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Received: 15.07.2019 Abstract. The work is devoted to the analysis of karst breakdown development over time
Received in revised form: 24.02.2020 within the area of the Kalush-Golynske and Stebnytske potassium salt deposits. A study of
Accepted: 07.05.2020 the relationship between the development of karst breakdowns with the factors influencing

their development in natural conditions and in the conditions of natural-technogenic sys-
tems is presented. Time series of karst breakdowns in the Kalush-Golynske and Stebnytske deposits of potassium salt were selected for
the investigation. The time series reflect the number of formed failures of the earth’s surface due to karst processes. Climatic (average
annual temperature and annual precipitation), heliophysical (solar activity), seismic (number and energy of earthquakes), hydrogeo-
logical (groundwater levels) were chosen as such factors. Breakdown phenomena, which are included in the time series of their long-
term dynamics, are associated with different hydrodynamic zones of karst processes. For these zones, the indirectness degree of the
influence of the selected for the analysis factors is different and the meteorological parameters are more effective in the supply zone,
seismic factors work in all zones. Statistical methods such as correlation analysis, calculation of autocorrelation and cross-correlation
functions, spectral analysis are used for the analysis of the time series. Statistical regularities in the series of karst breakdown develop-
ment for Kalush-Golynske and Stebnytske potassium salt deposits and between the selected natural time factors and karst series have
been established, which allows asserting the indirect influence of natural component of karst activation. The presence of periodic com-
ponents in the long-term series of karst breakdowns should be associated with the natural factors that indirectly activate karst processes.
These factors should be investigated and taken into account when creating temporal prognostic models for the development of karst
breakdown processes within the deposits of potassium salt of Precarpathia.
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Amnoranisi. Po60oTy npucBsSdIeHO aHaNi3y YaCOBOTO PO3BUTKY KapCTOIPOBAIBHHX SIBUI, SIKi IHTEHCHBHO MPOSIBIISIOTECS Y MEXaxX Bijl-
MIpaIbOBAaHMX POJOBHII KaiitHo coni ykpaincekoro [lepenkaprarts (Kamym-T'onmunacskroro Ta CTeOHUIIBKOTO POIOBHUII KaTiHHOT coi) 1
OB’ s13aHi 3 HASBHICTIO TIPHUYMX BUPOOOK Ta IHTEHCHBHUMU IPOLIECAMU PO3BUTKY COJLSTHOTO KApCTY 32 PAXyHOK PO3YMHEHHS 3aCOIEHUX
nopia npu iHdinbTpauii mia3eMHUX BoA. BUKOHAHO MOCHIKEHHs 3B’S13Ky PO3BHTKY MPOBATIbHO-IIPOCAIKOBUX MPOSBIB KAPCTOBHX
