QC) are also
useful. When we are limited in the qualita-
tive logging data suite, especially during the
reinterpretation of data from old wells and
fields, and there is no possibility of making
SCAL analysis, using artificial intelligence or
other similar techniques should be the best
solution.

We decided to apply a similar approach for
mineralogy and porosity estimation of target
unconventional formations (V-23 and V-24-
25) at the NFP area as it was for TOC compu-
tation. The advanced open-hole data, espe-
cially pulsed neutron elemental spectroscopy
and nuclear magnetic resonance data with
checking points of SCAL (X-ray diffraction —
XRD) data (Fig. 7, 8) were used as calibration
points. In this case, we also included neutron
porosity as an input logging method, which
makes our model and result equations more
accurate. Finally, we computed equations
for Vipaier Veartr Vi @nd total porosity esti-
mation. The pyrite content was not included
in our case due to limited input log data. It
can only slightly affect the final results be-
cause of the minor content of this mineral in
the total amount of rock. Perhaps with much
more data, we can improve our workflow

r(.In:».ss-plc-l multi-well: (Total Organic Carbon Weight Fraction — toc_yabl) @ : &

Label: - Size: - Filter: c[u:o; |:
0 0,05 0,1 o ML g

0,2

=
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=
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0 TOC_Pulsar, w/w o1
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B e —

Fig. 6. Left —TOC_ML own equation with multilinear regression approach (GR, RT, and DTP vs TOC from ele-
mental spectroscopy). Right — correlation between log TOC_ML and TOC_Pulsar data.
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and equations in the future. Notably, fewer
samples with clay content were determined
from XRD data than petrography and modern
logs data. The explanation is that determi-
ning the content and type of clay minerals is
one of the most complicated tasks in labora-
tory measurements. In general, the clay-XRD
analysis is used separately for more accurate
evaluation of type of clay minerals in the in-
dustry. Unfortunately, in our investigations, it
was impossible to apply such equipment, so
we focused on the geochemical logging data:

Ve =—0.00074x GR+1.67 x NPHI+0.081,
Ve = —1.52x NPHI-0.00057 x
xGR—0.0019x DTP+1.16 ,

PHI ML = 0.00028 x DTP+

+0.094 x NPHI-0.035 ,
1=V, —V.py —PHI_ML .

C

V.

sand

where GR in gAPI, NPHI in v/v, DTP in us/m,

Vinale — all clay minerals (kaolinite, illite,

muscovite, etc.), V4 — calcite, dolomite,
ankerite, etc., V, 4 — quartz, plagioclase, k-
feldspar, etc., PHI_ML— total porosity in v/v.

Fig. 9 shows an example of how main res-
ervoir properties — TOC, porosity, and min-
eralogy are derived by using our proposed
equations corresponds to real well logging
data from well A of NFP.

These petrophysical workflow and equa-
tions are also applied in the wells from the
South Flank Play of DDB, where it was not pos-
sible to use elemental-spectroscopy or other
advanced well logging methods. The results
were compared with SCAL data in a few wells
(Fig. 10). 110 samples were analyzed (appr.
105 m of core material) from depths 4—4.5 km
as we had in North West Play. As has been
shown, source rock formations correspond to
late oil-wet gas window (Ro=1.0+1.3 %). We
observed quite good matches of evaluated
TOC, main mineralogy, and porosity data.
Importantly, in that part of DDB, our shale

L

iy -

Fig. 7. Advanced PNL high-resolution spectroscopy results and advanced mineralogy (VAE) results versus to core

XRD, well C.

ISSN 0203-3100. Geophysical Journal. 2024. Vol. 46. Ne 4

73



S. IURAS, M. ORLYUK, V. DRUKARENKO, S. LEVONIUK, V. KARPYN, T. POPADYNETS

reservoirs are more calcareous than in the havea good correlation with core data, which
NWP, but petrophysical evaluation results makessuch an approach quite flexible in dif-
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ferent areas of study. Core porosity, which was
estimated from grain density, is derived from
XRD analysis and measured by bulk density
because the typical RCAL approach of poro-
sity analysis for such rocks usually yields an
underestimate. Crushed rock analysis, which
is most common for shale gas reservoirs, is not
available in Ukraine nowadays.

Our results are important for estimating
the target formations' reservoir properties
and constructing robust geomechanical and
rock physics models, which will be used for
multistage fracking modeling and seismic QI.

