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During its thousand-year history, the Kyiv-Pechersk Lavra has experiences many di-
sasters. At the time when the fight against religion was part of the state ideology, the
cathedral and monastery were closed, and its countless treasures were confiscated. Even
in the turbulent 1930s, when the bolsheviks destroyed dozens of unique temples and
churches in Kyiv, the Assumption Cathedral remained intact. Black days for the age-old
shrine came during the German occupation in the fall of 1941. First, the shrine was looted,
and many material and artistic valuables were taken. In November 1941, a series of ex-
plosions destroyed the main temple of the Kyiv-Pechersk Lavra, which had served as a
tomb for the Kiev princes. In February 2022, the war had started again in our country, and
modern scientific technology allows us to assess the impact of military events on buildings
of Kyiv-Pechersk Lavra from viewpoint of the level of seismic hazard assessment, which
have lasted in Ukraine for more than two years, because Kyiv-Pechersk Lavra is listed as
a UNESCO World Heritage Site.

The article presents the results of the analysis of the operation of devices for various
purposes — from the recording of seismic-acoustic waves, which have a high frequency
of natural oscillations, to low-frequency ones, which are recorded by a laser inclinometer.

The article also presents the results of modern automated data processing using vari-
ous methods — from the spectral method of signal recognition to the modern autopicker
method of determining the time of arrival of waves AIC, which allows you to clearly de-
termine the arrival time of vibration waves of various origins — from the formation of
cracks in historical buildings of the Kyiv-Pechersk Lavra to vibration waves of technical
and natural origin.
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Introduction.The National Reserve «Kyiv-
Pechersk Lavra» occupies a large area and
covers various geomorphological elements.
This determines the complexity of the engi-
neering and geological conditions of the ter-
ritory (the presence of rocks with different

physical and mechanical properties at be-
neath the monuments, erosional disintegra-
tion of the terrain, high level of groundwa-
ter, etc.) [Rybin et al., 2001; Kendzera et al.,
2016; Cherevko, 2021]. The Verkhniay Lavra,
located within the loess plateau and the upper
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part of its slopes, is most affected by hidden
flooding, subsidence, and suffusion caused by
changes in the physical and mechanical pro-
perties of loess sands and loams below most
structures, under the influence of natural and
man-made factors (infiltration of atmospheric
precipitation, leaks of clean and wastewater
from water-bearing systems, etc.). Buildings
located on the edge of the slopes are affected
by landslides. Landmarks of Nyzhnia Lavra,
located mostly on slopes on diluvial soils of
different properties, brown and variegated
clays that can swell and sand, suffer mainly
from landslide processes and evident flooding
of underground historical caves. They are also
affected by hidden flooding, erosion, suffu-
sion, and loosening.

Of the exogenous processes on the territo-
ry of the Kyiv-Pechersk Lavra (KPL), flooding
is the most common issue affecting 56 monu-
ments, followed by subsidence and landslides
(17 monuments a peace) and suffusion affec-
ting 10 monuments [Cherevko, 2018]. The
typical signs of structural deformations they
cause are cracks and uneven subsidence. Un-
der certain conditions, these can lead to par-
tial destruction. Currently, four monuments
are in an emergency state, as determined by
the Permanent Commission for Technical and
Economic Safety and Emergency Situations
of the Kyiv City State Administration. Ap-
proximately 20 monuments are in an unsa-
tisfactory technical condition. Man-made ac-
cidents involving water-carrying engineering
networks exacerbate these issues by causing
soil over wetting, subsidence, and monument
destruction. Since February 24, 2022, the start
of active hostilities due to armed aggression
by the Russian Federation, the historical sites
have also suffered from blast waves from air
strikes. For instance, during the shelling on
December 16, 2022, a rocket impact caused
significant vibration that damaged historical
buildings. The vibrations were strong enough
to dislodge installed fixtures from cracks in
the walls. These vibrations can potentially ac-
tivate erosive-gravitational and geodynamic
processes on sandy slopes in the reserve. In
such loose soils, dynamic loads can displace
soil particles, causing shear deformations,
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changes in porosity, and, under undrained
conditions, changes in pore pressure. These
factors could lead to shear displacements and
liquefaction on the slopes.