nporecis i3 pakTopaMu, 110 BIUIMBAIOTH HA TX PO3BUTOK Yy MPUPOAHIX yMOBaxX, Ta BiANOBIAHO XapaKTePU3YyIOTh IPUPOAHY CKIIAJI0BY
X aKTUBIi3alil, a B yMOBaX NMPUPOIHO-TEXHOTECHHHX CHUCTEM, SIKUMH € BiJIPalbOBaHI COJISTHI POJIOBHUIA MOXYThH ONOCEPEIKOBAHO
BH3HAYATH iX PO3BHUTOK y 4aci. Takumu QakTopamu oOpaHO KIIiMaThuHi (cepelHbOpiUYHA TeMIIepaTypa Ta pidHa KiTbKICTh OMaIiB),
renio¢iznyHi (COHsYHA aKTUBHICTB), CEHCMIiYHI (KITBKICTh Ta €HEpris 3eMIIETPYCIB), Tiporeonoriyni (piBHI IpyHTOBUX Bom). st
aHaJIi3y YacOBHX PAIIB BUKOPUCTAHO CTATUCTUYHI METOAH — KOPEILIIMHINA aHai3, PO3paxyHOK (YHKIIiH aBTOKOpemsmii Ta QyHKIii
B3a€EMHOI KOpEJsLlii, CIIeKTpabHUil aHaui3. BCTaHOBIEHO CTAaTHCTHYHI 3aKOHOMIPHOCTI Y Psiiax PO3BUTKY MPOBAJILHO-IPOCAJIKOBHX
MPOsIBiB KapcTOBUX TporieciB 1t Kamym-I'onnHebkoro ta CTeOHHIIBKOTO POIOBHIIL KaTiiHHOT COJi Ta MK psiiaMH 00paHHX MPUPOIHUX
4acoBUX (DAKTOPIB Ta psilaMU KapcCTy, IIO J03BOJISIE CTBEP/PKYBATH IIPO OIIOCEPEAKOBAHUM BIUIMB MIPUPOIHOI CKIIAJI0BOT aKTUBI3aLil
KapcTy. BeTaHoBIICHO, IO y 9acoBUX psijax KapcTOBOI aKTMBHOCTI HAsIBHI MepiofuyHi CKIamoBi, 30kpema st Kamym-Tonmachroro
pOmOBHINIA YAaCOBHI sl Ma€ BUpaszHy nepioanky B 10-12 pokiB. 3a pe3ynbTaTaMy aBTOKOPEISIIHHOTO Ta CIIEKTPaIbHOTO aHAMi3iB,
BHUKOHAHMX 3 METOIO BU3HAYECHHS OCHOBHHUX TEPiO/iB rapMOHIYHUX YAaCOBUX KOJHMBAHb B PALAaX YaCOBHUX (DaKTOPiB BU3HAYEHO OCHOBHI
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NepioUYHOCTI, 30KpeMa Ul PsITy COHSYHOI aKTHMBHOCTI MEpioJWYHICTh ckianae mpuomm3no 10-11 pokiB, Ui pivHOI KiJIBKOCTI
OI1a/1iB YiTKOI NEePiOJMIHOCTI HE BHSABIICHO, HE3HAYHI IIEPIOANYHI CKIIAJ0B] BUSBILIIOTECS pa3 Ha 9-11 pokiB, y ps/l piBHIB IPYHTOBHUX
Box 15 Ta 17 pokiB, B psilli CepeNHBOPIYHOI TeMIIEpaTypH icHye ciabka nepioguyHicts y 8-10 pokiB, y psai gorapudmiB eHeprii
3eMJIETPYCIB iCHY€ JesKa nepioguyHicts y 8-11 pokiB. OIiHEHO BIUIMB Ta 0XapaKTEPU30BaHO 3aKOHOMIPHOCTI BIUIMBY 1HII[IIOIOUMX
4yacoBuX (haKTOpiB HA AKTHBI3AII0 KapCTOBHX IPOLECIiB. 30KpeMa, aHali3 KPOCKOPeNsiiHIX (QYHKIiH MOKa3aB, M0 MK psIaMu
KIJIBKOCTI KapCTOMPOSIBIB Ta PIiYHOI KUIBKOCTI OMajiB CYTTE€BOI CHH(A3ZHOCTI HE CHOCTEPIraeThCs, KIIBKOCTI KapCTOIPOSIBIB Ta
CepeTHbOPIYHOT TeMIepaTypH CIIOCTepiracThesi ciabka oOepHEeHa KOpelsiiis, KiTbKOCTI KapCTONPOSBIB Ta €Heprii 3emierpycisB
ciabka TpsiMa KOpeJsiiiiiHa 3aJICKHICTh, UL TTApH PSIIB «KIIBKICTH KapCTONPOSABIB — uncia Bombga» BcTaHOBIEHO, IO Ii psIu
3HAXOMATHCS B MPOTH(hA3i, IS Py PiBHA TPYHTOBHX BOJ CIIOCTEpIiraeThes MpoTHdasa 3i 3MileHHsM Ha 1 pik. 3a3HaveHi (hakTopu
CJIiJL JOCIIJDKYBAaTH Ta BPAXOBYBAaTH IIPU CTBOPEHHI YaCOBUX MPOrHOCTHYHOMY MOJIEJIeil PO3BUTKY KapCTOIPOBAIBHUX MPOLECIB Y

MeKax poIoBHI KaniiiHoi couni [Tepenkapmartsi.

