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PREDICTION OF ABNORMALLY HIGH FORMATION PRESSURE ZONES USING
3D SEISMIC INVERSION DATA

(lMMpedcmaesneHo YyneHoM pedakyiliHoi kosnezii 0-pom 2eon. Hayk, doy. I".[. JlicHum)

Background. The article provides information about the location of the Hovsan field under study, the history of its investigation
by various geological and geophysical methods, and the main results obtained. It is noted that the study of this area began as early as the
19th century from the adjacent Surakhany-Karachukhur area, where the first exploratory well was drilled (Karachukhur area). From the
1930s to the 1940s, various geophysical surveys were also carried out within the study area, and as a result of electrical prospecting, the
first understanding of the tectonics of the Bina-Hovsan syncline was obtained. Gas survey data later made it possible to identify anomalous
zones within the Hovsan field. Seismic exploration was conducted from the 1930s to the mid-1950s using the reflection-seismic method
(RM), and in 1977-1978 using the common depth point (CDP) method. Individual seismic profiles were acquired in 1993 and 1999. Detailed
CDP surveys were carried out in 1996 and in 2003-2004. In 1948, oil was discovered in well No. 1308 in the Kalin Suite of the Productive
Series, after which the Hovsan oil field was put into commercial development. The field is currently exploited only onshore, since its
offshore boundaries remain undefined due to insufficient study.

Methods. In 2011-2012, 3D CDP seismic surveys were carried out in the Zykh-Hovsan area. These surveys were conducted
under varying near-surface seismic-geological conditions, covering a total area of 70 km> Information is provided on the field
operations: four types of seismic energy sources and three types of recording receivers were used in this area. During the field
setup, source matching was not properly implemented, which created difficulties during data processing. In addition, receiver
calibration was only partially completed, leading to further complications. Special attention is given to the implementation of
seismic inversion.

Vertical seismic profiling (VSP) surveys were successfully conducted in two wells of the Hovsan field wells 1856 and 1867. Brief
information is presented regarding the borehole surveys and the processing of the acquired data.

Results. Pseudo-acoustic inversion (PAC inversion) was obtained, and a comparison of vertical slices of the absolute and
relative acoustic impedance cubes along one of the 3D survey lines of the Hovsan field showed that, in both sections, a strong
decrease in acoustic impedance values is observed at the level of the underlying PS deposits. This decrease is mainly associated
with a sharp reduction in seismic wave velocities and densities from 110 to 2598 (m/s)x(g/cm®) in clay-rich, fluid-saturated
formations, which are typical for zones of abnormally high reservoir pressure (AHRP).

The presence of an AHRP zone is also confirmed by the VSP results obtained from the two wells in the field.

Surface and borehole seismic studies made it possible to identify an AHRP zone in the Hovsan field section. Stratigraphically,
the AHRP interval encompasses the underlying PS deposits, which are represented lithofacially by clay-rich sediments with
interbedded sands. These sand interlayers did not appear on conventional seismic sections. However, seismic inversion of the 3D
seismic data made it possible to distinguish these sandy intervals.

Conclusions. A very important conclusion is that the AHRP zone is clearly identified on vertical sections of both the
absolute acoustic impedance and the relative impedance. Thus, it can be stated that seismic inversion of 3D seismic data can be
used to predict the AHRP zone.

A well drilled into the Miocene deposits in 2015 confirmed our assumptions and produced a flow of approximately 100 tons of
oil per day, further confirming the hydrocarbon potential of the underlying PS deposits within the study area.

Keywords: oil and gas content, seismic inversion, seismic section, VSP, Miocene deposits, 3D seismic survey.

Background
The Hovsan field, located within one of the oldest oil and

geophysicists in the country have increasingly focused on
formations lying deeper than the PS (Leila et al., 2022). In

gas—bearing regions in the world, the Absheron oil and gas
province is currently among the most actively developed
onshore fields of Azerbaijan (Fig. 1). In the Absheron region,
the main hydrocarbon-bearing reservoirs are situated within
the Productive Series (PS) of the Lower Pliocene. Over
roughly two centuries of industrial development of
Azerbaijan's oil fields (primarily on the Absheron Peninsula),
more than 2 billion tons of oil and condensate have been
produced from PS deposits (Abdullayev, Riley, & Bowman,
2012; Salmanov et al., 2023). In recent years, geologists and
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this regard, the Hovsan field is no exception.

