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Abstract
Introduction. Mineral deposits opencast and underground mining is accompanied by excavation and
conveyance of enormous rock masses. As a result, geological medium natural stress state is disturbed.
Its balance restoration is accompanied by dynamic events of various forms and intensity, often
catastrophic. That is why the problem of deposits safe exploitation is relevant in scientific and practical
terms. At the territory of the Ural region there are several regions where the level of technogenic load
is estimated to be potentially dangerous. One such region is Solikamsk-Berezniki region, the largest in
the world, the Upper Kama (Verkhnekamskoe) potassium salt deposit (VKMKS) has been mined there
since 1932, along with hydrocarbon, underground waters, and other mineral deposits. There is also
a large reservoir there. Geological medium within the deposit is in the state of unstable balance.
Catastrophic dynamic events of 1995, 1999, and 2006 give evidences of this.
Research aim is to generalize the experience of studying dynamic events at VKMKS and substantiate
the criteria of their forecasting.
Research methodology. Generalization and analysis of the results of geological and geophysical survey
made at VKMKS.
Research results. Structural-tectonic models of the Upper Kama deposit and its separate parts have
been built, within the limits of which hazardous dynamic events took place.
Conclusions. Features characterizing deposit sites within which dynamic events took place have been
formulated. These features can be considered as criteria for potential dynamic events forecast.

Key words: Upper Kama (Verkhnekamskoe) potassium salt deposit; dynamic events; forecasting;
criteria; geological and geophysical data.

Object and aim of research. When studying geological medium, the problem of
determining genesis and nature of this or that event or object is fundamental. This
problem has got satisfactory solution if we know the mechanism or mechanisms
through which the event took place or the object formed. Having answered this question,
we can forecast the development of an event in time and space.

Time-space sequence of geological events, their interrelation and conditions they
happen under, are complex and often difficult to study. That is why geological events
are studies at the phenomenological level, i. e. without their nature determination. And,
nevertheless, descriptive research of geological events often allows to describe the
observable facts correctly and even forecast their space-time evolution.

Empirical facts generalization and systematization is finished by the construction of
a model (or models) of the studied event. Models in the form of maps are the most
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widespread in geology: geological, tectonic, structural, petrophysical, geological-
physical, etc.

Research methodology. As regards methodology, the problem of building a model
of'an event or an object is assigned to inverse problems; multiple solutions (theoretically
infinite) are their main feature. This means that several models can be built as a result

Fig. 1. Structural-tectonic scheme of VKMKS and the location of
the forecasted sites of dynamic events:
1 — fracture zones: I — Krasnoufimskii, II — Durinskii, III — Zyrianskii;
2 — the axial lines of fracture zones; 3 — the epicentres of earthquakes — a,
seismic events — 6, caves-in and the sites of earth’s surface increased
subsidence — g; 4 — the sites of the forecasted dy-namic events: steadily
marked out — a, less steadily marked out — 6; 5 — the location of wells and
contours of mine fields; 6 — the site of the accident, October 2006.
Puc. 1. CrpyxrypHo-TexkToHnyeckas cxema BKMKC u nomnosxe-
HUE MPOTHOZUPYEMBIX YUACTKOB JUHAMUYECKHUX COOBITHIA:
1 — 30HBI pa3nomoB: | — KpacHoydumckoro, 1T — Typunckoro, III — 3pipstH-
CKOro; 2 — OCEBbIC JIMHUU PAa3IOMHBIX 30H; 3 — SIHIEHTPbI 3eMIIeTpsice-
HUil — @, CeficMONPOSBICHUS — 6, MPOBabl U YYaCTKH YCKOPEHHOTO
OCellaHusI JHEBHOI MOBEPXHOCTH — 6; 4 — Yy4acTKH IIPOTHO3HMPYEMBIX
JMHAMHYECKUX COOBITHii: BBIICIACMbIC YBEPEHHO — «, BBbIACISAEMbIC
MEHEE YBEPEHHO — 6; 5 — MOJIOKEHHE CKBAXXUH U KOHTYPOB IIAXTHBIX
moJiei; 6 — Mecto aBapuu B OKT10pe 2006 T.