Kniouosi crnosa: kapem, pooosuwa KaniiHoi coni, 4acosi paou, Memeoponociuni paxmopu, ananis uacogux paoie

Introduction. In Ukraine deposits of potassium
salts are found in the Precarpathian Prefecture, which
forms the Precarpathian Potassium Basin (Fig. 1).
Deposits of potassium and potassium-magnesium
salts of the Precarpathian potassium basin belong to
the Kalush strata of the Stebnyk and Vorotyschenska
neogene formation and lie in the form of layered and
lenticular deposits of 3.0 — 120.0 m thickness. Much
of these reserves are concentrated at the depth of 600-
700 m. Most of the mined potassium salts in Ukraine
were used to produce potassium mineral fertilizers.
Potassium salts can also be used in the chemical
industry to obtain more than ten kinds of chemical
products, the main component of which is potassium
(potassium sulfate, potassium-magnesium, potas-
sium nitrate, caustic potash, etc.). State balance of
mineral reserves of Ukraine accounted for 13 depos-
its of potassium-magnesium salts, of which two had
been being exploited for quite a long time. These are
the Kalush-Holynske deposit (JSC “Oriana”, Ivano-
Frankivsk region) and the Stebnyk one (“Polimin-
eral”), Lviv region. At present, both productions are
stopped. Since 2007, due to the emergency condition
of the mine Nel and the lack of funds for its recon-
struction, mining works within the Stebnitske deposit
have been discontinued. Extraction of potassium salts
at the Dombrovsky quarry of The Kalush-Golinske
deposit has also not been carried out since 2007, and
production has been decommissioned (Mineral Re-
sources, 2014).

The development of potassium salt deposits in
the territory of the Precarpathian region (Kalush-
Golynske and Stebnytske deposits) by the under-
ground method led to the creation of significant artifi-
cial cavities at depths of 100-400 m, the total volume
of which is 35 mln M. At present, most of the oper-
ating chambers have been eliminated by filling with
saturated brines or waste products. The operation of
the Kalush-Golynske deposit is completed and one
of two mines at the Stebnytske deposit is filled with
brines and the second one is temporarily suspended.
The presence of underground cavities, which were

formed during the operation, led to the violation of
mechanical equilibrium of the rock masses and, ac-
cordingly, to the violation of geological, hydrogeo-
logical, and geomorphological conditions. This led
to the activation of dangerous geological processes,
among which land subsidence and dips are the most
widespread ones.

Asnoted in (Gaidin, 2016), the main cause of sub-
sidence and failures on the territories with potassium
salt deposits is the development of karst processes.
Failures and deformations of the earth’s surface are
the final phase of this. The mechanism of karst pro-
cesses development in the conditions of the fulfilled
salt deposits is difficult, especially for conditions of
mines which are in a stage of wet preservation (flood-
ing by brines as on the Stebnytske deposit). It can be
established only on the basis of water movement di-
rection. However, in (Gaidin, 2016) it is noted that for
the hydrodynamic system of karst formations there
are areas of supply, transit and discharge. In the feed-
ing area, salt rocks are intensively dissolved by fresh
water, and the rate of their dissolution depends on its
temperature and flow rate. In the transit section, the
karst process fades, surface deformations are insignif-
icant. The dissolution of salts intensifies at the place
of discharge. Especially dangerous when discharge
takes place in the mined space, which leads to the
deformation of the earth’s surface. The consequence
of hydrodynamic processes in potassium salt deposits
(especially now seen on the example of Stebnytske,
mine Ne2 which is in the stage of flooding with brines)
is the erosion of the ceiling of mines and interchamber
pillars, and karst breakdowns. The term karst break-
down is employed in this paper to denote the total-
ity of processes and phenomena of gravitational and/
or hydrodynamic destruction of the ceiling of a karst
cavity and of the overlying sediments, was adopted
from (Klimchouk, 2005). This intensifies the forma-
tion of significant collapses (failures 30.09.2017 and
15.03.2020), and are directly related to geomechani-
cal processes in the mines. In this article we will over-
see just one type of karst manifestation - breakdowns.
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Fig. 1. Schematic image of location of salt deposits and manifestations in the western part of Ukraine