A monitoring network was established in
the reserve in 2009 to continuously observe
(a necessary condition according to DSTU-
NB V.1.2-17:2016) the technical condition
of architectural monuments. This includes
monitoring deformation dynamics, moisture
levels in buildings, microclimatic changes,
surface movements, and the development of
unfavorable engineering and geological pro-
cesses. However, there is a need to enhance
this monitoring system by expanding the
observation network and deploying highly
accurate, sensitive equipment [Britsky et al.,
2023]. This would confirm the influence of
vibrations on deformation processes, monitor
the expansion of existing cracks [Chalyi et
al., 2023], and detect new ones. For example,
the Beliry of the Great Lavra, which is already
tilting westward and showing increasing in-
clination, requires an eight-component laser
magnetometric inclinometer with automated
data processing to monitor its stability.

Recording of military events in the city
of Kyiv on the territory of the KPL. With the
beginning of full-scale hostilities as a result
of the armed aggression of the Russian Fe-
deration, new man-made effects of a military
nature appeared on the monuments of the
reserve. The spread of explosive waves when
air targets are shot down or missiles are hit
can manifest in the deterioration of the mo-
numents' technical condition, preservation,
and operation. Dangerous phenomena in the
structural elements of monuments as a result
of these or other processes require additional
detailed and comprehensive analysis based
on special approaches and devices.

To do this, there was installed, within the
framework of NRFU project No. 2022.01/0209
«Comprehensive study of the geoecological
state of preservation of objects of historical
and cultural heritage of the National Reserve
«Kyiv-Pechersk Lavra» in the conditions of
military operations», a complex system of
seismometers and lasers developed by LTD
«RODEN». These devices recorded various
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military and natural events during the first
period of operation from August 2023 to Feb-
ruary 2024.

An important result was the determina-
tion of the presence or absence of damage
to structures all historical buildings KPL by
enemy missiles in the city of Kyiv. One of
the most dangerous attacks by missiles and
drones in the city of Kyiv in 2023 took place
on the night of August 29—30 this year. The
successful destruction of these enemy objects
by the air defense forces of the Armed Forces
of Ukraine did not damage the Assumption
Cathedral of the KPL, where the equipment
was located.

An infrasound event of the «technical ex-
plosion» type was also recorded on the night
of December 21—22, 2023 at Solomyansky dis-
trict, V. Lobanovskyi avenue, 4-B, 50°25'19" N
30°27'45" E, type of weapon: kamikaze drone
Shahed (Fig. 1). The distance from the explo-
sion to the observation point in building No. 3
of the KPLis 6738.52 meters. Records of three
components of the infrasound waves from the
explosion are presented in Fig. 2.

The massive missile attack on Ukraine on
January 23, 2024 began in the morning of
January 23 as part of the Russian invasion of
Ukraine. Russian troops launched a missile
attack on Ukraine. Cruise and ballistic mis-

Fig. 1. A 26-story building in the Solomyanskyi district of Kyiv, damaged by debris from a downed Russian drone
on the night of December 21—22, 2023. On the left is a damaged part of the house.
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Fig. 2. Three components of an infrasound event of the «technical explosion» type, which occurred on the night
of December 21—22, 2023, on the top floor of a 26-story building in the Solomyansky district of Kyiv as recorded
in Lavra.
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siles were used, Ukrainian air defense forces
shot down 21 missiles out of 41. Kyiv, Kharkiv,
Pavlograd, Balaklia and Shostka were fired
upon. 12 Tu-95MS aircraft launched Kh-101/
Kh-555 cruise missiles from the Caspian Sea.
Later, Tu-22M3 bombers took off, which also
launched cruise missiles. The first groups of
rockets flew over Sumy Oblast. After the ma-
neuvers over Vinnytsia and Zhytomyr oblasts ,
most of them flew to Kyiv. It was in Kyiv that air
defenses were deployed and explosions were
heard. To analyze the forms of recordings of
these events on the territory of the KPL, from
the complete set of devices that were located
in building No. 3 of the KPL, only three are
selected: 3D velocimeter (hereinafter, device
for KPL), 1D velocimeter (hereinafter device
1D) and 1D a microphone (one-dimensional
device for fixing sound propagation) that was
designed to capture sound from cracks. The
general forms of recordings of many pro-
cesses of the «war events» type during the
shelling of Kyiv recorded on the territory of
the KPL with this kit, are presented in Fig. 3.