of generalizing and interpreting one set of actual data. Which one of them is going to
be the most probable? Unfortunately, the criterion, allowing to make an unambiguous
choice, has not been formulated yet. The priority should be given to the model describing
the major part of the observed facts. Apparently, this model will make it possible to
forecast the development of this or that event sufficiently.
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The mentioned criterion is particularly suited for the study of technogenic dynamic
events taking place within relatively short periods of time, amounting to years or
decades. They are common with the regions of intensive urbanization, regions, where
deposits are mined, and geological medium loses its balance under significant
technogenic load, and the restoration of balance is accompanied with such dynamic
events as induced earthquakes, rock bursts, caves-in, and the earth’s surface collapse.

Fig. 2. The scheme of Balakhontsevskii (BKRU-3) site
tectonics elements according to geophysical data:
1 — fracture zones of the 3rd order, marked out mainly by gravimetric
data; 2 — the same, 4th order (according to L. D. Noiaksova and
G. G. Kassin); 3 — zones of increased rock fracture at the suprasalt
strata, marked out by gravimetric data; 4 — zones of increased electrical
conductivity conditioned by suprasalt strata fractured rock (according
V. P. Beliaev); 5 — the location of wells and their numbers; 6 — the point
of brines outflow
Puc. 2. Cxema »3JeMEHTOB TEKTOHHUKM bamaxoHueBCKOro
(BKPVY-3) yuacTka 1o reou3n4ecKnM JaHHBIM:
I — 30HBI Pa3IOMOB 3-TO paHra, BblIEJICHHbBIE IPEUMYILECTBEHHO 110
TrPaBUMETPUYECKUM JaHHbBIM; 2 — TO ke, 4-ro panra (mo JI. /. Hosikco-
Boit u I'. I'. Kaccuny); 3 — 30HBI HOBBIIIEHHOI TPEIIUHOBATOCTH OPOX
HAJICOJISIHOM TOJILM, BBIIEJICHHBIC 110 IPaBUMETPUYCCKHM JaHHbIM;
4 — 30HBI HOBBIIICHHOH 3IEKTPOIPOBOIHOCTH, OOYCIOBICHHBIC Tpe-
LIMHOBATBIMKU TOpoAaMu HajcoisHod tonum (mo B. II. Bensesy),
5 — noNOKEHNE CKBAKKH M UX HOMEPA; 6 — MECTO HCTEYEHHsI PACCOJIOB

The problem concerning dynamic zoning and spatial forecasting of the areas with
the most probable dynamic events manifestation is an important problem of urban lands
study. The basis for its solution is the model of structural-tectonic and dynamic structure
and properties of geological medium at various scale levels, as soon as these are the
exact factors which determine dynamic behaviour conditioned by natural and
technogenic force fields [1-5].

Research results. This problem has been solved (to some extent) through the study
of VKMKS. By means of generalizing various empirical data: geological, structural-
tectonic, geomorphological, petrophysical, geophysical (the results of detailed high-
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precision gravimetric observation with a scale of 1 : 25 000, the results of gravimetric
observation with a scale of 1 : 100 000, the results of high-precision detailed
aeromagnetic survey with a scale of 1 : 10 000) and other [6—8], based on the principles
of similarity and hierarchy, a structural-tectonic model of the deposit (fig. 1) has been
built in the form of the system of ganged faults with their kinematic type characteristics
at various development stages, activation time and penetration depth estimations,
determination of their monitoring role under the modern dynamic behaviour, and the
establishment of the main types of local structures, strongly influencing the formation
of a technogenic stress field (force field).
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Fig. 3. The scheme of the elements fracture tectonics of Balakhon-
tsevskii site (BKRU-3) by geomorphological data (according
to S. Iu. Kvitkin):