Our previous scientific studies on regional prog-
nostic modeling allow us to state that the dynamics of
any exogenous geological processes, including karst
processes, is associated with the dynamics of such
natural phenomena as climatic, heliophysical, seis-
mic, and hydrogeological phenomena (Chepurnyj,
2018; Kuzmenko, 2017).

On the one hand, these characteristics form a sep-
arate group of time factors, which are associated with
the karst activity, and, in addition, are imposed on the
permanent spatial factors (geological, geophysical,
landscape, geomorphological, hydrogeological, etc.).

Each of the above mentioned temporal or spa-
tial factors can be evaluated by its quantitative factor
characteristic.

Output data. Surface manifestations of karst are
controlled by a number of natural and anthropogenic
factors. The recognized definition of the basic
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conditions for the karst formation is given in the
work (Sokolov, 1962): “As a geological process, the
karst is steadily developing where the four conditions
exist simultaneously: solubility of rocks, their
water permeability, presence of mobile waters, and
their soluble ability”. The provided four conditions
for the emergence and development of karst are
indispensable, but the process of karst formation is
associated with a number of accompanying natural
processes and phenomena.

At present, one of the main directions of research
of natural processes, and karst processes in particu-
lar, is a direction, which is based on the ideas about
the regularities of repetition of the majority of natu-
ral phenomena for the separate territories or for the
whole globe (Sheko, 1984; Trofimova, 1985; Sheko,
1999). Since the process of karst formation is a multi-
factorial system, it is manifested under the influence
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of a certain number of natural and anthropogenic fac-
tors that have their own rhythmicity, it is expedient to
reveal the time regularities of karst formation with the
help of the theory of the rhythm of natural processes.

Time series of karst breakdowns in the Kalush-
Golynske and Stebnytske deposits of potassium salt
were selected for the study. The time series reflect the
number of formed subsidence of the earth’s surface
due to karst processes. For the Kalush-Golynske de-
posit of potassium salt, the series is represented by 24
failures from 1975 to 2015, for the Stebnytske deposit
of potassium salt - 21 failures from 1980 to 2016. The
natural and technogenic process of karst formation in
salt rocks has a significant rate of development over
time and is characterized by a fairly high frequency
of formation of new karst craters and dips, therefore,
one should expect expressive time regularities in the
development of the karst process and the factors that
determine it, and on the other hand, these regularities
can have a less expressed nature due to the influence
of the technogenic component (Kuzmenko, 2017;

0 200 400
meters

Chepurnyj, 2018) . The technogenic component that
significantly affects the development of karst in the
salt deposits under consideration is the presence of
artificial underground cavities and applied measures
for wet conservation of mines, which significantly af-
fected the stability of the territory.

In order to assess the conditions for the devel-
opment of karst processes in terms of the impact on
this process of natural factors, (which were discussed
above), consider the mine No2 of Stebnytske potas-
sium salt deposit (Fig. 2). As can be seen from the
figure, the development of karst processes within the
mine Ne2 is dedicated to 3 cells. Consider them in
more detail. The center of development of karst near
by the valley of the river Vyshnytsia, is characterized
by intensive development of karst processes and dedi-
cated to the zone of supply and transit of groundwater.
Karst processes have been developing here since 2000
and by 2016 there were 5 failures. Groundwater move-
ment is directed towards drainage chambers (Gaidin,
2016; Kuzmenko, 2019). The depression funnel here