On January 23, 2024, Kyiv was shelled for
almost one hour (see Fig. 3). Various military
technical events were recorded during this
time.

Therefore, the optimal choice from this
set of diverse events may be to focus only on
non-standard events that are absent in clas-
sical seismology, whose origin is specifically
linked to assessing their level of danger to the
structures of the KPL. This approach could
also be applied to other structures in the city
of Kyiv during the war.

The selection of specific events within a
shortened time interval in the area of the 3D
and 2D velocimeters, which are technically
capable of recording infrasound data from
these events, simplifies the analysis by focu-
sing on selected time intervals of the recorded
data.

This simplified approach allows for the
exclusion of sound recordings of the 1D mi-
crophone records from the analysing, because
the velocimeters independently recorded the
infrasound signals. (Fig. 4, 5).

Comparative analysis of records in Fig. 4,
5 shows that, according to the results of the
spectral transformation in the time domain, it
is possible to identify different types of events
that differ significantly from each other pre-
cisely in the frequency domain and that are
purely natural, technical or military events of
various types. To test the method of spectral
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Fig. 3. General forms of recordings of various types of military events during the shelling of the Kyiv lasting one
hour, which were recorded by three different devices — two different velocimeters 3D, 1D and 1D microphone.
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analysis of these records in the time domain, time domain — the flight of the missile itself
we will consider two military events, the es- (Fig. 6) and the operation of the anti-missile
sence of which is significantly different in the  anti-aircraft complex (Fig. 7).
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Fig. 4. Recording of an infrasound signal from an enemy «rocket» type weapon with 3D and 2D devices for mea-
suring speed in building No. 3 of the KPL during the shelling of Kyiv. Spectrogram of one infrasound event in the
frequency range: a — 6—467 Hz (D3 device for KPL), b — 10—549.09 Hz (device 1D).
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Fig. 5. Fixation of sequences of infrasound signals from the operation of anti-missile anti-aircraft systems by
velocimeter-type devices with 3D and 2D code in building No. 3 of the KPL during the shelling of Kyiv. Spec-
trogram of the infrasound signal from the operation of the anti-aircraft missile complex: a — basic frequency
68.37 Hz, shot interval 16:30.118—16:57.938, 25—30 seconds (3D device); b — basic frequency 70.06 Hz, shot
interval 16:34.328—16:57.124, 20—25 seconds (device 1D).
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Fig. 6. Spectrogram of one infrasound event of the «rocket flight» type in the frequency range of 10—549.09 Hz,
recorded by a velocimeter with the «device 1D» model.
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Fig. 7. Spectrogram of sequences of infrasound events from the operation of an anti-missile anti-aircraft complex,
with a basic frequency of 68.37 Hz, with a shot interval of 25—30 seconds, recorded by a velocimeter of the «device

1D» type.

An important outcome of this stage of re-
search, focused on recording various military-
technical events and assessing their level of
danger to the structures of the KPL and other
buildings in Kyiv, is the use of special non-
standard devices with high sensitivity.

The proposed «1D device» type is de-
signed to address these issues, allowing for
the qualitative and accurate recording of vari-
ous events.

The results of operating this type of device
provide a sufficient volume of necessary infor-
mation for the qualitative analysis of various
types of events and their effective processing.

The next main stage within the frame-
work of NFDU project No. 2022.01/0209 was
assessing the safety level of the impact of the
dynamic, heterogeneous geological structure
under the KPL on the condition and stability
of its historical buildings. For this, a working
3D model of a laser inclinometer with a Fou-
cault pendulum was used.