1 — lineaments reflecting fracture zones in the sedimentary cover — a, with
the increased fractures propagation — 6 (according to Iu. A. Iliinykh);
2 — the zones of the predicted increased infiltration of surface waters
according to Iu. A. Iliinykh; 3 — the outlines of landscape anomaly according
to Iu. A. Iliinykh; 4 — tectonic zones (according to Iu. A. Tretiakov);
5 —the point of brines outflow; 6 — the location of wells and their numbers
Puc. 3. Cxema 31eMeHTOB pa3pbIBHON TEKTOHMKH bamaxoHies-
ckoro ydactka (BKPY-3) mo reomopdonornieckuM IaHHBIM
(mo C. 1O. Kutkuny):

/ — nMHEaMeHTbI, OTOOpaKalolIMe TPEIIMHHO-PAa3PHIBHBIC 30HBI B
0CaJOYHOM HYeXJe — «, C MOBBIICHHBIM PACKPBITHEM TPEWIMH — O
(mmo 10. A. MnbuHBIX); 2 — 30HBI NPEATIONAraeMoil HOBBINICHHOH HH(HIIb-
TpaLuy MoBepXHOCTHHIX Box (1o FO. A. MibuHBIX); 3 — KOHTYpBI JIaHA-
madtHOH aHoMamuu (1o 0. A. WnbuHEIX); 4 — TEKTOHHYECKHE 30HBI
(o O. A. TpeTbsKOBY); 5 — MECTO HCTEUCHHUSI PACCONIOB; 6 — HOJIOKEHHE
CKBaKMH M MX HOMEpa

During the study of VKMKS tectonic structure and dynamic behaviour, it has been
stated that the epicentres of dynamic events (induced earthquakes, rock bursts, etc.) are
spatially and genetically connected with the following tectonic structures: fracture
zones, active faults of various ranks and the intersection nodes of faults.

As the blocks of geological medium move along the fracture zones, elastic energy
accumulates and discharges in the form of various dynamic events. It is generally
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accepted that earthquakes (as a type of dynamic events), especially minor, are generated
by crust fractures. This conclusion is considered to be one of the most significant
achievements of modern seismology [3].
In this regard, let us refer to the study of dynamic events at the territory of VKMKS:
— 24 epicentres of dynamic events out of 25 are located within the fracture zones;
—more than half of epicentres of dynamic events are in the intersection nodes of two
or more fracture zones;
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Fig. 4. The scheme of Solikamsk node structure (SKRU-2):
1 — fracture zones established by geophysical data (/ — Timan-
Kokshetau fault); 2 — isoanomalies of the gravity field; 3 — local
negative anomalies in the gravity field; 4 — the location of
earthquake’s epicentre — a and other dynamic events — 6; 5 — the
location of wells and their numbers
Puc. 4. Cxema Conukamckoi y350Boii ctpykrypsl (CKPY-2):
1 — 30HBI PA3JIOMOB, YCTAHOBIICHHBIC MO I€O(PUNUECCKUM JaH-
HeIM (! — Tumano-KokderaBckuil pasinom); 2 — HM30aHOMAJbI
TOJISI CHJIBI TSDKECTH; 3 — JIOKaJIbHBIC OTPULIATENBHBIC aHOMAJIUH
B T10JIC CHJIBI TSDKECTH; 4 — TOJIOKEHHUE SIHICHTpa 3eMIeTpsice-
HUS — @ ¥ APYTUX IHHAMHYECKUX COOBITHI — 6; 5 — MOJIOXKEHHE
CKBayKMH M MX HOMEpa

— the major part of dynamic events took place in the east part of VKMKS, the
activity of which is conditioned by three factors: the influence of the Upper Kama
Reservoir, Krasnoufimsky deep fault, active at the modern stage of tectogenesis, and
high speed of the earth’s surface motion (up to 6 mm per year) [1].

The nodes, the elements of which are faults and fracture zones, have got the most
complex structure; node structures strongly influence the formation of natural and
technogenic force fields (stress fields).