The study of the area began in the 19th century from the
neighboring Surakhany-Karachukhur area, where an
exploratory well was drilled (Karachukhur area). From the
1930s to the 1940s, various geological and geophysical
studies of different scales were also carried out (Ahmedov,
Kerimova, & Khalilova, 2024) within the study area. As a
result of electrical prospecting, the first understanding of the
tectonics of the Bina-Hovsan syncline was obtained, and gas
survey data made it possible to identify anomalous zones
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within the Hovsan field. Seismic exploration was conducted
in 1937-1941, 1945-1949, 1949-1951, and 1955 using the
reflection-seismic method (RSM), and in 1977-1978 using
the common depth point (CDP) method. Individual profiles

were acquired in 1993 and 1999. In 1996 and in 2003-2004,
detailed CDP seismic surveys were carried out by the
"Azneftegeophysics" Trust (Exploration  Geophysics
Department) (Akhmedov, & Khalilova, 2024).

Caspian sea

. "7/
/;/4{/.’ Mty

Caspian sea

Fig. 1. Surveyed area of the study with seismic exploration activities

In 1993, seismic surveys using the "land-sea" method
were carried out, partially covering the southeastern part
of the area.

Based on the results of geological and geophysical
studies and deep drilling, two fields were discovered within
the study area: Zykh in the west and Hovsan in the eastern
part. Both fields are currently under development (Abdolahi,
Chehrazi, & Kadkhodaie, 2022; Abdullayev, Riley, &
Bowman, 2012; Aghayev, 2023; Ahmadov, 2025).

Drilling in the Zykh-Hovsan area began in the 1930s. In
1935, the Zykh field was discovered and put into operation. The
discovery well was Well No. 12, which produced commercial oil
from the Balakhany Suite of the Productive Series (PS).
Between 1936 and 1940, oil accumulations were identified in
the suites of the lower part of the PS (NKP, KS, PK, and KaS).
In total, 235 wells of various purposes have been drilled at the
field. Most of the drilling was carried out in the 1940s—1950s. In
the 1990s, nine wells were drilled. As of 2001, the producing
well stock consisted of 10 wells.

Between 1932 and 1935, a large number of exploratory
and structural wells were drilled in the Hovsan area. In total,
311 exploratory, appraisal, and production wells were drilled
within and near the studied area. Some of the wells within
the Hovsan field penetrated Pontian (Upper Miocene)
deposits, while the remaining wells were terminated in the
lower or upper parts of the Neogene deposits of the
Productive Series.

Based on the obtained data, the monoclinal structure of
the strata was established. In 1948, Well No. 1308
discovered an oil field within the Kalin Suite of the Productive
Series, and the Hovsan oil field was subsequently put into
commercial development. The field is exploited only
onshore, as its offshore boundaries remain undefined due to
insufficient study.

Methods

To study the velocity model of the subsurface (Starostenko,
Legostaeva, & Savchenko, 2014), seismic well-logging (SWL)
investigations were carried out in Well 60 of the Karachukhur
area, and in 1949—-1950 in Wells 156 and 191 of the Zykh area,
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as well as in Wells 1310 and 1508 of the Hovsan area. In
addition, vertical seismic profiling (VSP) was conducted in
Hovsan Wells 1856 (in 2010) and 1867 (in 2014).

In 2011-2012, 3D CDP seismic surveys were conducted
across the Zykh-Hovsan area. These seismic surveys were
carried out under varying near-surface seismic—geological
conditions, covering a total area of 70 km2.

The observation system consisted of a centrally
symmetric ("cross") receiver layout with 14 lines of 144
active channels each, and a grid of source and receiver
profiles spaced 300x300 m. This arrangement provided a
nominal fold of 84 and ensured a uniform distribution of
survey attributes. The spacing between receivers and
sources was 50 m, resulting in a total of 144x14=2,016
active channels. Within the layout template, 42 sources were
activated. For this fixed configuration, excitation was applied
at 42 shot points along the source line (between the 4th and
11th receiver lines), located between channels 71 and 72.
The layout was then shifted 300 m along the receiver lines,
and the next 42 shot points were processed, continuing in
this manner until the entire survey block was covered.