Statistical analysis of laser inclinometer
data. The next major stage of scientific re-
search into the condition of the KPL intro-
duced a new approach to long-term mea-
surements of ground tilts in various areas of
this historic site. This was necessary due to
the significant tilting of the KPL Bell Tower,
caused by the many underground cavities.
For this purpose, a functional working 3D
model of a laser inclinometer with a Foucault
pendulum was used. (Fig. 8, 9).
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Software for the scientific and technical
statistical processing of laser inclinometer
data was utilized. This approach was neces-
sary because laser measurement systems can
detect ultra-low-frequency geophysical sig-
nals in the displacement range of 0.0 to 16 Hz,

Fig. 8. General scheme of the 3D laser inclinometer,
which was located in the 3rd building of the KPL.

/

Fig. 9. Own coordinate system of the UVW type for
tying 3 lasers to the architectural structure of building
No. 3.
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Fig. 10. The relative system of 2D XY coordinates of
the 3D laser inclinometer to the basic technical UVW
coordinate system (see Figs. 8, 9), which is tied to the
spatial orientation of building No. 3 of the KPL.

with significant natural Earth noise present
between 0.1 and 0.4 Hz. The method of calcu-
lating average values helps eliminate random
data and focuses attention on the important
displacement trends of the form ax+b.

These are physically related to long-term
dangerous natural low-frequency geophysical
processes — the tilts of the soil surfaces where
various structures of the KPL stand with big
masses of buildings and underground voids
beneath them.

The subsidence of these unstable areas in
zones with underground artificial and natural
voids, along with vertical deformation caused
by the gravitational influence of the Moon

on the third and fourth buildings of the KPL,
may provoke a failure or further subsidence
of these historical structures.

The laser 3D inclinometer used to moni-
tor these hazardous processes was situated
in the middle section of the third building of
the KPL, approximately 60 meters from the
Bell Tower.

After tying the 3D laser inclinometer to the
architectural structure of relative locations,
we had to develop special software to ensure
the transition from the coordinate system of
the 3D laser inclinometer to the XYZ coordi-
nate system, and this 3D coordinates system
is already directly related to the 2D location
structure of the 3rd KPL building. For this, we
used a special matrix for the UVW coordinate
system. As part of these results, the 3D laser
inclinometer records have already been modi-
fied from the UVW system to the XYZ system,
the XY axes of which are tied to the spatial
2D orientation of the case No. 3 (Fig. 10), for
scientific statistical analysis.

The result of the statistical processing of
the 3D laser inclinometer record in the XYZ
system is based on the methodology de-
scribed in https://www.gnu.org/software/gsl/
doc/html/statistics.html, and is presented nu-
merically in Table.

The ten approaches for the statistical
evaluation of laser data from a 3D laser in-
clinometer allow for assessing its operational

Statistical Measures (Mean, Standard Deviation, and Variance) of 1D Vector Laser Data

Num- Description Code Example 1D
ber vector values
1 Simple middle value Sample_mean 21.176509
2 Estimation of the deviation of the mean value Estimavarning 4.484054
3 Maximal value data Largest_value 31.722795
4 Minimal value data Smallest_value 14.354380
5 Average value for the period Median_value 21.074829
6 Standard deviation Standart_deviation 2.117558
7 The square root of the mean value Root_mean_square 21.282090
8 The standard deviation of the square root of the mean Standartm_edainatlon_ 0.035055
9 A mgasure of the asymmetry of the pr(.)babll}ty distribu- Skew value 0.488990
tion of a real random variable relative to its mean
10 A measure of «tailedness» of the prqbablhty distribution Kurtosis_value 0.759516
of a real random variable
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quality and technical capability, ensuring the
application of correct analytical methods to
evaluate the performance and safety levels
of phenomena recorded by the inclinometer
itself:

—angle tilts of soil surfaces in areas where
various KPL structures are located;

— subsidence in zones of underground ar-
tificial voids created by the monks of the KPL
monastery;

— vertical deformation resulting from the
gravitational influence of the Moon on the
relative positions of the two hulls of the KPL
— the 3rd and 4th (see Fig. 4).

Evaluation of the sensitivity of the laser
3D inclinometer and analysis of its data
streams.

To obtain real geophysical information
regarding displacements measured by the
3D laser inclinometer, calibration work was
conducted to assess the sensitivity of the de-
vice, ensuring confidence in the levels of its
required dynamic range. The received cali-
bration data indicate that the dynamic range
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enables high-precision laser displacement
measurements within the range of nanome-
ters to tens or hundreds of microns.