Legend
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m Kkarst failure
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Fig. 2. Map of the distribution of karst failures within the mine Ne2 of the Stebnytske deposit of potassium salt
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stretches west towards the Vyshnytsia river valley and
southwest towards the lake. Another center of devel-
opment of karst is the zone of the mine shaft «East»
of the mine Ne2 (Fig. 1 - south-eastern part), where
the intensive development of karst failures led to its
elimination. South of this area there is a center for the
spread of breakdown karst phenomena, which is as-
sociated with the groundwater supply zone (Gaidin,
2016; Kuzmenko, 2019) - previously present stream
Kolpetskaya beam. There were 10 intensifications of
the development of failure-subsidence phenomena of
karst from 1982 to 1999. In recent years, there has
been a significant intensification of this phenomena
over the extraction chambers - the catastrophic failure
of 2016 (Kuzmenko, 2019). It was dedicated to the
zone of groundwater discharge.

Breakdown phenomena, which are included in
the time series of their long-term dynamics, are as-
sociated with different hydrodynamic zones of karst
processes. For these zones, the indirectness degree
of the influence of the selected for analysis factors
will be different, it is obvious that the meteorologi-
cal parameters are more effective in the supply zone,
seismic factors work in all zones . As we have seen in
the example of karst breakdowns at the mine No2 of
Stebnytske potassium deposit, most of them are dedi-
cated to the hydrodynamic supply zone. The intensity
of the inflow of aggressive fresh water into which de-
pends on natural meteorological factors. Failures of
the earth’s surface, which are associated with the sta-
bility of the ceiling of the chambers and interchamber
pillars are intensifying recently. Obviously, this is due
to erosion processes during the flooding of mine No2.
When the underground cavities of the mine Ne2 are
flooded and groundwater levels stabilize, the hydro-
dynamic conditions will change accordingly, which
will lead to a change in the intensity of karst break-
downs. The main purpose of this study is to assess the
degree of indirect influence of natural time factors in
the long term in order to be able to use them in prog-
nostic models of karst processes development at the
local and regional level.

The relationship between exogenous geologi-
cal processes (EGP) with factors such as annual pre-
cipitation, average annual temperature, solar activity
(a sequence of Wolf numbers), earthquake energy,
groundwater level are outlined in general terms by
the authors of (Sheko, 1984; Trofimova, 1985; Sheko,
1999; Panagopoulos, 2006). According to the solubil-
ity of rocks and, first of all, salt rocks, its correlation
with the precipitation does not need any comments.
The relationship between the solubility of salt rocks
and temperature of the groundwater is also indicated
in literature, in particular in (Gaidin, 2016). The lat-
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ter factor correlates with the air temperature. Logic
dictates that seismic processes are involved in the
transition of the covered karst into the open one, i. e.
they contribute to the failure phenomena, disrupt-
ing the equilibrium of the mountain mass due to the
oscillations of the layer of rocks of the near-surface
zone. This is obvious therefore we chose seismic-
ity as one of the factors. So, there are already four
long-term karstinification factors: the amount of pre-
cipitation, groundwater level, air temperature, and
earthquake energy. A separate issue is the Wolf num-
ber, which characterizes the solar activity. In the lit-
erature, starting from the well-known monograph by
A. Chizhevskyi (Chizhevskyi, 1976) and till now, the
relationship of solar activity with natural processes
that occur on the Earth surface is indicated. There are
all reasons to believe that solar activity is associated
with the EGP activity and with the factors that initiate
them. In particular, this is indicated in works (Sheko,
1984; Trofimova, 1985; Sheko, 1999) and in many
others. The relationship of solar activity with mete-
orological factors at the quantitative level has been
thoroughly investigated in work (Herman, 1978), and
the relationship of solar activity with landslides and
earthquakes in works (Kuzmenko, 2004; Goshovs-
kiy, 2004; Kuzmenko, 2007). However, given the ex-
ternal relations, the nature of such relations remains
unclear, although there is a number of a hypothesis
regarding these causes. Moreover, there is also no
close universal connection between solar activity and
any EGP factor: there is a correlation with a certain
sign that corresponds to physical representations of
the process, but this correlation is not always essen-
tial. Therefore, we propose to consider solar activity
as one of the equal factors of the EGP, which is valid
for the factors mentioned above.