Seismic data acquisition and recording were carried out
using the I/0 IMAGE telemetry system (USA). The results of
the processing and comprehensive interpretation of these
surveys are presented in the current study.

In this area, four types of seismic sources and three
types of recording receivers were used (Fig. 2). During the
field setup, source matching was not properly implemented,
which caused difficulties during processing. In addition,
receiver matching was only partially completed, leading to
further complications.

For an objective assessment of the field seismic data, as
well as for the classification of present noise and the
selection of procedures for its attenuation and suppression,
the amplitudes and dominant frequencies of both the useful
signal and low-velocity surface-wave noise were calculated
from the common-shot-point seismograms using the
QCAMP module.
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Fig. 2. Seismic sources and receivers used
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Fig. 3. Amplitude spectra of the useful signal and noise within the cone
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The amplitude spectrum of the useful signal (Fig. 3) was
calculated at offsets of 850-1500 m within a time window of
800-2500 ms, while the amplitude and frequency of low-
velocity surface-wave noise were determined at offsets of 0—
500 m within the same window. Analysis of the results showed
that areas with different types of sources are clearly
distinguishable on the amplitude map. The lowest amplitude
values were observed for the impulsive source. In addition,
seismograms from the acoustic source also differ from one
another. The dispersion of dominant frequencies across the
area varies significantly, which may be related to the different
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types of sources (Fig. 3). In general, the signal frequencies
across the area range from 5 Hz to 35 Hz, with most of the data
having signal frequencies between 10 Hz and 20 Hz. Figures 4
and 5 show fragments of representative field seismograms of
the sources and their amplitude frequency spectra. Overall, the
seismograms are complicated by surface-wave cones of
varying intensity and frequency. For the impulsive source, a
high noise level and a low signal-to-noise ratio are
characteristic. Additionally, the use of overlay charges on the
lake proved to be ineffective, as the seismograms exhibited
strong surface noise and low useful-signal frequencies.
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Fig. 4. Fragments of field seismograms with amplitude spectra of the corresponding windows:
1) explosive source; 2) impulsive source
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Fig. 5. Fragments of field seismograms with amplitude spectra of the corresponding windows:
1) acoustic source; 2) vibratory source
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To obtain a combined seismic cube, the most important
processing task was to bring the seismic signals from all
source types to a unified form, specifically to minimum phase
(Abdolahi, Chehrazi, & Kadkhodaie, 2022; Russell, 1988;
Veeken, & Da Silva, 2004). As noted earlier, four types of
sources and three types of receivers were used in this area.
From a theoretical standpoint, the signals from explosive
and impulsive sources are similar and have a minimum-
phase impulse shape, whereas the vibratory source
produces a zero-phase signal, and the acoustic source
generates a mixed-phase signal.

To convert the impulse from the vibratory source to a
minimum-phase form, modeling was performed based on
the available sweep-signal data (linear sweep in the 8-80 Hz
frequency band, duration 10 s, taper 0.5 s) to generate a
Klauder wavelet, for which a minimum-phase conversion
filter was then calculated (Fig. 6). During the modeling, a
conversion filter was successfully obtained; however, its
subsequent application to real data proved ineffective, as the
filker altered the signal phase inconsistently across
frequencies. In contrast, using a minimum-phase filter over
the frequency band of the sweep signal yielded better
results, which is why this filter was ultimately chosen.
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2) model signal from an explosion in the
frequency band of the swirl;
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Fig. 6. Conversion of the vibratory source to a minimum-phase impulse form using modeling

The acoustic source has a mixed-phase signal
characteristic. To convert it to a minimum-phase form, statistical
deconvolution was applied, bringing the pneumatic gun
signature to a unified minimum-phase equivalent (Russell,
1988; Veeken, & Da Silva, 2004). This procedure was carried
out within a broad time window of W800-W2500 ms, with a
noise factor of 1 % and an operator length of 400 ms.