The following three coefficient values were
kept for recalculations of laser measurement
data from ADC digitizing units, on which the
laser works in microns at different frequen-
cies:

— MKM/ADC: 0.0000797614014 For Freq:
22.718800 Hz;

— MKM/ADC: 0.0000791975296 For Freq:
21.718800 Hz;

— MKM/ADC: 0.0000937269500 For Freq:
20.718800 Hz.

The middle value is 0.00008422862680
MKM/ADC — 8.42286E-05.

The total operating time interval of the
3D laser inclinometer in the third building of
the KPL lasted from 2024-01-11 13:06:31 to
2024-03-03 12:06:23 (Fig. 11) and amounted to
approximately 51.95 days or 1246.997 hours.
In this figure (Fig. 11), we can observe the
following:

— XYZ channels (top three), which were
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Fig. 11. Average values of statistical processing of data from a 3D laser inclinometer and air temperature and pres-
sure gauges at the observation point of the third building of the KPL (see Fig. 8, 9, 10).
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calculated from the UVW channel data (see
Fig. 9, 10);

— average values of air pressure and tem-
perature — two from below.

As shown in Fig. 11, the use of these two
high-precision digital recorders of atmo-
spheric parameters was crucial for monitoring
external thermodynamic factors that could
affect the operation of the technical optical
and electronic components of the 3D laser
inclinometer system. Additionally, Fig. 11
illustrates that the air temperature did not
negatively impact the behavior of the laser
devices.

Analysis of the data of the 3D laser incli-
nometer and atmospheric pressure and tem-
perature gauges (see Fig. 11) shows the fol-
lowing:

—lack of influence of the dynamics of the
thermodynamic parameters of the atmo-
sphere on the operation of the lasers of the
3D inclinometer;

—several anomalous phenomena (approxi-
mately 3) of significant displacement with
non-standard shapes, which are displayed
on the graphs of the 3D laser inclinometer
from above;

— daily oscillation of temperature which
has almost the same amplitude, which is im-
portant for confirming the stability of the la-
sers.

To analyze and identify the primary rea-
sons for the initial significant deviation from
its zero position value in relative displace-

MICRONS X

MICRONS 7
PRESS kPa

TEMPE C

ment to this new point, it is optimal to collect
data over a specified period from 2024-01-11
13:06:31 to 2024-02-06 23:05:32 (Fig. 12, b)
plotted on the Google map http://lavra.igs-
nas.org.ua/GoogleMaps/TST01/ (Fig. 12, a).
In the 2D drawing (Fig. 12, b) of these data, it
can be seen that there are both «soft» oscil-
lations and a significant displacement in the
direction of artificial voids on the territory of
the closed garden of the KPL.

The analysis of the second significant de-
viation of the value of the position of the 3D
laser inclinometer is carried out for the period
2024-01-21 00:06:44 — 2024-01-28 06:05:20
(Fig. 13, b) and plotted on the Google map
http://lavra.igs-nas.org.ua/GoogleMaps/
TSTO02/ (Fig. 13, a). In the 2D drawing (Fig. 13,
b) of these data, we can see that there are both
«soft» oscillations and a significant displace-
ment in the direction of already two artificial
voids with different coordinates on the terri-
tory of the closed garden of the KPL.

The analysis of the third group of signifi-
cant deviations of the position values of the
3D laser inclinometer was carried out for the
period 2024-02-10 00:05:02 — 2024-02-24
23:05:14 (Fig. 14, b) and plotted on the Google
map http://lavra.igs-nas.org.ua/GoogleMaps/
TSTO03/ (Fig. 14, a). In the 2D drawing (Fig. 14,
b) of these data, we can see that in this time
interval there are already no «soft» oscilla-
tions. Also, a group of significant displace-
ments dominates in the direction of both two
different artificial voids formed on the terri-
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Fig. 12. Daily periodic displacements of the laser 3D inclinometer pendulum from 2024-01-11 13:06:31 to 2024-02-
06 23:05:32 and plotted on the photo of building No. 3 on the map http://lavra.igs-nas.org.ua/GoogleMaps/TST01/.
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28 06:05:20 and plotted on the photo of building No. 3 on the maphttp://lavra.igs-nas.org.ua/GoogleMaps/TST02/.
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Fig. 14. Daily periodic displacements of the laser 3D inclinometer pendulum from 2024-02-10 00:05:02 to 2024-
02-24 23:05:14 plotted on the photo of building No. 3 on the map http://lavra.igs-nas.org.ua/GoogleMaps/TSTO03/.