The main task of this investigation is the estab-
lishment of possible time regularities in karst forma-
tion processes development in the potassium deposits
within the territory of Precarpathian.

We have developed the methodological basis for
the assessment of the complex effect of a combina-
tion of natural temporal factors on the processes of
karst formation, which are displayed in the value of
the complex integral factor indicator with the sub-
sequent determination of the probability distribution
of this indicator over time, extrapolation of which is
considered as the predicted probability distribution of
karst and mudflow activation (Kuzmenko, 2012; Che-
purna, 2017).

The sequence of studies that allow us to analyze
the time series of the development of karst break-
downs and their indirect natural factors is as follows:

- creation of the database of time annual series of
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formation of the surface karst breakdowns in accor-
dance with the existing catalogs and climatic, helio-
physical, seismic, hydrogeological factors;

- calculation and development of autocorrelation
functions of time series of karst breakdowns and each
factor for the estimation of its rhythmicity;

- calculation and development of the mutual cor-
relation functions of time series for the selected fac-
tors with a series of karst formations for the assess-
ment and justification of the shifting of the series of
factors in time in relation to a number of karst forma-
tions;

- spectral analysis of time series in order to iden-
tify the main rhythmic components.

The obtained results will reflect the formal sta-
tistical relationship between the time series of karst
breakdowns series and natural factors. And its cardi-
nality is unlikely to be significant, but it will allow us
to follow the general trend - to assess the degree of
influence of the natural component in the formation of

dips in the earth’s surface. It will also make it possible
to correlate between the time series of the develop-
ment of karst breakdowns for different deposits. Will
assess the possibility of using natural time factors in
creating prognostic time models at the local level. Of
course, the geomechanical parameters of mines are
important in predicting the spatial development of
karst breakdowns at the object level, but they change
over time under the influence of hydrodynamic fac-
tors, which are indirectly influenced by natural factors
that are not decisive. The influence of natural factors
can be manifested under conditions of their signifi-
cant variation - extreme manifestations that can be
predicted by modeling.

Results of experimental studies. Time series of karst
breakdowns in the Kalush-Golunske and Stebnytske
deposits of potassium salt for the period from 1975
to 2016 were selected for the experimental studies
to determine the regularities for it development
and initiating factors (Fig. 3). The developed
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autocorrelation functions for these series indicate
the presence of periodic components in the time of
formation of karst dips on the surface. The further
analysis is made for the Kalush-Golynske deposit,
where the time series have the periodic of 10-12
years (Fig. 4).

Fig. 4 shows the observational time distribution
of karst breakdowns and natural factors for the karst
formation manifestations in the Kalush-Golynske
deposit of potassium salt in the corresponding
physical quantities.

Fig. 5 presents the results of autocorrelation
analysis that was performed in order to determine the
main periods of harmonic time fluctuations of karst
breakdown activity and factors for its activation. It
was noted that the main periods for a series of karst
breakdowns are 10-12 years, for a series of solar
activity — about 10-11 years, for the annual amount
of precipitation — no regular periodicity is determined
(insignificant periodic components appear every 9,
11 and 13 years). Regular periodicity appears every
15 and 17 years in the series of groundwater levels.
In the series of the average annual temperatures there
is a low periodicity of 8 years. There is a certain
periodicity of 8, 11 and 17 years in the series of
earthquake energy (logarithms).
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Fig. 6 shows the periodograms for the studied time se-
ries, which allow us to confirm and clarify the conclu-
sions made during the analysis of the ACF. As it can
be seen from the figure, 5 and 10 year those periodic
components are clearly distinguished for a series of
activities of the karst breakdowns manifestation. For
a series of Wolf numbers, the harmonics of 10 years is
dominant, a series of the annual precipitation rate — 5
and 10 years. The greatest contribution into a series of
logarithms of the earthquake energy is made by the pe-
riodic components of 9 years, in a series of groundwa-
ter levels — 15 years. There are harmonics with periods
of 8 years for series of the average annual temperatures.