The analysis of these structures properties has shown that the probability of
forecasting dynamic events within their epicentres is very high and depends on a great
number of factors [4]:
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— the number and the type of dynamic events which occurred within the area of the
node;

— the presence of active faults in the node structure;

— the number of faults forming the structure;

— the presence of the sites of increased fracturing at the area of node structure;

— the distance to the nearest dynamic event epicentre;

— the presence of negative anomaly in the gravity field at the area of node structure;

— the presence of helium anomaly at the area of node structure;

— the presence of structural complications in the relief of crust deep horizons within
the area of node structure;

— the distance between the node structure and the edge part of a growing salt dome;

— the distance between the node structure and the nearest large reservoir;

— the presence of a mine within the area of node structure;

— kinematic type and azimuth of strike of faults, forming the node structure;

— variation of the earth’s surface relief height at the area of node structure;

— the distance to the nearest node structure;

— the character of lineaments at the area of node structure according to the results of
space and aero images interpretation;

— the character of river system at the area of node structure;

— the presence of troubles in shearing kinematics among the faults forming the
tectonic node [9].

The set of the enumerated features (criteria) with the account of the results of seismic
monitoring [10, 11] is not random. It reflects the state of geological medium under
the action of two force fields, natural and technogenic. It is impossible to estimate the
weight and the role of each feature as well as the informative completeness
of the whole set of the features and what should be done for this set to grow into a new
quality, i. e. into the system of forecasting features. Nevertheless, structural-tectonic
scheme of VKMKS (fig. 1), which has got the features described earlier at bottom,
should be considered as adequately substantiated and used to forecast dynamic events.

Up to 1986 technogenic loads never led to geological medium disturbances at
VKMKS. The first catastrophic event happened in autumn, 1986. That event resulted in
mine BKRU-3 flooding (fig. 2, 3). In 1995 there was an induced earthquake in
SKRU-2 mine with collapse of significant rock mass into the goaf (fig. 4). In 1999 in the
vicinity of Novaia Zyrianka village within the limits of BKRU-1 mine, a chain of
caves-in appeared at the earth’s surface (fig. 5). In October 2006 there was a catastrophic
flooding of BKRU-1 mine (fig. 6). These events testify to the presence of systematic
disturbances of geological medium happened under the action of technogenic load
conditioned by the deposit exploitation.

In the course of studying these events, structural-tectonic conditions they occur
under, have been analysed.

The region of flooded mine BKRU-3 (Balakhontsevskii site) is characterized by
hierarchical node structure and represents three blocks put one into another and limited
by the faults of various ranks of north-south, north-west, and north-east strike (fig. 2).
The flooded region epicentre, the point of brine outflow, is the intersection node of
faults of east-west north-west, and north-east strike, and fracture zone which is steadily
mapped in gravity and electric fields. Faults in the plan coincide with the lineaments.
It testifies to the fact that motions along the faults occurred in the contemporary history.
The faults are strike-slip faults. At the earth’s surface relief, the node structure is
connected with the landscape anomaly — the upheaval with the radius of 6—7 km,
complicated by the ring-type tectonic troubles conforming to relief isohypses. In the
plan, the centre of landscape anomaly coincides with the point of brines outflow. The
dynamic influence area radius of faults forming the node structure has been ranked
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at 3—4 km. According to [2], within the mine field of BKRU-3, polygene dislocations
are developed which are formed during underground water migration in the suprasalt
and salt parts of the salt-marl strata in the points of ancient discharge channels. These
locations should be considered as one feature of node structure tectonic activity, while
brines could inflow through the channels.
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Fig. 5. The fragment of the Upper Kama deposit tectonic scheme in the
area of Zyrianskii fault:
1 — fracture zones and the time of their activation by geophysical data:
a — Paleozoic and earlier, 6 — contemporary (arrows indicate the direction of
shift along the fracture zone); 2 — the location of dynamic events epicentres
(according to V. M. Nezhdanov): a — earthquakes and seismic events, 6 — earth’s
surface subsidence; 3 — linear zone of caves-in of the earth’s surface in 1999;
4 — the points of rock and gas pressure manifestation; 5 — the location of the cave-in
at the place of BKRU-3 mine flooding; 6 — the sites of increased fracturing of
geological medium
Puc. 5. ®parmeHT TEKTOHMUYECKOW cXeMbl BepxHekamcKoro mecro-
pOXJeHUs B paiioHe 3BIPSIHCKOIO pasioMa:
1 — 30HBI Pa3IOMOB M BPeMsl UX AKTUBU3ALMH 0 TeO(PU3NUECKUM JaHHBIM!
a — naneo3oiickoe u Oonee nmo3aHee, 6 — HOBelIIee (CTPENIKaMK MOKa3aHO Ha-
[PaBJICHHE CIBUTAHMS BIOJb PAa3JIOMHOM 30HBI); 2 — IIOJIOKEHHE SIHIICHTPOB
JHHAMHIYeCcKUX coObITHii (o B. M. HexnaHoBy): a — 3emiieTpsiceHust 1 ceificMo-
HPOSIBIICHHUSI, 6 — OCEAAHHs JHEBHOM MOBEPXHOCTH; 3 — JIMHEIHAs 30HA MPOBa-
JIOB THEBHOM moBepxHOCTH B 1999 1; 4 — MecTa mposIBIICHUsI TOPHOTO U Ta30BO-
TO JIaBJICHUS; 5 — MOJI0XKEHHE TpoBaJla Ha MecTe 3aroruieHus pyaauka BKPY-3;
6 — y4acTKH IOBBIIICHHON TPEIMHOBATOCTH TeOIOTMYECKOM Cpe/bl