tory of the closed garden of the KPL and in a
third direction, which is significantly shifted
to the left relative to the vertical, presented in
Fig. 14, a. In addition to long-term displace-
ments, rapid displacement was also discov-
ered. It can have dangerous consequences for
the historical structures of the KPL due to the
significant speed of its development.

The main task at the moment is finding
the causes of such fundamentally dangerous
phenomena as significant shifts in the envi-
ronment with underground caves on the ter-
ritory of the KPL, where a failure has already
occurred in the area where the heating pipe-
line is located. As we can see, significant dis-
placements occur precisely in the directions
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of historical failures and voids that had been
formed earlier. What exactly causes such de-
struction of the upper layer on the territory of
the KPL? Why do these void zones sometimes
become active, and sometimes, not? What af-
fects their level of danger? One of the an-
swers to these questions can be the time of
their existence. However, frequent repetitions
of groups of these events, such as destruc-
tive displacements, are then not possible,
because failures from the time of existence
can be repeated only after a sufficiently long
time — from three to ten years. From 1980 to
the present time, the day has increased by
approximately 37 seconds, based on the fact
that the rotation of our planet is being slowed
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down due to the influence of the Moon on the
Earth's core and crust [Witze, 2016], which
also rotate relative to each other because of
this also not completely synchronously.

In order to find an answer to these ques-
tions, it is optimal to add the results of parallel
studies of the influence of the moon's condi-
tion on the formation of cracks in building
No. 4 of the KPL. To do this, we will consider
the position of the Moon during this last pe-
riod of time of abnormally sharp landslide
studies, which is presented in Fig. 15, 16.

In Fig. 16, you can see that the direction and
angle of the relative movement of the Moon
relative to the observation points in buildings
No. 3 and No. 4 does not change and does
not depend on the time of the Moon's move-
ment relative to these observation points for
any time interval. Unfortunately, such almost
constant values of the angles and directions
of the Moon's movement relative to these

areas of the KPL structures, where cracks are
constantly formed, constantly cause their
number to increase, because the destruction
continues to grow.

Conclusions. The use of seismometers
of two different types (a 3D velocimeter, an
1D velocimeter and a 1D microphone) made
it possible to record various military-type
events (flight of missiles, explosions, the ope-
ration of anti-missile anti-aircraft systems,
etc.) with infrasound radiation in the frequen-
cy range of 10—500 Hz.

The analysis of shows the following:

—the technical parts of laser measurements
were not affected by the influence of atmo-
spheric temperature changes on the process
of its long-term work in the middle room of
the third building from 2024-01-11 13:06:31
to 2024-03-03 12:06:23 (see Fig. 12);

— anomalous sharp displacement is asso-
ciated with the directions in the area of the
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closed garden of the KPL near the Belfry,
where various technical failures have formed
in the areas until now undiscovered under-
ground voids on the territory of the KPL,
which are located exactly under the surface
of this closed garden of the KPL at a depth of
approximately 10—12 meters;

— anomalous sharp displacement is asso-
ciated with the trajectory of the Moon (see
Fig. 15, 16) relative to these voids on the ter-
ritory of the KPL, because such significant
and sharp shifts do not occur in other regions
of homogeneously filled regions of the upper
part of the KPL environment.
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CyuacHa oliHKa pU3UKY BIIAUBIiB IPUPOAHUX i
BOEHHO-TEXHOTeHHUX (paKTOPiB HA CTaH iCTOPUYHUX
cnopyA Kuepo-Ileyepcbkoi AaBpu