Fig. 7 shows the diagrams of the distribution of
the cross-correlation function between the series of
karst breakdown activity and natural time factors.
Based on the analysis of figures, it is possible to make
a conclusion about the displacement in time of the
series of individual factors with respect to a series of
karst activity. Thus, a significant in-phase operation
of series is not observed for the series of the annual
precipitation amounts. A low inverse correlation
(antiphase) is observed with a series of average annual
temperatures, and a low direct correlation dependence
is observed for a series of earthquake energy. The
value of the cross-correlation function for a pair of
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Fig. 6. Diagram of the autocorrelation function for the karst breakdown manifestations in the Kalush-Golynske deposits of
potassium salt and natural factors of karst activation

Table 1. The main parameters of the periodicity indications in the time series for the Kalush-Golynske deposit

Determined periods and displacement, years

Time series According to autocor- | According to the Fou- According to the
relation function rier spectral analysis | function of the mutual
correlation
Activity of karst manifestation 10-12 5,10 -
Annual precipitation amount 9,11, 13 10, 4 -1
Average annual temperature 8 8,5 0 (reversed)
Wolf numbers 10-11 10 0 (reversed)
Groundwater level 15,17 15,10, 4 +1 (reversed)
Logarithm of the earthquake energy 8, 11 9,4 0 (low)

rows in the number of karst manifestations — the Wolf and for a
numbers show that these series are in the antiphase,

series of groundwater levels, the antiphase
with a reduction of 1 year is observed.
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Fig. 7. Periodograms for the karst breakdown manifestations in the Kalush-Golynske deposits of potassium salt and fac-

tors of karst activation

Similar developments are made for the karst
formation of the Stebnytske deposit.

In order to systematize the obtained data, a
table with the main characteristics of time series was
created (Table 1).

Conclusions. Within the territory of the abandoned
deposits of potassium salt in the Ukrainian
Precarpathian region, subsidence and surface
dips, which are associated with the presence of
mines (in total 35 min m?), with the development
of karst processes, which is caused by a complex
hydrodynamic mechanism with the presence of
zones of supply, transit and discharge, characterized
by different intensity of the formation of karst. A
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significant number of failures are associated with
geomechanical processes in dedicated mines.

The subsidence of the earth’s surface is of a plane
nature and it complies with the mining works in time.
The intensity of karst breakdowns occurrence on the
surface (quantity in time) in the multiannual cycle
contains the periodic component, which is expressed
for the Kalush-Golynske deposit and is estimated by
the correlation analysis every 10-12 years, and by
Fourier spectral analysis — 5 and 10 years. For Steb-
nytske deposit, this component is less expressive and
has periods of 8 and 15 years respectively, and also
4, 8 and 14 years. The reasons of the difference are
probably consist on the technogenic component of the
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activation

development of these processes, unknown at differ-
ent stages of the process of wet conservation in these
deposits.

The presence of periodic components in the long-
term series of karst breakdowns should be associated
with the natural factors that indirectly activate karst
processes. Such factors are meteorological (precipi-
tation, temperature), heliophysical (solar activity),
hydrogeological (groundwater levels), seismological
(earthquake energy).

A comparative analysis of the autocorrelation
and cross correlation functions, as well as the spectral
periodograms of the series of karst breakdowns mani-
festations and the factors indicated above, show some
consistency in the presence of phase displacements.

In order to deepen the knowledge about the na-
ture of karst breakdown processes and their connec-
tion with the natural factors, it should be considered
expedient to continue research in this direction with
the application of modern analysis methods. The
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obtained results indicate the presence of a natural
component in the development of breakdown mani-
festations of karst, the influence of which is formed
indirectly by natural climatic, heliophysical, seismic,
hydrogeological factors. In the future, the results ob-
tained may become part of the prognostic spatio-tem-
poral model of the emergence and activation of karst
breakdown processes.
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