Due to the use of different types of receivers in the area
(geophones, hydrophones, and transition-zone receivers), a
correction for non-identity was applied (Abdolahi, Chehrazi,
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& Kadkhodaie, 2022; Veeken, & Da Silva, 2004). For this
purpose, amplitude and frequency maps of the signal were
constructed. Based on the analysis of these maps and
seismograms from different sources using various receivers,
it was concluded that the signal frequency and phase do not
depend on the type of receiver. The only difference was in
amplitude, which varied across the area. This variation was
corrected by applying a surface-consistent dynamic
correction for both sources and receivers.
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Discussion and conclusions

Due to the complex and difficult-to-interpret interference
patterns in the intervals corresponding to the main target
objects, it was decided to apply seismic inversion (Abdolahi,
Chehrazi, & Kadkhodaie, 2022; Russell, 1988). This
inversion, by removing interference effects, allows for a
direct representation of geological objects on seismic

sections (within the achieved resolution), while direct
calibration of the PAC traces with well log data enables work
at the level of reservoir elements, such as the top and bottom
of the layer (Fig. 7). In other words, PAC inversion makes it
possible to transition from a quasi-synchronous seismic time
section to an approximate lithological section.
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Fig. 7. Vertical time section (a) and the corresponding PAL section (b) in relative impedances along the traverse

The inversion was performed using the Hampson-
Russell software suite in deterministic mode, which is based
on the use of an a priori geological model. The key
procedures in the inversion are the estimation of the "initial"
signal and the construction of the a priori geological model.
The signal estimation was carried out in two stages. In the
first stage, seismic data were tied to the geological section.
This tie was performed over a broad window encompassing
the entire target interval. For the initial approximation, a
zero-phase signal calculated from seismic data in the vicinity
of Well 1856 using VSP data was used (Fig. 8). Signal
estimation was performed only near Well 1856, where a
complete set of well-log data required for accurate tying was
available: VSP results, density, and acoustic logs. The final
estimate of the "initial" impulse was taken as the signal
shown in Fig. 8, characterized by a phase shift of 13°.

To construct the a priori geological model, the target
interval is divided into thick layers with uniform layering
characteristics (based on the pattern of filling reflections).
This thick-layered model is used to transfer correlation
across the inter-well space when building a 3D a priori model
from well-log data. The resulting model serves as a
framework for the actual inversion of seismic traces into
pseudo-acoustic impedance. The degree to which the
framework model influences the inversion is controlled by
the corresponding parameters.
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Figure 9 presents a comparison of vertical slices of the
relative impedance cube along line 364 of the Govsan field.
A detailed analysis of this cube slice shows that, in both
sections, a pronounced decrease in acoustic impedance
values is observed (Riahi, & Fakhari, 2022) at the level of
the underlying PT deposits. This decrease is mainly
associated with a sharp reduction in seismic wave velocities
and densities, ranging from —-110 to -2598 (m/s) x (g/cm?),
within clayey deposits saturated with fluids, which is
characteristic of zones with abnormally high formation
pressures (AHFP (Riahi, & Fakhari, 2022; Sun et al., 2023).
The existence of an AHFP zone is also confirmed by the
results of vertical seismic profiling (VSP) conducted in two
wells of the Govsan field (Ahmadov, 2019; Starostenko,
Legostaeva, & Savchenko, 2014).

VSP (Vertical Seismic Profiling) surveys were
successfully conducted in well 1856 in the summer of 2010
and in well 1867 in 2014 (Starostenko, Legostaeva, &
Savchenko, 2014). The surveys were conducted in the
cased Well 1856 (single and double casing) using impulsive
sources, including a pneumatic chamber and the most
advanced four-level VSP probe available at the time, the
VSI-4. No significant problems were encountered during the
field observations. The acquired data are of good quality and
suitable for the objectives and tasks set for the VSP surveys.
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During data processing, the most efficient multicomponent
methodology was applied, which includes polarization analysis,
calculation of projections, and parametric decomposition of
wavefields. This approach enables simultaneous processing of

all three recorded XYZ components, allowing the extraction of

reflected scalar waves with the highest possible quality. The
processed data were migrated, resulting in both time and depth
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VSP sections. The constructed models were successfully

seismic data demonstrated a good level of consistency
between them.