T.B. KpI/IAbl, LA. erpeBKoz, C.B. HIepﬁnHa3, 0.0. Yaruri®, 2024

1IHCTI/ITyT reonorignmx Hayk HAH Ykpainu, Kuis, YKpaina
’HarjionaabHuit Kueso-I'leuepcbKuii icTOPUKO-KYABTYPHHUM 3alIOBIAHUK, K1iB, YKpaiHa
*lacTuTyT reodisuku im. C.I. Cy660Tina HAH Ykpaiau, Kuis, Ykpaina

3a CBOIO TUCSTUYOAITHIO icTopito KueBo-ITeuepchka AaBpa 3a3HaAa umMMano Oip. Y dac,
KOAU O0pOThOa 3 peAiriero Oyaa 4aCTUHOIO AeP>KaBHOI iA€0A0TiI, cOO0Op i MOHAcTUpP OyAU
3aKpUTi, a ixHi Oe31iHHi ckapou KoH(pickoBaHi. HaBiTh y Oypxausi 1930-Ti poku, KOAU
OIABIIIOBUKHY 3HUIITUAU AECSATKU YHIKAABHUX XpaMiB i nepkoB y Kuesi, YcneHCbKIM cOO0D
3aAMIINBCS HEYIIKOAKeHUM. HOpHI AHI AAT BIKOBOI CBATHHI HACTaAU IIip 4ac HiMeI[bKOl
okymnanii Bocernu 1941 p. CriouaTKy cBATHHS OyAa po3rpaboBaHa, OaraTo MaTepiarbHUX
i XyAOJKHIX IIIHHOCTeM OyAO BuBe3eHO. Y AucTtonapi 1941 p. cepis BubyxiB 3HHIIMAA TO-
AoBHUM xpaM KueBo-I'leuepchbKoi AaBpH, SKUU CAYT'YBAB YCUIIAABHUIIEIO AAST KMIBCHKUX
KHA3IB. Y AtoToMy 2022 p. y Halllili KpalHi 3HOBY II04aAacsd BiliHA, i IpeACTaBAEHI B CTATTI
Cy4acHi HayKOBi TEXHOAOTII AQIOTh MOKAUBICTE OIiHUTU BIIAUB BiICBKOBHUX IOAiN OYAb-
SIKOT'O PiBHS HeOe3IeKH, sIKi TPUBAIOThL B YKpPaiHi OiAblile ABOX POKiB, Ha CTaH BCiX YaCTUH
Kueso-ITeuepchKoi AaBpY, sIKa € 3aHeCeHoI0 A0 criucKy CiToBol cnapiiman FOHECKO.

Y cTaTTi IpepaCTaBAEHO pe3yAbTaTH aHaAi3y poOOTH IIPHUCTPOIB Pi3HOTO IIpHU3HAYEH-
HS — Bip (ikcalil celicMiuHO-aKyCTUUYHNUX XBUAB, IKi MalOTh BUCOKY YaCTOTy BAACHUX
KOAUBaHBb, AO HU3BKOYACTOTHUX, SIKi (DIKCYIOTHCI Aa3€pHUM iHKAIHOMeTpoM. TakosK Ha-
BeAEHO Pe3yAbTaTH Cy4aCHOI aBTOMATH30BaHOI 00POOKU AQHUX Pi3HUMM METOAAMU — BiA,
CIIeKTPaAbHOT'O MeTOAA PO3Ii3HaBaHHS CUTHAAY AO METOAA CY4aCHOTO aBTOIliKepa dacy
BH3HAQUeHH4 BCTyIy XBUAB AlIC, IK1 A@€ 3MOTy YiTKO BU3HA4aTH 4acC BCTYITy BiOpallifiHUX
XBUAB PI3HOTI'O IIOXOAJKEHHS — BiA YTBOPEHHS TPIIIMH Y iICTOPUYHUX CclIOpyAax Kueso-
[TeuepchbKoi AaBpPU A0 BiOpalliiHUX XBUAb TEXHIUHOTO i TPUPOAHOTO MTOXOAKEHHSI.

KAalo4uoBi caoBa: BitiCbKOBI TOA]1, BiOpariisi, poedpopMatiisi, BEAOCUMETP, Aa3epHi iHKAi-
HOMETPH.
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