Magnetic properties of the rocks. Oil and
gas fields of the Glynsko-Solokhivsky oil and
gas region are located within the limits of
the Lokhvytska regional magnetic anomaly
(with an intensity of 300 nT) of a northwest-
ern strike, coordinated with the strike of the
Central graben of the Dnipro-Donets Aula-
cogene and at the intersection of orthogonal
and diagonal fault systems [Pashkevich et al.,

2014], which are regional criteria for oil and
gas [Starostenko, Rusakov, 2015] (Fig. 11, a).
Most fields of the Glynsko-Solokhivsky oil
and gas region are located within positive lo-
cal magnetic anomalies (Fig. 11, b). Studies of
the physical properties of rocks were carried
out on rock samples from Well C (limestones
and argillite, 14 samples) and Well B (mud, 39
samples) from the depths of the target hori-
zons V-23, V-24, V-25 of the C,,; and C, , age.
The volume of the samples was determined
by weighing in air and water (according to
the standard method). The measurement of
volume magnetic susceptibility y was carried
out using MFK1-B kappa bridge with a sen-
sitivity of 6- 10® SIin the Demydiv Magnetic
Station Central Scientific Center of the In-
stitute of Geophysics NAS of Ukraine. The
density and porosity of the samples were de-
termined in the laboratory according to stan-
dard methods.

Let us consider the obtained characteristics

V-24-25
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B minus U 0.2 Omm 200010 v/v 0 wiw 02 veanp
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Fig. 9. Well A, evaluated petrophysical parameters show a good correlation between TOC, mineralogy, and total
porosity derived from ML equations and advanced pulsed-neutron spectroscopy logging data.
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in more detail. Rock samples from Well C are
presented by limestones and shales. Magnetic
susceptibility (determined by the sample vo-
lume), porosity, and density were studied. The
values of magnetic susceptibility are quite
low and vary from ¥=0.02:10" SI (limestone)
to x=3.2- 107 SI (shale). It should be noted that
these samples have the lowest and the highest
porosity — 0 and 0.1180 v/v, respectively. Ba-
sically, the values of magnetic susceptibility
are in the range of (0.33—1.99)- 107 SI, and the
porosity — 0.0030—0.1137 v/v. The density
varies between 2600—2710 kg/m’ (Table 2).
Correlation coefficients for magnetic suscep-
tibility and density, magnetic susceptibility
and porosity of rocks were investigated. For
the first case, the coefficient of correlation is
negative and is r=0.15, for the second r=0.57,
that is, there is a direct relationship between
porosity and magnetic susceptibility of rocks.
A certain exponential correlation is observed
between the carbonate content of rocks and
magnetic susceptibility, namely R*=0.6, which

indicates a decrease in the content of iron ele-
ments in more calcite rocks and, accordingly;,
less porous (Fig. 12). The mud from Well B is
represented by limestones, mudstones, sand-
stones, and siltstones from horizons V-23 of
the middle Visean and V-24-25 of the upper
Visean age. Magnetic susceptibility was de-
termined by the mass of the samples and is
characterized by extremely low values — from
0.006:107 SI to 0.4:107 SI. According to the
analysis of the sludge material, no character-
istic trends and dependencies are observed.

Conclusions. In our research different ap-
proaches for TOC calculation and petrophysi-
cal evaluation of main reservoir parameters
of Visean unconventional formations were
used by applying modern log and SCAL
data. Total organic carbon content, obtained
from elemental spectroscopy and NMR logs,
showed the best matching between core and
log data. The well-known DlogR technique
did not show such accurate results in our case.
The equation of TOC estimation for wells with
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Fig. 10. Petrophysical model obtained using local equations for evaluation and SCAL analysis data in wells E and
D with a higher calcareous content from South Flank Play of DDB.
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Fig. 11. Maps of regional (AT)a,reg (@) and local (A7), 5, (b) components of geomagnetic field of Glynsko-Solokhivskiy
oil-and-gas region: I — main faults; 2— the border of the DDB; 3 — faults (K-Kr — Kryvoriz'ko-Krupetskiy, Z-In
— Zakhidno-Inguletskiy, V-Lg — Verkhovtsevsko-L'govskiy); 4 — border of Glyns'ko-Solokhivskiy oil-and-gas
region; Lh — Lokhvytskiy segment of the DDB; G — Glynsko-Solokhivskiy oil-and-gas region; fields location,
faults and oil-and-gas location by [Starostenko, Rusakov, 2015].