The epicentre of the induced earthquake of 1995 was also located in the node
structure limited by three faults: ancient deep Timan-Kokshetau fault of north-west
strike, submeridional fault of Paleozoic age, and latitudinal fault of post-Paleozoic age;
gravity field of a node structure is characterized by isometric, negative in the plan,
anomaly (fig. 4). Geological structure of a node is complex both at suprasalt horizons
(disjunctive and fracture zones), salt (halitization of sylvinite), and undersalt (tectonic
troubles, Pashkovsky reefogenic upheaval). Seismic works in the node stated the
increased fragmentation of cover rocks and tectonic troubles permeating the undersalt
and suprasalt strata. The results of gravity force anomaly interpretation testify to the
fact that the anomaly is conditioned by rock weakening and that the weakening process
spreads to both productive and suprasalt rock. Weakening is not of lithological, but of
tectonic nature pointing to the deposit’s waterproof strata trouble.

At the course of VKMKS territory geodynamic zoning according to the set of
geological and geophysical data, a sublatitudinal Novo-Zyrianskii fault with shear
kinematics (fig. 5) has been mapped and assigned to the category of active faults.
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The fault lies in the south part of the mine field of BKRU-1 mine. The conclusion about
the fault’s activity was proved in May, 1999 when within several days along the whole
axis at the earth’s surface, an echelon chain of caves-in occurred 2—4 m deep and about
1 m wide. Caves-in formed two sublatitudinal zones in the plan. The most pronounced
of them was the southern one, about 2 km long. The planimetric position of some
caves-in coincided with the earth’s surface projections of das-dynamic manifestation
sites in mine workings, which pointed at their possible interconnection. Caves-in were
of tectonic nature and, apparently, formed as a result of a horizontal shear along the
axial part of the Novo-Zyrianskii fault.

Fig. 6. Cave-in in Berezniki city at BKRU-1, October, 2006.
Puc. 6. Ilposan B r. bepesnukn na BKPY-1, okts16ps 2006 T.

Another catastrophe occurred in October, 2006 within the limits of BKRU-1 mine
field [12]. As the results of underground water inburst, the mine was flooded. The
epicentre of the accident was situated within the dynamic influence of Novo-Zyrianskii
active fault (fig. 5). In structural-tectonic terms the area of the accident represents
a node structure formed by the sublatitudinal fracture zone and Novo-Zyrianskii fault.
Tectonic node structure is situated at the west slope of the growing Bereznikovskii salt
dome. Fracture zone (FZ) — is the fault of the fourth or fifth order, being the fragment
of the system of deformational structures of Krasnoufimskii deep fault; according to
gravimetrical data, FZ troubles the continuity of VKMKS sedimentary strata increasing
its permeability for hundreds of meters vertically [12].