validated for structural dip and acoustic properties using the
complete set of recorded VSP data. Therefore, the reliability
and accuracy of the VSP results can be considered well
substantiated. A joint analysis of the VSP sections and surface
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To predict velocities below the well bottom and to extend
the depth—time relationship for estimating the depths of the
most interesting reflecting horizons, it was decided to
perform Pseudo-Acoustic Logging (PAL), also known as
acoustic impedance inversion. The PAL was calculated
based on the corridor stack of reflected waves from the VSP
data. Since any inversion is a highly non-trivial process,
numerous iterations of PAL with different inversion
parameters were analyzed. The presented results are stable
and consistent with the a priori information. For the PAL
inversion, the dominant frequency range of the VSP data 5—
70 Hz was selected.

It should be noted that the theory of PAL (Pseudo-Acoustic
Logging) is developed for a one-dimensional medium: flat-
layered structure, vertical well, and a VSP observation
configuration corresponding to a vertical profile. These
assumptions are not entirely accurate for Well H1867, which
does not allow for a guarantee of 100 % reliability of the obtained
data. Nevertheless, the results appear to be correct rather than
false-synthetic (i.e., they do not exhibit uncharacteristic behavior,
doubtful values, or inversion instability).

In addition, the recorded VSP and well-log data show a
significant decrease in velocities in the lower part of the
section, which also confirms the PAL results. The predicted
P-wave velocity below the well bottom was used to calculate
a predictive depth—time relationship, which, in turn, can be
used to estimate the expected depths of the most interesting
reflecting horizons below the well bottoms.

Without going into the detailed processing and
interpretation of the VSP data, we note several important
results of the well seismic surveys (Salmanov et al., 2023;
Starostenko, Legostaeva, & Savchenko, 2014). Analysis of
the velocity curves obtained from VSP and well-log data
below the bottoms of the studied wells shows that, after a
significant increase in interval velocities, a sharp decrease
to approximately 2000 m/s is observed at greater depths,
corresponding to a depth of about 1000 m (Fig. 9). A similar
pattern is observed in both wells. In our view, this clearly
indicates the presence of an AHFP (abnormally high
formation pressure) zone at this field, associated with fluid
accumulations in the underlying PS deposits. In our opinion,
this clearly indicates the presence of an abnormally high
formation pressure (AHFP) zone within the studied field,
associated with fluid accumulations (Riahi, & Fakhari, 2022;
Sun et al., 2023). Such abnormally elevated pressures arise
as a result of reservoir sealing during burial, when formation
fluids lose the ability to escape from the reservoir and thus
prevent rock compaction under the increasing load of the
overlying strata, i.e., lithostatic pressure. In effect, only a
portion of the overburden weight is transmitted by the rock
framework to the pore-filling fluid. Consequently, the rock
experiences differential (effective) pressure corresponding
to a somewhat shallower depth, and the seismic velocity
within it corresponds to that reduced depth.

A one-dimensional Vp-Vs velocity model was
constructed as the first-approximation 1D Vp-Vs model for
parametric decomposition based on VSP data from wells
No. 1856 and 1867. The constructed models were
compared with slices extracted from the seismic inversion
cubes, which demonstrated their complete consistency with
respect to the AHFP zone.

As noted above, the Hovsan field is located in the
southeastern part of the Absheron Peninsula and extends
into the offshore zone of the Caspian Sea. In 2017, well
No. 1870 was drilled targeting the underlying PT formations,
where an abnormally high formation pressure (AHFP) zone
was anticipated based on VSP data. Indeed, the wellhead
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pressure reached approximately ~800 atm, compared with
the expected 400 atm. The well flowed uncontrollably for
several days and was eventually suspended due to technical
constraints.

Surface and well seismic studies made it possible to
identify an AHFP (abnormally high formation pressure) zone
in the Hovsan field section, which stratigraphically
corresponds to the underlying PS deposits. Lithofacies-wise,
these deposits consist of clay-rich formations with
interbedded sands. These sand layers were not clearly
visible on conventional seismic sections. However, seismic
inversion of the 3D seismic data allowed these sand
interbeds to be identified.