Table 2. Laboratory measurements of core samples from well C

5 .
g Horizon Lithology sulg/ézgftli%till(i:ty, T(O)C’ Cirb’ Bulk den351ty, Porosity,
2 105 SI % %o g/cm v/v

1 V-24 Shale 3.2 4.299 10 2.62 0.1180
2 V-24 Shale 1.73 1.691 38.4 2.63 0.1137
3 V-24 Limestone 1.83 2.21 49.5 2.66 0.0466
4 V-24 Shale 1.99 2.257 53 2.64 0.0197
5 V-24 Shale 1.64 1.489 77.7 2.71 0.0669
6 V-24 Limestone 0.5 1.609 92 2.68 0.0030
7 V-24 Shale 1.04 3.703 46 2.60 0.0637
8 V-24 Limestone 0.64 1.671 7.7 2.68 0.0355
9 V-24 Shale 0.97 4.192 48 2.63 0.0906
10 V-24 Shale 0.054 3.042 63.4 2.63 0.0591
11 V-24 Limestone 0.02 0.798 91 2.66 0.0000
12 V-24 Shale 1.63 3.679 47 2.68 0.0684
13 V-24 Limestone 0.71 3.344 36.6 2.66 0.0883
14 V-24 Limestone 0,33 0,93 88 2,65 0,0000
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Fig. 12. Diagram of distribution of magnetic susceptibil-
ity and carbonate content of rocks, well C.

limited logging datasets (GR, RT, and DTP)
was evaluated and proposed after applying
the multilinear regression technique. The
correlation between TOC data calculated by
this equation and real modern logging data
(two wells) is very good and characterized by
a robust correlation coefficient of 0.825. It is
very useful for situations when we operate by
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HoBui poObounii npouec AAS nHeTpo(i3sndyHol OliHKHU
Bi3eNChbKUX HETPAAUIIINHUX 30arayeHuX Ha
OpPraHikKy KOAeKTOpiB AHINIPOBCbKO-AOHEUbKOI 3alla A\UHU

C. IOpacJ, M. OpAIOKI, B. ApyKapeHKol, C. AeBOHIOK’,
B. Kapnnﬂl , T. HonaAHHeub3 , 2024

1IHCTI/ITyT reodizuku iMm. C.I. Cy66oTtina HAH VYkpainu, Kuis, YkpaiHa
AT «YRpra3zBup0OyBaHHgI», KHIB, YKpaiHa
3 IBano-®OpaHKiBCHLKUM HaIiOHAABHUY TEXHIYHUY YHiBepCcUTEeT HadTH i Ta3y,
IBano-®OpaHKiBCHK, YKpaiHa