Results analysis and discussion. Thus, all dynamic events which occurred within
the past thirty years at the territory of VKMKS, in structural-tectonic terms, are
genetically and spatially connected to the fracture zones, active faults, and tectonic
node structures, which are characterized by a large number of factors and features.

Conclusions and scope of results. The experience of studying forecasting features
has shown that they are stable and they repeat within the limits of all investigated sites
of the deposit where hazardous dynamic events occurred. That is why they should be
used to forecast dynamic events.
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O06o011eHNe ONBITA NPOrHO3MPOBAHUS JUHAMUYECKHX SIBJICHUI
Ha BepxHekaMCKOM MeCTOPOXKIEHNH KAJTHITHBIX coJiei
M0 reosIoro-reopu3nIecKuM JaHHbIM

®uiaros B. B.!, Bosornosa JI. A.2
! BiraiMMUPCKHii TOCYIapCTBEHHBIH YHUBEpcHTeT, Biagumup, Poccust.
2 VpaIbCKuii TOCYIapCTBEHHBIN rOpHbIN yHUBepcuTeT, Ekarepunbypr, Poccus.

Pegpepam

Beeoenue. Dxcniyamayus mecmopoxcoeHuil noie3HblX UCKONAemvlx, 000b18aeMblX OMKPbIMbIM U NOO-
3eMHBIM CROCObAMU, CONPOBOICOAEMCS 8bIEMKOU U NepeMelyeHueM O2POMHBIX MACC 2OPHOU NOPOObL.
B pesynvmame npoucxooum napyuienue ecmecmeeHHO20 HANPAHCEHHO20 COCMOAHUSA 2€0N102UHECKOT CPEObL.
Boccmanosnenue ee pasnosecus conpogodicoaemes paznuiHbiMu no popme U UHMEHCUSHOCHU OUHAMU-
YecKUMU ANEHUAMU, Hepeoko kamacmpo@uueckumu. [losmomy npobrema 6e3onachoi dKCniyamayuu
MeCmOopodICOe ULl aKmyanibha 8 HAYYHOM U npakmuieckom omuowenusax. Ha meppumopuu Ypanvcrkoeo
Dpecuona ecnb HECKOIbKO PatioH08, 8 Npedenax KOmopbix YyPogeHb MeXHOLEHHOU HASPY3KU HA 2eono2ute-
CKYIO cpedy oyeHusaemcs Kax nomenyuansio onachuvii. Oonum uz makux paiionos aensemcs Conuxam-
cko-bepesnuxosckuii, 20e ¢ 1932 2. gedemcs pazpabomka Kpynueliuezo 6 mupe Bepxuexamckozo mecmo-
pooicoenus kanuunvix coneti (BKMKC), mecmopodicoenuii yene6o0opodos, noo3eMHuix 600, Opyeux
NONE3HBIX UCKONAEMBIX, 4 MAKXHCe UMeemcs KpynHoe sodoxpanunuwe. I eonosuveckas cpeda é npeoenax
MeCmOpodICOeHUss HAXOOUMCS 8 COCMOSIHUU HEYCIMOWYUBO20 PABHOBECUSL, O YeM CBUAEMeNbCTNBYION KAma-
cmpoguueckue ounamuyeckue aeienus, npousoweouue ¢ 1986, 1995, 1999 u 2006 ze.

Lenvto pabomur ssnsemes 0bobujenue onbima u3y4eHus OUHAMUYECKUX COOLIMUL, NPOU3OUEOUIUX HA
BKMKC, u obocnosanue kpumepues ux npocHo3upo8anus.
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Memoouxa uccnedosanuii. Ob6obwjenue u anaius pe3yrbmanmos 2eos020-2e0pU3UIeCKUX UCCLe008AHUIL,
svinonnenuvix Ha BKMKC.

Pezynomamut uccnedoganuii. [locmpoenvl cmpykmypHo-mekmoHuueckue mooenu Bepxuexamcrkozo me-
CMOPOIHCOEHUs U €20 OMOENTbHBIX YHACMKOS, 8 Npedeiax KOmopslx Npou3ouLIu Onachvle OUHaMuyecKue
cobbImus.