A key finding is that the AHFP zone is clearly
distinguished in vertical sections of both absolute and
relative pseudo-acoustic impedance. Thus, seismic
inversion of 3D seismic data can be effectively used to
predict the AHFP zone (Abdolahi et al., 2022).

A well drilled into Miocene deposits in 2015 confirmed
these predictions, producing a flow of approximately 100
tons of oil per day, thereby further confirming the
hydrocarbon potential of the underlying PS deposits within
the studied field.
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NMPOrHO3YBAHHA 30H AHOMAJIbHO BUCOKOI'O NMNACTOBOI'O TUCKY
3 BUKOPUCTAHHAM OAHUX 3D CEACMIYHOI IHBEPCII

BcTyn. Y cmammi HasedeHo eidomocmi npo po3mauwyeaHHs1 docnidxyeaHozao podoesuuja loecaH, icmopito io2o su8YEHHs1 pPi3HUMU 2e0Js10-
2iYyHUMU ma 2eogpi3udHUMU MemodaMu, a MaKo)XX OCHO8Hi ompuMaHi pe3ynbmamu. 3a3Ha4aembcsi, ujo 00CiOKeHHs1 yiel mepumopii po3noyanocs
we y XIX cm. i3 npuneznozo palioHy CypaxaHu—Kapadyxyp, de 6yno npobypeHo nepwy po3eidyeanbHy ceepdnosuHy (palioH Kapauyxyp).
Y 1930-1940-x pp. y mexax docidxyeaHoi mepumopii mako npoeodunucs pi3Hi 2eopizuyHi docnidxeHHs, i 8 pesynbmami enekmpopo3eioku 6yno
ompuMaHo rnepuie ysiesieHHs1 PO MeKmMoHiky biHa-loecaHcbKoi cuHkniHani. [JaHi 2a303lUoMKu 32000M danu 3Mo2y eusieumu aHOMaslibHi 30HU 8 MeXax
podosuuja NoecaH. CelicmiyHi docnidxeHHsi nposodunucsi 3 1930-x do cepeduHu 1950-x pp. memodom gidbumux xeusnb (RM), a'y 1977-1978 pp. —
memodowm cninbHoi 2nu6uHHoi moyku (CDP). Okpemi celicmiyHi npogpini 6yno ompumano y 1993 ma 1999 pp. lemansHi docnidxeHHss Memodom CDP
sukoHyeanucsiy 1996 ma y 2003-2004 pp. Y 1948 p. e ceepdnosuni Ne1308 y kaniHcbkili ceimi npodykmueHoi mosuwii 6yno eidkpumo Hagpmy, nicnsi
4020 podoesuuse NoecaH 6y1o esedeHo 8 npomucsiogy ekcrislyamauito. HuHi podoeuuie po3pobnsiembcs nuwe Ha cyuwi, OCKiNbKU lio20 MOPChKi MeXi
3anuwarombscsi Hegu3HaYeHUMU Yepe3 HeAoCmamHIo 8USYEHICMb.

MeTtonawu. Y 2011-2012 pp. y paiioHi 3ux—oecaH 6yno npoeedeHo 3D-celicMiuyHi docnideHHss memodom CDP. Po6omu eukoHyeanucsi 3a
pi3HOMaHimHux npurnoeepxHeaux celicMo-2eos102i4HUX ymoe i oxonunu nnowy 70 km> HasedeHo iHghopmauyito uyodo nonbosux po6im: y yiti 30Hi
euKopucmosyseanucsi Yyomupu munu Oxepen celicMiyHoi eHepaii ma mpu munu nputlimadyie. i@ 4ac nonbosux pobim He 6y/10 HaneXHUM YUHOM
BUKOHaHO y3200)KeHHS OxKepers1, o CrpuYyuHuno mpyoHowi npu obpobuyi daHux. Kpim mozo, kani6pyeaHHs npulimayie 6yno nposedeHo nuwe Yac-
mMKoeo, W0 makox ycknadHusio o6pobky. Ocobnuey yeazy npudinieHo 3acmocyeaHHI celicMi4HOT iHeepcil.