HapoueHHs pecypcHOI 6a3u Ta BUAOOYTKY BYTAEBOAHIB 3aAMIIIAETHCS OAHUM 3 OCHOB-
HMX 3aBAAQHb IIepeA iH)KeHepaMU Ta BiTYN3HAHUMU HayKOBIAMU. OCOOAMBO ITe aKTyaAbHO
B YMOBAaX ITIOBHOMACIITaOHOI BiiHU B YKpalHi. 3 OTASIAY Ha BUCOKY BUCHa KeHiCTh AIFOUNX
popoBHil (6AU3BKO 75 %) i AOCTaTHBHO AOOPY BUBUeHiCTH AHIIPOBCHKO-AOHENIHKOT 3a-
napuHA (AA3) DOITYKOBO-PO3BiAyBAABHUM OYPIiHHAM, OAHUMU 3 He0araTboX MOKAMBUX
HaIPsIMiB peaniszallil 3a3HaueHUX BUIIlEe 3aBAAHb € HAATANOOKe OypiHHS (>6 KM) Ta BUAY-
YeHHS ByTA€BOAHIB 3 HU3bKOIIPOHUKHUX KOAEKTOPiB HETPAAUIiiHOTO TUIYy. Pe3yAbTaTn
AabOPaTOPHUX AOCAIAKEHD Ta iIHTepIIpeTartii AaHUX reoi3uIHUX AOCAIAKEHb CBEPAAOBUH
(I'AC) HeTpapUIIMHUX KOAEKTOPIB BizeMChbKUX BiaAKAAAIB (B-23 Ta B-24-25) BKa3yoTh Ha
BHCOKY IIepPCIIeKTUBHICTD IIUX iHTEPBaAiB, 0COOAUBO TOMY, 1110 BOHU 3aAATaIOTh Y MeKaX sIK
MiBHIYHO-3aXiAHOI, TaK i MBAEHHO-CcXiAHOT YacTuH AA3; 3ararbHa NAOIa TePCIeKTUBHUX
AIASTHOK CTaHOBUTE GAK3BKO0 8000 KM?. [TpoTe HaATANGOKE OypiHHS Ta BUAOOYTOK ByTAE-
BOAHIB 3 HETPAAUIIIMHAX KOAEKTOPIB IIOTpeOye 3aCTOCYBAHHSA Cy4aCHUX TEXHOAOTIUHUX
MIAXOAIB i pillteHb. AASI TOTO 11100 00paTH ONTUMaAbHE MicIie («sweet spot»), 3alIpOEKTyBaTH
ONITMMAaAbHY ITPOrpaMy OypPiHHS, T€OAOTIYHOTO BUBUYEHHS Ta 3aKiHUE€HHS AQHUX CBEPAAO-
BUH, He0OXiAHO TOOYAYyBaTH MaKCUMAABHO TOUHY I'€OAOTiUHY MOAEAB AQHOTO KOAEKTOPA.
[MTo6yaoBaHo neTpodi3zmyHy MOAEAb KOAEKTOPIiB HETPAAUITIHOTO TUITY 3 BUCOKMM BMiCTOM
opraniuHoi peuoBuHU (TOC) Ha nmipcTasi paHnx 'AC CTOCOBHO CBEPAAOBUH CTAPOTO (DOHAY
3 TunoBUM KoMiaekcoM 'AC. Moaeab BiaAKkariOpoBaHO 3a AQHUMHU CydaCHUX reoi3znuHNUX
KOMIIAEKCIB (CIIeKTPaAbHUM raMMa-KapoTasK, HeHTPOHHO-TaMMa CIIEKTPOCKOTIis, SAePHO-
MarHITHUY KapOTasK, AiITOAOTO-TyCTHHHUM TOII0) Ta CIIelliaAbHUX AOCAIAKeHb KepHa (XRD,
LECO, TOC Tomio). 3a AOIOMOIr0ol0 BUKOPUCTAHHS METOAY MYABTHUAIHIMHUX perpeciit y
nporpamHomMy kommaekci FAC «Techlog» aBTopu BUBeAU i 3alIpONOHYBaAM PiBHSHHSA
AT PO3PaxXyHKY 3araabHol nopuctocTti, TOC i MiHEpaABHOTO CKAAAY LIABOBUX (hopMa-
1Ii#i. Pe3yAbTaTi BUKOPUCTAHOTO IIAXOAY ITOKa3aAu AOOPI KOPEASIlifiHI 3B'A3KU SIK AAS
HeTPaAUIIMHUX KOAEKTOPIB miBHiUHO-3axipHO1 yacTuHu AA3 (I'AuHCbKO-COAOXIBCHKUM
ra30Ha(pPTOHOCHUM paioH), TaK i AAS IPUOOPTOBOI MiBAEHHO-CXiAHOI YaCTUHU. ByAo Takoxx
MOCAIAKEHO MarHiTHY CHPUNHATAUBICTD I[IABOBUX KOAEKTOPIB Ta BU3HAYEHO 11 3B'30K 3
IHIMUMHA (DI3UYHUMEU [IapaMeTPaMuU OPiA, 30KpeMa BUABACHO IIPSAMY 3aA€KHICTD 3 IXHBOIO
nopucticTio. LI cTaTTss € IpOAOBKEHHAM cepil IyOAiKallifl o BUBUEHHIO Bi3eMChbKUX
KOAEKTOPiB HeTpaAuIiiHOTO TUIY B Meskax AA3.

Karo4oBi caroBa: HadTOrazoMaTepUHCBHKA IMOPOAQ, KOAEKTOP HETPAAUIIIMHOTO THUILY,
3araAbHUM BMICT OpraHiYHOI PeYOBUHU, AMPPAKTOMETP, PYAIBCHKI IIapu, KapOoHaTH,
Bi3€MCHBKI BIAKAQAW, MIHEPAABHUU CKAQA.
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