Bui16oovr. Chopmynuposanst npusnaku, xapaxmepusylouwjue y4acmKu Mecmopoxcoenusl, 8 npeoenax Ko-
MopuIX npouzouinu OuHamuieckue coovimus. Imu RPUIHAKU MOICHO PACCMAMPUBANb 6 Kauecmee Kpu-
mepueg 015l NPOSHOZUPOBAHUS MECH BOZMONHCHO20 NPOABTEHUS OUHAMUYECKUX COOBIMULL.

Knrwoueswie cnosa: BepreKaMCKOe Mecmopoofcdeﬁue KAMUHBIX CO]I@ZZ,‘ ounamuyeckue A61EeHUA; NPOCHO-
3upoearue; Kpumepuu, 260/1020-2€O¢M3M1160KM€ OaHmble.

BUBJIMOT PAGMYECKUM CITMCOK

1. bmromun M. A., Yiaurus P. B. Cxema rpagueHTOB CKOPOCTEH COBPEMEHHBIX BEPTUKAIIBHBIX JBU-
JKeHuit 3eMHOH moBepxHOocTH Ypana. MacmTa0 1 : 2500000. Ceepmiosek: YHI] AH CCCP, 1983.

2. Mxunopumze H. M. IlerpoTekToHnYecKre OCHOBBI O€30IacHOM dKCILTyaTannu BepxHekaMcKoro
MECTOPOXIIeHH KanuitHo-MarHueBbIx coneil. CI16—Conukamck: OI'VIL, 2000. 400 c.

3. Kacaxapa K. Mexanuka 3emnerpscenuil. M.: Mup, 1985. 264 c.

4. Kaccun I. T, ®unaros B. B. K npo6neme nporHo3upoBaHus reoJMHAMUYECKHX SIBICHUI Ha Tep-
putopun BepxHekaMcKOro MecTopOXIeHHS KaMHHBIX coielt / M3Bectus By30B. [opHsblii sxypHa. 2002.
Ne 3. C. 153-164.

5. Konstantinova S. A., Chernopazov S. A., Gulyaev A. A. Estimate of initial stresses in rock mass of
the Upper Kama region based on block hierarchical model // Journal of Mining Science. 2001. Vol. 37.
No. 5. P. 447-454.

6. Xpucrenko JI. A., CremanoB lO. U., IlapmaxoB E. U. ConmepkaTenbHblii aHAIN3 pe3yNbTaToB
KTacCH(UKAIMKM JaHHBIX 3JICKTPOPa3BEAKH B IIpefenax BepXHEKaMCKOro MECTOPOXKIEHUS KalMiHO-
MarHueBbIX coiieil / Bompochl Teopuu M NpPAaKkTUKH I'€ONOTHMYCCKOM MHTEPIpPETallMd T'PABUTALMOHHBIX,
MAarHHUTHBIX ¥ EKTPUUECKHX mojeit: ¢O. Hayd. TpynoB. Bem. 1(46). Ilepms: ' YpO PAH, IITHUY. 2019.
C.361-363.

7. txups M. C., bornanosuu /I. B., Aiikamesa H. A., benosa A. 1O., Byxanos C. B., XKyxoB A. A.,
Jasbiienko 0. A. OneHka cOCTOSHUS BOZO3AIMUTHOM TOMIIM HAa BepXHEeKaMCKOM MECTOPOXKACHUH COJIei
IO pe3yiIbraTaM TPEXMEPHONH HHBEPCHH HA3eMHBIX 3JIEKTPOMAarHUTHBIX 30HAWpoBaHMi // Bompocs
TEOPUH M MPAKTHKU T'eOJOTHUECKON MHTEpIpeTalli I'PABUTALMOHHBIX, MATHUTHBIX M 3NEKTPHYECKUX
noseif: ¢6. Hayd. Tpynos. Beim. 1(46). Ilepms: 'l YpO PAH, IITHUY. 2019. C. 385-389.