BepmukanbHe celicmiyHe npogintoeaHHs (VSP) 6yno ycniwHo npoeedeHo y deox ceepdnosuHax podosuuja MoecaH: Ne 1856 ma Ne 1867. Haee-
JeHo KopomKy iHghopmayito npo ceepdnosuHHi docnidxeHHs1 ma 06pob6Ky ompumaHux 0aHuXx.

Pe3ynbTaTtu. OmpumaHo pesynsmamu nceedoakycmu4Hoi iHeepcii (PAC-iHeepcii), a makox npoeedeHO MopieHsIHHSA éepMUKaIbHUX PO3-
pi3ie Ky6ie abcosiromHo20 ma 8i0HOCHO20 aKycmu4Ho20 imnedaHcy 83008)X 00HO20 3 npodginie 3D-3liomku podosuuja NoecaH. [MokasaHo, w0 8 060x
po3pi3zax Ha pieHi nidcmunbHux eidknadie npodykmueHoi moeuwji (PS) cnocmepizaembcsi pi3ke 3HUXEHHSI 3Ha4YeHb aKycmu4Ho20 iMnedaHcy. Le
3HUXKE€HHS1 20J/T08HUM YUHOM 108 ‘A3aHe 3 Pi3KUM 3MeHWeHHSIM weudkocmell celicMi4HUX xeusb i 2&ycmuHu — 8id 110 do 2598 (m/c)%(2/cm?) —y anuHu-
cmux, Hacu4eHux ¢siroidom nopodax, xapakmepHux OJisi 30H aHOMaslbHO 8UCOKO20 fsiacmoeo2o mucky (ABIIT).

HasieHicmb 30HU ABIT makox niomeepdxyemsbcs pesynbmamamu VSP, ompumaHumu y 0e8ox ceepdsiosuHax podosuwia.

HaszemHi ma ceepdnoeuHHi celicmiyHi docnidxeHHs1 anu 3mo2y eusisumu 30Hy ABIT y po3pi3i podoeuwa NoecaH. CmpamuzpaghiyHo iHmepeasn
ABIIT oxonntoe niocmunbHi i0knadu npodykmueHoi moewi, ki 1imoso2i4Ho npedcmaeneri enuHucmumu eidknadamu 3 npowapkamu nickie. Lji
niwaHi npowapku He eido6paxanucsi Ha mpaduyiliHux celicMiyHux po3pizax. OOHak iHeepcisi 3D-celicmiyHux daHux do3eonuna ix eudinumu.

BucHoOBEKU. Baxnueum eucHoekom € me, wjo 3oHa ABIT yimko eudinsiembcsi Ha eepmukanbHUX pPo3pi3ax sik abcosIromHo20, mak i eiOHoc-
HO20 aKycmu4Ho20 iMmnedaHcy. Omie, MOXXHa cmeepadxxyeamu, wo celicmiyHa iHeepcisi 3D-celicmiyHUX AaHUX MOXe 6ymu eukopucmaHa Ossi npo-
2Ho3yeaHHs1 30H ABIIT.

CsepdnosuHa, npobypeHa y MioyeHosux gidknadax y 2015 p., niomeepduna Hawi npunyweHHs1 ma 0ana npunnue 6nusbko 100 moHH Haghmu Ha 006y,
wo dodamkoeo nidmeepadxye Haghmoz2a3oHOCHULI nomeHyian nidcmunbHux eidknadie NMPodyKmMueHoi moeuwii 8 Mexax docnidxysaHoi mepumopii.

Knw4yoBi cnoBa: HagpmozazoHocHicmsb, celicmiyHa iHeepcis, celicmiyHuli po3pi3, VSP, MioyeHoei eidknadu, 3D-celicmiyHa 3(ioMKa.

ABTOpU 3asiBNSAIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Bpanu yvacTi B po3pobneHHi JocnimpkeHHs; y 300pi, aHanisi uun
iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKoOMucy; B pilLeHHi Mpo nybrnikavilo pe3ynbTaris.

The authors declare no conflicts of interest. The funders had no role in the design of the study; in the collection, analyses or interpretation
of data; in the writing of the manuscript; in the decision to publish the results.

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)