8. Auukuit H. H., Kacesros B. B., MensaukoBa M. B., Xanuynun U. O. BrisiBneHne 1 KapTUpOBaHHUE
(ITIONIOHACHIIEHHBIX KaBePHOBO-TPEIMHHBIX 30H 10 KOMIUIEKCY reodm3uiyeckux mnoneit // Bompocs
TEOPUH M MPAKTHKU T'eOJOTHUECKON MHTEpIpeTallui I'PABUTALMOHHBIX, MATHUTHBIX M 3MEKTPHYECKUX
noseif: ¢6. Hayd. Tpynos. Beim. 1(46). Ilepms: ' YpO PAH, IITHUY. 2019. C. 395-397.

9. Philatov V., Bolotnova L., Vandysheva K. Horizontal shear zones and their reflection in gravitational filds //
Practical and Theoretical Aspect of Geological Interpretation of Gravitational, Magnetic and Eleceric Filds. Proc.
of the 45th Uspenssky Int. Geophysical Seminar, Kazan, Russia. 2019. P. 339-347.

10. Sanfirov I. A., Stepanov Y. L, Fatkin K. B., Gerasimova I. Y., Nikiforova A. I. Shallow geophysical
exploration of the Upper Kama potash salt deposit // Journal of Mining Science. 2013. Vol. 49. No. 6. P. 902-907.

11. Shulakov D. Yu., Butyrin P. G., Verkholantsev A. V. Seismological monitoring at the Upper Kama
potash deposit: objectives, problems, solutions // Gornyi Zhurnal. 2018. No. 6. P. 25-29.

12. ®unaros B. B., bonornosa JI. A. [Iporuo3 iuHaMu4ecKUX SBJICHUN 110 JaHHBIM I'paBUPA3BEIKU HA
BepxHekaMCKOM MECTOPOXK/ICHUH KaJMHHBIX coseil / Bompochl TEOpuH M HPAKTUKH T'€OJOTHYECKOM
MHTEPIPETalny TPaBUTAIMOHHBIX, MATHUTHBIX U 3JIEKTPUUSCKUX ToJeH: ¢O. Hayd. TpynoB. Bem. 1(46).
ITepms: ' ¥pO PAH, II'HNY. 2019. C. 352-356.

Caezenus 00 apTopax:

®uiatoB Biaagumup BHKTOPOBHY — TOKTOD Ie0JI0r0-MHHEPATOTHISCKUX Hayk, Ipodeccop, 3aBemyo-
Ui Kadeapoll CONPOTHBICHUS MAaTepHalOB BIIaAMMHPCKOIO TOCYIapCTBEHHOTO —YHHBEPCHTETA.
E-mail: filatov47@bk.ru

BoJsorHoBa JI1060Bb AHATOILEBHA — KAaHIHUIAT I'eOJIOr0-MUHEPAJOTHYECKUX HAyK, JHOLCHT Kadeapsl
reo(U3HKN YpanbCKOro rocyAapCTBEHHOro ropHoro yuusepcutera. E-mail: 1.bolotnova@yandex.ru

st untupoBanmsi: Guiatos B. B., bonorHosa JI. A. O6001ieHne onbITa IPOrHO3UPOBAHUS IMHAMUYE-
CKHMX SIBIICHHH Ha BepXHEKaMCKOM MECTOPOXKACHHHM KAIMUHBIX COJNEH MO Te0J0ro-reoGpu3ndecKium
nanHbM // V3Bectus By3oB. [opaerii sxypHan. 2019. Ne 4. C. 61-70 (In Eng.). DOI: 10.21440/0536-1028-
2019-4-61-70

For citation: Filatov V. V., Bolotnova L. A. Generalizing the experience of forecasting dynamic events at
the Upper Kama potassium salt deposit according to geological and geophysical data. Izvestiya vysshikh
uchebnykh zavedenii. Gornyi zhurnal = News of the Higher Institutions. Mining Journal. 2019; 4: 61-70.
DOI: 10.21440/0536-1028-2019-4-61-70





